O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHH HOMep: 0821U101733
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamnii: 09-06-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. OnexkcuuieH Bitaniit OnekcangpoBuy

2. Oleksyshen Vitalii O.

KBasmigikamis:

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

IIIndp HayKoBOi crieniajIbHOCTI: 133

Ha3Ba HayKoBOIi CIIeNiaJIbHOCTI: MexaHiuHa itkeHepis. [ayseBe MalIMHOGY yBaHHS

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JlaTa 3axHcCTy: 27-05-2021

CreniaJIbHICTh 32 OCBITO0: O61ajHaHHS XiMIYHUX BUPOOHULTB i MifIIpueMCTB OyiBesIbHUX MaTepiasiB

Micue po6otu 3,qo6yBaqa: HanjionasnpHui TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [Tepemoru, 6ya. 37, M. Kuis, 03056, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi creniaai3oBaHoi BYeHOI pagu): [1d 26.002.026

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoo KeHHS: npocrekt [lepemory, 6yx. 37, M. Kuis, 03056, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii
MOJIITEXHIYHM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micuesnaxo,ereHHﬂ: npocrekt [Tepemory, 6yx. 37, M. Kuis, 03056, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTHYHHUX PYOPHK: 55.24.29, 55.39.33.31

Tema guceprauii:
1. BonockoHasieHHs 00J1afHaHHS IJ1s1 OflepyKaHHS MOoJliMEePHUX BUPOOIB METOIOM IIPOCTOPOBOTO JIPYKY

2. Improvement of equipment for producing polymer products by spatial printing

Pedepar:

1. Imcepranis Ha 3000yTTS HAYKOBOTO CTyIEHS JOKTOpa ¢inocodii 3a cnenianpHicTIo 133 «T'anysese
MaIMHOOYAyBaHH». — HallioHanbHMIi TeXHiYHMI yHiBepcuteT YKpaiHu «KuiBCbKUil MOJITEXHIYHUI IHCTUTYT iMeHi
Irops Cikopcbkoro», Kuis, 2020. [lucepTaliiiHy poO60OTYy IPUCBSYEHO [OCIiIPKEHHIO IIpOoLiecy IPOCTOPOBOro APYKY,
a caMe BIJIUBY OCHOBHUX TE€XHOJIOT{YHUX [TapaMETPiB Ha BEJIMYMHY MIKIIApoBOi afresii Ta JJ0KalIbHY gedopmaliiio
HAaHECEHOT0 TEPMOIIACTUYHOTO MOJIIMEPHOrO MaTepiajy B IPOLECi OXOJMIOIKEHHS, a TAKOXK BUBYEHHIO AMHAMIKA
nepeMileHHS BUKOHaBuMX opradiB FDM 3D NpuHTEpIB B 3aJ1€5KHOCTI Bifl TUITy KOHCTPYKTUBHOI cxeMHu. [IpoBeneHo
AQHAJIITUYHUH OIJIS], CYy4YaCHOT'O CTaHy JOCJIiIPKEHb TEXHOJIOTI TPOCTOPOBOrO APYKY. PO3IJISIHYTO OCHOBHI Cy4YacHi
TEXHOJIOTii aJUTUBHOIO BUPOOHUIITBA, CUCTEMATU30BAaHO KOHCTPYKIIi ycTaTKyBaHHS 3D OPYyKy TEPMOIIACTUYHUMU
MoJIiMEpHMMHU MaTepiajlaMy B 3aJ1€3KHOCTI Bifj KIHEMAaTUYHOI CXeMU MEPEMillleHHA BUKOHABYMX OPraHiB, PO3IJISIHYTO

