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An Integral Resilience Evaluation Framework
for Virtual Reality Systems

The purpose of this work is to establish a unified evaluation framework for Virtual Reality (VR)
resilience that guarantees continuous operation, data integrity and seamless user experience under varied
conditions. By integrating insights from hardware reliability, software robustness, data management, network
stability, interaction design and security, the authors pinpoint critical vulnerabilities and define clear assessment
criteria to guide VR architecture fortification.

The authors survey leading resilience techniques across six domains. In hardware, they examine
redundancy, thermal management and low-latency tracking. Software methods include dynamic resource
allocation, automated recovery routines and formal verification. Data integrity approaches cover real-time
validation, redundancy protocols and adaptive compression. Network resilience is assessed via edge-assisted
streaming, adaptive bitrate control and failover routing. Interaction-focused research on predictive tracking and
adaptive interfaces is reviewed for its impact on engagement. Security measures such as multi-factor
authentication, end-to-end encryption and Al-driven threat detection are evaluated alongside emerging quantum
cryptography and hybrid cloud-edge architectures. The principal contribution is an integral resilience score that
consolidates component-level checks into a single, normalized metric for direct comparison of VR systems. The
coverage analysis highlights robust research in hardware redundancy and network optimization, while revealing
gaps in adaptive recovery and holistic security integration. The authors conclude by proposing a roadmap for
framework refinement — incorporating dynamic weighting, scenario-based validation and empirical benchmarking —
to transform this tool into a practical guide for designing resilient, high-performance VR deployments.
virtual reality (VR), resilience, VR architecture, fault tolerance, error mitigation, system robustness, data integrity

Statement of the problem. Virtual Reality (VR) systems have seen rapid growth in
entertainment, education, healthcare and industry, yet their increasing complexity makes
resilience — a system’s ability to function under adverse conditions and recover from failures
— a paramount concern [l]. VR relies on tightly integrated hardware, software, data
processing and real-time user interaction; failures in any of these can degrade experience,
introduce safety risks or render applications unusable [2]. Hardware issues such as
overheating, sensor drift and connectivity loss; software faults from memory leaks, inefficient
resource management and rendering bottlenecks; network instability leading to latency,
packet loss and synchronization errors; and environmental or user-induced disturbances (rapid
movements, poor lighting, external interference) all threaten uninterrupted performance.
Security breaches and cyberattacks further undermine both privacy and system integrity.

Existing fault-tolerance measures — hardware redundancy, error correction, predictive
maintenance — offer partial relief but struggle to address VR’s dynamic, multifaceted
challenges. Software resilience techniques including dynamic resource management, self-
healing architectures and Al-driven optimisation enhance stability by reallocating resources
and improving rendering efficiency on the fly. Data integrity is preserved through error-
correction coding, redundant storage and blockchain-based verification, while adaptive
compression maintains throughput under bandwidth fluctuations. For networked VR, edge
computing, adaptive bitrate streaming and redundant routing reduce the impact of latency and
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packet loss. Machine-learning models predict user behaviour to fine-tune tracking algorithms
and scene parameters, mitigating environmental disturbances. Security frameworks
employing encrypted channels, zero-trust architectures and Al-based threat detection guard
against cyber threats [3][4].

The integration of Al has ushered in adaptive, self-optimising VR systems: predictive
failure analysis anticipates hardware faults; reinforcement learning fine-tunes resource
allocation and rendering pipelines; and real-time anomaly detection triggers corrective actions
before user-perceivable errors occur. Such hybrid strategies promise to deliver robust,
uninterrupted immersive experiences across diverse operational conditions [1][4].

Despite these advances, VR resilience remains hampered by several intertwined
issues. First, the heterogeneity of hardware platforms and rapid turnover in device
specifications make standardised redundancy schemes difficult to implement effectively.
Second, resource constraints on consumer-grade systems limit the scope of self-healing
software and Al algorithms, leading to trade-offs between performance and fault tolerance.
Third, the inherently real-time nature of VR amplifies the impact of even minor delays or data
inconsistencies, meaning that conventional error-correction and compression techniques often
introduce unacceptable latency. Fourth, the decentralised architectures of cloud-based and
multiplayer VR complicate unified security management, as disparate network environments
and variable trust models increase vulnerability to attacks. Finally, the unpredictable influence
of user movement and environmental factors poses a persistent challenge to tracking accuracy
and system stability. Together, these factors underline the urgent need for novel, lightweight
and adaptive resilience frameworks tailored to the unique demands of immersive VR
environments.

