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Pedepar/anoTamis:

1. O6'eKT BOCIIIPKEHHSI — IIPOLIECH CTaTUYHOIO aHaJi3y IPOrpaMHOTro KOy, CIIPSIMOBaHi Ha BUSIBJIEHHS e(EKTIB Ta
Bpa3JIMBOCTEN; IPEIMET — HEMPOCUMBOJIbHI METOIM aHaIi3y, WO OEAHYIOTh CEMAaHTUYHE PO3YMIHHS BEJIMKUX
MOBHUX Mogereii (LLM) 3 He3asnexXHO0 CUMBOJIbHOI Bepudikaliieo. Meta — po3pobka, popmasnizoBaHuil onuc Ta
€KCIIEpPMMEHTAaJIbHA OL[iHKa HEMPOCHMBOJIBHOTO METOY, SIKMI1 3abe3edye KOHTPOJIbOBaHY NoBeAiHKy LLM uepes
He3aJIeXXHY CUMBOJIbHY BEpHU(iKallilo FeHEPOBAaHUX TBEPIPKEHD i JO3BOJISIE LOCATTU BUCOKOI TIOBHOTU BUSIBJIEHHS
IedekTiB Ipu 30epeskeHHi TOYHOCTI Ta NepenoavyyBaHOCTi pe3yIbTatiB. JJoCciIKeHHsS BUKOHAHO B paMKax
ininjiaTuBHOI HaykoBO-HoOCHinHOI podoTu CI1-01/2023 «BripoBai>kKeHHs CEPBiC-OPiEHTOBAHOrO MiIX0NY A0
peaizauii npouecis gimxuranizauii cycninberBa» (N2 nepsxxpeectpauii 0123U101333). MeToau noCiiKeHHs: aHai3
i cucremarusarist HayKOBuUX JAKepeJ; Gpopmaisallis apxiTeKTypy Ta arOPUTMIB; MOJEIIOBAaHHS B3aeMOii

KOMIIOHEHTIB; O0UMCIIIOBaJIbHUY €KCIIEPUMEHT Ha peaslbHUX JAaHUX; [IOPIBHSJILHUM aHajli3 3 iCHyIOUMMH MiAXOIaMy;



