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BOIIPOCHI UBMEPEHUSI JMHAMMNYECKUX XAPAKTEPUCTHUK
KOPITYCA ABTOMOBW.JISI TSI 3AJIAY ITOJJIEPKAHUSI
KYPCOBOM YCTOMYUBOCTH

PaccMmoTpeHbl 3aaun CUCTEMBI MOAJCPKAHUSA KYpPCOBOH YCTOMYMBOCTH. PacCMOTpEHBI MPHHIUIBI PabOTHI
MOMC-1aT4MKOB YCKOpPEHHI — akcelepoMeTpoB. [IpuBeneHO cxeMHOe pellleHHe U3MEPEHHs] NUHAMUYECKUX
XapaKTEePUCTHK KOpIyca aBTOMOOWIS Ui 3afad MoIepKaHUs KypcoBoil ycroiuymBocTH. OOOCHOBaHO
MIPUMEHEHHE MUKPOKOHTPOJUIEPHOM MPOrpaMMHPYEMON JIOTHKH IS MEPBUYHON 00paOOTKH HAHHBIX C IENBIO
MTOBBIIIIEHHUS] TOYHOCTH U3MEPEHUH.

KiroueBble cjioBa: TUHAMHYECKHE XapaKTEPUCTHKH, KypcoBas yCTOMYMBOCTB, HATYUK YCKOPECHHS,
€MKOCTHBIN aKCeIepOMETp, TPACKTOPHUS JBUKCHHUS.

BBenenue. B coBpeMeHHOM Mupe obOecrieueHre O€30MacHOCTU MEPEIBMKEHUS Ha
aBTOMOOMIIE - 3TO MpUOpPUTETHAs 3afada. [lo3ToMy KOMIIEKTalusi aBTOMOOWIISI CCTEMaMu
0€30MacHOCTH CTAHOBUTCS 00s13aTETHLHOM.

Cucrema KypcoBOM YCTOMYMBOCTU WJIM CHCTEMa TMHAMHYECKOW CTaOWIU3AIMH - 9TO
BCIIOMOTaTelbHasE aBTOMOOMIIBHAS cucTeMa Oe30MacHOCTH, KOTopas MpeJoXpaHseT
TPAHCIIOPTHOE CPEJICTBO BO BPEMSI €3]1bI OT 3aHOCA.

Cucrema oOKa3bIBaeT COJACHCTBHE YJEpPKAHUIO aBTOMOOWIS B paMKax 3aJaHHOMN
TPACKTOPUH BO BCEX pEXHMMax ABIKEHUs. MHpopMmaius o JMHAMUYECKUX XapaKTePUCTUKAX
KOpITyca aBTOMOOMJISI CCTeMa TMOJydaeT ¢ JaTYUKOB YCKOPEHUH - aKCEJIEPOMETPOB.

AHaJHM3 OCHOBHBIX JOCTHKeHHH M JuTepatypbl. B 1990-x rr. MOMC-ycTpoiicTBa
(MBOMC — MHUKpPORJIEKTPOMEXAaHUYECKUE CHUCTEMBbl - TEXHOJOTMM M  YCTPOUCTBA,
o0beAuHsIOMNEe B ce0e MUKPOAJIEKTPOHHBIE 1 MUKPOMEXaHUYECKHNE KOMITOHEHTHI) MOy YN
MaccoBO€ MPUMEHEHHE B JaTYMKaX aBTOMOOWJIBHBIX MOAYIIEK Oe3omacHOCTH. K OCHOBHBIM
turiaMm MOMC-1aT4iKoB AJi1 aBTOMOOWJIBHON AJIEKTPOHUKU OTHOCSTCS aKCEJIEPOMETPHI IS
MOJyIIeK OE30MaCHOCTH U TUPOCKOIBI JIJIs1 SJCKTPOHHBIX CUCTEM OPUEHTAIMH U YIPaBICHUS
KypcoBo#l ycroitunBocThio. MDMC-akcenepoMeTpsl pabOTaIOT HA OCHOBE W3MEpPEHUs
€MKOCTH MEXJy IOJABWKHOW Maccol W TMOJUI0KKONM Mukpocxemsl. I[lonBuxHas wmacca
M3rOTaBJIMBAETCSA IIyTEM BBITPABIMBAHUS MaTepHualia BOKPYr JTOM CTPYKTYpbl TaKuM
00pa3zoM, 4ToOBl (M3MUECKH HU30JUPOBATh €€ OT MOIJIOXKKH. Ham mojmoxkoi 3Ty maccy,
NepeMenIatonlyocsi BAOJIb OQHOW OCH, YIAEP>KMBAIOT MPYKUHHBIE MOJBECHI, KOTOPBIE TaKkKe
OTPaHUYMBAIOT €€ MEepPEMENICHUE B MEPICHIUKYIIPHOM HampaBieHUH. J[Ji1 MaKCHUMalbHOTO
YBEIUYCHUS E€MKOCTH YCTPOMCTBAa U, CJIEIOBATEIbHO, YYBCTBUTEIHLHOCTH M pabouero
Jana3oHa JaTyuka, KaK MpaBuiio, Ha KPHUCTaJIe CO3/IaeTCs CI0XKHAs BCTpEUHO-rpedeHyaras
CTPYKTYypa.