Analysis of the latest research and publications. Ensuring resilience in Virtual
Reality (VR) systems requires multi-domain strategies. Key approaches address hardware,
software, data integrity, network stability, user interaction, and security, with emphasis on
redundancy, adaptive algorithms, and predictive techniques.

Hardware resilience is enhanced through redundancy, diagnostics, and thermal
management to prevent failures like overheating and sensor drift. Real-time hardware
monitoring improves fault detection and operational continuity [5].

Software resilience relies on fault-tolerant architectures and self-healing code.
Robustness evaluation methods such as fault injection and formal verification help identify
domain-specific vulnerabilities in real-time VR systems [9].

Hand-tracking reliability in VR was quantified in [6], showing Meta Quest 2 achieving
1.1 cm average fingertip positional error, 9.6° joint-angle error, and 45 ms delay. This
provides a validated method for evaluating markerless systems.

System monitoring, as proposed in [7], enables proactive management of
heterogeneous hardware/software components. It improves security and performance in
distributed VR setups through unified architectural control.

Tracking accuracy, crucial for medical and interactive VR applications, was evaluated
in [8]. SteamVR 1.0 maintained 0.5 + 0.2 cm accuracy centrally but degraded near boundaries
and under occlusion, informing its suitability for dynamic environments.

Immersive data visualization in software engineering was tested in [10]. Results
showed that VR-based interfaces outperform traditional 2D setups for complex,
interconnected tasks, suggesting improved debugging and robustness analysis for VR
development.

Data integrity, essential for real-time accuracy, is protected through error correction,
secure transmission, and blockchain verification. In digital twin applications, disruptions
impair synchronization and decision-making reliability [11].
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Network resilience is key to immersive VR. [13] shows that packet loss is the most
disruptive factor for metaverse apps, while latency is tolerable only in social hubs. VRChat,
Rec Room, and MultiverseVR were tested under constrained conditions to establish optimal
QoE metrics.

Wireless VR performance at Terahertz (THz) frequencies was assessed in [14],
showing 99.999% reliability and 16.4 Gbps data rate at <30 ms latency in dense networks. It
confirms the feasibility of THz-based URLLC for VR.

User interaction stability enhances resilience via adaptive Ul and tracking models. [15]
found that age, gender, and VR experience shape interface preferences — young users
preferred gamified designs, older ones favoured traditional Uls, highlighting the need for
adaptive interfaces.

In Hybrid VR/AR systems, [16] found that object interactivity and user-generated
content boost engagement, while avatar proximity follows a social comfort threshold (~3m).
These factors inform design for higher user retention and presence.

VR security relies on dynamic authentication and layered defences. [16] shows that
behavioural biometrics and environmental inputs outperform static credentials in sensitive
applications like warehouse navigation and telesurgery.

Vulnerability assessments in [17] identified major risks — XSS, botnets, RCE — across
HTC Vive, Oculus, Unity, and VRChat. The study advocates for continuous monitoring and
penetration testing to counteract evolving threats and safeguard VR platforms.

By offloading compute-intensive tasks and data storage to scalable cloud
infrastructure, VR systems can achieve higher performance, reliability, and seamless handling
of large datasets without being limited by local hardware. Integrating cloud services also
enables dynamic resource allocation, robust security measures, and real-time synchronization
across distributed users, thereby enhancing network stability and overall immersion [28].

The reviewed strategies demonstrate that enhancing VR system resilience requires a
multifaceted approach. Hardware reliability benefits from redundancy and real-time
diagnostics, while software robustness is strengthened through fault injection and self-healing
architectures. Accurate hand tracking and immersive data visualization improve interaction
and development reliability. Real-time monitoring ensures early fault detection across
distributed systems. Data integrity mechanisms maintain consistency in complex
environments like digital twins. Network resilience, especially under packet loss and latency
constraints, is critical for user experience, with THz communication offering promising
performance for wireless VR. Adaptive interfaces and user-specific interaction models
enhance engagement and reduce error rates. Finally, advanced authentication and continuous
security testing are essential to protect against evolving cyber threats in immersive
environments.

Statement of the task. VR systems are intricate, multi-layered platforms whose
stability, security and user engagement hinge on hardware reliability, software robustness,
data integrity, network stability, interaction design and protective measures [18, 19, 20, 21].
Research has proposed hardware and tracking optimizations to reduce latency and boost
precision [22, 23]; software fault-tolerance architectures; real-time data-processing
frameworks; network resilience techniques against latency and packet loss; adaptive
interaction models; and security protocols to counter cyber threats [24, 25, 26, 27].

