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AHAJIM3 BPAILIEHUS TOBOPOTHBIX KOJIEC MOBUJIBHOT'O POGOTA
C JUOPEPEHIIMAJIBHBIM ITPUBOJIOM

benopyccruii nayuonanvuwlii mexnuyeckuii yHugepcumem
2. Munck, Pecnyonuxa benapyce

Paccmompenvt mamemamuueckue mooenu ynpagienus YenHmpanibHo OPUEHMUPYEeMbIMU U HeYeHMPATbHO
OpUEHMUPYeMbIMU HOBOPOMHBIMU KONECAMU MOOUTbHO20 poboma. Ha ochosanuu ananuza KuHeMamuku MOOUTbHO2O
poboma noryueHvl 3a8UCUMOCTIU Yela NOBOPOMA 3a0He20 U NEPeOHe20 C80000HO20 KOLeca Om Yelo8bix CKOPOCmell
npaeoco u 1e6o2o0 Ou@epeHyuarbHo npueoouUMo2o gedyujeco Korecd. i KOHKpemHo20 MobuibHo2o0 poboma c
onpeoenéHHbIMU KUHeMamuyecKuMy Napamempamu nocmpoeHsl 2paQuxi 3a8ucumocmell y2ina nogopoma c0000HbIX
Konéc om paouyca nogopoma Kaxcoo2o Koieca u epaguxu 3a8ucumocmell yena nogopoma c6000OHbIX KOIEC om
yenogulx ckopocmelii gedyujux xoaéc. Ilonyuennvle pesynomamol nO36ONUNU YCMAHOSUMb 3AKOHOMEPHOCTIL MENCOY
YoM noopoma KACmop KOAEC U KOHCMPYKMUSHbIMU Xapakmepucmukamu poboma. Onpedenénuviii ouanazon
VelogblX CcKopocmell 8edyuux KOAEC 6 COOMEEMCMSEUU ¢ NPeOelbHbIMU 3HAYEHUAMU Y2i08 N08OPOmda KACmop
KONEc no3601aenm yuumvléams noayyeHHvle mamemamuieckue Mooenu O NOSbIUEHUS YCTOUMUBOCHIU OBUNCCHUSL

MObUBLHO20 poboma.

Knrouesvie cnosa: nosopommoe rxoneco, modunvhviti pobom, ougghepenyuanvhviti npueoo, Kacmop Koieco,
KUHeMamu4eckas Mooeib, y2oi Nogopomd, paouyc nosopoma

BBenenue

MoOwibHbIE POOOTHI, BKJIIOYAOIIHE B CEOs IIH-
POKHIA KJIacC YCTPOWCTB aBTOHOMHOTO IE€PEIBIKEHHS
Pa3IMYHOTO HA3HAYEHMS, MOTYT HCIIONB30BaTh B Kaue-
CTBE JBIDKHMTENICH pa3HOOOpa3Hble THIIbI KOJIEC, KOTO-
pBI€ OMPENeNOT METO/Ibl YIPABICHHUS XOJJOBOH YaCThIO
pobota. Tur npuMeHseMoro Koyieca OINpezesseTcs 3a-
Jla4aMH, BBIMOJHAEMBIMH POOOTOM, M CpEIOH ero Ie-
pemenierna. Hanbonee yHuBepcanbHBI B 3TOM ILIaHE
BCCHAIPABJICHHbIE KONEca, ONHAKO HX OCOOCHHOCTH,
CBSI3aHHBIC CO CIIOKHOCTBHIO KOHCTPYKIIUH U XyAILIeH Mo
CPaBHEHHIO ¢ TU(PEPEHIIMATBHO YIIPABISCMbIME (DHK-
CHPOBAHHBIMU KOJIECAMM YCTOHYMBOCTHIO [1], co3nmanu
YCIIOBHSA TSI UCTIONIB30BAHUS TPAIUIIMOHHBIX KOJIEC KaK
aNbTepHATUBBI BCCHAIIPABICHHBIM.

