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1. MeTa po60TH - HifgBUILEeHHS €(PEKTUBHOCTI IPOLECY CiBOM HACIHHS KYJIPTYPHUX POCJIVH LUIJIIXOM yIOCKOHAJIEHHS
KOHCTPYKLi# €JIEMEHTIB CUCTEMU T1OJa4i HACIHHA THEBMATUYHOI 3€PHOBOI CiBaJIKU TOYHOI'O BUCIBY i3
OOI'PYHTOBAaHUMU KOHCTPYKTUBHO-TEXHOJIOTTYHUMY NTapaMeTpamy, 110 3a6e31e4yoTh TOYHUH BUCIB, Ta
KOHCTPYKIIIHMMU MaTepianamu, gKi 00yMOBJIIOIOTh MiJIBULIEHUI pecypc ix ekciutyartauii. O6'eKT gOCTiIpKeHHs ~
TEXHOJIOTYHU MIPOLEC B3AEMO/I]I €/IEMEHTIB CUCTEMU T10[1a4i HACIHHS ITHEBMATUYHOI 3€pPHOBOI CiBaJIKM TOYHOTO
BUCIBY i3 HAaCiHHSIM KyJIbTYPHUX POCJVH. [IpegmeT JOoCliIpKeHb — 3aJI€KHICTb IOKA3HMKIB SIKOCTi BUCIBY 1 pecypcy
eKCIlyaTalii Bij BIaCTUBOCTEN KOHCTPYKLIMHMX MaTepiasiB Ta KOHCTPYKTUBHO-TEXHOJIOTIYHUX IIapaMeTPiB
€JIEMEHTIB CUCTEMU IT0JAYl HACIHHA THEBMATUYHOI 36 PHOBOI CiBaJIKi TOYHOT'O BUCIBY Y BiZI[TOBiZHOCTI i3
TEXHOJIOTIYHUMU BUMOTraMu. MeTonu nociifikeHb. TeopeTuyHi focigKeHHs 6yJiv CIIpsSIMOBaHi Ha BUBYEHHS

3aKOHOMipHOCTE! B3a€MO/Iii POOOYMX €JIEMEHTIB CCTEMU T0/1a4di HACiHHSI THEBMATUYHOI 36PHOBO] CiBaJIK1



TOYHOT'O BUCIBY 3 HACIHHSIM 32 JJOIIOMOTIOI0 METO/IiB CUCTEMHOTI'O aHaJli3y, TEOPETUYHOI MEXAHIKH, MEXaHIK1
CYLIiJIPHOTO CEpPeJoBUILA, a TAKOXK IHCTPYMEHTIB iHTerpaipHuX i qudepeHuiaJbHUX 009NCIeHb Ta YUCEIBHOTO
MOJeJIIOBaHHS B IpOrpaMHOMY cepenosuuli Simcenter Star-CCM+. ExcriepyumeHTasnpHi JOCTiIPKeHHs iependadyanu
3aCTOCYBAHHS SIK CTaH/IAPTHUX, TaK i CHeliaJbHO PO3PO6I€HUX METOIUK, 3 BUKOPUCTAaHHIM Qi3UYHUX Mozesel i
IOCJIiAHNX 3Pa3KiB pOOOYMX €JIeMEHTIB, IPUJIA/liB Ta 06agHaHHS. EXClIepUMEHTH IPOBOANIINCS SIK B 1a60PATOPii,
TaK i B yMOBax BUpPOOHUIITBA, 3 3aCTOCYBAaHHSIM METOIMKY IJIaHyBaHHS 6ararodakTopHUX ekcriepuMeHTiB. O6podka
OTPMMAaHUX IAHUX BUKOHYBAJACs 32 JOIIOMOT0I0 CTATUCTUYHUX METOIiB UCIEePCiliHOrO i perpeciiiHoro aHamisis Ta
nporpamHoro 3a6esneyeHHss Wolfram Cloud i Microsoft Excel. HaykoBa HOBU3HA Olep>KaHUX Pe3yJIbTaTiB. Yiepliue: o
