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Concept of real-time health monitoring of engineering structures during operation

Leonid Vinogradov®, Maris Hauka, Juris Gutans®, Yulija Soldatova’, Alekseij Nassibulin?, Mihail Podkoritov®
Institute of Machine Building, Aerospace Technology and Transport of Riga Technical University, Riga, Latvia®
Latvian Council of Science, Riga, Latvia?
Laboratory of non-destructive testing Riga, Latvia®
leonids.vinogradovs@rtu.lv, Maris.Hauka@rtu.lv, Juris.Gutans@rtu.lv, Julija.Soldatova@rtu.lv, aleksejs.nasibulin @gmail.com,
prontolv@inbox.lv.

Abstract: Due to the increasing complexity and cost of Engineering Structures, and consequently the growth of operating costs for
maintaining the operational reliability of these structures, new approaches to monitoring their technical condition directly without
decommissioning are required. Previously conducted studies have shown that the most effective method of such monitoring is non-
destructive testing based on acoustic emission. This article presents the basic principles of organizing such monitoring during operation
based on the "Technical Health Condition" (THC), "Structural Health Monitoring (SHM), Condition-based Monitoring (CBM)) or "Fail Safe

Concept (FSC)"

KEYWORDS: ACOUSTIC EMISSION METHOD, MONITORING, ENGINEERING STRUCTURES, COMPOSITE MATERIALS.

1. Introduction

Scheduled periodic maintenance, routine preventative repairs, and
the involvement of technical personnel in routine maintenance
using non-destructive testing methods often lead to an unjustified
increase in maintenance time and ongoing costs in terms of
material, financial, and human resources. Often, especially in
unfavorable weather conditions in open areas during operational
conditions, the risk of human error increases when diagnosing the
technical condition of a structure: the likelihood of missing real
damage or misidentifying a defect, leading to equipment downtime.
The Acoustic Emission (AE) method is based on the occurrence
and propagation of AE waves during the formation and
development of defects in the body of the monitored Structural
Significant Item (SSI).

Acoustic emission signals differ from those generated by other non-
destructive testing methods in their greater diversity, which means
greater flexibility in selecting the most sensitive and stable signal
parameters best suited to the given operating conditions and design
features of the SSI.

2 Key Stages of Real-Time Engineering Structures
Monitoring (SHM) During Operation

2.1 Study of Loads Acting on Structures and its SSI during
operation

Before developing an engineering design, at first it is necessary to
study the structure's loading status and its SSI in operation, paying
particular attention to critical loading situations that could lead to
the loss of the structure's functionality or a reduction in its
reliability and safety. When studying the structure's loading under
adverse operating conditions, as well as the occurrence of possible
abnormal and critical situations, the designer must consider the
possibility of installing the necessary embedded AE sensors in the
design or its SSI in locations that attract particular attention. This
should also include protection from environmental influences and
the ability to provide the sensors with a continuous, uninterrupted
power supply. Typically the most hazardous locations are
associated with fatigue-sensitive (fatigue prone [FP]) SSI. The best
calculation method for determining such places is the finite element
method, which indicates weak points from the FP point of view and
which must be confirmed by strain gaging, fiber optic sensors and /
or sensitive coatings when measuring loads in various operating
modes, including the ultimate ones. It is necessary to subsequently
confirm the actual bearing capacity of the SSI during bench tests,
with simultaneous processing and analysis of signals from built-in
AE sensors, studying various parameters of AE signals in order to
select the most sensitive and effective parameter, as a diagnostic
feature using STATIONARY systems for processing and analyzing
AE signals, as well as the design development of the sensor power
supply and its protection from the environmental effects. It is
recommended that for particularly hazardous locations, to applicate
the FSC [4,5] SSI principle of safe destruction may be considered.
[1-5]

The advantage of using non-destructive AE testing lies in its
integrality and the wide variety of diagnostic features of the AE
signal. Another advantage is the lack of need for signal level
measurement, as a qualitative image is sufficient, significantly
reducing the likelihood of error in signal interpretation and
simplifying its interpretation.

By analyzing acoustic emission signals, it is possible to assess the
technical condition of ICE parts such as injectors, intake/exhaust
valves, crankshafts, cylinder-piston groups, etc. It is particularly
important to detect defects in the intake/exhaust valves, crankshaft,
internal combustion engine shaft, as these are the most expensive
parts of the power equipment [4,5].

The AE method uses the radiation of mechanical waves from the
material due to dynamic changes in the internal structure of the
material caused by any kind of loading. AE can be caused by
plastic deformation, crack

formation and growth, fluid / gas flow in pipelines, corrosion, loss
of oil layer between rubbing parts (increased friction), gas / fluid
flow in defects and other deformations of solids. It can be assumed
that AE signals in materials are caused by a change in pressure,
stress or temperature.

2.2 AE signal parameters as diagnostic features

o] o0| T o lB] [on Aalete] [ B O] m<] e

Fig. 1 Standard set of parameters of the acoustic emission signal
(pulse), measured by diagnostic systems (devices); a) - pulse shape;
b) - pulse power spectrum; c) - formalization of pulse parameters

Fig.1 shows that the structure of the AE signal is quite diverse.
Each of the signal shape parameters, namely amplitude, duration,
time to reach maximum pulse (amplitude), number of micropulses,
as well as derivatives (damping factor, signal power, energy, total
energy, intensity, and frequency spectrum), can serve as
informative parameters associated with a particular physical
process causing this signal in the material continuum.
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Clearly, the AE method is also recommended for monitoring SSI of
composite materials, the results of which can be used in the
development of new materials.{5,6]

2.3 Setting up the collection and accumulation of AE
monitoring data

Fter identifying critical design weaknesses and selecting diagnostic
features for the AE signal, it is necessary to develop
communication schemes between the sensors and their archiving
location(s) and the method for transmitting them for analysis by
non-destructive  testing  specialists  (non-destructive  testing
inspectors) to the Signal Processing Center (SPC) on stationary AE
systems.

Stationary AE systems will display the main types of graphs:
line/point, cumulative, distribution (histograms), rotated 3D
distributions, waveform graphs, fast Fourier transform, etc.

obtain parameters of time processes, such as the center of gravity of
the spectral characteristic, from recorded data; process time
processes or signal classification results in combination with AE
pulse data, location results, parametric data, etc.

After analyzing the transmitted signals, the Central Office analysts
make decisions about the current state of the structure and SSI and
the need for additional inspections using other non-destructive
testing methods.

The following principles for collecting accumulated AE data were
considered:

- data transfer to an external storage device (flash drive, memory
bank);

- Wi-Fi transmission to a receiving mobile device or a stationary
AE system;

- a built-in indicator for exceeding the diagnostic limit state.

In any case, the decision on the criticality of the technical condition
of the structure and its SSI and the suitability of its further
operation is made by the responsible flaw detector.{7]

3. Examples of the application of acoustic emission in
various engineering structures

Fig. 2. Heat exéﬁ‘anger in a heating boiler

Fig. 4. Placement of a piezoelectric sensor and
a strain gauge on the shock absorber rod mirror of
an aircraft landing gear strut

w2

Fig. 5. The aileron on test plant
a strain gauge on the shock absorber rod mirror of 1 — Aileron, 2 —
Load stand,

an aircraft landing gear strut 3- Load hydraulic cylinder, 4 —
Indicator

Fig.6. Failure of the lower aileron panel in the booster mounting
area:

1 — aileron,

2 —booster, 3 — strain gauge;

4 — failure zone
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Fig. 7. Failure of the aileron tip: view of the upper panel in the
area where the AE sensor is mounted: 1 — AE sensor, 2 — failure
zone

Characteristic features of composite materials specimens Static
fracture investigated

Scheme of the sensors‘ mounting

-
.i“ ¥

ik

Fig.8. 1- specimen, 2 - AE sensor, 3 - tensometry sensors

Data Processing Results
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Fig.9 10 Graph of the AE signal amplitude loading cyclogram
versus time. Graph of the AE signal energy loading cyclogram
versus time.
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Fig. 11,12 Graph of the dependence of the number of AE signals
and the loading cyclogram over time.

Graph of the dependence of the total AE count and the loading
cyclogram over time.

As can be seen from the graphs above, once the load reached 100%
of Pp = 3,668 kg, cracks began to form, leading to the failure of the
test specimen when the load reached 129% of Pp (5,070 kg). At the
same time, at each stage beyond 100% of P_r, there is a significant
increase in the number of oscillations and the number of pulses.
The graph showing the dependence of signal energy on time most
clearly illustrates the failure process during the loading stages of
the made , while the amplitude graph allows us to identify the
types of failure processes in the composite material.[6-9]

The graph of the number of AE signals over time clearly
demonstrates the process of crack formation in composite
materials, while the graph of the total AE count indicates the
moment failure.

For samples with a transverse fibre arrangement relative to the
applied load, the process, both in deformation parameters and the
parameters of the total AE, has two stages of damage accumulation:
the stage of proportional changes in these parameters to the stress
and the stage of intense increase of these parameters. The parameter
of total AE shows that this process starts 5-6% sooner than shown
by the deformation parameter.

For samples with a longitudinal arrangement of fibres in
relation to the applied load one can judge the staging of the damage
accumulation process by the characteristics of the total AE signals
which can not be seen in the parameters of strain. For samples with
no training or training with up to 20% of the breaking load, S-
shaped behaviour of the total AE is preserved in each and every
sample, characterising the three-stage process of damage
accumulation. At the same time three-time and six-time training
with small values of load (up to 20% of breaking load) has little
influence on the behaviour of the curve of the total AE.

Three-time training for large values of load (from 35% of
breaking load) has a strong influence on the behaviour of the curve
of total AE and damage accumulation process takes a two-stage
character.

However, in both the first and second cases, the training does not
influence the durability limit under the given conditions of loading.
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DISCUSSION

Based on the results of numerous studies and tests of actual
structures and their SSI, it can be concluded that the most effective,
cost-efficient, and accessible method for monitoring the technical
condition of full-scale engineering structures in real time during
operation is the use of AE sensors embedded in the structure and its
SSI, which allow for monitoring the technical condition of
engineering structures

This approach makes it possible, without compromising the
operational reliability of complex engineering structures, to
significantly reduce the costs of maintaining the operational
readiness of engineering systems of various purposes and
complexity, has no impact on the environment, and minimizes
energy consumption
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Abstract: This article examines current trends in the global cruise market, the development of "green corridors" and "responsible tourism",
analyzes current issues in the Mediterranean cruise region, and proposes directions for its future sustainable development.
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Introduction. Cruise tourism is one of the fastest-growing
and most investment-attractive segments of the international
tourism market. The popularity of the cruise sector is based on the
diversity of offerings from cruise companies (tour operators), the
ever-increasing demand from cruise customers, and, consequently,
the economic results achieved in this type of business. To maximize
profits, cruise companies constantly seek new initiatives to increase
their clientele, develop original strategies to address current and
emerging challenges, innovate in passenger service and
entertainment, offer various discounts and special offers, and utilize
the cultural, historical, natural, and recreational potential of a
particular region.

Today, the Mediterranean region ranks second globally,
after the Caribbean, in popularity and volume of sea travel, yet its
potential remains untapped. This highlights new opportunities and
promising vectors for the development of this segment, and
underscores the relevance of this study. The aim of this article is to
identify the impact of current cruise industry trends on the dynamics
of cruise tourism in the Mediterranean region and to identify
promising areas for its further development.

