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AHHoTaumda. PaboTta nocesweHa BonpocaM 60pbObl C AOPOXKHO -TPAHCMOPTHLIMY MPOUCLLECTBUAMM
NMocpeACcTBOM aBTOMOOW/IbHBIX WMH(OPMALMOHHO -yNpaBastoWwmnX CUCTEM aKTUBHOW 6e30MacHOCTU.
PaccmaTpmBaloTCA aBapuiltHble CUTyaluW, BO3HMKalOLWMe B pesy/bTaTe OLWMOOK, AOMyCKaeMbIX
BOAWTENAMU NpU nepectpoeHun. OnpeseneHbl 06LMe NPUHLMMLI paboTbl CYLLECTBYHOWMNX CUCTEM
MOMOLLY MpW NepecTPOeHN, rNaBHbIM HeLOCTaTKOM AB/ISETCA HeAocTaToyHas npopaboTka Bonpoca
peakuMn CUCTEMbl Ha HEBEpPHble [EeACTBUA BOAUTENA, KOTOPble MOFYT MNPMBECTU K AOPOXHO-
TPaHCNOPTHLIMWU NpouCLEeCTBUAM. Llenbio uccnefoBaHus SBASAETCA MNOBbIWeEHWE 3P(PEKTUBHOCTM
paboTbl CUCTEM MOMOLUM MpPU MEPECTPOEHUM MNOCPELACTBOM MeToAa OOHapy>XeHUs aBapuiiHON
CUTyaumKn, OT/INYAOLLErocs M3MepeHneM YC0BHOIO 60KOBOIO WMHTEpBasiia MeXAy TPaHCMOPTHbIMU
CpeAcTBaMM B COCEAHUX MOM0CaX MO [aHHbIM, MOCTYNalWUM ¢ pafapHoro fatuvka, u
pacrno3HaBaHMeM HaMepeHWUs BOAUTENS COBEPLUMTb MepecTpoeHne Mo MNPOU3BOLHOM YC/IOBHOMO
60KOBOr0 MHTepBana. [ONONHUTENbHbIM KPUTEPUEM MPUHATUS PELLEHNS 06 aBapuinHOW CMTyauun B
npegnaraemMomMm MeTofe fBNSeTCA OueHKa 6e30MacHOCTM YCNOBHOW AUCTaHUUW MO Npasuy TPEX
CeKyH[, U3MepseMoii No JaHHbIM pajapHoro gatunka. Metog npefnaraetcs NPUMEHSATb B IErKOBbIX
aBTOMOOWNISX, 060PYAYEMbIX CUCTEMOI NOMOLLM NPW NepecTpoeHnn. s NpoBepku paboTbl MeToAa
M YTOYHEHUA NPUMEHSEMbIX NapaMeTpoB MIaHUPYETCS UMUTALMOHHOEe MOAEeNMpPOBaHue LOPOXHOI0
[BWKEHNA aBTOMOGUIA C CUCTEMOI MOMOLLM, MCMOMb3YHOLLEN AaHHbIA METOA.

KntoueBble CnoBa: CUCTEMbl aKTUBHOM 6e30MacHOCTU, AO0POXKHO-TPAHCMOPTHbIE MPOUCLLIECTBYS,
CMCTEMbI MOMOLLY MPU NEPECTPOEHNN, PafapHble AATUMKK, aBapuiiHas CUTyaLms.
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Abstract. The paper is devoted to the issues of combating road traffic accidents (TRAFFIC ACCIDENT)
by means of automotive information and control systems of active safety. Accidents arising as a result of
mistakes made by drivers when changing lanes are considered. The general principles of the existing
systems of assistance at changing lanes are defined, the main drawback being the insufficient elaboration
of the system reaction to the wrong actions of the driver, which can lead to an accident. The aim of the
research is to improve the efficiency of the lane change-over assist systems by means of the method of
emergency situation detection, characterized by measuring the conditional lateral interval between vehicles
in neighboring lanes according to the data coming from a radar sensor, and recognizing the driver's intention
to make a lane change according to the derivative ofthe conditional lateral interval. An additional criterion
of making a decision about an emergency situation in the proposed method is the safety assessment ofthe
conditional distance according to the rule of three seconds measured also by data from a radar sensor. The
method is proposed to be used in passenger cars equipped with a system of Lane Change Assist. To verify
the method and refine the parameters used, a simulation of the road traffic of a car with an assist system
using this method is planned.

Keywords: active safety systems, traffic accidents, Lane Change Assist Systems, radar sensors, emergency
situation.
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BeegeHune

B coBpemMeHHOM Mupe B yC/IOBUAX BbICOKOIO YPOBHSA aBTOMOGMAM3ALUMN HACeIeHUS BaX-
HbIM acreKTOM KayecTBa XW3HW rpaxjaH fBfisgeTca 6€30MacHOCTb Ha aBTOMOOW/IbHbBIX AOPOrax.
Oco06eHHY0 aKTyanbHOCTb aHHas npobnema nmeet B Poccuiickoin deaepaumu, rae KonnyecTso
[OPOXXHO-TPAHCMOPTHbLIX NpoucliecTBuidi (4 TI) Ha goporax OCTaéTCcs BbICOKMM M NPUBOAMUT Kak
K rnéenu nojei, Tak n Kyuiepby TpaHCNOPTHOIO CPeACcTBa, BO3MELLEHME KOTOPOro, Kak npasuso,
COMPSAXKEHO C BLICOKUMW MaTepuanbHbiMy 3aTpatamu. [na 6opb6bl ¢ 4TI npuMeHAOTCA pasniny-
Hble MeTOAbl W3BHe: CTPOUTENbCTBO 6e30MacCHbIX M KayeCTBEHHbIX AO0POr, WHTeNNeKTyasbHbIX
TPaHCNOPTHbIX cucteM [BobbIHLEB 1 ap., 2018; BobbiHUeB U Ap., 2018; BobbIHLEB, MaBPUNIOK,
2021], a TaKXXe U3HYTPKU, Hanpumep, NPUMEHEHME B TPAHCNOPTHbLIX CPeACTBaX CUCTEM aKTUBHOW
6esonacHocTu [bakynos, 2021; Kom3anos, LUwunos, 2017; Mopy6os u gp., 2020; Mopy6os u gp.,
2019; CbicoeBa, 2012; Tymacos u gp., 2020; KOauH, 2016].

