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Pedepar:

1. Incepraujiiina po60Ta BUCBIT/IIO€ IUTaHHS KPUBOJIHIHOIO PyXy €HepreTHYHoro 3acoby Ta MOro JOCiIpKeHHSI.
OCHOBHI foCTiI>KeHHs! 6y/IM IPUCBSYEH] BUBUEHHIO KIHEMATUKY PYXy LIEHTPa Baru €HepreTUYHoro 3acooy.
OTpuMaHi pe3ybTaTi MOXKYTb OYTH BUKOPUCTaHI 111 Oy[1b-5IKOTO €HepreTUYHOro 3acoby. Tpaekropis
KPUBOJIiHITHOTO NepeMillleHHs] MallMHHO-TPakTopHoro arperary (MTA) cyTTeBO Bifpi3HsI€TbCS Bif, pyxy 10 IIPSIMII.
[TuranHs KiHEMaTHUKU PyXy €HEPreTUYHUX 3aC00iB HabaraTo CKjajHille i NoTpedye NOCiIpKeHHs 6araTbox
BIIJINBAIOYMX YNHHUKIB HAa CTabiNIbHICTDb, HAZiNHICTDb, KepoBaHiCTb. CyyacHi €eHEPreTUYHi 3aCO0U PO3BEPTAIOTHCS
00epTaHHSIM KEPOBAaHUX KOJIiC, TaK 3BAaHMUM, KIHEMaTUYHUM CIIOCOOOM, NapajieJIbHUM IJIOLMHI pyXy BiflHOCHO pamu
TpakTopa. [llnpoke BUKOPUCTaHHS MAIOTh YOTUPHUKOJIICHI TPAKTOpa Ta MALIMHU 3 IEPEIHBOIO KEPYIOYOIO PaMOIo.
Tomy mocmimKeHHIo nifsgrae B gaHii guceprauii popmysn kodiic 4K2 i 4K4 tpaxropis. [1pu gociigXeHHi pyxy
€HepPreTUYHOro 3aco0y 110 KPUBUM TPAEKTOPISIM HEOOXIIHO OfEePKaTH AaHAJITUYHI PiBHSIHHS [J7151 OiJISTHOK BXOAY Ta

BUXOJy 3 [IOBOPOTY Ta INOBOPOTY 3i CTaJIMM KYPCOBUM KyTOM. [lepenymoBaMy CTBOPEHHS PiBHSIHb TPA€EKTOPii



