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1. MamMHHe HaBYaHH4 i 30KpeMa aJIrOpUTMHU Ha OCHOBI HEIPOHHUX MEPEX Billi TpaloTh 3HA4HY POJIb K B Haylli, TaK

1 B IPAKTUYHUX 3aCTOCYBAHHSIX 3aBISIKA BUCOKIlM aJallTUBHOCTI Ta TOYHOCTI. Pa3oMm 3 UMM, IaHi METOOM HE €

IOCTaTHbO iHTEPIIPETOB HUMHU Ta, 3a3BMYall, € MEHI POOACTHUMU y NIOPiBHSIHHI 3 IIMPOKUM KJIaCOM iHIINX, 30Kpema

KJIaC4YHUX, MeTOILiB MAaIIMHHOTO HaBYaHHY. Hu3bka pO6aCTHiCTb I[IpU3BOOUTH OO HeCcTabiJIbHOCTI I'[OBeII,iHKI/I MOILe]Ii

Ha HpaKTI/II_Li, BuUMara€ 1ogaTkOBUX pecypciB Ha y3rop>KE€HA MO,I[CJIi 3 HOBUMU NaHMMU Ta YCKIIAAHIOE€ BUKOPUCTAHHSI

y HallpsSIMKax, 110 BUCOKO LiHITh HANiMHICTh MOJeJIel, HallpyKiIa, MeaunuHi, pinancax, GpismIHOMY MOJI€II0BaHHi

TOIO. [IJIs TAaKUX rajy3eil MOXKHa TOBOPUTHU IIPO TPMKOMIIOHETHY CUCTEMY BUMOT 10 MOZeJIel: BUCOKA pOOACTHICTb,

iHTEpIPETOBHICTB Ta y3arajbHIOBAJIbHICTb. IHIIMMHU CJIOBAMU, MOJIEJIb Ma€ OyTH CTiMIKOIO 10 IIYMY 44 BUKUIB, Ma€
OyTU BifHOCHO JIETKO MOSICHUTH SIKUM YMHOM MOJeJib IIPUHILIA [I0 TIEBHOI BiATIOBIfi, a cama MOJiesIb Mae

IIOKa3yBaTH SIKOMOTA OisIbLI CTabibHY [OBEIHKY IIif Yac nepexomy Bifl OLHOro (BajifHOro) Habopy LaHUX [0



