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Micue3HaxoaKeHHS: ByJI. TepemeHkiBcbka, Kuis, 01024, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK YKpainu

InenTudikarop ROR:

V. BizomocTi Ipo aucepTailiio
MoBga auceprTalii: Auriicbka
Koau remaTHYHHX py6an: 27.35.59, 50.03.07, 27.41.19, 28.23.15

Tema gucepranii:
1. HuspkopaHrosi HabIV>KEHHS, OLiHKY 30YpeHb Ta iX poJib Y KOMIIpecii Moeen

2. Low-rank approximations, perturbation bounds, and their role in model compression

Pedepar:

1. luceprarito NpUCBSYEHO OJHIN i3 KIIOYOBUX 33/1a4 Cy4YaCHOI MPUKIAAHOI MATEMATUKY Ta MAlIMHHOTO HABYAHHS
— pO3pO0JIEHHIO METO/IiB CTUCKAHHSI BEJIMKUX HEMPOHHUX MOJieJiell i3 30epeskeHHIM Nepei6avyBaHoi sIKOCTi
PO3B's13aHHS IPUKJIAIHUX 3aa4. |3 3pOCTaHHSIM PO3MiPHOCTI MOJiesiell iX IpakTU4YHe BUKOPUCTAaHHS Aefadi Oinbie
0OME>KY€ETbCSI BUMOTaMU IO MaM'sITi, 3aTPUMKU 00YMCIIeHb Ta €HEPTOCIIOKUBAHHS, TOZ] SK OGi/IbIIiCTh HASBHUX CXEM
KOMITIpecii MaloTh nepeBa’kHO eBPUCTUYHUM xapakTep. Y nucepTallii 3alporoHOBaHO €MHUI 30ypIOBaJIbHUN MiAXin,
y MeKax KOT'0 pillleHHs W0A0 KOMIIPECii CIMPaloThCs Ha 4IBHI KiJIbKiCHI rapaHTii, a He Ha CUTYaTUBHI [IPaBUJIA.
JocinKeHHs NIoeHy€e TeOPil0 MATPUYHUX 30yPEHD, HU3bKOPAHTOBi HAOIVDKEHHS, eMIIIPUYHUN aHAJIi3 IPYHIHTY
BEJINKMX MOBHUX MOJIeJIel, a TAKOK TEOPETHYHI TapaHTii po6aCcTHOCTI 117151 3a/1a4 KEPYBaHHS Ta HABYaHHS 3
nigxpinyienHs M. MeTolo aucepTalii € 1o6yJ0Ba MaTEMaTUYHO OOIPYHTOBAHUX METO/IiB, 5IKi [IOB'I3YIOTh
napaMeTpUyYHi 30ypeHHs!, CIIPUIMHEHI KOMIIPECi€I0, 3 KPUTEPISIMU SIKOCTI KiHIIEBUX ITPUKJIAIHUX 331a4. O6'eKTOM
JOCJIIPKEHHS € HU3bKOPAHTIOBI T PO3PiIyKeH] IPEICTaBIEHHS MOJI€JIeV MAIMHHOIO HaB4YaHHs. [Ipegmer

