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BILIVMB MO3I0BXKHbOI CWJIN Y IISIMI KOHTAKTY BEJYUNX
KOJIIC HA KYPCOBY CTIMKICTb PYXY ABTOMOBLIIB

BcTaHOBIICHO, IO MO3MOBXKHI CHIM Yy IUIAIMI KOHTAKTY BEAy4YHX KOJIC 3 ONOPHOIO IOBEPXHEIO CYTTEBO
3MIHIOIOTh TTOKa3HUKH KypCOBOI CTIMKOCTI pyXy aBTOMOOINSA. Y TOW e Yac Tepepo3MOAis HaBaHTAKEHHS IO
KoJiecaM aBTOMOOIJIS Y TTO3JJ0BXKHIH IUTOMKHI MalKe He BIUTUBAE HAa MOKA3HUKHU CTIHKOCTI PyXy aBTOMOOINS.

Kirwuosi cioBa: aBToMo0inb, cuia, CTiKiCTh, (Ba30Buil mopTper, OidypkamiliHa MHOKHHA, CXEMa,
MareMaTuiHa MOJICIIb.

Beryn. YcninHe po3B's3aHHS MUTaHHSA MPO KYpPCOBY CTIMKICTh PyXy aBTOMOOLIS
3aJICKUTh BiJ TPAaBUIBHOTO BHOOPY pO3PaXyHKOBOI CXeMH, sika O HaHOUIBII TTOBHO
BimoOpakana HailBaxIuBilIl (pakTOpH, 110 BIUTMBAIOThH HA 1[I0 EKCIUTyaTallliiHy BIACTUBICTb, 1
BiJl TOYHOCTI OIIHKY CHJI B3a€MO/Iii MTHEBMATUYHOI IIIMHU 3 IOPOTOIO.

TeopernyHo MOJEIL aBTOMOOLISA TIOBMHHA SKHAWOUIBII TIOBHO BijoOpakaTh
peaybHU aBTOMOOLTE. JOCHIKCHHSI aBTOMOOUIS SK CHUCTEMH KUIBKOX TiJ, IO 3'€HaHI
TOJIOHOMHUMH 1 HETOJJOHOMHUMH B'S35IMH, MPUBOAMTH 10 BUBUEHHS CKIAIHOI MEXaHIYHOI
CHCTEMH 3 BEJHMKOI0 KIJBKICTIO CTYINEHIB CBOOOAM, SKa ONHCYETHCS CHCTEMOIO
nudepeHiiaTbHuX PIBHSIHb BUCOKOTO MOPSIAKY, HAaMpukiaa, y podortax [1], [2] aBToM0oOinb
MOJAaHWI Yy BUTJISAL CKJIAIHOI, 0araToMacoBOi MPOCTOPOBOI MAaTEeMAaTUYHOI MOJENi, B SKii
BpaxoBaHi BCl CTymeHI cBOOOIM Ky30Ba 1 PyXy HEMIIPECOPEHHX Mac IoAo0 Hhoro. B
PO3PaxyHKOBY cXeMy OyJM BKIIFOUCHI TaKOX KIHEMAaTU4YHI XapaKTePUCTHKHU MEPEeIHBOT 1
3aIHbOT MiABICOK, II0 BU3HAYAIOTh TE€OMETPUYHI 3B SI3KM, $IKI HAKIANAlOTbCd Ha pPyX
HETIIPECOPEHNX Mac BITHOCHO Ky30Ba; pYyJbOBE KEpPyBaHHS pO3TJNANOCT Yy BUIIIIL
TpLOXMaCOBo'l' cUCTeMH (IBa KepOBaHHX KoJieca i pysboBe KOJIECO), 3 €IHAHUX MK COOOI0
NpYKHAMHU 3B sI3KaMU. BpaxoBaHO TaKoX CyXe TepT 1 3a30pH 1 pyJIHOBOMY IMPUBO/II, @ TAKOXK
BIUIMB KYyTiB YCTAaHOBKM KOJIC 1 HeNiHIMHOCTI miJaBickK (0OMexyBayi xomy pecop,
HECHMETPUYHICTh XapaKTEPUCTUK aMOPTHU3aTOPiB, CyXe TepTs TOIOo). B pesynbraTi cuctema
Oyna omucaHa JOyXe CKIATHOI CHCTEMOI0 Au(epeHIialbHUX pPIBHAHb CIMHAALSATOTO
HOPSIZIKY .