iHImoro. AHasIoriyHi BUMOTM 3yCTPidaloThCs, 30KpeMa, 171 3a4a4i Mo6yA0BU HU(PPOBUX IBiMHUKIB (6€3 IPUB'I3KU [0
KOHKpEeTHOI rasy3i). Lle nos'si3aHo 3 THM, 10 Taki cucTeMy € 6araTOKOMIIOHEHTHUMH, 1110 JOJATKOBO i CUIIIOE
BaroMiCTb iHTEPIPETOBHOCTI KO>KHOI OKPEMOi KOMIIOHEHTH, HalliIeHi Ha MOZIeJII0BaHHs BEJIUKUX (260
IeTaJ1i30BaHUX) [IPOLECIB, IO IPU3BOIUTD 10 aKyMyJIsILii 3alyMJI€HHS KOXXHOI OKPEMOI CKJIafl0BOi, a CKIaHICTb Ta
JIIOPOTOBM3HA CTBOPEHHS TaKUX CUCTEM BUMAarae Bifl HUX BUCOKO] 3IaTHOCTI 10 y3araJbHEHHS. [CHye HU3Ka METOLIB
NiABUILEHHS CTIMKOCTI Mofiesielt, Oi/IbIIiCTh 3 SIKUX 6a3yl0ThCS Ha ifel ayrmeHTallii JaHux, TOOTO HiArOTOBKYU MogeJi
IO MOKJIMBUX TUIIB 3allyMJIeHHs. He IUB/ISIYMCh HA BUCOKY TEOPETUYHY €(PEKTHUBHICTD, TaKi MiAX0IM IIPUB HOCSTh
psiz, IATaHb, O YCKJIAHIOWTS iX iMIJIEMEHTAallilo, a came: Jie 3HaiTH abo SKUM YMHOM 3reHepyaTy rapHi
ayrMEeHTOBaHi [1aHi, SIK OLiHWUTY BIIJIMB QyTMEHTOBAHUX JaHUX Ha iCHYI0YM BUOIPKY AifICHUX NaHUX, SKUM YHNHOM
BMKOHYBAaTU TPEHYBaHHS Ha TaKUX JaHUX Tomlo. KpiM 1IbOro, BUKOpUCTaHHS 6i/1b1IO] KiIbKOCTI JaHUX OYEBUIHO
30is1blIy€e OOUNCIIIOBAJIbHI BUMOTY Ta €(PEKTUBHUN PO3Mip MO eli. BasKIMBO TaKOX 3a3HAYMTH, IO TaKi METOIIU He
000B'13KOBO [TIO3UTUBHO BIIJIMBAIOb0 HA y3arajlbHIOBAJIbHICTB, a7Ke 9acTo € "MaTeMaTUIHUM TPIOKOM", IO SIKOTO MU
IIpubiraeMo B yMOBax BiICYTHOCTI JiliCHUX ajibTepHATUBHUX HabopiB gaHuX. [11o X cTocyeTbCsl iIHTEepIPEeTOBHOCTI,
TO KJIACMYHi MO/IE€JIi MAalIMHHOTO HaBYaHHS € NIOBHICTIO iHTEPIIPETOBHMUMU, TOJ| K OibIIICTh Cy4aCHUX — TaK
3BAaHUMU YOPHUMH SKIIUKAMU. Y TaKUX YMOBAX iHTEPIIPETOBHICTb YaCTO € MO>KJIUBOIO JINIIE B OOMEXEHOMY BUTJIS]
B)XXE Ha eTarli, KOJIi MOZeJIb [I0BHICTIO HaTpeHOBaHa (L0 He € e(eKTUBHUM) i 4aCTO HaBiTh BUMAarae TpeHyBaHHS
IOJATKOBUX MOJieJiel iHTepIIpeTaTopiB TaKUX K PO3PiIyKeHi aBTOeHKoIepH (aHrIJL., Sparse Autoencoders) 1t
MOBHUX MOJieJiell ab0 MoZesiel IPOCTOPY CTaHiB, 110 30BCiM HE MOJIETIye 3arajbHy 3a7ady aHajli3y MOBEiHKA
mogeni. Ha nonady, BesiMKa 4aCTUHA Cy4aCHUX HEMPOHHUX aJITOPUTMIB BUKOPHCTOBYE iZjel0 KOMOiHyBaHHS
DIeKiJIbKOX HEIPOHHUX KOMIIOHEHT B MesKaX OJlHi€i, yHiTapHOI Mogesi (Hanpukian, TpaHcdopmep) abo aHcaM6JIIo,
1110 JIMIIE TNIOTipILIy€e MOJKJIMBY IHTEPIIPETOBHICTh CaMOi MOZEJ Ta YCKIIALHIOE i aHasi3. Pa3oM 3 UM, 1 MOJesen
Ha OCHOBI aHCaMOJIiB, iCHye 1OJaTKOBa IPO6JIeMa y3rolKeHHs iH(popMallii Mi>K OKDEMUMU KOMIIOHEHTaMU
(indopmauiitna koHcosiganis). Tak, mig yac TpeHyBaHHS MojeJiel], HeoOXiTHO IBHO (260 HEeSIBHO) y3rOOUTH IOTIK
iHpopMalii MiXX pi3HUMM KOMIIOHEHTaMU aHCaM6J110. TakuM YMHOM, KJIACUYHI MiTX0I1 HE € OJHAKOBO
e(EeKTUBHUMHU [1J151 aHCaMOJIiB Ta YHITAPHUX MOJEJEN, aJl)ke HE BPAaXOBYIOTb IIPMHILIAIIOBUAN 3CYB Y METOAX
nepepnayvi inpopmanii B Mexxax Mogiesii aHcaM6JII0 Ta He ITOM'SIKIIYIOTh BJAACTHUBI 17151 LibOTO Mif X0y HEJOJIiKY, 110
POOUTh aKTyaJIbHUM PO3POOKY METOJIB Ta IiX0IiB IIOKpalLleHHs pOOAaCTHOCTI Ta iHTEpIIPETOBHOCTI MoZiesieil Ha
OCHOBIi aHcamb6J1eBoi apxiTekTypu. Came 1€l aclleKT HeOOXiIHOCTI JOJATKOBOTO Y3rOIPKEHHS €, (PaKTUYHO,
OCHOBHOIO [IPUYMHOIO 0i/IbII HM3BKOI iHTEPIIPETOBHOCTI MoZeseianCcam6J1iB. TaKMM YMHOM, BIIPOBAIKEHHS
[IEBHOTO KOHTPOJIIO 32 LIUM IPOLIECOM MOJKE€ CYTTEBO MiABUIIUTY IHTEPIIPETOBHICTh MOAEJNEN. METOI0
IMcepTaliiiHoi poboTH € Cripoba HaiATH OJIUH i3 MOXKJIMBUX PO3B'SI3KiB JaHOI Npo6aeMu: MiBUlIeHHSI pO6AaCTHOCTI
Ta IHTEPIPETOBAHOCTI HEUPOHHUX MOZEJIEN IJISIXOM PO3POOJIEHHS TEOPETUYHO OOIPYHTOBAHOTO METOLY
reOMEeTPUYHO] JIOKaJIbHOI KOHCOJIiiallii reTepOreHHNX aHCaMOJIiB Ha OCHOBI OL[IHKM CKJIAIHOCTI IPOCTOPY BXiIHUX
IAHUX Ta MOT0 BIPOBAIKEHHS [IJ1s TibpunHux, GpiznyHoiHPOpMOBaHUX i HeHpo-audepeHianpHux Moaesneil. Cam
aHcamO0JIb MOKHA PO3IJISATH Y JaHOMY BUIIAJKY SIK IIPOCTUI PUKIIAL, M(POBOro ABiMHUKA, 110 CKJIALAETHCS 3

