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MAHEBPEHICTb 15-METPOBOI'O ABTOBYCA

MANEUVERABILITY OF THE 15-METER BUS

AHomayis. Aemo6ycu gidizparoms 3HAYHY pOo/ib Y cucmeMmi 2poMadcbko20 mpaHcnopmy ma, 30Kpema, y 8u-
KOHAHHI nepege3eHb Nacaxcupie y MiHcMicbKomy cnoJiy4eHHi. lle HalinowupeHiwuii cnoci6 nepemiujeHHs awodell Ha
Kopomki ma cepedHi gidcmaHi sik y micmax, maxk i 8 6iabwocmi ciabcbKux patioHie. Aemo6yco6ydysaHHs, IK HacmuHa
3020/1bH020 A8MOMO06i/1e6Y0y8aAHHS, MAE C80H XAPAKMEPHY 0CO0.1UBICMb: HE38axCarYu HA me, W0 3a2a/1bHUll 8U-
nyck asmo6ycie cmaHosumsu Juuie o0uHuyi eidcomkie 8id 3a2a16H020 8UNYCKY A8MOMOBINbHOI MeXHIKU, IXHE 8UPO-
6HUYME0 30ilICHIEMbCS HA 3HAYHO 6iAbWIll Kilbkocmi nidnpuemMcme Nopi8HsIHO i3 BUPOGHUYMEBOM /1e2KO8UX 1 Ha-
8iMb BAHMANCHUX ABMOMO6i18, T dyice yacmo ooMexceHUMU napmisimu. [0est 3acmocy8aHHs HAd8e/UKUX agmoby-
cie € JoYi/IbHOW, OCKi/NIbKU ICHYE psid MiCbKUX MaApWpymie, Ha SIKUX 3acmocy8aHHs 12-mempogux aemobycie npus-
gede do ixHbO20 hepesaHMAsiCeHHsl, a BUKOpUcmMaHHs 18-memposux 34/1eHO8AHUX agmobycie Moxce npussecmu 9o
ixHbo20 Hedo3asaHmasiceHHs, a6o 0o 36i1bWeHHs IHmepsaJia pyxy.

Y npoyeci po3pobku 6ydb-s1k020 agsmobyca, 30kpema U Hadseaukoi Micmkocmi, NOBUHHI 6ymu 8paxoeaHi mMa-
cosi ma zeomempuyHi 06MedHceHH s, 3aKkaadeHi 8 HopmamueHux dokymeHmax. [lpu yvomy 15-memposuili mpusicHull
Micbkulli asmobyc 6e3 cneyiasibHUX npucmpois He Modxce 3adogoabHUmMuU gumoe JICTY uepes ceoro 36i1buieHy 008-
scuHy. Tomy akmyaabHuM i Ha Cb0200HI € noAINWeEHHS1 BNUCYBAHOCMI MAKUX A8MO6Ycig y mpaHCnNopmHy mepeicy
geauKux micm. Lj1o npo6emMy MOXICHA 8UPIWUMU WASXOM YNPABATHHS HE Mi/IbKU hepedHiMU, a if 3a0HiMU Koecamu
asmoé6yca. Y po6omi nokasaHo, Wo Kepy8aHHs aemobycom Hadeeaukoi micmkocmi modce 30ilicHIoeamucst He minbku
KIHeMamu4HuUM cnocobom — N0BOPOMOM KepoB8aHUX Kosic asmobyca, a i KOMOIHOBAHUM CNOCOOOM — Kepy8aHHAM
KeposaHux Kojic asmobyca ma 1io2o msizogux (8edy4ux) Koic Was1XoOM CMBOPEHHS PI3HUX 3d 8eAUHUHOK KPYMHUX
MoMeHmMI8 Ha Ko.iecax yiei oci a6o cmeopeHHsM 2aAbMi8HUX MOMEHMIie Ha mpemitl oci, Wo Moxce 3HAYHO Cnpoc-
mumu cucmemy ynpasaiHHs agmo6ycom. BodHo1uac ompumaHa 3a/1excHicme pi3HUYi KpymHux MOMeHmMis Ha KoJle-
cax msizosoi (8edyuoi) oci asmobyca, 2a1bMi@HUX MOMeHMI8 HA Ko/ecax mpemuvoi oci U cyMapHUx MOMeHmi8 Ha
dpyelili (eedyuiii) i mpemiii ocsix asmobyca, Wo € ekgiga1eHMHUM Kymy nogopomy KepoeaHux Kosic agmo6yca. /jas
pi3HUX cnocobis ynpasiiHHs 8CMAHO8/EHO, Uj0 agmobyc 3d KiHeMamu4Ho20 cnocoby ynpasaiHHs (nosopom Kepoaa-
HUX KoJlic asmobyca - cucmema ynpasaiHHs) He gidnogidae sumozam lpasus Ne36.03 EEK OOH wodo maHespeHo-
cmi. 3a KoMb6IHO8AHO20 cNOCOBY yNpasAiHHsA aemobycoMm 3a eeAUHUHU pi3HUYi MOMeHmis Ha Kosecax dpy2oi i mpe-
mboi oci 8 mexcax AM=2550-3000 Hm yi sumoau 8UKOHYHOMbCS, NPU4OMY HAUKPAU{0t0 3a KOHCMPYKYIEW € cucmema
ynpasiHHs, 8 SIKIll 3acmoco8yemubCsl 2a1bMy8aHHS Koic mpemboi oci. [I[pome makuli cnocié nogopomy modice 6ymu
NpoONoHOBAHUU MiAbKU 0151 NOJINWEHHS MAHEBPEHOCMI HA He3HAYHUX weudkocmsix pyxy (0o 10 m/c). 3a ymosu 36i-
JbUWeHHs wieudkocmi pyxy noHad 10 m/c cucmemy ynpae/liHHs KoJecamu mpemboi oci c1id 610Kysamu.

Katwouoei cioea: mpusicHuti asmobyc, cucmema ynpasaiHHs, 2a16Mi8HUT MOMEHM, MAHe8peHicmyb, 2a6apu-
mHa cMyza pyxy, padiyc nogopomy, weudKicmo.
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Abstract. Buses play a significant role in the public transport system and, in particular, in the transportation
of passengers in intercity traffic. This is the most common way of moving people over short and medium distances
both in cities and in most rural areas. The bus industry as a part of the general automotive industry has its own
characteristic feature: despite the fact that the total production of buses is only a few percent of the total output of
automotive equipment, their production is carried out at a much larger number of enterprises than cars and even
trucks, and very often in limited quantities. The idea of using extra-large buses seems appropriate, because there are
a number of city routes on which the use of 12-meter buses will lead to their overload, and the use of 18-meter artic-
ulated buses can lead to their underloading, or to increase the intervals of traffic.

