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Pedepar:

1. luceprauist NpUCBA4Y€HA LOCHIIPKEHHIO KPUMBOJIHIMHOIO PyXy KOJIICHUX MAIllMH Ta KJIACy TPAKTOPIB 3 KOJIiICHUMHU
dopmynamu 4K2 i 4K4. OcHOBHI 3ycuiiiisl 30cepe/i>keHi Ha BUBYEHHI i OCIiIPKeHH] KpUBOJIiHIIHOTO pyxy

YOTHUPBOXKOJIICHOTO TPAKTOpa. Bci BUCHOBKY i [10J105K€HHS Y PiBHil Mipi BifHOCSTBCS B0 Oyb-5KOi

YOTUPBHOXKOJIICHOI MallIMHU 3 [IEPEIHIMU KEPOBaHUMU KoJsiecamu. OfHI€I0 3 BAKINBUX 3a/1a4 Cy4aCHOTO

TPaKTOPOOYAYyBaHHS € aBTOMAaTH3AaLlisl yIIpaBJliHHS arperaTaMu. 3ajyuiaioTbCsl IPY [[bOMY HEBUPIIIEHUMU [0 KiHIM i

TaKi KJIacKM4Hi 3a/1ayi, sIK KiHeMaTuKa i AuHaMika KpUBOJIHIMHOTrO PyXy 3 ypaxyBaHHSIM Pi3HUX (PaKTOpiB, 1110

BILJIMBAIOTh HA TPAEKTOPIiIO pyxy i ii napameTpu. KpuBosliHiNHMI PyX (OBOPOT) Mae MicLe B poOOTi 0yAb-sKOi



