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IINTAHYBAHHA TA NIOPAJOK NPOBEJAEHHSA
KOMIIVIEKCHOI'O 3AXUCTY O3UMUX 3EPHOBUX
KYJIbTYP

Kopuyak Mukosna Muko1anoBuy
K.T.H., JIOIICHT
3axman Bumioi ocBiTH “IloAinbCchkuii Nep:kaBHUN YHIBEPCUTET

Cucrema iHmezpo8aHo20 3axucmy O3UMUX 3epHO6UX TIOEAHYE arpoTEeXHIYHI
(ciBo3miHa, OOpOOITOK TIPYHTY), OlOJOTIYHI Ta XIMIYHI 3axoau (TPOTPYIOBaHHS,
1HCEKTHLIMIN, TepOIIK/IN) I KOHTPOJIIO LIKIIHUKIB, XBOpOoO Ta Oyp'siHiB. OCHOBHA ii
MeTa — 3MEHIICHHS BUKOpPUCTaHHsA mnectunuaiB, BpaxoByroun EIII (exoHOMIuHI
MOPOTH UIKIJJIMBOCTI), Ta 3a0€3MEUYEeHHS] MaKCUMaJIbHOIO ypOXkKaro 3a MiHIMalIbHOL
mKoau ekocucremi [1, 2].

Brpatu Bpoxkaio B VYKpaiHi 3€pHOBUX KOJIOCOBUX KYJBTYP BiJ IIKIJIHHUKIB
nocsiratroTh 10 10 mitH T, a60 20 % BanoBoro 300py 3epHa. OTke, 3an00iraHHs BTpaTam
€ CYTTEBUM 3aXO0JI0M 30€peKEeHHS KUIbKICHUX 1 IKICHUX MTOKa3HUKIB 3€pHA.

B cydacHHMX TE€XHOJIOTISX BUPOITLYBaHHS 3€PHOBUX KOJIOCOBUX KYJIBTYP 3aXHCT BiJl
IIKIJTHUKIB € HEB1JI'€MHOIO CKJIaJIOBOIO. 3€PHOBUM KOJOCOBUM KYJIbTypaMm B yMOBax
IPYHTOBO-KJIIMaTUYHUX YMOBAaX YKpaiHu 3aBJaroTh mkoAu noHaz 100 BuaiB komax,
KJIIII, HEMaToau, rpu3yHu. Ha pocinHax 3apeecTpOBaHO 3HAYHY KUIBKICTh XBOPOO,
AK1 CIIPUYUHSIOTHCS TpubamMu, 6akTepisiMu, BipycaMu. Y TIOCIBaX 3€pHOBUX KOJIOCOBUX
KYJIBTYp TaKOX HaIIUy€eThCS ACKIJIbKAa COTEHb BUIIB OYyp'sHIB.

OCHOBHI IIKIAJMBI OpraHi3MH, sIKI MalOTh 3HAYEHHS B IIOCIBAX 3EPHOBHX
KOJIOCOBUX KyJbTYp [3]:

- wkionuky (31akoBi: ukanu, nonenuil; [mennunuit Tpunc; Kinon-yepenanika;
[IBenceki myxu; I'ecencrka Myxa; Onomiza nmennyHa; [lmennyuna myxa; [Tunbmuk
xm0Huit; XKyk-ky3pka; XmOHa xyxenuis; O3uma coBka; MUIono1i0H1 TpU3yHH);

- xeopobu (Caxka: TBepjaa, JeTioua, cTeOsoBa; Ipka: Oypa, cTebnoBa, KOBTa;
Kopenesi rauii: renbMiHTOCTIOPio3HA, (y3apio3Ha, IepKocnopenbo3Ha; bopomrHucta
poca; CenTopio3; Dy3apio3 Koyioca);

- oyp'anu (bepiska nonboBa; ['ipuak posnoruii; @asomis 6epeskoBuana; ['ipuunis
noikoBa; JIoboaa 6ina; Mumiiit cuzuii; OcoT: poxkeBuit, »oBTHiA; [11ockyxa 3BUUaiina;
Uucrenp oxunopiunuii; [upuis 3suyaitna; ['puruku 3Budaiini; Kaopiii 3BUUaiiHui;
Kykomnuus 01na; Jlatyk komnacuuii; [limmapennuk dinkuii; Pomaiika nenaxyya; Pytka
nikapcbka; Cokupku nocisHi; Tanaban noab0BUit).

[Iporpama KOMIUIEKCHOTO 3aXUCTy POCIUH 03UMHX 3€PHOBUX KOJIOCOBUX KYJBTYP
B1JI IIK1THUKIB TIepeA0avae HaCTYMH1 CTPOKU MPOBEJACHHS OCHOBHUX 3aXHUCHUX 3aXO0/11B
[3]:

- bepesenn-kBiTeHb. BimnoBneHHs BecHsHoi Beretarii - kymriaas (II-1IT1 eramm).
OO0o0B's13K0BE paHHE BEeCHsIHE OOPOHYBAHHS MOCIBIB BIIOMIEPEK PSIJIKIB Y 3aJIEKHOCTI BiJl
ctaHy nociBiB. [I[pukopeHeBe miKUBICHHS MiHEPAITBHIUMH TOOpHUBAMHU 3 T0JaBaHHIM
MIKpPOEJIEMEHTIB 3T1HO arpOXiMIYHOTO aHali3y IPYHTY Ha OKPEMOMY B3STOMY IOJIi;
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- TpaBenb. Buxin y tpyoky (V-VI eramu). OOnpuckyBaHHS MOCIBIB OJHUM 3
J03BOJICHUX (PYHTIIUAIB : abakycoM, M.K.e., 1,25-1,75 n/ra, akanTo mitoc, k.e, 0,5-0,75
n/ra, ans0iT TIIC, 1.11.¢, 0,04 N/ra, anpto cynep, k.e, 0,4-0,5 51/ra, amicTapom;

- TpaBenb-uepBeHb. Kinens da3u Buxo 1y B TpyOKy (MOsiBa IPariopiieBOro JIMCTKA)
— kojociaas (VII-VIII eranu). O6npuckyBaHHS MOCIBIB MPOTU XBOPOO JTUCTS TUMHU K
¢dbyurinuaamu, mo i Ha [V-VI eramax;

- Tpasenb-uepBenb. Komocinus-upitinas (VII-IX eranu) OO6npuckyBaHHs
MOCIBIB OJTHUM 3 JIO3BOJICHUX (DYHTIITUAIB : aIbTO Cymep, k.e., 0,4-0,5 n/ra, amictagom
exctpa, 0,5-0,75 n/ra, abakycom, Mk.e.. 1,25-1,75 m/ra, askcom, KC, 0,4-0,6 n/ra,
OammepoM cymep, K.e., k.€., 0,8-1,2 1/ra, mxepenom, k.c., 0,5 i/ra, 3amipom, B.e., 0,75-
1,5 n/ra, immaktom T, k.c., 1 n/ra Ta aHamoramm, Kojiocayiem, K.e., 1 j/ra, pekcom 1yo,
k.e. 0,6 n/ra, cynpimom 400, B.e., 0,75-1,5 n/ra, Tutynom ayo, k.k.p., 0,25 n/ra,
domikynowm, k.e., 1 n/ra, panbkoHoM, K.€., 0,6 1/ra, poprernieto, k.e., 1 j/ra, Tipekcom,
K.e., 0,5 n/ra;

- Jlunens. IloBHa crurmicts 3epHa (XII eram). [lepuioyeproBe i B CTUCHI CTPOKU
30UpaHHs MPSIMUM KOMOAWHYBaHHSM YpPOXal0 CUJIBHUX 1 IIHHUX COPTIB MIICHHII],
HAaCIHHEBHX TIOCIBIB, @ TaKOX IIOCIBIB, 3aCEJICHUX IIKIJUIMBOI YEPEINanIkow 1
ypakeHux ¢y3apio30M K0JIOca Ta IHIIMMH XBOPOOaMU;

- Jlunens-cepnensb. [licnsazbupanpuuit nepiof. OuuIEHHS Ta MPOCYIIyBaHHS
3epHa B OypTax Ha TOKax 1 B 36pHOCXOBHUIIAX JI0 BOJIOrocTi He BHIlEe 14%, po3MillleHHS
HOT0 OKpEMUMHU NapTIsIMU 3 OTHAKOBUM CTYIEHEM 3apakeHOCTI (Dy3apio30M;

- Jlunens-cepnienb. JlomociBHuit mepion. JloOip Kpammx MONEepPEeTHUKIB 3
ypaxyBaHHAM (DITOCAHITAPHOTO CTaHy KOXHOTO MOJIs, CTPYKTYPH IMOCIBHHUX ILIOII
CLITBCHKOTOCTIOJIAPCHKUX KYJIBTYP Y CIBO3MIHI, MAaKCUMaJIbHE OOMEXKEHHSI KOJIOCOBHUX
MONEPETHUKIB, BOPOBAIKEHHS BOJIOTO- 1 €HEPro30epiratounx TEXHOJIOT1 00poOITKY
IPYHTy Ta ONTHUMaJIbHOI CHUCTEMH YIAOOpPEHHS Yy BIANOBIJHOCTI 3 30HAJBHUMU
PEKOMEHIaIISIMHU;

- Cepnenb-Bepecensb. [lepeanociBuuii mepion (3a 2-3 TWXHI J0 CIBOM - B JCHB
ciBOm). I[IpoTpyeHHsT HaCiHHS 13 3BOJIOKEHHSIM a00 BOJHHMMH CYCIICH31SIMH OJHUM 3
no3BosieHnx npemapartis (10 i/T): ansda-nporpyitHuk, 1.k.c, 0,5 /T, antan, k.e, 0,3-
0,4 n/t, 6action, TH, 1 n/1, Bian tpact. KC, 0,3-0,4 n/1, BiHIUT, K.€, 1,5-2 11/T, BIHITUT
MiHIMa, K.e, 1-2 1/T, BiHIUT dopTe, K.e, 1-2 n/T, BiHUKUT doprte, K., 1-1,25 n/T, BiTa
Bakc 200 ®D, B.c.k, 2,5-3 n/T Ta aHamoramu, neposal, k.e, 0,5 1/t, nedenaep, k.c, 2
J/T, KIHTO AyO, K.e, 2-2,5 n/T, kondyTto cynep, B.e, 3 /T, KoppioJic, T.k.c., 0,2 /T,
namapaop npo 180, TH, 0,5-0,6 /T, makcum crap, T.k.c, 1-1,5 1/T, opiyc yHiBepcai,
e.H, 1,75-2 n/1, cenect Tom, T.K.c, 1-2 j1/T, cepTikop, T.k.c, 0,75-1 1/1, ckapietr ME, m.e,
0,3-0,4 n/T, pakcun ynwTpa, T.K.c, 0,2 n/t, TMT/, B.k.€, 3-4 n/T, TaiimeHs, k.e, 2-2,5
7/T, TOMaraek, T.k.c, 0,4-0,5 n/T, pynnazon, 3.1, 2-3 Kr/T, IeH30p TOTal, T.K.C, 1 JI/T,
IOHTa KBaJpo, T.K.C, 1,5-1,6 /1. CCcTeMH1 NpOTPYHHUKH JOLIILHO BUKOPUCTOBYBATH
Oe3mocepeIHbO mepe] CiBOOK0 HACIHHS,

- Bepecenb-xxoBTenb. Cxomu — movatok kymriHHS (I-II eramm). KpaiioBe a6o
CYyIIUIbHE OOMPUCKYBAaHHS TOCIBIB OJHUM 3 1HCEKTHIMIIB: aktapoto, B.r, 0,1-0,14
Kr/ra, anbdarapgaom, k.e, 0,15 1/ra, nanagumMomM ctabinpHUM, K.€, 1-1,5 n/ra, enxio,
k.e, 0,18 ni/ra, kaparezeoHom, MK,c, 0,15 n/ra, 0,15 n/ra, kaparenem, k.e., 1,5 n/ra, bi-
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58 HoBuM, K.e., 1,5 ni/ra, mipuHekcom, k.e., 1,2 n/ra, cymi-anesda, k.e., 0,2- 0,25 n/ra,
dboptpanom, k.e., 1,5 n/ra, dydanonom, k.e., 1,2 n/ra, ¢'topi, B.e., 0,07 n/ra.
OOnpuckyBaHHs IOCIBIB OJIHUM 3 IHCEKTUIUIIB: anbda rap, k.e., 0,15 i/ra, nypcban,
K.e., 1-1,5 n/ra, nypenn 1, k.e., 0,75-1 n/ra, mipunekc, k.e., 1,2 i/ra, mapurai, x.e., 0,8-
1,2 n/ra, poctpan, K.e., 1,5 n/ra, adbo iHIIUMH JT03BOJICHUMH 1HCEKTUIINIAMH;

- XKosrenb. Kymiinns (II-11I erann) OOnipuckyBaHHs MOCIBIB IPOTU XBOPOO JIUCTS
TUMHM X QyHTIIIUIaMU, 10 ¥ y (pa3i BUXoay B TpyOKy;

- Ocinb-3uma. Kymiians (II-111 erann) Po3kimananns 3epen poaerdocy (3 r B HOpY),
opukeriB mropmy (0,7-1,5 kr/ra), 6ponucany A (3 r B HOpY) Ta iH.

['epbinmaun, A03BOJIEH] 1 PEKOMEHI0BaH1 AJIsl 3aCTOCYBaHHS B MOCIBaX 3€PHOBHX
KoJocoBuX KyneTyp: 2.4-J1 500, B.p.; Aminka, B.p.; JlyBapawm, B.p.k.; 2,4-J aminHa
ciib, B.p.; Ectepon 60, k.e.; bausen 4S 480 SL, B.p.k.; Kommac 970, B.r.; bap'ep, B.p.;
Hiamin Jlrokc, B.p.k.; JlonTpen 300, B.p.; bpomotpun 22,5, k.e.; bazarpan, B.p.;
I'pancrap 75, B.r.; Monitop 750, B.r.; Apkan 750, B.r.; Jlude3an, B.p.;

Crapane 200, k.e.; ABpopa, B.T.; JloTyc, k.e.; [Ipima, c.e.; [lyma Cymep, Mm.B.e.
Ta iHmm [3].

BucnoBku. /{151 HaneXHOrO MPOBEIECHHS TEXHOJIOTTYHHUX OMEparliii 3aXUcTy Bijl
IIKITHAKIB TPU BUPOLIYBaHHI O3UMHUX 3€PHOBUX KYJIBTYp HEOOXITHO YITKO
JOTPUMYBATUCA TMPOTpaMU KOMIUJIEKCHOTO 3aXHCTy, CTPOKIB Ta HOPM BUTpaT
OCHOBHHUX Tipenaparis [3-13].
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The transition from traditional enterprise automation to intelligent infrastructure is
changing the role of system integration. In earlier generations of corporate information
systems, integration was often understood as the technical connection of servers,
networks, software platforms, engineering equipment, and communication channels.
In the current environment, this interpretation is no longer sufficient. Enterprises
increasingly operate hybrid infrastructures in which physical assets, operational
technology, information technology, cloud services, data platforms, cybersecurity
controls, and artificial intelligence must interact as a coordinated system. The practical
objective of integration therefore shifts from connecting isolated components to
creating a unified digital environment capable of continuous data exchange, automated
decision support, and adaptive control.

A useful conceptual basis for this transformation is the enterprise-control
integration model formalized in the ISA-95 family of standards. ISA-95 defines
interfaces between manufacturing control functions and enterprise functions and
provides common terminology for information exchange across operational and
business layers [1]. Although the model originated in industrial automation, its layered
logic remains relevant to modern intelligent infrastructure because it helps distinguish
physical processes, control systems, operations management, and enterprise
applications. In contemporary projects, these layers are no longer completely isolated.
Edge computing, cloud platforms, industrial Internet of Things technologies, and
application programming interfaces create continuous data flows between them, while
artificial intelligence introduces an additional analytical layer that can influence
decisions at several levels.

The architecture of an Al-driven integrated enterprise can therefore be represented
as a sequence of interconnected functional layers. The physical layer contains
production equipment, building systems, electrical and mechanical infrastructure,
sensors, meters, cameras, actuators, and other field devices. Above it, the control and
edge layer contains programmable controllers, gateways, local automation systems,
BMS platforms, industrial computers, and edge analytics. The connectivity layer
includes wired and wireless networks, secure remote access, routing, switching, and
protocol conversion. The data and integration layer provides message brokers, APIs,
databases, data lakes, integration platforms, and digital-twin services. Enterprise
applications such as ERP, CRM, asset management, service management, and business
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intelligence operate above these layers. Artificial intelligence can then use data from
the entire architecture for forecasting, optimization, anomaly detection,
recommendations, and automated response.

This layered approach is consistent with modern IoT architecture practices.
Microsoft, for example, describes IoT solutions through stages that include sensing,
network connectivity, data ingestion, processing, and application or presentation
functions [2]. The same logic can be extended beyond classic IoT to enterprise system
integration. A temperature sensor in a building, a vibration sensor on industrial
equipment, a smart power meter, or a network monitoring platform becomes useful not
because the device is connected, but because its data can be normalized, correlated with
other sources, interpreted in context, and converted into an operational action. The
value of integration therefore depends on the ability to move from raw telemetry to
meaningful business and engineering decisions.

Artificial intelligence expands this capability by introducing predictive and
adaptive functions. Traditional automation is primarily based on predefined rules:
when a measured parameter exceeds a threshold, the system performs a specified
action. Al-based systems can analyze historical patterns, identify complex
relationships, forecast future states, and recommend actions before a threshold is
exceeded. In facility management, this may include prediction of HVAC load,
identification of abnormal energy consumption, or detection of equipment degradation.
In IT infrastructure, it may include prediction of storage capacity, network congestion,
or service degradation. In manufacturing, Al can support predictive maintenance,
quality control, production scheduling, and anomaly detection. The integrated
architecture is essential because the accuracy and practical value of these models
depend on access to reliable data from multiple systems.

At the same time, the deployment of Al in enterprise infrastructure introduces
governance requirements that are different from those of conventional automation. The
NIST Artificial Intelligence Risk Management Framework emphasizes the need to
manage Al risks throughout design, development, deployment, and use, with attention
to trustworthiness, transparency, reliability, and accountability [3]. For system
integrators, this means that Al should not be treated as an isolated software module. It
must be embedded in a broader operational architecture that defines data ownership,
model responsibilities, validation procedures, human oversight, logging, access
control, and fallback mechanisms. Especially in engineering systems, an Al
recommendation and a direct control command are not equivalent. Critical functions
should preserve deterministic safety logic and allow human or rule-based intervention
when necessary.

A practical intelligent-infrastructure architecture should therefore separate decision
support from safety-critical control. AI models can analyze equipment behavior,
calculate optimization scenarios, prioritize alarms, and recommend control changes,
while verified automation systems remain responsible for executing critical sequences.
This separation reduces operational risk and allows organizations to benefit from Al
without creating uncontrolled dependencies on probabilistic models. The approach is
particularly important for power systems, cooling systems, industrial processes, access
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control, and other environments where a wrong control decision may lead to downtime,
physical damage, or safety consequences.

Data quality is another central issue. Enterprise integration projects frequently
combine information from systems created by different vendors, at different times, and
for different operational purposes. Device names, measurement units, timestamps,
asset identifiers, maintenance records, and alarm classifications may be inconsistent.
Before Al can be applied effectively, the integration layer must normalize these data
and establish common semantic models. Asset hierarchies, metadata, master data, and
contextual relationships become as important as network connectivity. Without this
work, organizations risk creating advanced analytics on top of fragmented or unreliable
data, which can produce technically sophisticated but operationally incorrect results.

The growth of digital twins further increases the importance of structured
integration. A digital twin is not simply a three-dimensional visualization of an asset.
In an enterprise environment, it can serve as a dynamic digital representation that
combines asset identity, real-time telemetry, historical behavior, maintenance
information, engineering parameters, and business context. When a digital-twin model
is connected to Al services, organizations can compare actual behavior with expected
performance, simulate operational scenarios, and identify deviations. This creates a
bridge between engineering infrastructure and enterprise management, enabling
decisions to be based on the current state of physical assets rather than only on static
documentation.

Cybersecurity must be designed into this architecture from the beginning. The
integration of IT, operational technology, cloud services, remote users, and third-party
platforms expands the attack surface and makes traditional perimeter-based protection
insufficient. NIST Zero Trust Architecture recommends that trust should not be granted
automatically on the basis of network location and that access decisions should focus
on users, devices, assets, and resources [4]. For integrated infrastructure, this principle
means authenticating devices and users, segmenting networks, applying least-privilege
access, protecting API connections, monitoring privileged activity, and continuously
validating communication between systems.

The broader NIST Cybersecurity Framework 2.0 also emphasizes cybersecurity
risk governance as an enterprise responsibility rather than only a technical function [5].
This is particularly relevant to system integration because an integrated platform can
connect systems managed by different departments: IT, engineering, security,
facilities, finance, operations, and external service providers. A weakness in one
component may create a path to other parts of the infrastructure. Consequently,
cybersecurity architecture should be aligned with integration architecture. Network
segmentation, identity management, logging, backup, incident response, patch
management, and vendor access should be considered during design, not added after
commissioning.

Automation and Al can also improve energy efficiency. Intelligent infrastructure
can combine information from building management systems, power meters,
occupancy systems, environmental sensors, production schedules, and IT workloads to
optimize energy consumption dynamically. The International Energy Agency notes
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that Al has a dual relationship with energy: Al increases electricity demand through
data-center growth, but it can also improve the operation and optimization of energy
systems [6]. At the enterprise level, integrated analytics can identify inefficient
operating modes, detect simultaneous heating and cooling, optimize equipment
schedules, forecast peak demand, and coordinate local generation or energy-storage
systems.

This creates a new role for BMS, DCIM, energy management, and enterprise
analytics platforms. Traditionally, these systems were implemented as separate
management environments. In an intelligent infrastructure model, they become
specialized components of a common data ecosystem. A BMS may provide
information about temperature, airflow, HVAC operation, and building occupancy.
DCIM may provide power, rack, cooling, and capacity data for data-center
infrastructure. IT monitoring platforms provide information about servers, storage,
applications, and networks. When these data sources are connected through
standardized interfaces, management can evaluate the relationship between digital
workload and physical resource consumption in a way that isolated systems cannot
provide.

For system integrators, interoperability is therefore one of the most important
design principles. Open protocols and documented APIs reduce dependence on
individual vendors and make it possible to expand infrastructure over time. In
engineering systems, protocols such as BACnet, Modbus, OPC UA, and MQTT can
provide standardized or widely adopted mechanisms for data exchange, while
enterprise systems commonly rely on REST APIs, event streaming, and message
queues. The purpose is not to use the maximum number of technologies, but to select
a manageable integration model in which data can move securely between systems
without unnecessary duplication or custom point-to-point connections.

The architecture should also support edge and cloud computing as complementary
rather than competing models. Edge computing is useful when low latency, local
autonomy, limited bandwidth, or operational resilience is required. Cloud platforms
are useful for scalable analytics, centralized data storage, Al services, fleet
management, and cross-site comparison. In many enterprises, the most effective
solution is hybrid: critical control remains local, local edge systems preprocess or
buffer data, and selected information is sent to cloud platforms for broader analytics
and enterprise-level optimization. This model improves scalability while preserving
operational continuity when external connectivity is unavailable.

The organizational impact of Al-driven integration is as important as the technical
architecture. Successful projects require cooperation between IT specialists,
automation engineers, facility teams, cybersecurity professionals, data engineers,
software developers, and business managers. ISA-95 was created in part to establish
common terminology between enterprise and control domains [1], and this objective
remains highly relevant. Many integration failures are not caused by the absence of
technology but by unclear ownership, incompatible priorities, and insufficient
coordination between teams. A unified architecture should therefore be accompanied
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by governance rules that define system ownership, data responsibilities, change
management, support processes, and lifecycle management.

A practical implementation can be divided into several stages. The first stage is an
inventory of existing systems, assets, interfaces, and data sources. The second stage is
the definition of target architecture and integration priorities based on business and
operational value. The third stage is normalization of data and implementation of
secure interfaces. The fourth stage is centralized monitoring and analytics. Only after
reliable data flows and governance are established should organizations expand the use
of Al for prediction, optimization, and automated recommendations. This sequence
reduces the risk of attempting to solve fundamental integration problems with Al
algorithms.

The economic effect of intelligent system integration is created through several
mechanisms. Centralized visibility reduces time required to detect failures. Predictive
analytics can reduce unplanned downtime and improve maintenance planning. Energy
optimization can lower operating costs. Standardized integration reduces the number
of isolated tools and manual data transfers. Automated workflows improve response
time and reduce the probability of human error. At the same time, the financial result
depends on selecting use cases with measurable operational value. Al should not be
introduced merely because it is technologically available; it should solve a defined
problem and be evaluated using clear indicators such as downtime, energy
consumption, maintenance cost, response time, service availability, or asset utilization.

Another important principle is scalability. Enterprise infrastructure changes
continuously: new buildings, devices, applications, cloud environments, and business
processes are added over time. An architecture based on reusable interfaces, modular
services, standardized data models, and centralized identity management can expand
without complete redesign. By contrast, an environment built from numerous custom
point-to-point integrations becomes increasingly difficult to maintain. For this reason,
modern system integration should be considered a long-term architecture discipline
rather than a one-time installation project.

The rapid growth of Al also increases the importance of computing infrastructure
itself. Al workloads require significant processing capacity and can create additional
requirements for data centers, networks, storage, cooling, and power systems. The
IEA's analysis of the energy-Al relationship demonstrates that Al growth is closely
connected with electricity demand from data centers [6]. This means that enterprise
digital transformation must consider not only software capabilities but also the
engineering infrastructure supporting them. The author's earlier analysis of data-center
engineering emphasized the same convergence of computing, power, cooling,
automation, monitoring, and security as a foundation for reliable digital services [7].
Al-driven system integration extends this idea from the data center to the enterprise as
a whole.

Thus, intelligent enterprise infrastructure should be understood as an integrated
cyber-physical environment in which data can move securely from physical assets to
operational platforms, enterprise systems, analytics services, and Al models, while
management decisions can be returned to operational processes through controlled
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automation. The main technological challenge is not the isolated deployment of
artificial intelligence but the creation of an architecture that provides trustworthy data,
interoperability, cybersecurity, operational resilience, and governance. Under these
conditions, Al becomes a practical extension of system integration rather than a
separate technology layer.

The future development of enterprise infrastructure will likely increase the degree
of autonomy, but full autonomy should not be treated as the only objective. More
realistic value can be achieved through progressive intelligence: better monitoring,
contextual alarms, predictive maintenance, optimization recommendations, assisted
decision-making, and selective automation of well-understood processes. This
approach allows organizations to gain measurable benefits while maintaining control
over critical operations. System integration remains the foundation of this
transformation because it connects the physical, digital, analytical, and organizational
components required for intelligent management.

In conclusion, Al-driven system integration represents a transition from
fragmented automation toward coordinated intelligent infrastructure. Its
implementation requires a layered architecture, standardized information exchange,
high-quality data, hybrid edge-cloud processing, strong cybersecurity controls, and
responsible Al governance. The combination of established integration principles such
as ISA-95 with modern IoT, cloud, zero-trust, and Al-risk-management approaches
provides a practical framework for enterprise digital transformation. Organizations that
treat integration as a strategic architecture capability rather than a collection of isolated
technical projects will be better positioned to improve reliability, efficiency,
scalability, and resilience in an increasingly data-driven operating environment.

References

1. International Society of Automation. ISA-95 Series of Standards: Enterprise-
Control System Integration. ISA. https://www.isa.org/standards-and-publications/isa-
standards/isa-95-standard

2. Microsoft. Get Started with IoT Architecture Design. Azure Architecture Center,
2026. https://learn.microsoft.com/en-us/azure/architecture/guide/iot/iot-get-started

3. Tabassi E. Artificial Intelligence Risk Management Framework (Al RMF 1.0).
NIST AI 100-1. National Institute of Standards and Technology, 2023.
https://doi.org/10.6028/NIST.AI.100-1

4. Rose S., Borchert O., Mitchell S., Connelly S. Zero Trust Architecture. NIST
Special Publication 800-207. National Institute of Standards and Technology, 2020.
https://doi.org/10.6028/NIST.SP.800-207

5. Pascoe C., Quinn S., Scarfone K. The NIST Cybersecurity Framework (CSF)
2.0. NIST CSWP 29. National Institute of Standards and Technology, 2024.
https://doi.org/10.6028/NIST.CSWP.29

6. International Energy Agency. Energy and Al IEA, Paris, 2025.
https://www.iea.org/reports/energy-and-ai

15



AUTOMATION AND COMPUTER-INTEGRATED TECHNOLOGIES
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

7. Sliusarchyk D. Transformation of Data Center Engineering Infrastructure in the
Era of Artificial Intelligence and Cloud Computing. XXII International Scientific and
Practical Conference “Modern technologies and people: new paradigms and
problems”, Krakow, Poland, 2026.

16



BIOLOGY AND BIOCHEMISTRY
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

MPOOKCUJAHTHO-AHTUOKCUJIAHTHUN
JIMCBAJIAHC 3A YMOB JIE€ET-IHAYKOBAHOI'O
OKUPIHHS: BIJI ®EPMEHTATUBHOTI'O 3AXUCTY J10
JIMOMNEPOKCHU AT

BikTopis Bacuiaisna KononejqbHIOK
KaH. 010JI. HAYK, aCUCTCHT
KuiBchkuit HamionanbHui yHiBepcuteT iMeHi Tapaca IlleBuenka

JIronmuia IBaniBHa OcTanmuyeHKo
I-p Oion. Hayk, mpodecop
KuiBcbkuil HatlioHambHUM yHIBepcuTeT iMeH1 Tapaca [lleBuenka

OXUpIHHS € CUCTEMHHM META0OIYHUM 3aXBOPIOBAHHSM, 3a SIKOTO HAJUJIUIIKOBE
HAJXO/DKEHHSI E€HEpPrii CYMPOBOKYEThCS 1HCYJIHOPE3UCTEHTHICTIO, EKTOMIYHUM
HAKOIWYEHHSIM JIIIT1/11B, XPOHIYHUM HU3bKOTHTEHCUBHUM 3alaJICHHSM Ta MOPYIIEHHIM
OKHCHO-BITHOBHOTO romeoctady. Oco0JuMBO UYyTIMBUMH JI0 METa0OJIYHOIO
MEePEBAHTAXKEHHS € TIEYIHKAa Ta HUPKU, OCKUIBKH OOWJIBa OPTraHU XapaKTEPHU3yIOThCA
BHCOKOIO 1HTEHCHUBHICTIO OKHCHOTO METaboJi3My Ta 3HAYHOKIO 3aJIeKHICTIO
(YHKIIIOHATBHOTO  CTaHy BiJl €(EKTHUBHOCTI  aHTHUOKCHJIAHTHOTO  3aXHUCTY.
HannumikoBe yrBopeHHst akTuBHUX (hopm kucHIo (ADK) 3a HemocTaTHROT aKTUBHOCTI
SOD, CAT Ta rayTaTiOH3aJE€XKHOI JaHKUA CIpHUS€ TEPOKCHIHOMY YIIKOHKCHHIO
MeMOpaHHUX JIiMi11B, TOPYIIEHHIO (PYHKI[IT MITOXOHJIP1i Ta MPOTrpeCyBaHHIO OPTaHHOI
muchynkuii [1-3].