absiLiiiHe 1OCTiIKeHHs! BHECKY KOXKHOTO KOMIIOHEHTA. [IporpamHo-anaparHa 6a3a: BlaCHUI IPOrpaMHUi
IIPOTOTHUII, 110 IIOEAHYE aHCAMOJIb IHCTPYMEHTIB CTATUYHOTO aHaJlizy, 3ictaBieHHs AST-naTepHiB i taint-aHasis i3
3BepHeHHM 710 API mopeneit GPT-4 ta GPT-5.2; Ha6ip manux PySStuBs. Haykosa HoBu3Ha. Briepie
3aIIPONIOHOBAHO HEMPOCHMMBOJIBHUN METO], Y IKOMY Ha nepimomy ertani LLM 6e3nocepeqHbo reHepye
CTPYKTYpOBaHi TBEPAKEHHS PO AedeKTU KoMy, 3 CHMBOJIbHUIN aHali3 ix Bepudikye, Ha BifMiHy Bif icHy0unX
metogiB (IRIS, LLMSA, MoCQ), iie CMBOJIbBHMY KOMIIOHEHT BUKOHYE [IePBUHHE BUSBIJIEHHS, @ HEMPOHHUII JiuIe
(dinbTpye UM JONOBHIOE MOro pe3yibTaTy. IHBepTOBaHMi HanpsIMOK B3aemoyii Neural o Symbolic no3sossie
CKOPHMCTATHUCS 30ATHICTIO MOJEJI CIIPUMMATH CEMAHTUKY KOZY 32 OJJHOYACHOTO SXOPCTKOT'O KOHTPOJIIO
3reHepOBaHNX HEI TBEPKEHb i MiHiMasIbHUX PU3UKIB rajouuHallii. Bepiie 3anponoHoBaHo croci6 Bepudikariii
CTPYKTYpPOBaHUX TBepykeHb Npo aedektu Explain-Verify Gate, y skomy aTpubyTi TBEpAKEHHS (TUIl Je(EeKTY,
JIOKasizauis, NpoIo3ullis MiHIMaJIbHO JOCTaTHBOTO BUIIPABJIEHHS, OOI'PYHTYBAaHHSI) BU3HA4YalOTh BUOIp Ta
iHTepHnpeTaio MoJaIblInX CUMBOJIBHUX IIEPEBIPOK — 3icTaBieHHs AST-naTepHis, taint-anasnisy, nepesipku
IpaBZoINoioHOCTI BUNpaByieHHs. Lle 3abesneuye netepmMiHism Bepudikallii 63 10BTOPHUX 3BepHEHbD J10 MOBHOI
MoJeJli 3a OOI'PYHTYBaHHSIM KOXKHOTO {i pilleHHs. YIOCKOHAJIEHO IIPOoLieC IPUMHATTS pillleHb o0 AedeKTiB
3aBOsaKU MexaHismy Evidence-Weighted Suppression, gxuil 3BaXye 40Ka31 3 KiJIbKOX HE3AIEKHUX JKEPeT
(iHCTpyMeHTH CTaTU4YHOTO aHaidy, AST-iaTepHH, MOKa3HUK BIIEBHEHOCTi 6a30BOr0 aHasi3aTopa) i BiHOBIIOE
BaJIiiHI BUSBIJIEHHS, BiJXWUJIEHI CHUMBOJIBHOIO Bepu(iKallielo 3a BilCyTHOCTI BiJIIOBIAHUX NIaTEPHIB, ajie NifTBepIyKeHi
IOCTaTHIMM oKa3aMu. Lle mo3BoJise 36aaHCyBaTU TOYHICTD i TIOBHOTY aHaui3y. [IpakTuyHi pesysnbraTu. OniHKa Ha
1000 36anancoBanux 3pas3kax Habopy PySStuBs nokaszasna BussieHHs 379 gedekrTiB npotu 132 y 6azoBoro LLM-
nigxony Ta 8 B aHCaMOJII0 iIHCTPYMEHTIB Ha OCHOBI IIpaBwJl, 10 BifiloBifae 3poctanHIo recall Ha 187% Ta Fl-score Ha
76,4% 3a criBcTaBHOTO piBHA TOYHOCTI (6113bK0 0,51). Banimanis 3 mogenmio GPT-5.2 (n=500) nigTBepaumna
30epekeHHs lepeBar Npy nepexo/i Ha HOBillle MOKOJIiHHS Moaeri (+132% Fl-score, +363% recall), abmnsuiiiHe
IOCJiIKeHHs — CTiHKiCTh apxiTekTypu o mopudikauii okpemux KomnoHeHTiB (Fl-score y mianazoni 0,654-0,668).
Mertopn He noTpebye JoHABYaHHS Mojeell i 360py clielianizoBaHux HabOPiB JaHUX, OITYCKAa€e 3aMiHy HEMPOHHOTO
KOMIIOHEHTa 6e3 MoauQikallii pemTy CUCTeMHU, a IOKPUTTS CUMBOJIbHOI BepUQiKallii pO3IMPIOEThCS JOAABaHHIM
npaswil, AST-narepHiB i taint-crneundikaliii 111 HOBUX MOB IIPOTpamMyBaHHS Ta KJaciB gedekTiB. Pe3ynbraT
aHa’li3y [0JA€eThCsl CTPYKTYPOBAaHUM ONMCOM AedeKTy (TUIL, JoKali3alisi, OOrpyHTyBaHHS, MiHiMaIbHO HEOOXifiHe
BUIIPABJIEHHST) Pa30M i3 pe3yJibTaTaMu CUMBOJIbHOI Bepudikallii, 1[0 CKOpodye Yac PO3pOOHMKA Ha ONPalLlOBaHHS
BUsBJIeHb. CTYIiHb YIIPOBAIPKEHHS: PO3POOJIEHO Ta €KCIIEPUMEHTAJIbHO alIpOOOBAHO IPOrPAMHMI IPOTOTUIL
METO[Ly; pe3yJIbTaTH BUKOPHUCTAHO [1JI51 IOKPAIleHHS iHCTPyMEHTapio 3a6e31e4eHHs SKOCTi IIPOrPaMHOro
3a0€e311e4eHHs B paMKax BUKOHAHHS 3a3Ha4€HOi HAyKOBO-0CiTHOI po60TU. YIIPOBaI)KEHHS METOJY B
aBTOMAaTH30BaHi MPOL,ECH KOHTPOJIIO SIKOCTi IPOrPaMHOT0 KOy IJIaHyeThCs. ['aly3b BUKOPHCTAHHS: iHKeHepist
IIPOrPaMHOTO 3a6e3neyeHHs], 3a6e31e4eHHs IKOCTi Ta HaJiliHOCTi IPOTpaMHUX CUCTEM, aHajli3 3aXUILEeHOCTi
BUXiJJHOTO KOJly, aBTOMaTHU30BaHi rpouecu KoHTpoo skocTi (CI1/CD, code review, IDE), a Takox nopanbi

