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! HanuopansHef aRHATHOHEHE YHEEepCHTET, Kues

2 TocyI2pCTECHARHA IKOHOMEKO-TEXHOTOTHIECKHI YHHBCPCHTET Tparcnopra, Knuee
? HaruosaneHuil TEXHHYECKHHE VHHREPCHTET, 3anopoane

+ [IpEIHeNPOECKAT FOCYIAPCTECHEAY AKANEMEA CTPOHTETECTES H APXATEETY PR, JHeIpOneTPOBCK

NOCTPOEHHE BHPYPEAILNOHHOTO MHOMKECTEA
MOIETH OBYXOCHOTIO ABRTOMOBH/1A

1 Pactacompen  AIRTEPHATHEHWA  MOLAGI  onpelcnsHMA  yenommi GesonacHoft  noTepu
| yeroityueocTd {2 caetcne HOH. BayTnHA) NpasonqmesiHore CTAUMOHPHOTD PEsGIMA  JRAMENHA
| MOQEAN  ABVXOSHOMD IKMAAAL © WIDWTOMHON MOBODAYHBRCMOCTERY MO OCHOBE IEOMETRHMECCKOR
| EAPTMHE] MEXAHHIME AHECOrEHTHOM NOTEMS YCTOAYHAOCTIL CHAN YAOAA K3 QyHxmed ¥TAGH yeoaa
| APEASTREASHM & TOUROCTLIG 00 KyDIRMeCkiy WicHOB, YeaoenA Ge30nacHoll NOTCPH YoTOSAMMBOCTH
HBHEAT OT COTHOWESHHHE MDY H1:I3¢¢HLI..|-!L"H'EBMH CONPOTHRACHAA  YHOIY W EMWHHFNIITUHH
! CUSTITEMIH B NOMEPEHHOM HANPRENSHHE DOSi,

| Enddessie  CI0B3T  ABTOMOOMAL,  KOXpdaallMEnT  OTeond,  KOIDHUMEHT  CUCIUICHHA,
| FeTORTHBOCTE ABFSHHA, JHBECPIEHTHRE GHdwpRALHH

Beryn, Hecasgozanwio oduwMd ponpocoe yoTONYHBOSTH [BMMCHMA TPAHCIOPTHEIX CpemcTs
NOCERWIEHD BHANHTENbHoE kommecteo pabor [1,2,3,4.5], ofWako 343848 ONPESencHHa  xapakTeps
NOBEACHHR CHCTEME! B OGNACTH HCYCTOMMMBOCTH M BLIRETEHNE NPHYHH €6 BOIHHKHOBEUHA OCTICTCA no-
Npe#Hesy aKTYANLRCH,

Onona W3 TPagMUMOHHBN B NPEKTHES TEOPETHYECKNN HCCNENOEIHHA MOASIER KOMECHORD IKHNA#A
GasnpyeTen B MACCKOR BENOCHMSIHON CXEME, ROTOPAA YYHTRIBAET HEMHHCHAHME YNPYrHe CRORCTEA Komec
(HenMnelinpll xapakTep cWn Yeod). Bawield o500ILEHHEM MIBSCTHOM MOHATHE HE TCOPHW IHHMLKL =
KEpUTHYECKOH CHOPOCTH NPAMONMHEAHOTO  JBMMCHHA (OTBSYAST JHEEPrEHTHOMY XAPAKTERY NOTCpM
YETORYHBOCTH) ABIAETCA NOHATHE SidVPrRALMOHHANG MEGHECTRE. (JHD ONPCICIACT KPHTHUYBCKYIO CKOPOCTS
BCETO MHOMECTEL CTAEHONAPILIY pessunon, THAHYHOR B camoil nmpocToil peanmiaumchi GudypraALHOHHMM
MHOWECTES B OKPECTHOOTH NPIMONMHelHOrS pOHUMA ABNSSTGR NodykyDH4eiraa napabona, oawako
F'ELI.ET'ITH HDETFNHHH EHIb}'pRIIUH‘EIHIIhI}E MHOMELTE B aHAMHTHYCCKOM BHAE Jaxe ONR CAYYAS ORHMOYHOM
PRMMAKA OTEYTCTROBANH (TOMKE JROCTPEHMA COOTRETCTEVET KPHTHUECHOH CKOPOCTH npasonmsciion
aeacnna). Peaynerate Troger H, Scheidl R, Kacani V., Stribersky A., Zeman K. flofac JI. T [5, 6, 7, §]
GaypiBATHEE HA YMENEHHOM METOAS NPONCIKEHHA MO OBYM NAPIMCTPEM, 3TO JATPYIAHACT OBPEIEneHHE
yenorHi Ge3omacHoil NOTCPH YCTOHUMBOCTH NPAMOMHHEAMOTO PEAMMA JBHMCHHE B TPOCTPAHCTSE
napaveTpos i H.H. Bayruuy|¥).

