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Pedepar/anoTamis:

1. MeTo10 po60TH € NifgBuIleHHS €(PEKTUBHOCTI (YHKIIOHYBaHHS AMCKOBUX POOOUYNX OPraHiB LIISIXOM
OOIpYHTYBaHHS KOHCTPYKTHBHO-TEXHOJIOTIYHUX [1apaMeTPiB AUCKATOPa 3 IPY>KHUMU CTOSIKAMU Ta PEryJsiTOPOM
KOPCTKOCTi. O6’€KTOM JOCIIiJKEHHS € ITPOLeC IIOBEPXHEBOr0 O6POOITKY I'PYHTY IUCKOBUMHU POOOYMMU OPTaHaAMU Y
B32€MO3B'3KY 3 iX KOHCTPYKTMBHO-PEXUMHUMHU [IapaMeTpaMH, a IPeAMETOM — 3aKOHOMIPHOCTI B3aeMofii
PO60YMX OpraHiB i3 IPYHTOBUM CEPENOBUILEM Ta ii BIIJIMB HA EHEPTOEMHICTD NIpoliecy. TeopeTuyHi AOCTiIKEeHHS
BMKOHAHO i3 3aCTOCYBaHHSIM MEXaHIKO-MaTeMaTUIHOTO MOZEJIIOBAHHS, II0JI0KEHb TEOPETUYHOI MeXaHiKHY,
nudepeHLiaZbHOTO Ta iHTerpajabHOro YucaeHHs. EkcriepuMeHTasnbHi JOCTiIP)KeHHs TPOBOIUINCS B 1a60OPaTOPHUX i
[I0JIbOBUX YMOBAX i3 BUKOPUCTAHHSIM (PI3UYHOIO MOJEIOBAHHS, TEH30METPUYHNX BUMipIOBaHb, 6araTo()akTOPHOTO
[IJIaHYBaHHS €KCIIEPUMEHTY Ta METO/IiB MaTeMaTUYHOI cTaTuCTUKU. OGPO6KY Pe3y/IbTaTiB 3IilICHEHO 32 JOTIOMOIOI0
STAR-CCM+, Mathematica, Wolfram Cloud, SolidWorks tTa SOLIDWORKS Simulation. Ha ocHoBi aHasnisy mpouecy



