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JTOCJIJI)KEHHSA 3JIATHOCTI CUCTEMH
«ABTOMOBLJIb — BOJIIN — JOPOTI'A» 10 OB 131y
HECHOAIBAHOI NEPEIIKOJIA

YV cmammi 0ano oyinky wuHHUKam, HeoOXIOHUM O Opeani3ayil HAGYAHHS 600IHHIO 3 BUKOHAHHA 00 130y
Hecnooisanoi nepeuKoou, GUHAYEHO XApaKmepucmuKku aemomooiis ma Kkeposaui Oii 600is, HeoOXiOHI O/is
yeniwmno2o 00130y Hecnooieanoi nepewkoou, a MmaKoiC YMOUHEHO MONCAUBICIb OYIHKU VCHIUWHOCTE
HAaBYanHs ma pooomu 600isi HA OCHOBI NOKAZHUKIE NEPEXIOHUX XAPAKMEPUCMUK CUCHEMU «a8MOMODLTb —
80011l — 00po2ay.

Knwuoei cnosa: xeposanicms, 600iHHs A8MOMOOINS, HAGUAHHS, NEPEXIOHA XapaKMepUCmuKa.

Beryn

HeoOxinHicTh BUKOHAHHS BOJIIMH MaHEBPY TUITY «II€pECTaBKa» BUHUKAE B aBapiiiHii cuTyallii,
OB s13aHIi 13 TIOSIBOIO Y CMY31 pyXy MOMepeay aBTOMOOLUIS Mepenkou. MoXIIMBICTh YCITIIITHOTO
BUKOHAHHS MaHEBpPY 3a0€3MeUyl0Th MOE€JHAHHAM XapaKTEpUCTUK BOJIS Ta aBTOMOOUIA, YMOBaMHU
pPyXy Ta HaBYEHOCTI BOIS.

CydacHi BuUNpOOyBaHHS aBTOMOOUIS THIMY «IepecTaBKu» [l] MO3BOJISIIOTH JOCITIIKYBaTH
HaWBaXIMBILII XapaKTEPUCTUKH KEPOBAHOCTI B CUCTEMI «aBTOMOOLIb — BOJI — nopora» (A-B-/1),
Hacamriepen, 4dac peakmii Boxis (YP,), wac peaxnii aBromoOins (YP,), ixmiii cumOio3, THm
MOBOPOTHOCTI aBTOTpaHcnmopTHUX 3aco0iB (AT3). Ilpu wnpomy wMmaibke HE BpaxoBYIOTh
cy0’exTuBHUN ymuB BoxiA. [luM Bigpi3HSE€THCS MPOMOHOBAHUN METOJ Bl HASBHOTO METOJA
«repecTaBkay. [3 ypaxyBaHHSM IepeBar JOCHIIKEHHS BKa3aHOTO MaHEBpPY aBTOMOOUIS, Ha HaIl
MOTJIs1, HAaBYaHHS 00’131y HECNoAIBaHOI NePEeUIKON B MaHepl MIBUAKOI «I1€pECTaBKU» J103BOJIHUTh
HE TUIbKM MIJBUIIUTH HABUYKU O€3MEKH PyXy, ajie i IMPOrHO3yBaTH YCIHIIIHICTH pOOOTH BOIS B
IHIIUX aHAJIOTTYHUX JJOPOKHIX CUTYALIsIX.

Merta crartTi

1. OuiHuTH YMHHUKHA, HEOOXITHI IS OpraHi3aiii HaBYaHHS BOJIHHIO 3 BHKOHAaHHS 00 i3my
HECIIO/IIBAHOT IEPEIIIKOIH.

2. Bu3HaYUTH XapaKTEPUCTHKU aBTOMOOLUIS Ta KEpiBHI Jii BOJIS, HEOOXIAHI JUIsl YCIIIIIHOTO
00’131y HECTIOAIBAaHOT MEPEIITKOIH.

3. BusHauuTH MOXUIMBICTH OIIIHKM YCIIIIHOCTI HaBYaHHS Ta poOOTH BOJISI HAa OCHOBI
MPUMHATHX Y T€Opii aBTOMATUYHOIO YIPABJIIHHA MOKA3HUKIB MEPEXITHUX XapAKTEPUCTUK CUCTEMHU
aBTOMAaTUYHOTO PEryJIIOBaHHS, Y SIKOCT1 AKO1 pO3IisiAaoTh cucremy A-B-/1.

