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HCIOJIb30BAHUE ®U3WYECKON MOJEJU JJIsI WCCJEJOBAHUSI
MPOIIECCOB PEKYINEPAIIMM B TPAHCIIOPTHBIX CPEJICTBAX C
SJEKTPUUYECKOW NMEPEJIAUYEN

[IpencraBneHsl pe3ynbTaThl HCCIEAOBAHHMA IIPOIECCOB B  IpeoOpa3oBaTee CHUCTEMBI peKylepaliu
ANIEKTPUUECKOM DHEPrUU C UCIOJb30BaHWEM (U3MUECKOH MOIETH PEeKYNepaTuBHON CHCTEMbI TPAHCIOPTHOTO
cpelncTBa C dJIEKTpUUecKod mepeaaueid. VccnenoBanach YCTOMYMBOCTh T€HEPATOPHOTO OJOKa K M3MEHEHUIO
HATIPSDKCHUS TUTAHUS M BIUSHHE WCKPEHUS B KOHTAKTaX M COCAMHCHHSIX Ha pabOTOCIOCOOHOCTH CHIIOBOTO
OJIOKa CUCTEMBI.

KaroueBble cjIoBa: TpaHCIOPTHOE CPEICTBO, Iepeqada dJJICKTPUYECKas, CHCTEMa pPeKyIepallvi,
(hmu3ngeckas MOJeIb, POIECCH TEPEXOIHEIE.

Beeagenne. Pacxol TOIIMBHO-IHEPrETHUYECKUX PECYpCOB — OIMH U3 OCHOBHBIX
HKCIUTyaTallMOHHBIX MOKa3aTelel TPaAaHCIIOPTHOTO cpelcTBa. Pexynepauus snepruu (0TO60p H
HAKOIUIEHHWE SHEPTUU Ha TOPMO3HBIX PEXHMAax U MCIOJIb30BAHHME €€ Ha TATOBBIX) SBIISETCS
3 PEKTUBHBIM CIIOCOOOM 5SKOHOMHHU TOIUIMBA Ha TpaHcrmopre. B HacTosiiee Bpewms
kosuektuBoM JIoHMDKT npoBoasTcst paGoThl 110 M3yUEHUIO MPOLIECCOB PEKYEpALlui SHEPTUN
Ha KOJIECHBIX TPAHCIOPTHBIX CPEICTBaX C 3JIEKTpuueckodl mepenadeit (taroit). C wnenbro
MUHMMHU3ALUU 3aTpaT IpH TPOBEICHUM HCCIEIOBaHUM, co3laHa (U3MYecKas MOJeb
ANEKTPUYECKON Mepe/ladyn ¢ CUCTEMOW peKynepanun dJeKTpuyeckoit snepru [1]. Ha nannou
MOJICJIN HCCJIEJOBAIM HM3MEHEHHUS IapaMeTpOB CHCTEMbl B 3aBUCUMOCTH OT BBIOpAaHHBIX
PEXXUMOB PaOOTHI.

ITocTanoBka 3apaun. CTaOMIBHOCTh PAOOTHl YCTPOMCTB BO MHOI'OM ONpPEAEISIOTCA
UX BOCIPUUMYHUBOCTBIO K BO3MYINAIOMIMM (hakTopam. B naHHOM citydae, TeHepaTOpHBI
Ojoka ompeneseT BEIWYMHY TOKa IpeoOpa3oBaTeisi HANpsHKEHUs, B CBSI3U C UEM,
CTaOMIIBHOCTB €r0 pPabOThI SBJISETCS OCHOBOW KaueCTBEHHOH pabOThl CUCTEMBI PEKyIHepaIiu
AIIEKTpUYECKON sHepruu. B 3Toil cBs3u, B paMkax JaHHOW palbOThI MCCIEAOBAIU BIMSIHUE
U3MEHEHHUs HaIpsOHKeHUs MUTaHUs Ha CTaOMJIBHOCTh paboueil 4acTOThl TeHEPaTOPHOro OJIoKa.
Kpome Toro, Hammuue B cXeMe€ MHAYKTUBHOCTEW MPENONPEENIET BOZMOXHOCTh MOSABICHUS
CKayK0OOpa3HbIX U3MEHEHUI HaNpsKEHUs B ciaydyae paboThl KOHTAKTHBIX IpepbIBaTeIei win
HAJIMYMs B CHUJIOBOM ILIENIM HEKAYeCTBEHHOTO KOHTAKTa (OKHUCIEHHOCTh, 3aCOPEHHOCTb WM
cinabas 3atsokka). [Ipu 5TOM, U3MEHEHUs HAIIPSDKEHHUSI MOTYT JJOCTHYb NPEAeTbHON BEJINYMHBI
JUISL DJIEKTPOHHBIX KOMIIOHEHTOB CXEMBI, YTO BBI30BET MX BbIX0A M3 cTpos. [losTtomy, B
paMKax JaHHOW pa®oThl U3yyald BIMSHHME HCKPOBOTO KOHTAKTa B LEMH MUTAHHUs CUIIOBOTO
6710ka Ha pabOTOCTIOCOOHOCTH OT/IEJIBHBIX 3JIEMEHTOB U YCTPOMCTBA B LIEJIOM.

