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1. Inceprauiiiny po60Ty IPUCBSIY€HO PO3POOJIEHHIO OCHOB TEXHOJIOTIN OJlepP>KaHHS HOBUX IOJIIaKTUIHUX
KOMIIO3UTIB, $IKi BiZj3HA4aI0ThCS IiABUIIEHOI TEXHOJIOTIYHOI CYMICHICTIO KOMIIOHEHTIB i €KCIlIyaTaliitHUMU
BJIACTUBOCTSIMU, a TAKOXX BUTOTOBJIEHHS (PpilaMeHTy /s BuKopuctanHusg B FDM 3]1 gpyui. IHTeHCUBHUI PO3BUTOK
FDM 3D npyky 3yMmoBJi0o€ NOoTpeby B yIOCKOHAJIEHH] NTosliMepHuX MaTtepianis. [TosinakTun BUpi3HsETbCS
€KOJIOTIYHICTIO, HU3bKOIO TEMIIEPATYPOIO IIJIABJIEHHS, MAJIOIO YCAAKOI0, aJle MA€ HU3bKY TETJIOCTIMKICTb, KPUXKICTh
Ta 0OMesKeHi Pi3nKo-MeXxaHiuHi BIaCTUBOCTI. [IepCrIeKTUBHNUM € CTBOPEHHSI KOMIIO3UTIB Ha IOTO OCHOBI 3
IofaBaHHSM Kpoxmaiio, CaCOun, eroKCcUI0BaHOoi COEBOI 0J1il, a TakoK GOpMyBaHHS KOMOIHOBAaHUX CTPYKTYP 3
3alIOBHEHHSM MOJN(IKOBAHMMU TEPMOPEAKTUBHUMU cMoJ1aMU. Po3pobiieHo (isnKo-XiMiuHi i TeXHOJIOTIUHI 3acanu

