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1. Kpucenko II. I. 36arayeHHs JaHuX J1s1 IPOrHO3YBaHHS BJIAaCTUBOCTeN MeTamaTepianiB. KeasidikaliiiiHa HaykoBa
Ipals Ha pasax pykonucy. Jlucepraliist Ha 3100yTTsI HAYKOBOTO CTyIeHs JoKTopa ¢inocodii 3a cnenianpHicTio 153
- Mikpo- Ta HaHOCHCTEeMHA TexHika (rany3b 3HaHb 15 - ABTOMaTH3allis Ta NpunafobynyBaHHs). — HalionanbHUA
TexHiyHuM yHiBepcuteT YKpainu "KuiBcbkuii nositexHiyaui inctutyt imeHi Iropst Cikopebkoro”, Kuis, 2024. Po6ota
IIPUCBSY€HA PO3pOOLI METOAUKY 30araueHHsI KiJIbKOCTi JaHuX [J1s1 IOKpalleHHs IPOTHO3yBaHHS Koe@illieHTa

[IPOITyCKaHHS Me€TaMaTepiasliB Ha OCHOBI TOIOJIOTIYHOI CTPYKTYPH Ta CKJIaLy, IapaMeTpPiB ONIPOMiHEHHS TIOBEPXHI



MeTamarepiaiy, a TaKoX J71s1 IOKPAllleHHsI MOKJIMBOCTEe PO3B'sI3Ky 00€pHEHO1 3a7jaui i3 3aCTOCYBAHHSIM IITYYHUX
HEPOHHUX MepeX. Y nucepTauiliHiil po6oTi HOCiI)KeHO HayKOBO-TIPUKJIATHI aClIeKT! BUKOPUCTAHHS 3TOPTKOBUX
HEMPOHHUX MEPEX IJIS1 PO3B'sI3aHHS 3aa4 y rajly3i IPOEKTYBAaHHS Ta IPOTHO3YBaHHS BIIACTUBOCTEN
MeTamaTepiasliB Ta MOKJIMBICTb 3aJJaHHS NTapaMeTpPiB ONIPOMiHEHHSI IOBEPXHi MeTamaTepiay [j1s1 301/1b1IeHHSs
KiJIbKOCTi TOCTYIHUX JAaHUX Y CY4aCHUX JOCJIIIPKEHHSX y Tajy3i HayKy Ta TeXHIKU IJIM60Ke HaBYaHHS, 30KpeMa
3aCTOCYBAHHSI 3TOPTKOBUX HEPOHHUX MEPEK, BUSBIISIETbCS Ji€BUM 3aCOO0M pO3POOKU e(PEeKTUBHUX METOIB
aHaJIi3y Ta IPOTHO3YBaHHS BJIACTUBOCTEN MeTaMaTepiajliB y KOHTEKCTI ix nu3ainy. Lien migxiz Bin3HavaeTbCs
CBOE€I0 JIETKICTIO B peasisallii, JOCTYIHICTIO BiATIOBIAHMX JaHUX, & TAKOXX BUCOKOIO HIBUIKICTIO 00YNCIIEHD
[IOPIBHSIHO 3 TPAOULIHHUMU METOJlaMU, 110 6a3yI0ThCs Ha (Pi3MYHUX 3aKOHaX. Po3yMieThcs, 1110 HEIPOHHI Mepexi €
CKJIaJHAMMU B peasiizallii Ta MaloTb CBOi 0OME>XEHHSI, TaKi sIK IoTpeba y BeJIMKil KiJIbKOCTi JaHUX, CKJIa[IHICTh
onTUMi3zallii Ta IOCTaHOBKY 3aBJIaHb. BUKOpUCTaHHS HEMPOHHUX MEPEX Y AU3aliHi MeTaMarepiais nepegodadae ix
3aCTOCYBaHHS [IJIs1 3HAXO[KEHHs MaTepiasiiB Ta TOIOJIOri MeTamMaTepialiB 3a 3aJjlaHMMHU XapakTeprucTukamu. Lei
MIPOLIEC [TOYNHAETHCS 3 HABYAHHS HEMPOHHUX MEPEX Ha OCHOBI BEJIMKOI KiJIbKOCTI BXiTHUX JAHUX, SIKi BKJIIOUAIOTh
IapaMeTpy MeTamarepiaiy, Taki sk po3mip, popma Ta ckiaj, i 6askaHi BJaCTUBOCTI, TaKi K [1OTJIMHAHHS,
BiZIOMBaHHS Ta IPOIYCKAHHS CBiTja. 3aBIsIKM HEIPOHHUM MepeKaM MO>KHA aBTOMAaTM3yBaTH Ta ONTUMI3yBaTU
IIpoliec AU3aiiHy MeTamaTepiasiB, IyKaTy CKIIAIHI 3a7IeXKHOCTi MK ITapaMeTpaMy Martepiany Ta QyHKIiOHaJIbHUM
BiZIT'YKOM, IO € BKKO JOCSPKHUM IJIS1 TPAOULIIMHUX METOIiB. BAKJIMBO TaKOX BiZIl3HAYUTH MOXKJIMBICTb aHAJi3yBaTU
IaHi Ipo CKJIaf, Ta CTPYKTYPy MeTaMmaTepiaiB Ta BUKOPUCTOBYBATH iX AJ1s1 nepef6adeHHs €1IeKTPOMAarHiTHUX
