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ADAPTIVE CASE-BASED REASONING WITH PROBABILISTIC
INTEGRATION FOR THE DIAGNOSIS AND PROGNOSIS
OF THE TECHNICAL CONDITION OF COMPLEX SYSTEMS

Vychuzhanin V.V., Vychuzhanin A.V.

AJAIITUBHE NPENEJEHTHE MIPKYBAHHA 3 IMOBIPHICHOIO
IHTEI'PALICTIO 1JIA JIATHOCTUKHU TA ITPOT'HO3YBAHHA
TEXHIYHOI'O CTAHY CKJIAJHUX CUCTEM

Buuy:xanin B.B., Buuy:xkanin O.B.

This study introduces an advanced adaptive Case-Based
Reasoning (CBR) framework designed for real-time
diagnosis and prognosis of the technical condition of ship
power plants, achieved through the seamless integration
of Bayesian networks, Markov process modeling, and
cognitive simulation within a dynamically adaptive
environment. Traditional CBR approaches, while
effective at retrieving analogues from historical case
archives, often lack the capability to capture complex
stochastic dependencies among system components,
dynamic degradation patterns under varying operational
loads, and real-time contextual variations in sensor data.
To address these limitations, the proposed methodology
incorporates six integrated phases: data acquisition and
normalization, ensuring consistent standardization of
heterogeneous sensor readings and operational
parameters, probabilistic failure analysis utilizing
Bayesian networks to compute conditional failure
probabilities and adjust case relevance weights in light
of intercomponent dependencies; scenario-driven
forecasting based on discrete-time Markov process
models to simulate state transition dynamics and predict
degradation trajectories, decision adaptation and fusion,
which combines classical CBR retrieval outcomes,
probabilistic  inference results, and forecasted
degradation estimates via dynamically normalized
weighted coefficients (a, B, y) that reflect current risk
levels;, knowledge base maintenance through the
incorporation of newly acquired real cases and
synthetically generated cases from cognitive simulation,
thus enhancing retrieval accuracy and mitigating data
scarcity, and automated generation of preventive
maintenance recommendations aligned with predicted
remaining useful life. Validation experiments conducted

on a comprehensive dataset of more than 11000
historical and synthetic cases demonstrated a diagnostic
accuracy of 91 % compared to 79 % achieved by
traditional CBR, a 6.7 % reduction in false alarms, a 5—
7 % improvement in remaining useful life prediction
accuracy, and a 4.7 % decrease in forecast error
attributable to the cognitive simulation module, which
also improved rare-failure detection rates by 5.1 %.
These empirical results confirm the proposed system's
high reliability and robustness under fluctuating
operational loads and cascading failure scenarios, as
well as its seamless integration into onboard monitoring
architectures for optimized maintenance scheduling,
reduced unplanned downtime, and enhanced operational
safety of maritime power plants.

Keywords: probabilistic analysis, Bayesian networks,
Markov  processes, cognitive models, dynamic
adaptation, technical diagnostics, expert systems

Introduction. Modern technical condition
monitoring systems for complex systems,
particularly SPPs, face a number of challenges due
to increasing equipment complexity, the rapid
growth of operational data volumes, and the need
for failure prognosis over time [1]. Traditional CBR
methods, which focus primarily on retrieving
similar historical cases, are limited in their ability to
account for the stochastic nature of failure
development and the dynamic evolution of the TC
of CTSs. This limitation results in reduced
diagnostic accuracy under uncertainty and variable
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operational loads. Under variable loads and
complex  cascading  interactions  between
subsystems, this leads to lower diagnostic and
prognostic reliability and increases the risk of
incorrect decisions.

To enhance diagnostic performance, a
methodology for adapting CBR-based decisions has
been developed that integrates three key
components. Bayesian networks model
probabilistic dependencies between component
failures and account for cascading effects in fault
development. Markov processes forecast changes in
equipment condition over time by describing
probabilistic transitions between operational and
failed states. Simulation modeling dynamically
updates weighting coefficients in the CBR model
based on real operational data and synthesizes new
cases for underrepresented failure scenarios. The
joint use of these approaches enables more accurate
estimation of failure probabilities for critical SPP
components under current operating conditions,
correction of CBR-based decisions based on
predicted changes in technical condition, automatic
adaptation of the case base and real-time
reallocation of parameter importance, and
generation of substantiated preventive maintenance
recommendations to extend equipment life.

The need to develop adaptive CBR
mechanisms is confirmed by a review of recent
studies in the field. For instance, Nikpour and
Aamodt [2] proposed the integration of Bayesian
networks into CBR for diagnosing failures under
uncertainty, improving decision accuracy.
However, their approach relies on static network
structures and lacks dynamic adaptation to changing
operational parameters. Similar limitations are
noted in the work of [3], who applied the Shapley
Attitude Integral to account for attribute interactions
and expert preferences in case retrieval,
significantly improving search quality. However,
their method does not address the adaptation of
decisions based on probabilistic prognosis of
system state. Schultheis [4] presents a hybrid TCBR
approach combining CBR with transformers to
adapt time series in predictive maintenance tasks,
offering enhanced explainability. Nevertheless, the
proposed model depends on the presence of similar
time series in the database and lacks quantitative
uncertainty estimation of forecasts. In their review
of explainable CBR, Schoenborn et al. [5] outlined
key goals for decision explanation but noted
insufficient integration of explainability with
probabilistic methods for equipment longevity
prediction. Kumar et al. [6] considered inter-case
dependencies in process-oriented CBR, improving
retrieval accuracy, but did not address the temporal

evolution of cases or failure forecasting. Expanding
similarity measures, Malburg et al. [7] proposed
attribute weight correction when sensor data is
missing, enhancing retrieval robustness, but their
method does not implement dynamic adaptation of
decisions. Additionally, Gould et al. [8] proposed an
AA-CBR-P argumentation mechanism
incorporating user preferences in case comparison.
However, this method does not account for dynamic
changes in equipment condition or probabilistic
failure forecasting. In their review on Real-Time
Fault Diagnosis methods, Yan et al. [9] emphasized
the importance of applying CBR for online
diagnostics in industrial systems, while also
highlighting the insufficient development of case
adaptation mechanisms based on failure prognosis.
Thus, existing research addresses isolated aspects of
improving CBR quality, but in most cases does not
provide a comprehensive solution for dynamic
decision adaptation based on probabilistic
forecasting of equipment technical condition. This
underscores the relevance of the present study.

The aim of this paper is to develop and
experimentally validate an adaptive CBR
mechanism for diagnosing ship power plants. The
proposed approach integrates probabilistic failure
analysis using Bayesian networks, time-based
forecasting of component technical condition via
Markov processes, and dynamic updating of
parameter weighting through simulation modeling.
The implementation of the proposed approach will
improve diagnostic accuracy, take into account the
dynamic evolution of equipment condition, and
provide  effective  preventive  maintenance
recommendations for extending the service life of
ship power plants.

Results. Traditional CBR systems are based on
retrieving similar failures from a case base and
applying solutions derived from past operational
experience [1, 10]. However, this approach has a
number of significant limitations: neglect of
component condition dynamics (classical systems
do not account for the gradual degradation of
equipment under operational stress); lack of
consideration for external operational factors
affecting the probability of failure progression;
insufficient modeling of cascading failure effects,
where interrelated component failures lead to
systemic disruptions that are not reflected in
diagnostic decision-making.

Integrating CBR with probabilistic methods
and simulation modeling helps to overcome these
limitations through: refinement of component

condition assessments based on modeling
probabilistic dependencies between them (using
Bayesian networks); forecasting of failure
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progression over time using Markov process
models; and dynamic updating of the case base
through simulation of new scenarios and
incorporation of actual operational data.

Some key interdependencies between failures
of SPP components and their impact on system
functionality are presented in Table 1.

Table 1

Interdependencies of SPP Component Failures
and Their Impact on the System

. Dependent System
Equipment Elements Impact
Electrical Power
Generator .
network reduction
Pump Cooling system | Overheating
Engine Povx.ler. Loss of thrust
transmission

From the table, it follows that the failure of
individual equipment may initiate cascading
processes that critically affect the overall operability
of the SPP. For example, a generator power drop
disrupts power supply to consumers, while pump
failure leads to overheating of key systems.To
formalize the adaptive CBR decision correction
mechanism based on probabilistic analysis, we
introduce the basic dependencies.

Let: p; — the predicted probability of failure for
equipment i based on a Bayesian network; s; — the
initial similarity measure of the current case with the
i-th precedent; w; — the adaptive weight of the
precedent.

The adaptive weight of the precedent is defined
by the formula:

w; =5, (1—pp), (D

where the correction factor (1—p;) reduces the
precedent's weight with an increased failure risk,
thereby improving diagnostic robustness under
degrading conditions.

The forecast of equipment technical condition
over time is carried out using an exponential
degradation model of operability probability:

Pworking ) = Pworking 0)- e_/lt; 2

where: A — the failure rate of the component (a
parameter dependent on operational conditions and
equipment characteristics).

The final diagnostic decision Dpa is formed
based on the aggregation of classical CBR decision,
probabilistic analysis, and condition forecasting:

Dfinal =a Degr+ B+ DBayes + v Dsim,
3)
where o,f,y>0 are normalized weight coefficients
satisfying the condition a+f+y=1.

Thus, CBR decision adaptation includes
adjustment of initial conclusions based on
probabilistic equipment states, prediction of

technical condition changes, and case base updates
considering new operational data from complex
technical systems. This approach significantly
increases the accuracy of diagnostics and reliability
of SPP functioning under dynamic operating
conditions.

The adaptive CBR mechanism for SPP
diagnostics is implemented as an algorithm
consisting of six main stages: data collection and
preprocessing, failure probability correction,
simulation modeling, final diagnosis formation,
case base update, and maintenance recommendation
generation.

Input data:

array of operational parameters of the SPP:
X ={x1, x5 e, X}

CBR case base: {(Cj,sj)}?]:l, where s; is the

similarity measure of the case.

Output data: final diagnosis Dfnq;; updated
case base considering new cases and recalculated
weights.

CBR decision
following stages:

adaptation includes the

Stage 1. Data collection and preprocessing.

At this stage, the parameters of the SPP
equipment condition are collected and prepared for
further processing: reading of input parameters .X;
feature normalization (min—-max or Z-score) to
ensure comparability of wvalues and increase
computational stability;

Stage 2. Failure probability correction.

This stage accounts for operational factors and
probabilistic dependencies between failures:

for each component, the posterior probability
of failure is calculated using a Bayesian network:

p; = P(failure;|X);

the weights of the cases are corrected based on
probabilistic analysis (1), which improves the
relevance of similar case retrieval;

Stage 3. Simulation modeling.
To forecast the development of the technical
system, simulation modeling is applied: generation
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of K SPP operation scenarios; for each scenario,
simulation of component state evolution over time
using the Markov model (2); evaluation of dynamic
inference Dg;,,based on failure probabilities across
all scenarios;

Stage 4. Formation of the final diagnosis.

The final diagnostic decision is formed based
on the integration of various sources of information:
calculation of the base diagnosis D.gg using the
adjusted case weights wi; aggregation of CBR,
Bayesian analysis, and simulation modeling
inferences (3). The optimal solution is selected as
the adjusted diagnostic decision;

Stage 5. Case base update.

The system updates the knowledge base based
on new data and diagnostic results: addition of new
cases arising during operation; recalculation of
diagnostic accuracy metrics (Accuracy, Precision,
Recall, Fl-score) to evaluate adaptation
effectiveness; if necessary, adjustment of global
weighting coefficients o, f, y controlling the
contribution of each method;

Stage 6. Maintenance recommendation
generation. Based on the formed diagnosis and the
predicted  equipment  state, maintenance

recommendations are developed to extend the SPP's
service life and prevent the development of critical
failures.

Figure 1 illustrates the process of adapting
CBR decisions considering failure probabilistic
analysis.

Fig. 1. Adaptation of CBR Decisions Considering
Probabilistic Analysis of SPP Equipment Failures

The diagram illustrates the general concept of
adaptation: input data — forecasting — decision
correction — recommendations. A step-by-step
flowchart of the adaptive CBR mechanism
implementation is shown in Figure 2. It details the
stages of equipment condition diagnostics and

forecasting based on the integration of CBR
methods, Bayesian analysis, and simulation
modeling.

Read input parameters

.

Preprocess data

v

[ J
[ ]
[ )

v

Generate failure scenarios

.

Choose optimal solution
Apply Monfe-mactics
Aggregate via simulations
Odjust nease base

v

Choose optimal solution
Add new cases
Update releval weights

Recommend maintenance
actions

Fig. 2. Flowchart of the Adaptive CBR
Algorithm for SPP Diagnostics

The flowchart illustrates the sequential
execution of the main stages of CBR decision
adaptation from the collection and preprocessing of
operational data to the formation of the final
diagnosis. A key feature of the algorithm is the
branching after the aggregated inference: based on
the diagnosis, maintenance recommendations are
simultaneously generated, and the case base is
updated to improve the accuracy of future
diagnostic decisions.

Key features of the adaptive mechanism
include: assessment of case relevance: standard
retrieval of similar cases is complemented by
probabilistic analysis of component states, allowing
the selection of safer scenarios in cases of forecasted
failure risk; correction of diagnostic decisions:
when new data is received, the system automatically
refines the diagnosis, suggesting preventive or
repair actions if risk thresholds are exceeded;
automatic learning on new data: the case base is
dynamically updated, and model weights are
adjusted based on analysis of operational
information and forecasting results.

Standard CBR methods operate on fixed
historical data, ignoring probabilistic factors in
failure development. The integration of Bayesian
networks and Markov models transforms CBR into
a dynamically adaptive system capable of
accounting for both the current and predicted
equipment states, thereby increasing diagnostic
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accuracy and extending the life cycle of critical
technical systems.

The adaptive SPP diagnostic mechanism is
based on the integration of three methods. CBR,
probabilistic failure analysis (Bayesian networks),
and simulation modeling based on Markov
processes. The formalization of this integration
enables the final diagnostic output to take into
account both historical data and the forecast of
equipment condition changes.

The final diagnosis Dfipq; is defined as a
function of three components:

Dfinal = f(DCBR: DBayes: DSim):

where f(-) is the function defining the integration
mechanism of the decisions;

Dcpr: diagnosis based on precedents,
determined by the similarity function between the
current case and historical ones; includes the
diagnosis and its associated error from the CBR
method;

Dpqyes: probabilistic diagnosis based on
Bayesian networks, taking into account the
interdependence of component failures; includes
correction based on failure probability models and
associated error;

Dgim: diagnosis based on simulation
modeling, forecasting the system’s behavior over
time; includes adjustments from the cognitive
simulation model and its related error;

Dfing: the final diagnostic output combining
all three methods.

A weighted aggregation scheme is used to
combine the diagnostic outputs:

Dfinal =agq " Dcpr + Ba 'DBayes +Va * Dsim

where ag4,B4,vq are weighting coefficients
reflecting the contribution of each method. These
coefficients satisfy the normalization condition:
ag+fat+va=1

The weight fs increases if the failure
probability from the Bayesian network exceeds a
threshold value. The weight y; increases if the
simulation models reveal a high risk of failure, even
if CBR finds no similar cases.

The weighting coefficients can be adjusted
using gradient descent or Bayesian optimization,
minimizing the diagnostic error:

N

w" = arg min aBy (Dtrue,i - Dfinal,i)2
i=1

Similarly — Definition of weight coefficients.

The weight coefficients ag4, B4, y4can be
determined by various methods depending on the
available data and the problem formulation.

1. Determining weight coefficients based on
dagnostic error

If the average diagnostic errors  Ecpg,
Epayes: Esim are known, the weights can be set as
follows:

1
ag = /ECBR
—1 1 1 >
/ECBR+ /EBayes+ /ESim
1
/EBayes
Ba

T 1 T >
/ECBR+ /EBayes+ /ESim

1
— /ESim
1 1 1
/ECBR + /EBayes + /ESim

Ya

2. Determining weight coefficients based on
confidence coefficients

If for each diagnostic method the confidence
level C¢pgr, Cpayes: Csim is known, the weights can
be calculated as follows:

CcBr

a, =
d CCBR+CBayes+CSim,

_ CBayes
CCBR + CBayes + CSim

Ba

CSim

Ya =
CCBR + CBayes + CSim

The higher the accuracy of the diagnostic
method, the greater its contribution to the final
estimate. The confidence coefficients
Ccerr Cpayess Csimcan be determined based on
previous diagnostic data, for example, as the
proportion of correctly identified failures by this
method.

3. Determining weight coefficients based on
diagnostic accuracy

If the accuracies of diagnostic methods are
known (e.g., the proportion of correctly detected
failures), they can be normalized as:

PcBr

ad = 5
PCBR+PBayes+PSim

_ PBayes .
PCBR + PBayes + PSim ’

Ba
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Vg = P, Sim
¢ PCBR + PBayes + PSim
Dynamic weight update.

If the diagnostic system operates in real-time,
weights can be updated dynamically based on the
probability of successful diagnosis:

aq(t +1) = ag(t) + k(Pcgr — Prinar);
Pa(t+1) =p4(t) + k(PBayes - Pfinal);
Yat+1) =ya(@®) + k(Psim — Pfinal)a

where Pcgr, Ppayes, Psim — predicted probabilities
of correct diagnosis;

k — adaptation rate coefficient.

If there is no data on method quality, weights
can be set uniformly:

Ag+Pa+Va =75

Wl

Proportional distribution based on method
accuracy.

If the relative accuracies of CBR (Pgggr),
probabilistic models (Pggyes), and simulation
modeling (Ps;,,,) are known, then ay4, 8; and y, are
normalized as follows:

Pcpr
ay = —CPR . (1—y,):
¢ Pepr + Psim ¢
P
Ba PE (1 - ay);

PBayes + PSim

PSim

Ya (1—ay)

PBayes + PSim

Definition of a;, B4 and y,4 through inverse
errors (the smaller the error, the higher the
contribution).

If the average model errors Ecpr Epgyes and

E¢;m, are known, the distribution is set as:

Y
E
Ag = 1 CB1R ' (1 - yd);
[Eepn t 7/
ECBR ESLm
Y

E

L= Bayes . (1 ad);

“(1—ay)

If no additional information is available,
weight coefficients f; and y4 are divided equally:

If the accuracy of diagnostic methods is
known, accuracy normalization is used. If errors are
known, inverse error normalization is used. If there
is no data, uniform distribution is applied. If a
method shows higher accuracy on current data, its
weight increases. If confidence coefficients are
available, they can be normalized for weight
calculation. If the model operates dynamically,
weights can be adjusted based on success
probabilities. The method of choosing weights
depends on the available data and system type. In
the case of marine power plants, the most accurate
method would be one based on historical diagnostic
errors and adaptive weight updating as new data
becomes available.

The optimal method for selecting weights
depends on the available data: if error data is
available — use method 1; if accuracy data — method
2; for dynamic updating - method 3.
Thus, the share of each coefficient is determined
either based on errors, or on diagnostic accuracy, or
is dynamically adjusted over time.

Diagnosis based on CBR.

The CBR method assesses the similarity of a
new failure X with known cases C; in the database.
The diagnosis based on case retrieval:

N
Desr(0) = Y ;- S(,C) - Dy
i=1

where S(X,C;) — similarity measure between the
current case X and precedent Cj;
D; - diagnostic result for the i-th precedent;
w; — reliability weight of the precedent.
Bayesian diagnosis.
Diagnostic inference based on probabilistic
dependencies:

K
DBayes = z P(Ck|E) - Dy
k=1
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The probability of component C; failure,
considering dependencies in the system, is set by
Bayes' formula:

P(E|Ck)'P(Ck)

P(C.|E) =
GlE) =5 b (E10) P (6)

where P(C},)— prior probability of C; failure;
P(E|Cy)- likelihood of observed data given
failure of C;.

Simulation modeling

Simulation modeling predicts the probability
of failure over time.

The probability of component C; being in a
certain state at time ¢ is determined by the Markov
model:

P(C,t +1) = P(Cy, t) - Prans

where P;,qns— transition probability matrix
Predicted failure probability after ¢ hours:

DSim(t) =1- P(Ck't)'

where P(Ci,t) — probability calculated via the
Markov process transition matrix.

The developed mathematical model formalizes
the integration of CBR, Bayesian analysis, and
simulation modeling. The final diagnostic output
Djinar  accounts for both historical data and
probabilistic forecasts. Optimization of the
parameters a4, 4 and y4 allows the model to adapt
to specific operational conditions.

Integration of Bayesian networks and
Markov processes.

Integration occurs through correction of
component state probabilities:

P(S¢|St—1,Dcprs Dsim) =
= Z P(S; |St—1: Ui)

;
* P(U;|Dcpr, Dsim),

where P(S;|S;_1) — probability of transition of the
SPP to state S; per the Markov model;

P(U;|Dcgr, Dsim) —  corrective
probability from the Bayesian network.

The final diagnosis is obtained by summing
over all possible states.

Correction of CBR diagnosis based on
probabilistic forecasts.

Correction of the CBR decision is performed
considering predicted probabilities:

failure

Dadj(t) =Dcpr+ag- PBayes(t) + Ba * Psim (t)

When the threshold probability of failure is
exceeded, automatic diagnosis refinement is
performed.

Formula for updating failure probabilities
using Bayesian analysis:

P(Ui|U)) = a;; - P(Uj),

where a;;— influence coefficient of failure of
component j on component i.

Formula for adjusting CBR decisions
based on forecast probabilities:

Padj(D) =P(D) + zyi ' PBayes (Dy),

L
where y;— influence coefficients of probabilistic
analysis on the final diagnosis.

Table 2 demonstrates the optimal weight
coefficients depending on the diagnostic scenario.
The data were obtained from a statistical analysis of
multiple marine power plant operational scenarios,
where average influence values of each diagnostic
method were calculated.

Table 2

Optimal Weight Coefficients Depending
on the Diagnostic Scenario

Operating
Scenario
Stable
operation
without
failures
Increased risk
due to aging
High loads and
overheating
Lack of
historical data
Emergency
situation

04 (CBR) | n4 (Bayes) | y« (Sim)

0.7 0.2 0.1

0.4 0.4 0.2

0.3 0.5 0.2

0.2 0.3 0.5

0.2 0.6 0.2

Analysis of the data in Table 2 shows that: in
normal operating mode, CBR contributes the most,
as historical data effectively support failure
similarity identification; under high failure risk,
Bayesian networks become more influential due to
the critical importance of considering dependencies
between components; in the absence of sufficient
data, simulation modeling dominates, as it can
generate artificial scenarios for failure prediction.
The integration algorithm was implemented in the
Python environment using the scikit-learn library
for CBR and Bayesian networks, and numpy for
simulation modeling.
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An example of the code for calculating the final
diagnosis:

import numpy as np

def update cbr _decision(prob_failure,
correction_factor):

return prob_failure * correction_factor

# Example data

components = {"Generator": 0.10, "Cooling"":
0.15, "Pump”: 0.05}

correction_factors =
"Cooling": 1.2, "Pump": 1.1}

# Correction of probabilities

{"Generator": 0.8,

corrected_probs = {comp:
update cbr decision (components[comp],
correction_factors[comp]) for comp in

components}

Dynamic weight adaptation is performed based
on the criteria of minimizing diagnostic error on the
validation dataset.

The use of the load factor as an independent
variable makes it possible to conduct generalized
forecasts for various types of SPP, which increases
the universality of the analysis of the obtained
results. The load factor is a dimensionless quantity
showing the ratio of the current load to the nominal,
which allows generalizing the results for different
operating conditions of the SPP. Figure 3 presents
graphs of changes in the failure probabilities of five
key SPP subsystems depending on the load
represented through the load factor.

1- Main engine
2- Cooling system

[ 3- Electricity supply
4 - Compressed air system

$-Fuel system L1
0.04
g 2
E "
Zo03 -
- L
] 2 >
z |3
: s o
Zoo
: E / U
H L
0.01 —— =

|
06 08 10 12
Load factor (from nominal)

Fig. 3. Changes in failure probabilities of SPP
components depending on the load factor

For the main engine, Figure 3 shows that the
change in failure probabilities corresponds to an
exponential increase in failure probability as the
load factor increases. At reduced loads (factor 0.6—
0.8), the failure probability remains at 1-1.5%, but
when exceeding the nominal level (factor >1.0), the
growth accelerates, reaching over 5% at 1.4. This
indicates nonlinear effects associated with
overheating, wear, and cavitation. The cooling

system operates stably at a factor of 0.6—1.0, but
after 1.1, the failure probability increases more
rapidly, indicating overload of heat exchangers and
deterioration of heat dissipation. The power supply
system shows stability up to a factor of 1.2, after
which the failure probability begins to increase.
This is consistent with cable heating models and
changes in generator performance. The compressed
air system shows minimal failure probabilities even
at a load factor of 1.2, but after exceeding 1.3, the
increase becomes noticeable, which is explained by
compressor wear. The fuel system demonstrates a
relatively linear increase in failure probability
starting at a factor of 0.6. However, after exceeding
1.3, the probability increases more sharply,
indicating risks of filter clogging and pump
overload. A load factor exceeding 1.0 becomes a
critical zone where the failure probability grows
faster. The main engine and cooling system are most
sensitive to increasing load factor, requiring
enhanced monitoring during overloaded operation.
The power supply and fuel systems show moderate
dependence on the load factor but become
vulnerable at values above 1.3. The compressed air
system is the most resilient but is also subject to
failures under overload.

Figure 4 presents the generalized SPP failure
probability, showing the integral failure probability
of the SPP calculated based on the failure
probabilities of key components and subsystems.

Refusal
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Fig. 4. Generalized Failure Probability of the SPP

The data is obtained based on the analysis of
probabilistic dependencies of subsystem failures
(Markov method, Bayesian networks). From Figure
4, a decrease in residual life is observed,
accompanied by an increase in the risk of failures of
components and SPP subsystems. From this follows
how the maintenance strategy changes depending
on: high residual life (80-100%) — operation is
recommended; medium residual life (40—-60%) —
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maintenance or diagnostics; low residual life
(<20%) — repair or replacement. Threshold values
of residual life (80%, 40%, 20%) are selected based
on industry recommendations for SPP maintenance.

Figure 5 illustrates the change in the failure
probability of the SPP over time.
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Fig. 5. Change in the Failure Probability
of the SPP Over Time

From the graph (Fig. 5), it follows that the
probability of failure gradually increases, reflecting
equipment degradation processes, the influence of
operational factors, and the accumulation of failures
in subsystems. The failure probability forecast is
carried out over a 1000-hour operation interval,
which allows assessing the short-term dynamics of
equipment degradation.

Figure 6 presents a graph showing how the
failure probability changes after the correction of
the CBR decision.
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Fig. 6. Changes in Failure Probabilities Considering

Decision Correction

The graph in Fig. 6 shows how the failure
probability changes after the correction of the CBR

decision. The graphs show the initial failure
probability (without prediction) and the corrected
failure probability (taking into account the Bayesian
network and Markov model). The initial failure
probability shows how the component failure
probability of the SPP increases over time in the
absence of corrective actions. The failure
probability increases linearly (0.05 + 0.02*t), which
reflects the natural degradation process of
equipment without forecasting and preventive
measures. This scenario is typical for traditional
diagnostic methods, where failures are recorded
post factum, without predicting their occurrence.

Figure 7 shows how probabilistic forecasts
affect the adaptation of CBR decisions. Without
adaptation, diagnostics rely only on historical data,
which leads to high uncertainty. With adaptation,
probabilistic models are taken into account, which
improves diagnostic accuracy. It shows how the
CBR model reduces the risk of SPP equipment
failure.
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Fig. 7. Changes in generator failure probability
(with and without CBR adaptation)

The graph "Without CBR adaptation"”
illustrates the natural increase in generator failure
probability without the use of forecasting and
decision correction mechanisms. The graph "With
CBR adaptation" shows how applying CBR in
combination with Bayesian analysis and the
Markov method reduces the failure probability
through decision adaptation. Without adaptation,
the failure probability increases exponentially due
to accumulated generator wear. CBR adaptation
allows for the consideration of predicted failures by
offering corrective actions (e.g., preventive
maintenance or load adjustment), which slows the
growth of failure probability.
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Fig. 8. Changes in fault diagnosis accuracy
of marine power plants using the adaptive mechanism

The graphs (Fig. 8) show how diagnostic
accuracy (Accuracy, Precision, Recall, Fl-score)
changes when using CBR decision adaptation
compared to the baseline approach. Quality metrics
(Accuracy, Precision, Recall, and F1-score) were
calculated on a validation set of 500 failure and
malfunction cases, split 70/30 for training and
testing. The graphs clearly demonstrate the
advantages of the adaptive mechanism. Without
adaptation, diagnostic accuracy decreases with an
increasing number of diagnostic cycles. This
indicates model degradation without parameter
correction. With adaptation, accuracy steadily
increases and reaches a high level, confirming the
effectiveness of the adaptive mechanism.

Table 3 demonstrates the impact of operational
load on the failure probability of marine power
plants.

Table 3

Impact of operational load on the failure probability
of marine power plants

Component Load Failure
(normalized) Probability
Generator 0.8 0.12
Pump 0.9 0.15
Engine 1.0 0.22

For each new diagnostic case: CBR searches
for similar cases in the database; Bayesian networks
adjust the failure probability considering
component dependencies; Markov processes
predict the failure probability over time; simulation
modeling is used to generate additional data when
statistics are insufficient.

Tables 4 and 5 demonstrate how the final
diagnostic decision changes under different values
of failure probability and remaining component life.

Table 4

CBR decision correction depending on risk
and remaining resource

Failure Failure
Probability | Probability | Remaining
Component (before (after Resource
correction) | correction)
Generator 0.10 0.08 1500 hours
Cooling 0.15 0.18 1200 hours
Pump 0.05 0.06 1800 hours
Table 5

Final diagnostic decision depending on failure
probability and remaining resource

- P failure
Remaining .
(from Final
Resource . . .
(hours) Bayesian Diagnosis
network)
>10,000 <0.1 Equipment is
operational
5,000 - 10,000 | 0.1-03 Monitoring
required
Scheduled
1,000 — 5,000 03-0.6 maintenance
recommended
High failure risk,
<1,000 >0.6 immediate repair
required

Table 6 complements Tables 4 and 5 by
demonstrating how the final CBR diagnostic
decision is corrected depending on the level of risk
and remaining resource.

Table 6
CBR decision correction depending
on risk and remaining resource
Remaining Low Medium High
Resource Failure Failure Failure
(%) Risk Risk Risk
Standard Minor Minor
o CBR correction | correction
~80% decision of failure of failure
applied probability | probability
Correction
Minor Correction using
. based on Bayesian
50-80% | correction . nefworks
of falh'lr.e Bayesian and
probability | networks Markov
models
Correction
. using Simulation
Correction : .
. Bayesian modeling
<50% usmng networks | applied for
Bayesian C
networks and prediction
Markov refinement
models
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From the table, it follows that with a high
remaining resource (>80%), CBR decision
correction is minimal due to low failure probability.
As the resource decreases (50-80%), probabilistic
dependencies must be considered, requiring
Bayesian networks. When the remaining resource is
below 50%, a comprehensive approach using
Markov models and simulation modeling is applied
to refine failure probability forecasts.

The results in Tables 4 — 6 confirm that the
integration of CBR with probabilistic models and
simulation modeling allows for dynamic adaptation
of diagnostics based on the actual state of
components. In particular: with high remaining
resource (80-100%) CBR operates with minimal
correction; in the 50-80% range, it is important to
consider probabilistic dependencies, requiring
Bayesian networks; when remaining resource is
<50%, diagnostic accuracy significantly improves
with the application of Markov models and
simulation modeling.

Thus, the proposed CBR decision adaptation
mechanism improves diagnostic accuracy and
reduces the risk of false decisions through dynamic
adjustment of probabilistic estimates.

In addition to the main experiments which
discusses the impact of cognitive modeling on
improving forecast accuracy.

This diagram illustrates how the stages of
knowledge formalization, synthetic data generation,
selection, and verification are linked to the iterative
updating of the CBR and probabilistic models
during the learning process.

Figure 9 shows the cycle of cognitive
simulation modeling, which integrates expert
knowledge and probabilistic models for the
generation and validation of synthetic failure cases.
In the first stage (Expert Knowledge
Formalization), rules and ontologies are formalized
to reflect cause-effect relationships and failure
development scenarios. Then, a large set of
synthetic cases is generated (Synthetic Case
Generation), covering both typical and rare failure
scenarios. An automated selection module
(Automated Selection) applies an entropy-based
criterion to filter the most informative scenarios,
reducing the data volume and improving training
quality. The selected cases are integrated into
probabilistic models (Integration into Probabilistic
Models), including Bayesian networks and Markov
processes, to update failure probability estimates.
During the consistency check stage (Consistency
Check), synthetic data is compared against the
underlying expert rules, and inconsistent cases are
discarded. After this, the CBR mechanism and

Bayes/Markov parameters are updated (Update
CBR & Bayes/Markov), allowing the system to
adapt to new data. Iterative repetition of the cycle
(Iterative Learning & Convergence) continues until
satisfactory stability of predictive metrics is
achieved, ensuring continuous improvement in
diagnostic and failure prediction accuracy.

= 1.Expert Knowledge
formatization

!

2.5yntetic
Case Generation

w

3. Automated Selection

w

4. Integration into
Probabilistic Models

R
S5.Consistency Check
(Automated Expert)

T.Iterative Learning
and

Convergence

1

Fig. 9. Cycle of Cognitive Simulation Modeling
for the Generation and Validation of Synthetic Cases

Thus, the proposed approach combines the
strengths of expert knowledge with the power of
probabilistic methods in a unified adaptive process.

To evaluate the contribution of the cognitive
module to adaptive CBR, a series of experiments
was conducted on a dataset comprising 1,200
historical cases and 10,000 synthetic scenarios
generated by the cognitive simulation module.
Synthetic data was selected based on maximum
entropy of expert assessments, allowing the
selection of the most "significant" and rare failure
cases. All scenarios were modeled using Bayesian
networks and Markov models under train/test
conditions (70/30 split) with 5-fold cross-
validation, ensuring statistical reliability of the
results.
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An important enhancement to the adaptation
mechanism is the use of a cognitive simulation
model, which enables:

Generation of synthetic training data: When
encountering novel, previously unseen failure
scenarios, the cognitive model replicates expert
decision-making, generating synthetic data. The
module produced 5,000-10,000 synthetic cases
using cognitive simulation, selecting the most
“essential” scenarios based on expert assessment
entropy. In marine power plants, severe failures are
rare and typically lack historical data. These
generated “exotic” cases help prepare the system for
such low-probability but critical situations.
Synthetic scenarios undergo automated verification
for compliance with physical and expert rules
(Consistency Check), and their impact on the model
is calibrated using Bayesian posterior updates.
Additionally, key parameters of synthetic and real
data are statistically compared, and the model is
tested on real cases via cross-validation. These data
fill gaps in the case base and enable the system to
account for rare and complex situations;

Adjustment of probabilistic distributions:
The synthesized data is used to update probability
distributions in Bayesian networks and to
recalibrate the transition matrix in the Markov
model. Adjustments are made by introducing
additional conditional dependencies into the
Bayesian network and updating the Markov
transition matrix based on newly generated data;

Integration of expert knowledge: The
cognitive simulation model serves as a bridge
between traditional diagnostic methods (CBR) and
probabilistic models, allowing the system to
consider both quantitative and qualitative aspects of
failures.

To quantitatively assess the effectiveness of the
proposed approach, a series of experiments was
conducted. The results are summarized in Table 7.
Table 7 illustrates the impact of cognitive modeling
on prediction accuracy. It presents key metrics
comparing the standard approach (“CBR + Bayes +
Markov”) with its cognitive module extension. Data
from forecasting model comparisons used in the
diagnostic system are shown. Average prediction
error was evaluated using standard probabilistic
methods (without cognitive modeling) and with
cognitive enhancements that account for complex
parameter dependencies.

MAE (Mean Absolute Error) and RMSE (Root
Mean Squared Error) showed a reduction of 39%
and 34%, respectively. The coefficient of
determination (R?) increased from 0.78 to 0.89,
indicating improved explanatory power of the

model. The average prediction error decreased from
12.5% to 7.8% (an improvement of 4.7%), p < 0.05.
The data analysis confirms that the use of cognitive
modeling reduces the average failure prediction
error by 4.7%, demonstrating its effectiveness. This
is particularly important in cases with insufficient
historical data or complex interdependencies among
system parameters.

Table 7
Failure Prediction Metrics With and
Without the Cognitive Module
Average
Approach 1\(/{,2;3 R(I?,/[A)S)E R? Prediction
Error (%)
Without
Cognitive | 0.085 | 0.112 | 0.78 12.5
Modeling
With
Cognitive | 0.052 | 0.074 | 0.89 7.8
Modeling

Figure 10 presents a box-and-whisker plot of
the distribution of failure prediction errors before
and after the integration of the cognitive module.
This visualization allows for a quick assessment of
key characteristics of both samples and their
comparison. The median indicates the central error
value: approximately 12.5% without the cognitive
module and reduced to about 7.8% with it. This
reflects a significant shift of the distribution center
toward lower errors following the integration of the
cognitive component. The interquartile range (IQR)
in the left group spans roughly from 11% to 14%,
whereas in the right group it narrows to 6%—-9%.
The whiskers show the range of values excluding
outliers. Their length is significantly greater on the
left (from ~8% to ~16%) than on the right (from
~5% to ~12%), indicating a reduction in error
variability after the cognitive module is added.
Outliers are less frequent in the right box plot,
reflecting improved model robustness: the reduction
of abnormally high errors confirms that the
cognitive module effectively handles rare and
complex failure scenarios. Comparing the box plots
before and after integration provides a visual
assessment of the statistical significance of the
changes. Non-overlapping boxes (IQRs) and
medians suggest a meaningful difference between
distributions.

This compression of the distribution and shift
of the median confirms that the cognitive module
improves prediction accuracy by reducing both
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average and maximum error values - critical for
timely decision-making in real-time operations.
When analyzing box plots, it's important to consider
the sample size (n = 100 per group) to ensure the
statistical reliability of median and quartile
estimates. The box plot remains one of the most
compact and informative methods for comparing
groups on the distribution of continuous variables,
combining key statistics (median, IQR, whiskers,
outliers) in one chart. Figure 3.18 clearly
demonstrates that the cognitive module not only
shifts the error distribution toward lower values but
also reduces variability and extreme cases, making
the predictions more accurate and reliable. As
shown, the integration of the cognitive component
significantly reduces both the median error values
and their spread, further confirming the model’s
robustness to variation in failure scenarios.
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Fig. 10. Box Plot of Failure Prediction Error
Distributions: Without and With the

An additional test was conducted using a
simplified cognitive module (without entropy-based
case selection), which yielded an average error of
9.3%, confirming that the key factor behind the
improvement lies in the selection logic of the most
"informative" scenarios. The integration of the
cognitive module increased the processing time per
request from 50 ms to 75 ms on a standard server
(Intel Xeon, 16 GB RAM), which remains
acceptable for real-time online diagnostics.

The achieved 4.7% increase in accuracy is
comparable to the results of [11], where integrating
an ontological module into a CBR architecture
improved diagnostic accuracy by about 5%. Thus,
cognitive modeling not only complements the
adaptive CBR mechanism but also enhances its

flexibility in predicting the technical condition of
complex systems, aligning with the goals of this
study.

This study proposes an adaptive CBR
mechanism for the diagnosis of marine power
plants, integrating probabilistic failure analysis
(Bayesian networks), degradation forecasting
(Markov processes), and simulation modeling.
Experimental validation demonstrated that the
proposed system achieves a diagnostic accuracy of
91%, compared to 79% for classical CBR, while
reducing the false alarm rate by 6.7%. The
improvement in remaining useful life (RUL)
prediction reached 5-7%, confirming the high
effectiveness of the integrated approach.

Analysis of the results shows that the most
significant impact on diagnostic accuracy came
from incorporating Bayesian networks to estimate
failure probabilities. These networks accounted for
cascading dependencies between components and
reduced diagnostic errors by 6.8%. A similar
increase in accuracy (up to 90%) through combined
training of Bayesian networks on heterogeneous
data was observed by Ademujimi & Prabhu [12],
who employed fusion learning to integrate sensor
data with maintenance reports from the
International Institute of Refrigeration (IIF).
Furthermore, Tarcsay et al. [13] demonstrated that
integrating FMEA methods with Bayesian networks
enables effective differentiation between critical
and non-critical failures, reducing false alarms,
which fully aligns with our findings. Degradation
forecasting using an exponential Markov model
applied to key marine system components improved
RUL predictions by 5-7%. Liao et al. [14]
developed an RUL prediction approach based on a
Wiener process. While their model successfully
addresses multiphase degradation, it is focused on
quantitative RUL forecasting rather than diagnostic
assessment with adaptive refinement of features,
which our solution provides. Sahoo et al. [15]
presented a fault diagnosis method for gearboxes
under uncertainty using Al techniques. The authors
highlighted trust issues in diagnostics under limited
data conditions. They reported a drop in accuracy to
82% with 30% missing data using probabilistic
neural networks, whereas the adaptive CBR
maintained high accuracy through weight
recalculation and simulation-based knowledge base
augmentation. In our approach, uncertainty is
addressed by integrating Bayesian mechanisms
directly into the case reasoning process, enhancing
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the reliability of the conclusions. Xu et al. [16]
reported a 15% increase in operator trust when using
explainable Bayesian models in HVAC systems
(MDPI). Our approach achieves a similar level of
explainability, while also allowing users to trace
which cases and probabilistic dependencies
underpinned the conclusions. Qi et al. [17] applied
combined neural network and simplified Bayesian
network methods for diagnostics in nuclear power.
While their method showed high accuracy, it
required significant computational resources and
was not focused on real-time adaptive adjustment,
unlike our system..

Future research should focus on automatic
Bayesian network structure generation using deep
learning techniques, expanding the cognitive
module with trainable agents, and developing an
ontological interpretation of diagnostic outputs to
enhance explainability and operator trust. Thus, the
proposed adaptive CBR mechanism demonstrates
superiority over existing methods in diagnosing
complex technical systems by combining high
accuracy, adaptability, and decision transparency -
key features for the operation of marine power
plants in dynamically changing conditions.

Conclusions. The goal of this study was to
develop and experimentally validate an adaptive
CBR mechanism for diagnosing SPP, integrating
probabilistic failure analysis and technical condition
forecasting. As a result of integrating CBR with
Bayesian networks and Markov processes, fault
detection accuracy increased from 79% to 91%;
Bayesian networks reduced error rates by 6.8%,
while Markov models improved remaining useful
life (RUL) prediction by 5-7%. The generation of
probabilistic scenarios through simulation modeling
enhanced forecast reliability by 9.4% in the absence
of sufficient historical data. Operational load
analysis showed that with a load factor >1.0, the
failure risk of key components increases by a factor
of 3.2, requiring mandatory correction of diagnostic
decisions. Optimization of weighting coefficients
(a, B, y) reduced average diagnostic error by 6.2%,
while dynamic weight adaptation decreased false
alarm risk by 7.3% and improved forecast accuracy
by 8.5%. The inclusion of a cognitive simulation
module reduced the average forecast error from
12.5% to 7.8% and increased the accuracy of
detecting rare faults by 5.1%. Practical
implementation of the proposed mechanism enables
timely detection of SPP component degradation,
reduces unplanned downtime, and optimizes

maintenance scheduling by improving RUL
prediction accuracy. Future work should focus on
expanding the case base through active learning on
new data, automating the Bayesian network
structure using deep learning methods, and
developing an ontological interpretation of
diagnostic outputs to enhance explainability and
operator trust.
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Buuy:xkanin B. B., Buuy:kanin O. B. AnantuBHe
npeuereHTHe MipKyBaHHS 3 iMoBipHicHOIO
iHTerpaui€elo /s AiarHOCTUKU Ta MNPOTHO3YBaHHS
TEXHIYHOTO CTAHY CKJIATHUX CHCTEM

\%4 Ybomy 00Ci0NCEeHHT npeocmaegieHo
s0ockonaneny  aoanmueny  cucmemy  Case-Based
Reasoning (CBR) 0ns diacrocmuku ma npocHO3Y8AHHS
MexHIYHo20 CMamny cyOHOBUX eHepeMUYHUX YCINAHOBOK
y peanvbHOMY YAci, Wo 00CA2AEMbCS 380K THMe2payii
batieciscoKux mepedic, Mooentoganus npoyecie Mapkosa
ma KOSHIMuBH020 MOOeN08AHH 8 €OUHOMY OUHAMIYHO
adanmuenomy cepeoosuwyi. Tpaouyitni nioxoou CBR,
Xoua il epeKkmusHi y NOWYKY aHAN02i6 ceped ICMOPUYHUX
BUNAOKIG, uACMO He 30amHi 6pPAX08y8amu CKIAOHL
CMOXACMUYHL  3QNIeHCHOCMI  MINC —~ KOMNOHEHMAaMu
cucmemu, OUHAMIYHI namepHu Oecpadayii npu 3MIHHUX
EKCNAYAMAayiuHuX HABAHMAIICEHHAX MA PeabHi 4aco8i
eapiayii 6 oOanux Oamuuxig. ILL[o6 nodoramu yi
00MedCeHH, 3aNPONOHOBAHA MEMOOUKA BKIIOUAE WICMb
inmeeposanux ¢hasz: 30ip i Hopmanizayito O0amux O0as
3abe3neuens yHipixoeanoi cmanoapmuzayii
2emepo2eHHUX NOKA3HUKIB 0amyuxie ma
eKCNIyamayiiHux napamempis, UMOGIPDHICHUNL AHATE3
8I0MO8 3 3ACMOCYBAHHAM OAUECIBCLKUX Mepedc 05
00YUCTenHsT  YMOGHUX — UMOGIpHOCMEU  8I0MO8  mda
KOpU2yeanus — 8az  peneeammuocmi — 6UNaoxie 3
VPAXYBAHHAM — MIJCKOMNOHEHMHUX — 3AJeNCHOCEl,
cyeHapHe NPOSHO3VEAHMS HA OCHOGI  OUCKDEMHUX
MmoOenetl npoyecie Mapkoga 0 cumynayii OUHAMIKU
nepexodie  cmawnie I nepeddAueHHs  MPAEKMOpIil
Odezpadayii; adanmayito ma 006 €OHaHH piuieHb, sKe
noeonye pesyromamu kiacuunoco CBR, timogipnichi
BUCHOBKU mMa OyiHKU Oezpadayii 3a OO0NOMO20I0
OUHAMIYHO HOPMATI308AHUX 38ANCEHUX KOepiyienmia (a,
B, 7)), wo idobpadcaroms NOMOYHULL PIBEHb PUSUKY,
niompumKy 0asu 3HAHbL WIAXOM BKIIOYEHHS HOBUX
PeanvHux ma CUHMemuyHUX 6UNAOKI6, OMPUMAHUX Yepe3
KOCHIMUGHE MOOETGAHHs, W0 NIOGUWYE MOYHICMb
NOWLYKy ma 3MeHutye npobnemy oegiyumy Oawux, ma
agmomamuszoeame  QoOpmMyeanHs  NPOPIAKMUUHUX
PEKOMeHOayill 3 MeXHIYHO20 00CIY208Y8AHHS BIONOBIOHO
0o NPOCHO308AHO20 3AMUUKOB020 pecypcy.
Excnepumenmanvna sanioayis na Komniekchomy Habopi
Ooanux i3 nonao 11000 icmopuunux i cunmemuyHux
BUNAOKIE NOKA3ANA OIiA2HOCMUYHY MOYHICb HA PIGHI
91 % nopisuano 3 79 % y mpaouyitinoco CBR, 3HuscenHs
Kinekocmi XubHux mpusoe Ha 06,7 %, nokpaujeHus
MOYHOCMI NPOSHO3YBAHHA 3AIUUKOBO20 pecypcy Ha S—
7 % ma 3menwenHs: noxubku npocHosyeanns va 4,7 %,
wWo 06yMOBIEHO MOOYIEM KOSHIMUBHO20 MOOETIO8AHMS,
AKUTL MAKONHC NIOBUWUE NOKAZHUKY GUABLEHHS PIOKICHUX
siomoe Ha 5,1%. Lfi emnipuuni pezyrbmamu
niOmeepoAICyIomb  8UCOKY HAOTUHICMb 1  CMIUKICMb
cucmemu 3a 3MIHHUX HABAHMAJCEHb MA KACKAOHUX
cyenapiie 8iomos, a makooic ii inmeepayito 8 6opmMosi
apximexmypu MOHImopuney 018 onmumizayii epagixie
00C1y208y8aHH, 3MEHUIEHHs He3aNIaHO8AHUX NPOCMOI8
ma niouwen s eKCNIyamayiiunoi 6e3neku CcyoOHOBUX
eHepeemuidHUX YCMaHoBOK.
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PO3POBKA IIVIAT®OPMMU JJIsA YIIPABJIIHHA XAPYYBAHHAM
3 IHTET'PAIIIEIO LITYYHOTI'O IHTEJEKTY

Pumap I1.B., JliBakoBchkuii B.K.

DEVELOPMENT OF A NUTRITION MANAGEMENT PLATFORM
WITH ARTIFICIAL INTELLIGENCE INTEGRATION

Rymar P.V., Livakovskyi V.K.

B cyuacnux ymoeax 3pocmarouoi sayixasnenocmi y
300p0BOMY  CHOCODI  JHCUMMA — AKMYANbHUM — CAE
BNPOBAOICEHHS YUPDPOBUX pilieHb 0N edeKxmusHo2o
VNPABNIHHA XAPYYBAHHAM. 3HAUHA YACMUHA HACENIeHHS
cmukaemvca 3 mpyoHowamu Yy QOpMy8aHHi
30a1aHCO8AH020  paAyioHy,  OOMPUMAHHI  pedcumy
nputiomy ivxci ma kowmponi kanopiunocmi. L]i mpyonowi
00YyMOGIEHI 5K IHOPMAYIUHOI NePeGaAHMANCEHICIIO,
max i IOCYMHICMIO NEPCOHANIZ08AHUX [HCIMPYMEHMIS,
aKi 6 6paxogyeanu IHOUBIOYANbHI nompebu, pigeHb
@izuunoi axkmuenocmi, yini Kopucmyeaua ma U020
xapuo6i 36uuxu. Boonouac, punok npoepamuux 3acobie y
yitl chepi npedcmasenuli nepedadcHo YHIGEePCAlbHUMU
niamegopmamu, opieHMOBAHUMU HA CMAHOAPMUIOBAHI
nioxoou bes enuboxoi nepconanizayii ma adanmayii 0o
JIOKANbHO20 Kopucmyseauda. Y cmammi po3enidaemscs

KOHYenyis Cmeopenns eeO-niamgopmu ons
MOHIMOpUHZY ma KOpeKyii payioHy Xapyy8auHs 3
IHmezpayiclo  e1eMeHmié  WMYYHO20  IHMeNeKmy.

Ocho8HOI0 Memol0 € po3POOKA SHYYKO20 THCIMPYMEHMY
011 WOOEHHO20 KOHMPOII 34 XAPHOBOK NOGEOIHKOIO,
Gopmysanns pekomMeHOayili Ha OCHO8L NONEPeoHbO2O
00C8Idy KOpucmyeauda, auanizy uo2o QizionociuHux
napamempie ma éno0odaHs. Y cmammi npoananizoeaHo
OCHOBHI NPOOIEMU CYYACHO20 XAPYYBAHHS, GUCGINMIEHO
HeOONiKY ICHYIOYUX YUpposux piutenvb, 30Kpema Opax
aoanmayii, ckuadHicmo  iwmepgeticy, o0bMmednceHull
@yuryionan 6e3KOWMOBHUX BEPCill, A MAKONC PUSUKU,
no8’s3ani 3 nepeoayerd NePCOHANbLHUX OAHUX Mmpemim
cmopoHam. Yeazy npuoineno meopemuuHuM 3acadam

no6y0o6u pekomeHOayiliHux cucmem, ix Kracugixayii

ma npuHyunam Oii y KOHMeKCMmI Xapyoeoi NoeediHKuU.
Ocobauso HA2ONOUEHO HA  BANCIUBOCTHI
00poOKU  NEpCOHAanbHUX  OaHUX  GIONOGIOHO 00
MIHCHAPOOHO2O cmanoapmy  ISO/IEC  27001.
3anpononosana Konyenyiss mae Ha memi cghopmysamu
Haykose NIOTpYHmMs 04 CMBOPEHHs  A0anmueHoi,
be3neynoi ma 3pyuHoi cucmemu Xapuyeauus, Wo

besneunol

8PAX08YE NOMpebu ma 0coOIUBOCI KOICHO20 OKPEMO20
Kopucmysaua. Peanizayis maxoi cucmemu modce mamu
Cymmeeuti  6nU6 HA  (POPMYBAHHS  O0820MPUBATIUX
300pOBUX  36UYOK,  NPOPIIAKMUKY  3AX60PIO6AHD,
NOG A3AHUX 3 XAPUYEAHHAM, | cmamu eqexmueHuM
incmpymenmom y cepi epomadcviozo 300pog’a. Ii
PO3pobKa nompeodye MincOUCYURTTHAPHO20 NIOX00Y, WO
00°cOHye  3HamuA 3 Oi€emonocii,  IHQopmayiiHux
MEeXHON02Il Ma NO8EOIHKOGUX HAYK.

