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1. Ilyuko L.B. AreHTHE MOJ€JII0OBAaHHS BUCOKOIHTEJIEKTYaJIbHUX €HEPIETUYHNX MEPEXK i3 BUKOPUCTAHHAM
HEKOHQJIKTHUX PeIIiKoBaHUX CTPYKTYP JaHUX [Jisl OIIUCY CTaHiB cucTtemu. — KBanidikaniiiHa HaykoBa npaiist Ha
npaBax pykonucy. JlucepTalisi Ha 3M00yTTsI HAyKOBOTO CTyIIeHs JoKTopa ¢inocodii 3a cnenjanbhicTio 122
«Komm'ioTepHi Hayku». — [HCTUTYT npo6yieM MozentoBaHHs B eHepretuwi im. I'.€. ITyxoBa HAH Vkpainu, Kuis, 2025.
Juceprauis npucssueHa po3pooui, popmanisanii Ta mpakTUYHOMY 3aCTOCYBAaHHIO areHTHOI MOJIei
BHCOKOIHTEJIEKTyaJIbHUX eHepreTuYHux Mmepex (BIEM), o 6a3yeThcs Ha IOAAHHI CTaHiB CUCTEMHU 32 JOIIOMOT0I0
HEeKOHQJIKTHUX pentikoBaHuX cTPyKTyp AaHux (CRDT). Takuil nigxiz 3abesnevyye y3roKeHiCTb CTaHiB y
pO3IIoZiNeHOMY cepeloBullli 63 BUKOPUCTAHHS LJeHTPaJli30BaHUX MeXaHi3MiB KOHCEHCYCY, 110 MiABUILYE CTiHKICTh

i macmtaboBaHicTh cucTeMu. [HpopmariiiHa 6a3a JOCTiIKeHHS IPYHTYEThCSI HA MIPKHAPOJAHUX i HAl[iOHATIbHUX



CTaHJapTaX, HAyKOBUX NPALSIX YKPAIHChKUX Ta 3apYOIKHUX YUEHUX, a TAKOXK Marepianax KoHpepeHLiil. OTpumaHi
PE3yJIbTaTU CTAHOBJISATh OCHOBY [JIS1 NOJAJIBIINX JOCIIIPKEHD Y Tajly3i areHTHOTO MOJEJIIOBAHHS Ta ONTUMIi3allii
IIPOLIECIB y eLleHTPali30BaHUX €HEepreTUYHUX Mepexax. O0'eKT NOCiIpKeHHSs — Ipolec 3abe3rnedeHHs epeKTUBHOI
CHHXPOHi3allii CTaHiB y BUCOKOIHTEJIEKTyaJIbHUX €JIEKTPUYHUX Mepekax. [IpeiMeT NOCiI>)KeHHs — arTeHTHE
mogesoBanHs BIEM i3 BukopuctanHsam CRDT nis onucy cTaHiB cucteMu. Meta poboTH — CTBOPEHHS MOZEJI, 110
3abe3revye y3roJKeHiCTb i neper6adyBaHiCTb OBEIiHKY PO3IOAiIEHOI €HepreTUYHOI CUCTEMHU 32 YMOB
ACUHXPOHHOI B3aemoJii. Y BCTyIi 00IpyHTOBaHO aKTyaJlbHICTb TEMU, CPOPMYIbOBAHO METY, 3aBJIaHHS, METOH,
HOBU3HY Ta [TPaKTUYHE 3HAYEHHS PE3YJIbTATiB,  TAKOXK HAaBEAEHO BiJOMOCTI PO anpoobaito Ta myo6sikanii. ¥
IepIIoMy po37isi 3[iiCHeHO aHasli3 HayKOBUX JociinkeHs y cdepi BIEM, MeToniB MOZeII0BaHHS Ta YIIPaBJIiHHSL.
Po3rsigHyTO areHTHUH Nifxiz 10 KoopAuHallii B KibeppisuyHUX CUCTEMAX, MOJIeJlb aKTOPiB i PYHKIIOHAJIbHY
napagurmy porpaMyBaHHs SIK OCHOBY [1JI1 CTBOPEHHS BUCOKOHABaHTXKEHUX cucTeM. OO PYHTOBAHO
BukopuctanHg CRDT nist cuHXpOHi3alii cTaHiB areHTiB 6€3 KOHQJIKTIB i LIeHTPali30BaHOrO Y3ropKeHHs. Y
IpyroMy po3zini BUKoHaHo ¢popmasizallito areHTHOI Mogiesti BIEM. Po3po6iieHO CTPYKTYpY areHTiB i3 BUBHAUE€HHSIM
iXHIX CTaTMYHUX i AMHAMIYHUX XapaKTEPUCTHK, I00Y0BAaHO MHOXKMHY CTaHIB Ta IpaBuJja 1ePeXOMiB MK HUMMU.
3anponoHOBAaHO MiIXiM 10 y3araJbHEHOrO IPENCTABJIEHHS CTaHiB cuctemMu 3a fornomoro CRDT. ¥V TpetboMy
PO3Iiii po3p06IeHO CUMYJISALIMHY MOJeJIb PO3IOIiIeHOI eHepreTuyHoi Mepeski. OOrpyHTOBaHO AOLIIBHICTD
BUKOpHUcTaHHs Scala Ta ppeiimBopky Akka njist peasizaliii akTOpHOI MOJieli Ta MiATPUMKU AaCUHXPOHHUX OOYUCIIEHb.
[IpencraBieHo apXiTEKTYPY CMMYJIATOPA, MEXaHi3MU MOLIMPEHHS CTaHIB i B3aeMOJii areHTiB. PeasizoBaHo npouecu
y3roIpKeHHs CTaHiB, MOZIeJIIOBaHHS [10BEIiHKY areHTiB i 3abe3reyeHHs MacIITaboBaHOCTI CUCTEMU. Y YETBEPTOMY
PO37iJi TPOBEJIEHO eKCIIepUMEHTabHI JOCTimKeHHs eDeKTUBHOCTI Moei. BusHauyeHo cueHapii MOJemoBaHHs,
napaMeTpy CUMYJISILIN i METOAMKY 300py Pe3yJbTaTiB. AHaIi3 TOKa3as, 110 3aIIPOIIOHOBAHA MOZEb 3abe3Ieuye
BHICOKY Y3TOJPKEHICTb CTaHiB, CTiMKiCTb JO MEPEKEBUX BiIMOB i €(eKTUBHICTb MACIITAOyBAHHS Y Pi3HUX CLIEHAPIsIX
dyHkuionyBaHHs BIEM. IIpakTryHa LiHHICTb NOJISITA€ Y CTBOPEHHI IPOrpaMHOTro 3a6e3NeyeHHs 1711 MO eJII0BaHHSI
BIEM, mo niaTpumye 6anaHCyBaHHSI HaBaHTaXXeHb, BepudiKallilo [elieHTPali30BaHUX aJITOPUTMIB KEpyBaHHs Ta
OLIiHIOBaHHSI CTiIIKOCTi CUCTEMHU [0 3aTPUMOK i BiiMOB. OTPUMAaHi pe3yJIbTaTi MOXYTb OYTH BUKOPUCTaHI 1714
PO3pO6JIEHHS HOBUX 3aC00iB YIIPaBIliHHS PO3NOJiIIEHUMU €HEPreTUYHMMI MEPEKaMU, CUMYJIILIAHUX T1aTHOPM i
METOJiB onTuMisanii. Kiro4oBi c10Ba: BUCOKOIHTEIEKTyaJIbHI EHEPTeTUYHI MEPeXKi, areHTHE MOJIEJIIOBAHHS,
PO3NOAiNIEH] CUCTEMHU, NELEHTPANI30BaHi CUCTEMU, €JIEKTPOEHEPTETUYHA MEPEIKA, IHTEJIEKTYyaJIbHI CUCTEMU,
Kibep(Qi3nyHi CUCTEMU, MAaTEMATUYHA MOJEJIb, BUCOKOHABAHTAKEHI CUCTEMU, O€3KOH(JIIKTHI PEIIIKOBaHI TUIN