TUIIY KOHCTPYKLiN APYyKYBaJIbHUAX FOJIOBOK HA OCHOBI IIaTEHTHOTO MOIIYKY, [IPOaHali30BaHO AOCHiIKeHHs (i3uKo-



MEXaHIYHMX XapaKTEPUCTUK APYKOBAHMX BUPOOIB B 3aJIEXKHOCTI Bifl OCHOBHUX NapamMeTpiB 3D ApyKy Ta reomeTpii
HaHeceHHs mapiB. [[poBeneHu oIy, [10Ka3as, 110 rajay3b Cy4YaCHOTO aiUTUBHOTO O0JIafHAHHS JJ1s1 Oflep>KaHHS
I0JliMEPHUX BUPOO6IB HaI3BMYAIHO MIBUJIKO PO3BUBAETHCS, IPOTE MiJXOAM 10 KOHCTPYIOBAaHHS HOBUX THUIIB
06J1afHaHHS HEe BPaXOBYIOThb BJIACTUBOCTEN BUTPATHOrO Marepiasny. [0JI0BHMM 3aBAAHHAM iHXKEHEPiB Mif, yac
[IPOEKTYBAaHHS € ONTUMI3allig Ta MOJEpHi3allid iCHYI0UMX KOHCTPYKLi. TakoX HEZOCTATHLO BUBYEHUM € NTUTAHHS
npolecy GOpMyBaHHS TOTOBUX BUPOOIB. [IpoBefieHi 1oCil>keHHsI MeXaHiYHUX BJAaCTUBOCTE! 3pa3KiB He 1aloTh
TOYHUX JAHUX [IPO BEJIMUMHY Ta IPUPOJY MDKIIAPOBOI afresii, Ika € OCHOBOIO aJUTUBHUX TE€XHOJIOTIN. HaBiTh B
TOCJIiIPKEHHSX, 110 TIPOBOIMIIY BUIIPOOOBYBAHHS HA CTATUYHUI OJJHOOCOBUI PO3TST B IONIEPEYHOMY HAMPSMKY [0
HaHeCeHHs IapiB, 6yJyia MPUCYTHS KOHTYpPHA CTiHKa, a 1ie, B CBOIO Yepry, € HEKOPEKTHUM [1J151 BCTAHOBJIEHHS
BEJIMYMHYU MIKIIApOBOi aaresii. Bapro 3asHaymTy, 10 IPAKTUYHO HE BUBYEHUM € IIMTAHHS [TOBEIiHKU PO3IIJIaBy
TE€PMOIIJIACTUYHOT'O MaTepiasy Micys HOro BUXOy 3 APYKYBaJIbHOI FOJIOBKY, a CAM€e MPOLEC MOro OXOJIOIPKEHHS Ta
B32€MOi 3 monepegHb0 HaHECeHUM MaTepiasioM. OKpeMoIo ITPUKIIATHOIO TEMOIO, 10 TAKOX €J1ab0 BUBYEHA, €
IIMTaHHS JUHaMIiKU PyXy BUKOHABUMX OPTaHiB Ta MPOAYKTUBHOCTI 00J1aJHAaHHS B 3aJIE5KHOCTI BiJi KOHCTPYKTHBHOI
cxeMu. [I71s1 MozieII0BaHHS IIPOLIECY OXOJIOIKEHHS B pOOOTi BUKOPUCTAHO ABOBUMIPHY MaTEMaTUYHY MOJIEJIb
HECTAal[iOHAPHOI TEIJIONPOBIAHOCTI Ta MOJEJIb T€Uii HEHBIOTOHIBCHKOI HEI30TEPMIYHOI pigvHU. [Ij11 MOLEII0OBAaHHS
IepopMyBaHHS apy MOJiMEPY Iif, Ai€lo BJIACHOI Baru 3 OJHOYaCHUM OXOJIOIPKEHHSIM ITiCJIsl HAHEeCEHHS Ha
nonepe Hill map po3p’sa3yBaach 3B’13aHa TEPMOMEXaHIYHa 3a7ja4a 3 ypaxyBaHHSM CTEIE€HEBOI 3aJI€XKHOCTI
B'13KOCTi ITOJIIMEPY BiJl IIBUIKOCTI fedopmaliii Ta 3aKOHOM AppeHiyca 3a/1e5KHOCTI B'I3KOCTI BiJ TEMIIEpaTypHU.
OTpuMaHi pe3ysbTaTH [10Ka3asuy, Mo 3a yMOB iHTEHCUBHOTO 00ZyBY I1OJIiMEep MEHII HiX 3a 1 ¢ BCTUrae 0X0JI0UTUCh
