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UCCJEJJOBAHUE MATEMATUYECKOW MOJIEJIU
IJIEKTPOMOBWJISAA HA BA3E DAEWOO LANOS

IIpoBeneHo wuccienoBaHWE ITUHAMHYECKMX  CBOMCTB  snekrpomoOunss Daewoo Lanos Ha
MaTeMaTHYeCKOil MOJIENN C NPUMEHECHHEM BEHTWIBHO-HHIYKTOPHOIO PEAKTHBHOIO IBUraTels C
penykropoM. HMccnenoBano 1enecoo0pa3HOCTh U 3(D(PEKTUBHOCTD MPUMEHEHHUs JJIEKTPUYECKON TATH,
KaK albTepPHaTHBHOIO MCTOYHHKA MEXaHHYecKod dHeprud. IlomydeHsl CKOPOCTHBIE XapaKTEPHCTUKU
9JIEKTPOMOOWIISL IIPH MCIIOIB30BAaHUH JIEKTPUIECKOTO PHBOJA.

IpoBeneHO TOCTiKEHHS AMHAMIYHHX BIaCTHBOCTEH enekTpoMobins Daewoo Lanos Ha MaTteMaTH4HIH
MOJIE 13 3aCTOCYBaHHAM BEHTHIIBHO-1HIYKTOPHOTO PEAaKTUBHOTO JABUTYHA 3 pelyKTOpoM. JlocmimKeHo
JOLINBHICTE Ta €(EKTHBHICTH 3aCTOCYBaHHS CICKTPUYHOI TSATH, SK AIBTEPHATUBHOTO JDKEpena
MexaHiyHOi eHepril. OTpuMaHi IIBHIKICHI XapaKTEPHCTUKH ENCKTPOMOOLIS MpH BHUKOPUCTAHHI
€JICKTPUYHOTO TIPUBOIY.

Research of dynamic properties of electric car of Daewoo Lanos is conducted on a mathematical model
with the use of valve-inductor ramjet with a reducing gear. Expedience and efficiency of application of
electric traction is investigational, as an alternative mechanical energy source. Speed descriptions of
electric car are got at the use of electric drive.

ITocranoBka mpo6JjemMbl. JKOJOTMYECKas CUTyallHs B OOJIBIINX Topojax
MHpa B TIOCJEIHHWE TOJbl 3HAYMTEIBHO yXymmaercs. B pspe crpaH BBomsTCS
KECTKHE HOPMBI BBIOPOCOB BpEIHBIX BEILIECTB ABTOMOOWIEH. DTO B MHEPBYIO
ouepenp kacaerca CIIA, crpan 3anagnoit EBpombl, Snonnu. U3 roma B rop
yXyOIIaeTcsl SKOJIornyeckass oOCTaHOBKa M B YKpamHe. Hampumep, exxeromHbIi
MIPUPOCT BBIOPOCOB BPEIHBIX BELIECTB OT aBTOMOOMJICH, SKCIUTyaTHPYEMbIX B T.
XapbpKoBe, 3a mociegHue 5-6 JeT cocTaBmi OKojo 9%, a WX BaJOBOHM BKIAn B
3arpsi3HEHHE  OKpyKamomied  cpexpl  mpesbimaer  87%. Kpome  atoro
aBTOMOOMIBHBII TPAHCTIOPT ABJIACTCA OCHOBHBIM HMCTOYHUKOM INyMa U CO3JAa€T
80% Bcex 30H aKyCTHUECKOro quckomdopra.

DJIeKTpOMOOWIIM B 3HAYMTENBHOM Mepe MOTYT pPEelIMTh yKa3aHHbIE BBIIIE
npobiembl. OHAKO Ha MYTH WX CO3/1aHHS BOZHUKAIOT OOJBIIME TEXHHYECKHE U
SKOHOMHYECKHE TPYIAHOCTH. YcCIeX B pEUICHUH OJTOM 3ajayd 3aBHCUT OT
MIPaBUIIHOTO BBIOOpa KpuTepus dS(GEKTUBHOCTH pabOTHl  AIICKTPOMOOHIIS.
HccnenoBanuss MOTYT OBITH OCYIIECTBIICHBI KaK Ha OCHOBE JKCIIEPHMEHTAIBHBIX
JaHHBIX, TaK W C TOMOIIHI0 MAaTEMaTHYECKOTO MOMAEIHMPOBAaHMWS, 4TO Hamboiee
pannoHaIBFHO M 3KOHOMHYECKH 11e71eco00pasHo.

Heab craTbu — pa3paboTka MaTEMaTHIECKOW MOJENU M HCCIEAOBAaHUE Ha
HEll CKOpPOCTHBIX XapaKTEePHCTHUK 3iIekTpoMoOmis Ha 06a3ze Daewoo Lanos ¢
ucnonbs3oBannem BIP/I.



