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Pedepar:

1. Incepranist Ha 3006YTTsI HAYKOBOTO CTyIeHs JokTopa dinocodii 3a cnenianbHicTio 133 'anyzese
MamuHoO6ynyBaHHs (13 MexaniyHa iHXeHepis) — HallioHanbHUI TEXHIYHUH YHIBEPCUTET «XapKiBCbKUI
MOJIITeXHIYHUN iHCTUTYT» , XapKiB, 2025. MeToto nucepTaniiiHoi po60Tu € mifBUILeHHS TPOAYKTUBHOCTI Ta
ePEeKTUBHOCTI MaJIOIIOTY>KHOTO €JIEKTPUYHOTO TPAKTOpa 3 KOJIiCHOI0 popmynoio 4K2 py BUKOHAHHI TATOBUX Ta
TSATOBO-TIPUBOJIHUX CiJTbCbKOTOCIIOAAPChKUX OTepalliil HJIIXOM 6araToKpUTepiaabHOI onnTuMizaliii TAroBo-
€HePreTUYHMX I0Ka3HUKIB eleKTpoTpakropa. O6'eKT NOCIIIKEHHS — MPOL,eC PO3MO/AiNy 3arajbHOi Baru Ta
B3a€MO/Iii TPAKTOPHUX LIMH MaJIONOTYKHOTO €JIEKTPOTPAKTOPA 3 FPYHTOBMM CEPENOBUILEM MIPU peaisalii TAroBUX

Ta TSATOBO-TIIPMBOAHUX onepauiil. [I[pegmMeT nociaimkeHHs — BIUIMB 3MiHHOTO HABaHTKEHHSI HA BiCi



