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OT3bIB
opHIIHAJIHLHOI0 ONNOHEHTA HA JHCCEPTALHIO
Varuenko MBana AjekceeBruda

Ha Temy «IIoBBIIIIeHE OE30ITaCHOCTH KONECHBIX MAIIIMH Ha OCHOBE

COBEPIIIEHCTBOBAHMUS AITOPUTMOB PabOTEI

CHUCTEMBI IIPEIOTBPAILEHHS CTOIKHOBEHUID)
o crerrabHOCTH 05.05.03 — KonécHele 1 r'yCeHUYHBIE MAIIUHEL

Ha COHMCKaHMe YUYEHOU CTeTeH! KaHIUaTa TEXHUYECKUX HayK

AKTyaJIbHOCTh BHIOPAaHHOM TeMBbI

Bcé Gonpimiee pa3BUTHE HOYYAOT CUCTeMBI akTuBHOU Oe3omacHoctr (CAD)
aBTOMOOWMJIeH, IIO3BOJISIFOIINE COKPAaTUTh KOJIMYECTBO JOPOKHO-TPAHCIOPTHBIX
IIPOUCIIIECTBUN, YMEHBIIUTh KOJMYECTBO TpaBM U XepTB. CHUCTEMBI aKTHUBHOM
0e30IacHOCTHY SBISIFOTCSI ONHUM U3 Hanbosee 3QPEeKTUBHBIX CPEJICTB COXPAHEHHUSI
XKU3HEH U 370POBBS IIACCAXXHUPOB M BoawTesei. MccnenoBanus B 00JaCTH CHCTEM
aKTUBHOM 0€30IIaCHOCTH HOBOT'O IIOKOJIEHWs, paboTa KOTOPBHIX HalpaBieHa Ha
IPENOTBpAIICHNE CTOJKHOBEHUM aBTOMOOMIS C JPYIHMMH  YYaCTHHKAMMU
IOPO>XKHOTO IIBIDKCHMSI WM 3JIEMEHTaMH JOPOXXHOU OOCTaHOBKH, IMPEICTABIIAIOT
OonplION HaydHBIM M MPAKTHYECKUH WHTEpPEC C TOYKH 3PEHHS DPa3BUTHS
KOHCTPYKIIMM aBTOMOOWJIEH, a TakkKe WCIONB3yeMBIX B HHX CHCTEM
aBTOMaTH4ecKoro ympasineHus. JlucceprammonHas paboTa, BBIIOIHEHHAS
Vnpuenko MBanoM AunekceeBrndeM, IOCBAIEHA COBEPIICHCTBOBAHHIO CHCTEM
aKTUBHOM O€30IIaCHOCTH aBTOMOOWIS, OOECIeUMBAIONWX IIPEIOTBpAIEHHE
CTOJIKHOBEHHA C BHEIIHUMM OOBEKTAMH IOCPEACTBOM aBTOMATHYECKOIO
BBIIIONIHEHUSI KypcoBbIX MaHeBpoB. J[lamwpii Tunm CADB sBIseTcs HOBBEIM H
IIEpPCIIEKTUBHBIM, 00BEM HCCIICIOBAaHMN U pa3pabOTOK B MpEJIMETHOM 00JacTd Ha
CETONHSAIIHUA JE€Hh HEBEIMK, B CBA3M C 4YEeM TeMaTuka pacCMOTPEHHOM

AUCCEPTAlNA UMEET BBICOKYIO aKTYaJIbHOCTE.



