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S. BUSHUYEV, N. BUSHUYEVA, D. BUSHUIEV, V. BUSHUIEVA

MATHEMATICAL MODEL OF VALUE CHAIN OPTIMIZATION FOR NUCLEAR SAFETY
PROJECTS

Nuclear safety projects are critical for ensuring the secure and sustainable operation of the global nuclear energy sector, yet they are frequently challenged
by escalating costs, prolonged schedules, and complex supply chains. Traditional project management methods often fail to capture the interdependencies
and high-stakes trade-offs inherent in these projects' multi-stage value chains. This paper addresses this gap by proposing a novel, integrated mathematical
model for optimizing the value chain of nuclear safety projects—from design and procurement through construction and commissioning. We develop a
mixed-integer linear programming (MILP) formulation that holistically integrates key decision variables, including supplier selection, logistics routing,
inventory management, and activity scheduling. The model's primary objective is to minimize total lifecycle cost and project duration while treating
safety, quality, and regulatory compliance as inviolable constraints. A case study based on a representative safety upgrade project is presented to validate
the model. The results demonstrate the model's capability to generate optimized project plans, identify critical cost and schedule drivers, and perform
robust sensitivity analysis on parameters such as resource availability and regulatory review timelines. The proposed framework provides project
managers and decision-makers with a powerful, quantitative tool for strategic planning and resource allocation. By enabling a systems-level view of the
project value chain, this work contributes to enhancing the economic efficiency and execution predictability of nuclear safety initiatives without
compromising their fundamental safety imperative.

Keywords: Value Chain Optimization, Nuclear Safety, Project Management, Mathematical Modeling, Mixed-Integer Linear Programming
(MILP), Supply Chain Management, Risk-Informed Decision Making.

C. BYIIIYEB, H. BYLLIYEBA, /I. BYIIIYEB, B. BYIIIYEBA

MATEMATHYHA MOJIEJIb OIITUMI3AIIIL IAHI[IOTA CTBOPEHHS BAPTOCTI JIJISI IPOEKTIB
SIAEPHOI BE3IIEKH

IpoexTH simepHOi 6e3MeKH € KPUTHIHO BAXKIMBUMH s 3a0e3MeueH s HaJiliHOT Ta CTaNIol eKCIUTyaTawil CBITOBOTO CEKTOPY SIIEPHOI eHEPTeTHKH, [IPOTEe
BOHH YaCTO CTHKAIOTHCS 3 BUKIMKAMH y BHIJIAAI 3pOCTaHHS BHTpAT, IIOJOBKEHHS TEPMIHIB Ta CKJIaJHUX JIAHIIOTIB OcTadaHHs. TpaauiiliHi MeToau
YTpaBJTiHHS MPOEKTaMH 4acTO HE 37aTHi BPAaxyBaTH B3a€MO3AIEKHOCTI Ta KPUTHYHI KOMIIPOMICH, BIIACTHBI 6araTOETallHUM JIAaHIFOTaM CTBOPEHHS
BapTOCTi IMX mpoekTiB. Jlana poGorta BHpillye 110 MpoOieMy, OPOMOHYIOUM HOBY iHTEPOBaHY MAaTeMAaTHYHY MOZENb AJIS ONTHMI3aLii JaHIIora
CTBOPEHHS BAPTOCTI NPOEKTIB sAePHOI OE3MeKH — BiJl IPOEKTyBaHHS Ta 3aKyIiBelb 10 OyAiBHUITBA Ta BBEJCHHS B eKCILTyaTanilo. Mu po3pobisiemo
opMymoBaHHS 3a1adi 3MilTaHO-IIIOYNCENIBHOTO JiHiHHOrO nporpamyBaHHs (MILP), ske minticHO iHTerpye KIIIOYOBI 3MiHHI NPUHHSATTS pillleHb,
BKJIIOYAIOYH BHOIp MOCTaYaabHHKIB, JOTICTHYHI MapUIPyTH, YIPABIiHHS 3alacaMy Ta [UIAHYBaHHA poOiT. OCHOBHOIO METOI0 MOJENi € MiHiMi3allis
3araJbHOi BAPTOCTI JKUTTEBOTO IIMKITY Ta TPUBAJIOCTI IPOEKTY, IIPH 1{bOMY Oe3rieKa, SKiCTh Ta Bi/IIOBiIHICTh HOPMaTHBHUM BUMOTAM PO3TJISIAI0ThCS SIK
HenopyIHi oOMexeHHs. s Bamigamii MOzeni MpeacTaBlIeHO MpaKTHYHE JOCHipKeHHs (case study) Ha NpHKIIai pPerpe3eHTATHBHOTO MPOCKTY 3
MoepHi3alii 6e3nexu. Pe3ynpTaTu AeMOHCTPYIOTh 3aTHICTH MOJIENI FeHEPyBATH ONTUMI30BaHI IUTAHH [IPOEKTIB, BU3HAYATH KPUTHYHI (HaKTOPH BUTPAT
i rpadikiB, a TaKkoXX NMPOBOJWTH HAAIMHMIT aHaNi3 YyTIMBOCTI TaKMX MapaMeTpiB, SK HAABHICTH PeCypciB Ta TEPMIiHH PETYIATOPHOTO PO3TIIALY.
3anpornoHoBaHa CTPYKTypa HaJlae MeHeDKepaM MPOEKTIiB Ta 0c00aM, 10 NPHHMAIOTh PIllIeHHS, IIOTYKHHI KUTbKICHHI IHCTPYMEHT JUISl CTPATEriIHOTO
IUTaHYBaHHS Ta PO3MOALTY pecypciB. 3a0e3nedyrour CHCTEMHHMI MO Ha JIAHIIOT CTBOPEHHS BapTOCTI MPOEKTY, I poOOTa CIPHSE IiJABUILCHHIO
€KOHOMi4YHOI e(eKTHBHOCTI Ta mnepenbadyBaHOCTI BHKOHAHHS iHIIaTHB y cdepi suepHoi Oe3mekn O6e3 MIKOAM JUIS iXHBOTO (hyHIAMEHTaIbHOTO
iMmepaTHBy Oe3IeKn.

KuarouoBi ciioBa: onTuMizaliis JTaHIIOra CTBOPEHHS BapTOCTI, siAepHa Oe3neKa, ynpaBliHHS IPOSKTaMH, MaTEMaTHYHE MOICIIIOBaHHS, 3MillIaHO-
IiouncenbHe JiHilHe nporpamysanHs (MILP), ynpaBiiHHS JaHIFOraMn NOCTa4aHHs, IPUHHATTS PIllIeHb 3 ypaxXyBaHHIM PH3HUKIB.

1 Introduction. Nuclear energy remains a pivotal
component of the global clean energy portfolio, offering a
stable, low-carbon alternative to fossil fuels. However, its
societal acceptance and sustainable operation are
fundamentally contingent upon an uncompromising
commitment to safety. Nuclear safety projects—
encompassing new design engineering, construction,
maintenance, modernization (e.g., upgrades, periodic
safety reviews), and decommissioning—are therefore not
merely operational activities but critical investments in
public trust, environmental protection, and long-term
energy security [1, 2]. These projects are characterized by
exceptionally high stakes, where technical excellence must
be balanced with stringent regulatory compliance, rigorous
quality assurance, and dynamic risk management [3, 4].
The execution of nuclear safety projects involves a
complex, multi-stage value chain [5, 6]. This chain spans
from initial research and design, through procurement of
specialized components, complex manufacturing and
assembly, rigorous site construction and installation, to

final commissioning and long-term support. Each stage is
interdependent, governed by heavy regulation (e.g., IAEA
standards, national regulatory bodies), and subject to
unique constraints, including limited supplier networks, the
need for nuclear-grade quality, and a highly skilled
workforce [7, 8}. Consequently, these projects often face
significant challenges: escalating capital and operational
costs, protracted schedules, and the ever-present risk of cost
overruns and delays that can undermine economic viability
and, paradoxically, divert resources from core safety
functions. Traditional project management approaches,
while essential, often address components of the value
chain in isolation—optimizing procurement or scheduling
tasks separately 9, 10]. This siloed perspective can lead to
local efficiencies that create global inefficiencies, such as
selecting a lower-cost component that causes delays in later
construction phases. There is a critical gap in holistic,
quantitative decision-support tools that can model the entire
value chain as an integrated system. A mathematical
optimization framework is required to navigate the trade-
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offs between cost, time, quality, and risk, ensuring that
resources are allocated in a manner that maximizes overall
safety and economic performance.

This paper proposes the development and
application of a mathematical model for value chain
optimization (VCO) tailored specifically to nuclear safety
projects. We conceptualize the project value chain as a
network of interconnected activities, resources, and
material flows. The model aims to identify the optimal
configuration of decisions—such as supplier selection,
technology choice, logistics routing, inventory buffering,
and activity scheduling—under the constraints of
regulatory requirements, resource availability, and risk
thresholds.

To effectively manage nuclear safety projects in
turbulent environments, the following mathematical model
represents the value chain framework. The model focuses
on optimizing project performance while addressing risks,
resource allocation, and adaptability.

1. Mathematical Model of Value Chain
Optimization for Nuclear Safety Projects.

1.1. Objective Function

The primary goal is to maximize the overall project
value (V) while minimizing risks, costs, and inefficiencies.
The objective function is:

n m
Maximize V = Z(wi A — Z(Rj +¢)
i=1 =

Where:

-V — Total project value.

- Ai — Value generated by activity iii (primary or
support).

- Wi — Weight of activity iii based on its contribution
to project success.

- Rj— Risk factor j (quantified as a probabilistic cost).

- Cj — Cost of activity j.

- n — Total number of value-generating activities.

- m — Total number of risks and costs considered.

1.2. Constraints

To ensure feasibility, the model is subject to the
following constraints:

1. Budget Constraint:

n
ZCiSB
i=1

Where B is the total available budget for the project.
2. Risk Tolerance:

m
ZR]-ST
j=1

Where T is the maximum acceptable risk level.
3. Resource Availability:
n

Z Rix < Ry
=1

Where Rix represents the resource k required for
activity iii, and Ry the total available quantity of resource k.
4. Timeline Constraint:

n
ZTL- <D
i=1

Where T; is the time required for activity i, and D is
the project deadline.
5. Regulatory Compliance:

Cr (Ai) = Cmin

Where C.(Aj) is the compliance score for activity iii,
and Cpin the minimum regulatory compliance threshold.

1.3. Risk Function

Risks (R;) are modeled as probabilistic costs:

Ri = PiXEi

Where:

- Pj— Probability of risk j occurring.

- Ej — Expected impact or cost of risk j.

1.4. Adaptability Index

To account for turbulence, an adaptability index (Al)
is introduced:

n
i:lFi

Ai= n

Where F; is the flexibility score of activity i, reflecting
its ability to adapt to environmental changes.

1.5. Optimization Technique

The optimization problem can be solved using:

1. Linear Programming (LP): For deterministic
scenarios.

2. Stochastic Programming: For scenarios with
probabilistic risks.

3. Multi-Objective Optimization: To balance value
maximization and risk minimization.

4. Al-Based Techniques: Machine learning models
to predict Ai, Rj, and Cj dynamically.

Application Example

Suppose a nuclear safety project has:

- Five primary activities (A1, A,..., As).

- A budget of $1M (B=1,000,000B =
1,000,000B=1,000,000).

- Maximum risk tolerance of 0.3 (T=0.3).

- Deadline of 12 months (D=12).

By inputting specific values for Wi, A, R;, and C;, the
model calculates the optimal activity allocation, resource
distribution, and risk management strategy to maximize
project value while meeting constraints.

This mathematical model offers a structured way to
analyze and optimize nuclear safety projects, ensuring that
resources are used efficiently, risks are minimized, and
adaptability to turbulence is achieved.

2. Case Study. Application of the Value Chain
Framework in a Nuclear Safety Project

Program Overview.

Program Name: Strategic roadmap of the radioactive
waste management, nuclear decommissioning and
rehabilitation sector

Bicnuk Hayionanbrno2o mexuiunozo ynigepcumemy « XI11».
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Location: Ukraine.

Obijectives of Strategic roadmap of the radioactive
waste management, nuclear decommissioning and
rehabilitation sector is presented in the Table 1.

Table 1 — Objectives of Strategic roadmap of the radioactive waste management, nuclear decommissioning and rehabilitation sector

Challenges of Strategic roadmap of the radioactive
waste management, nuclear decommissioning and
rehabilitation sector is presented on Table 2.

Category Details

1. Enhance Safety - Develop and implement measures to ensure the safe handling, storage, and disposal of

radioactive waste.
- Minimize risks associated with nuclear decommissioning and radioactive contamination.

2. Environmental Rehabilitation - Restore and rehabilitate contaminated sites to reduce long-term environmental impact.

3. Regulatory Compliance - Align program activities with international and national nuclear safety and waste management

standards.

- Involve government bodies, international agencies, and local communities to foster
transparency and cooperation.

- Develop economically and environmentally sustainable strategies for long-term waste
management and site rehabilitation.

- Incorporate advanced technologies such as Al, robotics, and digital twins to optimize waste
management and decommissioning processes.

- Train local experts and develop human capital for managing complex radioactive waste and
decommissioning projects.

- Establish robust contingency plans to address unforeseen challenges, including geopolitical
and economic instability.

4. Stakeholder Engagement

5. Sustainability

6. Technology Integration

7. Capacity Building

8. Risk Management

Table 2 — Challenges of Strategic roadmap of the radioactive waste management, nuclear decommissioning and rehabilitation sector

1. Geopolitical Uncertainty - Ukraine faces ongoing geopolitical tensions that may disrupt program implementation and
resource allocation.

- Many facilities and equipment used in radioactive waste management and decommissioning are
outdated and require upgrading.

- Limited funding and economic pressures may hinder large-scale decommissioning and
rehabilitation efforts.

- Managing radioactive waste and decommissioning nuclear facilities require advanced technical
expertise and technologies.

- Navigating complex regulatory frameworks and ensuring compliance with stringent safety
standards can delay progress.

- Building public trust and addressing concerns related to nuclear safety and environmental risks
remain challenging.

- Natural disasters, extreme weather events, and ongoing environmental degradation pose
additional risks.

- Lack of sufficient skilled personnel to manage radioactive waste, nuclear decommissioning, and
rehabilitation projects.

2. Aging Infrastructure

3. Financial Constraints

4. Technical Complexity

5. Regulatory and
Bureaucratic Hurdles

6. Public Perception and
Trust

7. Environmental Risks

8. Workforce Limitations

The program aims to balance safety, environmental
sustainability, and efficiency in radioactive waste
management, nuclear decommissioning, and site
rehabilitation in Ukraine. However, significant challenges,
including financial, technical, and geopolitical issues, must
be addressed through strategic planning, stakeholder
collaboration, and innovative solutions.

3. Program architecture

The first edition of the Program Strategic Roadmap
was released in February 2022 and approved by the meeting
of the Working Group on February 9, 2022. It included 20
programs identified and prioritized by a specially created
inter-sectoral Working Group for the development of the
Program Strategic Roadmap. Delays in the detailed
development of the Program Strategic Roadmap in 2022
were caused by Russian aggression against Ukraine. The
war also negatively affected the State Nuclear Safety
Administration and its subordinate enterprises, as
previously planned financial resources had to be directed to
other priorities. Another negative impact was caused by the

Russian occupation of the Black Sea, during which the
nuclear and radiation safety infrastructure suffered damage
worth over 100 million euros. Several branches of the State
Enterprise Radon Association in Ukraine also suffered
infrastructure damage at facilities for which the State
Nuclear Safety Administration is responsible. Therefore,
the main task of the State Nuclear Safety Administration
for the nearest period is to restore the nuclear and radiation
safety infrastructure in the Black Sea and other territories
of Ukraine.

In response to the new priorities, the State Nuclear
Safety Administration has developed an additional program
C “Plan for the Restoration of Activities and Development
of the Exclusion Zone as a Result of the Russian Invasion
and Occupation”. However, it is important to note that,
along with these high-priority projects that Ukraine must
implement urgently, there are also a number of high-
priority projects within the framework of the 20 programs
mentioned above. These include the dismantling of
unstable structures in the new safe confinement, the
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licensing of the ISF-2, which should make it possible to
complete the transfer of fuel from ISF-1 to ISF-2, and
others.

Although Program C is of great importance, since it
will at least restore the radioactive waste management
infrastructure to the level that existed before the
occupation, there are several other high-priority projects
that require funding. Therefore, in the process of selecting
urgently needed projects, consideration should be given to
including in the plan’s other projects that, by their nature,
will support nuclear and radiation safety.

4. Implementation of the Value Chain Framework

Primary Activities

1. Program Strategic Roadmap Planning and Design

- Conducted a comprehensive risk assessment to
identify areas of potential safety concerns in reactor
systems.

- Established clear project objectives, including
compliance with International Atomic Energy Agency
(IAEA) safety standards.

- Allocated resources across engineering, regulatory
compliance, and stakeholder communication.

2. Risk Identification (Table 3) and Mitigation (Table
4).

for Program Strategic Roadmap

Table 3 — Key Risks and Challenges

areas.

Risk Category Description Impact
Geopolitical - Russian aggression caused delays in roadmap - Delayed program execution.
Instability implementation and shifted financial priorities. Increased operational risks.

- Reduced resource availability.
Infrastructure - Damage to nuclear and radiation safety - Loss of critical facilities.
Damage infrastructure in the Black Sea region and other

- Over 100 million euros in damages requiring urgent
restoration.

Resource Diversion

- Planned financial resources redirected to war-
related priorities.

- Insufficient funding for high-priority nuclear safety
programs.

Operational Delays

- War impacted the ability of the State Nuclear
Safety Administration to execute its programs.

- Delays in licensing, fuel transfers, and dismantling of
unsafe structures.

Complex Project
Prioritization

- Balancing urgent restoration needs with ongoing
high-priority projects under the roadmap.

- Risk of neglecting essential projects that ensure long-
term nuclear and radiation safety.

Environmental

- Degradation of the exclusion zone due to

- Long-term environmental contamination and

Risks occupation and conflict-related activities. increased risks to public safety.
Stakeholder - Coordination among inter-sectoral working - Delays in decision-making and fragmented
Challenges groups in a crisis environment. implementation of programs.

Table 4 — Risk Mitigation Strategies

Risk Mitigation Area

Proposed Actions

Expected Outcome

and Advocacy

Geopolitical Response

- Engage international stakeholders (e.g.,
IAEA, EU) for support and funding.

- Strengthened global partnerships and additional
resources for implementation.

Infrastructure Restoration

- Implement Program C: Plan for the
Restoration of Activities and Development of
the Exclusion Zone.

- Restoration of critical facilities to pre-war levels
or better.

- Prioritize repair of damaged infrastructure in
the Black Sea and other affected regions.

- Enhanced operational capacity for nuclear
safety.

Financial Planning

- Create a phased funding plan that allocates
resources to the most urgent projects.

- Optimized use of limited financial resources to
support urgent and high-priority needs.

- Seek international financial assistance and
partnerships for funding critical projects.

- Increased funding to cover infrastructure repair
and ongoing roadmap activities.

Program Prioritization

- Develop a dynamic prioritization framework
to evaluate projects based on urgency, impact,
and resource availability.

- Balanced implementation of urgent restoration
and long-term safety initiatives.

Operational Resilience

- Strengthen the capacity of the State Nuclear
Safety Administration and its subordinate
enterprises.

- Increased capability to respond to emergencies
and adapt to changing conditions.

Environmental Protection

- Focus on rehabilitation of the exclusion zone
to mitigate environmental contamination.

- Reduced environmental risks and improved
public safety.

Stakeholder Collaboration

- Facilitate transparent communication and
collaboration with international agencies,
policymakers, and local communities.

- Greater alignment, trust, and cooperation in
achieving roadmap objectives.
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The successful execution of the Strategic Roadmap
for Nuclear Safety in Ukraine requires addressing
immediate restoration needs alongside ongoing high-
priority projects. By implementing targeted mitigation
strategies,  prioritizing  resources, and  fostering
international collaboration, the program can restore and
enhance nuclear and radiation safety infrastructure under
challenging conditions.

Conclusion. This paper has addressed the critical
challenge of managing the complex, high-stakes value
chains inherent in nuclear safety projects. By developing
and demonstrating a tailored mathematical optimization
model, we have provided a pathway to reconcile the often-
competing objectives of cost efficiency, schedule
adherence, and unwavering safety compliance.

Our proposed mixed-integer linear programming
(MILP) model moves beyond siloed optimization by
integrating the entire project lifecycle-from design and
specialized  procurement  to  construction  and
commissioning-into a single, holistic decision-support
framework. The model successfully formalizes the unique
constraints of the nuclear sector, including regulatory
milestones, nuclear-grade quality requirements, and limited
supplier qualifications, treating them not as afterthoughts
but as foundational parameters. The case study application
validated the model's practical utility, illustrating its ability
to generate optimized project plans that identify critical
trade-offs, pinpoint cost and schedule sensitivities, and
allocate resources in a manner that systemically minimizes
total lifecycle expenditure and duration.

The primary contributions of this work are threefold.

Conceptual. We established a structured,
optimization-ready value chain framework specifically for
nuclear safety projects, defining its key stages, flows, and
decision nodes.

Methodological. We developed a rigorous MILP
formulation that quantifies the interplay between strategic
choices (e.g., supplier selection, technology pathways) and
operational performance (cost, time).

Practical We demonstrated that a model-driven, risk-
informed approach can provide project managers with
actionable insights for strategic planning, leading to more
predictable, efficient, and robust project execution.

Limitations and Future Research.

While this model offers a significant advance, it also
presents avenues for further development. First, the current
formulation primarily treats risk as a constraint; future

iterations could explicitly integrate probabilistic risk
metrics (e.g., failure mode effects) into the objective
function for a more nuanced risk-cost-benefit optimization.
Second, expanding the model into a multi-objective
optimization framework could formally balance a wider set
of KPIs, such as supply chain resilience, workforce
radiation exposure, and sustainability metrics. Finally, the
integration of real-time data streams and machine learning
for predictive parameter estimation (e.g., dynamic activity
durations, supplier reliability) could evolve this into a
dynamic, adaptive tool for project control.

This table organizes the competence areas into their
respective domains and specifies the required level of
expertise (foundational, operational, or strategic) for each
area.
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€. 0. BY/IIOKOB, O. B. IObAY

3ACTOCYBAHHS HITYYHOI'O IHTEJEKTY B BI3BHEC-IIPOIIECAX ITPOJIAKY AHYITETIB
HE3AJIE2XKHUMHU CTPAXOBUMU ATEHTAMU

VY cTaTTi BUKOHAHO CHCTEMHHMI aHaIli3 3acTocyBaHHs mTy4HOro intenekry (L) B GisHec-mporecax mpogaxy aHyiTeTiB He3aJe)KHHMH CTPaxOBHMHU
areHTaMH Ta 3alPOIIOHOBAHO IIPOLECHY AEKOMIIO3UIIII0 IOBHOTO LUKy B3a€MOJIl 3 KIIi€HTOM. BHOKpeMIICHO NMOCTINOBHI eTamy: TeHepamnis JiAiB i
MIONIYK MOTSHIIHHUX KIII€HTIB; BUABIICHHS Ta OLliHKA MOTPe0; MONIyK i mif0ip NPOAyKTy; MpEe3eHTAallisl IPOIO3UIIiHN 1 KOHCYIBTAIlisl; IOJAHHS 3asBKU Ta
aHJepPaiTUHT; O(pOpPMICHHSI i JOCTaBKa MoJlica; MIiCISIPOJaXKHA B3AEMOJisl Ta yTpUMaHHs. J[Jisi KOXKHOIO eramy BHKOHAHO «KapTorpadyBaHHs)
BiAMOBiMHUX KiaciB moxeneil i meroxiB Il Ta ix THHOBHX (yHKWiN y MiATPUMIN NPUIHATTA pillleHb i aBTOMaTH3amii. Y3araJabHEHHS CydaCHHX
JIOCIIIDKeHB TOKa3ye, 10 aHamTHaHi Mozeni (ML-ckopuHr, knacuikaris, ancaMOJIeBi M IXOAN) MiJBHIYIOTh SIKiCTh BinOOpy JTifiB, IPOrHO3yBaHHS
MOBEIIHKY KIIi€HTA 1 OLiHIOBAaHHS PH3UKiB; reHepatuBHi Ta NLP/LLM-pinieHHs niATpEMYIOTh pOOOTY 3 HECTPYKTYPOBAaHHUMH JaHHUMH (TPAHCKPHIITH
JI3BIHKIB, JINCTYBaHHS, JOKyMEHTH), 3a0€3MeUyIOTh BUTAT NTapaMeTpiB, PE3IOMYBaHHS I MiATOTOBKY IIEPCOHATI30BAHUX MaTepialiB A1 KOHCYJIbTALLT;
areHTHI MiAX0JH OpKeCTPYIoTh podoui mporecu y CRM ta noxymenToobiry. HaBeneHo KinbKiCHI iHANKATOPH HOIIMPEHOCTI 3aCTOCYBaHHS MOAEINeH 3a
eTaraMi Mpoliecy, IO BigoOpa)kae HEPiBHOMIPHICTh TEXHOJOTIYHOI 3pUTOCTi pilleHb. Bu3HaueHOo Oap’epu BHOPOBAPKEHHS: (PArMEHTOBAHICTH 1
HEOJIHOPIJHICTh IaHUX, AITOPUTMIYHA yIIepeIKeHICTh, 00MeXXeHa IIPO30PicTh 1 MOSICHIOBaHICTh, perysttopHi Bumoru SEC i NAIC, a Takox cKIagHICTh
inTerpanii 3 CRM. OkpeciieHo HanpsiMu OJaJbIINX JOCIIDKeHb: CTaHIapTH3ALlis T IX0 /1B, pO3BUTOK nosicHroBaHoro 1111 Ta kinbkicHa omiHKa 6anaHcy
MIX JFOZICBKOIO €KCIIEPTH3010 i aBTOMATH3AL[I€I0 Ha PI3HUX €TaIax MpoJaxy aHyiTeTiB.

KurouoBi ciioBa: Gi3Hec-mpolecH, ITYYHUH IHTEIEKT; MAIIMHHE HABYaHHS, aHYITETH; HE3aJICKHI CTPAXOBi areHTH; TeHEePALLis JIi/iB; BUSBIICHHS
noTped KIIiEHTa; peKOMEHIALiiHI cucTeMu; apTomaTu3auis; noscaioBanuii LI, nudposa tpancdopmarris.

Y. BUDIUKOV, O. LOBACH

THE APPLICATION OF ARTIFICIAL INTELLIGENCE IN THE ANNUITY SALES BUSINESS
PROCESSES OF INDEPENDENT INSURANCE AGENTS

This article presents a systematic analysis of the application of artificial intelligence (Al) in the business processes of annuity sales by independent
insurance agents and proposes a process-based decomposition of the full customer interaction lifecycle. The following sequential stages are identified:
lead generation; client discovery and needs assessment; product research and carrier selection; proposal presentation and consultation; application
submission and underwriting; policy issuance and delivery; and post-sale engagement and retention. For each stage, a “mapping” of relevant classes of
Al models and methods and their typical functions in decision support and automation is provided. A synthesis of contemporary research shows that
analytical models (ML-based scoring, classification, and ensemble approaches) improve lead qualification, customer behavior forecasting, and risk
assessment; generative and NLP/LLM-based solutions support work with unstructured data (call transcripts, chat transcripts, correspondence, and
documents), enabling parameter extraction, summarization, and the preparation of personalized advisory materials; and agent-based approaches
orchestrate workflows within CRM systems and document management. Quantitative indicators of the prevalence of model usage across process stages
are presented, reflecting the uneven technological maturity of available solutions. Key implementation barriers are identified, including data
fragmentation and heterogeneity, algorithmic bias, limited transparency and explainability, regulatory requirements imposed by the SEC and NAIC, and
the complexity of CRM integration. Directions for future research are outlined, including the standardization of approaches, the advancement of
explainable Al, and the quantitative assessment of the balance between human expertise and automation at different stages of annuity sales.

Keywords: business processes; artificial intelligence; machine learning; annuities; independent insurance agents; lead generation; customer needs
identification; recommender systems; automation; explainable Al; digital transformation.

Beryn. ChorozHi cydacHHil PHHOK CTpaxyBaHH: CyyacHa cTpaxoBa Tany3b XapaKTepH3YEThCS
aHyiTeTiB 3a3Ha€ 3HAYHUX 3MIH MiJl BIUIMBOM CYKYITHOCTI ~ BHCOKOIO  TPYAOMICTKICTIO  OIEpaliiHUX  IPOIECIB,
B332€EMOIOB'I3aHUX (PAKTOPIB, BKIIOYAIOYM TEXHOJIOTIYHY  IIOCTIHHOI  JWHAMIKOIO PHHKY Ta  3pOCTal0Y0l0

CKJIQJIHICTIO CTPAaxOBUX IPOJAYKTIB, 30KpeMa aHYIiTEeTiB.
Tomy BaxiuMBuMH  (aKTOpaMH, L0 3yMOBIIOIOThH

TpanchopMmalliro,  3MiHy  CHOOXHBYHX  OYIKyBaHb,
peryJsaTopHi 3MiHM Ta eKoHoMiuHi ymoBH. Lludposa

TpaHcopmallisi B CTPaXOBOMY CEKTOpi 3ymoBiieHa: 1)
AaKTHBHUM PO3BHTKOM 0OCSTYy pHHKY BIIPOBa/DKCHHS
IHCTpyMeHTiB mTy4Horo intenekry (I11), BapTicTs sikoro y
2025 poui mepepunpia 10 minespaiB monapis [1], me
MpoJaX  aHyITeTiB CcTajla OfHI€0 3  HaHOLIBII
TpaHCOpPMOBAHMX Tay3ei; 2) ONTHUMI3alLli€l0 MpOLECiB
nuisxoM iHTerpamnii iHcTpyMenTiB LI y >xuTTeBnit UK
MpOAaXy aHyiTeTiB — Bif €Tamy 3aly4eHHS KII€HTIB IO
MICIAMPOAAKHOTO CYNPOBOAY — 3a0e3ledye 3pOoCTaHHs
ehexTHBHOCTI Ta piBHA mepconamzamii [2, 3]. 3aBnsgku
KOHBEPTCHIIIi  TEXHOJIOTIH  MAIIMHHOTO  HABYAHHSI,
aHAJITUKU BEJIHMKHUX JaHUX, XMapHUX OOYMCIEeHb Ta
IHTEJEeKTyalbHOI ~aBTOMAarm3alii, CKJIajgHi 3aBJaHHS,
30KpeMa OIiHKa PU3UKIB B aHJEPPaNTHHTY, IO paHille
BUKOHYBAJIHCSA (axiBusaMmuy, nenaii YyacTime
aBTOMAaTU3YIOThCs 3a nonomoroto LI [2, 4, 5, 6].

HEOOXIJIHICTh BIPOB3PKEHHSI IITYYHOTO IHTENEKTYy, €
CKJIQIHICTD TPOAYKTIB, sIKA BUHUKA€ BHACIIZIOK NEPETHHY
HOPMaTHBHHUX BUMOT, 1HIWMBIyaJIbHUX HaJAIITYBaHb JUIs
KJITI€HTIB Ta BOJIATHIBHOCTI PHHKY; KOHKYPEHLIS MiX
CTPaXOBUMH KOMITaHISIMH, IO TOCTIHHO BHUBOISATH HOBI
MPOJYKTH, CTBOPIOIOYH BUKJIMKH /ISl HE3aJI€)KHUX areHTiB,
SKi TOTPeOyIOTh JOJATKOBOTO 4Yacy I OIaHyBaHHS
HOBHMHOK, a /IS KII€HTIB — YCKIAIHIOIOTH PO3yMiHHS
IIPOIIOHOBAHUX pimreHs; 301IbIICHAS obcsriB
00poOIIOBaHNX HaHUX 1 OOMEXeHa 3JaTHICTh ICHYIOUHX
iH(OpMamiHHUX CHCTEM ITOBHOIO MIpOO BifoOpa)xaTu BCi
aCTIeKTH CTPAaxXOBHX TMPOAYKTIB CTBOPIOIOTH JIOJATKOBI
6ap’epu U1 ePEKTUBHOTO YIPaBIiHHA. Y TakUX yMOBax
BIPOBA/PKEHHS IITYYHOTO IHTEJEKTYy CTa€ KIIOYOBHM
YMHHHUKOM, 110 CIIPUSiE aBTOMATH3aLliil pyTHHHUX 3aBIaHb,
MiBUIICHHIO TOYHOCTI NPUHHATTSA pillleHb, iHTErparmii
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JaHWX TI0 BCIX CTPaxOBHX NPOAYKTaX Ta amamnTamii a0
IIBHAKO3MIHHOTO cepemoBuma. B pesymerari I
BiIKpMBAa€  HOBI ~ MOXJHMBOCTI  UIA  TIiBHIICHHS
KOHKYPEHTOCIIPOMO>KHOCTI areHTIiB i CTpaxoBOi KOMITaHil
3arajioM, a TaKOX MOJIIIICHHS SKOCTI 0OCIyroBYBaHHS
KIIIEHTIB d9epe3 Tepexim /J0 KOHCYJIBTaTHBHOI PO,
MIOCUIIEHOT TEXHOJIOTTYHUMH MOXITUBOCTSIMHU
IHTEJIEKTyaIbHUX CUCTEM.

MeToro cTaTTi € aHAWITHYHUN OIJISN Cy4YaCHHX
iHCTpyMeHTiB  mryyHoro  iHrenekty  (IHI), o
3aCTOCOBYIOThCS CTPAXOBUMHM areHTaMH, 3 aKIIEHTOM Ha iX
IHTETpaIio B KIFOYOBI €Ty MPOAAXiB — BiJ 3ay4eHHSI
KIIIEHTIB 1 IepCOHANi3aMii IPOTO3UIIiH 10 aHAeppalTHHTY
Ta TOCTIPOIAXHOTO cympoBoxy. Ha ocHOBI aHamizy
JOCTYITHHX ITaT(OpPM, TAKHX K aBTOMAaTH30BaHi 4aT-00TH
JUISL KOHCYJBTAIlid 1 MOAEN MAallMHHOTO HAaBYAHHS JUIA
OIIIHKM PH3WKIB, HEOOXiTHO BUSBUTH CHIIBHI Ta CIIaOKi
CTOPOHHU IMX TEXHOJIOTIH, OI[HHUTH iX BIAMOBIAHICTH
perystopauM Bumoram SEC i NAIC, a Takox BH3HAYUTH
0ap'epu BIPOBAKCHHSI [Tl HE3AJIC)KHUX arCHTIB.

TOCIGHHK i3 ROTPHMAHHA

BUMOT KOMYHiKaLlii TTonITHKY CTPAXOBMX KoMNaHilt

BrnpoBagxenns LI B 0i3Hec mpouecu mpoaaxki
aHyiTeTiB He3aJe;KHUMH CTPAXOBHMH areHTAMM.

Jis cucremarm3anii BIPOBa/KCHHA IHCTPYMEHTIB
I crroyaTKy AeTalbHO MPOAHATI3yeEMO MPOIIEC MPOJAXKyY
a”yireriB. BizHec-mporec mpogaxxy MHPOIYKTY aHYiTeTy
MO’KHa PO3KJIACTH Ha HACTYIHI KIFO4YOBi eramu (puc. 1):
TCHEepAllis JIiJIB Ta MOIIYK HOBUX KIIIE€HTIB, BUSBJICHHS Ta
OlLliHKa MOTpe0 KIIEHTIB, MOIIYK 1 MiAOIp HPOIYKTY
CTpaxoBOi KOMIaHii, TNpe3eHTalis MNPONO3ULIH Ta
KOHCYJIbTAllisl KIi€HTa, MOAAHHS 3asBKH Ta OLlIHKA PU3HKIB
KJi€HTa, 0(OpPMIIEHHS Ta JOCTaBKa aHyITETHOTO MOJICY,
MICIIATIPOaYKHA B3AEMOIS Ta yTPUMaHH KiIi€HTiB. KoxkeH
eTam TpaAWMiiHO BKIIOYAa€E pydHy OOpOOKY MaHWUX,
KOMYHIKaI[ilo Ta pIiOIeHHd, 10 MPHU3BOAWTH JO
HeeeKTHBHOCTI poOOTH Ta HaBiTh BTpaTH KiieHta; LII-
IHCTPYMEHTH ONTUMI3YIOTh iX, JOCATAI0OYN aBTOMAaTH3AIli]
110 70% pyTUHHUX 3aBAAHb [7].

[MonmanpIna JEKOHCTPYKIIiSI UX MPOIIECIB JO3BOIUTH
BUSIBUTU KPUTHYHI TOYKH, € IHHOBALIWHI TEXHOJIOTII Ta
incrpymenTH L1 3naTHi nigBumnTy eheKTHBHICTH pOOOTH
areHTa Ta CTBOPHUTH JIOAATKOBY LIHHICT AJISI KIIE€HTA.

; " o MigXoaw £ npoaax . ’ ) -
iHaHCoBMI perynatop 3aKOH NPO KOHIAEHLAHICTL AaHHX P BuMoru "3Haif CBoro KnighTa"  BUMOTM 40 POSKDUTTA iH(opMaLlii
[laHi pusky —
Basa knickTis I'enepigm ’1"1'5 1
Ly
MPemepann —»|  NOTEHLiHX
|apKeTMHTOBA Kamnakia AT
p KniekTis
OitaHCoBi OKYMEHTH, HafiaHi KnieHToM BUSBNEHHA T2
BMOrM 10 HOPMATUBHOI NPUZATHOCTI / OLjHKa noTped
| KnignTiB

CNHCOK NOTEHLYIHMX KITiEHTIB
] 1

[loCTynHi NPOAYKTH Ta CTaBKM aHyiTeTy,
IHCTPYKLIT 3 OLIHKM PU3MKIB CTPAXOBHX KOMNaHil /

1 Towyk i nigbip
] > nponykty

> CTPaxosol
o KoMnaHil

Ipohinb pU3KKis KnieHTa Tla OLjiHKg BIANOBIGHOCTI aHyiTeTy
I

TpOno3iLyio BIAXMNEHO, NOBTOPHIN NOLYK ‘

3aABY BIAXHIEHO, NOBTOPHHI nomyk]/
[uTaxHA Ta npoGnemy KnieHTis
J1OKyMEHTH Npo PO3KPUTTA iH(opMaLLiT NPO BIANOBIAHICTL /

v

L, MpesenTauja J

NPONo3uLi Ta
KOHCynbTaLjis
Kniexta

3 PexoMeH[108aHi BapiahTH aKyiTeria
JIOKyMEHTH ANS NATBEPIKEHHA 0CO0H

TMoAaHHA 3ansku [—

Basu AaHuX BUABNEHHA waxpaﬁcwaa

Ta OLliHKa pu3ukis
Knighta [

|

BUMOrH 0 OOPMIEHHA NONICIB KOHKPETHIX CTPAXOBUX KOMNaHiH

Tpono3Hyito PiHATO

OopMneHHa Ta
Jl0CTaBKa

y 3

EnexTpoxHui nignuc Ta nepesipka LM(POBHX AOKYMEHTIB

/ " anyiretHoro

Biarykw Ta 3anuTu KnieHTis

v

nonica

N TIOCTiHHIA KnTi€HT,
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YTPUMaHHA

3apsy Cxsafieqo
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CbapMnenuii ayiTeTHud nonjc
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CHCTEMM CTPAXOBUX KOMNaHiV Ta npofaxis

Puc. 1. bizHec-npouecu npomuecy Ipojaxy HIpOAyKTy aHyiTeTy
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Tenepanis JigiB Ta NOIYK HOBHUX KJI€HTIB.
I'enepartis JigiB Ta MOMIYK HOBUX MOTEHIIIHNX KIIIEHTIB €
MTOYaTKOBAM €TarioM B POOOTI HE3aJeKHOTO CTPaxOBOTO
areHTa y mpomeci mpomaxy anyireriB. lLleit eram €
KPUTHYHO B@XIMBUM 3 KUIBKOX KIIOYOBHX IPHYHH, SKi
BIUIMBAIOTH Ha TMpPOAaxi, IOXOoAH, e(eKTHBHICTh Ta
KOHKYPEHTOCTIPOMOXKHICTE [8, 9]. Hesamexni cTpaxosi
areHTH  (QYHKUIOHYIOTH 1032  HPSMHM  BIUIMBOM
MapKETHHTOBHX OpraHizalliif, OpOKepChKUX CTPYKTYp Ta
CTpaxOBUX KOMIIaHiH, 1[0 3yMOBIIOE OCOOJIMBOCTI iXHBOT
npodeciitnol mismpHOCTI. Ha BigMiHy Bim areHriB, sKi
NpamiolTh  y MeXax KOPIOPAaTHBHHX CHCTEM i3
PO3BHHEHOIO MEPEKEeI0 3aJly4deHHS KIIE€HTIB, HE3aJeXHi
¢daxiBmi 3MyImIeHi caMmocCTiliHO (opMyBaTH BJIAacHY
KIIIEHTCHKY 0a3y Ta po3poOisaTH cTparterii mpogaxy. Takuit
¢dopmar poOOTH MiABUINYE 3HAYCHHS I1HAWBITYyalTbHUX
HiIXOMIB 10 MPOCYBaHHS CTPAaXOBUX IPOAYKTIB, PO3BUTKY
KOMYHIKAI[IfTHNX HABUYOK 1 3aCTOCYBaHHsS CyYacCHHX
METO/IiB MAPKETHHTY Ta MPOIAXKIB.

Y 1bOMy KOHTEKCTI 0COOIMBOI aKTyaIbHOCTI Ha0yBa€e
BUKOPHCTAHHS Cy4acHHUX IU()POBUX TEXHOJIOTIH, BKIIFOUHO

31 LITyYHUM 1HTENEKTOM, SKi BIJKPUBAIOTh HOBI
MOXUIMBOCTI JUII  aHANITHKHA KIIEHTCHKHX  TMOTPeO,
ONTUMI3aIii TpOLEeCiB B3aeEMOZil Ta  IiIBUIICHHS

e(heKTUBHOCTI pOOOTH arcHTIB.

V nocnimkeHnsx [8, 9, 10] 3a3Hava€eThCs, MO0 METOIN
MalIMHHOTO HABYaHHA, Taki SK JIOTICTHYHA peTpecis,
JlepeBa pilleHb, BUIIAIKOBHH JIiC, TpalieHTHAN OYCTHHT Ta
HEHpOHHI Mepexi, € HaHOUThIl e(QeKTHBHUMHU s
MPOTHO3YBaHHS WMOBIPHOCTI KOHBEpCii JIiZiB HA OCHOBI
ICTOPUYHUX JaHUX, IO J03BOJISE 30CEPEIUTH 3yCHUILIS Ha
HAWOUIBII ~ TEPCHEeKTHBHUX  IOTEHIIWHUX  KIIEHTax.
Hocnimxenns [9] ta [11] moka3yroTh, 110 KOHBEPCIs JIiIiB
3pocTae, y cepeaHpoMy, Ha 26%, piunuii goxig — Ha 50%,
a BUTPATH HA JIiJ{ 3MCHIIYIOThCS Ha 25%. Y mocimiKkeHH]
[12], xmacTepHi METOAN 3aCTOCOBYIOTHCS IS TPYITyBaHHS
HaceleHHA 3a TMpOoPUIIMA pPHU3HKY, IO IIOJIETIIy€
reHepamito JimiB. AmnamoriuHo, y pobGoti [3], I
iHrerpyerscst 3 loT pmns 300py maHMX 3 HOCHMHX

NPUCTPOIB, ONTHMI3yrOuM JiforeHepauito Ha 15-25%.
Hocmimkernns [13] moka3ye, mo 9ar-00TH Ta CHCTEMH
aBToMaTm3amii (Hanpukian, Ha 6a3i NLP) B3aemomiroTh i3
KIIieHTaMH depe3 email um conMepexi, TeHepyroun Jian 3
ROI no 70%.

VY cBOIO Wepry, BUKOPHCTaHHA MOJEJCH Ta METOIIB
I mMae HU3KY HENOJIKIB, HEAONPALIOBAHb Ta MPOTAJINH.
3okpema, aBTOopu [9] BHOUIIOTHE Taki HpPoOIEMH, SIK
HEMOBHOTAa Ta HHU3bKa SKICTh HaOOpIB JaHWX, IO
YHEMOXIIMBIIIOE ()OPMYyBaHHs HaJiifHUX MpOrHo3iB y lead
scoring. OkpeMoi yBaru norpedye MUTaHHs aJroOpUTMIUHOT
YHEepEemKEHOCTi: MOJIeNi, HABYCHI Ha iCTOPHYHUX MAHUX,
9acTo BiITBOPIOIOTH TIPUXOBaHi colialibHl  4YH
neMorpadivyHi HmaTepHH, IO CTBOPIOE SK €THYHI, Tak i
perynstopHi pusuku [14]. BogHodac ckimamHi Momem —
30KpeMa aNroOpuTMH OYCTHHTY YU HEUPOHHI Mepexi —
(DYHKIIOHYIOTH AK ‘““9OpHI CKPHHBKH, M0 YCKIATHIOE X
MOSICHIOBAHICTh 1 CTpUMYy€ JOBipy 3 OOKYy CTpaxoBHX
areHTiB. Lle mpu3BOIUTE 10 ONOPY BIPOBAKEHHS HaBITH
y THX BUINAJKaX, KOJU IPUPICT TOYHOCTI € CTATUCTUYHO
3HauymuM. KpiM Toro, cydacHi pillleHHSI J€MOHCTPYIOTh
oOMeXeHy 3[aTHICTh afanTyBaTUCS 10 TUHAMIKH PHUHKY
[15]: BoHM mOTPeOyIOTh YacTOTO TMEpEeHaBUaHHS, SKE
BUMAarae JOJAaTKOBHUX pecypciB 1 MiABHINYE BUTPATH.
Hapemri, inTerpamis takux mopaeneir y CRM-cucremu
CYTIPOBOJIKYETHCS npobiemMaMu CYMIiCHOCTI Ta
NPUBATHOCTI JaHUX, IO € KPUTUIHHUM 0ap’€poM IJIsk MaJIUX
areHTiB, SKi MPalIOTh y cdepi Mpomaxy aHyiTeTiB. Y
CYKYIHOCTI IIi OOMeXeHHs (OPMYIOTH TOCIiTHHUIBKI
MPOTAJIKMHH, 110 3yMOBJIIOIOTH MOTPEOY Y po3poOIli OLIBII
MPO30pHUX, aJANTHBHUX Ta pecypcoeeKTUBHUX PillIeHb.

Ha ocnogi anami3zy mxepen [3, 8,9, 10, 11, 12, 13, 14,
15] cTBOpPEHO CIMCOK METOMIB 1 MOJENel NITYYHOTO
IHTEJIEKTY 3 PO3PaxyHKOM HPOLEHTIB iX 3aCTOCYBaHHS Y
JIOCII IDKEHHSX.

3arajpHa KUIBKICTH 3rajoKk Mojelie i MeTonis: 96.
Kinexictb YHIKaJIbHUX METOIIB: 36. Crincok
HaimonysipHimux Mozeneit i metoxie LI 3a gacroToro
3aCTOCYBaHHs 300pa)KEHO HA PUCYHKY 2.
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BusiBieHnHsi Ta oniHka norped kJiieHtiB. Ha mpomy
eTarti podoTa CTPaxoBOTO areHTa IOJISATA€ Y BCTAHOBIICHHI
KOHTAaKTy 3 KII€HTOM, HaJaro/pKeHHI [iamory Ta
3aCTOCYBaHHI PpI3HMX METOIOWK [UIS BHSABJICHHSA HOTO
KIIFOYOBUX (DIHAHCOBUX, OCOOHMCTICHMX a00 MeIMIHHX
miterd. CTpaxoBHWH areHT IOBHMHEH HE jwmie 3i0patu
NIepBUHHY iH(pOpMallio, a i iHTeprpeTyBaTH ii y IupIomy
KOHTEKCTi TOTPeO KIIIEHTA, 1110 € KPUTHYHO BAXKIIMBHUM LIS
(opMyBaHHs EPCOHATI30BAaHUX CTPaxoBUX pimieHb. Came
Ha IbOMY pIBHI 3aKJaJa€TbCs OCHOBA JUIS IOJAJIBILIO]
B3a€EMOJIii, a/Ke PO3YMIHHS IHAMBIAYadbHHUX IIJICH 1
¢iHaHCcOBMX TmpiopuTeTiB 3abe3medye  BiAMOBITHICTH
3alPpONOHOBAHMX pIMICHh peaJbHAM OYiKyBaHHAM 1
MOJKJIMBOCTSM KitieHTa [ 16, 17]. /Iy areHTa 1ie# mpouec He
00OMeXyeTbCsl 300pOM  CTaHOAPTHU30BAHWX NaHUX, a
nependavae TIUOUINIA aHANI3 — BiJ OIIHKH (DiHAHCOBUX
HaMipiB 1O BW3HAYCHHS pIBHA TOTOBHOCTI TNpHIMAaTH
pusuku [18].

Orinka mMoTped BUKOHYE KiIbKa B3a€MOIIOB’SI3aHUX
¢ynkuiii.  I[Mo-mepuie, Bona chopusie TpaHcdopmanii
¢parmenToBaHoi iH(oOpMaLil y HLTICHY MOJENb KIEHTa,
IO JO03BOJSE CTBOPIOBAaTH OUIBII IEpPCOHANI30BaHi
pimenns. Ilo-npyre, mNpaBWIIBHO TIPOBENCHUI aHai3
3HIW)KYy€ PH3HKHA IIOMWJIKOBHX pIlI€Hb, JIONIOMArae
BiJOKPEMITIOBATH ICTHHHI TOTPeOM BiA IPYTOPSTHIX
mobakaHb Ta MiHIMI3y€e BIDIMB HESIKICHHX a00 HETIOBHHX
naaux [16]. ITo-Tpere, BiH cTae OCHOBOIO I TOOYZOBH
JOBipH I TOBFOCTPOKOBHX BiJHOCHH, III0 € BU3HAYAIEHIM
YUHHUKOM CTabiapbHOCTI Oi3Hec-Moxeni areHnra [19, 20].
TakuM YMHOM, TIpOLEC BUSIBICHHS Ta OLIHKH MHOTpPeO
KJIIEHTIB MOKHA PO3IJISIATH HE JIMIIE SK MPaKTUYHHNA
iHCTpyMeHT y cdepi CTpaxoBUX MOCIYyr, ane # sK
KPUTUYHHI €JIeMEHT MOJIEIi IPUUHSTTS PillieHb, e SKICTh
JIAaHUX, METO/M X IHTeprpeTaiii Ta TOYHICTh MMPOTHO3IB
0e3rmocepeTHRO BIDTHBAIOTH Ha e()eKTHUBHICTH K B3AEMOZIL
3 KIIEHTOM, TakKk 1 Bciel [ISIIBHOCTI HE3aJeKHOIro
CTPaxoBOTO areHTa.

VY nmocmimkenasx [21] Ta [22] HaromomyeThbes, IO
3acrocyBanHs Natural Language Processing (NLP) 3HagHO
TIOJIETIIIY€E aHAaJIi3 TEKCTOBHX 1 TOJIOCOBHX JaHUX KITI€HTIB —
BiZl po3mrdpoBok 13BiHKIB 10 4aTiB y CRM — 3 meroro
BUsIBJICHHs] (DIHAHCOBUX LIJIEH, PIBHS TOJIEPAHTHOCTI 1O
PHM3HKY Ta 4aCOBUX T'OPU3OHTIB iHBecTyBaHHs. JlJist 11bOTO
3aCTOCOBYIOThCS Cy4acHi Tpanc(hopMepHi MOJIedi, 30KpemMa
BERT Ta GPT, sxi 1eMOHCTPYIOTh BUCOKI PE3yJIbTaTH Y
3aBJIaHHIX BH3HAYCHHS HaMIpy Ta BHJIYYEHHsS KIFOUYOBUX
mapameTpiB, gocsraroud g0 80%  TOWHOCTI B
aBTOMaTH30BaHiil omiHmi notped [23]. IlapamensHo
KJIacTepH3alliiiHi METO/IH J03BOJISIOTH IPYITyBaTH KIII€HTIB
32 CXOXXHUMH NpOQUIIMH PH3MKY UM TIOBEIIHKOBUMH
xapakrepuctukami. Lle 0co0nmBoO BaXKIIMBO JUIS CTPaxXOBUX
areHTiB, SKi MAlOTh CIIPaBy 3 BEIIMKAMH Ta Pi3HOPIAHUMHU
0a3aMy MOTEHIIIMHUX MOKyHIiB aHyiteTiB. OKpiM IBOTO,
aKTHUBHO BIIPOBAIKYIOTBCS conversational Al-cuctemn
(gaT-60TH Ta TOJOCOBI AaCHUCTEHTH), SKi IPOBOJATH
CTPYKTYpOBaHI  ONWUTYBaHHS KII€HTIB, CKOPOUYIOUH
cepenHiit yac etamny BusiBeHHst oTped Ha 30—35% [24].

JlociimpKkeHHs TaKoXX BKa3yIOTh 1 Ha HU3KY HEIOJIIKIB.
[Nepr 3a Bce 3HaUHE MOIIUPEHHS! MAIOTh HEBIIOPSAKOBaHI
JaHi — KOPOTKi J3BIHKH, ()parMEHTOBAHI TPaHCKPHIITH,
PO3MOBHA MOBa 3 aKIIEHTaMH Ta CTOPOHHIM IIyMOM, SIKi

moTpeOyoTh  CKIaAHOi mepenoOpoOkn depe3 ASR-
cucremu. Hanpukiaz, y ZocmiKeHHSIX ITOKa3aHo, 0 JUIs
JIOCATHEHHSI TPUCTOHHOI TouHOCTI ASR y cremudigamx
IOMEHaX HeoOXilHe [OHANAINTYBAaHHS HA  BEJHKHX
oOcsirax JTOMEHHUX JAaHUX 3 SIBHUM IIIyMOM Ta BapiaHTaMH
akneHTiB [25]. [lo-gpyre, Hectada ramy3eBHX NaTaceTiB,
0cOONMBO  TakWx, MO BiZOOpaXalThb OCOOJIMBOCTI
a”yiTeTiB: (iHAHCOBI TEpMiHM, MOBHI KOHCTpYKIii
KIIIEHTIB, XKUTTEBI CUTYyaIlil, SKi BIUIMBAIOTh HA MOTPEOU.
be3 Takux JaHMX MOAENi 4acTO HaBYAIOThCS Ha 3arajbHUX
JMAHWX, MI0 3MCHIIYE SKICTh OIIHKKH mOTped ¥y
cnenuigHOMY KOHTEKCTi [25]. Tpers nporannHa — pu3uKu
HETPaBWJILHOTO TIIyMadeHHS HaMipiB KIII€HTa, IO MOXKE
NPU3BECTH JI0 IOPUAMYHUX UM ETUYHUX HACIIJKiB:
HETIOBHE PO3YMIiHHS, HEKOPEKTHI peKoMeHnarii, abo
HaBiTh MMOPYIICHHS CTaHAAPTIB KOHGigeHiitHOCTI. OMHIM
13 IDISIXIB 1Mi€T TPOOIIEMH € BiCYTHICTh YiTKUX IPOTOKOIIB
3roi KOPUCTYBaya Ha 3aIkc i BAKOPUCTaHHS pO3MOB, a00
HenocTaTHs 00poOka mpuBaTHOI iHpoOpMalii B camux
ASR/NLP  cucremax. CyuacHi oOrsam 3 IUTaHb
NPUBATHOCTI y PO3Mi3HaBaHHI MOBH MiJAKPECIIOIOTh, L0
MOBa cama Io co0i MICTUTh BEJHMKY KiJIbKICTh J0JATKOBOI
iHpopMmamii, sika Moxke OyTH dYyTauBOIO, 1 1O 0e3
HAJIeKHOTO 3aXUCTY 1 PETYJSITOPHOTO KOHTPOIIO iCHYIOTh
PM3MKH BHTOKY YM HE3aKOHHOTO BHKOPHCTaHHS TaKHX
nmaHux [26, 27, 28]. YeTBepTa mporajinHa — aJalTHBHICTh
Mozenell A0 Ppi3HUX IOMCHIB Ta 3MIiHHOI TOBEIIHKH
KiieHTiB. barato Mopernelt moOpe MpamioOTe B OJTHOMY

KOHTPOJILOBAaHOMY  JOMEHi, aje KOJH  KOHTEKCT
3MiHIOEThCS ~ (iHIII  yMOBM, HOBI TEepMiHHM, IHIIA
wiatgopma), iX  NPOAYKTHUBHICTE  PI3KO  MAJaE.

HenocratHpo mociiukeHb, ki 6 mocmimkyBanu “domain
adaptation” abo “transfer learning” y cneunudiuHoMy
KOHTEKCTI aHyiTeTiB, ab0 MeTO[iB, siKi 0 HmiATpUMYBaIu
MOJIeJNi y peaJbHOMY Yaci/3MIHHOMY CepeAOBHILI.

Ha migcTaBi ompamfoBaHHS JITEPaTYpHHX [DKEpeI
[16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28]
c(OpMOBaHO TeEpeNiK METOMIB 1 MOJENeH IITYIHOTO
IHTEJIEeKTY 3 BU3HAYECHHSM YacTKH iX BUKOPHCTAHHS Y
HaYKOBHUX JIOCIT KEHHSX. 3araisHa KIUJIBKICTH
3aikcoBaHMX 3raJiok CTaHOBUTH 568, 3 skux 39 €
YHIKaJIBHUMH MeToAaMu. Haiibinpn nommpeHi Mozeni ta
meroqu Il 3a wyacToTO 3acTOCyBaHHS IMOAAHO Ha
PHUCYHKY 3.

Iomyk i nigdip npoaykTy cTpaxosoi komnaii. Ha
eTami TMOIYyKy i Mmigdopy NPOAYKTy CTPaxOBHH areHT
BUKOPHCTOBYE BCi JOCTYITHI IHCTPYMEHTH IJIsl aHAJI3y Ta
BU3HAYCHHS  HAWOUIBII  BIAMOBIMHOIO  aHYiTETHOTO
NPOJIYKTY, OpIEHTYIOUMCh Ha  TOTpeOM  KIIi€HTa,
iIeHTU(IKOBaHI /I Yac MOIepeIHbOro eTamny ‘BusBieHHs
Ta oLiHKa oTpeld KiieHTiB”. Cy4yacHui (iHAHCOBUIA PHHOK
XapaKTepU3yeThCSI  PI3HOMAHITTAM 1 3pOCTArOYOI0
CKIIQIHICTIO CTPaxXxOBUX Ta iHBECTHIIIHMHUX TPOAYKTIB, 1O
YCKITAIHIOE IS KITI€HTa CaMOCTiHHE MPUUHATTS PillleHb.
Binbrmicte  kKOpHCTYyBa4iB HE BOJOIIIOTH JOCTATHBOIO
eKCIIePTU3010 ISl aJeKBAaTHOI OIIHKK PHU3UKIB 1
MPOTHO3YBaHHS PE3yJIbTATIB, CAME TOMY CTPAXOBHI areHT
BUKOHYE€ POJIb IIOCEPETHHUKA Ta EKCIIepTa y IbOMY IpoIieci
[29, 30, 31].

3acToCyBaHHS METOJIIB PEKOMEHAIIHHUX CHCTEM Ta
IHCTPYMEHTIB INTYYHOIO IHTEJEKTYy Yy LBOMY Ipoleci
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BiIKpHBa€ HOBI MOJKJIMBOCTI TSI ONITHUMI3allii MMOIIyKy Ta
mopiBHAHHA mnponykriB [32]. Taki Texwomorii 3maTHI
3MEHIINUTH iH(opMaIliiiHe MepeBaHTAKEHHS, IIiJIBHUIIUTH
SIKICTh NPUAHATTS pillieHb, & TAKOX CIPHATH PO3BUTKY
¢inancoBoi rpamoTHOCTI KiieHTIB [33, 34, 35, 36]. Takum

YUHOM, IOWIYK 1 migbip aHyITeTHOrO NHPOAYKTy — IIie
OaraToakTOpHHH TIpOLEC, Y SIKOMY ITO€THYIOTHCS
eKCIIepTH3a  CTPaxOBOTO  areHra, IepCOHATI30BaHI
peKOMeHAaIlil Ta CyJacHI TEXHOJOTii aHami3y JaHUX, II0
pa3oM 3a0BOJILHAIOTH IHTEPECH KITIEHTA.
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3aCTOCYBaHHS CydacHHX Mojened i merozis Al, 30kpema
riOpuogHNX pEeKOMEHAAUIHHMX CHCTEM, aHCaMOJIEeBHX
MoJieJiell OI[IHKH PU3UKY Ta HEHPOHHHUX MEpeX, BIIIKPHUBAE
3HayHi mepeBard. 3okpema, ResPoNet nemoHcTpye
3MEHIIICHHS CEePeHbOT MOXUOKY oLiHKU mopTderns Ha 25%
y MOPIBHSHHI 3 TPaJULIIHHUMHU MOJIENISIMU TIPH 00poo1i /10
100000 xoHTpaKTiB, 3a0e3Meuyrou BOJHOUAC HIBUAKICTD i
MacumTaboBaHICTh Yy MpoIlecax aHalli3y BEIUKHX IaHUX.
[oniOHi pe3ympTaTh MiATBEPIKYIOTE. [l01i0HI pe3ynpTaTi
MiATBEPIKYIOTh JOCIIIKEHHS [38], K1
MIPOJIEMOHCTPYBAIIY, 10 HEHPOHHI MepexXi 3 IIMPOKUMHU
mIapaMu IIE€PEeBUILYIOTH JAepeBa pillleHb 3a TOYHICTIO
OLIHKHM BapTOCTi aHyiTeTHHX moprderniB Ha nmoHax 10% y
cepenHix cueHapisx. OkpeMoi yBard 3aciyroByHOTh
PEKOMEHJALIIHI CHCTEMH Yy CTpaxyBaHHI: y TECTOBHX
crenapisx  ribpuani  migxomum  (content-based  +
collaborative) nocsirarote 3Hauenr NDCG@10 y mexax
0.30-0.60, 0 BiAMOBima€ PiBHIO KOMEPLIHHO 3HAYYIIOT
e(eKTUBHOCTI TPH MAapKETHHTY CKIaTHUX (iHAHCOBHUX
nponyktiB  [39]. Y mizcymky, 1mi  pe3yibraTtd
JIEMOHCTPYIOTb, 1110 NO€HAHHS PEKOMEHJAliHHUX CUCTEM
i3 MOZIETSIMH OLIHKM PH3UKY CTBOPIOE OCHOBY JUIS
aJanTHBHOI MIATPUMKHM NPUHHATTA pimeHs y cdepi
CTpaxyBaHHS Ta aHyITETiB.

Bomnouac HasBHI JOCHiKEHHS (IKCYIOTh HHU3KY
00MEXeHb, 10 YCKIAJHIOIOTh MPAaKTHYHE 3aCTOCYBaHHS
Takux Mmojenei. Ilo-mepimre, UIs aHyiTETIB XapakTepHa
BHCOKa PO3PIHKEHICTh JaHUX: Yy OUIBIIOCTI KITIEHTIB
BiJICYTHSI TpMBaJa iCTOPis KyMHiBesb, 0 3yMOBIIOE €(EeKT
“X0JOMHOTO  cTapTy’ Ta  3HWKYE  e(EeKTHBHICTH
PEKOMEHALIITHUX CHUCTEM, O0COOJIHMBO Y KOJIAOOpaTUBHHUX
cuenapisix. [lo-gpyre, MeTpuku e(eKTUBHOCTI, 30KpeMa
NDCG um Precision@K, xou i BinoOpaxaroTh SIKICTh

PEKOMEHAAIM y CTaTHCTUYHOMY BHMIpi, HE T'apaHTYIOTh
(hinancoBoi ONTUMAaIBHOCTI uu BIITOBITHOCTI
perynsaToparM BuMoram — Bucoka NDCG@ 10 He o3Hauae,
10 3alpONOHOBAHUN MPOIYKT € IOPUAMYHO KOPEKTHHM
abo ¢dimymiapao omrtumansbHuUM s kimieHta [39]. Ilo-
TpeTe, HasIBHI MOJEINI PiAKO IHTETPYIOTh MAaKPOSKOHOMIYHI
MOKa3HUKH Ta PEUTHHroBY 1H(OpMAII0 CTPaxoBUX
KOMIIaHI{ y PeXUMI pEeaslbHOTO Yacy, 10 POOUTH TX MEHII
YyTJIIMBUMH JI0 KOJMBaHb PUHKY. Hapemiri, peryustopHi
Oap’epwu, OB’ s13aHi 3 IPO30PICTIO ANTOPUTMIB Ta 3aXUCTOM
IpaB CHOXKMBadiB, BUMAraloTh iHTErpamii IOsICHIOBAaHOTO
I y pekomenaariiini cucremu aist crpaxysanus [40].

VY pe3ynbTati aHaNizy HAyKOBUX IyoOmikarmii [29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40] Oyno yxiageHO
MepeTik METOMIB 1 MOJENeH MITYYHOTO IHTEICKTY 3
OLIIHKOIO BiJICOTKOBOI'O PiBHSI X BUKOPHUCTaHHs. 3arajibHa
KIJIbKICTh 3rajlyBaHb METOAIB 1 Mojeied nopiBHioe 202,
NpU [BOMY KiJIBKICTh YHIKaJbHUX MIIXOHIB ckianae 46.
Posmozin wadimonynspuimux wmogaened i meroxmiB I
MIPEICTaBICHO HA PUCYHKY 4.

IIpe3enTaniss npono3uuUiii Ta KOHCYJAbTaLisl
kJienTa. [licnsa 3aBepiueHHs ertamy mHinOOpy aHyiTETHHX
NPOJYKTiB,  CTPaxOBHH  areHT  MNEepexoJuTh 10
Ge3nocepeHbOi B3aeMOAii 3 KIIIEHTOM, sika Iepeabauae
MPE3CHTAIlI0 CPOpMOBaHHX Mpono3uliil. Ha mpomy erami
aKIeHT  poOWTBCA  HA  JETaNbHOMY  IOSICHEHHI
XapaKTepUCTHK 1 KIIOYOBHUX MapaMeTpiB  KOKHOTO
MPOAYKTY, a TaKOX Ha apryMeHTalil NpUYHH iXHBOI
JIOTUTLHOCTI I KOHKPETHO1 cuTyarii kiieHTa. IIporec
Ipe3eHTamii 3a3BHYail  CyNpPOBOKYETHCA AKTHBHOIO
KOHCYJIBTAIliTHOO B3a€EMOIIEIO: KJIICHT CTaBHUTh
YTOUHIOBAJIbHI 3alMTaHHS, BUCIIOBJIIOE 3aHENOKOEHHS Ta
OoTpUMy€e HeOoOXimHI po3’sicHeHHA i (opMyBaHHs
0OIPYHTOBAHOTO PillIEHHS.
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Puc. 4. Haiimomynsiprirmi mozeni i meroau LI y mporneci nomryky i madopy OpoayKTy

Ile#t mpomec MOKHA IHTEPHIPETYBAaTH Yepe3 IOE€THAHHS
KUTPKOX MIAXOJIB: MOZETI IpoIecyatbHOI KOHCYIbTALIl,
o0 akIeHTye yBary Ha KOMYHIKATHUBHIM &IWHaMimi Ta
CHUIbHIA JIarHOCTHIN, Ta MOAENI CIUIBHOTO NPUIHATTS
pillieHb, SIKa MiJKPECIIIOE BAXKIUBICTh 3aTy4eHOCT] KIIIEHTa
J0 BUOOpY onTuManbHoro pimenns [41, 42]. lonatkoso,
Cy4acHI 1HCTPYMEHTH HITYYHOTO IHTEJEKTY BiIKPHUBAIOTh
MOXIJIMBOCTI aBTOMAaTH3allii CTBOPEHHs IMpe3eHTaI[liTHuX
MarepiaiiB, IOJETIIYIOYH IArOTOBKY  Bi3yaJbHOTO
KOHTEHTY Ta Ii/IBUIIYI0YH POYKTHBHICTH arenra [43].

PazoM 3 THM, KIIEHT MOXE BIAMOBUTHCS BiJ
3alpOIIOHOBAHOTO  aHYiTeTy 3 HH3KH CyO’€KTUBHHX
NPUYHH, Cepel AKX — HEBIAMOBIAHICTE OKPEMEX
XapaKTepUCTHK  TMPOAYKTY  OUIKyBaHHSM, HaIAMipHi
0OMeskeHHs1, a00 iHIII 0COOMCTI YHHHUKH. Y BHUITAJKY TaKO1
BIZIMOBH areHT IOBEPTAEThCS 0 IOINEPEJHBOIO EeTaIly
“ITomryk 1 migdip TNPOAYKTY CTpaxoBoi KoMIaHii”,
IHILIIOIOYM TOBTOPHUI IMKI 1000pYy albTEepHATUBHUX
BapiaHTiB. TakuM uYHHOM, TIpoleC “‘Ipe3eHTalis Ta
KOHCYJIbTAIlis” € He JIMIIe eranoM iHdopMmyBaHHS, a i
IHTEPaKTUBHMM  TIPOLIECOM  KOMYHiKamii, B  SIKOMY
MIOEIHYIOThCS  TIpodeciiiHi 3HAaHHA areHTa, OYiKyBaHHS
KJIi€HTa Ta UQPOBI TeXHOJIOTIT MiATPUMKH pimeHs. Came
Bil e(pCKTUBHOCTI IIi€i B3aEMOMii 3alEKUTh SKICTh
KIiHIIEBOrO BHOOpPY, piBEHb 3a/I0BOJICHOCTI KIIIEHTa Ta
JIOBIOCTPOKOBA YCIIIIHICT CTPAXOBUX BiTHOCHH.

3rigHo 3i crarTero [44], mpH BUKOPHCTaHHI TOHKO
HaJIaIITOBAaHUX BOYJOBAHHX MOJIENICH pa3oM i3 BEITMKHUMH
MOBHUMH MOJENsAMH Ta reasoning-itepamismu RAG-
chUcTeMa  Jlocsira€  3HAYHOTO — 3POCTaHHS — TOYHOCTI
BIAMOBiZICH, 1HOMI TEpPEeBUIIYIOUM 3arajibHi MOJENi Ha
KiJTbKa BiJCOTKOBHX ITyHKTIB, 30Kpema, A (iHAHCOBHX
3alUTIB TOYHICTh MiNBUIIYETBCA Ha 5-10% Bim 0a3zoBuHxX
Mozmeneir Oe3 goMeHHoi anmanrtamii. Kpim  Toro,
nociipkeHHs [45] moBimomise, mo inTerpamis LLM mns

aBTOMATH3allll 3HaHb, HAPUKIIA]], (HOPMYITIOBAHHS YaCTHH
KOHCYJIbTalliii a00 KOHTEHT-TeHEepallil, MPHU3BOJUTH [0
MOMITHOI €KOHOMii dYacy Ha OlepalliiiHi 3aBHaHHS,
30UTBIIYIOYH TPOMYCKHY 3JaTHICTh KOHCYJBTAI[IITHOTO
npotiecy 0e3 3HMKEHHS IKOCTI 00CITyroByBaHH:.

HesBakaroum Ha 3a3HaueHi IiepeBar, ICHYIOTh
BaromMi  OOMEXEHHs, SKi CJiJl BpaxoByBaTH IpH
3actocyBanHi LI 'y mnpesenrauwii mnpomno3umid Ta

KOHCYJIbTallisx kiieHTa. [lepir 3a Bce, OaraTo pe3yibTaTiB
HaIXOIWTh i3 case-studies a®o BHYTpIMIHIX 3BITIB
KOMIIaHIH{, alle He3aJIe)KHI paHIOMi30BaHI KOHTPOJIbOBaHI
JIOCJIIJKEHHS Y IbOMY KOHTEKCTI TPAIUIIOTBCS PIJKO, IO
3HWKY€ HANIHHICTP BHCHOBKIB TIPO  yHIBEpCaJbHY
edpextuBHicTh. [lo-mpyre, reHepaTWBHI MOJETI MOXYTh
CTBOPIOBAaTH HETOYHI a00 HaBiTh XWOHI TBEpIHKCHHS,
0COOJIMBO SIKIIO BOHU HE MiATPUMYIOTHCS JIOCTOBIPHUMH
Jokepenamu — 6e3 RAG um ¢akr-Bepudikamii pusuk
MOMHJIKOBOTO IPEACTABICHHS MPOAYKTY UM YMOB MOXeE
Oytn 3HauHuMm. [lo-Tpere, peryJisaTOpHUN 1 eTHYHHN
BUMIpH YacTO 3aJIMILIAIOTHCS 11032 YBarok: peKoMeHaii
(iHaHCOBMX  TPOAYKTIB  BHMaramTh  IPO30POCTI,
MOSICHEHHST BapTOCTi, PU3UKIB 1 YMOB, IO HE 3aBXAX
3a0e3neuyeThesl CKIAJHUMH MOJACISAMH a00 IIBHIKUMHU
TeHepaTHMBHUMHU cKpunrtamu. Hapemri, y mitepatypi
3a(ikcOBaHO, IO JIOMEHHA aJanTallis Ma€ KpPUTHYHE
3HAUCHHS: MOJIEeNli, He HaTpeHOBaHI Ha ()iHAHCOBI Ta
CTpaxoBi jiamorn abo aHyiTeTHI NPOAYKTH, YacTo
JIEMOHCTPYIOTh 3HIDKEHY PpEJICBAHTHICTh Ta 3MEHILICHY
JIOBIpY KII€HTIB a00 areHTiB 10 pe3yNIbTaTiB.