Analysis of the state of the problem and its research
Today, the cruise industry is one of the most successful,
financially dynamic, and in-demand sectors of the economy,
reaching new heights. With its high profitability, it is able to attract

Table 1: Modern megaships.

and implement the latest advances in science and technology,
redefining cruise voyages and thereby stimulating active cross-
industry collaboration and partnerships with local and international
ports, land and air transport, the hotel and restaurant business,
tourism organizations, shipbuilding companies, and numerous
financial, trade, cultural, medical, design, and other companies.

In the development of the cruise activity in recent years, a
number of trends have emerged that indicate the industry is
confidently moving toward scale, sustainability, and new travel
formats. The trend toward ‘“gigantomania” has not lost its
popularity. Mass-market cruises, operated on enormous ships
resembling “floating cities” or entire “floating resorts”, with their
own streets, parks, theaters, spas, swimming pools, and cultural and
entertainment centers [7], remain popular among travelers. Giant
new-generation ships are appearing on the cruise market, surprising
potential travelers with new dimensions, exclusive services, and
entertainment.

The emerging trend of “boutique cruises” — Cruises as
works of art, where style and content, rather than scale, are
paramount — is gaining increasing popularity among tourists. Elite
vacations are developing, offering unique, unconventional offerings
for a limited number of discerning, high-budget travelers. An
example of this is the innovative 2026 project: a cruise on a liner
shaped like the 220-meter sailing ship Orient Express, inspired by
the golden age of the French Riviera.

Ship Year of Ship Yard Length Width Speed Number of | Number of | Number of
struction (m) (m) (knots) psengers crew decks
Freedom of the 2006 Aker Finnyards Inc. 339 56 21,6 4370 1360 15
Seas u New Shipyard
Oasis of the 2009 STX Finland Cruise 360 47 22,6 6880 2200 18
Seas Oy
Allure of the 2010 STX Finland Cruise 362 60 22 6400 1690 18
Seas Oy
Harmony of the 2016 STX France 362 47,42 22 6780 2100 18
Seas
Icon of the Seas 2024 Meyer Turku 365 48,47 22 7600 2350 20
Legend of the 2025 Meyer Turku 365 65 22 7600 2350 20
Seas
Star of the Seas 2025 Meyer Turku 364 66 22 5610 2350 20
MSC Word 2025 Chantiers de 333 47 22,7 6762 2138 22
America 'Atlantique
Disney 2025 MV Werften 342 46 23 6700 2300 20
dventure
Norwegian 2025 Fincantieri 322 41 22 4300 1597 16
Agua
Mein Schiff 2026 Fincantieri 333 42 22 4000 1535deks 19
Flow
MSC Word Asia 2026 Chantiers de 333 47 22,7 6762 2138 22
'Atlantique
Norwegian Luna| 2026 Fincantieri 322 41 22 4200 1597 21

Note: The table was compiled based on data from a sources [1; 2; 3; 5; 6; 9; 10; 11; 12]

In recent years, more and more cruise companies have
been emphasizing environmental friendliness as a competitive
advantage for cruise transport. Cruise ships are currently under
intense scrutiny due to their environmental impact. Greenhouse gas
and pollutant emissions, waste and litter generation, air and water
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pollution, and other factors negatively impact the planet's
ecosystem.

Cruise companies are actively investing in alternative
energy sources — LNG, biofuels, hydrogen, and electricity. This
not only reduces emissions but also promotes a “clean” travel
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image. After all, cruises of the future should be not only luxurious
but also environmentally “responsible”. They should combine high
technology, comfort, and environmental friendliness.

Cruise companies are equally actively investing in fleet
modernization. Fleet renewal is becoming a necessity: modern
liners generate higher revenues and allow them to maintain
premium prices. Therefore, large corporations are gradually
decommissioning or selling off obsolete vessels. Having found
new operators, some of the vessels from the obsolete fleet and the
so-called “idle fleet” are being returned to service after undergoing
repairs and renovations at shipbuilding companies' docks (see
Table 2).

In recent years, fierce competition and the desire to
attract customers with unique offerings have pushed cruise

Table 2: Cruise ships that underwent renovation in 2025-2026.

companies beyond the boundaries of established itineraries.
Travelers are increasingly seeking unique experiences, not mass-
market vacations. This includes both little-known regions and
logistically challenging but impressive destinations. Arctic routes,
Greenland, the South Atlantic, the African coast, and the rivers of
South America are particularly popular with cruise tourists.
Striving for uniqueness, cruise companies are forced to adapt
itineraries to seasonal changes, climate change, and even
geopolitical circumstances, resulting in the emergence of hybrid
itineraries that combine sea and land, cruise and safari, north and
south. Personalized itineraries, tailored to the interests of specific
travelers, are increasingly the choice.

Ship Year of Ship Yard Length Width Speed | Number of | Number of | Number of
Nstruction (m) (m) (knots) sengers crew Hecks
Disney Magic 1998 Fincantieri 294 32 215 2713 950 11
Carnival Legend 2002 Kveerner Masa- 293 32 22 2680 930 12
Yards
Norwegian Gem 2007 Meyer Werft 294 32 23 2873 1070 15
MSC Poesia 2008 Aker Yards 294 32 23 2550 1039 16
Valiant Lady 2021 Fincantieri 278 38 20 2770 1160 17
Brilliant Lady 2025 Fincantieri 278 38 20 2762 1150 17

Note: The table was compiled based on data from a sources [1; 2; 3; 5; 6; 9; 10; 11; 12]

Despite numerous positive trends emerging in the global
cruise industry and reflected in the Mediterranean market, a
number of issues remain that negatively impact the development of
cruise tourism and the regional tourism industry as a whole. The
escalation of armed conflicts is causing significant damage to the
cruise industry. MSC Cruises and Costa Cruises have announced
adjustments to their travel plans due to the ongoing conflict in the
Middle East. For example, passengers on the “MSC World
Europa” have been offered a flexible alternative: they can transfer
their bookings to other MSC Cruises itineraries or cancel their trip
entirely with a refund. The liner itself will be relocated to the
Caribbean [4].

Due to the protracted military conflict, the Black Sea
route is also hampered in its development. The Azov-Black Sea
basin is part of the Mediterranean Sea's maritime infrastructure.
The tourism and recreational potential of seven states, once part of
the Azov-Black Sea basin maritime complex [8] could form the
basis of a promising alliance as a sustainable cruise destination
with a unified strategy for attracting global cruise fleet
operators. The Azov-Black Sea basin is essentially part of the
Mediterranean cruise market, and therefore, this project would
undoubtedly have a positive impact on the cruise business and the
socioeconomic development of the region as a whole. In the
current situation, cruise companies are focusing their attention on
alternative destinations, as well as the river cruise segment.

Vectors of cruise tourism development

Today, the need for sustainable development is a major
trend in the cruise sector. An innovative concept in the maritime
and river industry is “green corridors” — designated shipping routes
between ports created to facilitate the use of zero- or low-emission
shipping solutions. This is a process of coordinated efforts across
the entire value chain, involving ports, ship operators, fuel
producers, and governments. Implementing the “green corridors”
model requires developing a practical, structured path beyond
disparate efforts, ultimately enabling the development of a holistic
strategy for both sustainable transport and “responsible” tourism.

Managing the river as a single basin will allow for more
effective solutions to various problems. Cross-border cooperation
in river cruise shipping will help secure significant economic,
social, and environmental benefits, as well as overcome potential
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obstacles that often arise in multinational river basins due to
political, economic, and operational differences. Cross-border
cooperation in tourism aims to enhance the competitiveness of
various entities, stimulate the effective integration of resources,
and develop joint tourism products. This type of interaction will
foster stronger cultural ties and economic growth across territories,
as well as support sustainable development through the joint
management of natural resources and cultural heritage. The
success of cross-border cooperation depends on the speed with
which legal and cultural barriers are overcome, as well as the
coordination of government agencies, businesses, and local
communities.

In this context, strategic alliances in the tourism sector
are particularly important. Such associations of tourism entities
offer significant benefits, including increased competitiveness,
access to new markets and knowledge, collaboration on large-scale
projects, infrastructure development, and much more. The
multinational Danube-Black Sea region is ideally suited for this
initiative, as it offers numerous advantages necessary for attracting
tourists (natural and climatic resources, historical and cultural
monuments, etc.). All of this will facilitate the expansion of
tourism and recreational infrastructure, attract investment, and
enhance the region's economic significance. It will also address a
number of regional challenges, including the fragmentation of
tourism products along the Danube River and the western Black
Sea coast, the lack of well-established logistics, and logistical
isolation from key tourism markets.

DANUBE-BLACK SEA CRUISE ALLIANCE:
a strategic framework for sustainable regional
integration and tourism development

(preview fragments)

This paper presents a comprehensive conceptual
framework for the creation of the Danube-Black Sea Cruise
Alliance (DBCA) — a multinational cooperative initiative designed
to position the Danube-Black Sea region as a unified, premium,
and sustainable cruise destination. It argues that the historical
fragmentation and logistical isolation of the region's tourism
market can be overcome through a structured, multi-tiered alliance
model.



DBCA Structure:

« institutional integration

* infrastructure harmonization

« cross-border product development

« joint marketing

The project outlines the alliance's strategic goals, key
objectives, specific projects, and a phased expansion plan.

A key innovative component is the “AQUA-NEXUS”
pilot project, which proposes a seaplane network to integrate the
Danube Corridor with the Adriatic Sea, thereby solving a critical
logistics challenge and creating a unique competitive advantage.

The report concludes that the DBCA model serves as a
replicable template for transforming regional logistics and political
challenges into synergistic opportunities for sustainable economic
growth, improved connectivity, and pan-European tourism
integration.

The purpose of the study is to present the conceptual
framework for the DBCA as an innovative model of regional
cooperation designed to overcome regional challenges.

The study's main contribution is the presentation of a
comprehensive strategic plan aimed at addressing specific regional
challenges using the innovative DBCA model, including a highly
innovative pilot project (“AQUA-NEXUS”), which can be
considered a benchmark for cross-border integration in tourism and
transport.

Problems Addressed:

e Strategic Coherence: it provides a unified vision
that transcends national borders and sectoral silos (tourism,
transport, environment), which is often lacking in real-world
regional planning efforts.

o ”AQUA-NEXUS” as a Benchmark: the “AQUA-
NEXUS” pilot project serves as a conceptual benchmark for
demonstrating practical, cross-border integration.

- Integrated Logistics: it would likely model a seamless
transport solution, potentially linking a Danube port directly to a
Black Sea coastal route via efficient, sustainable multimodal
transport (e.g., high-speed rail or upgraded inland waterways),
thereby overcoming the “logistical isolation” problem.

- Sustainable Tourism Model: the project would likely
integrate “blue economy” principles, showcasing how cruise and
general tourism can operate sustainably while protecting the
region's sensitive aquatic ecosystems. It would align with the real-
world “Water-Energy-Food-Ecosystems” approach used in
transboundary basins to maximize efficiency and reduce trade-offs
across sectors.

- Scalability and Replicability: the paper would argue
that the successes and lessons learned from the “AQUA-NEXUS”
pilot project could be replicated and scaled across the entire
Danube-Black Sea region, providing a practical model for future
EU-funded initiatives.

The project's value is in creating a detailed, aspirational
framework that combines existing best practices and theoretical
models into a single, comprehensive, and potentially fundable
strategy for sustainable regional development.

The innovative pilot project: AQUA-NEXUS

A current innovation is the AQUA-NEXUS project,
which aims to create a seaplane network connecting Danube river
transport with the Adriatic Sea. This multimodal logistics aims to
increase the speed of transporting tourists and cargo, as well as
integrate digital technologies to create immersive tourism
experiences that engage local communities.