Metoro poOoTu Oyj0 OIIHUTH 1HTEHCHUBHICTH JIMNOMEPOKCUAAIi Ta CTaH
(hepMEHTATUBHOI 1 ITyTaTIOH3aJIEKHOT JIJAHOK aHTUOKCHIAHTHOI CUCTEMU B MEUIHIII Ta
HUpKax IIypiB 3a yMOB BHcokokainopiiiHoi nietu (BK/). Exkcnepumenrtanbhe
OKHUPIHHA MOJENIOBAIM Yy UIypiB MpoTSIroM 14 TWXKHIB 3aCTOCYBaHHSAM
BHCOKOKAJIOPIHHOTO pallioHy. Y TOMOreHaTax MEYiHKH Ta HUPOK BU3HAUYAIU BMICT
ManoHoBoro mianpueriny (MJIA), nienoBux kown’toratiB 1 IlludoBux ocHOB,
aKTUBHICTH cynepokcuaaucmyTasu (SOD), katanasu (CAT), rmyrarioHnepokcuaasu
(GPx), rayrarionpeayktazu (GR) Ta Bwmict BimHoBieHoro rtiytaTioHy (GSH).
Pesynpratu npencrasieHo sk M+m.

dopMyBaHHS ATIMEHTAPHOTO OKUPIHHS MIATBEPKYBAIOCS MOP(POMETPUIHUMU
Ta Metabomiuanmu 3MiHamu. [licas 14 TwkHIB KiHIeBa Maca Tina mrypiB rpymu BK]]
cranoBwia 416,3£9,511 r npotu 325,266+4,911 r y koHTpOJ1, TOOTO OyJia BUILOIO
npu6au3Ho Ha 28,0 % (p<0,05). Jlo6oBe eneprocnoxubanHs 3pociio 3 308,107+15,451
no 384,107+16,324 kJIx/no0y, abo Ha 24,7 %, 1ol 5K €()EeKTUBHICTh CHOKUBAHHS
KopMy miaBuimiacs 3 2,366+0,114 no 2,764+0,201 %, To6t0 Ha 16,8 % (p<0,05).
BiacyTHICTh ICTOTHUX BIAMIHHOCTEH Yy JIOBXKHMHI TiJIa CBIUUIIA, 1110 301bIIIEHHS MacH
OyJl0 MOB’sS3aHE MEPEBAXXHO 3 HAKONMMYEHHSM EHEPreTHYHUX CyOCTparTiB, a HE 3
JHIAHUM POCTOM TBapUH.
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Taoauus 1.
Iloxa3suuku IMPOOKCUAAHTHO-AHTUOKCUIAHTHOI'O CTAHY HG“IiHKI/I Ta HUPOK HlyplB 3a
ymoB BK/]
Opran / nokasHuk KounTtpoan BK/I 3mina ignoco
KOHTPOJIIO

Teuinka: MJIA 8,004+0,998 21386:2,473 | 1Y 207 1’;‘3)3 (+167.2
0

Tevinka: AieHOBi KOH foTaTH 0,120£0,020 0,194+0,020 Ty 1,62 E/a;a (+61,7
0

Teuinka: Indosi ocHoBU 71,672+5,973 | 159,00:8875 | 1Y 2?2 poj‘";a (+121.8
0

ITeuinka: SOD, U/mr 6inka 3,02+0,212 1,51+0,114* | Ha 50,0 %

gi‘;g“a’ CAT, micmoms HaQo/(xBMr | (1551 005 0,021+0,004* | Ha 61,8 %

Ileuinka: GSH, uMois/Mr OiKa 43,091+2,004 29,44+1,221%* Ll Ha 31,7 %

Tevinka: GPX, HMOB/(XB-MT Ginka) 2,671,007 877741032 | 1Y 329 poj3)a (+228,7
0

ITeginka: GR, HMOIB/(XB MT OiJIKa) 23,283+2,549 17,041+2,354* | Ha 26,8 %

Hupru: MJTA 13,58041,007 | 31,223+2,091 | 1230 1?;3)‘“ (+129.9
0

Hupku: nieHOBI KOH toraTH 0,152+0,0213 0,266+0,0242 Ty L75 E/a)3a (+75.0
0

Hupku: 1ndosi ocHoBr 824746079 | 243,00£10,001 | 1Y% poj3)a (+194,7
0

Hupku: SOD, U/mr 6iska 2,68+0,154 1,32+0,155 | Ha 50,7 %

gﬁiﬁ;‘: CAT, mxmome H202/(xBM | 1640 0025 | 0,009£0,0011 | Ha 43,8 %

* — p<0,05 nopisuano 3 KOHmMpoeMm (07151 NOKAZHUKIB, 0I5l AKUX CIATMUCTIUYHY 3HAYYUICTb HABEOEHO
BUXTOHUX eKCNEPUMEHMATILHUX OAHUX).

VY meuinm BK]l crnpuumnHsiia BUpa)keHy aKTHBAIIO JIIMONEpPOKcuaalii. Bmict
MJIA 3poctas 3 8,004+0,998 mo 21,386+2,473, To6T0 y 2,67 pasza; piBeHb JIIEHOBUX
KoH toratiB — y 1,62 paza, a llludoBux ocHoB — y 2,22 pa3a. Taka MocCiiI0BHICTb
3MIH OXOIUIIOE Pi3HI CTaAll MEPOKCUIHOTO YIIKOIKEHHS JIMIAIB: BiJl MEpPBUHHOL
nepeOyI0BM HEHACHYCHHMX JKUPHUX KHUCJIOT 1O HAKOMHYEHHS BTOPHUHHHX
KapOOHUIBHUX MPOJYKTIB Ta iX B3a€MO/Ii 3 aMiHOTpynaMH OLIKIB 1 (OCQOJIIIiIiB.
Otxe, 3a BK]I BinOyBasiocs He JIOKaJIbHE MiABUIIIEHHS OJHOTO MapKepa, a CUCTEMHE
MOCUJICHHSI JIIMONEPOKCUAALIITHOTO KacKay.

OpHoyacHO ~ cHoOCTepirajid  BHUCHAXEHHS  NEpBUHHOI  (hepMEHTAaTUBHOI
aHTHOKCUJAHTHOI JiHii. AktuBHICTh SOD y mediHmi 3HWXKyBamacs ynaBiuli — 3
3,02+0,212 no 1,51+0,114 U/mr Oinka, a CAT — Hna 61,8 %, 3 0,055+0,005 no
0,021+0,004 mxmons H202/(xB-Mr 6inka). Ile cTBoproe yMoBH Jj1si HAKOMTUYCHHS SIK
cynepokcua-aniona, Tak 1 H202. Oco6nrBo moka3oBuMHU OyiM 3MiHU TIyTaTIOHOBOI
cuctemu: Bmict GSH 3menmyBaBcs Ha 31,7 %, a aktuBHicTh GR — Ha 26,8 %, Tomi
sk GPx 3pocrana y 3,29 pasa. Take pi3HOCTpSIMOBaHE CIIBBIIHOIICHHS MTOKA3HHUKIB
MO3Ke BITOOpa)kaTh KOMIIEHCATOPHY rinepaktuBaiito GPX y BiANOBIAb HA HAIUIMIIIOK
H:0: Ta ninigHux rigponepokcuais, ajne 3a ogqHodyacHoro aedinuty GSH 1 3HuKEHHS
roro perenepaiiii uepe3 GR 1151 kommnieHcarlist € MeTaboai9HO 0OMEXKEHOK0. Y MACYMKY

18



BIOLOGY AND BIOCHEMISTRY
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

aHTHOKCHJAHTHA  BIANOBIAb  HE  3amo0ira€  HAKOMMYEHHIO  MPOIYKTIB
JIIIOTIEPOKCHUIALIII.

VY Hupkax 3MIHM Majld aHAJIOTTYHHUH, aje 32 OKPEMUMH MMOKa3HUKAMHM I1i¢ O1JIbIII
BUpaxeHuit xapakrep. MJIA 3poctas 3 13,580+1,007 no 31,223+2,991, Tob10 ¥y 2,30
pasa, JieHoB1 koH’toratd — y 1,75 paza, a Illudosi ocHoBu — 3 82,47+6,079 no
243,00+10,001, abo maiixke y 2,95 paza. Ha npomy Ti1i aktuBHicTh SOD 3HMXKYyBanacs
Ha 50,7 %, a CAT — na 43,8 %. Takum 4uHOM, Y HUPKOBIM TKaHWHI HAKOMTWYEHHSI
KIHIIEBUX TPOIYKTIB TEPOKCHIHOTO VIIKO/KCHHS TOETHYBAIOCS 31 3HUKCHHSIM
3MaTHOCTI eniMiHyBatu cymnepokcua Ta H»O2, mo € o3HaKkoo BHUpaKeHOI pemaoKc-
JEKOMIICHCAIII].

BusiBiiena olHOCTIpPSMOBAHICTh 3MiH y TI€UIHIl T4 HUPKaX JT03BOJIAE PO3TISAATU
OKCUJATUBHUI CTpEC 3a AIET-IHAYKOBAHOI'O OKUPIHHSA SIK MOJIOpraHHUM mpouec. Y
MEYIHIl JINiAHE TEepeBaHTaXEHHS 30UIbIIyE€ TOTIK MXUPHUX KHUCIOT 4epes
MITOXOHJpiaJibHE Ta MIKpOCOMalbHE OKHCHEHHs, akTuBye NADPH-okcupasu ta
cupusie yrBopeHHio ADK. Ilpoxyktu nminonepokcupaanii, 30kpema MJIA, MOXyTb
MoaudikyBaTh OUIKM JAMXadbHOTO JaHIfora W MeMOpanHi  docdomimiay,
MOTJMOMIOIOYN  MITOXOHJIpiainbHy auchyHkuiro [2,3]. Y Hupkax wmetaboiivHe
HABAHTAXKECHHS JI0JATKOBO TMOEIHYETHCS 3 BUCOKOIO MOTpeOoto HeppoHiB B ATD Ta
YYTIUBICTIO TYOYJISIPHOTO EMITENII0 J0 MITOXOHIPIAIbHOTO YIIKOKEHHS. Tomy
onnovacHe 3poctanust MJIA 1 llIudoux ocHoB npu naainai SOD ta CAT cBiguuth
He nuuie npo Haamumok ADK, a mpo HECIPOMOXKHICTh aHTUOKCHUJIAHTHOT CUCTEMU
yTPUMYBaTH PEAOKC-TOMEOCTa3.

Otxe, 3a ymoB 14-tmxkneBoi BKJ[ dopmyerbest BupakeHHil MpOOKCUAAHTHO-
AHTUOKCUIAHTHUN JucOaJlaHc y Te4lHUl Ta HUpKax. Jas meyiHku BIH
XapakTepusyeThest 2,67-KpatHuM miaBUIIeHHsIM MJIA, 2,22-kpaTHUM MiABUILEHHIM
[udoux ocHos, 50,0 % 3umwxennsm SOD, 61,8 % 3umwxkennsm CAT, BUCHaKEHHSIM
GSH na 31,7 % ta GR Ha 26,8 % Ha 1111 3,29-KpaTHOr0 KOMIIEHCATOPHOTO M1 IBUILICHHS
GPx. ¥ mupkax MJIA 3poctae y 2,30 pasa, [lIludosi ocHoBu — y 2,95 paza, Toni siK
aktuBHICTE SOD Ta CAT 3HMXKY€EThCs BianmoBiaHo Ha 50,7 Ta 43,8 %. CyKyIHICTb [IUX
3MIH CBITYHUTH MPO MEPEeXis Bl aAanTUBHOI aHTUOKCHUJIAHTHOT BIJMOBII 0 PelIOKC-
JEKOMIICHCAIlli 3 IHTCHCUBHUM TIEPOKCHUIHUM YIITKOJKEHHSIM MEMOpPaHHHUX CTPYKTYP.
OTpumaHi  pe3yJbTaTd  MIATBEPUKYIOTh  JOLUUIBHICT  OJHOYACHOI  OIIHKU
MPOOKCUIAHTHUX MapKepiB Ta (PEpMEHTATUBHOI/TIYTATIOH3ATEKHOI JIAHOK SIK
IHTErpOBAHOIO MIAXOAY /10 XapaKTEPUCTHUKUA OPraHOCHEeHU(PIYHOrO YIIKOJKEHHS 32
OKUPIHHS.
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Schiff bases, named after the scientist Hugo Schiff, are currently among the most
sought-after compounds in organic synthesis, catalysis, and coordination chemistry.
Also known as azomethines, Schiff bases are synthesized by the simple condensation
reaction of primary amines with carbonyl compounds, which occur at elevated
temperatures with or without a catalyst. Schiff bases owe most of their properties to
the double bond formed between carbon and nitrogen (the imine bond) during the
condensation [1-2]. Due to the relative ease of synthesis and the availability of a wide
range of aromatic and aliphatic aldehydes and ketones, as well as primary amines,
synthesized Schiff bases exhibit enormous structural diversity. Aromatic derivatives of
Schiff bases are of particular interest due to their potential to create conjugated m-
electron systems with tunable optical and electronic properties, making these
compounds attractive for applications in optoelectronics, sensors, and related
functional materials [3-5].

Schiff bases are of particular interest in coordination chemistry. From this
perspective, Schiff bases with additional functional groups are particularly important
for the formation of stable complexes. Hydroxyl, amine, and sulfide groups often serve
as such groups. The presence of such functional groups facilitates the coordination of
the ligand to the metal ion and increases the stability of the resulting complexes [6-7].
In nature, Schiff bases occur as intermediates in biological systems, for example,
during enzymatic transamination [8-9].
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Along with their potential applications in electronics, catalysis, and energy, thanks
to their structural features, Schiff bases also possess pronounced biological properties.
As is known from the literature, Schiff bases exhibit antibacterial, antiviral, antitumor,
anticancer, antioxidant, and anti-inflammatory activity [10-11]. In turn, Schiff base
complexes with transition metals often exhibit more pronounced anticancer, antifungal,
antiviral, and antibacterial properties compared to the ligand [12-13].

Considering all the above, new Schiff bases were synthesized using 4-
hydroxybenzaldehyde/4-(dimethylamino)benzaldehyde and 4,9-dioxa-1,12-
dodecanediamine under heating without a catalyst. The resulting Schiff bases were
characterized using H' and C'* NMR spectroscopy and FTIR analysis. The biological
activity of the resulting Schiff base was studied against a range of bacteria, and the
results were compared with those of a known antibiotic ampiciline.
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It is known that many heterocyclic compounds, even relatively simple ones, are
difficult to obtain, significantly limiting their scope of application. Therefore, the
search for new regioselective heterocyclizations based on readily available reagents is
highly relevant. Various amidoalkylating agents, in particular those obtained from
Schiff bases according to the general scheme, are among such promising reagents:

\ R'COCI N
/C:N_R > C - N - COR1
R = Ar, Het am
cl R

The preparation of reagents according to this scheme is only briefly mentioned in
the literature [1-3].

The use of such amidoalkylating reagents obtained from cage ketones would allow
the preparation of nitrogen heterocycles by a new method, often yielding uniquely high

yields [4].
The aim of this study is to attempt the synthesis of N-(3-(adamantan-1-yl)-4-oxo-
1,2,3,4-tetrahydroisoquinolin-1-yl)-N-cyclohexylacetamide using 1-

adamantylglycine as a synthon to prepare the amidoalkylating reagent.

The physiological activity of cage hydrocarbon derivatives, primarily adamantane
derivatives, has been extensively studied. Some of them are already used as
pharmaceuticals. The activity of these compounds is due to the pronounced lipophilic
nature of the compact hydrocarbon fragment, as well as, probably, the abiogenic origin
of most of these compounds [5, 6].

Below is the diagram according to which the synthesis was carried out:
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CH—N% CH-N%
COOCH, CcoocH, -HC
CHZCl
(14) (15)
0
o Ad ¢ Adﬁ EtN
— CH-N
COOCH, -CH;0H O N 0
O="CH,CI
CH,CI pp
(16) (17)

(18)

General synthesis procedure.

1) 2-(Adamantan-1-yl)-2-(benzylideneamino)methyl acetate (14). Mix equimolar
amounts of methyl 1-adamantylglycine ether and benzaldehyde in dry toluene. Remove
water using a Dean-Stark trap.

2) 2-(Adamantan-1-yl)-2-(2-chloro-N-(chloro(phenyl)methyl)acetamido)methyl
acetate (15). Add an equimolar amount of chloroacetic acid chloride to the residue in
the toluene solution. Leave at room temperature for 24 hours. Remove the solvent in
vacuo. Add an aqueous alcoholic solution of KOH to the residue and stir at room
temperature for 15 hours. 3) 2-(Adamantan-1-yl)-2-(2-chloro-N-
(hydroxy(phenyl)methyl)acetamido)methyl acetate (16). The reaction mixture is
refluxed under a condenser for 4 hours.

4) 4-(Adamantan-1-yl)-3-(2-chloroacetyl)-2-phenyloxazolidin-5-one (17). The
solvents are removed under vacuum. The residue is crystallized from ethanol-hexane.
Yield 83%. 5) 3-(Adamantan-1-yl)-6,10b-dihydro-2H-oxazolo[2,3-a]isoquinoline-
2,5(3H)-dione (18). Oxazolidine (17) is dissolved in dry benzene and an equimolar
amount of Et3N is added. The mixture is refluxed for 2 hours. After cooling,
triethylamine hydrochloride is filtered off. The solvent is removed under vacuum. The
residue is crystallized from ethanol. Yield 78%.

References
1. Hellmann H. //Angew. Chem., - 1957. — 69, #13/14. — S. 463 — 471.

25



CHEMISTRY
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

2. Adams P., Baron F. A. // Chem. Revs. — 1965. — 65, #5. — P. 567-602.

3. Zaugg H. E. // Synthesis. — 1970. — 1 - #2. — P. 49 — 73.

4. Petersen H. // Synthesis. — 19973. - #5. — P.243-292.

5. Skoldinov A.P. // Scientific Conf. on Organopolyhedra Chemistry: Abstracts of
Reports. 1981. P. 133.

6. Kovtun 1.Yu., Plakhotnik V.M. // Chemical-pharmaceutical journal. 1987. Vol.
28, No. 8. P. 931-940.

26



COMPUTER SCIENCE
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

AUTONOMOUS NAVIGATION FOR FPV DRONES

Havryliuk Yaroslav
Master of Software Engineering, Junior Researcher
Taras Shevchenko National University of Kyiv, Ukraine

Reliable autonomous navigation is one of the defining challenges in modern
unmanned-aviation engineering, and high-speed FPV (First-Person View) platforms
are no exception. Conventional navigation relies on global navigation satellite systems
— GPS, GLONASS, Galileo — yet active electronic-warfare countermeasures can
degrade or entirely deny the satellite signal, leaving a drone unable to hold its flight
plan unless a backup positioning method is available. Algorithms capable of keeping a
drone oriented once GPS is denied therefore matter for both civilian applications, such
as infrastructure inspection, search and rescue, and delivery to hard-to-reach areas, and
for reconnaissance missions. This paper reviews and organizes the principal
approaches to autonomous FPV-drone navigation: absolute positioning derived from
satellite imagery, relative positioning derived from inertial data, and their integration
into a single multi-sensor pipeline.

Global Navigation via Satellite Imagery

A promising route to absolute, GPS-free positioning is cross-view geo-localization:
matching the current onboard-camera frame against a pre-loaded satellite image of the
operating area. The task reduces to locating the region of the reference image that best
corresponds to the live camera frame, after which the pixel coordinates of that match
are converted to geographic coordinates using the known georeferencing of the image's
corners [1]. The central difficulty is the sharp difference in viewing geometry: the
drone's camera captures the scene from an oblique angle, whereas satellite imagery is
a near-nadir, vertical projection, which complicates any direct correspondence between
salient image features. This gap 1s bridged either with classical keypoint-detection and
matching pipelines, commonly paired with RANSAC to discard spurious
correspondences [2], or with deep-learning models trained to embed both viewpoints
into a shared feature space. Because every successful match yields an absolute position
fix, this approach does not accumulate error over time, unlike inertial navigation; its
main drawbacks are dependence on up-to-date map coverage and sensitivity to
seasonal and lighting changes in the terrain.

Local Navigation from IMU Data

An inertial measurement unit (IMU) — an accelerometer paired with a gyroscope
— reports linear acceleration and angular rate at update frequencies of several hundred
hertz. Integrating these measurements over time yields dead reckoning: a running
estimate of the drone's velocity, orientation, and position relative to its last known state.
IMU-based navigation needs no external reference, neither satellite nor visual
landmarks, and its high update rate makes it well suited to stabilizing a fast-moving
FPV platform. The trade-off is that double integration accumulates error: drift grows
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non-linearly with flight time and, left uncorrected, eventually renders the position
estimate useless for sustained navigation. Optical flow, tracking the pixel-level
displacement of image features between consecutive video frames, is commonly fused
with the IMU to partially offset this drift by refining the estimate of ground-relative
velocity.

Multi-Sensor Navigation Under GPS Denial

Neither method alone is sufficient for reliable positioning across the full range of
flight conditions: satellite-image matching is comparatively slow and depends on map
quality, while IMU-only navigation degrades quickly as error accumulates [3].
Practical GPS-denied navigation systems for FPV drones therefore fuse several
information sources. A typical architecture is built around an extended Kalman filter
(EKF): IMU readings drive the state-prediction step, since angular rate and acceleration
project the expected change in position and orientation; the displacement estimated
from optical flow serves as the per-frame observation used to correct that prediction;
and periodic matching of the current frame against an offline map corrects accumulated
drift whenever optical-flow tracking confidence falls below a set threshold [2]. The
relative trust assigned to each source, encoded in the process- and measurement-noise
covariance matrices, can be adjusted dynamically based on the drone's turn rate and
the number of reliable feature correspondences, which improves robustness during the
sharp maneuvers typical of FPV flying [2].

Hardware and Software Implementation

Running these algorithms onboard an FPV drone is constrained by limited
compute, payload mass, and power budget. A common choice for real-time onboard
computer vision and neural-network inference is the NVIDIA Jetson family of
compact, GPU-accelerated compute modules (Nano, Orin Nano, Orin NX), which
allow video to be processed directly on the aircraft without streaming it to a ground
station. Imagery is typically supplied by onboard cameras such as the ArduCam line,
connected to the compute module over a CSI or USB interface. The compute module,
or "companion computer," communicates with the flight controller, most often running
PX4 or ArduPilot firmware, over MAVLink, a lightweight binary protocol for
exchanging telemetry and control commands between components of an unmanned
system. Algorithm development and initial debugging are best carried out in the
Gazebo simulator paired with the PX4 SITL (Software-In-The-Loop) test bench, which
reproduces flight dynamics, virtual sensors, and the camera feed, allowing algorithms
to be validated without risking a physical airframe [4]. This "simulate first, fly later"
workflow substantially shortens development time and lowers the cost of iterative
testing.
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Table 1. Comparison of Approaches to FPV-Drone Navigation

. e Global Navigation Local Navigation . :
Characteristic (Satellite Imagery) (IMU) Multi-Sensor Fusion
Accuracy over time Stable (no.error Degrades (drift) Stable (p criodic
accumulation) correction)
Update rate Low (seconds) High (hundreds of Hz) High (y1a MU between
corrections)

Dependence on external Requires coverage for

Requires map coverage | None required

data correction

Computational cost High (image matching) | Low Medium-high

Robustness to maneuvers Moderate (needs a clear High ngh (gdaptwe
frame) weighting)

Conclusions

No single technique offers a complete answer to GPS-denied navigation for FPV
drones. Satellite-image matching anchors the drone to an absolute geographic position
but updates slowly and depends on how current the map data are; IMU-based dead
reckoning updates quickly but loses accuracy as error accumulates. The most
promising direction is a combined multi-sensor system built on an extended Kalman
filter, pairing fast local position estimates from IMU and optical flow with periodic
global corrections from satellite imagery. Future work should focus on making image-
matching algorithms more robust to seasonal and lighting changes in the terrain, and
on optimizing onboard computer-vision models for the limited power and compute
budgets of airborne compute modules.
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YIIPABJIHHSI SMART HOME: I'BPUJTHUM X1
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AKkmyanvHicmy npoodiemu 6U3HAUEeHHA NPOOIEMU Ma HAYKOGUIL RIOXIO U000 it
eupiwiennsa. B cTaTTi pO3IIISIAETHCS 1HHOBAIIMHUM MIAXiJA CTBOPEHHS aJalTUBHOT
MYJIbTHAr€HTHOI CUCTeMH yIpaBiiHHA Smart Home Ha 0CHOBI TiOpUAHOrO MiAXOMY
Pareto-Nash-MPC: Bix i11€1 10 BIIpOBaJI>)KEHHS.

TpanumiiiHi cucTeMH aBTOMaTu3allli «po3ymHoro OyauHky» (Smart Home),
3acHOBaHI Ha craruyHux mnpaswiax kepyBaHHs (Rule-Based Control, RBC), na
nerepminoBanux PID-perymnstopax abo Ha cuenapisx tumy [F-THEN. Taki nigxoau
HEe 37aTHI €(QEeKTHUBHO aJanTyBaTUCSA JIO CTOXaCTUYHOI MPUPOIU TeHeparlii
BIJIHOBITIOBaHUX JKepen eHeprii (consunux enektpoctaniid, CEC), nuHamMidHUX
tapudie Ha enekrpoeHeprito (Time-of-Use, Real-Time Pricing), 3miHHHUX
KJIIMAaTUYHUX YMOB Ta TMOBEAIHKOBOI BapiaTUBHOCTI MemkaHliB. Hacmiakom €
BUHUKHEHHS MYJIBTHAr€HTHOI CHCTEMOI «PO3YMHOTO OyIWHKY», B SIKO1 € KOH(IIKT
Lied: MiHiMi3aliss  (IHAHCOBUX BUTpaT Ha  EJIEKTPOCHEPril0  CyNepeyurThb
3a0€3MEeYEHHIO TETIOBOTO KOMQOPTY Ta 3HIKEHHS 3aJ0BOJICHOCTI KOPHCTYBAadiB.
Po3B'sizanHs  1iei mpoOiemu moTpedye mnepexoay [0 aJanTUBHOI Ti1OpUAHOI
apXiTEeKTypu KEepyBaHHs, IO IHTErpye MPOTHO3HE KEPYyBaHHs, ELEHTPai30BaHE
Y3TOKEHHS IHTEPECIB aBTOHOMHHUX IT1JICUCTEM Ta 0araToKpUTepiajibHy ONTUMI3aLiIo.
3BiZICM BHHHUKae mpoOiema: 3a0e3NmedyuTH Y3roJpKEeHEe Ta aJanTUBHE KepyBaHHS
MYJIbTUAr€HTHOIO CUCTEMOIO «PO3yMHOI0 OYJIMHKY» B YMOBAaX HEBU3HAYEHOCTI.

Jlnis 11 BUpIIIEHHS 3aJTy4a€eThes 171es], sIKa MOJIsTra€e y MO€eAHaHHI B OTHOMY KOHTYpI1
JeTeKkTopa KOHQUIKTIB, piBHOBarm Hemra, [lapeto-onmTuMizaliii Ta MpPOrHO3HOTO
ynpasiiaas Model Predictive Control (MPC), 1o mae Ha3By riopuanuii miaxin Pareto-
Nash-MPC. Ti6pumamii migxim Pareto-Nash-MPC - 1e "mo030k" cucremu, BiH
CUHEPTeTHYHO TOEIHYE TPU METOMOJIOTIUHI KOMIIOHEHTH JJIsi BUPIIICHHS CKJIaTHUX
ONTUMIBAIIWHUX 3a1a4:

[1 mopenbHul nporHoctuyHUil KoHTpoJb (MPC) - 11e mporuo3oBane yrpaBiiHHS
(Ha OCHOBI MOJENEH-NIPOrHO31B) 3 PYXOMHUM (KOB3HHM) TOPU30HTOM, IO BPaXOBYE
IUHaMIKy OO'€KTIB 1 (pi3MUHI OOMEXKEHHsI, peani3yloud Ha KOKHOMY KpOL JIMIIE

30



COMPUTER SCIENCE
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

NepIni KepyloUyril BIUIMB 13 MOJAJIBLIMM 3CYBOM Topu3oHTY (receding horizon
principle);

) piaoBary Hema (Nash Equilibrium) - me mexaHi3m JereHTpaIi3oBaHOTO
y3rOJ)KeHHsI 1HTepeciB  (BUpIMIEHHS KOHQJIKTIB) aBTOHOMHHMX areHTiB, IO
KOHKYPYIOTh 3a CITUIbHI PeCypCHI 0OMEeKeHHs (MiKOBa MOTYXKHICTh MEPEXi, EMHICTh
AKB), 6e3 nentpanbHoro koopauuaropa. lllykae crtan, y sSIkOMy >KOJTHOMY areHTy
HEBUT1IHO OJHOOCIOHO 3MIHIOBATH CBOIO CTPATETiI0;

[ mapeto-onTumizamito (Pareto Optimality) — me momyk xommpowmicis. Illykae
MHOKHHY pIIIeHb, 16 HEMOXKIMBO MOKPAIIUTA OIWH KpuTepid. [IpakTuuHo B ycCiX
BapianTax peanizyerbcsa anroput™MoM NSGA-II (Non-dominated Sorting Genetic
Algorithm II), nns popmyBaHHS MHOKMHU HEJOMIHOBAaHUX KOMITPOMICHUX DIIICHb
MK KOH(JIIKTHUMHU KPUTEPIsIMU (TIEpeayCiM BapTICTIO €IEKTPOCHEPril Ta TEMIOBUM
KOM(OpTOM).

3Bifick BUHHUKA€ 3aBJaHHA PO3POOKM aJanTHBHOI MYJIbTHAreHTHOW CHCTEMHU
(Multi-Agent System, MAS) ynpasniaas Smart Home Ha 0CHOBI TOpUIHOTO MiAXOMY
Pareto-Nash-MPC. Taka po3poOka mnepenbadae BIPOBAKEHHS PO3YMHOI CHCTEMH
KepyBaHHS OyJIMHKOM, j€¢ Oe3/lidu aBTOHOMHHMX MPOTrpaMHUX MOMAYJIB (areHTiB)
y3roJDKEHO U JAWHAMIYHE MPUNUMAIOTh PIIICHHS 7S JOCATHEHHs OallaHCy MIiX
KOM(OPTOM MEIIKaHIIIB, EKOHOMI€IO KOIITIB Ta €(EKTUBHUM BUKOPHUCTAHHSAM E€HEPT1i.