When developing any bus, including an extra-large capacity bus, the mass and geometric limitations laid down
in the regulatory documents must be taken into account. At the same time, a 15-meter three-axle city bus without
special devices cannot meet the requirements of GOST due to its increased length. Therefore, it is still relevant today
to improve the fitting of such buses into the transport network of large cities. This problem can be solved by controlling
not only the front but also the rear wheels of the bus. The paper shows that the control of an extra-large capacity bus
can be carried out not only by a kinematic method - by turning the steered wheels of the bus, but also in a combined
method - by controlling the steered wheels of the bus and its driving wheels by creating different torques on the wheels
of this axis or by creating braking moments on the third axis, which can significantly simplify the bus control system.
At the same time, the dependence of the difference in the torques on the wheels of the driving axle of the bus, the
braking moments on the wheels of the third axle and total moments on the second (driving) and third axles of the bus
was obtained, which is equivalent to the angle of rotation of the steered wheels of the bus. For different control meth-
ods, it has been established that the bus according to the kinematic control method (turning the steered wheels of the
bus - the control system) does not meet the requirements of UNECE Regulation No. 36.03 regarding maneuverability.
With the combined method of bus control for the magnitude of the difference in moments on the wheels of the second
and third axles within AM=2550-3000 Nm, these requirements are met, and the preferred design is the control system,
which uses the braking of the wheels of the third axle. However, this method of turning can only be proposed to im-
prove maneuverability at low speeds (up to 10 m/s). When the speed increases above 10 m/s, the wheel control system
of the third axle should be blocked.

Keywords: three-axle bus, control system, braking torque, maneuverability, overall traffic lane, turning radius,
speed.

Bctyn

ABTOOycHU BifiirpaloTh 3Ha4Hy pOJib Y
CHUCTEMI POMa/ICLKOTr0 TPAHCIIOPTY Ta Mix-
MiCbKOMy cnoJiydeHHi. lle Haumnmowmwupeni-
MM cnoci6 nepemillleHHs J0Jed Ha KOpo-
TKI Ta cepeJiHi BiZicTaHi 4K y MicTax, TaK i B
6i1bLIOCTI CiIbCBKUX paloHiB. ABTOOYCH €
OCHOBHUM BHU/IOM 3pY4YHOI'O IepeMillleHHs
JIIOZled Ha BeJIMKI BificTaHi A/ 6i/b1Ioi yac-
THHU HaceJsieHHd cBiTy. Tak, aBTobycu cTa-
HOBJIATb 55% rpoMaACcbKOro TPpaHCIOPTY B
€pori, noHaj 45% BCbOT0 MaCAXXUPCHKOTO
TpaHcnopTty B TypeuunHi Ta 3abe3neuy0Tb
751 MJIH MacaXXMpCbKUX MOJ0pOXKeH Liopi-
yHo y CIIA. Ha BigcTani Big 500 g0 1000 km
aBTOOYCHU MalOTh HAaWHWXKYy BapTiCTh Ha Na-
caxkupa 6y/ib-IKOro BUZly TpaHcnopTy [1].

ABTOOyCcOOyAyBaHHS, IK YaCTUHA 3a-
rajlbHOro aBTOMOGi/IeOyAyBaHHS, Ma€ CBOIO
XapaKTepHY OCOOJIMBICTh: He3BaXKalOuW Ha
Te, 110 3araJlbHUMA BUNYCK aBTOOYCIB CKJa-
Ja€ Julle OAWHMII BiICOTKIB BiJ 3araJjib-
HOI'0 BUIYCKY aBTOMOOiJIbHOI TeXHiKH, IXHE
BUPOOHMIITBO 3/[iHCHIOETHCS HA 3HA4YHO 6i-
JIbLIIM KiJIbKOCTI MiIIPUEMCTB, HiXK JIErKO-
BUX i HaBiTh BAHTQ>XHUX aBTOMOOIJIIB, AyxKe
4acTo 06MeXeHUMH MapTisAMHU.

e 3acToCyBaHHSA HaBEJNKUX aBTO-
oyciB, puc. 1, € AOLiJIbHOW, OCKIJIbKU A€
3MOT'Y EKOHOMHUTH, a came [2]:

- aBTOOYC Ma€ MeHIy rabapyuTHY [0-
BXXMHY MOPIBHSIHO 31 34JIeHOBAHUM, a TOMY
3aliMa€ MeHlle Micls Ha Jopo3i Ta Ha 3ynu-
HIli, X04a MOoro macaxupoMicTKicTb HeHaba-
raTo MeHIa;

- BIICyTHICTb IPUYINHOI JIAHKH CIIPO-
11y€ KepyBaHHS TaKMM aBTOOYCOM;

- 32 BiZICyTHOCTI By3J1a 34/IeHyBaHHS
B TAKOI'0 aBTOOYyca CIPOILeHi HOTO esIeKTpo-
06/1alHaHHS, CUCTeMa OlaJIeHHs, raJilbMOBa
cUCTeMa TOLIO, 3araJioM 3HUKEeHEe YUCJIO0 Jie-
TaJle}, 110 NPU3BOAUTD 10 3HMXKEHHS Bap-
TocTi aBTobOyca Ha 30-35% mnopiBHAHO 3i
34JIeHOBaHUM aBTOOYCOM;

- ICHYIOTb MiCBKI MapuIpyTH, Ha AKUX
3acToCyBaHHSA 12-MeTpOBUX aBTOOYCIB MpU-
3BeJie 10 IXHbOTO IepeBaHTaKeHH$, a BUKO-
pucTaHHd 18-MeTpOBUX 34JIEHOBAHUX aBTO
OyciB Moxke NpPHU3BECTU [0 HeJ03aBaHTa-
»KeHH$1 aBTOOYyCiB abo 10 36i/bliIeHHs iHTe-

pBaJiiB pyxy.