PesyabTaTi A0CJiIKEHD

Cxemu BumnpoOyBaHb npuBeqeHO Ha puc. 1. Jlng ydacTi y BUIPOOYBaHHSIX 3aCTOCOBYBAJIU
aBTomobuti YA3-3151, T'A3-3307, 3W1JI-4331, VYpan-4320, KpA3-260b, ski BiApI3HSIIOTHCS
CTaTUYHUMHU 1 JAMHAMIYHUMHU XapaKTepUCTHKaMU MOBOpPOTHOCTI (Tabm. 1). TouHicTs BOIIHHS
OIL[IHIOBAJIM YHCJIOM TOpPKaHb OOMEXKYBadiB 3 BHKOPUCTAHHSAM KOMIUIEKTY INpHIAJiB peecTparii
KEpIBHUX /il BoisA Ta 3BOpoTHUX peakuii asromooutst (KABPA) ta kommuexkty ACY — aBToapOM.
O1iHKy K€pOBaHOCTI aBTOMOOLTIB BU3HauUaIH BOoii 3a 10-0anbHO0 cucTEMOIO.

Tpaekropito pyxy aBTOMOOLUIIB BiAMIYaldM 3a JOIOMOIOI0 IMHEMOTIIpOTpaekTorpadis, mnpu
IbOMY DPEECTPYBAIU MIHIMAIBHY BIJICTAHb Sgymin, HEOOXIAHY HJsi 00’131y, sIKa XapaKTEpH3YeE
peaxuiro 1 BoAisd, 1 aBTOMOOLIs, TOOTO, peakuito cuctemu A-B; ammutityny Biaxuiens A; (puc. 2) i
JOBXHUHY TEpeXimHoi XapakTepucTuku Sy (puc. 1). 3ynuHHUNA TUIIX Ta HOTO KOMIIOHEHTH
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BHU3HAYAJIM 3a JOMOMOIOI0 «IIPUCTPOIO BiACTpuly». Ilapamerpu pyxy aBTOMOOUIS 3aIMCyBajid Ha

mwiiBKy ociuiorpada HOO8M.

Taomus 1

BestnnHM cTATHYHOT 0 MOKa3HUKA MOBOPoTHOCTI — U, L, 1 yacy peaxuii — 1P ,_g aBTOMODITiB, 10 Opaan

y4yacTtb B eKCHepHMeHTi

Mapku aBTOMOO1TIB

Mapaverpu VA33151 | TA3-3307 | 3WI-4331 | VYpand320 | KpA3-2606
Basa L, M 2,38 33 3,975 42 5,3
ITepenaToune 4ncIo KEPMOBOTO 20,3 20,5 20,0 21,5 23,6
kepyBauns — Uy,
Upy Lo, M 48,3 67,6 79,5 90,3 125,08
UP, .. C 0,5 0,5 0,52 0,7 0,83

VY xoza1 00poOKku ocIuIorpam i mapaMeTpiB TPAEKTOPIi pyxXy aBTOMOOLIIB M1 Yac BUIPOOYBaHHS
po3paxoByBanu: 4dac peakimii aBromooOins YP, i cucremu A-B 3aramom YP,_,, yac mepexigHOTrO
nporecy T,, koedirieHTH aemidipyBaHHs KOJIHUBAHb TPAEKTOPII Micist 00’ 3ay mpu «repectaBii» D

it 3aryxanHs C pyxy aBTomMo01s, puc. 1.

375m

375 m

O [m] =]

Puc. 2. Tpaexropii pyxy aBromo6iniB YA3-3151 (2) u Ypan-4320 (1)

Jlo y4acTi y BUIpoOyBaHHSX 3ayqdrid 24 BOAII: T’ ITh BOJIIiB, 3aKPIIJICHUX 32 JOCIIHKYBAaHUMHU
aBTOMOOUIIMU, YOTHUPH IHCTPYKTOPH MPAKTHUYHOTO BOJIHHS 31 cTakeMm Oulble 5 pokiB Ta 15
KypCaHTIB. Y 3aJliK 1IUIK Bcl 15 3ai3/1B: 1€ JO3BOJISIIO BIACTEKUTH MPOLEC CTAHOBIIEHHS HAaBUYOK

yIpaBJliHHSA aBTOMOOUIEM.
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30BHILIHIM BHUSIBOM CYMICHOCT1 €JleMEeHTIB cucteMu A-B Ta HaBueHOCTI BOJIS IiA yac 00’i3ny
HECIO/1IBaHOT MEPEIIKOIN €: IUIAX Sg 1pin, AKUN IPOXOIUTH aBTOMOOUIb 3@ Yac peakiii cucremMu A-
B, noBHuit nuisx Sy, yac nepexigHoro mnporecy Tp, TOYHICTh BOAIHHS, KOSIMIEHT AeMdipyBaHHS
D Ta 3aryxaHHs konuBaHsb C.

