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Information Technologies and Automation 2025 / Proceedings of theXVII|
International Scientific and Practical Conferen®eessaQctober30-31, 2025 - Odessa,
ONUT Publishing House20251 1316 p.

The collection includes materials ofports of conference participants, which are
united by thematic areas of the conference.

The collection will be useful for professionals and employees of companies engag
in the field of IT, as well as for teachers, masters and students of higher @duca
institutions studying in the areas and specialties of computer software and autom:
systems, applied mathematics and information processing, will be useful to professior
on computer modeling and development of computer games.

The results of resedrdn the collection are a kind of slice of the current state o
affairs in these areas of knowledge, which can help both professionals and univer
students to get a general picture of the development of information technology and rel
issues.

Scientfic papers are grouped by areas of the conference and are listed
alphabetical order of the authors.

Materials (abstracts) are published in the author's edition. The author is respons
for the quality and content of publications.

Materialsare submitted in Ukrainiaand English.
Editor-in-Chief of the collectionSergii Kotlyk.

E Odessa national university of technol®p25
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17 NEW INFORMATION TECHNOLOGIES IN EDUCATION
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17 INFORMATION TECHNOLOGIES IN MEDICINE
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600 577

196
200 s
102 101
100 | 52 l—l H ﬂ
0 i by 1
2018 2019 2020 2021 2022 2023 2024 2025
Pokn

tdm-rclfse" H' (bjLd) dzO@ Ctda jtejdgy' w7

Kinbkicte gonosigein
W
&
o

1 GdIf.5COLOds §' dz §' fls! bkyOfmded € Hest S dah] e s@y
@O Idn uyd ‘dhdh LOM HOddvR. u' ¥y MO®R ' ¢d O
[Hd&ZOC odHdzs, fts LO 8 tisC's L 2018 sCk ¢ d ¢

7



ProceedingsoftheXVIIIInternational scientific and practicaloeodmrf

10 BYBS OL Odzes €' oz C ' 'Mests 5 BS UERFE . OWS P ENE O dzd
" e @ d Ko l]’tSQOLdchQ o bk ydrniswegoOtl OBEBE 0§ du
tGO dd, Odzj yYddOdts &OkSsodR GcOd LOYy' 2,

‘nwyited’ dBMlse Lk dzOfM dgdd fistkf ©oZd H M Bd dz0 kCALoy =~ dzO®
B' dz b j dgdpy € cz-SusOifislad OF toe QdB LOMyd @Qdzdz  tesCd, s,
j2bddecz CStsdaW j toj dzy '

ﬁl—ct.cc-)

KinbkicTb y4acTHuKiB Ha KoHpepeHyiax ITIA no
pokax
Number of participants at TA conferences by

900
& so0
F9

3 700
5

§ oo
3 s00
£ 400
L

% 300

g
g 200
100

2018 2019 2020 2021 2022 2023 1024 2025

[ d s ' A G uipEyddEes Cos gl j o) dzy’ W R wo wd § 5
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Organizations at ITIA conferences by year
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MATHEMATICAL MODELS OF FUNCTIONING OF PIPELINE SYSTEMS OF CRITICAL
INFRASTRUCTURE OF CITIES
Dyadun S.V., Strukov V.M.
(s.v.dyadun@karazin.yaolodymyr.strukov@karazin.ja
V.N.Karazin Kharkiv National UniversityUkraine)

The report examines mathematical models of the functioning of pipeline systems of criti
infrastructure of cities, which have confirmed their effectiveness and have been widely tested in
implementation of automatized control systems, as well asnsysie automatized design and
reconstruction of gas, water, heat supply, water drainage and ventilation networks of many cities.

When solving the problems of designing and reconstructing pipeline systems of critic
infrastructure of cities, as well as dugi their operation, in particular at the stages of operational anc
long-term planning of the necessary flow distribution in them, the mathematical model of sustaina
flow distribution in these systems has become wide widespread, which can be repiagbetéatm

1:r = rrjr(xr)' aryr(xr)-i' a b1ri [ri/i(xi)' aiyi(xi)]zo (I’| E2)1 (1)

il E

1

X = a blri X (I i El)’ (2)

rl E,
where/ (x;) (jT E) is usually a monotonically increasing odd functien, andy ;(x;) (i E) is a
monotonically decreasing or constant function, i.e.

ik x)=-i ;) GT E), 3)
( ) (il E), 4)

5il¢o (ji E) (5)

HX;
Here E is the set of arcs of the graph of the pipeline systemx;i the aerodynamic or
hydrodynamic resistance and flow rate of the target produtiie jth section of the pipelin&,;i the
matrix of fundamental cycles for the branches of the tkgeE, i the set of arcs of the graph assigned to

the branches of the tree and chords, respectively= [xj (ji E)] [xl XZJ x1 [xi (il E )];

:[Xr (I’i EZ)]'

It is assumed that in the main section there may be an active element, the direction of wr
coincides with the selected direction of this sectian=1, if in the fth section there is such an active
element, andz; = Ootherwise, and at least for orje=k,a, , O.

System (1} (2) under conditions (3)(5) is a systemmn( mi cyclomatic nunber of the graph of the
pipeline system) of nonlinear equations Wi@h- 1) a linear equation of the connection. Moreover
m=e- v+1, wheree=cardE and v- the number of arcs and vertices of this graph, respectively. The
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solution of system (1) (2) with respect to the costs of the target product is called the solution of th
analysis direct problem or digital modeling of the distribution of the tgmgeluct in the pipeline system.

Model (1)- (2) was obtained under the following assumptions:

- the pipeline system can be structurally represented as a large number of interconnected subsy:s
of three types: loads, or consumers, active elements, ooroation lines. Moreover, as a consumer in
the system, a real or equivalent section is considered, called a fictitious (or drain) and directed from
node of the pipeline system graph to some point with zero pressure. Active elements, or sources, in
ventilation units (for ventilation networks), as well as pumping and compressor stations (for hydraulic
gas networks). Communication lines (passive elements) are sections of the pipeline. Since with increz
flow rate in such a section, the headdancreases, and with equal but opposite flow rates it is the same
absolute value but opposite in sign, the dependence of the head loss on the flow rate is a monoton
increasing and odd function (relations (3), (4)). Passive elements shoulddisteivarious adjustable
and unadjustable shoff valves (gate valves);

- each subsystem is characterized by two variables: serial (flow) and parallel (head loss), a nun
of parameters, as well as the selected direction. Head loss is the presstgrcadiftender which the gas
or liquid is at the beginning and end of thil isection of the pipeline. Sometimes for gas, the difference
in squared pressures is taken as a parallel variable;

- the relationship between the main elements of the pipeline sy#tainis, its structure can be
represented as a linear graph;

- the total flow of liquid or gas supplied to the system is equal to the total flow consumed from it;

- the system obeys Kirchhoff's laws (network postulates):

a) the algebraic sum of the flolsany node of the system graph is zero;

b) the total head loss over any closed cycle (contour, ring) of this graph is also zero.

The above assumptions make it possible to consider the pipeline system as a strongly conne
linear graph, on which tw&irchhoff's laws are fulfilled. This graph contains vertices and arcs, each ©
which is assigned a number of active and passive elements and two variables: the flow rate of the t
product, or a sequential variable, and the head loss, or a paralidlgawhich are related to each other
by a monotonic dependence. The terms "sequential’ and “"parallel" variables emphasize the r
characteristic of the variables and the method of their measurement, namely: the sequential variable |
rate) is measuregthen the measuring device is connected in series, and the parallel (heawlo=s}the
latter is connected in parallel.

The set of quantitiesc and y. (i=1e) is a two €-dimensional vectorX' =[x, X,,...,X,] and

V' =Y YareYel

These vectors characterize the state of flow distribution in the pipeline system, and their current
example, the-th) components are related by a dependence determined by theefgaisaof the active and
passive elements of the correspondinth)iarc of the graph of this system, but do not depend on the
geometric structure of the latter. On the other hand, the first postulate of the pipeline system allows L
find the dependercbetween the components of the veckor the second the dependence for the
components of the vectdy. These dependences are determined only by the graph of this system, that
its geometric structure. Theystem of e equations for the branches together with e equations arising frc
Kirchhoff's laws, and is the mathematical model of the flow distribution process in the pipeline syste
which uniquely reflects the relationship between variables, parametktseastructure of the system.

The model (1} (2), obtained using the contour separation method [1], must be supplemented in
general case witfequations for the parallel variable

Y (Xj ):rj/ j(xj )- aV (Xj) (it E). (6)
Here
y, 0 =r () (i1 E) @)
parallel variable of theth passive element,
v, @ =ay;(x)(if E) (8)

parallel variable of the-th active elementx; > 0, if the direction of the serial variable of théhj
arc of the pipeline systemgraph coincides with the selected direction of this ajes 0 otherwise;
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y >0, if x>0; y¥<0,if x <0.Itis also assumed that thehj active source is oriented

identically with the 4th arc. In this caseyj(a) , In expression (1) is taken with a minus sign.
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MODELING OF DYNAMIC VALUE CHARACTERISTICS OF DIESEL ENGINES
Ishchenko P.P., Hryhorenko A.O., Usov D.D., Lymar O.O., Marchenko D.D.
(limaroo@mnau.edu.ua, marchenkodd@mnau.edu.ua)
Mykolayiv National Agrarian University(Ukraine)

The article considers the issue of forming dynamic operating modes of a diesel engine dur
vehicle acceleration. The influence of turbocharger inertia orsbpoessure, acceleration dynamics, and
the occurrence of such phenoriepma ias diettuerrbmo n)
proposes a method for mathematical modeling of transient engine operation based on the use o
extended mathematical meldof the BlitzPRJ turbo-piston engine. A system of equations for the
dynamics of the engine, turbocharger, and pneumatic actuators is presented, which allows for higc
accurate determination of changes in the speed, boost pressure, and load in reéihgpsonditions.
The results obtained contribute to increasing the accuracy of transient evaluation in modern die
engines with gas turbine supercharging and can be used in the design improvement of superchar
systems.

When a diesel internal combis engine is used in a motor vehicle, transient operating mode:
constitute a significant portion of its operation. These modes include starting, warming up, accelerat
and braking. From the perspective of the turbocharging system's operation, teeaionemode of the
vehicle is of greatest interest [1]. Due to the inertia of the turbocharger, it takes a certain amount of t
for its rotor to spin up to its operating speed. Consequently, during the initial acceleration phase, the b
pressure daenot correspond to that during steatigte engine operation. To maintain the maximum
permissible excess air coefficient, it is necessary to limit the cyclic dose of fuel injected into the cylinc
which leads to a decrease in engine power and an iecreascceleration time. This phenomenon is
known as "turbo lag". As the vehicle accelerates, the boost pressure begins to increase sharply, v
leads to a sudden increase in engine power and acceleration of the véhidb® lag”. Both of these
phenonena are unfavorable and are the subject of constant efforts by designers to eliminate them.

Fig. 1 shows the combination of external speed characteristics of the engine (VSH) and
resistance power (load) on the engine.

When accelerating a vehicle at nraym acceleration, the engine operates according to its externe
speed characteristic, despite the engine load being significantly lower than the power it generates.
difference between the engine's generated power and the load power is expendedde ther kinetic
energy of the engine and vehicle. Clearly, the dynamic VSH is lower than the static VSH, whi
adversely affects the transition time.

The problem of favorable formation of dynamic VSH becomes more acute with increasing bo
pressuresince, with singlestage boost, it becomes necessary to use-friggsure turbocompressors,
which have higher rotor moments of inertia.
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Static TMC M ., = f(n)

Dynamic TMC M= f(n)

AM' =My~ My,

- / A]\/I:‘/\/Irst_]vlres

The difference between engine torque and res-
istance torque is consumed on increaasing
kinetic energy of a vehicle

\¢
N\
N

Load resistance M, =f(n)

The resistance is composed of friction forces
opposing the movement of a vehicle

500 1000 4500 n,x1000 min™*

Fig. 1 External speed characteristics during vehicle acceleration and a fixed transmission gear r:

To simulate tansient operating modes, the BIRRG™ mathematical model of the turbopiston
engine, developed at the Department of Tractors and Agricultural Machinery, Operation and Techn
Service, was supplemented with the corresponding calculation modules. yinittadl steadystate
operating mode of the engine is calculated before the onset of a transient process (e.g., acceleration)
step is necessary for the initial filling of the arrays of parameters of the working fluid in the engil
cylinder, intake reager, and exhaust manifolds {%5]. Next, the sequence of engine operating cycles is
calculated. In this case, the change in the rotational speed of the engine and turbochargers is calcula
a time interval corresponding to the cycle time. Dynamicaggns are used for the calculation engine
and turbochargers, as well as an equation for determining the load on engine:

6 ONg-Nis N; o

i d
an 1= o 5 ﬁ

n n .
Ni o zhotAL — +o, — h

dz Nz
wheren - is the current engine speetk « - is the current engine speed turbocharger ratir;- the
current value of the effective engine power, which is the difference between the indicated power .
power of mechanical losse$y, , 54 current value of engindoad; N; - instantaneous value of
turbocharger turbine powerf - instantaneous value of turbocharger compressor power;
instantaneous value of power losses in transmissioggtotal moment of inertiaof moving parts of
engine, transmission anelvicle propellerAq, Aq, A; - constant coefficientd; k- moment of inertia of
turbocharger rotomg,- rated engine speebl,- rated engine power:- time layer number.

The turbocharger dynamics equation is solved together with the iterefirement of the pressure
increase ratio inl ¢ the turbocharger compressor based on the interpolation of the digitalize
characteristics of the turbocharger.

It is especially important to emphasize the need to use extrapolated characteristics of thescompr
and turbine of the turbocharger [6, 7] to ensure the stability of such a calculation, since the enc
operates over a very wide range.

It should be noted that when simulating transient engine conditions, the mathematical model is
supplementedby a calculation of the dynamics of pneumatic actuators to determine the current flow at
of the bypass valves [8, 9]. According to the fundamental law of dynamics:

—_— e — 2,
B F =-ma:Pe+P+Fy 5-Mhe -t
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.2 .2

PP —2fp, o

Fy zC¢ Be &Bi n
wherep, - is the air pressure in the engine receiyer; is the ambient pressurp; - is the gas pressure
before the turbinep, - is the gas pressure after the turbi@g;s is the spring stiffness coefficier; -

is the static force of the gpg; is the diameter aly, - the actuator membrané; p- is the diameter of the

bypass valve; is the diameter - the actuator membrane; |- is the valve lift heighth. |- the total
mass of the moving parts of the mechanism.

In conclusion, it sbuld be said that the application of the indicated approach to modeling th
dynamic VSH [10] of diesel engines allows us to estimate transient processes in modern gas tur
supercharging systems with a fairly high degree of accuracy.
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BLOCKCHAIN -ENABLED MATHEMATICAL MODELLING OF URBAN PASSENGER
TRANSPORT
Khoshaba O., Zora I.(pzmag2022@gmail.com)
Vinnitsia National Technical University (Ukraine)

Annotation. This paper proposes a mathematically grounded framework for organising urbs
passenger transporhat couples classic transit modelling (assignment, headway control and capaci
analysis) with a permissioned blockchain for trusted, auditable data exchange among agencies, opere
and users. We formalise the problem as minimising generalised passengesnd operational cost
subject to fleet, capacity and service constraints, while enforcing the integrity of ticketing, vehic

51



Proceedings ofthe XMIll nt er nat i onal scientific and practicaloeodmrf

telemetry and control actions via smart contracts. The contribution is threefold: (i) a desogpdy
modelling layer based amansit assignment and holding control; (ii) a data and governance layer using
a consortium blockchain with roleased consensus; and (iii) a set of measurable performance indicator
and deployment guidelines for mudfperator cities. The approach targeteductions in headway
variability and excess waiting, improved fare integrity and transparent-operator reconciliation,
while meeting throughput and latency requirements of large networks.

Keywords: urban transport; transit assignment; headway rabnblockchain; smart ticketing;
distributed ledger; operations research.

Problem statement. Urban passenger systems increasingly operate as-opeltator, mult
modal networks that must coordinate timetables, capacity and fares under demand peaks
disturbances. Conventional data pipelines and bilateral clearing create silos, reconciliation delays
limited auditability. The lack of a commonly trusted record complicatesapggu-go and capping
policies, hinders reaime control across agenciesidaweakens evidence for senageality enforcement.
Meanwhile, rigorous planning still requires mathematically consistent models of passenger behaviour
service control to guarantee predictable levels of service under constraipfg, [[3]]. Recent esearch
suggests blockchain can supply a tarmpedent, multistakeholder data fabric and programmable
settlement for mobility ecosystems [1], [2], [6], [7], [L2]. We therefore address the following: how
to integrate (A) transit network modelling af) a practical, highhroughput blockchain substrate so
that operational decisions and economic transactions share a single source of verifiable truth.

Research tasks.

T1 1 Mathematical modelling of service and demand. Build a transit assignment mo@el o
directed network where passenger route choice follows optimal strategies (freguece assumption),
consistent with established formulations [4]. Then, compute link and line loads under given headways
capacities. Integrate passenger arrivatpsses at stops and vehicle capacity to quantify excess waitin
and onboard crowding [3][5], [9].

T2 i Realtime control policy. Design a headwagsed holding controller at selected control
stops to suppress bunching, parameterised to balance pas$elagesnd schedule regularity, following
evidence from the holdingontrol literature [9][12].

T3 7 Blockchain architecture and data model. Specify a permissioned (consortium) ledger tl
records: (i) fare events (issue/validate/revoke/cap); (ii) vekiabmts (arrival/departure, dwell, load); and
(iif) control actions (hold/release) as signed transactions governed by smart contracts. SelectasBFT
consensus (e.g., PBFT/IBFT) to achieve datency finality appropriate for operational control, per
blockchain design guidance and Fo8ented surveys [1], [2], [6].

T4 7 Interoperator clearing and audit. Implement periodic settlement and subsidy rules
programmable contracts (caps, concessions, revenue splits), and expose cryptographic audit trail
regulators and operators [6], [7], [1(12].

T5 1 Performance indicators and design targets. Define KPIs: headway CV on trunk segmel
excess waiting time, eboard time, dispatched fleet, fdmakage proxy, and ledger throughput/latency.
Mapevenr at es to | edger capacity (e.g., f dx0in6uh k
hours; with ~85 ledger events/boarding, dimension for O({I3&D) TPS with susecond commit at the
edge). These ordaf-magnitude requirements follow simplate calculations and align with throughput
reported for permissioned, BFstyle deployments in applied studies [2], [6], [7], [1QR].

3. Essence of the approach.

3.1 Demandsupply and assignment layer. We adopt an optstrategies assignment on trdnsi
networks (passengers minimise expected journey time, including waiting arehigle time under
frequencybased service) to compute equilibrium flows [4], using Ststffie network equilibrium
concepts for existence and solution quality [3]. Capactgstraints and stochastic arrivals feed a
gueueingnspired waiting model consistent with TRB practice [5]. Outputs include platform loads, lin
segment utilisation and expected waiting time by stop anddirday.

3.2 Control layer (holding). We place mmic holding controllers at a small set of control points.
Each controller observes preceding/following headways (estimated from vehicle telemetry) and solvi
convex surrogate of the passenger ftiregularity tradeoff, consistent with the literature on
predictive/dynamic holding [9]12]. Control actions are discretised dwell extensions that respec
minimum headway and capacity constraints.
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3.3 Blockchain data and governance layer.

Data objects. (a) Fare tokens (or account entries) encoding prodystygcapd concessions; (b)
Telemetry events (arrival/departure, dwell, load, device attestations); (c) Control actions.

Smart contracts. (i) Ticketing/validation (sindbgp accounbased or tokebased), (i) Capping
across operators and modes, (iii) Rexeerdistribution with rules agreed ex ante, (iv) Serguaality
oracle that locks bonuses/penalties based on KPlIs.

Consensus & performance. We recommend a permissioned BFT family for finality and lo
latency within a consortium of agencies/operators, Wolig blockchain overviews and IF®cused
surveys [1], [2], [6].

Privacy & security. Pseudonymous identifiers, selective disclosure for audits, -@haiarmproofs
anchored to ofthain payloads (e.g., Merkle commitments) in line with sttieketing studes [6], [7],
[10], [11].

3.4 Systems integration. Roadside units/validators act as edge nodes signing events; co
centres and settlement services act as validating peers. The ledger provides -@\‘atapetrail across
agencies, replacing bilateralles and enabling neaealtime reconciliation, as proposed in recent
transporiticketing work [6], [7], [10], [11].

Results (what the framework enables)Analytical and simulation outputs from the coupled
model are intended to demonstrate:

(i) Regularity gainsmedian headway CV reductions on trunk segments via holding (literatur
baseline suggests material improvements under dynamic policieg)ZP](ii) Passenger benefitdower
excess waiting time and missbds probability under stochastic arrivgd$, [9];

(i) Operational efficiency meeting target loads with fewer-adc extras by stabilising service;
(iv) Economic and governance benefitgrchain capping and automated intgrerator settlement with
cryptographic auditability [6], [7], [10],11]; (v) Data integrity- single source of truth for regulators and
pl anner s, supporting before/after evalwuati on.
to ensure that control decisions, validations and reconciliations are reptedacitb tampeevident, a
property emphasised in surveys and sttieketing studies [1], [2], [6], [7], [10], [11].

Conclusions.We developed a coherent, deployable scheme that unites transit assignment
headway control with a permissioned blockchain to handle trust, reconciliation and programmabi
across agencies. The framework is technolagyostic at the modelling layend pragmatic at the
data/governance layer, using smart contracts for ticketing, capping and settlements. Future work incl
field trials with live validators, robustness to device failures, and formal welfare analysis under mu
operator governance. Gim the pace of development in [oV/ITS blockchain tooling and the maturity o
transit control theory, the proposed synthesis is timely and actionable ferizadiand large cities [1],
[2], [6], [7], [10]i [12].

On a simulated urban bus line with variabkndhnd (peak load), the proposed control scheme
(dynamic holding + slack control) reduced the interval fluctuations: CV(H) from 0.32 to-84%), the
average expected passenger delay (EWT) from 4.8 to 3.1-&ib o) and the shar
from 12 to 5 cases per 100 trip$8%). The blockchain component (IBFT, permissioned) provided a
median commit delay of 0.19 s (P95 = 0.42 s) at ~250 txn/s and ao-end control decision delay of
0.8 s (median); the average additional CPU load of theardmode <3%.
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UDC 004.8
ANALYSIS OF INTELLECTUAL DATA ANALYSIS METHODS FOR EVALUATING USER
BEHAVIOUR
Koliesnik D. (Daniil.Koliesnik@hneu.net)
Simon Kuznets Kharkiv National University of Economi¢gkraine)

Analysing user behaviour in the digital environment requires the use of intelligent data analys
The study proposes a combination of cluster and discriminant analysis for segmentation and predic
of target actions (e.g., purchases) based on interaatietrics.

