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peLLiT BUSABUB iX IPUHLMIIOBUI KOHCTPYKTMBHUI HELOJIK — MapajiejibHe PO3MillleHH [T03[0BXKHIX 0CeNl OTBOPIB
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aKTMBATOPiB, KOMOIHOBAHUX KiIHEMAaTUYHUX CXEM, TPOQiNbOBAHUX i CTPYHHUX MOBEPXOHB — a00 YCKJIAIHIOIOTh
KOHCTPYKIi10, 260 He 3a6€31e4yI0Th JOCTaTHLOro eeKTy [py IPUHHATHUX BUTpaTax. Came 3a3HaueHi IpobieMu
BU3HAYMJIA METY i aKTyaJsIbHiCTh [10/IAJILIIOTO HAYKOBOTO JOCiIKEHHS. MeTOI0 POGOTH € TEOPETUYHE
OOI'PYHTYBaHHSI Ta €KCIIEPUMEHTAJIbHE MiATBEPIKEHHS 3aKOHOMIPHOCTE! NPOLeCy PeliTHOI cenapaliii 3epHOBOTro
Marepiasny Ha I1JIOCKOMY KOJIMBaJIbHOMY pelIeTi i3 3Ur3aronoiGHMM po3MmillleHHSIM IPOIOBIyBaTHUX OTBOPIB, a
TaKO>X BCTAHOBJIEHHSI PalliOHaJIbHUX KOHCTPYKTUBHUX I1apaMeTpiB i TEXHOJIOTIYHMX peXUuMiB foro poboTu. Ilig yac
IOCTiIKeHb IIPOBEAEHO aHANITUYHE OOI'PYHTYBAaHHSI 3alIPOIIOHOBAHOr0 KOHCTPYKTHMBHOrO pileHHs. Ha ocHOBI
reOMETPUYHOTO aHajli3y BCTAHOBJIEHO, 1O ITIOBHA MIOII€PEYHA NPOEKIIisi OTBOPY, IOBEPHYTOTO HA KyT O BiTHOCHO
IIO3JIOBXKHBOI OCi periera, cTaHoBUTH b0-coso + I'sing, e 1 - noBxuHa, b0 — mupuHa orBOpy. BusHayeHo TeopeTUyHUN
KPUTUYHUI KYT BiAXUJI€HHS OKp = 4,6° (mpu | = 25 MM), LOCSTHEHHS SIKOTO 3a0e3Ieyuye [I0BHE IePEeKPUTTSI IPOEKILiil
CYMDKHMX OTBODIB i TIOBHE 3HUKHEHHS «MEPTBUX 30H», L0 FaPaHTy€ MOBIPHICTb NIOTPAIJIAHHSA IIPOXiZHOI YaCTKU Y
30HY OTBOPY Ha piBHi 100 % He3ane>XHO Bif MonepevyHoro MOJI0KEHHS YaCTKU Ha pemeTi. [Io6ygoBaHO aHAJIITUYHY
MOJEJIb PYXY 3€PHOBOI 4aCTKM Ha KOJIMBAJILHOMY PENIETI, sIKa BpaXOBye KiIHEMATHKY I[IJIOCKOIAPaJI€IbHOTO PYXY
PELIITHOTO CTaHy, CUJIy TSDKiHHS, HOPMaJIbHY PEaKLilo OIIOPH Ta CUJy TE€PTsl KOB3aHH:. OTPUMaHO aHAIiTUYHI
BUPA3U 7151 TO3/I0BXKHBOI i [TONEPeYHOI CKIaJ0BUX aOCOJIIOTHOI BUIKOCTI YaCTKY; TOKA3aHO, 110 MONEpeYHa
KOMIIOHEHTa [lepeMillieHHsI 3pocTae rponopuiiHo GyHKuii sino. TpeTiit po3ain po6oTu BKIOYae Iporpamy Ta
METOJIMKY €KCIIEPMMEHTAJILHUX AOCiIKEHb. JIOCTiIKEHHS IPOBOIMIIMCE Ha 6a3i 1a60paTOPHOTO cenapaTopa
Petkus Wutha K 294A. BurotossneHo oCJiiHi 3pa3Ky PeliTHUX MOJI0TeH 3 Kyramu o = 0°; 3% 5° 10°; 11°. 3a
pe3yJbTaTaMu OJHO(AKTOPHUX [TOMIYKOBUX IOCJIi/IiB BU3HAYEHO TPM OCHOBHUX YMHHUKMU BIUIMBY: IMTOMA [107a4a
