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A methodological framework for achieving sustainable hydrogen supply chain produced via
biogas-based steam methane reforming

Desislava Nikolova, Tanya Valkanova
Burgas State University “Prof. dr Assen Zlatarov” — Bulgaria
desislava-nikolova@uniburgas.bg

Abstract: Growing energy and environmental challenges highlight the need for a transition to sustainable supply chains. This paper presents
a methodology for assessing a hydrogen supply chain based on steam reforming of biogas (SMR), as a low-carbon alternative to conventional
natural gas. The framework covers the entire life cycle, from feedstock to end use. The proposed framework supports strategic planning and
provides a basis for future modeling, optimization, and assessment of environmental and socio-economic benefits.

Keywords: HYDROGEN, BIOGAS, STEAM METHANE REFORMING, SUSTAINABLE, SUPPLY CHAIN

1. Introduction

Hydrogen is often described as the “green energy carrier of the
future” because it can be used in fuel cells, where it produces
electricity through oxidation without emitting carbon dioxide This
electricity could be used to power cars and buses, to carry out
chemical processes, to provide backup or peak power in energy
systems, etc. Unlike conventional resources such as natural gas,
hydrogen does not occur freely in nature and must first be produced,
which is why it is considered an energy carrier rather than a primary
fuel [1]. Various feedstocks such as water, natural gas, coal, oil,
biomass, biogas, waste, and industrial by-product gases can be used
for hydrogen production through chemical, electrochemical, or
thermochemical processes. The choice of source and method
determines the efficiency, cost, and environmental impact of
production. At present, the most widely used technology for
industrial hydrogen production is steam methane reforming (SMR)
from natural gas due to its technological maturity and economic
efficiency [2]. However, the SMR process generates significant CO-
emissions (approximately 9-12 kg CO:-eq/kg Hz), which motivates
researchers to explore the development of alternative feedstocks and
processes [3]. This poses serious challenges to the sustainability of
hydrogen supply chains.

One of the most promising low-carbon alternatives that is
attracting increasing attention is the use of renewable gas feedstocks,
among which biogas stands out as a technologically compatible
substitute for natural gas in reforming processes. Analyses indicate
that integrating biogas into reforming processes can reduce emissions
and improve energy efficiency, particularly when the feedstock is
derived from waste streams [3]. In addition, biogas quality and the
degree of purification are critical factors for reforming efficiency and
catalyst stability [4].

Another key aspect is the availability of biogas as a resource. Its
potential is highly dependent on regional factors such as biomass
waste availability, collection infrastructure, regulatory framework,
and economic incentives. Therefore, the sustainability of biogas-
based hydrogen systems cannot be assessed solely at the
technological level but requires an integrated system analysis that
includes the resource base, logistics, and market conditions.

The hydrogen supply chain is a complex system of
interconnected  stages, including feedstock supply, biogas
production, biogas upgrading, hydrogen production and purification,
transport, storage, and end use [5]. Each of these stages has specific
technological, economic, and environmental characteristics that
influence the overall sustainability of the system.

Modern scientific research emphasizes that the optimization of
hydrogen supply chains (HSC) requires a systematic approach that
considers all stages simultaneously [6]. Analyses indicate that
solutions optimal for an individual stage (e.g., production) are not
always optimal for the system as a whole. For example, centralized
production may be more technologically efficient but can result in
high transport costs and emissions. Conversely, decentralized
systems reduce logistical costs but often require greater production
capacity.

The main parameters influencing the configuration of hydrogen
supply chains include the geographic distribution of resources,
spatial distribution of consumers, transport distances, infrastructure
availability, and economies of scale. Modeling such systems is often
performed using optimization methods, including linear
programming, mixed-integer models, and scenario analyses. These
approaches enable simultaneous minimization of costs and emissions
under given constraints, such as facility capacity or infrastructure
limitations. A particularly important aspect is the choice of hydrogen
storage and transport technology. Different options—compressed
gas, liquefied hydrogen, ammonia, or liquid organic carriers—exhibit
different energy losses, capital costs, and risks. Therefore, the
optimal configuration of the supply chain depends on the
combination of technology, distance, and production scale.

An additional factor is uncertainty in future hydrogen demand
[7]. Many models show that investment decisions are highly sensitive
to demand forecasts, which necessitates the integration of scenario
analyses and probabilistic methods. This is especially relevant for
emerging markets where stable historical data are lacking.

In this context, multi-criteria assessment methods are considered
a promising tool for strategic planning, as they allow simultaneous
consideration of economic, environmental, and social indicators.
They support decision-making under conditions of uncertainty and
complexity characteristic of the hydrogen economy.

Existing literature identifies three main limitations: the lack of
integrated methodologies combining life cycle assessment (LCA)
and supply chain analysis, the limited number of studies on biogas-
based hydrogen, and the absence of multicriteria frameworks for
strategic planning. Therefore, the development of a systematic
methodological framework for assessing the sustainability of biogas-
based hydrogen supply chains represents a timely and scientifically
justified research need.

This study focuses on developing a methodology for evaluating
the sustainability of a supply chain based on hydrogen production via
biogas-based steam methane reforming. The object of the study is a
hydrogen supply chain encompassing feedstock supply, biogas
production, biogas upgrading, hydrogen production and purification,
transport, storage, and end use. The approach adopted in this work is
based on a systems-level consideration of the chain and life cycle
analysis, integrated within a multicriteria framework for
sustainability assessment. The aim of the developed methodological
approach is to support strategic planning and provide a foundation
for future quantitative modeling and optimization.

2. Hydrogen production via biogas-based steam
methane reforming

Before considering the technological process of producing
hydrogen based on biogas (biohydrogen), it is important to analyze

the raw material itself (biogas) - composition, potential and
challenges.

2.1 Biogas as a feedstock for hydrogen
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Biogas is a biogenic gas produced through the anaerobic
decomposition of organic matter by microbial cultures [8]. It is
typically obtained from municipal solid waste landfills, wastewater
treatment plants, agricultural facilities fermenting animal residues,
and industrial and food-processing waste.

Biogas primarily consists of methane (CH.) and carbon dioxide
(CO»), along with trace impurities such as hydrogen sulfide (H=S),
water vapor, nitrogen, and other volatile components. Table 1
presents the compositional profile of biogas as a feedstock for
hydrogen production via SMR [9]. The high methane content in
biogas makes it a suitable feedstock for hydrogen production.

Table 1: Component composition of biogas, [9].

Biogas can be used either independently or blended with natural
gas, allowing technological processes to be adapted according to
feedstock availability.

According to the International Energy Agency (IEA) [10] and the
International Renewable Energy Agency (IRENA) [11], biohydrogen
provides reliable production with the potential for a negative carbon
footprint, making it more environmentally friendly than gray
hydrogen and more accessible than green hydrogen. Furthermore,
biogas-based technology supports the circular economy by
converting waste into a resource for clean energy. Table 2 presents a
comparative profile of hydrogen production pathways.

Table 2: Hydrogen production pathways: a comparative profile

Components of biogas Molar Fraction Mass Fraction
CH, 59.75% 35.05%

CO, 40.00% 64.60%

N, 0.20% 0.20%

O, 0.02% 0.05%

H,S 725 ppmv 900ppm

The composition of biogas can vary depending on the source and
production conditions, but it usually contains about 50-70% methane,
30-50% carbon dioxide and up to a few percent of impurities.
Impurities such as hydrogen sulfide and siloxanes can be corrosive
and reduce the efficiency of subsequent technological processes,
requiring preliminary upgrading [4].

The use of biogas as a feedstock for hydrogen production offers
several key advantages [10]:

o Low-carbon profile

Biogas can significantly reduce life cycle greenhouse gas
emissions compared to natural gas, particularly when derived from
waste streams that would otherwise release methane into the
atmosphere.

e Ultilization of waste resources

The use of biogas in hydrogen production turns an environmental
problem associated with waste from landfills, farms and sewage
treatment plants into a valuable resource. The conversion of organic
waste into energy and hydrogen contributes to the development of a
circular economy, while reducing the need for landfilling and open
fermentation.

o Use of existing infrastructure

Hydrogen production from biogas is achieved using established
and widely applied steam methane reforming technology. Since
biogas (after upgrading to biomethane) is nearly identical to natural
gas, existing facilities can be used without major new investments in
technology.

o Continuous production

Unlike “green hydrogen”, which is produced by electrolysis and
is dependent on the availability of sun or wind, biogas-based
hydrogen can be produced continuously. This makes hydrogen
supplies predictable and stable for industry and transport.

e Decentralization

Biogas plants can be located close to waste sources, in
agricultural areas or near urban centers. This allows hydrogen to be
produced close to the point of consumption, reducing both transport
costs and emissions.

o Flexibility

Characteristic Grey Bio- Green Hydrogen
Hydrogen Hydrogen (Electrolysis)
(Natural Gas) (Biogas/Bio
methane)
CO2 High (Fossil- | Neutral to | Zero
Emissions based) Negative (Renewable-
only)
Availability Constant Constant Intermittent
(2417) (Base load) (Weather-
dependent)
Production Low Medium High
Cost
Raw Material Fossil Organic Water +
Methane Waste / | Renewable
Biomass Electricity
Energy Cycle Linear (One- | Circular Circular (Closed-
way) (Closed- loop)
loop)

Despite the potential benefits of using biogas as a feedstock for
hydrogen production, several technological and economic challenges
exist, including the need for biogas upgrading, compositional
variability, infrastructure requirements, and others [3]. These
limitations could be addressed through the development of a
methodological framework for achieving a sustainable hydrogen
supply chain.

2.2 Hydrogen production from biogas

The conversion of biogas into hydrogen is a multi-step
thermochemical process that integrates biogas production, gas
upgrading, and subsequent catalytic conversion [3]. Biogas is
typically produced through the anaerobic degradation of organic
waste under mesophilic conditions.

The first technological step is the preliminary upgrading of
biogas, which involves the removal of sulfur compounds, moisture,
and silicon-containing components, as these can deactivate catalysts
and reduce process efficiency. If necessary, CO: is partially removed
to produce biomethane with a higher CHa content.

The main conversion step is steam methane reforming in which
a mixture of methane and steam reacts catalytically at high
temperatures (typically 700-900 °C) in the presence of a nickel
catalyst, forming syngas—a mixture of H2, CO, CO2, CHa, and water
vapor. The reaction is highly endothermic and requires an external
heat source. The composition of the resulting syngas depends on
temperature, pressure, and the CHa/CO2/H-O ratio in the feed.

After reforming, the gas mixture undergoes a water—gas shift
(WGS) reaction, in which carbon monoxide reacts with steam to
produce hydrogen and carbon dioxide. In industrial practice, this
stage is carried out in two consecutive reactors—a high-temperature
reactor (=300-400 °C) and a low-temperature reactor (=200-300
°C)—to maximize CO conversion and increase H- yield.

The final technological step is hydrogen purification. Methods
such as chemical absorption of CO:, methanation, membrane
separation, or Pressure Swing Adsorption (PSA) are employed.
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Modern systems often combine PSA and membranes, as this allows
the production of high-purity hydrogen (over 99%) with relatively
moderate energy consumption.

In addition to conventional SMR, biogas also allows the
application of dry reforming, in which methane reacts directly with
the CO: present in the feedstock. This approach is environmentally
attractive, as it utilizes carbon dioxide as a reactant and potentially
reduces overall emissions.

3. Hydrogen supply chain

The hydrogen supply chain for biogas-based hydrogen produced
via steam methane reforming represents an integrated system of
technological, logistical, and infrastructural stages. It covers the
entire pathway—from feedstock to end user. The main stages are:

o Feedstock supply

This is the stage of waste biomass collection, transport to the
anaerobic plant and preliminary  preparation  (grinding,
homogenization, humidity control).

e Biogas production and upgrading

This stage includes the anaerobic digestion of biomass in the
production of raw biogas and the subsequent biogas upgrading
process.

e Hydrogen production

This is the stage of converting biogas into biohydrogen through
a steam reforming process, in which the main process (SMR), Water-
Gas Shift reaction and gas purification are carried out to obtain high-
purity hydrogen.

Feedstock
supply

» Biogas production » Hydrogen Hydrogen *
and upgrading production storage

End users

Fig. 1. Supply chain of hydrogen produced via biogas-based SMR

o Hydrogen storage

Hydrogen can be stored in liquid or gaseous form in buffer tanks
at the production facility or at the end points of consumption.

e Transport and distribution

Transport and distribution of hydrogen can be carried out using
specialized tube trailers or pipelines.

e End use

Biohydrogen can be utilized at hydrogen refueling stations for
cars and buses, as well as in industry, energy systems, and other
applications.

Fig. 1 presents the proposed superstructure of the hydrogen
supply chain produced via biogas-based steam methane reforming,
which considers the entire life cycle of the process—from feedstock
to end user.

4. A methodological framework

The research methodological framework of the study is presented
in Fig. 2 and is adapted from the framework proposed in [12]. The
proposed in current work framework is structured into three main
blocks: input data, optimization model, and output results, which
together form a systematic architecture to support decision-making
in the design and assessment of a sustainable hydrogen supply chain
based on biogas resources. This framework allows for the integration
of technological, economic, and environmental parameters, enabling
a comprehensive evaluation of alternative configurations and their
impact on overall system sustainability. By providing a structured
approach, it facilitates strategic planning and supports the
identification of trade-offs between cost, efficiency, and
environmental performance.
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Technology & process options . Continuous (ex. Flow rate of H, . SEeadstock
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ﬁf $ e Mixed Integer Linear Programming | + Digestateyalonzation CQ)
Efficiency Emissions « CO, cost G

Biogas-SMR Hydrogen Supply Chain ‘
| Optimization |

Fig. 2. Biogas-SMR hydrogen production methodological framework

The input block corresponds to all the databases, hypotheses, and
scenarios. This stage collects the necessary information for system
modeling, including the location of biomass waste sources, data on
the quantity and type of available biomass, technological process
parameters, as well as economic and environmental data. The
purpose of this block is to initialize the model with consistent and
realistic information, enabling both deterministic calculations and
scenario-based analysis.

The optimization block integrates the mathematical model and
the multi-objective optimization approach, constituting the core of
the framework. The problem is formulated in terms of Mixed Integer
Linear Programming (MILP). The proposed methodological
framework aims to minimize key indicators such as economic
efficiency, environmental impact, social benefits, and risks, while
satisfying a set of constraints (e.g., technological, transport, material,
environmental, logical, and others). This formulation allows for the
analysis of trade-offs between conflicting objectives and helps
identify optimal system configurations under different scenarios.

The outputs block corresponds to all results according
economic, ecologic and risk and social benefits, so as to ensure a
sustainable hydrogen supply chain. The set of results obtained allows
a quantitative assessment of the sustainability of the system and
supports decision-making processes.

5. Conclusion

This study presents an integrated framework for the analysis and
design of the production and supply chain of hydrogen from biogas
via steam methane reforming. The proposed approach combines
resource assessment, process modeling, and systems analysis within
a unified methodological structure, considering the entire system as
an interconnected chain—from feedstock to end user. Sustainability
is addressed comprehensively by simultaneously accounting for
technological, economic, environmental, and social indicators. The
developed framework can serve as a decision-support tool for
planning, optimization, and scenario evaluation for the
implementation of biogas-based hydrogen systems under varying
regional and technological conditions.
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Machine Learning Prediction of Mechanical Properties for Al-Mg-Si Alloys Using a Hybrid
Data Synthesis Approach
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of Sciences, Sofia, 1574, Bulgaria
Znstitute of Mechanics, Bulgarian Academy of Sciences, Sofia, 1113, Bulgaria
* Corresponding author: tsimeonova@imbm.bas.bg

Abstract: This study develops a machine learning framework for predicting the mechanical properties of 6xxx series Al-Mg-Si alloys (6061,
6063, 6082) across seven temper conditions. A hybrid dataset of 860 real measurement-based and 4,200 Monte Carlo augmented samples
was generated from a literature-mined dataset. Random Forest (RF), Gradient Boosting (GBR), and Multilayer Perceptron (MLP) models
were evaluated via 5-fold cross-validation (CV). RF achieved the best or comparable accuracy: coefficient of determination R? = 0.80
(ultimate tensile strength), 0.92 (yield strength), and 0.83 (elongation). Feature importance analysis showed that alloy type and temper
encodings dominated predictions (>90% combined), while individual compositional features contributed <3% a result partly attributable to
the augmentation strategy, which decoupled measured compositions from their corresponding property values. Learning curve analysis

confirmed model convergence above 2,000 samples.

Keywords: Al-Mg-Si ALLOYS; MACHINE LEARNING; HYBRID DATA AUGMENTATION; MECHANICAL PROPERTIES; RANDOM

FOREST,; MLP NEURAL NETWORK

1. Introduction

The 6xxx series Al-Mg-Si alloys are among the most versatile
aluminum alloys in automotive, construction, and general
engineering applications, owing to their favorable combination of
medium strength, excellent formability, good corrosion resistance,
and weldability [1-3]. Alloys 6061, 6063, and 6082 represent a
broad strength spectrum: 6063 is a lower-strength extrusion alloy
[4], 6061 is a general-purpose structural alloy [5], and 6082 offers
higher strength [6]. Their mechanical properties are governed by
Mg, Si precipitation, controlled by the temper condition [7].
Machine learning (ML) methods have shown promise for materials
property prediction [8-10], but 6xxx alloys present particular
challenges because alloy-to-alloy property variations are large and
available data are sparse for certain conditions.

In this work, we apply three ML regression models — Random
Forest, Gradient Boosting, and MLP Neural Network — to a hybrid
dataset combining real measurements with Monte Carlo augmented
data for predicting ultimate tensile strength (UTS), yield strength
(YS), and elongation of 6061, 6063, and 6082 alloys across seven
temper conditions. We evaluate model accuracy, analyze feature
importance, and assess data sufficiency through learning curve
analysis.

2. Materials and Methods

Composition and property data were sourced from the publicly
available dataset of Pfeiffer et al. [11], which contains aluminum
alloy data extracted from scientific manuscripts and US patents.
Three 6xxx alloys were selected covering seven temper conditions:
6061 (T4, T6, T651), 6063 (T4, T5, T6), and 6082 (T6), consistent
with their broad use in structural and extrusion applications [12,13].
The compositional features comprised 9 elements (Al, Cu, Mn, Si,
Mg, Zn, Cr, Fe, Ti), with Al calculated as the balance. Figure 1
presents radar chart profiles of the normalized mechanical
properties for each alloy-temper combination, highlighting the wide
property envelope spanning UTS from 150 MPa (6063-T4) to 340.5
MPa (6061-T651) and YS from 90 MPa (6063-T4) to 248.0 MPa
(6061-T651).

A hybrid dataset was constructed in two parts: (i) real property
measurements from the corpus were each paired with 20 random
composition realizations sampled from specification ranges,
yielding 860 measurement-based samples; It should be noted that
the 43 original measurements were unevenly distributed across
conditions: 6061-T6 accounted for 33 measurements (77%), while
the remaining six conditions (6082-T6, 6061-T651, 6063-T6, 6061-
T4, 6063-T4, 6063-T5) each contained 1-3 measurements. In the
augmentation step, each real property measurement was paired with
randomly sampled compositions drawn uniformly from the alloy

specification ranges, rather than retaining the original measured
composition. This approach captures the allowable compositional
variability but decouples the composition—property linkage inherent
in each measurement; (ii) for each of the 7 conditions, 600
additional Monte Carlo samples were generated with 3% Gaussian
noise on mean property values, yielding 4,200 augmented samples
(5,060 total). The feature space comprised 17 input variables: 9
elemental compositions, 3 alloy-type one-hot encodings, 4 temper
one-hot encodings, and 1 ordinal temper code. Three models were
trained: RF (200 trees, depth 12), GBR (200 trees, depth 6, Ir = 0.1),
and MLP (three hidden layers: 64-32-16 neurons, Rectified Linear
Unit (ReLU) activation, Adam optimizer, adaptive learning rate, o =
0.001, early stopping). Features were standardized for MLP.
Performance was assessed by 5-fold CV using coefficient of
determination (R?), Mean Absolute Error (MAE), and Root Mean
Square Error (RMSE).

6061-T4
6061-T6
6061-1651
6063-T4
6063-T5
6063-T6
6082-T6

6xxx Alloys: Normalized Property Profiles

9909009

Index

Fig. 1 Normalized radar chart profiles of mechanical properties for
6xxx alloy-temper combinations.

3. Results and Discussion

Table 1 summarizes the cross-validation metrics. RF achieved
the best overall performance: R? = 0.799 (UTS), 0.922 (YS), and
0.827 (elongation), with MAE of 13.44, 8.21, and 0.51 respectively.
MLP performed virtually identically for UTS (R? = 0.799) and
comparably for YS (R? = 0.919). The moderate R? values (0.772—
0.922) reflect the intrinsically wider property scatter within the
6xxx series, where UTS spans 150-340.5 MPa across alloys with
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fundamentally different strengthening levels. Figure 2 shows that
each model successfully captured the distinct property clusters of
6063 (low strength), 6082 (medium), and 6061 (high).

Table 1: Cross-validation performance metrics for 6xxx alloy ML models.

Model Target R? MAE | RMSE
UTS (MPa) 0.7987 | 13.44 | 30.86
Random Forest YS (MPa) 0.9218 8.21 | 16.68
Elongation (%) 0.8272 0.51 1.28
UTS (MPa) 0.7724 | 15.39 | 32.82
GlAdIENT YS (MPa) 09124 | 9.28 | 17.65
Boosting
Elongation (%) 0.7974 0.61 1.38
UTS (MPa) 0.7994 | 14.29 | 30.81
MLP Neural Net YS (MPa) 0.9187 8.90 | 17.01
Elongation (%) 0.8219 0.56 1.30
6xxx Alloys: ML Model Predictions vs. Actual Values (5-Fold CV)
Random Forest Gradient Boosting MLP Neural Net
o1 [BEETh) o (e oo [
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Fig. 2 Predicted vs. actual values for RF, GBR, and MLP models (5-fold CV),
colored by alloy type: 6061 - red, 6082 - blue, 6063 - green.

Feature importance analysis (Fig. 3), assessed as the average of
Random Forest and Gradient Boosting tree-based importances,
revealed clear target-specific patterns. For UTS, the 6063 alloy
indicator was the dominant feature (~76%), with the temper code
contributing ~5% and the T651 indicator ~3%. For YS, the 6063
indicator was overwhelmingly dominant (~83%), reflecting the
large strength gap between 6063 and the other alloys. For
elongation, the T6 temper (50%) and 6061 alloy (31%) indicators
dominated. Individual compositional features each contributed
<3%, indicating that alloy designation and temper condition
encodings dominate predictions. However, this low compositional
contribution is partly a consequence of the augmentation strategy, in
which property measurements were paired with randomly sampled
compositions from specification ranges rather than the actual
measured compositions. Because the composition—property linkage
was decoupled during augmentation, the models cannot learn
genuine composition—property relationships within each alloy-
temper class, and the low importance of individual elements should
therefore be interpreted as a methodological limitation rather than a
purely physical finding.

6xxx Alloys: Tree-Based Feature Importance Analysis

UTS (MPa) ¥S (MPa) Elongation (%)

i
i
-
i
=
i
|
1

Fig. 3 Tree-based feature importance analysis for UTS, YS, and elongation
prediction of 6xxx alloys.

The hierarchically clustered correlation heatmap (Fig. 4) shows
strong UTS-YS correlation (r 0.85), while both strength
properties correlated positively with the 6061 indicator (r = 0.67—
0.68) and negatively with 6063 (r = —0.84 to —0.90). The T651
temper showed moderate positive correlation with UTS (r = 0.47).
Hierarchical clustering grouped compositional features separately
from encoding and property variables, confirming that the two
information domains are largely orthogonal in the 6xxx system.

6xxx Alloys: Hierarchically Clustered Correlation Heatmap

arson Correlation

“Pea

Fig. 4 Hierarchically clustered Pearson correlation heatmap of compositional,
encoding, and property features

Learning curve analysis (Fig. 5), generated using simplified
model configurations to reduce computational cost (RF: 100 trees,
depth 10; GBR: 100 trees, depth 5; MLP: two hidden layers 64-32,
300 iterations; 3-fold CV), showed that RF achieved stable UTS
prediction (R? = 0.65-0.66) above ~2,000 training samples. GBR
exhibited slower convergence, while MLP matched RF at larger
training sizes but showed higher variance at small sample sizes. The
convergence at ~2,000 samples suggest that the hybrid
augmentation strategy provides sufficient data volume for model
training, although the lower R? values compared to Table 1 reflect
the reduced model complexity used for the learning curve analysis.

Gxxx Alloys: Learning Curves (Model Performance vs. Training Size)

UTS (MPa) YS (MPa) Elongation (%)

Fig. 5 Learning curves showing R? score vs. training set size for RF, GBR, and
MLP models (simplified configurations; see text for details).
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4. Conclusions

A hybrid ML framework combining real measurements with
Monte Carlo augmentation was developed for predicting UTS, YS,
and elongation of 6061, 6063, and 6082 Al-Mg-Si alloys across
seven temper conditions. RF provided the best or comparable
performance across all three targets (UTS: R? = 0.80, MAE = 13.44
MPa; YS: R? = 0.92, MAE = 8.21 MPa; elongation: R? = (.83,
MAE = 0.51 percentage points). Alloy type and temper condition
encodings dominated predictions (>90% combined importance),
while compositional features contributed <3% each; the low
compositional contribution is partly attributable to the augmentation
strategy, in which random compositions from specification ranges
were paired with property measurements, thereby decoupling the
composition—property linkage. Learning curve analysis confirmed
convergence above ~2,000 samples. The moderate R? values reflect
the wide property envelope of the 6xxx series. The framework
demonstrates that corpus-mined data with hybrid augmentation
provides a viable route for rapid property screening of engineering
aluminum alloys, although future work should explore
augmentation  strategies that preserve composition—property
correlations within each alloy-temper class.
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Abstract: In this paper, an uncertainty analysis is performed related to the marine MAN B&W 6S70ME-C diesel engine. Uncertainty
analysis is based on six different engine operating parameters (Maximum pressure, Compression pressure, Mean indicated pressure,
Exhaust Gas Outlet Temperature, Cooling Fresh Water Outlet Temperature, and Piston Cooling Oil Outlet Temperature) measured in each
engine cylinder. Various engine loads are observed. Exhaust Gas Outlet Temperature uncertainties are the highest in comparison to
uncertainties of all other considered operating parameters. The highest Exhaust Gas Outlet Temperature uncertainty is detected at engine
load of 90% and is equal to £2.421%, while considering all observed engine loads, Exhaust Gas Outlet Temperature uncertainty is equal to
+4.296%. Overall uncertainty of the analysis performed in this paper (which considers all observed operating parameters at all engine
loads) is equal to +4.837%, which also falls within the range of the recommended uncertainty limit (£5%).

KEYWORDS: UNCERTAINTY ANALYSIS, MARINE DIESEL ENGINE, OPERATING PARAMETERS, ENGINE CYLINDER

1. Introduction

In the marine propulsion sector, internal combustion diesel
engines are the dominant mechanical power producers [1]. In
addition to pure diesel engines, dual fuel engines increase their
share in this sector each day due to low combustion gas emissions
[2, 3]. Along with diesel or dual fuel internal combustion engines,
in marine propulsion can be used various other propulsors, but its
share in this sector is much lower in comparison to internal
combustion engines [4, 5].

Due to its dominance, in the literature can be found various
analyzes related to the marine internal combustion engines. A
notable part of the literature is related to processes and procedures
which reduce combustion gas emissions from such internal
combustion engines [6-8]. Also, many different numerical models
are developed for the performance analysis of various marine
internal combustion engines [9-11]. Therefore, it can be concluded
that due to its dominance in the marine propulsion sector, internal
combustion engines are an important topic in the scientific and
professional literature.

In this paper, an uncertainty analysis of marine MAN B&W
6S70ME-C diesel engine is performed, presented, and discussed.
Uncertainty analysis is based on six different engine operating
parameters measured in each engine cylinder. For each considered
operating parameter, uncertainty analysis is performed at each
engine load and at all engine loads observing all cylinders. Finally,
uncertainty analysis is performed for all considered operating
parameters at all engine loads. Uncertainty analysis performed in
this paper provides information related to which considered
operating parameter has the highest uncertainties and did overall
uncertainty (for each parameter and for all parameters) fall in the
range of recommended uncertainty (+5%).

2. Description of the analyzed engine and considered
operating parameters in each cylinder

Marine low-speed two-stroke diesel engine analyzed in this paper
is MAN B&W 6S70ME-C. This diesel engine is one of two
identical engines used for the commercial LNG (Liquefied Natural
Gas) carrier drive, where each of two identical parallel-running
engines directly drives its own propulsion propeller (main engines)
[12]. Along with the main diesel engines, the mentioned LNG
carrier has four auxiliary diesel generator engines for electricity
production [13]. MAN B&W 6S70ME-C main engine cross section
is found in the producer specifications [14] and presented in Fig. 1,
while the main engine particulars are obtained from the LNG carrier
internal documentation [15] and presented in Table 1.

As can be seen from Table 1, the analyzed engine has six in-line
cylinders. In this paper, uncertainty analysis is performed on the
basis of measured operating parameters in each of six engine
cylinders. Considered operating parameters are: Maximum pressure,
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Compression pressure, Mean indicated pressure, Exhaust Gas
Outlet Temperature, Cooling Fresh Water Outlet Temperature, and
Piston Cooling Oil Outlet Temperature. All mentioned operating
parameters are obtained during the producer test-bed measurements,
which results are shown in [16]. Mentioned operating parameters
used in the uncertainty analysis are measured in seven engine loads
(load of 25%, 50%, 75%, 85%, 90%, 100%, and 110%). Exact used
measurement procedure and measuring equipment are explained
and presented also in [16].

It should be highlighted that uncertainty analysis is performed
observing all cylinders for each considered operating parameter at
each engine load, for each operating parameter at all engine loads,
and finally, for all considered operating parameters at all engine
loads (overall analysis uncertainty).

Fig. 1. MAN B&W 6S70ME-C engine cross section
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Table 1. MAN B&W 6S70ME-C engine main particulars

in Exhaust Gas Outlet Temperature is much higher than the change

Number of cylinders 6 in Cooling Fresh Water Outlet Temperature and Piston Cooling Oil
Cylinders arrangement In-line Outlet Temperature, which must result in higher Exhaust Gas Outlet
Process type Two-stroke Temperature uncertainty (in comparison to the other two
Cylinder bore 700 mm temperatures).
Piston stroke 2800 mm )
Fuel Diesel very-low sulfur oil Table 2. Measured operating parameters at MAN B&W 6S70ME-C
Fuel Lower Heating Value 41.98 MI/k engine load of 50%
(LHV) - 9 Cylinder 1 2 3 | 4 5 6
Fuel injection type Direct injection Maximum pressure
Power output at Maximum 17550 KW (bar) 110.1 | 108.6 | 107.9 | 108.1 | 111.5 | 109.7
Continuous Rating (MCR) Compression
Engine speed (at MCR) 85 rpm pressure (bar) 844 | 834 | 813 | 836 | 834 | 813
Mean effective pressure (at 18.9 bar Mean indicated 1275 1 12.69 | 12.41 | 1263 | 12.78 | 12.90
MCR) pressure (bar)
Exhaust Gas Outlet
. . . 270.0 | 265.0 | 250.0 | 277.0 | 280.0 | 280.0
3. Uncertainty analysis equations Temperature (°C)
Cooling Fresh Water
Equations used for the uncertainty analysis are defined by Kline Outlet Temperature | 78.0 | 78.0 | 78.0 | 78.0 | 79.0 | 79.0
and McClintock’s approach [17, 18]. Uncertainty analysis is based °C)
on six measured operating parameters in each cylinder of the Piston Cooling Oil
analyzed marine internal combustion engine at seven engine loads Outlet Temperature | 50.0 | 50.0 | 50.0 | 50.0 | 50.0 | 50.0
(Maximum pressure, Compression pressure, Mean indicated (°0O)

pressure, Exhaust Gas Outlet Temperature, Cooling Fresh Water
Outlet Temperature, and Piston Cooling Oil Outlet Temperature).
The arithmetic mean (Apean) IS calculated as:

_XiZi

Amean - m ’

)

where Z; is the parameter considered and m is a number of
engine cylinders. Standard deviation (o) is defined as:

—_ E:il(zl _Amean)z
o= [Halitnm) @)
Considered parameter uncertainty (UNparameter) IS defined as:
UNparameter= \/% . (3)

Considered parameter percentage of uncertainty (UNparameter (%))
is:

UN arameter
UNparameter (%)= :Tant -100. (4)
Overall uncertainty (UNgyeran) is defined as:
2
UNoveraII:\/Z?ﬂ [UNparameter(%)] ) (5)

where in the case analyzed in this paper n is the number of
engine loads (for each considered parameter) or the number of all
considered parameters (overall analysis uncertainty).

4. Considered operating parameters at various MAN
B&W 6S70ME-C engine loads

Marine diesel engine operating parameters used in the uncertainty
analysis are measured in seven engine loads (load of 25%, 50%,
75%, 85%, 90%, 100%, and 110%). The considered operating
parameters are obtained during the producer test-bed measurements,
presented and explained in [16].

In this paper, the exact measurement results of all considered
operating parameters are shown at two MAN B&W 6S70ME-C
engine loads — load of 50% (Table 2) and load of 100% (Table 3).

From Table 2 and Table 3 can be seen that an increase in engine
load increases all considered pressures and temperatures in each
engine cylinder. Moreover, considering temperatures only between
engine cylinders at each load, it can be clearly seen that the change
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Table 3. Measured operating parameters at MAN B&W 6S70ME-C

engine load of 100%

Cylinder 1 2 3 4 5 6
Max'm‘(’gr';’ress“re 150.9 | 150.5 | 150.0 | 149.5 | 151.2 | 151.1
Compression
bressure (bar) | 1330 | 1343|1325 /1349 | 1329 | 1331
Mean indicated |, 1 |19 95 | 20.05 | 19.87 | 19.68 | 20.20
pressure (bar)
Exhaust Gas Outlet | 5,0 ) | 39 | 314.0 | 325.0 | 335.0 | 332.0
Temperature (°C)
Cooling Fresh Water
Outlet Temperature | 82.0 | 81.0 | 82.0 | 82.0 | 82.0 | 82.0
O
Piston Cooling Oil
Outlet Temperature | 52.0 | 52.0 | 52.0 | 53.0 | 52.0 | 52.0

O

5. Results and discussion

Maximum pressure uncertainty at each observed engine load is
presented in Fig. 2. Maximum pressure uncertainties are the highest
at two the lowest observed engine loads (loads of 25% and 50%)
and equal +0.705% and +0.516%, respectively. The lowest
maximum pressure uncertainty is detected at engine load of 100%
and is equal to =0.182%.

0.8%
0.7%
0.6%
0.5%
0.4%
0.3%
0.2%
0.1%
0.0%

0.705%

0.516%

0.368%

0.250% 0.249% 0.257%

Maximum pressure
uncertainty (%)

0.182%

25% 50% 75% 85% 100% 110%

Engine |oad

90%

Fig. 2. Maximum pressure uncertainty at each observed engine
load

Considering compression pressure uncertainties, Fig. 3, it can be
easily concluded that the highest and the lowest uncertainties are
obtained at the same engine loads as the maximum pressure
uncertainties. Therefore, the highest compression pressure
uncertainties (+0.636% and £0.637%) are obtained at engine loads
of 25% and 50%, respectively, while the lowest compression
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pressure uncertainty of +0.286% is obtained at engine load of
100%.

The highest and the lowest uncertainties related to the mean
indicated pressure did not occur at the same engine loads as
obtained for the maximum pressure and compression pressure
uncertainties, Fig. 4. The highest uncertainty related to the mean
indicated pressure (equal to £0.534%) occurs at the engine load of
50%, while the lowest mean indicated pressure uncertainty of
+0.229% occurs at the engine load of 110%.

According to the recommendations from the literature [17, 19],
the acceptable uncertainty limit is £5%, regardless of the observed
measured parameter. For all uncertainties related to the pressures at
each engine load (Maximum pressure — Fig. 2, Compression
pressure — Fig. 3 and Mean indicated pressure — Fig. 4), maximum
values are notably lower than the highlighted limit.

0.7%
0.6%

0.636% 0.637%

0.5%
0.4%
0.3%
0.
0.1%
0.0%

0.422% 0.445%
0.390%

| I I ]

100%

uncertainty (+)

N
ES

Compression pressure

110%

Engine load

Fig. 3. Compression pressure uncertainty at each observed engine
load

0.534%

0.456%
0.414%
L 0.388% 0.384% 0.360%

0.229%

Mean indicated pressure
uncertainty (£)

25% 50% 75% 85% 90% 100% 110%

Engine load

Fig. 4. Mean indicated pressure uncertainty at each observed
engine load

Exhaust Gas Outlet Temperature uncertainties at each observed
engine load are presented in Fig. 5. The highest Exhaust Gas Outlet
Temperature uncertainty is obtained at engine load of 90%
(+2.421%), while the lowest Exhaust Gas Outlet Temperature
uncertainty is detected at engine load of 100% (£0.964%).

1.209%
[X 954%

100% 110%

3.0%

2.421%

1.663% 1.752% 1.688%
1 231%
\ \

25% 50% 5%

2.5%
2.0%
1.5%

1.

Q
R

Exhaust Gas Outlet
Temperature uncertainty (+)

0.5%

0.0%

Engine load

Fig. 5. Exhaust Gas Outlet Temperature uncertainty at each
observed engine load

Cooling Fresh Water Outlet Temperature uncertainties at each
engine load can be seen in Fig. 6. The highest Cooling Fresh Water
Outlet Temperature uncertainty is detected at engine load of 110%
(equal to +0.403%), while the lowest Cooling Fresh Water Outlet
Temperature uncertainty is obtained at engine load of 100% (equal
to £0.204%). In comparison to Exhaust Gas Outlet Temperature
uncertainties, Cooling Fresh Water Outlet Temperature
uncertainties are much lower at each engine load, Fig. 5 and Fig. 6.

The highest Piston Cooling Oil Outlet Temperature uncertainty is
obtained at engine load of 85% and is equal to +0.408%, Fig. 7.
However, the lowest Piston Cooling Oil Outlet Temperature
uncertainty, equal to zero, is detected at engine load of 50%. At
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engine load of 50%, Piston Cooling Qil Outlet Temperature
uncertainty is equal to zero because measurements in all six engine
cylinders resulted in the same temperature, which is clearly visible
in Table 2.

In comparison to Exhaust Gas Outlet Temperature uncertainties,
Piston Cooling Oil Outlet Temperature uncertainties are much
lower at each engine load, Fig. 5 and Fig. 7. This confirms the
statement highlighted before — due to much higher Exhaust Gas
Outlet Temperature change between engine cylinders at each
observed load, Exhaust Gas Outlet Temperature uncertainties are
notably higher in comparison to Cooling Fresh Water Outlet

Temperature and Piston Cooling Oil Outlet Temperature
uncertainties.

—_ 0.45%
% % 0.40% | 0.403%
(2 s 0.35%
% fé 0.30% + 0.269% 0.262% 0.274% 0.259%
25 0% T oo 0.204%
% e 020% -
= ‘E 0.15%
E g 0.10%
85 005% -

= o.00%

25% 50% 75% 85% 90% 100% 110%
Engine load

Fig. 6. Cooling Fresh Water Outlet Temperature uncertainty at
each observed engine load

Finally, also all uncertainties related to the temperatures
considered in this analysis at each engine load (Exhaust Gas Outlet
Temperature — Fig. 5, Cooling Fresh Water Outlet Temperature —
Fig. 6 and Piston Cooling Oil Outlet Temperature — Fig. 7) are
notably lower than the recommended uncertainty limit of £5%.

0.45%
0.40% +
0.35% -
0.30% +
0.25% T+
0.20% T+
0.15% +
0.10% +
0.05% T+
0.00%

0.408%

0.347%

0.326% 0.319% 0.319%

0.160%

Piston Cooling Oil Outlet
Temperature uncertainty (£)

0.000%
+

25% 50% 75% 85% 20% 100% 110%

Engine load

Fig. 7. Piston Cooling Oil Outlet Temperature uncertainty at each
observed engine load

Overall uncertainty of considered operating parameters in this
analysis at all observed engine loads is presented in Fig. 8.