Ha puc. 2 mokazano cepeani Ajis BCIX CIIOCTEPEKEHBb TPAEKTOPIi pyXy aBTOMOOLIIB; Ha puc. 3, 4
MIPUBEACHO 3HAYCHHS Sg ppin TA aMIUNTYIM A KypCOBUX KOJMBaHb aBTOMOOUIS BIIHOCHO BICHOBOI
nuHIT cmyrd pyxy. SIK i caig Oyno odiKyBaTtd, aBTOMOOUI 3 BenukuM 3HadeHHsMm U, L, Ta
MOMEHTOM iHepLii mp? MaTh MEHIIy YyTJAMBICTH 10 HOBOPOTY, OUIBIII 3HAYEHHS Sgmin
(Big 7 — 8 M npu v = 40 xm/rox g0 17 — 20 m ipu v = 70 km/rox). st BoaiiB OUIbII JIETKUX Ta
KOPOTKOOa3HUX aBTOMOOLTIB Led (DaKT € HEeCHoAIBaHHMM, YHACIIAOK IIbOTO TPAEKTOPI PYyXy
aBTOMOOUIIB, 10 OynM KEpoBaHI HUMH, XapaKTEpU3YEThCS IOPETYIIOBAaHHSAM Ha MepIlii apili
noBopoty. Ilpu npboMy ammitTyia KoauBanb y Toulll b 30uibmryerses a0 1,7...1,9 m; 30u1b11yeTses
Takox (azona 3aTpumMka @ peaxiiii aBTOMOOLIS.

ABTOMOOLUTI 3 MEHIIIMM 3HAYEHHSM TIOKa3HUKA CTATUYHOI NOBOPOTHOCTI Uy, L, Ouibln 4yTIINBi 110
MIOBOPOTY, MAlOTh MEHII1 3HAYEHHS Sg min (4151 aBTOMOOUTS YA3-3151 —4,5...4,8 M, ['A3-3307 Ta
31JI-4331 — 6...6,6 m, YPAJI-4320 u KPA3-260b — 7,2...8,8 m ipu v = 50 km/rox). Xapakrep
iXHBOTO PYXY BIIPI3HAETHCS MEHIIMMH aMIUTITylaMH KOJIUBAaHb, OUIBLIOK YacCTOTOIO KOJIHMBaHb (110
0,7 — 1,0 I'n). i yrpuMaHHs aBTOMOOUIS B CMY31 pyXy BOJIi 4acTilie KOPUCTYIOThCSI KEPMOBUM
KOJIECOM.
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Puc. 3. YuiuB Ty aBTOMOOLIIB HA BEIMYUHY MiHIMaJlIbHO 0€3MEYHOI BiACTaHI Sg pmip
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Puc. 4. YuuB tuny aBTOMOOLIIB Ha BETMYMHY aMILTITYJH KOJMBaHb TPAEKTOPIT
ABTOMOOLIA, A,y g

AHaini3 MOKa3HUKIB TOYHOCTI BOJAIHHA Ta CyO’€KTUBHHUX OI[IHOK KEpPOBAaHOCTI aBTOMOOUIEM
(puc. 5) 103BOJISIE NPUITYCTUTH, 1O onTUManbHe 3HaueHHs Up L, B mexax 70 — 80 m. Posnojin

sHaueHb Up L, s 35 BITYM3HAHHMX Ta POCIMCHKMX aBTOMOOLIB (puc. 6) MIATBEPXKYE, WO B
ouremiocti 3 HUX (YA3-3151, 'A3-3307, KAMA3-4310, 31JI-4331, KpA3-260b) us Benuuuna y

Hayxkosi npami BHTY, 2014, Ne 2 3



3ACTOCYBAHHA PE3VJIbTATIB JOCJIIIXXKEHb

BKazaHuX Mexax, B HIUX (YPAJI-4320) Binpi3HA€ThCA HE3HAYHO. 3arajioM JUCIEPCis MOKa3HUKIB
UpyLa € BENMKOIO, 10 HEOOXIIHO BPaxOBYBATH MiJ YaCc HABYAHHA Ta MEPEMIATOTOBKHM BOIIB, a
Takox mig yac ananizy JATII 3 apToTpancnopTHIME 3aco00amu.
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Puc. 5. Yrums napamerpa Uy, L, Ha OLIiHKY KEPOBAHOCTI aBTOMOOLIA
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Puc. 6. Posnioztin mokasHuka cratuyHoi noBoporHocti Up L, st
25 aBTOMOOIITIB