3€pHOBOro Marepiainy gb (Kr/(gM-Tom)), 4acTOTa KOJIMBaHb PELIiTHOTO CTaHy N (KOJUB/XB) i KYT BixujleHHs oceil
OTBOpIB O (rpaf.). 3a naHumu peasnizosaHoro LIKIT oTpumaHo perpeciiiHi MaTeMaTU4Hi MOZEJli IPyroro NopsaKy, o
aJleKBaTHO OMNMCYIOTh 3aJIEKHICTh €(PEKTUBHOCTI cenapallii o BiJl JOCIiIpKyBaHUX (PAKTOPIB. AHaJIi3 TOBEPXOHb
BiATYKy Ta ONTHUMI3alis 32 MeTomoM PyHKLii 6aKaHOCTi XappiHITOHA [103BOJINIIM BCTAHOBUTH PallioHaJIbHI
napaMeTpu poboTU BIOCKOHAJIEHOTO peleTa: nuromMa nogada gb = 850...1050 kr/(nm-rog), 4acToTa KOJIMBaHb N =
440...490 ko1 /XB, KyT BigxuseHHs 0 = 10°. 360KHICTb TEOPETUYHO CIIPOTHO30BAHUX i €KCIIEPMMEHTAJILHO
BCTAaHOBJIEHUX ONTUMAJIbHUX 3HAYEHD O HE TlepeBullye 8 %, o MigTBePIKYy€e aeKBATHICTb AHATITUYHOI MOZEJIL.
CrabinbHICTb NepeBar BAOCKOHAJIEHOTO pelleTa MiTBEPIPKEHO Y AOCIiIKeHOMY Jlialla3oHi BOJIOTOCTi 3epHOBOTO
Mmarepiany 13,5...16,2 %. HaykoBa HOBM3Ha Ofjep>XKaHUX PE3YJIbTaTiB I10J1ra€ y HACTYIIHOMY: BIleplIe BCTaHOBJIEHO
aHaJIITUYHY 3aJIEKHICTh UMOBIPHOCTI IOTPAIIAHHS NPOXiAHOI YaCTKM y IJIOIIUHY OTBOPY Bif KyTa BiIXWUJIEHHS O Ta
reOMETPUYHUX [IapaMETPIB pelleTa i BU3HAYE€HO KPUTUYHUH KYT OKp = 4,6°, IpU SKOMY [OBHICTIO BUKJIIOYAIOTLCS
«MEPTBi 30HU» HaJ| [I03[0BKHIMU IIepeTUHKAaMU; BIIeplIe [100YI0BaHO aHAJITUYHY MOJeJIb PyXy 3€pHOBOI YaCTKU
Ha KOJIMBAJIbHOMY pPELIETi i3 3Ur3aronoioHM po3MillleHHSIM OTBOPIB 3 ypaxyBaHHSIM MONEPEYHOi CKIJI0BO]
[epeMillleHHS; OTPMMAaHO PETPECiiiHI MOZEIIi APYTroro mopsAIKy i BCTAHOBJIEHO palliOHaJIbHI TapaMeTpy
BJOCKOHAJIEHOTO pelleTa MeTooM (PyHKLii 6akaHOoCTi XappiHITOHA; AicTany MOAabLIIOro PO3BUTKY METOIUYHI
niAxonM 00 NOPiBHABHOI OLIHKY €(DEKTUBHOCTI PELIITHUX I0BEPXOHb 3€PHOOYMCHUX MallUH. [IpakTuyHe
3HQYEHHS OJIEP’KAaHUX PE3YJIbTATIB MOJISITA€ Y PO3POOLi KOHKPETHUX PEKOMEHIALIN 00 KOHCTPYKTUBHUX
IIapaMeTpiB PeliTHOro MOJIOTHA i3 3uraaronofioHumM po3MimmeHHsIM OTBOPIB (0 = 10°) Ta palioHaIbHUX PEKUMIB
pobotu (gb = 850...1050 kr/(m-roz), n = 440...490 K011 /XB), IO € IOBHICTIO a1alITOBAHMUM JI0 BIIPOBAI)KEHHS Y
CepiliHi 3epHOOYNCHI MalllMHY, 30KpemMa mamrHy tuity 3BC-20A Ta aHasoriyHi arperatu 6e3 6yib-sKUX 3MiH Y ix
KOHCTPYKILIIO.

