O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0826U003802
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 20-07-2026

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Boromosios Osnekcanap OJyeKciioBuY

2. Oleksandr O. Bohomolov

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniajIbHOCTI: 133

Ha3Ba HayKoBOIi cIeniaIbHOCTI: [any3eBe MaMHOGY 1yBaHHS

lanyss / ralesi 3HaHb. MexaHiyHa iHXKeHepisa

OcBiTHBO-HayKOBa Mporpama 3i CreniaJbHOCTI: ['any3eBe MalIMHOGYLyBaHHS

JaTa 3axHcTy: 02-09-2026

CrnewniasibHICTD 3a OCBITOIO: MexaHizallis CiZIbChbKOTO FOCIIOAapCTBa

Micue po6oTH 34,00yBayva: JlepkaBHuil 6i0TEXHOJIOTIYHMI yHIBEPCUTET

Kop 3a €IPIIOY: 44234755

Micue3Haxoa>KeHHS: ByJ1. AT4eBCbKUX, XapKiB, XapKiBCcbkuil p-H., 61002, Vkpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CIelliaJi30BaHOI BYE€HOI pazu). PhD 14762
IloBHe HaiMeHYBaHHSI IOPHUAUYHOI OCOOH: [lepkaBHUIi 6I0TEXHOJIOTIYHMI yHIBEPCUTET

Kopg 3a €IPIIOY: 44234755

Micue3HaxoaKeHHS: ByJ1. AT4eBChbKUX, XapKiB, XapKiBCcbkuil p-H., 61002, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHMI 6iOTEXHOOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3HaxoO KeHHS: ByJ1. AlueBChKuX, XapKiB, XapKiBCbKuii p-H., 61002, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TemMaTHYHHUX PYOPHK: 55.57, 55.57.39

Tema gucepranii:
1. O6rpyHTyBaHHS IapaMeTpiB TEXHOJIOTIYHOrO MPOLEeCy cenapallii HaciHHs Ipoca Ha rpaBiTaliiHUX yIapHUX

Ce€laparopax
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Pedepar:

1. lncepraliiio pUCBsIYEHO MifBUIIEHHIO e(PEeKTUBHOCTI TEXHOJIOTIYHOIO IIPOLIeCy cernapallii HaciHHs npoca Bif,
BaXKOBiIOKPEMJIIOBAaHUX JJOMILIOK — HACiHHS IIETMHHMKA CHU30T0 Ta Kyps4Oro IIpoca — Ha IpaBiTaliliHUX yoapHUX
cernaparopax 6e3 1oJaTKOBUX BUTPAT €HEPTii Ha mpouec cenapatii. EkcriepyuMmeHTasnbpHi JOCinKeHHs IPOBEIeHO
Ha Kadenpi obs1agHaHHS Ta iHKUHIPUHTY [TepepOOHUX i XapuOBUX BUPOOHULTB Jlep>KaBHOTO 6i0T€XHOJIOTYHOTO
YVHIBEPCUTETY Ha CyMilllax HaCiHHs Mpoca i3 3acMiveHicTio 9,8-20,1 % micis nonepesHbLOro OYULIEHHS HA THEBMO-
PELITHO-TPiepHUX POO6OYMX OpraHax. [IpoaHasnizoBaHO Cy4acHi TEXHOJIOTI Ta 061aHAHHS AJ151 OYUIIEHHS HACIHHS
IIpoca ¥ yCTaHOBJIEHO, 110 HAsIBHI CIIOCOOU He 326€e311e4yI0Th TOBHOTO BUIaJIeHHS BAKKOBIJOKPEMJIIIOBAHUX
Oyp’siHiB. [I0BTOPHI IpOITyCKY 306iIbIIYIOTh TPAaBMOBAHICTh 3€pHA Ta €HEPrOEMHICTb NPOLIECY, a 3aCTOCYBAHHS
ITHEBMOCTOJIiB, Nai-MalKH i Bi6poQPpUKLiMHUX CenapaTopiB XapaKTepU3YyeTbCs 3HAUHUMM €HEPrOBUTPAaTaAMU.
Anani3 ¢i3nko-MexaHiYHUX BJIaCTUBOCTEN KOMIIOHEHTIB CyMili 1oKasas, o HaubinbLIi BifMiHHOCTI MiXX HacCiHHIM