Yac peaxkuii aBromo0u1iB YP, nokaszas 3nauenns Big 0,17 ¢ aisg aBromodutst YA3-3151 ta 0,45 ¢
i aBTomMoOuIs 3min-4331 1 3aranom 311MCHIOBAB 3HAYHUI BIUIMB HE TUIBKM HAa 4ac CyMapHOi
3aTpuMku cuctemu A-B, sxuii cknagas 0,5...0,8 ¢ 3 ypaxyBaHHAM TOTOBHOCTI BOIIiB 10 MaHEBDY,
ajle ¥ Ha BEIMYMHY YacOBUX IHTEPBAJIB MDK HACTYMHHUMHM KEpyBaJbHUMHU [IIMH BOJIS Ta
3BOPOTHUMHU peakliiMU aBTOMOOUIB. Tak, 3a 3HA4YHOI 3aTPUMKH IEpUIOT 3BOPOTHOI peakilii
aBTOMOOUIA BOAIN Micias LBbOTO OUIBII PI3KO MOBEPTAE KEPMOBE KOJIECO, IO CYMPOBOJKYETHCS
MOJAAJIBIINM MOTIPIIEHHAM CTaOUTbHOCTI MOYIIALIT KEpYBaHHS aBTOMOOUIEM.

Omxe, SKIIO NPUIHATH NEPUIOI0 KEPIBHOIO JI€I0 MOBOPOT BOJIEM KEPMOBOTO KOJIECA MDIK
toukamu A ta O (puc. 1), 1pyroro — NOBOPOT KEPMOBOTO KOJIECAa B MOMEHT YCTAaHOBKM aBTOMOOLIA
Ha HOBIM CMY31 pyXy B paiioH1 TOYKH b, TO MOKHA MPUITYCTUTH, 110 3HAHHS Ta CIPUHHATTS BOJIEM
YP, nonomoske oMy 3aBUaCHO MIArOTYBATUCA O BUKOHAHHS IPYroi KepiBHOT [ii.

3 moriAny Ha TOKAa3HUKH TOYHOCTI BOJIIHHS Ta CyO’€KTHBHI OIIIHKK BomiiB (puc. 5, 7),
ontumansauit YP, ckmamae 0,22 — 0,25 c. I3 30impmenusam YP, TOYHICT, BOMIHHA CTae
nporpecuBHo Tipmoro. Lle mposiBiseTscss B HECTaOUIbHIN MOAYIALIl poOOTH CUCTEMH YIPaBIIHHS
aBTOMOOUIEM, Yy TMOTIPIIEHHI CEHCOMOTOPHOI KOOpAMHALIl KepiBHUX Al BOAISL, y 30UIbLIEHHI
KOJIMBAJIBHOCTI TPA€eKTOpii aBTOMOOLISA. Yce 1ie, IMOBIpHO, B1IOYyBa€eThCsS BHACIHIIOK CTaHY MEBHOL
HEBU3HAUEHOCT], y skl € cuctrema A-B-JI B mpomikky, mo aopiBHioe YP,. Lle minrBepmxye
KOPEKTHICTh pa3po0ieHoi iHpopMariiiHoi moaeini cuctemu A-B-]1 [2].
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Puc. 7. YuuB yacy peakiiii Ha TOUHICTh BOMIHHS

Oco011BO OMITHO BUSIBJISIETbCS HECTAOUIBHICTD YIIPABIIIHHS 32 YMOBH 30UIbIIEHHS IIBUIKOCTI
pyxy aBtomoOuis Bifg 50 km/rox 1 Ouibiue. I3 30UIbIIEHHSM MIBUAKOCTI pyXy Ta LIBUIKOCTI
IIOBOPOTY KEPMOBOI'O KOJIECA Wy, 3aII3HEHHs PEaKilii aBToMOOUIs 110 (Basi 30UIbIIYEThCS: TIPU U =
50 xM/rox Ha aBTOMOOUIAX I3 HAWIMLIKOBOKW MoBopoTHicTO (-0,17) mpu w, = 180 rpan: ¢!
¢azosa 3atpumka ®° ckmamae 50°, 3 memocrarasoro (0,21) — 30°. I3 puc. 8 BuaHo, WO (azosa
3aTpUMKa OIYHOTO MEPEMIIIEHHs aBTOMOOUIA BiTHOCHO MTOBOPOTY KEPMOBOTO KOJI€Ca CKIIAJIA€ IS
yMoB BuIpoOyBans 70...120° [3].

