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I0JIIra€ y pPO3po0Li TEXHOJIOTiN aIUTUBHOTO BUPOOHUILTBA €JIEKTPOIIPOBIIHUX OJIIMEPHUX KOMIO3ULIITHIX
marepiasiB. O6'€KTOM [OCIIIPKEHHS € sBuIle POPMYBaHHS MEPKOJISLIMHUX IJISIXIB €J1eKTPOIPOBiIHIX
HaIOBHIOBAYiB B CTPYKTYPi NOJIIMEPHUX KOMIIO3ULiTHMX MaTepiajiB B IpoLieci ailuTUBHOTO BUPOOHULITBA.
[IpenMeTOM IOCITIiIKEHHS € TEXHOJIOTI aIUTUBHOTO BUPOOHULITBA €JIEKTPOIPOBiIHUX MOJIIMEPHUX KOMIIO3UTIB.
OCHOBHI N1OJIOKEHHS, 110 BU3HAYAIOTh HAYKOBY HOBU3HY JUCEPTaLiiiHOI pO6OTH, MOJISraloTh Y HACTYITHOMY: 1.
Brniepiuie 6ys10 BCTAHOBJIEHO, 10 KPUTUYHUI BMiCT TEXHIYHOTO BYIJIELIO 17151 yTBOPEHHS NEPKOJISLIIHOI CTPYKTYPH B
MaTpulli TepmorsiacTuyHoro nosiyperany (TI1Y) cranosuts 170+020%, Togi gk y INETT — 20-230%. V Bunagky
BYIJIELI€BUX HAHOTPYOOK KputuyHuii BMicT y TITY ctanoButs 4,50+00,70%, a B TIETT — 6,0-6,80%. Lle cBiguuth npo
BUIIY 3aTHICTb THYYKOI MATPHULli TEPMOIJIACTUYHOIO N0JliypeTany o opieHTalii Ta ¢ikcauii NpoBigHUX MJISAXiB
3aBJIKU HUKYiM pesnakcaniiiHiil B'13kocTi, nopisHsHO 3 [TETT. 2. Briepiie CTBOpeHO Ta IOCiIKeHO
€JIEKTPOIIPOBiIHI KOMIIO3U1lii HA OCHOBI TEPMOIIACTUYHOrO noJjiyperany (TI1Y) ta nosniernnenrepedranar-
riikoso (ITETT) 3 ByrieneBumu HaHOTpy6Kamu, MoandikoBaHi 1ekabpoMmaudenineTaHoM. BusisieHo, mo
nopaBaHHs 20% nekabpomaudeHineTany 3adbesneyye 3HKEHHS IOBEPXHEBOro onopy kommnosuty 3 0,38 Om /o 1o
0,09 Om /1, 1110 3yMOBJIIO€ 3POCTaHHSI IIPOBIJHOCTI Ha 76 % a TaKoX [03BOJISIE CYTTEBO MiBUIIATHA aHTUIIPDEHHI
BJIACTUBOCTI KOMIIO3uLi. [ komro3uuint Ha ocHOBi [IETT anasoriyHe BBEIEHHS IIPUBOAUTD [0 3HMUKEHHS
noBepxHesoro onopy 3 1,3 Om /o no 0,57 Om /o (56%). Taka noBeziHKa OeHAHHS [ieJIeKTPUYHOTO Ta
€JIEKTPOIIPOBiTHOrO HAIIOBHIOBAYa, IMOBIPHO, CBIUUTh caMe PO XiMiYHMI BIJIMB rajlOr€HHOI IPUPOIU
IieJIEKTPUYHOTrO HaMOBHIOBaYa Ha NpoBigHicTs EINK, amke 3a BUKOPUCTaHHS [IieJIEKTPUYHOTO KapOOHATy KaJlbLIilo
3a TOTO X BMICTy HallOBHIOBa4a [NOBEPXHEBUI OITip 3MEHIYBaBCsl He Oisblie HixX Ha 53%. 3. BcTaHOBIIEHO, 110
BBenieHHs 20% KapOoHinbHOro 3asi3a o ckiuany TITY ta IIETT 3 ByrieneBumMu HaHOTpyOKaMu 3abe3redye 3HayHe
