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1. Inceprariiina po60Ta IpUCBIY€Ha BUBYEHHIO METOiB MOJIEJIIOBaHHS, aHasi3y Ta cnenudikanii noseninku
IVHaMiYHUX CUCTeM. 3alIPOIIOHOBAHO 3aCTOCYBAHHS YHiBEPCAJIbPHUX KOAIre6p 1j1sl CTBOPEHHS (POPMaIbHOL
MaTeMaTU4HOI MOJieJli IOBEAiHKN CUCTEM 3 BUCOKMM PiBHEM abCTpaKllii, [0 JO3BOJIsIE MOLEJIIOBATU AUHAMIKY
cucreM 6€3 ypaxyBaHHSI HECYTTEBUX OCOOJIMBOCTE Ta NOCIIPKyBaTH KPUTUYHI CTaHU 3 METOIO PO3POOKM CTpaTeTii
VHUKHEHHSI Ta aJITOPUTMIB BUXOAY 3 HUX. Jl0CIiIpKeHHs OXOIIIOE TEOPETUYHI MifIX0AU o aHauli3y Ta crenudikarii
NOBEJiHKY AMHAMIYHUX CUCTEM 32 JOIIOMOIOIO YHiBepCalbHUX Koanreop Ta Teopii kareropiil. [IpornonyeTscs
BUKOPUCTOBYBATHU KOHLEMNIi10 (GiHANIbHUX KOANTeOP 1711 PAHIOMHUX CUCTEM, 1[0 € PENIPE3€HTAaTUBHUMU 1151
Kareropii cuctem. Mera nociuimxkenss - yHidikanis metonis cnenudikarii Ta aHasi3y AUHAMIYHUX CUCTEM Pi3HOTO
THUITy 32 PaXyHOK BUKOPUCTaHHS YHiBEpCAJIbHUX K0oare6p Ta Teopii kaTeropiii. O6'eKT LOCiI)KEHHS - Ipoliec
no6y10BY KoaIreopaidyHoi MoAiesli Ta aHali3 JUCKPETHUX AUHAMIYHUX cucTeM. [IpegmeT JOoCiIpKeHHS -
KoasrebpaiuHi Moziesli AUCKPETHYX TUHAMIYHUX CUCTEM Ta METOIM iX aHasizy. MeTonu JociimkeHHs 6a3yl0TbCs Ha

