O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0825U003560
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 25-08-2025

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Haka3y MOH / Haka3y 3aKjyazny: Hakas JIHiIIPOBCHKOTO IEPKABHOTO
arpapHo-eKoHOMi4Horo yHiBepcurety N2 2802 Bix 23.09.2025

I1. BimomocrTi nipo 3400yBaya

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. binoyc Innga Muxannosud

2. Illia M. Bilous

KBasigikamis:

InenTudikarop ORCID ID: 0000-0001-9635-6631

Bupa, pucepranii: nokrop dinocodii

AcnipanTtypa/JIOKTOpaHTypa: tak

ITudp HayKoBOi cHeniaJbHOCTI: 133

Ha3sBa HayKOBOi CIeniaJIbHOCTI: l'asny3eBe MamMMHOOYLyBaHHS

T'anmy3b / rasysi 3HaHB. MexaHiuHA iHKXeHepis

OcBiTHBO-HayKOBa NMporpama 3i CreniajbHOCTI: ['any3eBe MAIMHOGYLYBaHHS

Jdara 3axucTy: 05-09-2025

CrneniaJbHICTh 3a OCBITOIO: ArpoinkeHepis

Micue p060TI/l 3a06yBaqa: JHITIpOBCBbKUI ep>KaBHUI arpapHO-€KOHOMIYHUN YHIBEpCUTET
Kopg 3a €IPIIOY: 00493675

Micue3HaxoaKeHHS: ByJ1. Cepris €dpemosa, 6yz. 25, IHinpo, JHinposcekuit p-H., 49600, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi Cleliajai30BaHOi BYEHOI pazu). PhD 10609

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKUIA IeP)KABHMUIA arpapHO-E€KOHOMIYHMI

yHiBepCUTET

Kopg 3a €IPIIOY: 00493675

Micue3Haxoa KeHHS: By Cepris Eppemosa, 6ya. 25, JHinpo, JIHinposcekuii p-H., 49600, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKUIA IEP)KABHMUIA arpapHO-€KOHOMIUHMI
yHiBEpCcUTET

Kopg 3a €IPIIOY: 00493675

Micue3HaxoaKeHHS: Bys. Cepris Eppemosa, 6yx. 25, [Hinpo, [IHinpoBcbkuil p-H., 49600, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 68.85

Tema guceprauii:
1. O6rpyHTyBaHHS KOHCTPYKTUBHO-TEXHOJIOTI{YHUX [TapaMeTpiB AUCKOBOTO [10Jpi6HIOBaYa KOHLIEHTPOBAaHUX KOPMIB

2. Justification of the Design and Technological Parameters of a Disc Grinder for Concentrated Feed

Pedepar/anoTamis:

1. MeTa po60TH - HifBUILEHHS €(PEKTUBHOCTI TEXHOJIOTIYHOTO MTPOLeCy NOAPiOHEHHS KOHLIEHTPOBAHUX KOPMIB
IJISIXOM 3HVMDKE€HHS TUTOMUX €HEeProBUTPAT, MOJIMIIEHHS SIKOCTi OAPiOHEHOI MPOAYKLii Ta OGIPYHTYBaHHS
palioHasbHUX KOHCTPYKTUBHO-TEXHOJIOTYHUX [TapaMeTpPiB AUCKOBOTO MO pi6HI0BaYa Ha OCHOBI BCTAHOBJIEHUX
€MIIIpUYHUX 3aJIe5KHOCTEN i po3po6sieHnx (izuKo-MaTeMaTUYHUX MOJIeJIEN YMCEIbHOIO MOZEI0BaHH. O0'eKT
OOCJIiIKEHHS — TEXHOJIOTIYHMI ITPOLIEC NOAPiOHEHHS KOHLIEHTPOBAHMX KOPMIB IMCKOBUM MOIPiOHIOBAYEM.
[TpenmeT mocimkeHb — 3a7IeXKHOCTi €eHepreTUYHMX BUTPAT i TIOKA3HUKIB € PeKTUBHOCTI OIPIOHEHHS
KOHLIEHTPOBaHUX KOPMiB Bifi KOHCTPYKTUBHO-TE€XHOJIOTIYHUX I1apaMeTpPiB [MCKOBOIO NO/PiOHIOBAYa Ta YMOB
IIPOTiKaHHS NPOLIECY, Y BiAMOBIHOCTI 3 BUMOTraMHu [0 SIKOCTi NOJPiOHEHOro MpOAYKTY. MeToau NOCiIKeHb.
JocnigskeHHs 6a3yBalniCs HAa 32CTOCYBaHHI 4ACEIbHOTO MOZE/IOBAHHS 3 BUKOPUCTAHHSIM OCHOBHUX [IPUHIUIIIB