rpoca Ta O6yp’siHiB IIPOSIBIISIIOTHCS B ixHiil NPyKHOCTI. OGIPYHTOBAHO JOLi/IbHICTh BUKOPUCTAHHS Y APHO]



rpasiTauiiiHoi cenapatlii Ta 36i7bII€HHS KiJIbKOCTi B3a€MOJ il YaCTUHOK i3 pOOOYMMU ITOBEPXHSIMU 17151 POPMYBAHHS
Oi7bII CIIPSIMOBAHUX TPAEKTOPIH iX pyxy. Po3po6iieHO mporpamy eKCriepuMeHTalbHUX JOCHiIKeHb, 110
nepepo6ayasna BU3HauYeHHs Qi3Ko-MeXaHi{YHUX BJIaCTUBOCTEN HACiHHS, OOIPYHTYBaHHS O3HAK MOAiILHOCTI CyMili,
IOCIIiIKEHHS NalbHOCTI BiICKOKY, IIEPEBIPKY aleKBaTHOCTI TEOPETUYHUX MOZEJIEN 1 BCTAHOBJIEHHS PaLliOHAJIbHUX
KOHCTPYKTUBHO-TEXHOJIOTIYHUX IapaMETPiB CEnaparopis. 3alIpONIOHOBAHO 1 BUTOTOBJIEHO NPUIALU AJ1S
BM3HAYEHHS CTATUYHOIO Ta JMHaMiYHOTo KoedilieHTiB 30BHIIIHbOTO TEPTsl. BukopucTaHHs Bineo3lOMKY Ta aHai3y
VIOBIJIbHEHUX KaJIpiB [ajl0 3MOr'y MiJBUIIUTY TOYHICTh BUBHAYEHHS KoedillieHTa BiIHOBJIEHHS IBUAKOCTI Mif 4yac
yAapy Ta JaJbHOCTI BiflCKOKY 3€pHA Bif] MOXUJIOI BilOMBHOI OBEpxHi. PO3pobsieHo anroputMmu MiHimisarii
€HEProBUTPAT MiJ] 4ac cenapalii 3epHa Ha Cy4aCHUX 3€PHOOYMCHUX MAIIMHAX i IOMIily BAXKKOPO3iIbHUX 3€PHOBUX
cymimen. TeOpeTUYHO NOCIIIKEHO YIAPHY B3a€EMOZIO KYJIICTUX YACTMHOK i3 HEPYXOMOIO ITOXUJIOI0 IIOBEPXHEIO 3
ypaxyBaHHSIM KoeillieHTa BiIHOBJIEHHS IIBUAKOCTI Ta CYXOro NO3ULiITHOTO TepPTs. YCTaHOBJIEHO, 10 00€pTaHHS
YACTUHKY MPUNMHSIETHCS POTITOM Iepiuoi (pasu yaapy i y peajibHUX MeXax 4acTOT 06epTaHHsl, KoedilieHTiB
TEPTS Ta KyTiB HaXWJy iCTOTHO He BIJIMBA€ HA BiJICKOK. YPaxyBaHHS MO3UIITHOTO TEPTS 3MEHIYE MaKCUMAaJIbHE
36JIMKEHHS LIEHTPIB Mac TiJl, ajie 36i/bllye MaKCMMaJbHy CUJIy yIapy Ta TPUBAJICTh AUHAMIYHOI B3a€MOi.
YnockoHasneHo [MOCTaHOBKY 337avi JUCUNIATUBHOTO yAAPY: KOe(illieHT BiIHOBJIEHHS LIBUIKOCTI 33aHO SIK BXiTHUI
napaMeTp 3 ypaxyBaHHSIM HOTO 3aJIeXKHOCTI Bifi [1049aTKOBOI WIBUAKOCTI yapy. Po3pobyieHa Mozesns nae 3MOTy
PO3paxoByBaTU KOJIiHEAPHUI yIap TBEPAUX Tijl, 0OOMEKEHUX Pi3HUMU IIOBEPXHSIMY, Ta MiJBUILly€E aleKBAaTHICTb
ONMCY IIPOLECIB IMHAMIYHOTO CTUCKAHHS i pO3TUCKaHHS. TeopeTUyHi JOCHiIKEeHHS PyXy KyJSICTUX YACTUHOK 10