From Fig. 8 is easy to detect that the highest overall uncertainty
(considering all observed engine loads), equal to +4.296%, has
Exhaust Gas Outlet Temperature, while the lowest overall
uncertainty of =+0.731% has Cooling Fresh Water Outlet
Temperature. Fig. 8 additionally confirms that overall uncertainties
related to the Cooling Fresh Water Outlet Temperature and Piston
Cooling Oil Outlet Temperature are notably lower in comparison to
Exhaust Gas Outlet Temperature uncertainties at all engine loads.

Overall uncertainties related to all three observed pressures at all
engine loads (Maximum pressure, Compression pressure, and Mean
indicated pressure) are around +1%. Moreover, uncertainties of all
six operating parameters observed in this paper at all engine loads
are lower than the uncertainty limit of £5%.
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Fig. 8. Overall uncertainty of all considered parameters at all
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Overall uncertainty of the analysis performed in this paper
(which considers all observed operating parameters at all engine
loads), and which is calculated by using Eq. 5, is equal to +4.837%,
what also falls within the range of the recommended uncertainty
limit (£5%).

6. Conclusions

This paper presents an uncertainty analysis related to the marine
MAN B&W 6S70ME-C diesel engine. Performed analysis is based
on six different engine operating parameters (Maximum pressure,
Compression pressure, Mean indicated pressure, Exhaust Gas
Outlet Temperature, Cooling Fresh Water Outlet Temperature, and
Piston Cooling Oil Outlet Temperature) measured in each engine
cylinder. Various engine loads are observed. For each considered
operating parameter, uncertainty analysis is performed at each
engine load and at all engine loads observing all cylinders. At the
end, uncertainty analysis is performed for all considered operating
parameters at all engine loads. The most important conclusions of
the performed analysis are:

- Uncertainties related to all pressure operating parameters
(Maximum pressure, Compression pressure, and Mean indicated
pressure) are lower than +1% considering each engine load and are
around £1% considering all engine loads. Uncertainties of all
pressure operating parameters are notably lower than the
recommended uncertainty limit (+5%).

- Exhaust Gas Outlet Temperature uncertainties are the highest in
comparison to uncertainties of all other considered operating
parameters. The highest Exhaust Gas Outlet Temperature
uncertainty is detected at engine load of 90% and is equal to
+2.421%, while considering all observed engine loads, Exhaust Gas
Outlet Temperature uncertainty is equal to +4.296%. Still, also
Exhaust Gas Outlet Temperature uncertainties are lower than the
recommended uncertainty limit of £5%.

- Cooling Fresh Water Outlet Temperature uncertainties as well as
Piston Cooling Oil Outlet Temperature uncertainties are the lowest
of all considered operating parameter uncertainties (at each engine
load as well as observing all engine loads).

- If the observed operating parameter has the same measured values
in all cylinders at any engine load, its uncertainty is equal to zero
(as can be observed in this analysis for Piston Cooling Oil Outlet
Temperature uncertainty at engine load of 50%).

- Overall uncertainty of the analysis performed in this paper (which
considers all observed operating parameters at all engine loads) is
equal to +4.837%, which also falls within the range of the
recommended uncertainty limit (+5%).
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Ways to reduce atmospheric air pollution from transport in the city of Kutaisi
through an artificial intelligence — driven method
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Abstract: The article discusses the ecological state of atmospheric air in the city of Kutaisi and ways to reduce pollution from one of the
main factors - transport, through the method of optimizing the urban road traffic system. This method integrates environmental responsibility
with the goal of ensuring efficient, safe, and accessible mobility. It will also help urban planners and environmentalists, through an artificial
intelligence-driven method, to reduce the negative environmental impact of transport and maintain the efficiency of transport systems.

KEYWORDS: ATMOSPHERIC POLLUTION; CONCENTRATION; PM2.5, PM10; URBAN TRAFFIC; ARTIFICIAL INTELLIGENCE.

1. Introduction

Georgia’s geographical location determines its role in
transit in the Caucasus. Currently, transit infrastructure in the
country is developing rapidly: high-speed highways are being
constructed, and as a result, traffic flow and transportation volumes
are expected to increase in the future if environmental protection
measures are not implemented.

In addition to air pollution, a significant problem for large
cities is the steady increase in noise levels caused by intensive
urban traffic. High noise levels result from heavy traffic, technical
malfunctions of some vehicles, narrow streets, the unsatisfactory
condition of boulevards and road surfaces, the absence of protective
green zones between pedestrian paths and roadways, violations of
traffic rules, the use of loud vehicle horns in prohibited areas, and
poor street planning and design. As a result of the processes listed
above, emissions of pollutants and noise levels in urban areas will
increase, leading to ecosystem deterioration and adverse effects on
human health.

It is from this point onward that we have studied air
pollution in the city of Kutaisi and the contemporary approach to
mitigating this issue.

Data from the National Environmental Agency were
reviewed. In 2024, atmospheric air pollution monitoring in Kutaisi
was conducted at an automatic station located on Asatiani Street.
Concentrations of the following harmful substances were measured:
particulate matter (PM10 and PM2.5), sulfur dioxide (SO2),
nitrogen dioxide (NO2), ozone (03), and carbon monoxide (CO).

- The concentrations of sulfur dioxide (S0O2), based on both 1-
hour and 24-hour averaging periods, did not exceed the
respective limit values.

- The average annual concentration of particulate matter
(PM10) was 30 pug/m?, which did not exceed the maximum
permissible norm. The average monthly values of daily mean
concentrations also remained within permissible limits;
however, PM1o concentrations based on 24-hour averaging
exceeded the limit values on 25 occasions during the year. Of

Table 1: Results of Four Stages of Indicative Measurements in the City of Kutaisi

these, 14 exceedances were attributed to synoptic processes,
specifically the transport of air masses containing desert dust
particles from the southeast over the territory of Georgia.

- The average annual concentration of particulate matter
(PM2.5) was 14 pg/m?, which did not exceed the respective
limit value.

- The average annual concentration of nitrogen dioxide (NO2)
was 39 pg/m® and did not exceed the maximum permissible
concentration; 1-hour average concentrations also remained
below the respective limit value throughout the year.

- The maximum daily 8-hour average concentrations of ozone
(O3) did not exceed the respective limit values throughout the
year.

- The 8-hour daily average concentrations of carbon monoxide
(CO) did not exceed the respective limit value.

2. Methodological and theorical framework

In 2024, based on data obtained from indicative
measurements conducted in the city of Kutaisi, exceedances of the
annual average concentration limit for nitrogen dioxide (NO2) were
recorded at two out of four monitoring locations. In particular,
concentrations reached 63.32 pg/m? (1.6 MPC) near R. Shengelia
Stadium, while the value recorded on David Agmashenebeli
Avenue (40.03 pg/m?) slightly exceeded the permissible limit.

Results show that the average annual concentrations of
benzene were within the permissible limits at all monitoring sites.
In addition, air samples were collected using an aspirator to
determine lead content. The results indicate that in 2024, the
average annual concentration of lead in the ambient air of the city of
Kutaisi did not exceed the established limit value (Table 1).

According to data from the National Environmental
Agency for 2024-25, the average annual concentrations of nitrogen
dioxide and particulate matter were exceeded in several instances,
primarily due to street repair works, industrial activities, and heavy
traffic.

Benzene, pg/m?

Address Stages Nitrogen dioxide, pg/m?3 Ozone, pg/m?

| 1 Il v | 1 11 v | 1 11 v
Chechelashvili Street 21.63 | 17.26 | 16.99 | 21.95 09 |08 |09 |18
Kharazovi’s Garden 11.19 | 8.41 4.67 14.04 1.8 1.7 18 |31
Near R. Shengelia | 74.24 | 62.49 | 60.50 | 56.04
Stadium
David Agmashenebeli | 41.92 | 41.09 | 41.07 | 36.02
Avenue
Near Bagrati Cathedral 12545 | 117.1 | 89.78 | 62.07

The present paper addresses traffic-related pollution using
a sustainable transport approach that balances environmental
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responsibility with efficient, safe, and accessible mobility. The
primary goal is to minimize the negative environmental impact of
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transport while maintaining the effectiveness of transport systems
through innovative strategies.

Traditional approaches are limited in their ability to assess
traffic flow and the urban environment effectively. To enhance
urban mobility and optimize traffic flow, artificial intelligence (Al)-
driven methods are increasingly needed. This paper presents the
Traffic Optimization Framework (LLM-RL-TOF).

Urban transport faces challenges from both environmental
issues and traffic congestion [1]. To meet the growing demand for
efficiency and reliability in urban transport networks, experts are
exploring innovative traffic management strategies [2]. Traditional
rule-based traffic management systems (TMS), which rely on pre-
programmed signal timings, often struggle to adapt to dynamic road
conditions in high-density metropolitan areas [3]. In contrast, Al-
driven traffic optimization offers a promising solution, using real-
time data to make intelligent decisions that improve traffic flow
while minimizing environmental impact.

Modern traffic management increasingly relies on Internet
of Things (loT) sensors, including inductive loops and drone
monitoring systems. These sensors provide precise data on vehicle
movements, congestion, and environmental conditions, enabling
real-time traffic management decisions [5]. However, a major
challenge lies in effectively organizing and utilizing this vast flow
of data [6]. Large language models (LLMs) are particularly well-
suited to this task, as they excel at pattern recognition, forecasting,
and generating insights in complex, dynamic environments.

Al-driven dynamic traffic management can assist urban
planners in optimizing vehicle flow while reducing environmental
impact [7]. Large language models (LLMs) can be integrated into
traffic control systems via the Internet, offering novel approaches to
planning and decision-making [8]. Beyond text processing, LLMs
are capable of analyzing complex datasets, making them well-suited
for future applications in system control. Their potential to enhance
urban traffic management is significant, as LLMs’ cognitive
capabilities can improve efficiency, traffic flow, and overall quality
of life [9]. By using artificial intelligence, data-driven traffic
management becomes a practical and effective solution [10].

Reinforcement learning (RL) has been extensively studied
for traffic signal control, with models designed to manage signal
timing in real time based on traffic conditions [11]. As a subset of
machine learning (ML), RL evaluates multiple outcomes to
determine the optimal actions for interacting with the environment
[12]. By automatically managing signals, congestion, and delays,
RL optimizes traffic flow [13]. When combined with large language
models (LLMs), real-time traffic data can further enhance
performance: LLMs analyze traffic patterns, predict congestion, and
provide actionable information that RL agents use to improve traffic
flow. Continuous system performance feedback allows RL agents to
make better decisions, reducing waiting times and increasing
overall traffic throughput [14].

Experimental evaluations show that the LLM-RL-TOF
approach outperforms advanced baseline models, including GRU-
BRNN, UTMOM, and p-H-WDFOA, across key transportation
metrics [15]. In particular, it increased intersection throughput by
17.5%, reduced the queue length accumulation index by 22.3%, and
decreased average vehicle delay by 18.6%. These results highlight
the method’s efficiency, positive environmental impact, and
reliability in policy implementation. As a result, the LLM-RL-TOF
model has been selected for deployment in future smart city
transportation networks, as it enhances pedestrian safety, improves
emergency response efficiency, and supports sustainability
objectives.

3. Conclusion
The present study examines atmospheric air pollution in
the city of Kutaisi and proposes strategies to mitigate transport-
related pollution through real-time wurban traffic system
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optimization, guiding urban planners and environmental protection
specialists.
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Abstract: This study presents and validates a method for achieving positioning accuracy comparable to standalone GPS (approximately 10
m) using a proprietary Sigfox WiFi positioning system that transmits only two MAC addresses per message. Due to Sigfox’s severe payload
limitations, conventional positioning attempts often fail or yield significant errors. Our approach introduces continuous scanning on the
device to dynamically collect up to four MAC addresses, paired with meticulous backend analysis and filtering of MAC address quality using
a custom Here API Validation Tool. The proposed method effectively addresses these limitations, demonstrating a 100% location acquisition
rate and a median positional error of 19 meters, making it highly effective for both stationary and dynamic mobile tracking.

Keywords: SIGFOX, WIFI POSITIONING, MAC ADDRESS, HERE API, LPWA, 10T, ESP32-S3

1. Introduction

Location information is crucial across various fields, including

surveying, autonomous driving, construction, and disaster response.

GPS positioning, a common method for location estimation,
typically incurs an error of approximately 10-30 m[1]. With the
widespread adoption of 10T devices, the demand for low-cost, low-
power positioning methods that utilize Sigfox, a low-power wide
area network, has increased[2].

Sigfox’s official Atlas WiFi service enables positioning by
obtaining the MAC addresses of nearby WiFi access points.
However, within the proprietary mechanism developed in this
study, the number of MAC addresses that can be transmitted in a
single message is strictly limited to two due to Sigfox’s payload
constraint of 12 bytes. Attempting to perform positioning by
directly sending this limited MAC address information to the Here
Positioning API often results in complete failures or significant
errors (ranging from tens to hundreds of meters).

To address these challenges, this study proposes and validates a
method that achieves accuracy comparable to standalone GPS
positioning (approximately 10 m) using a proprietary Sigfox WiFi
positioning system that transmits only two MAC addresses per
message. This is achieved through meticulous scanning of the WiFi
environment using NetSpot, along with quality analysis and
selection of MAC addresses via a custom-built Here API
Validation Tool designed for this verification.

2. GPS Positioning (Baseline accuracy verification)

A. 10T Device Configuration

We first developed an 10T device equipped with a Sigfox
network module and a GPS module. The configuration combines
an Arduino Uno Rev3[3] with a Sigfox shield for Arduino V2S[4]
and a GPS module[5]. Detailed construction methods and the
modules utilized are outlined in the literature[6].

k)

nd GPS modules.
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B. GPS Positioning Results (Accuracy: Approximately
10 m)

Latitude (multiplied by 1 M) and longitude (multiplied by 1 M)
data acquired from the loT device are transmitted via email through
the Sigfox cloud.

An example of the received data is given as follows:

“device” : “771E2D”,

“time” : 1771975311,
“segNumber” : 954,

“data” : “020c7a2807e640d0”,
“slt” : 34372136,

“slg” : 132530384

When the acquired location information was plotted on Google
Maps, an error of approximately 10 m was observed between the
GPS positioning (red dot) and the actual physical location (blue
dot). In general, GPS positioning errors range from 10 to 30 m due
to factors such as ionospheric delay and multipath effects, which
align with the findings of this experiment. Therefore, this study
establishes a GPS precision of approximately 10 m as the target
accuracy for the Sigfox WiFi positioning system.

3. Positioning using Sigfox: Mechanisms and
Challenges

This section discusses the mechanisms of positioning using the
Sigfox network, its accuracy, and the inherent challenges.
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A. Atlas Native Positioning (Accuracy: Several
Kilometers)
Atlas Native is a location measurement service that

communicates with Sigfox base stations to provide geographical
coordinates (latitude and longitude) and an estimated error range.
This information is relayed via callbacks or the standard Sigfox
API based on factors such as signal strength from transmitted
messages. Although it is extremely low-power and does not require
additional modules like GPS, its accuracy is limited to several
kilometers, allowing only for rough area estimations. In this
experiment, the indicated area spanned 90 km east-west and 110
km north-south.

W

Fig. 4 Mechanism of Sigfox Atlas location estimation.

B. Atlas WiFi and Custom Sigfox WiFi Positioning
(Here API Integration)

Sigfox’s official Atlas WiFi service enables low-power
acquisition of location information both indoors and outdoors by
utilizing surrounding WiFi access points (BSSID/MAC addresses),
provided the area has Sigfox coverage. It offers latitude, longitude,
and an expected accuracy range based on MAC addresses,
facilitating location identification even in environments where GPS
signals are unavailable, such as indoors or in urban canyons.

How Atlas WiFi Works

Step 4:
High-accuracy refinement
using Atlas Native.

SIGFOX CLOUD

DEVICE CUSTOMERIT

FIAC ADDRESS

X, Y, RADIUS
i dacbmetatsar e

ke,

Step 1: l T s
Device receives
nearby MAC
addresses.

Step 2:

Transfer data to the
partner-provided
Wi-Fi platform.

Step3:
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location data from
Calculates.

©

WI-FI PARTNER

Fig. 5 Mechanism of Sigfox Atlas WIFI.

Instead of relying on the existing Atlas WiFi service, this
research developed and validated a proprietary mechanism[7] that
directly stores MAC addresses acquired from the device into the
Sigfox message payload and queries the Here Positioning API
through a custom backend server (e.g., AWS). Due to Sigfox
communication specifications, the maximum payload for a single
message is strictly limited to 12 bytes, allowing for the inclusion of
only two MAC addresses (six bytes each). This limitation presents
significant challenges:
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e Positioning Failure: The Here API often cannot
calculate a location based on only two MAC addresses,
resulting in no coordinate data. An analysis of historical
experimental data involving 5,431 unique transmissions
revealed that approximately 75.3% of all transmissions
failed to acquire even a single valid MAC address
(resulting in no data), highlighting the extreme difficulty
of data acquisition in sparsely populated areas.

e Large Errors: Even when a location is successfully
identified, the accuracy can vary significantly, ranging
from tens to hundreds of meters when relying on only
two data points.

e  Effects of Inappropriate APs: If mobile access points
(APs), such as smartphone tethering devices, or APs with
registered locations that differ from their actual physical
locations are included in the transmission, the center of
gravity for location estimation can be severely distorted.

The following visualization presents experimental data obtained
using the conventional single-scan method (maximum of two
MACs per location, no MAC filtering). As shown, the estimated
coordinate points are widely dispersed across a vast area, visually
confirming that practical positioning accuracy has not yet been
achieved.

Sigtex WIFI Locatian Map

Fig. 6 Data scattering by conventional methods (méix two MACs per
location, no MAC filter)

C. Summary of Challenges

The previous analysis clearly shows that achieving practical
accuracy (approximately 10 m, similar to GPS) in custom Sigfox
WiFi positioning, while using a minimal number of MAC
addresses (two), requires a mechanism to evaluate and prefilter the
quality of MAC addresses before transmission.

4. Accuracy improvement method via WiFi MAC
address analysis

A. Verification of Continuous Scanning via Walking
(Device-side Enhancements)

In this verification, communication and positioning experiments
were conducted using a dedicated edge device (shown in Fig. 7)
that incorporates an ESP32-S3 chip for WiFi scanning, alongside
the aforementioned GPS module.
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Fig. 7 ESP32-53 edge device.

Obijective: To address payload constraints, the “Continuous
Scan” approach, which acquires a maximum of four MAC
addresses through overlapping scans in two separate transmissions,
was tested for its effectiveness in improving positioning accuracy
within a 110-m sectional environment.

Method: Data was collected in a 110-m section (11 points at 10-
m intervals) under consistent conditions that simulated stopping
every 10 m. Two methods were compared based on the minimum
error reported by the Here API: “Single Scan (transmitting a
maximum of two MACs per location)” and “Continuous Scan
(scanning twice per location to transmit a maximum of four
MACs).”

Summary of Results: In the Single Scan method (two MACs
transmitted), the Here API lacked sufficient information to
accurately determine the location, resulting in a failure to acquire
data at eight of 11 points. At the remaining three points where
positioning was successful, the average error was 26.5 m, with a
median error of 25.3 m. By contrast, the Continuous Scan method
(maximum of four MACs transmitted) successfully determined
locations at all 11 points, achieving a 100% acquisition rate.
Furthermore, the location information error improved, with an
average of 25.8 m and a median of 19.2 m. These results indicate
that an accuracy level comparable to standalone GPS can be
achieved, and that the dynamic collection of multiple MACs in two
stages is an effective strategy for significantly enhancing both the
“positioning success rate” and “accuracy” within Sigfox’s severe
payload constraints.

Figure 9 illustrates the measurement results for the 110-m
section at 10-m intervals. True coordinates are indicated by blue
pins, single scan results are shown in orange, and continuous scan
results are in red, accompanied by their respective accuracy radii.
The single scan (orange) exhibited failures at numerous points,
resulting in scattered data, whereas the continuous scan (red) is
consistently plotted near the true coordinates (blue) at all points,
visually demonstrating its superior tracing capabilities as a
trajectory.
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“Bran

Fig. Y PIot of actual coordinates and posItioning results in the 110-m
section (single vs. continuous).

Table 1: presents the actual measured errors for each positioning
method across the 110-m section (11 points in total). Entries marked with
“-”in the Single Scan column denote points where positioning was not
possible, as the Here API did not return coordinate data due to insufficient
information.

i i Accuracy
. Single Scan Continuous Scan
Point Name Error (m) Error (m) Improvement (m) /
Notes
i Acquisition
ot ) 679 Improved
Point 2 - 73.6 Acquisition
Improved
Point 3 - 55 Acquisition
Improved
Point 4 15.3 17.9 26
Point 5 25.3 27.2 -1.9
Point 6 39.0 27.8 11.2
i Acquisition
Point? ) 11.0 Improved
Point 8 - 23.8 Acquisition
Improved
Point 9 - 4.4 Acquisition
Improved
i Acquisition
om0 - >3 Improved
Point 11 - 19.2 Acquisition
Improved
Average 26.5 25.8 _
Median 25.3 19.2 _
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Through the implementation of the aforementioned
methodology, which relies on operational ingenuity at the Sigfox
device end (Continuous Scanning combined with rough received
signal strength indicator (RSSI) filtering), the acquisition rate
significantly improved, resulting in a positioning accuracy refined
to approximately 19 m.

B. Verification of Effectiveness during Continuous
Walking (3 and 6 km/h)

Obijective: To assess the feasibility of achieving highly accurate
positioning by dynamically collecting and merging four MAC
addresses while walking continuously at a constant speed.

Method: Positioning data was gathered within the same 110-m
segment while moving at “Low-speed Walking (approximately 3
km/h)” and “High-speed Walking (approximately 6 km/h).” Two
sequential messages, each transmitting two MAC addresses, were
merged into a single group (with a maximum of four MACs at the
backend). The estimated coordinates and accuracy radius were then
calculated using the Here API.

Results and Discussion: Table 2 lists the positioning results for
each group during continuous walking. When walking at a low
speed of approximately 3 km/h, all three groups achieved
successful positioning. Notably, Group 1 demonstrated a high
precision, namely, a radius of 18 m, which is comparable to
standalone GPS positioning. However, a significant issue was
noted: when comparing the estimated coordinates (latitude and
longitude) to the actual starting point of the walk, Group 1
exhibited a spatial offset exceeding 50 m. This discrepancy was not
due to measurement errors from the device; rather, it indicated that
the physical locations of the MAC addresses (access points) used
by the Here Positioning API did not align with their true real-world
positions. Thus, whereas the API reported a location with “high
confidence” (an 18-m accuracy radius), inherent biases or
deviations in its reference database remained. By contrast, during
high-speed walking at approximately 6 km/h, the accuracy radius
for Group 1 increased significantly to 89 m. At this speed,
equivalent to 100 m per min (approximately 1.67 m/s), the subject
covered the entire 110-m section in just 66 s. Given that the subject
had already advanced nearly 100 m during the time spent
transmitting multiple messages via Sigfox (including scanning
intervals), achieving a location “within an 89-m radius” using
dynamically acquired MAC addresses represents a sufficiently high
and practically effective accuracy considering the speed of
movement.

Table 2: Positioning results for each group during continuous walking.

Accura
Walking Grou Transmissio | Estimated Estimated cy
Speed P n Count Lat Lng Radius(
m)
Approx. 3 | Slow
km/h ® 4 MACs 34.38839 132.49108 18
Approx. 3 | Slow
Kkm/h @ 4 MACs 34.38852 132.49209 65
Approx. 3 | Slow
km/h 3 4 MACs 34.38868 132.49221 68
Aplfr:%' | Fast@ | 4MACs 34.38869 132.49235 89
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Figure 11 plots the positioning data recorded at each walking
speed while continuously scanning along the 110-m route. (The
blue line represents the actual 110-m path; green pins indicate Slow
Walking; purple pins denote the positioning results and accuracy
radius for Fast Walking). The visual representation confirms that
data acquisition remains consistently successful even during
motion.

Fig. 11 Positioning results plot during continuous walking (3 and 6 km/h)

These results validate that the method of merging multiple scans
operates effectively while in motion, achieving a reasonable
positioning accuracy (ranging from tens of meters to approximately
10 m) relative to walking speed.

To address coordinate fluctuations (discrepancies in accuracy
between groups) caused by walking, to achieve a more advanced
and consistent improvement (ensuring errors remain under 10 m),
and to cope with mobile APs (e.g., smartphone tethering), detailed
data accumulation and thorough analysis on the backend (e.g.,
AWS) are essential. Therefore, to capture nuanced WiFi data that
the device alone cannot interpret and to utilize this for constructing
whitelists, the custom Here API Validation Tool was developed.

C. Detailed Investigation of the WiFi Environment using
NetSpot

To enhance the accuracy of the Here Positioning API, NetSpot
was employed to conduct thorough scans of the WiFi environment
in the target area. This process effectively gathers the MAC
addresses, SSIDs, and RSSI profiles of all nearby access points.

Anolyzs pour wi-Fi Coversge

Fig. 12 NetSpot Wik1 environment map, heatmap, SSID list, and time-
series graph

From the data collected from NetSpot, such as the quantitative
distribution of APs detected at each location, the localized signal
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strength patterns, and the temporal stability of APs, the essential
baseline data was established for the subsequent analytical phases.

D. Development of the Here API Validation Tool (WiFi
Positioning Validator)

To support whitelist registration and advanced accuracy-
enhancement measures in the upcoming backend (e.g., AWS), a
robust validation tool (WiFi Positioning Validator) was
autonomously developed. This tool automatically queries the Here
Positioning APl with the MAC address sets obtained from NetSpot
and calculates the positional error relative to the actual coordinates.
The tool includes the following key features:

e  Queries the APl with various combinations of MAC
addresses to determine the coordinate error compared to
the ground truth.

e  Visualizes the “Contribution Parameter” for each MAC
address, indicating how much each AP affects tracking
accuracy.

e Analyzes systemic errors in orientation (directional bias
vectors).

e  Compiles error statistics from various waypoints into
comparative analyses.

Through this validation tool, a thorough accuracy audit was
conducted. The complete MAC address repository from the
NetSpot data, mapped at the same 11 waypoints used in the
Continuous Scan experiment, was input into the live Here API. The
interface schematics and detailed analytical visualizations for
Waypoint 1 are presented in Figs. 13-15.

© Map display

API results (3MAC):
34.388726, 132.491626

Actual location API Results =— error

L1 Statistical intelligence

Minimum
Error

6.3 m

_ average
error

125.3
m

_ Maximum
error

623.4
m

. Success
" rate

98.8%

Fig. 13 Top screen and statistical data of the custom-developed Here API
Validation Tool
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Fig. 15 Bearing analysis and detailed statistical graphs at Point 1

E. Implementation of Proactive Prefiltering on the Device
(ESP32-S3)

To improve positioning accuracy at the device level, unique
prefiltering and screening architectures were integrated and
validated on the edge device (execution environment: ESP32-S3)
prior to transmission over Sigfox.
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Absolute Exclusion of LAA and Mobile OUIs

e  Mechanism: During the ESP32-S3 WiFi scanning
protocol, randomly generated MAC addresses (LAA:
locally administered addresses) and OUIs (vendor codes)
associated with mobile devices, which are prone to
displacement via tethering, are strictly removed from the
MAC cache.

e Implementation Strategy: Inspect the first octet of the
MAC address to instantaneously identify and discard
LAAs (where the second character is 2, 6, A, E).
Maintain a dedicated blacklist of mobile OUIs within the
ESP32 to continually eliminate MAC addresses

originating from mobile terminals that match the blacklist.

e  Empirical Substantiation via the Validation Tool: The
Waypoint 1 audit, conducted with the designated
validation tool, conclusively demonstrated that MAC
addresses categorized as LAA have no effect on the Here
API’s positioning calculations (resulting in an error
contribution of 0 m). In simpler terms, including these
addresses in the limited Sigfox payloads (which allow
two to four inputs) constitutes a complete waste of
bandwidth. Therefore, a reliable local discard logic on the
device side is essential.

Triage Optimization by Apex RSSI

e Mechanism: After passing through the filtration process,
the most powerful APs, which emit the highest RSSI
(signal strength), are prioritized for data transmission.

e Implementation Evaluation: Although the ESP32-S3
has sufficient computational bandwidth and memory
(SRAM/Flash), the core protocol developed for this
validation primarily focuses on applying a simple
descending sort based on RSSI values to the filtered array
(after LAA/OUI exclusion). Only the top-ranking APs
are then used in the payload sequence.

F. Experiment 1: Correlation between MAC Address
Volume and Positioning Accuracy

Objective: To quantitatively assess the extreme limits of
positioning accuracy defined by the 2-unit Sigfox constraint and to
identify the necessary threshold for MAC address inclusion.

Method: The validation tool was used to incrementally increase
the volume of MAC addresses injected uniformly across all 11
waypoints, carefully recording and compiling the changes in
positioning error.

Summary of Results: Data collected from all 11 waypoints
revealed an average error of approximately 112 m when restricted
to a 2-unit injection limit, significantly below the expected GPS
accuracy of approximately 10 m. Notably, increasing the MAC
address payload resulted in a significant improvement in accuracy,
peaking at an average error of approximately 36 m, the most stable
level of accuracy observed, with the injection of four units.
However, raising the throughput threshold to eight units resulted in
an average error of approximately 38 m, indicating a plateau (and
slight regression) in accuracy improvement. This decline can be
attributed to the introduction of distant, weak signal APs (ambient
noise) that distort the API’s estimation process. This finding
underscores that optimal preprocessing logic is not achieved by
simply increasing the volume of data but by methodically isolating
and querying the optimal echelon of approximately four “superior-
quality” MAC networks with maximum broadcast resilience.

G. Experiment 2: Accuracy Elevation through Rigorous
MAC Quality Segmentation
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Objective: This study aims to evaluate the exact kinetic effects
of the “Qualitative Fidelity” of injected MAC addresses on
terminal positioning accuracy and to develop optimized selection
criteria.

Method: Implement and assess the following three-segment
taxonomy to compare raw accuracy differentials.

Formulated
Expectation

Segmentation

Protocol Analytical Architecture

Exclusive utilization of top N
units displaying paramount

Primacy applied to

RSS Filtration hyperstable adjacent

Pivot RSSI vectors arrays
Mobile AP Systemic excision of mobile Eradication of
- APs classified by chronological | unstable geographical
Eradication

manifestation flux models transients

Algorithmic calculation of
individual MAC liability
parameters to ostracize
detrimental arrays

Contribution
Diagnostics

Radical deprecation
of systemic bias

Summary of Results: Utilizing a foundational RSS filtration
baseline (top eight units) combined with rigorous mobile AP
excision led to a remarkable increase in accuracy, closely aligning
with the 10-m radius target. In addition, applying the “Contribution
Diagnostics” protocol from the validation tool to the Waypoint 1
datasets revealed a concerning finding: the integration of specific
isolated APs (e.g., C4:3C:EA:....) increased the average coordinate
error by a significant 37 m. This serious issue is identified with
high certainty as a “corrosive rogue AP,” incorrectly logged within
the overarching database, and is directly responsible for the “50-
m+ locational displacement” documented during the continuous
traversal phase near Waypoint 1 in Chapter 4.2. By utilizing this
tool, designed specifically to detect and blacklist rogue AP vectors
from the operational backend, we can effectively eliminate large-
scale systemic deviations from the positioning lifecycle.

H. Experiment 3: Calibration of Systemic Error (Azimuth
Bias)

Objective: To create comprehensive error vectors based on
azimuth orientation derived from successive positioning outputs
and to develop correction matrices that optimize maximum
theoretical precision.

Method: Calculate statistical azimuth error vectors from
extended multi-point positional outputs to create a dynamic
algorithmic  bias-correction framework. Assess its overall
effectiveness by comparing spatial dispersal matrices before and
after calibration.

I. Experiment 4: Spatial Trajectory Filtration Using
Chronological Data Clusters

Objective: To address dynamic transit-tracking paradigms by
using chronologically ordered positional clusters to eliminate
outlier anomalies and enhance tracking precision trajectories.

Method: Conduct iteratively staggered positioning bursts over
the Sigfox substrate, then apply trajectory constraints (such as
advanced Kalman filters). Analyze whether this temporal matrix
yields significantly improved trajectory stabilization compared to
isolated point-estimation sequences by incorporating logical
movement constraints (e.g., pedestrian velocity limits of < 5 km/h)
to physically mitigate erratic positional spikes.

J. Comprehensive Synthesis of Precision Enhancement
Frameworks

Based on the empirical findings of this research, the essential
methodologies required to overcome the significant Sigfox 2-MAC
payload limitations and achieve accuracy levels comparable to GPS
paradigms (sub-10-m limits) are outlined as follows:
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1. Device-level Architecture Triage (Continuous Scan
Implementation): Implement staggered, two-stage
sequential scanning clusters combined with macroscopic
RSSI truncation at static waypoints to significantly
increase MAC throughput (up to four apex-tier inputs),
thereby eliminating the high positioning attrition rate
seen in single-scan applications and stabilizing
coordinate isolation medians at approximately 19 m.

2. Propulsive Dynamic Scan Integration: Coupling
messages to transmit up to four MAC arrays consistently
maintains exceptionally sharp localized accuracy (with
minimal extremes at approximately 18 m), matching
static orientations, even during movement at speeds of up
to 3 km/h.

3. Backend Algorithmic Tier Segmentation: Isolate
erratic mobile arrays from the device using cloud-based
(AWS)  whitelisting  mechanisms  informed by
comprehensive WiFi contextual analysis (Here API
Validation Tool benchmarks).

4. Calibration Protocol of Systemic Discrepancies:
Dynamically reduce macro-errors through the azimuth-
oriented bias correction framework.

5. Chronological Filtration Models:
spikes using dynamic
constraints.

Suppress outlier
trajectory velocity matrix

Recently published studies demonstrate that machine learning
strategies are improving the accuracy of localized indoor WiFi
coordinate estimation to a mean absolute error of approximately 1
m[8]. The advanced filtration techniques and comprehensive
modeling approaches discussed here are essential steps toward the
next level of location estimation technology.

Integration Potential with the Atlas WiFi Private
DB Initiative

In addition to proprietary network applications, a significant
opportunity emerges when rigorously verified high-reliability APs
are registered in the formal administrative registry of the Sigfox
Atlas WiFi Private DB initiative. This could lead to significant
improvements in both the overall success rate and accuracy of their
official public platform infrastructure.

5. Conclusion

This research addressed the persistent challenges in positioning
accuracy caused by the limitations of payload architecture
(restricted to two MAC addresses) in custom Sigfox-based WiFi
localization systems. The “Continuous Scan” algorithm was
introduced as a corrective protocol for devices stationed at fixed
waypoints every 10 m. By overlapping multiple transmissions, this
protocol enables the dynamic use of up to four MAC addresses,
which effectively eliminates the significant failure rate associated
with single-scan attempts (which exhibited an approximately 70%
failure margin under test conditions) resulting in precise coordinate
isolation at each waypoint and stabilizing the overall positional
median at approximately 19 m. In addition, empirical tests
involving continuous walking at speeds of approximately 3 km/h
confirmed that chaining as many as four MAC addresses
consistently yields practical and efficient accuracy in dynamic
mobile tracking scenarios. This validates the robust functional
capability of the system. Critically, data accumulation combined
with macro-analytical processing on a centralized backend is vital
for achieving greater accuracy levels (maintaining within 10-m
thresholds). To this end, we propose a strong MAC address
segmentation strategy driven by extensive WiFi environmental
analysis using NetSpot, in conjunction with our custom-built Here
API Validation Tool. By incorporating the empirical filtering logic
validated by this toolset, such as aggressive RSS filtering,
elimination of mobile AP profiles, recalibration of systemic biases,
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and longitudinal tracking models, into the backend network
implementations (e.g.,. AWS whitelists) and aligning it with the
edge device’s continuous scanning infrastructure, we aim to deliver
highly stabilized coordinate projection operations that match or
exceed the performance of traditional standalone GPS
methodologies.
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Abstract: Industrial Symbiosis (IS) is currently seen as one of the most avantgarde concepts embracing circularity and business cooperation
in almost all economic sectors. Industrial Symbiosis processes are novel concepts compared to traditional business models with profit based
and business oriented. This paper aims to present key findings and insights from Poland and Albania, both in early stages of IS
implementation, as a study within LIAISE COST Action framework. Since the industrialization process for both countries have had similar
patterns from their centralized past, they face nowadays similar challenges and barriers. Using a comparative quantitative approach, the
findings highlight shared obstacles, including high investments costs, limited awareness of IS benefits, low trust among firms, insufficient
coordination mechanisms, and constrained access to finance for collaborative investments. This paper also suggests the importance of
tailored policies for each country, as well as the importance of support from public institutions.

Keywords: CIRCULAR ECONOMY, INDUSTRIAL SYMBIOSIS, SOCIO — ECONOMIC BARRIERS

1. Introduction

Traditional linear economic models have grown critical
concerns related to overall and long-term impact on environmental
and social sustainability. The growth of Industry 4.0 and 5.0 has
imposed obligatory shifting from traditional linear model to circular
economic concepts [23]. Making the ‘circular transition’ requires
understanding the whole new business processes, as well as
adopting novel methods to increase profitability [11]. In order to
further advance into circularity, the role of industrial symbiosis
implementation has emerged as a pivotal point. Within this logic
framework, the circular economic system is becoming ‘the ideal
option’ fitting all the requirements, in order to enhance waste
reduction and resources prevention [22].

Industrial Symbiosis processes are new and avantgarde concepts
compared to traditional business models with profit based and
business oriented. Poland and Albania, traditionally come from a
past linked to the centralized economy, totally oriented by the state
control and organization, that has not allowed the process of
industrialization to be normalized as in Western European countries
and other advanced economies [10, 13, 20, 27]. After late ‘80s,
Poland and Albania started their economic transition shifting from
state-controlled economy to a market-oriented one. However, their
path toward transition has not been the same. Due to their
differences in size of economy, country area, population and
technologic development, Poland passed the transition period way
faster compared to Albania [3, 9]. In Albania, still nowadays, the
country has negligible and insignificant amount of industrial
contribution to the economy, with a very low percentage of
industries contributing into Gross Domestic Product (GDP). From
the difference’s perspective, and from the past similar economic
models, this has been one of the reasons while we chose to see the
Industrial Symbiosis perspective in these two countries.

This paper aims to present the current situation of Industrial
Symbiosis (IS) implementation in Albanian and Poland, exploring
familiarity and perceptions about it. Moreover, the authors explore
primary data collected by dedicated questionnaires in Poland and
Albania, estimating the main economic barriers and obstacles
hindering industrial symbiosis implementation. From more than 100
responses in both countries, quantitative data with Likert scale are
being used to measure the main socio — economic barriers of
industrial symbiosis implementation in Albania and Poland. Key
findings emphasize the similarity in approach related to the vast
majority of barriers, yet differences are seen in several of them.

High investment costs, insufficient funding sources, minor
business collaboration, as well as financial inability to adapt
industrial symbiosis projects are ranked as the most influential ones
for Albania and Poland, even though with slight differences.
Meanwhile, the lack of human resources, geographical barriers, lack
of public awareness and legislative framework barriers are
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evaluated as focal points for industrial implementation from social
and environmental aspects.

The paper starts with a brief introduction of the concept of
industrial symbiosis, followed by a dedicated literature review
section exploring the authors’ viewpoint for specific barriers and
obstacles hindering industrial symbiosis. Then, the methodology
section explores the main approaches related to statistical data
analysis, as well as comparison between two countries data. The
next topic summarizes the main key findings and discussion of data.
The paper closes with the conclusion and recommendations.

2. Literature review

The rise of the industrialization process and urbanization in the
last decades has led to an increase in carbon dioxide emission [16].
This has increased the attention of researchers trying to find
alternative ways of cooperating, to reduce carbon emissions, also
contributing to the reduction and waste management. Pioneers such
as Chertow and Desrochers has predefined the concept of industrial
symbiosis, as an alternative viewpoint of economy as a whole, as
industrial symbiosis engages traditionally separate entities in a
collective approach to competitive advantage involving physical
exchange of materials, energy, water, and by-products [5]. Lawal
and other authors has also emphasized the importance of industrial
symbiosis and its relation to sustainability and industrial ecology
[16]. Industrial symbiosis has now been documented in all
continents, with sporadic or standardized cases [17]. Chertow and
Ehrenfeld developed a 3-stage theory for IS, beginning with the
synergy of the actors involved in IS [5].

