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Ilocmanosxa npobaemu. OTHUM 13 TOJOBHUX HAIPSIMKIB MiABUIICHHS
IPOAYKTUBHOCTI TPAKTOPIB B CLIBCHKOMY TOCHOJAPCTBI € MaKCUMallbHE
BUKOPHUCTAHHSA iX TSATOBO-NOTYXHICTHUX Biactuocteil [1]. Lle moxiamuBo
TUTBKU TIpU 30UIBIIEHHI POOOYMX IIBHJIKOCTEH EHEPreTUYHOTo 3aco0y.
Opnak po6oTa Ha MIJBUINEHUX IMBUJKICHUX PEKUMAX MPU3BOJAUTH IO
MOTIPIIECHHS!  CTa0LIBHOCTI TEXHOJIOTIYHUX TMPOIECIiB Yy 3B S3Ky 31
30UIBIIEHHSIM YYTJIMBOCTI PYJIBOBOTO KEPYBAaHHS, TaK AK 31 30UIbIICHHSIM
IIBUJIKOCTI KOJIICHOI MAalllMHM HEOOX1AHO 30UIbIIYBAaTH 1 TepeaaBajbHe
BIIHOIIEHHS pPYJbOBOIO MEXaHI3My, a 31 3MEHUIEHHSM MIBUIKOCTI,
BIMOBIAHO, 3MeHITyBaTu [1-3]. Bia3Hauumo, 110 MiJg YYyTIUBICTIO
PO3YMIETHCSI IHTEHCUBHICTh BIATYKY OO ’€KTa KEpyBaHHS Ha OJUHUYHUI
Kepyrounid BIUMB. [l KepyBaHHS HampsSMKOM pPyXy TPaHCIOPTHOTO
3aco0y YyTJIMBICTh PYJILOBOTO KEPYBaHHS € BIAHOIICHHS 3MIHM KYTOBOIi
IIBUJIKOCTI MAaIllMHU J10 KyTa MOBOPOTY PYJIBOBOIO Kojieca, fKe HOro
BUKJIMKAJIO.

Huni BifCyTHS Taka CUIBCHKOTOCIIOAAPCHhKA TEXHIKA, PYJIbOBE
KepyBaHHA SKOi TMOBHICTIO BIANOBiamo © 1M BUMoOraM. Tomy
aKTyaJIbHUMHU € JIOCJIPKEHHS, CIPSMOBaHI Ha CTBOPEHHS PYIbOBHUX
YOpPaBIiHb  CUTbCHKOTOCHOAPCHKUX  MAIIMHO-TPAKTOPHUX  arperartiB
(MTA), mo mnpampTh Ha MIABHINCHUX IIBHIKICHUX peXUMaxX 1
3a0€3MeuyoTh aJanTUBHICTh MEPEIaBAIIbHOIO BIJHOIICHHS PYJIbOBOIO
MEXaHi3My B 3aJIE)KHOCTI BiJl IIBUJKOCTI PyXY.