[3 301IbIIEHHSIM MIBUAKOCTI aBTOMOOUISL 3pOCTA€ Sg i T S, 3MEHIIYETHCS Yac MEPEX1THOTO
npouecy nosopoty Ty (puc. 9), ane 3anexHicTh MDK 3HaueHHsMU Sy Ta T € HemiHilHOIO,
IMOBIPHO, YHACJI1JIOK KOJIMBAJIBHOCTI TPAa€eKTOPii pyXy aBToMoOus. I1ig yac moctaHOBKM 3aBaHHS
BOJII0 00’TXaTH NEPelIKOAy «IIBUIKO, HACKUIBKU L€ € MOXJIMBUMY 30UIbLIyBaJIach aMILIITYya
TPAEKTOPIi A;, KyTOBa MBHUIKICTH aBTOMOOUIA W), YUCIIO N MEPEPETYIHOBAHD («PUCKAHbY). Y LHUX
cUTyalisix Koa¢inieHT aemndipyBanHs D maB TeHAEHLIO 10 3MeHIeHHs 10 35%, koedinieHT C
30ueryBaBcs 10 70%, otmxke, «auckoMdopT» pyxy 3poctaB. [IpoTe, sik BHAHO, BOJIi BiIIalOTh
nepesary 0e3merli pyxy, a He KoMpopTy.
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Puc. 8. ®a30Bi 3aTpUMKH B CUCTEMI YIIPABIIiHHS aBTOMOO1IEM
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LLBmaKicTb pyxy

Puc. 9. 3anexHicTh MiXK mapaMeTpaMH pyxy, TUIIAMH aBTOMOOLJIIB Ta TOYHICTIO BOJIHHS (11,)

31aTHICTh BOAIA NepeadaduTH MOl 311iCHIOE BIUIMB HE TUIbKM Ha 3MEHIIEHHS 3aTPUMYBaHHS
MepIIoi peakirii, aje i Ha XapakTep MOJAJBIIUX JId Ta peakiid aBTomMoOuIs. s mepeBipku miel
rinoTe3y MiCisi BU3HAYEHHS IS KOJKHOI, I10-CBOEMY OpraHizoBaHoi cucreMu A-B onrtumanbHux
3HAYCHb Sg,min 3a0€3medyBanu BurnepemkyBaibae Ha 0,5...0,7 ¢ yBIMKHEHHSI CUTHAIIY HAIPSIMKY
MaHeBpy (puc. 1); nuifx, o NpoxXoauTh aBTOMOO1Ib, CKIa/1aB:

[(0,5 0,7) " Uy + 56 min]- (1)

[Ipn uboMy mnokpaimiyBajiucs MOKa3HUKHM jemipipyBaHHd D Ta 3racanHa C KoJMBaHb. 3a
MOAAJIBIIOrO 30UIbILIEHHS Yacy BUIIEPEKEHHS BJIACHI «IIyMU» BOJIA 30UIbIIYBaIHCs, MapaMeTpu
pyxy cuctemu A-B He mokpanryBajiucs.

Ha wuyepBone cBitio cBitnodopa aBTOMOOUIF MOBUHEH OyB 3YIMUHATHCS, TMPH IOMY 3a
JIOTIOMOTO10 «IPUJIaAy BIACTPULY» BU3HauaBcs 3ynuHHUM 1uisx S;. Ha puc. 10 nokazano 3Miny S;
Ta Sg min Y QYHKUIT HIBUAKOCTI PyXy aBTOMOOLISL.
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Puc. 10. 3anexHiCTh MK IBUAKICTIO PYXy aBTOMOOLIIS V,, 3YITUHHUM LUISIXOM S; Ta MiHIMAJBHOIO JUCTAHIII€I0
0e3MeKH Sg min

3yNMUHHUHN IUIIX PO3PaxOBYBAIH 32 BITOMOIO (hopmysoro [4]:

jrte 1 it
Se = volto + 1) =252 + 7 (o + )2, ()

ne t, — yac peakuii Bonis (t, = 0,75 ¢); t; — yac cmpamboByBaHHs nipuBony (t; =0,5 ¢); j; —
ynosineHenns Bix 0,3g, 0,4g, 0,5g M * ¢~2(piske, Take, IO BaKKO IIEPEHOCUTLCS BOJIEM).
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Sk BUAHO, 3@ IIBUJKOCTI pyxXy aBTOMOOUIS 10 50 kM/4 Sgnin CKIaa€ TpoXu OUIbIIE OAHIET
TPETUHU 3YIIMHHOTO IJIAXY.