Takum 006pa3oM H3rOTOBJIEHBI OJHO- M JIByXOCEBBIE akcelepoMmeTpbl. B co3manun
TPEXOCEBOr0  akcelepoMeTpa MpUMEHsAeTcss  JApyras  CcTpykrypa. B TpexoceBbix
aKCeJIEpOMETPax MCIOJIb3YIOTCA pa3IMYHbIE KOHCTPYKIIMH, a TakXKe 3a/Jar0TCs pa3HbIe
3HAUYEHUs HKECTKOCTH IIPYKUHHBIX IIOJABECOB. THUIIOBBIE aKCEIEPOMETPHl HU3MEPSIOT
YCKOpEHHUs BIUIOTH 710 16g B 3aBUCIMOCTH OT KaTMOPOBKU M HACTPOUKH.

Hean uccienoBanusi, mocTaHoBKa 3aaauM. llenpro HacTosmieil pabOTHI SBISICTCS
ONpENIeJICHUE TMapaMeTpoB JAaTYMKa YCKOPEHHUW [JJs CHUCTEM MOJAEpPKaHUS KypCOBOM
YCTOMYHUBOCTH, TPUMEHSIEMBIX B COBPEMEHHOM aBTOMOOMIIE.
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Marepuanbl ucciaenopanuii. CucreMa cTaOuIM3ay aBTOMOOWIIS BBITIOJIHSET CBOU
GYHKIIUU  TOCTaTOYHO J(PPEKTUBHO, OJHAKO B JCHCTBHUTEIBHOCTH €€ BO3MOXKHOCTHU
OTPaHUYCHBI, YTO HE JaeT CTONPOIICHTHYIO FapaHTHIO 0€30MacHOCTH IBMKeHUs. Eciu mopora
OYeHb CKOJIb3Kasi, TO J(PQPEKTUBHOCTh CHCTEMBI pe3ko maaaer. llosTomy maxke mnpu
HEOONIPIIIMX TPEBBINICHUSIX CKOPOCTH Ha aBTOJNOpPOre C HEOONBIIMM  CHEIUICHUEM
BO3MOXXHOCTh CXOJla aBTOMOOWJISI C Tpacchl yBEIMYMBAeTCs BO MHOro pa3. Hampumep, B
cilydae, KOTJa BOJUTENb MPEBBICKII IOMYCTUMYIO CKOPOCTh, U3-3a YETO €My IPHUIIIIOCH PE3KO
TOPMO3UTH B KPYTOM MOBOPOTE (CM. puc. 1).

Pucynox 1 - [Tpumepsl paboThl cUCTEMBI TOIIEPKAHUS KypCOBOH YCTOHYNBOCTH

bnox ynpasnenus ckanupyet 25 pa3 B CeKyHIy IOKa3aTelln ¢ AaT4yuKa ycKopeHus. 1
€CIIM, COMOCTaBISAsA IOJyYeHHYI0 HH(OpManuio, IiaBHas MUKPOKOHTPOJUIEpHAs CHCTEMa
MOHUMAET, YTO peajibHOe JBM)KEHUE aBTOMOOWIIS HE OTBEYAET MOJIOKEHUIO PYJIEBOrO KoJjieca
U KEJIAHUIO BOJUTENS, MEPbl IPUHUMAIOTCS HEMEIUIEHHO. bJIOK yIpaBieHus 0TAaeT KOMaHay
UCTIOJIHUTENIHBIM MOJIYJIIM B TOPMO3aX U B JBUraTesie, YToObl T€ 3aMeUININ BpallleHHe TOro
WIN IPYTOro KOJIECA WK KOJIEC, & TAK)KE YMEHBILIWIN II0[ady TOIJIMBA B KAMEPY CTOPAHUSI.

