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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYEHO AOCHIIPKEHHIO PyXY IPaHy/IbOBaHUX IOJiIMEPHUX MaTEPiasliB Y 30Hi )KUBJIEHHS
YepB'TYHOrO EKCTPYAEPA Ta MOTO BILIMBY Ha KOHCTPYKTUBHO-TEXHOJIOTIYHI ITapaMETPY 3a3HaYE€HOI 30HH, 1110
HeoOxilHO 1171 e(peKTUBHOTO [IPOEKTYBAHHS Ta €KCIIIyaTallii eKCTpy3iliHoro o6yanHaHHs B Linomy. [IpoBeneHo
AQHaJIITUYHUH OIJIS], Cy4YaCHOTO CTaHy [LOCJIiI>)KeHb [IPOLECy JKUBJIEHHS YEPB'STYHOIO €KCTPYiepa MOJiMEPHOIO
CHPOBUHOIO. PO3IJISIHYTO iCHYI04i METOAM MOJIE€/IIOBAHHS 00JIaJJHAHHS Ta IIPOLECY )KUBJIEHHS OJIHOUYEPB STYHOTO
YCTaHOBOK [1J151 IPOBEAEHHS JOCiIKeHb TPUOOTEXHIYHUX BJIaCTUBOCTEH I10JIiIMEPHOI CUDOBUHM Ta BILJIMB HA HUX
TaKMX [1apAMETPIB sIK HABAHTKEHHSI, TEMIIEPATypa Ta IIBUIKICTb PyXOMOro pob0o4oro oprany. 3a pesyJybTaTaMu
IIPOBEIEHOTr0 OIJISIAY BCTAHOBJIEHO, 110 HAMGIKIMM 10 PeasibHOi OBEIiHKY MOJIIMEPHUX IPaHyJ y pO60YOMY
KaHaJli 4epB’S;YHOT0 eKCTPYJepa € OIKC PyXy CUIIKOro cepeloBUllia Ha 6a3i MeTony guckpeTHoro esnemeHTa (MIE),



SIKAM TIOJIATa€ B NOCiIPKEHH] B3aeMO/il OKPEMOI YaCTMHKY 3 iHIIMMY YaCTMHKAMU 1IApy CUIIKOrO MaTepiany Ta
rpaHULISIMYU PO3PaxyHKOBOI o6sacTi. [Ipy 1ibOMY [1J1s1 BUKOHAHHS BiATIOBITHMX YK CJIOBUX PO3PaXyHKIB HEOOXITHUM €
IocinKeHHs KoedilieHTiB TepTs i 6i4HOro TUCKY 06pO06III0OBaHMX MaTepiasliB Ta iX 3ajle>KHOCTe Bif,
KOHCTPYKTUBHO-TE€XHOJIOTIYHMX IapaMeTPiB 30HU KUBJIEHHS eKCTpyzZepa. TakoxX BapTO 3a3HAYUTY, L0
IOCJIiIKeHHS TPUOOTEXHIYHMX BJIACTUBOCTE MOJIMEPHUX MaTepialiB, 1[0 HeOOXinHi AJ1s1 TPOBEIeHHS YMCIOBUX
PO3paxyHKiB, 3a3BM4al IPOBOMSTHCA [IJI1 MOHOJIITHUX 3Pa3KiB, a HE JIJISI TPaHyJIbOBAHOTO MaTepialy, Xo4a Bif,
TOYHOCTI BpaxyBaHHS KoedilljieHTa 30BHIIIHbOIO TePTs Ta KoeillieHTa 6i4HOro TUCKY CHAIIKOTO MaTepiasy 3ajeKuTh
TOYHICTb IIPOEKTYBAaHHS €KCTPY3iHOTO OOJIaIHAHHS 11 [TepepOoOKU NoJliMepHOI cupoBUHM. KpiM TOrO, BilCyTHS
€IMHa METOJMKA J1JIs1 eKCIIepUMEHTAIbHOIO BU3HAYeHHs KoeillieHTiB 30BHIIIHBOrO TEPTS U 61YHOTO THUCKY, a
OiNIbIIICTD iICHYIOYMX YCTAHOBOK [1J151 BU3HAYEHHS TPUOOTEXHIYHMX BJIACTUBOCTEN HE JAIOTh 3MOTY ITPOBOIUTU