BuchHoeku

Omxe, MaHeBpy 3 00’137y HECNOJIBaHOI MEPEUIKOAM BapTO HaJaBaTH OUIbILY IepeBary, HiK
raJIbMyBaHHIO 3 3YIHHKOIO. AJie 1€ moTpedye CBOE€YACHOIO, TOUYHO CKOOPAMHOBAHOTO BOJIEM
IIOBOPOTY KEPMOBOIO KOJieca, 3HaHHA Ta BMIHHS BUSBUTH 1 CIPUHHSATH 3BOPOTHY pEAKIIIIO
aBTOMOOUIA Ha BCix (azax mMaHeBpy. [loanbuinM y10CKOHAJIEHHAM 1IbOI'O MaHEBPY OBUHEH CTAaTU
KOMOIHOBaHMM MaHEBp, HANpUKIAJA, TajJibMyBaHHS 3 00'i3nqoMm mnepemkoau. OUIKyeTbCs, L0 1€
MOBUHHO CKJacTH (00pa3HO) «BHUIIMHA KJac» MANCTEpHOCTI BOJIHHS Ta IIPale3/laTHOCTI
3anpormoHoBaHa METOJMKA OIIHKH MaWCTEPHOCTI Ta MpPare3JaTHOCTI BOJISI TTOBMHHA MICTHTH B
SIKOCTI HOBOTO METOJy HaB4YaHHs 00’137 HecmojiBaHoi nepemkoau. KpiMm Toro, BoHa Moxe OyTu
BUKOPUCTaHa B SKOCTI IONEPENHIX TpPEHYBaHb II€pe] HaBUaHHSAM Oe3MocepeHb0 00131y
MOJENIbOBAHUX THepeuikoa (IMIIOX0/iB, aBTOMOOLIIB). Y XOJi TpeHyBaHb BOJll HABYAKOThCS
CHPUMHATTIO XapaKTEPUCTUK aBTOMOOLIIB, CCHCOMOTOPHOI KOOpAMHALT KEPIBHUX [IiH, 3100yBalOTh
YIEBHEHICTh Y MOXJIMBOCTSAX MAIWH. Y pe3yibTari Ti, U0 HABYAIOTh, MOXKYTh OYyIyBaTH IpOILIEC
HaBYaHHS OUTBII IUIECTIPSIMOBAHO.
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STUDYING THE ABILITY OF “AUTOMOBILE - DRIVER - ROAD”
SYSTEM TO BYPASS A SUDDEN OBSTACLE

The paper estimates the factors required to organize driving training on bypassing a sudden obstacle.
The automobile characteristics are determined as well as control actions of the driver required to
successfully bypass a sudden obstacle. Besides, a possibility of successful evaluation of the learning progress
and driver’s performance is determined on the basis of transient characteristics of the “automobile — driver
—road” system.

Keywords: controllability, automobile driving, training, transient characteristic.

Introduction

The necessity to perform a lane-changing maneuver by drivers arises in the emergency situation
when an obstacle appears in the lane ahead of the automobile. The possibility of performing a
successful maneuver is provided by the combination of characteristics of the driver and the vehicle,
driving conditions and the level of driver’s training.

The existing lane-changing tests (“elk tests”) [1] make it possible to investigate the most
significant controllability characteristics in the “automobile — driver — road” (A — D — R) system
and, primarily, the driver’s response time (RTg), the automobile response time (RT,), their
symbiosis, the type of turnability of automotive transport means (ATM). However, the driver’s
subjective influence is almost not taken into account, which is just the distinguishing feature of the
proposed method as compared with the existing lane changing method. We believe, that with the
advantages revealed in studying this vehicle maneuver taken into account, training on bypassing a
sudden obstacle in the quick lane-changing manner will make it possible not only to improve
driving safety skills but also to predict the driver’s successful performance in other similar road
situations.

Aim of the paper

1. To estimate the factors required to organize driving training on bypassing a sudden obstacle.

2. To determine characteristics of the vehicle and the driver’s control actions necessary for
successful bypassing a sudden obstacle.

3. To determine the possibility to estimate the driver’s training progress and performance on
the basis of transient characteristic values of the automatic control system (here the A — D — R
system is considered), which are adopted in the automatic control theory.

Research results

Testing schemes are presented in Fig. 1. The following automobiles were used in the tests: Y A3-
3151, T'A3-3307, 3W1JI-4331, VYpan-4320, KpA3-260b, differing by their static and dynamic
characteristics of turnability (Table 1). Driving accuracy was estimated by a number of touches of
the limiters using a set of instruments for registering the driver’s control actions and the automobile
response (DCAAR) with the application of ACS package — the Autodrome. Controllability of the
vehicles was estimated by the drivers on a 10-point scale.