ABTOMOOWJIb TOJ BIMSHUEM CHJIBI MHEPIMU JOJDKEH ObUT 3aCKOJIB3UTh Ha 000YHHY,
HO ESP (cM. puc. 2), 3amennuB BpallleHUe Kojec BHYTPEHHEH YacTH MOBOPOTA, YMEHBIIMIIA
paauyc ABUKEHUS, pa3pelinB YCIEIIHO BIUCAThCS B BUPAXK.

Pucynok 2 - PacnionoxeHue 31eMeHTOB cucteMbl ctabunusanuu ESP B aBToMoOMIIE
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B kadecTBe nMepBUYHOTO JaTUYMKa YCKOPEHUH Hambosee 1eaecoodpa3Ho UCIONb30BaTh
aKceJIepoMeETphl, U3roToBieHHbIe 10 MOMC TexHOoI0rnyu, NpeJHa3HaueHHbIE AJI1 U3MEPEHUs
yckopenuit B auanaszonax 0..£1,5...0..£250 g (g = 9,8 M/c) 0 O7HOM, IBYX WJIM TPEX OCSAM
(cMm. puc. 3).

—— —E SDA/SDI/SDO
—E SCUSFC

_E INT1/DRDY
—E INT2

Pucynok 3 - Cxema QpyHKIIMOHATBHAS 3-X OCEBOT0 JATYUKA YCKOPEHUS

OCHOBOIl  JaTUMKOB €CTh E€MKOCTHBIH YYBCTBUTEIbHBIH 3JEMEHT, KOTOPBIN
MpEeJICTaBIsIeT cOO0M MUKPOMEXaHHMUYECKYI0 CHUCTEMY, C(OPMHPOBAHHYIO Ha IMOBEPXHOCTHU
KpeMHUEBOU noaxyiagku. OH COCTOUT U3 UEHTPAIbHOMN IUIACTUHBI, 3aKPEIJIEHHOHN C IIOMOILBIO
YOPYTUX D3JEMEHTOB, M TpeX HEMOJBWKHBIX IUIACTUH (JIBE€ OCHOBHBIE W OJHA - JJId
peanuzanuu byHKIIUN CaMOTECTHUPOBAHUS). B COBOKYIHOCTH oOpa3yercs
muddepeHManbHas eMKOCTh. LleHTpanbHast IUIaCTHHA BIIAZEET CEHCMOMAcCOd M MOXKET
CMEIIAThCA MOJ JECHCTBUEM YCKOPEHHUs, MEHSS TEM CaMbIM CBOE ITOJIOKEHUE OTHOCHUTEIBHO
HENOJBMXHBIX IUIACTUH. OJTO MNPUBOAUT K HU3MEHEHUI0 EMKOCTH MHUKPOKOHIEHCATOpA.
WuTerpupoBaHHas Ha TOM K€ KpUCTaJJIe M3MEpUTEIbHasi cxeMa (MHTEerpaTrop, yCHINUTENb,
®HUY, ycTpoiicTBO TeMIepaTypHOl KOMIIEHCAIIMN U TaKTOBBIA TeHepaTop) (PUKCUPYET 3TO U
dbopMHpyeT UCXOIHOE HANpsHKEHHWE, JMHEHHO 3aBHCALIee OT JACHCTBYIOLIETO YCKOPEHHS.
Korna yckopenus: HeT (OJBMXKHAs IUIACTUHA B CPEAHEM IOJOXKEHHH), YPOBEHb MCXOIHOTO
HaIpPsDKEHUS PaBHAETCS IIOJIOBUHE HANPsDKEHUS NHUTaHusA. DYHKIMS CaMOTECTUPOBAHUSA
aKTUBUPYETCS IPU I0Ja4€ YPOBHS JIOTUYECKOW E€JUHMIIBI HAa COOTBETCTBYIOIIMHA BXOI.
JlaTunky MMET CTaHJApTHBIA MPONOPLUUOHANBHBIA AHAJIOTOBBIA BBIXOJ IO HAIPSIKEHUIO,
KOTOpO€ 04eHb y00HO ais noakitoueHns Kk ALIT mukpokonTposiepa. Pesonanchas yactora
YyBCTBUTEIHLHOTO 3JIEMEHTa HAMHOTO OOJIbIIIE YacTOTHI cpe3a BcTpoeHHoro ®HY, mostomy
OHa HHMKAaK HE BJIMAET Ha PabOvyl0 XapaKTePHUCTUKY AaTyuka. [IponmopruoHanbHBINA BBIXOA
(T.e. MCXOAHBIA CHBUI IIPU HYJEBOM YCKOPEHHMM M COOTBETCTBEHHO YYBCTBUTEIBHOCTH
JUHENHO H3MEHSIIOTCS B 3aBUCUMOCTU OT HANpPSOKEHUS HWCTOYHUKA MHUTAHUSA) - OJHO U3
MPEUMYIIECTB 3TUX AATUYUKOB.
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PesyabTaThl HcciieqoBaHMil. OJEKTPOHHMKA Ha aBTOTPAHCIOPTHOM CPEACTBE
paboTaeT B TSDKENBIX YCIOBUSX TOJ BO3ACUCTBHEM OOJBLIOTO IEpenajga TemIeparyp,
BJIQXXHOCTH M JaBiieHnd. K M3MeHeHuIo Mmoka3aHui akcelepoMeTpa MPUBOAUT W BHUOpaIus
00BEKTa U ero JBM)KEHUE C HEMOCTOSHHON CKOpOCThIO. [IprMeHeHre MUKPOKOHTPOJIIEPHOM
IPOTPaMMHUPYEMON JIOTHKH TO3BOJISIET TPOBECTH NEPBUYHYIO 00pabOTKy [aHHBIX H
MOBBICUTh TOYHOCTh M3MepeHui. [lomydeHHble NaHHbBIE MOCTYHAlT MO MYJbTUIIEKCHOU
IIMHE JaHHBIX Ha COOTBETCTBYIOIINE MOJTYJIH.

