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(ramy3b 3HaHb 13 «MexaHiuHa iHXeHepisa»). — TaBpiliCbKUI Aep>KaBHUIM arpOTEXHOJIOTIYHUI YHIBEPCUTET iMEHi
JImutpa MotopHoro, 3anopixoks, 2026. Ha 0CHOBI aHasi3y CBiTOBOTO Ta BiTYM3HSIHOTO JOCBiZY, & TAKOXK PE3yJIbTaTiB
BJIACHHUX JOCJIi[I)K€Hb OOI'PYHTOBAHO N€PCIEKTUBHICTh BUKOPUCTAHHS TPUMALIMHHOTIO IIOCIBHOTO arperary Ha 6asi
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PE3yJbTaTi TEOPETUYHUX TOCIIIIPKEHb OTPUMAHO aHAJIITUYHI 3aJIEXXHOCTI, SIKi I03BOJISIIOTh OLIHUTY BIJIMB CXEMU Ta
KOHCTPYKTUBHUX IIapaMeTpiB TPUMALIMHHOTO [TI0CIBHOTO arperatry Ha MOXJIUBICTb 3[iiCHEHHS 06e3[1eYHOro
IIOBOPOTY 3 MiHiMaZIbHUM PafiiycoM. BcTaHOB/IEHO, 1110 30iIbIIEHHS JOBXUHY PUYIITHOTO IPUCTPOIO 60KOBOI
ciBasIKu 3a6e3reyye MOKJIMBICTh arperaTyBaHHs MallvH GiIbIIO] MIMPUHY 3aXBaTy 3a MEHIIOI BiZICTaHi MiX ixX
BHYTPIIIHIMU KOJIeCAaMU Ta PYIIisIMU TpakTopa. 36ibLIeHHS BiiCTaHi MK paMOI0 34ilKu i KOJIECOM TPAKTOPa
3MeHIIye HeoOXiHY BilcTaHb MK arperaToBaHMMHU MallHaMU, O4HAK [IPU3BOIUTH 10 HEOAKaHOTO 30iIbIIEeHHS
NO3[JOBXKHbOT'O rabapuTy arperary. JJoBeZieHo, 1110 30iybIIeHHs KoJlii TpakTropa 3 1,7 1o 2,5 M 03BOJIsIE€ iCTOTHO
3MEHIIMTU HeOOXiZHY BiZlCTaHb MK 60KOBUMH CiBajJIKaMM Ta TPAKTOPOM, OCOGJIMBO IIPY BUKOPUCTAHHI CiBaJIOK i3
IIMPYHOIO 3axBary 3,6 M. [y CiBaJIOK LIMPUHOIO 3aXBaTy 5,4 M MiATBEPIP)KEHO MOXJINBICTh BUKOPHUCTAHHS TPAKTOpa
3 [I0JIBOEHVMMU LIIMHAMU. YCTaHOBJIEHO, 1O 32 KyTa IOBOPOTY KEPOBAHUX KOJIiC TpaKTopa 24-30° IOKa3HUK
IIOBOPOTKOCTI arperarty nepebysae y mexax 13,9-23,7 M /pag, 10 Bif[I0Bifae MOro palioHaJIbHUM 3HAUYE€HHSIM i
3abe3nevyye BUKOHAHHS IOBOPOTY 3 MiHIMasIbHOIO TpaeKTopieto. TeopeTn4yHo 10BeLEHO, 10 3MEHIIEHHIO KyTa
YBO[Ly IIVH CIIpYsI€ 3HWXEHHS TUCKY IIOBITPS B HUX, a 30i7IbII€HHSI BifICTaHi MiXX LIeHTPaJbHOIO CiBaJIKOIO i MOCTOM
KEPOBAaHMX KOJIiC TaKOXK TO3UTHUBHO BIIJIMBAE HA CTiHKiCTh IOBOPOTY. BCcTaHOB/IEHO, 10 HAM6iIbII €(EKTUBHUN
pekUM MaHEBPYBaHHS JOCSITa€ThCS IIPU KyTi IOBOPOTY KEPOBAHUX KOJIiC r1oHaf, 11°. TTokazaHo, 1o 3i 36i1b1eHHIM
KyTa [I0BOPOTY 3pOCTae KoeillieHT KiHeMaTU4HOI HEBiATIOBITHOCTI IPUBOY TPAKTOPa, 0COOJIMBO 3a 3HAYEHDb MTOHAT,
