O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0825U002892
Oco006J1uBi TO3HAYKH: BinKpura

Jata peectpamnii: 11-07-2025

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IlerpoB 'enHanit AHaToOMIOBNUY

2. Gennady Petrov

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniajIbHOCTI: 133

Ha3Ba HayKoBOIi cIeniaIbHOCTI: [any3eBe MaMHOGY 1yBaHHS

lanyss / ralesi 3HaHb. MexaHiyHa iHXKeHepisa

OcBiTHBO-HayKOBa Mporpama 3i CreniaJbHOCTI: ['any3eBe MalIMHOGYLyBaHHS

JaTa 3axucTy: 25-07-2025

CnenianbHICTB 32 OCBIiTOXO: 208 ArpoinxeHepis
Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpaBiiHHs:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYUEHOI pagH (pa30Boi CleliaJai30BaHOi BYE€HOI pazu). PhD 9577
IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: TaBpiiiChbKMIi iePKaBHUIA arPOTEXHOOTIYHMIA YHIBEPCUTET
imeni Imutpa MOTOPHOTO

Kog 3a €APIIOY: 00493698

Micneaﬂaxo,zm(emm: IpocCneKT bormana XMeapHULBKOTO, 18, MestiTonosb, MeliTonoabsCbKuil p-H., 72312,
Ykpaina

dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: TaBpiliChKUil lep>KaBHUI arpOTEXHOJIOTIYHUI YHiBEpCUTET

imeni Imutpa MOTOPHOTO

Kopg, 3a €IPITIOY: 00493698

Micuesnaxo,lpKeHHﬂ: NpocnekT borgaHa XMeapHULBKOTO, 18, MesiTonosbs, MeniTonoabCbKuil p-H., 72312,
Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga auceprTaliii: Vkpaincoka
Koau TeMaTHyHHUX PyOpHK: 55.03.14

Tema guceprarii:
1. O6rpyHTYBaHHS CX€MHU i KOHCTPYKTMBHUX [1APAMETPIiB OPHOTO arperary i3 poOHTAILHUM IJIYTOM 0€3 OIIOPHOTO

KoJieCca

2. Substantiation of a ploughing unit's scheme and design parameters with a front plough without a support wheel

Pedepar:

1. TTerpoB I''A. OGI'pyHTYBaHHS CX€MHU i KOHCTPYKTUBHUX [TapaMeTpPiB OPHOro arpe-rary i3 GpoHTaIbHUM ILIIyTOM 6€e3
OIOpPHOro KoJsieca. — KpasigikaliiHa HayKoBa IIpalls Ha IIpaBax pyKonucy. Jlucepraiis Ha 3000yTTsS HAyKOBOTO
CTYIEHIO OKTOpa ¢inocodii 3a creuianbHicTio 133 ['any3eBe MamMHOOYIyBaHHS (raay3b 3HaHb 13 MexaHiuHa
imxeHepis). TaBpilicbKuil Aep>KaBHUI arpoTeXHOJIONIYHUI YHiBepcuTeT iMeHi [ImuTpa MoTOpHOTrO, 3aopixks,
2025. [lucepraliiiiHe JOCJiI>)KeHHS IPUCBSY€HE OOIPYHTYBAHHIO CXeMU Ta KOHCTPYKTHUBHUX IIapaMeTpiB OPHOTO
MaIIMHHO-TPAKTOPHOTO arperary y ckiafi rpakropa cepii XT3-160 (XT3-16131), 3aaHboHaBiCHOTO cepiitHOro
yotupuxopirycHoro miyra [1JIH-4-35 i HoBoro )poOHTayIbHOTO IBOKOPIIYCHOI'O OPHOIO 3HapsAas mif mapkoo [TJTH-