IVICKYBAaHHS I'PYHTY BCTAHOBJIEHO, 10 MifBUIEHHS €(DEKTUBHOCTI pOOOTU AUCKOBUX [PYHTOOOPOOHUX MAIIH
IOCSITAEThCS 3aBISKY IHIMBiyaJIbHOMY IIPY>KHOMY KPIiIlJIEHHIO po604MX OpraHiB. BoHO 3a6e3nedye KOJIMBHUI PyX
IVICKiB, Kpallly aiaNTallilo 4o MiKpopesbedy 10Jis, SMEHIIEHHS [iKOBUX HaBaHTaKeHb, CTabilizalliio rimouHu
06pOOGITKY Ta 3HMKEHHSI TSTOBOTO ONOPY. 3alIPOIIOHOBAHO CXEMY JAKUCKATOpa 3 iHAUBiAyalbHUM KPilJIEHHSIM
IVICKOBMX POOOUYMX OPraHiB Ha IIPY>KHUX CTOSIKAX i pEryISTOPOM >KOPCTKOCTI, IO JJa€ 3MOTY 3MiHIOBATH YMOBU
POOOTH IMCKIB 3aJ1€XHO Bif, TUITy I'PYHTY, IJIMOMHU 0OPOOITKY Ta MIBUAKOCTI PyXy arperary. [Jjist 41ucebHOro
MOJI€JIIOBaHHSI HAIIPY>KEHO-1e(OPMOBAHOTO CTaHy IIPYKHOT'O CTOSIKA 3 PETYJISITOPOM XXOPCTKOCTi PO3PO6IIEHO
(i3sMKO-MaTeMAaTUYHUI anapar, SIKUI 103BOJIsI€ OLiHIOBATH PEaKLilo CUCTEMY HA TADMOHIIHI HABaHTa)KEHHSI i 4ac
B3aeMozii pucka 3 rpyHToM. Y SOLIDWORKS Simulation oTpumaHo po3snofin nedopmaliiii i HarpyXeHb, a TaKOX
aMILIITYJHO-4aCTOTHI XapaKTepUCTUKHU CTOsIKa. OGI'PYHTOBAHO palioHasIbHi napaMeTpu crosika: Rl = 107 mm, R2 =
152 MM, L = 421 MM, 0 = 125°, b = 109 MM, 0 = 14 MM, a TAKOX MTapaMeTPu MIPOCTOPOBOTO po3MileHHs fucka: 0o = 9,7°, 0 =
15°, 0 =48,8°, o = 5,2°. IIpoBeieHO MOAEIIOBAHHS AUHAMIYHOI CTIIKOCTI A1CKaToOpa 3 BUKOPUCTAHHSM IIPOCTOPOBOI
MaTeMaTU4YHOI MOZeJli Ta PiBHAHB JlarpaH>ka Ipyroro pony. Mozesbs BpaxoBye B3a€MOJIIIO AMCKIB i KOTKA 3 IPYHTOM,
Maco-iHepUilHi XapaKTepUCTHMKU KOHCTPYKLII Ta BILJIUB IIPY>KHUX CTOSAKIB Ha KOJIMBAJIbHUM npouec. OTpuMaHi
Pe3yJIbTaTU [10Ka3aJy, 10 KOJIMBAHHS AUCKATOPA B €KCIUIyaTaliiHUX PEXXUMaX 3a/IMMAI0TECS HE3HAYHMMU: O =
2,34°, o = 0,85°. lle migTBEpAKy€E JOCTATHIO JKOPCTKICTh pOOOYMX €JIEeMEeHTIB, CTabi/IbHICTh 3ary1n6IeHHS JUCKIB,
MiHimizalito Bibpallili pamu Ta 3HW>KEHHS eHepreTUYHUX BTpaT. JJabopaTopHi AociKkeHHs 3a riaHoM bokca-
BeHkiHa fanu 3MOry BU3HAYUTHU BILJIUB KyTa KJIMHOMOAIOHOI BCTABKM CTOSIKA O, IJIMOMHYU BXOJKEHHSI IUCKA B IPYHT h
i IWBUIKOCTI pyXy V Ha TATOBe 3ycuiuls pamu Pl, 3ycniiig y BepXHiil i KpanHiil Toykax croska P2 i P3, yacrory
KOJIMBaHb POOOYOro opraHy Ta KoeiuieHT yiinbHeHHs IpyHTY K. OTpuMaHO piBHSHHS perpecii Apyroro nopsaxy.
BcraHoBIEHO, 0 KOeillieHT YIIiTbHEHHSI IPYHTY N1€PEBAXXHO 3aJIEXKUTD Bif IIMOMHU OOPOOITKY Ta IBUIKOCTI
PYXY, TOZi SIK KYT KJIMHONOJiOHOI BCTaBKM Ma€ APYTrOPsIGHUI PETyJIOBaJIbHUI BIIMB. ONTUMI3allig PiBHSIHHS
perpecii 103BoIMIIa BUSHAYMTH I1apaMeTPH MiHiMalbHOrO yilibHeHHS: 0 = —6°, h = 0,06 M, v=1M/c, 3a sikux K =
0,44. BogHouac 6araTokpuTrepiasbHa ONTUMI3allisl Aana 3MOry OO pYHTYBaTH KOMIIpOMiCHe 3HaueHHs 0 = 2,32°, 3a
SIKOTO 3a06€e31e4yeTbCsl IPUNHIATHUH piBeHb TsroBoro onopy P1 =543 H, yactotu KonuBaHsb 0 = 51,6 'l i koedilienTa
yminpHeHHs K = 0,59. [TonpoBa nnepesipka eKCliepruMeHTaIbHOTO AMCKOBOTO 3HAPSAAs Ha MIPY)KHUX CTOSIKAX i3
PEryJsITOPOM XOPCTKOCTI NiTBepania Horo eeKTUBHICTb. Arperat 3abe3ne4yuB cTabisibHe 3aryin6eHHs JUCKIB,
piBHOMIpHMI pO3N0JIiz1 HABAaHTA)KEHb i SIKICHMI1 TOBEPXHEBUI 0O6POOITOK I'PpyHTY. CepeHs rinbrHa 06pobiTKy
craHoBuia 8,8 CM, CTyMiHb 3HUILLEHHS Oyp’siHiB — 93,1 %. [TopiBHSIbHI BUIPOOYBAHHS i3 CEPIHOIO 1CKOBOIO
6oponoio IMT-4 3acBimuunu nepesaru JJIM-5,0: po6oTy 6€3 3a61BaHHS AUCKIB, MOXJIUBICTb PYXy Ha BUILIN
HIBUAKOCTI Ta Kpallly NPOXigHiCTb. EKOHOMIYHE OL[iHIOBaHHS MigTBEPAUIIO LOLIbHICTE YIIPOBAII)KEHHS ITIPOEKTHOTO
BapiaHTa arperarty. BcTaHOBJIEHO 3MEHIIEHHS BUTPATU NaJIbHOTO Ha 3,8 %, NiABUILIEHHS BPOXXalHOCTI Ha 5,7 %,
CKOPOYEHHS NIPSIMUX €KCIUyaTaliliHUX BUTPAT Ha 2,6 % i mBUIKY OKYIHICTb iHBeCTULil. 3a piuHOro 06¢Ary pooiT
420 ra cymapHuUil EKOHOMIYHUI e(eKT CTaHOBUTb 6J113bKO 750 THUC. I'PH, a60 1786 rpH/Ta, a CTPOK OKynHOCTi — 0,12
poky. OTXe, 3alIpONIOHOBAHUI AUCKATOP i3 MPY)KHUMHU CTOSIKAMU Ta PETYJISITOPOM >KOPCTKOCTI 3abe3reuye

