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Pedepar:

1. luceprauisa nprucsga4eHa JOCiIKEHHIO KPUBOJIIHIMHOIO Pyxy KOJIICHMX MAlllMH Ta KJIACy TPAKTOPIB 3 KOJICHUMU
dopmynamu 4K2 i 4K4. OCHOBHI 3ycusuist 30cepeiKeHi Ha BUBYEHHI i 1OCIiI)KeHH] KpUBOJIiHIIIHOTO pyxy
YOTHUPBLOXKOJIICHOTO TPaKTopa. Bci BUCHOBKY i 1107105keHHS Y piBHIl Mipi BinHOCSATbCS 1O Oyb-5KOi
YOTUPBOXKOJIICHOI MallIMHU 3 [IEPEIHIMU KEPOBAaHUMU KoJsiecamMu. OfHI€I0 3 BAKINBUX 3314 Cy4aCHOTO
TPaKTOpOOYAyBaHHS € aBTOMAaTH3allisl yIIPaBJliHHS arperataMmu. 3ajuiaoTbCs IPYU LIbOMY HEBUPIIIEHUMH [0 KiHIA i
TaKi KJIaCW4Hi 3a/1ayi, SIK KiHeMaTHKa i AuHaMika KpUBOJIHIMHOTrO PyXy 3 ypaxyBaHHSIM Pi3HUX (PaKTOpiB, 110
BILJIMBAIOTh HAa TPAEKTOPIiI0 pyxy i ii napameTpu. KpuBosliHiiHMI pyX (TOBOPOT) Mae Micle B poOOTi 6yAb-s1KOi
TPaHCIIOPTHOI 260 TsroBoi MamyHy. Teopis IOBOPOTY HAPAxXOBY€E YMCJIEHHY KiJIbKiCTb Pi3HUX Mogesel pyxy. Lii
cnenrdivHi 0COGIMBOCTI MAIOTh 3HAYEHHSI IPY IPOEKTYBAHHI HOBUX ab0 JOCJIiIPKEHHI pOOOTU iCHYIOUMX MAIIKH.