OTpUMaHi aHaIiTHYHI i eMIipuyYHi 3aKOHOMIPHOCTI Y BUTJISAIi PiBHSIHb perpecii pyroro Nopsiiky B3a€MO3B'sI3KY
BiZJHOIIEHH4 IIJIOWIi BUIIYCKHUX OTBOPIB [10 IJIOLi BXOAY Ha CIIOBiJIbHIOBAaYi HACiHHS Y OCKOHAJIEHOI BUCIBHOI CEKIIii
[THEBMATUYHOI CiBaJIK1, MIBUAKOCTI ii mepeMillleHH, BUAKOCTI IIOTOKY IOBITPS 1 HOPMU BUCIBY, 110 JO3BOJISIE
IOCATTY MaKCHMMaJIbHOI TOYHOCTI BUCIBY i MiHiMaJIpHOI MIBUIKOCTI HACIHHS HA BUXOZ] 3 BUCIBHOTO 6aIimMaka; o
OTPUMaHi aHaJIiTUYHI 3aJIE>KHOCTI BIVIMBY KOHCTPYKTMBHUX ITapaMeTpiB 3aCIIOKO0Baya HaciHHA i3 npodinem
napa6osiuyHoi popmu (TOBIIMHA, KYT HAXUJTY, BUCOTA PO3MillleHHSs 3aCIIOKO0BAYa, BUCOTA IT'ITH i BilCTaHb ii
po3MileHHs, KoopAauHaTta (pokyca napabosnm) yJoCKOHaIeHOi BUCIBHOI CeK1lii THEBMAaTUYHOI 3€pHOBOI CiBaJIKM Ha
HaIpyKeHHs i 3HaueHHs KoedilieHTa 3anacy Horo MillHOCTI, a TaKOXX KIHEMAaTUKY PyXy HAaCiHMHU IIiCJIsl BUIBOTY ii 3
BUCIBHOTO 6animMaka i B3aeMofiii i3 THOM 60po3eHKH i 3acrnokoroBayem; OTpUMasIU NMOoJaabIIui pO3BUTOK: O (Pi3UKO-
MaTeMaTW4HMII anlapaT pyxy HaCiHUH, SIK AUCKPETHUX €JIEMEHTIB Ha OCHOBI IIPYKHO-JeMI(pepHOi KOHTAKTHOI
mogeni 'epua-MiHiHa, B yIOCKOHAJIEHIN cUCTeMi TOfavi HACiHHS THEBMATUYHOI CiBaJIKY, SIKUM [TOKJIAIEHO B
OCHOBY METOIVKHU YMCEJIbHOTO MOJIE/IIOBAHHS NIPOLIECY TOYHOTO BUCIBY B IPOrpaMHOMY nakeTi Simcenter STAR-
CCM+. [IpakT4HE 3HaYEHHS OJI€P>)KaHMX PEe3yJIbTaTiB. YI0CKOHAIEHY THEBMATUYHY ciBasiky John Deere 1890
BIpoBazpKeHo y 11 «ApxaHresbcbKe». Pe3yibTaTy BUMIpIOBaHb IOKA3yIOTh, 10 TOYHICTb BUCIBY yIOCKOHAIEHOI
ITHeBMaTH4HOI 3epHOBOi ciBasiku John Deere 1890 (i3 BCTaHOBJIEHUM CIIOBiJIbHIOBaYeM i yIOCKOHaJIEHUM
3acIoKoloBadeM HacinHs) Buia (92,1-95,2 %), Hixx 6azosa (82,1-87,3 %). PesysnbTaTi HAyKOBO-TEXHIUHOI poOOTH, ¥
BUIJISZi TEXHIYHOI I KOHCTPYKTOPCHKOI JOKYMEHTALlii Ha JOCIiAHNI 3pa30K CIIOBLIbHIOBAYa HACIHHSA CUCTEMU
10Ja4i HAaCiHHS MHEeBMATHUYHOI 3€pHOBOI ciBasku John Deere 90 Series, npuitHari Ha TOB «ArpoTek-IHBecT».
