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1. Inceprais npucBg4YeHa po3po61ii MeToy NapajeibHOTO MOJIE/IIOBAHHS CKJIaIHUX CUCTEM 3 BUKOPUCTAHHSAM
[apaurMy peakTUBHUX IIOTOKIB SIK IPOTOKOJIy CMHXPOHIi3allii 3arajlbHOro Npu3HayeHHsl. 3alIPOIIOHOBAHUM METO],
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CKJIaJlaeThCsl 31 BCTYILy, 5 PO3iJiB, 3arajlbHUX BUCHOBKIB, CIIMCKY JIiTEpaTypy Ta AOJATKIB. Y BCTYyIIi
OOI'PYHTOBYETLCS aKTyaJIbHICTh TEMU JOCJIiIKEHHSI, OKPECIIIOETHCS HAyKOBO-TEXHIYHA Ipobiema napasenisanii
MOJIEJIIOBAaHHS CKJIQAHUX CUCTEM, OOI'PYHTOBYETbCS IOLIIbHICTb 3aCTOCYBAaHHS NAPAJUTMU PEAaKTUBHUX [TOTOKIB SIK

IIPOTOKOJIY CMHXPOHi3allii 3arajlbHOro NpU3Ha4yeHHs Ta BioOpakaeThCs 3B'5130K POOOTH 3 LIMPLIIMMU



IOCJIiIKeHHSIMU B rajly3i po3nofiijieHnx 00491CIIeHb Ta TEXHOJIOTIN MOZEIOBAaHHS. Y MepIIOMY PO37ili HaBelleHO
AQHAITUYHUI OTJIS], iICHYIOUMX MiIXOiB O MapajesIbHOrO MOJIEJIIOBAHHS. B Orjisi po3risgaThCs aaroputmMu Time
Warp, peakTuBHi po3umupeHHs ctannapty HLA, akropHo-opieHTOBaHi ¢ppeiimBopku HPC ta apxitektypu CQRS+ES,
aHaJIi3yl0uu ixHi nepeBaru Ta OOMEeXEHHs. Y IpyroMy po3fiji NpeAcTaBjeHi CTPYKTypH Ta (popMartizalis nifcTaHiB
SIK OCHOBA IiIX0Zly IO MOZeJIIOBaHHS. BiH BBOOUTE METO/ IEeKOMITO3ULIii CTaHIB 06'€KTa HA MifCTAaHU 3 YHIKaJIbHUMU
KJII0YaMH, 1110 3abe3leyye y3roJKeHiCTb, 103BOJISI0OUM BOJHOYAC FHYYKe IIPeCTaBIeHHs 3aJIe)KHOCTEN MixK
3MiHHUMU. Ki11040BUM (POKYCOM TPETHOTO PO3Lily € po3pobKa y3roaKeHux rpadis nepexomis, Ae QyHKIii
CHUCTEMATUYHO 00'eIHYIOThCS B OPi€HTOBaHI alluKJIi4Hi rpadu, Mo Bigo6paskaloTb IPUYNHHO-HACIIIKOBI 3B'S13KU
MiX 3MiHHUMU. Y 4YeTBEPTOMY PO3iJii frcepTalii JeMOHCTPYEThCS, SIK IapaiUrMa PeakTUBHUX II0TOKIB MOKe OyTU
BMKOPHMCTaHa JJ1s1 1I00YyA0BU 004YMCIII0BaIbHOTO rpada 3 popMasbHOi rpadiuHoi Mo, IpeficTaBieHoi paHime. Y
I'ITOMY PO37iJli IPEACTaBIEHO IeTaJbHY MPAaKTUYHY JEMOHCTPALi0 3alPOIIOHOBAHOTO MifX0AY 3 BUKOPUCTAaHHSIM
KJIACMYHOTO NPUKJIaZy 3MilllyBaHHS COJIbOBOTO PO3YMHY Y [IBOX 3'€JHAHUX pe3epByapax. MozenboBaHUI 00'eKT OYB
OIIMCAHUI1 3 TOUKU 30py MOro KepiBHUX AudepeHLiaabHIX PiBHSIHb, SIKi IOTiM OyJIM MPeJICTaBJIeH] SIK B aHAIITUYHIN
dopmi, TaK i K cucrema MifcTaHiB Ta NepexifHuxX (PyHKLUiNA. Pe3ysipTaTy IbOro TEMAaTUYHOTO JOCiIKEHHS
HiATBEPAXYIOTh MPAKTUYHY JOLIBHICTb 3aIIPOIIOHOBAHOI METO0JIOT], IepeBipsIOTh IPaBUJIbHICTb PO3POOJIEHOI
CTPYKTYPH Ta AEMOHCTPYIOTS ii TepeBaru B MOAYJIbHOCTI, TOYHOCTI Ta aJallTUBHOCTI NIOPiBHSHO 3 TPAAULIIHHUMU

METOJaMU IapajI€JIbHOTO MO ETIOBAHHA.

2. The dissertation is devoted to the development of a method for parallel modeling of complex systems using the
reactive streams paradigm as a general-purpose synchronization protocol. The proposed method implements a
structured representation of the states of dynamic objects through substates, transition functions and graph
modeling, which ensures modularity, reuse and scalability. The dissertation consists of an introduction, 5 sections,
general conclusions, a list of references and appendices. The introduction justifies the relevance of the research
topic, outlines the scientific and technical problem of parallelizing the modeling of complex systems, justifies the
feasibility of using the reactive streams paradigm as a general-purpose synchronization protocol and reflects the
connection of the work with broader research in the field of distributed computing and modeling technologies.
The first section provides an analytical review of existing approaches to parallel modeling. The review considers
Time Warp algorithms, reactive extensions to the HLA standard, actor-oriented HPC frameworks and CQRS+ES
architectures, analyzing their advantages and limitations. The second section presents the structures and
formalization of substates as the basis of the modeling approach. It introduces a method of decomposing object
states into substates with unique keys, which ensures consistency while allowing flexible representation of
dependencies between variables. The key focus of the third section is the development of consistent transition
graphs, where functions are systematically combined into directed acyclic graphs that reflect the cause-and-effect
relationships between variables. The fourth section of the thesis demonstrates how the reactive flow paradigm can
be used to construct a computational graph from the formal graphical model presented earlier. The fifth section
presents a detailed practical demonstration of the proposed approach using the classic example of mixing a salt
solution in two connected tanks. The modeled object was described in terms of its governing differential
equations, which were then presented both in analytical form and as a system of substates and transition
functions. The results of this case study confirm the practical feasibility of the proposed methodology, verify the
correctness of the developed structure, and demonstrate its advantages in modularity, accuracy, and adaptability
compared to traditional parallel modeling methods.
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