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AnHoTanus. Pabora mocssmeHa n3y4eHHI0 METO-
OB KOHTPOJISL HAIpaBICHUEM JBIKCHHS MOOMIBHBIX
MammH. PaccMoTpeHBl Hamboiee NEepCHEKTHBHBIE pe-
LIEHMSI, KOTOPBIE MO3BOJISAIOT NOIy4YaTh aAalTUBHOE I1e-
penaToyHoe OTHOILLEHUE PYJIEBOrO MEXaHU3Ma B 3aBU-
CUMOCTH OT YCIIOBHH JBUKCHHS MOOWJIBHOW MAaITHHEI.
OrnpeneneHo, YTO0 OCHOBHBIM 3KCIUTyaTallMOHHBIM MOKa-
3aTeNeM KOJIECHOW MaIllMHBI SIBISETCSl €€ MaHEeBpPEH-
HOCTh. [IpoaHann3upoBaHbl COCTABISIONIUE MMOKa3aTe-
JI1 MaHEBPEHHOCTH U OMPEJENCHbI €€ COCTaBJIAIOIINE:
YIPAaBJIIEMOCTb, MOBOPAYUBAEMOCTb, BIHMCHIBAEMOCTbD.
[Ipu >TOM KakIplil MOKa3aTeslb UMEET MOAYPOBHHU, KO-
TOpBIE TaKXe BIUSAIOT Ha OOIIYI0 MaHEBPEHHOCTH KO-
JIECHOM MAaIIMHBI. Y CTAaHOBJIEHO, YTO MaKCHUMaJbHBIN
Yroji HOBOPOTa YHPABIAIOIIHUX KOJEC HE MPEBBILIAECT
40...55°, a yron moBOpoTa PyJIeBOro Kojeca B KakIyko
cropoHy coctasisier 1,5...3,0 o6opotoB. B pesynbraTe
aHajau3a JBUXKEHUS KOJIECHOM MAIMHEI BIOIL «0a30BOi
JUHUNY pa3paboTaHa KHHEMaTHYecKas cxeMa, KoTopas
JlaeT HarJISIIHOE MPEICTaBIeHUEe O TOM, KaK pacroJara-
IOTCS OCTOB MAIIMHBI, YIPABISIONIME U BEIyIIUE KOJe-
ca. Taxoi aHanmu3 MO3BOJMWII pa3paboTaTh AUCKPETHYIO
MaTeMaTHYECKYyI0 MOJENb TPaJAULHUOHHOIO pPYJIEBOTO
YIPaBJIEHUS! KOJIECHOW MalllMHBI, KOTOpasi NepeMenaeT-
csi BHONb «0a3zoBoi ymHUM». OTHAKO Takoe pPYIIEBOE
yIpaBJIeHHE HE OTBEYaeT BCeM TPeOOBAHUSAM IO Kade-
CTBY OTCJIEXHMBAHMsI TPAEKTOPUHM Ha Pa3HbIX CKOPOCT-
HBIX pexknMax. [loaromy Obuta pa3paboTaHa TUCKpET-
Has MareMaTudeckas MOJeb aJalTHBHOTO PYJIEBOTO
yIOpaBleHUs] KOJECHOW MAIIWHBI, KOTOpas MO3BOJSET
MEHSATH TEPENaTOYHOE OTHOIICHHE PYJIEBOIO MEXaHHU3-
Ma B 3aBHCHUMOCTH OT CKOPOCTH JBIDKEHUS. AHAIHU3
JTAHHON MAaTeMAaTHYECKOW MOJICITU MTOKA3bIBACT, YTO d(h-
(EeKTUBHOCTh PabOTHI KOJIECHOW MAIIMHBI BO3PACTaeT.
DTO cTajgo BO3MOXXHBIM IOTOMY, YTO IMOSIBUJIACH BO3-
MOXXHOCTb 3HAQUMTEJbHO YBEIMYUTH TEXHOJIOTHYECKYIO
CKOpPOCTh MAalMHBI U MIPU 3TOM COXPAHUTH BCE arpo-
TEXHUYECKHEe TPeOOBaHUS Ha BHITIOHIEMBIC paOOTHI.