Kniouosi cnosa: xapuysamms, wimyunuii inmenexm,
pexomenOayiiHa cucmema, besneka OaHux,
nepcounanizayis, 300pog ’si, N0gedinKa

Beryn. ParionmamsHe XapdyBaHHA TIOcizmae
MPOBIAHE MICIE cepell YMHHUKIB, 110 BU3HAYAIOTH
piBeHb 310pOB’s, MpaUE3JaTHICTb 1 AKICTh KUTTA
moauad. Ha QoHI 3pocTaHHS TEMIIB JKUTTS,
JIOCTYITHOCTI BHUCOKOKAJOPIHHOT DKi, 3HIKCHHSI
¢diznunoi AKTHUBHOCTI Ta JIOMiHYBaHHS
MaJIOPYXOMOI'O CTHJIIO 1CHYBaHHS ()OPMYIOTHCS
YMOBH, B SIKHX TMIATPUMKA XapdyoBOTO OallaHCy
noTpedye yCBiIOMIIEHOTO MiAXOLy Ta IIOJCHHOTO
KoHTpoito. [IpoTe Ha MpakTUI JIOAH YaCTO
CTHKAIOTBCS 3 TpymHOImIaMH Yy (GOpMyBaHHI
3I0POBHX 3BHYOK — BiJl OpaKy 3HaHb i MOTHBAIIII 10
NepeBaHTaXEeHHS CyNepewInBol iH(opMalieo 3
BIIKpHUTHX JDKepell. IcHyrodl mudpoBi cepricH, M0
JIOTIOMAraloTh CTEXKHTH 3a Xap4yBaHHSIM, CTalld
MOMYJIIPHUMH ~ Cepell  KOPHUCTYBadiB  3aBISKU
3pY4YHOCTI OOJIiKy CHOXMTOI TKi Ta Bizyaumizamil
cratucTuku. [Ipore 0arato 3 HHUX 3aJUIIAIOTHCS
HaATO  YHIBEpCATLHUMH, HE  3a0e3MedyroTh
ajanrtamnii A0 IHAMBIIyaJILHUX TMOTped 1 He
BpPaxoOBYIOTh 3MiH y CITOCOO1 JKUTTS KOPHCTyBaya.
Kpim ToOTrO, cCepBicM dYacTo MawTh CKIaTHI
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inTepdeticn, TmIATHUA JOCTYI 710 TIOBHOTO
(YHKI[IOHAJIY Ta HE TapaHTYIOTh KOH(IASHIIHHOCTI
NMEpCOHANBHUX  JaHuX. BojHodac — cydacHi
iHpOpMaLiiiHi TEXHOJIOTii, 30KpeMa aJlrOpUTMH
MTYYHOTO  IHTENEKTy,  BiIKpPUBAIOTh  HOBI
MOXJIMBOCTI JIJIS1 TIOOYTOBU CHCTEM, IO HE MPOCTO
¢ikcyroTh (aKTH4HI JaHi, a i aKTUBHO (HOPMYIOTb
pEKOMEHAIi1l, aAanTyThCS JI0 3MiH Y MOBEMIHII
KOPUCTYBaYa, BISBILIIOTE 3aKOHOMIPHOCTI Ta
JIOTIOMAraroTh TOCSITaTH KOHKPETHUX IIiIeH — TAKUX
SIK 3HWKCHHS BarW, MiJTPUMKa EHEPreTHYHOTO
Oanancy abo MTOKpAIICHHS CTIOPTUBHUX
MMOKa3HUKIB. Y IIbOMY KOHTEKCTI aKTyaJIbHUM €
CTBOpPEHHsI IaTgop™m, MO0 TMOETHYE B COO1

AHAITUYHUNA HOTEHI AT IHTEICKTy TbHUX
QITOPUTMIB 13  TMPOCTOTOIO  BUKOPHCTAHHSI,
THYYKICTIO ~ MepcoHami3amii Ta  BHUCOKUMH

CTaHmapraMyd O€3MeKH JaHuX. Takwid Iiaxif
JTO3BOJISIE TIEPEUTH BiJl CYTO CTATUCTUIHOTO OOTIKY
JI0 TUHAMIYHOTO CYIIPOBOJY Xap4OBOl MOBEIIHKH,
mo € Oinpm  eQeKTUBHMUM 3 TMOTJIILY
JOBIOTPUBAJIOTO BIUIMBY Ha 3JI0POB’sI JIFOMHH.
AHami3z mocaimkeHb 1 myOaikamid. Y mexax
YKpalHCBKOTO  HAYKOBOTO  JHCKYPCY  BapTo
Bi3HauuTH poboty [6]. Y  mocmipKeHHi
3aPONIOHOBAHO  KOHIIEMIII0  peKOMEHIAIliHHOT
CUCTeMH,  sKa  BHUKOPHUCTOBYE  alTOPUTMHU
KOMIT'IOTEPHOTO  30py  AJs  PO3Mi3HAaBaHHSI
MPOIYKTIB XapuyBaHHS 3a 300pa’KCHHSM, a TaKOX
CJIEMEHTH ITYYHOTO THTENEKTY Ui (OPMYBaHHS

THMBITyaIbEHUX pexkoMeHaIii bia(eJi (o)
MPUTOTYBaHHS CTPaB Ha OCHOBI  BHSBJICHHX
iarpemientiB. CucTteMa TpaIioe  HAa  OCHOBI

6i0morek OpenCV 1y momnepeaHboi oOpoOKH
300paxkenp Ta TensorFlow s kmacudikamii
MPOAYKTiB. BaxkiuBuM acniekToM € modyaoBa 6asu
3HaHb 13 BIAMOBIOHICTIO MK TNPOAYKTaMH Ta
MOKITHBUMH peuenTtamuy, o JI03BOJISIE
aBTOMATHU3yBAaTH MPOLEC CTBOPEHHS MEHIO [UIs
KOpHCTyBada. Y MOZENI BPaxOBaHO IOXKHUBHY
IIHHICTh, W0 € BAKJIMBAM KOMIIOHCHTOM JUIS
37I0pOBOTO XapuyBaHHA. X04ya MeTa PoOOTH eI

BIIPI3HAETBCS  BIX KOHITEIIIi  CTBOPCHHS
MOBHOLIIHHOT wiaThopmMu yIpaBIiHH
Xap4yBaHHSM, 3aMponoHOBaHi MiAX0I1
JEMOHCTPYIOTh ~ PEJICBAaHTHICTh  BUKOPUCTAHHSI
IITYYHOTO IHTENEKTYy Yy cdepi moOyToBOro

pauioHanbHOTO XapuyBaHHS. OCOONMBO IIHHUM €
aKIICHT Ha Bi3yaJlbHE PO3Ii3HABAHHS IHTPEIIE€HTIB,
oo MoXe OyTH BHUKOpPHCTaHE Yy MOOUTBHUX
JoJIaTKaX SK 3aci0 aBTOMaTUYHOTO 300py JaHUX
mpo crnoxury DKy. [Ipote B poOoTi Mmaibke He
MPUAUIETECST YBard acleKkTaM Oe3NeKd JTaHuX,
nepcoHamizamii 3a (i3ioNOriYHIMH MTOKA3HUKAMU
a00 JOBroTpUBATiN 3MiHI Xap4oBOi MOBEIHKH, 1110

H BH3HAYAE KJIIOYOB1 BIIMIHHOCTI BiI
pO3pO0IIOBAaHOT HAMH CHCTEMH. TakuM YHHOM,
JMOCHTIDKEHHST BapmamoBa CTaHOBUTH — ITIHHHH
BHECOK Y PO3BUTOK PEKOMEHJAIIHUX CHUCTEM Y
XapyoBit cdepi B YKPalHCBKOMY KOHTEKCTI,
BOJHOYAC TMIAKPECTIOIYH TOTpedy B  OLIBII
KOMIUIGKCHUX  DIIIEHHAX, [0  IOEIHYIOTh
pO3mi3HABaHHS, TMEPCOHANIZAINID Ta CIEMEHTH
MOBEIIHKOBOT aHAJITHKH.

Y wMexax JOCHiPKeHb, IO MPHUCBSIYCHI
pEKOMEHAALIHUM CcHUCTeMaM, SIKi MOXYTb OyTu
ajanToBaHi 1o chepu XxapuyBaHHS, 3aCIyrOBye Ha
yBary pobora [5]. B mHiii aBTOpka po3pobuia
CUCTEMY PEKOMEH/AIli, sika 0a3yeThCs Ha aHai3i
TEKCTOBHX BIITYKiB KOPHUCTYBAMIiB,
BHKOPHCTOBYIOUM HEHPOHHI Mepexi, 30Kpema
monupikoBannii anroput™ DeepCoNN. [ligxin
JTO3BOJISIE BPAXOBYBATH SIK BIACTHBOCTI MPOIYKTIB,
TaK 1 iIHANBIAYyaTbHI BIOIOOAHHS KOPUCTYBAUiB, 1110
3a0e3neuye BHCOKHHA piBEHb IEPCOHANTI3ALI.
[Tonpwu Te, 110 TPEAMET AOCIIHKEHHS — EJICKTPOHHA
KOMEpITis, KOHIICIsI aJalTHBHOTO  aHaTi3y
BIITYKiB Ma€ TMPaKTHYHY I[IHHICTb 1 B KOHTEKCTI
XapuyyBaHHSA. Y TIEPCIEKTUBI Taki alTOpPUTMU
MOXYTh OyTH 3aCTOCOBaHI JUIsl aHATI3y TEKCTOBUX
HOTATOK, IIOJCHHUKIB Xap4IyBaHHSI a00 OTJIAIIB HA
OPOAYKTH 3 METOK (OPMYBAaHHS JIETHYHUX
pexkomeHnaIiii. ABTOpKa JIEMOHCTPYE MOTEHITiAN
HelipoMepexx  Juis  TOOYJIOBH  THYYKHX  Ta
iHQOpMATUBHUX CHUCTEM, SKI pearyroTh Ha 3MIiHY
MOBENIIHKK KOpHCTyBada. BoaHouac y po0OoTi He
PO3MIITHYTO THUTaHHS 3aXHCTy TEePCOHAIBHHUX
JIAHHX, 110 € KIIFOYOBUM KOMIIOHEHTOM Y ITUPPOBHX
MEAWYHUX JOAAaTKaX, a TaKoXK HE OXOIUICHO
(hi3i0JIOTi4HI aCTIEKTH Xap4ayBaHHSI.

[Ile oHUM peeBaHTHUM MPHUKIATIOM € CTATTS
[7]. VY poboTi BuCBiTIIEHO cKiaaHOLIl (GOpPMYBaHHS
30a1aHCOBAaHOIO PalioHy cepes Mool B YKpaiHi,
BpaxOBYIOUH  MEAWYHI  pH3UKA  (OXKHUPIHHS,
TacTPOSHTEPOJIOTIYHI TOPYIICHHS) Ta COIliadbHi
YMHHUKA (HU3BKUH piBeHb OO0I3HAHOCTI, BILUIUB
OTOYCHHS, Xap4uoBi 3BUYKH POIHWHH). ABTOpKa
T IKPECITIOE HEOOXITHICTh TepcoHartizamii
XapyoBHX PEKOMEHAIIW 3 YpaxXyBaHHSM BIKY,
¢izionorivHOr0  cTa”y, piBHS AaxKTHBHOCTI Ta
COIIIATIBHOTO  KOHTEKCTy. llompw  BIACYTHICTH
(dhoxkycy Ha IT-pilieHHAX, Pe3yIbTaTH JOCIIIHKSHHS
MalTh  BHCOKY TMPHUKIANHY  IIHHICTH IS
PO3pOOHUKIB IIaTHOPM YIPABITIHHS XapuyBaHHIM.
Bonn Bka3yloThb Ha BaXKIUBICTh CTBOPCHHS
MOJYJIB, OPi€HTOBAaHMX Ha MiJIITKiB K LiJIHOBY
ayIuTOopito, 3 aJIAaTHUBHOIO JIOT1KOIO,
MOTHUBAIIHHUMH KOMITIOHEHTaMH Ta HAaJEKHUM
Bi3yaJIbHIM CYTIPOBOAOM. v poboTi
HATOJIONIYETHCS, [0 TPAAMIINHI MIXOTH 0
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MIETOJIOTIYHOI  OCBITH € HEAOCTATHIMH, IO
OOIPYHTOBYE aKTyalIbHICTh HU(POBUX 3aCO0IB IS
€(EKTHBHOTO BTPYYaHHS.

MeTo10 CTATTi € OKPECICHHS TEOPETUYHUX
3acajq JUId MOOYJIOBH ILIATQOPMH  YIIPABIIIHHS
XapuyBaHHSAM 3 IHTETPAITIEI0 MMTYYHOTO 1HTEIEKTY,
sSKa  BpaxOBY€ Cy4YacHI BHKIIUKH, CIIPUSIE
(opMyBaHHIO 370pPOBUX 3BHYOK 1 BiJIIIOBiIaE
BHMOTaM 010 KOHQIICHIIIHHOCTI Ta
iH(OPMATUBHOCTI.

Buxnanenus OCHOBHOI'0 MarepiaJy.
PamionansHe Xap4yyBaHHS € KIIOYOBHM €JIEMEHTOM
y 30epekeHHI 310POB’sI, MPOPLIAKTHUII XPOHITHUX
3axBoproBanb [1] Ta miarpumuoi izmyHOl i
pO3yMOBOi akKTHBHOCTI. He3Baxkaroun Ha 3pOCTaHHS
0013HaHOCTI HaCeJIeHHS 1010 3HAYEHHS
30aJIaHCOBAHO1 [Ti€TH, y TIOBCSKACHHOMY >KHTTI
OO 4YacTO CTUKAKThCA 3 TPYAHOIIAMHU Y
dbopMmyBaHHI Ta TOTPUMAaHHI 3MOPOBUX XapPUOBUX
3BMUOK. J[0 TakWx TPYNHOINIB  HAJICKATH:
BIJICYTHICTh 4acy AJIsl IUIaHYBaHHS paLlioHy, Opak
3HaHb TIPO TOXKHMBHY IIHHICTH TMPOAYKTIB,
BIICYTHICTh CaMOKOHTPOJIIO, Xap4uoBa 3aJICKHICTB,
eMOlliliHe MepeinanHs, a TAK0X 30BHIIIHI YNHHUKH,
30KpeMa MapKEeTHHT Ta COIliajdbHI YCTAaHOBKH. 3
METOI0 TOXOJIAHHA IMX BHKJIHUKIB OCTaHHIMA
pOKaMH  aKTUBHO  PO3BHBAIOTHCS  IUGPOBI
IHCTPYMEHTH, SIKi JIO3BOJISIIOTH KOPHCTyBadam
(dhikcyBaTH XapdyBaHHS, KOHTPOJIIOBATH CITOXKHTI
KaJIOpii, CIIAKYBaTH 3a MPOTPECOM Ta OTPUMYBATH
cratucTuyHy iH(popmManito. Halimommupenimmmu
cepell HUX € MOOIIbHI J0AaTKK Ta BeO-Iu1athopMu
Ha 3pa3ok MyFitnessPal, Lifesum, FatSecret,
YAZIO, Cronometer. Lli pimeHHS NPOMOHYIOTH
3py4Hi iHTEepdeiicu, MocTym A0 BeIuKoi 0asu
MIPOTYKTIB, IHTETPAIIIO 3 PUCTPOSMH JIJIS TPEKIHTY
aktuBHOCTI. OpHak OUIBIIICTG 3 HHUX MAaroTh
0OMEXCHHS, 10 3HIKYIOTh IXHIO €PEKTUBHICTD Y
JIOBIOCTPOKOBIH TIEPCIICKTHBI:

®  BiJCYTHICTh IIMOOKOI MIEPCOHAITI3AILIT;

® HCEMOXJIMBICTh ajamnTamii 10 3MiH Yy
TTOBEIHITI KOPUCTYyBaya;

CIIPOIIICHI CHCTEMH OINHKY PaIlioHy;

e  MOHETH3allis KJIYOBUX (PYHKIIIH;
30epiraHHsl MEPCOHANIBHUX JIAHUX Ha
CTOPOHHIX  cepBepax ©0e3 JOCTaTHIX
rapaHTiii 0e3neKu;

®  HU3LKHH piBEHb JIOKai3amii mig
yKpaiHncbkuit puHOK [11].

VY 3B’513Ky 3 IIIM BUHUKAE TIOTpeba y CTBOPEHHI
HOBUX IuatopM, sIKi HE JWIle BUKOHYIOTh
(dbyHKIIIO KypHATY XapyyBaHHSI, a ¥ HaIaloTh
IHTENEeKTyaTbHUN CYyIpOBiJ, BpPaxOBYIHOUH
KOMILITEKC 0CO0OHCTHX XapaKTePUCTHK

KopHcTyBayda. Takui ImiIXi1 BUMarae 3aCTOCyBaHHS
PEKOMEHIAIIHHUX CHCTEM HOBOTO TTOKOJIIHHS. [2]
Jns mporo OyJO CHPOEKTOBAHO CHUCTEMY
yOpaBIiHHSA XapyyBaHHsM, ska B CBOiil poOOTi
BHKOPHCTOBYE MTYYHUH iHTENEeKT. BoHa m03BOIsSIE
KOpHCTyBa4aM 3a BBEJCHMMH [apaMeTpaMu
CTBOPIOBATH IUIAHU PAIliOHAIILHOTO Xap4yyBaHHS Ha
KOKEH JIeHb. 3aCTOCYBaHHS IITYYHOTO 1HTENEKTY B
CHCTEMI HaJa€ PEKOMEH/IAIli KOPHUCTYyBavYaM 00

migbopy HeoOXigHMX mHponykriB. Ha puc.l
HaBeIEHO TOJIOBHHHA €KpaH po3po0iroBaHol
m1aTHOpPMH.

CalorieWise Mownusocti fliswatncy Ginwwe  Yaicitn lP.(:rpm

KepyiiTe cBOiM Xap4yBaHHAM
PO3YMHO 3 HaLWUM iIHCTPYMEHTOM

OTpuUMaiiTe NePCOHANLHI PEKOMEHAALIT ANA s
AOCATHEHHA CBOIX UiNeit — CXyAHEHHS, o T
niaTPUMKM Barm abo Habopy Macu. 3pobite

KOXKEH NPUNOM DKi KPOKOM A0
300POBILLOrO KUTTA.

Lo wei nockinand?

Oepit wo Sanaew:
Biscarka 3 Rroaamm.
Omner i ososama
Tpeuskud Gorypt
Po3anoyatu 3apaal 3 ropixasm.
'362N1aHCORHO T3 KOPHEHD " .
[liaHagaica NOMUBHY

WiHHICTL NPORYKTIB.

Puc. 1. T'onoBHa cropinka muatdopMu yrpaBIiHHA
Xap4IyBaHHSIM i3 IHTETPALI€I0 €IEMEHTIB IITYYHOTO
IHTETeKTY

Y HaykoBiil mpakTHLi

OCHOBHI THIT TAKHX CUCTEM:

¢ KOHTEHTHO-OPi€EHTOBaHi — TPYHTYIOTHCS

Ha BIIACTHBOCTAX O0’€KTiB (y I[bOMY

BUTIAJKYy — TPOIYKTIB Xap4yyBaHHS) Ta
MOTIEPETHIX BIOOOAHHIX KOPUCTYBAUa;

e KoJadopaTuBHi — OyIyIOTh peKOMEHAaLi],

PO3pI3HAIOTh  TpH

BUXOIAYU 3 IIOBEIIHKA 1HIITNX
KOPHCTYBayiB 31 CXOXKUMHU
XapaKTepUCTHKAMU;

e TiOpuaHi — MOeAHYIOTH OOWABA MiAXOIH,
dbopMyrour OLNBII THYYKY Ta TOYHY
MOJEIb.

3acTtocyBaHHS ANTOPUTMIB ITYYHOTO

IHTEJIEKTYy MTO3BOJIsIE TepedTH a0 (opMyBaHHS
aJanTUBHUX PeKOMEHAAMii [3], sSKi 3MIHIOIOTECS Y
peaNbHOMY Yaci 3aJIe)KHO BiJl JaHUX PO aKTyallbHY
(i3MUHy ~ aKTHBHICTh, IOMNEPEIAHIO  Xap4yOBY
MOBEIIHKY, HOCSITHYTI abo BTpadyeHi  ITiii,
¢iziosoriyni napameTpu (Bara, BiK, CTaTh TOIIO). Y
pe3yNbTaTi CUCTeMa MOXKE HE JIMIIE MPONOHYBATH
MepeTiKk  PEKOMEHIOBAHMX TPOAYKTIB, a ¢
nornepepKaTi PU3UKK (HanpUKIaz, AeQinuT 3aiiza
YU TICPCBHINCHHS HOPMH CIOXUBAHHS COJI),
MOJICITIOBAaTH TIOBEMIHKOBI CIleHapil (HAIpHUKIA,
CXWJIBHICTH 10 3pHUBIB yBeuepi) 1 QopmyBaTu
HoTH(IKaIli, MO MITPUMYIOTh MoTHBalito. Ha
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puc.2 HaBEACHO MOXIIUBOCTI
mwiatdopmu.

po3pobIroBaHOl

Moxknusocri CalorieWise
'Baw NCPCOHANEHMI NOMIYHHK Y XapHYBaHH

Al ioamonc oBparA popou
pi A Baw
asTomaTwNo. cpse.

Opmyime

QG101 U3 X WA | OROBS .

KCAL

BpaxosyATC ovTpaTY KaROPi A waT
e [ R

CTpAMYITE HaraRyBAN A NPD NPATTOMA
DK T3 MO 1 3Py MR UK HAC YA

Puc. 2. CropiHKa MOXJIMBOCTEH IIaTHOPMH,
10 AEMOHCTPY€E (DYHKIIOHAI ISl IEPCOHATI30BaHOTO
MOHITOPUHTY Xap4yyBaHHS

Oxpemoro pos3risgy TOTpeOye MHUTaHHS
0e3leku MEepCOHANPHUX JaHWX, a/PKe CHCTEMH
Xap4yyBaHHsA 30MpaloTh iHGOpPMAIl0, [0 MOXE
PO3KpMBaTH MEAWYHI, IOBEIIHKOBI Ta HaBiTh
TICUXOJIOT19HI 0COOJIUBOCTI KOpHUCTyBaua.
HasBHicTh MeXaHI3MIB  KOHTPOIIO  JIOCTYILY,
aHoHiMi3alii, muUpyBaHHA, a TAKOX MOJITUK
KOH(1IEHIIHHOCTI € KPUTHYHO BaXKIMBOIO YMOBOIO
JUTSL BIIPOBAKCHHS MOAIOHUX MIaTGopM. Y LbOMY
KOHTEKCTI BapTO OpIEHTYBaTHCS Ha BHMOTH
MixkHapoaHoro cragapty ISO/IEC 27001 [4],
SKUA BH3HAYAE€ TIIXOAU JIO TOOYAOBH CHUCTEM
yIpaBiiHHSA iHPOpPMaLiiHOK O0e3MneKor0. 3rigHo 3
HUM, OyJb-sIKa CHCTeMa, 0 MPAIIOE 3 YYTIIMBUMH
JaHVMH, TIOBUHHA BIPOBA/KYBATH:

e 00OMEeXeHHS npaB JOCTYITY 10
MIepCOHANLHOT iH(hOopMAITii;
nporeaypu Bepudikailii KOpUCTYBadiB;
TIOJTITHKY 30epiraHHs W BUIAICHHS TaHUX;
peryIsipHUI ayuT Oe3MeKH;

MIPO30PY B3aEMOJIIIO 3 KOPHUCTYBaYeM MIOZ0
Horo uQpoBoi MPUBATHOCTI.

V3araipHIOI0YH 3a3HayveHe, MOYXKHa
CTBEPKYBaTH, 0 TUIaT(opmMa HOBOTO TTOKOJIIHHS
JUIS YOPABIiHHS XapyyBaHHSAM Ma€ IO€IHYBATH
JNOCTYNHICTH 1 3pY4YHICT  BHKOPHUCTaHH,
IHTEJIEKTyJIbHy 00OpOOKY MaHWX, alallTUBHICTH 10
MTOBEIIHKA KOPHUCTYyBada, OE3MEUHy apXiTeKTypy
nannx. Ha  puc.3  HaBegeHO — MONITHKY
KOH(IICHITIHHOCTI, 3 SIKOXO MOXYTb
03HAWOMITIOBATHCS KOPUCTYBAdi IIATHOPMH.

[lepcneKTMBHUM  HampsMOM  IOAAJBLIOTO
PO3BUTKY TOAIOHMX LUPPOBHX  pIllICHb €
IHTerpaliss 3 HOCUMUMH TPUCTPOSIMHU, TAKUMHU SIK
¢itHec-Opacnetr, cMapT-roguHHMKH [10] Ta i
ceHcopu (izionoriunoi aktuBHOCTI. Lli mpucTpoi
JO3BOJISIIOTE  ABTOMATUYHO  (IKCYBaTH  PIiBEHb

(Gi3MYHOTO  HAaBaHTaKEHHS, IMYyJbC, SIKICTH 1
TPUBAJICTE CHY, PIBEHB CTPECY, 110 CTBOPIOE YMOBH
JUIss  TIMOIIOT  MepcoHamizamii  peKOMEHMIAIliH.
3amyueHHs TaKMX JaHUX Y poOOTy TtuiathopMu
MOXXE HE JIMIIE MiABUIIUTH TOYHICTH PO3PAXyHKY
JI000BOT eHepreTHUHOl moTpedu, a i 3abe3neynTu
ajlanTario peKOMEeHIAIlill y peanbHOMY 4aci — 3
ypaxyBaHHAM 3MiH Yy (i3WYHOMY CTaHi Yu
MMOBEIIHKOBHX PeaKIlisax KopucTyBada. Lle mo3Bossie
MiHIMI3yBaTH HEOOXiJHICTh PYYHOTO BBEICHHS
JAHUX 1 BOJMHOYAC TiABUINYE JOCTOBIPHICTH
oTpuManoi iHdopmarrii. TakuM 9UHOM, IHTETpAIIis
3 HOCHMHUMH TIPUCTPOSIMH  BIJKpHUBae  HOBI
TOPU30HTA JJII CTBOPCHHS IHTEJEKTYaJbHUX,
YYTJIIMBUX JO KOHTEKCTy CHCTEM IiJITPUMKHU
3I0POBOTO CIIOCOOY JKHUTT.

Ionita kondizenuinnocri

5. Tipava KopueryDasis

6. im0 noniTHH

Puc. 3. ITomitnka KOHDIAEHIIIHHOCTI IO JEMOHCTPYE
BCi IpaBa Ta 000B’SI3KH CEepBICy Iepe]] KOPUCTYBaUEeM

OxpeMy yBary BapToO NPHIIIATH MOXIHUBOCTI
BIIPOBADKCHHS MOMIOHUX IUIaTGOPM Yy HPAKTHUKY
JIep>KaBHOTO YIIPABIIHHSI OXOPOHOIO 3II0pOB’S Ta
ocBiTHI niporpamu. Taki nu¢poBi pillIeHHS MOXYTb
OyTH BHUKOPHUCTaHI y MIKUTBHUX Ta
VHIBEpCUTETCHKHUX 3aKiamax il  (HOpMyBaHHS
3JI0POBHUX XapUOBUX 3BHYOK Y MiTeH Ta Moo [9],
30KpeMa dYepe3 IepCOHATI30BaHMU MiaxXig [0
OITIHIOBAaHHS XapuyyBaHHS, HaBYaJIbHI MOy,
CTAaTUCTUYHMN aHaJi3 CHOXHUBAHHSA, a TaKOX
MOHITOPHHI ~ BIUIMBY  Xap4yOBUX 3BHYOK Ha
3araJlbHUi cTaH 370poB’st. Kpim Toro, Taki cucreMu
MOXYTh  IHTETpyBaTHCS 3  HaIllOHATHHUMH
iHimiatuBamu 'y cdepi uuppoBoi MEAULMHH
(eHealth) [8] 3 MeTOIO TpUBaAJIOTO CHOCTEPEKEHHS
32 CTaHOM XapuyBaHHA HacenmeHHs [12]. Ix
BIIPOBADKCHHSI y IIJIOTHOMY PEXHMI y MeXax
JepKaBHUX TMporpam Npo(diJakTHKU OXHUPiHHSA,
CEpIIEBO-CYAMHHUX Ta OOMIHHHMX 3aXBOPIOBaHb
CTBOPIOE IIEPEAYMOBH JUIsl CUCTEMHOI'0 MiJIX0AY 110
30epeKeHHS 310pOB’ sl TPOMAJISH.

BucnoBoxk. IIpoGiema ¢popMyBaHHS 300pOBUX
XapuoBHX 3BHYOK Y CYYaCHOMY CYyCHUIBCTBI
noTpedye CHUCTEMHOTO MigXOLy, SIKUH TOEIHYE
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3HAHHA 3 OIE€TOJIOrI, MOBEIIHKOBOI IICHXOJIOrii Ta
cydacHMX 1H(OpMAIIHHUX TEXHOJIOTIH. AHam3
HasBHUX [UGPOBUX 1arhopM IOKaszaB, IIIo
OLIBLIICTG 13 HHUX HE BIANOBIOAE 3alATaM
KOpHCTyBaua IIIOJ0 IepCOHaii3alli, Oe3lmeku Ta
agantuBHOCTI. L{e 3ymMoBiioe motpedy y po3poOir
HOBHUX DIillleHb, 3IaTHUX 3a0€3MCUUTH TIIHOIIC
PO3YMiHHS MOBEIIHKOBUX Mojeneil Ta GpopmyBatu
Ti€BI peKOMEHAAIT1.

v CTaTTi 0OIPyHTOBaHO KOHIIEIIIIfO
mwiarGopMu S yOpaBIiHHA —XapdyBaHHIM 3
IHTETpaIi€l0 MTYYHOTO 1HTEIEKTY, sika 06a3yeThbest
Ha TPUHIUIIAX TepCOHATI3aIli, aJanTHBHOCTI Ta
OesmeyHoro 30epiraHHs JaHuUX. TeopeTHyHe
MATPYHTS TaKOi CHCTEMH CKIATaloTh CydacHi
MiIXOIN IO TMOOYIOBH PEKOMEHIAIIIHHUX CHUCTEM,
BUKOPHCTaHHS 1HTEIEKTYaIbHOTO aHAIli3y JaHUX, a
TaKoX JOTPUMaHHS MIXHAPOJHUX CTaHJApPTIiB
3axucTy iHdopmariiii, 3okpema ISO/IEC 27001.

3amponoHoBaHUHM — miaxig <~ Moxe — OyTh
peamizoBaHull y BUTIAAl BeO- abo MOOLTBHOI
mIaThoOpMHu, IO CIYTYBaTUME 1HCTPYMEHTOM HE
JIMIIIE TSt O0JTIKY Xap4yBaHHs, a i 7151 (hopMyBaHHS
CTanX 340poBUX 3BUYOK. [lomanbiii mociimKeHHs
MOXYTh OyTH  CHOpAMOBaHI Ha  pPO3POOKY
KOHKPETHHMX aJTOPUTMIB, OIIHKY €(EKTHBHOCTI
CUCTEeMH Yy peaJbHOMY BHKOPHCTAaHHI, a TaKOXK
BHUBUCHHS  MOTHBAI[IMHMX  MEXaHi3MiB,  SKi
ITiIBUIITYIOTH 3a]Ty4EHICTh KOPUCTYBAUiB.
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Rymar P.V., Livakovskyi V.K Development of a
nutrition management platform with artificial
intelligence integration

In today's conditions of growing interest in a healthy
lifestyle, the implementation of digital solutions for
effective nutrition management is becoming relevant. A
significant part of the population faces difficulties in
forming a balanced diet, adhering to a meal regimen and
controlling calorie intake. These difficulties are due to
both information overload and the lack of personalized
tools that would take into account individual needs, the
level of physical activity, the user's goals and his eating
habits. At the same time, the software market in this area
is represented mainly by universal platforms focused on
standardized approaches without deep personalization
and adaptation to the local user. The article considers
the concept of creating a web platform for monitoring
and correcting the diet with the integration of artificial
intelligence elements. The main goal is to develop a
flexible tool for daily monitoring of eating behavior,
forming recommendations based on the user's previous
experience, analysis of his physiological parameters and
preferences. The article analyzes the main problems of
modern nutrition, highlights the shortcomings of existing
digital solutions, in particular, the lack of adaptation, the
complexity of the interface, the limited functionality of

free versions, as well as the risks associated with the
transfer of personal data to third parties. Attention is
paid to the theoretical foundations of building
recommender systems, their classification and principles
of operation in the context of eating behavior. Special
emphasis is placed on the importance of secure
processing of personal data in accordance with the
international standard ISO/IEC 27001. The proposed
concept aims to form a scientific basis for creating an
adaptive, safe and convenient nutrition system that takes
into account the needs and characteristics of each
individual user. The implementation of such a system can
have a significant impact on the formation of long-term
healthy habits, the prevention of diseases related to
nutrition, and become an effective tool in the field of
public  health. Its  development requires an
interdisciplinary approach that combines knowledge
from dietetics, information technology, and behavioral
sciences.

Keywords:  nutrition,  artificial  intelligence,
recommender system, data security, personalization,
health, behavior
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CTPATEI'TYHI IIIJIXOIM IO 3SMEHIIIEHHS PU3UKIB PYHHYBAHHS
BYPUJIBHUX KOJIOH HA OCHOBI CUCTEM IH’KEHEPHOI'O MOHITOPHUHI'Y

Jannnrok H.5.

STRATEGIC APPROACHES TO REDUCE THE RISKS
OF DRILL STRIKE FAILURE BASED ON ENGINEERING
MONITORING SYSTEMS

Danyliuk N.Y.

Y cyuwacuini nagpmoecaszositi npomucioeocmi numanms
niosuujenHst 006208IMHOCMI OYPUTLHUX YCMAHOBOK €
KI0408uM  Onsl  3a0e3nedenuss  eexmugHocmi  ma
EeKOHOMIYHOI ~ OoyinbHOCMI  8UOOOYMKY — pecypcie.
Hisnvnicms  y  JcOpcmKux — ymMo8ax
npu3gooums 00 IHMEHCUBHO20 3HOUWIeHHS OONAOHAHHS,
Wo 006YMOGIOE HEOOXIOHICMb 3ACMOCYBAHHA HOGIMHIX
mexnonociti 0 toeo  3axucmy.  Oomum i3
NEPCNEeKMUBHUX HANPAMIG Y YbOMY KOHMEKCmi €
enposaddcenns BIM-mexnonoeiti (Building Information
Modeling), axi cnpusioms NOKpawieHHIo YNPAGLiHHA
JHCUTMIINEBUM YUKTIOM 0OAOHAHMA, OnmuMizayii npoyecis
MEXHIUHO20 00CNY208Y8AHHS MA NPOSHO3YEAHHIO 3HOCY.
YV cmammi npoeedeno rommaexcumuii ananiz 6naUBY

KODO3iiiHUX ~cepedosuwy Ha mamepiany OypUIbHUX
YCMAHOBOK, — BUBHAYEHO  OCHOGHI — YUHHUKU, WO
npuzeodsms 0o Odezpadayii  KOHCMPYKMUGHUX

eleMenmie, ma po32isiHymo CyuacHi Memoou ix 3axucmy.
3okpema, yeaza npudinena BUKOPUCTNAHHIO
AHMUKOPO3TUHUX noKpummis, MOOu@iKosanux
Mmamepianie i kamoonozeo 3axucmy. Kpim moeo,
PO32IAHYMO  Modcausocmi  3acmocysanus  BIM-
MEeXHONI02IU ONsl  MOHIMOPUHEY CMaHy OypUIbHO20
0071A0HAHHS 8 PeaTbHOMY YACI, U0 003B0IAE CBOCUACHO
suseiAmu Oeghekmu, MIHIMIZy8amu pusuKu aeapiit ma
30inbWysamu  eKcnIyamayiunull  pecypc yYCmaHogoK.
Jocnioocenns nokasano, wjo inmezpayis BIM-mooenet 3
Memooamu NpOSHO3HOI AHAMIMUKYU MA CUCEMAaMU
MexHiuno20  00CNIY208Y8aHHA  00360NAE  3HAYHO
SMEHWUMU BUMPAMU HA PEMOHM | NPOCMOT 00NAOHAHHSL.

Le, y ce010 uepey, 3abe3neuye nioguujenHs 3a2anbHOL

eghexmusHoCmi HAGMO2a308UX NIONPUEMCING MA CRPUAE

ix cmituxomy possumky. Aemopu niOKkpecowms
BAJICIUBICL — NOOANLUUX — 00CAIOJCEHb Y cepi
yugpposozo MOOeNI08aHHs ons niosuLyenHs

006206IUHOCMI  OYPUILHUX YCMAHOBOK MA PO3POOKU
HOBUX CMAHOAPMI@ YNPAGHIHHA MEXHIYHUM CMAHOM

excniayamayii

obnaonannsa. Pezyremamu pobomu modcymsv Oymu
KOpUCHUMU 0Nl IHOICeHepis,  AKi  3aUMaromucs
npoekmyeamHamM i eKcnayamayicio  OypuibHo20
00NAOHaHHA, a4  MaKodC Ol HAYKOBYI6, WO
00CIOJNCYIOMb  NEePCNeKMUBHI  Memoou  3aXucmy
mamepianie y  Hagmoeaszosiu  eanysi. Ilodanvuii
00CTIONCEHHSL Y YbOMY HANPIAMKY MAlOMb NOMEHYIAN
3HAYHO NOKpawumu  HAdiuHicmb  001A0HAHHA MdA
SHUBUMU —onepayiuMi eumpamu, wo € KPUMUYHO
BAdICIUBUM (aKmopom Ol enepeemuunoi be3nexu ma
EeKOHOMIUHOI cmabintbHOCE 2any3i.

KuirouoBi cjoBa: pusuku pyiinyganus,; iHdiceHepHull
MouimopuHe,  onmumizayisi  OypiHHA, ~ MEXHOA02I
npoenozyeanns,; inmepuem peuetl (loT); 6besnexa
Oyposux onepayil.

Beryn. HadrorazoBa npoMucioBicTs BUCyBae
BUCOKi BHUMOTHM JIO HAQJIHHOCTI OypHUIBHOTO
obmamHaHHA, 30KpeMa  OypWJIBHHX  KOJIOH.
PyiiHyBaHHS KOJOH MOXE CHPUYMHHUTH CEPHO3HI
TEXHIYHI, C€KOJOTIYHI Ta EKOHOMIYHI HACIIiJKU.
OCHOBHUMH IPUYNHAMH TIOTIKOIKEHD € MEXaHIIHi
HAaBaHTKCHHS, KOpPO3isi, epo3is Ta BTOMHE
pyliHyBaHHsS. [HXeHEepHMH MOHITOPHHI Bifirpae
Ba)XXIIUBY POJIb Y PAHHLOMY BHSBJICHHI Je(EKTiB Ta
MOJOBXKEHHI CTPOKY €KCIUTyaTamii OypHIbHUX
KOJIOH. Y Cy4acHUX YMOBaX, KOJIM T€XHOJOTTUHUH
PO3BHTOK BiJlirpae KIOYOBY poiib Y HadTOra3zoBin
MPOMHMCIIOBOCTI,  CTpaTeTidHe  BIPOBADKCHHS
IUQPOBHUX IHCTPYMEHTIB MOHITOPHHIY JI03BOJISE
CYTTEBO MOKPAIIUTH HAiHICTH 1 Oe3neKy OypoBUX
omepamiii. BrpoBamkeHHS ~ TaKMX  ITAXOIB
JIO3BOJISIE HE JIMINE MIBUINUTH e()EeKTUBHICTh
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BUKOPDHUCTaHHS OOJIafHAaHHSA, a W 3MCEHIIUTH
BHUTpATH HA PEMOHT 1 3aMiHY ITOIITKOPKCHUX KOJIOH.

JlaHe HmOCHDKEHHS pO3TIsae CTpaTerivHi
MiIXOAW JI0 3MCHIICHHS pPU3WKIB PYyHHYBaHHS
IUIAXOM  3aCTOCYBaHHSI  CY4YacHHX  METO[iB
MOHITOPUHTY Ta ITU(GPOBUX TEXHOJIOTIH. 30KpeMa,
aKIEHT pOOUTHCS HAa BUKOPUCTAHHI CEHCOPHHX
TEXHOJOTIH, UUPPOBUX [BIMHUKIB Ta METOJIB
MTYYHOTO  IHTENEKTy Uil  MPOTHO3YBAaHHS
MOJKJIUBUX BiJIMOB 1 TIPOJOBXKEHHSI CTPOKY CITyXOuU
OypWILHUX KOJIOH.

Mera Ta 3aBaaHHA cTarTi. Meroro
JOCTIKEHHS. € PO3po0Ka CTpaTeriuHuX IiAX0/IiB
0 3HWKCHHS PU3WKIB PyHHYBaHHS OypHIBHUX
KOJIOH HUISXOM BIIPOBA/PKEHHS CydacHHX METO[iB
IKEHEPHOTO ~ MOHITOPMHTY  Ta  IOH(PPOBUX
texHonorit.  Ile  mo3Bomuth  3abe3neunTH
i IBUIIICHHS HAJIHHOCTI OypIILHOTO O0JIaTHAHHS,
MIiHIMI3yBaTH aBapiiiHi CHTyarii Ta TOKpaIuTH
e(eKTUBHICTh OYpOBUX TIpolieciB. [l mocsarHeHHS
i€l METH TOCIIPKEHHS mependadac KOMIUICKCHUN
aHaji3 OCHOBHUX (PaKTOpiB, IO CHPHYUHSIIOTH
py¥iHYBaHHS OYpHIBHUX KOJIOH, 30KpEeMa BILTHB
MEXaHIYHUX HABaHTXKEHb, KOPO3ii, BTOMHHX
MpOIEeCiB 1  TEONIOTIYHMX YMOB. BuBYEHHs
TPAOUIIIHHUX 1 CYYacHHX METOMIB I1H)KEHEPHOTO
MOHITOPHHTY CIpUATUME BH3HAYEHHIO
ONTUMANBHUX IMIJXOMIB 1O TWPOTHO3YBaHHA 1
3amo0iraHHs BiIMOBaM OYPHIIBHUX KOJIOH.

Y pamkax AoCHiIKeHHs Oyae TPOBEIACHO
OLIHKY MOMJIHMBOCTEHl LU(PPOBUX TEXHOJOTIH,
Takux K UdpoBi aBiHukU, loT-cucremu, BIM-
MOJIETIIOBAHHS Ta METOAM MAIIMHHOTO HAaBYaHHA,
JUTST CTBOpPEHHS IHTETPOBAHUX CHUCTEM
MoHiTOpuHTY. lle nacTe 3MOry BYacHO BHSBISATH
KPUTHYHI 3MiHM B TEXHIYHOMY CTaHI KOJIOH 1
PO3pO0IATH €PEKTHBHI 3aX0U 3HUKCHHS PU3HKIB.
3anpornoHoBaHi CTpaTeTriuHi HiAX0aU
BKJIFOUYAaTUMYTh PEKOMEH/AIli1 11010 BUKOPUCTAHHS
IHHOBAIIIMHAX MaTepialliB, ONTHUMI3aIii pPEKUMIB
OypiHHS Ta BJIOCKOHAJICHHS METOJIB KOHTPOJIIO
CTaHy OypWJIBHHUX KOJIOH, IO CHOPHUATHME
MiIBUIIEHHIO IXHBOI JOBIOBIYHOCTI Ta 3HMKEHHIO
eKCIUTyaTalllfHUX BUTpPAT.

AHaniz  J0cJiIKeHb i myOaikanii.
[IpobneMaTnka 3HWKECHHS PU3HKIB pPyHHYBaHHS
OypHJIbHUX KOJIOH € aKTyaJdhbHOI B KOHTEKCTI
i IBUIICHHS e(DeKTUBHOCTI Ta Oe3rneku OypiHHS. Y
HayKOBIH JiTEpaTypi Ml Temi MPUAIICHO 3HAYHY
yBary, 30KpeMa depe3 IHTerpailifo  CHUCTEM
IH)KEHEPHOT'O0 MOHITOPUHTY.

Hocnimxennss Cemenuenka A.l. akneHTYIOTh
Ha (opmaizallii cTpaTeriuHoro IUTaHyBaHHS IS
3a0e3neyeHHs] Oe3MeKH TEXHOJOTIYHUX MPOLECiB.
ABTOp TIPOTIOHYE KOMIUIEKCHUHN MiAXij 10 OLIHKH

pU3UKIB, SIKUEi Moxe OyTH aJanTOBaHWHA IS
MOHITOPUHTY OypHJIBHHX KOJIOH. BomHodac y
poborax BaykoBoi H.M. Ta cmiBaBTOpiB
pO3TISAAA€EThCA PHU3UK-OPIEHTOBAHA CHCTEMa, IO
BKJIFOYAE€ OINIHKY Ta KOHTPOJL PH3HUKIB IS
3HIDKCHHS HMOBipHOCTI aBapiil. I{i mpuHITHIN
3aCTOCOBHI JI0 OypiHHS, € CBOE€YaCHE BUSBJICHHS
Je(hEKTiB € KPUTUIHUM.

AHami3 npuyuH aBapiii  OypuiIbHHX TpYO,

OpeACTaBICHU y  JDKepeni,  MiIKpeciioe
BaXKJIUBICTh JIarHOCTUKHU MaTepiaTbHIX 1
TEXHOJIOTIYHUX (haktopis. JocmimkeHHs

IOHTYHI' Bka3yioTb Ha BTOMYy MeETaly Ta
TigpaBmiyHi BIUIMBM SIK  KJIIOYOBI  NPUYMHHU
pyiiHyBanb. /s iX 3amoOiraHHS IPOMOHYETHCS
BIIPOBA/UKCHHA CHCTEM pEaJbHOro dacy, III0
V3rOMXKYETbCA 3  KOHLEMLIEI0  iHKEHEPHOTO
MOHITOPHHTY.

VY nmparsgx, OmyOJIiKOBaHHX Ha IuiaThopmi

URAN, HATOJIONIYEThCS ~ HA  HEOOXITHOCTI
iHTerpamii JaHuX i3 CEHCOPIB Ul MPOTHO3YBAHHS
aBapifi. e i ITBEPIKYE TOTUTHHICTH
Bukopucranus loT-TexHomorii 'y  cucreMax

Monitopunry. Kpim Toro, mocmimkenus SIPRI
aKIICHTYIOTh Ha II00ATLHUX PU3UKAX, BKIOYAI0UN
TEXHOJIOTIUHI, M0 TIAKPECIIOE  BaXKJIMBICTH
CTpaTETIYHOTO MiAXO0AY 0 YIPaBIiHHA O€3MEKOIO.

HesBaxaroun Ha 3HayHMil 1porpec, ¥y
JiTeparypli  HENOCTaTHHO  yBaru  MPHUALICHO
ajanTanii CUCTEM MOHITOPUHIY 10 Crenu(iaHuX
yMOB OypiHHS, 30KpeMa B EKCTpPeMaJbHUX
reoJioriyHAX  cepemosmmiax. lle  Bu3Hadae
MIEPCTIEKTUBY MOIATBIITNX JIOCTIIKEHB,
CIPSIMOBAaHUX HAa CTBOPEHHS THYYKUX CTpaTerii
3HIDKEHHS PU3HKIB.

Buxknan ocHoBHoro Marepianay. OcHOBHI
MPUYUHY PYHHYBaHHS OYPHIIEHUX KOJIOH

PyiinyBaHHs OypWJIBHUX KOJIOH € OJHIEI0 3
Halcepio3HIIUX MpodsieM y OypoBHX poOOTax,
OCKUTBKH TXHS IUTICHICTh Oe3rmocepeiHhO BILTHBAE
Ha eeKTUBHICTh OypiHHs, Oe3leKy MepcoHaly Ta
E€KOHOMIYHI BHUTpaTH. BuBYeHHsS MexaHI3MIB i
(hakTOpiB, IO CHPUYUHSIOTH  ITOIIKOPKEHHS
OypWJIBHHX KOJIOH, € KPUTHYHO BAXIUBHM JUIS
PO3pOOKHU CTpaTeriuHuX MiAXOMIB JO IXHBOTO
MOHITOPHHTY Ta 3axucty. OCHOBHI TpUYMHH
pyiHYBaHHS OYpWJIBHHX KOJOH MOYKHA HOIUIHTH
HA  YOTUpUM  KJIIOYOBI  Tpymu:  MeXaHiuHi
HABaHTA)XEHHS, BTOMHI TMPOLECH, KOPO3iIHHUIMA
BIDIMB 1 reosorivHi hakropu [1].

MexaHiuHi HaBaHTaXeHHs. BypuibHI KOJIOHU
Hi}l,HaIOTI)CSI 3HAaYHUM MCX&Hi‘IHI/IM HaBaHTaXCHHAM
mig gac OypoBuX poOiT, MO MPHU3BOAUTH 1O iX
MOCTYTIOBOTO 3HOIITYBaHHS Ta pyiHyBaHHI. OChOBI
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Ta  paJgiaNibHi  HAaBaHTAXCHHS  CTBOPIOIOTH
HaTpYXEHO-Ie()OPMOBAHUN CTaH, MO CHpPUSE
YTBOPECHHIO TPIIMH 1 BTPATi MIITHOCTI Martepiay.
JluHamiuHi Ta yIapHi HaBaHTaXXEHHS, OCOOJIHBO
npu OypiHHI B CKJIATHUX TEOJIOTIYHHX yMOBaX, €
OCHOBHUMH YMHHUKAMH PYHHYBaHHS OYpMIBHUX
KOJIOH [2].

BypunbHi  KOJIOHM MigNalOTECS  3HAYHUM
MEXaHIYHUM HABaHTaXXCHHSIM i 4ac BUKOHAHHSI
OypoBux omepaniii [3]. Jlo OCHOBHUX BHUJIB
HaBaHTaXEHb HaJexaTb (Tadi. 1):

a) oOcCeBe HaBaHTAXKCHHA (CTHCHEHHS Ta
PO3TSATHEHHS) — BUHUKAE BHACIIOK Baru KOJIOHHU
Ta TnubuHu OypiHHA. HaaMipHe cTHCHEHHS MOXe
CIIPUYMHUATHA BTPATy CTIMKOCTI TpyO, TOmi sIK
PO3TATHEHHS  TPU3BOJUTH  JO0  IUIACTHYHHX
nedopmartiii i MIKpOTpilIKH.

0) KpyTHHUH MOMEHT — JIi€ BHACIiJOK
00epTaNbHOTO PYXY KOJIOHH, OCOOIHBO Y JKOPCTKUX
TeoNIOTiYHUX ~ ymoBax. llpy  mepeBuILEHHI
KPUTUYHUX 3HAYCHb KPyTHOTO MOMEHTY MOXKIIUBE

BHHHUKHEHHS CKpy9IyBaHHS a00 pO3pHUBY TPYO.

Ta6muit 1

OcHoBHI MexaHiYHi HaBaHTaKeHHA
Ha OypuibHi KosioHH [3]

Buz Omme Hacmigkn
HaBaHTAXCHHS
OcboBe Bunukae [Tnactuuni
HaBaHTaKCHHS BHACJIIJIOK Baru nedopmariii,
(cTucHeHHs Ta KOJIOHH Ta MIKpOTpi-
PO3TSITHCHHS) TINOWHU LIWHH, BTpaTa
OypiHHS CTIMKOCTI
1py6
KpyThuii Brnus Ckpyuy-
MOMEHT obepTanp-HOTO | BaHHSI, PO3PUB
PYXy KOJIOHH, TpyO
0COOJIMBO Y
CKJIaTHUX
Te0JIO-TIYHNX
YMOBax
[Tonepeuni Bunnkarots JloxanbHi
3TUHAIBHI yepes HATpy-KCHHS,
HABaHTaXXCHHS BiJIXMJICHHS MIPUCKOPECHE
CBEPUIOBU-HU pyWHY-BaHHS
Ta HEpPiBHO- Mmarepiairy
MipHHA
pO3MOALT
HaBaHTa-)KCHHS
Jnaamivri Bunukarots ipu | CTpyK-TypHE
HABaHTAKECHHS 3MiH1 MTOIIIKOI-
Ta ynapHi XBUJIi MIBUIKOCTI JKEHHS,
OypiHHS, MIBUJIKE
OypiHHI B 3HONTY-BaHHS
JKOPCTKHUX
opoJax

B) TMOIEPEYHI 3TUHAIbHI HaBaHTAKEHHA —
3'IBJISIIOTHCS Y€pe3 BIOXICHHS CBEPIJIOBHHH Ta
HEPIBHOMIpHUI PO3MOIiIT HaBaHTAKCHHS.
HasBHicTh OOKOBHX CHJI CHPHYHUHSE JIOKAJIbHI
HANPYXEHHS, 10  NPUCKOPIOIOTH  TIPOIIEC
pyWHYBaHHS MaTepiamy.

I') IMHAMiYHI HABaHTaKECHHS Ta YAAPHI XBUIII —
BUHHKAIOTH NPH 3MiHI MBHAKOCTI OypiHHS, poOOTi
B YMOBax >KOPCTKUX TIOPiJ, a TAKOXK MPHU 3yCTPidi 3
HECTO/[iIBAHUMH I'€OJIOTYHUMH aHOMAITiSIMU.

Bromui mpomnecu. llukiiyHi HaBaHTaKCHHS,
SIKI BUHUKAIOTh y IpoOleci OypiHHS, BHKIIMKAIOTh
HaKOIMMYCHHS MIKpOAC(PEKTIB y MaTepiami KOJOH.
Le npu3BOAMTH 10 BTOMHOIO PYyHHYBaHHS, IO
0CO0JIMBO HEOE3MeYHe B MICISIX KOHIECHTpAIl
HaIpy>KeHb, TAKUX K pi3600Bi 3’ € HAHHS 200 30HH
3BapHUX ULIBiB. BTOMHE MOMIKOIKEHHS MOXKE
3QIIMIIATACSA HETOMITHUM TIPOTSTOM TPHUBAJIOTO
yacy, OJHAK PAaNTOBUU BUXiJ 3 Jiamy OypHIBEHOT
KOJIOHH MOXKE CIIPUIMHHUTH cepio3Hi aBapii [3].

MexaHiyHa BTOMa € OJHI€I0 3 TOJOBHHUX
MPUYUH TIOCTYIIOBOTO PYHHYBaHHS OypUIBHUX
KojoH. Ilim BmIMBOM OaraTOKpaTHUX IIHKIIIB
HaBaHTaXEHb MaTepian OypwiIbHHUX TpPYyO 3a3Hae
MIKpOCTPYKTYPHUAX 3MiH, IO NPU3BOJATH JIO
HAKOITMYEHHSI MOITKO/PKEHb Ta YTBOPEHHS TPIIUH
[4]. OcHOBHI MeXaHI3MH BTOMHOTO pPYHHYBaHHS
BKJIFOYAIOTH (Ta01. 2):

a) BHCH@XEHHA  MaTepially  BHACIiJOK
Oaratopa3oBuxX 3MiH HampyXeHb — IO dYac
obepranHs Ta  pobdOTM y  BHUKPHUBICHUX

CBEPJIJIOBHHAX BiI0YBAIOTHCS MOBTOPIOBAHI IUKIIA
HAaBaHTAKCHHA, SKi 3HAYHO 3HIDKYIOTh MIIHICTh
MeTay.

0) 30CepeKCHHS HANpPYXEHb y  MICIIX
KOHCTPYKTHBHUX JIe(eKTiB — Pi3bOOBi 3'€mTHaHHS,
30HM 3BapioBaHHSI Ta MIKpPOJAShEKTH CTal0Th
TOYKAMH iHIIiAI] TPIlIHH.

Tabmuus 2
BroMHi nponecu B 0ypHJIbLHHX KOJIOHAX [4]
®daxkrop MexaHi3M BIUIUBY Hacainku
Bararopazo- [TocrTiitae Buchaxenns
Bi IIUKJITA MTOBTOPEHHS Marepiany,
HABAHTAXXCHb | HABAHTa-)KCHb Y HAKOTTMYCHHS
BHUKPUBJIC-HUX HOMIKO/KEHb
CBEpAJIOBU-HAaX
Konnenrpa- Bunukae B ®dopMyBaHHS
st Ppi3p00BHX MIKpOTPILIHH,
HANPYXKeHb | 3’ €IHAHHSIX, 30HAX BTOMHE
3BapIOBaHHS pyiiHYBaHHS
Temmnepa- [Tepenamn Tepwmiune
TypHI TEeMIepaTyp 4epe3 | PpO3MHPEHHS,
KOJIMBaHHSA 3MiHY TJIMOMHI IOIATKOBI
OypiHHS HaNPYXCHHSI
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B) BIUIUB TEMIICPATypHUX KOJUBAaHb —
YHACHiIOK 3MiHM TJIMOWHH Ta YMOB OypiHHS
TeMIiepaTypa B MaTepiaix MoXe 3MiHIOBaTHUCS, IO
CHpHsi€ TEPMIYHOMY PO3LIMPEHHIO Ta JOAATKOBUM
HaIpPYKCHHSIM.

Koposiiitanii  BrumB.  bypuibpHI  KOJNIOHU
eKCIUTYaTYIOTbCA B arpeCHBHHUX CEpEIOBHUINAX, JIE
HasBHICTH cipkoBoHIO (H2S) Ta iHIINX KOpo3iiHuX
arcHTIB CIPUYHMHIE XIMIYHE Ta CICKTPOXIMIUHE
pyiHyBaHHS Matepiany. Kopozis 3Ha49HO 3HIKYE
MIIIHICTh KOJIOH 1 MOX€E CIIPUYMHUTH X MeperdacHe
pyliHyBaHHs. BukopucTaHHS  aHTHKOPO3IHHHX
ITOKPHUTTIB Ta CIICMiAIbHUAX CINIABIB MOXE YaCTKOBO
3MCHIINTH Tl pu3ukK [3].

Kopo3zis OypuibHHX KOJOH € OJHUM i3
HaiiHeOe3neyHimmnx (akTopiB, OCKIIBKM BOHA He
TUTBKH TOCHa0ioe  MaTepiayi, aime W Moxe
BUKJIMKAaTH KaracTpodiuHe pyiHHyBaHHa [4].
OCHOBHI TMIH KOPO3iHHOTO BIUIMBY BKJIIOYAIOTH
(Tabmn. 3):

a) 3araJibHa eJCeKTPOXiMiYyHA KOpO3isd —
BUHHMKA€ Yepe3 KOHTAKTyBaHHS MeTaly 3
arpecMBHUMH  CEpElOBHIIaMU  (COJIOHA BOJA,
KHUCJIOTH, CIPKOBONICHB). Bmcoka BOJIOTICTH Ta
TeMIeparypa CcrpusioTh iHTeHcuiKarii mpouecy.

0) Kopo3iiiHa BTOMa — MMO€THAHHS KOPO31MHOTO
CepeioBHIIA 3 UHUKIIYHAMH HaBaHTAXEHHSIMH
MPUCKOPIOE MPOLIEC TPIIIMHOYTBOPEHHS.

B) cynbdimHO-cTpecoBa koposis (SSC) —
oco0nMBO HeOe3levyHa y 30HaX, A€ HNPUCYTHIH
cipkoBoaenb (H:S), mo mpu3BoguTh A0 pO3PUBY
MeTajly uepe3 BHYTPIIIHI Halpy>KeHHS.