HccnenoBanue  NPUMEHEHUs  BEHTWIBHO-MHIAYKTOPHBIX — PEAaKTHBHBIX
JBUTATENEH B 3IEKTPOIIPUBO/IAX ANEKTPOMOOHIICH SIBIISETCS aKTyaJbHOH 3a/1auei.

HpaKTI/ILIeCKI/I BCC€ BCAyHIMC aBTOMO6HJ’IeCTpOI/ITeHLHbIe KOMIIaHUM MHUpa
BEAYT Pa0OTHI MO CO3MAHUIO 3JIeKTpoMoOus. Hanbospime ycrnexu JOCTUTHYTHI B
00JIaCTH DJHEPreTHYECKUX CHCTEM OJIIEKTPOMOOMJIEH. DTO CTajlo BO3MOXHBIM
Onarofapst yaydIICHHIO XapaKTEPUCTHUK, KaK €MKOCTHBIX HAKONHTENICH JHEpruH,
TaK M MMIYJIbCHBIX aKKyMYJSITOPHBIX OaTapei, MO3BOJIIOIIMX OCYIIECTBISThH
OBICTPBIN 3apsi U pa3psil IPH BEICOKOM K.IT.JI.

Hanbomnee pannoHaNpHBIM [UIi TPUBOAA DIEKTPOMOOWISA €CTh BapHaHT
IEKTPOMEXAaHUIECKOT0 Ipeobpas3oBarens peakTHBHOro tuma (0e3 oOMOTKHM Ha
portope). BeHTHIBHO-MHIYKTOPHBIH PEaKTUBHBIM JBHUTAaTENlb - 3TO MEXaTPOHHAs
CHCTEMa, KOTOpasi COCTOUT MHHUMYM M3 3JIEKTPOMEXaHUUECKOT0 IIpeodpazoBaTesis
(BMII), natumka nonoxenus poropa (I1P) mponsBonbHOrO THIA U AEKTPOHHOTO
kommyTtatopa (OK). IpemmymiectBenHo, DK HCHONB3YIOT A pETyIUPOBKU
BpallleHusd Bajla U MoMeHTa. [loaTomy B 06a30Boil cTpykTypHOW cxeme BUP]]
HenecooOpa3Ho BKIOYNATH M cucteMy ynpasieHus (CY) (puc.l). Cunosoit
HOJIYTIPOBOJTHUKOBBIM  Npeo0pa3oBaresib COCTOMT M3 TPYIIBI  AJIEKTPOHHBIX
KJIIOUeH, B JAQHHOM CcCjydae THPHCTOPOB, OTKPBITOE HWIIM 3aKPHITOE COCTOSHHE
KOTOPBIX ONpEAENseTCsS I0JI0KEHHEM [acCUBHOTO pOTOpa, (DUKCHPOBAHHOTO
CIeIMaJIbHBIM OECKOHTAKTHBIM JAaTYMKOM IOJ0XKEHHSI POTOpa, U CUTHAJIaMU OJI0Ka
ynpaBieHus, 6marogaps demy (OpMHPYIOTCS HEOOXOIMMbIE TOKH B OOMOTKax
JIBUTATEIIS.

AKB Komyrarop

T f(Uk,G)

Pucynoxk 1 — CrpykrypHas cxema BUPJ{

Juns co3maHmst  MaTeMaTHYecKOW  MOJEIM  3JeKTpoMoOwis  Obuin
WCIIOJIb30BaHbI cieaytomue quddepeHnnansHple ypaBHEeHHS:
- mudepeHnnanbHbIE ypaBHEHNS BEHTHILHOTO KOMMYTaTopa:

U, :i+ﬂcos(£yj+ [f‘” cos(7y),

4 2 2
U, :%Jr%sin(%y]f%ws(”}’)a
U, :%7%cos(%yj+%cos(ﬂ7),
U,= Lj‘” —%sin(%}/)— li” cos(ﬂy),

- muddepeHnnanbHbIe ypaBHEHHs (ha3HbIX TOKOB!



dii U, +z,0L,5in(z,0)i - Ri,

s

dt L,+L, cos(z,0)

di, U, -z,wL,, cos(z,0)i, — R,
dr L, +L,sin(z,0)
di, U,—z,0L,, sin(z,0)i, - Rii,
dar L,—L,, cos(z,0) ’
di, U,+z,0L, cos(z,0)i,—R,i,
dr L, - L, sin(z,0) ’

- YpaBHEHHE MOMEHTAa:

M:—%iuw—@BM%@—@—ﬁwm&@H

- muddepeHnnanpHbIe ypaBHEHHS 9aCTOThI BPALIECHHS U YIJ1a TIOBOPOTA:

do _Ly_m ),
d J

doe

— =.

dt

[IpuBenennsie Bolie ypaBHenus BUP/] sBnsieTcss 0OCHOBOM AJisl MOCTPOEHMS
MOJIeIH B TIporpaMMHOM nakete Matlab Simulink.
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Pucynok 3 — Mogens BUP/|

FroductZ Trigonometric Froduct?

