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MOJEJIMPOBAHHME ABWKEHMA ABTOMOBWIEI
HA CETH AOPOI"*

PaccMOTpens1 HexoTOpAIE 3a/124H, BOHEKAIOIIME IPH OCTPOCHHH KOMIIBIOTEPHBIX
aBTOMOOHIBHEIX CHMYIATOPoB (AC) Ha 6a3€ MepCOHANLHBIX KoMIsioTepos. [Tpuse-
ACHB! IPUMEPBI BOSMOXKHEIX NTpuMeneHMH AC. TTepeducIeHE! KOMIIOHEHTS! THITHY-
Horo AC.

Brenenme. B nocnenHue rogsi HabmogaeTcs MOBBILIEHHBIH HMHTEPEC K aBTO-
MOGWIEHBIM cuMyaTOpaM (AC) Ha 6a3e mepcOHATBHBIX xoMmbroTepos [ 1, 2]. 3to
CBA3aHO B NEPBYIO O4epefb C POCTOM IPOU3BOIUTENBHOCTH MEPCOHATBHBIX
KOMIIbIOTEPOB M rpaUIeCKUX akCeNepaTopoB U1 HUX, YTO M03BOJIAET IIPOU3BO-
AUTE KAk aICKBAaTHOE MOZIC/IMPOBAHME AMHAMHMKH aBTOMOGHIIA [3], Tak 1 rpadude-
CKOE OTOOpakeHHE MOIEITHPYEMOTO OKPY>KEHHS C BLICOKHM Kaue CTBOM [4]. Panee
CPaBHUMBbIE APAMETPhl HMEJIH TOJIBKO JJOPOTHE CHEIHMATUIMPOBAHHbIE CHCTEMbI
CO 3HaYMTENBHBIMA BbIYHCIIHTENBHBIMA pecypcamu. CTaHaapTU3almsa rpadmye-
CKHX aKCENepaTopoB JUIA IEPCOHATBHEIX KOMITBIOTEPOB IIO3BOJISET CYMIECTBEHHO
PaCIIHPHTE IONB30BaTENLCKY0 6a3y TaKOTO pofa MPUIOKEHHIA.

ABTOMOGWILHBIN CHMYJIATOP MOXKET HCTIONL30BaThCA Il 0BydeHus BOXIe-
HHIO, & TAKOKE KAK OCHOBHAA YaCTh KOMITBIOTEPHBIX HI'P COOTBETCTBYHIOIIETO (aBTO-
MOGHJIBHOTO) HanpaBleHus. B HayYHBIX HENAX CHMYISTOPBI HCHOJB3YIOTCA TIPH
H3Y4€HHH BIMAHUA aJIKOTOJS W HApKOTHKOB Ha BPEMs PEaKLHM BOIMTENS WIH
TpN [IPOCKTHPOBAHHM TPAHCIOPTHBIX CPENCTB, MPHIONHBIX IS YIPABICHHSA
HHBATUIAMH,

Tanm4HbIA CHMYNATOp IIpenoNaraeT HATIYHE BU3YATbHON MOEIH MECTHO-
CTH C HaGOPOM CBONCTB, BU3YaJIbHOM H IIOBEIEHYECKOM MOIeIeH aBTOMOOMIIA, Ha-
JIMIHE aBTOMOOWILA, YIIPABIIAEMOTO MONB30BATENEM, A TAKKE JPYTHX ABTOMOOH-
el Ha MECTHOCTH, KOTOPHIE YIPABIISIOTCS KOMIBIOTEPOM. BO3MOMNKEH MHOrO-
TIOJTb30BATEbCKHI BAPHAHT CHMYIIATOPA, B KOTOPOM HECKOJIBKO MOMb30BATENeH
YTpPaBIISiOT CBOMMH aBTOMOGIIAMH BHYTPH OHON MOJENH M MOTYT B3aMMOJIeH-
CTBOBATH JpYT C IpyroM. B 3aBucHMocTH OT 3a/1a4 cuMymnsaTopa MoryT motpeGo-
BaThECA peau3alii MOIEIMPOBaHUS BPEMEHH CYTOK, ITOrOAHBIX YCIOBHIA, BHe-
IMTATHBIX CUTYalHi H ApYyTHE.

* Pa6ora BLINONHEH2 NIPA (HHAHCOBOH nojunepxke Poccuiickoro ¢gonma QynaaMeHTaIbHbX
Hecnenosanui (rpant Ne 00-15-99092),
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CumynsTop siBIseTCS CUCTEMOH peallbHOTO BPEMEHH, HHAa4Ye TOBOPS, CHELH-
¢uko# paboThl CUMYNATOpA B OTIIMYME OT APYTMX BHIYHCIIMTENBHBIX 33134 ABJIA-
10TCS TPeOOBAHUS MAJIOrO BpEMEHH OTKIIMKA ¥ BBICOKOH KaJpOBOii 4acTOTHI Ipa-
¢rueckoro orobpaxenus. MHAMMaNbHas KagpoBas 9acTOTa, B CBOIO Odepenb,
OIIpeIENIAETCS BPEMEHEM PEaKIMH YeJIoBeKa B (HH3HONOrHeH 3peHus YelnoBeKa 1
HE MOXeT ObITh yMEeHbIIEeHa. OTH TpeOOBaHMS CBA3AHBI M BRIPAXKAIOTCS B TOM, 9TO
LUK paboThl CHMYNATOpA, B TEYEHHE KOTOPOTO MPOU3BOAATCS O4EpeHON mar
MOJIENTMPOBAHUA H OTOOpakeHHE OUepeTHOTO KaJpa, AOJDKEH OrITh He Gonee He-
CKOJIBKMX JECATKOB MHJLUIUCEKYH/I, a 9TO HAaKJIaIbIBaeT Cephe3HbIE OrpaHHYCHHUS

TN TITATEATIY ATIARET TA A TITIAMIIIRAY Y4 MAARIA NAATITFIINANRSAN N YTUAMIITG fARL S TV TYYTTATTA  ATANn

3} (}PeKTUBHOCTbD HCIONL3yEMBIX alTOPUTMOB HEMOCPEICTBEHHO BIHAET Ha
OCHOBHBIE TTAPAMETPHI CUMYIISTOPA.

