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OILIEHKA BJIUSIHUSA MOMEHTOB, JIEHCTBYIOIIUX HA
HAIIPABJISIIOIIUAE KOJIECA, HA TIOKA3ATEJIM YCTOUUYABOCTHU U
YHIPABJIAEMOCTHU ABTOMOBHJIA

[IpemmosxeHHBII METOA TIO3BOJISIET MMPOBOAUTH OLIEHKY YTIPABISIEMOCTH U KYPCOBOH YCTOHYMBOCTH aBTOMOOWMIIS
C Y4ETOM JEHUCTBHS TUPOCKONNYECKHX U CTAOMIN3UPYIOIINX MOMEHTOB KOJIEC.
KaioueBble c10Ba: aBTOMOOHIIb, CTAOMIN3UPYIOIIUHA MOMEHT, THPOCKOIIMYECKHIH MOMEHT.

BBenenne.  O0ecriedeHne — (YHKIMOHAJIBHOM  CTAaOMIBHOCTH  TOKa3aTelei
yIpaBIIEMOCTH M YCTOHUMBOCTU aBTOMOOMJICH SBISETCS OIHUM M3 BaXXHEHUIIMX ACIEKTOB
npoOjeMbl TIOBBIIEHUS O€30MacHOCTH JOPOXKHOro JBWkeHus. Ilpu uccregoBaHuM
HKCIUTyaTallMOHHBIX CBOMCTB aBTOMOOWIIA C MOMOULIbI0 MaTEMAaTUYECKOH MOJEIM aKTyaJeH
BONPOC  OMNHWCaHMA B3aUMOJEHCTBHMA Kojleca C  JOpOrod, TIOCKOJbKY  KojeOaHHs
BpAIllAlOLIErocss KOJIECA, BBI3BIBAEMBIE pPA3JIMYHBIMM BO3MYIICHHUSAMH, MOTYT HW3MEHATH
HaIPAaBJICHUE €T0 KaYCHUS.

AHaaM3 MNOCJeJHMX JOCTHKeHMH u myOnukanmid. Bomnpocam wuccinenoBaHus
YCTOMUMBOCTU M YNPaBIAEMOCTH KOJECHBIX MAIIMH IOCBSIIEHBI Pa0OThl 3HAYMTEIBHOTO
Yucaa OTEYECTBEHHBIX M 3apyOexHbIX aBTOpoB [1-9]. B pabote [6] ompeneneHo, 4to B
npoliecce JABIKEHHUS aBTOMOOWIISI M KOJIeOaHUH HAINpaBIIIONIET0 KOJeca OTHOCUTEIEHO OCH
IIKBOPHSI B OOILEM cilyyae JEHCTBYIOT CIEAYIOIINE MOMEHTHI: YIIPYTMii MOMEHT B pyJIEBOM
ynpasieHuu, M,,,; BECOBOH CTaOMWIM3UPYIOUIMA MOMEHT HpU IONEPEYHOM HAKJIOHE
HIKBOPHSA, M, MOMEHT COIPOTUBJICHUS MOBOPOTY LIUHBI, My, CTAaOMIU3UPYIOIIUNA MOMEHT
LIMHBI YIIPABIAEMOIO KOJIECAa, KATAIIErOCs C yBOAOM, M, WHEPLUOHHBIA MOMEHT, M,
MOMEHT TpPEHHUs B IOALIMIIHUKAX LIKBOPHEBOIO Y314, M,,, BO3MYILIAIOUIMI MOMEHT OT
nucbanaHca yIpaBlIsieMOro Kojieca, Mgys, CKOPOCTHOM CTAaOWJIM3UPYIOIIMA MOMEHT,
00yCIIOBJICHHBIM paBHOJECHCTBYIOIIEH OOKOBBIX CHJ OTHOCHUTEIBHO OCH IIKBOPHS, Mps,
MOMEHT COIIPOTHBIICHHUSI TIOBOPOTY, OOYCIIOBJICHHBIM PaBHOJCHCTBYIOIIEH MPOAOIBHBIX CHII
OTHOCUTEIBHO OCHU IIKBOPHS, Mp, THUPOCKONMWYECKUHA MOMEHT, BO3HHUKAIOIIMI BO BpeMs
KoJIeOaHMs YIPaBIIEMOro Kojeca OTHOCUTEIBHO MPOAOJIBHON ocu aBromoOuns, M., Bce
BBIIIIE€ [I€PEUNCIICHHbIE MOMEHThI COCTABIISIOT YPaBHOBEIIEHHYIO CUCTEMY, KOTOPYIO MOYHO
3amucarh CleAyoUM 00pa3oM