CreneHb 000CHOBAHHOCTH HAYYHBIX MOJIOKEeHHH, BLIBOIOB H PEKOMEH/ A,
chopMyINpPOBAHHBIX B JHCCEPTALNHHA

IMono>xeHusi, BBIBOABI M PEKOMEHIAINH, IPEICTaBICHHBIE B IUCCEPTAINH,
UMEIOT  BBIPOKEHHBIA  HAy4HO-TIpakTH4YecKud  xapakrtep. OOocHoBaHHE
NONMyYeHHBIX BBIBOJOB 0OasupyeTcs KakK Ha pe3ynbrarax, IOIyYeHHBIX
OTE€YeCTBEHHBIMH U 3apyOeXHBIMH HCCIIEJIOBATENIMA B OOJAacTH CHCTEM
SKCTPEHHOTO aBTOMATHMYECKOIO0 MaHEBPUPOBAHUS TPAHCIOPTHBIX CPEICTB, TaK U
Ha pe3ynbTaTax IPOBEJCHUS COOCTBEHHBIX HCCIEHOBAHWMA  COHMCKATels,
IIONlyYeHHBIX IPH IOMOIIA COBPEMEHHBIX METOJOB  MaTeMaTH4eCKOTro
MOJETUPOBAHMS U IKCIIEPUMEHTAIIBHBIX UCCIIeIOBaHMM.

Jist pemeHus: MOCTaBIEHHBIX 3aJad aBTOpP MpUOeraeT K HCIIOIH30BAHHUIO
TEOPUH aBTOMOOWIS, B YAaCTHOCTH TaKuUX €€ AacCIeKTOB, KaK yCTOWYHMBOCTH H
yIPaBISIEMOCTh IBW)KEHHS, TEOpPUM aBTOMATUYECKOTO YIPaBICHUS, TEOPUHU
ONTUMANBHOTO  YIpaBJICHUs, MaTeMaTUYeCKOTO MOICIUPOBAHUS, TEOPHH

ONTUMM3AIINU U BEIYUCIUTEIIFHOM MaTeMaTUKU.

JlocTOBEpHOCTH M HOBH3HA NOJIyYeHHBIX pe3yjbTaTOB

JloCTOBEPHOCTH pE3yIIbTaTOB IUCCEePTAIMOHHOTO HICCIIEIOBaHMUS
O0OOCHOBBIBAa€TCA  KOPPEKTHBIM  BEIOOPDOM  MaTeMaTHYeCKHX  MOJEIeH,
TI03BOJISIFOLIMX Pa3padaThIBaTh allfOPUTMBl YIIPABICHUS JIBIDKEHHEM aBTOMOOWIIS,
IIPeJOTBPAIlAlOIAe CTOJIKHOBEHUS, U IOATBEPXKIAeTCS SKCIIePUMEHTATbHBIMHU
UCCIIEIOBAHUSMU, IPEACTABIAIONMMY COO0M TOPOKHBIE UCIBITAHUSI aBTOMOOMIIS.

K mHayuyHoli HOBH3HE [OHCCEPTALlUU CIENYEeT OTHECTH IIPeIJIOKEHHBIN
aBTOPOM  HOBBIA  METOJl  MCCIENOBaHHS M  pa3paboTKH  alrOpUTMOB
NPEJOTBPAIllEHAs  CTOJIKHOBEHHM HAa OCHOBE HEJIMHEWHOTO  MOJENBHO-
IIPOTHOCTHYECKOIO YIIPABICHHUS; HOBBIE BUIBl PETYIATOPOB, YIIPABISIOMIAX
TPAeKTOPHBIM JBMO)KEHHEM aBTOMOOMIISI IIPU IIOMOIIM aBTOMATHYECKOTO IIOBOPOTA
PYJIEBOIO KOJECA; HOBBIA HAabOp KpPUTEpUEB OIICHKH Ka4decTBa BBITOTHEHIS

9KCTPECHHBIX MaHéBpOB CUCTEMOM aBTOMATHYECKOTO YIIpaBJICHUA.



