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2. Increasing the efficiency of the sowing unit operation by improving its dynamic indicators

Pedepar:

1. locnimpkeHHs, o CKIaJalTh OCHOBY JucepTallii, TpOBeJEeHO BiJIIOBIAHO 40 HAyKOBO-JOCHiIHUX POOIT
Jlep>kaBHOTO 6i0TEXHOJIOTIYHOTO YHiBepCUTETY: «P03pobKa Ta yIOCKOHANIEHHSI MEXaTPOHHUX MAalIMHHO-
TEXHOJIOTIYHUX CHUCTEM, IO BiNIOBIgAIOTh BUMOraM €ProHOMIKM, TEXHIYHOI €CTETHKU Ta OXOPOHMU IIpaLli IS
MeXaHi30BaHOTO BUPOOHMIITBA Ci/IbCbKOTOCIIOapChKOi IIPOYKIlii HA OCHOBI eHepro3bdepiraloynx Ta eKOHOMIYHO
6e3nedHux TexHosorii» (P N2 0123U101678, 2023-2025 pp.); «HaykoBe 00T pyHTYBaHHSI, IPOEKTYBaHHS,
ONTHMi3allig TEXHIYHUX i TEXHOJIOTIYHMX CUCTEM Ta MPOLECIB arpONIPOMUCIOBOTO BUPOOHULITBAY ([P N¢
01230101122, 2023-2027 pp.); perioHanpHuX porpam: «CTpaTerisi cTajoro po3BUTKy XapKiBChbKOi 06JacTi Ha
2021-2027 pp.», «HaiiBaxxnusiuii npobaemu AITK Ha nepiog no 2023 poky». Pedynbrat po60TH CIIPSIMOBAHO Ha
peaunizanito [Ipoekry €C «IlinTprMKa BIIPOBAIKEHHS CiJIbCBKOTOCIIOIAPCHKOI Ta IIPOLOBOJILYOI IIOJITUKHA B
Ykpaini». HaykoBa HOBU3HA OCiIKEHHS. Briepiie BCTAHOBJIEHO B3a€MO3B'SI30K KOJIMBAaHb TPAEKTOPIll €J1EMEHTIB

nociBHoro MTA y mpocTopi 3 AMHAMIYHUMU Ta TeEOMETPUYHUMU [TapaMeTpPaMu arperary; Brepiie BU3Ha4eHO



