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1. Y nuceprauiiiziii po60Ti PO3B’SI3y€ThCS aKTyaslbHAa HAYKOBO-TIPUKJIAZHA 33a4a 3a6e3e4eHHs] PEe3UIbEHTHOCTI
CHCTEM BipTyaJIbHOI Ta JOTIOBHEHOI P€aJIbHOCTI B yMOBaxX JUHAMIYHO 3MiHIOBAHOT'O 30BHIIIHBOTO CEPELOBUILA.
O6’eKT mOCIiIPKEeHHS — NpoLec 3a6e31€4eHHs] PE3UIbEHTHOCTI CUCTEM BipTYyaJbHOI Ta JOIOBHEHOI pPEaIbHOCTI B
YMOBaxX JUHAMIYHO 3MiHIOBAHOT'O 30BHIIIHBOTO cepenosuila. [IpegMer nocigkeHHs — apxitektypu VR-cucremu ta
METOJIM OLIiHIOBAHHS CTaHy VR-CUCTEMU ¥ CUHTE3y MITUTAL[ilHUX CTPATEriy 714 BillHOBJIEHHS Npale3faTHOCTI VR-
CHCTEMU B YMOBAX JVMHAMIYHO 3MiHIOBAaHOT'O 30BHIIIHBOTO CEPEAOBUILA. METOI0 AMCEPTALIIHOIO AOCIIIPKEHHS €
3a0€3Me4eHHS PEe3UIbEHTHOCTI CUCTEM BipTyasIbHOI Ta JONIOBHEHOI PEasIbHOCTI HIJIIXOM PO3POOJIEHHS apXiTeKTypU
VR-cucremu Ta METOZiB OLIIHIOBaHHS CTaHy VR-CHCTEMU ¥ CUHTE3y MIiTUTAllilHUX CTPaTETiN 15 BiIHOBJIEHHS
Ipane3faTHocTi VR-cucteMu B yMOBax JUHAMIYHO 3MiHIOBAaHOTO 30BHIITHBOTO CEPELOBUINA. Y NUCEPTALNHIN
po6OTi Bleplie po3p0o6I€HO METO, CUHTE3Y MITUrallitHUX CTPATETil, SIKUH, Ha BiIMiHY Bif] BiTOMUX METOZ|B,
31iMICHIOE MyJIbTUKpUTEpPianbHuil [TapeTo-eeKTUBHUI CUHTE3 MiTUTALiiHMX CTPATETill LIJIIXOM OJHOYACHO]

onTuMizalii 1iboBUX QYHKIN [1apaMeTpiB pe3uIbeHTHOCTI 3 KasliOpyBasbHUMU KoedillieHTaMy, i SIKUH 03BOJIsIE



3a6e31evyBaTy Pe3UIbEHTHICTb CUCTEMU B YMOBAX AMHAMIYHO 3MiHIOBAaHOTO 30BHILIHBOTO cepenoBuIla. Y
IcepTaliiiHiil po6oTi Briepiie po3podjieHO MeTO I, OL[iHIOBaHHS CTaHy VR-cucTemy, sIKWii, Ha BifMiHY Bif BiomMux
METO[IiB, (popMye iHTerpasbHUI OKa3HUK PE3UJIbEHTHOCTI, 1110 [PYHTYETHCS Ha OLiHLI BIVIUBY (aKTOPiB
IVHAMiYHO 3MiHIOBAaHOTO CEPEIOBUILA HAa KOMIIOHEHTH CUCTEMHU i BAKOPMCTOBYE CUCTEMY BaroBUX KOe(illieHTiB,
OTPMMAaHY LIISIXOM 3aCTOCYBaHHS HEUiTKOi JIoriku. ¥V nuceprauiiiHiil po60Ti HabyJsia MoAanboro pO3BUTKY
apxitekrypa VR-cucreM, siKa, Ha BiIMiHY BiJ] BilOMHUX apXiTE€KTyp, iHTerpye B COOi KOMIIJIEKC KOMIIOHEHTIB,
IIOB'SI3aHUX i3 [IPOrpaMHO-anapaTHUMU 3ac06aMy, METOIY OLiHIOBAHHS Ta CUHTE3Y MiTUTrallilHUX CTPaTeTill B
€JIMHUI TpOrpaMHO-anapaTHU 3acio, Mo 403BOJIS€ 37iICHIOBATH Pe3UIbeHTHE (PYHKI[IOHYBaHHS CUCTEM. Y
IycepTaliiiHiil po60oTi yIOCKOHAIEHO MOJIeJb PE3UJILEHTHOrO (PYHKLIIOHYBAHHS CUCTEM BipTyasbHOI Ta JOTIOBHEHO]
PeasIbHOCTI, Y SIKil, Ha BiAMiHY BiJ| BiioMUX MOJeJieil, BpaXxOBaHO BIIJIMB 30BHIIIHIX ()aKTOpiB, TAKUX K 3MiHa CTaHy
MepeXxXi, I0BeJliHKa KOPUCTYBaYiB, HABAHTAXEHHS HA CUCTEMY, allapaTHi 0OOMeXeHHs Ta (PaKTOPY HaBKOJIMIIHBOTO
cepeloBUIIA, HA OCHOBHI KOMIIOHEHTH CUCTEMHU, BKJIIOYAIOUM allapaTHE Ta IIPOrpaMHe 3abe3nedeHHsl, JaHi Ta
KopucTyBauiB. [IpakTUyHa iHHICTb OTPUMAHUX Pe3yJbTaTiB IOJISITA€ Y OBEIeHH]I pO3pO0JIeHUX TEOPETUYHUX
II0JIOKEHB 0 PiBHS NPUKIAAHUX METO/IB i IPOrpaMHOro 3aco0y [1J1sl OLiHIOBaHHSI CTaHY CUCTEM BipTyasbHOI Ta
IOTIOBHEHOI PE€aJIbHOCTI, BUSIBJIEHHS] KpUTUYHMX (DAKTOPIB Jerpagalii Ta CUHTe3y MiTUraliiHUX CTPATeTi.
OTpumaHi pe3ysibTaT MOXYTb OYTH BUKOPUCTaHi po3poOHUKaMU XR-cucTeM, CUCTEMHUMU apXiTeKTopamu,
iHXeHepaMU 3 HaJliHOCTI Ta BiAMOBOCTIMKOCTI, a TaKOX (PaxiBLSIMU JOCiTHALBKUX i BUITPOOYBaJbHUX
J1abopaTtopiii mif, yac NPOEKTYBaHHS, TECTYBAaHHS, €KCIIyaTallii Ta MOZepHizalii NporpaMHO-anapaTHUX KOMILJIEKCIiB
BipTyaJIbHOI Ta JOIIOBHEHOI PEAILHOCTI, 30KpEMa [JIs1 OCBITHIX i TPEHYBaJIbHMX KOMILJIEKCIB, MEINYHUX
CHMYJISITOPIB, IPOMHUCJIOBUX CUCTEM Bi3yasizallii Ta IiAroToBKY NepcoHasny. PesysnbTaTu aucepTauiiiHoi po6oTu
BIIPOBA/’)KEHO B HaBYaJILHOMY Ipolieci Kadeapyu KOMITIOTEpPHOI iHXeHepii Ta iHpopMallilHUX CUCTEM
XMeJIbHALIBKOTO HalliOHAJILHOTO YHIBEPCUTETY 17151 IPAaKTUYHUX 3aHATD i3 gucuuIid «CUCTEMHE TpOrpaMHe
3abe3neyeHHs» Ta «O0'€KTHO-OPi€eHTOBaHI TEXHOJIOTii mporpamyBaHHs» (akT Bif, 13.05.2026); y 1T «ABIBI» (axT Bif,
15.05.2026) ta TOB «Xopaiizen JJaitHamike» (akT Bif, 18.05.2026) miz 4ac NpOEKTYBaHHS 1 MOJI€JIBHOTO TECTYBAHHS
XR-pimeHs. Pe3ysbTaTyl TAKOX BUKOPUCTAHO ITPU BUKOHAHHI 1€P>KOI0IKETHOI TeMU XMEJIbHULILKOTO
HanioHanbHOro yHiBepcuteTy N2 16-2026 «Cuctema 3abe31e4eHHs pe3UJIbeHTHOCTI 10 BUTOKY KOH(iIeHLiHO]
iHdopmallii B KOpropaTMBHUX Mepeskax B YMOBax BILJIMBIB KOMI'IOTepHUX aTak» (P N2 0126U002082).