BbiBoabl. bbbl MpoBeneH aHAU3 CXEMHBIX PEIICHUH OTHOCUTEIBHO HW3MEPEHUs
yCKOpeHHH dyactedl aBTOMOOWIA. OmnpeneneHbl OCHOBHBIE HEIOCTATKU CYIIECTBYIOIIMX
CUCTEM M MOJyJeil, KOTOpble MHCIONb3YIOTCS B Hacrosulee BpeMs. bbula mnokaszaHa
1€1€CO00Pa3HOCTh HCIONb30BaHUST IU(PPOBBIX EMKOCTHBIX AaKCEIePOMETPOB B KadecTBe
JIATYMKOB YCKOPEHUM C MOAAECPKKON MYJIbTUILUIEKCHON IINHBI TaHHBIX.

B craTthe mpemsioxkeHO MCHOJIb30BAHUE TPEX JATYMKOB YCKOPEHHUH ULl ONPECICHUS
JTUHAMHUKHU KOPITyCca aBTOMOOMIISL.
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Bonpochl u3MepeHHsl AMHAMHUYECKHX XapaKTePHUCTHK KOpHmyca aBTOMOOWISI [JsA 3agay
noaaep:xaHusi Kypconoii ycroituuBoctu / . A. CepuxoBa // Bicauk HTY «XIII». Cepist: ABTomMo0Oine- Ta
TpakTopoOymyBanHs, 2013. — Ne 29 (1002). — C. 145-148. — bi6miorp.: 6 Ha3B.

PosrnsHyTO 3a/Ma4i CHCTEMH HIATPUMKH KypcoBOi cTiiikocTi. PosrmsHyTo nmpuanmnm pobotn MEMC-
JAaTYMKIB TPUCKOPEHb - akcejepoMmerpiB. HaBeaeHo cxeMHe pillleHHS BUMIPIOBaHHS JWHAMIYHUX
XapaKTEepUCTUK KOPITyCy aBTOMOOLUIS /ISt 3aJa4 MiATPUMKH KypcoBOi cTilikocTi. OOIpyHTOBaHO 3aCTOCYBaHHS
MIKPOKOHTPOJIEPHOI MPOrpamMyBalIbHOT JIOTIKH JJIsl IEPBUHHOI 00pOOKM TaHWX 3 METOIO MiJBHMIIEHHS TOYHOCTI
BHMIDIB.

Kuro4oBi cioBa: nuHaMidHI XapaKTEPHCTHUKH, KypcoBa CTiHKICTh, MAaTYMK MPHUCKOPEHHS, €MHICHHN
aKCeJIepOMETp, TPAEKTOPIS PyXy.

Problems of system of maintenance of course stability are considered. The principles of operation of
MEMS-sensors of accelerations — accelerometers are considered. The circuit solution of measurement of
dynamic characteristics of the case of the car for problems of maintenance of course stability is provided.
Application of microcontroller programmable logic for preprocessing of data with the purpose of increase of
accuracy of measurements is proved.

Keywords: dynamic characteristics, course stability, acceleration sensor, capacitor accelerometer,
movement trajectory.
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