The last decade has shown an immense improvement in
adapting novel approaches to circularity in Poland and Albania. The
industrial sector is way more developed in Poland, compared to
Albania, due to several factors impacting the process like
geographical conditions, country’s size, population, industrial
inheritance from past, etc. Nowadays, circular economy is
developing rapidly in Poland, especially in regions like Matopolska
[23]. The authors have also confirmed that the public awareness is
still not one of the major forces embracing circular economy in
Poland. Other late studies affirms the role of technological drivers
and innovation as key players in emphasizing the importance of
circular economy in Poland [4, 7].

The situation of circular economy in Albania is however still in
its early stages, being implemented only in few sectors like light
food industry, wood industry, livestock farming, etc. Late studies
have confirmed that the readiness of Albanian consumers is still in
low and moderate levels, thus hindering the circular economy [8],
[19], [21].

As the economic cycles are considered now more and more
dynamic, the implementation of IS faces significant barriers and
challenges. These obstacles are related to all phases of
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implementation, starting from understanding the importance of IS,
technical aspects of implementation, socio — cultural barriers, etc.
The barriers and obstacles of IS are analyzed from several authors,
emphasizing the role of governments and learning from case
studies, thus reducing the implementation challenges [18].
Previously, Islam et. Al has also emphasized the importance of clear
policies to support IS implementation [12]. Neves et. Al noticed that
the diversity of industries, geographical proximity, facilitating
entities and legislation, plans, and policies are shown to be the main
barriers of IS implementation. From the business perspective, the
organizational challenges are most significant in the journey
towards IS [28]. In addition, during IS Implementation, some firms
are oriented by maximizing their own profit creating bilateral
agreements [1]. Moreover, the latest studies also mention the lack of
technology and infrastructure readiness as one of the most
important barriers on IS implementing, especially in manufacturing
industry [18, 24].

Industrial symbiosis, as a powerful tool promoting circularity, is
now becoming more and more documented in crucial sectors in
economic activity of Poland. Various studies have now documented
the implementation of industrial symbiosis cooperation in dedicated
industrial parks [14]. Industrial Symbiosis is becoming present in
sectors like meat waste industry, sustainable energy parks, local
communities, etc. [6, 7, 15]. It is also more present in urban regions,
as well as promoting local government initiatives [7].

Notwithstanding, the industrial symbiosis cases are almost
inexistent in Albanian economic framework. There are several
businesses operating within circular economy framework but not
fully implementing industrial symbiosis principles. Moreover, there
are also very few studies dedicated to industrial symbiosis in
Albania, aiming to identify main barriers and obstacles of IS
implementation [25, 26]. Circular economy principles are more
evident as part of decarbonization initiatives from specific
businesses, with focus on food industry, metal production, and
construction sector [1, 2].

3. Methodology

For methodological purposes of primary data collection, two
dedicated questionnaires were conducted to gather data from Poland
and Albania, in order to create a comparative approach of how
business managers, professionals and other stakeholders’ percept
the level of IS implementation barriers. The questionnaires were
shared among professionals predominantly with economics
backgrounds, followed by others with juridical, engineering and
information technology education. The questionnaires were
identical for both countries, and are compounded by three different
sections:

e  General indicators impacting 1S implementation;
e  Social barriers that hinder IS implementation;
e  Economic obstacles that challenge IS implementation.

The vast majority of questions related to IS implementation
barriers are based on the obstacles that have been identified by late
studies and research, with information provided in the2. Literature
review, with focus on exploring the most important barriers that
hinder industrial symbiosis from Economic and Social Key
Performance Indicators (KPIs).

The dataset of more than 100 responses per country is being
structured and adapted to better in-depth present the key findings
from this study. As a precondition for primary data, some statistical
tests for data significance and general descriptive statistics are
provided below. Some of the questions are structured as a Likert
scale estimation, to measure the perception of the importance of
some factors.

3.1 Descriptive statistics of IS in Poland and Albania

Since the implementation of industrial symbiosis remains quite
an avantgarde concept, there are no major datasets that have
collected information dedicated to Poland or Albania. In that
context, the two separate questionnaires prepared for this paper
contribute to additional primary information related to IS. The
questions reflect the main barriers and hinderances taken into
consideration by the literature review process, enhancing the
obstacles for developing countries in implementing industrial
symbiosis. The questionnaires were shared anonymously with target
groups for more than 9 months, collecting more than 230 responses
[200 after data cleaning and outliers removing].

After the dataset were cleaned in R programming language (by
removing n/a and error missing data), the two datasets for each
country were merged to measure the consistency and stability of
data, in order to have a preconfirmation for later use. One of the
most used tests for data consistency and stability is the
measurement of Cronbach’s alpha. As measured, the Cronbach’s
alpha for the merged dataset [hereby: 1s dataset] was estimated
to 0.82, indicating a high-level of internal consistency in dataset. In
this logic, this data can be used for further analysis.

Table 1: Cronbach s Alpha for 1S dataset in Albania and Poland

Raw_alpha std.alpha avg r s/n  mean sd median r

0.82 0.81 0.27 5 3.6 0.5 0.25
(Author’s calculations in RStudio sofiware)

From the first section of general questions, there are slightly
different responses related to the familiarity, the types of industries
with more potential on implementing Industrial Symbiosis, the main
initiatives undertaken etc. The level of familiarity in Poland is
relatively higher (68%), compared to the Albanian professionals
and business managers that have knowledge about IS (56%).
Additionally, the main industries precepted with the highest
potential implementing IS in Albania are being considered the
waste management sector, followed by the paper and pulp
processing industry. In Poland the sector with the highest potential
is being considered waste management sector, followed by the food
and beverage industry.

In both countries, educational initiatives, as well subsidies for
recycling are seen as the most effective ones, having high
similarities in responses. Furthermore, in Albania, the corporates
and big industries are seen as the main promotors, while in Poland
the public institutions are seen as the most impactful ones (in
Albania it is ranked as the second impactor). In Albania, more than
75% think that corporates can be the key-player, due to high
potential of big companies to be involved in industry. These
differences also reflect the strong institutional presence of the
concept of state in the past for both Albania and Poland, which still
estimate the role of government as crucial in promoting new
economic initiatives.

Table 2: Differences in perception for IS general concepts in Albania/
Poland

Factor Albania Poland

Familiarity of IS 56% 68%

Waste Management
Paper/ Pulp Industry

Waste Management

Important sectors Food and Beverages

Educational Initiatives Educational Initiatives

IS promotors

Subsidies Subsidies
Economic agents Big Industries Public Institutions
g Public Institutions Corporates
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(Authors’ data preparation)

4. 1S barriers discussion and analysis

4.1 Social barriers for industrial symbiosis implementation
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There are several obstacles that hinders industrial symbiosis
implementation in daily economic activities. Even though the vast
majority of businesses are being positive on having the willingness
to adapt more IS principles, yet they face social and economic
barriers. The main social barriers on implementing IS are listed as
below:

=  Local culture

= Lack of information about industrial symbiosis
=  Public awareness about industrial symbiosis

= Geographical conditions/ proximity

Local Culture

The local culture is one of the most important social barriers that
creates a continuous problem on not promoting the industrial
symbiosis in desirable levels. The chart below presents the
perception for Poland and Albania.

==@==Poland

Ve,r,yx IkOW ==0==Albania

Very high N Low

High Moderate

Chart 1: Local culture differences on IS for Albania and Poland

Local culture is being precepted predominantly with low
to moderate impact, while in Albania, business managers and
professionals see it majorly with high impact. This is the first
difference between perceptions on IS. Due to lack of information
(as another factor affecting implementation of IS), in Albania the
local culture is seen as a more important factor.

Lack of information about IS

Following the first social barrier, the lack of information
about the industrial symbiosis also tends to create obstacles for
further promotion of IS. There are still differences in perception
about this factor. In Albania, this is also being considered as an
important factor, with most respondents ranking it as a high level,
while in Poland, the lack of information is being precepted with low
— moderate impact.

Chart 2: Lack of information about IS differences for Albania and Poland
Public awareness

Public awareness and sensitivity about environmental and

==@==Poland

Very low -
y ==0==Albania

Veryhigh""' N Low

High® "Moderate

economic aspects plays also a very important role in enhancing the
power of circular economic concepts and particularly industrial
symbiosis. However, public awareness perception has also slightly
different responses comparing Albania with Poland. In Albania,
public awareness about these concepts is being considered with
high and very high levels of importance, while polish professionals
and business managers think that this social barrier have lower
impact. Even though the level is lower compared to Albania, in

Poland this factor is still estimated with moderate to high
importance.

Very low e=@==Poland
=== Albania
Veryhigh*"' " Low
High Moderate
Chart 3:
Social

awareness differences on 1S for Albania and Poland

Geographical barriers
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Very high

High "Moderate

Chart 4: Geographical barriers differences for Albania and Poland

The change in the geographical features of a country can
heavily influence the further development of industrial symbiosis,
due to the importance of proximity of businesses to each other, in
order to reduce costs of transportation and logistics. In that context,
the geographical conditions of both Albania and Poland are not
precepted as an important barrier to hinder IS, thus having low
impact on IS implementation. The reason, however, is different for
both countries. In Albania, the geographical barriers are estimated
with low to moderate impact, due to small size of the country, while
in Poland it is estimated to have low impact due to favorable terrain
and physical conditions, with considerable plains and no mountains
to hinder business cooperation.

4.1 Economic barriers for industrial symbiosis implementation

Beside the social aspects impacting industrial symbiosis, there
are also economic indicators that can either enhance, or hinder the
industrial symbiosis processes. There are several economic barriers
[identified from literature review] that can create obstacles to IS,
but the main factors identified are listed as below:

e Insufficient funding
e  Cost of investments
e Minor business collaboration
e Inadequate fiscal regulations

These barriers are also precepted in similar viewpoint, yet with
small differences on them.

Insufficient funding — Cost of investment

The process of adapting new business technologies and
processes requires high capital investments. It is closely related to
investing in new machineries, production lines, new implants, etc.
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Chart 5: Insufficient funding barrier on IS implementation

Insufficient funding is seen almost identically in Poland and
Albania, having high importance to impact IS. This reflect the
business logic that is almost the same in both countries. Moreover,
there are no responses that evaluate the funding barrier with very
low or low impact.

Minor business collaboration

Very low —O—Polanq

Albania
Veryhigh*'# . Low
High Moderate

Chart 6: Business collaboration barrier in Albania and Poland

The level of business collaboration is also a barrier that is
estimated almost identically in Albania and Poland, having
moderate to high impact. In some cases, the minor collaboration
between businesses does not derive from the unwillingness of
businesses to collaborate, but due to the lack of information about
other businesses offering by-products or waste that can be used as
an input.

Inadequate fiscal regulations

Fiscal regulations can also influence the further industrial
symbiosis implementation. Businesses dealing with IS and circular
economy are expecting fiscal ease in terms of tax exemptions,
subsid

Very low @@= Poland
Ie?‘ y Albania
reimb o
ursem
ents, Very high <~ ™ Low
etc.
High Moderate

Chart 7: Inadequate fiscal regulations as barrier for IS

Fiscal regulations are precepted as a barrier with moderate to
high impact in Albania, while in Poland there is no clear trend on
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what professionals and businesses think about business

collaboration.
4. Conclusions and recommendations

Industrial symbiosis, as a relatively new economic concept is
closely related to the circular economy. The collaboration between
industries and businesses in local and regional context is seen as
vital in the near future to prevent waste management, carbon
emission reduction and other consequences with climate and
environmental ~ impacts.  However, industrial  symbiosis
implementation in different countries face several barriers and
obstacles. For analytical purposes, this study classified barriers and
socio-economic factor to make a comparison between Poland and
Albania. Technological barriers to IS implementation are significant
and multifaceted. Investments in industry and local culture make it
difficult for industries to adopt advanced solutions. Many
organizations face insufficiently developed infrastructure and
limited availability of advanced recycling technologies, hindering
resource exchange. Additionally, lack of public awareness and
inadequate regulations further hinder industrial symbiosis in Poland
and Albania, seen similarly in both countries. Poland as EU member
has made significant progress on IS regulations and implementation
in several industries in the agricultural sector, service industry,
processing industries, etc. However, there are neglectable cases in
Albania adapting industrial symbiosis concepts. Albania, as a non-
EU country still faces highly important barriers related to the factors
mentioned above, combined with the slow adaptation culture of
circular economy and recycling. High promotion of IS via media
and other channels, fiscal incentives for companies adapting
processes of IS, increased capacities and technologies for IS
implementation are highly recommended, to ease the
implementation of industrial symbiosis.
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Abstract: Data literacy has become a core competence for employability and digital transformation in higher education. This study
investigates how Albanian students perceive the quality of Data Literacy learning experiences and whether perceptions differ between public
and private universities. Survey data were collected within the DELTA project (N = 250). A composite learning quality index was
constructed across nine dimensions and demonstrated excellent reliability (Cronbach’s o = 0.977). Spearman’s correlation revealed a
positive association between perceived learning quality and professional usefulness (p = 0.287, p < 0.001). A Mann—Whitney U test
indicated a statistically significant difference between institutional types (U = 6478.50, p = 0.048), with public university students reporting
higher mean ranks. However, the effect size was small (r = 0.13). The findings underline the importance of structured, practice-oriented
learning offers while indicating modest institutional variation in perceived quality.
KEYWORDS: DATA LITERACY; LEARNING QUALITY; INSTITUTIONAL CONTEXT; EMPLOYABILITY; HIGHER EDUCATION;
ALBANIA.

1. Introduction not yet translated into broad-based digital competence across the

population.

The growing availability of data and the rapid diffusion of digital ) o )
technologies have fundamentally transformed how organizations, Fig. 2 Share of ICT Specialists in Total Employment:_AIbanla Compared to
institutions, and societies operate. In this context, data literacy has g;g:/ezségzn Balkans and EU Average (2024). Source: Eurostat, INSTAT,
emerged as a critical competence enabling individuals to interpret, '
analyze, and ethically use data for informed decision-making.
Higher education institutions play a central role in developing these
competences, particularly in countries undergoing digital and
economic transition, such as Albania.

These figures suggest that Albania faces a dual challenge:
increasing both the overall level of digital skills and the depth of
advanced competences necessary for data-driven decision-making.
In this context, strengthening Data Literacy within higher education

Recent evidence on digital skills performance highlights the

urgency of strengthening data-related competences within the Percentage of ICT specialists (2024)
Albanian higher education system. According to the Digital

Economy and Society Index (DESI) indicators for the Western 6,00%

Balkans, digital skills remain significantly below the EU average 5,00%

[4]. While internet use among individuals in Albania increased from 4,00%

82.5% in 2022 to 83.1% in 2023, it still remains below the EU 3,00% 5%
average of 90% (DESI 2024). More critically, only 23.3% of 2,00% 3%

individuals in Albania reported having at least basic digital skills in éggty/z

2023, compared to 56% at the EU level.
Albania Western Balkans ~ EU average

Fig. 1 Share of Individuals with At Least Basic Digital Skills: Albania average

Compared to the Western Balkans and EU Average (2024). Source:

Eurostat, INSTAT, DESI 2024. becomes not merely a curricular choice but a structural necessity for

improving employability, innovation capacity, and economic

Similarly, the share of individuals with above-basic digital skills competitiveness.

Percentage of population with At De_splte increasing policy attention a_t European and_ national Ieve_zls,
S . evidence suggests that gaps persist between higher education
least basic digital skills (2024) outcomes and labour-market needs, especially with regard to

applied data skills. Beyond the overall quality of learning
60,00% . Lo
40.00% experiences, institutional context may also shape how students
) @ : : : : -
20,00% 56% perceive ar_ld bz_ar_weflt from Data Literacy ed_ucatlon. Public and
0,00% . private universities often operate under different governance
structures, resource constraints, and degrees of pedagogical

Albania \éVelitern EU average flexibility, which may translate into differences in learning design
alkans and delivery.
average

: : In Albania, the higher education system is characterized by a dual
reached only 7.8% in 2023, substantially lower than the EU average structure comprising both public and private institutions, all
of 27%. operating under the same national regulatory framework but with
varying institutional capacities. This context provides a relevant
setting for examining whether students’ perceptions of Data
Literacy learning quality differ across institutional types.
Understanding such differences is important not only for academic
research but also for policy discussions on quality assurance,
curriculum reform, and equity in higher education.

Data literacy forms part of internet user skills, which constitute one
of the five key dimensions of digital skills within the DESI
framework. Indicators related to digital content creation skills,
closely linked to applied data competences, show that 39.6% of
individuals in Albania possessed at least basic digital content
creation skills in 2023, compared to 68% in the EU. Structural gaps
are also visible in the labour market: ICT specialists account for Aim and objectives

e The aim of this paper is to examine how the perceived
quality of Data Literacy learning experiences shapes
students’ professional readiness in the Albanian higher
education context.

only 1.1% of total employment in Albania (2023), compared to 5%
in the EU. Although the share of ICT graduates in Albania (8%) is
comparable to or slightly higher than the EU average (5%), this has
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By focusing on students’ evaluations of their learning experiences,
the study seeks to contribute empirical evidence to ongoing debates
on curriculum quality, employability, and institutional
effectiveness.

Objectives

e To analyze the relationship between perceived quality of
Data Literacy learning experiences and students perceived
professional usefulness of these competencies.

e To investigate whether statistically significant differences
exist between students enrolled in public and private
universities regarding their perceptions of Data Literacy
learning quality.

Research hypothesis
Research hypothesis 1

Perceived quality of Data Literacy learning experiences is positively
and significantly associated with students perceived professional
readiness in the Albanian higher education context.

Research hypothesis 2

Students enrolled in public and private universities differ
significantly in their perceptions of the quality of Data Literacy
learning experiences.

By addressing both relational and comparative dimensions, the
study offers a comprehensive perspective on how learning quality
and institutional context interact in shaping students’ professional
readiness.

2. Literature Review

2.1 Data Literacy as a Core Competence in Higher Education

According to Ologbosere [2], data literacy represents a fundamental
competence in the twenty-first century, particularly for higher
education institutions seeking to foster sustainable development and
enhance global competitiveness. The author defines data literacy as
the ability to identify, work with, analyze, interpret, and
communicate data effectively, emphasizing its critical importance in
the era of big data and datafication. Ologhosere [2] further argues
that integrating data literacy into educational systems, especially at
the higher education level, is essential for strengthening research
productivity, critical thinking, and informed decision-making
processes.

Similarly, Echtenbruck, Fiihles-Ubach, Naujoks, and Kaliva [3]
conceptualize data literacy as a cross-disciplinary competence that
must be systematically embedded within higher education and
research. Through the Data Literacy Initiative (DaLl) at TH Koln,
the authors develop a comprehensive competence model structured
around seven overarching areas: Establish Data Culture, Provide
Data, Manage Data, Analyze Data, Evaluate Data, Interpret Data,
and Publish Data. By defining clear competence dimensions and
progression levels, the DaLl model offers a structured framework
for curriculum design, teaching, and assessment, thereby supporting
the strategic institutionalization of data literacy across academic
disciplines.

At the European level, the DATA-READY and EVIDALI [4]
initiatives further reinforce the systemic nature of data literacy
reform. These initiatives highlight that bridging the data literacy gap
requires a dual focus on individual competencies and institutional
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ecosystems. While DATA-READY identifies teachers as both
beneficiaries and enablers of reform, pointing to inconsistencies in
professional development, EVIDALI places teachers at the center of
empirical investigation, examining dimensions such as data skills,
decision-making  capacity, professional development, and
accountability. Importantly, DATA-READY emphasizes that
individual competencies can only flourish within supportive
institutional environments characterized by coherent policies,
effective leadership, and adequate resources.

At the policy level, the European Union’s DigComp 2.2 framework
identifies information and data literacy as a core domain of digital
competence, further reinforcing its strategic relevance for higher
education transformation and reform [5].

Taken together, these perspectives indicate that data literacy is no
longer an optional technical skill but a strategic institutional
competence that requires structured curricular and policy-level
integration.

2.2 Data Literacy and Employability

Growing empirical evidence confirms the strong relationship
between digital competences and labor market outcomes. Pordevié,
Milanovi¢ Zbilji¢, and Radosavljevi¢ [6], through a cross-sectional
regression analysis based on Eurostat data from 32 European
countries, demonstrate that specific dimensions of digital
competence, particularly communication and collaboration, digital
content creation, and safety skills, have a statistically significant
and positive impact on employment rates. Within this broader
digital competence framework, information and data literacy
function as foundational components that enhance individuals’
ability to adapt to data-driven work environments. Their findings
suggest that strengthening digital and data literacy competences
contributes directly to improved employability prospects and
workforce competitiveness in the contemporary digital economy.

From the perspective of students, Mahmud, Wong, Keong, and
Tazijan [7] report an increasing awareness of the importance of data
literacy for career success. The authors argue that data literacy not
only enhances job prospects but also provides a competitive
advantage, as organizations increasingly prioritize employees with
data and statistical knowledge. Their findings further emphasize the
importance of self-directed learning in developing data literacy
skills and sustaining long-term professional competitiveness. While
many students express confidence in their abilities, variations in
perceived proficiency levels highlight the continued need for
structured institutional support and guidance.

In the Albanian context, Kokomani [8] stresses the necessity of
curriculum reform to better align education with European
standards and labor market requirements. The author underscores
the importance of strengthening key competences, particularly
practical, entrepreneurial, digital, and social skills, as essential
pillars of employability and professional success. This perspective
reinforces the argument that integrating applied data competences
into higher education curricula is critical for enhancing graduates’
labor market relevance.

These findings suggest that data literacy operates not only as a
cognitive competence but also as a measurable employability asset
in contemporary labor markets.
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2.3 Learning Quality and Perceived Professional Readiness

The relationship between learning quality and students perceived
professional readiness has gained increasing attention in higher
education research, particularly in the context of education
massification and rapidly evolving labor market expectations.
Enstroem and Schmaltz [9] analyze how large-scale teaching
environments influence students’ work readiness and argue that
pedagogical strategies must be carefully aligned with employer-
defined competence requirements. They contend that sustaining
educational quality in large cohorts requires purposeful efforts to
enhance student engagement, personalize learning experiences, and
cultivate transversal competencies.

Importantly, Enstroem and Schmaltz [9] emphasize that work
readiness is strongly associated with the development of soft and
transversal ~ skills, including communication, collaboration,
adaptability, and problem-solving. Although large-scale teaching
presents structural challenges, the authors identify significant
opportunities to strengthen perceived professional readiness through
experiential learning, real-world simulations, peer interaction, and
structured academia—industry feedback mechanisms. Their analysis
suggests that learning quality extends beyond content transmission;
it is fundamentally shaped by the degree to which curricula promote
practical application, industry relevance, and skill transferability.

Complementing this perspective, Uzorka and Odebiyi [10]
demonstrate that the integration of digital learning tools
significantly ~enhances student engagement and academic

achievement. Their findings indicate that Learning Management
Systems, interactive simulations, and gamified instructional
approaches foster interactivity, autonomy, and stronger links
between theory and practice. Such technology-enhanced learning
environments contribute to improved motivation and performance,
factors that are closely associated with students’ confidence in their
professional preparedness. However, the authors also caution that
the effectiveness of digital tools depends on adequate digital
literacy levels and institutional infrastructure.

Similarly, Nguyen and Oanh [11] highlight the role of cooperative
learning in strengthening student engagement. Their study shows
that well-structured instructional design, clear task distribution, and
effective group management positively influence students’ personal
development, emotional involvement, and collaborative
competencies. By fostering inclusive and interactive learning
environments, cooperative learning not only improves academic
outcomes but also supports the development of interpersonal and
collaborative skills that are essential for workplace readiness.

Therefore, perceived professional readiness can be understood as an
outcome of learning environments that combine engagement,
applied practice, and competence-oriented pedagogies.

3. Research Methodology
3.1 Data collection

The study is based on quantitative survey data collected within the
framework of the DELTA project, which aims to assess Data
Literacy competencies and learning experiences in Albanian higher
education. Data were gathered through a structured questionnaire
administered to students who had participated in Data Literacy-
related learning activities.

The final analytical sample consists of 250 valid responses
distributed across three higher education institutions: 104 students
from the Polytechnic University of Tirana (UPT), 37 students from
Tirana College of Technology (TCT), and 109 students from the
European University of Tirana (UET). The sample includes students
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from both public and private universities, allowing for comparative
analysis across institutional contexts.

Fig. 3 Number of Survey Participants by institution (DELTA Project
Sample). Source: Authors’ calculations based on DELTA project survey
data (N = 250).

Participation was voluntary, and the sampling approach can be
characterized as convenience sampling. Only complete responses

Number of survey participants

European University of

Tirana A
Tirana College of Technology
Polytechnic Uiversity of 104

Tirana

for the variables of interest were retained for statistical analysis.
While this approach enabled efficient data collection within the
DELTA project framework, it represents a limitation in terms of the
generalizability of findings beyond the participating institutions.

3.2 Variables construction

The empirical analysis is based on the construction of two main
variables: Perceived Learning Quality and Perceived Professional
Usefulness.

Perceived Learning Quality

Perceived Learning Quality was operationalized as a composite
variable constructed from eight items assessing different
dimensions of the Data Literacy learning experience. The items
included: Relevance of topics selected, Adequacy of learning mode,
Appropriateness of trainers’/mentors’ knowledge and facilitation
skills, Quality of learning materials, Extent to which students feel
prepared to apply what they have learned, Balance between theory
and practical elements, Extent to which students were able to bring
in their own expertise, Adequacy of overall learning offer duration.
Each item was measured on a 7-point Likert scale (1 = very low, 7
= very high).

To assess the internal consistency of the scale, a reliability analysis
was conducted. The eight-item learning quality scale demonstrated
excellent internal consistency (Cronbach’s o = 0.977). Corrected
item—total correlations ranged from 0.867 to 0.935, substantially
exceeding the recommended minimum threshold of 0.30. This
indicates that each item is strongly associated with the overall scale
score (excluding the respective item). The Cronbach’s alpha if item
deleted values ranged between 0.972 and 0.975, all slightly lower
than the overall alpha coefficient, suggesting that removing any
item would not increase the reliability of the scale.

Given the high internal consistency and the conceptual
complementarity of the items, all items were retained. A composite
Learning Quality score was computed as the arithmetic mean of the
eight items, ensuring that the final variable remained on the original
7-point scale and could be interpreted as an overall evaluation of
perceived learning quality.

Perceived Professional Usefulness

Perceived Professional Usefulness was measured using a single-
item variable assessing the perceived usefulness of Data Literacy
competencies for students’ current and future professional life.
Responses were recorded on a 5-point Likert scale (1 = not at all
useful, 5 = very strong). As a single-item measure, no reliability
analysis was required.
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Table 1 presents the descriptive statistics for the two main variables:
Evaluation of Learning Offers (measured on a 1-7 Likert-type
scale) and Perceived Professional Usefulness (measured on a 1-5
Likert-type scale), based on 250 observations.

Table 1: Descriptive statistics for the two main variables. Source:
Authors owns calculation

Evaluation of Professional
Statistic Learning Offers Usefulness
Mean 5.02 3.82
Standard
Deviation 1.65 0.97
Minimum 1.56 1
25th Percentile 3.59 3
Median 5.56 4
75th Percentile 6.44 5
Maximum 7 5

The mean score for Evaluation of Learning Offers (M =5.02, SD =
1.65) indicates generally positive perceptions of learning quality.
The median (5.56) and upper quartile (6.44) suggest that a
substantial proportion of students provided high evaluations.

Similarly, Professional Usefulness shows a relatively high mean (M
= 3.82, SD = 0.97), with a median of 4, indicating that most
students perceive Data Literacy learning as professionally relevant.
The lower standard deviation compared to the first variable suggests
more homogeneous responses regarding professional usefulness.

Institutional Type

Students were classified according to the type of higher education
institution attended, distinguishing between public and private
universities. The Polytechnic University of Tirana (UPT) was
classified as a public institution, whereas Tirana College of
Technology (TCT) and the European University of Tirana (UET)
were classified as private institutions. This categorical variable was
used to examine potential differences in perceived learning quality
across institutional contexts.

3.3 Statistical analysis

Given that the variables were measured using Likert-type scales and
the assumption of normality was formally tested, non-parametric
statistical techniques were employed. Specifically, the Shapiro—
Wilk test indicated statistically significant deviations from
normality for both Evaluation of Learning Offers (W = 0.901, p =
9.20 x 10712) and Professional Usefulness (W = 0.866, p = 5.61 x
10~1%). These results led to the rejection of the null hypothesis of
normal distribution.

Considering the ordinal nature of the measurement scales and the
violation of the normality assumption, non-parametric methods

were deemed more appropriate. Consequently, Spearman’s rank-
order correlation was used to examine the association between
perceived learning quality and perceived professional usefulness,
and the Mann—Whitney U test was employed to assess differences
between institutional groups. Statistical significance was evaluated
at the 5% level.
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4. Results

Association between
Usefulness

Learning Quality and Professional

Spearman’s rank-order correlation revealed a statistically significant
positive association between perceived learning quality and
perceived professional usefulness (p = 0.287, p = 4.2x 107°).

The magnitude of the coefficient suggests a small-to-moderate
association rather than a strong one. This indicates that students
who report higher evaluations of learning quality also tend to
perceive Data Literacy competencies as more professionally useful.
However, the correlation size implies that learning quality explains
only part of the variation in perceived professional usefulness.
Importantly, the result reflects an association and does not imply a
causal relationship.

Institutional differences in Perceived Learning Quality

The Mann-Whitney U test revealed a statistically significant
difference in perceived learning quality between students enrolled
in public and private universities (U = 6478.50, Z = -1.978, p =
0.048). Students from public universities (Mean Rank = 136.21)
reported slightly higher evaluations compared to students from
private universities (Mean Rank = 117.87).

To evaluate the practical significance of this difference, the effect
size (r) was calculated using:

Z
r=2
VN
For N = 250:
_-1978 -1.978 0125
- V250 1581

According to conventional benchmarks (0.10 = small, 0.30
medium, 0.50 = large), this represents a small effect size.

Therefore, although the difference is statistically significant (p =
0.048, borderline at the 5% threshold), its practical magnitude is
limited. The findings suggest modest institutional variation rather
than substantial structural differences.

5. Discussion

The findings confirm that perceived learning quality is positively
associated with students’ perceptions of the professional usefulness
of Data Literacy competencies. While the relationship is statistically
significant, its magnitude is moderate rather than strong. This
indicates that learning quality plays an important, but not exclusive,
role in shaping students’ professional perceptions. Other contextual,
individual, or labor-market-related factors likely contribute to these
perceptions.

The excellent internal consistency of the learning quality scale
demonstrates that students’ evaluations across pedagogical
dimensions form a coherent construct. This supports the validity of
the composite index used in the analysis.
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Regarding institutional differences, although students from public
universities reported slightly higher evaluations of learning quality,
the small effect size suggests that differences between institutional
types are limited in practical terms. This may reflect increasing
convergence in teaching standards, shared accreditation
frameworks, and similar curricular requirements across public and
private higher education institutions in Albania.

Rather than indicating institutional disparity, the results point to
broadly comparable learning environments, with only modest
variation in perceived quality.

6. Conclusions

This study provides empirical evidence on the relationship between
perceived learning quality and perceived professional usefulness of
Data Literacy competencies in Albanian higher education.

The results indicate that higher perceived learning quality is
associated with stronger perceptions of professional relevance.
However, the magnitude of the association suggests that learning
quality represents one important factor among several influencing
students’ professional perceptions.

Institutional differences were statistically significant but small in
magnitude, indicating limited practical variation between public and
private universities.

Overall, the findings highlight the importance of structured,
relevant, and practice-oriented Data Literacy learning offers.
Strengthening pedagogical coherence and applicability may
contribute to enhancing students perceived professional readiness,
while acknowledging that broader contextual factors also shape
employability perceptions.
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Abstract: Quality management is an often-overlooked business factor that represents a strategic pillar for industrial enterprises that aim to
strengthen their competitiveness in the national and global markets. This paper examines the contemporary challenges faced by quality
management systems in industrial settings, considering digital transformation and integration with Industry 4.0. Key impediments and
opportunities are identified, and recommendations for enhancing quality practices are proposed.
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1. Introduction Industrial enterprises operate in an increasingly competitive global
The rapid changes in the national and global markets, as well as the ~ €nvironment where the ability to deliver superior quality products
external and internal factors of the economy, form the features that ~ @nd services constitutes a fundamental determinant of performance
ensure the competitiveness of enterprises [3]. and market position [15]. _

The general definition for an industrial enterprise describes it as a ~ In modern contexts, digital transformation and Industry 4.0 affect
large-scale business focused on manufacturing goods or providing ~ Competitiveness drivers such as productivity, product quality and
industry-related services, characterized by machines and devices, ~ innovation trough coordination with the quality management within
technology, mass production and transition from manual labor to  the organization [2,10,14].

factory systems [13].

The key characteristics of industrial enterprises describe them as 2. Impact of quality management in economic
focused on the manufacturing aspect of the economy, typically large  processes

by scale, with significant influence on the country’s gross domestic 2.1. Quality management systems and international
product (GDP). They operate by utilizing machines, designed standards

mostly for mass production, and are organized by a traditional, top- QMS represents an organized set of policies, procedures and

s oo Sy 5, sy process s ofcontnuausly mprovng h ity of proic
business entities are critiéally important for national and régional ant_i SETVICES, satlsfy_lng_customer requirements and st_lmulatlng Fhe
economic prosperity, involving operations like resource conversion gfflClen_cy of organizational processes. The most vv_|d_ely e_1ppI|ed

. - . - . international standard for QMS, in its current revision, is 1SO
(coal, gas, oil) or high-tech production and are refined by their 9001:2015. It is based on the Plan-Do-Check-Act (PDCA) cycle and

prod_uti’_uor; Iscsle, _Il_rr:\_pactl an_d olften a g!stt_lnctt dstructure W'tth defines the requirements for QMS and the principles that must be
Specialized fabor. This also Involves sophisticated management, followed by any organization, regardless of its size or economic

supply chain optimization, global collaboration, as well as aim for a sector. This standard emphasizes customer focus, leadership, a

boost of ~competitiveness  through ~ strategic  planning  and process approach and continuous improvement (Fig. 2), which are

investments [15]. k - - .
- - . inable development an nomic competitiven 2].
Flexible quality management systems (QMS) allow companies to ey to sustainable development and economic competitiveness [2]

adapt quickly to changing market demands and technological shifts.

The core principles of ISO 9001 (Fig. 1) and recent developments in Orgonization and Qual®y Ma"age"‘e*‘*smmj

QMS also play a role in the vitality of the industrial enterprises, but its contaxt {4) Support

the general understanding for a company’s quality is often limited to & Operation

simple inspections and aim for reduction of the rejected pieces ' Customer
. . Plan Do satisfactior

during the production cycle. I

ﬁ i Results of
Planning Leadership Performance
Customer (6) AR (5) A4 cualuation the QMS
requirements Q)
Act Check Products
and services
Improvement
o)

Needs and expectations

THE7 of relevant interested
PRINCIPLES parties (4)

OF I1SO 9001 . )
Figure 2. Structure of 1SO 9001 and the PDCA (continuous

improvement) approach [2]

2.2. Quality management in the context of digital
transformation

With the development of new technologies and industrial

Figure 1. The 7 principles of 1SO 9001 [2] automation, quality management cannot be considered only as a

mechanical set of documented procedures and inspections. This

Apart from the cost reduction aspect, quality management drives  allows quality to be integrated with modern digital practices and the
competitiveness through customer satisfaction and loyalty, market ~ Industry 4.0 paradigm. This leads to the concept of Quality 4.0,
differentiation, product superiority, efficiency and innovation. which is a digitalization of traditional QMS by implementing tools
Quality management tools (e.g. Root Cause Analysis) improve  Such as Internet of things (loT) for real-time quality tracking,

product and service performance, reliability and durability, creating ~ Machine learning, big data analysis for predicting quality
a strong competitive edge [5,11]. deviations, and automated process control mechanisms [15].
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Digital QMS (Fig.3) allow for more precise measurements, better
control of production processes and faster response to market
changes [15].

Data registration and analysis
Confirmation of compliance QMS
with requirements digitalization

Decision making in
difficult situations.

Monitoring and
control

Figure 3. The Digital QMS [15]

The integration between QMS and Industry 4.0 supports the
creation of adaptive and flexible processes, which are important for
competitiveness in conditions of unstable markets and intense
technological dynamics [1].

2.3. Organizational and strategic preconditions

For a QMS to be effective and contribute to competitiveness, it
needs to be supported by an organizational strategy and
involvement of the top management. Systematic and sustainable
quality management results often depend on:

2.3.1. Commitment of the top management to set quality
objectives that are in line with the strategic goals and interests of the
enterprise. According to 1SO 9001, leadership is a key factor in
providing resources, communicating and taking strategic decisions,
which in themselves contribute to competitive advantage [4,6].

2.3.2. Training and development of personnel, which
ensures that employees understand their roles in the context of the
QMS and can contribute to continuous improvement [2].

2.3.3. Internal organization and cultural development
including the adoption of the principles of continuous improvement
and customer focus [1].

2.4. Economic preconditions

2.4.1. European  programs
digitalization and quality

Bulgarian industrial enterprises operate within the framework
of European Union policies that are related to continuous
improvement,  digitalization, implementation of  modern
technologies and improving the standards of products and services.

24.11.The “Competitiveness and Innovation in

Enterprises” Program provides grants for the introduction of
technologies in the field of Industry 4.0 and digitalization of
enterprises, which also supports the modernization of quality
processes and increased productivity. This support is part of the
European Union’s (EU) policy to accelerate the technological
transformation of the industrial base and improve the
competitiveness of companies from the Bulgarian manufacturing
sector [8].

to  support innovation,

This operational program also supports the development
of quality laboratory services and conformity assessment bodies,
which are a key element of the quality management infrastructure,
including certification, metrology and assessment services, which
companies adapt to comply with increased market requirements [9].

These tools help companies not only to modernize their
technologies, but also to develop quality systems that are more
adaptable, traceable and compatible with European standards — a
factor that strengthens their competitive presence in foreign
markets.

2.4.2. Competitiveness and digital transition policies

The European Commission clearly places competitiveness,
digitalization and innovation at the heart of its economic strategy
for the 2024-2029 period that includes stimulating investment in Al
and digital technologies and reducing the administrative burden for

small and medium enterprises (SMEs) for access to growth
measures within the operational program [8].
2.4.3. |Institutional factors for quality

2.4.3.1. Regulations and standards:

External regulatory requirements, including European
directives and standards (such as 1SO, CE marking and other
harmonised rules) set specific quality management requirements
that companies must meet in order to participate freely in the single
market. This creates an institutional framework that incentivises
businesses to invest in QMS and certification [9].

2.4.3.2. Innovation funding:

Competitiveness programmes provide funds for the
deployment of technologies, digital systems and tools that help
automate and track quality through Industry 4.0 approaches [9].

2.4.3.3. Market competitiveness:

Support for exports, marketing campaigns and
participation in international exhibitions increases the quality of
products. Companies meet higher market standards and expand
their competitive advantages on foreign markets [14].

2.4.4. Influence over Bulgarian industrial enterprises

Bulgarian enterprises, especially SMEs, operate in an
economic environment where the implementation of Industry 4.0
technologies and digital solutions is considered part of the strategy
for increasing quality and competitiveness, including through access
to European funding programs (e.g. procedures under the CPIP
2021-2027). This supports their technological improvement and
adaptation to the requirements of international markets.
3. Opportunities for strategic implementation of QMS

3.1. Adoption of QMS in SMEs

A fundamental step for Bulgarian industrial enterprises seeking
enhanced competitiveness is the adoption of formal QMS, mostly
based on 1SO 9001. It is perceived not only as a compliance tool,
but also as a strategic mechanism for improving competitiveness,
especially when applied in an integrated manner with the
management objectives of the enterprise [16].

