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1. Incepranifina po60Ta IpUCBIYeHa Po3po01ii Ta OGIPYHTYBaHHIO KOMITIOTEPHO-MaTeMaTUYHUX MOJieielt
MEPEXXEBUX CTPYKTYP i rajiy3er Ta ix 3aCTOCYBaHHIO JIO aHaJIi3y peasbHUX BEJIMKUX NAHUX, 30KpEMA JaHUX
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iHpacTpyKTyp Ha OCHOBI L1iJTiCHOI METOZOJIOTIYHOI OCHOBHU [1JIs1 aHAJII3y MEPEXKEeBUX CTPYKTYP Y MacIuTabi BeJIUKUX
IAHUX, 10 NoegHye popmarizallito 06&#39;exTa NOCIiI)KeHHS, CUCTEMATH3allil0 KOMIT'IOTEPHO- MaTeMaTUYHUX
MoJeJsel], aITOPUTMIYHI HifX0oAM N0 MacIuTabyBaHHSI OOUNCIIEHb, METPYKU OLiHIOBAHHS SIKOCTi, BUMOTH [10
BiZITBOPIOBAHOCT] €KCIIEPMMEHTIB, & TAKOK 3aCTOCYBAHHS 3aIIPOIIOHOBAHUX PilllEHDb [J0 PEaJIbHUX rajly3eBUX JaHUX.

HaykoBa HOBU3Ha 10JIsSITa€ Y po3po01i METOL0JIOr YHOI Ta MPOrpaMHO-004YUCIIIOBAIbHOI OCHOBU aHAi3y



MepEeXXeBUX CTPYKTYP Y KOHTEKCTi peaJlbHUX BEJIMKUX JaHUX, 0 MOXKe OyTH 623010 CUCTEM MiATPUMKU IPUNAHSTTS
pilleHs MOA0 KPUTUIHUX iHPPACTPYKTYP, EHEPreTUKH Ta CyMIKHUX raynyseil. CuCTeMaTH30BaHO KJlacu
KOMIT'IOTEPHO-MaTeMaTUYHUX MOJieslell MeEpEeXXeBUX CTPYKTYP (IpadpoBi, MysIbTULIAPOBI, BUTIAIKOBI, Ff€HEPaTUBHI,
CIIEKTPaJIbHi, IMHAMIYHi), C(POPMYJILOBAHO METOLOJIOTIYHI NPUHLMIU. PO3p06JI€HO y3araabHeHy apXiTEKTypHY
MOJE€JIb KOHBEEPA aHaJli3y BeJIMKUX MepexxeBux gannx DoonDoooGoAoRol'ol, cucteMaTr30BaHO aarOpUTMIYHI MigXOOU [0
MacuTabyBaHHs (po3IofiseHa Ta NOTOKOBa 00po0Ka, HabMKeH] alfOPUTMU, CTUCHEHHSI ¥ CeMILTHT rpadis).
BusHaueHO cuCTeMy METPUK i KpUTEPIiB OLiHIOBaHHS SIKOCTi (CTPYKTYPHi, MOZI€JIbHI, METPUKU CIiJIBHOT,
004MCIIIOBaJIbHI, TPakTUyYHi). EKCiepruMmeHTanbHy epeBipKy MPOBEIEHO Ha PEAJIbHUX BEJIUKUX JAaHUX
€BPOIIENICHKOrO PUHKY esieKTpoeHeprii. Pozpo6aeHo kouBeep EnergyNetDA (Scala 3, Cats Effect, http4s, fs2-kafka,
Apache Kafka, Python 3 NetworkX) nyis mepexxesoro ananizy naHux ENTSO-E. EkcnepumeHT: 53 6iguHroBi 3011, 86
iHTepKkoHekTOpiB, 730-IeHHe BiKHO, MpoaHasnizoBaHo 533 1i6 (~12,8 Tuc. roguHHUX 3pi3iB, 10,75 MJIH 3anuCiB).
JIBoapoBe MepeskeBe MOoAAHHS — (Pi3nyHi IepeToKy Ta LiHOBI Kopersii. AHasi3 yytauBocti 0o [0,5; 0,9] 3
ontumymom o0 = 0,7 (43 BepimuHy, 218 pedep, 7 cinbHOT, MoayssipHicTs Q = 0,326). ByrcTpen-ananis cTifikocTi (J =
0,72, 11 [0,50; 1,00]). KoBaHi 7-neHHi BikHa (J = 0,82 + 0,07). HeratuBHuil pe3ynbraT MH: cTaTUyHi MepeskeBi 03HaKU
3HWKYIOTh TOUHICTh IpOrHo3y ninu (MAE = 18,20 + 10,44 npotu 16,89 + 8,95 ny1s 6a30B0i MH). [IpakTryHe 3Ha4Y€HHS
- CTBOPEHHS METOJ0JIOTIYHOI Ta IPUKJIAJHOI OCHOBHU JJIs1 aHAJIi3y MEPEXEBUX CTPYKTYP Ha PEaIbHUX BEJIMKUX
IAQHUX y 33Jla4aX MOHITOPUHTY, IPOrHO3YBaHHSI Ta NiATPUMKY NPUMHSTTS pillleHb 00 KPUTUYHUX iHPPaCTPYKTYP,
€HEPreTUYHUX CUCTEM, TPAHCIIOPTHUX MepeXax, CollialbHUX Mepeskax, Kibepoesrnelli, GiHaHCOBUX CUCTEMAX i
6ioindopmaTuLi. 3apeecTpoBaHO CBiIOLTBO PO aBTOpPCchKe npaBo N2145798 Bix 20.04.2026 Ha TporpaMHUM KOJ,
EnergyNetDA.