KuiroueBble ci1oBa: cucreMa ynpaBJieHUs], MaHEB-
PEHHOCTh, CKOPOCTh NBIDKEHUS, TMEPEeJaTOYHOE OTHO-
[IeHWe, PYJEeBOM MEXaHU3M, MaTeMaTHYecKas MOJelb,
0azoBas JUHMUSL.

[NOCTAHOBKA TTPOBJIEMBI

OnHvM W3 TJIABHBIX HaMNpaBlI€HUN TOBBIIICHUS
MIPOU3BOTUTENILHOCTH TPAKTOPOB B CEIBCKOM XO3SHCTBE
SIBIISIETCS. MaKCHUMAaJIbHOE MCIIOJIb30BAaHME WX TITOBO-
MOIIIHOCTHBIX CBOMCTB [1-3]. DTO BO3MOXHO TOJBKO
IIPH YBEJIHMYCHUH PAO0YHX CKOPOCTEH IHEPreTHUECKOTO
cpencrBa. OngHako paboTa Ha MOBBIMICHHBIX CKOPOCT-

HBIX peXHMax NMPHUBOINT K YXYAUICHUIO CTaOMIHHOCTH
TEXHOJIOTUYECKUX IPOLECCOB B CBA3M C YBEIUYEHHUEM
YyBCTBUTEJIBHOCTH PYJIEBOIO YIPAaBJIEHUS, TaK Kak ¢
YBEJIIMYCHHEM CKOPOCTH KOJIECHOM MaIlMHBI HEOOXOIH-
MO YBEJIMYMBATh U NEPEIATOYHOE OTHOLIEHHUE PYJIEBOTO
MeXaHU3Ma, a C YMEHBIIEHHUEM CKOPOCTH, COOTBET-
CTBEHHO, YMeHbIIATh [4-6, 19]. OTMETHM, YTO MOJ 4YB-
CTBHUTEIBHOCTHIO MOHHUMAETCSI MHTEHCUBHOCTh OTKJIMKA
00BEeKTa yNpaBlIeHHs Ha EIUHUYHBIN ympaBifolee
Bo3AeHcTBHE. [ ynpaBieHHs HamnpaBlIeHHEM ABHKeE-
HUSl TPAHCIOPTHOTO CPEACTBA UYBCTBUTEIBHOCTh PYyJie-
BOT'O YIPAaBJIECHUS €CTh OTHOLIEHHE U3MEHEHUS YTIOBOU
CKOPOCTHM MallIUHBI K YIJIy IIOBOPOTa pYyJEBOTO KoJieca,
KOTOpOE €T0 BBI3BAJIO.

Ha cerogusiminuii 1eHb OTCYTCTBYET Takasi Celb-
CKOXO3SIICTBEHHAsl TEXHUKA, PYJIEBOE YIPABJIECHUE KO-
TOPOH MOJHOCTBIO COOTBETCTBOBAIO OBl STHM TpeOOBa-
HusM [7]. TloaToMy aKkTyallbHBIMHU SABIISIOTCS HCCIENO-
BaHUs, HAaIPaBJICHHBIC Ha CO3JJaHME PYJIEBBIX YIIpaBie-
HU#l cenbckoxo3saicTBeHHBIX MTA, paboTarommx Ha
MOBBILIEHHBIX CKOPOCTHBIX PEXUMax U 00ecrednBaroT
aJaNTUBHOCTh IEPEJaTOYHOrO0 OTHOLICHUS pYJIEBOTO
MEXaHHM3Ma B 3aBUCUMOCTH OT CKOPOCTH JIBHKEHUSI.