In the context of Bulgarian economics, an empirical study
among manufacturers in the manufacturing sector shows that
managers evaluate QMS as a factor for competitiveness by reducing
defects, optimizing costs and increasing market presence, including
in foreign markets. As part of the strategic implementation,
enterprises should involve leadership and top management in setting
strategic quality objectives, integrate different functions
(production, quality control, logistics) under a common monitoring
and accountability system and use QMS data to support strategic
management decisions [17].

3.2. Integration with Industry 4.0 — Approaches to

Quality 4.0

In  today's industrial environment, traditional quality
management is evolving towards Quality 4.0 — an approach that
combines the principles of classic QMS with digital technologies
and real-time data. Quality 4.0 is not just the digitalization of
procedures, but a conceptual framework that unites people,
processes and technologies to achieve higher value, transparent
analysis and sustainable improvement. Table 1 represents key
research deficiencies and future directions for advancing the Quality
4.0 approach, with focus on integrating Industry 4.0 technologies
[12].

Table 1. Key Research deficiencies and Future research
directions for Quality 4.0 [12].

Ne | Research Area Gaps F“t“_fe Re_)search
Directions
- Investigate
Insufficient focus 9
strategies for
1 Human factors | on workforce emolovee  trainin
and workforce skills and ploy g
engagement and
engagement .
role transformation
_ Lack of focus on Explore meth_ods to
Lean Practices - overcome resistance
2 . managing change e
Integration - - and facilitate
during adoption. -
organizational
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transformation.

Lack of focus on

Explore methods to
overcome resistance

3 Change managing change | and facilitate
Management - ; N~
during adoption. organizational
transformation.
Real-Time Insufficient Research Al I.OT‘
. . and real-time
4 Decision- exploration of analytics for
Making & | real-time decision-
. . enhanced  process
Automation making. RSP
optimization.
Absence of .
. Create universal
standardized
- frameworks for
5 | Standardization frameworks  for - -
; consistent  Quality
Quality 4.0 - :
- 4.0 implementation.
adoption.
Conduct Cross-
6 Cross-Industry Limited Cross- Z?]Cdtgrrstar?;umes bets(;
Applications industry research. practices for Quality
4.0 adoption.
Investigate Al, 1oT,
. l_Jndere)_(pIored and Big Data for
Al, 10T, Big | integration of .
7 - . quality control and
Data Integration | digital .
. operational
technologies. s
efficiency.
Explore the role of
Limited research | Quality 4.0 in
8 | Sustainability on sustainability | promoting
in Quality 4.0. sustainability in

business practices.

Lack of focus on

Research the impact
of Quality 4.0 on

9 Supply_ Chain Quahty 4.0sro_le supply chain
Integration in supply chain LA
optimization and
management. -
resilience.
L|m|_te(_j use of Develop predictive
- predictive
Predictive . .| models to prevent
10 - analytics in N
Analytics ualit quality issues and
quality improve processes.
improvement.
oo | R s
11 | Cybersecurity cybersecurity risks 40 9 dd y
in Quality 4.0. .0 systems and data
from cyber threats.
Explore how
Insufficient focus | Quality 4.0
12 Customer- on customer- | technologies  can
Centricity oriented enhance  customer
strategies. satisfaction and
engagement.
Challendes in Investigate solutions
Data g for improved data
13 - seamless data .
Interoperability . - sharing and system
interoperability. : .
integration.
Lack of
. Develop new
comprehensive :
Performance metrics to assess the
14 - performance - -
Metrics . impact of Quality
metrics for 40
Quality 4.0. )

Quality 4.0 includes [5]:

e Using loT, sensors and automated measurements to
monitor quality in real time;

e Applying big data and analytical platforms for predictive
control and optimization of production processes;

e Building a digital

culture and training that allow

employees to work effectively with new tools and data;
Research shows that Quality 4.0 can significantly speed up
deviation response processes, reduce delays and improve the quality
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of products and services, which brings competitive advantages to
companies that adopt it adequately [12].
3.3. Organizational and Human
Transformation

The implementation and successful operation of QMS and
Quality 4.0 require not only technologies, but also organizational
culture, competencies and leadership commitment.

Key social and management factors include:

3.3.1. Leadership and strategic vision

Effective leadership is key to creating an environment that
supports innovation, quality and flexibility. The level of
commitment from top management determines the adoption,
resources and integration of QMS into the strategic goals of the
company [15].

3.3.2. Training and competencies

The transition to digital and integrated quality practices
requires specific skills - from data and analytics to process
management - that are not always available in the traditional
workforce. This creates a need for continuous training and
development of human capital [16].

3.3.3. Culture of continuous improvement and collaboration

Organizations that manage to achieve successful
transformation build a culture of transparency, cross-departmental
collaboration and knowledge sharing. This is particularly important
for the application of interdisciplinary digital tools and analyses in
quality.
3.4. Overcoming Barriers and Enhancing Competitiveness

For Bulgarian enterprises, barriers to integrating modern
quality management approaches often include a lack of digital
readiness, financial constraints and insufficient strategic planning.
Studies show that among industrial companies in Bulgaria,
initiatives to implement Industry 4.0 technologies to improve
quality and competitiveness are being adopted by an increasing
number of organizations, but there is a significant lag compared to
the EU average, which requires targeted investment and training
efforts [7].

To overcome the obstacles, enterprises can:

e Develop a strategic digital transformation plan integrating
elements of Quality 4.0;

e Build an information infrastructure to support data
exchange and analysis;

e Stimulate internal leadership and training to increase
digital and quality competence.

Factors in Quality

4. Results and discussion

The literature indicates that a well-functioning QMS correlates
positively with competitive outcomes such as customer satisfaction,
process efficiency and market performance. 1SO 9001 certification
has been shown to drive enhanced competitiveness and improved
company image, which are particularly important for Bulgarian
firms operating in transitional economies.

However, certain challenges persist. Many enterprises still treat
QMS primarily as a certification exercise rather than a strategic
initiative, which limits the system’s potential impact on
competitiveness. Additionally, digitalization adoption rates vary
across sectors, with barriers including financial constraints,
technological readiness, and workforce skills gaps [17].

The integration of quality management with digital strategies is
gaining attention in academic and industrial circles as a path toward
sustainable competitiveness, requiring new competencies and
organizational flexibility [18].

5. Conclusion

Quality management is an essential driver of competitiveness
for Bulgarian industrial enterprises. Effective implementation of
QMS according to international standards such as 1SO 9001 -
coupled with a strategic orientation toward continuous improvement
and integration with digital transformation - enhances operational
performance, product quality and market responsiveness.
Embracing quality management as a core strategic objective, rather
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|
than a mere compliance requirement, supports long-term
competitiveness and organizational resilience.
Future research should further investigate the impact of
emerging quality paradigms on competitive outcomes, and
empirical studies should explore sector-specific dynamics in
Bulgarian industry to enable tailored strategies.
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Abstract: Industrial enterprises are entering a phase in which competitiveness is increasingly shaped by advanced digital technologies and
the organizational capabilities that transform them into measurable outcomes. This paper analyzes how Atrtificial Intelligence (Al), Internet
of Things (1oT), and automation influence operational excellence and how their effects are mediated by leadership, knowledge management
capabilities, digitalization maturity and e-HRM systems. Based on the resource-based view and dynamic capability theory, a capability-
mediated framework is proposed. Evidence from Tata Steel, Freeport-McMoRan and Siemens demonstrates that technology alone does not
ensure competitiveness; value emerges when digital systems are embedded into organizational routines, governance mechanisms and

workforce development processes.
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1. Introduction

Industrial enterprises are undergoing structural transformation
driven by Al, loT, and automation—technologies increasingly
embedded across the industrial value chain, from engineering and
manufacturing to operations, supply chains, and workforce systems
[32, 23]. While earlier digital initiatives often emphasized
automation or IT modernization, the current wave is characterized
by Al-enabled decision systems, real-time cyber-physical
connectivity, and continuous optimization through learning loops
[17, 23].

From a competitiveness standpoint, firms able to sense,
interpret, and act on operational data faster can reduce downtime,
increase throughput, improve yield, and shorten time-to-market—
advantages that accumulate into sustained performance differences
when digitalization is managed as an organizational capability
rather than a one-time technology investment [1, 10, 24, 33].
Evidence consistently shows that digital transformation is rarely an
automatic driver of performance; instead, benefits depend on
complementary organizational capabilities, governance, and
digitalization management maturity [10, 24, 33].

Research in SMEs and MSMEs emphasizes that digital
technologies often work through mediating mechanisms: leadership
orientation, knowledge sharing quality, organizational agility, and
dynamic capabilities determine whether digital adoption becomes
performance improvement [10, 19, 20, 21, 33]. Extending these
insights to industrial enterprises, Al/loT/automation should be
treated as strategic resources whose performance impact is
contingent on organizational readiness and human systems
alignment [1, 27, 33].

A further context is Bulgaria’s digital transformation trajectory.
Despite relatively strong connectivity, Bulgarian industrial sectors
remain below EU averages in digital maturity, with limited
integration of Industry 4.0 technologies and persistent capability
gaps [2, 3, 7]. This reinforces the need to analyze competitiveness
not only through technology adoption but through systemic
capability  building, ecosystem development, and change
management [4, 5, 6].

This paper contributes by integrating:

(1) operational impacts of Al/loT/automation;

(2) capability-based theories (resource-based view; dynamic
capabilities);

(3) leadership and HR digitalization mechanisms (KOL, e-
HRM, HR analytics).

The argument is strengthened using industrial cases across steel,
mining, and industrial software ecosystems [15, 8, 23].

2. Prerequisites and means for solving the problem
2.1. Conceptual framing: RBV and strategic digital assets

According to the resource-based view (RBV), sustained
competitive advantage stems from resources that are valuable, rare,
difficult to imitate, and non-substitutable [1]. In industrial
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enterprises, Al models, 10T sensor networks, industrial data
platforms, and automation systems can meet these criteria when
they are deeply integrated into production routines and continuously
improved through learning cycles via digitalization management
and structured capability ownership [33]. Importantly, the
“resource” is not only the technology artifact but also embedded
know-how: data pipelines, domain-specific feature engineering,
model retraining, and decision governance [8, 15].

This explains why similar technology investments can yield
different outcomes across firms: performance differences emerge
from the capability to convert digital tools into repeatable routines
under operational complexity (e.g., mining and steelmaking
environments) [15, 8].

2.2. Dynamic capabilities: sensing, seizing, and
reconfiguration

Dynamic capability logic complements RBV by emphasizing a
firm’s ability to sense opportunities, seize them through coordinated
action, and reconfigure assets as environments shift [33]. In
industrial contexts, this includes iterative deployment, operational
experimentation within safe boundaries, and rapid process
reconfiguration based on data feedback [8]. Evidence also indicates
that agility and digital process maturity act as key enablers and
barriers—particularly where digital processes are fragmented,
readiness is uneven, and governance is weak [21, 27, 33].

2.3. Knowledge-oriented leadership and knowledge
management capabilities
Technology-driven  competitiveness depends heavily on

leadership systems that cultivate knowledge flow, experimentation,
and high-quality knowledge sharing. Knowledge-oriented
leadership (KOL) is linked to performance through mechanisms
such as knowledge sharing quality, service innovation, and
ambidextrous  innovation—especially  under  technological
turbulence [20, 19]. In fast-evolving environments, leaders who
institutionalize  learning loops and protect constructive
experimentation are more likely to extract value from digital
investments [10, 19].

2.4. Human systems: and
adoption readiness

e-HRM, HR analytics,

Industrial digitalization requires workforce readiness: skills,
engagement, role clarity, and behavioral adoption. Evidence shows
that e-HRM tools can improve employee engagement and HRM
system  effectiveness, thereby  supporting  organizational
effectiveness [25, 31]. HR analytics contributes to organizational
effectiveness by enabling evidence-based workforce decisions [34,
29]. Adoption and scaling are shaped by contextual enablers,
culture, and readiness [28, 30], and readiness assessment models
emphasize that industrial digitalization requires multi-dimensional
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preparation (process, people, technology, governance)—not merely
installing tools [27].

2.5. Bulgarian industrial context: digital transformation and
resistance

Studies on Bulgarian industrial enterprises emphasize gaps in
readiness, ecosystem development, and change management [2, 3,
5, 7]. Resistance to change and insufficient capabilities for
reengineering projects are reported barriers that can prevent
industrial ~ digital initiatives from generating measurable
performance outcomes [4]. This supports the capability-mediated
perspective adopted in this paper.

3. Solution of the examined problem

3.1. Capability-mediated model

This paper applies an integrative synthesis: peer-reviewed
evidence on leadership, digital transformation, and HR
digitalization is combined with practitioner case studies on Al
deployment in industrial operations. The core proposition is:

Al, 10T, and automation improve competitiveness primarily
through capability pathways—digital transformation maturity,
leadership orientation, knowledge management capability, and HR
digitalization readiness—rather than through adoption alone [10,
24, 33].

Key mediators and enablers include:

* KOL and knowledge sharing quality [20, 19];

« Digitalization management and agile/dynamic capabilities [21,
27, 33];

» HR digitalization readiness and analytics [29, 27, 34];

* Organizational culture and contextual barriers [28, 30].

Table 1: Capability-mediated competitiveness mechanisms in
industrial digital transformation

N Technolo Capability Competitivene
0. gy mediator ss outcome
Data Higher
governance; throughput; lower
1 Al model retraining | downtime; better
routines; agile | yield and cost
execution; KOL | efficiency
Real-time
monitoring Faster
capability; detection of drift;
2 loT cybersecurity fewer failures;
governance; improved
data backbone | resilience
maturity
Standard|ze_ Stable quality;
d  workflows; higher
Automati | reskilling  and gne ,
3 . consistency;
on adoption
management; e- reduced cost of
HRM support | Po°F auality
Slmylatlon Reduced
+ real-time data L
. . L CapEx risk; faster
Digital integration; Do
4 . = change validation;
twins decision capacit
validation pacity
- optimization
routines
Workforce Sustained
o-HRM readiness; . adop_thn;. faster
5 - engagement; upskilling; higher
HR analytics : P
evidence-based | organizational
HR decisions effectiveness
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3.2. Al, 10T, and automation

competitiveness levers

as operational

3.2.1. Al: predictive and prescriptive value

Al creates value through prediction (failures, yield, energy
consumption) and optimization (recommended control settings,
scheduling, resource allocation). Predictive maintenance is a
documented use case in industrial environments [14]. At scale, Al
improves decision quality by detecting patterns and anomalies in
complex process data [17]. The highest value often comes from
prescriptive optimization combined with iterative improvement
cycles and adoption routines embedded into daily work [8, 15].

3.2.2. 10T: real-time monitoring and risk governance

10T enables continuous data flows across equipment, processes,
and environments. In smart manufacturing, sensor infrastructures
support monitoring of equipment condition, process drift, energy
waste, and quality deviations [16]. Industry tracking also highlights
that loT adoption is accelerating across industrial operations,
reinforcing its role as a baseline enabler for efficiency and data-
driven management [11]. These data streams become the backbone
for analytics, optimization, and digital twins [23]. 10T connectivity
also expands cyber risk exposure, meaning cybersecurity capability
is necessary for protecting competitiveness and operational integrity
[12].

3.2.3. Automation: quality stability and throughput
consistency

Automation improves consistency, throughput, and quality by
reducing process variability and human error. In automotive
manufacturing, robotics and automation are widely linked to
throughput and operational performance improvement [13].
Automated inspection and feedback loops support quality
performance and reduce cost of poor quality [18]. Yet automation
also intensifies workforce transition requirements, making reskilling
and adoption management central to sustained outcomes [22, 25].

3.2.4. Ecosystems and platformization

Competitiveness increasingly depends on participation in digital
business ecosystems where platforms enable coordination, co-
creation, and scaling across networks [5]. This aligns with Siemens’
ecosystem framing of Industrial Al as an integrated operating layer
across lifecycle functions [23].

4. Results and discussion
4.1. Case evidence: what works in practice

411 Tata Steel
capability system

(Kalinganagar): analytics as a

Tata Steel’s Kalinganagar plant illustrates analytics
transformation in a high-variance steel process. Analytics models
were used to improve control of a critical thermal stage in
production, and the transformation required not only model
development but workforce capability building, adoption
management, and continuous model updating as conditions shifted
[15]. The case demonstrates a core lesson: early model success can
degrade when input conditions change, requiring retraining,
governance, and internal ownership [15]. The plant’s capability
development contributed to recognition as an advanced Industry 4.0
adopter [15, 32].

4.1.2. Freeport-McMoRan (Bagdad): Al optimization
combined with agile execution

Freeport-McMoRan’s Bagdad mine demonstrates how Al can
unlock gains by challenging entrenched assumptions and turning
prediction into optimization. The case highlights cross-functional
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teamwork, iterative deployment (MVP logic), and operational
experimentation within safety boundaries—an organizational design
aligned with dynamic capabilities and agility [8]. The
competitiveness mechanism is not the algorithm alone, but the
ability to embed model recommendations into daily operational
routines and continuously improve the system [8]. This aligns with
the principle that organizations should prioritize measurable
business improvements over technology novelty, supported by
pragmatic change and governance practices [9].

4.1.3. Siemens at CES 2026: Industrial Al operating
system, digital twins, and copilots

Siemens’ CES 2026 announcements illustrate an ecosystem-
scale strategy: Industrial Al as a lifecycle-integrated operating layer
spanning design, simulation, manufacturing, and supply chain
coordination [23]. Digital Twin Composer is positioned as
infrastructure for connecting comprehensive digital twins with
simulation and real-time engineering data, enabling virtual decision-
making and validation at scale [23]. Siemens also announced
industrial copilots embedded across engineering and manufacturing
software to reduce workflow friction and accelerate adoption [23].
This supports the argument that competitiveness is reinforced when
Al is operationalized into routines and human systems, consistent
with evidence on engagement and HR digitalization mechanisms
[25, 29].

4.2. Bulgaria: why capability mediation matters even
more

Bulgarian enterprise studies highlight that connectivity alone is
insufficient for industrial digital maturity. Transformation requires
ecosystem strengthening, platform development, and structured
change management [2, 3, 5, 7]. Resistance to change and lack of
reengineering skills are reported barriers, reinforcing the need for
KOL, learning routines, and HR digitalization as adoption
infrastructure [4, 19, 20, 27].

4.3. Synthesis:
advantage

what actually creates competitive

Across literature and cases, three recurring patterns emerge:

*Technology is necessary but insufficient: adoption alone does
not guarantee competitiveness [10, 24, 33].

*Embedding  beats pilots: value compounds when
Al/loT/automation are institutionalized into daily routines, with
governance and iterative improvement [8, 15].

*Leadership and human systems are multipliers: KOL supports
innovation under turbulence through knowledge sharing quality and
KM capability [20, 19], while e-HRM and HR analytics strengthen
adoption, engagement, and workforce readiness [31, 25, 29, 34].

Additionally, the regulatory environment can influence digital
transformation performance, particularly for SMEs and ecosystem-
level digitalization [26].

5. Conclusion

Industrial competitiveness in the Al era is not determined by
technology adoption alone but by the ability to build an integrated
capability system: loT-enabled data infrastructure, Al decision
intelligence, automation-based stability and precision, and
continuous improvement enabled by agile execution and workforce
readiness. Evidence from steel and mining shows that measurable
operational gains depend on internal capability ownership, adoption
routines, and iterative model improvement—not one-time
deployments [15, 8]. Siemens’ ecosystem strategy further indicates
that Industrial Al is moving toward lifecycle-integrated
architectures where digital twins and copilots embed intelligence
into daily workflows [23].
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The reviewed literature reinforces that knowledge-oriented
leadership and knowledge management capabilities enable
organizations to convert digital tools into innovation and
performance under technological turbulence [19, 20]. Digitalization
management and agile/dynamic capabilities mediate outcomes [21,
27, 33], while e-HRM and HR analytics provide the human systems
infrastructure required for scaling and sustaining advantage [31, 25,
29, 34]. Regulatory frameworks can further shape digital
transformation capacity and outcomes, especially for smaller firms
[26].

In sum, industrial enterprises that treat Al/loT/automation as a
strategic capability program—not a technology project—are more
likely to achieve durable competitiveness in global markets [1, 10,
33].
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The Persistence of Conflict: An Examination of Ten Critical Factors Why the Israeli—
Palestinian Dispute Remains Unresolved
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Abstract: The Middle East is a geographical and political region whose boundaries vary with analytical purpose. Depending on whether the
emphasis is placed on security, politics, or economic integration, the region may be defined expansively—from Morocco to Pakistan (the
“Greater Middle East,” a term popularized in the early 2000s)—or more narrowly, in line with traditional Orientalist framings, from Egypt
to Iran. Although the region’s spatial scope is contested, one defining characteristic is widely recognized: chronic instability. At the center of
this instability lies the Israeli-Palestinian conflict.

Since Israel’s establishment in 1948, the confrontation has evolved from an element of a broader Arab—lsraeli conflict into a distinct and
enduring dispute with regional and global ramifications. Although the conflict concerns a relatively small territorial space (approximately
20,000 square kilometers), it has repeatedly expanded in political significance—from local contestation to regional polarization and,
ultimately, to internationalization. It remains salient across the Muslim world and continues to command sustained attention from global
policymakers, who for more than seven decades have failed to broker a durable settlement.

The conflict often generates sharply polarized views and is frequently approached through simplified narratives that obscure its historical
depth and institutional complexity. While its modern dynamics emerged in the twentieth century, both parties draw on longer historical,
religious, and cultural claims in legitimizing competing rights. The Israeli-Palestinian conflict has also been instrumentalized by external
actors, from Cold War geopolitics to post-September 11 security discourses. This article argues that the persistence of the Israeli—
Palestinian dispute is best explained as a product of interacting political, structural, psychological, and international factors. By analyzing
ten obstacles to peace, the paper offers a framework for understanding why repeated negotiations have failed and why conflict management
has often substituted for conflict resolution.

KEYWORDS: MIDDLE EAST; ISRAEL; PALESTINE; UNITED STATES; CONFLICT RESOLUTION; INTERNATIONAL MEDIATION,
ISRAELI-PALESTINIAN CONFLICT

1. Land and Identity refugees are eligible for services, many living in camps across

The end of World War 1l produced major transformations in ~ neighboring states under conditions that perpetuate political
borders, political alignments, and regional security environments, ~ Marginalization and socioeconomic vulnerability. For many
including in the Middle East. Since Israel’s establishment in May Palestinians, these experiences reinforce a collective narrative of
1948, it has fought wars with one or more Arab neighbors, and for ~ dispossession and amplify perceptions of Israel as an occupying
decades many Arab states viewed Israel as an externally enabled power.

project that disrupted existing political and social orders through ~ Land and identity also converge in Jerusalem. The city is sacred to
territorial appropriation. Over time, and with sustained support from  Judaism, Christianity, and Islam, and its governance and symbolic
third parties—most notably the United States—Israel normalized ~ Status remain among the conflict’s most contentious issues.
relations with several Arab states, beginning with Egypt in 1978 International actors, including the United Nations, have fr_equently
and extending to the United Arab Emirates and Bahrain through the ~ Supported arrangements that protect access to holy sites and
2020 Abraham Accords. A comparable normalization process has ~ accommodate competing claims. Yet Jerusalem remains under
not occurred with the Palestinians. Israeli control, and access regulations have at times been contested
For much of the conflict’s history, the core issues have been land or restricted. For Palestinians, Jerusalem functions as a focal point
and identity—two dimensions that are analytically distinct but of both territorial deprivation and symbolic exclusion, intensifying
politically inseparable. Territorial sovereignty is foundational to  the conflict’s intractability.

statehood, and therefore control of land remains central for both

parties. Palestinians contend that the establishment and expansion 2. Asymmetry Between the Parties

of Israel occurred at their expense and that continued settlement A second obstacle to conflict resolution is the persistent asymmetry
growth on occupied territory entrenches dispossession and between the parties in both hard and soft power. Hard power refers
undermines the territorial basis of Palestinian statehood. to material coercive capabilities—especially military strength and
the willingness to employ it. Soft power, in this context, concerns
Sy .y . iz legitimacy, attraction, and the ability to mobilize international
> e ',) i < e ] support for one’s claims and strategies. The 1990-1991 Gulf War
4 | ¥ illustrates the relationship between these forms of power: Iraq
possessed hard power sufficient to invade Kuwait, yet lacked the
international legitimacy needed to sustain that action, enabling a
U.S.-led coalition to respond with overwhelming military force and
broad diplomatic backing.

Applied to the Israeli—Palestinian context, these criteria reveal
profound imbalance. Israel possesses a highly capable military and
is frequently ranked among the world’s strongest armed forces
(Global Firepower 2017). By contrast, Palestinians lack
conventional capabilities such as an air force, a navy, armored

Palestinian Loss of Land 1947 to Present

Partition
P 1947 Plan, 1947

Figure 1. Palestine land loss since 1917 forces, or strategic weapons systems. The asymmetry has been
Source: Praxis UCC, “Human Rights Campaign: Focus on reinforced by external assistance, particularly U.S. military aid,
Palestine,” https:/praxisucc.ie/student-case-studies/student- ~ Which has historically dwarfed the levels of aid provided to
projects/class-0f-2022/human-rights-campaign-focus-on-palestine/ Palestinian authorities (Comparison of Military Strength of Israel

and the Palestinians 2009).

Territorial loss also shapes identity formation. Displacement ~ This hard-power advantage enhances Israeli security, but it can also
associated with Israel’s creation, subsequent wars, and settlement undern}:ne Isracli soft power. The ability to impose “facts on the
activity has produced a large and enduring refugee population. ~ ground”—especially through settlement expansion—has generated
According to UNRWA, approximately six million Palestinian  Significant international criticism and contributed to perceptions of
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illegality or disproportionality. Palestinians, conversely, often
attract international moral support precisely because their coercive
capabilities are limited and their position is frequently framed as
resistance to occupation rather than conventional interstate
aggression. Cross-national surveys have at times indicated greater
sympathy for Palestinians than for Israelis in global public opinion
(Pew Research Center 2007).

This imbalance is overwhelmingly visible when it comes to
economy of Israel and Palestine. On the graph below presents the
annual per capita income in USD in Israel, the West Bank and the
Gaza Strip, depicting the difference in annual income per capita of
nearly 95% compering Israel to the Gaza Strip and nearly 85% in
case of the West Bank (Visualizing Palestine 2019)

CAPTIVE TO AN UNEQUAL ECONOMIC SYSTEM

The Palestinian West Bank and Gaza are captive to the Israell economic system, where Israel controls the
currency, dtrade. This system i infavor of Israel citl; sse
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Figure 2. Captive to an Unequal Economic System

Source: Visualizing Palestine, “Captive to an Unequal Economic
System”, https://101.visualizingpalestine.org/visuals/captive-
unequal-economic-system

This data reveals a crushing difference between the parties — Isreal
— a superbly developed and affluent society and on the Palestine —
underdeveloped and poverty dominated region with citizens
deprived of education, health care and perspectives.

3. The United States and the Conflict

No external actor has shaped the conflict more decisively than the
United States. Following World War 11, the United States emerged
as a global power with unmatched economic and military
capabilities and a willingness to intervene abroad to protect
strategic interests. The Middle East has consistently ranked among
Washington’s most consequential regions due to its geostrategic
position, energy resources, the proliferation of weapons of mass
destruction, and transnational terrorism, as well as the U.S.—Israel
strategic partnership (Sasnal 2009).

American support for Israel initially reflected domestic political
dynamics and Cold War strategy. By 1948, U.S. policymakers
increasingly perceived the Soviet Union as a long-term competitor,
and Israel’s existence offered the United States a potentially reliable
partner in a strategically important region. During the Cold War, the
Middle East became a theater of superpower rivalry, culminating in
heightened U.S. and Soviet involvement during the 1973 Yom
Kippur War.

After the Cold War, U.S. priorities shifted toward broader order-
building and crisis management, often relegating the Israeli—
Palestinian conflict to episodic engagement. Palestinian support for
Iraq during the 1990-1991 Gulf War further damaged Palestinian
standing in Washington, strengthening Israel’s relative legitimacy in
U.S. political discourse. After September 11, 2001, these dynamics
intensified: Israel was widely framed as a counterterrorism ally and
a frequent target of terrorism, while Palestinian actors were often
associated—rfairly or not—with terrorism in U.S. public debates.
U.S. public opinion has tended to favor lIsrael over Palestine,
including in Gallup polling (Gallup 2010).

Not only lIsrael is favored over Palestine by the public opinion, but
also this choice is presented by the politicians, the White House and
the congress. Despite the fact that Israel is a well-developed and

strong economy with a modern military, it is heavily aided by the
USA, placing Israel as the first recipients of US aid (Independent,
2024)

US foreign aid from 1946 to 2023
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Figure 3: What weapons has the US paused sending to Israel — and

what else do they supply?
Source: Independent, “ What weapons has the US paused sending
to Israel - and what else do they supply?”,

https://www.independent.co.uk/news/world/middle-east/israel-gaza-
war-weapons-us-bombs-b2541453.html

This aid, together with lack of US support of Palestine, creates
disproportion between Israel and Palestine. It allows Israel to enter
negotiations with Palestine from a power position which creates
little incentives for the stronger state to show any kind of flexibility.
Israel’s strength, partially derived from American support, results in
lack of peace efforts on the Israel’s side.

4. Pro-lIsraeli and Pro-Palestinian Lobbying in the

United States

Lobbying is a structural feature of U.S. politics and a significant
mechanism through which organized interests influence foreign
policy. Advocacy can be conducted by individuals or by
institutionalized groups, and it often provides decision-makers with
expertise, networks, and political support. Critics, however,
describe lobbying as a legalized form of influence peddling that can
privilege group interests over broader public goods.

In Middle East policy, the pro-Israeli lobby is widely regarded as
more influential than pro-Arab or pro-Palestinian advocacy
networks. One reason is organizational coherence: while pro-Israeli
lobbying tends to prioritize a relatively focused objective—
strengthening U.S.—Israel ties—pro-Arab advocacy is often
fragmented among state-specific or issue-specific constituencies
(e.g., pro-Egyptian, pro-Saudi, pro-Turkish, pro-Palestinian),
diluting messaging and political leverage. Social positioning has
also mattered. In the post-September 11 environment, Arab- and
Muslim-American political mobilization faced increased suspicion,
while Jewish Americans generally enjoyed higher levels of
institutional access and social integration. As the chart below
presents, the place of both lobby groups (ethnic minorities) in the
American society is much different and their agenda for US
policymakers is also executed with different success. It is easier for
American society and the policymakers to identify with the pro-
Israeli minority.

Pro-Israeli lobby Pro-Arab lobby

Single goal Multi-goal
Treated as Americans Treated as aliens
Sympathy (WWII) No sympathy (9/11)

Fighting terrorism Are terrorists

Well financed Poorly financed

Prominent in society Underrepresented
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Figure 3: Pro-Israeli lobby vs. Pro-Arab lobby in the USA
Source: own work
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Sustained U.S. military, diplomatic, and economic support has
enabled Israel to maintain regional superiority. At the same time,
such support can weaken incentives for compromise by reducing
the costs of maintaining the status quo. Where a party enjoys
security dominance and stable external backing, the political risks
of negotiation may outweigh the benefits of concession.

5. Israeli Domestic Politics as a Challenge to Peace

Process

Israel’s domestic political context constitutes a major impediment to
negotiated settlement. Persistent party fragmentation, polarization,
and the expanded influence of nationalist and religious parties have
reduced the capacity of Israeli governments to sustain credible
peace initiatives. Coalition instability—driven by frequent elections
and dependence on small parties—Ilimits strategic planning and
discourages far-reaching concessions (Shamir and Arian 1999).

In parallel, the strengthened role of right-wing and religious-
nationalist actors has narrowed the political space for territorial
compromise. These actors often frame withdrawal as both a security
threat and a violation of historical or religious claims. The
settlement movement has further entrenched these constraints by
functioning as an institutionalized political force capable of shaping
coalition bargaining and state policy (Zertal and Eldar 2007). The
aspect of fueling and maintain the aura of existential threat and
security has a unifying effect around hard, decisive leaders capable
of defending the country and nation.

Public opinion reinforces these dynamics. Prolonged exposure to
violence tends to harden attitudes, reduce trust in negotiations, and
strengthen conflict-sustaining beliefs that delegitimize the adversary
(Bar-Tal 2007). As a result, even when leaders endorse negotiations
rhetorically, domestic incentives frequently discourage costly
compromise, making peace efforts cautious, reversible, and
vulnerable to political shocks.

6. Benjamin Netanyahu’s Political Context

Benjamin Netanyahu’s prolonged leadership has been associated
with a strategic preference for managing rather than resolving the
conflict. Coalition dependence on nationalist and religious parties—
many opposed to Palestinian statehood—has constrained the scope
for territorial concessions. As Inbar (2018) argues, Netanyahu’s
approach emphasized security, deterrence, and political stability
over diplomatic breakthroughs.

Netanyahu’s legal vulnerability has also shaped his governing
strategy. Leaders facing legal and political threats often avoid high-
risk initiatives that could fracture coalitions or mobilize opposition
(Hassner 2020). This logic is particularly salient in a political
environment where settlement expansion and hardline security
positions function as bargaining currency with coalition partners.
Ideologically, Netanyahu has frequently expressed skepticism
toward the two-state framework, emphasizing Israeli security
control over contested territories (Huczko, 2005). Critics argue that
such rhetoric contributes to the normalization of permanent control
as both necessary and inevitable (Pappé 2017). Policy choices—
including  continued  settlement  expansion—have  further
undermined Palestinian trust, reinforcing perceptions that
negotiations function as cover for territorial consolidation (Zertal
and Eldar 2007). The combined effect is to institutionalize the status
quo and to weaken conditions for meaningful negotiation.

7. Palestinian Political Division as an Obstacle to

Peace

Internal Palestinian fragmentation has severely weakened the
capacity to negotiate and implement agreements. The split between
Fatah and Hamas—crystallized after Hamas’s 2006 electoral
victory and its 2007 takeover of Gaza—produced dual governance:
the Palestinian Authority in parts of the West Bank and Hamas as
the de facto authority in Gaza. This division has eroded political
legitimacy and strategic coherence (Brown 2010).

Fragmentation also creates bargaining problems. Negotiations
require a credible counterpart capable of making binding
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commitments and enforcing compliance. Divided leadership
increases the risk of “spoilers” and veto players who can undermine
agreements through violence or noncompliance (Pearlman 2009).
Public disillusionment has compounded these difficulties, as
factional power struggles have at times overshadowed state-
building objectives and weakened confidence in the peace process
(Le More 2008).

External dynamics interact with these divisions. Hamas’s refusal to
recognize Israel and its endorsement of armed resistance provide
Israel with grounds to question the feasibility of comprehensive
negotiations. At the same time, the Palestinian Authority’s security
coordination with Israel has been criticized domestically as
collaboration. This rivalry has increasingly become a contest over
representation, identity, and the meaning of resistance, further
reducing the likelihood of unified strategy (Milton-Edwards 2013).
Lack of unity among the Palestinians can be used (and is) by the
Israeli side in two ways at least. Firstly, there is no unified authority
body representing Gaza and the West Bank. Therefore potential
negotiations would not be bilateral but multilateral and therefore
more complicated. Secondly, this Palestinian political division,
serves also as an excuse and explanation for the Israelis who claim,
that lack of progress in negotiations is caused by lack of serious,
unified Palestinian representation. For the Israelis, sustaining such
Palestinian division is useful in case of benefiting from prolonging
the conflict in order to build new settlements, further destruction of
Gaza and driving Palestinians from their land.

8. Trauma and Mistrust as Structural Barriers

Beyond institutional and territorial disputes, psychological and
historical factors shape negotiation behavior. Collective trauma
influences threat perception, identity construction, and willingness
to compromise. Volkan (2001) describes “chosen traumas” as
historical experiences that groups maintain as active elements of
collective memory, shaping contemporary political behavior. For
many lIsraelis, the Holocaust and repeated wars reinforce existential
insecurity; for Palestinians, the Nakba of 1948 and ongoing
occupation constitute a continuing trauma rather than a closed
historical episode.

Intractable conflict environments generate narratives that justify
one’s own actions and delegitimize the opponent, sustaining
mistrust and reducing openness to compromise (Bar-Tal 2007). The
collapse of previous peace efforts has reinforced perceptions of bad
faith. Kelman (2005) argues that trust cannot be produced solely
through formal agreements; it requires mutual recognition of
identity, suffering, and legitimacy.

Political psychology research further suggests that exposure to
violence strengthens emotions—particularly fear and anger—that
increase support for hardline policies and reduce willingness to
make concessions (Halperin 2011). These processes generate a self-
reinforcing cycle: violence deepens trauma; trauma strengthens
mistrust; mistrust undermines negotiations. Consequently, peace
initiatives focused exclusively on technical arrangements—borders,
security, institutions—often fail to address the psychological
foundations sustaining the conflict.

Furthermore, the model of the conflict is promoting a context in
which reaching a peace deal is challenging. On one side, Israeli,
there is an army, which is qualified, equipped and, as mentioned
above, supported by the USA and on the other, Palestinian, the
fighters are poorly equipped and far less effective. Also, the clashes
are mainly in Gaza and the West Bank. As a result the human cost
on both sides is incomparably uneven. As seen on the graph below,
the number of casualties on both side is asymmetrical and just in the
2008-2020 period total death on the Palestinian side exceeded 5000
while the number of Israelis was 251 (McCarthy, 2021).



HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2026

The Human Cost Of The
Israeli-Palestinian Conflict

Israeli & Palestinian deaths/injuries documented by the UN
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Figure 4: The Human Cost Of The Israeli-Palestinian Conflict
Source: Statistica, The Human Cost Of The Israeli-Palestinian
Conflict, https://www.statista.com/chart/16516/israeli-palestinian-
casualties-by-in-gaza-and-the-west-
bank/?srsltid=AfmBOor42EcdT-
SgmFNDnftChleiCjZbQOXT50cv-fcDVPXdSY9UMa

Such as disproportion, especially bearing in mind that on the
Palestinian side civilians vastly constitute to the human cost count,
for the Palestinians, is a root of further resilience, hostility and a
revenge driver. In this case, for the Palestinians, the trauma of
losing the whole family is a source of hatred leading to escalation of
violence.

9. The Absence of a Credible Enforcement

Mechanism

Peace processes depend not only on agreement design but also on
credible enforcement. In asymmetric conflicts, weak enforcement
tends to privilege the stronger party, which faces limited costs for
noncompliance (Pressman 2003). The Oslo process illustrates this
vulnerability. While it created interim institutions and mutual
recognition, it lacked robust enforcement provisions and depended
heavily on bilateral trust and third-party mediation. When violations
occurred—whether settlement expansion, attacks, or failures to
meet obligations—there were limited mechanisms for adjudication
or penalties. Pundak (2001) argues that Oslo assumed good faith
while failing to develop tools for dealing with bad faith.
International actors, especially the United States, typically acted as
mediators rather than enforcers. Mediation without enforcement can
intensify mistrust as both sides interpret inaction as bias or
permissiveness.  Without  credible  third-party  guarantees,
commitments remain politically fragile and easily reversible
(Kelman 2005). The result is a repeated pattern of partial
agreements followed by collapse, reinforcing public cynicism and
empowering spoilers.

10. The Lack of a Unified International Strategy
International engagement has been extensive but often incoherent.
Major actors—including especially the United States, the European
Union, the United Nations, and regional powers—pursue
overlapping but frequently unaligned strategies. This fragmentation
reduces leverage and produces inconsistent signals that the parties
can exploit (Tocci 2007). U.S. mediation has oscillated between
intensive engagement and strategic neglect, limiting continuity and
credibility (Quandt 2005). The European Union has emphasized
legal norms and economic assistance but has often lacked political
unity and enforcement capacity to translate positions into decisive
influence.
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The United Nations has repeatedly affirmed legal principles and
Palestinian rights, yet enforcement is constrained by veto politics
and great-power competition. When norms are inconsistently
upheld, they risk becoming symbolic rather than regulative
(Finnemore and Sikkink 1998). Regional and emerging powers
further complicate coordination by pursuing distinct strategic
interests, sometimes prioritizing broader rivalries over settlement.
Conflicts persist when external actors fail to align incentives and
pressures toward a shared end state (Zartman 2001). The process
of negotiating Abraham Accords, and the Accords themselves
illustrate approach of regional, Arab states towards the conflict,
Palestine and lIsrael. The Palestinian cause , for the Arab actors,
seem to be more of an obstacle for reaching business deals with
Isreal nota condition (Huczko, 2003).

