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1. 3ropTkoBa HeIIpOHHA MepeXa Jij1sl IPOrHO3yBaHHs KoedillieHTy ITPOIyCKaHHS MeTaMaTepiaiB B 3aJ1€5KHOCTI Bif
iX CTpYKTYypH

2. Application of convolutional neural network for predicting the coefficient of passage of metamaterials
depending on the structure and physical composition of metamaterials

Pedepar:

1. 3o3tok M. O. 3ropTkoBa HelipoMmepeska 1151 IPOrHO3YBaHHS KoedillieHTy IPOIlyCKaHHS MeTamaTepiais B
3aJIEXKHOCTI Bif iX CTpyKTypu. — KBasidikauillHa HayKoBa Ipalsl Ha IpaBax pykonucy. Jlucepratist Ha 3000yTTs
HAYKOBOTO CTyINeHs JokTopa ¢inocodii 3a crienianbHicTio 153 - Mikpo- Ta HaHOCUCTEMHA TeXHiKa (rasy3b 3HaHb 15
- ABTOMAarTu3alis Ta NpuaanooyayBaHHs). — HanioHanbHUi TexHiYHUI yHiBepcuTeT YKpainu, Kuis, 2022. Po6oTa
IIPUCBSIY€HA PO3pOOLi METOAVKYU IPOrHO3YBAaHHS KoedillieHTy IPOIyCKaHHS MeTamaTepiaiB Ha OCHOBI
TOIOJIOTIYHOI CTPYKTYPH Ta CKJIaAy i3 3aCTOCYBaHHSM TEXHIK ITMOOKOTO HaBYaHHS, 2 cCaMe — MaTeMaTU4Hi

HEMPOHHI MepPEXi 3 BUKOPUCTAHHSM Ollepalliil 3rOpTKU Ta AONOMDKHUX. HayKOBO-TIPMKJIaHI JOCIiIPKEHHS,



