O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0825U002194
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 06-06-2025

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya
Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Keuyp Jimutpo Iroposuy

2. Kechur Dmytro I.

KBasmigikamis:

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

IIIndp HayKoOBOi ceniaIbHOCTI: 161

Ha3Ba HayKOBOIi CIIeniaJIbHOCTI: XimiuHi TEXHOJIOTI] Ta iHKeHepis

lanyss / ra.nysi 3HaHb: xiMiyHa Ta 6i0iHKeHepid

OCBiTHbo—HayKOBa mporpama 3i CreniaJbHOCTI: XimiuHi TexHOJIOTii Ta iHXeHepis

JaTa 3axucTy: 05-08-2025

CrneniaJbHICTh 3a OCBITOIO: 133 l'ayy3eBe MamIMHOGYIyBaHHS

Micue po6oTu 3400yBayva:
Kopg 3a €1PIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:

Cdepa ynpaBiiHHs:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi CleliaJai30BaHOI BYEHOI pazu). PhD 9557
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CtrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina

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 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa Bangepuy, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 61.61.29, 61.61.99

Tema gucepranii:
1. OCHOBM TE€XHOJIOTi! Ol€P>KAaHHSI NOJIIIAKTUAHUX KOMIIO3UTIB i BUPOO6iB 3 HUX 3]] IpyKOM

2. Fundamentals of the Technology for Producing Polylactide Composites and 3D-Printed Products Based on Them

Pedepar:

1. Incepraniiiny po60Ty IPUCBSIYE€HO PO3POOIEHHIO OCHOB TEXHOJIOTIN OJJ€P>KaHHS HOBUX IMOJIIJIaKTUAHUX
KOMIIO3UTIB, SIKi BiZ]l3HA4aIOTbC MiJBUIIEHOIO TEXHOJIOTIYHOIO CYMICHICTIO KOMITIOHEHTIB i €KCIIIyaTaliiHUMU
BJIACTMBOCTSIMHU, @ TAKOK BUTOTOBJIEHHS QislaMeHTy 17151 BUKopuctaHHsg B FDM 3]1 npyui. InTeHCUBHUI pO3BUTOK
FDM 3D zpyKy 3yMOBJIIO€ TOTPeOY B YI,OCKOHAJIEHH] [T0iMepHUX MaTepiais. [TosinakTu BUPi3HSIETHCS
€KOJIOTIYHICTIO, HU3BKOIO TEMIIEPATYPOIO IJIABJIEHHS, MAJIOIO YCAAKOI0, aJle Ma€ HU3bKY TEIJIOCTINKICTh, KPUXKICTh
Ta obMesKeHi (i3uKo-MeXaHiyHi B1aCTUBOCTI. [IepCIIeKTUBHUM € CTBOPEHHS KOMIIO3UTIiB Ha IOTO OCHOBI 3
IoJaBaHHSIM Kpoxmaiiio, CaCOn, eroKCHUI0BaHOI CO€EBOI 0J1ii, @ TAKOK (POPMYBaHHSI KOMOIHOBAaHMX CTPYKTYP 3
3alIOBHEHHSM MO (IKOBaHMMY TEPMOPEAKTUBHMMU cMoJiaMu. Po3pobiieHo ismko-xiMmiuHi i TeXHOJIOTIuHI 3acanu
ofepykaHHS MoAN(}IKOBaHUX MOJIIIAKTUI-KPOXMaIbHUX KOMITO3UTIB Ta (pisaMeHTiB Ha ixHill OCHOBI 117is
Bukopucrtanus B FDM 3]] npyui. Ha nigcrasi BusiBieHOro BIIMBY KpoxMautio i ECO Ha 3aKOHOMIpPHOCTI
MoauGiKyBaHHS i BIACTUBOCTI MOJIiNIaKTUAHUX MaTepiasliB OOIPYHTOBAHO YMOBHU Ta pal[iOHAJIbHi TEXHOJIOTIYHI

