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Pedepar:

1. Isaniok A.O. [locimkeHHS B3a€MO3B'SI3KiB y JaHUX 3 BUKOPHUCTAHHSIM IITYYHUX HEPOHHUX MEPEeX —
KBanigikaniiiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jlucepralist Ha 30,00yTTsI HAQyKOBOTO CTYII€HS JOKTOpa
dinocodii y ramysi 3HaHb 11 “MaremaTnka Ta cratucTuka’ 3a cneniansHicTio 113 “TipukinasHa maTemaTuka”. —
HanionansHuil yHiBepcuret «Kueso-MoruisiHCbKa akangeMis», Kuis, 2024. LIg nuceprauist 3ocepekeHa Ha
BUBYEHHI 3B'13KiB Y JaHMX 32 IONIOMOTOI0 3aCTOCYBAHHS MITYYHUX HEMPOHHUX MepexX. Lli 3B'I3K1 MOXYTb OyTH
TpeicTaB/ieHi B pisHUX GpopMax, i MOJIeI0BATUCE TO-PI3HOMY. [X TpaBUJIbHE MOJIETIOBAHHS € K/IIOYOBUM 17151
YCHILIHOT'O BUPIIIEHHS Pi3HOMAHITHUX 3aBJJaHb, TAKUX SK KiIacu@iKallisi, perpecisi Ta reHepaTUBHE MOJEIOBAHHS. Y
Cy4aCHUX HEMPOHHUX MepeXXax IMPOKO BUKOPHCTOBYIOTbCS CTAHIAPTHI METPUKY [1JIS1 OL[iHKY iX IPOAYKTHUBHOCTI,
HaInpuKkJiaz, kinacudikaliiiiHa TOYHICTb, cepeJHbOKBaIpaTUYHA IMoxK1OKa Tomo. [TpoTe, BUCOKI MOKa3HUKU IIUX
METPUK He rapaHTYIOTh BiZICYyTHOCTi IOMUJIOK 200 BPa3JIMBOCTEN Y MOAEJSIX. Mozesi MOXYTb BUIaBaTU TOMUJIKOBI
pe3yJIbTaTU 3 BUCOKMM PiBHEM BIIEBHEHOCTI, 0COOJIMBO ITPU B3a€MO/Iil 3 afiBepcapiaibHUMU NPUKIIAZAMU —

CIieliaJIbHO CTBOPEHUMU BXiIHMMU JAHUMHU, SIKi BBOISATb MOJIEJIb B OMaHy. Lle IOCIIiI)KeHHs CTOCYEThCS Lii€l



