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1. Po3po6ka Ta BIOCKOHAJIEHHS TEXHOJIOTI] I0IapOBOr0 CUHTE3Y BUPOOiB 3 MOJIMEPHUX KOMIIO3ULIIMHUX MaTepiaiB
ILJIs1 aBialliiiHOI Ta PAaKETHO-KOCMIYHOI TEXHIKM

2. Development and improvement of the technology of layer-by-layer synthesis of products from polymer
composite materials for aviation and rocket and space technology

Pedepar:

1. Y nuceprauiiiHiil po60Ti 3aIIpONIOHOBAHO HOBY CXEMY, METOJ], Ta TEXHOJIOTiI0 OTPMMAHHSI BUPOOiB 3 MOJIMEPHUX
KOMITIO3ULIITHMX MaTepiajiiB B IPOLECi Ta 3 BUKOPUCTAHHAM TEXHOJIOTIH MOAapoOBOro CUHTe3y. HoBa TeXHOJIOrIA
Mae 32 METY IOKpalleHHs XapaKTePUCTUK MIITHOCTi feTaseil Ta BUpo6iB. JJOCIIiI>KeHO BIIJIMB TEXHOJIOTIYHUX
napaMeTpiB Ha eKCIlTyaTalifiHi BJ1aCTUBOCTI BUPOOIB 3 OJIiIMEPHUX KOMIIO3ULiTHMX MaTepiaiB, 1[0 OTPUMaHi

METOaMU IMOMapOBOTO CUHTEZY. BcTaHoB€HO, 110 Bi,[[CTaHb MIX niapaMy apMyBaHHS € 3HAaYyIIUM Tda OCHOBHUM



(paKTOPOM BILJIMBY Ha KiHIIEBi XapaKTEPUCTUKU OTPMMAHUX BUPOOiB. BcTaHOBIEHA MIpsIMa 3aJIEXKHICTh MK
3MEHIIEHHSM BifICTaHi Mi’k apMOBaHUMU IIapaMU Ta 30iIbIIEHHS BIaCTUBOCTEN MiLlHOCTI BUPOOY. Po3po6ieHo
palioHasIbHI CXeMU OTPUMAaHHS BUPOOIB 3 I10JIiMEPHUX KOMITO3ULiIHMX MaTepiaiB 3 BUKOPUCTaHHSIM MeTony 3D-
IpyKy. Po3pobisieHa cxeMa apMyBaHHS, 10 JO3BOJISI€ 30€epiraTy CyLiIbHICTh BOJIOKHA He JIMIIEe B MeXax Lapy, a i
[py nepexozi Mix mapamu. Cxema apMyBaHHS [03BOJIS€ TIO3UTUBHO BILJIMBATYU Ha BJIACTMBOCTI MaTepiany 3
ypaxyBaHHSM HaIPSIMKY Jii eKCIUTyaTaliiHuX HaBaHTaXXeHb, 4 PEXKUMHU JPYKY 3a0€3M1e4yI0Th HaJliliHe Ta JOCTaTHE
3aKpilIeHHs i 3UeJIeHHs] BOJIOKHA apMYyBaHHS 3 OCHOBHUM I10JIiIMEPOM IMOJIIMEPHOTO KOMIIO3ULiiHOTO MaTepiany.
[t pe3ynbraTiB 6ysu Mo6y0BaHi allpOKCUMAaLiliHiI piBHSIHHS, TPOBEIEHO MOPIBHSIHHS Pe3yJbTaTiB 3 6a30BUM
(pedepentHum) 3pazkoM. Ll piBHSIHHS anpoKCUMaLiiHUX PYHKLIN JO3BOJISIOTH IPOTHO3YBATH €KCILTyaTalliliHi
BJIACTUBOCTi BUPOOY B 3aJ]JaHMX Jliarla30HaX. BUKOpHUCTaHHS KOMIUIEKCY Cy4aCHMX Ta B3a€MOJOTIOBHIOIOUMX METOIiB
BMBYEHHS CTPYKTYPU 1 BJIACTMBOCTEM MaTepiaiB, JOCIiIKEHHS TEXHOJIOTIYHUX METO/IIB i peKMMIB 3a0€311e4yI0Th
IOCTOBIPHICTb OTPMMAHUX Pe3yJIbTaTiB. HayKOBi [10JI0’KEHHS, BACHOBKM Ta PEKOMEHIALlii, PO3BMHYTI y AMCEpTAaLlii,
OOI'PYHTOBaHI, IPOBEJEHUM KOMILJIEKCOM €KCIIePMMEHTaIbHUX NOCJiI)KeHb Ta peasi3allielo pe3ysbTaTiB poOOTH.
BucHOBKY, 110 cHOPMYJIbOBaHI B po6OTi, HE CyniepevyaTbh KIAaCUUYHUAM YSIBIEHHSIM 1010 (OPMYBaHHS CTPYKTYPU Ta
BJIACTMBOCTEM KOMIIO3ULIMHUX MaTepiaiB. [IpakTuyHe 3HaYeHHs1 pOOOTHU M0JISITa€ y PO3po0OLi HOBOI CXeMU i
METOJly apMyBaHHS BUPOO6iB BOJIOKHOM Ipu BukopuctanHi FDM /FFF 3D-npyky, 3 ONNCOM BILJIMBY T€XHOJIOTIYHUX
IapaMeTpiB APyKy Ta peKOMeHAalliil o0 iX BU6OpY, po3pobJIeHO TEXHOJIOTiYHE OCHAIIEHHS 1J11 apMyBaHHS, 110
BCTAHOBJIIOeTbCA Ha 3D-npuHTep 3 KinemaTukolo tuny Delta i npuitloMy BUKOHAHHS apMYBaHHS. 3alIPOIIOHOBAHO Ta
OOGI'PYHTOBAHO METOAMKY MEXaHiYHMX BUNIPOOYBaHb NOJiIMEPHUX KOMIIO3ULiHUX MaTepiasliB 3 MapoBaTOO
CTPYKTYPOIO, 110 OTpUMaHi MeTogom 3D-npyky. OTpumaHi pe3ysbTaTy JOCIiIP)KEHHS BIPOBAIKEHI B OCBITHIN
IIPOLIEC, MOXYTb BUKOPUCTOBYBATUCH 1111 PO3POOKHU i BUTOTOBJIEHHSI IeTajlell Ta BUPOOIB 3 IOKpalleHUMU