Cumynsatop nMeeT a3y 3arpy3Kku, BO BpeMsi KOTOPO# HAET NOArOTOBKA JaH-
HBIX, M BpeMsl BHITIOJTHEHUS Oriepalii He CTONb KPUTHYHO, KaK MPH JalsHe e
pabote cumynsaTopa. J{is obecrneyeHus KaueCTBEHHOH paboThl CHMYNSTOpa BaX-
HO KaK MOXXHO OOMNbIOYIO 9acTh pacyeToB MEPeHECTH Ha (a3y 3arpy3Kku.

B mepBoM mpuOMMKEHHH MOJENE TOBENCHHS aBTOMOOWIEH B CHMYIATOPE
uMeer JBa MacinTaba. Bokpyr Habmonarens s MO TAPOBAHUS TIOBEACHUS AB-
TOMOOHIIEH UCTTONB3YI0TC GoJIee TOYHBIE M AOPOTHe aNropuTMEL. Bonee nemeskie
anropuT™MEl paboTaloT Beeraa U )i Bcex aBTOMOOHIIEH Ha Beeil MoaenupyeMoit
TEPPHUTOPHH.

ABTOMOOHIIBHEIH CHUMYNATOP (M HE TOJBKO aBTOMOOMJIBHBIN), KaK MPaBUIIO,
COCTOMT M3 HECKOJIBKHX B3aUMOJIEACTBYIOIIMX noacucTeM. OCHOBHBIE ITOJICUCTE-
MbI — 3TO CHCTEMA OTOOpaXKeHM s, OTBeYAatolas 3a rpaduieckoe oToGpaxkeHHe 06-
CTaHOBKH, OKpYXatwleil kabuHy BoauTens (1, BOSMOXKHO, YaCTH CaMOil KAOWHB1)
[4], moncucTeMa qUHAMHUKY, KOTOPas MOAEIUPYET JUHAMMKY aBTOMOOWIA (aBTo-
Mobwueii) [3], u, HakoHeN, MOACUCTEMA, KOTOpask OTBEYAET 3a CLIEHApHi moBexe-
HHUS aBTOMOOHMIIEH HAa MOZIETHPYEMO# TEPPUTOPHH.

B BeneHuHU nocieqHel U3 MOACUCTEM HAXOJSTCA TaKHE BAXKHBIE XapaKTepH-
CTHKH, KaK TPacKTOPUH aBTOMOOHIIEH, MX CKOPOCTH, BEIOOp ONTUMAIIBHOM Tpac-
ChI, BHYTPEHHSI JIOTHKA MOJEMPYEMOTO MUpPa ¥ npyrue, [Ipu peanu3anum Takoii
MOJACHCTEMBI BO3HHUKAET PN THUIIMYHEIX 3a]a4, KOTOPblEe ¥ PACCMOTPEHE! B J1aH-
HO# pabore.

B pa3n. 1 pacecMoTpeHa 3aga4a Haxo)KASHUA KpaTdaiInero myTH Mex Iy AByMs
TIPOH3BONIEHBIMH TOUKAMY Ha CETH JOPOT. B pa3a. 2 paccMarpuBaroTcs 3agasu Hall
MapaMeTpHYECKUMH NOJTMHOMHAAIBHBIMY KPHUBBIMH, TIPH ITOMOIIM KOTOPHIX 3312~
HBI YYaCTKH JOPOT. 3TO HAXOXKIECHUE TOYKH Ha KpHBOH, OImvpKaiimeil k 3ajaHHOMH, U
JUTHHBI y4acTKa KpUBOH. B pa3a. 3 kopoTko paccMoTpeH aliropHTM obecredeHus
HETIPOTHBOPEYHBOCTH MOJIOKEHHI aBTOMOOHIIEH Ha nopore.

1. I'pad noper. Cets 1opor Ha MECTHOCTH PaCCMATPHUBAETCA HAMM Kak rpad
(puc. 1). TlepexpecTku, pa3sBHIKA U APYTHE 3JIEMEHTHI SBISIOTCS Y3JIAMH 3TOTO
rpada, a camu noporu — pebpamu. Hanpumep, y3nom sensercs MecTo A1 MApKOB-
KM aBTOMOOWIIS, MECTO Ha 3aIIpaBOYHOM CTaHIHH U T. [I. Y31bI rpada uMeroT Habop
arpu0yTOB, YIIPABRIAIOMINX CBOHCTBAMHM y35ioB. PeOpa rpada Takke UMEIOT aTpu-
OyThI: THII AOPOXKHOTO IOKPHITHS, KOMMYECTBO ITOIOC, INUPHHY NpOoeKeil HACTH U
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Puc. 1. O6muit Bux paccmarbuaaemoro

rpada nopor (rpad comepxur okonzo 700

y3108 ¥ 1000 pebep) (@); aetansHas cTpyk-

Typa y4acTka rpaa, ykasaHHOrO CTpeKoi
(b) (ToUKaMM NOKA3aHE! y3IILI)

T. &. Takum obpasom, rpad nopor
BMecTe C arpubyTamu pebep u y3-
JIOB 3a/1a€T JIOTHYECKHE H TOIOJIO-
THYECKHE CBONCTBA MOXEAPYEMOi
MECTHOCTH.