IO TEMIIEPATYP, HIKUMX 32 TEMIIEPATYPY TEKy4OCTi 6e3 IoMiTHUX Nedopmaliil. [IpoTe 11 HefonyleHHs
KOpOOJIEHHS Ta PO3IIapyBaHHs BUPOOiB TEMIIEpPATypa HE Ma€e BUXOJUTH 32 MI€BHI MeXi, IO CBiIYMTb IIPO T€, 10
MIOBUHEH OYTU BCTAHOBJIEHUI TEBHUI MiHIMaJIbHUU NPOMDKOK Yacy 0 HAHECEHHS HaCTYIIHOTO apy, pisHUN 1J1s
pi3HUX nosimepiB i po3mipis mwapy. Lle HakJIamae o6MeKeHHS Ha JOIyCTUMY MIBUJIKICTh po6oTu 3D-TIpuHTEpa.
MopeoBaHHS Aa€e 3MOTy OTPUMATH JlaHi IIPO CTYIIiHb 3a[I0BHEHHSI I10IIEPEYHOro nepepizy BUpobiB, BCTAHOBUTU
[IPUYMHM N105BU IeeKTiB Ta NifibpaTy ONTUMaJIbHI TOBUIVMHY, TEMIIEPATYPH Ta IWBUIKOCTI APYKy. [
MOJIEJIIOBAHHS NIPOLECY PO3TArY APYKOBAHMX 3Pa3KiB B IIOIIEPEYHOMY 10 HAIIPSIMY HAHECEHHS IAPiB 3aCTOCOBAHO
IUACKPETHY MaTeMaTU4YHy MOJI€JIb 3 BAKOPUCTAaHHSM CKiHYEHHOTO €JIEMEHTA 17151 IPOTHO3yBaHHS JeslamiHallii
HaHeCEHUX 1apiB nojimepy. OTpUMaHi pe3yibTaTy NI0Ka3aJy, o po3MapyBaHHs BilOyBa€TbCs TIOUNHAIOUY 3 KPaiB
[IOBEPXHi KOHTAKTY LIapiB 32 CXEMOIO KDUXKOT0O pyHHYBaHHS. HaBeneHi Mozieslb Ta METOIMKA YMCIIOBOTO
MOJEJIIOBaHHS JAI0Th 3MOT'y [TPOTHO3YBATH MiLlHICTh APYKOBAHMUX I10JIIMEPHUX BUPOOIB B HAIIPSIMI TIOTIEPEK IapiB 3
ypaxyBaHHSM €KCIIEpUMEHTAJIbHUX JaHUX BUITPOOYBaHb APYKOBAHMX 3pa3KiB Ha po3TAr. Bysio mpoBesieHo
BiZJ[TOBiHI €KCIIEPUMEHTAJIbHI JOCIIIPKEHHS IPYKOBAHUX 3PA3KiB HA PO3TAT B 3aJIEXKHOCTI BiJl reOMeTpii Ta
TEXHOJIOTIYHUX NapaMeTpiB 3D IPyKy Takux, SIK TEMIIEpaTypa Ta IIBUIKICTb IPYKY, @ TAKOXK BUCOTA Ta JOBXUHA
HaHECEHOTO 1apy. BAOCKOHaNIEHO METOIVKY IPOBEIEHHS BifIIOBIIHUX NOCIIIKEHb Ta CTBOPEHO
€KCIIEPMMEHTAJIbHY YCTAaHOBKY 17151 iX IPOBEIEHHS, 110 BKJII0YA€ MEXAHIUHY Ta €JIEKTPOHHY YaCTUHHU, a TAaKOXK
CTBOPEHO NporpaMHe 3abe3nedyeHHs 4151 06pooku naHux. CTBOpeHa YCTaHOBKA Ta BiATIOBiAHI METOAVKU
BHUKOPHCTOBYIOTHCSI B HABYaJIbHOMY IIPOLIECI IIi/1 Yac BUKOHAHHS J1ab0PaTOPHUX POOBIT, KYPCOBOTO ¥ TUIMJIOMHOTO
IIPOEKTYBaHHs Ha Kadepi XiMiYHOTO, I0JIiIMEPHOTO Ta CUJIIKaTHOro MalIMHOOYAyBaHHS HaljionanbHOro TeXHi4YHOTro
yHiBepcuTeTy YKpainu «KuiBCcbKuii MosliTexHiYHUNI iIHCTUTYT iMeHi Irops CikopCcbKOro».