2-35. OCco6IMBICTIO PPOHTANILHOTO IJIyTa € BUKOPUCTAHHS 6€3 OIIOPHOTO KoJieca, Ha BiIMiHy Bif] aHaJIOTiYHUX
3Hap4ab. AHa3 NIJISXIiB i TEHOEHIIIN 3aCTOCYBaHHS TaKUX OPHUX 3HAPSIb [IOKa3y€e HU3KY IepeBar. Y TEOPETUYHOMY
pO3aiJi gucepralii BCTAaHOBJIEHO, 10 CYMapHE AOBAaHTaKE€HHS NS IIepeJHbOro MOCTY TPAaKTOPa 3aJIEXKUTh Bif,
4OTHUPbOX NapaMeTpiB: 1) MIMpUHY 3aXBaTy OPHOro 3Hapanns B (m); 2) cunu Baru nnyra G (kH); 3) rimu6unu opanku h
(m); 4) koedinienta nutomoro onopy myra ki (kH-mno2). BctanosneHo, mo npu 36inpmenHi B y 3 pasu (3 0,75 1o 1,05
M) BEpPTHKaJIbHe HaBaHTaKE€HHsI Ha [lepeiHiil MicT 3pocTae B 1,6 pasa (3 3,46 1o 5,39 kH). OnTumanbHUM
KOHCTPYKTUBHUM pillleHHsIM BBaKaloTh B = 0,70 M. [1pu KyTi Haxuiy LeHTpanbHoi Taru [THM tpakTopa o = 15°, kyTi
HaXWJy HIDKHIX Tar 0 = 0°, rm6uHi opanku h = 0,25 m Ta koediuienTi ki = 55 kH-M0? BepTUKa/bHE JOBAaHTAKEHHS
nepenHix pywiiB craHoBUTh 6,43 KH. TeopeTuyHO BCTaHOBJIEHO, 1[0 30iIbIIEHHS KyTa HAaXWJy LIeHTPaJIbHOI TATU
[THM Ttpakropa (o) Ipy He3MiHHOMY KYTi HYDKHIX TAT (0) CYyTTEBO 36i/1blIye 3yCUiliis y 06MeXyBajJlbHOMY JaHory (Pd).
3okpema, nigsuieHHs 0 3 5° 1o 30° (y 6 pasi) nogsotoe Pd - 3i 10 1o 20 kH. KyT 0 Mae 6inbmnii BIJIMB HA CUJIX B
ueHTpasbHil (Pv) Ta HWKHIX (Pn) Tarax, HiX KyT 0. [Tpu npomy cunu y tsirax [THM 3nauno 6inbuii 3a cuiy Pd B
00ME>XyBaJIbHOMY JIQHIIOTY Ttyra. Ijis 3MeHIIeHHs IUX CUJl i 30epeskeHHs] HaJiliHOCTI KOHCTPYKLii
PEKOMEHYETHCSI MaKCUMAJIbHUM KyT HaxXWily 0 B Mexkax 25-30°. TTifBuIneHHs 0 ToHa7, Lieil Aiarna3oH NpU3BOLUTH [0
HaIMipHOTO 36i/bIIEeHHs BUCOTHU cTosiKa [THM, 110 yCcK1agHI0e KOHCTPYKLio. 3 iHINX KOHCTPYKTUBHUX NTapaMeTpiB,
110 BIUIMBAIOTh Ha PiBHOBAry IIyTa, yBary npuiiieHo: 1) BUCoOTi po3TrauryBaHHs paMu GpoHTasIbHOTO 1iyra he; 2)
IIO3[IOBXKHi1 KoOpAUHATI LeHTpy Mac C2; 3) no31oBXHil KoopauHaTi neHTpy onopy C3. MiHiManbHa Bucota he
00yMOBJIEHA BUCOTOIO KOPIIYCY IJIYTa, ii 36i1bL1yBaTH HE IOLJIBHO Y€PE3 3pOCTAaHHS rabapuTiB i Macu arperary.
[T0310BKHI KOOPMHATY LIEHTPIiB Mac i ONopy MaroTh 6YTH MiHIMAZIbHUMU JJ151 3SMEHIIEHHS JOBXUHM Iyra. 3i