ABTOULISAXOBUK YKpaiHU / ABTOMOGIILHUI TPaHCIOPT



Puc. 1. Aemobyc Hadgseaukoi micmkocmi

Y po3pob1i 6yab-sKoro aBTobyCa, 30-
KpeMa M HaJ|BeJIMKOI MiCTKOCTI, MaloTb OyTH
BpaxOBaHi MacoBi Ta reoMeTpHU4Hi obMe-
»KeHHS, 3aKJIaZleHi B HOpMaTUBHUX JOKyMe-
Htax. Tak, 3rigHo 3 JICTY UN/ECE R 36-
03:2002 «EpuHi TexHIYHI NPUNMCHU LOJ0
0QiLiiHOTrO 3aTBepJKEHHS MaCAXXUPCbKUX
TPAHCIMOPTHUX 3ac06iB BEJIMKOI MiCTKOCTI
CTOCOBHO 3arajibHOI KOHCTPYKLii» [2] BHYT-
pillIHiK pajiyc MOBOPOTY MOBHHEH CTaHO-
BUTH 5,3 M, a Halbi/bLI BUCTyNaJbHA Bij
[leHTpa NOBOPOTY TOYKa aBTOOyca Ma€ ONU-
cyBaTH Ayry pagiycom 12,5 M. Kpim Toro, Ha-
BaHTa)Xe€HHs Ha TATOBY (BeJy4y) Bicb He 10-
BUHHe nepeBuilyBaTH 10 T (y MicbKuX naca-
)KUPCbKUX TepeBe3eHHAX [IOMYCKa€ETbCs
11,5 1), Ha nepeJHIO KepOBaHy Bicb — 6-7 T,
HaBaHTaXXEHHs Ha TATOBY (BeJly4y) Bicb Ma€
3abe3MevyBaTH ii KOHTAKT 3 OPOTOI0 3 Koe-
dinieHTOM 34inHoi Macu He HUXKYKM 3a 0,25.
[Ipy nboMy 15-MeTpOBUN TPUBICHUN MicCh-
KUU aBTOOYC 6e3 creliaJibHUX NIPUCTPOIB He
Bignosinae Bumoram JICTY uyepe3 36ijb-
LIeHy JOBXUHY. TOMY aKTyaJIbHUM i Ha CbO-
rOZHI € MOJIMNIIEeHHA BIUCYBAHOCTI TaKUX
aBTOOYCIB Y TPAHCIIOPTHY MEPEXKY BEJIUKHUX
MICT.

AHaJ1i3 ocTaHHIiX my6ikanii

B yMoBax po3pisHeHOCTi BUPOOHUIITBA
1 0O0MeXXeHOCTi BUINYCKY 3a IIMUPOKOi raMu
TUIIOPO3MIipiB i MogUdiKalLill BaXK/MBa poJib
HaJIXKUTDb LIBUJKOMY CTBOPEHHIO KOHCTpY-
KLi}, 1[0 MOKJIMBO JIMLIE 32 YMOBU LIUPOKOL
yHidikanii aBTo6yciB. Hanpukiaz, cimeiic-
TBO MiCbKHUX i IPUMiCbKUX aBTOOYCIB HiMe-
1bkoi ¢pipmu Neoplan. BoHo ckiaaeTbcs i3
psafy Mojesed  yHIQIKOBaHUX HHU3bBKO
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NiIJIOTOBUX aBTOOYCiB JIOBXXMHOIO BiJ BO-
CbMM 10 18 M, macaKUpoMiCTKICTIO Bif 46 10
176 nacaxupis. [Ipuuyomy dipma nepuior y
CBITOBiM NMpaKTHIIi 3aCTOCYBasia OJUHOYHUH
MiCbKMH TPUBICHUH aBTOOyC 0COOJIMBO Be-
JINKOI MICTKOCTI 3 ApYror TATroBow (Beay-
4YO10) i TpeThbO0 KepOBaHOM BicClO 3i CBOIM
npuBoZoM. Taka KOHCTpPyKLis 3abe3neyye
MaHeBpEHICTb OAMHOYHOTr0 aBTObOyca Ha pi-
BHI IIapHIpHO-34JIEHOBAHOrO, 110 BiAMNOBI-
fae Bumoram [IpaBus Ne36.03 EEK OOH, ane
yepes3 BiIMOBY BiJi THyYKOTO 3’€JHaHHA Jia-
HOK MiX co60to oro BapTicTb Ha 15-20%
MeHIlua. BogHOYac 3HaYHO HMXKYUMMU € eKC-
nJlyaTauiiHi BUTpaTu [1].

[Tonbcbka ¢ipma Solaris Bunyckae ci-
MENCTBO aBTOOYCIB JOBXHHOMW Big 9 10 18
M, IPpUYOMYy HaHOGIJbIIMKA NPUPICT MpPUXO-
JUTbcs Ha 15-MeTpoBuit aBTo6yC Urbino 15,
SIKMW Bifipi3HSE€THCA Big aBTOoOyca Neoplan
BiZICYTHICTIO aKTUBHOI CUCTEMHU KepyBaHHA
TPeTbOIO BiCCIO: TYT TpPeTH BiCb — CAMOBCTa-
HOBJIIOBa/IbHA. Taka KOHCTPYKIji 3HAa4HO
JlellieBllIa, Hi>K y pa3i TpeTbol OCi 3 aKTUB-
HUM KEpMOBHUM YIpPaBJIHHAM. Y HiJACYMKY
BapTiCTh OJJMHOYHOI'0 aBTOOyCa CTAa€ HUX-
YO0 3a BapTICTh LIAPHIPHO-34/IEHOBAHOI'O
Ha 30-35% [1].