BUCBITJIEHI B IUCEPTALilHI} pOOOTi, 30cepeKeHi Ha IPAKTUYHOMY JOCJIIIPKEHH] 3TOPTKOBUX HEMPOHHUX MEPEX
17151 BAKOHAHHSI 3aBJJaHb [TPOTHO3YBaHHS y cpepax IPOEKTyBaHHsI, IIepedaueHHs MeTaMaTepiasiB 3 NOTPiOHUMU
BJIACTMBOCTSIMU. [IpoaHasnizoBaHa MOXKJIMBICTb IIPOrHO3YBaHHs KoeillieHTy IPOIyCKaHHS Ha OCHOBI iH(opmaliii
[IPO CTPYKTYPY Ta CKJIaAy MeTamarepiaiis. [IokazaHo, 110 Taka MOXKJIMBICTb iCHy€e 11 ONKXCaHi OCHOBHI YMOBH, fKi
HaKJIaal0ThCs HA JjaHi IPO MeTamaTepiasy, sIKi IOTPiOHi 111 BUKOPUCTAHHS 3rOPTKOBUX HEMPOHHUX MEPEX NpU
PO3B’s13aHHI 33724 3 IPOTHO3yBaHHs iHdopMallii po MeTamarepianu. BcTaHOBIIEHO, 1110 AaHi 36epeskeHi B «.ply»
dopmari, He NiAXOASTb, SIK BXifHI JaHi 111 HepoHHOI Mepexi. ByB BUKopucTaHuil nporpamuuil naket Open3D Ha
6asi Python, nis koHBepralii noyaTkoBoro popmary y popmar «.xyzrgb», sKuil CTaHOBUTb COO0I0 MACUB, J1€ KOXKEH
PSAIOK — Lie BEKTOP 3 IIECTH YKCEJT; eIl TPU — L€ KOOpAMHATH, Tpy iHmMX — e RGB yucra. [TokazaHa MOXKJINBICTh
BMKOPHUCTaHHSI TaKoro BUIJIAAY iH(popmallii B npouecax 3ropTKu Ta 1151 HaBYaHHS HEHPOHHOI Mepexi.
[IpencraBieHo yMOBHY, SIKi HAKJIaAAIOTLCA HA IaHi: ONHOPIIHICTh JAHUX, 110 O3HAYAE, IO BCi MapaMeTpH, SKi
BIUIMBAIOTb HA PE3yJIbTaT IPOrHO3yBAaHHS, MalOTh a60 OyTH OJJHAaKOBMMHU, ab0 OyTH BHECEHI B [aHi, K iHpopmalis
IIPO BJIACTHUBOCTI; MacIITabOBaHICTh, 1[0 O3HAYAE, 10 JaHi MalOTh OYTU 3BEJI€Hi 4O OJIHAKOBUX /ialla30HiB 3Ha4€Hb
Ta MaciTabis. Po3po6yieHO aJIrOpUTM IPOrHO3YBAaHHS BIACTUBOCTEN Ha OCHOBI CTPYKTYPU Ta CKJIALy
MeTamarepiasliB i3 BUKOPUCTaHHSIM 3TOPTOKOBOI HEIPOHHOI Mepexi. PO3p06sIeHO allrOpUTM [1s1 36€pekKeHHs
indopmauii npo ckynan metamarepiasis. [TokazaHo, [0 BUKOPUCTOBYIOUHU iHdOpMaLIil PO es1eKTPOMarHiTHi
BJIACTMBOCTi KOMIIOHEHTIB € MOXJIUBICTb Nlepei0adyBaTy €J1eKTPOMAarHiTHI BJIaCTUBOCTI MeTaMarepiasiB.
[TobymoBano B uuppoBomy cepenosuli 3D 06'eKTy MeTamaTepiasiB i3 3aKpillJIeHHSIM 33 KOXKHUM IIiKCeJIeM
indopmatii npo KoMIOHeHT. ONMUCAaHO AITOPUTM 30€pesKeHHs Ljel iHdopmalii y 3pyyHOMY 17151 HABYaHHS
3rOPTKOBOI HEMPOHHOI Mepexxi Burisgi. [Ipencrapneno Buny uudposux Gopmaris, siki MOKYTb OYTH BUKOPUCTaHI
17151 30epekeHHs MOTPiOHOI Ipo MeTamaTtepianu indopmauii. [IpoaHanizoBaHo GopMar, IKMI BUKOPUCTOBYBABCS
17151 36epeskeHHs iHdopmauii mpo 3D 06'eKT B 1iil po6oTi. OnrcaHo NpoLec NPeACTaBIeHHs BIaCTUBOCTEN
MeTamaTepiasiB y 3py4YHOMY [1J1 HaBYaHHs 3rOPTKOBOI HEPOHHOI Mepeski BUrisigi. Isa metony 6ysi0 BUKOPUCTAHO
L7151 IOPiBHSIHHS €(PEKTUBHOCTI 000X MeTOiB. [IoKa3aHo, 1110 METO/, 3 IPeCTABJIEHHS XapaKTEPUCTUK y BUTJISI AL
KoeilieHTiB I0JiHOMA € MBUAMNM, ajl€ HE BiIIOBIZHUM [1J1 BUPIII€HHS 33724 3 IPOTHO3yBaHHS XapaKT€PUCTUK
MeTtamarepiaiis. [IpoananizoBaHo iHmi popmaTu 36epesxkenHs iHdpopmalii npo 3D cTpykrypu. JlocifxkeHo, o Taki
dopmary, Kk «.fbx», «.obj», «.stl», «.3ds» He nigxonsATh, Yepes Taki NPUYMHU: BiICyTHICTb €(PEKTUBHOIO
IIpOrpaMHoOro QyHKIioHaa (11 KOHBEPTYBaHHS B IOTPiOHMI 17151 HEIPOHHOI MepeXi GpopMar); BiZlCyTHICTb
36epeskeHHs iHpopmalii Mpo NoAAaTKOBI KaHanu iHdopMallii; TPUCYTHICTD 3aiBOi iHpopMaliii, IKy Hemae
MOXJIMBOCTI BiiisiuTH Bif Heob6xinHOI. Po3po6yieHO apXiTeKTypy 3ropTKOBOI HEPOHHOI MepeKi s
[IPOTHO3YBAHHS YaCTOTHUX €JIEKTPOMArHiTHUX XapaKTEPUCTUK Ha OCHOBI CTPYKTYPH Ta CKJIally MeTamaTepialib.
[TokasaHi pe3ysibTaTy IPOrHO3YBAaHHS 17151 000X BUNAJKIB 3 IIPEICTaB/IE€HHS KOeillieHTy MPOIyCKaHHS — Y BUTJISA]
MacHBY TOYOK Ta KoeillieHTiB nosiHomy. [IpoaHanizoBaHO pe3ysibTaTy IPOrHO3yBAHHS Ta NIPUBEJEHI CI0CO0u 10
[OKpaIlleHHs! LIMX pe3yJIbTaTiB Ta ONTUMI3alii Mepesxi [J1s1 SMEeHIIIeHHs 4Yacy BUKOHAHHS HaBYaHHs Ta 30epesKeHHs
pecypcis. BkazaHo, 110 36iiblIeHHS JaHUX € Hal6inbll €(PEeKTUBHUM METOIOM [1J1s [TOKPAIlleHHs Pe3yJbTaTiB
[IporHo3ysaHH4. [lonpu Le, MeTonu MOKpallleHH Pe3yJIbTaTiB, SKi 3aCHOBaHI Ha 3MiHi apXiTEeKTypu Ta 3MiHU
rineprapaMeTpiB NOTPiIOHO MOCTIMHO OLiHIOBATY Ta BUKOPUCTOBYBATH IIPH MO>KJIMBOCTI. Kil0490Bi cj10Ba: 3ropTkoBa
HelpOHHA Mepesxa, NU3aiiH MmeTaMmarepiaiis, 3D mogesnb, KoedillieHT NponyckaHHs, [1160Ke HaBYaHHS,
IieJIeKTpMYHa ITPOHMKHICTh, BUMIPIOBaHHS [TapaMeTpPiB MaTepialis, AieJIEKTPUYHI MaTepiay, aipoKCcMMalinHa
MOJeJIb, eKCIIepUMEHTAIbHO-aHaIITHIHUI METO/I, Bidyasisauis indopmaliii, HesliHiliHa MOieJb, iHTeIeKTyaIbHe
00YMCIIEHHS, KOMIT'IOTEPHE IIPOrpaMyBaHHsl, 1i€JIEKTPUKHU, YUCEIbHE MOJEIIOBAHHS, MALIMHHE HaBYaHHS,