OTI nMetoT pasnnyHble BUAbI U COBEPLUADTCS NPU pasHbix 06cTosTenscTBax. OCHOBHOM
npuynHoin 4TI npu nepecTpOEHUM B APYTOii psj ABNAETCA HE3aMETHOCTb TPAHCMOPTHbLIX CPeACTB
B COCEAHUX MO/0cax, HenpasuibHas OLeHKa BOAUTENeM 06CTaHOBKM B COCEAHUX MO/0Cax nepej
MaHEBPOM MM OTCYTCTBUE TaKOBOW OLEeHKW. Ons pelleHns faHHOW npo6ieMbl NPOU3BOAUTENN aB-
TOMO6UNel pa3pabaTbiBalOT CUCTEMbI MOMOLLM Npy nepecTpoeHnmn [BepecHes u ap., 2021; BO6bIH-
ueB, Kupees, 2022; Kupees, bobbiHUeB, 2021; LiBeTkoB 1 gp., 2015].

B M3BECTHbLIX CMCTEMAaX NMOMEXMN B COCEAHUX pALax BbIABNAKOTCA B OCHOBHOM MpU MOMOLLM
pajapHbIX fatunkoB [EHoksaH, AliBa3sH, 2017; XXuryHosa, 2016; Kynakosa, 2021; MapHec, 2008;
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ChblcoeBa, 2009; CbicoeBa, 2007; LUnwaHoB, MsiknHbKoB, 2015]. Mpn BO3HUKHOBEHUW ONACHON CU-
Tyauumn cuctema noMoLLM Npu NepecTpoeHnn 0NoBeCTUT BOAUTENSA 3BYKOBLIM CUTHAIOM U UKOH-
KOI Ha naHenn nNpubopoBs, BO3MOXKEH M KOMOWHMPOBAHHbI BapuaHT (MKOHKA Ha NaHenm npuoopos
“ 3BYKOBOE CONnpoBoXaeHue). OfHaKo 60/1bLLIMHCTBO TaKUX CUCTEM He NpegnonaratT peakuyuio Ha
NOMbITKY BOAMTENA COBEPLUUTL MaHEBP NEpPecTPOeHUs, HECMOTPSA Ha NMpeaynpexaeHns o noMexe,
[aHHble N3 OTKPbITbIX UCTOYHUKOB HE NMO3BOAKT FOBOPUTL O TOM, YTO B JAHHbIX CUCTEMAaX yaens-
eTca [0CTaTO4YHOe BHUMaHMe BOMpocy OOHapyXeHUsi HamepeHWs COBEpPLUUTb MepecTpoeHue.
Hanpumep, BKIOYEHME yKa3aTesleil NOBOPOTA HENb3A CUMTATb AOCTATOUYHbIM KPUTEPUEM, TaK Kak,
K COXaNeHuto, JaneKko He BCe BOAWUTENN MOMb3YHOTCA UMW NPU MaHEBpPax NepecTpoeHus.

Tem He MeHee, VoIvo y)xe NpUMeHsieT akTUBHOe NOAPY/IMBaHNE KaK PYHKLUIO CUCTEM MO-
MOLLW BOAWUTENIO, MO3BOMAIOLLYIO CUCTEME CAMOCTOATENbHO NMPUHUMATL Mepbl MO MpeaoTBpaLye-
HUO AT npm OoTCYTCTBMM AOMKHOW peakumn co CTopoHbl BoanTens [Volvo, 2018]. Cuctema Bme-
LUIMBAETCA B MpoLeCcC pyneBoro ynpasieHUs 1 BO3BpaLLaeT aBToOMoOW/Ib 06paTHO Ha UCXOLHYHO Mo-
nocy. AKTUBHOE noapynueaHune ¢ Lenbto npegorepawieHna AT npy nepecTpoeHUn npuMeHseTcs
TONMbKO MPWU NonafaHuy NOMeXu B «CAenyk 30Hy». [N pacrno3HaBaHWUsi MaHEBpPa MEepecTPoeHUs
NCNonb3yeTcs PYHKUUS NPesynpexaeHuns o cxofe ¢ 3aHMMaeMol Noaochl, NMetoLas CyLLecTBeH-
Hble HeoCTaTKu, CBA3aHHbIe C YCNOBUAMU NPUMEHEHUSA: CKOPOCTb OT 65 A0 200 KM/Y 1 TONIbKO Ha
Joporax ¢ YETKOW pasmMeTKOW. DTO NO3BOMSET CAeNaTb BbIBOA, YTO JaHHas cucTema bGyfeT akTy-
aflbHa TONbKO NpW ABUXEHWUW BHE HAaCENEHHOr0 MYHKTa, a (PYHKUUA aKTUBHOIO NOAPY/MBaHUA He
6yget paboTaTb NpPW NAOXON BUAUMOCTM AOPOXHONM pa3MeTKN Un eé NOMHOM OTCYTCTBUM, YTO Ha
CerofHAWHNM aeHb BCE elwé SABNAETCA BNO/HE eCTECTBEHHbLIM SIB/IEHUEM AJ1 POCCUMIACKUX aBTOMO-
O6UNbHbIX gopor. Kpome TOro, B 3MMHUKX YCNOBUAX 06ecrnevnTb He06X04MMYHO AN CUCTEM pacno-
3HaBaHWsA 06pa30B BUAMMOCTb Pa3MeTKM SABASETCA CNOXHOW 3afayeli B pocCUncknx peanusx. Cne-
[0BaTe/IbHO, CyLlecTBYOLWasa PYHKUNA aKTUBHOIO NOAPYIMBaHUS 06nafaeT 3Ha4YUTEbHO OrpaHu-
YEHHOI c(hepoil NPUMEHEHNS, NO3ITOMY ANF 06HapYXXeHUA HamepeHUs BOAUTENS COBEPLUNTL nepe-
CTpoeHue TpebyeTcs 60snee 3hPEKTUBHbBIN 1 YHUBEPCA/IbHbIA MeTOA,