3a po3rJISHYTUMH [ BOMa IPUHLUIIOBO
PI3BHUMHM CXeMaMM VYIpPaBJiHHA TpPeTbOIO
BiCCI0 BHMINYCKAalOTh MPAaKTU4YHO BCi 15-MeT-
poBi aBTOOYCH, AKi € KOHKYPEHTHOCIIPOMO-
)KHUMM [IapHIpHO-34JIEHOBAaHUM aBTOOY-
caM. /lu3alH apHipHO-34/IeHOBAaHUX aBTO-
o6yciB (ILI3A) € npegMeTOM iHTEpECY B IOTO-
YHUX JOCII/PKEHHAX K i3 Morasajy yrnpas-
JiHHA [1], Tak i cTasoi Mo6iabHOCTI [2].
Momo UI3A, y AKMX ABUTYH pO3TallOBaHUU
y 3aiHi¥ YaCTHUHI npu4vena, KOHTPOJIb CTil-
KOCTI Ma€ BeJIMKe MpaKTU4YHe 3Ha4YeHHd,
OCKIJIbKM BHUHUKHEHHSI HECTIMKHUX KOJIU-
BaHb Ha 3pa30K «CKJIQZJaHHSA JIAHOK» MOXe
NPU3BECTH [0 BTPAaTU KOHTPOJIIO Ta Helac-
HUX BUNa/IKiB. OCHOBHe NpU3HaYeHHS QyH-
KI[ill KOHTPOJItO CTikKoCTi, siki B EC € 060B'-
A3KOBUMHU 3 2014 poKy, - YHEMOXKJIUBUTH
nepeKuJaHHs Ta HeCTiHKicTh y pyci [3], A
YOro BCTAHOBJIEHI eKCllepMMeHTaJIbHIi Npo-
neaypu Bunpo6bysanb lI3A me noHan Tpu-
AUATBb pokiB ToMy [4]. Tak, y po6oTi [5] no-
Ka3aHo, 1110 Yepe3 3MiHy WIBUJKOCTI pyXy B
[I13A MOXKyTb BUHUKHYTH JiBa BUJU HECTIiN-
KocTi: abo AuBepreHuis, abo 6ipypkaris
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Xonda. 3a pomomoror GidpypkaliriHoro
aHaJi3y MokasaHo, L0 CHhCcTeMa B Oy/b-
SKOMY pa3i Ma€ KpPUTUYHY NocT6idypka-
LiliHy TOBEJiHKY, Lie 03HA4aE, 10 pyX TpaH-
CIIOPTHOTO 3aco0y MOXe CTaTH HeCTIMKUM
HaBITh Y JIiHIMHO CTiMKIiX 06J1acTi WIBUKO-
CTi pyXy, SIKLI0 30ypeHHs [OCHUTb BeJIUKe.
[Iboro mos6aBsieHi 15-MeTpoBi aBTOOYyCH,
AKi 3a CBOEK MACAXUPOMICTKICTIO HECYT-
TEBO NOCTYNAITbCA WIAPHipHO-34JIEeHOBA-
HUM, IIpOTEe 32 MAaHEBPEHICTI0O TAKU Big4y-
THO NOCTynarwTbcA IM. MaHeBpeHicTio AT3
HA3UBAKTh CYKYIHICTb BJIACTUBOCTEH, AKI
3a0e3Me4yl0Th Oe3MepeliKOAHUN pyX Ha
ONOpHIM TOBepXHi, OOMeXeHih fAK 3a
nJouero, Tak i 3a ¢popmoro [8]. Takumu
obMexxeHHAMHM B pyci AT3 MoxyTb OyTH
IPOCTOPOBI, MOB’sA3aHi 3 JOBXKUHOI i BUCO-
TOI TPAHCHOPTHOTO 3ac06y, a TAKOX 0OMe-
»KeHHSl 32 GOpMOI0 Ta po3MipaMHu JOPOXK-
HbOTO IIOJIOTHA, W10 CJYTry€e€ OIOPHOIO
NIOBEPXHEIO /15 KOUeHHS KOJIiC MOro JIaHOK.

Y pob6orTi [6] 3a3HaveHO, 1[0 BUMiproBayi
M NOKa3sHUKU MaHeBpeHOCTi AT3 MoXyTh
OyTH iCTOTHO NOJIiNIIEeHI 3aB/sIKH TOBOPOTY
oced (KoJiic) mMpUYiINHOI JIaHKU BiJHOCHO
Horo mo3/loBKHbOI OCi 3a JONOMOroI0 Ti€el
abo iHILI0I CUCTeMU KepyBaHHS MOBOPOTOM.
[le TOBHOIO MipOI0 CTOCYETHLCH I TPUBICHUX
15-MeTpoBUX aBTOOYCIB i3 3aJHbOI0 Kepo-
BaHO!0 ab0 CaMOBCTaHOBJIOBAJIbHOIO BicCIO.
KepyBanusa II3A moxe 6yTH 37ilicHeHe He
TiJIbKYM KiHEMaTHUYHHUM CIOCOOOM — MOBOPO-
TOM KepOBaHUX KoJlic aBTOOYyCa i mpuyena, a
! KOMOIHOBaHUM CNOCOOOM - KepyBaHHAM
KepOoBaHHUX KO0JIiCc aBTobOyca i TATOBUX (Beay-
YMX) KoJIiC aBTOOyca LLJISAXOM CTBOPEHHS
pPi3HHX 3a BEJIMYWHOI KPYTHUX MOMEHTIB
Ha KoJiecax Iii€l oci abo CTBOPEHHSAM raJib-
MiBHUX MOMEHTIB Ha TPETiW OCi, 110 MOXKe
3HAaYHO CIPOCTUTH CUCTEMYy HOrOo YIpaB-
JIIHHA.

Memorw pob6omu € noyinueHHs MaHeBpe-
HOCTi 15-MeTpoBOro aBTOOyCa 3aBASIKU JIU-
HaMi4YHOMY Croco0y ynpaBJliHHS Horo KoJe-
CaMH.

OcHOBHa YacTHHa
11 MaTeMaTU4YHOTr 0 ONMUCY MJIOCKO-
napaJieJibHOro pyxy aBTobyca BBeJleMO TaKi
CIPOILeHHS Ta NpUNYyLeHHs [6]:
- TipOCKOIIYHI MOMEHTH Ta HEBPiBHOBaXKeHI
MOMEHTH YaCTHH, siKi 06epTalThCs, He Bpa-
XOBYIOTbCS;
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- B LIapHipaxX py/JAbOBOTO NPUBOAY BiZICYTHI
ndTyH;

- aBTOMOOIJIb PYXa€ThCS Ha PiBHIM FOPU30H-
TaJIbHIM OBEPXHi;

- pO3IJIAa€TbCAd IJIaCKa «BeJOCHUIe[Ha»
cxeMa aBTOMO00i/1s; KyTH IOBOPOTY 30BHIiLl-
Hboro @' i BHyTpimHbOro §'' KoJstic piBHI Mixk
c006010, TOOTO

o =0 -0; (1)

- OCHOBHOIO TPAEKTOPIEI € TpaAEKTOPIA
LleHTpa Mac;
- B3aEMO/Iifl KOJIIC 3 OIOPHOI0 MOBEPXHEIO B
6i4YHOMY HaNpsIMKY ONIUCYETHCA Yepes3 peak-
11i}0 IOJIOTHA JJOPOTH K QYHKIif KyTa BiJ-
BeJIeHHS HeJliHilHOo1o rinoTe3oto [6]:

Y =k, - k,8% 4K 00 (2)

- KoediLieHT onopy 6i4YHOMY BiJiBeJieHHIO kK
BU3HA4YeHUH fIK [6]:

K =k V1= (X /(¢G)? 3)
°1+0375X /G’

ne ko - koedinieHT omopy 6i4HOMY BijBe-
J€HHIO Y BUNAJKY BiZICYTHOCTI NO3J0BXHIX
CHJI Ha KOJIeci;