Ha ocHoBi gocmimkenns mxepen [41, 42, 43, 44, 45]
c(hopMOBaHO y3arajibHEHUH TEpeiKk METOJIB Ta MOJIENeH
IITYYHOTO IHTENEKTY 3 pO3paXyHKOM 4YacTOTH IX
3aCTOCYBaHHS. 3arajioM BUSBIEHO 156 3rajok, 10
OXOIUTIOIOTH 17 yHiKanbHUX MeTofiB. [lepenik HaiOUIBII
BXKUBaHUX Mojieneii i meronis 1] HaBeneHO HA PUCYHKY 5.
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Puc. 5. Haiimomynstprirmi mozeni i meroau LI y mporeci mpe3eHTarii mpomno3umii

IMoganus 3asiBKM Ta OLiHKA pU3MKIB KJienTa. Ha
BOMY €Talli BiIOyBaeThCS MEepeXil BiJ KOHCYIbTALIHHO-
iHpopManiitHOi poOOTH 3 KIEHTOM IO (QopmMaiizoBaHOI
B3a€MOJIi 31 cTpaxoBOl0 KoMmmaHiero. HesanexxHuil areHt
BHUKOHYE POJIb HE JIHIIIC MTOCePEIHUKA Y 300pi JaHUX, aje i
KOHCYJIbTAHTa, KWl 3a0e3nevye BiANOBIAHICTH 0OpaHOTro
(hiHaHCOBOTO IPOJYKTY pealbHUM NoTpedam 1 piHaHCOBUM
MOXIIMBOCTSIM KilieHTa. TakuM YHMHOM, areHT BHUCTYIA€

HNepBUHHUM  “QUIBTpOM”, IO  3MEHIIYE  PH3HUK
HEBIAMOBITHOCTI 3asBKM BHMOT'aM CTpaxoBHKa. [lomaHHs
3agBKM  BKJIIOYA€ 3allOBHEHHSA TakeTy  OQiMiiHUX

IOKYMEHTIB, $IKi MiCTATh II€PCOHANBHI, (iHAHCOBI Ta
imeHTHdiKamiifHI BigomocTi kiieHTa. Ha mpaktumi mei
mporec JAefali YacTillle peali3yeTbes depe3 HUpoBi
mwrathopMy, MO JO3BOJLIIOTH JWHAMIYHY BaiJaIliio
JTaHUX, IHTerparito 3 30BHILIHIMHU 6azamu,
aBTOMATH30BaHy IEpeBipKy IOBHOTH iH(popMalii Ta
BiZICTEX)XEHHSI crartycy 3asBku [46, 47, 48, 49]. [Jnsa
HE3aJIe)KHOTO  areHra  [e  O3Haya€  MOXIJIMBICTh
MIHIMI3yBaTd pYyTHUHHI aJMIHICTPaTHBHI THOMHIKH Ta
30cepequTics Ha 3a0e3nedYeHH] BiJIOBIIHOCTI MPOIYKTY
PETYIATOPHAM HOpMaM 1 OYiKyBaHHSAM KiieHTta. I[licis
HaJICWJIaHHS 3asBKU JI0 CTPaxoBOi KOMIaHii MOYHHAETHCS
MpoIleC OINHKK PHU3UKIB KIII€HTA TaKOX BIIOMHUH SK

aHJeppalTHHT. Y BHIIAJKy aHYITETIB aHAEppalTHHT
30CEPEeKY€ETHCS NepeBaKHO Ha (hiHaHCOBUX
XapaKTEepUCTUKaX KII€HTA: piBHI JOXOMIB, HAsSBHOCTI

aKTHBIB Ta 3arajbHii MIATOCITPOMOYKHOCTI.

Y pa3i BiAMOBH CTpaxoBOi KOMIaHii y BHITYyCKY
aHyiTETHOTO TOJICY MicCJs 3aBEpIICHHS aHIEPPaNTHHTY
IpoIleC HE BBAKAETBCA  OCTAaTOYHO  3aBEPIICHHM.
He3zanexHnii CTpaxoBHi areHT y Takid cUTyamii BUKOHYE
pOJb KOHCYNBTaHTa, IIOSCHIOIYM KIIEHTY 3arajibHi
NIPUYMHM BiIMOBH. BopHOYac areHT cIiibHO 3 KIIIEHTOM
MOBEPTAEThCS [0 €Taly aHajily (iHaHCOBMX mOTped i
pO3IIIsly albTepHATHBHUX BapiaHTIB, 30KpeMa IHIIHX
TUMIB aHyiTeTiB ab0 CTPaxoBMX Ta IHBECTHULIHHHUX

MPOAYKTIB, IO Kpalle BiAIOBiAalOTh MPODIITI0 pU3UKY Ta
(hiHAHCOBUM MOXKITHUBOCTSIM. TakuM UYWHOM, HAaBITH Yy
BUTIAJIKYy BiIMOBH 30epira€tbcs Oe3mepepBHICTH MPOIECy
00cITyTOBYBaHHS KIIIEHTA Ta 3a0€31EUy€ThCSI aIalITHBHICTh
MPOJIAXKy JI0 IHANBIAyaJIbHUX 0OCTaBHH.

CyuyacHi TexHoJorii aBTromMaru3alii Ta aaropuTMH
IITYYHOTO 1HTEJIEKTYy Je/iali aKTHBHIIIE 3aCTOCOBYIOTHCS
JUIS  OIIIHKM PH3HUKIB, IO JO3BOJSE CKOPOTHTH 4ac
PO3TIISIAYy, MiABUINUTH TOYHICTH aHAI3y Ta 3MEHIIUTH
BIDIMB JIFOJCHKOTO (pakropy [5]. Takum ymHOM, mMOmaHHS
3asBKH Ta aHACPPANTHHT y cdepi MPomaaxy aHyiTeTIiB CIuif
pO3IIISIaTH HE JIMIIE SK aIMiHICTPaTUBHO-(GopMaTbHUI
eTaIl, a sIK KOMIUIEKCHY TIpoLieIypYy, 110 3a0e3nedye OanaHc
MK iHTepecaMH KIi€HTa, (IHAHCOBOIO CTaOUIBHICTIO
CTpaxoBMKa Ta  mpodeciiiHol  BiIMOBITANBHICTIO
HE3aJIe)KHOTO areHTa.

V HM3Ii JOCHIKEHbL II0KAa3aHo, IO aHcaMOJjeBi
Mojei 1 TiOpUAHI pillieHHsS 34aTHI 3a0e3MMeYnTH BHUCOKI
MOKa3HUKH TOYHOCTI Ta OIEPATUBHOCTI B aHIEPPAUTHHTY.
Hampuknan, y crarri [50] omucyerbcss BHUKOPHUCTaHHS
mozeni XGBoost, sika mocsrae 0.91 3a metpukoro AUC y
MEIMYHOMY aHICPPAaNTHHTY, IO 3HAYHO IIEPEBUILYE
0a3oBuil BUMAIKOBHI MPOTHO3. Takox mocmimpkeHHs [51]
JNEMOHCTPYE, MO0 MOZENI i3 MPOTHO3HOK aHAJTITHKOIO
3aTHI CKOPOYYBATH Yac OI[IHKK PU3UKIB Ta ITiIBUIIATH

e(eKTUBHICTD  NPUHHATTA  pilleHb,  JO3BOJIIIOYH
aHjeppaiTepaM 30CepeUTUCS Ha CKIAIHIININX BUIAOKAX,
TOml SK PpYTHHHI a00  HHU3BKOPHU3MKOBI  3asBKH

00pobnstoTeest aBTOMaTHyHO. KpiMm Toro, pobora [52]
MoKa3sye, 1o 3actocyBaHHs MeToiB XAl, Takux sik SHAP,
local effects Ta rule extraction y moeananni 3 ML-moemmio
JIO3BOJIsIE  30epiraTl MPO30pPiCTh pIlIeHb, IO CIIPHSE
iABUIICHHIO JIOBIPH KIIIEHTIB 1 BiIIOBIa€ PETYISATOPHUM
BUMoOTaMm, 0e3 3HaAYHOI BTPATH B TOYHOCTI MOJIEIII.
HesBakaroun Ha 3Ha4Hi nepeBary, iCHYIOTh BasKJINBi
HEJIONIIKK Ta MpPOTAIHHH, MO OOMEXYITh NpPaKTHYHE
3aCTOCYBaHHS Mojelneil. [cTopruyHi JaHi MOXKYTh MICTHTH

14
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COITIAJIbHO-€KOHOMIYHI HETPsAMi 1HIUKATOWH, SKi MOJEi
HEBIpHO BHUKOPUCTOBYIOTb, HPHU3BOISIIH 10
JTVCKpUMIiHAII HHIX pe3yIbTaTIB. ABTopHu [53]
3a3HAYar0Th, IO AaBTOMAaTH3allisd MOJKE IIIJIBHIIUTH
onepaTtuBHY e(eKTHBHICTH, aje BOAHOYAC 301IBIIYE PH3HK
OUCKpUMiHAamIii, KON HEWTpaJdbHI O3HAKH CTAIOTh
HETPSIMUMHU IHANKaTOpaMH TSt 3a00pOHEHHNX
xapakTepucTuk. Takox iCHye BiCyTHICTH IPO30pPOCTI Ta
MOSICHIOBAHOCTI Yy THX  BHIAQJKaX, KOJIM  MOJei
BUKOPHCTOBYIOTh crpomieHi ML-apxitektypu abo komu
JIOTiKa PIllIeHHs HaJIS)KUTh CTOPOHHIM po3poOHuKaMm. bes
XAI abo meroniB rule extraction areHTH Ta peryIsATOPU
iHOII HEe MAaroTh 3MOTH 3pO3YMITH, YoMy 3asBKa Oyia
BIIXWJICHA, IO MIiATBEPIXKYyeTbca aBTOpamu [12], sxi
3a3HAYalOTh, 10 B MPAKTHKAX aHACPPANTHHTY OUIBIIICTH
MoJienel e Bce IIe “JOpHi CKPUHBKH, 1 [0 METOAH, SIKi
3a0e31eUyr0Th IHTEPIPETALlif0, BUKOPUCTOBYIOTHCS, ajle He
yHiBepcanbHo._KpiMm Toro, icHye mpobiema 3 HOBUMH abo

HETUTIOBHMH 3asiBAMHU: MOJENi YacTO CTBOpPEHI JIA
“cepeaHbOCTaTUCTUIHUX BHIIAJIKIB, ane npu
HECTaHAAPTHHX a00 CKIaTHIX YMOBaX, a00 JJIs KII€HTIB 13
HECTaHZAPTHAM  PH3HKOBHM  mpodineM,  moTpiOHe
3aMydeHHS  JIIOOUHW, IO  BiAYYTHO  IiJBHIIYE
pecypcoemHicTs. Hapemrri, iHTerpamis 3oBHImHIX API,
MpaBOBUII Ta  HOPMATMBHUM  HAIJIA  4YacTo €
(hparMeHTOBaHUMHU 1 TIOBIIBHUMHU, IO MOXKE CTPUMYBATH
aIanTUBHICTD 1 MACIITaAOHICTH CUCTEM.

[IpoBeneHuit ananis HayKOBUX JpKepedn [5, 12, 46, 47,
48, 49, 50, 51, 52, 53] mo3BonuB CHPOPMYBATH CIHCOK
METOZIB 1 MOJeNel MTYYHOTO iHTEIEeKTY Ta BU3HAUHUTH
BiJICOTOK IX BHKOPHCTaHHA Y JOCII/DKCHHSX. 3araipHa
KIIBKICTh 3ramok ckmamae 150, 3 skux 35 HageXarb 10
yHiIKaIbHUX MeTofiB. Haimommupenimi mMoxeni i Meroan
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Puc. 6. Haitmonmynsipwiri moneni i metoau LI y mporieci mogaHHs 3asBKH Ta OIIHII PU3UKIB

OdopmileHHsI Ta JA0CTaBKa aHYiTEeTHOro MmoJicy.
OdopmIieHHs Ta J0CTaBKa aHyiTETHOTO MOJIICY CTAHOBIISITh
3aBeplIAIbHUI €Tal y IPoLeci PoIaxy aHyiTeTiB i MalOTh
BUpIlIaJbHE 3HAYCHHS JUIS MIATBEPIKEHHS IOPUANYHOI
CHIIM JIOTOBOpY Ta (OpMyBaHHS MAOBIpH KITi€HTa 0
cTpaxoBuKa. [Ticis MO3UTUBHOTO pilIeHHs aHAEPPAUTHHTY
CTpaxoBa KOMIIaHis BHITyCKa€ IIOJIC, SIKUH 3aKpimuiroe
KJIFOYOBI yMOBM: pO3MIp TIpeMil, MOPSIOK 1 CTPOKH
BHIUIAT, & TAKOX iHIII TOTOBipHI 3000B’s13aHHs. Ha nmpomy
eTamni He3aJe)KHWH CTPaxoBUH areHT BHKOHYE (yHKIiO
MocepefHNKa Ta  KOHCYJbTaHTa: BiH  IepeBipse
KOPEKTHICTh BUAAHOTO JOKYMEHTA, TIOSICHIOE KIIIEHTY HoTro
3MICT 1 TIpaKTHYHI HACHiJKH, a TaKOX KOHTPOIIOE
CBO€YACHICTh OTPUMAHHS TOJICY.

Tpamuuiiino moCTaBKa TMONICIB 3HiMCHIOBAJACA Y
rmanepoBii (popmi MOMTOBUMH BiATIPABICHHIMH, 10 OYII0
MOB’5I32aHO 3 YaCOBUMH 3aTPUMKaMM Ta PU3MKOM BTpPATH
nokyMmeHtiB [4, 54, 55]. CyuacHi 1mdpoBi pinreHHS
JIOKOpiHHO TpaHC(hOpMyBaM el Tpolec, 3a0e3MeYBIIN

MOJKJIUBICTh €JICKTPOHHOTO O(QOPMIICHHS, TH(POBOTO
HIAMKCY Ta MUTTEBOT JIOCTAaBKH €JIEKTPOHHOI KOMIT ToJticy
kiieHTy. Taki TeXHOJIOTIT 3HMKYIOTh OlepalliiiHi BUTpaTH,
MiABUIIYIOTH TOYHICTH 1 IPO30PICTH TPOIECY, a TaKOXK
JIO3BOJISIIOTh KIIIEHTAM y 3py4YHHHA cmoci6 30epiratu Ta
BiJICTEKYBaTH CBOI IOKyMeHTH [56].

[HTerpariss aBTOMaTH30BaHUX CHCTEM 1 aJrOPUTMIB
IITY4YHOTO  IHTENEKTY JOJaTKOBO  ONTHMI3ye  eTarl
odopMileHHS: BiA BHSBJIEHHS IOMWIOK Yy JaHHX JIO
TeHepallii IepcoHali30BaHMUX MOBITIOMJICHB PO aKTHBALII0
noxicy. JIyist He3aneXHOTO areHra Iie 03Havyae nepexia Bix
PYTMHHOI  aAMIHICTpaTHBHOI  poboTH 10  Oijpm
KOHCYJIBTAaTHBHOI Ta CEPBICHO-OpPi€HTOBAaHOI PO, SKa
CHpsSMOBAaHA Ha MIJBUINEHHS KIIEHTCHKOTO IOCBiAYy Ta
JIOBTOCTPOKOBOTO yTpuMaHHsI KiieHTiB [57, 58]. Takxum
YHHOM, O(OPMIIEHHS Ta JOCTaBKa aHYiTETHOTO MOJICY B
CyJaCHHX yMOBaXx CJiJ pO3TsIaTH He SK (popMaibHy
nepenadyy MJOKYMEHTa, a SK KOMIUIEKCHHH, LU(pOBO-
TpaHcopMOBaHMi mpolec, 110 3a0e3nedye OpPUANYHY
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3aBEPIIEHICTh YTOAW, 3pYydHICTBH KJIi€EHTa Ta
npodeciifHy BiINOBITANBHICTh areHTa.

II-iHCTpyMEHTH, 30KpeMa METOIOM POOOTH30BAHOI
aBTOMATH3AaIlli MPOIECiB y IMOEIHAHHI 3 TEXHOJIOTiIMHU
OKYMEHTHOI O0OpOOKHM TpHUpOAHOI MOBH 1 METOHAMHU
opkecTpamii pobodoro mporecy, MpPOAEMOHCTPYBAIN
3HAYHE CKOPOYEHHS 4Yacy oOpoOKHM 3asB 1 JOKYMEHTIB Y
cTpaxyBanHi. Hampukian, asrop [59] moimomusie mpo
3MEHIICHHS YacOBUX BHTpAT MAJsl CTAaHIAPTHHUX (HOpM
00pOOKH MPETEH31i JO MEHIIIE HIXK 5 XBIJIUH MOPIBHSIHO 3
72 roavHaMH [0 aBTOMarm3aiii; ne Maibke 90%
CKOpOUYEHHSI Yacy NpPH BHCOKiii TOYHOCTI CTaHIApTHHUX
¢dopm. Takox pobora [3] migkpeciaroe, IO METOAH
poOoTm30BaHOI aBTOMATW3alil TPOILECIiB pa3oM i3
aBTOMATH3AaIli€l0 O0OpOOKH JOKYMEHTIB Ta IIPOTHOZHOIO
AQHAIIITIKOI0 TOJETIIYIOTh BHIAYy MOJICIB, 3MEHIITYIOUH
omepamiiHi BHUTpPaTH 1 MiIBUIIYIOYH e(PEKTHBHICTH
pobounx mpouLeciB y raimy3i aHyiTeTiB 1 CTpaxyBaHHS
KHUTTA. 3arajoM, i METOAM JO3BOJSIIOTH 3HAYHO
3MEHILIHUTH Py4YHY MpPALo, HiIBUIIUTH TOYHICTh BBEICHHS
JIAaHUX Ta NPUIIBUIIINTHA BUIYCK MOJica, IO MO3UTHBHO
BIUIMBAa€ HAa SIKICTh OOCIYroBYBaHHS  KII€HTIB 1
3aJI0BOJICHICTh KOPUCTYBAYiB.

Pazom 3 mepeBaramu iCHYIOTH CYTTEBI OOMEKEHHS,
SAKi HE JO3BOJIIOTH YHIBEPCAIbHO 3aCTOCOBYBATH 1IIi
pimmenHs 6e3 BiamoBimHmX 3axoxiB. [lo-mepmre, mMeroan
poOOTH30BaHOT aBTOMATH3AIIIl IPOLIECIB MYXKE TyTIUBI 10
3MiH iHTepelciB KOpUCTyBada, CTPYKTypH ¢(opMm um

IS

3a0e3Me4eHHl  MOXYTb  TPHU3BECTH OO0  MOMHJIOK
ABTOMATH30BaHUX CIICHApiiB, IO BHMAara€e IMOCTIHHOTO
TEXHIYHOTO OOCIYTOBYBaHHS Ta JIFOJCHKOTO BTPYYaHHS.
Ilo-npyre, BuHATKOBI a00 HeCTaHTAPTHI BHUIIAIKH,
HaIPHUKJIA], CHIIFHO TOMKOKEH] JOKYMEHTH a00 MEIMIH1
(hopmu 3 HE3BUIHUM (HOpMaTyBaHHSIM BCE IIE ITIOTPEOYIOTh
py4Hoi abo HamiBaBTOMAaTHYHOI OOpPOOKH, OCKIJIBKH
ABTOMATHYHI METOJIM ONITHYHOTO PO3IIi3HABAHHS CHMBOJIIB
Ta 00pOOKM MPUPOIHOI MOBH YacTO HE CIPABISIOTHCS 3
BUCOKHUM piBHEM IIyMY a00 HECIO/iBAaHUMH CTPYKTYPaMHU.
[To-Tpere, icHye pPHU3MK IOMWJIOK y MacOBOMY BHITYCKY
moJrica, SIKIIO AaBTOMATH3aIlisl Tpalroe 0e3 HamiifHOTOo
MOHITOPHHTY: HallpUKJIaJA, ¥ JOKyMEHTHIH aBTOMaTH3aIlil,
SKIIO CHCTEMa BH3HAE HETPABIUIBHI a00 HEMOBHI NaHi K
KOPEeKTHI, II€ MOXE TMPH3BECTH [JO IOPUAWYHUX YUH
(hiHAaHCOBUX HACTINKiB. ABTOpH, IO aHANI3YIOTh BILIHB
muQpoBoi TpaHCpOpMamii, BiI3HAYAIOTH TAKOX 3arpo3u
KibepOe3neku 1 mopyuIeHHs! KOH(1AeHIIHHOCTI, 0COOINBO
KOJIM JlaHI MepelaroThCsi MK CUCTeMaMH, abo KOJu
croponHi Al-cepBicu OepyTh y4acth Yy 00poOui
JOKyMeHTiB [13].

VY xoni aHami3y jiteparypHux jkepen [3, 4, 13, 54,
55, 56, 57, 58, 59] Oymo cucTeMaTH30BaHO METOIH W
MOJIETI IITyYHOTO IHTENEKTY 3 ypaxyBaHHSM BiACOTKa iX
BUKOPUCTAaHHS. 3arajbHa  KUIBKICTH  3a()iKCOBaHHX
3ragyBaHb CTaHOBUTH 87, IpH mboMy imeHTH(]iKOBaHO 70
yVHIKaIbHUX MeToZAiB. YacToTHWil po3mozmin HaiOimbII
nomynsaparx Moxenei i meroxmiB LI mpencraBmeHo Ha

HOCHi,Z[OBHOCTeﬁ eTamiB: OHOBJEHHS Yy nOporpamMHOMY PUCYHKY 7.
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Puc. 7. HaitmomynsipHinm Mogeni i Mmeroau LI y mporieci opopmIteHHS Ta TOCTaBKU aHYITETHOTO MOJICY

MicnianpoaakHa B3aemMolis Ta  yTpUMAaHHSA
kJieHTiB. Ilicnsa odopmieHHS Ta TOCTaBKH aHYiTETHOTO
MIOJIICY TIOYMHAETHCS €Tall MiCISIPOJaKHOI B3aeMOJIl Ta
YTpUMaHHS KII€HTA, II0 Ma€ HE MEHIIe 3HAYeHHS, HiX
nepBUHHUM nponax. HeszamexHuil cTpaxoBuil areHT Ha
IBOMY eTami BHKOHye (YyHKIOiI{ KOHCyJbTaHTa Ta
MoCepeHIKa MiXK KIIIEHTOM 1 CTPaxOBOIO KOMIIAHIEIO:

PO3’SICHIOE YMOBH TOJICY, KOHTPOJIIOE JOTPUMAaHHS
nepiony “free look™, BifmoBizae Ha 3aMUTaHHS KIIi€HTa Ta
3a0e3nedye HAJIEKHUH CYHpPOBIL y BHOAAKy 3MiH
XKUTTEBUX oOCTaBWH uM (piHaHcoBuX mined. HemoctatHs
yBara 70 MiCIANPOAAKHOTO CYNPOBOILY MOXE NPH3BECTH
JI0 BIATOKY KJII€HTIB, PEMyTallifHUX BTpaT 1 3HIKECHHS
JoBipu 1o arenra [60, 61, 62].
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CydJacHi KITEHTH, SIKHX 9aCTO BiTHOCSTH A0 “HOBOTO
MTOKOJIIHHS KJII€HTIB CEPBICY”’, XapaKTePH3YIOThCS BUIIIMU
OUIKyBaHHAMH, OpI€HTAli€l0 Ha  TPO30OPICTH  Ta
Oe3mepepBHICTh KOMyHIKalii [63, 64]. ¥V BiamoBixp Ha mi
BHKIIMKH KJITIOYOBY POJIb MOYMHAIOTH BifirpaBaTu IUQPPOBi
iHctpymentn, 30kpemMa CRM-cucremm T1a TexHOJIOTI]
WTYy4YHOro iHTeNekTy. Bukopucranns I ta mammHHOTO
HaBYaHHS JIO3BOJIIE areHTaM 1 CTPaxOBUM KOMIAHISIM
MIPOTHO3YBAaTH PU3MK BIATOKY KII€HTIB, CETMEHTYBATH iX
3a piBHEM 33JI0BOJICHOCTI, (popMyBaTH NeEpCOHaNi30BaHi
cTpaTerii yTpUMaHHS Ta ONTHMI3YBaTH KIIE€HTCHKUN
JNOCBIIl 3aBISKH aHAJi3y T[OBENIHKOBHX JNaHUX 1
HacTpois [65, 66, 67, 68, 69].

Y KOHTEKCTi aHyiTeTiB, IO € JOBTOCTPOKOBHMH
¢diHaHCOBUMH IHCTpyMEHTaMu i3 CYTTEBUMH
3000B’s13aHHAMH, €(QEKTHBHA MICIAMPOJaKHa B3a€EMOIIS
HaOyBae ocoOnmuBoi Barum. BoHa copuse miaTpuMIl
CTabIMBHUX BIZHOCHMH MK KIIEHTOM Ta areHTOM,
YIOPaBIIHHIO OYIKYBaHHAMH, MaKCHUMi3alil IKHUTTEBOL
LIHHOCTI KJTI€HTA, 8 TAKOK CTBOPIOE MiIIPYHTS I HOBUX
(iHaHCOBUX pillleHb Y MallOyTHEOMY.

Y nocmimkenni [70] mokasaHo, 10 aHcaMOJeBi
MOJIeNIl Ta MiAXOAM INIMOO0KOTO HaBYaHHS 3/1aTHI JOCSATaTH
Iy>Ke BUCOKHX IIOKa3HUKIB y 3a/1a4ax yTpUMaHHs KITi€HTIB
— HamnpHKJIaA, Ha CTPaxoBOMy HAOOpi NaHUX MOJIEIb
pocsria TouHocTi 95.96% Ta Bucokoro F1-score. Ile
CBIIYUTH, IO Y KOHTPOJHOBAaHHX yYMOBAaX i3 XOPOLIMMH
naanmu LI-cuctemu MOXyTh €peKTHBHO iICHTU(IKYBATH
KITIEHTIB 13 pU3UKOM BTPATH i M ITPUMYBATH IX YTPUMAaHHS.
[HII KOCTIKEHHS MiATBEPIKYIOTh, M0 KiacupikamidHi
mojeni sik XGBoost i Random Forest samumarorbes
KOHKYPEHTHUMH, 0COOJIMBO KOJIM OaslaHCYBaHHS KJIaciB Ta
migoip O03HaK BUKOHYIOThCS KOpekTHo. Hampukian,
nocmipkernHs [71] BkasyrooTh, M0 3aCTOCYBaHHS BiIOOpY
03HaK, OalaHCYBaHHs BHOIpKH Ta ensemble-MeToIiB MOXKe
3a0e3neunTr MoKpaieHHs TouHocTi i F1-merpukn Ha 5-10
% y TOpIBHSHHI 31 CTaHIAPTHUMHU 0a30BHUMH MOJAEISAMH.
KpiM Toro, momeni 3acTOCOBYIOTh IHAEKC JIOSIIBHOCTI
KIIEHTIB Ta aHaji3 HACTPOiB BiATyKiB, 100 Kparie

3pO3yMITH 33/I0BOJICHHS KJIEIHIB i €MOIliiiHe CTaBICHHS —
e JoroMara€ KOPHWT'YBaTH IIe€pCOHANi30BaHI KaMIIaHil
YTPUMaHHS.

HesBaxaroun Ha OOHAIMIMBI pe3yibTaTH, iCHYIOTh
3Ha4Hi 0OME)XEHHS, IO BIIOBUTHHIOIOTH TpaHCHOpPMAIIiIo
NOTEHLialy y MpakTUYHe BHpoBa/ykeHHS. [lo-mepiue,
Oarato Mopeneil NEMOHCTPYIOTh BHCOKI ITOKa3HUKH 3a
merpukamu Accuracy / F1 / AUC y koHTposboBaHHX a0bo
JOCHIAHUIBKUX yMOBax, aj€ TIpH 3acTOCYBaHHI Y
peaJbHUX CepeloBHINAX pe3yiabTaTH dYacTto OyBaioTh
3HAYHO TIPIIUMH — 116 OOYMOBJIEHO IIYMOM JaHHX,
HEMMOBHUMH O3HaKaMM Ta 3MIHAMH IOBEIIHKHA KIIICHTIB. Y
TOMY X JociikeHHi [ 70] 3a3HaueHo, o X04a U1 Habopy
JAHWX JUTSI CTPaXoBoi ray3i JocsarHyTo Accuracy Ha piBHI
95.96%, nmnsg IHIIUX CEKTOpIB TaKWX, SK TeJeKoM abo
IHTEpHET-TIOCTaYaHHs TOCIYr MOJENi Mali Oimbmry
HecTabuIbHICTh. [lo-Apyre, 3pocTae pH3UK MOPYLICHHS
MPUBATHOCTI, OCOOJIMBO KOJIU MOJIENi BHKOPHCTOBYIOTh
BEJIMKI 00CSITY JaHUX PO B3a€EMOIii KIIIEHTIB a00 BiKPUTI
TEKCTH BiAryKiB. Y KoHTeKcTi 3akoHoaaBcTBa CILA un €C
HE 3aBXIU € YiTKI paMKu JUIS J03BOJY BHKOPUCTaHHS
Takux AaHux. [lo-Tpere, eTHYHI Ta PeryasTOpHI BUKIUKU:

HaIMipHa IEpCOHA3allis YM CEerMEHTalis MOXe
TIPU3BOAUTH bi (o) By TTA JTUCKpUMiHAMi{ abo
HECTIPaBEUIMBOCTi,  SKIIO TICBHI TPYNH  KIT€HTIB

ABTOMAaTUYHO BHKITIOYAIOTHCS 3 BUTIIHUX NPONO3ULIH Ha
ocHOBI Mopenei. | HapemrTi, pecypcHi Ta omepamiiiHi

Oap’epu: MATPUMKa MoOJIeNed, IO MpalloTb Y
production, BuMarae iHQPAaCTPYKTYpPH, MOHITOPHHTY,
MEPEeTPEHYBAHHS, a TaK0oX BIJAMOBIAHAX KOMaHJ Ta

CICIIAJICTIB, 10 HE 3aBX/IU TOCTYIIHO.

Ha ocHoBI onpairoBaHHs HayKoBUX [xepen [60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71] cknageHO MEpEiK
METOJIIB 1 MOZeJIeH IITYYHOrO IHTEJIEKTY 3 BH3HAYCHHIM
YacTOTH 1X 3aCTOCYBaHHsS Yy JOCHTIDKEHHSX. 3arajiom
3aikcoBaHo 67 3rajoK, MO BiAMOBiNAIOTE 19 yHIKaIEHUM
MeTomaM. Haiibinem momupeni moxeni ta meromm LI
MOJIAHO HA PUCYHKY 8.
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Puc. 8. Haitmonyssipaimi mozeni i meroau L1 y nporieci micasnpoaakHa B3a€MOIist Ta yTPUMaHHS KITIEHTIB
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IIpakTuyHe BnpoBax:keHHsl. [IpakTiyna peamizaris
3aIpONOHOBAHOL TIPOIIECHOT IEKOMITO3HUIIIT 3
3iCTaBICHHSIM MOJENEH IITYYHOTO IHTENEKTY 3 eTanaMu
Oi3Hec-TIpOoIIeCiB MPOAaXy aHyITETiB JOIiIbHA HAa OCHOBI
MMOCTAITHOTO  TIOXOAY IO  OXOIUIOE€  MiATOTOBKY,
igTerpanito LI-pimmeHs Ta momadpmINii MOHITOPHHT iX
epexkruBHocTi.  Takmii  miAxim — IPYHTYeEThCS  HA
y3arajJbHEHHI Cy4YacHMX IUIaTGOPMHUX  pilleHb i
NPUKIAJAHUX  KEHCiB, MpeJCTaBICHUX Yy  HAyKOBiH
mirepatypi [2, 3, 7, 13, 37, 70], Ta BpaxoBye crienudiky
IISUTBHOCTI HE3aJIKHUX CTPAXOBHX arcHTIB, sKi, SK
MIPaBUIIO, PYHKIIIOHYIOTH B YMOBaX OOMEKEHHUX PECYPCiB.

Ha migroroB4omy erami OOMITEHUM € TPOBEICHHS
ayIuTy HasSBHHUX Oi3HEeC-TPOIeCiB 1 JaHUX KIiEHTCHKOI
B3aeMmounii. Kioro4oBMM  3aBHaHHAM €  IIOJOJIAHHS
¢parmenToBaHOCTI iH(pOpMaMmii NUIAXOM iHTerpamii 3
CRM-cucremamu, 0 pO3TIANAETHCS K OAWH 3 0a30BHX
YMHHMKIB ycmimHoro BrpoBamkeHHs Ll-pimens [2, 4].
Jlis  mouaTKoOBOTO eTamy TeHepauii JIiJiB  MOXYTb
3aCTOCOBYBATHCS BIZIHOCHO IPOCTI Ta iHTeprpeToBani ML-
MOJIeNi, 30KpeMa JIOTiCTHYHA perpecis abo aHcaMOIieBi
METO/IY, IHTErpoBaHi 3 IHCTPYMEHTAaMH aBTOMaTH30BaHOTO
MapKeTHHTy. Sk CBiguaTh pe3yJIbTaTH EeMIIiPUYHUX
IOCTIKCHb, BIPOBAKCHHSA TaKUX IMIAXOMIB HAaBITh Y
HEBEIMKHUX areHTCTBAaX 3a0e3ledye CyTTEBE 3POCTAHHSA
KOHBepCii 3a paxyHOK aHaJi3y ICTOPUYHUX KII€HTCHKHUX
nanux [9].

Ha erami BusBICHHS Ta OLIHKKA MOTPeO KITI€HTIB
IOUUTPHUM € BuKopuctaHHA NLP-iHcTpyMmeHTiB s
aHaJi3y TPAHCKPHIITIB I3BIHKIB I TEKCTOBUX KOMYHiKaIlill.
3acrocyBanHa Mmozeneit kmacy BERT abo cyuacHmx
TeHEpaTUBHUX  MOJEJNEH  J03BOJSIE  aBTOMAaTHU3YyBaTH
MEpBUHHY THTEPIIPETAL0 3alUTIB KIIEHTIB i CKOPOTUTH
yac  MOMEPeIHbOI  OI[IHKH, M0  MiATBEPKYETHCS
pesyibTaTaMHM BIPOB3DKEHHS conversational Al 'y
cTpaxoBuX opraHizamisx [21, 23]. Jas He3amexHHX
areHTiB NMPAKTUYHUM € TOETAIHUH Iepexi] BiJ TUIMOBUX
pIIIeHb 10 TOMEHHO-OPiEHTOBAHOI KACTOMI3aIlii.

[ig gac momryky Ta migdopy aHyITEeTHHX HPOIYKTIB
e(heKTUBHIMHU € TIOpUIHI PEKOMEHIAIIHI CUCTEMH, SIKi
MOEHYIOTh KOHTCHTHO-OPIEHTOBaHI Ta KOJIaOOpaTHUBHI
migxomu. Taki cHCTeMH MOXyTh OYTH IHTErpoBaHi 3
0azaMH JaHUX CTPaxOBHX KOMIIaHIH depe3 MHporpamHi
inTepdeiicu. JociiKeHHS MOKa3y0Th, 1[0 3aCTOCYBAaHHSI
HEHpOHHMX MoOJeNed A OIiHIOBaHHSA aHyiTeTHHX
MopTQEeNiB  A03BOJIIE CYTTEBO 3MEHIIUTH MOXHOKY
PO3paxyHKIB 1 MiBUIINTH SKiCTh MPUHHSTTS piteHs [37].
Jii  HEBENMWKHMX  areHTiB MOXJIMBE BUKOPHUCTAHHS
CHPOLIEHUX JIOKAJbHUX MOJAENeH y TO€dHAHHI 3
TabIMIHUMHA IHCTpyMEHTaMHU Juis HOPIBHSHHS
aJbTEPHATHB.

Ha eramax mpeseHTalrii mpomno3uIliii i KOHCYJIbTAIlil
KIIIEHTIB TeHepaTHBHI Mozemi 1 MOXYTb
3aCTOCOBYBAaTHCS IS MIATOTOBKHA IEPCOHANII30BaHUX
MaTepiasiB 1 cHeHapiiB KOMyHiKamii. 3a JaHEUMH
MPUKIIAJIHUX JOCIIIKEHb, 11€ 03BOJISIE CYyTTEBO CKOPOTUTH
Yac MiArOTOBKM IIPE3CHTAIliil Ta MiJBUIIUTH piBEHb
iHAMBiTyamni3amnii koHcynbTanii [43]. BogHowac kirodoBa
poJIb y GiHAIBHOMY pillICHH] 3aJIMIIAETHCS 38 ar€HTOM, 10
BIZIMIOBiJa€  BUMOTaM  pETyJATOPIB 1  IpUHOWIAM
BiINOBigaIbHOTO BUKopuctanus 1111

IToganHs 3asBOK, aHAEPPAUTHHT Ta O(OPMIICHHS
MOJICIB  MOXYTh OYyTH dYacTKOBO aBTOMAaTH30BaHi 3a
JIOTIOMOTOI0 MOJelNeil OIiHIOBaHHS PHU3WKIB 1 areHTHUX
I-pimrens, OpIEHTOBaHUX Ha OpKecTparito
JIOKyMeHT000iry. [IpakTryHi Keficu cBiI4aTh mMpo icTOTHE
CKOpOUEHHSI dYacy OOpoOKM 3afBOK 1 3HIKEHHS
aJIMIHICTPATHBHOTO HaBaHTaKEHHS Ha
arenTiB [46, 50, 55].

Ha micnsimponaxxHoMy eTarii 3acTOCyBaHHS MOZAEJIEH
NPOTHO3YBaHHA BIATOKY KIIEHTIB Yy TIOETHAHHI 3
MEepPCOHATI30BAaHUMH  KOMYHIKAIlIHHUMH  KaMIaHisIMA
JO3BOJISIE TIABHIINTH pPiBeHb YTPUMaHHS KIIEHTIB Ta
JIOBTOCTPOKOBY IiHHICTH TopTdens [70].

3aBepIanbHIM €JIEMEHTOM MPaKTHIHOTO
BIIPOBA/DKCHHSA € TOCTIHHWN MOHITOPWHT 1 ONTHMI3allis
II-pimrens. dominbHuUM € BUKOpHCTaHHA A/B-TecTyBaHHS
JUIL  TIOPIBHAHHA aBTOMAaTH30BAHWX 1 TpPagWIiHHIX
MiAXOMIB, a TaKOXX KOHTPOJIb KJIIOUOBHX MOKAa3HHKIB
e(eKTUBHOCTI, 30KpeMa KOHBepcii, peHTa0enbHOCTI
IHBECTHLIN Ta TOYHOCTI Mojelsiei. BaxxnuBum acriekrom
3aJIMIIAETHCS. AOTPUMaHHs peryisitopaux BuMor SEC Ta
NAIC, 1o 3yMoBITIO€ HEOOXIHICTh 32aCTOCYBaHHS METO/IB
nosicutoBadoro IIII g oOrpyHTyBaHHS —TNPHHHITHX
pimrens [12, 40].

Otxe, BrpoBaxeHHs 1L no3Bossie aBTOMaTU3yBaTH
3HaYHy YacTKy PYTUHHHUX OIepamid i 3MICTUTH (OKyC
JIISTTBHOCTI  HE3aJIS)KHOTO ~ CTPAaXOBOTO — areHra Ha
KOHCYJbTAalliiHy Ta KJIIEHTOOPIEHTOBAHY CKJIaJIOBY, IO
MiATBEP/KYE TPAKTUYHY AOULIBHICTH 3alpOIIOHOBAHOTO
niaxony [7].

IIpooaemu BupoBamkenns I Tlonpu nomiTHui
Mporpec y BIPOBAKCHHI IHCTPYMEHTIB HITYYHOTO
intenekty (LII) y cdepi crpaxyBaHHs, 30Kpema Y
MpoJiakax aHyITeTIB, 3aJHIIAE€THCS PSII CYTTEBUX BUKIINKIB
i mpo0GIeMm, 10 yCKIIaJHIOIOTh IXHE ITMPOKE BUKOPUCTAHHS.
OmHAM i3 KITFOYOBHX aCIEKTIB € BiACYTHICTH YHi(piKOBaHOT
knacudikamii Ta cucremartmsamii [lI-pimens, 1m0
YCKJIAIHIOE BU3HAYCHHS IXHBOI e()eKTUBHOCTI Ta BHOIp
ONTHMAJIBHUX MOJENEH Ml CTPaxOBHX KOMMAHIN 1
areHTiB. Bucoka CKIaaHICTh CTPaXxOBHX IPOJYKTIB,
MOCHJIEHA  JKOPCTKUMH  PEryJSTOPHUMH  BHMOTaMH,
3yYMOBIIIOE MOTPeOy B amanTuBHuUX pimreHHsx I, ski
MOXYTb MOEJHYBATH TTIMOOKY aHAITHKY BEIMKHUX JaHUX
i3 MEPCOHATI30BaHUM ITiIXOIOM JI0 KITi€HTIB.

Cepen  TexHIYHHX Oap'epiB  BIpOBAKEHHS
MOMITHUMH € TIpoOJIeMH iHTerpanii iHHOBalifHUX pillleHb
i3 3acrapuiMH iHGOPMAIIHHUMH CHUCTEMaMH, 00OpoOKa
(parMeHTOBaHMX Ta HENOBHUX [JaHUX, a TaKoX
3a0e3MeueHHs] IPO30pPOCTi  AITOPHUTMIB, IIO CYTTEBO
BIUIMBA€E Ha JIOBIpY KII€HTIB i perynsropis. BaxiuBoro €
TaKOX MpobiiemMa OIiHKK e(peKTUBHOCTI iHBecTuiiil y 1111,
sKa ~ 3QJIMIIAETHCS  CKIQJHOK  uepe3  HecTauy
JIOBTOTPUBAITUX JOCIIIKEHb 1 IPAKTHYHUX KEHUCIB.

HeoOxigHicTh JOTpUMaHHA 3aKOHOJABYMX HOPM
IIOJI0 3aXHMCTy IIEPCOHAJBHUX MJaHUX Ta ETHYHHX
CTaH/IapTiB BUCYBA€E J0JATKOBI BUMOTH JI0 IPOEKTYBaHHS
ta Bukopuctanus Il-cuctem. 3okpema, HaaMipHa
MepcoHaNi3aliss MOXE NPH3BOAMTH /0 HECHpaBeJIMBOL
JICKpUMIiHaLlii IEBHUX IPYTI KJIEHTIB, 1[0 TAKOX ITOTPedye
KOHTpOJIIO 1 peryimoBanHs. KpiM Toro, Bnposampkenns 1111
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BHMAara€ 3HaYHUX PeCypciB IS MATPUMKH, MOHITOPUHTY 1
MIEPiOINIHOTO HABYAHHS MOJIEJIEH, a TaKoX 3a0e3rmedeHHs
BiANOBigHOI KBamidikarii nepconary. OTxke, epeKTHBHE

BnpoBajkeHHs Il  MoxnuBe Jsume 3a  yMOBH
KOMIUIEKCHOTO ~ MiAXOQy, IO TO€AHYE€  TEeXHIuHI,
OpraHi3amiifHi Ta peryJsATOpHI acHeKTH, a TaKOX

IHBECTHILI] B JIFOICHKHIA KaIiTal i PO3BUTOK KOPIIOPATHBHOT
KyJIBTYpH.

BucnoBku. IlITy4Huil iHTENeKT Jenani aKTHBHIIIC
MIPOHUKAE y BCi KIIFOYOBI eTary Oi3Hec-NPOLECiB MTPOJAXKy
aHyiTeTiB, (OPMYIOYHM HOBY apXiTEKTypy CTBOPEHHSI
IIHHOCTI SK UIS KIIEHTIB, TaK 1 IS HE3aJIeKHUX
cTpaxoBuX areHTiB. BrumB TexHonorii III He €
OJTHOPiTHUM: pizHi fioro TUTHN Mo-pi3HOMY
TpaHCc(HOPMYIOTh TpoIIecH, T ABUIITY FOU N ixHIO
e(pEeKTHBHICTh, TOYHICTE TA THYUKICTb. [IpoBeneHnit aHami3
Cy4YacHOi HayKOBOI Ta MPUKJIAJHOI JiTEpaTypu IOKa3as,
I0 MOXKHa BHOKpeMHTH TpH 0a3oBi kareropii LI, o
3HaXOITh  MpaKkTHYHE  3acToCyBaHHA y  cdepi
CTpaxyBaHHS: aHAITHYHU, TCHEPATUBHUNA Ta arCHTHHH.

Ananitnunnit 11l rpyHTyeThcss Ha  Meronax
MAIIMHHOTO HABYaHHS, OPIEHTOBaHUX Ha poboTy 3i
CTPYKTYPOBaHMMH JaHMMH. Y KOHTEKCTI MpPOJaxy
aHyiTeTiB BiH BUKOHY€ (YHKII{ IPETUKTUBHOTO CKOPHUHTY
MOTEHIIIMHAX KIT€HTIB, OMIHKK ()iHAHCOBHUX PHU3UKIB, a
TaKO)X BHSBIICHHS BWITAAKIB IMaxpaiicTBa. Takuil ImimXin
JI03BOJISIE TiIBUIILYBAaTH TOYHICTh MPOTHO3IB, CKOPOUYBATH
HMOBIpHICTP ~ NMOMWJIKOBHX  pillleHb 1  3HIDKYBaTH
TpaH3aKIliHI BUTpPATH, IO OE3MOCEPeHHO BIUIMBAE HA
peHTa0eNbHICTh JISUTBHOCTI areHTa. BUKOPUCTOBYETHCS Ha
eranax “['eHepaiisi JiAiB Ta TOIIYK HOBUX KIIEHTIB”,
“ITomyk 1 migbip MPOAYKTY CTPaxoBoi KOMIAHIT“ Ta
“OdopmiteHHs Ta TOCTaBKa aHyiTETHOTO MOJIicy” .

I'eneparusnamii 111 BigkprBae MOKIHBOCTI poOOTH 3
HECTPYKTypOBaHMMH JIaHAMH: TEKCTaMH, aylIio Ta
Bi3yaJlbHUMHM  MaTepiajJaMu, Ta CTBOPEHHS HOBOTO
KOHTeHTY. Y cdepi cTpaxyBaHHI HOTO KIIOYOBUMH
TOYKAaMM  3aCTOCYBaHHS €  TileprepcoHali3oBaHa
KOMYHIKaIlil 3 KIi€HTaMH Ha eramax ‘“BusBieHHs Ta
orinka moTped kmieHTiB” Ta “TlicisimpogakHa B3aeMOIis
Ta yTPUMaHHS KJII€HTIB”, aBTOMaTH30BaHE PE3FOMYBaHH:I
CKJIaJIHUX JIOKYMEHTIB JUIsd aHAEppalTHHIy Ha erari
“IlomaHHs 3asBKM Ta OIlIHKA PHU3MKIB KIi€HTa” Ta
MiZrOTOBKA JICKTPOHHUX JIUCTIB, 3BITIB 1 Mpe3eHTAIli Ha
etami  “IIpeseHTamisi TPOMO3UIIA Ta KOHCYJbTAIlis
KJIi€eHTa”. BUKOpPHCTaHHS TakKMX IHCTPYMEHTIB HE JIMIIE
3MEHIIY€E aJMiHICTpaTHBHE HaBaHTAXKCHHS, a U MiJBHILYE
SKICTH  B3a€eMOXii 3  KIIEHTOM  3aBIAKH  OLIBII
LTECTIPSMOBAHIN Ta aAaTUBHIA KOMYHIKAIIi1.

ArentHuit LI sBnsie cobor0 HOBY mapaaurmy, y
MeKax Ko aBTOHOMHI I (POB1 areHTH 37]aTHI CAMOCTIIHO
OpKecTpyBaTH MiJli poboui mpomecu. lle BkmoYae
ABTOMATH3AII0  OHOOPAMHTY  KIIEHTIB, 00poOKy
CTaHJAPTHUX 3alUTIB YM HAaBiTh IOBHUHA CYNpPOBiT
aJMIHICTpAaTUBHHAX omepamii. MiHiMi3amis JFOICBKOTO
BTPY4YaHHs! B PYTHHHI 3aBJIaHHS CTBOPIOE JUIs CTPAXOBUX
areHTiB MOXJIMBICTb 30CEPEANTHCS Ha CTPaTETidHO
Ba)XJIMBUX acHeKTax po0oTH — T1oOyaoBi JOBipH,
(opMyBaHHI JIOBFOCTPOKOBHX BIZIHOCHMH 1 PO3BUTKY
KJIIEHTCHKOI 0a3H.

Emmipuuni naHi, HaBeqeHUX rpadikiB, CBiadaTh Mpo
T€, IO BIPOBAKCHHSA 3a3HAYEHUX TEXHOJOTIH BXKe
NEMOHCTPY€  BINYyTHI  pe3yibTaTH:  IIiIBHIICHHS
MOKAa3HMKIB ycmimHOocTi HOBuX areHTiB Ha 10-20%,
3pocTaHHA Koe(ilieHTa KOHBEPCii MPOJaxKiB y THX CaMHUX
MeXax Ta CYTT€BE CKOpPOYCHHS aJMiHICTPATHBHOTO
HaBaHTAXXCHHS, SIKE TPAIULIHHO 3aliMae MMOHA/ ITOJIOBUHY
poboyoro  uacy  arentiB. Lle  cBiguMTH PO
TpaHcopmaniiinnit  xapakrep I, skwit He mumIe
ONTHMI3y€e OKpeMi eramu Oi3Hec-mipouecy, a il dopmye
HOBY JIOTiKy (DyHKIIOHYBaHHS HE3aJIeXHOTO CTPaxOBOTO
areHTa B yMOBaX I(PPOBOi eKOHOMIKH.

Toxaabme pocaimxennsi. HesBaxxarounm Ha 3HA4HI
JIOCATHEHHS y BIPOBAKEHHI IHCTPYMEHTIB INTYYHOTO
iHTENeKTY y cepi mpomaxy aHyiTeTiB, HU3Ka KPUTHIHHUX
npobieM 3aJMINAEThCS HEBHPILICHHMH, LI0 CTBOPIOE
NnEepeaAyMOBHU [JI1 MOAATIBIINX ,HOCJ'Ii[[)KeHI).

[Mo-nepure, BincyTHiCTh yHiikoBaHOI Kiacuikarii
Ta cucreMarm3ailii 3acrocoByBanux IllI-pimieHs cyTTeBO
YCKJIQHIOE TXHIO TOpIBHSJIbHY OLIHKY, a OTXe, #H

OOrpyHTOBaHMI BHOIp ONTUMAJIBHUX MOJCICH s
CTPaxOBUX arcHTIB Ta KOMITAHii.
[Mo-apyre, BHCOKa CKJIAIHICTh aHyITeTHHUX

MPOAYKTIB, MocwieHa BuMoramu perymsaropiB (SEC Ta
NAIC), 3yMOBIIOE HEOOXiAHICTH PO3POOKH aTaNTHBHUX
LI-cucreM, 30aTHAX IHTETPYBATH aHaJI3 BEIMKUX JaHUX 3
IHAMBITyaTi30BaHMM IIiIXOJO0M 10 KITi€HTA.

[To-TpeTe, mpobiieMa MPO30POCTi ANTOPUTMIB CYTTEBO
o0Mexye OBIpY sIK KIIIEHTIB, TakK i PeryJISTOPHUX OpraHiB
JI0 aBTOMaTH30BaHUX PillI€Hb.

OkpiM TOro, HEIOCTaTHHO BHUBYEHOIO 3aJIUIIAETHCS

epextuHicts I 'y noBrocrpokoBomy ymnpaBiiHHI
pU3UKaMH, KOHCYJIbTYBaHHI KJIIEHTIB Ta
MICIATIPOAAXXKHOMY  CYIpPOBOAi. Y I[BOMY KOHTEKCTI

0ocoOmMBOi Barm HaOyBae TIoOAaiblle MOCTIIKCHHS 3
BU3HAYCHHSIM BijcoTKOBoro BHecky I Ta sopcekoro
(akTOpy B KOKHOMY 3 KIFOUOBHX IPOIIECIB — BiJ OIlIHKH
moTped KITi€HTa JO MOHITOPHHTY KOHTpakTiB. KimpkicHa
OLIiHKa TAKOT'0 3aJlyYeHHS JO3BOJIUTD HE JIMIIE 00’ €KTHBHO
MOpPIBHIOBaTH e(eKTUBHICTh TiOpUIHUX MoOAenel, aie i
PO3pOOUTH PEKOMEHAAIlT MO0 ONTUMAILHOTO OallaHCy
aBTOMATH3allii Ta JIIOACHKOT EKCIIEPTU3H, 110 € KPUTUUYHUM
JUlsl  TIIBUILEHHS JOBIpH, 3HIDKCHHS pPHU3UKIB Ta
3a0e3eUeHHs PEryJISTOPHOI BiIOBITHOCTI.

JIJ1 oJanbIioro yTOYHEHHS! OKpPECIICHUX HampsMiB
JOLUUIBHUM €  TIOCWIEHHS  eMIIPHYHOI  CKJIaJ0BOi
JIOCJIIJKEHb, CIIPIMOBAaHUX HA KiJIbKICHY OLIHKY €(eKTiB
YIPOB/DKEHHS 1HCTPYMEHTIB INTYYHOTO IHTENIEKTY B
JUSUTBHICTh HE3AJICKHHUX CTPaxoBHX areHTiB. Hacammepen
MEpPCIIEKTUBHUMH € TIPUKJIIAIHI KeWc-CcTajli BIPOBaKEHHS
Yy peajbHHX areHTCTBaxX, 30KpeMa MOPIBHAIBHUMA aHaii3
IPyT He3aJIe)KHUX areHTiB, sKi 3acTocoBytoTs LI I-pimenns
JUTsI TeHeparlii JimiB, i3 areHTamu, 10 BUKOPHUCTOBYIOTH

TpajuiiHi migxoaw. Taki JOCTiIKEHHS JIO3BOJSATH
omimntd BB Il Ha MOKa3HMKM E€KOHOMIYHOI
edpexktuBHOCTI Ha ocHOBI gaHmx CRM-cuctem i

CTaH/IAPTHHUX CTATUCTUYHHUX METOIB aHANI3Yy.

JpyruM BaKIMBUM HaIpsIMOM € €KCIepHMEHTabHI
JIOCJI/DKEHHST  B3a€MOJIl  JFOJCBKOTO  YHMHHHKAa Ta
AaBTOMATH30BAaHMX CHCTEM NpUHHATTA pimeHs. [loxiGHi
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METOJIONIOTi 3 BUKOpHCTaHHsAM cluster analysis Ta Brown
model mrs DSS B cTparterivHoMy IUTaHYBaHHI ITH(PPOBIX
TEXHOJIOTif MOXyTh OyTH amanToBaHi s ominku 1111 B
ctpaxyBaHHi [72]. 3okpema, aHami3 3actocyBaHHS A/B-
TECTYBaHHS Ha eTamax IIArOTOBKA MpEe3eHTamii i
KOHCYJIbTAIIiil KIII€HTIB, JO3BOJIUTH MTOPIBHATH PE3yIbTaTH
BUKOpHCTaHHS  reHepatuBHHMX  llII-iHCcTpy™meHTiB i3
TPaIMUIfHOIO  PYYHOIO  MIATOTOBKOIO  Marepiasis.
[ToennaHHS KUIBKICHUX ITOKa3HMKIB (PiBEHb yTPHUMaHHS
KJIIEHTIB, BIiJTIK) 3 ONMUTYBAaHHSIMH KJI€HTIB IIOJO0 SKOCTI
B33a€EMO/Iii CTBOPIOE OCHOBY JUISl OLIHKU JOBIOCTPOKOBHX
e¢exriB BukopuctanHsa LI B cermenri aHyiteTiB, mys
SIKOTO Hapasi Opakye CHCTEMAaTH30BaHHX EMITipHIHUX
JaHUX.

Peamizamis 3a3HaueHMX HampsMiB  3a0e3MednTh
Mepexin BiJl MEpeBa)KHO OTJIIIOBHX 1 KOHIEUTYaJbHUX
JOOCTikeHb 10 (GOopMyBaHHS NPAaKTHYHO OPIEHTOBAHHX
PEKOMEH/AIIIH, 110 CIIPUSTUMYTh M1 IBULIEHHIO
e(eKTUBHOCTI Ta 3pULIOCTI 3aCTOCYBaHHS IUTYYHOTO
IHTEJIEKTY B raily3i NpoJiaxKy aHyiTeTiB.
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O. M. KOHJIPATOB, B. I. CEBEPHH, ][. K. ITOITA30B, C. M. TIOBAPCbKHH, O. M. HIKYJITHA

BUKOPUCTAHHS OBYUCIIOBAJIBHOT'O IHTEJEKTY IS MOAEJIFOBAHHSL,
INEHTU®IKAIIL, ONTUMI3AIIT IHOOPMAIIMHUX YIIPABJISIOYAX CUCTEM TA
MIATPUMKHA NPUAHATTS PIIIEHD

VY crarTi mpeacTaBIeHO KOMIUIEKCHHE MiJXiJ J0 CTBOPEHHS IHTEJICKTYaJlbHHX CHCTEM YIPABIIHHS JHHAMIYHUMU 00 €KTaMH Ha OCHOBI Cy4aCHHX
METOZIB OOYHCIIIOBANBHOTO IHTENEKTY. B yMoBax 0OpoOKH BHCOKOPO3MIpPHHX, HECTAOUIBHHX Ta clabo(opMalli3oBaHHX JaHUX y pealbHOMY daci
TpaJULiiHI METOAU MO/JICIIIOBAHHS € HEJOCTATHbO €()EKTUBHUMH, 110 OCOOIMBO KPUTHYHO JUIS IPOMUCIOBHX 1 TPAHCHOPTHUX CHUCTEM, 1€ HOMHJIKH
YIPaBIIiHHA MOXYTb NPH3BOAUTH 10 3Ha4YHHX BTpaT. JlOCHi/UKEHHS CHpsSMOBaHE Ha PO3pOOKY alaNTHBHUX 3aMKHYTHX KOHTYPIB yIIPABIIHHSA, SIKi
[OEAHYOTh 1AeHTU(]IKALIFO IIOTOYHOTO CTaHy, IPOrHO3YBaHHS Ta BUOIp ONTUMAIBEHOTO KEPYIOUYOTO BILTHBY B yMOBaX HEBH3HAYCHOCTI. 3aIIpONIOHOBaHA
apXiTeKkTypa iHTerpye Moayii 300opy i 0OpoOku maHuX, imeHTHOikauii mapamerpiB, OonTHMI3alil Ta MIATPUMKH NPUHHATTSA piunieHb. OCHOBOIO
MOJICJIIOBAaHHS € TIOpUIHI aIrOPUTMH MAIIMHHOTO HAaBYaHHS, 30KpeMa MOEIHAHHS 3rOPTKOBHX HEHPOHHUX Mepex i TpaHcHOpMEpHHX apXiTeKTyp, a
TaKOX METareBPUCTHYHHUX MeToxiB. Ilepen0adeHO MeXaHi3MH OHJIAH-JOHABYAHHS 3 MiHIMAIBHOK 3MIHOK Bar Ta BHKOPHUCTAHHS YHIBEPCaIbHOI
mam’sti TpaHchopMepa Julst afanTanii 10 3MiH cepenouiLa. JlucraHuiita ifeHTudikanis mapaMeTpiB peanisyeThcs IUIIXOM aHalli3y MyJIbTUMOIAIBHUX
MOTOKIB TaHHX, BKJIIOYAIOYH BiI€O TA CEHCOPHI CUTHAIIH, i3 3aCTOCYBAHHSM METO/IB BHABICHHS 00 €KTIB, CErMEHTAL] CLICHH Ta aHAJi3y ONTHYHOTO
noToky. CHcTeMa MiATPUMKH pillleHb Ma€ ABOPIBHEBY CTPYKTYpY: NPELEIeHTHO-TIPaBHIIOBUI PiBEHb IS OIepaTHBHOI OOPOOKH THIIOBHMX CHUTYaIil i
ONTHMI3alliiHKI PiBEHb HA OCHOBI GaraTokpuTepianipHOro aHamizy 3a Ilapero. Bukopucranus nosicuioBansHoro Al 3abesmedye npo3opicTs pilieHp, a
aJIanTallisi MOJeNIei 3MifICHIOETHCS 13 3aCTOCYBAHHAM HABYAHHS 3 i AKPIIUICHHsIM. Pe3y IbTaTu miaATBepAKyI0Th €heKTHBHICTD MiAXO0Iy B IPOMHCIOBHX,
TPAHCIOPTHUX Ta MICHKMX CHCTEMax 1 BH3HAYalOTh IEPCHEKTHUBU MOAIBLIONO PO3BUTKY 3 ypaxXyBaHHSIM MyJBTHArCHTHHX Ta HEHPOMOpPGHHX
TEXHOJIOTIH.

KaiouoBi ciioBa: mry4Hi HEHPOHHI MepeXxi, IHTENeKTyaabHa TEXHOJIOTIs, apXiTeKTypa 3aCTOCYHKIB, HEHPOHHA Mepeska, MOZIelb, iHhopMmariiiHa
CHCTeMa, IPOrpaMHe 3a0e3IeYeHHs, MaIIMHHE HaBYaHHsI, TEXHOJIOTisl.

O. KONDRATOV, V. SEVERYN, D. POPAZQOV, S. LIUBARSKYI, O. NIKULINA

APPLICATIONS OF COMPUTATIONAL INTELLIGENCE FOR MODELING, IDENTIFICATION,
OPTIMIZATION OF CONTROL INFORMATION SYSTEMS AND DECISION SUPPORT

The article presents a comprehensive approach to creating intelligent control systems for dynamic objects based on advanced computational intelligence
methods. In the context of processing high-dimensional, unstable, and poorly formalized data in real-time, traditional modeling methods are insufficiently
effective, which is especially critical for industrial and transport systems where control errors can lead to significant losses. The research is aimed at
developing adaptive closed-loop control contours that combine current state identification, prediction, and the selection of optimal control influence
under uncertainty. The proposed architecture integrates modules for data collection and processing, parameter identification, optimization, and decision
support. The modeling core relies on hybrid machine learning algorithms, specifically a combination of Convolutional Neural Networks and Transformer
architectures, as well as metaheuristic methods. Mechanisms for online re-training with minimal weight change and the use of Universal Transformer
Memory are provided for adaptation to environmental changes. Remote parameter identification is realized by analyzing multimodal data streams,
including video and sensor signals, using methods of object detection, scene segmentation, and optical flow analysis. The Decision Support System has
a two-level structure: a rule-based level for operational processing of typical situations and an optimization level based on multi-criteria Pareto analysis.
The use of Explainable Al ensures the transparency of decisions, and model adaptation is carried out using Reinforcement Learning. The results confirm
the effectiveness of the approach in industrial, transport, and urban systems and outline the prospects for further development by incorporating multi-
agent and neuromorphic technologies.

Keywords: artificial neural networks, intelligent technologies, applications architecture, neural network, model, information system, software,
machine learning, technology.

Beryn. Y cyyacHoMy iHpOpMaLiiHOMY CyCHiIBCTBI,
K€ XapaKTepPH3yeThCs IIBUIKOK IM(pPOBI3alli€0 Ta
3pOCTaHHAM CKJIQJHOCTI JAMHAMIYHUX IPOLECIB, IOCTAE
aKTyaJjbHa HayKOBO-ITPaKTHYHA npobiiema:
HEBIAMOBIAHICTh TPAJAUIIHHUX METOMIB MOJICITIOBAHHS,
onTHMI3alil Ta MPUHHATTS pilleHb HOBUM BHKIMKaM. Lli
BUKIIUKM TMOB'S3aHI 3  HEOOXIJHICTIO  aHaJi3yBaTH
BHCOKOPO3MIipHi, HectaOinbHI Ta cinabodopmanizoBaHi
naHi (Taki SK BiJICOTIOTOKH, CEHCOPHI ITOKa3HUKH,
IIPOCTOPOBO-YACOBI CUTHAJIN) B PEXKHMI peaslbHOTO 4acy.

Bxazana mpobiema mae Oe3mocepenHiii 3B'SI30K 13
HHU3KOI0 BKIMBUX 3aBJaHb. Ha mpakTUYHOMY piBHI — 1€
3aBJaHHSA MiIBUIICHHS €QEKTUBHOCTI Ta HAIIHHOCTI
VIpaBIiHHS CKIaJHUMH CHCTeMaMH (TIPOMHCIIOBHMH,
TPAHCIOPTHHMH, €EHEPTeTHYHUMH), 1€ 3alli3HijIe dH
HETOYHE PINICHHS MOXKE MpPU3BECTH JO 3HAYHUX
MarepialbHUX BTpar abo aBapiiHuX curyaniid. Ha
HayKOBOMY PpiBHI — 1€ 3aBJaHHi pO3POOKH HOBHX
METOJIOJIOTiH, 3AaTHUX HE JHIIe oO0poOIaATH naHi, ane u

CTBOPIOBATH 3aMKHYTI IIMKJIM aJalTHBHOTO YIIPaBJIiHHS,
IO BKJIOYAIOTh 1JEHTHU(]IKALII0 CTaHy CHCTEMH, HOTO
NPOTHO3yBaHHA Ta BUOIP ONTUMAJIbHOTO KEPYIUOTo
BIUIMBY B yMOBaX HEBU3HAYEHOCTI.

Came TOMy Bce OUIBIIOrO NOIMIMPEHHS HalyBae
3aCTOCYBaHHS METOAiB 00uncIioBabHOTO iHTENeKTy (OI),
SKi TOEIHYIOTh y €00l THYYKICTh HEHpPOHHHX MEpex,
3[JaTHICT J0 HABYaHHA Ta CaMOOpTaHi3alii, a TaKoX
MOXJIMBICTh TOOYZIOBH CHUCTEM TPHHHSATTS pilIeHb B
YMOBaxX HEBU3HAYEHOCTI.

BopgHouac BaJIMBO HE JIMIIE 3aCTOCOBYBATH OKpeEMi
ML/Al-anropurmu, a OyxyBaTn MTOBHOITIHHI
IHTEJIeKTyaJbHI CHCTEMH, IO IHTETPYIOTh B c0Oi 3acobm
MOJICNIOBAaHHS, ieHTH(iKamii, onTuMi3amii Ta IPUHHATTS
pimenb. [le M03BOJIsIE CTBOPIOBATH KEePYIOYi KOMIUIEKCH
HOBOTO TIOKOJIIHHS, 3/[aTHI ajanTyBaTHCA [0 3MiH Yy
CEepeNlOBHINI Ta TiJBUILYBAaTH €(EKTHBHICTH MPOLECIB Y
MPOMUCIIOBUX, TPAHCIIOPTHUX, SHEPreTHYHHMX Ta IHIIUX
cucTeMax.
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CydacHi po3poOku y cdepi OOYUCITIOBATBHOTO
IHTEJIEeKTY, 30KpeMa Ui YIpaBIiHHSA JIMHAMIYHUMH
cucteMamMy, 0a3ylOThCSI Ha 3HAYHOMY HayKOBOMY
(byHOaMeHTi, MO MiATBEPKYETHCS AHANI30M KIFOYOBUX
JoKepen iHpopmarii.

PosrnsayTa TEOPETHKO-METOIOJIOTiYHA 6aza
00YNCITIOBAIBHUX METOJIB U MOJEIIOBAHHS, MPOTHO3Y
ta onrumizamii [1]. IIpoBemeno amami3 iHpOpMamiHHIX
TEXHOJIOTIH IS OUCTaHIIHHOI imeHTH]IKamii THHAMITHIX
00’ekTiB [2]. CHCTEeMaTH30BaHO CYYaCHI MiJXOIH IO 3a]a4
MOJEIOBaHHS Ta ornrumizarii. 3anponoHoBaHO
BUKOpUCTaHHA MeTareBpucTuk (PSO, GA) ans cxiagHux

cucteM [1]. PosrmsHyTi  MeTOAM  MUCTaHIINHHOT
ineHTUGIKAii  TUHAMIYHUX  O0’€KTIB HA  OCHOBI
TpanchopmepiB  [2-5]. HaOymu 3HAYHOrO PO3BHUTKY

TexHoJIoTil 00poOkK maHux Ha ocHOBi YOLO-apxitekTyp
[6-8], mynbruarentHux cuctem [9], FlowNet [10, 11].
[IpoBeneHi  MOCHIMKCHHA  JOBOIATh  S(PEKTHBHICTH
BuKopucTaHHA TiOpuaanx Monenelt (DETR+YOLO) mns
BUSIBJICHHS TMHAMIYHHUX 00’ €KTiB [6], CHHXpOHI3aIii JaHUX
3 Pi3HUX JuKeped [9], ONTUYHOTO MOTOKY VISl aHAIII3Y PyXY
MUHaMigyHUX 00’ekTiB (TouHicTh BHIie 90%) [11, 12].
[lepcrieKTUBHUM ~ HAMpsIMOM € PO3POOKH  KBaHTOBHX
aNTOPUTMIB 3 IPUCKOPEHHAM O0YHCIIEHB 32 paxyHoK Liger
Kernel ta yniBepcansHux TpaHchopmepiB [13-15]. B
IHTCJICKTYaIbHAX CHCTEMaX YIPABIIHHS IS TPUAHATTSI
ONTHUMAITFHUX pillleHb 3pocTae poik Explainable AI [16] ta
MYJIBTAMOIATBHOT 00pOOKH aHuX (Bimeo+ceHcopun) [17].

Takum YwHOM, pPO3pOOKa Momenel 1 apXiTeKTyp
00YHUCITIOBAILHOTO IHTEJICKTY, 110 JIO3BOIISIIOTh
3MIACHIOBATA TOBHUW IUKJI YIPaBIiHHA TUHAMIYHHUMUA
cucTeMaMu — Bifl 300py IaHUX J0 peaizalii aIanTHBHOTO
YIPaBJIiHHS, € aKTyaJlbHUM HayKOBHUM 1 NPaKTUYHUM
3aBIAHHSM, BHUPINICHHS SKOTO Ma€ MDKIUCIUILTIHAPHE
3HAYCHHSI.

Mera i 3apaui gocaigkenHsi. MeTo JOCHIIKEHHS
€ po3pobka Mojeiell i apXiTeKTyp OOYHCIIOBAILHOIO
IHTETIeKTY U MOJCTIOBAHHSA, iIeHTH(IKALIi, omTHMi3aril
iHpOpPMaLIHHIX YHPABISFOUYMX CHCTEM Ta MiITPUMKH
MPUHHATTS PilliCHb.

Jns  nmocsrHeHHsT 1€l
aKTyaJIbHUX HAyKOBHX 33/1a4:

— PO3pOOUTH APXITEKTYPY IHTEIEKTYaIbHOT CUCTEMHU
yInpaBiaiHHS Ha oOcHOBi riOpuanux ML/Al-mozenei,
3IaTHUX JI0 aJanTailii B pealbHOMY 4aci;

— CTBOpPHUTH  iH(pOpMAIiifHy  TEXHOJOTiI0  JUIf
aBTOMAaTH30BaHOI ineHTH(DiKamii mapaMeTpiB IHHAMIYHUX
00’€KTIB 3@ BIJICOMIOTOKOM, OINTHYHUM IIOTOKOM Ta
CCHCOPHUMH JaHUMU;

— iHTEerpyBaTH MeXaHi3MH ornTuMizamii
(MeTareBpHCTHKH, MiAKPIILTIOBAIbHE HABYAHHS) Y MO
KepyBaHH JUIsl i BUILIEHHsI €()eKTHBHOCTI PillleHb;

—HajaTH peKoMeHjamii 3 TOoOyIOBH CHUCTEMH
MIPOTHO3YBaHHS Ta MIATPUMKHN HPUHHATTS pillleHb Ha 0asi
explainable Al jgns  3a0e3nedeHHs MPO30POCTI  Ta
0OTPYHTOBAHOCTI pillIeHh B yMOBaX HEBH3HAYEHOCTI.

3HaYHUM BHKITIKOM € 3a0e3neueHHs
00uHCTIOBAIEHOI €(EeKTHBHOCTI TAKMX CHCTEM B YMOBAx
MTOTOKOBOT OOPOOKH TaHUX Yy peaTbHOMY Yaci.

METH  BH3HA4YCHO

pan

Takum  umHOM, iHTerpamist OOYHCIIIOBAJILHOTO
IHTEJIEKTY B Cy4YacHi TEXHOJIOTI] BiIKPHBAE HOBI TOPU30HTH
JUIL  TIOKpAleHHS  YIPaBJiHHS, IIPOTHO3YBaHHS Ta
ontuMi3aliii mporecis y 6arateox cepax.