Teopernveckas u npaKkTHYeCKasi 3HAYHMOCTD IOy IeHHBIX aBTOpOM
pe3yabTaToB

Teoperndeckass 3HAYMMOCTH [UCCEPTAMOHHON paGOTHI 3aKIFOYaeTcs B
TPEIIOXKEHHOM B HEH HOBOM METOAE HMCCIENOBaHMA H Pa3spabOTKU alrOpHTMOB
IIPCNIOTBPAIICHNS  CTONKHOBEHMH, HCIONIB3YIOIIEM OPUTHHAIBHBIA KpHTEpHit
ONTHMAJIBHOCTH  YIPABIEHHA, KOTOPBIA  oOOecHedmBaeT  MaKCHMATbHYIO
MHTCHCHBHOCTb ~MaHEBPOB, MUHUMAIBHYIO KOJNEOATENBbHOCTh IEPEXOTHOTO
npolecca, CTaOUIN3ALMI0 aBTOMOOMIIL B IONOCE JBMKEHHS U YIET CHIDKCHIS
HOpMallbHBIX DPEaKIMH Ha KONIECaX aBTOMOOWISL [Uis HPeNOTBPAINCHHS ero
ONPOKM/BIBAHKA. Takke TeOpeTUYecKUM HHTEpEeC MPEACTABISIOT HOBBIE
CTPYKTYPBI PEryJLITOPOB TPACKTOPHOIO IBIKEHWS M IIPEUIOKEHHBIE KPHUTEPHH
OLEHKH Ka4eCTBAa BBIIOJHEHUS MaHEBPOB CMEHEI IIOJIOCH] TBHKEHHS.

[lpakTudeckas  LOEHHOCTH  paboOTHl  3aKIOYaeTcsd B peanuzanuu
TIPE/UIOKCHHBIX allTOPUTMOB B BHZIE IPOTPAMMHOTO OO€eCIIedeH s, KOTOPOE MOXKET
OBITh  HCIONB30BAaHO  JUIS  pEIICHHS CICNYIONX  HHXEHEPHBIX WU
HCCIIEIOBATEIBCKUX 3a0a4:
— ABTOMATUYECKOE YIPABIICHHUE NBMKCHHEM aBTOMOOMIIS B PEalbHOM BPEMEHH C
obecrieueHreM IIPeJOTBPAIEHHs CTOIKHOBEHHI C BHELIHUMHI o0BeKTaMu;
— PpacuCT IporpaMM ONTUMAIBHOTO YIpPAaBIEHHS ABMXEHHEM ABTOMOOHIS UL
BBITIOJTHEHHS aBTOMATHYECKUX SKCTPEHHBIX MAHEBPOB;
— ONTHMallbHas HACTPOMKa I1apaMeTPOB MAaTeMaTHYeCKMX MOJeNedl Ha OCHOBE
SKCIIEPUMEHTAIBHBIX TAHHBIX
— ONTHManbHas HACTPOMKA I1apPAMETPOB TPAEKTOPHBIX PETYNSATOPOB HA OCHOBE

KPUTEPHUEB Ka4eCTBA BEIIIOJHECHUS SKCTPEHHBIX MaHéBpOB.

Ouenka cogepxanus quccepTanuy, eé 3aBepIIeHHOCTE
Jluccepranys MocTpoeHa 10 TPaUIMOHHO MPUHSTON CXeMe H COCTOUT W3
BBE/ICHUS, YETBIPEX I71aB, OOIMX PE3yNBTATOB M BBIBOIOB, CIIMCKA HCIIOJIE3YEMBIX
UCTOYHHUKOB M IIECTH NpuiloXeHu. Pabora cocrtour u3z 136 CTpaHMUI]
MAIIMHOIIMCHOTO TeKCTa (0e3 NPHIOKEHHH), CONEPIKAT 88 PHCYHKOB U 5 TabIHI
(29 Tabmunm B mpunoxkerusx). Crmcok JTUTEpaTypel BKIIOYaeT B cebs 120

HarMEeHOBaHHUH.



Cogmeprxanve OUCCEPTAIMU OIMYyOJIMKOBAHO B 5-TH IE€YATHEIX paboTax, w3
KOTOPBIX 4 CTaThU OIlyOJIMKOBaHbBI B M3JaHUIX, peKoMeHIoBaHHBIX BAK P® u
Bxomsauux B nepedeHb BAK u mexnynaponusie 6a3sl nmurupoBanusa. OCHOBHEBIE
MOJIOKEHUS  JHUCCepTalliyd JOKJIaNbIBAIUCh M OOCYXXIamuch Ha HaydIHO-
TEXHUYECKUX KOH(EPEHIUIX.

BBenenue [nuccepTallMM COIEPXHUT AaHHOTAIMIO paboOThl, B KOTOPOH
OOBSCHIETCS aKTyaJlbHOCTh TEeMbl HCCIEIOBaHHUS, CTaBATCS IIeb W 3ajadH,
bopMyIUPYIOTCS Hay4dHas HOBU3HA, TEOpPETUUECKas U MpaKTHUUeCKas 3HAYMMOCTh
paboTHI.