B cinyuyae npumeHeHus Kos€C TpPagULMOHHOIO
TUIIAa BO3HUKAET BONPOC O MEXaHU3ME HM3MEHEHHs Ha-
MIpaBJICHUS ABWKEHUS poOOTa IpU OTCYTCTBHH PYJIEBO-
ro ympaBieHUsl U KECTKOH (UKCAlMU KOJEC, KOTOPbIE
00JIa/laloT  TOJBKO OJIHOM CTENEHBIO IOJBHIKHOCTH.
B nByxkosiécHOM po0OOTe MOBOPOT KOpIyca MOXKET H3-
MEHATBCA MYTEM PETYNHPOBAHMS CKOPOCTH U Harpas-
JICHUsI BpallleHUs IPUBOJIHBIX KoJIEC. B TpEXKoNECHBIX U
YeTBIPEXKOJIECHBIX PO0OTaX, IJ€ MO TEXHOJIOTHYECKUM
CO00pa’keHUSAM HEBO3MOXKHO HCIIONB30BaTh TOJBKO /1BA
JBIDKUTEIS, HE00s3aTeabHO HMeTh auddepeHIraib-
HO MPHUBOIUMBIE YETHIPE KOJleca, a JOCTaTOuHO MpHUMe-
HUTH JIBa HE3aBHCHUMO YIPABIAEMBIX BEIyIIUX Kojeca,
a OCTaJIbHbIE KOJIECA — IOBOPOTHBIE, KOTOPBIE MOT'YT Mé-
HSITh CBOE MOJIOKEHNE OTHOCUTEIIBHO KOpITyca poOoTa.

IloBopoTHbIE KONECA, TAKKE HMEHYEMBIE CBO-
0OJHO BpAIIAMOIIUMHUCS, HE SBISIOTCS IPUBOIHBIMH,

a CIyXaT JUIIb JUIS CHWJIOBOM IOIJICPXKKH KOpITyca
poboTa M M3MEHSIOT CBOE IIOJIOKEHHE B DPE3yJbTaTe
BO3JICHCTBHS NPUBOAHBIX Konéc. B 3aBucumoctH ot
KOHCTPYKTHBHOTO HCIIOJTHEHHs TIOBOPOTHBIE Koiéca
MO/IPA3EISIIOTCSl Ha LIEHTPAJIbHO OPUEHTUPYEMbIE U He-
HEHTPAIBHO OPHEHTHPYEMBIE.

B 1eHTpanbHO OpHUEHTHUPYEMOM KOJIeCce BEpTH-
KaJIbHasl 0Ch, BOKPYI' KOTOPOW MOMKET ITOBOPAYMBATHCS
TUIOCKOCTh POJIMKA, TPOXOAUT Yepe3 ero LeHTp (pucy-
HOK 1). B oTnmume oT 3TOro, HEIEHTPAIBLHO OPUEHTH-
pyeMoe KOJIeCO, N3BECTHOE KaK KacTOp KOJECO, TAKXKE
MOXKET M3MEHSTH CBOE ITOJIOKEHUE OTHOCHTENIHLHO KOP-
myca po0oTa, OIHAKO TIOCKOCTH ITOBOPOTA MPU 3TOM
MPOXOJMT Yepe3 BEPTUKAIILHYIO OCh, HE TIEPECEKAIOIIYI0
HEeHTp Kojeca (PUCYHOK 2). 3a cYET HaTMUMsI paccTos-
HUSI MEXIy BEPTUKAIbHBIMU IUIOCKOCTSIMH MOBOPOTA U
LEHTpa KoJieca, ISl ONMCaHUsl KHHEMAaTHKH KacTop KO-
meca TpebyeTrcst OoNbpIee YUCIIO TTapaMeTpoB, YeM IS
OCTaJIbHBIX TPAJAUIIMOHHBIX KOJIEC.