301/IbIIIEHHSM YaCTOTU KoJiMBaHb Ns KoeQillieHT MifcuieHHs AuHaMIYHOI CUCTeMU 3MeHIIyeThesl. Lle ofHakoBo s
Macu nepegHboro mocty M Ha piBHi 5700 i 6300 kr. 36inbieHHs YacToTU 30ypeHHs 0 1o 20 co! IpUBOJLUTE 10
3HWKeHHs AYX y Bcix BapiaHTax x)opcTkocTi muH (C). [Ipy o = 2 co! ammityga smenmyetbes 3 19-10oo go 12-10o0 m/kH,
10 BiJI[IOBiia€e 3HMKEHHIO MincuneHHs Ha 36,8%. 3MiHa KoedinienTa nemndysanus muH Kut (1-3 kH-c /M)
IIPaKTUYHO He BIyMBae Ha AUX. QYX nokasyloTs, 1[0 y 4aCTOTHOMY Ziana3oHi 1o 4 co! pa30Bi 3cyBU AMHAMIYHOI
cuctemu 1y M = 5700 i 6300 xr maribke ineHTUYHi, CTaHOBATh 6513bKO 1,2° (0,02 pan), 1110 3a 4acoMm BiAmoBizae
0,005 ¢ - IpakKTUYHO MUTTEBA peaKLisl. 3MeHIIeHHs )XopcTKocTi muH (3 Ciu=400 go 250 kH /M) 36inbiye dpazoBuit
3CYB, pOOJISTYM peakliilo 6iybll NIJIaBHOIO Yepes 6isbiny nedopmaliiiiny 3gaTHicTs muHu. 3a Kim=3 kH-c/m OUX csrae
-0,9° (-0,016 pan), a npu Km=1«kH-c/m - 2,6° (0,046 pan). Pisuuis ¢asosux 3cysis Ha 0=10 co' ctaHoButs 1,7° (0,03
paz), Wo Bianosigae pisHuLi 3anisHeHHs peakuii 0,003 ¢. BykcyBaHHS pyliiB TpakTopa 3 (PPOHTAJIbHUM ILTIyTOM 3
OTIOPHUM KOJIeCOM CcTaHOBMIIO 13,8%, 6e3 onopHoro koseca - 12,0% (1a 13% meHiue). Lle go3BomII0 36i1bMNATH
HIBUJIKICTb po6oyoro pyxy 3 7,92 no 8,50 km /rog, (+7,3%). ButpaTtu nasnpHoro 3Hu3unuc 3 16,3 go 13,8 1/ra
(mpuba13HO Ha 15%). TTokpalleHHs! KEPOBAHOCTI MiATBEPAKEHO 3MEHIIEHHSIM KOJIMBaHb TPAEKTOPii 60po3HU —
CIIEKTP KOJIMBaHb CTaB BY)KYMM Y arperari 6e3 ornopHoro kKoseca. [lIBuakicts pyxy 3pocsa Ha 7,4% (8,7 kM /To,
npotu 8,1 km/ron), koedillieHT pobounx xoais niasumyscs 3 0,86 no 0,89, a KoedilieHT BUKOPUCTAaHHS Yacy 3MiHU
-3 0,85 1o 0,87. OcHOBHA NPOJYKTUBHICTb 3pOciia Ha 7%, NPOYKTUBHICTb 3a 1 ronuHy 3MiHHOTrO yacy — Ha 10%, a
IIMTOMI BUTPATH NAJIbHOTO 3MEHIMIINCH Ha 17,7%. 3acTOCyBaHHS! KOHCTPYKTUBHOTO PillleHHSI — BUIAJIEHHS
OTIOPHOTO KoJieca Y GPPOHTATILHOMY I1JIy3i — JO3BOJIMJIO 3HU3WUTHU: BUTpaTy npani — Ha 14,8%; npsimi BuTparTu — Ha
17,2%; nuToMi iHBeCTULIiMHI BUTpaTU — Ha 24,7%; CyKyNHi BUTpaTu — Ha 17,2%. TexHiKo-eKOHOMIUHNI1 eeKT
OLIiHEHO y He MeHIIe HixX 211,5 rpH Ha 1 ra 06po6J1eHoi n1omi.