2. The dissertation is devoted to the development and substantiation of computer-mathematical models of
network structures and industries and their application to the analysis of real big data, in particular data on critical
infrastructures, energy markets, transport corridors, social and digital platforms. The aim of the work is to

enhance the effectiveness of decision-making processes regarding critical infrastructures by establishing a holistic
methodological foundation for the analysis of network structures at the scale of big data, which combines the
formalization of the research object, the systematization of computer-mathematical models, algorithmic
approaches to scaling computations, quality assessment metrics, requirements for reproducibility of experiments,
and the application of the proposed solutions to real industry data. The scientific novelty consists in the
development of a methodological and software-and-computational foundation for the analysis of network
structures in the context of real big data, which may serve as the basis of decision-support systems regarding
critical infrastructures, energy and related industries. Classes of computer-mathematical models of network
structures are systematized (graph, multilayer, random, generative, spectral, dynamic), and methodological
principles are formulated. A generalized architectural model of the big network data analysis pipeline is developed:
DoooDoooGoAoRol'ol; algorithmic approaches to scaling (distributed and streaming processing, approximate algorithms, g
compression and sampling) are systematized. A system of metrics and quality assessment criteria is defined
(structural, model-based, community, computational, practical). Experimental verification was conducted on real
big data of the European electricity market. The EnergyNetDA pipeline was developed (Scala 3, Cats Effect, http4s,
fs2-kafka, Apache Kafka, Python with NetworkX) for network analysis of ENTSO-E data. Experiment: 53 bidding
zones, 86 interconnectors, 730-day window, 533 days analyzed (~12.8K hourly snapshots, 10.75M records). Two-
layer network representation — physical flows and price correlations. Sensitivity analysis oo [0.5; 0.9] with optimum
ato = 0.7 (43 vertices, 218 edges, 7 communities, modularity Q = 0.326). Bootstrap stability analysis (J = 0.72, CI [0.50;
1.00)). Sliding 7-day windows (J = 0.82 + 0.07). Negative ML result: static network features decrease price-
forecasting accuracy (MAE = 18.20 = 10.44 vs 16.89 = 8.95 for the baseline ML). Practical significance - the creation
of a methodological and applied foundation for the analysis of network structures on real big data in monitoring,
forecasting and decision-support tasks regarding critical infrastructures, energy systems, transport networks,
social networks, cybersecurity, financial systems and bioinformatics. Copyright certificate No. 145798 dated
20.04.2026 was registered for the EnergyNetDA program code.
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HallioHaJIbHUM 0iCcOM iHTeJIeKTyaIbHOI BJIaCHOCTI Ta iHHOBalil1. Ha3Ba TBopy: «KoMII'toTepHa mporpama
EnergyNetDA - cuctemMa MepekeBoro aHai3y €eBpOIeliCbKOT0 PUHKY €JIeKTpOoeHeprii "Ha 100y Hanepen,' Ha
ocHOBI noTokoBux ganux ENTSO-E». ABropu: Pubadok [I.0., Kymnip O.C. [Iporpama peasizye KOHBeep
00pOOKHM BEJIMKUX MEPEXXEBUX AHWUX Ha OCHOBI Scala 3 3 pyHkuioHanpHUM cTekoM Typelevel (Cats Effect 3,
http4s, fs2, fs2-kafka, circe), posnoginenoro 6pokepa nosigomneHs Apache Kafka ta Python 3 6i6sioTexoro
NetworkX nys rpadoBoi aHaMITUKU.
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