202390389 A2

(19) EBpa3unckoe 21 202390389 (3 A2
naTeHTHoOe
Be4gOMCTBO

(12 OIMMUCAHUE U30BPETEHUS K EBPAZUIICKOM 3ASIBKE

(43) Aara ny6nukauum sasiskm (51) Int. Cl. B60L 7/22 (2006.01)
2023.05.31 HO02P 3/14 (2006.01)

(22) Aara nonauu sasBku
2021.09.08

(54) CHCTEMA NIPUBOJIA

(31) 63/077,267; 17/458,166 (72) Wsobpetatens:

(32) 2020.09.11; 2021.08.26 Inaaéaakap Huxxua (IN), Kymap

(33) US Amxut Kyrrannaup, ®epko ko (US)

(62) 202192212;2021.09.08 )

(74) nNpeacrasutens:

(71)  Saseurens; - - Buibik A.B., /Imurpues A.B.
TPAHCIIOPTEMIIH AUIIN l'[o.nmcapnon; A.B COKOJ‘[OBa’M B
XOJAUHLC, JLIC (US) IIyrunues A.HU., Yepkac JI.A., UTHaTbeB

A.B., Byuyaka C.M., BeanTiokoBa M.B.
(RU)
(57) Cucrema, conepskaias Pe3UCTHBHBIE IUIEUM 1IEMH, COEIMHEHHbIE C (a) MpeobpasoBaTesneM, KOTOPbIN

npeodpasyer JIeKTPUUECKUil TOK ISl AIIEKTPOABUTATENS CHCTEMbI C JJEKTPUYECKUM MPUBOIOM, U C
(b) MCTOYHUKOM IIEKTPUUESCKOTO TOKA JUISl TUTAHUSI HJICKTPOJBHUrATElIs, U Pa3MEIICHHBIC MKy HUMH,
IPU 3TOM KaKA0€ IUIEYO LIEMH COAEPXKHUT TOPMO3HOHM PE3NCTOp, COEAMHEHHBIH C Mpeodpa3oBarenem,
KOHTAKTOP, COSTHHEHHBII C TOPMO3HBIM PE3UCTOPOM TaK, YTO TOPMO3HOU PE3UCTOP PACIIONOKEH MEXKITY
peobpa3oBareieM ¥ KOHTAKTOPOM, U TOJYIPOBOJHUKOBBINH KIIFOY, COCAUHEHHBIN C KOHTAKTOPOM TaK,
YTO KOHTAKTOP PACIIOJIOKEH MEKIY IMOIYIPOBOTHHUKOBBIM KJIFOYOM U TOPMO3HBIM PE3UCTOPOM, IIPH ITOM
B PEXUME PEKyIepaTuBHOTO TOPMOXKEHHS CHCTEMBbI C JIEKTPUYECKUM MPUBOAOM PEKYIIEPUPYEMYIO M3
ANIEKTPOABUTATENISI SHEPTHIO NIEPEIAIOT HA TOPMO3HOM PE3UCTOP M PACCEHUBAIOT B BH/IE TEILIA.
100~ , 130 1/06 o145

1/24 P TS 10
122~ | 120 36| 114 \| [npeobpa-

meTouHMK e o 128 C | 130T 3oBartenb
|

anekTpu-
vl . Gw@Efﬂe: 172 DC-AC

ToKa 1

102 104 130~
ABUrarens- BbINpA- ——
anTepHaTop I \1irrenp

¢V 68£06£70¢



CUCTEMA ITPUBOJIA

IMEPEKPECTHBIE CCBhIJIKU HA POJACTBEHHGLIE 3AABKU
[0001] IIpuopurer HacTOSIIEH 3asIBKU 3asIBJSIETCS MO JaTe MOAAYU MPEIBAPUTEIbHOMN
3asiBku Ha mareHT CIIA Ne63/077,267, nonannoii 11 centsidpst 2020 rona, onucaHue KOTOpoi

NOJHOCTBIO BKJIFOUCHO B HaCTOHH_II/Iﬁ AOKYMEHT IMOCPEACTBOM CCBUIKH.

ITPEATIOCBIJIKHM CO3IAHMA U30BPETEHU A
OObnacTb TEXHUKH
[0002] OmnucaHHOe B HACTOSIIIEM AOKYMEHTE H300peTeHHEe OTHOCUTCS K CHCTEME

NPUBOAA, KOTOpas yNpasisieT TOPMOKECHHUEM.

OINIMCAHME ITPEJIIECTBVYIOIIEI'O YPOBHA TEXHUKHU

[0003] PexynepaTMBHOE TOPMOKEHHE U PEOCTaTHOE TOPMOXKEHHE B CHCTEMAx C
3JEKTPUYECKUM IPHUBOAOM IMO3BOJIIET MEHATb HANPABICHHE TOKA B 3JIEKTPOMArHUTHBIX
yCTPONCTBAX, HAIIPUMEDP, B 3JIEKTPOABUraTeNsIX, C LIEJbIO 3aMEAJIEHUs ABIDKEHUsI CHUCTEM C
3JIEKTPUYECKUM TMPUBOIOM, HampuUMep, TPAHCIOPTHBIX cpencTs. OnHAKo, KOrga cucrema ¢
SJICKTPUUCCKHUM IPUBOAOM IEPEXOOUT B TaKOM PEXUM TOPMOKEHUA, TPOLUECC TOPMOKCHUA
MPpOUCXOOUT B BUAC NUCKPETHLIX 3TAIlOB, IMMOCKOJIBKY OJIsA 5TOr0 NMPUMEHAOT KOHTAKTOPHBIC
BBIKJIFOYATEIIN, Ppa3MbIKa€MbIC u 3aMbIKa€MbIC JJIA yIipaBJICHUA MpomnyCKaHUueEM
SJIEKTPUYCCKOr0 TOKaA. OTO MOXKET NpUBOAUTL K MCKPEHUIO W COMYTCTBYHOLIEMY H3HOCY U
aMOpTHU3allvKi Pa3JIMIHBIX CXC€MHbBIX KOMIIOHCHTOB B CUCTEME C SJICKTPUYCCKHUM IIPHUBOAOM,
HampuMep, KOHTAKTOPHBIX BBIKJIIOUYATENell W/WIM TOPMO3HBIX pe3ucTopoB. H3HOC U
aMOpTHU3alusd OTHUX KOMIIOHCHTOB MOTYT BbI3bIBATh HCO6XO)II/IMOCT]:; JOIIOJIHUTEJIBHOI'O
TEXHHUYECKOI'O O6C.]'Iy>KI/IBaHI/I$[, a TAKKE€ MPUBOAUTE K JOIIOJHUTECIBHBIM 3aTpaTaM Ha 3aMCHY

HU3HOIIEHHBIX KOMIIOHCHTOB.

CYIIHOCTDb U30BPETEHUA

[0004] B omHOM MJIM HECKOJBKHX BaPHUAHTAX BBIMIOJHEHHS] HACTOSIIETO H300pETEHHS
MpeMJIOKeHa CHCTeMa NPUBOJA, KOTOpas MOXKET COAEpXKaTb PE3UCTUBHBIE IUIEYM LIEMH,
COeNMHEHHbIE C Ipeo0pa3oBaTeneM, KOTOPBIH mpeodpasyeT >JIeKTPHYECKUH TOK A

SJIEKTPOABUTATENA CUCTEMBI C SJICKTPUYCCKUM MMPUBOAOM, U C HCTOYHUKOM SJICKTPUICCKOrO



TOKa IJIsI IUTAaHUSA SJICKTPOABUTATEISA, U PACIIOJIOKECHHBIC MCXKIAY HUMU. Ka>1<):[oe IJIe4o Lemnu
MOXET COZIePKaTh TOPMO3HOM PE3UCTOP, COEOUHEHHBIN ¢ npeodpazoBareneM. Kaxnoe miedo
oenmu MOXKET COACPKaTb KOHTAKTODP, COGI[HHeHHbIﬁ C TOPMO3HBIM PE3UCTOPOM TaK, HYTO
TOPMO3HOH PE3UCTOP PACIIONOKEH MEXY MpeoOpa3oBaTeneM U KoHTakTopoM. Kaxnoe mieqo
e MOXKET COACPKATh HOJ'IyrIpOBOI[HHKOBbIﬁ KJIFOY, COGZ[PIH@HHI)IFI C KOHTAKTOPOM Tak, 4TO
KOHTAKTOP PacCIIOJIOKCH MECKAY MNOJYIIPOBOAHUKOBBIM KIIFOYOM W TOPMO3HBIM PE3UCTOPOM.
IIpu pabote B pexuMe peKynepaTUBHOTO TOPMOKEHHSI CUCTEMBI C 3JIEKTPHYECKUM MPUBOJOM
peKyrnepupyemMast U3 SJEKTPOABUTATENIS SHEPT Ul MOXKET MEePENaBaThCs HA TOPMO3HOMN PE3UCTOP
1 pacceuBaThCs B BUAE TEILIA.

[0005] B eme omHOM acmekTe MNPeNJIOoKEeHAa CHCTeMa NPHUBOJA, KOTOpask MOXKET
coziep KaTh TOPMO3HOM PE3UCTOP, COSTUHEHHBIN ¢ mpeodpasoBaTesieM, KOTOPbIN mpeodpasyeT
SIEKTPUYECKUN TOK JJI SJIEKTPOABUTATENSI CUCTEMBI C 3JIEKTPUUECKUM MPUBOAOM, a TAKKE
HECKOJIBKO IIeY LENHU, KOTOPble COEAUHEHbI C TOPMO3HBIM PE3UCTOPOM MAPAIIENBbHO APYT
apyry. Kaxpoe miedo nenu MOXeT COAEp:kKaTb KOHTAKTOP U IMOJIYNPOBOJHUKOBBIA KJIHOY,
COEIMHEHHBIN ¢ KOHTAKTOPOM TakK, YTO KOHTAKTOP PACIHOJIONKEH MEXKAY MOJIYTPOBOHUKOBBIM
KJIFOUOM M TOPMO3HBIM pe3uctopoM. IIpu pabore B pexnMe peKynepaTHBHOIO TOPMOKEHUS
CUCTEMBI C SJICKTPUYCCKUM IIPHUBOAOM PEKYIIEPUPYEMAA U3 SJICKTPOABUTATCIA SHEPTHUA MOXKET
riepeaBaThCsl HA TOPMO3HOM Pe3UCTOp U pacCerBaThCs B BHAE TEIUIA, B 3aBUCUMOCTH OT TOTO,
KaKHE€ M3 KOHTAKTOPOB UJIU IMOJYIIPOBOAHUKOBBIX KJIFOuei 3aMKHYTBI.

[0006] B omHOM MM HECKOJIBKUX BapUAHTAX BBIMIOJTHEHHSI HACTOSIIIETO U300pETeHMSI
npeasokeHa CUCTeMa TMPHUBOJAA, KOTOpash MOXKET Coaep’kaTb HMHAYKTHBHOCTH. Kaxmas us
WH]Y KTHBHOCTEH MOJKET ObITh BBITIOJHEHA C BO3MOXKHOCTBIO Pa3MELIeHHsT Ha OOPTY CHCTEMBI
C DSJICKTPUYECCKUM TIIPUBOAOM U IJIA BbI60pO‘{HOFO COENNMHEHUA C HCTOYHHUKOM II€PBOTO
3JIEKTPUUYECKOTO TOKAa M MpeoOpasoBaTesieM, KOTOPBIA MpeoOpa3yeT SJIeKTPUIECKUNA TOK IS
SJICKTPOABUTATEIA CUCTEMbI C OJSJCKTPUYECKUM IMPHUBOAOM. B JOIIOJIHEHUEC, KaKJad
HHAYKTUBHOCTH MOXET 6bITb COC€AHMHEHA C Y3JIOM LECMHU MEKAY CTOKOM IOy TPOBOAHHUKOBOI'O
KJII0Ya ¥ aHOAOM JHOJAa WM YIIPaBJIEMOro MOJYNPOBOJHUKOBOrO Kiroda. Kakmelii aHon
MOKET OBbITh COETMHEH ¢ MpeodpasoBaTeieM, MPUYeM KOHTAKTOPhI COeIMHEHBI MapajiIesIbHO
OPYT OPyTy MEXIy UCTOYHHKOM MEPBOrO 3JIEKTPHUUECKOro TOKa U npeobpazosarenieM. Takike,
K&)I(I[blfl aHOA MOXKET 6bITb COCAMHEH C TOPMO3HBIMU PE3UCTOPAMH, COCAUHECHHBIMU
napajjenbHO JApyr JApyry, TpU OSTOM KaxXIblii TOPMO3HONH pE3UCTOpP COENUHEH

IMOCJICO0OBATCIILHO C OTACJIBbHBIM KOHTAaKTOPOM, MEXKOYy OTHM KOHTAaKTOPOM u



npeoOpaszoBateneM. Takxke, KaXXAbIii aHOI MOXET OBITh COEIWHEH C IMOJYIPOBOIHUKOBBIM
KJIIOUOM, COEAUHEHHbIM C KOHTAKTOPOM TakK, YTO KOHTAaKTOpP pPACIHOJIOKEH MEXAY
OJIy TPOBOJHUKOBBIM KJIFOUOM M TOPMO3HBIMHU PE3UCTOpaMH. B pexume pexkynepaTUBHOIO
TOPMOJKEHHS, PEXKHME PEOCTATHOIO TOPMOXKEHHs, I B peXKUME pPadOThl CHCTEMBI C
JNEKTPUUECKUM TPHUBOAOM, CKOMOMHHUPOBAHHOM W3 3THX [BYX pPEKUMOB paloThI,
peKyInepupyemMblii W3 3JEKTPOABUTATENs SJIEKTPUUECKUH TOK MOXKeT OBITh IepefaH Ha
TOPMO3HOM PE3UCTOP U PACCesH B BUJE TEILIA, B 3aBUCUMOCTH OT TOrO, KAKHE U3 KOHTAKTOPOB

WJIN NEPBBIX MOJIYTPOBOAHUKOBBIX KJIrouei 3aMKHY ThL.

KPATKOE OIIMCAHUE YEPTEXEH

[0007] Cy1HOCTD HACTOSIIETO U300PETEHNUsI MOXKET OBITh IOHATA OOJiee AeTaNbHO IPH
MIPOYTEHUU MTPUBEIEHHOIO HUYKE ONUCAHUSI HEOrPAHUYHBAIOLINX BAPUAHTOB €T0 BBIIIOJIHEHUS
CO CCBIJIKAMHU Ha MPUIOKEHHBIE YEPTEXKH, THE:

[0008] ¢ur. 1 n3o0pakaeT cxeMaTUUECKHH BU CUCTEMBI IPUBOJIA B PEXKUME JABHUKECHUSI
C MIOMOILBIO IBUTATEJIS,

[0009] ¢ur.2 m3obpaxaer cxeMaTHYECKHi BUJ CUCTEMbI MPHUBOAA B (POPCHPOBAHHOM
pexume;

[0010] ¢wur.3 wuzoOpaskaeT cxXxeMaTHYECKHH BHI CHCTEMbI IPHUBOJA B PEKHME
JUHAMUYECKOTO TOPMOKEHUS],

[0011] ¢ur.4 nuzobpakaeT cxeMaTHYECKUI BU CUCTEMbI IPUBOJIA B PEIKUME JABIIKEHHSI
C TIOMOLIBIO IBUTATES,;

[0012] ¢wur.5 uzobpakaer cxeMaTUIECKUH BUI CUCTEMBI MPUBOJA B GOPCUPOBAHHOM
pexume;

[0013] ¢ur.6 wuzobpaskaeT CXeMaTHYECKHH BHI CHCTEMbI MPHUBOJA B PEKUME
JUHAMUYECKOIO TOPMOKEHHS],

[0014] ¢ur.7 wuzobpaskaeT CXeMaTHYECKHH BHI CHCTEMbI MPHUBOJA B PEKUME
JUHAMUYECKOIO TOPMOKEHHS,

[0015] ¢wur.8 nzobpakaeT cxeMaTHUECKUI BU CUCTEMbI IPUBOJIA B PEIKUME ABIIKEHHS
C IOMOLIBIO IBUTATEJIS,

[0016] ¢ur.9 nzobpakaeT cxeMaTHUECKUI BU CUCTEMbI IPUBOJIA B PEKUME JABIIKEHHS

C IIOMOIIBIO ABUIATCIIA,



[0017] ¢wur.10 u3obpaskaeT CXeMaTUYECKUH BHUA CHCTEMbI TPUBOAA B PEKUME
IBWDKEHUSI C TOMOIIBIO IBUTATEIIs,

[0018] ¢ur.11 wmmmocTpupyer mnpumep crocoda IUHAMHYECKOTO TOPMOXKEHHS B
cuCTeMe MPUBOAA;

[0019] ¢ur.12 wmmocTpupyer mnpumep crocoda IUHAMHYECKOTO TOPMOXKEHHS B
cucTeMe NMPUBOAA; U

[0020] ¢ur.13 wumocTpupyer mnpuMep crnocoda IUHAMHYECKOTO TOPMOXKEHHS B

CUCTEMCE MIPpUBOJA.

ITOAPOBHOE OITMCAHUE U30BPETEHMA

[0021] BapuaHTbl BBIIOJHEHUS] H300PETEHMs, OMTUCAHHOTO B HACTOSIIIEM JOKYMEHTE,
OTHOCATCSI K CHUCTEMe MPUBOAA C YIPABJICHUEM TOPMOKEHHEM. biaromaps NmpUMEHEHHUIO
HOJTy IPOBOJTHUKOBOIO KJIIOYA, KaK BAPHAHT B KOMOMHALMKM C KOHTAKTOPOM M TOPMO3HBIM
PE3UCTOPOM, JOCTUTAETCS YIPABIAEMOE 3aMEIJIeHHEe IPH TOPMOXKEHUH CHCTEMBI C
3JeKTpudeckuM npusogoM. K mpumepy, KOMMyTalus WIM pa3MbIKaHUE U 3aMbIKAHMUE,
TIOJTy MPOBOTHUKOBOTO KITFOYa MOXKET 00€CIeunTh BO3MOXKHOCTD MPOITY CKaTh Yepe3 TOPMO3HOU
PE3UCTOP MEHBIINE AUCKPETHDbIE BEIMYUHBI SJIEKTPUIECKOr0 TOKA. ECII TOK CIUIIIKOM BBICOK
IUISL TIPOITY CKAHMST OTHUM TOJTY TPOBOTHUKOBBIM KITFOUOM, TO MOKET OBbITh 3a/I€HCTBOBAH €Ille
OJIMH TIOJyTIPOBOAHHUKOBBIM KITFOY, CIOCOOHBIA MPOMYyCKaTh TAKOH TOK, MO MEHbLIEH Mepe
HeKkoTopoe BpeMs. K mpumepy, OQuH MOJYyNPOBOJHUKOBBIM KIIFOU MOXKET IMPOIMYCKaThb TOK
TPETb BPEMEHH, BTOPOMN MOJIyIIPOBOAHUKOBBIN KIIIOU — €l OIHy TPETb BPEMEHHU, U TpeTui
MOJIy IPOBOJIHUKOBBII KJIFOY MOXET MPOIMYCKaTh TOK B OCTaBLIYIOCS TpPeTh BpeMeHH. Takas
neperavya yMOpaBlIeHUs] KIIOYaMH [I03BOJSIET OCYLIECTBJISITb HEMpPEpPbIBHOE YIIpaBliEeHUE
TOPMOKEHHEM CHCTEMBl C DSJEKTPUYECKHM TPUBOAOM. Palouyme IHMKJIbI KaXI0ro
TIOJTy MPOBOTHUKOBOTO KJIFOYA OMPENEISIFOT, KaK JOJTO TOKYy OyAeT pasperieHo MPOXOAHTH
4yepe3 TOPMO3HOU pe3ucTop. Uem amuHHee paboduuii UK, TeM JJIUTENIbHEE BPEMsi, B TeUECHUE
KOTOPOrO MOJNYNPOBOJHUKOBBIM KUY 3aMKHYT M npomyckaer Tok. [IpumeHeHue
TIOJTy TPOBOXHUKOBBIX KJIFOUEH B KOMOMHAINN C TOPMO3HBIMHU PE3HCTOPAMH U KOHTAKTOPHBIMU
BBIKJIFOYATENIMU TO3BOJISIET CHU3UTh WM JlaXKe IMOJIHOCTBIO YCTPAHUTh HCKPEHUE, U3HOC U
aMOPTHU3ALIUI0 JAUCKPETHBIX KOMIIOHEHTOB. DTO Jae€T BO3MOKHOCTb MOJYYUTb CHUCTEMY CO
CPaBHUTEJIBHO MEHBIINM KOJMYECTBOM IOABMXKHBIX J€Tajel, Tak 4YTO MOXKHO CHHU3UThb

CJIOXKHOCTD MMPOU3BOACTBA U 3aTPAThL.



