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Pedepar:

1. Tepacumenko 10.10. O61agHaHHS Ta NPOLEC 3'€JHAHHS €JIEMEHTIB THY4KOI yIIaKOBKU TEPMOIJIACTUYHUM
KJIelioBUM MaTepiasiom. — KBanidikalifina HaykoBa Mpalis Ha [paBax pykomnucy. Jlucepraiist Ha 3500yTTsI HAYKOBOTO
CTymeHs fokropa ¢inocodii 3a cnenjanbHicTio 131 «IIpuknagna mexaHikay. — HallioHalpHUN TeXHIYHUI
yHiBepcuTeT YKpainu «KuiBCbKUM NOITEXHIYHM iIHCTUTYT iMeHi Irops Cikopcbkoro», Kuis, 2023. lucepraninny
POOOTY NPUCBSYEHO OCIIIKEHHIO 00JIafHAHHS Ta IPOLIECIB MiArOTyBaHHS TEPMOIIJIACTUYHOTO KJIEHOBOTO
Mmarepiasy, yTBOPEHHS TEPMOKJIEHOBOTO 3'€IHAHHS €JIEMEHTIB YIIAKOBKU Ta IOr0 MEXaHIYHUX XapaKTE€PUCTHK, 110
Ila€ 3MOT'y OOI'PYHTYBATH PalliOHAJIbHI TEXHOJIOTIYHI peXUMH, MOTPiOHI M1 MPOEKTYBAaHHSI Ta €KCIIyaTallii
[1aKyBaJbHOTo 06s1afgHaHHs. TeXHOoIOoris 3'eJHaHHS TEPMOIIACTUYHUM KJI€IOBUM MaTepiajloM INUPOKO