AHai3 BHKOPHUCTAHHX JiTepaTypHHX JKepes.
Ormsip JmiTepaTypHUX IDKEpe OXOIUTIOE MIMPOKHAN CIIEKTpP
HaNpsMIB, IO CTOCYIOTHCS MOJEIIOBAHHS, 1ICHTU(IKAII]
Ta orrruMizarii CUCTEM 3 BHUKOPHUCTAHHSIM
0o0YHCITIOBAILHOTO  iHTENeKkTy. Pobora [1] Hanmae
METOJIOJIOTIYHI OCHOBHU ISl MOOYAOBH IHTEIEKTYaJIbHUX
cucteM, a Jpkepeno [2] omucye MpaKTUYHI MiIXOAH JI0
JMUCTaHIIHOT  imeHTH(]IKAIil IUHAMIYHHX OO0’ €KTIB.
3HauHy yBary npuniieHo apxirekrypam YOLO [8] ta ix
cyuacauM moaudikanism YOLOv11 [7] i DEYO [6], mo
3a20e3MedyIoTh BUCOKY IIBUAKICTD i TOYHICTh BUSBJICHHS
00’€KTiB.

Hocmimkerss [3, 5, 9, 12] cramm miarpyHTsIM I
MOOyJOBH CHUCTEM MIATPUMKH TPUHHATTSA pIOIeHb Y
peampHOMYy dYaci, a pobotu [4, 10, 11] poskpuBaroTh
METOIY aHali3y ONTHYHOIO MOTOKY Ta OlOCHUTHAIB,

30KpemMa EMG. EdexrrBre BHUKOPUCTAHHSA
o0unCIIoOBaNIbHUX —pecypciB, posrisiHyre 'y [13], €
BOXJIMBUM AN pO3poOKM  MacmTaboBaHUX 1

ONTUMI30BaHUX MOJICNICH IITYYHOTO IHTEICKTY.

Hocsraennst 'y cdepi TpaHchopmepiB Ta stereo
matching, ommcani B [14, 15], CTBOPIOIOTE OCHOBY IUIS
BHCOKOTOYHMX amanTHBHUX Mozenei. Cratti [16, 17, 18],
IO MICTATh ABTOPCHKI MiAXOAW 1O iZeHTH]iKarmii Ta
MiATPAMKH pimieHs, MiATBEPIKYIOTh HAYKOBY
OOTPpYHTOBaHICTh Ta MPAKTUYHY LIHHICTH 3aIPOITOHOBAHUX
pimreHb. AHaNi3 MATBEPIXKY€E MOUUIBHICTH MOJANBIIOT
PO3pOOKU HOBUX IHTEICKTYAIBHUX CHCTEM.

InTesniekTyasbHa cucrema ynpasiinasa. Ha puc. 1
Npe/ICTaBICHA 3arajbHa CTPYKTypa IHTEJIEKTyaJbHOT
CHCTEMH YNpPAaBIiHHSA JMHAMIYHUMH CHCTEMaMmH, e
OCHOBHAa YyBara 30cepe/keHa Ha 300pi, NOIepenHii
00po0mi  JaHWX, imeHTUQIKALii CTPYKTYpPH CHCTEMH,
omnTUMI3aIil Ta peaii3amii iHTEICKTYaIbHUX alTOPUTMIB
(ML/AI/NN/Fuzzy) [1, 16]. List cxema iHTerpy€e MOLYJTi ISt
MOBHOTO IMKIYy OOpOOKM HAaHWX, aHAN3Yy Ta MPUAHATTI
pimreHs. Moaynb onTHMi3alii Bifirpae KIIOYOBY pPOJIb,
MOETHY 04N METOIIU €BOJIIOLIITHOTO TIOUIYKY,
MAKPIIUTIOBAILHOTO HaBYaHHs Ta MerareBpuctuk (PSO,
GA Tomio). Hwkde HaBeJeHO AeTaIbHUN OMUC KOXHOTO
KOMITOHEHTa

Moaynb 300py naHux 00’ €aHy€E JKepesa JaHuX, TaKi
K BiZIeOMOTOKM (HAIIPUKIIAI, 3 KAMEP CHOCTepexeHHs) [3,
9], cencopu (maruuku pyxy, akcenepomerpu, GPS Tomo),
30BHIIIHI CUCTEMU (METEOqaTUYUKH, 0a3u gaHnx). OyHKIIT
IIbOr0 MOJyJISl MOJIITaloTh B pealtizamii iHTtepdeicis mis
OTPUMaHHS JaHUX Y pealbHOMY dYaci, a TaKOX B
nonepeHii ¢GinpTpanii mymy Ta apredakTis.

Monynp monepenHb0i 00pOOKH BKIIFOYAE OCHOBHI

eTamy: HopMaJi3allisg, TOOTO TPHUBEACHHA JaHUX [0
enuHOrOo  Macmraby — (Hampwkiaa,  CTaHIApTH3aIlis
BiJICOKaJIpiB); CErMEHTAIlisl sSK BHIUIGHHS obnacteit

iHTepecy (HampukiIag, 00’ €KTiB y Kaapi); ONTHIHUN MOTIK
(FlowNet) 3 anamizoMm pyxy OO0’€KTiB MK Kagpamu. Y
bOMY MOAYJl BHUKOPHUCTOBYIOTbCS IHCTPYMEHTH —

Bicnux Hayionanvnoco mexniunozo ynisepcumemy « XI11Iy.
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6i0morekn OpenCV 1 TensorFlow s
300pakeHb.

Monyne inenTudikanii CTpyKTypd Ta IapameTpiB
BukopucToBye Momemi CNN (3ropTkoBi Mepexki) mist
BHUIIICHHS 03HaK 06’ ekTiB (Hampukiam, YOLO-NAS [8]) i
Tpanchopmepu TUTS aHaIizy JIOBTOCTPOKOBHX
3aJICKHOCTEH Y TOCHIJOBHOCTAX JaHUX. BuximHi maHi
OBOTO MOAYNS — TapaMeTph IHHAMIYHHX 00 €KTIiB
(KoOpaMHATH, MIBUIKICTE, IPICKOPEHHS) TA CTaH CHCTEMH
(Hanpukinan, "aBapiiHuH pexum").

Monyns onTuMizarlii BKJIFOYAE TaKi METOAU SIK
MerareBpucTukn PSO (onrTumizamisi poeM YacTHHOK),
renetnyHi anroputMu (GA), NiIKpiIuIIOBajIbHE HAaBYAHHS
(RL) mns  apanramii  crparerii  kepyBaHHs.  Llinb
onTHMIi3alii — MiHIMi3allisl eHeproBUTpar, 4acy peakuii abo
ONTUMI3aIlis 1HITNX IUTFOBUX (PYHKITiH.

Monyns TpUHHATTA pIlIeHb pealizye HacTYIHI
migxomu: Rule-based crictemu 3 rOTOBUMU MpaBHIIaMy IJIS
CTaHOApTHUX CIeHapiiB 1 TiOpuari wmomemi ML +
Explainable Al 3 mOsSCHEHHSMH  peKOMEHIAMil
(mampuknax, LIME/SHAP [16]). Pesynpratom 116010

00poOKHu

MOAYJIsT € KOMaHOW [UIsi BHKOHABYMX IPHUCTPOIB
(HanpukIiaa, 3MiHA TPAEKTOPIi APOHA).
3BOPOTHHIA 3B’S30K Ta aJanTallisi BKIIOYAIOThH

MEXaHI3MH MOHITOPHHTY pE3YNbTaTiB 3 IOPiBHAHHIM
OUiKyBaHMX 1 (PaKTUYHHUX TIOKa3HUKIB, OHOBJICHHS
MoOZeNeH 3 MepioAUYHNM JOHABYAHHSAM MEpPEeK HAa HOBHX
JTAHWX, iHTerparlii 3 XMapHUMH IIaT(GopMamMu (HalIpUKIIAI,
AWS/GCP) mns 306epiranss Ta aHamizy icTopii mii.

Crpinkn Ha puc. 1 MOKa3yrOTh IMOTIK JAaHUX MiX
MOIYJISIMH.

3anponoHoBaHa apxiTeKTypa 3abe3neuye
aJJalITUBHICTE 3 MOKJIMBICTIO "HaBUaHHS" HA HOBUX JaHHX,
MaciiTabOBaHICTh 3  OOpOOKOI0  BEIMKHX  OOCATIB
iHpopMalii  3aBISKH  ONTHMI30BaHMM  aJlrOPUTMaM,
HaIifHICTP 3 pPE3epBYBaHHSIM KPUTHYHHUX MOIYIIB
(HampukIaz, JyOIrOBaHHS CEHCOPIB).

[{ukiyHe HaBYAHHS TAa MEXaHi3M 3BOPOTHOT'O 3B’ 3Ky
3a0e3MeUyroTh aaNTalilo CHCTEMH J0 3MIiH CepeoBHUIIa,
IO MiBUIIYE ii HAMIHHICTB 1 TOYHICTB.

L1 cxema € OCHOBOKW sl TMOOYZOBH pPealbHUX
CHUCTEM Y IPOMHMCIIOBOCTI, TpaHcmopTi Ta Smart City.

36ip JaHUX

Tonepeaus oBpofka JaHHX

InesTudikariis CTpyKTYpH CHCTEMU

O6uHcmoBanLHHH iHTeexT

(ML / A/ NN/ Fuzzy)

Ornrmamizanifnumii Mogyas

Y

Cuenapil cumynsauil Ta aganTatjis

ANrOpHTMH eBOTOLIE

[TigrpinneHHA
(Reinforcement Learning)

MeTareBpHCTHKH
(PSO, GA Towp)

[puiHaTTA pimeHs /
Bupig kepypamsaux il

3BOpOTHHIT 3B’ A30K Bl 00'€KTa YIIpaBIiHHA

LipKnivie HaB4aHHA

Ta CaMOHaMALITYBAHHA

Puc. 1. 3aranpHa CTpyKTypa iHTENEKTyalIbHOT CHCTEMH YTIPaBIIiHHS

O0po0xa curnaJjiB Ta inentudikanis 00’exriB. Ha
pHUC. 2 TpPEnCTaBICHO eTaly aHali3y BXITHHX IaHUX 3
BiJIeO, CEHCOpIB Ta 300pakeHb, SKi MPOXOAATH dYepe3
MOAYJIl TOTEepeaHbOi OOpPOOKW: ONTHYHHUK  TOTIK
(FlowNet), EMG Pose (emg2pose), aHaii3 cuenu (Stereo
Anywhere). [lami BigOyBaeThCsI BHIUIEHHS O3HAK 3a
normomororo CNN, tpanchopmepiB Ta ix Bapiamid i3
mam’sITTIO, @ TaKOX iAeHTH]IKaIlisg mapameTpiB 00’ eKra:
TIOJIOXKEHHS, IIBUKOCT1, TPAEKTOPIT TOLIO.

Ha puc. 2 merampHO IpeACTaBICHO eTamd 0OpPOOKU
MyJBTHMOJATBHUX JaHUX (BiZICO, CCHCOPH, 300paKCHHS)
i ineHTH(iKanii mapaMeTpiB  JUHAMIYHHX 00’ €KTiB.

Huxue HaBeneHO CTPYKTYpOBaHMMI ONHMC  KOXKHOL
CKJIaZI0BOI.
Bxigni gaHi BKJIIOYAOTh JDKEpeNa CHTHANTIB:

BigeonoTik (Hampukiax, RGB/indpadepBoHi Kamepn);
cercopHi nani (IMU-patauku, migapu, pagapu); CTaTH4HI
300pakeHHsT (aepooTO3HOMKa, CYIMyTHUKOBI 3HIMKH).
®dopmar gaHUX IS BieO — MOCIHIIOBHICTh KaIpiB Y
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¢dopmati H.264/RAW, a mis ceHcopiB — 4acoBi psau 3
4acTOTOI0.

[omepennst oOpoOKka JaHMX MOXXE BUKOHYBaTHCh
monymsmu: ontruHuit noTik (FlowNet) 3a anropurmom
FlowNet 2.0 (apxitektypa CNN) 3 ¢yHKIII€I0 00UHCITCHHS
BEKTOPIB PyXy MiX KaJpaMH Ta BUXOJOM Yy BUTJLAII tensor

[HxWx2] 3 xommomentamu (Ax, Ay); EMG Pose
(emg2pose) 3  BXOOOM Yy  BHIVIIAI  CHTHAINIB
enektpomiorpadii (8-kamampHi); Stereo Anywhere 3

0COONMBICTIO Zero-shot cTepeo3icTaBIeHHS, BXOIOM Mapu
300pakeHb 3 pi3HOIO 0a3010 Ta BHXOAOM Y BHIJLAII
TITMOMHHOT KapTH 3 PO3/ALIBHOO 31aTHICTIO 640%480.
BunineHHs 03HaK BUKOHYETHCS 33 apXiTEKTypaMH:
sroptkoBi  Mepexi (CNN) 3 momemiro  YOLO-NAS
(monepennbo HaByeHa Ha COCO) ta mapamu CSPDarknet
+ SPPF + PANet i Buxoaom bounding boxes ta confidence
scores; tpancgopmepu 3 mam’saTTio Mogudikaiii Evolved

Transformer Memory 3 ocoOmuBicTIO 30epiraHHs
KOHTEKCTY 3 3aCTOCYBaHHAM JUIi IPOTHO3YBaHHSA
TPAEKTOPIH.

Meton Bu3HaueHHS iAeHTH]IKamii mapamerpisB

NIMHAMIYHUX 00’€KTiB HamaHo B TaOi. 1, ;e I Takux

mapamMeTpiB K IOJIOKCHHS, MIBHIKICTh, MPUCKOPCHHS,
Opi€HTAIlis HABEJICHI METO/IM BU3HAYCHHS IMX MapaMeTpiB
Ta abCcoM0THA ITOXHOKA.

Buxigni  inTepdelicu  BriodaroTh  Qopmaru
BUBECHHS Y BUTIsAI JSON-CTpiUKy 3 TOISIMH:
json
{
"object_id": 102,
"position™: [x,y,z],
"velocity": 3.2,
"trajectory": [[x1,y1], [x2,y2]]
}
Cucrtemu-cioxkuBaui  iHpopmamii  —  xMmapHi

wiatpopmu (AWS IoT Core) Ta nokajgbHI CHCTEMHU
kepyBanHs (ROS 2 Node).

KnrowoBi  TexHoyIOTil  BKJIIOYAIOTH  arapaTHe
npuckopeHHss Ha ocHoBi NVIDIA Jetson misn Edge-
obuncienp Ta TensorRT s omrmmizamii iH(epeHcy,
nporpamHunii crek 3 6ibmiorekamu OpenCV Ta PyTorch i
npotokonamu MQTT nns mepenadi JaHuX.

E Bxig:
Bijleo / ceHcopHi faHi / 300paskeHHs

TTonepeans 06pobka curnanis

. - OnTHYHHEA NOTIK
BuyinenHs o3Hak Ta npejcrapieHHs

[ < Tpauélcbopmepu nam'aTi
CNN / Transformer (Universal Transformer Memory)

CucreMu KOHTDOJIKO Ta ﬂEpEﬂﬁa‘-lEHHH
1

BuBij napamerpiB y peasbHOMY yaci /
B XMapy /
¥ CHCTeMY TMiATPUMKH pillleHb

(FlowNet / FlowNet 2.0)

[EMG — Pose|
(emg2pose)

CrpyKTypa CcLeHH
(Stereo Anywhere / Momentum-GS)

. Ipentudikayis napamerpis ob'exra

> ﬂor{améauiﬂf OpiEHTaLliﬂ. HIBugxicTs / ﬂpHCKOpeHHﬂ. Tpaekropis

Puc. 2. Anani3, mporHo3yBaHHsI, IPHHAHATTS PillIeHb

Tabmums 1 — Metox BU3HaYeHHS iIeHTU]IKAIT TapamMeTpiB

[Tapamerp Mertoa BU3HAYECHHS
TTos10KeHHs Stereo Triangulation
IBuaKiCTH Optical Flow + Kalman Filter
TIpuckopeHHst IMU Sensor Fusion
Opienraris Quaternion from EMG

ITpuknax po6OTH cuCTEMU JUIS APOHA: Kamepa (ikcye
nepemkony (nepeBo), FlowNet Bu3Hauae BigHOCHY
mBuakicte, YOLO-NAS xknacudikye 00°€kT, MOIyJb
onTHMizalii TeHepye HOBY TPA€KTOPilO, PpilIEHHS
HepelaeThes 10 KOHTPOJIepa IBUTYHIB.

Taka cxema AEMOHCTPYE BHCOKY €(EKTUBHICTb IS
3aja4  yNpaBiiHHS  aBTOHOMHHMMH  TPaHCIIOPTHUMH
3ac00aMd  Ta  NPOMHCIOBHMH  MOHITOPUHI'OBUMH
cHUCTeMaMH, a TakoXX BHKOHyBaTH AR/VR Tpekiar y
pearsHOMY Yaci.

PesynbraTn mepemaloThCs B XMapHi CHCTEMH abo
CHUCTEMH MIATPUMKH pilleHb, 3a0e3Medyloul BHCOKY
LIBUAKICTH 0OPOOKHM Ta TOUHICTH 1IeHTU]IKALIT.

J1s momanbIIoro BIOCKOHANEHHS IepefdadaeThes
iHTerpaiiss KBaHTOBUX CEHCOpPIB Ta HeipoMopdHUX
004YHCITIOBATIBHUX MOJIYJIIB.

AHaJni3, MPOrHo3yBaHHsSl Ta NMPUIHATTA pilleHb.
Ha puc. 3 mpencraBieHO apXiTEKTypy CHCTEMH aHalizy,
MPOTHO3YBaHHA Ta onTHMi3auii. BXigHi fani arperyoTbes
Ta KOHTEKCTyali3ylOTbCS 3 YpaxyBaHHSIM BEJHMKHX
BiZICONIOTOKIB, ~MYJbTHKAMEPHOTO  MOJICIIOBAHHSA  Ta
onTuMizamnii OOYHMCIIOBAJBHUX pecypciB  (HaNpuKIam,
Liger Kernel). Y moxyni nporao3yBaHHS 3aCTOCOBYIOTBCS
cyuacui mogeni: DETR+YOLO, Boosting, YOLO-NAS.

Pexomennartii GopMyroThCs sIK HA OCHOBI TIPaBUII, TaK
i Mojeneil MAalIMHHOTO HABYaHHS, JIOTMOBHIOIOTHCS
noscHeHHssMu  (Explainable Al), ontumiszyrotees 3
ypaxyBaHHSIM  I[iTbOBUX  QYHKIH, oOMexeHb i
komrpomiciB (Pareto). Yci nii cucteMn MOHITOpPATBCS 1
BiIOyBa€eThCs ajanraiis MoJelieii Ha OCHOBI 3BOPOTHOTO
3B’SI3KY.

Ha puc. 3 npezncraBieHo KOMIUIEKCHY OaraTopiBHEBY
cHCTeMy aHaji3y, NpPOTHO3yBaHHS Ta ONTHMIi3awlii, sKa
iHTerpye cyuacti meroau Al aist 0OpoOKH BETMKHX JaHHX,

26
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NIPOTHO3YBaHHs Ta reHepauii kepyrouux pimens. Hagano
JeTAIbHAN OTIMC CTPYKTYPH:

Ha BximHOoMy piBHI [JaHHX BHKOPHUCTOBYIOTHCS
JpKepena  iHGoOpMarii:  MyJbTHKaMepHi  BiZ€ONOTOKH
(4K@60fps, HDR), loT-cencopu (Temmepatypa, Bidpaiiis,
THCK), reompocTtopoBi maHi (LiDAR, GPS/TJIOHACC),
kopropatuBHi 0a3zm manmx (SQL/NoSQL). Texnomorii
arperariii MoxxyTs OyTu peamizoBaHi Ha 6a3i Liger Kernel 3
migrpuMkoto tensor-gopmariB (TFRecord, Arrow) Ta 3
aBTOMAaTHYHUM OalaHCYBaHHSAM HaBaHTa)KCHHS.

Mopynp  NONEpenHBOro aHANi3y  BKIIOYAE
MiZICUCTEMH KOHTEKCTyali3allii JaHWX 3 MPOCTOPOBO-

AHani3 cueHapiie Ta

MPOrHO3YBaHHSA (HunyuanVideo)
DETR + YOLO| | YOLOV11 / BB":“:EE ::
(DEYO) YOLO-NAS| | -288Ine
Ensemble

Peanizaliis Ta MOHITOPHHT pillleHb
3BopoTHili 38’ 930K 108 aganTtallii Mogenei

YacOBUM BHUPIBHIOBaHHS MOTOKIB 1
gacopux wMmitok (PTP v2),
JTUHAMIYHUM MaciTaOyBaHHSIM obuuncneHp Ta
npuoputesaniero  3amad  (QoS-piBui). Bukopucrani
ITOPUTMHU  aJIAITUBHOTO  CyOAMCKPETH3yBaHHS Bizleo
(Bilinear++) Ta mrryusoro mrymy it anorimizarii (GDPR-
CyMiCHHI).

Slapo mNporHO3yBaHHS CKIANAETbCS 3 MOJENEH
BUSBJICHHS 00'€KTIB, CETMEHTAIlii CIICHH Ta IPOTHO3yBAHHS
cTaHiB. 3aCTOCYBaHHS MOJEJCH aHai3y CIeHapiiB Ta
MIPOTHO3YBaHH: HAaBEICHI B Ta0II. 2.

HOpMaizamiero
omTuMmizalli pecypcis 3

36ip Ta arperaujis indopmarii

KonTekcTHa 06pobKa jaHux

Bemuki obcaru Bifeo | Tenepaujis My/nsTHKaMepHoro Bigeo| OnrumisoraHi sjpa

(SynCamMaster) (Liger Kernel)

B DopMyBaHHs peKOMeHJaLliH Ta pilieHs

OnTumizais pflIIIE'HL. R]\l;lIe—_bBS:;ét: Moscriosaka ananinika
. o - Hybrid (Explainable AT)

Linsoei dynkuii| Pecypchi obmexenns Komnpomicu (Pareto)

Puc. 3. AHani3, mporHo3yBaHHsI, IPHUHAHATTS PillIeHb

Tabmums 2 — 3acrocyBaHHS MOJIeTIel aHANI3Y CIIEHApiiB Ta

HPOTHO3YBAHHS
Mogens 3acTocyBaHHs
DETR+YOLO Busienennst 06'ekTiB
YOLO-NAS CerMeHTallis CIICHH
I'panienTHuii OycTHHT [IporHo3yBaHHsI CTaHIB

OcoOmmBocTi  peamizamii CcXeMH MPOTHO3YBaHHS
MOJIATal0Th B BUKOpUCTaHHI TibpuaHoi apxitektypu (CNN
+ Transformer), mexanizmy online-monaBuanns (A-Baru <
0.001), Evolved Universal Transformer Memory.

Cucrema MiATPUMKH PillIeHb Ma€ JiBa PiBHI 00pOOKH
— Rule-based piBenp Ta omrTumizariiinmii piBeHs. Rule-
based piBens BKIIOuae mpeneneHtHi mnpaswmwia (Drools
Engine), BuxopucroBye Explainable Al (XAI) 3
inTeprperariero 3a jgomomororo SHAP/LIME [16] i
resepanieio 3BiTiB y ¢opmari PMML. Onrtumizariitanit
piBEeHB BUKOPHCTOBYE METOoJ [Mapeto JUIst
0araTokpuTepiaJIbHOro  aHajlizy Ta  MOXe  OyTH
peanizoBauuit Ha CUDA [1, 9].

Buxingni iHTepdeiicn maioTh (opMaTH BHBEICHHS
REST API (Swagger-nokyMeHTaLis), CTpiMiHT HAIPUKIIA]]
gepe3 Apache Kafka, Bizyamizarmito y Power Bl/Tableau.
Kepytoui  BmmmBm:  PID-perymstopu  (IpoMHuCIIOBi
CHCTEMH), Ha0Opu pPEKOMEHJaIiil (s omepaTopis),
excTpeHi alerts (SMS/meccenmkepn).

MexaHi3MH  MOHITOPHHTY  pilIeHb BKJIIOYAIOTh
xomroHeHTH Health Check System 3 KoHTposieM 3aTpUMOK
(SLA) i nmiarHoctukor gpeidy nanux (KS-tect) Ta

aJlanTaliifHuil KOHTYp 3 KOpekiiieo Mojeneid yepe3 RL
(TD3 anroput™m) Ta OHOBICHHSIM KOXHI 24 TOJIMHU.

Taka inpopMaliiiHa TEXHOJIOTis MOXEe MaTH IIUPOKE
rajfy3eBe 3aCTOCYBaHHS: PO3YMHI MiCTa 3 ONTHMI3aIli€ro
CBITJIO(OPIB 1 TPOTHO3YBAaHHAM IIKOBOT'O HABAHTA)KCHHS,
MPOMUCIIOBICTh 3 TIPEIUKTHBHUM OOCITyrOBYBaHHSM i
JMHAMIYHUM TUIAHYBaHHSM BHUPOOHHWIITBA; TPAHCIIOPT 3
MapIIpyTH3aIli€l0 B  aeponoprax Ta aBTOHOMHHUMH
CKIQJICBKUMH  CHCTeMaMH. llepcrieKTHMBH  pO3BHTKY
MOJIATAlOTh B IHTErpalil KBAHTOBUX sampling-aaropurMis,
BUKOPHCTaHHI HeHpOMOp(GHHUX YUIiB Jyuisi 00pOoOKHU Bizneo
Ta B posmnojinieHoMy HaB4yaHHI Ha federated-apxitekTypi.
I[s cxema € yHiBepcaabHHM KapkacoM Juid moOymoBu Al-

cUCTEM 3 MIATPUMKOK  CKJIAJHUX  ONEpaliifHuX
CepeIOBHIIL.
BucHoBKkH. 3amnponoHoBaHI CXEMH J03BOJIAIOTH

HAO0YHO IIPEJCTABUTH KOMILUIEKCHUH MiJXiJ 10 CTBOPEHHS
IHTEJIEKTYaIbHIX CHUCTEM: Bif 300py MaHUX 10 peasizamii
ONTHMI30BaHUX pimeHb. B3aemopis OJIOKIB INTY4YHOTO
IHTEJIeKTY, ONTHMi3allii Ta CHUCTEM 3BOPOTHOTO 3B’S3KY
3a0e3nedye THYYKICTh 1 aJanTHBHICTH B yTPaBIiHHI
CKJIaTHUMH 00’ €KTaMHU.

Y poOoTi 3amponoHOBAHO MiAXiJ JO CTBOPEHHS
IHTENEKTyalbHUX CHCTEM YMpPaBIiHHSA JIWHAMIYHUMHU
00'ekTaM1 3 BUKOPHCTAaHHSIM METOIB OOUYHCITIOBATBHOTO
iHTenekTy. OTpUMaHO TaKi OCHOBHI pe3yJIbTaTu:

CTBOpEHO apXITEeKTYpy IHTEJIEKTYaJbHOI CHCTEMH
YOpaBiiHHA, sKa MOEIHYE MOXIydl 300py JaHHX,
nornepenHboi  00poOKM,  ineHTHdiKamii  mapamerpis,
ontuMizanii Ta NPUHHATTA pimieHb. OCHOBY CHCTEMH
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CKJIaJal0Th aJalTHBHI aITOPUTMH MAIIMHHOTO HaBYaHHS,
Bkitovyaroun riopuani CNN/Transformer-apxiTekrypu 3
nam’ sITTIO.

Po3pobneno iHpOpMaLiiHy TEXHOJIIOTII0
MUCTAHIIHOT ineHTH}IKAIil MapaMeTpiB IUHAMIYHIX
00'eKTiB, sIKa pearizye 00poOKy BieoJaHHUX 3a JOTTOMOTOI0
Metozie ontuyHoro motoky (FlowNet), EMG-anamizy

(emg2pose) 1 cmeHoBoro posmizHaBaHHA  (Stereo
Anywhere), 3 TmOJAIPIMKMM BHOUICHHIM O3HaK 1
BU3HAYCHHSIM  IPOCTOPOBO-YACOBHX  XapaKTEPHCTHK
00'eKTiB.

[HTEerpoBaHO cydacHi METOIM ONTUMI3AIl]l B MOy
KepyBaHHS: 30KpeMa, eBomoLiiHi anroputmu (PSO, GA),
HABYAHHS 3 TMIAKPIIUICHHAM Ta wMerareBpuctuku. Lle

3a0e3rneuwsio  aJanTHUBHICT  YOpaBIiHHA A0  3MiH
CepelioBHINA Ta MiABUIICHHS €()EeKTUBHOCTI HPHUHATTA
piIIIeHB.

CucreMy NMpOTHO3YBAaHHSA Ta MIITPHUMKH NPHAHATTS
pillleHs  JOINBHO  peami3yBaTH 3  BHKOPHCTaHHSIM
ancamOmiB moxenerr (Boosting, YOLO-NAS), a Takox
rule-based i hybrid-migxogamMu 3 MOSCHIOBAHUMHU
mexanizmMamu (Explainable Al). Bona Oyze 3abe3neuyBatu
OOTIpYHTOBAHICTh pIillIeHb, ABTOMATHYHY aJanTaIlifo Ta
ONTHMI3allil0 MiJ UiIbOBI (QYHKUIIT 3 ypaxyBaHHIM
00MEXKEHb 1 KOMITPOMICIB.

TakuMm 4MHOM, 3aIIPOIIOHOBaHA CUCTEMA JIEMOHCTPYE
KOMIUIEKCHHH IiIXi/1 1O CTBOPEHHS FHYYKHX 1 aJaITHBHUX
3ac0o0iB KepyBaHHSA CKIATHUMHU 00’exTamu. BoHa Moke

OyTH  OCHOBOIW Ul  MOAAJBIIOi  iHTerpamii 3
MYJIbTHATCHTHUMHU apXiTeKTypamH, KBaHTOBUMHU
AITOPUTMAMH, a TAaKO)XX BHKOPUCTAHHS B KPHUTHYHO

BaXJMBUX cdepax, [0 BHUMAaralTb BHUCOKOi TOYHOCTI,
HAAIMHOCTI  Ta  TIOSCHIOBAHOCTI. 3anpornoHoBaHa
apxiTeKTypa iHTerpye nepeBipeHi METO/IM Ta IHHOBALil, 1110
3abe3rneuye 11 HAyKOBY HOBU3HY Ta MPAKTHYHY LIHHICTh. Y
Maii0y THbOMY MOXITUBE PO3IIUPEHHS TAKUX CHCTEM Yepe3
IHTeTrpario 3 KBaHTOBUMH aJIropuTMaMy,
MYJIbTHAr€HTHUMH TIaT(GOpPMaMH, a TAKOXK BIIPOBAKEHHS
explainable Al y kpuTHYHO BaXIMBHX cepax.

Cnucok Jitepatypu

1. Krzywanski J., Sosnowski M., Grabowska K., Zylka A., Lasek L.,
Kijo-Kleczkowska A. Advanced Computational Methods for
Modeling, Prediction and Optimization — A Review. URL:
https://doi.org/10.3390/mal7143521 (mara 3Bepranms: 15.05.2025)

2. Hikynina O. M., Cesepun B. I1., Konzgparos O. M., Pekoa H. 1O.
Amnani3 iHpopMaIiiHIX TEXHOJIOTI# U1 AMCTaHLiIHOT ineHTHdiKaIii
nuHaMIYHUX 00’€kTiB. Bicnux HTY «XIIl». Cepia: Cucmemnuil
ananis, ynpaeuinmus ma ingopmayitini mexnonocii. Xapkie. HTY
«XII»,2023. Ne 1 (9). C. 110-115.

3. HunyuanVideo: A Systematic Framework For Large Video. URL:

https://doi.org/10.48550/arXiv.2412.03603 (mara 3BEpTaHHS:
15.05.2025)

4. emg2pose: A Large and Diverse Benchmark for Surface
Electromyographic Hand Pose Estimation. URL:
https://doi.org/10.48550/arXiv.2412.02725 (mara  3BepTaHHS:

15.05.2025)

5. StableAnimator: High-Quality Identity-Preserving Human Image
Animation. URL: https://doi.org/10.48550/arXiv.2411.17697 (nara
3BepTanHs: 15.05.2025)

6. DEYO: DETR with YOLO for End-to-End Object Detection. URL:
https://doi.org/10.48550/arXiv.2402.16370 (mara  3BepraHHS:
15.05.2025)

10.

11

12.

13.

14.

15.

16.

17.

18.

YOLOv11: An Overview of the Key Architectural Enhancements.
URL: https://doi.org/10.48550/arXiv.2410.17725 (nara 3BepraHHs:
15.05.2025)

A Comprehensive Review of YOLO Architectures in Computer Vision:
From YOLOvl to YOLOv8 and YOLO-NAS. URL:
https://doi.org/10.3390/make5040083 (nata 3Bepranus: 15.05.2025)
SynCamMaster: Synchronizing Multi-Camera Video Generation

from Diverse Viewpoints. URL:
https://doi.org/10.48550/arXiv.2412.07760 (mata 3BEPTAHHS:
15.05.2025)

FlowNet: Learning Optical Flow with Convolutional Networks. URL:
https://doi.org/10.48550/arXiv.1504.06852 (mata 3BEpTaHHS:
15.05.2025)

FlowNet 2.0: Evolution of Optical Flow Estimation with Deep
Networks. URL: https://doi.org/10.48550/arXiv.1612.01925 (mara
3Bepranss: 15.05.2025)

Momentum-GS: Momentum Gaussian Self-Distillation for High-

Quality Large Scene Reconstruction. URL:
https://doi.org/10.48550/arXiv.2412.04887 (mata  3BepTaHHS:
15.05.2025)

Liger Kernel: Efficient Triton Kernels for LLM Training. URL:

https://doi.org/10.48550/arXiv.2410.10989 (mata  3BepTaHHs:
15.05.2025)

Stereo Anywhere: Robust Zero-Shot Deep Stereo Matching Even
Where Either Stereo or Mono Fail. URL:
https://doi.org/10.48550/arXiv.2412.04472 (mara  3BepTaHHsA:
15.05.2025)

An  Evolved  Universal  Transformer = Memory.  URL:
https://doi.org/10.48550/arXiv.2410.13166 (mata  3BepTaHHs:
15.05.2025)

Konpgparos O. M., CeBepuH B. 11, ITomaszos /1. K.,
JIro6apcpkuit C. M., Hikymina O. M. Amai3 METO/IB

OOYHCITIOBAILHOIO IHTENEKTY JUIi MOJENIOBAHHS, ifeHTH(IKALIT,
ONTHUMI3allii CHCTEM Ta MiATPUMKH OPHAHATTS pilteHsb. Bicnuk HTY
«XII». Cepis: Cmpameziune ynpagninus, ynpasiinmsa nopmeensimu,
npoepamamu ma npoexmamu. Xapkis. HTY «XIII», 2024. Ne 2 (9).
C. 35-44.

Hikynina O. M., Cesepun B. I1., Konnpatos O. M., Onbxosuii O. M.
Mogeni aucranmiieoi imeHTH(IKAmii TMapamMeTpiB  IWHAMIYHUX
00’€KTIB 3 BUKOPUCTAHHSAM TpaHC(HOPMEPIB BUSBIICHHS Ta ONITHYHOTO
notoky. Bicnux HTY «XI1l». Cepia: Cucmemnuii aHanis, ynpagiinua
ma ingopmayitini mexnonoeii. Xapkis. HTY «XI1I», 2024. Ne 1 (11).
C. 52-57.

Komnm O. M., Hecrepenko I.C. Mopnens BuOOpYy IHCTPYMEHTIB
IITYYHOTO  iHTENEKTy JUIi MiATPHMKM TPOIECIB  PO3POOKH
nporpamHoro  3abesneuenHs. Bichuxk HTY  «XIIly. Cepis:
Cmpameciune ynpaeninus, YnpasiinHs nopmeenimu, npospamamu
ma npoexmamu. Xapkie. HTY «XI1l», 2024. Ne 2 (9). C. 45-49.

References (transliterated)

Krzywanski J., Sosnowski M., Grabowska K., Zylka A., Lasek L.,
Kijo-Kleczkowska A. Advanced Computational Methods for
Modeling, Prediction and Optimization—A Review. Available at:
https://doi.org/10.3390/mal17143521 (accessed 15.05.2025)

Nikulina O. M., Severyn V. P., Kondratov O. M, Rekova N. Y. Analiz
informatsiinykh  tekhnolohii  dlia dystantsiinoi  identyfikatsii
dynamichnykh obiektiv. [Analysis of information technologies for
remote identification of dynamic objects]. Vestnik Nats. tekhn. un-ta
"KhPI": sb. nauch. tr. Temat. vyp.: Sistemnyy analiz, upravlenie i
informatsionnye tekhnologii [Bulletin of the National Technical
University "KhPI": a collection of scientific papers. Thematic issue:
System analysis, management and information technology]. Kharkiv,
NTU "KhPI" Publ., no. 1 (9), pp. 110-115.

HunyuanVideo: A Systematic Framework For Large Video. Available
at: https://doi.org/10.48550/arXiv.2412.03603 (accessed 15.05.2025)
emg2pose: A Large and Diverse Benchmark for Surface
Electromyographic Hand Pose Estimation. Awvailable at:
https://doi.org/10.48550/arXiv.2412.02725 (accessed 15.05.2025)
StableAnimator: High-Quality Identity-Preserving Human Image
Animation. Available at: https://doi.org/10.48550/arXiv.2411.17697
(accessed 15.05.2025)

DEYO: DETR with YOLO for End-to-End Object Detection.
Available at: https://doi.org/10.48550/arXiv.2402.16370 (accessed
15.05.2025)

Bicnux Hayionanvnoco mexniunozo ynisepcumemy « XI11Iy.

28 Cepis: Cmpameziune ynpasuinus, ynpasninus nopmpensimu, npoepamamu ma npoexkmamu. 2025. Ne 2(11)



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

7. YOLOv1l: An Overview of the Key Architectural Enhancements. modeling, identification, optimization of systems and decision
Auvailable at: https://doi.org/10.48550/arXiv.2410.17725 (accessed support]. Vestnik Nats. tekhn. un-ta "KhPI": sb. nauch. tr. Temat.
15.05.2025) vyp.:  Stratehichne upravlinnya, upravlinnya portfelyamy,

8. A Comprehensive Review of YOLO Architectures in Computer Vision: prohramamy ta proektamy [Bulletin of the National Technical
From YOLOvl to YOLOv8 and YOLO-NAS. Available at: University "KhPI": a collection of scientific papers. Thematic issue:
https://doi.org/10.3390/make5040083 (accessed 15.05.2025) Strategic management portfolio program and project management].

9. SynCamMaster: Synchronizing Multi-Camera Video Generation Kharkiv, NTU "KhPI" Publ., no. 2 (9), pp. 35-44.
from Diverse Viewpoints. Auvailable at:  17. Nikulina O. M., Severyn V. P., Kondratov O. M, Olhovoy O. M.
https://doi.org/10.48550/arXiv.2412.07760 (accessed 15.05.2025) Modeli dystantsiinoi identyfikatsii parametriv. dynamichnykh

10. FlowNet: Learning Optical Flow with Convolutional Networks. obiektiv z vykorystanniam transformeriv vyiavlennia ta optychnoho
Auvailable at: https://doi.org/10.48550/arXiv.1504.06852 (accessed potoku. [Models of remote identification of parameters of dynamic
15.05.2025) objects using detection transformers and optical flow]. Vestnik Nats.

11. FlowNet 2.0: Evolution of Optical Flow Estimation with Deep tekhn. un-ta "KhPI": sh. nauch. tr. Temat. vyp.: Sistemnyy analiz,
Networks. Available at: https://doi.org/10.48550/arXiv.1612.01925 upravlenie i informatsionnye tekhnologii [Bulletin of the National
(accessed 15.05.2025) Technical University "KhPI": a collection of scientific papers.

12. Momentum-GS: Momentum Gaussian Self-Distillation for High- Thematic issue: System analysis, management and information
Quality  Large  Scene  Reconstruction.  Available at: technology]. Kharkiv, NTU "KhPI" Publ., no. 1 (11), pp. 52-57.
https://doi.org/10.48550/arXiv.2412.04887 (accessed 15.05.2025) 18. Kopp A. M., Nesterenko I. S. Model vyboru instrumentiv shtuchnoho

13. Liger Kernel: Efficient Triton Kernels for LLM Training. Available intelektu dlia pidtrymky protsesiv  rozrobky prohramnoho
at: https://doi.org/10.48550/arXiv.2410.10989 (accessed 15.05.2025) zabezpechennia. [A model for selecting artificial intelligence tools to

14. Stereo Anywhere: Robust Zero-Shot Deep Stereo Matching Even support software development processes]. Vestnik Nats. tekhn. un-ta
Where Either Stereo or Mono Fail. Available at: "KhPI": sh. nauch. tr. Temat. vyp.: Stratehichne upravlinnya,
https://doi.org/10.48550/arXiv.2412.04472 (accessed 15.05.2025) upravlinnya portfelyamy, prohramamy ta proektamy [Bulletin of the

15. An  Evolved Universal Transformer Memory. Available at: National Technical University "KhPI": a collection of scientific
https://doi.org/10.48550/arXiv.2410.13166 (accessed 15.05.2025) papers. Thematic issue: Strategic management portfolio program and

16. Kondratov O. M., Severyn V. P., Popazov D. K., Liubarskyi S. M., project management]. Kharkiv, NTU "KhPI" Publ., no. 2 (9), pp. 45-
Nikulina O. M. Analiz metodiv obchysliuvalnoho intelektu dlia 49,
modeliuvannia, identyfikatsii, optymizatsii system ta pidtrymky
pryiniattia rishen [Analysis of computational intelligence methods for Haoiiuna (received) 15.09.2025

Bioomocmi npo asmopis / About the Authors

Konopamoe Onexcii Muxaiinosuu (Kondratov Oleksii Mikhailovich) — acmipanT, crapmmii Bukinanad kadeapu
iHpOpMaLifHIX CHCTEM Ta TeXHoJoriii HallioHanpbHOTO TEXHIYHOTO YHIBEPCHUTETY «XapKIBCHKUH MOJITEXHIYHUI
THCTUTYT», M. XapKiB; CTapIINi BUKIanayu kadeapy nudpoBUX TEXHOJIOTIH Ta MPOEKTHO-aHANITHYHUX pimieHs TOB «TY
«METIHBECT  IIOJIITEXHIKA», M. 3anopixoKs, VYkpaina; e-mail: kondratovolexiy@gmail.com;
ORCID: https://orcid.org/0000-0001-6367-9944.

Cesepun Banepiu Ilemposuu (Severyn Valerii Petrovych) — n-p texu. mayk, mpodecop, mpodecop kadenpu
CHUCTEMHOI'0 aHalizy Ta IHQOpMaliiHO-aHANITUYHUX TexXHoJorii HallioHaNIbHOTO TEXHIYHOTO YHIBEpCHTETY
«XapkiBChbKMH ~ MOJITEXHIYHWIA  iHCTHTYT», M. XapkiB,  VYkpaima, e-mail:  valerii.severyn@khpi.edu.ua;
ORCID: https://orcid.org/0000-0002-2969-6780.

Ilonaszoe [Imumpo Kocmaumunosuu (Popazov Dmytro Kostiantynovych) — acnipant kadeapu inpopmariinux
CHCTEM Ta TEXHOJIOTi HallioHaIhbHOTO TEXHIYHOTO YHIBEPCHUTETY «XapKiBCHKHU IMONITEXHIYHHN 1HCTUTYT», M. XapKiB,
VYkpaina; e-mail: dmytro.popazov@cs.khpi.edu.ua; ORCID: https://orcid.org/0009-0004-4717-0995.

Jhooapcokuii Cepzin Muxaiinoseuu (Liubarskyi Serhii Mikhailovich) — acnipant kadenpu indopmaniiinux cuctem
Ta TeXHOJIOTiH HanioHaaThHOTO TEXHIYHOTO YHIBEPCUTETY « XapKiBCHKUH MOMITEXHITHUH IHCTUTYT», M. XapKiB, YKpaiHa;
e-mail: serhii.liubarskyi@cs.khpi.edu.ua; ORCID: https://orcid.org/0009-0003-5454-3019.

Hixynina Onena Muxonaisna (Nikulina Olena Mykolaivna) — a-p texs. Hayk, mpodecop, 3aBigyBauka Kaheapu
iHpOopManifHIX CcHCcTeM Ta TexHoJoriii HallioHanbHOTO TEXHIYHOTO YHIBEPCHUTETY «XapKiBCHKHM MOJITEXHIYHUI
iHCTHTYT», M. XapkiB; mpodecop kadeapu mudPOBHX TEXHOJOTIH Ta NPOEKTHO-aHAMITHYHHX pimeHs TOB «TY
«METIHBECT MOJIITEXHIKAY, M. 3anopixoks, VYkpaina; e-mail: elniknik02@gmail.com;
ORCID: https://orcid.org/0000-0003-2938-4215.

Bicnux Hayionanvnozo mexwiunozco ynisepcumemy «XI11».
Cepisa: Cmpameziune ynpagninus, ynpagiints nopmpensmu, npoepamamu ma npoexmamu. 2025. Ne 2(11) 29



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

UDC 004.05:004.75:004.9 DOI: 10.20998/2413-3000.2025.11.4

A. KOPP, R. DASHKIVSKYI

TOWARDS HYBRID CLOUD INFRASTRUCTURE QUALITY ASSESSMENT MODEL

The paper presents a hybrid model for the cloud infrastructure quality assessment, which combines subjective expert assessments with objective results
of statistical analysis. The proposed model, called Hybrid Expert-derived with Entropy-based Weighted Sum Model (HEE-WSM), combines the Analytic
Hierarchy Process (AHP) to determine weights based on expert assessments and the entropy-based approach to calculate weights using real data. The
proposed HEE-WSM model is a novel approach that takes into account both expert judgments and cloud environment monitoring data. Eight criteria
(such as availability, reliability, latency, scalability, performance efficiency, cost, security compliance, and support responsiveness) based on the
international standards NIST SP 800-145 and ISO/IEC 25010 are proposed for the cloud infrastructure quality assessment. These criteria are divided
into “benefit” and “cost” criteria, which is necessary to ensure normalization and proper comparison of different quality metrics. A hybrid mechanism
for determining weighting coefficients allows balancing the weighting coefficients determined on the basis of AHP and the entropy approach using an
adjustable coefficient that provides flexibility depending on decision-making needs. Thus, the flexibility of the proposed model is ensured by the ability
to adjust the influence of subjective and objective weights of criteria. The final quality assessment is performed using the Weighted Sum Model that
aggregates normalized quality metric scores for each alternative. To demonstrate the robustness of the proposed approach, ten leading cloud providers
were analyzed in this study, including Amazon Web Services (AWS), Microsoft Azure, Google Cloud Platform (GCP), Alibaba Cloud, and several
others. The obtained results demonstrated that the proposed model allows for effective evaluation of cloud services, with GCP receiving the highest total
quality score. The proposed approach can be considered an adaptive, transparent, and useful tool for implementation in decision support systems for
cloud infrastructure management. The proposed model can be applied in organizations and enterprises for the informed selection of cloud service
providers. Future research includes the integration of real-time data monitoring and the application of machine learning methods for automatic adjustment
of quality criteria weights.

Keywords: cloud infrastructure quality assessment, expert judgment, entropy-based assessment, hybrid assessment model, quality criteria, cloud
service quality metrics, decision making.

A. M. KOIII, P. b. TAIKIBCbKHH

PO I'IBPUIHY MO/IEJIb OIITHIOBAHHA IKOCTI XMAPHOI IHOGPACTPYKTYPH

V cTaTTi NpencTaBieHo riOpuIHy MOJENb OLIHIOBAHHS SIKOCTI XMapHOi iHPPACTPyKTYpH, sIKa MOEJHYE CyO’ €KTUBHI €KCIIEPTHI OLIHKH 3 00’ €KTHBHUMH
pe3yJbTaTaMu CTaTUCTHYHOTO aHai3y. 3alpoloHOBaHa MOJIENb, sika otpumana Ha3By Hybrid Expert-derived with Entropy-based Weighted Sum Model
(HEE-WSM), noeanye metox ananizy iepapxiii (MAI) mist Bu3HAY€HHsI Bar HA OCHOBI OLIHOK €KCIEPTIiB Ta SHTPOIIHHMI X1/ IUIs PO3PaxyHKy Bar
Ha OCHOBI peabHUX JaHuX. 3anpononosana Moaens HEE-WSM e HOBHM mifxooM, KU BPaxoBYe€ SIK CYKSHHsI €KCIIEPTIB, TaK i JaHi MOHITOPHHTY
XMapHOTO cepenoBuia. /st OLiHIOBAaHHS SKOCTI XMapHOI iHPPACTPYKTYpH MPOIMOHYETHCSI BUKOPUCTOBYBATH BiciM KpUTEpiiB (TakuX, K AOCTYIHICTb,
Ha1ifHICTb, 3aTPUMKA, MAacIITA00BaHICTh, €EKTUBHICTh POOOTH, BapTICTh, BiATIOBIIHICTH BUMOTaM O€3MEeKH Ta OIePATHUBHICTh i ITPUMKH ), 3aCHOBAaHHUX
Ha MiskHapogHux ctargaptax NIST SP 800-145 ta ISO/IEC 25010. 3a Tunamu 1aHi KpUTepii MOAINAIOTECS Ha «BUTPAITHI» Ta KBUTPATHI» KPUTEPIi, 110
HEeoOXiTHO 115t 3a0e3MeYeHHsT HopMaltizallii Ta HaJIE)KHOTO TOPIBHAHHS Pi3HUX METPUK KOCTI. ['10puaHmii MexaHi3M BU3HAYECHHS BarOBUX KOE(IIli€HTIB
JI03BOJISIE 30aTaHCYBaTH BaroBi Koe®ilieHTH, BU3Ha4YeH] Ha 0cHOBI MAI Ta eHTpOMmiifHOro miAX0/y, 33 JOMOMOTOI0 PEryIbOBAHOTO Koebili€HTa, sKuit
3a0e3redye THy4KICTh 3aJIeXKHO BiJ MOTpeO y NMpUHHATTI pimreHb. TakuM YHHOM, THYYKICTH 3aIIpONOHOBAaHOI MOJENI 3a0€3Iedy€eThCsS MOKIIMBICTIO
peryJroBaTH BIUIMB Cy0’€KTHBHUX Ta 00’ €KTUBHHX Bar KpuTepiiB. OcTaTOYHE OL[HIOBaHHS SKOCTI MPOBOIUTHCS 32 JJOIIOMOTO0 MOJIENI 3Ba)KEHOI CyMH,
sIKa arperye HOpMaJli3oBaHi MOKa3HUKU METPUK SIKOCTI JUIsi KOXKHOT ayibTepHATUBH. [IJIs JeMOHCTpallii npane3gaTHOCT] 3alpoNoOHOBAHOTO MiIXOLY, B
poboti OyI0 IIpoaHaTi30BaHO JECSTh MPOBIJHUX XMapHUX MpoBaiiaepis, Bkimoyatoun Amazon Web Services (AWS), Microsoft Azure, Google Cloud
Platform (GCP), Alibaba Cloud Ta nestki inmi. OtpuMaHi pe3ysbTaTi MPOJEMOHCTPYBAIIH, IO 3aMPOIIOHOBAHA MOZEIH I03BOJISIE €(EKTUBHO OL[HIOBATH
xMapHi cepBicu, npuyomy GCP oTpumaB HaiiBHIIly iHTErpOBaHY OLIHKY. 3alPOIIOHOBAHMIT Mi/IXiZl MOJKHA BBa)KATH aJIalITABHUM, IIPO30PUM 1 KOPUCHUM
iHCTPYMEHTOM I BIPOBAPKEHHS B CHCTEMH ITIATPUMKH MPHAHATTA PillleHb JUIS YIIPaBIiHHS XMapHOO iHPPACTPYKTyporo. 3alporIOHOBaHA MOJIENb
Moske OyTH 3aCTOCOBaHa B OpTaHi3allifX i MiANPHEMCTBAX JUIs OOIPYHTOBAHOTO BHOOPY MOCTAYalIbHUKIB XMAapHUX MoCIyr. MaiOyTHI JOCHTixKeHHS
BKJIIOYAIOTh {HTETPaIil0 MOHITOPHHTY JAHHUX Y PEalbHOMY 4aci Ta 3aCTOCYBaHHS METO/IiB MAIIMHHOTO HABYAHHSI ULl aBTOMATHYHOTO KOPUTYBAHHS Bar
KPUTEPIiB AKOCTI.

Koro4oBi ciioBa: OIiHIOBaHHSA SKOCTI XMapHOi iHQpacTpyKTypH, eKcliepTHE OIiHIOBaHHS, OLIHIOBAHHS Ha OCHOBI €HTPOIIii, TiOpHIHA MOIEIh
OIIIHIOBAHHS, KPUTEPIi IKOCTi, METPUKHU SIKOCTI XMapHUX TOCIYT, IPUIHATTS PillleHb.

Introduction. Cloud computing plays a key role in
modern information systems. It provides flexibility,
scalability, and reduced IT infrastructure costs. However,
assessing the quality of cloud infrastructure remains a
challenging task. Cloud services are provided by various
vendors. Each of them offers different levels of availability,
performance, security, and support. Therefore, it is
important to have a formalized quality assessment model.
Such a model should take into account several criteria and
their relative weights.

One popular approach is the Weighted Sum Model
(WSM). It allows different quality indicators to be
combined into a single integrated index. This approach has
been used in a number of studies in recent years. For
example, Basu et al. proposed the use of a fuzzy weighted

sum for selecting a cloud service provider based on Service
Level Agreements (SLA) [1]. Xiao et al. applied a similar
model to balance tasks between data centers and edge
nodes. They combined latency and energy consumption as
weighting criteria [2]. Garcia-Ayllon et al. evaluated
infrastructure based on geospatial data processed in a cloud
environment [3].

Thus, the problem of assessing the quality of cloud
infrastructure is relevant. It requires a systematic approach
that takes into account the multi-criteria nature and
diversity of technical indicators.

Related work. Assessing the quality of cloud services

requires the use of Multi-Criteria Decision-Making
(MCDM) methods. Such methods allow for the
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consideration of several parameters that influence the
choice of a cloud service provider.

The paper of Hosseinzadeh et al. [4] presents a
comparative analysis of MCDM methods such as WSM,
Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS) [5], and Analytic Hierarchy Process
(AHP) [6]. The authors proposed the Weighted Aggregated
Sum Product Assessment (WASPAS) method, which is
well suited for dynamic cloud environments due to its
flexible combination of weighted sums and products.

Mostafa in [7] developed the Best-Only Method
(BOM) within the framework of MCDM. This method
allows to focus only on the most significant criteria, which
reduces the influence of secondary indicators and increases
the accuracy of the selection.

The study of Nadeem [8] presents a hierarchical
MCDM model that takes into account 15 qualitative
factors. The proposed model forms a unified ranking
system for Infrastructure as a Service (laaS) providers
based on service quality and usability indicators.

Another approach is presented in the paper of
Gireesha et al. [9], where intuitive fuzzy logic was
combined with the WASPAS method to provide the
Interval-Valued Intuitionistic  Fuzzy  Sets-Weighted
Aggregate  Sum and Product Assessment (IIVIFS-
WASPAS) method. This approach improves the quality of
cloud provider ranking, especially in conditions of data
uncertainty.

Tomar et al. [10] proposed a hybrid model that
combines objective weights (e.g., through entropy) with
subjective expert assessments. This allows the system to be
adapted to specific user requirements.

In the work of Saha et al. [11], the Decision-Making
Trial and Evaluation Laboratory (DEMATEL) method was
used together with the entropy approach to calculate weight
coefficients. The model allows determining the
relationships between criteria and ranking cloud service
providers based on a comprehensive assessment.

All of the above studies demonstrate the importance
of combining different decision-making methods for
accurate and flexible assessment of cloud infrastructure
quality.

Research objective. This paper aims to contribute to
the cloud infrastructure quality measurement field by using
the introduced Hybrid Expert-derived with Entropy-based
Weighted Sum Model (HEE-WSM), which can be applied
to assess and improve the quality of cloud infrastructure.

Materials and methods. Cloud infrastructure quality
assessment is a complex task that requires consideration of
numerous technical and non-technical indicators. Most
existing models use either subjective expert methods (e.g.,
AHP) or objective mathematical approaches (e.g., entropy,
TOPSIS).

However, in a real environment, cloud services have
both technical measurable characteristics (e.g., latency,
availability) and values that depend on the specific user
(e.g., security or cost priority). Therefore, it is important to
create a model that combines both subjective and objective
approaches.

In addition, the technical characteristics of cloud
infrastructure can change in real time. For example,
latency, throughput, and availability vary depending on the
load. Therefore, the quality assessment model must be
adaptive to changes in data and usage context. Traditional
static ranking models do not take this dynamic into account.

The novel hybrid model should assume the current
state of the cloud infrastructure as well as user preferences
to be taken into account, enabling a more accurate and
flexible assessment of the cloud services quality.

Moreover, the novel quality assessment model must
be transparent and easily implementable in real-world
Decision Support Systems (DSS). The considered WSM is
interpretable and computationally simple, being suitable
for integration into IT infrastructure management systems.
Thus, the deeper analytical capability could be achieved by
combining the WSM with a flexible weighting mechanism
based on AHP and entropy calculations.

The cloud infrastructure quality assessment is based
on internationally recognized standards, including NIST SP
800-145 (National Institute of Standards and Technology)
[12] and ISO/IEC 25010 — a model for software and system
quality [13].

These standards define a set of key characteristics that
are given in Table 1. In the cloud computing context, these
attributes are expanded by technical metrics (i.e., latency,
throughput, and SLA compliance).

Table 1 — Cloud infrastructure quality criteria

Measurement
unit
% uptime

Criterion Acronym Description

Auvailability C1 Percentage of
time the
service is
operational
Mean  Time
Between
Failure
(MTBF)

Reliability C2 hours

Latency

C3

milliseconds

Response time
for service
requests

Scalability

C4

instances  /
minute

Ability to
dynamically
scale resources

Performance
Efficiency

C5

requests [/
second

Number of
successful
requests  per
second
(throughput)

Cost

C6

USD/hour

Pricing  per
resource unit
(CPU, storage,
etc.)

Security
Compliance

C7

Compliance
with standards
(IS0 27001,
HIPAA, etc.)

Support
Responsiveness

C8

hours

Time taken to
resolve
support tickets
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The proposed cloud infrastructure quality assessment
model uses a hybrid weighting mechanism that combines
subjective and objective approaches. This approach allows
the accurate reflection of both user priorities and actual
technical indicators of the cloud environment.

The model uses AHP for subjective weighting, where
experts perform pairwise comparisons between criteria C1-
C8, as it is demonstrated in Fig. 1. This allows the relative
importance of each criterion to be identified in a specific
context (e.g., critical applications, government services,
business analytics, etc.).

a1

v ¥

i T«

< B

Fig. 1. Pairwise comparisons process between criteria C1-C8

The AHP proposed by Saaty [14] is well known and
widely used in MCDM problems to determine priorities
among alternatives based on pairwise comparisons.

At the same time, objective weights are calculated
based on the entropy method, which analyzes the degree of
variability (uncertainty) of criteria C1-C8 values in real
measurements. The greater the dispersion in the values of a
particular criterion, the higher its informational value and,
accordingly, its weight. This objective approach is based on
relevant cloud environment monitoring data (e.g., latency,
uptime, number of failures).

The entropy method [15] is based on the assumption
that the informational value of a criterion depends on the
diversity (variability) of its values among alternatives. If
the value of the criterion is the same for all objects, it has
no discriminatory power and therefore has a low weight. If
there is strong variability, the criterion has high
informativeness and, accordingly, greater weight in the
overall assessment.

Let us assume:

- m is the number of alternatives (e.g., cloud
providers);

- nis the number of criteria;

- x;; is the value of criterion j for alternative i.

The values of criteria should be normalized:

- for benefit-type criteria:

Xij
Pij=E —; 1)

=1 %)
- for cost-type criteria:

_ 1/Xij
Py = S (/e @)

During the cloud infrastructure quality assessment, a
set of different criteria is applied, which are conditionally
divided into two types: benefits and costs (Fig. 2).

Benefit criteria, such as availability (C1), reliability
(C2), scalability (C4), throughput (C5), and security
compliance (C7), reflect positive characteristics that should
be as high as possible. The higher their values, the better
the quality of service.

On the other hand, cost criteria, such as latency (C3),
cost (C6), and support responsiveness (C8), are undesirable
parameters, where lower values are better.

Cost Criteria

P L C3
i
///
> Cost —» (6
/ .
.l... \.\\
AN
S (8
."l-l..
: Benefit Criteria
Criteria
1
Iy
/S
\ o

“»  Benefit —» C4

~— (5

Fig. 2. Used criteria taxonomy

This differentiation of considered criteria is important
for the correct data normalization, since multi-criteria
analysis methods have different formulas for each type of
criterion.
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For each criterion the entropy is calculated:

e = —k X py - In(pyy) k= —

In(m)"

®3)

If p;; = 0, let us assume p;; - In(p;;) = 0.
The degree of divergence (informativeness) is defined
for each criterion:

The lower the entropy e;, the higher the dispersion of
values x;;, and therefore, the greater the significance of the
criterion.

Therefore, weights are an objective assessment of the
importance of each criterion based on actual changes in
cloud environment monitoring data:

entropy dj
w; = )
J Zj:1 dj

The final weight of each criterion is calculated as a
combination of two components — AHP weight and entropy
weight — taking into account the adjustable coefficient «,
which allows balancing the influence of subjective and
objective parts:

wi =a wi +(1-a) -Wjentmpy. (6)

The value @ = 1 corresponds to a completely expert-
based approach, while @ = 0 corresponds only to data from
monitoring systems, 0 < a < 1. This ensures the model’s
adaptability to different usage scenarios.

This hybrid approach not only improves assessment
accuracy, but also allows users to interactively change the
assessment structure according to requirements or context
(e.g., choosing a provider for critical services or for backup
data storage).

Finally, the quality metrics are normalized based on:

- for benefit-type criteria:
xi]-—_mi_nxij

i=1m . (7)

max x;j— min x;;’
i=1,m i=1,m

qij =

- for cost-type criteria:

i=1,m (8)
max x;j— min x;;’
i=1,m i=1,m

qij =

The aggregated estimates of alternatives are defined
using WSM:

Qi = X7 w; " qij- 9)

The alternatives (e.g., cloud providers, services, etc.)

then ranked based on the total score Q;, i = 1, m.

Moreover, the obtained weighted quality metrics of
each alternative can be visualized using radar charts for
multidimensional analysis.

The proposed approach to assessing the quality of
cloud infrastructure combines expert assessments and
monitoring data to create a balanced and flexible decision-
making model (Fig. 3). The first stage involves selecting
alternatives (e.g., cloud providers) and collecting values for
eight key quality criteria (C1-C8) based on NIST and
ISO/IEC 25010 standards. Next, the criteria are weighted

in parallel using two methods: expert and statistical. In the
first scenario, the AHP method is used, where experts
conduct pairwise comparisons of criteria and form a
hierarchy of weights. In the second scenario, weights are
calculated based on the entropy method, which takes into
account the variability of data for each criterion.

Select alternatives and
prepare C1-C8 quality
metrics

- ~

Ve g ™~
v

v
Entropy-based
Expert-derivec S

Define entropy and

Fill judgement matri .
informativeness

Calculate AHP-based
Calculate entropy-

ight
weights based weights
I“

\‘ B /s
™ s a
Adjust balancing
coefficient a
v
WSM-based aggregation
Normalize quality
metrics
" ~

~ \\
! L 2

Visualize alternative

Calculate total scores . .
weighted metrics

Fig. 3. Proposed approach

Both types of weights are combined using an
adjustable balance coefficient a, which allows the model to
be adapted to a specific context: the user can prioritize
expert opinion or actual measurements. After calculating
the combined weights, all criteria are normalized to align
them on a scale. Then, the WSM is applied to calculate the
total integral score for each alternative. At the final stage,
the results are visualized, which makes it easy to compare
alternatives and choose the best option.

Results and discussion. Using the proposed model, ten
leading cloud service providers representing the main
segments of the global market were analyzed.

These include Amazon Web Services (AWS) [16],
Microsoft Azure [17], Google Cloud Platform (GCP) [18],
IBM Cloud [19], Oracle Cloud Infrastructure [20],
DigitalOcean [21], Alibaba Cloud [22], Linode [23], Vultr
[24], and Hetzner Online [25].

These cloud providers were selected based on their
widespread use, diversity of architectural solutions, and
availability of open information on key quality indicators.
Thus, the analysis covers both global (e.g., AWS, Azure,
GCP) and mid-range providers with regional or specialized
coverage (e.g., Linode, Hetzner, DigitalOcean), providing
a complete picture of the cloud services market.

Tables 2 and 3 illustrate the different types of criteria
used to assess the quality of cloud infrastructure. Table 2
contains benefit-type criteria, the values of which should be
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as high as possible to achieve a better rating (C1, C2, C4,
C5, and C7).

Table 2 — Benefit criteria values of cloud providers

Provider C1l C2 C4 | C5 C7
AWS 99.99 | 6000 | 25 | 3000 | 0.95
Microsoft Azure | 99.95 | 5800 | 22 2800 | 0.93
Google Cloud 99.99 | 6200 | 28 | 3200 | 0.94
IBM Cloud 99.9 5500 | 15 | 2200 | 0.9
Oracle Cloud 99.92 | 5700 | 20 | 2500 | 0.88
DigitalOcean 99.85 | 5000 | 12 | 1800 | 0.75
Alibaba Cloud 99.94 | 5900 | 23 | 2900 | 0.9
Linode 99.8 4800 | 10 | 1700 | 0.7
Vultr 99.83 | 4900 | 11 | 1750 | 0.68
Hetzner 99.88 | 5200 | 14 | 1900 | 0.72

Table 3 denotes cost-type criteria (C3, C6, and C8),
where lower values indicate higher service quality.

Table 3 — Cost criteria values of cloud providers

Provider C3 C6 C8
AWS 95 0.6 1
Microsoft Azure 100 0.58 15
Google Cloud 90 0.62 1
IBM Cloud 110 0.65 2
Oracle Cloud 105 0.55 2.5
DigitalOcean 120 0.4 3
Alibaba Cloud 102 0.53 1.8
Linode 130 0.38 4
Vultr 125 0.35 4.2
Hetzner 115 0.3 3.5

These numbers (Table 2 and 3) are based on typical
ranges reported in industry benchmarks and public SLAs
for the given providers [16—25].

The sample pairwise comparisons between criteria
C1-C8 (Table 4) shows the relative importance ratings of
each pair of criteria according to the AHP [4], where the
values reflect the one criterion’s preference over another.

Table 4 — Pairwise comparisons between criteria C1-C8

Criteria | C1 | C2 | C3 | C4 | C5 | C6 |C7 | C8
Cl 1 1 3 3 5 4 2 6
C2 1 1 3 3 5 4 2 6
C3 13113 |1 2 3 2 1 3
C4 3113 |12 |1 2 2 1 2
C5 5|15 |13 112 |1 2 1 2
C6 V4|14 |12 |12 |12 |1 1 2
C7 12112 |1 1 1 1 1 2
C8 6 | 1/6 |13 |12 |12 |12 |12 |1

Hence, the maximum eigenvalue is 4,4, = 8.33 and
the consistency index is:

A -m 8.33-8
CI - max -
m-1 8-1

= 0.05. (10)

Having the random index for m = 8 is equal to RI =
1.41, the consistency rate is:

CI 0.05
CR=<L=9%
RI 1.41

=0.03 <0.1. (11)

Since obtained CR value is less than 10%, the given
in Table 4 pairwise comparisons between criteria C1-C8
can be considered to be consistent.

Table 5 shows the weights of criteria C1-C8 obtained
using the AHP method (expert assessment) and the entropy
approach (objective assessment based on data), as well as
balanced weights calculated using the coefficient & = 0.5,
which ensures an equal contribution of both approaches.

Table 5 — Weights of criteria C1-C8

Criteria AHP-based Entropy-based Balanced
C1 0.26 0.15 0.20
C2 0.26 0.14 0.20
C3 0.12 0.14 0.13
C4 0.09 0.11 0.10
C5 0.07 0.13 0.10
C6 0.06 0.12 0.09
C7 0.09 0.14 0.12
C8 0.04 0.06 0.05

Fig. 4 shows how balanced weights of criteria C1-C8
change when the coefficient « is changed from 0 to 1.

0,30

Weight
=
s

0,00
0.00 0,20 0,40 0.60 0.80 1,00

C1 (% uptime)
C3 (ms latency)

C2 (hours MTBF)
C4 (instances/min)
C6 (USD/hour)

—=— C7 (0-1 compliance) —— C8§ (hours response)

—— C5 (requests/sec)

Fig. 4. Balanced weights of criteria with different a

Table 6 demonstrates normalized benefit-type criteria
values obtained using (7) based on the original values from
SLAs and benchmarks given in Table 3.

Table 6 — Normalized benefit-type criteria values

Provider C1l C2 C4 C5 C7

AWS 1.00 0.86 | 0.83 | 0.87 1.00
Microsoft Azure | 0.79 0.71 0.67 | 0.73 0.93
Google Cloud 1.00 1.00 1.00 | 1.00 | 0.96
IBM Cloud 0.53 0.50 | 0.28 | 033 | 081
Oracle Cloud 0.63 0.64 | 0.56 | 0.53 0.74
DigitalOcean 0.26 014 | 0.11 | 0.07 | 0.26
Alibaba Cloud 0.74 079 | 0.72 | 080 | 0.81
Linode 0.00 0.00 | 0.00 | 0.00 | 0.07
Vultr 0.16 0.07 | 0.06 | 0.03 | 0.00
Hetzner 0.42 029 | 0.22 | 013 | 0.15

Table 7 outlines normalized cost-type criteria values
obtained using (8) based on the original values from SLAs
and benchmarks given in Table 4.
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Table 7 — Normalized cost-type criteria values

Provider C3 C6 C8

AWS 0.88 0.14 1.00
Microsoft Azure 0.75 0.20 0.84
Google Cloud 1.00 0.09 1.00
IBM Cloud 0.50 0.00 0.69
Oracle Cloud 0.63 0.29 0.53
DigitalOcean 0.25 0.71 0.38
Alibaba Cloud 0.70 0.34 0.75
Linode 0.00 0.77 0.06
Vultr 0.13 0.86 0.00
Hetzner 0.38 1.00 0.22

For example, the aggregated estimate for i = 1 (i.e.
AWS provider) is calculated using WSM (9) as follows:

Q= Z}l:l Wi q1j =
=0.20-1.004+ 0.20-0.86 + 0.13-0.88 + (12)
+0.10-0.83 4+ 0.10-0.87 + 0.09-0.14 +
+0.12-1.00 4+ 0.05-1.00 = 0.84.

Another aggregated estimate, i.e. for i = 2 (i.e. Azure
provider) is calculated using WSM (9) as follows:

Q=Xj1 W qzj =
=0.20-0.79 4+ 0.20-0.71 + 0.13-0.75 +
+0.10-0.67 + 0.10-0.73 + 0.09 - 0.20 +

+0.12-0.93 + 0.05-0.84 = 0.72.

Table 8 demonstrates weighted normalized values of
benefit-type criteria (Table 6).

(13)

Table 8 — Weighted normalized benefit-type criteria values

Provider Cl C2 C4 C5 C7

AWS 0.20 0.17 | 0.08 | 0.09 0.12
Microsoft Azure | 0.16 0.14 0.07 | 0.07 0.11
Google Cloud 0.20 020 | 0.10 | 0.10 | 0.11
IBM Cloud 0.11 0.10 | 0.03 | 0.03 | 0.10
Oracle Cloud 0.13 0.13 | 0.06 | 0.05 | 0.09
DigitalOcean 0.05 0.03 | 0.01 | 0.01 0.03
Alibaba Cloud 0.15 0.16 | 0.07 | 0.08 | 0.10
Linode 0.00 0.00 | 0.00 | 0.00 | 0.01
Vultr 0.03 0.01 | 0.01 | 0.00 | 0.00
Hetzner 0.09 0.06 | 0.02 | 0.01 0.02

Table 9 demonstrates weighted normalized values of
cost-type criteria (Table 7).

Table 9 — Weighted normalized cost-type criteria values

Provider C3 C6 C8

AWS 0.12 0.01 0.05
Microsoft Azure 0.10 0.02 0.04
Google Cloud 0.13 0.01 0.05
IBM Cloud 0.07 0.00 0.04
Oracle Cloud 0.08 0.03 0.03
DigitalOcean 0.03 0.07 0.02
Alibaba Cloud 0.09 0.03 0.04
Linode 0.00 0.07 0.00
Vultr 0.02 0.08 0.00
Hetzner 0.05 0.09 0.01

Fig. 5 shows the examples of the obtained total scores
for each of the ten cloud providers, calculated using the
WSM with balanced criteria weights, where the balance
coefficientis @ = 0.5.