IiABUILEHHS €JIEKTPOIPOBITHOCTI KOMIIO3ULLill, 3HUKYIOUM [I0BEPXHEBUI OMip A0 3HauYeHb MeHIe Hixx 0,09 Om /0, a
06'eMHMH oMip - 70 6,9 OM-M. lle 3HI>KEHHS [TOB'S13aHe 3 YTBOPEHHSIM JJOJATKOBUX €JIEKTPONPOBITHUX MICTKIB MiXX
OKpPEMMMU HaHOTPyOKaMu 3aBASKM YaCTMHKaM KapOOHIJIBHOrO 3aii3a, 1o 3abe3nedye BUCOKUI PiBEHb
€JIEKTPOIIPOBIIHOCTI, @ TAKOX MiIBULLIEHHSIM 00’'€MHOi KOHLIEHTpallil ByrjleleBUX HAaHOTPYOOK Y CTPYKTYpi
[OJIIMEPHOTO KOMIIO3UTY. 4. BUSIBJIEHO aHI30TPOIiI0 €JIEKTPUYHUX BJIACTUBOCTEN NIPU aJUTHBHOMY BUPDOOHULITBI
3paskiB i3 TITY ta [IETI' 3 KOMIIO3UTHMMU HAMlOBHIOBAYaMU HAa OCHOBI BYIJIELIeBUX HAHOTPYOOK. 3pa3Ku,
HaJPYKOBaHi 3 opieHTaljelo mapiB 3a cxeMolo «0°/90°», 1eMOHCTPYIOTb 3HM)KEHHS ITIOBEPXHEBOTO ONopy 1o 35%
IIOPiBHSIHO 3i 3pa3kaMy, HaJPYKOBaHMMU 3 OTHOPINHOIO opieHTalieto mapis (0°). Lle 3yMOBJIEHO OCOGIUBOCTSIMU
(opMyBaHHS €JIEKTPOIIPOBIIHUX UISXIB y TPMBUMIPHIN CTPYKTYPI, 0 3HAYHO MiJIBULIYE IPOBiTHICTD Y JEKiIbKOX
HanpsMax OJHOYaCHO. 5. BUSBI€HO HasIBHICTb TEPMOPE3UCTUBHOTO €(EKTY Y JOCTIIKEHNX €JIeKTPOIPOBIIHUX
KOMIIO3UTIB 3 ByIJlelleBUMM HaHOTpyOoKaMu. [TokazaHo, o niauieHHs temnepatypu Bif, 20 no 90 °C npusBoauTh
110 3pOCTaHHSI [IOBEPXHEBOTO ONopy Ha 8-10%, a 06'eMHOro onopy - Ha 12-15%, 110 MMOB'SI3aHO 3 TEMJIOBUM
PO3IIMPEHHSM MOJIIMEPHOI MATPuLLi Ta OPYIIEHHSIM Mi>)K4aCTKOBMX KOHTAKTiB HAallOBHIOBAYiB. 3MiHa 06’€MHOTO
onopy Ha 10°C cranoBuTtsb y TITY-komnosurax y cepegHbomy 0,03-0,0600M-M/°C, Tozi sk y [IETT-kommo3urax Leu
nokasHuk pocsrae 0,07-0,0900m-m /°C. Lli pe3yabTaTy BaXKJIMBIi [7151 IPOTHO3YBaHHSI €JIEKTPONPOBITHUX
XapaKTEePUCTUK KOMITO3UTIB IIPU Pi3HMX TeMIIepaTypax eKcItyaraunii. 6. OTpumainy nogaabinii pO3BUTOK YSIBJIEHHSA
IIPO MOXKJIMBOCTI PETYJIIOBAHHS €JIEKTPOIPOBIIHUX, PAliONOIIMHAIbHUX Ta MEXaHIYHUX BJIACTUBOCTEN MOJIIMEPHUX
KOMITIO3UTIB MIJIIXOM 3MiHM L1iJIbHOCTI 3alI0BHEHHS Ta TUIY BHYTPILIHbOI CTPYKTYPHU BUPOOIB [IpY aAUTUBHOMY
BMPOOHULTBI. BUsiB€HO, 1[0 HANO6iIbII palioHaIBHOIO IJ1s1 MACKyBaJIbHUX BUPOOIB € KOMipyacTa CTPYKTypa i3