Pi3HUX MOJIeJIENKOMIIOHEHT, 1[0 MOJEJIIOI0Th OKPEMY JIOTiKY / TIOBEJIiHKY B M€Kax CUCTEMHU (IAHUX).

2. Machine learning, and specifically algorithms based on neural networks, play a significant role in both science
and practical applications due to their high adaptability and accuracy. At the same time, these methods lack
sufficient interpretability and are generally less robust compared to a broad class of other, classical, machine
learning methods. Low robustness leads to instability in model behavior in practice, requires additional resources
to align the model with new data, and complicates its use in domains that highly value model reliability, such as
medicine, finance, and physical modeling, among others. For such fields, one can speak of a three component
system of requirements for models: high robustness, interpretability, and generalizability. In other words, the
model must be resilient to noise or outliers, it should be relatively easy to explain how the model arrived at a
specific answer, and the model itself must exhibit the most stable behavior possible when transferring from one
(valid) dataset to another. Analogous requirements are encountered, in particular, in the task of constructing
digital twins (regardless of the specific domain). This is due to the fact that such systems are multicomponent,
which further amplifies the importance of the interpretability of each individual componentn they are aimed at



modeling largescale (or detailed) processes, which leads to the accumulation of noise from each separate
constituento and the complexity and high cost of developing such systems demand a high capacity for
generalization from them. There are a number of methods for increasing model robustness, most of which are
based on the idea of data augmentation, i.e., preparing the model for potential types of noise. Despite their high
theoretical effectiveness, such approaches introduce a series of issues that complicate their implementation,
namely: where to find or how to generate good augmented data, how to evaluate the impact of augmented data on
the existing sample of real data, how to perform training on such data, and so forth. Furthermore, the use of a
larger amount of data evidently increases the computational requirements and the effective size of the model. It is
also important to note that such methods do not necessarily have a positive impact on generalizability, as they are
often a "mathematical trick" that we resort to in the absence of valid alternative datasets. Regarding
interpretability, classical machine learning models are fully interpretable, whereas the majority of modern ones are
so-called black boxes. Under such conditions, interpretability is often possible only in a limited form at the stage
when the model is already fully trained (which is inefficient) and frequently even requires the training of additional
interpreter models, such as Sparse Autoencoders for language models or state space models, which does not
simplify the overall task of analyzing model behavior in the slightest. In addition, a large proportion of modern
neural algorithms utilizes the concept of combining multiple neural components within a single, unitary model
(e.g., a transformer) or an ensemble, which only degrades the potential interpretability of the model itself and
complicates its analysis. Furthermore, for ensemble based models, there is an additional problem of coordinating
information between individual components (information consolidation). Thus, during model training, it is
necessary to explicitly (or implicitly) harmonize the flow of information between the various components of the
ensemble. Consequently, classical approaches are not equally effective for ensembles and unitary models, as they
do not account for the fundamental shift in the methods of information transfer within an ensemble model and fail
to mitigate the drawbacks inherent to this approach. This makes the development of methods and approaches for
improving the robustness and interpretability of ensemble architecture-based models highly relevant. It is
precisely this aspect of the need for additional coordination that is, in fact, the primary reason for the lower
interpretability of ensemble models. Therefore, introducing a degree of control over this process can significantly
enhance model interpretability. Thus, this dissertation is an attempt to provide one possible solution to this
problem: enhancing the robustness and interpretability of neural models by developing a theoretically grounded
method for the geometric local consolidation of heterogeneous ensembles. This is based on evaluating the
complexity of the input data space and implementing it for hybrid, physics-informed, and neural differential
models. The ensemble itself can be viewed in this case as a simple example of a digital twin, consisting of various
component models that simulate specific logic /behavior within the system (data).
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BaacHe IlpizBume Im's II0o-6aTbKOBI Jlauzie JIMUTpO BONIOAMMUPOBUY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignosigasnbpHuii 3a lli,ILI‘OTOBKy SIBopchkuii OnekcaHap AHOPiOBUY
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersHa AHaTosIiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTtosiiBHA

OisSIIBHOCTI