In today's digital world, companies and developers are faced with a huge flow of information ab
how users interact with their produdtsvebsites, applications, services. These -g@vewing volumes of
data on clicks, views, purchases anlgeotactions can easily turn into information noise if you don't have
effective tools to analyze them. Without a deep understanding of user behavior, it becomes difficul
make informed decisions about product development, content personalization, etingaskrategies,
leading to missed opportunities and inefficient use of resources. In such situations, data mining met|
become reliable tools for identifying hidden patterns and assessing user behavior.

For a comprehensive analysis and understandings@f behavior in the digital environment, it is
important to consider three key aspects: how this behavior can be measured, how it can be concep
modelled, and what factors influence it. Behavior is measured using a variety of metrics that ath@w for
guantitative assessment of different aspects of user interaction with a digital product. Behavioral mo
help to structure the understanding of these interactions, explain existing patterns, or predict fu
actions. Finally, influencing factors proe the necessary context, explaining why users behave in on
way rather than another, considering both their internal characteristics and the features of the ext
environment.

Key aspects of analysing user behaviour in the digital environment

Behavor measurement: visitor numbers/traffic; engagement; navigation; conversions; retentic
satisfaction/experience,;

User behavior models: describing the decigimaking process; describing interaction; datiaven;
agentbased; profiling;
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Factors influencig behavior: internal; external.

User behaviour in the digital environment is a complex, multifaceted and dynamic phenomenon t
reflects human interaction with technology. Studying it is key to creating successful digital products. T
characteristics othis behaviour, such as purposefulness, measurability, variability and the presence
patterns, make it a suitable object for the application of intelligent data analysis methods.

Since user interaction generates a lot of different information, we wghlight the following
potentially important groups of indicators:

session and visit data: traffic sources, visit time, session duration, device type, geographic d
number of pages/screens viewed;

data on interaction with content and functionality: pagav sequences (user paths), clicks on
interface elements, search usage, form filling, video viewing, time on page, scrolling depth;

conversion action data (if relevant): purchases, registrations, subscriptions, file downloads, of
goal completion;

userdata (if available and relevant): demographic characteristics, history of previous interactiol
user segment (if previously segmented).

This data is typically captured by web analytics systems, internal application logs, or special ev
tracking systems.

Solving the problem of evaluating user behaviour requires the use of adequate methods
multidimensional statistical analysis capable of processing complex data sets that characterise ok
according to many features. This section discusses two classesgh methods, namely cluster and
discriminant analysis.

Although these methods solve different probleimsluster analysis aims to reveal the internal
structure of data and segment objects without prior information about classes, while disciamahgsis
is used to classify objects into predefined groupisey can be effectively combined to achieve the goals
of this study. In particular, we plan to use cluster analysis to identify natural segments of users base
their behavioural patterns, ariden apply discriminant analysis to build a model that predicts targe
actions (e.g., purchases) and identifies key behavioural factors that distinguish users.

To visualize and structure this comprehensive approach, it is advisable to construct a abncey
research framework. This diagram will reflect the main stages of analysis, linking specific models t
need to be developed to assess user behavior and potential demand with the corresponding methe
intelligent data analysis that will be used ttvedhem (Table 1).

Table 1. Conceptual diagram of building models for intelligent data analysis

Models / Research tasks Intelligent data analysis methods

M1. Model of user segmentation by beha\ Cluster analysis (CA): Hierarchical metho
patterns (identification of typical user groups)| (dendrograms, Ward's method) for vis
determination of the number of clusters:
means method for final cluster formatig
Calculation of distance measures (Euclidean
calculate similarity between observait

M2. Classification model for assessing clug Discriminate analysis (DA): Construction
membership (verification of segmentati| discriminant functions to separate clusters;
accuracy and development of classificat| Classification of obseations according to th
rules) discrimination rule; Assessment of classificat
accuracy (error matrix, Wilks' lambda)

M3. Analysis of factors influencing behavion Descriptive statistics (fo profiling clusters
membership (interpretation of clusters g obtained in M1). Analysis of discrimina
discriminant functions) function coefficients (from M2) to determine t
importance of features.

The key task of the practical part is to evaluate their behavior in terms of predicting speci
outcomes. In partical, the goal is to develop a model that will allow, based on data about us:
interaction with a digital product (collected behavior metrics), to assess the probability of achieving tar
actions, such as making a purchase or leaving positive feedbask|la@s potentially classifying users
by level of satisfaction.
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A comparative analysis revealed fundamental differences between cluster analysis
discrimination analysis. Cluster analysis, as an unsupervised learning method, aims to reveal the int
structure of data and form groups (clusters) of objects based on their similarity, regardless of any exte
criteria or target variables. Although it can be useful for exploratory analysis and identifying unknou
user segments, it does not provide direxils for solving classification or prediction problems for
predefined categories.

In contrast, discriminant analysis is a supervised learning method, the main purpose of which i
develop rules for classifying objects into known groups. Direct alighmath goals: discriminant
analysis allows you to build a model that, based on behavioral predictors (number of views, session t
functions wused, etc.) wi || classify wusers ir
feedbackléd adwa &dd, nbohi ghly satisfiedd/ o6l ow sati sf

Predictive power. The discriminant function (or functions) can be used to predict the behavior
new users, which has high practical value for business (for example, for targeting marketing campaigr
proactive work with customer support).

Interpretation of influencing factors. Discriminate analysis not only classifies but also allows you
evaluate the contribution of each behavioral characteristic to the separation of groups. This make
possible to nderstand which aspects of behavior are the most significant indicators of the likelihood
purchase, satisfaction or leaving positive feedback.

Thus, the application of intelligent data analysis methods to assess and predict key aspects of
behavior(probability of purchase, leaving positive feedback), the optimal solution would be to combit
these two models.
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CLUSTERING
S. V. Kotlyki, O. P. %%&NKadviov a¥
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Abstract. The paper explores the phenomenon of Internet dependency among Ukrainian yol
emphasizing behavioral tendencies, emotional aspaactsthe role of digital habits in shaping daily life.
The study combines theoretical research, online data collection, and statistical clustering to ident
distinct user profiles that reflect varying degrees of Internet engagement and addiction risk.

Keywords Internet addiction, digital behavior, Ukrainian youth, clustering analysisnéans
method, online survey, Google Forms, social media, digital wellbeing.

Introduction

Over the past decade, the Internet has evolved from a communication tool into an essential pa
everyday life. According to th®igital 2024 global report, more than 5.5 billion peoplabout twe
thirds of t h e d wse thd ldtérret dailpppndihgaanh average of 6.5 hours online. For
many, online activity is an integral part of work, study, entertainment, and social interaction. Howev
the fine line between productive use and dependency often becomes blurred, especially among y
users whb spend a significant portion of their time in digital environments.

Theoretical Background
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I nternet dependency is rooted in the brair
social media, gaming achievements, or continuous corgensumption trigger dopamine release,
creating positive reinforcement loops that encourage repetitive behavior. As a result, individuals may |
control over time spent online, neglect responsibilities, and experience emotional fatigue.

Researchers idefyi several forms of Internet addiction: social media obsession, gamin
dependency, compulsive information seeking, biwgéching, excessive communication via messengers,
online shopping addiction, gambling, and virtual relationships. Each reflects &cspebavioral pattern
but shares a common mechandsitisplacement of redife activities by online substitutes.

Methodology

The study aimed to assess the level of Internet dependency among Ukrainian youth, determing
main behavioral patterns, and idéntisk factors.

A Google Formonline survey was designed based on adapted elements Kihtherly Young
Internet Addiction Test (IATandChen Internet Addiction Scale (CIASupplemented with customized
questions relevant to modern digital habits.

The questionnaire covered demographics, daily online time, purposes of Internet use, emotic
response to disconnection, procrastination, and attempts tbngelbnline activity. A total of 405
respondentparticipated, including students and teache®adsa National Technological University and
affiliated colleges.

Data Analysis

Statistical analysis was performed using descriptive statistics, correlation evaluation, &nd the
means clusteringalgorithm to segment respondents by behavioral similaritisudlization was
implemented using dimensionality reduction (PCA).

The main findings include:

- Average online time3i 7 hours per day for most respondents; 21% exceeded 7 hours.

- Main purposes of usesocial networks (79%), academic information search (69%)s reading
(61%), and entertainment (47%).

- Emotional dependencB2% reported discomfort when offline.

Impact on life:over 60% admitted procrastination due to online activity.

- Selfregulation attemptsanly 24% successfully reduced Internet use.

- Prefered coping methodd¢ime management (27%), changing environment (21%), and social suppa
(15%).

Clustering Results

Four distinct behavioral clusters were identified:

1. Addicted Usersi mostly under 17; spend over 7 hours online; experience anxiety when disconnect
frequent procrastination; failed attempts to limit usage.

2. Active Usersi aged 1723; spend 67 hours daily; moderate discomfort offline; use Internet actively
for both eneértainment and study.

3. Stable Usersi over 24; balanced Internet usei 43hours/day); minimal negative effects; rarely
procrastinate.

4. Conscious Usersi adults using the Internet for work and learning5 Zhours/day; rational and
controlled digital behavior.

Discussion

The clustering results reveal aggated progression in Internet dependency. Younger group:s
exhibit stronger emotional and behavioral attachment, while older participants demonstrate more ¢
regul ated use. The tcamscitoonofpamt drrndsi ceelde
digital selfcontrol.

The findings also confirm that Internet dependency correlates with time online, social mec
activity, and limited selfegulation strategies. The emotional dimen8ialiscomfort anxiety, or guild
serves as a key diagnostic indicator.

Conclusions

Internet dependency remains a pressing issue among Ukrainian youth. The majority
respondents show moderate to high engagement levels, often linked to procrastination and reduced fc

To mitigate these risks, the study recommends:

- integrating digital hygiene education into university curricula;
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- promoting seHmonitoring tools and timéracking apps;
- encouraging offline social interaction;
- implementing institutional awareness campaiginsut responsible Internet use.
The results provide a dathiven foundation for developing preventive programs and contribute tc
the broader understanding of digital behavior within Eastern European academic environments.
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MULTISCALE PERCOLATION AND FORCE FIELDS ON SIERPINSKI PREFRACTALS: A
MULTIPLICATIVE MEASURE APPROACH
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A.S. Zhadan (arthurzhada@gmail.com),
A.A. Kryvchenko (Nastyaotk.2014@mail.com)
Separated Structur al Sub
Professional Coll ege of Odesa Nat.i:

This research explores the behavior of multiscale site percolation on fractal substrates throu
the construction of anultiplicative measure on a twarale Cantoitype set, capturing the probabilistic
structure of cluster formation. Simultaneously, it investigates the force field generated by point sour
distributed over the nodes of a Sierpinski-fractal of arbitrary generation. By employing recursive
relations and symmetry principles, explicit analytical expressions for field components are derived. T
study offers a unified framework for understanding how hierarchical geometries influence both statisti
distributions and physical interactions, contributing to the broader modeling of complex systems
fractal domains.

The study introduces a refined approach to modeling site and gradient percolation on fra
substrates, emphasizing the role of arithmetic sirastin redefining the nature of phase transitions.
Within the framework of an infinite system, the transition is shown to manifest not as a singular criti
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point, but as a finite critical interval, reflecting the layered complexity of multiscale ititerac
Analytical expressions are derived for stress fields and critical exponents associated with cluster sys
embedded in Sierpinskype geometries. A system of recurrence relations is formulated, enabling tt
classification of defect dynamics thrdugttractor behavior in phase space. The model incorporates
representation of the nearest neighborhood as a "thick" fractal set, with the Sierpinski carpet of arbit
generation serving as a canonical example. Recognizing its structural analogy ¢edianénsional
Cantor set, the study identifies a corresponding multiplicative measure, extending the applicability
fractal analysis to interconnected systems. These findings reinforce the interdisciplinary relevance
percolation theory, where the campt of connectedness emerges as a unifying principle across physic
and computational domains.

Really one of the possible representations of the nearest neighborhood in the model is
prefractal of the Sierpinska-th generation carpet. It is well knovthat the Sierpinski gasket can be
considered as the twdimensional Cantor set. By analogy with [1], we identify its multiplicative
measure.

Let there be a twdimensional Cantor set with two scatgands, and the measure generated by a
multiplicative procesp;andp,. Totally, we haven! /k! (nT k)! segments of the spacei and weight
‘ n n inthen-th generation of the Cantor set (Fig. 1). Thus, the measure is given by

0 nh ni ni ha na h

wherell is the same box size on all cells used to cover the sefiaritie moment order ofl.
This measure remains finite with & as¢ © hbif, and only if, one chooseé® 11 7¢ [1]
where the mass exponai() is the solution of the equation

Ra Ao =1

Forqg = 0 the mass exponent is the fractal dimension of the set and equals 0.6110497257 (Fig. .

The possibility of solving the percolation problem oe 8ierpinski carpet by the renormalization
group method is shown in [2].

Let us consider modification of the "wire" model of the Sierpinski carpet, which proposed in [2].

Figure 1- Two-scale fractal measure on the 2D Cantor set syith0.25 and weightp, = 0.6 ands, = 0.4
with p,= 0.4. The space of squares in tiath generation is proportional to the density €i/s. The
fractal dimension of the Cantor set supporting the measure is D = 1.8927892607

Let the original square frame be digd on nine equal squares by four "wires". The procedure is
repeated many times on each of the 8m frames (except for the central ones) received in the next ste
also on each the Sierpinski carpet of any "generation” with linear densityitain poim sources that
create fields with the intensity~ 1k2.

Let the Sierpinski carpet with side of the forming square equal to 2H be arranged so that its ce
coincides with the central point, and sides are parallel to the axes. The components o$sheestoe,
created by the segment, are determined by relations
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= o Ui sinUp/r,
(y= asU{i cost)/r,

whereU is the angle between the perpendicular of lengtiioppedrom the point at which the strength
is determined, to the segment or its continuation, and the corresponding direction to the end points of
segment.

If designate

Au,v)= (U? +VA)™Y2 Bu,v)E v [u(U?+ V)Y,
anp)=is MK (hh)=id #)'g

then the components of the stress ve&oproduced by the carpet of tieth generation at arbitrary
points that do not lie on lines that contain segments of the network, can be calculated from the recurr
relations

= X 3 AdDXemaE 3 L HWH Xal GH ), d)

i=1

b A Dol GHYYEH ) JIAC G H ) i HRL(
j=1

TACGH) ,iL,H)X+B( 6H" ) LHTB 6H" ) jHIX
E,= Ym( 3, XdO)d ,wheréH' = H/3,H" = 2H/3,
2 2 . .
whereXo( 3, H) g F1PA( G H) ,j, HD¢ T 1)7B( & H) | j, HDIG

j=1 i=1

Yo( 3, Xs{)d.= &) & 0B ACd6) LG H)+ 1B db) G H)]
j:

1 i=1

Conclusions

The proposed framework provides a consistent analytical approach to modeling multiscale
percolation on fractal domains and evaluating force fields generated by discrete sousiepioski
type prefractals. The construction of a multiplicative measure on aswate Cantor set enables precise
characterization of probabilistic distributions within hierarchical percolation structures. The derive
recurrence relations for field compents, based on symmetry and generational indexing, yield explici
expressions for the spatial behavior of vector fields orfrptal geometries. These results contribute to
the theoretical understanding of complex systems governed by fractal topeidggffar potential
applications in statistical physics, network theory, and field modeling oifiEnolidean substrates.
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MODEL OF THE DYNAMICS OF FINELY GROUND ORE MATERIAL DURING
CRUSHING

Morkun V.S., Hryshchenko Y.O.,
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Kryvyi Rih National University (Ukraine),
Vladimir Dal East Ukrainian National University (Ukraine)

The abstract considers a model of the dynamics of crushed ore material sordbring surface of
a vibrating screen, which takes into account the advection, diffusion, segregation, and percolation of
particles. The approach used enables a description of how the granulometric composition and densi
the oversize product tresform as it moves across the screen, thereby enhancing the quality of automa
process control.

Problem statement. Screening or sifting is widely used in the mining industry to separate or
particles by size. A massive amount of ore at mining entegprseegularly subjected to industrial
screening; therefore, studying the kinetics of the process and optimizing the corresponding technolog
of great economic importance. However, many studies have identified the decisive influence of
movement of tscrete particles on the results of this operation [1, 2]. Solving this problem is complicat
by the presence of many operating variables and various disturbing factors that determine the resu
this technological operation. The most significant fextoclude the complex distribution of ore particles
by size and density, along with the intricate effects of various dynamic operating modes of the scree
surface on the movement of oversize products.

List of completed tasks.Recently, fine wet screamy machines have been increasingly used for the
classification of crushed ore at enrichment plants. The use of wet material screening, the solid phas
which includes ore particles of varying density and size, imposes additional requirements on the de
and adjustment of the relevant operating equipment. During continuous screening, when the feed ra
ore material to the screen is high enough and it creates a concentrated layer of particles of a ce
thickness, for example, around the feed sectimty the particles in the layer that are in direct contact
with the screen have a chance to pass through the openings. As long as the upper layers are able
small particles to this contact layer, the material flow rate will remain constant. Asatteeial moves
along the screen and more and more smaller particles pass through the openings, it becomes
di spersed. At the same ti me, the particles b
Aclumpedo state to (feastegs aignifidarelydadmplicatd theotask of delietosing
effective automated control of this process. The studied model of the dynamics of crushed ore materic
the screening surface of the screen takes into account the advection, diffusion, segragdtion,
percolation of its particles in the material layer. The approach used allows taking into account
transformation of the particle size distribution of the solid phase of the oversize product and its den
during movement on the screen surfaceyahg improving the quality of automated control of the
process.

Research essence.

During the research, the process of movement of the primary mass of ore material across the su
of the sieve was modeled. The granulometric composition of the ore ahates determined by the
content of crushed ore particles with a size of 150, 106, 74, anth45he change in the coordinate of
the concentration of the corresponding size class relative to its input value in the mass of the pulp pro
loaded onto thesurface of the sieve was determined. The change in the mass concentration of the s
phase in the input product from 20 to 40% was modeled. Fig. 1 shows the results of modeling
MATLABE the change in the conc eintheodrsizeprodusctiwhen h
screening on a sieve with a mesh size of ¢

For ore material with a particle size of §d, the green sector determines the effect of changing the
mass concentration of the solid phase in the input product from 20% te741@P0 (+74u).

Analysis of this approach showed that its application allows simulating virtually all possibl
dynamics of ore material during its movement through the screen and, based on the results obta
forming an appropriate strategy for automagteacess control [3, 4].
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1
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Fig. 1. Results of modeling changes in the concentration of certain classes
of ore particle size in the oversize product of a screen

Conclusions.The proposed model allows for changes in the particle size distribution anty @éns
the oversize product to be taken into account, which makes it possible to develop a strategy for auton
process control. Further research should be aimed at refining the model parameters and develc
intelligent control systems for fine wet sening.
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FUEL ECONOMY CALCULATION RESULTS GAS ENGINE BY CYCLE PREHEAT AND
START-UP ON A MATHEMATICAL MODEL IN APPLICATION COMBINED HEATING
SYSTEMS
Palamarchuk V.Y., Shutsman T.A., Oliynyk M.V., Lymar O.0., Marchenko D.D.
(limaroo@mnau.edu.ua, marchenkodd@mnau.edu.ua)
Mykolayiv National Agrarian University(Ukraine)

The article presents the results of mathematical modeling and fuel economy calculations for a
engine equipped with a combined heating system duringtpteand startup cycles. A mathematical
model was developed to evaluate the fuel efficiency and environmental performance of the K15¢
internal combustion engine using a system forgtegting and accelerated warup (SPC). The model
incorporates data fron experimental studies and takes into account the influence of coolant circulatic
speed, temperature variations, and thermal accumulator operation. Simulation results demonstrate
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the implementation of SPC reduces the wapntime by 1638%, fuel consmption by up to 75%,
nitrogen oxide emissions by i®B%, and particulate matter emissions byi 8%, compared to a
conventional cooling system. The use of the combined heating system ensures stable engine oper
improved fuel economy, and significantenhanced environmental performance. The proposec
mathematical model allows accurate prediction of temperature dynamics, thermal energy requireme
and emission characteristics during the {start heating and warrap phases, providing an effective
approach for optimizing colsétart conditions in gas engines.

Introduction. Accelerated waraup elements include solenoid valves and a liquid pump, which
allows modulating the circulation of the coolant (OR) depending on its temperature, to ensure effec
warming up of the internal combustion engine. The peculiarity of thetraotisn and operation of the
SKP is as follows: if the temperature of the coolants of the cooling system (CO) of the interr
combustion engine is below the maxi mum per mi
warming up and starting thet@rnal combustion engine, the TA is first put into operation and passes tf
liquid coolant CO through the TA using its own pump. which takes the heat accumulated by the he
accumulating material (TAM) and transports it inside the small circulation cicfuthe internal
combustion engine CO wuntil the set temperatur

Analysis of recent research.According to the results of bench tests of the K159M2 engine
equipped with a SPC in the laboratory conditions of the Gas Institute dflatienal Academy of
Sciences of Ukraine [1], it was found that the use of SPC improves fuel efficiency (total fuel consumpt
for warming up) when starting and warming up after starting the internal combustion engine when i
operating at idle. In addion, the warming up time of the internal combustion engine is significantly
reduced in the range from the ambient temper a
which it is possible to accept the load by the engine. At the samethienenvironmental performance of
the engine is improved, in particular, nitrogen oxide emissions and particulate emissions are reduce
the same operating temperature range.

Problem statement.To assess the effectiveness of the use of the SPC, wigahbkk to determine
the fuel efficiency and environmental performance of a stationary internal combustion engine accorc
to the cycle of prestart warmup, startup and accelerated wasap after starup using a mathematical
model when using a combingdirm-up system.