BJIaCTUBOCTEN. [I7151 oTpMaHHs iHpopmalii npo meTamarepiany 6y BUKOPUCTAHI JJaHi 3 TONOJIOTI€I0 Ta CKIIaIOM
LJMX MaTtepiasiB. 3aCTOCOBYBaIMCS IPOTPaMHi cepesioBulLa AJ1s1 po3poOKu LUPOBOro Koay Ta 1nodynosu 3D
00'eKTiB MeTaMarepiasiB 3 BUBHAUEHUMU BJIACTUBOCTSIMU. Bysa IpoBeJeHa KOHBepTallisl gaHux 3 popmary ".ply"y
dopmar ".xyzrgb" 3a nornomoroio nporpamHoro nakera Open3D Ha 6a3i Python. Lleit popmaT MiCTUB BakJIMBi JaHi,
sIKi MOXKHA 6YJI0 BUKOPUCTOBYBATH [iJIs1 HAaBYaHHSI HEHPOHHUX MepesK. [TokazaHO BaXXJIMBiI BUMOTY JO NAHUX, TaKi K
OJHOPiAHICTb Ta MacIITaboBaHiCTh. PO3p006I€HO aIrTOPUTM 17151 IPOTHO3YBaHHS BJIACTUBOCTEN MeTaMmaTepiasiB Ha
OCHOBI iX CTPYKTYpH Ta CKJIa[ly Ta YMOB €KCIIEPUMEHTAJIbHUX AOCJiIPKEHb, BAKOPUCTOBYIOYH 3rOPTKOBY HEMPOHHY
Mepexy, Ta MeTOIU KOyBaHHS OJATKOBOI iHpopMallii B ITy4YHY HEMPOHHY MepexXy. Takox 6yB po3pobeHui
MeTop 1151 edeKTUBHOro 36epiraHHs iHdbopMallii mpo ckiam MetaMmarepiasiB, 0 AO3BOJISE IEpen6avyaTH ixHi
€JIEKTPOMArHiTHi BJaCTUBOCTI. TaK0OX JOCiI)KEHO CIIOCOOM NIPEACTaBIEHHS BJIACTUBOCTEN MeTamaTepiaiiB y
BUIJISA], 3DYYHOMY 151 HABYAHHS 3TOPTKOBOI HEMPOHHOI Mepexi. [IpoBeeHO NOPIBHSIBHUN aHai3 e(eKTUBHOCTI
Pi3HMX METO[IiB, BKa3aBIIY, L0 [IPEJICTAaBIEHHS XapaKTePUCTUK y BUIJISAL KoedilieHTiB osiHoMa, x04a IBUALIE, He
€ HallKpallyMm J1J1s1 IPOTHO3YBaHHS XapakKTepUCTUK MeTamaTepiais. [IpoananizoBaHo (popmaTu 36€peskeHHs
indpopmauii npo 3D cTpyKTypu. B 11ii1 po60Ti fOCHIIKEHO, 10 TaKi Gopmary, K «.3ds» ,«.obj», «.fbx», «.stl», He
HiAXOnSTh, Yepe3 Taki He[loJIiKK: BiICYTHICTh MBUAKOTO Ta IIPOCTOr0O IIPOrPaMHOro 3a6e3nedeHHs (IJ1s
eeKTUBHOrO KOHBEPTYBaHHS CTPYKTYp MeTaMarepiasiB y popmar Jjisl HaBYaHHS LITYYHOI HEPOHHOI Mepexi);
HEMOXKJIMBICTb 30epiraHHs 10JaTKoBoi iHdpopMalii y KaHaiu Ipo CTPYKTYPHUI CKJIaf, METaMaTepiais;
HEMO>KJIMBICTb BUZAJIEHHSI IPONpUETAapHOi iHPopMallii IKa KOAYETbCS Ta 3MILIyeTbCSI 3 TOTPIOHUMU [1J151 HABYAHHS
IaHuMU. Po3po6sieHO KOHBeEp HaBYaHHS TPUBUMIPHOI 3rOPTKOBOI HEMPOHHOI MepeXi 1151 IPOrHO3YBaHHS
YaCTOTHHUX €JIEKTPOMArHiTHUX XapaKTEPUCTUK MeTaMaTepiasliB Ha OCHOBI CTPYKTYPH Ta CKJIaly Me€TaMaTepiasiB Ta
MOXJIMBICTIO BCTAaHOBJIEHHS iH(pOPMallii TPO yMOBU €KCIIEpUMEHTAIbHUX AOCiIKeHb. [IoKa3aHi pe3yibraTi
IIPOTHO3YBaHHS 17151 Pi3HUX BUOIPOK JAHUX MOiIEHUX 110 MacIITaby YaCTOTH ONTPOMiHEHHS, 3 YPaxyBaHHIM
iHdopmaliii 0 yMoBax ekCrepuMeHTaIbHUX [OCi>)KeHb. ByB BUKOHAHUI aHaIi3 pe3ysbTaTa HaBYaHHS Ta
IIPOTrHO3yBaHHS. ByJl0 3alIpONIOHOBAHO IJISIXY MTOKPAIEHHS SIKOCTi IPOrHO3YBaHHS MIJIIXOM 30i/1bLIEHHS BUOIpKU
IAHUX 17151 HABYaHHS Ta BUKOPUCTAHHS CYy4aCHUX BiIXOJiB y IIMOOKOMY HaBYaHHI. TakoxX 0yJI0 3alIpOIIOHOBAHO