BXJIMBOI TPOGJIEMU IJISIXOM [,E€TAJIbHOTO BUBYEHHS! KiJIbKICHOI OLIIHKM HEBU3HAYEHOCTI Ta CTIMKOCTi HEIPOHHUX
MepexX Jo aJBepcapialbHUX aTak. BUKOpUCTOByIOUY afiBepcapiaibHi JaHi SIK iIHCTPyMEHT, i po60Ta CIIpSIMOBaHa
Ha NOorIN6JIeHHS PO3yMiHHS HaZliHOCTI Mofesiell Ta po3pobJIeHHs 6i/bll CTIKUX CUCTEM Ha OCHOBI HEPOHHUX
MEPEX, SIKi MOKYTb IIPOTUCTOSITA PI3HOMAaHITHUM aTakaM Ta 3a0e3I1e4yBaTy CTabijIbHy NIPOLYKTUBHICTb Y PEaJIbHUX
3aCTOCYBaHHSX. JJOCHimKyI0un afBepcapiaibHi B3a€MO3B'SI3KY Ta MIATEPHU B JAHUX, 1151 poOOTa Ma€ Ha METi
BHMKOPHUCTOBYBATH iX SIK METPUKY IeHepaJiisaLlii 11 BUsBJIEHHS CIa0KUX MiCllb MOJesieil Ta OLiHKY iX 30aTHOCTI o
y3arajibHeHHs1. PO3yMiHHS TOrO, SIK MOJI€Jli pearyioTh Ha CyllepeysuBi 30ypeHHsl, BiIKp1UBae yYHiKaJbHMI OS], Ha
iX BHYTPILIHIO CTPYKTYPY Ta MEXaHI3MU IPUNHATTA pillleHb. Lle 103BoJIsA€ He Nnle BUABIIATYA BPA3JIMBI MiCLid, aje i
PO3pOOIIATA METOIM 11714 iX YCYHEHHS, 10 MiBUIIy€E 3arajbHy HalliliHICTh Ta ePEeKTUBHICTb MOJeseil. Y paMKax
LIbOTO OCJiIPKEeHHSI BUBYAIOTHCS Pi3Hi TapaMeTpur3allii HENPOHHUX MePeX IJ1s MOJEJIIOBAHHS MOCIiLOBHOCTEN Ta
iX BIUIMB Ha IPOAYKTMBHICTb MOJEJIEN i CTIMKiCTh 10 aABepcapiasbHuX aTak. Oco6/MBa yBara NpuaigeTbCsi HOBUM
apxiTeKTypam Ta aKTUBaLiiHUM (PYHKLISIM, SIKi MOSKYTb IIOKPAIMTH 3TATHICTh MOJIesiel 10 reHeparizauii Ta ixHio
CTIifIKiCTh. AlBepcapiajibHa CTIKICTh PO3IJISIAAETHCS SIK BasKJIMBA METPUKA [IJISI BUSIBJIEHHS C1abKUX MicCllb MOJiesier
Ta OLIiHKM iX 3arajbHOi €(peKTUBHOCTI. J[lociiykeHHs 0XoIIoe e(eKTUBHI NapaMeTpu3aallii 11 pi3HUX THUIIIB
BXiZJHUX JAHUX, BKJIIOYAI04X 300P>KE€HHSI, MOBHI CUTHAJIN Ta TEKCT. 3aCTOCOBYIOTHCA Lii MapaMeTpu3allii 10 pi3HUX
3aBJIJaHb MAIIMHHOTO HAaBYaHHS, TAKUX SIK Kynacudikailis 306paxkeHb, MOJEMIOBAHHS MOBU Ta PETPecist HA OCHOBI
JlaTeHTHUX nudysiiiHux moneseil. [IpoBesieHi eKCIepMMEHTH CIIPSIMOBAHI Ha BUSIBJIEHHS TOTO, SIK Pi3Hi cTparerii
napamMeTpusalii MOXXyTb [IOKPAIIUTY MPOAYKTUBHICTb MOJeJIeH, 30epiratoun abo HaBiTh MiJBUIIYIOUN iX CTIMKICTb
IO aziBepcapiaspHuX aTtak. OTpUMaHi pe3yIbTaTy HAJAIOTh BasKJIMBI 3HAHHS 1711 PO3POOKY OibIlll HANIMHUX Ta
3[ATHUX JI0 reHepasisalii Mojesell MallMHHOTO HaBYaHHS. Lle cripusie mporpecy y il ranysi IIsSXOM BUSIBJIEHHS
ONTHMMAaJIbHUX TEXHIK ITapaMeTpu3allii, IKi 36aJ1aHCOBYIOTh IPOAYKTUBHICTh Ta CTiMKIiCTh, Ta MOXKYTb OyTU
3aCTOCOBaHi y IIMPOKOMY CIEKTPi NPAKTUYHUX 3a4a4. 3arajoM, Lisl IUCEPTALlisi pOOUTb BarOMUM BHECOK Y
PO3yMiHHS Ta INOKPAIEHHs CTINKOCTi HEUPOHHUX MEPEX NI0 afBepcapiajbHUX aTak, MPOMOHYIOUX HOBI MiAX0AM [0
napaMeTpusalii Ta MOJie/II0BaHHS, SKi MOXXYTb OYTH 3aCTOCOBAHi y pi3HUX cepax MalIMHHOTO HaBYaHHSI.
PesyabTaTy IBOTO LOCIIIKEHHS MOXYTh CTaTU OCHOBOIO [1711 PO3POOKU OiJbII HAAiHUX Ta €(PEKTUBHUX MOJEJIEH,
3[1aTHUX 3a6€31e4yBaTy BUCOKY [IPOJYKTUBHICTb Ta 6€3I1€Ky y PealbHUX 3aCTOCYBaHHSX. [IpoBeieHi eKCIepUMEHTU
IiATBEPKYIOTb, 1110 BUKOPUCTAHHS PO3IJISIHYTUX IlapaMeTpu3allill MoXe MiIBULIUTY TOYHICTb Kiacudikatiii, ane
TaKOX BUSIBJISIIOTh CKJIQAHOCTI, I1I0OB’s13aHi 3 iX afBepcapiaibHUM TpeHYBaHHIM. [Tofasnbii JOCTiIKEeHHS y IbOMY
HaMpsIMKY MOXYTb IIPU3BECTU 10 CTBOPEHHSI MOJEJIEN, SIKi He JIMIIe JEMOHCTPYIOTh BUCOKY ITPOAYKTUBHICTB, ajle 1
€ CTIKMMU [0 PI3HOMaHITHHUX aTak, 10 € KpUTUIHO BAXKJIMBUM Y Cy9aCHOMY CBITi, fie 6e3reka Ta HaZilHICTb
MoJeJsiell MalllMHHOTO HaBYaHHS HabyBaloTh BCe Giblioro 3HaueHHs1. KiovyoBi cioBa: afBepcapianibHa CTilKiCTb,
aJiBepcapiaybHi IpUKJIAaY, aiBEpcapiazbHe OYMILEHHS], MEXaHi3M yBary, napameTpusalis mogenen, sudysiiiHe
MOJI€JIIOBaHHS, aBTOKOIyBaJIbHUKY, 00pOOKa CUTHAJIB, aJaITUBHI aJITOPUTMU, aJIfOPUTMHU ONTUMI3aLii, QyHKIL]
aKTUBallii, peryngapu3salis HeMPOHHI MepeXXi, ITy4Ha HEMPOHHA MEPE’Ka, aJITOPUTM, 3TOPTKOBA HEMPOHHA MEPEXKa,
napaMeTpu, NoxubKa MallMHHE HaBYaHHs, Kjacudikalis, perpecis, reHepaTMBHE MOJIEJIIOBAHHSI, KOMITIOTEPHUI
3ip, 06po6Ka MPUPOLHOiI MOBH, ay[li0 MOJIE/IIOBAHHSL.