2M = Mynp + Mcm + Mmy + Mm + M + Mmp + MOS’M + Mp6 + Mpn + Mup- (1)

Kak nokazanu uccnenosanus Conryca A.Il. u Manosa C.C. [6], BIMsIHUE MOMEHTOB
Mps, Mp, Ha BETMYMHY CyMMapHOTO MOMEHTa CONPOTUBIIEHHUS IOBOPOTY KoJieca BO BpeMs
€ro JBIDKCHUS HE3HAYUTEIBbHO, UMM MOXHO TpeHeOpeub. B pabore [10] mokazano, dro
MHEPLUOHHBII MOMEHT M; Ha npumepe aBroMoOmist BA3-2121 cocrasnster 0,0552 Hwm, a s
BA3-2109 — 0,0416 Hwm, T.e. uxX Takke MOKHO HE YYUTBIBATh IpHU pacdyere. MOMeHTBI M,
M, My, MOTYT OBITH KOMIIEHCUPOBAHbI BOJUTENIEM IIyTEM JONOIHUTEIBHOIO YIJIa IIOBOPOTA
pyieBoro kojeca. Takum 00pa3oM, MpeCTaBIIseT UHTEPEC UCCIEeOBAHUE BIUSHUS MOMEHTOB
M..p, Myosny Myt M., Ha TIOKa3aTENN YCTOMYUBOCTH U yIIPABISAEMOCTH aBTOMOOHIIS.
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Lear m mnocraHoBKa 3aga4 ucciaenoBanus. llenpio wuccienoBaHust sBIsSETCA
pa3paboTKa METOoJ]a OLIEHKU BIUSHHUA MOMEHTOB, JACUCTBYIOLIMX Ha HANpaBJIAIOIINME Kojeca
aBTOMOOWJIS, HAa TIOKA3aTEIN €r0 MAaHEBPEHHOCTH.

JInist TOCTHKEHUsI YKa3aHHOM LeIi He0OXOJUMO PEIIUTh CIEAYIOIINE 3a1a4H:

— OICHHUTH BIIMSHUE THPOCKOINMYECKOTO MOMEHTAa KOJIEC aBTOMOOWJISI Ha €ro
YCTOWYHMBOCTH MPOTHB 3aHOCA MIPU Hae37ie Ha HEPOBHOCTH;

— HCCIeNoBaTh BIUSHHE THPOCKOIMUYECKOT0O MOMEHTa IIPU IOBOPOTE KOJIEC
aBTOMOOWIJIS Ha Mepepacipe/ie/ieHie HOpMaJIbHbIX PeaKInii;

— OLIGHUTb BIMSAHUE CTAaOMJIM3UPYIOIIMX MOMEHTOB IIMH Ha IOKa3aTelu
YIOPaBIEMOCTH aBTOMOOMIISL.

BinsiHue rUpPOCKONUYECKOr0 MOMEHTA KoJieC aBTOMOOWJISI HA €ro YCTOHYHBOCTD
NPOTHB 3aHOCA TMPH Hae3de HAa HePOBHOCThb. [Ipu Hae3ne HampapiAIOMIEro Kojieca Ha
HEPOBHOCTh, TMPOCKONNYECKUE CHJIBI BBI3BIBAIOT ITOBOPAYMBAIOIINI MOMEHT B IUIOCKOCTH
JIOPOTH, KOTOPBI MOKHO OTIPENEIUTh U3 CIEIYIOIEro COOTHOLICHHUS

I
Meup =_k.VX'Wk’ (2)
Tk

rac VX - TUHEWHAs CKOpPOCTb aBTOMO6I/IJI${;
W, 1, - YIJI0Basa CKOpPOCTb IOABEMaA KOJIECA U €I'0 PainycC,
Ik - MOMCHT MHCPIHUH KOJIECA OTHOCUTCIILHO OCH €TI0 BPAIllCHUI.