MiBUIIEHHS SIKOCTi, EHEProomaHOCTi 1 EKOHOMIUHOI €(PEKTUBHOCTI TOBEPXHEBOTO OOPOOITKY I'PYHTY.

2. The aim of the study is to improve the efficiency of disk working bodies by substantiating the design and
technological parameters of a disk tiller with spring tines and a stiffness regulator. The object of the study is the
process of shallow soil tillage performed by disk working bodies in relation to their design and operating
parameters. The subject of the study is the regularities of interaction between disk working bodies and the soil
environment, as well as the influence of this interaction on the energy intensity of the process. Theoretical studies
were carried out using mechanical and mathematical modelling, principles of theoretical mechanics, and methods
of differential and integral calculus. Experimental studies were conducted under laboratory and field conditions
using physical modelling, strain-gauge measurements, multifactorial experimental design, and methods of
mathematical statistics. The processing of the results was performed using STAR-CCM+, Mathematica, Wolfram
Cloud, SolidWorks, and SOLIDWORKS Simulation software. Based on the analysis of the soil disking process, it was
established that the efficiency of disk tillage machines can be improved through the individual spring mounting of
working bodies. This provides oscillatory movement of the disks, better adaptation to field microrelief, reduced



peak loads, stabilization of tillage depth, and lower draft resistance. A design and technological scheme of a disk
tiller with individual mounting of disk working bodies on spring tines and a stiffness regulator was proposed. This
makes it possible to adjust the operating conditions of the disks depending on soil type, tillage depth, and machine
speed. For numerical modelling of the stress-strain state of the spring tine with a stiffness regulator, a physical and
mathematical framework was developed to assess the system response to harmonic loads during disk-soil
interaction. Using SOLIDWORKS Simulation, the distribution of deformations and stresses, as well as the
amplitude-frequency characteristics of the tine, were obtained. The rational parameters of the tine were
substantiated: R1 = 107 mm, R2 = 152 mm, L = 421 mm, o = 125°, b = 109 mm, o0 = 14 mm. The spatial positioning
parameters of the disk were also determined: o = 9.7°, o = 15°, 0 = 48.8°, and o = 5.2°. The dynamic stability of the disk
tiller was modelled using a spatial mathematical model and Lagrange equations of the second kind. The model
takes into account the interaction of the disks and roller with the soil, the mass-inertial characteristics of the
structure, and the influence of spring tines on the oscillatory process. The results showed that the oscillations of
the disk tiller under operating conditions remain insignificant: o = 2.34° and o = 0.85°. This confirms the sufficient
stiffness of the working elements, stable penetration of the disks into the soil, minimization of frame vibrations,
and reduction of energy losses. Laboratory studies based on the Box-Behnken design made it possible to
determine the influence of the wedge insert angle of the tine o, disk penetration depth h, and forward speed v on
the draft force of the frame P1, the forces at the upper and end points of the tine P2 and P3, the oscillation
frequency of the working body, and the soil compaction coefficient K. Second-order regression equations were
obtained. It was established that the soil compaction coefficient mainly depends on tillage depth and forward
speed, while the wedge insert angle has a secondary regulatory effect. Optimization of the regression equation
made it possible to determine the parameters for minimum soil compaction: 0 = -6°, h = 0.06 m, and v=1m/s, at
which K = 0.44. At the same time, multicriteria optimization allowed substantiating a compromise value of o = 2.32°,
at which an acceptable level of draft resistance P1 = 543 N, working body oscillation frequency o = 51.6 Hz, and soil
compaction coefficient K = 0.59 is achieved. Field testing of the experimental disk implement with spring tines and
a stiffness regulator confirmed its efficiency. The machine ensured stable disk penetration, uniform load
distribution, and high-quality shallow soil tillage. The average tillage depth was 8.8 cm, and the weed control rate
was 93.1%. Comparative tests with the serial DMT-4 disk harrow confirmed the advantages of the DLM-5.0,
including operation without disk clogging, the possibility of working at a higher speed, and better passability.
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JoparkoBa iHpopmamist: https://www.scopus.com /authid /detail.uri?authorld=57211202484;
https://scholar.google.com.ua/citations?view_op=list_works&hl=uk&hl=uk&user=auFVVKsAAAAJ&pagesize=100