Main material. In the course of research, a mathematical model for calculating fuel efficiency ar
environmental performance of the K159M2 engine when using the SPC duringpséard warrrup was
developed, and after conducting experimestadies, it was refined [2], which allows obtaining urgent
(hourly) parameters, fuel efficiency indicators and environmental performance of the engine in
process of its implementation of the {atart thermal preparation mode from the ambient ternyrerso
the fihot starto temperature and the possibili:i
account the features of using the SPC on the K159M2 engine. To form the initial data base of
developed mathematical model, experimentah dat the design and working process of the internal
combustion engine were used, and the initial data on the working process of the studied inte
combustion engine were also calculated. For this purpose, the -Biéssdftware package was used (a
progran of the thermodynamic program class, i.e. the engine cylinders are considered in it as o
thermodynamic systems) [3], which is intended for the calculation, analysis and researchswbleo
and fourstroke internal combustion engines. As a resuthefpreparation of the necessary initial data,
the dependences of pressure, temperature in the cylinder and temperature in the exhaust manifold c

crankshaft rotation of the internal combustion engine at a speed of 700 were oBtainadich were
subsequently used in the mathematical model. Also, the mathematical model includes polynon
dependencies obtained by processing the results of bench tests of the K159M2 engine, namely
dependencies of fuel consumption during engine wapmwith a stadard cooling system, and elements
of accelerated engine wasap (EPA) installed in the CO of the ICE, with an experimental SPC installec
on the ICE and preliminary enginewatmp t o " hot start" temperatur
[4]. As well asthe components of the mathematical model, according to the provisions of [4]. tl
equations of the developed method for monitoring the thermal parameters of the cooling system of
K159M2 engine were refined according to the data of the natural ch&stictef CO. First of all, this
concerns the regularities of the engine cooling process. In the mathematical model, as its domi
parameter when choosing the criterion for permissible cooling of the K159M2 engine, the parameter
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the temperature change the inlet to the engine cylinder block were introduced. Due to this, it wa
possible to predict the dynamics of the drop in engine temperature indicators in time in the mathema
model and to give appropriate recommendations regarding the amoinatrofal energy, intervals and
duration of prestart preparation of the engine from the thermal accumulator of the phase transition of
SPC.

To take into account the specifics of the application of the SPC in the CO of the internal combust
engine, themathematical model includes the conditions, basic assumptions and model representat
necessary for building a mathematical model of the functioning of the SPC of the internal combust
engine with the TA of the adopted design, at which the SPC isdwn, operated and turned off. The

model is based on the wédhown formula [5] for determining the specific heat flow through a flat wall:
te, -t
9 =T @)
R 5 5
where; andty- the tempertare of the gases in the cylinder and the coolant, respectiygdyid Uy the
heat transfer coefficient of the gases to the wall and from the wall to the liquid, respeckivéhe
thermal conductivity coefficientd wall thickness.

Since the gas temperature is not required for this case, we transform formula (1) by tatﬁagabut
Uinserting the value of the wall temperature on the gas jjlere obtain:

WetG Gt )

Analyzing the formula (2), it can be noted that the chapgaccording to the given law, is possible,
either by affecting the temperature of the coolgnwhich is not very effective, or by affecting the

intensity of heat transfel, Other paramets are either constant for this desigin, or are set by the

engine operating modeg)( Mathematical modeling was carried out under the conditions of installing ths
SPC on the K159M2 engine stationary electric unit DGHBML1, the parameters of which areluded
in the mathematical model. The simulation was carried out under the following conditions when using
VG thermal energy utilizer: without using the SPC; when using the SPC with operating elements of
SPPD with disconnected elements of the SBTWhen using the SPC with operating elements of the
SPPD and SUTTA. In the process of modeling, a cycle offan¢ing warmup and starting of the ICE
was formed from the beginning of the discharge of the TA (the beginning of the thermal preparatior
the ICE) to its full charging, which is determined by the temperature of the phase transition of the TA
During the simulation, the processes of-ptarting warmup of the ICE K159M2 at different fixed
ambient temperatures were considered, but the resudte selected for the temperatures most
characteristic of thf€0rdgion, namely: 20 AC,
At the specified temperature regimes, the system operates as follows: the internal combustion er
warmup from the TA lasts 862 s, 1433 s, 1956 s, respy, then upon reaching the OC temperature of
50 AC , the internal combustion engine is sta
t her mal energy of fuel combustion to the OC
tempera ur e of 85 AC, the TA is charged, which |
warmup using the classical method will last 1350 s, 1810 s and 2715 s, respedinosty.these
dependencies it can be seen that the internal combustion entirtee SPC warms up to a temperature
40 (50/60) Aw respectively in 1343 (1433/15.
288 s. (16 %) compared to warming up the | CE
1829 s. At thesame time, the engine consumes less fuel by 0.895 (0.789 / 0.84&hith is less by
2.259 kg. (72%) (2.359 kg. (75%) / 2.504 kg. (79%0Ompared to warming up the ICE with standard CO
to a temperature of. THe@ngihedemits lessirogen oxids emBsiohsdby 0.333
(0.246 and 0.154) g, which is 5.864 g (94%) less (5.617 g (96%) / 5.617 g (96%)) compared to warn

up the I CE with standard CO to a temperature
reduced by 0.056 (0.@4/ 0.030) mg, which is 0.570 mg (90%) less (0.582 mg (91%) / 0.596 mg (95%
compared to warming up the I CE with st anidbhas d

comparing the warrup time of t,s., hourly fuel consumption GT, emissionsittbgen oxides NQof
solid particles K during statp and warming it up to the temperature of "hot wapt, it is seen that the
SPC allows to significantly improve the indicators of warmtime (up to 188%), and environmental
friendliness (for NO* upto 9398%, and for A" up to 884%) and economy (up to &5%) of the
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experimental internal combustion engine when solving the problems of cold start based on TA .
accelerating the internal combustion engine waprusing the SPCIhe results of the stly also show
that by increasing the circulation speed of the OC flow in the CO of the ICE from 0.08 m/s (whi
corresponds to the circulation speed of the OC when warming up the ICE at idle with a standard pumj
0.22 m/s (which corresponds to the chaeastics of the SKP circulation pump), we obtain a reduction in
the warmup time gs. on average by 14%, fuel consumption for warming up GT by 25%, reduc
emissions of particulate matter K during warming up by 28%, and nitrogen dxi@ssuring warming
up by 23%.

Conclusion. Thus, the assessment of the effectiveness of the use of SPC in the cyclstaftprg
and starting the internal combustion engine confirmed the improvement of fuel efficiency when worki
with the combined heating system, as well as the effectivefiéss ase of SPC as one of the directions
for improving the environmental performance of the internal combustion engine without worsening fi
efficiency.
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FUELS
Petrushenko D.O., Kaftan V.D., Lymar O.0., Marchenko D.D.
(limaroo@mnau.edu.ua, marchenkodd@mnau.edu.ua)
Mykolayiv National Agrarian University(Ukraine)

This paper examines a promising approach to reducing operating costs of intemalustion
engines: converting them to run on gaseous fuel. The challenge with this method is the fundame
change in the operating conditions of most powertrain components and assemblies, which requ
careful preliminary analysis. To address this ssa mathematical model was developed, which is a
universal system of volume balance differential equations. A key advantage of the proposed model
capability to interact with other subsystedrsuch as intake and exhaust maniféldsa feedback loops,
enabling comprehensive simulation of heat and mass transfer, mixture formation, fuel supply, and
exchange processes. Implemented in the MathCAD environment, the model is currently adapted for |
speed, naturally aspirated gas engines with externature formation and a cylinder diameter ofi B®
mm. The developed approach provides a reliable tool for predicting key engine performance paramet
optimizing operating conditions, and reducing the time and cost of experimental refinement during
conversion of conventional engines to gaseous fuels.
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A promising way to reduce operating costs of internal combustion engines is to convert them to
gaseous fuels. This conversion changes the operating conditions of most engine components
assemblies.

In this regard, before converting a specific engine, it is necessary to perform mathematical mode
of the gas engine's operating process in order to determine its key parameters and reduce the
material, and financial costs of further refinementkyas well as to ensure its fuel efficiency and service
life.

The developed mathematical model of the engine's working process is a core, the basis of which
system of differential equations of volume balance developed and proposed by N.M. Glatgolev.
peculiarity is that it allows one to determine with sufficient accuracy the parameters of the working flt
in the engine cylinder throughout the entire working cycle, taking into account the peculiarities of h
and mass transfer processes. One chdigantages is the ability to interact with other models using the
feedback principle. That is, having, for example, parameters or functional dependenciesdigragais
processes in the intake manifold, one can link them with the abhemtioned model ahobtain a more
accurate calculation of the processes in the cylinder and vice versa, knowing the parameters of
outflow from the cylinder through the valve into the intake port, one can estimate the influence of 1
working fluid parameters on the gdgnamic processes in the intake manifold. Thus, the interconnecte
calculation blocks take into account the processes in the engine systems and units, before/afte
cylinder, they can be constantly expanded and the mathematical model can be improved,ife basis
based on design features the engine under consideration.

This model is related to the gdgnamic and thermodynamic parameters of the working fluid, and is
also associated with the processes of mixture formation, fuel supply, air supplgetimal state of the
engine, and parameters that determine mechanical losses.

The system of differential equations defining the core of the program is based on the followi
assumptions:

a) the cylinder during gas exchange processes can be considaredpesn thermodynamic system;

b) the cylinder during the processes of compression, combustion and expansion can be consider
a conditionally closed thermodynamic system;

c) the processes occurring in a thermodynamic system are of sstptasiary naire;

d) heat exchange processes are of a epaslibrium nature;

d) the physicochemical properties of gaseous fuels obey the law of additivity.

The change in the parameters of the working fluid is shown schematically in the Fig. 1.
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Fig. 1- Change irthe parameters of the working fluid in the cylinder

The model itself is implemented in the MathCAD environment and at this stage is adapted for
calculation of highspeed naturally aspirated gas engines with external mixture formation and a cylinc
diameter of 70...95 mm.
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UDC 334.78
SYNTHESIS OF A POSITIONING CONTROL SYSTEM FOR A STOCHASTIC
MULTIDIMENSIONAL AIRCRAFT MOTION SIMULATION PLATFORM
Sieliukov Oleksandr (seliukov.oleksandr@tnu.edujua
Enbo Yang (selukov@xjtu.edu.cn
School of Aerospace Engineering, Xi'an Jiaotong University, Xi'é@@hina)

An original method for synthesizing a multidimensional tracking system controller is presented.
enables the development of a control system for a test bench that simulates the spatial movements
aircraft in laboratory conditions. This method is unique in that it allows finding the transfer functiol
matrices of a threeomponent controller thatimmize the quadratic quality criterion.

Systems for natural flight simulation are widely used to solve various problems. These proble
include the certification of aviation system sensors, the adjustment and testing of autopilots and onb
control sysems, research into human psychophysiological properties, and the adjustment of stabiliza
systems for targeting and firing equipment, among others. The relevance of developing and creating
systems is underscored by the large number of compangagyesh in developing similar systems.
Virtually all design bureaus in the aerospace industry havesd¢ale simulation complexes in their
structure. Despite this, the accuracy of natural simulation of stochastic flight conditions is limited. TI
limitation leads to an increase in the time, labor intensity, and cost of developing onboard equipment.

The main reason for these limitations is the imperfection of the platform motion control systel
which simulates the behavior of the simulation object. Mosesystthat mimic natural flight conditions
consist of a computer and a simulator stand (test bench) for aircraft movements. They are connected
special interface. As shown by the project author's research and analysis of literature sources [1, -
almost all of them are designed using an elp@p structure. This material is devoted to overcoming this
shortcoming by developing, implementing, and using a control system synthesis method, the choic
which is influenced by the nature of the changehim probing signal vectors (r) from a standard signal
generator, noi se when solving the inverse Kkir
forces (y), as wel |l as the dynamic pr opeuton es
block (1S), the stand dynamics block (SS), and the filter block (FF).

The choice of synthesis method must be made from a variety of methods for designing optit
multidimensional closetbop control systems with random input signals. These methadbecdivided
into time-domain methods and frequerdgmain methods.

Figure 1- Asymplified closedoop structure

To solve the problem, the block diagram shown in Fig. 1 was considered, and a system
equations was formulated. It relates the Foumeages of the input and output signal vectors of the
system under zero initial conditions and has the form
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where0 is a polynomial matrix of sizech g from the differentiation operatqy; & is a vector of
coordinates defining the position of the test bench platform, having gize ris a polynomial matrix of
size nl mfrom the differentiation operatqr, 6 is a vector of control signals for the test bench drives,
having size i [ is a vector of disturbaes. The transfer function matrb is represented as the
product of two polynomial matrices

00 O O

To convert the above system of equations into veottrix form, the following designations
were introduced:
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where E,o is a unit matrix of sizedh g Onois a zero matrix of sizegh § O o7 % @ zero matrix of size
no rg ' is a transposition sign. The transfer function matrix of a therecontroller, taking into account
Fig. 1, can be represented as follows:

w=[w wow.

The optimal transfer function matrix for controller W can be found using one of dbatlains
described in sources [4, 5, 6]. Such transfer functions for the controller, which ensure stability and hi
quality simulation, can be found using methods for synthesizing optimal multidimensional systems
stabilizing the motion of a rigid body

Further research should focus on developing and implementing multidimensional optimal rob
control systems to model the movements of moving objects in stochastic conditions.
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EFFICIENCY OF KADEMLIA DHT IN PRACTICE
Yezhkova A.G., Kichmarenko O.D.,(yezhkova@gmail.cong.kichmarenko@onu.edu.ua
Odesa I.I.Mechnykov National University (Ukraine)

The paper presents a rigorous mat hemati c
probabilistic methods. We derive analytical bounds on the expectedgdutie, proving that it scales
less than logarithmically with network size and depends on bucket size and system parameters
describe experiment results proving the theoretical proposal, presenting quantitative evaluation.

Kademlia is one of the mogtrominent structured overlay protocols based on Distributed Hast
Tables (DHT). A Distributed Hash Table is essentially a mapping of keys to objects, created by apply
a hash function to the objectds el e naeash algarthch ¢
such as SHAL produces a key that uniquely identifies the object. The efficiency of routing is critical fc
the overall performance of Kademlia. Its analysis is the topic of this work. To answer how long it takes
find a node in Kademdi, we study theorems bounding probability of meeting the target node, and condt
two experiments.

As Kademlia assigns each participant a unique identifier (ID), sampled uniformly at random frc
the spacetdp , we can denote points of the space as vertices@flimensional hypercube, wheltz
typically equalsp ¢ @ p ¢ {8]. In our simulation, nodes are always referred to by their assigned IDs
Given two identifierso @M o andw @B hw |, the protaol defines the XOPvased distance
metric (integer value of the XOR of the two IDs) as

1 ofo "wd ® f¢ h
wheres represents the bitwise exclusive OR, 5
L s p i & oh
6$ v : X
mid 08

Because a node cannot realistically maintain knowledge afy esber node in such a vast
identifier space, Kademlia requires each nade store information only about a small, carefully selected
subset of peers. More precisely, the spate is conceptually divided int@regions, each representing
nodes that are at comparable XOR distances finifhe'Q buckets associated with make its routing
table. Let us consider a Kademlia overlay consisting mbdes, denoteé B . Each node is assigned
an identifier, with we write as a byte array of lengfh The entire sefd F8 id can then be naturally
embedded in a binary trie. The sequence of bits collected along a path ofQmpgttifies the unique ID
stored at the leaf. Consequently, the binary trie haghbi® and the network nodes appear as leaves at
depth'Qfrom the root. The number of hops’in , denotedY , is the number of communication rounds
required to complete the lookup, and hence we define it asotligeg time (expected routingimne
denoted asv "Y ). Our first experiment concerns thiterministic-ID model, where nodesb
oM hd @ are fixedQbit integers. The only randomness stems from fuckets are populated.
In formal expressions, we will conside® O 8 worstcase choice of the entire ID s&,0® worst

8 h
case source nodeamongé nodes an® Ofvorstcase destination IEh

Theorem 1.[2] Under the deterministitD model, the expected routing time satisfies

OODEBMY ¢ ép | 1tB
/8 h
where the constamd depends on the bucket sif&mnd® pFO, with'O B  'pFQlenoting théQ
th harmonic number. The inequality provides a sharp upper bound on the expected routing time betv
any fixed source ahdestination pair.
Our second experiment examines taedom ID model, where node identifieré) /8 by are
sampled randomly, uniformly without replacement framp
Theorem 2[2] In the random ID model, as© H,
N 5

WC; ,‘QTQI n probability

72



Proceedings ofthe XMIll nt er nat i onal scientific and practicaloeodmrf

where’Q'Q O 0 p depends on the bucket site
The limit immediately implies

P P
00 ,,08

Yet the practical difference is small: sin®®Q O 0 p, the scaling behavior essentially
coincides with the deterministic case ‘®grows. This observation confirms that the upper bound of
Theorem 1 is nearly tight. [2]

To investigate the behavior of distributed hash tables (DHTs), we rely on andevent
simulation. We model a scenario in which a large population of nodes atteimpisotstrap into a
Kademlia overlay network nearly simultaneousjyrgns latency)Following a successful join, each node
periodically issues ind_nodequery toward a randomly selected key.

Table 1. Nordeterministic model: convergence and growthriogt

Parameters | Roun| Theo. | Actual | Ac t u a || % diff Acc. Norm.
ds conv. | conv. 0. eak |eak | knowledge | acc.
k = 8,]161 |3.679328048 |[i 0. 8781 23. 7 : . 155.8175 | 0.9678
k = 8,]192 |3.6793 4.2917 | 0.6118 16.6260 > 187.7990 | 0.9781
k=20,U =[138 [2.779924839 [1 0. 29471 10. 6 : 134.7521 | 0.9764
k = 20]132 |2.7795 3.1258 | 0.3459 12.4442 = 128.9024 | 0.9765
5
Table 2. Deterministic model: convergence and growth metrics
Parameters | Rou | Theo. |Actual | Act ual | %diff Acc. Norm.
nds |conv. |conv. |. eak |eak |knowledge | acc.
k = 8,|174 |3.6788|25517 |1 1. 1271 30. ¢ : . 167.9863 | 0.9654
k = 8,159 |3.6788|3.7490 | 0.0696 1.8931 : 153.6523 | 0.9664
k = 20160 [2.7791|21376 |1 0. 6411 23. ( = 156.2128 | 0.9764
k = 20|81 2.7791| 2.8515 | 0.0720 2.5917 ll 77.5244 0.957¢
4

Tables 1 and 2 summarize the experimental outcomes for networks operating under n
deterministic and deterministic ID assignment models, respectively. Increasing the bucket sipedfrom
¢ tronsistently reduced the average number of hops and shortened the convergence time. For instar
the deterministic model with  p, rounds before convergence dropped fwmg  p @,7and the actual
hop count decreased frog® vto ¢® T This demonstrates that larger routing tables improve path
efficiency by providing each node with more leramge contacts.

Raising the parameter accelerated the early discovery phase but sometimes increased the ov
hop count slightly, due to reddant lookups. In the deterministic scenario, moving from p to| o
reduced the number of rounds fr@g t© p v,owhile the average hop count increased marginally from
¢® uto o v This tradeoff aligns with the expected behavior of Kademlia, wherddtigconcurrency
improves responsiveness but reduces routing precision.

Deterministic networks generally converged with fewer hops and exhibited smoother discove
curves (higher AUC values and smaller variance), while-deierministic systems reflected mo
realistic, stochastic behavior. For example, in deterministic experimentsQwitty, the deviation from
theoretical expectation wastt ot b, compared to ¢ & P for the corresponding netleterministic
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case. However, both achieved comparable normalizedinadated knowledge 10 @ L @0 Q)1
implying that longterm efficiency remained high regardless of ID distribution.

Peak growth behavior: in both models, the most rapid expansion of routing knowledge occur
earlyd typically within the first 25 roundsd and the magnitude of this growth correlated positively
with | . For instance, in the deterministic configuration with ¢ fi o, the peak growth op ¢ T
occurred at round, reflecting aggressive initial exploration.

Overall, the results confirm that Kademh 6 s t heor et i cal mod el acec
efficiency, with deviations mostly within o T PBecauses & pfi i ¢Cthis result strengthens the
original bound ofd T §0r eport ed by May mo unRetewministial® assignmén™ r
yields slightly more stable convergence, while {g@terministic assignment better reflects realistic
decentralized overlays, where random ID distribution introduces minor variability. Both configuratiol
maintain high normalized accumulated knowledgeto ), underscoring that the implemented network
sustains neaoptimal connectivity throughout the convergence process.
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PIPELINE -NATIVE MODELS FOR DETECTING AND MINIMISING FLAKY TESTS
Antonkin V ., Khoshaba Q (pzmag2022@gmail.com)
Vinnitsia National Technical University (Ukraine)

Abstract. Flaky test® nondeterministic pass/faibutcomes on unchanged cédendermine
CI/CD reliability. We present a pipelingative framework that combines Bayesian outcome modelling
controlled test reordering, coverageand changeaware triage, and a lighiveight machindearning
predictor to identiy likely flakiness early and cheaply. A castare policy allocates reuns and restricts
guarantine to timéoxed, autaevalidated cases. Minimisation emphasises hermetic builds, deterministi
time/network abstractions, concurrency isolation, and autedhéixes (e.g., seeding, teardown guards).
The design is grounded in empirical evidence on dominant causes (async waits, concurrency, o
dependency) and industrial practice at scale. The result is reduced noise, presenfedlimggpower,
and fasterfeedback cycles in CI/CD.

Keywords: flaky tests; CI/CD; order dependency; deterministic testing; Bayesian modelling; te
guarantine.

Problem Statement.In modern CI/CD, developers expect each failing test to indicate a genuin
regression. Flaky tests Vate this assumption, creating false alarms that waste engineering time, consu
compute resources, and obscure real defects [1]. Empirical studies show that flakiness is both prev
and multicausad commonly due to asynchronous timing, concurrencytestorder dependency [1].

l ndustri al reports and darunapslieiessand findigcriminate quaramtthe
lists are palliative at best, masking rather than removing root causéls The research problem is to
devise detection odels and pipelinentegrated procedures that (a) accurately identify likely flakiness
early; (b) minimise its operational impact; and (c) guide durable fixes without suppressing tests that
reveal faults.
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Objectives and Solved Tasks.

We address seveadks:

1. Taxonomise flakiness mechanisms relevant to pipeliffesadopt a practical taxonody
orderdependent (OD) vs neorderdependent (NOI@ and map concrete manifestations (async waits,
race conditions, resource leaks, time/network-determinism) tgipeline controls [13].

2. Formulate a probabilistic detection mod#le define a Bayesian Flakiness Score (BFS) for
each test using Bernoulli outcome histories under stable code, applying hierarchical shrinkage ac
projects to remain datefficient onsmall suites. BFS drives triage, alerts, andure budgeting.

3. Detect order dependencidfe integrate targeted-mrdering (class/method permutations) and
repetition strategies to surface OD failures with minimal i@tk cost, inspired by iDFlakies
configurations [2].

4. Exploit coverage and change informatid¥e incorporate changes-coverage reasonidgif a
newly failing test did not cover changed code, prefer the flakiness hypothesis (DeFlaker principle)
route to OD/NOD checks [3].

5. Predictflakiness before reuns.We train a lightweight classifier on readily available artefacts
(recent pass/fail streaks, duration variability, historical environment signals, basic static metrics)
prioritise suspect tests; this complements BFS and reduedirmation runs [5].

6. Optimise reun and quarantine policyWe cast reun decisions as a cestinimisation
problem, balancing build latency, developer time, and the probability of masking a genuine fault.
constrainewth-gpargagaoti seused s pamissiogdatgs, wi t h a

7. Codify minimsation and automatic fixe®Ve provide a remediation playbook that enforces
hermeticity, fixed seeds, virtual clocks, strict timeouts, deterministic mocks, resource cleanup, :
concurrency isolation. For OD, we add stedset checks and teardown guarfis; async timing, we
replace sleeps with condition waits; for network/IO, we virtualise endpoints.