Driving trajectories of the automobiles were recorded with hydropneumatic trajectory tracers.
Minimal distance Sgnin, required for bypassing, was registered. It characterizes the response of both
the driver and the automobile, i.e. the response of A — D system,

the deviation amplitude A; (Fig. 2) and the length of transient characteristic S; (Fig. 1). Stopping
distance and its components were determined using a “firing device”. The automobile driving
parameters were recorded on the tapes of oscilloscope HOO8M.
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Table 1
Values of the statistical index of turnability
U, L, and response time - RT ,_, of the automobiles taking part in the experiment
Parameters Indices of the automobiles
YA3-3151 I'A3-3307 31J1-4331 VYpan-4320 KpA3-260b
Base- L, M 2.38 33 3.975 4.2 53
Steering ratio - Us, 20.3 20.5 20.0 21.5 23.6
Uge Ly, M 48.3 67.6 79.5 90.3 125.08
RT,_y,cC 0.5 0.5 0.52 0.7 0.83

When processing the oscillograms and the parameters of automobile motion trajectories during
the tests, the following indicators were calculated: response time RT, of the automobile and of A —
D system as a whole, RT,_4, the transient process time T;, coefficients of trajectory oscillation
damping after bypass during the lane-changing maneuver, D, and of the automobile motion
damping, C (Fig. 1).
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Fig. 2. Motion trajectories of the automobiles YA3-3151 (2) and Ypan-4320 (1)

24 drivers took part in the experiment: five drivers assigned to the automobiles to be tested, four
practical driving instructors with more than 5 year experience and 15 driving course students. All
the 15 runs were taken into account. This made it possible to trace the process of automobile driving
skill formation.

External manifistations of the compatibility of A — D system elements and the driver‘s level of
training on bypassing a sudden obstacle are as follows: distance S, covered by the automobile
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during the A — D system response time, total distance S;, time of the transient process T;, driving
accuracy, damping coefficient D and oscillation fading coefficient C.

Fig. 2 shows the averaged motion trajectories of the automobiles for all observations; Fig. 3, 4
present the values of Sg,,;,, and amplitude A of the automobile route fluctuations relative to the
axial line of the traffic lane. As it was expected, atomobiles with high values of ug.L, and inertia
momemt mp? have smaller sensitivity to a turn, have higher values of Sg,, (from 7 —8 m for V =
40 km/hto 17 — 20 m for 70 km / h). For the drivers of lighter and short-base automobiles this fact
turned to be rather unexpected. As a result, motion trajectories of their automobiles are
characterized by additional steering at the first turn noperynupoBanueM Ha epBoil apke MOBOPOTA.
In this case vibration amplitude in point b increases to 1.7...1.9 m; phase delay ® of the automobile
response increases as well.

Automobiles with a lower value of statistical turnability index uz.L, are more sensitive to a turn,
have higher values of Sg,in, (for automobiles YA3-3151 — 4.5...4.8 m, I'a3-3307 and 31JI-4331 —
6...6.6 m, YPAJI-4320 and KPA3-260b — 7.2...8.8 m for V = 50 km / h). The character of their
motion is distinguished by smaller oscillation amplitudes, higher oscillation frequency — up to 0.7 —
1.0 Hz. In order to keep the vehicle in the traffic lane, the drivers use the steering wheel more
frequently.
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0 VA3-3151 T'A3-3307 3HJI-4331 YPAJI-4320 KPA3-260

Fig. 3. Influence of the automobile type on the value of minimally safe distance Sg,,i,
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Fig. 4. Influence of the automobile type on the value of the automobile trajectory fluctuation amplitude A,

Analysis of the driving accuracy indicators and subjective estimates of the automobile
controllability (Fig. 5) makes it possible to assume that optimal value of ug.L, is within the range of
70 — 80 m. Distribution of ug.L, values for 35 domestic and Russian automobiles (Fig. 6) confirms
that for most of them (YA3-3151, 'A3-3307, KAMA3-4310, 311J1-4331, KpA3-260b) this value is
within the above range, for others (YPAJI-4320) - the difference is inconsiderable. On the whole,
dispersion of ug.L, values is high and this should be taken into account in drivers’ training and
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retraining as well as in the analysis of road accidents with automotive transport means.

10
ny P n
8 - ——_‘\ py
p——— ~ S
' - ~
S - N N~ Ew
6 N ~ - B
-2 ~ —~— S‘g
] ©
- £ 2
g o z 3
= 2
2 3
o -
2z g
E 3
A a

20 40 60 80 100 120
Statistical index of turnability UscLa

o

Fig. 5. Influence of U L, parameter on the automobile controllability estimation
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Fig. 6. Distribution of the statistical turnability index u,.L, for 25 automobiles

Response time RT, of the automobiles was in the range from 0,17s for the automobile YA3-
3151 to 0,45 s for the automobile 3un-4331 and on the whole had a significant influence not only
on the total delay time of A — D system, that was 0.5...0.8 s (taking into account the drivers’
readiness to the maneuver), but also on the values of time intervals between the subsequent control
actions of the driver and responses of the vehicles. E.g., after the first considerable delay of the
vehicle response the driver turns the steering wheel more sharply, which is accompanied by further
reduction of the vehicle control modulation stability.