[0022] Cucrema npuBoAa MOXET coaep:kaTb KOHTpoJjulep. B omgHOM BapuaHTte
BBIMTOJTHEHHSI HACTOSIIIEr0 M300pETeHNsI IOAXOISAIINM IOy IPOBOAHHKOBBIM KIIFOYOM MOXKET
ObITb OMMONSIPHBIA TpaH3ucTOop ¢ wu3onupoBaHHBIM 3aTBOopoM (IGBT). IMomxomsmum
KOHTAKTOPOM MOXET OBITh NEpPEeKIFoYaTeNb C 3JIEKTPOYIPABICHUEM, HCIIONb3yEeMbIH s
MEPEKJIIOUEHUs] CUJIOBBIX 3JIEKTPUUECKHUX Liened. KOHTakTop MOXeT yNpaBisiThbCsl CXEMOH,
KOTOpasi UMeeT MEHbLINI yPOBEHb HANPSKEHUs, YeM KOMMYyTHpyeMas Lielb, Harpumep, 74-
BOJIbTHBII 3JIEKTPOMArHuT ¢ OOMOTKOM, ympasisiomuii 1000-BOJBTHBIM MEpPEKIFOUATEIEM
3NEeKTpOABUraTeNs. B 0HOM BapuaHTe BBIMOJIHEHHUS HACTOSIIErO H300pEeTEeHNs] KOHTAKTOPOM
MOXeT ObITh pesie. B erie ogHOM BapuaHTe BBINOJHEHHs] KOHTAKTOP MOKET UMETh OIMH HIIU
HECKOJIbKO TPHU3HAKOB, OOECIEYMBAIOIIMX yTpaBJIEHUE U TOAABICHUs] JIFOOBIX WCKP,
BO3HMKAIOIIUX TPU NPEPHIBAHUM 3JEKTPUUECKOro Toka. COOTBETCTBYIOLIMH TOPMO3HOMN
PE3UCTOp MOXKET NPEeACTABIATh COOOH MarasuH CONPOTHUBIIEHHH, CIOCOOHBIX PacCerBaTh
3JIEKTPUYECKUN TOK B BHAE Tera. [lpyrue noaxonsiue pe3sucTopbl MOIYT BKIJIIOYAThb
yCTpOICTBa, MPUHUMAIOIINE /WK YIPABISIOINE TOCTYIIAIOIUM 3JIEKTPUUECKUM TOKOM. K
npuMepy, JE00ast HIEKTPUUECKast CXeMa UMEeT BHYTPEHHee 3JIEKTPUIECKOe COTPOTHBIICHNE
3HAYUT, B HEKOTOPOH CTENEHH, MOKET MCNOJIb30BAThCsS B KAUECTBE PE3UCTUBHON CXeMbl. B
OJIHOM BapHaHTEe BBIMIOJIHEHUS PE3UCTUBHAS CXeMa MOKET COJAEp>KaThb OJHO WM HECKOJBKO
YCTPONCTB XpaHEHUs >HEPruu. B momonHeHne K HaJUYUI0 BHYTPEHHEIrO 3JIEKTPHYECKOIrO
COTMPOTHUBJICHUs], yCTPOWCTBA XPAHEHUS HHEPTUH MOTYT BBINOJHATh (YHKLUHUHU HCTOYHHUKA
SJIEKTPUUYECKOrO TOKa. B elle ogHOM BapHaHTE BBINOJHEHHsS] PE3UCTHBHAS CX€Ma MOXKET
NPUHUMATD U U30ABJISITHCS OT SJEKTPUUIECKOTO TOKA Iy TEM BBINOJHEHUsI paOOTHI (B Ka4eCTBE
aJIbTEPHATHBBI WM B JOMOJHEHHE K paccenBaHMO Temia). K mpumepy, pesucTuBHas cxema
MO>KET COJEp>KaTh BO3AYIIHBIN KOMIpPECcop, MpU4eM, KOrja cxeMa BKJII0OYEeHa, KOMIIPECCop
MOXeT paboTaTh Kak BO3AYIIHBIA HacoC. B eme oHOM BapHaHTE BBITIOJHEHUS] PE3UCTUBHAS
cXeMa HaxXOIUTCS He Ha OOPTy CHCTEMBI C 3JEKTPUYECKUM MPHUBOIOM, HO TaJIbBAHUYECKU
CBs3aHAa C CUCTEMON C BJIEKTPUYECKUM NPUBOAOM, HalpuMep, MpPHU IOMOLIU KOHTAKTHOMN
NOJBECKH MJIM TPEThETrO penibca. Pabora BHEOOPTOBOH PE3UCTUBHOW CXEMBI MOXET ObITh
OCHOBAaHA Ha BHYTPEHHEM COINPOTHUBJIEHUH CXEMbI /I OHa MOXKET COZEPIKaTh YCTPONCTBA,
o0ecrieunBarOIUe HArpy3Ky H/HIM MOXKET COIEpKaTh yCTPOWCTBA XpaHEHHs >Hepruu. B
HEOTPaHUUHMBAIOLIUX MPUMEPAX CUCTEMA C JIEKTPUUYECKUM MPUBOAOM MOXKET IPENCTaBIATh
co0OM TPaHCIIOPTHOE CPEACTBO, BETPOBYIO TyPOHHY WIM MHYIO CHCTEMY, HMEIOIIYIO B CBOEM

COCTaBe JJIEKTPOIBHUraTesib. B Npyrux HEOrpaHUYMBAIOIINX MPUMEPaX 3JIEKTPOABUTATEND



MOYKET HUCTOJIB30BATHCS IS O0ECTIeUeHNsT IBIKEHUS], HAIIPUMED, 3TO MOXET OBITh TSATOBBIN
3JIEKTPOABUIaTeNb, TAaK U N APYIUX Lenel, Hampumep, sl BpalleHus Jionacrei
BEHTHJISITOPA, BETPOBOI TypOUHBI U T.1I.

[0023] Ha ¢wur.1, 2 u 3 npowurocTpupoBaHa paboTa MepBOro BapUaHTa BBIMTOJHEHHS
CUCTEMBbI IIPUBOJIA, COOTBETCTBEHHO, B PEXUME ABM)KEHUS C MOMOILBIO ABUTATENs, peXUMe
(bOopCHpPOBaHHOTO  ABIDKEHM M B PEKHUME IUHAMUYECKOro TopMmoxeHus. Ha
NPOMJUTIOCTPUPOBAHHBIX CXEMax MOKAa3aHbl ABA UCTOYHMUKA 3JIEKTPHUYECKOrO TOKA, OOPTOBOM
UCTOYHUK U BHEOOPTOBOH HCTOYHMK. B kauecTBe anbTepHATHBBI, BMECTO BHEOOPTOBOIO
UCTOYHUKA CHUCT€Ma IPUBOZA MOKET HMETh eIle OAMH OOpPTOBOW HCTOYHMK, HAIPUMED,
aKKyMyJISITOpHYI0 Oatapeto. BHEOOPTOBOI HCTOUHHUK 3JIEKTPUUECKOro TOKa 124 MokeT ObITh
HUCTOYHHUKOM 3JIEKTPOSHEPIUH, HAIPUMED, KOHTAKTHBIM PEIbCOM HJIM KOHTAKTHOMN MOABECKOM.
BopToBo#i HCTOUHUK MOXKET OBITh KOMITIEKTOM 102 ABHUraTess U ajJbTepHATOPa, YCTPOUCTBOM
XpaHEHMsI YHePTUH WK aKKy MyJIATOPHOI Oatapeeil. BHEOOPTOBOI HCTOYHHK 3JIEKTPUUECKOTO
TOKA COCAUHEH ¢ MOJIOKUTENbHON WuHON 111 u ¢ oTpunarenpHol muHoN. IlonoxurenpHas
LIMHA COCAUHSET UCTOYHUK 3JIEKTPUYECKOrO TOKA € MepekirouaTeneM 122 u MHAy KTUBHOCTBEO
120. IlepexmrouaTenab pacrmojiOKEH MEXKAY HCTOYHUKOM 3JEKTPUYECKOrO0 TOKa H
UH/Ty KTUBHOCTBIO.

[0024] UHOyKTUBHOCTb COEMHEHA C KOJUIEKTOPOM IOJIYITPOBOAHUKOBOrO Kirova 116
u a"HonoMm auona 118. Karoxg nuoma mopkiroyeH mapajuieNibHO muiedy 126 menu, KOoTopoe
COJZIEP>KUT KOHTaKTOPHBIN BbIKIOUaTesb 115 u TopmosHoii pesuctop 114. CooTBeTCTBYHOLIHI
y3en 128 nenu pacnosokeH MeXAy KOHTAaKTOPHBIM BBIKIIFOYATENEM U IOJTyTPOBOJIHUKOBBIM
KJIIOYOM. B miede Lenmu KOHTAKTOp M TOPMO3HOH pPE3UCTOP COEAMHEHBbI JIPyr C IPyrom
nocnenoBaTenbHo. CaMo IUieHo MOAKIIOUEHO MapajuienpbHo nuony. Karon nuona u meqo
LeTH, COAepIKaliee TOPMO3HON PE3UCTOP U KOHTAKTOP, COENMHEHBI ¢ npeodpaszopareem 106
nocTosIHHOTO ToKa B epemenHbli (DC-AC) yepes nonoxurenbHyo mWUHY . [IpeoOpasoBarens
DC-AC coenuneH c anekrponasurateneM 108 npu moMornu eie oAHON MOJ0KUTENBHOM IIHMHbI
145 u ewe oaHoM orpuuarenbHoil wuHbl 140. IlapamienbHO ¢ AMOAOM, IJIEHOM LENU U
npeoOpaszoBateniem DC-AC mnoxkmoueH koHzmeHcarop 110. BreOGopToOBOH HCTOYHHK
3JIEKTPUYECKOTO TOKA COEUHEH C YMUTTEPOM IOJIyIPOBOJHUKOBOIO KJIFOYa OTpULIATENbHON
mmHOHM. OTpULaTebHas IIMHA COeTMHEHA ¢ KOHIEHCATOpOM U ¢ mpeobpasorarenem DC-AC
Bempsimurens 104 coemmuen ¢ mpeobpasosarenem DC-AC mpu momomu emme OxHOM

MOJIOXKUTENIBHON INUHBI M €Ille OAHOM OTPULATENbHONW WIMHBL B HIpOMIIHOCTPUPOBAHHOM



BAPUAHTE BBIOJIHEHNS 3JIEKTPOABUIaTENb MMPEACTABISAET COOON TATOBBIN 3JIEKTPOABUTATEND.
Kak BapuaHT, ABHraTesib MOKET U HE OBITh TATOBBIM IBUTaTEJIEM, KOTOPBIH CO3AAET KPY TALIHUI
MOMEHT 151 00eCTIeYeHNs TIOCTYAaTEeIbHOTO IBIKEHUS TPAHCIIOPTHOTO cpencTea. Hanmpuwmep,
3JIEKTPOABUTATENb MOXKET ITOJIABATh MMTAHNUE HA HACOC U BBHIOJIHATE PabOoTy, HE CBA3aHHYIO
¢ obecrieueHneM IBUKEHUS.

[0025] B pexume IBIKEHHUs C TOMOINBIO IBUTATENs, KaK IMOKa3aHO Ha ¢ur.l,
KOHTaKTOp, PACIIONOKEHHBIN MEKAYy UCTOYHUKOM 3JIEKTPHUUECKOrO TOKA U MHAYKTUBHOCTBIO,
Pa3OMKHYT, 4YTO HE IMO3BOJIAET TOKY MPOXOAUTb OT HCTOYHUKA DSJIEKTPUUECKOrO TOKA.
KommuiekT aBUratenb-aJbTEpPHATOP MOAAET SJEKTPOIHEPTHIO HA BBINPSIMHUTENb, UTOOBI
oOecrieunth nuTaHue snekrpoxsuratens. Tok 130 mporekaeT M3 KOMIUIEKTA IBUTATEJb-
aNIbTEPHATOP B 3JIEKTPOABHIaTeNb. BBIMpSAMUTENIb MOXKET NPeoOpa3OBBIBATH HAIPSIKEHUE
MEPEMEHHOI0 TOKAa OT KOMIUIEKTa ABUTATENIb-aJbTEPHATOP B HANPSKEHUE TIOCTOSHHOIO TOKA,
obecnieunBast TOK JJIsI 3apsaKu KOHAeHcaTopa. Tok nmocrymaer Ha mpeodpasosarens DC-AC.
ITpeobpasosarens DC-AC wmoxer npeoOpa3oBaTh IOCTOSIHHBIH TOK B II€PEMEHHBIH,
obecnieunBast MoAa4dy TOKA B 3JIEKTPOABHUIATE b, DJIEKTPOABUIATE b HCIIOIb3Y €T IEPEMEHHBIN
TOK JIJIsl IPUBENEHHs CUCTEMBI C 3JIEKTPUYECKUM MPUBOJIOM B MOCTYIATENbHOE ABIKEHHE.

[0026] ®wur.2 uzobpakaeT cucTeMy MpuBOAa B POPCHPOBAHHOM pexkume padoThl. B
(opcHpOBaHHOM pekuMe PadOThl KOHTAKTOPHBIM BBIKJIIOYATENb, PACIIONOKEHHBIH MEXIy
UCTOUYHUKOM 3JIEKTPUYECKOTO TOKA W HWHAYKTHBHOCTBIO, 3aMKHYT U MPOMYCKAaeT TOK OT
UCTOYHHKA 3JIEKTPUUECKOr0 TOKA MO MOJOKUTENbHON muHe. MICTOYHUK 3JI€KTPUUeCKOro Toka
MOJAET JEKTPOIHEPTHUIO HA MHAYKTUBHOCTD, I7I€ MOKET OCYIIECTBIISTECS XPaHEHHE SHEPTUU.
Tok MoXkeT mpoXOAUTD Yepe3 AUOA U MUTATh AJeKTpoaBUraTenb. KonneHcaTop, coeIMHEeHHbIH
C UCTOYHHKOM 3JIEKTPUUECKOrO TOKA 4Yepe3 OTPHULATENbHYIO IIHHY, MOXET 3apsDKaThCs, a B
3JIEKTPOABUIaTEIb MOXKET [TOCTY AaTh SJEKTPUUECKUN TOK.

[0027] ®wur.3 u3o0paxaer CUCTEMY NMPUBOIA B PEKUME JTHHAMUYECKOTO TOPMOKEHHUSI.
PexnM TMHAMUYEeCKOrO TOPMOKEHUS] MOKET OBITh PEKUMOM PEKY IEPATHBHOTO TOPMOKEHHUS,
PEKUMOM PEOCTATHOTO TOPMOXKEHHUS] WM KOMOMHAaLMEH 3THX ABYX PEKUMOB. B pexunme
PEeKyTEepaTUBHOIO WJIM PEOCTATHOTO TOPMOXKEHUS, MJIM B KOMOMHALIUH 3THX JBYX PEKHUMOB,
KOHTAKTOPHBIN BBIKJIIOYATEINb, PACTIONOXKEHHBIH MEKAY MUCTOYHHKOM 3JIEKTPHYECKOrO TOKa U
UHIYKTHBHOCTBIO, PA30OMKHYT W HE TNPOIYCKAeT 3JEKTPUUECKUH TOK M3 BHEOOPTOBOTO
UCTOYHHMKA 3JIEKTPOSHEPTHMU B 3JekTpojaBurarenb. OQHAKO KOHTAKTOPHBIH BBIKJHOYATED,

PacHoJIOKEHHBIA B IUIeYE LENH, 3aMKHYT M IPOIYCKAEeT TOK M3 3JIEKTPOABUIATENs 4depes



TOPMO3HOM pE3UCTOP U MOJYNPOBOJHUKOBBIM KIHOY. PexynepupoBaHHas 3HEprus Wus3
3JIEKTPOIBUIATENsl IEPEAACTCS] B TOPMO3HOM PE3UCTOP U PACCEUBAETCsl B BUAE Tera. Takas
KOHQUIrypamuss ¢ 3aMKHYTbIM KIFOYOM, KOTOPBIH PpACHOJIOKEH MEXIY HCTOYHUKOM
3JIEKTPUUYECKOTO TOKA M WHAYKTUBHOCTBIO, MOXKET ObITh Ha3BaHA «OTKPBITBIM COCTOSTHHEM.
Ha cxeme mnoka3aHO TNPOTEKAHHE BJIEKTPUYECKOrO TOKA M3 ODJIEKTPOABUTATEN IO
MOJIOKUTENBbHOM muHe cuctembl 300 mpuBoaa yepes Moy IPOBOJHUKOBBIN KIIHOY. 3aT€M TOK
MPOXOAUT IO OTPHULIATEIbHON IIMHE B KOHAeHcaTop, npeodpaszosarens DC-AC u obpaTHO B
SJeKTpoaBUraresb. B 5TOM BapuaHTe BBINOJIHEHUS KOHACHCATOpP paspsbkaercs, a
3JEKTPOABUraTeNb OOecrieunBaeT HanpsokeHue. 110y npoBOIHUKOBBIN KITFOY MOXKET OBICTPO
KOMMYTHPOBaTb PA30OMKHYTO€ M 3aMKHYTO€ COCTOsHMs. Takas ObIcTpas MOZYJISALIUS
MOJIyTPOBOJHUKOBOI'O  KJIKOYa  IO3BOJIIET  OCYIUECTBJIATH IUIABHOE TOPMOXKEHHE C
yIpasisieMbIM 3aMeieHneM. K nmpumepy, korga KOHTaKTOp, PaclOJIOKEHHBIN B IIJIeue LIETH,
3aMKHYT, MOAYJISALMSA, WM Pa3sMbIKAHME W 3aMbIKaHHE, ITOJIyIIPOBOJHUKOBOIO KJIHOYa
MO3BOJISIIOT MPOIYCKaTh 4epe3 TOPMO3HOM PpE3UCTOP MEHbIIWE AUCKPETHbIE BEIUYMHBI
3JIEKTPUYECKOrO TOKa. ECM TOK CIMIIKOM BBICOK Ul OJHOTO MOJIy IPOBOJHUKOBOTO KIIFOUA,
TO MOKET OBITh YCTAHOBJIEH €I1l€ OANH IOJIY TPOBOAHUKOBBII KITFOU JIJIs IPOITY CKAHUSI TOKA T10
MEHbIIEH Mepe B TeUeHHE HEKOTOpOoro BpeMmeHu. K mpumepy, OQuH MOJyIPOBOIHUKOBBIN
KJIFOY MOJKET MPOIY CKaTh TOK TPETh BPEMEHHU, BTOPOH MOy MPOBOAHUKOBBIN KJIIOU — €11E OHY
TPETb BPEMEHHU, U TPETUI MOy IPOBOAHUKOBBIN KJIFOU MOXKET IPOIYCKAaTh TOK B OCTABLIYIOCS
TPEeTb BpeMeHH. Takas CMeHa aKTUBHOCTH KJIIOYEH MO3BOJISIET OCYLLECTBIATh HENPEPBIBHOE
yIpaBJIEHHE TOPMOKEHUEM CHUCTEMBI C 3JIEKTPUYECKIM MPUBOAOM. Paboure IMKIBI KaKI0ro
U3 TOJIY IPOBOIHUKOBBIX KIIFOYEH OMPENessIFoT, KaK JI0JITO TOKY OyeT pa3permeHo MpOXOaUTh
Yyepe3 TOPMO3HOH pe3uctop. Uem mimmHHee pabodyuil UK, TEM JJIUTENIbHEE BPEMsi, B TEUECHUE
KOTOPOrO NOJYIPOBOAHUKOBBIM KJIHOY 3aMKHYT U npomyckaer Tok. IlpumeHnenmue
TIOJTY TPOBOJHUKOBBIX KJTFOUEH B KOMOMHALIMHI C TOPMO3HBIMH PE3UCTOPAMH H KOHTAKTOPHBIMHU
BBIKJIIOUATESIMA TIO3BOJISIET YMEHBIIUTh HCKPEHHE, W3HOC M aMOPTHU3ALUI0 JUCKPETHBIX
KOMITOHEHTOB, 4 TAaKXK€ COKPATUTb KOJWUYECTBO MOJBMKHBIX J€Tajied, W, CIEeNOBATEIbHO,
CHU3UTH CJIOKHOCTb MPOU3BOACTBA U PACXOABL

[0028] Ha ¢ur.4—7 mpomwmmocTpupoBaHa paboTa OIHOTO BapHUAHTA BBIMOJHEHHS
CHUCTEMBI IIPUBOAA, COOTBETCTBEHHO, B PEXUME JBIKEHUsI C IOMOIIBIO IBUTATENs], B PEKUME
(bOpCHPOBaHHOTO ABMKEHUS M B PEKUME JHHAMHUYECKOTO TOpMOKeHHsI. Ha cxemax rmoka3aHsl

IBAa HWCTOYHHKA 3JIEKTPUUECKOTO TOKa, OOPTOBOW HCTOYHUK WU BHEOOPTOBOM HMCTOYHUK



3NIEKTPUUECKOTO TOKa. B KadecTBe anbTepHATHBBI, CHCTEMa NMPUBOZA BMECTO BHEOOPTOBOIO
HCTOYHHUKA 3JIEKTPUUYECKOTO TOKAa MOXKET MMETh eIe ONUH OOPTOBOW MCTOYHHK, HAIPUMED,
AKKyMYJIATOpHYI0 Oarapero. MICTOYHHK 3JIEKTPUIecKoro Toka 424 MokeT ObITh HCTOYHHKOM
3JIEKTPOOHEPruy, HAIPUMEpP, KOHTAKTHBIM PEJIbCOM WJIM KOHTaKTHOM MoaBeckou. boproson
uctoyHnk 402 MokeT ObITh KOMIUIEKTOM W3 JBUTATENsl M albTEPHATOPA, YCTPOHCTBOM
XpaHEeHHsl SHEPTUH (HapuMep, aKKyMYJIITOPHOI Oarapeeii) u T.1. UICTOYHHK 3JI€KTPHUYECKOTO
TOKA COEIMHEH C MOJIOKUTENIbHON IUHOU 411 1 orpunarensHon muHon 412. ITonoxurenbHas
LIMHA COEUHSET NCTOYHUK 3JIEKTPUYECKOrO TOKA € MepekirouarTeneM 422 1 UHAY KTUBHOCTBIO
420. llepexnrouaTesab PpacHONOXKEH MEXAY HCTOYHHUKOM OJIEKTPUYECKOrO0 TOKA W
UHy KTUBHOCTBIO.