Taknum 06pas3om, CyL,ecTBYHOLWME CUCTEMbI MOMOLLM NPU NEPecTPOEHUN OCHOBAHbI Mpe-
MMYLLECTBEHHO Ha NpefynpeXaeHnn B TOW UK MHOW (hOPME O HANNYUKN MOMEXMN B COCeLHei no-
Nnoce M He npefanonaralT Kakon-nmbo peakyuum CO CTOPOHbLI CUCTEMbI, €C/IM BOAUTENb BCE Xe
HauyMHaeT MaHEBP MepPecTpoeHUs, HECMOTPA Ha npeaynpexaeHus. Mpu aToMm eAUHCTBEHHAs W3-
BECTHas cUCTeMa, B KOTOPOM 3a/0KeHa Takas peakums, UCMOb3yeT MeTOAMKY pacrno3HaBaHus,
CYLLECTBEHHO OrpaHNUYNBaEMYHO LOPOXKHBIMU YCNOBUAMU Y CKOPOCTHBLIM peXXumom. Moatomy ans
paclmnpeHna 6opbobl ¢ 4TI Npu nepecTpoeHMaX akTyanbHON SBASETCA 3adava 6onee apheKTmB-
HOro 06Hapy)XXeHWA MONbITKA BOAUTENS COBEPLUUTbL MaHEBP. [N1A pelleHUs aTOM 3ajayun npegna-
raeTcs Ucnosib3oBatb NPUMeHsemMble B 60/IbLLIMHCTBE CUCTEM MOMOLLM MPK NEPeCcTPoeHnn pajap-
Hble JaTUYMKK. PacCMOTPUM NPUHLUNLI UX AEACTBUS.

O6beKTbl U MeTOAbI UCCNef0BaHUS

Pagapbl N03BONSAOT 0OHAapPYXXMBaTb, OTCMEXNBaTh 00bLEKTbI U 06pabaTbiBaTh U306paxke-
HMA. OCHOBHbIMUW MpeuMyLLecTBaMK pafapoB nepej ynbTpa3BYyKOBbIMU, ONTUYECKUMMW, Naszep-
HbIMWU 1 TEMNNOBLIMW MeTOAAMU ABNAKTCS: HEBUAUMbIA MOHTaX 3a HEMPOBOAALWMMK MaTepua-
namu, pabota B 06bIX NOFOAHbIX YCNOBUAX, BO3MOXHOCTb Pab0Thl B XXECTKMX aBTOMOOUAbHbIX
YCNoBUSX, GbICTPOAEACTBME N BO3MOXHOCTb Mapanienn3aunn M3MepeHnin, manas MHTepgepeH-
UMa ¢ 4pyrumm cuctemMamm, NpakTUYECKN NMONHOE OTCYTCTBME CTapeHus, a TakXe BbICOKas TOY-
HOCTb M HaAEXHOCTb MPeA0CTaBNAEMON NHDOPMaL K.

OCHOBHbIMM KOMMOHEHTaMW pafapa ABAAKTCSA: TPAaHCMUTTEP, aHTEHHa W NPUEMHMUK.
MpuHUKMN geicTBMA pagapa COCTOMT B 06Hapy>XeHUn 06beKTa B 30He AeMCTBUS pagnocurHana un
onucaH B pa6ote [Coicoesa, 2007].

Mocne o6Hapy>XeHNs 06beKTa pagap OTC/EXMBAET €ro MOS0XKEHNE UAN CKOPOCTb. MOHO-
CTaTUYeCKNn pagap M3MepseT NOMOXeHNe B CPEPMNYECKON KOOPAMHATHOI CUCTEME C HaYalbHO
TOYKOW B (ha30BOM LEHTPe aHTeHHbl pajapa. HanpaBneHune 0630pa aHTEHHbI, Ha3blBaeMOE
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boresight direction, nexxut BAonb ocn X. Yron 9 Ha3biBaeTca yrnoMm asumyTa; Ans aHanusa noso-
YEHMA UCNOMb3YeTCH TaKXe Yrosn MoBblWeHUs (), KOTOPbIA 3aBUCUT OT OpPMEHTALUN aHTEHHbI
(puc. 1). B 60M1bLINHCTBE COBPEMEHHbIX PafapHbIX CUCTEM (B MOXXHO He YYUTbIBaTh.

Puc. 1 Cdepuyeckas KoopAnMHaTHas cuctema A5 pafapHbIX 3MepeHi
Fig. 1L Spherical coordinate system for radar measurements

YTrnoBoe NoJsioXXeHWe onpegenserca NyTeM aHanm3a CBOWCTB OTPaXXeHHOro BOJIHOBOTO
curHana. Pagap onpegenseT uefb 3a CYET MONYYEHUS yria a3uMyTa OTHOCUTE/IbHO ONOPHON NK-
HUW UM TOYKW pPajapHOM aHTeHHbI U PacCTOAHMUA. Y TO/ a3uMyTa LieNIn onpefenseTcs Kak yriosoe
pacCcTosiHME MeXAy OMOPHOWN NUHUER aHTeHHbI (B Hanpas/eHUW NepneHAnKynspa OoT ONOPHON
TOYKW aHTeHHbI boresight) 1 npsMoli, coeAuHAIOLLEA ONOPHY TOYKY PagapHO aHTEHHbI U anep-
TYPHYIO TOUKY Lenn - 6vKanLlyo TOUKY Lenu.