MaTeMaTu4YHE MO ENIOBAHHS, HepC,U,63‘-ICHHH.

2. Zozyuk Maksym Application of convolutional neural network for predicting the coefficient of passage of
metamaterials depending on the structure and physical composition 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, Kyiv, 2022. The work is devoted to the development of a technique for predicting
the penetration coefficient of metamaterials based on topological structure and physical composition with the use



of machine learning techniques, namely artificial neural networks using convolution and auxiliary operations.
Scientific and applied research, highlighted in the dissertation, is focused on the practical study of artificial
convolutional neural networks for performing forecasting tasks in the fields of design, prediction of metamaterials
with the required properties. The choice of these machine learning techniques is due to the inefficiency of other
existing methods for the tasks of predicting properties and designing metamaterials. The possibility of predicting
the transmission coefficient based on information about the structure, physical composition, and measurement
conditions of metamaterials is analyzed. It is shown that such a possibility exists, and the main conditions imposed
on data about metamaterials, which are required for the use of convolutional neural networks in solving problems
of predicting information about metamaterials, are described. An algorithm for predicting the transmission
coefficient based on the structure, physical composition of metamaterials based on a convolutional neural network
using experimental data of laboratory metamaterials has been developed. It was found that data saved in ".ply"
format is not suitable as input data for a neural network. The Python-based Open3D software package was used to
convert the original format to the ".xyzrgb" format, which is an array where each line is a vector of six numbers;
the first three are coordinates, the other three are RGB numbers. The possibility of using this type of information
in convolution processes and for neural network training is shown. Conditions imposed on the data are presented:
data homogeneity, which means that all parameters that affect the prediction result must either be the same or be
included in the data as property information; scalability, which means that the data must be reduced to the same
ranges of values and scales. An algorithm for saving information about the physical composition of metamaterials
has been developed. It is shown that using information about the electromagnetic properties of chemical elements,
it is possible to predict the transmission coefficient of metamaterials. 3D objects of metamaterials are built in a
digital environment with information about a chemical element attached to each pixel. The algorithm for saving
this information in a form convenient for training a convolutional neural network is described. Types of digital
formats that can be used to save the necessary information about metamaterials are presented. The format used to
store information about the 3D object in this work was analyzed. Other formats for saving information about 3D
structures were analyzed. It has been studied that such formats as ".fbx", ".obj", ".stl", ".3ds" are not suitable due to
the following reasons: lack of effective software functionality (to convert to the format required for the neural
network); lack of saving information about additional channels of information; the presence of redundant
information that cannot be separated from the necessary information. A convolutional neural network
architecture has been developed for predicting the transmission coefficient based on the structure and physical
composition of metamaterials. Prediction results are shown for both cases from the representation of the pass
coefficient - in the form of an array of points and polynomial coefficients. The prediction results are analyzed and
techniques are given to improve these results and optimize the network to reduce training execution time and
save resources. Data augmentation is shown to be the most effective method for improving forecasting results.
Nevertheless, performance improvement methods based on architecture changes and hyperparameter changes
should be continually evaluated and used whenever possible. Keywords: convolutional neural network,
metamaterial design, 3D model, pass rate, dielectric materials, dielectric constant, measurement of material
parameters, approximation model, experimental-analytical method, information visualization, non-linear model,
intelligent computing, computer programming, dielectrics, numerical modeling, machine learning, mathematical
modeling, prediction.
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1. Mauysnaacbkuit Osnekcanzgp Bikroposud

2. Oleksandr Machulianskyi

KBasigikanis: n. 1. n., mou., 05.27.01
InenTudikarop ORCID ID: 0000-0003-0057-9844
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu#t TexHiyHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHM IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi



Biacue IpizBume Im's I10-6aThKOBI Bep6uupkuii Bonopumup 'puroposuy
rOJIOBH pagu

Biiacue IlpisBume Im's ITo-6aTbKOBI BepGurpkuii Bonogumup I'puroposuy
rOJIOBYIOYOrO Ha 3acCimaHHi

BiamoBigasibHUE 32 MiZTOTOBKY 30310k Makcum Onerosud

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