Ananiz ocmannix 0ocnioxcens i Haykoea npozanuna. CydacHi JOCIIKEHHS B
rajiy3i IHTEJIEKTYaJIbHOTO YIPABIIHHS €HEProcloKMBaHHAM Oy auHKiB (Smart Home /
Smart Buildings) 3ocepemxeHi Ha TpbOX OCHOBHMX HampsMax: IrpoBi miaxoau Ta
JNEUEHTPAII30BaHe Y3rOJUKEHHS pO3MISIHYTO y mpaisx [1, 2] mpoaeMOoHCTpOBaHO
e()eKTUBHICTh PO3MNOIIJIEHOr0 MOIIYKY piBHOBaru Hema nsist pe3suaeHIianbHIX MEPEX
Ta YIpaBJIiHHA TETUIOBUM HaBaHTaXeHHsIM. [IpoTe 3a3HadyeHi CUCTEMH MOJAETIOIOTH
areHTiB y CIPOILIEHUX yMOBaxX 1 MarwTh OOMEXKEHHS MNpPU KOPCTKUX (HI3UUHHUX
oOMexxeHHax auHamikd. IIporHosne ympasiinas (MPC) Tta nHeiipomepexi B [3, 4]
noBonaTh nepeBary MPC Tta Neural-MPC mnst eneproontumizariii. OgHoyacHo [5]
MOKa3ylTh moTeHiian mnoeqHanHs Q-learning ta MPC, opnak 1eHTpasnizoBaHa
CTPYKTypa IIMX PpIIIEHb CTBOPIOE OOYHCIIOBAIbHI  «BY3bKI  MICHS»  TIPH
MacitadyBaHHi. MynbTHareHTHI areHTHI GpEeHMBOPKM Ta CTOXAaCTUYHE HABYAHHS B
[6, 7] BUCBIT/IIOIOTH aJalTUBHE HABUAHHS arcHTIB y JUHAMIYHUX CEPEIOBHINAX, ajie
He 320€3Meuy0Th MPO30POr0 MAaTEMATUYHOTO PO3B'SI3aHHS MPSAMOTO KOH(MIIIKTY MiX
KOM(OPTOM KOpUCTYyBaya Ta eKOHOMIEIO PECYPCIB.

Haykoea npocanuna (Research Gap). He3Baxxaroum Ha 3Ha4YHY KUIBKICTh Tpallb,
y HAyKOBIW JiTeparypl BIACYTHIN €IMHMA LUTICHUM MiAXif, SIKWA OW OJHOYACHO
PO3B'sI3yBaB TPU CyIEpPEWIMBI 3a/1au4i:

JEUEHTPANII30BaHe  y3rOJKEHHS KOHQIIKTHUX 1HTEepeciB areHTiB  (0e3
[EHTPAJIHLHOTO KOOPAMHATOPA);

1 3HaXOMKEHHsI TapaHToBaHOTO [lapeTo-kommpomicy Mik  (iIHAHCOBUMH
BUTpATaMU Ta piBHEM AUCKOMPOPTY;

1 ypaxyBaHHsA croxactuuHux 30ypeHs (reneparis CEC, 3mina Tapudis,
MOBE/IHKA MEIIKAHI[IB) HAa PyXOMOMY TOPH30HTI 3 MOXJIMBICTIO aJallTUBHOTO
HaBYaHHS MOJITUKH.
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Icayroui momeni abo irHOPYIOTH AWHAMIKYy 00'ekTiB (pure game theory), abo
NOTEpHalTh Bl  OOYMCIIOBAIBHOI  CKJIAAHOCTI MpH  OaraTOKpUTeplalbHIM
JEIeHTpasI130BaH1l ONTHUMI3allli Y peaJbHOMY Jaci.

BukJiiag 0CHOBHOro Marepiajy

1 kpok. ®@opmagizamii okpemux ckjaaaoBux. Po3poOku anantuBHoi MAS
yopasiinHs Smart Home na ocHoBi ribpuaHoro migxoxy Pareto-Nash-MPC
nepeabavae HACTYIHI (popmaizaiii OKpeMHUX CKIaJOBUX:

1.1 @opmanizayia ounamiku ma myavmuazenHmua apximexmypa. EBomioris
ctany cuctemu X(?) € R, (TemnepaTypa, OCBITJICHICTb Ta 1HII1 TOKa3HUKU KOMGPOPTY)
OIMHUCYETHCS CTOXaCTUIHHUM PIBHSHHSIM JHHAMIKU:

X(t+D=f(X®,U®),&®), (1)

ne f(+) - dyukiia quHamiku cuctemu; U(t) = (ui(t), ..., un(t)) - BEKTOp KEPYIOUUX
Nl areHTiB; ui(t) € W; - xepyBaHHs i-ro areHTa; W = Wi x ... X Wy — MHOXHUHa
JTOMYCTUMUX KepyBaHb; &(?) ~ P() — BumaakoBi 30ypeHHs (IOrojaa, MOBEIIHKA
KOPHUCTYyBaya Ta 1H11 (aKTOpu AUCKOMPOPTY).

Smart Home ¢opmanizyerscs ik MAS, sika J€KOMIIOHY€ CKJIAJHY €HEPTeTUUYHY
cUCcTeMy OyJMHKY Ha aBTOHOMHI areHTH, KOKEH 3 IKMX Kepy€ BJIaCHUM BEKTOPOM JI1i
ui(t) € Wi. bazoBuii, y3ro/pkeHUl MIXK yciMa MpoaHaTI30BaHUMHU JKEperIaMu Haoip
kiaciB areHTiB: areHT renepauii/HakonuueHHs (CEC/AKDB); areHT kiiMaTH4HOIO
koHTpoiito (HVAC); arent(r) rHydykux/mo0yTOBUX HABAHTAXKEHb.

1.2 @opmanizauia inousioyanvnux winii azenmie. KOXeH i-uu areHT mparHe
MIHIMI3yBaTl BJIaCHY (YHKI[I}0O BapToCTi (BWUrpaimly), IO BigoOpaxkae ioro
1HIUBITyaJIbHY METY B 4Yaci:

Ji=E Y, v'L (X(®),U(®) @)

ne: Ji - dyHkiis BapTocTi i-ro areHty; [E [ - MmaremMaTuuyHe CHOIIBaHHS
(BpaxyBaHHS HEBU3HAaueHOCTI); T — ropu3oHT mianyBaHHs; Y€ [0,1] - xoediiieHT
nuckontyBanHs; Li(X(1),U(t)) - wmutTrteBa BapTiCTh (eHeprisa, KomMpopT, 3HOC
oOnagHaHHS Ta 1HII PECypCH).

1.3 @opmanizayia izpoeoi pienosaza Hewa (Nash equilibrium). B3aemois
areHTiB 3a CHUIbHUN 0OMekeHM pecypc (opmanizyeThes sk Oe3KkoorepaTUBHA Ipa.
Cran, y SIKOMY >KOJIEH areéHT HEe MOKE IMOKPAIIUTH CBIN pe3yJIbTaT, 3MIHIOIOYH JIUIIIC
BJIACHY CTpaTETit0, OMUCYETHCS SIK:

u;(t) = arg min J; (u;, uZ), 3)

L 12

32



COMPUTER SCIENCE
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

ne: arg mil}} Ji — onepamop 3naxoosicenns minimymy;  u;(t) - onTEManbHa
U EW;

*

CTpaTerist areHTy; U_; - CTpaTerii BCIX 1HIINX areHTiB.

[Tomryx piBHOBarw 3iHCHIOETHCS ITEPATHBHUM METOJOM HAMKpPAIIOTO BiITYKY
(Best-Response Dynamics).

1.4 @opmanizayia oazamoxpumepianvhoi 2nooanvnoi wyini (Pareto-uap).
['mobanpHa y3rokeHa MEeTa CUCTEMH 3 YPaxyBaHHIM JCKIJIbKOX KPUTEPIiB (€Hepris,
koM(popT, O6e3mneka) GopMyeThCs sIK arperoBana (yHKIIS SKOCTI:

N )
Jgiobar(U) = Z wi () fr (X, U),
k=1
a00 y BEKTOpHi! MOCTaHOBIII::
ml}'n]i x,U),] =(f1,...,fm) e R”™ (5)

ne: J giopar(U)- arperosana Qynkuis sxocti; fi(X,U) - k-ii kputepiit (enepris,
koMbopt, Oesmneka); Wy (t) - Barm KpuTepiiB, m - KUIBKICTH KpuTepiiB; J < J* -
BiTHOMIICHHS [lapeTo-1oMiHyBaHHS

1.5 @opmanizayin konpaikmy uineii (0demexmop koughnixmis). 1le BinoOpaxkae
KOH(IIKT MK IUIIMU areHTiB abo kputepisMu. Lle Bimodpaxkaerbcs Jit=Jj|, komu
(GyHKIIS BapTOCTI i-ro areHtry Tpeda 30UIbLIyBaTH, a j-TO areHTy 3MEHIIYBaTH.
MareMaTHyHUN BHTJISA JCTCKTYBaHHS BH3HAYAETHCS YEpe3 MPOTHIICKHI 3HAKH
MOX1THUX

D Ui
di i].dukduk

<0 (6)

ne: i # j - icHy0Th J1Ba Pi3HI KpUTepii (a00 areHTH), 1Jis AKX BIUIUB OJHIET 1 Ti€1
K KEepyrouoi 3MIHHOI € TMPOTHJICKHHM. MPOTHJICKHI 3HAKM TOXIJHUX O03HAYalOTh
cynepewInBui BIUIMB; 3 — KBaHTOP iCHyBaHHs (“icHy€”), i,j — 1HJEKCH (HAIIPUKJIIA],
areHTiB a00 KpUTEPIiB), # - “He NOPIBHIOE”; fifi - PYHKIIT LIIEH; Ui - KEPYIOUa 3MIHHA,

1.6 @opmanizauia y3eo0xcenna Nash i Pareto uepe3 nomenuyiaivHy QyHnkuyiio.
KoopauHnaiiisi areHTiB 3MIHCHIOETHCS Yepe3 MOTEHINaNbHY (QYHKIIO cuctemMu ¥, 3
KO0 Y3TOJIKEH1 1HAUBIAyallbHI IPAI€HTH (PYHKIIIHM BUTpally - i€ 03Ha4yae, 10 1CHY€E
taka ckajsipa pynkuia ¥ (U), ans K0 BUKOHY€ETHCSL YMOBA:

daj; dy
d_ui = d—uia60\7ui i= Vuiqj (7)

ne: ¥ - moTeHiasbHa (PYHKIlISA CUCTEMHU; J; - 11€ CKaJsipHa BeTWYHHA (3arajabHa

BapTICTh), icHYy€E Taka ckaisgpHa ¢yHkuis ¥ (U), mo Vi: Ji(ui, u.) - Ji(u'i, u;) = ¥ (u;,
u;)-v 'y u.;
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Tpeba BimMiTuTH, O hopmaiizaiis y3romxeHHs Nash i Pareto moxkinBa Takox
Yyepes3 TaKoX JIHIMHY arperario:

Jit@® = 2, wa®) fro (8)

e JH™(t) —1e oxHa 3 MOXIMBHX peanisauiii MurteBoi Baprocti L(X(®),U®) 3
dbopmyu (2); w; (t) - Baru BIUIMBY KpUTEPiiB Ha arcHTA.

1.7 ®@opmanizayina ooémexcenna. Jlomyctumi o0nacTi CTaHIB 1 KepyBaHb
OIHCYIOTh:

X(t) € X(t)OOnf U(t) € U(t)m)n ©)

ne: X,,,- nonycrumi crauu; U,,, - gomycTuMi KepyBaHHA (eHeprid, Oesreka,
KoMdopT)

2 kpok. CTBOpEeHHSI pO3YMHOI CHCTeMH KepyBaHHA O0yaumHKoM. Po3poOka MAS
yopasiiHHsa Smart Home Ha ocHoBI ridOpuaHoro nigxony Pareto-Nash-MPC o3nauae
CTBOPEHHsSI PO3YMHOI CHUCTEMH KepyBaHHS OyauHkoM. lle o3Hadae po3poOKy
aJanTUBHOTO MEXaH13My HaB4yaHHS. /[ 1bOro HEOOX1JIHE OHOBIIOBATH NapameTpu
MOJITHKY O(t) («HAIAIITYyBaHHS» KEPYBaHHS, HAIIPUKIIAJl Bard HEHPOMEPEKI).

2.1 Memoo zpadiechmnozo cnycky. JlJisi OHOBJIECHHS BUKOPHCTOBYETHCS METO/I
IPaJIIEHTHOTO CIYCKY 3a r100anbHOI0 (DYHKIIIEIO BAPTOCTI:

O(t+1) =0() —nVE[] giopar(X, U)] (10)

ne: O(t)- mapaMeTpu TONITHKH, 1€ “HANAIITYBaHHS KepyBaHHS (HAMPUKIA,
Baru HEMpPOMEPEKi); §- KPOK HaB4YaHHS; Py - TpallieHT MaTeMaTHYHOTO CIIOJ[IBAHHSI
riobanbHOi  (QyHKLII BapTocTi 3a mnapameTpamu @, TOOTO rpamieHT QyHKLIT
E[J g1opa1(X, U)] 3a napameTpamu nomituky 6, o BU3HA4a0Th KepyBanHs U.

2.2 @inanvna onmumizauyiitna 3adaua. 11100 3HaWiTH onTUMambHI Al 3
ypaxyBaHHSM HEBU3HAUEHOCTI Ta OOMEXeHb (piHaIbHA ONTHUMI3alliifHa 3a7a4a Mae
BUTJISI;

T(I't’)'lIE [’global (X' U)]r (1 1)

33 YMOB:

Xt+1)=f(X@®,U®),E®), Uy€eWw (12)

Jc:
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a) 1HAWBIAYyaJIbHI YIIPaBIiHHS BIIOOPaKEHO ISl KOXKHOTO areHry i€ {1, ... , N}
yIpaBIiHHSI B MOMEHT Yacy £ 0OMEXEHO HOTO BJIIACHOIO JIOTTYCTUMOIO MHOKHHOIO Ui(?)
EW.

0) 3arajabHHI BEKTOP YIPaBIIiHHS B110OpaXEHO, IK CYKYITHUI BEKTOP CUCTEMHU, 10
BU3HAYAETHCS K KOHKATEHAIlIS BCIX BEKTOPIB Ui(?) - BUpa3 BU3HAUAE KOOTIEPATUBHE
KepyBaHHs,

u,(t)

Ut = 1 (13)
uy(t)
B) MPOCTIp CTaHIB AJIsi CACTEMH Ha0yBa€ BUTIIAY:
U@ eW, oe W=Wix..xX Wn (14)

ToOto ontumizamis BigOyBaeTbcsi Mo KepyBanHio U(t), nuHamika CHCTEMH
BpPaxoOBYE€ThCc uepe3 oOMexeHHs craHy X(t+ /), mo TNOB’sA3ye KepyBaHHS 3
MaiiOytHiMu ctaHamu U(ttk)€ W. HeBU3HAUCHICTh BPaXOBYETHCA MLISAXOM
MiHimizanii  MatematnuHoro cmnogiBaHHsA  E[J gi0pai(X,U)] , mo 3abesneuye

pOOACTHICTh PillIeHHsI BITHOCHO BHUIAAKOBUX 30ypeHs &(t).

2.3 Buznauenna onepamopa kepysannsa. Onucye KOHCTPYKTHUBHY peai3alliio
ONTUMAJIBHOIO KEPYBaHHS Y BUIJISA/I ABOX MOMITHUK, KOYKHA 3 IKUX BUKOPUCTOBY€ETHCS
B CIICIIAJIbHO OKPEMO BHU3HAYEHOMY PEXHMI (IE€TEPMIHOBAHOTO YIIPABIIHHS,:

a) KOJIM BUKOPHCTOBYETHCS HEWpoOMeEpeka JUisl JETEPMIHOBAHOTO YIIpaBJIIHHS,
TOOTO BHUKOPUCTOBYIOTHCSA J€TepMiHOBaHA ToJiiThka B KOoHTekcTi MPC-conBepis
(Model Predictive Control solvers), mo o3Hauae: ajig JaHOTO IOTOYHOTO CTaHY
CUCTEMHU aJTOPUTM ONTHUMI3ALIl 3aBXIW OOYMCIIOE OJWH 1 TOW K€, YHIKaJIbHUN
ONTHUMAJIBHUM Kepyro4yuid BIUIMB (200 MOCIIJOBHICTH BIUIMBIB) HAa OCHOBI BIJOMOi
MOJIENi CUCTEMH. IX BHKOPHCTOBYIOTH B IIPOTHO3HOMY YHPaBJIiHHI /Il PO3PAXyHKY
ONITUMAJIFHUX KEPYIOUUX BIUIMBIB:

U*(t) = m(X(1); 0) (15)

ne: U*(t) - onTtumainbHe KepyBaHHs; T - oniepaTop (policy) i AeTepMiHOBAHOTO
xepyBanns; X(t) € R™ - Bekrop cTaHy cucreMu (TeMIeparypa, OCBITIECHHS, 3apsi
Oatapeld Ta 1HII TOKa3HUKH KOMGOpPTY); O - mapaMeTpu MOMITHKA (HAIPUKIA],
Helipomepexa abo MPC).

0) mus 3a0e3reyeHHs aJanTUBHOTO HABYAHHS Ta MEXaHI3MY JOCHIIKCHHS
(exploration) cepenoBuIla, OmMepaTop KEpyBaHHS peai3ye€ThbCsl SK CTOXAaCTHYHA
nonituka (Stochastic policy), 1o BU3Ha4Yae po3noail KMOBIpHOCTEH BUOOPY Ail @ y
ctani X, Lle Oa3yeTbcsa Ha CTOXAaCTUYHOI CTpaTerii Ta HaBYaHHI 3 MIAKPIIJICHHSAM
(Reinforcement Learning, RL).

1 CroxacTu4Ha cTpaTeris B TeOpii HaBYaHHS (MAIIMHHOTO HaBYaHHS, TEOPIi irop)
OMHCYETHCA SIK X1, e areHT MpHUiiMae PIlIeHHs HE IETePMIHOBAHO (OIHO3HAYHO),
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a Ha OCHOB1 WMOBIPHICHOTO PO3IOAUTY HaJl MOXKIMBUMHU disiMu. Lle o3Havae, mo mms
OJTHOTO 1 TOr0  CTaHy CEpPEJIOBMINA areHT MOXKe BHOpaTH Pi3HI Jii 3 IMEBHOIO
HMOBIPHICTIO, IO J03BOJISIE JOCTIPKYBaTH HOBI CTpaTerii Ta ajanTyBaTHUCS 0
HEBU3HAYEHOCTI.

[} HaBuanusa 3 migkpimieHHsM (Reinforcement Learning, RL) — 1e miaramyss
MaIIMHHOTO HAaBYaHHS, IO 0a3yeThCs HA TEOpii ONTUMAJIBHOTO KEPYBaHHS Ta
01XeBIOPUCTCHKIN Mcuxojorii. RL BUKOPHUCTOBYETHCS ISl aaliTUBHOTO yIIPaBJIIHHS
CHUCTEMaMH, JO3BOJISIIOYM AreHTy BUWTHCA, SK TPUHAMATH HaWKpaml pIilmeHHs Y
TUHAMIYHOMY, HEBU3HAYCHOMY CEPEIOBHUIIl, MAKCUMI3YIOUH CyMapHy BUHArOPOY.

Ur(t)~m(alX(t); 0) (16)

ne: U*(t) - onTuMajbHEe KepyBaHHs, BEKTOP KEPYIOUUX il areHTiB y MOMEHT
yacy ¢ (HampuKJaja, piBeHb HAPYTH, CTaH PECYpCy, YCTaBKa Temmneparypu); (als) -
onepatop (policy) iMOBIpHICT, BUOpaTH Iit0 (action) @, 3 MHOXXHUHHM JOMYCTUMUX
KepyBaHb Wi 110 BUu3Havae nepeOyBaHHs y ctani X (t). CtoxacTu4Ha cTpaTeris 3aja€e
pO3moAia WMOBIpHOCTEH il 3a ymMoBU motounoro crany X(t); X(t) € R™ - Bexrop
CTaHy CHCTeMH (TemIeparypa, OCBITJIICHHs, 3apsij Oaraped Ta 1HIN TMOKa3HUKU
KOoM(OpTY), TOTOYHUI CTaH cUCTeMH (State), Ha OCHOBI SIKOTO IPUMUMAETHCS PIILICHHS;
CUMBOJ | (BepTHKaJIbHAa PUCKA) — O3HAYa€ YMOBHY HMOBIPHICTh: «HMOBIPHICTD
oOpaTu Jil0 @ 3a YMOBHU, [0 CUCTEMa 3HAXOJIUThCA y cTaHi X(t); O - mapamerpu
nonitukn B RL-komrnonentax (Reinforcement Learning) - me Barum Ta 3MilIeHHS
HEUPOHHOT MEpeXI, Kl 03HAYAIOTh, 1110 Jis @ HE € )KOPCTKO BU3HAUYCHOI (YHKIIIETO, a
BUOUPAETHCS (CEMILUTIOETHCS) 3 PO3MOILTY HMOBIpHOCTEH (200 1HIIIOT aPOKCUMYI0UOT
MOJIeI JIJIst ONmTHMI3allii B ipolieci HaBuaHHsl). Lle BaXkJIMBO J1st aIanTUBHUX CHCTEM,
OCKUIBKH JIO3BOJISIE areHTY «IOCHiKyBaTu» (exploration) cepenoBuIIE; CUMBOJ ~
MO3HaYa€e peajizailiio BUMAIKOBOI BEJIMYUHHU Jii @, sika BUOUPAETHCS (CEMILTIOETHCS)
3T1JIHO 3 PO3MOJILIIOM T.

Came 111 mapaMeTpu OHOBIIOIOTHCA B TMPOIECI HABYaHHS 3a JIONIOMOTOIO
rpajileHTHOTO cycky (hopmyna 10).

2.4 Bnposaoscennsa MPC. Onepatop kepyBantus U (t) Moxke OyTH peaizoBaHui
3a ponomororo MPC, gkuil Ha KOXHOMY KpOLI PO3B’SI3y€ CKIHYEHHOTOPU3OHTHY
ONTHUMI3alllifHy 3aJady 3 ypaxyBaHHSM AWMHAMIKM cUCTeMH Ta oOMmexeHb. MPC
O3HAyYae, 10 CUCTEMA: MPOTHO3YE 3aTpaTH pecypciB (FpolIeH, CIIOKUBAHHS €HEPTii);
BpaxoBye (Tapudu, kompOopT, 30BHIIIHI BIUIUBH); ONTUMI3y€ KEpyBaHHS (OMAJICHHS,
KoHuIiioHepu, 6atapei). MPC Ha koskHOMY Kpotii # po3B’sI3y€e 3a71a4y:

H
U(t)mll]E+H)IE zk:()]global X(t+k+1),U(t+ k)], (17)

3a YMOB:
Xt+k+1)=f(X@+k),Ut+k),EE+EK)) Uttk)eW, (18)
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ne: H - ropu3oHT nepeadadeHns; X(1+k) - nporno3osani ctanu; U(t+k) - maliOyTHI
KepyBaHHS; f(9) — MOJIENIb CUCTEMHU.

ITicist po3B’sI3aHHS Ta OTPUMAHHS CYKYIHOCTI BapiauTiB pitnens (U™ (t), U (t +
1), ...,U*(t + H)), 3actocoByetbes Tinmbku: U™ (t). [ToTiM 3a1a4a po3B’si3y€ThCs 3HOBY
(receding horizon).

3 kpok. lepapxiuna apxitekrypa cucremMu. Mojenb  aJanTHUBHOI
MYJIbTUAr€HTHOI CUCTeMHU yrpaBiiHHsA Smart Home Ha ocHOBI T1OpUIHOTO MiAXOTY
Pareto-Nash-MPC ¢yHkiionye sik TpupiBHEBa i€papXiyHa CHCTEMa B MEKaX €JUHOTO
3aMKHEHOTO [IUKITY:

PiBenb 1 — cepenoBuile po3yMHOro OyJIUHKY: CTOXacTUYHA AuHaMmika X(1), (1)

(popmyunu 1, 11);

Pisenp 2 — riOpugne sgpo Pareto-Nash-MPC, mo ckinagaerbest 3 TphOX
(YHKIIIOHAJIBHUX IIAPIB:
- MAS-map — nerekrop koHQuiKkTIB (hopmyna 6), nmomyk piBHoBarun Hema

(bopmymna 3), y3romkeHHs uepes noteHmianbay gyskiio ¥ (bopmyna 7);

- Pareto-map — 3BakeHa arperaiiisi kputepiiB (popmynu 4, 5), TuHAMIYHI Baru
wi(?);

- MPC-map — nporno3yBanns Ha ropu3oHTi H Ta ontumizaris (hopmynu 17, 18),
HelpoMmepexkeBuii onepatop z(a [ X(¥); ), anantuHe oHoBiIeHHS 6 (popmyna 10);

PiBenp 3 — map areHriB: peanmizauis nepumoi ontuMaibHoi 11i U*(t), nogada
CUTHAJIy Ha aKTyaTOpH, 3BOPOTHUH 3B'130K X(#+1) — 6xio adpa (Receding Horizon).

IIporpamua peauizanisi, Bajiganisa Ta amapatHe po3roptanHs. IIporpamna
peanizallisi BAKOHY€eThCsl MOBOIO Python 3 Bukopuctanusm 6i6miotek CVXPY/Pyomo
(pos'szanns migzagad MPC) ta pymoo (peanmizaitis NSGA-II nns Pareto-mapy). s
BaJijaiii cTBoproeThes mudpoBuii iUk (Digital Twin) Oyauaky. TecTyBaHHA
MPOBOJIUTHCA IILISIXOM CTPEC-TECTYBaHHA B TPAHMYHUX PEXHMaxX 3 TMOPIBHSIHHIM
B1IHOCHO 06a30B0i cTparerii rule-based control (RBC). AnapaTtna peanizaiiis 6a3yeTbces
Ha mapaaurmi Edge Computing: xontponep Raspberry Pi, oOmin manumu uepes
npotokos MQTT, inTerpartisi 3 Home Assistant.

OoroBopennst pe3yabtariB. IIlpoBeneHa TteopernuHa ¢QopMmanmizaiis Ta
CIIPOCKTOBAaHA TPHUPIBHEBA apxITeKTypa TiOpuaHoro miaxoay Pareto-Nash-MPC
JEMOHCTPYIOTh CHUHEPreTUYHUM eQeKT, SKUM yCyBa€ HEIOJIKH 130JIbOBAHOIO
BUKOPHUCTAHHS PO3TIISTHYTUX METO/IB:

1. EdextuBnicts nmoegnanuss MPC ta irpoBoi piBHOBaru: BrmpoBamxeHHs mapy
MPC no3Boamio po3B’si3aTu KJIaCHYHY MpoOJIeMy YHUCTOI TEOopii irop — BIACYTHICTb
ypaxyBaHHS IHEPIIWHOCTI Ta JAWHAMIYHUX OOMEXKEHb (I3UYHHX OO0'€KTIB.
Buxopucrannss mpuniuny receding horizon (dbopmynu 17-18) 3abe3neuye
poOacCTHICTh CHUCTEMH JI0 CTOXacTHYHMX 30ypeHb ¢(#) (moroma, KOJIUBAHHS
CIIO)KUBAHHS ).

37



COMPUTER SCIENCE
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

2. Ycynenns koHpuikTHOCTI yepe3 [1apeTo-Hemn y3romkenns: 3aBasku BBEICHHIO
nerekTopa KoHQUIKTIB (popmysia 6) Ta moTeHIianbHOI GyHKINT (hopmyina 7), cuctema
YHHKA€E KOJIATICY ONTHUMIi3aIlil B YMOBaX, KOJH ITiIBUIIICHHS KOM(OPTY MPHU3BOIUTH 10
3poctaHHs BUTpaT. JliHiiiHa arperaiis (popmyia 8) Ta BekTopHa [lapeTo-onrumizariis
(popmynu 4—5) mMO3BOJSIOTH THYYKO HAJIAIMTOBYBATH BarW 3aJie)KHO Bif MOTOYHHUX
IPIOPUTETIB KOPUCTYBada abo IIHOBOTO CUTHATY MEPEXKI.

3. AanTUBHICTH Ta OOYMCITIOBAIBHA MPHUIATHICTH: 3aCTOCYBaHHS CTOXACTUYHOI
nomtuku (dhopmyna 16) y moegHaHHi 3 rpagieHTHEAM ciiyckoMm (popmymna 10) mae
CUCTEMI 3MOTY JIOCTIKYyBaTH cepeoBuIle (exploration) Ta axantyBaTrucs A0 3MIHHAX
yMOB 0€3 TTOBHOTO TIepeHaBYaHHs MOJeNl 3 HyJis. Po3nonin 3agad Mixk 0101i0oTekamMu
CVXPY/Pyomo (MPC-mim3agadi) ta pymoo (NSGA-II) mosBomse peamizyBatu
oOuucIieHHs Ha KOHTpoJiepax kiacy Raspberry Pi (Edge Computing) y peansHOMY Haci
3a mpoTokoaoM MQTT.

4. IlopiBusnpHui anam3: [lopiBHsHO 3 6a30BuMHU cueHapisimu Rule-Based Control
(RBC), 3ampomonHoBaHa cUCTeMa  JIO3BOJISIE  JIOCATTH  ONTUMYyMY  MIXK
eHeproeeKTUBHICTIO Ta KoM(popToM Oe3 Aerpajallii NOKa3HUKIB MPH €KCTPEMaIbHUX
3MiHaX 30BHINIHBOI TEMIIEpaTypu YU Tapudis.