[0029] UHIyKTUBHOCTh COEAMHEHA C KOJUIEKTOPOM IMEPBOrO IMOJIY IPOBOJIHUKOBOTO
kiaro4a 416 U 3MUTTEPOM BTOPOroO NOJYNpPOBOAHUKOBOro kimoua 418. Komnexrop BTOpOro
TOJTy TPOBOJJHUKOBOTO KJIFOUA COEIMHEH MapajlIeNIbHO ¢ IuieuoM 426 Lenu, KOTOpOe COAEPKUT
KOHTaKTOPHBIN BBIKJIFOYaTeNb 415 1 TopMmosHoi pesuctop. CooTBeTcTByrOImUi y3ea 428 nenu
PacroJOXKEH MEXAY KOHTAaKTOPHBIM BBIKJIIOUATENIEM U MEPBBIM IOy IPOBOJAHUKOBBIM
KJIIOUOM. B muiede 1menu KOHTAKTOp U TOPMO3HOM PE3UCTOP COENMHEHBI APYr € APYrOM
nocnenoBarenbHo.  CamMoO  medo  Lenu  COEQUHEHO  MapajuielbHO CO  BTOPBIM
TIOJTY IPOBOJHUKOBBIM KJIFOUOM. KOJIIeKTOp BTOPOro MoJyIpOBOIHUKOBOIO KJIOUA U IUJIEHO
LMY, CoAepIKallee TOPMO3HON PE3UCTOP U KOHTAKTOP, COENMHEHBI ¢ npeodpaszoBaresiem 406
NOCTOSIHHOTO ToKa B epemenHbIi (DC-AC) yepes nonoxurenbHyo muHY . [IpeoOpasoBarensb
DC-AC coenunen ¢ snektpoasurateneM 408 mpu MOMOIIH e1e OHON MOJOKUTEIbHOMN ITUHbI
445 u ewe oaHou orpunatenbHoi mmHbBI 440. Kongencatop 410 coequHeH mapauiesibHO CO
BTOPBIM TOJIYIIPOBOHUKOBBIM KJIFOYOM, IUIeYOM Lenu u mpeodOpasoBatenem DC-AC.
BHEOOPTOBOM HCTOYHUK 3JIEKTPUYECKOTO TOKA COEIUHEH C SMUTTEPOM IEPBOTO
MOJIy IPOBOJJHUKOBOTO KJII0OYa OTpULIATENbHOM IKHON. OTpuLaTenpHas IIMHA COEIUHEHA C
KOHIeHcaTopoM U ¢ mnpeoOpasosatenieM DC-AC Bempsimutens 404 coenuHeH C
npeodpasosareniem DC-AC mpu moMomu emqe OJTHOHN MOJIOKUTEIBHON IUHBI U eIe OJTHOU
OTpULATENbHON MNHBL. B NponIrocTpupoOBaHHOM BapHaHTE BBIITOJIHEHUS 3JIEKTPOABUraTeNb
SIBJIIETCS TSTOBBIM 3JIEKTPOABUTATEIIEM.

[0030] B pesknme IBHKEHUS C TIOMOIIBIO IBUTATEJIS], TOKA3aHHOM Ha (pur.4, KOMILIEKT
JBUTaTEb-aJIbTEPHATOP TMOJAET JJIGKTPOSHEPTHI0 HA  BBIIPSMUTENb ISl [UTaHUS

snextponsurarenss. Toxk 430 mnocTynmaeT W3 KOMIUIEKTa [ABUTAaTENb-aJbTEPHATOP B
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3JIEKTPOABUTATEND. BBINMPsMUTENs MOXKET MPeoOPa30BBIBATH HANPSKEHNUE NMEPEMEHHOTO TOKA
OT KOMIUIEKTA JIBUraTeIb-aJbTEPHATOP B HANPSDKEHUE TOCTOSHHOTO TOKA, 00€CTIeYrnBasi TOK
IUTS 3apsiiku KoHAeHcaTopa. Tok moctymaer Ha mpeodpazosarenr DC-AC. [IpeoOpasosarens
DC-AC moxeT npeobpa3oBaTh MOCTOSIHHBIA TOK B IEPEMEHHBIH, 00ecrieurnBast oavy TOKa B
3JIEKTPOABUIaTeIb. JJEKTPOABUraTeNlb MCIONb3YeT MEPEMEHHBI TOK sl NPUBEIEHUS
CUCTEMBI C 3JIEKTPUUECKUM IIPUBOAOM B JBUKECHHUE.

[0031] @ur.5 u3obpaxkaer cucteMy NpUBOAA B peskuMe GopCcHpOBaHHOTO ABHKEHUs. B
pekume (pOpPCUPOBAHHOTO JBMIKEHUSI KOHTAKTOPHBINA BBIKIIFOUATENb, PACIIONOKEHHBIN MEKAY
HUCTOYHUKOM 3JIEKTPUYECKOTO TOKA U HHAYKTHUBHOCTBIO, 3aMKHYT U IPOIYCKAeT TOK W3
UCTOYHMKA 3JIEKTPUYECKOrO TOKA MO MOJIOKUTENbHON MKHE. MICTOYHUK 3JI€KTPUUECKOro ToKa
MOJAET dJEKTPOIHEPT U0 HA MHAYKTUBHOCTD, I7I€ MOKET OCYILECTBIISATHCS XPAaHEHUE SHEPTUU.
Tok MoOXeT mNpoXOoAuTb depe3 BTOPOH MOJYNPOBOAHUKOBBIA KIHOY A  IUTAHUS
snexTpoasurarens. KoHneHcaTop, COEAMHEHHBIM C MCTOYHUKOM 3JIEKTPUYECKOTO TOKA
OTPULATEIbHON INHWHOM, MOXET 3apsuKaTbCs, a B 3JIEKTPOABHUraTeNlb MOXKET MOCTYNAaTh
3JIEKTPUYECKUHN TOK.

[0032] ®ur.6 n3o0paxaer CUCTEMY MPUBOIA B PEKHME JTUHAMUYECKOTO TOPMOKEHHSI.
PexxrM TUHAMUYECKOTO TOPMOKEHUSI MOKET ObITh PEKUMOM PEKY IEPATHBHOTO TOPMOKEHHUS,
PEKUMOM PEOCTATHOTO TOPMOXKEHHUS] WM KOMOWHAaLMEH 3THX ABYX PEKUMOB. B pexunme
PEeKyIMepaTUBHOTO WJIM PEOCTATHOTO TOPMOXKEHUS, HJIM B KOMOMHALIUK 3THX JBYX PEKHUMOB,
KOHTAKTOPHBIN BBIKJIIOUATENb, PACTIONOKEHHBIM MKy UCTOYHHKOM 3JIEKTPHUYECKOrO TOKa U
WHIY KTUBHOCTBIO, 3aMKHYT M TPOMYCKAeT 3JEKTPUYECKHH TOK BO BHEOOPTOBOH HCTOYHUK
3JIEKTpUYECKOro Toka. OJHAKO KOHTAKTOPHBIN BBIKIIIOUATENb, PACIIONIOKEHHBI B IIeUe LIETH,
Pa30MKHYT M He MPOIy CKaeT TOK Yepe3 TOpMo3HOH pesuctop. Ha cxeme nokasaHo npoTekaHue
3JIEKTPUUYECKOTO TOKA M3 3JIEKTPOABUTATENs (HArpy3KH) MO TOJIOKUTENIBHOW LIMHE CHCTEMBI
npuBoaa B mpeodpaszonatesib DC-AC 1o eine 0HO# MONIOKUTENLHON IUHE, U B KOHASHCATOP
yepes3 MOJIyPOBOAHUKOBbIE KIt0UH. [lepBblil MOIyIPOBOJHUKOBBIN KIIOU MOXKET MPOITY CKaTh
ANEKTpUUECKUi TOK. BTOpO#l MOIynmpOBOJHUKOBBIN KIFOY MOXKET OBICTPO KOMMYTHPOBATH
Pa3OMKHYTO€ M 3aMKHYTOE€ COCTOsIHMs. Takas  ObIcTpas  MOXYJISILUS ~ BTOPOTO
MOJYy IPOBOJHUKOBOTO  KJII0OYa  MO3BOJISIET  OCYLIECTBJIATH IUIABHOE TOPMOMKEHHE C
ynpaBisieMbIM 3aMesuieHneM. K npuMepy, Korja KOHTakTOp, PacloJIOKEHHBIN B IJieue LIeTH,
3aMKHYT, MOAYJISILIVSL, MJIM Pa3MblKaHHE U 3aMblKaHNe, IEPBOTO MOJIYTPOBOAHUKOBOIO KIIIOUa

MO3BOJIAIOT MHNPONYyCKaTb 4YEPE3 TOpMOSHOfI pPE3UCTOP MCEHBIINUE OJUCKPETHBIC BCIUYHUHBI
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3JIEKTPUYECKOrO TOKA. ECIM TOK CIMIIKOM BBICOK JUISL IEPBOTO MOy IPOBOAHUKOBOIO KIIHOYA,
TO MOJKET OBITb YCTAHOBJIEH €Ie OAWH MOJYIPOBOAHHUKOBBIM KIIFOY, JJISI MPOIYCKAHUS IO
MeHbIIEH Mepe 4acTu Toka. K mpumepy, nepBblli MOJYyNPOBOJHUKOBBIA KIIFOY MOKET
MPOITYy CKAaTh TOK TPETh BPEMEHH, €11 € OJUH MOy IPOBOAHUKOBBIN KJIKOY — €11l€ TPETb BPEMEHH,
Y TPETHUH MOy IPOBOAHUKOBBIN KJIFOY MOXET MPOIYCKAaTh TOK B OCTABIIYOCS TPETh BPEMEHHU.
Takass cMeHa aKTUBHOCTH KJIFOUEH ITO3BOJISIET OCYILIECTBISATH HENPEPHIBHOE YIIPABJICHUE
TOPMOKEHHEM CHCTEMBl C DJJEKTPUYECKUM TPUBOAOM. Paboune IMKIBI KaXAOro Hu3
HOJTY IPOBOJHUKOBBIX KJIIOUEH ONpEeAeNsioT, KaK IOJro TOKy OyJeT pa3pelIieHO MPOXOAUTHb
Yyepes TOPMO3HOH pe3uctop. Uem nnmmHHee paOouuil UK, TeM JJIUTENIbHEE BPeMsi, B TeUEHUE
KOTOPOrO MOJYNPOBOAHUKOBBIM KJIHOY 3aMKHYT M mpomyckaeT Tok. Ilpumenenue
TIOJTy IPOBOHUKOBBIX KJIIOYEH B KOMOMHALIMH C TOPMO3HBIMHU PE3UCTOPAMH ¥ KOHTAKTOPHBIMH
BBIKJIFOYATESIMA TIO3BOJISIET YMEHBIIUTh HCKPEHHUE, WU3HOC U aMOPTH3ALUI0 JUCKPETHBIX
KOMIIOHEHTOB, a TaK)K€ COKPAaTUTb KOJMYECTBO MOABIDKHBIX AETalled, W, CIeI0BATENbHO,
CHU3UTb CJIOKHOCTb MPOM3BOACTBA U U3JAEPKKH. TOK MOXKET MpPOAOJIKATb NPOTEKaTb BO
BHEOOPTOBOM HMCTOYHHK JJIEKTPHUECKOTO TOKa M OOpPaTHO B 3JEKTPOABHIATENb IO
MOJIOKUTENBHON HIMHE, NMPOXOHs 4Yepe3 COCIUHEHUE C 3MHUTTEPOM IOy POBOAHHUKOBOIO
KJIF04a, KOHIeHcaTop, npeodpaszoBatesib DC-AC u 00paTHO B 3JIEKTPOIBUTATEb 10 €11€ OJHOU
OTpULIATENbHON IMHE. B 5TOM BapuaHTe BBINOJHEHUs KOHJEHCATOpP pa3psiKaeTrcs, a
AJIEKTPOABUTATENb O0ECIIEYHBAET HAMPSKEHUE.

[0033] ®ur.7 u3obpaxaer CUCTEMY MPUBOAA B PEKHME THHAMUYECKOTO TOPMOKEHHUSI.
PexrM TUHAMUYECKOrO TOPMOKEHUSI MOYKET OBITh PEKUMOM PEKY IEPATHBHOTO TOPMOKEHHUS,
PEKUMOM PEOCTaTHOTO TOPMOXKEHHUS] WM KOMOMHAaLMEH 3THX ABYX PEKUMOB. B pexunme
PEKYTEePaTUBHOIO WJIM PEOCTATHOTO TOPMOXKEHUS], MJIM B KOMOWHAIIMH 3TUX IBYX PEKHUMOB
KOHTaKTOPHBIN BBIKIIOYATENb, PACTIONIOKEHHBIM MEXAY UCTOYHUKOM 3JIEKTPUYECKOrO TOKA U
UHIYKTHBHOCTBIO, PAa30OMKHYT W HE TMPOIYCKAeT 3JEKTPUYECKHH TOK BO BHEOOPTOBOH
UCTOYHUK 3JIEKTpUYECKOro Toka. OJHAKO KOHTAKTOPHBINM BBIKJIKOYATENb, PACIIOIOXKEHHBIN B
IUiede LEenu, 3aMKHYT U IPOIYCKaeT TOK U3 3JIEKTPOJBUraTessl 4epe3 TOPMO3HON PEe3UCTOp U
NEPBBIM U BTOPOH MOJIyTPOBOAHUKOBBIE KJIFOUU. BTOPON MOy IPOBOJHUKOBBINA KIIFOY MOXET
NPOCTO TMPOMYCKAaTh TOK, TOTJA KaK MEPBBIA MOJIYyNMPOBOAHHKOBBIA KIFOY MOXKET OBICTPO
KOMMYTHPOBAaTh PAa30OMKHYTO€ M 3aMKHYTOE€ COCTOsHMsA. PexynepupoBaHHas SHEpPrust us3
3JIEKTPOJIBUIATENS EPENAETC B TOPMO3HON PE3UCTOP U PACCEUBAETCS B BUJIE Tema. beicTpas

MOAyJiAUA TMEPBOr0 MOJYNPOBOAHUKOBOIO KJIIHOYAa TMO3BOJIET OCYILICCTBIIATHL ILIABHOC
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TOPMOKEHHE C YIPaBIsAeMbIM 3amMenienueM. K npumMepy, korna KOHTaKkTOp, paClONIOKEHHbIN
B IUleu€ LENu, 3aMKHYT, MOAYJSILUS, WIM pa3sMblkaHHME U 3aMblKaHHE IIE€pPBOrO
MOJTY IPOBOJHUKOBOTO KJIFOUA MOKET O0ECTIeYHTh MPOIMYCKAaHHE Yepe3 TOPMO3HOH PEe3UCTOop
MEHBIIUX JAMCKPETHBIX BEIUYMH DJJEKTPUYECKOro Toka. Eciaum TOK, KOTOpBbIM MOXKET
MPONyCKaTh NEPBBI MOy IPOBOAHUKOBBIN KJIIOY, IPEBbIIIAET 33JaHHOE IOPOrOBOE 3HAUEHUE,
TO MOJKET OBITb YCTAHOBJIEH €Ile OAWH MOJYIMPOBOAHHKOBBIM KIIFOY, IJIS MPOIYCKAHUS IO
MeHbIIEH Mepe 4acTu Toka. K mpumepy, nepsblii MOJYNPOBOJHUKOBBIM KIIFOY MOKET
MPOIYCKaTh TOK TPETh BPEMEHH, €11l€ OAUH MOy IPOBOIHUKOBBIH KJIFOU — €Ill€ TPETh BPEMEHH,
Y TPETUI MOy IPOBOAHUKOBBIN KIIOU MOKET IPOIYCKAaTh TOK B OCTABIIYIOCS TPETh BPEMEHU.
Takass cMeéHa aKTUBHOCTH KJIFOYEH ITO3BOJISIET OCYLIECTBISATH HENPEPHIBHOE YIIPABJICHUE
TOPMOJKEHHEM CHCTEMBl C DJEKTPHYECKHMM MNpUBOIOM. Paboume LHKIBI KaXIOro
HIOJTy IPOBOJTHUKOBOIO KJIIOYa OMPENEeNsIOT, KaK JOJIro TOKy OyneT paspeleHoO MPOXOAUTb
Yyepe3 TOPMO3HO# pe3uctop. UeMm anmuHHee paboumil LUK, TEM IJIUTENIbHEE BPEMSi, B TCUCHHE
KOTOPOrO TMOJYNPOBOAHUKOBBIM KJIHOY 3aMKHYT M mpomyckaer Tok. Ilpumenenue
HIOJTy IPOBOTHUKOBBIX KJIIOUeH B KOMOMHALIMH C TOPMO3HBIMHU PE3UCTOPAMH 1 KOHTAKTOPHBIMH
BBIKJIIOUATEISIMU [TO3BOJIAET YMEHBIIUTh WUCKPEHUE, W3HOC U aMOPTHU3ALMI0 JUCKPETHBIX
KOMIIOHEHTOB, a TaK)K€ COKPAaTUTh KOJMYECTBO IMOJABIDKHBIX JeTallel, U, CIelI0BaTeNbHO,
CHU3UTH CJIOKHOCTh MPOM3BOACTBA M pacxoibl. B 3TOl cxemMe TOK MOXKET NPOXOAUTh U3
MOJTy TPOBOJHUKOBOIO KJII04Ya IO OTpULATEeNbHONW mmHe cucteMbl 700 mpuBoma uepes
KOHIeHcaTop, mpeoOpazoBatesib DC-AC wu nanee B 3JIEKTPOABUTATENb IO €IIe OJHOU
OTpULIATENbHON IMHE. B 5TOM BapuaHTe BBINOJHEHUs KOHJEHCATOpP pa3pshKaeTcs, a
3JIEKTPOABUTATENb O0ECIIEYNBAET HAMPSKEHHE.

[0034] Ha ¢ur.8 npowsutrocTpupoBaHa paboTa OMHOTO BAPUAHTA BBITIOJTHEHHUS] CUCTEMBI
npuBona. Cucrema mpuBOAa MOXET paboOTaTh, COOTBETCTBEHHO, B PEKHUME JBIKEHHS OT
ABUraTensi, B peXUMe (POPCUPOBAHHOIO MBIKEHUS WM B PEKUME JUHAMHYECKOTO
TopMOkeHHs1. Ha cxeme mokaszaHbl 1Ba HCTOYHHKA SJIEKTPUIECKOTO TOKA, OOPTOBOM HCTOYHUK
U BHEOOPTOBOM HMCTOYHHK. B KadecTBe ajbTEpHATHBBL, CHCTEMa NPUBONA BMECTO
BHEOOPTOBOrO HCTOYHHMKA MOXKET HMETh e€Ile OAWH OOpPTOBOH HWCTOYHHUK, HAIpPUMED,
AKKyMYJIATOpHYIO OaTapero. BHeOOPTOBOH MCTOYHUK 3JIEKTPUIECKOTO TOKa 824 MOkeT ObITh
HCTOYHUKOM 3JIEKTPOIHEPIUH, HAIPUMeEpP, KOHTAKTHBIM PEIbCOM HJIM KOHTAKTHOMN MOABECKOIA.
BoptoBoii ucTrouHuk MokeT ObiThb KomIulekToM 802 W3 ABUTATENs] U aJIBTEPHATOPA,

YCTPOWCTBOM XPaHEHUs] SHEPTHH WM aKKyMYyJISITOpHOH Oarapeeil. BHeOOPTOBOI MCTOYHUK
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SJIEKTPUYECKOTO TOKA MOXKET OBITh COEIMHEH C TOJIOKUTENBHOM muHOM 811 1 oTpUiaTenbHON
muHon 812, IlomoxkuTenbHass IIMHA COENUHSET WCTOYHUK 3JJIEKTPUYECKOTO TOKAa C
nepekarovarenem 822 1 MHAYy KTUBHOCTSIMU 820, COEAMHEHHBIMU NAPaJUIEIBbHO APYT C APYTOM.
Ilepexnrodaresnb pacnoaOKeH MEKAY UCTOYHUKOM 3JIEKTPUUECKOrO TOKA U MHAY KTUBHOCTSIMU.
Kaxnass WHAYKTUBHOCTb M3 3TUX HWHAYKTUBHOCTEHM COEAMHEHAa C  KOJUIEKTOPOM
MOJIy TPOBOJHUKOBOIO Kjro4a 816, KOTOPBIM SBJIAETCS OAHUM W3 IOJYPOBOAHUKOBBIX
KJIIOUEH, a TaK)Ke ¢ aHOAOM auona 818, KOTOpBI sBJIAETCS OAHUM U3 1HOA0B. KaTonsl Anonos
COEIMHEHBI NMAapaJuIeNIbHO ¢ Iule4amu 826 Lenu, CoAep KallUMU KOHTAKTOPHbBIE BBIKJIHOYATENIH
812 u TopmosHble pezuctopsl 814. CooTBeTcTBYIOLIME Y3bl 828 LieNU PacoIOKEHbl MEXKIY
KOHTAKTOPHBIMU BBIKJIFOYATESIMU M MOJIyIPOBOJAHUKOBBIMU KiMouaMu. [Io MeHbIel Mepe B
HEKOTOPBIX M3 IJied LIENHU KOHTAKTOpP M TOPMO3HOH PE3UCTOP COEOUHEHBl APYr C APYTrOM
nocjaeaoBaTeNnbHo. I1neun nenu coequHeHsl napauienbHo ¢ auogamu. Katonb! AMOAOB U 1e4n
LIeNH, COJepKalllie TOPMO3HBIE PE3UCTOPbI M KOHTAKTOPBI, MOTYT OBITH COEOHHEHBI C
npeoOpaszosateniem 806 mocrosiHHOrO TokKa B nepeMeHHbiil (DC-AC) yepe3 MoJI0KHUTENbHY O
muHy. IIpeobpasosatens DC-AC moxer ObITh coenuueH ¢ anekTponsurarenseMm 808 mpu
MOMOLIY €1e OAHOW MOJOKUTEJIbHON HIHNHBI 845 U eme OfHON oTpuuareabHol muHbl 340.
Konpencarop 810 MokeT ObITh COEAMHEH MNapauleJbHO C AMOAAMH, IJIEYaMHU LEMH U
npeodpasosareniem DC-AC. BHeOOPTOBONW HMCTOYHMK 3JIEKTPUYECKOTO TOKA MOXKET OBbITh
COEAMHEH C OMUTTEpPaMHU MOJYIPOBOAHUKOBBIX  KJIKOUEH  OTPULATENbHONW  IIMHOM.
OtpunarenbHas MKUHA MOXKET OBITh COETMHEHA C KOHIAEHCATOPOM U ¢ npeobpazosarenem DC-
AC. B nponnmocTpupOBaHHOM BapHaHTE BBIMIOJHEHUS 3JIEKTPOJIBUraTeNb SIBJISETCS TATOBBIM
3JIEKTPOBUTATENIEM.