3aCTOCOBYETHCS B Pi3HUX Tajy3siX IIPOMUCIIOBOCTI /1IJ1s1 yTBOPEHHS 3'€JHAHb B KAPTOHHO-TIAIIEPOBOMY, [TOJTiIMEPHOMY



1 KOMGIHOBaHOMY IaKOBaHHi. JI7151 3a0BOJIEHHSI TOTPE6 CIIOXUBAYiB HEOOXiTHO 3a6€3MeYUTH AOCTATHIN piBeHb
MiILIHOCTi ITaKOBaHHS Ta 3PY4YHICTb 1Or0 BUKOPUCTAHHS. TOMY IIPM CTBOPEHHI MilHO] SKiCHOI yIIaKOBKYU BaXKJIMBO
IIPUAINSATU 0COOIMBY yBary NpaBUIbHOMY Ii00PY MaTepiasiB Ta 06afHaHHS, @ TaKOX MirOTOBL PO3I1JIaBy
TE€PMOIIJIACTUYHOTO KJIEOBOIO MaTepiajy Ta NpoLecy 3'€IHaHHS I0BEPXOHb. [IpoBejeHO aHAITUYHUI OTJIST,
Cy4aCHOTO CTaHy IOCJIiI>)KEHHS IPOLECY IIABJIEHHS TEPMOIUIACTUYHOrO KJIEMOBOTO MaTepiany Ta Ipouecy
PYVHYBaHHS TEPMOKJIEIOBOTO 3'€JHAHHS. PO3IJIsSIHYTO iCHYIOUi METOIM MOJIeJII0BaHHs 00JIalHaHHSI Ta IIPOLIeCy
I17IaBJIEHHS TEPMOKJIEIO Ta YTBOPEHHSI TEPMOKJIENOBOTO 3'e€JHAHHS. PO3IISIHYTI Cy4acHi KOHCTPYKLi 171 pO3IIaBy
Ta HAHECEHHS TEPMOKJIEIO MAIOTh PAJ, HELOIKIB, 30KpeMa MOBLIbHUM MIPOLEC IJIABJIEHHS Ta 10T0 HEPIBHOMIPHICTD,
a TaKOXX HEJIOCTATHIO iIHTEHCUBHICTh HAOYTTS MIOJIIMEPHUM MaTepiasloM TeMIlepaTypHu IyIaBjieHHs. [
MOJ€JIIOBaHHSI NIPOLECY I1JIaBJIEHHS TEPMOKJIEIO B POOOTI BUKOPHUCTAaHO MaTeMaTUYHy MOZEJIb HEi30TepPMiUHOTo
PYXy PO3IJIaBy NOJIMEPY B KaHasli. PO3B’13aHa 3a1a4ya repexoAy Bifj TBEPOro [0 B$I3KOTEKY4Oro CTaHy I HaBIIaKU.
[IpoBeneHo mocmiaKeHHs: €(PEeKTUBHOCTI I1JIaBJI€HHSI TEPMOKJIEIO B PO3IIABIIIOBAYaX UWIiHAPUYHOI hopmH,
UUIIHAPUYHOI POPMU 3 COILJIOM, TPYOUaCTOI POPMU 3 LOPHOM Ta UePB'sTYHOro TUly. OTpUMaHi pe3yJbTaTH 0BeIn
IOLi/IbHICTh BUKOPUCTAHHS BIOCKOHAJIEHOI KOHirypauii po3nasiioBaya TEPMOKIIEI. Bu3HaueHO paljioHalbHy
F€OMETPIIO 3 TOUKM 30Py HaMOiIbIIO] iIHTEHCUBHOCTI HAarpiBy TepMOKJIEIO. JIOCTIiI>KEHHS IJIaBJIEHHS Y
PO3IIJIaBJIIOBaYi JJ1s1 TEPMOKIIEI0 Tpy6uacToi popMu oKasaso, o Taka KOHQIryparis gae 3Mory 36i1bmuTu
IIPOYKTUBHICTD 3i 30€pe>KeHHSIM €HeprocloK1MBaHHsI. 3alIpPOIIOHOBAHO 6isIbll pallioHaIbHY KOHCTPYKILiIO
PO3IJIaBIII0BaYa TEPMOIJIACTUYHOTO KJIEHOBOrO MaTepiay 4YepB’ssYHOr0 TUIIY 3 IIONIePEeAHbO BUTOTOBJIEHUM
IIPYTKOM Y BUTJISAI CTPpiuKuy. [lepeBaramu 3aniporoHOBAHOI KOHCTPYKIi € 36i/1bIIeHHS MBUIKOCTI IJ1aBJI€HHS
[10JIiIMEPHOTro MaTepiajy, 3MEeHIIeHHs rabapuTiB i Macu IPUCTPOIO Ta 3MEHIIEHHs] €eHeProeMHOCTI. [is
IOCJIiIKEHHS NIPOLeCy I1JIaBJIEHHS! TEPMOKJIEIO B YEPB'STYHOMY KaHaJli pO3p06JI€EHO KOMITIOTEPHY PO3PaxyHKOBY
Mozesib Ha 6a3i MeToiy CKIHUeHHUX €JIEMEHTIB i IPOBeIeHO YMCIOBi pO3PaxXyHKU. Y pe3ysabTaTi po3paxyHKiB 6y10
OTPUMAaHO PO3IIOJLI TeMIIEPaTyp 10 LOBXMHI KaHaly B3TOBX OCi 4YepB’sKa 3a Pi3HMUX 3HaUY€Hb KyTOBOI MIBUAKOCTI
yepB'sika. OTPMMaHO 3aJ1€KHOCTI, 1110 JAI0Th 3MOTY PEryJloBaTU TeMIIEPATypy TEPMOKJIEIO Ha BUXO[i 3
PO3IIJIaBIIIOBaYa Ta BUTPATU MaTepiasly Mif yac 3MiHU IIBUIKOCTI Y€PB’sIKa. 3MO/1€/IbOBAHO NIPOLIEC YTBOPEHHS 11Ba
TEPMOKJIEIIOBOTO MaTtepiaiy mif Aielo 3yCUIsst IPUTUCKY Ta 0X0JI0AKEHHS. CIIPOrHO30BAHO 3aJI€KHICTb (POPMU
1IBA BiJl 3HaYE€HH4 3yCUJISI IPUTUCKY Ta BUTPATUA TEPMOKJIEOBOrO MaTepiainy. Pe3yabTaTy MOZETI0BaHHS
HiATBEPAKEHO €KCIIEPMMEHTAJIBHO. [I7151 MOZIe/II0OBaHHS IIPOLIeCY PyHHYBaHHS TEPMOKJIEHOBOrO 3'€IHAaHHS
BUKOPUCTAHO MaTeMaTU4YHY MOZeJb aAre3iiHOI 30HM Ha 6a3i MeXaHIKU CYLIIbHUX C€PeIOBUII 3 BUKOPUCTAHHSIM
rapaMeTpiB MIITHOCTI Ta eHeprii [J15 IPOrHO3yBaHHS OMNVPEHHS TPIVHY B 3'€HaHHI. EKCrieprMeHTaIbHO
BCTAHOBJIEHO 3B’130K Mi’K BUTPATOI0 TEPMOKJIEIO I MillHICTIO TEPMOKJIEMOBOTO 3'€JHAHHS, a TAKOXX OTPUMAHO
HaMOi/IbII AOLIJIbHE 3 TOYKU 30PYy MIIJTHOCTi 3HaU€HHS BUTPATU. Y IOCKOHAJIEH]I KOHCTPYKLii IPUCTPOIO AJIS
IIJIaBJIEHHS Ta HAHECEHHSI TEPMOKJIEIO 3aXUINEHO NIaTEHTaMU YKpaiHu Ha KOPUCHY Mo ek, [IpoBeeHo
€KCIIEpMMEHTAaJIbHI JOCJiIPKEHHs Ha PO3PUB CTPIYKOBUX 3pa3kiB 'HYYKUX [1aKyBaJIbHUX MaTepiaiB, 3'€JHaHUX
PO3IIaBOM TEPMOKJIE0. HayKoBa HOBU3HA OLEPKAaHUX PE3YJbTATIB I10JISITra€ y CTBOPEHHI METOIIB JOCIIIKEHHY i
BI,OCKOHAJIEHHSI 00JIaJHAaHHS Ta IIPOLeCy YTBOPEHHS I pyHYBaHHS TEPMOKJIEHIOBOrO 3'€IHAaHHS, 110 3a6e31edye
BM3HAYEHHS KOHCTPYKTHBHUX ITapaMeTpPiB 00J1affHaHHS | pallioHaJIbHUX TEXHOJIOTIYHUX PEKMUMIB 3'€ THAHHS