MOJIE/TI0OBaHHI MTOBEiHKY AUHAMIYHUX CUCTEM MAaTEeMaTUYHUMU MOJEJISIMUA BUCOKOTO PiBHS abCTpPaKiiii, 30Kpema 3



BUKOPUCTaHHSIM YHiBepCaJbHUX KoaJreop Ta BusHaueHHs GiHaJbHUX KOanre6p 11 cucteMu. Y BCTYIII aBTOP
OIIMCaB TEMY JOCJIiJIKEHHS Ta OOTPYHTYBaB ii BUOGip, 10Ka3aB HAyKOBY HOBU3HY IIPOBEIEHOTO JOCIiIKEHHS Ta
IIpaKTUYHE 3HaY€HHS Pe3yJbTaTiB JOCiIKeHHs. TakoxX O0yy1y ONMCcaHi METOAU NOCiIKEeHHs Ta BUBHAUYEHO
0Cco6MCTHUI BHECOK 30,00yBayda. Y epuoMy po3sfiji 6ysio HaBeJeHO Pe3yJIbTaTy aHali3y iCHYIYMX MigX0M4iB 1O
MOKpaleHHs polecy crnenudikalii po3noAisieHNK Ta CKIaAHUX TPOrpaMHO-aNapaTHUX CUCTEM 32 PAXYHOK
BHUKOpHUCTaHHS GOPMaIbHUX METOMIB. Y Ipyromy po3zisi 6yJsio ONMCaHO OCHOBHI KOHLIENTH Ta IiAXonu A0
BMKOPHMCTaHHS YHiBEpPCAJIbHUX KOAIreop 1J1s1 pO3B'sI3aHHs 3aadi cnenudikalii Ta aHani3y NoBeAiHKM CKIaAHUX
cucreM. Takox 6ys10 cpOPMYILOBAHO Ta IOBEEHO JOCTATHIO YMOBY iCHyBaHHS (iHaIbHOI Koanrebpu 3
BHUKOPHCTaHHSIM BJIACTUBOCTEN eHI0PYHKTOPIB 10 36epekKeHHs NeKapTOBUX KBapaTiB. TakKuM YMHOM OYJI0
OTPUMAaHO iHCTPYMEHT I1epeBipKM iCHyBaHHS (piHaNIbHOI Koairedpu OJ1s1 CUCTEMU, 10 BUBYAETHCS. Y TPETHOMY
po31iai 6yJ10 NPOJEMOHCTPOBAHO IPAKTUYHI MiIXOIY 4O BUKOPUCTAHHS YHIBEPCAJIbHUX KOAJIreop IJ1s1 aHali3y
[OBEeJiHKY AUHAMIYHUX cCUCTeM. [IJ1 BIPOBA/IKEHHS CTOXACTUYHOCTI Y MOJieJib 6yJI0 BUKOPUCTAaHO MOHATY
CTaTUCTUYHOTO pOo3Iofiny MosipHOCTel [xkupi. Takum yrHOM 6y10 cHOPMYJIbOBAHO PaHIIOMHY JUCKPETHY
CHACTEMY 3 BUXOJaMU Ta BU3HA4eHO ii PpiHanmbHy cucTeMy, 1o Mae GOPMY HECKIHYEHHOTO epeBa. Y 4eTBEPTOMY
PO37isi aBTOpOM OyJIO ONMCaHi Ta HaBeJeHi MPUKIaAu MPaKTUYHUX METOiB TOOYIOBU iMiTalliltHUX MOJiesleN OJ1sl
[IpeJCTaBHULIBKOI CUCTEMH, 5IKQ, SIK OYyJIO II0Ka3aHOo y poOOTi, 3aBXK AU Oyze dpiHaJIbHOI CUCTEMOIO OOpaHOoi KaTeropii
cucreM. [IpakTuyHi nigxonu 6ysu 3aCHOBaHi Ha BUKOPUCTAHHS Koaare6paiyHoro nigxody 0 AUHAMiYHOTo aHali3y
CKJIAJHAX CUCTEM 3 BUKOPUCTAHHSM YHiBEPCAJIbHUX KOAIreop. BUCHOBKY 32 pe3ysibTaTaMy BUKOHAHHS
IycepTaliiiHOl po60TH MiJKPECIIOITh HAYKOBY HOBU3HY Ta MPAKTUYHY LiHHICTb MPOBEIEHUX JOCIIiIKEHb.
PesynbTaTul JOCHIIKEHHSI MOXKYTbh OyTH BUKOPUCTAHI 1715 MOJIEJII0OBaHHS PaHIOMHUX CUCTEM Ta IIPOLieciB 3a
IIOTIOMOTOI0 YHiBEpCaJIbHUX KOaIreop. BUKOpHUCTaHHS TakKuX METOZIB Mif, Yac NPOEKTYBaHHS CUCTEM € aJIeKBaTHUM
BUOOPOM Ta Mae€ 3HauHi epeBaru nepes KIaCuYHUM MigxonomM. OKpeMo CJlif] 3a3HaYUTH BUBEJEHHS JOCTAaTHbLOI
YMOBH iCHyBaHHS (iHaIbHOI KoanredpH, 1o € KOPUCHUM [JIS1 TOCIIIHUKIB, SIKi BUKOPHUCTOBYIOTh YHiBEpCaJIbHi
KoaJrebpu sk iHCTpyMEHT MoJiesIoBaHHs1. HaykoBa HOBM3HA OTPMMAHUX PE3YJIbTaTiB MOJISITa€ Y HACTYIIHOMY:
BIIEpIIE 3aITPONIOHOBAHO: 1. Briepie 3anponoHoBaHo gpopmarisaliilo paHgomizaliii JuckpeTHOi AUHaMIYHOI cCUCTEMU
MIJIIXOM JIiBOi Komno3ullii ii engodyHKTOpa 3 MOHaow0 JIxipi. 2. Bnepue cpopMybOBaHO Ta IOBEAEHO AOCTATHIO
YMOBY [1J151 36€pesKeHHsI eHA0PYHKTOPOM KaTeropii MHOXXUH CJ1abKUX JeKapTOBUX KBaJlPaTiB, 110 [103BOJISIE
BCTAHOBUTH (aKT icHyBaHHS QiHaNbHOI cucTeMu. 3. JlicTasa nofanbIoro po3BUTKY TEXHIKA 00YMCIeHHs (PiHaNIbHOI
CHCTEMMU NEBHOTO TUIY LIISIXOM BUKOPUCTaHHSM METOy KOIHIYKIIii y pasi moBefeHoro (pakTy iCHyBaHHS
dinanbHOI cuctemu. 4. [licTaB 1oganbUIoro po3BUTKY METOJ, CUHTE3y MOJeJsIel 11 JUHAMIYHOTO aHalizy