MeToaunka onpefeneHuns yrna asumyTa Lefin, pacCTofsHMUA 40 Lenn 1 eé CKOpoCcTn onucaHa
B paboTe [CbicoeBa, 2007]. OnpegenexHne yrna asuMmyTa Lenun SBaseTcs rnaBHbIM (hakTopoM, nos-
BONAKOLWMM ONpefennTb NOCPeCTBOM pafapHoro fatyumka, YTo ABUXKYLLeecs no3agm TpaHcnopT-
HOE CPefCTBO HaxXOAUTCA B COCELHEM pAfdy, & He B TOM Xe, YTO M aBTOMO6U/b C pafapHbIM JaT-
YMKOM. PaccmMoTpmM CUTyaLmio, KOrja Asa aBToMo6uMNA ABVKYTCA MO COCELHMUM NoJiocam U Haxo-
OATCA NPY 3TOM Ha HEKOTOPOM (DPOHTANbHOM PacCTOAHWUW ApYT OT Apyra (puc. 2): asTomo6uns D
(c cuctemoit noMoL M NpK NepecTpoeHnn) n asTomobuns G.

Puc. 2. O6Hapy>XeHne 06beKTa
Fig. 2. Object detection

Pe3ynbTaTbl U UX 06CYXaeHUe

MycTb pafapHblii AaTUMK YCTAHOB/EH HA NEBOM Kpato 3afHero 6amnepa aBTomoomnsa D n
€ro aHTEHHa MMeeT HanpasfieHe 0630pa Hasag napansienbHo NPOLObLHON ocn aBToMobunsa. O60-
3HaYMM A Kak OMOPHYK TOYKY pagapHOW aHTeHHbl, B - anepTypHyt TouKy uenun. Jlyy AC -
HanpasneHne 063opa (0NopHas NMHKUA) aHTeHHbI. [ycTb Touka C SBISeTCS TOUKOM nepeceyeHmns
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OMOPHOMN NIMHUM aHTEeHHbI W NepPneHANKYNspa, ONyLeHHOro Ha ONOPHYH NINHUIO U3 TOYKK B, Ta-
KM 06pa3om, Toukn A, B 1 C 06pa3yroT NpssMOYronbHbIA TPeyronbHUK. PafgapHblil gaTunk nos-
BOJIAET ONpefe/InTb TMMNOTEHY3Y 3TOr0 TPeyrosibHNKa Kak paccTosHue 40 Lenn U OAUH U3 YrioB
MeX/y KaTeTOM M FMNoTeHy30/M Kak 9 - yron asmmyTa.

B npaBmnax JOPOXHOro ABVXXEHWUS UCMONb3YIOTCA NMOHATUA AUCTAHLUU U BOKOBOIO MH-
TepBana. AucTaHumMs - 3T0 MUHUMaNbHOE PacCcTofAHne Mexay (PpoHTanbHbIMKU 60pTamMu aBTOMO-
ounen, KOTopble ABVMKYTCS APYT 3@ 4pYroM. BOKOBOW UHTEpBaN - 3TO MUHMMa/IbHOE PacCcTosAHMe
mexay 60KOBbIMKM GopTamMy aBTOMOGWAEN, ABMXKYLLIMXCA NapaniefbHO No COCeAHUM Mosocam,
no3BossitoLee cBO6OAHO MaHEBPMPOBaTb Ha gopore. besonacHas AUCTaHUMSA - 3TO AUCTaHLMS,
KOoTOpas Mo3BONSeT Npu NOSBIEHUN OMACHOCTU rapaHTUPOBAHHO OCTAHOBMUTLCA, HE CTOJIKHYB-
WNCb C TPAHCMOPTHbLIM CPeACcTBOM Brnepean. Ha ocHOBaHUM puc. 2 BBeAEM MOHATUE YC/TOBHOM
AVNCTaHUUKN 1 YCNIOBHOIO 60OKOBOr0 MHTEpBaa.

Y CNOBHOW gucTaHuunein 6yLeM c4nTaTb MUHUMAIbHOE PACCTOSHME MeXAY PPOHTa/IbHbIMU
6opTaMy TPAHCMOPTHbLIX CPeACTB B COCeAHUX MOsiocax, Kak ecnm 6bl OHW crefoBann No OfHOWA
nonoce. Y CnoBHbIM 60OKOBbIM MHTEpPBaSIOM OyAemM CUMTaTb MUHMMa/IbHOE PacCTosHME Mexay 60-
KOBbIMW 60pTammn TPaHCNOPTHbIX CPEeACTB B COCEAHMX NOJsiocaX, Kak ecim 6bl OHWU cnefoBanu ps-
[4OM apyr ¢ apyroMm. Ha puc. 2 otpe3ok AC - ycnoBHas gucTaHUus, a oTpe3ok BC - ycnoBHbIN
60KOBOW MHTepBan. Takum 0bpa3omM, NpeacTaBseTCs BO3MOXHbIM, NMoAyvas OT pajapHoro gat-
4yMKa yron asumyTa W paccTosiHMe L0 Lenn, BbIYUCNATb AaHHble BeNUYMHbL. Mpu aToM cnegyet
YyUnTbIBaTh, YTO (POPMa Ky30Ba MHOTMX COBPEMEHHbIX aBTOMOOMEN He ABNSAETCA CTPOro NpsmMo-
YroNbHOM Ha BUAe cBepxy. 3akpyrneHus 6amnepoB MOryT CMeCTUTb anepTypHYH TOUKY Lenun oT-
HOCUTE/IbHO €€ UCTUHHbIX rabapuToB, NO3ITOMY NPU pacyéTe yKasaHHbIX BEMYUH HE06X04MMO
YUUTbIBaTb NOTPELLIHOCTb M3MEPEHUA Npnenn3nTenbHo 10 - 20 cm.