Conclusion

The persistence of the Israeli—Palestinian conflict reflects the
interaction of multiple structural, political, psychological, and
international dynamics rather than a single identifiable cause.
Although the dispute is frequently framed as a territorial conflict
over a relatively small geographic area, the analysis presented in
this article demonstrates that its endurance is rooted in a complex
set of mutually reinforcing obstacles. Issues of land and identity
remain foundational, shaping both the material and symbolic
dimensions of the conflict and making compromise politically and
emotionally costly for both societies. Yet, as presented in this
article, the search for peace between Israel and Palestine encounters
scores of obstacle. Land ownership, refugees and Jerusalem, the
three most widely discussed, that occur to be paralyzed any
negotiation initiatives are followed by other factors, which are less
visible, yet equally important.

The profound asymmetry between the parties—militarily,
economically, and diplomatically—affects negotiation incentives
and outcomes. Israel’s structural advantages, reinforced by
sustained external support, particularly from the United States,
reduce the urgency for concessions, while Palestinians’ relative
weakness increases their reliance on international sympathy and
external mediation. These asymmetries are further embedded in
international politics, where U.S. strategic interests, domestic
lobbying dynamics, and inconsistent global coordination have
contributed to a mediation framework that lacks both neutrality and
effective enforcement.

Domestic political constraints on both sides also significantly
impede progress. Israeli coalition politics and the growing influence
of nationalist and religious actors limit the political space for
territorial compromise, while Palestinian political fragmentation
between competing governing authorities undermines the credibility
and coherence of negotiation efforts. In addition, decades of
violence, collective trauma, and entrenched mistrust have created
powerful psychological barriers that cannot be resolved through
institutional agreements alone.

Equally important is the absence of a credible enforcement
mechanism and a unified international strategy capable of
sustaining negotiated commitments. The experience of past peace
initiatives—particularly the Oslo process—demonstrates that
mediation without enforcement and coordination often produces
fragile agreements wvulnerable to collapse. Without consistent
external pressure, credible guarantees, and coordinated international
engagement, the incentives necessary to move the parties toward a
durable settlement remain insufficient.

Taken together, these factors explain why repeated diplomatic
initiatives have struggled to produce lasting progress. The Israeli—
Palestinian conflict persists not simply because of unresolved
territorial claims, but because the broader political, institutional, and
psychological ~environment continues to sustain  conflict
management rather than conflict resolution. Understanding these
interacting barriers is therefore essential for evaluating past failures
and for designing future peace efforts that address not only the
immediate political disputes but also the deeper structural
conditions that perpetuate the conflict.
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Abstract: This study examines the effects of light-emitting diode (LED) lanterns and partition colors on the psychological condition of
individuals in evacuation shelters. A previous questionnaire survey involving 193 participants evaluated emotional responses to four LED
colors (yellow, green, blue, and red). Yellow light was most frequently perceived as calming and comfortable, whereas red light was strongly
associated with tension and anxiety. Building on these emotional findings, we investigated environmental factors through an experiment
involving blue, pink, and green partitions. The participants stayed inside each partition for 25 min, and their vital signs, including body
temperature, pulse rate, and blood pressure, were measured every 5 min. The results indicate that blue partitions produced the most stable
physiological responses, including lower systolic blood pressure and steady pulse rates, reflecting parasympathetic nervous system
activation. In contrast, the pink and green partitions increased pulse rates and led to greater fluctuations, indicating higher stress. These
findings demonstrate that appropriate lighting and partition colors can promote psychological stability and improve shelter environments.
This study also highlights the importance of simple, low-cost environmental design strategies for stress reduction during prolonged
evacuations.

KEYWORDS: EVACUATION SHELTERS, LIGHT-EMITTING DIODE LANTERN COLOR, PARTITION COLOR, PSYCHOLOGICAL
STRESS, AUTONOMIC NERVOUS SYSTEM, ENVIRONMENTAL DESIGN

1. Introduction Inside the building, the tsunami had left empty cans lodged in the

As third-year high school students aspiring to pursue careers in  ceiling of a first-floor classroom used by students, a space where
nursing, we are concerned about the increasing frequency and  such objects would not normally be trapped. The window frames

severity of natural disasters, particularly earthquakes and heavy  bent by the tsunami, as shown in Figure 2, further demonstrate the
rainfall, which have caused substantial damage to communities in  destructive force of the disaster. These observations made disasters

recent years. According to the Ministry of Land, |nfrastructure’ feel more immediate and increased the awareness that similar events

Transport and Tourism’s “2020 White Paper on Land,  could occur in our region.
Infrastructure, Transport and Tourism”[1] , the probability of a
major Nankai Trough earthquake occurring within the next 30
years is estimated to be approximately 80%. This probability has
gradually increased since official assessments began in 2013.
Given this situation, anticipating the potential occurrence of large-
scale disasters and enhancing disaster preparedness and awareness
at an early stage are considered essential. To explore practical
actions that can be undertaken at present, volunteer activities were
conducted in March of this year in disaster-affected regions,
including Sendai, Miyagi Prefecture, and the Noto Peninsula in
Ishikawa Prefecture. During these activities, evacuation facilities
that were actively used were visited and systematically observed.

2. Background

(1) Participation in the Miyagi Fieldwork

Participation in the Sendai Disaster-Prevention Future Forum, held
at the Sendai International Center on March 8, 2025, where we
provided valuable insight into disaster preparedness. This year
marked the 10th anniversary of the Great East Japan Earthquake.
To link experiences and lessons derived from past disasters to
future prevention efforts, the event featured lectures on disaster
prevention, mitigation, and first aid, along with presentations,
booth exhibitions, and workshops. During the first aid lecture,
participants learned techniques for immobilizing injured areas
using magazines, umbrellas, and string, as well as methods for
constructing a simple stretcher from a blanket to reduce mortality
caused by traumatic shock during disasters. Participation in the
“Sendai Framework for Disaster Risk Reduction/5 Years Until the
SDGs Target Year” session enabled engagement with five
organizational representatives and university students, followed by
discussions on disaster prevention and mitigation. These
discussions highlighted the importance of preserving disaster
memory and the difficulty of increasing awareness among
individuals who have not directly experienced disasters.

(2) Participation in the Oku-Noto Support Tour

Field observations conducted during the Oku-Noto Support Tour
from March 28 to 31, 2025, provided direct experience in disaster
recovery activities. In the Noto Peninsula, which was severely
affected by the earthquake, participation in debris removal and
community meal services (Figure 3) revealed that despite a year
passing since the disaster, recovery remained stalled due to a
shortage of volunteers and the extensive scale of damage (Figure 4).
Restoration of lifeline services had also progressed slowly. Through

In addition to these presentations, the event included a tour of
Arahama Elementary School, which now serves as a museum
dedicated to conveying the magnitude and severity of disasters.
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conversations with affected residents, we learned about the severe
living conditions following the disaster, including the absence of
heating, lack of electricity, and limited access to drinking water due
to water supply disruptions. These conditions were further
worsened during the January snowfall. We also stayed overnight in

a temporary tent inside a supermarket used as an evacuation shelter.

The space lacked heating, and despite the use of sleeping bags and
blankets, it remained cold and uncomfortable, while noise from
nearby occupants disrupted sleep.

At that time, we realized that prolonged exposure to such
conditions would have a significant impact on both physical and
psychological health, and we recognized the need to develop
strategies to improve the living environment.

Fig. 4 Removal of soil and debris from inside a house.

(3) Issues Revealed Through Volunteering

Life in evacuation shelters significantly differs from daily life. In
addition to major changes in the living environment, disaster
survivors experience the loss of loved ones, homes, and
employment, leading to anxiety and stress. These conditions are
likely to have adverse health effects. Nurses are expected to
improve the living environment in shelters and support evacuees in
maintaining their health. Based on these observations, we focused
on the shelter environment and disaster-prevention supplies to
identify strategies for reducing psychological stress. We observed
that partitions and tents used in shelters are available in various
colors. During the Oku-Noto Support Tour, staying in a tent
revealed physical and psychological stress from noise, such as
neighboring snoring and conversation, as well as inadequate
protection against cold weather. These experiences also revealed
that living in a shared environment can be a significant source of
stress during evacuation.

Light-emitting diode (LED) lighting color significantly influences
psychological and physiological responses, especially in
emergency environments such as evacuation shelters. A
questionnaire survey involving 193 participants evaluated the
effects of four LED colors (yellow, green, blue, and red) using
handmade plastic (polyethylene terephthalate) bottle lanterns. The
results demonstrated clear differences in emotional responses to
light color. Yellow light was most frequently selected as the most
calming and comfortable, indicating that warm tones promote
relaxation and a sense of security. Green light was also highly rated
and associated with nature, freshness, and visual comfort. In
contrast, blue light produced mixed reactions; while some
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participants reported calmness, others perceived it as cold or tense.
The red light was identified as the most stressful, increasing both
tension and anxiety. These findings indicate that appropriate LED
color selection is essential for creating comfortable lighting
environments. For practical application, yellow lighting is
recommended for nighttime use, green for orientation and exit
guidance, blue for task-oriented areas, and red for emergency
warnings. Therefore, careful color design may improve visibility and
psychological well-being in disaster situations.

In addition, heartwarming illustrations[2] (Figure 5) have been
applied to white LED lanterns to promote emotional comfort among
disaster-affected individuals.

Fig. 5 Lantern with a picture painted on the side.

Therefore, this study investigates the psychological effects of
evacuation shelter partition colors and identifies those most suitable
for promoting psychological stability among evacuees.

3. Research Objective

This study investigates whether different partition colors in
evacuation shelters produce varying physical and psychological
effects. Based on these results, this study aims to identify partition
colors that minimize stress among evacuees.

4. Research Method
(1) Research Content
First, to examine the psychological effects of partition colors,
participants stayed inside each colored partition for 25 min, and their
vital signs were measured at designated times. Vital signs were
assessed to observe changes in autonomic nervous system activity as
indicators of psychological responses to partition color. The
autonomic  nervous  system  comprises  sympathetic  and
parasympathetic components distributed throughout the body.
Dominance of either system affects physiological functions and
causes fluctuation of measured values. When the sympathetic
nervous system is dominant, catecholamines are released, resulting
in increases in body temperature, heart rate, blood pressure, and skin
temperature. In contrast, when the parasympathetic nervous system
becomes dominant, body temperature, heart rate, blood pressure, and
skin temperature decrease. Increased stress is generally associated
with an increase in body temperature, pulse rate, and blood pressure,
whereas relaxation is associated with a reduction in these
parameters[3,4,5].
During the experiment, partitions were placed around the desk to
ensure that the selected color remained within the participants’ field
of view. Participants read inside each partition, and vital signs were
measured every 5 min to observe fluctuations over 25 min. The
experiment was conducted using three partition colors on separate
days. Because partition colors can be broadly classified as warm,
cool, and neutral, blue, pink, and green colors were selected.
The following conditions were considered during the experiment.
1. To enable comparison, the experiment was conducted with
two participants.
2. In evacuation shelters, partitions are used to separate families;
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therefore, this situation was simulated in the experiment.
Furthermore, given that the dominance of either the
parasympathetic or sympathetic nervous system generally
affects the body for approximately 20 min, the participants
were stationed within the partitions for a 25-minute reading
period.

3. Reading was selected because the restoration of lifeline
services is often slow, making the use of electronic devices
difficult. Therefore, reading was considered a simple and
practical form of entertainment in such environments.

Fig. 7 Experiment in progress

(2) Condition Setting

The experiment was conducted in a classroom to maintain stable
temperature, humidity, and airflow. Initially, a gymnasium used as
an evacuation shelter was considered. However, due to the mid-
July timing and the physical condition of the student researchers,
the classroom was selected as it better satisfies these requirements.

(3) Experimental Materials and Equipment

Blue, pink, and green partitions; an electronic blood pressure
monitor; a pulse oximeter; a thermometer; a desk; a chair; a tape
measure; and books.

5. Results
(1) Results for Participant A

Table 1: Changes in Vital Signs Under the Blue Partition (26.1°C
and 50% Humidity)

Curtain | Body Pulse Systolic | Diastoli

Color Temper | Rate Blood ¢ Blood

eBlue ature (beats/m | Pressure | Pressure
O in) (mmHg) | (mmHg)

Immedi

ately 35.9 65 99 59

before

the start

5 min

after the 36.4 66 96 55

start

10 min
after the
start

36.6 69 93 51

15 min
after the
start

36.3 68 99 49

20 min
after the
start

36.9 67 85 56

25 min
after the
start

359 65 85 56

Participant A’s impression: No notable changes were reported from
the beginning to the end, and a calm state was maintained
throughout.

Table 2: Changes in Vital Signs Under the Pink Partition (26.8°C
and 50% Humidity)

Curtain | Body Pulse | Systolic | Diastolic

Color Temper | Rate Blood Blood

Pink ature (beats/ | Pressure | Pressure
&9) min) (mmHg) | (mmHg)

Immedi

ately 36.6 81 98 67

before

the start

5 min

after the 36.1 79 98 64

start

10 min

after the 35.9 74 96 55

start

15 min

after the 36.3 72 92 59

start

20 min

after the 36.8 80 94 47

start

25 min

after the 36.5 83 90 50

start

Participant A’s impression: A calm state was maintained during the
first 5-10 min; however, tension increased at the end.

Table 3: Changes in Vital Signs Under the Green Partition (25.1°C
and 52% Humidity)

Participant A’s impression: There was no particular change from
the start to the end, and he remained calm throughout.

Curtain | Body Pulse | Systolic | Diastolic

Color Temper | Rate Blood Blood

eGreen | ature (beats/ | Pressure | Pressure
(°C) min) (mmHg) | (mmHg)

Immedi

ately 36.5 87 9 64

before

the start

5 min

after the 36.4 76 93 51

start

10 min

after the 36.1 83 91 62

start

15 min

after the 37 82 97 60

start

20 min

after the 36.9 76 94 57

start

25 min

after the 36.9 91 87 58

start
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(2) Results for Participant B

Table 4: Changes in Vital Signs Under the Blue Partition (26.1°C

and 50% Humidity)

Curtain | Body Pulse | Systolic | Diastolic

Color Temper | Rate Blood Blood

eBlue ature (beats/ | Pressure | Pressure
(°C) min) (mmHg) | (mmHg)

Immedi

ately 36.3 79 98 60

before

the start

5 min

start

10 min

after the 36.6 69 97 65

start

15 min

after the 36.7 65 95 62

start

20 min

after the 36.7 71 102 63

start

25 min

after the 36.5 79 94 68

start

Participant B’s impression. A calm state was maintained

throughout the experiment, with no notable psychological changes

reported.

Table 5: Changes in Vital Signs Under the Pink Partition (26.7°C

and 50 Humidity)

Curtain | Body Pulse | Systolic | Diastolic

Color Temper | Rate Blood Blood

Pink ature (beats/ | Pressure | Pressure
(°C) min) (mmHg) | (mmHg)

Immedi

ately 36.7 75 115 71

before

the start

5 min

after the 36.8 74 102 61

start

10 min

after the 36.8 74 101 64

start

15 min

after the 36.5 80 109 64

start

20 min

after the 36.9 74 102 62

start

25 min

after the 36.6 85 115 67

start

Participant B’s impression: Approximately 15 min after the start,
the surrounding noise became bothersome, and a desire for the
experiment to end quickly was reported.

Participant B’s impression: After 20 min, the surrounding noise
became bothersome, and the bell increased anxiety. The concern
that the experiment had not ended led to restlessness.

(3) Changes in Body Temperature, Pulse Rate, and Blood Pressure

Table 6: Changes in Vital Signs Under the Green Partition (25.8°C
and 53% Humidity)

Curtain | Body Pulse | Systolic | Diastoli

Color Temper | Rate Blood ¢ Blood

oGreen | ature (beats/ | Pressure | Pressure
(°C) min) (mmHg) | (mmHg)

Immedi

ately 37.2 79 100 57

before

the start

5 min

after the 36.9 73 103 66

start

10 min

after the 36.9 82 108 64

start

15 min

after the 36.8 79 99 63

start

20 min

after the 36.7 92 103 60

start

25 min

after the 36.7 88 113 70

start
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1. Body Temperature
The body temperature of participant A decreased when the partition
was pink, whereas that of participant B decreased when the
partitions were pink and green. With the other partition colors, body
temperatures increased between the beginning and the end of the
experiment.

Person A's body temperature
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Fig. 8 Changes in participant A’s body temperature.
Person B's body temperature
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Fig. 9 Changes in participant B’s body temperature.

2. Pulse Rate

Figures 9 and 10 show that the pulse rates of participants A and
B experienced minimal changes under the blue partition; however,
they increased under the pink or green partitions.
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Person A's pulse rate
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Fig. 10 Changes in participant A’s pulse rate.
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Fig. 11 Changes in participant B’s pulse rate.

Figures 10 and 11 show the change in the pulse rate immediately
before the start and 25 min after the start.

*Values in parentheses indicate the magnitude of change, with the
value immediately before the start set as 0 and compared with the
value after 25 min.

Participant A

Blue: 65 beats/min — 64 beats/min (-1 beat/min)
Pink: 81 beats/min — 83 beats/min (+2 beats/min)
Green: 87 beats/min — 91 beats/min (+4 beats/min)

Participant B

Blue: 79 beats/min — 79 beats/min (0 beats/min)
Pink: 75 beats/min — 85 beats/min (+10 beats/min)
Green: 79 beats/min — 88 beats/min (+9 beats/min)

3. Blood Pressure
Figures 12 and 13 show that the systolic blood pressure of both
participants A and B was lowest under the blue partition.

Person A's systolic blood pressure
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Fig. 12 Changes in participant A’s systolic blood pressure

Person B's systolic blood pressure

115

110

105

100

<IN

10 15 20 25
Time after start (min)

95

Q 5

Systolic blood pressure {mmHg)

== Blue Pink == Green

Fig. 13 Changes in Participant B’s Systolic Blood Pressure
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« Changes in values immediately before and 25 mins after the start
are shown in Figures 12 and 13

*Values in parentheses indicate the magnitude of change, with the
value immediately before the start set as 0 and compared with the
value after 25 min.

Participant A

Blue: 99mmHg — 85mmHg (—14mmHg)
Pink: 98mmHg — 90mmHg (-8mmHg)
Green: 96mmHg — 87mmHg (—-9mmHg)

Participant B

Blue: 98mmHg — 94mmHg (—4mmHg)
Pink: 115mmHg — 115mmHg (0)

Green: 100mmHg — 113mmHg (+13mmHg)

6. Discussion

The autonomic nervous system, a component of the peripheral
nervous system that regulates the internal organs, comprises two
divisions with opposing functions.

The sympathetic nervous system prepares organs and tissues for

increased physical activity and is particularly active during physical
exercise, mental arousal, or anxiety. When activated, the heart rate
and respiration increase, the bronchi and pupils dilate, and digestion
is suppressed. Blood vessels also constrict, leading to increased
blood pressure and increased sweating.
In contrast, the parasympathetic nervous system is active during
relaxation. Activation reduces heart rate and respiration while
constricting the bronchi and pupils. Gastrointestinal motility and
digestive secretion are promoted, supporting digestion and
absorption.

Therefore, when the sympathetic nervous system is dominant,
catecholamines are released, leading to increases in body
temperature, heart rate, blood pressure, and skin temperature. In
contrast, when the parasympathetic nervous system is dominant, the
body temperature, heart rate, blood pressure, and skin temperature
decrease.

Based on the body temperature results, both participants A and B
showed decreases under the pink partition. Under the blue partition,
increases were observed in both participants A and B. Under the
green partition, participant A’s body temperature increased, whereas
that of participant B decreased. Body temperature generally
decreases when the parasympathetic nervous system is dominant;
thus, the results indicate that parasympathetic activity was enhanced
under the pink partition. However, the increase under the blue
partition, which has been associated with parasympathetic
dominance in other studies, may be explained by air retention within
the partition, leading to increased humidity during breathing.

The pulse rate results indicated increases for both participants A and
B under the pink and green partitions, indicating sympathetic
dominance.

Blood pressure results show that systolic blood pressure for both A
and B was lowest under the blue partition, indicating that this
condition may most strongly promote parasympathetic activity.
Based on subjective impressions, participant A remained calm
throughout the experiment regardless of the partition color, whereas
participant B became impatient under the pink and green partitions,
resulting in greater physiological fluctuations.

7. Conclusion

This study demonstrates that both LED lighting and partition colors
influence the psychological condition of individuals living in
evacuation shelters. An evaluation using blue, pink, and green
partitions revealed that the blue partition produced the most stable
physiological responses, including lower systolic blood pressure and
stable pulse rates, indicating parasympathetic activity and a relaxed
state. These findings indicate that appropriately selected lighting and
partition colors can reduce psychological stress and improve shelter
environments. Although the study was conducted on a limited scale,
it highlights the potential of simple, low-cost environmental design
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strategies to support evacuees’ mental well-being. Further studies
under realistic shelter conditions are required to establish practical
guidelines for disaster preparedness and shelter management.
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Abstract: Transport logistics plays a decisive role in supporting global trade and economic development. The effectiveness of logistics
systems largely depends on the quality, coherence, and adaptability of their legal regulation. In recent decades, profound changes in supply
chains, technological innovation, and sustainability requirements have revealed significant shortcomings in existing legal frameworks
governing transport logistics. This article analyzes the key problems of legal regulation in transport logistics, including fragmentation of
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1. Introduction

Transport logistics constitutes the backbone of modern supply
chains, enabling the movement of goods across domestic and
international markets. The growing integration of national
economies and the expansion of global trade have increased the
importance of efficient and predictable logistics systems. Legal
regulation is a fundamental element of such systems, as it defines
the rights and obligations of logistics actors, allocates risks, and
ensures safety, security, and environmental protection [3].

Despite its central role, the legal framework governing
transport logistics remains fragmented and, in many respects,
outdated. Many regulatory instruments were developed for
traditional, mode-specific transport operations and do not
adequately address contemporary logistics practices such as
multimodal transport, digital platforms, and integrated supply chain
management [1]. As a result, legal uncertainty and regulatory
inefficiencies persist.

This article aims to examine the principal legal regulation
problems in transport logistics and to assess their implications for
market participants and public authorities. It further explores
potential directions for legal reform and harmonization.

2. Methodological and theorical framework

The study employs a doctrinal legal research methodology,
focusing on the analysis of international conventions, national
legislation, and academic literature on transport and logistics law.
The doctrinal approach is complemented by comparative legal
analysis, which allows for the identification of similarities and
differences between regulatory frameworks across jurisdictions.
This combination makes it possible to assess the coherence,
consistency, and practical effectiveness of existing legal regimes,
particularly in the context of cross-border and multimodal transport
operations.

The theoretical framework of the research is grounded in the
principles of legal certainty and economic efficiency. Legal
certainty is regarded as a key prerequisite for predictable
contractual relations and effective risk allocation in transport
logistics, while economic efficiency emphasizes the role of legal
regulation in reducing transaction costs and facilitating trade. The
theoretical framework is grounded in the concept of legal certainty
and economic efficiency, emphasizing the role of law in reducing
transaction costs and facilitating trade [6].

3. Functions of Legal Regulation in Transport
Logistics
Legal regulation in transport logistics fulfills several
interconnected functions. First, it establishes market access rules,
including licensing and authorization of carriers and logistics
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service providers. Second, it governs contractual relations among
shippers, carriers, freight forwarders, and intermediaries. Third, it
determines liability for loss, damage, or delay of goods, thereby
allocating risks among parties [8].

In addition, transport logistics law addresses public interests
such as safety, security, environmental protection, and fair
competition. Effective regulation should strike a balance between
facilitating efficient transport services and safeguarding societal
objectives. However, achieving this balance has proven increasingly
difficult in the context of globalized logistics networks.

4. Fragmentation of legal frameworks
4.1 Diversity of National Regulations

One of the most persistent and structurally significant problems
in the legal regulation of transport logistics is the diversity of
national legal systems. Each state maintains its own set of transport,
commercial, labor, tax, and administrative regulations, all of which
directly influence the organization and execution of logistics
operations. In the context of cross-border transport, this regulatory
diversity results in increased compliance costs, legal uncertainty,
and administrative complexity for logistics operators, carriers, and
freight forwarders [10]. Market participants are often required to
navigate multiple legal regimes simultaneously, which complicates
planning and risk management.

Differences in technical and operational requirements, such as
vehicle standards, cabotage regulations, driver working conditions,
licensing systems, and mandatory insurance coverage, further
complicate international logistics operations. These disparities
create barriers to market access and limit operational flexibility,
particularly for small and medium-sized enterprises that lack the
resources to adapt to diverse regulatory environments. Moreover,
the absence or limited application of mutual recognition
mechanisms between states exacerbates regulatory fragmentation,
undermining legal predictability and impeding the development of
integrated and efficient international logistics networks.

4.2 Limitations of International

Instruments

Legal

International legal regulation of transport logistics is primarily
based on mode-specific conventions governing road, rail, air, and
maritime transport. These instruments aim to promote legal
harmonization by establishing uniform rules on contractual
relations, carrier obligations, and liability regimes. However, their
practical effectiveness remains limited due to incomplete
ratification by states and significant differences in national
implementation and interpretation [1]. As a result, the intended
uniformity of international transport law is often undermined at the
domestic level, leading to inconsistent legal outcomes.
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Furthermore, the coexistence of multiple international
conventions with distinct scopes, liability standards, limitation
amounts, and defenses creates substantial legal complexity,
particularly in cases involving multimodal or combined transport
operations. When a single logistics chain involves several transport
modes, determining the applicable legal regime becomes
problematic, especially if the location of loss or damage cannot be
clearly identified. This fragmented legal landscape, often described
as a “legal patchwork,” undermines predictability, increases the risk
of disputes, and weakens legal certainty for transport and logistics
actors, ultimately limiting the efficiency and reliability of
international logistics systems.

5. Multimodal Transport and Regulatory Gaps
5.1 Absence of a Comprehensive Legal Regime

Multimodal transport has become a central component of
modern logistics systems, allowing the coordinated use of different
transport modes under a single contractual framework and
contributing to greater efficiency, flexibility, and reliability in
global supply chains. Through the integration of various modes of
transport, logistics operators are able to optimize routes, reduce
costs, and respond more effectively to operational and market
demands.

Despite its growing importance, multimodal transport remains
inadequately regulated at the international level, as there is no
universally accepted and binding legal regime governing such
operations [7]. Most legal systems continue to rely on mode-
specific rules derived from existing international conventions,
which creates legal uncertainty when determining the applicable
liability regime, particularly in cases where the location of loss,
damage, or delay cannot be clearly identified. This regulatory gap
complicates claims handling and dispute resolution, increases
transaction costs, and undermines legal certainty for logistics actors,
thereby limiting the full potential of multimodal transport solutions.

5.2 Liability Allocation Issues

A central legal challenge in multimodal transport concerns the
allocation of liability among carriers, freight forwarders, and other
logistics service providers involved in a single transport operation.
When loss, damage, or delay occurs, identifying the responsible
party and determining the applicable legal rules is often complex,
particularly in situations where the exact location or stage of
transport at which the damage occurred cannot be clearly
established [8].

The absence of clear and uniform liability standards across
different transport modes leads to legal uncertainty and inconsistent
outcomes in claims handling and dispute resolution. This
uncertainty increases transactional risks and costs for market
participants and weakens effective risk allocation. As a result, the
lack of harmonized liability rules discourages the wider adoption of
multimodal transport solutions, despite their potential economic and
operational advantages.

6. Contractual Regulation and Liability
6.1 Standard Form Contracts and Inequality of
Bargaining Power

Transport logistics contracts frequently rely on standard terms and
conditions developed by carriers or large logistics service providers.
Such standardization plays an important role in enhancing
efficiency, reducing transaction costs, and facilitating the rapid
conclusion of contracts in complex logistics operations. However,
the widespread use of standard form contracts may also reinforce
structural imbalances of bargaining power between contractual
parties, particularly where smaller shippers or subcontractors are
involved [1].

In practice, shippers and subcontractors often have limited
opportunities to negotiate key contractual terms, including liability
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limitations, exclusions of responsibility, choice of law, and
jurisdiction clauses. These standardized provisions are typically
imposed on a “take-it-or-leave-it” basis, which may lead to unequal
risk distribution. Legal systems differ significantly in their
willingness to intervene in such contractual arrangements, with
some jurisdictions offering stronger protective mechanisms than
others. This divergence results in uneven levels of legal protection
and contributes to further fragmentation of contractual regulation in
transport logistics.

6.2 Adequacy of Liability Regimes

Existing liability regimes in transport logistics differ
considerably with regard to liability limits, available defenses, and
the allocation of the burden of proof. These differences stem from
the mode-specific nature of international conventions and their
varied implementation at the national level. In many cases, the
established liability limits are outdated and no longer correspond to
the value of modern, high-value cargo or to the significant
economic losses that may result from delay or disruption in
contemporary supply chains [7].

This misalignment between legal liability standards and the
economic realities of transport logistics undermines effective risk
allocation and weakens the protective function of liability regimes.
As a consequence, market participants may face inadequate
compensation for losses, which can reduce trust in transport
services and discourage investment in efficient and innovative
logistics solutions.

7. Digitalization and Legal Challenges
7.1 Electronic Transport Documents

Digitalization has significantly transformed transport logistics
through the increasing use of electronic contracts, electronic bills of
lading, and real-time tracking and information systems. These
technologies enhance transparency, speed, and efficiency within
logistics operations and contribute to better coordination across
supply chains. However, despite technological progress, many legal
frameworks continue to prioritize or formally require paper-based
transport documentation, which limits the full realization of digital
benefits [9].

The lack of uniform legal recognition and acceptance of
electronic transport documents creates barriers to interoperability
and legal certainty, particularly in cross-border logistics operations
involving multiple jurisdictions. Divergent national approaches to
electronic documentation result in inconsistent legal treatment,
increased administrative burdens, and reduced efficiency gains.
This regulatory uncertainty discourages wider adoption of digital
solutions and highlights the need for harmonized legal standards
that recognize electronic transport documents as functionally
equivalent to their paper counterparts.

7.2 Data Protection and Cybersecurity

Logistics operations increasingly depend on extensive data
exchange involving both commercial and personal information,
including shipment data, customer details, contractual records, and
real-time tracking information. This growing reliance on digital
technologies exposes logistics actors to significant legal, financial,
and operational risks, particularly in the context of inconsistent data
protection frameworks and insufficiently developed cybersecurity
regulation across jurisdictions [5].

Divergent national approaches to data protection and
cybersecurity compliance create uncertainty for cross-border
logistics operations and increase vulnerability to data breaches,
cyberattacks, and unauthorized access to sensitive information.
Ensuring robust data security while simultaneously enabling
efficient information sharing and interoperability between logistics
stakeholders remains a key regulatory challenge, requiring
coordinated legal standards and effective enforcement mechanisms.
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8 Environmental Regulation and Sustainability

Transport logistics is a significant contributor to greenhouse gas
emissions, air pollution, and other forms of environmental
degradation, making it a key focus of contemporary environmental
policy. In response to these challenges, states and regional
organizations have introduced increasingly strict environmental
regulations, including emission standards, carbon reduction targets,
and requirements aimed at promoting energy efficiency and the use
of cleaner transport technologies [4].

While such regulatory measures are essential for achieving
sustainable development goals, divergent national and regional
approaches create substantial compliance challenges and legal
uncertainty for logistics operators, particularly those engaged in
cross-border transport. Differences in environmental standards,
reporting obligations, and enforcement practices may distort
competition and increase operational costs. Moreover, the absence
of harmonized environmental regulations can hinder long-term
investment in green technologies and sustainable logistics solutions,
underscoring the need for greater coordination and legal
convergence in environmental regulation within the transport
logistics sector.

9. Safety, Security, and Customs Regulation

Safety and security constitute core objectives of transport
regulation, aimed at protecting human life, property, and the
integrity of supply chains. However, significant differences in
safety standards, control procedures, and enforcement practices
across jurisdictions reduce the overall effectiveness of regulatory
frameworks. In the context of international logistics, the duplication
of inspections, security checks, and administrative procedures often
leads to increased delays, higher operational costs, and reduced
reliability of transport services [10].

Customs regulation remains a critical bottleneck in global supply
chains, particularly in cross-border transport operations. Despite
international initiatives to promote trade facilitation and streamline
customs procedures, many customs regimes continue to rely on
outdated legal frameworks and paper-based processes. Limited
coordination and information sharing among customs authorities
further exacerbate inefficiencies, impeding the smooth flow of
goods and undermining the effectiveness of modern transport
logistics systems.

10. Dispute Resolution and Enforcement

Disputes arising in transport logistics frequently involve multiple
jurisdictions, diverse contractual arrangements, and the application
of different national and international legal regimes. Such
complexity is particularly evident in cross-border and multimodal
transport operations, where conflicting laws and divergent
procedural rules may apply simultaneously. Differences in judicial
procedures, evidentiary standards, and enforcement mechanisms
significantly complicate dispute resolution and undermine legal
certainty for logistics actors [2].

Arbitration and other alternative dispute resolution mechanisms
are often regarded as effective tools for resolving transport logistics
disputes, due to their flexibility, expertise, and international
enforceability. However, the effectiveness of these mechanisms
largely depends on their consistent legal recognition and
enforcement at the national level. Variations in domestic arbitration
laws, court practices, and enforcement standards may limit the
practical benefits of alternative dispute resolution, highlighting the
importance of harmonized legal frameworks and effective
international cooperation in this area.

11. Directions for Legal Reform

Addressing the identified problems requires a coordinated and
forward-looking approach. Key reform directions include:
. Harmonization of international transport and logistics law
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. Development of a comprehensive legal framework for
multimodal transport

. Modernization of liability regimes

. Legal recognition of electronic documents and platforms

. Greater coordination of environmental and safety

regulations
Such reforms require cooperation between states, international
organizations, and industry stakeholders.

12. Conclusions

The legal regulation of transport logistics faces significant
challenges arising from fragmentation, technological change, and
sustainability pressures. Existing legal frameworks often fail to
provide sufficient certainty, efficiency, and adaptability.

Modernizing and harmonizing transport logistics law is essential to
support global trade, promote sustainable development, and ensure
fair and efficient logistics markets. Continued academic research
and international cooperation will play a crucial role in achieving
these objectives.

13. References

[1] Baughen, S. (2015). Shipping Law (6th ed.).
Routledge.

[2] Born, G. B. (2021). International Commercial Arbitration (3rd
ed.). Alphen aan den Rijn: Kluwer Law International.

[3] Branch, A. E. (2009). Global Supply Chain Management and
International Logistics. London: Routledge.

[4] European Commission. (2020). Sustainable and Smart Mobility
Strategy. Brussels.

[5] OECD. (2020). Enhancing Cybersecurity in the Transport
Sector. Paris: OECD Publishing.

[6] Posner, R. A. (2014). Economic Analysis of Law (9th ed.). New
York: Wolters Kluwer.

[7] Ramberg, J. (2011). ICC Guide to Incoterms 2010. Paris: ICC
Publishing.

[8] Tetley, W. (2008). Marine Cargo Claims (4th ed.). Montreal:
International Shipping Publications.

[9] UNCITRAL. (2017). Model Law on Electronic Transferable
Records. New York: United Nations.

[10] UNCTAD. (2021). Review of Maritime Transport. Geneva:
United Nations.

London:



HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2026

NHpopManoHHO OCUTypPSIBAHE HA MEKIYMHCTUTYHIMOHAHO B3aUMOAeHiCTBHE NIPH
KNOepUHIIUIEHTH

Information Support for Interinstitutional Interaction in Cyber Incidents

Ivan Hristozov, Veselina Gagamova
Rakovski National Defence College, 82 Evlogi and Hristo Georgievi Blvd., 1504 Sofia, Bulgaria
ihristoz@rndc.bg, v.gagamova@rndc.bg

Abstract: Effective response to cyber incidents requires coordinated interaction and timely information exchange among multiple
institutions. This paper examines the role of information support in facilitating inter-institutional cooperation during cybersecurity incident
management. The study outlines the importance of structured information flows and well-defined organizational responsibilities in ensuring
efficient coordination among stakeholders. The paper presents the capabilities of the technology for developing system architecture, focusing
on the developing of a logical data model view using the Enterprise Architect software platform.

Keywords: CYBERSECURITY, CYBER INCIDENTS, INTER-INSTITUTIONAL COOPERATION, INFORMATION EXCHANGE, INCIDENT

RESPONSE, ARCITEVTURE.

1. Bveeoenue

C HapacTBallaTa 3aBHCUMOCT Ha CBhbBPEMEHHHTE OpraHU3aluu
OT KOMYHHKAlIMOHHHTE W HWH()OPMAIIMOHHUTE TEXHOJOTHH,
BBIIPOCHT 32 €()EKTUBHOTO YIpABICHHE HA MHUUACHTH B 00jacTTa
Ha KuOepcurypHocTTa npuaoduBa Bce MO-TOIsIMO 3HaueHue. Exun
OT KIIIOYOBHUTE €JNEMEHTH 3a YCIEHIHOTO NpPOTHBOJEHCTBHE Ha
NMOJOOHM WHIOUACHTH € HM3TPaXTAaHETO Ha e(PEeKTHBHA CHCTEMa 3a
MEXAYUHCTUTYLIMOHAJIHO B3aUMOJICHCTBHE MEXIYy Ppa3IMYHUTE

CTPYKTYPH W OpraHH3al[i{, KOHTO WMaT OTHOIICHHE KbM
IpEOTBPATABAHETO,  OTKPUBAHETO U pearupaHeTo  IpU
KHOEPUHINICHTH.

Ilen Ha Hacrosmata pa3paboTKa € Ja Ce MNpeICTaBsT
Bb3MOXKHOCTHTE Ha TEXHOJIOTHATA 33 M3rpa)KJaHe Ha apXUTEKTypa
Ha cucTeMa. Pa3paboTeH e u3ries Ha JOTMYECKH MOJIEN Ha JaHHHUTE
¢ momoIuTa Ha codryepHus npoaykT EnterpriseArchitect.

2.  Mecoyuncmumyyuonanno e3aumooelicmeue
npu ynpagnenue Ha UHYUOeHmu 6
KubepcuzypHocmma

HopmaruBHnara pamka, KOSITO periameHTupa

MEKIYWHCTHTYIIHOHAIHO B3aHMOACHCTBHE TIPH YIpaBICHHE HA
WHOUAEHTH B KubOepcurypHoctra B PemyOmmka bBwirapus, ce
OCHOBaBa Ha PEAMLA CTPATETUUECKU U 3aKOHOJATEIHU JOKYMEHTH.
Cpexn 11X 0c00€HO 3HaUEHHE UMAT:

e Hamuonanna crparerus 3a  KHOepCUTYpHOCT — Ha
Peny6nuka buarapus , Kubepycroitunsa benrapus 2023,

KOATO Onpenciidc OCHOBHUTE MNMPUOPUTETA M HACOKH 3a

pasBuTHE Ha HALMOHAIIHATA [OJIUTHKA o
kubepcuryproct [1];

e 3akoH 3a KHOEPCHTYPHOCT, KOMTO periiaMeHTHpa
HAl[MOHAJNHATA  CHCTEMa  3a  yIpaBlIeHHEe  Ha

KHOEpCUTYPHOCTTa, OTTOBOPHOCTHTE HAa MHCTHTYLMUTE U
U3UCKBAHUATA KbM OIEPATOPUTE HAa CHIUICCTBCHU YCIYTH
U JI0CTaBUHLIMTE HA LH(POBH ycuyru [2];

Hapenba 3a MUHMUMANHWTE W3UCKBAHUS 338 MPEXOBA U
MHQOPMALIMOHHA ~ CHTYPHOCT, KOSITO ~ OMpexest
KOHKPETHUTE TEXHHUYCCKHM W OpraHU3allUOHHHU MEPKHU 3a
3aIMTa Ha MPEKOBUTE M HH(OpMaIMOHHUTE crcTeMu [3].