,U,OC]Ii,I[)KeHHH HeﬁpOCMMBO]IbHHX CHUCTEM.

2. The object of the research is the processes of static analysis of program source code aimed at detecting defects
and vulnerabilities; the subject is neurosymbolic analysis methods that combine the semantic understanding of
large language models (LLMs) with independent symbolic verification. The aim is the development, formal
description, and experimental evaluation of a neurosymbolic method that ensures controlled LLM behavior
through independent symbolic verification of generated claims and enables high defect detection recall while
preserving the precision and predictability of results. The research was carried out within the initiative research
project SP-01,/2023 "Implementation of a service-oriented approach to the realization of the processes of
digitalization of society" (state registration No. 0123U101333). Research methods: analysis and systematization of
scientific sources; formalization of the architecture and algorithms; modeling of component interactions;
computational experiment on real data; comparative analysis with existing approaches; ablation study of the
contribution of each component. Software and hardware base: an in-house software prototype combining an
ensemble of static analysis tools, AST pattern matching, and taint analysis with queries to the APIs of the GPT-4
and GPT-5.2 models; the PySStuBs dataset. Scientific novelty. For the first time, a neurosymbolic method is



proposed in which the LLM at the first stage directly generates structured claims about code defects, and symbolic
analysis verifies them, as opposed to existing methods (IRIS, LLMSA, MoCQ), where the symbolic component
performs primary detection while the neural component merely filters or supplements its results. The inverted
interaction direction Neural to Symbolic makes it possible to leverage the model's ability to perceive code
semantics while maintaining strict control over the claims it generates and minimizing the risk of hallucination.
For the first time, an approach to the verification of structured defect claims, the Explain-Verify Gate, is proposed,
in which the attributes of a claim (defect type, location, proposed minimally sufficient fix, rationale) determine the
selection and interpretation of subsequent symbolic checks: AST pattern matching, taint analysis, and fix
plausibility checking. This ensures verification determinism without re-querying the language model for
justification of each of its decisions. The defect decision-making process is improved through the Evidence-
Weighted Suppression mechanism, which weighs evidence from several independent sources (static analysis tools,
AST patterns, base analyzer confidence score) and recovers valid detections rejected by symbolic verification due
to the absence of matching patterns but supported by sufficient evidence. This makes it possible to balance the
precision and recall of the analysis. Practical results. Evaluation on 1,000 balanced samples of the PySStuBs dataset
showed the detection of 379 defects versus 132 for the baseline LLM approach and 8 for the rule-based tool
ensemble, corresponding to a recall improvement of 187% and an F1-score improvement of 76.4% at a comparable
precision level (approximately 0.51). Validation with the GPT-5.2 model (n=500) confirmed that the advantages are
preserved when moving to a newer model generation (+132% Fl1-score, +363% recall), and the ablation study
confirmed the resilience of the architecture to modifications of individual components (F1-score within the range
0.654-0.668). The method requires neither model fine-tuning nor the collection of specialized datasets, allows
replacement of the neural component without modifying the rest of the system, and its symbolic verification
coverage is extended by adding rules, AST patterns, and taint specifications for new programming languages and
defect classes. The analysis result is presented as a structured defect description (type, location, rationale,
minimally required fix) together with symbolic verification results, which reduces the developer's time spent on
processing detections. Degree of implementation: a software prototype of the method has been developed and
experimentally validated; the results have been used to improve software quality assurance tooling within the
framework of the aforementioned research project. Implementation of the method in automated code quality
control processes is planned. Field of application: software engineering, quality and reliability assurance of
software systems, source code security analysis, automated quality control processes (CI/CD, code review, IDE),
as well as further research on neurosymbolic systems.
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