OTMeTUM, YTO B3aMMHOE PacrnonoXXeHne aBTOMOOUAA C CUCTEMO NOMOLLM NPU NepecTpo-
EHWUN 1 ero NomMexu He Bcerga 6yfet Taknum, Kak Ha puc. 2. TemM He MeHee, HEKOTOpPbIe CYLLLeCTBY-
tou e CUCTEMbI NOMOLLW NMPY NepecTpoeHnn, Hanpumep, Audi Side Assist LCNONbL3YIOT pagapHble
[JaTYMKKU C ABYMS aHTEHHamMK, OfiHa M3 KOTOPbIX MOCLINAET Nlyy Hasag, a gpyras - BOOK, AaTyuuk
nepeknYaeTcs ¢ 04HONM Ha Apyryto 15 pa3 B cekyHAy. Takum 06pa3om gOCTUraeTcs CKaHMpoBa-
HWe NPOCTpaHCTBa He TOJIbKO MO3aAu IMHUN 3afHero 6opta MallnHbl, HO M YaCTUYHO Bnepeau
Heé, UTO MO3BONAET He TEPATb M3 BUAY NOMeEXY, KOTOpas YXe forHana aBToMo6uUb C CUCTEMON
NMOMOLLM NPV NEPECTPOEHUN, HO elwé HaXoAUTCSA No3afn Kpecna BOAUTENS, BbIHYXad ero cMoT-
peTb B 6OKOBOE 3epKano UaM NoBopayvmBaTh ronoBy Hasag (puc. 3).

ST0 03HAYaeT, YTo A4 MOMHOr0 MOKPbLITUA NPOCTPAHCTBA, KOTOPOE HEeO06X0AUMO CKaHWUpo-
BaTb, Y KOPPEKTHOI0 BbIYNC/IEHMS YCNIOBHOTO 60KOBOr0 MHTEpBana, He06X0AMMO MCNO/b30BaTh Ta-
KOW AaTuMK C IBYMS aHTEHHaMK, Y OAHOM U3 KOTOPbIX HanpasneHWe 0630pa 6yaeT napanfefnbHO Npo-
[ONbHON ocW, a'y ApYroi - nepneHauKyNspHO B CTOPOHY NOMOCHI, HA KOTOPOW pagap ULWeT nomMexy.

Puc. 3. 3oHa ckaHMpoBaHus
Fig. 3. Scanning area
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Onpegennm NopafoK pacyérta yC/I0BHOW AUCTaHLMM U YCIOBHOIO 6OKOBOr0 MHTepBasa Ha
puc. 2 N0 3aKOHaM TPUTOHOMETPUIK. Y CTIOBHbIM OOKOBbIM UHTEPBANOM siBAseTca KateT BC, annHa
KOTOpOro Bbluucnsetcsa no gopmyne (1):

BC =sin(d) x AB. (1)
YcnoBHOM fucTaHumeit aensetca kateT AC, AN1Ha KOTOPOro BbluncnseTcs no gopmyne (2):
AC = cos(0) x AB. (2)

Beeagém Kputepuini ans onpeaeneHns HamepeHUs COBEPLUUNTL MepecTpoeHune. MNpusHakom
HamepeHUs BOAUTENS COBEPLIUTb NepecTPOeHNE MOXHO CUMTaTbObICTPOECOKpaLLEHME YCIOB-
HOro 60KOBOr0 MHTEPBaNa MeXay HUM U ero MOMEXOR Ha COCefIHel Noaoce, YTO MOXET 03HaYaTb
LBV>XEeHWe B CTOPOHY cocefHei nonocbl. Korga nomexu Ha nosioce HeT v AN pacyéta ycnoBHOro
60KOBOr0 MHTEepBana HeT UCXOAHbIX [aHHbIX, TO €CTb HUYTO W He NPensTCTBYET COBEPLUEHUID
nepecTpoeHUs, MO3ITOMY [aHHbIV Cnyyali He NpefAcTaBnseT uHTepeca. Micxoasa ns atoro, 4nsa onpe-
LeneHnsa HamepeHUs BOAUTENS COBEPLUNTL NEPecTPOeHe NpeaaraeTcs B paBHble NpefesibHO Ma-
Nble NPOMEXYTKN BPEMEHUN M3MePATb YCNOBHbI 60KOBON MHTepBan b. C matemaTMyecKoi ToOUKK
3pEeHNS CKOPOCTb M3MEHEHWUS HEKOTOPOWN (hYHKUMW B 3afaHHON TOYKE eCTb MPOWU3BOAHAsA 3TOW
(DYHKUWUK - Npefen OTHOLWEeHUS nNpupaLleHms GyHKLUM K NpupaLLeHnto aprymeHTa npu cTpemse-
HUW NpUpaLLEHNA apryMeHTa K HyNt0. M3mepsas 60KOBOW MHTepBan B NpeAesibHO Masble npome-
XXYTKW BPEMEHU, NpeacTaBnseTcs BO3MOXHbIM YNCNEHHO ONPeAennUTb NPON3BOAHYH YCIOBHOIO
6OKOBOTO MHTepBana no BPemMeHu:

b'(t) = T —. (3)

atNoat \

Tak Kak pafapHblii JaT4MK NO3BOJSAET HaM BbIYUCNATL NNLWb 3HaYeHUs b, To eCTb OTCYT-
CTBYeT aHa/IMTUYeCcKoe npefcTaBneHne GpyHKLMM YCI0BHOro 60KOBOro MHTepeana. Ans onpege-
NeHns NpUGNMXEHHOro 3HaYeHUs MPOU3BOAHOW BGyLeM WMCNOoNb30BaTh MPOCTeLy0 (hopmyny
YMCNEHHOTO AndepeHLnpoBaHNS:

b'(t) = b(.)bh(,- h), (4)

rae h - nHTepBan BpemeHu, B KOTOPbIA M3MepseTca YCN0BHbIA 60KOBOI MHTepBan (war gugde-
peHunpoBaHus), b(t-h) - ycnoBHbIli 60KOBOI MHTEPBAN B Havyasne BPEMEHHOI0 NPoOMeXyTKa, b(t)
- YCNOBHbI 6OKOBOW MHTEPBaN B KOHLE BPEMEHHOIO NPOMEXYTKa.