[0035] B pexknMe ABMXKEHUSI OT JBUraTeNsl KOMIUIEKT ABUTATEb-aJIbTEPHATOP MOAAET
SJIEKTPOSHEPryu0 Ha BoiOpsmutenbs 804 nans nutaHus siaektpoasuraress. KoHTakTopsl
Pa3OMKHYTBI, TIO3TOMY TOK IOAAETCS U3 KOMIUIEKTA JBUraTelb-aJIbTEPHATOP B
3JIEKTPOABUTATENb. BBIMPSIMUTENH MOXKET NPeoOPa30BBIBATH HANPSKEHNUE NEPEMEHHOTO TOKA
OT KOMIUIEKTA JIBUraTeIb-aJbTEPHATOP B HANpPSDKEHUE TOCTOSHHOTO TOKA, 00EeCTIeYnBasi TOK
IUTS 3apsiiku KoHAeHcaTopa. Tok moctymaer Ha npeodpazosarens DC-AC. [Ipeobpasosarens
DC-AC moxeT npeobpa3oBaTh MOCTOSIHHBIA TOK B IEPEMEHHBIH, 00eCTIeYrnBast oiayy TOKa B
3JIEKTPOABUIaTelb. DJEKTPOABUIaTEeNb MOXKET WCIIOJNb30BaTh IEPEMEHHBbIN TOK JJs

NPUBCACHUA CUCTEMBI C SJICKTPUYCCKUM IIPUBOAOM B ABUKCHUEC.
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[0036] B kauecTBe aNbTEpPHATHUBBI, CHCTEMa MPUBOAA MOXKET paboTaTh B pPEXKUME
(dopcupoBaHHOTO IBIKEHUs. B pekume (OPCUPOBAHHOTO IBMKEHHS] KOHTAKTOPHBIM
BBIKJIIOUATEb,  PACMOJIOKEHHBIM  MEXAy  HCTOYHHUKOM  3JIGKTPUYECKOr0  TOKa W
WHAYKTUBHOCTSIMM, 3aMKHYT M TPOMYCKAaeT TOK M3 HUCTOYHHKA 3JIEKTPUYECKOrO TOKa IO
MOJIOXKUTENbHON IMHE. KOHTaKTOpBI, PACMOJOKEHHbIE B PE3UCTHUBHBIX IUIEUax LEMH,
pPa3oMKHYThl. ICTOYHUK 3JEKTPUYECKOrO TOKA MONAET 3JEKTPOIHEPTHIO HA MHAYKTUBHOCTH,
I7I€ MOXKET OCYIIECTBIISIThCS XpaHeHHE SHepTUU. ICTOUHUK 3JIEKTPUIECKOTO TOKa MOYKET OBbITh
BHEOOPTOBBIM HCTOYHUKOM 3JIEKTPOSHEPTUH, HAIMpPHUMEP, KOHTAKTHBIM PEJIbCOM WM
KOHTAKTHOW TOJBECKOW, HJIM OOPTOBBIM HCTOYHHUKOM 3JIEKTPUYECKOrO TOKA, HaImpHuMmep,
YCTPOWCTBOM HAKOIUIEHUS] SHEPTUH WM aKKyMyJISITOpHOU Oatapeeil. TOk MOKeT MPOXOAUTH
yepe3 AUOAbI Il MUTAaHUs 3JeKTpoasuraressi. KoHneHcarop, COeNMHEHHbI ¢ UCTOUHUKOM
SJIEKTPUYECKOr0 TOKA OTPULIATESIbHOM IIMHOM, MOKET 3apspKaThCsi, & B JIEKTPOJBUraTElb
MO>KET MOCTYNaTh 3JIEKTPUUECKUI TOK.

[0037] B kauyecTBe ajbTEepHATHBBI, CHUCTEMa MPUBOAA MOXKET padoTaTh B PEKUME
OMHAMUYECKOTO TOPMOKEHUsI. PeKUM TUHAMHYECKOTO TOPMOXKEHHUSI MOKET ObITh PEKUMOM
PEeKyTMepaTUBHOIO TOPMOKEHHSI, PEKHMOM PEOCTATHOTO TOPMOYKEHUS T KOMOUHAIIMEN STHX
IBYX PEXHUMOB. B pexuMe peKynmepaTUBHOIO WM PEOCTATHOTO TOPMOKEHMs, WA B
KOMOWHALUU 3THX JBYX PEKUMOB, KOHTAKTOPHBIN BBIKJIIOYATENb, PACIIONOKEHHBIH MEKIY
HUCTOYHUKOM 3JICKTPUUECKOTO TOKAa M HMHAYKTHBHOCTSIMH, PAa30OMKHYT M HE TMPOITyCKaeT
3JIEKTPUYECKUN TOK U3 BHEOOPTOBOIO UCTOYHUKA 3JIEKTPUIECKOro Toka. OIHAKO MO MEeHbIIEH
Mepe OAWH W3 KOHTAKTOPHBIX BBIKJIFOYATENICH, PACTIONIOKEHHBIX B IUJIeYaX LEMU, 3aMKHYT H
MPOITyCKAET TOK W3 JJIEKTPOABUIATENsI 4Yepe3 COOTBETCTBYIOIIME TOPMO3HBIE PE3UCTOPBI U
COOTBETCTBYIOIIME  TOJYIIPOBOJHUKOBBIE  KJIFOUM. PekymepupoBaHHasi 3HEpPrus U3
3JIEKTPOABHUTATENSI MOKET OBITh MEpeaHa Mo MEHbIIEH Mepe Ha HEKOTOpbIe M3 TOPMO3HBIX
pPE3UCTOPOB M paccesHa B BuUue Temia. [lOJyNpOBOAHUKOBBIE KIIFOUM MOTYT OBICTPO
KOMMYTHUPOBAaTh Pa3OMKHYTO€ U 3aMKHYTOe COCTOsHHUsS. Takass ObIcTpass MOIYJISIIIHSI
TMOJIy TPOBOJTHUKOBBIX ~ KJIFOYEH  IMO3BOJIIET OCYLIECTBISITh TUIABHOE TOPMOXEHHE C
yhpaBjsieMbIM 3amemienreM. K mpumepy, Korga KOHTAKTOp B IUI€YaX LEMUA 3aMKHYT,
MOJYJISILNS, WM Pa3MbIKAHUE U 3aMbIKaHHE, MOJYIPOBOIHUKOBOIO KJIFOYa OOECTEeUYHMBAIOT
BO3MOYKHOCTb TPOITYCKaHHsI 4e€pe3 TOPMO3HON PE3UCTOP MEHBIINX TUCKPETHBIX BEIHMYUH
3JIEKTPUIECKOro ToKa. ECIM TOK CIMIIKOM BBICOK JJIsi OJHOTO MOJIY IPOBOAHHUKOBOTO KJTFOUA,

TO MOKET OBITh YCTAHOBJICH €11€ OAUH HOJ'IyrIpOBOI[HPIKOBbIﬁ KJIFKOY AJI IPOITy CKaHUA TOKA, IO
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MEHBbIIEH Mepe B TeUeHHE HEKOTOporo Bpemenu. K mpumepy, oauH Moy NPOBOIHHUKOBBIN
KJIOY MOJKET MPOIY CKAaTh TOK TPETh BPEMEHH, BTOPOH MOy NPOBOAHUKOBBIN KJIFOU — €11E OAHY
TPETb BPEMEHHU, U TPETUM MOy IPOBOAHUKOBBIN KJIFOY MOXKET MPOIYCKAaTh TOK B OCTABLIYHOCS
TpeTb BpeMeHH. Takas CMeHa aKTMBHOCTH KJIOYEH IMO3BOJISIET OCYLIECTBISATH HENPEPBIBHOE
yIpaBJIeHHE TOPMOKEHUEM CHUCTEMBI C 3JIEKTPUYECKIM MPUBOAOM. Paboune IUKIIBI KaKI0ro
U3 TMOJIY IPOBOIHUKOBBIX KIIFOYEH OMPENessiIoT, KaK JI0JIro TOKY OyeT pa3pereHo MpOXOAUTh
Yyepes TOPMO3HOH pe3uctop. Uem nnmmHHee pabouuii UK, TeM JJIUTENIbHEE BPeMsi, B TeUEHHE
KOTOPOrO MOJIyIIPOBOJHUKOBBIA  KJIFOY 3aMKHYT U 1npomyckaer ToOk. Ilpumenenue
HOJTY IPOBOHUKOBBIX KJIIOUEl B KOMOMHALIMHI C TOPMO3HBIMH PE3UCTOPAMH M KOHTAKTOPHBIMU
BBIKJIFOYATESIMA TIO3BOJISIET YMEHBIIUTh HCKPEHHUE, W3HOC M aMOPTH3ALUI0 JUCKPETHBIX
KOMIIOHEHTOB, a TaKXe COKPAaTUTb KOJMYECTBO MOJBMIKHBIX JE€Taleld U, CIeN0BaTENbHO,
CHU3UTb CJIOKHOCTb TPOM3BOACTBA U pacxonbl. TOK MPOXOAUT U3 MOJYPOBOAHUKOBBIX
KJIIOUed 1Mo oTpuuarenpHoil mwuHe cucrembl 800 mpuBOoma uepe3 KOHIEHCATOD,
npeobpazosatenib DC-AC u nanee B 3JeKTpOABHMrareib. B 3TOM BapuaHTe BBITIOJHEHUS
KOHZICHCATOP Pa3psKaeTcsl, a AJIEKTPOIBUTATENb 00ECTIEYNBAET HATIPSKEHHE.

[0038] Ha ¢ur.9 npowsutroctpupoBaHa paboTa OMHOTO BAPUAHTA BBITIOJTHEHUS] CUCTEMBI
npuBona. Cucrema mpuBOAa MOXeT paboTaTh, COOTBETCTBEHHO, B PEXHUME JIBHKEHHS OT
ABUraTensi, B pexuMe (POpPCUPOBAHHOTO MBIKEHUS WM B PEKUME JTUHAMHYECKOTO
TopMOKeHHs1. Ha cxeme mokaszaHbl ABa HCTOYHUKA SJIEKTPUYECKOTO TOKA, OOPTOBOI UCTOYHUK
U BHEOOPTOBOM HCTOYHUK. B KadyecTBe ajbTEpPHATHBBL, CHCTEMa NPUBONA BMECTO
BHEOOPTOBOrO HCTOYHHMKA MOXKET HMETh eIle OAMH OOPTOBOH HWCTOYHHUK, HAIpPUMED,
AKKyMYyJIATOpHYIO OaTapeto. BHeOOPTOBOIH MCTOYHUK 3JIEKTPUIECKOro TOKa 924 MokeT ObITh
HMCTOYHUKOM 3JIEKTPOSHEPIUH, HAIPUMEP, KOHTAKTHBIM PEIbCOM UM KOHTAKTHOMN MOJBECKOIL.
BopToBoii UCTOYHHMK MOXKeT ObITh KOMIUIEKTOM 902 nBHraTeNb-abTepPHATOp, YCTPOMCTBOM
XpaHEHHsI SHEPTUH WM aKKy MYJIITOPHOH Oarapeeil. BHEOOPTOBOIT HCTOYHUK 3JIEKTPHUYECKOTO
TOKA MOXET OBITh COCIUHEH C IMOJIOKUTENbHONW muHON 911 m orpunmarenbHOi muHONH 912.
ITonoxuTenbHas HIMHA COEANHAET UCTOUHHK SJIEKTPUYECKOrO TOKA C NepeknovareneM 922 u
C UMHAYKTUBHOCTAMHU 920, COe€AMHEHHBIMH NapajuieNbHO Jpyr ¢ apyrom. Ilepexsmrouatens
pPacnoyIOKEeH MEXJIy WCTOYHUKOM 3JIEKTPUYECKOrO0 TOKAa M HMHAYKTUBHOCTAMM. Kaxnas
WHAYKTUBHOCTb U3 3TUX WHAYKTUBHOCTEH COEQUHEH C KOJJIEKTOPOM IOJIy IPOBOJHUKOBOIO
KJiro4a 916, KOTOPBIN SIBISIETCS OJHUM M3 MOJYNPOBOAHUKOBBIX KIIIOYEH, a TAK:XKE C aHOAOM

nuoaa 918, KOTOpbIi SABAAETCS OJHUM M3 AMONOB. KaTonbl AMONOB COEIUHEHBI NMapaJIJIEIbHO
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mwiedy 926 wnenu, KOTOpPO€ CONEPKUT TOPMO3HOM pe3uctop 914, NOAKIHOYEHHBIH
MOCJIEIOBATEIbHO OCTAJIBHBIM IUI€YaM LENH, COCIMHEHHBIM APYr C APYrOM MapajulebHO.
Kaxnoe U3 OCTaNbHBIX IUIeY LENH COAEPXKUT KOHTakTtop 915. Ilnedo menmu ¢ TOPMO3HBIM
PE3UCTOPOM M KOHTAaKTOPAMH, COCAWHEHHBIMU MApajuIeIbHO APYr C APYIOM, MOAKIKYEHO
napawieapHo  auogaMm. CooTBercTByrolue y3abl 928 1enu  pacroioKEHbl  MEXKAY
KOHTAKTOPHBIMU BBIKJIIOUATENSIMU U TOJYyIPOBOAHUKOBBIMU KirouaMu. Karoael nuonos u
IUIeYO LEMNHU, COAeprKallee TOPMO3HON PE3UCTOP U KOHTAKTOPBI, COEUHEHHbIE NMapaJIEIbHO
APyT € APYroMm, MOTYT OBITb COEOUHEHBI ¢ mpeoOpasoBaresieM 906 MOCTOSHHOIO TOKa B
nepemenHbIil (DC-AC) uepes nonoxurensHyto muHy. [Ipeobpazosarens DC-AC mosxer ObITh
COEIUHEH ¢ 3nekTpoasurateneM 908 npu nmomMouy eue OAHON MOJNOKUTEIbHON IUHBI 945 1
eme onxHOH orpuuarenbHoil muHBL 940. Kowpmencarop 910 moxker ObITh cOeaMHEH
napajulelbHO ¢ AuojaMu, Iuiedamu uenu u mnpeodOpasosarenem DC-AC. BueGopropoii
UCTOYHHK 3JIEKTPHYECKOTO TOKA MOXKET OBITh COCIMHEH C SMUTTEPAMH IOy TIPOBOIHHKOBBIX
KIIo4Yeld orpuuarenbHOM muHOW. OTpHuarenbHas IIMHA MOXET OBITh COEIMHEHA C
KOHIeHcaTopoM u ¢ mpeobpasoBareseM DC-AC B npowumOCTpHUPOBAHHOM BapHAHTE
BBITNIOJIHEHHUS 3JIEKTPOABUTATENb SIBJISETCS TSATOBBIM 3JIEKTPOJBUTaTEIEM.

[0039] B pesknMe ABMKEHUSI OT IBUraTesIsl KOMIUIEKT ABUTATENIb-aJIbTEPHATOP MOJAET
SJIEKTPOSHEPry0 Ha BoiOpsMurenb 804 pans nutaHus saektpoasuraress. KoHTakTopbl
Pa3sOMKHYTBI, TIIO3TOMY TOK I[IOAaeTCs W3 KOMIUIEKTa JIBUraTellb-albTePHATOP B
3JIEKTPOABUTATENb. BBINMPSMUTENh MOXKET MPeoOPa30OBhIBATH HATIPSKEHUE MEPEMEHHOTO TOKA
OT KOMILJIEKTA JIBUraTeb-aJbTEPHATOP B HANPSDKEHUE TMOCTOSHHOTO TOKa, 00ecTeYrnBasi TOK
IUTS 3apsiiku KoHAeHcaTopa. Tok moctymaer Ha npeodpasosarenb DC-AC. [IpeobpasoBarens
DC-AC moxet npeoOpa3oBbIBATh MOCTOSIHHBIN TOK B IEPEMEHHbBIH, 00ecTieunBast moJjavy TOKa
B DJIEKTPOJBUIaTENb.

[0040] B kauecTBe aNbTEpPHATHUBBI, CHCTEMa MPUBOAA MOXKeT paboTaTh B pEXKUME
¢dopcupoBanHOoro aABMKeHHS. B pexume (OPCHPOBAHHOTO JBIDKEHHS KOHTAKTOPHBIN
BBIKJIIOUATEIb,  PACIHOJIOKEHHBIM  MEXIy  HMCTOYHUKOM  BJIEKTPUYECKOr0 TOKa U
UHy KTUBHOCTSIMH, 3aMKHYT U NPOMNyCKaeT TOK W3 MCTOYHMKA 3JIEKTPUUYECKOrOo TOKa IO
MOJIOKUTENbHON 1uHe. KOHTakTOphl, pacroyioXKeHHble B IUIeYax LEeNu, Pa3OMKHYTHI.
HcTouHNK 3J€KTPUUECKOro TOKa MOJAET 3JIEKTPOIHEPTuI0 Ha MHAYKTHUBHOCTH, IZl€ MOXKET
OCYIIECTBIISATBCSI XpaHEHHWE OJHEprud. VICTOYHHK 3JIEKTPHYECKOrO0 TOKAa MOXKET OBITh

BHe60pTOBbIM HCTOYHUKOM JJICKTPOSHEPTHUU, HANPUMEP, KOHTAKTHBIM PpPEJIbCOM HIIN
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KOHTAaKTHOW TIOABECKOW, MM OOPTOBBIM HMCTOUYHUKOM 3JIEKTPUYECKOTO TOKA, HAIPUMED,
YCTPOWCTBOM XPAHEHMs] SHEPIHMM WM aKKyMYJSITOpHOH Oatapeedi. TOK MOXET MPOXOAHMTH
yepe3 AUOABI [JIsl MUTaHWs 3JeKTpoasuraressi. KoHaeHcarop, COeMMHEHHbI ¢ UCTOYHUKOM
3JIEKTPUYECKOrO TOKA OTPULIATEIBHOM LIMHOW, MOXKET 3apspKaTbCsl, & B 3JIEKTPOJABHUIaTElb
MO>KET IMOCTYNAaTh 3JIEKTPUYECKUH TOK.

[0041] B kauecTBe anbTepHATHUBBI, CHCTEMa MPUBOAA MOXKeT paboTaTh B PEXKUME
AMHAMUYECKOTO TOPMOKEHUs. PeXUM TUHAMMYECKOTO TOPMOXKEHUSI MOKET OBbITh PEKUMOM
pPeKyIepaTUBHOIO TOPMOXKEHHS, PEKMMOM PEOCTATHOTO TOPMOXKEHHUS T KOMOUHAIMEN STHX
IBYX pEeXHUMOB. B pexuMe pexkynepaTUBHOIO WJIM PEOCTaTHOIO TOPMOJKEHMs, WIH B
KOMOMHAIIUN 3THUX ABYX PEXKHUMOB, KOHTAKTOPHBIM BBIKJIIOYATENb, PACIIONOKEHHBIH MEXIy
HUCTOYHUKOM 3JIEKTPUYECKOrO TOKAa M WHAYKTUBHOCTSIMH, PAa30OMKHYT M HE IIPOITyCKaeT
HJIEKTPUYECKUII TOK M3 BHEOOPTOBOIO HCTOYHHMKA BIIEKTPOIHEPTHUH. PexynepupoBaHHBIN
3JIEKTPUYECKUN TOK U3 3JIEKTPOABUIaTENsl IEPENaeTCsl B TOPMO3HON PE3UCTOP U PaCCEUBAETCS
B Buzae Teruia. OgHAko MO MeHbIIEH Mepe OAMH U3 KOHTAKTOPHBIX BBIKJIIOYATENeH,
PacoOJIOXKEHHBIX B ILJI€YaX LENH, 3aMKHYT U IIPOIYCKAET TOK U3 JJIEKTPOIABUIraTENsl 4epes3
TOPMO3HOM pesucTop U COOTBETCTBYIOILHE NOJIy NPOBOJHUKOBBIE KJIFOUH.
[TonynpOBOAHUKOBBIE KIIFOYM MOTYT OBICTPO KOMMYTHPOBAaTh PA30OMKHYTOE U 3aMKHYTOE
cocrosiusi. Takas ObicTpass MOXYJISALMS TOJYMPOBOJHUKOBBIX KIIIOUYEH oOecrneYnBaeT
BO3MOKHOCTb OCYILECTBJICHUsI IJIABHOTO TOPMOXKEHMsI C yIIpaBisieMbIM 3ameznieHuem. K
IpUMEPY, KOIrZa KOHTAKTOp B IJIeYax LENU 3aMKHYT, MOAYJIALMS, WIH pPa3MbIKaHUE U
3aMBbIKaHHE NOJIy TPOBOAHUKOBOIO KJIFOYa MO3BOJISIFOT MPOITY CKATh Y€Pe3 TOPMO3HOM pE3UCTOp
MEHBIINE AUCKPETHBbIE BEJIMYUHBI 3JIEKTPUYECKOrO TOKAa. ECIM TOK CIMIIKOM BBICOK JIA
OJHOTO TIOJYNMPOBOJHUKOBOTO KJIOYA, TO MOXKET OBbITb YCTAHOBJEH e€Ile OIWUH
TOJTy TPOBOJIHUKOBBIN KJIFOY JJIs1 IPOITYy CKaHMsI TOKA, IO MEHBIIEN Mepe B TEUEHHE HEKOTOPOIo
BpemeHu. K npumepy, OIMH NOJYyNPOBOAHUKOBBIA KJIFOY MOXKET MPOMYyCKaTb TOK TPETh
BPEMEHHU, BTOPOM MOJYNPOBOAHUKOBBI KU — €ll€ OAHY TPETb BPEMEHHU, U TPETHUM
OJTy TPOBOJJHUKOBBINA KJIFOY MOKET IPOIYyCKaTh TOK B OCTaBIIYHOCS TPETh BpeMeHU. Takas
CMEHa AaKTUBHOCTH KJIIOUEH TO3BOJSIET OCYIUECTBJIATh HENPEPBIBHOE  YIPABICHHE
TOPMOXKEHHEM CHCTEMBI C DJJIEKTPHYECKUM MpHBOAOM. Paboume LHMKIBI KaKIOro
MIOJTY IPOBOJHUKOBOTO KJIIOUA ONPENENSIOT, KaK JOJAro TOKY OyJIeT pa3peleHo MPOXOAWUTH
4yepes TOPMO3HOH pe3uctop. Uem nnmuHHee paOoduii UK, TEM JJTUTENIbHEE BPeMsi, B TEUECHUE

KOTOPOrO NOJIYIPOBOAHUKOBBIM KJIHOY 3aMKHYT U 1npomyckaer Tok. Ilpumenenue



18

TIOJTY TPOBOJHUKOBBIX KJIFOUEl B KOMOMHALIMHI C TOPMO3HBIMH PE3UCTOPAMH U KOHTAKTOPHBIMHU
BBIKJIFOYATESIMA TIO3BOJISIET YMEHBIIUTb HCKPEHHE, W3HOC M aMOPTH3ALUI0 JUCKPETHBIX
KOMITOHEHTOB, 4 TAaKXK€ COKPaTUTb KOJUYECTBO MOABMKHBIX NE€Tajied, W, CJIEI0BATEJIbHO,
CHU3WUTH CJIOKHOCTb MNPOU3BOIACTBA U pacxonbl. TOK MPOXOAUT M3 TMOJYIPOBOAHUKOBBIX
KJTFOYeH 1Mo oTpuarenbHoi muHe cucteMbl 900 mpuBoa K KOHASHCATOPY, PeoOpa3oBaTeIIo
DC-AC u panee B snekTpoiBuratenb. B 3TOM BapuaHTe BBINOJHEHHUS KOHAEHCATOP
paspsiKaeTcs, a 3JIEKTPOABUraTeNlb 00ECIIeYNBAET HAMIPSKEHHE.