BucnoBok
Po3pobiena mMonenb aganTUBHOI MYJbTHAr€HTHOI CHUCTEMM YIpaBiiHHSA Smart
Home Ha ocHoBI ri0puaHoro miaxony Pareto-Nash-MPC neMoHCTpye cHHEpreTHUHMIA
edpekT mnoegHaHHs Tpbox Metonosorii: MPC-map 3a0e3nedye HNporHo30BaHy
agantamito Ha ropuzoHTi H; MAS-map (piBHoBara Hema) yMOXIHBIIIOE
JEUEHTPAII30BaHe Y3rOKEHHs IHTEPECIB areHTIB uepe3 NMoTeHlianbHy pyHkiio P,
Pareto-miap ¢opmanizye mnpozopuil komrpomic Mik kputepiamu fi(X,U) uepes
arperoBany (pyHkIit0 Jeiobal.
[IpakTi4yHE 3HAUYCHHS PO3POOKHU:
ABTOHOMHE BUPIIICHHS CYMEPEYHOCTEH: CHCTEMa CaMOCTIMHO OallaHCcye Mixk
KOH(JIIKTYIOUUMH IUIAMH (€KOHOMISI TPOIIEH VS. 3aTUIIIOK).
EneproedekTUBHICTE: CyTTEBE 3MEHIIICHHSI BUTPAT €JIEKTPOCHEPTii Ta MIKOBUX
HABaHTa)XCHb HAa MEPEKY.
['HyukicTh: Jlerka MacmTabOBaHICTh (MO0JaBaHHS HOBOTO CMAapT-TIPUIIALY
O3Hayae JIMIIE CTBOPEHHSI JIJIsl HBOI'O HOBOT'O areHTa).

HMexmapanis HII:

[Ipy miAroToBIll MaTepiaidiB IJis UX T€3 aBTOPU 3MIMCHIOBAIMCS 30ip Ta aHai3
1H(opMallii 3a 10MOMOT0K METOAUKH KaCKaJHOTO MYJIbTHAareHTHOTO ()peiMBOPKY Ha
OCHOBI1 aHCAMOJTIO0 MMPOBITHUX KOMEPLIMHUX Ta BIAKPUTUX MOBHUX MOJENEH (30kpeMa
OpenAl GPT, Anthropic Claude, Google Gemini, XAl Grok, Mistral Le Chat, Meta
LLaMA, Alibaba Qwen ta DeepSeck). Meroaunka nepeadadaia MaxopuTapHe Kpoc-
MOJIeJIbHE TOJIOCYBaHHS, aHAJITUYHY JIET1IpaTallilo TeKCTy Ta aBromaru3oBany API-
Bamigamito Oiomorpadgiuyaux mnocuianb (uepe3 0asu CrossRef Ta Scopus) mns
YCYHEHHS TaJIONMHAIIN 1 3a0€3MeUYeHHs] BUCOKOI SKOCTI JJaHWX TEpell OCTaTOYHUM
EKCIIEpTHUM aHaJi30M aBTOPOM. YCl 3reHepoBaHl pe3yJbTaTh OyJIu KPUTUIHO
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nepeBipeHi, MPOTECTOBaHI Ta 3aTBEP/KEHI aBTOpaMmH. BinMmoBigalbHICTh 3a 3MICT
JIKUTH Ha aBTOPaXx.
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PO3POBKA CYKYIIHOCTI MOJIEJIEA
®YHKHUIOHYBAHHS IHTEJEKTYAJBHUX CUCTEM
HIATPUMKHA NPUMHSTTSA PIIIEHD

Tpoubko Oaekcanap OnekcaHaApOBUY

KaHAMJIAT TEXHIYHUX HAYK, JTOICHT

HavYabHUK Kadenpu iHPopMaIiitHIX CUCTEM Ta TEXHOJIOT1H

BiiicbkoBOro IHCTUTYTY TE€JIEKOMYHIKaIlii Ta iHpopmartuzaiii imeHi ['epoiB Kpyt

Hparmok FOais IOpiiBHa
cTapiuii Bukianay kadenpu iHhopMaIiiHuX CUCTEM Ta TEXHOJIOT1H
BiiickkoBOro IHCTUTYTY TeJIEKOMYHiKallii Ta iHpopmaTu3zaiii imeHi ['epoiB KpyT

€pumenko Ouexcanap Bosogumuposuy

KaHJIUJIAT TEXHIYHUX HayK, nmpodecop,

JIEKaH MEXaHIYHOTO (haKyJIbTETy

XapKiBCHKOT'0 HAITIOHAIBHOTO aBTOMOO1IEHO-0POKHBOTO YHIBEPCUTETY

AKypascbkuii IOpiii BosrogumupoBuy

JIOKTOp TEXHIYHHUX HayK, Ipodecop

npodecop kadeapu KOMIT' IOTEPHUX TEXHOJIOTIH y MEIUIIMHI Ta TEICKOMYHIKAIIsX
Jlep>xaBHOTO yHIBEpCUTETY «KUTOMUPCHKA MOTITEXHIKA

Iumanskuii Anapin Bosoaumuposuy

JIOKTOP TEXHIYHUX HAYK, CTAPIIHKI JOCIITHUK

npodecop kadenpu KOMIT IOTEPHUX HAYK 1 IHPOPMALIITHUX CUCTEM
XapKiBCHKOT'0 HAITIOHATBHOTO aBTOMOO1JIEHO-0POKHBOTO YHIBEPCUTETY

[nTenektyanbHi  cucteMu maATpuMku npuiHaTtTs  pimenb  (ICIIIP), €
MaTEeMaTHYHUM, TpPOTpaMHO-alapaTHUM Ta (YHKIIOHAIBHUM SIPOM CydYacHUX
iH(QoOpMaIIiHUX, AaBTOMATH30BAaHUX Ta TEJIEKOMYHIKAIIMHUX CHUCTEM PI3HOTO
¢dyukiionaasHoro npusHadeHHst [1-17]. ICIIIIP wapasi BHUKOPUCTOBYIOTHCS ISt
BUPILIEHHSI MIAPOKOT0 Kojia 1H(POPMAaLIMHO-pO3PaXyHKOBUX 3aBlJaHb B IHTEpecax
IIMPOKOTO KoJia CrioKuBayiB [1]:

30ip, 00poOKka Ta y3arajdpbHeHHS iH(pOpMaIlii, MO0 HATXOAUTh BIJ KIHIIEBUX
KOPHCTYBaYiB;

30epiraHHs pi3HOTUITHUX JaHUX, X apXiBallisd Ta BUBCJICHHS;

BUPIIIEHHS OKPEMUX Ta/ab0 KOMILJIEKCHHX pO3pPaXyHKOBHX 3aBllaHb st
HIMPOKOTO KOJIa KOPUCTYBAYiB;

MOJICJIIOBAHHSl XapakTepy 3MIH IMpoleciB, MHOJid, B TOMY YHCIl BOEHHHX
KOH(JTIKTIB Ta 1H.
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Jo ICIIIIP, mo BUKOPUCTOBYIOThCS B IHTEpECaX CIELiaJbHUX KOPUCTYBauiB
BHUCYBAIOThCS OUTBINI >KOPCTKI BUMOTH 3 ONEPATHBHOCTI Ta JIOCTOBIPHOCTI OOPOOKH
TE€TEPOTreHHMX JIAaHUX, KOMIUICKCHOT HAIMHOCTI Ta 1H.

[le obymoBneHno came ocobnuBocTsmu ¢yHkuionyBanua ICIIIIP B iHTepecax
CreliaJIbHUX KOPUCTYBauiB Ta yMOBaMU (DYHKI[IOHYBaHHSI CUCTEM, B IHTEpecax SKHX
BUKOpHUCTOBYIOThCA 3a3HadyeH1 [CIIITP.

OcuHoBuuMU ocobuBocTaMu (pyHkiionyBanns [CIITIP pi3zHoro ¢pyHKIIIOHaTEHOTO
MIPU3HAYEHHS €:

NOCTiliHE 3pOcTaHHs 00CsriB 1H(pOpMAILli, 0 HUPKYIIOE€ B CEPEAMHI X Ta MIXK
CaMHUMU CUCTEMaMHU;

PO3IIMPEHHS] HOMEHKJIaTypu 3aco0iB, SIKI AECTPYKTHBHO BIUIMBAIOTH Ha IPOIIEC
obminy nanumu B cepenuni [CIIIIP Tak 1 Mixk HUMU;

yAOCKOHaNIeHHs (opM Ta crnoco0iB BIUIMBY Ha mnpouec ¢pyHkuionyBanus [CIIIIP,
10 HETaTUBHO BILJIMBA€ HA TaKl MOKA3HUKHU SIK ONEPATHBHICTh Ta JOCTOBIPHICTH
O0OMiHY T€TEepOT€HHUMHU JTaHUMH;

HEJIOCKOHAJIICTh MEXaH13MiB MOJIeTtoBaHHs xapakTepy ¢yHkuionyBanus [CIIIIP B
YacTUHI BpaXyBaHHs BCl€T MOBHOTHU JeCTab11i3yr0unX (PakTopiB BIUIMBY Ta 1H.

BpaxoByroun BHINEBUKIAJCHE, OJHUM 3 BapiaHTIB IMABUIINEHHS €(PEKTHBHOCTI
¢ynkumionyBanna ICIIIIP € po3poOka cykymHOCTi Mojened (yHKIIOHYBaHHS
IHTEJICKTyIbHUX CUCTEM MIATPUMKU MPUIHSATTS PIIICHb.

Jns ananizy crany ICIIIIP HeoOxigHUN MPOTHO3 MIOAO AWHAMIKKA BUSIBJICHHS
BpaznuBocTel mporpamuoro 3ade3neueHns [CIITIP, ski Mo)KHAa BUKOPUCTOBYBATH JIJIs
necrabumzamii i cramy. s pgecrabumizauii  ¢yHkuionyBanHs — [CIIIIP
BUKOPHCTOBYIOTBCS JIMIIIE Ti BPA3JIUBOCTI, 32 JOTIOMOTOIO SKMX MOYXHA TOPYIIUTH
uuTicHicTh Ta goctynHicTh iHpopMauii B ICIIIIP. Ha manuii MOMEHT iCHye HHU3Ka
aHATITUYHHUX MOJIEJIeH BUSBIICHHS Bpa3auBocTeil mporpamuoro 3ade3neuenss [CIITIP,
0 JIO3BOJISIIOTH MPOTHO3YBATH iXHIO JWHaAMiKy BUsBIeHHS. (OCHOBHI Ta
HAWTIOMIMPEHII MOJEINI, sIKI BAKOPUCTOBYIOTHCS JIJII BUPIIICHHS HABEJACHOTO BUIIE
3aBJaHHS: TepMOAWMHAMIUYHA MoOJelb AHJEpCcoHa; JiHIMHAa Mozaenb Peckopui;
€KCIIOHEHTHA MOJieNib Peckopii; jgorapudmMivyHa MyacCOHIBCbKa MOJIEIb; JIOTICTHYHA
Mozeinb AnxasMmi-Maaiis ta 1.

Pazom 3 TuM, BHIIETIEpepaxoBaHi MOJIEN 3/1aTHI MPOTHO3YBATH JIUIIIE YCEPEIHEHI
TEHJEHIli y 3MIHI 1HTEHCHBHOCTI BUSIBJICHHS Bpa3JIMBOCTEH MPOrpamMHOTO
3a0e3neuenns ICIIIP, xonmu 3a Qakrom ix 3HauHO Outble. [l BpaxyBaHHS
BUINIE3ragaHux  (akTOpiB  3alpONOHOBAHO  BUKOPUCTOBYBATH  MiAXiA s
MIPOTHO3YBaHHS BUSBIICHHS BPa3IUBOCTEH Ha OCHOBI IITYYHUX HEHPOHHUX MEPEXK, IO
€BOJIIOLIIOHYIOTH [ 12].

3a3HaueHU MiaxXiag nependadyae BUKOHAHHS JIBOX KOMIUIEKCHUX TPOLEAYp 3
BUKOPHCTAaHHSM Ha KOKHOMY KPOIIi OKPEMHUX aJITOPUTMIB.

Ha mepmomy erami 3paiiicHIOBaJiacs TomepenHss oOpoOka JaHUX PO paHiiie

. . . 1 P
BusBIeH1 Bpa3nuBocTi [CIIIIP, mo otpuMani, Ik NpaBuiao, B MOMEHTH 4acy ! ),...,t( )

3 PI3HUMH 1HTEpBaAJIaMHU MK CyCIIHIMH MOMEHTaMu. BinmoBigHuit anroputM 00pooKu

41



COMPUTER SCIENCE
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

MOBUHEH 3a0€3MEeUNTH iX 3TVIQJKYBaHHS Ta IHTEPIIOJSINIO JJIS TTOAAHHS B BUTJISII
Oe3nepepBHOI PYHKIIIOHAIBHOT 3aJI€KHOCTI BiJl Yacy.
[Tin wac mpoBemeHHS TMOMNEpeaHBOI OOPOOKM 3ampONMOHOBAHO 3IHCHIOBATH
B1JIHOBJICHHS 3aJICKHOCTI1 Y BUTJISZII BUBAXKEHOT CyMH pajiaibHO-0a30BUX (PYHKITIN:
2
=)

FO)=Sma 0= olt) )=l —ul) =ep| L)

20;

ne (p,.(t) — i-a pamiaiibHO-0a30Ba (PYHKIIIS; ¥, — LEHTP i-0i paaiaibHO-0a30BO1
¢byHKIIIi; O, — mapaMeTp BIUIUBY i-0i pajiaibHO-0a30B01 QyHKIIIT; W, — BIATOBLIHHIMA
BAaroBMi KOE(QILUIEHT pajiaabHO-0a30Boi (yHKIIl; K — KUIBKICTh (PYHKIIH, IO
BUKOPHCTOBYIOTHCSI.

[TapameTp BIIIMBY i-0i paaiaibHO-0a30Boi (yHKIIT O (i :L_K) oOUpaeThCs

BUXOJSIUM 3 IIPaBUIIA:
o, =Cdu, C, >0, (2)

ne du — MiHIMaJlIbHa B1JICTaHb MK IIEHTpaMH paaianbH0-0a30B01 GyHKIIM, a C; —
Jiesika KOHCTaHTA.
KinbkicTh paniaibHO-0a30BUX (PYHKIINA OEpeThCs pIBHUM:
K=[C,(P-1)], 0<C, <1, 3)

e P — 4Kciio MOMEHTIB 4acy, ISl SKUX PO3PaXxOBYIOThCS 3HAUYEHHS pajlajbHO-
0a30BuX QyHKIIN, a C; — 1es1Ka KOHCTaHTAa.

[Ipu oOumucieHHl KOE(DIIIEHTIB POy 3I1MCHEHO PO3B’S3aHHS TMEPEBU3HAYCHOI
CUCTEMHU JIIHIHHUX PIBHSHb:

Gw=d, 4)
G=|g,.| . :‘goi(t(p)) . p=1P, i=LK, K<P,
s d = (qV @Y _ "
ne G — npsaMokyTHa Matpuils ['pina; d = (d yeeesd ) — IIJILOBUHM BEKTOP, IO

BU3HAYAETHCS 3 BUXIAHOI MHOXXUHU allPOKCUMOBAHUX JAHUX.

BupiieHHs qaHoi cucTeMH JiHIMHUX PIBHSHB MOXKE OyTH 3HAIEHO JAEKUIbKOMa
METOJaMH, Y TOMY YHCIl MeTooM HaiMeHmux kBaapaTie (MHK) I'ayca, metonom
MCceBI03BOPOTHOI Matpullli Mypa-Ilenpoy3a ta Merogom perynspusaiiii. OcranHii
METOJI Ma€ MepeBary Inepel IHIIMMH, OCKUIbKU JI03BOJISIE BPaxOBYBaTH arpiopHE
pILIEHHS, U0 AA€ MOKJIMBICTh MOEIHATU MEpeBaru HEUpOMEpEeKEeBOT0O aarOpUTMY
IIPOTHO3YBaHHS Ta AITOPUTMY BHUSBJICHHS BPAa3JIMBOCTEM.

BupimenHs cucreMu piBHSHB (2) METOJIOM peryJisipu3aliii Ma€e BUTIISI;

w=w +(G"G+al) G (d-Gw), ()
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ne w9 anpiopHe pIIIeHHS; @ — MapaMeTp peryJsipusallii, KUl Moxke OyTH
0oOpaHMl OJTHUM 13 CTAHJIAPTHUX METOM1B; / — OMMHUYHA MaTpHIld po3Mipy K X K.

VY 1nboMy BUMAJIKY MapaMeTp « 3ampOTIOHOBAHO BU3HAYATH BUXOISTUU 3 HACTYITHOT
YMOBH (METOJI TIA00PY):

BCl 3HAYEHHS BIIHOBJIEHOI 3anexHocTi F (t) =GW NOBHHHI TMOTPAILIATH B

inTepBan  Bix (Gw(“) e :Gw(a)—a(“)) , Ie A CepelIHbOKBaIpATHYHE

()

BIIXMJIEHHS BIJTHOBJIEHOI 3a/1€KHOCT] F (t) =Gw nipu W= W’ BiJl peaIbHUX JIAaHUX d,

IIpH [IbOMY HEB’A3Ka ||Gw —d || Mae OyTH MiHIMAJBHOIO.

Bubip nmaHoro mpaBuiia BU3HAUEHHS NapaMmerpa « OOYMOBJIEHHH TUM, IIO 3
OJIHOTO OOKYy 3alpONOHOBAaHO JOBIPSATH amnpiOpHOMY pIMIEHHIO, 3 1HIIOrO OOKYy
3alpONOHOBAHO OOMEXHUTHU CTYIIHb JOBIPH TaKUM YHHOM, 100 MPU HEBEIHKOMY

BIAXWJIEHHI BiJ HBOIO (< 0'(”)) BITHOBJIEHA 3aJIEKHICTL F (t)sz MIHIMAJILHO

Bi/Ipi3HsJIACS BiJ peJIbHUX JTaHUX d.

Ha npyromy erami o0OpoOKM 3IiHCHEHO TMPOTHO3YBAHHS 3rIa/KEHUX Ta
IHTEPIOMLOBAHNX JIAaHWX 3 BHKOPHUCTAHHSM INTYYHUX HEHPOHHUX MEPEK, 3
apXITEKTYpPOIO, 10 €BOJIIOIIOHYE [19].

Jlxepena nectaliinizyrouoro BIUIMBY (B HamoMy Bumnaaky 3acodu PEII, kiGep
BIUIMBY) HeraTuBHO BIuiuBaroTh Ha ICIIIIP, Tak 1 Ha ix ckmamoBi yactuHu. OuH 3
MIIXOMIB  JUIS  MOJICTIOBAaHHS  KOH(IIKTHUX  B3aEMOJIA MDK  JDKEpelamMu
nectabimizyroyoro BBy 1 ICIIIP € orminka puHamikkd 3MIiHH  KUIBKOCTI
BpasnuBocTel y nporpamuomy 3abesneuenni [CITIIP.

HeoOxiguuii He TUTBKU TPOTHO3 BIIHOCHO AMHAMIKH BUSIBIICHHS BPA3IMBOCTEMH, SIK1
MO’KHa BUKOPHCTOBYBATU A Aectadimzanii ¢pyHkuionyBanus [CIIIIP, a it ouinutu
IHTEHCUBHOCTI IPOTU1T BU3HAYUeHUM BpaziauBocTsM B ICIITIP.

Cepennto mBuAKicTh ycyHeHHs BpasznuBocteil B ICIIIIP mnpomnonyeThes
MPEACTAaBUTH HACTYITHUM YHHOM:

p=ku,, (6)

ne M, — cepedHs MIBUIKICTh BHECEHHS 3MiH y nporpamue 3ade3neuenns [CIITIP,

0 YCyBa€ Bpa3NuBICTh y nporpamaomMy 3ade3nedenHi [CIIIIP, a k£ — koedimient, mo
xapakTepu3ye ePeKTUBHICTh PYHKITIOHYBaHHS Tijacuctemu kidep3axucty [CIIIIP.
O1iHKy (1, TPOBOAUTHCS HACTYITHUM YHHOM:

Ho =0 (7)

8

ne T, — cepenniit yac BHeceHHs 3MiH 10 TiporpamHoro 3a6e3neuenns [CIIIIP, mo

3aKpUBAE BPA3JIUBICTD MICHs ii BUSBICHHS. /{7151 KOXKHOTO MPOTPaMHOTO 3a0€3MeUCHHS
ICIIIIP omiHka 4, TPOBOAUTHCA OKPEMO, TOMY IIO HIBHJKICTH BHECEHHS 3MIH 0

nporpamuoro 3ade3neuenHs [CIITIP B 3amexHOCTI BiJ HOTO CKJIATHOCTI € PI3HOIO.
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Hani CMO o6cnyroBye 11i 3asBKH (YCyBa€ BPa3IMBOCTI) 3 IHTEHCUBHICTIO £/, IO

po3paxoByeThcs 3a (opmynow (6). Ilependauaerbes, Mo podoTa HAJ YCYHEHHSIM
KOKHO1 BpPa3JIMBOCTI IMOYHWHAETHCS BiJIpas3y K MICis ii BUSBIICHHS, BIAMOBIAHO, JIaHA
CMO mae HecKIHYEHHY KUIbKICTh KaHaJiB 0OCIyTrOBYBaHHS.
3a JaHUX TPUINYHIEHb CEPEAHHOCTATUCTUYHE UMCIO BpPA3JIUBOCTEUH Y
nporpamHomy 3abe3nedeHHi ICIIIIP Ha manwii MOMEHT 4Yacy ¢ po3paxOBYETHCS 3a
bopmyIoro:
o ‘
N, (t)="| A(t)+ [ A(r)e"dz | ®)
H 0

3 ypaxyBanHsm (6) Ta (7), dopmyna (8) HaOyne BUTIISIAY:

N (1)=Le /l(t)+jﬂ,(r)efdr , )

cp k

ne /l(t) — IHTEHCUBHICTb BUSIBJICHHS Bpa3auBoCTel, I, — cepeHiii yac BHECEHHS

3MiH 10 nporpamHoro 3a0esnedenHs [CIIIIP, mo 3akpuBae Bpa3nuBiCTh, MIiCHS ii
BUSIBJICHHS, & kK — KOE(QIIIE€HT, 10 XapakTepusye eheKTUBHICTh (YHKIIOHYBaHHSA
migcuctemu kioepzaxucty ICIITIP.

OTxe, y IbOMY BHUMNAJKy CEPEIHbOCTATHCTUYHE yucio BpaznuBocted y ICIITIP
JIOPIBHIOE CEPEAHBOCTATUCTUYHOMY YHUCITY BPa3JIMBOCTEH, BUSIBJICHUX Y IPOTPAMHOMY
3abe3neuenHi [CIIIIP 3a Beck yac cnocTepekeHHs:

N, (1)=[2(z)az (10)

[Tpu naHux MpUIMyIIEHHSX WMOBIPHICTH TOTO, IO B KOHKPETHOMY IPOrPaMHOMY
3a0e3nedenHi [CIIIIP 3HaxoauThCs 1 Bpa3nuBOCTEM, TOPIBHIOE:

N ' N, (t
ﬂ(l‘)z#é wlt) (11)

TakuMm 4MHOM, UMOBIPHICTH BIICYTHOCTI y TiporpamHomy 3abesneuenHi [CIITTP
Bpa3JIMBOCTEN JTOPIBHIOE:

B(t)=e ", (12)

Po3pobiena monenb J03BOJIsE BpaxyBaTH HAasBHICTh Ha MPAKTHUI TEPIOiB
30UTbLIEHHSI Ta 3MEHLIEHHS 4YKClia BPa3IUMBOCTEH Yy NPOrpaMHOMY 3a0e3MeueHHI
ICIIITP (301nbplieHHS Ta 3MEHIICHHS WMOBIPHOCTI BIJICYTHOCTI BpPa3jWBOCTEH
MporpaMHOro 3a0e3MeyeHHi), a, OTXKe, OUIbII NPUUHATHA Ui OAAJbLIOrO
BUKOPWCTAHHSA MPU MOJICTIOBaHHI.
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Ockinmbku B ICIITIP moke OyTM BCTAHOBIEHO IEKUIbKA BHJIB MPOTPAMHOTO
3a0e3MnedeHHs, TO HalmpocTia mMaTtemMaTuyHa monaenb (yskiionyBanus ICIITIP B
yMOBax BHYTPIIIHIX Bpa3IUBOCTEH Ta KOHQIIKTHUX B3aEMOMAIN MOXe OyTH
Npe/ICTaBlieHa SK CYKYMHICTh CHCTEM MAacOBOrO OOCIIyrOBYBaHHS, KOXKHa 3 SKHUX
MOJIENIIOE  TUHAMIKY Bpa3JIUBOCTEH y KOXXHOMY OKPEMOMY IPOTpaMHOMY
3a0€3MeUeHHI.

VY 1bOMy BHUIAJKY CEPEIHbOCTATUCTUYHA KUIbKICTH BpasznuBoctei B ICIIIIP Oyne
CYMOIO CEPEIHbOCTATUCTUYHOI KIJTBKOCTI BPa3IMBOCTEH B KOKHOMY IPOTPAMHOMY
3a0e3neyeHHi, o BUkopuctoByeThes ICIITIP:

d m m T(m) - m 0 m
Ncp(t)zlef,p), N§p>(t):@k(—me) A7 (6)+ [A"(2)etdr |, (13)
m= 0

ImoBipHicTe BincyTHocTi B ICIIIIP BpaznuBocTeil Moxke OyTH po3paxoBaHa 3a
dopmynoro (12), KO 3aMICTh CepeAHbOI KUTBKOCTI BPa3JIMBOCTEN Y KOHKPETHOMY
nporpaMHoOMy 3abe3reueHHi (9) y Hel MiICTaBUTH CEPEAHIO KUIBKICTh BPa3IMBOCTEH B
ICIIIIP (13).

VY HalimpocTimoMy BHUIIAJKY, KOJU AecTaOuTi3yroul (pakTopu BIUIMBAIOTH Ha BCI
BUJIM MPOTpaMHOTO 3abe3nedeHHs1, BcranoiaeHoro B ICIIIIP, 1 Bpa3nuBocTi KOKHOTO
IPOrpaMHOro 3a0e3MeueHHsT MOXYTb OyTH BHKOPHCTaHI O€3MOCEpeAHbO IS
HeratuBHoro BIUMBY Ha I[CIIIIP. IloTenmiitHa MMOBIPHICTH TOTO, IO HAJIHHICTH
ICIIITP B MOMEHT yacy ¢ He MOXe OyTH MOpYIIEHa JKEPENIOM JecTabili3yro4yoro
BIUTUBY, 30iraeThes 3 MoBIpHicTIO BiicyTHOCTI B ICIIIIP BpaznuBocTeii:

P, (t)=FR(1). (14)

[{ss IMOBIpHICTH Ma€ MOTEHIIIWHUNA XapaKTep, OCKIUIbLKM 3a i PO3paxyHKy HeE
BPaXOBYIOThCSl XapAaKTEPUCTUKH eCTa0I3y0unX (PAKTOpIB, AKI MOKYTh HETATHUBHO
BrutuBaty Ha [CIIIIP, a po3risigaeTbes auile NOTEHLIMHA MOKITMBICTh TAKOTO BIUIMBY.

Takum ynHOM, WMOBIpHICTH HaaiitHOCTI gaHoi ICIIIIP ayist ;aHOrO MOMEHTY Hacy
11010 30BHINIHKOTO JECTA0UII3yI0YOTO BIUIMBY OyAe pO3paxOBYBaTUCS 3a TaKOIO
dhopmyIioro:

P (t)= B (0)+ B (1)(1- B (1)), (15)

K3 o . . . . o . ..
ne PO( ) AMOBIPHICTh BIJCYTHOCTI BpPa3JIMBOCTEH y MiJcHUCTEMI KiOep3aXucTy

113 o . . . . o .
ICIIIIP, a PO( ) _ WMOBIPHICTbH BIJICYTHOCTI BPa3jIMBOCTEN B IHIIOMY IIPOrPAMHOMY

3abe3neuenHi [CIIIIP.

MatematnyHa Moziesb KOH(MIIKTY IPYHTYETHCSI HA TTPEICTABICHHI MPOLECY 3MIHU
ctaniB ICIIIIP — mxepena nectabinizyr0doro BIUIMBY Yy BUTJISIAL JaHIora Mapkosa 3
KIHIIEBUM YHCJIOM CTaHIB, MEPEXOAN MK SKUMH 3A1HCHIOIOTHCS 33 €KCTIOHEHIIMHUM
(MyaccoHIBCHKMM) 3aKOHOM po3noaiuty. Bysnu nanmrora MapkoBa BiJIOBIJAIOThH
HaCTy[IHUM CTaHaM:
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So — y okepena nectabiii3ylouoro BIUIUBY BIACYTHS Oynab-ska iH(OpMalis mpo
ICIIIIP; S, — y mxepena nectaluIi3ylouoro BIUIMBY € iHdopmallisi Ipo MporpaMHe
3abe3neuenss [CIIIIP; S,, —y mkepena nectabinizyouoro BIUIMBY € 1HGOpMAIis PO
nporpamue 3a6e3nedenHs [CIIIIP ta mpo ogHy Bpa3auBICTh Y I[bOMY IPOTPaMHOMY

sabesneuenni; Sy, (m €1...M) —y mKepena necTabinizyr040ro BILMBY € iHQopMartis

npo nporpamue 3ade3neuenns [CIITIP, npo ogHy Bpas3iuBICTh Y IIbOMY IPOTPAMHOMY
3a0€3IeUeHHI, a TAaKOX PO MOPSATOK BUKOPUCTAHHS I1i€T BPA3JIUBOCTI.

IMOBipHOCTI 3HAXO/PKEHHS B 3a3HAYCHUX CTaHAaX IIO03HAYMMO BiIMOBITHO
pP.P,P,,.P,.P., P, P P

0>%1>% 212" 2m>* oMot 319 L 3oL 3pr
[Mepexin 13 cTany So 10 Si 3A1ICHIOETHCS 3 IHTEHCHUBHICTIO:

1

4 =7 (16)

ns3

ne T, — cepeaniil yac, mo MOTPIOHUHN Kepery AecTabisli3ylouoro BIUTUBY JUIS
3HAXO/KEeHHsI 1HpopMailii npo nporpamue 3ade3nedeHHs [CIITTP.
[lepexonu 31 cTany S; cTany Sy, (m el..M ) 3M1HCHIOIOTHCS 3 IHTEHCUBHOCTSMU

P(m)l P(m) . [ . . . cen . _
3 Ay, ne Pry’ — IMOBIPHICTH 3HAXOJKEHHS 1HQOpMAIIil PO BPa3IUBICTh B M -MYy

nporpamHomy 3abe3neuenHi [CIIIIP, ska nopiBHIOE:
(m)

N
(m) _ cp _KoHGh
Ply) = (17)
cp _Kough
I (S NC(:,) KoHg — CCpCI[HBOﬁpI/I(i)MeTI/Iqu CepeHHBOCTaTI/ICTI/ILIHOFO qyuciia

BPA3JIMBOCTEN, IO 3HAXOAATHCA B 71-My IIPOrPAMHOMY 3a0€3II€UeHH] Nc(; ) (¢) ICIIIIP

3a yac po3risay KOHQIIKTY;

N, onp — CEPEMHBOAPUPMETUYHE CEPEAHBOCTATUCTUIHOTO 3aralibHOI KUTbKOCTI

BPA3/IMBOCTEIA, 10 3HAXOMATBCS B porpamHoMy 3abe3nedenti ICIIIP N, () mig uac
pO3IIIsAly KOHQIIKTY.