Essence of the Proposed Approach.

1. Statistical Backbonéror a test t with a stream of outcomes on unchanged code, we mod
pass/fail as Bernoulli(pt); éhposterior P(ptdata) (e.g., with a Beta prior and propetel hyperprior)
yields BFS. A high BFS indicates likely flakiness; a low BFS suggests a fault. This unified score gover
(i) when to rerun; (ii) when to schedule OD+@dering; and (iiiwhen to open an automated remediation
ticket. (No formulas shown per requirements.)

2. OrderDependency DiscoverWe apply bounded randomisation of class/method orderings an
an originatorder repetition budget. OD likelihood rises if a failure toggleth wrder under constant
code; otherwise, the test proceeds to NOD diagnostics (timing, concurrency, resources). This mirrors
effectiveness of controlled+@dering in prior work [2].

3. Coverageand ChangeAware Heuristicslf a failing test covers m modified code regions, a
flakiness hypothesis gains prior weight [3]. We cache coverage snapshots and intersect with diffs to
re-runs cheaply before expensive complete suites.

4. LearningBased PredictionA pipelinefriendly classifier (e.g., gradntboosted trees) uses:
shorthorizon pass/fail windows, execution time variance, retry history, environment jitter (CPU pressu
clock skew, network), and basic static test metrics. Unlike heavyweight static analysis, features
inexpensive to colleand align with ICSEgrade predictors [5].

5. CostAware Rerun Policy. We model the expected utility of -rens vs immediate
fail/quarantine. The policy allocates a flakiness budget per build, preferrdnmseon tests with high
BFS but high failure imact (broad coverage, gate tests). Quarantine, if used, isbowesl with
automatic reevaluation to avoid coverage erosion.

6. Minimisation and Automated Fixeéle treat flakiness as an environmental -determinism
leak. Pipeline measures include: fullgrmetic containers; pinned dependencies; fixed seeds; virtualise
time; deterministic network stubs; filystem sandboxes; aggressive resource cleanupegigorocess
isolation for concurrency; and teardown checks to reset shared state. For ODdemtis] swolation of
global/static state and enforce idempotent setup/teardown hooks. These align with industrial experie
which shows that focusing on async waits, concurrency, and order yields the highest payoff [1,4].
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Results in Context (What the Literature Implies).

Empirical evidence shows (i) async waits, concurrency, and order dependency dominate t
causes [1]; (i) OD/NOD rates are nearen in large Java ecosystems, validating the need-fdeging
checks [2]; (ii) change&s-coverage reasung is practical for triage [3]; and (iv) at Googleale,
dedicated tooling can reliably localise root causes and improve adoption when integrated into devels
workflows [4]. ML-based predictors reduce-mgn costs and can prioritise suspect testsrbedgecution
churn [5], while surveys and multivocal reviews catalogue effective responses and pitfalls [6,7]. Thi
insights motivated our combined statisticdtuctural learning design.

Conclusions.

We contribute a pipelinreative framework to detectnd minimise flakiness without losing the
defectrevealing value of unreliable tests. The B#&en triage, OD discovery, coverageare
heuristics, and ML prediction form a coherent decision layer that curbs neediess rend guides
automated fixes. Rure work targets (a) failurocused prediction at the build level (reducing missed
faults), (b) generalisation beyond JVM ecosystems, and (c) continuous learning loops that adapt pol
as projects evolve [Z].

To ground our study in empirically estesbhed baselines, we reference three widely used ancho
figures. First, within the iDFlakies corpus of 422 flaky tests, edégrendent and nesrderdependent
cases appear in approximately equal proportions (50.5% versus 49.5% [2]), which motivateskotiti
classes symmetrically in our data collection and model design. Second, industr@usetiocalisation
at Google reports 82% accuracy across lasgme codebases [4], providing a realistic upper bound for
diagnostic precision in practice. Thjrive deployment of DeFlaker on 96 opsource Java projects
surfaced 87 previously unknown flaky tests at an approximategakséve rate of 1.5% [3], illustrating
the practical tradeff between coverage and noise in Cl settings. In our work, tmet®is serve strictly
as external reference points rather than as claims of novelty; we use them to calibrate thresholds (e.c
ordersensitivity detection), to select evaluation metrics (precision andgaksgve rate), and to frame
any observed iprovements in relative terms. When reporting results, we therefore contrast our measu
outcomes against these baselines and, in the Conclusions, include a concise statement that qualifie
gains with explicit citations to [2], [4] and [3].
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NEURAL NETWORK MODELING I N PYTHON FOR APPROXIMATING COMPLEX
FUNCTIONAL DEPENDENCIES
Doroshenko D.(dsniil2727@gmail.com)
"Gymnasium 12" Kamianske,Oles Honchar Dnipro National University (Ukraine)

Introduction . In modern scientific research and applied problems, there is ofteaed to
approximate complex functional dependencies that cannot be described in the form of simple formt
Examples are forecasting economic indicators, describing nonlinear physical processes, and proce
experimental data.

One of the most powerfulools for this is artificial neural networks. Due to their flexible
architecture, they are able to approximate almost any continuous function. The Python programn
language provides convenient libraries (TensorFlow, PyTorch, Keras,-Iseii) that atbw you to
easily build and train neural networks for tasks of this type.

Mathematical formulation of the problem. Let the unknown functiond "Q@, N ¥,
which describes a certain complex process (for example, a nonlinear dependence betvigaut the
parameters and the output results of an experiment.

The goal is to find an approximatid@w that minimizes the error

O B Qw "Qw
0
wherew are experimental data or model points.
Approximationexample Consider thepproximation of the function:
Qo OEd mowhoy ¢ .
This function combines a periodic and a quadratic component, which makes it interesting
approximation.
Python implementation. Below is an example of a neural network implementation in Pgthgn u
TensorFlow/Keras:
import numpy as np
import matplotlib.pyplot as plt
from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense
# Generate data
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X = np.linspacef, 2, 200)

y = np.sin(x) + 0.3 * x**2

# Form training set

X_train = x.reshape(, 1)

y train=y

# Create neural network

model = Sequential([

Dense(16, activation="relu’, input_dim=1),
Dense(16, activation="relu’),

Dense(1)

)

model.compile(optimizer="adam’, loss="mse’)
# Train the model

history = model.fit(x_tr&n, y_train, epochs=200, verbose=0)
# Forecast

y_pred = model.predict(x_train)

# Visualization

plt.scatter(x, y, label="Real function’)
plt.plot(x, y_pred, color="red’, label="NN approximation’)
plt.legend()

plt.show()

Results. During the computational experiment, an artificial neural network was built with twc
hidden layers of 16 neurons each and a ReLU activation function. The training was performed using
Adam optimization method with a mean square error (MSE) loss functiter 200 training epochs, the
network was able to reproduce the general form of the complex functional dependence

Qo OEd mow.

The obtained approximation practically coincided with the initial values, which is confirmed by the lo
error value andhe visual proximity of the predicted curve to the real one.

It is important to note that even the relatively simple architecture of the neural network provid
high approximation accuracy. This demonstrates the power of neural networks in reprodugiex com
nonlinear dependencies, which are often difficult or cumbersome to describe using traditional meth
(e.g., polynomial approximation). The results obtained confirm that neural network approaches car
effectively applied not only to work with largata sets or complex systems, but also for local problems
of mathematical modeling of functions.

Conclusions.The conducted research demonstrates that Python is an extremely convenient tool
implementing neural networks and applying them to problemsamdroximation of functional
dependencies. Thanks to the TensorFlow and Keras libraries, the process of building, training and te
a model becomes intuitive even for users with a basic level of training. The neural network has showr
ability to repraluce both periodic and nonlinear component functions, which emphasizes the versatility
this method.

The promising approach lies in the possibility of extending such modeling to more compl
processes in economics, biology, engineering and physics. Sehefuneural networks opens up new
opportunities for researchers in cases where traditional mathematical methods are ineffective or rec
significant simplification of the original model. Thus, the results of the work confirm that the use
neural netwdks in Python is a powerful tool for modeling and studying complex processes, which mak
this direction particularly relevant in modern science and practice.
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%B8%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D1%96%D0%B7

[ 4] ¢ d Mmilsj d3dzd 2 OdzOdz' L ftesyj Mk Z { tc © 9 UWRL:dzdz"
https://studfile.net/preview/5196472/
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fjtoj HBOYJ dadav M 3 d o Odadz™ jdzj Slstetsj dzgj toG * Is O
Jdzj gl A3 dzls' . 1 Of e sdzso OdzO dBsH jdz2 oS tstod Mist

o dtetsB dgd ' zOo Odzls Oy j dzdzv O € dz' BOIsd ydz f 5C OL dad
LsCtej 50 N skyds dzj LBMWIdzdd 51dgg g SO  fsiftf zH B OUO' jIsC
BtesBCd HOdzd R, dz09 yOdzdzy d3j e ' , sy ' MBE Iz RMSBlyy@zts 1
"delsj gtcOY" L OdzOdz' Isd ydad d3d *° dzfMmistelz d3j dzls O dsd  H dzw
fijttjo' €SO &O HOdIR &BOh dhseE2024M4ksdisS d " HfSE @ @f
LOBj LY jukz® (6CtOh jdadzw Is ShRaatom s ts tolf to sz digsst bio OLatlz® f
ARIMAIE O dz' dz' 2 dats’ tej Gty ' .

ltesdidd mMdztse " Mlst * Cdzs ysoddz Mj Clstetsdy dzOy' tsdzO dz
yomilsSkz jdzj ecd Isdudedr toj fipizQe i’ daj tEctadztify .~ ) tdiddisted drire
Hs JjdzjteetsjiWjSilsdo datsfls” fMlso stot 8 Is! fslstcjBlkz Lk o
j dzj e st s do Odzdz” 3. [MsBdzdots OClkzOdz dats® MO
ftoesedesL o Olsd MY sy do Odigapy §J deff el @3N &6 6@ d3d M dza®o ds M dz
HOdzd R, LBodz "Ndz' 7 Edktse O odusBddyudn ¢S OL dzd¢
dz0 o Odzls Oy j dzdzv , sflsddi3' Lzo Olsd twsBtslslkz 5B dzOH dzO dzdz
9 dc' Hdd di3d sOtcd W Od3di.y j dgdg"o * ¢ Iststistc shyg fipdz” f tots @ datsL Iz o
fesBdmMazsedns ¢  Hited EMBHISSHE, § OMCdiclHisdgd SO
ftotsedgsL o Odzdg? ' L LOMistsMizo Odzdzw @3 0OdzOdz" Isd ydzd = |
Motstcj dadz" St 68 lsjtodats " BB HJ dgzdzgdzy " ssy@BfsY j i tc
Jdzj o’ 2 ' Hstedd®BSC E EftcOodz’ defns €dr to' h j d& 2 MW
dZJtGG'ISfI’]lIISXC{SOdZdZW ftesdzdmMdzsoa dr ' Hf tod ' d3milse d3C
usﬂsc;ﬂdztsdzlsc: ydzd =, Cdz' BOIsd Qded & Oy 'jEdzdfizls.d3’ v tiz@ R d
sH(J, sO¢" we  dztdg 220 tejctcj M WlsHBEzIsSsH A 5
v Isdz' tejLEdz sOIsd dzdhj LO Edktse MOy’ dz0 te da
Bdzdy' 2 Ht0OCIsdy’ dg deg' tQcdefif, sy df'o Pleafidy @ * ) jdeits dzdz’

9dJf OHE BB LB, Is 5 i3Iz JWiGlsdoeads hj od¢
BOIsd ydzs L OHOYO f(totscdetsL o Odzdzgy B3sy J BRI s
dZzOB tstetsd3 o ° XE(R(G....x) 3" dzeled 7 HdzsE Y, L B tazdzB Ot OC
Ndo Odgdzw jdgj tete’ W o BB dzls yoOmk

V= H(X) €

JiTodfOHSCts9a O fsadBCO.

1028 dzrh jWiCldodzdds ' dzMlstokzdzj dzlstscds Hdzv  Off ois¢
Is z ydz' dzj 2 tots dzdz' BB ted ", LsCtej &3O -BD&®Fk s jMelsiiotg dy
tcOntso lzs Is! Yyomselz § sfdz Hise dz' Mlis! HOdzd - . 1 ted dzy
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mOBjLYjukz Hohmskziftseoj ' Hodhjddzw Istsydsfhls® 1§t
{ sLtcsBdz d2ZO Ctsd3Ef 66 Isj tedzO BsHjdz2 BOLE' I Mw  dzO
dzj ce s sy do Odadg”, Isj B jtcOlskztcde sCOLddSCd IsO o
(dstedi3Odz' L O Y testzinf@zj ozdz  sSBEHBO O dZOcBsodnm L A3 dzdz
stsydetsls' L O fsCOLddSO3d MAE ° RMSE. [ftSHjd tj
B'Bdz sIsjC TenlseoarrFnl,owd "tcjSichdkiiltOlsd f tots@ datsw tb by dpts fi
OzOdz' sdSCd kO EftOod dzfp! Sdn te' h j dz .

1" H Yyofm jSMijteddj desOdz dgdm HBMdz HY jda@ BsH dz
f  Hfted " BNBEDOR 4 CeROPR.1 1 v § st o dgv dzdzv o diSARE Vidls tis:
Bdets ) d dzgdz® dz' dz' 2 dzOs Qdsjdc tefj tiF @L Odgdj,L hds L Of otsf sdetseo O
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f " Hodh jdadg? Ibtsydesfls® HtetsedetsL o Odgdgv: Mmjtej Hd ts5C o
OBMsdzt Hz@O 19 % stc' adgvdets L IstcOHdyY' 2dedd3d §° HR- GSH

d dzj e’ ROz tc B difQo C sdzd h dz' s6 58 MitjHtsadh O (f
odtosBdzd ysets dzOo Odzls Oy j dzdzv (2 5 %) ‘ odf OHC ts9 W
Yyofmtse " CiDEdHL tHdEsBds e d AT HiSH @' My d@gEaEiZ2 * 3" skze Olsd My,
tcjy'daz OBt o ftctso OH Y j dedaW szJtsGlsLBJte‘Gosucf” LO:B

[ Istcd di3O dz' tej L zdz IsOIsd HtSO SHW s Htsy' dz' dz' Mls!
ftosedetsL zo Odzdzy j dzj e sy 53 9 Odzdz” ljtraisdz,c[fndztsaq’ﬁ ]
L BsG Iz ao[(listec[fnlstsalzec)lscf J dzj ©6¢ s it dz®e ts o i3 dz )& & d3
ydWtctsetsets Ho ' 2dzdSC O "  Hited  dsMise O. wdzls j cteOYy " W
HiSL 9 sdzw OQoalstsBOIsSdydzets CstcdcelzoOd OV € KSB BIS
S desdBdIsd Jdzjtcetste] BB d. L ol cOO B EREZOH Y j dedzy s
zdhj JSbdtsdz' ¥ odlteOls, O 2 L dgjdg" jdedg?v jSCtsdztse ' yo
Jdzjteetsejdz tOYy"'

LL Oc Odz' dg¥ ¥ yd, Bsy 2O Mlse jtecHy o Ols(d, hts oL tots
Jdz totsmfusy dadc@dgtpmdzso dn " Hfted' dBiflss dWiSlsde
34 dzj H Y d34 dzls Iz . Il sdz0 5 Hdglz® B@BOIs § d¢3O0Isd ydzlz Istsyds' f
Bsy dzd o ' Mls ‘dzlsj cteOyY"t L CdW sted3OY T 2 dzd di3d  fd s

HisY' dz' dzgts  fgdOte W dsiz en@iEOdfizdz  f tetse delsL dzad » d3tsH jdzf 2 "L

dj dd"j §jwjHBOYOId, O 2 OoltdOldydss toj ¢ kzdzs o
) jemf jSsdodedds © SOCty odCtstdmlsOdedz” Isj o desdetse ' 2
fj Ziste' @ KO L OMstshize Odzdzy & dzdf 6 T Meclzd 1 dzets Hf § dzjp A0 j
ftose detsL Iz s 0¢Cdd3 ud dzts a3, Mo stcj dzgdzg" IsO otff tetso OH
jdzjweshy sy doOdads © o Ofdzdodds CLSCid HIS aydh jodsaets
jdzjtcetsjWjClsdodesmls', s o' HfBSO HO' MbteOIlsj ¢ ydzd

s dMsS odCtEdmisOdts’ d IsjwOlked

[ 1] S. Bal ut a, V. Jovbak, L. Kopil ova, ano
i ndust r i alcieific Werkspfr Natorel, UniveSity of Food Technologies, no. 1, ppi 128,
2019. DOI: 10.24263/2228924201925-1-14

[ 2] R. Mat humi t ha, P. Rat hi k a, and K. Mani |
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2024. DOI: 10.1007/s1046223-106608

[ 3] A Tevyashev, N . Si zova, V. Tkachenko,
management i n Ukr ai ni aneani Soiehcesvblrljna.lsge@®, mp. 853p020238.s e
DOI: 10.30890/2702313.202321-01-004
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I " dzdzd y+ €2 dzOy' tsdzOdzr dzd 2( G tEE@Z d

{SLEdv dgzlsts d3j stsHd tsy' dzg€d OddlsgdOdz Omddzelz o ¢
1 Of tetsf sdztso Odats Ctsd3fdzj SMdgd?2 " HR'H, s §° HAE
LBBtOY jdt HzW Slted d30dedzy By' dz2¢d wEtsMmils® L edzOHY E

I sk g

pdzZsd Oz’ OMdadzc o  H' GO’ o0y dzdo z totsdz £ Witz
LsCtej BO bk Codifovlsjtodsds BsHjdzs o Odedz kO o' LEO
LOBjLY judlsd § &Oodz fils! §jtejntsH' o & ¥ (TGl dae'd
fjtejrtsHd, w¢' tBdvils' ¢ HEszHedfO UsBotE ¢ IstttoL tgts BIAP d3C
Odzls Oz’ Offddzc i W BSMs®OO * § I Dz sy ' dzd b d dZ' © dig Isjs S

118



Proceedings ofthe XMIll nt er nat i onal scientific and practicaloeodmrf

o' LdesdBz o ff dzdo Olsd dzO Y tetsHEZC Isdig dgOigds: Ofgdsh Isfy lepdts to
Otcls j W OCIsd. vsddlz dzi sBR " Hdzs BOIsd Y ' ¢ Ctedlsj to
tojLEzdz sOIsd L G dzOH X z 9 Odzdzv . ) Yomsd MW sttdlze Odz
Ozs  Odz'T OfdfidedfistsMisdr o' L & OddhUaf@GH dadff s MBgrdety ty ¢ Istaz” eH t
Wradz' 2 ttsLodlstsS o' HSBWOYO' jotdz® y'®s SCtdf 608 Isj tod
Hts OQolssdBOIsdL o Odese s tsBO ' Clsdodesets o dd3 tos o Odada™ .

[ Mdes e d&zO yOMmlis d dzO
[ijbsHd By d¢d Odzslsd Odz' Offd dzc ¢ Bis j dzB®tc z Bt 6 tlzth ) & &

|MeToaun oLiHKK SKOCTI |
aHTUaniacuHry ‘

v v v
BisyanbHa ouiHKa O0’eKTWBHA OLiHKa MeTogn aHanisy
pesynsrarTie NpoAyKTUBHOCTI 300paeHb
FPS Obear BukopUcTaHoi AnroputMu CnieBiaHOWEHHA
Bigeonam'aTi BUABINEHHA KOHTYPIB CUrHan/Lwym

t dmMzdesTzOINdw * Oy v dByJIstsH' 9@ sy defd wEtsh

1 jtehddz z02B " dh " dzZlskz  sdeodeddz MtsmMsetd Sy
o' LEOdz d&z0O sy’ dzf O. W’ Mizlsdz® Mls § tisWdes@ds0 L & dgfot
LGd&zZOHY zo Odzda” dz SHdsets BjL dg ts@fs. vOCj tsy' dg¥
odL dzZOyoOdzd, wC¢j LBBWGOYjdedz" odcecdz"HO' f§ted’' dgds’ h§,

1l jtojoOetsy yY! sets " " HAatHEZ ftosmMistslsO toj Ol ju C
BjlstsH BO° Mkl 8a° dgjHBd ¢Sd: o' d LOdjxdl: o' H
M smMisjtc' cOY' © ' daj HO' Bsydzdetsfis® tlted B3O ¢
LOBjLY juyk' o ' Hlsotste® 9 Odesfls ' tois® B tstc B3O dz'daj Gte'd H Ots §
OzOdz' Lz, Odzj CtstedMmdes® HdzYW fsyOkStsots’™ Hjtojo' tf

I sHOdz "2 twtsLoadltst By d2¢d OdzsdOdz' OfmMddzc 2 L 2
odd tors 9 Odzdz? HtesHEZCIsdo desfls® MmdfiHlsyjjdgd. Bulz dagj dgls takz
mMiSkdHnkz (FPS) sO tBMWeEe odCttedMmlsOdats’ 9" H] ] Od
ZOMS " dz2 €d L OMlssmMkze Odzdz?y Odes Odz' OMddzcz o f dzd o O
fpd mls j d3d .

s0Cd?2 f'HR'" H LOBGLYlEzEdz0Oo tcsiskydz Is O ldg, tSH dzOC
Ofmf jSIs, daj otORtoaks yd JjMlsjlsdydez w¢*' Mmls: . | 5B e
COHte' 8, Odzj ftoed Y! sz LOzdh Olsdmw daj y' s dds OB t
odCtstcdMmisOdzedizy 3ol ORBECION O Moy dz s° W JClsdo dats

dkzlsls' od2 ftotstcd o z HisfMdz' H Y J dedz¥ A Odzlsd Odz' Oy
CslBf 6 Isjtedzse s L stelz. 1o0wWeddzd ipw i stsH w g H S
sBO‘ Clsdo dzsc s ofifsdiy’ tok o Dy zefw@Edistze . dzOf tew d3" @ ISOC BG
CcO’ o, hs fjtejHBOYO' 9d¢ tsted Mis Qdeds'C 6Q dzOs tdffls) ds Ools
OBfts sjdedz [4]. 1tste’ odgs¥ 8 ydq SCsdzlskzted L tsBtcOy j dzda?
L G dzO Hiplsj' dztziz’ dz‘i’: ygad fzOedz' hj fjtejrtsHd CtOH' ‘' dak

ste' &5 ktsets, bk f©OClkdy' Hshd HYjd OCIkdos dzts
(SNR i Signatto-Noise Ratio) [5]. | sdets R OwOCIsjtedL &° ZOMm¢ " d&z2 € d
fitcjoOyOsls! dzOH hbdsd, wSd2 klotts k! Mw §' H
ftes JjWjClsdoedz Mmis: Oz stedlsdidlz L ¢ dzOH ) &z 9o Odzdz” , h 15
W' ¢ sl

](Dfr]lstsfnllzaOdz.de Csdkf 68 Isj todad m BjIssH " @ 3OS d L ey
Wted3sOdz' L Oy'' v ftesyj Mz ty' dz€ d, dzj L Odzj 3 dz' Mmls! 9"t
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BilssHd §wlbtejbksls: L dOydedn tByYdmdzs 0 Odz' ded 7 o]
6j Odz desdBz YO

S

q’fr] dztso ¢
V tjLEd IsO' ftwtsojHjdsgh @dzQdzyj € IsBd B Bztizfgls L 6 O figk
sy ddisd * Hddzd i3 dSJIStSH a3. sk 0 Clsdo dz f' ' HRBHJ
CtedMlszeo OYO. I BO' CIsd e dz BB ssHd HwsHEZSIsSdo dztsls
Mafmisj dsz. [dhj dibsHd LS ctHEOYE ] tasatsL 0@y 50 L+
SO o' Hsotte®s 9 Odzz By  dz2Skz o' L z20Odz' dzts’ wetsfyls' ]
toj Mkzte' o. JdL dzOyjdets Cdz¥ ytsso' dzOftew 3¢ d EkHBME 5dzC
GtoOH' ‘' dzlsdetsets Q@ErQdz' f tB' HLOEBMEIEDY jMastc B3Odz' L 59 Odzd n O3
o' LEZOd L Oy" ‘& tcjLEzdz sOIs® 9, O kOCBYy ®y O 9
MdMmilsj 3. wEZzyomMdzO fttOCIsde O Yy dd OdlsdOdz Ofmd dz
HiSL  sdzv *  deOdffiylzs Isdgl 3B Gssydz' Mise, BO' Clsdodz fMmilss IO

s dMs¢ o dCstedMlsOdes’ ' Isj teOIskztcd

1.1. 1. S sdztsH " 2, {. 1. t sd3Odzs ¢, C o d&zOdz' L
Il Mmj SO’ dzin! Gstg n dz' dzp@ii s € SdgW § t6j dzy ' WOCkd sjsk
Csstf ' ¢ Isj todats’ Cdey d dzd 6 [Onlidadzd y v , Available: 2 C
https://conferences.vntu.edu.ua/irgenp/alkHitki/all -fitki -2024/paper/view/20739

2. J. W. Goodman, clntroduction to Fourier (
Company Publishers, 200®nline]. Available: https://visionbook.mit.edu/sampling_and_aliasing.html

3. Measuring Performand®nline]. Available:
https://unrealartoptimization.github.io/book/process/meastperfprmancg¢Accessed: 1-0Oct-2025].