Hecranoara npofacmel PRCCMOTPUM CHOTEMY, COCTORLLYIQ HF KOPMYCE ¢ HEMNOBOPOTHON rm:mcuuﬁ
OCLH H YIIPABLAOIErD KOASCHOM MOAYAA, YOO NOBGPOTA KOTOPOND OTHOSHTEALHO KOPTYCl pases O .

Pue, 1 — PacvcTHad cxema MOoZenH daTomoiung
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MycTh m v J- Macca W LEHTPanbHbIA MOMEHT MHEPLIMH CHCTEMBI OTHOCHTENLHO BEPTHUKAILHON OCH, a
w b - paccrosuus Toukn C 10 nepeaHeil M 3aaHel KONMECHBIX OCEH COOTBETCTBEHHO. Y PaBHEHHMS

NNOCKONAPaUIENbHOrO ABHXKEHHA OOHOKONEHHOH MOEnd aBTOMOOMIA ¢ MOCTOAHHOH CKOpPOCTBEHD) HMEHOT
BHAO

m(i+Vw)="Ycos0+¥,,
Ja =aYicos6-bY>,
kfai

)

rae Y; — cuner yBoga, k; — koad)HLUMEHTbI CONPOTHBIEHHS YBOAY,K; — KOI(QOULMEHTH! CLenneHns B

GOKOBOM HArpaBNICHMH, Z; —BEPTHKAIbHBIE PEAKLMHM HA OCAX.

WX MHeapr30BaHHbIH BAPHAHT (B OKPECTHOCTH 3HAYSHUH (u =0,w= 0) HWMEET BUJ,

Yl=_klu+aw, Yzz—kzw,
v v 2., .2 @)
ky +k -
= ]+ zu— v+!c]a kzb w,d)=kla+kzbu_k|a +k26 @.
mV mV JV JV

Cucrema (2) paeT BO3MOXKHOCTb WCCAEHNOBATH YCTOMYMBOCTL TMPAMONUHEHHOrO ABIDKEHHUS
aBTOMOOKNIA, peaju3yeMoro npu 3HadeHuu napamerpa @ =0 (yron nosopoTa YMpaBiseMbIX KOJiec).
INepeiinem B (2) k nepemexnbiM d;, O, TOrAa

Vv k(1 d 14 [ ab?
o=~ AL L S + —+ﬁ —+ﬂ 523

I Vim J I Vim J

V k(1 ab vV k(1 b @)
0y =-— _+_,{_+a_] o —2| — S,

! V\m J I m J

XapaKTepuUCTHYECKOE YPAaBHEHHE, KaK MW3BECTHO, HHBAPHMAHTHO OTHOCHTENLHO HEBBIPOMKIACHHBIX
AMHEHHDIX 3aMeH (Ha30BbIX NEPEMEHHBIX

A%+ pA+g=0;
U Ky +k 2 2
- 1 + 2 + kiﬂ' + kzb . (4)
v m J
kiky1? =mv? (kya - kyb)
g= :
mJV?

Tak kak p>0, TO yCNOBHEM YCTOHUMBOCTH sBnsercs g>0. CnexosarenasHo, ans cnyyas kja > kb
(aBT‘OMOﬁHI[b ¢ u3bbiTOYHOMH nosopaqusaemocrb}o) CTauHOHapHOEe ﬂpﬁMOﬂHHeﬁHOB JBHXKEHHE asToMOBHNs
ACUMMTOTHYECKH YCTOWYHBO NIULLL NPU CKOPOCTAX, HE [PEBLILIAILIMX KPHTHYECKOE 3HAYCHNE Vkp

kikol? kekey Kk
Vp=— = dg, )
m(kla—kzb) kkl —kkz

I R T el AL E Y NARUNARI S LA IER S 5 A, TUR ALy, 20016, Ne2 (8)
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k.
rae kk; = ?‘ — Gespaszmepusie k03pdULHMEHTH GOKOBOro YBOAA.
i

Ana coyvan kja <kyb (aBToMOoGMAB ¢ HEAOCTATOYHOH MOBOPAYMBAEMOCTBIO) APAMONUHENHHOE