,H,OCJ'Ii,IL)KGHHF{ OXOILII0E 36ypeHH9[ CUHTYJIAPDHNX 3HAY€Hb KOHKATEHOBAHUX MAaTPUllb, KOHTPOJIbOBAHE 3a MMOXUOKOIO



rpyIyBaHHS AJ1 chinbHOI SVD-KomMipecii, MoBo3asexHi epeKTy 6€3HaBUaJIbHOTO NIPYHIHTY BEJIMKUX MOBHUX
MogeJieil, 1o6yoBy reoMeTpii MOB Ha OCHOBI CUTHAJIIB BaKJIMBOCTI Bar, a TAKO>K HEACUMIITOTUYHI OL[iHKA
Ierpagauii IKOCTi B 3a/1a4ax KEPYBaHHs Ta HAaBYaHHS 3 ITiIKPIIMJIEHHSAM 32 CTPYKTYPHOT'O PO3PiIPKEHHS [IapaMeTPiB.
HaykoBa HOBU3HA AucepTallii [10JISITae B IOEQHAHHI B MEXKax €IMHOrO Y3roJKEHOr0 MiIX01y Teopii 30ypeHb,
KOMIIPECiITHO-Opi€HTOBAHOTO HU3bKOPAHIOBOT'O IPYITYBAaHHS, 6araTOMOBHUX €KCIIEPUMEHTIB i3 IPYHIHTY, 100yJ0BU
reoMeTpii MOB Ha OCHOBi BaroBUx CUTHaJIiB, a TAKOX cepTudikauii KocTi fsis 3a5a4 KepyBaHHs Ta HAaBYaHHS 3
nigxpinyienHsM. [IpakTudHe 3HaYEHHS OfIEP>KaHUX Pe3yJIbTaTiB BU3HAYAE€THCS iX 6€3110CeEPEeNHbOI0 MPUIATHICTIO 10
TPbOX OCHOBHUX CLIEHAPiiB 3aCTOCYBaHHS: (i) HU3bKOPAHTOBOI KOMITPECii KOJIEKLill MaTPULb i3 KOHTPOJIEM ITOXUOKY;
(if) MOBHO-OpPi€EHTOBAHOIO IPYHIHTY BEJIMKUX MOBHUX MoJieJiel; (iii) 6e3r1eko-0pieHTOBaHOIO IIPYHIHTY
HelpoMepesKeBUX KOHTPOJIEPIB i MOJITUK HaBYaHHA 3 NiAKpPilIeHHsIM. 3allpOIIOHOBaHI MeTOY 3a6€31e4yI0Th
iHTepnpeToBaHi Ta 064MCII0OBaHi KpUTEPIi, 5IKi MOB'I3YI0Tb KPOKM KOMIIPECii 3 HaZilHICTIO Ta SIKiCTIO PO3B'sI3aHH

IIPUKJIIAOHUX 3aa4.

2. The dissertation addresses one of the key problems of modern applied mathematics and machine learning: how
to compress large neural models while preserving predictable task-level quality. As model size grows, practical
deployment is constrained by memory, latency, and energy budgets, and common compression pipelines remain
heavily heuristic. This thesis develops a unified perturbation-based framework in which compression decisions are
guided by explicit quantitative guarantees rather than ad hoc rules. The work combines matrix perturbation
theory, low-rank approximation, empirical analysis of large language model pruning, and theoretical robustness
guarantees for control and reinforcement learning. The objective of the dissertation is to construct mathematically
grounded methods that connect parameter perturbations caused by compression to downstream quality criteria.
The research object is low-rank and sparse representations of machine-learning models. The research subject
includes: singular-value perturbations of concatenated matrices, error-controlled grouping for joint SVD
compression, language-dependent effects of training-free LLM pruning, pruning-derived language geometry, and
nonasymptotic control /RL degradation bounds under structured parameter sparsification. The scientific novelty
of the dissertation lies in combining perturbation analysis, compression-aware low-rank grouping, multilingual
pruning experiments, language-geometry construction from weight-level signals, and control /RL certification in a
single consistent framework. The practical significance is determined by direct applicability to three deployment
scenarios: (i) error-controlled low-rank compression of matrix collections, (ii) language-aware pruning of large
language models, and (iii) safety-oriented pruning of neural controllers and reinforcement-learning policies. The
developed methods provide interpretable and computable criteria that connect compression actions to
downstream reliability.
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IIpiopuTeTHHI HanpsIM PO3BUTKY HayKH i TEXHIKHU: OyHnameHTasbHi HAYKOBI HOCIIIPKEHHS 3 HANGIbII
BaXKJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOT0, CyCIiIbHO-TIOJITUYHOTO,
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