15°. EKCiepuMEeHTaJIbHO MiATBEPI)KEHO HE3JIEXKHICTh BiicTaHi MK GOKOBOIO CiBaJIKOIO Ta TPAaKTOPOM Bifl KyTa
IIOBOPOTY K€POBAHUX KOJIiC Ha piBHi cTaTucTUYHOI 3HavymocTi 0,05. BcTaHOB/IEHO, 10 3i 36iIbIIEHHSIM IBUAKOCTI
IIOBOPOTY MaKCMMYM CIEKTPaJbHOI MiTbHOCTI KOJIMBAaHb 3MilllyeTbCs Y 6iK HUKYMX YACTOT, 110 MOSICHIOETHCS
IIPOSIBOM iHEPLiHUX BIacTUBOCTel cuctemu. OGIPYHTOBAHO, 1110 [IOBOPOT arperary AOLiIbHO BUKOHYBATU 3
MaKCHMaJIbHO MO>KJIMBOIO IIBUAKICTIO, sSIKa 0OMEXKY€EThCS JINLIE BUMOTaMU 0e3I1eKu. 3a MaKCUMasbHOTO KyTa
[IOBOPOTY IIBUIKICTh PyXY arperaty Ma€e CTaHOBUTHU OJIM3bKO 2,8 M /¢, a TOKa3HUK PEXUMY IIOBOPOTY — 6J113bKO 14
M/pag, 10 BiJ[IOBia€e palioHaIbHOMY [Hiana3oHy. TeopeTUYHMMHU PO3paxyHKaMu MiITBepIKEHO BUKOHAHHS YMOBU
«IIPaBUJIBHOTO» Ta 6€3I1€YHOr0 IIOBOPOTY arperary 3a pisHUX 3HaueHb KoeillieHTa OIopy KOUEeHHIO i TUCKY B
IIMHAaxX. BcTaHOB/IEHO, 10 arperaTyBaHHs TPAKTOPa i3 TPbOMA CiBaJKaMy BUKOHYETBCS IBOMA ME€XaHi3aTopaMu
npoTsrom 48 xBuiuH. JIj1s1 3a6e31e4eHHs BUCOKOi e(peKTUBHOCTI pOOOTU arperaty peKOMEeH0BaHO MiATPUMYBAaTH
KoedilieHT pob6ouux xofiB Ha piBHi 0,96-0,98, 110 103BoJIsSIE €PEKTUBHO BUKOPUCTOBYBATH arperary i3 mMyuprHOI0
3axBary 1o 16,2 M. EkcrilyaTayiiHO-TE€XHOJIOTIUHI JOCiIKEHHS [10Ka3aJIy, 1O IIPOAYKTUBHICT HOBOTO arperary 3a
roJJHy OCHOBHOTO 4acy nepeBulye 6a30Buii aHasor Ha 32,4 %, a 3MiHHa TpoAyKTUBHICTh — Ha 40,4 %. CepenHii
4yac MOBOPOTY CKOPOYYETLCS YTPUYi, @ MUTOMi BUTPATH NAJILHOTO 3MEHINYIOThCS Ha 21,6 %. EHepreTnyHui BIJIMB
arperaTy Ha I'PyHT CTaHOBUTSD Juie 22 KJK/Ta, 110 iCTOTHO MEHIlIe AOIyCTUMOTr0 3HaueHHs 75 KIIK /Ta, ToMy Horo
3aCTOCYBaHHS € €KOJIOTiYHO 6e3neyHuM. [IpakTuiyHe BUKOPUCTAaHHSI PO3PO6JIEHOTO TPMMALIMHHOTO I10CIBHOTO
arperarty 3a0e3neJdye 3MeHIIEeHHs1 BUTpAT Ipatii Ha 28,6 %, NIpSIMUX eKCIUTyaTaliiiHuX BUTpaT — Ha 3,5 %, IUTOMUX
iHBecTULiiHUX BUTPAT — Ha 14,1 %, cykynHux BuTpar — Ha 9,1 %. OuikyBaHUI! TEXHIKO-€eKOHOMIYHUM edeKT Bix oro
BIIPOBAJI)KEHHS CTAaHOBUTb He MeH1Ie 400 rpH Ha 1 ra nociBiB 03MMUX 3€PHOBUX KyJIbTyp. Ki1040Bi cioBa:
MOJYJIbHUM arperar, HalliBHaBiCHa 34iIlKa, IIp1YilHa ciBajka, I0BO-POT, pajiiyc IOBOPOTY, TOKA3HUK IIOBOPOTKOCTI,

KyT [TOBOPOTY KEPOBaHUX KOJIiC, IPO-AYKTUBHICTh pOOOTH.