IloBHE HaliIMEHYBaHHS IOPUAHUYHOI 0COOH: JlepkaBHUII 6iOTEXHOJIOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3HaxoO KeHHS: ByJl. AlueBChkuX, XapKiB, XapKiBCbKuii p-H., 61002, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
BaacHe IlpizBume Im'st I1o-6aTbKOBI:

1. Tecmok 'enHagii BonoguMmuposuy

2. Hennadii V. Tesliuk

KBasigikamis: . t. u., gou., 05.05.11
InenTudikarop ORCID ID: 0000-0003-4541-5720
JoparkoBa iHpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: [HCTUTYT OMiliHMX Ky bTyp HanioHanbHOi akanemii arpapHnx

HayK YKpaiHu

Kopg 3a €IPIIOY: 01296051

Micue3HaxoaKeHHS: By [HcTUTyTChKa, . COHsSYHE, 3anopisbkuil p-H., 69093, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnpHa akajemis arpapHux HayK YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. 3y6ko Bnagucnas MukosaioBuy

2. Vladyslav M. Zubko
KBasigikanis: g.1.1., npodecop, 05.05.11
Imentudikarop ORCID ID: 0000-0002-2426-2772

JomaTkoBa iHpopmamnist: https://orcid.org/0000-0002-2426-2772;Scopus ID 57202651017;Web of Science ID
W-1035-2018

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: CyMcbKuii Hal[iOHAIbHUI arpapHUil YHiBEPCUTET
Kopg 3a €IPIIOY: 04718013

Micue3Haxoa KeHHS: By [epacuma Konaparbesa, Cymu, CyMchbkuil p-H., 40021, Vkpaina
dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. JlemeHko Cepriii Muxkonanosmny

2. Serhii M. Leshchenko

KBasigikamis: . t. u., gou., 05.05.11
I,ueHTuq)iKaTop ORCID ID: 0000-0001-9339-4691
JopaTrkoBa indpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: lleHTpanbHOYKPaiHChKMii HAliOHATbHUI TEXHIYHUI

YHIBEPCUTET

Kopg 3a € IPIIOY: 02070950

Micue3Haxoa>KeHHSI: npocr. YHiBepcuterchkuii, Kponusauibkuit, Kponisuuipkuii p-H., 25006, Ykpaina
dopma BiracHocTi:

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Peuensentu

Baacue IlpizBuuie Im's I1o-6aThKOBI:
1. l'anny IBan BacunboBuy

2. Ivan V. Halych
KBasigikamis: . . u., gou., 05.05.11
InenTudikarop ORCID ID: He 3acrocosyetscs

JoparkoBa indopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMIT 6i0TEXHOIOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3Haxoa>KeHHS: ByJ1. AT4eBChKUX, XapKiB, XapKiBCbKuiil p-H., 61002, Vkpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI

Biacue IpizBume Im's [1o-6aThbKOBI AHTOmEHKOB PomMaH BikTopoBnd
rOJIOBH paau

Biacue IpizBume Im's I10-6aThKOBI AnTOmEHKOB PomaH BikToposnd
TOJIOBYIOYOTO Ha 3acCiaHHi

BiznoBigassHHI 3a MiATOTOBKY Minenko Codist IBaHiBHa
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsHa AHaTosiiBHA

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJILHUM 32 peecrpauilo HayKOBO'l' Opuenko TersiHa AHaTosIiBHA

OisIIbHOCTI