ABTOMOGWIH 0611 1AI0T TPAEKTOPHAMH Ha rpade; TPaeKTOPHS —3TO IOCIE/0-
BaTeNILHOCTD y3110B ¥ peGep rpada (pa3BHIIOK U 10por). YIipasiiseMble KOMIbIOTE-
POM aBTOMOOWIM IBIKYTCA BIOJb ITOH TPAREKTOPHH, a YIIPaBISEMbIE MONb30Ba-
TENEM ABTOMOOWIN TPaEKTOPHM B 3TOM CMEICIE HE UMEIOT, MOCKOIBKY TONBKO
TI0JIb30BATENE 3HAET, 110 KAKOM MIMEHHO TPAEKTOPHH OH CoOHpaeTcs exars. OmHako
€CIIM M3BECTEH IYHKT Ha3Ha9€HHs UI1 aBTOMOOHIIA, YIIPaBIIsAeMOTo MONb30BaTe-
JIeM, TO MOXET OBITh ONpe/esicHa OTHMAJILHAs TPAEKTOPHS M UCIIONb30BaHA JUIA
HaBHTAIIMOHHON CHUCTEMEI.

I'pac nopor sBnsteTcs OCHOBHOM CTPYKTYpOH HaHHBIX I PACCMATPUBAEMOH
B pabOTe OCHUCTEMEL B Be/IEHIM 3TOH IIOACHCTEMBI HAXOIUTCS, B YACTHOCTH, Ha-
3Ha4eHHe aBTOMOGHIIAM HMX TPaeKTOpHii Ha rpade.

Best Monenupyemasi TeppuTOpHsa reoMeTpHUecKd NOeNeHa Ha YYACTKH, pea-
JIN30BAHHbIE B BHJIE OTACNBHBIX (aiiyioB, KOTOPEIE 3arpyKAIOTCS 110 Mepe HeoOXo-
AMMOCTH U MOTYT ObITh f06aRNEHEI WM yOpaHb! U3 Mofemu. Takoi MOTyIbHbLH
TIPHHLIAII OTYACTH BBIIIONHEH U [UTA rpada nopor (4acTH rpada OnpeaeneHs! B pas-
HbIX (haiilnax 1o OIHOMy Ha MOYIIb), KOTOPBIH cobupaeTcs Ha (ase 3arpysku. 31o
YA0GHO MpH pa3paboTKe MONENH TEPPUTOPHH, TOCKONBKY KaXIOMy MOIYIIO TEp-
PHTOPHUH OHO3HATHO COOTBETCTBYeT (aiin (Momys) rpaca ropor, u rpad gerko
HapallyuBaTh ¥ MOAUGHIIMPOBATH MO MOIYIISM.

3aoauu na 2paghe dopoz. B cuMynaTOpE HEOGXOIMMO YCTAHABIIHBAT Tpaek-
TOPHH aBTOMOOWIIEH, 3aMEpPATE PACCTOAHMS Ha rpade (HAIpHMep, PACCTOSHHE OT
TYHKTa 4 110 IyHKTa B), MOIeIHpOBaTE HABHTAHOHHYO CHCTEMY aBTOMOGWIA. B
CBA3M C 5TUM BO3HHKACT H3BECTHAA 3a/1a9a HAXOX/ICHHS KpaT4aifiero myTv (Wix
paccTosHUA) Ha rpade MEXTY ABYMS y3laMu. DTa 3a/1a4a PelaeTcsl M3BECTHBIM
ayroputMoM JleHkeTpel [5, 6].

Becamu peGep rpada sBisiores AMHHBL IOPOT € Y4ETOM THITA JOPOXKHOTO THO-
KpPBITHSl, HATMIKA NPENATCTBAN Ha 0pOrax U IPOYHX NOAOGHRIX YCIOBMIA.

3anaya ycnoxHsercs AByMst haKTopamu:
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Puc. 2. Obmas 3a1a4a HaxoXIEHHA Kparqyaimero myTH a
MeXy OpOU3BONbHBIME Toukamu (4 u B) Ha rpade (a):
BLIpOXICHHBIE citydaH (b, ¢)

1) pewars 3afavy IPUXOIUTCA B peallb-
HOM BpeMEHHM M HACTOJIBKO YacTo (a rpad Ha-

CTOJIIBLKO OONBIION), YTO KITACCHYEeCKUH anro- b A
put™ JIeHKCTpEI B YHCTOM BUAE paboTaeT He- 4
[TO3BOJTUTENLHO N0JTO; B B
2) MONMHOCTHIO 3a/la4a B HAIlEM CIydYae
(hopMynHpyeTcs KaK HaXOXICHHE KpaTdaii-

1Iero MyTH MEXAY IBYMs NMPON3BONBHBIMH

TOYKaMHM (y371aMH WM TOYKaMH Ha peGpax), a He MPOCTo y3namu (puc. 2).

IMosToMy KilaccHYeCKuii anropuT™ ObIT MOUGHIMPOBaH.