2. Petrov G.A. Substantiation of a ploughing unit's scheme and design parameters with a front plough without a
support wheel. — Qualification of Scientific Work in the Form of a Manuscript. Dissertation for the Doctor of
Philosophy degree in the speciality 133 - Industrial Engineering (Field of Knowledge 13 - Mechanical Engineering).
Dmytro Motornyi Tavria State Agrotechnological University, Zaporizhzhia, 2025. The dissertation is devoted to
substantiation of the design and parameters of a ploughing machine-tractor unit (MTU) consisting of KhTZ-16131
tractor, rear PLN-4-35 plough and a new front two-hull plough PLN-2-35 without a support wheel. The novelty
lies in applying the front plough without a support wheel, which provides technical and economic benefits.
Analysis confirmed several key advantages: additional vertical load on the tractor’s front axle, created by the
vertical traction resistance of the front plough, increases tractive effort, reduces slippage of the front wheels,



lowers fuel consumption, and boosts productivity. Less slippage results in higher working speeds and smoother
movement, while also enhancing controllability. Theoretical calculations showed that vertical load Ns on the front
axle depends on four parameters: plough width B, plough weight G, ploughing depth h, and specific resistance
coefficient kni. Tripling B increases Ns by 1.6 times. In practice, with B=0.70 m, h=0.25 m, 0=15°, 0=0°, and k=55
kN-m-2, the vertical load reaches about 6.43 kN. Increasing h or ki has smaller effects: 1.5x increase in h raises Ns
by 13%, while 18% increase in km raises Ns by just 6%. The inclination angle o of the central link significantly affects
force distribution. Increasing o from 5° to 30° doubles the force Pd in the limiting chain, while reducing forces in
the tractor’s linkage (Pv and Pn). Excessive o is limited by the structural height of the front linkage; optimal range is
0=25-30°, where forces remain reasonable (=40 kN in links and <20 kN in limiting chain). Important design
parameters also include frame height hc, and longitudinal coordinates of the center of mass (C2) and center of
resistance (C3). Lower hc helps avoid excessive dimensions and weight; smaller C2 and C3 keep the tool compact
and reduce inertia. A mathematical model was developed to analyze vertical oscillations caused by two
disturbances: variations in vertical load Ns and field surface irregularities. Frequency response analysis shows that
higher disturbance frequencies decrease amplification by the system, largely independent of tractor mass M
(5700-6300 kg). Lower tyre stiffness Cur increases phase shift, slightly delaying system response and smoothing
oscillations, while damping coefficient Kur (1-3 kN-s /m) has minor effect. Experimental data confirmed that
removing the support wheel does not significantly affect average ploughing depth (difference 0.50 cm <
LSD05=0.81 cm). Variance of depth fluctuations was reduced (F=1.69>1.39), improving stability. Working width
remained similar (difference 0.8 cm < LSD05=1.2 cm). Reduced slippage from 13.8% to 12.0% increased working
speed from 7.92 to 8.50 km /h (+7.3%). Fuel consumption dropped from 16.3 to 13.8 1 /ha (=15%). Improved
controllability narrowed furrow trajectory fluctuations, demonstrating steadier operation. Operational analysis
showed higher working speed (+7.4%), greater coefficient of working strokes (0.89 vs. 0.86), and improved change
time utilization (0.87 vs. 0.85). Net productivity rose by 7%, shift productivity by 10%, and specific fuel consumption
decreased by 17.7%. Economic analysis indicates tangible savings: labour costs reduced by 14.8%, direct costs by
17.2%, specific investment costs by 24.7%, and total costs by 17.2%. The technical and economic effect reaches at
least 211.5 UAH per hectare. In summary, applying a front plough without a support wheel improves traction,
reduces slippage, increases operational stability and productivity, and lowers fuel and production costs. The
developed mathematical models and experimental verification provide solid justification for implementing this
solution in agricultural practice.
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