The project proposes the creation of a seaplane network
integrating transport from the Danube to the Adriatic Sea. This
innovative solution complements the cruise program by offering
rich, themed excursions using digital technologies such as
augmented reality and engaging local communities, supporting the
principles of the “blue economy” and sustainable development.

The conceptual "AQUA-NEXUS" pilot project is
considered a "game-changer" as a potential blueprint for a
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seamless, multimodal transport and tourism corridor linking the
Danube region and Black Sea with the Adriatic Sea. This project
addresses logistical isolation and promotes sustainable, integrated
transport solutions that could act as an economic catalyst for
underserved regions and demonstrate successful cross-border
cooperation.

The project is expected to open new economic
opportunities for underserved regions and serve as a testament to
the concept of comprehensive multinational cooperation in tourism
and transport.

The conceptual “AQUA-NEXUS” pilot project aims to
integrate with cruise tourism to create new ‘“experience” class
excursions by providing multimodal connectivity and focusing on
rich, thematic content, thereby moving beyond traditional,
fragmented port calls. This framework would facilitate deeper,
more immersive, and personalized interactions through thematic
excursions, augmented reality integration, and engagement with
local communities.

Expected results:

1) Successful cooperation is expected to foster mutual
understanding, strengthen stability, and enhance trust between
neighboring communities and countries.

2) The project will be implemented using a phased
expansion model. Bulgaria and Romania are invited to cooperate
and integrate to form the core of the alliance and its Joint
Governing Board, with subsequent expansion to other EU
countries.

3) The governing structure designed to resolve political
issues and cross-border problems will be the Joint Council of
representatives of the participating countries.

Thus, the proposed “Danube-Black Sea Cruise Alliance”
is a conceptual framework designed to integrate tourism and
transport in the region by creating a seamless, innovative and
environmentally responsible logistics network. The Alliance will
function as a multilateral platform uniting governments, research
institutes, private businesses (cruise and road transport companies,
tour operators, travel agencies, excursion and information and
advertising agencies), and local communities across the region.
Within this framework, a formal cooperation mechanism will be
established for policy exchange, regulation, and cross-border
governance, necessary for navigating the complex geopolitical
landscape of the Black Sea and Danube regions.

Conclusion

A study examining the development of cruise tourism in
the current climate revealed that the cruise industry is confidently
moving toward scale, sustainability, and new travel formats. The
trend toward larger cruise liners, which implies the development of
mass-market cruises, currently coexists successfully with the trend
toward boutique cruises — elite travel for a select group of high-
budget travelers where scale is not a concern, but rather an
atmosphere of privacy, elegance, and deep immersion in the
culture of each itinerary. “18+ cruises” — cultural and intellectual
cruises that stimulate personal growth and spiritual development —
are gaining particular popularity. Modern companies compete on
the technical level and design of their ships, the standard of
amenities, cultural, entertainment, and spa services, the
implementation of high technologies and “green programs”, and
the development of original itineraries and exclusive offers.

However, in addition to positive trends in the cruise
tourism sector, there are also negative ones that are hindering the
development of the industry. In recent years, the Mediterranean
cruise market has experienced uneven growth. Due to the
unfavorable geopolitical situation in both the Middle East and the
Black Sea, the maritime tourism industry has been experiencing
fragmented growth and is not experiencing stable growth. Political
instability, the inability to predict the situation and guarantee the
safety of passengers and crews, have led to an imbalance in the
regional cruise market's supply and demand.
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Changes in cruise logistics for companies operating
vessels in the Middle East are resulting in financial losses. In
addition to paying numerous compensations and offering various
alternatives to affected tourists, companies are forced to expend
significant effort and resources to remove their expensive liners
from the conflict zone and deliver them to safe ports. Cruise
programs in this region are often cancelled for the entire season,
with  vacationers being offered alternative destinations.
Consequently, the Middle East is no longer a stable or promising
destination for the tourism industry, and the Black Sea-Azov Sea
route is completely closed to tourists.

Thus, the creation of the Danube-Black Sea Cruise
Alliance as a single, integrated brand will position the designated
region as a unified, promising, and sustainable cruise destination,
with significant potential for the creation of an innovative cruise
product capable of integrating into the Mediterranean cruise

region.
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Abstract: The liberalisation of European passenger rail markets under the EU's Fourth Railway Package confronts suburban rail operators
with a fundamentally new competitive environment. Where incumbents once operated under protected concessions, they now face the
prospect of open-access competition and competitive tendering. This paper proposes a two-dimensional model of competitiveness centred on
eco-efficiency and service quality — treated not as independent performance metrics, but as mutually reinforcing drivers of long-term
market position. Eco-efficiency is defined as the ratio of transport output, measured in passenger-kilometres, to the energy and resource
inputs required to achieve it, including CO, emissions. Service quality is assessed across five dimensions: reliability, passenger comfort,
rolling-stock condition, accessibility, and the onboard environment. Drawing on European comparative practice and a focused analysis of
the Plovdiv—Karlovo suburban corridor in Bulgaria, the paper demonstrates that these two dimensions operate in a relationship of synergy.
Modern, energy-efficient rolling stock improves the passenger experience and raises load factors, which in turn yields further gains in eco-
efficiency. The corridor analysis illustrates both the potential and the current constraints facing operators in a post-socialist railway context.
An examination of existing Public Service Obligation (PSO) frameworks reveals a structural misalignment: current subsidy schemes are
oriented predominantly toward maintaining geographic service coverage, rather than rewarding environmentally efficient and high-quality
delivery. This creates an incentive structure that may discourage investment in precisely the capabilities that would enhance competitiveness
under liberalisation. The paper concludes with targeted recommendations for reorienting performance indicators and funding mechanisms
toward the proposed dual-driver model, with the aim of placing suburban rail development on a more sustainable and competitive footing.
Keywords: ECO-EFFICIENCY, SERVICE QUALITY, SUBURBAN RAIL, LIBERALIZATION, COMPETITIVENESS, PASSENGER
COMFORT, PUBLIC SERVICE OBLIGATION, FOURTH RAILWAY PACKAGE, BULGARIA, SUSTAINABLE TRANSPORT

1. Introduction 2. Theoretical Framework

The liberalization of European rail passenger markets, driven by 2.1. Eco-Efficiency in Rail Transport
successive EU Railway Packages and culminating in the Fourth
Railway Package (2016/2018), has fundamentally altered the
competitive dynamics of suburban rail transport [1, 2]. In open-
access or tendered market environments, operators can no longer
rely on exclusive franchises as protection against competition. They
must actively differentiate their services to attract and retain
passengers who face credible alternatives including private vehicles,
bus services, and urban transit systems. Eco-efficiency = Transport output (pass.-km) / Environmental
input (energy, CO, )

Eco-efficiency, originally defined by the World Business
Council for Sustainable Development [8] as the delivery of
competitively priced goods and services satisfying human needs
while progressively reducing ecological impacts, has been widely
applied to transport systems. In the rail context, eco-efficiency is
expressed as the ratio of transport output to environmental input:

Previous research on suburban rail competitiveness has
predominantly addressed service quality [3, 4] and environmental Higher values indicate more passenger-kilometres delivered per
performance [5, 6] as largely independent dimensions. Fewer  ynit of environmental cost. Electric traction achieves significantly
studies have examined their joint strategic role as mutually  higher eco-efficiency than diesel, particularly on electrified
reinforcing drivers of competitive advantage. This gap is significant  suburban corridors with high load factors. Regenerative braking in
because the two dimensions are structurally linked: investment in modern electric multiple units (EMUs) further improves eco-
modern rolling stock simultaneously improves passenger comfort  efficiency by recovering kinetic energy during deceleration. For

and reduces energy consumption, creating compounding benefits Jiberalized suburban rail markets, eco-efficiency has emerged as
for operators who pursue both objectives. both a regulatory requirement — under EU Green Deal

The EU Green Deal and the Fit for 55 legislative package [7] gommlt_melnts_ ; and a commercuél asset, ast SUSta'nab'"t{
reinforce this linkage at the policy level, setting binding lirlzccries?ggl,gy INTluences passenger and government procuremen

decarbonization targets for transport while the Fourth Railway
Package opens markets to competition. Operators who align For operational assessment, eco-efficiency in suburban rail can
environmental performance with service excellence are therefore be measured through four primary indicators: (i) specific energy
better positioned to meet both regulatory requirements and market  consumption per passenger-kilometre (kWh/pass.-km); (ii) specific
expectations simultaneously. This dual alignment is the strategic CO, emissions per passenger-kilometre (gCO, /pass.-km); (iii)
core of the framework proposed in the present paper. rolling stock utilization rate, defined as the ratio of occupied seat-
kilometres to total available seat-kilometres; and (iv) fleet energy
intensity, reflecting average consumption per train-kilometre.
Together these indicators form an eco-efficiency profile that allows
cross-operator and cross-corridor benchmarking within a liberalized
market framework [5, 6].

This paper proposes a dual-driver framework in which eco-
efficiency and service quality together determine competitive
positioning in liberalized suburban rail markets. The study extends
the competitiveness research agenda by integrating environmental
performance as a strategic variable alongside established service

quality dimensions. The Bulgarian suburban rail market — 2.2. Service Quality as a Competitive Driver

characterized by aging rolling stock, partial liberalization, and . L . —
public service obligation (PSO) contracts — provides the empirical Service quality in suburban rail encompasses reliability
context, with particular reference to the Plovdiv—Karlovo suburban  (Punctuality, frequency), physical comfort (seating, cleanliness,
corridor. temperature, space), accessibility, information provision, and safety.

Research applying the Geometric Mean Fuzzy-AHP methodology
has identified and ranked the relative importance of comfort
indicators for suburban passengers, establishing that physical
comfort and reliability are the dominant competitive dimensions [3,
4,9].
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In a liberalized market, service quality directly mediates modal
choice. Passengers who perceive suburban rail as comfortable and
reliable exhibit lower price sensitivity and greater loyalty, reducing
revenue volatility in competitive environments. Conversely, poor
service quality accelerates modal shift toward road transport,
undermining the commercial case for rail and increasing subsidy
burdens on public budgets [3, 10].

2.3. The Dual-Driver Model

The core contribution of this paper is a dual-driver competitive
framework in which eco-efficiency (E) and service quality (Q)
jointly determine competitive advantage (CA), expressed as CA =
f(E, Q). The model posits three interdependencies: (i) investment in
modern rolling stock improves both E and Q simultaneously; (ii)
higher Q drives higher passenger demand, improving load factors
and thus E; (iii) environmental differentiation attracts sustainability-
conscious passengers, creating a positive demand feedback loop.

This positive interdependence distinguishes the dual-driver
model from frameworks treating eco-efficiency and service quality
as trade-offs constrained by investment budgets. The model
suggests that operators pursuing both objectives jointly outperform
those specializing in either dimension alone, particularly as
liberalization intensifies and regulatory frameworks increasingly
reward environmental compliance alongside service excellence.

The dual-driver framework has direct implications for PSO
contract design. Regulation (EC) 1370/2007 [11] governs public
service obligation contracts for passenger rail in the EU,
establishing the legal framework within which subsidy mechanisms
and performance requirements are defined. Performance-based
contracts incorporating both eco-efficiency metrics and service
quality indicators align operator incentives with the model’s
predictions,  while  traditional  train-kilometre  contracts
systematically undervalue both dimensions.