IIJISXY BUPIMIEHHS 3BOPOTHOI 3a7a4i 17151 reHepallii CTPyKTypH 3a 3aJJaHUMU [TapamMeTpamMu

2. Krysenko P. I. Data enrichment for predicting the properties of metamaterials. Qualifying scientific work on
manuscript rights. Dissertation for obtaining the scientific degree of Doctor of Philosophy in specialty 153 - Micro-
and nanosystem engineering (field of knowledge 15 — Automation and instrument engineering). - National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2024.Dissertation for obtaining the



scientific degree of Doctor of Philosophy in specialty 153 - Micro- and nanosystem engineering (field of knowledge
15 - Automation and instrument engineering). - National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, 2024. The work is devoted to the development of data enrichment methods to improve
the prediction of the transmission coefficient of metamaterials based on the topological structure and
composition, the parameters of metamaterial surface irradiation, as well as to improve the possibilities of solving
the inverse problem using artificial neural networks. The dissertation researched the scientific and applied aspects
of the use of convolutional neural networks for solving problems in the field of designing and predicting the
properties of metamaterials and the possibility of setting the parameters of metamaterial surface irradiation to
increase the amount of available data. In modern research in the field of science and technology, deep learning, in
particular, the application of convolutional neural networks neural networks, turns out to be an effective means of
developing effective methods of analyzing and predicting the properties of metamaterials in the context of their
design. The use of neural networks in the design of metamaterials involves their application to find materials and
the topology of metamaterials according to given characteristics. This process begins with training neural
networks based on a large amount of input data, which includes metamaterial parameters such as size, shape, and
composition, and desired properties such as absorption, reflectance, and transmission of light. Thanks to neural
networks, it is possible to automate and optimize the design process of metamaterials, to search for complex
relationships between material parameters and functional response, which is difficult to achieve with traditional
methods. It is also important to note the possibility of analyzing data on the composition and structure of
metamaterials and using them to predict electromagnetic properties. Data on the topology and composition of
these materials were used to obtain information about metamaterials. Software environments were used to
develop digital code and build 3D objects of metamaterials with defined properties. The conversion of data from
".ply" format to ".xyzrgb" format was carried out using the Python-based Open3D software package. An algorithm
has been developed for predicting the properties of metamaterials based on their structure and composition and
the conditions of experimental studies, using a convolutional neural network, and methods of encoding additional
information into an artificial neural network. A method was also developed for efficient storage of information
about the composition of metamaterials, which allows predicting their electromagnetic properties. Methods of
presenting the properties of metamaterials in a form convenient for convolutional neural network training have
also been investigated. A comparative analysis of the effectiveness of different methods was carried out, indicating
that the representation of characteristics in the form of polynomial coefficients, although faster, is not the best for
predicting the characteristics of metamaterials. Formats for saving information about 3D structures have been
analyzed. In this work, it was investigated that such formats as ".3ds", ".obj", ".fbx", ".stl" are not suitable due to the
following disadvantages: lack of fast and simple software (for efficient conversion of metamaterial structures into
format for training an artificial neural network); impossibility of storing additional information in channels about
the structural composition of metamaterials; the impossibility of removing proprietary information that is coded
and mixed with data necessary for training. A three-dimensional convolutional neural network learning pipeline
has been developed for predicting the frequency electromagnetic characteristics of metamaterials based on the
structure and composition of metamaterials and the possibility of establishing information about the conditions of
experimental research. Prediction results are shown for different data samples divided by the scale of exposure
frequency, taking into account information about the conditions of experimental studies. Ways to improve
prediction quality were suggested. Ways of solving the inverse problem for generating the structure according to
the given parameters were also proposed
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