B poGori [1] Bim3HauaeThCs, MO0 YCKIAAHEHHS MaTEMaTHYHOT MOJIENI HE 3aBXKIU /A€
MO3UTHUBHUH e(DeKT, OCKIIBKH NP BU3HAYEHHI MAaCOBHX PO3MipiB (Macu, MOMEHTH iHepIii) i
XapaKTePUCTHK 3B A3KIB HEMHHYY1 MIOXUOKH, CIIOIY4YEHHS SKUX IMPU3BOANUTH JJO HETOUYHOCTEH
IpU BU3HAYEHHI KIHIEBUX pe3ysbTaTiB. KpiM TOro, mpakTH4HEe BUKOPUCTAHHS MOIIOHHUX
pPO3paxyHKOBHX  CXeM  ToTpebye  MOMepeAHbOr0  aHANITUYHOTO 1,  OCOOJHBO,
EKCIIEPUMEHTATBHOTO BH3HAUCHHS BEJIMKOI KUTBKOCTI KOHCTPYKTHBHHX TIapaMeTpiB
aBTOMOOLIs 1 muH. OTXKe, MPH Po3podIl MaTEMATHYHOT MO/IEIi aBTOMOOLIIS TOCTAE MUTaHHS
PO MOXJIMBICTh BUKOPUCTAHHS THX YU 1HIIUX MPUITYLIEHb, SIKI 3 OJJHOTO OOKY J103BOJIMIU O
HNOHU3UTH CTYHiHb AU(EpeHLiaIbHUX PiBHSAHb, a 3 APYroro — J03BOJIWIM O OMHMCAaTH pyX
ABTOMOOLUISI 3 IOCTaTHIM CTYTICHEM TOYHOCTI.

OpnuM i3 miAXonAiB B pilIeHHI  1i€i 3amadi Moxe OyTH METOA MOCTiAOBHOTO
YCKJIaHEHHsT po3paxyHKoBoi mozenmi [3]. s kokHOTO 3 BapiaHTiB Ii€i Momeni OyayTh
OTpHMaHI OCHOBHI KUIBKICHI XapaKT€PUCTHKH, L0 BHM3HAYAIOTh ii CTIHKICTh: KPUTHYHA
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IIBUIKICTh CTAIllOHAPHUX PEXKHUMIB PYyXy, OIIHKK iX oOmactedl TsokiHHA, OidypkamiitHa
MHO)XMHA SIK y3arajJbHEHa XapaKTepPHCTHKA CTIHKOCTI BCi€i MHOXXHMHU CTAI[lOHAPHUX PEXUMIB
moaeni [3-7].

MeTto10 po60oTH € aHaNi3 CTIHKOCTI pyXy aBTOMOOLNIA 3 ypaxyBaHHSIM B3a€MOBILIUBY
MOJIOBXKHIX 1 MOMEPEYHNX CHJI y IUISIMI KOHTAKTYy BEIYYHX KOJIC 3 OTIOPHOIO TMOBEPXHEIO Ta
HepepO3IOIiTy BEPTUKAIBHOTO HABAHTAXKEHHS 110 KOJIECaM aBTOMOOLISL.

OcHoBHUIT po3ain. J[ns BU3HAYEHHS MapaMeTpiB CTAalllOHAPHUX PEXKHUMIB PyXy
npuiiMeMo MaTeMaTH4YHy MOJENb IUIOCKOMApaJIeabHOTO PyXy

i

aHamizy 1iX CTIHKOCTI
aBTOMOOLISI, III0 BPaXOBYE MEPEPO3IOLT BEPTHKATBHUAX PEAKIIiid i B3a€EMOBIUIMB IMTOJOBXKHIX 1
NIOTIEPEYHMX CHJI y TUIsiMI KOHTakTy. [Ipu 3acTocyBaHHI Takoi Mojenmi (BEJIOCHUIIEIHA cXeMa,
puc.1), 10 KOXKHOI OCi IpUKIIafeH] O19HI cuin Y, BEPTUKAIBHI Peakilii Z, a TAaKOXK MO3JJ0BXKHI
(TsiroBi ab0 ranpMiBHI) cuiKd X, IO JIFOTh HA MepeaHid abo 3amHii oci aBToMoOLIsa. LleHTp
mac 3HaxoauThes y Touli C. [To3HaunMo faii: v - TIO3I0BXKHS CKJIaI0Ba IMIBHJIKOCTI IIEHTPY
mac (LIM), sika mATPUMYETHCS MOCTIKHOIO; U - MOMEpeYHa CKJIaJ0Ba MPOEKIii MIBUIKOCTI
IM; ® - KxyTOBa MIBUAKICTh aBTOMOOLIS II0JI0 BEPTHUKAIBHOI OCi; a, b - BIACTaHI BiJ IEHTPY
Mac aBTOMOO1JIA 10 IepeIHBOT KEPOBaHOI OC1 1 33HBOT OCI.
JIJisT IOpIBHSTLHOTO aHANI3y PO3TIISIIAIOTHCS 3

ypaxyBaHHSIM NEBHUX YHHHHKIB:
- 0e3 Iepepo3noIiTy BEpTHKAIBHUX Peakiii i 0e3 BIUIMBY MOAOBKHIX CHII;