Tabmurs 3
KoposiitHunii BIuInB Ha OypPHJIbHI K0JI0HH [4]
Tun xopo3ii [TpuunaN Hacningku
3aranpHa Brms OcnabneHsas
CJIeKTPO- arpecHBHUX MaTtepiaiy,
XiMiyHa CepeloBUILL 3HMKEHHS
KOpO3ist (conena Boja, MILHOCTI
H-S)
Kopo3iii-na TToennanus IIBuake
BTOMA KOpO3ii 3 TPILIUHOYTBO-
OUKTIIHAMHA PEHHS, 3HIDKECHHS
HaBaHTa- pecypey
JKCHHSIMHU
Cynbdin- Brutus cipko- Karactpodiune
HO-CTPECO- BoaHio (H2S) pO3pHUBaHHA TPYO
Ba KOPO3ist
(SSC)
[Titi-HroBa JlokanbHi YTBOpeHHS
KOpO3is XIMIYHI aTaku TIIMOOKHUX
HA MMOBEPXHIO TOYKOBHX
MeTaly MOIIKOIKCHb

I) MITIHrOBa KOPO3isl — JIOKAJIbHI IISTHKA
MeTaqy  3a3HaloTh  arpecuBHOTO  BIUIWBY,
YTBOPIOIOYN TJIHOOKI SIMKH, $IKI MOXYTb CTaTH
TOYKAMHU MOYATKY pyHHYBaHHS.

l'eomoriuni  Qakropu. ['eonmoriuni ymoBH
OypiHHS TaKOXX CYTTEBO BIUIMBAIOTh Ha CTaH
OypwiapHUX KOJOH. B3aemomis 3 TBepAUMH
MOPOJIaMU CIIPUYHHSIE a0pa3uBHHMIA 3HOC, a MICIEBI
MeperpiBu, M0 BUHUKAIOTH YHACIITOK TEPTH,
MOXXYTh 3HIDKYBAaTH MIITHICTE MaTepiamy. Kpim
TOrO, HEOJHOPIOHICT TIPCBKUX TIOPiA MOXKeE
BUKJIMKATH HEPIBHOMIPHHUH PO3MOIiJI HABAHTaKEHb
10 BCIH JOBKUHI KOJIOHU.

Di3uKO-MEXaHIYHI  XapaKTePUCTUKH  TOPif
BiZIrpaloTh BaKJIIUBY pOJb Yy JIOBTOBIYHOCTI
OypwibHuX KONOH [4]. OcHOBHI mpoOnemu,
NOB's13aH1 3 Te0JIOTTYHIMH (akTopamMu (Tadm. 4):

a) abpasWBHWI 3HOC — TBEPIAOKPHUCTAIIUHI
BKJIIOUEHHS (KBapll, MipUT) CIPHYMHSAIOTH IIBUAKE
CTUpaHHS 30BHIIIHLOI TOBEPXHI TPYO.

0) mudepeHITiaTbHAN TUCK — 3HAYHUH Iepena
THCKY MIX CTIHKAMH CBEPJUIOBHHH Ta BHYTPIIITHIM
NPOCTOPOM KOJOHH MOXXE BUKIHKATH MEXaHi4HYy
nedopmartiro.

B) TCOMWHAMIYHI TPOIECH — 3CYBH ILIACTIB,
3eMIIETPYCH, 3MIHH TEKTOHIYHOI HAMpy>KEHOCTI
MOXYTh CHPUYMHSATH HerepenoavyBaHi
HaNpY>XEeHHS B KOJOHI.

Tabnns 4

Bnuius reosoriynux gaxkropis
Ha OypuibHi KosI0HH [4]

I'eomoriuamit .
IIposiB Hacninku
(dhakrop
AOpa3uB-HUI Bruus tBepao- IBuake
3HOC KPHUCTATIYHUX CTHPaHHS
BKITIOYCHB 30BHIIIHBOT
(xBap1, mipuT) HOBEPXHI TPYO
Judepen- 3HayHU MexaniuHa
iabHAN nepenaj TUCKY nedopmanis,
TUCK MK CTIHKaM# BTpAaTa MIilHOCTI
CBEpAJIOBUHU Ta
BHYTpIIIHIM
HPOCTOPOM
KOJIOHH
T'eonnna- 3CyBH IUIACTIB, Hemepenba
MigHi 3eMJIETPYCH, -qyBaHi
poLeCcH 3MIHH HAINpPY>XEHHS B
HaIPYXEHOCTI KOJIOHI
AHaii3 OCHOBHMX NpPWYMH pPyHHYBaHHS

OypWJILHUX KOJIOH CBIYMTH MPO HEOOXiIHICTh
KOMITJIEKCHOTO TIAXOAy JO IXHBOTO 3axucty [4].
[MoenmHaHHS CcydYacHUX METOMIB  IHXCHEPHOTO
MOHITOPHHTY,  BHUKOPHCTAaHHS  BHUCOKOSIKICHUX
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MaTepiajiB  Ta  BIOPOBAKEHHA  LUPPOBHUX
TEXHOJIOTifl  JO3BOJMTH  3HAYHO  ITiJBHIIUTH
JIOBTOBIYHICTh KOJIOH, 3MEHIIIUTH PU3HUKH aBapii Ta
ONTUMI3yBaTH eKCILTyaTalliiiHi BUTpaTH [5].

MeTonu  1HXKEHEPHOTO MOHITOPHHTY  JUIst
OLIIHKU CTaHy OypHUJIBHUX KOJIOH

3a0e3neueH s HAJIHHOCTI OYPHITHHUX KOJIOH €
OJIHUM 13 KJTFOUOBUX 3aBJaHb y OypOBil MPaKTHII.
Jlis MiHimizanmii pu3ukiB pyHHYBaHHS HEOOXiJTHO
3MIHCHIOBATH TMOCTIHHUH MOHITOPHUHT iXHBOTO
crany. EdekTuBHHI iHXEHEPHHH MOHITOPHHT
0a3yeTbcsi Ha 3aCTOCYBaHHI SK TpaaWLiMHUX
METOJIB JIarHOCTHKH, TaK 1 Cy4acHUX IUPPOBHX
TexXHOoNOoTrii. KoMImekcHu miaxiz 10 OIiHKY CTaHy
OypWIBHUX KOJIOH JIO3BOJISIE HE JIMIIE CBOEYACHO
BUSIBIIATH JeEeKTH, a i MPOTHO3YBATH MOTEHITIHHI
PH3HKH, IO A€ 3MOTY 3HAYHO MiIBUIIUTH Oe3MeKy
Ta €KOHOMIuHY e(eKTHUBHICTH OypoBHX omepamiit
[6].

Jo TpaauuiiiHUX METOJIB OIIIHKK CTaHy
OypWJIBHUX KOJIOH HallekaTh Bi3yalbHUH OIS,
HEepyHHIBHUH KOHTpOJIb Ta aHasi3
eKCIUTyaTalliiHUX XapakTepUucTuK (puc. 1).

BizyanbHuii oriisi € HalpOCTIIIMM CIIOCOO0M
JIIarHOCTHKH, IO 3/{IHCHIOETHCS MIUITXOM TIEPEBIPKU
MEXaHIYHUX MOIIKOIKEHb, KOPO31HHOTO 3HOIICHHS
ta TpimpH. OpjHaK Il MEeTOJ Ma€ CYTTEBI
OOMEXEHHs, OCKUIBKM HE JI03BOJISIE BUSBISATH
npuxoBaHi nqedextu [8].

Metoau iHXEHEPHOTO MOHITOPUHTY

CyuacHi 1tupoBi
TEXHOJIOT'11

Tpaguiiiai METOIU

Bizyansauit

HepyitaiBHui
KOHTPOJIb
(YIpTpa3ByKOBUH,
MarHiTOTIOPOIITKO

Amnaniz
L eKCILTyaTalllHHIX
XapaKTePUCTUK

Puc. 1. 3aranpHa cxema METOZIB iHKEHEPHOTO
MOHITOpHHTY [6], [7]

HepyitniBanit  kontpons (NDT) Bkimowae
BUKOPUCTAHHS  YJBTPa3BYKOBOi JIe(eKTOCKOIIii,

MarHiTOMOPOIIKOBOTO Ta PEHTreHOrpadivHOro
MeToxiB (puc. 2).
a) yIbTPa3ByKOBUH KOHTPOJb  JIO3BOJISE

BUSIBIISITH TPILIMHYU, 30HU KOPO3IHHOTO ypa)KeHHS
Ta JIOKaJbHI JAe(ekTn Marepiary.

0) MarHiTONMOPOIIKOBUI MeTOJ] e(EeKTUBHUI
JUISL BUSIBIICHHS NTOBEPXHEBUX Ta IiIMOBEPXHEBHX
TPIlUH y (hepOMarHiTHUX MaTepiaax.

B) peHTreHorpadisi Jae 3MOTYy OTpUMATH
300pa)XeHHs BHYTPILIHBOI CTPYKTYPH KOJIOH, IIO €
0COOJIMBO B@KJIMBUM JJISI KOHTPOJIKO  SIKOCTI
3BapHUX 3'€THAHb.

Busasinenns
TPIIIKH, 30H
KOpPO3ii

YabTpa3ByKOBUM

METOI

Bussnenns
MMOBEPXHEBUX Ta
T ITOBEPXHEBUX

TPIIIUH

MarsiTorio-
POIIKOBUI
METOJ

KonTposb
BHYTPIIIHBOT
CTPYKTYpPH KOJIOH

Pentrenorpadis

Puc. 2. Cxema HepyitaiBHOTO KOHTpOIt0 (NDT) [7]

AHaNi3  eKCIUTyaTamifHUX  XapaKTepHCTUK
BKJIFOYa€ KOHTPOJb KPYTHOTO MOMEHTY, OCBHOBHX
HaBaHTa)XCHb Ta AaMIUIITyId BiOpamid Imij dac
OypinHs. [li MOKa3HWKHM JOIMOMArarTh OIIHUTH
3aralbHU  CTaH  KOHCTPYKIIT Ta  BHUSBHTH
MOTEHIIIHHI 03HAKW PyHHYBaHHS Ha PaHHIX CTAHIsAX

(puc. 3).

AHati3 eKcIuTyaTaliiHuX XapaKTepUCTUK

Amnani3
AMILTITY I1
BiOparrii

Kontpons
KpPYTHOTO
MOMEHTY

Kontpons
OCBOBHUX
HAaBaHTA)KCHb

Puc. 3. Anani3 ekcruryaTamiiiHiuX XapaKTepHUCTHK [8]
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Tpaguiiiiiai MEeTOIM KOHTPOITIO, X0 1 ITUPOKO
3aCTOCOBYIOTBCSI, MAalOTh HH3Ky  OOMEXKEHb,
MOB'SI3aHUX 13 JIFOJCHKAM (AKTOPOM, BUCOKHMH
3aTpaTaMH 4acy Ta HEJIOCTaTHhOIO YYTIUBICTIO 110
MikpoaedeKkTiB. Y 3B’53Ky 3 UM Cy4acHI UQpoBi
TEXHOJIOTIT HaOyBAarOTh Jie/Iai OLIBIIOTO 3HAYCHHS
y cepi iHKEHepHOT0 MOHITOPUHTY [8].

Cyuacui mumdposi Ttexnonorii (BIM, IoT,
MaIIMHHE HABYaHHS)

Po3BuToK 1HMQPOBUX TEXHOJIOTIH BiIKpPHBAE
HOBI ~ MOXJMBOCTI Uil  JIarHOCTHKHA  Ta
NPOTHO3YBAaHHA  CTaHy  OYpPWIBHHX  KOJIOH.
HaiinepcrieK THBHIIIMMU HarpsMamMu €
BUKOPUCTAHHS 1H(GOPMAIIHHOTO  MOJICITIOBAHHS
oymiens (BIM), intepuery peueir (IoT) Ta
QITOPUTMIB MAITUHHOTO HaB4aHHS [9].

BIM-TexHomorii Yy MOHITOpPUHTY OypHIBHHX
KOJIOH

Indopmaniitne mopenroBanns Oynisens (BIM)
BUKOPUCTOBYETbCA JJISi CTBOPEHHA LH(PPOBUX
JIBIHHKKIB OypUIILHUX KOJIOH. Taki MOJIeIi MIiCTATh
JIeTanbHy  iHQopMalilo — mpo  MaTepiaibHi
XapaKTEePUCTHUKH, HaBaHTa)KCHHS, icTOpiro
eKCIUTyaTalii Ta MOKINBI HedeKTH. Bukopucranas
BIM no3zBomnse (puc. 4):

a) Bizyali3yBaTH HampyxeHo-AedopmoBaHuit
CTaH KOJIOH;

0) iHTerpyBaTH JaHi 3 JATYHKIB Y PEKUMI
peaybHOro vacy;

B) MOJIEJTFOBATH
HOMIKO/DKEHb  Ta
pecypc KOHCTPYKIIiH.

creHapii
IPOTHO3YBaTH

PO3BUTKY
3ATUIIKOBUN

[MudpoBi TeXHOIOTI] Y MOHITOPUHTY

Hudposi nBiiHuKH,
MOJICIIIOBaHHS CTaHy,
MIPOTHO3YBaHHS

JlaTuuKu, MOHITOPUHT
nmapameTpiB, XMapHa
aHAJITHKA

AHai3 TaHux,
MPOTHO3YBaHH,
knacugikamis 1eexTiB

Mamaae
HaBYaHHA

Puc. 4. 3araipHa cxema QPOBIX TEXHONIOTIN Yy
MOHITOPHHTY OYpHIBHHX KOJOH [9]

IoT Tta cencopHi cuctemu

[aTepHET pedeit Bifirpae BaXIMBYy poJib y
Cy4aCHOMY MOHITOPUHTY OypHIIBHHUX KOJIOH.
3aBasgkM 1HTErpalii AaT4WKiB, BCTAHOBIICHHUX
y3I0BX KOHCTPYKIIil, MOXHa 3IHCHIOBATH
MOCTIHHUN KOHTPOJb KJIIOYOBUX IapamMeTpiB
[9]:

1) 3minu BiOpaIiiHOrO CTaHy;

2) TeMIiepaTypHHUX T'pa/li€HTIB;

3) piBHS 3HOIIICHHS MaTepiany;

4) mapameTpiB HABaHTAKEHHS.

OtpumaHi JaHi TepeAaloThCs 10 XMapHHUX
cepBepiB, ¢ 3AIUCHIOETLCS iX 00poOKa Ta aHawi3 y
peanbHOMY 4aci. Lle 103BoJIsie CBOEUACHO BUSIBIIATH
aHOMaJIil Ta ONEpaTHBHO pearyBaTH Ha 3arpo3y
py¥iHyBaHH: [9].

Jeranphime npo i TexHomorii, ix ¢yHkuii ta
KITIOUOBI ITepeBary OMMCaHo y TabiHIli 5.

Ta6muus 5

DyHKIiOHAIbHI MOKINBOCTI MAIIMHHUX
TeXHoJIoTiii [9]

. . Kirouosi
Texnouorist | OcHoBHI QyHKIIT
nepeBaru
BIM Bizyaunizauis Jeranbue
CTaHy, MO/IEIII0-BaHHH,
iHTerpanis icTopist
IaHUX, eKCIUTyaTarii,
MIPOTHO3Y-BaHHSA aHayi3
pecypey HaInpyXeHb
IoT KonTtpons Iocritiamit
BiOpamii, MOHITOPHHT,
TeMIIepaTypH, MUTTEBA
3HOLLCHHS, peaxkuis,
HaBaHTaKEHb XMapHUH aHaji3
Mamwunne Ananis ABTOMaTH3a-11is,
HaBYaHHS 3aKOHOMIp- BHCOKA
HOCTEH, TOYHICTb,
knacudikaris MonepeKeHHS
nedekTis, aBapiit
MIPOTHO3Y-BaHHS
BUXOJLY 3 JIafly
AJTOPUTMH  MAIIMHHOTO  HAaBYaHHA Yy
MIPOTHO3YBaHHI Jie(eKTiB.
Mariunue HAaBYaHHSA JI03BOJISIE

aBTOMAaTHU3yBaTH aHaJli3 BENMKAX MAacHUBIB JaHMUX,
OTPHMaHHX y TpoIeci eKcIuryaramii OypHIbHUX
kojoH [10]. ANropuTMH Ha OCHOBI HEHPOHHHX
MEpeX Ta METOJiB TIUOOKOro HaBYaHHsS 34aTHI
[11]:

1) po3mi3HaBaTH 3aKOHOMIPHOCTI Y TIOBEIIHIII
KOHCTPYKLIH IiJ HaBaHTaXeHHsM [12];

2)knacudikyBath  Jedektd  3a
Hebesmneku [12];

piBHEM
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3)HpOI‘H03yBaTI/I Jac OO0 MNOBHOI'O BHUXOAY 3

Ty KOJIOH

[12].

3acTocyBaHHS ITUGPOBUX TEXHOJIOTIH 3HAYHO
MiBHUIIYE TOYHICTH MOHITOPHHTY Ta 3a0e3medye
MOXJIMBICTH MTPOAKTUBHOTO YITPABIIHHS TEXHITHIM
ctanoM OypmisHOTO oOnaaHanas[13].

KommnekcHi cucteMi MOHITOPHHTY
KoMb6iHarist TpaauiiifiHuX METOMIB KOHTPOJIIO
Ta Cy4YacHMX UUQPOBUX TEXHOIOTIH (dopmye

OCHOBY

KOMIITICKCHHUX

CUCTEM

MOHITOPHHTY

OypribHUX KOJIOH [ 14]. Taki cucteMu MaroTh HU3KY
riepesar (Tadm. 6):
a) moegHaHHs (PI3MYHMX 1 TUPPOBUX METOAIB

JIarHOCTUKHU,

1o

JO3BOJIsIE

OTPUMYBAaTH

MaKCHMaJIbHO TIOBHY KapTHHY CTaHy KOJIOH.

0)

BUKOPUCTAHHA

BCIIMKUX

JaHUX Ta

LITYYHOT'O 1HTENEKTY Ul OTNIEPaTUBHOIO aHAI3y i
TIPUAHATTS PIllICHB.

B) MOXJIUBICTD JUCTAaHIiIHHOTO MOHITOPHHTY,
mo 3ade3nedyye KOHTPOJb y peajbHOMY daci 0e3

HEOOXITHOCTI

TIePEBIPOK Ha MICIT.

MIPOBEICHHS

JIOPOTOBAPTICHUX

Tabnuns 6

MMopiBHsIHHSA TpaguUiiiHUX Ta HU(PPOBUX METOIB
MoHiTOpPUHTY [14]

JIarHOCTHKA,
MeXaHIuHI
BUMiPIOBaHHS

)

KOJIOH

MeTOH Omnuc IMepeBaru Henonixu
MOHITOPHHTY
Tpamuuiitai | Bukopucran |Bucoka Tounicte| Bumarae
MEeTO/H H JIOKJIBHUX py4HOro
(Bi3yasbHUIA | IEpEeBIpeHHX | BUMIPIOBaHb, | MPOBEICHHS
KOHTPOJIb, GbizuuHnx JOCTYTHICTh MePEBIPOK,
YJIBTPa3ByKO | METOAIB [ He
Ba OLIHKH CTaHy 3abe3mneuye

MIOCTIHHOTO
MOHITOPHHTY

udposi Inrerpauisi | ABTOMaTH30BaH Bucoka
TEXHOJIOTi] | IaTYUKIB, |MH MOHITOPHHT y| [OYaTKOBA
(BIM, IoT, | mudpoBux |peanbHOMY 4aci,| BapTicCTb
MallMHHE | ABIfHHKIB Ta | IPOTHO3YBAaHHS | BIPOBAIKEH
HaBYaHHSA) | AaHAIITHKA nedexTiB Hi
BEJIMKHX
JAHHUX
Komrutekcni | Amnanizy |Haii6inbur moBuHa|HeoOxinHicTh
CHCTEeMH pealbHOMY | KapTHHA CTaHy | ajanraiii 1o
(moeHaHHA yaci Ha KOJIOH, KOHKPETHUX
TpaJULiHHAX OCHOBI MOJKJIMBICTD YMOB
1 IMpOBUX | ICTOPUYHMX | AUCTAHLIIHOTO |eKCILTyaTamil
MAXOMAIB) |Ta CEHCOPHMX| MOHITOPUHTY
JaHHUX
OmHiero 3 TEPCHEKTUBHUX  Mojemei

KOMIUIEKCHOTO MOHITOPUHTY € CUCTeMa IIU(PPOBOTO
NBifHUKA OYpHUIBHOI KOJIOHH, IO 00’ €HYE JNaHi 3

JIaTYMKIB,

pe3ynbTaTH

KOMIT FOTEpHOTO

MOJICJIIOBAHHSI Ta ICTOPUYHI JaHi eKcIUTyaTaLil.

Takuii miaxix [O3BOJSIE HE JIMIIE OLIHIOBATH
MOTOYHUHN cTaH OOJaaHAHHS, ajieé # MPOTHO3yBaTH
MOJKJIMBI CIEHapii pO3BUTKY ne(eKTiB, IO dae
3MOTY 3aro0iratu aBapiiiHuM cutyatism [15].
Taxum YUHOM, PO3BHTOK METO/1iB
IH)KEHEPHOTO MOHITOPHHTY OYPHIIBHHX KOJIOH
3a0e3neuye MiABUIICHHS €()EKTUBHOCTI OypOBHX

poOiT,  3HWXKEHHS  BUTpaT Ha  TEXHIYHE
0o0CITyTOBYBaHHS Ta  MiHIMI3amil0o  PHU3HUKIB
pyHiHYBaHHS oOmagHaHHS. BnpoBamxenns

Cy4acHMX LHU(POBHUX TEXHOJOTH y MOEAHAHHI 3
TPAAUIIIHHIMH METOAAMH KOHTPOJIIO € KIIOYOBUM
HaIPSIMOM ITiIBHINECHHS O€3MEKH Ta JOBTOBIYHOCTI
OypwiIbHUX KOJOH Yy Cy4acHii HadTOrasosii
MIPOMHUCITOBOCTI [16].

CrparerivHi MiXoau 10 3MEHIIICHHS PU3HKIB

3a0e3neueHHs  JOBTOBIYHOCTI  OypHIBHHX
KOJIOH € OJTHUM 13 KJIFOUOBHX aCIMEKTIB 0€3[eTHOT0
Ta €(QEeKTHMBHOTO TMPOBEJACHHS OYpOBUX POOIT.
Bucoki MexaHiuyHI HaBaHTa)KEHHS, arpecuBHE
CEepelOBHINE Ta CKIATHI TEXHOJIOTIYHI yMOBH
eKCIuTyaTallii ~ CTBOPIOIOTH  3HAYHI  PHU3HUKH
MEpeIYacHOr0  BUXOAYy 3  Jaaxy  OypoBoro
obnamHanHsa. Jlng  MiHiMizamii OWUX  pUBHKIB
3aCTOCOBYIOTHCS KOMIUIEKCHI CTPATETiuHI IMiIXO0TH,
10 MOETHYIOTh METO U MPOAKTUBHOTO
MOHITOPHHTY,  BHUKOPUCTaHHS  IHHOBaIlilfHHX
MaTepiajiB, ONTHMI3AIlI0 PEXUMIB OypiHHI Ta
BIIPOBAKCHHS ITU(PPOBUX TEXHOJIOTi [17].

[IpoakTuBHMIT ~ MoHiTOpHHT.  TpaguuiiiHi
MIXOMW 10 KOHTPOJNIO TEXHIYHOTO CTaHy
OypWIBbHUX KOJIOH 3A€OLIBIIOr0o 3BOIATHCS 10
MEPIOAMYHUX TIEPEBIPOK Ta MIarHOCTHYHUX 3aXOIiB
micist BusiBieHHs aedexriB. OHaK Takui MigXia He
3aBXKIAM J03BOJIIE CBOEYACHO pearyBaTH Ha
MoYyaTkoBi  cTamil  jgerpajamii  marepiany.
[IpoakTuBHUI MOHITOPHHT nepeaoavae
OesrepepBHU KOHTPOIh KPUTHYHHUX IapamMeTpiB
OypMJIBHUX KOJIOH y PEKHMI PEalbHOTO Yacy, IIo
JTO3BOJISIE HE JIUIIIC BUSBISATH HasBHI nedextu, a i
MIPOTHO3YBATH 1X pO3BUTOK [18].

CydJacHi CEHCOpHI CHCTEMH 3a0e3IeUyI0Th
KOHTPOJIb  HAMpPYXCHO-Ie()OPMOBAHOTO  CTaHy
KOJIOH IIDIIXOM aHaji3y HACTYIHUX IapaMmeTpiB
[19]:

a) piBHS OCHOBHUX 1 KPYTHUX HaBaHTAKCHb,

0) aMILTITyIM Ta 9acTOTH BiOparliii;

B) 3MiH y TeoMeTpil KOJIOHH I BILUTHBOM
HABaHTAXKCHb;

I) JIOKQJIBHOI TeMIepaTypu Ta KOPO3iHHOI
aKTUBHOCTI.

JletanpHime  mpo
HaTNPY>KEHO-TIe(hOPMOBAHOTO
HaBeJICHO B TAOMHIIi 7.

aHajiz  mapaMeTpiB
CTaHy KOJIOH
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r) HaHOCTPYKTYpOBaHi CIUIaBH, 110
JIEMOHCTPYIOTh I IBUIIEHY 3HOCOCTIHKICTh
3aBISKH YHIKAIBHIA MIKPOCTPYKTYPi.

InHOBamifiHI  Marepiayii, 10  3HAXOIATh
3aCTOCYBaHHS y OypOBHX CHCTEMax, a TaKoX IX
MepeBarn Ta HEAONIKM HaBeleHI y Tabmwmmi 8, a

Tabmurs 7
OcHOBHI mapaMeTpH MOHITOPUHTY OYPHIbLHUX
KOJIOH [18]
ITapamerp Onuc Meton KOHTPOIIIO
OcboBi T2 Busnauaroth CencopHi
KPYTHI piBeHb CUCTEMH,
HAaBaHTAXKCHHS MEXaHIYHOTO TEH30AaTYHNKH
BIUIMBY Ha
KOJIOHY
Bib6paumii Kontpons AkcenepoMerpu,
(ammuiTyna, PE30HAHCHUX JaTYMKY BiOpariit
4acToTa) KOJINBAHb, 1[0
CIIPUSIOTH
pyHHYBaHHIO
3minn y Hedopmartii mig JlazepHi ckanepw,
reomerpu BILUIMBOM OIITUYHI JaTYUKH
HABaHTAXXCHb
Jlokanbha Brums Tertosizopw,
Temieparypa neperpiBy Ha TepMOIapu
Marepiain
Koposq‘fma OriHKa piBHSA Enexrpoximivni
AKTHBHICTB KOpo3ii CeHCOpH, aHAII3
XIMIYHOTO CKJIaTy

JEeMOHCTpaIlis
OypHIIBHIX

KOJIOH

30LIBIIEHHS

npu

JIOBIOBIYHOCTI
3aCTOCYBaHHS

LIUX

IHHOBAIIIHHUAX MaTepiajiiB HaBeJcHA Ha PUCYHKY 5.

TaGmuus 8

IopiBHsIHHA TpaAuUiiiHUX Ta iIHHOBALIHUX
MaTepianiB 1/ OypuiIbHAX KOJIOH [18]

BukopucrtanHss 0e3IpOTOBUX CEHCOpPIB Ta
TexHoyori iHTepHery peuedt (IoT) mosBomsie
IHTerpyBaTH JlaHI MOHITOPHHTY y  XMapHi
miargopMu AJIT aBTOMATH30BAaHOTO aHAJ3y Ta
MoOyIOBM  TIPOTHO3HUX  Mojeneil.  30Kkpema,
3aCTOCYBaHHS METOJIB INTYYHOT'O IHTEJIEKTY Ta
MAaIIMHHOTO  HaBYaHHS  3a0e3nedye  OLIHKY
3aJIMIIKOBOTO  pecypcy KOJIOH Ha  OCHOBI
OaratoakTOpHOrO  aHaNi3y eKCIUTyaTaIliiHuX
YMOB.

BrpoBamkeHHs 1HHOBalifHUX —MaTepiaib.
Marepian  OypwibHOI  KOJIOHM  BH3HAYa€ il
JIOBTOBIYHICT Ta CTIWKICTH IO BINIUBY arpECUBHUX
¢dakTopiB. OgHMM i3 HaAWOINBII MEPCHEKTHBHUX
HampsIMiB ~ TIABUINCHHS  PEeCypcy KOJOH €
BUKOPDHCTAHHS  BHCOKOMIIIHUX  CIUIaBiB, IO
BOJIOIIOTH MIABUILEHOIO MIIIHICTIO Ta CTIMKICTIO 0
KOPO3iHHOTO Ta MEXaHIYHOr0 3HOIIYBaHHS [19].

Cepen  iHHOBAIIfHMX  MarepiamiB, IO
3HAXOAATh 3aCTOCYBaHHSI Yy OYpOBHX CHCTEMaXx,
MO>KHa BUALTUTH [18]:

a) BHUCOKOMIITHI ~ MAaJoOBYIJICIIEBI  CTall,
MoauGiKOBaHI eIeMEHTaMH, IO MiIBUITYIOThH IXHIO
KOpO3iiiHy Ta BTOMHY cTilikicTh (Cr, Mo, Ni, V).

0) KOMIIO3UTHI TOKPUTTA, MO (OPMYIOTH
JOMAaTKOBHH Oap'ep Bim KOpo3ii Ta MeXaHIYHOTO

3HOIIIYBaHH: (HaHOKepamiuHi, KapOiHi,
AIFOMIHI€BI).

B) OiMeTaneBi KOHCTPYKIIii, IO TOETHYIOTH
MIIHICTh ~ CTAJICBOTO  OCepAs 3  KOPO3iHHOIO

CTIMKICTIO 30BHIIIHBOTO IIAPY.

Martepiaa IepeBarn Henonikn
Bucokomirai Bucoxka IToTtpebye
MaJIOBYTJIEIEBI MexXaHiyHa JIOTATKOBOT

crami MIIHICTB, 0 3aXHCTY
CTIHKICTE IO BiJl KOpO3ii
BTOMU
Kommo3utHi 3axucr Bif BI’IC?Ka
HOKPUTTS KOpo3ii Ta BapTICTh
3HOLLYBaHHS, HaHECEHHSI
JIeTKa Bara
bimeranesi Toeananus CkianHicTh
KOHCTpYKIi MiIHOCTI BUPOOHUILITBA
cTayi Ta
CTIMKOCTI J10
KOpO3ii
HanoctpykTtypoBan INoxpamena Bucoka
1 CIIaBH 3HOCOCTIMKICTB, co0IBapTICTB,
BHCOKA obMmexxeHe
JIOBTOBiuHIiCTH |3aCTOCYBaHHA

BukopucTtanHs iHHOBaliHHUX MaTtepiajiB gae
3MOry 301IBIIUTH pecypc OypHIIbHUX KOJIOH Ha 30-
50%, ™o 3HAYHO CKOPOYY€E eKCIUTyaTalliifHi
BUTpaTH Ta PU3HUKH aBapiiHUX cutyamii [19].

Onrtumizaniss pexumiB OypiHHSA. Pexumu
OypiHHS BiZITPalOTh KIIFOYOBY POJIb y 3MECHIICHHI
PU3HKY MEXaHIYHOTO TIOMIKODKCHHSI OypHIBHUX
KoJIoH. OCHOBHUMHU (haKTOpaMH, 110 BILUTUBAIOTH Ha
MpoIiec 3HOITYBaHHS Ta pyWHYBaHHS KOJIOH, € [18]:

a) BeIMYMHA OCHOBOTO HABAHTAXKEHHS, IO
BU3HAYAE PIBEHb KOHTAKTHOTO HAIPY:KEHHS MiXK
KOJIOHOIO T4 CTIHKAMH CBEP/JIOBHHHU.

0) MBHUAKICT, OOEpTaHHA, IO BIUIMBAE Ha
JUHaMiYHI HABaHTa)KEHHS Ta PiBeHb BiOpalii.

B) TiApaBIiYHUH pEKUM, IO BHU3HAYAE
eekTUBHICTh BHIAJICHHSI MUIAMy Ta pIiBCHBb
€pO3iHHOTO BIUITMBY OypOBOTO PO3UHHY.
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Puc. 5. I'padik, sikuii geMoHCTpY€E 301UIbIICHHS
JIOBIOBIYHOCTI OYPHIIBHUX KOJIOH IIPH 3aCTOCYBaHHS
IHHOBAIITHUX MaTepialiB (3 1aHOTO Tpadika MOKHA

MTOMITHTH, 110 HalKpamuii eheKT Aar0Th
HAaHOCTPYKTYPOBaHi CIUIaBH, SKi MOXYTh ITiIBUIIUTH
pecypc kosoH 10 50%) [18]

Jis 3HKCHHS PU3UKY PYHHYBaHHS KOJIOH
3aCTOCOBYETHCS aJlanTUBHE peryoBaHHS
HaBaHTaKCHb, M0 0a3yeThbCs HAa aHaJi31 MOTOYHUX
yMoB OypinHsa [19]. 3okpeMa, BHKOPHUCTaHHS
ABTOMATU30BaHUX CHUCTEM KOHTPOIIO PEKUMIB
no3BoJsie (Tadm. 9):

a) MiATPUMYBaTH ONTHMAaJbHE
CIIBBIHONICHHS  IIBUIKOCTI  oOepTraHHsS  Ta
OCHOBOTO HAaBaHTAKEHHS IS MiHIMIi3allil BTOMHUX
TOIITKOJI)KEHB;

0) JAMHAMIYHO 3MIHIOBaTH TiApaBIiYHUN
PEKHUM TS 3a1100ITaHHS €PO31HHOMY 3HOIITYBaHHIO;

B) 3IOIMCHIOBATH OIEPATUBHUN KOHTPOJH
BiOpamiid, 1O JMO03BOJISIE 3amO0IrTH YTBOPEHHIO
PE30HAHCHUX KOJIMBAHb y KOJIOHI.

Ta6murs 9

®DaKTOpH, 1[0 BILIMBAKTH HA 3HONIYBAHHS
OypUJIBLHHMX KOJIOH Ta MeTOAU ONTHMI3alil peskumiB

Oypinnsa [19]

BruuB Ha Merton
®daxrop A
KOJIOHY onTuMizarii
Ocrose Buxmkae AnanTtuBHE
HaBaHTAXCHHA KOHTaKTHE perymoBaHH
HaTIPYy>KCHHS HABaHTAXKCHb
[IBuIKiCTH Buxknukae Kontponn
obepTaHHs JIUHAMI9HI ONTHUMAITLHOL
HaBaHTAKCHHS IIBUIKOCTI
Ta BiOparii
l'igpasniaxnit BruBae Ha Jnnamivne
pexuM epo3iro Ta KOPUT'YBaHHS
e(exTuBHICTH rmapameTpiB
BUAJICHHS
namy

3acrocyBaHHs U(GPOBUX MOAeJeH OypiHHS
JTO3BOJISIE TIPOTHO3YBATH €(DEKTH 3MIHH ITapaMeTPiB
y peXHMi pealbHOr0 dYacy Ta OIEPaTHBHO
KOPUTYBaTH cTparerito OypiHHA IUIsi MiHiMizamii
HaBaHTAXXEHb Ha OyPUIIbHI KOJIOHHU.

Buxopucranas BIM-TexHOOTiH.
3acTocyBaHHs TEXHOJIOT11 iH(pOpMaLiHOTO
MozaemoBaHHs ~ Oymienb  (BIM)  mo3Bomsie

IHTErpyBaTH BCi JaHI MpPO OYpHIbHI KOJOHH Y
enuHy 1udpoBy miaardpopMmy, mo 3adesnedye
KOMIUIEKCHHUI aHali3 iXHbOTO CTaHy Ha BCiX eTamax
JKATTEBOTO ITUKITY [9].

OcHoBHUMU TiepeBaraMu Bukopuctanas BIM
y TIpoLeci eKCIuTyaTalii OypuiIbHUX KOJIOH €
(Tabm. 10):

a) CTBOpeHHS IM(PPOBUX IBIHHHKIB, IIIO
BiZJOOpakaloTh HaIpyXeHO-1e(hOPMOBaHUI CTaH
KOJIOH Y peKuMI peasibHOro Jacy [15,16].

0) MonerOBaHHS  CIIEHApiiB  aerpafamii
MaTepially, o0 JO3BOJISIE€ MPOTHO3YBAaTH PO3BUTOK
JeQeKTiB Ha OCHOBI ICTOPUYHMX JaHHX Ta
eKCIUTyaTaIliifHuX yMOB.

B) ONTHMI3allisl TEXHIYHOIO OOCIIyrOBYBaHHI,
110 T03BOJISIE MiHIMI3yBaTH BUTPATH HA PEMOHTH Ta
3amo0iraTy aBapiitHUM BigMOBaM.

r) IHTerpamis 3 IHIIUMH IU(PPOBUMHU
cucremamu (IoT, TyyHuid iHTENEKT, BEIMKI JaHi),
110 JI03BOJISIE aBTOMATU3yBAaTH MPOLEC NPUHHATTS
pIIIeHB MOAO0 TEXHITHOTO CTaHy KOJIOH.
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JonaTtkoBo Ha PUCYHKY 6 IPOJEMOHCTPOBAHO
TPaUIiHHOTO
YIOpaBIiHHSA pU3MKaMH Ta 3a gomnomoroio BIM-

MOPIBHAHHS

MECTOOHKH.

e(eKTUBHOCTI

Ta6mui 10

Buxopucranusa BIM-TexHoJioriii y MOHiTOPHHTY

OypHJIBHHMX KOJIOH [9]

MopiBHAHHA eheKTUBHOCTI TpaauuinHoro Ta BIM-meToaiB ynpaBniHHS pusnkammn

®ynkuis BIM Onuc [TepeBaru
]—[Ifl‘prBi Bino6paxkenns IIporuo3yBan
ABIHHUKH CTaHy KOJIOH y HS
peanbHOMY Yaci MIOIIIKOIKCHB
MOHeH}OBaP}H’I Amnami3 3HIWKECHHS
aerpajanii ICTOPHYHUX aBapiifHuX
MaHUX IS PHU3HKIB
MIPOTHO3YBAHHS
nedexTiB
Onrumizanis ABTOMAaTH30BaH Minimizaris
00CITyTOBYBAH | i anani3 crany BUTpAT
HiA KOJIOH
IaTerparis 3 ABTOMaTHYHHUI [TinBueHHs
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KOJIOH IPUUHATTS
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Puc. 6. I'padix edexTBHOCTI TpagMLiitHOTO
YIpaBIIiHHS pU3UKaMH Ta 3a Jonomoror BIM-

Meroauku [9]

3actocyBanHs BIM-texHomoriii y OypoBiit
ranys3i JI03BOJIsIE 3HAYHO MiJBHIIATH €()EKTHUBHICTh
yTIpaBIiHHA pHU3HUKaMH Ta 3abe3neunTn
MaKkCUMaJbHy HaliliHiCTh OYpWJIBHUX KOJIOH Yy
CKJIaJTHMX YMOBaXx eKcruryarariii [9].

KommnekcHudd miaxij 10 3HHXKEHHS PH3HKIB
BHUXOAY 3 Jlaxy OypwWiIbHHUX KOJIOH 0a3zyeThCsl Ha
BIIPOBA/KCHHI ~ MPOAKTUBHOTO  MOHITOPHHTY,
BUKOPHUCTaHHI IHHOBAIII THAX Martepialis,
onTuMizamii pexxumiB OypiHHA Ta 3acTOCYBaHHI
BIM-texnonorii. IloemHaHHS LHX  METOAIB
JIO3BOJISIE 3HAYHO 30UIBIIMTH TEPMIH CIYXOU
KOJIOH, MiJIBUIIMTH Oe3reKky OypoBHX pOOIT Ta
3MEHIINUTH eKcIuTyaTauiiini ButpaTH. [logampmmit
PO3BUTOK  IM(POBUX  TEXHOJIOTiH, 30Kpema
QJITOPUTMIB IITYYHOT'O IHTEJEKTY Ta MPEANKTHBHOI
AHANITUKYA, BIJIKPUBAaE HOBI MOXIMBOCTI IS
YIOCKOHAJIEHHS  CHCTEM  MOHITOPHHTY  Ta
VOpaBIIHHS TEXHIYHAM CTaHOM  OYPHIBHOTO
oOagHaHHS.

[IpakTuuni pexomeHgarii mist HadTOra30Boi
ramysi

EdextiBHe  BIOPOBAKEHHS ~ TEXHOJIOTIH
MOHITOPUHTY € KPHUTUYHO BaXXJIHMBUM IS
3a0e3MeUeHHs] JTOBrOBIYHOCTI OYpHUIIBHHUX KOJIOH,
0COOJIMBO B yMOBax IHTEHCHBHOI eKCIUTyaTamii y
INIMOOKUX CBEpPAJIOBUHAX 3 BUCOKHM THCKOM 1
temreparyporo. OmHMM i3  HEPCIEKTUBHHUX
HANpPSMKIB € BUKOPUCTAHHS BOYZOBAaHUX CEHCOPIB
Ta ONTOBOJIOKOHHUX CHCTEM, SIKi JIO3BOJIIOTH Yy
peXuMi peanbHOTO Yacy OTPHUMYBAaTH JaHI Ipo
Harpy>keHO-1e(h)OPMOBAHUH CTaH KOJOH. 30KpeMa,
texHonorist Distributed Acoustic Sensing (DAS),
sIKa BXE YCHIIIHO BHUKOPHCTOBYETHCS Ha JESIKHX
HapTOBUX pojoBumax y IliBHiYHOMY Mopi,
3abe3neuye  Oe3nmepepBHUI  KOHTPONb  3a
JMHAMIYHUMH HaBaHT)KCHHSIMH, TEMIICPaTypPHUMH
3MiHAMH Ta KOPO3iHHOIO aKTUBHICTIO B3JIOBX yCi€l
JIOBXXHUHNA OypWIIbHOI KOJOHH. BhpoBaJKeHHS
TaKHX CHCTEM JIO3BOJIIE ONEPATUBHO pearyBaTH Ha
KPUTUYHI 3MIiHH, 3MCHIIYIOYH PHU3HK DPaNTOBHX
BimMOB obmagHauHs [20].

JonaTtkoBo, BUKOPUCTAHHS IITY9HOTO
IHTENIeKTY Ta MalllMHHOTO HaBYaHHS y MOEIHAHHI 3
BEJIMKUMH MacuBaMH JaHHX, oTpuMaHux Big loT-
CUCTEM, BIJKPUBAaE HOBI  MOXMJIIMBOCTI  JUIS
IPOTHO3HOTO aHaNi3y craHy KoioH. Hampukian,
kommnanis Schlumberger BnpoBamXye aaropuTMu
INIMOOKOTO HABYAHHS IS ieHTH]IKAIIl MaTepHiB
BTOMHOTO PYHHYBaHHS, III0 Ja€ 3MOT'Y iepedadaTu
MOTEHIIWHI AePEeKTH 3a KiTbKa TUCSY TOAWH JIO
IXHBOTO KPUTHYHOTO po3BUTKY. IlomiOHmid mimxin
3a0e3reuye 3HAYHE ITiBUICHHS O€3MeKH OypOBHX
omepauiid 1 MiHIMi3alil0 HENPOIYKTUBHOIO Hacy,
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SIKUM MOXE KOIITYBAaTH KOMIIAHiSIM COTHI THCSY
noJapiB Ha 100y [21].

OnTuMizarliss TEXHIYHOTO OOCIyrOBYBaHHS
Ma€ IpyHTyBaTHCs Ha KoHuenuii condition-based
maintenance (CBM), mo nependavae mpoBeAcHHS
PEMOHTHHUX 1 HPOQITAKTHYHUX 3aXOIIB JIKIIE 3a
HEOOXIiTHOCTI, a He 32 KOPCTKO PErIaMEHTOBAHUM
rpadixkom [22]. Takwmii miaxing yxe AEMOHCTPYE
BHCOKY €(EKTHBHICTh y BHIOOYBHHMX KOMIIaHISX
Hopgeerii ta Kanagu, ne BmpoBamkenns CBM
JTO3BOJTMIIO 3MEHIIIUTH KUTBKICTh aBapiiiHUX BiMOB
OypmiIbHUX KOJOH Ha 35%, a BUTpaTH HA PEMOHT —
Ha 25%. KpiM TOro, BHKOPHCTaHHS Cy4YacCHHX
MOKPUTTIB, TaKUX SK KapOia-BoiabdpamoBi abdo
KepaMidHi HaHOCTPYKTYpPOBaHi KOMITO3HTH,
NO3BOJISIE  3MEHIIUTH  BIUIMB  aOpa3swBHOTO
3HOIIYBaHHS Ta arpeCHBHHUX XIMIYHUX CEPEIOBUIIL,
IO € OCOOJIMBO BaXJIUBUM [UIsSI TIIMOOKOBOIHOTO
OypiHHA B perioHax, TakuxX SK MeKCHKaHChKa
3aToka yu 3axizHa Adpuka [23].

OmHUM 13 KIIIOYOBHUX aCHEKTIB €KOHOMIYHOL
e(EeKTHBHOCTI BIPOBAPKEHHSI  3aIpPONIOHOBAHUX
3axodiB € 3actocyBaHHsS BIM-texHomorii s
KOMIUIEKCHOTO YIPAaBIiHHS JKUTTEBUM ITUKIOM
OypwibHuUX  KOJNOH.  CTBOpeHHS  mU(POBHX
IBIMHHUKIB  JTO3BOJISIE HE  JIMIIE  IIPOBOIUTH
MOJICTIFOBAHHS CKCIUTyaTalliiHIX HaBaHTaXKEHb, a i
OLIIHIOBATH JOBTOCTPOKOBUI €KOHOMIYHHH €QeKT
Bil BNPOBa/PKCHHS HOBHUX  MaTepialliB 9
TEXHOJIOTi MoHiTOpuHTY [24]. Hampukmam, vy
paMKax CHiJIbHOTO MPOeKTY KommaHii ExxonMobil
ta Halliburton Oyy0 m0BeaeHO, 110 BUKOPUCTAHHS
BIM-MoxemtoBaHHS I ONTUMI3AMii KOHCTPYKIIii
OypwIbHUX TPYO JO3BOJHIO CKOPOTHTH CEPETHIO
TpuBajicTh OypiHHA CBepAnoBHHH Ha 8%, MIO
€KBIBaJICHTHO €KOHOMI1 TIOHA]T 3 MUTEHOHU JI0JIapiB
Ha KOXKHIW CBepIoBUHI [25].

BpaxoByroun 3pocrarodi BHKIMKH Yy cdepi
HadTorazoBOro OYypiHHS, 3aCTOCYBAHHS MU(PPOBUX
TEXHOJIOT1H, aJaNTHBHUX CTPATETi TEXHITHOTO

oOCIIyTOBYBaHHsS Ta HOBITHIX MarepialiB €
KIIOYOBUMH  (akTopaMM Al IiJBHIIECHHS
HamifHOCTI  OypwibHHMX  KOJIOH.  [lomamermi

JOCHIKEHHs y il cdepl MatoTs OyTH cipsIMOBaHi
Ha PO3poOKy iIHTETPOBAHUX PillIEHb, IO TOEJHYIOTH
AHATITUKY BETTUKHUX JAHUX, IIEPEIOBI MaTepianm Ta
ABTOMATH30BaHI CHCTEMH MOHITOPHHTY  JUIS
CTBOPEHHS MAKCUMAaJIbHO e()EKTUBHHX 1 OE3MEUHUX
OypoBux mporecis [20].

BucHoBoOK. PesynbTaTu MPOBEJIEHOTO
JOCHIDKEHHSI MiATBEPAKYIOTh, IIO IHTErparis
Cy4acHHX METOMIB 1H)KEHEPHOTO0 MOHITOPHHTY,
nu(ppoBUX TEXHOJNOTIH Ta CTPATETIYHUX IIIIXOMIB
0 ONTHMi3alii eKcIUTyaTalifHUX mHapameTpiB
OypUJIBHUX KOJIOH € KJIFOYOBHUM HANPSIMKOM JUIS

MiBUINICHHS iXHBOI HaIiMHOCTI. BrpoBapkeHHS
IHTEJIEKTyJIbHIX CEHCOPHUX CHCTEM Yy TIOE€THAHHI 3
aHaTI30M BEJIHKUX JaHWX JIO3BOJIIE CBOEYACHO
iIeHTU(IKYBaTH  KPUTHUYHI  HampyXEeHHS  Ta
MIPOTHO3YBAaTH 3aJMIIKOBHHA pecypc KOJIOH, IO
CyTTEBO 3HIDKYE WMOBIpHICTh iX aBapiifHOTO
pyWHYBaHHS.

3acTOCyBaHHS BHCOKOMIIIHUX CIUIaBiB Ta
aJlalTUBHUX KOMIIO3UTHUX MOKPHUTTIB AEMOHCTPYE
3HAYHUM TOTEHI[ia]l Yy 3MEHIICHHI HETaTHBHOIO
BIUIMBY KOPO3iifHO-aOpa3uBHOIO 3HOIIYBaHHS, IO
€ O0COOJMBO aKTyaJlbHUM IS CKJIQAHHUX TipHHYO-
reoJIOriYHUX YMOB. ONTUMI3AISA PEKUMIB OypiHHS
3 ypaxyBaHHSM pEallbHUX EKCIUTyaTalliiHuX
HaBaHTAXEHb Ta NHU(POBOTO  MOIETIOBAHHS
JTO3BOJISIE MIABUIINTH €(DEKTUBHICTH pOOOTH KOJIOH,
MiHIMI3YIOUH PHU3UKH MEXaHIYHOTO TOIIKOKECHHSI.

Po3BuTox i BIIPOBA?KEHHS BIM-
MOJICIIOBaHHS Y Ha(TOrasoBiii raiysi BiIKpHBae
HOBI TIEPCIICKTUBU JJI1 KOMIUIEKCHOTO aHAIi3y
JKUTTEBOTO MUKy OyprIIbHUX TpyO. Bukopuctanus
uuppoBUX ABIMHMKIB He Juine 3a0e3rneuye
TOYHIIIMHA KOHTPOJb 3a TEXHIYHUM CTAaHOM KOJIOH,
a i cropuse (GopMyBaHHIO CTpaTerid ympaBIliHHS
pecypcamul Ha OCHOBI €KOHOMIYHO OOIPYHTOBaHUX

nporao3iB. Ile  mae  3Mory  3MEHIIUTH
HEMPOAYKTUBHI ~ BHUTpaTH  Ta  IiJBUILUTH
peHTadenbHICTs OypOBUX Omepauii.

Taxkum YHHOM, pe3yJIbTaTH IIbOTO
JMOCIIDKEHHS MOXYTh OYTH BUKOPHUCTaHI IS
pO3pOOKM  HOBHX  CTaHIOApPTIB  eKcIUTyaTamii
OypWIBHHMX KOJIOH, IO JIO3BOJIUTH CYTTEBO
MIABUIIMTHA  IXHIO  JIOBIOBIYHICTH, 3MEHIIUTH
BUTpaTH Ha TEXHIYHE O0OCIyroByBaHHS Ta
OiABUIIMTH  piBeHb  Oe3nexku  HadTorazoBHX

npoekTiB. [lomanemn mocmimkeHHS B il cdepi
MaloTh OyTH CHOpsIMOBaHI Ha  PO3IIUPCHHS
MOKJIMBOCTEH ITYYHOTO IHTENEKTY Ta MAITUHHOTO
HaBUaHHS I OUTBII TOYHOTO TIPOTHO3YBAHHSI
Jerpajailii MaTepialliB, a TaKOXX Ha TECTYBaHHS
IHHOBALIHUX MaTepialiB y peabHUX
EKCIUTyaTaI[ifHuX yMOBaX.

JitTepatypa

1. ImaciB B. M., I'pumxkyk 4. C., FOpuu JI. I. Analysis
of destruction causes of drill string elements //
Technology audit and production reserves. 2014.
Ne 6. C. 15. DOI: 10.15587/2312-8372.2014.31838.

2. Bursse O. 0., I'paboscekuii P. C., Tupnuu B. B.,
Aptum B. 1. OuiHka BIUIMBY JHUHAMIYHHUX
HABaHTaXXCHb Ha YMOBH pyHHYBaHHA TpPyO
OypWJIBHHMX KOJIOH TiJI Yac CIyCKO-MiiHMallbHUX
ormepauii  /  HaykoBuii  BicHuk  IBaHO-
®paHKIBCLKOTO  HAIlIOHAILHOTO  TEXHIYHOTO
yHiBepcuteTy HadTH i razy. 2018. C. 38—47.



38

BICHW/K CXIOHOYKPATHCbKOIO HALLIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa Jans Ne 4 (290) 2025

10.

11.

12.

13.

Aptum  B. 1. Orminka TONIKOMKYIOYOi il
aCUMETPUYHOTO HABaHTAXXCHHS Ha E€JIEMEHTH
OypwibHHX 1 IITAaHroBUX KoJoH // Hadrorazosa
enepreruka. 2009. Ne 4. C. 26-32.
Kpwxanisepkuii €. 1. Bruu acumerpii nuxity Ha
orip KOpo3iiiHOI BTOMHM 3’€1HaHb OypHIBHUX TPYO
/| ®izuko-xiMiyHa MexaHika MarepianiB. 1990.
T. 26, Ne 4. C. 87-89.

Jxye A. I1., Jluckaunma M. B. Bruus acumertpii
HaBaHTAXXCHHS Ha XapaKTEPHCTUKH BTOMHOTO
pyHHYBaHHS €JeMEHTIB OypHIbHOI KOJOHH //
PosBimka Ta po3poOka HAPTOBHX 1 Ta30BUX
ponoBul. 2010. Ne 2. C. 54-58.

Kuiiko JI. M. Mertomu Ta 3aco0u KOHTPOJIO
pi3p00BHX 3’€HAHB TPYOHHUX KOJIOH : JMC. ... J-pa
TexH. HayK : 05.05.12. IBanHo-®pankiscbk, 2002.
URL: https://uacademic.info/ua/document/
04020000952 (nata 3BepuenHs: 18.09.2024).
IBaciB B. M. Metoau Ta 3aco0u ympaBiiHHSI
OypWJILHOIO KOJIOHOIO Juia 3abe3medueHHs ii
HaJifHOCTI : AMC. ... A-pa TexH. Hayk : 05.05.12.
IBanO-®paHKiBCHK, 1999. URL:
https://uacademic.info/ua/document/0599U000334
(mara 3BepHeHHs: 21.08.2024).

PaukeBuu P. B. Po3BUTOK HAyKOBHX OCHOB
3a0e3neueHHs Npare3JaTHOCTI KOJIOH OypHIIbHUX 1
HACOCHO-KOMIIPECOPHUX TPYO : JHC. ... I-pa TEXH.
Hayk : 05.15.10. IBano-®pankiBcbk, 2018. URL:
https://uacademic.info/ua/document/0518U000405
(mata 3BepHenHs: 18.09.2024).

Janwmox H. 5., Aptum B. 1. Ormsn metonis i
3aco0iB  iH(OPMAIIHHOT MIATPUMKH >KUTTEBOTO
UKy OypHIBHUX YCTaHOBOK Ha ocHoBi BIM-
TexHoyorii  // HaykoBuit  BicHMK  IBaHO-
®DpaHKiBCHKOTO HaIlOHAJILHOTO TEXHITHOTO
yHiBepcureTy HadTH 1 razy. 2024. Ne 1(56). C. 34—
48. URL: https://doi.org/10.31471/1993-9965-
2024-1(56)-34-48 (nata 3pepHenHs: 18.09.2024).
Paukesnu P. B., CnoGoasu B. 1., Iesacis B. M.,
Aptum B. 1. [loBroBiuHicTh TpyOHHMX KOJIOH 3a
CKJIQJIHOTO Harpy)XeHO-IeOpMOBaHOrO CTaHy //
PosBimka Ta po3poOka HAPTOBHX 1 Ta30BUX
pomoBum. 2016. Ne 4, C. 25-33. URL:
http://nbuv.gov.ua/UJRN/rrngr 2016 4 4 (mata
3BepHeHHs: 21.08.2024).

I'pumxyk 1. C. IlporHo3yBaHHsI JTOBrOBIYHOCTI
eJIeMeHTIB OypHiIbHOI KOJIOHW TpH BiOpamiitHOMY
HaBaHTAXKCHHI : aBToped. IuC. ... KaHJl. TEXH. HAyK
: 05.05.12 / IBaHO-®paHKIBCHKMI HaliOHAIBHUN
TEeXHIYHMH YHiBepcureT HapTH 1 Traszy. IBaHo-
®pankiserk, 2013. 20 c.

Janmmok 5. M. IIporHosyBaHHSI JOBrOBIYHOCTI
OypWILHHX KOJIOH 3 BHKOPHCTaHHIM 3aco0iB
TEOMETPUYHOTO KOHTpOJIO TpyO // Meromm Ta
TIpHIIau KOHTpoIio sikocTi. 2002. Ne 8. C. 6-10.
Paukenu 1. O. TIporHo3yBaHHS  BTOMHOL
JIOBTOBIYHOCTI €JIEMEHTIB OypHIIbHOT KOJIOHH Ha
OCHOBI MAaIIMHHOTO HaBYaHHA // YKpaiHCHKUit
HAYKOBUI JKypHal. 2021. URL:

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

https://uacademic.info/ua/document/0821U102160
(mata 3BepHenHs: 18.09.2024).