ToMy BUBUEHHS KPUBOJIIHITHOTO PyXy MalIMH 3aJIMIIAETHCS BAKIMBOIO TEMOIO HAYKOBUX JOCIiIKeHb. TeopeTuyHi



TOCJIiIPKEHHS KPUBOJIIHIITHOTO PyXy TpakTOpa NOTPe6YIOTh, Iepll 32 BCe, OTPMMAHHS MaTEMAaTUYHUX PiBHSHb
TPa€eKTOPii pyxy Npu BXOZi B TOBOPOT, Mif, 4aC TaK 3BAHOTO CTATUYHOTO ITOBOPOTY 3 MIOCTIMHUM KypPCOBUAM KYTOM i
Ha JIiJISIHLI BUXOZY 3 [IOBOPOTY. ICHYIOTh OCHOBHI [IPUYMHHY, 1110 OOYMOBJIIOIOTh HEOOXiIHICTb PiBHSIHB pyxy. OfHa 3
SIKUX TOB'SI3aHa 3 BIIPOBA/I)KEHHSIM B IIPAKTUKY BUKOHAHHSI [TOJIbOBUX Olepalliil Tpy BUPOILyBaHHI pOCJIUH
aBTOMATUYHOTO KEPYBaHHS MAIMHHO-TPAKTOPHUM arperatoM (MTA). [ToBHa aBTOMaTuK3allisi KEPyBaHHSI pOOOTOIO
MTA 6e3 y4acTi Bozis noTpedye 3ab6e3neduTy OTpMMaHHs TOYHOI iHpopMallii Ipo [10JI05KeHHS! arperary BiZJHOCHO
3a3/1aHOi TPAeKTOPIi IPOTATrOM BCbOTO Yacy poOOTH. 3a7jaHa TPAEKTOPisl PyXy Ha3UBAETbCS TPAEKTOPI€IO YIIPaBIIiHHS,
i e TeopeTryHa (PYHKLis1 KPUBOJIHITHOTO PyXY, SIKy HEOOXiJHO OTPUMATHU 3 JOCTATHHOIO TOYHICTIO [1J151 OYAb-SIKUX
YMOB IlepeMileHHs arperaty. B po6oTi npuBeieHi pe3yibTaTh BUKOPHUCTAHHS OTPUMaHUX YHiBEpCAJIbHUX PiBHSIHD B
napaMeTpuyHiil popmi 1151 To6YN0BU TPAEKTOPIl pyXy YOTUPHOXKOJIICHOI MalllMHU 3 IEPeHIMU KEPOBaHUMU
KOJIeCaMHU 1171 iJISTHOK BXOZly B TIOBOPOT i BUXOZY i3 IOBOPOTY y PYHKIii KyTa MOBOPOTY OCTOBA MAILIMHU 3
ypaxyBaHHSM iHTEHCUBHOCTI [I0BOPOTY II€peHiX Kojic abo kepMma. HaBegeHa nmporpama rno6ymoBy CKIamHo1
TpaeKTopii i crioci6 crpsokeHHst okKpeMuX ii finstHok. i piBHSIHHS MOXKHA BUKOPUCTATHU JJ1s1 IJIaHYBaHHS PO3BOPOTIB
MTA niiz 9yac o6po6ITKy i BUKOHAHHS TEXHOJIOTIYHUX OIepalliil Ta [jIs aBTOMATUYHOrO YIIPaBJIiHHS arperarami i
MalMHaMU. B yMOBax HEBEJIMKUX PO3MipiB 110JI1 PO3BOPOTU TPAKTOPHOTO arperary Iijl 4aC BUKOHAHHS
CiZIbCBPKOTOCIIOAAPCHKUX POOIT CKIaal0Th 3HAYHY YAaCTHHY Bif] 3arajlbHOro 06’'eMy po6otu. ToMy UTaHHS
€KOHOMIYHOi €(PeKTUBHOCTI ONTUMI3alii KpUBOJIiHIITHOTO PyXy TPaKTOPHOIO arperary, 1o Lie HeJOoCTaTHbO
OCBITJIEH] B HAYKOBIi JliTepaTypi, HA0yBAIOTh BCE GiJILIIOrO NMPAKTUYHOTIO 3HAaYEHHS. 3a/IMIIAETLCS 1E MaJIo
IOCIIIIKEHUM, TaKe IPKEPEJIO EKOHOMIi eHepro3aTpar, K HENPOAYKTUBHI BUTPATU €Heprii, 10 AKUX BiGHOCATHCA i
PO3BOPOTU TPAKTOPHUX arperaris Iifi 4ac pobOTH Ha NOJIsAX. BakiMBO, 11106 X0JI0CTUH LIJISIX arperaty 6yB sKoMora
MEHIIMM i ekoHOMiYHMM. TOMy OCHOBHA 3a/iaya KiHEMaTHKHY i IMHaMIKu pyXy arperary noJisirae y Bu60opi criocooy
pyxy MTA, nnpu sikomy 6yIyTb BUKOHYBAaTHCS TaKi BUMOTH SIK IKiCTb BUKOHAHHSI pOOOTH, MAaKCHMAaJIbHA
[IPOAYKTUBHICTh NpY HaMMEHIIWX BUTpaTaX I1aj1Ba Ta iHIIKMX PeCcypciB Ha OJUHUIII0 BUKOHAHOi po60oTH; 6e3reyHa
pob60Ta MexaHi3aTopiB; MiHiMaJIbHUI HETaTUBHUII BIJIMB HA HABKOJIUIIIHE cepefoBule. B nucepTauiiiniii po6oTi
PO3p06JIEHNH CIIOCIO aHAIITUYHOTO BUPillleHHS Nu(epeHLiabHUX PiBHSIHb KPUBOJIiHINHOrO pyxy MTA 3
YPaxyBaHHSM BCiX 30BHIIIIHIX HABAHTAKE€Hb. B pe3ysbTaTi OTpUMaHi aHaJIITU4HI PiBHSIHHS BU3HAYEHHS PYHKLIN
KyTOBOI LIBUIKOCTI i KyTa IIOBOPOTY YOTMPbOXKOJIICHOI MAIIMHY I1iJ] 4aC MOBOPOTY i3 3MiHHUM KyTOM I1IOBOPOTY
KEPOBAaHMX KOJIiC Ha [IiJIIHKaX BXO[Y B IIOBOPOT i BUXOAY 3 IIOBOPOTY. 3a IONIOMOTOI0 3alIPOIIOHOBAHUX PiBHSHb
MO>XKHA BUKOHYBAaTH aHaJIi3 3aJIe;KHOCTEN KyTOBOI IIBUIKOCTI i KyTa MOBOPOTY MTA Bifl Pi3HMX CHUJIOBUX (PAKTOPIB i
KOHCTPYKTUBHUX [1apaMeTPiB YOTUPbOXKOJIICHOI MAalllMHU 3 METOIO 3MEHIIEHHS BUTPAT [1aJIMBa i HETAaTUBHOTO
BIJIUBY Ha JJOBKOJIMIIHE CEPENOBUILE i IIJIAHYBATH IIOBOPOTHU i pO3BOpOTH MTA miJi 4ac BUKOHaHHS TEXHOJIOTIYHUX
onepartii, Ajs1 aBTOMaTUYHOTO YIIPaBJIiHHS arperataMmu i MammHamu. lle nae MOKIMBICTb BUOPATH HANOIIbII
€KOHOMIYHMI CII0Ci6 pyXy MaIIMHU Y KOXKHOMY OKpEMOMY BUIIAJIKy. B po6OTi npuBeeHi pe3ynbTaTi aHAJIITUYHOTO
IOCJIiIPKEHHS pyXy YOTUPbOXKOJIICHOI MAllIMHYU 10 KPMBOJIiHINHINA TPAaeKTOPii, OTpUMaHi 3arajibHi PiBHSIHHSA
TPa€eKTOPii BXOIy B IIOBOPOT i BUXOMY 3 [IOBOPOTY, IIPMBEEHI YACEIIbHI PilleHHS PiBHAHb Ha IIPUKJIAJli arperary Ha
6asi TpakTopa MT3-80. PO3risHyTO YMHHMKHY, SIKi BUKJIMKAIOTh BiflBEAEHHS KOJIiC. 3allpOIIOHOBAHO CIOCi6
ypaxyBaHHS BILJIMBY GiYHOTO BifiB€JI€HHS KOJIiC Ha TPAEKTOPII0 KPUBOJIIHIHHOTO pyxy MamuHu. Po3pobieHo
QHAJITUYHUI METOJ, OTPUMAHHS TPAEKTOPIi KPUBOJIIHIMHOIO PyXY ABOBICHUX KOJIICHUX MAIIMH 3 YPaXyBaHHAM
BIJIMBY SIBUIIA BiiBEI€HHS KOJIiC. Bu3Ha4yeHi TpaeKTopii pyxy 3a JOMOMOIOI0 aHAITUYHUX PiBHAHb, 110 AAIOTh