TEPMOIIJIACTUYHUM KJIEIOBUM MaTepiajloM.

2. Herasymenko Yuliia. Equipment and process of connecting flexible packaging elements with thermoplastic
adhesive material. - Qualifying scientific work on the rights of the manuscript. A thesis for obtaining a scientific
degree of a Ph.D on specialty 131 - “Applied Mechanics”. - National Technical University of Ukraine “Igor Sikorsky
Kyiv Polytechnic Institute”, Kyiv, 2023. The dissertation is devoted to the study of equipment and processes for the
preparation of thermoplastic adhesive material (hot-melt adhesive), the formation of a hot-melt adhesive
connection of packaging elements, and its mechanical characteristics, which makes it possible to substantiate
rational technological regimes necessary for the design and operation of packaging equipment. The technology of
joining with thermoplastic adhesive material is widely used in the chemical, food, and textile industries for the
formation of joints in cardboard, paper and polymer packaging. To meet the needs of consumers, it is necessary to
ensure a sufficient level of packaging strength and ease of use. Therefore, when creating durable high-quality



packaging, it is important to pay special attention to the correct selection of materials and equipment, as well as
the preparation of the thermoplastic adhesive melt and the process of connecting surfaces. An analytical review of
the current state of the study of the melting process of thermoplastic adhesive material (hot-melt adhesive) and
the process of destruction of a thermo-adhesive joint during its opening has been carried out. Existing methods
for modeling equipment and the process of melting hot-melt and forming a hot-melt joint are considered. The
considered modern designs for melting and applying hot-melt adhesive have several disadvantages, for example, a
slow melting process and its unevenness, as well as the insufficient intensity of acquiring the melting temperature
by the polymer material. To simulate the melting process of hot-melt adhesive, a mathematical model of the non-
isothermal motion of a polymer melt in a channel was used. The problem of transition from a solid to a viscous-
flow state and back has been solved. Investigations were carried out on the melting efficiency of a hot-melt
adhesive rod in melters of four configurations: a cylindrical shape, the existing configuration a cylindrical shape
with a nozzle, a tubular shape with a mandrel, and a screw type. The results obtained showed the feasibility of
using an improved configuration of the hot-melt stick. Rational geometry is determined from the point of view of
the highest heating intensity of the bar. A study of a melter with a tubular rod configuration has shown that it can
increase productivity by 2,4 times while maintaining energy consumption compared to a traditional configuration.
A more rational design of a screw-type thermoplastic adhesive melter with a prefabricated rod in the form of a
tape is proposed. The advantages of the proposed design over the existing ones are: increasing the melting rate of
the polymer material, reducing the size and weight of the device, reducing energy consumption and ease of use. To
study the melting process of hot melt in the screw channel, a computer calculation model based on the finite
element method was developed and numerical calculations were made. As a result of the calculations, the
temperature distribution along the length of the channel along the axis of the screw was obtained for different
values of the angular velocity of the screw. Dependences have been obtained that make it possible to control the
temperature of the hot-melt adhesive at the outlet of the heating channel and the consumption of material when
changing the values of the screw speed. The process of formation of a hot-melt adhesive seam under the action of
pressing force and cooling is simulated. The dependence of the shape of the seam on the value of the pressing
force and the consumption of hot-melt adhesive material is predicted. The simulation results are confirmed
experimentally. To simulate the process of destruction of an adhesive joint, a mathematical model of the adhesion
zone based on continuum mechanics was used with the use of strength and energy parameters to predict the
propagation of a crack in the joint. The connection between the consumption of hot-melt adhesive and the
strength of the hot-melt adhesive was experimentally established, and the most appropriate consumption value
from the point of view of strength was obtained. It has been established that the strength of the adhesive joint
does not depend on the width of the seam. Improved designs of the device for melting and applying hot-melt
adhesive are protected by utility model patents of Ukraine. Experimental studies of the tensile strength of tape
samples of flexible packaging materials connected by hot-melt adhesive were carried out.
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