IOOCJiIKEHHS came JJ1g IPaHyJIbOBAaHUX NOJIIMEPHUX MaTepiais. [1J1s1 MOJIe/II0BaHHS IPOLECIB PyXy CUIKOTO
Marepiany B po60Ti BAKOPUCTAHO MaTeMaTU4HYy MOJIEJIb IUCKPETHOTO OIMCY PyXy CUIIKOTO Martepiany Ha 6a3i
METOJY AVCKPETHOI'O €JIEMEHTA, SIKa Jajla 3MOTY PO3IJISIHYTH MOJIMED y BUATJISIZL OKPEMUX IPAaHYyJI Ta BpaxyBaTyu
BIJIMB (POPMU i pO3MipiB OKPEMUX I'PaHyJl Ha XapaKTep B3aeMo[lii ojimepy i3 cTiHkaMu pobourX OpraHiB
o6s1amHaHHS. [I7151 onucy B3aeMOii MiXk rpaHysiamu 6yJ10 BUKOPUCTAHO B'SI3KO-TIPY>KHY mogesnb Hertz-Mindlin, sika
IOTIyCKae, 10 YaCTUHKY, Ki MaloTh GopMy cdepH, Mifi 4ac KOHTAKTY He Ae(OPMYIOThCS, a IEPEKPUBAIOTb OJIHA
OJIHY Ha [IEBHY BEJIMYMHY, YTBOPIOIOYM IUISIMY KOHTAKTY. [IpOBEI€HO JOCHIIKEHHS B3a€MOZII MIXK rpaHyIaMu TaKUX
YOTUPbOX MOJIiMEPIB: NOJTieTuIeHy BUCOKOi rycTuHu mapku Marlex HHM 5502BN (T1EBT), cniBriosiMepy eTujeHy 3
BiHimaneraToMm (ceBineny) mapku 11104-030 (CEB), nonictuposty mapku Denka Styrol MW-1-301 (IIC),
nosiBiHinxaopuny mapku SorVyl G 2171 /9005 11 /01 (I1BX). JocnimkeHHsI IpoBeieHO AJ1s 3a7a4 GOpMyBaHHS KyTa
npupopHoro ykocy (KITY) Ta pyxy NOTOKy rpaHyJj Ha NPUKJIaJi IIHEKOBOTO KMBUJIBHUAKA. BUKOpHCTaHHS
IVCKPETHOTO MiAX04y JAjo 3MOTY BPaxXyBaTH BILUIUB (POPMU 1 pO3MipiB OKPEMUX IPaHyJI Ha XapaKTep B3aeMOIii
noJsliMepy 3i cTiHKamu pob0ovux opraHis o6JafgHaHHS. [IpoBeieHO OPIBHSHHS IBOX IiAXOIB 1O MOJEI0OBaHHS
(opmMU IpaHyJI: 32 YMOBU PO3TJIsiLy rpaHys y popmi cep Ta 'y popmi myspTucdep, Koau po3paxyHKosa popma
rpaHyJl MAaKCUMaJIbHO HAGIMDKAETLCS 10 peanbHoi. OTPUMMaHi pe3yJsbTaTy Iokasany, mo mogenb MIE 3 anasnizom
rpanysy Gpopmi myabTrCcep aleKBaTHO BiTBOPIOE MOBEiHKY CUIIKUX MaTepiasiB, Ha BiiMiHy Bifi aHai3y rpaHysy
Bursai cdep. ITopiBHSAHO 3 HATYpHUM eKcriepuMeHToM Mozenb MIIE niist po3paxyHky KIIV 3 BUKopucTaHHIM
meTony mysbtucdep y pasi [IEBI’ Ta CEB gae noxubky Mmenmy B 3 pasu, Hbk Mogesib MIIE 3 BUKOPUCTaHHSIM METOLY
cdep, y pasi I[IC - noxubky meHiy B 6 pasis, y pasi [IBX - noxubky meHuty B 9 pasiB. Pi3Hu1ig nepenycim 3ymoBieHa
CKJIQZIHOIO (POPMOIO IPaHyJI, o 6e3MocepeaHbO BIIMBAae Ha popmyBaHHs KITY yTBOPIOBAaHOrO HUMU HIAPY.