[0042] Ha ¢wur.10 npousmocTpupoBaHa padoTa OAHOTO BapHAHTA BBIMOJHEHHS
cucreMsl rpusoaa. Cucrema npuBoaa MOXKeT paboTaTh B peXXKUME ABIKEHHSI OT ABUraTels, B
peskume (popCHpPOBAHHOTO ABIKEHUS WM B PEXXHMeE TUHAMHUYeckoro Topmoxenus. Ha cxeme
NOKa3aHbl JBa HCTOYHHUKA SJIEKTPHYECKOrO TOKA, OOPTOBOH HCTOYHHK M BHEOOPTOBOM
UCTOYHMK. B KauecTBe anbTepHATUBBI, CHCTEMa MPUBOJA BMECTO BHEOOPTOBOIO MCTOYHHUKA
MOXXKET UMETh elle OAWH OOpPTOBOM MCTOYHUK, HAIPUMEp, aKKyMyJSITOPHYIO Oarapero.
BueGopToBO#  MCTOUHHMK 3jekTpuyeckoro Toka 1024 Moxer ObITb  HCTOYHHKOM
3JIEKTPO3HEPIUH, HAIPUMEDP, KOHTAKTHBIM PEJIbCOM WM KOHTAKTHOW NMOABECKOW. bopToBoi
UCTOYHUK MOKET ObITh KOoMIuiekToM 1002 nBUraTeNb-aibTepHATOP, YCTPOHCTBOM XpaHEHUs
SHEPrMHU WM aKKyMYyJISITOpHOH Oatapeeil. BHEOOPTOBOW HCTOUHHK 3JIEKTPHYECKOTO TOKA
MOXKeT OBITh COEAMHEH ¢ MNojoxurenbHOi mmuHoM 1011 m oTpuuarenpHOl muHON 1012,
IlonoxxurenpHas MHUHA COEAUHSAET UCTOYHUK 3JIEKTPUUYECKOrO TOKa ¢ nepeknodareneM 1022.
IlonoxkurenbHass LIMHA COEOUHAET HCTOYHHMK 3SJIEKTPUUECKONO TOKAa € IIJIEYOM LN,
MOJKJIFOYEHHBIM NOCJIE0BATENBHO C OCTAJIbHBIMU Iieyamu 1026 nenu, CoOeIMHEHHBIMU APYT
C IpyroM nocjenosaTenbHo. B kaxxnom us mied nenu koHTakTop 1015 u TopMo3HOM pesuctop
1014 coemuHeHbl Apyr C ApPYroM MnocieaoBarenbHO. llonoxurenbHas muHA COEIUHSIET
uHayktuBHoct 1020, moakirodeHHble mnapauienbHO apyr apyry. llepexinrodarens
pPacnoyIOKEH MEXJIy HMCTOYHUKOM 3JJIEKTPUYECKOrO TOKAa M HMHAYKTUBHOCTAMH. Kaxnas
UHAYKTUBHOCTb COEIMHEHA C KOJUIEKTOPOM IOJYyIPOBOAHUKOBOro kimoda 1016, xoTopwlii
SIBJIIETCSl OJHUM U3 MOJYTPOBOJAHUKOBBIX KJIIOUEH, a Takke ¢ aHofgoM auona 1018, kotopseiit
SBJISIETCS] OAHUM M3 AUOAOB. KaTonabl AMONOB COEAMHEHBbI MAapajuiebHO C IJIEYaMH LEIH,
COZIEp>KALIMMU KOHTaKTOPHBIE BBIKJIOYATEIN U TOPMO3HbIE pe3ucTopbl. COOTBETCTBYIOLINE
y3ael 1028 menm  pacmosiOKEHbl  MEXKAY  KOHTAKTOPHBIMHU  BBIKJIKOYATEISIMH U
MOJTy TPOBOJHUKOBBIMHU Kirouamu. Ilneun nenu coequueHs! napaniensHo ¢ auoaaMu. Karoael

AUOAOB W IUICYU LETIH, COACPNKAINHUE TOPMO3HBIE PE3UCTOPBI MU KOHTAKTOPBI, MOTYT OBITH
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coennHeHbl ¢ mpeoOpaszoBareneM 1006 mocrostHHOro Toka B mepemeHHbld (DC-AC) vepes
nojoxuredabHyro  muHy. [IpeoOpasoBarens DC-AC  moxer ObITh COEOUHEH €
snektpoasurareneM 1008 mpu momomu emnie OAHON MOJOKUTENbHOM LIMHBI U €lle OJHOU
orpunarenbHoi muHbl. Kornencatop 1010 MoxeT ObITh COEUHEH MapaUIEIbHO C TUOIAMU U
¢ npeodpaszoBarenieM DC-AC. BHeOOPTOBON HUCTOYHHK 3JIEKTPUYECKOTO TOKA MOXKET OBITh
COEAMHEH C OMUTTEpPAMU  MOJYIPOBOAHUKOBBIX  KJIKOUEH  OTPULATENbHONW  IIMHOM.
OtpunarenbHas MKUHA MOXKET ObITh COETMHEHA C KOHIEHCATOPOM U ¢ npeodpazosarenem DC-
AC Bompsimurens 404 Mmoxxer ObITh coennuHeH ¢ mpeodpasosatesniem DC-AC npu nomoinu emne
ONHOM mnojoxuteapHon muHbl 1045 u eme oxHol orpuuarenpHod wmuHBL 1040. B
NPOWJUTIOCTPUPOBAHHOM BAPUAHTE BBINOJHEHMs] 3JIEKTPOJABUIraTeNb SIBISETCS TATOBBIM
3JIEKTPOIBUIATEIIEM.

[0043] B pexume TSru OT HABHraTelsi KOMIUIEKT ABUTATENb-aJIbTEPHATOP MOJAET
3JEKTPO3HEPIHIO HAa  BBIIPSIMUTENb [JId MNUTaHWs dJekTpoasurarens. KoHTakTopbl
Pa3sOMKHYTBI, TMO3TOMY TOK [OAAeTCs U3 KOMIUIEKTa JBHUraTellb-albTePHATOP B
3JeKTpoABUraTeNnb. KOMIUIEKT ABHraTeNb-aJbTePHATOP MOXKET padoTaTh Ha TOIUIMBE,
HarpuMep, Ha TU3ETbHOM TOILIHBE. KOMILIEKT IBUraTeNb-aIbTEPHATOP MOXKET BbIpaOaThIBAThH
NIEPEMEHHBINH TOK ISl BCIIOMOTaTeIbHBIX IIeNiel, HampuMep, IUIsl OCBelleHusl. Bompsamurens
MOXKET TPeoOpa3OBbIBATh HAIMPSDKEHHE TEPEMEHHOTO TOKa OT KOMIUIEKTA JBUTATEJIb-
aNIbTEPHATOP B HATPSDKEHHE TIOCTOSIHHOTO TOKa, 00eCeunBasi TOK JJIs 3apSAKU KOHIEHCATOPA.
Tok nomarot Ha npeodpasosatesib DC-AC. IIpeobpazosarens DC-AC MoskeT npeoOpa3oBath
TIOCTOSIHHBIN TOK B TIEPEMEHHBIH, 00eCTiednBasi mojia4y TOKa B SJIEKTPOJIBUTATEIb.

[0044] B kauecTBe aNbTEpPHATHUBBI, CHCTEMa MPUBOAA MOXKET paboTaTh B PEXKHME
¢dopcupoBanHOro aABMKeHHS. B pexume (OPCHUPOBAHHOTO JBIDKEHHS KOHTAKTOPHBIN
BBIKJIIOYATEIb,  PACIHOJIOKEHHBIM  MEXIy  HMCTOYHUKOM  BJIEKTPUYECKOTO TOKa U
MHYKTUBHOCTSIMH, 3aMKHYT U TPOMyCKaeT TOK W3 HMCTOYHMKA 3JIEKTPUUECKOro TOKa IO
MOJIOKUTENbHON 1IMHEe. Bce KOHTakTOpbl pa3oMKHYThL. MCTOUHMK 3JIEKTPUYECKOrO TOKa
MOJAET SJEKTPOIHEPTHI0 Ha MHAYKTHUBHOCTH, PACIOJIOKEHHBbIE B IJIeUax LENH, IJe MOXKET
OCYINECTBIISATBCSI XpaHEHHWE OHHEprud. VICTOYHHK 3JIEKTPHYECKOrO0 TOKAa MOXKET OBITh
BHEOOPTOBBIM HMCTOUYHHUKOM 3JIGKTPOIHEPTHH, HANPUMEp, KOHTAKTHBIM pEIbCOM WU
KOHTAaKTHOW TIOABECKOW, MM OOPTOBBIM HCTOUYHUKOM 3JIEKTPUYECKOTO TOKA, HAIPUMED,
yCTPOWCTBOM HAKOIUICHHUS] SHEPTUH WM aKKyMyJSITOpHOH Oarapeeil. Tok MOKeT MPOXOAUTH

Hepe3 AUOABI AJIA MUTAHUA SJICKTPOABUTATEIIA. KOHI[eHcaTOP, COeI[I/IHeHHbII\/'I C UCTOYHUKOM
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3JIEKTPUYECKOrO TOKA OTPULIATEIBHOM LIMHOM, MOXKET 3apspKaTbCsl, & B 3JIEKTPOJABHUIaTElb
MO>KET IMOCTYNAaTh 3JIEKTPUYECKUH TOK.

[0045] B kauecTBe ajbTEepHATHUBBI, CHCTEMa MPUBOAA MOXKET paboTaTh B pPEXKUME
IMHAMUYECKOTO TOPMOXKEHUs. PeXUM TUHAMHYECKOTO TOPMOXKEHUSI MOXKET OBbITh PEKUMOM
PEeKyIepaTUBHOIO TOPMOXKEHHS, PEKIMOM PEOCTATHOTO TOPMOXKEHHUS M KOMOUHAIIMEN STHX
IBYX pEeXHUMOB. B pexuMe peKkynepaTUBHOIO WM PEOCTaTHOIO TOPMOKEHHMs, WIH B
KOMOMHAIIMN 3TUX ABYX PEXHMOB KOHTAKTOPHBIA BBIKJIIOUATENb, PACIIOJOKEHHBIN MEXKIy
HUCTOYHUKOM 3JIEKTPUYECKOrO TOKAa M WHAYKTHUBHOCTSIMH, PAa3OMKHYT M HE IPOITyCKaeT
3NEKTPUUECKUH TOK U3 BHEOOPTOBOIO UCTOUHHUKA JIEKTPUIECKOro Toka. OQHAKO MO MEHbLIeH
Mepe OAMH U3 KOHTAaKTOPHBIX BBIKJIIOYATENICH, PACIIONIOKEHHBIX B IUIEYaX LENU, 3aMKHYT U
NPONyCKaeT TOK U3 BJIEKTPOABUIaTeNsl 4epe3 COOTBETCTBYIOIIMNM TOPMO3HOH pPE3UCTOD,
COOTBETCTBYIOIIME HMHAYKTUBHOCTM M COOTBETCTBYIOIUE IOJYIPOBOJHUKOBBIE KIHOYH.
PexynepupoBaHHast 5HEprus U3 3JEKTPOABUTATENsl MEPEAAeTCs B TOPMO3HOM PE3UCTOp U
paccenBaercs B BHAE Teruia. 110iympOBOJHUKOBBIE KIIFOYH MOTYT OBICTPO KOMMYTHPOBATH
Pa30MKHYTO€ W 3aMKHYTOE COCTOSHMA. Takast ObICTpas MOAYJISALUS MOJYPOBOIHUKOBBIX
KJIFOYeH MO3BOJIAET OCYLIECTBIIATh IUIABHOE TOPMOXEHHME C YIpaBisieMbIM 3aMezieHueM. K
IpUMEpPY, KOIZa KOHTAKTOp B IJIeYax LENMU 3aMKHYT, MOAYJISALMS, WIH pa3MbIKaHUE U
3aMbIKaHUE, MTOJTy IPOBOJIHUKOBOTO KJIF0Ua IMMO3BOJISAIOT MIPOITY CKaTh Yepe3 TOPMO3HON PE3UCTOP
MEHBIINE AUCKPETHBbIE BEJIMYMHBI 3JIEKTPUYECKOrO TOKAa. ECIM TOK CIMIIKOM BBICOK JIS
OJHOTO TIOJYNMPOBOJHUKOBOTO KJIIOYA, TO MOXKET OBbITb YCTAHOBJEH eIle OIWH
TIOJTy TPOBOJIHUKOBBIN KJTFOY JJIs1 IPOITYy CKaHMsI TOKA, IO MEHBIIEN Mepe B TEUEHHE HEKOTOPOTO
BpemeHu. K npumepy, OIMH NOJYyNPOBOAHUKOBBIA KJIFOY MOXKET IMPOMYyCKaTb TOK TPETh
BPEMEHHU, BTOPOH MOJYNPOBOAHUKOBBIA KIHOY — €lle OAHY TPEeTb BPEMEHH, U TPETUM
MOJTy TPOBOJJHUKOBBIA KJIFOY MOXKET MPOMYyCKaTh TOK OCTABIIYIOCS TPETh BpeMeHU. Takas
CMEHa AaKTUBHOCTHU KJIIOYEH TO3BOJSIET OCYIUECTBJIATb HENPEPBIBHOE  YIPABICHHE
TOPMOXKEHHEM CHCTEMBI C DJJIEKTPUYECKUM MpHBOAOM. Paboume LMKIBI KaXKIoro
TMIOJTY IPOBOJHUKOBOTO KJIFOUA OMPENENsIoT, KaK JOJIro TOKY OyJIeT pa3peleHo MPOXOAUTH
4yepe3 TOPMO3HOH pe3ucTop. B xkayecTse anbTepHATUBBL, MOJYIPOBOAHUKOBBIE KIFOYU MOTYT
3aMBIKaThCS U Pa3MBIKATHCSI OTHOBPEMEHHO. UeM annHHEe pabo4Hil LUK, TEM JIUTEIbHEEe
BpeMsl, B TE€YEHUE KOTOPOrO MOJYNPOBOAHMKOBBIM KIIOY 3aMKHYT U IMPONYCKaeT TOK.
[IprMeHeHe MoNTyIPOBOAHUKOBBIX KIFOYEeH B KOMOMHALIMK C TOPMO3HBIMH PE3UCTOPAMHU U

KOHTAKTOPHBIMUA BBIKJIFOYATCIAMU MO3BOJIACT YMEHBIIUTDL UCKPEHUEC, U3HOC U aMOPTHU3ALUIO
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JUCKPETHBIX KOMIIOHEHTOB, a TaK)K€ COKpPaTUTh KOJMYECTBO IOJBMKHBIX JeTanel, u,
CJIEIOBATEJIbHO, CHU3UTh CJIOXXHOCTb TMPOM3BOACTBA U U3JEPKKU. TOK MPOXOAUT U3
MOJIy TPOBOJHUKOBBIX KJIKOYEH MO OTpuuarenbHol muHe cucremel 1000 mpusopa uepes
KoHAeHcaTop, mpeoOpasosatenb DC-AC u npanee B aiekTponBuUratesib. B 3ToM BapuaHTe
BBITTOJTHEHHSI KOHJIEHCATOP Pa3psKAeTCs, a 3JIEKTPOABUraTeslb 00ECTIeUnBaET HATIPSIKEHHE.

[0046] Ha ¢ur.11 npencraBneH mpumep criocoba peKynepaTHBHOIO TOPMOXKEHHS,
PEOCTaTHOrO TOPMOXKEHMS UM MX KOMOMHALIUY B CUCTEME MPUBOJIA, POMUTIOCTPUPOBAHHON
Ha ¢ur.8. Ha srane 1102 pexynepupoBaHHasi SHEPrHsl MOCTYMAET W3 3JIEKTPOABUTATEJIS.
Hanpumep, snexTpoaBuratesnb MOXeT BbICTYIaTh B KAU€CTBE UCTOYHUKA JIEKTPOIHEPTUU TS
CHCTEMbI NMPUBOZAA. DJIEKTPOIABHUraTelb MOXET paboTaTh KaK I'€HepaTop, OTAaBas SHEPTHIO,
paHee MNPUHATYIO W3 JPYTUX HCTOYHHUKOB 3JIEGKTPOSHEPTHH, TAaKUX KaK aKKyMYyJSITOPHbIE
Oatapeu. Tok U3 seKkTpoABUraTeNs MocTynaet Ha npeodpasosaresb DC-AC. Tok MokeT ObITh
nepemenHbIM (AC). Tok mMoxer mpoxoauth B mpeodpazoBatesib DC-AC 1o nmojoKUTeIbHON
IIMHE, pACMOJIOKEHHOW MeXIy SJiekTpoxsurareiem u mpeodpasosaresem DC-AC.
ITpeobpazosarens DC-AC moxker mpeoOpa3oBbIBaTh NepeMeHHbIN TOK B OCTOsIHHBIH (DC).

[0047] Ha stane 1104 Ttox moctymaet u3 mpeobpasoBarensi DC-AC mo emre onHO#M
MOJIOKUTENIbHON I1IMHE B KOHAeHcaTop. Hampumep, TOK MOXET MNPOXOIUTh MEXKIY
npeodpasosareieM DC-AC v KOHIEHCATOPOM MO APYroi MOJOKUTEIbHOH INUHE, a HE IO
IIMHE, PACTIONIOXKEHHON MEeXKy dJIeKTponBuraresieM u npeodpasosarenem DC-AC. B kauecTse
aJIbTEPHATHBBI, TOK MOXET NpoxXoauTh u3 mpeodOpazosarenss DC-AC mo Toil ke IIHHE,
PacMOJIOKEHHON MEXIY dJIeKTpoABUTaTeeM u npeodpaszosareiem DC-AC.

[0048] Ha »stame 1106 xonaeHcaTop pa3psikaercs. Hampumep, B pexume
PEKYIEePaTUBHOIO TOPMOKEHHS, PEKUME PEOCTATHOIO TOPMOKEHHs WJIM KOMOMHAIIMH STUX
IBYX PEXUMOB, HAKOIUIEHHAsl B aKKyMYJIATOPE SHEPTHsl MOXKET CTEKaTh Ha MOJOXKUTEJIbHY O
muHy. TOK MOKeT NOCTynaTh fanee Ha TOPMO3HbIE PE3UCTOPHI.

[0049] Ha sTamne 1108, mOCKONBbKY KOHTAKTOP 3aMKHYT, TOK MOCTYITa€T HA TOPMO3HBIE
PE3UCTOPBI U paccemBaeTcss B BHUAe Temula. Hampumep, mo MeHbllell Mepe OOUH U3
KOHTaKTOPHBIX BBIKJIFOUYATEINIEH MOKET ObITh 3aMKHYT U ITPOIYCKATh JIEKTPHUYECKUI TOK Yepe3
COOTBETCTBYIOLIIHE TOPMO3HBIE PE3UCTOPBI HA TIOJIOKHUTENBHYIO MHHY. TOKY MOXKET OBITh HE
MO3BOJIEHO TPOXOAMTH UEpe3 IMOJIOKUTEIbHYIO IIHHY Yepe3 IUOIAbl H3-3a HaIpsKeHUs
NPSIMOTO CMEIIEHHUs B HUX. B 3TOM BapuaHTe BBINOIHEHUS JHOABI MOTYT OBITH OPHEHTHUPOBAHBI

Tak, 4TOOBI NPENATCTBOBATDL TMPOXOXKIACHUIO TOKAa B 3aJdHHOM ILJICHEC LCIIN. B kauectse
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anbTEPHATHUBbI, MOXKET MPHUMEHSATHCS e€lle OAWH IOJyNPOBOJHUKOBBIM KIHOY, HampuMep,
IGBT-Tpan3ucTop, KOTOPBII MO3BOJISIET MPOIYCKATh TOK Yepe3 KOMIIOHEHT B 00€ CTOPOHBL

[0050] Ha stane 1110 Tok mpoXoauT uepe3 Moy npoOBOAHUKOBBIE Kitouu. K mpumepy,
MOAYJALMSA, WM pa3MbIKAHHE U 3aMbIKaHUE, IOJYIPOBOAHUKOBBIX KIIOUEH IO3BOJISIIOT
NPONyCKaTh 4Yepe3 TOPMO3HON PE3UCTOpP MEHbIINE NUCKPETHbIE BEJTMUMHBI 3JIEKTPUYECKOTO
ToKa. ECIiM TOK CIMIIKOM BBICOK AJII OAHOTO TTOJIy IPOBOAHUKOBOTO KIIFOYA, TO MOXKET OBITh
YCTaHOBJIEH €llle OANH MOJYTPOBOJHUKOBBIN KIIFOY JJIs1 IPOITYy CKAHUS TOKA, 10 MEHbLIEH Mepe
B Te4YeHHe HekoToporo BpemeHH. K mpumepy, OOuH MNOJYNPOBOJHUKOBBIM KIIOY MOXKET
NPONyCKaTb TOK TPETb BPEMEHH, BTOPOH MOJNYNPOBOJHUKOBBIM KIIOU — €lIe OJHY TPETh
BPEMEHHM, U TPETUI MOJIyNPOBOAHUKOBBIN KIIFOY MOXET MPOMYCKAaTh TOK OCTaBLIYIOCS TPETh
BpeMeHH. Takasi CMeHa aKTHMBHOCTH KJIOU€H TIO3BOJSET OCYLIECTBIATb HENPEPBIBHOE
yTpaBJIeHHE TOPMOKEHHEM CHCTEMBI C SJIEKTPHYECKUM MPUBOAOM. Paboure HUKIbI KaXKI0ro
HIOJTy IPOBOTHUKOBOTO KJIFOYA ONPENENOT, KaK A0JT0 TOKY OyIeT pa3peLieHo NpOXOoKIACHUe
Yyepe3 TOPMO3HO# pe3uctop. UeMm anmuHHee paboumil LUK, TEM IJIUTENIbHEE BPEMSs, B TCUCHHE
KOTOPOrO TMOJYNPOBOAHUKOBBIM KJIHOY 3aMKHYT M mpomnyckaeT Tok. Ilpumenenue
TIOJTy TPOBOJHUKOBBIX KJTFOUYEH B KOMOMHALIMU C TOPMO3HBIMH PE3UCTOPAMH U KOHTAKTOPHBIMHU
BBIKJIFOUATEJISIMU  TTO3BOJIIET YMEHBLIUTh WUCKPEHHE, W3HOC WU aMOPTH3ALMI0 JUCKPETHBIX
KOMIIOHEHTOB, a TaK)K€ COKPAaTUThb KOJMYECTBO IMOABIDKHBIX eTallel, U, CIelI0BaTeNbHO,
CHHU3UTh CJIOKHOCTb MPOU3BOJCTBA U U3AEPKKU. B pexxume pekynepaTuBHOrO TOPMOKEHUs,
MIOCKOJIbKY KOHTAKTOPBI 3aMKHYTBI, OCTaJIbHbI€ HMCTOYHUKU BJIEKTPOIHEPTMU MOTYT OBITh
1y HTUpoBaHbl. COOTBETCTBEHHO, TOK MPOXOAUT MO OTPULIATENILHON HIMHE CUCTEMbI IIPUBOIA
Ha KOHJIEHCATOp.