ABWKEHHE aBTOMOOM/S AaCUMNTOTHUYMECKH YCTOWYMBO NpH NOOOH CKOPOCTH ABiKeHus. Ha puc. 2
NPEACTABNEHBI BO3MO)KHBIC TPAGKTOPHH, OTBEYAIOIIME BO3MYLUGHHBIM JBMMKEHHAM LEHTPa Mace
aBTOMOOMAS MPH  JAOKPMTHHYECKMX M 3aKPUTHYECKMX CKOPOCTAX. I[IpHM JOKPUTHYECKHMX CKOPOCTSAX
BO3MYLUCHHOE ABMKEHHE (0€3 KOPPEKUMH CO CTOPOHBI BOAMTEAs - Dyib 3aKperieH B HeHTpatbHOM
MOJIOKEHNH) C TEUEHUEM BPEMEHU CTAHOBWTCA MPAMOTUHelHbIM (puc. 2a), T.e. BO3MYLIEHHA - monepeuHas
COCTAB/IAIOILAA CKOPOCTH LEHTPa MAacC W YIVIOBas CKOPOCTh ABHXKEHHS aBTOMOGHAA OTHOCHTEAbHO
BEPTHMKIbHOH OCH cTpeMATea K Hy/io. [IpH 3aKPHTHYECKHX CKOPOCTAX BO3MYUIEHMS HE 3aTyXaloT, T.e.
BO3MYLUEHHOE , ABHXKEHIE HE CTPEMHUTCH BEPHYTBCA K NPAMONUHEHHOMY (HEBO3MYIIEHHOMY) [BWKEHWIO
(puc. 26).

y, m

.s y’ m

1504

1004

X, m § 200 00 500 Evi)

a 6
Puc. 2. TpaekTopuu, OTBEHAIOLINE BOIMYLUEHHBIM ABHKEHHAM
LIEHTPa Macc aBTOMODMIIA

Heabio paboThi seasercs pa3paboTKa aIbTEPHATHBHONO MOAXOAA K ONPEAENCHHIO  YCIOBHMil
Ge30mnacHol MoTepH YCTOHUMBOCTH NPAMOTMHERHOTO pexxuma aeukenus (B cmbicae H.H. Bayruna) mogenu
HBYXOCHOTO 3KMNaXa ¢ M3ObITOUHON NOBOPAYHMBAEMOCTHIO.

Pesyabrarel uccaenosanus. IloTeps MyTeBOH YCTOHYMBOCTH MNPAMOJHHENHOrO ABWIKEHUA -
4aCTHBIM ¥ Haubonee NpOCTOH ANA aHanM3a Clyuadl MOTepPH YCTOMYHMBOCTH KPYTOBBIX CTALMOHAPHBIX
ABHKEHHUH NOCTATO4HO 60MBIIOrO paanyca (COOTBETCTBYIONIAA MATPHLIA JMHEHHOrO NpubIDKEHUS MOXKeT
ObITh NONTyYeHa HEMOCPE/ICTBEHHO M3 MCXOAHOM CUCTEMbl YPABHEHMHA ABWXXEHHS M ONpEeieHbl YCAOBMS
HaJM4MA HYJIEBOTO COOCTBEHHOTO 3HAYEHHS ).

Cucrema ypapHeHMH, ONpenensiolas MHOKECTBO CTALIMOHAPHBIX PEXUMOB AOCTATOYHO GOMBILONO
paanyca, npeacTaBneHa NpubHKeHHO B Br/E (6) (C TOUHOCTBIO [0 YAEHOB TPETHETO NOPAIKA MATOCTH)

2 33 3oel
mv” (8, =6 1 46 1 ki 6,
—¥+k252—— g 23 +k,51——-2—[2: it
K222 2K| Zl (6)
1k} s 1k 85
af ko) —=——5 |-b| kydy ~——22% | =0, '
2K1 Zl K} Zz

Ouenka uucna peuleHmii cuctemsbl (6) Npu JOKPUTHUYECKOM 3HAYEHMM mapamerpa CKOPOCTH M TIpH
3aKPUTHYECKOM 3HAYEHHH MO3BOJACT OMNpEAC/MTL YCAOBMA ONAcHOW-6e30macHON noTepu YCTOHYHMBOCTH
NPAMOJIMHEHOIO CTAlIMOHAPHOIO PEXKUMA JBMIKEHHUS SKMNANKA.