2. Dissertation for the Doctor of Philosophy degree in Specialty 133 - Industrial Engineering (Field of Knowledge 13
- Mechanical Engineering). Dmytro Motornyi Tavria State Agrotechnological University, Zaporizhzhia, 2026. Based
on an analysis of international and domestic experience, as well as the author's own research, the dissertation
substantiates the feasibility of using a three-machine sowing unit based on a reversibly configured wheeled tractor
as an environmentally friendly solution for increasing sowing productivity and reducing energy consumption in
grain crop production. Theoretical studies resulted in analytical relationships describing the influence of the
layout and design parameters of the three-machine sowing unit on its ability to perform safe turning with a
minimum turning radius. It was established that increasing the length of the side seeder hitch makes it possible to
aggregate seeders with larger working widths while reducing the clearance between the tractor and the side
seeders. Increasing the distance between the hitch frame and the tractor wheel also decreases the required
clearance but leads to an undesirable increase in the overall longitudinal dimensions of the unit. The study proved



that increasing the tractor track width from 1.7 to 2.5 m significantly reduces the required clearance between the
tractor and the side seeders, especially when 3.6 m seed drills are used. For seeders with a working width of 5.4 m,
the possibility of using a tractor equipped with dual tires was theoretically justified. It was established that at
steering angles of 24-30°, the maneuverability index of the unit ranges from 13.9 to 23.7 m /rad, which falls within
the rational operating range and ensures turning along the shortest possible trajectory. Theoretical analysis
showed that reducing tire inflation pressure decreases the tire slip angle, while increasing the distance between
the central seeder and the tractor steering axle also improves turning stability. The most efficient turning mode is
achieved when the steering angle exceeds 11°. The research also demonstrated that the kinematic mismatch
coefficient of the tractor transmission increases with increasing steering angle, particularly above 15°.
Experimental investigations confirmed, at a significance level of 0.05, that fluctuations in the clearance between
the side seeder and the tractor are statistically independent of the steering angle. It was also established that
increasing the turning speed causes the peak of the oscillation spectral density to shift toward lower frequencies
due to the inertial properties of the machine-implement system. The study substantiated that the turning
maneuver should be performed at the highest speed permitted by operational safety. At the maximum steering
angle, the recommended turning speed is approximately 2.8 m /s, while the turning mode index reaches about 14
m/rad, corresponding to the recommended operating range. Theoretical calculations confirmed that the friction
force between the tractor tires and the soil remains sufficient to ensure stable and safe turning under different
rolling resistance coefficients and tire inflation pressures. The aggregation of the tractor with the hitch and three
seeders requires approximately 48 minutes and can be performed by two operators. To achieve high field
efficiency, the operating stroke coefficient should be maintained within 0.96-0.98, allowing effective utilization of
sowing units with an operating width of up to 16.2 m. Field and operational tests demonstrated that the
productivity of the proposed sowing unit exceeds that of the conventional unit by 32.4% in terms of effective
operating time and by 40.4% per work shift. The average turning time was reduced threefold, while specific fuel
consumption decreased by 21.6%. The energy impact on the soil was only 22 kJ /ha, which is significantly lower
than the permissible limit of 75 kJ /ha, confirming the environmental safety of the proposed design. Practical
implementation of the developed three-machine sowing unit makes it possible to reduce labor costs by 28.6%,
direct operating costs by 3.5%, specific investment costs by 14.1%, and total production costs by 9.1%. The
expected economic benefit from its application is at least UAH 400 per hectare of winter grain crops. Keywords:
three-machine sowing unit, machine-tractor unit, reversible tractor, sowing process, turning maneuver,
maneuverability, hitch mechanism, steering angle, tire slip angle, operational efficiency, energy consumption, field
performance, environmental safety.
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