3. Analysis: Bulgarian Suburban Rail Market
3.1. Market Structure and Liberalization Status

Bulgaria’s railway market remains predominantly operated by
BDZ Passengers under PSO contracts governed by Regulation (EC)
1370/2007 [11], covering suburban, regional, and long-distance
services. Infrastructure is managed by the National Railway
Infrastructure Company (NRIC). The Fourth Railway Package
transposition has progressed legislatively, but practical open-access
competition in domestic passenger services remains limited, with
2026 marking the entry of the first private passenger operator —
Ivkoni Express — on selected PSO lots.

Operational data from the Ministry of Transport, together with
the published Draft Rules and Procedures for Awarding Public
Service Obligations in Railway Transport [12], indicate that the
prevailing contractual architecture provides only limited incentives
for improvements in eco- efficiency or service quality beyond the
prescribed minima. This is primarily because neither dimension is
systematically monitored, quantified, nor linked to performance-
based remuneration within the existing contractual framework.

The Bulgarian railway network spans approximately 4,025 km,
of which about 3,001 km are electrified. Suburban services operate
on several key corridors, with the Sofia metropolitan area and the
Plovdiv region constituting the highest passenger demand zones.
Total passenger volumes have declined over the past decade, a trend
attributable to both rolling stock deterioration and the growing
competitiveness of road alternatives, creating urgency for the
strategic realignment proposed by the dual-driver model.

3.2. The Eco-Efficiency Gap

Bulgarian suburban rail faces a substantial eco-efficiency
deficit. The active passenger fleet includes diesel multiple units
(DMUs) and locomotive-hauled rolling stock with average fleet age
exceeding 35 years. Specific energy consumption per passenger-
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kilometre significantly exceeds EU peer benchmarks for
comparable suburban operations. Low average load factors —
estimated below 30% on many suburban services — further depress
eco-efficiency ratios, as fixed traction energy costs are distributed
over fewer passenger-kilometres.

Electrified corridors — including Sofia-Plovdiv and the
Plovdiv—Karlovo suburban segment — offer structural eco-
efficiency advantages through electric traction. Recent
environmental assessment of the Sofia—Plovdiv modernisation
programme [13] documents measurable reductions in traction
energy use and CO, emissions per train-kilometre following
infrastructure and rolling stock upgrades, providing empirical
evidence that corridor modernisation delivers eco-efficiency gains
consistent with the dual-driver model. A transition to modern EMUs
on electrified suburban corridors is estimated to reduce specific
energy consumption by 25-35% compared to current locomotive-
hauled stock, based on comparable EU fleet renewal outcomes [5].

PASSENGER (REGIONAL AND SUBURBAN ) TRAINS I

Fig. 1. Plovdiv—Karlovo suburban rail corridor, ~64 km,
electrified 25 kV AC [12].

3.3. Service Quality Deficiencies

Applying established comfort indicator frameworks to
Bulgarian suburban rail reveals poor performance on key passenger
dimensions [14]: rolling stock condition, on-board cleanliness,
temperature control, and accessibility for passengers with reduced
mobility. Punctuality performance, while corridor-variable,
generally underperforms EU norms for suburban services. Analysis
of delays on the Bulgarian railway network [15] confirms that delay
accumulation is concentrated on segments with legacy
infrastructure and weak dispatcher automation, with mean delays on
affected corridors exceeding EU suburban benchmarks by a factor
of two or more.

These deficiencies directly reduce modal competitiveness
against private vehicles and intercity bus services offering
comparable journey times with superior comfort. The Logit mode-
choice model [10] confirms that unreliable punctuality drives a
systematic modal shift toward road transport, particularly among
commuters and business travellers. Passenger surveys consistently
identify rolling stock modernity and punctuality as the primary
determinants of modal choice for suburban commuters [2, 3],
reinforcing the strategic priority of service quality investment
within the dual-driver framework.

4. Results and Discussion

Application of the dual-driver framework to the Bulgarian
suburban rail context yields three principal findings, each with
direct policy implications.

First, the eco-efficiency and service quality deficits share a
common structural root: rolling stock aging. This creates a
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concentrated strategic opportunity — a single major investment
category (EMU fleet renewal) simultaneously addresses both
competitive dimensions. Rolling stock modernization thus delivers
higher combined competitive return than separate eco-efficiency
and service quality improvement programs would achieve
independently. Prioritizing fleet renewal on high-demand electrified
corridors such as Sofia—Plovdiv maximizes the dual-driver return
per unit of investment.

Second, current PSO contract design systematically misaligns
incentives against the dual-driver model. Train-kilometre metrics
reward service frequency regardless of occupancy (undermining
eco-efficiency) and create no differential reward for comfort
investment (weakening service quality incentives). Performance-
based contracting incorporating eco-efficiency metrics (energy per
pass.-km, CO, per pass.-km) and service quality indicators
(comfort scores, punctuality rates) would directly incentivize dual-
driver improvement. Such contracts are already standard practice in
liberalized markets in Sweden, the United Kingdom, and the
Netherlands, offering directly transferable design templates.

Third, liberalization creates a reputational first-mover advantage
for operators achieving eco-efficient, high-quality service before
open-access competition intensifies. Operators delaying investment
risk competitive disadvantage when new market entrants introduce
modern rolling stock with superior environmental and comfort
profiles, as observed in liberalized Western European markets.

The findings collectively suggest that the dual-driver framework
provides a superior analytical lens for suburban rail policy
compared to single-dimension approaches focused exclusively on
cost minimization or service standardization. Regulators, transport
authorities, and operators who adopt the dual-driver perspective are
better equipped to design contracts, allocate investments, and
communicate competitive positioning as liberalization progresses.

Table 1. Dual-driver competitive indicators for the Plovdiv—
Karlovo corridor.

Performance Current Dual-Driver |
Indicator Status (BDZ) Target
Spec. energy
(KWhipass.-km) >0.25 0.10-0.15
EOZ (9CO,, /pass.- ~100 20-40
m)
Load factor (%) <30% 45-60%
Fleet age (years) >35 <10 (EMU)
Punctuality (%) ~65% >88%
Comfort score (1-5) ~2.1 >3.8
Accessibility il TSI PRM
compliant

5. Conclusions

This paper has proposed and examined a dual-driver
competitive framework positioning eco-efficiency and service
quality as jointly determining competitive advantage in liberalized
suburban rail transport. Applied to the Bulgarian suburban rail
context, the framework reveals structural complementarity between
the two dimensions and identifies rolling stock modernization as the
highest-leverage lever for simultaneous improvement.

Four conclusions emerge: (1) eco-efficiency and service quality
are mutually reinforcing strategic assets in liberalized suburban rail
markets, not competing priorities constrained by shared investment
budgets; (2) modern rolling stock investment represents the optimal
intervention for dual-driver improvement given the shared structural
root of current deficits; (3) Bulgarian PSO contract structures
require reform to incorporate eco-efficiency and service quality
performance metrics; (4) early movers in the dual-driver strategy
will establish durable competitive positioning as market
liberalization progresses under the Fourth Railway Package.
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The paper acknowledges limitations: the analysis is primarily
conceptual and qualitative, relying on available aggregate data for
the Bulgarian market rather than operator-level primary data. The
proposed eco-efficiency indicators have not been empirically
validated against actual BDZ Passengers operational data, which
constitutes a priority direction for follow-up research.

Future research should develop a quantitative measurement
instrument for the dual-driver competitiveness index and test it
empirically across multiple suburban rail markets in Central and
Eastern Europe at different liberalization stages, enabling cross-
country benchmarking and evidence-based policy recommendations
for PSO contract reform.

6. References

1. European Parliament and Council, “Directive 2016/2370/EU
amending Directive 2012/34/EU as regards the opening of the
market for domestic passenger transport services by rail,” Official
Journal of the EU, L 352, 2016. https://eur-
lex.europa.eu/eli/dir/2016/2370/oj/eng

2. S. Stoilova, Study of railway passenger transport in the EU,
Tehn. Vjesnik, 25, 587-595 (2018). https://doi.org/10.17559/TV-
20160926152630

3. E. Nathanail, Measuring the quality of service for passengers
on the Hellenic railways, Transp. Res. Part A, 42, 48-66 (2008).
https://www.researchgate.net/publication/23526774_Measuring_the
_quality_of_service_for_passengers_on_the_Hellenic_railways

4, L. Eboli, G. Mazzulla, SEM for analysing passengers’
perceptions about railway services, Procedia Soc. Behav. Sci., 54,
96-106 (2012).

5. M. Chester, A. Horvath, Life-cycle assessment of high-speed
rail: California, Environ. Res. Lett., 5(1), 014008 (2010).

6. J. Akerman, The role of high-speed rail in mitigating climate
change, Transp. Res. Part D, 16(3), 208-215 (2011).

7. European Commission, Fit for 55: delivering the EU's 2030
Climate Target on the way to climate neutrality, COM(2021) 550
final, Brussels (2021). Available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52021DC0550

8.  WBCSD, Changing Course: A Global Business Perspective on
Development and the Environment. MIT Press, Cambridge, 1992.

9. T. Razmov, Yu. Varadinova, Analysis of the quality of the
transport service, Mech. Transp. Commun., 11, article 1150 (2013).
https://mtc-aj.com/article.1150.htm

10. M. Todorova, Choice of passenger transport mode using logit
model, Proc. EURO-ZEL 2015, Zilina (Slovakia), 216-223 (2015).
11. European Parliament and Council, “Regulation (EC) No
1370/2007 on public passenger transport services by rail and by
road,” Official Journal of the EU, L 315, 2007, as amended by
Regulation (EU) 2016/2338.

12. Ministry of Transport and Communications (MTC), Draft
Rules and Procedures for Awarding Public Service Obligations in
Railway Transport, https://www.mtc.government.bg/

13. S. Todorov, K. Kutsarova Dimitrova, Y. Paskalev,
Environmental impact of modernisation of the Sofia—Plovdiv
railway line, Proc. SGEM 2024, doi:10.5593/sgem2024/5.1/s23.95
(2024).

14. Yu. Varadinova, S. Angelova, Analysis of market segments of
passenger railway carriages, Mech. Transp. Commun., 19(2), article
2180 (2021). http://www.mtc-aj.com

15. K. Karagyozov, M. Todorova, Analysis of delays of freight
and passenger trains on the railway network of Bulgaria, Sci. Forum
Innov. Compet. Transp., Sofia, Bulgaria (2014).



Technics. Technologies. Education. Safety. 2026

INPEJABAHE HA HHO®OPMALMS OT IbHHA CTAHIMSI 3A ITIOABOJAEH
MOHUTOPHUHI 10 IVIABALLl PAAMOBYMU 110 XUIPOAKYCTHYEH KAHAJI

TRANSMISSION OF INFORMATION FROM A BOTTOM STATION FOR UNDERWATER
MONITORING TO A FLOATING RADIOBUQOY VIA A HYDROACOUSTIC CHANNEL

1-p umk. Komapos A. I, ri. acucrent o-p umx.Haiinenos P. B.,
Boarapcka Axagemus Ha HaykuTe — IHCTUTYT 10 MeTaj03HaHUE, ChOPBKEHHUS U TeXHOJIOTHHU ¢ LISHTHp Mo Xxuapo- u aepoAnHaMHUKa
»2Akanemuk Anren baneBcku’™!
aleksandar_kolarov@abv.bg, radonaydenov@yahoo.de

Abstract: This article examines the process of transmitting information from a hydrophone of a bottom station for underwater monitoring
to a floating radio buoy via a hydroacoustic channel. The features of the hydroacoustic communication environment, the requirements for the
modems used, the factors affecting the reliability of the connection, as well as the possibilities for increasing the efficiency of information
exchange at depths of up to 200 m are analyzed. The structural organization of the system is presented and the main technical solutions for
implementing a stable data transmission channel in real operating conditions are considered.