4. Sobel Operator [Online]. Available:
https://docs.opencv.org/4.x/d2/d2c/tutorial_sobel_derivatives.html. [Access€@rttPD25].

5. SNR [Online]. Available: https://uk.wikipedia.org/wikif * o o ' H di G jtirEriz
[Accessed: 14ct-2025].

vrs 004.415.2 : 004.052. 42
¢luvffouvryoAwc JrRcCIfrr11C MRILSL T OMRZLLRM |
stsdzydds [ . 1., t&
(kolchin_av@yahoo.comndasharudenko1902@gmail.chm
wdzmisdlskzls ¢ "' BjtedzgjIsdSd " o35, J(.uSteQ dd

]l bjLOR toBLEEZYHO ' Is! v fOdse' W "deBdats L ORdHM,
Bjstsud "HjdalsdW " COy" "’ 20 thdse ' §@k&ldzusqddztsc
ftedLoHdIsd HB dzgjtsy CkoOdes’ o jH' dz€d ftesctcOd3d
OQoOte' 2dedr LEZfddetsS OBts odCstedMisOdadz ¢ BjtootcOL
ftedC dzOHd, O IOCtY kL OGOd dzjvaz® iy OB YizfNdzIZE A US' Iss Cifizte

1 OH " 2 dzO 1]’4 JS'tGQO 9:‘Hdzq"" HOdzdRm ' BGhdzso B8 E
Cdlsdydedds LORdMmssd, hts LOfsB' O 1§ slstcOf v dzdz
9 tcOL dzd o d R ISU'JtGGII 2. 1JjieodgjtcPmts tobzg f 8 @9 df dizd dets {f
ftcdLotsHdIsd HT dzc;tsq;s)q’Hdzd HiWJCls' o IsO dzgjtfjtcjH

VU HOdZ 2 Bl esLecdzZ"HO' s Mw MdkzoOy' v, ¢ tdz
YoOfmlsddz® dzj odSCtsdglz’ s qw (OB ts dzOad'dis ! dzjL CEggddz"O Istff th):
L OHtso sdz! dgv ' s+ mw . ] sO¢ dn odf OHGC OR VL yomlsd d
LOKBOMS 5o Odz® bKRso O dzj *° foddStss,; ftessdj BO
odCtsdzlz’ Is+ Mw B YdMdzj dedzv " L L d3' dzdzty'©Ofn WG @ o Otz€] f
it BLedzv dzj i3s fted S dzOH S BHE 2O Bse " w:
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if (p = NULL || flagP == true)
*p =42;
MBYO dO0 fjtehd?2 ftedvH odSttedMmlsOdzdzy fs5C Oy yYydes o
fitjo W' Iss mw 9o Odz" Hdz Mmls! f ¢ @pPdeS @, dz@ M tistc Q adpiz:
NULL, @aifj==true oddpc@RftcdL o jH] HE dzgiBJLf jydes’ ]t
V dOMiskzy desdslz fitcd[ £ dzOH 9 " B B dgdz@ 3z L dzOyj dadaw dz Btsy J
B3OMdelz | NFO:
void access(int user, idx, bool flag) {
if (idx >=0 || is_valid(user)) {
if (flag)
INFO[idx] = user; // potential oubf-bounds indexing

}
}
19O’ ®B3s k9o OG Iz, hts HdzZw HOdSEets o9dfOHSE Ot
Hsf sdise s IsjMmMissoedn dzOBStE' 9, WwWC' L OHBO Bz dgv ¥ Is!
[ 1] -®esal [2]: MC/ DC LBmjteiHyk' s mMw O dedj LLOE]C
tcjLkzdz IsOIs to' h jdadzv, Odzi Exrdptesisth daOdzed 3 tcg th dzdoaf Istfftc p H
Isd Mls” o, HJ L diagyj dedg"s dfdted Y steyW

Test#1: { !is_valid(user), idx>=0, flag=false }

Test#2: { lis_valid(user), !(idx>=0), flag=false }
V fJtehtsdik IsjMmMssotsdBz oadf OHSCE §jthO Izd31590 d¢ s
L dzOyJ dzdzV d3dx,L dzbtzgedzte d € sdzlz® Is* mw . flag @ ¢ Isidolpdztss, A3z Qﬂmls
Htse ' dz' dgd d3, sMe " dz € otdes dzj dz2Odzj y dIs! H teilase = § tel2
dzOB 't IsjMmls’ o By J HSHOISCtsots 9o Cdz yolsd stcj Is' 2
fjtejo  teWwisddid BGHstshswalz{uBeno f dzde ftcj HJSC OISO

Test#3: { is_valid(user), idx>=0, flag=true }
Kj2 d&oB' 't IsjMmMis' 9 IsO0Ctsy WLalplessMB@Igd d3 O'tc OHzizl
f Otcd ac{Ladq’Gh{thqukyVlsOdzde: ofy' fOtcd HdvW o' " L& d
dzj f cQoaddz! dets™ " dgHj SOy ' fYtslste' Bdets HBSHOIsd M j fsH

Test#4: { is_valid(user), !(idx>=0), flag=true }

w9 dzj dzdzv dijOflsts@EsEdz dzs L O~ N j dzd 3 o d € sted fls O dzdan
?2 fesctcOBO P o HMSOodzj dzO wE§ GctOW Cjtlzo O
tcOB3dzd B3 s j cOIststcOd3 OB s tojvivg R Is O  tff tdsjL HEEW C
jteld HId POIs* cBlzdzjoddz odtOLtsd3 dzOH L a3 dzdzed &3 IsO
ZOWR st j dzd 2 GBIPA EROIS v R jyde § HYitejHdSOls
Cudzd B s Oy, WesdL (9 e oyOdzd 20 g Hd H@PpJ H
L' MEdzOHjdsets ftejHdEC OO C,; MGEid 2, 5 hiss sL' dzCdryj dedaf
UdtejL ofddes ' dhdrij) POMYEg @dE Olszja ORtse " dz/ dzgj o (
unsatisfiable use)o d dzd ¢ O , Ctsdzd (FRidzQr Lo igdigsOdkdgd ydzts A
MCdzOH jdzd &3 ftcj HdEC Olssdg C, weCd?2 LOHtsatsdszzW‘lsJ,tr]W
s fjtejo  tow' UtedUlzthqugldt]VbladLQdmmﬁﬂmmda%og’ﬁdm Is

(

~dBdzdd3) £ y! sz "M BORE Lok figiCllzy jBSjls dfejdrslztsils 1 O Bowdk
E o dtcOy P) dz@ =H jP" ¢ s dkztrue), Bfalkdz ' v itgn tetiz® dzP,: IsL Mis OC 5
Mfsmlsjtc' O s Mw L OBOME s Odzj dzj POH Hos dzekz@zzO o ¢ ©
BJd LY Jwilz fiflds’e jftadklsde® ( OB ditsec d&zO dzO9 ' Is! dzj Pstdi€ tsd
LOBJjJLf jude LOcCOd dzz t sL dlsdo dzz EZdsseo QW , ff st toiff tc df
ZsC Odz! d&20 ff jtejo €O dzO BjL Y jyds Mmls: dzd ftets2h dzO
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UDC 004.9
APPLICATION OF SIR MODELS TO PREDICT THE SPREAD OF CONTENT ON SOCIAL
NETWORKS USING MACHINE LEARNING TECHNOLOGIES
Mysiuk I.V. (iruna.musyk8a@gmail.com
Ivan Franko National University of Lviv (Ukraine)

This paper analyses the application of epidemiological models, such as SIR, SEIR, and SIS, tc
study of user behavior in social networks, identifies, studies, and reveals how parametaiso
influence the spread and attenuation of content. The pepesiders the dynamics of content virality,
assesses the impact of different network structures and user interactions on information dissemina
and identifies the effectiveness of integrating machine learning techniques for parameter optimiza
and pediction accuracy.

In social networks, among the usual actions of users today, the process of disseminating informe
is becoming more and more noticeable, which has signs of the spread of the epidemic and traditi
forecasting methods do not takeéaraccount complex interactions between users, while the SIR, SEIF
and SIS models allow you to describe the dynamics of content virality and investigate the infection
systems. The main problem is to accurately determine the parameters of the usar mebdel and
adapt them to real data, which requires the use of machine learning methods.

The main goal of the work is to analyze the processes of dissemination of information "virality"
social networks using epidemiological models to predict the digsaof user activity. The key aspect is
to study the influence df (probability of spread) anal (probability of loss of interest) parameters on the
speed of distribution and subsequent extinction of content. which allows you to adapt the models to
specifics of specific social platforms. An additionally important task is the application of machin
learning methods to optimize parameters, take into account complex interactions between users
increase the accuracy of predictions regarding the lidethof viral effects or attenuation of information
flows.

The application of models such as SIR, SEIR and SIS to analyze behavior in social networks
very interesting and relevant direction, since many processes in social networks (disseminatior
information, rumors, ideas or even viral content) can be modeled using these epidemiological moc
Thus, it is possible to investigate the spread of information or viral content using a SIR model with th
agent (user) states: susceptible (S), infecte@ikl recovered (R).

In this context, vulnerable users may be potentially interested in new content, infected users
those who actively share or react to content, and recovered users are those who have unfollowed or ¢
longer interested.

In addition, an intermediate exposure state (E) can be introduced into the SEIR model, which car
matched by people who have just begun to be interested in content or rumors, but are not yet act
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disseminating them. The SIS model is useful for modeling thavier of people who may constantly
switch between interests, making them susceptible to new rumors or ideas.

Regarding the popularity and relevance of this topic, it should be noted that the article [1] consic
models of information dissemination in tlo®ntext of information warfare, draws attention to the
importance of modeling in the context of modern threats. Instead, the article[2] applies epidemiolog
models to the analysis of the spread of information on Twitter, in particular in the contariat and
information viruses. Similarly, [3] the research focuses on the SIR model for estimating the dissemina
of awareness information among users, using mathematical analysis to improve understanding
diffusion dynamics. The paper [4] emphasizke importance of the social network for the accuracy of
epidemiological models, pointing out the need to take into account the structure of connections w
modeling the dynamics of user activity.

An analysis of popularity dynamics is carried out, using these models to model and predict
popularity of certain content or campaign over time. Parameters such as the probability of infection (b
and the probability of recovery (gamma) can be adbptethe specific characteristics of the network
(how quickly users will actively distribute this or that content and how long they will remain interested).

Another type of task using SIR models is to spread rumors or fake news. In particular, itadkeposs
to build a model for spreading fake news, where the "infected" are users who have already spread
news, and the "recovered" are users who have stopped spreading it or believing it.

Predicting the level of network activityallows you to explore hbermumber of active users on the
network will change over time, whether the news or campaign will become "viral", whether it wi
quickly stop spreading.

The algorithm consists of several steps. The first of them is a description of the user's interac
(likes, reposts, comments) directly to social networks. Using the real data obtained in [5] with u
actions, publication texts, and the time of posting users from social networks Facebook and Instagra
is possible to predict how the number of actisers (infected) will change in the future, as well as
optimize the model parameters to better describe the real dynamics. The final step is to improve acct
using optimization techniques (minimizing error).

According to Fig.1, we see the selectiorBaefta and Gamma parameters in the content distribution
model is an important stage in accurately predicting the dynamics of distribution in social networks,
for this it is necessary to take into account both real data and theoretical aspects. @neffetctive
methods is the empirical approach, where the optimization of parameters is carried out by minimizing
error between real data and simulation results, which allows you to adjust the model based on real
activity. Modeling using network atistics, such as the average number of connections between users
the degree of nodes, allows for a more accurate estimate of the beta version based on network densi
gamma based on the speed at which users stop distributing content. Analysis leéhassior in social
networks, in particular the study of examples of news or rumors, allows you to assess the speed of co
distribution and clarify the parameters of beta and gamma, according to specific conditions. For r
accurate parameter seliect, machine learning techniques such as neural networks or decision trees ¢
be applied, which allow a large number of factors and interactions between users to be taken into acc
increasing the accuracy of the simulation.

Technologies such as NumRyd SciPy for calculations and numerical methods, as well a:
Matplotlib and Seaborn for visualization of results, are used to solve the problem of modeling cont
distribution in social networks. The Pandas library is used for data processing, anteSaikis used for
parameter optimization and machine learning, with the ability to use TensorFlow/PyTorch for de
learning.

Thus, the analysis confirms that epidemiological models, in particular the SIR framework, are
effective tool for studying and predicting the dynamics of content distribution in social networks. TI
parameters ob ando play a decisive role in the forrian of the trajectory of information dissemination:

b determines the intensity of acceptance and distributionp ahdracterizes the rate of user withdrawal.
It depends on their interaction whether the information acquires viral properties or qushdy ile
relevance. The results demonstrate that highealues accelerate the growth of active users, which
corresponds to the rapid viral spread of news, rumors, or campaigns. Conversely, increalses
shorten the life cycle of information on thetwerk by accelerating the transition of users to an inactive
state. This indicates that the effectiveness of information campaigns strongly depends not only on
attractiveness of the content, but also on the structural and behavioral features a¥ahe net
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Fig. 17 Beta and Gamma parameters in the content distribution model

In addition, the integration of data on real user activity in-yf#®¢ models, combined with
optimization and machine learning techniques, greatly improves the accuracy dftipmedihis
approach allows you to identify critical thresholslando at which information acquires viral potential,
as well as evaluate scenarios related to the spread of fake news or targeted information campaigns.

Thus, the proposed methodology allomat only to model the dynamics of content distribution,
but also to develop practical recommendations for managing information flows in social networks. T
can be especially valuable for marketing strategies, countering misinformation, and analymhg so
media user engagement patterns.
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INTEGRATED MODELS AND METHODS FOR DYNAMIC PRICING AND QUEUE
MANAGEMENT IN AMUSEMENT PARKS
Slobodyanuk V., Khoshaba Q (pzmag2022@gmail.com)
Vinnitsia National Technical University (Ukraine)

Abstract. This work develops and evaluates an integrated framework for dynamic pricing a
gueue management in amusement parks. We modelvdiyiag arrivals, heterogeneous Vvisitor
segments, and attraction service processes using stochastic queueing models coupled with del
functions linking price, quoted waiting time, and perceived utility. Control is formulated as a finite
horizon optimisation that selects tiroéday prices andjueue policies (including virtual queues and slot
based admissions) to maximise a raolijective criterion balancing revenue, average waiting time, and
servicelevel constraints. Parameter estimation combines historical ticketing and-geteydata with
attractionlevel telemetry. Simulation studies calibrated on realistic park scales indicate that coordinatt
pricing and queue control can reduce mean waiting times b¥@®® while increasing revenue byil0
20% relative to flat pricing with FIFO, subject tfairness caps and satisfaction constraints. The
approach uses weflstablished results from revenue management and queueing theory, making
suitable for deployment as a digital twin for operational decision support.

Keywords: dynamic pricing; queueinggvenue management; virtual queuing; demand elasticity;
stochastic optimisation; amusement parks; digital twin.

Amusement parks face persistent p&ale congestion, volatile demand and heightened
expectations of transparency and equity in service dglivdfe address these challenges with an
integrated framework that couples a tiwaying queueing network with crogsice and crosslelay
elasticities, enabling joint control of dynamic prices, virtual queues and capacity quotas under exp
fairness costraints. The approach draws on revemanagement fundamentals to shape willingness to
pay and arrival timing [1], [2], classical and modern queueing theory to map operational states to de
and throughputs [8]6], and Markov decision processes for weatial control under uncertainty [7].
Uniquely, we make quoted waiting time (QWT) a fictss, customevisible signal that calrives
demand alongside price, while guaranteeing fairness and accessibility via enforceable constraints.

Arrivals are modelld as piecewisstationary Poisson processes with distinct weekday anc
holiday profiles; service times are logrmal fits per ride category (thrill, family, kids). Demand
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sensitivities include ownand crosselasticities to (i) posted price and (ii) the QWbrecast published to
guests at booking or entry. Control actidrgrice levels, virtuahjueue admissions and péte capacity
guota® are computed through a rollifigorizon optimisation with IBninute receding windows.
Elasticity parameters are updatedlime using a Bayesian scheme every hour based on a-dayen
sliding window of operational traces; priors are truncated to maintain stability under sparse data.
ensure operational realism, each attraction is limited to at most one price change pernt8§. fairness

is enforced via three hard caps: inttaay pri ce di spersion between
P90 waiting time for nopr i or ity guests O35 minutes:; and
capacity. These constraints institutibsa transparency and equity without removing managerial degree
of freedom [1], [2].

We instantiate the framework as a digit&ln testbed comprising 14 rides (5 thrill, 6 family, 3
kids), operating 10:0@0:00. Calibrated peak arrival rates at the thitagship rides are 22@60
guests/hour, while across the park-pde arrivals range from 40 to 260 guests/hour depending oR time
of-day and scenario. Median service times spaf 4218 minutes (IQR 1i11.6) across categories.
Scenarios cover weekday, lay and lightrain conditions (the latter reducing arrivals by ~12%) with
bimodal peaks around 12i0D4:00 and 16:001L8:00. The queueing backbone follows standard results
linking arrival and service characteristics to sojourn times and throughp{é][3ye | nvoke Li
qualitatively to interpret loddlelay tradeoffs without recourse to explicit formulae [5]. The controller is
solved as a finitdorizon decision problem in the spirit of MDPs, with approximate dynamic
programming elements used tanmstart the rolling optimisations [7].

Primary outcomes are P50/P90 sojourn time (minutes), oo me s er vi ce proba
throughput (guests/ hour) and revenue; we addi
All metrics arereported as medians with interquartile ranges over K = 64 stochastic replications f
scenario, using a fixed seed set to ensure reproducibility. Baselines include (i) static pricing with FI
gueues, and (ii) timef-day pricing without virtual queues. Ations remove crosslasticities or fairness
constraints to isolate their marginal contributions. This stacked evaluation design adheres to best pra
in operations research, separating derrsraping, queustructuring and ethicajovernance effectdl]i
[3]. [6].

Across all weekday and holiday scenarios, the integrated controller reduces P90 sojourn time
32i 38% (median 35%) and increases revenue By19% (median 14%) relative to static pricing, while
raising throughput byi®%. These gains ariseofn two mechanisms: prices and QWTs cooperatively re
time arrivals away from peaks, and virtual queues reduce wasted physical waiting without degrac
service discipline. Crucially, fairness caps are not merely feasible but active in congested peric
bounding dispersion and protecting npriority guests. Customari si bl e QWTs reim
minutes of realised medians, reinforcing trust and mitigating perceived queue unfairness. Against
time-of-day-only baseline, additional benefits stem from crelssticity awareness: coordinating prices at
substitutable rides prevents counterproductive load shifting and avoids local optima that inflatepark
P90. Ablations confirm both crogdasticities and fairness constraints are matemnamoving either
erodes revenualelay tradeoffs and, in the latter case, increases tail waits forprarity guests.

Robustness analyses indicate graceful degr
specification of elasticities and an unannounced 25% denspilce at 16:00, revenue and P90
i mprovements deteriorate by O4 percentage po
rolling-horizon cadence is a key design knob. Aniiute reoptimisation schedule with conservative
elasticity priors offersthe best balance of stability and responsiveness. Switching to -anifivee
cadence yields negligible incremental benefit but higher operational complexity due to more frequ
candidate changes. From a managerial standpoint, we recommend configudogttbker to prioritise
adherence to fairness caps during 1Ri2000 and 16:00L8:00 peaks, and to prefer small, predictable

price movements that align wit h -guotelsverss@articudaflye r
effective in proteghg accessibility slots with minimal throughput loss when appliegppek rather than
reactively.

The study contributes a practical synthesis of revenue management, queueing models
sequential decisiomaking tailored to the realities of themed ati@ts. Methodologically, it
demonstrates that posting credible QWTs as a demand signal is as powerful as classical pricing in sh;
flows, provided those QWTs are tightly coupled to the underlying queueing dynamics [3], [€
Empirically, we show that aifeaessaware controller can deliver douldéit revenue gains while cutting
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tail delays by roughly a third, without eroding perceived edudy outcome often presumed to be a
zerosum tradeoff. Limitations include reduced headroom under extreme spiki{eess concertdjacent
events) or under legally mandated price caps below elasticity thresholds. In such regimes, the ¢
diminish, and fairness constraints bind earlier. Future work will extend the digital twin to heterogenec
risk preferences and @up arrivals. It will explore staf§cheduling cebptimisation to tighten the link
between planned capacity and realised service times.