3aJIEXKHOCTI TArOBO-€HEPreTUYHUX ITIOKA3HUKIB IIOCIBHOTO MTA B 3a71€5KHOCTI Bif KOJIMBaHb €JIEMEHTIB.
YIoCKOHasIeHO MaTeMaTUYHy MOZeJib IMHAMIKM 6aratoejieMeHTHOTO arperary, 110 Ha BilMiHy Bif BiToMUX
BpPaxOBYye€ KOJIMBAJIbHUI PyX €JIEMEHTIB IIOCiBHOro MTA y 1030,0BXHbO-TOPMU30HTAJIbHIN IIJIOMKHI. MeTa
IOOCJIiIKEeHHS: MiABUILEeHHS e(EeKTUBHOCTI eKCILIyaTalii OCIBHOTO arperaTy IIsIXOM 3H>KEHHSI KOJIMBaHb
€JIEMEHTIB arperary 4epe3 OOIpyHTYBaHHSI KOHCTPYKTUBHUX [TaPAMETPIB Ta PEXKUMIB pOOOTU. 17151 JOCATHEHHS
IIOCTaBJIEHOI METU OyJI0 Ilepei0aueHO BUPillIeHHS TaKUX 3aBIaHb: BUKOHATH aHAaJI3 A)KepeJl KOJIMBaHb €JIeMEHTIB
MallMHHO-TPAKTOPHOTO arperary Ta Clioco0iB iX 3HWKEHHS; TEOPETUYHO A0CIiIUTH B3a€EMO3B 130K JMHAMIKU
nociBHOro MTA B 3a71€5KHOCTI Bif AMHAMIYHUX Ta FEOMETPUYHUX NTAPAMETPIB; IPDOBECTU TEOPETUYHUM aHAJII3
B32€MO3B’I3aHUX KOJIMBaHb TPAEKTOPIN eJleMeHTiB ociBHOro MTA B 3a/IeXKHOCTI BiJl AMHAMIYHUX Ta FT€OMETPUIHUX
IlapaMeTpiB; OOIPYHTYBaTH CTPYKTYPY Ta aJropuTM QyHKIiOHyBaHHS BUMIPIOBAJIbHOI CUCTEMU AUHAMIKY Ta
€HepreTrKU NNociBHOro MTA; eKcrieprMeHTaIbHO JOBECTHU aleKBAaTHICTb PO3P0O0JIEHOI MaTEeMAaTUYHOI MOJeTi
IVHaMiK¥ 11ociBHOro MTA, 110 BpaxoBye B3a€MO3B'513aHi KOJIMBaHHS eJleMeHTiB arperaty. O6’eKT IOCTIiIKeHHS:
npolec pyxy nociBHoro MTA, 110ro 3B'30K 3 KOJIMBAaHHSIMU TPAE€KTOPiN pyXy Ta apameTrpamu arperary. [Ipegmer
IOCJIiI)KEHHSI: 3aKOHOMIPHOCTI BIJIMBY F€OMETPUYHUX N1apaMETPiB arperaTy Ha KOJIMBaHHS €JIEMEHTIB Ta TSITOBO-
€HepreTUYHi MOKa3HUKU. BupimeHo HayKOBO-IIPUKJIAIHY 3371a4y, CIIPSIMOBAHY Ha MiABUILEHHS €()EKTUBHOCTI
excryaranii nocisBHoro MTA Ta okpaleHHs JUHAMIYHUX BIaCTUBOCTEN TPAKTOPY IIJISIXOM 3HDKEHHS KOJIUBaHb
€JIEMEHTIB arperarty yepes o6 pyHTyBaHHSI KOHCTPYKTHMBHUX [1apaMETPiB Ta PE>KUMiB pobOTU. 3a JOIIOMOT0I0
PO3p06JIEHOI MaTeMaTUYHOI MOZEJI IIJIOCKO-TIapaJIeJIbHOTO PyXy MOCiBHOrO MTA 06rpyHTOBAaHO B3a€MO3BSI30K
IMHAaMIKY, KOJIMBAaHb €JIEMEHTIB arperary y rno3foBXKHbO-TIONEPEYHIN MIJIOKHI 3 KOHCTPYKTMBHUMY ITapaMeTpaMu
Ta pexxumamu pobotu. O6GI'pyHTYBaHHs l1apaMeTpiB rociBHOro MTA 03BONIMIY MiABULIMTY WBUAKICTb HA 2 KM /TO],
Ta 301JIBIIATY IPOAYKTUBHICTb arperaty Ha 0,4 ra/roj, a po3max BiIXU€Hb TPA€KTOpill €JIEMEHTIB arperaTy
3HM3uTH Ha 0,05 M. TeOPeTUYHO JOCIiI’KEHO BILJIMB TapaMmeTpiB nociBHoro MTA Ha IMHAaMIi4Hi TOKa3HUKMU.
BcTraHOoBIEHO, O TPAEKTOPii pyxy LEHTPIB MaC TPAKTOPA Ta CiBaJIKU B 3aJIEXKHOCTI BiJl JOBXUHU MEXaHi3My 34illK1
ciBasiku. PO3paxoBaHO CIIEKTPaJIbHI MIIILHOCTI TPAEKTOPIiN PyXy LEHTPIiB MaC TPAKTOPa Ta CiBajKu. TpaeKkTopii pyxy
€JIEMEHTIB arperary sIBJslloTb CO6010 rapMOHiiiHi KosMBaHHS 3 niepiogom 20 M Ta po3maxom 0,15 m. ITpu 36inbieHHi
IOBXXVHU MEXaHi3MY 34ilIKM CiBaJIKM PO3Max aMIUITY Iy 3MeHIyeTbes no 0,11 M, nepiof, 3auiaeTsCsl HE3MiHHUM
17151 060X eJIEMEHTIB arperary, a KoJIMBaHHs TPAeKTOPill LIeHTPiB Mac TPaKTOpa Ta CiBajKy 3HaXOIAThCS B
npotudasi. Po3pobseHi 3axony nokpaujeHHs AUHaMiYHUX OKa3HUKIB 11ociBHOro MTA Ha ciB6i 103BOIUTH
OTPMMATH €KOHOMIUHUI e(eKT y po3mipi 49 TuC. I'pH 3 TEPMiHOM OKYIIHOCTI JOJATKOBUX KarliTanoBKaaaeHs 0,05 p.
Merto[ oLjiHKM TUHAMIKU Ta KOJIMBAHb €JIEMEHTIB [TOCIBHOTO MAlIMHHO-TPAKTOPHOI'O arperary BIIPOBA/IKEHO Y
IistmpHicTh XapkiBebkoi ¢isii JlepskaBHOI HAYKOBOI YCTaHOBU «YKpaiHCbKUI HAyKOBO-IOCIIAHUI iHCTUTYT
IIPOTHO3YBAHHS Ta BUNIPOOYBaHHS TEXHIKM i TEXHOJIOTIN [J1s1 CiJIbCBKOTOCIIOAPChKOrO BUPOOHNUITBA iM. JleoHina
[Toropinoro». PesynbTaT gocuimpkeHHs BpoBaaxeHo Ha [TAT «XT3» 3 ekoHoMiuHUM edekToM 455 Tuc. rpH, TOB
«Toprosuii gim «XT3»» 3 ekoHoOMiyHUM epexkTom 301 TUC. TpH. Pe3ysbTaTu poOOTH NPUMHSTO 0 BUKOPUCTAHHS Y
[IT «Arpo-T'71iHb» Ta IpUBATHE CIJIbCHKOTOCIIOAAPCHKE MIANIPUEMCTBO «JIijlisg» i BIIPOBAI)KEHO Y HABYAJIbHUM
npouec Jlep>kaBHOro 6i0TeXHOJIOriYHOTO yHiBepcuTeTy. Kito4oBi cioBa: TpakTop, ciBajika, OCiBHUI MallMHHO-
TPaKTOPHMI arperar, IMHaMiKa, KOJIMBaHHS, TPAEKTOPii pyXy, IPUCKOPEHHS, KyTOBi MBUAKOCTI, TATOBO-