[0051] Ha stane 1112 Tox moctymaer Ha koHaeHcartop. K mpumepy, TOK MOXKET
NOCTyNaTh MO OTpuuarenbHOM wmmHe. OTpuuaTenbHas IIMHA COEJUHEHA C IOJHOCOM
KOHJICHCATOpa, KOTOPBII HE COEAWHEH C MOJOXUTEJbHOW WMMHON. TOK mnopaercs Mo
OTPHLIATENIbHON IIMHE Yepe3 TOUKY COeUHEeHUsI KOHIeHcaTopa ¢ npeodpasosarenem DC-AC.

[0052] Ha stamne 1114 Tok nmoctynaet Ha mpeodpaszosares DC-AC no oTpunaTesbHOM
muHe. K nmpumepy, orpunartensHbiii BeiBoa nmpeodpaszosatens DC-AC mMoxeT ObITh COeTMHEH
¢ orpunareapHoi mmHON. [Ipeobpazosatens DC-AC moskeT mpeoOpa3oBbIBATH MOCTOSHHBIH
TOK B TEPEMEHHbINH, HEOOXOMUMBIN ISl 3JEKTPOIABUTATENS, B PEKUME PEKYIEPATUBHOTO
TOPMOJKEHHSI, PEOCTATHOrO TOPMOKEHHs] WM KOMOWHAIMM 3THUX IBYX pEeXKUMOB. TOK

noctynaet u3 npeodpasosatens DC-AC Ha 351eKTpOABUraTeNb.
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[0053] Ha srane 1116 Tok moctymaer B 3iekTpoasurarens. K mpumepy, TOK MOXeT
noctynarh u3 npeodpazosarensi DC-AC mo eme ogHOW oTpuIaTeNnbHON muHE. B kadecTse
aJbTEPHATUBBI, TOK MOKET MPOXOAWUTHh IO TOM K€ OTPULATEIbHONW IIMHE, K KOTOPOH
MOJKJIFOYEHbl OCTaJbHbIE KOMIIOHEHTBHI CX€Mbl. B pexume pexkynepaTUBHOIO TOPMOXKEHHUsI
3JIEKTPOABUIaTENb SIBJSIETCS] UICTOYHUKOM SHEPTUM JJIs1 CUCTEMBI NpuBoja. B aTom pexume
cucreMa MOXeT padoTaTh B COOTBETCTBUH C TpPeOOBaHMSIMHU, OOeCIeynBasi yIIPaBIsieMOe
TOPMOKE€HHE U TJIABHOE 3aMEJICHUE.

[0054] Ha ¢ur.12 npencraBneH mpumep crocoda peKkynepaTHBHOIO TOPMOXKEHHS,
PEOCTaTHOrO TOPMOXKEHHS UM MX KOMOMHALIUY B CUCTEME NPUBOJIA, POMUTIOCTPUPOBAHHON
Ha ¢ur.9. Ha srane 1202 pexynepupoBaHHasi SHEPrHsl MOCTYMAET W3 3JIEKTPOIABUTATEJIS.
Hanpumep, snexTpoaBUratenb MOXKeT BbICTYNIATh B KAU€CTBE UCTOYHHUKA SJIEKTPOIHEPTUN TS
CHCTEMbI NPUBOAA. DJIEKTPOABHUraTelb MOXET paboTaTh KaK I'€HepaTop, OTAaBas SHEPTHIO,
paHee MNPUHATYIO U3 OPYIMX HMCTOYHUKOB 3JIEKTPO’HEPIHH, HANPUMED, AKKYMYJSITOPHBIX
Oarapeii. Tok u3 anekTponBuraressi noctynaer Ha npeodpasosarenb DC-AC. IToctynaromuii
ToK MOkeT ObITh nepeMeHHbIM (AC). Tok MoxkeT npoxoauts B npeodpazosarens DC-AC no
MOJIOXKHUTEJIbHOM IIUHE, PAaCMONIOKEHHONH MEXIy SJIEKTPOIABUTATENeM U mpeoOpasoBaTesieM
DC-AC. IIpeobpaszosarens DC-AC mosxeT mpeoOpa3oBbIBATh EPEMEHHBIN TOK B TOCTOSTHHBIN
(DC).

[0055] Ha stane 1204 tok moctymaer u3 mpeodpasosatessi DC-AC mo eme ogHOM
MOJIOKUTENbHON 1IMHE B KOHAeHcaTop. Hampumep, TOK MOXET MNPOXOAUTH MEXIY
npeodpasosatenieM DC-AC v KOHIEHCATOPOM MO APYroi MOJOKUTEIbHOH INUHE, a HE IO
IIMHE, PACTIOJIOXKEHHON MEeXy dJeKTponsuraresieM u npeodpasosarenem DC-AC. B kauecTse
aJIbTEPHATHBBI, TOK MOXET NpoxoauTh u3 mnpeodOpazosatens DC-AC mo Toi ke IIHHE,
PACMOJIOKEHHON MEXKIY dJIeKTpoABUTaTeseM u npeodbpasosareiem DC-AC.

[0056] Ha »srtame 1206 xonaeHcaTop paspsikaercs. Hampumep, B pexume
PEKYIEPaTUBHOIO TOPMOKEHHS, PEXKUME PEOCTATHOIO TOPMOKEHHS WIIM KOMOWHAIIMH 3THUX
JBYX PEXUMOB, HAKOIUIEHHAsl B aKKyMYJIATOPE SHEPTHsl MOXKET CTEKaTh Ha MOJOXKUTEJIbHY IO
muHy. TOKk MOKeT NOCTynaTh fjajnee Ha TOPMO3HOM pe3UucTop.

[0057] Ha stane 1208, moCKOJIbKY KOHTAKTOP 3aMKHYT, TOK IMOCTYTAeT HA TOPMO3HOM
pe3ncTop M pacceuBaeTcsl B BHAE Terula. Hampumep, TOPMO3HOH pE3UCTOP MOXKET ObITh
COEJIMHEH TOCJIEIOBATENIHO C KOHTAKTOPaMH, COEIMHEHHBIMU MapajlIeNIbHO APYT C APYTOM.

Ilo meHbLIEH Mepe OAMH U3 KOHTAKTOPOB 3aMKHYT U MPOMYCKAaeT 3JEKTPUYECKHUI TOK Yepe3
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TOPMO3HOM PE3UCTOP HA MOJOKUTENBHYIO IINHY. TOK € MONOXKUTEIbHON LINHBI HE TPOXOIUT
yepe3 JUOJbI U3-3a HANpsDKEHMs MPSMOro CMELEHUs B HUX. B 3TOM BapuaHTe BBINIOJIHEHUS
IMOABI MOTYT OBITh OPHEHTHUPOBAHBI TaK, YTOOBI IMPEMATCTBOBATH NMPOXOXKACHUIO TOKA B
3a/laHHOM Iuleue Lenu. B KkauecTBe ajbTepHATUBBI, MOXKET MPUMEHATbCS APYroil Tumn
NOJTy IPOBOJJHUKOBOTO KJr0o4a, Hanpumep, IGBT-TpaH3ucTop, KOTOpHIH MO3BOJISET IPOIYy CKAaTh
TOK Yepe3 KOMIIOHEHT B 00€ CTOPOHBL.

[0058] Ha stane 1210 TOk mpOXOaUT uepe3 MOy NpOBOAHUKOBBIE Kitouu. K npumepy,
MOAYJALMSA, WM pa3MbIKAHUE U 3aMbIKaHUE, IOJYIPOBOAHMUKOBBIX KIIOUEH IO3BOJISIIOT
NPONyCKaTh 4epe3 TOPMO3HON PE3UCTOpP MEHbIINE NUCKPETHbIE BETMYMHBI 3JIEKTPUYECKOTO
Toka. ECM TOK CIMIIKOM BBICOK Uil OTHOTO TOJIyIPOBOJHHKOBOIO KJIFOYA, TO MOXKET OBbITh
YCTaHOBJIEH €1e OAUH MOJYIPOBOAHUKOBBIN KIIFOY JJIs1 TPOITYy CKAHUS TOKA, 110 MEHbLIEH Mepe
B Te4YeHHe HekoToporo BpemeHu. K mpumepy, OOuH MOJYNPOBOAHUKOBBIM KIIOY MOXKET
NPONyCKaTb TOK TPETb BPEMEHH, BTOPOH MOJYNPOBOJHUKOBBIM KIIOU — €LIe OJHY TPETh
BPEMEHHM, U TPETUI MOIyNPOBOAHUKOBBINA KIIFOY MOXET MPOMYCKAaTh TOK OCTaBLIYIOCS TPETh
BpeMeHH. Takasi CMeHa aKTHMBHOCTH KIIOUEH TMO3BOJSET OCYLIECTBIATb HENPEPBIBHOE
yIpaBJIeHHE TOPMOKEHUEM CHUCTEMBI C 3JIEKTPUYECKUM MPUBOAOM. Paboure IMKIIbI KaKI0ro
TIOJTy IPOBOJHUKOBOTO KJIFOUA OMPENENsIOT, KaK JOJro TOKy OyJIeT pa3peieHO MPOXOAUTH
4yepe3 TOPMO3HOH pe3uctop. Uem anuHHee paOo4yuil UK, TEM JJIUTEJIbHEE BPEMsi, B TEUECHUE
KOTOPOTO TOJYNPOBOAHUKOBBIM KJIIOW 3aMKHYT U mpomyckaeT TokK. [IpumeHeHue
TIOJTy TPOBOJHUKOBBIX KJIFOUEH B KOMOMHALIMU C TOPMO3HBIMH PE3UCTOPAMH H KOHTAKTOPHBIMHU
BBIKJIIOUATEIISIMU  [TO3BOJIIET YMEHBLIUTh WCKPEHHE, W3HOC W aMOPTH3ALMI0 JUCKPETHBIX
KOMIIOHEHTOB, a TakK)K€ COKPAaTUTh KOJMYECTBO MOABIDKHBIX AeTaled, U, CIelI0BaTeNbHO,
CHU3UTH CJIO’KHOCTb NMPOU3BOJCTBA U U3AEPXKKU. B pexxume pekynepaTuBHOrO TOPMOKEHUs,
PEOCTaTHOTO TOPMOXKEHHUS] MM KOMOWHAIIMU 3THUX JIBYX PEXHUMOB, IMOCKOJBKY KOHTaKTOPBI
3aMKHYTBI, OCTQJbHbIE HWCTOYHUKU DJIEKTPOIHEPTUH MOIYT OBbITh  LIYHTHPOBAHBI
Co00TBETCTBEHHO, TOK MPOXOAUT MO OTPULIATENBLHOM IIMHE CUCTEMBbI IIPUBOJIA HA KOHJIEHCATOP.

[0059] Ha stane 1212 Tok moctymaeT Ha koHaeHcatop. K mpumepy, TOK MOXKET
NoCcTynaTb IO OTpuULaTenbHON wmuHe. OTpulaTenpHas IIMHA COEJMHEHA C IOJII0COM
KOH/EHCATOpa, KOTOPbI HE COEAWHEH C MOJIOXKUTEJIbHOW WMHON. TOK mnopaercs Mo
OTPHLIATENILHON LIMHE Yepe3 TOUKY COeNUHEHHsI KOHIeHcaTopa ¢ npeodpazosarenem DC-AC.

[0060] Ha stame 1214 Tok nmoctynaeT Ha mpeodpaszosarens DC-AC no oTpunaTesbHOM

muHe. K mpumepy, orpunaTtenbHelid BeiBoz nmpeodpaszosarenss DC-AC mMoxeT ObITh COeTUHEH
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¢ orpunareiapHoi mmHON. [Ipeobpazosarens DC-AC moskeT mpeoOpa3oBbIBATH MOCTOSTHHBIN
TOK B TEPEMEHHbIH, HEOOXOMUMBIN ISl 3JEKTPOIBUTATENS, B PEKUME PEKYIEPATHBHOTO
TOPMOJKEHHS, PEOCTATHOrO TOPMOKEHHsI WM KOMOWHAIMM 3THUX IBYX pPEeKUMOB. TOK
noctymnaet u3 npeodpasosarens DC-AC Ha 351eKTpOABUraTeNb.

[0061] Ha sTane 1216 Tok moctymaer B 3jekTpoaBurateib. K npuMepy, TOK MOXKET
noctynarhk u3 npeodpasosarenss DC-AC no eme ogHON oTpuuaTenbHON muHe. B kadecTse
aJbTEPHATHUBBI, TOK MOKET MPOXOAWUTH IO TOM K€ OTPULATENbHOW LIMHE, K KOTOPOHN
HOAKITIOUEHbl OCTaJIbHbIE KOMIIOHEHTHI CXeMbl. B pekume peKynepaTuBHOTO TOPMOXKEHMS,
PEOCTaTHOrO TOPMOXKEHUS NJIM KOMOMHALIUHY 3THX JIBYX PEKHUMOB 3JIEKTPOABUraTENb SBISETCS
HCTOYHUKOM 3JIEKTPO3HEPTUHU JIi CUCTEMbl NPUBONA. B 3TOM pexxuMe cucrtema MOXKET
paboTaTh B COOTBETCTBUHM C TpeOOBaHWSIMM, OOeCredyHBasi yIpaBlsieMOe TOPMOXKEHHE WU
IUIABHOE 3aMeJJICHUE.

[0062] Ha ¢ur. 13 mpencrasieH mpumep crocoda peKynepaTHBHOIO TOPMOXKEHUS,
PeoCTaTHOrO TOPMOKEHHSI MIIM UX KOMOMHAIIMH B CHCTEME MTPUBOJA, POMILTIOCTPUPOBAHHON
Ha ¢ur. 9. Ha ostane 1302 pexynepupoBaHHash 3JIEKTPOSHEPIHs MOCTyHaeT W3
anekrpoasurarens. Hampumep, 3/eKTpoiBUraTeslb MOKET BBICTYIIaTh B KaU€CTBE UCTOYHUKA
ANIEKTPOIHEPTHHU ISl CUCTEMbI IPUBOJIA. DJIEKTPOABHUraTeNIb MOXKET paboTaTh Kak reHepaTop,
OTAaBasi SHEPTUIO, pPaHEe MPHUHATYI0O U3 OPYTHX HUCTOYHUKOB JJIEKTPOIHEPTHHU, HATPUMED,
aKKyMyJISITOpHBIX Oataped. TOk M3 3JeKTpoaBUTaTeNs MOCTymnaeT Ha nmpeodOpasosarens DC-
AC. Tocrynaromuii Tok MoxkeT ObiTh mnepeMeHHbIM (AC). Tok MOXeT NpoXoauTh B
npeoOpazoBatesib  DC-AC 1O  MONOXKUTENBHOW — INWHE,  PACHOJIOKEHHOW — MEXAy
snekTponBurareieM u mpeodpaszosareiem DC-AC. IlpeoGpazosarens DC-AC mosker
npeoOpa3oBbIBATh NEPEMEHHBIH TOK B MOcTosiHHBIHN (DC).

[0063] Ha stane 1304 Tok moctymaer u3 mpeodpasosarenst DC-AC mo eme ogHOM
NOJIOXKHUTEJIbHOM IIMHE B KOHAEHcaTop. Hampumep, TOK MOXKET MNPOXOAUTb MEXKIY
npeodpasosarenieMm DC-AC u KOHIEHCATOPOM MO APYroi MOJIOKUTEIbHOH IIWHE, a HE IO
IIMHE, PACTIOJIOKEHHON MEXXy 3JIeKTponBurareseM u npeodpasosarenem DC-AC. B kauecTse
aNbTEPHATHBBI, TOK MOXET NpoxoauTbh u3 mpeodpazosatens DC-AC mo Toi ke MINHE,
PACTOJIOKEHHON MEXKIY dJIeKTpoABUTaTesieM u nmpeodpaszosareiem DC-AC.

[0064] Ha »srtane 1306 xonaeHcaTop paspsbkaercsi. Hampumep, B pexume

PEKYIIEPATUBHOI'O TOPMOKEHUSA, PEKUME PCOCTATHOTO TOPMOXKCHUA WUIIN KOM6I/IHaLII/II/I OTHUX



26

JBYX PEXUMOB, HAKOIUIEHHAsl B aKKyMYJIATOPE SHEPTHsl MOXKET CTEKaTh Ha MOJOXKUTEJIbHY IO
muHy. TOK MOKeT NOCTynaTh fanee Ha TOPMO3HbIE PE3UCTOPBI.

[0065] Ha sTane 1308, nockoabKy KOHTAKTOP 3aMKHYT, TOK IIOCTYTaeT HA TOPMO3HbIE
pE3UCTOPBI U paccenBaeTcs B BHAE Terula. Hampumep, TOpMO3HBIE PE3UCTOPHI MOTYT OBITh
COEIMHEHBI NOCIEA0BATENBHO C KOHTAKTOPAMMU, COEUHEHHBIMU NApaJuIeIbHO APYT C APYTOM.
Ilo MeHbLIEH Mepe OAUH U3 KOHTAKTOPOB 3aMKHYT M IPOIYCKAET 3JEKTPUYECKUN TOK Yepes3
TOPMO3HOI PE3UCTOP HA MOJOXKUTENBHYIO IHHY. TOKY MOKET ObITh HE IMO3BOJIEHO MPOTEKATh
IO MOJIO>KUTENBHON IINHE Yepe3 NUOAbI U3-3a HANIPSLKEHUS MIPSIMOTO CMeIleHus B HUX. B aTom
BapUAHTE BBIMOJHEHNS OUOABI MOTYT OBITH OPHMEHTHPOBAHBI TaK, YTOOBI IMPENATCTBOBATH
NPOXOXACHUIO TOKA B 33IaHHOM ILIeue Lenu. B kauecTBe anbTepHATUBBI, MOKET IPUMEHSATHCS
APYTOH TUII O TIPOBOAHUKOBOTO Kitoua, Hanpumep, IGBT-Tpan3ucTop, KOTOpbIi O3BONAET
IPOIYyCKaTh TOK B 00€ CTOpOHBL. TOK NPOXOAWT dYepe3 pPE3UCTHBHBIE IUIEYH CXEMBI,
COEMHEHHbIE NIAPAJIIETBHO APYT C APYTOM, B UHAYKTHBHOCTH.

[0066] Ha osrtame 1310 Tok mpoxomur uepe3 MHAYKTUBHOCTU. Hampuwmep,
VUHIYKTUBHOCTH MOIYT OBITh COEAMHEHbl MapajIebHO APYr IPYTy U IOAKIIOYEHBI
MOCJIEA0BATENbHO PE3UCTUBHBIM IuleyaM. HakomieHHas B MHAYKTUBHOCTSIX SHEPIUs MOXKET
BBIJIABATbCS B PEKMME PEKyINEepPaTUBHOIO TOPMOKEHHUS, PEOCTATHOTO TOPMOXEHMSI WM B
KOMOWHAIIMY STUX JIBYX PEKUMOB. TOK MOXKET Tak:Ke MPOXOAUTB IO MOJIOKUTEITbHOHN LITHHE 13
UHy KTUBHOCTEH B MOJIy TPOBOJHUKOBbIE KITFOUH.