AHAJIN3 NOCJIEAHUX HCCJ;[EI[OBAHHPI "
IYBJIMKAIUN

AHanu3 TpagUIHUOHHBIX CHCTEM YIPABJICHHS IBH-
JKEHUS] MOOWJIBHBIX MAIIMH ITOKa3bIBaeT, YTO OHM Kak
00BEKT yNpaBJICHUS, SBISIOTCS WHTEIPaToOpoM C Iepe-
MEHHBIMH TIapaMeTpaMu. MOXKHO TpEeAsioKHUTh Oojee
SPrOHOMUYHBIA CTIOCO0 yNpaBleHUS MOOMIBHBIMH Ma-
IIMHAMH, B PYyJIeBOE YIIPaBJIeHUE KOTOPHIX BCTPOCHHOE
muddepennupytomiee 3BeHo [8-10]. IIpakTruecku 310
03Ha4aeT, YTO HAIIPaBJICHHUE IBMKEHUS MAIIWHBI JTOJIXK-
HO OBITBH CBSI3aHO C TTOJIOKEHUEM PYJIEeBOro Kojeca. [l
OLICHKH YIIPABIIEMOCTH HOBBIX THIIOB PYJIEBBIX YHpaB-
JICHWH OBUIM TIPOBE/ICHBI MCCIICIOBAHMS, OHU TTOKa3aln
cliefyroniee: pyJieBoe YIpaBleHUE 110 MOJ0KEHHIO
obecrieunBaeT Ha IOPSAAOK Oosiee BBICOKYIO TOYHOCTB
OTCJIC)KUBAHUS TPAEKTOPHUHU JIBH)KEHHS M JIaeT BO3MOXK-
HOCTh CHH3HUTH IIE€PENaTOYHOE OTHOMIEHHE pYJIEBOTO
npuBoza [11]. Yopomenue ynpasieHHs B 3TOM Cllydae
CHIDKAeT BpEeMsI PeakI[y BOAWTENS BIBOE, HAa IMOPAIOK
YBEJIIMYMBAET TOYHOCTH OTCIC)KUBAaHUS TpaekToprH [11,
12]. MaHeBpeHHOCTh KOJECHOM MAIIMHBI SIBISETCS €€
BaXHBIM O3KCIUTyaTallHOHHBIM CBOMCTBOM, KOTOpas
ompezensier 3()(EKTUBHOCTb HCIOJIB30BaHUA U 0e3-
OMacHOCTh JBIKeHus [ 13-16].

MakcuMaibHBIH  YroJl TOBOPOTA YNpPaBIISIOMINX
KoJiec OOBIYHO HE MPEBHIIIAET 40...55°. MakcuManbHbIit
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YIoJI IOBOPOTA PYJIEBOTO KOJIECa B KaXKIyK CTOPOHY B
CYIICCTBYIOIINX KOHCTPYKIHUSAX PYJICBBIX YIIPABICHHIMA
cocrasmser 1,5 ... 3,0 oboporos [2, 7, 11].
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Puc. 1. CtpykTypa CBOWCTB MaHEBPEHHOCTH KO-
JIECHOW MAIIMHBl M MAallUHHO-TPAKTOPHBIX arperaToB
(Ha 6a3e KOJICCHBIX TPAKTOPOB)

Fig. 1. The structure of the properties of the
machine and the maneuverability of the wheel tractor
units (on the basis of wheel tractors)