Ananiz  ocmanHix  0ocniodcenb. AHaN3  TpPaJMLIMHUX CHUCTEM
KepyBaHHA pPyXy MOOUIBHMX MAallUH TMOKa3ye, L0 BOHU SK 00 €KT
KepyBaHHA, € I1HTErparopoM 31 3MIHHUMH [apamerpamu. MoxkHa
3aMpoOIOHYBAaTH OUIbII EPrOHOMIYHMN CHoCi0 KepyBaHHS MOOUIBHUMU
MallMHaMU, B PYJbOBE KEPYyBaHHS AKUX BOyJ0BaHa AUQeEpeHIlialbHa JIaHKa
[4]. [IpakTu4HO LIe O3Hayae€, 110 HANPSIMOK PyXy MalIMHHU MOBUHEH OyTH
MOB’SI3aHUM 13 TIOJIOKEHHSIM PYJIBLOBOTO KoJieca. [[1s OIliHKM KepOBaHOCTI
HOBUX THITIB PYJIHOBUX YIPaBIiHb OYyJIM TPOBENEHI TOCIHIKEHHS, SKi
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MOKa3aJId HACTYMHE: PYJIbOBE KEPYBaHHS 3a IMOJOXKEHHSM 3a0e3rnedye Ha
MOPSAOK OUTBII BHCOKY TOYHICTH BIJCTEKEHHS TPA€EKTOpii pyxXy 1 Hdae
MO>KJIMBICTh 3HU3UTH TEpeaBajbHE BIJHOIICHHS PYJIbOBOTO MEXaHI3MY
[4,5]. CoporieHHsl KepyBaHHS B [IbOMY BUIAAKY 3HIKYE Yac peakiiii BOA1sA
B/IBIYi, Ha TMOPAJOK 30UIbIIYE TOYHICTh BIJACTEKEHHS TPAEKTOPIi.
ManeBpeHIiCTh KOJICHOI MallMHU € 1i Ba)XXJIMBOIO EKCIUTyaTalliifHOIo
BJIACTHBICTIO, SIKa BU3HA4Ya€ €(EKTUBHICTh BUKOPUCTAHHA 1 O€3MEKy PyXYy
[6-8].

MaxkcumanbHUi KyT TOBOpPOTY KEpPYIOUMX KOJIIC 3a3BUYail He
nepesuiye 40 ... 55°. MakcumanbHuit KyT OBOPOTY PYJIBLOBOI0O KoJieca B
KOXKHY CTOPOHY B ICHYIOUMX KOHCTPYKIISIX PYJbOBUX YIPaBIiHb
cTaHoBuTh 1,5 ... 3,0 o6opotu [9-12].

MaHeBpeHicTh

KepoganmicTe IToBopoTKiCTE BmicyBaeMicTe
B
o
2
| = 2 o
= o o E
2 (=N £, | & E
2 2 a 2 'S g B
@0 o = = act B .
g = .9 H EI 8 &
] % aé o [xp] ua]
2 g= =
B o
&

Puc. 1. Ctpykrypa BIacTUBOCTEH MaHEeBPEHOCTI KomicHux MTA

B pamkax iCHyHOYMX MEXaHIYHHUX CXEM pPYJIbOBUX IIPHUBO/IIB
YYTJIUBICTh 33JAEThCS TepeAaBajIbHUM CITIBBITHOIICHHSIM PYJIHOBOTO
kepyBanHa W, sk npaswio He3minHuM (W = const) [1,3]. [lepenaBanbHe
CIIBBITHOIIIEHHS, 1€ BIJHOIIEHHS KyTa MOBOPOTY PYJIHOBOTO KOJeca J10
KyTa MOBOPOTY KEPOBAaHUX KOJIC macl. J[s 3pydHOCTI IpH MaHEBpPYBaHHI
nepeIaBabHe BITHONICHHS Oa)kaHO 3HU3WTH, a B TPAHCIOPTHOMY
(LWBUAKICHOMY) - MIABUIIUTH. Take TEXHIUHE PIIICHHS IIUPOKO MOLIUPEHE
MPaKTUYHO Ha BCIX BUJIAX KOJICHOI TexHikW. Lle mom’s3aHo 3 TuM, 110
BUTOTOBJICHHS PYJIBOBOTO KEpyBaHHS 3 HENHINHOI XapaKTepHUCTHUKOIO
3HAYHO JOPOKY€ HIXK 3 JIHIMHOI. BiOMO, 110 TUXOXiAHI MAIIMHU MarOTh
nepeaBaibHE BIIHOIIECHHS PYyJIHOBOTO KEPYBaHHS 4 ... 6, a Y MIBUAKICHUX
apromoOUTiB 10 30. Ilpu mpoexkTyBaHHI pPYJILOBOTO KEpPyBaHHS
nepeaBajibHE  BIJHONICHHS BUOWUPAETHCS  JOCHTH BEITUKHUM, 1100
3a0€3MeUYNTH CTIMKICTh PyXy Ha MIJBUIIEHUX MBUAKOCTIX. [le mpu3BoanTh
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JI0 HE3pYy4HOCTEH npu MaHeBpyBaHHI. [lIupoko BijoMi cipoOu HENPSMOTo
MOJIOJIAHHS IOTO TEXHIYHOTO MPOTHUPIYUS B paMKaX MEXaHIYHUX CXEM.
Hampukinan, TeXHIYHI pINIEHHS, B OCHOBI SIKUX JICKUTh BBEJICHHS HE
JIHIAHOCTI B KIHEMaTU4YHY CXEMYy PYJIbOBOTO IPHUBOAY. Y MekaxX Mallux
BiIXHMJICHb KEPOBAHUX KOJIC BiJl HEUTPAIIBHOTO TOJIOKEHHS MPU3HAYAETHCS
BEIIMKE TepeAaBajbHE CHIBBIIHOIICHHS, TOMY IO II€ XapakTEPHO IS
MIBUKICHUX PEXMMIB. Benuki BIIXWICHHS KEPOBAaHHUX KOJIC XapaKTepHi
JUISI MaHEBPYBaHHS, TOMY 3 pOCTOM IIi€i BEIWYUMHHU IepeaBaabHe
CHiBBIHOIIEHHS 3HIKYEThCS [13-16]. OmHak He MOXHA HE BIJ3HAYUTH,
IO TaKUW MiAXiJA HE 3HIMA€ TMOBHICTIO CYTI TEXHIYHOTO MPOTHPIYYS, B
OCHOB1 SIKOTO JIGKUTH JHIWHA 3aJeXKHICTh YYTJIMBOCTI BiJ] IIBHAKOCTI
PYXYy.