CB0OOZHO BpAIIAIOMINECS HEMPHBOIHBIE ITOBO-
POTHBIE KOJIeca OYEBUHO BIMSIOT HA YIIPaBISIEMOCTb
MOOMIIBHOTO poboTa Mpu JIBIKCHUH. MaremaTndeckoe
OINMCAHUE MX MOBEJICHNS MPU BPAIICHUN SBIACTCS BaXK-
HOW 3ajadyedl Juis TIOBBIIICHUS YIPABICHUS XOJOBOU
gactd poboTa. OOmuUe ypaBHEHUS, XapaKTCPU3YIOIIHC
CTaTHYECKOE IOJIOKEHHE IOBOPOTHBIX KOJEC B MPO-
CTpaHCTBe, OBUTH TPEICTaBICHBI B cTarbe [2]. bomee
pa3BEPHYTOE MaTEeMaTH4YEeCKOE OMNHMCAHHE M IKCIIEpH-
MEHTAJIbHOE HCCJIEIOBAaHUE HEJIMHEHHOW JMHAMHKU
MpU KOJIEeOAHUSIX KacTOp KOJEca COACPKUTCS B HCCIE-
nmoBanui [3], a Take B pabore [4], rae omucaH OOLIHiA
MOAXOJ, K aHAJIN3y AMHAMHUKN TMOKMX HETOJIOHOMHBIX
CHCTEM Ha IIpUMepe CBOOOIHO BPAIAIONIETOCs KoJeca.
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Bomnpocy ananuza 1 onTUMU3aLUM MEXaHUYECKON KOH-
CTPYKLMHU KPEIJICHUs] KaCTOp KOJIeca B PyUHOM TelexKe
MOCBsIIeHa CTarhs [5]. [IpuMeHHUTENBHO K MOOMITBHBIM
pobGotam, mpobiiemMa yIpaBieHHs 110 TPaeKTOpUU podo-
TU3APOBAHHON TPEXKONECHOW TUIATPOPMBI C yUYETOM
BO3MYIIAIOLIETO BO3AECHCTBUS, CO3/1aBa€MbIM OTKJIOHE-
HHEM yIvIa TI0OBOPOTa CBOOOZHO BpaIafoLIerocs Kojeca,
noipoOHO paccMmoTpeHa B paborax [6, 7]. Onnako, s
WCCIICIOBAaHUS TUIAHUPOBAHUS IBIDKCHHUS pPoOOTa IO
TPAEKTOPUU 3HAYUMBIM JTAIOM SIBJISIETCS aHAJIN3 B3aUM-
HOTrO BHsHUS JUD(HEPESHINATBFHO MPUBOIUMBIX KOJEC
TPAAULIMOHHOTO THUIA HAa MOBOPOTHBIE KOJECA W, COOT-
BETCTBCHHO, Ha YIPAaBISIEMOCTh MOOMIBHBIM POOOTOM,
KOTOpPBIC HE PaCCMATPUBAIOTCS B JAHHBIX paboTax.

UccnenoBanre W aHajau3 BO3JEHCTBUSL Bpalla-
IOLUXCSl TIOBOPOTHBIX KOJIEC Ha YIpaBJICHUE JIBHXKE-
HHEM MOOWJIBHOTO po0OTa IO 3aJaHHOW TPACKTOPHH
SIBIISICTCS PEIICHHEM MpPOOJIEeMbI BBEIOOpA JOIYCTHMOTO
CKOPOCTHOTO JHMAaIla30Ha KKIOro U3 nudQepeHIraib-
HBIX TIPUBOJIOB, HANPABICHHON Ha CTAOWJIHM3AIUIO J[BU-
JKeHHS po0OTa C TPAJAUIIMOHHBIMU KOJIECAMU U YMEHbIIIC-
HUS CITy9alHBIX KOJICOaHUH MPH BPALICHUN IOBOPOTHBIX
Koséc. AHanM3 BpameHUs] CBOOOIHBIX KOJEC YETHIPEX-
KOJIECHOI'O MOOMJIBHOTO PO0OTa OmpeseNnsercsl LEeNbo
CTaTbl — YCTAHOBJIEHUEM B3aMMOCBS3U MEXKIYy yIiia-
MH TIOBOPOTa CBOOOIHBIX KOJIEC U KUHEMATHYCCKUMH,
a TaKKe KOHCTPYKTUBHBIMHU ITapaMeTpaMu poOoTa.

Jlig mocaeayromero MaTeMaTHueCKOro OMUCaHus
MOOMIIEHOTO po00Ta C MOBOPOTHBIME KOJIECAMU TIPUMEM
JIOMYUICHUsI ABM>KEHUSI POJIMKOB 110 POBHOM MOBEPXHO-
cTH 0e3 MPOCKAIb3bIBAHHS, 2 TAKKE IPCHEOPEKEM BITUS-
HHEM TPEHUs Ha CBOOOIHOE KOJIECO.