Aws I 0,84
Microsoft Azure [ 0.72
Google Cloud I o1
IBM Cloud [ 0.47
Oracle Clond I 0.59
DigitalOcean [N 0.25
Alibaba Clond [ 0,72

Linode [ 0.08
vulr [ 0,15
Hetzner [N 035

Fig. 5. Total quality assessment scores for « = 0.5

The outlined example calculation takes into account
expert assessments and objective weights obtained using
the entropy analysis.

As can be seen from Fig. 5, GCP received the highest
score (0.91), indicating its superiority in most key quality
criteria. Next are AWS (0.84), Microsoft Azure (0.72), and
Alibaba Cloud (0.72) which also have high scores.

In contrast, DigitalOcean (0.25), Linode (0.08), and
Vultr (0.15) received the lowest scores, indicating limited
compliance with the considered criteria.

Fig. 6 demonstrates domination of GCP and AWS on
the radar chart.

AWS Microsoft Azure ™ Google Cloud
IBM Cloud M Oracle Cloud DigitalOcean
M Alibaba Cloud ™ Linode W Vultr
B Hetzner

C1 (% uptime)
0.25

C8 (hours
response) 0.20 C2 (hours MTBF)
0.15
0.10
N 0.0,
cu;zal(ig;]lcc) C3 (ms latency)

C6 (USD/hour) C4 (instances/min)

C5 (requests/sec)
Fig. 6 — Domination of GCP and AWS for ¢ = 0.5

Such a visual comparison of assessed cloud providers
can be further developed to create interactive analytical
dashboards to support intelligent decision-making. This
can be achieved by introducing “what if” analysis and Al-
driven conversational suggestions and insights.

Conclusion and future work. This study proposed a
Hybrid Expert-derived with Entropy-based Weighted Sum
Model (HEE-WSM) for the cloud infrastructure quality
assessment, which combines the WSM with a dual criterion

Bicnux Hayionanvnozo mexwniunozo ynieepcumemy « XI1I».

Cepisa: Cmpameziune ynpagninus, ynpagiints nopmpensmu, npoepamamu ma npoexmamu. 2025. Ne 2(11) 35



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

weighting approach. This approach takes into account both
subjective expert assessments (AHP-based) and objective
statistical data (entropy-based), which allows achieving a
balance between user judgment and technical indicators.
The model uses eight quality criteria C1-C8 based on NIST
and ISO/IEC 25010 standards, covering key parameters of
cloud services, including availability, latency, scalability,
cost, security, and others. The results of 10 leading cloud
providers analysis show the robustness of the proposed
approach for decision-making in the cloud environment.

In the future, the model should be extended by adding
real-time monitoring and using machine learning methods
to adjust weights based on load type and context
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O. O. IUCEHKO, 1. B. KOHOHEHKO

MOJEJIb BUBOPY CTOPOHHIX IHCTPYMEHTIB B IT IPOEKTAX

IMpemMeToM HOCTIIKEHHS € MOJIETb BHOOPY CTOPOHHIX IHCTPYMEHTIB po3pobku B IT-poekTax, 1o BpaxoBye TPYIOMICTKICTb, BUTPATH, SIKiCTh, PH3UKH,
TEXHOJIOTIYHUI e(DeKT Ta OOMEXKEHHS MMPOEKTHOrO CepenoBHIa. MeTOoK NOCIHIKeHHS € IHTerpallis HUX I1’STH MOKAa3HUKIB y €IMHY MOJENb BUOOPY
CTOPOHHIX IHCTPYMEHTIB pO3poOKH HULIXOM (opmaiizamii 3amadi sk OaraTOKpUTEPialbHOI ONTHMI3aLiHOT 3 YITKO BU3HAYCHHMH L(iJIbOBUMHU
(yHKIIIME Ta OOMEXEHHSMH, IO Ja€ 3MOTY YCYHYTH HasBHY NPOTalHHy B Liif HaykoBii ctepi. [lo 3aBIaHb AOCII/UKEHHS HaJekKaTh: aHANI3 i
y3araJbHEHHS HAayKOBHX IIiIXOJIB O OLIHIOBAHHSA CTOPOHHIX IHCTPYMEHTIB PO3pPOOKH; BCTAHOBIICHHS BiATIOBIIHOCTI KPHTEpPiiB ONiHIOBaHHS
IHCTPYMEHTY L{JISIM OL{HIOBAaHHS €(pEKTUBHOCTI HOT0 BIIPOBADKEHHS Y MPOEKT; GopMai3allis M’ ATy iHTerpaabHUX MOKA3HUKIB Y BUIIISAI KiJbKICHOT
Mogeni, MpUAaTHOI A0 MaTeMaTHYHOi oOpoOku; moOymoBa OaraToKpuTepiadbHOI ONTHMi3amiifHOI Mojeni BHOOpY IHCTPYMEHTIB 3 ypaXyBaHHSM
peCypcHUX, OIOMKETHHX Ta SIKICHHX OOMEXEeHb; JEMOHCTpAIlis 3acTOCYBaHHS MOJENl Ha YHCIOBOMY INpPHUKIAAl 3 KUIbKOMa albTepHATUBHUMU
iHCTpyMeHTaMH. Y JOCIikeHHI BUkoprcTaHo Metox TOPSIS ais paH)KyBaHHS ajdbTEpPHATHB 3a IHTErpPAJbHUMH MOKa3HHKAaMHM, a TAKOX MEXaHi3M
mrpadHuX QYHKOiH U BpaxyBaHHS MOPYNICHHS KPUTHIHHX Oi3Hec-0OMexkeHb. OTpHMaHi pe3yIbTaTH MOKa3yloTh, [0 3aIPONOHOBAHMIT MiAXi] Ja€e
3MOTy HOEIHATH B €JUHIM (opMaii3oBaHii cXxeMi OIIHIOBAaHHS TPYIOMICTKOCTi, BUTPAT, SIKOCTi, PU3HKIB Ta TEXHOJOTIYHOTO e(eKTy CTOPOHHIX
IHCTPYMEHTIB, yHi(iKyBaTH pi3HOPiJHI OLIHKK B HOPMaJIi30BaHiil MaTpHL pillieHb, 0OYHCITIOBATH y3arajabHEHi IIOKa3HUKH PUBAOIMBOCTI aIbTEPHATHUB
Ta BPaxoBYBaTH MITpady 3a MOPYLICHHS 00MeKeHb. UNCIIOBHII PUKIIAT IEMOHCTPYE CHTYaLilo, KON HaKpaNIol0 BUABILIETECS AJIbTEPHATHBA, 10 HE
€ JIepoM 3a OKpEeMHUMH KpHTEpisMH, ajle 3a0e3nedye NPUHHATHUH OallaHC iHTErpalbHUX ITOKA3HUKIB 0e3 NEepeBHIIEHHS KPUTHIHHX OOMEKEHb.
BuchoBku. HaykoBa HOBHM3Ha JOCHIDKEHHs moiusirae y moOynoBi mepuioi (opmanizoBaHoi OaraToKpUTepiaipHOI ONTUMI3ALIHHOI MOIENi BHOOPY
CTOPOHHIX 1HCTPYMEHTIB PO3pOOKH, Y SIKilf BUAIIEHO II’ATh iHTErPATEHUX IOKA3HHUKIB, BKIIOYHO 3 TEXHOJOTIYHUM e()EeKTOM, a TaK0XX 3aIp OIIOHOBAHO
X KiJIbKiCHE MOJIaHHs. 3apolOHOBaHa MOJIEb, peallizoBaHa Ha ocHOBI MeToay TOPSIS 3i mtpadaumu QyHKIISIMU, PO3IIMPIOE MOKIMBOCTI CHCTEM
MATPUMKH IPUAHSTTA piteHsb B [T-mpoekTax, T03BONSIOMH PAHKYBATH aJbTEPHATHBY 3 YPaxyBaHHAM 0OMEXKEHb LI00 PECYPCiB, OIOKETY, PH3UKIB 1
SIKOCTI Y CKJIQIHAX Ta IWHAMIYHO 3MiHIOBAHUX TEXHOJIOTTYHHUX CEPEXOBHUIIAX.

Ku11040Bi cj10Ba: CTOPOHHI IHCTPYMEHTH pO3pOo0OKH; Mirpallis; 6ararokpurepiaibHe TpuAHATTS pitens; TOPSIS; Mozens; ontumisaiis; Budip
CTOpOHHIX 6i6ITioTeK.

A. LYSENKO, I. KONONENKO

SELECTION MODEL FOR THIRD-PARTY LIBRARIES IN IT PROJECTS

This study focuses on a model for selecting third-party libraries in IT projects, taking into account efforts, costs, quality, risks, technological effects, and
project environment constraints. The aim of the study is to integrate these five indicators into a cohesive model that formalizes the selection process as
a multi-criteria optimization problem, with clearly defined objective functions and constraints. This approach addresses a significant gap in the existing
area. The study tasks include analyzing and synthesizing scientific methods for evaluating third-party libraries, establishing the relationship between
evaluation criteria and project effectiveness objectives, formalizing the five key indicators into a quantitative model suitable for mathematical processing,
constructing a multi-criteria optimization model for library selection that considers resource, budgetary, and quality constraints, and demonstrating the
model's application through a numerical example featuring several alternative libraries. The study employs the TOPSIS method to rank alternatives
based on five indicators, alongside a penalty-function mechanism to address violations of critical business constraints. The results indicate that the
proposed approach allows for a unified evaluation of effort, costs, quality, risks, and technological effects of third-party libraries. It successfully
normalizes diverse assessments into a decision matrix, computes aggregate measures for the overall attractiveness of alternatives, and incorporates
penalties for any constraint violations. The numerical example highlights a case where the optimal choice is not the leader in individual criteria but
provides an acceptable balance of integral indicators without exceeding critical constraints. Conclusions: This study provides a novel contribution by
developing the first formalized multi-criteria optimization model for selecting third-party libraries. This model identifies five indicators, including
technological effects, and proposes their quantitative representation. Implemented using the TOPSIS method with penalty functions, the proposed model
enhances the capabilities of decision-support systems in IT projects, enabling the ranking of alternatives while accommodating resource, budget, risk,
and quality constraints in complex and dynamically changing technological environments.
Keywords: third-party libraries; migration; multi-criteria decision-making; TOPSIS; model; optimization; third-party library selection.

Beryn. YV cyuwachumx IT-mpoektax — CTOpPOHHI CraH JnociuiakeHb. Y HAyKOBIH IUIOMIMHI MHTAHHS

IHCTPYMEHTH PO3POOKH CTalld HEBiJ €MHHM EIIEMEHTOM
TEXHOJIOTIYHOTO CTEeKa: BOHU IIPUCKOPIOIOTH PO3POOIICHHS,
3HIKYIOTh IIOYaTKOBI BHTpPAaTH Ta JAlOTh 3MOTY
30CepeAUTUCS Ha TPEJAMETHIH 00JIacTi, a HE Ha THUIIOBHX
IHppPaCTPyKTypHUX 3aJa4yax. BomHoyac BUKOpPUCTAHHS
TaKHUX IHCTPYMEHTIB CYNPOBOIXKYETHCS HU3KOIO PU3HKIB —
Bil 3aJI€KHOCTI BiJi KOHKPETHOTO TIOCTadadbHUKA W
MOJKJIMBOTO TPHUITMHEHHS MATPUMKH 10 IPUXOBAHHUX
BHUTpAT Ha IHTErpallil0, HAaBYaHHS KOMaHIHM Ta IMOJaJIbIIli
Mmirpamii. Ha mpaxktumi BuOip 1HCTpyMEHTY dacTo
3MIMCHIOETBCS HA OCHOBI  MOMEPETHBOTO  JOCBIIY,
pexoMeHaaniit xojer abo HeopManbHUX KPHUTEPiiB, IO
VCKJIQJHIOE  OOIPYHTYBaHHS  pIlIGHHS Ta  HOTO
BIZITBOPIOBAHICTD Y Pi3HUX MPOEKTAX.

BHOOPY CTOPOHHIX pillleHb TPAIUIIfHO PO3B’SI3yBaJOCS
MEPEBAXKHO JUISI KOMIIOHEHTIB ITPOTPaMHOTO 3a0e31edeHHs
(COTS) ta MOIynbHUX MpPOrpaMHUX cucTeM. [ Takmx
3a7a4 3alpoNOHOBaHO HM3KY (OpManbHUX Mojeied i3
YITKO BU3HAYEHUMH LUJIBOBUMHM GYHKIISIMHY,
00MEXEHHSIMU Ta METOJJaM1 3HAXOKEHHS! ONTUMAaIbHOTO
HaO0oOpy KOMIIOHEHTiB. HaromicTh came aisi CTOpOHHIX
IHCTPYMEHTIB pO3pOOKH, SKi MPAIIOIOTh Ha PiBHI KOAY
3aCTOCYHKY ¥ Oe3mocepeHp0 BIUTUBAIOTh HA apXiTEeKTypy,
CYTIPOBiJ] 1 €BOJIOIII0 CHCTEMH, (hopMami3oBaHi IMiIX0IH
JUIIe TMOYMHAIOTH (QopMmyBaTHCA. bBimbmicTe HasBHUX
JIOCTIJKEHB 30CcepeKeHi abo Ha nepenmiky ¢axTtopis [1, 2,
3], w0 BpaxoBYIOTECS pO3pOOHMKaMH, abo Ha 1OOYIOBI
peKOMeHAalmiiHnX cucteM [4, 5], sKi ONTHUMI3YIOTh
TOYHICTb Iepei0adeHHs] BHOOPY 3a iCTOPUYHUMH JIaHUMH,
aje He IHTerpyloTh IIOBHOIO MiIpOI0 TPYJOMICTKICTB,
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BHTPATH, SKiCTh, PU3UKH Ta TEXHOJOTIYHUHA €EKT Y €NUHY
Mozenb. Hapasi BiICyTHI cHcTeMaTH4HI TOCIIHKEHHS, 10
PO3TILIIAIOTH BHOIp CTOPOHHIX iHCTPYMEHTIB PO3POOKH SIK
onTuUMi3aliiiHy 3amady 3 (QopMaii30BaHUMH MiTLOBAUMH
(GYHKIIIMA Ta 0OMEKESHHSIMH.

Ha mreoMy 1311 0c00HBY LiHHICTE HA0YBAIOTH pOOOTH,
Je  BUOIp  CTOPOHHIX  IHCTPYMEHTIB  pO3pOOKH
posrisiiaeTeest K opmaiizoBaHa 3ajada MPUHHATTS
PpilLIeHB i3 3aJaHOI0 CHCTEMOIO MOKA3HHUKIB Ta BU3HAYECHOIO
npoLeaAyporo onrtuMizanii ansrepHaruB. Came 10 IHOTO
HampsiMy —HaJjle)kaTh IOoJaHi  Marepianum  [6]:  BOHHM
JIEMOHCTPYIOThH TIEPIIi CIIPOOH MOETHATH CTPYKTYPOBAHY
OmiHKy ©0i0mioTek, Bi3yanpHI 3acobm aHamily Ta
MaTeMaTHYHI METOIW MiATPUMKH BHOOPY, a TaKOXK
OKPECITIOI0Th TPOTAIMHH, SKi Hagali MOXYTh OyTH
3aIOBHEHI NIIIXOM MOOYZOBH ONTHMIi3amifHUX MOJENeH,
10 BPaXOBYIOTh KOMILUICKCHI MTPOEKTHI IIiJTi.

Y HayKoOBiH JIiTEpaTypi SIK OKpEMHH, ajle CYyMDKHUIM 13
BUOOPOM CTOPOHHIX IHCTPYMEHTIB pPO3POOKM HampsM
PO3MIIsIAIOThCS TakokK 3anadi Bubopy COTS-pimiens, ski
CTaHOBJIATH IHTEpEC 3 OIJISAY Ha 3alpONOHOBaHI B HUX
MOJICNIi Ta METOIU PO3B’s3aHHA 3amadi. J[s KOpeKTHOro
BIIMCXKYBaHHS  I[HUX  JBOX  KIAaciB  CTOPOHHBOI'O
MIPOTPaMHOTO 3a0€3MeUeHHs TOUUTBHO KOPOTKO YTOYHUTH
X BIAMIHHOCTI.

COTS-pimeHHs po3TAAal0THCS K TOTOBI IPOTpaMHi
NPOXYKTH, IO BHUKOPUCTOBYIOTBCA  «SIK €» Ta
BIIPOBAKYIOTECS i KOHDITYPYIOTHCS ITEPEBaYKHO Ha PiBHI
Bciel  iHQopMmamiiftHOi  cmcremum  abo  opramizarii.
[Mpuknagamu Takux pimieHb MOXyTh OytH Jira, SAP,
Salesforce, xopmoparuBHi cucremu kimacy CRM/ERP,
ruiaTopMu 1J1sl KepyBaHHS JOKYMEHTaMH TOLIO.

HatomicTh  CTOpPOHHI ~ IHCTPYMEHTH  PO3POOKH
BUCTYMaIOTh y podi 0ibmiorek, SDK ta dpelimMBOpKiB, ski
IHTETpYIOThCSl OE3MOCEPEAHBO Y MIPOTPAMHHI MPOJYKT HA
PiBHI BHXIJHOTO KOAY Ta BUKOPHCTOBYIOThCS uepe3 API.
Ha Bigminy Big COTS-pimens, Taki iIHCTpYMEHTH 3a3BUYai
IIKIFOYAIOTECS 710 KOy 3aCTOCYHKY, 30MparoThCsI Pa3zoM
i3 3aCTOCYHKOM, a KOMaHAa MPOEKTYy Ma€ OUThIIuit
KOHTPOJIb Ha/l BAOOPOM Bepciii, OHOBICHHIMH Ta 3aMiHOIO
LIMX KOMIIOHEHTIB.

VY pob6orti [7] posrisgaerses 3agaya Bubopy COTS-
KOMITOHEHTIB JJIsl MOJXYJBHOI CHCTEMH HpPOrPaMHOTO
3abe3neueHHs. {1 KOXKHOTO  MOIyJIs €  KijJbKa
anprepHatuBHuX COTS-npoaykTiB, i HOTPiOHO 00paTH 1O
OJIHOMY BapiaHTy Tak, WI00: MaKCHMi3yBaTH SKiCTb
CHCTEMH; HE TIEPEBUILUTH 3a1aHUH OI0/KET Ha 3aKyIIiBIIIO
koMnoHeHTiB. Ile 1o cyri mepme ¢dopManbHe
(dopmMymoBaHHS 3a7a4i “sKicTh <> BapTicth” mns COTS
KOMIIOHCHTIB Y BHTIIAII onTuMi3aliiaoi Moaeni. O0uasi
Mojeni — 1e (OpMYJIIOBaHHS 3a/adi LiJOYHUCEIHHOTO
MIPOTPaMyBaHHA 3 OJHIEIO0 HTHOBOIO (DYHKI€I0 (SIKICTB) i
peCypcHUM OOMEXEHHSM (BapTiCTh).

Y poboti [8] posrismaerbes 3amada MoOyaOBU
MOIyNTBHOI mporpamHoi cucremMud Ha ocHoBi COTS-
KOMIMOHEHTIB. JlJI1 KOXHOTO MOIYJS 3aJa€ThCs KiJbKa
aJbTEPHATUBHUX COTS-npoayxris, AKi
XapaKTepU3ylOThCS YHCIOBHMHU OIlIHKaMH TIOKa3HUKIB
sgKocTi Ta BaprocTi. IlocraHoBKa (OPMYIIOETBCS SIK
OaraTokpuTepialbHa ONTHMi3aliiHa MOJENb: HEeOOXiIHO
00paty piBHO OJTUH BapiaHT JIsl KOXKHOT'O MOJTYJIS TaK, 00

OTpMMaHa CHUCTeMa OJHOYACHO 3aJI0BOJIbHSJIA ITLTHOBI
OpIEHTHPH WIOAO SKOCTI Ta HE IEePEBHINyBala 3alaHi
BUTpaTHI OOMeXeHHS. Mojenp BKJIIOYa€E TPH IUTHOBI
¢yHKIii — MiHIMI3aIil0 3arajJbHOI BAapTOCTI CHUCTEMH,
MiHiMi3aIio gacy BHKOHAHHS/TIOCTAYaHHS Ta
MaKCHMIi3aIlifo iHTeTpaIbHOTO OKAa3HHUKA SIKOCTI — 8 TAKOXK
CHUCTEMY pPECypCHHX OOMEXKEHb i OOMEKEHb CYMICHOCTI
MDK KOMIOHeHTaMu. Po3B’g3aHHs 3a7a4i 341HCHIOETHCS 3

BUKOPUCTAHHAM JeKCUKOrpadiyHOTO LJILOBOTO
MpOrpaMyBaHHSI.

PoGora [9] mponoHye ¢opmansHy onTHUMi3aLiiiHy
Mozenbs BHOOPY KOMIOHEHTIB JUIi KOMIIOHEHTHO-

opiearoBanoi mnporpamuoi cucremun (CBSS). Asropu
BUXOAATH 13 MiAXOXy: cmo4yatky (opmyerscs Habip
MOJyJIiB CHCTEMH, a Jai IS KOXKXHOTO MOIYJIS IIOTPiOHO
obparn onmWH i3 HAajABHHX BapiaHTIB KOMIIOHCHTA.
OcHOBHHII BHECOK pPOOOTM — BpaxyBaHHS HE JIHIIE
(yHKIIOHAIBbHOT MPHUIATHOCTI KOMIIOHEHTIB, a il IXHBOTO
BILUIUBY Ha CTPYKTYPHY SIKICTh CHCTEMH 4epe3 MOKa3HUKU
3aJIeKHOCTI Ta HITICHOCTI MK MOAyJIsiMH. DOpMYITIOETBCS
JIBOIILOBA MOCTAHOBKA: MaKCHMi3alisl (yHKIIOHAIbHOT
npoayKTUBHOCTI/KopucHOCTI Beiei CBSS Ta omHouacHa
MakKcHUMi3alis LUTICHOCTI W MiHIMI3aIis 3aJeKHOCTI
MoxmymiB. Jlmsa po3B’s3aHHA  3amadi  KOMOiHATOPHOI
ONTHMIi3alii BUKOPUCTOBYETHCS TEHETHYHUH aJTOPHUTM,
SKAA [IyKae ONTHMAadbHUN HaOip KOMITOHEHTIB IIO
MOJYJISX.

ABtopu pobotu [10] 3ampomoHyBaNy LiJOYHCIOBY
ONTUMI3aIiifHy MOIeb BUOOPY MPOTPAMHUX KOMITOHEHTIB
y CHUTyaIlil, KOJH OpraHi3aiisi MmapaieibHO po3po0Iise
KiJbka 3acTocyHKiB. Ha BigMiHy Bix OUIbI paHHIX
MoOJIeJIel, 10 OPIEHTYBAJIKMCS HAa OJHY CHUCTEMY, aBTOpHU
BBOJISITH MOKa3HUK MOBTOPHOTO BUKOPHUCTAHHS
KOMITOHEHTIB 1 MeperjsinaroTh (HOpMYIIOBaHHS MaTpPHII
CYMIiCHOCTI, MO0 OTHOYACHO ONTHMI3yBaTH IOBTOpPHE
BHUKOPHCTAHHS KOMITIOHEHTIB Ta IXHIO B3a€MHY CYMICHICTb.
3amady po3B’A3yIOTH 3a JIONOMOTOIO CIICIiai30BaHOTO
TEeHEeTHYHOTO alTOPUTMY, a pe3yJbTaTh JEMOHCTPYIOTh,
IO CIbHA ONTHMI3alis Ui MHOXHHH 3aCTOCYHKIB
JIO3BOJISIE  JIOCATTH  BHUIIOTO  PIiBHA  ITOBTOPHOTO
BUKOPHCTAHHS 1 MOTEHUIHO 3HM3MTH CyMapHi BHUTpaTH
noprdens CBSD-npoexTis.

Y pobori [11] dopmanizyiors 3amady BHOODPY
komrioHeHTiB 'y CBSS sk 3amauy wuijouncenbHOro
JNHIHHOTO TpOrpamMyBaHHs, Yy SKiiH IS KOXHOTO
KOMIIOHEHTa BBOJIATHCS OiHapHI 3MiHHI «oOpaHO / He
obpano». LlimboBa (YHKIIST OJZHOYACHO: MAaKCHMI3ye
BHYTPIIIHBOMOIYJIBHI B3a€MOJIi, MiHIMI3y€ BHTpaTH Ha
po3po0OKy Ta ajanTaiilo KOMIIOHEHTIB; a CHCTeMa
oOMexeHb 3a0e3neuye JOTPUMaHHS PECYpPCHUX 00MEKEeHb
i TpuONM3HO OJIHAKOBY «TPAHYJISIPHICTE»  MOJYIIB
(KUTBKICTB KOMIIOHEHTIB Y MOTyJIi). MOJens po3B’A3y€eThCs
CTaHAaPTHUMH METOJIaMU I[iJI0YMCETbHOT ONTHUMI3allii.

ABtopu  pobGotu [12] po3rmAmarOTh  3amady
OIIIHIOBaHHS W BHOOpPY IPOTPaMHHUX KOMIIOHEHTIB IS
MOJyJBHOI CHCTEMH, Y SIKii OZHOYACHO pO3pOOISIE€THCS
KiTbKa  [POTPaMHUX  3aCTOCYHKiB.  Jlms  KOXHOI
(yHKIIIOHATIbHOT YaCTUHM CHCTEMHU IependadyeHo KijbKa
IPTEPHATHBHUX KOMIIOHEHTIB: $K TOTOBI KOMEpIiiHI
nporpamHi mpoayktu. Ha mepmomy erami  aBTOpHM
OLIIHIOIOThH aJIbTEPHATHUBY 332 HU3KOIO KPHUTEPIiB (BUTpATH,
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gac TmocTadaHHs abo po3poOKH, TOKAa3HUKH SKOCTI,
HaJIHHICTh, MOXIIMBICTb IIOBTOPHOTO BHKOPUCTAHHS,
CYMICHICTP MIDK KOMIOHEHTaMH) i3 BHUKOPHUCTAHHSIM
metoxy TOPSIS, y pe3ynbTaTi 90r0 KO)KHOMY KOMIOHEHTY
HA/Ia€ThCA y3arajJbHEHa YHCIIOBa OIiHKa mpuaaTtHocTi. Ha
apyromy  etami  OynoyeTbes — OaraTokpuTepianbHa
ONTUMI3aIliiiHa MOJICITh, IKa OJJHOYACHO BHUPIIIIYE, SKi came
KOMITOHEHTH 00paTH AJIsl KO>KHOTO 3aCTOCYHKY Ta B SIKHUX
BHIIA/IKAX JOIIBHIIIE MPUI0ATH TOTOBE PIllICHHS, & B SIKHX
— pOo3po0JATH KOMITOHEHT camocrtiiino. Lim wmopmeni
MOJIATAIOTh Y MiJBUIIEHHI 3arajibHOT SIKOCTI CUCTEMH Ta
3HIKCHHI BUTpPaT 1 TPHUBAJIOCTI BIPOBAaPKEHHSI 3a
HasBHOCTI OOMeXeHb Ha HaZiifHICTB, CYMICHICT i
MIOBTOPHE BHUKOPHUCTAHHA KOMIIOHEHTIB. J[J1 y3romKeHHs
MPIOPUTETIB MK MU LIJIIMH 3aCTOCOBYETHCS HEUITKUH
IHTepaKTUBHUN MiAXiAg: ocoli, Mo mpuiiMae pilIeHHs,
MIPONIOHYIOTECSL BapiaHTH pIMIeHb i3 PI3HUM CTyIEHEM
3aJI0OBOJICHHS 3a BUTPATaMM, 4acOM 1 SKICTIO, MIiCIS 4OTO
0o0OupaeThCcs NPUHHATHUI KOMIIPOMIC.

Pobotra [13] mnpomonye minxim g0 BHOOpY
nporpamaux komnoHeHTiB (COTS) Ha ocHOBI MeTOqUKH
JIOKAQ30BOTO MIpKYBaHHs, sKa CIHPAETbCS HAa TEOPIiro
nokaziB [lemmncrepa—Illedepa. ABTop dopmye iepapxiro
KpHUTEPIiB AKOCTiI (3PYUHICTH, MPOMYKTUBHICTH, Oe3leka,
CYMICHICTh TOIIO) 1 3a[a€ OLIHKNA KOMIIOHCHTIB Y BHUIJIAIL
JHTBICTUYHUX PiBHIB i3 HEBH3HAYCHICTIO. Teopis moka3iB
BHKOPUCTOBYETHCS JJIsI TOTO, IMOO KOXKHA OIiHKa (3
HEBU3HAUCHICTIO) cCTaja JOKAa30M JUIi pIiBHA SIKOCTI
KoMHoHeHTa. Li OIiHKH epeTBOPIOIOThCS Ha HMOBIpHICHI
MacH, arperyloTbesi MO BCil iepapxii, Imicias 4oro mjis
KO)KHOTO ~ KOMIIOHEHTY  OOYHCIIOETBCS  OYiKyBaHa
KOPUCHICTb Ta  IHTepBaJll  BHEBHeHocTi.  Jlokaszu
KOMOIHYIOTBCSl 3a y3araJlbHeHHM mpaBuioMm Jlemrcrepa
(ER-rule), sixe GasyeTbcsi Ha OPTOTOHAJBHIN Cymi Mac i
BPAaxXOBY€ Baru KpUTEPiiB.

PoGora [14] mnpomoHye WiMOYHCENBHY JiHIHHY
MOJIENb IS 3a[1a9i CKOPOUYCHHS TPUBAIOCTI POOIT IUITXOM
JNOJATKOBUX pecypciB y mpoekti B CPM-mepexi, ska
OJTHOYACHO BpAaxXOBY€ 4ac, BapTICTh, SKICTh 1 PH3UK.
ABTOpH IHTETPYIOTh Y IUIFOBY (YHKIIFO: MPSIMi BUTPATH
Ha CKOPOYECHHS pPOOIT, BUTPATU HA 3a0E3MCUCHHS SIKOCTI,
BUTpaTH uepe3 Ne(eKTH, OUiKyBaHi BUTPATH BiJl PU3UKIB.
LinboBa (GyHKIS MiHIMI3Y€ CYKYITHY BapTiCTh MPOEKTY, &
KIHIEBUH CTPOK BHMKOHaHHS 3aJla€ThCs SIK JKOPCTKE
obmexenHs. Ha npuxnani HeBenukoi CPM-citku aBropu
MOKa3yI0Th, IO MOJIENb JTO3BOJISIE 3HAUTH TaKW BapiaHT
CKOpOYEHHs pOOIT 1 3aX0AiB 3 SKOCTI, KUK 3a0e3neuye
BUKOHAHHS NPOEKTY B 33JlaHUH TEPMIiH NPHU MIHIMAJIBHUX
CyMapHHX BHUTpaTax 3 ypaxyBaHHSIM PH3HKIB.

KnacwyHi migxomu [0 YHOPaBIiHHSA HPOEKTaAMHU
OIMCYIOTh HPOEKT Yepe3 TPU KIIFOUOBI OOMEXKEHHsS: dac,
BapTICTh Ta AKICTh. Y OUIBIIOCTI Keper Iii 0OMeXeHHS
pO3TIIANAIOTECS SIK B3a€EMOIIOB’sI3aHI 3MiHHI, JIe¢ 3MiHa
OJIHOTO MapaMeTpa HEMUHYYe BIUTMBAE HA 1HIII. 3 4acoM IIst
MO/JIeNIb €BOJIIOLIIOHY€E i1 JJOMOBHIOETHCS I0JaTKOBUMH
kputepistmu [15], 30kpema pu3UKaMH Ta CTPATETiYHHMHU
BHTOJIaMH, IO BimoOpakae Tmepexil Bil BY3bKOTO
PO3YMIHHS «ycHmixy 3a rpadikoM 1 OroKeToM» 10
opi€HTallil HA IOCSTHEHHS PE3YJIbTaTiB 1 JOBTOCTPOKOBOTO
edexTy A opraHizarii.

Y pobori [16] chopMynbOBaHO KOHIIETIIIIIO TTipaMiIn
YOPaBIiHHA MPOEKTOM, Yy MeEXax KOl  IPOEKT
XapakTepU3yloTh HE JIMIIE KIACHYHOIO TPiafoo «dac—
BapTICTh—AKICTE», a CYKYITHICTIO B3a€MOIIOB’SI3aHUX
BHUMIpiB: 3MICTOM, YacOM peaii3amii, BapTiCTIO, SKICTIO
MIPOAYKTY, PH3UKAMH Ta IIHHICTIO (€(eKTaM1) pe3yIbTaTiB
npoekty. LliHHICT TpakTyeTbcs SK OaraToBUMipHa
XapaKTEepUCTHUKA, 110 MOXKE OI[IHIOBATHCS €KOHOMIYHHMH,
COIIaIbHO-TIOTITHIHUMH, €KOJIOTTYHUMH,
TEXHOJIOTIYHAMU e(hEeKTaMHU.

Y cdepi mnporpamuoi imkeHepii i imei Oynm
KOHKpeTH30BaHi B poborax b. boema, y skux 3akmaneHo
3acaili eKOHOMIKM TMporpamHOi imkeHepii. Y ioro
MoHorpadii «ExoHOMika mporpaMHoi imkeHepii» [17]
TPYAOMICTKICTB, BAPTICTh, AKICTB 1 PH3UKH PO3TIIIAIOTHCS
K KJIIOYOBI 3MIiHHI, 10 BH3HAYAIOTh JIOIIJIBHICTE 1
VCHIIIHICTG ~ MPOTpAaMHHUX  MPOEKTIB, a  3aBIaHHSA
OLIIHIOBAHHS 3yCWJIb, BUOOPY albTEPHATUB 1 MOPIBHSIHHS
CleHapiiB  mpsMo  (GOPMYIIOIOTBCSL K MPOoOIeMHU
OaraToKpUTEpiaabHOI ONTHMI3aIlii.

[MapanensHO 3 €KOHOMIYHUMH MOJIEISIMH Ba)KJIMBE
MICIIC TOCia€ MOHATTS SKOCTi. MiKHAPOIHUI CTaHIApPT
ISO 9000 Bu3HAYa€e SKICTh SK «CTYIiHb, JO SKOTO
CYKyNHICTb  BJIaCTUBHX  XapakTEPHCTHK  00’€KTa
3aJ0BOJILHSIE CIIO)KMBayay, 10 T AKPECITIOE i
OaraToBUMIpHUI 1 BIIHOCHWI XapakTep: SKICTh 3aBXKIU
PO3TISIIAETHCS Y 3B’ 3Ky 3 HAOOpOM OYiKyBaHB i MOTped
3amikaBiIeHuX cTopiH [18, 19].

[Ile omuH cucTeMHUH OJOK KPHUTEPiiB y Cy4acHHX
MOJETISIX ~ CTaHOBISTH  PHU3UKU. Y  NPOEKTHOMY
MEHEKMEHTI Ta 1HBECTHIIHHOMY aHAaJI31 JAeqasi MupIie
3aCTOCOBYIOTHCS OaraTOKpUTEPiaabHI METOIU OIIHIOBAHHS
PHU3UKY, B SKAX IMOBIPHOCTI HACTAHHS MOJIH, MOMIJIHBI
30MTKH, Yy TJIUBICTh MPOEKTY JI0 3MiH CEpPEJOBHILA Ta 1HIII
(dakTOopu TOEOHYIOThCS B  IHTETPalbHI OKA3HHUKH
«PU3MKOBAHOCT» OKPEMHX CLEHapiiB abo aJbTepHaTHB
[20].

Oxpemuii 6JI0K CydacHHX JOCIIIKEHb ITOB’ sI3aHAN 13
TEXHOJIOTIYHOIO OI[IHKO0 Ta BHOOPOM TEXHOJOTIH, me
KpuTepii TpymyloTb Ine © 3a BHUIOJaMH, piBHEM
IHHOBAI[IHHOCTI, TEXHOJOTIYHOK e(EeKTUBHICTIO Ta
BIUIMBOM Ha 3aIfikaBiieHi croponu [21].

TakuM 4YMHOM, NPOBEACHWH aHaNi3 JITEpaTypH
3aCBiquUye€, 110 BHOKPEMJICHHS IHTErPalbHUX MOKA3HHKIB

TPYIOMICTKOCTi, ~ BUTpar,  SKOCTi,  PHU3UKIB  Ta
TEXHOJIOTIYHOTO e(eKTy Yy3rOo/DKYeThCsS 3 KIHOUYOBUMH
HampsiMaMH ~ PO3BHTKY  IIPOEKTHOTO  MEHEKMEHTY,

€KOHOMIKH pOrpaMHoi iHXkeHepii Ta OaraTokpuTepiaabHOT
OLIIHKM TexHoJoriiH. BoxHowac y OUIBIIOCTI BHABIEHUX
JIOCJTIJPKEHB IETAJIBHO ONPAllbOBAHO JIMIIE OJIMH abo JBa 3
HepeniueHuX TOKa3HWKIB, TOII SK JUIl KOMIUIEKCHO]
MIATPUMKY TPUHHATTS PIMIEHb JOLUIBHAM € OJHOYacHE

BpaxyBaHHS BCIX II'ATH TOKAa3HHUKIB Ta  iXHIX
B3a€MO3B’s13KiB. (OcCOOIMBO TMOKAa30BUM € Te, IO
IHTeTpaJbHUNA  TOKa3HHUK  TEXHOJOTIYHOTO  e(eKTy

¢dakTnuHO He (OopMyeThCS SK CaMOCTIHHHHM 00’€KT
aHami3y: y HassBHUX poOOTaX PO3TISAAA0THCS JIUIIIE OKPEeMi
Horo cxaioBi, (hparMeHTapHO Ta 3aJIEKHO BiJl KOHTEKCTY
JIOCIHIJKeHHs. BusBiIeHWH pO3pHB MK TEOPETHYHHMH
migxojamMu Ta HpakTHYHUMH rmotpebamu IT-mpoexTis
MOTHBY€E TNOAAIBIINN BUKJIAJ: HACTYIHI PO3AIIM CTaTTi
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(hopMamizyIoTh CHCTEMY KPHUTEPIiB IsT BUOOPY CTOPOHHIX
IHCTpYMEHTIiB  PO3pOOKHM Ta MPOMOHYIOTH  MOJENb
IHTETpaTbHNX TIOKA3HHKIB, CIIEIiaIbHO aJanTOBaHy [0
cnenudiku cygacHux [T-mpoekTiB.

Merta crarTi. Meroro € iHTerpamisi THOKa3HHKIB
TPYZOMICTKOCTi, =~ BHTpaT,  SKOCTi, = PHU3UKIB  Ta
TEXHOJIOTIYHOr0 e(eKTy B €IMHYy MOJIEIb BHOOPY
CTOPOHHIX IHCTPYMEHTIB PO3pOOKHU IIIAXOM (opMaitizarii
miel 3amadi K OaraTOKpUTEpialbHOI ONTHUMI3AIHOT 3
YiTKO  BU3HAYCHUMH  IUIBOBUMH  (YHKI[sIMH  Ta
00OMEXKEHHSIMH, LIO J]a€ 3MOTY YCYHYTH HasiBHY POTaIHHY
B il cdepi.

BignoBigHicTh cHcTeMaTH30BaHMX  KpHTepiiB
iHCTpYMeHTy HinsM ouiHIOBaHHS e(eKTHBHOCTI Horo
BNPOBAUKEHHSI Y TMPOEKT. 3 METOI CIPOIICHHS

MONAJbIIOTO  MojemoBaHHS 44  kpurepii BHOOPY
IHCTPYMEHTY 3TPYHOBaHO Yy IU'STh  IHTETPaJbHHUX
MTOKA3HMKIB, 110 BiZOOpakalOTh OCHOBHI IIiJIi OIiHIOBaHHS
e(eKTHBHOCTI Horo BmpoBamkeHHI B IT-mpoekr:
TPYAOMICTKICTB, ~ BHTpaTH,  fKICTh, pPH3HKIB  Ta
TEXHOJIOTIYHUH e(eKT.

Tabmuus 1  BigoOpaxkae  BIANOBIAHICTH — MiX

TEXHIYHUMHU KPUTEPISIMU IHCTPYMEHTY Ta IHTErpajJbHUMHU
MOKa3HUKAaMH, SIKI XapaKTepU3yHTh OCHOBHI HaIpsIMH
OIIIHIOBAaHHS C(QEKTHBHOCTI WOro BmpoBajpkeHHs. [lo
BEPTHKaJl HABEIEHO TEXHIYHI KpHUTepii IHCTPYMEHTY, MO
TOPHM30HTAJI — IHTETpaIbHI TOKA3HUKH.

Tabmuug 2 — BIANOBIOHICTE MIK JIFOACHBKUMH
KPHUTEPisIMH Ta IHTETpaIbHIMH ITOKa3HUKaMu. Taomums 3 —
BIINOBITHICTE MiXK EKOHOMIYHHMH KpHUTEPisIMA Ta
IHTerpaJIbHUMH IOKa3HUKaMH.

Tabmuus 1 — BinmoBiHICTE TEXHIYHUX KPUTEPIiiB IHCTPYMEHTY LIISIM OLIHIOBaHHS e()eKTHBHOCTI HOT0 BIIPOBA/DKEHHS y IIPOEKT

TpynomicTkicTh

TexHomoriynmi

Puzuku
edekT

Butparu | Skicte

3py4HICTH BUKOPUCTAHHS

v

<

PiBeHBb TOCKOHANIOCTI TOKyMEHTAIIi{

BigmosignicTs GyHKIIOHATY LM Ta 3aBIAHHIM IIPOEKTY

TecroBaHICTh

3pinicTh Ta CTabLIBHICT

YacroTa BUITyCKiB

CyMICHICTb 3 IHIIMMH iHCTPyMEHTaMHU

BifnoBinHiCTh apXiTeKTypi MPOEKTY

YR YEAYRYENA YA

Kpocmrardopmenicts

AU N I N I N NN I N B N IR N

LI NI N IR N IR N

HeuiTke BU3HAYCHHS MEX iHTErpailii iHCTpyMEHTY 1 3ajad,
KOTpi BiH BHpIIIy€

<

Po3smip iHCTpyMeHTY

SIKicTh rapaHTIHHOTO Ta MiCIs TapaHTIHOTO cepBicy

<

AKTHBHICTB M ITPAMKH

A I O I O B N A O I O B N N O N I NI RN

[Tnan po3BUTKY Ta cTpaTeriuyne 6aueHHs

<

BinmoBifHICTh HOBH3HH IHCTPYMEHTY PIBHIO iIHHOBALHOCTI
1isielt Ta 3aBAaHb MPOEKTY

IIponykruBHICTH

PiBenn Oesnexu

CriiikicTb 10 300iB

A S N N N IR SR N
A N N A N I N R N
<
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Tabmuus 2 — BignoBiHICTh TIOACHKUX KPUTEPIiB IHCTPYMEHTY UM OLIHIOBaHHS e()eKTHBHOCTI HOT0 BIIPOBAKEHHS Y IPOEKT

Tpynowmictkicte | Burparu | fAxicte | Pusukn Texnonorivrmii
edekt
JIOCBi/l BUKOPUCTAHHS v v v
3HaHHA Ta CIPUNHATTA v v v
Bpaxk 3anikaBneHocTi CiBpOOITHUKIB y TIPOEKTI v v v
3roxa 3 BHOOPOM v v
MoxuBICT 3HAUTH (DaXiBINB IS MiATPUMKH iHCTPYMECHTY v v v v
CKJIa[HICTh BUBUYCHHS v v v
KOMIIETEHTHICTh KOMaHTH v v v v
Peiitunr po3pobHuKa v v v
oy napHicTs v v v
BigmoBigHicTh KOPHOPAaTHBHIN KyJIBTYpi T MONITHII v

Tabmuus 3 — BinmmoBiHICTE €KOHOMIYHHUX KPUTEPIiiB iHCTPYMEHTY LUISIM OLIHIOBaHHS e()eKTHBHOCTI HOTO BIIPOBaPKEHHS y

MIPOEKT

TpyzmomicTKicTh

Butparu

SIkicTn

Puznku

TexHoMOr YHUI
edekT

HepeanicTuaHicTs BCTAHOBIICHUX TEPMiHIB BIPOBAKEHHS

v

v

HeoOximHuii yac Ha BIPOBAKCHHS

v

Burpaty Ha BUKOpUCTaHHS Ta IHTErpawito

Burparu Ha mineH3ito U1 BOIOAIHHS

3py4HICTh yMOB NpUAGaHHS

IlepeBuieHHST MPOEKTHUX
O10KEeTOM

BUTpaT HaJ 3allJlaHOBaHUM

Heswurigaunit npodine rponroBoro NoToxKy

IToTpiOHi iHBECTHILIT TEPEBUIIYIOTH O4iKyBaHHUH MPUOYTOK

Burona BiJ BUKOPHCTaHHSI
(SIKIIIO MOYKITMBO OLIIHHUTH, TO — IOXiJ] Bi/I BAKOPHCTAHHS)

PosnoBcromkeHicTs IHCTpyMEHTY

[TignpremctBa (oprauisarii) po3poOHHKa IHCTPYMEHTY

A U U I N O N N I N B N SR I N IR N

IMiK iHCTpYMEHTY

IIpuBaGMUBiCTH AT CIIOKHUBAYIB

LI NI N IR SRR N

Kpaiuy moxomkeHHs iHCTpyMEHTY

BincyTHicTh cxBaneHHs QiHaHCyBaHHS 3 OOKY Kili€HTa

AR EAYEAYEAYAYEAYEANENA
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HinboBi ¢ynkmii. ¥ moxeni BHOOPY IHCTPyMEHTY
PO3pOOKH KpHUTEPii 3rpymnoBaHi y I’ sITh MIIbOBUX (QYHKIIIH,
KOXKHa 3 SIKMX BimoOpakae OKpeMHi BHMIp HPUHHATTA
pitens. [IpumycTHMO po3riIsiAaloThes L IHCTPYMEHTIB, | =
1n.

TpynOMICTKICTB — i€ CYKYITHICTB JIIOJICBKUX PECYPCiB
1 3ycmIIb, HEOOXITHUX Ul OCBOEHHS, iHTErpauii/mirparii,
HaJalITyBaHHS,  JIOKYMEHTYBaHHS,  HaBYaHHSI  Ta
MOJAJBIIOr0  BHKOPUCTAHHS  IHCTpyMEHTy.  Bonu
BKJIIOYaroTh o0csr uacy poboru. Ha TpymomicTkicTh
BIUTUBAIOTh YHHHUKY (AUB. Ta0J. 1 Ta 2), 1110 BU3HAYAIOTh
IIBUIIKICT 1 €(eKTUBHICTh ajanTarii: piBeHb JOCBioy Ta
pO3MOAiNT KOMIIETEHINIH y KoMaHAi, morpeba ¥ obcsar
HaBYaHHS, SKICTb 1 JOCTYITHICTD JOKYMEHTAIIil/TIPUKIaiB,
a TaKOX CKJIAIHICTh BUBUEHHS Ta iHTErparii iHcTpyMeHTy
B HasABHY apxXiTeKTypy. Barommmu € # opranizamiifHO-
colllaabHl YMHHMKH: TOTOBHICTH 1 MOTHBAI[iS KOMAaHJIH,
MOTO/KEHICTh 3MiH, pealiCTUYHICTh CTPOKIB 1 IOCTYIHICTh
pecypciB. Cepenl TeXHIYHHX YHHHUKIB — 3pLTCTh 1
CTaOlIBHICTh 1HCTPYMEHTY, 3pyuHicTe APl Ta Habopis
NPOTrpaMHUX IHCTPYMEHTIB, CYMICHICTh 1 HasBHICTb
iHTerpauii, MOXJIMBOCTI aBTOMaTH3allii, a TaKoX HOTro
PO3MIp 1 3pyUHICTB MOBCSKICHHOTO BUKOPHCTAHHS.

TpynoMICTKICTh AJisl IHCTPYMEHTY j TOPIBHIOE:

s
E; = Zizjl(Eedu,ij + Eimprij + Ederia) + Euse,j (1)

ne m; — KilbKicThb 0Ci0, 3aly4eHHX [0 Hpouecy
BIIPOBAKCHHS IHCTPYMEHTY

Eequ,ij — TPYMOMICTKICTB U1 OCOOM i Ha OCBOCHHS
IHCTPYMEHTY j: BUBYCHHS IPUHIMIIB HOro BUKOPUCTAaHHS,
aHaJli3 TOKyMEHTaIlii, JOCIHIiTHUIEKI aKTUBHOCTI, TIOB’s13aHi1
3 THM, SK caMe IHCTPYMEHT Mae OyTH IHTETpOBaHHU Y
MIPOEKT;

Eimpiij TPYJAOMICTKICTE JJIsi 0ocobu [ Ha
BIIPOBAPKCHHS 1HCTPYMEHTY j B TIPOEKT: IHTErpamis B
KOIOBY 0a3y, HanmamTyBaHHs cepenosuil, CI/CD, mirpartis
KOH(]irypariiif Tomio;

Ege1ia— TPYAOMICTKICTE A7 0COOM i Ha BUJAJIEHHS
ICHYIOYOrO0  IHCTPYMEHTY d, 1mo  3aMIiHIETHCS
IHCTPYMEHTOM J;

Eyse,j — IHTErpaibHa TPYJIOMICTKICTh MOJANIbIIOTO
BUKOPHCTAHHS IHCTPYMEHTY j Y THIIOBHX HOBCSKIECHHHX
ab0 MepioAMYHMX IMOBTOPIOBAHMX 3aBAAHHAX Yy TMpoleci
pO3pOOKM  TPOAYKTY Micis HOro  BIPOBAKEHHS,
poO3paxoBaHa JUIsl TUIIOBOTO IIUKILY PO3POOKH, IPHHHATOTO
SIK TIEPi0J1 OLIHIOBAHHSI.

[lepma wnineoBa QyHKWiS ONKMCye MiHIMi3aLio

TPYIAOMICTKOCTI,  TOB’S3aHOi 13 BIPOBAKCHHSIM
IHCTPYMEHTY, 1 Ma€ BUTJISL:
X7-1 Ejx; > min (2)
X

]
ne x; — OimapHa 3MiHHa, MO BimoOpaxae BHOIp
incrpymenty, x;€{0,1}.
SIKIIO MPOEKT BHMarae BUOOpPY JIHIE OJHOTO

IHCTpyMEHTY 3 MHOXHHHM JOCTYIHHX, JOJAETHCS
0OMEXEHHS:

n

j=1

s BpaxyBaHHA OOMEKEHHS YaCOBUX PECYpCiB
KOMaHIM, K¢ BH3HA4Ya€ 0OCAT IIOJACHKUX PECYpCiB,
JOOCTYIIHHX Ul BIPOBAJDKCHHS IHCTPYMEHTY, BBOAUTHCS
yMOBa:

7=1 ij] S Emax1 (3)

ne Epqy — MakcuMallbHa TPYIOMICTKICTB, 3 SKOIO
3MOXE BIOPAaTHCS KOMaHAa, TOOTO CyKymHHH o0car
YaCOBUX PECypciB KOMaHIH, SIKMA Moke OyTH BUIITICHUN
Ha BIPOBA/UKEHHS IHCTPYMEHTY 0e3 NepeBUIICHHS
MOXITMBOCTEH KOMaH/IH.

Butpatu -~ me  cykymHicTh  (iHaHCOBHX 1
MarepiabHUX pecypciB, HEOOXiOHWUX sl NpUAOaHHS,
BIPOBADKEHHS Ta IMOJNAIBINOI MiITPUMKH IHCTPYMEHTY.
Bonn oxormirooTs npuadaHHs JTiIeH31i/MiIIMICKA, OIUIaTy
3a HaBYaHHS BUKOPHCTAHHIO, OIUIATY KOHCYJBTAI Ta
HOCIYT MOCTaYalbHUKA IHCTPYMEHTY, OIUIATy Ipali MpH
BIPOBADKEHHI IHCTpyMeHTY. Ha BUTpaTH BIUTHBAIOTH TaKi
YHHHUKH: OFOJDKETHI OOMEXEHHS, PH3HMK IEPECBUILCHHS
3aIUTAHOBAHWX BHUTPAT, MPOQUIL TPOMIOBUX TMOTOKIB i
CHIBBIJHOIICHHS OYiKYBaHHUX IHBECTHIIIA Ta BWTIA BiJ
BHUKOPUCTAHHS, yMOBHU npuaOaHHs, 3pLIiCTh
MOCTa4aJbHUKA, AOCTYMHICTh (haxiBUiB AJS MiATPUMKH,
BAJIOTHI PU3UKH, a TAaKOX MNOTCHINHHUN EKOHOMIYHUI
edexT abo J0Xij BiJ 3aCTOCYBaHHS IHCTPYMEHTY.

Butpatn Ha omiaty mnpami npd  BIPOBaKCHHI
IHCTPYMEHTY j BU3HAYaIOThCS SIK:

m
Cwj = 2,21 (Beanis + Eimprij + Edetia) Ti 4

Jie I'; — TIOTOJHHA CTaBKa 0COOH i, sika Oepe y4acTb y
BIIPOBAKCHHI IHCTPYMEHTY.
Butpatn Ha mnpunbaHHA NpaB Ha BUKOPUCTAHHS

IHCTDYMEHTY j KOMAaHIOK  pO3pOOKH  BHKOHABIIS
BU3HAYAETHCA K Cgey -
Burpatn 3amoBHMKa Ha JineHs3ii abo Tpasa

KOPHUCTYBaHHSI IHCTPYMEHTOM j IIPOTSIrOM Tiepioay t poKiB
BU3HAYAEThCA K Cpypoq ;-

Butpatn npu  ekcrutyartamii  IHCTpyMEHTY Y
3aMOBHHMKA HPOTSATOM Iepiofy t POKiB BH3HAYAETHCS SK
Cuse, j*

CyMapHi BUTpaTH Ha BIIPOBA/PKEHHSI IHCTPYMEHTY j
CTaHOBJIATH!

Cj = ij + Cdev,j + Cprod,j + Cuse,j (5)

Hpyra uinboBa ¢yHKUis UIs MiHiMi3anii BUTpar,
OB’ sI3aHUX 13 BIPOBA/KEHHSIM IHCTPYMEHTY, Ma€ BHUIJISIL.

2jt1 Gjxj » min (6)
X
Jus  3amoOiraHHsS — NEPEeBHIICHHIO  OIOKETY
BBOJIUTHCS] OOMEKCHHS:
n
j:1(ij + Cdev,j)xj =< Cmax,int (7)

A€ Cigxint — MAaKCHUMAJBHO JIOIMYCTHMIi CyKYyIHi
BUTPATH Ha BIIPOBA/UKEHHS IHCTPYMEHTY.

Z?:l(cprod,j + Cuse,j)xj = Cmax,use (8)

ne Cpaxuse — MAKCUMalIbHO JOMYCTHMi CyKyTHi
BHUTPATH Ha €KCIUTyaTaIlil0 iHCTPYMEHTY.

Bicnux Hayionanvnoco mexniunozo ynisepcumemy « XI11Iy.
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Ilix SKICTIO CTOPOHHBOTO IHCTPYMEHTY OyaemMo
PO3YMITH IOXiTHY BiJ] 3aTaJIbHOTO BU3HAUYEHHS sSKOCTi [21].
SIKiCTh CTOPOHHBOTO IHCTPYMEHTY — Iie¢ HOro 3[aTHICTh
3aJOBONIGHATH KOMAaHOM pPO3POOKM Ta 3aMOBHHKIB
HPOIYKTY HPOEKTY.

SIKicTh 1HCTPYMEHTY OXOIUTIOE SK TEXHI4Hi, TaK 1
OpraHi3aniiHO-JTI0ICHKI IMOKa3HUKHU SIKOCTI, 110
BIUIMBAIOTh Ha €(EKTHBHICTb HOTr0 BUKOPHUCTAHHS Y
npoekTi (auB. Tabm. 1 — 3).

TakuM 4YMHOM, SIKICTH IHCTPYMEHTY BH3Ha4ae Horo
TEXHIYHY JOCKOHAJICTh, 3pYy4YHICTh eKcIulyaramii Ta
3pUTICTE  AK TPOOYKTY, IO BHKOPHUCTOBYETHCA
HPOrPaMHOMY CEPEIOBHILI IIPOEKTY.

SIKiCTh IHCTPYMEHTY j OLIHIOETHCS SIK 3Ba)KEHa cyma
HOTO MOKa3HUKIB SIKOCTI:

Q; = Z;Sc];l Wijqkj 9)

ne  s;p - KIIBKICTG  ITOKA3HHUKIB  SKOCTI,
BUKOPHCTOBYIOTBCS IJISl OLIIHKH IHCTPYMEHTY] .

Wy j — BaroBui KOeQillieHT i TOKa3HUKa AKOCTi Kk
IHCTpYMeEHTY j.

(xj — TIOKa3HHUK AKOCTi kK iHCTPYMEHTY j.

110

Tpets miboBa (GyHKITIS, IO BiAMOBI A€ MaKCHMi3arlil
SIKOCT1 IHCTPYMEHTY, Ma€ BUTIISA:

i1 Qjxj - nggx (10)

Pusukn — me CykymHICTh HEBH3HAueHOCTEH 1
MOTEHIIHUX BPa3INBOCTEH, OB’ SI3aHUX i3
BUKOPDHUCTaHHSIM IHCTPYMEHTY IPOTATOM YCBhOTO HOTO
JKUTTEBOTO LUKIY. BOHHM OXOIUTIOIOTH TEXHIYHI YHHHUKH
(piBeHp Oesmekw, CTIHKICTH 10 300iB, CTaOUTBHICTE i
4acTOTa BHITYCKiB), OpTaHi3aliifiHi acrieKTH (y3roKeHiCTh
i3 KOpPIOPATHBHOIO KyJNbTYypOIO, MIATPHUMKY 3 OOKy
pO3poOHMKA UM  CHIJIBHOTH, MOXIIMBICTH  3HAWTH
kBanmiikoBaHuX (axiBLiB, pEATICTUYHICTH TEPMIiHIB
BIIPOBAJKEHH), @ TAKOX €KOHOMIYHI Ta 30BHIIIHI YMOBH
(pu3UK TepeBHIIEHHS OOKETy, HEBUTAHUE Npodinb
I'POLIOBHX IOTOKIB, 3aJIEKHICTh BiJ| KOHKPETHOI KpaiHU 4u
KOMIIaHIi-IOCTaYaJIbHUKA, BIJACYTHICTh (hiHAHCYBaHHS 3
Ooky kiieHTa). TakuM UYMHOM, PU3UKH BiJOOpaKarOTh
IMOBIPHICTh TOTO, IO IHCTPYMEHT CTaHE JKEPEIoM
npobaeM 4u 0OMEXeHb Y CepelHbO- Ta JTOBrOCTPOKOBIH
MepCIeKTHBI (AUB. Ta0MI. 4).

Tabnums 4 — BusHaueHHs1 pH3HKiB

JI1s KOMaHIi pO3pOOHUKA

st 3aMoBHUKA

TIpumycTumMo JuIst iIHCTPYMEHTY j BHSIBIICHO ., PU3HKOBHX IO,
k =1 y ldev-

Hacrigkn pu3ukoBoi mofii k, OIiHIOETECS K Ogey k-
VIMOBipHICTE PU3HKOBOT NMOJIT K OLIHIOETHCS K Doy k-

TakuM 9MHOM, PU3HK JUIs KOMaHAN PO3POOHNKA TOPIBHIOBATHME

11)

— lgev
Rdev,j - Zk=1 Odev,k * pdev,k-

[lpumycTuMo 171l iHCTPYMEHTY j BUSBICHO lyroq PH3MKOBHX

noxiit, k = 1,14,

Hacnigxu pusuKoBoi 01 k OLIHIOETBCA AK Oprod k-
VIMOBIpHICTb pU3MKOBOT MOiT K OMIHIOETLCS K Ppyrod k-
TakuM YMHOM, PU3MK Y 3aMOBHHKA JJOPIBHIOBATUME

l
_ prod
Rprod,j - Zk=1 Oprod,k * pprod,k- (12)

YerBepra HiIbOBa  (YHKIliSA, 1[I0  BiAMOBigae
MiHIMI3aIli1 pU3KKIB BiJ BIPOBA/HKECHHS IHCTPYMEHTY, Ma€
BHTIIS;

n :

Zj:l(Rdev,j + Rprod,j)xj - H)lcl'n (13)
j

Texnonoriuamii edekr (muB. Tabm. 5S5) — 1e

CTpaTeriyHa [iHHICTh IHCTPYMEHTY, IO BUXOAHTH 32 MEXKI

HOTO JIOKJIBHOTO (DYHKIIIOHAJIBHOTO 3acTOCyBaHHA. BiH

BKJIIOYa€  3JIaTHICTh  IHCTPYMEHTY  3a0e3leuyBaTH

IHHOBALIIHHICTh, KPOCIUIAT(QOPMEHICTh, CYMICHICTh 13
IHIIUMHU CHCTEMaMH, BiJIIIOBIIHICTh apXITEKTYPi IPOEKTY 1
JIOBFOCTPOKOBUM  IIUIIM ~ PO3BUTKY  Oprasizaumii, Ta
BIJIMIOBIJIHICTh TPEHIAM TEXHOJIOTIYHOTO PO3BUTKY raiysi.
Jo 1poro HampsiMy Halie)KaTh TaKOX IUIaH PO3BUTKY i
cTpaTeriyne  Oa4yeHHA  I[OCTaYalbHHKA, AKTUBHICTBH
MATPUMKH Ta pemyTallis po3poOHuKa. Baxumsumu € i
«M’SIKi» YHHHHUKH: TOMYJSIPHICTH, MUK 1HCTPYMEHTY,
HOr0 TOIMPEHICTh HA PHUHKY Ta NPUBAOIMBICTD IS
CHUTFHOTH ¥ KiHIIEBUX KOPUCTYBAYiB.

Tabnuus 5 — BuzHaueHHsT TEXHOJIOTIYHOTO eeKTy

JIist KoMaH 1 pO3pOOHHUKA

JI71s1 3aMOBHHKA

Hexali myst iHCTPYMEHTY j BHSBIEHO Tgep,j TEXHONOTIYHHX
e(eKTiB, MO OYIKYIOThCS TMCIS BIPOBAKEHHS, h = 1, Tgey
bgey,nj — BaroBuit KoeiieHT A epekTy h BiJ iHCTPYMEHTY j,
T gev,nj — OIIHKA €DEKTY h BiJl iHCTPYMEHTY j.

TakuM 9MHOM, TEXHOJIOTTYHHUHN e(heKT A1 KOMAaHI! PO3POOHHKA
JIOpIBHIOBAaTHME

Hexali s iHCTPYMEHTY j BUSBIEHO Tproq,j TEXHOIOTIYHHX
€(eKTiB, MO OYiKYIOTHCS MiCIIsS BIPOBAKEHHS, h = 1, Tproq,
bproanj — BaroBuii koedimieHT a1 epekTy A Bijt iIHCTpyMeEHTY J,
Tprod,hj — OUIHKa €eKTy h BifT iHCTPYMEHTY j.

TakuM 4HHOM, TEXHOJOTIYHUN e(eKT I KOMaHIu PO3POOHUKA
JIOPiBHIOBATHME

_ ldev,j _ \tprodj
Tdev,j - Zh:l bdev,hj X T[dev,hj (14) Tprod,j — 4p=1 bprod,hj X T[prod,hj (15)
CymapHHUH TEXHONOTIYHMH e(eKT i1HCTpyMeHTy [’sita mimpoBa GyHKUIS IS BHOOPY 1HCTPYMEHTY 3
BHU3HAYAETHCS AK: ypaxyBaHHSIM TEXHOJIOTTYHOTO €EeKTy Ma€ BUIJISIA:
— n
Tj - Tdev,j + Tprod,j (16) j=1(Tdev,j + Tprod,j) X xj - n;lcax (17)
j
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Jdns pos3w’s3aHHS  3amadi  BHOOpPY IHCTPYMEHTY
pO3pobOKH MPOTIOHY€THCS BUKOPHCTATH METO/
OararokputepianpHoro anamizy TOPSIS [6], sxwii
3abe3nedye THY4YKY Ipoueaypy BHU3HAYCHHS
aNbTEPHATHBH, «HAWOMMK4I0i MO imeamy», 3a Hamepen
3aJaHUM KOpHCTyBaueM HaOopoM KkpurepiiB. Ilicis
HOpMalizalii BHXITHMUX HaHWX METOX € KpHUTEepiaJbHO
HE3aJIC)KHUM, TOOTO HE 3aJeXUTh BII  OJUHHID
BUMIPIOBaHHS Ta IIKaJl OI[IHIOBaHHS.

IIpore 3actocyBanHs kiacuuHoro merony TOPSIS
Jla€ 3MOTY JIMIIE PaH)XyBaTH ajJbTEPHATUBH 32 CYKYITHICTIO
KpUTEpiiB, MOBHICTIO ITHOPYIOYM HasBHI OOMEKECHHS.
IHakmme kaxky4yw, MeTon mependadae MomepenHii Bigdip
pilieHb i3 mnpumycTEMoi 00JacTi: CroYaTtky KOXKHe
pilIeHHS TepeBipsSeThCA HA IOMYCTHUMICTh, a BXXKE MOTIM
cepen  AONMYCTUMUX  QJBTEPHATHB  BU3HAYAETHCA
ONTHMAJbHA.

Jns ycyHeHHS 3a3Ha4deHOi MNPOTAIMHM IOIIIHLHO
MonudikyBaTn 0a30BHH MiAXiA, iHTETpYBaBIIM MEXaHi3M
ypaxyBaHHS OOMEXEHb O€3MOocepeHhO y  Mpolec
PO3paxyHKiB.

OpHUM 13 HAUTHYYKIIINX CIIOCO0IB peati3allil Takoro
MeXaHi3My € BUKOpUCTaHHA IuTpaduux ¢yHkuid. Llen
migxig nepepbavae Moaugikaliio MOYaTKOBOT MaTpHIL
pilenb o eramy Hopmaumizamii B amroputmi TOPSIS.
ANbTepHATHBH, IO IOPYLIYIOTH 3agaHi OOMEXEHHS,
OTPUMYIOTh HITpa() IO CBOIX MOKA3HHKIB, IO T'APAHTYE:
migcyMKoBHH BHOIp Oyne He JHINE ONTUMAIBHHM 3a
CYKYTHICTIO KpHTEpiiB, a I NPUIOYCTHMHM 3 HOTIILY
Oi3Hec-BUMOT. 3ampoBa/pkeHHS MmMTpadHUX QYHKIIA €

OCOONIMBO JIONIIBHAM Y CHTYallisiX, KOJM HE3HAYHE
MOPYIUICHHS OOMEKEHHS (HANpHKIAL, MCPEBUIICHHS
Oromxery Ha 2%) BBaXKae€ThCS MPUHHATHUM, TOII SIK
icTOTHI BimxuieHHs (mepeBumieHHs Ha 50%) — Hi.
Iarerpamiss  cmocoby momsrae B Moaudikarii
TIOYaTKOBOTO 3HAYEHHS KPUTEPIIO Xjj 10 HOBOTO 3HAYCHHS:

Xpen,ij =X + P(xy), (18)
oe i — CTOpOHHIH IHCTPYMEHT pO3pOOKH SIK
anbTepHaTHBa, i = 1,m;

Jj — xputepiii omintoBanns, j € { E, C,R, O, T };

X;; — OIiHKa 3HAYEHHS KPUTEPIIO j IS abTEPHATHBH
i

P(x;) — wrpapna Gynxuis. Jlns ouiHKM KpUTEpPitO
X;j 3 OOMEKEHHSM X,y IITPahHA QYHKIIISA MAE BUTTIALL:

» Xij < Xmax

0
P(x;) = k (19)

Xij X (xij - xmax)'xij > Xmax
1€ (Xij — Ximqx) — @OCONMIOTHA BEJTMYHHA OPYLIEHHS,
kxij — xoedimieHT mrpady, M0 BU3HAYAE HACKIIBKH

KPUTHYHHM € KOXXHA OJMHHLS NOpyLnIeHHsA. Benmke
3Ha4YeHHs KoeQillieHTa HaOImKae 10 CUTYyalii )KOPCTKOTO
mrpady.

[otpiOHO 00OpaTH OAMH i3 TPHOX aTbTEPHATHBHHUX
iHCTpyMeHTiB po3pobku A; mans IT-npoexty. Bubip
IPYHTYETbCST HA N'ATH  IHTErpajlbHUX  KPUTEPIfX,
BU3HAYCHUX y MOJENTi, Ta OOMEKCHHSIX, BU3HAUYCHUX Y
Tabnuui 6.

Tabmuis 6 — BusHaueHHs iHTerpajbHUX MOKA3HHKIB

Kpurepiii TpynomicTkicTh Butparu Pusuxu SIkicTh TexH. epexr
To3HaueHHsI KpUTEpito E C R Q T
Hanpsim onramisarii min min min max max
OnUHUI BUMIPIOBaHHS JIFOMHO-TOAUH y.0. ouinka 0-10 ominka 0-10 ominka 0-10
OOMexeHHs 550 190 - - -
Koedimienrt mrpady 1 10 - - -

3riHO 3 TabJMIEel0, 3HAYEHHS KPUTEPIiB PU3HKIB,
SIKOCTI Ta TEXHOJIOTTYHOTO e()eKTy MOAAIOThCS Yy BUIIISII
YHUCIIOBHX OIIHOK y niarmasoHi Bijg 0 no 10. [l kpurepiis
SKOCTI Ta TEXHOJIOTIYHOTO e(QEeKTy: UMM HIDKYUM €
3Ha4YeHHs Kputepito (I umM Ommkde BoHO mo 0), THM
BHIIIOIO € HMOBIPHICTB TOTO, IO BIIPOBAXKCHHS a00 3aMiHa
CTOPOHHBOTO  IHCTPYMEHTY  MaTHM€  IOTEHIIHHO
HEeraTHBHUH BIUIMB HA IIPOEKT, TOOTO Taka OIiHKa
(aKTH4YHO € HeraTMBHMM iHAMKaTOpoM. [l KpuTepito
PU3UKHU: HABIAKH, YAM HIDKYAM € 3HAYEHHS Kputepiro (i
guM Ourkde BoHO 710 (), TUM BHIIIOIO € HMOBIPHICTB TOTO,
10 BITPOBA/KEHHS 200 3aMiHa CTOPOHHBOTO iHCTPYMEHTY
HEe MaTUMe HeraTHBHHUI BILIMB HA MPOEKT.

IIpunycrumo, mo Oyiia mpoBeJeHa OIiHKa IS BCiX
TPHOX IHCTPYMEHTIB 3a METpUKaMH Ta KOHCOJIiJZOBaHO
3HaueHHs1 MeTpuK. Lle nae 3Mory chopMyBaTH IOYATKOBY
MaTpHLIO PillICHb.

E C R Q T
A 500 150 6 7 8
A 350 200 4 9 7
A; \600 120 8 6 6

[lepiInM KpOKOM € MOLTYK KPUTEPiiB, sIKi HOPYIIYIOTh
0OMEeXeHHsI, Ta 3aCTOCYBaHHS JUlsl HUX QyHKUIT mTpadis.

Jns  3HaliileHuX  KpUTepiiB  HEOOXIMHO  IPOBECTH
nepepaxyHok. Hampukman, Ui anbTepHaTHBH A,
kpurepiii C mopyulye  BCTaHOBJIEHE  OOMEKEHHS.

BianoBigHo mnepepaxyHOK 3HaueHHs Kputepiro C s
IBTEPHATHBU A, Oy/ie MaTH HACTYITHUI BUTJISIA:

P(x,¢) = 10 x (200 — 190) = 100
Xpen,2c = X2c¢ + P(XZC) =200+ 100 =300

Hdns  anpTepHatMBH Az  KpuTepii E  mopymrye
BCTaHOBJEHE OOMEXEeHHs. BiAnoBigHO TepepaxyHOK
3Ha4YeHHs Kpurepito E ans amprepHaTHBH Az Oyme matu
HACTYIIHUM BUIIISL;

P(x35) = 1 X (600 — 550) = 50
Xpen3g = X3g T P(x35) = 600 + 50 = 650

OHoBNleHa MaTpUIsl PIlIEHb IICHS 3aCTOCYBAHHS
mrpadiB Mae BUTIIAL;
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E C R Q T
A [500 150 6 7 8
A 350 300 4 9 7
A, \650 120 8 6 6

HactynHuii kpok nepegbadae HOpMai3aliro MaTPHUII
. . Xij
piuleHs  (OLHOK METPHUK) L

i3 BUKOPHCTAaHHIM
Zi
po3paxoBaHuX KoediuieHTiB (auB. Tabm. 7) i mepexin Ao
3BXEHOI HOPMaIi30BaHOi MATPHIIi Vjj 33 TOTIOMOTOIO Bar

BKJIMBOCTI (UB. Ta0OII. 8).

- ij
VWX ==, (21)
Zixij
e w; — Bara BaXITUBOCTI METPHUKHU J, wj=0,1,
n —1-
-1W; =1
V;; — 3BaXKEHa HOPMAaJi30BaHa OLlIHKA METPHKH j I

IBTEPHATHBH 1.