Onucanue ¢pusnyeckoii moaesu. VccrenoBanus mpoBoAUIN Ha GU3UIECKON MOJICTH
PEeKyIepaTUBHON CHCTEMBI, OJIOK-CXeMa KOTOPOH MpejicTaBieHa Ha puc. 1.

®usnueckas MOJEIb COCTOMT U3 MEXAaHWYECKOM U DIJIEKTPUYECKOW 4YacTe.
MexaHnyeckast 4acThb IPEJCTABIEHA MOJEIBIO TATOBOIO JIBUraTellsl TPAHCIIOPTHOTO CPENCTBA
J12 u nBuratens-umMuTaTopa BHEIIHENH Harpy3ku J[1, cOeaMHEHHBIX KIMHOPEMEHHOU
nepefadyel ¢ nepesaToyHbIM OTHOLIEHHEM [ = | M perympyeMbIM HaTsDKEHUEM PEMHS AU
U3yYeHUs] BIMAHUS OOKCOBaHMSA Ha IPOLECCHl B CHUCTEME pPEKyIepaluu. DIeKTpudecKas
(37eKTpOHHAs1) YacTh IpejAcTaBlieHa OJIOKaMU YyIpaBJIeHUs, HAKOMMTEIEM 3JIEKTPUYECKON
sHeprun CH KOHJEHCATOPHOTO THUMAa M IpeoOpa3oBaTesieM HaNpPSKEHHs, COCTOSIIUM U3
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TEeHepaTOPHOTO ¥ CHIIOBOrOo Ojoka. BbIOOp KOHIEHCATOPOB B KadeCTBE HAKOIUTEIEH
3JI€KTpI/I‘I€CKOI>'I OHEpPIrun 06yCJIOBJICH HUX HU3KUM BHYTPCHHHM COIIPOTHUBJIICHUCM II0
CPaBHEHHMIO C AaKKyMYJSTOpaMH, IOCTOSHCTBOM BHYTPEHHETO COMNPOTHBICHUS TpHU
U3MEHEHUU YPOBHS 3apsDKEHHOCTH, JAJIUTEIbHBIM TapaHTUPOBAHHBIM CPOKOM CITyKOBI (10 15
net) [2]. B dusudeckoil Momenu B KayecTBE HAKOMHUTENICH HCMOJb30Ban Oatapero u3 10

IIOCJICA0BATCIIBHO COCANMHCHHBIX KOHIACHCATOPOB 3K40 5 C XapaKTCPHUCTUKAMMU,
IIPEJICTaBICHHBIMU B TaOJIHLIE.
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Pucynok 1 — brok-cxema gusndeckoil MoJieiH peKynepaTUBHON CUCTEMBI TPAHCIIOPTHOTO
CPEJICTBA C JIEKTPUUECKO Nepenayeit

Ta6mmia — OCHOBHBIE XapaKTepUCTUKH KOHIeHcaTopoB DK405

TTapaverpb! 3HavyeHne NapaMeTpoB AJis
DK405 109K405*
PaGouee Hanpsixenue, B 1,45 14,5
MaxkcuMmaibHoe pabouee HanpsikeHue, B 1,5 15
MuHuMalIbHOE HANpSKEHWE NPU OTCYTCTBMM TOKA IIPU 0,3 3
XpaHeHuu, B
EMxkocTb anexkrpuueckas, @ 12000 1200
BuyTpennee conporusienue, MOM npu: +20°C 0,5 5
-30°C 0,9 9
[TonHas 3anacaemas sHeprus, kJHx 12,6 126
MakcuManbsHast MOITHOCTb, KBT 1,0 10
Macca, kr 0,9 9
["abapuTHbIE pa3mMepsl, MM 31,5x 83,5x 209
PaGouas Temmeparypa, 'C - 50/+ 60

*)KOHCTPYKTI/IBHOG BBIITOJIHEHHE U3 10 351eMEHTOB

[MpuHIMIIaTBEHAS CXeMa TeHEePaTOPHOTo OJI0Ka MpUBECHA HA PHC. 2.