HcciaenoBanne KHHEMATHKH MOOMJILHOIO
po6oTa ¢ IByMsl MOBOPOTHBLIMHU KOJécaMu

YeThIpEXKoIECHBIT MOOMIBHBIA POOOT, M300pa-
JKEHHBIM HAa PUCYHKE 1, UMEET /iBa NMOBOPOTHBIX LIEH-
TPaJbHO OPHEHTHPYEMBIX W J[BAa HPUBOAHBIX Tpajau-
IMUOHHBIX Koneca [6]. CranmapTHBIe KoJEca SBISIOTCS
BEIYIIMMH, KOTOpbIe AU((PEpEeHINATBHO TPHUBOISATCS
B JIBI)KEHHE JIBUTATEIISIMH, a TTOBOPOTHBIE KOJIECA BbI-
TMIOJTHSIOT TOJIBKO OTIOPHYIO M HAIPABIISIONLYIO (DYHKIIHIO.

[TonokeHue B MPOCTPAHCTBE LEHTPAIBHO OpH-
EHTUPOBAHHOTO MTOBOPOTHOTO KOJ€ca B TAaKOoM poboTe
OTIPEACISAETCS TPEMSI KOHCTAaHTAMHU: PAZNyC-BEKTOPOM /,
pannycoM Kojeca 7, yIJIoM IOBOpoTa poboTa © 1 OxHOM
MEPEeMEHHON — yITIOM MOBOpOTa Konmeca ¢ B (DYHKIUH
BpeMeHHU: @ = @(f), a ero BpalleHHE XapaKTePH3yeTCs
JIBYMS TIEPEMEHHBIMU: YTIIOM @ = ((f) ¥ YIIIOBOH CKOPO-
CTBIO BpaIleHus poiuka o = f{7) [2].

Bo Bpems  IBHXKEHMS  UYETBIPEXKOJIECHOTO
MOOMIIEHOTO po0OOTa MMOBOPOTHOE KOJIECO SBISIETCS CBO-
OOIHBIM, TaK KaK MMEET JIBE CTCTICHH CBOOOJIBI M MOJKET
BpAIIaThCsl BOKPYT OCH KperuieHus. B pesynbprare n3me-
HEHUSI COCTOSHUSI JBIDKCHUSI MOOMIJIBHOTO po0OoTa Mo-
JKET TIPOU30HTH OBOPOT CBOOOTHOTO KOJIECa, YTO BBI30-
BET BO3MYIICHUS, BIUSIONINE HA TOYHOCTD YIPABICHUS

JBIDKEHUEM KOJIECHOTO MOOMIIbHOTO podota [7]. OnHum
13 IapaMeTpoB, KOJIMYECTBEHHO ONPECIISIONIMM IOBe-
JICHUE [TIOBOPOTHOTO KoJieca, SIBIISIETCSl yroJl TI0OBOPOTa ¢,
KOTOPBI MOJKET OBITH MCIIOJIb30BaH B KAaYeCTBE YIpaB-
JISIeMOH BEJTMUMHBI JJIsI ITOBBIIICHUS] TOYHOCTH OTCIICKH-
BaHMsI TPACKTOPHH JIBIDKEHUST MOOMIIBHOTO poOoTa [8].
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Pucynok 1. MoOuIbHBII poOOT ¢ ABYMsI HEHTPAIBHO
OPUEHTUPOBAHHBIMU TOBOPOTHBIMHU KOJIECAMU
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Pucynok 2. MoOuiibHBIN poOOT € ABYMsI HELCHTPAJILHO
OPUEHTHPOBAHHBIMH IOBOPOTHBIMHU KOJIECAMHU

Mexny nByMs CTaHAAPTHBIMH KOJIECAMU YETbI-
PEXKONECHOTO MOOHMIBFHOTO po0OTa MOXKET BO3HHUKATH
Pa3HOCTb CKOPOCTEW, HAJIMYUE KOTOPOU 3aCTaBISIET PO-
00T coBeplIaTh BPAIIATEIbHOE JBIKCHHE BOKPYT LICH-
Tpa Bpaumenus P. Panguyc noBopora R MOKHO BBIpa3UTh
Kak:

_ L(o, +®,)
2((’312 -0, )

e R — paauyc noBopoTa, M; /| — pacCTOSIHHE MEX]TY Be-
TyIEMHA KOJECaMu poboTa, M; ©, — yIIoBas CKOPOCTh

JIEBOTO BEIYIIETO KoJleca poboTa, pam/c; ®, — yrosas
CKOPOCTB IPABOTO BEAYIIEro Kojieca podora, pas/c.

, (M
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MoOwibHBIH poOOT € AByMS TpaJULUOHHBIMA
NPUBOAHBIMU W JIByMsI HOBOPOTHBIMH HEIEHTPAIBEHO
OPHEHTHPYEMBIMH KOJIECAMU TTOKa3aH Ha PUCYHKeE 2.

Jlist onMcaHysl KHHEMATHKH HELEHTPAJIbHO OpH-
EHTUPYEMOro (KacTop) Kojeca UCIOIB3YIOTCS TE e Ma-
paMeTpsl, 4TO U B IPEIBIAYIIEM ClIydae, HO J0OaBIsIeTCs
PaccTosAHKE [, — IIIEY0 MENTY TIIOCKOCTAMH TTOBOPOTa 1
LeHTpa Kojeca. /IBIKeHHe KacTop Kojeca Takke OIlpe-
JIeIISIeTCs 3aBUCUMOCTAME @ = @(¢) 1 @ = f{?).

Pannyc noBopora R MOOMIBHOTO poOOTa ¢ Kac-
TOP KOJIECAaMH MOXKHO BBIPA3UTh KakK:

R_l—(lz/cosq)l) )
tan @, ’

R= ! + '12 , (3)
tan@, sinQ,

rae / — paccTosIHUE OT TOYKH KPETUIEHHs CBOOOTHOTO KO-
JIeca 10 TeOMETPUYECKOTO IIEHTpa poboTa, M; /, — IUTMHa
Tjieda CBOOOIHOTO KOJIECa, M; (), — yTOJl TOBOPOTa Me-
PEIHETO KACTOP KOJIECa OTHOCUTENIBHO OCH XM, , — YTOJI
TI0BOPOTA 3a/IHETO KACTOP KOJIECA OTHOCUTENBHO OCH X .

Jaree paccMOTpUM JMaNa3oH 3HAYEHUH @, U @,.
OueBHUIHO, YTO TP ABMKEHHH MOOWIFHOTO poboTa 1o
NpsSMOM JIMHUM KPHBH3HA TpaekTopuu pasHa 0, 1on-
TOMy 3Ha4eHus @, ¥ @, pasubl 0. Ha npaxrtuke, uToObBI
n30eXKaTh NCKaKEHUH TPAEKTOPUH TIPH JBHKCHUH, IJTH-
Ha IJIe4a OBOPOTHOTO KoJieca JIOJDKHA Y/IOBJIIETBOPSITH
ycnosuto 0 </ < 1. Kak nokasano Ha pucyHke 1, ;uimHa
TuIeya cBOOOIHOTO Kosteca MOOMIbHOTO podoTa pasHa 0.

Ecnu ydecTh, 4TO KpHBH3HA TPACKTOPHHU JIBIIKE-
HUSI MOOMIIBHOTO poOoTa He paBHa (), TO paanyc IOBOPOTa
R >0 B COOTBETCTBUY C COCTOSIHUEM JBHKEHHST MOOMIIb-
HOro pobora Ha pucyHke 2. CorracHo ypaBHEHHIO (2),
NMana3oH 3Ha4enui ¢, cocrasnger ¢, € (0,n/2). IloaTo-
MY 3aBHCHMOCTb MEK1y YIJIOM [TOBOPOTa KacTop Kojeca
¢, ¥ pajIMyCoM TI0BOPOTa R BBIPAXKAETCs Kak:

I-1, +R* +’R* - R*I}
R+ '
PemmnB ypaBHenue (3), moxydaeM BBIpaXKEHHE
yrua mosopora ¢, [9]:

—1-L,+JR* +’R* - R*I}
R*+1 ’

Ecmm mymHa 1Teda MOBOPOTHOTO Kolleca l2 =0,

“4)

(¢, = arccos

¢, = arccos

®)

W3 ypaBuenwust (1) BugHO, 4TO pajnyc noBopora R
CBSI3aH C YIJIOBOW CKOPOCTBIO BEAYIIMX KOJIEC MOOMIIb-
HOTO po0oTa, Mo3TOMYy JUIsl ypaBHeHUs (7) HEOOX0AUMO
IIpoaHaM3upoBaTh ciydan R >1 u R <1. Paguyc noso-
poTa R coBNajaer ¢ yriaoBOi CKOPOCTbIO BEAYIIUX KOJIEC
MoOMIBHOTO podoTa. ClieoBaTeNnbHO, M0JIydaeM BbIpa-

JKEHUS:
. L+ R'+I’R* - R}

0< }m} — <l, R=>I
. -l +R* +I’R* - R

—1<lim — <0, R<L
= R+

B wurore nuanason 3HaueHuii @, MOXKHO OTpese-
7tk Kak @, € (0, ).

Ecnu npunsTh COSQ, = a ¥ cosQ, = b, TO pa3HOCTH
VIJIOB TIOBOPOTa CBOOOMHBIX KOJEC MOXHO BBIPA3UTh
Kak:

A =@, — ¢, =arccos(ab++/(1-a*)(1-b?)). ©®

IlocTpoenne 3aBUCHMOCTel KHHEMATHYECKUX
NapaMeTpoOB MOBOPOTHBIX KOJIéC

B cooTBercTBUM ¢ TpebIIyIIAM aHAJIH30M H
Ha OCHOBE 3HAYCHHUI MMapaMeTpoB MOOWIBHOTO poOOTa,
MIpUBEICHHBIX B Tabnwie 1, Oputa momydyena Gojee Ha-
TJIITHAS 3aBHCUMOCTD MEXJIY YIJIOM ITOBOPOTa CBOOO-
HOTO KOJIeca U PaJnyCcoM IOBOPOTa MOOMIBHOTO Pobo-
Ta, IpeJCTaBJICHHAs Ha PUCYHKE 3.
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Yroa nopopora ¢/ ©
Pucynok 3. 3aBUCHUMOCTb MEX/1y yrilaMH [I0BOPOTa KacTop
KoJn€éc U paanyca noBopora podora

Tabnuya 1

[TapameTpsl 4eTHIPEXKOIECHOTO MOOMIILHOTO podoTa

IIOTy9aE€M BBIPAKCHHC: [TapameTpbt 3HavueHue
L+ R PR —RE RYRE 41 © Pagmyc mosopora R (0, 6]
2 2

0< R+ TTRLPE <L CKOpOCTh NPABOTO KOJIECA M, (0, 20]

CKOpOCTB JIEBOTO KOJIECA O, (0, 20]
Korna mvna myeda /, cBoOOIHOTO Kojeca €Xo-

JUTCS K |, moNydaeTcs ypaBHEHHeE: Papyc-sextop / 0,5
PaccrosiHue mMexny BenyliuMu 0,5

i ~1-L+R'+’R* -R’l; -+ R’ (7) | xonécammu [,

bl R+’ R+ JlmiHa neya kactop koueca /, 0,1
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Jist cBOOOJIHBIX KOJEC C JUIMHOM Iuleda yroii
MOBOPOTA TEPEAHEr0 KacTop Kojeca MEHbIE yria Io-
BOpOTA 33JIHET0 KacTop KoJjeca, KOrJla OHU CIEAYIOT 3a
MOOMIIBHBIM POOOTOM I10 KPYTY.

Paguyc moBopora MoOmibHOrO poboTa npwu
KPYTOBOM JIBH)KEHUH U3MEPUTH HEIIPOCTO, HO YIJIOBas

CKOPOCTh BEIYIIEro Kojeca MOXKET OBITh M3MEepeHa
JATYNKOM YTJIOBOM CKOPOCTH, IIOITOMY 3aBHCHUMOCTD
MEXJly YIJIOBBIMH CKOPOCTSMH BEIYIIUX KOJEC MO-
OuIbHOrO POOOTA U YIJIOM IIOBOPOTA CBOOOJAHOTO KO-
Jieca MOYKHO MOJIYYUTh C IOMOIIBI0 ypaBHeHui (1), (4)
u (5): [10].

