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Pedepar:

1. Imcepraiis Ha 3700yTTS HAYKOBOTO CTyIEHs JOKTOpa ¢dinocodii 3a cnenianpHicTio 133 'anysese
MamuHOOynyBaHHs (13 MexaHiyHa iHXeHepis) — HallioHanbHUI TEXHIYHUN YHIBEPCUTET «XapKiBCbKUI
MOJIITeXHIYHUI iHCTUTYT» , XapKiB, 2025. MeTolo nucepTaniiiHoi po60Ty € MifnBULLIeHHS IPOAYKTUBHOCTI Ta
e(EeKTUBHOCTI MaJIOIIOTYKHOTO €JIEKTPUYHOTO TPaKTOpa 3 KOJIiCHOI0 Gpopmysioio 4K2 pu BUKOHAHHI TSATOBUX Ta

TSATOBO-TIPUBOJHUX CiJIbCbKOTOCIIOAAPCHKUX OTepalliil HJIsIXOM 6araToKpUTeEpiaabHOI onTuMizaliii TAroBo-



€HepreTUYHNX MOKA3HUKIB esleKTpoTpakTopa. O6'eKT HOCiIKEeHHS — MPOoLeC PO3IO/Aiy 3arajabHOi Baru Ta
B3a€MO/Iii TPAaKTOPHUX LIIMH MaJIONOTYKHOTO €JIEKTPOTPAKTOPa 3 [PYHTOBUM CEPEOBUILEM NIPU peaizallii TAroBux
Ta TSATOBO-TIPMBOAHUX onepauiil. [I[pegmMeT nociigkeHHs — BIUIMB 3MiHHOTO HABaHTKEHHSI HA BiCi
€JIEKTPOTPAKTOPa 3 KOJIICHOIO (GopMyJIo10 4K2 Ta CibCbKOroCnoaapChbKux TPAKTOPHUX HIMH HA TSTOBO-€HEPreTUYHI
NOKa3HUKU. JlucepTauiiiHa po6oTa CIIpsiMOBaHa Ha PO3B’I3aHHS MiJBUILEHHS IIPOLYKTUBHOCTI Ta €(PEeKTUBHOCTI
MaJIONIOTY>KHOT'O eJIEKTPUYHOTO TPaKTopa 3 KOJlicHOI0 popmysoro 4K2 mif yac BUKOHAHHS TSATOBUX Ta TSITOBO-
IIPUBOJHUX CiIbCBKOTOCIOAAPChKUX onepaniil. OcobuBa yBara IpUAiseTbCs 32CTOCYBAaHHIO OaraToKpUTepiaabHOI
ONTMMi3aLii TArOBO-€HEPreTUYHYX [TOKa3HUKIB IIPY BapilOBaHHI PO3MOAIJIOM 3arajibHOI Baru €JIEKTPOTPAKTOpa Ta
TUCKY B II€peAHiX i 3a0HiX mrHax. Ha OCHOBI MaTeMaTUYHOTIO MOZEIIOBAaHHS IOCIIKEHO BIIJINB PO3NO/iIY Bary,
BHYTPILIHbOTO TUCKY B IIMHAX i B3a€MOJI i3 I PYHTOBUM CEPENOBUILEM Ha TSATOBO-€HEPreTUYHi [I0Ka3HUKU
€JIEKTPOTpaKTopa. Y BCTyIi OGIPYHTOBAHO aKTyaJIbHICTb NOCIIKEHHS Yepe3 CBITOBY TEHIEHLIII0 eJIeKTpUdiKaliii
TEXHiKU 3377151 EKOJIOTIYHOCT] Ta eHeproHe3aJIesKHOCTi. BU3HaYeHO HayKOBY HOBU3HY, OCOGUCTUI BHECOK aBTOPA,
3B'130K 3 TeMaTuKaMu Kadepy, arpodallilo pe3yibTaTiB Ta CTPYKTYpy AucepTaliii. ¥ nepuiomy posnini
[IPOaHaji30BaHO PO3BUTOK €JIEKTPOTPAKTOPIB, ix Kiacudikallito, nepesary i HefoJiky. PO3IJISIHYyTO KOMIIOHEHTH
€JIEKTPOIIPUBOJY Ta IEPCIEKTUBY 3aCTOCYBaHHS B arpapHOMY CEKTOPi. BU3HaueHo HanpsMu IOCiTKeHb Ta
3aBHaHHs. [Ipyruil pospin npucBsiueHo ineHTudikaii 6azoBoro 06'ekra — MajoONOTYXHOTO KOJIICHOTO
eJleKTpoTpakTopa kiacy 0,6, ctBopeHoro Ha 6a3i XT3-2511. HaBenieHo BUXifHi JaHi Ta MaTeMaTU4HY MOJEJb, 1110
OIIMCY€ B3a€EMOZII0 CUJIOBO] YCTAHOBKU, TPAHCMICII Ta pyllIis 3 ypaXyBaHHSIM IDYHTOBUX YMOB. BU3Hau€HO METOOMKY
PO3paxyHKy TAroBux nokasHukis, KKJI, ornopis pyxy Ta HaBaHTaXeHHS Ha oci. Po3po6eHo mozesns aedopmallii muH
3 ypaxyBaHHSIM KOHTAaKTy 3 [PYHTOM. Y TPETbOMY PO3/iJii IpOBeIeHO imiTalliiiHe Mojie/1l0BaHHs pOO6OTHU
€JIEKTPOTpaKkTopa B cepenonuili MatLab 3 ypaxysanusm DLG-PowerMix IuKJiB 1151 pisHUX
CiJIbCBKOTOCIIONIAPCHKUX OMepaliil: OpaHka, KyJabTHBallisl, Gpe3epyBaHHs, MyJIbYyBaHHS, TIOKYBaHHS TOMIO.
HocnimxeHno nosexinky muH TR-101 Rosava i PETLAS TA-120 npu 3MiHi TUCKY, 17101} KOHTaKTy Ta gedopmariii.
BcranosneHo cepenHi 3HadeHHsa KK/ esiekTponpruBoay Mifl 4ac BUKOHAHHA LMKIIB. Y 4ETBEPTOMY PO3Aii
peasizoBaHO 6araTOKpUTEpiabHy ONTUMIi3allil0 KOHCTPYKTUBHUX ITapaMeTpiB €JIeKTPOTPaKTopa. BusHayeHO
OINTUMAJIbHUN PO3IIOALI Barv MiXK OCSIMM 1 BHYTPILIHIN TUCK y MHax A ninsuienHs KK, mBuakocTi pyxy Ta
3MeHIIeHHs 0ykcyBaHHs. CHOpMOBaHO peKOMeHallii 110710 KOHCTPYKTUBHOI oNTUMi3zalii. Y mificyMKy poBeeHux
JOCTiIKeHb OTPUMAaHO TaKi HayKOBi pe3yJibTaTu: Briepiue: - po3po6seHo meTon popMyBaHHS 6a1aHCy IOTYXHOCTI
CiJIbCBKOTOCIIOAPCHKOI0O €JIEKTPOTPAKTOPA, KM HA BiIMiHY Bill iCHYyI0UKX BpaxoBye mexaHiyHui KK]I
esnekTpruyHOro Mmotopa, KKJI akymynstopHoi 6atapei ta KK]I iHBepTOpa npu BUKOHAHHI TATOBUX Ta TSTOBO-
IIPUBOJHUX POOIT, 110 A€ MOKJIMBICTb BpaxOByBaTU €HEPreTUYHI BTPAaTH CUJIOBO] YCTAHOBKY; — BU3HAYEHO
3aKOHOMIPHOCTI Mi>K €(DEKTUBHICTIO €JIEKTPUYHOTO IBUTYHA CUHXPOHHOTO THUITY 3 [IOCTIHHUMU MarHiTamu, siK
CUJIOBOI YCTAHOBKHU TPAKTOPA, Ta PEXKMMaMU HaBaHTaKEHHS MAIIMHHO-TPAKTOPHOIO arperary rpu peasisarii
BUIIpOOYyBasbHUX 1KKIIiB DLG-PowerMix, 1o 103Bosni0 BcTaHOBUTH Mexi 3MiHu KK]I cnioBoi ycTaHOBKU
€JIEKTPOTPaKTOPa [IpY BUKOHAHHI TSITOBUX Ta TSITOBO-IIPUBOJHUX POOIT; yI,OCKOHAJIEHO: — METOJ, ONITUMAaJIbHOTO
HABAaHTAXEHHS Baru Ha BiCi €JIEKTPOTPAKTOPA 3 KOJIICHOO (popmysioto 4K2 npu peanisanii BUNpoOyBaJbHUX LMKIIIB
DLG-PowerMix, sika Bifipi3HSI€TbCS Biff iCHYyIOUMX 3aCTOCYBaHHSIM 6araTOKpUTEPiabHOI ONTHUMI3allii TOKa3HUKIB
IIPOYKTUBHOCTI i €EeKTUBHOCTI, 110 Hajlae MOXJIUBICTb MiBUILATH TSITOBO-€HEPreTUYHI IOKa3HUKU IIOPIiBHSHO 3