PaccmoTpum cxemy cuit, NEWCTBYIOIIMX Ha JIBYXOCHBIH aBTOMOOWIb B TATOBOM
pexxumMe aBrkeHus: (puc. 16). 3aHoc aBTOMOOWIIS MPOSIBISIETCS MPU TOSBICHUU YTIOBOTO

YCKOPEHHUS (¥, B IJIOCKOCTH JOPOTH. YPaBHEHHE BPAIATEIBEHOIO JBMXKEHHS aBTOMOOMIISA

HMEET BUT

o) =iR5l-~x-=—R51~a+R82-b+M2up, (3)

2

T -
a

Pucynok 1 — Cxema cui, IefiCTBYIOIINX HA IBYXOCHBII aBTOMOOWIIb C Y4ETOM
IMPOCKOIIMYECKOr0 MOMEHTA IIPU Pa3roHe: a, b — KOOpAWHATHI POEKILINH LIEHTPa Macc
aBTOMOOMII HA TOPU3OHTANILHOM IIOCKOCTH; B — Konest; Ry, Ry, Ry, Ry», Roy, Rz> —
KacaTesbHasl, 00KOBas U HOpMaJlbHAsl peaKUy I0pPOTr'd Ha KoJiecax MepeaHel U 3aHel oceil;
¢ — KO3 PULUEHT CUETICHHsI KOJIEC C JOPOTOi: a — BUJ CHepean; O — BUJ CBEPXY
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rue nu Rg — obuee uncio oceit 1 60KOBast peakLysi JOPOTH Ha i-Oi OCH aBTOMOOUIIS;

I ,. — ueHTpaNbHBIA MOMEHT HHEPLUU aBTOMOOUIISI OTHOCHTEIBHO BEPTHKAIBHON OCHL.

W3 ypaBHenus (3) moayyuM ypaBHEHHE MAPIUAIBHBIX YCKOPSHHH IyTeM JelICHUS
JICBOW M IIPABOM 4acTh Ha /.

n
> Ry - x;
S i . .
il _ Rs, -a B Rs, b+M,, — 1Py _ oy napy 4)
z Ji - Ji Ji — zgosm Zemab 2

zc zc zc

®

napy
Zgo3M

rac 0} — BO3MYIIAroIiee napuuajibHOC yriloBo€ YyCKOpPECHUC,

o,"P — cTaOUIM3UpPYIOILee MaplHalbHOE YTI0BOE YCKOPEHNE,

zZcmab

bokoBrie PCaKuu AOPOTH HAa OCAX MOXKHO OIMIPCACIINTDL KaK

Rs, =J<p2-(ma-g-%—(ma-V+k-F-V2)-h;—r"j2—K,3-(ma~V+k~F-V2)2; (35)

Ry, :\/qf.[ma~g.%+(ma.V+k.F~V2).h"Tr0]2—(1—KR)Z~(ma.V+k.F~V2)Z. (6)

rae K L — koddduimeHT pacnpeaeneHus KacaTeabHbIX peakinii 1 6a3a aBTOMOOWIIS;
h u k-F — BpIcOTa IIEHTpa Macc aBTOMOOWIISL U pakTOp 00TEKaeMOCTH;

V' v m, — nuneiiHoe yckopeHue 1 o0Ias Macca aBTOMOOMIIS.
Onpenenum napuuagbHble YCKOPEHUS C y4eTOM COOTHOIIeHuH (5) u (6)