Hewmkis 1. B., Kopanpuyk O. A. AHani3 KOHIEMIIIT
1 (poBUX JBIHHUKIB: iCTOPIsl PO3BUTKY Ta CydacHe
3actocyBanHs // Enekrponnuii apxis THTY. 2022.
C. 179-180.

Industrial Internet Consortium. [{ndposi nBiitHuKN
st mpomwuciioBoro 3actocyBaHHs. ATEP KPI,
2020 (nara 3pepuenHs: 18.09.2024).

udpori IBIHHKUKH: IO 1€ 33 TEXHOJIOTISA 1 SIK BOHA
JIOTIOMO’Ke BiHOBUTH YKpainy. PSM7.com, 2023
(marta 3BepHenHs: 18.09.2024).

Bursaze O. HO. Po3BHTOK HayKOBHX OCHOB OI[IHKH
po0OTO3AaTHOCTI KOJIOH OypHIBHHUX Ta T'HYYKHX
TpyO : amc. ... a-pa TexH. Hayk : 05.15.10. IBano-
®pankiBebk : IBaHO-PpaHKIBCHKUH HAIIOHATIBHUI
TeXHIYHUH yHiBepcuTeT HadTH 1 rasy, 2021. 350 c.
PaukeBuu P. B. Po3BUTOK HayKOBUX OCHOB
3a0e3meueHHs Mpae3aaTHOCTI KOJIOH OYpHIIbHUX 1
HACOCHO-KOMIIPECOPHUX  TpyO Ha  iISHKAX
MOXMIIO-CKEPOBAaHUX i TOPH30HTAITBEHUX
CBEpUIOBMH i3  ypaxyBaHHSAM  IPOCTOPOBOL
JKOPCTKOCTI : amc. Kaua. TexH. Hayk : 05.15.10.
IBaHO-PpaHKiBCHK IBaHO-DpaHKiBChKHIA
HaliOHAILHUH TEXHIYHUH yHIBepcHUTET HadTH 1
rasy, 2016. 200 c.

Yepuos b. O., Cimkie M. €., Yepnos B. b. Meroau
MiJIBUIICHHS JOBIOBIYHOCTI €JIEMEHTIB OypHIIBHOL
xononu // Po3Bimka Ta po3poOka HadTOBUX 1
razoBux pojosuil. 2008. Ne 4(29).

Markom A. M., Saharudin S., Hisham M. H.
Systematic Review of Fiber-Optic Distributed
Acoustic Sensing: Advancements, Applications,
and Challenges // SSRN. 2025 (mata 3BepHEHHS:
18.09.2024).

Wang B., Zhan Z., Cheng M. Distributed acoustic
sensing technology in marine geosciences //
Geodesy and Geodynamics. 2024. Vol. 15, No. 5.
P. 345-359.

Butszp O. 1O. IIporHosyBaHHSI JIOBrOBIYHOCTI
OypHJIbHHX KOJIOH 3 BHKOPUCTAHHSIM 3ac00iB
HepyHHIBHOTO KOHTpoito // HaykoBwii BiCHHUK
IBaHO-PpaHKIBCHKOTO HAITIOHATHHOTO TEXHIYHOTO
yHiBepcuteTy HadTH i Tazy. 2023. Ne 2. C. 45-52.
Li H., Bao X. Optical Fiber Distributed Acoustic
Sensors: A Review // IEEE Sensors Journal. 2021.
Vol. 21, No. 11. P. 12792-12803.

Zhang Y., Wang D. Distributed Acoustic Sensing
With Sensitivity-Enhanced Optical Cable / IEEE
Photonics Technology Letters. 2020. Vol. 32, No.
24. P. 1525-1528.

Bursaze O. 0. Brutus ekcrutyaramiitHux nedexTiB
Ha poOOTO3JaTHICTh  OypWiIbHMX  KOJOH  //
Hayxosuit BiCHHK IBaHO-®paHKiBCHKOTO
HaI[IOHAJILHOTO TEXHIYHOTO YHIBEPCUTETY HAPTH i
ra3y. 2023. Ne 3. C. 33-40.



BICHUK CXIOHOYKPAIHCBKOIO HALIOHAMBHOIO YHIBEPCUTETY imeni Bonogumupa Jans Ne 4 (290) 2025 39

10.

11.

References

1Ivasiv V. M., Grydzhuk Ya. S., Yurych L. L
Analysis of destruction causes of drill string
elements // Technology audit and production
reserves. 2014. Ne 6. P. 15. DOI: 10.15587/2312-
8372.2014.31838.
Vityaz O. Yu., Hrabovskyi R. S., Tyrlych V. V,,
Artym V. 1. Otsinka vplyvu dynamichnykh
navantazhen na umovy ruynuvannia trub burylnykh
kolon pid chas spusko-pidiimalnykh operatsii //
Naukovyi visnyk Ivano-Frankivskoho
natsionalnoho tekhnichnoho universytetu nafty i
hazu. 2018. P. 38—47.
Artym V. 1. Otsinka poshkodzhuvalnoi dii
asymetrychnoho navantazhennia na elementy
burylnykh i shtanhovykh kolon // Naftogazova
energetyka. 2009. Ne 4. P. 26-32.
Kryzhanivskyi Ye. I. Vplyv asymetrii tsyklu na opir
koroziinoi vtomly z’iednan burylnykh trub //
Fizyko-khimichna mekhanika materialiv. 1990. T.
26, Ne 4. P. 87-89.
Dzhus A. P., Lyskanych M. V. Vplyv asymetrii
navantazhennia na kharakterystyky vtomnoho
ruynuvannia elementiv burylnoi kolony // Rozvidka
ta rozrobka naftovykh i gazovykh rodovyshch.
2010. Ne 2. P. 54-58.
Kiyko L. M. Metody ta zasoby kontroliu rizbovykh
z’iednan trubnykh kolon : dys. ... d-ra tekhn. nauk
05.05.12.  Ivano-Frankivsk, 2002. URL:
https://uacademic.info/ua/document/0402U000952
(data zvernennia: 18.09.2024).
Ivasiv. V. M. Metody ta zasoby upravlinnia
burylnoiu kolonoiu dlia zabezpechennia yii
nadiinosti : dys. ... d-ra tekhn. nauk : 05.05.12.
Ivano-Frankivsk, 1999. URL:
https://uacademic.info/ua/document/0599U000334
(data zvernennia: 21.08.2024).
Rachkevych R. V. Rozvytok naukovykh osnov
zabezpechennia pratsezdatnosti kolon burylnykh i
nasosno-kompresornykh trub : dys. ... d-ra tekhn.
nauk : 05.15.10. Ivano-Frankivsk, 2018. URL:
https://uacademic.info/ua/document/0518U000405
(data zvernennia: 18.09.2024).
Danyliuk N. Ya., Artym V. I. Ohliad metodiv i
zasobiv informatsiinoi pidtrymky zhyttievoho
tsyklu burylnykh ustanovok na osnovi BIM-
tekhnolohii ~ /  Naukovyi  visnyk  Ivano-
Frankivskoho natsionalnoho tekhnichnoho
universytetu nafty i hazu. 2024. Ne 1(56). P. 34-48.
URL:  https://doi.org/10.31471/1993-9965-2024-
1(56)-34-48 (data zvernennia: 18.09.2024).
Rachkevych R. V., Slobodian V. L., Ivasiv V. M.,
Artym V. I. Dovhovichnist trubnykh kolon za
skladnoho napruzheno-deformovanoho stanu //
Rozvidka ta rozrobka naftovykh i gazovykh
rodovyshch. 2016. Ne 4. P. 25-33. URL:
http://nbuv.gov.ua/UJRN/rrngr 2016 4 4 (data
zvernennia: 21.08.2024).
Grydzhuk Ya. S. Prohnozuvannia dovhovichnosti
elementiv burylnoi kolony pry vibratsiinomu

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

navantazhenni : avtoref. dys. ... kand. tekhn. nauk :
05.05.12 /  Ivano-Frankivskyi  natsionalnyi
tekhnichnyi universytet nafty i hazu. Ivano-
Frankivsk, 2013. 20 p.

Danyliuk Ya. M. Prohnozuvannia dovhovichnosti
burylnykh kolon z vykorystanniam zasobiv
heometrychnoho kontroliu trub // Metody ta
prylady kontroliu yakosti. 2002. Ne 8. P. 6-10.
Rachkevych 1. O. Prohnozuvannia vtomnoi
dovhovichnosti elementiv burylnoi kolony na
osnovi mashynnoho navchannia // Ukrainskyi
naukovyi zhurnal. 2021. URL:
https://uacademic.info/ua/document/0821U102160
(data zvernennia: 18.09.2024).

Demkiv I. V., Kovalchuk O. A. Analiz kontseptsii
tsyfrovykh dvinykiv: istoriia rozvytku ta suchasne
zastosuvannia // Elektronnyi arkhiv TNTU. 2022. P.
179-180.

Industrial Internet Consortium. Digital twins for
industrial applications. ATEP KPI, 2020 (access
date: 18.09.2024).

Tsyfrovi dvinyky: shcho tse za tekhnolohiia i yak
vona dopomozhe vidnovyty Ukrainu. PSM7.com,
2023 (access date: 18.09.2024).

Vityaz O. Yu. Rozvytok naukovykh osnov otsinky
robotodatnosti kolon burylnykh ta hnutkykh trub :
dys. d-ra tekhn. nauk : 05.15.10. Ivano-
Frankivsk Ivano-Frankivskyi  natsionalnyi
tekhnichnyi universytet nafty i hazu, 2021. 350 p.
Rachkevych R. V. Rozvytok naukovykh osnov
zabezpechennia pratsezdatnosti kolon burylnykh i
nasosno-kompresornykh  trub na  diliankakh
pokhylo-skerovanykh i horyzontalnykh sverdlovyn
iz urakhuvanniam prostorovoi zhorstkosti : dys.
kand. tekhn. nauk : 05.15.10. Ivano-Frankivsk :
Ivano-Frankivskyi  natsionalnyi  tekhnichnyi
universytet nafty i hazu, 2016. 200 p.

Chernov B. O., Simkiv M. Ye., Chernov V. B.
Metody pidvyshchennia dovhovichnosti elementiv
burylnoi kolony // Rozvidka ta rozrobka naftovykh
i gazovykh rodovyshch. 2008. Ne 4(29).

Markom A. M., Saharudin S., Hisham M. H.
Systematic Review of Fiber-Optic Distributed
Acoustic Sensing: Advancements, Applications,
and Challenges / SSRN. 2025 (access date:
18.09.2024).

Wang B., Zhan Z., Cheng M. Distributed acoustic
sensing technology in marine geosciences //
Geodesy and Geodynamics. 2024. Vol. 15, No. 5.
P. 345-359.

Vityaz O. Yu. Prohnozuvannia dovhovichnosti
burylnykh kolon =z vykorystanniam zasobiv
neruynivnoho kontroliu // Naukovyi visnyk Ivano-
Frankivskoho natsionalnoho tekhnichnoho
universytetu nafty i hazu. 2023. Ne 2. P. 45-52.

Li H., Bao X. Optical Fiber Distributed Acoustic
Sensors: A Review // IEEE Sensors Journal. 2021.
Vol. 21, No. 11. P. 12792-12803.

Zhang Y., Wang D. Distributed Acoustic Sensing
With Sensitivity-Enhanced Optical Cable / IEEE



40 BICHW/K CXIOHOYKPATHCbKOIO HALLIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa Jans Ne 4 (290) 2025

Photonics Technology Letters. 2020. Vol. 32, No.
24. P. 1525-1528.

25. Vityaz O. Yu. Vplyv ekspluatatsiinykh defektiv na
robotodatnist burylnykh kolon // Naukovyi visnyk
Ivano-Frankivskoho natsionalnoho tekhnichnoho
universytetu nafty i hazu. 2023. Ne 3. P. 33-40.

Danyliuk N.Y. Strategic approaches to reduce
the risks of drilling strike failure based on engineering
monitoring systems

In the modern oil and gas industry, the issue of
increasing the durability of drilling rigs is key to
ensuring the efficiency and economic feasibility of
resource extraction. Activities in harsh operating
conditions lead to intensive wear of equipment, which
necessitates the use of the latest technologies for its
protection. One of the promising areas in this context is
the implementation of BIM technologies (Building
Information Modeling), which contribute to improving
equipment life  cycle management,  optimizing
maintenance processes and predicting wear. The article
provides a comprehensive analysis of the impact of
corrosive environments on drilling rig materials,
identifies the main factors leading to the degradation of
structural elements, and considers modern methods of
their protection. In particular, attention is paid to the use
of anti-corrosion coatings, modified materials and
cathodic protection. In addition, the possibilities of using
BIM technologies for monitoring the condition of drilling
equipment in real time are considered, which allows for
timely detection of defects, minimizing the risks of
accidents and increasing the operational life of the units.

The study showed that the integration of BIM models with
predictive analytics and maintenance systems allows to
significantly reduce the costs of repairs and downtime of
equipment. This, in turn, ensures an increase in the
overall efficiency of oil and gas enterprises and
contributes to their sustainable development. The
authors emphasize the importance of further research in
the field of digital modeling to increase the durability of
drilling rigs and develop new standards for managing the
technical condition of equipment. The results of the work
can be useful for engineers involved in the design and
operation of drilling equipment, as well as for scientists
investigating promising methods of material protection
in the oil and gas industry. Further research in this area
has the potential to significantly improve the reliability
of equipment and reduce operating costs, which is a
critically important factor for energy security and
economic stability of the industry.

Keywords: failure risks; engineering monitoring;
drilling optimization; forecasting technologies, Internet
of Things (IoT); drilling safety.
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HAI[IOHAJILHOTO TEXHIYHOTO YHIBepCUTETY HaTH i rasy,
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JOCIIIKEHHSA HAITPYKEHO-AE®@OPMOBAHOI'O CTAHY EJIEMEHTIB
YHIBEPCAJIBHOI'O ITIPEBEHTOPA

MocrakiBebkmii L1, Mocopa 1O.P., JIax M.M.,
Bprokano B.B., Muxaiiaok B.B., bopymak JI.O.

STUDY OF THE STRESS-STRAIN STATE OF THE ELEMENTS
OF THE ANNULAR PREVENTOR

Shostakivskyi L.I., Mosora Y.R., Liakh M.M.,
Vriukalo V.V., Mykhailiuk V.V., Borushchak L.O.

Poszensidoacmovcss  porb  ma  KOHCMPYKMUGHI  0CcOOIU80CTI
NPOMUBUKUOHO20 00IAOHANMHS, 30KPEMA YHIBEPCATbHO2O
npegeHmopa, KUl BUKOPUCIOBYEMbCS IO H4ac OypiHHs
Hagmosux i eazosux ceeponosun. Qbcaoua KoioHa i3
OYPUTLHOIO KOJIOHOIO PO3OLIAE C8ePOTOGUHHUL CIOBOYD,
a Kinbyesutl 3a30p MIJC HUMU 3ANOBHIOEMbCS OYPOGUM
PO3UUHOM, WO CMEOPIOE 2IOPOCMAMUYHUIL MUCK 05
KOHMPOMO 6ux00y NIACMO8UX piouH. YHieepcanvhuil
npegeHmop  3abe3neyye  2epmMemu3ayilo  Kilbyesozo
npocmopy, 00360JI04U OOHOHACHO NPOGEPMAMU A
npomszyeamu OYypuibHi mpyou, wjo nioguwgye besnexy
ma epexmugnicms npoyecy 0ypinua. Y pobomi maxooic
HaseoeHo IHQopmayito, wWo CMOCYEMbCA  AHANI3Y

3aKOPOOHHUX MA GIMYUSHAHUX 0OCTIONCEHD | nyOniKayii

3a memamuroi Oocuioxcents. OCHOSHUM POOOUUM
CNLeMEHMOM 6 KOHCIMPYKYIL YHIBEPCANbHO20 NPEeBeHmMopa

€ Kinbyesutl yMosuil YWinbHiosay, axkull nio0dacmuvcs Oii

YUKTTYHUX HABAHMAJICEHb | GMOMHOMY DPVUHYBAHHIO
BHACTIOOK NPOXOONCEHHS KPI3b Hb020 DYPUNLHOI KOAOHU.
Boonouac  xopnyc ma  nopwens — npeeenmopa
niooaromucsi Oii BUCOKO20 MUCKY, WO NPU3BOOUMDb 00
BUHUKHEHHA mMa KOHyewmpayii y neeuux OLIAHKAX
SHAYUHUX HANPYJICeHb. 3 MemOI0 BUSHAYEHHS BeIUYUH Ma
OIAHOK ~ KOHYyeHmpayii  HanpysceHb — NOOYOOBAHO
MPUBUMIDHY MOOelb YHIBepcanibHo2o npesenmopa. s
00CTIONHCEHHS GUKOPUCTNAHO MINbKUL 08a L1020 €eMEHMU.
KOpnyc —ma  nopuienvb.  Bemuuunu — muckie,  sKi
3ACmMoco8y8anucy nid 4ac 00CuiodiceHus cmanosuau. 14
ma 70 Mlla. [lpu Oocriddcenni 6y10 6paAX08aHO
BEUYUHY  3A30pY MIJC KOPHYCOM MA  NOPUIHEM.
Bcmanosneno, wo 3a maiux eeiuuun 3a3opie Midc
HOpuiHeM ma KOPRYCOM 30 NPUUHSAMUX SPAHUYHUX YMO8
6i0bysacmucs  ix 63a€M00is, 'y pe3yabmami 4020
cnocmepicacmvcs  NOSGA  KOHMAKMHO20 — TUCKY.
Maxkcumanvra senuyun yvboeo mucky ckiadae 320 Mlla
npu  GeIUHUMI 3A30pY  MIdC POOOUUMU NOBEPXHAMU

xopnycy ma nopwnsa 0, Ium. 3a eenuuunu 3azopy 0,4 mm
Ma aHanroiuHUX SPAHUYHUX YMO8 KOHMAKMHO20 MUCKY
He cnocmepicaemuvcsi. Tlodanvuie 36inbuients eeruyuHu
3a30py Modce npuzgecmu 00 UWBUOUIO20  BUXOOY
VWITLHIOBATbHUX — Mandcem 3 nady. Y pobomi
NIOKPeCAIOEMbCS BANCIUBICIb KOHMPOIO MEXHIUHO20
CMamy npegeHmopie ma MOYHOCMI ix pemoumy Ois
3a0e3neuennss Gesneku poOIMHUKIE | NONepeodtceHMs.
asapiiHux cumyayiil nio yac OypiuHA HAQmMoeux i
2a308UX C8ePONOGUH.

Knrouosi  cnosa:  npomusukuone  00IAOHAHHS,
@roidonposenenns, VHigepcanbHuil npegeHmop,
iMimayiiine MOOen08anHs, HaANpPyiceno-0epopmosanuil
CMaM, HANPYHCEeHHsl, KOHMAKMHUL MUCK.

Beryn. [ix yac ciopykeHHsI CBEpIUIOBUH Ha
HaTy i ra3 KijabLEBUH MPOCTIp MiX OYypHUIBHOIO
KOJIOHOIO Ta 00camHor abo MiX OypHIBHOIO
KOJIOHOI0O  Ta  HeoOCapKeHMM  IHTEPBAJIOM
CBEp/UIOBHHHM 3a3BHYail 3allOBHEHUI OypoBUM
po3urHOM. 3-TTOMiX OaraThox (YHKIIIA PO3UUHY B
KOHTEKCTI, IO PO3TIAAAETHCS, TEPIIOUYSPTOBUM 1
BRXJIUBUM € CTBOPEHHS TiAPOCTATHYHOTO THCKY,
SIKMH TIEPELIKOKAE MPUTOKY TIACTOBHUX (IFOINIB Yy
cToBOYp cBepmimoBuHU. Komm OypoBe m010TO
npoOyploe MPOAYKTHUBHUK Ha(TOra3oBUH ILIACT,
a00 MPOXOIUTH KPi3b 1HIII AISISTHKH 3 aHOMaJIEHUM
TUCKOM, pIBHOBara, CTBOpEHa 3a JIOTIOMOTOIO
OypoBOTO pO3YHHY, IOPYIIYETHCA, 1 IIIACTOBI
¢roinn MOTPaIuIAIOTE Y CTOBOYp CBEPJIOBHHHU.
IIpoTsroM ychoro mporiecy OypiHHS I PiAMHM i
M0 TIIACTOBOi €HEprii HaMararThCs TPONTH
yepe3  KiNbLEBHH  MPOCTip  Ha30BHI. B



42 BICHW/K CXIOHOYKPATHCbKOIO HALLIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa Jans Ne 4 (290) 2025

YPIBHOBa)KEHHI ITACTOBOT'O TUCKY TiAPOCTATUYHUM
TUCKOM OYpOBOTO pPO3YHMHY, MO JOCSTAETHCS
MiIOUPaHHSIM Ta 3MIHOIO HOTO T'YCTHHH, 1 TIOJIATAE
NEpBUHHUNA  KOHTpOJb  (NepBUHHHK  Oap'ep)
CBEpIJIOBUHU B TIPOIIECi i1 CIOpYKEHHS. Y pasi
OTPUMaHHS TMEPCOHAIOM TMpPSIMUX O3HAK, SKi
CUTHAN3YyIOTh MNpPO pYyHHYBaHHS TEPBHHHOTO
Oap'epy Ta BKa3zyloThb Ha IIOYaTOK MpOLECY
(dbmoimonposiBy, HEOOXITHOIO € TIOHAWUIIIBHIIIA
aKTUBAITis KOMILJIEKCY MPOTUBUKUIHOTO
obomaguands ([IBO) — BTOPHMHHOTO KOHTPOIIO
(BTOopuHHOTO 0Oap'epy) 3 METOIO TICPEKPHUTTS

KaHaTB BHUXOAYy PIAMH HAa TOBEPXHIO 1
YHEMOKJTMBIICHHS TO/TAJTBIIIOTO
HEKOHTPOJILOBAHOTO PO3BHTKY nporecy
¢dmoinonposisy. OCHOBHOIO Ta  HEBIJ'€MHOIO

Y4aCTHHOIO Oyab-skoro komiuiekcy [1BO € kinbliesi
(YHiBepcallbHi), TUIAIIKOBI, 00EPTOBI MPEBEHTOPH
Ta UBEPTOPH — B yYMOBax OypiHHS Ha MOPCHKHX
aKBaTOPiIAX 1 OKpEeMHX BHIAAKax OYypiHHA Ha
cyxomomi. ABapii miag Yac  CHOpPYIKEHHA
CBEP/UIOBUH MOXYTh TPHU3BECTH [I0 JIOJCHKHX
JKEPTB, CKOJIOTIYHMX KaracTpod Ta BEITUKUX
MaTepianpHux BUTpaT [1-3], TOX yHiBepcalbHUi
MPEBCHTOP € OJHHMM 13 HaAWBIAMOBINAIBHIIITNX
enemenTiB cuctemu [1BO OypoBoi yCTaHOBKH.

Jlo TpoTUBUKMAHOTO OONagHAHHS 3aBXKIU
BUCYBAJIMCSl Ta BUCYBAIOThCS HAJ3BHYAHHO BHCOKI
BHMOTH Ha yCiX €Tamax HOro »XUTTEBOTO IHKIY:
MIPOEKTYBAaHHS, BHUIPOOOBYBAaHHSA, EKCIUTyaTarlil,
o0CIIyrOByBaHHS Ta  peMOHTy.  HeoOximHo
3ayBKHTH, 110 1CHYIOYI KOHCTPYKIIil IPEBEHTOPIB
BJIOCKOHATIOIOTBCS 3 ~ METOI0  MiJBUIICHHS
HaJIIHHOCTI.

Jo cxmagy IIBO, sk mnpaBuio, BXOIATh
YHIBepCaIbHUI TMPEBEHTOP Ta NIBa ITUIANIKOBI abo
OOWH 3[BOEHMH  IUIAIIKOBHH.  YHIBepcaibHi
NPEBEHTOPHU  JO3BOJIAIOTH  MpPOBEpTaTH  Ta
MPOTSTYBATH KOJIOHU TPYO Ta IHCTPYMEHTY 32 YMOB
3arepMeTH30BaHoro ycTs. OCHOBHUM pobOodmM
CIIEMEHTOM  YHIBEpCAIBHOI'O  TPEBEHTOpa €
KUTBIICBUH YITUTBHIOBAY. Y BIIKPUTOMY MTOJIOKEHHI
B IPEBEHTOP1 BHYTPINTHIN JiaMeTp YIIiIHHIOBAaYA €
JOCTaTHIM ANl TPOXO/DKEHHS KOJIOHH TpyO Ta
HEOOXIAHOTO 1HCTPYMEHTY, a y 3aKpUTOMY
TTOJIOXKEHHI — YIIUTHhHIOBaY OOTHICKA€ KOJIOHY 1
repMETHU3Y€E KiNbLEBUH MDKTPYOHHH HpoCTip abo
MOBHICTIO IEPEKPUBAE CBEPATIOBUHY 32 BiICYTHOCTI
OypmiIbHOI KOJOHHM. 3a pPaxyHOK €JIaCTUIHOCTI
TYMOBOTO VIIiIbHIOBaYa KUIBIIEBHH TIPEBEHTOP
MO’KHA 3aKpUBAaTH Ha €JIEMEHTaxX Pi3HOTO JiaMeTpy
Ta (OPMH TOMEPEUHOro mepepizy: OypHIIBHUX
TpybOax, Bemydid Tpydi, 3amMKax, OOBaKCHHX
OypuibHUX TpyOax, HEHTPaTOpax TOIIO; 3aKPUTTA
MPEBEHTOPA TAKOX MOXKIIMBE 1 Ha CBEpAJIOBHHI 0€3

OypwibHOI KOJMOHM Ta iHCTpyMeHTy. CTHCKaHHS
VIIUTbHIOBAYa  3MIHCHIOETBCS B pe3yJIbTaTi
KOMOiHOBaHOT Jii THCKy Ha HBOTO Ta JIEIIO0
BIZIPI3HAETHCS 32 NPUHIMIIOM Jii Y KOHCTPYKLISX
pi3HEX BUPOOHHUKIB.

Ananiz  3akopoonnux i GIMYUZHAHUX
docnioxyceny ma  nyonikauii. Y  mporueci
CHOPYAKEHHSI CBEPIJIOBHH TiJ ACTIPECIEI0 KOPITYC
OypmiapHOI TpyOM Ta ii 3'eqHaHHS OaratopazoBO
OpOXOJATh Yepe3 YIIUIbHIOBAY YHiBEPCaIbHOTO
OpEeBEHTOpa, M0 MPHU3BOAMTH [0 3MIHHOTO
[UKJIIYHOTO HaBaHTa)XEHHS Ha HHOI'O Ta BTOMHOTO
pyHHYBaHHS. Buxonsuu 3 nepelyMOBU
epeKTHBHOCTI  poOOTH  YUIUIBHEHHS,  JUIA
30UJIBIICHHST TEPMIHY HOro eKcIutyaTariii B po0oTi
[4] cmouatky Oyso TPOBEIEHO BUIIPOOOBYBAHHS
TYMOBOTO 3pa3Ka IpH il OAHOOCKOBOTO PO3TATY Ta
ctucky. B pesynprari Oyno BuU3HAu€HO MOAETD
MOBEIIHKHA IHOTO MaTepianmy (Momens Yeoh) ta
KOHCTaHTH, SKi OIUCYIOTH Marepiall, a TaKoK
OTPUMAHO PIBHSHHS JJs 3aCTOCYBAaHHS IIiJl 4ac
BHKOPHCTAHHS iMiTamiHHOTO MOJICITIOBAaHHS
METOJIOM CKIHYeHHUX eneMeHTiB. lli3Hime 3a
JOMIOMOT 010 TTporpamMHOro 3abe3neueHdst ABAQUS
Oyno CTBOpEHO TPHUBHMIPHY MOJEIb T'yMOBOTO
VIIUTBHIOBAYa  JUIA  MOJENIOBAaHHS  MPOIECY
JMUHAMIYHOTO YIIITBHEHHS METOJIOM CKIHUEHHUX
eneMeHTiB. [IpoaHanizoBaHO KOHTAKTHHM THCK Ta
PO3MOIII €KBIBAJICHTHUX HAIPYKEHb 3a Mi3ecoM i
iX 3MiHy Ha TOBEpXHI yIIUIbHCHHA. TOYHICTH
pe3yabTaTiB, OTPUMAHHUX METOAOM CKiHYEHHHUX
€JIEMEHTIB, OyJl0 TEepeBIpeHO MUIBIXOM  iX
MOPIBHAHHS 3 pe3ylbTaTaMu HATYPHHUX
BUNpoOyBaHb. 3rogoM OyJO JOCTIIKEHO BILIHB
CTPYKTYpPHUX TapameTpiB, TaKUX SK BHYTPILIHIH
KyT, 30BHIIIHIA KyT Ta BHYTPIIIHIN miameTp Ha
HANPY’)KCHHS, [0 BWHHUKAIOTh HAa TIOBEPXHIi
ymtineHioBava. Lli mapamerpu Oynu onTuUMi3oBaHi
eKCIIePIMEHTANbHUM NUIIXoM. ONTUMalbHUMHU
BCTAHOBJICHO TaKi MapaMeTpH: BHYTPIIIHIA KyT —
29°, 30BHIIIHIN KYT — 69° Ta BHYTpILIHINA AiaMeTp —
84 mM. MakcuMaibHI BEITMYMHH HANPYKCHb 3a
MizecoMm micisi onTuMizariii Oyso 3MEHIIEHO Ha
2,48 MIla, a ammiiTyay Uux HampyxeHb — Ha 42%.

OOpani  onTuMajibHI  HapaMeTpH  T'yMOBOTO
VIIUTBHIOBaYa 3aCTOCOBAHO Ui MPOBEACHHS
HATYPHHMX BHUIPOOYyBaHb. 3riAHO 3 OTPUMAHUMHU
pe3ynbraTaMd  TYMOBWI  YIIUTBHIOBAY  IICIHA
MIPOBEICHOI onTHMi3arii Mae XOoporri
TEPMETH3YI0OYi BIJIACTUBOCTI Ta 3HAYHO BHIIY

BTOMHY JOBIOBIYHICTb.

VY crarti [5] B moaBiHOMY ITyHXEPHOMY
npesenTopi (BOP 2FZ54-105) mpoaHanizoBaHO
PO3MOAiN HampyXeHb Ta 00JacTi X KOHIEHTpalii
npu Aii poOounMxX HABaHTaXEHb 3a JIOTIOMOTOI0
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METOIY CKIHYCHHUX €JICMCHTIB Ta
EKCTICpUMEHTAIILHUX BUTIPOOOBYBaHb. BHSBICHO,
IO Pe3yJIbTaTH IMITaLiHHOr0 MOAEIIOBAHHS J00pe
Y3rOIKYIOTHCS 3 pe3yibTaTaMu
EKCTICPUMEHTAITbHHX BUTIPOOOBYBaHb, a
NOIJIBHICTG Ta TOYHICTh IIAX [JOBOX METOIIB
MiATBEPIUKYIOTbCA B3aeMHO. Kpim Toro, y crarTi
MiATBEP/UKYETbCS, IO MIIHICTh  KOPITYCY
MIPEBEHTOpPA BIATOBIAA€ TPOCKTHUM BUMOTaM Ta
yMOBaM Horo BHKOPHCTaHHS. Obnacri
KOHIIGHTpALii HampyXeHb Ha BHYTpIIHIA Ta
30BHIIIHIM MOBEPXHAX KOPIyCy OyJH y3arajabHEHI
Ta OTpUMaHI Ha OCHOBI KOMILJIEKCHOTO aHalIi3y.

3acrocoBaHi y cTaTTi METOOM Ta OTpUMaHi
pe3ysNbTaTH  MOXYTh CIyryBaTh 0a3o0 i
MOAM(IKOBAHOTO TPOEKTYBAHHS KOPIyCy Ta

MOCIOHMKOM JUISI TEXHIYHOTO 0OCIyroBYBaHHS
MPEeBEHTOpa, OLIHKKM Horo Oe3meku IIiJg Yac
eKCIUTyaTarii.

[Tixg yac Oypinnsa Ha HaTy Ta Ta3 KUTbLEBUN
MIPEBEHTOP MPOTUBUKUAHOTO oOnaHaHHS
MOCTIHHO TIAMAEThCA Mii BHCOKOTO THCKY Ta
YAapHUM HaBaHTKEHHSM, [0 TPHU3BOAUTH [0
KOHIIEHTpaLii HampyXeHb y JEsIKHUX O00JIacTax
KOHCTpyKUii. B  pesynpraTi LBOTO MOXYTbH
YTBOPHUTHCH TPIIIMHA Ta BTOMHI ITOIIKOKEHHSI.
Bepxns kpuika Ta KOpIyc KiJIbIIEBOrO IPEBEHTOpa
€ OCHOBHHUMHM JeTalsIMH, SKI MIOOAIOTBCA Oii
BHCOKOTO THCKY. SIKIITO BOHHM BHUHAYTH 3 Jamy Iif
gac poOOTH MPEBEHTOPA, TO MOXKE CTATHCH aBapis 3
BHUOYXOM, III0 MOYKE IPU3BECTH 0 JTIOJCHKUX KEPTB
Ta 3HAYHUX EKOHOMIYHUX 30WTKiB. Tomy obmacTi
KOHIICHTpAIlii HaNpy>KeHb y BEPXHIM KPHUIII Ta
KOpITyCi IpEeBEHTOpa HEOOXiHO MpoaHai3yBaTH 3
METOI0 3a0e3neUeHHs ix Oe3neuHoi eKcIuryaTarii. Y
i po6oTi [6] Po3pobIEHO BUCOKOTOUYHUHN IMiIXiM
10 BU3HAYCHHS HaNpyKeHb. Lled minxin moegHye
METOA  TEOPETUYHOTO  PO3PAaxXyHKy,  METOA
CKIHUCHHHX €JIEMEHTIB Ta CKCIIEPUMEHTAIbHI
BHUIPOOYBaHHS. BeTWIuHY Ta pO3ITOAUT HAPYKEHB
y BEpXHIH KPHIIIl Ta KOPIyCi BUMIpIOBaNIHCS 32
HOMIHAJIHLHOTO POOOYOT0 THCKY 1 T1APOCTATHIHOTO
BHITPOOYBAITEHOTO THCKY. binpme TOTO,
pe3yNbTaTH, SKi OTPUMaHi METOJIOM CKiHYCHHUX
CJIEMEHTIB, Oynu Maibke 1IeHTHYHIMU
pe3ynbpTaTtaM eKCIepHUMEHTAIbHUX BUIPOOYBaHb
JUIA 3HAYCHb HANPYXXeHb y TOYKaX KOHTPOIIIO.
Pesynpratn  aHamizy CKiHUEHHHMX  €JICMEHTIB
MOKa3aiM, M0 B KOPIYyCl HAasBHI ABI KPUTHYHI
obmacTi HampyXeHb. TyT B MUHYJIOMY (aKTHIHO i
BUHHUKAIW TPILWHU Ta pyHdHyBaHHSA. OCHOBHUI
TEeXHIYHUH BHECOK JOCITIHKEHHS MOJATaE B TOMY,
0 BOHO MOXE CIYTryBaThd OCHOBOIO ISt
JNOAATKOBUX JOCHIDKEHb 3 OLIHKA BTOMHOI

MIIIHOCTI Ta OILIHKH

€JIEMEHTIB IIPEBEHTOPIB.
Meta podoTu Ta

HeOOXITHOCTI il BUKOHAHHA

Merta poboTH TONATAaE y BCTAHOBJICHHI
HANpYXEeHO-IeOPMOBAHOTO ~ CTAHY  €JIEMEHTIB
VHIBEpCATBHOTO TMPEBEHTOpPA 13 BpaxyBaHHSAM
BEJIMYMHH 3230pY MiXK HOT0 KOPITYyCOM Ta MOPIITHEM.

Jloist JIOCSITHEHHS MOCTaBJICHOT METH
HEOoOXiIHO:

— nobynyBatu TPUBUMIPHY
YHiBEpCaJIbHOTO IIPEBEHTOPA;

— BCTAaHOBHUTHU HanpyXeHO-IehopMOBaHHUN
CTaH EJIEMEHTIB MPEBEHTOPA 13 BpPaxyBaHHAM
BEJIMYMHH 3230PY MK HOT0 KOPITyCOM Ta MOPIITHEM,
BHKOPHCTABIIN TSt IEOTO iMiTaIiiae
MO/JICITIOBAHHS.

BukaneHHss 0CHOBHOTO MaTepiajay

Jost MIPOEKTYBAHHS PI3HOMAaHITHOTO
o0nagHaHHS 3aCTOCOBYIOTb KOMIT FOTepHI
nporpamu, cepen sxkux  SolidWorks [7]. La
mporpama 3'sBmwiack B 1993 pori Ta ckimama
KOHKYPEHITiI0O TaKuM TpoaykTaM, sk AutoCAD Ta
Autodesk Mechanical Desktop, SDRC I-DEAS i
Pro/ENGINEER, Solid Edge. 3aBaanns, sixi MoxxHa
BHPIIIUTH 32 JOTIOMOTOIO IIi€i MporpamMu HACTYITHI:
KOHCTPYKTOpPChbKa MiAroTtoBka BuUpoOHHuTBa (3D

3QIMIIKOBOTO  pecypey

OOrpyHTYBaHHS

MOJEIb

NPOEKTYBaHHS BHPOOIB  OyIOb-KOTO  CTYIEHS
CKJTQITHOCTI 3 ypaxyBaHHSIM cnenudiku
BUTOTOBJICHHS;  CTBOPEHHSI  KOHCTPYKTOPCHKOT
JOKyMEHTAIii; MIPOMHUCIIOBHIHA JIM3aiiH;
MPOEKTYBaHHS ~ KOMYHIKAIii  (€JIEKTPOIKTYTIB,

TpyOOIIPOBOIIB TOIIIO.) Ta 6araTo IHIINX.

Y mnporpami SolidWorks HasBHHII MOTYITh
Simulation, y skoMy NpOBOIWTBHCA IHXKEHEPHUH
aHamiz (MIIHICTh, CTIHKICTh, TEIUIONIEpeaaya,
YaCTOTHHWH aHajii3, MUHAMIKa MEXaHi3MiB TOIIIO).
AJNTrOpuTM LMX JOCHIDKeHb 0a3yeTbcs Ha
3aCTOCYBaHHI METOAY CKIHUCHHHX €JICMCHTIB.
HeoOximHO 3ayBa)XuTH, IO OTPHMaHI HA OCHOBI
OBOTO METOJY pe3yJbTaTH BUKOPHCTOBYIOTHCS
MPAKTUYIHO Y BCIX Taidy3sSX HAYKH W TEXHIKH.

3  METOWw  JOCHIHKCHHS  Hampy>KeHO-
JIe(OpPMOBAHOTO CTaHy €JIEMEHTIB YHIBEpCaIbHOTO
npeseHtopa Tuimy Hydril (mami - mpeBeHTOpa) y
mporpami SolidWorks  moOymoBaHo  ioro
TPUBHUMIpPHY MOJIeNb (puc. 1).

Po3pobrneny TpuBuMipHY MOAedIb MpeBEHTOpA
MOYKHA JTOCHIJKYBATH SIK 3araJloM KOMILIEKCOM, TaK
1 TOeNeMeHTHO. Y HaIOMy BHOAJIKy JUIS
JOCITi DKEHHS i3 TPUBUMIpHOL Mozei
VHIBEpCAJIbHOTO MPEBEHTOPa BUOPAHO TiNBbKU IBi
JeTaii — mopineHs 8 ta kopiyc 1 (puc. 2).



44 BICHW/K CXIOHOYKPATHCbKOIO HALLIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa Jans Ne 4 (290) 2025

Puc. 1. TpuBuMipHa MOJENH YHIBEPCATBHOTO

MIPEBEHTOPA:

1 — xopnyc; 2 — ymiineH0Bay; 3, 4, 6 — yIIiJIbHEHHS;

5 — kpuika; 7 — mrynep; 8 — nopueHs; 9 — BTyNKa;
10 — raiika

O

Puc. 2. TpuBuMipHa MOZEIb EICMEHTIB
YHIBEPCAJILHOTO MIPEBEHTOPA:
1 — xopmyc; 2 — NOpILIHb

OCKiNBKH TPUBHMIpHA MOJICb TPEBEHTOpA €
rabapuTHOI0 Ta Ma€ LWIHIPUYHY (GOpPMY, TO
BUKOPHCTAHO OCECUMETPUYHY MOCTaHOBKY
(OCKITBKM ~ €JIEMEHTH KOHCTPYKIIi TNpeBeHTOpa
BUKOHaHI 5K Tijla 00epTaHHsI | MalOTh CITUTBHY BICB).
g uporo momnepeanso moOynoBaHa CHiJIbHA BiCh
JUIL BOX JeTajeldl NpeBeHTopa, a Ipu BHOOPi
JIOCTIJDKEeHHS (TOYHIIIe TPH HOro HaJamTyBaHHI)
BKa3aHO IUIOIIUHY MOALTY MOJEN Ta BUILE3TaJaHy
BiCh.

JlocmipkyBaHa — OCeCHMETpHYHA
300pakeHa Ha PUCYHKY 3.

Marepianamu jgeraneil mpeBEHTOpa Mix Yac
IMITalliIfHOTO MOJICJIIOBAHHSI TPUHHATO CTalb.
CxeMy TpaHUYHUX YMOB HaBEJICHO HA PUCYHKY 4.

MOJEIb

Ocnl

Puc. 3. OcecumerprdHa MOJIeNIb YHIBEPCAIBEHOTO
IPeBEHTOpA:
1 — xopmyc; 2 — HOpIIHB

Okl

a 0 B

Puc. 4. Cxema rpaHUYHUX YMOB:
a — (ikcyBaHHS KOPIYCYy NIPEBEHTOPA;
0 — nist THCKY pobouoro cepenosuma (70 MIla);
B — IIisl TUCKY Tiapomnpusoxa (14 Mlla)

3a30piB  MDK  KOpPIlyCOM Ta
NPEBEHTOPA HABEJICHO HA PUCYHKY 5.

OOpIIHCM

Puc. 5. 3a30pu MiXx KOPITyCOM Ta HOPIIHEM IIPEBEHTOPA

Y nocnipkeHHI BpaxoBaHoO JB1 Hapy KOHTAKTIB
JeTaleil: 10  HIWKHBOMY  3a30py  (HIDKHI
VIIUTBHEHHS); TI0 BEPXHBOMY 3a30py (BepxHi
yiinbHeHHs) (puc. 6). KoediuieHT TepTs Mixk HUMU
npuidHATO piBHUM (,2.
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a )

Puc. 6. KonTaktu nerajiei npeseHTopa:
a — TmepIra napa KoHTary; 0 — apyra mapa KOHTaKTy

3 METO OTpHUMaHHS TOYHIIIUX PE3yJbTaTiB
IMITaI[ifHOTO MOJICJIIOBAHHS MiJ Yac MOoOyJI0BU
CITKM  CKIHYCHHHX  €JIEMCHTIB  BHKOPHUCTAHO
IHCTPYMEHT, SIKMM JO3BOJIMB 3MEHIIUTH PO3MIpH
eneMeHTiB ciTku. OTpuMaHa CiTKa CKIHYEHHUX
eJICMEHTIB HaBe/IeHA Ha PUCYHKY 7.

Puc. 7. CiTka CKiHYEHHUX €JIEMEHTIB

Ha pucynkax 8-11 HaBemeHO pe3ylbTaTh
MIPOBEICHOTO IMITAIIMHOTO MOJICITIOBAHHS.

[IpoananizyBaBmi poO3MOALT Ta BEITUYUHHU
CKBIBaJICHTHHX  HampykeHb  3a  Misecom,
BCTAQHOBJIEHO, IO X MAaKCHMallbHI 3HAYEHHS
ctaHoBNATH 760 MIla Ta KOHLEHTPYIOTBCS Yy
HWKHIN YacTHHI KopIyca MIPEBEHTOPA.
MakcumanbHi  TEepeMINIeHHs  TpH  3aJIaHuX
TpaHMYHUAX  yMoBax  ckiamgaiote 0,54 wmwm.
HeoOxiguo 3ayBaXKUTH, 110 HaWOLIBIINX
MepeMillieHb 3a3Ha€ KOPIyC TPEBEHTOpa, a He
MOpPIIEHb, OCKUTBKM OCTAaHHIM BIUPAETBCI Y
BHYTPIITHIO MIOBEPXHIO KOPITYCY, 32 paXYHOK 4YOTO i
00MexXyroThesi Horo mnepemimeHHs. [Ipu mpomy
HAaBaHTa)KEHHS TIepelaeThCsl Ha KOPIyC, Ta ¥y
IUISHI iX B3a€MOJIl BUHUKA€ KOHTAKTHHH THCK,
MaKCUMAaJIbHE 3HaYEHHS SIKOTr0 cTaHOBUTH 320 MIla
3a BenwmumHHA 3a30py 0,1 MM MK KOpITyCOM Ta
mopmHeM. I3 30UIBIICHHSIM 3a30py BETWYHHA

KOHTAaKTHOT'O THCKY 3HWXYyeThcs. [lpu 3a3opi 0,4
MM TIOpIIEHb [IepecTae KOHTAKTYBATH 13 KOPITYCOM.

URES (mm} CP (N/mm A2 (MPa))

518407 3216¢+02

o lsas e Pt ' l
286580 2894402
l 414750 _ 2573402
| . | 3628601 L 22510402
5 L 3110201 L 1929402
i o1 ‘ 1,608¢+02
] B oo | 12860102
I . | 1ssse.nt | 9647¢+01
| ‘mr? 1087201 64316401
I 713840 5.184¢-02 32166401
e 10 10008-30 0,000e+00

a 6 B

Puc. 8. PesynbraTi iMITaIiitHOT0 MOJIETIOBAHHS IPH
3a30pi MIXK IIOPITHEM Ta KOPITyCOM IIPEBEHTOpa
BenunuuHoro 0,1 MM:

a — eKBiBaJICHTHI Hanpy>keHHs 3a Mizecom;

0 — HmepeMilleHHs; B — KOHTAKTHHI THCK

URES (mm) CP (N/mmA2 (MP2))

2251e+02

5386601
_ 430%-01 | 180tes02

3770601 _ 1575es02

| 3231801 | 13500002

l 2693601 ” 1125¢402

L 2150001 | s00zes01

| 1616601 | 67520401

1077601 45016401

5386e-02 2251401

0000e 400

1,000e-20

0 B

e bl

y

at
Hazett
a

Puc. 9. Pesynbprary iMiTallitHOr0 MOJEIIOBAHHS NIPU
3a30pi MIXK ITOPIITHEM Ta KOPITyCOM NPEBEHTOPA
BeuuuHOI0 0,2 MM:

a — eKBIBaJICHTHI HaNpy>keHHS 32 MizecoMm;

0 — mepeMillleHHs; B — KOHTAKTHHUHA THCK

RS  (ymme2 (0Pl
St s737e401
' 4501 [ 51636401
4324200 45900501
_ 4016es0t
| aad2es0r
‘ 28580401
| 2asses0r

| 17218401

1,147¢+01
5737e+00
0000e+00

a ) B

Puc. 10. Pe3ynpraT iMiTaIiifHOr0 MOACTIOBAHHS TIPH
3a30pi MIX IIOPITHEM Ta KOPITyCOM IIPEBEHTOpa
BennuuHoro 0,3 MM:

a — eKBIBaJICHTHI HaNpy)XeHHs 32 Mizecom;

0 — HepeMilleHHs; B — KOHTAKTHHI THCK

OTmxe, 3 aHamizy pe3yJbTaTiB iMITALIIHOTO
MOJIEITIOBAaHHS BCTAHOBJICHO, III0 BEJIMYHMHA 3330pY
MDK ~THOpHOIHEM Ta  KOPIYyCOM  IIPEBEHTOpA
BIUIMBAaTHME Ha HaMNpy>KeHO-Ie(OPMOBAaHHN CTaH
MX EJIEMEHTIB 1, BIAMOBIAHO, 31 301ILIICHHIM
BCJIMYMHM  3a30py  TIOBEPXHI  TOPIIHS  HE
KOHTAaKTyBaTUMYTh 13 BHYTPILIHIMH MOBEPXHAMHU
kopnycy. [Ipu 1pOMy, po0OTa YIIUTBHIOIOYHX
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eleMeHTiB  Oyne  yCKIagHeHa. Y CKIaJHEHHS
MoJISITaTUME B TOMY, IO TpH 30UTBIIECHHI 3a30py
MDK KOPIIyCOM Ta TIOpPIIHEM Ta TpPH Jii THCKY
VILiIJTbHEHHS] BUTUCKATUMETBCSA Y 3a30p. BHacmimok
IHOTO Oy/1e MPHUIBHIITYBATHCH HOT'O BUXIT 3 JaIy.
Tomy mig yac peMOHTY HEOOXIIHO CIIIIKYBaTH 3a
BEJIMYMHOIO BiJMOBIJHUX PO3MIPIB  €JIEMEHTIB
MpEeBEHTOpa Ta iX CTaHOM, OCKIJIBKH BiA IIHOTO
3HAYHO 3aJICKUTh Oe3leka POOITHHKIB, IO HOro
eKCIUTyaTyI0Th, €KOJIOTi4Ha Oe3MeKa TowIO.

LIRES (mm) CP (N/mmA2 (WPa))
SARTe-0) 1,000¢-16
. 4.915¢ 14 . 8,000e-17
_ A4.360-01 _ 6,000e-17
28201 L 4000e-17
3.277e-01 | 2,000e-17
2rie-1 | 6617e-24
| 2 1B5e01 | -2,000e-17

53e-0 | -4,000e-17

) 1.0026.01 -6,000¢-17
SAhle-02 -8,000€-17
1.000e 30 -1,000€-16

a ) B

Puc. 11. Pe3ynbraTy iMiTamiitHOro MOIEIIOBAHHS TIPH
3a30pi MIX TIOPIITHEM Ta KOPITYCOM IIPEBEHTOpA
BennyuHor0 0,4 MM:

a — eKBiBaJICHTHI HampyXeHHs 3a MizecoM;

0 — mepeMileHHs; B — KOHTAaKTHUH THCK

BucHoBku

Jns  TpHCKOpEeHOTO Ta OUIBII  TTOBHOTO
JOCTIDKEHHS HampyKeHO-1e(pOpMO-BaHOTO CTaHy
CJICMCHTIB YHIBEpCaIbHOTO MPEBEHTOpA
moOyI0BaHO WOTO TPHBHUMIpHY Momenb. Ilim gac
JOCITIDKEHHS 3aCTOCOBAHO OCECUMETPHYHY MOJICITh

CJICMCHTIB MIPEBEHTODA, 110 JIO3BOJTUIIO
MIPUIITBUAIIATH Tporiec IMITaIIHHOTO
MO/ICITIOBAHHS, HE 3HWKYIOUH TOYHICTh

OTPUMYBaHHUX PE3YJIbTATIB.

3a pe3ysbTaTaMy IMITAIlIfHOTO MOICITIOBAHHS
BCTAHOBJICHO TTISTHKY KOHIICHTpaIlii
MaKCUMaJIbHUX HampyXeHb Yy KOPITyCi IpEeBEHTOpa
Ta BEJIMYMHU LUX HAMPYKEHb, SIKi CTAHOBIATH 760
MIla mpu 3agaHuUX TpPaHUYHHUX YMOBaX. TaKoX
BCTaHOBJICHO, W0 MNPHU 3a30pi MK KOPIyCOM i
nopmHeM BenuuuHOolo 0,1 MM BigOyBaeTbcs ix
B3a€MOJisl, $Ka MPU3BOAUTH [0 BUHUKHEHHS
KOHTaKTHOTO THCKY BenmmauHoo 320 MIla. Ilpu
BennyKHi 3a30py 0,4 MM MOpIIEHb 3 KOPIyCOM He
KOHTaKTYIOTb. Y BUNAJKy 301UIbLICHHS BEIUYUHH
3a30py MDXK MTOPITHEM Ta KOPITYCOM TOTipIIYIOTHCSI
YMOBH POOOTH YIITBHIOIOYHX €JIEMEHTIB, 1[0 MOKE
MPU3BECTH [0 TIEPEIIaCHOTO BUXOY iX 3 Jafy.
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Shostakivskyi I 1., Mosora Y. R., Liakh M.M.,
Vriukalo V. V., Mykhailiuk V.V., Borushchak L. O.
Study of the stress-strain state of the elements of the
annular preventor

The article considers the role and design features of
blowout prevention equipment, in particular the annular
preventer, which is used during the drilling of oil and gas
wells. The casing and drilling string separate the
wellbore, and the annular gap between them is filled with
drilling fluid, which creates hydrostatic pressure to
control the release of formation fluids. The annular
preventer, as a part of blowout prevention equipment,
provides sealing of the annular space, allowing
simultaneous rotation and threading of drill pipes, which
increases the safety and efficiency of the drilling process.
The work also provides information related to the
analysis of foreign and domestic research and
publications on the topic of the study. The main working
element in the design of the annular preventer is an
annular rubber seal, which is subjected to cyclic loads
and fatigue failure due to the passage of the drilling
string through it. However, the body and piston of the
annular preventer are subjected to high pressure, which
leads to the emergence and concentration of significant
stresses in certain areas. In order to determine the
magnitudes and zones of stress concentration, a three-
dimensional model of an annual preventer was built.
Only two of its elements were used for the study: the
housing and the piston. The pressures used during the
study were 14 and 70 MPa. The study took into account

the gap between the housing and the piston. It was found
that with small gaps between the piston and the housing
under the adopted boundary conditions, their interaction
occurs, as a result of which contact pressure appears.
The maximum value of this pressure is 320 MPa with a
gap between the working surfaces of the housing and the
piston of 0.1 mm. With a gap of 0.4 mm and similar
boundary conditions, contact pressure is not observed.
Further increase in the gap may lead to faster failure of
the sealing collars. The work emphasizes the importance
of monitoring the technical condition of annular
preventers and the accuracy of their repair to ensure the
safety of workers and prevent emergencies during the
drilling of oil and gas wells.

Keywords:  well  construction,  anti-fallout
equipment, fluid manifestation, annual preventer,
simulation modeling, stress-strain state, stress, contact
pressure.

MocTakiBebknii Irop IBaHOBUY — cTapmnii BUKIIaga4d
kadenpu HadTOra30BUX MAIIMH Ta OOJagHaHHS [BaHO-
®paHKiBCHKHUN HAIlIOHATLHUN TEXHIYHUHA YHIBEPCUTET
Ha(TH 1 razy

Mocopa IOpiii PomanoBuY — crapmmil BHKIagayd
kagenpu HadTOra3oBMX MamMH Ta oOjagHaHHS [BaHO-
@®paHKiBCbKUI HALllOHAIBHUNA TEXHIYHUH YHIBEpCHTET
HadTH i razy

Jiax Muxaiiuio MuxaiiioBud — K.T.H, npodecop
kagenpu HadTOra30BMX MamIMH Ta 0OjagHaHHS [BaHO-
®paHKiBCHKHUN HAIIOHATLHUN TEXHIYHUHA YHIBEPCHUTET
Ha(TH 1 razy

Bpwokano BikTtop BosogumMupoBHY — K.T.H, IOICHT
kadenpu Kadeapa KOMIT IOTEPHU30BaHOTO
MaIHOOy 1yBaHHsI IBaHO-DPpaHKiBCHKHN HAIlIOHATBHAN
TeXHIYHUH YHI-BEpCUTET HAPTH i razy

Muxaiiaok Bacuias BosogumMupoBuy — K.T.H, TOLEHT
kagenpu HadTOra30BMX MamIMH Ta 0OjagHaHHS [BaHO-
®paHKiBCbKUI HALliOHAIBHUNA TEXHIYHUH YHIBEpCHTET
HadTH i razy

Bopymak Jlrwo6omup OnydpiiioBuy — K.T.H, JOLEHT
kadenpu Kadenpa KOMIIT IOTEPHU30BaHOTO
MaIuHOOy 1yBaHHsI IBaHO-DPpaHKiBCHKHN HAIlIOHATBHAN
TEeXHIYHUN yHi-BepCUTET HAQTH i Tazy
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AJIJATUBHI TEXHOJIOT'TI CTBOPEHHS TEILIOITPOBIJTHUX
INOJIIMEPHUX KOMIIO3UTIB

Hymxkapsos /I.B., Ciaenuos O.0., Coa H.B., CaBpuenko b.M.

ADDITIVE TECHNOLOGIES FOR CREATING THERMAL
CONDUCTIVE POLYMER COMPOSITES

Pushkarov D.V., Slieptsov A.O., Sova N.V., Savchenko B.M.