IlapaMeTpy IIPOLeCy BUTOTOBJIEHHS MOJIJIaKTUIHUX KPOXMaslbBMiCHUX MaTepiasiB. OGrpyHTOBAaHO BUKOPUCTAHHS



KPOXMAJIIO Ta €NOKCUI0BaHoi coeBoi 0mBY (ECO) 51K TEXHOJIOTNYHO CyMiCHUX MOIMA(IKATOPIB MOJINAKTUIHAX
marepiaiB nif yac (pisugHOro cyMinieHHs y HaOpsSKJIOMYy Ta B'sI3KOTeKy4doMy cTaHi. Ha mifmcrasi ¢pizuko-xiMiyHuX
IOCJiI)KeHb BUSBJIEHO JOLIJIBHICTD NONIepeaHbOro cyMimeHHs kpoxmaito 3 ECO 3 nogansmum QisuuHuM
MOM(DiKyBaHHSIM HUMHU TOJIINIAKTUAY 32 BMiCTY KOMIIOHEHTIB: KpOXMaJlb - 10 25% mac., ECO - no 15% mac.
BusBreHo, o0 po3po6JieHi NoJisIakTUHI KOMIIO3UTH BiI3HAYAIOTHCS TOKPALlEeHUMU TEXHOJIOTIYHUMU
BJIACTMBOCTSIMU. Binanaveno 36inbmenHs [1TP no 50-60 r/10xB 3aBnsku miactTudikysasibHoMy BruuBy ECO 3a
BMmicTy 10-15% Mac, 3MEHIIEHHS B'I3KOCTi PO3TOITY, 8 TAKOXK 3HMKEHHS €Heprii akTuBallii Tedii 3aBJISKU BILJIUBY
KPOXMaJlio, 10 CHpHUsI€E MiIBULIEHHIO TEXHOJIOTTYHOCT] Mifl 4ac nepepooKu y B'SI3BKOTEKY4YOMY CTaHi €KCTpy3ielo Ta
FDM npykom. BcTaHOBII€HO, 1110 BUKOPUCTAHHS K MOAUGIKaTOPIB MOJIiNakTUAHUX MaTepiaiB rigpodinbHoro
Kpoxmavtio Ta rifpodobnoi ECO 3abesneuye cTabisbHi y yaci HaMOJIEKYJISIPHI CTPYKTYPHI yTBOPEHHSI MOJIaKTUAY
i KpOXMaJIo BHACIIOK IE€PEPO3IOLiINTY MKMOJIEKYJIIPHAX B3a€MOIN y NOCIIKYBaHill cucTeMi 3a 6e3nocepeHboi
y4acTi mosiekys1 ECO Ta cTabinbHi ¢iznko-ximivHi i excrulyartaniiiii xapakTepUCTUKU LMX MaTepiasis i BUpOO6iB Ha ix
OCHOBI I1if] yac TpUBaJIOro BUKOpUCTaHHs. [ToeHaHHS y po3p06sIeHUX BUPOOax TEPMOIJIACTUYHO] MTOJIiIaKTUIHOI
Ta TEPMOPEAKTUBHOI €TIOKCUJIHOI 260 I0JIiypEeTaHOBOI CKJIa[I0BOi 1a€ MOXKJIMBICTL C(OOPMYBATU YHIKaJIbHY IiOpUIHY
CTPYKTYPY, 0 06'eqHYye BUCOKi (i3KO-MeXaHiyHi Ta Terno@i3nyHi XapakKTepUCTUKY, BIACTUBI TEPMOPEAKTUBHUM
Marepiasiam Ta TEXHOJIOTTYHICTIO Iif], Yac epepoOKU TEPMOILJIACTUYHOIO CKJIAIOBOIO, a TAKOX Iepesaru 311 IpykKy.
Mopudikosani kpoxmasnem Ta ECO nmosinakTyuHi KOMIO3UTHU 3 Trinpodo6i30BaHUM KaJbllil0 KApOOHATOM
BiZ]3HAYAIOThCS MiTBULIEHUMHU [TOBEPXHEBOIO TBEPLICTIO 10 = 15%, rpaHUIIeI0 BUCOKOEIACTUYHOCTI 10 35%,
KoedirieHToM cTpykTypH 110 50-55%, a TaKOX TEIJIOCTiMKiCcTIO Ha =700. OBrpyHTOBaHO BUKOPUCTAHHS
MOJIIJIAKTUJIHUX KPOXMaJIbBMiCHUX KOMIIO3UTIB sIK dinameHTiB 115t FDM 3]] npyKy 1111 BATOTOBJIEHHSI BUPOOiB