€JIEKTPOTPaKTOpPa 3 KOJIiCHOI0 PopMmyJioio 4K2 Ta CisbChbKOTOCIIONAPChKUX TPAKTOPHUX IIMH HA TITOBO-€HEPreTUYHI
[OKa3HUKU. [luceprauiliHa poboTa CIIpSIMOBaHa Ha PO3B’I3aHHS MiABUILEHHS IPOLYKTUBHOCTI Ta €PeKTUBHOCTI
MaJIONOTY>KHOT'O €JIEKTPUYHOTO TPAKTOPa 3 KOJIiCHOK (popmyioro 4K2 mif yac BUKOHAHHS TATOBUX Ta TSIFOBO-
IIPUBOJHMX CiIbCBKOTOCIOAAPChKUX onepaniit. OcobMBa yBara IpUAisSeTbCs 32CTOCYBAHHIO 6araToOKpUTEpPialbHOI
OIITMMi3aLlii TArOBO-€HEPreTUYHYX [TOKA3HUKIB IIPY BapilOBaHHI PO3MOAIJIOM 3arajibHOI Baru €JIEKTPOTPAKTOPa Ta
TUCKY B IIEpeAHiX i 3a4HiX mrHax. Ha OCHOBI MaTeMaTUYHOIO MOZEIIOBAaHHS IOCIIIKEHO BIIJINB PO3IO/iIY Bary,
BHYTPIIIHBOTO TUCKY B LIMHAX i B3a€MOi i3 IPYHTOBUM CEPELIOBUILEM HA TATOBO-€HEPreTUYHI NOKa3HUKU
€JIEKTPOTPaKTopa. Y BCTyIi OGIPYHTOBAHO aKTYyaJIbHICTh JOCIIiI’KeHHS Yepe3 CBITOBY TeHEHIio eJleKTprudikariii
TeXHIKU 3377151 eKOJIOTTYHOCT] Ta eHeproHe3aJIeKHOCTi. BU3HaueHO HayKOBY HOBU3HY, OCOOMCTUI BHECOK aBTOPA,
3B'S130K 3 TeMaTUKaMU Kadepy, arpodallilo pe3yibTaTiB Ta CTPYKTYPY AucepTalii. ¥ nepuomy posnisi
[IPOaHai30BaHO PO3BUTOK €JIEKTPOTPAKTOPIB, ix Kacudikallilo, nepesary i HefoJliky. PO3IJIsIHyTO KOMIIOHEHTH
€JIEKTPOIIPMBOJY Ta EPCIEKTUBY 3aCTOCYBAaHHS B arpapHOMY CEKTOPi. BU3HaueHO HanpsMu NOCiIKeHb Ta
3aBfaHHs. [Ipyruil pospin npucBsueHo igeHTudikanii 6azoBoro 06'ekra — MajOMNOTYXHOTO KOJIICHOTO
eJleKTpoTpakTopa kiacy 0,6, ctBopeHoro Ha 6a3i XT3-2511. HaBesieHO BUXifHi JaHi Ta MaTeMaTU4HY MOJEJb, 110
OIMCYy€E B3aEMOJIiI0 CUJIOBOI YCTAaHOBKH, TPAHCMICIi Ta pylllis 3 ypaXxyBaHHSM I'PYHTOBUX YMOB. BU3Ha4€HO METOUKY
PO3paxyHKy TAroBUX IoKa3HUKiB, KK]I, onopiB pyxy Ta HaBaHTaKeHHS Ha oci. Po3pobiieHo mozens negopmarii muH
3 ypaxyBaHHSM KOHTAKTy 3 [PYHTOM. Y TPETbOMY PO3/iJii IpOBEIEHO imiTalliiiHe MOoJie/1l0BaHHs pOOOTHU
€JIEKTPOTpaKTopa B cepenonuili MatLab 3 ypaxysanusm DLG-PowerMix IuKIIiB 1151 pisHUX
CiZIbCBKOTOCMOAPChKUX Olepallill: OpaHKa, KyJIbTUBallis, ppe3epyBaHHs, MyJIbdyBaHHSI, TIOKYBaHHS TOLIO.
JocninxeHo noseninky muH TR-101 Rosava i PETLAS TA-120 npu 3MiHi TUCKY, 17101 KOHTaKTy Ta aedopmaliii.
BcraHoBneHo cepenHi 3HaueHHs KK]I esleKTponpuBoAy Mifl 4aC BUKOHAHHS LIMKIIIB. Y YETBEPTOMY PO3iji
peasi3oBaHO 6araTOKpUTEpialbHy ONTHMI3allil0 KOHCTPYKTUBHUX [TapaMeTpiB eJIeKTpOTpakTopa. BuzHaueHo
ONTMMAaJIbHUI PO3NOiJ Baru MK OCSMU i BHYTPIIIHIN TUCK y KMHAax 174 nigsuienHs KK, IBUIKOCTI pyxy Ta
3MeHIIeHHs 0ykcyBaHHs. CGOpMOBaHO peKOMeHTAlLil 11070 KOHCTPYKTUBHOI oNTUMi3allii. Y MificyMKy NpoBeeHuX
IOCiIKeHb OTPUMAaHO TaKi HAyKOBi pe3yJibTaTu: Briepiie: - po3po6seHo meTon (pOpMyBaHHS 6aJIaHCY TOTYKHOCTI
CiJIbCBKOTOCIIOAPCHKOI0O €JIEKTPOTPAKTOPA, KM HA BiIMiHY Bill iCHYyI0UMX BpaxoBye MmexaHiyHuui KK]I
eslekTpuyHoro motopa, KKJ akymynstopHoi 6atapei ta KK]I iHBepTOpa npy BUKOHaHHI TATOBUX Ta TSITOBO-
IIPUBOJHMX POOIT, 110 A€ MOKJIMBICTb BpaxOBYBaTU €HEPreTUYHI BTPATH CUJIOBO] YCTAHOBKY; — BU3HAYEHO
3aKOHOMIPHOCTi Mi’K €(pEKTUBHICTIO €JIEKTPUYHOTO JBUTYHA CUHXPOHHOTO TUMY 3 IOCTIHHUMU MarHiTaMu, sIK
CUJIOBOi YCTAaHOBKHU TPAKTOPA, Ta PEXXKMMaMU HaBaHTAKEHHS MAIMHHO-TPAKTOPHOTO arperary Npu peasisarii
BUIIpOOYyBasbHUX 1KKIIiB DLG-PowerMix, 1o 103B0snI0 BcTaHOBUTH Mexi 3MiHu KK]I cnioBoi ycTaHOBKU
€JIEKTPOTPaKTOPa [IpY BUKOHAHHI TSTOBUX Ta TSITOBO-TIPUBOJHUX POOIT; yA,OCKOHAJIEHO: — METOJ], OITUMAJIbHOTO
HaBaHTAKEHH$ Bary Ha BiCi €JIeKTPOTPaKTOpa 3 KOJIiCHOI0 (popmyoto 4K2 rpu peasnizanii BUIpoOyBabHUX LIUKIIIB
DLG-PowerMix, sika Biflpi3HSIETbCS Bifl iCHYyIOUMX 3aCTOCYBaHHSIM 6araToOKpUTepiabHOI ONTHUMI3allii TOKa3HUKIB
IIPOYKTUBHOCTI i €EKTUBHOCTI, [0 HaJla€ MOXJIUBICTb MiBUILIATH TSATOBO-€HEPreTUYHI IOKa3HUKU IIOPIiBHSHO 3

CEPINHOI0 MOLEJLIIIO.