Cucrema (6) MoxeT GbiTh CBE/IEHA K OJHOMY OMPENCASIOIEMY YPABHEHHIO TPEThEN CTENEHH

3

Lk 1 kkylkk? 1&5(1+g1€k|] Ik

___;"'_" 22 21g+_ 2v 5,*3"‘ kkl‘k"‘z(H%"LJ 5, =0. (7
ZKI 2 Kiv 2 K5

v
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W3 aHamu3a 3HAKOB KO(DQMLMEHTOB ONpenensiollero ypasHeHus (7) npv HOKPHTHYECKOH M
3aKPHTHHECKONH CKOPOCTSX, HAaXOAMM YCIOBHA 6e30nacHod noTepu YCTOMUMBOCTH MPAMONMHEHHOTO
CTAUHOHApPHOro peXxKma

kky < kky; kit < kleyics.

[paduuecki peannsalys KPAaTHBIX CTALMOHAPHBIX PEXHMOB HENMHEHHOH MONENNH aBTOMOGWIA
npencTaenena Ha puc. 3a. Tipu ¥ < Vi, B manoii okpecrroctu Touku (0, 0) Her ocobbix TOUEK: HAYalo
KOOPAMHAT - M30JIMPOBaHHas ocobas Touka, a WHaekc JlyaHkape Hauana KOOPAMHAT Npy V < Vi, pasen 1.
Ilpu V = V}, B Hauane KoOpAMHAT POXKAAETCs KpaTHas ocobas Touka. [Ipn V' > V), B okpecTHOCTH Havana
KOOPAMHAT MMEIOTCS ABe "MOABWXNKHbIE" 0COOBIE TOYMKH - B TMEPBOM M TPETbeM KBaApPaHTaxX. [Tockoneky
WHIEKC Hauana KoopAuHaT npu V > V), paseH -/ (Ce10), TO MHAGKC KKA0N NOABWKHON TOUKH paBeH 1
(cymmapHbiii uueke TlyaHkape OCTA€TCA HEM3MEHHBIA NMPH MOGBIX 3HAYEHNAX NapaMeTpoB). Y CTOAUYHBOCTE
ITHX CTALMOHAPHBIX COCTOAHUI OnpeaenseTcs 3HaKoM KOIQQHULMEHTOR XapaKTePUCTHYECKOrO YPaBHEHHA:

0
P=—[div(ﬁ,fz)]x; q= %R (3
I@x; x*
Tax kak
_ 1k +ky kya® +kob?
p:—[d!v(ﬁ,fz)J(ao) :; 1 2 + I -~ 2 , (9)

TO B CHILY HENPEPLIBHOCTH p>( B HEKOTOPO# MaOH OKPECTHOCTH Hayasla KOOPAHHAT.

Y(62-81) V2> Vip Y(5:-61) V3 Vip Vi<Vip

0.3

a 6

Puc. 3. — Ipaduyeckoe oTobpakeHne peanusalii KpaTHbIX
CTALHOHAPHBIX PEXUMOB HENMHERHOR MOJIeNH aBTOMOGUS

Takum 0BpasoM, XOTS Ha4Yano KOOpAMHAT — HeycToiuusas ocobas TOuka (Ceno), BOIMYLUEHHS HE

* *

[PEBHILIAIOT HEKOTOPOH KOHewHOM Bennunubl (puc.3a). Tlockombky sHauewnsm Oy = const, 6y =const
*® * .

OTBEHAIOT (0 = CONSI, Wy = CONSI, TO NOC/IE MOTEPH YCTOM4UBOCTH MPAMONUHENHOTO ABHXKEHHA IKUIIAK

OMHCHIBAET Ha TINOCKOCTH JOPOTH Xy OMIHY U3 ABYX OKPYKHOCTEH, COOTBETCTBYIOIIMX TOUKaM u, .
PaccMoTpum Grdypkaumio camaxud 0cobeix TOUYek. DTOMY Ciy4ai0 COOTBETCTBYET PHC. 36. Ilpu
V<V, Ha4yan0 KOOPAMHAT UMEET MHAEKC /, U CYIIECTBYIOT [BE MOABWXHBIC ocobbie Touky. [pn V=V, 3TH
NOABMKHbIE OCOBbIE TOUKM CIMBAIOTCA B Hayane koopauHar. [lpu V>V, eAMHCTBeHHas ocobas Touka (B
Hauaie KOOPAMHAT) ABNAETCH CEANOM (MOITOMY CyMMma BCEX ocobbix TOwek npu F<Vi, paHa - I).
TMoagHKHbIE TOYKH ABASIOTCA CEANOBBIMH. COOTBETCTBYIOWMH (Ha30BbiH MOPTPET NPEACTABIEH Ha PUC. 4

g T TS LA T B A LA MO L W L i T TEL AR, 2018,
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©, M 4]