Tabmuus 7 — PospaxoBanuii koedimienT ,Z ,xi

E C R Q T

891.63 | 356.23 10.77 1288 | 12.21

Tabmuus 8 — Baru BayKJIMBOCTI METPUK

E C R Q T
W, 015 | 030 | 010 [ 035 [ 010

Yij

2
Zix,'j

HopwmanizoBana wmatpuiis Ma€ HacTymHHUI
BUT'JIAN:.
E C R Q T
A; [ 0561 0.421 0.557 0.543 0.655
A, 1 0393 0.842 0.371 0.698 0.573
A; \0.729 0.337 0.743 0.466 0.491

3BakeHa HOPMaJIi30BaHa MATPHUILIS V;; MA€ HACTYTHUN
BUTJIISAL;
E C R Q T
A, [ 0.084 0.126 0.056 0.190 0.066
A, | 0.059 0.253 0.037 0.244 0.057
A; \0.109 0.101 0.074 0.163 0.049

BusHaueHHs HaWKpamux ajdbTepPHATHB IS BHOOPY
v;, npu skoMy MH Oaxaemo MiHimizyBatn E, C, R Ta
Makcumizysatu Q, T.

E C R Q T

A, [ 0084 0.126 0.056 0.190 0.066
A, | 0.059 0253 0.037 0.244 0.057
A; \0.109 0.101 0.074 0.163 0.049

BusHaueHHS HaWTIpIINX aTbTEPHATUB ISl BHOOPY v},
mpu sikoMy Mu Oaxkaemo MmakcumizyBatu E, C, R Ta
MiHimizyBatu Q, T.

E C R Q T
A; [ 0.084 0.126 0.056 0.190 0.066
A, | 0.059 0.253 0.037 0.244 0.057
A; \0.109 0.101 0.074 0.163 0.049

Po3paxyHok BimcTaHi KOXHOi aJbTEPHATHBH JIO
iIeaTbHOTO pillIeHHs MO0 BHOOPY:

* 2
ST?/ZJ- (vi-vi) (22)
B , \ 2
Si= Zj(vj'vij) (23)
BincTani KOXHOiI ambTEpHATHBH JIO 1J€aTbHOTO

pillIeHHs MpezcTaBiieHi y Taonumi 9.

Tabmuus 9 — Bigcrani 10 ineansHOTo pillleHHs

S’ Si
Ay 70.067 Ay 70.134
Ay [ 0.152 A, [0.102
A; \0.103 A; \0.152

Bubip Haifkpamoi ajgpTepHATHBHU 3IIHCHIOETHCS SIK
5
== 0<C <1

s
Ay 70.666
A, (0.402 )
A; \0.595

Inctpyment A; € HalikpamuMm  BuOOpom. lle
JNEMOHCTpY€e, 10 IHCTpyMeHT A, € HalOUIbII
30aJIaHCOBaHUM Ta pAIliOHANBFHUM pIMICHHAM y LHOMY
NPUKNIAMl, OCKIJIBKH BiH € €JMHOI0 aJIbTEepHATHUBOIO, IO
MOBHICTIO Bi/ITIOBI/1a€ BCTAHOBJICHUM 0i3HEC-00MEXKEHHSIM.
Moro BiIHOCHO BHCOKi TPYZOMICTKiCTH Ta mHOCepemHs
SIKICTB € HOr0 TOJI0BHUMU HENOJIKAMHU, ajI€ BOHH ITOBHICTIO
KOMIICHCYIOTBCSI  BIJICYTHICTIO IITpadiB 3a MOpYIICHHS
KPUTHYHHUX 0OMEexeHb. BogHouac iHCTpyMeHTH A, Ta A,
OTPUMAJH CYTTEBI mTpadu, SKi 3HAYHO MOTIPIIMIN TXHI
MiZICYMKOBI TO3MIIii, He3Ba)KalOUM Ha IXHI TepeBaru 3a
OKPEMHMH KPHUTEPISIMH.

BucHoBkm. v CTaTTi PO3IIIIHYTO
OaraToKpuTEpiagbHy ONTHMi3alidHy 3agady BHOOpPY
CTOPOHHIX IHCTPYMEHTIB PO3POOKH, IS SIKOT MOTEPEHBO
Yy HayKOBIi{ IUIOUIHHI HE Oyi0 po3pobieHo (hopMalbHHX

ONTHMI3alIfHUX  MoOJeNeil 3 4YiTKO BU3HAYCHUMHU
LUIBOBUMH (QYHKIISIMU Ta OOMEXKEHHSIMH.

Byno  3rpymoBaHO — CHCTEMAaTH30BaHHUN  HaOIp
KpUTEpiiB y  T’ATh  IHTETpaJbHUX  IOKA3HHKIB:
TPYAOMICTKICT, ~ BUTpaTH,  SKiCTh, pH3HKH  Ta

TexHoNoriunui edexr. Taka kinacudikamis mae 3Mory
OB’ s3aTH OKPEMi METPHKH 3 KIIFOUOBUMH LUIIMH TIPOEKTY,
a TaKoXX 3a0e31euye MOXKIMBICTb IMOaIbIoi popmartizamii
3a/1a4i BUOOPY IHCTPYMEHTY SIK OaraTokputepiabHOl. J{ist
KOXKHOTO  IHTErpajbHOr0 IOKa3HWKA 3alpOIOHOBAHO
KUJIBKICHE TO/aHHs, [0 YHi(iKye pPI3HOPigHI OIHKH B
YHCIIOBOMY Jliana3oHi Ta JI03BOJISIE€ BUKOHYBATH MOJAJIBIITY
MaTeMaTHIHy 00pOOKY.
3anponoHOBaHO  MOJIEINb
IHCTpYMEHTY  PO3pOOKH,
TPYIOMICTKOCTi, ~ BUTpar,  SKOCTi,  DH3UKIB  Ta
TEXHOJIIOTIYHOTO  e(eKTy  IHTerpoBaHi B  €IUHY
¢dopmManizoBaHy CcXeMy NPHHHATTSA pimeHs. Mogens
peanizoBaHO Ha OCHOBI amamnroBaHoro meromy TOPSIS,
JIOTIOBHEHOTO MEXaHi3MOM WTpadHUX QYHKIIH A

BUOOPY CTOPOHHBOTO

y AKIN MOKa3HUKU
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0e3mocepeTHbOTO ypaxyBaHHs Oi3Hec-00MeXeHb (30KpeMa
OI0[DKETHMX, YacOBHX Ta OOMEXEHb Ha PH3UKH YH
MiHIMaJIFHO TPUITYCTUMHK piBeHb sKocTi). Lle mo3Boisie
pamKyBaTH albTEpHATHBU 3a CYKYIHICTIO KPHUTEpiiB Ta
BpPAaXxOBYBaTH, KOHTPOJIIOBATH IIOPYLIEHHS KPUTHYHUX
0OMEIKEHb.

Ha uucnoBoMy mpukiajl 3 YiTKUMH JaHUMH Ta
TpbOMa aIbTePHATUBHUMHU IHCTpyMEHTaMH
MPOJIEMOHCTPOBAHO ~ 3aCTOCYBaHHS  3alpOIIOHOBAHOTO
nigxony. IlokazaHo, 110 HAWKPAIIOO aTbTEPHATUBOIO CTa€
IHCTPYMEHT, SIKMH HE € JOMIHYIOYHM 3a BCIMa OKPEeMHUMH
KpuTepismu, aje 3abesmnedye 30amaHcoBaHUN Mpodiinb 3a
IHTETpaTbHUMH TIOKa3HUKAaMH Ta IIOBHICTIO BiJINOBiJae
3amaHuM Oi3Hec-0OMe)KeHHSAM. [HCTpYMEHTH 3 KpaIlluMu
3HAQUEHHSAMH OKPEMHX IIOKAa3HHUKIB, aje 3 IMOPYLICHHIM
00MeXeHb, OTPUMYIOTh CYTTEBI MTpadu, 0 3MIIIye iX HA
HIDKYlI TO3WIIi B MACYMKOBOMY pamkyBaHHI. Lle
MIATBEPIXKYE CIIPOMOXKHICTD MOJIEINI BiOOpakaTH peasbHi
KOMIIPOMICH MK €()EeKTHBHICTIO Ta JOIYCTHMICTIO
pilLIeHb.

[MpakTHyHe 3Ha4YeHHS POOOTHU IOJSITAE B TOMY, LIO
3alpONOHOBaHA MOJENb Ta CHUCTEMa IHTErpajbHUX
MOKa3HUKIB MOXYTh OyTH BUKOPHUCTaHI SIK OCHOBa JJIs
moOyIOBH TpOLEAyp i HMPOTrpaMHUX 3aCO0IB MiATPUMKH
MPUHHATTSA PIlIeHb MO0 BUOOPY CTOPOHHIX IHCTPYMEHTIB
po3podku B IT-mpoekTax.
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B. I0. MOHCEEB, A. 0. IHCEHKO, 1. B. IIIYEA

PO3POBKA TA OI[IHKA EGEKTUBHOCTI IHTEJEKTYAJIbHOI CHCTEMH BIJJEO-THTEPB’IO
JJIs1 ACHHXPOHHOI'O PEKPYTHHI'Y

CraTTs prcBsYeHa po3poOlli Ta OIIHII €EeKTHBHOCTI IHTEICKTYaIbHOT CUCTEMH Ul aCHHXPOHHOTO BiJIcO-IHTEPB 10, CIIPSMOBAHOI Ha 3a0€3MeUeHHS
00’€KTHBHOTO OLIHIOBAHHS KaHAWIATIB Ta 3HAYHE 3MEHILCHHS YaCOBHX BUTPAT PEKPyTepiB. BHKOPHCTOBYHOYM MOEIHAHHS MEPEIOBUX TEXHOJIOTIH
LITYYHOTO iHTENIEKTY, CHCTEMa aHaJi3y€e BINOBiZl KaHIUIATIB HAa OCHOBI Beaukoi MoBHOI Mozeni GPT-4o0 Big OpenAl asis ouiHKU 3MicTy Ta JOTiKA
BIJITIOBIJIEH, @ TAaKOX 3/1iICHIOE PO3ITi3HABaHHS €MOLIITHOT CKJIa10BO1 32 I0NIOMOT 00 HeiipoHHOT Mepeski DeepFace, 1o ananizye HeBepOaibHY MOBEIIHKY
KaHaugaTa. Take MOeAHAHHS TEXHOJIOTIH JO3BOJSE HE TIBKM aBTOMATH3YBAaTH IPOLECH PEKPYTHUHTY, aje i MiABHIUMTH O0'€KTHBHICTH i TOYHICTH
KaJpoBHUX pillieHb. B pe3ynbpTaTi BIpoBa/IKeHHs i€l CHCTEMH KOMIaHII MOXKYTh 3HAYHO 3HU3UTH BUTPATH 4Yacy i PecypciB Ha OLIHKY KaH[WJAATIB,
OJTHOYACHO ITIOKPAIYIOUH SIKICTB BigOOpy. Y CTaTTi pO3riSAaloThCS OCHOBHI (DYHKITIOHANBbHI Ta He(YHKI[IOHAJIbHI BUMOTH JI0 CHCTEMH, a TaKOX
TEXHIYHHUI CTEK, KM BUKOPHCTOBYETHCS Ul 1i peamizawii. IIpoBeaeHe ekcriepuMeHTa bHe JOCIIIHKEHHS I0Ka3ye, [0 aCHHXPOHHMI (opmaT Bixeo-
IHTepB'I0 JJO3BOJLSIE PEKpyTepaM ILIBHIKO OTPHUMYBATH CTPYKTYpOBaHY AHAITHUKY 0e3 HEeoOXiJHOCTI IeperisiiaTé BCi BiJ€O3alUCH, LI0 3HAYHO
MPUCKOPIOE TIPOLIEC MPUHHSITTS KaAPOBUX pillleHb. Pe3ybTaTi TeCTyBaHHS JEMOHCTPYIOTh BHCOKY TOUHICTB SIK B PO3ITi3HABAHHI €MOLIil, TaK 1 B OLIHII
3MICTOBHUX BiJITIOBilel KaHIUIATIB, IO MiABUIIYE e()eKTHBHICTD BiOOPY 1 3HIKY€E PH3UKH Cy0'€KTUBHUX MOMUIIOK.

Kiaio4oBi cjioBa: acHHXPOHHHI PEKPYTHHI, acHHXpOHHE Bimeointeps’io, DeepFace, GPT-40, OpenAl API, po3mi3HaBaHHS eMOLiii,
KOMIT'IOTepHUii 3ip, 00poOKa MPUPOAHOI MOBH, IITYYHHMIl IHTENEKT, OLIHIOBAHHS KaHAWAATIB, 00 €KTHBHA OLliHKa, aBTomMaTu3auiss HR-mpouecis,
MalliHHE HaBYaHHs, ONTHMI3allis pEeKpyTHHTY, aHalli3 HeBepOaIbHOI IIOBEIHKN, CEMAHTHYHUM aHATi3.

V. MOISEEV, A. LYSENKO, I. SHUBA

DEVELOPMENT AND EVALUATION OF THE EFFECTIVENESS OF AN INTELLIGENT VIDEO
INTERVIEW SYSTEM FOR ASYNCHRONOUS RECRUITMENT

The article is focused on the development and evaluation of an intellectual system for asynchronous video interviews aimed at providing objective
candidate assessments and significantly reducing the time costs for recruiters. By combining advanced artificial intelligence technologies, the system
analyzes candidates' responses using the GPT-40 language model from OpenAl for content and logic evaluation, while also performing emotional
recognition through the DeepFace neural network, which analyzes candidates' nonverbal behavior. This combination of technologies enables not only
the automation of recruitment processes but also enhances the objectivity and accuracy of hiring decisions. As a result, the implementation of this system
allows companies to substantially reduce time and resource expenditures for candidate evaluation, while improving the quality of recruitment. The article
discusses the main functional and non-functional requirements of the system, as well as the technical stack used for its implementation. Experimental
research demonstrates that the asynchronous video interview format enables recruiters to quickly access structured analytics without the need to review
all video recordings, significantly speeding up the decision-making process. Test results show high accuracy in both emotional recognition and content
evaluation of candidates' responses, which increases the efficiency of recruitment and reduces the risks of subjective errors.

Keywords: asynchronous recruiting, asynchronous video interview, DeepFace, GPT-40, OpenAl API, emotion recognition, computer vision,
natural language processing, artificial intelligence, candidate evaluation, objective assessment, HR automation, machine learning, recruitment
optimization, nonverbal behavior analysis, semantic analysis.

BeTyn. Y cydyacHuX yMOBax pUHOK Ipalli BUMarae Bif
KOMIIaHI# MIBUIKUX, TOYHUX Ta OO'€KTMBHUX KaJpOBHX
pimmens. TpaawniiiiHi >kuBi criBOECIIN 9acTO MiITarOTHCS
Cy0'€eKTUBHOMY BIUIMBY, IO 3HIKYE SIKICTH BiOOpy Ta
NpPU3BOJUTE A0 BTparu 4vacy i pecypciB [1]. Ludposi
TEXHOJIOTIT TPaHCPOPMYIOTh TPAJMILIHI METOIH MiIO0py
NepcoHaly, 30KpeMa  aKTUBHO  BIPOBaKYIOThCS
BIJICOIHTEPB’I0 SK IHHOBAI[IHHUN IHCTPYMEHT OI[IHKH
KaHauaaTiB.  ACHHXPOHHI  BIiZICOIHTEpB't0  CTalOTh
MIEPCIIEKTUBHUM IHCTPYMEHTOM, IO JIO3BOJISIE IPOBOIUTH
OLIHIOBAaHHS  KaHIWAATiB 0€3 JKOPCTKHX  YacOBHX
0oOMeXeHb, IIpU [BOMY aBTOMAaTH3yBaTH Ta YHi(iKyBaTH
npouec aHaiizy [2—9]. ACHHXpOHHI IHTEpB'IO — Iie SIKICHUH
mU(pOBUI METOJ JIOCHIPKEHHS, B SKOMY YYaCHHKH
BIINOBIIAIOTh Ha 3alUTaHHS, IO CTABIATHCS iM uepes
iHpopmaniitHo-komyHiKamirai  TexHomorii  (IKT) Ta
OHJIAHH-TUTATOPMH, Taki SK EJIEKTPOHHA MOIITa, ayxio,
BiJIe0, COIiaJIbHI Mepexi, JOJaTKH, OHIaiH-QopyMu Ta
yatd. BoOHM  HajalOTh  yYacHHKaM  MOJXJIMBICTb
00OMIpKyBaTH 3alUTaHHS iHTEPB'I0 Ta BiAMOBICTH HA HUX
MPOTATOM y3TOJKEHOTO Tiepioay vacy [10].

Y KOHTEKCTI PO3BHUTKY TEXHOJIOTIH aCHHXPOHHOTO
BiZICOIHTEPB't0 HA PUHKY ICHY€E KUIbKa BIIOMHX PillleHb, SKi
NIPOTIOHYIOTh ~ ABTOMATHU3allil0  IPOIECY  OIiHIOBAaHHS

kaHaugatie. Cepelnl HaWOLTBII MOMYNSAPHUX KOHKYPEHTIB
MokHa BunuUHTH Tatgopmu HireVue, Spark Hire,
VidCruiter, Mylnterview, a TakoX ps JOKaTbHHX Ta
HilleBUX mnpoayktiB. Lli cucremu MawTh  pi3HHIA
(GyHKIIOHAJ, ajle 3arajioM BOHU MPAarHyTh ONTHMI3yBaTH
NPOLIEC PEKPYTUHTY 3a JIOTIOMOTOIO BiJIE0, 1110 3aITUCYE€ThCS
KaHIUAAaTaMU B 3py4HUi ams Hux vac [11].

HireVue — oana 3 HalimomupeHinmx mwiarhopm, ska
BUKODHCTOBYE IITYYHHH I1HTENEKT JUIsl aHamizy sk
TEKCTOBOI iH(pOpMAaIlii, Tak i HeBepOAIbHOI IOBENIHKH
KaHauiaTa. BoHa 3acTOCOBYE anrOpuUTMH PO3Ii3HABAHHS
MOBH, OLIIHKM MIMIKH Ta TOHaJILHOCTI rojocy. Spark Hire
Oimbme (oxycyeTbcss Ha oprasizamii  BizeocmiBOecin,
JIO3BOJISIIOUM TIPOBOAMTH SIK ACHHXPOHHI, TaK 1 >HBI
iHTepB'Io 3 iHTerpauieto y pisHi HR-cucremu. VidCruiter
MIPOTIOHY€ KOMIUIEKCHUH Ha0ip iHCTPYMEHTIB, BKIIIOYHO 3
ABTOMATHYHOIO OIIIHKOIO, IJIAaHYBaHHSIM Ta AaHATITHKOIO
[12].

OpHaxk mpu BCiX mepeBarax Iii CHCTEMHU MaloTh MEeBHI
HEIONKK, SKi OOMEXYIoTh IXHIO eQeKTHBHICTh i
3pyuHicTh. Ilo-mepmre, OLTBIIICTE ICHYIOYHX pIIlIeHb
HEJIOCTAaTHBO TIIMOOKO aHAMI3yIOTh 3MicT Bimmosineit [13].
YacTo IX aJIrOpUTMH 30Cepe/KEH] Ha BUSBICHHI KITFOUOBHX
ciliB abo MPOCTHX NAaTEpHIB y TEKCTi, IO HE JIa€ 3MOTH
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aJIeKBaTHO OI[IHUTH JIOTIKy, IOBHOTY 4YH KOHTEKCT
BHCIIOBIIOBaHb KaHAuaaTa. Yepe3 me aBTOMAaTH30BaHA
OITiHKa MOJKe OyTH TIOBEPXHEBOIO 200 HETOYHOIO.

B po6ori [14] aBTOpamu 3amponioHoBano 3D-cucremy
BipTyalIbHOTO iHTEpB'IOBaHHSA Maya, 31aTHY TeHepyBaTH
pelleBaHTHI Ta Pi3HOMAaHITHI TOIaTKOBI MUTaHHS HA OCHOBI
paHillie MOCTaBJICHUX MHTAaHb Ta BIAMOBIACH HA HUX,
BUKODHCTOBYIOYM 3HaHHA 3 TIJHOOKHX IONEPEeHBO
HAaBYCHWX MOBHHMX Mojeneil. Emmipuyni pesyibratu
nokasymots, mo followQG renepye nurtaHHs, SKi JIOIH
OL[IHIOIOTE K  BHUCOKOSKICHI, nocsiraroun - 77%
PEIIeBaHTHOCTI.

Anropurmu Il Tako)k BHKOPHUCTOBYIOTBCS B
po3pobieHoMy iHHOBaLiHHOMY OOTI Ui TIPOBEACHHS
cmiBoOecin [15], axuii BUpiNIye NHUTaHHS TOTOBHOCTI IO
cmiBOeciny Ta craHmapTH3oBaHOi omiHku. Cuctema B
MepIly 4Yepry CIyrye MNPaKTUYHOI IUIATPOPMOIO I
KaHIWIATIB, SIKI [IYKAIOTh OUTBII KIMBKICHUN MIAXiT 10
MiJIrOTOBKMA JO CIIBOECIAH, a TaKOX MOKE IOIIOMOITH
opraHizamisM  CTaHAapTU3yBaTH OILIHKY  cmiBOecin,
MOTCHI[IIHO MEePeKJIABIIM MOYATKOBUI BiAOIp KaHIUIATIB
Ha aBTOHOMHHUX OOTIB, 3JaTHHMX OL{HIOBaTH TNpodiii
KaHIW/JaTIB Ha KOHKpPETHI Mocaau. BukopucToByroun
TCHEPaTUBHI TEXHOJIOT1 IITY9IHOTO IHTETIeKTY,
KOMIUIEKCHIH OaHK muTaHb Ta (peiiMBopk WebRTC, s
mwratpopMa IMiTye peaTicTHIHHE [OcBinm cmiBOeciny,
MOKpAaIIyloud  MiATOTOBKY 1Ho  cmiBOecizm.  IIpore
(YHKIIOHATBHICTH 1HTEPB 10 Ma€ TaKi KIIFOYOBI HEJOTIKH,
SIK BIZICYTHIN aHaITi3 HeBepOaIbHUX BiIEOCHTHAMIB (MiMiKa,
MOMJIsAN, 1M03a), OaHK 3amuTaHb CTATUYHUN 1 UIBHIKO
BTpayae aKTyaJbHICTh, a B3aEMOIisl BinuyTHO «Al-led» 6e3
NpUPOJHOT eckajamii 10 JIIOAWHM Ta HaJIAIITOBAaHUX
CIICHAPITB eMIIaTiHOT KOMYHIKaITii.

[lle otHMM HEZOJIIKOM BHIE3a3HAYEHHUX MTPOIYKTIB €
BIICYTHICTh THYYKOCTI y HAJNAIITyBaHHI KPHUTEPilB
OIIiHIOBAaHHS. BuTBIICTE CHCTEM NPOIOHYE CTaHIAPTHI
mabnmorn abo oOMexeHWH Habip mMmapaMeTpiB, MO HE
3aBXKAH BINOBiae CIeNU(pIYHIM BUMOTaM KOHKPETHOT
KoMmmaHii abo BakaHcii. Lle mpu3BoaUTE MO0 HEOOXiTHOCTI
nmonaTkoBoi ydacti HR-cremiamicTiB y mporieci Kopekiii
OLIIHOK, IO 3HMXYE piBeHb aBToMmarusauii. Kpim Toro,
Jesiki - 1aTpopMu  MarTh OOMEXEeHy IHTerpamiio 3
CYy4YaCHHMH TEXHOJIOTISIMH IITYYHOTO THTEJIEKTY, 30KpeMa
3 TOTY)XHUMH MOBHHUMH  MOJENSIMM  OCTAHHBOTO
nokoJiiHHs, TakumHu sik GPT-40. Lle 3MeHIye MOXKIUBOCTI
3 PpO3IIUPEHOr0 CEMAHTHYHOTO aHami3y 1 YCKIaJHIOE
MacITaOyBaHHS CHCTEMH ITiJ] BEJUKi 00CATH JaHHX.

Takox BapTo BiZI3HAYUTH MTUTAHHS
KOH(IEHIIITHOCTI Ta OC3MeKH [aHWX, ajpke He BCi
KOHKYPEHTH TPHUAUISIOTH JIOCTaTHIO yBary 3axucTy
nepcoHajbHOI  iHpoOpMamii KaHIWIATiB, IO MOXe
CTBOPIOBATH IOPUIUYHI PU3NKH JJIs1 KOMITaHiH [16].

IMocTtanoBka 3agauyi. TakuMmM YHHOM, BPaxOBYIOUH
3HaYHI  JOCATHEHHS B  00JacTi  aCHHXPOHHOTO
BiICOPEKPYTUHTY Ta HEIONIKH ICHYIOUHX IaThopwm,
po3po0Ka iHTENEeKTyaIbHOT CUCTEMH BiJl€O-IHTEPB’IO IS

ACHHXPOHHOTO PEKPYTHHTY i3 3aCTOCYBaHHIM
HalCy4JacHIIMX  TEeXHOJNOTi €  akrtyampHOrO. Jlis
3a0e3rneueHHss  O0'€KTHMBHOCTI  OIHKM y  CHCTEMI

pealli3oBaHO J[Ba B3a€MOJIOTIOBHIOIOYI MEXaHI3MH: aHaIi3

BIZITOBIZIEH 3a TOMOMOror0 Bennukoi MoBHOI moxaeini GPT-
40, MmO [mae 3MOTy BpPaxOBYBaTH 3MICT, JIOTIKY,
pEIIeBaHTHICT, MOBHOTY BIAIOBiNEH Ta pO3Mi3HABaHHSA
eMOLIHHOI CKJIaZoBoi Ha TIHOOKIH HEWPOHHIN Mepexi
DeepFace, mo anamizye HeBepOalbHy IIOBEHIHKY
KaHAMJaTa: MIMIKY, )KECTH, MiKpOBHPA3H Ta iHIII CUTHAIIH.
Takum umHOM cucrema Oyzae (opMyBaTH KOMIUIEKCHHI
npodine KaHAWAaTa, KUMKW HE TUIBKM BigoOpakae
npodeciiiHi sIKOCTI, ajge i 0COOMCTICHI XapaKTepUCTUKH,
0 J03BOJISE PEKPYyTepaM MpUitMaTh OUIBIT 00T PYHTOBaHI
pileHHs.

Merta pobotu. ChopoexTyBaTH, peamizyBaTH Ta
EMIIIPUIHO O HUTH IHTETEKTyaIbHy cuUCTEMy
ACHHXPOHHOTO BiJICOIHTEpPB’I0, sKa [0Ja€ OOMEKEHHS
HAasBHHX  IIATGOpPM  LULIXOM  IOETHAHHA  JBOX
B32€MOJIONIOBHIOBAIEHHX MEXaHI3MiB — CEMaHTHYHOTO
aHaJIi3y BiMOBI/IEH 3a IOTIOMOTOI0 BENUKOT MOBHOT MOIEINI
GPT-40 ta posmi3HaBaHHs HEBepOAIbHOI MOBEIIHKUA Ha
6a3i DeepFace — mis ¢dopMyBaHHS KOMIUIEKCHOTO
npodino KaHAWAaTa W 3a0e3reucHHS 00’ €KTUBHOCTI,
MPO30pOCTI Ta MPAKTUYHOI €()EKTUBHOCTI MPUAHATTS
KaJIpOBUX PillICHb.

OcHoBHA YacTHHA. BUX0/s1uK 3 aHAMI3y MPEeAMETHOT
obOnacTi Ta BHU3HAUCHHSI OCHOBHHX 3aBJaHb, OyIIO
cOpMOBaHO BHUMOTH [0 IHTENEKTyalbHOI CHCTEMH
ACHHXPOHHOTO BiJICOIHTEPB’10.

OyHKITIOHATEHI BUMOTH:

1) peanizauis y BUIIIsAAlI BeO3aCTOCYHKY 3 IOCTYIIOM
gyepe3 Opaysep, 110 3abe3nedye KpOCIUIaTPOPMHICTH 1
3pYUHICTD TUIS KaHIW/AaTIB, HR-¢axipis Ta
aJIMIHICTPATODIB;

2) miATpUMKa aCHHXPOHHOTO (hOPMATy MPOXOKEHHS
IHTepB’I0, TOOTO KAaHOWIATH 3aMUCYIOTh BIONOBIOI Yy
3pyuHnii 9ac 0e3 morpedu yuacti HR y peanpHOMY Haci;

3) po3MexyBaHHs poneii KOPHCTYBaYiB i3
BiJINIOBITHIMH TIpaBaMH JOCTYIY 1 PYHKI[IOHAIOM;

4) MOXJIHBICTH CTBOPEHHS BaKaHCii, (opMyBaHHS
IHAMBiTyadbHUX THUTaHb 1 HAJCHIAHHA 3ampomeHh HR-
(haxiBusIMH;

5) npwuiiom, 30epeKeHHs Ta 00pOOKa BiICOBI OB ICH
yepe3 BeOiHTEepdeiic;

6) aBTOMATHYHHMI aHai3 BiJEO 3a JOMOMOTOIO
DeepFace mis BusiBneHHs emouiitHoro crany ta OpenAl
API (GPT-40) st 3MicTOBOTO aHalli3y BiAMOBIAEH;

7) BigoOpaskeHHs pe3yJibTariB y BUTJIISII
CTPYKTYPOBaHUX 3BITIB 3 TEKCTOBOIO IHTEpIIpETALIElo,
OIliHKaMH, Tpa)ikaMu eMOIIii Ta BHCHOBKAMH;

8) moxmuBicTh st HR mepernsinatu 3BiTH, 3a0dmaru
KOMEHTapi, BUCTABISITH BIJIACHI OLIHKK 1 NpUAMaTH
pimenHs y BeOiHTEepdeiici;

9) 30epiranHs icTOpii BiJCOIHTEPB’I0 Ta AHATITHKH
JUIS TIOIAJTBIIIOTO TIEPETIIsiLy.

HedyHnkmionanbHi BUMOTH:

1) crabimpHa po0OOTa Ha OCHOBHHX Opay3epax Ta
omepalliiHuX CUCTEMAX;

2) onTuMi3amisl BiJIEO3aNMCIB JUII BHCOKOI SKOCTI 3
MiHIMQJIFHUM HaBaHTQ)KEHHSM Ha CHCTEMY;

3) IHTYITHBHO 3pO3yMiIMi iHTEpdelc 3 MiHIMyMOM
KPOKIB JUISl 3aIyCKY 1HTEpB’I0 Ta NEeperIsiay pe3ybTariB;
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4) peamizamiss iHIUKATOPIB CTaHy 3aBaHTAKCHHS,
00po0OKH Bizeo i hopMyBaHHS 3BITiB;

5) wMacmTaboBaHICTh CHCTEMH [UIA HiATPUMKH
3pOCTar0voi KITBKOCTI KaHIUIATIB 1 KOPUCTYBaiB.

Ha ocnoBi mumx Bumor Oymo pospobmeno UML-
JiarpaMu, IO IETali3yloTh JIOTIKY POOOTH KITFOUOBHX

BiJCOIHTEPB’I0 JJISI ACHHXPOHHOTO pPEKPYTHHTY, sKa
iHTerpye (YHKIIOHAN [JIs IBOX OCHOBHHX KaTeropiit
KOPHCTYBauiB — KaHAWAATIB Ha IOCaxy Ta PEKPyTepiB,
3a0e3Mmedyodr MMOBHUHA LWKJI B3a€MOJIl BiIl CTBOPEHHS
BaKaHCii O OIIHKM BiNMOBimedl Ta KOMYyHIKamii Mix
croponamu. Use-case miarpamMa BimoOpaxkae OCHOBHI

KOMITOHEHTIB  IHTEJIEKTyaJbHOI CHCTEMH Ta IXHIO  CLEHapii, 10 OXOIUTIOIOTH SK TEXHI4HI mpouecu 300py U
B3aeMonito. Ha pucynky 1 mpencraBieHo Jmiarpamy — OOpoOKM JaHHMX, Tak 1 O€3MOCEpPEeIHI0  B3aEMOIIIO
BapiaHTIB BUKOPUCTAHHS IHTEJNEKTYaJIbHOI CHCTEMH  KOPHCTYBAuiB i3 IHTEIEKTYaJbHOI CHCTEMOIO.
«extend» MepernsHyTh OLiHKy
,,,,,,,,,, Ta aHania Big
[ OpenAl API(aHania
TEKCTY)
«extend»
CTBOpUTH YaT 3
T I o e i e KaHAMAATOM Ans
i AaHHol BakaHcil
! «eXtePEj)i MepernaHyTi
I ( sipaeo-3anuc
Yy 1
Mepernsa ! «extend» MNepernaHyTi
A sipeo-signosipeit |« ——-—— _——— -——— - OuiHKY Ta aHani3 Big
/ KaHaupaTie DeepFace(aHania
A BrEBHEHOCTI)
// «include» [lopatu
/’ ( s e ol NUTaHHA gNs
y 4 BakaHcii
/ CrBOpeHHA do L)
A el BaKaHcil «extend»
1 ,,»f/// SREEEb T < i 1 I < I 1 1 2 D |
<\ «include» Hacrpoiika nimiry
NN yacy ans
\\\-\ sigeosignosiai I
" 04aTn
S S B)(ITn:l pestome(CV)
PekpyTep cuctemy
«extend» BignpasuTy B
/ 3anuc
//
naponto .
// 3 «include»
ol 3anucaty
R e - SO [ Bigeo-signosiab )
e Mepernag  \ ) I
BaKaHCI# ‘\
Kangupat

«extend»

Mowyk
BaKaHcin no
peneBaHTHoCTi
Ha3Bu

«extend»

dinbTpauin
BaKaHCIi 3a
Kareropiamu

Puc. 1. [liarpama BapiaHTiB BUKOPHCTaHHS

Kanmungat mounHae po0oTy i3 peectpariii, micis 90ro
OTPUMYE JIOCTYH 10 iHTepdelcy MOoIyKy BakaHCid. Bin
Ma€ MOXJIMBICTh TMEPErisAaTH JOCTYIHI MPOMO3HUIII,
IIyKaTh IX 3a Ha3BOIO Ta 3acTOCOBYBaTu (UIBTPH 3a
KAaTeropissMA UISI TIBHJIKOTO 3HAXODKCHHS HAHOLIBII
peneBaHTHHUX BapiaHTiB. OOpaBmIM MOTPiOHY BakaHCiIo,
KaH/Iu/aT TEepeXoanuTh 10 eTally MiJroTOBKH BiJIOBijiEH,
JIe MO)KEe 3aIlMcaTd BiJ€O 3 BIANMOBIASIMH Ha IOCTaBJICHI
nutaHHs. [Ipolec 3amucy nepeadadae MOKIMBICTh May3H,
a TMicis 3aBEpLICHHS KaHIMJAT HAJCWIAE BiJeo Ha
00poOKy. [lnsa HananHs 1onaTkoBo1 iHbOpMatii pekpyTepy
nepea0aveHo OMIIiI0 JOJaBaHHS PE3IOME.

Pekpyrep, 31 cBoro OOKy, Mae 3MOT'Yy CTBOPIOBATH
BakaHcii Ta (opMyBaTu 10 HUX IHAMBIAyaJbHI MUTaHHS,

ki OyayTh HAICWIATHCA KaHAWJIATaM TijJ  dac
BifgeoinTepB’ro. Ilicms OTpUMaHHS BINIOBINI PEKpyTep
MOX€ MEeperIIHYyTH BiJleo3alnuc Ta O3HAHOMHTHCS 3
ouinkamu, copmoBannmu OpenAl API, sxi ananizyrots
TEKCTOBY YacTHWHY BIATOBIII, 1 3 pe3yjbTaTaMH aHali3y
DeepFace, mo BimoOpaxaroTh eMOLIHHHUIA CTaH i piBeHb
BIICBHCHOCTI ~ KaHAMJaTa HAa OCHOBI  MIMIKH Ta
HeBepOaTbHUX TPOsBIB. SIKIIO BiAMOBiAL KaHIWJATA
BUKJIKA€ 1HTEpEC, PEKPyTep MOKe iHIIIOBAaTH 4aT It
o0roBopeHHs  jgetaysieii  BakaHcii a0o0  3ampPOCHTH
MIPeTeHIeHTa Ha HACTYITHUN eTarl Bigdopy.

Jnst kpamoro po3yMiHHS CyTHOCTEH Ta iX 3B’SI3KiB
Oyino po3pobneno crpykrypy BJl, sky mpexacraBieHo Ha
PHUCYHKY 2.
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| applications v
id INT
"] vacancies v ] categories v  candidate_id INT
id INT id INT »vacancy_id INT
» recruiter_id INT » name VARCHAR(64) phone VARCHAR(16)
title VARCHAR(255) > comment TEXT
» company_name VARCHAR(265) | N video_url VARCHAR(512) e
company_logo LONGTEXT transcript TEXT |
location VARCHAR(255) resume_url VARCHAR(512) |
contact_email VARCHAR(255) status ENUM(...) : :i]d T:I:rs v
contact_phone VARCHAR(50) submitted_at TIMESTAMP |
description TEXT reviewed_at TIMESTAMP L— — — [ email TEXT
video_time_recommended INT i A [ S R A emotion_analysis TEXT » password TEXT
video_time_max INT > first_name VARCHAR(32)
isfacl;ve TH\IYINTU) —] sessions v + ******** I -Ia.SLname VARCHAR(32)
published_at TIMESTAMP . | » birth_date DATE
5 id INT | avatar LONGTEXT
N & user_id INT EEEEEEEE :!_ TR == —H & role ENUM(...)
T » token VARCHAR(512) -  created_at TIMESTAMP
| » created_at TIMESTAMP | »
r 1 > :
| A
A ~] answers v _| messages M
_] questi v id INT id INT
id INT % application_id INT » application_id INT
# vacancy_id INT % question_id INT » sender_role ENUM(...)
» question_text TEXT i e |< <> ai_score FLOAT +» message TEXT
question_order INT ai_comment TEXT created_at TIMESTAMP
> O w O recruiter_score FLOAT >
:I vacancy_categories v recruiter_comment TEXT
! vacancy_id INT >
+ I category_id INT éﬁ
S
m] O O
Puc. 2. Cxema 6a3u JaHUX I IHTENEKTYaJIbHOT CHCTEMU aCHHXPOHHOTO PEKPYTHHTY
VY cnpoekroBaniii 6a3i JaHuX NependaveHo OCHOBHI 7) Bigmosimi (answers) — 30epiraioTh BimmoBimi

CYTHOCTI, IO BiJOOpakatoTh KITFOYOBi 00’ €KTH CUCTEMHU:

1) KopucryBaui (users) — 30epirarorb iHpOpMAIIif0
PO YYAaCHHKIB CHCTEMH, BKIJIIOYHO 3 KaHIUIATaMH Ta
pexpytepamu. Cepen arpuOyTiB: iM’s, Tpi3BHINE, aaTa
HapOJPKEHHS, €JIEKTPOHHA IIOIITA, IapoJib, POJb, aBaTap,
JlaTa CTBOPEHHS aKayHTY TOIIO;

2) Bakamcii (vacancies) — MICTATb JaHi PO BiIKPHUTI
MOo3ULil, SIKi CTBOPIOIOTh PEKpyTepu. BKIoualoTh Ha3By
BaKaHcil, KOMITAHIF0, KOHTaKTHI JIaHi, oIuC,
PEKOMEHIOBaHMI 1 MaKCHMaJbHUI dYac BiICOIHTEPB’IO,
CTaTyCc aKTUBHOCTI, IaTy MyOJtiKartii;

3) Kareropii (categories) — knacugikyroTs BakaHcii 3a
ctepamu nisnpHOCTI (Hanpukian, Software Development,
Marketing, Data Science);

4) 38’30k BaKaHCiH 3 KaTeropisiMu
(vacancy_categories) — peanisye 0Oarato-n0-6aratbox
BIZIHOIIICHHS M)XK BAaKaHCISIMH Ta KaTErOPisIMH;

5) BasBku (applications) — 30epiratots iHdOpMAILLit0
Opo  TMOJaHi  KaHIWIaTaMH  3asBKH, BKIIOYHO 3
IMOCUJIAHHSAMH Ha KaHJIWJATIB 1 BakKaHCI, KOHTAKTHHUM
TenedoHoM, KOMEHTapsAMH, BiZICOIHTEPB 10,
TPAaHCKPHUIITAMH, PE3IOME, CTaTyCOM 3asBKH, JaTaMu
MIO/IaHHS Ta MEPETIISY, a TAKOK aHATII30M EMOIIii;

6) IlutaHHsa (questions) — mepenmik 3alHUTaHb IS
KaHIW/ATIB, SIKI CTaBIATBCS y paMKaX KOHKPETHOi
BaKaHCii, 13 3a3HAUYEHHSIM MOPS/IKY BiJOOpasKeHHS;

KaHJMAATIB Ha 3alUTaHHS, BKIIOYHO 3 OLIHKAMH Ta
KoMeHTapsMu Bix Al i pekpyrepa;

8) MMoBimomiennss  (messages) —  30epiraioTh
JIMCTYBaHHS MK KaHIWAATaMH i pEeKpyTepaMu, 1OB’si3aHe
13 3asIBKaMH;

9) Cecii (sessions) — MicTsTh iH(MOpPMALIO PO
aKTHBHI cecil KOPUCTYBaYiB i3 TOKEHaMH ayTeHTUdiKallii.

Takum unHOM, 1151 6a3a JaHUX CTBOPIOE KOMIUIEKCHY
CTPYKTYPY Ul KepYBaHHS KOPHCTyBauaMHM, BaKaHCISIMHU,
3asBKaMH Ta KOMYHiKalli€ro, 3a0e3Neuyoun LUTICHICTD 1
3pYYHICTh POOOTH 3 JAHUMHU.

Cmek mexnonociii 0na peanizayii eumoz. Jns
peanizanii 3a3HaYeHNX (PYHKLIOHAIBHUX MOKIJIMBOCTEH Ta
3a0e3MeueHHs] BUCOKOi MPOJYKTUBHOCTI M THYYKOCTI
IHTEJIEKTYaIbHOI cUCTeMH OyJlo 00paHO CTEK CydYacHHX

TEXHOJIOTIH, SKHI ONTHMAaJbHO BIAIOBiZa€ BUMOIaM
MIPOEKTY.
Hnst CTBOPEHHS KITIEHTCHKOT YaCTUHHU

IHTEIeKTyaJbHOI CHCTEMH BHKOPHCTOBYEThCS React —
nomyJsipHa JavaScript-6i0mioTeka, 1o 103BoJIsIE Oy IyBaTH
JTUHAMIYHI, 1HTY{THBHO 3pOo3yMiJli Ta KpocmiaTdopmeHi
inTepdeiicu. React 3abe3neuye MOIYIBHICTH Ta TIOBTOPHE
BUKOPDHUCTaHHS KOMIIOHEHTIB, IO CHPOLIYE PO3POOKY
CKJIQJIHUX KOPHCTYBAlbKUX 1HTep(enciB, 30Kpema JuIs
pi3HMX pojell KopucTyBadiB: kaHauaatiB, HR-¢axisuis i
aZMiHicTpaToOpiB. 3aBAsSKH acHMHXPOHHI poboTi 3 API ta
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MOXIIMBOCTI omnTuMisamii peHzepuHry, React rapanrtye
OBHAKY 1 IUIABHY  B3a€MOMII0  KOpHCTyBada 3
BeO3acTocyHkoM. Node.js BHKOPHCTaHO SK CEPBEpHY

mwiathopmy 3aBISKA HEOJOKYIOii MoJemi
BBeneHHs/BuBeneHHa (I/O) Ta 3matHOCTI eQEeKTHBHO
00pOoONATH BENWKY KIIBKICTh OJHOYACHHUX 3allUTiB.

BonmHouac Macmra®oBaHICTE CHUCTEMH 3a0€3MedyeThCs
apxiTekTypHuUMHU pimeHHsMu: APl peamizoBano sk
stateless-cepsic, sIKHMii TOPHU30HTAILHO MAacCIITA0yEThCS
LIJISIXOM 3aIyCKY KUJIbKOX 1HCTaHCIB 3a 0aaHCyBaJIbHUKOM
HaBaHTAXKECHHS; PecypcoeMHi omepalii (30kpemMa oOpoOKa
Memiaganux Ta Al-aHani3) BUKOHYIOTBCS ACHHXPOHHO Y
BOpKEp-TIpOIlecax dYepe3 uUepry 3amad; Memiadaimm
30epiraroTbcss B OKPEMOMY CXOBHIIi, a TOCTYIl 10 0asu
JaHUX ONTHUMI3Y€ThCSA 3a pPaxyHOK WyilIy 3’€IHAHb Ta
iHmeKkcyBaHHA. Takuii MigXix TO3BOJSIE IIiIBHINYBATH
NPOIYCKHY 3aTHICTh CHCTEMH IUIIXOM MacIuTaOyBaHHS

OKpEMHMX  KOMIIOHEHTIB  3aJIe)KHO  BiJl  Xapakrepy
HaBaHTAXKCHHS.
Jdns 30epiraHHs  Ta  yOpaBIiHHA  JaHUMHU

BUKOpHCTOBYeThCsl PostgreSQL — mnoTyxHa pensiiiiHa
0a3a mJaHMX 13 BIAKPUTHM KOJOM, BIZOMa CBOEIO
HAIIHHICTIO, MACIITA00BAHICTIO Ta MIATPUMKOIO CKITaTHUX
3armuTiB. PostgreSQL mo3Bonse edektuBHO 30epiratu
iHpopMamio Tpo KOPHCTYBadiB, BaKaHCIi, BileO3aImcH,
aHANITHYHI TaHi Ta ICTOPifO iHTEPB 10. 3aBASKH ITiATPUMIIL
PO3IIUpPEHD 1 THYYKIH CTPYKTYypi JaHWX 0a3a BigmoBimae
BUMOTaM Oe3IeKH.

BaxiBoIO CKJIQZIOBOIO IHTEIEKTYaIbHOI CHCTEMH €
interpauist 3 OpenAl API, 30kpema 3 moxemto GPT-40,
II0 BUKOPUCTOBYETHCS IS TJIMOMHHOTO CEMaHTHYHOTO
aHaJTi3y TeKCTOBHX BiANOBiAeH kaHmuaatiB. L[ moTyxHa
MOBHa MOJIeJIb 3a0e31euy€e po3yMiHHSI KOHTEKCTY, OLIHKY
JIOTIYHOCTI, TIOBHOTH M PEJICBAHTHOCTI BIiAMOBIJEH, IO
3HaYHO IMIJBUINY€E SKICTh aBTOMATH30BaHOi OIIHKH.
Buxopucranas OpenAl APl  nmo3Bonsie nuHAMIYHO
ajanTyBaTH KpUTepii OI[iHIOBaHHA 3a JIOTIOMOTOIO
MPOMMNTIB, 3a0e3MeYyroYd  THYYKICTH 1  TOYHICTh
pe3ybTarTiB.

Jns  posmizHaBaHHS eMOWIHHOI  CKJIanoBOi  Ta
HeBepOanpbHOI MOBEMIHKM 3acTocoByeThess DeepFace —
CydacHa HEWpOHHA Mepexa, IO CIeIiali3yeThCsl Ha
aHaui3i 00JMYYsl, BUSIBICHHI MIKPOBHPA3iB, XKECTIB 1 IHIIUX
HeBepOanbHuX curHamie  [8]. Iuterpamis  DeepFace
JI03BOJISIE OTPUMYBATH TOYHI JaHi MPO EMOLIWHHUHA cTaH
KaHAWIaTa, piBEHb CTPECY Ta BIEBHEHICTh, 110 JOIOBHIOE
TEKCTOBHH aHalIi3 1 popMye KOMIUIEKCHUH TICHUXOIOTIHHUI
npodib.

OntuMizanis rmbokoi HeifipoHHoT Mepexi DeepFace.
DeepFace, sik 3a3Ha4aocs pasimie — e NMOoKa HeHpOHHA
Mepexa, CTBOpPEHa Il aHallizy oOJMY Ta po3Mi3HABaHHS
eMoIliii Ha OCHOBI 300pakeHb abo BifmeoMarepialib.
Mogens BioMa CBOEI0 BHCOKOK TOYHICTIO, MpoTe il
BHYTPIIIHSA apXiTeKTypa € 3aKpUTOI0 («IOpHA CKPUHBKAY),
0 YCKJIagHIOE Oe3mocepeqHio 3MiHy NapaMmeTpiB YU
CTpyKTypH. 3 ormigy Ha 1ie Oymo po3pobieHo
METOJIOJIOTII0  ONTHMI3aIii TIpoIecy po3Mi3HaBaHHS
eMOIlil, sKa moisirae He y Moaudikamii camoi Mepexi
DeepFace, a B maremaTn4niii oOpoOui Ta arperyBaHHi
pe3yibTaTiB aHali3y BiJle0 3 YpaxyBaHHSIM OCHOBHHX
npo0OieM, SIKi MOXYTh BUHUKATH IPH BUKOPUCTaHHI. Tak,

BiJleo-iHTEPB 10, AKe Oyne anamizyBatucs LI, ckimagaerbes
3 BEJIMKOI KiJIbKOCTI Ka/IpiB Pi3HOI SIKOCTI, cepell IKUX € 5K
iH(OpMATHBHI KaJIpH, TaK i HESAKICHI PO3MUTIi, 6€3 YITKIX
001y ab0 3 BENUKOI KUTBKICTIO IIyMy, SIKIi MOXYTh
3HWKYBaTH 3arajbHy TOYHICTH  OIIIHKH, OCKIJIBKH
DeepFace ananizye o0xmaus koxeH kanp. Lle o0ymoBmoe
HEOOXIJTHICTh CTBOPEHHSI HAAIHHOTO «yCEpEeIHEHOTO»

MOPTPETY EMOIIWHOIO CTaHy JIIOAWHA B YaCOBHX
npomikkax. Ha pucyHky 3 mpencrtaBieHa peaii3aifis
3alPONOHOBAHOTO  MiJXOAY IIOCTAIMHOTO  AJITrOPUTMY
ornrumizaii.

Crapr:

Bigeonoriv®aiin

Bubipxose
CeMNNIOBAHHA
Kagpia

InTepean 1 cexyHpa

Y
O6pobka
obpaHmx

kagpis

l DeepFace.analyze(actions=["emotionT)

OGnuyun Hi Bl
- > HERKICHWX
poanisHaxo,
xajpis
Tak l
Iropysanma xaapy
Arperauyin 8
Mexax -
IWrepsany

‘ CepepHi 3HaYeHHs N0 eMouisX

Aoparkosuid
CTaTUCTUYHIANA
a”aniz

‘ Jowminyioua emouis + cyGaomisanTa

Y
Buxig:
YcepepaHeHuid

posnogin
emouii

|

Mosropwuru

ans
HACTYTNHOM
iHTepsany

Puc. 3. Anroputm onrTrMi3arii mporiecy po3ii3HaBaHHS eMOITIH
HeiipoHHOI0 Mepesxeto DeepFace

Ha nepmromy erani BinOyBaeThest BUOIPKOBHH aHAi3
KaJpiB 3 BiZIeO i3 CEMIUTIOBAHHIM 3 METOI 3HM)KCHHS
O00YHCITIOBAIFHOTO HABAHTAXKCHHS Ta MIHIMI3aIlil BIUIUBY
mrymiB.  AHamiz  BigOyBaeThCsI 3 TIEBHHM YacOBUM
iHTepBaJIOM (32 3aMOBUYBaHHAM — | cekyHzma). Y Mexax
IBOTO  IHTEpPBAIY BUOHMPAIOTHCA TPU  PIBHOMIPHO
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PO3MOIiIeHI KaIpH ISl 00OpOOKH, IO TO3BOJISIE SMEHIITUTH
KUTBKICTh 00pOOIIOBaHUX 300paskeHb 1 3a0e3neunTH O1ThIIT
cTalinpHI JaHi U aHaji3y eMOIil, 3HIDKYIOYH BILTUB
BUITAJKOBUX aHOMaJIiH.

Jami s KoXKHOTO 00paHOTO Kajpy BUKOHYETHCS
BukIMK QyHKHii DeepFace.analyze 3 mapamerpom, skuit
30CePEIKY€ETHCS Ha pO3Mmi3HaBaHHI eMorin
(actions=[‘emotion’]) Ta BHUMKHCHHSIM OO0OB’S3KOBOTO
BusiBsieHHs: oOimyus (enforce detection=False). Taxwuii
MiAXiA MIBUILYE CTIHKICTH MOJIENI 10 KaupiB 3
HEiJlealbHUM  300paXCHHAM. BUXITHUMU JaHUMH €
HMOBIPHOCTI HAJIG)KHOCTI KaApy OO PI3HUX EMOMiHHUX
KaTeropii (HampuKIIag, pamicTh, CyM, THIB TOIIO). SKIIo Ha
KaJpi He BIAJOCSA YITKO BUSBUTH OONMYYS, TAaKUH Kaap
ITHOpY€TBCS B TOJANBLIOMY aHawi3i. 3aBaskud oOpoOmi
BHUHATKIB aJITOPUTM TIpaifoe 0Oe3 300iB, HaBiTH KOJHU
3yCTpIYarOThCs HeIH()OPMATHBHI KaJApH.

Ha mHacrtymHOMy ertami BinOyBaeTbcsi —arperaris
pe3ysbTarTiB y Mexax iHtepBany. JlaHi 3 ycix BHOpaHHX
KaapiB iHTepBaly 30MpPalOTbCS pa3oM, IICJs YOro s
KOXKHOT eMOIlii 00UHCITIOEThCs cepene 3HaueHH. [le nae

«yCepeIHEeHHH»  MOPTPEeT  eMOIIWHOro  cra”Hy 3a
KOHKPETHHIA 4aCOBHI BiAPI30K.
Jdus  Oimpmm  TAMOOKOTO — PO3YMIHHA — SIKOCTI

pO3Mi3HABAHHS MPOBOJAMTHCS JOAATKOBUN CTATUCTUYHHUM
aHaJi3 Ta PO3pPax0OBYIOTHCS HACTYITHI KJIKOYOBI METPUKH:

1) momiHyrO4a eMOIlisi BH3HAYAETHCS SK EMOIls 3
HAaOUIPIINM CepeqHiM 3HA4YCHHSAM Y TIPOMDKKY dYacy
LUSIXOM MOPIBHSAHHS 13 JPYTOI0 32 BEIHMYMHOIO €MOIIE0
(cyOmoMiHaHTOO) dYepe3 KOe(DilliEHT CIHiBBiAHONMICHHS
(diff ratio), Ta moka3ye CTyMiHb BIIEBHEHOCTI MOJENi Y
BHOOPI OCHOBHOI MOIIiT;

2) eHrporis po3noaity OLIIHIOE piBEeHBb
HEBU3HAYCHOCTI ab0 PO3CiOBaHHS WMOBIpHOCTEH cepen

Company Name *

Insight

Remote

Caontact Email

email@gmail.com

Contact Phone

+1999999999

Description

Main responsibilities:

Corporate systems development

UPLOAD LOGO

SIG

Recommended Video Time: 3 min

yCiX KaTeropii; HU3bKa EHTPOINS CBiTYHTH TPO UiTKE
JOMiHYBaHHS ~ OfHi€i  emomii,  BHCOKa mpo
HEO/IHO3HAYHICTb.

3) nmucmepcis: BHMIPIOE BapiaTHBHICTD 3HAYCHB
eMOIiH, Mo BimoOpa)kae CTYIiHb BUPA3HOCTI PI3HUII MiXk
HHUMH.

JaHi TOKa3sHUKM MOXYTh OYTH BHUKOPHCTaHI SK
JIOZIATKOBI O3HAKHM JUIA TOJANbIIOi oOpoOku abo s
Bi3yaJIbHOTO BiIOOpa)kKeHHS SIKOCTI PO3Mi3HABAHHS.

02120 MVP inmenexmyanvnoi cucmemu giodeo-
inmepe’to oOna acunxponnozo pexpymunzy. CTBOpeHa
MiHIMaJBHO XUTTe3naTHA Bepcis (MVP) inTenekryanpHOT
CHUCTEMH UIsI aCHHXPOHHOTO BiCOIHTEpB’I0 3abe3redye
OasoBuii, ame edexkTuBHUI HaGip GyHKIMIA AIA
MOTIePEeTHBOI OIIHKA KaHIUAATiB. ['0IOBHOIO METOIO i€l
cucremu € HaganHsa HR-¢axiBusM 3pydHOro iHCTpyMeHTY
JUTA TIEpeTiIsily Ta aHali3y BiICOBIATIOBiAEH KaHAWAATIB,
3amucaHux y Oynb-sKuil 3py4yHHl Juii HHX 4ac, 3
MOJKJIMBICTIO aBTOMATHYHOTO aHaJi3y 3MICTY BiAmoBimeit
Ta Bi3yasi3allii eMOIiHHOTO CTaHy MPETEHICHTIB.

Cucrema miATpUMYy€ TMOBHHMH IIMKJI BiJ CTBOPEHHS
BaKaHCii 0 OTpUMAaHHs IHTErpoOBaHOI OI[IHKK KaHIW/IATIB.
Ha erami inimiamizarii pekpyrep GpopMye kapTKy BakaHCil

(puc. 4,a), 3amarounm OO0OB’SI3KOBI aTpUOyTH: Ha3Ba
KOMIIaHii, reorpadidyHe TMOJOXKCHHsA, KOHTAKTHI JaHi
(email, Temedon) Ta TEeKcTOBHH ommc. JlomaTkoBo

BCTAHOBIIIOIOTECS YacoBI MeX1 JUIS BIJIEOBIAIIOBIIE:
PEKOMEHIOBaHUN Yac Ta MaKCHMAIIHO JTOITyCTUMHH Yac.
Jaii pekpyTep HallOBHIOE BaKaHCiI0 HA0OPOM 3alUTaHb Ta
npuB’s3ye 11 1O Kareropii/raimyseil [l KOPEKTHOTO
MapuUIpyTH3aliifHOTO Ta MOLIYKOBOT'O iHJIEKCYBaHHS (puC.
4,6).

Max Video Time: 5 min

a)

Puc. 4. Cropinku ¢opMyBaHHS KapTK{ BaKaHCIH peKpyTepoM
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Email: email@gmail.com

Phone: +1999999999

Description: Main responsibilities: Corporate systems development Web services development Database design
Requirements: Higher technical education Deep knowledge and experience of C#, .Net, JavaScript, React Experience
with 5QL, Azure Will be a plus: Knowledge and application of Agile, SCRUM Design patterns knowledge Microsoft
Dynamics 365 (CRM) SDK We offer: Full Software development cycle from software requirements preparation to
ready system release Opportunity to work with the new technologies and corporate level platforms Opportunities for

career and salary growth Flexible working schedule

EDIT VACANCY

Questions

Can you explain the difference between IEnumerable, IQueryable, and List in C#? When would you use each

one?

What are the key principles of object-oriented programming (OOP) in C#, and can you give real-world

examples of how you've applied them in your projects?

What is the difference between ref, out, and in parameters in C#? Can you provide use cases for each one?

New Question

6)

]

ADD

Puc. 4. Ctopinku opMyBaHHs KapTKH BaKaHCIH peKpyTepoM

Kanmunar y cBoro uepry B3aeMoOJi€ i3 CHCTEMOIO
Yyepe3 MepcoHali30BaHy TOJOBHY CTOpPIHKY (puc. 5), me
JOCTYIIHUI  TOBHUM  TMepeslik aKTHBHUX  BaKaHCIH,
¢bubTparis 3a KaTeropissMu Ta MOLIyK 3a Ha3Bolo. [Iporec
HaJlaHHs BIJIIIOBI/II peaji30BaHO y BUIJIAI ACHHXPOHHOTO
Bifieo3amnucy (puc. 6) KO KaHITUAAT CAMOCTIHHO 3aImycKae
3aI|C Ta MOCIIAOBHO BIATIOBiae Ha BU3HAYCHUH MEpPEiK
3alMTaHb y MeXaxX 3aJaHuX Y4acOBUX mapameTpiB. Takwuii

Asyncinterview.ai

MIJIX1] 3HHXKYE CHHXPOHHI BUTPATH Yacy Juisi 000X CTOpiH,
yCcyBae KaJleHIapHi KOHQUIIKTH Ta YHIpIKye yMOBH
OLIIHIOBAHHSI.

s pexpyTepa mnepenbadeHo KaOiHET 00pOOICHHUX

3alKCiB, TMpPEJCTaBICHUH HAa PUCYHKY 7, Yy SKOMY
arperoBaHo BCI  BiJCOBIATIOBiNi, MOB’s3aHI 3 HOTO
BaKaHCISIMU.

Available Vacancies

Q, Search vacancies...

Filter by Categaries

Vasya Vasenko
Software Development

VACANCIES

APPLICATIONS

rj §Qﬁﬂarﬁlﬁﬂ?ineer

22.06.202

Software Development
SETTINGS

c# dev
TRl e

Sic
Software Development
python dev Pl
Software Development

Puc. 5. ['ooBHa cTOpiHKa KaHIUIATA
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Record Video Answers

* What is the difference between ref, out, and in parameters in C#? Can you provide use cases for each one?

STOP JISCARD

Puc. 6. Iporec Bigeo-3anucy KaHIuAaTOM

Asyncinterview.ai

My Applications

Python junior
Maria Ivanova
VACANCIES ’/‘
SETTINGS

Digital Marketing Intern
London, UK (Hybrid'
Applied on 22.06.2025 VIEW

Al Score: 8.0/10

Status: submitted
m — Texac, Austin

Applied on 22.06.2025 VIEW

Al Score: 0.0/10
Status: submitted

Puc. 7. Cropinka i3 Biieo3anucamu i peKpyTepa

Ilepexix 10 KOHKPETHOTO IHTEPB’I0 BiJKPHUBAE
JIeTai30BaHy CTOPIHKY aHANITHUKU, IO OXOIUTIOE YOTHPH

B3a€MO/IOTIOBHIOBAJILHI MM ICACTEMHU. [To-nepe,
BIITBOPEHHS  BijeoBianmoBimi kavaumata (puc. 8)
3a0be3nedye  Bi3yanmbHy — Bepudikamiro  3MicTy H

HeBepOAJIbHUX CHUTHAIB y TE€pBHHHOMY Jukepeni. [lo-
Ipyre, MOy,  aBTOMATHYHOI  TPAaHCKpWIIIl Ta
KoMyHiKaIii (puc. 9) BimoOpaxkae TeKCTOBY po3muA(POBKY
MOBIICHHSI, TMiJBUIIYIOYH OTJIAOBICTh 1 IIOJETIIYIOYU
IIBUJIKAHA KOHTEHT-aHAlli3; TYT JX€ JOCTYIHHU KaHAal
MPSIMOTO ITOBIOMJICHHS KaHAMJATY JUIA 3aIPOTIOHYBaHHS
YTOYHEHB a00 MPHU3HAYECHHS HACTYNHUX KpokKiB. ITo-Tpere,
miJcucTeMa eMoIliiHOi/HeBepOaTbHOT aHAmITUKH (puUC. 10)
3MIHCHIOE OIIHIOBAaHHS BHPa3iB OONHYYS Ta TUHAMIKH

peakuid kaHauAaTta mia dYac BiagmoBimi. PospaxoBani
MOKa3HUKH IHTEPIPETYIOThCS y BHUIJISJI y3aralbHEHOTO
npodisro, IO  JIONIOBHIOE BepOATBHUN  3MiCT
MOBEIiHKOBUMH  Mapkepamu  (Hamp., CTaOUIBHICTH
eMOLIHOI JiHii, HajgBHICTP BUPA3HUX KOJMBaHB). llo-
YyeTBepTe, MOAYJIb KOHTEHT-aHali3y Bixnosizel (puc. 11)
CHIBBITHOCHTh CKa3aHe i3 3aluTaHHAMH BakaHcii Ta
KPHUTEPIsIMM  OILIHIOBaHHS (PEJICBAHTHICTb, JIOT1YHICTb,
MOBHOTA, KOHKpPETHKa MpUKIAAiB), BimoOpaxkaroun
CTPYKTYpPOBaHy OLIHKY II0 KOXHOMY 3alHMTaHHIO Ta
3arajbHy IHTErpajbHy METPHUKY. Y TO€JHAHHI 3 YACOBUMHU
oOMeXeHHSIMH 1€ (OpMy€e pENpOIyKOBaHI yMOBHU
MOPiBHIHHSA MiX KaHAUJaTaMH1 i JI03BOJISIE
CTaHAAPTU3YBaTH NPUHHATTS PiIlICHb.
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Feofan HR

VACANCIES

APPLICATIONS

LOGOUT

Puc. 8. Bineo-Bianosigs kanauaara

® Chat with Candidate

Type your message... ‘ SEND >

B Transcript:

Hi, my name is Maria Ivanova and I'm excited to apply for the junior Python developer position. | recently
graduated with a degree in computer science and have been focusing on back-end development with Python. |
enjoy solving problems with code and building things that make people's lives easier. One of the Python
projects I'm most proud of was a RESTful API for a simple task management system. | built it using Flask and
it included user authentication, task creation, and priority sorting. | used SQLAIchemy for database
interactions and wrote unit tests with pttest to ensure everything worked correctly. It was my first time
deploying an app to Heroku, which helped me understand real-world deployment challenges. When it comes
to debugging and testing, | usually start by breaking the problem down. I use print statements or logging to
trace where the issue might be happening and I rely heavily on Python's built-in debugger and stack traces.
For testing, | like to write unit tests for functions as | build them and use tools like Postman to manually test
APIs. I'm also comfortable using Git, writing clear documentation, and learning quickly from code reviews. I'm
really excited about the opportunity to join your team and grow as a developer. Thank you for considering my
application.

Puc. 9. TpaHCKPHUIIIist TA MOYKITUBICTh HAMMHCATH KAHAUIATY
(& Emotion Analysis:

**Confidence Level**: The candidate, Maria Ivanova, appears to have a high level of confidence. She
introduces herself clearly and provides a detailed account of her skills, experiences, and accomplishments
without any detected negative emotions. Her speech is consistent and she maintains a neutral emotion
throughout the majority of her dialogue, suggesting she is comfortable and confident in her abilities. However,
her emotional state shifts to sadness when expressing her excitement about the opportunity to join the team,
which could indicate a lack of confidence or nervousness about the outcome of the application. Overall, her
confidence level can be interpreted as high, with a slight dip towards the end of her speech.

**Deception Detected**: There is no clear indication of deception in Maria's speech. Her emotional state
remains neutral throughout most of her dialogue, which aligns with the content of her speech. However, there
is a slight inconsistency when she expresses excitement about the opportunity to join the team, but her
emotional state is detected as sad. This could be due to nervousness or anxiety about the outcome of the
application rather than deception. Therefore, based on the available information, it is unlikely that deception is
present.

**Psychological State**: Maria's psychological state appears to be largely stable and calm, as indicated by her
sustained neutral emotion throughout most of her speech. She seems to be focused and engaged in the
conversation, demonstrating a clear understanding of her skills and experiences. However, the detected
sadness when she talks about the opportunity to join the team could suggest feelings of anxiety or
apprehension about the future. This shift in emotion could also indicate a high level of investment in the
application process, suggesting that she deeply cares about the outcome. Overall, Maria appears to be calm
and focused, with a possible hint of anxiety or nervousness towards the end of her speech.

Puc. 10. Emouiiinuii aHaii3 KaHau1aTa Ha OCHOBI BiI€0-BimoBi i
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Al Review

Question #7

Al Comment: The candidate has a good understanding of Python and its associated frameworks. She has
hands-on experience with Flask, SQLAlchemy, and pttest. She also understands the importance of unit testing
and has experience with deploying applications using Heroku.

Score: 8/10

Question #8

Al Comment: The candidate has a systematic approach to debugging and testing. She uses print statements,
logging, and Python's built-in debugger for debugging. She also writes unit tests during development and uses
Postman for API testing. This shows a good understanding of best practices.

Score: 8/10

Puc. 11. Anani3 BianoBiaei KaHauaTa Ha IIMTAHHS 171 BaKaHCIl

TakuM YHMHOM, 3aIPOIIOHOBAHUN MPOAYKT pealrizye
€IMHAI KOHBEEP aCHHXPOHHOTO BiOOpy:

1) mocTaHOBKa 33124l Ta YACOBUX PAMOK PEKPYTEPOM;

2) camMocTiifHuil 3amuC BIANOBiACH KaHIUIATOM Y
3py4HHUH 4ac;

3) aBTOMaTH30BaHa TPAHCKPHUIIIS Ta Bi3yalbHO-
MOBEIIHKOBA aHAIITHKA,

4) KOHTEHT-OIIHIOBAHHS 10 PyOpHKax i OnepaTHBHUIMA
3BOPOTHUH 3B’ A30K;

5) uenrpanizoBane poGode Miciie pekpyTepa s
TIeperiisiay, MOPiBHIHHS Ta KOMYHIKAIIii.

ApxiTekTypHO T 3abesmeuye MacmTaboBaHe
3MEHIICHHS BHUTPAaT dYacy Ha eTamax CKpUHIHTY Ta
MEPBUHHOTO 1HTEPB'I0 TpU 30epekeHHI MPO30POCTi
KpPUTEPIiB Ta BIATBOPIOBAHOCTI MPOIEAYP OI[iHIOBAHHSI.

Ananiz epekmusnocmi inmenekmyanbHoi cucmemu
gideoinmepe’lo 0N ACUHXPOHHO20  PEKPYMUHZY.
OriHioBaHHs €()eKTHBHOCTI IHTENEKTyaJlbHOI CHUCTEMH
BiZICOIHTEPB’I0 IPYHTYETHCSI Ha BU3HAYEHHI KiJIBbKICHHUX 1
SIKICHUX TOKa3HHKIB, IOEIHAHHS SKUX Ja€ 11 KOMIUICKCHY
XapaKTEePUCTHUKY.

1. Ananiz  mounocmi posniznasanna  emouii.
Po3smizHaBanHS eMOIINHOI CKIIaAOBOI i Yac OLIHIOBAHHS
KaHAUJATiB y (popMaTi aCHHXPOHHOTO BiJCOIHTEPB'IO €
KIIOYOBUM  €JIEMEHTOM  CYYaCHHX  PEKPyTHHTOBHX
TexHonoriii. Emonii sik BakiauBi HeBepOalbHI CUTHAIH
HecyTh iH(OpMaLil0 NPO MOTHUBALIIO, pPiBEHb CTpecy,
BIIEBHEHICTh Ta 3araJIbHUN MCUXOJIOTIYHUI CTaH JIIOJMHHU.
[TigBUINICHHS TOYHOCTI ABTOMATHYHOTO PO3Mi3HABAHHSI
€MOIIi# CIIpUsie NOKPAIIEHHIO SIKOCTI KaJpOBUX PIllICHB, 10
€ OCHOBHOIO METOI0 po3po0IoBanoi cucteMH. [Jist OIiHKA
MOXITHBOCTEH CHUCTEMH Oyio MPOBEJCHO
eKCIIepUMEHTAIbHE  JOCHI/DKEHHS 13  3aCTOCYBaHHIM
BuOipku 3 10 Bimeo TpuBamictio mo 1 xBuimHI. KoxxHe
Bifeo Oyllo MOMIEHO Ha iHTEpBaNM Mo | CeKyHmi Iyt
JIETATLHOTO IIOCEKYHJHOTO aHaJIi3y EMOIIii, 110 I03BOJIMIIO
OTPUMATH JOKJIATHUA YacOBHH psA 3MiH EMOIIHOTO
CTaHy KaHIUIATIB.

PesynbraTi TecTyBaHHs HaBejieHi y Tabmuii 1, ne
MOPIBHIOETHCSl TOYHICTh PO3I3HABaHHS [JO Ta MICIs
MIPOBEJICHHS ONTUMI3aIlii.

Ta6mums 1 — TounicTh po3Mi3HaBaHHS EMOILIIH 10 Ta MICIIs ONTHMIi3allii poOOTH HEHPOHHOT MepeKi

[Toka3zHuK Jlo TIoHIHTY [licns TroHIHTY
KinpKicTh mpoaHali3oBaHKX iHTEpPBAJIB 600 600
KopeKkTHO po3mi3HaHuX eMolliii 408 (68%) 540 (90%)
HekopeKkTHHX po3mi3HaBaHb 192 60
AOGCOIOTHE TOKpAIeHHS TOYHOCTI — +22%

Jo onrtumizamii amroputMmiB Oyino mupoBemeHo 10
He3aJIe)KHUX TecTiB Ha BUOipui 3 600 cexyHn anamizy (10
Bimeo X 60 cexynm). ITouaTkoBuil piBeHB MPAaBHIBHUX
pO3IMi3HaBaHb MOl CTaHOBHUB OyM3bK0 68%, ToOTO 408
BHIAAKIB OyJH ileHTH(iKOBaHI KOPEKTHO, a 192 — Hi. Llei
MOKa3HUK € THUIOBUM JUIs CTaHJApTHUX MOjIelei,
0COONMBO TP aHali3i peaqbHUX BiJleoMarepiamiB, IO
MICTSTh LIyM, HETIOBHI KaJIpH 3 OOJIMYYSAMH, Pi3HI YMOBH
OCBITJICHHS Ta iHII (aKTOpH, SKi YCKIJIaJHIOIOTH
posmizHaBaHHA. byJo BCTAHOBJIIEHO, IO OCHOBHUMH
NPUYMHAMH 3HIDKEHHSI TOYHOCTI Ha TOYAaTKOBOMY eTarli
Oyu:

1) pparmenTapre ab0 HENOBHE BUSBJICHHS 00JIMY Ha
OKpeMHX KaJpax, [0 MPU3BOIMIO JI0 BiJICYTHOCTI 4H
CHOTBOPEHHSI IAHHX;

2) HasBHICTP aHOMAJBHHUX KaIpiB i3 PO3IMHUTTIM,
TiHSAMH 200 THIIMMHY TTePEIIKOIaMU;

3) BHYTpIIIHSA HEBM3HAYEHICTH MOJENI, IMOB’sA3aHa 3

HEOJHO3HAYHICTIO Kimacuikamii emomiii HaBiTh s
HEPEIOBUX HEMPOHHUX MEPEXK.