Keywords: HYDROACOUSTIC MODEM, UNDERWATER MONITORING, HYDROPHONE, BOTTOM STATION, RADIO BEACON,

UNDERWATER COMMUNICATION.

1. Yeoo

Pa3BuTHETO Ha CBBPEMEHHHTE CHCTEMH 3a  IIOJJBOJHO
HaOMIOZIGHHE M KOHTPOJ € TAICHO CBBP3aHO C HapacTBAIIUTE
M3VMCKBaHUS KbM CHT'YPHOCTTa Ha MOPCKUTE aKBAaTOPHWH, 3alllUTaTa
Ha KpPHUTHYHaTa WHQPACTPYKTypa, EKOJOTHMYHUS MOHUTOPHHI M
YIPaBICHHETO HAa MOPCKUTE pecypcd. B mocnemHute roauHu
3HAQUUTENHO Ce yBENNYaBa M3MOJI3BAHETO Ha aBTOHOMHH MOABOJHU
CHCTEMH, XUAPOAKYCTHYHHU CEH30PHH MPEXKH U CTALIHOHAPHH JHHHH
CTAaHIMM 3a HENpPeKbCHATO HAOJIOZACHHWE Ha IIOJBOJHATA Cpena.
OCHOBEH €JeMEHT Ha Te3W CUCTeMH ca XUAPO(OHUTE, KOUTO
OCHT'YpsIBaT PErHCTPHpaHe Ha aKyCTUYHH CHTHAJIM OT IOABOIHH
00eKTH, TIaBaTeIHH ChA0BE, TOJJBOAHH allapaTy M BOJOJA3H.

EdexruBHOCTTa HA TOJBOAHIS MOHUTOPHHT 3aBHCH HE CaMO OT
KaueCTBOTO HAa PETMCTPUPAHUTE CUTHAIW, HO M OT BB3MOXHOCTTA
cbOpaHata uH(popManus na ObAe HpenajeHa CBOCBPEMEHHO [0
LIEHTPOBETE 3a yNpaBleHHe W aHanu3. IlpenaBaHeTo Ha JaHHU OT
JbHHA CTaHIMWS, pa3MONOKEHAa Ha 3HAYUTeNHA ABJIOOYMHA,
MPEJICTaBNIsIBA CEPUO3HO TEXHHUYECKO MPEAN3BHUKATEICTBO MOPAIH
cenupuIHUTE OCOOCHOCTH Ha BOJIHATA cpela. 3a pa3jiika OT
HAa3eMHHTE KOMYHHKAIMM, H3MOJ3BAaHETO HAa paJHOYECTOTHU
CHCTEMHM TII0Jl BOJa € CHJHO OTrPaHMYECHO TIOpagd TOJIIMOTO
3aTHXBaHEe Ha €JIEKTPOMAarHUTHUTE BBJIHM. [lopaan Tasu mpuyvHa
XHUAPOAKYCTUYHHUTE KOMYHHKAI[MH CE YTBBP)KIAaBaT KaTo OCHOBEH
croco0 3a o6MeH Ha HH(OpMaIKs B TOJBOIHA Cpeia.

XUIpOaKyCTUUHUAT KaHal C€ XapaKTepu3upa CbC CIOKHHU
YCIOBHS HA Pa3NpOCTpaHEHHE Ha CUTHaNa, BKIIOYHTEIHO
MHOTOJIBYEBO  PA3MpOCTpaHEHHE, OTPaXEHHS OT  BOJHATA
MOBBPXHOCT M MOPCKOTO JIbHO, YECTOTHO 3aBUCHMO 3aTHXBaHE,
IIyMOBE OT NPUPOJICH M aHTPOIIOI'€HEH MTPOMU3XO0/, KAKTO U BIHsSHHE
Ha XHUAPOJIOTHYHUTE IapaMeTpH Ha BoJHaTa cpena. Tesu dakropu
OKa3BaT CBIIECTBEHO BB3/ICHCTBHE BBPXY KadyeCTBOTO Ha
KOMYHHKAIIMOHHATa BPb3Ka U OTPAHNYABAT BB3MOXKHHUTE CKOPOCTH
Ha mpenaBaHe Ha WHGbOpManMsi. BbIpekn ToBa ChBPEMEHHHTE
XH/IPOAKYCTHYHH MOJEMH MPEJOCTABAT Bb3MOKHOCT 38 M3IPaKIaHEe
Ha HAJIOKIHU KOMYHHKAILIMOHHH JIMHUU Ha PA3CTOSHUS OT CTOTHLIN
METPH JI0 IECETKH KHJIOMETPH, KOETO MO3BOJISABA pealn3alusiTa Ha
pasnpeseeHn CUCTEMH 32 TT0/IBOACH MOHUTOPHHT.

Oco0eH nHTepec MPeICTaBIsIBAT CHCTEMHTE, IPH KOUTO TbHHATA
CTaHIMSI € CBbp3aHa C IUIaBall paguoOyll TMOcCpencTBOM
XU/IPOAKyCTHYCH KaHajd. B TakaBa KoHQUrypauus paguoOysT
U3IBJIHABA POJISITA Ha KOMYHHKAI[MOHEH IILTI03 MEX/Y MOABOJHATA
W HajaBOAHATa cpena. VHpopMmaimsaTa, monyyeHa or XxuapohoHa u
o0paboTeHa B JbHHATA CTAaHIHSA, CE TPEaBa Ype3 XUAPOAKyCTHICH
MOJIeM KbM MOJIEM, MOHTHpPaH Ha maBaius Oyii. Cien npHeMaHeTo
Ha JaHHUTE PaguoOysT OCBILECTBABA TSAXHOTO IpemperaBaHe upe3
paguokaHal, KJIEThYHA MpEXKa, CaTelUTHAa Bpb3Ka WIH Jpyra
KOMYHHKAIlHOHHA CUCTeMa KbM OpEroBH LIEHTHD 3a HAOIIOJCHUE U
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ynpasieHue. IToqoOHa apXUTEKTypa MO3BOJIABA PEaM3UPAHETO Ha
AQBTOHOMHHM CHCTEMH 3a HPOABIDKMTENCH MOHHTOPUHTI  6e3
HEOOXOJMMOCT OT TMojiaraHe Ha KabemHa uHQpacTpykTypa. Ts
HaMHpa MPUIOKEHHUE IIPH OXpaHa Ha MPUCTAHUILA 1 BOCHHOMOPCKH
6a3y, 3aIUTa Ha OABOJHH ChOPBKEHHUs, HAOII0ICHHEe Ha MOpCKaTa
cpela, KOHTPOJI Ha KOpaOOIUIaBaHETO, MOHHTOPHHI HA IOABOJHA
mrymMoBa OOCTAaHOBKAa M OTKPHBaHE Ha HEOTOPU3MpaHa IIOIBOJIHA
neitnocr [1].

2. Ilpeonocmasxku u nauunu 3a paspewiagane Ha
npoonema

PaboreH konekTHB OT IHCTUTYT 110 METaI03HAHNE, CHOPBKECHHS
U TexHosuoruu ¢ LIeHTBp MO XUAPO- M aepOAMHAMHKA pa3paboTH
MHorodyHKIOHaIHATa JbHHA CTAHIMSA 32 MOJBOJCH MOHUTOPHUHT
/MJICTIM/, 3amuTeHa KaTo mojie3eH Momaesl ¢h¢ CBHAETENCTBO 3a
peructpanus per. Ne 4987 Ul, kosATO U3MBIHSBA IIBJICH HA0Op OT
(YHKIMOHAHN BB3MOXKHOCTH M OCUTYpsiBa e()eKTHBHO N3MepBaHe,
3aIiCBaHe, ChXpaHsBaHe M NMEPUOANYHO TpeaBaHe Mo paJnoKaHal
Ha Ha0Op OT WM3MepBaHWs, KOETO IO3BOJISIBA IOJy4YaBaHe, CIE]
00paboTka ChC CHCHUATU3UPAH COPTyep, HA ISIIOCTEH M TOYCH
o0pa3 Ha TepMOXaJMHHATA CTPYKTYpa Ha MOPCKaTa cpejia B pailoHa
Ha mnosunuoHupane. MJICIIM mnpurexaBa TaKTHKO-TEXHHYECKH
XapaKTEePUCTUKH, KOMTO TO NMPABAT yHHUBEPCAJICH, MOOMIICH H JIECEH
3a pa3BpBIIAHE HA MO3HIUS M 00CIyXBaHe 0e3 HEOOXOOMUMOCT OT
W3II0JI3BaHE Ha BOJONA3H.

’

@Duz. 1 Muozoyynkyuonanna ObHHA CIMAHUUA 30 ROOBOOEH

MOHUMOPUHZ
MHOFO(i)yHKIIHOHaIIHaTa JBbHHa CTaHIHA 3a IOJABOJCH
MOHUTOPHHI IPUTEKaBa Bb3MOKHOCTH 3a:
¢ aJalITUBHO MO3UIIMOHUPAHE 11O II’LII60‘II/IHa;
* HENPEKBCHATOCT Ha npouneca Ha U3MEPBAHC Ha

XUAPOGU3NIHUTE XapaKTEPUCTUKU HAa MOPCKaTa BOJIa;
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* OTKpMBAHE, PETMCTPUPAHE U 3aAlOMHSHE HA MOPCKH IIyMOBE,
MpeCTaBIsBAIIN 3BYKOBA aHOMAJHMs, Ha (JOHA HA €CTECTBEHHS
IIyM Ha MOPETO;

* OBp30 NpejaBaHe HA JAHHU 332 OTKPHUTATa 3BYKOBA aHOMAIHA H
TIepHOANYHO TIpesiaBaHe Ha XUAPO(U3MIHNTE XapaKTEePHCTHKU
Ype3 U3IUIaBall paguolyit.

MJICIIM e M3KIIYHUTEIHO MOIXOAINa 3a OCBIICCTBIBaHE Ha
KOHTPOJI Ha HHMBaTa Ha AaHTPOIOTEHHH IIYMOBE B MOPCKHTE
MPOCTPAHCTBA OT OTOPU3MPAHUTE OPraHH, KAaKTO M 3a KOHTPOT Ha
CBbCTOSHHETO Ha  KpallOperkHata  WHQpAcCTpyKTypa H  Ha
KOpaOoIjlaBaHeTO BBHB BpPEMECHHO 3a0paHEHHM 3a IUIaBaHE WU 3a
pubonoBHa HEHHOCT pallOHM, MOpagd TOBa, 4Ye TS OCUTYpsBa
OTKpPMBaHE Ha HApyIIEHUATAa HAa MAaKCHMalHa JAWCTaHIUA C

MHWHHUMAJIHO 3aKbCHCHHUC u CBOCBPEMCHHO npeaaBaHe Ha
I/IH(bOpMaHI/ISI Ha ONIEPATUBHUTE LIEHTPAJIN.
XapaKTepHH TEXHUYCCKU  PCHICHHUA Ha  KOHCTPYKIUATA,

pealM3upaHd KaTo TNPEIUMCTBA, Ca, 4¢ KOMYHHUKAIHATA MEXKIY
SJIEKTPOHHOTO O0OpyIBaHEe B AbHHATA CTAHLUSI U PagnoOys ce
M3BBPIIBA [0 XePMETHUYEH MOJABOJCH Kalbesl, HABUT HAa Makapa Ha
HAMOTKH €/IHa BbPXY JpYra, Mpe3 XepMeTHueH BupTsil mpexoxn {2].
Te3n 0coOGEHOCTH MO BpeMe Ha eKCIUIOATALMATA Ha H3ACIUETO ce
OKa3axa HMKOHOMHYCCKH €()EKTHBHM 3a  JBJIOOYMHHM  Ha
no3unonupane a0 50 M. Ham Ta3sm npiabouyrHa W3UCKAHETO 3a
XepMETU3UpaHe Ha KaOCeNHUs MPEXOJ B TAIOTO Ha paauolys ¥ BbB
BBPTAINUS TPEXOJ YYBCTBUTCIHO OCKBIISABAT pealk3anusaTa, a
nebenqrHaTa HAa XEPMETHUYHMS Kaben 3HAYUTESIHO YBelHdyaBa
qMaMeTbpa Ha Makapata Y CBOTBETHO MacorabapuTHHUTE
XapaKTePUCTUKU Ha CTAHIIUATA.