KOHKPETHOTO ITpU3HayeHHs. PO3p06s1€eHO OCHOBU TE€XHOJIOTIHN Oflep>KaHHS KOMOiHOBaHUX 3]] IPYKOBaHUX
MOJIJIAKTUIHAX BUPOOIB 3 TEPMOPEAKTUBHUM MOAU(DIKOBAHUM 3alIOBHIOBA4YE€M, PO3PO6JI€HA TPUHIMIIOBA
TEXHOJIOTIYHA CXeMa BUPOOHULITBA Ta OOrPYHTOBAHI TEXHOJIOTIUHI TapaMeTpH, 30KpeMa IIpoliecy 3arnoBHeHHs [1JIA
MaTpHulli TEPMOPEAKTMBHUM €IIOKCUIHUM Ta [10JIiypeTaHOBUM 3B’I3HMM Ta YMOBMU iX CTPYKTypyBaHHs. OfepkaHi
KOMOIHOBaHI KOMIIO3UTU HAa OCHOBI Mogu@ikoBaHoi [1JIA MaTpulli Ta TEpMOPEAKTUBHOTO 3alI0BHIOBAYa
BiZI3HA4YaIOTHCS 3MEHIIEHOI0 MACOI0 IIOPIBHSHO 3 CyLisIbHO HarnoBHeHUMU 3] Bupob6amu Ha 10-15%, nokpauieHnMu
(}i3MKO-MexaHIYHMMU BJIACTUBOCTSIMHU, 30Kpema MiJBUleHO0 TBepicTIo (15-30%), MillHiCTIO IIif Yac 3TMHaHHS Ta
PO3TATYBaHHS 3aJI€)KHO BiJi IPUPOAU TEPMOPEAKTUBHOTO 3B SI3HOTO i KislbKOCTi MoaudikaTopa y 3al10BHIOBaui,
IIJIOLVHY TIPUKJIAAEHOTO HABaHTAKEHHS, 0COOJIMBOCTEN NaTepHA (CTPYKTYPHY 3allOBHEHHS) Ta WIJILHOCTI

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, CaCOg, 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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Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I'puuenko Onekcanap Mukosanosuy

2. Oleksandr Grytsenko

KBasigikanis: n.1.1., npodecop, 05.17.06

InenTudikarop ORCID ID: 0000-0001-8578-4657

JoparkoBa iHdpopmamnist:

IloBHEe HaliIMeHYBaHHS IOPUAHUYHOI 0COOHU: HaujoHanbHuii yHiBepcuteT "JIbBiBCbKA MOMTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxo,zm(eunﬂ: ByJ. CrenaHa Bangepu, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. CemeHiok Haranig borgaHiBHa

2. Natalia Semenyuk

KBasidikamisi: k.1.1., crapmnii HayKoBuii criiBpo6iTHUK, 05.17.06

InenTudgikarop ORCID ID: 0000-0002-1112-8486

JoparkoBa indpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJ. CrenaHa Bangepw, 6yz. 12, JIbBis, 79013, Ykpaina

dopma B1aCHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI
TOJIOBH pagu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi

OisIJIbHOCTI

Ckopoxoza Bosogumup Mocumnosuy

Ckopoxoga Bosogumup Mocumnosuy

Keuyp IImutpo Iroposud

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