HECTaJIOTo PyXy € [Ba OCHOBHMX YMHHUKA. OLVH BifIOBifae 3a BIPOBAIPKEHHS aBTOMAaTH3aLlii KepyBaHHA I10JIbOBUM
arperaTom Iif| yac 3[iliCHIOBaHHS oIlepalill BUpOIlyBaHHS KyJIbTyp. Ha naHuii yac Taki cripoby BiITBOPIOIOTHCS
arperaTom o TPaeKTOPisIM MapasieTbHUM MePIliil psAMiii JiHii 06pobsoBanibHOTO Kpato nossl. [IpukianamThes
TaKOX 3yCHUJIJISI aBTOMATU3yBaTU PO3BOPOTU NIPY BUKOHAHHI pOOOUMK LIMKJIIB. [IJ1s1 HOBHOI aBTOMATU3aLlil pyxy
arperaty 6€3 TPaKTOPHCTA Ha IPOT#A3i BCbOTo Yyacy pobOTH LI0/I0 NepIIoi JiHii, HeOOXinHi JaHi PO TOuHe
MmicueposraumyBaHHs MTA. TpaekTopist KepyBaHHS € 3a/1aHa JIiHisl TOYHOTO IepeMillleHHS €HepreTUYHOro 3aco0y -
TeopeTHUYHa BifloOpaxkaloya 3aJIe>KHICTb PyXy 110 KPUBUM [7151 Oy1b-SIKUX YMOB 3MiHM N1OJIOKEHHSI. B IOpiBHSIHHI 3
BEJIMKMMU TOJISIMY, [IPY 371iICHIOBAaHHI CiJIbCbKOTOCIIOAAPCHKUX POOIT HAa MaJIEHBKUX OJISIX CYTTEBY YACTUHY Bif|
BCbOT0 00CsAry poobiT 3aliMae KpUBOJIiHIHUX PyX (po3BopoTH). [Ipu pobOTi arperaTy Ha M10JIi pO3BOPOTU 3alIMalOTh
IeCATKU KiJIOMETPIB MIJISIXY Ta BXOAATD 10 HENPOJYKTUBHUX BTPAT, i IOTPEOYIOTh JOCKOHAIOro BUBYEHHS. Ha
VUIIbHEHUX, Ne(pOPMOBaHUX IJIOLIAX NOJIiB (PO3BOPOTHUX [AiMITHOK) MAa€EMO 3MEHIUIEHHS ITIOKAa3HUKIB POAIOYOCTI.
PauioHai3aniss KpUBOJIIHIMHOTO PYXY [IOJIbOBOT'O arperaTty He MOBHICTIO JOCIIIKEeHa B HAYKOBUX MPALAX, TOMY
BUBYEHHS €EKOHOMIUHUX II0KAa3HUKIB €(eKTUBHOCTI BUKOpUCTaHHsI MTA Bce 6inbll akTyasibHe. YacTo muisax po604nx
LIMKJIiB Ta MIJISIX HAa IOBOPOTAaX 3 BUMKHEHUMU poO0YMMM OpraHamMu Mae KpUBOJIiHINHY GopMmy. BiH noBuHeH 6yTH
HalIMEHIIMM Ta €EKOHOMHUM. Bubip Buzy nepemilieHHs arperary iz yac BUKOHAHHS OIlepalliil, I0BUHEH
3a6€3MeYnTH BUKOHAHHSI SIKiICHO BUMOT /10 POOOTHU TaKMX, SIK: MiHiMi3allist BUTpAT Ha OJUHUIIIO 3pO6IEeHOi pOOOTH 3
MaKCHMaJIbHMMU TIOKa3HMKaMU NPOAYKTUBHOCTI, 3a0€31e4eHHs 6€3[1€KU POOOTH MEXaHi3aTOPa; 3MEHIIEHHS IIKOAU
HaBKOJIMIIHBOMY CEPELOBUILY. B KOMILZIEKCI Lje Bce OCHOBHA 337ja4a KiHEMaTUKHY PyXY MI0JIbOBOTO arperary.
T'os10BHOMO LisTIO AucepTaLifHOl pOOOTH € MifBUILEHHS IT0OKA3HUKIB €(DeKTUBHOCTI eKCIITyaTallil MaluHHO-
TPaKTOPHOTO arperaTy py BUKOHaHHI TEXHOJIOTIYHUX Ollepalliil BUPOILYBaHHS CiJIbCbKOTOCIIOJAPCHKUX KYJIbTYD
LIJIIXOM JOCJIIIPKEHHS i MOZEJIIOBAHHS TPAEKTOPIii KpUBOJIIHIMHOTO PyXy arperary 3i BciMa KepoBaHMMU KOJIECAMU.
B nuceprauii 3po6sieHnii aHasi3 gocimpKeHb My6Jikaliil Ta HAYyKOBUX Npallb KPUBOJIHIMHOTO MepeMillleHHS
€HepreTUYHMUX 3aco6iB. B mmpalsx cyyaCHUX HayKOBIIiB [IPOCIiIKOBYETHCSl HAMaraHHs ONMCATH BiIlTBOPEHHS
KPUBOJIiHITHOTO pyxXy MaTeMaTUYHUMU PiBHSIHHSIMY, SIK ITPOEKLil Ha OCi KOOpAUHAT WIBUAKOCTI, aje 6e3
PO3B’s13aHH4. B naHiil po60Ti CTBOpEHUI METOJ aHAJIITUYHOrO PillleHHs PiBHAHDb AU epeHLiiHOoi popmu
KPHUBOJIIHITHOTO PyXy [10JIbOBUX arperaris. JI71s AijITHOK (BXif, Ta BUXiJl) IOBOPOTY 3 HECTAJIMM KyTOM IIOBOPOTY
KEePYIOUUX KOJIC LIeHTPY Macu eHepreTU4HOro 3aco0y 3i BciMa KepyrournMU Kojiecamu 6yJiv BUBEJeHI MaTeMaTUyHi
3aJ1€’KHOCTI BU3HA4YEHHS NTapaMeTpiB TpaekTopii. i piBHAHHSA JAOTh MOXKJIMBICTb ITIPOBOLVTH aHAJII3
XapaKTePUCTUK NOKA3HUKIB MiJ] yac NoBOpOoTy MTA pisHux KOHQIrypauii 115 3SHUKE€HHSI BUTPAT; MOJEJII0BATU
MaHEeBpH arperaris IIpy BUKOHAHHI omepalliii BUPOLIyBaHHS KyJIbTyp; IJi1 aBTOMaTu3auii yrpassiinas. Po3pobeni
aHaJIiTU4HI PiBHSIHHA 3a0€31e4yloTh BU6ip paljioHaJIbHOrO ClIOCco6y PyXy €HepreTUYHOro 3aco0y B 3aJ1€XKHOCTI Bif
cxiany MTA. Takox 6y IPOBEAEHI TOCIiI>)KEHHS aHAiTUYHUX PiBHSIHb €HEPreTUYHOr0 3aC00Y 110 KPUBUM
TPAEKTOPIsIM, BiATBOPEHUI YMCEIbHUI PO3B'SI30K PiBHSIHb HA MPUKJIai MOJEJIbHOTO €HEPreTUYHOro 3aco0y 3
KOJIICHOIO CXeMOI0 4x4. 3MOJie/1IbOBaHi TPAeKTOPIi 3a JOIIOMOT0I0 CTBOPEHOI MaTeEMaTUYHOI MOJieJIi MOXKYTb OYTH