KoHcTpykiiis 3acriokoroBava HaciHHs NpuiiHaTa i BripoBagkeHa Ha TOB «HBIT» COI03-KOMITO3UT». Po3pobaeHi
CTEHU JJ1s1 [OCiIPKEeHb 3yCUJIJISL KPYYEHHS i 3TMHY, METOIMKY MOJIeJIIOBAHHS IIPOLeCy BUCIBY HaCiHHS BUCIBHOIO
CEKIi€l0 THEBMATUYHOI 3€PHOBOI CiBanKy BIpOBaaKeHi B 0cBiTHI KomnoHeHTH OIIIT «Arpoinkenepis» i OHII
«T'any3eBe MamIMHOOYIyBaHH» IJ1s1 CTYAEHTIB Ipyroro (MaricTepcbkoro) i TpeTboro (OCBiTHbO-HAYKOBOI'0) OCBITHIX
piBHiB Buo0i ocBiTu JJAEY.

2. Purpose of the work - to improve the efficiency of the seed sowing process for cultivated plants by optimizing
the design of elements in the seed feeding system of a pneumatic precision seeder, with justified structural and
technological parameters that ensure accurate sowing, and using structural materials that provide an extended
service life. Object of research - the technological process of interaction between the elements of the seed feeding
system of a pneumatic precision seeder and the seeds of cultivated plants. Subject of research - the dependence of
the sowing quality indicators and service life on the properties of structural materials and the structural-
technological parameters of the seed feeding system elements of a pneumatic precision seeder in accordance with
technological requirements. Research methods. Theoretical research focused on studying the patterns of
interaction between the working elements of the seed feeding system of a pneumatic precision seeder and the
seeds using methods of systems analysis, theoretical mechanics, continuum mechanics, as well as tools of integral
and differential calculus and numerical modeling in the Simcenter Star-CCM+ software environment. Experimental
research involved the application of both standard and specially developed methodologies, using physical models
and prototypes of working elements, instruments, and equipment. Experiments were conducted both in the
laboratory and in production settings, employing multi-factor experimental design methodologies. Data
processing was carried out using statistical methods of variance and regression analysis, along with Wolfram Cloud
and Microsoft Excel software. Scientific novelty of the obtained results. For the first time: o Analytical and
experimental dependencies in the form of second-order regression equations were obtained, showing the



relationship between the ratio of the outlet area to the inlet area on the seed decelerator of the improved seeding
section of the pneumatic seeder, its movement speed, air flow rate, and seeding rate, which allows for achieving
maximum sowing accuracy and minimal seed speed at the exit from the seeding shoe. o Analytical dependencies
were derived regarding the influence of the structural parameters of the seed decelerator with a parabolic-shaped
profile (thickness, inclination angle, placement height of the decelerator, heel height and its placement distance,
and the focus coordinate of the parabola) in the improved seeding section of the pneumatic seeder on the stress
and safety factor, as well as the kinematics of seed movement after exiting the seeding shoe and its interaction
with the furrow bottom and decelerator. Further developed: o The physical and mathematical framework for seed
movement as discrete elements, based on the Hertz-Mindlin elastic-damping contact model, in the improved seed
feeding system of the pneumatic seeder, which forms the basis of the numerical modeling methodology for
precision sowing in the Simcenter STAR-CCM+ software package. Practical significance of the obtained results.
The improved John Deere 1890 pneumatic seeder has been implemented at PP «Arkhangelske». Measurement
results indicate that the precision of sowing with the improved John Deere 1890 pneumatic seeder (with the
installed seed brake and enhanced seed bounce flap) is higher (92.1-95.2 %) compared to the base model (82.1-87.3
%). The scientific and technical results, in the form of technical and design documentation for a prototype seed
brake for the John Deere 90 Series pneumatic seeder’s seed feeding system, have been accepted by LLC «Agrotek-
Invest». The design of the seed bounce flap has been adopted and implemented at LLC «NVP SOYUZ-KOMPOZIT».
Developed testing stands for torsion and bending force research, along with sowing process modeling
methodologies for the pneumatic seeder's sowing section, have been incorporated into the educational
components of the «Agroengineering» and «Industrial engineering» programs for second (master's) and third
(doctoral) educational levels at DDAEU.
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