\

U, M/C

Puc.4. — dazoBsie nopTpeTh

Pucysox 5 wimocTpupyer Bansnne Ha SudypkauMoOHHOE MHOXKECTBO OMPEAENSIOUIEro napamMeTpa (

K1 =075, puc. Sa; Ky =0,65, puc. 56); mpu ymeHbLIEHHM K;,(Kf=x§ =0,8) B OudyprauroHHOM

*
MHOKECTBE IIOABJAOTCH AONONHHTENEHbBIE «Kacnbl», KOTOpPbIE NPpH KPHUTHYECKOM 3HAYCHWM K] =K1

CIMBAKOTCA € CHMMETPUUHBIM, MEHSA ONAaCHLIH XapakTep MOTePH YCTOWUMBOCTH MPAMOAHHEHHOTO

| —

. * x ol kk
ABWwxKeHus Ha GezonacHblit (mpu Ky <Kj ;K] =K Ez > 0,65 umeer mecto GezonacHas norteps
1
VCTOMYMBOCTH MPAMONMHEHHOIO IBUXKEHHA).

w
AR TN 1

=

,j © BHOYPKALMOKHOE MHOMECTEO
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] / N 2] //

\'\ 2359 e g \\ /
231 /
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™ s
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\\\ \'\ 'j
21.54 : W
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6 B

Puc. 5. — Mamenenne konurypaiinn 61dypKaluoOHHOr0 MHOYXKECTBA TPH YMEHbLICHUH (),

BeiBoakt. HeoGxoaumeim ycnoBuem 6e30nacHoii NOTepH yCTOHUMBOCTH NPAMOTMHERHOIO ABWKEHMS
ABYXOCHOH MOZIeN aBTOMOGHNS C H3GBITOUHOM NOBOPAYMBAEMOCTBIO ABJIAETCA TPeGOBaHME — KO3 DUUMEHT

CUEIJIEHHA 3a/1HSH OCH B MONEPEeYHOM HAMpaBAeHHHM AO/DKEH NPeBbILATh KO3D(GUUHEHT CUeIeHus Ha
repeHen ocH. '

[Tt AT TEXMA2OLITH B NAALLAI=ID T S ERAR T A TR A D R, Man
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Xpebem B.I., Bepbuuvwuii B.I., Bannixoe B.O., Beasmacina H.O. IloGymopa Gicdypkauiimoi MHomuen Mozei
HBOOCHOTO aBTOMOGLISA,

Po3rngHyTo anbTepHaTMBHMIT NiAXil 10 BM3HAavYeHHs yMOB Ge3neyHol sTpary CTifikocTi(B ceHci M.M.
BayriHa) npamonimiliHOre CcralioHAPHOTC PEXUMY DyXy MOAedi MABOXOCHOTO €KiMaxy 3 HAaIIMILKOBOIO
MOBOPOTKICTIO, 1O Oa3yeThcsd Ha TEOMETPHYHIM KapTMHI MexaHisMy OMBEPréHTHol BTpatw criitkocri. Cuam
BiaBeaeHHs fK GYHKUIT KyTiB BlABEAEHHS NPEACTABAEH] 3 TOYHICTIO N0 KYBIMHMX YAeHIB. YMOBM 6e3ne4Hoi BTpATH
CTilikoeTi 3an€XaTh BiA CNIiBBIAHOWIEHHS Mix xoedimi¢HTaMu onopy BiaBeAeHHS Ta KoedilieHTaMM 34enieHHs B
MOMepeYHOMyY HanpsMi Ha Ocsx.

Kouosi cnosa: aBTomMobine, xoediuieHT BiaseacHHs, KoediliEHT 34ENNEHHSA, CTIHKICTE pYXY, AMBEPreHTHI
Bidypxauil. i

V. Khrebet, V. Verbitskiy, V. Bannikov, N. Velmagina. Building the bifurcation set of a two-axes vehicle model.

An alternative approach is considered to determination of the conditions of safe stability loss for rectilinear
stationary motion of an oversteered (in the sense of M. Bautin) two-axes vehicle model. The approach is based on a
geometrical representation of the divergent stability loss mechanism. The slipping forces as functions of slipping
angles are presented with an accuracy to a cubic term. The safe stability loss conditions depend on the ratio between
the slipping resistance coefficients and the clutch coefficients in the transverse direction of the axes.

Keywords: car, slipping coefficient, clutch coefficient, motion stability, divergent bifurcations.
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