MOJKJIMBICTb CTBOPIOBATH IIPOrpaMHe 3a6e3Me4YeHHs YIIPaBJIiHHSI PyXOM MAaIliH.

2. The thesis is devoted to the study of curvilinear motion of wheeled vehicles and the class of tractors with 4K2
and 4k4 wheel formulas. A greater focus is placed on studying and investigating the curvilinear motion of a four-
wheeled tractor. All conclusions and provisions apply equally to any four-wheeled vehicle with front steerable
wheels. One of the most important tasks of modern tractor production is the automation of unit control. At the
same time, such classical problems as kinematics and dynamics of curvilinear motion remain unresolved in full,
taking into account various factors affecting the trajectory of movement and its parameters. Curvilinear motion
(pivoting motion) takes place in the operation of any transport or traction machine. The theory of turning includes
a large number of different models of movement. These specific features are important when designing new or



studying the operation of existing machines. Therefore, the study of curvilinear motion of machines remains an
important topic of scientific research. The theoretical studies of the curvilinear motion of a tractor require, first of
all, obtaining the mathematical equations of the trajectory of motion when driving into the curve, during the so-
called static turn with a constant heading angle and at the section of driving out of the curve. There are main
reasons for the need for equations of motion. One of them is related to the introduction of automatic machine-
tractor aggregates (MTA) control into the practice of performing field operations when growing plants. The full
automation of MTA operation control without the driver’s participation requires obtaining accurate information on
the position of the vehicle relative to the specified trajectory during the entire operating time. A given trajectory of
motion is called a control trajectory, and there is a theoretical function of curvilinear motion, which should be
obtained with sufficient accuracy for any conditions of motion of the tractor. The paper presents the results of
using a universal equation in parametric form to make the trajectory of a four-wheeled vehicle with front steerable
wheels for the areas of driving into the curve and driving out of the curve in the function of the angle of rotation of
the frame of the vehicle, taking into account the intensity of rotation of the front wheels or steering wheel. A
program for constructing a complicated trajectory and a method for interfacing its individual sections are
presented. These equations may be used for planning MTA reversals during processing and performing
technological operations, as well as for automatic control of aggregates and machines. In conditions of small field
size, the tractor aggregate’s U-turns during agricultural work make up a significant part of the total amount of
work. This results in a compacted, deformed land area. In fact, this is a decrease in soil fertility. Therefore, the
issues of economic efficiency of optimizing the curvilinear motion of a tractor aggregate, which are still
insufficiently highlighted in the scientific literature, are becoming increasingly practical. There is still little
research on such a source of energy savings as unproductive energy costs, which include turning tractor
aggregates while working in the fields. The MTA covers many tens of kilometers long during operation. Therefore,
the main task of kinematics and dynamics of motion of the aggregate is to choose the method of motion of MTA,
which will meet such requirements as work quality, maximum productivity with the lowest consumption of fuel
and other resources per unit of work performed; safe operation of machine operators; minimal negative impact on
the environment. The paper presents the results of an analytical study of the motion of a four-wheeled vehicle
along a curved trajectory, general equations of the trajectory of driving into the curve and driving out of the curve
are obtained, and numerical solutions of equations are given on the example of an aggregate based on the MTZ-80
tractor. The factors that cause wheel deflection are considered. A method for taking into account the influence of
lateral wheel deflection on the trajectory of curvilinear motion of the vehicle is proposed. An analytical method for
obtaining the trajectory of curvilinear motion of two-axle wheeled vehicles is developed, taking into account the
influence of the phenomenon of wheel deflection. The trajectories of movement are determined using analytical
equations that make it possible to create software for controlling the movement of machines. The paper analyzes
the latest scientific research and publications on the issues of curvilinear motion of vehicles and provides
equations for the curved trajectory of the center of gravity of a four-wheeled vehicle with front steerable wheels.
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