In summary, the proposed framework formalises a transparent and equitable way to bl
dynamic pricing with virtual queasmanagement in amusement parks. By anchoring control on realisti
demand and service models, exposing QWTs as a meaningful promise to guests,-andihgrirness
protections, operators can achieve robust improvements in both economic and expeuataés. Our
results are consistent with established theories of demand and congestion while advancing their
application in a complex, highariability service system [#]7].
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UDC 681.52

BASIC PROVISIONS FOR DEVELOPING AN AUTOMATED SYSTEM FOR MONITORING
MICROCLIMATE PARAMETERS IN INDUSTRIAL PREMISES
Fes enk otk SO. ,
(alina.fesenko@nure.ua, svetlana.sotnik @nure.ua)
Kharkiv National University of Radio ElectronicsUkraine)

The work is dedicated to studying the main provisions for developing an automated system
monitoring the microclimate parameterfsimdustrial premises. The proposed comprehensive architectur
of the automated system for monitoring microclimate parameters of industrial premises addresses
problem of untimely detection of dangerous deviations of critical indicators when usingotraldi
methods of periodic manual control. The system is based on six key principles: comprehen:s
monitoring of all parameters, a distributed sensor network architecture, specialized preventive anal
algorithms, information integration with existingstems, a modular structure for flexible scaling, and
comprehensive criteria for evaluating effectiveness. The developed architecture includes a networ
sensors at control points in the premises, local data collection and preprocessing stationgl a ce
analytics and information storage server, as well as user workstations for visualization and managen
Implementing such a system ensures personnel safety, energy consumption optimization, equipt
preservation, and product quality improvement. Thesearch results meet modern industrial
manufacturing requirements and can be implemented in manufacturing enterprises, greenhot
laboratories, medical institutions, and other facilities.

Problem Statement.
In modern industrial enterprises, there is argent need to maintain optimal microclimate
parameters to ensure personnel safety, preserve equipment, and enhance the efficiency of technol
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processes. Existing control systems often rely on periodic manual measurements, leading to untir
detection of hazardous deviations in key parameters such as temperature, humidity, concentratiot
harmful airborne substances, and noise levels. Data fragmentation and the lack of a unifiet real
monitoring system complicate operational response and managgewtsionmaking [£3].

Automating the control of the industrial environment is a critical task for overcoming thes
limitations, as routine methods prove ineffective in ensuring the necessary responsiveness, accuracy
comprehensiveness of assesshjié+Y]. This creates risks to worker health, violations of sanitary norms,
reduced product quality, and increased energy costs. Thus, a contradiction arises between the obje
need for continuous comprehensive monitoring of the industrial environmerha limited capabilities
of existing monitoring tools. Solving this problem requires the development of an automated syst
capable of integrating disparate measuring instruments into a unified information space, providing tir
threat alerts, and fonimg an analytical basis for lortigrm planning.

Essence of study.

The development of an automated microclimate parameter control system is based on a numb
key principles that determine its architecture, functionality, and efficiency:

1. Theprinciple of comprehensive monitoring, that is, the system implements an integrated appro:
to microclimate control, providing simultaneous measurement of all critical parameters: temperatt
relative humidity, air movement speed, concentration of harmfls ubst ances ( CO, (
level. This allows obtaining an objective picture of the production environment in real time.

2. Distributed network architecture, that is, a system built on the principles of distributed
architecture, whicimcludes:

- a network of sensors placed at control points within the premises;

- local stations for data collection and preliminary processing;

- a central server for analytics and information storage;

- user workstations for visualization and management.

3. Preventive analysis algorithms, that is, specialized algorithms have been developed to ensure:

- detection of trends toward exceeding regulatory parameters;

- forecasting the development of hazardous situations;

- generating early warnings about threats

- automatic adjustment of ventilation and air conditioning systems.

4. Principle of information integration, that is, the system provides a unified information space for:

- combining data from different types of sensors;

- integration with existing produion management systems;

- information exchange with occupational safety and energy management systems.

5. Modular construction principle, that is, the system architecture provides a modular structt
which allows:

- flexible scaling of the system accard to the enterprise’'s needs;

- easy integration of new types of sensors and functions;

- ensuring fault tolerance and ease of maintenance.

6. Efficiency criteria, that is, the system's effectiveness is evaluated based on a set of indicators:

- accuracy ad reliability of measurements;

- speed of response to parameter deviations;

- energy efficiency of associated systems;

- compliance with sanitary and hygienic standards;

- economic impact of implementation. Create a diagram.

Thus, let us present aomprehensive diagram (Fig. 1) that reflects the architecture of the
microclimate control system.

The system is organized into the following levels:

- sensor leveli provides comprehensive monitoring of all critical parameters: temperature
humidity, air peed, pollution, and noise;

- local leveli three local stations, designed for different room zones, collect afngfrquess data
from sensors;

- central leveli the heart of the system, where data is accumulated in a database, analyzed \
specialized gorithms, situations are forecasted, and alerts are generated;
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- controli automatic adjustment of ventilation, air conditioning, and purification systems based
the obtained data;

- integrationi information exchange with production management, energpagement, and
occupational safety systems (shown with dashed lines);

- user workstation$ operators, mobile devices, and analytics panels access data for visualizati
and management.

A Sensor Level

8 Temperature & Humidity © Airflow sensors @® Pollution @ Noise
sensors sensors sensors sensors

|
{ / ) { J
G®LOCALLEVEL |
o e
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3\
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O Ventil € Air conditioning & Purification

i Il g Control |
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. @Information Integrati

Pl
B Production 4Energy management

8 Occupational
system

management system safety system

Figure 1- General architecture of the microclimate control system

Conclusions

As a result of the conducted research, a comprehensive architecture of an automated syster
monitoring the microclimate parameters of industrial premises has been developed, which meets mao
industrial production requirements anaddresses current issues of monitoring the production
environment. The developed system integrates six key principles that define its functionality
efficiency. Based on a distributed architecture, a technical structure has been created, consisting
network of sensors at control points within the premises. This organization allows the system to
flexibly adapted to the specialized requirements of a particular enterprise and ensures reliability thro
load distribution. The system architecture emsuinformation integration with existing production
management, energy management, and occupational safety systems, creating a unified information -
for analysis and decisiemaking. This allows all aspects of production environment management to k
coordinated and achieves a synergistic effect from comprehensive data analysis.
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UDC 681.5
JUSTIFICATION FOR THE SELECTION OF THE SIZE OF THE BALL LOAD FOR ENERGY -
EFFICIENT ORE GRINDING
Khlebnikov M., Matsui A., Tkachenko A.
(khlebnikov97@gmail.copmatsuyan@ukr.net, tkadenko.nas@gmail.com
Central Ukrainian National Technical University (Ukraine)

The patterns of ball wear in ball mills are considered, and ¢haracteristics of feed size are
simulated for different initial ball diameters. It is shown that as the initial size of the grinding medi
increases, the average feed size increases, which reduces the efficiency of gfihdirgtimal ball
diameters fodifferent ore sizes have been determined. The feasibility of using mixed loads of differe
sized balls has been substantiated, which ensures uniform grinding of the material, stabilisation of
technological mode, and reduction of specific energy aopsion. The results obtained can be used to
improve automated control systems for the ore grinding process.

According to data from the United States Geological Survey, Ukraine produces a significant amo
of iron ore raw materials for ferrous metallufdy. The steady decline in rich iron ore reserves since the
second half of the last century has contributed to the development of processes for enriching poor
ores at magnetic enrichment plants, where the initial ore, ranging in size from 0 to 2% enmshed to
expose the useful component.

An important area for optimising this process is the development of staged crushing using steel k
and linings, as these consume 7 to 10% of energy and 2% of metal from total global production, v
energy intasity ranging from 20 to 60 k*Wh/t [2]. Energy costs for grinding at mining and processin:
plants account for up to 20% of the world's total electricity consumption. Due to their high performan
reliability, ease of operation and ability to perform thetended functions even with significant wear,
grinding is mainly carried out in ball mills. However, they have a significant disadvantage specific
energy consumption and a fairly low efficiency coefficient when forming a new surface [2]. THis resu
in high capital and operating costs, which can readtvy@. Since the situation with a large share of
energy consumed at the first stage of grinding has remained virtually unchanged, the relevance of
research topic remains high.

During the grindng of ore in drum mills, intense wear of the balls occurs, which over time change
the composition and particle size distribution of the grinding medium, directly affecting the ener
efficiency and stability of the technological process. Analysis shoafssthe rate of ball wear is a
function of a complex set of factors: the physical and mechanical properties of the ore, the propertie
the lining, the speed of the drum rotation, the degree of mill filling, the ratio of solid and liquid phases
the pup, the mass and diameter of the balls, as well as their movemeni roasieade or waterfall.

The equation for determining the speed of ball operation was proposed by K. A. Razumov

— 0O, (1)
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whereG 1 mass of the ball at the start of wear, kd; proportionality coefficientt i wear duration©O i
initial diameter of the ball, cm 1 a value that varies depending on the mill's operating mode within ¢
range of 2 to 3.

In formula (1), the cascade mode corresponds~d, and the waterfall mode correspondsries.
The mixed mode corresponds to a parameter m between 2 and 3.

In accordance with the generalised hypothesis (1) on the rate of wear of balls in a ball mill, -
equation for the output of balls of a certain size can be written for the ball load plus

w pTM  — p TTH—, (2)

whereD 1 diameter of the ball under considerati®xO ; n=6-m.

Therefore, equation (2) allows us to constru@rahteristics of the grinding media size after wear of
the initial mill load. They show that after a certain period of operation in the mill, large balls predomina
while medium and small balls, which provide the greatest contact area with the matiegabimound,
wear out faster. As a result, the total surface area of the grinding medium decreases, the grinding inte
drops, and part of the energy consumed is spent inefficieratyimpact loads that are not accompanied
by ore crushing.

When constucting the characteristics of the grinding medium size according to equation (2), t
initial value of the ball diametdDdy, and the final valu®x=0, at which the grinding body is completely
worn out, are taken into account. In practice, balls in a naluaually used until their diameter decreases
to 1520 mm.

Based on dependence (2), taking into acc@®ya0, calculations were performed and characteristics
of ball bed size were constructed for various initial diamddgysThe results are shown in Fiy. which
al so shows idealised characteristics of ball

An analysis of dependencies (1, 2, 3) shows that the exact characteristics of ball size are con
with the degree of convexity depending on the initial diameter of the baksgrBater the value @y,
the greater the average size of the balls in the mill charge. This indicates a decrease in the specific cc
surface of the grinding bodies with the material and, accordingly, in the productivity of the processi
unit.

Theiceal i sed characteristics (1N 2 Nj, 3 Nj) ar e
uniform size distribution and ensures the best grinding efficiency. As can be seen from Fig. 1, the hig
mill performance is determined by the initial sizetioé largest ball and the degree to which the actual
loading characteristic approximates the idealised one.

100
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Fig. 1- Characteristics of the size of the ball mill charge operating on balls of the same size at
different initial sizes: 1,2,Be x ac t ; T idedlised2 Nj, 3 Nj

It is advisable to determine the characteristics of ball mill feed size experimentally for padf ty
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ore and grinding conditions.

Balls with a diameter of 10025 mm are used to grind ore with a size -@50mm, while balls with
a diameter of 8®0 mm are effective for ore with a size ofl® mm or smaller. Thus, based on the
known size of the oretdhe inlet of the ball mill, it is possible to determine the maximum initial diameter
of the balls in the load. This greatly simplifies the process of selecting the optimal composition of the |
mill medium and ensures the rational use of energy dgringing.

The use of balls of different diameters in the grinding medium significantly increases the efficien
of ore grinding compared to a mill operating with balls of a single size. The initial ball charge is form.
from several ball sizes, the basendfich is taken as diametBy,. For hard ore with a size ofI2 mm, it
is recommended to tak®,=90 mm.

Research has shown that limiting the number of large balls (over 80 mm) has a positive effect on
energy efficiency and stability of the milfherefore, it is advisable to use a relatively small proportion of
them. To simplify calculations and practical implementation, it is advisable to use four standard ball si:
selected according to the criterion of minimum deviation of the actual loadotdastics from the
idealised curve.

The purpose of selecting a mixture of balls of different sizes is to achieve a particle size distribut
close to the optimum, which ensures uniform grinding of the material and maximum energy utilisatit
To do this the following parameters are used: the number of ball sizes, the interval between diamet
the minimum ball size, and the proportion of each size in the mixture.

The optimal composition of the mixture is determined by the degree of deviation of tla act
loading characteristics from the idealised ones. The smaller the deviation, the higher the efficiency of
process. A balanced combination of large, medium and small balls allows the unit to maintain h
productivity over a long period of operatiaithout the need for frequent reloading.

Therefore, mixed loading of balls of different sizes is the most rational approach in terms
stabilising the grinding process, reducing specific energy consumption and ensuring uniform quality
the finished prodct.
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SOLUTION OF SOME OPTIMISATION PROBLEMS IN THE DEVELOPMENT OF
CENTRALISED AND DECENTRALISED DISTRIBUTED SYSTEMS
Khoshaba O. (pzmag2022@gmail.com)
Vinnitsia National Technical University (Ukraine)

Abstract. This paper addresses optimisation problems that arise in the developmettatiedn
and decentralised distributed systems. We unify the treatment of technology workflows and architect
patterns of corporate computer networks by modelling them as open queueing networks v
product form stati onar yOnbhathbasisiwe formalige dheoeghpsitacailings, e
| atency/ availability trade off s, and actiona
splitting, server pooling, and targeted capacity increments at bottlenecks. We further propose
extendedarchitecture notation that separates protocol and infrastructure security, encodes independ:s
failure domains and consensus type, and binds qualitative labels to measurable KPIs. The apprc
naturally supports both si objettiee (Rareio) aealysisoamd abgos |
with current architecture description standar

Keywords: distributed systems; Jackson networks; queueing networks; throughput ceilir
architectural patterns; server pooling; flow splitting; Pareto optimisatiotgnglardisation; corporate
computer networks.
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Problem statement and motivation. The continued evolution of both centralised and
decentralised distributed systems depends on rigorous optimisation of (i) operational technols
workflows and (ii) architectutapatterns of corporate computer networks. In practice, engineers nee
compact, defensible models that predict how architectural cheigesoling vs localising, adding
channel s, tuning | oad bal aaffee threughput,day are dwikbility.n i
Cl assical gueueing networ Kk t heory provi des
product form stationary behaviour under mi | d
results without heavy simulation H§]. For decentralised systems, additional constraints stem frorm
guorum based consensus and broadcast patté&rn
throughput trade offs [11].

Research tasks and scop&he work resolves four tightly coupled tasks.

@1t uni fies the modelling of centralised
deployments as open Jackson networks whose nodes represent processing stages and network he
that both data plane and [%,¢9l1. 0 I pl ane costs

(i) It translates architectural patterns into queueing parameters and introduces
throughput <ceiling concept that exposes the t

(i) |t provides c | os e dowfsplittng, feedback ieducienrandf 1
capacity increments, making the expected benefit of each architectural lever explicit and comparable.

(i v) It frames design as a mul ti objectiwv
allowing Paretoe@asoning when criteria inevitably conflict [7], [8].

These tasks |l everage the authoros recent
validation scenarios:

Notations of Architectural Models in Blockchain Networkefines a compact notation for
|l ocal / distributed, single [/ mult.i n o d e isbalallityk ¢ h
decentralisation trade offs surface across t
models to architecturgescriptors [14].

Mul t i Di mensi onal Re s o u Argues fd vesolurceaassessnment beyondE
one di mensi onal gas metering by separating cc
this multidimensional view when mapping consgsisontrol overheads to queueing loads [15].

RATEM: A Resource Awar e Tr anAspeprinti [b6h progosiagl u
fairness and scalability oriented transactio
corresponds to | oad aware routing/weighting t

Assessing the utilisatioof computing resources in blockchain networ®enference theses that
classify workloads from scalar to tensor operations and motivate unconventional metrics (FLOI

memory bandwi dth, execution time); thatages[A® on
Di fferenti al Load Modelling and Mul ti obj e
BesuA preprint introducing time varying arriva
permissioned networks; we reflecttheseceanstrnt s i n consensus aware S
Evaluating and Benchmarking Resilient Web3 Architectures for Multim&diaference theses
outl ining end to end benchmar ks (cost/ GB, t

storagedvailability/scaling stacks; we use these scenarios as external validation targets [19].

Methodological foundations. We adopt open queueing networks in the Jackson sense, whe
each processing stage or link is represented as a service node with seevicearadl requests arrive
exogenously at rata. Let P be the routing matrix with elementg (probability a job leaving node i goes
to node j).The traffic equations read:

A=XNe+AP <— A(I—P) = e,

whereasi s t he vector of throughput s vipitaatios woatbe a

are thus determined t’f-j_ =e'(I-P)"'. For M/M/1 nodes, the utilisation at node, the utilisation at
node i under network input X equgls= Xvi/e;, and stability requireg;<l1 for alli. The throughput
ceiling (maximal sustainable input rate)lows directly as:

anaxzm_in&.
1 U
Under standard reversibility assumptions,
di stribution, yielding transparent expression
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sojourn times) and enablinopterpretable capacity planning without heavy simulation[§]] For
architects, the key benefit is interpretability: bottlenecks surface as the stages whose effective capacit
visit saturates first [5].

Optimising technology workflows. Workflow optimisation can be posed as either a
singl e cr it exaximsing systainablé iepmt subject to latency/utilisation bounaisas a

mul ti objective problem that balances througt
setting, monotoicity properties of Xax a n d convex optimisation S ul
heuristics for service allocations and routi
emerge naturally: decreasing tail latency via duplication/retrieseofi i ncr eases wor K

Our framework ©places each candidate design
decision makers [7].

Optimising architectural patterns. We expr ess familiar pattern
so that their effect on throughput and latency is auditable rather as is:

Server poolingA single logical queue feeding a worker pool reduces imbalance and waitin
relative to disjoint parallel gueuesr fihbsal 8
inside decentralised stacks [5], [9], [10].

Proportional flow splitting Allocate traffic across parallel branches in proportion to their effective
service capacities;, which equalises utilisationsg;] and elevates ax Without new hardiare [5].

Feedback reductiorRe movi ng/ suppressing backfl ows du:
reworko increases the share of requests that
counterparts include idempotency, deduplicatearlier validation/caching [5].

Targeted capacity increment&dding service capacity at the active bottleneck yields the highes
mar gi nal gain; the model provides a per chann
next.

Cons ens u sagirmwdeceertralised deploymentsJollocate compute with state to cut
cross site messages and minimise the set of 1
both throughput and confirmation latency [11].

Each lever admits compactrulbsac ked by the product form s
above, and was validated in the case study.

Extended architecture notation and standardisation.To compare centralised and decentralised
designs consistently, we enrich commdrBED taxonomies (@alability, security, decentralisation) [14]
by decoupling protocol from infrastructure security, encoding the number of independent failure doma
and recording the consensus style and quorum rule where applicable. We propose the tuple:

dProtSec, InfraBc, FDomains, Consensus, Quorum, DataPlane, Control@lane

bound to measurable KPls (sustainable thro
that qualitative labels map to operational targets. This notation sits comfortably estahlished
architecture description practice and hel ps
processes and repositories [12], [13]. It also supports standardisation of architectural patietimg),
proportional splitting, feedback cont, and staged consensuas reusable, testable building blocks with
guantified performance envelopes.

Conclusions. We presented a unified treatment of centralised and decentralised distribut
systems by modelling technology workflows and corporate ortvarchitectures as open Jackson
networks with produeform stationary behaviour. This lens yields operationally meaningful throughpu
ceilings, makes latency/availability tradés explicit, and turns common architectural movésedback
reduction, prportional flow splitting, server pooling, and targeted capacity increments at bottlenecks
into auditable, closetbrm levers. We further introduced an extended architecture notation that separa
protocol from infrastructure security, encodes indepenf#nre domains and consensus type, and binds
qualitative labels to measurable KPIs. The result is a reproducible, stafidaet pathway from
architectural intent to performance outcomes: it supports both gintdeon tuning and mukobjective
(Pareto) analysis, integrates naturally with enterprise architecture practice, and provides concise rule
thumb that can be applied without heavy simulation. In short, the approach closes the gap betv
architectural description and capacity planninderirfig actionable guidance for designing and operating
resilient, efficient distributed systems.
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UDK 004.75:519.872:004.056.55
A QUEUEING-DRIVEN CONTROLLER FOR MEMPOOL, BLOCK FULLNESS AND TAIL
LATENCY
Khoshaba O, Bystryk M. (pzmag2022@gmail.com)
Vinnitsia National Technical University (Ukraine)

Annotation. Permissioned blockchain platforms with Byzasfan#-tolerant consensus
increasingly host latenegensitive workloads. Yet their performance is governed by coupledpoanst
subsystems: the transaction mempool, batch (block) formationlemuttrbased finality. We design,
model and evaluate a queueidgven controller that uses latency quantiles and block utilisation as
servicelevel indicators to steer both mempool policy and bifacknation cadence. The modelling view
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abstracts the mempb and block builder as a finitbuffer batchservice queue calibrated from node
telemetry. At the same time, the controller manipulates safe |8veime-bounded adjustments of the
block period and conservative changes to admission/eviction in the medngp@rded by errobudget
logic and consensus constraints. On a Hyperledger Besu IBFT/QBFT testbed we observe that, ul
trace-driven bursts, p99 timt-inclusion halves from 3.8 s to 1.9-8@%) and p95 drops from 2.4 s to
1.6 s (33%); average blockitilisation rises from 82% to 92% while its coefficient of variation halves;
sustainable throughput g2 0. 9 i mproves from 270 to 305 TP
mempool drairtime after a burst shrinks from 18 s to 7 s; and IBFT/QBFT rechahges fall from 38 to
11 per 10k bl ocks. Th e280eCPYavarhea aral negligibleetia &RCetrdfficw
The results align with queueirtbeoretic expectations for finHeuffer batch service and demonstrate a
practical path to SL&entred control in permissioned chains.

Keywords: queueingased control; Hyperledger Besu; IBFT/QBFT; tail latency; serieses|
objectives; mempool; block utilisation.