Ilo Te3m nmpuunHE 3a apadoumHN 10 200 M e menechoOpa3zHO
KOMYHHKAITUSITa MEXIy JbHHATA CTaHIUS W pamguodys na ce
M3BBPIIBA N0 OC3)KHUCH KaHAN, a BMECTO IMOJBOJICH XCPMETHUCH
KabeJ Jja ce U3IMO0J3Ba CTOMAHEHA MPOBOJIKA C MOAXOISI] THAMETB].

3. Peuwienue na npoyuenus npoonem

IIpenaBanero Ha uHpOpManUs OT XUAPOPOH HA AbHHA CTAHIHS
KbM IUIABALl pAgHoOyH IOCPEICTBOM XHIPOAKYCTHYEH KaHa
npecTaBisiBa epEKTUBHO PEIICHHUE 32 M3rPAKAaHe Ha aBTOHOMHH
CHCTEMH 3a IIOJBOJICH MOHUTOpHMHI. M3mon3BaHeTo  Ha
XHIPOAKYCTHYHH MOJIEMH II03BOJISIBA CH3JaBaHETO Ha I'bBKaBa
KOMYHHKAaIlMOHHA apXUTEKTypa 0e3 HeoOXOAMMOCT OT KabemHa
uHppacTpykTypa. [lpum mnpaBuieH u300p Ha pPaOOTHH YECTOTH,
MOAYyJAnus M KOMYHHMKAalMOHHM IIPOTOKOJNM MOXe naa Obae
OCHT'ypeHa HaJIeKHa BPb3Ka MEeXTy IOJIBOIHATA U HA/IBOJHATA 4acT
Ha CHCTeMara.

3a oOMeH Ha WHpOpPMAIUS MEXIy XHAPO(GOH, MOHTHPAH Ha
JIbHHA CTAHIMS, M [UIaBall Paano0yil Ypes XUAPOaKyCTHIHH MOJICMH,

MOJKE J1a C€ M3II0JI3Ba CcIIeHATa apXUTEKTypa - Dur.2.:

] PAIMOKAHAT !
|\ (LTE/4G/5G, Wi-Fi, LoRa, 1
: careni BpEaKa) H

BPET'OBM KOHTPOJIEH
LEHTEP

Cewaop 3a gbnBouuHa
KowTponep
XMAPOAKYCTHYEH MOodEM

ObHHA CTAHLWA

XMAPOAKYCTHUEH MOAEM
Kowtponep

Enok 33 06paBioTka Ha curHanM
XuapodoH

Duz.2 Apxumexkmypc Ha cucmemama
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Wndopmarmsta, perucrpupana ot xuapodona, ce obpaborsa B
IbHHATAa CTaHUMs M ce mpeobpasyBa B mu¢ppos Bui. Cren ToBa
JAHHUTE Ce IPeiaBaT ype3 XHAPOaKyCTUUHUSA MOJIEM KbM Paano0ysl.
[Nonmydenara uHpOpMaLus ce peTpaHCIHpa KbM OperoBHs ILEHTHP

nocpenctsoM YKB, LTE/5G unu caTenuTHa Bpb3Ka.

CucremMaTa ce CbCTOM OT CIICIHUTE OCHOBHM (YHKIMOHATHH
OJI0KOBE:

1. IbHHA cTAHUUSA

® XunpooH 3a MpreMaHe Ha MOBOJHU aKyCTUYHH CUTHAIIH.

o Amnanoro-uu¢pos npeodpasysaren (ADC).
o DSP mporecop 3a npensapurenHa oopadoTka:
O ¢unTpanmys;

O CIIeKTpaJIeH aHaJIN3;
O IeTEKIMs Ha [eIIH;
O KOMIIpeCHpaHe Ha JaHHU.
® XUIPOaKyCTHIeH MOJIEM.
® 3axpaHBami 070K (0aTepuy, aKyMyJIaTOpH).
2. XupoaKkycTHYeH KaHaJl
e Uecroren amamnazoH: 10-50 kHz (3a aucraHmmuM 10 HSAKOJIKO
KAJIOMETPA).
e CKOpOCT Ha IpeJaBaHe:
ortenemerpus: 100-1000 bit/s;
oaymuo namHu: n0 10-20 kbit/s mpu OmarompusaTHH
YCIIOBHSL.
© Moaynauuu:
oFSK;
oPSK;
o OFDM.
3. lInapawm paauodyii
® XUIpoaKkyCTH4eH MOJEM 3a NpHeMaHe Ha JaHHHW OT JbHHATa
CTaHILHS.
© MUKpPOKOHTPOJIEP MIIH HHAYCTPUATICH KOMITIOTBP.
® BydepHa mamer.
o GPS npueMHUK 32 CHHXPOHU3AIMA U TIO3UIUOHUPAHE.
e Pagmomozyn 3a Bpb3Ka ¢ Opera.
e CirbHUEB MaHE U aKyMyJIaTop.
4. BperoBu HeHTHP
o [IpueMaHe ¥ BU3yalH3alyis Ha JaHHHUTE.
® ApxuBHpaHe.
e AHain3 Ha HOJBO/IHATa 0OCTaHOBKA.
® ViipapieHUe Ha MpeKa OT HAKOJIKO AbHHH CTaHIIMH.
IToToxkbT Ha MHpOpPMaLHATA €:
XuapoGoHBT perucTpupa MoABOACH IIIYM HIIH CHIHAIL.

- DSP mMoxymsT m3BBpIIBa 00pabOTKa M U3BIMYAHE HA IPH3HALIH.

- JlaHHUTE ce maKkeTupar.

- XHUAPOAaKYyCTHYHHUAT MOJIEM TH TIpeiaBa KbM Oysi.

- BysT npuema naketuTe 1 H3BbPIIBA IPOBEPKA 33 TPELIKH.

- JIaHHHTE ce IpenpenaBar no paJroKaHal KbM OperoBHs LEHTBP.
[lpu HeoOXoAMMOCT ce U3Mpam@ar KOMaHAW OOpaTHO KbM
J'bHHATA CTaHIHUS.

XUIPOAaKyCTUUHHAT KaHall MEXIy JbHHATa
TaBaiust paaro0yii ce xapakrepusupa ¢ [3]:

CTaHUUs U

® OrpaHUYeHa YECTOTHA JICHTA;
® 3HAUYMTENHO 3aTMXBAHE HA CUTHAJIA,
® MHOTOJTHYEBO PA3MPOCTPAHCHHE;
® BIIMsHHE HAa TEMIIepaTyparta, COJIEHOCTTa M HaJIATaHeTo;
® HajMYKe Ha €CTECTBEHU U aHTPOIIOTEHHH IIyMOBE.
[Tpu pendounnn g0 200 m Hai-yecTo ce M3MONI3BAT YECTOTHU B
nuanazona ot 10 o 50 kHz, KouTo ocurypsiBaT KOMIPOMUC MEXIY

CKOPOCT Ha IpeaBaHe 1 obcer Ha Bpb3Kara.

3aryOure B KaHajla, OCHOBHHUTE KOMIIOHCHTH Ha KOHTO ca
TEOMETPUYHOTO PAa3NPOCTPAaHEHHe, IMOTIBLIAHETO OT BOJATa,
pa3sceifBaHETO OT MOBBPXHOCTTA M OT IBHOTO. MOTAaT 1a OBIar
npencraBenu upe3 popmynara (1):

(1) TL=20logR + aR,
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kbaero TL (Transmission Loss) — ®wur. 3, ca obuure 3ary0ou mpu
pasnpoctpanenue [dB], R e pascrosiHuero mexay mogemute [M], a e
KOe(HLHUCHT Ha TOTTbIIAHE.

w0d8
00 200 30 s 0 000 1500 2000

PascTaRMIMe MewAY MOpeMUT (M)

@uz. 3 3a2you npu pasnpocmpanenue Ha XuopoaxKyCmuier CUzZHal

TUNUYHM CTOWHOCTH Ha 0L B 3aBHCHMOCT OT YecToTara ca [4]:

e 10 kHz: a = 1.1 dB/km;

e 20 kHz: . = 4.1 dB/km,;

® 30 kHz: a = 8.3 dB/km.
Or rpadukara ce BHXK/a, 4 3aTUXBAHETO Ha aKyCTUYHUS CUTHAI

HapacTBa HEJMHEHHO C yBeIMYaBaHe Ha YeCTOTATa:

e 10 10 kHz 3aruxBaneTo e cpaBHHTEIHO Majko (< 1-2 dB/km),
KOETO MO3BOJISIBA KOMYHHKALHS HA IECETKU KUIOMETPH;

e mexy 20 n 50 kHz 3ary6ute ce yBennuaBat 3HaunTeNnHO (4-16
dB/km), koero orpannyaBa 00XBaTa 10 HIKOJIKO KHJIOMETPa;

e Han 100 kHz 3aruxBanero craBa MHoro roixsimo (>30 dB/km),
Mopajy KOETO TE3H YECTOTH ca MOAXOSIIM CaMO 338 KbCH
PAa3CTOSTHHUS, HO OCHTYpPSIBAT MO-BUCOKA CKOPOCT Ha Ipe/iaBaHe.

Taonuua 1. [100600na KamynuKayus npu pasiudiu 4ecmomu

| Yecrora (khz) | 3anuxsaue (dB/km) | Tunwuno npunowenve
_ 0.06 [Jane4yHa KOMyHUKaLMA
(>100 km)
— 0.3 [eceTku KUNnomeTpu
11 Jlo 10-20 km
“ 4 Hakonko knnometpa
[ so | 17 5002000 m
“ 34 [o okono 1 km
“ 70 CroTuum metpu
“ 250 KpaTku pasctoaHus
(neceTkn meTpu)

3a MoJIBOJJHU aKyCTHYHH MOJIEMHU TOBA O3HAYaBa, 4e H300PHT Ha
paboTHa YecToTa € KOMIIPOMHC MEXY:

® roJisiM obcer — U3no3Bar ce Hucku yectotH (5-15 kHz);

® [10-BHCOKa CKOPOCT Ha Tpe/laBaHe — W3IMOJI3BAT C€ MO-BHCOKH
yectot (30—100 kHz), HO 3a 3HAUUTETHO MO-KHCH PA3CTOSHUS-
Tabnuma 1:

AHaIUbT ITOKa3Ba, ue:

® Hucku yecrotu (5-10 kHz) — ocurypsiBar roism oGxBar, HO
ckopoctTa Ha o0MeH e Hucka (1-3 Kbps).

e Cpenun vecrotn (20-50 kHz) — maii-yecto wu3moi3BaHMAT
JMana3oH 3a IOJBOJHU MOJEMH, ThH KaTo mpemiara J00Bp
KOMIIPOMHC MEKITy CKOPOCT U Pa3CTOsTHHUE.