[lepBas riaBa nuccepranuu nocpsieHa aHann3y CADB, nmpemoTBparmarommx
CTOJIKHOBEHHMSI aBTOMOOMJIS C BHEIIHUMH MPEnsITCTBUSAMU. [IpoBeneHo cpaBHeHME
VIpaBIIeHUs] aBTOMOOMJIEM BOJIUTENIEM-UYEJIOBEKOM M aBTOMATHYECKOH CHCTEMOIA,
pe3ynbTaThl KOTOPOTO TO3BOJHMJIMA CAENATh BEIBOJ O TEPCIEKTUBHOCTH
aBTOMATHU3allMM BBIIIOJIHEHUs [JeHCTBUN, HalpaBlIeHHBIX Ha NPEIOTBpAllCHUE
CTOJIKHOBEHUU aBTOMOOWIISI C TPEMSITCTBUSAMHU B Clydae, €CIU BOJWUTENIs HE
pearupyeT Ha OIIaCHYIO CHUTYyaIlMIO JOJDKHBIM oOpaszoM. I[lpencraBien aHanmms
Hay4YHBIX IyOJIMKallMid, IOCBSIIEHHBIX apXUTEKType aBTOMATHYECKUX CHCTEM
IIPEOTBPAILEHNs] CTOJIKHOBEHHM, a TaKke pacCMOTPEHBI OIHMCAHUS CHCTEM
IpeOTBPAILEHUS CTOJIKHOBEHM, pean30BaHHBIX Pa3IUYHBIMU
aBTOIPOM3BOIUTEIIIMU U TEXHOJIOTMYECKMMH KoMIaHuIMU. Ha ocHOBanuu 0630pa
HayYHO-TEXHUYECKON JUTEepaTypsl CHENaHBl BBIBOABI O HEIOCTATKAX M3BECTHBIX
HCCIIEIOBAaHUN M pelleHui B O00JacTH CHUCTEM SKCTPEHHOTO aBTOMAaTHYECKOIO
MaHeBPUPOBAHHUS.

Bo BTOpo#l IlaBe MpoaHAIM3UPOBAaHBI OCHOBHBIE THIIBI MaTEMATHYECKUX
MOJIENIEH NBYDKEHUS aBTOMOOMIIS, UCIIONIB3YyEMBIX B MCCIIEIOBAHIIX M Pa3paboTKax
CADB. Ha ocroBanuu aHanuza u3 6-Tu Mojeneil BeIOpaHa Hauboee MMOIX0IIas
IUIs pelleHurs 3a1a4 JUCCEPTAlMOHHOM paboTsl. IlpruBeneHo moapobOHoOe omucanue
MaTeMAaTUYECKAX MOJeNel, a Takke IpoBepka WX AaJeKBaTHOCTH C
HCIIONIb30BaHUEM SKCIIEPUMEHTATIBHBIX JaHHBIX, IIOKA3bIBAOIIAs, UTO BRIOpaHHAS
MOJENE IIPUrOAHA I JAIBHEUIINX UCCIENOBaHMH.

B Tperkeli rinaBe IpenCTaBIEHBI ONHMCAHUsS IpeliaraeMbIX alrOPUTMOB
YIPaBIEeHUs] TPACKTOPHBIM JBIDKEHMEM aBTOMOOWIIS, peanu3yIomux (QyHKIHIO