Problem and modelling stance.Latency in permissioned blockchains is dominated by two
coupkd phases: time spent waiting in the mempool and time to the next successful batch commit. BL
arrivals, leader variability and bounded blocks induce heéalgd delays that make p95/p99 targets
fragile [2]. We consider a realistic operating envelapevhich the gas limit per block and the block
period define the instantaneous service capacity; the mempool enforces admission and eviction; an
consensus layer occasionally triggers reohdnges, which transiently reduce effective service. To
reasonabout this system without resorting to protespécific minutiae, we adopt a finiteuffer batch
service abstraction whose parameters are calibrated from node telemetry: arrival processes
transaction submission traces; bastre distribution from gaaccounted inclusion; service cadence from
block timestamps; and disturbance processes from observed-gbange events. This stance follows
classical queueing for computer systems [1] while respecting blockchain particularities sucHLa8SEIP
style fee pressure [4] and IBF3tyle leader rotation [3], [5]. The modelling objective is not clefeeoh
analysis but identifiability of contrakelevant sensitivities: how tail latencies and blotksation
variability respond to small, safe changes in blpekod and mempool policy, and how these responses
shift as load approaches capacity.

Controller design and safety guards.The controller treats uséacing SLOs as firstlass: for
example, we aim for p99time-i ncl usi on 02. 5 s oaemuhutd windoiwg bretichimg f
the SLO to an error budget. Tel emetry -RPC (eg.a m
txpool_besuStatistics) provides slidiagndow estimates of p50/p95/p99 inclusion latencies, average an
variance of block utiligtion, mempool depth, drop/TTL rates and consensus health {changes) [3],

[6]. Actions are deliberately conservative. First, a cadence governor proposes smailasiggs to the
block period within policy bounds, smoothing transitions and avoidiegdlaifons in leader schedules;
such changes trade higher batch frequency for lower queueing delay when bursts threaten the SLC
remain bounded to preserve safety margins in consensus processing. Second, a pool governor t\
admission and evictionemporarily raising the minimum effective fee, tightening TTL or prioritising
transactions that improve packing efficiency. Both mechanisms are wrapped in guards: they res
consensus invariants, rdimit reconfiguration and default to safe settings @mohissing telemetry. The
two levers are synergistic: cadence reduces waiting time; pool policy improves packing and damg
variance; together they cut tails without destabilising throughput.

Experimental setting and methodologyWe evaluate on a Besu n&trk with seven validators
(IBFT 2.0 / QBFT), a baseline block period of 2s, and a gas limit of ~15 M. Clients submit a stationz
background of simple transfers interleaved with trdiieen Paretdike bursts 351 above ba
for 2i 5s. Windows for &I computation are one minute (SLO control) and fifteen minutes (stability), with
additional roltups per 10k blocks for consensus metrics. Baseline runs fix the period and use the def
mempool policy, while controlled runs enable both governors wip sizes and bounds pretted for
deployment. All measurements are gathered from the RPC and metrics endpoints with identical samy
configurations across conditions [3], [6]. We report medians with interquartile ranges for-simtady
metrics and emgsise p95/p99 quantiles for tails, as recommended foipeseeived latency [2]. Where
appropriate, we corroborate improvements by showing that mempool peaks shrink and drain faster af
burst, and that the frequency of rouctthnges decreases, indingtgentler load on the consensus path.

Results.Under the bursty profiles, the controller halves tail latency: p99 inclusion falls from 3.8
to 1.9 s {560%) and p95 drops from 2.4 s to 1.6-3300), shrinking the share of on@nute windows
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breaching the2.5 s p99 target from 18% to 3%. Average block utilisation increases from 82% to 92
while its coefficient of variation halves, indicating steadier packing; the fraction ofengatly blocks
(<30% gas) falls from 7% to 1.5%. At a utilisation ratio aroOrftlof the empirical capacity, sustainable

t hroughput rises from 270 to 305 TPS without
capacity) the controller holds a 300 TPS tarc
Transient re i | i ence i mproves: t he mempool 0s peak
transactions, and the draime to background shrinks from 18s to 7s; Tdased drops decline from
4.2% to 1.3%, reflecting healthier flow. Consensus stability benefits asraugtid changes reduce from
38 to 11 per 10k blocks, and the dispersion of block utilisation across validators narrows (e.g., a (
measure dropping from 0.17 to 0.08), suggesting a fairer proposer workload. Control overheads rer
negl i gi b2heCRJaand <®.5% extra RPC traffic, with no adverse effects on finality or
reorganisation rates. An ablation study clarifies mechanism complementarity: enabling only the p
governor improves p99 by ~22%, while enabling only the cadence governor improves28dy In
comparison, both together reach ~56%a nonradditive gain consistent with reduced variability feeding
a faster cadence. These effects are reproducible across IBFT and QBFT variants and align with- queu
theoretic expectations for finHeuffer batch service under bursty arrivals [1], [2], [5].

Discussion, threats to validity and implications.The findings are most directly applicable to
permissioned networks where block cadence and mempool policy are configurable and where operat
SLOs jusify modest, welguarded adaptivity. Extrapolation to public, f@ectioned chains requires care:
EIP-1559style dynamics interact with admission rules through {@seadjustment and priority tips,
potentially altering t[A.eOurdorsttraces are reprefentativeefeestergride
workloads but may not capture adversarial patterns; nevertheless, the reduction iohanges and in
nearempty blocks indicates that the controller reduces stress on consensus and improves pac
efficiency in ways that should generalise. Importantly, the controller respects protocol safety by bounc
changes, ratémiting reconfiguration and failing safe on telemetry gaps. From an engineerin
perspective, the approach encourages operatorsamoeflobjectives in terms of quantiles and error
budgets, moving beyond averages and peak TPS. From a modelling perspective, the results show
lightweight, telemetrycalibrated queueing abstraction is sufficient to identify effective levers withou
invasive protocol modification. Finally, the small resource footprint and compatibility with stock Bes
suggest an attractive cobenefit tradeoff for deployments that must sustain dafency SLOs.

Conclusions.We presented a queuetdgven controller tht couples mempool policy and block
cadence to achieve Sk€entred improvements in latency and stability on a Besu IBFT/QBFT network
Without changing consensus rules, the controller halves p9%tahmnelusion, raises and steadies block
utilisation, inceases sustainable throughput near capacity and reducesctamges, all while imposing
minimal overhead. The results substantiate the value of queaeig control in permissioned chains
and open a path to principled, lavgk adaptivity for latencygensitive applications. Future work includes
integrating feeaware admission under EIFB559 economics, extending to smeontract heavy workloads
and exploring formal guarantees for stability under wider perturbations.
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UDC 004.9
CLUSTERING -BASED INTELLECTUAL ANALYSIS OF SMART CONTRACT DATA IN
BLOCKCHAIN -ORIENTED SOCIAL NETWORKS
Tsudzenko Y.Y.(yura9989@gmail.coin
Ivan Franko National University of Lviv (Ukraine)

This paper analyses the application of intelligent data analysis methods to transaction data
blockchainoriented social networks, identifies, studies, and reveals how different clustering algorithr
influence the detection of behavioral patterns and@trehships among users. The paper considers the
structure and characteristics of smart contract data, assesses the effectiveness of various cluste
methods for grouping users, and identifies the most suitable approaches for accurately classify
transection patterns.

Modern social networks generate a large amount of transactional data that can be tracked and s
in a blockchain database through smart contracts. Effective analysis of such data requires the u:
mining techniques to identifgatterns, cluster users, and predict behavioral patterns. The main problem
to determine the most suitable analysis methods that allow you to correctly process the structure
features of smart contract data in social networks and ensure the acauta®fiability of the results
obtained.

This study compares various methods of data mining, as in the paper [1], in particular cluster
algorithms, to determine their effectiveness in identifying patterns and behavioral patterns of users.
main task $ to choose the most suitable method for clustering smart contracts, according to [2]
transactions, which ensures the accuracy of analysis, allows you to identify key relationships in the c
and supports informed decisiomaking based on blockchadtata.

To compare data mining methods, several clustering methods are used based on collected data
social media based on donation transactions and behavioral metrics in order to highlight typical groug
donors (regular donors, large patrons,-tmee payers, NFT collectors).

The paper considers three main approacKesieans clustering which effectively divides users
into a predetermined number of clusters according to the quantitative characteristics of transactions,
as the number of donatisnthe total amount and frequency of activiterarchical clustering, which
allows you to build a dendrogram and identify the hierarchical structure of users, which is useful
analyzing donor subgroups; amBSCAN (Density-Based Spatial Clustering ofApplications with
Noise),which distinguishes user groups by transaction density and allows you to identify atypical, as
the article [3], or rare patterns, such as largetone donations.

Based on user parameters such as donation frequéregué€ncy, total amount tbtal _amouny,
average amounayg_amount and NFT activity fft_activity), users were divided into groups [4].
K-means [5]effectively divided users into four clusters reflecting typical donor patterns: regular donor
large patrons, oreme payers, and NFT collectors. This method is aseited for identifying clusters
with clear differences in transaction quantities.

Hierarchical clustering has made it possible to construct a dendrogram and identify the hierarchic
structure of groupswhich is useful for analyzing donor subgroups and further dividing large clusters int
smaller subclasses.

DBSCAN identified user groups by transaction density, which made it possible to detect atypic
patterns, including users with large aetmae donaibns or activity in NFTs. At the same time, users who
are not part of dense groups are marked as ndise (
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Comparison of clustering methods: KMeans, DBSCAN, Hierarchical

KMeans (k=4) — PCA projection DBSCAN — PCA projection (noise = -1) Hierarchical clustering dendrogram (Ward)
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Fig.1. Displaying clustering methods when investigating transaction activity

The visualization shows that each method has its own advantagesans provides simple and
interpreted separation by quantitative indicators, Hierarchical allows you to see the hierarchy of gro
and DBSCAN highlights anomalous or rare transactions that may be important for additional analysis
donor behavior. Sica combined application of data mining techniques allows for a deeper and mc
accurate understanding of the structure of users and their behavioral patterns in social networks bas:
blockchain transactions.

Tabl.1. Division of transactions into usdonation groups

User MmOt OC Isj t¢ K-means Cluster Hierarchical DBSCAN Cluster
group f OtcOd3] Is te Cluster
Regular Medium/High Cluster with| Subcluster in a larg| Dense cluster by
Frequency, Mediun| average frequenc cluster of activg transaction
total amount and sum donors frequency
Great High total_amount' | A detached cluste Subcluster on th¢ Dense isolate(
patrons avg_amount, low with a high sum periphery of a larg¢ cluster by
frequency cluster transaction amount
Onetime Low frequency, Low frequency] Small subclasses d Usually noise or 4§
payers differenttotal_amount | cluster the periphery separate sma
cluster
NFT nft_activity = 1,| Cluster behing The subcluster i{ Dense cluster o
collectors | medium/low frequency NFT transactions | allocated separately | NFT transactions

From Table 1. we can see that themi€ansclustering method groups users by distance in the
multidimensional space of transaction parameters, and inHikearchical clustering method,
subclasses are allocated within a large clusteactiffe donors or separate groups for rare transactions
Then, when thdDBSCAN methodthe density of the points determines the clusters; rare dmune
donations may be considered noise, and NFT groups or large patrons are singled out separately.

For datacollection and processing, JavaScript programming languages, namely the Node.js libre
were used, andcikit-learn andSciPy libraries were used to implement clustering algorithms, providing
a wide range of machine learning and cluster analysis metkilslization of the results was carried
out usingthe Matplotlib and Seaborn libraries, which made it possible to graphically display the
structure of clusters, relationships between users, and anomalous transactions. To integrate wit
blockchain enwionment, APIs of platforms that support access to smart contracts were used, provid
automated data collection and aggregation for further analysis.

Thus, the analysis confirmed the feasibility of using clustering methods for intelligent processing
transactional data in blockchammiented social networks. The application of tkemeans algorithm

made it possible to clearly distinguish four key types of donors: regular users with stable contributic
large patrons with high transaction amounts,-torme payers, as well as active NFT collectors. This
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indicates a high suitability method for identifying typical behavior patterns based on quantitati
characteristics.

The useof hierarchical clustering made it possible to study the internal structure d¢écsed
groups in depth, in particular, to identify subclasses among large donors and build a dendrogran
relationships. This approach is valuable in cases where it is necessary not only to identify the n
categories of users, but also to carry out #ifauvel analysis to detail behavioral subgroups.

The DBSCAN algorithm has demonstrated effectiveness in detecting atypical transaction patterr
including users with large ortane donations or specific activity in NFTs. This allows for the automatic
idertification of anomalous users and the identification of potentially significant exceptions that do r
fall within the boundaries of standard clusters.

Therefore, the results of the study confirm that the combined applicationnoéals, hierarchical
clustering, and DBSCAN provides a comprehensive analysis of smart contract data. This approach all
both to identify typical user groups and to identify rare or anomalous transaction scenarios. The prac
value of the results obtained lies in the posgibiif using clustering to build personalized strategies for
interacting with users, increase the efficiency of donation monitoring, and develop tools for predicti
behavior in blockchahoriented social networks.
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ARCHITECTURE OF A VI DEO SURVEILLANCE SYSTEM BASED ON EDGE COMPUTING
FOR REAL-TIME OBJECT MOTION D ETECTION TASKS
Bahatskyi Oleksii (bagatskyy.o.v@gmail.com)
V.M. Glushkov Institute of Cybernetics
of the National Academy of Sciences, Ukraine

The aim of this work is to analyze the advantages provided when usingpasgearchitecture in
video surveillance systems that have the ability to detect object movement in real time. This kin
systemscanel ace fAordinaryo video systems and gain
analyzing video data and saving the results of it.

At present, there are many Astandardo vid
hierarchical structurevideo cameras that use data transmission channels to transmit a video stream
server, where the received information is analyzed and stored. The architecture of this kind of a syste
simpleivi deo cameras (or fdend n ate dasadn)realdime, them ¢ransni n
some data to a single master node that can process this data and store the result in an auxiliary no

further analysis. The problem with such a #fAst
tranderred in real time for processing in the main node, which leads to an increase in the load on the
transmission channels. An alternative is to b

The fAbeadsgeed 0 Vvi deo sysfteerme nclels hvaida afi sfteawn dparred ¢
in general, divided into two parts. There can be even more than five key differences above (like ec
automation some scenarios with data or enhancing the privacy for data conversion results) but it sh
be noted, that these systems are particularly good in scenarios where speed, security, and indepe
decisionmaking are critical.

The first part can be named fAUsage benefit
faster ver apreachimg Tha maingmrefdrénces of this part are:

1) Minimization of data bandwidth. With eddmsed systems, data can be processed locally
reducing the need to send all raw video elsewhere. Thus, the data can proceed not only on main
serverbubn fiedge peerso (or hardware inside camer
frames.

2) Processing data inreeli me on HfAedgeo -bdaesve dcoe sc a miehrea A
like data normalization, transformation, and video compressionh@tdware and software of the edge
nodes of the system must support the ability to carry out some simple initial processing of the vi
stream at a speed not less than the speed of frame change in the camera (usually it is not slower tha
of a second)

3) Security data. Sometimes video surveillance systems may collect sensitive content,
thus, processing video locallyedgea s ed systems hel p ensure that
stored on main servers, which minimize the risk of gnadplllata and improving privacy, especially in
applications like public safety or healthcare. The end node of the system must be able to encrypt
decrypt data for further transmission to the main node or to their local storage; the data transfer prot
must be secure.

The other part can be named as Al mpl ement at
system, namely:
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4) Scalability. The new cameras may need to be provisioned connect to network dynamice
and the network must be able to deEnpeak loads without compromising performance. The-edged
systems can distribute the processing load across multiple devices, making it easier to scale and m:
without additional main servers or high use network bandwidth.

5) Reliability. Edgebasd systems often organize each camera or local node to opera
independent| vy, ensuring continuous Vvideo moni
or server downtime.

These Al mplementation benef it standadiaed halware mndo
software solutions for data transmission and storage processing.

So, taking into account the abereentioned features of the edge video system, there is a possibilit
of adapting the hardware and software at the end nodes talselpeoblem of motion detection.

Methods for solving the problem of detecting motion in a video sequence use abfrfirame
comparison method to determine changes in successive frames and, thus, "detect” the motion.
simplest option for comparing tw@r more) frames is the operation of subtracting the vabhiigbe
corresponding pixels in adjacent frames to detect either object motion (the camera is not moving) or
motion of the object on which the camera is located.

The advantages of this appah are speed, which, in turn, can be increased by using parallel da
processing using the hardware capabilities of not only the CPU but also the GPU (for example, u:
NVidia CUDA technology [2]) and combining input with data processing.

As experimentfiave shown [3], such a task can be solved in real time at the end node using ch
so-called microcomputers (microPCs), which (for example [4], [5]) as the main computing unit usual
have a Systeron-Chip of four hardware ARM cores with a clock frequentyach core of about 1 GHz
and the amount of RAM from 512 MB to 4 GB. Some of these microPCs even have the ability to perfc
tracking tasks on a moving object using GPU computation [6]. The vast majority of such devices
Linux-based operating systemghich opens up great opportunities for creating, adding and modifyinc
existing programs for processing video information; a few OS (such as Ubuntu ) even officially supp
specific microPCs. It is also important to note that such an OS allows the adargé number of free
tools for analyzing and processing video sequences (for example, the open source OpenCV library
which allows you to quickly create the necessary processing program or modify an existing one.

In addition, the hardware and softwacapabilities of microPC allow you to significantly reduce the
amount of information by transmitting only the sequence of frames in which movement was detectec
protected channels, and the official support of the OS leads to the elimination of dstmieity
problems.

To convert a standard end node into a node that can be used in an edge video system, yot
connect either a -gmo fctrwdrCe oad ap tichraragvairweal ent |
which will allow you to process videdata in real time and transmit only the necessary information. In
addition, connecting such an adapter allows you to use different cameras, unifying the transmi
information directly on the adapters and thus unifying the communication channels tarthredea
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INTELLIGENT APPROACHES TO SECURE CODING IN RUST: A STATE-OF-THE -
ART REVIEW
Erik -Nazir Daut (255268 @astanait.edu.kz)
Astana IT University, School of Intelligent Systems (Kazakhstan)

Abstract. Reviewing intelligent approaches to secure coding in Rust, as conducted in this pap
enables the software engineering community to improve memory safety, guide the developmer
advanced Abased tools, improve vulnerability detection, and acceleda¢eadoption of safe coding
practices in Rust development.

Introduction. Ru s t i's currently seen as the most
intoworldc | ass projects I|ike the Linux kernel .t T
separation of Asafeo and unsaf e code. Al l ¢

Superpower so [ 8] . Th e snsafefodeucoweark with vumerabibibprene uffers,s e
pointers and concurrency.

Problem statement.The main prblem addressed in this paper is that manyweald scenarios
of using Rust require the necessary but dangerous ugesafecode. This problem is aggravated by
developers' unfamiliarity with safe coding practices, the flaws of Al tools that leadlrterable code
generation, and the limitations of existing analysis tools in this new paradigm, leading to possi
underreported and undetected vulnerabilitRgst did not, and never intended to, prevent all memory
related vulnerabilities. Developersagnchoose to write unsafe code in cases where the same is possible
safe code. This may happen due to lack of experience in Rust or unawareness of better approache
coding tools can produce vulnerable code due to flawed andf-olate training datast s [ 6] .
unsafecode separation introduces new challenging tasks for traditional static analysis tools. Beside fix
vulnerable unsafe code in Rust with safesafecode, somensafec o de can be r espfé ac
code [4][5].

Analysis of current research. The current research on Rust has multiple focuses:

Safety requirements classificatioAs Rust is a relatively new language, existing research has
collected less than 500 disclosed vulnerabilities in egmence projects [3][9]. The mosbmmon types
of vulnerabilities were found to be fimemory a
et al. hypothesize [2] that some types of vulnerabilities may be severely underrepresented amn
disclosed vulnerabilities due to the limitais of current analysis tools. Dong et al. argue that the five
Asuperpower so of Uns af-world®eesatios im whchrisades Usad [4.dThus, r ¢
they propose an additional classification of 9 scenarios of necessary usage of UnsafiecRdsig
Anemxclusive mutabilityo, Nfdel ayed initializat
requirements for the safe usage of unsafe functions of the standard library. These were organized
ASafety Pr oper tagaheraecyrrind safetyhrequirengents faupd irt the standard libran
documentati on. Li et al . have proposed [ 1]
improvement of this classification is that eamdntracti ncl udes mul ti phe o GU3
define conditions under which the contract can be satisfied.

Unsafe code replacemenfultiple attempts have been made to develop solutions to prever
unnecessary use ohsafecode. Dong et al., based on their classification of 9 scenafioscessary
Unsafe Rust, identified 5 scenarios where Unsafe Rust is fully or conditionally replaceable with Safe F
[4]. They trainedaBER-based model ASaf eNeto on al most 50
resulting model was reported to perfomuch better than the general purpose GmI[4]. Jiang et al.
base their study on the 5 scenar i dsatohfe or eapsl aacr
framework for minimizingunsafec ode t hrough code repl ak ¥nlikent
SafeNet, Thetdathe uses a nemachinelearning, patterased algorithm with prdefined replacement
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rules.

Unsafe code encapsulatioh. i et al . p r cs@afe eneapsylation of aunsédfeecalls
(EUC) o. Thi s ter m thatplaece necessany safeguarls before intérnalty executin
unsafecode in order to comply with safety requirements. In scenarios winsedecode that cannot be
replaced with safe code, Thetiéghe can also suggest EUCs [5]. Jiang et al. propose twiodsebf
encapsul ati on: (a) Alifetime supporto that ai
moved or freed; ( b) Afassertionod that perfor m:
Unfortunately, the lifetime support med [5] was not sufficiently clarified or given examples of,
prompting further research.

Li et al. developSafe4U[ 1] , a system designed to ident
identify MAcontractso descri bed iiom (for standatdilibrary c
functions) . For each i1identified contract, Sa

otherwise, the EUC is deemed unsound [1]. Safe4U is based on prompt engineering an LLM [1]
operates in multiple steps of @enposing the contracts and checking them for guarantee patterns. TF
allows Safe4U to significantly outperform plain LLM and AdoM methods [1].

Vulnerabilities of safe Rustassnain and Stanford discuss 5 potential attack vectors that ceé
corrupt an ppl i cati onds me mory and e X e c-ike esystema llike c i
GNU/Linux and FreeBSD generally allow every program to access its own raw memory via ordinary A
by accessing theroc virtual file system, along with other data provided hyVithile developers are
unlikely to unintentionally useroc to bypass safe Rust, they may be unaware of the danger of allowin
untrusted users to access arbitrary files. Similarly, gempenrglose API allows executing binary files by
spawning new processgs9 | . The fAattack patternso, i ncl ui
detectable by existing analysis tool s, excep
exploited [9]. A significant number of vulnerabilities are caused by these atittekns [9].

Vectors of future research.The main weaknesses of Safe4d4U
comments for identifying contracts, and I mpe
study by Hassnain and Stanford prompt researctvays of addressing the attack patternsafe Rust
identified by them [-tGnedverSom bf BRI {4p Iscoulddelrebased os newer
smaltsized LLMs. Modern LLMs support Chaof-T hought , and it may
performanceas CoT was successfully used by Li et al. in Safe4U [1]. Frahe could possibly benefit
from incorporating an LLM in its approach.