TPAHCIIOPTHOI 260 TSroBoi MamyHy. Teopis IOBOPOTY HAPAXOBYE YMCJIEHHY KiJIbKIiCTh Pi3HUX Mogesel pyxy. Lii
crienudivHi 0CO6IMBOCTI MalOTh 3HAYEHHSI NPY [TPOEKTYBaHHI HOBUX a00 IOCIIiIKeHHI pO60TH iCHYIOUMX MAIIKH.
Tomy BMBYEHHS KPUBOJIHIMHOTO PyXy MAIVH 3aJIMIIAETbCS BOKIJINBOIO TEMOIO HAyKOBUX JOCIiIKEHD. TeopeTnyHi
IOCJIiIK€HHS KPUBOJIIHITHOTO pyXy TPaKTOpa NOTpPeOyIOTh, IEPI 32 BCE, OTPMMAHHS MAaTEMAaTUYHUX PiBHSHb
TPAEKTOPii pyxy MpU BXOJi B IIOBOPOT, I1if], 4aC TaK 3BAHOT0 CTATUYHOIO [TOBOPOTY 3 IIOCTIMHUM KyPCOBUM KYTOM i
Ha JIiJISHL BUXOZY 3 [IOBOPOTY. ICHYIOTh OCHOBHI [IPUYMHY, 1110 O6YMOBJIIOIOTh HEOOXiIHICTb PiBHSIHB pyxy. OfHa 3
SIKMX TI0OB'SI3aHa 3 BIIPOBAP)KEHHSIM B [IPAaKTUKY BUKOHAHHSI [10JIbOBUX OIl€pallill [IpY BUPOILLYBaHHI POCJIVH
aBTOMAaTHUYHOTr'O KEPYBaHHS MAIMHHO-TPAaKTOPHUM arperatom (MTA). [loBHa aBTOMaTH3alisl KEpyBaHHS pOOOTOIO
MTA 6e3 y4acTi Bozis noTpedye 3ab6e3nednuTy OTPUMaHHS TOYHOI iHdopMaliii IIpo [10JI03KeHHSI arperary BilHOCHO
33/1aHOi TPAeKTOPIi IPOTArOM BCbOTO Yacy poOOTH. 3a7jaHa TPAeKTOPisl PyXy Ha3UBAETHCS TPAEKTOPI€IO YIIPaBIliHHS,
i € TeopeTrnyHa QyHKIis1 KPUBOJIIHIHOTO PyXYy, IKy HEOOXiJHO OTPUMATH 3 IOCTATHBOIO TOUHICTIO AJ1s1 OyAb-SIKMX
yYMOB NepeMmilleHHs arperaTy. B po6oTi npuBeieHi pe3yIbTaTi BUKOPUCTAaHHSI OTPMMaHUX YHIBEPCAJIbHUX PiBHSIHbD B
napaMeTpuyHil popmi 17151 1o6yn0BYU TPAEKTOPIl pyXy YOTUPbOXKOJIICHOI MalllMHU 3 IEpeJHIMU KepOBaHUMU
KOJIeCaMHU 1715 JiISTHOK BXOJly B TIOBOPOT i BUXOZY i3 IOBOPOTY y PYHKIii KyTa IOBOPOTY OCTOBA MALIMHU 3
ypaxyBaHHSM iHTEHCUBHOCTI TIOBOPOTY NepeHix Koiic abo kepma. HaBeneHa mporpama no6y0By CKIagHOI
TpaeKTopii i crioci6 crpsskeHHs: okpeMuX ii ginsHok. Ui piBHSIHHS MOXKHA BUKOPUCTATHU IJ1s1 IJIaHYBaHHS PO3BOPOTIB
MTA niiz yac o6po6ITKy i BUKOHAHHS TEXHOJIOTIYHUX OIepalliil Ta [ aBTOMATUYHOIO YIIPaBJliHHS arperarami i
MallMHaMU. B yMOBax HEBEJIMKUX PO3MipiB 110JI1 PO3BOPOTU TPAKTOPHOTO arperary Mif] 4aC BUKOHAHHS
CiZIbCBKOTOCMOAPChKUX POOIT CKIAJAI0Th 3HaYHY YACTHUHY BiJl 3arajibHOro 06'emy po60Tu. ToMy NIUTaHHS
€KOHOMIYHOi e(peKTUBHOCTI ONTUMI3allii KpUBOJIiHIIIHOTO PyXy TPAaKTOPHOI'O arperary, 1o 1ie HeJoCTaTHbO
OCBITJIEHI B HAYKOBIii JliTepaTypi, HA6yBaIOTh BCE GiNILIIOrO MPAKTUYHOTIO 3HAYEHHS. 3a/INIIAETHCS 1E MaJIO
IOCIIIKEHUM, TaKe JIPKEPEJIO EKOHOMIi eHepro3aTpar, K HEIIPOAYKTUBHI BUTPATU €Heprii, 10 AKUX BiGHOCATHCA i
PO3BOPOTH TPAKTOPHUX arperaris IIif; 9ac po6OTH Ha MOJIsX. BaKIKBO, 106 X0JI0CTUH LIJISIX arperaty 6yB sKomora
MEHIIMM i ekoHOMiyHMM. TOMy OCHOBHA 3a/iaya KiHeMaTHKH i AMHaMiKu pyxy arperary nossirae y Bu6opi crnocooy
pyxy MTA, npu ssxomy 6yIyTb BUKOHYBATHCS TaKi BUMOTH SIK IKiCTb BUKOHAHHS pOOOTH, MAaKCHMaJIbHA
IIPOJYKTUBHICTb IIPU HAallMEHIIMX BUTPATaX MalMBa Ta iHIIMX PeCypCiB Ha OAMHULII0 BUKOHAHOI po60TH; 6e3reyHa
pob60Ta MexaHi3aToPiB; MiHiMaJIbHUII HETATUBHUII BIJIMB HA HABKOJIUIITHE cepefoBulie. B mucepTauiiiniii po6oTi
PO3p006JIeHNH CTIOCIO aHAITUYHOrO BUPillleHHs fudepeHLiabHUX PiBHSIHb KPUBOJIiHIAHOrO pyxy MTA 3
yPaxyBaHHSM BCiX 30BHILIHIX HABAHTAKE€Hb. B pe3ysbTaTi OTpUMaHi aHaJIITU4HI PiBHSIHHS BU3HAYEHHS (PYHKLIN
KyTOBOI MIBUAKOCTI i KyTa IOBOPOTY YOTMPBOXKOJIiICHOI MALIMHY I1iJ] 4aC MOBOPOTY i3 3MiHHUM KyTOM [IOBOPOTY
KEPOBAaHUX KOJIIC Ha [iJITHKAX BXOAY B IIOBOPOT i BUXOAY 3 ITOBOPOTY. 3a JOIIOMOTIOIO 3aIIPONIOHOBAHUX PiBHSHb
MOXXKHA BUKOHYBAaTH aHaJi3 3aJ1e’KHOCTEN KyTOBO]I IIBUJKOCTI i KyTa NOBOPOTY MTA Bif pi3HMX CHUJIOBUX (PAKTOPIB i
KOHCTPYKTUBHUX IIapaMeTPiB YOTUPbOXKOJIICHOI MAIIMHY 3 METOK 3MEHIIEHHS BUTPAT IaJIMBa | HETaTUBHOTO
BIIJIUBY Ha JJOBKOJIMIIIHE CEPENOBUILE i IIJIAHYBAaTH IIOBOPOTHU i pO3BOpOTH MTA miJi 4ac BUKOHAHHS TEXHOJIOTIYHUX
ornepariii, 1151 aBTOMaTUYHOTO YIIPaBJliHHS arperataMmu i MammHamu. lle nae MOKIMBICTb BUOGpPATH HANOiIbLI
€KOHOMIYHMI CIOCi6 pyxXy MAllMHU Y KOKHOMY OKPEMOMY BUIAIIKy. B po60Ti NpuBeneHi pe3yabTaTy aHAJIITUIHOTO
IOCIIIPKEHHS pyXy YOTUPbOXKOJIICHOI MalllMHY IO KPMBOJIiHINHINA TPpaeKTOPii, OTpUMaHi 3arajyibHi PiBHSAHHS
TPa€eKTOPii BXOMy B ITIOBOPOT i BUXOY 3 [IOBOPOTY, IIPMBEEHI YACEIIbHI PillleHHS PiBHAHb Ha [IPUKJIAJIi arperary Ha
6a3i Tpakropa MT3-80. PO3ryIIHyTO YMHHMKHY, SIKi BUKJIMKAIOTh BiJIBEI€HHS KOJIiC. 3alIpOIIOHOBAHO CIIOCi0
ypaxyBaHHS BIUIMBY 6i4YHOTO BifjBE€JJ€HHSI KOJIIC Ha TPAEKTOPIiI0 KPUBOJIiHIIHOTO pyxy MamMHU. Po3po6yieHo
QHAJIITUYHUI METOJ, OTPUMAaHHS TPAEKTOPIi KPUBOJIIHIMHOIO PyXY ABOBICHUX KOJIICHUX MAIIMH 3 YPaXyBaHHAM
BIJIMBY SIBUILA BiiBE€€HHS KOJIiC. BU3Ha4YeHi TpaeKTopii pyxy 3a JOMOMOIOI0 aHAJIITUYHUX PiBHSAHbD, 110 AAIOTh

MOXJIMBICTh CTBOPIOBATHU IIPOTPaMHE 3abe3revyeHHs yr[paBJIiHHH PyXoM MalllvH.

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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