KJIACUYHOI MeXaHiKY, Mofiesiell MUCKPETHUX eJIeMeHTiB, 6araTodasHoi B3aeMoIii Ta arpaHxeBoi 6araTodas3HoCTi.



YucesbHE MOJEJIIOBAHHS IIPOBOLUIIOCS y IporpamHoMy cepenosuili Simcenter STAR-CCM+, 1m0 103BOJINAIIO
[IpOaHaJli3yBaTy B3a€MO/Iil0 KOMIIOHEHTIB KOHIIEHTPOBAaHMX KOPMIB i3 po60urMU OpraHamu [ogpibHIoBava Ta
BCTAaHOBUTHU 3aKOHOMIPHOCTI iX pyiHyBaHHS. EKCliepuMeHTasbHI JOCII)KEHHS 3iMICHIOBAJIMCA BiIIOBITHO 10
MEeTOMKM MaTeMaTUYHOTrO IJIaHYBAaHHS 6araToakTOPHOTO eKCiepuMeHTY (1s1aH bokca-BeHkeHa) 3 HaTypHUMU
BUIIPOOYBAHHSIMU JIOCJIJHOTO 3pa3Ka NnojapibHioBaya. /111 06po6KM pe3ysbTaTiB 3aCTOCOBYBAINACS METOLU
KOpEeJILifHOrO, IUCIEePCiliHOTO Ta perpeciiHoro aHasisy 3 BUKOPUCTaHHIM IIPOrpamMHoOro 3abesneyeHHs Microsoft
Excel i Wolfram Cloud. Ynepiie ofep;kaHo aHa/liTUYHI Ta €KCIIEPUMEHTAJIbHI 3a71€XKHOCTI Y BUTJISA[Ii PiBHSHD
perpecii Ipyroro nNopsKy, siki ONUCYIOTb BIUIUB KOHCTPYKTUBHO-TEXHOJIOTIYHUX ITapaMeTpiB (4aCTOTU 0OepTaHHS
IIMCKa, MOZIYJIbHOTO 3a30py MiX IMCKaMHU, [107ja4i CHPOBMHHY, KiJIbKOCT] yIapHUX HAKJIAOK i KyTa iX BCTAHOBJIEHHS)
Ha [OKa3HUKU IUTOMOI €HeProeMHOCTI, YaCTKY NUJIONOLiOHOI ¢pakLii y noapidHeHil maci Ta cTyneHs
noJpibHEHHs 3epHa KyKYpyA3H, NIIeHuUIi Ta suMeHIo; OTpUMasy NoJablInil PO3BUTOK (Pi3MKO-MaTeMaTU4Ha
MOJEJIb PYHHYBAaHHS 3€PHA KyKyPY/3H, MIIE€HNULIi Ta SYMEHIO, 3aCHOBAHA Ha METO/Ii IUCKPETHUX €JIEMEHTIB, MOLEJI
KOHTaKTHOI B3aeMoyii ['epiia-MiHpjiHa Ta MexaHi3Mi pyliHyBaHHS 3B5I3KiB, 5IKa BpaXxoBye (Pi3nKo-MexaHiuHi
BJIACTMBOCTI 3epHa (MoayJb FOHra, koediuieHT I[TyaccoHa Ta rpaHUYHI HAIIPYTU PO3TATY Ta 3CyBY). TexHiko-
€KOHOMIiYHi PO3paxyHKU [10Ka3asy, MO yIOCKOHAIEHNI AUCKOBUI MOAPiOHI0BAY KOPMIB IIOPIBHSIHO 3 6230BUM, [1pU
BHUKOpHCTaHHi Ha cBUHOMepMi (197 rois) i3 ;060BOI0 TOTPE6OIO B KOHIIEHTPOBAHUX KOPMax 321,24 Kr, 03BOJIsIE
3MEHIIUTU TPUBAJICTh LOAEHHOI po60TH obsanHanHs 3 2,80 1o 1,97 ronuHwu, 110 Cpusie CKOPOYEHHIO BUTpPAT Ipalli
Ha 42,2% Ta CoXXUBaHHS esleKTpoeHeprii Ha 9,85%. ITomnpu 36iblIeHHs BAPTOCTI yI0CKOHAJIEHOro Mo pibHIOBayYa,
3arajipHi onepauifiHi BUTPATH i TUTOMi BUTpaTH 3MeHIIUIMCS Ha 36,45 %. Lle 3a6e3nevynsio piyHU eKOHOMIYHUN
edekt y po3mipi 14370,56 rpH i cTpok okynHocTi iHBecTuuiit - 0,21 poky.