YKIOHCHHA OT CTOJIKHOBeHUM. B kaudecTse CpeacTBa MJI ITOJIIYYCHHA 3TaJIOHHOH
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OIITUMAJTbHOM IIPOrpaMMBI yIpaBieHUs IpeJIoKeH allfOPUTM Ha OCHOBE METOJa
HENUHEHHOTro MOJIENIBHO-IIPOTHOCTAYECKOTO yIpaBII€HUs NMPC C
HCIIOJIB30BAaHHEM OPHUTMHAIBFHOIO KPUTEpHUsS ONTUMAIBHOCTH. B kadecTBe cpeicTB
TPaeKTOPHOTO YIPABJIECHMSI, KOTOPhle MOTYT OBITH PEalM30BaHBl B KOHTPOILIEPAX
CADB, paccMOTpeHBI peryIsITOphl, OCHOBaHHbIE Ha T.H. FEOMETPUIECKOM METOJE, U
IpeIOKEHBl 2 HOBBIX BUAA TPAEKTOPHBIX PErylaTopoB. [l oOLeHKH paboTsl
TPaeKTOPHBIX PEryIATOPOB IIPU BHIIOJHEHUH MAaHEBPOB yXOJa OT CTOJIKHOBEHHH
IPEJIOKEeH CHCTEeMAaTU3UPOBAHHBIM MOIXOM C HCIONB30BAHUEM KPUTEPUEB TPEX
TUIIOB: MHHMMAJIHHOTO 0€3011acHOr0 pacCTOsHUA, Habopa KpUTEpUEB KadecTBa
IIEPEXOJHOr0 TIpollecca, a TaKXKe IUHAMUYECKUX KpPUTEPHUEB, BKIIIOYAIOLIUX
MaKCHMaJlbHOE€ OOKOBO€ YCKOpEHWE W MHUHUMAalbHBIE HOPMAJIbHBIE PpEaKIUU
OIIOPHOU MOBEPXHOCTH.

B derBéproli riaBe INpEeACTAaBIECHBl  PE3yJlbTaThl  HCCIEIOBAaHUS
pa3pabOTaHHBIX AITOPUTMOB YKJIOHEHMS OT CTOJKHOBEHUN IIOCPEICTBOM
BBIYMCIIUTEIHHBIX OKCIIEPUMEHTOB X JOPOXXHBIX HWCIBITAHWUM aBTOMOOWIIS.
[IpuBOIsSTCS MpOTpamMMBl yIpaBlIeHUs U I[apaMeTphl ABIKEHHS aBTOMOOMIIS,
noydeHHbIe IIpHu ucnonb3oBaHuy Metoga NMPC u TpaeKTOpHBIX peryiasTopoB Ha
OTIOPHBIX IIOBEPXHOCTSIX C BBICOKUM K HM3KUMM cremieHueM. OmnucaH O0OBEKT
UCIIBITAaHUM — JIETKOBOM aBTOMOOWIb, OCHAIIECHHBIH HCIIONHUTENbHBIMUA U
BB[UHACIUTENbHBIMA ~ YCTPOMCTBAMH, C IIOMOIIBI0 KOTOPBIX pealn3yercs
aBTOMAaTHYECKOE yIpaBleHHe IBKeHueM. [IpencTaBieHsl pe3yabTaThl JOPOKHBIX
UCTIBITAaHUI aBTOMOOWIIS C BBIIOJHEHHEM MaHEBPOB yXOJa OT CTOJIKHOBEHHS C
BUPTYaJIbHBIM IIPENSTCTBUEM. [Tokazano CpaBHEHHE pe3yNbTaToB
BBIUMCIUTEIBHBIX U PU3NYECKUX SKCIIEPUMEHTOB I Pa3HBIX TUIIOB PETYJISTOPOB,
a TaKkXe COIIOCTaBICHHE IOIy4YeHHBIX BEIUYMH KpUTEpUEB OE30IacHOCTH C
JaHHBIMH [pPYI'HX HCCIeNoBaTeNnbCckuxX paboT. Ilo pesymprataMm wuccienoBaHUS
CIENaHbl BBIBOJBI O IPEUMYIIECTBAX AaBTOMATHUYECKOTO MAHEBPHUPOBAaHUSI B
CPaBHEHHUH C AaBTOMATUYECKUM OKCTPEHHBIM TOPMOXEHHEM, a Takke O
[IPEUMYIIECTBAX IPEMIOKEHHBIX HOBBIX PEryJIATOPOB II0 OTHOIICHHUIO K
U3BECTHBIM PEILEHUSM.

B 3axmroyeHuu quccepTany NpenCcTaBIeHbl OCHOBHBIE Pe3yIbTaThl paboThI

H BBIBOJBI, CACIIAHHBIC IIO0 UTOIraM HpOBeIIéHHOPO HCCJICJOBaHHU.