[HTEeHCUBHICTD BUSBIIEHHS Bpa3auBOCTEH y mporpamHomy 3adesneuyeHHi [CIITTP
OTHCYETHCS HACTYITHUM YMHOM:

N
ﬂQ — cp _KOHQ , (18)

epas
Ac T(;pa:f
3HAXOMKEeHHs 1H(popMallii npo Bci BpaznuBocTi B ICIITIP.

3 ypaxyBanusam (17) 1 (18) IHTEHCHBHOCTI MEPEXO/iB 31 CTaHy S| B CTaHU Sy
(m el.. M) OyayTh piBHI:

— CepelHid yac, MOTpIOHUM JKepeny AecTabuli3yrodoro BIUIMBY IS
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N’
P[(]m) — cp _Koug , ( 1 9)

[lepexin 31 cTany Syu (mel...M ) y CTaH S3u (mel...M ) 3I1HACHIOETHECH 3

IHTEHCHUBHICTIO:

h=—, (20)

ne I, — cepenmHiii 9ac, MOTPIOHHWIA KEpeny MecTaliTi3ylounX BIUIMBIB IS
3HAXO/KEHHsI 1H(popMallii Mpo croci0 BUKOPUCTAHHS BPA3JIUBOCTI B MPOTPaAMHOMY
3abe3neuenHi [CIIIP ms 3aiticuenns BuBy Ha [CIIITP.

Jnst  po3paxyHKy CEpelHbOr0 Yacy, 3 MOMEHTY 3HaXO/KEHHS JHKEepeIoM

JecTabii3yr0unX BIUIMBIB Bpas3iuBocCTi 10 i1 ycyHeHHs ICIIIIP, 3ampononoBano, 1o
(m)

6Us6 _6pas

yac BUSIBJICHHS (IOSIBH) BPA3JIUBOCTI B m-My MPOTPAaMHOMY 3a0€3MEeUeHH1 €

BUITQ/IKOBOIO BEJIMYHHOIO.
[le npuilHATO 3 pIBHOKO MMOBIPHICTIO 3HAYEHHA 3 IHTEpBAJy BIJ PI3HULI
MOTOYHOTO yacy 7, 1 CEpeIHbOrO Yacy >KMTTS BPA3JIMBOCTI B m-My MPOTrPAMHOMY

nom

3a6e3mneuenni T\") JI0 TIOTOYHOTO Yacy 7,

ocum _epas nom *

BucnoBxku

1. [IpoBeneHO pO3pOOKY CYKYITHOCTI MaTeMaTUYHUX Mojeel (pyHKIIIOHYBaHHS.
OpuriHAIBHICTD JTOCIIKEHHS TOJISITAE Y:

KOMILJIEKCHIH OIHII CTaHy (QYHKIIIOHYBAaHHS IHTEJIEKTYaTbHUX CUCTEM MIATPUMKHU
MPUIHATTS PIIICHb 32 paXyHOK 0araTopiBHEBOTO OI[IHIOBAHHS;

MOJICNIIOBAaHHI ~ MOJIMBHUX  CTaHIB MOXJIMBUX CTaHIB  (yHKIIOHYBaHHS
IHTEJIEKTyIbHUX CUCTEM MIATPUMKHU TPUHHSTTS PIllICHb;

NPOBEICHHI  NEpPeHAJAIUTYBaHHS  KUIBKOCTI  BXIIHMX  [apaMeTpiB s
MOJICTIOBaHHS TIpoIlecy (PYHKIIIOHYBaHHS IHTEJICKTyaJIbHUX CHUCTEM MIITPUMKH
MPUAHATTS PINICHh 3a PaXyHOK BHUKOPUCTAHHS ITYYHUX HEHPOHHUX MEPEXK, IO
€BOJIIOL[IOHYIOTh, UMM JOCATa€ThCA MIABUILIEHHS OMNEPAaTUBHOCTI Ta JOCTOBIPHOCTI
OTPUMAHHUX PIIIEHb T OIL[IHOK;

HaJallITyBaHHI KUIBKOCTI BX1IHMX KaHaJIB JECTPYKTUBHOTO BIUIMBY JIJIS iX TOYHOI
OIIIHKH 3a PaXyHOK BUKOPHUCTAHHS T€OPii MAaCOBOTO OOCITYyTrOBYBaHHS;

3MEHIIIEHHI OOYHCIIOBAILHOT CKJIQJIHOCTI MOJICITIOBAHHS JECTaOUII3yI040ro
BIUTMBY HA I1HTEICKTyaJIbHI CHUCTEMHU MIATPUMKH TPHUHHATTSA PINIEHh 32 PaxyHOK
BHKOPHUCTAaHHS KMOBIPHICHOTO Ta CTATUCTUIHOTO II1IXO/IIB;

HAJAIITYBaHHI BXIJIHUX MapaMeTpiB MoJeNed 3a pPaxyHOK HaJlallTyBaHHS
napameTpiB (QPYHKIIT HAJIEKHOCTI MITyYHUX HEUPOHHUX MEPEXK, 10 €BOJIOIIOHYIOTh,
YUM JIOCSITAETHCS TMIJIBUIIEHHS TOYHOCTI MOJIEIOBaHHS CTaHy (YHKIIIOHYBaHHS
IHTEIEKTyaIbHUX CUCTEM MIATPUMKU NPUIHATTS PillICHb.
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2. [IpoBeneHo Mo ieroBaHHs poOOOTH 3alPOTIOHOBAHOI CYKYITHOCTI MAaTeMAaTUYHUX
Mozenel PyHKIIIOHYBaHHS 1HTEICKTYaJIbHUX CUCTEM MIATPUMKH MPUUHSITTS PIIICHb.
B xoai mMonentoBaHHsS BCTAHOBJIEHO, IO 3a0e3reuyeTbest B cepeaubomy a0 20 %
BUTpAIll Yy OINEPaTHBHOCTI Ta JOCTOBIPHOCTI MPOBEICHHS OOYHCIEHb, IpPHU
3a0e3MeueHH] CepeTHhOTO PiBHS BUKOPHUCTAHHS anapaTHUX PECypCiB.
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BiiicbkoBHif IHCTUTYT TeJIEKOMYHIKAIIX Ta iHdopmaTu3allii imeHi ['epoiB Kpyt

Boponoi Osexkcanap,
HayxkoBuii criiBpoOITHUK
BiiicbkOBHIi IHCTUTYT Te€JIEKOMYHIKal1i Ta iHpopmaTu3auii imeHi I'epoiB Kpyt

Yypinosa Ipuna,
HayxkoBuii criiBpoOITHUK
BiiicbkOBHIf IHCTUTYT TeJIEKOMYHIKal1i Ta iHpopmaTu3auii imeHi I'epoiB Kpyt

BoenHi KOH(IIKTH HHHI PO3rOpTAIOTHCS HE JUIIE Ha Toji 000, a U y
kibepripoctopi, ne iHdopmarliiiHi Ta KiOepaTaku CTaJld OJHHUM 13 KIIIOYOBHUX
IHCTPYMEHTIB  BIUIUBY Ha JIEpKaBy, CYCIUIBCTBO Ta OO0 €KTU KPUTHUYHOI
iHppacTpykTypu. IlocTiitHi kibepaTaku, mNOMMpPeHHS Ae3iHdopmalili, a Takox
MOETHAHHS PAKETHO-APOHOBUX 1 KIOGPHETHYHMX aTak Ha OO0 €KTH KPUTHUYHOI
1H(PaCTPYKTYpH 3yMOBIIOIOTH HEOOX1IHICTh MIJABUIIEHHS PiBHS ITU(POBOT CTIMNKOCTI
JIEpKaBH Ta cycnuibcTBa. OCOOIMBOrO 3HAYEHHS B IIMX yMOBaxX HaOyBae kibepririeHa
K 0a3oBa ckJiaioBa HUGPOBOI OE3MEKU Ta OJWH 13 BAKIMUBUX UMHHUKIB MPOTHALT
kiOep3arpo3aM. Y 3B’S3Ky 3 LIMM, OCOOJIMBOI aKTyalbHOCTI JJIsi YKpaiHu HaOyBae
JOCBIJ AepkaB-wieHiB €Bpomneiickkoro Coro3y (nani — €C) moao GopMmyBaHHS Ta
PO3BUTKY KYJbTYpHU KiOEpriri€Hu, 30KpeMa BU3HAYEHHS 11 OCHOBHUX 3acajl 1 3aXO0/IiB,
AKI MOXYTh OYTH aJanToBaHI JO YKpPaiHCBKMX peaniii B yMoBax IudpoBoi
TpaHc@opmarlii CycriabCTBa Ta IOBHOMACIITA0OHOT BIMHMU.

3aranom, KyJbTypa KiOEpririeHu € CyKymHICTIO c(hOpMOBaHMX 3HaHb, HABHUYOK,
MpaBuj Ta TMOBEIIHKOBUX TPAKTUK KOPHCTYBadiB, CHOPSIMOBAaHUX Ha Oe3medHe
BUKOPUCTAHHA [M(PPOBUX TEXHOJOTIA Ta PECypCiB, CBO€YACHE BUSBICHHS
MOTEHITINHUX Kibep3arpo3 1 3amobiraHHs ix peanizaiii. Bona xapakrepusye He muiie
pIBEHb 3HAHb Ta HABUYOK KOPHCTYBAUiB, a HacaMIiepes] iX MPakTUYHE 3aCTOCYBaHHS y
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MOBCSIKJICHHIN AISUTBHOCTI Ta XKUTTI, 110 CIPUS€ 3MEHIICHHIO IMOBIPHOCTI peai3arii
Kibep3arpo3 uepes JIIAChKUI (hakTop Ta IMiABUIICHHIO piBHA KiOepcTiiikocTi [1].

VY nepxkaBax-unieHax €C kiOepririeHa po3IISIIA€TbCA AK CKJIaJ0Ba JEp>KaBHOI
NoMTUKA Yy cdepi KiOepOesneku, ToMy IO JIACHLKHI (aKkTop 3aIMIIAEThCS
OCHOBHOIO MIPUYMHOKO YCIIIIHUX KiOepaTak. KitouoBy posib y GopMyBaHHI MOTITUKH
ki0epririenu €C Bifirpae areHTCTBO €BpONenchKOro coro3y 3 kidepoesneku — ENISA
(European Union Agency for Cybersecurity), 3acaoBane B 2004 porii [2, 3]. ATeHTCTBO
KOOPJIMHYE MisUTBHICTh JIepKaB-WICHIB, pO3po0ise pekoMeHmaamii 3 KidbepOesmekw,
MPOBOAMTH 1H(OpPMAaILIiKHI KaMIaH1i Ta crpusie 00MiHy HaWKpaIIMMU TPAKTUKAMHU MIXK
aepxaBamu €C. OTHUM 13 BXXJIMBUX IHCTPYMEHTIB MABUIIECHHS PiBHS KiOEPriTri€HU €
mopiuHa Kammadist European Cybersecurity Month, sixa peanizyerbes ENISA crinbHO
3 €Bponeiicbko0 Komiciero (European Commission). Kammanis cripsMoBaHa Ha
MIJBUILIEHHA OO013HAaHOCTI TPOMAAsSH WIOA0 KIOEppU3UKIB, Hacammepen (ilmHry,
COLIIAJIBHOI 1HXEHEPIT Ta 3aXUCTY NMepCcOHANbHUX AaHuX. Y 2025 pori 0co0uBYy yBary
OyJi0 TpUIIIEHO NPOTUAIl (DINIMHTOBUM arakaMm, SIKI 3aJMIIAIOTBCS OJIHUM 13
HaWUTMOMIMPEHIIINX BEKTOPIB MPOHUKHEHHS /10 1HPOPMALIMHUX cUcTEM. Y OUIBIIOCTI
nep>ka €C mnuTaHHsA KiOEpririeHM I1HTErpPOBaHI B OCBITHI MpOrpamMu MK,
YHIBEPCUTETIB Ta CUCTeMU NpodeciiiHOi MIArOTOBKU. PerynsipHO TpOBOJATHCA
TPEHIHTH JJI JIEP>KaBHUX CITY>KOOBIIIB, MPAaIlIBHUKIB KPUTUIHOI 1HOPACTPYKTYpH Ta
MpUBaTHOTO cekTopy. OKpema yBara MpUAUIIE€ThCS JIFOSIM CTapIIoro BiKy, sSKi 4acTo
€ HAWOUIbII Ypa3jaMBOK KAaTErOpi€eld KOPUCTYBadiB HIOJO IIAXPANCBKHX CXEM Ta
¢immHroBux atak. Kpim roro, ENISA koopaunye criBnpaiiro Mixk aepxaamu €C iz
yac pearyBaHHs Ha MacIITaOHI KiOepaTaku, NPOBOAUTH KiOepHABYAHHS Ta MIITPUMYE
PO3BUTOK HalllOHAJIBHUX CTpaTerid kidepOe3neku. AreHTCTBO TAaKOXK BIANOBIIAE 3a
PO3pOOKY €BpOMEUCHKUX cxeM cepTudikallii kibepOe3neku, o CIpUsE MiABUIIEHHIO
JOBIpH 10 HU(PPOBUX MPOTYKTIB 1 MOCHYT.

BaxxnuBuM etanoM po3BUTKY KibepOesneku Ta 30kpema kidepririenu B €C, crano
npuitHaTTs JupexktuBu €Bponeiicbkoro [apmamenty 1 Pagu (€C) 2022/2555 Bin 14
rpyass 2022 poky mpo 3axX0/u Jisi BACOKOTO CIIJILHOTO PiBHA KiOepOe3neku Ha BCid
tepuropii Corosy (Directive (EU) 2022/2555 on measures for a high common level of
cybersecurity across the Union), Takox BimoMa sik Network and Information Security
Directive 2 (nami — JlupextuBa NIS2) [4]. HupextuBa NIS2 — 11¢ OHOBJICHUMU
3akoHonaBunii akt €C, skuil HaOyB uymHHOCTI 3 ciuHsg 2023 poky (3amiHmiIa
nonepentto Jupextury NIS 2016 poky), cipsiMoBaHa Ha MOCUJIEHHS KiOepOe3neku 3a
paxyHOK po3IIMpeHHs cdepu 3acTOCyBaHHs, YHiQikaiii BUMOr Oe3neKku Ta
MIJIBUIIICHHS BiANOBinabHOCTI. OcHOBHA MeTa NIS2 — 3a0e3neunT BUCOKUHN piBEHb
Oesneku MepexkeBux Ta 1HGopmariiHux cucteM y €C, TakoX 3HaYHa YyBara
NPUALIIETBCS TI0JCbKOMY (dakTopy [4, 5]. Oaniero 3 kitoyoBuX ocodauBocTeit NIS2 €
3aKpiIUIeHHS KIOEPririeHu sik 000B’SI3KOBOTO €JIEMEHTa CUCTEMHU Ki0epOe3neku. 3rigHo
3i crarrero 21 (Art. 21 Cybersecurity risk-management measures) opranizarlii IOBUHHI
BIIPOBA/PKYBATH TEXHIYHI, OpTaHi3alliifHi Ta OMEpaIiiHl 3aX0AHu JJIA YIPaBIiHHS
kibeppusukamu. Cepen 000B’S3KOBHUX 3aXOJiB BHU3HAYEHO 0a30Bl MPAKTHKU
kibepririecin Ta HaB4YaHHS 3 KiOepOesneku (basic cyber hygiene practices and
cybersecurity training).

52



CYBERSECURITY AND INFORMATION PROTECTION
INNOVATIVE VECTOR OF SCIENCE DEVELOPMENT: FROM IDEA TO
IMPLEMENTATION

Jst Vipainn gocBig €C y cdepi kibepririeHu (30kpemMa, IMITIEMEHTAIlIS
Hupextusu NIS2) € AOUUTEHUM Ta 3HAYHUM KPOKOM JUIsl iHTErpalii y iuppoBUil puHOK
€C 1a Mae 0co0JIMBE 3HAUYCHHS B KOHTEKCTI €BPOIHTETPAIIMHUX MPOIIECIB HA HUISAXY
no Bcrynmy B €C. Jlo toro », YkpaiHa B3suila Ha cebe 3000B’s3aHHSI MPUBECTU
HaI[lOHAJIbHE 3aKOHOABCTBO Y BIAMOBIAHICTD 110 upextuBu NIS2 B paMkax mporpamu
Ukraine Facility (dbinancoBa pomomora Ykpaini Big €C Ha 2024-2027 poxku s
BIJTHOBJICHHS Ta pehopmyBaHHs) [S]. Ykpaina Bxke 3/11iCHIOE MOCTIOBHI KPOKH 11100
dbopMyBaHHS Cy4dacHOi CHCTeMH KiOepririeHdh, 30KpeMa IUIIXOM 3alpOBaKEHHS
Pamku 1udpoBoi KOMHETEHTHOCTI TpomaasH [6]. BaximBuM KpOKOM CTajo
npuitHaTTa 3akoHy Ykpainu Ne 4336-1X [7] Ta moctanoBu Kabinery MinicTpiB
VYkpaiau Ne 1281 [8], skumMu cucTeMaTH30BaHO MIAX1 10 HABYAHHS 3 KIOSPTiTiEHU IS
JIEP’)KaBHOTO CEKTOPY Ta 3aKOHOJABYO 3aKpIIJIEHO OOOB’SI3KOBI IHCTPYKTaX1 1
CUCTEMATUYHI1 TPEHIHTH 3 KIOEpTiri€eHW Ta PO3pOOJICHHS BIANOBIAHUX METOIUYHHMX
pekoMmenaanii [9]. 3a3HadeH1 3aX0/1u 3arajoM BIANOBIIAIOTH miaxogam €C, 30kpema
nosioxkeHHsIM NIS2, onHak MOTPeOyIOTh MOAAIBIIOTO PO3BUTKY Ta MPAKTUYHOIO
BJIOCKOHAJICHHS.

[lepcnextuBHUM i1 YKpaiHM € Tiepexii BiJ MepeBakHO 1HOpMaIliitHO-
HaBYAJIBHOTO MIAXOJY JI0 CHCTEMHOI MOJCI KiOepririeHu, Imo mepeadadyaTuMe
pEryJsipHY OIIHKY IOBEIIHKOBUX PU3HUKIB, MPaKTU4YHI CHUMYJLIi Kibep3arpos,
aJlanTallil0 HaBYaHHS M0 IIIJILOBMX TPYyN Ta IHTETpallil0 BUMOT KiOepririeHu s
M1JIBUIICHHS KiOepcTiiikocTi aepkaBu. Bognovac nocsia iHCTUTYIIH €C 1eMOHCTPYE,
0 e(EeKTUBHICTh KIOEPTiri€HM BU3HAYAETHCS HE JIMINE pPiBHEM OOI3HAHOCTI Ta
MIATOTOBKM KOPUCTYBAUiB, & I TEXHOJOTIYHUM CEPEIOBULIEM, Y AKOMY I[l 3HAHHS Ta
HAaBHYKH 3aCTOCOBYIOTHCS HA MPAKTUI. BIACYTHICTh Y3rOI)KEHUX TEXHIYHHUX PIIICHb,
PI3HI MIIXOIU 10 3aXUCTY Ta HEAOCTATHA KIOEPCYMICHICTh MK yCTaHOBAMH MOXYTb
YCKJIQAHIOBaTH Oe3neyHy HM(pOBY B3a€EMOJII0 Ta OOMIH YyTJIMBOK 1H(OPMALIEO
[10]. Y uboMy KOHTEKCTI AJisi YKpaiHU BaXJIMBUM HAIPSIMOM PO3BUTKY KiOEPriri€HH €
MO€HAHHS HaBYaJIbHOT, OpraHi3alliifHoOl Ta TEXHOJOT14HOI cKi1agoBux. [le mepenbayae
He Jnuiie (GopMyBaHHS HEOOXIHUX 3HAHb, YMIHb 1 HaBUYOK KOPUCTYBadiB, a W
CTBOPEHHSI BIJIMOBITHOTO IIU(POBOTO CEPEIOBUINA HA OCHOBI YHI(DIKOBAHUX ITiJIXO/IIB
70 3aXHCTy, 3a0e3medeHHs] KiOepCyMiCHOCTI 1H(pOpMaliMHUX cUCTeM 1 Oe3MedHOi
B32€EMO/II1 MK PI3HUMH POOOYUMU CEPETOBUIIIAMHU.

TakuM 4YHUHOM, €BPONEHCHKUN JOCBIJ MIJAKPECIIOE JOIIBHICTh PO3TIISIATH
KiOepririeHy ik KOMIUIEKCHY CUCTEMY, Y sIK1i MMOBEIHKa KOPUCTyBaya, OpraHi3aliiti
MEXaHI3MH Ta TEXHOJIOT14HI PIICHHS B3a€MOJIiIOTh MK c000r0. Came Takui Mmiaxif
CTBOPIOE TIEPEYMOBH ISl IEPEXOAY BiA (OPMATILHOTO 1HPOPMYBaHHS KOPUCTYBayiB
710 MIABUIIEHHSI 3arajlbHOTO PiBHS KiOEPCTIMKOCTI JepKaBHU.
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JAEHTAJIBHA IMIIVIAHTALIA B ITIOXUJIOMY BIII:
BIOJIOT'TYHI ®AKTOPHU PUSUKY

ba6ena I'.O.,

KaHJIMJAT MEANYHUX HAYK, CTApIIUN HAyKOBUHM CIIBPOOITHHK,
3aCTYIHUK IUPEKTOPA 3 HAYKOBOi poOOTH,

JHepxaBHa yctaHoBa «[HCTUTYT cTOMATOIOTI{

Ta MIeJIeMHO-JIMIEBO1 Xipyprii HamionansHO1

akajeMii MeIMYHUX HAyK YKpaiHu,

ITaceunuk O.B.,

KaHIUJaT MEJMYHUX HAYK, JOLICHT,

JIOLIEHT Kadepu X1pypridHoi CTOMATOJIOT I,
Onechkuii HalllOHATFHUN MEIUYHUMN YHIBEPCUTET

ITaceunuk A.M.,

KaHAUAAT MEAUYHUX HAYK, JOLIEHT,

JOLIEHT Kadepu XIpypriyHOi CTOMATOJIOT],
Onechkuii HalllOHATFHUN MEIUYHUMN YHIBEPCUTET

CrapiHHS HaceJeHHS € OJHIEI 3 MPOBIAHHUX AeMorpapiyHux TeHaeHuid XXI
CTOJIITTA. 3OUIbIICHHS TPUBAJIOCTI KUTTS Ta YAaCTKM OCIO CTaplIMX BIKOBHUX TPYII
3aKOHOMIPHO CYTIPOBODKYETHCS 3pOCTAHHIM MOIITUPEHOCT] XPOHIYHOI COMaTUYHOI Ta
ctomarojoriyHoi mnarojorii [1]. He3Baxkarouum Ha pO3BUTOK MNPOPIIAKTUUHOI
CTOMATOJIOT1i, YaCTKOBA i MOBHA BTpaTa 3y0iB 3AJIMIIAETHCS aKTyalIbHOK MPOOIEMOIO
repOHTOCTOMATOJIOrIT. BOHA HEraTMBHO BIUIMBAE HE JIMLIE HA )KyBalbHY (DYHKIIIO, a i
Ha XapuyBaHHS, MOBJICHHS, €CTETUKY, ICHXOEMOI[IHHUM CTaH 1 IKICTh )KUTTSI TIAIII€EHTIB
MTOXHJIOTO BIKY [2].

JlenTanpHa IMIIAHTAIlsE CHOTOJHI € OJIHUM 13 HaWOUThIl e(QeKTUBHUX 1
MPOTHO30BAaHUX METOJMIB BIMHOBIEHHS 3yOHMX psiB. [loKa3HUKH JOBrOTPHUBAIOTO
(YHKIIIOHYBaHHA CYYacHUX JCHTAJIbHUX IMIUIAHTATIB y OUIBIIOCTI JTOCIHIIKEHb
nepeBUIyIOTh 90-95 %, a moxXmimii BiKk caMm 1o co01 OiIbIe HE PO3TIIAIAEThCS K
aOCOJIFOTHE TPOTHUIIOKA3aHHS [0 IMIUIAHTOJOTIYHOrO JikyBaHHs [3]. BoaHouac
pe3yabTaTH TaKOTO JIIKYBaHHS B OCI0 CTapIIMX BIKOBUX IPYII 3aJI€XKaTh HE CTUIBKH BiJ
MacIMOPTHOTO BIKY, CKIJIBKH B1JI KOMILJIEKCY O10JIOTIYHMX, CUCTEMHHUX 1 JIOKAJIbHUX
(bakTopiB, 3JaTHUX BIUIMBATH HA MPOLECU OCTEOIHTErpallli Ta CTaH NEPUIMIUIAHTHUX
TKaHuH [4].

[IpoBenenuii aHami3 CydacHOi HAYKOBOi JITEpAaTypu CBIAYUTH, 11O OJHUM 13
KJIFOUOBHUX MATOTCHETUYHUX YMHHHKIB € O10JIOTIYHE CTapiHHS KICTKOBOI TKAaHWHU. 3
BIKOM TOPYIIYETHCS pPIBHOBara MK IMPOIIECAMH KICTKOYTBOPEHHSI Ta pe30pOiii,
3HUXKY€ETbCA KUIBKICTh 1 (DYHKIIIOHATbHA aKTUBHICTh OCTEO0JIACTIB, HAKOMUYIYIOThCS
CEHECIICHTHI KJIITHHH, 3MIHIOETHCS aAKTHUBHICTH OCTEOKJIACTIB 1 CIOBUIHLHIOIOTHCS
npoiiecu perenepariii. Haciiakom € 3HIKEHHS penapaTuBHOTO MOTEHINATY KICTKU Ta
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il 37aTHOCTI MBUAKO (POPMYyBaTH MOBHOIIHHUN KOHTAKT 13 MOBEPXHEIO IMIUIAHTATa
[5].

BaxxnuBoio CK1aIoBOI0 BIKOBUX 3MIH € TaKOXK TMOTIPIICHHS BacKyJspu3alli Ta
MIKpOLMPKYJIsii. EHmoTemianpHa aucyHKINsS, XapakTepHa JUIs  CTapiHHS,
PU3BOJAUTH JI0 3HMKEHHSI KPOBOIIOCTAYaHHS TKAHWH, MOTIPIIEHHS JOCTaBKU KUCHIO,
MO>KMBHUX PEYOBHUH 1 KIIITHH-TIONIEPEIHUKIB 10 AUITHKH IMITJIaHTaIlli. Y TO€IHaHHI 31
3MEHIIEHHSIM aHTIOT€HHOI0 MOTEHIIANy II€ MOXE CIOBUIBHIOBATH paHHI eTanu
penapaiiii Ta opMyBaHHsS HOBOI KICTKOBOI TKAHHMHM HABKOJIO IMILIaHTaTa [6].

CyTTeBe 3Ha4YeHHs B NATOreHE31 BIKOBUX MOPYIIEHb OCTEOIHTErpallii MaroTh
OKCHJIaTUBHUN cTpec [7] Ta XpOHIYHE HHU3bKOPIBHEBE CHCTEMHE 3alajeHHS —
inflammaging [8]. Hakonuuenusi akTUBHUX (OpM KHCHIO, AucOamaHCc Mpo- Ta
AHTUOKCUJAHTHUX CHUCTEM 1 TMEPCUCTEHLIs Mpo3anajlbHUX MEAIaTOpiB 3/aTHI
HEraTUBHO BIUIMBATH Ha ()YHKLIIO OCTE00JIACTIB, MOCUIIIOBATH OCTEOKIACTOTEHE3 Ta
MIATPUMYBATH pe30pOTUBHI mporecd. OpHoyacHO BiKOBa mepeldyaoBa IMYHHOI
CUCTEMH — IMMUNOSeNnescence — CympoBOIKYETHCS 3MIHAMU KIITHHHOI 1 T'yMOPajIbHO1
BIANOBIAL [9], 10 MOKe MOPYILIYyBaTH KOHTPOJIb JIOKAIBHOIO 3allajeHHs Ta COPUATU
XpOHI13aIlil 3arnajbHUX MPOIECIB Y MEPUIMIUIAHTHUX TKAHUHAX.

Oxkpemy rpyny (pakTopiB pu3HMKy CTAaHOBUTH KOMOPOIHA MATOJIOTIs. Y TaIll€EHTIB
MOXWJIOTO BIKY 3HAYHO YACTIINIE AIarHOCTYIOTh IIYKpOBUU iabeT, aTepoCKIepos,
CEpLIEBO-CYJMHHI 3aXBOPIOBAHHS, OCTEONEHII0 Ta ocTeonopo3. Lli cTaHu MOXyTh
BIUIMBATH HA MIKPOLUPKYJIALII0, KICTKOBUI MeTa00i13M, IMyHO3aMaJIbHI peakuli Ta
IIBUJIKICTh pereHepailii TkaHuH. [{ogaTkoBUM YMHHUKOM € modidapmarnisa. Tpusane
3aCTOCYBaHHS IperapariB, 110 BIUIMBAIOTh HAa KICTKOBUM OOMIH, remMocTa3, IMyHHY
BIIMOBIb 200 PYHKIIIIO CIMHHUX 3aJ103, TOTPeOy€e 000B'SI3KOBOTO BpaxXyBaHHS 1] yac
MJIAHYBAaHHS IMIUIAHTOJIOTIYHOTO JiiKyBaHHs [10].

BaxxnuBuM JIOKabHUM (PAKTOPOM PU3HKY B OCIO MOXMIJIOrO BIKY € TIHO(PYHKIISA
CIIMHHUX 3aJI03 Ta KCEpOCTOMisl. 3MEHILIECHHS CIMHOBUIUICHHS 1 3MIHM (PI13UKO-
XIMIYHUX Ta 3aXMCHUX BJIIACTMBOCTEW CIMHHU CHPUSIOTH MOPYIICHHIO €KOJIOTTYHOI
piIBHOBaru Mikpo06ioMy MOPOKHUHM POTa, 3HWKEHHIO MPUPOIHOTO CAMOOYHUIICHHS,
HaKOIMUYEHHIO OaKTepiaJIbHO1T O10TUTIBKH Ta MIATPUMAHHIO 3aMajbHOT peakilii. 3a TakKux
YMOB 3pOCTa€ PU3UK PO3BUTKY NEPUIMITIAHTHOIO MYKO3UTY Ta MOTr0 MpPOrpecyBaHHs
710 IEPHIMITJIAHTUTY 3 PE30pOIli€r0 MapriHaIbHOT KICTKOBOI TKaHuuu [11, 12].