Hdnst ycyHeHHsT nux mpo0jeM Oyjio BIPOBaKEHO
KOMIUIEKCHY METOJIOJIOTII0 TIOHIHTY, sIKa HE ToTpeOyBana
3MiH y cTpyKTypi un Barax DeepFace, ockinpku Moaens €
3akpuToro. OnTumizamis monsfrana y BIOCKOHAJICHHI
MpOLECiB  BUOIPKOBOTO  CEMIUTIOBAHHS, CTaTHCTUYHOL
00poOKH Ta arperyBaHHS pe3yJIbTaTiB.

OCHOBHI €7IeMEHTH METOANKHU BKJIIOYAIIH:

1) BuOipkoBHi aHami3 KiTbKOX KaApiB y Mekax
KO’KHOTO CEKYHIHOro iHTepBaily (samples per interval =
3), 1O 3MEHIIyBAJO BIUIMB BHUIQAKOBUX MOMMJIOK i
HeiH(OPMAaTHBHUX 300paKEHb;

2) dinpTparito Ta irHOpyBaHHS KaapiB 0e3 diTKO
BHUSBIIEHUX OOJWY, IO BUKIIOYAIO «MOPOXKHI» NaHi 3
aHaizy;

3) ycepenHeHHs HMOBIDHOCTEH IS CTBOPEHHS
CTabUTLHOTO MPOQLITIO eMOITiH Y KOXHOMY 1HTEepBaTi,
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4) BUKOPHCTaHHS JIOJATKOBHX CTaTUCTUYHUX
MOKAa3HUKIB — EHTPOIii, AWcHepcii, CIiBBiTHOIICHHS
JIOMiHYI04Oi i CyOmOMiHYI0YOi eMmomii — Ui OLIHKA

BIIEBHEHOCTI MOJIENTI.

[Ticns BpoBamKeHHSI TIOHIHTY OyIJIO MPOBEICHO IIE
10 TecTiB Ha TUX CaMHX BiZICOAHUX, SIKi TOKA3aJIA CYTTEBE
/IBUIIEHHS SIKOCTI PO3IMi3HaBaHHS: TOYHICTH 3pocia JIo
90%. Takum umHOM, 540 i3 600 iHTepBaNiB OyINO
ineHTH(}HIKOBaHO KOPEKTHO, O Ha 132 BUnaaku Oinbie 3a
MOYaTKOBHUI piBEHB. Otpumani pe3ynbTatu
MATBEPAKYIOTh €(DEKTHBHICTh 3alIPOIIOHOBAHUX METOJIIB
onrtuMi3arii. BOHM 7eMOHCTPYIOTB, IO HABITh 0€3 TOCTYITy
O BHYTPIMIHBOI CTPYKTYpH TIHOOKOI Mepeki MO)KHa
3HaYHO TMIABUIIUTH TOYHICTH PO3Ii3HABAaHHS 3aBISKH
po3yMHiii 006po0mi Ta arperartii BUXiTHUX JTaHHUX.

Ie mokpaIeHHs: Ma€ BaXXJIMBE MPAKTHIHE 3HAUCHHS,
OCKUTBKH ~ 3a0e3leduye  peKkpyTepaM  JOCTOBIpHIIIY
iH(pOpMaIlifo TPO eMOLIHHUN CTaH KaHJUATIB, IO CHIPUSIE
OipLI OOIPYHTOBAaHOMY INPUHHATTIO pilieHb. HasBHICTH
JOAaTKOBUX METPHK YIEBHEHOCTI y  pe3yjbrarax
BIIKPHBA€ MOJIJIMBOCTI I TOJAJBIIOTO PO3BUTKY
ABTOMATH30BaHUX  CHCTEM  MIATPUMKH  OPUHHATTA
KaJpOBUX PillICHb.

2. Ananiz  mounocmi  nepesipKku  MeKCMOBUX
gionogideni. B iHTENeKTyalbHINl CHCTEMiI aCHHXPOHHOTO
PEKPYTHHTY BHKOPHCTOBYETHCS IOTYXHA BEJIMKAa MOBHA
monenb GPT-40 Bim OpenAl, inTerpoBana gepe3 OpenAl
API, sxa aBTOMAaTHYHO OIIHIOE TEKCTOBI BIAIIOBIIL
KaHAWOATiB HAa PI3HOMAHITHI MHUTAaHHS 3 PI3HUX Taly3ei.
O1iHOBaHHS 3MIHCHIOETHCS 3a ImKamoro Big 0 mo 10. dus
MepeBIpKM TOYHOCTI TaKUX OI[HOK OyJO NpPOBEAEHO
BIJINIOBITHUIA aHAJi3 Ha MOpPiBHAHHI BrcTaBieHux GPT-40
OaniB i3 MOKa3HUKAMU CEMAHTHUYHOI OJM3BKOCTI MIiX
BIJIIOBI/II0 KAHAKMAATA Ta €TAJIOHHUM TEKCTOM. ETaiioHHi
BINOBiZi — II¢ CTAaHTAPTHU30BaHI BAapiaHTH, IO MICTATh
onTUMaNEHUN Halip iHopmamii 3a Temoro. CeMaHTHYHA
ONMU3BKICTH BioOpaXkae He OyKBaJIbHE CITIBIIAIIHHSA CIIiB, &
piBEHb CMHCIIOBOI BiAIMOBIIHOCTI TEKCTIB 3 ypaxXyBaHHSIM
KOHTeKCTy. [ Ti oOYMCIICHHS 3aCTOCOBYBalM Cy4YacHi
MOJeNli BEKTOPHOTO TOAAaHHSI Tekcty — Sentence
Transformers. Bonn nepeBosisiTh peueHHs y OaraToBUMIipHi
BEKTOpPH (eMOEAIWHTH), a KOCHHYCHa CXOXICTh ITUX
BEKTOPIB CIYry€ YHCIOBAM IOKa3HHUKOM OJHM3BbKOCTI
(MacimTaboBanuM 110 nianazony 0-10 juis 3pydHOCTI
nopiBHsAHHS 3 ominkamMu GPT-40).

BigMiHHICTE 3alIPOITOHOBAHOTO TMiIXOMy TOJSATAE B
TOMy, IIO HE NPOCTO HOPIBHIOETHCS KOPEJSIIS MiX
ominkamu GPT 1 ceMaHTH4YHOIO  OJHM3BKICTIO, a
BHMIPIOETHCS BiTHOCHA MMOXUOKA y BiIcOTKaX. J[JIst KOxKHOT
mapu «ominka GPT - cemaHTH4Ha  ONH3BKICTHY
po3paxoByBajacsi BiJICOTKOBa pi3HHIs (rmoxubka). SIkio
BOHA HE ITepeBUIIYeE 5%, BIAIOBIAb BBAKAETHCS TPABUIIBHO
OILIIHEHOXO0, 1HAKIIIE — Hi.

Ie#t MeTo Ma€e KiJIbKa Iepenar:

1) serkicTs i MPO30OPICTH IS PO3YMIHHS, OCKIIBKH
JTa€ YITKUHA YUCITOBUI KpUTEPill [UIA IPUHAHATTS PilICHHS;

2) YHUKA€ CKIaJHHAX CTATHCTHYHUX METPHK, SKi
MOXXYTbh OYTH HEOUSBHIHUMH JUISI KOPHCTYBAiB;

3) 103BOJIIE  TOYKOBO BHSBJIATH  BiAmoBigi 3
KOPEKTHOIO OIIIHKOIO Ta Ti, IO IOTPEOYIOTh J0JATKOBOI
yBary, 3 MO>KJIMBICTIO THYYKOT'O HAJIAIITYBaHHS ITOPOTY;

4) 3abe3neuye 00 €KTUBHICTh, a/pke 0a3yeThcs Ha
CEeMaHTUYHOMY aHai3i, 110 BPaXxOBYE 3MICT, a HE MPOCTO
30ir cIiB.

Ji1 mepeBipKH  y3arajJbHIOBAaHOCTi, CTIMKOCTI MO
3CyBy JAOMeHy (Mg TepMiHOM «JoMeH» B IaHOMY
KOHTEKCTI PO3YMI€EMO TIpenIMeTHy 00JacTh i3 BIACHUMHU
TUNIOBAMH  3aZladyaMH, MOBOIO/TepMiHaMH, (opMaToM
«IPaBWIBHOI» BIAMOBIAI Ta KpPUTEPIsIMH SAKOCTI) Ta
BayigaIii pyOpuK OLIHIOBAaHHS B PIi3HUX THUIAX 3aBJaHB,
Oys0 Cc(OpMOBAaHO KOHTPOJBbHI HAOOpH 3amUTaHb 1
CTAJIOHHUX BIJIOBIACH y M’ATH Tramy3sX, II0 CYTTEBO
BIZIPI3HSIOTHCS 32 KOTHITUBHMM Tpodinem 1 ¢opmarom
MPaBWIBHOT BiIOBIL:

1) indopmariiiini TeXHONOTil Ta MpOrpamMyBaHHS —
JIOTiYHI 3ajayi, aaroputMu, ¢pparMeHTH Kony (IepeBipka
TOYHOCTI, popManbHOI KOPEKTHOCTI Ta KPOKOBOI JIOTIKH);

2) apxiTektypa Ta OyIiBHHLTBO — TEXHIYHI OmucH i
MIPOCKTHI pitmeHHs (ominka CTPYKTYPOBaHOCTI
apryMeHTalii Ta BiIIOBiTHOCTI BUMOTaM);

4) MenuiiHa — KIIHIYHI ~ Ke#cH, IIarHOCTHKA,
JKyBaJbHI IPOTOKOIH (TIepeBipKa JOMEHHOT KOPEKTHOCTI,
MOCHJIaHb Ha CTAaHNAPTH i PU3HUKIB TOMHIIOK);

5) nuzaitn  — BisyameHa komyHikamis, UX/UI,
KpeaTHBHI KoOHIeNIil (OLiHKa $KOCTI OOIPyHTYBaHHS
cy0’exTHBHUX pilenb i npunimmnis HCI);

6) binmaHcH — eKOHOMIiYHHWII aHai3,
PO3paxyHKH (mepeBipka YHCIIOBOT
BiITBOPIOBAHOCTI Ta JIOTiKH BICHOBKIB).

Taka OaraTtoraxyzeBa BHOIpKa Ja€ MOXKIHUBICT
BUMIPSATH HE JIMIIE CEPEIHIO PEe3yIbTaTUBHICTH CUCTEMH, a
W BapiaTUBHICTH SIKOCTI MIDK JIOMEHaMH, BHSBHTH
yHepemKeHHss Ta/abo BY3bKI MICISI, 1, 3pEIITORo,
MIATBEPIUTH, IO IHTETPaJbHI METPUKU BiTOOpaKarOTh
peasbHi KOMIIETEHTHOCTI KaHIUJIATiB Y HIMPOKOMY CHEKTpi
npodeciiiHux cueHapiis.

Jxepenamu eTasioHiB ctany oQiliiiHa JoKyMeHTallis,
HaBuasibHi Kypeu (Coursera, yHIBEpCUTETChKI MaTepiain),
kiinigHi HactaHoBu BOO3 i Medscape, 6i3Hec-keiicu Ta
¢inaHcoBl craHngapTu. Pe3ynbraTH aHamizy HaBeIEHO Y
Tabauil 2, siIka MICTHTh KiJbKICTh TECTOBHX BiAIOBIZEH,
cepennro ouinky GPT-40, cepente 3HaYEHHS CEMaHTHIHOT
6mmsbkocti  (y Macmrabi 0-10), cepegHio BiJHOCHY
MOXMOKY, @ TaKoXX BIJICOTOK BiAINOBiZEH, sSKi HPOHILIN
nepeBipky (moxnoka < 5%).

3BITHICTD,
TOYHOCTI,

Tabnuus 2 — [opiHsanHs ouiHok GPT-40 i3 ceMaHTHYHOIO OJIM3BKICTIO 32 PI3HUMH TAITY35IMU

Crreriamizaris Kinepkicts Cepenniii 6an Cepennst cemantiyaa | CepemHs BiTHOCHA Yacrtka
BitroBiTeit ChatGPT (0-10) 6mm3bkicTs (0-10) noxu6xa (%) npoinennx (%)
IT Ta mporpamMmyBaHHS 20 7,9 7,8 34 95
ApxiTektypa 20 7,3 7,1 4,1 92
Memumza 20 8,2 8,0 3,2 97
Jlyzaiin 20 75 74 4.8 82
Dinancu 20 7,7 7,6 3,9 93
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SAx BugHO 3 Tabmumi 2, GPT-40 neMOHCTpY€E BUCOKY
BiJNIOBiTHICTH OIIHOK i3 CEMaHTHYHOO OJIIM3BKICTIO B yCiX
cnemiamizamisix. CepemHs  BigHOCHa  IMOXMOKa  He
niepeBuIIye 5% Iyt OUTBIIOCTI BUITAKIB, IO CBITYHTH PO
3MATHICTP CHCTEMH €(QEKTHBHO OI[iHIOBATH 3MiCTOBHY
SIKICTB BiATIOBiEH 6e3 He0OXiTHOCTI 3aTyYeHHS JIIOICHKIX
excriepTiB. He3HauyHi po30DKHOCTI B OI[IHKAaX 3a3BHYAil
BUHUKAIOTh Y BUIAIKaX, KOJU KaHAWUIAT Ja€ HETHIIOBY,
posummpeHy abo nonmatkoBy iHQopMmamilo, sSKa Xo04 i
BiJIPi3HSIETHCSI BiJl €TAIOHHOT BiIMOBIII, aJic € 3MiCTOBHOIO
1 peJeBaHTHOIO.

3. Ilopisnannsa Kn10408UX MEMPUK 3 MPAOUUTHHUM
pexpymunzom. EdexTuBHICTS Oyab-fKk0i HOBOI CHCTEMH
OIIIHIOETHCS IIISIXOM TOPIBHAHHA ii KITFOUOBHUX MTOKAa3HHUKIB
i3 pesympraTaMd TpaAMIiHHMX migxomiB. Y cdepi
PEKPYTHHTY OIHHM i3 BH3HAYAIPHUX MapaMeTpiB € Hac,
SIKHA BUTPAYalOTh Pi3HI YUYACHHUKH HPOIECY — PEKPYTEpH,
TEXHIYHI CHeLiayicTh Ta iHII 3aTydYeHi CHiBPOOITHHUKH.
Came 1nell NOKa3HMK Mae Oe3locepelHid BIUIMB Ha
NPOJIYKTUBHICTh KOMIIaHII Ta BapTiCTh HalMy OJHOTO
KaHuaaTa.

Y OinbmIOCTI KOMHOAHIN TpaaWLiWHUKA Ipolec
PEKPYTHHTY CKJIAJa€ThCsi 3 JBOX OCHOBHHUX ETalliB.
[epmmii — CKpUHIHT, KU iepeabdadae momnepenHiit Bindip
KaHAugaTiB. Ha mpoMmy eTami pexpyTep meperisigae
pe3toMe, TepeBipsie BIIMOBIAHICTE POPMATHFHAM BUMOTaM
(HasBHICTH JAWIDIOMa, JOCBiLy pPOOOTH, KIFOYOBUX
HaBUYOK) Ta MOXCE TIPOBOJWUTH KOPOTKY Tele(oHHY
cmiBOeciny Uil yToYHEeHHs 0a30BUX JeTaneld Ta OLIHKA
soft skills. Jpyruii eram — TexHiyHa cmiBOeciza, sKy
3a3BHYail MPOBOAMTH CIEIHATICT i3 BiANOBIAHOI ranysi, 1e
OIHIOIOTHCS TpOdeciiiHi 3HAHHS KaHIUAATa, BMIHHS
PO3B’sI3yBaTH MPAKTHYHI 3aBJIaHHS Ta 3aCTOCOBYBATH CBOT
HaBUYKH B YMOBaX, HaOJIIKEHUX 10 peabHUX.

3amponoHoBaHa IHTEeNeKTyalbHa cucremMa
ACHHXPOHHOTO PEKPYTHHTY IIOETHYE Ii €Tamd B OULIBII
OINTUMI30BaHI hopmi. 3aBIsgKu aBTOMAaTH3aIl
MOTIEPETHHOTO BiIOOPY Ta MOMKIMBOCTI OI[IHKH TEXHIYHIX
BINOBiZe y 3ammcaHoMy Qopmari 3 BHKOPHUCTAHHSIM
IITYYHOTO 1HTEIEKTY 3HAYHO CKOPOUYETHCS HABAHTAKCHHS
Ha MepcoHa] i yac, HeOOXiAHWI Il aHall3y KOXKHOTO
KaH/uIaTa.

Po3pobnena  cuctema  reHepye  ABa  THIH
aBTOMATHYHHUX 3BITIB, KOPUCHUX JJISI YIACHUKIB MPOIIECY
Haiimy. [lepmuii — 1ie 3BIT 3 €MOIIMHOrO aHAJI3y, KN
OTHCY€ EMOLINHIN CTaH KaHAuAaTa (YacTOTa TIO3UTUBHUX
i HETATHMBHUX €MOIIil, eMOIliifHa CTaOUTBHICTD, peaKIlii Ha
cKJaaHi nuTanHA). Takui 3BIiT € 0co0auBO iHHNM a1 HR,
OCKIJIbKM J103BoJIsie iHTepnperyBatu soft-skills, piBeHb
MOTHBAIil, CTPECOCTIMKICTh 1 KyJbTypHYy CYMICHICTB
kaHaugaTta. pyruit — me 3BIT 3 TEKCTOBOIO aHAII3Y
BIMOBiZICH, SIKUH y3arajibHIOE CMHCJIOBY HACHYEHICTH Ta
PeNEeBaHTHICTh BiANOBiNeH (BUIIICHHS KIIOUYOBUX Te3,
BIIMOBIIHICTE TEXHIYHUM BHUMOTaM, BUSIBIICHHS

cynepednoctei). Lleit 3BiT cnporrye poOOTy TEXHIYHOTO
CHemiaicTa, OCKUIBKH MJO3BOJISIE OIIHUTH TPEIMETHY
KOMIIETEHTHICTh 0e3 HEOOXiTHOCTI TPOCIyXOBYBaTH
TIOBHHUH 3aIHC iHTEPB 10.

Sk Ga30BHI YacOBUiT TOKA3HUK JIJIs HOPIBHAHHSA 0YJI0
o0paHno vac, ButpadeHuii HR i TexHiYHHM crieriamicToM Ha
NepeBipKy pe3yibTaTiB KaHauaaTa. Y TpaguliiHOMY
PEKpPYTHHTY Liei Yac BKIIIOYA€ CKPUHIHT (YUTaHHS pe3loMe
H KOpOTKa po3MOBa 3 KaHIWIATOM) Ta IIOBHY TEXHIYHY
cmiBOeciqy. Y po3poOiieHii cUcTeMi BifieO-IHTEPB’IO0 BiH
BIAMOBiga€ dYacy, HEOOXiTHOMY /Uil O3HAHOMIIEHHS 3i
3BiTaMH €MOIIIHOTO Ta TEKCTOBOTO aHANI3Y 1 IPUHHSATTS

pimreHHs.
Hdus  mepeBipku  e(pEKTUBHOCTI  3ampOINOHOBAHOT
IHTENEKTyaIbHO1 CUCTEMHU Oymo TIPOBE/ICHO

eKCIIepUMEHTANIbHE AOCIIKEHHS, y IKOMY B3SUIH y4acTb
TPH PEKPYTEPH Ta I’ ATEPO TEXHIYHUX CIICIIATICTIB, KOXKEH
3 SIKMX MaB JIOCBiJl MpodeciiiHoT NisUIbHOCTI MOHA 1’ SITh
pokiB. Ha niepiromy erari 0yJio BU3HAUYCHO YaCOBI BUTPATH
y MeXax TpaMIiHOro Mmpolecy CKpUHIHTY. SIK mokasye
MpaKTHKa, PEKPYTEPH BUTPavaIn Ha MONEePeHIi neperisin
Ta OLIHIOBaHHS OJHOTO KaHauzaara Bix 10 mo 20 XBUIMH
3aJICKHO BiJl 1HIUBIAyaJbHUX OCOOJMBOCTEH IMOJAHHX
MaTepialiB Ta BIACHOI METOTUKH aHajily. B OimpmiocTi
BUIIAJIKIB IIeH MOKAa3HUK CKIIAAaB MPHOIN3HO 15 XBHIMH Ha
OJTHOTO KaHAWAATa, IO MIATBEPAXKYE BHCOKHH pIiBEHB
YaCOBHUX 3aTpaT MPH 3HAYHIH KiJIBKOCTI 3asIBOK.

Ha ppyromy erami [DOCHimKeHO e(QEKTHBHICTh
BUKOPDHCTaHHS CHCTEMH AaCHHXPOHHOTO DPEKPYTHHTY.
KokeH i3 pekpyTepiB BUTpayaB MPUOIU3HO 2 XBUJIUHU
He3aJIe)KHO BijJl TPHUBAJIOCTI BiJICOIHTEPB’I0 KaHAMIATA,
OCKIJIbKH cucrema aBTOMAaTHUYHO ¢dbopmyBana
CTPYKTYPOBaHUI €MOLIHUI 3BIT CTPOro BHU3HAYEHOTO
obcsary ta gopmarty. Lle m103BONIATIO peKkpyTepaM MIBUAKO
O3HAaHOMHTHCS 3 KIIOYOBUMH ITOKa3HUKaMH Ta 3poOWTH
BUCHOBKH 0€3 HEOOXiZHOCTI  MeperisiiaTH  Bech
BiJeoMaTepiair.

OxpeMy yBary Oyll0o HPHAIICHO POOOTI TEXHIYHUX
CICMiaJiCTiB, SKi BUKOHYBAIN OLIHIOBAHHS MpoQeciitHol
KOMIIETCHTHOCTI ~KaHIWAATIB Ha OCHOBI TMeperismy
BiZIcOiHTEPB’10. J[JIsI eKCIEpUMEHTY OyJI0 CTBOPEHO TPHU
BaKaHCIl 3 Bi/leo MakcuMaibHOO TpuBajiicTio 10, 30 ta 60
XBWIMH, NPU [IbOMY B TpPaJUIIHHOMY Mpoleci TeXHIYHa
cniBOecija TpuBasa 6 CTUILKHU XK. Y CHCTEMI aCHHXPOHHOTO
PEKPYTHHIY YacOBI BUTPATH CIELIAJIICTIB CKJIAJIN OJIN3bKO
3 XBWIMH JJIs1 JE€CATUXBHWIMHHOI'O Bil€o, 9 XBUIMH IS
TPUALSTUXBUIMHHOTO Ta 18 XBHUIIMH 1151 TOAWHHOTO BiJIEO.
Take 3pocTaHHS 4acy IOSICHIOETHCS 301JIBIIEHHSIM 00CATY
iHpopManii, SKy MOTPiOHO ONpAIIOBATH, NMPOTE HABITH Y
[[bOMY BHUIaIKy €()EKTUBHICTb 3aJIMIIIaIacs 3HAYHO BUILOIO
MOPIBHAHO 3 TPaguIlifHAM MiAXOJOM, J€ aHali3
BiOyBaBCsl MOBHICTIO BPYYHY 1 3aiiMaB 3Ha4yHO Oijiblie
qacy. Pesynpraty qociipKeHHST TIPEICTaBICHO B TAOJIHUII

3.

Tabmums 3 — [TopiBHAHHS Yacy BUTPaueHOTo MEPCOHATIOM Y TPAIUIiHHOMY Ta aCHHXPOHHOMY PEKPYTHHTY

Eran / TpuBasicTh iHTEpB’10 Tpaauuiiiauii pekpyTHHT (XB) ACHHXPOHHMH PEeKPYTHHT (XB)
Ckpuninr (HR) 15 2
Texniuna criBOecina / inteps’to 10 xB 10 3
TexniuHa cmiBOecina / inTeps’to 30 xB 30 9
Texniuna cniBOeciza / inTeps’io 60 XB 60 18
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3 aHami3y BHIHO, 110 Y TPAAMIIHHOMY PEKPYTHHTY
HR Butpauae 15 XBuirH Ha CKPUHIHT OJHOTO KaHAWIATA,
TONI K y JdaHili cucTemi mel Yac CTaHOBHTH JHIIe 2

XBUIMHA.  Po3paxyemo  koedimieHT  IiIBUIICHHS
edpexTuBHOCTI podoTH HR 32 hopmymoro (1)
it
Epgp = oz 1)

HR

ne Eyp — xoediuieHT migBHINEHHS e(eKTUBHOCTI
pobotu HR;

tng — cepenHiii gac, surpadeHnii HR Ha ckpuHiHT

OJIHOTO KaHAWAATa B TPAJULIHHOMY PEKPYTHHTY;

tz}: — cepeaHiit yac, ButpaueHnii HR Ha ckpuHiHT
OJIHOTO KaHAMJATa B ACHHXPOHHIN CUCTEMI.

[lizcTaBuBIIM ~ 3HAYeHHS  CEpPeNHBOTO  dHacy,
BuTpayeHoro HR Ha CKpUHIHI OJHOTO KaHAMZATa B
TpaguLiitHOMY PEKpPYTHHTY Ta BUKOPHUCTAHHS
3aIPONIOHOBAHOI CUCTEMH JAJI1 ACHHXPOHHOI'O PEKPYTHHTY,
OTPUMAEMO:

15
EHR = 7 = 7,5.

OTXe, BHUKOPHCTAaHHS IHTEJIEKTYaJbHOI CHCTEMH
ACHHXPOHHOTO PEKPYTHHTY 3HIKY€ HaBaHTaxxeHHsS Ha HR
y 7,5 pa3iB y TOpiBHAHHI 3 TpaaumiiHUM mporecom. Lle
03HAyae€, 10 OJUH PEKPYTEp 3MOXKE OOpOOUTH Yy I’SATh
pa3iB Oinblile KaHIUAATIB 32 OJHAKOBHU MPOMIDKOK 4Yacy,
o 0e3nocepeIHbO BIIMBAE HA 3aralibHy MPOAYKTHBHICT
BiJUIUTY IiA00PY MEPCOHAITY.

Jnst omnucy 3aleKHOCTI yacy poOOTH TEXHIUHOTO
crewjaiicra BiJi TPUBAJIOCTI BIJICOIHTEPB’IO0 JIOLLIBHO
BHKOPHUCTATH JiHIItHY Moxaenb. Lle moB’s3aHO 3 THM, IO
o0csar iHpopMamii y 3BiTI 3pocTae MPSAMO TPOTIOPIIIHO
TPHUBAJIOCTI IHTEPB F0: UM JIOBIIIC KAHIHIAT BiAIOBIa€ HA
3alUTaHHS, THM O1NTbIIIe 3MICTOBHX OJIOKIB 3’SIBISETHCS Y
3BiTi, i TUM JOBIIIE€ TEXHIYHHUH CIICIIaIiCT BUTpaya€e yacy Ha
o3HaifomsieHHsT 3 HUMH. OCKITBKH CTPYKTypa 3BITY
CTaHJIapTU30BaHa, 30UTBIIIEHHS HaBaHTaXEHHS
BiIOYBA€ETHCS TIOCTYIIOBO Ta PIBHOMIPHO, IO BifoOpakae
JIHIHHUNA XapaKTep MpoLecy.

Takum 4KMHOM, yac poOOTH TEXHIYHOTO Creriajicra
onucyethbest hyHkuierw (2):

sys
Tec
sys o .

Ie Tech(L) — dYac, BHUTPAYCHHH TEXHIYHUM
CIEIiaJliCTOM y CHCTeMi Ui iHTepB’I0 TpHBalicTIO L
XBHUJIUH,

a — 0a3oBMii uYac Ha O3HAHOMIIEHHS 31 3BITOM,
HE3aJIC)KHO BiJI JOBXHHU 1HTEPB 10

b— koeoirieHT, MO MOKa3ye, SK 30LIBIIYETHCSA Yac
OIIIHKH 3aJIC)KHO BiJl TPUBAIOCTI IHTEPB 10;

L — TpuBamicTs Biieo-iHTepB 10, XBUIINH.

ITincraBuBIIN eKCIIepUMEHTAIbHI JaHi,
dbopmamizyeMo  4YacoBi  3aNeKHOCTI W  TIOpaxyeMo
MMOKa3HUKN ePEeKTUBHOCTI. JIJIsI TEXHIYHHMX CHEIiaTiCTiB
maemo Tpu touku (10,3), (30,9), (60,18). OueBnaHO, 110
4ac y CHCTeMI 3pocTae mpomnopiiitHo L, Tomy koedirienT b
JIOPIBHIOE:

L(L) =a+bL, )

b= L 3 =0,3
L1000 T
Otxe, miHIHHA MOIENb dYacy MO TEXHITHOTO
cnemiaiicra y cucremi Mae BUTIAL (3)
t° (L) = 0,3L. (3)

Tech

Y TpamuiiiiHOMy WiAXOJl TEXHIYHWHA dYac It
iHTepB’10 JOBXHMHU L 1OpiBHIOE camii TpHBaNOCTI
iHTEepB’10 (4):

trad _
tTech(L) = L. (4)
Koedimienr  migBumenHs  e(peKTUBHOCTI s
TEXHIYHOTO CITEIliaricTa;
trad
trs (L) L 1
E L)=5——-=—=—= 3,33
rean(L) = g (L) 03L 03 o

o0 CBIAYUTH TPO T€ IO TEXHIYHWH CIICI[aNlicT y
CepeHbOMY MpaIoe MPpUOIK3HO Yy 3,33 pasu edekTHBHIIIES
y CHCTeMI BiZIeOIHTEPB 0.

Jaini BU3HAYCHO 3arajbHUIN Yac Ha OJHOTO KaHIUaaTa
(HR + TexHik) y aBox mimxonax (5-6):

(L) =t + (L) =15+ L, (5)
T5(L) = typ + tron(L) =2+ 0,3L. (6)
Bi[[COTKOBe CKOPOYCHHA 3arajJJbHOro qgacy

(epextuBHICTD Y %) BU3Ha4Ya€eTHCs 3a hopmyIioro 7

13+0 7L

-100% =

Ttrad(L)_TsyS(L)
Ttrad(L)

A(L) = -100% . (7)

Jana QyHKIiS BU3HAYA€, HA CKUIBKH BIiJCOTKIB
cHCTeMa CKOPOYY€ 3arajibHi 4acoBi BUTPATH IMOPIBHSHO 3
TpamuIiifHuM migxogoM. Tak, migcraBuBmM THUTOBI L
OTPUMAEMO BiJICOTKOBE 3HAYEHHS CKOPOYCHHS UYUCIOBUX

BUTpAT:
IIpu L=10:
T7%4(10) = 15 4+ 10 = 25,
T°5(10) =2 +40,3-10 = 5,
A(10) = 2=2-100% = 80%.
IIpu L=30:
T7%4(30) = 45,
T5(30) = 240,330 = 11,
A(30) =447_5 100% ~ 75,56%.
IIpu L=60:
Ttrad(60) —

T5(60) = 2 4+ 0,3 - 60 = 20,
75

Po3paxyHOK nokasye, o 31 301IbIICHHSIM TPUBAIOCTI

BiJICOIHTEPB’I0 BiJICOTOK CKOPOYCHHS 3arajbHHUX BUTpPAT

A(60) = -100% =~ 73,33%.
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9acy IIOCTYIOBO 3MEHIIY€EThCA. 1le TOSICHIOETECS THM, 10
BHECOK MOCTiifHOI ckiamoBoi (ekoHomis wacy HR y 13

XBIJIMH) CTa€ MEHII 3HAYYyIIMM Y TOpPIBHAHHI 3i
3pOCTa0Y0I0 YACTKOK Yacy, BHTPAYCHOTO TEXHIYHUM
CIELIaIiCTOM. Boanouac MIBUIKICTD SHIKEHHS
e(eKTUBHOCTI  YHOBUIBHIOETBCS, IO  MiATBEPIKYE
HaOnmxeHHs GyHKUIT (9) 10 MeBHOT MexXi.
13+0,7L
A(L) = TR 100% . 9)

3 MareMartu4HOi TOYKH 30pYy, HNPH HECKIHYUCHHOMY
3pocrtaHHi TpuBanocTi inTeps’to (L — o) Bemmunna A(L)
[parHe JIo CTajJoro 3HAYEHHS:

13+0,7L
15+1L

OTxe, 32 MECUMICTUYHUM CIIEHApieM, KOJIM IHTEPB’ 10
€ JyXe JOBI'MM, CHCTeMa AaCHHXPOHHOTO PEKPYTHHTY
3abe3neuye eKOHOMIlo yacy Ha piBHi 70% B MOpiBHSHHI 3
TpamuIliiiHuM pekpyTuHroMm. lle o3Havae, 110 HaBITH 3a
MaKCHMaJlbHOT ~ TPUBAJOCTI  mpolecy  e(eKTHBHICTh
CHCTEMHU 3aJIMIIAETHCSI BHCOKOIO Ta CTaOUIBHOIO, IO
MiATBEPIKYE TOUIIBHICTD 11 BIIPOBaKECHHS.

Llim A(L) = Llim -100% = 0,7 - 100% = 70%.

BucHoBok. Po3pobrneHa iHTenekTyaJbpHa CHCTEMa
IUTS aCHHXPOHHOTO Bil€0-1HTEPB'I0 €(PEKTHBHO BHUpIIIye
KIIFOUOBI TPOOJIEMH Cy4YacHOTO pEeKpyTHHTY. Bona
YCIIIIHO TO€AHYE TMEPEAOBI TEXHOJIOT] MITYYHOTO
IHTEJeKTy 3 TpakTHYHUMH moTrpedbamn  HR-ramysi,
3a0e3neuyroyr 00'€KTHBHICTh, IIBUJAKICTh Ta 3PYYHICTbH
npouecy BinOopy KaHAMAATIB. [HTenekTyajabHa cUcTeMa
peaitizye KOMILICKCHUH MiXi/] 10 OI[iHFOBAHHS KaHIUIaTiB
Yepes MO JHAHHS aHaIli3y BiqnoBiaei 3a gonomororw GPT-
40 Ta po3Ii3HaBaHHsS EMOLIHHOTO CTaHy 3 BUKOPUCTAHHIM
ontumizoBanoi Mogeni DeepFace, mo 3abe3meuye
(hopMyBaHHS IUTICHOTO MPODIIF0 KAHINIATa, BPaXOBYIOUH
SK  mpodeciiiHi  3HaHHA, TaK 1  ICUXOJOTIYHI
XapakTepucTUKU. Po3pobneHa iHTeNeKTyalbHa CHCTEMa
Ma€ 3HAYHMW TOTEHIa]d Ui TIOJAJIBIIOTO PO3BUTKY.
Bucoki MOKa3HUKH TOYHOCTI 5K B PO3Mi3HABAHHI €MOIIIH,
TaK i B OI[IHFOBaHHI TEKCTOBHX BIJIIMOBiIEH, CTBOPIOIOTH
MII[Hy OCHOBY MJisl PO3LIMPEHHS (YHKIIOHAJIBHOCTI.
MoOXJIMBI ~ HanpsSIMKH ~ BJOCKOHAJICHHS  BKJIFOYAIOTh
iHTerpauito 3 icHyrounmMu HR-cucremamu, posmmpeHHs
MATPUMKHM PI3HUX MOB, BIIPOBAPKCHHS JOAATKOBHX
AQHATITUYHUX METPUK Ta PO3POOKYy IPEAMKTUBHUX
MoJieield ISl TPOTHO3YBAaHHs YCIIIIHOCTI KaHAWIATIB Ha
KOHKPETHHX nocasax. OTtpumani pe3ynbTaTtu
MATBEPXKYIOTh, 110 MOEIHAHHSI aCHHXPOHHOTO (hopmary
cmiBOeciy 3 IHTENEKTyaIbHUMH METOJaMHU aHalizy €
NIEPCIEKTUBHUM HaIPSIMKOM TpaHchopmaii
PEKPYTHHIOBUX MpoleciB. [HTeJeKkTyanbHa CcHCTeMa He
JIUIIE ONITHMI3Y€E BUTPATH Yacy 1 pecypciB KOMITaHii, ane i
MiIBUIIYE 00'€KTUBHICTH Ta SIKICTh KaAPOBUX PIllleHb, IO
B KIHIIEBOMY  MiACYMKy  copusie  (OpMyBaHHIO
e(peKTUBHINIMX KOMaHJ Ta MOKpalleHHI0 Oi3Hec-
pe3yIbTaTiB OpraHizarii.
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b. 10. CKPHIIKA, /1. b. €JIBYAHIHOB

MOJEJI TA METOAHW KOHTPOJIIO ITOJIT'PYIIOBUX KOH®JIIKTIB IHTEPECIB B
CEPEJOBHUIII MYJIbTUAT'EHTHOI MEPEXI PO3IIOAIVIEHOI CUCTEMU IHTEJIEKTYAJIBHUX
AT'EHTIB

SIKIIO eHepPreTHYHI PeCypCH NPEACTABISIIOTH COO0I0 HaAMIPHY LIHHICTD ISl TPYIH areHTiB PO3MOIIICHOT CHCTEMH, TO BUHUKAE JIOTTYHE MUTAHHS, SIKUM
YHHOM NPOBECTH e()EKTHBHHUN PO3HOJII PECYpPCIB 3 METON 3aJ0BOJLHHTH IOTPEOM KOXXHOTO areHTa Ta BHKOHATH PO3IMOJLI OLIaINBO, 100 He
nepeBrcHaxuTH 3anacu? [loniOHa 3agava Mae He TpuBianbHe pineHHs. Hama pobota 0a3yeTbesi Ha TAKUX MOAENSX, LIO OyJH AOCHiDKeHI Oymaydn
HATXHEHHMH MPUPOAHMMH (OpMAMHU ICHYBaHHS TPYMOBHX Oi0JOriYHUX icTOT. O6’€KTOM MOCITIMIKEHHS € IHTENEKTyalbHI PO3IOIICHI CHCTEMHU.
IpenMeToM IOCHIMIKEHHS € MPOLEC CaMOOpraHi3alii iHTeNeKTyalbHUX areHTiB y WiNiCHY PO3MOJiIeHYy CHCTEMy, IO MaloTh CIiNBHI IHTEpecH Ta
JIOCITIDKeHHS e(DeKTHBHHUX CTPATETiil BUPILICHHS! BUHUKAIOUNX KOH(IIKTHUX CHTyaLiil MXK areHTaMi. AKTYyaJbHICTb JaHoi po6oTH. be3 eHepreTHIHux
pecypciB HEMOXJIMBE ICHYBaHHsS TOTO YW iHIIOro GiOJOTIYHOrO BHIY Ha IUIaHETi, a O/pKe OalaHc i PO3MOALT eHepril Mae KIYOBE 3HAYCHHS.
Enextpoenepris 3apa3 € neilUTHEM pecypcoM — HMUTaHHS PO NPIOPHTETHICTh PO3MOJITY MK Pi3HHMH IPyIaMH areHTIB PO3MOALIEHOI Mepexi €
3aj1auer0 He TITbKHM CHEePreTHKIB, a i MaTeMaTHKIiB Ta eKOHOMICTIB. Boza, nroackKi pecypcu, MexaHiuHi 3aC00H CHIIBHOIO KOPUCTYBAHHS Ta iHIIE —
MOXKYTh BUCTYIIATH CHIPHUM 200 KOH(IIIKTHHM PECypcoM IUIsl IEKIIbKOX areHTiB, KOTpi MOTpiOHO BUpinryBaTH. MeTa naHoi poOoTH nMpoaHaiizyBaTh Ta
CHHTE3yBaTH aKTyaJIbHI 3HAaHHS 32 TEMaTHKOIO JOCIHIUKEHHS B HOBI IiIXOJU-CTpaTerii opraHi3arii iHTeJIeKTyalbHIX areHTiB PO3NOIIEHHX CUCTEM Ta
chopmyBaTh i€, TimOTe3H, CIOCTEPEKEHHsS] Ta EeKCIEPUMEHTATbHO-OTPUMAHI JaHi, METOAM Ta MiAXOAH BHUPILICHHS KOH(QIKTHHX CHUTYyallill MiK
areHTaMH y TeKCTOBO-Tpa(idHy TEXHOJIOTIIO IS MOJabIIOro hopMyBaHHs MaTeMaTudHOi Mozesni. OcHoBHA inest po6oTtu. [Tossirae y ¢popMyBaHHi HOBOT
METOJUKH-CTPATEril yperyJaroBaHHS MOJIrPYHNOBUX KOH(IIKTHUX CHTyallid y pPO3MOAUICHHX CHUCTEMaX, IO MOTCHIIMHO MacTh MOXJIMBICTH [0
BUBUIbHEHHS 1 MIEPEHANPABICHHS JOJATKOBHX PECYpPCIB Ha JOCSTHEHHs KiHIEBOI MeTH. Bukopucrani meroau. HaykoBuil ekCliepUMeHT, aHami3 Ta
CHHTE3, METOAU MOPIBHSHHS Ta aHAIOTIH, METOA MOJICIOBAHHS Ta MPOTOTHIYBaHHS, aOCTpaKiis Ta KOHKPETH3aLis, cnoctepexeHHs. Otpumani
pe3yJbTaTH: IPOaHai30BaHO Ta CHHTE30BAaHO HAyKOBI MaTepia 00JacTi JAHOTO JOCII/DKEHHS B JIOKaHIUHI 3HAHHS; IIPOBEICHO aHAll3 TaKTHKO-
CTpATerivyHuX MPUHOMIB BHPILICHHS KOH(QIIKTHAX CHUTYalliil B KOHTEKCTI MYJbTHATCHTHHX CHCTEM; C(OPMOBAHO HOBI 3HAHHS Y BUIJISII TEKCTOBO-
rpadivHOi TEXHOJIOTIl; PO3IJITHYTO MOXIMBI MMOCTAHOBKU 3aqadi Ha BepOAIBHOMY pIBHI [Uisi BHUPIIMICHHS KOHQIIKTHHX CHTYalUiil BUPIiLICHHST
MDKIPYyHOBOT0 KOHQIIIKTY Ha IIPUKJIa/i KOOPAHMHALIT iHTeIeKTyalIbHIX areHTiB BOoBUOI 3rpai. OTprMaia nojansmuid po3BuTok. KoHmenmis Ta cama ines
BPETYJIIOBAHHS KOH(IIKTHMX CUTyallif Ha OCHOBI MaTeMaTH4HOrO amapaTy B 3ajadaX MOJCIIOBAHHS Ta ONTHUMi3allil BUKOPUCTAHHS PECYPCHHX
MOKAa3HUKIB B KOHTEKCTi TOJI TPYMOBOI B3a€MO/II]l areHTiB PO3MOIICHOT IHTENEKTyalbHOI Mepexi Ha NPHUKJIA/Al OpraHi3awii BOBUOI 3rpal; KOHLIEMLis
nomyky edexruBHoro pimreHHs N-BuMipHOi nuiemu B’si3HiB. HaykoBa HOBH3HA. Y HaHii poOOTi 3aIpOIIOHOBAHO BHpINIyBaTH N-BHMIpHY THIIEMY
B’SI3HIB 13 BUKOPHCTAHHSIM AITOPUTMIYHOI METOAMKH KOHTPOJBOBAHOTO MOJi-TPYHOBOrO KOH(IKTY HA OCHOBI METAE€BPHCTUYHOIO AITOPUTMY
poitoBoro inTenekTy 3rpai cipux BoBkiB (GWO). Mozerns anroputMy 3rpai cipux BOBKIB CTaI0 MOXKJIUBHM MepeHecTr Ha N-BUMIpHY OCTAHOBKY 3a1adi
PO WIIEMY B’SI3HIB 3aBJSIKH TOMY, IO 3[aTHICTB JiSTH OKPEMOIO arcHTa-BOBKA, K HE3aJE)KHOTO iH/MBILA Ta BIUIMBATH HA 3arallbHUIl Pe3yJbTaT
KooTepalii BOBKIB OJHi€l 3rpal i € HPOTOTHIIOM MOJE IpU, KOTPY yocoburoe co6or0 «N-BiuMipHa quiiemMa B si3HIBY. TaKiuM YHHOM, KOXKEH areHT-BOBK
3[1aTeH BIUIMBATH Ha PiBeHb eEKTUBHOCTI MPUITHATTS PIllIeHb BOKAKOM HOTO 3rpai, KOTpuii yocob:oe co6oto rpasist «N-BUMIPHOI AUIEMH B’SI3HIBY,
KOTpHil HaMaraeThcsi MaKCHMIi3yBaTH CBiif (3rpai) BUTpall Ha IUIONIWHI TOMIYKY pimeHs. I[IpakTiyHe 3HaYeHHs. 3anpoNOHOBAaHI METOAW, MOJEINI Ta
METOJMKH MOXKHa BHKOPHUCTOBYBAaTH B IPUKJIAJHHX 3a/la4aX €KOHOMIYHOIO PO3PaxyHKY e(eKTHBHOCTI MiINPHEMCTB, Yy 3a/Ja4aX MaTeMaTHYHOTO
MO/JIETIFOBaHHS MOIIYKY OaiaHCy Ta e()eKTHBHOTO PO3MOIIIY pecypciB, B 3a[ja4ax MOUIYKY Ta BUABJICHHS 1 OTOUCHHS TUHAMIYHUX 1iyiel B N-BUMIpHUX
CEepeNIOBHIAX JOCATAI0uM e(eKTHBHOTO ToKasHWKa ¢iTHec-QyHKIi HaBiTh Ha OaraTo-eKCTPUMAJBHUX ONTHMIi3alliifHMX (QYHKLIAX, B 3amadax
OIIAUIMBOTO PO3IIOLITY Ta CIIOXHBAHHS pecypciB. BucHOBKH. Byito BUKOHAaHO BU3HAYEH] Y METi 3aBIaHHS Ta CTBOPCHO TEKCTOBO-IpadidHy TEXHOIOTI0
JUTS TOAANTBIIOTO (POPMYBaHHSI MATEMATHYHOI MOJIENi BUPIIICHHSI 381841 MTOMIrPYIIOBOr0 KOH(IIKTY MyJIbTHATEHTHOT CHCTEMHU.

KaiouoBi cioBa: poifoBuii iHTENEeKT, OOYHMCIIIOBANBHUI IHTENEKT, CTpaTerii YHpaBIiHHS, PO3MOIIIEHI CHCTEMH, OOpOThOa 3a pecypcH,
ynpaBiiHHS KOHQIiKTOM, N-BUMipHA JiiieMa B SI3HiIB, JIOCHIKEHHs Onepanliid, MyJIbTHar€HTHI CUCTEMH, METO/IM ONTHUMI3allil, BepOanbHi MO,

B. SKRYPKA, D. YELCHANINOV

MODELS AND METHODS FOR CONTROLLING MULTI-GROUP CONFLICTS OF INTEREST IN A
MULTI-AGENT NETWORK ENVIRONMENT OF A DISTRIBUTED SYSTEM OF INTELLIGENT
AGENTS

If energy resources represent an excessive value for a group of agents of a distributed system, then a logical question arises: how to effectively allocate
resources in order to satisfy the needs of each agent and to distribute them sparingly so as not to overexhaust reserves? Such a problem has a non-trivial
solution. Our work is based on such models that were studied, inspired by the natural form of existence of group biological beings. The object is intelligent
distributed systems. The subject is the process of self-organization of intelligent agents into a holistic distributed system that has common interests and
the study of effective strategies for resolving emerging conflict situations between agents. Relevance of the work. Without energy resources, the existence
of a particular biological species on the planet is impossible, and therefore the balance and distribution of energy is of key importance. Electricity is
currently a scarce resource — the question of the priority of distribution between different groups of agents of a distributed network is a task not only for
energy engineers, but also for mathematicians and economists. Water, human resources, mechanical means of shared use, etc. can act as a controversial
or conflicting resource for several agents that need to be resolved. The goal of this work is to analyze and synthesize current knowledge on the topic of
research into new approaches-strategies for organizing intelligent agents of distributed systems and to form ideas, hypotheses, observations and
experimentally obtained data, methods and approaches for resolving conflict situations between agents into text-graphic technology for further formation
of a mathematical model. The main idea consists in forming a new methodology-strategy for resolving multi-group conflict situations in distributed
systems, which will potentially allow for the release and redirection of additional resources to achieve the ultimate goal. Methods used. Scientific
experiment, analysis and synthesis, methods of comparison and analogy, modeling and prototyping method, abstraction and concretization, observations.
Results obtained: scientific materials in the area of this research were analyzed and synthesized into local knowledge; an analysis of tactical and strategic
methods for resolving conflict situations in the context of multi-agent systems was conducted; new knowledge was formed in the form of text-graphic
technology; possible problem statements were considered at the verbal level for resolving conflict situations and resolving intergroup conflict using the
example of coordination of intelligent agents of a wolf pack. Further developed. The concept and the very idea of resolving conflict situations based on
the mathematical apparatus in the problems of modeling and optimizing the use of resource indicators in the context of multi-group interaction of agents
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of a distributed intelligent network using the example of organizing a wolf pack; the concept of finding an effective solution to the N-dimensional
prisoner's dilemma. Scientific novelty. In this work, it is proposed to solve the N-dimensional prisoner's dilemma using the algorithmic method of
controlled multi-group conflict based on the metaheuristic algorithm of the swarm intelligence of a pack of gray wolves (GWO). The algorithm model
of a pack of gray wolves has become possible to transfer to the N-dimensional formulation of the prisoners' dilemma problem due to the fact that the
ability of an individual wolf agent to act as an independent individual and influence the overall outcome of cooperation of wolves in one pack is the
prototype of the game model, which is represented by the "N-dimensional prisoners dilemma". Thus, each wolf agent is able to influence the level of
decision-making efficiency of the leader of his pack, who represents the player of the "N-dimensional prisoners' dilemma", who tries to maximize his
(the pack's) gain on the solution search plane. Practical significance. The proposed methods, models and techniques can be used in applied problems of
economic calculation of enterprise efficiency, in problems of mathematical modeling of finding balance and effective allocation of resources, in problems
of searching and identifying and surrounding dynamic goals in N-dimensional environments, achieving an effective fitness function indicator even on
multi-extreme optimization functions, in problems of economical allocation and consumption of resources. Conclusions. The tasks specified in the
objective were fulfilled and a text-graphic technology was created for the further formation of a mathematical model for solving the problem of polygroup

conflict of a multiagent system.

Keywords: swarm intelligence, computational intelligence, control strategies, distributed systems, resource competition, conflict management,
N-dimensional prisoners dilemma, operations research, multi-agent systems, optimization methods, verbal models.

Beryn. B koHTekcTi smaHOi poOoTH Hamia yBara
30CepepKeHa Ha CTPYKTYpi Ta B3aeMOii BOBUOi 3rpai, 1o
B MaTeMaTHIHOMY KOHTEKCTi MPE/ICTaBIICHO
ONTUMI3AIIITHIM anropuTMoM 3rpai cipux BoBkiB (GWO),
Jie BOBYA 3rpas CIIUIBHO B3a€MOJI€ 3ayisl JOCSTHEHHS
enunHoi MeTu. [IporoHyeThes yCKIaaHUTH 0a30BY MOJETH
AITOPUTMIYHOT MOBEIIHKM arcHTIB-BOBKIB Ta 00’ €IHATH
3ycmurst N-3rpaif B OHIN onepaiifHii 30Hi, [0 0YeBHIHO,
MOXKE JaTH, SK TO3WTHBHI TaK 1 HETaTHUBHI peakmiiHi
HACIIKU B CHUTY KOH(DIIKTY MK 3TpasMu 3a TePHUTOPIi, e
BOHH OYyIyTh CIUIBPHO TMONIOBATH HAa 37000MY 33
BW)KMBaHHs. B Tol ke yac OyJqe BUKOPUCTAHO amapaTHHH
MeXaHi3M MPOTOTHIYBaHHS JUISi CHPOLICHHS  OUIbII
CKJIaZHOT MOJIeTi OKPEMOTO BOBKA 3 METOIO JIOCIIKEHHS
BU3HAYCHUX OKPEMHUX 4YaCTHH IIOBEAIHKOBHX pEaKIii
BOBUOI 3rpal Ta SK OJWHHIN JOCHTIHKCHHS TOHITTS
KOH(JIIKTY iHTepeciB Mixk N-rpynaMu BOBKiB PO3MOAITICHOT
MYJIBTHATC€HTHOT MEPEeXi.

Mera pgaHoi poGoTu: TmpoaHANi3yBaTH  Ta
CHUHTE3yBaTH  aKTyaJbHI  3HaHHI 32  TEMaTHUKOIO
JOCIIJKEHHS Y 3HAHHS PO MiAXO0U-CTpaTeTii opraHi3arii
Ta 1MoOYJOBM MYJbTHAr€HTHUX CTPYKTYp IOB’S3aHUX Y
pO3MOJINIEHI  CUCTEMM;  PO3MISIHYyTH Ta  OIHCOBO
MPEACTaBUTH OCOOIMBOCTI ITOBEIHKY areHTiB BOBYOT 3rpai
y BHUTJISIII QJITOPUTMY KEpyBaHHs CIUIBHUMH 1HTEpecaMH i
morpebaMy  BOBKIB-ar€HTIB B  KOHTEKCTI  CKJIQIHOT
MYJBTHar€HTHOI ~ CHCTEMH, 10  SIBISIIOTH  COOOMO
KOMIUIEKCHY MYJIbTHAreHTHY CTPYKTYpPY abo
IHTENIeKTyalbHy  PO3IOAICHY CHCTEMY Ha  OCHOBI
OOYHCTIOBAILHOTO  IHTENIEKTY; PO3TISIHYTH  ICHYHOYi
MaTeMaTHYHI MOJENi  BHUPINICHHS MYJIBTUTPYIIOBHX
KOH(JIIKTHUX CHUTyalili MDK JIOJbMH Ta cQOpMyBaTH
6a30Bi crparerii NPOTHIIl BUHUKAIOUUM KOHQIIKTHUM
CUTYAIisIM MiX IHTENIeKTy aTbHIMHU areHTaMu
pO3MOIINeHOT cuCTeMH; TpadivyHO MPEACTAaBUTH MOJIEITHh
KOOpAMHAIIIHHO-HE3aJIeKHUX MK 0000 3rpail BOBKIB,
KOXXKHa 3 SIKUX MaroTh CBOI Pecypcu Ta 3MaraloTbCsl 3a
MEePCOHANBHI 3M00yTKM Ha OJHIM IJIOUIUHI TOCTYITHUX
pilleHb 3aIsl  MakcuMizamii BWTpamly; Ha OCHOBI
TIOTIepeIHbO NTPOAaHANII30BAHMX Ta CHHTE30BAHMX 3HAHb
po MaTeMaTH4YHI MOZENi Ta OCOOJMBOCTI opraHizarmii
MYJbTHareHTHHX CHCTEM, 3allpONOHYBaTH ife0 Juis
po3B’si3aHHsT N-BUMIPHOTO MYJIBTHIPYIIOBOTO KOH(MIIKTY
Ty «N-BHMipHa JIwieMa B’SI3HIB» i3 BHKOPHCTaHHSIM
HOBOTO TIJXOMy HAa OCHOBI pPOWOBOTO iHTENEKTy, a
KOHKpPETHIIIE Ha OCHOBI META€BPHCTUYHOTO aJTOPUTMY
3rpai cipux BoBkiB (GWO).

[ocranoBka mnpodjematukn 3anavi. Konguikrt
IHTEpECiB, 3 TOYKH 30PY MAaTEMaTHIHOTO MOJICTIOBAHHS — €
npouecoM  3MaraHHs MK~ N-rpymamy  areHriB
PO3IOiNIeHOT cUCTeMH 3a IEBHUI BUA pecypcy abo MeBHY
MOXITMBICTh-IIPEBLIETII0 JUIi OKPEMOTO areHTa Y TPpyMu
areHTiB Takoi CHCTEMH HaJ IHIIUMH ydYacHHKamMH. B
KOHTEKCTI METOJIiB ONTHMI3allii ImepeBara CTpaTerii il 9u
«KpallWii» TOKa3HMK OKPEMOTo areHTa Haj iHIINM,
BU3HAYAETHCA 33 PaxyHOK UHCIOBOTO IOKAa3HMKA, IO
00paxoBYETbCSI B KOHTEKCTI MaTeMaTH4YHOI omepaii
oOumciaeHHs 3HaueHHS (iTHec-PyHKIII Ha KOXHIN
NrOpuUTMIivHIN itepanii. TakuM YMHOM, MU MaeMO 3MOTY
AHAIITHYHO OLIHUTH BUTOAY TOIO YH IHIIOIO arcHTa-
rpaBLsl CKJIQJHOI €KOHOMIYHOI I'pH Ta MaKCHUMi3yBaTH YU
MiHIMI3yBaTd  3araJibHUA  TMOKa3HUK  e(QEeKTUBHOCTI
B3a€MO/Iii areHTIB €AMHOT MyJIbTHATEHTHOI CUCTEMHU.

3a3HaunMoO, 10 B iJeaJbHUX yMOBaxX BCS HasiBHA
EHeprisi CHCTEeMH BUTPAYAETHCS Ha MOTPiOHY poOoTy, ane
Taki yMOBM MOXHA JIOCSATTH JIMIIE B KOHTEKCTI
7a0OpaTOpPHOTO EKCIepUMEHTY. B  peanmicTHuHHX e
YMOBax, BUHUKAIOTh CYIyTHI €HEpreTHYHI BTPAaTH Ha TOH
YU 1HITUHA CYTyTHIH Qi3MYHUI IpoIiec UM Ha MiXK-areHTHHI
KOH(TIKT. 32 BUSHAYCHHSIM, OY/Ib-sIKUi KOHQIIIKT BUMarae
MapHyBaHHS EHEPreTHMYHHX pEeCypCciB Ha IOJONAHHS
MepelKo] CyNepHUKa, 10 O3Hayae Ie OUIbIy BUTpaTy
3amacy eHeprii areHra Ta 3MEHLICHHs KiHIIEBOi BHI'OAM
rpaBiisi N-BUMIpHOT TpH 1 CUCTEMH B LIJIOMY. AHaJi3y04n
HaykoBi Matepiamu [1-33], Mum gk g0 TinorTesu-
BHCHOBKY, IO €Hepris KOHQIIKTY Moxe OyTu
BUKOpDHCTaHa HE Ha 3MaraHHsi MDK co0olo, a Ha
HaONMW)KEHHA ~ 3arajJibHOI  BHUTOXM  CHCTEMH [0
MaKCHMAaJIbHOTO PiBHS HIISIXOM PO3MOALTY 3aBIaHb MiX
OKpEMHMMH TpaBIsMH (3rpasMH BOBKIiB B HalloMy
BUIAJIKYy), IO B KIHIEBOMY pE3yJIbTaTi MOXeE JaTh
OiMBIIMA BUTpaml BCiM TPaBISIM, a OTXKE 1 KIHIICBHMA
po3moia pecypciB Oyae oO3HAYaTH 30iMBIIEHHS YacTKH
BUTpAIIly OKPEMOI0 IpaBlsl. 3aJHUIIAETHCS BH3HAYUTH Ta
3adikcyBaTH TpaBmia Takoi TpH, I[iHYy OTHOTO
iTepamifHoro KpokKy Tpu Ta c(OpMyBaTH CIemiabHi
cTparerii BuUpileHHS KOH(QIIKTIB iHTepeciB Mik N-
areHTaMH CHCTEMH, Ta PO3TJITHYTH MOXKIIUBI cueHapil mii
Y CHTYAIlisIX, KOJIM OKpEMi areHTH He 0a)KaloTh HAIIPABIISATH
3yCWIIsl Ha JIOCSTHEHHS CIIUIBHOI METH, a OakaroTh
3arap0artu yci pecypcu 0JJHOOCiIOHO.

Takox, BHCYBa€eThCs TilOTE3a CTOCOBHO TOTO, IO
OTFICaHa CUTYyallis e(QEeKTUBHOTO PO3MOJIIITY Ta KOHTPOIIO
3a EHePTii0 KOHDIIKTY BCE %K MOXIINBA, a OT)KE 1 CTpaTeTii-
MiIXOAW JI PalliOHAIILHOTO CITIOKUBAHHS PECYpCiB B
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3ajayaX ~ MareMaTUYHOrO  MOJCIIOBaHHA  IIPOLECIB
CynepHHLTBa N-areHTiB € CEHC PO3IVISHYTH Ha NpeIMeT
HOIIYKY IMOKpaIleHHSI-BIOCKOHAICHHS. O4YeBUIHO, 11O B
pasi yCIIITHOTO TepeHaInpaBieHHs eHepril Ha TOCATHEHHS
CHUTBHOI METHM Ta 3arajbHa KOOIEpamis PO3IOALICHOT
IHTENEeKTyaIbHOI MYJITUAr€HTHOI CHCTEMH, JacTb HaM
3MOTY ONHCATH HOBY MOJIENIb OLIAUIMBOTO PO3IOALTY Ta
BUKOPHCTAaHHS HAasBHUX PECYPCIB B NEBHOMY KOHTEKCTI
BUPINIyBaHOT 33124l MaTEMaTHYHOTO MOJICITIOBAHHSI.
Onucana npoGieMaTHKa € 3aJa4er0 He TPUBIAJIbHOO
HaBiTh TOMY, WO Ais OyIb-SIKOTO 3 areHTIB CUCTEMH
BIUIMBAa€ HAa IHIIMX AarcHTIB PO3TAIIOBAHUX Y HAHOMY
MPOCTOPi, a B CHIy AWHAMIYHO-3MIHIOBAaHOI OOCTAaHOBKH,
3arajibHa KOOPIWHAILIS areHTiB Oyne BHMaratd BiJ Hac i
JOIaTKOBHX eKCIICPHMECHTIB Haz Yy TIIMBUMH
HAJAIITYBaHHAMH  JUIi  TeHepamii  HecynepewInBOi
MOYATKOBOI TOYKM CTapTy. 3adikcyemo, IO ONUCcaHa
MOCTaHOBKA IPOOJIEMHM HE BHMarae BiJl Hac MOUIYKY
TOYHOTO  pIMICHHS, a  3a/J0BOJILHAETHCS  YMOBOKO
3HAXOJ/DKEHHSI OJIM3bKOTO JI0 ONTHMAIBHOTO PIllIeHHS 3
ypaxyBaHHSM HaKJIaJCHOT CHCTEMHU OOMEKCHbD.

ITorounmii aHani3 TeopeTHYHHX MaTepialiB 3a
TeMaTHKOIO JAocjaimkenHs. /bxon Hemr 3amumus Garato
HAYKOBUX MaTepialiB B o0xacTi Teopii irop Ta 3 MOUIyKy
ONTHMANBHUX CTpaTerii Ais TpaBUiB. 3 TOYKH 30py
a0CTpaKTHOCTI, TIOCTaBJIICHAa 3ajgada sBIIE  co0O0I0
YCKJIaIHEHY MOZEJb BUPIIICHHS «IWIEMH B’SI3HIBY», KOJIH
posrisiaeTsest N-BUMIpHUH BHIAIOK, a KOXKEH OKpeMHi
rpaBelb sBISE COOOI0 IPyIy areHTIB, IO HANpPaBISIOTH
CBO1 3yCHJUISI Ha CBOIO JIOKalnbHY MeTy [1, ¢. 5].

Bunukae nuiema: ska 3 KoMOiHamii rpu Oyie
BUTpAIIIHA JIS1 BCiX IPaBIiB? A MOXKIMBO TaKOT KOMOIHAIIiT
30BCIM HE iCHYE 1 Kpaiile 00’ €JHATH 3arajbHi 3yCHILIS JJIs
JIOCSITHEHHS! BCIMa rpyNaMHy areHTiB CIJIbHOT METH, TYT e
IIUTAHHSA, @ SK BU3HAYUTH CIIUIBHY METY, KOJHM KOXKHa
rpyTia areHTiB Mae CBOi BIOAOOAHHs, Oa)xxaHHs, TOTPEOH 1
MOYATKOBI €HEpreTHYHi 3anacu? 3ajavya He TpUBiaJlbHA, a
JUISl PO3YMIHHSI KOHTEKCTY Ta MOXJIMBHX HAIlpsIMIB PyXy y
HampsiIMKy ~— OJIM3BKOTO IO  ONTHMAJIBHOTO  PIllICHHS,
MepIIOYEpProBO PO3TIITHEMO aKTyalbHi pobotu
nocnizoBHukiB J[xona Hemia, po3risHeMO KJacHuHY
€KOHOMIYHY 3ajauy MiANpUeEMcTBa Ta (yHAAMEHTaJbHI
pobotn Eninop OctpoM 1po epeKTUBHE YHpaBIiHHSI
HasIBHUMH pecypcamMu, poOOTH IMOB’s3aHl i3 BUPIIICHHSIM
3a3HaueHMX 3a/1a4 IHIIUMH METOJJAMH Ta MPAKTUKAMHU.

PosrisnaeTscss  KacMuHa — €KOHOMIYHA  3aj1ada
e(eKTUBHOTO YIIPaBJIiHHSA pecypcaMH IIiIPHEMCTBA.
EdexTuBHe ynpasiiHHS MiIPUEMCTBOM € IPOIO Ha MOIIYK
TOYKH ONITUMYMY a0o0 Tpa i3 nepeTAryBaHH;IM ITOB3YHKIB B
pi3Hi OOKHM, 1€ iCHye MaTeMaThyHa 3alIeKHICTh MIiX
HAJIAIITYBAaHHAMH PI3HUX MapaMeTpiB CHCTEMH OaslaHCy.
SIKIO TakWx MOB3YHKIB YMOBHO, MeHIIe 10 oAauHMIb, TO
MIOIIYK ONTHMAaJbHOTO OanaHcy Xo4d i Oyne BUKIMKATH
JesiKi TPYAHOIIl, aje He HaATO, y MOPIBHSIHHI, KOIH
KOH(IrypariiHuxX HaJlalTyBaHb Ha MiANPUEMCTBI COTHI. B
TAaKOMY  BWIIQKy  palliOHAIbHO  BHKOPHCTOBYBATH
e(eKTUBHI TEXHIKM omnTuMizamii. Y SKOCTI mpocToro
MIPUKIIay PO3TIITHEMO CHPOLICHUH MPOLEC BUTOTOBIICHHS
CTaji, /I¢ BUKOHYETHCS BIJICOTKOBE 3MIIIyBaHHS Pi3HUX
METaJeBUX BKIIOYEHb 1 (OpMyBaHHS HOTPiIOHOTO

XIMIYHOTO CKJIaay Ta KpHUCTamigHOi pemiTka. Komu
CHIBBITHOIIEHHS 30UTBIIYETHCS UM 3MEHIIYETBCS Yy
MIPOIICHTHIM YacTIi CTaji CIemiallbHUX KOMIIOHEHT, SK:
MoJibaeH, K06anbT, Bob(paM, HiKeIb Ta iHIII METalH 10
3arajbHOi ~ KPHUINTAJNIEBOI  PEIIiTKH, TO 3 SIBISETHCA
MOJKIIMBICTh PETYJIOBATH TBEPAICTh, B’S3KICTh, KPUXKICTh
Ta iHWi (izuyHi mapamerpu NpoaykKiii. CXOKUM YUHOM
dbopMyeThcs 1 MaTeMaTHYHA YacTUHA 3a/advi, JI¢ BIKE
MPOBOJIUTHCS pO3paxyHOK (hiTHec-PyHKIIT y HepepaxyHKy
Ha KUIBKICTh JIOJAaHUX BKJIIOYEHb A0 I[IHA 32 YMOBHY
KUTBKICTB PEYOBHHHU. [Tepenecemo CIIPOUICHY
MaTeMaTHYHy MOJETh EKOHOMIKM IiIIpHEMCTBA Ha
OpraHi3aIio BOBUO{ 3rpai.

Po3srmanaeTsess MOz €KOHOMIYHOTO IUIAHYBAaHHS
e(PeKTHBHOTO PO3IOILTY PECypCiB 3 TOUKH 30py TeOopii irop
Jxona Hema, sk iHCTpyMeHTa NOIIYKYy ONTHMAIbHUX
CcTpaTerii Ta  BWSBJICHHS 3aBijoMa  IPOTPAIIHHUX
KOMOIHaIif irop Ha NPUKIAAlI BKE BUPINICHHX 3ajad.
KiacuuHoro 3ajayero BHCTyNae 3ajada NpO «AUIEMY
B’s13HiBY». [laHa 3a/1a4a € TAKOIO MOJAEILIIO, KOTpa 1aCTh HAM
VSBJICHHS PO MpoOJeMH, KOTpi BHHUKAIOTh B XOi
BUPIIICHHS CKOHOMIYHOI 3ajadi edeKkTuBHOro OanmaHcy
ONTHMANBHUX  CTpaTeriii  po3mojily  eHepreTHYHHX
pecypciB BOBUO1 3rpai.

VY pobori [2] po3risimaroThcs ONTHMATIbHI CTpaTeril
BUPIIICHHS «JIMJIEMHU B’ SI3HSD» 3 HOBUMH CXEMaMH IOIIYKY
PO3B’S3KiB Ha OCHOBI CBOJIOMIMHWX KOMOiHamii, a 3
iHmoro 0oky 3a mocwianHaM [3] Paccen k. Ta Kcro K.
HAOYHO MPOJEMOHCTPYBAIN  TIPEIMETHHH  NPHKIAR
BUpIIIEHHs KOH(IIKTHUX CUTYalliil Ha OCHOBI Teopii irop
MK TpaBLsIMH, KOTPi NPUIMaIOTh pillieHHs 0a3ylo4ynch Ha
aJIaliTUBHUX CTPATerisix BIJHOCHO [ii I1X OIOHEHTIB
JIOCSITAIOYH TAKUM YMHOM 3arajibHOT TpyIoBOi B3a€MOIii Ha
IUIOLIMHI  JIOCTyNHUX pimeHs. B [4] posrisnaerbes
CYKyITHa iH(pOpMaIlis Ta HOB1 IIOTJISIN HA KIIACHYHY 3a]1aqy
PO «AWJIEMY B’SI3HS», KOTPa HPEJICTABIIE COO0I0 OCHOBY
comianbHOI iepapXii Oyab-IKOTO rpynoBoro (GpopMyBaHHS,
SKe Ma€ HEpiBHOCTI B COIliaJIbHOMY cTaTyci abo Mae
3MaraTHcsl 3a IIeBHHH BHJA pecypcy 4Yu Omara mHOMiX
IHIIAMU 9IeHaMH couiymy. B Toif sxe wac marepiamm [5],
[6] memoHCTpYIOTH CTpaTerii poO3B’S3aHHS «IAUICMHU
B’SI3HS» Ha OCHOBI IHCKPETHOTO YacOBOIO IIpOIeCy, B
SKOMY TOH 4M IHIIWHA rpaBelb MOXE IPUIUHHUTH TPy B
Oyzab-sIKMid Yac 1 TOAl IHIIMK TpaBellb Ma€ CKOPUI'YBaTH
cBOrO crparerito. Pobora [7] B. XKaura ommcye mporiec
dbopmyBaHHS  MDKOCOOWCTICHMX  3B’SI3KIB  Ta  IX
KOJIKTUBHOI ~ Koomepamii 3  METOI0  BHUPIIICHHA
BUHMKAIOUYMX KOHQUIIKTIB iHIWBIIyanbHUX iHTepeciB abo
BUBUCHHS €(DEKTHBHUX CTpATETii B3a€MOJII Jro/el 3au1s
X CIIbHOT B3a€EMOIT — 116 KOMIUIEKC IPUHOMIB TeOpii irop
Jxona Hema, a oxpeMi MaTeMaTW4Hi MOJENi, y AaHIA
poOOTi CKOMIIOHOBAaHO B METOJOJIOTI, 33Ul aHali3y Ta
Kpamioro po3yMiHHS MpoOJeM ColialbHUX TPOIECiB HA
MPHKIIali KUTAHCHKOTO CYCIiJIbCTBA.