G - BepTHKaJIbHe HaBaHTAXXEHHA Ha K0J1eCo;

- cTabisizanifiHi MOMEHTH IIMH TaKOX OIH-
CaHi K HeJliHIMHA 3aJIeXXHICThb BiJ, KyTa Bij-
BeJlIeHHS:

M, =0,0"—0,0°+0,0°.....; (4)
ne ki,kz2,k3,61,62,03 - npuBeieHi xapakTepu-

cT
CTHUKHU IIUH KoJtic oci KKM;

- MOMEHT B’I3KOTO TEPTS B PYJIbOBOMY
KepyBaHHI NpPONOPLINHUN KYTy NOBOPOTY

KEepOBAHHX KoJIic:
M, =h, x0; (5)

Jie h1 - koedilieHT B’I3K0OT0 TEPTA B Jie-
TaJISIX PyJIbOBOT'0 KEPyBaHHS;
- MOMEHT MPY>KHOCTi B pyJIbOBOMY Ke-

pPyBaHHI IPONOPLINHUNA KyTy TIOBOPOTY Ke-

POBaHUX KOJIiC:
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M p1:;(1><9, (6)

Je 1 — KoediliEHTH >KOPCTKOCTI py-
JIbOBOTO IPUBOAY.

KyTu 6i4yHOro BiiBeZleHHS KoJIic ocelt
aBTOOyca MalOTh TaKUK BUTJISAL [6]:

- 17151 KEpiBHOT'0 KOJIICHOT'0 MOJY /ISl aBTO-
oyca:

),

u+a)(a—c-cos6?)—c-49-cos49

= 1g(6-5)

0, =0—arctg _
V+c(w+60)sinf

— JIJIs1 3aHbOI OCi:

0, = —arctg

- V14 KicTsIKa aBTOGYyca 3 TATOBOM (Be-
Jly4010) Biccro:

(7)

—u+bw

(Ve)y
(Va)X

[licass BU3HA4YeHHs HIBUJKOCTEH OK-
peMuXx JIaHOK aBTOMOOizfA Ta KyTiB Bi/Be-
JleHHS KoJlic ixHiX ocell fudepeHLianbHi pi-
BHSIHHA PYyXy aBT0Oyca 3alMcaHi y BUIJIAAL

[7]:

tgo, =
V—&ew

(m, +m+m,V +(mcsnd-mdsngad+mesng-6+md singpg-eu(m, +m +m,) +

+m,c(@ + 6)? cosd + m, (o - ¢)°d cosg + w*(m,d —m,a) =
=X,c080-Y sn@+ (X, -X1')+X;

(m, +m + m,) +[m,(a-c cosd) —m,(e +d cosp)d — m,c coso - 0+
+m,d cosg@p + ¥ (M, +m +m,) +mc(o+6)>snd—m,(w-¢)’d sing =
X, sn@+Y,cos0+Y,+Y,;

[I +m,a(a-c cosé) + m,b(b +d cosé,)& - m,ac coséd + (m,a — m,e) + m,ac coséd +

+ma-md)aV +mac(o+0)°snf=a(X,snd+Y,cosd) -bY,+M , +(M, -M");

(I, +mec®d -1,
-mco(l +wa)sind -—mgcaV cosd =Y, -M,, -M

(8)
Y cucrteMi piBHsAHDB (8) NpUMHATI TaKi M03-
HavyeHHS:

m, ] - Maca i MOMeHT iHep11il OcTOBa
aBToOYyca 1[0/10 BePTUKaJIbHOI OCi, 1[0 Mpo-
XO[WTb Yepe3 LeHTP Mac;

m1, J1- Mmaca i MOMeHT iHepuil

+mgc(c —acosd)]o+mecsind-V —mgccosd-u —

KepiBHOTO KOJIICHOTO MOJZyJIsl LOJI0 BEPTH-
KaJIbHOI OCi, 1110 IPOXOAUTH Yepe3 LeHTP
Mac aBTo0yca;

X, Y — KOOpAWHATH LLeHTPYy Mac aBTO-
oyca;

a; b - BiicTaHb BiJ| IeHTPY Mac aBToO-
6yca 10 TOYOK KpilJieHHsI mepeiHbOoi i 3a/-
HbOI oci aBTOOYCa;

€ - BUHOC KepOBaHOTO KoJieca aBTo-
oyca;

0 - KyT IOBOPOTY KepOBaHUX KOJIiC
aBTOOYyCa;

V, u, ® - no310BxHs, 6i4Ha i KyTOBa
IIBUJKICTb aBTOOYCa;

X1, X2: X', X3, Y1, Y2, Y3 - no3zos-
»KHI Ta 60KOBI CUJIM Ha NepIlil, IpyTiH,
TpeTiN 0CAX;

M/k, M//Kk - MOMeHTH Ha BHYTpPilllHb-
OMYy i 30BHILLIHbOMY KoJIeCi TATOBOI (BeAy-
yoi) oci aBTobGYyCa.

MeTa BBeJleHHSI KOMOIHOBAHOIO CIO-
coby ynpaBJliHHA aBTOOYCOM - 3MEHIIUTH
rabapuTHY CMYTy pyXy, 110 3abe3ne4yye He-
00XiHYy MaHeBpeHiCTb, TOOTO BIHCYBa-
HiCTb aBTOOyca B perjJiaMeHTOBaHy CMYTy
pyxy.

Y po6oTax [7] oTpuMaHi piBHAAHHA AU-
HaMIiKM{ KpyroBOro pyxy MallWHU 32 KOMOi-
HOBAHOTO CIIO0COOY yIpaBJliHHA IOBOPOTOM.