rpaBiTaliliHill MOBEPXHi BUKOHAHO 3 IIOOYI0BOIO IPOCTOPOBUX TPaeKTopiil y Mathcad. YcraHoB€HO, 110 JajbHICTD
TPaHCIIOPTYBaHHS PPaKliili, sIKi Bipi3HAIOThHCS JIMIle MIOPCTKICTIO a60 MPYXKHICTIO, € 6IM3bKOI0, OJJHAK OiJIbI
IIPY>KHI YaCTMHKU MAIOTh Gi/IbIIY NAyIbHICTb i BUCOTY CTPUOKiB. OOIPYHTOBAHO NE€PCIIEKTUBHICTh BUKOPUCTAHHS
BHCOTH TIiICKOKY B 0araTosIpyCHHUX cenaparopax. JJoBeleHO TaKO>K MOXKJIMBICTb 3aCTOCYBaHHSI MOMEHTY iHepLii
YACTUHOK SIK TOJIATKOBOi O3HAKU MOLibHOCTI, OCKIJIbKY YaCTUHKY 3 PI3HUMU MOMEHTAaMU iHepliii MalOTh BiMiHHI
TpaeKTopii Ta fanbHiCTh TpaHCIOPTYBaHHs. Po3po6seHo 1abopaTopHUil rpaBiTalliiiHuil 6araTosipyCHUN yAapHUi
CEeInaparop i3 peryJboBaHMMU [IapaMeTpaMU 0fadi 3epHa Ta KyTaMy HaXUJly OIIO3UTHO BCTAHOBJIEHUX POOOYMX
[IOBEPXOHD, a TAKOXK CEIApaTop i3 MONEPEYHOIO [10JAYEI0. YCTAHOBJIEHO, 110 MO CyMilli 3a po3Mipamu 1
KoediljieHTaMy TEPTs € HELOCTAaTHbO €(PEKTUBHUM, HATOMICTb OLIIBHUM € BUKOPUCTAHHS TPAaHUYHUX KYTiB
niffioMy, TPaeKTOPIii pyxy Mo NOXuJlii BibpodpHUKLiiiHii MOBEPXHi Ta KoediljieHTiB BiJHOBIEHHS MBUIKOCTI.
Haiikpaii pe3yabTaTy OTPMMaHO Ha pOO0UYMX IIOBEPXHSX, OOJIMIbOBAHUX TEXHIYHOIO (paHepolo. 3a pedysbTaTaMu
6araToakTOPHUX €KCIIEPUMEHTIB BU3HAUYEHO Pal[iOHa/IbHI PEXXUMU POOOTH 6araTosipyCcHOTO cenapaTopa:
NO3[IOBXKHIi KyT Haxuyly poboyoro oprany — 3,6-3,8°, nopava 3epHa — 47,5-51,7 Kr /roj, nonepeyHuil KyT Haxuiny —
35,6°. 3a 1Mx yMOB BUXi[ ounieHoi ppakuii craHoBuB 10 70 %, 30KkpeMa 43 % HaciHHS nepioro kiacy. Js
cernaparopa 3 IOIePEeYHoI0 [10Ja4Yel0 BCTaHOBJIEHO NTapaMeTpU: IONEPEYHUN KYT Haxuiy — 34,2°, KyT Haxuiy
SKMBUJIbHUKA — 32,6°, mogayda — 9,6 Kr/rof; Buxin ounieHoi ppakuii craHoBUB 10 73 %, 30kpema 43 % nepuioro
ksacy. Bupo6nudi Bunpo6ysanns B ymosax COI' «KanuHa» UyryiBcbkoro paitoHy XapKiBCbKOi 061aCTi NiATBEPAUIN
IIPOCTOTY OOCITyTOBYBaHHS, HAIiMHICTh i 6e3M1eYHiCcTh po3pobyieHoro cenaparopa. BiH 3a6e3nedye 3a OguH Ipoxif,
Ofiep>KaHHS KOHIMLIMHOrO HaciHHA rmpoca. OuikyBaHUH pivHNI eKOHOMIuHNnit edext ctaHoBuTh 20 960,3 rpH Ha

OJIMH Cernaparop.