[0067] Ha sTane 1312 Tok mpoXoauT uepe3 Moy npOBOIHUKOBBIE Kirouu. K mpumepy,
MOIYJIALMSA, WM pa3MblKaHHE U 3aMbIKaHUE, IOJYIPOBOAHUKOBBIX KIIOUEH IO3BOJISIIOT
MPONyCKaTh Yepe3 TOPMO3HON PE3UCTOpP MEHbIINE TUCKPETHbIE BETMUUHBI 3JIEKTPUYECKOTO
ToKa. ECITM TOK CITMIIKOM BBICOK JJISI OAHOTO TOJIy IPOBOAHUKOBOTO KITFOYA, TO MOXKET OBbITh
YCTaHOBJIEH €1lle OAUH MOJYTPOBOJHUKOBBIN KIFOY JJIsI TPOITYy CKAHUS TOKA, [0 MEeHbLIEH Mepe
B TedeHHe HekoToporo BpeMeHH. K mpumepy, OOuH MOJYNPOBOJHUKOBBIM KIIOU MOXKET
NpoNycKaTb TOK TPETb BpEMEHH, BTOPOH MOJNYNPOBOJHUKOBBIM KIIOU — €lle OJHY TPeThb
BPEMEHHU, U TPETUH MOJYPOBOJIHUKOBBIN KJIFOU MOXKET MPOIYCKaTh TOK B OCTaBIIYIOCS TPETh
BpeMeHH. Takas CMeHa AaKTUBHOCTU KJIOYeHW IO3BOJIAET OCYILECTBJIATh HENpPEepPbhIBHOE
yIPABICHUE TOPMOKEHHEM CUCTEMBI C 3JIEKTPHUYECKUM MPUBOIOM. Paboume LUKIIbI KaXKI0To
MIOJTY IPOBOJHUKOBOTO KJIIOUA ONPENENSIOT, KaK JOJAro TOKY OyJIeT pa3peleHo MPOXOAWUTH
4yepe3 TOPMO3HOU pe3ucTop. Uem amuHHee pabouuii UK, TEM JJIUTENIbHEE BPEeMsi, B TeUECHUE

KOTOpPOro HOJ'IynpOBOI[HPIKOBbeI KJIF0OY 3aMKHYT HW BbIACPXKUBACT TOK. HpI/IMeHeHI/Ie
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TIOJTY IPOBOTHUKOBBIX KJTFOUEH B KOMOMHAIIMH C TOPMO3HBIMH PE3UCTOPAMH U KOHTAKTOPHBIMH
BBIKJTIOUATESIMU TIO3BOJISIET yYMEHBIIUTh HCKPEHUE, W3HOC M aMOPTH3ALUI0 TUCKPETHBIX
KOMIIOHEHTOB, a TaK)K€ COKPAaTUThb KOJMYECTBO MOABIKHBIX JeTalel, W, CIel0BaTeNbHO,
CHU3UTbH CJIOKHOCTH MPOU3BOACTBA U U3JAEPKKU. B peknMme peKkynepaTuBHOTO TOPMOKEHUS,
PEOCTATHOrO TOPMOKEHUS MM KOMOWHAILMU STHUX ABYX PEXKUMOB, MOCKOJBKY KOHTAKTOPBI
3aMKHYTBI, OCTaJbHbIE HWCTOYHUKHU DJEKTPOIHEPTHH MOTYT ObITb  INYHTHPOBAHBL
Co0TBETCTBEHHO, TOK MPOXOAUT IO OTPULIATEIBbHOMN IIMHE CUCTEMBbI IPUBOJA HA KOHJIEHCATOP.

[0068] Ha »srtame 1314 Tok mnoctymaeT Ha KoHAeHcaTop. TOk mocTymaer mno
orpuuaTenbHol muHe. Hanpumep, orpunarenbHas MHUHA MOXKET ObITh COEIMHEHA € TIOJTIOCOM
KOHJIGHCATOpa, KOTOPBIM HE COEAWHEH C MOJOXUTEIbHOW WMHOM. TOK mnopaercs o
OTpPHULIATENIbHOH IIIHE Yepe3 TOUKY COeIUHEHHs KOHIeHcaropa ¢ npeodpasosarenem DC-AC.

[0069] Ha stane 1316 Tok moctynaet Ha npeodpaszoBatens DC-AC mo oTpuaTebHOM
muHe. K npumepy, orpunatensHbiii BbiBox npeodpaszosarenst DC-AC moxer ObITh COeTMHEH
¢ orpunarebHoil mHOM. [Ipeobpazosateny DC-AC mMokeT npeoOpa3oBbIBATH MOCTOSHHBIN
TOK B TEPEMEHHbIH, HEOOXOMUMBIH NJIsi SJEKTPOIBUTATENSI, B PEKUME PEKYIEPATUBHOTO
TOPMOKEHHsI, PEOCTATHOrO TOPMOXKEHHsS] WM KOMOWHAIIMM 3THUX IBYX peKuMOB. ToOK
noctynaet u3 npeodpaszosatens DC-AC Ha 351eKTpOABUraTeNb.

[0070] Ha srame 1318 Tok moctymaer B ajiekTpoaBuratesnb. K mpumepy, TOK MOXKET
noctynarek u3 npeodpasosarenss DC-AC no emme ogHOH OoTpUuaTeNbHON muHe. B kauyecTse
aJIbTEPHATUBBI, TOK MOKET MPOXOAUTH IO TOM K€ OTPULATEJbHOW WIMHE, K KOTOPOM
MOJIKJTFOYEHbI OCTaJIbHBIE KOMIIOHEHTBI CXeMbl. B pekuMe peKyrnepaTHUBHOIO TOPMOKEHUS,
PEOCTAaTHOTO TOPMOKEHUS HJTH KOMOUHAIIMY 3THX JIBYX PEKUMOB 3JICKTPOABUTATETb SBIISIETCS
UCTOYHUKOM 3JIGKTPOSHEPTUU [Jsl CUCTEMbl NpHUBOAA. B 3TOM pexume CHUCTEMa MOKET
paboTaTh B COOTBETCTBHH C TpeOOBaHMSIMH, OOeCmeuuBasi yNpaBsIeMOE TOPMOXKEHHE H
IUIaBHOE 3aMeJJIeHUE.

[0071] B omHOM WM HECKOJBKHX BAPHAHTOB BBIMOJHEHUS MPEIJIOKEHA CHCTEMa
NPUBOZA, KOTOpask MOXKET COAepXKaThb pPE3UCTHBHBIE IUIEYH LEMH, COCAMHEHHbIE C (a)
npeoOpa3oBaTeieM, KOTOPbIM mpeodpasyer SJIEKTPUYECKUHA TOK I 3JIEKTPOABUTATESI
CUCTEMBI C 3JIEKTPUYECKUM MPUBOAOM, U (b) UCTOYHHKOM 3JICKTPHUYECKOTO TOKA JJISl TUTAHHSI
3JIEKTPOABUIaTENs, U PaCIoNoKeHHbIe Mexxay HUMH. Kaxoe mie4o 1enu MoXeT coaepKaTh
TOPMO3HOUM PE3UCTOP, COENUHEHHBIH C mpeoOpasoBareneM. Kaxpoe miedo menmu MOKET

COJZIEpKaTh KOHTAKTOp, COEAUHEHHBIH C TOPMO3HBIM pE3UCTOPOM TakK, YTO TOPMO3HOM
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PEe3UCTOp  PACIONIOXKEH MeXAy InpeoOpasoBaTeleM U KOHTAaKTOPOM, M MEpPBBIN
TMOJTY IPOBOJITHUKOBBIN KJIFOY, COEJUHEHHBIN ¢ KOHTAKTOPOM TaK, YTO KOHTAKTOP PaCIOJIOXKeH
MEXJy NepBbIM MOJYIPOBOJHUKOBBIM KJIHOYOM M TOPMO3HBIM pe3uCcTOpoM. B pexume
PEKyIepaTUBHOIO TOPMOXKEHUS, PEOCTATHOTO TOPMOKEHHSI WM B KOMOWHAIIMM ABYX 3THX
PEKUMOB, PpEKYNEpPaTUBHOIO TOPMOXEHHMsI M PEKHUMa PEOCTATHOIO TOPMOKEHUS,
PEKYNEpUPOBAHHBIM 3JIEKTPUYECKUII TOK W3 JJEKTPOABUIaTeNs] MOXET IepefaBaTbCsl B
TOPMO3HOH PE3UCTOP U PaCCEUBATLCS B BU/E TEILIA.

[0072] Kak BapuaHT, KaXIblii KOHTAKTOP MOXET OBITh BBIIIOJHEH C BO3MOXHOCTBIO
MHJMBUY AJIbHOTO YIIPABJIEHUS C KOMMYTHPOBAHUEM MEXIY (@) pAa30MKHY ThIM COCTOSIHUEM, B
KOTOPOM COOTBETCTBYIOLIUI TOPMO3HON PE3UCTOP, COEIMHEHHBIN C KOHTAKTOPOM, OTKJIFOYEH
OT COOTBETCTBYIOLIEro y3na uenu, u (b) 3aMKHYTBIM COCTOSIHUEM, B KOTOPOM TOPMO3HOM
PE3UCTOP, COOTBETCTBYIOLIUN 3TOMY KOHTAKTOPY M COEAMHEHHBIM C HHUM, MOAKIIOYEH K
COOTBETCTBYIOLIEMY Y3JIy KOHTaKTOPA.

[0073] Kak BapuaHT, KaXIOblli TOPMO3HOH PE3HCTOP MOXKET OBITh BBINOJHEH C
BO3MOKHOCTBIO PACCEUBAaHUs IO MEHbIIEH MEpe YaCTU PEKYNEePUPOBAHHOIO 3JIEKTPUYECKOTO
TOKA U3 DJIEKTPOJABUTATENs B BUAE TEIUIa, KOTAA COOTBETCTBYHOLINI KOHTAKTOP HAXOAUTCS B
3aMKHYTOM COCTOsIHIH. Kak BapuaHT, KaKIblii TOPMO3HOH PE3UCTOP MOKET ObITh BBITOJIHEH C
BO3MOKHOCTBIO PacCEUBaHUs MO MEHbLIEH Mepe YacTH PEKYepHUPOBAHHOTO 3JIEKTPUUIECKOTO
TOKa W3 DJJEKTPOJABMUraTesss B BUAE TeIIa, KOIrAa COOTBETCTBYHOLIMN  IEPBbII
MIOJIy IPOBOJJHUKOBBIM KJIFOU HAXOAMTCS B 3aMKHYTOM COCTOssHMM. Kak BapuaHT, KaIbli
KOHTaKTOP MOXKET ObITh BBIIOJIHEH C BO3MOYKHOCTBIO O0€CTIeYeHHsI TOCTYIJICHUS 10 MEHBIICH
Mepe 4YacTU pPEeKyNepUpOBAaHHOIO TOKA U3 3JIEKTPOABHUraTelNlsi 4epe3 KOHAEHCATOp, Korna
KOHTaKTOpP HAaXOAWTCS B Pa3OMKHYTOM COCTOsiHMU. Kak BapwaHT, (a) OOMH WJIN HECKOJIbKO
aronoB win (b) BTOPOH MOJYNPOBOIHUKOBBIN KIFOY MOTYT OBITh COCIHMHEHBI MapalIeIbHO
Apyr JIpyry, a Takke KOHTakTopaM W TOPMO3HBIM pe3HCTOpaM, MeXAYy HCTOYHUKOM
3JIEKTPUYECKOro TOKa M mpeobpaszoBareneM. Kak BapuaHT, HCTOYHHK 3JIEKTPHUECKOTO TOKA
MOXKET TPEJCTABIATh COOOIl OMHO WIIM HECKOJBKO U3 CIEAYIOLIEro. KOHTAKTHBIA pelbC,
KOHTaKTHYI0 TOJBECKY HJIM yCTPOWCTBO XpaHeHus: sHepruu. Kak Bapuwant, (a) ogHa wWin
HECKOJIBKO ~ WMHAyKTUBHOCTeH, (b) OOMH wWiIM  HECKONBPKO JOUONOB WJIM  BTOPBIX
MIOJTY IPOBOJHUKOBBIX KIFO4eH, (C) KOHTakTOpbl M (d) TOpMO3HBIE PE3HCTOPBI MOTYT OBITH

COEMHEHBI C IPeodpa3oBaTeNeM NMapajuIeIbHO aJbTEPHATOPY U BBITPSIMUTEIIO.
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[0074] B eme OmHOM acmeKkTe HACTOSIIErO W300pETeHHs MpeIIoKeHa CHCTeMa
NpUBONA, KOTOpass MOXKET COAepXKaTb TOPMO3HOH  pEe3UCTOp, COEOUHEHHBIH C
npeoOpa3oBaTeieM, KOTOPbIM mpeodpasyer JJEKTPHUECKUHA TOK IS 3JIEKTPOABUTATEIS
CHCTEMBI C 3JIEKTPUUECKHUM IPUBOJIOM, & TAK)KE HECKOJIBKO TIIeY LIETIH, KOTOPbIE COEIMHEHBI C
TOPMO3HBIM PE3UCTOPOM MapayjIeNbHO APYT Apyry. Kaxmoe miedo menmu MOXeET comepiKaTb
NEePBBIN IOJYTPOBOAHUKOBBINA KJIFOY, COEOMHEHHBI C KOHTAKTOPOM TaK, YTO KOHTAKTOP
PAcCIIONIOKEH MEXIY MEePBBIM IOJYIPOBOAHUKOBBIM KIFOUOM U TOPMO3HBIM pE3UCTOpOM. B
pEeKUMe pPEKYINEePaTUBHOIO WIIM PEOCTATHOIO TOPMOKEHHS] CHUCTEMBI C 3JIEKTPUYECKHM
NPUBOJIOM PEKYINEpPUPOBAHHAsI HHEPTUs U3 SJEKTPOJBUTATENSI CHCTEMBI C 3JIEKTPUUECKUM
NPUBOJIOM MOXET OBbITh TepenaHa Ha TOPMO3HOH pPE3UCTOp U paccesHa B BUAE TeEIJa, B
3aBHCHUMOCTH OT TOT'0, 3aMKHY T Jixi (2) KOHTaKTOp WM (b) mepBbIii MOy IPOBOTHUKOBBIN KITFOU.

[0075] Kak BapuaHT, KOHTAKTOPbI MOTYT OBITh COCIMHEHBI MaPaJUIENIbHO IPYT APYTY
MeX/ly BHEOOPTOBBIM HCTOYHHKOM 3JIEKTPHYECKOrO TOKAa M TOPMO3HBIM pe3uctopoM. Kax
BAPUAHT, OJJHA WJIN HECKOJIBKO MHAYKTUBHOCTEIH MOTYT OBITh COSMHEHBI MAapaJuIeIbHO PYT C
APYroM, a TaKke € KOHTAKTOpaMH M TOPMO3HBIMU DPE3UCTOPAMM, MEXIY HCTOUYHHKOM
AJIEKTPUUECKOTO TOKa M mpeodpasoBareneM. Kak BapuaHT, (a) OOUH MJIM HECKOJBKO THOIOB
wiu (b) BTOpO# MOJTy MPOBOAHUKOBBIN KJTFOY COSTUHEHBI MApaJUIEIbHO APYT C APYTOM, & TAKIKE
C KOHTAKTOPaMH M TOPMO3HBIMH PE3HCTOPAMH, MEXKIY UCTOUHHUKOM BJIEKTPHUECKOTO TOKA U
npeoOpaszoBatesieM. Kak BapuaHT, MCTOYHHMK SJEKTPUYECKOTO TOKA MOJXKET IMPENCTaBIISAThH
co0OH OJTHO MJIM HECKOJIBKO M3 CIIEAYIOIIEro. KOHTAKTHBIN PeJbC, KOHTAKTHYIO IMOABECKY WU
yCTPOWCTBO XpaHeHus sHepruu. Kak Bapuant, (a) MHAYKTUBHOCTH, (b) OIUH MM HECKOJIBKO
IVOAOB WJIM BTOPBIX TOJNYMPOBOJHUKOBBIX KiroueH, (¢) KoHTakTopbl U (d) TOpMO3HBIE
pe3nCTOpPBl MOTYT OBITh COEOUHEHBbI C MpeodpazoBaTeseM MapajulebHO AJIbTEPHATOPY H
BBIPsIMATENMI0. Kak BapwaHT, KOHAEHCATOP MOXKET OBITh COEAMHEH ¢ mpeolOpa3oBaTresieM
NapaJUIeNIbHO aJIbTEPHATOPY U BBIPSIMHUTEITIO.

[0076] B omHOM MM HECKOJBKUX BapUAHTAX BBITIOJHEHUS MPEAJIOKEHA CHUCTEMA,
KOTOpasi MOXKET COAep:KaThb IBE WM OOJbIlee KOJWYECTBO HHAYKTHBHOCTEW, OJUH WU
HECKOJIBKO TEPBBIX TMOJYMPOBOJHUKOBBIX KIKOYEH H OOMH MM HECKOJBKO BTOPBIX
TIOJTY IPOBOJHUKOBBIX KIFo4el. Kaxknasi MHIyKTHBHOCTE MOXET OBITh PACIoJIo’KeHa Ha OOpTy
CHCTEMBbI C DJJIEKTPHYECKUM TPUBOJOM U BBIOOPOYHO COCOUHSITHCA C BHEOOPTOBBIM
UCTOYHHKOM DJJICKTPOIHEPTHH, a Takke C mpeoOpa3oBaresieM, KOTOpbIH Tmpeobpasyer

BHGKTpI/ILIeCKI/Iﬁ TOK MJId BSJICKTPOABHUIATCIIA CUCTEMbI C JJICKTPUYCCKUM IPUBOIOM. B
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JOTIOJTHEHNE, KAXK1asi UHY KTHBHOCTB MOXKET OBITh COEIHEHA C Y3JIOM LIETH, PACTIONOKEHHBIM
MEKAy KaTOAOM IEPBOrO MOJYIPOBOJHUKOBOIO KJIFOYA M3 OJHOTO MJIM HECKOJBKUX MEPBBIX
NOJYTIPOBOJHUKOBBIX Kimoued u (a) aHomom gmuoma wuim (b) sMuTTepoM BTOPOTO
MOJTY IPOBOJHUKOBOTO KJIFOYa M3 OOHOTO WJIM HECKOJBKMX BTOPBIX ITOJIy IPOBOAHHUKOBBIX
kmrodyeil. Kak aHox, Tak W SMuUTTEp MOXKeT OBITh COEAMHEH C mpeodpasoBaTesieM, C
KOHTAKTOpaMH, COCIMHEHHBIMH MapaJjIelbHO APYT JAPYIYy MEKAYy HCTOYHHUKOM IE€PBOTO
3JIEKTPUUECKOTO TOKA 1 peoOpaszoBaTeneM. Taxoke, aHOI UIIM SMUTTEP MOXKET OBITh COETUHEH
C TOPMO3HBIMHU PE3UCTOPAMHU, COCAMHEHHBIMHU MapaJIeNbHO APYT APYIY, IPU 3TOM KaKIbIH
TOPMO3HOH PE3UCTOP COENMHEH IOCIENOBATENBHO C OTHENIbHBIM KOHTAKTOPOM MEXIY 3THM
KOHTaKTOpOM M mpeoOpa3oBaTeneM. Taxoke, KaXIblii aHOA MOXKET ObITh COEIMHEH C MEePBBIM
MOJTY IPOBOJHUKOBBIM ~ KJIFOUOM, COEIMHEHHbIM C KOHTAKTOPOM TaK, 4YTO KOHTAaKTOp
PACIIONIOKEH MEKIY MEPBBIM IOJIy IPOBOAHUKOBBIM KJIFOUOM U TOPMO3HBIMH pe3ucTopaMu. B
pEeKUMe  PEKyIepaTUBHOIO TOPMOXKEHHs] CHUCTEMbl C  OJIEKTPUUECKUM  IPUBOJOM
pexymnepupyemast U3 3JIeKTPOABUraTelsl SHEPT Ul MOKET IIepe1aBaThCsl HA TOPMO3HON pe3UCTOp
U paccenuBaThbCsl B BUJE TEIUIA, B 3aBUCUMOCTH OT TOTO, KaKHM€ U3 KOHTAKTOPOB WJIU IEPBBIX
TOJTY IPOBOTHUKOBBIX KJIFOUEH 3aMKHY ThI.

[0077] Kak BapuaHT, nBa Wiu OOJIbIIee KOJIUYECTBO HHAY KTUBHOCTEH U (a) TUOIbI WJTH
(b) BTOpOI#1 O POBOTHUKOBBIH KJTFOY MOTYT OBITh COEIMHEHBI MAPAJUIETbHO ¢ KOHTAKTOPaMH
Y TOPMO3HBIMH PE3UCTOPAMHU MEXKTy HCTOYHHUKOM 3JIEKTPHIECKOTO TOKA U Mpeodpa3oBaTesieM.
Kak BapuaHT, MCTOYHHUK 3JIEKTPHYECKOTO TOKA MOXKET MPENCTaBJIsATh COOOW OOHO WM
HECKOJIBKO M3 CJIEAYIOLIEro. KOHTAKTHBIA PEelbC, KOHTAKTHYIO TMOABECKY HJIH YCTPOHCTBO
xpaHeHus1 >Heprun. Kak BapuaHT, (a) nBa miu OoJblIee KOJIMYECTBO MHAYKTUBHOCTEH, (b)
JVOBI MJTH BTOPOH MOJTY TPOBOIHUKOBBIH KITFOY, (C) KOHTAKTOPHI U (d) TOPMO3HBIE PE3UCTOPHI
MOTYT OBbITh CO€AMHEHBI C Mpeodpa3oBaTeeM MapajuieNIbHO abTEPHATOPY U BBIIPSMUTEIIO.
Kak BapuaHT, KOHIOEHCATOp MOXET OBITh COENMHEH ¢ Mpeodpa3oBaTesieM MNapajuieIbHO
AJIbTEPHATOPY ¥ BBIIPSIMUTEITIO.

