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Pedepar:

1. Incepraris npucBs4YeHa YIOCKOHAJIEHHIO POGOTY THEBMATUYHOI CUCTEMHU CiBaJIKU TOYHOTO BUCiBY. OCHOBHI
3YyCHUJIJISL 30CEPEIKEHI Ha BUBUYEHHI Ta JOCIIIIPKEHHSI pOOOTH THEBMATUYHOI CUCTEMU, POOOTI BiJILleHTPOBOTO
pazianbHOro BeHTUIaTOpa. OTpUMAaHi pe3yJbTaTi Ta po3po6JIeHi METOAUKY MOXKYTb OyTA BUKOPUCTAaHI [AJ1s
IOCJIIPKEHHS, [IPOEKTYBAHHS Ta MOJI€PHi3aLlii THEBMATUYHUX CUCTEM CLIbCbKOTOCIOAAPCHKUX MALIVH.
[THeBMaTHyYHi CiBaJIKi JABHO 3aCTOCOBYIOThCS arpapisiMu, 3aBJsIKU BUCOKIH TOUHOCTI BUCIBY, CTabiIbHOMY
IIO3yBaHHIO HACIHHS Ta MIBUJKOCTI poOOTU. BUKOpUCTaHHS BaKyyMy ab0 Ha[JIMIIKOBOTO TUCKY, 3a0e3Ieuye HaLiliHy
rojavy HaciHHS 3 OyHKepa, Oro A03yBaHHS Ta TPAHCIOPTYBAHHS 0 I'PYHTY. [IpoTe MHEBMaTUYHA CUCTEMA CiBaJIKU
Mae€ HeJIOJIiKU: BTPATU TUCKY Yepe3 HETEPMETUYHI 3'€JHAHHS, TiJIpaBJliyHi ONIOPU B MariCTpassix, HE ONTUMAJIbHI
peXuMu pobOTH BUCIBHUX anaparis, 110 IPU3BOLUTH 10 IIPOIYCKIB i 31IBOEHUX BUCIBiB, 3HUKEHHSI 3arajlbHOi

e EeKTUBHOCTI Ta IOTPEOU B AOJATKOBUX MOJOBUX poboTax. ToMy MOTPiGHO MPOBOAUTH BIOCKOHAJIEHHS
KOHCTPYKLiil Ta MiIBULIYBaTH aAANTUBHICTb 4O MiHIMBUX TEXHOJIOTiN OOpOO6ITKY. B qucepTauiiiziil po6oTi