BI/IKOpI/ICTaHi AJis1 CTBOPEHHA IIPOTrpaM aBTOMaTMSaU,i'l. HepeMiIIIeHHH I1OJIbOBUM arperaTom 1o KpuB1UumM Tpa€KTOpiHM.

2. The dissertation addresses the issues of curvilinear motion of a power unit and its investigation. The main
research is devoted to the study of the kinematics of motion of the power unit’s center of mass. The obtained
results can be applied to any type of power unit. The trajectory of curvilinear motion of a machine-tractor
aggregate (MTA) differs significantly from straight-line motion. Issues related to the kinematics of power units are
considerably more complex and require investigation of many influencing factors affecting stability, reliability, and
controllability. Modern power units perform turning maneuvers by rotating the steerable wheels using the so-
called kinematic steering method, in which the wheels are oriented parallel to the plane of motion relative to the
tractor frame. Four-wheeled tractors and machines with a front steering frame are widely used. Therefore, this
dissertation focuses on the investigation of tractors with 4K2 and 4K4 wheel configurations. When studying the
motion of a power unit along curvilinear trajectories, it is necessary to obtain analytical equations for the entry
into and exit from a turn, as well as for turning with a constant heading angle. The prerequisites for developing
trajectory equations for non-steady motion are based on two main factors. The first factor is related to the
implementation of automated control of a field aggregate during crop production operations. At present, such



attempts are realized by guiding the aggregate along trajectories parallel to the initial straight line of the cultivated
field edge. Efforts are also being made to automate turning maneuvers during the execution of working cycles. For
full automation of aggregate motion without a tractor operator throughout the entire working process relative to
the initial reference line, accurate data on the exact position of the MTA are required. The control trajectory
represents a predefined line of precise motion of the power unit, serving as a theoretical representation of
curvilinear motion under any conditions of positional change. In comparison with large fields, when agricultural
operations are performed on small fields, curvilinear motion (turning maneuvers) constitutes a significant portion
of the total amount of work. During field operation of the aggregate, turning maneuvers account for tens of
kilometers of travel distance and are classified as non-productive losses, thus requiring thorough investigation. On
compacted and deformed field areas, particularly headlands (turning zones), a reduction in soil fertility indicators
is observed. The rationalization of curvilinear motion of field aggregates has not been sufficiently investigated in
scientific studies; therefore, the analysis of economic efficiency indicators of MTA utilization is becoming
increasingly relevant. The way of working cycles and the way during turns with disengaged working implements
often have a curvilinear shape. They should be as short and as economical as possible. The choice of the
aggregate’s mode of motion during the performance of operations should ensure that work requirements are met,
such as: minimizing costs per unit of completed work while achieving maximum productivity, ensuring operator
safety; reducing environmental impact. The dissertation presents an analysis of published studies and scientific
works devoted to the curvilinear motion of power units. In the works of contemporary researchers, there is an
effort to describe curvilinear motion using mathematical equations in the form of velocity projections onto
coordinate axes; however, these equations are often presented without being solved. In this study, a method for
the analytical solution of differential-form equations describing the curvilinear motion of field aggregates is
developed. For the turning sections (entry and exit) with a non-steady steering angle of the center of mass of a
power unit equipped with fully steerable wheels, mathematical relationships for determining trajectory parameters
are derived. These equations make it possible to analyze performance characteristics during turning of MTA with
different configurations in order to reduce operating costs, to model aggregate maneuvers during crop production
operations, and to enable automation of control. The developed analytical equations provide a basis for selecting a
rational mode of motion of the power unit depending on the composition of the MTA. In addition, analytical
equations describing the motion of the power unit along curvilinear trajectories were investigated, and a numerical
solution of these equations was implemented using a model power unit with a 4x4 wheel configuration as an
example. The trajectories simulated using the developed mathematical model can be applied in the development of
automation programs for controlling the motion of field aggregates along curvilinear trajectories.
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