2. Dissertation for the Degree of Doctor of Philosophy in the Specialty 133 - Sectoral Mechanical Engineering (13 -
Mechanical Engineering) - National Technical University "Kharkiv Polytechnic Institute", Kharkiv, 2025. The aim of
the dissertation is to increase the productivity and efficiency of a low-power electric tractor with a 4x2 wheel
arrangement during the performance of tractive and tractive-driving agricultural operations through multi-
criteria optimization of the tractor’s traction and energy performance. Object of research - the process of weight
distribution and interaction between the tires of a low-power electric tractor and the soil environment during the
implementation of tractive and tractive-driving operations. Subject of research - the effect of variable axle loading
and agricultural tractor tires on the traction and energy performance of a 4x2 electric tractor. The dissertation is
focused on improving the productivity and efficiency of a low-power 4x2 electric tractor during agricultural
operations. Special attention is given to the application of multi-criteria optimization of traction and energy
performance by varying the weight distribution of the tractor and the pressure in the front and rear tires. Based on
mathematical modeling, the influence of weight distribution, internal tire pressure, and soil interaction on the



traction and energy parameters of the electric tractor is studied. The introduction substantiates the relevance of
the research in light of the global trend of electrifying agricultural machinery to promote sustainability and energy
independence. It outlines the scientific novelty, the author’s personal contribution, the connection to the
department’s themes, the testing of results, and the dissertation structure. In Chapter 1, the development of
electric tractors, their classification, advantages and disadvantages are analyzed. The components of electric
drives and their potential in the agricultural sector are considered. Research directions and objectives are defined.
Chapter 2 is dedicated to the identification of the base object - a low-power wheeled electric tractor of class 0.6,
developed on the basis of the HTZ-2511. Initial data and a mathematical model are provided, describing the
interaction of the power unit, transmission, and drive wheels under soil conditions. A methodology for calculating
traction performance, efficiency, motion resistance, and axle loading is defined. A tire deformation model
considering soil contact is developed. Chapter 3 presents simulation modeling of the electric tractor operation in
the MatLab environment using DLG PowerMix cycles for various agricultural operations such as plowing,
cultivation, milling, mulching, and baling. The behavior of TR-101 Rosava and PETLAS TA-120 tires is studied under
varying pressure, contact area, and deformation. Average electric drive efficiency values during operation cycles
are determined. Chapter 4 implements multi-criteria optimization of the electric tractor’s structural parameters.
Optimal weight distribution between the axles and internal tire pressure are determined to improve efficiency,
movement speed, and reduce slippage. Recommendations for structural optimization are formulated. The main
scientific results obtained in the course of the research include: For the first time: A method has been developed
for forming the power balance of an agricultural electric tractor, which, unlike existing ones, takes into account
the mechanical efficiency of the electric motor, battery efficiency, and inverter efficiency during tractive and
tractive-driving operations, allowing for the consideration of power unit energy losses; The patterns between the
efficiency of a permanent magnet synchronous electric motor, used as the tractor's power unit, and the loading
modes of the machine-tractor aggregate under DLG PowerMix test cycles have been identified, establishing the
efficiency variation range of the electric tractor's power unit during operation. Improved: The method of optimal
axle load distribution for a 4x2 electric tractor during DLG PowerMix test cycles has been enhanced by applying
multi-criteria optimization of performance and efficiency indicators, resulting in improved traction and energy
parameters compared to the serial model.
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Micue3HaxoaKeHHS: By Spocnasa Myaporo, 6yx. 25, Xapkis, XapkiBcbKuii p-H., 61025, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. leBuenko Irop OnekcaHgpoBUY

2. Thor O. Shevchenko

KBasigikamis: . r. u., gou., 05.05.11

ImenTudikarop ORCID ID: 0000-0002-1280-5290

JoparkoBa iHdopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHMI 6iOTEXHOIOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3Haxoa>KeHHSI: ByJ. AT4eBChKuX, 6y/1. 44, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByTacHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Ilenunenko €sren CepriioBud

2. Eugene S. Pelipenko

KBasmigikanis: k.1.u., gou,, 05.22.02
Imentudikarop ORCID ID: 0000-0001-8988-791X
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKUiA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

MicueBHaxo,ereHHﬂ: ByJ1. Kupninuoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aThKOBI:
1. [lleBuoB Bagum MuxainoBuy

2. Vadim M. Shevtsov

KBasigikamis: . 1. 1., gow., 05.22.02
InenTudgikarop ORCID ID: 0000-0002-5115-4398
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBepCUTeT "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"



Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi

BaacHe IlpizBume Im's I10o-6aTbKOBI Pebpos Onexciit IOpiitoBuy
rOJIOBH pagu

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI Pe6pos Onexciii IOpilioBuy
rOJIOBYIOYOTO Ha 3aciJaHHi

BiamoBiganbHHUH 32 MiZITOTOBKY Trauos Bsyecnas FOpiiioBuy

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