IepBas npoGiieMa permaeTcs BBEJCHHEM K31IIa, T.€. IAMATH, B KOTOpPO#H 3ario-
MMHAIOTCS Pe3yABTaThl TPACCHPOBKH B IPHOIMIKEHUH, YTO Beca pebep U TOIono-
rus rpada He MeHAOTCs co BpeMeHeM. Toronorus rpada B HameM ciry4ae, JeicT-
BUTEJLHO, IIOCTOSHHA, 2 H3MEHEeHHE BeCOB pebep Bce-TaKH UMeeT MECTO U JUKTY-
eTcs U3MEHEHHEM OOCTAHOBKM Ha OPOrax, HalmpuMep peMOHTHBIMH paboTamu
W o0pazoBaHHeM JOPOXKHOTO 3aTopa. H3MeHeHHe BECOB IIPOMCXOHUT PENIKO, Ha-
npumep 1 pas B HECKOJIBKO MHHYT, ITOCIIe yero kam cbpackipaercs. COpoc kama
IIPUBOAMT K KPATKOBPEMEHHOMY YXYAIICHHIO BPEMEHHBIX XapaKTEPHCTHK CHMY-
JITOPa, MO3TOMY TaKOe H3MeHeHHe — OTHOCHTENLHO JI0poras orepanus.

Ksw ycrpoeH cnemyromuM o6pa3oM. B kaxaoM yane uid Kaxaoro Jpyroro
y3lla Ha3Ha4eHUs XPaHUTCS HOMEp CJIEAYFOMIEro y3la TpaeKTopHH. JTo TpebyeT
06beMa TTaMATH, IPOMTOPLIMOHATIBHOTO KBaApaTy KOJIHUYeCcTBa Y3JI0B, HO B HAIlIEM
cimydae 310 ompasnano. PakrHyecku npu paboTe aaropuTMa K3IIHPYETCsA HE
TONBKO IyTh 10 MHTEpecylollell Hac BEPIIHHE], HO Y MYTh JIO MPOMEXYTOYHBIX
BEPINMH, TO3TOMY K3MI 3amoJIHAeTCs OBICTpO.

Bropas npofiema pemaeTcs NpHMEHEHHEM alrOpHTMa 4 pa3a B3aHMHO I10-
TNapHO JUIS COCEIHUX C HHTEPECYIOIIMMH Hac Toukamu y3noB. Ocobrle cirydan
(cM. pHc. 2) BKITIOHAIOT B cebsi CUTyaluH, KOIla HHTEPECYIOIKE HaC TOYKH HaXo-
IATCS Ha CMEXHBIX peGpax WIHM Ha OHOM U TOoM ke pebpe. Bee ocobble cmydan
KOPPeKTHO oOpabarbiBaloTcs M, BooOIIe rOBOps, [CHIEBIE B BHIYMCIMTEILHOM
CMBICNIe, 4eM roNHast 3aaa4a. [1pu 3ToM noxpasymeBaeTcs, 4TO Beca ABYX «IICEB-
nope6ep», Ha KOTOpble peGpo AeuTces KOHeYHOMH (HavanbHON) TOUKOM, Ipornop-
IMOHAJIEHAI MX [UIMHAM M B CyMME A3IOT NONHBIA Bec pebpa, HHaYe TOBODS, BEC
pacmpeened o peGpy paBHoMepHO. [IpuMeHHUTENBHO K Halle# 3a/jave 9TO O3Ha-
YaeT, 9To BIONE pedpa JOpOXKHEBIE YCIOBHS HE MEHAIOTCA.

PaccmarpuBaiack BO3MOXHOCTE BBEIEHHA JBYX [ICEBIOY3/0B 1IIA HHTEPECY-
IOINMX HAC TOYEK C MTOCEIYIOIMUM BHIIOHEHHEM allTOPHTMA OMH pa3 BMECTO Ye-
THIpeX. 3TO 0COOEHHO YCIOKHAJIO PeaM3aliio KIOIA ¥ YBEIHYHBATIO BPEMSA pa-
OOTBI alIropuT™Ma.

TakuM o6pazom, ObI pa3paboTaH aJITOPUTM, IIO3BOISIOMIHIA HAXOMUTh KpaT-
yaiillee PacCTOAHHE MEXIY [AByMs TpPOH3BOJBHBIMHM TOYKaMH Ha rpade, mpu
YCJIOBHH PENKO H3MEHIONMXCs BECOB pedep rpada.

2. IlapamMeTpHruecKHe NOJHHOMHAANLHBIE KPHBLIE. 2.1. Obwue nooxods.
Jlna npeacTaBiaeHHs TAAKUX YIACTKOB JOPOT OBLTH BHIOpaHbI MapaMeTPHYECKUE
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TIONIMHOMMAILHEIE KpHBLIE (CILTaiHb) [7, 8] Tperneit cTeneny:
P(f)=Af +Bt* +Ct+D, te0,1],

HTO TO3BOJISAET GONlee TOYHO aNMPOKCHMHPOBATH H3rHOBI AOPOT M HE BIMSET OTPH-
LarejI-HO Ha IUHAaMHKy aBToMoOWiIa. Hcnonbs3oBaHue TOMaHbIX HE HCKITIOUEHO
JUIS TIPEJCTaBIIEHUs MIPAMONHHEHHBIX YYaCTKOB C M3JIOMaMH.