IIOCTaBJ/IEHA META — HiILBI/IHLI/ITI/I SIKICTb BI/ICiBy HaCiHHS I[IpOCAaItHUuX KYyJIbTYP, IIJIAXOM YJOCKOHAJIEHHA Ta



OOI'PYHTYBaHHS palliOHAJIbHUX 3HAa4€Hb [TapaMeTPiB MTHEBMATUYHOI CUCTEMU CiBaJIKU. 171 TOCSITHEHHS Liiei MeTh
B3SITO JO JOCJIiIKEHHSI 0COOJIMBOCTI TEXHOJIOTIYHOTO [IPOIIeCy MOCiBY HACIHHS IPOCATHUX KYJIBTYP CiBaJIKaMHu.
YBara npupisnsack sIKOCTi 10CiBy, Qi3UKO — MeXaHIYHMM, aepOJIMHaMiYHMM BJIaCTHMBOCTSIM HaCiHHEBOIO MaTepiaiy,
aHaJli3y BILIMBY THCKY, IO CTBOPIOEThCSI BPB, reoMeTpUYHUM BIACTUBOCTSIM KyJbTypu. [IpuHiun po6otu BPB Ta
BIUIUB KOHCTPYKTUBHUX OCOGIMBOCTEN TPYOOITPOBOZIB, @ TAKOXK BiZi0YBAa€ThCSl 3HAOMCTBO 3 JOCTIIKEHHIM
po60YO0ro Npoliecy, o NPoTiKae y IPOTOYHIM YaCTUHI THEeBMAaTUYHOI CUCTEMU CiBaJIKU. PO3IisiHyTO 0COGIUBOCTI
KOHCTpPYyKLii BPB, 3anpornoHoBaHo BU IPOTOYHOI CUCTEMU 3 KOHTPOJIbHMMU [lepepisaMy Ha OCHOBI, SKOTO
IIPOBOJMBCS aHaJli3 CTUCHYTOTO MOBITPSIHOTO MOTOKY. 3a Pe3yJIbTaTaMU NOCJIiIKEHHS, BCTAHOBJIEHO 3aJIEXKHICTb
MOTPiIOHUX MiHIMaTLHUX XapaKTE€PUCTHUK MOBITPSIHOTO [IOTOKY Bifl IIBUIKOCTI BUTAHHS (Aa€POAUHAMIYHUX
XapaKTEPUCTUK BUCIBHOTO HACiHHS), KOHCTPYKTUBHUX 0COOJIMBOCTEN TpybonpoBoiB, BPB, B3aeMogii y mapax
IIOCiBHOT'O Marepiasy B HaciHHeBiN kamepi. [IpoananizoBano npuHuunu poéotu BPB Ta npouecy, mo BindyBaoThCst
y IPOTOYHil YaCTUHI. 3'1COBaHO BILJIUB CUJI Ta KOHCTPYKLIMHNUX OCOOJIMBOCTEN CUCTEMU, SIKi BIIJIMBAIOTh HA
YTBOPEHHSI 3pUBY Ta BUXOPiB IIOBITPSIHOTO MTOTOKY Ta SIK HACJIiZIOK, 3H>KEHHS SIKOCTi poOOTH BUCIBHOTO arapary.
CTBOpEHO MaTeMaTU4Hy MOJeJib IIpolecy poboTy BPB B mHeBMaTHyHIl cucTeMmi ciBasku. [IpoBefeHo aHai3 Ta
PO3PaxyHOK KOHCTPYKIIisl BEHTUJISITOPA. PO3TJISIHYTO OCOOJIMBOCTI MOJIEJIIOBAHHSI T€Yill Fa30BUX IIOTOKIB 3
BHUKOPHCTaHHIM cepeliHiX piBHsHb Hap'e — Ctokca 3a yacom (RANS), npoctopom (LES), riopunHi ninxonu (DES). Sk
pe3yJIbTaT BUKOHAHOi POGOTH ITPOBEEHO aHalli3 Ta pO3PaXyHOK KOHCTPYKILisl BEHTUJISITOPA, 110 3abe3redye
HEOOXiJIHy MPOAYKTUBHICTb CiBaJIKU. 3alIPOIIOHOBAHO METOAMKY PO3PaxyHKy F€OMETPUYHUX Ta ra30iMHAMIUHNAX
Xapakrepuctuk BPB, npoBeieHO MOIEIIOBaHHS TIOBEiHKY TEYill Ta30BUX MTOTOKIB 3 BUKOPUCTAHHSIM Cy4aCHUX
[IPOrpaMHUX KOMILIEKCiB. Ha OCHOBI aHa/MITUYHUX Ta eMITIIPUYHUX AOCIIiIyKeHb 3a[IPOTIOHOBAHO IT'SITH (GaKTOPHY
perpeciiiny MaTeMaTUyHy MOJEJb, 11J0 BCTAHOBJIIOE 3B'30K MK napameTrpamu BPB Ta napameTpamu NHEBMaTUYHO]
crCTeMU TPyOOIIPOBOiB Ta BUCIBHUX AIapartiB CiBaJKM TOYHOTO BUCIiBY. Jl0 HOCiIKyBaHUX (PAKTOPIB BiIHECIIN: KYT
YCTaHOBKMU JIONIATOK Ha BXO[i Ta BUxoi 3 PK, KisibKicTh J0NaToK; yactoTa ob6epranns PK, macoBa BuTpara MoBiTpsl.
Anasi3 BCTaHOBUB BIIMB LIUX (PAKTOPiB HAa NPOLIECU B CUCTEMI Ta BU3HAUMJIX HAIIPSIMKU ONTHAMI3allil KOHCTPYKLi.
BukoHaHi TEXHOJIOTIYHI Ta KOHCTPYKTMBHI PO3PaxyHKM Ta I100Y0BaHO J1ab0PAaTOPHMIA CTEHT, 10 JOCIIiPKEHHIO
po6otu BPB. O6po6seHi Ta mpoaHasnizoBaHi pe3ysbTaTy 4OCiIKeHb pisHUx TumisB PK, BCTaHOBJIEHO NIepeBary moi0
HOBOI KOHCTPyKUii BPB npu 3aaHuX rpaHMYHUX YMOBax. 3allpONOHOBAaHI KOHCTPYKTUBHI 3MiHM [THEBMATUYHOI
CHACTEMHU /1 PO3LIUPEHHS Ai/ITHKYU CcTabiibHOCTI poboTu BPB, pexoMeH0BaHO [OAATKOBO BCTAHOBJIIOBATH
CIIPSIMJISIIOUY allapaTy, Ha BXOZi Ta MOBEPXHi KOHYCONOLiOHOI pOpMU, PEKOMEHIOBAHO MOAEPHI3yBaTU CUCTEMY
PO3Tray>KeHHsI JIJAHOK TPYOOIIPOBO/IIB Ta 3MiHU KyTa HaXUJIy AJisl TPiMiHMKA, 3POOMTH Gi/bLI [1OJIOT] KyTH MiABOIB
TpyOoIpoBoiB. [IpoBeieHO excrieprMeHTaIbHO-BUPOOHUYI BUIPOOYBaHHS KylacuyHoro BPB (A - 01) Ha 6asi
ciBasiku VEGA 8 PROFI Ta nocninHoro 3paska BPB (A - 02), o BUroTOBIEHUH Y Bif[IOBiIHOCTI 10 TEXHIYHOTO
3aBJAaHHS JOCJIHOrO 3paska. B xozi mposeneHHs BunipobyBaHb BPB y osboBUX yMOBax Iif 4ac BUCIBY IIPOCAHUX
KyJIbTYp OyJI0 IIpOaHasi3oBaHO PiBHOMIipPHICTb PO3IOiNY B3LOBX OCi psiKa, IIIMOMHY 3aTOPTaHHS Ta MUPUHU
CTpiYKM PO3CiBy. B pe3ysibTaTi OLiHKY BUCIBHOTO MaTepiajly, BCTAaHOBJIEHO, 110 3aIIPOIIOHOBAHI 3MiHM B KOHCTPYKILiI
PK BeHTU/ISITOPA, 3MEHILIWJIM BUTPATH [IOCIBHOTO MaTepiasly, MiJiBULIMIIN SKiCTb BUCIBY, 32 PaXyHOK CTabisi3arii
MIOTOKY MOBITPsI B THEBMAaTUYHIY CUCTEMi Ta OTPUMATU NPUPICT BPo>kao. Ha 0OCHOBI IpoBeAeHNX aHAJIITUYHUX Ta