- napy a 2 b h_ro ? 2 2 7
mzeo;w:m 12 ¢ - ma'g'z_Rx'T _KR'Rx ( )

a z

2
. b 2 a h—r 2 I, -V ‘(DZ
O)ZZI‘Z;%: 2 \/(P [magz"rRYToj _(I_KR)Z_Rx + k X 2/( (8)

mg, -1,

KoaddumumeHT ycTOHYMBOCTH aBTOMOOWIJISI paBEeH OTHOIICHHIO CTaOMIM3HPYIOLIETO
MOMeHTa M, K BO3MYIIAIOIIEMy 3aHOC MOMEHTY M,

2
a h—r 1
M b \/(Pz'[ma'g'L+Rx' LOJ _(I_KR)Z'RX +r7k.VX.('0kZ (bnapu
K. = cmab _ 7 k _ _Zcmab . (9)

napy

yem R
M603M a b h— 2 O o5
o (mogtor 2] kon

Ha puc. 2a mpuBeneHsl 3aBUCUMOCTH KO3 (HUIMEHTa yCTOHYHBOCTH YCIOBHOTO
3aJJHETIPUBOHOTO aBTOMOOMJISI OT €ro JIMHEHHON CKOPOCTH C y4eTOoM U 0e3 ydera JeHCTBHS
THPOCKOITMYECKOTO MOMeHTa. [lapameTpbl u ycmoBus I[BI/I)KGHI/ISI ABTOMOOWJISL TIPUHSTHI
cnenyrommue: k-F = 058H02/M m = 1500 kr; V =1 M/C v =0..27TM/c;a=13m; L=

24m;i:=13m;0=0,8h=05M;7y=029m; Kr=0; g= 981M/c ;O = 0,050.
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Pucynok 2 — 3aBucumocTt k03 PuIMeHTa yCTOHIUBOCTH YCIOBHOTO 33 HETIPUBOTHOTO
ABTOMOOWJIS OT €T0 JIMTHEWHOW CKOPOCTH C YYETOM U 0€3 ydeTa JeHCTBUS THPOCKOITMYECKOTO
MOMEHTA: Kem 63 yuera M.,p; - - - - Kyem € yaeToM M,,p; a — 3aBUCUMOCTD K (V5);
0 — yrounenue K., B 3aBUCUMOCTH OT y4eTa M.,

BinsiHMe rHPOCKONMYECKOT0 MOMEHTa NMPH TOBOPOTE KOJeC AaBTOMOOMJISI HA
nepepacnpejeieHie HOPMAJIbHBIX peakmnuid. [Ipy moBopoTe HampaBISIOMUX Kojeca B

o ' o
INIOCKOCTH  JOPOTI'H BO3HHUKACT T'HPOCKOIMHNYECCKHUUN MOMCHT Meup . BbI3bIBAaIOIINH

niepepacrpesiejeHine HOpMaJIbHBIX peakiuii (cM. puc. 3)
M;up:VX'ka']k/rk’ (10)

rac ka - yrijioBasa CKOpPOCTb ITOBOPOTA KOJIeCa.

Hopmanbhble peakuiuu Ha BHYTPEHHEM W HaApy)KHOM KOJIeCaX ONPENEIAIOTCS W3
CJIEAYIOIINX BBIPAKECHUN

I
R, -B+P, -h+P, ~hw—PB~B—2~—k-VX~mk—ma~g~(§—hkp~\ukpj:0, (11)

zZ r()

I B 12
R, -B—Pjy ~h—PWy ~h, + Py -B+2~Z-VX o —m, g E+hkp ‘Y |=0. (12)
Pemast Beipaxenust (11) m (12) orHocurenmbHO R, ® R, mOCIE MOJCTAHOBKH

3aBHCHUMOCTCH JJIA OIpCACIICHUA CHJIbI HWHCPLUH, COIIPOTUBJICHHUA BO3ayXxa u
BOCCTaHaBJII/IBaIOIHeﬁ CHJIbI, IMOJIYYUM

: I do. ; av,
(c1+c2)-w”’+2~ ey D m, g O,S—hxp-w" ~|m, - —X+05.C,-p-F-Vg I
R., B ry-B dt B dt ’ ') B .(13)
R., v, I da P dv, h
T (e o)k S m, g | 054 R, L | m, Y +05-C,p-F-VE |-
(1 2) B X g » g dt y P X g