IlapameTputeckas MOTHMHOMMAILHAS KPUBAS NPECTABIAETCS MOTMHOMOM
ACHCTBUTEIIEHON NIEPEMEHHOM ¢ BEKTOPHBIME K03 bHIMeHTaMy (MITH TPEMS 10~
JIMHOMAaMH C NeHCTBUTENLHBIME K03 duumenTamu). [lepeMeHHas MONMHOMA Ha-
3bIBaeTCA NMapameTpoM. IlapameTp kpuBoi umeer oGnacts onpenenenus [0, 1]
(nayano obnacTH onpeneneHNs COOTBETCTBYET HAYATY KPHBOH, KOHel 06I1acTH —
KOHILy KpHBO#). BriGpanHbie rpanuIb! 061acTi onpeneneHus He MPUHLAMNAL-
HBI, 3TO BONPOC cornamenus. IlepeBon 3 oxuoi obnacTu onpenenexus B Apyryo
NIPOU3BOIMTCA IyTEM perapaMeTpU3aluH.

A1l BEIYHCTIEHHA 3HAYEHUA TIOJIMHOMA HyKHO BCETo TUb N criokenmit u N
YMHOXEHWH, rie N — CTeneHs NoMMHOMa (I TONIMHOMA TPeTheit CTeneHn):

P(t)=(((At+B)t+C)t +D).

ITockomsKy NONMMHOM BEKTOPHBIH, TO ¥ ONIEPALIHH BEKTOPHbIE. JTO [O3BOJIAET Bbi-
YHCJIMTE 3HAYEHHE IIOTHHOMA B PEalbHOM BPEMEHH.

Hns ontumuzanmu paboThl ¢ NONMHOMHANLHBLIME KPHBBIMH HAMH CO37aHa
crieuMatbHan GUOIHOTeKa, MO3BONAIOMAA TIPOM3BOANTE AHAMTHHECKHE OIepa-
UMM Hal IIOMMHOMAMH, TakHe, Kak OH(QepeHNMpOBaHME, UHTErPHPOBAHHE,
KOMOHHHpOBaHMe (pelapaMeTpH3aLMs), CIOKEHHE, BEIYATAHHME, YMHOXKEHHE H
apyrue.

ITockombKy NOTMHOMBI MO3BONAIOT AHAUTHYECKH PELINTh PAN BOSHHKAIO-
X 337129 ¥ TEM CaMBIM ONITUMH3MPOBATH paboTy alrOpHTMa B IIEJIOM, BCE Bbl-
YHCIIEHUs GbUTM CBEEHBI K TIONMHOMaM. DTO ¢aMo o cebe [IPEICTABIIACT 33/1a4Yy,
METONBI PEHICHHs KOTOpO# omnucaHs! Janee. Kak MOkHO Gonblnas 4acTe 3afadu
peliaeTes Ha JTare 3arpy3KH aHATMTHYECKH (JUIS 3TOro M ObUIa MOCTpoeHa OHO-
JIMOTeKa AHATHTUECKUX ONepauyi), B pE3y/IETaTe Yero MOMydYaeTcs pemeHne B
BU/IE [IOTMHOMa (B TOH e o6macTy npexcTasienus). B pearsHOM BpeMeHH oy~
HOM BBIMHCIIAETCS 1A Pa3HbIX 3HAYCHHUH IapameTpa (CBOGOAHOM [epeMEHHOIA).
TockomnbKy BerMUCTEHHE SHAUEHHA IOMMHOMA — CPABHUTENBHO GhicTpas omepa-
1K, TAKOH MOAXOA NO3BOJTMI CYIIECTBEHHO YCKOPHThb paGoTy aropiTMOB.

B xoMmsroTepHO# rpaMKke IMPOKO HCMIOME3YIOTCS PALIHOHANBHbIE MOTHHO-
MHAJILHBIE KPHBBIE, ABJIAIOMIMECS PACIUUPEHHEM OOGBIYHBIX MMONMMHOMHAILHEIX
KpHBLIX. Eciii 06b14HEIe MOMHHOMHATLHbIE KPHBBIE NPECTABICHBI IOHHOMOM,
TO pallHOHANLHBIE - OTHOLICHHEM MO/MMHOMOB. [Ipimep Takux kpusnix ~ NURBS
(non-uniform rational B-splines). ParponansHele KpuBbIe sBIsI0TCS Gomee IMpo-
KHMM KJ12aCCOM KPHBBIX, B YACTHOCTH, OHM MO3BOJIAIOT aGCOMIOTHO TOYHO MPE/ICTAB-
JIATE KaK JYTW OKPY)KHOCTEMN, Tak M IPOM3BONBHbIE KOHHYECKHE CeUeHMS.