- 3 IEPEPO3IO/IJIOM BEPTUKAIBHUX PEaKIliid, aje 0e3 BIUIMBY MOJOBXKHIX CHIL;
- 3 IEPEPO3MOALIOM BEPTUKATIBHHUX PEAKIIiH 1 3 ypaXyBaHHSIM BIUIMBY TOJOBXKHIX CHII.

BapiaHTH MaTEeMaTUYHOI MOJEINi 3

Pucynok 1- Po3paxyHnkoBa cxema MoeIi JISTKOBOTO aBTOMOOLIIS
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Posrnsnemo Bumajgok pyxy, komun X, #0,X, =0. OTpumMaeMo HacTyIHY CHCTEMY
KIHIIEBUX pIiBHSHB, IO BU3HAYa€ MapaMeTpu KPYTOBHX DPEXHUMIB pyXy Hpu (pikcoBaHMX
3HaueHHAX (1", ") KepoBaHUX mapaMmeTpiB V = const; 6 = const

—u-o-m=-Y,-sin® +X,-X_;
®-V-m=Y,-cos®+Y, +X, -sin®;

a-Y,-cos®-b-Y, =0 )
3 mepIoro piBHIHHSA CUCTEMHU MA€EMO:
X, =—m-u-m+Y, -sin® +X_; (2)
CymapHy cuity onopy pyxy 3HaX0AUMO 33 (OPMYIIO0:
X =f(Z,+2,)+0,5-C-c,-F-v?, 3)

ne f - koedilieHT Omopy KOYCHHS;

Cx - 6e3po3mipHUil KoedilieHT TOBHOT aepOAMHAMIYHOI CHIIH;

Ps - TYCTHHA MOBITPS;

F — myoma npoexkii aBToMoO1I Ha IUIOMIMHY, IO MEPNEeHAMKYJIsIpHA HOro MmoJoBKHIN
ocl.

[IpuBeneHi cuiau BiBENEHHS HAa OCSX aBTOMOOLNS Y; BU3HAYAIOTHCS BIAMOBIIHO 10
rinore3un . Pokapa. Ilpu npomy 3anexHICTh CHIM BIABEACHHS BiJ KyTa BIABEJCHHS Mae
xapaktep QYHKIIT HacuueHHS 1 Moxe OyTH OmMcaHa Pi3HUMHU CIOCOOAMH, OJUH 3 SIKHX
npuBeJCHUN HIOKUYe (SIK (DYHKIISI KyTa BiJIBEJCHHS, BEPTUKAIBHOI PEaKIlii OMOPHOI MOBEPXHi
1 KoedilieHTa 34ETJICHHS B MONEPEYHOMY HAIPAMKY):

k. (7. )xS.
o ki(Z)x9,

1 2 b
k. (7. x5,
\/H[ ' ,)xalj
P xXZ;

ne ki — koedirieHT onopy 6iYHOMY BiZBeEHHIO; Z; — BEPTHKAJIBHI peaKiii OMOpHOi MOBEPXHi
Ha oci aBTomoOus [3]:

(4)

mgb  muwh
7,-eb _muah, )

mga muwh
22: / + / s (6)

ne h — BucoTa LeHTpy Mac aBTOMOO1IIS.

PiBHsHHS pyXy B pyxoMiii cucteMi koopauHat (oci Kenira) MaroTh TO# ke BUIJISA, 110
1 B HepyxoMiil (aOCOJIFOTHA TIOXIHOIO BEKTOpPA IIBHJIKOCTI € CYMOKO «MICIICBOI» IMOX1THOT
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BEKTOpa IIBUIKOCTI 1 TIPUCKOPEHHS, TIOB'A3aHOTO 3 OOEpPTaHHSAM pPYXOMOi CHCTEMH
KOOPJIMHAT):

dv, _aV,
dt  dt

+ox V.. (7)

PiBHsAHHS pyXy aBTOMOOLISI B pyXOMil CHCTEMi KOOPIMHAT :

mve =X, sin®+Y,cosO+Y,;

8
a(X,sin®+Y,cos®)-Y,-b=0. ®

HaBeznemo npukiiaz po3paxyHKy 3a TAaKUX apaMETPiB CHCTEMHU:
a=15mb=1,175m;1=2,675m; h=0,5m; m=1675 kr; f =0,01; C,=0,33; p; =1,2041
KF/M3; F=27316 M.