4l-I)(w, —©,)" +1 (o, +mL)\/lf(mR +0,) +4o, —0,) (> -L)

(10)

¢ = arccos

112((9R +(DL)2 +412((DR _O)L)Z

>

411 (0, —©,)* +(0g + 0, (0, +0,)* + 4, ~0,) (> =)

¢, = arccos

W3 ypasHenwuii (10) 1 (11) MOKHO MOIYYHUTH yroJt
IIOBOPOTa CBOOOJHOIO KOJIECa P BPAILEHUH BEIYIIEro
KoJleca MOOMJIBHOTO poboTa ¢ passIMuHBbIMH YIJIOBBIMU
CKOPOCTSAMH.

Ha ocHoBaHuM npeabllylIUX ypaBHEHUH W J1aH-
HBIX W3 TaOMUIBl |, HOCTPOCHHAS 3aBUCHMOCTh MEXKIY
YIJIOBOM CKOPOCTBIO BEIYILETO Kojeca U YIJIOM I10BOPO-
Ta cBOOOAHOrO Kojeca MOOMIIBHOrO poboTa NpeacTasie-
Ha Ha PUCYHKe 4.

=

=
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=

)

o
X

Pucynok 4. 3aBUCUMOCTb MEX/1y YITIOBBIMH CKOPOCTSIMU
BEIYIINX KOJIEC U YIIIOM IIOBOPOTa CBOOOTHOTO Kojleca

MOOHMIBHOTO podoTa

Ecnu yrmoBasi CKOpOCTh JIEBOTO BEIYILEro KoJjie-
ca OOJbIIIE YIIOBOH CKOPOCTH MPABOTO BEIYIIEro KO-
Jjeca MOOWIBHOTO poOoTa, TO POOOT coBepIIacT odpar-
HOE BpalllaTeNIbHOE [IBIKCHHE, HO 3aBHCUMOCTh MEIKIY
yIJIOM MOBOPOTa KACTOp Kojieca M KOHCTPYKTHBHBIMH
napamerpamu podoTa, a TAaK)Ke KHHEMAaTHYeCKUMH rapa-
METPaMHU OCTACTCSI HEM3MEHHOM.

3akjIoueHue

[MonyueHHbIE 3aBUCHMOCTH YIJIOB [TIOBOPOTA CBO-
OOIHBIX KOJIEC OT pajinyca MOBOpOTa poOOTa U OT YIJIO-
BBIX CKOPOCTEH MPaBOro U JICBOTO KOJECHBIX Tu(depeH-
[UAJBHBIX TMPHUBOJOB BBISBJSIOT SBHYIO 3aBHCHMOCTH

(1D

[ (o +0,)" +41 (0, —0,)’

MEXY YIJIOM IIOBOPOTa CBOOOIHBIX KOJIEC M KOHCTPYK-
TUBHBIMH M KMHEMAaTHYECKHMH IapaMeTpaMH MOOWIIb-
HOTro po0oTa.