2. The dissertation solves the current scientific and applied problem of ensuring the resilience of virtual and
augmented reality systems under dynamically changing environmental conditions. The object of the study is the
process of ensuring the resilience of virtual and augmented reality systems under dynamically changing
environmental conditions. The subject of the study comprises VR-system architectures and methods for assessing
the state of a VR system and synthesising mitigation strategies aimed at restoring its operability under dynamically
changing environmental conditions. The purpose of the dissertation research is to ensure the resilience of virtual
and augmented reality systems through the development of a VR-system architecture and methods for assessing
the state of a VR system and synthesising mitigation strategies for restoring its operability under dynamically
changing environmental conditions. For the first time, a method for the synthesis of mitigation strategies has been
developed which, unlike existing methods, performs multicriteria Pareto-efficient synthesis of mitigation
strategies through the simultaneous optimisation of resilience-related objective functions with calibration
coefficients, thereby enabling system resilience to be maintained under dynamically changing environmental
conditions. For the first time, a method for assessing the state of a VR system has been developed which, unlike
existing methods, forms an integral resilience indicator based on an assessment of the effects of dynamically
changing environmental factors on system components and employs a system of weighting coefficients obtained
through the application of fuzzy logic. A VR-system architecture has been further developed which, unlike existing
architectures, integrates a set of hardware- and software-related components together with methods for state
assessment and the synthesis of mitigation strategies into a unified software-hardware system, thereby enabling
resilient system operation. A model of resilient operation of virtual and augmented reality systems has been
improved which, unlike existing models, accounts for the effects of external factors, including changes in network

conditions, user behaviour, system load, hardware constraints and environmental factors, on the principal system



components, including hardware, software, data and users. The practical value of the results lies in the
implementation of the developed theoretical principles in the form of applied methods and a software tool for
assessing the state of virtual and augmented reality systems, identifying critical degradation factors and
synthesising mitigation strategies. The results may be used by XR-system developers, system architects, reliability
and fault-tolerance engineers, and specialists working in research and testing laboratories during the design,
testing, operation and modernisation of virtual and augmented reality hardware-software systems, including
educational and training complexes, medical simulators and industrial visualisation systems. The results have been
implemented in the educational process of the Department of Computer Engineering and Information Systems at
Khmelnytskyi National University, in the courses “System Software” and “Object-Oriented Programming
Technologies” (act dated 13 May 2026); at AVIVI Private Enterprise (act dated 15 May 2026) and Horizon Dynamics
LLC (act dated 18 May 2026) for the design and model-based testing of XR solutions. They have also been used in
the university’s state-funded research project No. 1B-2026 “System for Ensuring Resilience to Confidential
Information Leakage in Corporate Networks under the Influence of Cyberattacks” (state registration No.
0126U002082).
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