THE C;, C2 U YWy, — YTJIOBBIE JKECTKOCTH IEPENHEH, 3aJHEH IOJBECOK C Y4YETOM YIJIOBOM
KECTKOCTH IIMH U YTOJl KpeHa MOIPECCOPEHHBIX MacC aBTOMOOHIIS.
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yB

RZB RZH

Pucynok 3 — Cxema cuii, 1eCTBYIOIIMX Ha aBTOMOOWIIb MPU IBUKEHUU HA TOBOPOTE

Bausinne cTa0lWIM3MPYIOIIMX MOMEHTOB WIMH HA MOKAa3aTeJld YNPaBJIseMOCTH
aBTomMo0uas. B pabore [10] mpemiaraetcst onpenesnsTe BECOBOM CTaOMIM3UPYIOMUA MOMEHT U3
CJIEYIOLLEN 3aBUCUMOCTH

M., =R, -sina,-L,, (14)

r1e ¢, — yroiIolepeyHoro HakJIoHa IKBOPHS, Ipa;
R_ — paBHOAEHCTBYIOIAs HOPMAJIbHBIX PEAKIIUHI OIIOPHOM NOBEPXHOCTH, H;
Lw — IJIEYO JEHCTBUS CHIBI, M

B paGore [6] mpuBeneHa chemyrom@as 3aBUCUMOCTh  JUIsL  ONpPEIEICHUS
CTaOMIIM3UPYIOIIETO MOMEHTA

2
JPLTAL SN i g < (15)

rae ky, — K03QUIUEHT MPOMOPIIMOHAIIBHOCTH, 3aBUCSIINA OT THUIA IIHHEL, k,, = 1,05...1,32;
C(, — YIVIOBasl )KECTKOCTb IMHBI OTHOCUTENILHO BepTUKaNbHOU ocH, H-M/rpan;

ou @— yron yBoJa v yroi IoBOpOTa HaIPaBJISIOLINX KOJIEC, Tpaj,

Oy 1 O — yriabl HIOBOPOTA HANPABIIOIUX KOJIEC, XapaKTEPU3YIOIIMe Hauyalno U KOHell
KPUBOJMHEHHOT0 yyacTtka pyHkumu M, = f(6), rpan.

VYpaBHeHHE MaplIMaIbHBIX YCKOPECHUH aBTOMOOWIS C 3aJHUMH BEIyIIUMH KOJECaMu
Ha [TOBOPOTE MMEET CIIeTYIOUINN BH/T

Rs .a.cosoc_Rk1 -a-sina+ Ry b+ M, +M,, _ o _ g ey (16)

~ znos Zconp
[ZC IZC

W, =
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rae o, 7" — MOBOpAYMBAIOIIEE APIUATIBLHOE YIIIOBOE YCKOPEHUE;

Znos

o, " — mapuuagbHOE YIIIOBOE YCKOPEHUE COMPOTUBIIEHUS IOBOPOTY.

Zconp
CymmapHble OOKOBBIE peEakIMM Ha Kojecax TIepeaHed U 3aidHed  ocei
3aJJHETIPUBOAHOIO aBTOMOOMJISI ¢ ydeToM OOKOBOro yBoja ompeneneHsl B padore [7]. C
Y4ETOM HX 3aBUCUMOCTH IS ONPEICIICHMs NMApLUAIbHBIX YCKOPEHHH IIPUMYT CIEAYIOIIHN
BUJ

av — da
0 P = {Txl-(tga+62 —81)+VX1 -[secza-d—a—k&—@ﬂx
t

Znos dt dt dt
_ o 3am
b tga-3§, a-b-i!) b , _ a a-sino
x| —- - =+ —V7x, tga+6, -8,)p-—+R, - —
[L 1900+ 8, — 8, I’ 2o (g 28 2 2
o napH:Rk .a-sinoc_’_ a~b—i22 _a. 5, . dVX‘ -(tga+52—61)+
Zconp 1 m, - izz 12 L l‘ga + 82 - 61 dt
(18)