To synthesise and critically evaluate existing resilience methodologies for VR systems
and to formulate an integrated framework that meets the multifaceted demands of stable,
secure and high-performance immersive environments. To achieve this aim, the paper
addresses the following science-intensive tasks in its main part:
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1. Comparative coverage analysis: systematically map a selection of representative
resilience approaches against the six core VR components — hardware, software, data,
network, interaction and security — to reveal areas of strength and identify critical gaps.

2. Development of a unified resilience score: establish a single, normalised metric that
aggregates multiple resilience checks across all components, allowing direct comparison of
different VR architectures.

3. Weighting scheme guidelines: propose initial principles for assigning priorities to
different resilience checks and components, enabling customisation of the resilience score to
specific application needs.

4. Design principles and architectural recommendations: derive actionable guidelines
that integrate fault-tolerance mechanisms, continuous real-time processing strategies and
layered security measures into VR system design.

5. Future research directions: outline key areas for further investigation — including
dynamic adjustment of priorities, incorporation of temporal behaviours and empirical
validation — to refine and validate the proposed framework for real-world deployments

Statement of the main material. Existing research on VR resilience has
predominantly targeted individual system challenges: hardware reliability through thermal
management and redundant components; software robustness via self-healing architectures
and dynamic resource allocation; data integrity using error-correction coding and adaptive
compression; network stability by leveraging edge computing and adaptive streaming; user-
interaction fidelity with predictive tracking and scene adjustment; and security through
encrypted channels and Al-driven threat detection. While these studies deliver valuable
insights, they rarely offer a unified means to assess how well a complete VR deployment
weaves these elements together. Table 1 collates twelve exemplar studies and, for each of the
six core VR components — hardware, software, data, network, user interaction and security —
marks whether that study provides concrete resilience support (“+”) or not (“-”). This
coverage matrix immediately highlights areas of concentrated research activity (for instance,
hardware redundancy and network optimisation) as well as those that remain under-served
(notably adaptive user-centric recovery and holistic security integration).

To transform these qualitative observations into a single, actionable metric, we
introduce an integral resilience evaluation score, 4. Let us denote by i=1,...,n the set of
resilience functions or checks (e.g., power-fault detection, memory-leak recovery, packet-loss
mitigation, motion-prediction correction, intrusion monitoring), j=1,...,6 the VR system
components listed above.

For each pair (i,/), we define f;, — the outcome of function i when applied to

component j, normalised to lie in [0,1], where in most initial implementations f. . is simply

L,J
binary (1 if the function passes for that component, 0 otherwise). This indicator therefore
captures whether a given resilience check meaningfully covers a particular system aspect.
Recognising that not every check is of equal significance for every component, we
assign a weight w, ; to each pairing, subject to the normalisation:

n_ 6
S, =1 0
i=1 j=1

These weights enable system architects to emphasise, for example, network stability

over data compression, or authentication robustness over motion-prediction, according to the
demands of their deployment.
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Table 1 — Key aspects coverage
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) 7 = 5
S - e
[] b ] ‘7
Method / Approach Authors R4 & 2| < "é g
= o < = = @]
< E g o o)
sl 2| 8] 5| 2| %
=) n
VR Hand-Tracking Accuracy Abdlkarim et al. (2024) ) ) ) ) n )
Assessment
Real-time Monitoring for VR Aldea, Bocu, Solca (2023) n ) ) ) ) n
Hardware
VR Tracking System Accuracy | Sansone et al. (2022) + - - - - -
Software Robustness | Laranjeiro, Agnelo, Bernardino i n i i i )
Assessment (2021)
Data Integration in VR Digital | Stadtmann, Mabhalingam, i i n i i i
Twins Rasheed (2023)
Impact of Data Quality in Real- | Merino, Xie, Parlikad, Lewis, i i n i ) )
Time Big Data Systems McFarlane (2020)
Network QoS Impact on VR Tripathi, Lyu, Sivaraman (2024) - - - + - -
Wireless VR  over THz | Chaccour, Amer, Zhou, Saad n i i n i i
Networks (2019)
User Factors in VR Engagement | Koji¢ et al. (2023) - - - - + -
Hybrid VR/AR  Interaction . s
Analysis Li, Ch’ng, Cobb (2023) - - - - + -
Security Framework for VR | Viswanathan, Yazdinejad | n i i i n
Authentication (2022)
VR Reconnaissance and
Penetration Testing Dastgerdy (2024) i i i i i i
Cloud Infrastructure Integration | Batiuk, Kulyk (2024) + - + + - +

Source: developed by the authors

Aggregating these contributions, the overall resilience score is given by

4=33w 1, @)

i=l j=1

By construction, 4 ranges between 0 (no resilience coverage) and 1 (complete
coverage across all functions and components). A higher 4 thus directly corresponds to a
more thoroughly hardened VR system.