Y pobomi oOocnidosiceno enaus cknady noaimMepHo2o
KOMRO3Umy ma napamempie 1020  AOUMUEHO20
BUPOOHUYMBA, HA 3HAYEHHS 11020 MenaonpogioHocmi. ¥
AKocmi noaimepHoi mampuyi 0ns 00CiodNceHb 0Y0
BUKOPUCAHO MUROBULL 0151 AOUMUBHO20 GUPODHUYMEA,
eKono2iYHUll ma OOoCMYnHull NONiMepHull mamepian -
noninakmuo. [Jo cxknady xomnosumy 6600uUlu, pi3Hi 3a
npupoooio, mennonposiouHi HanoeHoeaui —
nOpoOwKonooiony Midv i epaghim, y pI3HUX MACOBUX
CNIBGIOHOUICHHSIX, 3 Memoio nioeuL eHHsl
MenIonposioHoCmi  ma  3a06e3NneueHHst  MONCIUBOCHE
Kepy8aHHs MenioeuUMu XapakmepucmuKamu Mamepiay.
Komnosumni  mamepianu  6yno cmeopeni  wiisixom
3MIUWYBAHHA CKAAO08UX Y PO3NIABI HA OB8OUHEKOBOMY
excmpyoepi. Aoumuene supooHUYME0 00CTIOHUX 3PA3KIE
30ilICHI08ANIOCL ~ 3d  EXHONO2IEI0  BUPOOHUYMSA
Hanaaenennam ginamenmy. Mamepian 011 aoumuHo2o
8UPOOHUYMBA Y BUenadi pinamenmy ompumyeaiu 3
KOMNO3UMHO20 Mamepiany wasaxom excmpysii. 3pasku
OpyKyeanu 3 OpIEHMayicro wapie napaieivHo ma
NEPREHOUKVISIPHO 00 HANPSIMKY MENL08020 NOMOKY, WO

003801U10 oyiHuUmuU 6NUE npocmopoeoz2o
PO3MAULYBAHHS CIMPYMEHIE Mamepiary HAd aHI30MpOnio
MenIonposiOHOCMI.

Komnosumni  mamepianu na ocHo6i noainaxmuoy,

OMPUMAHI KAACUYHUM MEMOOOM TUmms nio Muckom ma
MemoOoM a0UMuUBHO20 BUPOOHUYMEA, NOKA3AAU OU3LKI
3HAueHHsT MenIonpogioHocmi. Bukopucmanus MiOHux i
epagimosux  HANOBHIOBAUIE  O0380IUNO  CYMIMEBD
nioguwumu Menionposionicms mamepianry—y NnoHao
0ea pasu. Opienmayis wapie ma po3MAULyEaAHHs.
cmpyMeHie mamepiany wooo HANPIMKY MeNnio8020
HOMOKY MA€ 3HAYHU 6NIUE HA 11020 MENTONPOGIOHICTNG.
Bcmanosneno, wo epagimosuii nanosuwosau ¢ Oinbiu
epekmuenuM Yy NOPIGHSHHI 3 MIOHUM, OCKIIbKU
3abe3neuye Oinb 3HAYHUL RPUPICI MENTONPOSIOHOCMI
HABImb 3a MeHUL020 Macosoco emicmy. Kpim moeo, énius
opieumayii wapie i Hano8HIEAYA OiLILW BUPANCEHUL 015

epagimosux HanosHweauie. Taxuii nioxio modce
003601UMU PO3POOAAMU €Ki, eqheKMUBHI 3 MOUKU 30PY
Mennosioseden s NOaiMepHi eleMeHmu KOpnycie 0.
eeKMpPOHIKU, AKI Maiomv K QYHKYIOHAbHE, MAK |
KOHCMPYKYiliHe 3HAUeHHsl. AHizomponis
MenIonposiOHOCMI, KOHMPOAbOBAHA 34 OONOMO20I0
napamempie OpyKy, GIOKpUBAc HOGI MOJICAUBOCMI O

IHJICEHEpHO20 ~NPOEKMYBAHHS.  CKIAOHUX — BUPOOIE 3
ONMUMI308AHUMU menaiogizuuHuUMU
Xapaxmepucmukamu.

Knrwouosi crosa: noninaxmuo,
mamepianu, mMenionposioHi
mexHono2ii, epagim, miob.

NONIMEpPHI KOMNO3UMHI
KOMNO3Umu, AaOUMueHi

Beryn. 3i CTPIMKUAM PO3BHTKOM
MIKpPOETIEKTPOHHUX TEXHOJIOT1H cydacHe
EJICKTPOHHE OO0JIaTHAHHS CTAa€ BCE OUTBIN 1 OiIBII
ckiaaaHuM. PoOoTa cydacHUX KOMIT IOTEPiB BUILISIE
BEJIMKY KiJIbKICTh TEIUIA 33 PaXYHOK iX KOMIIAKTHHIX
PpO3MipiB, MOKPAIECHOI MIBUAKO T Ta MiABUIIEHOTO
CTIOKMBaHHA eHeprii. B manmii gac Bci 3ycwyuist
CIIPSIMOBaHi1 Ha MOKPAICHHS MIPOIIECY
OXOJIOJKEHHSI ~ €JICKTPOHHMX  KOMIIOHEHTIB 3
BHCOKHM TEIJIOBUM TOTOKOM[ 1].

IcTopuyHO TpagMImitHUM MaTepiaioM s
BUTOTOBJICHHS KOPITyCHHX JIETaJICl EICKTPOHHOI
TEXHIKA € METalM, HaWOIIBII YacTo 3ami3o Ta
amoMiniii. CyJacHa TEeXHIKa B 3pOCTarOdid Mipi
3aCTOCOBYE MOJTIMEPHI Marepianm, 110
BUPI3HAIOTHCS BHCOKOIO TEXHOJIOT1YHICTIO,
JIOCTYTHICTIO CKJIAJHUX (OPM Ta IO OCOOIHBO
aKTyaJhbHO — HU3BKOIO TYCTHHOIO[2-4]. Maroum
BEIMKUAN Tepelik TepeBar IMoJliMepHI Marepiaiu
BOJIOIFOTH PSAJIOM HEIOJIKIB, 30KpeMa TOPIYiCTh,
Iy’)ke HH3bKa TEIUIONMPOBIMHICT Ta HHU3bKa
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CTIMKICTB A0 yIBTPadiosaeTOBOrO BUPOMIHIOBAHHS
[5, 6]. TermmonpoBiTHICTH MOIMEPHUX MaTepiaiiB
MOke OyTu 30iNbllIeHAa M[UIIXOM CTBOPEHHS
KOMITO3UTHUX  MaTepialiB 3  3aCTOCYBAaHHSAM
JTUCTIEPCHUX HATIOBHIOBAYiB KOTPiI MArOTh BHCOKE
3HAYCHHS TeIUIonpoBigHOCTI[7]. Hamwmit miaxin
3aCTOCOBYIOTh B IPOMHUCIIOBUX MaciuTabax s
BUPOOHUIITBA JIETAJICH KOPIYCY JDKEpEN CBITIA Ha
OCHOBI1 BUITPOMIHIOIOYHX CBITIIO Aio/iB. HaiOimpIr
MacOBOIO TEXHOJIOTI€I0 nepepooKu
TEIUIONMPOBITHIUX KOMITO3UTIB € JIUTTS Mif[ TUCKOM
Ta EKCTPY3isd IOB3I0BXKHIX BUPOOIB.

B cywyacamx ymoBax B VYKpaiHi Ta CBITI
3HaYHOTO TPOMHCIOBOTO 3HAYCHHS Ha0yBae
TEXHOJIOTISl aJIWTHBHOTO BHPOOHHUIITBA BHUPOOIB.
OcobnuBy poJib BOHA Bimirpae B YKpaiHi mix Jac
BifHM TICBHUM YHHOM KOMIICHCYIOUH KOJAIC
TpagULiHHUX cHoco0iB BUpoOHHMITBA. Haitbinbm
MOLTHPEHOIO TEXHOJIOTI€10 AJIMTHBHOTO
BUPOOHUIITBA € BHPOOHUIITBO HAIIABJICHHSAM
¢inamenty (FFF), mo BHKOpUCTOBYe mMOJIIMEpHY
CHpPOBHHY y BuUDSIAI  (iUIaMeHTy, KoTpa
PO3ILIABISETHCS Ta MOJAETHCS Y 30HY MOOYI0BH 32
JOTIOMOTOI0  TIPOTPaMHO ~ KEPOBAaHOi  CHUCTEMHU
MPOCTOPOBOTO TepeMinieHHsA[8, 9]. Apmanraris
TETUIOTIPOBITHAX KOMITO3UTIB ISl 3aCTOCYBaHHS Y
aJUTUBHOMY BUPOOHMIITBI Ma€ BUCOKE IPAKTHUHE
3HAYCHHS B yMOBax YKpaiHU, TaK K BUPOOHUIITBO
JeTaje KOPITyCiB EJIEKTPOHHUX TIPHUCTPOIB €
JIOCUThH TIOIIMPEHAM 3aCTOCYBAHHSM, 30KpeMa JIIsI
ramy3i OC3MiJIOTHUX CHUCTEM Ta CJIEKTPOHIKH.
3acTOCYBaHHS TEILIOTIPOBITHUX KOMIIO3HTIB IS
AITUTUBHOTO BHPOOHMIITBA nepenbdadae
MOJKJIMBICTb CTBOPEHHS BUTPAaTHHUX MartepiaiiB y
BUIIAI (piTaMeHTy a00 MOHOHHUTKH, KOTPa BOJIOJIi€
KOMILIIEKCOM MeXaHIIHIX BJIACTUBOCTEH
HEOOX1THUX JUTS caMoro
BUPOOHMITBa(HAMOTYBaHHS) a  TaKoX I
YCHIITHOTO BUKOPUCTAHHS Yy JUIS TIPUCTPOIB,
30KpeMa JIAMKICTh, PI3HOTOBIIMHHICTH Ta PsI
iHmmx. TpaaumiiHUMU  HANOBHIOBaYaMHU  JJIs
TEIUIOTIPOBITHAX KOMIIO3MTIB € HITpHI OOpy Ta
TUCTICPCHI  TTOPOIIKOBI METalld Taki SK MiIb Ta
QIIIOMiHil1, BOHU BUPI3HSAIOTHCSI BACOKOIO BapTiCTIO
Ta 110 TOJIOBHE € BAXKKO JOCTYITHUMH Ha YKpaiHi.

HaiiGinpin  BaXKIMBUMH — TEIIO(I3HUHUMHU
XapaKTEPUCTUKAMHU KOPITYCHUX JETANCH, K 1 OyIb-
SIKUX MaTtepiajiB € TEIIONPOBIAHICTb,
TEeMITepaTypOIPOBIHICTD, TETUIOEMHICTD,
KoeiIieHT TeruToBoro JiHiHHOTO (260 00'€eMHOTO)
po3mupeHHs. TeMIlepaTyponpoBiIHICTh 3aJICKHUTh
BiJl MUTOMOI TEIJIOEMHOCTI Ta TYCTUHU MaTepiamy.
3HaHHA TEIIOQI3MYHUX XapaKTEPUCTHK HEOOXITHE
Ui PO3POOKM  KOPHYyCiB  TEmI00OMiHHOI
amaparypu, CIEKTPUYHUX JIBUTYHIB,

EJICKTPOTIPIIIAJiB, OOMOTOK EICKTPUYHHUX MAIIIHH,
CJIEMEHTIB pazlio - 1 EJIIEKTPOHHOI amapaTypHu.
TemnonpoBigHICTE IMapy MaTepialy BH3HAYAE
YYTJIUBICT TEPMOIHAMKATOPHUX MOKPHUTTIB, a
KOCQIIIEHT TEIUIOBOTO JIIHIHHOTO PO3IIUPCHHS -
3HAYCHHS TEPMIUHOI HANpyTy B MOKPHUTTX [10].
TennonpoBiAHICTs OUIBIIOCTI  MOJIMEPHHUX
marepianmie 'y 100 - 400 pasie MeHma 3a
TEIUIONMPOBIMHICTE cTam 1 maibke y 1000 paszis
MEHIIIa 3a TeIUToNpoBiaHICcTh Mimi. Ile 0OymoBitoE
Norafy TerJionepenavy BiJ 3a0apBIeHUX HArpiTHX
BHPOOIB 1 YCKJIIAMHIOE iXHE IIBUAKE HarpiBaHHSI.
XapaxTepHo, 110 TemIo- Ta
TEMIIEPaTypPONPOBIIHICT, BUPOOIB Ha  OCHOBI
KpUCTAJIIYHUX TIIOJTIMEpPIB BHWINA, HIX BHPOOIB,
BUTOTOBJICHUX 3 amMopdHHUX ImojimMepiB. ITuToma
TEIUIOEMHICTh TIOJIMEPHUX TUTIBOK 32 HOPMAaJTbHUX

YMOB  MPUOMW3HO  BIBiYI  BHUIIE  MMHUTOMOI
TEIDIOEMHOCTI CKida 1 B 3-5 pa3iB  BuUIlle
TETUIOEMHOCTI MeTamiB [11].

Temno¢isuyni  BIACTUBOCTI  MOJIMEPHHUX

MaTepiaxiB 3MIHIOIOTBCS 31 3MIHOIO TEMITepaTypH,
pH [BOMY TEMIIEpaTypHa 3aJeXHICTh Y pa3i
KPUCTANIYHUX MOJIMEpiB Mae OuIbIl CKIaJHUH
xapakTep, Hix amopduux [12].

Temnodiznani  BIACTHBOCTI  MOJIMEPHHX
MaTtepialliB CyTT€BO 3MIHIOIOTHCSI TIPH HAIIOBHEHHI
ix [13]. VY wmiHepanbHMX TITMEHTIB  Ta
HAITOBHIOBAYIB TEIUIO- 1 TEMIIEPaTypPOIPOBIAHICTH
Ha 1-2 TOpsSAKM BUIMA, HIK Y IOJIMEPHUX
Mmarepiaiis. Taxk, UL OKCHAY  LIMHKY
TeIIoNpoBiAHicTh cknamae 19,5 Br/(m-K), a ans
miokcuay tuta"ny - 9,86 Bt/(M'K). OcoOauBo
MIOMIiTHO MOKPAIyIOTh TETI0- Ta
TEMIIepPaTypONPOBIAHICTh ILUTiIBOK MeTajeBi
MOPOIIKK (IIMHKOBHH TWJ, aJIOMiHIEBA TIyJpa,
OpoH3a, 3aJi3Ha CIII0/1a), @ TAKOXK OKCUIM METAJIB 3
BHUCOKUMH 3HAYCHHSIMH TEIUIONPOBIAHOCTI.
3HIKEHHS TETUIO0130IIOI0YNX BJIACTHBOCTEH
MOJIIMEPHUX MaTtepialiB MoXe OyTH ITOCSTHYTO
3MCHIIICHHSIM TOBIIWHU TMOKPUTTIB. HaBmaku, mis
MIIBUIIEHHS TEIUTOi30AMil (cTBOpeHHS "Terumx"
MOKPHUTTIB)  3aCTOCOBYIOTH K  HAaIlOBHIOBaYi
Mikpoa3becT, JepeBHE OOpOIIHO, CKISAHI Ta
IUIaCTMacoBl  Mikpocdepr (CHHTAaKTOBI MiHH),
KEpOTEH CIIAHITIO, JIITHIH Ta iH. [14].

ABtropu  [15] oIiHIOBaIM  MOXJIHBICTH
CTBOPEHHS BUCOKOTEIUIONPOBIAHUX KOMIIO3UTIB Ha
OCHOBI TIOJIIBIHUIOYTHpAIO, B SKHH BBOMWIN 5K
HaroBHIOBaY TrpadeH B kimpkocti 30% wmac. Tlpu
IBOMY CToCTepiraioch 3pOCTaHHs
TETJIONPOBIAHOCTI KOMIIO3UTY NpakTHYHO B 20

pazie. CTBOpeHI KOMIIO3UTH TpPHIATHI IS
BUKOPHUCTaHHS npu CTBOpPEHI KOpPIYyCiB
CJCKTPOHHUX  MPHUCTPOiB 1  3a0e3nedeHHs



50 BICHW/K CXIOHOYKPATHCbKOIO HALLIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa Jans Ne 4 (290) 2025

BiJIBEJICHHSI HAJUIMIIKOBOTO TEIUIA, a TaKOXK IS
€JIEMEHTIB THYYKHX €JICKTPOHHUX MPHUCTPOiB [16].

B pobGori [17] Oyno mOCHiIKEHO 3MiHY
TEIUTIONPOBITHOCTI cyMimrein MOJieTUIICH
/mominporiyien npu goxaBanHHi 10% mac HiTpumy
O0opy. BBeneHHs ~— HamoBHIOBaYa  J03BOIISIE

MOKPAIIUTH TETUIONPOBIAHICTH OibIne HiXK Ha 57%.
IngycTpianizamis Ta YeTBepTa MPOMHCIOBA

PEBOIIOITIST  3yMOBWJIM  CTPIMKE IPOHHKHEHHS
AIUTUBHUX TEXHOJIOTIH y BCi cthepu
npomucioBocti. IIBunkicTs, BiJHOCHAa MpocTOTa

BHTOTOBJICHHS HAICKIagHUX (opM Ta 00’ €KTiB
3a0€31eUyI0Th AIUTUBHUM TEXHOJIOTISM IIIHPOKE
3aCTOCYBaHHSA y cepi CJIEKTPOHIKH,
€JCKTPOTEXHIKA TIPH CTBOPEHHI KOPIYCiB, Ta
OKpeMHuX eJieMeHTiB NpuctpoiB [18]. CTBopeHHS
MNOJIMEpHUX  KOMIIO3UTIB  MPHIATHUX IO
aJIUTUBHOTO  BUPOOHHMLTBA 3  TOKpAIIEHUMH
TEIUIOTIPOBITHUMH BIACTHBOCTSMHM BiJIKpUBA€E HOBI
MO>KJIMBOCTI B oprasxizariii BlJIBEAEHHS
Ha/JIMIIKOBOTO TEIUIA B €JIEKTPOIPUCTOSX.

B pobori [19] mocmimkyBaam MOMKIUBICTH
CTBOPEHHSI BUCOKOTEIUIONPOBITHUX KOMITO3UTIB Ha
OCHOBI momiaMify 12, HAaOBHEHOTO rpaeHoM Ta
BYyTJICLIEBUMH HaHOTpyOKkamu. BBemenus 15% mac
rpageny Ta 1% ™Mac HaHOTPYOOK 3YMOBIIOE
3pOCTaHHS TEIUIONPOBIAHOCTI KOMITO3UTY Ha 160%.
Kpim TOro, crBopeHMii KOMIO3UT MPUAATHUHA 10
epepoOKH METOJIOM aJUTHBHOTO BHPOOHHUIITBA i
XapaKTepPU3Y€EThCS TMOKPAIICHOI0 3AaTHICTIO 0
¢opMyBaHHA BHPOOIB METOJOM HAIIaBICHHS

po3IIaBy  IOJNIMEpY. Takox  KombOiHaMis
rapaMeTpiB alUTHBHOTO BUPOOHHUIITBA 3abe3medye
OpIEHTAIIIO YaCTUHOK HAIIOBHIOBaYa B

MOJIIMEPHOMY TIapi, M0 Ma€ 3HAYHWHA BIUIMB Ha
3HAYCHHS WOTO TEIUIOMPOBITHOCTI.

[ocranoBka 3aBaanHs. TemaonpoBinHi
MOJIMEpHI  KOMIIO3UTH €  MEePCHEKTHBHUMHU
MarepiaJiaMM, IO MOXYTb MaTh  IIHUPOKE

3aCTOCYBaHHS, MPOTE ICHYE HHU3Ka MpoOJeM, IIIo
MEPEIIKO/KAIOTh 1bOMY. 3BHYAliHEe 30iTbIICHHS
BMICTY, XA0THIHO PO3IOIICHOTO,
TETUTONPOBITHOTO HAITOBHIOBAYA MOXKE TIOKPAIUTH
TEIUIONPOBIHICTh KOMITIO3UTIB, aje¢ HE J03BOJISIE
TOYHO KOHTPOJTFOBATHIICH rapamerp y
BH3HAYCHOMY HampsMmKy. OmHAM 13 [ODISXIB
MOJIOJIAHHS. BHHHUKIUX TIPOOJIEM MOXE CTaTH
BUKOPHUCTaHHS aJUTHBHUAX TEXHOJIOT 1M
BHPOOHMIITBA  TCIUIONPOBIMHUX  IOJIMEPHUX
MarepianiB. TerIonmpoBigHI KOMIIO3UTH IS 31
IPYKy € TIEPCIEKTUBHUM HANpsSMOM, SKHUU
noTpedye MOJANBIINX JOCTIKEHb., BUKOpUCTaHHS
pI3HMX THUMIB  HANOBHIOBAYiB, PpETYJIOBaHHSI
MapaMeTpiB aAMNTUBHOTO BUTOTOBJICHHS I1€ KIFOUOBI
CTpaTerii, MO0  JO3BOJSAIOTh OUIBII  TOYHO

peTyJIOBaTH  TEIUIOMPOBITHICTH
PI3HHX HaIpsIMKax.

MeTo0 po0OTH € JOCTIDKCHHS BIUIUBY
CKJIaJly TOJIIMEPHOTO KOMIIO3UTY Ta IapameTpiB
HOro aguTHBHOI'O BUPOOHHUIITBA HA 3HAYEHHS HOro
TETIOTPOBITHOCTI.

Marepiaim Ta ™Meroau. [lnsg CTBOpEHHS
KOMIIO3HUTIB 3 TiJBUINCHOK TEILIONPOBIIHICTIO
Oysmo o0paHO TONIMEPHY MATPHUITIO TIOJMIIAKTH
mapku Total Corbion Luminy LX175, mo macoBo
BUKOPHUCTOBYETHCS ISl QJIUTUBHOTO BUPOOHHMIITBA.
Kommnosurai HaIlOBHIOBAYI, TaKl SIK
mopomKonoaiona Migs Ta rpadir (mapku CO)
o0paHO 3aBASKM IX IIUPOKIH JOCTYNHOCTI B
YkpaiHi.

Ha mowarkoBoMmy etami mociimkeHHs Oyio
CTBOpEHA Cepisi KOMIIO3UTHUX MartepialliB OCHOBI
NOJUIAKTHY, Mifi Ta rpadity. Ckiaal KOMIO3ULIH
HaBEJICHO y TaouI. 1.

KOMIIO3UTIB Y

Ta6mu 1

Cxkaaa gocaimkeHnx KOMIO3HII

Bwict, % Mmac.
TUUIA1 | TIJTA2 | TIJTA3 | TIJTA4 | TIJTAS
TTomimakTh 100 50 40 80 70
Mins - 50 60 - -
I'padit - - - 20 30

Komnonenrt

I'panynboBaHWil TOMINAKTHI TOXPIOHIOBAIN
HAa HOXOBIM Jpo0apii OCHAIEHIH CUTOM 3
JliaMeTpOM OTBOPIB 2 MM JIO ITOPOITKOIOIOHOTO
ctany. [lopomkoBuil mMOMiNaKTHA 3MilIyBagd 3
HATIOBHIOBaYaMHU Ha TUIAHETAPHOMY 3MilllyBayi Ta
MiIIaBadd  CYIIIHHIO HAMpoTsa3i 6 TOIWH TIpH
temneparypi 45°C B cymaphii magi. Cymimri
nepepoOisii Ha JIBOIIHEKOBOMY EKCTpyIepi B
TeMIiepatypaomy miamasoni  190-210°C Ta
OJEPIKyBaIHI rpaHyJIbOBaHUMN KOMITO3UTHUI
Mmarepiai. ['panynpoBaHMi KOMIIO3UTHUI MaTepian
cymmin Tpu temmeparypi 45°C, micas 4oro Ha
nmabopaTopHIA JUTEBIH MAaIWHI TpaHyIHLOBaHI
KOMIIO3UTH  TICPETBOPIOBATIM Y  IMJIIHIPHYHI
3aroToBKH JiaMeTpoMm 40 MM Ta TOBIIMHOIO 4 MM.
3aroToBkH OOpPOOJISIIM Ha TOKAPHOMY CTaHKY M0
JOCJTITHUX B3IPIIiB AiaMeTPOM 15 MM Ta TOBITHHOIO
1 mm.

['panynpoBaHI KOMITO3UTH OYJIM 3aCTOCOBaHI
JUTST BUTOTOBJIEHHSI MOHOHUTKH IIUISIXOM €KCTpY3ii
Ha jabopaTopHiil JiHil Ha OCHOBI OZHOITHEKOBOTO
eKCTpyaepa. B nocmimkeHHi  mpencTaBieHi
KOMIIO3MIIII KOTpl OyJd YCHIIIHO IepepoOiieHl y
MOHOHHUTKH Ta aJUTUBHUM BHUPOOHUIITBOM.

CranpgapTHi 3pa3ku Ui BUNPOOYBaHHS Y
BHTJISIAI TaOJIETKH HiaMeTpoM 15 MM 1 BHCOTOIO 1 MM
BUTOTOBJISIITM METOJIOM aIUTUBHOTO BUPOOHMIITBA 3
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BUKOpUCTaHHAIM 311 mpuHTepy Bambu Lab Al mini.
BuxigHi KOMIIO3UTH y BHUIJISAI  MOHOHHUTKH
MOTEPEAHBO i ISraIK CYIIIHHIO PH TEMIIEPATypi
45°C. Mopnens LUWITTHAPUYHOT bopmu
MEepeTBOPIOBATIACSA Y 3aBAAHHSA IS aJUTUBHOTO
BUPOOHMIITBA 32  JIOTIOMOTOI0  3aCTOCYHKY
Bambulab Studio 1.0.5 3 ocHOBHHMU mapaMeTpaMu
MEPETBOPECHHS HABEACHUMH y Tab. 2.

Tabmurs 2

ITapameTpu nepeTBOpeHHsI MOJIeJIi NPH ATUTHBHOMY
BUPOOHMITBI JOCTiTHUX 3pa3KiB

[Tapametp 3HaueHHs

Bucota mapy, MM 0,20

[lTupuna mapy, MM 0,42
3anoBHeHHs, % 100

JliniifHa IWBUAKICTH OPYKY 3alTOBHEHHS, 100

MM/C
KinpkicTh mepumMeTpiB 000JOHKH, IIT. 1

IIBUIKICTh IPYKY 0O0JIOHKH, MM/C 50
Temneparypa apyky, °C 220
Temneparypa miardhopmu, °C 60

06’ eMHa IPOAYKTHBHICT IPYKY, MM>/C 10
OxonomxeHHs: BUpooy, % 40

JiameTp comia, MM 0,40

3pa3ok micias aJAUTUBHOTO  BUPOOHUIITBA

MmiUIsraB  MexaHiuHid oO0poOIll Ha TOKapHOMY
BEpCTaTi JI0 3pa3Kka JaiaMeTpoM 15MM Ta TOBIIHMHOIO
1 mMm. [Tapamerpu 3amoBHEeHHs Oy0 migiOpaHi 1is
KOXKHOTO CKJIaJly KOMIIO3UTY 1HIMBIAyaabHO 3
METO0 3a0e3MeYCHHsT MOHOJIITHOCTI 3pa3Ka, KOTpy
KOHTPOJIFOBAJIH 33 3HAYCHHSM T'ycTUTH. CTaHIapTHI
mapamMeTpy 3amoBHEHHS HE € TPUAATHUMH IS
KOMITO3UTIB PO3TISTHYTOTO CKJIQJy TaK SIK BOHU HE
3a0e3MeYyI0Th MOHOJITHOI CTPYKTYPH.

I'yctuHy  3paskiB  BH3HAYald  METOJIOM
TAPOCTaTHYHOTO 3BakyBaHHs 3rigHo ISO 1183-
1:2019.

TemmonpoBiaHICTH IOCIITHUX 3pa3KiB
BH3HAYaIM METOJIOM JMHAMIYHOTO KaJOpUMETpa B
peXKUMI MOHOTOHHOTO pO3irpiBaHHs 3
BUKOPUCTAHHSIM  TPHIATy - BHUMipIOBaya
termonpoBigHocti UT-A—-400  (puc.1) [20].
BumiproBau  kamiOpyBaJii 32 JOMOMOIOIO
BUMIPIOBaHHS  TEIUIONPOBITHOCTI  €TaJOHHHX
3pa3KiB KBapIly Ta Mifi.

TemmonpoBiaHIiCTh MaTepiany, 110
JIOCTIJKYBaBCS BU3HAYAIH 32 (POPMYJIOIO:

A= h/R,, (D
ne A — TemnonpoBinHicTs, BT/(M'K); h — ToBIIMHA

3pa3ka, M; Ro - TemmoBumid omip 3paska, SKuit
BH3HAYAETHCS 32 (OPMYIIOIO:

__ ng'F(1+ay)
- nT~KT

RO RK s (2)

e No, Ny — BUMIPIOBAHUA B TMpOLECi TOCITiAy
nepernaj TeMIepaTyp BiANOBIIHO Ha 3pa3Ky 1
teromipi; F =nd*/4 — moma nepepisy 3paska, M%;
Go— TOTPABKa, [0 BPAXOBY€E TCIUIOEMHICTh 3pa3Ka;
Kt — TemnoBa mpoBimHicTh minactuHM; Ry —
MOMpaBKa JIO TEPMIYHOIO OMOPY  KOHTaKTy
(Bemuumnau Kr i Rx 1 TaHOT YCTAHOBKH € CTATUMHE
13 TpayioBaHUX JOCIIIIB).

Puc. 1. 3aranbHuid BUIIIS YCTaHOBKH U1l BU3HAYCHHS
TETUIONPOBITHOCTI TBEPAMX MaTepiaiB.

1 — KHOITIKa «BKJIIOYEHHS B MEPEXKY»; 2 — KHOIIKA
«HarpiB»; 3 — peryJsITOp HANPYTH; 4 — YCTaHOBJICHHS
TEeMIIEpaTyPHOTO PiBHS BUMIPY; 5 — HOYTOYK;

6 — KoMipKa BUMipy; 7 - MOZyJIb 300py JaHHX;

8 — 0J10K JKUBJICHHS; 9 — BUMIpIOBAIBEHUI 010K

[TonpaBka G, BU3HAYAETHCS 32 (HOPMYIIOLO:

G
90" = T @l 3)

ne Co(t), Ce(t) — muTOMa TEIUIOEMHICTD BIATIOBITHO
3paska i MigHoro crepxas, /K,

Co(t) = Coa(t)my , 4)

ne C,/(t) - muromMa TEIUIOEMHICTH 3paska, IIo
BU3HAYAETHCS 32 JIOBIIKOBUMH JaHUMH; Mo — Maca
3paska.

Bennunna C'(t) Bu3Ha4YaeThes 3a TabaHLEIo,
110 3HAXOJIUTHCS Ha CTCH/II YCTAHOBKH.

Takum YWHOM, [UIS KOXKHOTO 3HAYCHHS
TEMIIEpaTypud CTEpPXKHS tc MiI Yac NPOBEACHHS
JIOCITITy PO3PAaxOBYETHCS IIOBHA TEIUIOEMHICTH
3paszka Co, TIOMPaBKy G,, TEIVIOBHH OITip 3pa3ka Ro
1 TETIOMPOBIAHICTH 3pa3ka A. OnepikaHe 3HAUCHHS
TETUIONPOBITHOCTI BIAIIOBiga€ cepenHii
TeMIIEpaTypi 3pa3Ka
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t = t. + 0,5A;-n,-1073, ®)

ne A; °C/MKkB — 4yTinuBicTh TepMmomapu, IO
BU3HAYAETHCA 32 TapyBaIbHOIO TAaOJMIEI0; Ny —
Bimiik 3a TepMOEPC (enexTpopyiiiHOO CHIIO0
TepMonapu) y MkB.

[Toxubka BumiproBanus 4-5%.

Pesynbratn  pocaimskenHs.  PesynbraTn
BHUMIPIOBAHHS TEIIONPOBIAHOCTI T4 TEIIIOEMHOCTI
JIUTEBUX 3pa3KiB B TEMIICPATYPHOMY JTiaIrta3oHi Bif
30 mo 60 °C HaBeneHo y Tabnmi 3

Tabmurs 3

Temo¢izn4yHi XapaKTepUCTHKHU 3pa3KiB
OJlepAKAHNX JUTTSIM I THCKOM

3HaYeHHS
TUIA | TUTA | TUIA | TUTA | TUTA
1 2 | 3| 4 | s
123 | 2,21 [ 2,54 | 1,31 | 1,34
1,106]0,965 | 1,326 1,305
1,094]0,954]1,392[1,374
Tf;‘gé;a%pri‘f’?c 50| 1,414 1,083]0,042| 1,457 1,442
60]1,433]1,066 0,933 1,508 1,484
. [30]0,2280,453[0,527[0,507 0,563
TennonpoBIAHICT 4570 53510 4700.553 | 0506 0,561
b, Bt/(M-K), mpu
resmepatypi, C | 20]0:2360.490[0.57910.509 0,554
60/0,240/0,510]0,605[0,509] 0,553

BaactusocTi

I'ycruna, kr/mv’

T . 30(1,395
CIIIOEMHICTD, [y 1.404

TermmonpoBiHICTE  3pa3KiB, M0  MICTATh
TUCTIEPCHY Mifh Ta TpadiT € 3HAYHO BHUIIOIO 3a
BUXITHUH moniMep. [lopiBHIOIOYM BIIUB BMICTY
HATIOBHIOBAYA CJIiJI 3a3HAYUTHU BUILY €(DEKTHBHICTh
rpagitoBoro HamoBHIoBaya. Kommosutist Ne5, mo
MicTuth 30 % Mac. TpadiTOBOro HarmoBHIOBaYa Ma€e
BHIy TEIUIONPOBIHICT, 32 KOMITO3MINIO, IO
Mictuth 60 % Mac. MigHoro nmopouky. Onepxanuit
pe3yabTaT HMOBIPHO TIOB'I3aHMMA 3 PI3HUICIO Y
00’€MHOMY HAIlOBHCHHI Ta Oiibll €(EKTHBHOMY
YTBOPEHHI MEPKOJSILIHHUX JAHLUIOTIB rpadiToBUM

HanoBHIoBadeM. Jlmg kommosumii  IIJIAS 3
rpadiTOBUM  HAIMOBHIOBAYE€M  CIIOCTEPIra€ThCs
3HIDKEHHSI  TEIUIOMPOBITHOCTI 31  3pOCTaHHAM

TEMIIepaTypH, 10 HE CIIOCTEPIraeThCs ISl 1HIINX
KoMmIo3umii, maa xkommosuiii ITJIAS 3 MeHIIUM
BMICTOM TpadiTy 3pOCTaHHS TEIJIONPOBIAHOCTI 3
pPOCTOM TeMIlepaTypu € He3HaYHUM. MOKIMBUM
TTOSICHEHHSM TaKOi TIOBEIIHKH € BILTUB TEPMIYHOTO
po3iIupeHHs rpadiToBoro HamoBHIOBaya abo
0C00IMBOCTI HOTO TEIUIO(I3UYHUX BIACTHBOCTEH.
Tlomanpmi mocHimKEHHS 3O1HiCHIOBAIMCS Ha

3pa3Kkax KOMIIO3UTIB, KOTpi Oymm CcTBOpeHi
aJIUTUBHUM BUPOOHUIITBOM. Baxnusoro
OCOOJIMBICTIO ~ aIUTHBHOTO  BHUPOOHUITBA €

MOJKJIMBICTh IPOTPAMHOTO KE€PYBaHHS HAIPAMKOM

PO3MOoAiy mapiB Ta CTPYMEHIB HOMIMEPY BiTHOCHO
JleTaiai, KoTpa BiATBOPIOETHCS. 3pa3Ku Oyi10
o0y I0BaHO 3 PI3HUM PO3IOIIIOM IIAPIB BIAHOCHO
ocedl B3ipu AN BUMIPIOBAaHHS — MapajelbHO Ta
NEPICHIUKYSIPHO ~ JI0  HAMpPSIMKY  TEIIOBOTO
MOTOKY (puc. 2).

A b

Puc. 2. Crioci6 po3MileHHs mapiB BiTHOCHO
JI0 HAMPSIMKY TEIUIOBOTO MOTOKY ITijl 4ac
aTUTUBHOTO BUPOOHUIITBA 3pa3KiB:

A — neprieHUKyYJIIpHO; b — napanenbHo.
CTpinKoI0 MOKa3aHO HAIPSAMOK TEIUIOBOTO TIOTOKY
MIpH BUMipIOBaHHI

CraHmapTHUM CITOCOOOM PO3MIIICHHS MIapiB
I 3paska vy QopMi AWCKYy € TapaieiabHe
posramryBanss. LLnsixoM BapiroBaHHS MOJIOXKEHHS
3pa3ka BIJHOCHO IUIaTGopMu MOOYAOBU Oyio
OJICP’)KaHO 3pasKH 3 PI3HUMH PO3TaIIyBaHHIM
mapiB Ta CTPYMEHIB MaTepiany BiTHOCHO TUTOTITMHHI
BUMIpIOBaHHS TEINO(I3UYHUX XapaKTEPUCTHUK.

Pe3ymbratdi  BUMIpIOBaHb  BIJIACTUBOCTEH
3pa3KiB 3 pO3TaITyBaHHIM mapiB
MIEPIICHINKYJISIPHO BiJTHOCHO miatopmu

o0y IOBU Ta MapalielbHO PYXY TEIIOBOTO TMOTOKY
PYXy TEIUIOBOTO TIOTOKY HaBeJeHO y TabII. 4.

Ta6muis 4

BuiacTuBoOCTI J0CHITHAX 3pa3KiB 3 PO3TAllyBAHHAM
IApiB MapajeJabHo 10 PyXy TeIJIOBOro MOTOKY (A)

3HaYeHHS

TUIA 1 [TUTA2[TUTA3[TUTA4[TUTAS
125|227 | 2,57 | 1,32 | 1,36
1,095]0,955[1,313]1,292
1,084]0,944 [ 1,378]1,360
Tﬁd’ﬁ/é;af;;"’ﬁlc 50{1,400]1,072]0,933] 1,443 1,428

60]1,419]1,056]0,924 1,493 1,470
. 130[0,227]0.432]0,502]0,532[0,593
E%ﬁ?ﬁf’%ﬁ; 40[0,230]0,4360,506]0,531 0,591
remeparypi, oC | 2010:23410.44110,512[0,529 10,590

60]0,2380,444]0,514]0,528 0,588

Bractusocti

I'ycTtuna, Kr/mm’

T . 30(1,381
CIIIOEMHICTD, [ 1.390

3pa3Ku CTBOPEHI aINTUBHUM BUPOOHUIITBOM 3
pPO3MIIIIEHHSAM IHapiB  TapajelbHO JO0 PyXy
TEIJIOBOTO TIOTOKY BOJIOAIIOTH  CITIBCTABHUMH
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3HAQUYEHHSIM TEIUIONPOBIAHOCTI Yy TOPIBHSAHHI 3
JTUTTEBUMU 3pa3kaMu. Jlemo HiK4Ye 3HaYCHHS
CIIOCTEPITAEThCS IS HEHANIOBHEHOTO 3pa3ka Ta
3pa3KiB  HAMOBHEHUX MIiAM0, M0 WMOBIpHO
MOB’S13aHO 3 BIUIMBOM JAchEKTIB CTPYKTypHu. Jlis
3pa3KiB HAIOBHEHUX T'padiTOBUM HAIOBHIOBAYEM
CIOCTEPIraeThes BUILIE 3HAYCHHS
TEIUIONIPOBIAHOCTI Yy TOPIBHAHHI 3 JIMTTEBHUMU
3pa3kamu. Jlanuii edekT HMOBIpHO IOB'S3aHHH 3

OpIEHTAIIEI0  YacTOK  HAMOBHIOBaYa  B370BXK
HampsIMKy ~— 3/IMCHEHHS  eKCTpy3ii  cTpyMeHs
rmoyiMepy, B pe3yibTari  dYoro  WMOBIpHO

BiIOYBa€ThCSL OUIBII e(pEKTUBHA IEPKOJISIIHHA
KOHTaKTHa  TeIUIoNepenaya  4Yepe3  YacTKU
HamoBHIOBaYa. /s Kommosumii 3 TpadiTOBUM
HaTIOBHIOBAaYEeM CIIOCTEpITaeThCs HEBEITUKE
3HIDKEHHSI  TEIUIOMPOBITHOCTI 31  3pOCTaHHAM
TeMIepaTypH, K i s TUTTEBUX 3Pa3KiB.

Amnamiz  3paskiB  kommosumii  [IJIAS 3a
JIOTIOMOT'0 CKaHYIOYOT0 €JICKTPOHHOTO MIKPOCKOIIa
MOKAa3y€ HASBHICTh IIEBHOI OpI€HTAIlll YaCTHHOK
HaITOBHIOBAaYa B30BXK HANIPSIMKY €KCTpPy3ii (puc.3).

Puc. 3. CEM 300paxenHs nmoepxHi (a) ta 3namy (0)
komno3uty [TJIAS micist aIMTUBHOTO BUPOOHUIITBA

Pesynmbrat BUMIpIOBaHBb JUISI  3paskiB 3
PO3TalIyBaHHSM IIApiB NEPHCHANKYISIPHO A0 PYXY
TEIUIOBOT'O MOTOKY B TalII. 5.

Y TmopiBHSAHHI 31 3pa3skaMH OACpPKAHUMHU
JUTTSAM MO THCKOM Uil 3pa3KiB  OJepiKaHHUX
aJIUTUBHUM BHPOOHHMLTBOM 3  PO3TAllyBaHHIM
MIapiB NEPHCHIUKYISIPHO JI0 HAMPSIMKY TETIOBOTO
MOTOKY  CHOCTEPIraeThCs HWKYE 3HAYCHHS
TEIUTONIPOBIAHOCTI JUIsl BCiX 3paskiB. [Ipu mpomy
Ui 3pa3KiB 3 TpadiTOBUM HAIOBHIOBaueM
CIIOCTEPITAETHCS 3POCTAaHHS TEIUIONPOBIAHOCTI 3
POCTOM TeMIepaTypHu.

VMoBipHuM MOSICHEHHSIM 3HUKCHHS
TEIIOMPOBITHOCTI BCIX PO3TIITHYTHUX 3pa3KiB €
HEraTUBHUH BIUIMB iHTEPQEHCIB MIXK CTpYMEHSIMHU
Marepially y miapax Ta BaroMHid BIUIMB Opi€HTalii
YacTOK Ha 3HAYCHHS TIOKa3HUKA.

TaGmuis 5

TemnopiznuHi XapaKTepUCTHKHU AO0CTIHAX 3pa3KiB
3 PO3TAIIYBAHHSIM IIAPiB NepHeHANKYJISPHO
A0 pyXy Tem1oBoro notoky (b)

Bnactusocri 3naucHs
TIA 1[TUJIA 2[TUIA 3[TUIA 4[TIJIA 5
I'ycruna, kr/mam? 1,21 | 220 | 2,52 | 1,28 | 1,32
. 30] 1,409 | 1,117 0,975 1,339 | 1,292
]E;J;(‘f%‘g; 40] 1,418 [ 1,105 ] 0,963 | 1,405 | 1,360
remeparypt, °C |20 1:428 [ 109410952 1472 | 1,428
60| 1,447 [ 1,077 10,942 [ 1,523 | 1,470
~ 130]0,205]0,405]0,500] 0,501 0,532
Te‘éﬁ?&f%‘i‘g;“’ 40] 0,210 [ 0,406 | 0,525 10,496 | 0,527
remmeparypi, °C | 30]0:214 [0.435 10,550 0,489 | 0,525
60| 0,221 0,436 | 0,574 |0, 485] 0,523

BucHoBKkH. 3pa3ku KOMITO3UTHHX MaTepiajiB
HAa OCHOBI TOJUIAKTHIY OJEpKaHI KIACUYHUM
CIOCOOOM JIUTTSA Wi THCKOM Ta  aJUTUBHUM
BHPOOHHUIITBOM BOJIOZIIIOTH CITIBCTAaBHUMH
BJIACTHUBOCTSIMU TeIJIONpoBiAHOCTI. HanmoBHeHHS
MIiTHUM Ta rpagiToBUM HaIlOBHIOBAYeM
MPU3BOJIUTH b1 (6] 3HAYHOTO 301IBIICHHS
TETUIONPOBITHOCTI, bi o) TTOHAT 2 pasu.
Po3zramyBanHs CTpyMeHiB Ta IIapiB pPO3MOILTY
Marepially B3JIOBXK Ta IOMEPEK PYyXy TEIIOBOrO
MOTOKY Y 3pa3Ky MIPH3BOAMTH J0 MOMITHOTO BIUIUBY
Ha TeIuIonpoBigHicTk. ['padiToBuil HanOBHIOBAY y
MOJIJIAKTH/II € OLIbIl ePEKTHBHUM 3a MiJHUH Ta
301JIBIIIY€E TSILUIONPOBIIHICTE OLIBII €()EKTUBHO IPU
MEHILIOMY MacoBOMYy BMicTi. Bmiuus opienramii
mapiB  cmocrepiraeTbcs  Ans  rpagiToBOrO
HAINlOBHIOBaYa 3HA4YHO moMiTHime. Kommo3uTHi
MaTepiajii 3 TEIUIONPOBIIHUMH HAIOBHIOBauYaMH
MOXYTh OyTH e(EeKTHBHO BHKOPUCTaHI B
aTUTUBHOMY  BHPOOHHMIITBI  JETaNie,  KOTpi
BHMAaralTh IIBHUINEHOT TEIUIOMPOBITHOCTI Ta
MOXYTh YCIINTHO 3aMIiHATH BHUPOOU BUTOTOBJICHI
auTTAM  minx  tackoM.  OpieHTamis  ImmapiB - Ta
CTPYMEHIM Matepialdy y MOEAHAHHI 3 IapyBaTHM
HaIOBHIOBaYEM 3/1aTHA 301IBITYBATH
TEIUIONPOBIAHICT MaTepiany, L0 MOXe OyTH
KOPUCHO BHKOPHCTaHO TiJ Yac MPOCKTYBaHHS
BHpOOiB. BUMipsiHI 3HAYEHHS TETLIOTPOBITHOCTI Ta
TETMIOEMHOCTI MOXKYTb OYTH BHKOPHCTaHi MiJ] 4ac
pO3pOOKM Ta  MPOEKTyBaHHS BHPOOIB IO
MOTPeOyIOTh MiABUIIEHOI ab0 TOYHO BiTOMOL
TETUIONPOBITHOCTI.
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Pushkarov D.V., Slieptsov A. O., Sova N. V.,
Savchenko B. M. Additive technologies for creating
thermal conductive polymer composites

The work investigated the influence of the
composition of a polymer composite and its additive
manufacturing parameters on the value of its thermal
conductivity. As a polymer matrix for the research, a
typical additive manufacturing, environmentally friendly
and affordable polymer material - polylactide was used.
Thermally conductive fillers of different nature -
powdered copper and graphite, in different mass ratios,
were introduced into the composite to increase thermal
conductivity and provide the ability to control the
thermal characteristics of the material. Composite
materials were created by mixing the components in the
melt on a twin-screw extruder. Additive manufacturing of
experimental samples was carried out using the filament
deposition molding technology. The material for additive
manufacturing in the form of a filament was obtained
from the composite material by extrusion. The samples
were printed with the orientation of the layers parallel
and perpendicular to the direction of the heat flow, which
made it possible to assess the influence of the spatial
arrangement of the material jets on the anisotropy of
thermal conductivity.

Composite materials based on polylactide, obtained
by the classical injection molding method and the
additive manufacturing method, showed similar thermal
conductivity values. The use of copper and graphite
fillers allowed them to significantly increase the thermal
conductivity of the material—by more than two times.
The orientation of the layers and the location of the
material jets relative to the direction of the heat flow have
a significant impact on its thermal conductivity. It was
found that the graphite filler is more effective compared
to the copper one, since it provides a more significant
increase in thermal conductivity even at a lower mass
content. In addition, the effect of the orientation of the
layers and the filler is more pronounced for graphite
fillers. This approach may allow the development of
lightweight, heat-dissipating polymer elements of
housing for electronics, which have both functional and
structural significance. The anisotropy of thermal
conductivity, controlled by printing parameters, opens
new opportunities for engineering design of complex
products with optimized thermophysical characteristics.

Keywords:  Keywords:  polylactide, polymer
composite materials, thermal conductive composites,
additive technologies, graphite, copper.
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IO IUTAHHS PO CTBOPEHHA KOMITO3UIIMHAX
KEPAMIYHUX MATEPIAJIIB

Jlicauyk I'.B., Baraaii B.1O.

ON THE ISSUE OF CREATING COMPOSITE CERAMIC MATERIALS

Lisachuk G.V., Baglay V.Yu.

YV 36’asky 3 inmeHcusHUM pO3BUMKOM  CYYACHUX
6e30pomosuUx MexHOI02Il 36 3Ky, A MAKONC NOCMIUHUM
3POCMAHHAM KINbKOCMI eAeKMPOHHUX NPUCMPOIB, AKI
@YHKYIOHYIOMb Y WUPOKOMY YACMOMHOMY Oiandasoui, y
HABKOIUWHBOMY Cepedosulyi cnocmepicacmscs cmaie
niOBUWEHHsl DI6H  WMYYHO20  eleKMPOMASHIMHO20
sunpominogants. Lle 3ymoentoe nocmynoge 3pocmanHs
eNeKMPOMASHIMHO20 (POHY, WO CMEOPIOE NOMEHYIUHT
pusuxu 01 Oe3nepebitinoi ma HadiUHOi pobomu
BUCOKOUYMIUBOI eNeKMPOHHOI anapamypu, a maxKo#c
MOdHCe HUHUMU He2amusHull 6naue Ha 300po8’s ma
3aeanvHull cman 6ion02iuHUX 00 €Kmie, 30Kpema Aiooell.
YV 363Ky 3 yum ocobausoi axmyarvhocmi Habysaioms
00CNIONCEH s,  CNPAMOBAHI HA  CMBOPEHHSI  HOBUX
epexmusHux Mamepianie 3 BUCOKUMU
e1eKMpPOMASHIMHO-3AXUCHUMUY — 8IACTNUBOCAMY,  AKI
MAKOHC NOBUHMI  XAPAKMEPUZYBAMUCH  3A008LIbHUMU
EeKCHIyamayitiHumMy NoKasHukamu. Y oOauiti pobomi
HageoeHo pesyromamu eKCnepUMeHmMaIbHO20

docrnidoicentss npoyecy po3poONeHHs KOMNOUYIUHOT

KepamiuHoi Naumku, wo MiCmumos y CE0EMY CKIAOL
eNeKMpPOnposioHi ma cecHemoenexmpuiti
¢ynxyionarvni KomMnowewmu. AK  enexmponpogiony
000a8Ky BUKOPUCIAHO KapOio KPeMHIIo y KilbKocmi
30mac. %, a ax ceenemoeneKMpuuHy — MumaHam
cmponyito, akuti 6600unu 6 kinexkocmi 10, 201 30 mac. %.
Hocniona naumxa mae 080waposy cmpykmypy: nepuiuti
wap sense coborw kepamiuny macy 3 30 mac.% kapoioy
KpeMHito, Opyeull wap — mMacy 3 8I0N0GIOHUM 8MICIOM
mumanamy CMPOHYTIO. Dopmysanns 3paskie
30TUCHIOBANIOCA MemOOOM HANIBCYX020 Npecy8anHs, d
BUNANL NPOBOOUNU 6 CUNIMOBIU newi 3a memnepamyp
1120-1140 °C 3 i3omepmiunoro eumpumxoro 20 XeUiuH.
Y npoyeci docnioocenns npoananizogano eéniue 3minu
éMICIY mumaHamy CmpoHYilo Ha @i3UKO-MeXaHIUHI

Xapaxmepucmuku  eupobie.  Busmaueno  ocHosHi
excniyamayiiuni  enacmueocmi  3paskie, maxi 5K
B000NO2IUHAHNS, NOPUCMICMb, VAGHA 2YCMUHA Md

medxca miynocmi mpu  3euHi. 3a  pe3yrbmamamu

docnioxceHsb BU3HAYEHO ONMUMAnLHUL cKaao
KOMRO3UYILHOT Kepamiku, axkull 3abe3neyye npuliHsamue
NOEOHAHHS eKCNIYyamayitiHux Xapaxmepucmux:
so0donoznunanus — 6,84 %, nopucmicmo — 14,90 %,
yaena eyemuna — 2,16 2/cm?, mesica miyHocmi npu 32uni
— 26,5 MIla. Bcmamnoeneno, wjo 3pocmanHs YAGHOI
2YCMUHU MOJCe CYy2y8amu IHOUKAMOPOM NiO8UUeHHS.
3a2anbHOT WiTbHOCME 1l NOMEHYIUHOT MiyHOCMI UPOOY,
He3eadcarouy Ha Oeske 30iNbUWEHHA NOPUCMOCHMI.
Pezynomamu 0ocnioarcennss modcyms 6ymu 6uKOpUcmani
npu nooarbwiiil pos3poodyi KepamiuHux mamepianie 3
DYHKYIOHATLHUMUY 8IACTNIUBOCAMY O/l BUKOPUCTIAHHS
6 YM08aX Oii eleKMpOMACHIMHO20 BUNPOMIHIOBAHHSL.
Knrouosi cnoea: xomnosuyivina xepamixa, 080uaposa
naumka, KapOio KpemHuilo, MmMumaxam — CmpOHYIIO,
Hanigcyxe npecyeams, B000N02IUHAHHSL ma
nopucmicme, yA6HA 2YCMUHA MA Melca MIYHOCMI npu
32UHI.

Beryn. Ycynenns enekrpomartditTHoro (EM)
3a0pyaHCHHS Ta 3a0€3MEYeHHS 3aXHCTy 370pPOB’s

JMIOMWHWA, a4  TaKoX  cTabimpHOI  pobOoTH
CJICKTPOHHOTO  OOJNIamHAHHSA, € OJHUM i3
OpIOPUTETHUX HampsaAMiB Y cdepi po3poOku

MOTJIMHAIOYNX MaTepiajiB. 31 CTPIMKIM PO3BHTKOM
0e3IpOTOBUX KOMYHIKAIlIHHUX TEXHOJIOTIH Ta
3POCTaHHSIM KiJIbKOCTi €JICKTPOHHHX TPHUCTPOIB,
0 TMPAIIOIOTh Yy IIHPOKOMY CHEKTPi 4YacToT,
IHTEHCHUBHICThP ~ ITYyYHO  cTBOpeHoro  EM-
BUINIPOMIHIOBaHHS  HEBOMHHO  3poctae. lle
MPU3BOJIUTH 0 TOCHICHHS EJIeKTPOMArHiTHOTO
(hoHY B HABKOJIMIITHEOMY CEPEIOBUILI Ta 3yMOBIIIOE
HOBI  3arpo3d  sK i1 (PYHKIIOHYBaHHS
BHUCOKOUYTIUBUX CIIEKTPOHHUX CHCTEM, TaK i JJIs
010JIOTIYHUX 00’ €KTIB, 30KpeMa OpraHi3My JTIOUHI
[1,2].
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CyTTeBOI0 MPOOIEMOI0 CY4acHOCTI € Te, IO
mxepena EM-BUIpOMiIHIOBAaHHS YacTo IiIOTh B
miama3oHi dvactor Bim Merarepmie (MI'm) mo
rirarepui (I'T'), 1m0 3HaYHO YCKIIAAHIOE 3aBAaHHS
e(eKTHBHOTO eKpaHyBaHHS a00 TIOTJIMHAHHS.
Tpamuiiitai mOTIMHAIOWI Marepianm, sKi Oy
PpOo3po0bIIeHi A1t 0OMEKEHUX YaCTOTHUX IHTEPBAIIB,
BUSBIISIIOTHCS  HEJOCTATHBO S(EKTUBHUMU IS
KOMILJICKCHOTO YCYHCHHS TaKoro
0araTocreKkTpoBOro 3a0pyIHEeHHS. 3 OrjsiLy Ha Le,
3pOCTae aKTyalbHICTh CTBOPCHHS I1HHOBAIUHHX
KOMITO3UTHHX  MarepiamB  [3,4], 3maTHUX
3a0€3NeYNTH BHCOKHMHA pIBCHb TMOTJIMHAHHSI B
IIMPOKOMY YaCTOTHOMY Jialla30Hi Ta BOAHOYAC
OyTH €KOJOTIYHO OC3IeYHNMH W EKOHOMIYHO
JOLIJIBHUMY Y BUPOOHHUIITRI.