OcHoOBy TeHepaTopHOro Ojoka cocTaBisieT AByXTakTHbIM [IIMM-koHTpOMIE,
BBITIOJIHEHHBIH Ha MuKpocxeMe DAL, dyactora KOTOpOTo OIpefenseTcss napaMmerpaMu
BpeMs3agaromieil nernodku R1, C4. IlepemennsiM pe3uctopom R10 wnm curHamamu B 1ienu
0o0paTHON CBsI3U peryjiupyeTrcss CKBaXXHOCTh HMMyibcoB oT 0 mo 0,89, 3a cuer uero
OCYIIECTBIISICTCS PETYJIMPOBAHHE AIIEKTPUIECKHX ITAPAMETPOB B CHIIOBOM OJIOKE CHCTEMBI.

Ontponsl VA1l u VA2 B nenu QopmupoBanusi curHaioB s npaiiepoB IGBT
TPaH3UCTOPOB CHUJIOBOTO OJioka M onTpoHsl VA3 B nenu oOpaTHOM CBSA3M CIyXKaT aJs
raTbBaHUYECKON PA3BA3KH CETHU YIIPABJICHHS M CETH CHJIOBOTO OJIOKAa CUCTEMBI PEKYyTIepaIliH.
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Pucynok 2 — IlpuHnunuanbHas cxema reHepaTopHoro 0jioka
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B nanHO#W (u3MYecKoil MOJeIM peKyNnepaTHUBHOW CHUCTEMBI ONMpoOOBaHBI 4 CXEMBI
CHJIOBOTO OJioKa. B ymporieHHOM BapHaHTe MX MPUHLUUIHAIBHBIE CXEMbl MPEICTABICHbI Ha
puc. 3.

Ha ocHoBe ucnbITaHul CHIIOBBIX OJOKOB, BBIOOP OCTAaHOBHIIM HAa BapHaHTE MOCTOBOM
CXEMBI C TOCIIe0BATEIBHBIM KOJIeOAaTeIbHBIM KOHTYPOM, MOCKOJIBKY (hopMa MMITYJIBCOB BO
BTOpUYHONH o0oOMOTKe TpaHcpopmaropa Tp HawirydmuM oOpa3oM COOTBETCTBOBaJa
CHUHyCOUZANbHON (CcM. puc. 4). DTOT (PaKTOp OIpenesnil TaKke MHHUMHU3ALUIO IOTEPh
AIIEKTPUYECKOW HHEpruu B mpeoOpa3oBaTene. VIMEHHO AaHHYIO CXEMy HCHOJIb30BaIA B
JATbHEHIINX UCCIEAOBAHUSIX.

PesyabraTsl mcciaenoBanuil. ['maBHBIMM TpeOOBaHMAMM K TE€HEPATOPHON 4YacTH
pPEKyTNepaTUBHOM CHUCTEMBI ABIISETCS CTAOMIBHOCTh YaCTOTHl UMITYJICOB, FTEHEPUPYEMBIX €10,
U CTaOMJIBHOCTh HAIPSDKEHHs 9TUX UMIyJbcoB. Hampspkenue nutanus Un mensiu ot 30 B
1o 3,6 B ¢ marom mpumepno 5 B, 1B u 0,1 B. YactoTy konebanuil ycTaHOBWIIM Ha YPOBHE
1166 I'm.

PesynbTars! ucnbITaHMi IpUBEACHBI Ha puc.5. Kak ciaenyeT U3 npuBeAcHHbBIX JaHHBIX,
BIUSHUE HANpsOKEHWs T[UTAaHUS TeHeparopa Ha 4YacTOTy HMITYJIbCOB IPAaKTHUYECKU
OTCYTCTBYET B JOCTaTOYHO ImHpokoM auanazone (7 ... 30 B), a pa3Huiia B 3HaYEHHUSIX 4YaCTOTHI
HaXOAMUTCA B IpeJiesiax INOrPEelIHOCTH U3MepEHHs. B To ke Bpemsi, CHU)KEHUE HAPSKEHUS OT
7 B BbI3BIBAET MOBBILICHUE YACTOTHI TeHepanuu. [Ipu qocTukeHnn HanpsKeHusl nuTanus 3,8
B, renepanus ncuesaer.

