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1. MeTa po6oTu - nifgBuiieHHs: epeKTUBHOCTI POoLeCy CiBO6M HACIHHS KYJIPTYPHUX POCJIVH LUIJISIXOM yIOCKOHAaJIEHHS
KOHCTPYKLi# €JIEMEHTIB CUCTEMU I10J1a4i HACIHHS THEBMATUYHOI 3€PHOBOI CiBaJIKM TOYHOT'O BUCIBY i3
OOI'PYHTOBAaHMMU KOHCTPYKTMBHO-TEXHOJIOTIYHUMY NTapaMeTpamy, 110 3a6e3Me4Yy0Th TOYHUI BUCIB, Ta
KOHCTPYKLIMTHUMU MaTepianamu, ki 06yMOBJIIOIOTh MiIBULIEHU pecypc iX ekcruryaranii. O6'eKT JOCTiIKeHHS ~
TEXHOJIOTIYHUI IPOLeC B3aEMO/il €JIeMEeHTIB CUCTEeMU T1071avi HACiHHS THEBMATUYHOI 3€PHOBOI CiBaJIKu TOYHOTO
BHUCIBY i3 HaCiHHSIM KyJIbTYPHUX POCJUH. [IpegMeT IoCigKeHb — 3aJIEXKHICTh [IOKa3HUKIB IKOCTi BUCIBY i pecypcy

eKCIyaTanii Bify BIaCTUBOCTEN KOHCTPYKLIMHMX MaTepiajiB Ta KOHCTPYKTUBHO-TEXHOJIOTIYHUX TIapaMeTpiB



€JIEMEHTIB CUCTEMU IOAAYl HACIHHA THEBMATUYHOI 36 PHOBOI CiBaJIKi TOYHOT'O BUCIBY Y BiZI[TOBiZHOCTI i3
TEeXHOJIOTIYHUMU BUMOTramMu. MeTonu JociikeHs. TeopeTuyHi JoCiIKeHHs O0yJiv CIIpsSIMOBaHi Ha BUBYEHHS
3aKOHOMipHOCTe! B3aeMO/Iii pOOOYMX €JIEMEeHTIB CUCTEMU T10/1a4ui HACiHHSI THEBMAaTUYHOI 3epPHOBO] CiBajIK1
TOYHOTO BMCIBY 3 HACIHHAM 3a JJOITIOMOI0I0 METOAIB CUCTEMHOI'O aHaJIi3y, TEOPETUYHOI MEXaHIKM, MEXaHIKM
CYLiJILHOTO CEepellOBUILA, @ TAKOXK iIHCTPYMEHTIB iHTerpasbHUX i Au(epeHIialbHuX OOYMCIEHb Ta YUCEIbHOTO
MOZIeJIIOBaHHS B IpPOrpaMHOMY cepenoBuii Simcenter Star-CCM+. ExcriepruMeHTabHi JOCTiIKeHHs [lepeabdadanu
3aCTOCYBaHHS K CTaHJAPTHHUX, TaK i CIIELiaJIbHO PO3PO06JIEHUX METOMUK, 3 BUKOPUCTAHHIM (i3UuHUX Mogeel i
IOCJIiAHNX 3pa3KiB pOOOYMX €JIeMEHTIB, IPUIA/liB Ta 061afHaHHS. EXClIepUMEHTH IPOBOANIINCS SIK B 1a60PaTOPii,
TaK i B yMOBax BUPOOHMUIITBA, 3 3aCTOCYBAHHSIM METOIUKY IIJIaHyBaHHS 6araTrodakToOpHUX ekcriepuMeHTiB. O6pobKa
OTPMMAaHMX JAHNX BUKOHYBAJaCs 3a JOIIOMOIOK CTAaTUCTUYHUX METO/IIB JUCIIEPCIMHOTO i perpeciiHoro aHasisis Ta
nporpamHoro 3a6esneyeHHss Wolfram Cloud i Microsoft Excel. HaykoBa HOBU3HA OJlep>KaHUX Pe3yJIbTaTiB. Yiepliue: o
OTPMMaHi aHaJIITUYHI i eMNipHUYHi 3aKOHOMIPHOCTI y BUTJISi PiBHSIHB perpecii Ipyroro nNopsKy B3a€MO3B'SI3Ky
BiZJHOIIEHH4 IIJIOWIi BUIIYCKHUX OTBOPIB [10 IJIOIi BXOAY Ha CIIOBiJIbHIOBAYi HACiHHS Y OCKOHAJIEHOI BUCIBHOI CEKIIil