Te3sn nokymeHTH ¢GoOpMHpAaT OCHOBaTa Ha HaIMOHAJIHATa
MOJMTHKA 3a YIpaBlIeHHEe Ha KHOEPPUCKOBETE M OCHTYpSBAT
HOpMaTHUBHATa paMKa 3a M3TpakJaHe Ha YCTOWYHBH U HAJICKIHU
CHCTEMH 32 3alIUTa Ha MHPOpMaLiOHHAaTa HHPACTPYKTYypa.
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MeXAyHHCTUTYIIMOHATHOTO —B3aMMOJCHCTBHE IPEACTABISIBA
[pOIeC Ha KOOPAMHUPAHA ACHHOCT MEXAY pa3inyHH HHCTHTYIIHH,
HacoueHa KbM OOMeH Ha HWHGOpMalus, CHHXPOHH3HMpaHe Ha
JNeHCTBUSATAa W OCHIYpSBaHE HA CBOCBPEMEHHA pEaKUUs MpH
BB3HHKBAHE HAa MHIUICHTH B HHPOPMAIHOHHUTE CHCTEMH M MPEXKH.
B cpenara Ha codryepHoTo mnpmioxkeHus Enterprise Architect
OIIMCAaHUETO Ha BPB3KUTE MEXKAY ONEPATHBHUTE BB3IUM CE
npencraBs ¢ oneparuBeH usrmen — OV-2  Operational Node
Connectivity Description (®wur. 1). B pamkuTe Ha Ta3u opraHu3anus
Ha B3aUMOJCHCTBUE CE€ OHPENEIAT POJIMTE U OTTOBOPHOCTUTE HA
yYaCTBALIUTE HHCTUTYIMH, KAKTO H MEXaHU3MHTE 32 KOMYHHKALIHSI
MEXIY TAX.

Ilpy BB3HMKBAaHE HAa WHIWACHT B KOMYHHKAI[MOHHUTE U
MH(POPMALIMOHHUTE CUCTEMH IbPBOHAYAIHATA PEAKLHs OOUKHOBEHO
ce OCBILIECTBABA Ha HUBO OpPraHU3alys. B moBeyeTo cTpyKTypH ca
ONpEleNIeH! KOHKPETHH JITBXKHOCTHH  JIMIA, KOUTO  HOCAT
OTTOBOPHOCT 32  HAONIONEHHETO HA  CHUCTeMHTe U 32
NpeanpreMaHeTo Ha MbpBOHAYaNHH JAeiicTBusA. Cpex TAX 0coOeHo
Ba)KHA POJIST UIMAT JEKYPHHSAT 110 KHOSPCUTYPHOCT M JIEKYPHHUSAT I10
KOMyHUKaUMoHHH # wuHpopmauuonHu cuctemu (KUC). Tesu
CNIELMAINCTH  OCBIIECTBABAT HENPEKbCHAT MOHUTOPUHI  Ha
CBCTOSHUETO Ha MH(pOpPMaIMOHHATa MH(PACTPYKTYpa, PErHCTPUpAT
AQHOMAJIMM U TIOTCHUMAJIHM 3aIUIaXd M HpPH  HEO0OXOIMMOCT
3aJieCTBAT NPOLEAYPHUTE 3a pearupaHe IPpH MHIUICHTH.

B cmywail, dYe yCTaHOBCHHMAT WHIWICHT  HAaJIXBBPIL
BB3MOKHOCTUTE Ha KOHKpPETHATa OpraHu3alys WK UMa IMOTeHIIUA
Jla 3acerHe JPYrH CTPYKTYpPH, C€ aKTHBHpAT MEXaHU3MHTE 3a
MEXIYUHCTUTYLIMOHAIHO  B3aumMogneiictBue. ToBa  BKIIIOYBA
yYBEIOMSBAaHE Ha KOMIIETCHTHH OpraHd, OOMEH Ha TeXHHYecKa
“HpOpMAIHA 32 WHIUACHTA, KaKTO W KOOPAWHUPAHE Ha ChBMECTHH
NIEHCTBUS 32 OTpaHNYaBaHE HA MMOCIEACTBUATA U Bb3CTAHOBABAHE Ha
HOpMaJHaTa paboTa Ha CUCTEMHUTE.

3. Mooen 3a ynpasienue u O00K1aA06aHe HA
KUGepunyuoeHmu 6 pamKume Ha OP2AHU3 AU

OpraHu3alMOHHUS MOJEN 3a YIpaBICHHE W AOKJIaJBaHE Ha
KUOCPHUHIIHICHTH B PAMKHTE Ha [[aJIeHa OPraHu3alusl € Mpe/ICTaBeH
Ha wr. 1. W3rmegpr OV-2. - ommcaHue Ha BPB3KHTE MEXIY
onepatuBauTe Bb3MM (OV-2 - Operational Node Connectivity
Description) e paspaGoTeH kaTo quarpaMa Ha YHU(DHIUPAHHS C3UKa
3a wmoneiupane UML  (Unified Modeling Language) cbe
cnenuanusupanusa codryep EnterpriseArchitect. IlpenctaBs ce
B3aMMOJICHCTBUETO ChC CEKTOPHUTE M HALMOHAJIHUTE CTPYKTYPH -
CKHIINTE 32 pearhupaHe MpU HHIHUICHTH ¢ KOMIIOTHPHATA CUI'YPHOCT
(CEPUKC, HEPUKC).
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@uz. 1 Onepamueen uszned OV-2 - onucanue na épv3kume mexcdy onepamusnume 6v3nu (OV-2 - Operational Node Connectivity Description)

IlponechT 3amo4Ba C YCTaHOBSBAaHE HA WHLUUICHT B
uHpOpPMaIIOHHATa UH(PACTPYKTYpa Ha OpraHM3aIfiTa, KOHTO ce
perucTpupa OT OIEPaTHUBHHS ACKYPEH HWIM OT CIYXUTENS I10
kubepcuryproct. OcHOBHaTa 3ajjada HA Te3W JITBEKHOCTHH JIMLA €
HETIPeKbCHATOTO HAOJIOJCHUE Ha MpeXoBaTa W MH(POpMalHOHHATA
MHQPACTPYKTypa, KaKTO U CBOCBPEMEHHOTO HICHTH(HUIMpaHE Ha
AQHOMAJINH, TIOTCHIMAIHY 3aIJIaXy WM Bede HACTBITMIN HHINACHTH.

Ilpn ycTaHOBsABaHE Ha KHOEPHHIMIEHT C€ H3BBpIIBA
bPBOHAYATHO YBEJIOMSBAHE B pAMKUTE Ha OpraHM3alusTa.
OmnepaTUBHUAT AEKYPEH WIH CIYXXHATEIAT MO KHOEPCHUTYPHOCT
MOATOTBS yBEJOMIICHHE 32 HHIHUJICHT, KOETO Ce JOKIagBa Ha
pbKOBOIMTEN Ha opraHu3anuara. Ha To3um eram ce ocurypssa
IBPBHYHA HMHQPOpMAmust OTHOCHO XapakTepa Ha HWHIHICHTA,
BpEMETO Ha BBb3HHMKBAaHE, 3aCerHaTHTe MH(GOPMALMOHHU aKTHBU W
MOTEHLMATHUTE NTOCIEULH 32 ICHHOCTTa Ha OpraHU3aLusTa.

Crnexn mnony4yaBaHe Ha YBeJOMJEHHETO, PBHKOBOJHUTEIST Ha
OpraHusanusTa TpeinpuemMa JeHCTBHS 3a aKTHBUpaHE Ha
BpTpemiHusa Exun 3a Pearupane npu Muuunentu ¢ KommorbphaTa
Curyproct (EPUKC). To3m exum mma 3a 3amava Ja H3BHPIIH
aHaNn3 Ha MHIOHUJICHTA, a YyCTAaHOBH HETOBUS ITPOM3XO0JI, 00XBaTa Ha
BB3/ICiicTBHE W CTeNeHTa Ha 3acsiraHe Ha HMHQPOPMAIMOHHUTE
akTHBH. B mpolieca Ha aHanM3a ce M3MON3BAT AaHHU OT CUCTEMHUTE
3a MOHUTOPHHTI, JIOTOBE Ha MH(QOPMALMOHHUTE CHUCTEMH, KAaKTO U
nH(pOpMaIKs OT onxca Ha HHOOPMALMOHHUTE AKTUBH.

Pesynrtature oT aHanmu3a ce 060011aBaT B OKOHYATEIeH J0KIA]]
3a HHIIMJeHTA, KOUTO ce m3mpamia KbM choTBeTHHS CekropeH Exum
3a Pearmpane npm Munumnentn ¢ KommrorsphHara CurypHoct -
CEPUKC. CekTOpHHAT €KHII aHAIM3UPa NOCThIIMIIATA HHPOPMALUL
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U TpU HEOOXOAMMOCT IIpEANpHeMa KOOPAWHALMOHHM JeHCTBHS
MEX/y pa3INdHH OPTaHU3AIIN B PAMKHUTE Ha ChOTBETHHS CEKTOP.

Ha crnexpamo HuBO mH(pOpManusaTa 3a MHIUACHTA CE IpenaBa
kbM Hammonanuus Exun 3a Pearupane npu WHuupentu c
Kommrorsprata Curypuoct (HEPUKC), xoiito ¢yHKIMOHHpa B
paMKHTe Ha KOMIICTCHTHHS AbPXKaBeH opraH. HallMOHANTHUST exum
“Ma KOOPJMHAIIMOHHA U aHAIUTHYHA QYHKIHS U OCUTYpsiBa OOMEH
Ha uHpOpMaIMs MEXIy CEKTOPHHUTE CTPYKTYpH, KakTO |
B3aMMOJICUCTBHE C MEKIYHAPOIHU MaPTHROPCKU OPraHU3aLUH.

Mo To3m HaumH wm3rmema OV-2 Ha ¢ur. 1 mpencrass
MOCJICZIOBATEIHOCTTA Ha  JedcTBUsTA TpU  YNpaBICHHE Ha
KHOEPUHIMICHT — OT IIbPBOHAYAJIHOTO YCTAHOBSBAHE B PAaMKHTE Ha
OpraHm3anusTa, Ipe3 BBIPEIIHOTO pearupaHe M aHajiWu3, 10
JIOKJIaZIBAaHETO U KOOPIMHALMATA Ha CEKTOPHO ¥ HAIIMOHAIIHO HHUBO.
Ta3u MHOroCTENeHHa CTPYKTypa Leld Jia OCHIYpH e(eKTHBHO
yIpaBieHHE Ha HHIWACHTHTE, CBOEBPEMEHHO OOMEHSHEe Ha
uHGOpMAalMA M KOOPIMHMPAHM JCHCTBHSA 3a OrpaHMYaBaHe Ha
HOCJICACTBUATA U IOBUIIIABAHE HA HUBOTO HA KHOEPCUTYPHOCT.

O0o0menne Ha 1@poueca MmO AOKJAJABaHe
HHIUIEHT:

3a  kulep

OnepaTHBHUSAT Je:KypeH TPsiOBa 1a HallpaBH yBeJOMJIEHHE 32
HHIUAeHTa. ONepaTUBHUAT HEKYPEH U3Ipalla YBEIOMIICHUETO
KBbM PBKOBOJUTEINS Ha OpraHU3aLuUsTa.

Bamauatra Ha EPUKC e nma nHaGmiomaBaT 3a WHIMACHTH, Oa
MOAaBaT PaHHM MPEAYNPEXKICHUs W CHrHAmM. Te3n 3amauu ca
OIIpe/IeNIeHN OT 3aKOHA U OT CTPATErusITa.
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PT:KOBOZ[I/ITGJ'I?IT CBHUKBaA €KUIIa 3a p€arupaHe Nnpu UHIUACHTH C
KOMITIOTbpHATaA CUT'YPHOCT W JaBa YKa3aHUS. Exunbr 3amouBa
pascicaBaHe.

Cnen pascienBaHeTo TpsOBa Ja Cce€ M3rOTBM AaHAJIW3 Ha
uHOMAeHTa. To3n aHanmu3 ce MpaBH OT €KUIa 3a pearupaHe.
W3rotes ce OKOHYATeJeH [JOKJAJd 3a HMHIMIEHTAa, KOWTO ce
n3npaima kpM cektopHust CEPUKC.

Crex TOBa CEKTOPHUST €KMN Jokinaasa Ha Hammonamnms Exwn
3a Pearmpane mpm Mummpentn ¢ Kommiorsphara CurypHocTt —
HEPUKC.

Hamuonannusar exun e B Jupekuus ,MexayHapoaHa
uH)OpPMAIlMOHHA  CHUTYPHOCT  KbM  MHHHCTEpCTBOTO  Ha
€JIEKTPOHHOTO ympasieHue. Tam ce Hamupa HauoHanHuAT EPUKC

u cexropHust EPUKC 3a anmuaucTpanusTa.
YBeaoM/IeHHeTO 3a HHIIMJEHT, ChAbpXKa:

o KPaTKO ONMCAaHUEC;

JIMIe, IOAaBallo yBEAOMIICHHETO nme, GaMums,
eJIEKTPOHHA MOIIa, Tele(hOHEH HOMep;
JWIEe 3a KOHTakT — HMMe, (amMmims, eIeKTpPOHHA IIOIIa,
TenedoHeH HOMeED;
®  j1aTa M 4ac;
®  THI HA HHIUJICHTA;
®  1Ma JIM TPaHCTPAHUUYHO Bb3JeiicTBHE.

OTHOCHO THNAa Ha UHIOMUJCGHTA HAMA  IPEIBApUTEIHO
neduHnpana Kiracu(UKanus Jaau € BbTPEIISH WM MeXIyHapoJIeH.

ToBa Mo’e J1a ce YTOUHSBA JOMBJIHUTEIHO.

4. Mooen Ha Op2aHu3ayuOHHUme
ezaumoomnouwienusn (OV-4) u nozuvecku mooen Ha

oannume (OV-7)

OpraHn3alliOHHATE B3aMMOOTHOIICHHWS B CTPYKTypara ce
mpeacTaBsaT upe3 onepatuBeH usriex OV-4 (Operational View -4
Organizational Relationships Chart). Heo6xoxumo € aa chiecTByBa
CBOTBETCTBHE, T.€. eleMeHTUTe Ha u3riena OV-4 ja ce Hacnarsat ¢
Te3u B OV-2, KakTo M ¢ OCTaHAINUTE MOJEIH Ha apXUTeKTyparta. Ts
ce pa3paboTBa upe3 MPUIIATAHETO HA APXUTEKTYPHHUS TOIXOI M
M3MION3BAHETO HA ApPXUTEKTYypHA paMKa 3a pa3paboTBaHETO Ha
pa3IMYHUTE U3TJIEIH OT apXUTEKTypara Ha cucremara [4, 6].

MogenbT Ha  OpraHH3al[MOHHUTE  B3aUMOOTHOIICHUS €
npeactaBen Ha Dur. 2. 4pe3 auarpamMa Ha OPraHH3ANUOHHUTE
B3aumMooTtHomenuss (OV-4) Toii e pa3paboTeH Karo quarpama Ha
esuka 3a Mmonemupane UML cwc cnenmanusupanus codryep
Enterprise Architect.

JlornyeckuaT Mojen Ha  JaHHUTE, HeoOXomuMmu  3a
WH(QOPMAIIMOHHO OCHUTYpSBaHE HAa MEXKAYWHCTHTYIHOHAIHOTO
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B3auMojeiicTBue 1npu kubepuHimaeHt [5] ce mpexacraBs B
IUIOCTHATA apXUTEKTypa Ha CHCTeMara 3a KHOEpCUTYpHOCT 4pe3
omepatuBeH wuariaex OV-7 (Operational View-7 Logical Data
Model). JIoru4ecKusIT MOJET Ha JaHHHUTE ¢ MpeacTaBeH Ha dur. 3
ype3 nuarpama Ha OV-7. Ts ¢ pa3paboTeHa aHAIOTHYHO HA €3UKa 3a
monenupane UML cbc cnenmanusupanus codtyep Enterprise
Architect.

Jlornueckuar mozxen Ha nanHure OV-7 mpenacrtaBs Monen Ha
OCHOBHUTE HH(POPMAIIMOHHH OOEKTH M JIOKYMEHTH, KOUTO Ce€
M3M0JI3BAT NP YIPABJICHHETO HA KUOCPCUTYPHOCTTA U 00paboTKaTa
Ha KuOepuHIMIeHTH. B mH(bOpManmonHara 0a3a JaHHU ClieBa aa
ObJAaT BKIIIOUCHH HSIKOJKO OCHOBHM KOMITOHCHTA, KaTo: ONMMC HA
HH(POPMALMOHHUTE AKTHUBH, (PU3HYecKa cxeMa U JIOrHYecKa
cxeMa Ha MH(POPMALIMOHHUTE MOTOLH.

Coriuacio Hapenbara [3], B wieH 5 ca omnpejeNicHH BHIOBETE
JOKyMEHTAIVsI, KOUTO OpraHU3aliuTe TpsOBa fa mojubpxar. Enun
OT OCHOBHHUTE JIOKYMEHTH € ONHC HA HH)OPMAIMOHHHTE AKTHBH.
B unen 8 Ha choTBeTHaTa Hapenba ca JeQUHHpAaHH EJIEMEHTHUTE,
KOUTO TO3HM OmHC TpsAOBa Ja cbabpka. Cpel TAX ca eIHO3HAYHA
UICHTU(UKALMSA HAa aKTUBUTE (HANpHMEpP WHBEHTapeH HOMep,
cepreH HOMep WM JPYr YHHKaJIeH HWISHTHU(UKATOp), OCHOBHH
XapaKTePUCTUKH, YCIYTH, TPOLECH M JCHHOCTH, B KOMTO y4acTBa
CBOTBETHHAT AKTUB, MECTOIOJIOKEHHE, T'OJMHA Ha MPOHM3BOACTBO,
KaKTO M IPyT'H PEJICBAHTHY [TapaMeTpPH.

Wndopmanmsra, wu3BIedeHa OT wWieH 8 Ha Hapenbata, e
UHTErpHpaHa B MpPeJCTaBeHHs MOJENI upe3 Cbh3JaBaHETO Ha
CTPYKTYypa 3a ONHC HAa HH)OPMAIMOHHATE AKTHBH, ThI KaTo TO3U
€eMEHT HMMa KIIOYOBO 3HAaUEHHE 3a MPOIECHTE IO AHAIU3 M
ynpasJjieHHe Ha pucka. B nornueckus monen Ha ganuute (OV 7)
ONMUCBHT € TPEACTaBeH Ha KOHIENTYaTHO HHUBO, KaTO BKJIIOYBA
OCHOBHOTO TOHSTHE ,,0IMC HA WHPOPMAIMOHHUTE aKTUBH. [Ipm
IpeMUHaBaHe KbM (U3UUECKUS MOJIE € HeOOXOANMO Jla ce BbBEIAT
KOHKPETHHUTE aTpHOyTH W II0JeTa, KOHMTO OIKCBAT JeTailiIHO
XapaKTepPUCTUKUTE Ha aKTHBUTE.

OnuchbT Ha UHPOPMAIMOHHUTE aKTUBH CIY)XH KaTO OCHOBA 3a
M3BBPIIBAHETO HAa AHAJIN3 M OLIEHKA HA PHCKA, KAKTO U 32 aHAJIU3
Ha KHOepHMHIMAEHTH. MeToauKaTa 3a M3BBPIIBAHE HA AHAIU3 U
OlIEHKa Ha prcKa e periamenTupana B [Ipuioxenne Ne3 KbM 4ieH
7, an. 3 or 3akoHa [2], KOeTO mpenCTaBIsiBA MPEMOPHUUTETHA
METO/IMKa 32 OLICHSBAHE Ha PUCKOBETE.
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OV-4 Organizational Relationships Ehart/
i aOrganizaticns
«Organizations HapoaHo cuBpaHwe
n [EHTCTED izati
ez «Crganizations [—
MUHHCTERCKW ChHEET
«Fosts afctuslPosts
«Jrganiza... i n < — — —| 3aNECTHHE-MHHHCTED
Cueer no «Organizations .___% peAcenaren TTeTEane
CHMypHOCTTa CweeT no
kwGepcurypHocTTa
ahctuslPosts
«Posts e — — — HauuoHanew
Cexperap KOORAWHATOR No
_ kndepocurypHocT
«Organizaticns ‘ } =Urganizations
HEL HKCL
\ I «Organizaticns
J,-T-,l 1 «Organizaticns MEY
| 5 O"MHC", B koRTe ca
\ HEPHWKC, CEPWKC =za
whotualPosts I AD
Cekperapuar Ha CC i - Hé_ -
HamioHanHaTa MpeXa Ha EKUNHT -
/ pearnpaHe n|I:: MHUMOEHTH C ¥\ ﬁ i
. _ i
! KOMN HTEPHATA CHIYPHOCT s aOnganiz... «Drgamz?tmnx.
| Ve ] HE3K _—:_?'J Eeponencka
I | KOMUCHA
4 !
!
A \ y
- ~ L "
T e «Organizations «Organi...
«Organizations J"T'\ | M | Jﬂ|lll. Uevrup 2a { > —
Cexropan EPHKC — ] 11 l L ___1 kubeportpana
| [ |
«Org... |-~ =7 | 11 |
EHPUKLC | [ |
{RRTs) | Il | «Crganizati... «Organizat... «Organi...
o I T AKWC =4 ugp
: : : !_ _ _ _ | vnBepocuryproct
| 11
| | I _
«Organizations | | «Organizations ;
Oneparopu Ha | | LerTep no E o «Organiz...
CBIUIECTEEHN YCAYTH, | | kndepnpecTeNHOCT M roeon
T : : EPHKC «Organizat...
‘ [ ’ OAHC
e : : «Organizations
«Crganization: Lo UeHTsp 2a MPH3YE ewpxy KMC Ha
HEO no Cexropu: EHepreTvra, | | COA3HC u EPHKEC 23
Tpancnopr, BaHkoee oeno, I Lo KNACHEHLIMPaHA MpeEM
WhgpacTpykTypa Ha |
{fHHAHCOEWTE NazapH, |
|
BopaeecnaseaHe, ﬂnvcraanE W e ~Crganizaiicet
cHafgReaHe ¢ NnUTEWHA BOOA,
HauwoHaneH UeHTER 2a
Uudposa undpactpyirypa KOHTpaTE POpHIBM
OnepaTueeH warneg OV-4: "[uarpama Ha
ODrBHHIEUMOHHNTE EZ8UMOCTHOWEHWR B
HauwoHanHaTa CHCTEME 38 KWEEPCHIYPHOCT'

@uz. 2 luazpama na opzanuszayuonnume ¢3aumoomuouenus (OV-4)
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OV-T Logical Data Model /

«InformationElem...
DUZMHECKE CNEMA HA
CEBpIEaHE

«Information...
MexaHneen Ha
arakara

«InformationElem...
NokyueHTaUMA Ha
CTRYETYpHAaTa KadenHa
CUCTEME

«InformaticnElem...
Norvdecka cxeuwa Ha
MHOPRALMOHHWTE

NOToLMW

«lnformation...
Npeonpuet

«Entityltems
Kpameo cnucanme

«Entityltema
Nuue nogagawo
YEEOONNEHNEeTD

aEntityAttribu...
En.ncws :char
Wwme :char

Tng Homep :int
damunuA char

«Entityltems
INuue za KoHTaKT

«EntityAttribu...
En.nowa :char

\’J':GTB HA

I

Warneqet OV-T
AsUHUpa THNOEETE

«|nformationEle...

«InformationEle...
Heofxoouuwoor ot
kKopuripawm gGedcTems

«InformationElements
YeeqouneHHe 33 MHUMOEHT
kel cexTopHuAa EPHKC

HH:DDME e ABHHW 38 AOMERHS W
HIMETHH N
TAXHATE E38MMOB[ESKE.
kwiepcurypHocT

<lnformatiol «Informati... “I_Ilnfﬂlfl: E:::EL"
Ananuz Ha Ykazanua o

kWiepoHrypHocT

aprediakTi

f

«InformationElements

ﬂ\\\

CrwoHuareneHd Qoknan sa
EW3 e pUHUMOEHT

=

«InformationEl. ..
MySnuyHo
ONOEECTREaHE

«lnformationEle...
Ooknag 23 MHUMGEHT

«|nformation...
HatouHuE Ha

Wme :char T
damunua char
Tnd Howep int
// aEntityltems
JacerHara cucTema
«Entityltema= —
«Entityltem: «Entityltems «EntityAttributes
Flara ni I & alnformaticnEle... n.'n
WM H3 MHUKOeHT TpaHcrpaHu4HD B . DHNS :int
= BEOEUCTEME EBRX P
«EntityAttribu. .. EBIOEACTEHE Py OnepayuoHHa cicTema char
Uac :int aEntityAttribu... AT G ST |F address int
L Tun :int yemmm
Oata :int
<informa «InformaticnElements
P L';g OGofWeHa CTaTHCTHHECKE
- MHIFOPHALMA 23 MHLUWOEHTH
tainoee zInformaticnElements
ONERaALUH, NPOILECH W
OEWHOCTH B
MHEOPHALHOHHUTE W
«xInformaticnEle. .. ] M KOMYHUEIUHOHHWTE
Aramai «InformationElements CHCTEMM H TEXHHTE
ETTrr {::]_______ CNWCBE Ha A0MWHUCTRATOPCKUTE KOMMOHEHTH
npodunK 23 HHEOPRALMOHHWTE W
KOMYHWEALWOHHWTE CHCTEHRW W
TEXHUTE KOHMTHEHTH ‘-\“‘t\_\,
«InformaticnElements
<Entityltema AHANKE W OUEHKA HA pUCKa
Onuc Ha WHHOPRAUWOHHHTE GKTHEW
sepcHA int

reOMHE HA NpoWEEcacTes int

[STE HE SLEEA8HE & SHCMNOSTAUMSA
SAHOEHEYHE HasHTHWMKEWMA (char
MECTOHEXOHISHHE HE CELPEEHETE © HEMD AOKYMEHTILHR
MmecTononoxe+sne char

O'cHOEHW XapakTepHcTHEM char

:char

«InformationElement:
MnaH 23 HAWANABAHE HA

HETPHENNHWEWTE PHCKIEES i

N

«lnformationEle...
CroeopHY NWUA

«InformaticnElements
Cpok 33 NpMNaraHe Ha
HEREHTE

:char

«InformationElements
YCAYri, NPOLEcH W OBAHOCTH, B
EQWT y4acTEa

aInformaticnElements
Heotxoguuu pecypoH

«InformaticnElements
Mepkn 2a cuek4aEaHe Ha
HENPHERNUEBHTE PUCKDEE

@ue.3 Jlocuuecku moden na dannume - OV-7 Logical Data Model
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B paMkuTe Ha Ta3n METOJMKa Ce MU3TOTBS PETHCTHP HA PHCKA,
KOMTO BKJIIOUBA HSKOJIKO OCHOBHH KOMIIOHEHTa. B emnHa ot
KOJIOHUTE ce II0COYBaT UH(POPMAIMOHHUTE aKTHUBH,
uneHtuuIpany B onuca Ha aktuBuTe. CielBa KOJIOHA ChbC
CHOTBETHHTE 3aILIAXH M HE)KeJAHH CBHOUTHS, OIPEACICHH Ha
0azara  Ha  MOpemoppUYMTENHaTa  METOAMKA.  3a  BCsKa
HASHTUHUIMPAHa 3aIUlaxa ce II0COYBAT MEPKH 32 3aLIUTa, KaKTo U
OLlEHKAa Ha BB3/IEHiCTBHETO, KOSTO OOMKHOBEHO CE M3BBPIIBA IO
ckana or 1 10 5. JIOUBJIHUTENHO ce OLEHSBA U BePOSITHOCTTA 3a
peaJiM3upaHe Ha 3aljaxara, CbLIO MO ckata oT 1 jgo 5.
[Tonmyuenara uHpoOpMaIMg MOXE 12 ObJie CTPYKTYPUpPaHa HallpUMep
nox ¢opmMara Ha eNeKTPOHHA TaOJWIa, W3IOJI3BaHA 3a OLCHKA W
yIpaBJeHHE Ha PHUCKa.

NH(OPMAlMOHHNTE aKTHBHM MIPAsT CHIIECTBEHA POJIS, KAKTO B
nporeca Ha AHAJIM3 U yNpaBJIeHHe HA PUCKA, TAKa U [IPY aHAJIM32
Ha KHOepUHIMAEHTH. B Tasu Bpb3Ka BaXKEH €JIEMEHT OT CHCTEMaTa
€ ¥ YBEIOMJIEHHETO 32 MHOWIEHT, KOETO MPEJICTABIsBA
craHmapTusupana (opMa 3a pEerucTpUpaHe W JOKIajBaHe Ha
KkuOepuHIEAeHTH. DOPMATHT HA YBEIOMIIEHHETO € OIPENEIEH B
Ipuaoxenue Ne7 kpm wien 31 or Hapen6ara [3].

VYBemoMIeHHETO 3a HWHLOWACHT CBABPXKA peaula IoJeTa,
BKJIIOUMTETHO THN HA HWHOMAEHTAa, WHpopMamus 3a caMus
WHIMJICHT W APYTH ONUCATCIHM JaHHW. THIPT Ha WHIUACHTA €
TIpeBapUTENHO JehUHUPAH B HOpMATHBHATa ypeada U ce u3bmpa
OT NpeJBApUTEIIHO 3aJ[aJIeH CIIUCHK. B yBeOMIIEHHETO ce BKIIOYBA
ch0 WH(OpMANUA OTHOCHO Bb3MOXKHO TPAHCTPAHUYHO
Bb3/eiicTBHe, KaTO IIPU HEOOXOJMMOCT C€ IT0COYBAT M AbPKaBHTE,
KOUTO Morat Ja Ob/1aT 3aCerHaTH OT WHIUICHTA.

B  oprammsanmonHata CTpyKTypa 3a  yIpaBlIeHHE Ha
KHOEpUHIUICHTH, OCBEH CEKTOPHHUTE M HAIMOHAIHHUTE CKHITH 32
pearupane (CEPHMKC, HEPUKC), e mpeaBHACHO W HAIMOHAJIHO
€¢IMHHO 3BEHO 32 KOHTAaKT. ToBa 3BEHO OCBIIECTBSIBA
KOMYHUKAIUATa C BBHUIHM OpraHu3allid M MEXIYHApOIHU
HNapTHBOPCKU CTPYKTypu. Ilpu ycTaHoBsiBAHE Ha TpaHCIPAHUYHO
BB3JCHCTBUE HAIMOHATHOTO EIWHHO 3BEHO 3a KOHTAKT HMa
3ajayaTa Ja OCBIIECTBH B3aHMOJEHCTBHE CBC CBHOTBETHHTE
€BPONEHCKY MHCTUTYIUH U MEXaHU3MH 32 KOOPANHALIHS.

ITocouernnte QyHKIMM ce peann3upar paMKuTe Ha
KOMIIETGHTHUTE CTpYKTypu Ha Jlupexkuust ,MpexoBa H
HH(}pOPMAIMOHHA CHTYPHOCT®, KOSTO KOOpAWHHMpPa OOMeHa Ha
HHGOpPMALUs W B3aUMOJCHCTBHETO MEXAYy HAUUOHAIHUTE U
MEXIYHAPOAHUTE YYaCTHUIM B TIIpolleca Ha yIpaBJCHUE Ha
KHOCPHHIIICHTH.

B 3aKJII0UYEHHE MOXKE na ce
MEXIYMHCTHTYLHOHATHOTO B3aMMO/ICHCTBHE
KII0490B  (hakTOp 3a  IOBHIIABaHE Ha
OpraHu3aluuTe Ccpemry KuOep3amraxd. Upes KOOpIMHHPaHH
JneHcTBus, edpekTuBeH oOMeH Ha HHpOpManus H  SCHO
pasmpeseneHne Ha OTrOBOPHOCTHTE C€ Ch3[aBaT YCIOBHUS 3a
CBOCBPEMEHHO OTKpHBAaHE Ha WHIWACHTH, OrpaHMYaBaHE Ha
TSAXHOTO BB3JCHCTBHE M TrapaHTHpaHe HAa CUTYPHOCTTAa Ha
KOMYHHUKAI[MOHHUTE " UH(POPMALIMOHHHTE CHCTEMHU.
EdexruBHOCTTA Ha MEXIYHMHCTUTYIHOHATHOTO B3aMMOJACHCTBHE
3aBHCH OT SICHOTO Je)MHUpaHe Ha MPOLEIYPUTE 32 KOMYHHKAIUS,
HaJMYHETO Ha YCTAHOBEHM KaHAIM 3a OOMEH Ha WH(pOpManus M
HOATOTOBKATa Ha IIEPCOHANa, KOHTO yd4acTBa B YIPABICHUETO Ha
HHOUAeHTH. B Tasm Bpw3ka e HeoOXxoaumo pa3paboTBaHETO Ha
CTaHIApTHU3UPAHU TPOLEAYPH, MPOBEKAAHETO Ha CHBMECTHH
O0y4eHHsI M YIpaKHEHHs, KaKTO M M3rPaXJAHETO Ha JOBEpHE U
OllepaTHBHA ChbBMECTHMOCT MEXK/y Y4aCTBALIUTE MHCTUTYLIMH.

B

0TOEIIEXKH, ue
TIPE/ICTABIIABA
YCTOHYMBOCTTAa Ha

BaarogapHocru. J[loxnagsT e HamucaH OnarojapeHue Ha
¢uHaHCHpaHe oT MUHHCTEPCTBO Ha 0Opa30BaHMETO M HAayKaTa B
u3nbiHeHue Ha HanmonanHara crparerus 3a pa3BUTHE HA HAy4YHUTE
uzcnenBanus 2017 — 2030 mo Hamuwonanna HaydyHa mporpama
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»CUTYpHOCT M OTOpaHa®™, mpueTa ¢ pelieHHe Ha MUHHCTEPCKH
cbBeT Ne 731 ot 21 oxTomspu 2021 .
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Anomauusn:. Bv3 0cHO6a Ha 0b120200uUlier Npenodagamencku Onum Ha agmopume, 6 00aacmma Ha 0OYUeHuemo Ha CHyOeHmu om
unoicenepru cneyuarnocmu ¢ TY-Cogus, nHanpaseno npoyusane u nocnedgawy aHamu3 ca UOeHMUGUYUpaHu npeou3suKameicmsama, npeo
KOUMO ca u3npageHu npenoodasamentt u cmyoenmu 6 npoyeca Ha ooyuenue. OObPHAMO € GHUMAHUE HA 8b3MONCHOCIUME 3d NOO0OPSAGAHE
ycnegaemocmma Ha cmyoenmume u e@eKmuHOMmMo YC8OABAHEe HA YUEOHOMO CbOBbPIHCAHUE 8 OUCYUNIUHU CEBP3AHU C NPOEKMUPAHE U
Ooxymenmupane. Hanpasen e npezied na Hacmwnuiume npes 200UHUMe NPOMEHU 8 YUCOHONO CbOBPHCAHUE, KOUMO CA HATONCEHU ON
npomsHama Ha mamepuarnama oaza u paseumuemo na CAD cucmemume. Pasenedana e sHauumMocmma Ha MOMUBAYUAINA U KAYECMEOmMOo
HA NONONCEHUME YCUNLUsL 0N CIMYOSHMUME 3d NPUOOOUSAHEMO HA COMUOHU U MPAUHU SHAHUSL U YMEHUS.

Kniouosu oymu: AHAJIN3 HA OBYUYEHUE, MH)KEHEPHU HAVKU, ITPOEKTUPAHE, JOKYMEHTHUPAHE, ABTOMATHU3ALMA,
MOTHBAILIA.

Abstract: Based on the authors' long-term teaching experience in the field of education of engineering students at the Technical University of
Sofia, a study and subsequent analysis have identified the challenges faced by teachers and students in the learning process. Attention has
been paid to the opportunities for improving student success and effective learning of the curriculum in disciplines related to design and
documentation. A review has been made of the changes that have occurred over the years in the curriculum, imposed by the change in the
material base and the development of CAD systems. The significance of the motivation and the quality of the efforts made by the students for
the acquisition of solid and lasting knowledge and skills has been examined.

Keywords: ANALYSIS OF EDUCATION, ENGINEERING SCIENCES, DESIGN, DOCUMENTATION, AUTOMATION,
MOTIVATION.

1. Bveeoenue 2. Hcmopuuecku npezied Ha o00yueHuemo no

VmxeHepHnTe KaapH ca CIHEUHANNCTH, KOUTO HAaMHpaT npoexmupane u O0OKymenmupane
NPO(ECHOHANHATA CH PeaiHs3alls B TMOYTH BCHYKH 001acTd Ha AHanmu3bT Ha HCTOPMYECKOTO DPA3BUTHE HA HHXKEHEPHOTO
UKOHOMHMKaTa. MHxeHepHUTe KBanudukanuu oOxBamar obiactu 00pasoBaHue TOKa3Ba, Y€ MAKap IHMCUMIUIAHUTE, (POKYCHPAHH
KaTo ENEKTPOHUKA, JIEKTPOTEXHHKA U E€HEPreTHKa, KOMIIOTBPHH BBPXY TCXHHYECKOTO MPOCKTMPAHE M IOKYMEHTHpAHE, 1a ca Ce
HAayKH M HMHQOPMALMOHHH TEXHOJOTMH, TPAHCIOPT, MALIHHHO HpOMeHANU 1o HanmeHoBaHue (TexHuuecko yepTane, TexHUuECKO
MH)KEHEPCTBO, TEXHOIIOTHH, poboTika u 1p. HaBnmsanero Ha HOBH  poxymentupane, BpBeneHne B MHKeHepHOTO mpoextnpane, OK n
TEXHOJIOTMH M aBTOMATH3allusl HM3MCKBA HHTEPAUCIHUIUIMHAPHU CAD, OCHOBM Ha MHKEHEPHOTO NOKyMEHTHpaHe, VIHKeHepHa
3HAHMS M HMHKCHEPCH IOJXOJA KBM pellaBaHeTo Ha mpoGiemy, rpaduka U Jp.), TO TAXHaTa OCHOBHA ()YHKIMs OCTaBa KOHCTaHTHA
TOpajiii TOBA HEOOXOMMOCTTA OT HHKCHEPHH KaJpH CE 3a0e/143Ba  _ ocurypsBaHe Ha TEOPETHYHA M MPAKTHUECKA IOITOTOBKA IO
1 B 0071aCTH OT HKOHOMHKATa, KOMTO Ha NPBB TOTJIE] HAMAT HHIIO CTAHJAPTH3MPAHWS E3MK HA TEXHMYCCKATA JOKYMEHTALHs,
O0IIO ¢ TEXHMYCCKHTE HAYKH (HANpPHMEp: MEIMIMHA, (apMaius, HeoOXo1uM 3a eeKTUBHA KOMYHMKAIMs B MHKEHEPHATa PAKTHKA.
KOJIOTHs, arpapHO CTOMAHCTBO, JOTHCTHKA M JOPH H3KYyCTBA). Besika enHa HOBa Hzesi, BCAKO MPeIOKEHHE 32 IPOMEHHU TpsAOBa 1a
ITpeBoABT Ha JTATUHCKUAT KOPEH Ha Jymara "ingenerare', o3HauaBa Oblle LOKyMEHTHPAHO CAHO3HAYHO, Pa3OUPaeMo U Ha yHHBEPCaJeH
"cp3aBam". IHXKEHEpBT € CIienUantcT, YUATO AHHOCT € CBbp3aHa ,E3UK“, TaKka 4e Ia OBJAC MPABHIHO PA3YECTCHO OT BCEKH CIWH
¢ TPOCKTHPAHETO,  MPOU3BOACTBOTO,  YChBBHPIICHCTBAHETO M MOTpeOUTEN C TEXHUYECKHM TMO3HAHMA B CBHOTBETHATa O00NACT,
MOAIBP)KAHETO B M3IPABHOCT HAa TEXHUYECKH CUCTEMH, MEXaHH3MH HE3aBMCHMO OT HEroBaTA HAIMOHANHOCT, BHA M CTETeH Ha
W amapaTd, KOMTO Tps0Ba Ja pabOTAT HpH ONpPENEeNIeHH YCIOBHUS. oGpasoBaHue.
Upes mpuiaaraHeTo Ha Hay4dHH NPHHLHUIN HHKEHEPHUTE pellaBaT
MPAaKTUYECKH TPOOJIEMH, CHUCTEMATHU3UpaT W  ONTHMHU3UPAT Haykara, TexHMKaTa M TCXHONOTMMTC Ca B MpoLeC Ha
IPOU3BOJICTBEHH IPOLIECH, Y4acTBaT B INPOM3BOJCTBEHH IPOLEC, HENPEKbCHATO — pasButhe. ToBa mHopakna HEOOXOXMMOCTTA
MOHTa)X M TECTBaHE Ha MNpoayKTH. DyHAaMEHTaJHa LEeIu Ha Npero/iaBaTeJIMTe nAa CJICAAT HOBOCTHUTEC M IIEPUOJMYIHO 1A
MH)KEHePHUTE HAyKH € pa3paboTBaHETO U MpUJIAraHeTo Ha akTyanusupar ydeGuure mnporpamu. Te TpsGBa 1a 3amo3HaBaT
CUCTEMHHU IMOAXOAM 32 aHAJIW3 M pellaBaHe Ha MPaKTHYECKU CTYACHTHTC HE CaMO C YTBLPACHHUTC MPUHIUIK W METOAH 3a
npobieMs upes (OpMyIHpaHE Ha ONTHMAIHM M e(eKTHBHH TEXHUYECKO JOKYMEHTHPaHE U NPOEKTHUPaHE, HO M C aKTyaHUTE
pelIcHUs, OCHOBAHU HAa UHKCHEPHO MOJAECIUPAHE, CUMYJALUU U TCHJCHLMM M HOBOCTH B ChOTBeTHaTa obmact. Hapeny ¢
OLlCHKa Ha eQeKTHBHOCTTA. [lodyuaBaHeTO Ha KadeCTBEHO OOLIOBANMIHATE NPUHLUMIN HA TEXHHYECKOTO JIOKYMEHTHDAHE,
HHKCHEDHO ~ 00pasoBaHHe, 0asMpaHO Ha  (YHIAMCHTAIHHTE KOUTO MOraT na ObJaT MpPUJIO0KEHU BbB BCUYKM HANpaBlIeHMs Ha
NPUHIMIN W OTpa3sBalll0 ChBPEMEHHHUTE TEXHOJIOTHH CE€ SBsIBA MHKCHCPHUTE HAYKHM, CBIICCTBYBAT W CICHU(YUYHN 3HAHAS U
KIIOYOBO 33 ,IPOM3BOACTBOTO® Ha BHCOKOKBanu(uimpamu  YMCHHs. Te ciesBa 1a GbaaT yCBOCHHM B CHOTBETCTBHE € NpOQuiIa
MHKCHEPHH KaJpH. Ha KOHKPETHATa MH)KCHEPHA ClIeLHaIU3aLHs.
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KOHCTPYKTOPCKOTO NOKyMEHTHpaHEe € BHI BHU3yalM3HpaHe Ha
MoOZena ¢ HOMOIITa Ha KOHCTPYKTOPCKH TOKYMEHTH, KOUTO TpsiOBa
J1a OTrOBapsT HA CIICIHUTE OCHOBHU W3UCKBAHMU:

- Ja CbABPXKAT  TAaHHUTE, KOHUTO CBhOTBETCTBAT Ha
OpeaHa3HAUYCHUETO Ha JOKYMEHTAa B KOHCTPYKTOPCKHUSL
nponec Ha U3ACIneCTO,

_  Ja ObgaT HW3MBJIHEHH Ha ,,TEXHHYECKH €3WMK*, KOHTO €
M3BECTEH Ha CIEIUATUCTUTE IO L1 CBAT, 33 Ja MOXeE
KOHCTPYKTOPCKUTE OKYMEHTH Ja ObAaT ,,IpOoYeTeHH  OT
ax [1].

