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1. MeTon no6ynoByU NapaesbHUX YMCEIbHUX MOJie/Iel IMHAMIYHUX CUCTEM Ha 06a3i IPOTOKOJYy PeaKTUBHUX

[IOTOKIB

2. A Method for Constructing Parallel Numerical Models of Dynamic Systems Based on The Reactive Streams
Protocol

Pedepar:

1. Inceprarist npucBsYeHa po3poobLii METOly ITapajeIbHOTO MOJEIOBAHHS CKIaQHUX CUCTEM 3 BUKOPUCTAHHIM

napagurMy peakTUBHUX ITOTOKIB SIK IPOTOKOJIY CUHXPOHI3allil 3araJbHOro NpU3Ha4YeHH. 3allpOIIOHOBAHUN METO

BIIPOBA/’Ky€ CTPYKTypOBaHe IIpeICTaBIeHHs CTaHiB IMHAMIYHUX 00'€KTiB uepes ifcTaHu, nepexinHi QyHkuii Ta

rpadoBe MOJIe/II0BaHHS, 110 3a0e3levye MOLYyJIbHICTh, IOBTOPHE BUKOPUCTAHHS Ta MacIITaboBaHicTh. [lucepranis

CKJIQIA€ThCS 31 BCTYILY, 5 PO3[iiB, 3arajlbHUX BUCHOBKIB, CIIUCKY JIiTEpaTypu Ta AOHATKiB. Y BCTyMi



OOI'PYHTOBY€ETBCS aKTyasIbHICTh TEMU JOCIIIIKEHHS, OKPECIIIOETCSI HAYKOBO-TEXHIYHA ITPOGJIeMa napasetizarii
MOJEJIIOBaHHS CKJIQIHUX CUCTEM, OOI'PYHTOBYETHCS JOLIIBHICTh 3aCTOCYBaHHS IAPAIUTMHU PEAKTUBHUX ITOTOKIB SIK
IIPOTOKOJIY CMHXPOHi3allii 3arajibHOro NpU3Ha4yeHHs Ta BiloOpakaeTbcs 3B's130K POOOTU 3 LIMPIIMMU
IOCJiIKEHHSIMU B rajly3i pO3NOiIEHUX 00YMCIIEHb Ta TEXHOJIOTIN MOJEIOBAHHS. Y IEpLUIOMY PO31ijli HAaBEIEHO
AQHaJIITUYHUN OIJISL], iICHYIOYMX MIAXOMIB 40 MapaseJIbHOTO MOJE/IOBAHHS. B o po3risanaTbes anroputmu Time
Warp, peakTuBHi po3umupeHHs ctaHnapty HLA, akropHo-opieHToBaHi ¢ppeiimBopku HPC ta apxitTektypu CQRS+ES,
aHaJli3ylouu ixHi nepeBary Ta OOMEXEHHs. Y IpyroMy po3ziji nNpeAcTaBieHi CTPyKTypH Ta popmMarizallis nifgcraHiB
SK OCHOBA MiAX04y 4O MOJIe/II0BaHHS. BiH BBOIUTbL METO/, IEKOMITIO3ULIil CTaHiB 00'eKTa Ha MiJICTaHU 3 YHIKaJIbHUMU
KJII0YaMH, 110 3abe3Iedye y3roJKeHiCTb, LO3BOJISIIOUM BOJHOYAC THYYKe IIPEeCTaBIeHHS 3aJIeXKHOCTEN MixK
3MiHHMMU. Ki1104oBUM (POKYCOM TPETHOTO PO37ily € po3pobKa y3roakeHux rpadis nepexomis, Ae QyHKIii
CHACTEMATUYHO 00'€JHYIOThCS B OPi€HTOBAHI allUKJIiuHI rpady, 10 Bifo6pakaoTh IPUYMHHO-HACJIiIKOBI 3B'SI3KA
MDK 3MiHHUMU. Y 4€TBEPTOMY PO3/iji AucepTaLii IeMOHCTPYETLCS, SIK IAPAJUTMa PeaKTUBHUX [TOTOKIB MOXe OyTU
BHMKOPHMCTaHa JJ1s1 100y40BU 004YMCIII0BaIbHOTO rpada 3 popmMasbHOi rpadgiuHoi Moiei, IpeficTaBleHoi paHime. Y
II'ITOMY PO3ZiJi IPEeACTaBIEHO IeTajbHy IPAaKTUYHY JEMOHCTPAlLil0 3alIPOIIOHOBAHOTIO MifX0Ay 3 BUKOPUCTAaHHSIM
KJIACUYHOTO NPUKJIaly 3MillyBaHHS COJIbOBOTO PO34YMHY Y IBOX 3'€JHAHUX pe3epByapax. MoiesboBaHUH 00'eKT OyB
OTIMCAHUI1 3 TOUKU 30py MOro KepiBHUX AudepeHLiaTbHIUX PiBHIHB, SIKi IOTiM OyJIM MPeJICTaBJIeH] K B aHAJIITUYHIN
dopmi, TaK i K cucrema MificTaHiB Ta nepexigHux PyHKLUiNA. Pe3yspTaTy IbOro TEMaTUYHOTO JOCiIKEHHS
HiATBEPAXYIOTh IPAKTUYHY JOLiJIBHICTh 3alIpOIIOHOBAHOI METOZ0JIOTI], IEPEeBipsIOTh IPAaBUJIbHICTb PO3PO0JIEHOI
CTPYKTYPH Ta LEMOHCTPYIOTH ii IepeBaru B MOLYJIbHOCTI, TOYHOCTI Ta QHANITUBHOCTI [IOPiBHSIHO 3 TPAAULIIMHAMU

METOAaMU IapajIEJIbHOTIO MO E/IIOBAHHA.

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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