Ha puc. 2 naBemena OidypkariiiHa MHOXHHa, a Ha puc. 3 — (a3oBi MOPTpeTH
(mepmmii BapiaHT MaTeMaTHYHOI MozieNi) 3a mBUAKOCTI 20 M/C 1 KyTax TIOBOPOTY KEPOBAHHX
koiic ®=0.01pax i ®=0.03 pan.

v, M/c

S .op3 -002  -ool 0 o0 0oz 003
-0, pan ®, pan

Pucynok 2 — bidypkauiliHa MHOKHHA JUIS IEPUIOTO BapiaHTy MOl
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Pucynok 3 — ®a30Bi MOPTPETH ISl PEPIIOTO BapiaHTy MOJEIT:
a — mBuakicts 20m/c ®=0.01pax; 6 — mBuaKicTs 20M/c @=0.03paz

MHoXHHa TOYOK B 00J1acTi MmiJl TpadikoM BiJIOBIa€ 3HAYEHHSAM KyTa IMOBOPOTY O i
MIBUJIKOCTI V PyXy aBTOMOOLJIS, 3a SIKMX peali3yloThCsl TPU CTAIllOHApHI PEXKUMHU PYXY: OIAMH
CTilikuii 1 Ba HecTikux. B obmacTi Haa rpadikom Mosxe OyTH JUIlIe OAWH HECTINKHUHI pexuM
PYXy aBTOMOO1JIS, 1110 BHIHO 3 OipypKamiiiHOT MHOKMHU B JOBUIBHHX TOYKaX «1» 1 «2» (puc.
2), saxi BignoimawTh mBHIAKOCTI 20 M/c 1 kytam moBopoty 0,01 pax i 0,03 pan. Anani3
¢dazoBoro moprpera (puc.3, a) BKa3ye CTIMKICTh IEHTpaabHOro pexumy (u=-0,7172604787,
®=0,1523912954) i nae MOXJIHUBICTh OLIIHUTU OOJACTH HOTO TSKIHHA, OOMEKEHY HECTIMKUMU
pexxumamu (u=-1,767106763, ©=0,2535805500) i (u=4,233903013, ©=-0,3247000938).

Puc. 3,0 imrocTpye xapakTep MOBEHIHKHM aBTOMOOLTIS MpPHU PI3HUX [MOYATKOBUX
30ypeHHAX B 00JIaCTl 3 OJHUM HECTIMKHM CTalllOHAPHUM PEKUMOM (BIANOBIIA€ TOULI «2» Ha
puc. 2). Y 1pbOMy BHUIAJKy CIOCTEpIra€ThCsi IHTEHCHBHE HApPOCTaHHA OIYHOI CKJIAZO0BOI
HIBUIKOCTI IIEHTPY Mac.

Ha puc. 4 naBemena OidypkariiiiHa MHOXHHa 7S APYroro i TPEeThOTO BapiaHTIB
MaTeMaTHYHOI MOJIeN, a Ha puc. 5 — (a30Bi MOPTpeT Mozem 2 3a mBHUAKOCTI 30M/c 1 KyTax
noBopoTy kepoBaHux koiic ®=0.004pan; ®=-0.004pax; ®=0.001pax.

Sk crmigy 3 puc. 4, 6idypkaniliHa MHOKHHA TIPH YpaxyBaHHI JIOJaTKOBHX MapamMeTpiB
B MaTEMaTHUYHIN MOJEN 3MIHIOE CBIMl BHIJISAJ, 3aJMIIAIOYMCh CUMETpHuYHOI0. Ha miarpami
3'SIBJISIFOTHCS. 00J1aCTi, JIe MOYIIMBI TP 1 M'ATh CTAI[IOHAPHUX PEKHUMY PYXY, IO YCKIATHIOE
(dazoBuil MOPTPET 1 CTPYKTYPY OONACTI TKIHHS CTIHKUX CTAI[lOHAPHUX PEXHUMIB pyxy. Tak B
00I1acTi, MO MICTUTH TOUKY «3» (puc.4), MOXKYTh peasli3oByBaTUCS TPU CTAIliOHAPHI PEKUMHU
(nBa CTIMKHMX 1 OJWH HECTIHMKHiT); B 00JACTI, IO BKJIIOYAE TOYKH «1» 1 «2», TUIBKH OJHH
HECTIUKHUNA PEeXKHIM.