OJIEP>KaHHS MOIU(IKOBAHMX MOJIIIAKTAL-KPOXMAJIbHAX KOMIIO3UTIB Ta (ijlaMeHTiB Ha ixHiil OCHOBI 1151



Bukopucrtanus B FDM 3]] npyui. Ha nigcrasi BusBieHOro BBy KpoxMaitio i ECO Ha 3aKOHOMIPHOCTI
monudikyBaHHS i BIaCTUBOCTI MOJIJIAKTUIHUX MaTepiasliB OGIpPYHTOBAaHO YMOBHU Ta PalliOHaJIbHi TEXHOJIOTIYHi
IlapaMeTpy IIPOLIECy BUTOTOBJIEHHS MOJIIAKTUIHUX KPOXMaslbBMiCHUX MaTepiasiB. O6GrpyHTOBaHO BUKOPUCTAaHHS
KPOXMAJIIO Ta eNOKcuIoBaHoi coeBoi 0uBY (ECO) 51K TEXHOJIOTYHO CyMiCHUX MOIMA(IKATOPIB MOJINIAKTUIHAX
Marepiasis nig yac Gpisu4HOro CyMillleHHs y HabpSIKJIOMY Ta B'1I3KOTeKy4oMy cTaHi. Ha mifcrasi ¢pisuko-xiMiuHuX
IOCJIiI)KeHb BUSIBJIEHO JOLJIbHICTD NONlepefHboro cyMimeHHs Kpoxmarito 3 ECO 3 nogansmum ¢isuyHuM
MOM(DiKyBaHHSIM HUMHU TOJIINIAKTUAY 32 BMiCTYy KOMIIOHEHTIB: KpoxMaib - 10 25% mac., ECO - no 15% mac.
BussineHo, o po3pobJieHi MosyinakTuAHI KOMIIO3UTH BiI3HAYAIOTHCS TOKPAllEeHUMU TEXHOJIOTIYHUMU
BJIACTMBOCTSAMU. BinaHaveno 36inbmenHs [1TP no 50-60 r/10xB 3aBnsku mnactTudikyBanibHoMy BriuBy ECO 3a
BMmicTy 10-15% mac, 3MeHIIeHHsI B'SI3KOCTi PO3TOIly, a TAKOXK 3HM)XEHHS €HEPrii akTuBallii Tedii 3aBsIKU BIIJIUBY
KPOXMaJlio, 10 CIpUs€ MiIBULIEHHIO TEXHOJIOTIYHOCT] Mifi 4ac nepepooKu y B'SI3BKOTEKY4OMY CTaHi eKCTpy3i€elo Ta
FDM npykoM. BcTaHOBIIEHO, 1[0 BUKOPUCTAHHS K MOAU(IKATOPIB MOJiIaKTUAHUX MaTepiasis rifpodinbHOro
Kpoxmautio Ta rinpodo6noi ECO 3abesneuye cTabisbHi y yaci HaAMOJIEKYJISIpHI CTPYKTYPHI yTBOPEHHSI MOJINaKTUAY
i KpoxMaJIo BHACIIOK IEPEPO3IIOLiNY MIXKMOJIEKYJIIPHAX B3aEMOJIN y NOCII)KYBaHill cucTeMi 3a 6e3rnocepeHboi
yuacrti mosiekys ECO Ta crabinbHi ¢isuKo-xiMivHi i eKCIlyaTaliiiHi XapaKTepUCTUKY LIUX MaTepiaiiB i BUpO6iB Ha ix
OCHOBI ITif] Yac TpUBaJoro BUKOpUCTaHHs. [ToeqHaHHS y po3p06JieHNX BUP06ax TEPMOIIJIACTUYHO] MOJTiIAaKTUIHOI
Ta TEPMOPEAKTHBHOI €MIOKCUIHOI a0 0J1iypeTaHOBOI CKJIal0BOI lae MOXJIUBICTb CPOPMYBATH YHIKaIbHY ri6pUAHY
CTPYKTYpY, 10 00'eHY€ BUCOKI (i3MKO-MEXaHivyHi Ta TeII0Qi3nyHi XapaKTEePUCTUKHU, BIACTUBI TEPMOPEAKTUBHUM
Marepiasiam Ta TEXHOJIOTTYHICTIO I1if] Yac epepoOKy TEPMOIIJIACTUYHOIO CKJIAI0BOIO, & TAKOX Iepesaru 311 IpyKy.
Mopudikosani kpoxmasiem Ta ECO mosinakTyuiHi KOMIo3uTH 3 rinpodo6i30BaHUM KaJIbIlil0 KApOOHATOM
BiZ]3HAYalOThCS MiTBULIEHUMHU [TOBEPXHEBOIO TBEPHICTIO 0 = 15%, rpaHUIIel0 BUCOKOEIACTUYHOCTI 10 35%,
KoedirieHToM cTpykTypH 110 50-55%, a TaKOX TEIJIOCTiMKiCcTIO HA ~700. OGrpyHTOBAaHO BUKOPUCTAHHS
IOJIIJIAKTUJIHUX KPOXMAaJIbBMiCHIX KOMITO3UTIB SIK diameHTiB 115t FDM 3]1 npyKy [Ji1 BUTOTOBJIEHHSI BUPOOiB
KOHKPETHOTO IIpu3HayeHHs. PO3p06s1eHO OCHOBU TE€XHOJIOTIH Oflep>KaHHS KOMOiHOBaHUX 3]] IPYKOBaHUX
MOJIIJIAKTUIHAX BUPOOIB 3 TEPMOPEAKTUBHUM MOAU(DIKOBAHNM 3alI0OBHIOBAY€M, PO3pO6JI€HA IPUHIMIIOBA
TEXHOJIOTIYHA CXeMa BUPOOHULITBA Ta OOrPYHTOBAHI TEXHOJIOTIUHI TapaMeTpH, 30KpemMa IIpolecy 3aroBHeHHs [1JIA
MaTpuli TepMOpPEaKTUBHUM €TIOKCUIHUM Ta [10JIiypeTaHOBUM 3B’SI3HUM Ta YMOBHU iX CTPYKTypyBaHHs. OfepkaHi
KOMOIHOBaHI KOMIIO3UTU Ha OCHOBI Mogu@ikoBaHoi [TJIA MaTpulli Ta TEpMOPEAKTUBHOTO 3alI0BHIOBAYA
Bi/I3HAUAIOTHCS 3BMEHIIEHOIO MACOIO [TOPIBHSHO 3 CYLiIbHO HanoBHeHUMU 31 Bupo6amu Ha 10-15%, mokpaiieHumu
(di3nKO-MexaHIYHMMU BJIACTUBOCTSIMHU, 30KpeMa MiJiBUIeHOI0 TBepIicTIo (15-30%), MiLIHICTIO IIif 9ac 3TMHaHHS Ta
PO3TATYBaHHS 3aJ1€XKHO Bifl IPYPOAY TEPMOPEAKTUBHOTO 3B SI3HOTO i KiflbKOCTi Mogu@ikaTopa y 3ar1oBHIOBayi,
IIJIOLVHY NIPUKJIAAE€HOTO HABaHTAKEHHS, 0COOJIMBOCTEN NaTepHa (CTPYKTYPHY 3allOBHEHHS) Ta LIiJILHOCTI

3aIlIOBHEHHSI.