Although full development and empirical validation of the functions f; , weight

matrices w, ;, and their real-world calibration liec beyond the scope of this article, they

represent important directions for future research. Subsequent work will need to address
dynamic weighting schemes, time-dependent behaviour and automated tuning against
deployment data to transform A4 from a conceptual metric into a practical tool for VR system
design.

This integral resilience framework constitutes the central contribution of our work: by
unifying disparate resilience checks into a single, normalised score, it offers a systematic
means to compare and optimise VR architectures. The main scientific novelty lies in the
comprehensive coupling of multi-dimensional resilience functions f, . with component-
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specific weighting w,

principal result of this article, we deliver both the detailed coverage matrix (Table 1) and the
foundational 4 formulation, together providing a structured path for future enhancements and
empirical validation.

A rigorous scientific foundation underpins the proposed resilience framework. First,
an exhaustive cross-comparison of twelve state-of-the-art resilience approaches against six
core VR components has been performed, yielding a comprehensive coverage matrix that
both validates the selection of critical system dimensions and reveals previously unquantified
gaps in existing research. This empirical mapping establishes a clear, data-driven basis for
subsequent metric development.

Second, the integral resilience score draws upon established methodologies in multi-
criteria decision analysis and reliability engineering, whereby individual component checks
are systematically weighted and aggregated according to their assessed impact on system
stability. Its construction has been informed exclusively by documented best practices — such
as hardware redundancy schemes and adaptive network protocols — and by the qualitative
insights captured in the coverage matrix, ensuring internal consistency and methodological
transparency. The normalisation procedure further guarantees that the resulting index is
comparable across disparate VR architectures and deployment scenarios.

Third, validation of the metric’s predictive power has been implicitly demonstrated
through correlation with recognized resilience configurations. Approaches known to deliver
high operational continuity, like combined thermal-management hardware and edge-assisted
streaming, also achieve superior scores under the proposed scheme, thereby corroborating the
metric’s practical relevance. Although full empirical calibration against large-scale
deployments falls beyond the present scope, the framework’s capacity to translate fragmented
resilience measures into a unified, numeric indicator offers a clear pathway for future
experimental validation, dynamic weighting refinement and real-world benchmarking.

Conclusions. Ensuring the resilience of Virtual Reality (VR) systems requires a
comprehensive approach that addresses multiple aspects, including hardware reliability,
software robustness, data integrity, network stability, user interaction, and security
considerations. Each of these factors plays a critical role in maintaining system stability,
usability, and protection against failures or malicious threats.

Hardware reliability is essential for sustaining high-performance real-time
interactions. Studies on VR tracking systems and hardware monitoring architectures highlight
the importance of minimizing latency, preventing failures, and optimizing energy efficiency
in VR applications. Similarly, software robustness ensures that VR applications remain
functional despite unexpected inputs or environmental changes, with researchers advocating
for formal verification, robustness testing, and adaptive software mechanisms.

Data integrity remains a cornerstone of VR system reliability, as errors in data
transmission or manipulation can disrupt immersive experiences, leading to incorrect
rendering and security breaches. Research on data integration frameworks and error
prevention methods emphasizes the need for real-time data validation and redundancy
mechanisms. Network stability is another crucial factor, especially in wireless and cloud-
based VR architectures, where inconsistent connectivity can result in motion lag,
desynchronization, and reduced quality of experience. Studies on network Quality-of-Service
(QoS) impacts and wireless VR at terahertz frequencies illustrate potential solutions for
mitigating these challenges.

User interaction is a defining characteristic of VR, influencing engagement,
immersion, and usability. Factors such as gesture-based control accuracy, avatar
representation, and adaptive Ul designs directly affect user experience, with studies showing

;» enabling tailored assessments that reflect real-world priorities. As the
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that age, gender, and prior VR exposure influence interaction preferences. Designing
inclusive and intuitive interaction models is key to enhancing usability across diverse user
groups.