B pamkax cymiecTByIOIIMX MEXaHUYECKHUX CXEM
PYJIEBBIX TPUBOJIOB YYBCTBUTEIHHOCTH 3aJaeTcs mepe-
JIaTOYHBIM OTHOLIEHHEM PYJIEBOTO yrpaBieHus W, Kak
npasBuio HemsMeHHbIM (W — const) [2, 11, 18]. Tlepena-
TOYHOE OTHOLIEHHE 3TO OTHOIICHHE YIJIa IOBOPOTA PY-
JIEBOTO KOJIECA K YIUIy IOBOPOTa YNPAaBISEMBIX KOJIEC
maccu. J{nsg ymoOCTBa IpH MaHEBPUPOBAaHHWHU IIepea-
TOYHOE OTHOLICHHME >KENATEJIbHO CHU3UTh, a B TpaHC-
MOPTHOM (CKOPOCTHOM) — MOBBICUTH. Takoe TexHU4e-
CKOE€ pPELICHHE LIUPOKO PACIPOCTPAHEHO MPAKTUYECKU
Ha BCEX BHUJAX KOJECHON TEXHUKHU. DTO CBSI3aHO C TEM,
YTO W3TOTOBJICHHE PYJIEBOIO YIPABICHUS C HEIHHEH-
HOM XapaKTEpUCTUKOM 3HAUYUTENBHO AOPOKE YEM C JIM-
HeiiHOU. M3BECTHO, YTO THUXOXOJHBIE MAIIMHBI UMEIOT
[IEpEeNaTOYHOE OTHOLUIEHUE PYJIEBOIO YIPABICHUS —
4...6, a y ckopocTHBIX aBTomMobmiei 1o 30. IIpu npoex-
TUPOBAaHUM PYJEBOIO YHPABICHUS IEPEeJaTOdHOE OT-
HOIIICHUE BBIOMPACTCS MOCTATOYHO OOJBIIUM, YTOOBI
00eCTIIeYNTh YCTOWIMBOCTD IBIDKCHHS HAa MOBBIIICHHBIX
CKOPOCTSIX. DTO MPHUBOANUT K HEYJOOCTBaM MPHU MaHEB-
pupoBanuu. IIMpOKO HM3BECTHBI MONBITKM KOCBEHHOTO
[IPEOJOJIEHUS] 3TOTO TEXHUYECKOrOo MPOTUBOPEUUS B
paMKax MexaHM4YecKux cxeM. Hampumep, TexHuueckue
pelIeHHs, B OCHOBE KOTOPBIX SIBISIETCS BBEJCHUE HEJU-
HEWHOCTH B KMHEMATHKY PYJIEBOTO MpHBoJa. B mpene-
JaXx MaJbIX OTKJIOHEHHMH YIpPaBIseMbIX KOJIEC OT
HEHTpaNbHOTO TOJIOKEHUS Ha3HadaeTcs: OOoJbIIoe Iie-
penaToYHOe OTHOIIEHHE, MOTOMY YTO 3TO XapaKTEpHO
IS CKOPOCTHBIX PEXHUMOB. bBonblline OTKIOHEHUs
YOPAaBJIIEMBIX KOJIEC XapaKTepHbIE Ui MaHEBpHUPOBa-
HUS1, IO3TOMY C POCTOM 3TOM BEJITMUMHBI EPEAATOUHOE
OoTHOIeHHe cHuxkaetrcs [2, 11]. OnHako Henb3s HE OT-
METUTh, YTO TaKOW MOJIXOJ HE CHUMAET MOJHOCTBIO CY-
TH TEXHUYECKOTO IMPOTUBOPEUHUS, B OCHOBE KOTOPOIO
JISKUT JIMHEHHasi 3aBHCHUMOCTb YYBCTBUTEIBHOCTH OT
CKOPOCTH JIBYDKEHHUSI.

[TOCTAHOBKA 3AJJAYN

3amadeil cTaThby SBIISIETCS MCCIEIOBAHUE CIIOCcO0a
JIBIDKEHUSI KOJIECHON MAaIIMHBI BO BPEMS BBITIOJTHEHHS
TEXHOJIOTUYECKHUX OIEPAInid, a TaK)Ke KOHTPOJIb OTKIIO-

HEHHUsI OT 33J]aHHON TPACKTOPHUHU HA MOBBIIIEHHBIX CKO-
POCTHBIX peKnMax paboTHlI.

N3JIOXXKEHME OCHOBHOI'O MATEPUAIJIA

KapaunansHOE yITydIieHHWE YMIPaBiSIEMOCTH Ma-
IIMH BO3MOXKHO Ha OCHOBE HCIIOJb30BaHUS COBPEMEH-
HBIX JIOCTIDKCHUH aBTOMATHKH. Takum oOpa3om, mpen-
JlaraeTcs BapuaHT PYJIEBOTO INPHBOJA, KOTOPHIH obec-
MEYNUBACT BBICOKYIO YIPaBIIEMOCTh TPAHCIOPTHBIX
CPEICTB Ha BCEX CKOPOCTHBIX pexumax [11, 18, 20].

C sT0t 1enpI0 OBUIO NMPOAHATU3UPOBAHO ABHXKE-
HHE KOJIECHOM MaIllMHbI BJI0JIb 0a30BO# TMHUHK (pHC. 2).