[Ipuposa MeBHUM YWHOM HABUWJIACS BHUPIIIYBATH
omrcaHi mpobOJIeMH, TOX 3BEpHEMOCS 110 pooiT, mo Oyin
HATXHEHHI 010JIOTIYHUMU acCTIeKTaMH KHUBOI PUPOHU Ta B
HUX Oymu  chopmoBaHi  Mojeni  BUKOPUCTaHHS
MYJbTHAr€HTHHX CHCTEM Yy CKJalli  KOJIEKTHBHHX
¢opmyBaHb THIy: 3rpas, pi, oTapa i T.n. PosrimsHemo
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pobotm mpo  OiosoriuHi  TPUHIUTH  QOPMYyBaAHHS
KOJICKTHBHOT'O 1HTEIIEKTY.
PoGora [8] ommcye eBomroOmiiiHI NPUHOWIN Ta

IepeBarn B3a€EMOJIl EBOJIOIIIHO-cIa0KUX areHTiB Yy
CHIUIbHI TPyNH, HaJ OKPEMHUMH CHIBHHUMH areHTamu. Y
poOOTi BHCBITITIOETHCS TOH (paKT, M0 X049 i caabki areHTH
BIJINIOBITHO 710 Teopil eBoJromii JapBina Mamu 6 BUMepTH,
BI)KMBAIOTH 1 MEPEBaXKatOTh CWIBHUX areHTIB y MPSIMOMY
3ITKHEHHI 3aBISIKM cTparterii (opMyBaHHS COLiyMy Ta
BHYTPIIIHII KOOpIMHAaLii OKPeMHUX MPUMITHUBIB POHOBOL
ctpyktypu. A. 3onpHoki Ta M. Ilepc mnokasamm, 1o
BUKOPHCTOBYIOUHM JaHy MAaTeMaTW4Hy MOJAENb Ul
BHUpPIMICHHS «IWIEMH B’S3HIB», MOXHa IMO0YyIyBaTH
e(peKTHBHY MYJIBTHIIOTOYHY cxemy B3aeMOIii
MDKTPYHOBOI  COWiaibHOI Koomepamii Tpym cilabKux
areHtiB. Y [9] M. KBoH i3 Kkoieramu 3a JIOTIOMOTOIO
aJITOPUTMIB reHeparii IITyYHOTO xaocy Ta
Herepen0auyBaHOl €BOIONIT HA BiAPI3KYy HEMEPEPHUBHOTO
Yyacy MPE3CHTYIOTh MEepeBard Ta HEIOJIKH MiKareHTHOT
B3a€MO/Iii, BUXO/SYHU CYTO i3 pallioHaJIbHUX TIOKa3HHUKIB Ta
BUOOpY BUIpAIHUX CTpaTeri, mo QOpMYyIOThCSI Ha
MPUHLIUIIAX BUPILICHHS 33124l PO «JIUJIeMy B’SI3HIBY.

VY po6oti [10] €. BaGeHko MpeacTaBICHO MOICII
METaeBPUCTUIHOI ONITHMI3allil: IIPEACTABICHO
iHpopMamifHy  TEXHOJOTII0  aHami3y  OiONOTIYHHX
nponeciB. Pesynpratm i po0OOTH TpOTECTOBAaHO Ha
KJIACUYHHX OINTUMI3aIlTHIX mpobnemax, SIK
MIOZIOPO>KYIOYOT0 TOPTOBIL, CKJIaIAaHHS PIOK3aKa Ta 1HIINX
mpobimemMax, TaKk 1 Ha KIACHYHHX ONTHMIi3aIlliftHUX
¢ynkuisx. Cepell BaXJIMBHX Pe3yJbTaTiB JaHOI pOOOTH,
BiJI3HAYCHO, 0 JOCIDKECHHS IPUHIMIIIB (GOpMyBaHHS Ta
caMooprasizaiii MyJbTHATeHTHHX PO3IMOIUICHUX CHCTEM
LIMPOKO 3aCTOCOBYIOTBCS JUISt MaTeMaTUYHOTO
MOJICTIIOBAHHS,  CHUMYJSIlii  pEeKOMEHAAlllfHUX  Ta
pobotm3oBannx cucreM. Tyt ke, B [10] 3a3HaueHO
HEJIOTIKH BUKOPUCTAHHS TaKOTO MiJXOIY.

B KOHTEKCTI  MareMaTMYHOTO  MOJICJIIOBaHHS
JIOTIYHUM THUTAaHHAM IIOCTA€, SK BHU3HAYUTH Ta SKUM
moTpibeH OyTH piBEeHb IHTEICKTYAIBHOCTI y INTYYHOTO
areHra IHTEJIEeKTyalbHOI MYyJIbTHAareHTHOi cucremu? Y
poboti [11], mpoBoauThcs aHamni3 iHdopmalii Ta ZOBOIIB
CTOCOBHO TOTO, HACKIJIbKH MaroTh OyTH
«IHTENeKTyallbHUMWY  areéHTH B 3aJeKHOCTI  BiX
MOCTaHOBKHM 33/1a4i 0 MaTeMaTHYHOTO MOJEJIIOBAHHS 4H
cumMyJisitii Toi uM iHmoi GopMHU MyJIBTHAreHTHOI MOJeNi
PO3MOIINIEHOT CUCTEMU Ha MPUKIAAI MOJEINi MOJIOBAHHS
BOBKIB Ha CTaJi0 oBellb. PoOoTa 6a3yeThes 1 Ha cTparerisix
IOB’S3aHUX 13 «IWIEMOIO B’s3HIBY. [l TOpiBHSHHS,
poborta [12] po3risgae eBOJTIOMIHHUI iK1l TEHETHIHOTO
QITOPUTMY JJIsI BUPIMICHHS <«JIWJIEMH B’S3HIB» HA
MIPOTHUBArY /10 MOJIOBAHH 3TPA€io BOBKIB Ha CTAIO.

Matoun 3arayipHe ySIBISHHS PO Teopito irop Jl>xoHa
Hema, po3ymiemMo, M0 JOCSTHEHHS ONTUMAaJbHOTO
pe3ynbTaTy Ha IUIONIUHI MIMCHUX JIOKAJIBHHUX pIillleHb
notpedye MaTeMaTH4YHUX PO3PAxXyHKIB Ta IOE€JHAHHS
CHUCTEeMU  HaKiIaJaHHd  OOMeXeHb Ha  MaTpHIII0
BapiaTUBHOCTEH MOXJIMBUX [iii rTpaBiiB. KombOiHamis
Teopii Herma Ta maremaTw4Hi MOJeNi ONTHMI3alliiHIX
QITOPUTMIB, KOTPUMH OyJM HAaTXHEHI JIOCIIIHUKH
MIPUPOJIM — JTAIOTh HAM MOXKJIMBICTh CUMYJIIOBATH CKJIA/IHY
AITOPUTMIYHY TOBENiHKOBY (opMy, sSK pid 4u 3rpasd,

KOJIOHIS TOIIO, HAa OCHOBI €IIEMEHTapHUX IIPaBUII
MepecyBaHHS Ta BHUKOHAHHS Mdii YW TEPEBIpKH CTaHy
areHTa. Ham Bimomo, mo taka opMa iCHyBaHHS OKPEMHX
areHTIB «caM Ha cam» — B IPUPOJI HEMOXJIMBA B CHITY iX
CTa0KOCTI 10 arpecHMBHOTO CEpElNOBWINA, ale  ix
KOJICKTHBHA CaMOOpTaHi3allisl i € MPUKIaJOM BHPIIICHHS
€JIEMEHTAPHUX KOH(JIIKTHUX CUTYAIIi HA PiBHI «IIOTPiIOHO
BWOKUTH» Ta TOEIHATH 3arajbHi 3yCHUIA  3auls
nocsirHeHHsT cninbHOi MetH. EneHop Octpom — Jlaypear
HobGeniBcpkoi mpeMii B 001acTi €eKOHOMIKH, Ma€ HayKOBi
myOuikanii, o cmij 3BepHYTH yBary Juisi (opMyBaHHS
KOPEKTHOTO CBiToOaUeHHS Ha TPHUHIWIN OpraHizarmii
COLiaIbHUX CTPYKTYP THILy MYyJITHAar¢HTHa CHCTEMa, SKa
€ PO3IOIIICHOO IHTENEeKTYaIbHOI0 CHCTEMOIO 3 areHTaMHU
pizHOTO THTY. Ba)ImBO po3yMiTH CTpaTerii Ta IPHUHIUITA
NPUHHATTA pIlIEHh HA NUIAXY OO0 MOUIyKY e(eKTHBHUX
pimeHs 3acobamMy MyJIbTHar€HTHUX CHCTEM.

ExoHOMiuHa Teopisi e(eKTHBHOrO IUIaHYyBaHHS Ta
BUKOpHCTaHHS pecypciB  Enenop Octpom otpumana
BCECBITHE BHM3HaHHA Ta HoOeneBcbKy BiI3HaKy 3a
HanpsiMOM JIOCHI/PKEHb B €KOHOMIIIl 32 (hyHAaMeHTaJbHi
icruan. Y poboti [13] E. Octpom Ta iHmIUMHK
PO3IIISIAETHCS THIIOBUI BUITAJI0K, KOJIM CITIJIbHI TACOBUILA
Y PECYpCH BHKOPHCTOBYIOTHCS OE3KOHTPOJIBHO, IO
MPU3BOJUTH JI0 HaJMIpPHOTO BHCH@)KCHHS Ta HAIMIPHOTO
cnioxuBaHHS. HaToMicTb, aBTOpH 3a3Ha4aroTh, Mo Oyio 6
e(eKTUBHINIE CIIOKMBATH PECypCH  OIIAAIMBO  Ta
KepyBaTHCS KOJEKTUBHHMH IHTEpECaMH Ha OCHOBI
CHemiaJbHUX TIPAaBIJI, OSpydd IO YBaru MOTPeOH iHIIHX
areHTiB-TPaBIiB. ABTOpPH J0JIal0Th, IO 0€3 CIeliaJbHOr0
areHTa-peryjsTopa BUKOHAHHS IPaBWI KOPUCTYBaHHS
CHUIBHUM pecypcoM Oy/ie Maiike HEMOKIINBO, SIK 1 IOCSTTH
TOYKH  ONTHMYMYy  DPO3NOALTY  JUIi  ITIOBUIBHO-
BiJTHOBJIFOBAHOTO OOMEKEHOTO pecypcy.

VY poborti [14] HABOOWTHCS MPHUKIAA Pi3HUX THIIB
areHTIB Ta MEXaHi3MIB BPETYIOBaHHSI KOH(IIIKTIB, B [15]
PO3IIISIAIOTHCS CKJIA/IHI MO/IENI €KOHOMIYHUX CHCTEM, a y
[16] HaBonATECS edheKTHBHI MPHUIOMHU OpraHi3alii areHTIiB
Ta 3BEpPTAETHCS yBara Ha 3arajlbHi €KOJIOTiYHI TpolieMu
wraHeTdn. B Tol wac sk y [17] mocmimkeHO cormiaibHI
MO Ta B3aEMOfil0 Jioaed, y pobori [18]
00roBOPIOETHCS] 0OMEKEHA KIIBKICTh PECYPCIB CUCTEMH Ta
npoOJieMH HaBKOJIO JHMJIEMH «0OaceliH pecypciB», Ta K
e(peKTUBHO IPOBECTH MacIITaOyBaHHsS 1 KOPHCTYBaHHS
pecypcaMu Ha MXKHApOJJHOMY PiBHI.

Y ¢ynmamenrtanpHii  poboti [19] E. Octpom
HaBOJANTHCS HHU3KA MPUKIAIIB IPO Te, K KOPUCTYBATHCS
CHIUJIBHUMH pecypcaMy pa3oM Ha JIOBIpi Ta caMOyIpaBJIiHHI
06e3 HaAMIPHOTO CIIOKMBaHHSA OaraTbMa areHTamMu
cucreMy, 0a3ylouHMCh Ha y3TrOJDKEHHMX JisiX 0e3 MOHATTS
NpUBaTH3allii Ta MpaBa BIACHOCTI Ha PECYpCH.

MynpTHAaTeHTHHH Miaxiny 0a3yeTbecs Ha OKPEMHX
NropuT™Max, IO BapTO pPO3MISHYTH B  KOHTEKCTI
ONTHMI3AIlifHNX Ta EKOHOMIYHHMX 3a7a4 e()EeKTHBHOTO
TUIAHYBaHHSI PO3IMOJIUTY Ta BUKOPHCTAHHS €HEPreTHYHUX
pecypciB.

PosrnsmaeTsest 001acTh 3HAHD PO OOYUCITIOBATBHII
IHTEJIEKT, KOHKPETHIIlIe — pOHOBHUI1 1HTENEKT. 30cepeaMo
CBOIO yBary Ha EBPHUCTHYHOMY aJrOpUTMi 3rpai cipux
BOBKIB, KOTPHH 3apeKOMEHIyBaB ce0e¢ aJropuTMOM, IO
MIBUAKO 1 aJanTHBHO IiJUIAIITOBYETHCS JIO 3MiH, a HOTro
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crierudigai Moamdikarii, m0 3aCTOCOBYIOTHCS 3aJICKHO
BiJl ITIOCTAHOBKM 3a7adi, €(pEKTHUBHO BHPIIIYIOTH ILTHI
CHEKTpP MOCTABJICHUX 1HKEHEPHO-TIPAKTUYHHX 3a1ad.

Y po6ori [20] po3risgaeTscs MpUKIAA eKOHOMIYHO-
onTHUMIi3amiiiHol 3amadl 13 HAKJIAJEHOI CHCTEMOIO
oOMeXeHb I dYac MONIYKYy ONTHMAJBHOTO OalaHcy
openaHoro okutina. Y pob6ori [21], Cesepun B.Il.,
Hikymima O. M. Ta iHON, JOCHIAWIM  METOAM
00YHCITIOBAJILHOTO IHTENIEKTY Ha NpeIMeT MiJABHUIICHHS
piBHA iX aZanTHBHOCTI, TOYHOCTI, €(EKTUBHOCTI Yy
BUpIIIEHHI CKJIaJHUX ONTUMI3alifiHMX 3ajad, a 3a
MMOCWIIaHHAM [22] TpoBeNeHO aHali3 OCTaHHIX HAayKOBHX
MiAXoMiB B o0NacTi MiHIMI3amlii PH3HKIB omTHUMIi3aril
Mozel Oi3Hec-TporieciB po3noaineHoi CUCTEMH
yOpaBiiHHA. Y poOOTi MPHUCYTHI KOHIENTYalbHi TpadidHi
HapuUCH MOJeNell IHTeNeKTyalbHUX arcHTiB pPOHOBOTO
IHTEJIeKTY, 30KpeMa BOBYOI 3rpai.

3a nocunanusaM [23], I'punuenko M. A. npeacraBuia
Marepial i3 miIxoJaMy BUPiLICHHs KOH(IIKTHUX CUTYAIli
Ha MPOEKTaX MIX JIIOJbMHU. 3a3Ha4a€eThCsl, 10 KOHQIIKTHI
CUTYyallil BUHUKAJIM MK B3a€EMOJIIIOYMMH areHTaMH y 30Hi
NepeTuHy JisUTbHOCTI abo B 30HI iHTEepecy 3a INEBHI
MarepiaibHi IHTEepecH, B MOMEHT 3’SICYyBaHHS COL[IaJIbHOTO
CTaTyCy areHTa, CYNEPHHWLTBO 332 BHKOHAHHA CXOXKHX
3aBlaHb HA CIIJIbHIN IUIOIIUHI JIOKATHHUX PIilICHb.

Y poboti [24] HaBOAWTHCA NPUKIAN BHPIIICHHS
3a7a4i PO3MOAUICHHS CHEPreTHYHHX pECypCiB CHCTEMH
ONTHMAJIBHUM CIIOCOOOM 13 BHKOPHCTAHHSM alTOPUTMY
3rpai cipux BoBKiB. B [25] ommcano wmymnbTucTparerii
3aCTOCYBaHHS aJITOPUTMY 3rpai CIpUX BOBKIB JUIS MOUIYKY
rJ00aJbHOTO PILIEHHsI Yy 3aCTOCYBaHHI [0 1H)KEHEPHUX
3amad, a y [26] HaBOAWTHCS MMOKPAIICHUI BapiaHT
anroputMmy 3rpai cipux BoBkiB (Multi-group grey wolf
optimizer — MIGWO) i3 BHKOPHUCTAHHSM aJalTHBHUX
BaroBUX KOEQIIi€HTIB Ta MNPUHAOMY IIPOCTOPOBOTO
HaBYaHHS IS OIIYKY IJI00aIbHOTO PIlICHHS Ha IPUKJIa/i
MYJIBTH-POHOBOI B3aeMOAii HE3AICKHUX MIAIPYH, SK IIe
BiOyBaeTbcss B anroputmi poro dactok (Particle swarm
optimizer — PSO). 3 iumoro 6oky BueHumu y [27]
PO3TISIHYTO HOBY MOJHU(QIKAIif0 pilleHHs Ha OCHOBI
KOMOIHAIIT MiIX0/1iB MOIIYKY TJI00aIbHOTO Ta JIOKaJIbHUX
pitrens Takux, sk: CG (Chaotic game), GB (Gaussian
barebone) Ta RS (random selection), a y ¢iHagbHOMY
BapiaHTi Taka aJropUTMiYHa CYKYIHICTh IpEJCTaBlIeHa
ingekcom CBRGWO. VY wmatepiani [28] posrisgaerscs
NeTaNbHO  MiAXig  KOMOIHOBAHOI  €BOJIONII  JBOX
€BPUCTUYHUX aJTOPUTMIB POHOBOrO IHTEJNEKTY — pOIO
YacTOK Ta 3rpai cipuxX BOBKIiB, a iM Ha mpotuBary y [29]
HAyYKOBIISIMHM  3aIIPOTIOHOBAHO ONTHMIi3alliiiHa MYJIBTH-
cTpareris Ha OCHOBI Mozaudikanii anropurMmy 3rpai cipux
BOBKIB i3 BHNAJKOBUM HAIpPSIMOM pYXy, BHU3HAUEHHSIM
HamnpsiMy JIOKAJILHOTO MOLIYKY Ta (OpMYyBaHHSAM MiArpyI
i3 pi3SHUMHU TOPOTOBUMHM 3HAUEHHAMH (piTHEC-PyHKITIT.

YV po6orti [30] po3rasiHyTO MOoaens (ppedMBOPKY st
IUIAaHYBaHHSl HAJ3BUYAHUX CUTYyalill i3 3aCTOCYBaHHIM
0€3MJIOTHUX JITAal0YNX anapaTiB, 0COOIMBOCTSIMHU POOOTH
€ BU3HAYCHHS ONTHMAJIBHHUX PO3MIpiB QIIOTY pATYBaJIbHOT
Micii, MiHIMi3allisl BUTPAT Ha MICil0 Ta Yacy MOCTaHOBKH
3aja4 0 BHUKOHAHHSA 32 pPaxyHOK BIIPOBaJDKEHHS
Mo (diKaiifHUX pillleHs Ha OCHOBI aNTOPUTMY 3rpai cipnux
BoBkiB (GWO), a pobota [31] 30cepemxena Ha TOMY, K

BBECTH CHCTEMY OOMEXEHb IIiJl dYac IIJJaHyBaHHS
ONTUMI3aIiifHOTO Tpolecy Ha NPHUKIALI aITOPUTMY
poroBoro iHTeneKkTy poro dactok (PSO), mo moxe Oytu
e(eKTHBHO BHUKOPHCTAHO y peaiizamii Momudikarmiitanx
pilIeHs Ha OCHOBI aITOPUTMY 3rpai Cipux BOBKIB, TAKOXK.

PesyabTaTtn pociimkeHHs. B KoHTekcTi smaHOrO
JIOCJIIJPKEHHST PO3TIISIAETHCS ONTUMI3aLliiiHE YIPaBIiHHS

MYJIBTUTPYTIOBOIO MOBE/IiHKOIO IHTEJIEKTYaIbHIX
pO3IOJIIEHNX  CHCTEM Ha TpHKIaai  opraHizarii
MYJBTUTPYIIOBOT TIOBEJIHKM 3rpai Cipux BOBKIB 3

MIEpEeHECEHHIM MPOEKIIil COLianbHOI CTPYKTYpH JIoAeH Ha
iepapxit0o BOBKiB. IImaHye€Tbcs 3acCTOCOBYBATH TNIPHIHAOM
MoOJIeNMOBaHHS Ta 3adikcyeMo TOH ¢akT, mo Oyab-sike
BUKOHYBaHE aréHTOM 3aBJIaHHS — € MOUIyKOM JIOKaJIbHOTO
pIIICHHS Ha MIIAXY A0 JOCATHEHHS CHITBHOI METH, L0 MH
Ha3WBaTHMEMO TJI00ANBHUM DPINICHHSIM a00 ONM3BKUM 10
TaKOro OJHE 13 JIOKAIBHHUX pillleHb, K€ 3aJ0BOJIBHSE
BCTAaHOBJIGHHUM  KPUTEpisiIM  3yNUHKH  iTepaiiifHoOro
ONTHUMI3AIIITHOTO MpPOIIeCy.

MogenoeTbes 3a/1a4a ONTUMI3aLidiHOTO YIIPaBIiHHS
MYJBTHIPYIIOBOIO TIOBEAIHKOIO arcHTIB B KOHTEKCTI
PO3MOALICHOT IHTENCKTyalbHOI CHCTEMH Ha OCHOBI
anroputMy 3rpai cipux BoBkiB (GWO). Posrmsmaerscs
BUIAZIOK, A€ IHTEJNEeKTyalbHa CKJIaJ0Ba TaKoi CHUCTEMH
0a3yeTbcsi Ha OOYHCIIOBATBHOMY IHTENEKTI: MpaBUIIaX
MPUPOTHOI CBOMIOLIT 1 alrOpUTMax pPOHOBOTO IHTEIEKTY.
JocmimkyeTbess  Ta  aHANMI3yeThCsAs  MpoOieMaThka
MOJICTIIOBAHHS ~ QJITOPUTMY 3rpai BOBKIB 3 METOIO
MOZAJBUIOTO PO3BUTKY /1€l aITOPUTMIYHOTO BiJTBOPEHHS
TaKTHKO-CTPATEriYHUX MEXaHI3MIB TPYIOBHX BHUJIB B
PO3IoIiIeHNX IHTEJEKTYyaIbHIX CHCTEM i3
BUKODHCTaHHSIM  MYJIBTUTPYIIOBOTO  MIAXOAY  Ta
e(peKTUBHUM BHPIIIEHHAM KOH(IIKTHUX CUTYAIIH.

PosriHeMo  XapakTepHi IPUYMHH  MIKBHIOBHX
KOH(ITIKTIB iHTEpeciB. Y MPHUPOIi, MIKTPYIIOBHA KOHDIIKT
IHTepeciB TMOMDX 3rpaii BOBKIB HaWYacTille BHHUKAE
HaBKOJIO OOMEXEHHX PecypciB: ixa, Boza, TepuTOopii, KOTpi
€ eHEepreTMYHMMH JKepenamu abo  apeanoM Ui
momroBaHHA  3rpai.  3adikcyeMO TOHATTA — «EHeprist
KOHQIIIKTY» — 1€ pecypcd (OCHOBHHUM PECYpPCOM st
MoJiesi BoBYOI 3rpai € xapuoBi Kajopii Ta Boja), IO
3MapHOBaHO 13 HEraTMBHUMHU HACJiZIKAMU Ta HETaTHMBHUM
pe3ynbTaTOM Ha 3arajbHUNl eHepreTuyHuil OanmaHc
PO3IOINIEHOT CUCTEMH, 110 MOJIENIOETHCS, 1 TaKi pecypcH,
mo OynM BUTpadeHi Ha MIKBHIOBY OOpOTHOy areHTiB 3a
HE3HaYHy YacTKy BHIOAM YM B3araji i BiACYTHICTH B
pe3ynbTaTi 3aBepUICHHs AaKTHBHOI (a3u BHpIlIEHHS
MDKIPYHOBOTO KOHQJIIKTY iHTEpECiB.

PosrisiHeMo  TOHATTS ~ «KOMOiIHOBaHa  Kpyrosa
Jiarpama OLIHKM MDKIPYNOBHX KOH(IIKTHHX 1HTEpEciB»,
Jani B poOoTi s 3pydHOCTI OyneMo BUKOPHUCTOBYBATH
CKOpOUYEHHS IOBHOI HAa3BHM MO «JiarpamMa KOHQUIIKTiB».
Bizyamizamiro miarpamMu KOH(QIIKTIB IPOAEMOHCTPOBAHO
Ha puc. 1. Jliarpama-pucyHok BimoOpaxkae N-Tpyn (B
JTAHOMY BHIIQJIKy 3rpail BOBKIB) iHTENEKTyalbHNUX areHTIB,
KOKHA 3 SIKUX BKJIIOYAE BiJl OJJHOTO areHTa, BUKOPHCTAEMO
miarpamy KOH(QJIIKTIB At rpadiyHOrO MOZEITIOBAHHS
MYJbTHAr€HTHHX 3B s3KiB. JlaHe MOHSATTA-Iiarpama
yocobimoe B cobi JiarpaMy KpyroBHX €JIEMEHTIB, KOTpi
300paxkeHl y BHITSIII KpyroBoro o0’ekra. /[liarpama,

Bicnux Hayionanvnoco mexniunozo ynisepcumemy « XI11Iy.

66 Cepis: Cmpameziune ynpasuinus, ynpasninus nopmpensimu, npoepamamu ma npoexkmamu. 2025. Ne 2(11)



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

300pakeHa Ha puc. 1, rpadidyHO ITEMOHCTPYE KUIBKICThH
3B’SA3KiB MiX 3TpasMH BOBKIB Ta 1a€ MOXJIUBICTh IPOBECTH
OIIIHKY KUTBKOCTI HAsSBHUX KOH(QIIKTIB IHTEpECiB Mik
3rpasMH, IUIIXOM MiIpaXyHKy YHCIIa HOMAPHUX IIEPETHHIB
BiJNIOBiTHUX KPYTOBHUX 00’ €KTIB.

BaximBo  3a3HaYMTH = TE, INO  IPONOHYETHCA
BHKOPHCTOBYBATH TMPOMOPLIHHUI PO3Mip KpPYrOBOTO
00’ekTa 10 3amaciB HOro pecypciB, MmO B TPOIECI
MOJICITIOBAHHSI BHPAXKAETHCS MOYaTKOBO-331aHIM
YHUCIIOBUM  IOKa3HUKOM-XapaKTEPUCTUKOIO  OKPEMOTO
arcHTa BOBKA Ta aKyMYJIFOETHCSI B 3aralibHy CyMy [UTs BCi€i
3rpai.

Puc. 1. liarpama xonumikTiB. IIpuknarn ckiagHoi xiarpamu
MDKIPYHOBOTO KOHQIIIKTY iIHTEpECiB OKpEMHX 3rpail BOBKIB

Posrmsmaroun puc. 1, 6agrmMo, o0 OKpiM BiAMIHHIX
PO3MIpiB KpPyroBuX OO0’€KTIB, NPHCYTHI Ppi3Hi IUIONI
MOMAPHOTO MEPETUHY MIXK ACSIKHMHU 13 HUX. 3T1THO MOHATTS
nalarpamy  KOHQIIKTIB, Oinblla YW MEHIIA IUIOLIA
MIOTIAPHOTO MePETUHY 00’€KTiB, TIOSICHIOETHCSI
Bi/INIOBITHMM YHCIIOBHM ITOKA3HHUKOM, II[0 PO3PaXOBYETHCS,
SIK YMCJIO JJIsL ONITUMI3aniiHol ¢iTHeC QYHKIIT, KOTPY MU
Ma€eMO Ha MeETi 3BECTH 10 MiHIMyMYy, 0 OyJe O3Ha4daTu
BiJICYTHICTb KOH(IIKTY TOI YM iHIIOI 3rpal 3 iHIIOIO 3a
pecypcu. IIpomoHyeTbCsI BHKOPHUCTOBYBATH IIKaly IS
«TOKa3HUKA KOH(QIIKTHOCTI», Yy BHIVBILI YHCIOBOTO
3HaUeHHS Y GopMi JECITKOBOTO YMCIIA, KOTPE JIKUTh Ha
npoMikky Bix O mo 1 Ta BKiIFOUae kpaifHi 3Ha4ueHHs, 1e 0
O3Ha4ya€e BIJICYTHICTh OyAb-SIKMX KOH(QIIKTIB 3a CHiJIbHI
pecypcu um iHTepecw, | — Ii¢ TOBHE CHIBIAAIHHS
KOH(MJIIKTHUX IHTEPECiB Ta HEOOXIAHICTB MOUIYKY CTpaTerii
BUDIIIEHHS KOHQJIKTY 3rpaif, a 4YKhCIO Ha NPOMIKKY
6inbuie 0 1 MeHnIe 1 — 1ie YaCTKOBE CHIBNAAIHHS IHTEpPECiB
3rpaidl. Y BIAMOBINHOCTI MO PO3MIPY TOYATKOBHX
S€HepreTUYHUX pecypciB OfHiel 3rpai Ta IHOIOI, IO
KOH(IIIKTYIOTh, 1 Oyzme 3anexartd oOpaHa cTpareris
BUDIMIEHHS  KOH(QJIKTY OKPEMHM  IHTEJIEKTyaJIbHHM
MOJyJIEeM Ha OCHOBI Teopii NMpHUHHATTS pimeHb. Bapro
3a3HAYUTH, [0 KOMIUICKCHI BHIIQJAKH MHOXHHHOTO
MIOTIAPHOTO TMEPEeTHHY Ha [iarpami KOH(QUIIKTIB iHTepeciB
MOTPIOHO BUPINIYBAaTH MOCTYIOBO 1 BiACHiAKOBYBATH
IUKIIYHOCTI B TPOIECI MOJENIOBAaHHS 3a JOMOMOTOIO
MaTpuIll BifcTaHEHl MiX LeHTpamu iHTepeciB 3rpail. Ha
JAHOMY eTami JOCHIPKEHHS TNPOIOHYETHCS IPOBOIAUTH
MOETAITHI OIIHIOBAHHS 33/ HE JIOMYIIEHHS CIIOTBOPEHHS
BXITHMX JaHUX, JKEPTBYIOUM IMIBHJIKICTIO MapajeiIbHOro
OTIpaIfOBaHHs BXimHOI iH(popmarii. O4eBHIHO, MO IS
aHAJIITHYHOI OLIHKK JroguHoro yuciao 0.74 a6o 0.7345
Oyne o3HayaTu J1Ba qyKe OJIM3bKHX MO 3HAYCHHIO YHCIIA,
aJle B KOHTEKCT] BUPIIIYBaHOI 3a/aui, Taki 4ucia MOXYyTb
KapIMHAIPHO BIUIMBaTH Ha  3arajibHy  CTpaTerito

ONTHMI3aIlifHOTO  TIpoIleCy, OCOOMMBO Y  BUNIAJAKY
CKIaJaHHs 3alUIIKOBUX YacTOK Uil  KOPEKTHOTO
NPUAHATTA pIlIeHHsS, SKy caMe CTPaTeril0 BHPIIICHHS
KoHmikTy oOpatu. HaBememo ysBHUII TpuKIan-
MPEACTaBICHHA Yy BHTIAAI BepOanmpHOI Momemi i3
MepeBOIOM Yy IIKaly, 3pO3yMuTy JIIOAWHI, $K Oyne
BUIJIAJAaTH KiHIIEBUI BUCHOBOK aHANI3y IHTEJEKTYaJIbHUM
MOJyJIEM OTPHUMaHHMX JaHUX 3 JiarpamMud KOHQJIIKTIB,
3aMICTh YHCIIOBHX TIIOKAa3HHUKIB: KOHQIKT BiJCyTHIiH,
CTOPOHM 3HAWIUIM NUISXH BUPINIEHHS KOH(IIKTY,
KOH(IIKTYIOTh Ta BUTPAa4yalOTh CHEPreTHYHI pecypcu He
e()eKTUBHO, NPUCTOCYBATHUCS OAWH OO OJHOTO TOIIO.
[MutaHHsA: AK 3py4HO TIPEACTaBUTH Hadip iHTepeciB
KO)KHOTO 3 arcHTiB-BOBKIB — Yy BHUTJLIAI OXUHAPHOTO
BEKTOpa-MaTpPHII, U MiHIMi3allii BHKOPUCTaHHS TaM SITi
Ta MOKOMIPKOBOTO HAJIAIITYBAaHHSA IIOYaTKOBOI TOYKH
MYJIbTHATCHTHOT CHCTEMH.

PosrisinemMo pmiarpaMy KOHQUIKTIB 3 TOYKH 30py
MeroniB  onTtuMmizamii. Ha  obOnacti  BU3HaueHHS
3HaXOJAThCS N-3rpail (IpyIl) BOBKIB, IHTEpPECH KOXXHOI 3
rpyn Ta iX KOHQIIKT-TIEPETHH IHTEPECiB y BHUIIIAL I1O-
€JIEMEHTHUX IIEPETUHIB KPYTrOBHX EIIEMEHTIB Jiarpamu
300pakeHO Ha puc. 1. PosrisHemo puc. 1 ams aHamizy
HasSBHUX Ha Hiid 30H KoH(IiKTy iHTepeciB. IlogaTtkoBa
Touka Oyna copMoBaHa eKCIIEpUMEHTAIBHO MiZO0pOM
mapameTpiB-HajmamTyBaHb. CrucreMa oOMekeHb migiOpaHa
Tak, II00 3rpas BOBKIB TIepecyBajacsi B MeXax
BHU3HAYCHOTO apeairy MPOKWBAaHHSI, a KUTBKICTH 3100mdi
PO3MIIIEHO HEOAHOPINHO. Apeany NpOXXHWBaHHS arcHTIB
MHAMIYHO-3MIHIOBAHI 31 BCTAHOBJIEHUMH IIBUIKOCTSIMH.

Hiarpama KOHQUIKTIB 3 TOYKH 30pYy CKIagHOI
€KOHOMIYHOI I'pY Ha BW)KMBAHHS, Jie OIKCaHa M0YaTKOBa
ToYKa, Haiuye N-3rpait BOBKIB, KOTpi B IaHOMY KOHTEKCTI
BUCTYNAIOTh «TPaBISIMU», Ta OKpeMi BHAM TPaBOIIHUX
TBapwH: 3alIli, TUKi KO3W, OJICHI — Ma€ Ha MeTi MOIIyK
METOJIB Koormeparnii 3rpail BOBKIB 3a/ulsl JOCATHEHHS
CHiIbHOI METH  Ta  OMIa/UIMBOTO  KOPHCTYBaHHS
EHEepPreTHYHUMH pecypcaMi, KOTpi MaroTh MO>KJINBICTBH
3aKiHYYBaTHUCS 3 OJHIEIO IIBUKICTIO Ta BITHOBIIOBATHUCS 3
MEHIIOK YK OUIBIIOK INIBHAAKICTIO B 3aJIEKHOCTI BiX
apeally TIpOXHBaHHS Ta KUIbKOCTI 3arpo3 juis Hux [19]. 3
TOYKH 30pY €KOHOMIKM HiINPUEMCTBA — ONTHMIi3alliifHa
¢biTHEeC-(YHKIIS JOTOBHIOETHCS MOUIYKOM 0alaHCOBaHOTO
CTaHy  «CIIO’KUBAHHSI-BIHOBIICHHS €HEPreTUUHUX
pecypciB. 3 TOUKH K 30py Teopii irop, 3adikcyemo Te, 1o
B HAIIOMY BHIIQJIKy OKpEMHUH rpaBellb, KOTPH BUCTYIIA€E Y
MOIIyKax BWIpamHoOi KoMOiHalii € TpyHol BOBKIB
(3rpaero), a OKpeMuil BOBK — IHTENEKTyaJbHUM areHTOM
posmozinenoi cucremu. Omucana cykynHa moxens € K-
BUMIPHHMM TPHKJIAZIOM 33jadi THITy «JujaeMa B’sI3HIBY, 1€
MU MaeMo K-BUMIipHICTb y TOMY PO3YMiHHI, 10 KO)KHOMY
TPaBIIO TaKoi TP JAOCTYMHO MO L JOCTYMHUX CTpaTerii
I, KOTpi MOXyTh OyTH PO3MIMpPEHi 4M 3BY)KEHI B XOIi

IpoIleCcy HABYAHHSA IHTEJIEKTyaJlbHOTO MOIYJIs Ha
JIMHAMIYHO-3MIiHIOBaHHX JdaHux [32-33].
Onmcana  Mozens  sBIAe  co0O0  CKIIAAHY

MYJIBTHAr€HTHY PO3MOAUICHY IHTENEKTYalbHYy CHCTEMY,
10 HallpaBiieHa Ha e()eKTHBHE BHUPIIICHHS KOH(IIKTHUX
MYJbTHAr€HTHUX cHUTyalid. Takox, 3amnponoHOBaHa
Mo/Ieb Ha 0CHOBI N-BUMIpHOI 33/1a4i PO AMIIEMY B’S3HIB
Ha OCHOBI POHMOBOTO ajIropuTMy 3rpai CipuxX BOBKIB €
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HOBUM ITiTXOJIOM JI0 BUPIIIEHHS, K ISl caMoi N-BUMipHOT
3amadi OUIEeMH Tpo B’S3HIB, TaK 1 YHIBEpCaJIbHOIO
CTpaTeri€l0 TMOUIYKYy BUTPAIIHUX CTpaTeTill A pPi3HHUX
THUTIIB BUPIIIyBaHHUX 3a/1a4.

Jis mpocToTH JIEeMOHCTpAIlii IpeacTaBieHol inmel
OINTHMI3AIlIMHOT MOJEe, IO € KOMOIHAILIE0 METOIIB
onrtuMizanii, Teopili irop, €KOHOMIKM IIAIIPUEMCTBA Ta
pPOHOBOrO IHTENEKTY — pPO3[JISIHEMO OJHY 13 OKpPEeMHX
iTepaliii  3arajJbHOT0  ONTHMI3AliMHOTO  MPOIECY
BUpIIIEHHS KOH(MIIKTy €HEepreTHYHuX IiHTepeciB 3rpai
BOBKIB Ha Jiarpami KOH(]JIIKTIB, 1110 300paxkeHa Ha puc. 2.

Puc. 2. KondamikT inTepeciB MiX 3rpasMu BOBKIB 3a pecypcu

Ha puc. 2 MoxHa moGauuTy, 0 ABa OKPEMHX apean
MPOKMBAaHH BOBUMX 3rpail (BOHM K IpaBlli eKOHOMI4HOT
3a7a4l MOJICNIOBAHHS MIANPUEMCTBA HAa BIDKHUBAHHS)
CHIBICHYIOTh Ha CILIBbHIN TEPUTOPII Ta MaIOTh HEHYJIHOBY
IUTOIIY IEPETHHY 30H IX apeatiB MpoKUBaHH:. BiamoBigHO
0 TOHATTS TpPO JiarpaMy KOHQUIKTIB Ta o00JjacTi
JIONMYCTMUMHUX 3HAa4eHb JUId IHU(POBOTO  ITOKA3HUKA,
pO3yMieMo, III0 HEHYJIbOBA IUIOIIA IEPETHHY Ha Jiarpami
KOH(ITIKTIB, 03HaYa€ HASBHICTH HEBUPIMIEHOTO KOHQIIIKTY
3a eHepreTHdHi pecypcd. [pymm BOBKiB, KOTpi KOXXKHA
MOXYTb HiTH aOCOJIIOTHO MO-PI3HOMY Ta pearyBaTH, TaK
caMo BIJIMIHHO Ha BXIiJHI CUTHAJH, MalOTh CBOI MOTpeOH,
110 0yJ10 331aH0 KOHDIrypaiiHO i3 TOYaTKOBOK TOYKOIO.
[IpoaHamizyeMo daHy CHTYAIlil0 Ta ONHUIIEMO MOXIIUBI
cTparerii BUpiLlIeHHs ONTUMI3aliiHOT 3a1a4i, 1110 B IAHOMY
BUIIAJIKY BUPIIIYETHCS CJIOBECHO.

3aBIaHHA — MOIIYK ONTHMAaNbHUX a00 MPUHHATHHX
PO3B’S3KIiB HAa IUIOIIMHI JOCTYIHHX PIMICHb NUIIXOM
e(heKTHBHOTO PO3TOALTY Ta 30aJ1aHCOBAaHOTO
KOPHUCTYBaHHS CHEPreTHYHUMH PECypcaMH MK 3rpasMu
BOBKIB 1 IX OKpEMUMH areHTaMH PO3IIOIIIEHOT CHCTEMH 13
BUKOPDHCTaHHSIM  QJaNTUBHUX CTpaTerii  BUpIMICHHS
KOH(ITIKTIB iHTEpECiB.

OnTumizaniiHa QyHKIIisl BU3HAYAETHCS MiHIMI3aI[i€r0
KOH(IIKTHUX CHUTYyallili 3a apeasl MPOKWUBaHHA 1 pecypcH
Xap4yBaHHA, TMOIIYK MIHIMQJbHOTO EHEPreTHYHOTO
OajaHCy MK y4aCHHKaMH MYJIbTHAreHTHOI CHCTEMH, IO
03HAYa€ 3MEHIIEHHS IUIONIi TOIMAPHOTO IEPEeTHHY MiX
3rpasMd BOBKIB 32 YMOBH, IO iX CIJIbHA JisUTBHICTH HE

MOKpalye 3araJbHUN pe3yabTar y BUIJISTI
B3aemogomoMord. OmmucaHa MoOJEIb ONTHMIi3aliiHOT
3a7a4i € CKJQJHOK, a camMa I[IOCTAaHOBKA €

0araTOKpUTEpiabHOK ONTHMi3amiiHOW 3amaucto. Jlis
CJIOBECHOTO BHpIIICHHS ITOCTaBJICHOT 3anadi

BUKOPUCTOBYIOTBCS METOIM: TOPIBHSAHHSA Ta aHAJIOTIH,
aHaJi3y Ta CHHTE3Y, CITIAHOBAHUH E€KCIIEPUMEHT.

[omyx edexTuBHOI cTpaTerii camoopranizamii Ta
B3a€MOJIii MK TPyIIaMHU-3TPasiMH BOBKIB: PO3TIIAJAETHCS
iZest anropuTMIUHOI caMoopraHi3amii 3rpaif BOBKIB, KOIH
IIBi 00 OiTbIIIe KOOPAMHAIIIHO He3aIeKHIX 3rpail BOBKIB,
10 MaloTh KOXKHa CBOi IHTEpecH Ta HEHYJBOBY ILIOLLY
NepeTuHy B 30HI KOHQUIIKTIB 1HTEpeciB, BHKOHYIOTbH
CHiJIbHE 3aBJaHHA €(QEeKTUBHO BHPINIMBIIM KOHQIIKT
iHTepeciB. B KOHTEKCTI MOJENIOBaHHS, 3 OIHOTO OOKY
MPE/ICTaBICHA MOJIENb € CYNEPEewINBOIO 32 BU3HAUCHHSM,
a 3 IHIIOTO K MOJETB-TIPOTOTHII Ma€ TPABO Ha iCHYBaHHS
UL CTBOPCHHA pPOOOTHM30BAHMX YU  OE3MIJIOTHHX
ABTOHOMHUX TPYTI HIOIIYKY Ta MOPSTYHKY B HAA3BUYaHUX
CUTYAIlisIX, MiJ 9ac PO3MOIiIEHOI KOOpIWHAIIi 3aroHiB.
OpHiero 3 eheKTUBHUX CTpaTeriil B Takiil cHTyallii Moxke
BUCTYNAaTH CIOCTEPEXEHHS 3a CKJIAJOM Ta OIL(HKa
KIJIBKOCTI 32 pO3MipoM 3rpai CyNpOTHBHHKA, 3 METOIO
MPOBEICHHS aHATITHYHOT OLIIHKY BIPOT1IHOCT] YCHIIIHOCTI
HPSIMOTO 3ITKHEHHS-KOHQIIIKTY 4M HEOOXIHICTh MOUIYKY
OOXiZJHUX IUIAXIB IOOJUHOKOTO OTOYEHHS OKPEMHUX
areHTiB 1HIIOI 3rpai, MOIIYKY MOIIMBOCTI €()eKTHBHUX
«TIEPEroBOPIBY» B KOHTEKCTI KOMII'FOT€PHOTO
MOJICTIOBAHHS 3 METOI0 €()eKTHBHOTO BUKOPHCTAHHS YCiX
HasBHUX pecypciB 3rpail. Y TOH Xe dYac mMmOTpiOHO
PO3YMITH, IO MPOTHJICKHA 10 MUPHOTO BPETYIIIOBAHHS Ta
CHUTEHOI KOOPAWHAIIT — € CTPATETis «IPSIMOTO 3ITKHEHHS
3rpail As 3°sicyBaHHS NEpeBark CHIIOK» MK TaKHUMH, 5K
Ile B MpUpoJi 4acTo OyBae mix 4ac 3’sCyBaHHS IIpaBa Ha
MOJNIOBaHHA Ha TMeBHIM Tepuropii xmxkakamu. Taka
CTparerisi BUMarae BUTPaTH XapyOBUX PecypciB 3rpail He
Ha CHiJIbHE NOJIIOBaHHA, a B OUIbIIII Mipi HA MDKBHIOBY
BOPOXHEUY MOMDXK «3rpasMH BOBKIB», 10 MU Ha3HWBaEMO
«0e3 1iTbOBEe MapHyBaHHs pecypciBy». B xoxi BupilieHHs
KOH(QIIKTY 3a METOIOM 3iTKHCHHS B pe3ysbTaTi Oyne
3’5ICOBaHO OJTHOOCIOHY 3rparo-TIepeMOKIlsl, ane s 3rpas
3a3Ha€ 3HAYHUX BTPAT pecypciB, SK cepell areHTiB, Tak i
cepell XapuoBuX. 3M00YTKHU XK IMpu BHOOpPi Takoi cTpareril
MOXYTh OyTH MEHIIMMH, HI’)K BOHa HNEpIIOYEProBO Iie
OuiKyBaja, 4YM 3a Ti, IO BOHa MaJa JIO MOYATKY
KOH(TIKTHOT CHUTYyAIIii.

AHa3yl0Yl Ta JOCIIDKYIOUH OIMHMCaHi CTpaTerii
BUpIlIEHHST KOH(IIKTHUX CUTyallii MDK He3aJe)XHUMHU
3rpasiMu, BIPHOIO BHCTyIa€ CTpaTeris BiACYTHOCTI
NPSIMOTO «3ITKHEHHSI», sIKa B KIHLIIEBOMY PE3yJIbTAaTi 1acTh
3rpasM 3MOTy HE TUIBKM 30UTBIIMTH peKpeariiitHuit
MOTEHINAN JJIs BIJHOBJICHHS MOMMYJAIil TPaBOiMHUX, a 1
3rpal 3MOXYTb MOJNIOBATH Ha OUIBIIY KUIBKICTH BHJIB
TBapuH OJHOYACHO, MAIOYM B CBOEMY 3arlaci, sk Oibie
XapuyoBHX PpECypcCiB, Tak 1 Ii/IBUIIEHY BipOTiJHICTb
YCHINIHOTO BiAOMTTS aTakW BiJ| IHIIMX 3rpail 3a paxyHOK
3TyPTOBAHOCTI i3 1HIOO 3rpacto (puc. 2).

PosrnsmaeTscss HaCTynmHAa HAMNPOCTIIIAa MOCTaHOBKA
3a/1a4i MOJICITIOBAHHS, KOJIU JB1 KOOPIMHAIIIITHO HEe3aJIeXKHI
Tpyny BOBKiB, IO TMOJNIOIOTE HA OJHIA TepuTOpii
OJTHOYACHO — KOH(IIKTYIOTH 3a 3100m4. KoxkHy 3rpaio
HampaBJIse CBil BOXKaK, ajie 3710014 — O/THA Ha JIBi 3rpai, 1o
1 € IPUYNHOIO KOHQIIKTY. Y NPHUPOAHIX yMOBaxX CHiJIbHA
3000MY Ha TIOJIIOBAaHHI BH3Bajla OW Cynepedky, aje B
KOHTEKCTI ~KOMIT'FOTEPHOTO MOJICTIOBAHHS  ITOCTAalOTh
1iKaBi rinoTesw, iaei, KOTpi MarlOTh NPABO Ha iCHYBAaHHS.
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IIpomonyerscst  imess  Moamdikarii  MOICITIOBAHHS
MTOBEIiHKN aJTOPUTMY 3Tpai Cipux BOBKiB, KOJIH BOBKH, B
MeKax CBOE€I 3rpai HIifOTh SK HE3aJekKHi IHTeIeKTyalbHi
areHTH, Ta MAIOTh BUIOBI XapaKTEPUCTUKHU Ta 3MI0HOCTI, K
posnoxinennii 0OMiH iH(popMmamieto. Lle o3Hagae, mo 1Bi
He3aJe’KHi 3rpai BOBKIB MOXYTb OJHOYAaCHO BHKOHYBAaTH
MOUIYK CTparterii yCHixy TMOJIOBaHHS Ha 37100u4
napasiesibHO Ta PO3IO/ALIEHO OOMIHIOBATHCS 1H(pOPMAIIE0
MDK CYMDKHMMH areHTaMH HE3aJe)KHHX 3rpail B
peanpHOMy 4aci. JlaHe MOHSTTS TPENCTaBiIse COOOIO
MeXaHi3MH  pi3HOOIYHOI CHHXpOHI3amii Ta OOMiHY
iHpOpMaLi€l0 MK areHTaMH PO3IOAUICHOI CHUCTEMH, iX
MTOKpAIIeHy aJanTaIliio 3a paxXyHOK MIKareHTHOTO OOMiHy
iH(pOpMaIi€0 Ha MICIIEBOCTI B PEKUMI peasbHOTO Jacy Ta
MOJKJIMBOCTI MTapaeIbHO BUKOHYBATH TIOCTABIICHI 3a1adi.

Jnst po3paxyHKy NpOLYKTHBHOCTI OKPEMOTO areHTa-
BOBKa, POIIOHY€ETHCSI BUKOPUCTOBYBATH OKPEMHUH SIKICHO-
YHCIJIOBUH MOKA3HUK, KOTPUH OOUHCITIOETHCS B 3aJICIKHOCTI
BiJl KOHTEKCTHO-3JIS)KHUX MapaMeTpiB-XapaKTePHCTHK Ta
HaJlalITyBaHb CUCTCMU.

AHFOpI/ITMi‘IHO JaH€ TMOHATTA «KOHTPOJILOBAHOTO
KOH(JIIKTY IHTEpECiB» MOXKHA MPEJICTABUTH, SIK ITpoliec abo
AITOPUTMIYHUA ~ MeXaHi3M, KOJIM  MYJIbTHAareHTHa
pO3MOIiNICHa B3a€MOis HANpaBlIeHa HAa BHKOHAHHS
CHUTBHOT 3a):[aqi, SIK 1€ TTOKa3aHo Ha puc. 3.
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Puc. 3. KoHTposb0BaHUH MOJIrpynoBHi MyJIbTHAT€HTHUI
KOH(QJIIKT iHTepeciB 3rpaii BOBKIB ITiJ Yac MOJIOBAHHS Ha 310014

Y cIUTaHOBaHMX TECTOBHX EKCIIEPUMEHTax i3
MO/ICTIFOBAHHSI KOHTPOJIbOBAHOIO KOH(QIIKTY 1HTEpeciB
MIATBEPKCHO, M0 TaKWd MEXaHi3M MOJICITIOBAHHS
JO3BOJISIE HAM BIATBOPUTH ONUCAHWHA MIAXIA B CHIY
CHPOLICHOCTI MOJENI areHTa-BoBKa Ta HakiajgaHHs K-
PO3MIpHOT KIIBKOCTI iIrpOBHUX CTpaTerii okpemoi 3rpai Ha
JUHAMIYHY OOCTAaHOBKY 3rpaif BOBKiB, KOTpPi MOXYTh
OJTHOYACHO «IIOJIFOBAaTH». B X071 aHamizy ckiIagHOCTEH Ta
cnenuiky  MMOCTaBICHOI  3aJadyi  ONTHMI3aIiifHOTO
YIpaBIiHHSA, HamMHM OyJI0O IpOaHAi30BaHO MepeBaru i
HEJIOJMIKM  BHMKOPHCTaHHS EBPHCTHYHOTO alTOPUTMY
pOHOBOrO IHTENEKTYy KJacy CTOXAaCTHYHOI ONTHMi3arii
Tumy 3rpai cipux BoBkiB (GWO) Ha oxpemux 3amadax
BHUPIMICHHA  CKJIAJHUX  TNPaKTHYHUX  IpodieM i3
BUKOPHCTAHHIM MYJIBTUTPYIIOBOT'O migxomy
KOMIT'IOTEPHOTO ~ MOJICJIIOBaHHSA UL €(EeKTUBHOTO
pO3MOJily TOCTaBlIeHHX rpynam 3agad. Ilim  yac
(dopmyBaHHs iHpOPMAIIiFHOT MOIeNi, MI BH3HAYMIIH, IO
MOXHa €()EeKTHBHO BIJIOKPEMUTH 1 PO3MOALINTH 3aBAAHHS
3 PO3BIAKM MICLEBOCTI, IHTEJEKTYaJIbHOTO MOMIYKY Ta
po3Mi3HaBaHHs LiNeH, NOIIYKY Bpa3lMBUX MiCIb 3700M4i
Ta BUYIKYBaHHS BIAJOT0O MOMEHTY JUIS IIOJIIOBaHHS,
OTOYECHHS 1 TIOJNIOBaHHS Ha 3700WY, KOJIi3ii, MeXaHi3M
opraHizamii OOYHCIICHP — Ha HE3aJeKHI 3aBJaHHI.
Ilepemiueni Buie 3aBHaHHS Tpyla IHTEICKTYaJbHUX

arcHTIB 37]aTHa BUKOHYBaTH OJHOYACHO (TIapajesbHo) abo
MOCTITOBHO (CHHXPOHHO a00 aCHHXPOHHO), B 3AJIEXKHOCTI
Bif KOH}irypariifHo-3a1aHmx mapamMeTpiB i3
HaJAIITYBaHHAMH a00 B 3aJeKHOCTI Bix BHOOpPY
KOH(QIIIKTHO-Y3TO/DKCHOTO ~ CTYIEHS  caMOopraHizarii
KOMIT FOTEPHO{ MOJIeNi BOBUMX 3TPai.

Tak sk, onucana iHGopMaLiitHO-TOBEAIHKOBA MOJIEIb
BOBYOi 3rpai — me abCTpakUis-MpOoeKIis i IepeHeceHHs
TaKTHMK Ta CTpaTerii TOBO/PKEHHS BOBKIB I d4ac
MOJNIOBaHHA y  TPHPOAI  CBIT  KOMII IOTEPHOTO
MO/ICTIFOBaHHSI, TO JJaHa MOJENb MOXe OyTH BHKOpHCTaHa
Mg Yac BHpIMIEHHS aKTyalbHOI Ui YKpaiHH Ta CBITY,
3amadi  ©()eKTUBHOTO  PO3MONUTYy 1  KOPHCTYBaHHS
OOMEXCHUMH EHEepreTHYHUMH pecypcamu. JloBenemo
aKTyaJbHICTh Ta MPAKTUYHY 3HAUYNMICTD OIMCAHOI MO
Ha TPUKIAAHIA TIOCTAaHOBII 3agadi  €QEKTHBHOTO
YIpaBITiHHSA M IPHEMCTBAME TeHepallii eJ1ekTpoeHeprii. B
JTAHOMY KOHTEKCTI «BOBUi 3rpai (puc. 3)» — Iie KopucTyBadi
CJIIEKTPOMEpEeXK, TM HEOOXiJHA CHEpTis Ui BIKUBAHHS B
€KOHOMIYHOMY (Tocroapyi MiAMPUEMCTBA, TPOMAJISTHN) Ta
¢izuuHOMy (JIiKapHi 3 Tali€HTaMH) CEHCI  TOIIO,
«TIOMYJISILiSE TPaBOIMHUX TBapuH (puc. 3)» — 1e came
TeHEepyIoYl MOTY)XHOCTI eNIeKTpOeHeprii, KOTpi B CBOIO
Yepry CHOXHBAIOTH IAIWBHY Ta BiIHOBIIOBAaHY pecypcy
0asm, 110 € ByTUUISAM, ypaHOM, HAQTOIIPOTyKTaMH, BITpOBa
EHEeprisi, eHepris COHIL, TIAPOCHEPTis TOIIO (B KOHTEKCTI
OIICYBaHOI MOJIETl BOBYOT 3rpai — I1¢ IPUPOIHa KOPMOBA
0a3a TpaBOITHUX).

3a yMOBHU e(EeKTHBHOT'O IIEPETBOPEHHS OJHOTO BHIY
pecypcy B IHIIMH MaeMO 3MOTY HAIaroJuTu e()eKTHBHY

MyJIbTHATCHTHY KOOIEpPaIilo, a OTKE 1 MOXKIHUBICTh
GamaHcyBaTH JIISTHKH po3ipBanoi CHCTEMH
EJIEKTPOIIOCTaYaHHs. 3a3HayMMO, IO TMOIIYK CTaHy
OajaHcy  MOMJIMBMHA 32  YMOBM  palliOHaJbHOTO

KOPHCTYBaHHs TAJMBHO-BiTHOBIIOBAHOI peCypcHOI 0a3u
Ha TEHEPYIUMX  IOTY)XHOCTAX T4  OIIAJIJIHBOTO
KOPHCTYBaHHs KiHIIEBUMH CIIOKUBAa4YaMH €JICKTPOCHEPTil,
TaKk SK CHJIBHI Ta 4YaCTi KOJHMBaHHS CITiBBiTHOIICHHS
«TeHepallis-CIOXKUBAHHD»Y,  BHMAaraloTh  IOCTIHHOTO
MOIITYKY HOBOi TOYKH ONTHMAIBHOTO pilleHHA. B cmiry
TOro, IO 3amacu TNaJMBHUX pECypciB B  yMOBax
reorpagiuHOrO PO3TAlIyBaHHSI OKPEMHUX JEpKaB MOXYTh
OyTH ManuMM abo JIOTICTHYHI LNUISIXM MOCTA4aHHS HAJTO
JIOBI’MMH — 1I€ TpH3Bee 10 HEeOOXiJHOCTI BHPILIEHHS
BUHHUKAIOYMX KOH(IIKTHUX CHUTYaI[ill 32 TAJUBHI pecypcu
JUIsl TEHEePYIOUMX MOTY)KHOCTEHW BCEPEIMHI OJJHOTO BUY
areHTiB (MoJeNb: 3rpas BOBKIB Ha MOJIOBaHHI). BuHukae
JIOZIATKOBA 3ajiada-npoodiiemMa, KoTpa Mae OyTH eeKTHBHO
BUpIIICHA 13 BHUKOPUCTAHHSAM BHTPAIIHUX CTpAaTerid Ta
HaKJIQJICHHAM OOMEXEHHS Yy BHIVIIII IIPIOPUTETHOCTI
nojavi pecypcy A Tol 4M iHIIOI 3rpai BOBKIB M
BH3HAUEHOTO areHTa-BOBKa  (JiKapHS, TpaHCIOPTHA
iH(ppPaCTPyKTypa, ONMaTioBaIbHI Mepexi Tomo). OmmcaHa
rpacdiyHa MOJeIb MPEACTaB/IcHa Ha puc. 1-2.

SIK iHIUH TpUKIIa] MPaKTHYIHOI 3HAYUMOCTI, OITUCaHa
MOJIeNTb MOXKE€ BHUCTYINATH B KOHTEKCTI €()EeKTHBHOTO
pO3MONITy HAasgBHUX pecypciB Mik o0’emHanumu  L-
3rpasiMd BOBKIB Ha IUISAXY 10 CIUIBHOI METH JUIS BiTOUTTS
3arpo3u 3 OOKy 3rpai iHIOIMX BOBKIB, IO HAMAara€ThCs
BUTPAaTUTH pEeCypcH He CQPCKTHBHO HAa MIKBUIOBUI
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KOH(JIIKT, B IpoTHBary e€(heKTHBHOMY — TOIIYK OallaHCy
PECYPCHOI CHCTEMH MiX 3rpasiMH.

He Bupimeni B xoai gocjimkenHs 3aBaaHHs. B
XOJIi JAHOTO TOCTKEHHS HAMH He 0YJI0 BUPIIIEHO 3a/1a9y
KOMII FOTEPHOTO TPOTpaMyBaHHS OIMCAHUX CTpaTeriil Ta
METONIB MYJIbTHATEHTHUX KOHQJIIKTIB 1HTEpeciB; He
BUPIIIEHHM € 3aBAaHHS PO3pPOOKUM MYJBTHIOTOYHUX Ta
PO3IOIICHNX AITOPUTMIB JUISl 3aIIPOIIOHOBAHUX MOJIEIICH
Ta METOJMIB, HE BHPINICHO 3aBJaHHSA aBTOMATHU3aIlil
BiZOOpaKeHHs rpadiyHIM crnocoboMm  Jiarpamu
KOHQIIIKTIB ~ iHTepeciB; HE  BHpIMIEHO  3aBIAHHSA
3HAaXOKEHHA IUIONI NepeTHHY KOH(DIIKTIB iHTepeciB
rpagivHAIM crmocoOoM B pealbHOMY daci; He BUPIOICHO
3aBJaHHS aBTOMAaTH30BAHOTO MPOIECY KOMII IOTepHOI
CUMYJISIIii  ONTHUMI3amifHOTO Tmporecy e(peKTHBHOTO
BHpIMICHHS KOH(IJIKTHUX CHTyalid MK areHTaMu 3a
pecypcu; He  pO3pOOJCHO  MaTreMaTH4Hy  MOJElb
ONTHMI3alIfHOTO NpoLiecy BUPIILIEHHS IIPUKIIAaIHOT 3a1a4i

MaTeMAaTHKH Ha OCHOBI OTpHUMaHOi iH(OpMAIiHO-
TEKCTOBOI Ta rpadiuHOi TEXHOJIOTIT.
IMepcnexTnBN PO3BHUTKY podorn.

BukopucToByroun OTpUMaHi B JaHOMY IOCIHIiKEHHI
pe3ynbTaTi, HaMH Y MailOyTHOMY ITaHY€EThCS PO3BHHYTH
TEOPETUYHY Ta MPAKTHYHI YacTUHU, a 332 MOXJIHMBOCTI
peanizyBaTH BiONOBigHI MaTeMaTH4HI Ta KOMII IOTEpHI
MOJeNi, KOTpi CTOCYIOThCS TrpadidHMX METOIIB Ta
Bi3yamizamii ONTHMI3allifHOTO TpOIecy Ha OCHOBI
3alpONOHOBAaHMX MOJENe Ta METOJiB, CTpaTerii
KOHTpPOJIIO  MOJIIPYNOBHX  KOHQJIIIKTIB  iHTEpeciB Y
PO3MOJIIEHUX MYJIbTHAICHTHUX CHCTEMaX.

BucHoBku. Y po0oTi oTpuUMano TOAANBIINI
PO3BHTOK TIOHATTS MO/IETIFOBAHHS aCTIEKTIB
«KOHTPOJILOBAHOTO  MOJITPYNOBOTO  MYJIBTHAr€HTHOTO
KOH(QIIIKTy  iHTEpeciB», SK TaKTHKO-CTPATErigHOTO
mpuiioMy y LUTICHOMY ONTHMI3allifHOMYy THporeci
KOMIT FOTEPHOTO MOJICJIIOBAHHSI BOBYOI 3rpai Ha IUIONIMHI
MOUIYKY pIMIEHHS 13 3acCTOCYBaHHSIM  OIIA/UIMBOTO
MEXaHI3My PeryJisilii CIIOKHBaHHS TOCTYIHUX PECYPCIB Ta
MomyKy e(eKTHBHUX cTpareriii mii Ha ocHOBi «K-
BUMIpHOT 3aJa4i TUJIeMHU B’ SI3HIBY.

Byno 3amponoHOBaHO YM BJIOCKOHAJIICHO ICHYIOUI
MOJIENTi Ta METOJH, IMiAXOMU 1 CTpaTerii aiid, a BiINOBIIHI
3HaHHSA OyJ0 COpPMOBaHO y BHUIILAAI iHpOpMamiiHO-
TeKcToBOi ~ TexHojorii. Takox, y [na”ii  po0oTi
3aIPOIIOHOBAHO OKPEMi TaKTHKO-CTPATETiUHI MTOBEAIHKOBI
NpUHOMHM B THUX YW IHIINX KOHQUIIKTHHX CHUTYyalisX Ta
LOULIXM X BHpILIEHHs, a JuId Kpamoro po3yMiHHSA Ta
HAOYHOCTI JEMOHCTpAIii el — AoAaHO OKpemi rpadidni
MaTepiayii: pUCYHKH Ta JiarpamMu.

Byno posrmsiHyTO MOAEnh TMOBEAIHKH JEKIIBKOX
Ipym-3rpaif  BOBKIB i3  ONHMCaHHAM  MEXaHi3MY
apaMeTPUIHO-KOHTPOIHOBAHOI KOHKYPEHIIi M’k HUMH B
KOHTEKCTI €JHHOTO TPOLECY MOJTIOBAHHS.

V 3amadui eKOHOMIKM MiANPUEMCTBA Ha BIDKWBaHHS
BUKOPHUCTaHO PO3LIMPEHHs TOHATTS INpO KOMOIHOBaHY
KPYTroBY JiarpaMmy OLIHKH MDKIPYNOBHX KOH(IIKTHUX
iHTepeciB 3aaiis SKICHO-KUJIBKICHOT OIIHKHA TOKAa3HHKIB
e(eKTUBHOCTI ONTUMI3aLI{HUX MPOLECIB, KOTPi MOJAHO Y

SIKOCTI  i71el  po3paxyHKy TMPOAYKTUBHOCTI OKpPEMOTO
areHTa-BOBKA 13 BUKOPUCTAHHSAM  SKICHO-YHCIIOBOTO
[IOKa3HHUKA.

VY poboTi mpoaHa i30BaHO Ta CHHTE30BaHO HAYKOBI
MaTepianmm 00JacTi JaHOTO IOCTIMKEHHS B JIOKaHIdHI
3HAHHA JUIA iX IIOETAIHOTO epedopy Ta MONIYKY MiCIb IS
MOKpAIIeHHs]  poOOTH  BXE  BIiJOMHUX  aJTOPUTMIB
MPUKJIQJHOTO 3aCTOCYBaHHS, 3aCTOCOBYIOUH — AITOPUTM
srpai cipux BoBkiB (GWO). Byno nposeneHo anami3
TaKTHKO-CTPATEriYHNX NpUHOMIB BUPILIEHHS
KOH(IIKTHUX CHTyallii MK OIOJOTiYHMMH areHTamH,
MIPOaHATI30BaHO MaTepiajii BU3HAUYEHHS Ta €(QEKTHBHOTO
MPURHATTA PIMIeHb 33T MaKCUMi3alii BUTpamry, oepydu
3a ocHOBY (yHIameHTanbHi podotn 1. Hemra ta E. Octpom
Ta IHIMIAX JOCIIAHUKIB TEOpii irop Ta eKOHOMIKH, METOIiB
ONITUMI3AaIlil, 110 MPANOBANN HAJ BUPIOICHHAM IIPOOIEMHU
KOPHUCTYBaHHS CIIIJIBHUMH PECYPCaMH.

Byno cdopmoBaHO 3HaHHA y BHUIVIAAI KiHIIEBOT
TEKCTOBO-TpaiyHOT TEXHOJOTIT MPO MOJCIi Ta METOIM,
cTparerii ~ €(EeKTHBHOTO  BUPIIIEHHS  MDKIPYNOBOTO
KOH(JIIKTY Ha MPHKIAT KOOPIUHAIII 1HTEICKTYaabHHUX
areHTiB BOBYOI 3rpai y BUINISAAI TEKCTOBOI iH(popMalii,
PHCYHKIB Ta Jiarpam.
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B. 0. THMO®CEEB, A. I. POTOBHH

CEHCOPHI MOJAJILHOCTI U1 BITHOCHOT JIOKAJII3AIII KOONIEPATUBHMX POIB BILJIA B
CEPEJOBHUIIIAX BE3 GNSS

Po3ropraHHst KOONEPATHBHUX POiB OE3MIIOTHUX JIITAIBHAX arapaTiB y CepeloBUIax 6e3 TOCTyIy 10 I100ansHOI HaBirauiffHOI CyIy THUKOBOI CHCTEMHI
€ OZHIEI0 3 KIIOYOBHMX MHPOOJIEM Cy4acHHX aBTOHOMHHX 0araToOareHTHHX CHCTEM. B Takux yMoOBax BifHOCHA JIOKaJi3alisi MK areHTaMmu Mae
3a0e3mevyBaTi JOCTATHIO TOYHICTH 1 Y3rO/PKEHICTh 32 HAsIBHOCTI CYBOPUX 0OMEXKEHb 11010 rabapuTiB, Bark Ta CHEProCIOKUBAHHS, XapaKTEPHHUX IS
MiKpoarnapartiB. Y CTaTTi IpOBEACHO CHCTEMATHYHHI OTJIS] CCHCOPHHUX MOJAIBHOCTEH, 1110 3aCTOCOBYIOTBCS ISl BiJTHOCHO] JIOKaIi3aLlii KOOIIEPaTHBHUX
POIB y cepenoBuIIax 6e3 CyIIyTHUKOBOI HaBiraii, 3 ak[ieHTOM Ha X 00YHCIIIOBANIbHI BIIACTUBOCTI, CIIOCTEPEXKYBaHICTh Ta CTIHKICTh 10 BIUIUBY (haKTOPiB
HABKOJIMIIHBOTO cepeloBula. Y poOoTi mpoaHami3oBaHO Ta KiIacH(piKOBaHO TPU OCHOBHI KJIACH CEHCOPHHUX MOJAJBHOCTEH: Pafio4acTOTHI METOIH
BU3HAUCHHS BiJICTAaHI Ha OCHOBI HAJIIMPOKOCMYTOBOTO 3B’SI3Ky, HACHBHI Bi3yalbHi METOAHM, BKIIOYHO 3 Bi3yalbHO-IHEpHiHHOIO OJZOMETpi€l0 Ta
ITiIX0/1aMi Ha OCHOBI IJIMOOKOr0 HaBYAHHSI, a TAKOXX CHCTEMH aKTHBHHX ONTHYHHMX MapkepiB. [Toka3aHo, 10 paaiodacToTHI MeToau 3abe3nedyroTh
HH3bKE OOUKCIIIOBANbHE HABaHTAXKEHHS, HPOTE MAIOTh (yHIaMEHTalbHI OOMEXEHHs CIHOCTEPEKYBAHOCTI Yepe3 BiJCYTHICTh KyTOBOI iH(popMmarii.
[MacuBHi Bi3yanbHi MiIX0au 3aTHI 3a0e311e4yBaTH BUCOKY TOUHICTb 1 INI00ANIbHY y3rODKEHICTh, OJJHAK BUMAraroTh 3HAUHUX 00YHCIIOBAIBHIX PECYPCiB,
0 0OMEXye X NMpaKTHYHE 3aCTOCYBaHHS Ha IUIAT(OpMax 3 )KOPCTKUMH arapaTHUMH oOMexeHHsMU. KpUTHYHMI aHAIi3 CBIOYMTH, IO CHCTEMH
AKTHBHUX ONTHYHHX MAapKepiB y MOEAHAHHI 3 PO3MOALTICHUMH METOAAMH ONTUMI3auii rpadiB CTaHy € MPaKTHYHO TOLUIGHHM KOMIIPOMICOM MiXK
TOYHICTIO, OOYHCITIOBAILHOIO €(EKTHBHICTIO Ta CTIHMKICTIO J0 AerpagoBaHuX yMoB. OcCoOMHBY yBary MpHIUICHO apXiTEKTypaM pPO3MOiIECHOro
OLIIHIOBAaHHS, SKi 320e3[eTyI0Th MAaCIITabOBaHICTh Ta Y3rOJUKEHICTh 0e3 eHTpai3oBaHOI 0OpOOKH. Y BHCHOBKaX OKPECICHO HANPSIMH MOJAJIBIINX
JIOCITiDKeHb, CIPSIMOBAHHX Ha CTBOPEHHSI TiOpUIHNX HPEHMBOPKIB, 3AaTHHX ANHAMIYHO IEPEMUKATHCS MIXK PE)KAMAMH [IOBHOI OLIIHKU BiTHOCHOI O3H
Ta BiJICTE)XCHHSI JIUIIIC 38 HANPSIMKOM Y CKJIQJHUX CEPEJOBHUIIIAX.

Kio4oBi c10Ba: GaraToareHTHI CHCTEMH, BiTHOCHA JIOKAJIi3allis, KOMII IOTepHUH 3ip, BiyanbHO-iHepIiiiHa oloMeTpis, koonepaTtuBHuil SLAM,
posnoxinena ontumizaisi, HakTopHi rpadu, CCHCOPHE 3IHTTS, aKTUBHI ONTHYHI MapkepH, cepenoBuiia 6e3 GNSS, aBroHomHi BILUIA, oOMexeHHs
SWaP.