1(Mm MMJ_m_mX
i1 Ta2 L
C(ITC:: bztfiaz xl jtg a+ tga
1+——2tg? )
L [Mkl Mkl MkZ MkZJ
Fa2

Jle @ - KyTOoBa IBUJKICTb aBTOMOGiJI
B IJIOLLIMHI JOPOT'Y;
T -yac;

Q¢ - cepejiHiN KyT MOBOPOTY KepoBa-
HUX KOJIiC,

- 1

a =—(a' +a") (10)

O ; O - KyTH NIOBOPOTY BHYTpiLl-
HbOTO (BiITHOCHO /10 LIEHTPY MOBOPOTY) i 30-
BHILIIHBOT'O HANIPSIMHUX KOJIIC;
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b - BizcTanb Big 3aaHBOI OCi A0 NpoE-
KIii eHTpy Mac aBTOMOOi/is HA TOPU30HTAa-
JIbHY IJIOLUHY;

M - Maca aBTOMOOiJIs;

L - mosmomsxHs KosticHa 6a3a aBTOMO-
6ins;

M,; - cymapHi KpyTHi MOMeHTH Ha
KoJiecax TAroBoi (Beay4oi) oci aBToOyca;

M,, - cymapHi rajabMiBHI MOMeHTH
Ha KoJiecaxX TPeThoi oci aBT0OOYyCa;

Iy, — AMHaMIi4YHi pajiiycy TATOBUX (Be-
Jly4uXx) KoJlic aBTOOyCa;

f- KoeQilliEHT OMOpPy KOYEHHS KOJIiC
aBTOOYyCa;

h - Bucora nenTpa mac aBTo6YyCa;

iZ - pajiyc iHep1iii aBTo6yca BiJHOCHO
BEepTUKAJIbHOI OCi;

V,, - niHiliHa IBUJKiCTb MeTpoOyca B
HalpAMKY M030BXHbOI 0Ci;

M,;; M, - KpyTHi MOMEHTH Ha BHY-
TPilIHBOMY Ta 30BHIIIHbOMY TSATrOBUX (Be-
Jly4uXx) KoJiecax aBTo0Oyca,

My1=My;
M,,; M, - raabmiBHi MOMeHTH Ha

BHYTPIlIHbOMY Ta 30BHIIIHbOMY TSTOBUX
(Bemyuux) KoJlecax mpuyena.

[3 piBHAHHSA (9) BUAHO, 10 pi3HHUIA
KPYTHUX MOMEHTIB Ha TATOBUX (BeAyduX)
KoJiecax:

AMkleL‘l_Ml;l (11)

Ta raJibMiBHUX MOMEHTIB Ha KoJiecax Tpe-
ThbOI OCi:

AMkzlezz_Ml;z (12)

36i1bIIyI0Th KyToBe npuckopennsa A/ dt
MeTpobyca y MJOIMHI Joporu. fAkumo 3Mmi-
HUTU 3HAaK BKa3aHUX Pi3HUIb HA NPOTHJIENK-
HUN y piBHAHHI (1.26), MOXHa [JOCSATHYTHU
cutyauii, y akiit do/ dt=0.

[Togamo piBHsAHHS (9) y BUTAAAI:

33

(jj_cto:a(a)[b(M)—c—d(v,a)+k(0!,|\/|)]
(13)
1er Hztgz&
LZ
f
b(M )=| L (M., 'V'sz _9,
m'l—k P Fq>
fh dv -
d(v,a)=| — V21+b ~ |tg” ’
K1 Mkl Ml:Z_MkZ
kK(aM)= o tga( r r ﬂ
(14)

Y BH3HauyeHHI CKJAJAHWKIB PiBHAHHS
(13) BpaxoBaHO, L0 MiXK KyTOM HOBOPOTY
KepOoBaHHUX KOJIiC aBTobyca i Horo mBU/Ki-
CTIO iCHYE 3a/exHicTb [8]:

2 _ f 2
¢——f YgLcosa |
tga

Vkpy = (
(15)
Ae V,, — KpUTH4YHA IBUAKICTb 00

KepOBaHOCTI;

@ - KoedilLliEHT 34enJsieHHd KOJIic i3 J10-
poroto;

f- koedinieHT onopy KO4eHHs KOJIic;

g — IPACKOpPEHHA BIJIbHOTO NaJiHHS;

L -6a3a aBTOGOYyCa.

BU3Ha4MMO KpUTHUYHY WUBUJKICTb aB-
TobGyca 3a KOMOiHOBaHOro crnocob6y ynpas-
JIIHHA 3 TaKWX BUXIIHUX JaHUX: a=4,5 m; b
=2,3 M; M=23660 xr; L =6,8 ™; r_, = 0,565

m; f =0,02; h =1,45 m; - Bucora uenTpa

Mac aBTo6yca; i - = 10,35 Mm2.

z
Ha puc. 2 HaBezieHa 3aJIeXKHICTb KpPHU-
TUYHOI IIBUAKOCTI LOJ0 KepPOBAHOCTI AJs
aBTobOyca y QyHKIIil KyTa IOBOPOTY MOTO Ke-
POBaHUX KOJIIC.
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Puc. 2. 3asnexcHicmb KpumuyHoi weudkocmi wodo keposaHocmi 8id Kyma
nogopomy KeposaHux KoJic asmobyca

OCKiJIbKM MiXK IIBU/IKICTIO 1[040 KepPOBa-
HOCTI Ta KYyTOM I1I0BOPOTY KEpOBaHHUX KO-
JIiC iCHY€ TeBHAa 3aJIeXKHIiCThb, Hajaldi y
BCiX pOo3paxyHKaxX BUKOPUCTAHI BiZOBIi-
JHI 3HaYeHHS WBUIKOCTI Vx 1 KyTa I10BO-
POTY KEpOBaHUX KOJIiC oL aBTOOYyCa.

[lokasHUKM MaHEBpPEHOCTi aBTOT-
PAHCIOPTHUX 3aco6iB, AK OyJi0 3a3Ha-
YeHO paHillle, BU3HAYAIOTb 3a KOJIOBOTO
pyxy. KyToBe 1 OKpy»He NpPUCKOpPEeHHA

. do .
JIOPiBHIOIOTh HYJIIO, TOOTO EZO i

_d:j/tXI =0. Ockinbku koedinient a(a)=0,

TO

b(M)—c—d(v,a)+k(a,M)=0
(16)

Po3B’skeMo piBHsAHHA (16) BigHO-
CHO o. Bpaxyemo, mo 3a ymoB ycrase-
HOTO PyXy CKJAaJHUKU piBHAHHA (16)
b(M) i c piBHi Mi*k co6010 (3a MaHEBPEHO-
cTi MeTpob6yca 3 He3HAYHOI0 IIBU/KICTIO
CUJIOIO ONOpY MOBITPS MOXHa 3HEXTY-
BaTH), TOOTO:

1 (M, M,

h(M)= m~LL rg, I

:%. (17)

d2

3a piel ymoBu:

d(v,a)=k(a,M). (18)

[Tofasblii po3paxyHKH IpoBeLeMO
JUIs1 TPbOX YMOB PyXy aBT0Oyca. 3a nep-
1ol YMOBHU 3aJa€MO IIBUAKICTb pYyXy
cTaJsI010, piBHOIO 5 M/C i BUBHaYyaeEMo pa-
Jliyc TIOBOPOTY aBTOOyca 3a KiHEMaTHU4-
HOT'0 CII0CO0Y MOBOPOTY, HEOOXIZHY pi3-
HULI0O KPYTHHX MOMEHTIB Ha KoJecax
npUyena, 3a Apyrol yMoBH - 3a KOMOiHO-
BAHOTO CMOCO6Y MOBOPOTY, TOOTO MOBO-
POTY KepOBaHHUX KOJIC i pi3HULI KpyT-
HHUX MOMEHTIB Ha KoJiecax TAroBol (Be-
Zlydoi) ocii3a TpeTboi yMOBU — IOBOPOTY
KepOBaHUX KOJIIC 1 pi3HULI KPYTHUX MO-
MEHTIB Ha KoJiecaxX TAroBoi (Beay4oi) oci
Ta raJbMIBHUX MOMEHTIB Ha KoJiecax
TPeThOoI oci.