Bbi6paB NoporoBoe 3Ha4YeHMe NPOM3BOAHOI YCIOBHOrO 60KOBOr0O MHTEPBANa, a TakXKe MUHK-
MaJIbHO JOMYCTUMYHO BEIMYUHY MHTepBasa, NpeAcTaBiseTcss BO3MOXXHbLIM UCMO/b30BaTh YKa3aHHbIe
[laHHble [ON1F onpejesieHns HamepeHWs BOAUTENS COBEPLUUTL MepecTpoeHue. OfHaKO cam (akT
Hayana MaHEBpa NepecTPOEHNA NPU HaIMYMM NOMEXUN Ha COCeAHel Monoce B 30He AelCTBUA pajap-
HOro AaTymKa ewé He 03HayaeT Haimumne aBapuinHON CUTyauun, Tak Kak i eé onpefeneHns Hepo-
CTaTOYHO 0603HAYEHHbIX PAKTOPOB. HEOBXOAMMO YUNTLIBATL TAKXKE CKOPOCTb MOMEXU U YC/IOBHYIO
OMCTaHLMIO, pacCyMTbiBaeMYH0 Ha OCHOBAHWUM AaHHbIX JaTumka. Ecnm nocne 3aBepLueHns nepecTpo-
eHUA JUCTaHLMA MeXy aBTOMO6UIEM C CUCTEMOIA MOMOLLM M ero NOMeXOoi OKaXKeTcs He6e30nacHoi,
TO BO3HWMKAEeT OMacHOCTb (PPOHTaNLHOIO CTO/IKHOBEHWSA. CnefoBaTeNbHO, An1a 6e30MacHOro nepe-
CTPOEHMA AOMXKHA ObITb YCNOBHAA ANCTAHLMSA, TO €CTb CUCTEMA MOMOLLM AO/KHA BbINOHATD OLEHKY
3TOro (haktopa. PaccMOTpPUM BapuaHTbl onpeaeneHns 6e30nacHOCTU AUCTaHLUUN.

MyHKT 9.10 MpaBnn JOPOXKXHOI0 ABVMXKEHWUS TNACUT, YTO «BOAMUTENb LO/MKEH COOMOAATL Ta-
Ky AUCTaHUMIO 4O ABUXKYLLEr0oCcs Bnepeamn TPaHCNOPTHOrO CpeAcTBa, KoTopas no3sonuna 6bl ns-
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6exxaTb CTO/IKHOBEHMSA, a TaKXKe HeobXoamMblli GOKOBON MHTepBasn, obecneymBarolnini 6esonac-
HOCTb [BVKeHUs». Obe 3T BENNYMUHBI aBTOMOOUINCT JO/KEH ONpeAeNaTb caMoCTOATeNIbHO. [ns
TOro, 4To6bl ONpefennTb 6e30MacHy0 AUCTAHLUIO CYLECTBYIOT MHOXeCTBO npueMoB. OfuH 13
HWUX - Ha CyXOi gopore He0OXOAMMO TEKYLL Y CKOPOCTb AeNnTb HaaBoe. Hanpumep, Npu CKOpOCTH
aBToM06unsa 100 KM/4 6e3onacHas AMCTaHUMA A0 ABMXKYLLECA BNepean MalluHbl cocTaBuT 50 meT-
poB. [aHHbIi cNoco6 paboTaeT TONbKO Ha CYXOi AOPOre M NPeMMyLLeCTBEHHO Ha 3aropoiHOM
wocce. B cnyyae He6naronpuAaTHbIX KAMMaTUYECKUX YCNOBWUIA, Hanpumep, AOXAA UK CHera, 6e3-
onacHas guctaHumsa 6yaeT paBHa CKOPOCTU ABUXEHUS TPaHCNOPTHOrO CPeACTBa.

[na noe3fok no ropojy CyLwecTByeT crejytolas pekomeHgaumsa - aheKTMBHOE paccTo-
SIHWE Ha rOpoACKOW Jopore A0/MKHO COCTaBNAThL 2/3 Kopnyca TPaHCNOPTHOrO cpeacTea. B npume-
HEHWUW K N1erkoBbIM aBTo 3T0 3 - 4 MeTpa. Ha nepekpecTkax He06X0AMMO BblAepXKaTb AUCTaHLUIO
2 - 3 MeTpa 1 3TOro [0CTaTo4yHO, 4TO6LI B C/iyyae yaapa C3aAu aBTOMOOW/Ib He 3afen cocefa
BNepeAn N MalunHbl Ha LPYroi nonoce.

Bce nepeuncneHHble cnocobbl He YHMUBepPCabHbl U A4/ X UCNO/b30BaHWUA B CUCTEME MO-
MOLLM NMpKU NepecTpoeHnn TpebyeTcs yUnTbiBaTb MHOXECTBO (PAKTOPOB, He BCe U3 KOTOPbLIX Mpej-
CTaBfsieTCs BO3MOXHbIM C006L1aTb 6OPTOBOMY KOMMbIOTEPY aBTOMOOWASA, MO3TOMY He06X0AaMM
noaxoA, NO3BONIAIOLWMIA MPUHATL BEPHOE pelleHne 0 6e30MacHOCTM YC/IOBHOW AMUCTaHUUKU B No-
[aBnaoLLeM 60/1bWNHCTBE CNyYaeB M 3aBUCALWMIA TONBKO OT CKOPOCTM nomexu. Hanbonee nog-
XO4AWMM A8 3TOr0 ABNAETCA NPaBuI0 3 CEKYHA,.

