O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0826U001187
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 25-04-2026

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kotuk Muxaino MuxainoBuyd

2. Mykhailo M. Kotyk
KBasmigikamis:
Imentudikarop ORCID ID: 0009-0005-8255-481X
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

JlaTa 3axHcCTy:

CnenianbHICTB 32 OCBITOXO: XimMiuHa TEXHOJIOTIS Ta iHXKEHEPis

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

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micuesﬂaxo,lI)KeHHﬂ: npocnekT bepecrericekuii, 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 CleNiaai30BaHOi BY€HOI pagH): PhD 13010

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

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micuesnaxo,zm(eﬂnﬂz npocnekT bepecreiicekuii, Kuis, 03056, Ykpaina
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

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koy TeMaTHYHHX PYOPHK: 61.13.27.11, 61.31.59

Tema guceprauii:
1. BUCOKOTOYHE JIOKaJIbHE €JIEKTPOOCAIKEHHS Mifli 1714 eJIEKTPOXiMivHOrO 3D-ApyKy

2. High-precision local electrodeposition of copper for electrochemical 3D-printing

Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYEHO AOCIIIPKEHHIO Ta PO3pO0Li HAYKOBO OOI'PYHTOBAHUX MiIXOLiB 0 KEPYBAHHS
[IPOLIECaMU €JIEKTPOXiMiYHOTO aJUTHBHOTO BUPOGHUIITBA METAJIiB, 30KpeMa JIOKAJIbHOTO eJIEKTPOOCAIKeHHS Mili B
YMOBax OOMEXXEHOT0 00’eMy €JIEKTPOJITY. AKTyaJIbHICTh TEMU 3yMOBJIEHA CTPIMKMM PO3BUTKOM aIUTUBHUX
TEeXHOJIOTIH, SIKi BiIKpMBalOTh HOBI MOSKJIMBOCTI JJ11 BATOTOBJIEHHSI CKJIATHUX BUPOOIB i3 BUCOKOIO TOYHICTIO Ta
MiHIMaJIbLHUMU BUTPAaTaMu Marepiainy. [lonpu 3HauHumii nporpec y cpepi 3D-apyKy, BATOTOBJIEHHS] METAJIEBUX
BUPOOiB TPAIULIHUMU aJUTUBHUMU METOLAMU, TAKMMU $K Jla3epHe ab0 eJIeKTPOHHO-ITPOMEHEBE I1JIaBJIEHHS,
3aJIMIIAETHCS €HEPrOEMHUM 1 TEXHOJIOTIYHO CKJIAIHUM IIPOLIECOM. Y LILOMY KOHTEKCTI eJIeKTpoximMiuHui 3D-npyk
(ECAM) po3risaeTses K IEPCIEeKTUBHA a/IbTEPHATHBA, OCKIIBKY [103BOJIS€ 3MilICHIOBATH (POPMYBaHHS METAJIB 3a
KiMHATHOI Temneparypu 6e3 iX MaBJaeHHs, 0 CYyTTEBO 3HIKY€E €HEePreTUYHi BUTPATHU Ta YCyBa€ HU3KY HEJOJIiKiB