2. The PhD thesis is devoted to the development of the foundamentals of technologies for the fabrication of new
polylactide composites, that are characterized by increased technological compatibility of components and
operational properties, as well as the manufacture of filament for use in FDM 3D printing. The rapid advancement
of FDM 3D printing technologies necessitates the improvement of polymer materials. Polylactide is distinguished
by its environmental friendliness, low melting temperature, and minimal shrinkage; however, it exhibits low
thermal resistance, brittleness, and limited physical and mechanical properties. A promising approach involves the
development of composites based on PLA through the incorporation of starch, CaCOn, and epoxidized soybean oil,
as well as the formation of combined structures filled with modified thermosetting resins. The physicochemical
and technological principles for obtaining modified polylactide-starch composites and filaments based on them for
use in FDM 3D printing have been developed. Based on the identified influence of starch and epoxidized soybean
oil (ESO) on the modification patterns and properties of polylactide materials, the conditions and rational
technological parameters for producing starch-containing polylactide materials have been substantiated. The use
of starch and ESO as technologically compatible modifiers for polylactide materials during physical blending in the
swollen and viscous-flow state has been justified. Physicochemical studies have demonstrated the feasibility of
pre-blending starch with ESO, followed by physical modification of polylactide with this mixture at component



contents of up to 25 wt% for starch and up to 15 wt% for ESO. It has been found that the developed polylactide
composites exhibit improved processing properties. An increase in the melt flow rate (MFR) to 50-60 g /10 min
was observed due to the plasticizing effect of ESO at a content of 10-15 wt%, along with a decrease in melt
viscosity and a reduction in the flow activation energy as a result of starch incorporation. These effects contribute
to enhanced processability in the viscous-flow state during extrusion and FDM printing. It was established that the
use of hydrophilic starch and hydrophobic ESO as modifiers of polylactide materials ensures the formation of
stable supramolecular structures of polylactide and starch over time. This stability arises from the redistribution of
intermolecular interactions within the system, with the direct involvement of ESO molecules, resulting in long-
term stability of the physicochemical and performance characteristics of both the materials and the products
derived from them. The combination of a thermoplastic polylactide component with a thermosetting epoxy or
polyurethane component in the developed products enables the formation of a unique hybrid structure. This
structure integrates the high physical-mechanical and thermophysical properties typical of thermosetting
materials with the processability of the thermoplastic phase, as well as the advantages of 3D printing technologies.
Polylactide composites modified with starch and ESO, incorporating hydrophobized calcium carbonate, exhibit
enhanced surface hardness (by approximately 15%), increased elastic limit (up to 35%), structural coefficient (up to
50-55%), and heat resistance of approximately 700°C. The feasibility of using starch-containing polylactide
composites as filaments for FDM 3D printing to manufacture application-specific products has been substantiated.
The fundamentals of technologies for producing combined 3D-printed polylactide products with a thermosetting
modified filler have been developed. A basic technological scheme of the manufacturing process has been
designed, and key processing parameters have been substantiated—particularly those related to the filling of the
PLA matrix with thermosetting epoxy and polyurethane binders, as well as the conditions for their structuring. The
resulting combined composites, based on a modified PLA matrix and thermosetting filler, are characterized by a
10-15% reduction in weight compared to fully filled 3D-printed products, along with improved physical and
mechanical properties. Notably, these include increased hardness (by 15-30%), enhanced flexural and tensile
strength, depending on the nature of the thermosetting binder, the amount of modifier in the filler, the plane of
applied load, the pattern characteristics (filling structure), and the filling density.
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dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCHTETChKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I'puuesko Onexcanap Muxkosainosuy

2. Oleksandr Grytsenko

KBasigikamis: n.1.1., npodecop, 05.17.06

InenTudikarop ORCHID ID: 0000-0001-8578-4657

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kog, 3a EZIPTIOY: 02071010

Micuesnaxomxemm: ByJ. CtrenaHa BaHgepy, 6yz. 12, JIbsiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cemeniok Harasnisg borgaHiBHa

2. Natalia Semenyuk
KBasidikamisi: k.1.1., crapmmii HaykoBuii criiBpo6iTHuK, 05.17.06
Inentudikarop ORCHID ID: 0000-0002-1112-8486

JoparkoBa inHdpopmamuist:



IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTITEXHIKA"

Kopg 3a €IPIIOY: 02071010

MicueSHaXOA)KeHHH: ByJ. Crenana Bangepw, 6yz. 12, JIbgis, 79013, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3aKkJII04Hi BiZOMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUIH 3a HiATOTOBKY

00JIiIKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisSIIBHOCTI

Ckopoxoza Bosogumup Mocumnosuy

Ckopoxofa Bonogumup Mocunosud

Keuyp Imutpo Iroposuy

VKpIHTEI

Opuenko Tersna AHaTostiiBHa