2. Ivaniuk A.O. Study of relationships in data using artificial neural networks. — Qualified research work
(manuscript). Dissertation to obtain the scientific degree of Doctor of Philosophy in the Field of Study 11
“Mathematics and statistics”, Programme Subject Area 113 “Applied mathematics”. — National University of Kyiv-
Mohyla Academy, Kyiv, 2024. This dissertation focuses on studying relationships in data through the application of
artificial neural networks. These relationships can be represented in various forms and modeled in different ways.
Correct modeling of these relationships is key to successfully solving a variety of tasks, such as classification,
regression, and generative modeling. In modern neural networks, standard metrics are widely used to evaluate
their performance, such as classification accuracy, mean squared error, and so on. However, good values of these
metrics do not guarantee the absence of errors or vulnerabilities in models. Models can produce erroneous results
with a high level of confidence, especially when interacting with adversarial examples—specially crafted input data
that mislead the model. This research addresses this important problem by conducting a detailed study of
quantitative assessment of uncertainty and the robustness of neural networks to adversarial attacks. By using



adversarial data as a tool, this work aims to deepen the understanding of model reliability and to develop more
robust neural networkbased systems that can withstand various attacks and provide stable performance in real-
world applications. By investigating adversarial relationships and patterns in data, this work aims to use them as a
metric of generalization to identify model weaknesses and assess their ability to generalize. Understanding how
models respond to conflicting perturbations offers a unique perspective on their internal structure and
decisionmaking mechanisms. This allows not only for the identification of vulnerabilities but also for the
development of methods to eliminate them, thereby enhancing the overall reliability and efficiency of models. As
part of this research, various parameterizations of neural networks for sequence modeling are studied, as well as
their impact on model performance and robustness to adversarial attacks. Special attention is paid to new
architectures and activation functions that can improve models’ ability to generalize and their robustness.
Adversarial robustness is considered an important metric for identifying model weaknesses and evaluating their
overall effectiveness. The research encompasses effective parameterizations for different types of input data,
including images, speech signals, and text. These parameterizations are applied to various machine learning tasks,
such as image classification, language modeling, and regression based on latent diffusion models. The experiments
conducted aim to identify how different parameterization strategies can improve model performance while
maintaining or even enhancing their robustness to adversarial attacks. The results obtained provide important
insights for developing more reliable and generalizable machine learning models. This advances the field by
identifying optimal parameterization techniques that balance performance and robustness and can be applied in a
wide range of practical tasks. Overall, this dissertation makes a significant contribution to understanding and
improving the robustness of neural networks to adversarial attacks by proposing new approaches to
parameterization and modeling that can be applied in various fields of machine learning. The results of this
research can serve as a foundation for developing more reliable and efficient models capable of ensuring high
performance and security in real-world applications. The experiments conducted confirm that using the
considered parameterizations can enhance classification accuracy but also reveal complexities associated with
their adversarial training. Further research in this direction may lead to the creation of models that not only
demonstrate high performance but are also robust to various attacks, which is critically important in today’s world
where the security and reliability of machine learning models are becoming increasingly significant. Keywords:
adversarial robustness, adversarial examples, adversarial purification, attention mechanism, model
parameterization, diffusion modeling, auto-encoders, signal processing, adaptive algorithms, optimization
algorithms, activation functions, regularization, neural networks, artificial neural network, algorithm, convolutional
neural network, parameters, error, machine learning, classification, regression, generative modeling, computer
vision, natural language processing, audio modeling.
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