€HepreTuYHi MoKa3HUKY, BUMipIOBaJbHA CUCTEMA, eKCIIePUMEHTAaIbHI TOCTiI)KeHHS, EKOHOMiYHA e(PeKTUBHICTb.

2. The research that forms the basis of the dissertation was carried out in accordance with the research works of
the State Biotechnological University: "Development and improvement of mechatronic machine-technological
systems that meet the requirements of ergonomics, technical aesthetics and labor protection for mechanized
production of agricultural products based on energy-saving and economically safe technologies” (DR No.
01230101678, 2023-2025); "Scientific substantiation, design, optimization of technical and technological systems
and processes of agro-industrial production” (DR No. 0123U101122, 2023-2027); regional programs: "Strategy for
Sustainable Development of Kharkiv Region for 2021-2027", "The Most Important Problems of the Agro-Industrial
Complex for the Period up to 2023". The results of the work are aimed at the implementation of the EU Project
"Support to the Implementation of Agricultural and Food Policy in Ukraine". Scientific novelty of the study. For the
first time, the relationship between the oscillations of the trajectories of the elements of the sowing MTA in space



with the dynamic and geometric parameters of the unit was established; for the first time, the dependencies of the
traction and energy indicators of the sowing MTA depending on the oscillations of the elements were determined.
The mathematical model of the dynamics of the multi-element aggregate has been improved, which, unlike the
known ones, takes into account the oscillatory movement of the elements of the sowing MTA in the longitudinal-
horizontal plane. The purpose of the study: to increase the efficiency of the operation of the sowing unit by
reducing the vibrations of the elements of the unit through the justification of design parameters and operating
modes. To achieve this goal, it was envisaged to solve the following tasks: to analyze the sources of vibrations of
the elements of the machine-tractor unit and ways to reduce them; to theoretically investigate the relationship
between the dynamics of sowing MTA depending on dynamic and geometric parameters; to conduct a theoretical
analysis of interrelated fluctuations in the trajectories of the elements of the sowing MTA depending on dynamic
and geometric parameters; to substantiate the structure and algorithm of the functioning of the measuring system
for the dynamics and energy of the sowing MTA; experimentally prove the adequacy of the developed
mathematical model of the dynamics of the sowing MTA, which takes into account the interrelated oscillations of
the elements of the unit. Object of research: the process of movement of the sowing MTA, its connection with
fluctuations in trajectories and parameters of the unit. Subject of research: regularities of influence of geometric
parameters of the unit on the vibrations of elements and traction and energy indicators. A scientific and applied
problem aimed at increasing the efficiency of the operation of the sowing MTA and improving the dynamic
properties of the tractor by reducing the oscillations of the unit elements through the substantiation of design
parameters and operating modes has been solved. With the help of the developed mathematical model of the
plane-parallel movement of the sowing MTA, the relationship of dynamics, oscillations of the elements of the unit
in the longitudinal-transverse plane with design parameters and operating modes. The justification of the
parameters of the sowing MTA made it possible to increase the speed by 2 km/h and increase the productivity of
the unit by 0.4 ha/h, and reduce the range of deviations of the trajectories of the unit elements by 0.05 m.
Theoretically, the influence of the parameters of the sowing MTA on dynamic indicators has been studied. It has
been established that the trajectories of the centers of mass of the tractor and the seeder depend on the length of
the seeder hitch mechanism. The spectral densities of the trajectories of the centers of mass of the tractor and
seeder are calculated. The trajectories of movement of the elements of the unit are harmonious oscillations with a
period of 20 m and a span of 0.15 m. Increasing the length of the seeder trailer mechanism allows you to reduce
the amplitudes of oscillation of the center of mass trajectories by 0.05 m, which has a positive effect on the
straightness of the seeding rows. Measures have been developed to improve the dynamic indicators of sowing
MTA at sowing to obtain an economic effect in the amount of 49 thousand tons. The method of assessing the
dynamics and oscillations of the elements of the sowing machine-tractor unit was introduced into the activities of
the Kharkiv branch of the State Scientific Institution "Ukrainian Research Institute of Forecasting and Testing of
Machinery and Technologies for Agricultural Production. Leonid Pogorilyi". The results of the study were
implemented at PJSC "KhTZ" with an economic effect of 455 thousand UAH. UAH, LLC "Trading House "KhTZ" with
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