2. High-quality post-harvest grain processing is a key prerequisite for preserving the harvest and meeting the
requirements of crop production standards. In Ukraine, 60-80 million tonnes of grain are harvested annually, and
the impurity content in freshly harvested grain may reach 10-15%, which makes its long-term storage and sale
impossible without prior cleaning. At the same time, a detailed analysis of the most common series of flat vibrating
screens has revealed a fundamental design flaw: the longitudinal axes of the apertures are parallel to the direction
of grain movement, leading to the formation of so-called ‘dead zones’ above the longitudinal bars of the screen.
Particles whose centre of gravity falls within the projection of a partition can, in theory, travel along it for the
entire length of the screen without being sieved out. The theoretically achievable probability of passable particles



entering the aperture plane of conventional screens is only 50-60%. It is precisely these problems that have
determined the aim and relevance of further scientific research. The purpose of this work is to provide a
theoretical justification and experimental confirmation of the patterns governing the process of sieve separation of
granular material on a flat vibrating sieve with zigzag-arranged elongated apertures, as well as to establish optimal
design parameters and operating conditions for its operation. During the research, an analytical justification of the
proposed design solution was carried out. Based on geometric analysis, it was established that the total cross-
sectional area of an opening rotated by an angle o relative to the longitudinal axis of the screen is given by bO-cosn +
I'sing, where 1 is the length and b0 is the height of the opening. The theoretical critical deflection angle ocr > 4.6° (for
1 = 25 mm) was determined, achieving which ensures complete overlap of the projections of adjacent apertures and
the complete elimination of ‘dead zones’, guaranteeing a 100% probability of a passing particle entering the
aperture zone regardless of the particle’s transverse position on the screen. An analytical model of the motion of a
grain particle on an oscillating screen has been constructed, which takes into account the kinematics of the plane-
parallel motion of the screen, the force of gravity, the normal reaction of the support, and the sliding friction force.
Analytical expressions have been derived for the longitudinal and transverse components of the particle’s absolute
speed; it has been shown that the transverse component of displacement increases proportionally to the function
sino. The third chapter of this thesis outlines the programme and methodology of the experimental studies. The
experiments were conducted using a Petkus Wutha K 294A laboratory separator. Six test samples of sieve cloths
were produced with angles of o= 0°; 3°; 5°; 10°; 11°. Based on the results of single-factor exploratory experiments,
three main influencing factors were identified: the specific feed rate of grain materia gb (kg/(dm-h)), the vibration
frequency of the sieve n (vibrations/min) and the angle of deviation of the hole axes o (degrees). Based on the data
from the implemented CSP, second-order regression mathematical models were obtained, which adequately
describe the dependence of separation efficiency o on the investigated factors. The scientific novelty of the results
obtained lies in the following: for the first time, an analytical relationship has been established between the
probability of a passing particle entering the aperture plane and the deflection angle o, as well as the geometric
parameters of the sieve; furthermore, a critical angle ocr > 4.6° has been determined, at which ‘dead zones’ above
the longitudinal partitions; for the first time, an analytical model of the motion of a grain particle on an oscillating
sieve with a zigzag arrangement of apertures has been constructed, taking into account the transverse component
of displacement; second-order regression models have been obtained and rational parameters for an improved
sieve have been established using Harrington’s desirability function; methodological approaches to the
comparative assessment of the efficiency of sieve surfaces in grain cleaning machines have been further
developed. The practical significance of the results consists in the development of specific recommendations
regarding the design parameters of the sieve surface with a zigzag arrangement of holes (o = 10°) and optimal
operating conditions (gb = 850...1050 kg /(m-h), n = 440...490 rpm), which are fully adaptable for implementation in
mass-produced grain cleaning machines, in particular the ZVS-20A type and similar units, without any changes to
their design.
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VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Crenanenko Cepriii [leTpoBuy