[d_ﬁﬁﬂ_<—m> b My Moy

. dt dt I? 2 m, i m, i

[IpuBencHHOE HUKE COOTHOIICHHE IMO3BOJIICT Ha ATare MPOSKTUPOBAHHS OICHUTH
yIPaBIseMOCTh 3aJHCTIPUBOAHBIX aBTOMOOHIICH MO MapIHaIbHBIM YIJIOBBIM YCKOPEHHUSIM
CTAOUITU3UPYIOIIUX MOMEHTOB IITMH

_ W 1g0r8 -8 Ve _ @By

o, sec? oL
dt L L ( e dt dt

- u_ Zen - (19)

Ha puc. 4 npuBeaeHbl 3aBUCUMOCTH YTJIOBOTO YCKOPEHUS aBTOMOOWIIS B IUIOCKOCTH
JIOPOTH OT yTjia IMOBOPOTA HAIMPABIISIFOIIMX KOJIEC C YYETOM U 0e3 ydera CTaOMIU3NPYIOIIUX
MOMEHTOB M., u M,,.

0.4
L]
=
=
=
=
=] 2
= 03
o
n
=]
. -
= -
T [:': L]
a -
O, -
= L]
bt -
= -
= 4/ .'.
z 01 -
m P
o s e
= dane*"
I gl
S .

0 2 4 & 8

Vron nopopoTa HallpaBIaHOMmNX Koxec, o
PucyHok 4 — 3aBHCHMOCTB YTJIOBOTO YCKOPEHHSI aBTOMOOWIISI B IIJIOCKOCTH IOPOTH OT yriia
MMOBOPOTA HAITPABIIAOIINX KOJIEC: ® ® * * * C yueToM M., u M; 6e3 yuera M., u M,,
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BoiBoabl. IIpemnyioxkeHHbIld METO MO3BOJISET MPOBOAUTH OLIEHKY YIPaBISEMOCTH U
KYpPCOBOM yCTOMYMBOCTH aBTOMOOWJII C Y4YETOM JIEHCTBHUSI THUPOCKOIMHMYECKUX U
CTaOUITU3UPYIOIIUX MOMEHTOB KoJieC. [ MpOCKOMMYEeCKUii MOMEHT TMOBBIIIAET KOI(PPHUIHEHT
YCTOWYMBOCTH C pocTtoM ckopoctd 10 0,6%. VYyeT TIHMpOCKONMYECKOr0 MOMEHTa,
BO3HUKAIOIIETO TMPU I[OBOPOTE HAMpPABIAIOIIMX KOJEC, YTOYHSET pacmpeeieHue
HOpMabHBIX peakiuit 10 0,5%. Yder cTaOuiIM3upyIONMX MOMEHTOB IIWHBI TO3BOJISET
YTOYHHUTb ONpEJEICHUE YIJIOBBIX YCKOpPEHUH aBTOMOOWIS B IUIOCKOCTH Joporu. I[lpu
MOBOPOTE HAMPABJIAIOIINX KOJIeC Ha 2° yTI0BOE YCKOPEHUE YCIOBHOTO aBTOMOOWIISI C Y4ETOM
M,,, u M, coctaBuset 0,04 c'z; a 0e3 yuera yka3zaHHbIX MOMeHTOB 0,06 ¢
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3anporoHoBaHU METOJ] JO3BOJISE MMPOBOIUTH OLIIHKY KEPOBAHOCTI i KypCOBOI CTIHKOCTI aBTOMOOLIA 3
ypaxyBaHHIM Jii TipOCKOIIYHUX, a TAKOXK CTa01Ti3yI0YMX MOMEHTIB KOJIiC.
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The proposed method makes it possible to assess the handling and stability estimation with the action of
wheels gyroscopic and stabilizing moments.
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