Ha pwuc. 3 npeacrassieHa 3ajex-
HICTb pi3HULI KDYTHUX MOMEHTIB Ha KO-
Jiecax TAroBoi (BeAy4doi) oci aBToOyCa,
raJbMiBHMX MOMEHTIB Ha KoJiecax Tpe-
ThOI OCi Ta CyMapHUX MOMEHTIB Ha Jpy-
rii (Bey4iit) i TpeTiit ocsix aBTOOYCA, 1110
eKBIBaJIEHTHO KyTy IIOBOPOTY KepoBa-
HUX KOJIic aBTOOyca (BiAmoBifae KyTy
IIOBOPOTY MOT0 KEPOBAaHUX KOJIIiC MiJL 4ac
pPYXy KpMBOIO 3a/1aHOT0 pafiyca).
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Puc. 3. 3asexcHicmb pizHUYyi MoMeHmis Ha Kosecax ocell agmobyca,

Ax BunuBae 3 puc. 3, npu ¢ikco-
BaHil WIBHUAKOCTI moBOpoOTYy, v=5/c, pi3-
HULA KPYTHUX MOMEHTIB Ha BHYTpIill-
HbOMY 1 30BHIIIHbOMY KoOJIeCi BeAy4dol
0Ci, raJIbMiBHUX MOMEHTIB Ha KoJiecax
TPeTbOI OCi i KpyTHUX 1 ra/IbMiBHUX MO-
MEHTIB, 1110 AII0Tb OJHOYACHO, IIPpU pycCi
10 KPUBUM MaJIOTO pajiyCcy Nporpecu-
BHO 30i/1b11YI0ThCA. [I0SICHIOETHCA Li€e He-
JIIHINHO 3MIHOIO BeJIMYMHU tgo [J1d 3a-
6e3neyeHHa HeOOXiAHOrO paZiycy MoBo-
poTy aBTOOYCA.

3a BU3HAYEHUM €KBiBaJIeHTHUM
KyTOM IIOBOPOTY KOJIiC Apyrol i TpeTbol
oci aBTOOyca BH3HayaJjlacsl rabapuTHa

Wo eksiea/IeHMHO Kymy 1020 Kepo8aHUXx KoJic

He3MIHHUM NIPUUMaBCA BHYTPILIHIN ra-
6apuTHUH pajiyc noBopoTy (RBr=5,3 M)
i mBUAKICTBb pyXy aBTOOYyCa (5 M/C).

Ha puc. 4 HaBezeni 'CP aBTobyca
3a pi3HUX CMOCO6iIB MOBOPOTY — KiHEMa-
TUYHOTO (IOBOPOT KEPOBAHUX KOJIiC aB-
Tobyca - ymnpaBJjiiHHA 1) i koMGiHOBa-
HOrO 3 ypaxXyBaHHSIM pi3HULI KPYTHUX
MOMEHTIB Ha BeAydyid oci (ynpaBJiiHHA
3), raIbMiBHUX MOMEHTIB Ha TPeTiH oci
(ynpaBsiiHHA 2) i ogHOYacHIW il KpyT-
HUX | raJIbMiBHUX MOMEHTIB Ha JAPYTiH i
TpeTii ocax (ynpasuiHHA 4). [Ipu nbomy
MaKCHMaJlbHUH KyT NOBOPOTY KepoBa-
HUX KoJlic aBTOOyca npuiiMmaBcs 35°.

cmyra pyxy ([CP). TIlpu ubomy
8,5
3
s 8
>
Q.
o 7,5
5
g 7
2
; 6,5 T
2 0 500 1000 1500 2000 2500 3000 3500
[t}
o pi3HULIA MOMEHTIB Ha Konecax oceii, Hm
==@=ynpasniHHA 1 =ll=ynpasniHHa 4
YNPaBAiHHA 3 === ynpaBAiHHA 2

Puc. 4. 3asexcHicmb 2abapumHoi cMyau pyxy asmobyca 8id cucmemu ynpae/iHHs
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Ak 6auumo 3 puc. 4, aBT0OOYyC 3a CUC-
TeMHM ylpaBJiHHA 1 He Bifll0BiJae BUMOraM
[IpaBusa N236.03 EEK OOH mon0 MmaHeBpe-
HOCTi. 3a KOMOIHOBAHOTO CIOCOOy yInpas-
JIIHHS aBTOOYCOM 3a BeJIMYUHU Pi3HULi MO-
MEHTIB Ha KoJiecax Apyroi i TpeTbol oci B
Mexkax AM=2550-3000 Hm 11i BUMOT'M BUKO-
HYIOTbCS, IPUYOMY HAaWKpPALLOK 32 KOHCT-
PYKILi€I0 € CUCTEMA yIpaBJiHHA 2 (rajbMy-
BaHHA KoJiic TpeTboi oci). [IpoTe Takui
CHOCi6 MOBOPOTY MOXe OYTH NMpPONOHOBA-
HUH TIJIbKU [AJ1s1 NOJIINIIEHHS MaHeBPeHOo-
CTi Ha He3HAYHUX WBUAKOCTAX pyxy (10 10
M/c). 3a yMOBU 30iJibllIeHHS1 WIBU/KOCTI
pyxy nonag 10 M/c cucteMy ynpaBJliHHSA
KoJiecaMH TPeThOi OCi cJ1ij; 6J10KyBaTH.