«ncTaHumnsa B 3 CEKYHAbl» - 3TO PaccTOsAHME, KOTOpOe NMPOXOANT aBTOMO6U/b 3a 3 ce-
KYH/bl, COXpaHsa TeKYLLY0 CKOPOCTb ABMXXEHMUSA, 3TO PacCTOsiHME U cuMTaeTca 6e3onacHoOmn au-
cTaHuueli [MeToamka 3awnTHOro BoxaeHns, 2016]. Lienecoo6pa3HoCTb Bbi6opa 3 CeKyHA 00b-
ACHAETCA cnegyouwmmMmy aktopamu: 1,5 ceKyHAbl HE06X0AMMO Ha TO, YTOObI OTpearnpoBaTtb Ha
onacHyt cutyaumto, 0,5 ceKyHAbl HE06X0AMMO Ans cpabaTbiBaHUSA TOPMO3HON cuctembl 1 1 ce-
KYH[a B KayecTBe 3arnaca BpeMeHM Ha TOPMOXKEHNE.

[Onsa pacuéta 6e30MmacHO AuCTaHUMKM MO NpaBuay 3 CeKyHA MCNOMb3yeTcs crnefytollas

thopmyna (5):
7X1000

4
D= 3600 X3, SS)
rae D - 6e3onacHas guctaHums, a 'V - Tekyllas CKOPOCTb aBTOMOGUNS.

Hanpvmep, B COOTBETCTBUMU C AaHHLIM NpaBWioM Ge3onacHas AWCTaHUMA 415 aBTOMO-
o6uns, ABMXYLLEroca co CKOpocTbio 60 KM/yac, cocTtaBnsaet 50 m.

ViccnenoBaHMa NOKasbiBalOT, UTO B BOMNbLIMHCTBE C/y4YaeB OnpefeneHne 6e30nacHon au-
CTaHUMM MO nNpaBuay 3 CeKyHA No3BO/seT n3b6exarb PPOHTANbHOINO CTO/IKHOBEHWUS TPaHCMOPT-
HbIX CPeACcTB, ABUTalOLMXCS B MONYTHOM HarnpaB/ieHUN, HE3aBUCUMO OT ApYrux ¢akTtopos. MMo-
3TOMY f[aHHOe NpaBW/I0 PEKOMEHA0BAaHO MPaBOOXPaHUTENbHLIMW OpraHamMn cTpaH Mupa, B TOM
yncne n rMbAL Poccuiickon degepaunn, ana onpeaeneHns 6e30MacHOn AUCTaHLUNUK, a TaKXe
MCNOMb3YyeTCs MepcneKTUBHbIMK cUCTeMaMK 6eCnMIOTHOIO TpaHcnopTa.

Ha ocHOBaHMM BCero ckaszaHHOro chopMynmpyem npeanaraemblii MeTof 06HapyXeHuUs aBa-
PUAHOM CUTYyaunn Npu NepecTpoeHnmn: obHapy>XXeHne MOMexXM B COCEHEN Nosioce OCyLecTBnseTcs
NoCpeACTBOM [BYXaHTEHHOrO pajapHoro garymka. OnpefeneHme CKOPOCTU MOMEXW U YC/TOBHOWA
OMCTaHLMM OCYLLEeCTBNAETCA GOPTOBLIM KOMMbIOTEPOM Ha OCHOBE AaHHbIX pajapHOro Aatyunka.
OnpegeneHne 6e30NacHOCTY YCIOBHOMW ANCTaHLUM NPOUCXOAUT NO Npasuny 3 CeKyHA. 3mepeHune
YCNOBHOIo 60KOBOro MHTEpBana C NOMOLWb0 6GOPTOBOr0 KOMMbIOTEpa Ha OCHOBE AaHHbIX pajap-
HOro JaTymnka B Masible MPOMEXYTKN BPeMeHU, a TakXXe BblUMCieHne NpUeamKEHHOro 3HavYeHuns
NPON3BOAHON YCNOBHOr0 60KOBOrO MHTEpBana no BpemeHun. Ecnn nponssogHas yCnoBHOro 60Ko-
BOr0 MHTepBana npeBbiCMIA MOPOroBOe 3HAYEHWE UM 3HAYeHUe YCNOBHOI0 60KOBOro MHTepBana
MeHbLLe MUHMMaNbHO AOMYCTUMOr0, NPW 3TOM YC/I0BHAsA AUCTaHUMA B COOTBETCTBUN C NPaBuIoOM
3 CeKyH He ABnsieTcs 6e30MacHoOi, NPUHNUMAETCS pelleHne 06 aBapuintHo cuTyalum - ONacHoOCTH
OTI npu npoao/mHKeHNN MaHEBpa, TpedyroL el HeMeAIEHHOT0 MPUHATUSA MeP MO NPeAoTBPALLEHNIO
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OTI. iHaye MaHEBP MOXHO cymMTaTh 6e30nacHbIM. [1pn OTCYTCTBUN NOMEXU B 30HE [AECTBUA pa-
[apHOro faTumka MaHEBp TakxXe cumTaeTcs 6e30nacHbIM.