JUig aMIUTMTYAHOTO 3HAYEHUs HANPSKEHUsS] UMITYJIbCOB, CO CHUKEHHEM HaIpsHKEHUS
nuTaHusi, HaOJIOAAaeTcs MPOMOPLHMOHAIBHOE CHU)KEHHE 3TOoro mnapaMerpa. llpu cpbiBe
TeHepaluy HaNpsDKEHHE PABHO HANPSKCHWIO NUTaHUSA. TakuM o0pa3oMm, HUCXOIs W3
MPUBEIECHHBIX PE3YyJbTAaTOB, HANpPSDKEHHWE NUTAHMS TEHEPATOPHON YacTH HEOoOXOAMMO
CTaOWJIN3UPOBATh Ul TOCTOSHCTBA AaMIUTUTYAHOTO 3HA4YCHUs MMITYJIBCOB Ha BBIXOJE
KoHTpoJuiepa. Haubonee nenecooOpa3HbiM siBiisieTcst Hanpspbkenue nutanus Unm = 15 B or
CTaOUITM3UPOBAHHOTO HCTOYHUKA JICKTPOITUTAHMS.
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Pucynok 3 — [IpuHuunuanbHble CXeMbl CUIIOBOTO 0JI0Ka peoOpazoBaTesis HaPsHKEHUs
CHCTEMBI PEeKylepaliu: a — AByXIjieueBas 0e3 JOMOIHUTEIbHOW HHTyKTUBHOCTH;
0 — IByXIule4yeBas ¢ IOMOJIHUTEIbHON MHYKTUBHOCTBIO Ljj; B) - MOCTOBas ¢
JIOTIOJTHUTEIbHOM HHAYKTUBHOCTBIO L M mapasuienbHbIM Kosie0aTeaIbHbIM KOHTYPOM; T) -
MOCTOBasl C IOMOJHUTENIbHON UHyKTUBHOCTBIO Ly ¥ ocae10BaTenbHBIM KOleOaTeabHbIM
KOHTYPOM

[TapameTpbl CHATHS OCHMILIOTPAaMMBbI: 4acToTa pa3BepTku - 20 kI’ (IUTenbHOCTD 5
MKC/7ie]1); 4YyBCTBUTEIBHOCTh KaHajla BEPTUKAJIBLHOIO OTKIOHeHU - 50 B/nen
Pucynok 4 — OcumsuiorpamMma (OopMbI CUTHAJIa B BEIXOTHONH 0OMOTKE TpaHc(opmaTopa
CHJIOBOTO OJI0Ka

IIpn omnpenenenuy BIMSAHMS MCKPOBOIO KOHTAKTa Ha IApaMETphbl PEKylEepaTUBHOMN
CHUCTEMBI B CWJIOBYIO CETh BKJIIOYAJId MMUTATOP MCKPOBOI'O KOHTAKTa, NMPEACTABIAIONINN U3
ce0s MIacTUHY C TOKONPOBOAAIIMMH M M30JHPYIOIUMH MpoMexyTKamu. [Ipu npoBeneHnu
[0 HEMY KOHTaKTHBIM IIPOBOJOM TI'€HEPUPYETCS IMAKET HCKPOBBIX pa3psAnoB. AMIUIUTYAY
HanpspkeHus B 1enu Kosiektop — smutrep IGBT TpaH3uCTOpOB OLIEHHMBANM € IOMOILBIO
MaKCHMeETpa JETEKTOPHOro Tuna. Pe3ynpTaTsl MCClIeJOBaHUN IPEICTaBIECHbI HA pUC. 6.
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PI/IC}/HOK 5 — Bnusaue u3MeHeHus HaIPsKCHUS ITUTAHHUA TCHEPATOPHOI'O

0JI0Ka Ha €ro XapaKTePUCTUKU
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Pucynok 6 — MI3MeHeHne NMKOBOro 3HaYEHUS HAMpPSKEHUs Lienu KosuiekTop — smutTep IGBT
TPAH3UCTOPOB OT BEJIUYMHBI HANIPSHKEHUS MUTAaHUS NIPU I€HCTBUN UCKPOBOI'O KOHTAKTA:
a — 0e3 criiaXuBarolel HenovKku; O — MpU HAIMYUU CTJIAXKUBAIOIIEH 1IeTIOYKH