Ecnu moBopoTHble Koséca MOOWIBHOTO Pobo-
Ta MMEIOT ONpPEIENEHHYI0 JIMHY Iueda [, (ABasroTcs
HELEHTPAJIbHO OPHEHTHPYEMBIMH), TO IIPH COBEpILe-
HUM BpAlaTeJbHOTO JIBHKEHHS 3aBHCHUMOCTH YIJIOB
BpalleHUs OT pajuyca IMoBOpoTa ¢ = f{R) BBIpaXKaIOTCA
pa3sHBIMH XapaKTEPUCTUKAMH M CYILIECTBYET Pa3HOCTb
YIJIOB TIOBOPOTa CBOOOIHBIX KosEc A@. 3aBHCHMOCTb
yIiia IOBOPOTa CBOOOIHBIX KOJIEC B (DYHKIMHU YIIIOBOH
CKOPOCTH IIPUBOHOTO KoJieca ¢ = f{®) MO3BOJISIET B pe-
QIPHOM BpPEMEHH IOJYYHTh MH(GOPMAIHMIO O TeKyLIeh
YIJIOBOI CKOPOCTH BEJYIIEro Kojeca B 3aBUCHMOCTH OT
yIiia moBOpoTa Kactop Kojéc. OJHOBPEMEHHO MOXKHO
MOJYYUTh JIMAIla30H YIJIOBBIX CKOPOCTEH BEIyIINX KO-
n€c MOOMIIBHOTO pOOOTA B COOTBETCTBUH C IPEIEIBHBIM
M3MEHEHHEM YTJIa BpalleHusi CBOOOIHBIX KOJIEC. AHANN3
rpaMKOB CBHJETEIILCTBYET O TOM, YTO C BO3pACTaHUEM
YIJIOBOM CKOPOCTH TPHBOJHBIX KOJEC YBEIMYMBACTCS
yroj OTKJIOHEHHUS MOBOPOTHBIX KOJEC OTHOCHUTEIBHO
oceill TOJBMKHOM cucTembl koopaunar (O , X , Y ).
[onydeHHy!0 3aBHCUMOCTH HEOOXOIMMO YUHTHIBAThH
IIpU pa3paboTKe CHCTEMBI yIpaBJIeHUs] pOOOTOM IO Tpa-
€KTOPUH U BEIOOPE ONTHMAILHON CKOPOCTH MaHEBPUPO-
BaHMS NIPU COXPAHEHUH YCTOHUYUBOCTH KOHCTPYKIHMH.

[Ipn ncrnosb30BaHUM LIEHTPAIBLHO OPHEHTHpYE-
MBIX [TOBOPOTHBIX KOJIEC 3aBUCIMOCTH YIJIOB BpaIlCHHS
POJIMKOB OT pajuyca 1moBopora ¢ =f{R) ONUCHIBAIOTCS
OJTHO M TOM K€ XapaKTepPUCTHKOM, a (PYHKIUH yIiia 1o-
BOpOTa CBOOOJHBIX KOJIEC OT YIJIOBOW CKOPOCTH BEay-
KX KoJIEC ¢ = f{®) ONpeessFoTCsl OJIHON KPUBOH.

Hcxoas U3 91010, NpUMEHEHHE B KOJECHBIX PO-
00Tax HELUEHTPAILHO OPUEHTHUPOBAHHBIX KaCTOP-KOJIEC
o0ecrieunBaeT JIy4ly0 MaHEBPEHHOCTh po00Ta 3a CUYET
Pa3HOCTH B yIJlax MMOBOPOTA IEPEAHETO U 33 JHEr0 POJIU-
KOB, HO ITpH 3TOM TpeOyeT OOJIbIIEero Yucia napaMeTpoB
JUISL OTIMCAHUSI KHHEMATUKK UX JIBHYKCHHS.
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RADKEVICH A.A., SHIXIN YANG, ZARETSKI U.A., VELCHENKO A.A., PAULIUKAVETS S.A.

ANALYSIS OF CASTOR WHEELS ROTATION OF MOBILE DIFFERENTIAL
DRIVE ROBOT

Belarusian National Technical University
Minsk, Republic of Belarus

Mathematical models for controlling centrally oriented and non-centrally oriented rotary wheels of a mobile
robot are considered. Based on the analysis of the kinematics of the mobile robot, the dependences of the rotation
angle of the rear and front free wheel on the angular velocities of the right and left differentially driven drive wheel
were obtained. For a specific mobile robot with certain kinematic parameters, graphs of the dependences of the angle
of rotation of the free wheels on the radius of rotation of each wheel and graphs of the dependences of the angle of
rotation of the free wheels on the angular velocities of the driving wheels were constructed. The results obtained made
it possible to establish a pattern between the angle of rotation of the castor wheels and the design characteristics of
the robot. A certain range of angular velocities of the driving wheels in accordance with the limiting values of the
caster wheel rotation angles makes it possible to take into account the obtained mathematical models to increase the
stability of the movement of the mobile robot.

Keywords: rotary wheel, mobile robot, differential drive, castor wheel, kinematic model, turning angle,
turning radius
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