TakuM YUHOM, TOXMIJIMH BIK HE € CAMOCTIMHUM MPOTUIIOKA3aHHAM JI0 JCHTAJIbHO1
IMILTAHTAIlli, OJHAK KOMIUIEKC aCOLIMOBAaHUX 31 CTapiHHSAM 3MIH — TMOPYIICHHS
pEMOJIENIIOBaHHSl  KICTKOBOI ~TKAaHWHHU, OKCHUIATUBHUU cTpec, inflammaging,
immunosenescence, KOMOpO1IHICTb, MoJiidapmaltisi Ta rirmocajiBaiisi — OOTrPyHTOBY€E
HEOOXIJTHICTh MEPCOHI(IKOBAHOI OIIHKK (AKTOPIB PHU3UKY [JIsi MPOTHO3YyBaHHS
oCcTeoiHTerpailii, NpopUIaKTUKN TEPUIMIUIAHTHUX 3aXBOPIOBaHb 1 MiABUIIECHHS
JIOBIOCTPOKOBOI €(heKTUBHOCTI IMIIJIAHTOJIOT1YHOTO JIIKYyBaHHS.
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BIIJIUB I''TIOBAJIIBAIIMHUX EKOHOMIYHUX KPU3
JOI'CTUYHO-IHOPACTPYKTYPHOI CUCTEMU B
YMOBAX BE3IIEKOBHUX BUKJ/IUKIB

Hapywnn Ouiekcanap BoaogumupoBu4

KaHAUIAT €eKOHOMIYHHUX HAyK, TOKTOPAHT,

IHCTUTYTY €KOHOMIKH, YIIPaBIIiHHA Ta O13HECY

OpecbKoro HalllOHAJIBHOTO TEXHOJOTIYHOTO YHIBEPCUTETY, YKpaiHa

Ha temep 3a wotrpe poku MOBHOMACIIITA0OHOT BIHH JIOTICTUYHA CUCTEMA HE TUTHKU
BUCTOsIa, ajie i 30eperia MOJIOBUHY CBOIX JOBOEHHHUX IOTYXKHOCTEH B YKpaiHi.
lNany3p ycmimHo nepeopieHTyBanacsi Ha HOB1 Tpadiku, aganTyBajgacs J0 MIHJIUBUX
€KOHOMIYHMX yMOB. OHak, 2026 pik CTaBUTh HEpPe]] Iaily33t0 BUKIMKH, TOPIBHSAHHI 13
2022 pokoMm. B manmii yac y MiXkHapOJHIA Ta BITYM3HSAHIMA MPAKTULl BCE OUIbILIE
BUKOPUCTOBYIOTH JIOTICTUYHI MIAXOAM MPHU OpraHizailii, MiaHyBaHHI Ta YNpPaBIiHHI
poOOTOI0 TPAHCIOPTHUX MIANPUEMCTB. PyiHYBaHHS MOCTIB, TATOBUX IiJICTAHIIIMN,
cknaniB Ta A3C gk y npudpoHTOBHX, TaK 1 B TWJIOBHX PErioHax YKpaiHU MOCTIIHO
3MIHIOIOTh YMOBH pOOOTH TepeBi3HMKIB. Hacmigku sl JOTICTUKM BIAYYTHI -
MapIIpyTH IOJOBXKYIOThCS dYepe3 HEOOXITHICTh 00'i371B, 3pOCTal0Th BUTpATH Ha
najbHe, MABUIIYIOTHCS CTPAXOB1 MPEMii, a 1HO/I1 CTPAXOBHUKH B3araji BIIMOBIISIOTHCS
MMOKPUBATU PU3MKH HA MEBHUX JUISHKAX [1].

VY 3B’s3Ky 13 IMM BUHUKAE MOTpeda y METO0JIOTTi €EKOHOMIYHOTO 3a0e3MeYeHHs
JOTICTUYHUX  ONepailiii, MpoleciB, CUCTEM YINpPaBIiHHA Oe3NeKu 00 €KTIB
TPAHCTIOPTHOT 1HPPACTPYKTYpU. 3a OI[IHKAMH, CEpPEIHS BapTICTb BaHTAXXHUX
nepeBe3eHb 1Mo YkpaiHi 3pocia Ha 40-60% mopiBHSHO 3 JOBOEHHUM mepioioM. Koxen
3pyHHOBaHUM MICT — 1I€ HE JIMILIE BTpaTa /sl iHQpacTpyKTypH, a il T0AATKOBI BUTPATH
Ha KOXKHY TOHHY NE€peBE3eHOro BaHTaxy. Lla mpoOiema, WMOBIpHO, € HalMEHII
YCBIJIOMJICHOIO Y Tally31 TPAHCIIOPTY Ta 1HPPACTPYKTypH [2].

BinOyBaeThcs cuctemaTu3aiiis Ta GopmyBaHHs HUX (YHKIIOHATHHUX MPOIECIB 3
BUKOPUCTAHHSAM I1HTEJICKTyaJIbHUX 1HQOpMaIliiHux TexHosori. Ilepm 3a Bce
HeoOXiJTHO PO3pOOMTH CTpaTeriyHMil MaH Ta MporpaMM peanizamii. Ix pearnisanis
3a0e3MeunTh 3HAYHI MepeBard Ta HAWBUINY €(PEKTUBHICTH JOTICTUYHOI CHUCTEMH Y
BUPIIIEHH] TPAHCIOPTHUX MOTPed Oyab-skoro cy6’ekra yorictTuaHux mocayr. Lle €
Ty’)K€ BaXJIMBUM, OCKUIBKH 4YacTO 1HGPACTPYKTypHE OOJagHaHHS y JIOTICTHUIN
BUKOPUCTOBYETHCS HANUIPOCTIIIUM CIOCOOOM, Hampukian 30ip iHdopmarii 6e3 ii
HaJIeX)KHOT 0OpoOKM Ta BUKOpUCTaHHSA. HOBI cHCTeMH HENOCTaTHHO IHTETPOBaHI B
paHIIIHI TPAHCIOPTHO-JIOTICTUYHI cucTteMu. OxapakTepu3oBaHO (PYHKIIOHAIbHI
CKJIQJIOB1 Ta 00’ €KTU TPAHCTIOPTHO-JIOTICTUYHUX CUCTEM [3].

ToMmy OZHHMM 13 BOXJIWBHUX HAIpaBJICHb JJII €KOHOMIYHOTO PO3BUTKY KpaiHU B
HUJIOMY € CHiAyBaHHA TEHJCHIISM 1HTEJIEKTyali3amli TPaHCIOPTHO-JIOTICTUYHOT
CUCTEMH MICT, TI1J] IKOIO PO3YMI€ThCS Oe3MepepBHUI MPOIIeC OTpUMaHHs iHpopMartii,
il 301IBIIICHHSI, IEPETBOPEHHS Ta 0O0POOKa /7151 3HAXOXKEHHSI ONITUMAJIEHOTO PIIICHHS
B YIPaBIIHHI TPAHCIIOPTHO-JIOTICTUYHUMU cucTeMamu [4].
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[Tapkx BaHTa)XKHUX aBTOMOOLIIB YKPAaiHCHKUX MEPEBI3ZHUKIB 3a3HAE MPUCKOPEHOTO
3HOCY 4epe3 IHTEHCHBHY €KCIUTyaTalilo, 4YacTo 0€3 HaJIeKHOI0 TEXHIYHOIro
0o0CITyroByBaHHs Ta Ha JOPOrax 3 MOIIKOJKEHUM MOKPUTTAM. YacTHa aBTOMapKy
OyJia TIOBHICTIO 3HHUILCHA ITiJT Yac OOMOBUX i a0o 3ajauimiacs Ha OKYIOBaHUX
Teputopisix. Bce Ouabpllie BUKOPHUCTOBYIOTH JIOTICTHUYHI MIJAXOAW IIPU OpraHizaiiii,
IJIaHyBaHHI Ta YMOPaBIiHHI POOOTOI TPAHCHOPTHHUX MIANPUEMCTB TEPMIHAIIB B
noprax, xaoiB [5].

3a3HaueHa MOJIENb IPYHTY€EThCSA Ha CYYaCHOMY €MITIPUYHO-TEOPETUIHOMY Oa3uci
PO3BUTKY MICBKHUX TPAHCTIOPTHO-JIOTICTHYHUX CUCTEM, SIK1 3HAXOIATHCS i/ BIUTUBOM
mpolieciB riobanizalii, couianmizamii Ipu ynpaBiIiHHI TPAaHCIOPTHUMH 3aco0amMH Ta
JIOTICTUYHHUMU MEpeXaMu y peaabHoMy 4aci. Jlana cTpaterist moBuHHA 0a3yBaTuCs Ha
JIBOX OCHOBHMX HaIlpsMKax: 3a0€3MeueHH] CTa0UIbHOI POOOTH M1 Yac KOHQIIKTY Ta
BUKOHaHH1 3000B'A3aHb 3 €BPOIHTErpallii, 1[0 CTAHE IHBECTHULIIEI0 B MAaOyTHE Trary3i
[6].

TakuM YMHOM, CHCTEMATU3YIOUYH MPOBEJEH] TOCIIPKEHHS JOLUIBHO MO0y yBaTu
MPUKIIAAY MOJENb PO3BUTKY MICBKHX TPAaHCIOPTHO-JIOTICTUYHUX CHCTEM B yMOBax
aganTUBHOCTI. IMIIOPT HOBUX TPAHCIOPTHHUX 3aCO0IB Ta 3aMYacTUH YCKJIATHEHUN
yepe3 KOJIMBAHHS KypCy BaJIOT, JIOTICTHYHI OOMEXEHHS, a 1HO/1 M uepe3 CaHKIIHHI
0oOMEXKEeHHS Ha KOMIUIEKTYIOUl BiJ neBHUX BUpoOHUKIB [8]. [IpoTre Ha maHuii yac B
YIPAaBJIiHHI TPAHCIIOPTHOIO CUCTEMOIO, Y JISTTBHOCTI SIKOT MPOSIBIISIOTHCS JIOTICTHYHI
npouecu. CHHEpreTHYHU ePeKT BiJl MIMPOKOi y4acTl y JIOTICTHYHIA CHCTEMI BCIX
3a[IISTHUX aKTOpIB, CBOE€YACHE pearyBaHHsA Ha 3MIHY JOPOKHBOI CHUTyallli, B3aEMHY
y4acTb rpOMaJisiH Ta aamiHicTpauii rpomaa [7]. EQekTuBHICTD JOTICTUYHUX Moeneil
PO3BUTKY TPAHCIOPTHO-JIOTICTUYHOT IHYPACTPYKTYPH PI3HUX KpaiH MIATBEPIKY€ETHCS
X MTO3UIIISIMHU:

1) ebexTuBHICTh mpouecy o¢opMieHHs (TOOTO MIBHIKICTh, MNPOCTOTAa Ta
nepeadavyBaHICTh (OPMAIBHOCTEN) OpraHaMH MPUKOPAOHHOTO KOHTPOJIO, Y TOMY
YHCJI1 MUTHHMU;

2) AKICTh TOPTOBEIBHOI Ta TPAHCHOPTHOI 1HOPACTPYKTYpH (HAMpUKIAI, TOPTH,
3aJII3HUIN, T10POTH, iHGOpPMAIIiiTHI TEXHOIOT1);

3) mpocToTa opraHizaiii TOCTaBKH 3a KOHKYPEHTHUMH IliHaMH [9];

4) KOMIETEHTHICTh Ta SKICTh JIOTICTUYHUX TOCTYT (HAMPUKIAJ, TPAHCIOPTHI
orepaTopu, MUTHI OpOKepH);

5) MOXKJIUBICTh BIZICTEXKYBAaTH BaHTaXI;

6) CBOE€YACHICTh  BIANPABIEHHS BaHTaXIB [0 MYyHKTy [PU3HAYEHHA B
3arjiaHOBaHUN a00 O4iKyBaHUW TEPMiH JOCTABKHU.

B mpormeci mochigkeHHS BCTaHOBJIEHO, IO OCOOJMBOCTI  TPaHCIOPTHO-
JOTICTUYHUX CHCTEM 3aJieKaTh BiJ CTpaTerii pO3BUTKY aIMIHICTPaTUBHO-
TEPUTOPIAILHUX OJMHUIIb Ta JIpaiBepa 3pocTaHHs AaHoi cucteMu. ChOTOHI MOXHA
BB&)KATH MMOYABCS HOBUM eTam po3BUTKY JoricTuku [10]. lanuit etan nposiBIseThCs
coIliami3aIli€lo Ta I1HTENEeKTYyall3ali€l0 JIOTICTUYHOI MiSUTbHOCTI, IO Tepeadadae
Oes3rnepepBHUIT MTPOIIEC OTPUMAHHS 3HaHb, 1X 301IBIICHHS, IEPETBOPEHHS Ta 00pOoOKa
JUTSI 3HaXOJKEHHS €(pEKTUBHOTO PIIICHHS B YIPABIIHHI CUCTEMOIO HA IAaHU MOMEHT
roguHu. TexHOJIOTii TemepiliHbOi JOTICTHYHOI CHCTEMH, SKa Ha JaHWH dac
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3HAaXOJIUTHCS B YMOBaX JIOKATbHOCTI, HEOJHOPIAHOCTI, 13 HU3bKUM PIBHEM TOpUTHOCTI
Ta yHopsAKOBaHOCTI B Ykpaini [11].

[TizcyMoBYyrOUH CITiJT 3a3HAYUTH, [0 PO3BUTOK Cy4aCHHX arjioMeparliii B ymMoBax
OC3MEeKOBUX BHUKIMKIB, a came: 30UIbIICHHS TPaHCIOPTHUX 3aco0iB Ha Joporax,
PO3BUTOK HOBHUX MapHIPYTIB 301IblIye 00csr iHdopMallii, HEOOX1THOT I aHai3y

(haxiBIIMH Ta MPUUHATTS ONMIEPATUBHUX JIOTICTUYHUX PIIIEHD 1 MPOEKTHUX MEXaH13MIB
[12].
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NAPPOBA TPAHC®OPMALISI HAOYHUX METO/1IB
HABYAHHA MATEMATHUKH B CTAPHIIN HIKOJII B
YMOBAX JUCTAHIIMHOI OCBITH

PukoBa Oubra CepriiBHa

Buutens marematuku Kpusopizbkoro inero Ne35 «Immysbey
KpuBopizpkoi MicbKoi paau

M. Kpuswii Pir, J[HinpornerpoBcbka 06acTs, YKkpaina

B yMoBax mHCTaHIITHOTO HAaBYAHHS MaTeMAaTHUKUA TPAJAMININHI CTaTHYHI 3aco0u
YHAOUHEHHS 3a3HaI0Th CyTTEBUX MeTamopdo3. Lludposa Tpanchopmariiss BuMarae Bij
YUYUTENSl CTBOPEHHSI IUTICHOTO MAaTEeMaTUYHOTO MYJbTUMEAINHOTO CEepeoBUILA, e
HAOYHICTh [IEPETBOPIOETHCS HA IHTEPAKTUBHUI IHCTPYMEHT JOCIIIKEHHS Ta JETYKIII.

° JAuHamizanissi  a0GCTpakTHHUX MaTeMaTHYHHUX  Mojeseil. 3aMicThb
CTaTUYHUX KpECJIEeHb Yy MIAPYYHHKY, BUBUEHHS cCTepeoMeTpii (Hamp., mepepizu
MHOTOI'PaHHHMKIB, T1JIa 00epTaHHs ) a00 MaTEMaTUYHOTO aHaJi3y (T€OMETPUUHUN 3MICT
MOX1/IHO1) OTpeOy€e BUKOPUCTAHHS JTUHAMIYHUX cucTeM Ha KimtanT GeoGebra abo
Desmos. [{e 103BosI€ yUHSIM OauUTH 00'€KTU B IMHAMILI Ta CAMOCTIHHO 3MIHIOBATH
napameTpu QyHKIii.[3]

o InTepakTuBHI MIaKkaTH $AK OMQPOBI ONOPHI KOHCHEKTH. 3aMICTh
MarnepoBux TaOJNULb 13 TPUTOHOMETPUYHUMHU (GOpMyJaMUd UM MPaBUIAMH
nudepeHIliloBaHHs ~ BUKOPUCTOBYIOThCs  pecypcu  Canva  a6o  Genially.
CrapiiokiacCHUKaM Ba)JIMBO MaTdh OaraTOpiBHEBY HAOYHICTh: KK Ha (opMyity
BIJIKpMBAE B1JI€0 3 il BUBEJACHHSIM a00 IHTEPAKTUBHUI MPUKIIA]T PO3B'I3aHHS.

o leiimi¢ikaniss Ta aBromMaTM3auisa TpeHaxkepiB. TpaauiiiiHl 301pHUKHU
3a/1a4y TpaHCc(POPMYIOThCA B IHTEPAKTUBHI MOyl Ha iaTtgpopmax LearningApps ado
Wordwall (manpuknan, 3aBIaHHs Ha BIAMNOBIAHICT MUK Tpadikom (yHKIIT Ta ii
aHaJITUYHUM BUpa3oM). [le 3a6e3neuye MUTTEBUI 3BOpOoTHUH 3B's130K (self-checking),
[0 KPUTUYHO JIJISl CAMOCTIIHOT poOOTH CTapIIOKIACHUKIB.[7]

° BipryajabHi D0mKH sl CHIJIBHOIO MATEMAaTH4YHOIO MOAEJIOBAHHS.
Bukopucranas cepBiciB Miro a6o Padlet no3Bojisie opranizyBaTH TpyIHoBe
PO3B'sI3yBaHHsI KOMIUIEKCHUX 3anad. KoxkHa rpyna Moxe Bi3yalli3yBaTH CBiil eTar
noBeeHHs a00 TpadiuHMil METO ] PO3B'sI3aHHS CUCTEMH PIBHSIHB, KOMIICHCYIOUYH Opak
coIaJbHOI B3aeMO/Iil.

CydacHa maTtemaThyHa OCBITa 0Oa3y€eTbCsl Ha 3aly4yeHHI Y4HsS 1O aKTHBHOIO
ornepyBaHHA MaTEMaTUYHUMH 00'€KTaMU yepe3 XMapHi cepBicH. BizyanbHuii psii TyT
000B'SI3KOBO TIIKPIUIIOETHCS aHATITUYHOIO Ji€t0.[ 1]

1. Annamiuni matematuuHi cepenoBuma (GeoGebra, Desmos)

llpuknao (Aneebpa, 10 knac): Tema «BaacTUBOCTI TPUTOHOMETPUUHUX (PYHKIIIH.
ITeperBopenns rpadikiBy. YdueHb y Desmos pyxae MmoB3yHKH MmapameTpiB a, b, ¢ y
piBHsiHHI y = asin(bx + ¢) 1 B peaJibHOMYy yaci 0auuTh, sIK rpadik CTUCKAETHCH,
PO3TATYETHCS YU 3MIILYETHCS.[6]
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Memoouuna nepegaca: AGCTpaKkTHI KOE(ILIEHTH CTAIOTh (HI3UUHO 3PO3YMUTHMH,
PO3BUBAETHCS (QYHKIIOHATBHE MUCIICHHS.

2. InTepakTUBHI J0MIKH AJs cnliibHOI podoTu (Miro, Conceptboard)

Ipuxnao (I'eomempisn, 11 knac): Tema «O0'emu Tin oOepTaHH». YUHI B Tpymnax
Ha CIUJIBHIN gomii Miro po3po0iastoTh 1HKEHEPHUN MTPOEKT (HAITPUKIIAJI, PO3PAXYHOK
MICTKOCTI pe3epByapa CKJIaJHOi (opMH), KOMOIHYIOUM HHWJIIHJAPH, KOHYCH Ta KYJIi,
J0/1at0uH Ty (GOTO peaabHUX 00'€KTIB Ta (opMyJIn.[2]

Memoouuna nepesaca: Bizyaiizallis 3B'SI3Ky MaTeMAaTHKU 3 PEATbHUM KHUTTSIM,
PO3BUTOK IMPOCTOPOBOT YSIBH Ta HABHYOK KOJIaOoparrii.

3. IlnaTdopmu AJs Bi3yajbHOr0 ekcnpec-KoOHTPoJII0 (Quizizz, Kahoot!)

Ilpuknao (Aneedpa, 10 knac): Tema «lloximua Ta ii 3actocyBaHHsS». Bunrtenn
3aIycKae TeCT, JIe Ha cllaifiax 300paxeHo rpadiku GyHKIIH, a yaHsIM noTpioHo 3a 30
CEKYH/I Bi3yaJbHO BU3HAYUTHU 3HAKH MOXI1JIHOI B 3aJ]JaHUX TOUKaX.[S]

Memoouuna nepesaca: HaouHICTb K 3aC10 MIBUAKOT 11ATHOCTUKHU «CIIIIHUX 30H» Y
PO3yMiHHI KOHIIEMTIB, a HE IPOCTO MEXaHIYHUX OOUYHUCIICHbD.

MetoanuHi pexomMeHaamii MO0 TOEAHAHHS CJOBECHHUX MOSICHIOBaHb Ta
€KPAHHOI HA0YHOCTI HA OHJIAMH-YPOLli MATEeMAaTHUKH

EdexkTuBHICTS HAOYHOCTI Yy CTapIIiil IIKOJI 3aJ€KUTh BiJ MiHIMI3alli edekTy
po3enJieHHst yBaru (split-attention effect), ockiabku MaTeMaTH4H1 00'€KTH MaIOTh
BHUCOKHI piBeHb abcTpakiiii.[4]

IIpobaema / dakTop MetoaunuHe pimieHnsi Ta [HCcTpymMeHTapii

[MpuHuun mMareMaTu4HOro MiHimaJsizmy: Craina
HE MOBUHEH MICTUTHU CYLIIILHOTO TEKCTY JIOBEJCHHS
teopemu. Jluimie Oa30Be KpecHeHHs Ta KIIOYOBI
JOT1YH1 Kpoku. ['ojoc yuuTens mae BUIEpEIKATU
HAOYHICTh Ha 2—3 CEKYHJH, FOTYIOUH KOTHITHBHE
OJIE I CIIPUMHSATTA.

Po3nopoumenus 30py
MixK ¢popmy.ioro,
KPeCJEeHHAM i yaToM

KepyBanusn (poxkycom: BukopucroByrite
rpadiuHMil TIAHIIET JJIS TOKPOKOBOTO MAaJTFOBaHHS

CruxiiiHe CHpPUAHATTA . .
MOBEPX €KpaHa B peajibHOMY 4aci. BukopucToByiite

CKJIATHUX . :
. . akieHtywoul ¢pasu:  «lloousimvcsi Ha MmMouxy
rpadikiB/kpeciieHb .

nepemuny...», «3apa3z s UOINI0 3eJleHUM KOIbOPOM

0OMUYHY...».

Edexr no3zoBanoi mosiBu (Appear): Dopmynu,
3aliranns YUHIiB | KpPOKH pPO3B'si3aHHS a00 €JIEeMEHTH T€OMETPUYHOTO
Hamnepe NMPU BUBEIEHHI || KPECICHHS MAarOTh 3'ABJIATHCS Ha €KpaHi CTPOTO B
bopmya TOH MOMEHT, KOJIM BUUTENh iX KOMEHTY€E a00 KOJu

YYH1 IPUXOJIATH 10 IbOTO BUCHOBKY.
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IIpobaema / dakTop Metoauune pimieHnsi Ta [HcTpymMeHTapii

IIpaBuwio matemaTn4uHoi naysu (7 cekynn): [licns
JEMOHCTpAIlii CKJIQAHOTO MaTEeMaTHYHOTO 00'€KTa
(manpuknan, TpuBuMmipHoro rpadika B GeoGebra)
BUWTEJIb MA€ BUTPUMATU TAy3y N0 7 CEKyHH s
MIEPBUHHOTO T€OMETPUYHOIO CKaHYBaHHS YYHSIMH,
NepIll Hi>K MOYUHATH aHATITUYHE TOSCHEHHS.

KorniTusHne
NepPeBAHTAKEHHSA Bij
HIBHAKOI 3MiHM CJIANiB

BepOauaizanis Ta  iHTepakTMBHMH  (indek:
[Tpuitom «O3Byu Trpadik» — y4eHb Ma€
NPOKOMEHTYBATH pPyX TOYKH 3a IpadikoM.
BukopucrtaHHs MBUAKUX peaklin: «Axkwo 6u
3200HI, WO 8 Yill MouYi NOXIOHA OOPIBHIOE HYIIO,
nocmasme "+" 6 uamy.

ITacuBHe cHorJasiiaHHA
eKpaHa («edpexT
KiHOTEeaTpy»)

CrpykrypyBanuss 4acy (IIpaBuiao 15/5): V
CTapILii MIKOJI 3aMiHa AISUIBHOCTI OTPIOHA KOXKHI1
Maninasg wonuentpaumii | 15 xBunuH. [Ticas 15 xBuIKH nekii 3 Bi3yali3ali€ro
yBaru (KorniTuBHUIl | Mae WTU mepexiy A0 AaKTUBHOI [ISUIBHOCTI —

TeMI) caMOCTIiiHE  nociipkeHHs B Desmos  a6o
1HAMBIIyalbHE PO3B'I3yBaHHS 33/1a4l y HallepOBOMY
30IINTI.

TexHiuna ririeLa: Bucoxnii KOHTpPacT
(yopHMil/TeMHO-CHHIM WpUPT Ha OlIoMy Tii).

JAu3aitn BukopucTaHHs 4ITKMX MaTeMaTUYHUX MPUPTIB O€3

MAaTeMaTHYHOI 0 3acidyok st Tekcty (Arial) Ta crangapTHOrO

KOHTEHTY MarematudHoro urisaay (opmyn (LaTeX-ctuib).

[ToBHa BIICYTHICTh IEKOPATUBHUX KAPTUHOK, 10 HE
HECyTh MATEMATUYHOTO 3MICTY.

Cnucok Jgireparypu

1. bukoB B. HO. InHOBaliliHI 1HCTpyMEHTH Ta IUGPOBI TEXHOJOTIi B Cy4yacHIH
MaTeMaTU4HIN OCBITi. [Hhopmayitini mexnonoeii i 3acoou nasuanns. 2022. T. 88, Neo
2.C. 1-15.

2. Mopze H. B., bapna O. B., Bem0ep B. II. ®opmyBaHHS JOCIITHULBKUX
KOMIICTEHTHOCTEH  CTapIIOKJIACHUKIB 3aco0amMu  JAWHAMIYHMX  MaTeMaTHIHUX
cepenoBuill. Hayxoeuti yaconuc HIIY imeni M. I1. /[pacomanosa. Kommn’totepHo-
opieHTOBaH1 cuctemu HaBuaHHs. 2021. Ne 34 (41). C. 25-38.

3. PakymeB A. B. Buxopucranns xmapuux ceppiciB Desmos ta GeoGebra sk
IHCTPYMEHTIB Bi3yasi3allii Ha ypokax ajreOpu Ta reoMeTpii B CTapIIuxX Kiacax.
Axmyanvui numanus cymanimapuux nayk. 2023. Bum. 60, 4. 3. C. 182—-189.
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BUKOPHCTAHHS IHTEPAKTUBHUX BI3yalbHUX MOJIEJCH Yy TIpolleci HaBUYaHHS
cTepeoMeTpii B yMOBax JAUCTAHIINHOI OCBITH. Dizuxo-mamemamuuna oceima. 2020.
Bum. 4 (26). C. 45-52.

5. Tpuyc 1O. B. Komm’toTepHO-Opi€HTOBaHI METOIWYHI CHCTEMHU HaBYAHHS
MaTeMAaTHKH:  TCOPETHKO-METOJOJIOTIUHUN  acmekT.  Bicnux  Yepkacvkozo
HayioHanbHoeo yuisepcumemy. Cepis: [legaroriuni Hayku. 2019. Ne 2. C. 112—-121.

6. Sweller, J., Ayres, P., & Kalyuga, S. (2011). Cognitive Load Theory
(Explorations in the Learning Sciences, Instructional Systems and Performance
Technologies). Springer. (oicepeno woodo koewimusHoeo memny ma eghekmy
poswennenns yeaeu / split-attention effect).

7. Mayer, R. E. (2020). Multimedia Learning (3rd ed.). Cambridge University
Press. (/cepeno wooo npunyunie mynvmumeoiunocmi, MiHIMARIZMY mMa MEXHIYHOL
2i2l€HU HAOYHOCMI HA eKPaHi).
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HIJIAXETCBKI APXIBU

Yepusk Cepriii I'ennagiiioBuy

KaHIUJIAT NeJaroriYHuX HayK, JTOIEHT,

CTapIIui HAyKOBHM CIIBpOOITHHUK

Bigainy iHpopmariii Ta BAKOPUCTaHHS TOKYMEHTIB,
JepxaBHuii apxiB M. KueBa

VY Mipy TOTrO SIK MUCbMO YKOPIHIOBAJIOCS B MOBCSKICHHOMY KUTTI IUIIXETCHKOTO
coIllyMy, BUHHMKaJa HarajibHa Mmotpeda 3a0e3neunTu 30epekeHHs HOro MaTepiaibHUX
HocCiiB. Ll mimkoM oueBuHa 0OOCTaBUHA 3yMOBHIIA TeHe3y apxXiBiB. BoHU BUHHMKAN SIK
IpHu JEepKaBHUX YCTAHOBAX Ta CBITCHKMX 1 IIEPKOBHHUX IHCTUTYIISIX, TaK 1 3 BOII
npuBatHuUX oci0. [IInaxeTchki apxiBM BiA MOYATKy BiJIrpaBaly BaXKIUBY POJIb Y
30epeKeHHI JTOKYMEHTAJIbHOI CHaAIIMHM, 1 3 YaCOM I POJb JUIIE 3pocTana. AJpKe
3aHenaj JepkaBHMX 1HCTUTYIIM J[laBHboi Peui Ilocmonmurtoi Ta, 3pemiroro, ixHs
JKBIJAllisl, TO3HAYAIKMCST Ha 30€pEKEHOCTI IXHIX apxiBiB. Bigrak MaeMo yuMmaro
MPUKJIAA1B BPATYBaHHS JOKYMEHTIB TAKUX apXiBIB 3aB/AsSKU MPUBATHIN apxiBictui [1,
c. 50].