/ Basosas MUENA

Puc. 2. Cxema JABWKEHHS KOJIECHONH MAIIWHBI
BJI0JIb 0a30BOit TMHMM: L — aymiHa KosecHoit 0a3bl Tpak-
TOpAa; a1 — YroJl IOBOPOTA MEPEIHMUX YIPABIAIOLIIUX KO-
JIEC; ap — TCKYUIEC 3HAYCHUE KYPCOBOI'O yrja OCTOBa
TpakTopa; Y;, Y, — TeKyllee 3HaueHHE OTKIOHCHHH OT
6330B0ﬁ JIMHAU TMCPEAHCTO U 3aJHCIr0 KOJICC TPaKTOpa
COOTBCTCTBCHHO, AX — IIar KBAaHTOBAHUA MOICIIU II0
NEPEMCIICHUTIO

Fig. 2. Scheme of wheeled vehicle along the base-
line: L — wheelbase wheel machine; a; — angle of the
front steered wheels; a, — the current value of the yaw
rate of the core of the tractor; Yy, Y, — the current value
of deviation from the baseline of the front and rear
wheels of the tractor, respectively; AX — the quantiza-
tion step model for moving

HpI/IBe,I[CHHaSI CXeMa IepeMeUICHUA KOJIECHOI
MAalIuHbI BIOJIb 6a301301?1 JIMHUU T103BOJISACT HpOBeCTI/I
KMHEMAaTUYECKUN aHAJIU3 IIOJIOKEHHUS DIIEMEHTOB KYy30-
Ba, paMbl, YIPABILIOMIUX U BEAYIIHX KOJEC, a TaK XKe
JTaeT BO3MOXHOCTb Pa3paboTaTh IUCKPETHYIO MaTeMa-
THYECKYIO MOJIEb aJalITUBHOIO PYJIEBOI'O YIIPABICHUS.

I[I/ICerTHaH MaTeMaTrudeCKass MOICJIb Tpa;:u/mn-
OHHOI'O pYyJIEBOT'O YHIPAaBJICHHUA B JaHHOM CJIy4dac MMCCT
BU/L:

i
A = Ax:Vi-At;

Y 1-Y
oy = ( 1|—:II__ 2); "

Y2| :Yz +O{2I - AX

rae: V — ckopocth amwkenuss MTA, m/c; W — niepena-
TOYHOE OTHOIICHHWE PYJEBOTO MexaHm3Mma; At — mar
kBaHTOBaHUs 1o Bpemenu (0,05 c¢); & — 3HaUYeHUE BO3-
MYILAIOLIET0 yIila BBOJA 3JJACTUUHBIX IIMH, Pal.
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Bo Bpemst 1BMXeHHMS, KOJIECHAs! MalllMHA OTKJIOHS-
ercsi OT 3aJaHHOW TPAaeKTOPUHM B pe3yJbTaTe BO3JCH-
CTBHS Ha HETO BHEUIHUX BO3MYIIAOMMX (akTopoB. ITO
HPUBOIUT K TOMY, YTO ONEPaTOpy HOCTOSHHO IPHXO-
IUTCS BBIIOJNHATh KOPPEKTUPYIOIIME ACHCTBHSA pyIie-
BEIM KojecoM [2, 11, 18]. [Ipu aganTuBHO# cxeme py-
JIEBOTO YIPaBICHUS NepeJaTOYHOE OTHOLICHHE PACCUH-
TBIBAETCS CICAYIOLINM 00pa3oM:

W, =w(1+v} @)
VO
rae: Vo — peKoMeHayeMasl CKOpoCcTh ABMKeHHuss MTA
IIPU BBIIONHCHUN CEIHCKOXO3SUCTBEHHBIX OMEpaIuii
(const), m/c.
VYuutsiBas ypaBaeHue (2), cucremy (1) BO3MOXXHO
3ammcarth B CIEAYIOIIEM BHIE:

AX :Vi At,
W, :W(1+ﬁ}
VO
Oy: = ai
1i = A, !
W 3)
My -Ys)
azi =,
L

AHanu3 paboThl KOJECHOW MAIWHBI MOKAa3bIBAECT
Ha HEOOXOAUMOCTh MPUMEHEHHS PYJICBOTO YIIPABICHHUS
B KOTOPOM I€pelaTOYHOE OTHOIICHHE PYJIEBOIO MeXa-
HU3Ma MOYET M3MCHSATHCS B 3aBUCHMOCTH OT YCJIOBHIA
paboThI.