AJIrOpUTMBI Ha IIOTMHOMHAJIBHBIX KPHBEIX, PACCMATPHUBAEMbIE B AAHHOMN pa-
Gore, n1erko paCIIMPSIOTCS Ha PALMOHANILHEIE KPUBEIE, Hanpumep, muddepenim-
pOBaHHE OTHOIICHHA MOJIHHOMOB CBOAMTCA K (opMyne auddepeHUMpoBaHHS
ApoGH ¥ B UTOTE MOXET GBITH CAENAHO aHANUTHYECKH. I1ociTe M bepeHmpoa-
HUH OIATE MOJTyYaeTcsl OTHOMICHUE IONMHOMOB, To e caMoe OTHOCHTCS K 607b-
IMUHCTBY IPYTHUX OIepanyii.
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2.2. Haxoorcdenue Gnumxcaiimeti mouxu. Yacto BO3HHKAeT 3aja4a MPHUBA3KH
aBTOMOGHIIS K ONpeeieHHOM To4ke Ha fopore (Ha rpade popor). Tak, asromo-
O1Ib MOXKET JBHTATHCS B IPOM3BOJILHOM HAIIPaBJIEHHH (CheXaTh € IOPOTH), HO €T
NoJIoXKeHHe Ha rpade JO/DKHO OBITE Beerza onpeieNeHo Ui NpaBHIbHON paboTsl
MHOIMX aJTOPUTMOB: ONpE/ENICHHs HYXKHOTO HalpaBJIcHHd; OOECIeUYeHHs BO3-
MOKHOCTH aBTOMOOWIIIO, YIIPABJISEMOMY KOMIILIOTEPOM, BEPHYTLCA Ha JOpOry;
3aMepoB paccTosHuii U T. A. FiHade roBops, BXOIHBIMH NaHHEIMH JUIA BHIIEONH-
CaHHBIX 33714 Ha rpadax sBiIseTcs MONoXKEeHHe aBTOMOOHIA Ha rpade, mo3ToMy
OHO JI0JBKHO OBITH BCera ompeaeneHo. Kpome Toro, no 3ToMy MONOKEHHIO BhI-
YHCJIAIOTCS HAMpaBJIEHHE OBIDKEHMSA, a TAKOKe THI MOKPBHITHA M BCE aTpUOyTHI
y4acTKa JOpOTH.

3ajiaua CBOJUTCS K HAXOXKACHHIO MUHMMYMA KBaJlpara pacCTOSHHSA OT TOYKH
X TpOCTpaHCTBa [0 JaHHON KpuBoH P(f). 3TO 3KBHBAJICHTHO MHHHMU3ALMH
KBaZpara pa3sHOCTH BEKTOPOB, IIOHMMAeMOTO KaK CyMMa KBaJIpaTOB KOOPAMHAT
Pa3HOCTH:

min(P(f) -X)2  telo,1).

3aj1aya pemiaeTcs Ha OTPe3Ke IyTeM CPAaBHEHHS 3HAYE€HUH PacCTOAHHMM 110 KPUTH-
YECKHX TOYEK, ONPEACIIEMBIX U3 YPAaBHEHHS

d 2 _
Z(P()-X)* =0,

M KpalfHHX TOYeK OTpe3Ka.

3aMEeTHM, UTO M3 MOJIMHOMA MOXHO BbIYECTH KOHCTAHTY (OHA SBIAETCA NIONH-
HOMOM HYJIEBOH CTENEHM), I0ITOMY M3 KPHBO#! BEIYMTaeM X (cABHTraeM TOUKy X B
Ha4aJl0 KOOPAMHAT), TOCJe Yero aHAINTHYECKH BLIYHMCIIAEM CyMMY KBaJ{paroB
KOMIIOHEHT KPHMBOH M aHATMTHYECKH ee T PEepeHIMPYEM.

B urore 3a1a4a cBenach K MOJMHOMHAIBHOMY ypaBHeHHIO N-ro nopsjxa. Pe-
maercs Takoe ypasHeHue Metoniom Hetorona. Meron HetotoHa HMeeT HerocTar-
KH, KOTOpbIE B JAHHOM Ciy4ae Jerko o6xonarcs. CaMbIM ITIaBHBIM HEAOCTATKOM
SBIAETCS TO, YTO METO/ MPH HEYNAYHOM BEIGOpE Ha4aJIbBHOTO NMPHOMMKEHHS pac-
xonutcsa. KpoMe Toro, KopHSM ypaBHEHMA MOTYT COOTBETCTBOBATH HECKOJBKO
skcTpeMyMoB. Ham se TpeGyercs aGComOTHbIH MUHAMYM Ha OTpe3Ke, a He moboiH
JIOKJIbHBIH 3KCTPEMYM.

IMoaToMy Ha Kaxao# urepanyu Meroga HeloTOHA NMONACYHTEIBAEM 3HAYECHHE
MUHMMHM3HpYeMOH (QyHKIMHM U B urore 6epeM MHHMMYM IO BCEM HTEPALMAM.
Hrepanuu geaeM 111 HECKOJIBKMX HaqalbHBIX IPHOMIDKEHIH, pABHOMEPHO pac-
npeneneHHbIX o oTpe3Ky. HezaBHcHMO 0T ToTO, Kak noseaet ce6s meron Hetoro-
Ha, 6epeM HaWTydIlee pelIeHHe N0 BCEM HTEpaLHAM [TPH BCEX HaYABHBIX NPH-
6mwkermax. Kpome Toro, Ha Ka)xao# HTepaLuy NpH BRIXOE peleHus 3a 06acTh
onpenenenus nonuHoMa [0, 1] npHBOAMM €ro K AHana3soHy IyTeM NpOCTOro npu-
CBaMBAHMA COOTBETCTBYIOILETO 3Ha4eHUA rpaHuLb! (0 win 1) B 3aBHCUMOCTH OT
TOrO, 32 KaKyto IrpaHHIty pemeHue yuuto. IIpu Tako# crpareruu B ciry4yae pacxox-
JICHMS MeTofa Moy4aeM TOYHOCTh HE MEHee IIara HadalbHbIX NPUOIHKEHHH.
OueHka cBepXy HeOOXOQMMOro KOJIH4EeCTBa HadallbHbIX TIPHOTIKEHHI HE IIPOBO-
JMIIach, KOJTMYECTBO BRIOMpanocs aMnuputecku. KpuTepHeM Ciryxuio nosene-
HHeE aNrOpHTMA Ha HaGope KPUBBIX H3 KOHKPETHOTO CHMYJIATOPA, OlInbKa Haxox-
JeHus Gmkaiime TOYKM He AO/DKHA ObITh GoNblIe HECKOMBKMX CAaHTHMETPOB.
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AJIrOpHTM JIETKO PacCIIMpseTcs Ha pallMOHANIbHEIE IOMHHOMHANILHEIE KpUBEIE (Ha-
npumep, NURBS).