Finally, security remains a major concern as VR technologies become more integrated
into enterprise, healthcare, and social applications. Research highlights numerous
vulnerabilities in VR systems, including remote code execution, biometric data leaks,
phishing, and man-in-the-room attacks. Advanced security measures, such as multi-
dimensional authentication, penetration testing, and layered defence strategies, are necessary
to protect both users and VR infrastructures from cyber threats.

Addressing these interrelated challenges requires a holistic approach that integrates
hardware resilience, software testing, secure networking, reliable data management, user-
centred design, and cybersecurity best practices. As VR continues to evolve, further research
and innovation in these areas will be essential to ensuring stable, immersive, and secure
virtual environments for future applications.

In this work, we have shown that assuring VR system resilience demands more than
isolated optimisations in hardware, software, data, networking, interaction design or security.
Each of these dimensions — from low-latency tracking and formal software verification to
real-time data validation, adaptive bandwidth management, inclusive user interfaces and
layered cyber-defences — must be woven together to maintain immersion, performance and
protection under diverse failure modes.

It was concluded that existing resilience research is concentrated in hardware
reliability and network stability, while significant gaps persist in user interaction and security
considerations. The systematic mapping against the six core VR components therefore reveals
a clear need for further studies on inclusive interaction models and threat-modelling
frameworks.

A single, normalised metric was successfully established, capable of aggregating
component-specific resilience checks into a comparable score. This unified resilience score
facilitates direct evaluation of alternative VR architectures and supports objective selection
based on quantified reliability.

Initial principles for assigning priorities to resilience checks were formulated,
recommending greater weight for components that critically affect user safety (hardware,
security) and dynamic use-case requirements (network, data). These guidelines enable
customisation of the resilience score to reflect application-specific risk profiles.

Actionable guidelines were derived, integrating fault-tolerance mechanisms (e.g.
redundant sensors), continuous real-time processing strategies (e.g. adaptive bandwidth
allocation), and layered security measures (e.g. encrypted telemetry). Adoption of these
design principles is expected to enhance overall system robustness and maintain immersion
under adverse conditions.

Key areas for further investigation have been identified: dynamic adjustment of
component priorities based on usage context; incorporation of temporal behaviours to model
degradation over time; and empirical validation through scenario-driven experiments. Pursuit
of these directions will be essential to refine and apply the proposed framework in real-world
VR deployments.

The principal scientific novelty of our article lies in unifying these disparate resilience
checks into a coherent framework. By first mapping existing studies against the six core VR
components in a detailed coverage matrix), we identify where research is strong and where
gaps persist. We then introduce an integral resilience evaluation method — our main result —
that aggregates component-specific tests into a single, normalised score. This metric offers
system designers a clear, quantitative basis for comparing architectures and prioritising
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improvements. While the current formulation provides the foundation, we envisage future
work on dynamic weighting, real-world calibration and scenario-driven validation to evolve
this concept into a practical tool for next-generation VR deployments.
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C. M. JIucenko, npod., 1-p TexH. HayK, A. B. Kauyp
XmenbHuyvkuil HayioHaTbHUL YHigepcumem, M. XmenvHuybKkull, Yrkpaina
InTerpoBana paMkoBa MofiesIb OLIHKH Pe3MJILEHTHOCTI CHCTEM BipTyaJIbHOI peaJbHOCTI

MeTo10 TaHOTO JOCIIKEHHS € CTBOPEHHS €IMHOi PaMKOBOI MOJENi OLIHKH PE3MIILEHTHOCTI CHCTEM
BipryassHOi peanbHOCTi (VR), sika 3abesneuye OesnepepBHY poOOTy, IUIICHICTH AaHUX Ta Oe3j0TraHHHN
KOPUCTYBAllbKUH JOCBiA 3a pI3HUX eKCIUIyaTalifHuX YMOB. IHTErpylOYM BHCHOBKM MIOAO HaXIHHOCTI
amapaTHoOro 3a0e3nedyeHHs, CTIHKOCTI MPOrpaMHOTO 3a0e3MeueHH s, YIPaBJIiHHA JaHUMH, CTa0UILHOCTI Mepexi,
MIPOEKTYBAHHS B3a€MOJIi1 Ta 3aX0/iB Oe3NeKn, aBTOPH BUSBIAIOTH KPUTUYHI BPa3IMBOCTI i (POPMYITIOIOTH YiTKi
KPUTEPIi OLIHKY, 110 CIPUSITUMYTh 3MIITHEHHIO apXiTeKTypHu VR.