st mosiCHEeHHSI MOSBU HOBUX CTAIllOHApHUX PEXUMIB MOoOyayeMo (a3oBi mopTpeTH
JUTSL APYTOTO BapiaHTy MOJIEINI B AOBIILHO BHOpaHUX Toukax 1-3 (puc.4) 3a mBuakocti 30m/c i
KyTax MOBOPOTY KepoBaHUX KoJiic aBToMo011a ®=0.004pax; ®=-0.004pax; ®=0.001pax
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Pucynox 4 — bidypxkariiiina MHOXHWHA:
a - IS IpyTroro BapiaHTy Mofeni; b - Ans TpeTboro BapiaHTy MOAETI
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Pucynok 5 — ®a30Bi nopTpeTH /Ui APYroro BapiaHTy MoJiei 3a MBHUIKOCTI 30Mm/cC :
a— 0=0.004pan; 6 — ©®=-0.004panx; B — ©=0.001pax.

Toukam «1» 1 «2» (puc.4) BIiANOBINAIOTH CHMETPUYHI IMOBOPOTH — CTallilOHAPHI
PESKUMHU  BIOPI3HAIOTHCA  Jumie 3HakamMu  (u=-3,758484253, ®=0,1905054101 i
u=3,758484253, ©=-0,1905054101, puc. 5 a, 6). Toumi «3» BIAMOBITAIOTH TPU PEKUMH: JIBA
criiknx (u=2,993623084, ®=-0,1738936963; u=-3,389855631, ©=0,1831364330) i oaun
HecTiikui (u=-0,7172604787, ®=-0,106746196), peamnizailis OTHOTO 3 HHX 3aJCKUTH BiJ
MOYAaTKOBUX YMOB (Ug,®p), K1 MOXKYTb OyTH OIliHEHI Ha OCHOBI (ha3zoBoro moprpera. O61acTh
3 Mm'aThbMa CTalllOHADHUMHU pPEXUMAMU HE po3risaaiacs i3-3a il MajocTi (mpakTHYHA
peaizaiiis mapaMeTpiB YIpaBIiHHA 3 M€l 007aCTi MpOoOIeMaTHIHA).
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BucHoBKH. AHai3 OTpUMaHHUX pe3yJIbTATIB BKa3y€ Ha TE, IO BIUIUB MOJOBXKHIX CHII
3HaYHO 3MIHIOE TapaMeTpH  KypCOBOi CTiMKocTi aBTOMOOuIA. Brumme mnepeposmnomity
HABAaHTA)XCHHS TI0 OCSAM aBTOMOOUIS HE MPHU3BOJIUTH IO ICTOTHOI 3MIHM XapaKTEPUCTHK
CTINKOCTI.
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YK 629.113

BB nmo3a0B:KHBOI CHJIM Y TUISIMi KOHTAKTY Bey4YHX KOJic Ha KypcoBYy cTilikicTb aBTOMOOIIA
/B. TI. Caxno, B. I'. Bepounkuii, B. B. Kouaparses // Bicauk HTY «XIIl». Cepis: ABTOoMOOiNe- Ta
tpakTopodymyBanns, 2013. — Ne 30 (1003). — C. 3-9. — Bibmiorp.: 7 Ha3B.

Y CTaHOBJIEHO, YTO NPOJOJIBHBIC CHIIBI B ISITHE KOHTAKTa BEIYILHX KOJIEC C ONMOPHOW IOBEPXHOCTHIO
CYIIECTBEHHO H3MEHSIOT IIOKa3aTeld KypCOBOM YCTOHYMBOCTH MABMXKCHHS aBTOMOOWIA. B To ke Bpems
nepepacrpeie/ieHie Harpy3Ke II0 KojecaM aBTOMOOWISA B INPOJOJIBHOM IUIOCKOCTH IOYTH HE BJIMAET Ha
NOKa3aTeNd YCTOMYUBOCTH JBHIKECHUS aBTOMOOHILS.

KiawueBble cjoBa: aBTOMOOWIb, CHJIa, YCTOWYMBOCTH, ()a30BbIi mHOPTpEeT, OUypPKAIHOHHOES
MHOXXECTBO, CXe€Ma, MaTeMaTH4YeCcKasi MOZEIb.

It is set that longitudinal forces in the spot of contact of driving-wheels with an underlayment
substantially change the indexes of course stability of motion of car. At the same time the redistribution of
loading on the wheels of car in a longitudinal plane does not almost influence on the indexes of stability of
motion of car.

Keywords: car, force, stability, phase portrait, bifyrcation great number, chart, mathematical model.
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