W3 wuccienoBanuii crneayer, 4T0 HEOOXOJMMO
OMpPEJIETISITh TPAHUIBI ONTUMAIBHBIX PEXKUMOB PabOTHI
M U3BICKUBATh TEXHOJOTHYECKHE MPHEMbI, MO3BOISIO-
M€ PE3KO MOBBICUTH MPOU3BOJUTEILHOCTh Tpyaa. B
CBSI3U C MEPEXO0/I0M K KOMIUIEKCHOM MeXaHH3aluH U aB-
TOMATH3AI[HUK IPOU3BOICTBEHHBIX MPOIIECCOB CTAOMIIb-
HOCTbB CEJIbCKOX03HCTBEHHBIX MPOLIECCOB IPHOOpETaeT
MIEPBOCTEIICHHOE 3HAYCHUE.

BBIBO/IbI

1. HccrenoBaH croco0® IBHKEHUS KONECHOW Ma-
IIMHBI BO BPEMsI BHIIIOJTHEHUS TEXHOJIOTHYECKON omepa-
LUH.

2. Tlpemnoxena dopMyina pacdera nepegaTodHoO-
ro OTHOUIEHUSI PyJIEBOrO MEXaHHW3Ma IpU aJalTHBHOU
CXEMe PyJIEBOr0 yIPaBICHHUS.

3. Pazpaborana maremaTHdeckass MOJENb IPO-
necca JBM)KEHHsI KOJIECHOW MallHMHBI, y KOTOPOH mepe-
JTATOYHOE OTHOIIEHHE PYJIEBOI0 MEXaHMU3Ma MEHSETCS B
3aBHCHUMOCTH OT TEXHOJIOTHYECKONW CKOPOCTH.

4. TlpuMeHeHHE aTalTHBHOTO PYJIEBOTO YIIpaB-
neHns o0OecrneYnBaeT yCTOWYHBOCTH MPSIMONHMHEITHOTO
JIBIDKEHUS] 1 MAaHEBPEHHOCTh MOOMIIEHOW MAIITIHEI.
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THE METHOD FOR WHEELED MACHINE
SYSTEM CONTROL TO PROVIDE ITS EFFECTIVE
OPERATION

Summary. The article deals with studying the
control methods by mobile machines operation
direction. The most perspective solutions enabling to get
adaptive steering gear ratio depending on the mobile
machine conditions movement have been considered in
the article. It was defined that the major wheeled
machine operation indicator is its maneuverability.
Indicators components have been analyzed as well as its
components such as controllability, turnability,
cornering agility have been defined. Herewith, each

indicator has sublevels that also effect the whole
wheeled machine maneuverability. It has been defined
that maximum rotation angle of steering wheels don’t
exceed 40 ...55° and the steering wheel anglein each
side makes up 1,5 ...3,0 rotations. As the result of
analysis of the wheeled machine moving along the
“baseline” the kinematic scheme that gives pictorial
presentation on machine frame, steering and steered
wheels location has been worked out. This analysis
enabled to work out discrete mathematical model for
traditional steering control of the wheeled machine
moving along the “baseline”. While, such steering
doesn’t correspond the requirements as for the quality of
trajectory tracing under various speed modes. Thus
discrete mathematical model for mobile machine
adaptive steering has been worked out; it enables to
change steering ratio depending on the movement
speed. The analyses of the given mathematical model
displays that wheeled machine operation efficiency
increases. Reaching such the efficiency is possible due
to the increase of wheeled machine technological speed,
herewith fixing all agrotechnical requirements on the
operations being realized.

Key words: control system, maneuverability,
speed movement, ratio, steering mechanism, mathemat-
ical model, baseline.