EdexTuBHICT TOTIMHAHHA MiKPOXBHIBOBOI
€Heprii 3HaYyHOI0 MIpOI0 BHU3HAYAETHCS TaKUMH
rmapaMeTpaMu, SK MIKPOCTPYKTYPHI OCOOIHUBOCTI
MaTepially, a TakoX piBeHb MHieJIeKTPUYHHUX 1
MarHiTHUX BTpaT. BigmoBigHo no Teopii miHil
mepenadi, Ii  BTpaTH  OMHCYIOTBCSA  4epe3
KOMITIEKCHY MarHiTHy MPOHUKHICTE ([ = | — ju”)
Ta KOMIUIEKCHY JieNeKTPUIHY MPOHUKHICTS (& = €'
— je"), AKi XapaKTepU3yITh BiIMOBIAHO 3aTHICTh
Marepiaixy g0 HaKOMWYCHHS W JUCHMAIlil eHeprii B

MarHiTHIH Ta eJIeKTPUYHIN CKJIaI0BUX
CJIEKTPOMArHiTHOTO  MoJs.  TakuMm  YUHOM,
CTBOPCHHS MarepiaiiB i3 KEPOBaHUMH

TIENeKTPUIHUMH W MarHiTHUMH BIIaCTUBOCTSMH,
Y3rOKEHUMH 3 YaCTOTHUMH XapaKTEePUCTHKAMU
€JICKTPOMAarHiTHOTO BUTIPOMIHIOBaHHS Ta
3IaTHAMHM OXOIUIIOBATH IIMPOKUM 4YaCTOTHUM
niama3oH, MAaiOTh BHpIlIANbHE 3HAYCHHS IS
PO3BHUTKY Cy4acHOTO MaTepiano3HaBcTBa [5-7].

[lepcriekTnBHIM HATPSAMOM HAYKOBHX
JOCHIDKEHb Y cdepi KepaMiuHuUX MaTepialiB €
CTBOPEHHSI BHMCOKOC(EKTHBHUX KOMIIO3UIIMHUX
CUCTEM Ha OCHOBI IENEKTPUIHOI KepaMidHOL
MaTpUIli 3  BBEACHHSAM  CJICKTPOIPOBIIHUX
¢yHKIIIOHATBHIUX 100aBOK. Takwuii miaxij 103BOJISIE
IUJTECTIPAMOBAaHO  MOIU(DIKyBaTH  CTPYKTYpy 1
BJIACTUBOCTI KEpaMidHHUX KOMIIO3UTIB 3 METOI0
JOCSTHEHHS OaxxaHnuX eKCIUTyaTalifHAX
XapakTepUCTUK. 30KpeMa, 10 CKiIagy e(eKTHBHUX
€JIICKTPOIIPOBITHIX HaITOBHIOBAYiB BXOJISITh
TeXHIYHUN ByTIIeNb, TpadiT, KapOOHIIBHE 3alTi30,
Kap0ig KpemHito, THTaHatu, okcun 3amza (III),
okcun mifi (II) Tommo [8-10].

Y  pagi pgocmimkens  [11,12]  Oyno
MPOJEMOHCTPOBAHO JOLUIBHICTh BHUKOPUCTAHHSI
KapOigy KpeMHiIo K GYHKLUIOHATBHOI JOOAaBKH IS
HaJaHHS €JIEKTPOTIPOBITHUX BJIACTHBOCTEH
KOMITO3UIIHIA Kepamili, OTpUMaHili Ha OCHOBI
LIMXTH, TPU3HAYEHOI JJIs1 OOHIIOBANBHOI ITUTKH.

30kpeMa,  BCTAaHOBIEHO, IO  ONTHMaJlbHA
KOHIICHTpaIliss  KapOimy KpPEeMHII0 CTaHOBHUTHh
6mm3pko 30% (Mac.), OCKITBKH caMe 3a Ii€l yMOBH
3a0e3neuyeTbes 30€pEeKEHHsST 3HAYHOI YaCTHHHU
J00aBKM B IIEPBICHOMY CTaHi Iicisg BUmany. Taka
CTaOUTBHICTH ¢azoBoro CKIIay CIIpHsiE
(hopMyBaHHIO €(EKTUBHOTO EICKTPONPOBIIHOTO
Kapkacy B KepaMidHid CTPYKTypi, IIO, y CBOIO
gepry, 3a0esledye 37aTHICTh MaTepialy -0
eKpaHyBaHHS €JIEKTPOMAarHiTHOTO
BUTIIpOMiHIOBaHHs. OTpUMaHi pe3yJibTaTh CBiAYaTh
PO TEPCTEKTUBHICTh TOMIOHUX KOMITO3HUTIB IS
CTBOpPCHHS  (YHKIIOHAIBHOI  OOJIMIFOBAIBHOL
KepaMikd 3 PO3IIMPEHUMH EKCIUTyaTalliiHUMU
BJIACTUBOCTSIMH.

Marepiany 3 TEPOBCKITHOIO CTPYKTYpOIO
(3aranbHa  ¢opmyna ABOs;) € omHUMH 3
HaMMEepCIeKTUBHIMNX (PYHKIIOHAIBHUX OKCHIIB,
110 aKTUBHO 3aCTOCOBYIOTHCS y c(hepl KOMIIO3UTHOL
KepaMiku. IX 0cOONMBICTH MOJSAra€ y THYYKOCTI
KPUCTAIIYHOT PEUITKH, 3aTHOCTI o
130BaJICHTHOTO Ta HEI30BaJCHTHOTO JIETYBAaHHS, a
TaKoXX  CTalOLIPHOCTI B yMOBaX  BHCOKHX
TEMIIepaTyp i arpecCUBHOTO cepenoBua. OTHIMH 3
HAWOUTBII BUBYEHUX TPEACTABHUKIB € THTaHAT
Oapito (BaTiOs) Ta Tutanar crponmiro (SrTi0s), sxi
JEMOHCTPYIOTb BHCOKY TNETEKTPUIHY
NPOHUKHICTb, M'€30€IEKTPUYHI Ta QPepoeIeKTPHIHI
BiacTuBOCTI [13-16].

[aTeTpyBaHHS  TEPOBCKITIB Yy  MATPHINO
KOMTIO3HUTY JIO3BOJISIE JOCSTTH cuHeprii
BJIACTUBOCTEH —  HANPHKIQA,  OJHOYACHOTO

3a0€3MeYeHHS eJIEKTPOIPOBITHOCTI i MEXaHIIHOT
MirHOCTI.  JlOCHiPKeHHST TOKa3yloTh, IO TIpU
BBeZIeHH] yacTHHOK StTi0s y KepaMiuHi MaTpuIl Ha
ocHOBI Al2:O3 a6o ZrO: BinOyBaeThca MOKPAIIEHHS
TieNeKTPUYHUX BJIAaCTHBOCTEH ©€3 CyTTEBOTO
3HIDKEHHS TepMOCTIHKOCTi [14].

B cBoro uwepry, THTaHaT CTPOHINIO €
Oarato(pyHKIIOHAJLHUM MaTepiajioM 3 MIHPOKUM
criekTpoM 3actocyBanb [17-20]. Moro yHikambHi
(hi3MKO-XIMiYHI BJIACTHBOCTI, TEPMOCTIMKICTH Ta
0lOCYMIiCHICTh,  pOOJIATH  HOro  HE3aMiHHUM
KOMIIOHEHTOM Yy CTBOPEHHI HOBITHIX KEpaMidHUX
KOMTIO3HIH. Sk TIOYaTKOBHH CETHETOEICKTPHK,
SrTiO3 3aBxaum OyB BaKJIMBUM KEPaMidHAM
MaTrepiaioM, OCKUTBKM MAa€ BIIHOCHO BHCOKY
JeNeKTPUYHY MPOHHUKHICTh, HU3bKI HieJIEKTPUYIHI
BTpaTH Ta TIOMIpHY MiCNEKTPpUYHY TPOOWBHY
MIIHICTH [19].

Merto10 podoTH € CTBOPEHHSI KOMIO3ULIIHOT
KepaMiyHOl IUIMTKA 3 [OJABaHHAM KapOiny
KpPEMHII0 Ta THTaHATY CTPOHINIO, a TaKOoX
BU3HAYEHHS BIUIMBY KiJILKOCTI 100aBKH Ha (hi3uKoO-
MEXaHiYHI BIIACTUBOCTI KiHI[EBOTO BHPOOY.
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Buxaan OCHOBHOI'0 Marepiaiay
aochailkeHHsa.  BpaxoByooum ~— BUMOTH 1O
eIeKTpoIpoBigHNX  gobaBok  [21-23],  sxi

MEPEeBAXHO BUKOPUCTOBYIOTH ISl  OTPUMAaHHS
KOMITO3HINITHIX KepaMidHUX BHUPOOIB, IO MAIOTh
3aXHCHI BIIACTHUBOCTI BiJ BILTHBY
€JIEKTPOMArHiTHOTO BHUIIPOMIHIOBaHHS, B POOOTI
Uil AOAaBaHHS B JICIEKTPUYHY MATPULIO OyIo
00paHO SIK EJCKTPONPOBIAHY H00aBKYy KapOi
kpemHito (TKJIP — 5-7-10-6 rpan-1, Tuy, — 2700 °C)
Ta sIK cerHeToesekTpuk Tutanat crpoHuio (TKJIP
—9-11-10-6 rpan-1, Tyy — 2080°C). Kepamiuay macy
o0upaii, OPIEHTYIOUHCh Ha MIHIMaJIbHI MOKA3HUKH
TEMIIEpPaTypyd Ta 4Yacy BHUIANY, 3 YpaxXyBaHHIM
MOJKJIMBOCTI OKHCJICHHS, BUTOPSIHHS a00 B3aeMOIil
n00aBKH 3 TCTIEKTPUIHOIO MaTpPHIIEIO.
Komno3uiiiiHy kepaMiyHy ITUTKY OTPUMYBaIH 3a
TEXHOJIOTIYHOIO CXEMOIO IIPEACTaBICHOIO Ha pHuC. 1.

Cuposuuni Matepianu
Jozarop
Moxpuit nomen (W = 50 %, kynnosuit Mnin)
Cymika (cymmabna wada, 80°C)
ITowmen (10 npoxouxcHus Kpisk cuto Ne05)
Ilpec-nopomox ans I mapy
Jlozatop

Dopmysanns
(W = 8 %, naniscyxe npecysanns, 5 MIla)

Tpec-nopomox s 11 wapy

Jlozarop

®opamyBanns
(W = 8%, naniscyxc npecysanns, 18-20 MIla)

\
v

Cymxa (cymnsna wada, 80°C)

\
v

IMoxpurTa noausoo

\
v

Bunan (cuaitosa miu, 1120-1140°C, sutpimka 20 xs.)

Puc. 1. TexHonoridaa cxema BUTOTOBJIEHHS
KOMITO3UITIHHOT KepaMidHOT IITUTKH

[TigroToBKa KOMIIOHEHTIB KEpaMidyHOiI MacH €
KPUTHYHO B@KJIUBUM €TallOM TEXHOJOTIYHOIO
MpOIIeCy, IO BU3HAYAE SIKICHI XapaKTEPUCTUKU
KiHIeBoro BupoOy. OCHOBHAa MeTa IBOTO eTary
rnojigra€ B 3a0e3IeyeHH] BIAIOBIIHOCTI KOXKHOI'O
KOMITOHEHTY BHMOT'aM 010 XIMIKO-
MIHEPAJIOTIYHOTO  CKJamy, CTYNEHsS YHCTOTH,
ONTUMAJIBHUX (I3MKO-MEXaHIYHUX BJIACTUBOCTEH

Ta BOJIOTOCTI, SIKi € HEOOXiMHUMU s ePEeKTHUBHOI
01aJIbII10T OOPOOKH.

IlepBunHue oApiOHEHHS CHPOBUHHU
BUKOHYETHCS 3 METOI 3MCHIICHHS pO3MIipy
YaCTHHOK Ta JOCSATHEHHS HEoO0XiTHOT
IUCTIEpCHOCTI. Y pa3l  HaaMipHOI BOJIOTOCTI

Matepially IpOBOAUTHCS HOTO CYIIIHHS 1O PiBHSA,
1o 3abe3nedye noaajiblie eQeKTUBHE TOAPiIOHEHHS
Ta 3MEHIIyE pPH3UK YTBOPEHHS AarjoMeparis.
3aBeplIaIbHUM €TaloM MiArOTOBKU € IMOMEpeIHs
TepMOOOpoOKa (BUMam), fAKa CHpHUsE iHimiamii
(a30BHUX MEPETBOPCHb y CTPYKTYpi Marepiaiy,
HiABUIICHHIO MOro IMIJIBHOCTI Ta BHUJIAJIECHHIO
JIETKHUX CIIOJYK.

KoMrulekcHe BUKOHAHHS — BHINE3a3HAYCHUX
omepamiii  mo3BoysiE  cOpPMYBaTH  OJHOPINIHY,
CTaOlIbHY 3a CBOIMH BJIACTHBOCTAMHU KepaMiuHy
Macy, NpUAaTHY Ui MOJaibIIoro (opMyBaHHS,
CYIIHHS Ta BUMANY, IO Yy MJACYMKY 3abe3nedye

OTpUMaHHS  TPOAYKLii  BHCOKOi  SIKOCTI 3
MIPOrHO30BaHUMHU eKCIUTyaTalifHUMU
XapaKTepUCTUKAMM.

JocmimHa KoMmo3wiiitHa KepaMidHa IDIUTKA
CKJIQIA€ThCS 3 JIBOX IIApiB, PO3TAIIyBaHHS SKHX
CXEMaTUYHO HaBEJICHO Ha puc. 2. B meprmomy mapi
B o0OpaHy kepamiuHy Macy BBoamwiau 30 mac. %
kapOiy KpeMmHil0, B ApyTrHil map sK I00aBKy
BBOJIMJIM TUTAHAT CTPOHIIO B Kiibkocti 10, 20 Ta
30 mac. %.

Puc. 2. CxemarnyHe po3TanryBaHHs MIapiB B IUTUTI:
I map 3 noxaBaHHsAM KapOiny KpEeMHIIo;
I wap 3 KoaBaHHSIM THTaHATY CTPOHLIIIO

MuxTosi cknanu s I Ta Il mapy kepamiunoi
IUIMTKH TIoKa3aHo Yy Tabn.1. [lpec-mopomok
3aMIITyBaJId OKPEMO, BUKOPUCTOBYIOUH HEOOX1THY
KUIBKICTh ~ BHXIIHOI CHpPOBHHH. KOMITOHEHTH
3BaXYBAIH, 3BOJIOKYBAIIM, TOJPIOHIOBaIM B
IapoOBOMY MIIHHI, ITICJISI 9OTO OTPUMAHUU TUTIKEP
BUCYIIYBAJIM B CYIIMIIbHIN madi, moapiOHIOBaIu Ta
npociroBany yepe3 cuto Ne05.

Ha HacTymHOMy eTami B miATOTOBJICHUH TIpec-
MTOPOIIIOK BBOAMIIA AOOABKH (KapOill KPEMHIIO IS
MIEPIIOTO IIapy, TUTAHAT CTPOHIIIO IS JIPYroro
mapy) B HEOOXiHIM KiTBKOCTI Ta TOTOBY IIUXTY
JIOBOJIMIIA 70 BOJIOTOCTI 8 %, MiCJIsl 9OTO I03yBallnd
Ta 3acUmajid Yy WiATOTOBIEHY Tpec-hopmy.
JocmigHi  MIWTKH ~ OTPUMYBAIM  METOAOM
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HaIiBCYyXOTO NpECyBaHHs Ha py4YHOMY
rigpasmigaomy mpeci I[TPI'-10.
Tabmuus 1
IuxTOBI cKJIAA0BI AJ1s1 KOMNO3ULIITHOT KepaMidHOT
IVTUTKH
HaiimenyBas Macosuii BMicT MatepiaiiB, Mac %
CHPOBUHHHUX 11 wap
Martepianis ['map 1 2 3
['muna 29,93 37,31 33,62 29,93

AmnnpiiBcpka
I'pawnitHi BinciBu 8,76 10,92 9,84 8,76
Kpeiina 4,02 5 4,52 4,02
nojpiOoHeHa
ITicok xBapuoBuit | 24,31 30,3 27,3 24,31
[TauTkoBUii Ol 5,98 7,47 6,72 5,98
Kap6ig kpemHiro 27 - - -
Turanar - 9 18 27
CTPOHITIIO

Hnst dikcanii [ mapy BiaMmipsHy HeoOXigHy
Macy UIMXTH MiANPECOBYBAIN MPHUKIIAAAI0YH TUCK 5
MlTa. Jlani aranorigHuM crrocoOoMm mpartosany 3 11
IapoM: MiATOTOBIEHY Ta 3BOJIOKEHY 10 8 %
BOJIOTOCTI IUXTY BIAMIPSIIN, JOCUTIAIHA B TIPeC-
dopMy 1O Tmepmoro Imiapy Ta HpecyBaH
npukiaagarogn TUcK 20 MIla. OTpuMani 3aroTOBKH
IUIATKY  PO3MINyBAIH Y CYIIWIbHYy mady Ta
MIPOBOMMIN JAETIAPAIiI0 1O PiBHS BOJOTOCTI HE
oinmpme 1 %. 3aBepmanbHuN eranm mependavaB
BUIIAJ y CHJIITOBIH medi 3a Temneparyp 1120-1140
°C 3 130TepMIUYHOI0 BUTPUMKOIO MpoTAroM 20
XBHJIHH.

IndpyBanas MOCHIMHUX 3pa3KiB MICTHIIO
HACTYITHY iH(OpMAITiIO: 3pa3Ku KepaMivyHOI TUTUTKA
3 JO0MaBaHHAM KapOily KpEeMHII0 Ta THTaHATy
crpomntiro (KT), mepma mudpa 9ucaoBoi ckiagoBoi
mmdpy BKasye Ha KUIBKICTh KapOily KpEMHIIO B
kepamiuyniii maci («3» — 30 %), a mpyra — Ha
KUTBKICTh TUTaHATY CTPOHIIIIO B KepaMidHIiN maci
(«1» — 10 %, «2» — 20 %, «3» — 30 %).

[TokazHuku CTPYKTYpHO-(i3UIHUX
XapaKTePUCTUK JIOCITi THIX TUTATOK
(BOomoOTIOTIIMHAHHS, IOPUCTICTh, YSABHA TYCTHHA)
BU3HAYalIM  crnocoboM  iX  TiApOCTAaTUYHOTO

3BaXYBaHHS 3 BHKOPHCTAHHSM MOIEPETHBOTO
BaKyyMYBaHHS Ta HacH4IeHHs Bojaoro 3rimuo JCTY
ISO 5017:2014. MexaHniuHi BIaCTUBOCTI 3pa3KiB, a
caMe MEXi MIIHOCTI TpW 3THHI, BH3HAYaIH 3a
JIOTIOMOT'OI0 TPUTOUKOBOTO MeTony 3rimao JICTY
3716-98. 3a KiHUEBHH pe3ylnbTaT NpUIMaIH
cepenHe  apuMeTHYHE  3HAYCHHS  TPHOX
MapajelbHAX BUMPOOYBaHb 3 OKpyriIeHHsM 110 0,01
r/cM®. Pe3ymbTaTM  NPOBENEHHX  JOCIIHKEHb
HaBeIeHo B Ta0II. 2.

VY pesynbTaTi aHadi3y OTPUMaHUX MMOKa3HHUKIB
(i3MKO-MEXaHIYHMX  BJIACTHMBOCTEH  YOTHPHOX
kepamiganx kommosutlid (KK-30, KT-31, KT-32,
KT-33) Oynmo BCTaHOBICHO TEHICHINIO JO
MOCTYTIOBOTO 3pOCTaHHS MMOKa3HHKIB
BOJIOTIOTJIMHAHHS, TOPUCTOCTi, YSBHOI TYCTHHH.
3o0kpema, BOJIOTIOTIIMHAHHS 3pocTae Bin 6,23 % mo
6,92 %, mopucticte — Big 13,65 % mo 15,12 %, a
ysiBHa TycTrHa — Big 2,11 mo 2,18 r/cm®. Take
3pOCTaHHS  BOJOINOTJMHAHHA Ta  IOPHUCTOCTI
CBIAYUTH MpPO MiABUIIEHHS BiAKPUTOI MOPUCTOCTI
Marepiany, o0 MOTSHITIHO MOXe 3HIKYBaTH HOTo
MOPO30CTIHKICTh, ajie¢ pa3oM 3 THUM TOKpaITyBaTH
TeTI0i30JsIuiliHI BriactuBocTi. [lpu mpomy mexa
MIIIHOCTI TpW 3THHI 3poctae 3 17,2 Mlla 6e3
nmonasanHs SrTiOs mo 26,5 Mlla npu nonaBansi 20
mac.% SrTiOs, Ta Mmaibke He 3MIHIOETbCS TIPH
30unbIIeHHi KoHIeHTparii SrTiOs mo 30 mac.%.

Ta6murs 2

Ioxa3Hnku (isnko-MexaHiYHUX BIACTHBOCTEMH
JA0CTiTHOI KOMIO3NIIIHOY JIMTKH

Mexa
Indp ‘ VsBHa MiLHOC
KOMITO3H Bononornuna | Ilopucric | ryctu | Tinpu
wast W, % 16 I1, % Ha p, 3TUHI
i H
r/cMm O3z,
MIla
KK-30 6,23 13,65 2,11 17,2
KT-31 6,71 14,51 2,14 23,8
KT-32 6,84 14,90 2,16 26,5
KT-33 6,92 15,12 2,18 26,4

ITapanenbHe TIABUINCHHS YSIBHOI TYCTHHHU
TIOTIPH 301BIIEHHS MOPUCTOCTI MOXKE BKa3yBaTH Ha
VIIUTBHEHHSI MaTepialy Ha MIKpOpiBHI abo 3MiHY
MiHEpaJOTiYHOTO  CKJamy, 1o  3abe3medye
IIUTBHIIIE TAKyBaHHS YaCTUHOK. 3POCTaHHS YSIBHOT
TYCTUHU MOXE OyTH TO3UTUBHUM (HaKTOPOM, IO
CBITYUTH TIPO T IBHUINEHHS 3arajbHOi MITEHOCTI Ta
IMOTEHIIIMHOT MIIHOCTI, He3BaXKarouu Ha
30umpIIeHHsT mopuctocti. Kommosuriss KK-30 mae
HAaWHIWKYl  3HAYEHHS  BOJONOITMHAHHA  Ta
MMOPUCTOCTI, 110 POOUTH i1 OLIBII MPUAATHOKO IS
BUKOPHUCTaHHS B YMOBaX IiIBHIIIEHOI BOJIOTOCTI.

Srigno Bumor JICTY b B.2.7-282:2011
"Imutkn kepamiuHi. TexHiuHI yMOBH" OTpHUMaHi
JOCTIHI TUTMTKA 332 CBOIMHU  ITOKa3HUKaMU
BigHOCATHCSA 10 rpynu Blly.

BucHoBku. 3a pesynbraTaMH MPOBEICHHUX
JMOCITIDKEHs  OyJI0  OTPUMAaHO  KOMITO3HUITIHHY
KepaMiyHy IUIUTKY 3 JOAaBaHHIM KapOily KpeMHiro
Ta THTAHATY CTPOHIIIO, IO BIAMOBIZAE BHUMOTaM
JACTY b B.2.7-282:2011.



BICHUK CXIOHOYKPAIHCBKOIO HALIOHANBHOIO YHIBEPCUTETY imeni Bonoaumupa Jans Ne 4 (290) 2025 61

BcranoBiieHo, 110 30UIBIIICHHS KOHIICHTpAIIii
ceraeroenekTpudHoi no6aBku SrTi0s Bix 10 mo 30
Mac.% TPHU3BOAWTH N0 IOCTYIIOBOTO 3pPOCTaHHS
MOKA3HUKIB BOAOMOrIMHaHHS (Bix 6,23 % 1o 6,92
%), mopuctocTi (Bix 13,65 % no 15,12 %) Ta yasHoOi
ryctund (Big 2,11 go 2,18 r/cm®). B cBoro uepry,
MesKa MIIHOCTI TIPH 3THHI 3pOCTAE MPH MiIBUIIECHHI
KOHIIeHTpallii modaBku a0 20 mac.% Ta CTaHOBHTH
26,5 MIla, Tomi sk mpu 301IBLICHHI KIJIBKOCTI
nobasku a0 30 mac.% 3MiHUM TNPaKTUYHO HE
BiOyBarOThHCS.

BcTaHoBIIEHO, 1110 3pOCTaHHS YSABHOI T'YCTHHHU
MIPU3BOIUTE 110 MiABUINCHHS 3arajibHOi IIUTEHOCTI
Ta TIOTCHIIIHOI MIIIHOCTI JOCHIHUX 3pa3KiB,
HE3BaKAIOYH Ha 301IBIICHHS TOPUCTOCTI.

Ha ocHOBI TmpoanHanmi3oBaHMX IaHUX, SK
ONTUMATBHUN CKJIaJ] KOMIIO3HIIIMHOI KepaMiKw,
obpano cepito KT-32, a came: | map — kepamiuna
maca 3 gomaBanHaM 30 mac.% SiC, II map —
kepamiuna maca 3 gofaBanasMm 20 mac. % SrTiOs,
SIKU Ma€ HACTYTIHI BIACTUBOCTI: BOJOITOTIMHAHHS
— 6,84 %, mopucricts — 14,90 %, ysBHa rycTHHA —
2,16 r/cM3, Mexa MIITHOCTI pH 3ruHi — 26,5 MIla.
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creating composite ceramic materials.

Due to the intensive development of modern
wireless ~ communication  technologies, and the
continuous increase in the number of electronic devices
operating across a wide frequency range, there is a
steady rise in artificial electromagnetic radiation in the
surrounding environment. This leads to a gradual
increase in the electromagnetic background, which
creates potential risks for the uninterrupted and reliable
operation of highly sensitive electronic equipment, and
may also have a negative impact on the health and
overall condition of biological objects, including

humans. Therefore, research aimed at creating new
effective materials with high electromagnetic shielding
properties, which should also exhibit satisfactory
operational  characteristics, becomes particularly
relevant. This work presents the results of an
experimental study on the development of a composite
ceramic tile containing electrically conductive and
ferroelectric functional components. Silicon carbide was
used as the electrically conductive additive at 30 wt.%,
while strontium titanate, a ferroelectric additive, was
introduced in amounts of 10, 20, and 30 wt.%. The
experimental tile has a two-layer structure: the first layer
consists of a ceramic mass with 30 wt.% silicon carbide,
and the second layer is a ceramic mass with the
corresponding content of strontium titanate. The samples
were formed by the semi-dry pressing method and fired
in a silicate furnace at temperatures of 1120-1140 °C
with an isothermal holding time of 20 minutes. The study
analyzed the influence of varying strontium titanate
content on the physical and mechanical properties of the
samples. Key operational properties such as water
absorption, porosity, apparent density, and flexural
strength were determined. The optimal composite
ceramic composition was identified, providing a
balanced combination of performance characteristics:
water absorption — 6.84%, porosity — 14.90%, apparent
density — 2.16 g/cm’, and flexural strength — 26.5 MPa.
It was established that an increase in apparent density
can serve as an indicator of enhanced overall density and
potential strength of the material, despite some increase
in porosity. The results of this study can be used in further
development of ceramic materials with functional
properties  suitable  for  applications under
electromagnetic radiation exposure.

Keywords: composite ceramics, two-layer tile,
silicon carbide, strontium titanate, semi-dry pressing,
water absorption and porosity, apparent density and
flexural strength.
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HA OCHOBI ITIOJIIMEPY HNOJIIVIAKTUAY

Xauctyn C.0O., Muponwk O.B.

The current trend towards green and sustainable
development has prompted researchers and scientists to
devote more and more of their time to studying and
improving potential biopolymers as alternatives to
traditional polymers. While renewable resource-based
polymers are already widely used in medicine and
packaging, they still need further research to meet
certain requirements on par with conventional polymers
for a wider range of applications.

Poly(lactic acid) (PLA) emulsions have gained
significant attention in the coatings industry due to their
biodegradability, sustainability, and potential to replace
conventional solvent-based systems and fossil-based
polymers. This study aims to provide a comprehensive
overview of recent research and advancements in PLA
emulsion  preparation, focusing on fundamental
properties of the emulsions, different synthesis methods,
including solvent evaporation, emulsification-solvent
diffusion, and high-pressure homogenization. The role of
stabilizers and solvents in ensuring emulsion stability
and performance is analyzed, and their ability to
influence the final coating properties are analyzed.
Widely used surfactants and bio-based stabilizers are
highlighted.

Despite their advantages, PLA emulsions face key
challenges such as hydrophobicity, phase separation,
and limited mechanical properties, which hinder their
broader industrial application. This review identifies
these challenges and explores potential solutions,
including the wuse of nanotechnology, bio-based
stabilizers, and optimized processing techniques.
Additionally, strategies for improving scalability,
reducing the environmental impact of PLA emulsions and
promising applications are discussed. By addressing
these limitations, PLA-based coatings could become a
viable alternative in the development of sustainable
materials. The current literature remains largely
fragmented, and this review aims to synthesize existing

findings into a structured, comparative analysis. In doing

so, it lays the groundwork for future research and
innovation in the field of environmentally friendly
coating technologies.
Keywords:  poly(lactic
dispersions, film formation.

acid);  polymer;  water

Introduction. The environmental impact of
petroleum-based plastics has become a critical
global concern, with plastic production exceeding
400 million tons per year and a significant portion
ending up in landfills or the natural environment [1].
This massive accumulation contributes to pollution
and greenhouse gas emissions, intensifying global
warming and ecological degradation. In response,
researchers and industries are increasingly turning
to sustainable, biodegradable alternatives -
particularly biopolymers such as poly(lactic acid)
(PLA).

PLA is a bio-based, biodegradable polyester
derived from renewable resources like corn starch
or sugarcane [2]. Its advantages include high
mechanical strength, biocompatibility, and reduced
carbon footprint compared to conventional
polymers. In recent years, interest has grown in
adapting PLA for use in coatings — a field
traditionally dominated by fossil-based resins.
However, the utilization of PLA in coating
applications is not without challenges. One
significant limitation is its relatively low thermal
stability, with a glass transition temperature around
60—65°C and a melting point between 130-180°C,
which can restrict its use in high-temperature
environments [3]. Additionally, PLA exhibits
brittleness and limited elongation at break, leading
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to concerns about its mechanical performance in
flexible coating applications.

Another critical issue is PLA's hydrophobic
nature, which poses challenges in achieving stable
aqueous emulsions necessary for water-based
coatings. Moreover, while PLA is biodegradable
under industrial composting conditions, its
degradation in natural environments is significantly
slower, raising questions about its environmental
impact [4, 5].

The problem statement. To address these
challenges, researchers are exploring the
preparation of PLA emulsions as a promising
strategy to enable its use in coating formulations.
Strategies include blending with other polymers,
incorporating plasticizers, and developing novel
emulsion techniques to improve its mechanical
properties and processability. Emulsification not
only allows the dispersion of PLA in aqueous media
but also opens possibilities for tuning film
properties such as flexibility, adhesion, and
degradation rate. Emulsion-based PLA coatings are
particularly attractive for applications in wood
protection, packaging, and biomedical surfaces
where biodegradability and environmental safety
are paramount.

Despite the growing body of research, the
majority of existing results are presented in the form
of isolated experimental studies with limited cross-
comparison or synthesis. These works often focus
on specific formulations or techniques without
providing broader conclusions about general trends,
performance factors, or optimization strategies.
Therefore, there is a clear need for a systematic
review that organizes and analyzes these findings,
identifies gaps in knowledge, and offers a cohesive
understanding of the preparation methods,
stabilization approaches, and application prospects
for PLA emulsions.

The aim of the research. This review
systematizes the strategies for preparing PLA
emulsions suitable for coating applications,
examining their formulation, stability, film-forming
behavior, and potential environmental and
functional advantages. To achieve the goal of this
work, several key tasks were set and accomplished.
First, the environmental motivation and scientific
relevance of developing PLA-based emulsions as an
alternative to petroleum-derived coatings are
outlined. Next, the main approaches used to prepare
polymer emulsions were described, focusing on
physical methods and their relevance to biopolymer
systems. Specific methods applied to PLA were
reviewed,  highlighting  their = mechanisms,
advantages, and limitations. After that, key factors

affecting emulsion stability, such as droplet size,
phase behavior, and interfacial phenomena, were
investigated. The role of various emulsifiers in
stabilizing PLA emulsions is analyzed and the most
commonly used surfactants are reviewed.
Additionally, critical barriers to the practical use of
PLA emulsions in coatings were identified,
including issues of materials, processes, and
performance characteristics, and current and
emerging uses of PLA emulsions in various
industries were discussed, with a focus on coating
technology.

Statement of the basic material of the study.
Emulsion systems are commonly prepared using
two principal categories of methods: high-energy
and low-energy techniques [6]. Each method is
distinguished by the way energy is introduced into
the system to create and stabilize the dispersed
phase.

General methods for preparing emulsions.
High-energy methods utilize mechanical input to
forcibly break one phase into fine droplets within
another. Techniques such as high-shear mixing,
ultrasonication, and high-pressure homogenization
are effective tools to overcome interfacial tension,
particularly when creating emulsions from
hydrophobic polymers or pre-polymer solutions.
These methods are suitable for forming small,
uniform droplets and are often used when
emulsifying organic solutions of polymers like PLA
into aqueous phases.

In contrast, low-energy methods depend on
changes in system composition or temperature to
drive  emulsification. Techniques such as
emulsification by  solvent diffusion and
emulsification-evaporation are valuable
approaches, especially when working with
biodegradable or thermally sensitive polymers.
These methods typically involve dissolving the
polymer in a volatile or partially water-miscible
organic solvent, followed by dispersion into water
and removal of the solvent to form stable emulsions
or particles.

Another noteworthy approach is condensation-
based emulsification, where emulsion formation
occurs concurrently with polymer growth, leading
to enhanced stability and control over droplet
architecture. This technique is relevant for systems
requiring in-situ polymerization or step-growth
polymer formation and supports the development of
advanced emulsified structures for coatings and
functional materials.

Due to the hydrophobic nature and solvent
dependency of poly(lactic acid) (PLA), the
preparation of its emulsions commonly relies on
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both low-energy solvent-based techniques and high-
energy mechanical dispersion. The choice of
method depends on desired emulsion properties,
application  requirements, and formulation
constraints.

Methods for preparing PLA emulsions. One of
the most widely used techniques is the
emulsification—evaporation method. PLA s
dissolved in a volatile, water-immiscible organic
solvent such as dichloromethane, and the resulting
organic phase is emulsified into an aqueous phase
containing a stabilizer like polyvinyl alcohol (PVA)
using high-shear mixing or ultrasonication. As the
organic solvent evaporates, typically under reduced
pressure or ambient conditions, PLA precipitates
into fine droplets suspended in water [7].

Advantages of this method include its
simplicity, compatibility with hydrophobic drugs or
additives, and good control over particle size.
Limitations involve the use of toxic solvents and the
need for effective solvent removal. It is widely
applied in biomedical formulations and in coating
systems where precise particle morphology is
needed.

The emulsification—diffusion method uses a
partially water-miscible solvent such as ethyl
acetate, which diffuses into the continuous aqueous
phase after emulsification and is then removed by
evaporation [8]. This approach avoids chlorinated
solvents and operates under milder conditions,
making it more environmentally friendly. It is ideal
for forming emulsions containing thermally
sensitive components or bioactive molecules.
However, solvent selection is limited, and slower
solvent diffusion can result in broader particle size
distributions.

Ultrasonication, often wused to assist
emulsification, employs high-frequency sound
waves to generate cavitation, which breaks large
droplets into smaller ones [9]. This method is highly
effective in producing nano-sized emulsions with
narrow particle distributions and requires minimal
surfactant. It is especially suitable for applications
needing high precision in droplet size, such as
nanocoatings or PLA-based delivery systems. The
main drawback is the limited scalability and
potential for polymer degradation due to localized
heating.

High-pressure ~ homogenization  involves
forcing the emulsion through a narrow gap at high
pressure, causing intense shear and turbulence that
break down droplets to submicron sizes [10]. This
method produces highly uniform emulsions and is
scalable for industrial use. It is beneficial in
continuous coating production or when long-term

emulsion stability is essential. However, the method
is energy-intensive and may not be suitable for heat-
sensitive compounds.

Each technique offers unique benefits
depending on the formulation goals — whether it's
enhanced stability, environmental safety, process
scalability, or compatibility with sensitive additives
in coating systems.

Emulsion stability. But after preparing the
emulsion, it is necessary to ensure its stability. The
stability of emulsions is a critical parameter for their
practical use in coatings, pharmaceuticals, and food
systems. Emulsion stability refers to the system's
ability to resist changes in droplet size distribution
and phase separation over time. Several physical
phenomena can destabilize emulsions, including
coalescence, flocculation, creaming/sedimentation,
and Ostwald ripening [11].

Emulsion stability is influenced by several
interrelated factors. (Fig. 1).

Interfacial film Viscosity of
properties continuous phase
> Emulsion Stability <2

i i

Temperature and Presence of insoluble
ionic strength components

Fig. 1. Factors affecting emulsion stability

One of the primary considerations is droplet
size and distribution: smaller droplets tend to resist
gravitational separation and coalescence more
effectively, while a narrow size distribution
enhances uniformity and minimizes the likelihood
of phase separation. The properties of the interfacial
film also play a critical role; the strength and
elasticity of the stabilizing layer formed at the
oil/water interface — usually by surfactants or
polymers — are key to preventing droplet
coalescence. Additionally, the viscosity of the
continuous phase, typically aqueous, significantly
affects droplet mobility; increased viscosity reduces
the rate of creaming and lowers the frequency of
droplet collisions.  Electrostatic and steric
stabilization mechanisms are also important.
Surfactants may impart charges to droplets, causing
electrostatic repulsion, while adsorbed polymer
layers can create steric hindrance that physically
blocks droplet aggregation. Environmental factors
such as temperature and ionic strength further
impact stability. Higher temperatures tend to lower
the rigidity of the interfacial film and enhance
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droplet motion, thereby promoting instability.
Likewise, high ionic strength can compress the
electric double layer around droplets, weakening
electrostatic stabilization. Finally, the presence of
insoluble components like pigments or crystalline
particles can influence the rheological behavior of
the emulsion. These additives may stabilize the
system through Pickering stabilization or,
conversely, cause destabilization through bridging
flocculation, depending on their nature and
interactions within the emulsion.

Designing stable emulsions requires a balance
of interfacial engineering, viscosity modification,
and environmental control to suppress the
mechanisms of destabilization.

Emulsifiers used in PLA-based emulsions.
Emulsifiers play a critical role in the stabilization of
emulsions by reducing interfacial tension between
immiscible phases and forming protective layers
around dispersed droplets. Emulsifiers can be
broadly categorized by their molecular structure and
mechanism of action, including low molecular
weight surfactants, polymeric stabilizers, and
naturally derived compounds [12]. Among these,
nonionic surfactants such as Tween 20, Tween 80,
and Span 60 (Fig. 2) are widely used in emulsion
systems due to their mildness, compatibility with a
wide pH range, and low toxicity. These surfactants
are particularly effective in stabilizing emulsions
through steric hindrance and have demonstrated
high efficiency in preparing PLA-based emulsions.
Tween 80, for example, has been frequently applied
in PLA nanoemulsion formulations, ensuring
droplet stabilization and suppressing aggregation
[13].

Tween 20
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Fig. 2. Chemical structure of Tween 20,
Tween 80, Span 60

Ionic surfactants such as sodium dodecyl
sulfate (SDS) and cetyltrimethylammonium
bromide (CTAB) (Fig. 3) also serve as effective
emulsifiers by imparting electrostatic repulsion
among droplets [14]. SDS, in particular, has been
used in various PLA emulsion formulations,
although its sensitivity to changes in pH and ionic

strength can limit its applicability in certain coating
systems [15]. In contrast, polymeric emulsifiers
such as polyvinyl alcohol (PVA) provide enhanced
stability through the formation of robust interfacial
films. PVA is one of the most commonly used
stabilizers in PLA emulsion preparation due to its
excellent film-forming ability and strong steric
stabilization, making it suitable for applications
requiring long-term dispersion stability. A number
of scientific papers support its widespread use in
PLA emulsions intended for controlled release
systems and coatings [16].

Cetyltrimethylammonium bromide
“Na*
Q
O:$ =0
R N P e e
Sodium dodecylsulfate

Fig. 3. Chemical structure of cetyltrimethylammonium
bromide (CTAB) and sodium dodecyl sulfate (SDS)

Another class of polymeric stabilizers includes
poloxamers, such as Pluronic F68 (Fig. 4), which
are amphiphilic block copolymers offering both
steric and, in some cases, thermoresponsive
stabilization. These have been explored in PLA
nanoparticle dispersions for biomedical and
environmentally friendly coating applications [17].
Natural emulsifiers such as lecithin, gum arabic, and
casein have also been investigated for stabilizing
emulsions, particularly where biocompatibility and
biodegradability are essential. Lecithin, a
phospholipid-based emulsifier, has shown promise
in PLA systems but often provides weaker
interfacial strength compared to synthetic polymeric
emulsifiers.

CHa
0 o)
H (0] OH
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Fig 4. Chemical structure of Pluronic F68

Overall, the choice of emulsifier for PLA
emulsion preparation depends on the required
stability, particle size distribution, biocompatibility,
and application context. Among the available
options, polyvinyl alcohol and nonionic surfactants
like Tween 80 remain the most suitable and widely
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adopted stabilizers for preparing PLA emulsions
intended for coating formulations.

Challenges and limitations. While poly(lactic
acid) (PLA) 1is an attractive candidate for
developing sustainable coatings due to its
biodegradability and renewable origin, several
limitations continue to hinder its broader
application, especially in emulsion-based systems.

One of the primary challenges lies in PLA’s
intrinsic brittleness and low toughness, which
results in coatings with poor flexibility and
resistance to mechanical stress. This restricts the
standalone use of PLA in structural or load-bearing
applications, unless modified through blending or
plasticization [18]. However, such modifications
can reduce environmental compatibility or lead to
phase separation within emulsified systems.

Another significant barrier is PLA’s limited
thermal and hydrolytic stability. The polymer
begins to degrade at elevated temperatures and is
sensitive to hydrolysis under humid or aqueous
conditions, which complicates its use in water-
based emulsions. This property affects the long-
term durability of coatings and can lead to
instability  during processing, storage, or
application.

In aqueous systems, PLA’s hydrophobic nature
presents an additional formulation challenge.
Achieving a stable and uniform dispersion in water
often requires careful selection of surfactants or co-
solvents, and even then, issues such as droplet
coalescence or sedimentation can arise. This makes
the design of long-term stable PLA emulsions
technically demanding and often reliant on trial-
and-error stabilization strategies.

Moreover, PLA exhibits slow crystallization
kinetics, which can lead to poor film formation,
delayed curing, or inconsistent adhesion on
substrates. This limitation is particularly relevant
for coating applications that demand fast setting
times or require specific surface interactions.
Techniques such as nucleating agents or
copolymerization have been explored, though they
add complexity and may affect the clarity or
biodegradability of the final product [19].

Finally, economic constraints remain a
consideration. The production cost of high-purity
PLA is still higher than that of conventional
petrochemical-derived polymers, especially in
regions without local biopolymer infrastructure.
This limits PLA’s competitiveness in price-
sensitive markets, despite its ecological advantages.

These challenges illustrate the importance of
continued material innovation and formulation

optimization to unlock the full potential of PLA
emulsions in coatings and related fields.

Potential applications. Poly(lactic acid) (PLA)
emulsions offer promising applications across
various industries due to their biodegradability,
biocompatibility, and eco-friendly profile. In the
field of coatings, PLA emulsions can be used for
environmentally sustainable surface finishes on a
wide range of substrates, including wood, paper,
textiles, and metals. These coatings offer not only
durability and water resistance but also the
advantage of biodegradability upon disposal,
making them ideal for applications where
environmental impact is a key concern.

In the pharmaceutical and biomedical
industries, PLA emulsions are utilized for
controlled drug release systems. The polymer's
biocompatibility and ability to form stable
emulsions allow for the encapsulation of active
compounds in a manner that facilitates sustained
release over time [20]. Additionally, PLA
emulsions are used in cosmetic formulations,
particularly in skin-care products, due to their non-
toxic nature and the ability to form smooth, uniform
coatings on the skin [21].

PLA emulsions are also finding growing use in
food packaging and agricultural films, where their
biodegradability provides a sustainable alternative
to traditional plastic films. Their ability to form thin,
protective layers that degrade naturally offers a
promising solution for reducing plastic waste.

As research and development in PLA-based
emulsions advance, their applications are expected
to expand into new areas such as electronic devices,

where they can be used as coatings for
environmentally friendly, biodegradable
electronics.

Recent findings and further development of
technology. Recent advancements in the field of
poly(lactic acid) (PLA) emulsions have underscored
their significant potential in diverse applications,
including coatings, biomedical devices, food
packaging, and environmental solutions. However,
the development of stable and efficient PLA
emulsions continues to face challenges, particularly
in terms of thermal sensitivity, brittleness,
hydrophobicity, and limited mechanical properties.
As researchers continue to explore the full potential
of PLA, it is evident that overcoming these
limitations is critical for broadening its commercial
viability and performance.

One promising strategy to address these
limitations involves incorporating nanofillers and
surface-active agents to enhance mechanical,
thermal, and barrier properties of PLA emulsions.
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Recently, scientists have been carefully considering
the possibilities of modifying PLA with various
nanofillers, such as nanoclays, carbon nanotubes,
and cellulose-based materials [22]. These
modifications can significantly improve PLA’s
stiffness, heat resistance, and overall performance,
and such strategies can be effectively transferred to
emulsified systems to improve film properties after
application.

Additionally,  investigating  eco-friendly
stabilizing agents, such as bio-based surfactants or
polysaccharides, could improve emulsion stability
without compromising biodegradability. The use of
PEG-PLA-PEG block copolymer surfactants has
shown to enhance the water compatibility and
stability of PLA emulsions, which is especially
valuable for applications in high-solid, waterborne
coating systems [23]. These amphiphilic surfactants
contribute to improved dispersion and emulsion
shelf-life, while maintaining the biodegradability
and environmental friendliness of the system.

Moreover, recent findings emphasized the
importance of modifying PLA through blending and
composite strategies to improve its mechanical and
thermal properties, which is crucial for the
performance of PLA emulsions in demanding
applications [24]. The combination of PLA with
nanofillers and bio-based surfactants has shown
promise in enhancing the strength, flexibility, and
overall durability of the emulsions, making them
more suitable for industrial use.

As the field progresses, further research into
the optimization of PLA emulsions is essential to
unlock their full potential across a wide range of
applications. Key directions for future development
include the design and use of more efficient and
environmentally friendly surfactants, particularly
those derived from renewable or biodegradable
sources, which can replace conventional synthetic
emulsifiers and reduce ecological impact.
Additionally, advances in polymer modification —
such as copolymerization, surface grafting, or
functionalization with reactive groups — offer
opportunities to enhance the stability, mechanical
properties, and interfacial compatibility of PLA-
based emulsions. The integration of
nanotechnology, for example through the
incorporation of nanoscale fillers or active agents,
also presents promising avenues for creating
multifunctional PLA coatings with antimicrobial,
barrier, or self-healing properties.

Moreover, adapting formulation strategies to
meet specific industrial demands — such as
improving film-forming ability, water resistance, or
adhesion to different substrates — will expand the

usability of PLA emulsions in sectors like
packaging, biomedical coatings, agriculture, and
wood protection. To support commercial
implementation, scalable and energy-efficient
production methods must also be refined, including
the use of continuous processing technologies and
real-time emulsion monitoring systems.

With continued interdisciplinary innovation,
PLA emulsions could evolve from niche research
products into widely adopted alternatives to
petroleum-based coatings. Their potential to reduce
the environmental footprint of polymer-based
materials makes them a critical component in the
transition toward a circular, bio-based economy and
the broader goal of sustainable materials science.

Conclusions. This review provides a
systematic examination of polylactic acid (PLA)
emulsions as a sustainable alternative to petroleum-
derived coating materials. Through an in-depth
analysis of the current literature and technical
developments, the study highlights the significant
potential of PLA emulsions while also
acknowledging the complex challenges that remain.
The main objective — to assess the state of the art in
PLA emulsion preparation, stabilization, and
application — has been fulfilled by addressing
several interrelated research tasks that collectively
offer a structured perspective on this promising but
still-developing area.

Environmental motivations behind the shift
from petroleum-based polymers to biodegradable
alternatives such as PLA were established. The
growing global plastic waste crisis and increasing
legislative pressure for eco-friendly materials
underscore the urgency of finding sustainable
coating solutions. PLA stands out due to its
biodegradability, biocompatibility, and origin from
renewable resources, yet its direct use in coating
applications is limited by factors such as brittleness
and hydrophobicity — hence the need for emulsion-
based strategies.

It was provided a foundation by discussing the
general physical approaches employed to create
emulsions,  including  high-shear = mixing,
ultrasonication, high-pressure homogenization, and
condensation methods. These techniques are
essential for controlling droplet size and stability,
which are critical for the performance of polymer
emulsions. Understanding these basic methods
helped contextualize their suitability and
adaptability for biopolymers like PLA.

The specific application of general techniques
preparing emulsions to PLA systems was explored.
Methods such as emulsification-evaporation,
emulsification-diffusion, ultrasonication and high-
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pressure were examined in terms of their
mechanisms, processing conditions, and resulting
particle characteristics. Each approach offers trade-
offs in terms of particle size control, process
complexity, and compatibility with encapsulated
actives or additives. These insights are essential for
selecting appropriate methods tailored to specific
end-use requirements in coatings.

It was highlighted the multifactorial nature of
emulsion stability and analyzed how factors such as
droplet size, viscosity of the continuous phase,
interfacial film strength, and external conditions
(e.g., temperature and ionic strength) influence the
physical and thermodynamic stability of PLA
emulsions. Understanding these variables is key to
formulating stable systems with consistent
performance, particularly in demanding application
environments like coatings.

A variety of surfactants and stabilizing agents
that have been used in the recent studies, such as
Tween 20, Span 60, SDS, and lecithin were
identified and evaluated. It was discussed their roles
in reducing interfacial tension and providing
electrostatic or steric stabilization. The suitability of
each emulsifier depends on system pH, ionic
strength, and desired release or degradation profiles.
This analysis also pointed to the growing interest in
developing  bio-based and  biodegradable
emulsifiers compatible with PLA.

The main barriers to the widespread adoption
of PLA emulsions in coatings were reviewed. These
include PLA’s inherent hydrophobicity, limited
water  dispersibility, sensitivity to thermal
degradation, and difficulties in achieving long-term
emulsion stability. Technical constraints in
processing methods and limitations in film-forming
behavior were also discussed. Overcoming these
barriers will require innovation in material design,
surfactant chemistry, and processing technologies.

Lastly, current and emerging uses of PLA
emulsions, particularly in coating technologies were
outlined. PLA emulsions have shown promise in
areas such as biodegradable packaging films,
controlled-release systems in agriculture and
pharmaceuticals, and environmentally benign wood
and paper coatings. The ability to tailor emulsion
properties opens the door for a wide array of
functional coatings that align with circular economy
principles.

Overall, while many advancements have been
made, existing results are predominantly
experimental and fragmented. This review
demonstrates a clear need for further
systematization and investigation to identify
optimal  formulations,  scalable  production

techniques, and application-specific performance
benchmarks. Continued interdisciplinary
collaboration will be essential to transition PLA
emulsions from laboratory research to viable
industrial solutions that contribute meaningfully to
sustainability goals.
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Xmueryn C.O., Mmuponwk O.B. Ocranni
JOCSAAITHEHHS] Y CTBOPEHHI BOJHHX eMYJIbCili Ha 0CHOBI
nojiMepy NoJIAKTHIY

Cyuacna menoenyisi 00 eKoI02IHHO20 A CMAL020
PO3BUMKY CNOHYKAE OOCTIOHUKIB | HAYKOBYI6 6ce Oinbule
npuoinamu  yeazu  UYEHHIO Md  BOOCKOHAJIEHHIO
nomenyilinux — Oiononimepis  AK  AlbMEPHAMUBU
mpaouyiiHum norimeprum mamepiaiam. Xoua norimepu
HA OCHOBI BIOHOBNIOBAHOI CUPOBUHU BJiCe UWUPOKO
3aCmoco8yIOmuCst 8 MeOUYUHi ma NaKy8aHHi, 60HU 8ce
we nompedyoms  ROOAILWUX — OOCHIOJNCeHb  OJis
OOCSACHEHHS  XAPAKMEPUCTNUK, NOPIGHAHHUX I3
MPAOUYIUHUMY  NOJIMEPHUMU  CUCEMAMY, 3 MEMmol0
poswiupenns cghep ix 3acmocysannsi. Emynscii na ocHogi
noxai(monounoi kuciomu) (PLA) npusepmarome 3nauny
yeazy y 1ako@apoo0sii npomMucio8ocmi 3a808Ku C8oiil
0iopo3KAAOHOCMI, CMANOCMI MA NOMEHYIANy 3amiHu
Mpaouyitinux —cucmem HA OCHOBI PO3YUHHUKIG 1
nonimepie 3 GUKONHOI cuposunu. Y yvomy 02140l
npeocmaesniero 6CeOiUHUL AHANI3 CYHYACHUX 00CTI0NCEHD |
odocsichenvy  y eanysi nioeomosku emyiavcii PLA 3
AKYeHmMoM Ha PYHOAMEHMANbHI 6IACMUBOCME eMYIbCill
ma pizHi Memoou cummesy, 30Kpemd GUNAPOBYEAHMHS.
PO3UUHHUKA, — eMYqbey8anusi 3 oughysicio  ma
2oMoeeHizayito nio eucokum muckom. Ilpoananizosano
PONb  cMabinizamopie i PO3YUHHUKIG V 3a0e3neueHHi
cmabinbHocmi eMyabCitl | iIXHbO2O 6NAUSY HA KIHYeGi
enacmusocmi nokpummie. OKpemo po32iaHymo wupoKo
sorcusani ITAP ma 6ioocnosni cmabinizamopu.

THonpu yucnenni nepesacu, emynvcii PLA maroms
HU3KY BUKIUKIB, 30Kpema 2iopogoduicms, ¢hasoee
po3uapyeanns ma obmediceni MexaHiyHi
Xapakmepucmuxku, W0  CMPUMYE  IXHE  WUPOKe
npomuciose  3acmocygawns. Y yvomy  021a0i
i0eHmu@iko6ano OCHOGHI NpobIeMU Ma pPO3SNTHYMO
nomenyitini  wAXU  iX  ROOONAHHA,  GKIIOUAIOHU
BUKOPUCMAHHSL HAHOMEXHOA02IH, 0i00CHOBHUX
cmaobinizamopie i ONMUMI308aAHUX MEXHOI02ill 0OPOOKU.
Taxooc  0beoeopiolombess  cmpameii  NOKpaujenHs
Macuimabo8anocmi, 3MeHUeHHs eKOA02IUHO20 6NaUsy
emyavcii  PLA  ma  nepcnexmueni — Hanpsamu
sacmocysanns.  OcCKinbKu — HASAGHI  OOCHIOHUYBLKI
pe3yrbmamu  30e0i1bo20 NPeoCcmasneti y 6uensioi
OKpeMUX eKCnepUMeHMAanbHux pooim, yeti 02isi0 MAe Ha
Memi CucmemMamu3yeamu HAKONuueHy IHgopmayio y
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BUSTISI0T CIMPYKMYPOBAHO20 MA NOPIGHAILHO2O AHATIZY.
Taxum wuHOM, 8IH 3aK1A0AE NIOIPYHMS 0I5l NOOANBUIUX

docnioxceHb | 6npogaoddceny Yy cgepi  eKoN02iuHO
be3neunux NOKPUGHUX Mamepiais.
KarwuoBi caoBa:  noni(monouna  kucioma);

noaimep,; 600HI QUCHEPCIl; NIBKOYMBOPEHH.
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STUDY OF THE IMPACT OF DISCRETE CONTROL OF THE COOLING AND
CONDENSATION UNIT ON THE EFFICIENCY OF AMMONIA PRODUCTION

Duryshev O. A., Kobzarev E. V., Gurin O.M., Loriia M.G.

AOCIIIZKEHHA BIVIMBY TUCKPETHOI'O YIIPABJIIHHA BY3J1I0M
OXOJIOKEHHA TA KOHAEHCAIIII HA EOEKTUBHICTD
BUPOBHHUIITBA AMIAKY

dypuien O.A, Ko63apes €. B., I'ypin O. M., Jlopisa M.I.