2. Serhii P. Stepanenko

KBastidikamis: n. 1. u., crapmuii HaykoBuii criiBpo6iTHUK, 05.05.11
InenTudikarop ORCID ID: 0000-0002-8331-4632
JoparkoBa iHdpopmamnist:

IloBHe HaiMEHYBaHHS IOPHUAUYHOI OCOOM: [HCTUTYT MEXAHIKU Ta aBTOMATUKY arpOIPOMHUCIIOBOTO

BMpo6OHULTBa HanioHanbHOI akafeMii arpapHux HayK YKpaiHu

Kopg 3a €IPIIOY: 44668713

Micue3Haxoa>KeHHS: By/. BokzanbHa, cMT. [ieBaxa, Pacricbkuii p-H., 08631, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akazemis arpapHux HayK YKpaidu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:



1. bpenuxin Bagum BikropoBrd

2. Vadym V. Bredykhin

KBasigikamis: 1. 1. n., npodecop, 05.05.11

InenTudikarop ORCID ID: 0000-0002-5956-5458

JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMIT 6i0TEXHOOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

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

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. JIysan Iletpo I'puropoBuy

2. Petro H. Luzan

KBasigikamis: . t. u., gou., 05.05.11
InenTudgikarop ORCID ID: 0000-0002-1819-999X
JopaTrkoBa inHpopmanist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: lleHTpanbHOYKPaiHChKMil HAliOHAbHU TEXHIYHUI

YHIBEpPCUTET

Kopg 3a €IPIIOY: 02070950

Micue3Haxoa>KeHHSI: npocr. YHiBepcurerchkuii, Kponusauibkuit, Kponisuuipkuii p-H., 25006, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Hecrepenko Onexkcanzap BikropoBud

2. Oleksandr V. Nesterenko

KBasigikamis: . r. u., gou., 05.05.11
InenTudikarop ORCID ID: 0000-0001-6297-8555
JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0OH: lleHTpabHOYKpaiHChKMii HAIiOHATbHUI TEXHIYHUI

YHIBEpPCUTET

Kopg 3a € IPIIOY: 02070950



Micue3HaxoaKeHHSI: npocr. YHisepcuterchkuii, Kponusauibkuit, KponisHuipkuii p-1., 25006, Ykpaina
dopma ByracHoCTI:
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi

BaacHe IlpizBume Im'a Ilo-6aTbKOBi Cao Bacumnb Muxaitnosud
TOJIOBH pajgu

BaacHe IlpizBuie Im's ITo-6aTbKOBi Cano Bacumnbp Muxaitnosud

rOJIOBYIOYOrO Ha 3acigaHHi

BizmoBizanbHHUH 3a MiZTOTOBKY AHZIpOIIYK I110Ha O1excanypisHa
00JIIKOBHX JOKYMEHTIB

PeecTparop IOpueHko TeTssHa AHaTOJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi IOpyenko TeTsHa AHaToiBHA

OisIIBHOCTI