Kak cnemyer U3 nmpuBeACHHBIX Ha pUC. 6, a) Pe3yibTaTOB, BCIUIECKU HAINPSDKECHUN B
nenu kosuiekrop — smutrep IGBT TpaH3ucTopoB mnpu BO3AEHCTBUM MCKPOBOTO KOHTAaKTa
JIOBOJIbHO 3HAYUTENIBHBI M BO MHOTO Pa3 IPEBBIIAIOT 3HAYCHUS HAIPSDKCHUS MUTaHUS. DTO
MOXET IPUBECTH K BBIXOLY M3 CTPOS NOPOrOCTOAIIMX TpaH3UCTOPOB. [l ycTpaHeHUs
MIOKA3aHHOTO SIBJICHUS IPEAI0KEHa JONOJHUTENbHAS CrIaXKUBaroIlas ernovka (cM. puc. 7),
MIO3BOJIMBILIASL 3HAYUTENBHO CHU3UTH IIMKOBBIE HANPSOKEHWS IIPU HAJIWYUM HCKPOBOIO
KOHTaKTa (CcM. puc. 6, 0).

Pucynok 7 — Bxiitouenue IGBT TpaH3uCTOPOB €O CriiayKuBaroLel HEMOYKOu
(moka3aHa MyHKTUPOM)
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BoiBoabl. 1. TlpoBepka BiMsHHS BHEMIHUX (DAKTOPOB Ha PabOTOCTIOCOOHOCTH
reHepaTOpHOro OJIOKa CHCTEMbl peKylepaluy IoKaszaja, YTO B HHTEpBalie HANpPSKEHHM
nutanust 7 ... 30 B wyactoTra MMIYJBCOB UM HX CKBAXKHOCTb OCTAIOTCS ITOCTOSIHHBIMH.
AMIUTUTYJHOE€ 3HAY€HHE HANpPSDKEHUS HMMITYJIbCOB BO3pAcTaeT MpPSIMO IPONOPIHOHATIBHO
pPOCTy HaIpsHKEHUS MUTAHUS TEHEPATOPHOTO OJI0Ka.

2. Jlns crabuin3anuy HanpsKeHHUs UMITYJIbCOB F€HEPAaTOPHOro 0JI0oKa, €ro MUTAHUS
JIOJI’KHO OCYIIECTBISITHCS OT CTaOWIM3MPOBAHHOTO MCTOYHHKA HampsbkeHus. OnTHMalbHOe
3HAYEeHUE CTAOMIM3UPOBAHHOTO HAIPSDKEHUS JOJDKHO ObITh Ha ypoBHE 15 B.

3. Jlns mpenoTtBpamieHuss GOpMHUPOBAHUS 3HAYUTEIHHBIX HWMITYJICOB HAMPSKCHUS B
cunoBoil cetn mpu 3akpbiTHH IGBT TpaH3UCTOPOB M HAIWYMKM HMCKPOBOTO KOHTaKTa B
CHJIOBOH CETH, B CXEMe JIOJDKHA OBITh LIeNb CTIaKUBAHHUS (PPOHTA POCTA HANPSHKEHUS MEXTY
KOJUIEKTOPOM U AMHUTTEPOM. DTO MO3BOJISIET MPEIOTBPATUTH BBIXOJ U3 CTPOSI 3THUX JOPOTHX
TPaH3UCTOPOB.
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Hcnoun3oBanue ¢usnyeckoii Moaenn s HMCCIENOBAHUS INPOLECCOB PpPeKynepanuu B
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[IpencraBneni pe3ynpTaTH AOCHIIPKEHHS TIPOLECiB B IEPETBOPIOBAYI CHCTEMH peKymeparii
€JIEKTPUYHOI eHepTii 3 BUKOPUCTAHHSAM (Di3MUHOI MOJEi pEeKylnmepaTHBHOI CHCTEMH TPAHCIOPTHOTO 3acoly 3
SJIEKTPUYHOIO Tepepaveto. JlocmipkyBanacs CTIHKICTh TeHepaTOpHOro OJIOKY /10 3MIHM HAlpyrH >KUBICHHS 1
BIUIHB iCKPIHHS B KOHTaKTaX 1 3'€THAHHAX Ha MPaIle3/IaTHICTh CHIIOBOTO OJIOKY CHCTEMHU.

KarouoBi cnoBa: TpaHCcTIOpTHUIA 3aci0, epeaya eNeKTpuYHa, CUCTEMa peKyneparii, Gpi3suyHa MoJelb,
MIPOIIECH TePEXiTHi.

The results of investigations of the inverter power recovery system using a physical model of a
regenerative vehicle with electric transmission. We investigated the stability of the generator unit to a change in
the supply voltage and the effect of sparking the contacts and connections on the performance of the power unit
of the system.

Keywords: vehicle, electric transmission, system recovery, the physical model, the processes of
transition.
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