® Bucoku yecroru (100-500 kHz) — mosBossBar ckopoctd oT
IIECEeTKH 10 cTOTHIH kbps, HO caMo Ha KbCH pa3CTOSHHS TOPaan
CHJIHOTO 3aTHXBaHE.

Taonauya 2. Bausanue na wecmomama na ckopocmma na 00mena na
ungopmayus

Encar
[ 5 1 10-50 km
. o
[ so | 30 05-2km
“ 80 200-1000 m
[ 00 | 180 100-500 m
[ s0 | 600 20100 m

Ta3u 3aBUCHMOCT € €[lHa OT OCHOBHHTE IIPUYMHH CHCTEMUTE 32
HO/BOIHA KOMYHHMKalLMs 12 M30MpaT paboTHAaTa 4ecToTa CIOpen
KOHKPETHOTO HNPHIIOKEHHE — JlaJIeuHa TeNeMeTPHUsl, KOMYHHUKALHUS C
ABTOHOMHM MOJIBOJHM anapaTd WIH BUCOKOCKOPOCTEH OOMEH Ha
JIAHHHU Ha MaJIKK pa3cTostHus — Tabnuna 2 [5].

Koraro moxBopHaTa KOMyHHKAIMs ce H3IOI3Ba 3a OOMEH Ha
nHpOpMaIys, IoJIydaBaHa OT XUAPO(OH, HE0OX0IIMaTa CKOPOCT Ha
o0MeH Ha HH(pOpPMAIHs 3aBUCH OT TOBa KaKBO MpeaBa XUAPO(GOHBT.
Mwma tpu ocHOBHU cityuas — Tabnuna 3:

Taonuua 3. 3agucumocm mexncoy cKOpocmma u CoObPIHCAHUEMO HA
npeoaganun cuzHau

Heobxoquma

HpeuaBaH CHTrHaJ
CKOpoOCT

Camo n3MepeHy napaMeTpu (HUBO,

100-1000 bit/s
4eCcToTa, BpeMme)

|| 864kpis |
128-768 kbit/s |

| Kommnpecupan aynno curnain

| HexomnpecupaH ayuo curxa ||

Axo xuapopousT npuema curdaiu go 20 kHz, muanmannara
YecToTa Ha JIUCKpeTH3alus Tpsaosa aa obae none 40 kHz (cwriacHo
Teopemara Ha Haiikyucr), a Heobxoaumara ckopocr e = 640 kbit/s 3a
enuH kaHan. ToBa e NpeKkajJeHO BHCOKa CKOPOCT 3a IOBEYETO
MOJBOJHM aKyCTHYHH MOJCMH, KOHTO OOHKHOBEHO OCHIYpSIBAT
HAKONKO Kbit/s mo Hskonko nmecetku kbit/s. 3aToBa B mpakTHKaTta
MOYTH BUHATH CE€ MpHUJIara:

® Ipe/iBapuTeNIHa IH(poBa 00paboTKa;

® KOMIIpECHs,;

® p3BIMYAHE Ha XapakTepucTuky (feature extraction);

® [pefaBaHe caMO Ha HeoOxoanmaTa HHGOpMAalHs BMECTO Ha

LENHUsI ayIHO0 TOTOK.

3a NoBHUILIABaHE HA HAICKIHOCTTA Ha IIPEAABAHETO CE U3IOJI3BAT
pasnuyHU MEeTOAH 32 1 poBa Moxynanus [6]:

o Frequency Shift Keying (FSK);

o Phase Shift Keying (PSK);

o Quadrature Phase Shift Keying (QPSK);

o Orthogonal Frequency Division Multiplexing (OFDM).

JIOBITHUTEIHO Ce MpUJIaraT KOPUrHpaliy KoJ0Be 3a OTKPHBaHE
M TompaBsiHe Ha rpemkd, karo Reed—Solomon u convolutional
kojioBe. TOBa 1M03BOJIsSIBA HAMAIIIBAHE HA BEPOSTHOCTTA OT 3ary0a Ha
UHGbOPMAIKS IPH HEONArONPHUATHH YCIOBHS.

3a kanax ¢ 4yectoTHa Jienta ~10 kHz peamHuTe ckopocTu mpH
pasnnuHa MoayJtanust Ha curHana ca npu FSK 0.3-2 kbps, mpu PSK
2-10 kbps, mpu OFDM 10-50 kbps.

3a crcreMa 3a MOHHUTODPHHT € goctarbuHa ckopoct 2—10 Kbps
TBH KaTo Cce MperaBaT:

® CIIeKTPAJIHU XapaKTePUCTHKHY;
® HUBA HA IIyM;

® TPEBOXKHU CHOOIICHUS;

® OTKPHTH LIEIH.

TUNUYHATE CTOMHOCTH Ha BEpOATHOCTA 3a rpemka BER (Bit
Error Rate) ca ot <107 (orimuen kanan) 10 >1073 (Jromr kaHa)

3a monobOpsiane Ha BER ce u3nomn3ear koanpasxe:

o FEC konose;

¢ Reed-Solomon;

e Convolutional coding;
e LDPC xonupane.

4. Pezynmamu u OucKycus

JlbHHATa CTaHIMs e 00opyaBaHa ¢ Xuapo(oH, MpeHa3HAYCH 3a
NpHeMaHe Ha aKyCTHYHH CHIHalM OT MoABoAHara cpena. Cuen
MpeBapUTEeNIHO yCHIBaHE W IU(poBa 00pabOTKa Ha CHTHala ce
U3BBPILIBA OTKPHBAHE Ha CHOUTHSL, KIaCH(DUKAIMS MM U3BIHYaHE Ha
XapaKTepHU MapaMeTpy Ha HaOmomaBaHust oGekt. ITomyueHara
nHdopmarms ce nmpeodpasysa B HUGPOBO CHOOLICHHE U ce MMoJaBa
KBM XHJPOAKyCTHUEH MOJIeM, U3IbJIHABAL (QYHKLUATA Ha MO/IBOACH
npenasarel. XHAPOAKYCTHYHUAT MoJeM (OpMHpa aKyCTHYeH
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CHTHaJI, KOMTO Ce pa3NpOoCTpaHsiBa BbB BOJHATA CPeAa IO IUIABALL
panuoOyii. Ha 6opaa Ha Oy € pa3noyioxkKeH BTOPH XUAPOAKYCTHUCH
MoaeM, paboremy B pexxuM Ha npuemane. Crex nemMomynanus U
JexkoaupaHe Ha uHOOpMalMATa JaHHUTE C€ [pelaBaT KbM
KOMYHUKAIMOHHUSI MOJIYJ Ha Oysl M IIOCPEICTBOM paJMOKaHal,
KJIeThYHA MpEeXa WIM CaTelIMTHAa BPB3Ka JOCTHTaT 10 OperoBHs
HeHTHp 3a HaOmoneHne. Taka IUTaBamusT paguoOyil W3IBIHABA
pomsiTa Ha KOMYHHMKAIlMOHEH [UI03 MEXIy HOABOJHATA
XHPOAKYCTHYHA CHUCTEMa W HAJBOJAHATA TEICKOMYHHKAIIMOHHA
uH(ppacTpyKTypa. 3a cucreMa IbHHA CTAHIMs — IUIABaLl paguo0yi
Ha apadountu 10 200 M ca moaXOAAIIM XHAPOAKYCTHIHH MOJICMH C
paboten o6xBat 500-5000 m, HuCKa KOHCYMalUsl U Bb3MOXKHOCT 32
AaBTOHOMHa paboTa.

OCHOBHHTE IOKa3aTelH
BKJIFOYBAT:

3a e(beKTI/IBHOCT Ha cucreMmara

e CKOpOCT Ha IIpe/laBaHe Ha JJaHHH;

® BeposATHOCT 3a rpelika Ipu NpeJaBaHe;

® MakcuMaliHa KOMyHHKAllMOHHA AUCTaHIUS,;
e Enepruiina e eKTHBHOCT;

o Haﬂe)K[[HOCT Ha BpBb3KaTa Ipu pa3IMdYHu XUAPOMETCOPOJIOrui-

HHU yCJIOBUS.

HpaKTI/I‘IeCKI/I n3CJI€ABaHUs IIOKa3BaT, 4€ IIPpU H3IM0JI3BAHEC Ha
CBBPEMEHHU XUIPOAKYCTUYHU MOJEMHU MOraT Ja 6'b,E[aT IIOCTUTHATH
CKOPOCTH OT HAKOJIKOCTOTUH outa 10 JECCTKHU Kujaobura B CEKyHa
Ha pasCTOAHUA OT CTOTHIIM METPHU J0 HAKOJIKO KHJIOMETpaA.

3a ocurypsiBaHe Ha HaJIeXKJHA BPb3Ka MEK/Ly JbHHATA CTAHLHUA U
paanolys XMAPOAKyCTUYHUTE MOAEMH TPSIOBa /1a IPUTEKABAT:
® pabotHa qpia00ynHa MUHIMYM 200 m;
® ckopocT Ha npenasane ot 1 1o 20 kbps;
® aanTHUBHA MOJYJIALNS;
e xopekuus Ha rpemku (FEC);
® HHCKa KOHCYMAalUs Ha CHEpIusi;
® BBE3MOXKHOCT 32 MpEXoBa paboTa 1 aJpecupaHe Ha Bb3JIH.
ToaxodIM NPEeICTaBUTEIN Ca MOACMHUTE Ha TPOM3BOAUTEIINTE
EvoLogics, Teledyne Benthos, Sonardyne u Subnero.

Tabnuya 4. Ochosnu xapakmepucmuKku Ha NOOX00AWU 3a U3NON36AHE 8

cucmemama mooemu
Makcum|| Cxopoct
YecToTeH
IIpousso- M ajieH Ha Koncy-
ozen AMAana3oH
JAUTEJT (kHZ) o0xBar npeu.aBaHe Manumsa
(km) (bit/s)
. S2CR
EvolLogics 18/34 18-34 1m0 3.5 || mo 13900 || HuCcka
: S2CR
EvolLogics 42/65 42-65 1o 2 1m0 31200 || Hucka
Teledyne || ATM-900
Benthos Series 9-14 1o 10 10 2400 || cpenna
|LinkQuest |[luwm3000]| 2030 || no3 || 1209600 || mucka |
WNC- MHOTO
Subnero M25M 20-30 1o 2 10 5000 HcKa

W3cnensanusita nokaspar, ye npu guctaniuu a0 1000-1500 m u
nen0ounH 10 200 m morar aa OBAAT MOCTUIHATH HAIEKIHH
KOMYHHKAIIMH C BEPOATHOCT 3a yCHelHo npuemane Hag 90 % mpu

U3II0JI3BaHe HA ChBPEMEHHH XUIPOAKYCTHYHH MOJIEMH.