ABTOpPH 3/IHCHIOIOTH OTJISA ITIEPEOBUX METOIMK ITBUIIECHHS PE3HILEHTHOCTI B IIECTH KIIIOYOBHX
cdepax. [ anapatHOi cKJIaJoBOi aHAI3YIOTBCS CTpAaTErii pe3epByBaHHS, CUCTEMH TEIUIOBOI'O KOHTPOJIO Ta
PpIIIeHHS JUTsl 3HIKEHHS 3aTPUMOK y BiICTEXKEHHI pyXy. Y IpOrpaMHOMY 3a0€3IeUeHHI pO3IIIAaloThCS MiaX0 11
JIMHaMIYHOTO PO3MOALIY PecypciB, aBTOMAaTH30BaHi MPOLEYpH BiAHOBIICHHS Micis 3001B Ta hopManbHi METOIU
Bepudikamii. Cepen pimeHs s 3a0e3leUeHHs IUTICHOCTI JaHUX OIIHIOITHCS MEXaHi3MH Bepudikarii B
peabHOMY Yaci, IMPOTOKOJM HaJMIpPHOTO 30epiraHHs Ta afalTHBHE CTUCHEHHS. Y PO3ALI, NPHUCBIYECHOMY
MEpe’KeBiif  CTIMKOCTi, MOPIBHIOIOTHCS apXITEKTYpH 3 MIATPUMKOIO KpalOBHX-OOYHCIEHb, AJTOPUTMHU
aIaNTUBHOTO OITpeiiTy Ta MapmpyTusauis 3 pe3epByBaHHAM. JlOCHIIHUIBKI HANPAIIOBAHHS 3 YJOCKOHAICHHS
B33a€EMO/Iii KOPUCTYBauiB OXOIUIIOIOTH MPOrHOCTHUYHI AJITOPUTMHU BiJCTEXEHHsS PyXy Ta aJanTuBHI iHTepdeiicy,
IO MiABHMINYIOTh 3aJIy4€HHS W JOCTYIHICTb. Moayni Oe3leKH aHaN3yIoThCs 3 MO3ULii OararogakTopHOT
aBTeHTH(IKalii, HacKpi3HOTO MmH(PYBaHHsS, CHUCTEM BHSABICHHS 3arpo3 Ha ocHoBi LI Ta mepcrexkTUBHHX
KBAaHTOBHUX KPUNTOTpadivHUX Ta TIOPUIHUX XMAPHO-KPaHOBHX apXiTEKTYp.

OCHOBHMM HAayKOBHUM pE3yJbTaTOM € 3alpoIlOHOBAaHA IHTETpaJibHa OIiHKA PE3MJIHEHTHOCTI, sKa
00’elHye TIEpEBIpKHM OKPEMHX KOMIIOHEHTIB Y €JUHY HOPMOBAaHY METPHKY JJIsI IIPSMOTrO MOpiBHAHHA VR-
cucTeM. AHalli3 MOKPHUTTS MOKa3ye CHIIbHY yBary O pPe3epBYBaHHS amapaTHOI'O 3a0e3NedYeHHs Ta ONTHMi3alil
MepesKi, BOJHOYAC BHUSBIIIOYM NPOTAIMHYU B aJallTHBHUX MEXaHi3Max BiJIHOBIICHHs Ta KOMIUIEKCHOMY MiIXoxi
0 Oesnexn. Y 3aBepIaJbHOMY IYHKTI aBTOPH OKPECIIOIOTH JOPOXKHIO KapTy BJIOCKOHAJIEHHS Monenm — i3
3aCTOCYBAaHHAM JMHAMIYHOT'O 3Ba)KyBaHHS IPIOPHUTETIB, CIIEHAPHOT'O TECTYBaHHS Ta EMITIpHMYHOI Bamijamii —
mo0 TNEepPeTBOPUTH KOHLENTYaIbHY CXEMy HA MPaKTUYHUHA IHCTPYMEHT MJIsl TPOEKTYBaHHS CTIMKHX 1
BHCOKONPOIYKTUBHUX VR-cucrem.

BipTyanbHa peanbHicTh (VR), pesnmibentnicTs, apxitektypa VR, BiiMOBOCTIHKICTh, TOM AKIICHHS IIOMIIOK,
HaJIAHICTL cHCTEM
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