BHCHOBKH

1. [lokasaHo, 110 KepyBaHHS aBTOOY-
COM Ha/IBEJIMKOI MiCTKOCTI MOXe 6y TH 3111~
CHEeHe He JiMIle KiHeMaTUYHUM CII0COO0M -
IIOBOPOTOM KePOBAHUX KOJIiC aBTO0OYCa, a U
KOMOIHOBaHUM CIOCOOOM - KepyBaHHSM
KepoBaHMX KoJIiC aBTOOyCa i TATOBUX (Be-
Jly4MX) KOJIiCc aBTOOyCa IIJIIXOM CTBOPEHHA
Pi3HUX 32 BEJIMYMHOK KPYTHUX MOMEHTIB
Ha KoJiecax Ijiei oci abo CTBOPEHHSIM TraJib-
MiIBHUX MOMEHTIB Ha TPeTiH OCi, [0 MOXe
3HAYHO CHPOCTUTH CUCTEMy HOro yIpas-
JIIHHA

2. OTpuMaHa 3aJIeXKHICTb Ppi3HULI
KPYTHHUX MOMEHTIB Ha KoJiecax TAroBoi (Be-
Zly4doi) oci aBTobyca, raJibMiBHUX MOMEHTIB
Ha KoJiecaxX TPeTbol 0Ci Ta CyMapHUX MOMe-
HTIB Ha ApyTiy (BeAyuill) i TpeTiil ocsAxX aB-
ToOyCa, 1110 eKBiBaJIeHTHA KyTy MOBOPOTY
KepoBaHHUX KOJIiC aBTOOYCa.

3. BctaHoBJI€HO, 1110 aBTOOYC 3a KiHe-
MaTUYHOIO CIIOCOOY yrnpaBJiHHA (IOBOPOT
KepoBaHMX KoJiic aBTobyca - cucTeMa yn-
paBJiiHHA 1) He Bignosigae BuMoram Ilpa-
BUJ N236.03 EEK OOH 10,0 MaHeBpeHOCTI.
3a KOMOiHOBaHOI0 CIOCOOY yNpaBJIiHHSA aB-
TobycoM (cucTeMHU ynpaBJiHHA 2-4) 3a Be-
JIMYMHU Pi3HULII MOMEHTIB Ha KoJiecax py-
roi i TpeTboi oci B Mexxax AM=2550-3000
HM 1i BUMOryv BUKOHYIOThCS, IPUYOMY HaW-
Kpall0l0 32 KOHCTPYKIEI € CUCTeMa YII-
paBJliHHA 2 (raJibMyBaHHSI KOJIIC TpPeTbOl
oci). [IpoTe Taku# crnocié MOBOPOTYy MOxKe
OyTH NPOMOHOBAHUM TIiJNbKU [JJis MOJiN-
IIeHHd MaHEeBPEeHOCTI Ha He3Ha4yHUX

36

mMBUAKOCTAX pyxy (Ao 10 m/c). 3a ymoBH
36i/bLIEHHA IWBUAKOCTI pyxy noHaz 10 m/c
CUCTEeMY yIpaBJiHHA KOJIeCaMU TPeThOl 0Ci
cJ1iJi 6JI0KyBaTH.

4. llonineHHs MaHEeBPEHOCTI T CTiH-
KOCTi aBT0OOYCiB 0CO6/IMBO BEJIMKOTO KJ1acy
JOCATAETbCA 3aBAAKU KepYBaHHIO fK Ile-
peZHiMy, Tak i 3agHiMu KoslecaMu. [lepcre-
KTUBHUM /[JI1 TaKOro KepyBaHHA MoOxe
O6yTH ribpuzHa CUI0Ba yCTAaHOBKA, €JIEKT-
pUYHA YaCTUHA AKOI 9K BMUKAEThCH y NIPO-
1eci po3raHsiHHSI aBTOOyCa, Tak i y npoueci
MOro ynpaBJiHHA 3aHbOK BiCCHO 3a IMHA-
MidyHOro crnoco6y ii noBopoTy. BusHaueHHs
HNOTY>XHOCTI TiOpU/IHOI CUJIOBOI YCTAaHOBKH
Ta palioOHaJIbHUKW PO3MOAIJ MOTYXKHOCTI
MDDK OCHOBHHUM /[IBUTYHOM BHYTPIIIHbOI'O
3rOpAHHSA Ta eJIEKTPOJBUTYHOM € IpeJMe-
TOM NOJAJIBLIUX AOCIiPKEHb.

References

1. Wei, L., Hongwen, H., Fenchun, S,, Jiangyi, L.
(2017). Integrated chassis control for a three-axle electric
bus with distributed driving motors and active rear
steering system, Vehicle System Dynamics, 55(5), 2017,
601-625.
https://doi.org/10.1080/00423114.2016.1267368

2. Fragassa, C. (2017). Electric city buses with
modular platform: a design proposition for sustainable
mobility, in: Campana, G., et al. (eds), Sustainable Design
and Manufacturing 2017 (SDM 2017), Smart Innovation,
Systems and Technologies 68, Springer, Cham,
Switzerland, 14.1, 789-800, 2017.

Retrieved from
https://journals.scu.ac.ir/article_16702.html?lang=en

3. Van de Molengraft-Luijten, M. F. ]., Besselink, I. .
M, Verschuren, R. M. A .F.,, Nijmeijer, H. (2012). Analysis
of the lateral dynamic behaviour of articulated
commercial vehicles, Vehicle System Dynamics, 50(1),
2012,169-189.

https://doi.org/10.1080/00423114.2012.676650
4. Aurell, ], Winkler, C. B. (1985). Standard Test
Procedures for the Lateral Stability of Heavy Vehicle
Combinations, Road Transport Technology, 4, 463-471.

5. Troger, H., Zeman, K. (1984). A non-linear
analysis of the generic types of loss of stability of the
steady-state motion of a tractor semi-trailer, Vehicle
System Dynamics, 13, 161-172.

6. Sakhno, V. P,, Polyakov, V. M,, Sharay, S. M,,
Murovany, L. S., Omelnytskyi, O.E. (2021). Articulated
buses. Maneuverability and stability: a monograph. Lutsk:
IVV of Lutsk NTU, 288.

ISBN 978-617-672-243-4

7. Sakhno, V., Stelmashchuk, V., Onyshchuk, V.,
Popelysh, D., Tomchuk, S. (2019). On the question of the
dynamic method of driving a car. Modern technologies in
mechanical engineering in transport. Volume 2 No.
13,156-162.ISSN 2313-5425

8. Sakhno, V.P. etc. (2015). Operational properties
of motor vehicles. In 3 h. Ch 3. Maneuverability. Controlla-
bility. Stability: [training manual]. Donetsk: Knowledge
publishing house (Donetsk branch), 444. ISBN 978-617-
579-925-3 (Part 3)

ABTOULISAXOBUK YKpaiHU / ABTOMOGIILHUI TPaHCIOPT


https://journals.scu.ac.ir/article_16702.html?lang=en