Thus, if we suppose that the first control action is the driver’s turning the steering wheel between
point A and point O (Fig. 1), the second - turning the steering wheel at the moment of placing the
vehicle on the new traffic lane in the neighborhood of point b, it could be assumed that the driver’s
knowledge and sensitivity to RT, will help him to get ready for peforming the second control
action.

Proceeding from the driving accuracy indices and subjective estimates of the drivers (Fig. 5. 7),
optimal RT,1s 0,22 — 0,25 s. As RT, increases, driving accuracy becomes progressively worse. This
is manifested in the unstable modulation of the automobile control system operation, in worsening
of the sensomotor coordmation of the driver’s control actions, in the increased fluctuations of the
automobile trajectory. All this happens, probably, due to the state of a certain uncertainty of A — D
— R system in the interval equal to RT, This confirms the correctness of the developed
informational model of A — D — R system [2].
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Fig. 7. Influence of the driver’s response time (RT) on driving accuracy

Instability of the control is especially noticeable when the vehicle motion speed increases to 50
km / h and more. With the growth of motion speed and speed wy,, of turning the steering wheel,
the automobile phase response delay increases: if V = 50 km / h for the automobiles with excessive
turnability (-0,17) phase delay ®° is 50°for wg, = 180 degr.-s~!, for the automobiles with
insufficient turnability (0,21) - 30°. From Fig. 8 it is evident that phase delay of the vehicle lateral
displacement relative to the turn of the steering wheel is 70...120° for test conditions [3].

As vehicle speed grows, Sgmin and S; are increased, the transient process time of the turn T,
(Fig. 9) is reduced, but relationship between the values of S; and T, is nonlinear, probably, due to
the vehicle trajectory fluctuations. When the driver was given the task to bypass the obstacle as fast
as possible, the trajectory amplitude A; was increased as well the automobile angular speed w; and
the number n of readjustments (“hunting”). In such situations damping factor D had the tendency to
reduce to 35%, coefficient C increased to 70%, which resulted in the increased “discomfort” of
driving. It is evident, however, that drivers prefer driving safety to the comfort.
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Fig. 8. Phase delays in the automobile control system
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Fig. 9. Relationship between motion parameters, automobile types and driving accuracy (n,)

The driver’s ability to predict events effects not only reduction of the first response delay, but
also the character of subsequent actions and reactions of the automobile. To test this hypothesis,
after determining the optimal values of Sg,,i, for each A — D system, organized in its own way,
anticipatory (by 0.5 — 0.7 s) switching of the maneuver direction signal was provided (Fig. 1).
Distance covered by the automobile was:

[(0,5...0,7) - V, + Ssminl- (1)

Indices of damping D and attenuation C of oscillations were improved. With further growth of
the anticipatory period the driver’s own “noise” increased and A — D system motion parameters
were not improved. .

With red traffic light the automobile was to stop and, using the “firing device”, stopping distance
S; was determined. Fig. 10 shows changing of S; and Sg,,i, as a function of the vehicle motion
speed.
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Fig. 10. Relationship between the automobile motion speed v, stopping distance S; and minimal safe distance Sg 1,

Stopping distance was calculated by the known formula [4]:

jrte 1 it
S; = vo(ty + t1) —]TO+2_].T(V0 +]7)2- (2)
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where t, — the driver’s response time (t, = 0,75 s); t; — the time of the vehicle drive response
(t; =0,5 s); j; — deceleration from 0,3g, 0,4g, 0,5g m- s~?(sharp and rather heavy for a deiver). As
it can be seen, for the automobile speed up to 50 km / h value of Sg,,;, Will be a little bit higher
than 1/3 of the stopping distance.

Conclusions

The maneuver on bypassing a sudden obstacle is more preferable than braking to a stop.
However, it requires a timely, precisely coordinated turn of the steering wheel by the driver,
knowledge and skills to detect and to react to the vehicle reponse at all phases of the maneuver.
This maneuver must be further improved by achieving a combined maneuver, e. g. braking with
bypassing an obstacle. This is expected to be the highest level of driving skills achieved by hard
work. The proposed procedure of evaluating the driver's skills and working ability must include
bypassing a sudden obstacle as a new aspect of training. Besides it could be used as preliminary
training before direct training on bypassing simulated obstacles (pedestrians, vehicles). In the
course of training drivers are taught to percept the vehicle characteristics, sensomotoric
coordination of the control actions, acquire confidence in the capabilities of vehicles. As a result,
the instructors can build a well-targeted training process.
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