Constantd
Functiond

Pucynok 4 — Mozens 6510ka, peaan3yomero
tasnoe nanpsuxenne U,

PeSyJIbTaTLI MOJCINPOBAHUA IIPUBEICHBI HUKE.



Jna ompenenenust Hamboyiee TNPHUTOTHBIX UL TOPOJCKOTO  ITHKIIA
JMHAMHYECKUX TIOKa3aTenedl AJNeKTPOMOOHIsT ObUIM TMPOBEIEHBI HCCICIOBAHUS
MaTeMaTU4eCKOW MOJENH, ¢ MPUMEHEHHEM pa3JIMYHBIX CUTHAJIOB IHTAIOIIErO
HaIpsHKCHUS.

Ta0aumna — [IpuMeHsIeMbIe CUTHAITBI

O0o3Ha4YeHne cUrHana U,B Bpems Hapactanus
MUTaHHS HAIPSDKCHUS, CEK
Curnan Nel 8
Curnan No2 270 9
Curnan Ne3 10

[MocTpoum Tpu rpaduka ¢ IPUMEHEHHEM BBIIICYKAa3aHHBIX CUTHAJIOB.

Pucynox 6 — Pe3ynpTaThl pacueToB NpH CUrHANIE MTUTaHMST Ne2



Pucynok 7 — Pe3ynbraThl pacueToB npH curaane nuranus Ne3

Puc.5, puc.6 — nuHelHO HapacTalolIMe CUrHaJbI, puc.7 — s-o0pa3Has 3a1ayda
CUTHaA.

[TpoBenst ananu3 BILIEYKAa3aHHBIX PE3YJIBTATOB PACYETOB, ObIJIO ONpEIENIEHO,
YTO TNpU MpPUMEHEHMH curHasma nutaHus Ne3 ajekrpomoOwis Oyler HMeTh
HauOonee ONTHMAIbHBIC TUHAMHYECKUE XapaKTEePUCTHUKH U TOPOJCKOrO LUKIIA
nBkeHnsi. Camas TiaBHasi mpoOiiemMa dIIeKTPOMOOWIS — 3TO TPOTaHHE C MecTa,
TaK Kak IMpH HEM BO3HHUKaeT OykcoBaHuWe. /[ TOro 4roObl ero mpemoTBpaTHTh
CO3HATENbHO 3aTSATUBAcM IIPOLECC TPOTaHMA, 3aTO YCKOpSEMCSl B CEepenuHe WU
IOTOM B KOHIIE IUIABHO BBIXOAWM HA JIMHEWHBIN YYacTOK, T.€. AJISI TPOTAHHS
youpaeM 3QQekr OyKcoBaHHS W TporaeMcs C MHHUMH3AIHEH TOTeph II0
AKKyMYJISITOPY U IO OYKCOBaHUIO.

Ha pwuc.8 mnpuBeneHbl JOMOMHHUTENBHBIE KOOPAWHATBHI, KOTOpPbIE HEOBLIN
TIPUBECHBI Ha PUC.7, XapaKTePHU3YIOIINE TUHAMHKY 3JIEKTPOMOOMIIS.

Pucynok 8 — Jlunamudeckue moxkasarenu ABUraTess npu curaaie Ne3



Taxke Oblia paspaborana B cpene SolidWorks 3D mopenb amekTpoMoOmIIs
Ha 6aze Daewoo Lanos ¢ BUP/] u pexykTopom.

Pucynok 9 — 3D Busyanusanus anekrpoMoomist Ha 6asze Daewoo Lanos

PesyabTartsl. Bbu10 npoBeneHo uccieI0BaHUE HA MaTEMATUYECKON MOJEIN
PSKMMOB pa3roHa C TPHUMEHEHHEM BBIIICONMCAHHBIX CHUTHAJIOB MHUTAIOIIETO
HAMPSDKCHUST 3JeKTpomoOmias Ha 0Oa3ze Daewoo Lanos ¢ BUP. Ilomyuenst
rpaduKy pa3roHa 3JeKTPOMOOUIIS.

BouiBoabl. [IpoBeneHHOe HccieOBaHHME IIOKA3al0, YTO AJIEKTPOMOOMIbL C
BUP/] npu ucnionb30BaHUM XapaKTEPUCTUK CUTHANA NUTaHus Ne2 pasroHserca 10
ckopocty B 100 km/4 3a 5,8 cex. IHTEHCUBHOCTB pa3roHa MOKHO PETryJIMpOBaTh B
IIMPOKOM JWalla30HE ¥ OHAa OTPAaHWYMBACTCS JIMIIb YCIOBHSAMH CpPbIBa B
OykcoBanue u riryouHo# paspsina AKB.
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