Dopmymosanns memu cmammi. MeETOIO CTaTTI € JTOCIIIKEHHS
croco0y pyxy KOJICHOI MalIMHU IIiJI YaC BUKOHAHHS TEXHOJIOTIYHUX
oreparlid, a TaKoXX KOHTPOJIb BIAXWUJIEHHS BiJ 3aJaHOi TpaeKTOpii Ha
IJIBUIIICHUX IBUIAKICHUX PeKUMaX POOOTH.

OcHosna uwacmuna. 3HAYHE TIOJINIICHHS KEPOBAHOCTI MaIIUH
MOXJIMBO HA OCHOBI BHKOPHUCTAHHS CYYaCHHX JOCSTHEHb aBTOMATHKH.
TakuM dYHUHOM, TIPOMIOHYETHCS BapiaHT PYJILOBOTO TPHUBOAY SKHH
3a0e3reuye BUCOKY KEPOBAHICTh TPAHCHOPTHUX 3aco0iB  HaA  BCIX
MIBUIKICHUX pexxumax [17-20].

3 1i€0 METO OYJI0 MPOaHaIi30BAHO PyX KOJIICHOI MAIlMHU B3JIOBXK
0a30Boi JiHii (puc. 2).
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Puc. 2. Cxema pyxy KOJIICHOT MallTMHU B3JI0BXK 0a30BO1 JI1HI1

Hapenena cxema mepeMmillieHHs KOJIICHOT MalllMHU B3JI0BXK 0a30BO1
JHIT J03BOJISIE TPOBECTH KIHEMAaTHUYHUM aHali3 CTAHOBWIIA EJIEMEHTIB
Ky30Ba, paMH, KEPYHOUYHUX 1 BEAYUYHUX KOJIC, a TaKOX A€ MOXKJIUBICTb
pPO3pOOUTH JUCKPETHY MaTEMAaTHYHY MOJENIb aJalTUBHOIO PYJIbOBOTO
KEepyBaHHS.
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I[I/ICKpCTHa MaTCMaTH4YHa MOICIIb Tp&I[HHifIHOFO PYJIBOBOTO
KCPYBAaHHA B JaHOMY BUIIAJIKY MAa€ BUIJIAI:

Oy =i, AX =V, - At;
W
Yy —Ya).
<a2i = I lI_ ’
. 1
Yy = Yli—l+(a2i + Oy +8i)'AX’ 1)

“

ne: V - mBuIKIicTh pyxy MTA, m/c;
W - nepenaBasibHe CIiBBIIHOUIECHHS PYJILOBOTO MEXaHI3MY;
At - xpoxk kBaHTyBaHHs 3a yacoM (0,05 c);
O - 3HAYEHHS 30ypPIOI0YOro KyTa YBEJICHHS €TaCTUYHUX IITUH, Pa.
[1ix yac pyxy KOJiCHA MaIllMHA BIIXUJISETHCS BIJl 3a/1aHO1 TPAEKTOPIi B
pe3ynbTaTi BIUIMBY Ha HBOTO 30BHIMIHIX (akTopiB, 1m0 30yproroTh. Lle
MPU3BOAUTE IO TOTO, IO ONEpPaTOpy MOCTIHHO JTOBOAUTHCS BUKOHYBATH
KOpUTYBaJbHI J1i pyJboBUM KojiecoMm. [Ipu BmpoBamkeHHI aJaanTHUBHOI
CXEMH  PYJbOBOTO  KEpyBaHHS  IepefaBalibHE  CIIBBIJHOIICHHS
PO3pPaxOBYETHCSI HACTYITHUM YHHOM:

W, =W 1+l )
Vg )
ne: Vo - pexkomeHaoBaHa MBHIAKICTE pyxy MTA npu BUKOHaHHI
CLJIbCHKOTOCIIOAPChKHX Ofepaliii (const), M/c.
3 ormamy Ha piBHAHHS (2), cucteMy (1) MOXIMBO 3amucaTd B
HACTYITHOMY BUTJISIJII:

AX =V - At;
W, =W(1+ i}
Vo
3)
a; .
Otli :—.,
|
_ )
O =—
L
Yy =Y+ (0°2i +0uy; +6; ) AX;
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CtpykTypa KEpMOBOr0 MPUBOJIA 3 TAKUM alapaTHUM 3a0e3MeUeHHSIM
JI03BOJIIE THYYKO W €(QEKTUBHO YNPABIATH TPAHCIIOPTHUM 3acO000M 3
BUKOPHUCTAHHSM Pi3HUX aJITOPUTMIB KEpyBaHHSI.

BuUKOHaHHS EKCIEPUMEHTAIBHHUX JIOCHIKCHb 3a0e3MeuyBasioch
pO3pOOJICHUM Tip000’€EMHUM PYJbOBUM KEPYBaHHSIM 3 IIOCTIHHOIO
YYTIUBICTIO, TiJ[paBIidHa CXeMa SIKOTO HaBeJAeHAa Ha PUCYHKY 3.
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Puc. 3. Cxema rizpoo6’eMHOTO pyJIbOBOTO KEPYBaHHS 3 MOCTIHHOIO
YYTIUBICTIO
1 — ocHOBHUI HACOC-/103aTOP; 2 — T1APABITYHO-KEPOBAHUM 30JI0THUK;

3 — pynbOBE KOJIeCO; 4 — TiApaBIIivHI KaHAJIM OCHOBHOT'O Ta KOPETYIOUOTO
HACOCIB-7103aTOPIB; 5 — >KUBIIOYMI Hacoc; 6 — kapTep; 7 — TIAPOIMITIHAD
PYJIBOBOTO MEXaHi3MYy; 8 — KOPEryIounii HacOC-103aTop 13 KPOKOBUM
IBUT'YHOM; 9 — cepBonpuBon; 10 — kepyroue Kojeco

A

10

Bucnosxu. Ananiz poOOTHM KOJNICHOI MAalIMHU CBIAYHUTH PO
HEOOXIJTHICTh 3aCTOCYBAHHS PYJIbOBOI'O KEPYBaHHS B SIKOMY I€peIaBajibHE
CIIBBITHOIIIEHHS PYJILOBOTO MEXaHI3MYy MOK€ 3MIHIOBATHUCS B 3aJI€KHOCTI
BiJl yMOB pOOOTH.