2. The dissertation is devoted to improving the efficiency of the technological process of separating millet seeds
from difficult-to-separate impurities, namely green foxtail and barnyard grass seeds, using gravity impact
separators without additional energy consumption for the separation process. Experimental studies were
conducted at the Department of Equipment and Engineering of Processing and Food Production of the State
Biotechnological University using millet seed mixtures with an impurity content of 9.8-20.1% after preliminary
cleaning by pneumatic, sieve, and indented-cylinder working units. Modern technologies and equipment for millet
seed cleaning were analysed, and it was established that the existing methods do not ensure the complete removal
of difficult-to-separate weed seeds. Repeated processing increases seed damage and the energy intensity of
separation, while the use of pneumatic tables, paddy separators, and vibro-friction separators is characterised by
considerable energy consumption. The analysis of the physical and mechanical properties of the mixture



components showed that the greatest differences between millet and weed seeds were observed in their elastic
properties. The feasibility of using gravity impact separation and increasing the number of particle interactions
with the working surfaces to create more directed trajectories was substantiated. A programme of experimental
studies was developed, including the determination of the physical and mechanical properties of seeds,
substantiation of separation criteria, investigation of rebound distance, verification of the adequacy of theoretical
models, and determination of rational design and technological parameters of the separators. Innovative devices
for determining the static and dynamic coefficients of external friction were proposed and manufactured. The use
of video recording and slow-motion frame analysis made it possible to increase the accuracy of determining the
coefficient of restitution during impact and the rebound distance of seeds from an inclined impact surface.
Algorithms for minimising energy consumption during grain separation on modern grain-cleaning machines and
during the separation of difficult-to-separate grain mixtures were developed. The impact interaction of spherical
particles with a stationary inclined surface was theoretically investigated, taking into account the coefficient of
restitution and dry positional friction. It was established that particle rotation ceases during the first phase of
impact and, within realistic ranges of rotational frequency, friction coefficients, and inclination angles, does not
significantly affect particle rebound. Taking positional friction into account reduces the maximum approach of the
centres of mass but increases the maximum impact force and the duration of dynamic interaction. The formulation
of the dissipative impact problem was improved by defining the coefficient of restitution as an input parameter
while taking into account its dependence on the initial impact velocity. The developed model enables the
calculation of the collinear impact of solid bodies bounded by different surfaces and improves the adequacy of the
description of dynamic compression and decompression processes. Theoretical studies of the movement of
spherical particles along a gravity surface were conducted by constructing spatial trajectories in Mathcad. It was
established that the transportation distances of fractions differing only in roughness or elasticity were similar;
however, more elastic particles demonstrated greater rebound distances and heights. The potential use of rebound
height in multilevel separators was substantiated. The possibility of using the moment of inertia of particles as an
additional separation criterion was also demonstrated, since particles with different moments of inertia have
different trajectories and transportation distances. A laboratory multilevel gravity impact separator with adjustable
grain feed parameters and inclination angles of oppositely positioned working surfaces was developed, as well as a
separator with transverse feeding. It was established that separating the mixture according to particle dimensions
and friction coefficients was insufficiently effective. Instead, it was considered appropriate to use limiting ascent
angles, trajectories along an inclined vibro-friction surface, and coefficients of restitution. The best results were
obtained with working surfaces lined with technical plywood. Based on multifactor experiments, rational operating
parameters of the multilevel separator were determined: a longitudinal inclination angle of the working unit of
3.6-3.8° a grain feed rate of 47.5-51.7 kg /h, and a transverse inclination angle of 35.6°. Under these conditions, the
yield of the cleaned fraction reached 70%, including 43% of first-class seeds.
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