(imiTauifiHOro MOJEIOBAaHHS) CKIaJHUX CUCTEM 3 BUKOPUCTAHHSIM TE€XHIKM YHiIBEepCaJbHUX KOAIreop.

2. The dissertation is dedicated to the study of methods for modeling, analyzing, and specifying the behavior of
dynamic systems. The application of universal coalgebras is proposed to create a formal mathematical model of
system behavior at a high level of abstraction, allowing the modeling of system dynamics without considering non-
essential details and examining critical states to develop avoidance strategies and exit algorithms. The research
encompasses theoretical approaches to the analysis and specification of the behavior of dynamic systems using
universal coalgebras and category theory. The concept of final coalgebras for random systems, which are
representative of the category of systems, is proposed. The aim of the research is to unify methods of specifying
and analyzing dynamic systems of various types by using universal coalgebras and category theory. The object of
the study is the process of constructing a coalgebraic model and analyzing discrete dynamic systems. The subject
of the study is the coalgebraic models of discrete dynamic systems and the methods of their analysis. The research
methods are based on modeling the behavior of dynamic systems with high-level abstraction mathematical
models, particularly using universal coalgebras and determining final coalgebras for the system. In the
introduction, the author describes the research topic and justifies its selection, highlighting the scientific novelty
and practical significance of the research results. The research methods and the author's personal contribution are
also described. In the first chapter, the results of analyzing existing approaches to improving the process of
specifying distributed and complex software-hardware systems using formal methods are presented. The second
chapter describes the main concepts and approaches to using universal coalgebras to solve the problem of



specifying and analyzing the behavior of complex systems. A sufficient condition for the existence of a final
coalgebra using the properties of endofunctors to preserve Cartesian squares is formulated and proven. Thus, a
tool for verifying the existence of a final coalgebra for the studied system is obtained. The third chapter
demonstrates practical approaches to using universal coalgebras to analyze the behavior of dynamic systems. The
Giry monad for statistical probability distribution is used to introduce stochasticity into the model. A random
discrete system with outputs is formulated and its final system, which takes the form of an infinite tree, is
determined. In the fourth chapter, the author describes and provides examples of practical methods for
constructing simulation models for a representative system, which, as shown in the work, will always be the final
system of the selected category of systems. Practical approaches are based on the use of the coalgebraic approach
to the dynamic analysis of complex systems using universal coalgebras. The conclusions based on the dissertation
results emphasize the scientific novelty and practical value of the research. The research results can be used to
model random systems and processes using universal coalgebras. The use of such methods during system design is
an adequate choice and has significant advantages over the classical approach. It is worth noting the derivation of
a sufficient condition for the existence of a final coalgebra, which is useful for researchers using universal
coalgebras as a modeling tool. The scientific novelty of the obtained results includes the following: 1. For the first
time, the formalization of the randomization of a discrete dynamic system by left composition of its endofunctor
with the Giry monad has been proposed. 2. For the first time, a sufficient condition for the preservation of an
endofunctor in the category of sets with weak Cartesian squares, which allows the establishment of the existence
of a final system, has been formulated and proven. 3. The technique for computing the final system of a certain
type has been further developed by using the coinduction method in the case of a proven existence of a final
system. 4. The method for synthesizing models for dynamic analysis (simulation modeling) of complex systems
using the technique of universal coalgebras has been further developed.
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