Optimisation of the ammonia synthesis process is about
determining the most efficient parameters and operating
conditions to achieve the desired goals or maximise
productivity under limited resources and external
factors.

Key areas where optimisation is critical for ammonia
synthesis include

Rational use of resources - optimisation reduces the
consumption of energy, raw materials and chemicals,
which helps to reduce production costs and increase the
efficiency of secondary resources.

Improved product quality - optimisation ensures
consistent production of high quality ammonia, which is
critical for its further use.

Improved process safety - optimal operating conditions
contribute to a safe production environment, minimising
the risk of accidents, fires and explosions.

Stability of equipment operation - optimisation reduces
parameter fluctuations, which has a positive impact on
process reliability and end product quality.

Reduced overall costs - optimisation can minimise the
cost of equipment operation, energy consumption and
maintenance.

Optimisation is an important tool for improving the
efficiency, productivity and sustainability of the ammonia
production process.

This article discusses the application of a discrete-time
control system with a mathematical model of an air-
cooled apparatus (ACA) and analyses the economic
feasibility of implementing this system.

The analysis allows us to determine whether approximate
solutions are acceptable for practical use or whether
there is a need to apply more accurate methods of solving
the problem.

The first step was to choose the optimal degree of
discretisation, which allowed, on the one hand, to
accurately take into account minor changes in values,

and, on the other hand, to avoid an excessive increase in
the number of possible states, which complicates
calculations, especially when working with complex
mathematical models. It has been established that the
economic efficiency of the proposed discrete control
system with a model of a cooling and condensation unit
with a degree of discreteness of 0.5, since it allows to
obtain up to UAH 2.7 million per year due to electricity
savings,

Keywords: air cooling apparatus, mathematical model,
parameter  optimisation, discrete control  system,
economic efficiency.

Introduction. Stability issues in the ammonia
synthesis process are caused by a mismatch between
the operation of the automatic cooling and
condensation (ACC) process and the dynamics of
the synthesis itself. Process parameters, such as
reagent consumption, inlet temperatures of the
cooling unit and external temperature, vary for
various reasons, including changes in the
formulation or production conditions.

These changes can lead to fluctuations in the
synthesis temperature regime and, as a result, in the
temperature of the gas mixture at the column outlet
and inlet to the APU. Operators may attempt to
compensate for these changes by intervening and
adjusting the ventilation of the APU. However, such
interventions can lead to sudden changes in pressure
and reagent flow rates, disrupting the stability of the
ammonia synthesis process.

The problem is exacerbated when the
ventilation is switched on haphazardly, leading to a
sharp drop in temperature. This leads to an increase
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in pressure in the heat exchanger group, further
increasing the pressure drop between the synthesis
column and the compressor. This, in turn, increases
the consumption of reagents and can provoke
uncontrollable changes in the ammonia synthesis
cycle.

In addition, irrational energy consumption can
lead to significant financial costs for the company.
For example, if the equipment is operating at excess
capacity, this will result in overpayments for
electricity. Electricity bills can account for a
significant share of total production costs, so
effective management of electricity consumption is
an important economic objective.

In addition to financial aspects, irrational
electricity consumption can also have a negative
impact on the environment. Excessive energy
consumption leads to emissions of pollutants into
the air and water, which can cause environmental
pollution and affect air quality. In addition,
electricity generation can cause greenhouse gas
emissions, contributing to global warming and
climate change.

Statement of the problem. The task of
implementing a discrete control system is to
climinate instability and (conduct an efficient
process?) energy efficiency of the technological
process of ammonia synthesis. The lack of
consistency in the operation of the automatic
cooling and condensation process (ACP) leads to
fluctuations in process parameters, which can lead
to increased energy consumption and reduced
efficiency. Additionally, inappropriate blower
activation can cause sudden changes in the pressure
and flow rate of the target component, which can
discoordinate the synthesis process.

Purpose. The purpose of this paper is to study
the feasibility of implementing a discrete control
system with a model of an ammonia cooling and
condensation unit in terms of economic efficiency
and ensuring the required product outlet
temperature.

The developed discrete control system is based
on a mathematical model of the cooling and
condensation  unit, which  accounts  for
interdependencies among process parameters and
responds dynamically to changes in heat transfer
conditions. The system determines optimal
operating modes for fans and cooling parameters to
maintain a stable gas temperature at the outlet of the
synthesis column and ensure efficient heat exchange
in the air-cooled heat exchanger (ACHE).
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Discretization in Control System Design.

One of the key aspects in implementing a
discrete control system is the selection of an
appropriate discretization level. The discretization
level defines how finely a continuous variable or
domain is partitioned into discrete units. A smaller
discretization step allows for more accurate
representation of subtle variations in the process
variables.

However, decreasing the discretization interval
increases the number of possible states or
combinations within the model, which can
significantly raise computational complexity—
especially when dealing with sophisticated
mathematical models. Thus, choosing the optimal
discretization level involves a trade-off between
model accuracy and computational efficiency. It is
crucial to balance the need for precise
representation of physical phenomena with the
constraints of data processing and resource
consumption.

In particular, reducing the temperature
measurement discretization step may hinder the
system’s ability to detect minor fluctuations. If the
discretization step approaches the absolute
measurement error of the temperature sensor (0.5°C
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in this case), most small variations in temperature
may be perceived as noise rather than actual process
changes.

To address this, incorporating temperature
readings from the inlet of the cooling unit can
enhance the system's ability to forecast changes in
thermal conditions in response to variations in target
component flow rate. The control algorithm can
then dynamically adjust the operation of the fans at
each air-cooled heat exchanger (ACHE) based on
these input values, ensuring optimal cooling and
condensation regimes for the gas mixture.

This approach helps prevent uncontrolled
temperature  spikes, pressure  surges, and
disturbances that commonly occur with manual fan
operation. Instead, the system dynamically responds
to changes in flow rate and continuously adapts the
operation of the ACHEs to maintain process
stability within the ammonia synthesis loop.

Impact of Contamination as a Disturbance
in Discrete Control of the Cooling and
Condensation Unit.

Considering contamination as a disturbance
variable in the automated control scheme of the
cooling and condensation unit, the application of a
discrete control system offers the potential for more
precise and efficient process regulation. This can
lead to improved performance and the maintenance
of optimal operating conditions.

The fundamental principle of a discrete control
system lies in operating within a finite set of
predefined states or modes. By transitioning
between these states in response to contamination
levels and other process variables, the system can
effectively optimize the functioning of the cooling
and condensation unit.

One practical approach to discrete control is to
adjust the operating modes of fans and other cooling
clements based on the measured degree of
contamination. As contamination increases, the
control system can automatically increase fan speed
or modify cooling parameters to sustain optimal
heat transfer efficiency.

Furthermore, the discrete control system can be
enhanced with decision-making logic algorithms
that take contamination levels and other relevant
parameters into account. This enables the system to
autonomously implement optimal control actions to
ensure effective and stable operation of the cooling
and condensation processes.

Monitoring and Control of Fouling in Air-
Cooled Heat Exchangers Using a Discrete
Control System

To monitor the fouling level of air-cooled heat
exchangers (ACHESs), various sensors can be

deployed on the heat exchanger surfaces and other
components within the system. These sensors track
parameters indicative of surface contamination,
enabling the control system to respond in a timely
manner and initiate corrective actions.

The proposed discrete control system,
integrated with a mathematical model of the cooling
and condensation unit, enables the estimation of the
fouling coefficient of ACHE surfaces by
continuously monitoring and analyzing key heat
transfer parameters and the system's response to
contamination.

The system includes sensors for measuring
temperature, pressure, and heat flux, among others.
The collected data are transmitted to the cooling and
condensation unit’s model, which employs logical
operators and analytical algorithms to process and
interpret the information.

Based on this data analysis, the system can
detect changes in heat transfer performance and
assess the degree of fouling on the surfaces of heat
exchangers and other ACHE components. For
example, a decline in thermal efficiency may
indicate the onset of surface fouling.

Using historical operational data or predefined
threshold values, the system can approximate the
current fouling coefficient by comparing real-time
parameters against expected baseline values. This
estimation supports proactive control measures.

By considering different combinations of fan
activation and cooling settings, the discrete control
system can implement optimal operational modes to
maintain effective heat transfer and mitigate the
adverse effects of fouling. This ensures the stable
performance of the cooling and condensation
processes and enhances the overall efficiency of the
ammonia synthesis loop.

Energy Efficiency and Decision-Making in
Discrete Control of the Cooling and
Condensation Unit.

The proposed discrete control system not only
enables the detection of fouling levels but also
facilitates decision-making to optimize heat transfer
performance and ensure efficient operation of the
cooling and condensation unit.

When the estimated fouling coefficient reaches
its maximum allowable threshold, the system
triggers the self-cleaning mechanism of the air-
cooled heat exchanger (ACHE). In parallel, an
important objective of the control strategy is the
minimization of energy consumption. Since the fans
are activated only when necessary to compensate
for temperature deviations, energy usage can be
optimized, significantly reducing the operating
costs of the ammonia synthesis process.
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The economic feasibility of using a discrete
control system for an air-cooling apparatus (ACA)
is considered in detail

The following assumptions were used to
calculate the economic feasibility:

1. Power of one fan N = 100 kW (according to
the regulations).

2. Electricity cost C = 4.06 UAH per 1 kW
(average value in Ukraine for enterprises).

3. The duration of the unit's operation in the
warm season, H - 5000 hours/year (specified in the
text).

4. Number of possible fan combinations, K -
256 (as discussed earlier).

To simplify the calculations, let us assume that
the average difference in power consumption
between fan combinations is 5/6 N (equal to
approximately 83.33 kW).

Let's first determine the cost of electricity for
each possible combination:

1. The cost of electricity for each combination,
CC, is the cost of electricity per 1 kW multiplied by
the power of the combination:

Cc=C-Pc (18)

We choose the combination that has the lowest
power consumption among those that meet the
temperature requirements (as described in Section
3).

Next, calculate the difference in power
consumption between the standard operating mode
and the selected combination.

Multiply the difference in power consumption
by the number of hours of operation per year (in
your case, 5000 hours) and the cost of electricity per
1 kWh (4.06 UAH).

Analysis of the data shows that among the
combinations that give a given value of the
temperature at the outlet of the APO £1 °C in terms
of energy efficiency is combination 248, i.e. we
have achieved the maximum possible efficiency of
electricity use for this process.

We have found a saving in the cost of
electricity per hour when using the optimal
combination compared to other combinations that
give the set temperature at the outlet of the APO.

The minimum savings per hour are:

1082.7 -947.3 = 135.4 UAH.

The maximum savings per hour are:

1488.7 - 947.3 = 541.4 UAH.

Accordingly, the minimum savings per year
are:

135.4 - 5000 = 677,000 UAH.

The maximum savings for the year is:

541.4 - 5000 = UAH 2,707,000.

Conclusion. The analysis of the discrete
control system incorporating a model of the cooling
and condensation unit under varying temperature
conditions has demonstrated its significant potential
in enhancing both energy efficiency and operational
stability in ammonia production processes.

The proposed control strategy, employing a
discretization step of 0.5, has been shown to achieve
substantial economic benefits—yielding annual
electricity savings of up to 2.7 million UAH. This
result highlights the cost-effectiveness of the system
and its practical value in reducing energy
consumption without compromising process
quality.

In addition to energy savings, the system
addresses the critical issue of fouling on heat
exchange surfaces within the air-cooled heat
exchangers (ACHE). By monitoring the fouling
coefficient, the system is capable of activating the
self-cleaning mechanism once the critical threshold
is reached—without the need to interrupt the
synthesis stage. This feature enables in-process
cleaning, which further minimizes energy losses
and improves the efficiency of gas—ammonia
mixture cooling and condensation.

Overall, the integration of a discrete control
system with a model-based approach for the
ammonia cooling and condensation unit
significantly enhances equipment performance,
reduces electricity consumption, and increases the
overall stability and reliability of the ammonia
synthesis process.
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Oypumes O.A, Ko63apes €. B., I'ypin O.M,,
Jlopia M.I. JlocmigKeHHA BIUVIMBY [MCKPETHOTO
YIpaBIiHHA BY3/IOM OXO/IOMKEHHA Ta KOHJEHcallil Ha
e eKTUBHICTD BUPOGHUIITBA amiaky

Onmumizayis npoyecy cunmesy amiaxy nojsedc y
BU3HAYEHH] HAUOLTbW ehexmUSHUX napamempis i ymos
pobomu 015 00CACHEeHHsT NOCMAGIeHUX yine abo
Makcumizayii npoOyKmMuGHOCMi 6 YMOBAX 0OMEHCEHUX
pecypcis i 308HIWHIX (pakmopis.

OcHo6HI acnekmu, 6 AKUX ONMUMI3AYI Ma€e
BUPIUATIbHE 3HAYUEHHS OISl CUHMe3Y aMiaKy, 6KI0Uams

Payionanvne BUKOPUCTNAHHSL pecypcié -
ONMUMI3AYISA SMEHULYE CHOMCUBAHHS eHepali, CUPOBUHU
ma  XiMIYHUX — PEeYoGUH, WO  CHPUAE  3HUICEHHIO
BUPOOHUYUX eumpam | NIOBUWEHHIO epheKxmueHocmi
BUKOPUCTNAHHS BMOPUHHUX PECYPCIE.

THoxkpawenus sxocmi npooykyii - onmumizayis
3abes3neuye cmaditbhe SUPOOHUYMBO AMIAKY BUCOKOL
AKOCMI, WO € KPUMUYHO GaAXNCIUBUM Ol 11020
n00aIbUIO20 BUKOPUCTIAHHSL.

Iiosuwenns besnexu npoyecy - ONMUMATbHI YMOBU
ekcniyamayii  cnpusloms  CMEOPEHHI0  De3NneuH020
BUPOOHUYO2O — Ccepedosuyd, — MIHIMI3YIOUU — PUBUK
HeWAacHUx UNAOKis, noxcexic ma eubyxis.

Cmabinouicms pobomu 061a0HAHNSA - ONMUMI3AYIs
SMEHWYE KONUBAHHA NApAMempis, wo NO3UMUEHO
BNIUBAE HA HAOIUHICMb npoyecy ma SKICmb KiHYeso2o

npooOyKmy.

3uudicenna  3aeanvhux eumpam - ORMUMIZAYIA
Modice  MIHIMIZy8amu eumpamu Ha eKCnayamayiro
0071a0HANHHA,  CNOJCUBAHHS.  eHepeli ma  mexHiune
00C1Y208Y6aHHS.

Onmumizayis €  aXMCIUBUM  THCIMIPYMEHMOM
niosuwents  epekmusHoOCmi, NPOOYKMUGHOCMI — Md
cmanocmi npoyecy 6UpPOOHUYMBA AMIAKY.

Y yin  cmammi  posenamymo  3acmocyeanms

cucmemu OUCKPEMHO20 KepYBAHHA 3 MAMeMAmuiHo
MoOenno anapama nosimpsano2o 0xonooxcenns (AI10O)
ma npoamnanizoeano EKOHOMIUHY doyinbHicmy
6npP0oBadIICceHHs Yici cucmemu.

B pesynemami aunanizy moowcna eusHavumu, uu
NPUUHAMHI  HAOMUICEHI PO38'a3KU Ol NPAKMUYHO2O
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BUKOPUCTAHHSL, YU € HeOOXIOHICb 3aCMOCY8anHsl Oiibu
MOYHUX MemoOi8 po36'a3aHHs 3a0aui.

Hepwum kpoxom Oys 6ubip ONMUMAILHOZO
cmyneHs OUCKpemu3ayii, aKutl 003601U8, 3 00H020 OOKY,
MOYHO 8PAXY8AMU HE3HAYHI 3MIHU 8ETUYUH, 4 3 THUIO20 -
VHUKHYMU — HAOMIpHO20 — 30ilblleHHs — KilbKocmi
MOJNCIUGUX — CMAHIB, WO  YCKIAOHIOE — PO3PAXYHKU,
0c006aU60 Npu podOMi 3i CKAAOHUMU MATNEMAMULHUMU
MOOeNAMU. Bcemanosneno, wo eKOHOMIYHA
eghekmusHicms 3anponoHo8anoi OUCKpemHoi cucmemu
Kepy8aHHs 3 MOOeWI0 8Y3IOM OXONOONMCEHHA Mda
KoHOencayii 3i cmynenem ouckpemuocmi 0,5, adace 3a
PDAXYHOK eKOHOMII eleKmpuuHoi eHepeii 6oHa 00360715€
ompumamu 00 2,7 MIH. 2pH/PIK;

Knrwouoei cnosa: anapam NOBIMpsHO20
OXOJIOOJK’EHH}Z, mamemamudHa MO()@]lb, onmuMisauiﬂ
napamempis, OucKkpemna — cucmema — Kepy8aHHs,

EeKOHOMIYHA eheKmUBHICb.
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HIABUIIEHHA PIBHSI ®YHKIIOHAJIBHUX
MOKJIUBOCTEM MOCIBHOI MAILIMHMU 3 JUCKOBUMU COLLTHUKAMUA

Meaxonos I'.JIL., ®ecenko I'.B., KypJos B.1.

IMPROVING THE FUNCTIONAL CAPABILITIES
OF THE SEEDER WITH DISC COULDERS

Melkonov H.L., Fesenko H.V., Kurlov V.IL.

Hiosuwenna  epooicatinocmi  CilbCbKO20CNO0APCOKUX
KYIbMYyp MICHO MO8 SI3AHO i3 CMBOPEHHAM HANEHCHUX
VMO8 Ol NPOPOCMAHHA HACIHHA NpU  POPMYBAHHI
NOCiBHUX OOPO3eHOK pOOOYUMU OP2AHAMU NOCIBHUX
Mmawun. Ocobnuso ye 8iOHOCUMbC 00 NOCIBHUX MAUWUH
i3 OUCKOBUMU COWHUKAMU, KT NOps0 i3 ix nepesazamu
donyckaiomv  popmyeanusi 0OOPO3eHOK 13  3HAYHUM
3ACMIYEHHAM POCIUHHUMU peumKxamu ix nociéHo20
nooice. TIpuuunoro ybomy, sK GUABUNOCH, € Me, W0 OUCKU
COWHUKIB,  NEPeKoYYIYUCL  NO  IPYHMY,  CE0€I0
HAMUCKHOIO ~ OI€I0  HA  POCIUHMI — pewmKy, npu
HeOOCMAamHbOMy ONOpY 3i CMOPOHU TPYHMY, He 3MO3i
nepepizamu ix, momy nepemiugyoms ix y OHo 60po3eHOK
i 3anuwaroms ix y HaciuHegomy jodxce. /[ 8UCIAHO2O
HACIHHA 8 MAKI OOPO3EHKU He CMBOPIOIOMbCSL HALEHCHI
YMO8U 01151 IX NPOPOCAHHSL, WO 8 KIHYEe8OMY pe3yibmami
npu3gooums 0o SHUICEHHS 8podfCcatiHoCcmi
cintbebkozcocnodapceokux kKynvmyp. Ilioguwumu pizanery
ehexmuenicms OUCKIE MOICIUBO 3a PAXYHOK HAOAHHS iM
06epmo6o2o pyxy i3 NPOKOB3y8AHHIM, WO ROMpPedye npu
PO3DI3AHHI POCTUHHUX DEUMOK 3MEeHUEeH020 MUCKY Ha
Hux. B pesyromami yvoco pospizammus  Ouckamu
POCIUHHUX PEeUmoK Gi00Y8acmbCs 8 NPUNOBepPXHeBOMY
wapi Ipynmy, wo ynepeodcye ix nepemiujeHHs 00
nocigno2o n04Ce 60pO3€eHOK. Towyxosumu
OOCNIONCeHHAMU GUABICHA NOCIBHA MAWUHA, OUCKU
COWIHUKIB AKUX pO3pi3aiomb POCAUHHI peumKu 3
NPOKOB3YBAHHAM 34 PAXYHOK MO20, WO 6aiu OUCKI
KOJHCHO20 COUIHUKA 3 €OHAHI MIdC 00010 WAPHIPHUM
MeXauizMom, a ix npomunedxcHi mopyi 3’€OHaHi i3
B06HIWHIMU — MOPYAMU  6ANi6  CYCIOHIX — COWHUKIG
WAPHIpHUMU  6anamMu, SKI KIHEMAMUYHO 38 A3aHI 3
ONOPHO-NPUGIOHUMU KOTlecamu NOCiBHOT mawunu. Pazom
3 YuMm, npueio OUCKI6 COWHUKIG I BUCIBHO20 anapamy nio
4ac nocigy modce cymmego 30iNbUmu Ha6aHMalCeHHs
Ha ONOPHO-NPUGIOHI Koleca NOCIBHOI MAawuHu, Wo
CNPUYUHUMb IX HAOMIDHE NPOKOB3YBAHHA, BHACTIOOK
4020 NOPYUWUMbCA CMADITbHICMb 00epManbHO20 PYXY

npueionux mexanizmie. Ycmanoeneno, wo sabesneuumu
cmabinonuicmb  00epmManbLHO20  PYXYy — NPUBIOHUX
MeXanizmié NOCIBHOT MAUIUHU MONCHA YNEPeOIHCEHHIM
HAOMIPHO20 NPOKOB3YBAHHS i ONOPHO-NPUBIOHUX KOTIC
34 PaAxXyHOK 3pIBHO8AdICEH S NIOBULeHOT 00epmOBoT culu
Ha ix npusionomy eany. Takoio € 3anpononoeana nociena
MawuHa, 8 CK1a0 AKOI  8X00umv  eHepeemuyHo
3a0e3neveHuti  6pIBHOBAJICYBAY,  AKUU 34 YMOS
HAOMIPHO20 NPOKOG3YBAHHA ONOPHO-NPUBIOHUX KOJIC,

3pigHosadicye  nioguwjeny obepmosy cury Ha - ix
npugionomy — 6any,  3abesneyyiouu  MuUM  CamMum
cmabinvuicms  pobomu  eucisHozo  anapamy i

00epmo6o2o pyxy OUCKI6 COUHUKIG I3 NPOKOB3Y8AHHAM
nio 4ac nocigy CiibCbKO20CN0O0APCLKUX KYIbMyp.
Knwuoei cnosa: mawuna, nocie, 6oposenxu, nocigne
Jl094ce, NPOKOB3YBAHHS, OUCK.

Beryn. BazoBoro OCHOBOIO
CITBCHKOTOCTIONAPCHKOI Tally3i HAIIOl JepKaBU €
3epHOBE TOCIOJAPCTBO, SIKE MAa€ IEPIIOYEProBe
3HaYCHHS Yy 3a0e3leueHHI  MPOJOBOJIILCTBOM
HACEJNICHHs, a IIPOMUCIOBOCTI CHPOBUHOIO, IO
CTBOPIOE CIPHUSITIIMBI YMOBH ISl  TIOJAJBIIIOTO
PO3BUTKY POCIMHHUIIBKOT Tamy3i, TICHO OB’ I3aHO1
3 TEepelOBHMH  TEXHOJOTIYHHMHU  TpoIlecaMu
BUPOIIYBaHHS CITBCHKOTOCIIOAPCHKUX  KYIBTYP.
[Ipu 1mpoMy TexHOJNOTIS TMOCIBY 3aiiMae omHE i3
MPOBITHUX MICIb, BiJ TOKA3HUKIB BUKOHAHHS SIKOT
B 3HAYHIA Mipi 3aJ€KHUTh BPOKAWHICTH BHCISTHOL
KyIbTYpH. sl TOCiBY 36pHOBHX Ta IHIIUX KYIBTYD,
B CLIbCHKOTOCTIONAPCHEKOMY BHUPOOHHUITBI
3aCTOCOBYIOTH BITIYM3HSIHI IIOCIBHI MAIlIMHA TaKi K
C3-3,6A-04 Tta C3-54-04, C3-10,8, MB3-4,5
«Memnanisg», C3M, Hixka-6, C3/1-360.03-V, CP3 4-
02 Mini-Till Ta i#mI, a Takox 3apyOiXHi, Taki K
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Maschio Gaspardo Corona, Cataya, NTA 3510
Great Plains, TDNG 420 SEMEATO Ta i, sKi
00IagHyI0Th TTUCKOBUMH, KHJIEBUTHIMH,
AHKCPHUMU Ta 1HIIUMHU THIIAMHU COIIHUKIB, CEPe.
SIKUX MAIlIMHU 3 IUCKOBHUMH COITHUKAMU 3aiiMarOTh
ocobmuBe wicre [1]. Ilim wac pobGoTH Takux
MOCIBHUX MAallMH OOEpTOBHHA pyX BiA iX OMOpHO-
MIPHUBITHUX KOJIIC TIEPENAEThCSI BUCIBHUM ariaparam,
sIKi BIZOMparOTh MOCIBHUI Marepiai i3 OyHKepa i
MOJAI0Th  HOro  4Yepe3  HACIHHEMPOBOIU  JIO
COIHUKIB, SKi 3aropraloTh iX B TpyHT. Y
BIIMTOBITHOCTI 13 arpoOTEXHIYHUMH BHUMOTaMH 10
MOCIBY 3€pHOBHX  KYyJBTYp, COIIHUKH TpHU
3aropTaHHi HACIHHS B IPYHT MOBHHHI (OpPMyBaTH
Oopo3eHkHm 3amaHoi TNHOWHW 0€3 POCITUHHUX
pEIITOK, PO3MIIyBaTH HACIHHS Ha YIIIJIFHEHOMY
MOCIBHOMY JIOKE 13 3a0e3MeueHHAM iX KOHTaKTy 3
KalliJIIpHUM IapoM IPYHTY 1 MPHUKPUBATH HOTO
BOJIOTHM TpyHTOM [2].

MeTtoro poOOTH € IOCHTIKSHHSI CYy9acHOTO CTaHy
MOCIBY 3E€pHOBHX Ta IHIMUX KyJAbTYp MAaIIMHAMHU i3
JNUCKOBUMM COIIHMKAMH 1 TIJBUIICHHS PIiBHA 1X
(hyHKITIOHATTbHUX MOXKITUBOCTEH.

3amaya DOCIIMKEHHSA: MOCIIAATH TEXHOJIOTTYHHMN
pouec (dbopMyBaHHS 00pO3eHOK JIUCKOBUMU
COIIHWKAaMHU IPU MOCIB1 3€pHOBUX KYJIBTYP, IEPCBAKHO
Ha 110JI1 3 MOBEPXHECBUMH POCIMHHUMU PCHITKAMMU.

AHaTI THYHIMHA JOCII[DKEHHAMA
YCTaHOBJICHO, IO TIPH ITOCIBI 3€PHOBUX KYIBTYP B
CY4YaCHHX CHUCTEMax 3eMJICPOOCTBA, B TOMY YHCII B
CHUCTEMI  «HYJIBOBOTO»  OOpOOITKY  TPYHTY,
3HAXOATH IIMPOKE 3aCTOCYBaHHS .ITOCIBHI MalTHHU
13 JOHCKOBUMH  COIIHHKAMH, SKI  HaIiJEHI
OCOOJIMBOIO BIIACTHBICTIO TMPHUCTOCOBYBATUCH JIO
PI3HOMaHITHUX ITOJHOBHX YMOB CiBOH. [Ipu 1mmeomy
YCTaHOBJICHO, 1110 MPH 3aCTOCYBAaHHI TAKUX MAIlIMH
JUIS TIOCIBHUX pOOIT HA IMOJIi 3 IMiIBUIIICHUM BMiCTOM
MMOBEPXHEBUX  POCIWHHHUX  PEIITOK,  JWCKHU
COIITHHKIB, HATUCKYIOUM TIPH TIEPEKOYyBaHHI Ha
POCIIMHHI DPEIITKH, TPU JOCTATHHOMY OIOpY 3i
CTOPOHH TIPYHTy pO3pi3aloTh iXx pyOmsanm
crmocobom, K moTpedye 3HaIHOTO 3ycwiuis [3].
[Ipu HEmoCTaTHLOMY OTOpPY POCIMHHUM PEIITKAM
31 CTOPOHH TPYHTY, BiAOyBa€ThCs 1X BIABIIOBAHHS
IUCKaMH Yy JHO OOpO3CHOK, 3acMIdyrodd iX
HaciHHeBe Joxe [4]., IlepemimenHi auckamu
COIITHUKIB POCJIMHHI PEIITKA B HACIHHEBE JIOXKE
OOpO3EHOK, TMOTIPIIYIOTE YMOBH IPOPOCTAHHS
BHICISTHOTO B HMX HACIHHS, a TAKOXK MPUTHIYYIOTH iX
MOJANBIIUN PICT i PO3BUTOK, IO MPU3BOAUTH JIO
3HIDKCHHS BPOXKAMHOCTI CUTBCHKOTOCITONAPCHKHAX

Kyneryp [5].
[ligummrn p1BeHb ($yHKIIOHATBHUX
MOXKJINBOCTEN HOCiBHOI MallluHHU MOXKJINBO

HaJaHHSAM JAFCKaM COITHUKIB 00€pTaIBHOTO PYXY i3

MIPOKOB3YBaHHM, SKHU OIIHIOETHCS Koe(DilieHTOM

o

KOB3aHH:, .
Vs
o=, (1)
ne Vi- IIBHAKICT IPOKOB3YBAaHHS  JIMCKIB

COIITHUKIB ITOCIBHOI MAIIIUHHU, M/C;
V. - INBUJIKICTh TUCKIB 3 IPOKOB3YBaHHAM B1THOCHO

KOHTAKTY 3 TPYHTOM, M/C;

V.=, )

K

1€ () - KyToBa MIBUKICTh JHCKa, C';
7, - paniyc qucka, M.

JIoCIiPKEHHSIMHU TaKOX YCTAHOBJICHO, IO PyX
JIUCKIB 3 TPOKOB3YBAaHHSAM CIIPHUSE PO3PI3aHHIO
HUMH TTOBEPXHEBUX POCIIMHHUX PEIITOK 13 MEHIIINM
3HAYCHHSIM HOPMAaJIbHOTO TUCKY Ha HUX. BHaciimok
BOTO PO3pi3aHHS TAKUMH JIUCKAMHU POCIUHHUX
PEIITOK BiAOYBa€ThCA Yy IMPUIIOBEPXHEBOMY IIapi
IPYHTY, IO YyIEpe/Kye iX IMepeMillleHHS Yy IHO
OOpO3EHOK 1 3acMiueHHsS X IOCIBHOTO JIOkKe [6].
Pa3om 3 nuM, 13 KOB3aHHSAM IMCKIB TICHO HOB'S3aHO
iX B3aeMOfist 3 TPYHTOM, SKy MOXHA OI[IHHTHU
KOCQIIIEHTOM 3YCTUICHHS @ :

— Rxmax
¢ ==, (3)
A€ R_ - peakuis, 0 BUHHMKA€ B KOHTAKTI JUCKA 3
IpyHTOM, H.
R - 3HAYCHHSA peakKiii, sKe peai3yeThCs 3a

X max
YMOBH MaKCHMaJlbHOTO
IpyHTOM, H;
3HaveHHs peakuii R B 3HauHiil Mipi 3a71€XKUTH

34YCIUICHHA JUCKa 3

BiJI BEJIMYNHU 00EPTOBOI CHIIH, SIKa yTBOPIOETHCS HA
BaJIy AMCKIiB COIIHUKIB IPH iX IPUBOJI Bil ONOPHUX
KoJic mociBHOT MamuHU. [Ipu boMy, HE0OXiTHOIO
YMOBOIO TICPEMIIICHHS AUCKIB 13 MPOKOB3YBAHHIM
€ Y3TOIDKEHICTh iX 00epToBOTO pyXy i3 obepramu
OTOPHO-TIPUBIIHUX  KOJiC, fKa peaji3yeThCs
KiHEMaTHIHUM 3B’S3KOM IX TPHUBITHOTO Baly 3
00epTOBUMHU BajaMH JUCKIB COIIHUKIB TOCIBHOT
MammHA. Pazom 3 WM, TpUBiL MeEXaHi3MiB
MOCIBHOT MAIIIMHM BiJ] OMTOPHUX KOJIIC ITiIBHUIIYE HA
HUX HaBaHTAXXCHHS, CIPUYMHIOIOYH THM CaMUM 1X

nepeMillleHHS 3 MPOKOB3YBaHHAM, KOe(illieHT
KOB3aHHS SKOTO, MOXE BHUXOIMTH 3a MEXI
monyctumoro 0,1  [7]. BHacmimok  10r0

MOPYIIYEThCSA CTAOUIBHICTE pPOOOTH TMPUBITHUX
MEXaHi3MiB, 0 SKHUX BiIHOCUTHCS BUCIBHUH anapaT
MOCiBHO1 MarmuHH [8].
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[MomanpmimMu TONTYKOBUMU  JTOCITiDKCHHSIMU
BUSIBJICHA TIOCIBHA MAIIMHA, JIMCKU COIIHUKIB SKHX
MMPOKOB3YIOTh MiJ dYac pPO3pi3aHHS POCIUHHUX
pemTok, mo 3abe3neuye (OpPMyBaHHS HHUMHU
OOpO3CHOK 13 HE3aCMIYCHUM IIOCIBHUM JIoke [9].
I[lpy 1pOMy BalU MAWCKIB KOXKHOTO COINHHKA
3’€IHaHI M CO0O0I0 MIAPHIPHUM MEXaHi3MOM, a ixX
MPOTWJICKHI TOpIi 3’€JHAHI 13 3OBHINIHIMHU
TOPISIMH BaJiB CYCiNHIX COIMHWKIB IIApHIPHUMH
BajaMH, sIKi KiHEMaTHYHO 3B’s3aHi 3 OIOPHO-
MIPHUBITHUMH KOJIECAMU MAIlIMHU TAKUM YHHOM, 110
KOJIOBA IIBUAKICTE KOJIC 3HAYHO TIEPEBHIILYE
KOJIOBY IIBUIKICTH JTUCKIB COIITHHUKIB.
CTpyKTypHU aHalli3 Takoi IOCIBHOI MalllMHU
MTOKa3aBs, IO MPHBIJ JUCKIB COITHHUKIB 1 BUCIBHOTO
amapaTry TIiJ dYac TIIOCIiBy CYTTEBO 30UIBIITyE
HAaBaHTA)XKCHHS Ha OMOPHO-TIPWBITHI KoJjeca, M0
i BUIITYE TX KOe(Dilli€eHT KOB3aHHS, 3HAYCHHS SKOTO
MOJKE TIEPEBHUIIUTH JIOMyCcTHMe. BHACHTIIOK 1IHOTO
MOPYLIYETBCS CTAOUIBHICTE 00EPTaJbHOTO PYXy
MPUBOIY BHCIBHOTO amapaTy i JUCKIB COLIHHKIB,
IO MOTIPIIYE YMOBH (hOPMYBaHHSI HUMH OOPO3EHOK

(ibana ducroba
/
Biid
[ % —]
o # STE=5——0 A —
/g 780\
V)
i —
i | |

i3 HEe3aCMiUeHUM MOCIBHHM JIOKE€ 1 BHCIB Y HHUX
HaciHHA 13 3aJaHUM PSIAKOBHM  PO3IMOJILIOM.
JocnmipkeHHSIMH ~ TakoXX  YCTaHOBIEHO, IO
MiABUIINTH PiBeHb (PYyHKIIOHATBEHIX MOMKIIMBOCTEH
MOCIBHOI ~ MallMHA  MOXHA  .yIEepeIKEeHHSIM
HaIMIpHOTO TPOKOB3YBAaHHS i OTOPHO-TIPHUBITHUX
KOJIIC 3a PaxyHOK 3pIBHOB&KEHHSI Ha iX Bally
HaaAMIpHOI KONOBOi cuiu. Takow MOMKIIMBICTIO
HaJiJeHa IOCIBHA MallliHa, B CKJaJ SKOI BXOIUTh
pama 1 3 onmopHO-IPUBIAHUMH KoJiecam 2, Bajd 3 3
JaTyukoM 4 CHIIOBOrO 3yCWJUIsI Ha Baly 3
3EpPHOTYKOBUH AWK 5 3 BHCIBHUM amapaTtoMm O,
3EpPHOTYKOTIPOBOAM 7, MANPYKHHEHI TOBIAKA 8 3
Biccio 9 ix mpoBopoty, comHukH 10 3 muckamu 11
Ha obOepToBMX Bamax 12, 3’emHaHUX MK COOOIO
c(heprUHUM MIAPHIPHUM MeXaHi3MoM 13, mapHipHi
Banu 14 i3 komnencaTopoM 15 3MiHHM iX JOBXKHHH,
perymsrop 16 TpaHcopmarii 00epTiB,
BpPIBHOBa)KYBa4 17 3 CHEPTeTUYHUM
3a0e3MeyeHHsIM, JaHIOToBl nepenadi 18, 19, 20 i
21 (puc.).

f

Abmopu:

Becenns T

Menkonob [/ ecemro [/,
Deceno 18 Kypnof gl A

Puc. MamuHa nociBHa:
1 — pama; 2 — koneca; 3 — Bai;, 4 — IaTYMK; 5 — SIIMK 36PHOTYKOBHUI; 6 — aniapaT BUCIBHUIL, 7 — 3¢PHOTYKOIPOBOJIH;
8 — moBoaku; 9 — Bick; 10 — comauky; 11 — mucku; 12 — Banm obeproBuit; 13 — MexaHi3M mapHipHmiA; 14 — Ba
mapHipHHUii; 15 — komnencaTop; 16 — perymsrop; 17 - BpiBHOBaxkyBad; 18, 19, 20 i 21 — mepenadi TaHIFOTOBI
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Ilix 4gac ciBOM TakolO MAIIHHOIO, Kojieca 2
CBOIM BaJIOM 3 TIepeIatoTh O0EPTATLHUN PyX depes
mepeqady 18 no BuciBHOro amapary 6, a
nmepemavamu 20 1 21 depe3 Bamm 14 3
KoMIIeHcaTopoM 15 Bamam 12, ski gepe3 MexaHi3M
13 mepenarots obepTanbHUA pyX auckam 11 Takum
YMHOM, IO BOHHM IEPEKOYYIOTHCS MO IPYHTY i3
3HaYHUM TNIPOKOB3yBaHHAM. [Ipu npomy aucku 11,
YTBOPIOIOTH TIOCIBHI OOpPO3EHKH 13 KOB3aI0UMM
po3pizaHHIM POCIMHHHUX PEIITOK B
MIPUIIOBEPXHEBOMY IIIapi TIPYHTY, a BHCIBHUH
amapat 6, BimOupae B IIei 9ac i3 3epHOTYKOBOTO
SIIAKA 5 TTOCIBHUM MaTepiall i CIpsSMOBY€E HOTo 10
3epHOTYKOTpoBoAax 7 'y comHmku 10, ski
3aropTaoTh iX y HE3aCMiYeHE TIOCIBHE JIOXKE
O6opo3eHok. [lpu 1bOMY HE3aJeKHE KOTIIOBAHHS
penbedy mons comHukamu 10 37iCHIOETHCS 3a
paxyHOK 3MiHU JIOBKHU BaJiB 14
KOMITeHcaTopamMu 15, a o0epToBuii pyx Bif
perymsitopa 16 nepemadam 20, 21 3abe3nedyeTbes
3a PaxyHOK CyMICHOTO iX IPOBOPOTY i3 MOBiAKOM 8
BITHOCHO OCi 9. 3 MiIBUIIEHHSM CHJIOBOTO 3y CHJIIISA
Ha BTy 3 BiJl MPUBITHUX MEXaHI3MIB, CIPUINHEHE
3MiHOIO YMOB poboTH, i ABULIYETHCS
HAaBaHTa)XKCHHS Ha OIIOPHO-TIPHUBINHI Koieca 2, o
MIPU3BOIUTEL J0 TIABUIICHHSA iX IMPOKOB3YBAaHHS 1
TUM CaMUM TOpPYLIEHHA CcTalinbHOCTI poboTh
BUCiBHOTO anapaty 6 i auckiB 11 comrnukis 10. [Tpu
IIbOMY  BpPIBHOBa)KyBad 17,  copuitmaroun
iH(hOpMaIIiIO Bijl JaTUYMKa 4 PO IMiIBUIICHE CUIIOBE
3yCHJUIS HA Bally 3, CTBOPIOE MIPOTHIII0UY 00EpTOBY
cuiIy, sika uepe3 perymsrop 16, mpusig 18 i 19
CIIPUMMAEThCS BHUCIBHUM amaparoM 6, a depes
nepeaui 20 i 21, Banmu 14, 12 copuiimaerscs
muckamu 11. B pesynbraTi Ha ONOPHO-TIPUBITHUX
KojiecaX 2  TIATPUMYETBCS  JOMYCTHUME  iX
MMPOKOB3YBaHHS, a OTXKe 1 CTa0IbHHN 00epTaIbHUN
pyx #oro Bama 3, 3a0e3lmeuyloud THM CaMHUM
cTabilbHy  poOOTYy  BHCIBHOrO  amapary i
dhopmyBanas nuckamu 11 He3acMideHHX MOCIBHUX
OOpO3CHOK i3 3aropTaHHsAM B HHX IOCIBHOTO
Marepianxy y BIAIOBIAHOCTI i3 3aJaHUMH yMOBaMH
TIOCIBY.

[TigBumenHs epeKTUBHOCTI TaKOl MaIlIMHU Ha
MOCIBi 3¢PHOBUX Ta IHIIUX KYJIBTYP JOCATAETHCS 3a
paxyHOK CTBOPCHHS YMOB cTabUTEHOTO
00epTanbHOTO pyXy MPUBOAY BUCIBHOTO amapary Ta
JMCKIB COIIHHUKIB 3piBHOBaKYBAaHHAM HAJMIPHOTO
3yCWJUISI Ha BaJly ONOPHO-TIPUBIMTHUX  KOJIC
3aCTOCYBaHHSM BpIBHOBa)XXyBada Ha TIOCIBHIM
MaIlIVHi.

BucHoBku
Y  pesynpTaTi  QHANITHYHUX  JTOCHIIKEHB
TEXHOJIOTIYHOTO  TPOLECY TOCIBYy  3€PHOBUX

KyJbTYyp MallWHAMH 13 JHUCKOBUMH COIIHUKaAMH

YCTaHOBJICHO, IO (OPMYBaHHS HHMH IIOCIBHHX
OOpO3EHOK 13 HE3aCMiUYeHWM ITOCIBHUM JIOKE Ha
MOJIi 13 TOBEPXHEBUMHU POCIMHHUMH PEIITKAMHU
BinOyBaeTbCsl 13 CYTTEBMM BiAXWICHHAM BiJ
arpoTexXHiYHUX BHUMOTr. lIpuumHOIO IBOMY, SIK
BHSIBWJIOCH, € T€, IO TIPWBI BUCIBHOTO arapary i
JIUCKIB COIIHHUKIB BiJl OIOPHO-TIPUBIAHUX KOJIiC
CTBOPIOE Ha HHUX [OJATKOBE HAaBAaHTAKEHHA, IO
CIPUYMHIOE  HagMipHE 1X  NPOKOB3YBaHHS,
BHACIIiIOK YOT0 OPYLIY€ETHCS CTa0UIBHICTD POOOTH
OPUBIIHAX MEXaHi3MiB, a OTXKe 1 (OopMyBaHHS
HAMH TIOCIBHHUX OOpO3€HOK 13 HE3aCMidCHUM
MOCIBHUM JIOke. B pe3ynbTaTi TBOpPUYMX TOIITYKiB
3alpoNoOHOBaHA MallWHAa I TIOCiBY 3€PHOBHX
KylqbTyp i3  YCTaHOBJICHHMM  €HEpPreTUYHO
3a0€3MeYeHIM BPiBHOBA)KYBaueM 0OEPTOBOI CHIIH,
SIKUM ~ KiHEMaTHYHO 3B’SI3aHUH 3  TPUBOJOM
BUCIBHOTO amapaTy i AUCKiB Ta (pyHKIIOHAJBHO 3
JATYNKOM KPYTHOTO MOMEHTY, YCTaHOBJIEHOTO Ha
Baly ONOPHO-TIPUBITHUX KOJic. 3acTOCYBaHHS
Takoi MallMHU Y BUPOOHMYUX yMOBaxX IiIBUIINTH
BPOXKaWHICTh 3€pPHOBUX KyNIbTYyp 3a PaxyHOK
(hopMyBaHHS TTOCIBHHUX 0OpO3eHOK i3
He3a0pyJHEHNUM TIOCIBHHM JIOXKE, IO IOKpaIlye
YMOBH TPOPOCTAaHHA 1 WOJANbIIOTO PO3BUTY
HACIHHSA, BUCISTHOT'O B TaKi O0PO3CHKH.
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Melkonov H.L., Fesenko H.V., Kurlov VI, Increasing
the functionality of a seed drill with disc coulters

Increasing the yield of agricultural crops is closely
related to the creation of proper conditions for seed
germination when forming seed furrows by the working
bodies of seeding machines. This is especially true for
seeding machines with disc coulters, which, along with
their advantages, allow the formation of furrows with
significant clogging of their seedbed with plant residues.
The reason for this, as it turned out, is that the coulter
discs, rolling over the soil, with their pressing action on
plant residues, with insufficient resistance from the soil,
are unable to cut them, so they move them to the bottom
of the furrows and leave them in the seedbed. Proper

conditions for germination of seeds sown in such furrows
are not created, which ultimately leads to a decrease in
crop yields. It is possible to increase the cutting efficiency
of the discs by giving them a rotating sliding motion,
which requires reduced pressure on them when cutting
plant residues. As a result, the cutting of plant residues
by discs occurs in the surface layer of the soil, which
prevents their movement to the seedbed of the furrows.
Search studies have revealed a seeding machine, the
coulter discs of which cut plant residues with slipping
due to the fact that the shafts of the discs of each coulter
are connected to each other by a hinge mechanism, and
their opposite ends are connected to the outer ends of the
shafts of adjacent coulters by hinge shafts, which are
kinematically connected to the support and drive wheels
of the seeding machine. At the same time, the drive of the
coulter discs and the seeding unit during sowing can
significantly increase the load on the support and drive
wheels of the seeding machine, which will cause their
excessive slipping, as a result of which the stability of the
rotational movement of the drive mechanisms will be
disturbed. It has been established that the stability of the
rotational movement of the drive mechanisms of the
sowing machine can be ensured by preventing excessive
slippage of its support and drive wheels by balancing the
increased rotational force on their drive shaft. Such is the
proposed sowing machine, which includes an energy-
powered balancer, which, under conditions of excessive
slippage of the support and drive wheels, balances the
increased rotational force on their drive shaft, thereby
ensuring the stability of the operation of the sowing unit
and the rotational movement of the coulter discs with
slippage during sowing of agricultural crops.

Keywords: machine, sowing, furrows, seedbed,
slippage, disc.
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CAUSE AND EFFECT RELATIONSHIPS OF FAILURES IN THE FUNCTIONING
OF STRUCTURAL COMPONENTS OF RAILWAY ROLLING STOCK

Fomin O.V., Burlutskyi O.V., Khara M.V., Rybachenko Y.M.

IMPUYNHHO-HACJIIIKOBI 3B’4I3KH BUHUKHEHHSA BI/IMOB
OYHKIIOHYBAHHA KOHCTPYKTUBHUX CKJIAJOBHUX
PYXOMOI'O CKIIAZLY 3AJIIBHUYHOI'O TPAHCIIOPTY

®omin O.B., Bypayuskuii O.B., Xapa M. B., Pudauenxo .M.

The article reveals the peculiarities of the importance of
research work on determining the cause and effect
relationships of failures of the functioning of structural
components of railway rolling stock can hardly be
overestimated due to their multifaceted role in ensuring
the safety, efficiency and economy of railway
transportation. These studies are critical to improving
traffic safety, as failures of structural elements can lead
to catastrophic consequences, including human
casualties and significant material damage. Cause-and-
effect analysis allows for the development of effective
methods to prevent such failures, minimising the risk of
accidents. From the perspective of operational efficiency,
research into the causes of failures helps to optimise
maintenance and repair processes, reducing downtime
and increasing the reliability of rolling stock, which in
turn contributes to the smooth movement of goods and
passengers, increasing the economic efficiency of rail
transport. Particular attention is paid to the analysis of
physical and mechanical factors related to the metal
manufacturing process and operational factors, such as
corrosion damage.

In addition, research and development plays a key role in
reducing operating costs, as predicting and preventing
failures reduces the amount of repair work and overall
maintenance costs. Research also contributes to
extending the service life of rolling stock by identifying
weaknesses in design and materials, which allows for the
development of measures to strengthen and improve
them. An important aspect is the introduction of new
technologies, such as remote monitoring systems and
non-destructive diagnostics, which allow potential
failures to be detected at an early stage, increasing safety
and efficiency. Finally, research into the causes of
failures helps to reduce the risk of environmental
disasters, especially when transporting hazardous goods,
ensuring the environmental safety of rail transport. It is

proved that research and development is an integral part
of ensuring the safety, efficiency and economy of railway
transport.

Keywords: Transport,  freight  transportation,
automation, reliability, rolling stock, traffic safety, cause
and effect relationships.

Introduction. Ukraine's railway industry
accounts for 75% of the country's total cargo
turnover. According to operational data, in 2024,
Ukrzaliznytsia transported 174.93 million tons of
cargo, which is 17.9% more than in 2023, and in
2021 - 314 million tons. The fleet of freight cars
used for transportation includes more than 120
thousand cars. At the same time, the average level
of depreciation of Ukrzaliznytsia's fleet remains
critical at 90%. In particular, 73.3 thousand railcars
(70%) have exceeded their standard service life,
18.4 thousand have served one and a half years of
their standard service life, and, accordingly, the
wear and tear on their bodies and running gear
means an increase in accidents and traffic safety
requirements, and they should be written off. By
2026, 40 thousand railcars, or one in three, are to
be written off. At the same time, experts estimate
that the number of new railcars needed is almost
145 thousand units. That is, there is a huge shortage
of freight cars, which is partially covered by cars
from non-state-owned operating companies or
foreign cars. This state of the railcar fleet requires
its renewal. Renewal of the fleet is critically needed
- currently, only 1 railcar out of 6 meets modern
requirements [1].
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It is known [2] that the strength of structures
is due to the joint action of the following factors:
metallurgical (reflects the properties of the material
- strength, corrosion resistance, weldability,
fracture toughness, etc.), structural (takes into
account the peculiarities of the formula of parts),
technological (takes into account the peculiarities
of the manufacturing technology), operational
(reflects the operating conditions). Methods of
studying structural strength based on an integrated
approach allow taking into account the main
parameters characterizing the metal state,
manufacturing  technology, and operating
conditions to the fullest extent possible. The most
effective methodology for these purposes is the
systematic approach.

It is difficult to overestimate the cause-and-
effect relationships of failures of structural
components of railway rolling stock due to their
multifaceted role in ensuring the safety, efficiency
and economy of railway transportation. These
studies are critical to improving traffic safety, since
failures of structural elements can lead to
catastrophic consequences, including human
casualties and significant material damage. [3].

From the point of view of traffic safety,
studies[4] have been conducted that focus on the
important problem of risk prediction in the
diagnosis of freight car axle assemblies, which is of
great importance for improving the safety of rail
transportation. However, it is necessary to describe
in more detail the algorithms and methods used in
the predictive model, as well as to validate the
model on a large amount of data. Also, in
particular, insufficient attention has been paid to
improving structural reliability. Publication in a
reputable publication increases the credibility of
the model, but more information is needed for a full
analysis.

Study [5] focuses on the important problem of
the dynamic interaction of a freight car and a three-
component bogie with increasing axle load, which
is of great practical importance for improving the
safety and efficiency of freight transportation.
However, it is necessary to investigate more deeply
the influence of different types of cargo and
operating conditions on dynamic characteristics, as
well as to validate numerical models with
experimental data. In particular, insufficient
attention has been paid to analyzing issues related
to improving structural reliability.

Studies [6,7] focus on the important problem
of detecting and classifying damage to railway
gondola cars, which is of great practical importance
for improving the safety and efficiency of freight
transportation, gondola cars make up a significant
part of the freight car fleet, they are used most
intensively Fig. 1. However, it is necessary to
investigate more deeply the influence of various
factors that affect traffic safety, for a full analysis
it is necessary to analyze the cause and effect
relationships

Preventing railcar derailments depends on the
quality of maintenance, compliance with operating
rules and prompt response in emergency situations.
It is important to continuously improve monitoring
systems and staff training.

Purpose of the article and summary of the
main material

The article presents the features and results of
the analysis of the cause-and-effect relationship of
failures of the functioning of structural components
of railway rolling stock that affect train traffic
safety. Based on the analysis, an empirical Pareto
diagram was constructed on the basis of the
development of Ishikawa diagrams in terms of
traffic safety.

Based on the analysis [6-8], a traffic safety
rating for technical equipment failures is
developed, as well as a rating for traffic safety
indicators.

For 2024, the risk rating of violations by
traffic safety indicators according to [8] improved
and amounted to 1.0, compared to 2023 - it was
1.14 (Fig. 1-2.) Based on the above ratings, the
Ishikawa cause-and-effect diagram will be further
constructed. events related to violations of vehicle
safety.

It should be noted that the Ishikawa diagram is
not constructed in the classical form, and only three
types of factors affecting train safety were studied
(Fig. 3).

Analyzing the root causes according to the
Kaura Ishikawa diagram in Fig. 3, it is clear that in
2024 the main reasons affecting the number of
technical equipment failures are

- train inspection technology;

- failure to comply with the technology for
testing brakes from stationary installations,
corrosion wear and tear, and breakage of load-
bearing systems

- Inconsistency in the discharge of work;

- poor staff skills.
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Fig. 4 shows the Ishikawa diagram with cause
and effect relationships, which shows the impact of
various factors and events that affect the level of
gondola car performance.

At the stage of accidental operational factors,
the diagram identifies power; external and corrosion
effects.

First of all, it should be noted that there is no
strict, generally accepted definition of the term
“accidental operational factors”.

The diagram shows the most significant factors
affecting the durability of a gondola car. In
accordance with the diagram, five areas of research
should be organized and work should be organized
in each area according to the classification by level
3 factors. If necessary, each of the factors in the
Ishikawa diagram can be subjected, in turn, to a
cause-and-effect analysis, which greatly expands
the capabilities of this diagram.

Based on the results of the above cause-and-
effect relationships, five groups of factors are
distinguished that reduce the performance of the
studied elements of gondola bodies arising at each
stage of their life cycle. Each group of factors leads
to a mismatch in the durability of a particular
structural component.

When analyzing causality, an impact may have
a number of causal factors that can be grouped into
different categories. The causal factors are often
identified through a brainstorming exercise and are
presented in a tree structure (causal tree). A
systematic approach to identifying hazards, as a
rule, guarantees the identification of most hazards.
To apply the systematic approach, we propose to
use factor analysis, which is developed based on the
analysis of events and data from the BP.

The Pareto distribution for a random variable
X with parameters xm (minimum value, x,>0) and k
(shape parameter, k>0) is given by the following
probability distribution function:

Distribution Function (CDF)

k
1—(%”) , ifx = x,,
0, if x < xpp.
(1)

Fy(x) =P(X <x) =

Probability density function
The derivative of CDF gives the density:

k
k-x3%,

fx(x) = Jxkt1”
0, ifx<ux,.

if x > x,, 2)
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The moments of a random variable having a
Pareto distribution are given by the formula:

k-x;, .
E[X]:{k—l’ if k> 1, 3)
o, ifk<1.
Dispersion:
kl;\c,z,l .
D(X) = {(k-12(k-2)’ ifk>2, 4)
0, ifk <2.

The variance is finite only at k > 2.
Median:

M(X) = x,, - 21/,

A Pareto diagram allows you to distribute
efforts to solve emerging problems and identify the
main factors that need to be addressed to overcome
emerging problems. There are two types of Pareto
diagrams: by results and by causes. In a generalized
sense, Pareto's law leads to the self-similarity of the
ABC curve and can be a starting point for building
a multinomial factor analysis model. (Fig. 5) shows
an empirical Pareto diagram based on the 5-
parameter Ishikawa diagram

Fig. 5 shows that in this case, the priority
measures should be aimed at detecting and
eliminating faults in systems F1, F, and Fs.

Fi-Structural factors 40%, influence (
materials of construction: steel (carbon/low
alloy),aluminium alloys, composite frame and body
construction: stiffness and load distribution, quality
of welded joints, corrosion protection: hot-dip
galvanizing, polymer coatings, cathodic protection
(for tanks).

F2-Operational factors 30%, ( operating
mode:intensity of use, weight loads (overloads),
operating conditions:

climatic effects (temperature, humidity),
aggressive environments (sea air, chemicals),
quality of maintenance:timeliness of repairs,

compliance with maintenance schedules).