Pemars 3Ty 3aqa4y [UIs BceX KpUBBIX I'pada H1opor HEMO3BOIUTEIBHO A0POTo,
TIOMCK ONMmkaiimet TOYKY MPOU3BOAUTCS AN KPUBBIX B OKPECTHOCTH HCXOIHOM
TOYKH. 3Ta OKPECTHOCTH OMpeNeIIAeTCS IPH CO3aHUMU Mozienu. Bea Mmoznens noze-
JieHa Ha 00J1aCTH, M IIPH ITOUCKE MPHHHUMAIOTCS BO BHEMaHHeE TOJIBKO JOPOTH, IIPo-
XoAsImuMe yepes obnacts, B KOTOPOi HaXOOMTCs MCXoiHas Toduka. Kpome Toro,
Ka)K[as KpHBas UMeeT rabaputHyto chepy (KpyT, €ClIM pacCMaTpUBaTh INIOCKOCT-
HY!I0 3a/ia4y), YTO [O3BOJIAET UCKITIOYHTh U3 PACCMOTPEHHS KPUBYIO, €CITH B IIPO-
Iiecce BBITONHEHUS aNropHTMa yke Oblna HaliieHa Gonee 6iu3Kas TOUKa, YeM JIFo-
Oas apyras Ha 3TOl KPHBOIA.

2.3. Jnuna yuacmra kpugoii. Haxox 1eHue JUTHHBI YJaCTKAa TOTMHOMHANIBHOM
KpHBOH — 3a[1a4a, BO3HUKAIOIIAsA B CHMYJIATOpPE OYESHb YacTo. JTa I/THHA IOSBIs-
€TCA KaK COCTARIIAIOas Beca QyTH NPH TPACCHPOBKE, a TalKe HeobOxoauMa s
obecriedeHUs paBHOMEPHOTO JABMKEHUS aBTOMOOHIIEH 110 TPAaeKTOPHH.

Kak xopomo H3BeCTHO, IJIMHA Y4acTKa MOJTMHOMHAIEHON KPUBOU orpeens-
eTcs 1o hopmyie

L= j (P())2 dt.

Ly

K coxaneHuto, 3TOT MHTerpan He BBIYMCIIAETCS B KBajparypax. [IpumeHeHue
CTaHJ[apTHBIX IPOLEAY P YHCIICHHOI'C HHTETPUPOBAHHUS TPeOYET, B YaCTHOCTH, Bbi~
YHCJIEHHs 3HAYCHU} NOABIHTErpankHON hyHKIHM (CBOEH MU KaXAOH onepauu
HHTETPHpPOBAHHUA) Ha pa3OHEHUH OTPE3Ka U B UTOTe IPUBOIMT K HAPYIIEHUIO Tpe-
OoBaHHs peabHOTO BpeMeHH (SABJIAETCsA HENO3BONUTENEHO Hoporum). [TosTomy
MOJILIHTErPATbHOE BRIpaXKEHHE HHTepIIONUMpyeTcs MeTonoM Yebrimesa [9], mocne
Yero MOJIyYHBIIMIACS TOIMHOM aHAJMTHYECKH HHTETPHPYETCS U HCTIONE3YeTCs B
peaJIbHOM BPEMEHH AJIS BEIMHCIICHUSN COOCTBEHHO [UTMHEI YUacTKa KPHBOIA.

OueHka cBepXy omMMOKH TaKOTO IMPHOIIDKEHNUS He IPOU3BOAMIIACK, HO 3KCIIE-
PHMEHTAILHEIM METORAOM OBUIO YCTaHOBIEHO, YTO BOCBMOIT MMOPAIOK MOJTMHOMOB
Ye6rimeBa JaeT Ha JaHHBIX KOHKPETHOTO CHMYJIATOpa OMHOKy He Gonee 1075 uto
JOCTATOYHO JI1 pacCMaTPHBAEMOTO NIPHIIOKEHHA.,

Ilocne pBeAeHMA 3TOrO ANropUTMa OIS MPOLECCOPHONO BPEMEHH, KOTOPOE
TPaTWIOCh Ha BLIYHCIICHHE JJIMH KPUBBIX, COKPAaTUIACh B IECATKH pa3 U COCTaBH-
J1a JIOJH IIPOLICHTA OT BCETO LIUKJIA CUMYNIATOPA, AJITOPUTM JIETKO PACIIHPAETCS
Ha palMOHAJIbHbIE IONMHOMHAIBHbIEC KPHBEIE.

Takum o6pazom, 6611 pazpaboTaH aNrOpHTM, MO3BOJIAIOIMI IPUOTHKEHHO
BBIYMCIIATE AJIHHY Y9acTKA TOJIMHOMHATIBHOH KPHUBO# € BHICOKOM TOYHOCTEIO B pe-
aJIbHOM BpPEMEHH.