CEPINHOI0 MOJEJIIIO.

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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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOM: XapKiBChbKMil HAlliOHANTLHUI aBTOMOGITLHO-IOPOSKHii

yHiBepCUTET
Kopg 3a €IPIIOY: 02071168
Micue3HaxoaKeHHS: By SlpocnaBa Mygporo, 6yz. 25, XapkiB, XapkiBcekuil p-H., 61025, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. llleB4yenko Irop OnexcannpoBuy

2. Thor O. Shevchenko

KBasigikanis: x. 1. u., go., 05.05.11

InenTudikarop ORCHID ID: 0000-0002-1280-5290

JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMI 6iOTEXHOOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3HaxoaKeHHS: BYJI. AJTYeBCHKUX, Oy, 44, XapkiB, XapkiBcbkuil p-H., 61002, Ykpaina
dopma BiTacHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: [any3eBuil

Penensentu

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:
1. [lenunenko €sreH CepriioBuy

2. Eugene S. Pelipenko

KBasigikanis: k.r.u., nor,, 05.22.02
InenTudikarop ORCHID ID: 0000-0001-8988-791X
JoparkoBa iHdpopmamuist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHUI YHiBEpCUTET "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: y/1. Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. [lleBuoB Bagum MuxainioBuy



2. Vadim M. Shevtsov

KBasigikanis: . . 1., gow., 05.22.02

ImenTudikarop ORCHID ID: 0000-0002-5115-4398

JonaTkoBa iHdopmalist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micuesﬂaxo,rm(el-lﬂﬂ: ByJ1. Kupnnuoga, 6yz. 2, XapkiB, XapKiBcbkuil p-H., 61002, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pajgu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

roJIOBYIOYOrO Ha 3acCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisSIIBHOCTI

Pe6pos Osekciit FOpiitoBuy

Pe6pos Onexciit I0pifioBuy

TkauyoB Bsyecnas FOpiltoBuy

VKpIHTEI

FOpuenko Tetsna AHaTosiiBHA