2. A thesis for obtaining a scientific degree of a Ph.D on specialty 133 - “Industrial Machinery Engineering”. -
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2020. The dissertation is
devoted to the study of the spatial printing process, namely, the impact of the main technological parameters on
the value of interlayer adhesion and local deformation of the applied thermoplastic polymer material during the
cooling process, as well as the study of the dynamics of movement of the executive parts of FDM 3D printers,
depending on the type of design scheme. An analytical review of the current state of research on spatial printing
technology is carried out. The main modern technologies of additive manufacturing are considered, the designs of
3D printing equipment with thermoplastic polymeric materials are systematized depending on the kinematic
scheme of movement of the executive bodies, the types of designs of printheads based on patent searches are



considered, studies of the physical and mechanical characteristics of printed products are analyzed depending on
the main parameters of 3D printing and the geometry of the layers. The review showed that the industry of
modern additive equipment for the production of polymer products is developing extremely rapidly, however,
approaches to the design of new types of equipment do not take into account the properties of consumables. The
main design task for engineers is to optimize and modernize existing structures. Also insufficiently studied is the
issue of the process of forming finished products. The conducted studies of the mechanical properties of samples
do not provide accurate data on the magnitude and nature of interlayer adhesion, which is the basis of additive
technologies. Even in the studies, static uniaxial tensile tests were carried out in the transverse direction of the
application of the layers, a contour wall was present, and this, in turn, is incorrect for establishing the value of
interlayer adhesion. It should be noted that the question of the behavior of the melt of thermoplastic material after
it leaves the print head, and the very process of its cooling and interaction with the previously applied material,
has practically not been studied. A separate applied topic, also poorly studied, is the issue of the dynamics of
motion of the executive bodies and the performance of equipment, depending on the design scheme. To simulate
the cooling process, a two-dimensional mathematical model of unsteady thermal conductivity and a model of the
flow of a non-Newtonian non-isothermal fluid are used. To simulate the deformation of the polymer layer under
its own weight with simultaneous cooling after deposition on the previous layer, a related thermomechanical
problem was solved taking into account the power-law dependence of the polymer viscosity on the strain rate and
the Arrhenius law of the temperature dependence of viscosity. The results obtained showed that, under conditions
of intensive blowing, the polymer in less than 1 s has time to cool to a temperature below the pour point without
noticeable deformations. However, to prevent warping and delamination of products, the temperature should not
go beyond certain limits, which indicates that a certain minimum period of time must be established before
applying the next layer, it is different for different polymers and layer sizes. This imposes restrictions on the
allowable speed of the 3D printer. Modeling allows to obtain data on the degree of filling the cross-section of
products, establish the causes of defects and select the optimal thickness, temperature and printing speed. To
simulate the process of stretching printed samples in the transverse to the direction of application of layers, a
discrete mathematical model was applied using a limiting element based on the penalty method to predict the
delamination of deposited polymer layers. The results obtained showed that delamination occurs starting from the
edges of the contact surface of the layers according to the brittle fracture scheme. The presented model and
method of numerical simulation make it possible to predict the strength of printed polymer products in the
direction across the layers based on experimental data of tensile tests of printed samples. Corresponding
experimental studies of printed samples for rupture were carried out depending on the geometry and
technological parameters of 3D printing, such as temperature and printing speed, as well as the height and length
of the applied layer.
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