B nenom Auccepranusd IMIpEaCTaBIACT co0oM 3aKOHYEHHOE Hay4YHOEC

HCCJIICOOBAHUC, a eé COACPIKAaHUEC COOTBETCTBYCT IIOCTABJIICHHBIM IICJIN U 3aJa4aM.

JlocTOMHCTBA H HEJOCTATKH B CONEPKAHUH H 0(hOpMJIEeHHH THCCePTALMH,

BJIMSHHE OTMEYEHHbIX HEJOCTATKOB HA KAYeCTBO HCCJIeI0BAHUS

JuccepranroHHas paboTa  sBIIETCH 3aKOHYEHHBIM Hay4HBIM
VICCIIEIOBAaHMEM, BBIIIOJHEHHBIM AaBTOPOM CaMOCTOSTENIBHO ¥ Ha BBICOKOM
Hay4YHOM YPOBHE.

Ilo nuccepranyy UMEOTCS CIAEAYIOINEe 3aMEeTaHu:

1. Ha crp. 21 BmepBele BCTpedaeTcss TEPMUH «yCTaBKa yrIJia IOBOPOTA
pYIEBOrO Kojeca», HO He Jaércsi K HeMy oOIpeleneHus. B mampHeiIem
CTaHOBUTCS IIOHATHO, YTO, BO3MOXHO, IienecooOpa3Hee OBLIO OBl HCIIONB30BAThH
TEPMUH «CUTHAJ 3aaHUs», KOTOPBIM SIBISIETCS YTOJ IIOBOPOTA PYJIEBOr0 KOJIEca.

2. JlomylieHus O HEeCYIeCTBEHHOM BIUSHUYU CTaOUITU3UPYIOIIEr0 MOMEHTA
IIMHEI, 4 TAaKKe KMHEMAaTHUKU IIOABECKM B ONHMCAaHWM MAaTeMaTHYECKHUX MOeei
JBIXKEHHS aBTOMOOMIIA, IPECTABIAIOTCS HEIOCTAaTOYHO OOOCHOBAHHBIMHU (CTp.
31, nomyieHus).

3. Ha ctp. 35. roBopuTcs, 4T0 B MOJENH 3 HOPMAJIbHBIE PEaKIMH PaBHEI
BeCy, NpUXOAdIeMycs Ha Kaxngoe Koieco. OmHako Monaelnb 3 OCHOBaHa Ha
«BEIIOCHUIIEIHOM» pPACUYETHOM CXeMe, B KOTOPOM peakIuu JeHCTBYIOT He Ha
OTIEIBHBIE KOJIECA, & Ha KOJECHBIE OCH.

4. Crp. 46. «...QpparMeHT WCHBITAaHUA [0 W3MEPEHHIO paauyca
KaueHwus...». Paquyc KauyeHus U3MEpHUTh HENb3sl — OH ONpeeIeTCs PacuéTHBIM
IyTéM Ha OCHOBe u3MepeHui. CienoBasio Obl HAMKUCATH «...(HParMeHT HCILITAHUHA
I10 OIIPENENICHUIO paiiyca KauyeHHUs. .. ».

5. Crp. 51. ®pasy «3HaueHHWs NapaMETPOB OBUIM  IIONYYEHEL...»
(oTHOCHTCS K MCXOIHBIM JAHHBIM IJISI MOJEIUPOBAHUSI) CIIEN0BATIO OBl YTOYHHTH,
HalyCaB KaKWe M3 IIEPEYHMCIEHHBIX [1apaMeTpOB OBUIM MOJYYEeHBI B pe3yJIbTare
JIOPOXHBIX ¥ JTaOOPaTOPHBIX HCIBITAHWY (M KaKMX KOHKPETHO MWCIIBITAHUMN), a
KaKHe — U3 TEXHUYECKON JOKYMEHTAIUU aBTOMOOMIIS.

6. Crp. 52. B Tabmure 2.2 «[lapameTpbl aBTOMOOHIIA» YII0Bas KECTKOCTD
TepefHed W 3aJHed IIOJBECOK IPHHATH OJWHAKOBBIMH. B peansHOCTH OHH
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