3. HenpOTHBOPEYHBOCTD MOJIOZKEHHS aBTOMOOHJIA. ABTOMOGWIH, yIIpaB-
JIEMEIE KOMITEIOTEPOM, B CHMYIIATOpPE HaIEJICHBI POJIIMHU. 3TO MOXKeT OBITH aBTO-
MOGHIE-CTAaTHCT, CO3NAIOMMI NBIDKEHHE HA J0pOre, JOPOXKHBIN MOTHIEHCKHI
HJTH aBTOMOOHIL ¢ MHCCHeH. ABRTOMOGHIN ¢ MHCCHeE HyXXHBI )15l MONETMPOBa-
HMS pa3NMYHbIX CHTyarmil. CaMas TPUBHAJIbHAS MUCCHS — 3TO JOCTABKA IPy3a U3
myHKTa 4 B myHKT B. KpoMe Toro, BOSMOKHEI MHCCHH TIpeciieoBaHus (KOrna
OIMH aBTOMOOHIIB CIIEAYET 3a APYTHM), CIy4aiHOro OIMy)KIaHus U T. 1. B 3aBucH-
MOCTH OT POJIM aBTOMOGHIIb CIIEyET pa3HbIM CLiEHapusM noseenus. Tak, craru-
CTHI MOPOKAAIOTCA H Y HHUTOXKAIOTCS BOKPYT HaOMIOAATENst HA HEKOTOPOM PaccTo-
SHUM OT HETO, CO3/laBas BUANMOCTDb IUIOTHOTO ABIDKEHHS. ABTOMOOHIIE MOXET,
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Puc. 3. WmocTpanus K aaropHTMy KOPPEKTHPOBKH CKOPOCTel aBroMoGmeH ans obecnedeHus
BU3YATHHON HEMPOTHBOPEIHBOCTH TIOOKCHAA

HaIIpHMep, TIPOCTO CTOATH Ha CTOSHKE. ABTOMOGHIIH JOJDKHBI OCTaHABIIMBATHCS
nepen cBeTo$popaMu, 0ObEIKATE HPETIATCTBHSA U T. 1., HO ONTUCAHHE STHX MEXaHH3-
MOB BBIXOJHT 33 paMKH JaHHOH paboTEHI.

ABTOMOGHIIb CTAHOBHTCS BHJIEH IIPH MepeXole B HEMOCPEACTBEHHYIO OG-
30CTh K HaOMIONATENIO, ¥ MO3TOMY [UIA HEero BKIIOYaeTcs Oonee NETAIbHBIA U
CITOXKHBIH aJIFOPHTM MOJIETMPOBaHus noBeeHHA. Jis npaBuibHON paGoThI 3TOrO
aJTOPHTMA JO/DKHBI OBITH BHITIONHEHB! HEKOTOPhIE YCIIOBHS, HAITPUMED, aBTOMO-
OWH ODKHEI OBITE Ha HEe MEHee YeM ONpENENeHHOM PacCTOSHHHM JIPYT OT Apyra.
Tak, Ha puc. 3 aBToMOGWIHN 1 ¥ 2 MepeKphIBAOTCA, 2 2 U 3 HeT.

Hamu pa3pa6oTaH alropuT™, KOTOPBIH KOPPEKTHPYET CKOPOCTH aBTOMOOH-
nei, 9ToG B! Epel BXOAOM B 30HY BUIMMOCTH 10 Mepe NpHOmmkeHus K Habmoza-
TENIO aBTOMOOHIIM PaCTIONAralHCh IPAaBWILHBIM 00pa3oM. AJITOPHTM HTEPATHB-
HB1ii ¥ BBITIONHSETCS 110 OQHOM MTepary Ha Kaap. Ha kaxo# urepanuy aBToMO-
OWIH, HAXONAIMECH B HEIOMYCTUMON OIM30CTH JAPYT K APYTY, PasIBHIaloTCs
COOTBETCTBYIOMMM 06pa3oM BAONb CBoMX Tpaekropuit. Tak, arromoGuins 1 Ha
pHC. 3 IPOABHUIaeTCs BIIEBO, a aBTOMOOWIL 2 — BIIpaBo. MMeromasics peanusanus
ANTOPHTMA YUHTHIBAET MOJIOCH! IBHKCHHA, Ha KOTOPBIX HAXOJATCS aBTOMOOWIIH,
BO3MOXHOCTb HA4aJHbHOTO NEPEKPHITHS TIPOM3BONBHOTO KOMHIECTBA ABTOMOOH-
et (a He TONBKO [BYX), a TaKKe MPOU3BOJIBHYIO TOMONIOTHIO IOPOT, Ha KOTOPBIX
OHM TIPH 3TOM HaXOIATCA.

3akmouenne. PazpaGoran HaGop crierUaIM3HpOBAHHbIX AITOPUTMOB Ha Ipa-
(baxX ¥ aNrOPUTMOB Ha MONMHOMHATBHEIX KPHBBIX, TIO3BONAIOMIMX d(PPEKTHBHO
MOJIEJTHPOBATh MOBeeH!e GOMNBIIOTO KOJIMYEeCTBA aBTOMOOMIIEH Ha CeTH JIOpOr.
ANTOPHTMBI YHYHTHIBAIOT CrieldHuecKkre TpeOOBaHHs CUCTEM PeaIbHOro BpeMe-
sy, JU1s ONTHMM3aIMM MOHHOMHMATBEHBIX AITOPHTMOB 6bina paspaborana 6u6-
JIMOTEKA AHAJIATHYIECKUX ONIepaLii HaJ MONMHOMAaMH.
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