HSB’prHeHI/IﬂT aHaJIM3 Ha MCTOOUTC 3a Cbh3JaBaHC Ha
KOHCTPYKTOPCKa OJOKYMCHTaHUA Ha €IHO TEXHHUYECCKO H3ICIINE HE
YCTaHOBH, CBIICCTBEHA IIPOMSIHA OT MUHAJIOTO A0 JHEC. Bce ome ce
U3IIO0JI3BAT YTBBPACHUTE IIpaBWIa 3a Cb3JaBaHC Ha IMPOCKIUHU I10
MCTOJa Ha MOH)K, " 3a O3HaYaBaHC Ha pasME€pU B TEXHUYECKUTEC
YEPTEIKU. CT)HIeBpeMeHHO ce Ha6moz[aBa MpUEMCTBEHOCT U B
nponeca Ha U3roTBAHE Ha CXEMHU, IIPU KOWTO ce npujaarat CXoJaHu

MPUHIMIIA Ha TpaQUIHO MpPEACTaBIHE M  CTaHIapPTH3AIHS.
3a0ensa3BaT Ce  HECHIIECTBEHHM pa3IMKH B HAYMHUTE Ha
0003HAa4YaBaHE Ha  CEKYIIMTE paBHUHHA, Ha  TpapUIHOTO

n300paKeHHe W MSCTO Ha IMOCTaBsiHE Ha 3HAK 3a TPalaBoCT, B
0(hopMsIHETO Ha OCHOBHHUS HAAIKMC M Jp. HechllleCTBEHH MIPOMEHU
HUMa U [PU JIOKYMEHTHUPAHETO Ha €JIEKTPUYECKU CXeMH (IPOMEHH B
METOJIMKAaTA 32 onpeeisiHe Ha OykBeHo 1udpoB o3Hauenue (bL[O),
M B MACTOTO Ha IIOCTaBSIHETO My Ha CXeMHTe). B CBOsTAa CBHIIHOCT
rpagUYHUTE CHMBOJIM, KOHUTO C€ H3MOJ3BAT NPH Ch3JaBaHE Ha
pa3IMYHUTE BHUIOBE CXEMH M MpaBUiaTa 3a HIIOCTPHUpPAHE Ha
SNIEKTPUYECKH BPB3KM OCTaBaT HENpOMeHeHH. ToBa Ch3/aBa
M3BECTHH 3aTPYAHCHUsI MPU 00y4aBaHETO HA CTYASHTH, 3aBbPIIMIN
npodeCHOHATHA IMMHA31H, B KOMTO CE€ M3II0JI3BAT CTapu Homaraia
W YICOHHUITH.

B npeBHOCTTa M300peTaTenuTe ca MPEACTaBsIN CBOMTE HIEH C
MOMOIITA Ha BBIJIEH BbPXY IUIATHO WK XapTus (dur. 1).

- “d 5
@ue. 1 [Ipoexm na nemamenna mawuna om Jleonapoo da Bunuu [2]

B Henaae4HOTO MHHAIO KOHCTPYKTOPCKOTO JOKYMEHTHPaHE ce
M3BBPIIBAIIEC PHYHO — BBPXY XapTHEHH (OpMATH C IOMOILITA Ha
YEPTOXKHU HHCTPYMEHTHU U rpadutHH MosuB (dur. 2).

e e |

| 2 s b
@uez. 2 Pouno uspabomeane na koncmpykmopcka ookymenmayus [3]
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B onpeznenenu ciyuau, B MMHAJIOTO, YEPTEXKUTE c€ MPEHAcsAXa
BBPXY HayC ¢ MACTHIIO U panuzaorpad, ¢ 1ei Ch3/1aBaHe Ha apXHUBHU
i konupyemu Bepcun (dur.3).

[MoHacTosimeM BHU3yaiM3alusaTa Ha JOKYMEHTHUTE MOXE 1a Ce
OCBIIECTBA UYPe3 PAa3NUYHH BHIOBE H300paKEHUs, H3MTBIHCHU
PBYHO WM aBTOMATHYHO, OiaromapeHue Ha OBP30TO pa3BUTHE Ha
CAD (Computer Aided Design) cuctemute (¢ur 4).

r A I 7 I T 1 13 T .3 I 3 I T T L3 1

a s

T T T T T T } T — e — T

: . o i
Que. 4 Yepmedxc na Odemaiin @Pnauey uspabomean om cmyoeHmume 8
uacoseme no Huoicenepna epagpuxa 3ano3HaGaHe CbC CblUecMeeHama
@ynxyuonarnocm na usépanu CAD cucmemu

CAD cucremure 00eIUHABAT COPTYEPHH U XapAyepHH IOXBATH
3a TEOMETPHUYHO MOJCIUpaHe, MO3BOJSABAIIA MPOCKTHPAHE U
M3MUTBaHE BBB BUpPTYyalHa cpeaa (¢ MOMOIITa Ha KOMIIOTBD U
KOMITIOTBPHHU CUMYJIallMM) Ha MPOMHUIIJIEHU H3JENHsl, KaKTo U Ha
I/IHCprMeHTI/ITe, HGOGXOJII/IMI/I 3a TAXHOTO MPOU3BOJCTBO. Te
YCIIEIIHO 3aMEHAT YePTOXKHATA IbCKA, KAKTO U MHOTO PYTHHHHU
IEHHOCTH, CBBpP3aHM C Tpomeca Ha wu3paboTBaHe Ha
KOHCTPYKTOpCKaTa JokyMeHTanusa. Criopea MperHa3sHAYCHUETO CH
CAD cucremMuTe Morar ja mo3BojsBaT kakto 2D, Ttaka u 3D
mozenupane [5] u mokymentupane. Passutmero nHa CAD
WHCTPYMEHTHTE YBEMYaBa TMPEIU3HOCTTa Ha OMUCAHHETO Ha
NnpoayKTa M TII03BOJIIBA TEXHOJIOTHUYHUTE l/IHCpr](LU/II/I aa ce
ussinuar Hanpaso or CAD mozena [6].

VYdyeOHuTe  TporpaMH  CBBP3aHH C  MHPOEKTHpaHEe W
JOKYMEHTHpaHe BKIIFOYBAT YaCOBE HACOUYCHH KAKTO KbM YCBOSIBaHE
Ha ,TeXHMYECKHS €3MK* 3a TMpEeICTaBiHE W pa3yuTaHe Ha
WH)KCHEPHH pCIIeHHs, Taka M C 4YacoBe HEOOXOIMMH 3a
npunoOMBaHe Ha yMEHUS 3a M3pa0OTBaHE TOYHA, SICHA, YESTIIMBA U
€CTeTHYECKU M3Ibp)KaHa TEXHMYECKa NOKyMEHTAlus. AKO Npenu
30 romumHM TPaQUUHOTO TMPEICTaBIHE HA KOHCTPYKTOPCKATa
TEXHUYECKa MOKyMeHTauuss B y4deOHus mpomec B TY-Codwust ce
OCBILECTBABAIIE H3LIO pBYHO, mpeau 20 roauHu Oe BBBenEH
MaTbK Opoil wacose (Hampumep: 4 daca Ha ceMecTbp OT obmo 30
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yaca) 3a 3all03HaBaHE C BB3MOXKHOCTHTE HAa CHUCTEMUTE 32
KOMIOIOTBPHO TIPOSKTUpaHe U JOKyMeHTHpane. [loHacTosimem
YacOBETE B HAKOW CICUMANHOCTH ca pasmpenesneHu 50/50 (ppuHO
KbM KOMITIOTBPHO AOKyMeHTHpaHe). Ch3gaBaHETO Ha TEXHHYECKa
JIOKYMEHTAIlUsl M3UCKBA MMO3HABAaHE W INpHJIAraHe Ha YTBBPACHUTE
TpaBWIa U CTAaHJIAPTH 32 HEHHOTO M3TOTBSHE. Y CBOSIBAHETO HA TE3U
YMEHUS Ce OCBHIICCTBSIBA Ype3 MPAKTUUCCKH 3aHSATHSA, B KOUTO CE
aKICHTHpPa BBPXY PHUYHOTO CH3/IaBaHE HA JOKYMEHTH, Hal-4ecTo
nox ¢opMaTa Ha CKHIM. B JombiiHEHHWe, B y4eOHHUs Tpolec ca
BKJIIOYEHH © 3aHATHS, HACOYCHH KBbM 3all03HaBaHE CbC
chlllecTBeHaTa (YHKIUMOHATHOCT Ha wu30pann CAD cucremu,
u3noysBanu 3a 2D  jpokymeHtupane u 3D  mpoektupaHe U
MOJENUpane, ¢ el U3rpakIaHe Ha MPaKTHIEeCKH yMEeHus 3a pabora
B CBhBPCMCHHA JUTUTAHA WHXKCHEPHA Cpela W TOBHUINABAaHE Ha
MOJTOTOBKaTa HAa CTYJICHTHTE 3a pEATHH NPOQECHOHATHU
TIPEM3BUKATEIICTBA.

3. Ilpeouszeukamencmea npu oOyueHuemo no
OUCUUNIIUHU  C6BP3AHU  C  NPOEKmupame u
00KyMenmupane

IonacTosimeM IpernofaBaTeInTe ca W3IPAaBEHH IIPe] peluia
NpeIU3BHKATEICTBA B Ipolleca Ha OOYyYeHHE Ha CTYAEHTH IIO
JTUCLHIUIMHY CBBP3aHM C POEKTHPaHe U JOKyMeHTHpaHe. ExHo ot
TSIX € CBBP3aHO C BHBEXKJAHETO HA MOBEYE YaCOBE 3a 3all03HABAHE U
pabota c¢bc chBpeMeHHHTe CAD cuctemu 3a 2D TOKyMEHTHpaHE U
3D mpoekTHpaHe W MOJeNUpaHe, Ha (oHAa HA HaMallIBaHE Ha
o0IIHsT XOpapuyM Ha AWCHUILIMHUTE CBBP3aHU C MPOEKTHPaHe U
JOKyMeHTHpaHe. Jlpyro mpenu3BHKATeICTBO Ce sBSBA U
HeoOXOJMMOCTTa OT CBhBpEMEHHaTa MarepuainHa Oa3a (MOIIHHU
paboTHM craHIuH, ckbl codryep). Ilopaam Tasm npudymHa 3a
MOCTUTAQHETO Ha BHCOKOKAYeCTBEHO OOy4YeHHE € HeoOXOoIuMo 3a
BCEKH CTY/EHT Ja Objle OCUTYPEHO WHIUBUAYATHO PabOTHO MSCTO,
000pyABaHO C KOMITIOTBP, C IOJCUTYPEH CHeNHaIU3upad codryep.

TIpenu3BUKATENICTBO CE€ SBSBA U OTPAHHYCHOTO y4eOHO BpeMme,
TpeBHICHO 3a paboTa B yHUBepcHTeTa ¢ m3ydaBaHute CAD
cuctemu. ETo 3amo mocTuraHeTto Ha yCTOWYMBH 3HAHUS U yMEHHS
M3MCKBA aKTMBHA CaMOIIOJTrOTOBKA OT CTpaHa Ha CTyAeHTHTe. B
pPaMKUTE Ha Ta3H CAMOIIOJrOTOBKA CTYAEHTHTE CJIe/IBa Jia IpUIaraT

U 3aTBBPXKJABaT YCBOGHHTE II0 BpeMe Ha IPAKTHYCCKUTE
yIOpaKHeHHs 3HaHui. ToBa TmopaxkIa HEOOXOAMMOCT — OT
ocurypsiBaHe Ha CcBoOomeH nocThll a0 usydaBanute CAD
mwiatrpopmu. B TY-Codus To3m mpobmem e  pasperieH

OjarogapeHHe Ha NAapTHROPCTBOTO MEXAY YHHBEPCUTETA |
odunmanuuTe npencraButeny Ha chotBetHHTe CAD cucremn 3a
bbarapus. ITo To3u HayMH CTyAEHTUTE MOJTy4aBaT 0e3BB3ME3JeH
JOCTBIT /IO JIMIEH3UPAHH CTYJICHTCKH BEPCHH HAa HEOOXOAUMHUTE
NpOrpaMHHM MNPOJYKTH, WHCTPYKIMHM 3a HHCTANalus H IpH
HEOOXOJMMOCT WHIMBUIyalHH KOJIOBE 3a aKTHBHPAHETO WM. 3a
CTYAEHTHTE, KOHTO HE pa3lojiaraT CbC COOCTBEHH TEXHHYECKH
CpEICTBa, € OCUTYPEH AOCTBII A0 CIEHUATU3HPAaHH KOMIIOTHPHH
paboTHH cTaHIMH B BHOIHOTEYHO-MHPOPMALMOHHHS LEHTBP
(BULI) Ha TY-Codus. YcBoeHUTE 3HAaHUS Ce IpuaraT B Iporeca
Ha pa3paboTBaHe Ha KypCOBH 3aja4uM M mnpoektH. CremeHTa Ha
NpUIOOUTHTE MpaKTH4ecku yMeHus 3a pabora ¢ CAD cucremu 3a
NPOEKTHPaHEe W TEXHHYECKO [OKyMEHTHpaHEe ce OLCHABA upe3
NPOBEXAaHE Ha KOHTPOJIHU pabOTH U U3IHTH.

Tlpean3BUKATEICTBO Ce sBABA W OTYETCHATa OT AaHAIN3a
HETaTHBHA TEHACHIWS KbM [IOHIDKABAHE HA KAdeCTBOTO Ha
MpuIoOHBaHHUTE 3HAHKS M YMEHUS CPEJl CTYACHTUTE B MOCIEIHUTE
roguan. To3u cmag Moke jaa Oble OOsSCHEH 4Ype3 JIBa OCHOBHU
(dakTopa:

- pemyuupan Opoii yueOHM dYacoBe, TpeIBUACHH 32
IUCLMIUTUHU, CBBP3aHU C HHKCHEPHO MPOCKTHPAaHE H
TEXHUYECKO JIOKYMEHTHpaHe B aKTyalHHTe Yy4ueOHH
TUIaHOBE;
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- IMO-HHUCKa MOTHBAIMs 3a AaKTHUBHO Y4YacTHC B yqeGHm
mnpouec, 3aaba00YaBaHe Ha 3HAHUATA M CHCTEMHA
CaMOIIOATOTOBKA B 4aCT OT CTYACHTHUTE.

IIpu mpernen Ha crapu y4eOHH IPOrpaMH CTaBa BUAHO,
4ye B MHUHAJIOTO JUCHUIUIMHUTE CBBP3aHU C IPOCKTUPAHE U
JIOKYMEHTHpaHE ca U3y4aBaHU B [Ba HJIM TPU CEMECTbpa B

3aBHCUMOCT OT TpodecHoHaTHOTO HampaBieHue. Karo
mpuUMep MOXe Jia ce T0ocoYM y4deOHa mporpama To
IUucuuInuHaTa L JIpunoxkHa reomMeTpus M MH)XXEHEpHa

rpaduka“ 3a cTyJeHTuTe 0T MaIIHHOCTPOUTENEH (aKynTeT OT
1998 r. [7]. KypchT ¢ BKIFOYBAI:

- 3a I cemectpp: 30 yaca nekuuu, 45 yaca JabopaTopHHU
YIOpaKHEHUs, OT KOUTO 3 daca 3a aBTOMATHU3MPAHO
HpoeKTHpaHe, 4 3ama4n ¢ 9 rmo3agady 3a KypcoBa pabora
U 2 KOHTPOJHU paboTH (0011 XopapuyM 75 daca);

- 3all cemectpp — 15 waca nexuun, 30 gaca mabopaTtopHU
YIpaXHEHUs, OT KOWTO 2 daca 3a aBTOMAaTH3HPaHO
U3IBIHEHHE HA YepTeXK Ha JOeTailn M 2 dJaca B
M3MepBaTeaHa 1aboparopus, 4 3amaun ¢ 8 MmoA3amadu 3a
KypcoBa paboTta u 1 koHTposHa padora (001 XOpapuym
45 qaca);

- 3alll cemectsp — 15 gaca nexunn, 30 yaca abopaTopHU
yIpaKHeHUs, OT KouTo 4 daca 3a aBTOMAaTHU3HPAaHO
W3IBJIHEHHE Ha KOHCTPYKTOPCKAa JOKyMeHTauus, 3
3ajaud ¢ 8 mojzazaun 3a Kypcosa pabora u 1 KOHTpoIHA
pabora (0011 xopapuym 45 daca).

ITpu cnpaBka ¢ y4eOHUS IUIaH KbM HACTOSIIINS MOMEHT, MOXE
Ja ce BUAW, 4Ye JAUCHUIUIMHATa ,lIpuiaokHa Teomerpus H
WHKEHEepHa rpaduka™ 3a CTyOCHTUTE OT MaIIMHOCTPOHTEIICH
(bakynrer ¢ mpeuMeHyBaHa Ha ,JmkeHepHa rpaduka“ [8], u ue
chlllaTa Ce U3ydyaBa caMO B 3UMEH ceMecThp Ha Bropu Kypc (III
cemecTbp). XopapuyMbT BKmouBa 30 yaca nexkuuu, 45 daca
nabopaTtopHH ympaxHeHus (0010 75 vaca ayAMTOpPHA 3a€TOCT) U
135 yaca W3BBH ayAMTOPHA 3a€TOCT (CaMOCTOSTENIHA OATOTOBKA).
Bmxna ce, ue ayanTopHaTa 3a€TOCT € Hamaisa ¢ mosede oT 50%,
KaTo B CBIOTO BpeMe Y4eOHHS Marepuall, KoWTo TpsOBa ma Obae
YCBOEH C€ € YBEIHYHI, 3apaan MpeInu3BHKATEICTBAaTa OT OBP30TO
pasButHe u BHenpsiBane Ha CAD cucTemuTe 3a HpPOEKTHpaHE H
JIOKyMEHTHpPaHe, KaKTO ¥ OT HE0OX0ANMOCTTa ObJICINTE HHKEHEPH
Jla yCBOSIT HEOOXOMMHUTE 3HAaHUS U yMEHHMs 3a paboTa ¢ Tiax. Tyk
TpsOBa J1a CIOMEHEM, Y€ B 4acT OT yueOHHUTE AUCIUIUIHHY, B HIKOH
oT mpo(eCHOHATHUTE  HAIPABICHHUS YacOBETe INPEIBHACHH 32
JeKIWU ca HaManeHu 10 15 gaca (mampumep: WD 3a cryneHTH
Asromobunna Enexrponnka, ®ETT [9], 60 waca ayauTopHa
3aeTocT U 120 yaca U3BBH ayJUTOpHA 32€TOCT), a CHUIO TaKa WMa
CIIEIMAIHOCTH, B KOMTO YacoBeTe 3a JIAOOPATOPHH YHpPaKHEHHs ca
ceezneHu a0 30 uaca (Hanpumep: UI' 3a cTyneHtn MHTenureHTHU
cucreMd W u3kyctBeH uHTenekt, ®UT [10], 60 uaca aymuropHa
3aetocT ¥ 120 yaca u3BBH ayauTopHa 3aetoct). Kypcosure 3agaun
ca HaMaJIeHU KaTo Opoi U chAbpKAHUE.

CBhIIECTBEHO TPENN3BUKATEICTBO MpEA INPEIoJaBaTelInTe ce
sBSIBA M TIOBUIIABAHETO HA KAayeCTBOTO HAa YCBOCHHUTE 3HAHUS W
YMEHHUS 4Ype3 CTUMYJHpaHe Ha BBTPEIIHATA MOTHBALUS Ha
cryaerture. OT 0cOOCHO 3HAUEHHE € CHCTEMHATa CaMOIIOIIOTOBKA
3a YCBOSIBAaHE Ha MPUAOOUTHUTE 1O BPEME Ha JICKIIMU U IPAKTUYESCKU
YOPaXHEHUS 3aHATHS, U3TPAKIAHETO HA HABUIU 32 CAMOCTOSITEITHO
yueHe U IeJIeHacoueHo Haarpaxkaane. EpektuBHa cTparerus B TO3u
KOHTEKCT € HAaChpuaBaHETO HAa TBOPYECKOTO MUCIICHE U KPUTUYHUS
MOJXOJT KbM YCBOSIBAaHHS MaTEpHaL.

BbBekaaHeTo Ha CHBPEMEHHUTE TEXHOJOTHH, B 4acTHOCT CAD
CHCTEMHTE M IIHPOKATa AOCTHITHOCT N0 WH(OpMAIHsS B MHTEPHET
CHIIO MOXE Ja ObJe pasriiefaHo KaTo HPEIU3BHKATEICTBO HPHU
o0y4eHHeTo MO [TUCUMIUIMHA CBBbP3aHW C MPOCKTHpPaHE U
JIOKyMeHTHpaHe. B mpoueca Ha pa3paboTBaHe M IpefaBaHe Ha
3a/la4uM 32 CaMOCTOsITeNTHa paboTa (KypCOBH 3aJauyd U MPOEKTH) ce
HaOmMomaBa BB3MOXKHOCT 3a mpuiaraHe Ha T. Hap. Copy/Paste.
Hsxon crynmeHTn OmBar M3KyIIaBaHH OT BB3MOXKHOCTTA BMECTO
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caMd JAa pa3paboTAT IOCTaBeHaTa MM 3ajada, Aa IMOTHPCAT B
HMHTEPHET IPOCTPAHCTBOTO HEIIO pa3paboTeHO OT ApYr, WIH Ja
npuberHaT 10 IMOMOILITa Ha H3KYCTBEH HHTeNeKT. Taka Te He
ycmsBaT Jda pasrbpHAaT W M3MOJN3BAaT  ITBJIHOLEHHO  CBOS
HWHTEJICKTYaJICH W TBOPYECKU MOTCHIHMAN. Pe3ynraTsT oT mojo0eH
moxxoa ¢ (OPMAaTHOTO H3IBIHCHHE Ha MOCTaBCHATa 3ajada, 0e3
CBITTCTBAI0 YCBOSIBAHC HA pEalHM 3HaHWSA W yMEHUs. Tyk
MPEMoaBaTeNIAT TPsAOBa Jla ChyMee Ja NPEMECTH akIeHTa OT
CTpeMeX KbM MOJy4aBaHE Ha OLIEHKH 0e3 peanHo ChIbp)KaHHE,
KbM CTPEMEX 3a INOCTHTaHe Ha TpallHM W NPWIOKUMU 3HAHHMSA,
KOHTO J1a MOJIIOMOTHAT yCIleIHaTa Mpod)ecHoHa Ha peanu3anus Ha
CTYZCHTA.

Tlo BpeMe Ha MPOYYBAHETO Ce MPOBEOXa CPEIIU U Pa3TOBOPH C
OuBmy BB3mUTAaHMIM Ha TY-Codus, 3aBBpUIMIIN HHXEHEPHH
crerMaHOCTH. Te MOTBBpXK/IaBaT, 4e IPHIOONTHTE B PaMKHTE Ha
IUCHMIUIMHUTE II0 IPOEKTHpaHe M JOKyMEHTHpaHe 3HAHHS H
YMEHHSI ca OKa3ajdM CBIOIECTBEHO BIMSHHE BBPXY TAXHATA
npodecroHanHa peanu3alusi. B peauna ciydad IOCOYBAHETO Ha
KOMITETCHTHOCTH, CBbp3aHu ¢ pabora B CAD cpeau (kakTo 3a 2D
JIOKyMEHTHpaHe, Taka u 3a 3D mozaenupane), B aBToOHOrpadusira e
JOTIPUHECTIO 32 YCIEIIHOTO MM HaeMaHe Ha pabota. IlomoOHa
nH(MOpPMaIMs ce NMOTBBPXKAABA U OT NMPEACTABUTENHN Ha On3Heca B
obylacTTa Ha NPOEKTHPAHETO Ha MAIIMHU U CHOPHKEHHs, KOUTO
HOAYepTaBaT, 4e THPCEHHTE KaHAWAATH TPsAOBa Ja HPHUTEKaBaT
KOMIUIEKC OT yYMEHHS — KakTO 3a IIPaBUJIHO HHTEpPIpETHpPaHE U
Ch3[aBaHe Ha TEXHUYECKa IOKYMEHTAIWs, Taka U 3a e(eKTHBHA
pabora c CAD cucremu 3a 2D u 3D npoekrupane.

4, 3aknrouenue

HaHpaBCHI/ISIT aHaJIM3 TII0Ka3Ba, Y€ YaCT OT OCHOBHHTC
NpEAN3BUKATECIICTBA, IMPEA KOUTO Ca U3NPABCHU INPEIIOAABATCIIUTE,

06yanaHH/I CTYACHTH oT HWHXXCHCPHU CIICHAJTHOCTHU 1o
JUCILUITINHHU, CBBbpP3aHU C IMPOCKTUPAHE u TEXHUYCCKO
JOKYMCHTHUpaAHE, MNpou3TH4daT OT JUHAMUYHOTO Pa3BUTHEC Ha

TeXHHUKaTa, TeXHOJOruuTe U no-cnenuanHo Ha CAD cucremure 3a
2D noxymentupane u 3D mnpoektupaHe u MojenupaHe. Tosa
pa3BHTHE BOAW N0 HEMPEKHCHATO HapacTBaHe Ha oOeMa OT HOBH
3HaHUsIT W YMEHHUS, KOUTO TpsiOBa 1a OBAAT BKIIOYCHH B
oOyunrtenHust mpouec. B chioro Bpeme ce HaOmomaBa TpaifHa
TeHJIEHINS KbM HaMallsiBaHE HA XOpapHyMa Ha Te3H JUCIHIUINHU B
aKTyaJM3UpaHUTe y4eOHW IuUlaHOBe. Taka ce crura [0
napajioKcaiHaTa CHUTYalus, IPH KOSITO 3HAYUTEIHO MO-TOJISIM 00eM
0T y4eOHO ChABbpIKAHUE ClieBa a ObJe MPENnoaaBaH U YCBOSBaH B
3HAUUTEIHO MO-KPAaTKH BPEMEBH PaMKH.

CBBpEMEHHHAT IIpero1aBaTe e U3IpaBeH mpen
MIPEeAN3BUKATEIICTBOTO HE CaMO fa Mpefane HeoOxoauMara ydeOHa
nHpOpMaIWA, HO U A2 Sl MPEACTaBH 10 HAYMH, KOMTO aHTaXHpPa
BHUMAaHHETO Ha CTYAEHTUTE U MPOBOKHPA TAXHOTO MO3HABATEIHO
nrobonutctBo. Te TpsOBa na mpuiarat eeKTHBHH MeJaroruuecku
IOAXOOM, KaTo OCHOBHAa Ll Ha oOyueHHeTo cieiBa Aa Obie
CTUMYJIMPAHETO HA YMEHUSA 324 KDUTUIHO MUCJICHE U T.HAP. ,,YE€TEHE
c pasbupaHe”, KakTO M MOTHBHPAHETO Ha CTyICHTUTE Ja
HaArpaxjgaT 3HAHUATA W yYMEHHUSATAa CH  4Ype3  aKTHBHA
CaMOIOATOTOBKA U CAaMOOCH3HATA U3BHH ayAUTOPHATA 33€TOCT.

3a nmoBMImIaBaHE Ha MOTHBAIMATa W OCH3HaBaHE Ha
NMpakTHYecKaTa  3HaYUMOCT  Ha  ydeOHMS — Martepuai, e
OPETIOPHUNUTEIIHO OPraHU3UpPAHETO Ha CPEIIU MEXAY CTYACHTU U
IpeACTaBUTeNN Ha OusHeca. Te3u B3aMMOIEHCTBHSA NPEIOCTaBSIT
BB3MOJKHOCT 32 3aII03HABAHE C PEAIHUTE M3UCKBAaHWA Ha Ia3apa Ha
TpyJa W OYepTaBaT SCHO KaKBH KOMIIETCHIIMH € HEOOXOIUMO 1a
ObIaT MPUIOOWTH IO BpeMe Ha OOYyYeHHETO C orjien Obaema
npodecroHaIHA HHTETPaIysl.
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Framework for educational needs in the context of Standardization. The integration of the Bulgarian Qualification Framework with
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1. Bveeoenue

B asemnus nuHamuueH CBAT HA BOWHH, OYpHO Pa3BHTHE Ha
TEXHOJIOTHUUTE U MKOHOMHYECKH HATHCK BHpXy EBpoma oT crtpaHa
Ha Kwuraii wuw CAIIl e or o0co0cHO BaXHO 3HAYCHHE
CTaHAAPTH3AIMATA Oa IMOoJIOoMara KOJKOTO € BB3MOXHO IOBeUe
nkoHoMuKata Ha EBpoma. Ha cpema B [endrt wal7 u 18 roHM
2024r., B KOATO B3€Xa y4acTHE MpPEJICTaBUTEIN Ha BUCOKO HUBO OT
Esponeiickara komucus, CEN/CENELEC, DIGITALEUROPE,
TexHOMOrMYHUS YHUBEPCUTET B AMWHIXOBeH, MHHHUCTEPCTBO Ha

WKOHOMHKATa W IOJHTHKaTa B oOnacTtra Ha kiauMmara, ETSI,
HAIlMOHAJHH ¥  EBPONCHCKM OpraHd 1O CTaHAapTU3aIWs,
akaJeMund ® Ap. ©Oe TmomdyepraHa BakHarta pojisl  Ha

CTaHJAapTu3anusaTa u H€06XOI[I/IMOCTT21 oT 06yquI/Ie B Ta3u objact
BBbB BCUYKH HHMBa Ha 06pa30BaHI/IeTO.

C Pa3BUTHUETO Ha riaobaaHaTa MKOHOMHKA U yBeJiiM4aBaliara ce

CBBP3aHOCT  MEXIY  pa3MUHUTE TMa3apu U UHAYCTPUH,
CTaHAApTU3alMATa HIpae KII0YOBa pOJd 3a YyJECHABaHE Ha
MEXIyHapoJHaTa TBProBUsI M  OOMEH Ha  TEXHOJOTHUH.

CrangapTu3anusra He caMO OCHI'YpsiBa ChbBMECTHMOCT M Ka4eCTBO
Ha MPOAYKTHTE W YCIyrWTe, HO CBIIO Taka JONpUHACS 3a
YCTOMYHMBOTO pa3BUTHE W HHOBAIIMATE B €BPOIIEHCKATa HKOHOMHKA.
B TO31 KOHTEKCT, 00YYEHHETO MO CTaHIapTHU3alHUs CTaBa BCE IO-
BOXHO 3a mpodecHOHANHaTa KBAIH(QUKAIWS W aJanTHBHOCT Ha
paboTHata cuia B EBpoma.

B"bBe)K)]aHeTO Ha CTaHIapTu3alusiTa B y'—l66HlfITe nporpamMu Ha
BCUYKH 06pa3OBaTemm HHUBa NpPeaocCTraBd BB3MOXKHOCT 3a
U3rpaxxaaHe Ha KJI04O0BU KOMIETEHIUH Y yJalllUTe, KOUTO HE CaMO
OTroBapAT Ha HYKJIUTEC Ha I[1asapa Ha TpyJda, HO U IoArioMarar
HpO(i)eCI/IOHaHHaTa MOOMJIHOCT B PaMKUTE Ha EBpOHeﬁCKHﬂ CBbIO3.

Cbp3BaHeT0 Ha OO0y4eHHETO II0 CTaHAApTH3ALUA C
Brarapckara, pecnektuBHO ¢ EBpomeiickata kBanmdukannoHHA
paMKa ch3faBa o0Ila OCHOBA 3a TPHU3HABaHE HA YMEHHA H
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KOMIIETCHIMH B Pa3JINUHUTE AbPXKABH YWICHKH, KaTO MO TO3HM HAUYUH
JIONpUHACS 3a I0-TOJIsIMa CBIVIACYBAaHOCT M IPO3PAavyHOCT B
obpasoBarenHara cuctema Ha EC.

[lenta Ha u3CIEABaHETO € Ja C€ HaNpaBM Bpb3Ka Ha
obOydenuero mo cranaaptusanus B EC ¢ HuBara Ha bearapckara u
EBpomeiicka KBanMpUKAaIMOHHM paMKd 3a 00Opa3oBaTeNnHU
notpeOHocTH. II0 TO3M HaYMH MOXKE Ja ce yeIHAaKBH IO rojsaMa
creneH oOy4eHHeTo o cTaHaaprusauus B EBpona u na ce ynecHu
NPU3HABAHETO B PA3JIMYHUTE IbPKaBH Ha AUIUIOMH U CepTH(UKATH
0T 00y4eHMUsL.

2. Obpaszoseamennu KeaiuuKayuoHHU pamKu

EBpomeiicka kBamupukanmonna pamka (EKP) e xmodos
MHCTPYMEHT B ycuinmusTa Ha EBpomnelickus ¢bi03 32 HachbpuaBaHe Ha
NpO3pavHOCTTa,  CBIOCTABUMOCTTa M TNPEHOCHMOCTTa  Ha
KBUTH(DUKAINUTE MEKTY ABPXKABUTE WIEHKH M W3BBH TAX. Toi
CIy’)XH KaTo oOmia pedepeHTHa pamKa, KOATO CBBbP3Ba pPa3iIM4HU
HAaI[MOHAHKM KBajubukaimonHun cuctemd u pamku (HKCP),
yJIeCHABAaHKM B3aMMHOTO pa3duparescTBo M npusHaBaHe. EKP
Urpae BaXXHA poNs 3a TOANOMaraHe Ha TpaHCTpaHWUYHATa
MOOWJIHOCT Ha ydYalluTe M PAaOOTHHUIUTE M YYEHETO Ipe3 LeIHs
JKHBOT.

EKP cwpabpxa oceM pedepeHTHH HHMBA ONPEEICHN OT IJIe/Ha
TOYKa Ha PE3yNTaTH OT 00yYeHHETO (3HAHMS, YMEHHUS, OTTOBOPHOCT
M CaMOCTOSATEIHOCT). Pesynrature ot 00y4eHneTo u3passBar TOBa,
KOETO Xopara 3HasT, pa3dupaT W MoraT Ja NpaBsAT B Kpas Ha
yueOHust mpouec. OTAeNHHTE IbpXKaBU pa3BUBAT HAI[MOHATHH
kBanudukannonan pamku (HKP) 3a mpunarane na EKP. Benuku
nbpkaBu, aHraxkupanu ¢ EKP, cunTat TakuBa HallMOHATHN paMKH
3a HEOOXOIMMH, 3a J1a HAIPaBsT CBOMTE KBATU(DHUKAINN CPAaBHUMH
MEX]y CEKTOPUTE U JIbP)KaBHTE.

Jo smyapu 2024 1. 36 1nppkaBH O(UIMAIHO Ca CBBP3AIH
ceoute HKP xpm EKP. ToBa ca AnbGanus, Asctpus, benrus
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(®nanppust u Banonus), bearapus, Xeparus, Kunbsp, Uemikara
penyonuka, Jlauws, Ecronus, ®unnanmus, Pemybnuka CesepHa
Makenonus, Opanuus, I'epmanus, ['sprus, Yurapusa, Wcnangus,
Wpnangus, Uramus, KocoBo, JlatBus, Jluxtenmaitn, Jlutsa,
JlrokcemOypr, Manta, YepHa ropa, Xonanaus, Hopserus, [lomma,
Topryramus, Pymenus, Cepbust, Cnosakusi, CrnoBenust, LlIBerms,
IBeiinapus 1 Typuus. OcTaHanuTe ABPKABU CE OYaKBa Ja I'd
rnocneaBar npe3 1o kpas Ha 2025 r., KOeTo 03HauaBa, 4e IIbPBUAT
etar ot cerocraBsiHeTo Ha EKP e moutu 3aBppes [1].

Ha ¢wur. 1 e npencraBeHa cTpyKkTypara Ha Hal[HOHAJIHATA
KBann(pUKAIIMOHHA paMKa Ha ObJrapckata o0pa3oBaTesiHa CHCTEMA.