3BakarouM Ha KUIBKICHY MepeBary HUISIXTH HaJl MarHaramu, iXHiX apxiBiB Oyso
3HAYHO OUIbINE, HIK MarHaTChKUX. Y KOKHOMY MA€TKy ICHYBaju apXiBH, SKi
CTBOPIOBAJIMCS HA THX 3aCa/1ax, 110 i MarHaTChKi, TOMY IUISIXETChKI apXi1BH 3a CKJIaJJIOM
1 3MICTOM OyJIM CXO’KMMH 3 MarHaTChbKUMHU, MIEPEAYCIM THM, 10 BKJIOYAJIU JOKYMEHTH
Ha TIpaBO BJACHOCTI HA MAETKU, TEHEAJIOTidHl, OOproBi, CYIOBI aKTH, PIAIIe
aJAMIHICTPaTUBHO-TOCIOAAPCHKI ~ Marepiayid, IO TMOACHIOETbCS  HECKIIAIHOIO
MA€TKOBOIO aJMIHICTpalie0 1 KoHTpoiem. I[lopsin 13 HUMM JOKyMEHTaMH B
HUISIXETCHKOMY apXiBl 4acOM MO)KHA HATpPaIlUTH 1 Ha CIY>KOOBY JOKYMEHTAIIilO, L0
CBIJTUMJIA TPO YYACTh TOTO UM 1HIIOTO NUISXTHYA B pOOOTI MICLIEBUX aMIHICTPaTUBHO-
cynoBux ycraHoB. lIisixeTchki apxiBU CKJIAAJIUCS 3 MEHIIOT KIJTBKOCT1 JJOKYMEHTIB,
HIK MarHaTChKi, X04a, 3aJIe’KHO B1Jl MAHHOBOT'O CTaHy BJIACHUKA, JIEAKI apXiBU MOIJIH
HaJI4yBaTHU KIJIbKACOT JOKYMEHTIB 1 XpoHOJOriyHO carati XVI cromitrs. Bonu
VIOPSAIKOBYBAJIMCS CaMHMH BIIACHUKAMH, ajie¢ JOKYMEHTH Ha TIpPaBO BIACHOCTI
30epirajiucs 3 TakOI X CTApaHHICTIO, K 1 B MarHaTChKUX apXiBaxX. 3a 4aciB BOEH 1
MOBCTaHb MUISAXTHYl HEPIAKO TMepeaaBaidi Taki JOKYMEHTH Ha 30epiranfHs o
MOHACTHUPIB a00 BO3MJIM iX 13 c0000. AKTOBI KHUTH CyAOBHUX yCTaHOB BonuHi KiHLs
40 — 50-x pokiB XVII cTONITTS MarOTh YHMCICHHI 3alMCH MPO BTPATy BIACHUKAMH
JIOKYMEHTIB pa3oM 13 1HIIMM MaWHOM i Yac TOXOmiB abo iX 3armbens y pasi
3aXOTUJICHHSI HACEJICHUX IMYHKTIB IMOBCTAJIMMU KO3aKaMHU 1 celisiHamu [2, ¢. 170].

PonoBi (cimeiini) oco6oBi apxiBu nuisixty JlaBuboi Peui [locnonuroi ynpoaosxk
OCTaHHIX MIBTOpPA CTOJITTS 3aJUIIAIOTHCS 00’ €KTOM HAyKOBOTO BUBYECHHS MOJILCHKUX,
YKpaAiHCbKUX, OUIOPYCBHKUX TOIIO ICTOpPUKIB. TpaauiiifHO AOCHITHUUBKUI 1HTEpec
(hoKycyeThCs Ha apXiBHHMX 301pKax MarHariB Ta 3aMOXKHO1 IIUISIXTH, a/[Ke IXH1 pO3MIpH
Ta iHOpMaLITHUI OTEeHLI1a)T YUMalll. ApX1BM HETUTYJIOBAHOI IIUIIXTH BUBYAIOTHCS HE
TaK TPUCKITIKMBO. BoueBuapb, 11 00CTaBMHA 3yMOBJIEHA iXHBOK IOTAHOKO
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30epexkenicTio. OgHaK BOHA HE MOXE CIIYTyBaTW BUIPABIAHHSM JJIS ITHOPYBaHHS
BKa3aHUX JOKYMEHTaJIbHUX 301poK mociigHukamMu. HeoOXiHICTh BUBYCHHS IXHBOI
1CTOPi1, 3MICTOBHO-BUIOBO1 CTPYKTYPH HE BUKJIMKAE KOIHUX CyMHIBIB [1, ¢. 50 — 51].

JlokyMeHTallbHA CcHaauIMHa APIOHOT HUISXTH, XO04U 3arajoM MO Hill 3aiuiimiiacs
BEJIMYe3Ha KUIbKICTh aKTiB, y KOXXHOMY KOHKPETHOMY BHIIQJIKy HE MOIJa
chopmyBaTucs B TieBHI apxiBu. Posirykaru i MokHa y poHIaX MOHACTHPIB, OIBIITNX
ocoboBux (QoHmax abo KOJEKISAX JOKYMEHTIB Cy4aCHHUX apXiBOCXOBHII, €
30epiraroThCsl aKTU MPO HAJaHHA a00 MIATBEPIKEHHS MpaBa BIACHOCTI HA YaCTUHY
MA€TKY, a TAKOK aKTH KyMiBII-TIPOIaXKY, 3aCTaBH, YCIAAKyBaHHS YACTHHH MAETKY a00
3eMEJIbHHX JUTSTHOK, TOOTO CJIAM BOJIOAIHB ApiOHOI umsixTH 2, ¢. 170].

[ToOikHUI OIS BiIOMOCTEH MPO HASBHICTH Y HUIIXTH JTOKYMEHTIB Ta IHIIMX
MMACEMHHMX ITaM’ITOK HEJIBO3HAYHO 3aCBITUYE, IO MAEMO CIIPABY 3 MATHOBUMH aKTaMH.
VY mepury 4yepry inerbcs mpo HadaHHS (PYyChKHUX KHSI31B, MICLIEBUX CYBEpEHIB,
MOJIbCBKUX KOpOJIIB) Ha 3emuieBiacHicTb. Ha cepeauny — apyry mnonoBuHy XVI
CTOJMITTS iXHIM BIK CTAaHOBHB IIIOHAWMEHIIE MIBTOPH COTHI pokiB. [lopsim 3 HUMHU
nuisxta 30epirana MexoBi akTu. BoueBuab, Oynu i 1HIINI JOKYMEHTH, KOTP1 3 TOUKU
30py MailHOBMX BIJHOCHH JIETITUMI3yBaju IpaBa Ha HEPYXOMICTh Ta CIYTyBaJd
JI0Ka30BOI0 0a3010 B TIEPMAHEHTHHX 3€MEIBHUX CyMepedykax. 3pemTor, Ha I
BKa3ylOTh YXKHUTI B MHOXKHHI O3HAYeHHsS <«JIMCTU 1 mpuBiiei» («literarum seu
privilegiorumy). Btim, Ounbin gokiaaHoi iHdopMalii mpo oOcsSru Ta 3MICTOBHO-
BUJIOBY CTPYKTYPY LUISIXETCHKMX apXiBIB TOrOYacHI JOKYMEHTH HE MICTATH [ 1, c. 53].

MaeMo BiA3HAYUTH Ha ICHYBaHHI BIOPOJOBX JIOCIIPKYBAaHOTO TMEPIOAY
HUIIXeTChKUX KoHdenepariid (Big nar. confoederatio — cminka, o0’eqHaHHS) —
TUMYACOBI MOJITUYHI 00’enHaHHs NUIIXTH B Peul Ilocmonutii, siki Opanu Ha cebe
(dyHKIIIT 1epKaBHOI BIaJu a00 kK JOMAarajucs Bijl IIEHTPAIBHOTO YPSY 3aJ0BOJICHHS
cBOiX cTaHOBUX BUMOT. [liciis 3racanus nuHactii AremtoniB (1572 pik) iXH1 CTBOpEHHS
Ta JISJIBHICTh BinOyBaiMcs abo 3riIHO 3 MPaBOBUM TMOPSAJIKOM regnum, KOJU
(GYHKIIOHYBaJIM BC1 JAep>KaBHI 1 TOMITUYHI IHCTUTYTH, a00 — interregnum, Ko Oys1o
HEMOXXJIMBUM (YHKITIOHYBaHHS B TOBHOMY 00Cs131 BUKOHABUO1, 3aKOHO/IABYO1 1 Cy0BOi
BIaJM. 3a 3BUUAHOTO MPABOBOTO MOPAJIKY IIISXTa CTBOPIOBaIa KOH(eAepalii siK 1Jis
MOJIITUYHOT MATPUMKH KOPOJIS, Tak 1 ik O0pOThOU 3 HUM UM THCKY Ha HHOTO, 1100
JlOMaraTucsi BUKOHAHHS THUX YM IHIIUX CBOIX BUMOT. SIKIIO KOpOJib BHU3HABaB
CIIpaBeIJIMBUMH BUMOTH YTBOPEHO1 MPOTH HHOTO KOHPeaepailii, To BoHa HaOyBaJia puc
JIeTajdbHOCTI; HE BU3HAHA KOpojeM KoHdesepallis mocraBaia SK pOKOII. YIPOJOBK
XVII — XVII cronith koHbeaepalii NUIIXeTChKl MOTPANUIN 1] BIUIMB MarHaTChbKUX
yIpyHOBaHb, 10 MEepeciiyBaiu cBOi rpynosi iHTepecu [3, c. 110].

OTxe, HIISAXETChKI apX1BU — 1€ KOMIIEKC ICTOPUYHUX IOKYMEHTIB, K1 (DiKCyBaIn
MpaBOBHM cTaryc, MaWHOBI TMpaBa, pPOAOBOAM Ta TOCHOAAPCHKY MISUIBHICTD
npuBLIeiioBaHoro crany (nuisixtu). B Ykpaini 1l JOKYMEHTH MaroTh BeTUYe3HE
3HAYEHHS U1l T€HEaJoT1YHUX JOCIIIKeHh Ta BUBYEHHS icTopii Peui I[locmonurori,
Bemnukoro kus3iBcTBa JIMTOBCHKOTO Ta | eTEMaHIIIMHM.
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ENSURING THE SECURITY OF THE ELECTORAL
PROCESS IN UKRAINE IN THE POST-WAR PERIOD:
INTERNATIONAL EXPERIENCE AND PROSPECTS FOR
IMPLEMENTATION

Hlynianyi Ivan,
PhD in Law,
National University “Odesa Law Academy”, Ukraine

The security of the electoral process in a post-conflict state is a category
qualitatively different from electoral security under peacetime conditions. While in the
latter case the primary focus is on ensuring the proper functioning of electoral
procedures and minimising organisational risks, in a post-conflict environment
electoral security becomes one of the key mechanisms for political stabilisation, as well
as for restoring or maintaining public trust in state institutions.

The first elections in Ukraine following the end of the armed conflict will take place
under conditions unprecedented in recent European history: a significant proportion of
registered voters will be residing abroad or internally displaced; substantial territories
may remain only partially de-occupied; and the foreign aggressor state will have at its
disposal a full range of instruments for interfering in the electoral process, from
cyberattacks against electoral infrastructure and deepfake-based disinformation to the
financing of controlled candidates and physical pressure on voters in de-occupied
territories.

From an administrative law perspective, the issue concerns not only the nature of
the existing threats, but also the institutional system of public authorities capable of
ensuring their systematic neutralisation. It is precisely the comparative experience of
states that have already undergone such challenges, or have developed the most
resilient systems for protecting elections, that provides the methodological key to
addressing this issue.

The administrative and legal framework for ensuring the security of the electoral
process encompasses three interrelated dimensions that require separate consideration
but must function as a single coordinated system. The first dimension concerns the
physical security of electoral infrastructure, including the protection of polling stations,
secure storage and transportation of electoral documentation, and protection of election
commission members from physical pressure or threats. The second concerns
cybersecurity of the electoral process, including the protection of the State Register of
Voters, the information systems of the Central Election Commission (CEC), and
communication channels between different levels of electoral administration against
unauthorised external access, manipulation, and denial-of-service attacks. The third
dimension 1is information security, which involves countering organised foreign
interference campaigns through disinformation, social media manipulation, and
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synthetic content aimed at undermining confidence in election results or influencing
voter behaviour.

The comprehensive nature of these security dimensions demonstrates that electoral
security cannot be ensured solely through the activities of individual public authorities
or the exercise of their statutory powers. An effective electoral security system requires
a developed framework of administrative and organisational procedures for
coordinating authorised bodies, exchanging information, managing risks, adopting
administrative decisions, and responding to threats. In this context, academic literature
emphasises the importance of considering administrative and organisational
procedures as distinct forms of administrative and legal support through which public
administration functions in this field are implemented [1].

This approach provides a more comprehensive understanding of the mechanism for
ensuring electoral security and shifts the focus from individual powers to an integrated
system of interaction among the authorities responsible for its protection. Particular
importance should therefore be attached to identifying the executive authorities
responsible for each area of electoral security and establishing effective mechanisms
for coordinating their activities in order to prevent overlapping competences, gaps in
legal regulation, and the diffusion of responsibility among authorised bodies.

The experience of Georgia following the Rose Revolution (2003-2004) [2]
represents one of the most illustrative examples of building an effective system for
protecting the electoral process through public authorities in a post-conflict
environment. A key element of the Georgian reform was the introduction of a clear
statutory division of competences between the Central Election Commission as an
independent electoral administration body, the Security Service as the authority
responsible for detecting and preventing foreign interference, and the Prosecutor’s
Office as the authority responsible for the criminal prosecution of electoral offences.
This framework was complemented by a mandatory interagency coordination
mechanism in the form of a permanent Interagency Group on Electoral Security.

Such a model addresses the problem of fragmented responsibility for electoral
security. Since contemporary threats to elections often combine informational, cyber
and organisational dimensions, their effective mitigation requires clear coordination
among the competent authorities and the designation of a responsible body for each
area of response. The Georgian model of interagency coordination, based on a statutory
allocation of responsibilities, therefore provides a methodological framework that can
be directly applied to the post-conflict context of Ukraine.

The U.S. Cybersecurity and Infrastructure Security Agency (CISA) provides an
illustrative example of how a specialised executive agency can effectively protect
electoral infrastructure against cyber threats without interfering in the organisation and
conduct of elections [3]. Following the findings of Russian interference in the 2016
presidential election, CISA was given responsibilities related to the designation of
election infrastructure as critical infrastructure and the provision of technical
assistance, cybersecurity vulnerability assessments, and access to current threat
information to state and local election authorities. This approach demonstrates how a
high level of governmental support for electoral security can be combined with
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preserving the institutional autonomy of the authorities directly responsible for
administering elections [3].

From the perspective of the administrative and legal organisation of public
administration, the CISA model reflects a shift from hierarchical subordination towards
functional support. Under this model, a specialised executive agency strengthens the
cyber resilience of electoral infrastructure without acquiring powers to manage the
activities of election authorities. Such a division of competences ensures a balance
between effective public administration and the institutional autonomy of electoral
bodies.

For Ukraine, adapting this approach appears appropriate given the persistent threat
of cyberattacks against state information resources and the high probability of attempts
at foreign interference in future electoral processes. Accordingly, the establishment of
a State Centre for Cybersecurity Protection of Electoral Infrastructure within the
structure of the State Service of Special Communications and Information
Protection of Ukraine appears to be a promising solution. Unlike the traditional
administrative model, such a centre should not be granted powers to manage the
activities of the Central Election Commission or lower-level election commissions. Its
functions should include monitoring cyber threats, conducting security audits of
electoral information systems, coordinating responses to cyber incidents, organising
exercises and testing, and providing election authorities with up-to-date analytical
information on potential risks.

This model is more appropriate for Ukraine than establishing a separate authority
with excessively broad supervisory powers, as it would preserve the constitutionally
established independence of the Central Election Commission and prevent the
concentration of both election administration and security oversight functions within a
single institution. Moreover, the State Service of Special Communications and
Information Protection of Ukraine already possesses the necessary technical
infrastructure, professional capacity, and practical experience in countering
cyberattacks against critical infrastructure, making it the institution best equipped to
perform these tasks without creating additional bureaucratic structures.

This model becomes particularly relevant in the context of Ukraine’s post-war
recovery. Future elections will take place in an environment of heightened security
risks, including not only potential cyberattacks against information systems but also
complex information and psychological operations aimed at discrediting election
results and undermining public confidence in democratic institutions. Under these
conditions, the establishment of a specialised centre for the cybersecurity protection of
electoral infrastructure should be regarded not merely as a technical measure, but as an
element of the broader system for safeguarding the legitimacy of the electoral process
and strengthening public confidence in its results.

Estonia is regarded as one of the global leaders in the cybersecurity of electoral
processes. Its experience is particularly valuable for Ukraine, as both states face
security threats originating from Russia. The large-scale cyberattacks of 2007 provided
a major impetus for the development of Estonia’s cybersecurity system, demonstrating
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the vulnerability of public information systems and the need to establish effective
mechanisms for their protection.

The system for protecting the electoral process in Estonia is based on a clear
division of functions among different public authorities. The Information System
Authority (RIA) is responsible for the technical security of electoral information
systems and digital infrastructure. The Internal Security Service (KAPO) monitors and
counters attempts at foreign interference in elections. At the same time, an important
element of this framework is the nationwide electronic identification system (e-ID),
which provides reliable voter identification and significantly reduces the possibility of
manipulating voter registers [4].

A distinctive feature of the Estonian model is that electoral security is ensured not
by a single authority but by a system of interconnected institutions, each performing
its own functions. This approach makes it possible to ensure the technical security of
the electoral system, counter foreign interference, and maintain a high level of public
confidence in election results. Particularly noteworthy is Estonia’s approach to
electronic voting (i-voting), which has been used since 2005 and enables citizens
residing abroad to participate in elections. This experience is directly relevant to
addressing the challenge of enabling millions of Ukrainians who are temporarily
displaced or residing abroad to vote [5].

A key lesson from the Estonian experience is that the digitalisation of the electoral
process is not inherently more secure. Its security depends on the maturity and
effectiveness of the administrative and legal framework established to protect it.

A synthesis of international experience makes it possible to identify several
common administrative and legal approaches to the protection of the electoral process
that have proved effective in democratic states and may be adapted to the Ukrainian
context. These approaches form the conceptual core of a modern electoral security
model amid growing cyber, information, and hybrid threats. First, the principle of
functional division within a unified coordination framework: electoral security is an
interagency function, but requires a single coordination centre with responsibilities
established by law. No single institution can or should monopolise all aspects of
electoral security. Second, the principle of functional support for the electoral process,
under which security authorities and specialised public institutions provide electoral
bodies with the necessary technical, informational, and organisational resources
without interfering with the exercise of their powers. Third, the principle of legislative
anticipation of threats: protective measures, responsible authorities, and response
procedures should be established by law before the electoral process begins rather than
determined ad hoc during its course. This is particularly important for post-conflict
elections, where ad hoc decisions are especially vulnerable to manipulation by
interested parties.

The prospects for implementing international experience in protecting Ukraine’s
electoral process in the post-war period should be considered not only in terms of the
substance of the institutional solutions to be adopted, but also with regard to
mechanisms for their gradual implementation within the national legal system. The
study demonstrates the expediency of establishing a permanent interagency mechanism
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for coordinating electoral security in Ukraine, involving the Central Election
Commission, the Security Service of Ukraine, the State Service of Special
Communications and Information Protection of Ukraine, the National Security and
Defence Council of Ukraine, and the Ministry of Digital Transformation of Ukraine.
The effectiveness of such a model will largely depend on a clear legal division of
competences among its participants, the designation of responsible authorities for each
area of electoral security, and the establishment of response protocols for different
categories of threats.

At the same time, international experience demonstrates the need for an
institutional separation between the functions of election administration and those
related to their technical and cybersecurity protection. In this regard, it appears
appropriate to assign responsibility for ensuring the cyber resilience of the State
Register of Voters and the information systems of the Central Election Commission to
the State Service of Special Communications and Information Protection of Ukraine as
the specialised authority in the field of cybersecurity. Such a model, based on the
principles of functional support and service provision, makes it possible to combine a
high level of technical expertise with the preservation of the institutional independence
of the bodies responsible for conducting elections.

Another promising area for improving national legislation is the introduction of a
mechanism for expedited judicial protection in cases involving the dissemination of
disinformation during the electoral process. The French experience demonstrates that
a rapid response to threats to electoral information security can be ensured without
excessive interference by the executive authorities with freedom of expression, since
the final decision on restricting the dissemination of the relevant content is taken by a
court. Such a model appears to be the most consistent with both the requirements of
the Constitution of Ukraine and the standards of the Convention for the Protection of
Human Rights and Fundamental Freedoms, which is particularly important in the
context of European integration and the post-war democratic transformation of the
state.
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AKTyasnbHicTb. XBopo0Oa ['peiiBca (TakoXX BijioMa MijJ Ha3BaMU «TOKCHUYHHMA
mudy3Huii 300» abo «bazemoBa xBopoOa») € HAWUOUIBII MONIMPEHOI0 MPUYUHOIO
rinepTupeosy, ckianarouu 10 80% ycix BUMaaAKiB rinep@yHKIT HUTONoA10HO01 3251031
[1]. Ile ayroiMyHHU# cTaH, TpH SKOMY IMyHHa CHCTEMa ITOMHUJIKOBO aTaKye
IIUTONOIOHY 3a7103y — HEBEJIMKHUI opraH y (opMi MeTeNHMKa Ha NepeIHId AUISHII
A1, SKUA Ma€ KPUTHYHE 3HAUCHHS /ISl PEryJIIOBaHHS METa00Ii3My, €eHEPTe€TUIHOTO
Oastancy, Temneparypu Tija Ta Baru [2]. Lleil mpoiec nMpoBOKye HEKOHTPOJIbOBAaHE
BUPOOJIEHHA TOPMOHIB HIMTOMOMIOHOI 3aj03u, IO MNPU3BOAMTH A0 TrinepyHKIIii,
BIIOMO1 SIK TinepTupeo3 [3]. AKTyaslbHICTh NpOOJIEMH BU3HAYAETHCA HE JIMIIE il
BHCOKOIO TOIIHMPEHICTIO, ajleé i CHCTEMHUM Ta TOTEHIIHHO JIETATbHUM BIUIMBOM Ha
OpraHi3M: KOJM pIBEHb THPEOIJHUX TOPMOHIB HApOCTa€ N0 HAAMIPHOrO, ILI€
necTabili3ye YHMCICHHI KUTTEBI TMPOIECH, BPAXKAIOUM CEPILEBO-CYJAUHHY CHUCTEMY
(pusuk GiOpusAIii mepencepap Ta TUPEOTOKCUYHOTO KPH3Y), HEPBOBY CHCTEMY Ta
CIPUYMHSIOYN PO3BUTOK crienndiunoi opoiTonarii ['pefiBca [4]. Ockinbku XxBopoOa
HalyacTime aiarHoctyerbes y Biti 30-50 pokiB, TOOTO y HAWOUIBII TTpaIe31aTHOMY
Billl, HEOOXIAHICTH, TPHUBAJIOTO JIKyBaHHA Ta KOHTPOJIO YCKIATHEHb CTAaHOBUTH
BaroMuil COIIaJIbHO-€KOHOMIYHUM TATap, M0 MIAKPECIIOE KPUTUYHY BaKJIUBICThH
CBOEYACHOI JIarHOCTUKHU Ta BUOOPY ONTUMAIbHOI TEPANIEBTUUHOT CTPATETTIi.

MeTta Hamoro AOCIIPKEHHS TOJisiTajla B aHalli31 KIHIYHOT KapTUHU 35-piyHOTO
nauienta I'., axuii OyB rocmitaaizoBaHHi 3 XapaKTEpPHUM KOMIUIEKCOM cKapr. J{o Hux
HaJeXaJld BUPAKEHUN TPeMOp BEPXHIX KIHIIIBOK, 3HaYyHa BTpaTa Baru, 4acTi MPOHOCH
Ta MOMITHa HECTAOLILHICTh HACTPOIO.

Pe3ynbTaTu aociaigxenHs. 3riTHO 3 aHAMHE30M, TEPII 03HAKW 3aXBOPIOBAHHS
3'siBusucst y 2024 poui. Bouun Oynu npeacTaBieHi CTIMKUME po3agaMHu TPaBIICHHS,
30KpeMa IOCTIMHUM a0JOMIHAJIBHUM OOJBOBUM CHHAPOMOM. IlaIlieHT d9iTKO
MPOCTEKYE ETIONOTIYHUHN 3B'SI30K MK IMOSBOIO COMATHUYHUX CKapr Ta HAsSBHICTIO
3HaYHOTO TMCUXOEMOILIHHOTO JAUCTPECY, CIPOBOKOBAHOTO IMCUXOTPABMOIO Ta CTAHOM
XpoHiuHOTO cTpecy. [Ipotsrom micsis namienTt npuiiMa Ecna-kap0 y go3yBanH1 40
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mr/no0y. Ilicns mpunuHeHHS npuilomy npenapaty B motomy 2026 poky, Ha Tii
PIYHOTO aMOYJIATOPHOTO CIIOCTEPEKEHHSI, BIOYIacs pi3ka TpaHchopmariiss KIiHIYHOT
KapTUHH: 3a(iKCOBAHO CyMapHy BTpaTy Baru 10 25 KT, 301IbIIEHHS AUISHKY Ui (110
noTpeOy€e BUKIIOUEHHS 300a), a TaKOX MOsIBa KOMIUIEKCY CHMIITOMIB, SIKI MOXYTh
BKa3yBaTH Ha THUPEOTOKCHMKO3 a00 CHHIPOM BIJAMIHU: TPEMOp BEPXHIX KIHIIIBOK,
rinepriapo3 (MiaBUIIEHA IITIUBICTE), @ TaKOX O(PTaTIbMOJIOTIUHI CKapru (BIIIYTTS
MiCKy Ta JBOiHHS B o4yax). KpiMm Toro, Bii3HaY€HO CXUJILHICTH JO HOCOBUX KPOBOTEY.
Ils HOBa cMMMITOMAaTHWKa CBIIYMTH MPO HEOOXITHICTH TEPMIHOBOTO JOOOCTEKCHHS
[IOJI0 €HJOKPHHHOI MAaTOoJIOTii, IMOBIpHO, MOB'S3aHOi 3 (PYHKII€I0 IUTOMOAIOHOT
3JI03H.

Ha migcTaBi KIIHIYHMX TPOSBIB, IO BHHHUKIM micas Biaminu Ecma-kapOy
(3arasibHe CXyOHEHHS Ha 25 Kr, TpeMop, Tinepriapo3, 30UIbIIEHHS Wi,
0(TaTbMOJIOTIUHI CKapTu, HOCOB1 KPOBOTEY1), 0YJI0 c(hOPMOBAHO KOMILIEKCHUMN TJIaH
00CTEeXXEHHS 3 METOI0 BepHu(ikallii eHAOKPUHHOT MaTOJOT1i Ta OIIHKHU 1i CUCTEMHOTO
BIUMBY. [lnan oxorutroe 6a3oBi jJabopaTopHi TecTH (3arajbHUM aHalli3 KpoBi, cedl,
OloxiMigyHE JOCHI/DKEHHS KpoBi) Ta crenudiuyny TuUpeoigHy mnaHenb. Cepen
IHCTpyMEHTAJIbHUX METOMIB npu3HadeHo Y3Jl muronomioHoi 3amo3u. s omiHKH
BTOPUHHUX YCKJIaJHEHb Ta MUdEpEeHI1aJbHOI JIarHOCTUKHA 3aTyY€HO KOHCYJIbTallli
odranbmoiora (y 3B'sI3Ky 3 ABOTHHSM Ta BIAUYTTSAM MICKY B 04YaxX), HEBPOMATOJIOTA,
KapJiojiora Ta Xipypra, 1o 3adesnedye MyJbTHAUCIUIIIIHAPHUNA TIIX1T 10 OLIHKH
CTaHy Malll€HTA.

BpaxoBytoun 03HaK# JEKOMIIEHCOBAHOTO THPEOTOKCHUKO3Y, 110 PO3BUHYBCS MICIIs
BiiMiHM Ecna-kapOy, Oyjo NpU3HAYEHO KOMIUIEKCHY TEpamilo: aHTUTUPEOiTHHUMA
npenapar Ecna-kap0 13 Kopekiiero nmoyatkoBoi qo3u 10 50 mr/noly (depes craiito
nexkomIeHcanii), B-0i1okaTopu (aHanpuitiH) sl MIBUAKOTO YCYHEHHSI BET€TaTUBHUX
CUMIITOMIB (TpeMOp, Taxikap/iisi), CeIaTUBHI (CeaceH) ISl 3HXKEHHS IPaTiBIUBOCTI,
TPUBOKHOCTI Ta HOpMali3allli CHY, @ TaKOX OYHI Kparuli JJis 3MEHILIEHHS CyXOCTI Ta
pi3i, CHOPUYUHEHHUX O(TATBMOMNATIEI0, Ta CEJICHOPM IS MIATPUMKHA  (YHKIT
HIUTONOI0HOT 3a7103u. J[01aTKOBO IPU3HAYEHO BUCOKOKAJIOPIMHY Ta BUCOKOOIKOBY
JIETY, COPSIMOBaHY Ha KOMIIEHCAIII0 BUCOKMX E€HEPrOBUTPAT IICHS BTpATH 25 KT 1
MIATPUMKY (QYHKIIIT IEYIHKH, 13 CYBOPUM BHUKITIOUEHHSIM YCIX CTUMYJISTOPIB (KodeiH,
MIIIHI 4Yai, IIOKOJaJ, aJIKOTOoJbh, CHEPreTHKU) A MiHIMI3alli TpeMopy BEpXHIX
KIHITIBOK.

BucnoBok. Ha miacTaBi KOMILJIEKCHOTO OOCTEXEHHS Ta aHami3y KIIHIYHOL
KapTUHHU, JiarHo3 cGoOpMyJIbOBAaHO HACTyIHUM 4HMHOM: «XBopoba ['peiiBca.
Hudy3uuii  Tokcuynuit 300 (II cr.). Tupeorokcukos, cTaais JEeKOMIIEHCALI]].
Enpokpunna opransmonaris I cr. Acteniunuii cunapom». [IpuzHauene nikyBaHHS €
MaTOr€HETUYHO OOTPYHTOBAHUM, OCKUIBKH 0€3MOCEPEIHBO CIIPSIMOBAHE HA KOPEKIIIIO
JCKOMIICHCOBAHOTO  €HJOKPUHHOTO  CTaTyCcy Ta yCYHEHHS  BEreTaTUBHUX,
HEBPOJIOTTYHUX 1 OQPTAIBMOJIOTIYHUX TPOsBiB. J[0aTKOBO BKIIFOUEHO MIETUYHY
KOPEKIIi10, CIIPSIMOBaHY Ha MOCTYTOBE BIIHOBJICHHS MAcH Tija MiCis BTpaTu 25 KT, sSiKa
nependadae MiJBUILICHY KaJIOpIMHICTH Ta BMICT OlIKa, CyBOpE BHKJIIOUEHHS
CTUMYJIATOPIB (KopeiH, MIIHI Yai, MIOKOJaa, alKOrojib, €HEPreTHKH), a TaKOX
oOMexxeHHS (I3MYHUX Ta TICUXOEMOIIMHNX HaBaHTaXeHb. [IporHO3 Ha KUTTA
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CHpPUATINBUI 32 YMOBH JIOTPUMaHHS aJIeKBAaTHOI THpeocTaTH4HOoi Teparii. [Ipote, 3
OTJIAy Ha HAasABHICTh OQTAIbMOJIOTIYHMX 3MIH, HEOOXiJHE MOCTIiHE JIUHAMIYHE
CIIOCTEPEKEHHS OKYJIICTa Yepe3 pU3UK MPOTrpeCyBaHHs yCKIIaIHEHb.
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Relevance of the Problem. Systemic societal transformations and the prolonged
military conflict in Ukraine have fundamentally altered young people's system of
reference regarding their own future and professional vocation. Entering the labor
market under conditions of security risks and social uncertainty, due to living in
frontline cities and the pragmatism out of necessity, makes it impossible to realize
traditional trajectories of professional identity development.