V. TYMOFIEIEV, A. ROGOVYI

SENSOR MODALITIES FOR RELATIVE LOCALIZATION OF COOPERATIVE UAV SWARMS IN
GNSS-DENIED ENVIRONMENTS

The deployment of cooperative swarms of unmanned aerial vehicles in environments without access to global satellite navigation systems represents one
of the key challenges in modern autonomous multi-agent systems. Under such conditions, relative localization among agents must provide sufficient
accuracy and consistency while operating under strict constraints on size, weight, and power consumption, which are characteristic of mass-produced
micro-scale platforms. This paper presents a systematic review of sensor modalities used for relative localization of cooperative swarms in navigation-
denied environments, with a particular focus on their computational properties, observability, and robustness to environmental factors. The study analyzes
and classifies three principal classes of sensor modalities: radio-frequency distance measurement based on ultra-wideband communication, passive visual
methods including visual-inertial odometry and deep learning—based approaches, and systems employing active optical markers. The analysis
demonstrates that radio-frequency ranging methods offer low computational cost but suffer from fundamental observability limitations due to the lack
of angular information. Passive visual approaches are capable of achieving high accuracy and global consistency; however, they require substantial
computational resources, which restricts their practical applicability on platforms with severe hardware constraints. A critical evaluation indicates that
active optical marker systems, when combined with distributed state graph optimization methods, constitute a practically viable compromise between
localization accuracy, computational efficiency, and robustness under degraded environmental conditions. Particular attention is given to distributed
estimation architectures that enable scalability and consistency without centralized processing. The paper concludes by outlining directions for future
research aimed at developing hybrid frameworks capable of dynamically switching between full relative pose estimation and direction-only tracking in
challenging operational environments.

Keywords: multi-agent systems, relative localization, computer vision, visual—-inertial odometry, cooperative simultaneous localization and
mapping, distributed optimization, factor graphs, sensor fusion, active optical markers, GNSS-denied environments, autonomous unmanned aerial
vehicles, SWaP constraints.

1 Beryn. OnepauiiiHa 34aTHICTh POiB OE3MIJIOTHUX  MOXYTh MiATPUMYBaTH BEJINKI 00YHCITIOBANBHI
nmitanpHux amnapaTiB (BIIJIA) B ckimagHUX cepeloBHINAX  HABaHTAKCHHS, HeOoOXI1IH1 IS TpaIUIliHHAX
6e3 mocTymy /10 r100anbHOi HaBiramiHOI CYMyTHMKOBOI — LeHTpamizoBaHux apxirektyp SLAM  (Simultaneous

cucremu (GNSS) — Takux sK mig3eMHi TyHe a00 IIUTbHI
MICBKI KaHBHOHM — (yHAaMEHTAJIbHO 3aJICKHUTH BiJ
3IATHOCTI areHTiB JIOKaNi3yBaTH ce0e BITHOCHO OJUH
0HOro. Xoua HaBiraiis OJHOI'O arcHTa JOCSIa 3HAYHOI

Localization and Mapping).

1.1 Toaspu3amisi CEHCOPHHX MOAAIBHOCTEIA.
CyuacHi JIOCHi/PKEHHS IEMOHCTPYIOTh YiTKY MOJISIPU3aLiio

3pLTOCTI  3aBASKM  Bi3yasIbHO-IHEpLIHHIA  ogoMeTpii,
pO3IIMpEHHS [WX TMaimIaifHiB Ha KOOMEpaTHBHI pOi
3a3BMYAil BUMarae IOIaTKOBHX CEHCOPIB, 3B'SI3KY MiX
areHTaMy Ta CHUCTeMHOi OaraToareHTHOi onrtumizamii. LI
BHMOTH HEPEBUILYIOTH OOMEXEHHS 00 rabapuTiB, Baru
Ta eneprocnoxxuanus (SWaP - Size, Weight and Power)
nerkux 1iatdopm Mikpo-BIIJIA. Macosi mikpo-BITJIA
4acTo MalTh OOMEeXeHy OOpTOBY OOUYHCIIOBAIBbHY
MIOTYXHICTh (HamnpHkiaa, MikpokonTpoiepu STM32) i He

MiIXOMIB 10 CEHCOPHUX MOJAIBHOCTEH, Mil SKUMH
po3yMmieTbest THI (i3MYHOI BEIWYWHU Ta MEXaHIi3M il
BUMIPIOBAHHS, 3a JIOTIOMOTOI0 SKHX areHT OTPUMYE
iHQopMaIlifo MPO HABKOJUIIHE CepeNoBHIe abo I1HIINX
areHTiB (HAIpUKIIAJA, PaliovyacTOTHI CHTHAJH, CBITJIO abo
iHepuiitHi  mami). BwuOip ceHcopHOi  MOJATBHOCTI
Oe3nocepeIHbO BHU3HAuae XapakTep JOCTYITHHIX
BHUMIPIOBaHb, IXHIO CIIOCTEPEKYBaHICTh, O0YUCIIOBAIBHY
CKJIaTHICTh 0OPOOKH Ta CTIHKICTh IO 30BHIIIHIX BILJIHBIB.

© B. O. Tumogees, A. 1. Porosuii, 2025
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3 omnoro 6oky, pamioudactoTHi (RF) momambpHOCTI,
30KkpeMa  HammupokocmyroBuii  3B’s30k  (UWB),
3a0e31eYyr0Th BUHATKOBY OOYHCIIOBATBHY €(EKTHBHICTH
3aBISKH TPOCTOTI OOPOOKHM MaTbHOMIpHHX BHUMIipPIOBaHb.
[Ipote, sk MOKa3aHo B poboTax [1, 2], BUMipIOBaHHS JIHIIE
BIICTaHI € TECOPETUYHO HECIIOCTEPEKYBAHUMH IIIOJI0
MOBHOI BIIHOCHOT MO3H, IO 3MYIIY€ areHTiB BUKOHYBAaTH
MOCTIMHI eHeproHee()eKTHBHI MaHEBpU 30YKEHHS JUIs
YCYHEHHS T€OMETPUYHHX HEO/IHO3HAYHOCTEH.
JlomatkoBUM OOMEXEHHSIM € Te, M0 aKkThBHI RF-
BUIIPOMIHIOBaHHS ~ MOXYThb  HOPYIIYBaTH  BHMOTH
€JIeKTPOMArHITHOI THIII B UYyTIUBHUX ab0 OOMEKEHHX
cepeoBHIIaX.

3 iHmoro 00Ky, MacHBHI Bi3yalbHI MOJIAIBHOCTI, SKi
6a3yroThCs Ha 00poOIIi 300pakeHb Ta 03HAKAX TIIMOOKOTO
HaBYaHHS, HAIPUKIIAZ y cucTeMax Ha KmranT Super VINS

[3], 3matmHi 3abesmedyBaTH BHCOKY HAMIMHICTH i
PpOOACTHICTH Y CKJIAIHUX YMOBaX OCBITICHHS. BogHouac i
mixoan XapaKTepU3yThCs BUCOKUMH

00YHCITIOBAILHUMH BUMOTaMH, (OpMYIOYHM TaK 3BaHy
«BHUCOKY OOYHCIIOBAIIBHY CTETIO»: A1 poboTH B
peajJbHOMY 4Yaci BOHM YacTo MHOTPeOyIOTh rpadiuHux
NPOLIECOPIB  HACTUIBHOTO  piBHS, 1[I0 poOHUTh  iX
HETPUAATHAMH JJIs JIETKUX TOBITPSAHUX IwiaTopm i3
KOPCTKAMU oOMexeHHIMU SWaP.

1.2 OOrpyHTyBaHHs AOCJHIAHMIBKOrO0 NHUTAHHSA.
KoomeparnBHa BimHOCHa JOKawmi3amis (yHZaMeHTaIbHO
3aJICKUTh BiJl TUITY BUMiPIOBaHb CEHCOPIB, JOCTYITHIX MiXK
areHtamu. Pi3Hi ceHcopHi MopanbHOcTi — 3ip, Ultra-
Wideband (UWB), aktuBHi Mapkepu Ta iX riOpuaHi
KOMOIHAIlIT — HaJalTh MPHUHIUMIOBO Pi3Hy iH(OpMAIio
PO BITHOCHUH CTaH areHTiB. SIK NPOAEMOHCTpPYBalU
aBTopH [4], icHyOTh 4iTKi KoMmpomicu Mixx UWB, sikuit
3a0e3meyuye TOYHICTh BUMIPIOBAaHHS JAIBHOCTI, ajie He Mae
MEJICHTOBUX JaHWX, Ta BI3yalbHUMH METOAAMH, SIKi
HA/Ial0Th KYTOBI a00 TO3WIIHI JaHi, alle Ha SKi BIUIMBAE

HABKOJIMIIHE ~ CepeloBUINE  (OCBITJIICHHS,  Bi3yalbHI
MIEPEIIKOIH).
Cencopna MOJAIbHICTD BU3HAYaE

CIIOCTEPEKYBAHICTh CHUCTEMH, TOOTO sIKi KOMIIOHCHTHU
BIZTHOCHOT'O CTaHy MOXYTh OYTH BIJHOBJIEHI OJTHOYACHO.
Take o0OMEXeHHS IMpoaHai30BaHO B poboti [5], me
aBTOpaMH MOKa3aHO HEOOXiJHI YMOBU OI[HKH CTaHy Y
KOONEpaTUBHUX cHucTeMax. KpiM Toro, MozajibHICTh
BH3HAYa€e pOOACTHICT aJITOPUTMIB /10 30BHIIIHIX BIUIUBIB,
TakUX SK 3MiHa OCBITJIEHHS, 3allyMJICHICTb PajioKaHAITy
a0bo BIUIMB pajioenekTpoHHoi 6opoTsou (PEB).

Merta cTaTTi — IOCHIAUTH KOMIIPOMiCH MiX PI3HUMH
CEHCOPHUMH MOJaJBbHOCTAMHU (Bi3yanbHi Meroan, UWB,
aKTHUBHI ONTHYHI MapKepH) 3 TOYKH 30py TOYHOCTI
JIoKamizaiii, OOYMCIIIOBAJILHOI'O  HAaBAaHTAXKEHHS  Ta
CTIHKOCTI 70 (aKTOpiB HABKOJWIIHHOTO CEPEIAOBHUIIA,
30KpeMa 3MiH OCBITJICHHS Ta YMOB palioeleKTPOHHOI
60poTHOH.

2. Meromosorias orasxy. B 1mpomy ormami
3aCTOCOBAHO CHUCTEMAaTH4YHY CTpaTeriro BigOopy, ska
CIpsMOBaHA Ha BUSBICHHS apXIiTEKTyp BIIHOCHOI
JIOKami3amii, MpUmaTHUX s MacoBuxX Mikpo-BITJIA 3

0OMEeKEHUMH pecypcamu (rabapwuru, Bara,
eHeprocnoxxuBanHsa — SWaP). Ha Binminy Bix 3arampHEX
ormaniB  SLAM, sKi dYacTo CTaBIATh MPIOPUTETOM

MaKCHUMaJIbHy TOYHICTh HE3AJIC)KHO Bill OOYMCIIOBAIBHOT
BapTOCTi, Ie orman QiIeTpye JiTeparypy 3a YOTHpMa
CTPOTUMH KPUTEPISIMH JOIITHHOCTI:

- JleueHTpanizaiis — HEe BHUMarae Ha3eMHOI CTaHIIiT
yIpaBJIiHHS a00 LEHTPaJIBHOTO CepBepa.

- bopToBi 00uKCIIEHHS — CreLiaIbHO OPIEHTOBaHI Ha
KJacu MIKpoKoHTpoJepiB (Hampukian, STM32) abo
MPOLIECOPIB 3 HU3bKHM CHEPrOCIIOKMBaHHM, a He Ha GPU
HACTUIFHOTO KJIACy.

- Hezanexwnicts Bim GNSS — 3abe3neuye podoty B
3ariIymeHnx, 3aKpUTHX a0o MiA3eMHAX CepeOBUIIIAX.

- BigcyTHicTh Baxkkux ceHcopiB — 30kpema LiDAR,
HenpuaaTHUX 11t Mikpo-BITJIA.

[omyk miTepaTypu HagaBaB MHPIOPUTET METOIAM,
3IATHUM JIO «THUXOD» KOOpIUHALIT Ta CTIHKOCTI JO MIyMy
HaBKOJIMIIHBOTO CepPeOBUIIA. Y [[bOMY KOHTEKCTi aKTHBHI
ONTHYHI Mapkepu (30KpeMa CHUCTEMH Ha OCHOBI
Y®/cBiTiOAIONIB) Mand OpPIOPUTET HAJA NACHUBHUMHU
BizyaJbHUMH Meronamu. lleil BuOip He € JOBUIBHHM, a
OesrmocepesHBO  BUIUIMBAE 3  aHajily KOMIIPOMICIB,
MPEJCTaBICHOTO B PO3/IiMi 3.

3okpema, y poboTti [3] mokazaHO, IO Bi3yaJbHO-
inepuiitna ogometpis (VIO) — Meron soxamizamii, KA
MOEAHYE NaHI KaMepu Ta IHEepIIIHOTO BUMIipIOBAIBHOTO
omoxa (IMU) mnst ouintoBaHHs BiIacHoro pyxy BITJIA —y
BapiaHTaX Ha OCHOBI TIHOOKOTO HABYAaHHSI TOTpedye
3HayHoro GPU-npuckopenns (Hanpukian, NVIDIA RTX
2060) mis pobotu B peambHOMYy uyaci. Taki BuMOrH
cynepedatb obOMmexeHHAM SWaP, xapakTepHuM ais
wiatdopm Mikpo-BITJIA.

BonHouac pajiodyacToTHa JajeKOMETpis Ha OCHOBI
UWB, mnomnpu HHU3BKY OOYHCIIOBAIGHY CKIATHICTH 1
NpUAATHICTH  Ais  BOYyIOBaHHX CHCTEM, Mae
(yHIaMeHTaIbHE OOMEXEHHS: IK MaTeMaTHYHO JI0BEJICHO
B pobotax [1] Ta [2], BuMiproBaHHS JHIIE TaTBHOCTI HE
3a0e3MeuyioTh IOBHOI CIIOCTEPEXYBaHOCTI BiJHOCHOTO
CTaHy, IO YHEMOXIMBIIIOE OJHO3HAaYHE BHM3HAUCHHS
B32€EMHOTO TOJIOKEHHS areHTiB 0e3 J0JaTKOBHX MaHEBPIB
a00 ONOMIDKHUX CEHCOPHHX MOJAIbHOCTEIH.

3. TakcoHomis miaxodiB 10 KoONMEpPaTUBHOI
Jokamizamii. KoonepaTvBHa BigHOCHA JIOKai3allis Jist
poie BIUIA B cepemoBumax 6e3 GNSS oxommoe
TeTepPOTeHHUH  IPOCTIp  NPOEKTHUX  pillleHb, IO
BU3HAYAETHCS MOEJHAHHSIM CEHCOPHHX MOJAIBLHOCTEH,
apXiTeKTyp 3IUTTA JaHUX Ta MeXaHi3MiB
MmacmraboBaHocTi. IcHyroui poOOTH BapilOOTBCS  BiX
YIBTpaJerKuX  METOJIB  JIOKaNi3amii  «TUIbKH  3a
JATBHICTIOM, pealli3oBaHUX Ha MIKPOKOHTPOJepax, 0

CKJIaJIHUX Bi3yaJIbHO-1HEPIIHHIX ManIIaiHIB 3
BUKOPUCTaHHAM  TimOokoro HaByaHHi Ta  GPU-
MIPUCKOPEHHS.

Y310BXK OCi CEHCOpHOI MOJANBHOCTI PO3PI3HAEMO
TaKi KaTeropii:

(i) AkTuBHI on'THYHI Mapkepu. [0 HUX BiTHOCATHCS
cysip's Y@-cBiTnozmioniB, IO BHKOPUCTOBYIOTHCS B
cucremax tumy UVDAR gms B3aemHOT nokamizarii,
BuauMi/[Y  cBITIIONIONHI IUTI JUIS MO3UI[IOHYBAaHHS Ha
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BENUKHUX BimcraHsx y ctwii PnP, a Takox BapianTn
MapKepiB Ha OCHOBI MOIH.

(ii) acuBHi Bi3yaabHi MeToan. MicTATh KIaCH4IHI
miagxomu VIO Ha OCHOBI O03HaK, a TaKOX CydYacHi
alIuIaiiHy, 0 IHTETPYIOTh METOIH INIHOOKOTO HaBYaHHS
JUTS TIABHIICHHS POOACTHOCTI CIIPHHHATTS, 30KpeMa Taki
cucrtemi, gk SuperVINS.

(iii) Pagiouacrorna aanexomerpin. IpyHTyeThCs
NepeBaXKHO Ha BHUMIPIOBAaHHI BiJCTaHI 3a JOINOMOTOIO
Haamupokocmyrosoro 3B's3ky (UWB) T1a Bkirouae
ribpuaHi koHdirypauii 3 VIO.

(iv) Tliopuani CEHCOpHi MOJAJIbHOCTI.
Ilepenbavators KOMOiHYBaHHS aKTHBHHX MapKepiB,
Bi3yanbHUX ceHcopiB Ta RF BuMiproBaHb 11 MOKpaIIeHHS
CHOCTePEKYBaHOCTI Ta HAMIHHOCTI JIOKaITi3amii B CKIIaJHAX
yMOBax.

s Bick BimoOpaxkae, SK pi3HI BapiaHTH CEHCOPIB
3HAXOAATh  KOMIIPOMIC ~ MIXK  CIIOCTEPEIKYBaHICTIO,
CTIMKICTIO IO OCBITJICHHS Ta TCPEIIKOA, a TaKOXK
OOMEKEHHSIMH JI0 amapaTHOTO 3a0e3MeYeHHS B YMOBax
SWaP wmikpo-bITJIA. PucyHnok 1 mincyMoBye TaKCOHOMIIO.
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Puc. 1. TakcoHOMIsI CECHCOPHUX MOJATBHOCTEN Ta METOKIB 3JUTS JaHH Y IMiIXOMIB 10 KOOTIEpaTUBHOT JToKami3amii kinepkox BITJIA

4. CeHcopHi MoaaJbHOCTI BigHOCHOT
JoKaJizanii

[IMo6 mocArTH AeUEHTpaNli3oBaHOI KOOpPAHMHAIII B
cepenoBumax ©0e3 GNSS, moBiTpsHI poi TOBHHHI
MOKJIaaTUCS Ha OOPTOBI €KCTEPOLENITUBHI CEHCOPU IS
OILIIHKM BIJJHOCHMX CTaHIiB cyciiHix areHriB. CyuacHi
JOCITKeHHs! KJIacH(BiKyIOTh Il MOJIAJILHOCTI Ha TPH Pi3Hi
knacu: panpiouactotHa (RF) pmanexkomerpis, macuBHi
Bi3yallbHI O3HAaKM Ta AKTUBHI onTw4Hi Mapkepu. lami
PO3TSIHEMO KOMIIPOMICH IIMX MOMAAJIBHOCTEH  II[0J0
TOYHOCTI, OOYNCITIOBATEHOTO HABAHTAXKCHHS Ta CTIHKOCTI

B HECIIPUATIMBUX YMOBax.

Ji 8 b

4.1. PapiouacroTrHa nanexkomerpisa (UWB)

B TemepimHili yac cCeHCOpU HANIIUPOKOCMYTOBOTO
3s3ky (UWB) cramm crapmaproM Uil BiIHOCHOI
JoKamizamii B Jerkid poOOTOTEXHili 3aBISKH CBOIH
3/1aTHOCTI BCECTIPSMOBAHOTO 30HIyBAaHHsS Ta Majliii Basi.
BoptoBa  cucrema  BHU3HAuY€HHS ~ JANBHOCTI,  sKa
mpeacraBieHa B [1], AeMOHCTpye, IO HUIIXOM OOMIiHY
MakeTaMy areHTH MOXYTh OIIHFOBATH BiJICTaHI OJUH MiX
OJIHAM 32 JIOTIOMOTOI0 BUMipIoBaHb yacy nposboTy (ToF).

IepeBarn. Cucremu UWB € o0uncioBaibsHO
JIETKUMH 1 MOXKYTh (DYHKIIIOHYBaTH B MOBHiil TeMpsiBi ab0
IIPH Bi3yaJIbHUX MEPEIIKOAax (IHM/TyMaH), KOJIU KaMepu
HE CHpPaBIAIOTHCA. [IpOTOKON, TpeACTaBICHUA B POOOTI
[1], memoHCTpYe MacITabOBaHICTH AJIs POiB 110 13 areHTiB,
SKi BMKOPHCTOBYIOTH  MikpokoHTposepu STM32 3
4acTOTOIO 3B's3Ky 16 I'11.

O6mexxenns. OcuoBauM oomexxenas M UWB e te, 110
BOHA HAJa€ MOXJIMBICTh BHMIPIOBATH JIMINE JAIbHICTb.
AHai3 criocTepeKyBaHOCTI, SIKUI IPEICTABICHO B pOOOTI
[2], migTBepmKkye, mo 6e3 iHdopMarii mpo meneHr (KyT)
BITHOCHMH CTaH areHTIB € HECIIOCTEPEKYBAHHUM, SKIIO
BOHH HE BUKOHYIOTh ClIe[[()iTHUX MAaHEBPIB JUIsl yCyHEHHS

0OMeXeHHS HEOJJTHO3HAYHOCTI CBOIX TO3HUIIIH.
TeopernuHuil aHami3 MiATBEPIKYE, IO OIIHKA TIIBKH 3a
JIATIbHICTIO CTpaxkJae Bij HECTIOCTEPEIKyBaHUX

HiANPOCTOPIB, L0 BHMAararmTh BiJl areHTiB MOCTIHHOTO
PYXy UIA MATPUMKH JIOKami3amii, a e, B CBOK YEpry,
oOMexxye 3aBHCaHHA a00 MPHUXOBaHI CTaTHYHI (opmarii.
Kpim Toro, cucremu Ha ocHoBi RF mopynryrote BUMOTH
€JIEKTPOMArHiTHOI THIN, IO POOWTH IX BPa3IMBUMH [0
BUSIBJICHHS Ta TJYIIIHHS 3aco0aMu pajioeleKTpOHHOI
6opotrou (PEB).

4.2. TlacuBHi Bi3yaqabHi o3Haku Ta TJaHOOKe
HAaBYaHHA
ITacuBHI Bi3yadbHI MIgXOAW IOKJIANAIOTECS Ha

CTaHJApTHI KaMepH Ul BiICTEKECHHS HPUPOJHUX O3HAK
HaBKOJMIHLOTO  cepemoBuma  (kyTd, kpai) abo
JIECKPHUIITOPIB O3HAK INTMOOKOTO HaBYaHHA. Taki MeTonu,
Harpukiay ~— VINS-Fusion abo  ORB-SLAM, €
(byHIaMEHTaIbHUMH /TSI OLIHKH BJIACHOTO PYXY OIHOTO
areHra [6].

Ilepesarn. DpelMBOpK SuperVINS,
3anpornoHoBaHU B poboti [3], OeMOHCTpYe dYymOBY
CTIHKICTh y cepefoBHIAaX 0e3 TeKCTypH abo 3 HU3bKHM
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OCBITJICHHSIM  3aB[SIKM  BWJIyYCHHIO BHCOKOPIBHEBHX
CEMaHTUYHUX O3HAK, a HE MPOCTHX T€OMETPHUYHHX TOUOK.
Taki MeToad MOXYTh MJOCSITAaTH BHCOKOi TOYHOCTI B
3aMUKaHHI IUKJIB Ta TII00aNBHII y3roIKeHOCTI.
OoMmeskeHHs1. BizyanpHi Miaxoan XapaKTepU3yIOThCS
3HaYHUM OOYHCIIOBAIbHUM HaBaHTaXeHHsAM. CydacHi
METOIM Ha OCHOBI TJIMOOKOrO HaBYaHHS MOTPEOYIOTH
BUKOHAHHS 1H(pepeHcy, TOOTO OOYHMCIEHHS BUXITHUX
03HaKk a00 OLIHOK CTaHy HEHPOHHOIO MepexXer JyIsi
KO>KHOT'O BX1ZTHOTO 300paKeHHs B PEXKHUMI PEaJIbHOTO Yacy.
Ile dacto BuMarae BHUKOpHUCTaHHA moOTyxkHuUX GPU
(mampuxnman, NVIDIA RTX), mo  cymepeyutsb
oomexxenHsM SWaP mamx BITJIA. Kpim Toro, macuBHUiA
3ip IMBHAKO AETPagye 3a YMOB 3MIHHOTO OCBITJICHHS,
HU3BKOTO KOHTpPAcTy a00 TOBTOPIOBAHHUX Bi3yaJbHHUX

cTpykTyp [3].

4.3. AxktuBHi ontnuyni Mmapkepu (LEDs)

CucteMu axkTHBHHX MapKepiB BUKOPHCTOBYIOTbH
cy3ip's ceiTmomionis (LED), ski 4acTo mpaIooTh B
yabrpadioneroBomy (Y®) abo indpauepBonomy (IH)
CHeKTpi, i  3a0e3levyeHHs  BUCOKOKOHTPACTHUX
Bi3yaJIbHUX pElepHUX TOYOK [7].

IlepeBaru:

Haoiiinicms. Cuctema UVDAR, nipencrasnena B 8],
BHKOPHUCTOBYE CMYTOBI ¢binpTpH (Hampukam,
nponyckanHs Y®). Taki cucTeMH MOXYTh €(PEKTHBHO
«BUMHKATH» COHLE Ta (DOHOBUH IOyM, 3a0e3IeUyrOUH
HafiliHe BUABJICHHSA HABITh IMiJ] NPSIMHMH COHSIYHUMH
MPOMEHSIMHU 200 y Bi3yaJIbHO IIYMHHX cepenoBunax [7].

Cnocmepeosicysanicms. Ha Bigminy Bin UWB,
ONTHYHI MapKepH HaJIal0Th BUMIPIOBAHHS TIJIbKH MEJICHTY
(asumyT/eneBaitis). Y TOEIHAHHI 3 BiJOMOIO T'€OMETPIE0
mapkepiB (PnP), Bonu marote moBHi 6-DoF BimHOCHI
omiHku moNoxeHHsA [9]. HaBiTh y pekmMax «TiIbKU

MIEJICHT», JIe BiJICTaHb € HEOJAHO3HAYHOI, YIPaBIIIHHSI
TPUKYTHOIO (OPMAIIIEI0 3aJHIIAETHCS TEOPETUYHO Ta
MPaKTUYHO BHUPIITyBaHUM IHUTAaHHM [10].

Edexmusnicms  ioenmupixayii. s po3pizHEHHS
areHTiB 3acTocoByeTbesi IleperBopenHs Xada dHacy-
no3unii (Time-Position Hough Transform, TPHT) —
METO/I, 1110 aHaJli3y€e 3MiHH IOJIOKEHHS CBITJIIOBHX IUISIM Y
Yyaci JUIs BHSBICHHS 3aJlaHMX MATePHIB MHTOTIHHS
cBiTnomioniB. lle no3Bossie HamidHO 1neHTU(IKYBaTH
koxeH BITJIA 3a #oro yHiKaJbHUM YacoOBHM KOJOM 3
MiHIMAJPHUMH OOYHCIIOBATBHUMHU BUTpaTaMu Ta 0e3
BHUKOPHUCTAHHS pagio3B’si3ky [11].

OO0Me:xkeHHs:
3anesicnicms 6i0 npamoi euoumocmi. Ha BinMiHy Bix
pamiovyacTOTHHX CHCTEM, AaKTHBHI MapKepH CyBOPO

BUMAraloTh MIpsAMOi Bi3yalbHOI BHIUMOCTI; BiACTE)KEHHS
MIEPEPUBAETHCS, SAKIIO LT MEPEKPUTA MEPEIIKOAaMH abo
SKIIO Cy3ip'st MapKepiB BiIBEPTAETHCS BiJl KAMEPH.

Obmedsicena  Oanvricms.  EdexTUBHA  JalbHICTH
BUSIBJICHHS € MOMIpHO0 (0M3bKO 15 M aJIs cTaHAAapTHOT
OINTHKH), 1[0 3HAYHO MEHIIIE, HDK JanbHICTh moHa 100 wm,
siKa flocsiraeTbes cucreMamu UWB.

T'eomempuuna kpuxxicmo. IloBHa oninka mo3u 6-DoF
MOKJIAJa€ThCsl HA BHIMMICTH ITOBHOTO CYy3ip'st MapKepis;
YaCcTKOBA OKJIIO31sI 3MYIIy€ CUCTEMY IIEPEXOANTH B PEKUM
«TINBKHU 3a TEJICHIOM», SIKUH 9acTo € KPUXKHM 1 BUMarae
cnenupigyaoi Teomerpii  Qopmamii  ANA  yCyHEHHS
HEOJHO3HAYHOCTEH MacITaly.

4.4. KisibkicHe NOPiBHAHHS MOJATbHOCTEIH

B Tabmuni 1 mpencraBiieHO CHHTE3 XapaKTEPUCTHK
cucreM Jokamizanii. HaBemeHi pgaHi miJKpecIIOIOTH
KOHKPETHI ~ KOMIIPOMICH MK  CIOCTEPEXKYBaHICTIO,
O0O4YMCITIOBAJILHOIO Barold Ta CTIMKICTIO 10 BIUIUBY
YHHHHKIB HaBKOJIMIIHBOTO CEPEIOBHIIIA.

Tabmuns 1 — KinbkicHe MOpiBHSIHHSA MOJATBHOCTEH BiTHOCHOT JIOKATi3aIlii

XapakTepucTHKA UWB IMacuBHuii 3ip (DL) AKTHBHI MapKepu
Tun BUMiproBaHHS HanpHicts (1D) [enenr (2D) + Ctpykrypa [enenr (2D) + ID
CrocTepeKyBaHiCTh Crnabka/YMoBHa Bucoka Bucoka
Makc. JanabpHICTh >100 m 3MiHHA ~I5m
YacroTa OHOBJICHHS 16-100 I'g 10-30 I'g >70 I'n
Kitac o6uncieHp MCU (STM32) GPU (RTX) MCU/CPU
TounicTh 0.13-0.22m 0.15-0.20 m <0.05m

Tabmuus 2 miACYMOBYE MOMJIIMBOCTI HABEIECHHX
MOJAJBHOCTEH 00 KIIFOYOBUX OOMEKEHD JOCIIIKEHHS.
Iokasumk «CepenmoBuie» BigoOpaxae IHTETpaIbHY
CTIMKICTP ~CEHCOPHOI MOJANBHOCTI J0 Jerpaaamii
HABKOJIMIIHIX YMOB, TaKUX $K 3MIHH OCBITJICHHS,

MEPEIKON, 3allyMJICHHS CHTHAJTy Ta 30BHIIIHI 3aBaJIH.
3HaYCHHS «BHCOKE» O03Ha4ae 30epeKeHHs Iparie31aTHOCTI
y IIUPOKOMY JIiana3oHi yMOB, TOJII SIK «HHU3bKE» BKa3ye Ha
CyTTEBE 3HIDKCHHA €(EKTUBHOCTI 3a HECHPHATIMBHX
BIUIMBIB.

Tabauis 2 — MoKXIMBOCTI MOAILHOCTEN 11010 OOMEXEHD TOCIIPKEHHS

MopaibHiCTh Tun SWaP Criitkicts 1o PEB CepenoBuiiie
RF (UWB) JanbHicth Jyxe HU3bKE Iorana Bucoka
[TacuBHwmii 3ip Ienenr Bucoke Bucoka Husbka
AKTHBHI MapkepH [enenr+ID Husbke Bucoka Bucoka

5. Apxitektypu ouiHoBaHHs. [[is mepeTBOpeHHS
CHPUX CEHCOPHHX BHUMIpPIOBaHb Ha TJIO0ATBHO Y3TOKEHI
BIIHOCHI  OIIIHKK  TIOJIO)KEHHS, CY4YacHi  CHUCTEMH
KOOTIEpaTUBHOI JIOKaJi3alii BUKOPUCTOBYIOTh i€papXidHi

apXITeKTypH OIIHIOBaHHA. 3a3BUUail, THIIOBA apXiTeKTypa
CKJIAa€ThCS 3 TPHOX MIAPiB: JJOKAIGHOTO IIapy Bi3yaJbHO-
inepuiftnoi  omometpii  (VIO) mis  3abe3medeHHs
IHIUBI Ty ambHOT cTabiTbHOCTI KOXXHOTO areHra,
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TEOMETPUYHOTO IIapy BiTHOCHUX criocTepekeHs (PnP) ms
OLIHIOBAHHS BIJHOCHUX IIO3MIIH MK areHTaMH, Ta
po3nozisieHoro OeKeHAy OIiHIOBAaHHSA, MPU3HAYEHOTO IS
3IHTTS LUX OL[IHOK y BCbOMY POI.

OcnoBa VIO. Ilepm HDX APOH 3MOXKE OINIHUTH
MIOJIOKEHHS CYCITHBOTO arcHTa, BiH MOBHHEH CHOYATKY
HAQJIMHO OI[HUTH CBiff BIacHWU pyX. Sk JeTasbHO
y3arajJbHEHO B OTJIsii [6], Bi3yanbHO-1HEpIiiiHA 0JOMeTpis
(VIO) cnyxuth ¢dyHmameHToM s JIOKaJi3alli,
MoeHy04YM BUcOoKowacToTHI pgaHi IMU 3  Tpekamu
Bi3yaJlbHNX O3HAaK s 3a0e3NeyeHHs IUIaBHOI Ta
KOPOTKOCTPOKOBO CTAOUITBHOI JIOKAJIFHOI CHCTEMH BiJUTIKY.

Po3noginena ontumizamis rpada. Cucrema
D2SLAM [12] BUKOPHCTOBYE apXiTeKTypy PpO3IiIICHHS
«bmmxne-Jlaneke». OmiHoBau  «BIMKHBOrO — TOJISDY
00po0IIsie BUCOKOYACTOTHI, BUCOKOTOYHI OHOBIICHHS IS
ONMU3BKUX CYCINiB 4epe3 po3MOoAUIeHHH (aKTOpHHUU Tpad,
TOMI SK OIliHIOBaY «Jlaiekoro TOJs» AaCHHXPOHHO
onTUMi3ye Ti0OanbHME Tpad W03 A KOpeKwii
JIOBFOCTPOKOBOTO JIpeiidy.

Yi3romkeHicTe  4Yepe3 NepeTHH  KoBapiamii.
Kputnynoro mpo0OiaeMo0 B po3mojaiieHuX rpadax €
«MOMBIMHUM miApaxyHOK» iH(popmanii. Po3smomgiteHuit
omintoBay [13] BukopucToBye nepetuH kopapiamiii (CI) B
pamkax posmmpeHoro  ¢impTpa Kammanma (EKF).
KoHcepBaTHBHO OLIHIOIOYH MEKi KOBapiallii, KoKeH poOoT
MOYKE OHOBJIOBATH CBiH BIIACHUI CTaH, BUKOPHCTOBYIOUH
JaHi cycimiB, 0e3 BiACTe)KCHHS IMOBHOI MAaTpPHUIll Kpoc-
KOBapiarlii BChOT0 poro.

6. BucHoBkm. Y cTarTi CHCTEMaTH4YHO OLIHEHO
CydYaCHHH CTaH CEHCOPHHX MOMAAJIbHOCTEH I BIIHOCHOT
Jokaunizauii kooneparuBHux poiB BITJIA 3 opieHTaniero Ha
mIaTGopmMu 3 0OMEKEHUMH PECYpCaMu, IO MPAIOIOTh Y
cepenoBumax 0e3 GNSS. Kiacudikyroun icHyooUi
METO/10JI0Tii Ha pajlioyacTOTHY JaJeKOMETPil0, MaCHBHHUN
3ip Ta aKTWBHI ONTHYHI MapKepH, OYyJIO BHABICHO
(dyHIaMeHTaIIbHI KOMIIpOMicH MiX TOYHICTIO,
oOuncroBaIbHUME BuTpaTamu (SWaP) Ta criiikicTio 10
(haKTOpiB HABKOJIHMIITHEOTO CEPEJOBHIIIA.

AKTHBHI ONTHYHI MapKepu K ONTHMAJIbLHMIi
komnpomic SWaP. Xoua minxonu Ha OCHOBI TJIMOOKOTO
HaBYaHHS 3a0e3MeuyloTh BHCOKY CTIHKICTh Bi3yaJbHUX
O3HaK, iXHI OOYMCIIOBaJbHI BHMOTM pOOJATH IX
HeNpUAAaTHUMH 11 MacoBux Mikpo-bIIJIA. Boanouac,
CHCTEMU «TINBKM 3a JanbHICTIO» Ha ocHOoBi UWB €
00YNCITIOBANIBHO JIETKUMH, aJle CTPAXIAIOTh Bij MpoOiieM
cnocrepexyBaHocTi. Cuctemu akTuBHHX Y®P-Mapkepis
3aliMalOTh NMPOMDKHE, MPAKTHYHO JOLIJIbHE ITOJIOKEHHS,
3a0e3rneuyroul BHCOKOTOYHI BUMIPIOBAHHS IEJICHTY Ta
YHIKaIbHY i€HTH(IKaIl0 areHTiB 3 MiHIMAaJIbHUMH
00YHCITIOBAILHUMH HAKJIQJIHUMH BUTPATAMHU.

Po3noginiena ontumizanisi sk HeoOXimiHa ymoBa
MacIITa00BaHOCTI. HenTtpaizoBani apxiTeKTypu
CTBOPIOIOTH BY3bKi Micli B KomyHikamii. Posmomineni
¢dakTopHi Tpadu, IOMOBHEHI IEPETHHOM KOBapiallii,
3a0e3MeUy0Th MAaTEeMAaTHYHO Y3TODKEHY CTPYKTYpY IS
MacIITaboBaHOTO 3JIUTTS JaHUX.

VY migcyMKy, KOHBEPreHISl aKTHBHHX OITHYHHUX
MapkepiB 13  pO3MOJUICHOI0  ONTHMi3alielo  rpada
NPE/ACTaBIslE HAWOUIBII TNEPCHEKTUBHUN HampsM  JUls
CTBOpPEHHSI HaJlIHHMX, MacIITa0OBaHUX Ta iH(POPMAIIHHO
«TUXUX» MOBITPAHUX poiB. [Toganbiri gocii ke HHS MatoTh
OyTH crpsMOBaHiI Ha po3poOKy TiOpuAHUX PpEeHMBOPKIB,
3JATHUX AUHAMIYHO IEPEeMUKATUCS MK PeKMMaMH TIOBHOT
MO3M Ta «TUIBKM 3a IEJICHrOM» JUIi IATPUMKH
Y3TOPKEHOCTI B JITPaJOBaHUX CEPEIOBHIIAX.
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0. CHEREDNICHENKO, V. MALIARENKO

THE DISPATCHER: BRIDGING THE PROBABILISTIC GAP IN AUTOMATED DECISION
MODELING

In the contemporary landscape of Software Engineering and Business Process Management (BPM), the integration of generative artificial intelligence
has precipitated a paradigm shift from manual, deterministic specification to automated, probabilistic generation. While offering scalability, this
transition introduces a fundamental volatility known as the "Probabilistic Gap"—the chasm between the fluid, high-variance output of Large Language
Models (LLMs) and the strict, zero-tolerance syntactic requirements of execution engines like DMN (Decision Model and Notation). This paper addresses
the "Struc-Bench Paradox," highlighting the limitations of transformer architectures in generating complex structured data without rigid orchestration.
The study formally defines and implements the "Dispatcher," a pivotal control plane component designed to function as an intelligent resource arbiter
and quality gatekeeper within a neuro-symbolic architecture. The theoretical framework shifts the economic focus from Baumol’s Cost Disease, which
addresses production speed, to Boehm’s Law of Software Economics, which emphasizes the exponential cost of defects propagated to production. To
operationalize this, the Dispatcher represents a discrete deterministic process modeled using Cost-Colored Petri Nets rather than Finite State Machines
(FSMs). The Petri Net formalism allows for precise modeling of concurrency, state accumulation, and the strict enforcement of "Retry Budgets," thereby
mathematically guaranteeing system termination and preventing infinite loops of costly regeneration. The architectural implementation utilizes a "Test-
First" generation philosophy: the system first synthesizes validation criteria (JSON test cases) utilizing Schema Injection and RAG, and subsequently
grounds the generation of DMN logic (XML) in these pre-validated scenarios. Experimental analysis was conducted using a controlled set of 200
generation cycles to evaluate two distinct error-recovery strategies: Strategy A (Independent regeneration of DMN tables only) and Strategy B
(Joint/Dynamic regeneration of both DMN and Test Cases). Quantitative results demonstrate that Strategy B is economically superior, achieving a 6.06%
reduction in total cost and an 8.44% reduction in token consumption compared to the independent patching approach. The findings indicate that
simultaneous regeneration empowers the LLM to resolve semantic incoherence and hallucinations more effectively than iterative repairs, prioritizing
logical consistency over partial code retention. The study concludes that the Dispatcher effectively bridges the neuro-symbolic divide by transforming
validation from a post-production manual review into a pre-production automated cycle. By enforcing a "Stop-Loss" mechanism driven by economic
constraints, the framework minimizes the Total Cost of Ownership and serves as a critical "Trust Proxy," mitigating automation bias and ensuring that
Al-generated artifacts meet the rigorous reliability standards required for enterprise deployment.
Keywords: Large Language Models; Automated Decision Modeling; Petri Nets; Validation and Verification; Business Process Management.

O. 0. YEPE/THIYEHKO, B. B. MAJTAPEHKO

JUCHHATYEP: IIOJOJAHHA IMOBIPHICHOT' O PO3PUBY B ABTOMATHU30BAHOMY
MOJEJ/JIIOBAHHI PIITEHDb

V cydacHoMy nmangmadrTi ynpapiHas Oi3Hec-niponiecamu (BPM) Ta mporpaMuoi iHkeHepii iHTerpamist TeHepaTHBHOTO IITYYHOTO iHTETEKTY 3yMOBHIIA
(yHIaMeHTaNBHMI 3CyB TapajWrMM BiJ pydYHOi JeTepMmiHOBaHOI crenudikarii 1o aBToMaTH30BaHOI iMoOBipHiCHOI Temepamii. lle# mepexin,
3abe3neuyroun Oe3npereeHTHy MacTaboBaHICTh, CTBOPIOE KPUTHYHHUN «IMOBIPHICHHH PO3PUB» MiXK CTOXAaCTUYHOIO TPHPOJIOI0 BEIUKUX MOBHHX
mozenei (LLM) Ta cyBOpHMHM CHHTaKCHYHUMH BHMOTAMH CEPEJOBHII BHKOHAHHs pimenb, Takux sk DMN (Decision Model and Notation).
Jocimkerns GokycyeTbes Ha BUpimeHHi npodiaemu «Struc-Bench Paradox», sika 1eMOHCTpy€e He31aTHICTh CTAaHAAPTHUX TPaHCHOPMEPHHX apXiTEKTyp
Ha/IiiHO TeHepyBaTH CKJIaJHi CTPYKTYpOBaHi faHi 0e3 30BHIIIHBOTO KepyBaHHA. L{eHTpanbHUM €JeMEHTOM 3alpONOHOBAHOrO pimeHHs € «Dispatcher»
([Imcriatyep) — apXiTeKTypHHMI KOMIIOHEHT, 1[0 BUKOHY€E POJIb iHTEIEKTYyalbHOTo apbiTpa pecypciB Ta IITI03Y SKOCTi B HEHPO-CHMBOIIYHIN cHcTeMi.
MeTo0I0TiYHOI0 OCHOBOIO POOOTH € TepeXis BiJ eKOHOMIUHOI Teopii «xBopoOu BUTpaT baymos», sika mpiopnutesye MIBUAKICTH BUPOOHUITBA, 0
«3akoHy ekoHoMiku I13 boemay, 0 BCTaHOBMIOE JIorapu(MiUHy 3aJIeKHICTh MiX 4aCOM BUSIBJICHHS Ae(eKTy Ta BapTiCTIO HOro BUIpaBieHHs. [t
(opmaizanii IMCKpeTHUX JieTepMiHOBaHUX npoueciB Jlucnaryepa y po6oti 3actocoBaHo matemaruunuii anapatr Mepex [letpi (Cost-Colored Petri
Nets) 3amicTb KIacnaHUX cKiHdeHHNX aBToMartis (FSM). Lle mo3Bonmno eeKTHBHO MO/IETIOBATH CTaH CUCTEMU, YIIPABIISATH KOHKYPEHTHICTIO IPOIIECIB
Ta CyBOPO KOHTPOJIOBATH OIO/KET MOBTOPHHUX crpol (retry budget), yHHKar04YH PU3HMKIB HECKIHIEHHHUX IUKIIIB pereHepallii Ta «CIipaii cMepTi» BUTpaT
TOKeHiB. Peanizanis cucremu 6asyerscst Ha natepHi « Test-First Generation», ie mporiec Banifanii BiIOKpeMIIeHO Bij reHepaliii 0i3Hec-JIOTiKH: CoYaTKy
tdopmyroTses TectoBi keifcu (JSON), i nmmre Ha ix ocHOBI renepyeThess DMN-Mojiens, sika HeraitHO nepeBipseTbes BOynoBaHMM pymriem Camunda.
Emnipryna yacTHHa DOCTIDKEHHS BKIIIOYAa€ aHalli3 eeKTUBHOCTI IBOX CTpAaTeriil BIAHOBJIECHHS Micis MOMUWIOK Ha BUOipii 3 200 mukIiB reneparii:
Crparerii A (He3anexna pereHepauisi Tinbku Tadbmuni DMN) ta Crparerii B (cminbHa perenepanis DMN Ta TecToBHX KelciB). Pesynbratu
eKCIIepPHMEHTY BHUSBHIIM KOHTPIiHTYiTHBHY mnepeBary Ctparerii B, ska mpoaemoHcTpyBana 3HIKEHHS 3arajbHOI BapTOCTi reHepamnii Ha 6,06% Ta
CKOpOYEHHS CIIOKMBAHHS TOKEHIB Ha 8,44%, npu pocsruenHi 100% ycmimHocTi Banigaunii. loBejeHo, 10 MMOBHA pereHepallis KOHTEKCTY J03BOJISIE
LLM ycynyTu noriysi ramonuHanii eekTHBHile, HiK iTepaTUBHE BUMPABICHHS OKPEeMHUX (parMeHTiB Koxy. OTpuMaHi pe3ynbTaTH MiATBEPIKYIOTh,
mo Jlucnaryep BHCTyIa€ €KOHOMIYHMM IIWTOM IiImpueMcTBa, 3abe3medyroun npuHmun «fail fast and fix cheap» (mBuaxa mommnka — nerreBe
BHIpPaBJIeHHs). BripoBa/pkeHHs 3anpornoHoBaHoro GpeiiMBOpKy TpaHchopMye Ipouec CTBOPEHHs MOZENIeH pillleHb 3 PU3UKOBAHOTO €KCIIEPHMEHTY Y
HaifiHy IH)KCHEpHY IMCUMIUTIHY, /i€ CHMBOJIYHMI BallilaTOp BUCTYINA€ TapaHTOM ICTHHU JUIi HEWPOHHOTO TEHepaTopa, 3a0e3medyroud JOBipYy
KOpHUCTYBadiB Ta CTabiIbHICTh Gi3HEC-CHCTEM.

Ku1ro4oBi ciioBa: BeMKi MOBHI MOJIENi, aBTOMAaTH30BaHEe MOJICTFOBAaHHS pilieHb, Mepexi [lerpi, Bamigauis ta Bepudikailis, ynpaBiiHHs Oi3Hec-
TPOIIECaMH.

1. Introduction. In the contemporary landscape of
software engineering and Business Process Management,
the integration of generative artificial intelligence has
precipitated a paradigm shift. We are moving from an era
of manual, deterministic specification to one of automated,
probabilistic generation. This transition, while offering
unprecedented scalability, introduces a fundamental
volatility into the heart of enterprise architecture. The

central challenge is no longer the generation of code or
logic — Large Language Models have demonstrated
sufficiency in this regard — but rather the rigid orchestration
of these non-deterministic outputs into reliable, executable
artifacts.

This report focuses on the Dispatcher, the pivotal
component of a proposed framework designed to automate
the creation of Decision Model and Notation artifacts. The
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Dispatcher is not merely a message router; it is an
intelligent control system, a resource arbiter, and a quality
gatekeeper. It exists to bridge the "Probabilistic Gap" — the
chasm between the fluid, high-variance output of an LLM
and the strict, zero-tolerance syntactic requirements of a
DMN execution engine like Camunda.

Historically, the automation of decision logic has been
viewed through the lens of Baumol’s Cost Disease, which
posits that labor-intensive sectors, like business analysis,
suffer from stagnant productivity —compared to
manufacturing [1]. While valid, this economic theory
addresses only the speed of production. In the context of
Al-generated code, the more pressing economic principle
is Boehm’s Law of Software Economics [2]. It is often cited
in quality engineering contexts as Bem’s Law of the cost of
defects.

Boehm’s Law establishes a logarithmic relationship
between the time a defect remains in a system and the cost
to repair it [3]. An error in a decision table caught during
the drafting phase costs strictly the time required to rewrite
a line of text. The same error, if propagated to a production
runtime environment, incurs costs related to system
downtime, regulatory fines, customer service remediation,
and reputational damage. The cost differential can arguably
exceed 100:1.

Therefore, the primary economic mandate of the
Dispatcher is not simply to "generate DMN fast"
(addressing Baumol) but to "fail fast and fix cheap”
(addressing Boehm). By encapsulating the generation
process within a rigorous, iterative validation loop, the
Dispatcher spends cheap computational resources, like
tokens, to prevent expensive operational failures. It
transforms the validation process from a post-production
manual review into a pre-production automated cycle.

This report aims to:

1. Formally define the Dispatcher abstraction and its
role in the wider framework.

2. Provide a comparative mathematical modeling of
the Dispatcher’s behavior, specifically analyzing the trade-
offs between Finite State Machines and Petri Nets [9] in
representing its discrete deterministic processes.

3. Detail the concrete implementation of the
Dispatcher as a backend service.

4. Analyze the efficiency of different validation
strategies using empirical data, focusing on token
consumption and cost optimization.

5. Derive conclusions regarding the critical
importance of the Dispatcher in enabling safe, autonomous
BPM systems.

2. Related Works. The DMN has emerged as the
industry standard for bridging the communication gap
between business analysts and technical developers. DMN
provides a standardized XML-based syntax for defining
decision tables and FEEL logic, allowing organizations to
externalize decision rules from application code. This
externalization is crucial for agility, compliance, and
maintainability.

The core of DMN is the Decision Table, which maps
a set of inputs to a set of outputs based on a list of rules.
Crucial to the deterministic nature of DMN are Hit Policies

(e.g., Unique, Any, Priority, First), which dictate how the
engine resolves scenarios where multiple rules match the
input data. A violation of the Hit Policy (e.g., overlapping
rules in a 'Unique’ table) renders the model invalid and halts
execution. The complexity of DMN lies in its combination
of structural rigidity (strict XML schema validation) and
expressive power (FEEL functions for string manipulation,
date calculations, and list filtering).

Recent academic  discourse  highlights the
"Complexity Wall" in manual DMN creation. As the
number of input variables and rules increases, the state
space grows combinatorially [4]. This "Combinatorial
Explosion” exceeds the cognitive capacity of human
analysts, leading to errors of omission or contradiction that
are difficult to detect manually. This limitation underscores
the necessity for automated generation, yet simultaneously
raises the bar for the quality of that automation.

Recent research into the capabilities of Large
Language Models has identified a phenomenon known as
the "Struc-Bench Paradox". Study [5] indicates that while
LLMs excel at generating coherent natural language, they
struggle significantly with complex structured data
generation. The probabilistic nature of the Transformer
architecture is optimized for semantic flow and narrative
coherence, not for the rigid syntactic constraints of formal
languages like XML or JSON.

LLMs frequently lose track of long-range
dependencies in XML structures (e.g., closing tags opened
hundreds of tokens prior) or fail to maintain type
consistency across a decision table. Experiments using
GPT-3 for DMN generation have shown "underwhelming”
results when used in a zero-shot, unconstrained manner,
often failing to understand critical logical concepts such as
mutual exclusivity and completeness [6]. The models may
generate a table that appears correct to a human reader but
fails validation due to subtle schema violations or
"hallucinated" FEEL functions that do not exist in the
standard specification. This necessitates a shift from simple
"Prompt Engineering” to robust "Neuro-Symbolic
Architectures,” where the LLM is treated as a stochastic
component within a larger, deterministic system.

The proposed solution aligns with the emerging field
of Neuro-Symbolic Al [7, 13], which seeks to combine the
learning and generative capabilities of neural networks with
the reasoning and guarantees of symbolic logic. In this
context, the LLM provides the "Neuro" component — the
ability to translate fuzzy, unstructured intent into draft code
— while the Dispatcher and the DMN Engine provide the
"Symbolic" component — the verification of syntax, logic,
and execution.

Research [8, 12] indicates that RAG significantly
improves the factual accuracy of LLMs by grounding
generation in retrieved documents, such as domain-specific
policy manuals or schema definitions. Furthermore, the
concept of "Self-Correction" or "Self-Healing" loops has
gained traction. However, as noted in "Struc-Bench," self-
correction is only effective if the external signal (the error
message) is precise and the system has a strategy to utilize
it effectively [15]. This report explores specifically how to
orchestrate that correction loop efficiently, moving beyond
simple retries to strategic regeneration.

Bicnux Hayionanvnozo mexwiunozco ynisepcumemy «XI11».

Cepisa: Cmpameziune ynpagninus, ynpagiints nopmpensmu, npoepamamu ma npoexmamu. 2025. Ne 2(11) 79



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

The implementation of the Dispatcher also addresses
critical human factors in Al adoption. Trust in Al systems
is heavily influenced by Transparency and Reliability [10].
The "Black Box" nature of LLMs reduces trust, as users
cannot see the internal reasoning process. By wrapping the
LLM in a Dispatcher that validates output against explicit
test cases, the system provides a powerful transparency
mechanism — users can see why a model was accepted,
because it passed specific tests, or why it was rejected.

Moreover, the literature suggests that user Mental
Models play a crucial role in the successful deployment of
Al. Users with inaccurate mental models of Al capabilities
may over-rely on the system, accepting incorrect outputs
without scrutiny, or under-rely on it, rejecting valid outputs
due to skepticism. The Dispatcher mitigates over-reliance
by acting as a hard quality gate; it simply refuses to present
an invalid model to the user, thereby enforcing a baseline
of reliability that fosters appropriate trust. The "Feeling of
Rightness" and "Feeling of Error" are metacognitive
signals that influence user reliance [11]; the Dispatcher's
explicit validation reports align these feelings with the
actual technical reality of the generated artifact.

3 Formalizing the Dispatcher. In the framework, the
Dispatcher represents the Control Plane. The architecture
separates the Request, the Generator, and the Validator.
The Dispatcher sits at the intersection of these three
vectors.

It functions as a feedback transducer. Current LLMs
lack internal feedback loops; they generate token t+1 based
on token t without the ability to pause, test, and retract. The
Dispatcher imposes this missing loop externally, acting as
the analytic layer over the generative layer.

To engineer a robust Dispatcher, we must move
beyond ad-hoc scripting and strictly define its behavior

Idle ReceiveRequest
(q0)

The complexity of the diagram grows linearly with the
magnitude of the counter. Furthermore, FSMs are
inherently sequential. They cannot easily model a scenario
where the Dispatcher generates the DMN and the Test
Cases in parallel threads and waits for both to complete
before validating.

3.2 Petri Nets.

A Petri Net is a mathematical modeling language for
the description of distributed systems [9]. It is a directed
bipartite graph. Formally, a Petri Net is a tuple:

PN = (P,T,F,W, M,)

Where:

P is a finite set of Places (represented by circles).
Places hold Tokens.

T is a finite set of Transitions (represented by
bars/rectangles).

using mathematical formalisms. This allows us to prove
properties about the system, such as termination, resource
boundedness, and deadlock freedom. The two primary
candidates for modeling discrete event systems like the
Dispatcher are Finite State Machines and Petri Nets.

3.1 Finite State Machines.

A Finite State Machine is a computational model
consisting of a finite number of states, transitions between
those states, and inputs. Formally, a deterministic finite
automaton is a 5-tuple:

M= (Q,Z,(S,qO,F)

Where:
Q is a finite set of states (e.g., Idle, Generating,
Validating, Success, Failure).

¥ is a finite set of input symbols (e.g.,
ReceiveRequest, GenSuccess, GenFail, ValSuccess,
ValFail).

¢ is a transition function QQ.

q, 1S the start state.

F is the set of accepted states.

An FSM can model the basic lifecycle of a request:

1. Startin Idle.

2. On “Receive Request”, transition to Generating.

3. On “GenSuccess”, transition to Validating.

4. On “ValSuccess”, transition to Success (Final).

5. On “ValFail”, transition back to Generating.

The limitation of the FSM becomes apparent when we
introduce resources, specifically the "Retry Limit." An
FSM has no internal memory of how many times it has
visited a state. To model a retry limit of 5, an FSM
essentially requires distinct states for each attempt. Figure
1 demonstrates a potential infinite loop in FSM
representation of Dispatcher.

Generating
W . _(Potential Infinite Loo‘p}_ -

Fig. 1. Potential issue with FSM Dispatcher

FS (PXxT)u(TxP) is a set of flow relations
(arcs) connecting Places to Transitions and Transitions to
Places.

W is a weight function (how many tokens are
consumed/produced).

M, is the initial marking (distribution of tokens).

The Dispatcher is best modeled as a High-Level Petri
Net or a Colored Petri Net, where tokens utilize values
(attributes).

Places (P)

- P;,, — Incoming Requests.

- Ppyager — Available Retries.

- Fjen — The system is generating.

- P,q; — The system is validating.

- P, — final Output.

Transitions (T)

- Tstare MoVes token from Py, t0 Pyep,.
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- Tretry CONsumes 1 token from Py, 44, If Pbudget is
empty, this transition cannot fire. This natively enforces the
logic: "If retries > 0, then regenerate."

- Tapore fires only when Pyyq0.. is empty and
validation fails.

The fundamental constraint of the Dispatcher is the
"Retry Limit" (driven by cost). Petri Nets model this
naturally through the initial marking M, (Ppyaget) = 5. The
availability of a token in the Pbudget place is a hard
requirement for the T, transition. If the place is empty,
the logic physically prevents the Dispatcher from retrying,

enforcing the "Stop-Loss™ strictly without the need for
external counters or state explosion.

Petri Nets natively handle concurrency. If we decide
to optimize speed by generating DMN and Test Cases
simultaneously, a Petri Net handles this with a "Fork"
transition (one input token produces two output tokens into
parallel places (e.9., Pyenpmn and Pgenrese) and a "Join"
transition (which waits for tokens in both parallel places
before firing). FSMs cannot model this without extreme
complexity.

Petri Nets allow us to visualize the flow of the process
and the accumulation of state (tokens) simultaneously.

Abort
(No Budget)

Invalid
& Empty Budget

\ Valid
Ready for ] \alidate
Validation | o«

Invalid
& Has Budget

Retry
Budget
(Tokens: 5)

DMN Gen
(Context)

\d

L4
Retry p| TestGen
(-1 Token) (JSON}

Fork
(Start Gen)

g

Fig. 2. Petri Net Visualisation

We can extend this to a Cost-Colored Petri Net where
each transition t is associated with a cost function C(t). The
total cost of a trace is the summation of costs of all fired
transitions. This maps directly to the economic analysis of
token consumption, allowing for precise modeling of
operational expenditure.

For the purpose of this framework, we define the
Dispatcher as a Discrete Deterministic Process modeled by
a Petri Net. This choice allows us to strictly define the state
space while explicitly managing the economic constraints,
represented by the budget tokens, that govern the system's
operation. It provides the mathematical rigor necessary to
prove that the system will eventually terminate either in
Success or Exhaustion and will never enter an infinite loop
of costly regeneration.

4 Dispatcher Implementation. Having defined the
abstraction and the mathematical model, we now describe
the Dispatcher as it exists in the current technological
implementation. The architecture is designed around a
"Micro-Kernel" pattern where the Dispatcher orchestrates
specialized modules, ensuring separation of concerns and
scalability.

4.1 Component Architecture.

The system consists of the following core modules,
orchestrated by the Dispatcher shown on Figure 3.

The Dispatcher accepts the RuleSet, manages the
RetryBudget, and maintains the state of the transaction. It
acts as the "Single Source of Truth" for the modeling
process.
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Schema Injector takes the target JSON schema and
injects the schema definition directly into the prompt
context. This constrains the LLM's search space,
preventing it from hallucinating variable names which
would cause immediate validation failures.

Prompt Composer is responsible for assembling all
necessary input elements into a structured prompt. It
combines:

- System Instructions — syntax rules like "Return only
XML" or "Do not use markdown formatting".

- Schema Context — the output from the Schema
Injector.

- RAG Content external knowledge retrieved from the
knowledge base (e.g., domain policies, previous successful
models).

- User Rule Set the natural language description of the
logic.

Rule Set > P
Natural Language Input
Schema Context "
DMN Context Descriptor " Dispatcher
RAG ‘ > ¢
Domain Knowledge Docs
v
Output

- Retry Context if in a retry loop, it appends the
previous error log and the failed XML to guide the
correction.

Generation Module is an interface to the probabilistic
agent (e.g., GPT-4 or Claude 3.5 Sonnet). It handles API
communication, token limits, and temperature settings. For
code generation tasks, the temperature is typically set low
(T=0 to 0.3) to minimize variance and maximize
determinism.

Validator Module is a deterministic verification
engine. It performs a multi-stage check:

- Syntax Checker validates against the DMN XML
Schema (XSD).

- Semantic Checker parses FEEL expressions for type
safety.

- Logic Checker runs the generated DMN against
generated Test Cases using an embedded Camunda DMN
Engine.

> Validation Module <

A

A4 A4

Prompt Composer LLM API

A A

\ 4

> Generation Module <

Fig. 3. Framework Structure

4.2 The Execution Flow.

The Dispatcher’s execution flow orchestrates a
sophisticated, multi-stage process designed to enforce
reliability through a "Test-First” generation philosophy.
Unlike rigorous single-shot approaches, the architecture
decouples the creation of validation criteria from the
generation of business logic. The process initiates when the
Dispatcher receives a request and loads the relevant schema
definitions. In the first phase, the Prompt Composer
constructs a targeted prompt dedicated solely to generating
a comprehensive set of Test Cases in JSON format. This
utilizes the injected schema context and retrieved domain
knowledge to ensure the tests cover edge cases before any
decision logic is written.

Upon successfully receiving the structured Test
Cases, the Dispatcher transitions to the second phase: DMN
generation. The Prompt Composer constructs a new,
distinct prompt that incorporates the user's natural language
rules alongside the specific Test Cases generated in the
previous step. This architectural pattern grounds the Large
Language Model, effectively instructing it to write XML
logic that satisfies the concrete data scenarios already
defined. This significantly reduces the hallucination of

variables, as the model is constrained by the strict structure
of the pre-generated test data.

Once the DMN XML is generated, the Dispatcher
does not merely store the artifact but subjects it to
immediate, execution-based validation. The system spins
up an instance of the embedded Camunda DMN engine and
executes the newly created logic against the Test Cases.
This internal loop acts as the process's immune system,
comparing the engine's actual computed outputs against the
expected results. If the validation passes, the artifact is
stamped as valid and returned to the user.

However, if a discrepancy arises — whether a syntax
violation or a logical mismatch where the actual output
differs from the expected — the Dispatcher triggers a
convergence loop. The exact error context is captured and
fed back into the subsequent generation prompt, instructing
the model to debug its previous output. This iterative
refinement continues until the system converges on a
solution that passes all tests or until the operational Retry
Budget is exhausted, ensuring the system fails fast and fixes
cheaply according to the economic principles defined
earlier.
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Generate Test Cases Compose Test Cases Prompt

Prompt

Test Cases
Generate DMN

Prompt

DMN XML Code
Validate DMN

Validate DMN Syntax

-

Validate DMN Table
. Against Test Cases

B Validation Result

-
DMN XML Code

Compose DMN
- Generation Prompt
>

-

Get Schema Context .

-
Schema Context

Retrieve Domain Knowledge

Specific Domain Knowledge (RAG)
Generate Test Cases

Test Cases Array

Get Schema Context
-

-
Schema Context
Retrieve Domain Knowledge

Specific Domain knowledge (RAG)

Generate DMN

DMN XML Code

Fig. 4. Execution Sequence Diagram

4.3 Parameters and Configuration.

The Dispatcher's operation is defined by a set of
organization-configured parameters. Parameters, which
represent system constraints, include Max_Retries, a hard
limit on the processing budget, the Model_Temperature,
which determines the variance and determinism of the
underlying Al model and Validation_Strategy taht allows
the Dispatcher to select between a fast, low-confidence
"Syntax Only" check and the more rigorous, expensive, and
slow "Full Semantic Execution." The current system
implementation is configured to use the "Full Semantic
Execution" strategy.

5 Efficiency Optimization.

The introduction of the Dispatcher -effectively
replaces the human labor cost with a computational
resource cost. While computing is cheap, it is not free. To
optimize this, we must rigorously define the cost function
governed by Boehm’s Law.

5.1 The Cost Function of Determinism.

We can define the cost of a single validated DMN
model (Cpp4e1) 8S:

N
Crnodel = Cgen + Z(Ceval + Cfix)
k=1

Where:

Cgen — is the initial generation cost (Tokens In +
Tokens Out).

N — is the number of retries required.

Co.par — IS the computational cost of running the
validation engine (negligible in cloud terms, but non-zero
in time).

Crixis the cost of the regeneration call.

Crucially, Cy;,tends to be higher than Cg.,,because the
context window grows. The "Fix" prompt must contain:
(Original Rules + Original Prompt + Bad XML + Error Log
+ Fix Instruction). Thus, the cost of retries accelerates.

5.2 Boehm’s Law and the "Stop-Loss"".

Boehm’s Law states that the cost of a defect grows
exponentially with the phase of detection. Let Costgegign =
1X. Let CoStproguction = 100X.

The Dispatcher’s goal is to minimize the Total Cost
of Ownership:

TCO = Cmodel + (Pfailure X COStproduction))

Where Prgipre— is the probability that a defective
model slips through the Dispatcher.

By implementing the Validation Loop, the Dispatcher
drives Prqprctoward zero. Even if the Dispatcher spends
5x the generation cost on retries, it is strictly economically
superior to releasing a bug that costs 10.

Bicnux Hayionanvnozo mexwniunozo ynieepcumemy « XI1I».

Cepisa: Cmpameziune ynpagninus, ynpagiints nopmpensmu, npoepamamu ma npoexmamu. 2025. Ne 2(11) 83



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

Accuracy (Quality)

Resource Cost

Relative Scale (Unitless)

e

//

Dispatcher Retry Limit / Iterations

Fig. 5. The theoretical intersection of cost and quality managed by the Dispatcher

However, there is a limit. If the model fails 5 times,
the probability of success on the 6th try drops significantly
(diminishing returns), while the cost accumulates. The
Retry Limit serves as the economic "Stop-Loss." It prevents
the "Death Spiral" where the Al consumes infinite tokens
trying to solve an impossible or poorly defined prompt. At
N=5, the Dispatcher admits defeat and escalates to a
human, preserving the remaining budget.

The Dispatcher tracks dependencies
resources spent and value obtained.

- Input. Time and Money (Tokens).

- Output. Accuracy (Valid DMNs) and Automation
(Removal of Human).

The experimental data allows us to quantify this
relationship.

between

6 Experimental Analysis.

We analyze the performance of the Dispatcher based
on a controlled experiment comprising 200 generation
cycles. The experiment compares two distinct error-
recovery strategies utilized by the Dispatcher.

6.1 Experiment Setup

The modeling and experimental phase for Dispatcher
optimization involved running 200 requests with a
maximum limit of 5 retries. The core validation method
was to execute the generated Test Cases against the
corresponding DMN table. Two distinct strategies were
tested for handling validation failures.

Strategy A, the "Independent" approach, mandated
that upon a validation error, the Dispatcher would request a
regeneration of only the DMN Table, treating the original
Test Cases as the definitive "Ground Truth.” In contrast,
Strategy B, the "Joint/Dynamic" approach, allowed for
more flexibility by instructing the Dispatcher to request a
simultaneous regeneration of both the DMN Table and the
Test Cases when a validation failure occurred. These
strategies aimed to compare the efficiency and
effectiveness of selectively regenerating components
versus regenerating them together to correct discrepancies.

6.2 Quantitative Results

The user provided summary statistics for the two
strategies.

Table 1 —Strategies Comparison

Metric Strategy A (DMN Only) Strategy B (Joint Regen) Improvement

Total Cost (USD) $21.96 $20.63 6.06% Savings
Total Tokens In 1,378,730 1,262,336 8.44% Reduction

Total Tokens Out 1,188,312 1,189,275 ~0% (Neutral)
Overall Success Rate 95.5% (191/200) 100% (200/200) 4.5% Improvement
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6.3 Interpretation of Results.

The experimental findings reveal a counter-intuitive
outcome critical to the Dispatcher's architectural design.
Initially, one might hypothesize that Strategy A would
prove more economical due to the reduced text generation
(only the DMN) during retry cycles. However, the data
indicates a higher total cost for this approach.

Analysis of the experiment logs suggests that DMN
failures frequently stem from inherent ambiguities or
hallucinations in the initial generation. When the
Dispatcher mandates the Language Model to rectify the
DMN to align with the originally generated — and
potentially flawed — test cases, the LLM encounters
significant difficulty. This situation precipitates a "conflict
state” wherein the logical reconciliation is unattainable.
The consequence is an increased number of retries
(reaching 3, 4, or 5 attempts), which inflates the
consumption of Input Tokens (history) and, consequently,
the overall operational cost.

In contrast, Strategy B (Joint Regeneration) provides
the Dispatcher with the capability to declare: "The current
logic is fundamentally inconsistent. The entire artifact must
be discarded and regenerated." By executing a
simultaneous regeneration of both the DMN and the Tests,
the LLM is empowered to construct a new, internally
coherent semantic structure. This process resolves the
initial ambiguity by initiating a clean slate. The data shows
that Strategy B achieves valid convergence faster (fewer
retries).

Even though each retry generates more tokens (DMN
+ JSON), the total number of retries drops significantly
enough to reduce the overall Token usage by 8.44%. The
experiment logs confirm the robustness of the Dispatcher
in Strategy B.

7 Discussion.

The analysis of the Dispatcher reveals broader
implications for the future of Al in BPM. The Dispatcher
effectively acts as an economic shield for the enterprise. By
strictly enforcing Boehm’s Law — catching errors when
they cost $0.10 at one retry rather than $10,000 at one
production incident. The cost of roughly $0.10 per
validated model is orders of magnitude lower than the
human equivalent, which would likely exceed hundreds of
dollars in billable hours for analysis and testing.

The superiority of Strategy B suggests a best practice
for Neuro-Symbolic systems: Coherence over Patching.
When a probabilistic model fails to produce a consistent
logical structure, it is often cheaper to discard the artifact
and regenerate it than to attempt iterative repairs. Strategy
B effectively implements "Test-Driven Development" for
Al. The model is forced to align its semantic understanding
of the problem across two different modalities (JSON data
and XML logic), filtering out hallucinations that would
appear in only one.

From a human factors perspective, the Dispatcher
serves as a "Trust Proxy." As noted in the literature, users
are prone to "Automation Bias" or "Algorithm Aversion"
based on their mental models of the Al's reliability.
Inaccurate mental models can lead to dangerous over-
reliance. The Dispatcher's strict validation regime ensures

that the system output is never a hallucination; it is either a
valid model or an error message.

This work contributes to the broader field of Neuro-
Symbolic Al by demonstrating a practical implementation
of the Neuro — Symbolic — Neuro Architecture. The
symbolic validator acts as the ground truth that guides the
neural generator. This overcomes the "Struc-Bench"
limitations not by making the LLM "smarter”, which is
expensive and uncertain, but by placing it in a system that
makes it "safer." Future work should explore the integration
of formal verification methods (e.g., SMT solvers) into the
Validator module to provide even stronger guarantees than
test-based execution.

8 Conclusion.

The Dispatcher is the keystone of the automated
decision modeling framework. It transforms the integration
of Large Language Models into Business Process
Management from a risky experiment into a viable
engineering discipline.

By abstracting the non-deterministic interactions of
the Al into a discrete, deterministic process modeled by
Petri Nets, the Dispatcher ensures operational stability. It
manages the inherent trade-off between the cost of
generation and the accuracy of the result, leveraging the
logic of Boehm’s Law to minimize the Total Cost of
Ownership.

The experimental evidence unequivocally supports
the implementation of a Dispatcher that utilizes a Joint
Regeneration strategy. This approach, which prioritizes the
creation of internally consistent logic-validation pairs over
iterative patching, demonstrated a 6.06% reduction in cost
and an 8.44% reduction in token consumption compared to
traditional methods.

In conclusion, the Dispatcher validates the premise
that while Al can generate the logic, it is the deterministic
orchestration — the rigid framework of checks, balances,
and economic limits — that creates the value. It solves the
"Modeling Bottleneck™ not just by working faster than a
human, but by validating cheaper than a human.
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