BHJATAPCKATA OBPAZOBATEIHA CHCTEMA ) 2
| KIlO" | ISCED 97’
1 Saupnma wa ducepmauonna paboma + 2
OHC *Jloxrop” (ISCED 97 niteo 6) s
(e g e W4T °
6
SKPAERP » [kno' T rd w0 Iayd [*no']
Jinpc. uanumu / duna. patoma | Avpxe. warumu / duns. pofoma | Jnpox. wammy / duna. poGoma -
OKC “Marnerip” s
(RYPE NG OOY NI M. 1 2., WA OKC “Marncrp” 2
e » (xppe ma oOyvenwe suw. 2 2., 5
OKC "Manerup SHAmBORDR) D9y
Pusenmplor e ;’t r— Kio' oo 5A no ISCED 9.
sA na ISCED 97) - - - >
Jnpox, wanmy / duns. poadoma i
T [ xnof]
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- ()l\'("liax:ul;url.p'
(xupe na oyyenue . 4 2.,
wwao $A 10 ISCED 97)
138 i
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= 3 '—‘J L
_:> IpOdeconamo obyNenue . o
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(evapacm 15 - 18 2.) naai6r)
| BKP/EKP nuwo 4 |
X1 = XII knac Obwyo Joasnmurens Hpopecuonaano | — |
BKP/ERP uneo 3 a4 JOOaNUe JOAWRMTES MO oﬁpa.!ouanut'u ":
- = (ewapacm Y ®
- 2 (NpOGw rupai w o
IX = X xnac 15-182) e, & el f?l’;‘:‘:’; Tpoge- S
EKPEKP nuwo 2 B g — |
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Vil knac | (mapacr | |1
e o ot e e e e 13-167) | | o
V = Vi knac O P ( 1n-142) 2
EKPAKP wivso 1 | ol
1= IV xnac Havaano obpasosanue (evspacm 7 - 10 2.) J £ X :‘) I
7 T P : 1
Hpedyvuauugo obpa. - nod. ma zpyna (esapacm 5~ 6 2.)
Hpeaywnanmuno obpasosamie (mapacr 3 - 6 r.)
1
KIIO - xypeose 30 npodwixoediao o0yenue NPEAYYHWIHIHO BB3ITHTAHHE W
NESCO) HOANOTOBKA
3 EKP/EKP - Ba PN KL TRMATYHONMT PR / ERpOnefaoxa Naatugdnasiionn s Xi [uese mpea &

@ue. 1 Hayuonanna keamgurayuonna pamka na Penyonuxa bvazapust [2]

CwraacHo [3] HKP He cnenBa HenpemenHo monena Ha EKP mo
OTHOIIEHUEC Ha HHUBA, KaTCropuu, ONHCaHUEC (3HaHI/Iﬂ, yMeHl/IH u
kommerentHocT). [Ipes 2012 1. ©Oe mpuera bBrarapcka
KBaNM(UKAIIMOHHa paMKa 3a y4eHe Tpe3 LeNus SKUBOT,
TpeCTaBIsBalla ISUI0OCTHA paMKa OT OCEM HHBa C JOIBIHUTEIHO
MOTOTBUTENHO HUBO (), KOSATO BKIIIOYBA KBATU(HUKALINH, Oa3upaHu
Ha pe3y/TaTuTe OT OOYYCHHUETO OT BCHUYKH HHMBA U MOJCHUCTEMHU Ha
(dhopmanHoTO 00pazoBanue u obyuenue [4]. I[Ipe3 maii 2013 r. BKP
3a y4eHe Impe3 uenusi KuBOT Oeme cbroctaBeH ¢ EKP u
camoceptuduimpan crpsimo QF-EHEA [5].

CobriocraBKaTa MEXTy ~ HHBaTa Ha EBporeiickara
kBamndukanmonna pamka (EKP) um HuBara Ha Hammonamnara
kBandukanronHa pamka Ha Penyomuka Benrapus (BKP) e xakto
crezBa:

. Hsma EKP nuBo = BKP Huso 0 (IToarorBuresnHo HUBO —
[IpenyunnuiiHo o6pa3zoBaHue).

. EKP Huo 1 = BKP HuBo 1 (O6mo oGpa3oBanue —
Hauanen eran Ha OCHOBHOTO 00pa30oBaHHUE).

. EKP Hueo 2 = BKP HuBo 2 (O6mo obpazoBanue —
OcnoBHO  ofOpazoBanme/ | Cremen Ha npodecnoHaTHa
KBaM(UKAIHS).
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. EKP Huso 3 BKP Huso 3 (I Crenen Ha
npodecroHanHa KBaTupHUKaIms).

. EKP HuBo 4 = BKP HuBo 4 (CpemHo oOpa3oBanue,
O6mo  obpazoanme/ III  Cremen Ha  npodecnoHaTHa
KB (UK.

. EKP Huso 5 BKP Hueo 5 (IV Cremen Ha
npodecroHamHa KBaTU(QHUKAIIAS ).

EKP Huso 6 (ITepsu nuksa Ha KPEIIBO) = BKP Huso 6:

- IoauuBo 6A - Ilpodecronanen Gakanasbp, 180 kpeaura
no ECTS);

- [onuugo 6b - bakanassp, 240 xpeaura mo ECTS.

. EKP Hugso 7 (Btopu nuxsna Ha KPEIIBO) = BKP Hugo 7
(Maructbp):

- Maructsp ciexn ,,ipodecHoHaNeH OakamaBbsp I0...” OT
CBHIIOTO NpodecHoHanHO HanpasieHue, 120 kpexura mo ECTS;

- MarucTsp cren 6akanaBpp IO ChIIaTa CHENHATHOCT, 60
kpenura o ECTS;

- Maructsp cnen OakanaBbp IO Apyra crenuamHoct, 120
kpenurta o ECTS;

- MarucTsp 1O CIELHATHOCTH, 32 KOUTO C€ IPEeIBHKIA
obyuenue camo B Ta3u creneH, 300 kpeaura no ECTS.

. EKP Hugo 8 (Tpern muxsa Ha KPEITIBO) = BKP Huso 8
(loxrop, 6e3 kpenutu o ECTS). [6]

OcnoBuure ¢ynknun Ha BKP ca HacbpuaBane Ha
NpO3payHOCTTa,  HPEXBBPIMMOCTTa ¥ IIPU3HABaHETO  Ha
KBAIM(pUKAIMUTE ¥ HAChPUABAHE HA JOBEPUETO B 0OPa30BaHUETO U
oOydyeHuero. PaMkaTta chimo Taka ce pasriexzaa KaTo (akTop 3a
HalMoHaNHa pedopMa, MOAKPEIia Ch3JaBaHETO Ha CHCTeMa 3a
BaJIMIMpaHe Ha He()OPMAIHOTO y4deHE, YKpelBaHEe Ha KadeCTBOTO
Ha  00pa3oBaHHETO " 00y4YCHHUETO, OTYETHOCTTA  H
MOZEPHH3MPAHETO Ha yUeOHNUTE IPOTPaMHU.

BKP BritouBa kBanMduKanuM OT BCHYKM HUBA Ha (OPMAaIHO
obpa3oBaHne ¥ OOydYeHHE: NPETyYHIUIIHO, OCHOBHO M CPEIHO
o0mo o6pa3oBanue, npodecroHanHO oOpa3oBaHHe W OOydeHHE
(IT0OO) wu Bucmre oOpazoBanue. YacTHYHHTE KBATUPHUKALIUU
(ceptudukaru 3a nmpodecnoHaHo oOydeHue) ce m3pasHsaBar ¢ BKP
(amBa 2 7m0 5) cmopen HHMBOTO Ha WBJIHATa MNpoQecHoHaTHA
kBaMdukanus. Banmuaupanero Moxe na JoBene A0 NBIHA U
yactnuHu kBamndukaunu Ha BKP, ceprudukarute 3a Banumupane
mokaspar HuBOTO Ha BKP. Yactnynute kBanudukaimu u
YIOCTOBEPEHHATA 33 BaIUAMpPAHE Ha YaCTHYHU KBATH(UKALUH IO
nTangeHa mpodecust ce CUMTAaT 3a MUKPOKPEOWTH. Te OTroBapsAT Ha
BCHYKH €JIEMEHTH, ONHCaHU B mpenopbkara Ha ChBeTa OTHOCHO
eBpomelickn moxaxon keM  Mukpokpeautnte (Cedefop, 2023;
Cedefop u ReferNet, 2023).

Ot 2018 r. uuBata Ha BKP/EKP ca mocoyeHH BBB BCHUKH
ceprudukaty 3a [I0O (IbIHMA U YaCTHYHH KBaTH(DUKAIIMKM HA HUBA
oT 2 10 5), B TeXHHUTE MPUIIOKEHHS KbM cepTudukatu Europass u B
perucrepa. [Ipensmxna ce Huara Ha BKP/EKP na 6baat nocouenu
BbpXY KBaqudukanuuTe Ha HMBa 6 u 7. He3zaBuCMMO OT TOBa,
BCHUYKM 3aKOHOJATEIHH JOKYMEHTH B 00JacTTa Ha BHUCIIETO
oOpazoBanue, mpueTd cien BbBexkaaHero Ha BKP, wn3nckear
M3pUYHO CTIOMEeHaBaHe Ha HUBOTO Ha BKP.

Pesynrature oT 0O0y4eHHETO Ce HM3IOI3BAT WM CE€ MO30BaBaT
NPY aKTYaJH3UPaHETO Ha Jbp)KaBHUTE 00Pa30BATEIIHU CTAHAAPTH U
IpoLleypuTe 3a OIEHKAa M  aKpeauTalus BBB  BHCLIETO
oOpasoBaHue. Bbropeku ToBa, HAMa CHCTEMAaTHUYEH MOAXOM 3a
NpUJIaraHe Ha pe3ylaTaTuTe OT OOYYEeHHETO BBB BHCIIETO
obpasoBanue. HMHcTHTyIMUTE ca aBTOHOMHHM H OTIOBapsAT 3a
pa3paboTBaHETO Ha y4eOHM NPOTrpaMy, NMpaBHIIA 3a OLEHSIBAHE H
W3IHTH, HAKOM OT TSAX W3IOJI3BAT PE3yNTaTUTe OT OOydeHHETO B
OpOrpaMUTe CU, HO U3INBIHEHUETO C€ pa3luyaBa OT €JHa
UHCTUTYIMS JIO ApYyTa.
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OCHOBHO upe3 AbpXKABHUTE O0Opa3oBaTelIHU CTaHAAPTU €
oTOens3aH 3HAUUTENEH HANpeIbK B HAaChPYaBaHETO Ha IOJXOA,
OCHOBaH Ha pe3ylTaTUTe OT OO0y4eHHEeTO B OOmIOTO U
Hpo(eCHOHATHOTO 00pa3oBaHKUE, KAKTO M BbB BAJIUAMPAHETO HA
He(OpPMATHOTO M CaMOCTOSTETHOTO ydeHe. IIpmmaranero Ha BKP
Ha WHCTUTYIMOHAIHO HUBO Oellle 1 BCe OIIe € MPEU3BUKaTeNICTBO,
0CcOOCHO BBB BHCIIETO OOpa3OBaHME, W3UCKBAT CE€ MOCTOSHHH
yCUJIMSA 3a IpUIaraHeTo M, 3a 1a Moxxe bKP na nocturne nemure cu

[5].

CoenocraBsiiku EKP u BKP ce HabmomaBa, ue [BeTe
KBaJM(UKALMOHHH PaMKH UMAaT MHOTO OOIIO, HO ChIIECTBYBAT M
HSIKOM pa3nuuus Mexay TiX. EaHo ce wu3passBa B TsAXHaTa
MPUIOKUMOCT ¥ KOHTEKCTH Ha pa3Butue. Jlokato EKP uma 3a nen
Jla IPeIOCTaBH €AMHHA CTPYKTYpa 3a KBaIU(HUKAIIMUTE B paMKUTE
Ha EC, xodTo &ma ynecHH MOOWJIHOCTTa M TIPH3HaBaHETO Ha
KBalM(pUKAIMU MeXIy TbpxkaBuTe-wieHkH, BKP e no-cnemudunana
n (oxycupaHa BepXy HYKAUTE Ha OBJTapckara oOpa3oBaTenHa U
TpyJoBa cucteMa. bearapckara pamka, BBIPEKH ue € choOpaseHa ¢
npunuunute Ha EKP, ce agantupa xbM JIOKalIHHUTE W3MCKBAHUA,
KaTo CBIIEBPEMEHHO OCHTYpsiBA CHOTBETCTBHE C EBPOIEHCKUTE
craggaptu. Ilo oTHOmEHHME Ha OCHOBHHTE (YHKIHHTE Ha JBETE
paMKH CBINO MOXe Jia ce orOenexxu pasnuka: nokato EKP mma
OCHOBHO perHOHaleH (eBpoleickn) (okyc, CbC 3aauu, CBbP3aHU
CbC CTaHAAPTH3AIMATa ¥ NPU3HABAHETO HAa KBAIHU(UKALUUTE
Mexy crpanuTe-wieHkd Ha EC M e MHCTpyMeHT, KOHTO menu Ja
yJIeCHH MOOMIIHOCTTa Ha TpakJaHWTE B paMKuTe Ha EBpomerckus
CBIO3 U J]a OCUTYPH TIO-TOJIIMA ChITaCyBaHOCT Ha 00pa30BaTEIHUTE
cucremu. BKP e cbc cuieH HammoHasieH (OKyC, HaCOYCHa KbM
perynumpaneto Ha  oOpa3zoBaTelHHUTE H  HPOQPECHOHATHHUTE
kBaMukanuy B Bearapus, ¢ akieHT BbpXy MECTHHTE HYXIH U
ocobeHoctn. Tsg mMa 3a men Ja OCHIYpH CBHOTBETCTBHE Ha
OwbirapckuTe KBaIMUKaMu cbc crapmapture Ha EKP, kato
CBIIEBPEMEHHO OTroBaps Ha CICHU(HUYHUTE H3UCKBaHHSI Ha
HaIMOHATHUS TPYIOB Ma3ap. Pa3nmuka mMa n B KOHTEKCTa Ha HUBATa

Ha oOyuenme, kakto EKP, Ttaka wu BKP pasnpenemsrt
KBaNMn(UKAIMUTE B OCEM HMBA, KONTO 0OXBamaT BCUUKH €TANH Ha
oOpa3oBaHME — OT HAYaJHOTO M CPEeAHO [0 BHCIIE U

npodecrnoHanHo o0ydeHne. BBIIpeKH CXOICTBOTO B CTPYKTYypara,
HuBata B BKP ca moapeneHn B CHOTBETCTBHE C HAallMOHATHHUTE
o0pa3oBaTelHM M3WCKBAaHMS, KOETO MOXKE Jia BOAM IO HSIKOM
pa3MKi B HHTEpIpETalMATa ¥ IpPUWIAraHeTo Ha Te3W HUBa B
OBATapCKUst KOHTEKCT.

Benpekn Te3m pa3nuuMs, CHHXPOHH3ANUATA MEXIYy IBETE
PaMKH OCHWTYpsiBa WHTETpalys Ha OBJITapCKUTE KBANMH(UKALUU B
TIO-IIIMPOKUS €BPOTIEHCKN KOHTEKCT U MOATIOMAara aJanTanusaTa KbM
riobanHuTe 00pa3oBaTeNHH CTaHAAPTH, KOETO JONpHHACS 3a
yIIECHSABaHE Ha MOOWJIHOCTTa Ha CICHHAINCTUTE U TAXHOTO
MpoQ)eCHOHAITHO pa3BUTHE KakTo B brirapus, Taka u B EC.

3. Bpwvika mna bBKP u oo0yuenuemo no
» Cmanoapmu3zayun “
[Tonacrosmiem Ha ©Ga3ara Ha CBOS  JBJITOTOAMIICH

MPENoAaBaTeICKl M EKCIIEPTeH ONUT B 00JacTTa aBTOPHUTE Ha
myONUKaIMATa MpejuiaraT clieJHarta Bpb3ka Ha HuBata Ha BKP c
o0yuenunero no ,,CTaHgapTH3AIH

Hugo 1

HuBo 1 o6xBamia: OO6mio obpasoBanue — Hawanen eram Ha
OCHOBHOTO 00pa3oBaHue.

OOy4aBaHHTE B TOBAa HUBO CJIE[]BA JIa CE 3aMO3HAAT C OCHOBH
BBIIPOCH HAa CTaHAApTH3aIMATa, KOMTO Ca C I[O3HABaTeleH U
MpPaKTUYEH XapakTep.

Temu n CbAbpIKaHUEC:

® PasButne Ha CTaHJapTu3anuaTa. I/ICTOpI/I‘{eCKI/I mnperien
Ha pa3sBUTHUCTO HAa CTaHAApTU3aAlUATA.
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. Crangapty. CBIIHOCT Ha CTaHAAPTUTE.
. Pouns v 3HaueHUE HA CTaHIAPTHUTE.
Huso 2

Huso 2 obOxBama: OOmo oOpazoBaHue
obpaszoBanue/l Crenen Ha pogecoHaNHa KBaI(pUKanus.

OCHOBHO

OOy4aBaHHTE B TOBa HUBO CIIEJ[BA Jla CE 3aIll03HAST C OCHOBUTE
BBIIPOCH Ha CTaHAAPTH3allUiTa, KOMTO ca ¢ HpodecnoHaleH U
MpPaKTUYCH XapaKTep.

Temu u cbabpKaHue:

. Mexnaynapoana CTaHJapTH3aLHUs. MexayHapoaHu
OpraHu3aluuu 1o CTaHJaPTU3ALISL - MexayHapoaHa
enextporexnuuecka komucus (IEC), MexayHapoaHa opranusanus
o cranpaptuzaus (ISO).

. EBponelicka crannaprusanus. EBponeiicku opraHusanuu
o cra”jgaptusanus — EBpomeiicku KOMHUTET IO CTaHIapTU3aLUs

(CEN), EBpomeiicku  KOMHUTET TI0  CTaHIApTH3alUsA B
enexrporexuukara (CENELEC).

. Hammonanna CTaHIAPTU3AIHSL. CaeneHust 3a
HaIlMOHAIHATA CTaHAAPTU3AIHSA.

. ®upmena craHgaptuzanus. PUpMEHUTE 3BE€Ha IO
CTaHIAPTU3AIHA.

Huso 3

Huo 3 o6xBama: II Cremen Ha mnpodecroHanHa
KBaJHDUKAIHS.

OO0yuaBaHHUTE B TOBA HUBO CJIE/BA J1a CE 3aII03HAAT C BBIIPOCHUTE
Ha CTaHAApTH3aIMATa, KOUTO ca C MpodecHoHaNeH M NpaKTHICH
XapakTep.

Temu u cbbpKaHUE:
. OCHOBHH TIOHATHSA ¥ € HA CTAHAAPTH3AIHATA.

M HOZ[XOL[I/I 1 BUJOBE CTaHOapTU3alus. Ha3apeH noaxona u
rnasapHa CTaHAapTu3anus. HenasapeH noaxonq W JObpKaBHa
CTaHJapTHU3alus. XapaKTepI/ICTI/IKI/I Ha ABaTa BHUJa CTaHOapTU3alus.

. MexaHu3pM Ha ,,3aIBJDKUTEITHOCT Ha CTaHAapTHUTE.
[To3oBaBaHe B TeXHHMYECKH HOpPMAaTWBEH akT. [lazapeH MeXaHU3BM
Ha YCJIOBHA 3aJbJDKUTEITHOCT.

. EBpomeiicko  TexHmuecko 3akoHomatenctso  (ET3).
TexHHMYeCKH HOPMAaTHBHM aKTOBE — pEIJaMEHTH, ITUPEKTHBH,
pettenus u p. OO U3UCKBAHHUSL.

. Mapxkupogka ,,CE“. CbHocT.
Huso 4

HuBo 4 o6xsama: Cpenro obpazoanue, Q610 obpaszoBanue/
III Crenien Ha mpodecroHanHa KBamu(QuKamus.

OOy9aBaHNTE B TOBA HUBO CJIE/IBA J]a CE 3aII03HAST C BBIIPOCUTE
Ha CTaHAAPTH3AIMATa, KOUTO ca C NMpo(ecHOHaeH M NpaKTHIECH
XapakTep.

Temu u cbabpxaHue:

Hauano
Oprasu

Ha
1o

. PasButue Ha CTaH/IapTU3AIMATA.
TeXHUYECKaTa CTaHjgapTu3anus. PasBurtue
TEXHUYECKA CTaHAapTH3AIIMS.

Ha

CTaHIapTU3AIHS.
(IEC).
o

. MesxayHapoaHa
CNIEKTPOTEXHUYECKA  KOMHUCHS
MexyHapongHa — OpraHH3aIys
Crpykrypa Ha ISO.

MesxayHapoaHa
Crpykrypa Ha IEC.
craugaprusanust  (ISO).

. EBponelicka crannaprusanus. EBponeiicku opraHusanuu
Mo cTaHAapTu3anus — EBpomelickd KOMHMTET MO CTaHAapTHU3aAIMSA
(CEN), EBpomeiicku  kOMHUTET 1O  CTaHZapTH3auus B
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enexktporexnukara (CENELEC). Ctpykrypa. Texauuecku paboTHU
opranu Ha CEN.

. HarmoHnanHa CTaHAApTU3ALHA. CaeneHust 3a
HallMOHANHAaTa craHaaptusamus 1o 1997 1. Hauwmownamxa
crannapruzauus cien 1997 r.

. Odupmena  craHgaprtusanus.  I[lpenHasHadeHwe U
opraHu3anys Ha GUPMEHHTE 3BSHA I10 CTaHJapTHU3aNusL.

HugBo 5

Huo 5 oOxBama: IV Cremen Ha mnpodecroHangHa
KBanUuKanus.

OO0y4aBaHHUTE B TOBA HUBO CJICJBA JIa CE 3aIIO3HAST C BIIPOCUTE
Ha CTaHJApTH3alMATa, KOUTO ca C Mpo(ecHoHaNeH M MpaKTHYeH
Xapakrep.

Temu n CbAbpIKaHUEC:

. XapakTepUCTUKA W METOAM Ha CTaHJIapTH3AIUAITA.
XapakTepuUCTUKA Ha  CTaHJApTH3ANUATA BCEOOXBATHOCT,
CHCTEMHOCT, JHHAMH3BM. MeToau Ha CTaHIapTH3aIUATa
yHAGUKAIHSA, CHUMIUTUQHUKAIUI, MOAu(UKAIHsi, arperatupae,
B3aMMO3aMEHSAEMOCT.

. ®yHKIMKM Ha CTaHmapTute. [maBHM (QyHKIMM Ha
CTaHAAPTUTE — eHepreTuyHa QyHKuus, QyHKOUS 32 BEBEKIaHE Ha
pen. BtopocreneHHn (yHKIUU MOCpeHNYCCKa (PYHKIIHS,
¢yHKuus 3a Ge3omacHOCT, (GYHKIHMS 3a ONpeesssHe Ha KadecTBO,
HaMaJIsBaIa (GyHKIIHS.

. CBIIHOCT Ha OCHOBHHTE MPOLIECH 32 OILICHABaHE Ha
CHOTBETCTBHETO Ha MPOAYKTH. BHaoBe mpouecH 3a OLCHSABaHE Ha
chOTBETCTBUETO. CHIIHOCT Ha mpoleca ,,u3nuTBane”. ChIIHOCT Ha
mporeca ,.cepTudukanuia“ Ha mpoaykr. CHIIHOCT Ha Mpoleca
,,KOHTPOI*° HA IPOAYKT.

. EBpomeiicko  TexHuuyecko 3akonomarencteo  (ET3).
OcHoBuu npunuunu Ha ET3. Passutue Ha ET3 — Crap noaxon,
Ho u Monynen nonxon, Hoa 3akoHoaarenHa paMmka.

. Mapxuposka ,,CE“. [Ipunnunan pasnopen6u. [Ipasuna 3a
HaHacsiHe U o opMsiHE Ha MapkupoBka ,,CE®.

HuBo 6

Hugo 6 ob6xBama: [Togauso 6A - [Ipodecnonanen GakaaaBwp,
180 xpenuta mo ECTS); [Togauso 6b - bakanassp, 240 kpeaura 1o
ECTS.

OOy4aBaHUTE B TOBA HUBO CJIE/BA JIa CE 3alI03HAST C BBIPOCHUTE
Ha CTaHAapTU3ALHATa, KOUTO ca ¢ MpO(ECHOHAICH W MPaKTHYCH
XapakTep.

Temu u CbAbpIKaHUEC:

. MexyHapoaHa CTaHIapTU3aIHSL. MexryHapoIHa
neitHocT 1o crapaprusamusi. Poms Ha ISO/IEC 3a CseroBHara
Thproecka opranuszanus (CTO).

. EBpomneiicka cranpaptuzaumsa. llenn w  3amaunm  Ha
eBporeiickara CTaHJapTU3aLUs. Bunose €BPOIIECHCKU
CTaHJapTU3ALUOHHUA JIOKYMEHTH. XapMOHM3UpPaHU EBPOIEHCKU
CTaHIapTHU.

. HammonanHa crapmapTusanusd. 3ajaud W posii  Ha

Bwnrapckus uactuTyT 32 cranpaptusamms (BUC).

. Odupmena craHgapTu3ands. 3agadd M IEHHOCT Ha
¢upmeHoro  3BeHo. dDupmeHa  craHmapTH3amMsA,  HOY-Xay,
HMHTEJICKTYaJTHa COOCTBEHOCT.

. CraHfapTH3alHOHHN M3UCKBAaHMA KbM OpraHuTe 3a

OLICHsIBaHE Ha CHOTBETCTBUETO. V3MCKBaHMS KbM H3MUTBATCIHUTE
naboparopuu. M3uckBaHus KbM OpraHuTe 3a cepTU(UKaluUs Ha
npoaykTu. M3ucKBaHUs KbM OPTraHUTE 32 KOHTPOJI Ha MPOLYKTH.
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. Akpeauranys Ha OpraHu 3a J0OpOBOJHO OIICHSBAaHE Ha
cboTBeTCTBUETO. IloHATHA ©  yclnoBUsL 3a OLEHSABaHE Ha
KOMIIETEHTHOCTTa Ha OpraHd 4pe3 akpenurtanus. EBpormelicka
perimaMeHTanus ~— Ha  aKpeAMTaluATa. CraHnapTH3aUuOHHI
W3WCKBAHUS 32 aKPCIUTAIHS.

Huso 7

HuBo 7 obxBama: Maructep - Maructsp  cuen

»IpodecHoHaneH OakanaBbp I0...“ OT CBIIOTO NPOPECHOHAITHO
Hanpasienue, 120 kpeaura mo ECTS; Maructbp ciien OakanaBbp
no cwiiara crneuydanHoct, 60 kpenuta no ECTS; Maructbp cien
OakanaBpp 1O Apyra crenuanHoct, 120 kpemura no ECTS;
Maructpp MO CHEHUATHOCTH, 32 KOMTO C€ MpeBmkaa oOydeHue
camo B Ta3u cremnel, 300 kpeaura mo ECTS.

OOy4aBaHUTE B TOBa HUBO CJIE/IBA J]a CE 3aII03HASIT C BBIIPOCHTE
Ha CTaHAApTH3aIMATa, KOUTO ca C NMpodecHOHaNeH M NMpaKTHIeH
XapakxTep.

Temu u cpabpKaHUE:

. CranmapTh3anusi Ha CHUCTEMH 3a yOpaBlIeHHE Ha
kagecTBOTO. CTaHmapTH3anus U KadecTBO. CTaHIApTH 32 CHCTEMH
3a ympaBlieHHE Ha KadecTBOTO. OIOUT U cepTU(HUKANUsI HA CUCTEMH
3a ynpaBJIeHHE Ha Ka4eCTBOTO.

. CranjapTH3alysi Ha THUIIOBE CHCTEMH 32 YIIPaBJICHHE.
OO6ma xapakTepucTuka. IIHTerpupaHa cucTeMa 3a YIpaBIlICHHE.
Cucrema 3a ympaBieHHe Ha okonHata cpena. Cucrema 3a
yIpaBJIeHHE Ha 37paBeTo U Ge3omacHocTTa rpu padora. Cucrema 3a
yhnpaBieHHe Ha 0e30lacHOCTTa Ha XPAHWUTEIHHUTE IIPOJYKTH.
Cucrema 3a yrpapJieHUE HA CUTYPHOCTTa Ha HH(popManusiTa.

. EBporneticko Texuuuecko 3akonoaarenctso (ET3). ET3 3a
xapMoHHU3anus — obxBanaTu mpoayktu ot ET3, mpenocraBsine Ha
masapa,  IpeXOAeH  IepuoJ, HKOHOMHYECKH  ONepaTopu
(IpOU3BOAUTEN,  YOBIHOMOINEH  MPEJACTABUTEN,  BHOCHTEI,
MUCTPUOYTOpP), CBHIICCTBCHW W3UCKBAHHMS W  HM3HCKBaHHS 32
HPOCIIETUMOCT.

CBIIHOCT.
Hammonamao

. Hotndpukanms B  EBpomeidickusi  ChIO3.
EBpomefickn  pasnopendu 3a  HOTH(HUKANUATA.
3aKOHOJATEIICTBO 110 HOTH(UKAIHS.

. MopayneH TOAXoJ 3a 3aIb/DKHTENHO OIEHSBAaHE HA
CchOTBeTCTBHETO. EBpormeiicku pasnopendu 3a MomyaHusl HOAXON.
CucremaTu3upaHo omucanue Ha Moxymure. OOpasyBaHe Ha
MOJyJHHU npouenypu. M360p Ha MOLy/THH IPOLEAYPH.

. OTroBOpHOCT 3a MPOAYKTa M 3allUTa
norpeburenmre. Pasnmopen6u nwa ET3 3a xapMmoHHM3anus
OTFOBOPHOCT 3a MPOJAYKTA. 3aKOHOJATEJCTBO 3a 3alliTa
MOTPEOUTENUTE.

Ha
3a
Ha

. Hanzop Ha mazapa. EBpomeiicka pernmameHranusi Ha
Haa30p Ha maszapa. [lpeamasna  kmaysa.  VYcioBus  3a
aIMUHUCTPATUBHO CHTPYAHUYECTBO. Hanuonanuo
3aKOHOJATEJICTBO 10 HAJ30p Ha Ma3apa.

HuBo 8
HuBo 8 o6xBama: Jloktop, 6e3 kpeautu mo ECTS.

O6y‘IaBaHI/ITe B TOBa HMBO CJI€ABA Ja C€ 3aIIO3HAAT C BBIIPOCUTE
Ha CTaHJdapTu3alnusaTra, KOUTO Ca HpO(beCI/IOHaJ'IeH U HaydcH
XapaxkTep — 33I[’LJI60‘ICHI/I aHaJIn31, U3CJICABAaHUA U pa3pa60TKH C
HAaYy4YHHU U HAYYHO-TIPUJIOKHU IIPUHOCH.

Temu u cbabpxaHue:

. CrangapTu3arus. Maremarnuecka baza Ha
CTaHIAPTU3ALMATA.

. Mexnynaponna  crangaptusauus.  [Ipouemypa  mo
crangaptusanus B ISO/IEC.

. EBpomneiicka crammapruzanms. OOmu ©  paboTHU

IMPpUHIOWIIN Ha pa60THaTa npoueaypa 3a Cb3JaBaHC Ha eBpOHeﬁCKH
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cranaaptu. OCHOBHHU eTamnu Ha paboTHaTa mpouenypa. Crnenuduxa
B IIPOLIEAypaTa 3a XapMOHU3UPAHHU CTaHIAPTH.

. Harmmonanna
MPUOPHUTETH.

CTaHIAPTU3ALMSL. Ctparteruuecku

. ®dupmena crangaprusanud. [Iponenypa 3a ch3gaBaHe Ha
(upMeHH CTaHIapTH.

. OneHsiBaHE Ha CHOTBETCTBUETO Ha NMPOAyKTH. IIbpBHuUHA
MIPUHIUITHA [IPOLeypa 3a cepTH(UKanyus Ha NPOAYKT. M3uckBaHus
KBbM JOKyMEHTHpPaHaTa MpoIeaypa 3a cepTH(UKanus Ha IPOIYKTH.
IIppBUYHA MPUHIUITHA TPOIEAypa Ha BUIOBETE KOHTPOIL.

. Axpenuranus. [IspBudHa npoueaypa 3a akpeAUTaNus.

. CuctemMu 3a ympaBneHue. [IbpBHYHA  IpUHIMITHA
Ipoleaypa 3a cepTH(UKAI Ha CUCTEMA 3a YIIPaBICHHUE.

OOy4aBaHnTe B TOBa HHBO pa3paboTBaT M 3aIlUTaBaT
JMCEpPTAIlOHeH TPYA B KOHKpETHa 00JacT Ha CTaHAapTH3alHATa,
KOHTO € ¢ HpOo(eCHOHANCH M HAyYeH XapakTep — 3aIblIO0ueHH
aHaNM3M, W3CJIEABaHMSA M pa3pabOTKM C HAYYHH W HAYYHO-
TIPUJIOKHU TIPUHOCH.

B nporeca Ha GopmysrpaHe Ha TEMHUTE U TIXHOTO ChABPIKAHUE
3a pa3NMYHUTE HUBA € U3MOJI3BaH [7].

Wnterpamusara Ha BKP ¢ oOyueHumeTo mo craHmapTH3amus
NPENCTaBIIsIBA CTPATETHYECKH BAXKEH IIPOIEC 38 CHHXPOHHU3UpaHE
Ha o0pa3oBaTenHUTe H TNPOQECHOHATHHTE W3HCKBaHUS C
MexayHaponHute craHgaptu. BKP, karo wWHCTpyMeHT 3a
oIlpesieNisTHe Ha HUBATa Ha KBAIM(UKAIWS, IIPEJOCTaBsi OCHOBATa 3a
SCHA W MPO30PJIMBA KBATU(UKAINS HA CIEIHAINCTUTE B Pa3INIHI
o0nacTH, BKIIOYMTEIHO W B cdepara Ha cTaHmapTU3ALUATA.
Bpb3kaTta Mexmy Te3u ABe 00NacTH € OT CBIIECTBEHO 3HAUYCHHE 32
CB3JaBaHETO HA OOYYHWTETHH IIPOTpaMu, KOHUTO OTrOBapsT Ha
eBpONEHCKUTE M TJIOOAJIHUTE M3UCKBAHMA 33 KauecTBO U
edexruBHOCT. To3M Tpollec HEe caMo yJecHsBa MPU3HABAHETO Ha
OBJTapcKUTe KBATU(HKAIMM B MEXKAYHApOJEH KOHTEKCT, HO M
MOBHIIaBA KOHKYPEHTOCIOCOOHOCTTa Ha Objirapckata paboTHa
CHJa, KaTo CBIIEBPEMEHHO CBHAEHCTBA 3a CTaHAAPTH3ANMATA HA
00pa30BaTeHATE TOJXOAW W NMPOQPECHOHATHUTE KOMIIETEHINH B
obmactrta. B TO3M KOHTEkcT, ycmemHara wHTerpamus Ha BKP u
00y4YeHHETO TIO CTAHAAPTHU3ALMS 1€ CHIACHCTBA 3a MOA0OpsIBaHE HA
KauecTBOTO Ha 0Opa30BaHHMETO M YJIECHSBaHE Ha MOOWJIHOCTTa Ha
crieranictute B EBpomna u o ceera.

4, 3aknrouenue

Hanpasenusar  aHanus HuBata Ha  bwarapckara
KBaIM(UKaMOHHA paMKa B KOHTeKCTa Ha EBpormeiickara
KBATM(UKAlMOHHA paMKa T[OKa3Ba 3HAYUTENICH HAmpeabK B
ajanranusTa Ha OBIrapckoTo 00pa3oBaHME KBM EBPOINCHCKHUTE
CTaHIapTH. Bernpexkn pazmmumsata B MCTOPHUECKUTE M COLHUATHO-
HMKOHOMHYECKHTE KOHTEKCTH, CHHXPOHH3UPAHETO Ha Te3H PaMKH
MpefocTaBs  BB3MOXKHOCT 32 IO-A00pO  HMHTETpHpaHe Ha
ObirapckuTe KBATH(UKALUK B EBPOICHCKHsS oOpa3oBaTeieH U
TPYyJOB Masap.

Ha

Hurerpupanero Ha BKP ¢ EKP orpassBa akryannure
obpa3oBaTelHi MOTPEOHOCTH W W3MBJIHABA KPUTHUYHATA POJS HA
CB3J]aBaHETO Ha SICHU U Pa3NO3HaBaeMH KBATH(MKAIMOHHN HUBA.
Io To3m HauMH ce yBenmM4yaBa MPO3PAYHOCTTA HA KBAMHU(HUKALIUUTE
" cepTH(dUKaTHTe, KOMTO Cce HM37aBaT B bBearapus, ynecHsBa ce
MpU3HAaBaHETO WM B Jpyru abpxkaBu oT EC, mpenocraBs ce
BB3MOXKHOCT 32 I10-JIeCHA MOOMITHOCT Ha YYCHHUIIUTE, CTYICHTHTE
paboTHaTa cuia, KaTo ce momoOpsiBa JocThia 10 oOpa3oBaHUE U
BBb3MOXKHOCTHTE 32 NPO(ECHOHAIHO DPa3BUTHE B MEXIYHApOJACH
KOHTEKCT.

Bpe3kata Mexnmy oO0yd4eHMETO MO CTaHAAPTH3ALUSI W
KBaIN(UKAIIMOHHUTE pPAaMKH € OT CBIIECTBEHO 3HAYCHHE 32
rapaHTHPaHEeTO Ha KadecTBO M e(EeKTUBHOCT B 0Opa30OBaHHUETO.
PazpaborBanero Ha yHuUIMpaHH TIporpaMu 3a OOydeHHe,
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OTroBapsAIld Ha OOIMUTE EBPONEHCKH W3UCKBAHMS IIE OCHTYpU
BHCOKO Ka4yeCTBO Ha OOy4eHHETO MO0 CTaHAapTHU3alMsA, KaTo
€[HOBPEMEHHO C ToBa 1€ MHUHMMM3MpA pa3lUKUTe B
0o0pa3oBaTeHUTE MOAXOAU M U3HCKBAHUS MEXAY Pa3IMIHUTE
€BPOICHCKH JbPKaBH.

Oo6Bbp3Banero Ha BKP 1 o0ydenuero mo ,,Ctangaprusanus’ e
CTpaTerH4ecKn Ba)KEH eTamn 3a nogoOpsiBaHe Ha
KOHKYPEHTOCIIOCOOHOCTTa Ha Obirapckara paboTHa cuia. ToBa mie
OCHUTYpH T0-100pO WHTErpUpaHe Ha OBIATapCKUTE Kaapu B OO
eBpOINECHCKH TPyAOB Ma3ap M IIe MOBUIIM HWKOHOMHYECKAaTa
e(eKTUBHOCT Ha CTpaHaTa.

[IpTaT xpM mBIHONEHHOTO wuHTerpupaHe Ha EKP, BKP u
oOydyenuero mo ,,CTaHmapTu3amua € Mpolec, KOHTO H3UCKBa
CHOTBETCTBHE W MpOIBDKABAIla ajanTanys W MOHHTOPHHT. 3a
YCIENIHOTO HM3IIBIHEHNE Ha TO3M IIPOIeC € HeoOXOAWMO aKTHBHO
CHTPYIHHUYECTBO MEXAY 0Opa3oBaTeNHH HHCTUTYIHH, Ibp>KaBHU
Ooprand W NpoQeCHOHATHH ACOIMAlUK, 3a Ja Ce TapaHTHpa, 4e
CHCTEeMaTa OcTaBa aKTyalHa M OTroBaps Ha HPOMCHSIIHTE Ce
00pa30BaTEIIHU U TPYAOBU U3UCKBAHHUSL.

B nyOmukanumsita ca TNpeaioKeHH KOHKPETHH TEMH IO
CTaHJIapTH3alus, CHOTBETCTBAIM HAa HUBAaTa Ha OOydYeHHE B
bearapus. Upe3 BBBeXAAaHETO MM B Y4eOHHMTE NIpOrpaMH B
ONpeNeNICHN  JUCIUIUIMHM  (Hampumep:  , TexHoimormum u
npennpremMadectso”, , JIpeanpuemadectBo M Ap.), IOCTENICHHO U
1O TOJXOAAL HauMH 00y4aeMHTE 1€ CE 3all03HAAT ChC CMHCHIA,
3HAYCHUETO U BXKHOCTTA HA CTAHAAPTU3ANUTA U IIE Ce MOATOTBAT
3a ydacTHe B M3rpakIaHETO Ha IO-KOHKYypEeHTHa OBJrapcka u
€BpOIIeNCKa UHYCTPHUSL.
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