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2025. JucepraliiiHe qOCJiI>)K€HHS IPUCBSY€HE OOIPYHTYBAHHIO CXEMU Ta KOHCTPYKTHMBHUX IIapaMeTPiB OPHOTO
MalIMHHO-TPAaKTOPHOTO arperary y ckjafi Tpakropa cepii XT3-160 (XT3-16131), 3a4Hp0HaBICHOTO CepiiftHOro
yotupukopitycHoro niuyra [1JIH-4-35 i HoBoro ()poHTasIbHOTO IBOKOPITYCHOI'O OPHOIO 3HapsAas mig mapkoo [TJTH-
2-35. Oco61BiCTIO GPOHTATILHOTO IJIyTa € BUKOPUCTAHHS 06€3 OIIOPHOTO KOJIeca, Ha BiflMiHy Bifi aHAJIOTiYHUX
3HApsAb. AHAJII3 WIJISXIB i TEHAEHIIIN 3aCTOCYBAHHS TaKUX OPHUX 3HAPSAb [I0KA3y€e HMU3KY I1epeBar. Y TEOPETUYHOMY
PO3AiJi gucepTalii BCTAaHOBJIEHO, 10 CYMapHE JOBAaHTaKE€HHS NS IepeHbOr0 MOCTY TPAKTOPa 3aJI€KUTh Bif,
YOTHUPbOX NapameTpiB: 1) MIMPpUHY 3aXBaTy OPHOro 3Hapsanns B (m); 2) cunu Baru nnyra G (kH); 3) rimu6unu opanku h
(m); 4) xoedinienta nutomoro onopy myra ki (kH-mno?). BctanosneHo, mo npu 36inbmenHi B y 3 pasu (3 0,75 1o 1,05
M) BepTUKaJIbHE HaBaHTa)KeHHS Ha repenHill Mict 3pocTae B 1,6 pasa (3 3,46 o 5,39 kH). OnTumanbHuM
KOHCTPYKTUBHUM pillleHHsIM BBaKatoTh B = 0,70 m. IIpu KyTi Haxuiy uentpasnsHoi Taru I[THM Tpakropa o = 15°, KyTi
HaXWJy HIDKHIX Tar 0 = 0°, rn6uHi opanku h = 0,25 M Ta koediuienTi ki = 55 kH-Mn? BepTUKa/bHE JOBAHTAKEHHS
nepenHix pyuiiB cTaHoBUTS 6,43 KH. TeopeTuyHO BCTAaHOBJIEHO, IO 30i/bIIEHHS KyTa HAXWJy LeHTPaJbHOI TSIru
[THM TtpakTopa (o) Ipy He3MiHHOMY KYTi HVDKHIX TST (0) CYyTTEBO 361/1blIye 3ycuiliis y 06MeKyBajlbHOMY JaHIory (Pd).
3okpema, nigsuineHHs 0 3 5° 1o 30° (y 6 pasis) nogsoroe Pd - 3i 10 no 20 kH. KyT 0 Mae 6isbIInii BIIJIMB HA CUJIM B
ueHTpasbHil (Pv) Ta HKHIX (Pn) Tarax, HiX KyT 0. [Tpu npomy cuinu y Tsirax [THM 3nauHo 6inbuii 3a cuity Pd B
00ME>XKyBaJIbHOMY JIQHIIOTY TTyra. Ijis 3MeHIIeHHS IUX CUJI i 30epeskeHHs] HaJiliHOCTI KOHCTPYKLii
PEKOMEHYEThCSI MaKCMMaJIbHUI KyT Haxuily 0 B Mexxax 25-30°. [TinpuieHHs 0 IOHA[, el Aiarna3oH NpU3BOAUTb 1O
HagMipHOTo 36i/blIEHHS BUCOTHU cTosiKa [THM, 1m0 yCcKIagHIOe KOHCTPYKLiO. 3 iHINX KOHCTPYKTUBHUX [TapaMeTpiB,
10 BIIJIMBAIOTh Ha PiBHOBAry IJIyra, yBary npuiseHo: 1) BUcoTi posraumyBaHHs pamu GpOHTaIbHOrO 11yra he; 2)
[IO3[IOBXKHI1 KOOpAUHATI LeHTpy Mac C2; 3) no310oBXHil KoopauHaTi neHTpy onopy C3. MiHiMmanbHa BucoTa he
00yMOBJIEHA BUCOTOIO KOPIIYCY IJIYTa, ii 36i1b11yBaTH HE [OLiJIbHO YePE3 3pOCTaHHs rabapuTiB i Macy arperary.