F;-. External influences 15% (dynamic
loads:vibrations and shocks, aerodynamic forces
(for high-speed wagons), corrosion
processes:atmospheric corrosion, electrochemical
corrosion).

Fs-Technological factors 10%
(manufacturing quality:assembly accuracy, weld
inspection (defectoscopy), monitoring systems:
condition monitoring sensor, diagnostic systems
(predictive mainte)).

Fs-Regulatory  requirements 4,6 %
(compliance with standards, requirements for:
strength of construction stabilit, safety).
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Fig. 5. Empirical Pareto diagram based on the 5-parameter Ishikawa diagram
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Conclusions:

Research into the cause and effect of rolling
stock failures is a strategic area for ensuring the
competitiveness of rail transport, reducing accidents
and moving to a preventive maintenance model.
They integrate knowledge from mechanics,
materials science, cybernetics and ecology, making
them interdisciplinary and innovative.

The main causes of failures in rolling stock
structures are material fatigue, which leads to cracks
and fractures under cyclic loads and vibrations,
corrosion processes that significantly reduce the
strength of metal parts, poor repair quality that
causes repeated failures due to insufficient staff
qualifications, overloading of rolling stock that
accelerates wear and damage, extreme operating
conditions such as temperature fluctuations,
humidity and pollution that require the use of
special materials, and human error.

Despite the research conducted on the
corrosion problem and the design and technological
measures developed on the basis of their results,
corrosion is the most common type of defect in the
metal power structure of a gondola car body. This is
mainly due to the two circumstances described
below.  Firstly, the corrosion resistance
characteristics of modern metals and the methods
used to protect the structure from aggressive
environments do not ensure a low probability of
corrosion. Secondly, modern science, with a solid
amount of knowledge about the types and
mechanisms of corrosion damage, does not offer
railcar designers acceptable methods for predicting
the time of corrosion initiation and the rate of its
development.

The material considered in this work is the
basis for solving such important issues as:

- study of material (steel) properties of vehicle
parts and processes leading to their failures;

- assessment of the effect of overloading on
crack growth;

- determination of critical dimensions, shape
and position of defects.

- Corrosion prevention by design measures
such as: avoiding water stagnation (drainage holes,
inclined surfaces), sealing welds and joints, using
composite steels or rubber or plastic pads in places
of mechanical wear, for individual vehicle
components.

- Combating post-weld deformations.
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®omin O.B., Bypaynbknii O.B., Ilpuunnno-
HACJiAKOBI 3B’ I3KH BUHUKHEHHS BiTMOB
(pyHKIiOHYBAaHHA  KOHCTPYKTHBHMX  CKJAaJA0BUX
PYXOMOIo0 CKJIAAY 3aJi3HUYHOT0 TPAHCIOPTY

Cmamms po3kpugac 0cobaugocmi 8axciu8ocnii,
HAYK0B0-00CHIOHUX POOIm, 3 GU3HAYEHHS NPUHUHHO-
HAcHiOKo8UX 38'3Ki6 BUHUKHEHHS 8i0M08
@DYHKYIOHYBAHHS KOHCIPYKIMUBHUX CKIAOO0BUX PYXOMO20
CKNAOY 3aNI3HUYHO20 MPAHCNOPIY BAHCKO NEPEOYiHUMU
yepes ixHi0 bazamoepanny pois y 3abe3neuenni besnexi,
epexmusHocmi  ma  eKOHOMIYHOCMI  3QI3HUYHUX
nepegesens. Lli 00ciOHceH s, € KPUMUYHO BAMCIUBUMU
0na  nioguwyeHHss 0Oe3neku pyxy, OCKLIbKU BIOMO8U
KOHCMPYKIMUBHUX eNleMEeHMI8 MO*CYMb Npu3eecmu 0o
Kamacmpo@iunux — HACHiOKI6, BKAOUAIOYU  JTHOOCHKI
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Jlcepmeu  ma 3HAyHi mamepianvhi 30umku. Auaniz
NPUYUHHO-HACTIOKOBUX 38'3KI6 00360JA€ pO3poOUmMuU
eghekmueHi Memoou 3anobicanHs MAKUM GiOMO8AM,
MIHIMI3VIOUU PUBUKYU AGAPIUHUX CUMYAYil. 3 mouKu 30py
egpexmusnocmi  excniyamayii, O00CAIOHNCEHHS NPUYUH
8IOMO8  donomazaioms — ONMUMIZY6amu  npoyecu
MEXHIYHO20 00CIY208Y8AHHS MA PEMOHINY, 3MEHULYIOUU
ygc npocmoie ma niOsUWYIOYU HAOIUHICMb PYXOMO20
CKIA0Y, Wo 8 C80I0 Yepey, Chpusc be3nepeditinomy pyxy
BAHMAICI6 MA NACANCUPIB, NIOBUWYIOUU EKOHOMIYHY
eghekmusnicmos  3anisHuunHux nepesezenv. Ocobaugy
yeazy npuoineHo ananiszy Gaxkmopie Qizuko-mexanivozo
Xapaxkmepy nog@'si3anumMu 3 NpPOYeCcoM BULOMOGICHHS
Memany — ma — eKCWIyamayiuHozo, — mMaxkum 5K
NOWKOOHCEeHH s 8I0 Oii KOPO3IL.

Kpim moeo, naykogo-docnioni pobomu gidieparomo
KAI04Y08Y PONb Y 3HUMCEHHI eKCRLyamayiinux eumpam,
OCKINMbKU NPOCHO3YBAHHS MA 3aN00IeaHHA 6I0MOBAM
003805€ 3MEHWUMUY 00CieU PEeMOHMHUX podim ma
SHUBUMU  3G2aNbHI  eUMpPAmMU  HA  0OCLY208Y8AHHSL.
Hocniooicennss  makosc — cnpusiioms  HOOOBIHCEHHIO
MEPMIRY CYAHCOU PYXOMO20 CKAAOY, BUABTAIOUU CAAOKI
Micysi 8 KOHCmMpYKYii ma mamepianax, wjo 0038075€
pospobasmu  3ax00u  woodo iX NOCUNEHHA — mda
nokpawenus. Baowciusum acnekmom € enposadaicenis
HOBUX MEXHON02IU, MAKUX AK CUCMeMU OUCMAHYITIHO2O0
MoHimopuHey ma 0e3po36ipHa  OiaeHOCMUKA,  SKI
003601810Mb BUAGIAMU NOMEHYIUHI 6i0MOBU HA PAHHIX
cmaoisx, niosuwyrouu  pigenb  besneku — ma
egpexmusrnocmi. Hapewimi, 00cioxiceHHss RpuiuH i0mMos
donomazaioms BHUZUMU PU3UK €KON02TUHUX
Kamacmpog, 0cobauso npu nepegeseHHi HeOe3neuHux
sanmasicie,  3abesneuylouu  eKON02iuHy — Oe3nexy
3ani3HUYHUX ~ nepesesenb.  [logedeno, w0  HAYKOGO-

docnioni  pobomu €  HeBi0'€EMHOIN  UACMUHOIO
3a6e3neuenHs besnexu, eexmusHocmi ma
EKOHOMIYHOCMI 3ANI3HUYHO20 MPAHCHOPM).

Kniouosi  cnoea: Tpancnopm,  nepesesenus
BAHMAICIB, ABMOMAMU3AYIA, HAOIUHICMb, PYXOMUL
CK1a0, besneka pyxy, NPUYUHHO-HACAIOKOBI 36 SI3KU.
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EKOHOMIYHI ACHIEKTH BUKOPUCTAHHSA BTOPUHHUX PECYPCIB
TA MATEPIAJIIB Y KOHTEKCTI HUPKYJIIPHOI EHEPTETUKH

Meabanuyk 1.V., Bo3unii B.3.

ECONOMIC ASPECTS OF THE USE OF SECONDARY RESOURCES AND
MATERIALS IN THE CONTEXT OF CIRCULAR ENERGY

Melnychuk I. V., Voznyi V.Z.

Buxopucmanusi emopunnux pecypcie 'y @popmysanti
CMAnux eHepeemuyHuUx Cucmem € GadXdCIUGUM OJs
PO36UMKY  CYHACHOI  eKOHOMIKU, OCKIIbKU  CHPUSE
3MEHUEHHIO 3ANeNHCHOCIE 810 BUKONHUX OdCepell eHepeil,

BHUICEHHIO Pi6HsL 3a0pYOHeHHA 006K ma onmumizayii

pecypcoxopucmysants. 3pocmaroduii NONUM Ha eHepeito
ma  BUCHAMCEHHS  NPUPOOHUX  pecypcie  pobaamb
YUPKYAAPHI NiOXo0u 00 eHepeemuKku HeoOXiOHicmio, a
BUKOPUCTMAHHS 8I0X00I8 K epeKMUBHUX eHePeOHOCTI8 1
inmezpayisi iIHHOBAYIUHUX MEXHONO02IU Nepemeopioms
8MOPUHHI pecypcu HA KIIOYOBU eleMeHm CMmano2o
pozeumky. CyyacHi mpeHou 3aMKHEHUX eHepeemuiynux
cucmem OpIEHMOBAHI HA YUPPOBI3AYTIO YNPAGIIHHSL
eHepeemUYHUMU NOMOKAMU, SUKOPUCMAHHSA WIMYYHO20
inmenexmy 0Onsl niOBUWEHHA edheKmUBHOCMI nepepooKu
8MOPUHHUX PECYpCis.

Tpuknaoom € kpainu G7, wo ineecmyoms 6 iHHOBAYIUHI
eHepeoeheKmuBHi  MexHono2li  ma  ONMUMI3yions
A02iCMuYHi  anylocu  ONsl  3MEHWEeHHS  BI0X00I8.
Konyenyia Circular Energy 3ocepediicyemocs Ha
MAKCUMATbHOMY 3MEHUWIeHHI I0X00I8 | MEXHON02IAX
nepepooKu,  nepenpoinioéanHs I peyukiiHey 8
EHepeemMUYHUX CUCMEeMAx, NiOKpecaolouu 8adCIugicms
cmanozo pozsumky. J{ooamxogo, eghpexmuene ynpasninis
BMOPUHHUMU PeCypcamu 00360I8€ 3HAYHO CKOPOMUMU
BUKUOU NAPHUKOBUX 2A318, 3MEHUWUMU HABAHMAICEHHS.
Ha NpupooHi exocucmemu ma NIOBUWUMU PIBEHb
eHep2emuU4HOI He3a1edHCHOCI KPAiH.

Cmumynio8auHa ybo2o ceKmopy Micmums NoOAmKo8i
ninveu, cyocudii ma exKoaociuHi HOpMU, AKI CRPUSLIOMD
eKOHOMIuHIL egexmuenocmi indycmpii. Takooic ypsou
ma  MIXCHAPOOHI  opeauizayii  po3poOisoms  HOSI
De2YIAMOPHI MeXAHIZMU, CHPAMOGAHI HA POZUUPEHHS
Modcnugocmeri BUKOPUCHAHHA 6MOPUHHUX pecypcie ma
noxkpawjentHs mexHonoei ix nepepodoxu. 3oxpema,

iHgecmuyii 8 OOCNIONCEHHs [ pPO36UMOK CRPUSIOMDb
CMBOPEHHI0  HOGUX Mamepianié 3 NOKPAWeHUMU
EHep2eMUYHUMU  XAPAKMEPUCTNUKAMU, WO MOIICYMb
eghexmugHo 3amin08amu mpaouyiluni UKONHI pecypcu.
Hasedeni acnexmu niokpecioioms 60U 6MOPUHHUX
pecypcie Ha POPMYBAHHA CINATUX eKOHOMIYHUX MoOeiell,
SHUDICEHHA — eumpam  8upoOHuymea i niosUUjeHHs
eHepeoeeKxmueHocmi 8  CY4acHill  NPOMUCTIOBOCHIL.
Bukopucmanns yupxynapnux npunyunie ¢ enepeemuyi €
KH0U08UM (Dakmopom Ol OOCASHEHHS KIIMAMUYHUX
yinett ma 3abe3neueHHs 00820CMPOKOBOI €KONOSIUHOT
cmitikocmi.

Kniouosi cnosa: yupxynsipua enepeemuxa, cmanuii
PO36UMOK, ~ eKOHOMIYHI ~ ACNeKmu,  eHepeemuyHa
eghexmugnicms, 6iznec mooeui

Beryn. BukopuctaHHs BTOpHHHUX PeCypCiB y

(¢hopMyBaHHI CTanMX CHEPreTUYHUX CHCTEM €
BOKIMBUM  HAOpSMOM  PO3BUTKY  Cy4acHOi
E€KOHOMIKH, OCKUJIbBKM  CHpHUSiE  3MEHIICHHIO
3aJIeKHOCTI Bl BHUKOIHHUX JDKEpel eHeprii,

3HIDKCHHIO PIBHA 3a0pydHEHHS JOBKULIS —Ta
OonTHMI3aIii PEeCypCOKOPHUCTYBAHHSA. 3POCTAIOUMI
NOMUT HAa EHEPril0 Ta BHCHAKEHHS MPHUPOAHUX
peCypciB  poOJIATh LUPKYJIAPHI MiAXOOU 10
SHEPTreTUKN HEOOXITHICTIO, 2 HE MPOCTO TPECHIOM.
BukopucTtanHsi BigXOHiB y SIKOCTI €HEProHOCIIB,
PELMKIIIHT MaTepialiB Ta IHTerpawis iHHOBaliiHIX
TEXHOJIOTI TEPETBOPIOIOTh BTOPUHHI pecypcH Ha
KIIOYOBHH €JIEMEHT CTajloro po3BuUTKy. lle
0COOJIMBO aKTYaIbHO ISl IPOMHUCIIOBO PO3BUHEHUX
KpaiH Ta TUX, U0 NParHyTh JOCATTA €HEPTETUYHOL
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HE3aJISKHOCTI, 3HWKYIOUHM BUKUAW TMMapHUKOBHX
rasiB 1 HOKpaIy4yu e(eKTHBHICT, BUPOOHHUIITBA.

Cygacai TpeHmu y cdepi  cranmx
CHEPreTHYHUX CHCTEM aKIEHTYIOTh YBary Ha
PO3BUTKY  TEXHOJIOTIH  3aMKHEHOTO  IIHKITY,
nudporizarii YIIpaBITiHHS CHEPreTHIYHUMU
MMOTOKAaMHU Ta BIIPOBA/PKCHHI IMTYYHOTO IHTEIEKTY
JUIS  TABHUINCHHS €(EKTUBHOCTI BUKOPUCTAHHS
BTOpPUHHHX pecypciB. Taki kpainu, sk Himeduwnna,
[lIBewis ta Hinepnanau, akTUBHO pPO3BUBAIOTH
KOHIIEMIifo "waste-to-energy", BHUKOPHUCTOBYIOUH
OpraHiyHi BIiIXOmW Ui TeHeparlii Oiorazy Ta
cuaTeTnaHOTO TajuBa [1]. Kpim Toro, riro6anbHi
IHIIIATHBM IOJO 3MEHIIEHHS IIIaCTHKOBOIO
3a0pyTHEHHS CTUMYJIIOIOTh CTBOPECHHS TEXHOJIOT1H
JUTSI TIEPEpOOKH TIONIIMEPHUX MaTepialliB y MMajiBO
a00  CHPOBHHY Ui  NPUUHATTS  HOBHX
CHEPreTHYHUX PIllIeHb. Yce 1€ BKa3ye Ha Te, 10
BUKOPHCTAaHHS BTOPHHHUX DPECYpCIB € He JIUIIe
€KOJIOTTYHO JOLIJIBHUM, a i EKOHOMIYHO BHUI1IHUM
MUITXOM JIO CTaJIOTO EHEPTeTHYHOT0 MalOyTHBOTO.

MeTtoro 1i€i craTTi € aHami3 €KOHOMIYHHX
ACTEKTIB BIPOBAKEHHS MPUHIUIIB HUPKYISIPHOT
CKOHOMIKM Ta IUPKYJISPHOI CEHEPreTUKH Y
MPOMUCIIOBOCTI, & TaKOXK BH3HAUYCHHS KIFOUOBHX
MEXaHI3MIB CTUMYJIIOBAHHS CTajoro pPO3BHUTKY
ILOTO CEKTOpa

Buxaan OCHOBHOI'0 Marepiaiay
aocaigaxenHs 3rigno 31 3Bitom World Cities Report
[2], Ounbmie 3/4 cBITOBOI €HEPril CIOKHUBAETHCS
MiCTaMH, 1 BOHH BUKHJAIOTh OiNbIne 3/5 BUKUIIB
III' (mapuukoBux rasziB). Ilammemis COVID-19
KUHYJIa MDKHAPOJIHI Ta HAIIOHATLHI 1HIIIAaTUBU B
xaoc. Xoya TMOKH MO0 HEMOXXIUBO TIOBHICTIO
OIIHUTH HACNIJIKA TaHJeMii, BOHa, OC3CyMHIBHO,
CKOPOTHJIA CBITOBE €KOHOMIYHE BHPOOHHUITBO [3].
[1lo6 mOMOMOrTH €KOHOMIIIl BiTHOBHTHCS, Oarato
YpAOIB JIMIIE YacTKOBO MOCTaOMIM KapaHTHHHI
3axoAu. 3a JaHUMHU MIDKHApPOIHOTO BaJIOTHOTO
dhouay, y 2020 porri cBiTOBa €KOHOMIiKa BHaJla HA
3% [4].

Kpaimm G7 wMaroum >KOpPCTKI 3aKOHH Ta
MOJIITUKY, TOTOBI 1IHBECTYBaTH B eHeproe()eKTUBHI
TEXHOJIOT11 BUPOOHUIITBA 3 MCHITUMY BHKHIAMU Ta

BUPOOHHUIITBOM BIIXOIB. Kpim TOTO,
JOTPUMYIOUYHUCH MIPHHIIUIIB LUPKYJISAPHOT
€KOHOMIKH, TIPOMHCIIOBICTb Yy TaKuUX KpaiHax

nparHe MiHIMi3yBaTH CBOI BiAXOAM B JaHLIOrax
ITOCTaBOK. BIpoBa/KEHHS METOAIB €KOHOMIYHOTO

BHPOOHHMIITBA Ta HasIBHICTh MTOTY>KHOT
CUMOIOTHYHOI MepeKi Ta 3BOPOTHOI JIOTiCTHYHOI
iHppacTpyKTypH O3Ha4a€ MEHIIE YTBOPEHHSA

BiaxomiB. Yci 1l 3aX04H JIEXKATh B OCHOBI IHHOBAI[IH
3€JIEHUX TEXHOJIOT1H, CIIPSIMOBaHUX Ha 3aNI00ITaHHS
Jerpanaartii HaBKOJIMIIIHEOTO CepeIoBHIIA,

30epeKeHHS IPUPOTHUX PECYPCIB 1 3aTyUYCHHS JI0
MePEIOBHUX TIPOIECiB BUPOOHHUIITBA Ta TEPEePOOKH
[5]. Pesympratm  Takux = 3axojiB,  TOOTO
BIIPOBA/DKCHHS  CTIMKWUX  TEXHOJIOTid, IO
CYIPOBOKYIOTBCS JiSUTBHICTIO 3 BUPOOHUIITBA Ta
CITO’KMBAHHS YHCTOI €HEPTIi, MAIOTh ITOTSHITIAN TS
mocsrHeHHsT  90%  mineld 1040  3MEHIICHHS
Jlerpajianii HaBKOJIMITHHOTO CEPEJOBHINA Y CBITI
[6]. OmHak y IbOMY BiTHOIIICHHI POJTb €KOJOTITIHHIX
HOPM BBAXKA€ETKCS JTyKE BAXKITUBOIO, 110 MOXE OyTH
MOYKJIMBUM 3aBASKH CYBOPil €KOJIOTi4HIH MOMITULI.
Opmnak mpobnema Kpain Benwkoi ciMkH Tosirae y
BIICYTHOCTI  CHHEprii  gii 1mpwm  Takomy
pizHOMaHiTHOMY (opMymrOBaHHI Ta peaizamii
nomtuku [7]. TlpukmamoM Takoi IMONITHKHA MOXE
OyTH HaKJIaIeHHS MOJATKy Ha BUKHUIW BYTJIEIIO Ha

HecTaOibHy  BHUPOOHMYY Ta  TPAaHCHOPTHY
IISUIBHICTD. Inmm MOJIITHKH BKJIFOYAIOTH
BHPOOHHUIITBO Ta CIIOKMBAaHHSA YUCTIIINX

EHEPreTHYHUX TEXHOJOTiH. Y [bhOMYy BUMNAJAKY
3HAYHY yBary MNPUAUIIETHCS TAKUM TEXHOJOTISIM
BIIHOBJIIOBAHOI €HEPrii, SK BITPOBa, COHSIYHA,
biomaca, TiZipo- Ta reoTepManbHa. BBaxkaeThcs, Mo
BIIPOBA/KCHHS BiJIHOBJIIOBAHMX J[KEPEN CHEPrii B
G-7 pomomMoyKe BUPIMIMTH MPOOIEMHU HOTipIIECHHS
HABKOJHUIITHHOTO cepeioBHIIa, a TaKOK
3a0€3MeYNTH SHEPTEeTHYHY OC3MEKY.

Circular Energy o3Hauae CUCTEeMHHUH ITiIX1]1 10
BUKOPWUCTAHHS €HEprii, BIAXiM BiJ JIHIAHAX
MoJIeIielt CTIOKMBAHHS JI0 3aMKHYTHUX CHCTEM.

s xoHmeriss 30cepekeHa Ha MiHIMI3aIll
BIIXO/IIB 1 MaKCHUMaJIbHOMY 30UJIBIIEHH]
e(heKTUBHOCTI BHUKOPHUCTAHHSA PECYPCiB y paMKax
SGHEPreTHYHUX IUKIiB. BiH Haromomye Ha
NOBTOPHOMY BUKOPHUCTaHHI, nepenpodijroBaHHi Ta
MepepoOIli CHEPreTHYHUX PECypCiB 1 MaTepiais,

CIpSMOBAaHMX HAa 3MCHIICHHS BIUIUBY Ha
HABKOJIMIITHE ~ CEPEJIOBUING Ta  IiJBUIICHHS
JMOCTYITHOCTI ~ PecypciB Y  OBTOCTPOKOBIii

nepcnektruBi. OCHOBHA iJies TOJATAE B PO3POOII
EHEPTeTHYHUX CHUCTEM, SIKi BiTHOBIIOIOTh PECYPCH,
a He BUCHAXYIOTh 1X, CIIPUSIIOYN OUIBII CTATIOMY Ta
CTIHKOMY €HEPTreTHIHOMY MaiiOyTHEOMY.

Tepmin UIHPKYJIIpHA SHepTis» €
HEOJIOTI3MOM, SIKMH TIpsAMO BigoOpakae HOro
ocHoBHI mpuHIUIH. «llupkymsap» 0a3yeTscs Ha
KOHIICTIII ITUPKYJIIPHOI €KOHOMIKH, HAT OJIOITYIOTH
Ha 3aMKHYTHX CHCTEMax 1 IMKJIaX, Ha BiIMIHY BiJl

THIHHAX Mozene  «0epu-3poOU-BUKUIAINN.
«EHepris» CTOCYeThCS €HEprii, OTpPUMaHOi 3
¢isuyanx  abo  XIMIYHHX ~ pecypciB,  fdKa

BUKOPUCTOBYETbCA UIE poOOTH MamuH abo
3a0e3neueHHs Telula yu cBiTia. IloenHaHHA 1MX
TEPMiHIB JIHIBICTHYHO O3HAYa€ EHEPreTHYHY
CHUCTEMy, MpHU3HAUYeHy I poOOTH B LHUKIAX,
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BIII3EPKATIOIOYN  MIPUPOJHI  SKOCHUCTEMH, JIie
pecypcu TOCTIHHO BUKOPUCTOBYIOTHCSI TIOBTOPHO.
Horo mosBa moB’s3aHa 31 3pOCTAIOYHM

YCBIJJOMJICHHSIM OOMEXEHOCTI pecypciB i moTpedu
B EKOJIOT1YHUX TPAKTHKAX.

Y pamkax ctanoro po3sutky Circular Energy €
KUTTEBO BAXIIMBUM KOMITOHEHTOM ]ISl JIOCSTHECHHS
eKxoJioriuHoro OamaHcy Ta Oe3meku pecypciB. Bin
0e3mocepeIHb0 CTOCYEThCS MPOOJIEM, MOB’SI3aHUX
13 BHCHaXCHHSIM €Heprii, 3a0pyIHEHHSM Bif
BUPOOHHWITBA €HEprii Ta YTBOPEHHSM BiAXOIiB.
[Ipomarytoun BiTHOBIIOBaHI KEpesia eHeprii Ta
ehexkTuBHE 30€piraHHs eHeprii, IUPKYIAPHICTh
MiHIMI3y€ 3aJIeXKHICTh BiJl 0OMEXEHOTO BUKOITHOTO
manuBa. KpiM ToOro, BiH 3a0X04ye iHHOBAIiifHI
TEXHOJIOTiI Ta TPaKTHKH, SKi  3MEHIIYIOTh
CIIOXKUBAHHS CHEPrii Ta BiIHOBIIIOIOTH CHEPTil0 3
MOTOKiB BigxomiB. lle# miaxinm poOWTh 3HAYHUI
BHECOK Yy TIOM SKIICHHS 3MiHM KJIiMaTy Ta
CIpPUSIHHS OIJBII EKOJIOTIYHO BiAMOBITAIIEHOMY
CHEPTeTHYHOMY CEKTOpY.

Circular Energy OXOILIIOIOTH Pi3HI CEKTOPH,
BKJIIOYAIOYM MiChbKE IUTAHYBaHHSA, ITPOMHCIIOBI
mporecu Ta au3zaidH mpoaykuii. [IpomucioBicTs
3alpoBaXKy€ 3aMKHYTI BHPOOHWYI IPOIECH, fKi
BIIHOBJIIOIOTH 1 TIOBTOPHO  BHUKOPHUCTOBYIOTH
eHeprito. [Juzaiin mpoxmykuii Bce  Oiiblie
30CEPEIKYETHCS Ha JIOBTOBIYHOCTI,
PEMOHTONPHUAATHOCTI  Ta  mepepodmi,  1mo0
MMOJAOBXKHUTHA JKUTTEBUA MK TPOIYKIi Ta
MiHIMI3yBaTH €HEprilo, BTiIJICHy B HOBOMY
BHPOOHMITBI. [HTEICKTyaIbHI MEpeXi Ta PiIlICHHS
JUTS HAKOTIMYCHHS EHEepTii TaKoX 3a0e3leuyroTh

e(eKTUBHUH pOo3MmOIiI 1 BHKOPHCTaHHS
B1HOBJIFOBAHOT eHeprii, ITi IBUTITYFOY N
HUPKYJSIPHICTG IOTOKIB €Heprii  y  OUIBIIMX

MacmTabax [8] .

SHIKEHHS
cobiBapToCTi
BUPOOHUIITBA

HepxaBHi
CTUMYJIH Ta
¢inancoBa
T ITPAMKA

ExonoMiuHi
aCIEKTH

3anydeHHs
1HBECTHIIIN Ta
T ABUIIIEHHS KOHKY-
DEHTOCITPOMOXKHOCTI

mTpadis

3MeHIIeHHS
€KOJIOTTYHUX
MOJATKIB 1

BiamoBigHo 10 BuIeHaBeneHOI iH(OpMAIIii,
pe3yNbTaTiB HAYKOBUX JOCHIIKEHb, TEHACHIIIN
3aCTOCYBaHHS IHCTPYMEHTIB [UPKYJISPHOL
EKOHOMIKM  MOXXHa  cpOpMyBaTH  HACTYITHI
€KOHOMIYHI acTeKTH, 1[0 MAIOTh MiCIIe B pe3yJIbTaTi
BUKOPHUCTAHHsI BTOPMHHHUX PECYpCiB 1 MarepiaiiB
(puc.).

PosrnsiHemMo HaBeneHI acmekTd B CEKTOPI
POMHMCIIOBOCTI.

3HmKeHHsT co0iBapTOCTI BHPOOHHMLTBA Y
NPOMHCIIOBOCTI Yepe3 BUKOPUCTAHHS BTOPUHHUX
pecypciB y KOHTEKCTI IUPKYJSIPHOI €HEPTeTHKU €
OIHMM 13 KIIOYOBHX €KOHOMIYHHMX (haKTOpiB
cramoro po3BUTKY. [lepepoOka Ta mOBTOpHE
BUKOPUCTaHHS MartepiaiiB JI03BOJIsIE
HiATPUEMCTBAM CYTTEBO CKOPOTUTH BHUTPAaTH Ha
3aKyHiBIIO TEPBUHHOI CHPOBHMHH, $Ka YacTo €
JIOPOTOI0 uepe3 00MeKEHICTh IPUPOIHUX PECYPCIB
1 BUTpaTH Ha iX BHIOOYTOK Ta TPaHCHOPTYBAaHHS.
BuxopucTtanHs BiIXOMiB SK EHEPreTHYHUX a0o
BUPOOHUYMX pECypCiB 3HWKYE BHUTPAaTH Ha iX
YTUII3allio, a TaKoX JI03BOJSIE  CKOPOTHTH
€HEPrOCIOKMBAHHA 3aBISKH MEHII C€HEPrOEMHUM
TEXHOJIOTisIM  TepepoOKM Yy  TOpPIBHAHHI 3
NEepPBUHHUM BUPOOHUIITBOM. Harmpukia, moBTopHe
BUKOPUCTAHHS ~ METAIOOPYXTy y  MeTamyprii
JIO3BOJISIE 3MCHIINTH BUTPATH €JIEKTPOCHEprii Ha
BUIUIABKY CTajli, a 3aCTOCYBaHHS IEPepoOICHOTO
IUIACTHKY B IMAKyBaJbHIH MPOMHUCIOBOCTI 3HUXKYE
co0iBapTiCTh MPOAYKLII 3a paxyHOK 3MEHIICHHS
BUTpaT Ha HadToximMiuHi KomMnoHeHTH. [Ipuknazom
Moxe Oytm Fincumet — mpoBigHa KommaHis 3
nepepobkn  Mmetany y  OimngHmii, — mo
crenianizyeTbcs Ha OpyXTi, METaJeBUX BiIXOAaX,

Enepretnuna
eexTuBHICT
b

®opMyBaHHS HOBUX
PHHKIB Ta Oi3Hec-
MozeIen

Puc. ExOHOMIYHI aclieKTH BUKOPUCTAHHS BTOPHHHUX PECYpPCiB B KOHTEKCTI ITUPKYIISIPHOT EHEPTETHKH
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kKabemsix 1 Oarapesx. PosramoBana moGuuzy
Ixaanminena, Bora Hajiuye 43 mpartiBHUKH Ta 3 2018
POKY TIpaITioe K Jo4ipHs KoMmaHis Fortum. Fortum
— Ile MDKHapoJHa KOpIopallisi, 30cepekeHa Ha
SHEpreTUIll, sKa BIATIOBIMAaE 3a JIOTICTUKY Ta
noctayanHs Fincumet. Fortum akTHBHO po3mIuproe
CEKTOp MepepoOKH Ta HEIOIaBHO BiIKpUIIA 3aBOJ 3
nepepoOku  Oartapeii B Ikaamimen. Fortum
pO3MOYMHAE [isIbHICTE Yy chepi mepepoOKu
CIIEKTPOHHUX BimxoxdiB, a Fincumet Hamae mns
OBOr0  CHeLiani3oBaHi MOTyKHOCTI. KommaHis
nparHe CTBOPUTH NPUOYTKOBY Ta EKOJIOTIYHO
CTIHKY CHCTEMy TepepoOKH BIAXOAIB IUIIXOM
OIIIHKH Ta MO>KJIUBOTO PO3IIUPEHHS isTLHOCTI [9].
OkpiM 1HOTO, MUPKYJSIpHI Oi3HEC-MOJEN, 10
nependayvaroTh JOBIINH JKUTTEBUH UK MaTepialliB
Ta TPOAYKTiB, JOMOMArarTh MiANPUEMCTBAM
ONTUMI3yBaTH  BHTpPaTH HAa  BHUPOOHUIITBO,
30epiraHHsl 1 TPaAHCIOPTYBAaHHS, ITiABHIYIOUN
3aranbHy  ©(EeKTUBHICTh  MPOMUCIIOBOCTI  Ta
CIPUSIOYN CTIHKOMY €KOHOMIYHOMY PO3BUTKY.
Eneprerruna e(heKTUBHICTh y IPOMUCIOBOCTI
yepe3 BHUKOPUCTAHHS BTOPHHHHX pECypCiB Yy
KOHTEKCTI IUPKYJISAPHOI EHEPreTHKH € BaXKIUBUM
YUHHUKOM 3HIDKEGHHS CHEPrOCIIOKMBaHHS — Ta
OTTHMIi3allii BUPOOHWIHNX MPOIIeCiB. BUKOpHCTaHHS
nepepoOICHUX MaTepialiB 4acTo MOTpeOye 3HAYHO
MeEHIIEe eHeprii, HLK BHPOOHHMUTBO 3 TEPBHHHOI
cupoBuHH. Hampukian, AdOMiHIA € mMaTepiaaoM,
0 MOXE TEPEepOOIIATHCS HECKIHYCHHY KUIBKICTh
pasiB [10-13]: ceoromui Oym3pko 75% ycworo
AIIOMIHIIO0, BUPOOJICHOTO 3a BCIO 1ICTOPi0 — Maibke
OMH MUTBSPJ METPUYHHX TOHH — Yyce IIe
nepedyBae B Bukopucrtanai [14,15]. IlepepoOka
nependaydae meperuIaBiIeHHs METaly, 1Mo NoTpedye
mumre 5% eneprii, HeoOXimHOI AN BUPOOHHIITBA
HOBOTO aloMiHil0 3 OokcuToBoi pyau [16], a
MMOBTOPHE BUKOPUCTAHHS CKJIa Ta Marepy J03BOJISIE
CKOPOTHTH BWTpaTH €HEPrii Ha  BiATOBiAHI
BUpOOHMYI Tiporiec. 3a mannmMmu DenepaabHOTO
areHTCTBA 3  HABKOJUIIHBOTO  CEPEIOBHINA
HiMe4urHu, BUpOOHUIITBO IEPEPOOICHOrO Marepy
3a0MaKy€e B CEPEIHbOMY 78 BIICOTKIB BoaH, 68
BiJIcOTKIB eHeprii Ta 15 BigcotkiB Bukumiz CO2
MTOPIBHSHO 3 MANePOM, BUTOTOBIICHUM i3 TaK 3BaHOT
TIEPBUHHOI IIEIFOJIO3U — 3a3BUYail AepeBuHH [17].
Kpim Toro, Bimxomu, sIKi paHilIe YTHIi3yBaucs,
MOXYTh CJIYTYBaTH BTOPUHHHMH CHEPTCTUYHUMU
pecypcaMu, Hampukiaajg, Oioraz i3 OpraHigHHUX
BIIXO/TiB UM AJIMBHI OPUKETH 3 BiIXOIB IEPEBUHH,
110 JTO3BOJISIE 3MEHIIIUTH 3aJICKHICTh BiJl BUKOITHOT'O
nanuBa. Y TIPOMHCIOBOCTI II€ TaKOX CIIPHSE
MIJBUIICHHIO €HEProe(EeKTUBHOCTI BUPOOHMIITBA
IUISXOM  BIPOBADKCHHS  3aMKHEHUX  IIUKIIB
BHUKOPHCTaHHS PECYPCiB, CKOPOUCHHS BTPAT SHEPTil

Ta 3aCTOCYBaHHS Cy4acHHX TEXHOJIOT1H
pekymepariii Tera. TakuM YHHOM, ITHUPKYJISIpHA
EHEepreTHKa CIpHS€ HE JIHIOIC 3MEHIICHHIO
EHEpPreTUYHUX BUTpaT, a W (OPMYBaHHIO OUIBII
CTIfiKOT Ta €KOHOMIYHO €(DEKTHBHOI MPOMHMCIOBOI
MOJIEI.

dopMmyBaHHS HOBHMX pUHKIB Ta Oi3Hec-
MoJieIiell y TPOMHCIIOBOCTI 3aBSIKH BUKOPUCTAHHIO
BTOPMHHHX PECYpCiB y KOHTEKCTI ITUPKYJISIPHOL
CHEPreTHKHN BIJKPUBAE 3HAYHI MOMIJIMBOCTI IS
CTaJloro eKOHOMiuHOro po3BHUTKY. llepexim mo
3aMKHEHUX I[UKJIIB BUPOOHUIITBA CTUMYITIOE MTOSIBY
HOBHX CEKTOpIB, TaKuUX SK PHUHOK BTOPHUHHOL
CUPOBUHH, TIEPEPOOKUA Ta PEUHKIIHTY, a TaKOK
€HEePTEeTUIHOTO BUKOPHUCTaHHS BIIXOIiB.
Hampuknan, xommaHii MOXYTh CHEIiaTi3yBaTHCS
Ha 300pi Ta mepepoOLi MarepianiB, BUPOOHUITBI
MPOAYKIIii 3 BTOPUHHOI CUPOBUHY 200 MOCTa4YaHHI
BIIHOBJIIOBAHNX CHEPrOpecypciB, OTPUMAaHHUX 13
BiaxomiB. BomHouac Oi3Hec-MOenl 3MIHIOKOTHCS
BiJl TPaIUI[IHHOTO JIIHIHHOTO T AXO0Ty 0 CEPBICHUX
KOHIICTIIIM, TaKWX SK MOJEIl «IPOIYKT 5K
mociayra» — abo  oOpieHTamiss  Ha  CIUTBHE
BUKOpHUCTaHHs pecypciB. lle crnpusie 3HIKEHHIO
BapTOCTI BOJIOMIHHS MPOAYKII€0, TiABUIICHHIO
e(beKTUBHOCTI BHUKOPHCTAHHS  MaTepialliB  Ta
CTBOPEHHIO HOBUX poboumx wmicub. Kpim Toro,
IUQPOBI TEXHOJIOT1, TaKi SIK OJIOKYEHH Ta IITYIHUH
IHTEJIEKT, OTIOMAararoTh ONTHMI3yBaTH IIPOIECH
oOMiHY pecypcaMHd MDK IMANPHEMCTBAMH Ta
HiABUIIYIOTh TPO30PICTh JAHLIOTIB TOCTaBOK Y
MAPKYJBSIPHIA ~ €KOHOMITTI. Takum  9wHOM,
BUKOPUCTAHHSI BTOPWUHHUX PECYPCIB CTUMYIIIOE
PO3BUTOK 1HHOBAIIMHUX pileHs Ta
TpaHchOpPMAaLIiI0 MPOMHUCIOBUX PUHKIB Y HAIIPSAMKY
CTaJOr0 PO3BUTKY. 3MEHIIEHHS EKOJIOTIIHUX
nojatkiB i mTpadiB — mepexig Ha BTOPUHHI
pecypcu  J03BOJIIE  KOMIAHIAM  MiHIMI3yBaTH
eKOJIOTiuHI 300pW Ta BHUTpPATH Ha YTHII3aIi0
BIIXOJIIB.

3MEHILIEHHsI €KOJOTIYHMX MOAATKIB 1 mTpadis
€ OIIHAM 13 BaroMux CKOHOMIYHHUX CTHMYJIB IS
MiANPUEMCTB, IO BIPOBAKYIOTh BUKOPUCTAHHSI
BTOPUHHUX PECYPCIB y KOHTEKCTI HUPKYJISPHOI
eHepreTrky. baraTo KpaiH 3aCTOCOBYIOTh IMONITUKY
"3a0pyAHIOBAaY IUTATHTH", sSKa Tependadae 3HAYHI
IMOJATKOBI 3000B’SI3aHHA JUIS KOMIIAHIM, IO
TeHEepYIOTh  BeNuKi  o0csrm  BigxomiB  abo
BHKOPHCTOBYIOTh  TPAmWIliHI,  HECKOJOTIvHI
mxepena eHeprii. Jlo mpukimagy Kwuraii —
3aMpoBaiuB CUCTEMY OIUIaTH 3a 3a0pyAHEHHS 3
2003 poky, a B 2018 porri 3MiHUB ii Ha TOJATOK Ha
Bukuau (Law of the People's Republic of China on
Environmental Protection Tax). €Bpomnelicbki
KpaiHu (Himeuyuna, ITanis, HIBenisn,
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IlIBeiinapisi, Benuka bpurtaniga) — akTHBHO
BUKOPHCTOBYIOTh TOJATKH HAa BHUKUAM BYTJICIIO,
100 3meHmmTH BUKUAN CO2. CIHA —3 1971 poky
BIIPOBAJ[)KY€ SKOJIOTIYHI IOJATKH, TaKi K IMOJAATOK
Ha BUKHIM CIOJNYK CIpKH Ta OKCHAY a3oTy,
MOCTYIIOBO  CTBOPWBIIM  PO3BHHEHY CHCTEMY
exoJioriuHoro ononarkysanus. Ilosasma —3 1970
POKY BBeJia MOJATKH Ha €KOJIOTII0 Ta PECypCH, o0

CTUMYJTIOBATH KOMITaHii 1o €KOJIOT1IHO
BiJIMOBIIaIbHOI MOBEMIHKH [23].
[epexin JI0 LHUPKYJISPHOT Mozeni

BHPOOHMIITBA JO3BOJISIE MiAMPUEMCTBAM CKOPOTHUTH
0o0cSITM  TPOMUCIIOBUX  BIIXOMIB, 3MCHIIUTH
CIIOXKUBAHHS TEPBUHHOI CHUPOBUHU Ta BiAMOBIIHO
MIHIMI3yBaTH CKOJIOTIYHMMA CJiJ, IO CIPHIE
3HW)KCHHIO TIOJJATKOBOTO HaBaHTaXeHHs. Kpim
TOTO, ypsau OaratboX KpaiH MPOMOHYIOTh
MOJIATKOBI MUTBI'H, CyOCHIIT Ta 3HIKEH] CTaBKH JJIsI
MiAMPUEMCTB, IO BIPOBAKYIOTh 1HHOBAIIMHI
TexHoyorii 3  mepepobkm  pecypciB  Ta
eHeproe(eKTUBHOTO BUPOOHUITBA. Lle HE TinbKU
JIOTIOMAara€ 3¢KOHOMHUTH KOIITH Ha BUILIATAaX
nepkaBi, a W miABUINYe (iHAHCOBY CTIMKICTh
KOMIIaHi#, TO3BOJSIOYH IHBECTYBATH B MOIAJBIINN
PO3BUTOK CTaJOro BUPOOHWITBA Sk TpHKIa,
SnoHist — cyOcuaye €KOJIOTIUHI MMPOSKTH KOMIIaHii
(cybcumye misnbHICTE KOMIAHIA 3  PO3BUTKY
CIICKTPOCHEPIreTUKN 3 Jecynbdypatii JTuMOBHUX
rasiB), Hamae cyOcumii TOB’S3aHI 3 KITBKICTIO
cKopoueHb BUKHIIB [19]. ABcTpaJjisa — cTBopmia
(oHI CcKOpOYeHHs BHKHIIB (emission reduction
fund), mo miaTpuMye KoMmImaHii, sSKi iHBECTYIOTh Y
3MeHIIeHHS 3a0pyaaeHHs [20].

HepxaBHi cTUMYNH Ta (hiHAHCOBA MiATPUMKA
BIIIrPalOTh ~ KJIIOYOBY  POJIb Y  PO3BHUTKY
MIPOMHCIIOBOCTI, OPIEHTOBAHOI HAa BHUKOPHUCTAHHS
BTOPUHHHUX PECYPCIB y KOHTEKCTI MUPKYJISPHOI
eHepreTuky. OCKUIBKH TepeXiy 10 3aMKHEHHX
BUPOOHUYMX IIUKJIIB BUMArae 3Ha4HUX MIOYaTKOBUX
IHBECTHIIIH, Ypsau OaraTb0X KpaiH 3anpoBaKylOTh
pi3Hi  MexaHi3MH  (iHaHCOBOi  MiATPHUMKH,
CIIPSIMOBaHI Ha CTHUMYJIIOBAHHS IIiIIMPHEMCTB IO
BUKOPWCTAHHS BIJHOBIIOBAaHMX MarepiaiiB Ta
eHeproz0Oepiratounx TtexHojorii. lle BxiIrOUae
MOJATKOBI MiJIbTH, CyOCHIil, TpaHTH Ta Aep>KaBHi
mporpaMud  (piHAHCYBaHHS MPOEKTIB y  cdepi
IUPKYJSIPHOT €KOHOMIKW. Hampukiam, y kpaiHax
€C niroTh HACTYIHI iHIIIATUBY:

1. Net-Zero Industry Act (NZIA) -
nependavae iHBECTHIT Y BHUPOOHUYI MOTY>KHOCTI
JUISL CTpaTeriYHUX TEXHOJOTIH i3 HyJLOBUM PiBHEM
BHKH]IIB, BKIIIOYArOUN Oarapei, MaluBHI CIIEMEHTH,
Oioras, yJoOBIIOBaHHSA Ta 30epiraHHS BYTJICITIO.
3amnaHoBaHi iHBecTHii: 92 mupa eBpo y 2023-
2030 pp.

2. RepowerEU — nependauae 41 mupn €Bpo
Ha aJanTamil0 IPOMHUCIOBOCTI JO MEHIIOTO
BUKOPHCTAaHHS BHUKOITHOTO TIajliBa, IO MOXeE
CTUMYJIFOBATH BUKOPHUCTAHHSI BTOPUHHUX PECypCiB.

3. Zero Pollution Action Plan — cripsimoBaHuit
Ha CKOPOYEHHS 3a0pyIHEHHS, TIepeaoadae mopidHi
iBectunii B po3mipi 100-150 mupx eBpo, 3HauHa
YaCTMHA SIKUX CIpsSMOBaHA Ha 3aX0Qu 3
MOTIEPEKEHHS 3a0pyTHEHHS Ta KOHTPOITIo [ 18]

Kpim TOTO, nepaBu aKTUBHO PO3POOIIIOTH
HOPMAaTUBHO-TIPAaBOBI  aKTH, sIKi 3000B'A3YIOThH
MiIPUEMCTBA 3MEHITYBAaTH KUIBKICTh BIiIXOIIB Ta
MiIBUITYBAaTH PIBEHb 1X yTWI3aIii. 3eIeHui
npoMucioBuil mnaH Ja  epu  Net-Zero —
CIIPSIMOBAHUHN Ha PO3BUTOK YHCTHUX TEXHOJIOTIH Ta
3MEHIIICHHS 3aJIeXKHOCTI Bifl IMITOPTY, IO MOXE
BKIIFOYATH CTHMYJIIOBaHHS IPOMHUCIOBOCTI 3
BTOPUHHOIO MEPepoOKOI0 pecypciB. €BpornerchKuit
3eneanii kype (EGD) — MICTUTh TIOJIOKEHHS TIPO
HOiATPUMKY CTaJoro BUPOOHHMITBA Ta IEpPEpoOKH,
IO TaKOX MOXE OXOIUTIOBATH MPOMHCIIOBICTE 13
BTOPHHHOIO TepepoOkoro [18]. Takox iHimiaTHBH
Taki K «3€JeH» TEHACPH, B SKHUX IepKaBHI
3aMOBJICHHS BIJJJAIOTHCS KOMIIAHISIM 13 BHUCOKUM
piBHEM €KOJIOTTYHOT BIAITOB1AAIBHOCTI,
CTUMYJIIOIOTh  PO3BHUTOK 1HAYCTpii BTOPUHHUX
pecypciB. OkpeMUM HAmNpsIMKOM € IITPUMKa
JIOCITI/DKEHb Ta PO3po0OK y cdepi MUPKYISIPHOI
EHEPreTHKH, IO JO3BOJSE CTBOPIOBATH HOBI
TEXHOJIOT] 3 OUIbI €(EeKTHBHUM BHKOPHUCTAHHAM
pecypciB. KowmrmnekcHa Jep)kaBHa —IiITpUMKa
CIIpUsie HE JHUIIEe CeKOJOTIYHIN MomepHizarii
MIPOMHMCIIOBOCTI, a i TTiIBUIIIEHHIO ii
KOHKYPEHTOCHPOMOXKHOCTI ~ Ha  IMI0OQJILHOMY
PUHKY.

3aiydeHHS  IHBECTHINH Ta  TIABUIICHHSI
KOHKYPEHTOCIPOMOXKHOCTI B MPOMHMCIOBOCTI, IO
BUKOPUCTOBYE BTOPHHHI PECYPCH, € KIIIOUYOBUMH
YUHHUKAMH PO3BHUTKY IUPKYJSPHOI €HEPreTHKH.
BnpoBamkeHHs TEXHOJIOTIH IepepoOKH BiIXOIIB Ta
MOBTOPHOTO BHKOPHCTAHHSI MaTepiaiiB BiIKpUBA€E
MO>KJIMBOCTI JJISI 3UTYYICHHS MMPUBATHOTO KaITiTamy
Ta MI>KHAPOIHUX QOHMIIB, IKi MATPUMYIOTh CTaIUH
po3BuUTOK. [HBecTopu Bce Oinble 3aliKaBiieH y
(iHaHCyBaHHI MHIIANPUEMCTB, IO BIPOBAKYIOTH
€KOJIOTTYHO YHCTI Ta CHEeproceKTUBHI PIIICHHS,
OCKUTBKH 1€ BIATOBITAE TIIOOATHPHUM TEHACHIIISM
ESG (exoJoTiYHOTO, COIaJTbHOTO Ta
KopropatuBHoro ympasiinas). Hampukman, Ellen
MacArthur Foundation aie 3 2010 poky, oTpumaina
novyaTtkoBe (iHaHCYBaHHA B PO3Mipi 6 MiTbHOHIB
¢yHTIB cTepIiHriB Bix m'sTH ii 3acHOBHUKIB: B&Q,
British Telecom, Cisco, National Grid ta Renault.
VY tpasui 2017 poxy ¢oHA 3amoyaTKyBaB Mporpamy
miATpUMKA Ta (QiHAHCYBaHHS 1HHOBALIM y ramysi
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YIpaBIiHHS MIaCTUKOBUMU BiJTXOZ[aMH,
CTBOPHBIIIH ITPU30BUH (HOHJT Y PO3MIpi 2 MiIbHOHIB
nonapiB CILIA. Opranizaitis mporarye mTpHHITIITT
LIUPKYJISIPHOI €KOHOMIKH Cepell CBOIX MapTHEpiB,
30CepePKYI0OUM yBary Ha MiHIMI3aIll BiaXomiB
yepe3 IOBTOPHE BUKOPHCTaHHS, PEMOHT 1
nepepoOky. Takuii TiAXiJ € OCHOBOIO CTaJoro,
3aMKHYTOT'O IMKITY, IO MOJOBXKY€E TEPMiH CIIY>KOH
MIPOYKTIB 1 YITAKOBKH, 3HIKYIOUN HEOOXiIHICTh y
nepepobui um ytumizauii [21]. Closed Loop
Partners: IHBECTHUILIIMHA KOMIIaHis, sKa
30cepeKeHa  Ha  IMUPKYJIApPHIA — €KOHOMII,
(dinancye iHHOBamii y cdepi mepepoOku Ta
MMOBTOPHOTO BUKOPUCTAHHS MaTepiajiB, MPOSKTH 3
TIEPETBOPCHHS BIXOiB HA CHEPTIIO Ta EKOJIOTIUHE
nakyBanus. Y 2024 poky Closed Loop Partners'
Ventures Group 3ailicHAIa TOBTOPHY iHBECTHLIIIO B
Earthodic, kommanito, mo 6a3yetbcst B bpicOeni ta
CTBOPIOE 010-OCHOBHI IOKPHUTTS IS ITariepoBOi
ynakoBku.  lle  ¢iHaHCyBaHHS  TiATpUMYE
po3mmpeHas komnadii Ha puHKy CLLHA. 3aranbHa
cyMma payHIy ¢iHaHCYBaHHS CTaHOBMIJIA 4 MITLHOHH
nmonapiB CIIIA, xo4a KOHKpeTHa CyMa IHBECTHIIi1
Big Closed Loop Partners He posronomyetses [22]

Bopnouac mianpueMcTBa, Mo BIPOBAIKYIOTh
OUPKYJSIpHI  MONETi BHPOOHHUIITBA, OTPUMYIOTH
KOHKYPCHTHI TIepeBaru 3aBJIsIKH 3HIKEHHIO BUTPAT
Ha CHPOBHHY, EHEepPro30epeKeHHI0 Ta
BI/ITOB1THOCTI KOPCTKAM €KOJIOTIYHUM
craagapraM. Lle He mue mokpanrye iXHii iMiK Ha
MDKHAapOJAHMX pUHKaX, a W BIIKpUBAaE HOBI
MOXJIMBOCTI TS CITIBIIPAITi 3 TPAHCHAIIOHATBHIME
KOpIOpaIisiMK,  ypsAgaMd Ta  CKOJOTIYHHUMH
opraHizamisiMu. Y pe3ysbTaTi Taki MiANpHEMCTBA
CTarOTh OUIBII CTIHKUMU O PUHKOBUX KOJIMBaHb,
OTPUMYIOTH  JIOCTYIl JO HOBHX  CIIOKUBYHX
CErMEHTIB Ta MiJBUIIYIOTh CBOIO MPUOYTKOBICTH Yy
JOBIOCTPOKOBIH MEPCIIEKTHBI.

OTxe, ICHye JOCTaTHRO  CKOHOMIUYHUX
BXEIB, SKI O3BOJIIOTH IPOMHUCIOBOCTI IisITH
OLTBII CBiIOMO Ta €)EeKTUBHO B paMKax KOHIICIIIii
OUPKYJSIPHOI ~ €KOHOMIKHM ~ Ta  ITUPKYJIAPHOI
CHEepreTHKH. BukopucTanHs pecypcoeeKTHBHUX
TEXHOJIOT1H, BTOPUHHOI CUPOBUHU Ta
BIJTHOBIIIOBAHOI ~ CHEprii MOXE CHOPUATH  SK
3MEHIIECHHIO EKOJIOTIYHOTO HAaBaHTAXEHHS, TaK 1
ITi IBUIIIEHHIO €KOHOMIYHOI CTIHKOCTI ITiIIPHUEMCTB.
Taxi 3MiHM MOXYTh OyTH MiITpUMaHi JEpP>KaBOIO
gepe3  cyOcupii, TOJATKOBI  CTUMYJIH  Ta
(hiHaHCYBaHHS JAOCHIIKEHb, a TAKOXX 1HBECTOPAMH,
SIKi TOTOB1 BKJIQJIaTH KOINTH Y CTaJli IHHOBAIiWHI
npoekTh. B3aemonis 6i3Hecy, nepxaBu Ta HAyKOBOI
CHUTBHOTH € KIIOYOBOIO [IJIs1  3a0e3medeHHs
MEPEexXo. Ty 10 OLIBIIT €KOJIOTIYHO BiAMIOBIAAILHOI Ta
€KOHOMIYHO BUT1THOT MOJIEeIi BUPOOHUIITBA.
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Melnychuk L.V., Voznyi V. Z. Economic aspects
of the use of secondary resources and materials in the
context of circular energy

The use of secondary resources in the formation of
sustainable energy systems is important for the
development of a modern economy, as it contributes to
reducing dependence on fossil energy sources, reducing
environmental pollution and optimizing resource use.
The growing demand for energy and depletion of natural
resources make circular approaches to energy a

necessity, and the use of waste as an efficient energy
carrier and the integration of innovative technologies
turn secondary resources into a key element of
sustainable development. Modern trends in closed
energy systems are focused on the digitalization of
energy flow management, the use of artificial intelligence
to increase the efficiency of processing secondary
resources. An example is the G7 countries that invest in
innovative energy-efficient technologies and optimize
logistics chains to reduce waste. The Circular Energy
concept focuses on the maximum reduction of waste and
processing, repurposing and recycling technologies in

energy systems, emphasizing the importance of
sustainable  development.  Additionally,  effective
management of secondary resources allows to

significantly reduce greenhouse gas emissions, reduce
the burden on natural ecosystems and increase the level
of energy independence of countries.

Stimulation of this sector includes tax breaks,
subsidies and environmental regulations that contribute
to the economic efficiency of the industry. Also,
governments and international organizations are
developing new regulatory mechanisms aimed at
expanding the possibilities of using secondary resources
and improving their processing technologies. In
particular, investments in research and development
contribute to the creation of new materials with improved
energy characteristics that can effectively replace
traditional fossil resources.

The above aspects emphasize the impact of
secondary resources on the formation of sustainable
economic models, reducing production costs and
increasing energy efficiency in modern industry. The use
of circular principles in energy is a key factor in
achieving climate goals and ensuring long-term
environmental sustainability.

Keywords: circular  energy,
development, economic aspects, energy
business models
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