B cOOTBETCTBUU C OMUCAHHLIM METOAOM OMpefenuM anroputMm paboTbl CUCTEMbI B BUAe
610K-cxembl (puc. 4). ANrOPUTM AO/DKEH LUKINYECKN NOBTOPATLCA NPU 06HAPYXXEHUN MOMEXM B
coceHel nonoce B 30He BUAMMOCTM paflapHOro AaTtymka ¢ 4acTOTOI, OnpeaensieMoli Wwarom Yymc-
NEHHOro AndepeHLnpoBaHus h, To eCTb NHTEpPBaNOM BpemMeHU At, B KOTOPbIA LO/MKHO BblYMC-
NATbCA 3HAYeHMe YCNI0BHOro 60KOBOro MHTepBana. BXOAHbIMM [aHHBIMW anropuTma ABASETCA
npeablayLiee 3HayeHne yCca0BHOT0 60KOBOro UHTepBana (B NePBOM LMK/ paBHOE TEKYLLEMY 3Ha-
YEeHWI0), KpaTyalillee paccTosHMe J0 nomexu R, yron asumyTta 9, CKOPOCTb MOMEXMW, UHTepBa
BpemeHn At U NOporosoe 3HayeHue MpousBogHON brO B pe3ynbTate paboTbl anroputma Ccu-
cTema onpegesnser: NonbiTKY BOAUTENSA COBEPLUMTL MAaHEBP NEPeCTPOEHMUA, a TaKXe ABNSETCA N
MaHEBp B TEKYLLMX YCNOBMUAX OMNACHbIM.

Ecnun ycnoBHas AncTaHumsa 60nblle UM paBHa 6e30MacHoi AucTaHummn, onpeaenseMmoi no
npaBuny 3 CeKyHA, cucTema faéT OTBET, YTO nepecTpoeHne 6e30MacHoO 1 He OyAeT OTCNeXMBaTb
MOMbITKY COBEPLINTb MaHEBP. VIHaue cucTema paccumMTbiBaeT YCNOBHbI 6OKOBOW MHTepBan 1 ero
NPou3BOAHYH. Ecnn npounssogHas 60/bllie NOPOroBOro 3Ha4YeHUs, To cucTeMa pMKcmpyeT onac-
HOCTb CTO/IKHOBeHWUA. [oc/e 3TOro Tekyllee 3Ha4eHMe yC/0BHOro 60KOBOro MHTepBana rnepeja-
€TCS B HOBbIV LMK anropnTma B KauecTBe NpefblayLero sHa4eHuns bip.

Puc. 4. AnropuTm pacnosHaBaHus aBapuinHoV CUTyaumm Npu nepecTpoeHnm
Fig. 4. Algorithm for recognizing an emergency situation when changing lanes
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[aHHbIVi MeTog 1 anropuTM NO3BOUT CUCTEME NMOMOLLM NPV NepecTPOeHUN NPUHUMATL pe-
LeHMs 0 BMeLLIaTeIbCTBE B MPOLECC YNpPaBAeHNS C LieNbio npegoTBpaleHns AT v Takum o6pasom
CHM3WTb aBapMIMHOCTb Ha MHOTOMO/IOCHBIX aBTOMOGWbHBLIX Aoporax. A(eKTUBHOCTbL MeToaa OY-
[eT NpoBepeHa UMUTALNOHHBIM MOAENNPOBAHMNEM JOPOXKHOIO ABMKEHUSA B faNbHELLNX paboTax.

3akto4veHue (BbIBOAbI U peKOMeHZaumnmn)

Ha ocHOBaHUM paboTbl MOXHO CAenaTh CnefytoLine BbiBOAbI O TOM, YTO MHOrMe aBTOMNpPO-
n3BOAMTENN 060PYAYHOT CBOM MOAENbHbLIE PSAbI CUCTEMAaMMW MOMOLLM NPU MEPECTPOEHUN, OAHAKO
60MbLWIMHCTBO CUCTEM MMEET Mpeaynpexaarolle-peKoMeHaaTelbHbli NpuHLMN AeincTens. bonb-
LUMHCTBO CMCTEM OCHOBAHO Ha pajapHbIX AaTUMKax, HO NPUMEHSOTCSA U Apyre MeToAbl, TEXHOMO-
rMn 06HapY>XXeHNs NOMEX M OMACHbIX CUTYaLMWil, HO peakLuMo Ha UTHOPUPOBaHWE BOAUTENIEM BCEX
npeaynpeXxaeHnii CUCTeMbl Ha CErOAHALWHWIA AeHb NpegnonaraeT TO/bKO Of4Ha CUCTeMa C aKTUB-
HbIM NogpynMBaHmem. CucTema ¢ akTUBHbIM NOAPYINBAHUEM OFpPaHUYeHa LOPOXHLIMMW YCIOBUSIMU
I CKOPOCTHbIM PEXMMOM, NO3TOMY ANS ONPeAeNeHNs HaMepeHns BOAUTENS COBEPLUUTL NepecTpo-
eHue B laHHOI paboTe npegnaraeTca MCNONb30BaThb [JaHHble, MONyYaeMble C pafapHbIX AaTUYNKOB,
TO €CTb U3MEPATb HA NX OCHOBE YC/OBHbI 6OKOBOI MHTEPBas, MO COKPALLEHNIO KOTOPOro NAEHTK-
(hMyMpoBaTb Hayano MaHEBpa NepecTpoeHms. [Ons onpefeneHns aBapuinHOW cuTyauum cuctema
TakXke A0/MKHA NPUHMMATb pelleHne 0 6e30MacHOCTI YCNOBHOM AUCTaHUUN MEXAY aBTOMOGUNEM
C CUCTEMOVi MOMOLLM NPY NEePECTPOEHNN 1 ero NOMeXO0l B COCeIHEN NOM0Ce MO NpaBuIy 3 CeKyH.
[na onpeaeneHns NoporoBoro 3HayeHUs NPOU3BOAHOIN YCNOBHOr0 60KOBOrO MHTepBana v MUHU-
ManbHOro A0NYCTMMOrO UHTEPBana He06X0ANMO MMUTALMOHHOE MOAENNPOBAHNE AOPOXXHOIO ABK-
XXEHUS 1 pa3paboTaHHOro MeToda 06HaPYXXEeHUS aBapUnHON CUTyaLUN.
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