[T0310BKHI KOOPAMHATY LIEHTPIiB Mac i 0Nopy MaloTh 6YTH MiHIMaZIbHUMU JJ151 3SMEHIIEHHS JOBXUHMU Iyra. 3i
301IbIIIEHHSM YaCTOTU KoJiMBaHb Ns KoedillieHT mifcuieHHs JuHaMIYHOI CUCTeMU 3MEHIIYeThCs. Lle ofHaKoBO s
Macu nepegHboro mocty M Ha piBHi 5700 i 6300 kr. 36inbieHHs yacToTy 30ypeHHs 0 1o 20 co! IpUBOLUTH 10
3HKeHHs AYX y Bcix BapiaHTax x)opcTkocTi muH (Cu). [Tpu o = 2 co! ammityga smenmyetbes 3 19-10o0 go 12-10o0 m/kH,
110 Bi/ITIOBiflae 3HWKEHHIO NificuIeHHs Ha 36,8%. 3Mmina koediuienTta gemndysanns muH K (1-3 kH-c /M)
IIPaKTUYHO He BIMBae Ha AUX. OUYX nokasyloTs, 1[0 Y 4aCTOTHOMY Ziana3oHi 1o 4 co! $pa30Bi 3cyBu AyMHAMIYHOI
cuctemu 1y M = 5700 i 6300 xr maiike ineHTUYHi, CTAaHOBATh 6513bKO 1,2° (0,02 pan), 1110 3a 4acoMm BiAmnoBinae
0,005 ¢ - IpakTUYHO MUTTEBA peaKLisl. 3MeHIIeHHs )XopcTKOCTi muH (3 Ci=400 o 250 kH /M) 36inbirye pazoBuit
3CYB, pOOJISTYM peakliiio 6iybIl NJIaBHOIO Yepe3 6isbiny nedopmaniiny 3gatHicTs muHy. 3a Km=3 kH-c /M OUX csrae
-0,9° (-0,016 pan), a npu Km=1«H-c/m - 2,6° (0,046 pan). Pisuuis ¢pasoBux 3cysis Ha 0=10 co' ctaHoButs 1,7° (0,03
paz), mo Bianosifae pisHui 3anisHeHHs peakuii 0,003 c. BykcyBaHHS pylliiB TpakTopa 3 PPOHTAJIbHUM ILJIyTOM 3
OTIOPHUM KOJIeCOM CcTaHOBMIIO 13,8%, 6e3 oniopHoro koseca - 12,0% (1a 13% meHiue). Lle 7o3BoMIIO 36i1bIINATH
IIBUJIKICTb Po6oyoro pyxy 3 7,92 no 8,50 km /rog (+7,3%). BurpaTtu nasnpHoro 3Hu3unucs 3 16,3 o 13,8 1/ra
(mpuba13HO Ha 15%). TTokpaleHHs: KEPOBaHOCTI MiTBEPAKEHO 3MEHIIEHHSIM KOJIMBaHb TPA€KTOPii 60po3HU —
CIIEKTP KOJIMBaHb CTaB BY)KYMM Y arperari 6e3 onopHoro koJeca. [lIBugKicTs pyxy 3pocsa Ha 7,4% (8,7 km /rof,
npotu 8,1 km/ron), koediLieHT pobouynx xoais niasumuscs 3 0,86 no 0,89, a koedilieHT BUKOPUCTAaHHS Yacy 3MiHU
-3 0,85 1o 0,87. OcHOBHA NPOJYKTHUBHICTb 3pOciia Ha 7%, IPOJYKTUBHICTb 3a 1 ronuHy 3MiHHOTrO yacy — Ha 10%, a
IIMTOMIi BUTPATHU NaJIbHOIO 3MEHIIWINCH Ha 17,7%. 3aCTOCYBaHHS KOHCTPYKTUBHOIO PilleHHS] — BUJAJIEHHS
OINIOPHOTO KoJieca y PPOHTANLHOMY IJTy3i — JO3BOJIMJIO 3HU3UTU: BUTPATH Npali — Ha 14,8%; npsmi BUTpaTu - Ha
17,2%; nuToMi iHBeCTULIiMHI BUTpaTU — Ha 24,7%; CyKyNHi BUTpaTu — Ha 17,2%. TexHiKo-eKOHOMIUHNIT ePeKT
OlIiHEHO y He MeHIe HixX 211,5 rpH Ha 1 ra 06po6J1eHOi nJ1oMi.

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 km. 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 ko 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 0o 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 Cm increases phase shift, slightly delaying system response and smoothing
oscillations, while damping coefficient Ku (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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