B pesynbpTaTi mpoBeneHHMX JOCHIDKEHb CTaJI0 3pPO3yMUIHM, IO
HEOOXITHO BU3HAYATH MEX1 ONTUMAJBHUX PEKUMIB POOOTH 1 3HAXOIUTH
TEXHOJIOTIYHI ~ IPUHOMH, IO  JIO3BOJISIIOTH  3HAYHO  IIiJBHIIHUTH
MPOAYKTUBHICTh Tpaii. Y 3B’S3Ky 3 TEPEeXOJAOM 0 KOMIUIEKCHOI
MexaHizamii Ta aBTOMaTH3alli BUPOOHWUYMX TMPOIECIB CTAOUIBHICTH
CUTBCHKOTOCTIOAAPCHKUX MPOIIECIB HAOYBAE MEPIIOUESPTOBOTO 3HAUCHHS.
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NEPCHEKTUBHUI CIIOCIB HNIJIBUIIIEHHA KEPOBAHOCTI KOJIICHUX
MAIINH
Kypaseas /. I1., bougap A. M.

Anomauin

VY crarti poO3rASHYTO MEPCIEeKTUBHUI CrOCi0 KOHTPOIIO HAMPSIMKOM pPyXY
MOOUTPHMX MamuH. PO3risHyTo HAWOULIBII MEPCIEKTUBHI PIlICHHS, SKI JO3BOJIAIOTH
OTPUMYBATH aJalTHBHE NEpeAaBajbHE CIIIBBIIHOMICHHS pYJIbOBOTO MEXaHI3My B
3QJIOKHOCTI Bii yMOB pyXy MOOUIbHOI MamMHW. BH3HA4YeHO, 10 OCHOBHUM
eKCIUTyaTal[iiHUM TIOKa3HUKOM KOJICHOI MalWHM € ii MaHeBpeHIiCTh. Po3pobieHa
KIHEeMaTH4YHa CXeMa, fKa Ja€ HAOYHE YSBIEHHS MPO Te, SIK PO3TAIIOBYETHCS OCTOB
MamuHU. Po3pobieHa OUCKpeTHa MaTeMaTWYHa MOJENb AJalTHBHOIO PYIBOBOTO
YIpaBIiHHSA KOJICHOI MAIIMHHU, KA JO3BOJIAE€ 3MIHIOBaTH IepelaBalibHE BiJHOLICHHS
PYIOBOrO MEXaHi3My B 3aJI€KHOCTI Bil IIBHAKOCTI pyXy. Ii aHali3 mokasye, IO
e(eKTUBHICT POOOTH KOJIICHOI MAalIMHH 3POCTa€ - 30UIBIIYETHCS TEXHOJIOTIYHA
mBHIKICTE poOotu. Ilpm mbOMy arpoTeXHiYHI BHMOTHM 3HAXOIWJIHCh B MeEXax
JOTTYCTUMHX HOPM.

Knwuosi cnosa : MaHEBpEHICTh, KEPOBaHICTh, KOJIICHA MallWHA, PYJIbOBHMA
MeXaHi3M, 0a3oBa JiHisA, TPAEKTOpiS pyXy, MEpelaTOYyHEe BIJAHOIICHHS, MaTeMaTU4YHA
MO/IEIb.

MNEPCIEKTHUBHBIN CIIOCOB MOBBINIEHUS YIIPABJSIEMOCTH
KOJIECHBIX MAIIIMH
Kypaseas /l. I1., bonnaps A. H.