JopatkoBy Bepudikalilo BiANOBiZHOCTI OBEiHKMA PeasIbHOTO MaTepialy 3MO1eIbOBAHOMY IIPOBEJIEHO 32
IOTIOMOTOI0 JOCJIiIKEHHS MacOBOi IPOLYKTABHOCTI IIHEKOBOIO KUBUJIbHUKA METOAAMU HATYPHUX, YUCTIOBUX
€KCIIEPUMEHTIB 1 aHAJIITUYHOTO PO3PAXYHKY Ta iX MMOPiBHAHHI. [Ipy 4NCI0BOMY PO3PaxyHKy BUKOPHUCTOBYBaJILCh

rpaHyJid, 3MOZEJIbOBaHi METOOM MYJIbTUCDED.

2. The dissertation is devoted to the study of the movement of granular polymeric materials in the feeding zone of
the screw extruder and its influence on the structural and technological parameters of this zone, which is
necessary for the effective design and operation of extrusion equipment in general. An analytical review of the
current state of research of the process of feeding of screw extruder with polymer raw materials has been carried
out. The existing methods of modeling the equipment and the process of feeding of single-screw extruder with
polymer raw materials and the peculiarities of its processing have been considered. The analysis of existing
methods and devices for researches of tribotechnical properties of polymeric raw materials and influence of such
parameters as loading, temperature and speed of a mobile working body on them has been carried out. According
to the results of the review, it has been established that the closest to the actual behavior of polymer granules in
the working channel of the screw extruder is the description of the flow of bulk medium based on the Discrete
Element Method (MDE), which is studying the interaction of a single particle with other particles of the bulk
material layer and the boundaries of the calculation area. In this case, to perform the appropriate numerical
calculations, it is necessary to study the friction coefficients and lateral pressure coefficients of the processed
materials and their dependences on the design and technological parameters of the feeding zone of the extruder.



It should also be noted that studies of the tribotechnical properties of polymeric materials required for numerical
calculations are usually performed for monolithic samples and not for granular material, although the design
accuracy of extrusion equipment for processing polymeric raw materials depends on the accuracy of the external
friction coefficient and the lateral pressure coefficient of bulk material. In addition, there is no single method for
the experimental determination of external friction coefficients and lateral pressure coefficients, and most of the
existing devices for the determination of tribotechnical properties do not allow to conduct research for granular
polymeric materials. To modeling the processes of bulk material movement, a mathematical model of discrete
description of bulk material motion based on the Discrete Element Method was used, which allowed to consider
the polymer in the form of individual granules and take into account the influence of shape and size of individual
granules on the interaction of polymer with walls of working bodies of the equipment. The Hertz - Mindlin visco-
springy model was used to describe the interaction among the granules, which assumes that the spherical particles
do not deform during contact, but overlap each other by a certain amount, forming a contact spot. The study of
the interaction among the granules of the following four polymers has been conducted: high-density polyethylene
of brand Marlex HHM 5502BN (HDPE), copolymer of ethylene with vinyl acetate (sevilene) of brand 11104-030
(CEV), polystyrene of brand Denka Styrol MW-1-301 (PS), polyvinyl chloride of brand SorVyl G 2171/9005 11,/01
(PVC). The research has been carried out for the problems of forming the angle of natural slope (APS) and the
movement of the flow of granules on the example of a screw feeder. The use of a discrete approach made it
possible to take into account the influence of the shape and size of individual granules on the nature of the
interaction of the polymer with the walls of the working bodies of the equipment. A comparison of two approaches
to modeling the shape of granules has been carried out: under the condition of considering granules in the form of
spheres and in the form of multispheres, when the calculated form of granules is as close as possible to the real
one. The obtained results showed that the MDE model with the parser in the form of multispheres adequately
reproduces the behavior of bulk materials, in contrast to the analysis of granules in the form of spheres. Compared
to the full-scale experiment, the MDE model for calculating the APS using the multisphere method in the case of
HDPE and CEV gives an error 3 times less than the MDE model using the sphere method, in the case of PS - the
error is 6 times less, in the case of PVC - the error is 9 times less. The difference is primarily due to the complex
shape of the granules, which directly affects the formation of the APS of the layer formed by them. Additional
verification of the conformity of the behavior of the real material to the simulated one has been carried out by
studying the mass productivity of the screw feeder by the methods of full-scale, numerical experiments and
analytical calculation and their comparison. In case of the numerical simulations granules simulated by
multispheric method were used.
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