[THEBMATUYHOI CiBaJIKU, MIBUAKOCTI ii MepeMillleHHs, WBUAKOCTI IIOTOKY IOBITPS 1 HOPMU BUCIBY, 110 JO3BOJISIE
IIOCSTTY MaKCHMaJIbHOI TOYHOCTI BUCIiBY i MiHiMa/IbHOI MIBUAKOCTI HACiHHS Ha BUXO/Ii 3 BUCIBHOTO 6alMaka; o
OTPUMaHi aHaJIiTHYHI 3aJIe>KHOCTI BIVIMBY KOHCTPYKTUBHUX ITapaMeTpiB 3aCIIOKOI0Bavya HACiHHA i3 npodinem
napa6osiyHoi popmu (TOBIIMHA, KYT HAXUJTY, BUCOTA PO3MillleHHSs 3aCIIOKO0BaYa, BUCOTA IT'STH i BiflCTaHb ii
PO3MillleHHs1, KoopAuHaTa (oKyca 11apabosiv) ygoCKOHaJIeHOI BUCIBHOI CeKLii THEBMAaTUYHOI 3€PHOBOI CiBajIKu Ha
HaIpY>KeHH4 i 3HaueHHs KoeillieHTa 3arnacy Horo MilJHOCTI, @ TAKOXK KiIHEMATUKY pyXy HaCiHMHU MiCJIsl BUJIBOTY ii 3
BUCIBHOTO 6animaka i B3aeMOoIii i3 THOM 60pO3€eHKH i 3acrnokoroBayem; OTpUMaIN MOJANbIINN PO3BUTOK: O (Hi3UKO-
MaTeMaTU4YHUH anapar pyxy HaCiHUH, SK IUCKPETHUX €JIEMEHTIB Ha OCHOBI IPY>KHO-AEMII(PEPHOI KOHTAKTHOI
mogedi 'epua-MiHliHa, B yIOCKOHAJIEHIN cuCcTeMi Tofavi HACiHHS THEBMATUYHOI CiBaJIKy, SIKMY MTOKJIAIEHO B
OCHOBY METOIVKHU YMCEJIbBHOTO MOJIE€/II0OBAaHHS NIPOLIECY TOYHOTO BUCIBY B IPOrpaMHOMY nakeTi Simcenter STAR-
CCM+. IlpakTryHe 3HaY€HHS OJep>KaHuX pe3yJbTaTiB. YIOCKOHaIeHy THeBMaTUuHy ciBasiky John Deere 1890
BIpoBamkeHo y I1I1 «ApxaHresbcbKe», Pe3ysibTaTy BUMiPIOBaHb [TOKA3YIOTh, 1[0 TOUYHICTb BUCIBY YZIJOCKOHAIEHOI
ITHEBMATHYHOI 3epHOBOI ciBasiku John Deere 1890 (i3 BCTaHOBJIEHMM CIOBIJIbHIOBAYEM i YIOCKOHATIEHUM
3acrokoloBadeM HacinHs) Buia (92,1-95,2 %), Hixk 6azosa (82,1-87,3 %). PesysnbTaTi HAyKOBO-TEXHIUHOI poOOTH, ¥
BUIJISIZi TEXHIYHOI i KOHCTPYKTOPCHKOI JOKYMEHTALlii Ha JOCIiAHNI 3pa30K CIIOBUIbHIOBAYa HACIHHS CUCTEMU
nojadvi HaCiHHS MHEBMATUYHO]I 3epHOBOI ciBasku John Deere 90 Series, npuiinsti Ha TOB «Arporek-InBecT».
KoncTpykiis 3acriokooBava HaciHHS npuiHATa i BripoBagkeHa Ha TOB «HBIT» COI03-KOMITO3UT». Po3pobieni
CTEHU JJIS1 NOCIIJIKEHb 3yCUJIISL KPYYEHHS i 3TUHY, METOAMKY MOJIEJIIOBAHHS IIPOLIECY BUCIBY HACIHHS BUCIBHOIO
CEKIi€l0 THEBMATUYHOI 3€PHOBOI CiBasKy BIPOBaAKeHi B 0CcBiTHI KomnioHeHTH OIIIT «Arpoinkenepis» i OHII
«['asny3eBe MalIMHOOYIyBaHHS» 1JIs1 CTYyJE€HTIB JPYroro (MariCTepCcbKoro) i TpeTboro (OCBITHbO-HAYKOBOI'0) OCBITHIX
piBHiB Bu1o0i 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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