AHHoOTaUUs

B cratee paccMOTpeH NEPCHEKTUBHBIA CIOCOO KOHTPOJISL HAMpPaBICHUEM
JIBUKEHHUSI MOOWJIBHBIX MamuH. PaccMoTpeHbl HamOomee MepCreKTUBHBIE pPElIeHHS,
KOTOpBIE TO3BOJSIOT IMOJYy4YaTh AJaTUBHOE NEPEAATOYHOE COOTHOIIEHUE PYIEBOIrO
MEeXaHHM3Ma B 3aBUCUMOCTH OT yCJIOBHH ABMXEHHUS MOOWIHHON MamuHbl. OmnpesneneHo,
YTO OCHOBHBIM JKCIUTyaTallMOHHBIM IIOKAa3aTeJeM KOJECHOM MAIIMHBI SBISETCS €€
MaHEBPEHHOCTh. Pa3paboTaHa KHHEMaTH4yecKas CXeMa, KOTopas JaeT HarJsIHOe
MIPE/ICTABJIICHHE O TOM, KaK pacroJyiaraeTcsi OCTOB MamuHbI. Pa3zpaborana auckpeTHas
MaremMaTuyecKkas MOJENIb aJallTUBHOTO PYJIEBOIO YIIPABIECHUS KOJECHOMW MallUHBI,
KOTOpas IMO3BOJISIET M3MEHSATHh IMEpPEaTOYHOE OTHOIICHUE pYJIEBOIO MEXaHU3Ma B
3aBUCHUMOCTH OT CKOpocTH JBiKeHus. E€ aHanu3 mokaswiBaeT, uyTo 3¢ (HEeKTUBHOCTH
paboThl KOJIECHOW MAIIWHBI PACTET - YBEJIMYMBACTCS TEXHOJIOTHYECKass CKOPOCTh
pabotel. Ilpm »TOM arporexHuueckue TpeOOBaHUS HAXOIWINCh B Tpeaenax
JIOITYCTUMBIX HOPM.

Kniouegvle cnosa : MaHEBPEHHOCTbD, YIIPABIIEMOCTb, KOJIECHASI MAIlIMHA, PYJIEBOM
MeXaHu3M, 0a30Bas JIMHUS, TPACKTOPUS JBWIKEHHUSA, IIEPEIaTOYHOE OTHOIIEHUE,
MaTeMaTH4yecKasi MOJICIb.

ADVANCED PERFORMANCE OF PERFORMANCE OF CEROVATION OF
WHEEL MACHINES
D. Zhuravel, A. Bondar

Summary
The article discusses a promising way to control the direction of movement of
mobile agricultural machines. The most promising solutions are considered that make it
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possible to obtain an adaptive gear ratio of the steering mechanism depending on the
conditions of movement of a mobile machine when performing agricultural operations.
It has been determined that the main operational indicator of a wheeled vehicle is its
maneuverability. The indicators of maneuverability are analyzed and its components are
determined: controllability, understeer, fit. Moreover, each indicator consists of
sublevels, which also affect the overall maneuverability of a wheeled vehicle. It was
found that the maximum angle of rotation of the steering wheels does not exceed 40 ...
55°, and the angle of rotation of the steering wheel in each direction is 1.5 ... 3.0 turns.
As a result of the analysis of the movement of a wheeled vehicle along the "baseline™, a
kinematic diagram has been developed, which gives a visual representation of how the
frame of the vehicle, steering and driving wheels are located. This analysis allowed the
development of a discrete mathematical model of traditional wheel vehicle steering.
However, such steering does not meet all the requirements for the quality of trajectory
tracking at various speed modes. Therefore, a discrete mathematical model of adaptive
steering of a wheeled vehicle was developed, which allows you to change the gear ratio
of the steering mechanism depending on the speed of movement. Analysis of this
mathematical model shows that the efficiency of the wheeled vehicle is growing. This
became possible because it became possible to significantly increase the technological
speed of the machine and at the same time maintain all agrotechnical requirements for
the work performed.

Key words : maneuverability, controllability, wheeled vehicle, steering
mechanism, base line, motion trajectory, gear ratio, mathematical model.