IOCTiIHUX POOIT 3po6sieHi BUCHOBKHY, 10 YAOCKOHAJIEHHIO [THEBMAaTUYHOI CUCTEMU CiBajIKU

2. The dissertation is devoted to improving the operation of the pneumatic system of a precision seeder. The main
focus is on studying and analyzing the performance of the pneumatic system and the operation of the centrifugal
radial fan (CRF). The obtained results and developed methods can be applied in the research, design, and
modernization of pneumatic systems for agricultural machinery. Pneumatic seeders have long been used by
farmers due to their high sowing accuracy, stable seed metering, and operational speed. The use of vacuum or
overpressure ensures reliable seed delivery from the hopper, accurate metering, and transportation to the soil.
However, the pneumatic system of a seeder has drawbacks: pressure losses caused by leaky connections, hydraulic
resistance in pipelines, and non-optimal operating modes of seed metering devices, which lead to skips, doubles, a
decrease in overall efficiency, and the need for additional field operations. Therefore, it is necessary to improve the
design and enhance adaptability to changing cultivation technologies.The objective of this dissertation is to



improve the quality of sowing row crops by refining and justifying the optimal parameters of the pneumatic system
of the seeder. To achieve this, the research considered the specifics of the technological process of sowing row
crop seeds with seeders. Attention was paid to sowing quality, the physical-mechanical and aerodynamic
properties of the seed material, the effect of CRF-generated pressure, and the geometric properties of the crop.
The principle of CRF operation and the influence of pipeline design features were examined, along with the
working process occurring in the flow section of the pneumatic system.The design features of the CRF were
studied, and a type of flow system with control cross-sections was proposed, which served as the basis for
analyzing the compressed airflow. The study established the relationship between the minimum required airflow
characteristics and the terminal velocity (aerodynamic characteristics of seeds), pipeline configuration, CRF
design, and interactions within the seed layer in the seed chamber. The principles of CRF operation and the
processes occurring in the flow section were analyzed. The influence of forces and design features on the
formation of flow separation and vortices—and consequently, on the reduced performance of the seed metering
device—was identified. A mathematical model of CRF operation in the pneumatic system was developed. The
design of the fan was analyzed and calculated. Features of gas flow modeling using time-averaged Navier-Stokes
equations (RANS), spatial averaging (LES), and hybrid approaches (DES) were considered. As a result, the fan design
was analyzed and calculated to ensure the required seeder capacity. A methodology was proposed for determining
the geometric and gas-dynamic characteristics of the CRF, and gas flow behavior was modeled using modern
software tools.Based on analytical and experimental studies, a five-factor regression mathematical model was
proposed to establish the relationship between CRF parameters and the parameters of pneumatic pipelines and
seed metering devices of a precision seeder. The studied factors included: inlet and outlet blade angles of the
impeller, number of blades, impeller rotational speed, and air mass flow rate. The analysis determined the
influence of these factors on system processes and identified directions for design optimization.Technological and
structural calculations were performed, and a laboratory test bench was built for CRF research. The results for
different impeller types were processed and analyzed, confirming the advantages of the new CRF design under
given boundary conditions. Design modifications to the pneumatic system were proposed to expand the CRF’s
stability range, including installing guide vanes at the inlet and on conical surfaces, improving pipeline branch
configurations, modifying tee joint angles, and reducing the sharpness of pipeline bends.Experimental field tests
were conducted using the classical CRF (A-01) on a VEGA 8 PROFI seeder and a prototype CRF (A-02)
manufactured in accordance with the technical specifications for the experimental unit. During the field trials for
row crop sowing, uniform seed distribution along the row axis, sowing depth, and sowing strip width were
analyzed.The evaluation of seed placement confirmed that the proposed impeller design modifications reduced
seed material losses and improved sowing quality by stabilizing airflow in the pneumatic system, leading to an
increase in crop yield. Based on analytical and experimental results, conclusions were drawn on ways to improve
the pneumatic system of the seeder
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