Conclusion. SafeNet, Safe4U and other projects show that the scientific community is attemptil
to devise and experimentith novel intelligent approaches to secure coding in Rust. As a younq
programming language, Rust seems to be acquiring its own ecosystem of analysis tools. The qualit
i mprovement of the emerging tool s ofthe bourtddriesofe
safeRust and clearly defined powersiwofsafeRust.
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LIGHTWEIGHT ENTERPRISE AND SECURITY APPROACH TO SUPPORT INTEGRITY
AND EXTENSIBILITY IN INFO SEC
Hasilin D.L., Zhuravel I.M .(dmytro.l.hasilin@Ipnu.ua, ihor.m.zhuravel@Ipnu.ua)
ALviv Polytechnicd Nati

Small projects struggle to implement heavyweight security frameworks like SABSA, especi
during rapid growthresulting in significant security gaps. These frameworks are arifaaty and lack
clear tailoring guidance for rapidly changing environments. This paper proposes a lightweigh
extensible method based on a retrospective analysis of past implemeniatadyrsamic projects. We
introduce a fowrstep lifecycle (Prepare, Plan, Design, Implement, Validate) that extends the SAB.
framework, ensuring all security layers are integrated concisely from the start. This approach closes
gap between flexibility ahcompleteness, designing a process that allows teams to implement secul
integrations and respond to organizational volatility.

Introduction. In the modern landscape of information systems, applying multiple securit
standards and frameworks is a coexplbut required task for integration with software and data
architecture. Complexity is even higher if we consider a small team that needs to adopt these stand
and security integrity depends on them. Adding to the equation, organizational growthodndt p
scaling worsen the situation. This exposes the system to security vulnerabilities or limits its scalability.

An obvious solution to ensuring security across the entire system is to use specialized framewc
This could help unify the structure aimdegrate all required standards and security considerations. One
the most popular solutions for this is to use SABSA[1] as it provides a structured methodology to ens
that an organization's security infrastructure is -effgctive, manages risk, dndirectly enables its
business goals. The implementers agree that it follows a quite reasonable lifecycle. It could
characterized as one that follows common sense and the best practices of agile techniques. It consi
the following steps: Plan, Digm, Implement, Test. On the other hand, SABSA defines a comprehensiy
list of layers of security rules and definitions. The list of artifacts to implement it is very detailed, which
reasonable for a big project.

Regarding the process steps, to ensuegrity and coverage of all phases, even for a small project
it is advised to use finggrained steps. An example of such a detailed flow is the TOGAF [2] framewor
described in Figure 1. It ensures that planning is done and achievable, thus meagabbére set. The
next i mportant step is to allocate time for i
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Preliminary

A.
Architecture

Vision
H. B
Architecture i3
Change Business
Management Architecture
Requirements Information

Implementation

Management Systems
Governance ecluras
D.
Technology
Architecture
E.
Opportunities

and
Solutions

F.
Migration
Planning

Figure 1. TOGAF lifecycle [2]

Problem Statement.A proper strategic approach often requires integrating both instruments [3
This is somewhat hard to achieve ansmall scale. Because of their enterprise nature, TOGAF an
SABSA are very detailed and require a reasonably high number of artifacts involved. Both framewao
are designed to be cooperative. Both declare that details are not strictly defined, andfé@rable to
fine-tune each step to each project's needs. That is observed to be correct while the project an
organizational structure are stable. But even then, there are no precise guides on how to tailor {
properly and keep high cohesion andeesibility, in case required in the future. During organizational
changes, project growth, or rapid team scaling up, it's not the case. A high amount of volatility preven
consistent rate and completeness of all steps due to a lack of understantimgeofuired steps. Many
recent studies, for example, those by Kauspadiene [4], are improving the detail level but are even r
increasing overall complexity. The new method aims to help keep this complexity at a manageable |
and allow extension.

Plan

‘ set Goals & Scope ]

Design
1. Requirements & Volatility
2. Data
3. Technology

Implement
Define where we are

and move step by
step

Validate
Integration testing &
Standards check lists

Figure 2. Proposed process

Proposed methodWe suggest a method to initialize such integration of multiple frameworks, suc
as discussed above, but not limited to. One reason to avoid TOGAF specifically is the fact that it is hig
proprietary, but the sae objectives could be achieved by adopting this or a similar framework. Ot
design is based on the number of attempts to integrate such heavy but complete frameworks into ¢
and mediurrsized projects. Retrospectively, we evaluated the biggest issuégsg dinitial
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implementation, but with a focus on the subsequent issues that occurred during rapid growth. We
more value in not overcomplicating the integration process in the beginning, at the same time leaving
required room for extension.

To remwe dependency on TOGAF, we defined an extended list of steps based on the SAB
lifecycle described in Figure 2. Its goal is to improve efficiency and cover all required design decisio
Let's review the process step by step, reviewing artifacts thaearked at that stage. And review where
the integration points for SABSA layers are located:

0. Prepare. Definingrchitecture principlesdescribing the main project approachgle Stakeholder
Map explains roles, responsibilities, and concerns.
1. Plan. CoverssoalsandUse case definitiondJse case diagrams are recommended. It is important tc
ensure goal traceability and verifiability. Corresponds to Strategy and planning in SAR®ArS
Contextual security architecture definition.
2. Design. Inclués design activity for:
a. A Requirements matriss recommended unless there is a reason not to include BRKGN flow
which is often a result of Event Storming.
b. Data architecture diagran(Often C4 at the beginning)
c. Application architecture diagran{Often C4 at the beginning)

Contains Conceptual, Logic, and Physical architecture layers definitions.
3. Implement. This phase defines the starting situation and calculatdsothde dependency tree
find the optimal critical path. Based on that roadnsapambined. All significant decisions are recorded
using ADRs. Before the implementation of each module, Component security and overall Operatic
security (sometimes divided by subsystems) layers should be covered in detalil.
4. Validate. Arguably, the mosmportant phase is during which analysis is made to detect met an
unmet requirements. Before that, the team should validate that the result conforms to each security
other industry standards. Based on tBaicklogis modified for the next Plan phase.

All SABSA layers should be covered step by step in separate artifacts, even if at the starting pc
many layers would be very concise. That does guarantee that under a lot of uncertainty, which is usi
present in times of fast growth or reorganizajithe team would be able to respond quickly.

Conclusion Presented a lightweight integration methodology of integration security standards a
frameworks to the evolutionary process flow using SABSA layers and improved lifecycle. Our prima
contribution is an approach that resolves the common conflict with heavyweight frameworks |
prioritizing simplicity and weHdefined steps engineered for future extensibility. The principal benefit o
this method is its capacity to ensure security integrity is rai@ied, even during high uncertainty and
volatility of dependencies. This model effectively provides guidance on starting points, integration poi
that are ready to adopt numerous security practices based on-knaweh security framework, and
removes common problems of heavy enterprise process approaches.

We could summarize that the main task is to split responsibility artifacts upfront to achie
flexibility and extensibility. It is dictated by the fact that a later split may not involve the origirtedpa
and therefore complicates the process, or even leads to misalignment of phases.

Acknowledgments The authors acknowledge that the enterprise architecture methodoloc
analyzed in this study is based solely on publicly available TOGAF materialgieo@pen Group. No
paid or proprietary TOGAF resources, training courses, or guides were consulted or used in preparing
work.
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METHODS AND GPU -BASED MEANS FOR ACCELERATED IMAGE ENCRYPTION USING
CHAOTIC CODING
Nechyporuk M.L., Luzhetskyi V.A., Maidanyuk V.P.,
Romanyuk O.N., Stakhov O.Ya.
(rom8591@gmail.com )
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Modern methods and tools for accelerated image encryption using chaotic codingrsidered.
The principles of constructing chaotic maps, algorithmic, hardware and parallel approaches -
increasing performance, as well as the possibilities of implementation on graphics procézBat3 for
processing images and video streams al tiene are analyzed.

Methods and tools for accelerated image encryptieh] [dsing chaotic coding are based on the
properties of deterministic chaos [1], in particular, sensitivity to initial conditions, ergodicity, an
topological mixing.The idea is to use chaotic mappings to quickly and uniformly mix the spatial an
luminance components of an image with the subsequent propagation of local changes throughout the
set. Early works showed how twdimensional mappings on a torus or squeae be discretized to
construct symmetric block ciphers, which are especially relevant for large arrays such as digital ima
Further development has given a generalization to 4threeme n s i otypa Mmapgingsatihad provide
efficient pixel permutatios and are combined with separate chaotic generators for substitution operatio
thereby creating tidef fcuaaisesnacatommpectmudmati ona
parallel with constructive schemes, research on cryptographic rolmigtassemerged, formalizing
requirements for the key space, robustness against statistical, known/opesesittacks, and outlining
typical weaknesses of unsuccessful implementations, in particular insufficient diffusion eordheghits
or interdependeare between the mixing and scattering stages. At the current stage, chaotic methods
considered not in isolation, but as the basis of hybrid solutions, where chaotic maps are combined wit
operations, frequency domain transformations, multilevel reeBe on bit planes, and hardware
acceleration. Review works of recent years systematize spatial, frequency, and spatiotemp
approaches, and also show a trend towards integration with machine learning and standardized proce
for assessing encryptioruality (entropy, neighboring pixel correlation, histogram analysis, differential
robustness indicators). In a practical sense, acceleration is achieved in three complementary ways
first way is algorithmic optimization: compact maps (logistic, tenhegalized mappings) are used to
generate long pseudorandom sequences with the possibility of parallel processing of blocks; permut:
at the index level is performed without copying data, with a preliminary layout of the traversal pa
diffusion is perbrmed at the bit plane level according to the chain principle to ensure the propagation ¢
local change in a pixel to the entire array in a minimum number of steps. The second way is hardv
acceleration: in field programmable matrices, chaotic sequgeneration pipelines and permutation
modules with fixed delays are built, which makes it possible to encode image streams in real time;
works demonstrate that hidgével synthesis foFPGAsallows implementing parallel block buffers and
achieving opemating frequencies sufficient to process a full frame within a few milliseconds. The thir
way is parallelism on GPUs: independent blocks or image tiles are encrypted by separate threads, cf
sequences are generated in registers of each core or meadbiéffers, and memory is organized
according to a cauthorship scheme of permutation and diffusion computation to reduce accesses
global memory; this approach scales well for streaming video and systems with many came
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Importantly, chaotic codingsisuitable not only for general images, but also for specialized domains, su
as medical images. The combination of thdegeensional mappings with diffusion schemes allows you to
build protection into telemedical channels without a significant increaséatency. In practical
implementations, they demonstrate frame rates comparable to classical block ciphers with lower hard
decoding complexity, which is important for peripheral devices. However, the correctness of the desig
critical: careless repduction of chaos in fixed precision, reuse of sequences, or dependence of init
conditions on lowentropy image parameters reduce robustness. The evaluation must be suppleme
with extrastatistical tests, simulation of known/cheseen attacks, anais of sensitivity to the key and
independence between the permutation and diffusion stages. Compared to classical universal cip
chaotic approaches have two practical advantages for visual data. First, they are naturally consistent
parallel proessing, since permutations and bit diffusion are easily decomposed into independ
subtasks, and this fits well with boBPGAsand GPUs. Second, they allow for fineing of the trade

off between mixing quality and resource consumption: from lightweggintfigurations for mobile
sensors to muklstep schemes for highly secure channels. Recent publications offer new chaotic m:
with improved mixing properties and demonstrate higher performance without losing security indicat
due to optimization of coputational cores and reduction of memory accesses. Promising developme
directions include standardized evaluation profiles for video streaming tasks, compatibility with hardw:
trusted environments, joint design with watermark hiding modules and amm@ssl mechanisms. The
formation of open test benches with common data sets and a complete protocol for measuring sy
latency, power consumption and stability remains a scientific and practical task. For applications on
periphery, energy efficiencig important: here lightweight maps with lindemgmentary operations and
bit diffusion on compressed representations are appropriate. For central nodes, the use of parallel
of computers with hardware pseutimdom sequence generators and bload/erite pipelines is
recommended. In both cases, rigorous methods for assessing security and proving the propertie
schemes, based not only on empirical indicators but also on the analysis of the attack structure, re
key. Thus, the use of chaotioding methods in accelerated image encryption providesmaiaged
parallelism, high adaptability to the hardware base, and a flexible balance between resources
cryptographic stability. The development of this direction moves from classicabitmensonal
mappings to multidimensional and hybrid schemes, from purely software implementations to optimi:
hardware accelerators, as well as open benchmarking protocols, which allows making informed decis
for specific application areas.

With the developrant of parallel computing, significant attention has been paid to the use ¢
graphics processing units GPUs) [2] for implementing chaotic image encryption schem@PUs
provide a large number of parallel computing cores, high memory bandwidth, anlefl¢éxiead
management models, which makes them patrticularly suitable for algorithms where it is possible to diy
the image into blocks or tiles and process each fragment independently. Parallel generation of chi
sequences oBPUsis performed indepeatently for each core, which allows the creation of large pseudo
random key streams. Research in 2024 showed that the implementa@Da@nprovides a significant
reduction in encryption time, allows parallel processingttef R, G , B channels, and acheve
performance compatible with retine requirements. After generating the key streams, permutation an
diffusion are performed in parallel by each stream, minimizing accesses to global memory, which ens
scalability when working with streaming video.

The main advantages tiie GPUapproach include a high degree of parallelism, adaptability to
specific system resources, and the ability to process-farget images in real time. Among the
limitations are the need to optimize memory access, prevesddidivergence, and control numerical
accuracy when implementing chaotic maps. A typ&BIlU encryption architecture consists of sequential
stages: initializing initial conditions, parallel generation of key sequences, performing permutatiol
performing dffusion, and recording the encrypted result. Practical studies confirm G
implementations can be' 2 times faster than classic@PU algorithms, providing encryption of large
images and video streams within a few milliseconds. A promising direcfiathevelopment is the
creation of hybrid systems based GRU + FPGA, the use ofGPU threads for mobile and peripheral
devices, and the integration of chaotic encryption schemes with machine learning modules for dyne
key generation in real time.
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The paper addresses approaches to asymmetric encryption aimed at enhancing data protec
within cloud environments. The relevance of the researsbbstantiated by the limitations of traditional
symmetric encryption algorithms, which fail to ensure a sufficient level of security inlsed web
systems. The study focuses on the mathematical foundations of the RSA algorithm, providing a det
examination of key generation mechanisms, as well as the encryption and decryption proces
Particular attention is given to factors affecting cryptographic robustness, including the computation
complexity of largenumber factorization and the optimiedy length required for secure communication.
The findings confirm the effectiveness and applicability of the RSA algorithm for maintaining de
confidentiality, integrity, and authenticity in modern cloud infrastructures.

Statement of the problem

The ative use of cloud services for data storage and processing is accompanied by incree
information security requirements. Transferring confidential data over a network makes it vulnerable
interception, substitution, or unauthorised access.

Traditional ymmetric encryption algorithms do not provide an adequate level of protection i
web cloud environments due to the need for a shared secret key. Asymmetric encryption, based on ¢
of public and private keys, enhances security during authenticatica,estahange, and user access
management.

At the same time, the implementation of asymmetric cryptographic methods in web cloi
platforms faces problems of performance, scalability, and compatibility with modern web protoco
Therefore, the research proiias to identify effective ways to implement asymmetric encryption in web
cloud systems to ensure data confidentiality and integrity without significant losses in performance :
ease of access.

Purpose of the Study
The contribution of this research isepenting an analysis of the RSA method from a
mathematical perspective and reviewing its use for the protection of data in web cloud. The repot
concerned about principles of key generation, encryption and decryption in RSA and involy
mathematical carepts connected with stability and computational cost.

Objectives
1. Consider the mathematical foundations of asymmetric encryption, in particular tr
principles of key pair operation.
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2. Analyse the RSA algorithm: key generation, encryption and decryptiom feo
mathematical point of view.

3. Identify factors affecting the stability of RSA and its cryptographic security.

4. Assess the computational complexity of the algorithm and the impact of key size ¢
encryption efficiency.

5. Summarise the results of the matladical analysis and draw conclusions about the

feasibility of using RSA in web cloud environments.

Significance of the Study

Information security has become very important as the cloud services are increasingly being L
for information storage and exchange. Puliky encryption, for example RSA, is one of the fundamental
methods used to secure such data. Analytical studyedREA makes possible a profound insight into its
working practices, evaluation of its cryptanalytic behaviour and influence on efficiency when deali
with key parameters.

The scientific value of the research lies in accumulation of theoretical knowdedgemation of
mechanisms to structure and function RSA, and its practical significance is that materials are subm
for development and selection of reliable cryptographic methods to protect data in web cloud platform:

Theoretical Background
The RSA scheme is a simple case of asymmetric encryption algorithm, and it relies on the pr
number properties and difficulty to factor large numidér<2]. |l tds based on wusi
public key to encrypt messages and the other private (secret) key to decrypith@ire key feature of
RSA is that knowledge of the public key does not allow the private key to be calculated without solvin
complex mathematicalrpblem- the factorisation of a large number.

1.1 RSA key generation

Key generation is a fundamental step in algorithm security and consists of several mathematic
sound stepkl]:

1. The selection of two large prime numbers, md &y, which must be independent and
sufficiently large to ensure cryptographic strength. The size of each number is typically hundreds
thousands of bits.

2. Calculation of the modulus:

€ nzn

The number n is the basic module for encryption and decryptsonalue determines the key size
and security of the system.

3. Calculation of Euler's function for n:

. € n pn p

The Euler function d(n) represents the qu:
construct a mathematical inverse encryption fundipd].

4. Selecting a public key e that satisfies thedition:

p Q « & AQOTr ¢ P

This ensures the mutual simplicity of e a
multiplicative inverse.
5. Calcul ation of the private key d, which

QtQk p G € Q¢
Thanks to this property, encryption and decryption operations are mutually inverse:
a ka ae@
This results in the following key pair:
1 Public key: (e, n)
1 Private key: (d, n)

1.2 Mathematical encryption procedure
The message M is converted into an integer
described by the formuld]:
© 6 Gé@
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where c is the encrypted message. Modular exponentiation ensures that elagefon, the
calculations remain limited to the number n.

1.3 Mathematical decryption procedure
Decryption is performed using a private &Y.
a ©aée

This process guarantees the recovery of the original messagestto Euler's theorem and the
properties of inverse numbers in modular arithm{etic

Mathematically, this follows from the fact that:

G kaaeq AT A ka aéq

Applying the Chinese remainder theorem aBowg to show that both relations are simultaneously

satisfied and guarantee the restoration of the initial m modiZp n

1.4 Cryptographic properties and robustness of RSA

1. Factoring complexity: Without knowledge of the primemhers p and q, it is practically
impossible to calculate the private key d for large valueq df 4.

2. Modular exponentiation: The main computational operation is modular exponentiatio
which is efficiently implemented by the fast exponentiation algorithm.

3. Key size: Modern systems use keys ranging from 2048 to 4096 bits, which makes factor
n impractical[3].

4. Mathematical guarantee: RSA security is based on proven properties of numbers ¢
Euler's theorem, rather than on the secddhe algorithni4].

Results

Security analysis of the RSA cryptosystem validates its suitability for secure data access in v
cloud. The message confidentiality, data integrity and authenticity are provided by the mathemat
structure of the algorithm based on factorization complexity of large numbers together with digi
signature to ensure all these three parametersh@utherhand, we note that the web cloud platforms
use modern hardware with a large number of multiglieviders and are able to efficiently execute
modular exponentiation. The use of a public key ensures secure data exchange between users withc
need for centralised management of secret keys, making RSA suitable for practical application in
cloud services.

Conclusion

It has been proved that the RSA algorithm is a suitable way to guarantee secure data in the
cloud. The cryptographic algorithm provides for the security of messages by way of confidentiali
integrity and authenticity without éhnecessity to exchange secret keys. Despite the heavy computatior
overhead, our current cloud stagis do allow RSA to be an effective solution for user authentication ant
data protection which is good enough for +eakld deployment over web cloudrsees.
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Annotation. This paper discusses the prospects for applying blockchain technologies in urk
passenger transport systems for collecting, verifying, and analyzing data on transport and passer
flows. The concept proposesng a decentralized transaction roster as a reliable source of statistical
data on trips, waiting times, passenger flows at stops, and the tracking of vehicle movement.
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The planning and development of urban transport systems require accurate data on the volun
traffic, passenger flows, and the efficiency of transport operations on routes. Traditional centrali:
databases often fail to ensure the necessary levalan$pgarency and consistency, especially when
services are provided by a mixed group of private and municipal operators.

The use of blockchain methods makes it possible to create a trusted environment of informa
exchange among operators, municipalitiesgd users, where each transaction is stored immutably an
validated by all participants in the system [2], [4].

One of the most promising directions is passenger flow analysis. The best option for collecting s
data would be to install specialized sangates at the entrances and exits of public transport vehicles
However, this approach needs additional financial costs and has a number of significant drawba
Therefore, a better solution is to collect data based on payment transactions, especaliy many
large Ukrainian cities payment terminals are the primary, if not the only, means of fare collection
municipal transport.

Il n an electronic ticketing system, eachiop
stopi timei vehic | eo [ 1] , [ 6] . Such data, collected ir
that can be used to:

1 assess route load and peak intervals;
1 forecast passenger flows by zones;
1 identify imbalances between demand and supply in transport services.

Blockchain ensures data integrity and security. Once written, data cannot be modified, eliminat
the risk of falsification or ticket forgery. For logistics and transport management departments, t
provides a reliable basis for decisioraking. From sabdule optimization to planning new routes [3], [4].

Another key application is the registration of vehicle movement events in the blockchai
Each bus or tram can act as a network node that records and signs its coordinates, arrival/departure
route delays, and passenger occupancy. Telemetry data are transmitted as blockchain transaction:
stored in a shared roster [4], [5].

Such records allow to:
monitor the actual execution of timetables;
automatically calculate average speeds, delays, and gvaities;
build maps of service regularity;
update data on municipal information dashboards.
The blockchain approach eliminates the need for a single central server and guarantees
integrity even when several service operators are involved [3].

Smartcontracts enable automated processing of statistical and financial data. For example, &
reaching a certain number of trips or exceeding capacity limits, a contract can automatically initi
compensation recalculations between operators or updafeteaificients.

Conclusions. Blockchain methods open a new level of analytics and digitalization in urbal
transport, ensuring trust, analytical accuracy, and management automatic
Collecting payment and telemetry data in a unified decentralized rostas ftive foundation for
evidencebased decisions in route planning, load balancing, and quality control of passenger servi
Future research should focus on modeling blockchain network loads during peak hours, optimizing
storage of large telemetry daéds, and developing forecasting algorithms for transport demand based
immutable blockchain records.
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