HIiIbHICTIO JIIHIMHOTO 3aIIOBHEHHS OJIM3bKO 5%.

2. The dissertation is devoted to solving an important scientific and practical problem: creating new, more
effective, electrically conductive polymer composite materials for additive manufacturing. The relevance of this
work lies in the need to enhance the complex of electrical, mechanical, flame-retardant, and radio-absorbing
characteristics of polymer composites used in additive technologies. The limitations of existing solutions and the
lack of comprehensive studies of the relationship between the composition, technological parameters, and final
properties of materials necessitate the creation of new effective compositions. The technological and materials
science approaches proposed in the work allow the formation of products with clearly controlled properties,
opening up new opportunities for their application in radar technology, electronics, power systems, and other



industries. The work aims to develop technologies for the additive production of conductive polymer composite
materials. The object of the study is the phenomenon of the formation of percolation paths of electrically
conductive fillers in the structure of polymer composite materials in the process of additive manufacturing. The
subject of the study is the technologies of additive manufacturing of electrically conductive polymer composites.
The scientific results obtained in the course of the study in total allowed for solving an important scientific and
applied problem of creating new, more effective, electrically conductive polymer composite materials for additive
manufacturing. The scientific novelty of the obtained results lies in the following: 1. For the first time, it was shown
that the critical carbon-black content for percolation in TPU is 17 + 2 %, whereas in PETG it is 20-23 %. For
NC7000 carbon nanotubes, the critical content is 4.5 + 0.7 % in TPU and 6.0-6.8 % in PETG, proving the higher
ability of the more flexible TPU matrix to orient and lock conductive pathways thanks to its lower relaxation
viscosity compared with PETG. 2. Electrically conductive TPU and PETG composites with carbon nanotubes
modified by decabromodiphenyl-ethane were produced and researched for the first time. Adding 20 % of this
flame retardant lowered surface resistivity from 0.38 Q /o to 0.09 Q/o (-76%) in TPU and from 1.3 Q/oto 0.57 Q/o (-
56%) in PETG systems while markedly improving flame resistance. 3. Introducing 20% of carbonyl iron into TPU
and PETG with carbon nanotubes reduced surface resistivity below 0.09 Q /o and volume resistivity to 6.9 Q-m
thanks to additional conductive bridges and an increased effective CNT concentration. 4. Anisotropy of electrical
properties was revealed: samples printed with a 0°/90° lay-up showed up to 35 % lower surface resistivity than
those with a uniform 0° lay-up. 5. A pronounced thermoresistive effect was discovered: raising the temperature
from 20 °C to 90 °C increased surface resistivity by 8-10 % and volume resistivity by 12-15 %. The rate of change is
0.03-0.06 Q‘m /°C for TPU composites and 0.07-0.09 Q'm /°C for PETG composites. 6. Concepts for tuning
electrical, EM-absorbing, and mechanical properties by varying infill density and internal architecture were
advanced; a honeycomb with ~5 % linear infill reduced reflected EM radiation by 43 dB at 10 GHz.
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IloBHe HaﬁMeHyBaHHﬂ IOPUOHUYHOL 0CO0M: KuiBchKuil HallioHaJIbHUIT yHiBepcuTeT imeHi Tapaca

IlleBuenka

Kopg 3a €IPIIOY: 02070944

MicneSHaXO;DKeHHﬂ: ByJI. Bonopumupcska, 6ya. 60, Kuis, 01033, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHiBEepCHTETChKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [naBaH Bikropis IleTpiBHa

2. Viktoriia P. Plavan

KBasigikanis: .1.1., npodpecop, 05.18.18

InenTudikarop ORCHID ID: He sactocoyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0OM: KuiBchKuii HallioHaIbHUI YHIBEPCUTET TEXHOJIOTIi Ta U3aiHY
Kopg 3a €IPIIOY: 02070890

Micuesnaxomxemm: ByJ. Mana IllusiHoBceKa, 6ya. 2, Kuis, 01011, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi
BaacHe IlpizBume Im's I10-6aTbKOBI XOMeHKO Bomomup I'puroposuy

TOJIOBH paju

BaacHe IlpizBuime Im's [10-6aTbKOBI XomeHKo Bosnoumup I'puroposuy

rOJIOBYIOYOTO Ha 3acigaHHi



BigmoBigasbHUH 32 MiATOTOBKY Bykopoc Tersana

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBOI IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