Young adults have found themselves in a complex psychosocial situation
characterized by a gap between the knowledge they have acquired and the demands of
the labor market, informational pressure, and the lack of clear professional prospects
for the future, all of which give rise to a state of psychological frustration. Under such
circumstances, young adults are compelled to construct a trajectory of professional
self-realization in the context of labor market instability and the absence of long-term
social guarantees.

These conditions necessitate a certain restructuring of the individual's
motivational-semantic sphere. Crisis circumstances force young people to seek new
foundations for preserving personal autonomy, professional reflection, and inner
stability. In this context, it can be assumed that the formation of professional identity
will manifest a contradictory character, ranging from the slowing down and temporary
inhibition of professional self-determination to, conversely, the intensified
development of the professional self through an accelerated reappraisal of values and
the search for new internal sources of support. Accordingly, the dynamics of this
process within a society experiencing crisis will likely reveal substantial polarization:
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from a state of identity diffusion, loss of goals, and orientation toward external
authorities, to the formation of a mature, achieved professional identity status.

Despite the existence of numerous studies devoted to the development of young
people's professional self-consciousness, the specific features of their professional
identity under conditions of military conflict, societal destabilization, and security risks
remain insufficiently explored. There is a need to obtain systematic data on the
relationships between the stages of young people's professional self-identification, the
reflective structure of the self-concept, and the factors that contribute to maintaining
the psychological boundaries of the individual. Clarifying these patterns will provide
the foundation for the development of targeted interventions and psychological and
educational support programs during periods of profound societal change.

Within this context, continued study of the characteristics of professional identity
manifestation among young adults acquires strategic, theoretical, and practical
significance. Sense-making of this experience has not only individual value but also
determines the quality of the country's human capital during the period of national
recovery, as the development of a stable yet adaptive professional position among the
younger generation directly influences their capacity to act as agents of societal
transformation, thereby ensuring the effective human resource and innovative
revitalization of the state.

Keywords: professional identity, achieved professional identity, professional
identity diffusion, foreclosure professional identity, professional identity moratorium,
self-acceptance.

Research Methodology: Data collection methods: the "Self and the World"
questionnaire (V. Chernobrovkina), the "10 Selves" technique (T. V. Rumyantseva),
and a questionnaire survey. Statistical analysis methods: Student's #-test and
Spearman's rank-order correlation analysis.

Problem Statement.

The issue of professional identity constitutes one of the central areas of
contemporary psychology, as this phenomenon determines the level of an individual's
integration into society, psychological resilience, and self-realization [1; 2]. As
demonstrated by the analysis of the scientific discourse, professional identity is
regarded as a form of social identity that reflects an individual's identification with a
professional community and professional activity.

V. V. Kaplinskyi maintains that the essence of this construct is revealed through
the outcome of professional self-determination, a means of adaptation, and the degree
of awareness of one's belonging to a professional group [3]. According to theoretical
generalizations, the core of professional identity is defined through an individual's
awareness of their professional status and their own place within the professional
community.

As the analysis of the scientific literature has shown, this phenomenon is
structurally multidimensional and traditionally encompasses cognitive, emotional-
value, motivational, and behavioral components. According to contemporary
psychological approaches, the formation of professional identity is viewed as a
dynamic process that continues throughout an individual's entire professional career.
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The synthesis of results from previous studies has demonstrated that, under current
conditions, the stabilizing and adaptive functions of identity acquire particular
significance, serving as internal resources of psychological resilience in the face of
crisis-related challenges. It is generally recognized that, through the integration of
personal and social dimensions, as well as the capacity for flexible adaptation,
professional identity ensures the integrity of the self and the effectiveness of a
professional functioning within a changing environment.

The theoretical propositions concerning the development of professional identity
have been confirmed by recent empirical studies, which highlight its dynamic and
contextual nature. In particular, the studies of M. Tomlinson and D. Jackson along with
the practical career guidance model developed of H. Herianto and colleaguescareer,
have demonstrated that an individual's capacity to adapt flexibly to changing
environmental demands is a key prerequisite for maintaining stable professional self-
identification [4; 5]. At the same time, based on the analysis of young people's semantic
representations conducted by L. Carvalho, it has been established that the formation of
the professional self depends substantially on the subjective emotional meanings and
value-based associations that individuals attribute to their future professional role [6].

The synthesis of researches reported by Ukrainian scientists (V. I. Shakhov et al.;
L. Koniaieva et al.) made it possible to identify fundamental changes that have
occurred in the professional identity of higher education students [7; 8]. The authors
established that, during the initial stages of university study, orientation toward
external factors —such as the social prestige of a profession and the opinions of
significant others —predominates, whereas in the final years of study, autonomy and the
personal significance of the professional role increase. As demonstrated by the study’s
results of Z. O. Rzhevska-Shtefan, during the transition between the third and fourth
years of study, young adults frequently experience a normative crisis of professional
identity caused by frustration resulting from the discrepancy between theoretical
expectations and their first practical experience [9].

The scientific community emphasizes that the process of professional identity
formation undergoes substantial transformation under the influence of extreme
conditions and global societal challenges. In particular, both the study by
V. V. Levchenko and the works of Z. O. Rzhevska-Shtefan substantiates that the
conditions of the full-scale military conflict and sociocultural destabilization in
Ukraine have led to a forced reappraisal of young adults' values [1, 9]. The researchers
found that uncertainty about the future challenges the stability of professional self-
identification while simultaneously activating individuals' internal resources and
increasing the need for accelerated psychological adaptation to new realities.

At the same time, insufficient attention has been devoted to examining how
prolonged sociocultural instability and residence in frontline cities affect the level of
maturity of professional self-identification among Ukrainian youth at the very
beginning of their professional careers. This determines the relevance of investigating
the characteristics of professional identity formation among Ukrainian youth under the
conditions of societal transformation, since understanding these mechanisms is of
considerable importance for the development of effective psychological and
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educational support programs and for preserving the country's human and professional
potential.

Research Results:

Within the framework of the study, the stages of professional identity formation
among contemporary youth were analyzed. The findings revealed the predominance of
achieved professional identity, which was identified in 50% of the respondents. This
tendency indicates the presence of a conscious choice of one's professional trajectory,
well-developed value orientations, and the internal psychological stability of young
people. An equal proportion of respondents (16% each) were found to be at the
professional identity moratorium stage, characterized by an active period of
exploration, uncertainty regarding the future, and a desire for self-discovery, as well as
at the professional identity foreclosure stage, in which professional choices have been
made under the influence of external circumstances or authoritative figures without
undergoing a stage of independent personal exploration. The professional identity
diffusion stage was identified in 18% of the respondents, indicating general
uncertainty, a lack of professional goals, and an unreflective attitude toward future
occupational activity.

A comparison of the empirical findings confirmed the hypothesis that destructive
factors and the instability of contemporary society constitute substantial obstacles to
the achievement of a mature professional identity. At the same time, comparative
analysis demonstrated that the prevalence of achieved professional identity was
significantly higher than that of the other professional identity statuses, namely
moratorium (=1,96, p<0.05), foreclosure (¢t =1,96, p<0.05), and diffusion (¢ =2.06,
p=0.05). The obtained findings illustrate a pronounced unevenness in the development
of the investigated process within the youth population. On the one hand,
approximately half of the respondents demonstrated a clear understanding of their own
values and stability of professional orientations, which facilitates successful adaptation
within the professional sphere. On the other hand, the remaining half of the participants
remained in a state of uncertainty, experiencing hesitation, a willingness to make
decisions under the influence of external authority, or a complete absence of clearly
defined professional orientations and career intentions.

The identified differentiation, in our opinion, can be explained by a complex of
socio-psychological, age-related, and sociocultural factors. First and foremost, this
unevenness is conditioned by the developmental characteristics of emerging adulthood
(1827 years), a period during which individuals actively search for life goals and
directions. This stage is associated with the transition from education to employment
and is accompanied by instability of social status, variability of life plans, and
uncertainty in values and meanings. It is also important to consider the socioeconomic
realities of contemporary Ukrainian society, characterized by the transformation of the
labor market, financial hardship, and the necessity of a pragmatic approach to career
choice. In particular, among young people employed in the food service sector, work
is often situational and temporary, which reduces the level of awareness regarding their
occupational choice and contributes to the persistence of professional identity
moratorium and professional identity foreclosure as developmental identity statuses.
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Conversely, among higher education students, an intensive search for wvalue
orientations and a desire for self-affirmation predominate, which are associated with
higher levels of achieved professional identity. An equally important factor is the
influence of the microsocial environment and the information space. Dependence on
evaluations by parents, colleagues, and peers frequently inhibits reflective
consideration of professional choices. This effect is further intensified by social media,
which disseminate idealized and unrealistic representations of particular professions,
thereby provoking internal uncertainty and ambivalence among young people.

The next stage of the study involved assessing the extent to which professional
identity had become integrated into the overall system of young people's self-
perception under conditions of sociocultural transformation. A positive correlation was
found between achieved professional identity and the Reflective Self (r=0.44,
p <0.01). Thus, a well-developed understanding of oneself, the capacity for self-
reflection, and authenticity are closely associated with an individual's readiness to
independently construct a professional career trajectory. A reciprocal relationship
appears to exist, whereby a clearly defined professional identity, in turn, serves as a
factor contributing to the organization and further development of the reflective
component of the self-concept.

No statistically significant correlations were identified between achieved
professional identity and the remaining dimensions of self-perception, namely the
Physical Self, Social Self, Reflective Self, and Transcendental Self. We believe that
this complete absence of statistically significant relationships is attributable to the
specific characteristics of these psychological phenomena. The professional identity
moratorium status reflects the dynamics of active exploration under conditions of
pronounced normative uncertainty, in which professional orientations remain in the
process of transformation, resulting in the dynamic, contradictory, and fragmented
nature of self-descriptions. At the professional identity foreclosure stage, career
decisions are made not on the basis of internal criteria or reflective evaluation of one's
own interests and abilities, but rather under the influence of external sociocultural
pressures. Consequently, the structure of the self remains insufficiently integrated into
the process of professional self-determination. Professional identity diffusion, by its
very nature, is characterized by amorphousness, a lack of goal orientation, and an
unstructured self-image, which inherently prevents the establishment of stable
relationships with any dimension of an individual's self-perception.

The final stage of the study involved identifying the relationships between the
indicators of professional identity status and the parameters reflecting the congruence
between the self-image and the world image. Statistical analysis revealed only a limited
number of significant correlations. In particular, a positive correlation was found
between the achieved professional identity status and the level of congruence of the
psychological boundaries between the Self and the (=0,36, p<0.05). This finding
suggests that a well-developed and consciously established professional identity is
inseparably associated with the clarity of an individual's psychological boundaries, the
sovereignty of personal psychological space, and the ability to differentiate one's own
values and beliefs from destructive or manipulative external influences. At the same
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time, a statistically significant correlation was found between indicators of the pre-
orientation stage of professional identity and self-determination and resilience
(r=0,31, p<0.05). This finding indicates that, even when occupational choices are
externally induced rather than independently determined, certain aspects of internal
organization and the striving to maintain control over one's own life may remain
relatively coherent, being supported by the individual's readiness to adapt to the
expectations of authority figures or stable external social structures.

Conclusions and Practical Implications

The synthesis of the empirical findings makes it possible to identify several
consistent patterns.

The process of professional identity formation among contemporary Ukrainian
youth is internally heterogeneous and differentiated. Although half of the participants
demonstrated an achieved professional identity, the remaining half were experiencing
a crisis of professional self-determination, manifested either through professional
identity diffusion or dependence on external influences characteristic of less mature
identity statuses.

Successful professional integration is possible only when personal meanings are
harmoniously integrated with the demands of future professional activity. Conversely,
the absence of systematic relationships between the remaining professional identity
statuses and the components of self-perception reflects the internal inconsistency and
insufficient structural integration of the self-image among young adults experiencing a
professional identity crisis or social alienation.

The congruence between the self-image and the world image, reflecting the degree
of correspondence between young adults' self-perception and their perception of
objective reality, is characterized by pronounced asymmetry and varying levels of
expression across its components. The dimensions of psychological boundaries,
resilience, and an existential orientation toward being exhibit substantially lower levels
of disruption than the overall frustration of a positive life orientation among young
people. This tendency is particularly evident among individuals demonstrating low or
reduced levels of worldview congruence.

The identified pattern of relationships confirms that the processes of successful
professional self-determination are directly integrated into the individual's broader
system of worldview. The internalization of professional roles and the transition toward
a mature achieved professional identity are directly associated with an individual's
ability to manage their own life trajectory, make independent decisions, overcome
sociocultural barriers, and maintain internal psychological stability under conditions of
widespread societal instability. In contrast, the absence of analogous relationships for
the identity statuses of moratorium and diffusion once again confirms the crisis-ridden,
disintegrated nature of young people's «self-concept», which requires targeted social
and psychological support to harmonize relationships with a changing society and
achieve successful professional development.

The identified trends substantiate the urgent need to develop and implement
comprehensive psychological and educational support programs, as well as targeted
intervention technologies, aimed at facilitating processes of self-determination,
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promoting adaptive relationships with a rapidly changing social environment, and
fostering the development of professional reflection among contemporary youth under
conditions of intensive societal transformation.

Practical Significance

The results obtained can be used in educational, psychotherapeutic, and public
spheres: for the development of training programs, psychoeducational courses, and
youth initiatives designed to foster a generation capable of consciously transforming
challenging life experiences into resources for further personal and societal
development.
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3ACTOCYBAHHSI METOIY BIOCYTECTUBHOI
TEPAIIIi Y CIPUSTHHI TOCTTPABMATUYHOMY
3POCTAHHIO BIIICLKOBOCJIYKBOBIIIB 3 BFOMTOBUM
JTOCBIJIOM

KoBasienko Anacracisa BagumiBHa

Marictp, KJIIHIYHUIN ICUXOJIOT, 610CYTeCTUBHUMN TepaneBT

HauanpHUK CiTy>KO0M TICUXOJIOTIYHOTO 3a0e3MeueHHs BIHChKOBOT yacTurm 1141
Harionanenoi reapaii Ykpainu

B yMoBax BO€HHOro craHy ImpoOiemMa 30€peKeHHS MCUXIYHOTO 30pOB’s
BIMCHKOBOCITYKOOBIIIB Ta TPAIIBHUKIB CEKTOpY Oe3meku 1 o0opoHH HalyBae
oco0nuBoi akTyasnbHOCTI. [locTiitHe nmepebyBaHHs B ymMoBaxX HeOe3NeKH, 1HTEHCUBHI
OoloBI ii, BTpaTH, MOPAaHEHHs, MOJOH Ta 1HII TpaBMaTU4Hi ¢akTopu (HOPMYyIOTh
3HAYHE IICUXOEMOLIIMHE HABaHTAXECHHS, 110 4YacTO CYHPOBOIKYETHCS PO3BUTKOM
TPUBOXXHUX PO3JaJIB, €MOLIIHOIO BHCHAaXCHHs, MOPYLIEHHSIM CHY Ta IPOSBAMHU
MOCTTpaBMaTH4HOTO cTpecoBoro posnany (IITCP).

TpuBamuii yac y HayKOBIA JiiTeparypl JOMIHYyBaJia I1aTOJIOTi3yl0o4a MOJEIb
pearyBaHHS Ha IICUXOTPaBMY, Y MeXaX SIKOT OCHOBHA yBara mpHIisuiacsa HETaTuBHUM
HaclalAKaM TpaBMAaTUYHOro JaocBigy. OJHaK CydacHI MIAXOAW Yy IICHXOJIOTIIi
O3S AAIOTH TPABMY HE JIMIIE SIK (PaKTOp PyHHYBaHHS, aje i K MOTEHIIHE IKEPENIo
PO3BUTKY. Y 1IbOMY KOHTEKCTI KJIFOUOBUM MOHSTTAM € MOCTTPAaBMAaTUYHE 3POCTAHHS,
AK€ BU3HAYAETHCS K MO3UTHUBHI MCHUXOJOTIYHI 3MIHH, 110 BUHUKAIOTH y PE3yJIbTaTi
00pOTHEOM 0COOKMCTOCTI 3 HACIIIIKAMHU TpaBMaTUYHUX Tomii [1, c. 4].

[TocTTpaBMaTHuHE 3pOCTAaHHS TMPOSBIAETHCS Y KUIBKOX OCHOBHUX cdepax:
3MIIHEHH] OCOOMCTICHOI CHJIH, MMOTINOJIEHH] MI)KOCOOMCTICHUX B3a€MHUH, I1ABUILCHHI
IIHHOCTI  JKUTTA, JIyXOBHOMY PpO3BUTKY Ta BIAKPUTTI HOBUX IKUTTEBUX
MOXKJIMBOCTEH [2]. BaxkImBO miaKpecauTH, Mo el mpolec He € aBTOMAaTUYHUM 1 HE
BUHHMKAE O€3MOoCcepeIHhO0 BHACTIAOK TpaBMU. BiH Qopmyerbes dvepe3 aKTUBHY
BHYTPIIIHIO POOOTY OCOOMCTOCTI, TOB’SI3aHY 3 TEPEOCMUCIECHHSAM TEPEKUTOTO
JOCBIY Ta IHTETPAIIEI0 TPAaBMAaTUUHUX MOJ1N y BIIACHY KUTTEBY 1CTOPItO [5].

OcoOMuBICTIO TOCTTPABMAaTHYHOTO 3POCTaHHS € MOro mapajoKcaibHa MPUpPO.a:
BOHO BHWHHMKA€E HE TMOMPU CTpaxkaaHHs, a uepe3 Hporo. (CaMe IHTEHCHBHICTb
MepeXrBaHb MOXKE BHUCTYIATH KaTajdi3aTopoM IIMOMHHUX OCOOMCTICHMX 3MiH, 3a
YMOBH HasiBHOCTI PeCypciB JJis iXHbOTO omnpaitoBanHs [4, ¢. 12]. ¥V npomy mpoteci
BAXKJIMBY pPOJIb BIJITPalOTh KOTHITUBHI MEXaH13MH, 30KpeMa pedrekcis, MOuIyK CeHcy,
PEKOHCTPYKIIiS )KUTTEBHUX MEPEKOHAHB Ta OPMYBaHHS HOBUX aJJalITUBHUX YCTAHOBOK.

VY BIICBKOBOMY CEpEIOBHILI MPOLEC MOCTTPABMAaTUUYHOTO 3POCTAHHA Mae
crnenudiuHi XapakTepucTUkd. BiH BinOyBaeTbcs B yMOBax BHCOKOi 1HTEHCHBHOCTI
cTpecoBHX (haKTOPiB, OOMEKECHHX MOMKIMBOCTEH I €MOIIHOTO BHPAXCHHS Ta
KOPCTKOI permameHTarlii moBemiHku. OKpeMO BapTO BIN3HAYWTH, IO PECYpCHE
MEPEOCMUCIICHHS] TPABMAaTUYHOTO JOCBIy OpPIEHTOBAaHE HE JIMIINE HA 1HAWBIIYyalbHI
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3MiHH, ajie i Ha TpaHCc(opMaIlito CHCTEMHU B3aEMOIT 3 OTOYCHHSIM. 3MIHIOETHCS SIKICTh
MDKOCOOMCTICHUX KOHTAaKTiB, 3pOCTa€ MoTpeda y MIUPOCTI, MATPUMII Ta €MOIIHHIN
BKJIFOYEHOCT1 Y cToCcyHKH. Lle cipusie OUIbI IITMOOKOMY BITUYTTIO IPUHAJTIEKHOCTI JI0
COITIaJIbHOI T'PYIIX Ta IMiICHIIIOE BITHOBIIIOBAILHI IMPOIECH.

3aranoMm, MOCTTpaBMaTHYHE 3pPOCTaHHS MOXKHA PpO3IISAIATH SK JWHAMIYHUN
IpoLIeC TCUXOJOTIYHOTO BIJHOBJICHHS 1 PO3BUTKY, IO TOETHYE IMEPEOCMUCICHHS
TPaBMaTUYHOIO JTOCBIY, (JOPMYBaHHSI HOBUX CMHUCIIB Ta PO3IIMPEHHS aJanTalliiHuX
MOKJIMBOCTEN 0CcOOMCTOCTI. BOHO cripsiMoBaHe Ha TOCSATHEHHS O11bIIOT BHYTPIITHBOT
3p1I0CTi, eMOLINHHOT CTAOUIBHOCTI Ta IUTICHOCTI KUTTEBOTO (PYHKIIIOHYBAaHHS HaBITh
micys 3HAYHUX TICUXOTPaBMYIOUUX mofiu [6, c. 13].

Pazom i3 TuM, y Oararbox BiHCHKOBOCTYXOOBIIIB CIIOCTEPITalOThCS TPYIHOILI Y
BepOanizalii TpaBMaTUYHUX TNepeXuBaHb. lle MOB’A3aHO SK 13 OCOOIMBOCTAMHU
BIIICEKOBOI KYJIBTYpPH, TaK 1 3 JI€I0 TCHUXOJIOTIYHUX 3aXUCHUX MEXaHI3MIB,
CIIPSIMOBAHUX HA YHUKHEHHS OOJICHUX CIOTafiB. ¥ TaKuX BUMaAKax €PEKTUBHUMHU €
MIIXO/IU, 10 BUXOASTHh 32 MEXI CYyTO KOTHITUBHOI pOOOTH Ta BKJIIOYAIOThH TIJIECHI U
€MOIIii1HI KOMITOHEHTH.

Y 1poMy KOHTEKCTI 3HAYHUN HAyKOBHM 1 MpPAaKTUYHUNA IHTEPEC CTAHOBUTH
OlocyrecTuBHa Teparis SK IHTETpaTUBHUN METOJ IMCHUXOKOpekIi. BoHa moemgHye
€JIEMEHTH CYTe€CTUBHOTO BILUIUBY, TIJIECHO-OPIEHTOBAHUX MPAKTHK Ta MY3MKOTEparlii,
3a0€e3Ieuyr0ur KOMIJIEKCHUH BILIMB Ha TICHXOEMOIIIMHUN CTaH JIIoauHu [3, c. 4].

TeopeTH4HOI0 OCHOBOKO O10CYreCTUBHOI Tepamii € YsBICHHS MpO €JIHICTb
MICUXIYHUX 1 coMaTnyHuX npoteciB. [IcuxorpaBMaTuuHMii 1OCB1A (DIKCY€ETHCS HE JHILE

y CBIIOMOCTI, ajie¢ ¥ y TUIECHUX PEAKUIAX — Y BHUIJIAII M SI30BOI HAIPyTH, 3MiH
IUXaHHS, TOPYIIEHHs Perysisilii BereTaTMBHOI HEpBOBOI cucrteMu. lle oOymoBitoe
HEOOXIAHICTh  BUKOPUCTAHHS  METOAIB,  COPSIMOBAaHMX  HAa  BIJAHOBJICHHS

ncuxo(i310JI0T1YHOI pIBHOBArH [5].

OaHMM 13 KJIIOYOBHX MEXaHI3MIB O10CYreCTMBHOI Teparii € JOCATHEHHS CTaHy
[JTHOOKOTO TICHX0(i1310JI0TTYHOTO po3ciaadiieHHs, Mo GOPMYETHCS depe3 pellakcalliro,
PUTMIYHE JUXAaHHS Ta CEHCOPHUU BIUIMB. Y IIbOMY CTaHI 3HIKYETHCS PIBEHb
KPUTUYHOTO KOHTPOJIO, IO TiJIBUIIYE €(PEKTUBHICTh CYre€CTUBHOTO BIUIMBY Ta
3abe3neuye GopMyBaHHS HOBUX aJIalITUBHUX YCTAaHOBOK [3].

CyrecTuBHMI KOMIIOHEHT Tepamii rmnepeadayac BUKOPUCTAHHS BepOaTbHUX
dbopmyn, crnpsMoBaHUX Ha (OPMYBaHHS BIIUYTTS O€3MeKH, CTAaOUIHLHOCTI Ta
BHYTPIIIHHOTO KOHTPOJtO. TidecHUH KOMIIOHEHT 3a0e3reuye 3HUKEHHS pPIBHSA
M’S130BOi Hampyru Ta HOpMai3alio (i3ionorivHux mnpoueciB. My3uyHui CyrnpoBija
M1JCUITIOE EMOLIIITHUHN BIUIMB Ta CIOPUSIE NIMOIIOMY 3aHYPEHHIO Y CYyT€CTUBHUM CTaH.

BaxxnuBuM acnekToM O10CYrecCTMBHOI Teparii € ii OpieHTalis Ha peCcypCHUi
nmoTeHlian ocobucrocti. Ha BiaMiHy Big miaxodiB, 1o ¢GOKyCyrTbCs Ha
TpPaBMaTUYHOMY JIOCBiJi, 1€ METOod CHPSMOBAaHMWA Ha aKTHUBAII0 BHYTPIIIHIX
MOKJIMBOCTEH JTFONWHU, BITHOBJICHHS 37IaTHOCTI IO caMoOperyssiii Ta (GopMyBaHHS
MTO3UTUBHUX IICUXOEMOIIHHUX CTaHiB [6].

3 mo3uIli Teopii MOCTTPAaBMATHYHOTO 3POCTaHHS, 010CyreCTHBHA TEparisi MOXKe
PO3IISAATUCS K OMH 13 TICUXOKOPEKI[IHHUX IHCTPYMEHTIB, 110 CTBOPIOE YMOBHU JIJIS
3alyCKy TMPOIIECIB BHYTPIIIHLOI TpaHcQopMallii O0COOMCTOCTI MICHS TEPEKUTOTO
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cTpecy ab0 TpaBMaTMYHUX MOINA. 3HUKEHHS PIBHS AMCTPECY CIPHsE 3MEHIIECHHIO
HaJMIpPHOI aKTHBallli CTPECOBUX PEAKIliH, IO J03BOJISIE MOCTYNOBO BIAHOBIIIOBATU
KOTHITUBHUM KOHTPOJIb, EMOIIHY PETYJIAIII0 Ta 3MaTHICTh A0 pediekcii.

Takoxk, 3MEHIIIEHHSI TICUXOEMOIIMHOT HAMPYTH J03BOJISI€ BITHOBUTH 31AaTHICTH 0
camopeduiekcii Ta TEPEOLIHKH KUTTEBUX YCTAHOBOK, IO € IIEHTPaJIbHUM
KOMITOHEHTOM IMOCTTPaBMaTUYHOIO 3pOcTaHHs [6, c. 4]. ¥V pe3synbrari hopmyeThecs
IICHXOJIOT1YHA TOTOBHICTH JIO 1HTErparlii TpaBMaTUYHOTO JOCBIIy B JKUTTEBY 1CTOPIIO
ocobuctocTi 0e3 MOro BUTICHEHHS YW YHUKAHHS, IO BiJIKpUBAa€ MOXKJIMBOCTI MJIs
PO3BUTKY HOBUX CEHCIB, IIIHHOCTEH 1 CTPATET1i MOI0MAaHHS )KUTTEBUX TPYIHOILIB.

Kpim Toro, BaxnuBy poib Biairpae GopMyBaHHsS J0Bipu — SIK 0 cede, Tak 1 10
iHmmx. BinHoBnenHss 0a30BOro BIAUYTTS O€3MEKHM € HEOOX1IHOIO YMOBOIO ISt
PO3BUTKY MIKOCOOUCTICHUX 3B’SI3KIB, SIKI, Y CBOIO YEpry, BUCTYIAIOTh BAKIUBUM
YHHHUKOM TOCTTPABMAaTHIHOTO 3POCTaHHS.

Oxpemy yBary Ciii OPHUIUIATH TICUXOCOMAaTUYHOMY AacCIEKTy TPaBMAaTUIHOTO
nocinay. [lopyiieHHst cHy, cCOMaTU4yH1 CKapru, XpOHIYHA BTOMa Ta 1HIII (H1310JI0T14HI
IPOSIBU 4acTO CyNPOBOKYIOTh IICUXOTpaBMy. biocyrecTuBHa Tepamisi, BIUIMBalOYH HA
TIJIECHUI piBEHb, JOMOMAra€ 3HM3UTH 11 MPOSBH, IO ONOCEPEAKOBAHO IiJABUIILYE
30aTHICTh OCOOMCTOCTI 10 IICUXOJIOTYHOT agarrarii.

TakuMm 4MHOM, IO€AHAHHA TUIECHOTO, EMOILIIITHOTO Ta KOTHITUBHOTO KOMIIOHEHTIB
y OloCyrecTuBHIN Teparii BIJMOBIIA€ CY4aCHOMY PO3YMIHHIO TICUXOTpPaBMHU SIK
CKJIQJIHOTO SIBUIIIA TA MOTPEOU y KOMIUIEKCHOMY HIAXO/1 A0 ii MOI0IaHHS.

OTxe, OCTTpaBMaTUYHE 3POCTAHHS BUCTYIIA€ BAXJIMBUM PECYPCOM BiTHOBJICHHS
Bi1IICEKOBOCITY>KOOBIIIB, 110 JIO3BOJISIE HE JIMILE MOAOJATH HACTIIKH TPAaBMATUYHOTO
TOCBIY, ajie i JOCATTH AKICHO HOBOTO PiBHSI OCOOMCTICHOTO PO3BUTKY. biocyrectuBHa
Tepartisi, y CBOIO Yepry, € MEePCIeKTUBHUM METOJIOM IMCHUXOJIOTIYHOI JJOTIOMOTH, SKH
CIpHSIE aKTUBALli BHYTPIIIHIX PECYPCIB, BIIHOBJIEHHIO ICUXOEMOLIWHOT pIBHOBAru Ta
CTBOPIOE TIEPEIYMOBHU i (POpMyBaHHS MOCTTPABMAaTHUYHOTO 3POCTAaHHS B YMOBAax
BOEHHOT'O CTaHY.
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