IMMTOMKYMMU BJIACTUBOCTSIMU MiU,HOCTi.

2. The dissertation proposes a new scheme, method and technology for obtaining products from polymer
composite materials in the process and using layer-by-layer synthesis technologies. The new technology aims to
improve the strength characteristics of parts and products. The influence of technological parameters on the
operational properties of products from polymer composite materials obtained by layer-by-layer synthesis
methods has been studied. It has been established that the distance between the reinforcement layers is a
significant and main factor influencing the final characteristics of the obtained products. A direct relationship has
been established between reducing the distance between the reinforced layers and increasing the strength
properties of the product. Rational schemes for obtaining products from polymer composite materials using the
3D printing method have been developed. A reinforcement scheme has been developed that allows maintaining the
integrity of the fiber not only within the layer, but also at the transition between layers. The reinforcement scheme
allows for a positive influence on the properties of the material, taking into account the direction of the
operational loads, and the printing modes ensure reliable and sufficient fixation and adhesion of the reinforcing
fiber to the main polymer of the polymer composite material. Approximation equations were constructed for the
results, and the results were compared with the base (reference) sample. These approximation function equations
allow for the prediction of the operational properties of the product in the specified ranges. The use of a complex
of modern and complementary methods for studying the structure and properties of materials, research of
technological methods and modes ensure the reliability of the results obtained. The scientific provisions,
conclusions and recommendations developed in the dissertation are substantiated by the conducted complex of
experimental studies and the implementation of the results of the work. The conclusions formulated in the work
do not contradict the classical ideas regarding the formation of the structure and properties of composite
materials. The practical significance of the work lies in the development of a new scheme and method of
reinforcing products with fiber when using FDM /FFF 3D printing, with a description of the influence of
technological printing parameters and recommendations for their selection, technological equipment for
reinforcement installed on a 3D printer with Delta-type kinematics and methods for performing reinforcement
have been developed. A method for mechanical testing of polymer composite materials with a layered structure
obtained by 3D printing has been proposed and substantiated. The obtained research results have been



implemented in the educational process and can be used for the development and manufacture of parts and
products with improved specific strength properties.
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