[0078] BelpaskeHust B €IMHCTBEHHOM YHCJIE U TaKWUE€ BBIPAKECHUS KaK «OIUHY», «OOUH
U3, WM QHAJIOTHYHBIE MM, BKJIFOYAIOT TAK)XKE MHO)KECTBEHHOE YHCJIIO, €CITH M3 KOHTEKCTA SIBHO
He cienyer oOpaTHoe. «Heobs13aTenbHO» WM «KaK BapUAHT» O3HAYAET, UTO ONMUCAHHOE Jajee
COOBITHE MJTH OOCTOSITENILCTBO MOKET KaK BOSHUKHYTb, TAK U HE BO3HUKHYTb, M YTO OITHUCAHNE
BKJIFOYAET CIIy4aH, B KOTOPBIX 3TO COOBITHE BO3HMKAET, a TAK)KE CIy4aH, B KOTOPBIX OHO HE

BO3HUKACT. TepMI/IHbI, YKa3bIBAOIHUE HA HpI/I6J'II/DKeHHbIe 3HAYCHHs1, B HACTOAIIEM OINMHCaHUU
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u B (Qopmyne n300peTeHHs] MOTYT NPUMEHSATHCS KaK MOIAU(PHKATOPBI KOJMYECTBEHHBIX
Bpra)KeHHfI, 3HAUCHUE KOTOPBIX MOXET U3MCHATHCA 663 U3MEHEHHSI OCHOBHOI CBSI3aHHOU C
HUMH (QyHKIU. COOTBETCTBEHHO, 3HAY€HHE, MOAWU(UIIMPOBAHHOE TAKHUM TEPMHHOM, HWJIH
TEPMHUHAMH, KaK «OKOJIO», ((HpI/I6J'II/ISI/ITeJ'IbHO» " (IO CyLECTBY», HEC OrpaHUYCHO TOYHBIM
NPpUBCACHHBIM 3HAYCHUECM. I1o meHbIIEH MEPE B HCKOTOPBIX ClIydasixX TCPMUHBI, YKa3bIBAIOIIIUEC
Ha HpI/I6J'II/DKeHHI:>Ie 3HA4YCHUsI, MOT'YT COOTBETCTBOBATb TOUYHOCTU HpI/I60pOB AJIsT UBMEPCHUA
9THX 3Ha4deHWH. B HacrosimeM IOKyMeHTe, B ONMCAaHUH U B ¢opmyjie H300peTeHus,
OrpaHHUY4CHUA 10 Anaria3oHam MOTyT KOM6I/IHI/IpOBaTbC$l I/I/I/IJ'II/I HUCIIOJIB30BATHCA
B3aMO3aMCHACMO, IIPHU 3TOM TaKUE AUAIlla30HbI MOTYT 6bITb OMpeaACIIIEMbIMU U BKIIKOYATH BCC
cofiep Kalecss B HMUX NOAAMANA30HbL, €CIM TOJIbKO KOHTEKCT WM (OpMyNHpOBKa He
yKa3bIBaeT Ha 00paTHOe.

[0079] B nmaHHOM JOKyMEHTE€ HCIOJIb30BaHbl KOHKpeTHble mnpumepsl. OHH
UCTIONIb30BaHbl JJIsi OMHMCAHUS BAapUAHTOB BBIMOJTHEHMs, BKIIIOYAs JYYIIUH (110 MHEHUIO
aBTOPOB) BApUAHT €ro OCYLIECTBJICHWS, a TaKXKe JUId OOECIeYeHUs] BO3MOXKHOCTH €ro
NPAKTHYECKOTO MPUMEHEHHs CIIELHAINCTaMU B JAHHON 00JIaCTH TEXHHUKH, BKJIIOYAst CO3[aHUE
U UCMOJB30BaHUE JOOBIX YCTPOWCTB WJIM CHUCTEM, WJIM BBINOJHEHHE JIFOOBIX CIOCOOOB,
BXOMSIIIUX B COCTaB Hacrosimero u3odperenus. OObeM MpPaBOBOW 3aIlMThI HACTOSIIETO
u300peTenust onpenensercs: Gopmyioil H300peTeHHsT U MOXKET BKJIFOUATh APYTHE MPUMEPHI,
KOTOpbIe MOTYT OBITh HaWIEHbI CHEIMAJIMCTAMH B JAHHOW OONacTH TeXHWKH. Bce Takue
JOTOJHUTENBHBIE MPUMEPHI MOMAAAT B 00bEM MPABOBOW 3alIUThI (POPMYIIbI H300pETeHHUS,
€CJIM OHU UMECIOT CTPYKTYPHbBIC 3JICMCHTBI, HE OTJIMYAarOIIUECA OT 6YKB3.JII::HOFO OIIUCAaHUus B
IMy HKTax q)OpMy.]'IbI I/1306peTeHI/I$I, WK €CJIM OHU BKIIFOYAKOT 3KBUBAJICHTHBIC CTPYKTYPHBIC
3JIEMEHTHhI C HE3HAYUTCJIIBHBIMU OTJIIMYUAMU OT 6y1(BaJ'[bHOl"O OINMHMCaHUA B ITyHKTax q)OpMy.]'IbI

H300peTEeHMsI.



®OPMYJIA H3OBPETEHUA

1. Cucrema, comeprkarnas:

0 MeHbIIEH Mepe OJHO pPEe3UCTUBHOE IUIeYO Ienu, COoefAuHeHHoe (a) C
npeoOpa3oBaTesieM, KOTOpbIM  mpeoOpa3yer  MEpPBbI  SJEKTPUYECKUM  TOK  JJIs
snektponsuraress, U (b) ¢ UCTOYHHUKOM TIEPBOrO BJEKTPUUECKOrO TOKA JUIsl TMHUTAHUS
3JIEKTPOABUTATENsS], U PACIIONIOKEHHOE MEXy HUMH, MIPU 3TOM yKa3aHHOE IO MeHbIlel Mepe
OTHO pE3UCTHUBHOE IUIEUYO LeNH COAEPKUT KOHTAKTOP, COEAUHEHHBIM C TOPMO3HBIM
PE3UCTOPOM U TpeodpaszoBaTeseM;

NEPBBI NOJYNPOBOAHUKOBBIN KIIHOY, COEIMHEHHBIH C YKAa3aHHBIM [0 MEHbILIEH Mepe
OJITHUM PE3UCTHUBHBIM IJIEYOM LIENH, U

OWOA W/WIM BTOPOH IOJYNIPOBOAHUKOBBIA KJIFOY, COCAMHEHHBIH C YKa3aHHBIM I10
MEHbILIEH Mepe OIHHUM pE3HCTHUBHBIM IUIEYOM IENu, NPU 3TOM JUOA W/HIH BTOPOM
MOJIYTIPOBOJHHUKOBBIH KJIFOY 3JIEKTPHUUECKU COEMHEH ¢ Ipeodpa3oBaTenem,

IIPU 3TOM, B p€XHUME PEKYNepaTUBHOTO TOPMO)KEHHUS, PEOCTaTHOIO TOPMOXKEHHsI UIH
B KOMOMHAaUMM  3THUX  JBYX  PEKHUMOB,  VIPABIAIOT  KOHTAaKTOPOM,  IE€PBBIM
HOJIYIIPOBOAHUKOBBIM KJIFOUOM M IMOJIOM H/MJIM BTOPBIM IMOJYIIPOBOIHUKOBBIM KJIIFOUOM TakK,
4yTOOBI IMOJAaBaTh IO MEHBIIEH Mepe YacTb PEeKyNepHUPOBAHHOIO 3JIEKTPUYECKOTO TOKA U3
3JIEKTPOABUraTeNsl Ha TOPMO3HOM PE3UCTOp AJIA YNpPaBICHHs TOPMOXKEHHEM C MOMOUIBIO

OJICKTPOABUTATE]ISA.

2. Cucrema mno 1.1, B KOTOPOW KOHTAaKTOp BBIIOJHEH C BO3MOKHOCTBIO
WHIUBUAYAIBHOTO YIIPABJIEHHUS UII KOMMYTALUHU MEXAY (a) Pa3OMKHYTBIM COCTOSIHHEM, B
KOTOPOM TOPMO3HOM PE3UCTOpP, COOTBETCTBYIOLIMII KOHTAKTOPY U COEAUHEHHBIA C HUM,
OTKJIFOYEH OT COOTBETCTBYIOINErO y3ia menu, U (b) 3aMKHYTbIM COCTOSIHHEM, B KOTOPOM
TOPMO3HOM PE3UCTOP, COOTBETCTBYIOLINI KOHTAKTOPY U COCIAMHEHHBIN ¢ HUM, MOJAKIIOYEH K
COOTBETCTBYIOLIEMY Vy3JIy LIENH, NPU 3TOM YKA3aHHBIM COOTBETCTBYIOLIMN y3€1 LENU

PaCIoJIOKEH MEXKAY KOHTAKTOPOM U NIEPBBIM MOJYNIPOBOAHUKOBBIM KJIFOUOM.

3. Cucrema mo m. 2, B KOTOPOH TOPMO3HOI PE3UCTOP BBINOJIHEH C BO3MOXKHOCTBIO

pacceuBaHUs IO MEHbIIEH Mepe YacTH PEeKyNepUPOBAHHOIO JJIEKTPUUECKOrO TOKAa U3



QJICKTpOABUrATEII B BUAC TCILIA, KOTrAa COOTBGTCTBYI-OH_II/Iﬁ KOHTAaKTOpP HaXOOUTCA B

3aMKHYTOM COCTOSIHUH.

4. Cuctema 10 1. 2, B KOTOPOH KOHTAKTOpP BBIMOJIHEH C BO3MOXKHOCTBIO 00€CTeYeHUs
NPOXOKIEHUSI MO MEHbIIeH 4YacTH Mepe pPeKYNepUPOBAHHOIO 3JEKTPUYECKOrO TOKa U3
SJIEKTPOABUraTeNsl depe3 KOHACHCATOp, KOrzja KOHTAKTOpP HaXOOUTCS B Pa3OMKHYTOM
COCTOSIHUM, TPHU O5TOM KOHIEHCATOP pACIOJOKEH MEXKAy IO MeHbIlel Mepe OAHHUM
PE3UCTUBHBIM TUIEUYOM LIETIH U Mpeodpa3oBaresieM, U KOHIEHCATOP MOAKIYESH NapaljieIbHO
O MEHBbIIEH Mepe ONHOMY pE3UCTHBHOMY IUIedy IeNu, JIUONY W/HIH BTOPOMY

HOJTyTIPOBOJHUKOBOMY KJIFOUY M ITPe0Opa30oBaTeNIo.

5. Cucrema mo mobomy u3 m.m. 1-4, B KOTOPOH TOPMO3HOH PE3WCTOP BBIMIOJHEH C
BO3MOYKHOCTBIO PACCEMBAHUS 110 MEHBLIEH Mepe YacTU PEKYNEePHPOBAHHOTO 3JIEKTPUIECKOTO
TOKa W3 JBJCKTPOABHUIATEIA B BUAC TCILIA, KOrAa HepBbeI HOHynpOBOI{HI/IKOBbIﬁ KJIFOY

HaxXOoAUTCs B 3aMKHYTOM COCTOSHUU.

6. Cucrema mno mobomy wu3 1mm 1-5, B KoTopoll nauox wwunmu BTOPOH
MOJIYTIPOBOAHUKOBBIH KIIFOY BKJIIOYEH MAapajIeNIbHO € YKAa3aHHBIM 10 MEHbIIEH Mepe OJHUM
PE3UCTUBHBIM IUIEYOM ILIENH U PACIOJIOXKEH MEXKAY HNCTOUHHUKOM IEPBOTO 3JEKTPUYECKOTO

TOKa U NpeoOpazoBaTeem.

7. Cucrema no moOomy u3 m.11. 1-6, B KOTOPOIl HICTOYHUKOM MEPBOTO HJIEKTPUIECKOTO
TOKa SIBJIAETCS OJHO WJIM OoJjiee M3 CIEAYIOINEro: KOHTAKTHBINA pesibC, KOHTAaKTHAs IMOABECKA

WJIN YCTPOMCTBO XPAHEHHS SHEPTHH.
8. Cucrema o modomy u3 m.m. 1-7, B KOTOpo#i (a) ogHa mik OoJiee MHAYKTUBHOCTEH,
(b) mmon wwuimM BTOPOHM MOJYNPOBOIHUKOBBIA K04, (C) KoHTaktop U (d) TOopmMO3HOH

PE3UCTOP COENMHEHBI C MPeoOpa30BaTENIeM MAPAIIIETBHO ATbTEPHATOPY H BBIIPSIMHUTEIIIO.

9. Cucrema, comepsxarmas:



OIMH UK OoJiee TOPMO3HOM PE3UCTOpP, COENUHEHHBIN ¢ MpeoOpa3oBaTesneM, KOTOPBIi
npeoOpasyeT MepBbIi NEKTPUUECKUI TOK JUIS SJIEKTPOJIBUTATENS CUCTEMBI C HJIEKTPHUECKUM
IPUBOJIOM;

MHOXECTBO IUIeY LIeTH, KaKA0€ U3 KOTOPBIX COAEP’KUT IO MEHbIIeH Mepe OAMH U3
YKa3aHHBIX OJTHOTO MJIH O0Jiee TOPMO3HBIX PE3UCTOPOB U KOHTAKTOP; U

NIePBbIi MOJYNPOBOAHUKOBBIA KIIFOY, COEIMHEHHBIH C KaXAbIM H3 KOHTAKTOPOB
MHOKECTBA IJIeY LIEMU TaK, YTO KOHTAKTOP PACIIOJIOKEH MEXIY COOTBETCTBYIOIIUM MEPBBIM
NOJIYTPOBOJHUKOBBIM KJIFOUOM M COOTBETCTBYIOIIUM TOPMO3HBIM PE3UCTOPOM, U

AWOA W/WIA BTOPOH MOJIyITPOBOIHUKOBBIN KIJIFOY, COSAMHEHHBIH C COOTBETCTBYIOLINM
OJTHIM W3 MHOJKECTBA TIeY LETH,

IPU 3TOM, B PEXKHUME PEKYNEePaTUBHOTO MM PEOCTATHOTO TOPMOKEHHSI CUCTEMBI C
3NIEKTPUUECKUM TPUBOJOM, PEKYIEPUPOBAHHBIN 3JEKTPUUECKUN TOK W3 3JIEKTPOIBUTATEINS
nepesaeTcsi Ha OOUH WK Oojiee TOPMO3HOI PE3UCTOP M PAacCeUBaeTCs B BHAE TEIIa, B
3aBHCHUMOCTH OT TOTO, (&) KOHTaKTOp WiH (b) MepBhIi MONYITPOBOAHUKOBBINA KJIFOY 3aMKHYT B

KaX10M M3 MHOKECTBaA IJICY LICITN.

10. Cucrema no n. 9, B KOTOPOH KOHTAKTOpP B KaKAOM W3 MHOXKECTBA IUIeY LEMU
BKJIFOYEH MapaJlIeNIbHO APYTUM KOHTAKTOpaM B MHOXECTBE IIJI€Y LENU MEXAY UCTOYHUKOM

MEPBOIro SJCKTPHUICCKOIo TOKa U COOTBETCTBYHOIIITUM TOPMO3HBIM PE3UCTOPOM.

11. Cucrema mo n. 9, B KOTOpPOW OnHa WM OoJiee MHIYKTHMBHOCTEH BKIJIFOYSHBI
NapajyIeNIbHO APYT OPYTY MEXAY UCTOYHHKOM IMEPBOTO SJEKTPUYECKOTO TOKA M KAKIBIM H3

OJHOI'0 U bonee TOPMO3HBIX PE3UCTOPOB.

12. Cucrema mo mobOomy w3 mm 9-11, B KOTOpoH [uoxny wW/wuinm BTOPOH
NIOJIyIIPOBOAHHUKOBBIM KJIFOYW BKJIIOYEH MAapaJUIEIbHO COOTBETCTBYIOLIEMY KOHTAKTOPY H
COOTBETCTBYIOILIIEMY TOPMO3HOMY PE3UCTOPY MEXKIY HCTOYHHUKOM IEPBOTO 3JIEKTPUUECKOTO

TOKa 1 peoOpa3oBaTesieM.

13. Cucrema o mobdomy u3 m.1. 9-12, B KOTOPOI UCTOYHUKOM 3JICKTPUYECKOTO TOKA
ABJISIETCS OHO WM OOJiee M3 CIIEAYIOINEro. KOHTAKTHBIN PEJbC, KOHTAKTHAs IMOJBECKA WU

YCTPOMCTBO XPAaHEHUs SHEPTUH.



14. Cucrema mno mobomy u3 mm 9-13, B koropol, (a) omHa wim Ooyee
UHAYKTUBHOCTEH, (b) Anoa W/ BTOPOH MONYNPOBOAHUKOBBIN K04, (C) KOHTaKTOp U (d)
MHOJKECTBO TOPMO3HBIX DPE3UCTOPOB COEOMHEHBbl C mpeoOpasoBaTeieM MapajulebHO

aNbTEPHATOPY U BBIIPSIMHUTEIIIO.

15. Cucrema mo mobOomy u3 mim. 9-14, B KOTOpOH KOHAEHCATOp COEOUHEH C

npeoOpaszoBaTesieM NnapauieIbHO ATbTEPHATOPY U BBITPSIMUTEIIO.

16. Cucrema, comepraiasi:

OIWH WK OoJiee MEPBBIX NOIYIPOBOAHUKOBBIX KIFOUEH;

OAUH WUIu 60.]'[66 BTOPBIX MOJYHIPOBOAHUKOBbBIX K.]'II'OLIGI\/'I, COCAUHCHHBIX C TMEPBBIMU
NMOJIYINPOBOAHUKOBBIMHU KJIKOUAMMU;,

ABE NN 6onee HUHAYKTUBHOCTHU, MNPU I3TOM KaxKJasds HUHAYKTUBHOCTb BBIIIOJIHEHA C
BO3MOXKHOCTBIO ~pa3MeLIeHHss Ha OOpTy CHUCTEMBI C 3JEKTPUYECKHMM MPUBOIOM U
BbI6OpOLIHOFO COCAUHECHUA C UCTOYHHUKOM nepBoro QJICKTPUICCKOTO TOKa )41
npeobpa3oBatesieM, KOTOPBbIM  mpeoOpa3yeT  MepBbld  SJEKTPUUECKHH  TOK Ui
SNIEKTPOJBUTATENISI CUCTEMBI C AJIEKTPHUECKUM MPUBOIOM, TPH 3TOM KaXKiasi MHAYKTUBHOCTD
U3 JABYX WM OoJjiee MHAYKTUBHOCTEH COENMHEHA C y3JIaMU LEMH, PACIONOKEHHBIMH MEXTy
OIHUM WK OoJiee TIePBbIMU MOJYTPOBOIHUKOBBIMU KIIFOYaMH M OJJHUM WM O0Jiee BTOPBIMHU
MOJIYNpOBOAHUKOBBIMHU KIJIFOYaMHU, npu 3TOM OOUuH i 60.]166 u3 BTOPBIX
MIOJTyIPOBOJHUKOBBIX KJIFOUEH COIMHEH C Ipeodpa3oBareseM;

MHOJKECTBO KOHTAaKTOPOB, BKJIIOYEHHBIX MApajUIeIbHO JAPYyr  JOPYyry  MEXAy
HCTOYHHUKOM IEPBOTO 3JIEKTPHUUECKOr0 TOKA U IpeodpasoBaresiem; u

MHOKECTBO TOPMO3HBIX PE3UCTOPOB, BKIIKOYEHHBIX MApajUIeIbHO APYr APYrY, IMPU
3TOM Ka)KI[beI TOpMOSHOﬁ PE3UCTOP BKIHOYECH MOCIENOBATEIIBHO C OTACIbHBIM KOHTAKTOPOM
13 MHOKECTBA KOHTAKTOPOB MEKIY KOHTAKTOPOM U Mpeodpa3oBaTeiem,

npd OSTOM 1O MeHbIIed Mepe OAWH U3 OIHOr0 WM Oojiee  BTOPBIX
MOJIYIPOBOAHUKOBBIX KJIFOUel COECAUHEH C MHOXCCTBOM KOHTAKTOPOB H MHOXECTBOM

TOPMO3HBIX PE3UCTOPOB,



IIPU 3TOM NEPBBIN MOJYNPOBOJHUKOBBINA KIJIHOU COEANHEH C MEPBbIM KOHTAKTOPOM U3
MHO’KECTBA KOHTAaKTOPOB TaK, YTO MEPBbIH KOHTAKTOP pACIHOJOXKEH MEXAY IepBbIM
MOJIYIIPOBOAHUKOBBIM KJIFOUOM U COOTBETCTBYIOIUM TOPMO3HBIM PE3UCTOPOM,

IIPU 3TOM, B PEXHUME PEKYNEPAaTUBHOTO WM PEOCTATHOTO TOPMOXKEHHS] CHCTEMBI C
3JEKTPUYECKUM MPHUBOJAOM, PEKYNEPUPOBAHHBIN JJIEKTPUUECKUI TOK U3 3JIEKTPOABUIATENS
CHUCTEMBI C 3JIEKTPUUYECKUM MPUBOAOM IEPENaeTCsl Ha TOPMO3HbBIE PE3UCTOPBI U PacCeuBaeTCs
B BHJE TEIUIA, B 3aBUCHMOCTH OT TOTO, KaKOH M3 KOHTAKTOPOB WJIM M3 OJHOTO Wiu Ooee
NIEPBBIX IOJYPOBOHUKOBBIX KJIOYEH M OJHOTO MM 0OJiee BTOPBIX IMOJIYTIPOBOAHUKOBBIX

KJIFOUEH 3aMKHYT.

17. Cucrema no n. 16, B KoTOpoii ABe Min Oosee MHAYKTUBHOCTH M OUH WM Ooee
BTOPOU MOJYNPOBOAHUKOBBIN KIIFOU COCUHEHBI NapAJIIENIbHO C MHOKECTBOM KOHTAKTOPOB U
MHO>K€CTBOM TOPMO3HBIX PE3UCTOPOB MEKAY MCTOYHUKOM IEPBOrO 3JIEKTPUYECKOrO TOKA U

npeoOpazoBaTenem.

18. Cucrema no n. 16 unu 17, B KOTOPOH UCTOUHUKOM 3JIEKTPUYECKOTO TOKA SIBJISIETCS
OZIHO WM OoJjiee U3 CIEeAYIOIIero: KOHTAKTHBIN PebC, KOHTAKTHAsI MOJBECKA UIH YCTPOICTBO

XPaHCHUS SOHEPTUH.

19. Cucrema no mobomy u3 1. 16-18, B koropoti (a) aBe niu 6onee HHAYKTUBHOCTH,
(b) onuH waK GoJjiee BTOPOU MOJYNMPOBOAHUKOBBINA KJFOY, (C) MHOKECTBO KOHTAKTOpOB U (d)
MHOXECTBO TOPMO3HBIX PE3HCTOPOB COEAMHEHBI ¢ mpeoOpasoBareieM MNapajuieIbHO

aJbTEPHATOPY U BBIIPSIMUTENIO.

20. Cucrema mo mobomy w3 mm. 16-19, B KOTOpOH KOHOEHCATOpP NOAKIIOYEH
HapajulelbHO MPeoOpa3oBaTeNio, MHOXKECTBY KOHTAKTOPOB M MHOXKECTBY TOPMO3HBIX

PE3UCTOPOB.
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