2. The aim of the study is to improve the efficiency of the technological process of concentrated feed grinding by
reducing specific energy consumption, enhancing the quality of the ground product, and justifying the optimal
design and technological parameters of a disc grinder based on established empirical dependencies and developed
physical and mathematical models of numerical simulation. The object of the study is the technological process of
grinding concentrated feed using a disc grinder. The subject of the study is the dependencies of energy
consumption and grinding efficiency indicators of concentrated feed on the design and technological parameters
of the disc grinder and the process conditions, in accordance with the requirements for the quality of the ground
product. Research methods. The research was based on the application of numerical simulation using the
fundamental principles of classical mechanics, discrete element method models, multiphase interaction, and
Lagrangian multiphase modeling. Numerical modeling was performed in the Simcenter STAR-CCM+ software
environment, which enabled analysis of the interaction between concentrated feed components and the working
parts of the grinder and identification of the patterns of their destruction. Experimental studies were carried out
following the methodology of mathematical planning of a multifactor experiment (Box-Behnken design) with field
tests of a prototype grinder. Data processing involved methods of correlation, analysis of variance (ANOVA), and
regression analysis using Microsoft Excel and Wolfram Cloud software. For the first time, analytical and
experimental dependencies were obtained in the form of second-order regression equations describing the
influence of design and technological parameters (disc rotational speed, modular gap between discs, feed rate,
number of impact overlays, and their installation angle) on the specific energy consumption, the proportion of
dust-like fraction in the ground mass, and the degree of grinding of corn, wheat, and barley grain. The physical and
mathematical model of corn, wheat, and barley grain destruction—based on the discrete element method, Hertz-
Mindlin contact interaction model, and the bond-breaking mechanism - was further developed, taking into
account the physical and mechanical properties of the grain (Young’s modulus, Poisson’s ratio, and ultimate stress).
An improved disc grinder for concentrated feed grinding was implemented in the production operations of the
farming enterprise "Monika". The results of the scientific and technical work, in the form of design and technical
documentation for the grinder prototype, were used and introduced in the production by the company LLC VO
"Voskhod" for manufacturing the corresponding prototype. The established analytical and experimental
dependencies regarding the influence of the grinder’s design and technological parameters on energy
consumption and grinding quality were applied in the development of scientific and methodological



recommendations for energy-efficient preparation of concentrated feed. The research findings were also
integrated into the educational process at Dnipro State Agrarian and Economic University - within the educational
and professional program Agroengineering for training students of the first (bachelor’s) level of higher education.
The techno-economic calculations have shown that the improved disc feed grinder, compared to the basic model,
when used on a pig farm (197 heads) with a daily demand for concentrated feed of 321.24 kg, allows the duration of
daily equipment operation to be reduced from 2.80 to 1.97 hours, which contributes to a 42.2% reduction in labor
costs and a 9.85% decrease in electricity consumption. Despite the increase in the cost of the improved shredder,
total operating costs and unit costs decreased by 36.45%. This resulted in an annual economic effect of UAH
14370.56 and a payback period of 0.21 years.
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