TEPMIiYHMX METOIiB. METOI0 pOGOTH € BCTAHOBJIEHHSI B3AEMO3B'SI3KIB MiXK €JIeKTPOXiMiYHUMU, TEOMETPUYHUMU Ta



KiHEMaTMYHUMU I1apaMeTpPaMU IIPOLLECY JIOKATBHOTO €JIEKTPOOCAIPKEHHS i BIACTUBOCTSIMU OTPMMAHUX METAJIEBUX
CTPYKTYP, & TaKOXX po3pobKa epeKTUBHOI MEeTO0JI0Tii KepYBaHHSI LIMMU ITpoliecamu. HaykoBa HOBU3HA Ofiep>KaHUX
PE3yJIbTATIB [OJIAra€e y CTBOPEHHI KOMIIJIEKCHOTO IIX0LYy O MOJEJIOBAHHS IIPOLECIB JIOKAJIbHOTO
€JIEKTPOOCATKeHHS Ta ix eKclepuMeHTanbHOi Bepudikaliii. 30Kpema, BIeplile 3a JOOMOT0I0 KOMITIOTEPHOTO
MOJIEJII0OBAaHHS BU3HAYEHO NapaMeTpy, sIKi 3a6e31euyIoTh JOKali3allilo Oca/iKeHHs Milli B MeKax Karlijisipa Ha piBHi
1o 85 %. BcranoByieHO rpaHMYHi 3HAUEHHS BiICTaHi MIX KalijsispoM i KaTogoM, e1eKTPOIIPOBIIHOCTI eJIeKTPOJIITy Ta
HaxWly KaTOOHOI IoJIsIpu3alifHol KPUBOI, 110 3a6€311e4yI0Th CTA0iIbHICTD polecy. EkcriepuMeHTanbHi
IOCIIiIKEHHS CTPYKTYPU MaTepiaiy [oKasasy, 0 Mifib, OTpMMaHa METOIOM €JIEKTPOXiMiYHOTO 3D-ApyKy, Mae
OinpIIMi PO3MIP KPUCTAJIITIB IIOPIBHSHO 3 rajibBaHiYHOIO, 1110 00YMOBJIEHO iMITYJIbCHUM XapaKTepPOM OCaIKEHHS.
BusiBiieHO TakoX 3MiHy nlepeBakHOi KpucTtasiorpadiuHoi opieHTal;i, o cBigunuTh npo creuudiky GopmyBaHHs
CTPYKTYPHY B YMOBAX JIOKQJIbHOTO €JIEKTPOOCAIPKEHHSL. JJOCiI)KeHHs Pi3KO-MeXaHiYHYX BJIaCTUBOCTEN M0KA3aJIy,
110 MiKpOTBepicTh, MOAysb KOHra Ta myiacTuyHi XapakTepPUCTHKY JIOKAJIBHO OCATKEHOI Mifii € 6JIM3bKUMU JO
BiZJITOBiJHUX [TIOKa3HUKIB rajIbBaHi4HOI Mifli, TpY 1IbOMY ii MIKPOTBEPiCTb 3HAYHO II€PEBUILYE IOKA3ZHUKU
METaJIypriiHOrO aHasiora. BCTaHOBJIEHO TaKOX MiJBUILEHY KOPO3iMHY CTIMKICTb €JIEKTPOXIMIYHO OCAIPKEHOI Mizl,
IO MigTBEPIPKYE ii NePCNEeKTUBHICTD [J151 IPAKTUYHOIO 3aCTOCYBaHHS. [IpakTU4He 3HAa4EHHSI POOOTH IOJISITAE Y
MO>KJIMBOCTI BUKOPUCTaHHSI OTPUMAHUX PE3YJIbTATIB [J151 CTBOPEHHS Ta ONTUMI3allil CUCTeM eJIeKTPOoXimMidHOoro 3D-
IPYKy. 30Kpema, NiliopaHo oNTUMaIbHUMN CKJIaT, CyJIb(aTHOTO eJEeKTPOJIITYy MiJHEHHS, SIKUI1 3a0€311e4ye BUCOKY
JI0KaJli3allilo npolecy ocajpkeHHs (moHaf 95 %) Ta CTabisbHi e/1eKTPOXiMiuHI XapaKTepUCTUKU. Pe3ysbTaTi
TIOCTIiIPKEHDb JOBOMSATS, 10 €JIEKTPOXiMiYHNN 3D-IPyK € e(PEKTUBHOIO aIbTEPHATUBOIO TPAAULIHAM METOIaM
aIUTHBHOTO BUPOOHUIITBA METaJIiB, OCKiJIbKY TIO€IHY€E BUCOKY TOYHICTb, HU3bKY €HEPIrOEMHICTb Ta MOKJIMBICTh
(opMyBaHHs MaTepiaiB i3 3alaHUMU BIACTUBOCTSIMU. PO3p00JIeH] MiAX0oa1 MOXYTb OYyTU BUKOPUCTAaH] y
BMPOOHULITBI MiKPOEJIEKTPOHIKYM, CEHCOPHUX CUCTEM, 6i0MEIMYHUX NIPUCTPOIB T iHIINMX BUCOKOTEXHOJIOTIYHUX
ranyssx. TakuMm 4MHOM, AUCepTaliliHa po60Ta pOOUTbh BarOMUI BHECOK Y PO3BUTOK HU3bKOTEMIIEPATYPHUX
aINTUBHUX TEXHOJIOTI! i CTBOPIOE HAYKOBY OCHOBY 715 ITOJAJIBIIOrO BIIPOBAMPKEHHS €JIEKTPOXiMIYHOTrO 3D-IpyKy B

[IPOMUCJIOBICTb.

2. The dissertation is devoted to the study and development of scientifically grounded approaches to controlling
the processes of electrochemical additive manufacturing of metals, in particular the local electrodeposition of
copper under conditions of a limited electrolyte volume. The relevance of the topic is o6ycnosneHa the rapid
development of additive technologies, which open up new opportunities for manufacturing complex products with
high precision and minimal material consumption. Despite significant progress in the field of 3D printing, the
fabrication of metal products using traditional additive methods, such as laser or electron beam melting, remains
energy-intensive and technologically complex. In this context, electrochemical 3D printing (ECAM) is considered a
promising alternative, as it enables metal formation at room temperature without melting, significantly reducing
energy consumption and eliminating a number of drawbacks inherent in thermal methods. The aim of this work is
to establish relationships between the electrochemical, geometric, and kinematic parameters of the local
electrodeposition process and the properties of the resulting metallic structures, as well as to develop an effective
methodology for controlling these processes. The scientific novelty of the obtained results lies in the development
of a comprehensive approach to modeling local electrodeposition processes and their experimental verification. In
particular, for the first time, computer modeling was used to determine the parameters that ensure localization of
copper deposition within the capillary area at a level of up to 85%. The limiting values of the distance between the
capillary and the cathode, electrolyte conductivity, and the slope of the cathodic polarization curve that ensure
process stability were established. Experimental studies of the material structure showed that copper obtained by
electrochemical 3D printing has larger crystallites compared to electroplated copper, which is o6ycnosneHno the
pulsed nature of the deposition process. A change in the preferred crystallographic orientation was also identified,
indicating specific features of structure formation under local electrodeposition conditions. Studies of physical
and mechanical properties demonstrated that the microhardness, Young’'s modulus, and plasticity characteristics
of locally deposited copper are close to those of electroplated copper, while its microhardness significantly
exceeds that of metallurgical copper. Increased corrosion resistance of electrochemically deposited copper was



also established, confirming its potential for practical applications. The practical significance of the work lies in the
possibility of using the obtained results for the design and optimization of electrochemical 3D printing systems. In
particular, an optimal composition of a sulfate copper plating electrolyte was selected, ensuring a high localization
of the deposition process (over 95%) and stable electrochemical characteristics. The research results demonstrate
that electrochemical 3D printing is an effective alternative to traditional metal additive manufacturing methods, as
it combines high precision, low energy consumption, and the ability to form materials with tailored properties. The
developed approaches can be applied in microelectronics, sensor systems, biomedical devices, and other high-
tech industries. Thus, the dissertation makes a significant contribution to the development of low-temperature
additive technologies and provides a scientific basis for the further implementation of electrochemical 3D printing
in industry.
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