JAHUX, peuIiKallisl, KOHCEHCYC, CTaH, POCTip CTaHiB.

2. Puchko I.V. Agent-based modeling of smart grids using conflict-free replicated data types for system state
representation - Qualification scientific work with the manuscript copyright. The thesis on receipt of doctor of
philosophy (PhD) scientific degree of the specialty 122 “Computer science” . - G.E. Pukhov Institute for Modelling
in Energy Engineering of the NAS of Ukraine, Kyiv, 2025. The dissertation is devoted to the development,
formalization, and practical implementation of an agent-based model of smart grids based on the representation of
system states through Conflict-Free Replicated Data Types (CRDTs). This approach ensures state consistency in a
distributed environment without centralized consensus mechanisms, thereby enhancing the system’s resilience,
scalability, and fault tolerance. The research information base relies on international and national standards,
scientific works of Ukrainian and foreign scholars, as well as conference proceedings and expert materials. The
obtained results form a foundation for further studies in the field of agent-based modelling and optimization of
processes in decentralized energy networks. The object of the research is the process of ensuring efficient
synchronization of states in smart electrical grids. The subject of the research is agent-based modelling of smart
grids using CRDTs for system state representation. The aim of the study is to develop a model that guarantees
consistent and predictable behaviour of a distributed energy system under asynchronous interactions. The
introduction substantiates the relevance of the topic, formulates the aim, objectives, methods, scientific novelty,
and practical significance of the results, and provides information on approbation and publications. The first
chapter presents an analytical review of current research in the field of smart grids, modelling methods, and
control approaches. The agent paradigm for coordination in cyber-physical systems, the actor model, and the



functional programming paradigm are considered as a foundation for building high-load distributed systems. The
use of CRDTs is justified as a means to synchronize agent states without conflicts and centralized coordination.
The second chapter formalizes the agent model of smart grids. The structure of agents with defined static and
dynamic characteristics is developed, the state space and transition rules are constructed, and a generalized
representation of system states using CRDTs is proposed. The third chapter describes the development of a
simulation model of a distributed energy network. The rationale for using Scala and the Akka framework to
implement the actor model and support asynchronous computations is provided. The simulator architecture,
mechanisms of agent interaction, and state propagation are described. Processes of state synchronization, agent
behaviour modelling, and system scalability are implemented. The fourth chapter presents experimental validation
of the proposed model. Simulation scenarios, parameters, and data analysis methods are defined. The results
confirm the model’s effectiveness in maintaining state consistency, scalability, and robustness to network failures
under various operational scenarios of smart grids. The practical significance lies in the development of dedicated
software for smart grid simulation based on CRDTs, enabling load balancing support, verification of decentralized
control algorithms, and reproducible evaluation of network resilience to delays and failures. The research
outcomes can be applied in developing new tools for managing distributed energy systems, simulation platforms,
and optimization methods. Keywords: smart grids, agent-based modelling, distributed systems, decentralized
systems, electric power network, intelligent systems, cyber-physical systems, mathematical model, high-load
systems, conflict-free replicated data types, replication, consensus, state, state space.
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