V3uncieHneTo Ha  €HepruiiHus  OamaHc o
XUIPOAKYCTHYHA BPb3KA MEXKIy JIbHHA CTaHIHS
paanoOyii mpy mapaMeTpu:

SNR 3a
N IUIaBalll

® pa3CTOsIHHE MEXy cTaHnmsATa u Oys: 1o 300 m;

® pabotHa yecrtora: f =25 kHz;

e p3rpuBaTentHo HUBO (Source Level, SL):180 dBre 1 pPa @ 1 m;
e HuBo Ha mrymoBus (oH (Noise Level, NL): 50 dB re 1 uPa

e ycuiBaHe Ha npueMHuKa (Directivity Index, DI): 0 dB;
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® 3ary6u oT peanuzanus 1 obpabotka: 5 dB,
3a IVIMTKOBOJIEH paiioH Ha YepHOo Mope AaBa CIeJHUTE PE3YITATU:

Taonuya 4. Enepeuen 6ananc Ha KOMyHUKAUUOHHUA KAHAT

| IMapameTsp || CToi’lHOCTI
| WznbuBarenno HuBo SL || 180 dB |
| 3ary6u npy pa3npocTpaHeHHe TLH -66 dB |
| ITpuero auBo RL || 114 dB I
| [IymoB don NL || 50 dB I
| Peanu3airoHHu 3aryou || -5dB I
| Kpaen SNR || 59 dB I
5. 3axnwuenue

IIpenaBanero Ha mHGOPMAnKS OT XUAPOGOH HA AHHHA CTAHIUS KbM
IUIaBalll  paguoOyil  MOCPENCTBOM  XHMAPOAKyCTHUCH  KaHal
Hpe/CTaBIIsIBa e()EKTHBHO PEIICHHE 3a M3rpaXkJaHe Ha aBTOHOMHU
CHCTEMH 3a IIOABOJEH MOHHTOpHMHI. l3momsBaHero Ha
XUIPOAKYCTHYHH MOAEMH II03BOJIsIBA ChH3JaBaHETO Ha I'bBKaBa
KOMYHHKAIIHOHHA apXHUTEKTypa 0e3 HeoOXOIMMOCT OT KabemHa
uHpacTpykTypa. Ilpu mnpaBuieH u30op Ha pabOTHH YECTOTH,
MOAyNanus W KOMYHHKAIMOHHH HPOTOKOIM MOXe 1a Obae
OocUTypeHa HaJeXIHa Bpb3Ka MEXIy IMOJBOAHATA W HaJIBOAHATA
4acT Ha cUcTeMara 3a cucTeMa JIbHHA CTAHIMS — IUIABaIl pagno0yit
B ycioBusta Ha YepHo Mope, m3nonsBaiia yectotd 20-30 kHz u
M3TBYBATEIHO HUBO Okojo 180 dB re 1 yPa @ 1 m, moxe na ce
OCHI'YpH HaJeXk/Ha XHIPOAKyCTHYHA KOMYHHKALUs Ha Pa3CTOSHUS
or 1-2 km cwc 3amac mo SNR mag 40 dB. Tesu croitHOCTH ca
JOCTaThYHH 32 peaBaHe Ha TeJeMeTpHYHa HH(OpMaIHs, JaHHU OT
XUIpOpOHH M aJapMEHH CHOOLICHUS OT CHUCTEMH 3a HOIBOACH
MOHHTOPUHT.

bnazooapnocm

Tasn myOnukamus e oceiecTBeHa no mpoekt (7475,
¢unancupan ot mporpamata Ha HATO ,Hayka 3a mup u
curypaoct®. (This publication was carried out under project G7475,
funded by the NATO Science for Peace and Security Programme).

6. Tumepamypa

1. M. Stojanovic, J. Catipovic and J. Proakis, “Adaptive multi-
channel combining and equalization for underwater acoustic
communications”, J. Acoust. Soc. Am., 94, (3), part 1, pp. 1621-
1631;

2. L. Freitag, M. Johnson, M. Stojanovic, D. Nagle and J.
Catipovic, “Survey and analysis of underwater acoustic channels for
coherent communication in the medium-frequency band,” Proc.
Oceans 2000, Providence, Sept. 2000.

3. M. Stojanovic, J. Catipovic, and J. Proakis, “Adaptive
Multichannel Combining and Equalization for Underwater Acoustic
Communications,” J. Acoust. Soc. America, vol. 94, no. 3, Sept.
1993, pp. 1621-31.

4. M. Chitre, “A High-Frequency Warm Shallow Water Acoustic
Communications Channel Model and Measurements,” J. Acoust.
Soc. America, vol. 122, no. 5, Nov. 2007, pp. 2580-86

5. D. Kilfoyle, J. Preisig, and A. Baggeroer, “Spatial Modulation
Experiments in the Underwater Acoustic Channel, IEEE J. Oceanic
Eng., vol. 30, no. 2, Apr. 2005, pp. 406-15

6. E. Zorita and M. Stojanovic, Space—frequency block coding for
underwater acoustic communications, IEEE J. Oceanic Eng., vol. 40:
303-314, April 2015.



Technics. Technologies. Education. Safety. 2026

N3cnenBane MexaHn3Ma Ha BJIUsIHME HA MOJABOAHATA KOMYHMKAIUS € XHAPOAKYCTHYHH
MO/ieMH BbpPXy padorara Ha XuApo(oH npu o0MeH Ha MHGOPMALHMATA OT HEro
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1.Ye00

IToxBOAHMAT MOHHUTOPHUHI HAMHpa LIMPOKO HPHIOKEHHE IPH
CKOJIOTUYHM  HaOJIOZCHWs, KOHTPOJI Ha MOpCKaTa cpena,
MOHHUTOPHHT Ha TIOABOJHA WHQPACTPYKTypa, OKeaHOrpadcKu
W3CIIEABAHUS M CUCTEMH 3a CHUI'ypHOCT. OCHOBEH NpO0JIeM TIpH Te3H
NPWIOKEHHS € MPEeaBaHeTO Ha ChOpAHUTE JAHHHU OT MOABOJTHUTE
CEH30pH KbM Ha3zeMHH notpeOurtenu. [lopaan CHIHOTO 3aTHXBaHe
Ha pPAaJMOBBIHHUTE BBB BOJA, HAH-Pa3NIPOCTPAHEHMSAT METOJ 3a
NOo/ABOHA OE3KUYHA KOMYHHKAIMS € M3MOJI3BAHETO Ha aKyCTHYHU
BBJIHH. XHUIPOAKYCTHYHHTEC KaHaJId TMO3BOJISABAT OOMEH Ha
nH(MOpMaIMs Ha 3HAYUTEITHU PA3CTOSHUS, MaKkap M IPU OrpaHUYeHa
MPOIYCKAaTeHA CIIOCOOHOCT M HAIMYKE Ha CIICHU(GUYHNA CMYICHHS
KaTO MHOTOJBYEBO PA3MPOCTpPAaHEHHE, IIyM U  JOIUICPOBH
U3MeCTBaHMs.  M3cienBaHusTa IOKa3BaT, 4Ye  aKyCTHYHATa
KOMYHHMKAIHs OCTaBa MPEANOYUTAHOTO pEIIeHHE 3a IOJBOIHH
CEH30PHM MpPEXH IOpajy 3HAYUTETHO IO-MAJIKOTO 3aTUXBAaHE B
CpaBHEHHE C €IEKTPOMArHUTHUTE U OITUYHHUTE METOAN.

V3mos3BaHeT0 Ha XUIPOAKYCTHYEH KaHAJl 3a MpeJaBaHe Ha
uHdopManys OT JAbHHA CTaHUMS KbM IUIABalll pagnoOyi
npecTaBisiBa eEeKTUBHO PELICHUE 32 W3rPaKIaHe Ha aBTOHOMHHU
CHCTEMH 3a IOJBOJACH MOHHTOPHHI. BBIIpeKH OrpaHHyYeHHUsATa Ha
MO/IBO/IHATA aKyCTHYHA cpela, ChBPEMEHHHTE METO/M 3a Ludposa
00paboTKa Ha CHUTHAJMTE, aJalTHBHA MOMYJIAlMs M KOPEKLHs Ha
TPELIKK TO3BOJISIBAT pealn3UpaHe HA HAJCKIHH KOMYHHKAILMOHHH
BPB3KH MpPU pa3IMYHA MOPCKH ycioBus. PaszpaboTBanero Ha
MOMOOHM CHUCTEMH Ch3/laBa MPEIIOCTAaBKM 3a H3rpaKIaHe Ha
MaiiabHU MOABOAHKM CEH30PHH MPEXHU 3a HAy4YHH, CKOJOTMYHH M
HHIyCTPHAITHY TIpHIoKeHus [1].

H3crenBaHeTo Ha BAMSHUETO HAa 0OMeHa Ha MH(OpMAIHs MEXIy
XHIPOAKYCTHYHH MOJEMH BBPXY paboTaTa Ha XHIAPOPOH € OT
CBIIIECTBEHO 3HAYCHHE 32 OIIEHKA Ha KaueCTBOTO Ha U3MEPBAHUATA
M 3a ONpeleisHe Ha BB3MOXKHUTE HM3TOYHMIM HAa CMYIICHUS B
MO/IBOJIHATA AKYCTHYHA cpeAa. AHamu3bT Ha MapaMeTpu KaTo
Sound Pressure Level (SPL), mymoBO HHBO, OTHOLICHHE
curHa/myM (SNR) ¥ 9ecTOTeH CHEeKThp MO3BOJSBA Ja CE OIECHH
CTENEHTa Ha BB3ACHCTBHE HA KOMYHHMKAIIMOHHHS IIPOIEC BBPXY
HM3MepBaTeIHaTa CHCTEMA.

OueHkara Ha BIMSHHETO Ha OOMeHa Ha HHGOpPMALUS MEXIY
XHIPOAKYCTHYHH MOJEMHU BbpXy paborara Ha XMAPO(OH M3MCKBA
AHAIM3 KAaKTO Ha (U3MYHUTE AKyCTHYHH IIPOLIECH, Taka M Ha
XapaKTEePUCTUKKUTE HA CUTHAJIMTE U IIPUEMHATA araparypa.
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2. Ilpeonocmaeku u HauuHu 3a paspeuwiasane Ha
npoobnema

OrneHkaTa Ha BIMSHHETO Ha oOMeHa Ha HMH(OpMamUs MEXIy
XHIPOAKYCTUYHH MOJEMH BBPXY paborara Ha XHAPO(OH M3HCKBA
aHaNMM3 KakTo Ha (U3WYHUTE aKyCTHYHH MpPOLECH, Taka M Ha
XapaKkTepUCTUKUTE Ha CUTHAJIWTE M [pHEeMHaTa armaparypa.
CrpyKkTypupaHaTa METOIMKAa U OCHOBHHTE (aKTOPH 3a U3CIeIBaHE
Ha OCHOBHUTE MEXaHNW3MHU Ha BIMSHHUE BKIIIOYBAT:

2.1 OcHOBHHM MEXaHHW3MH Ha BIUSHHE:

. AxyctmuHo  cmymenne — (Acoustic  Interference).
XuapoaKyCTHYHUTE MOJEMH HW3ThYBAT 3BYKOBH CHTHAIM B
YecTOTeH Auamna3oH oOukHOBeHO Mexnay 5 kHz m 100 kHz (B
3aBUCHMOCT OT MOJIeNa U MPUIOKEeHUeTo). Te3n CurHaiy Morat na:

- MOBHWIIAT HUBOTO HA IIyMa B paOOTHHUSA TUAMA30H HA
xuapodoHa;
- HaMaJsIT ChOTHOIICHUETO curHa/mym (SNR);
- MPUYHMHAT MACKHpaHE Ha CIAOUTE CHTHAJIH.
o CIIeKTpaJHO TPUIOKPHBAaHE. AKO YECTOTHHAT JAWAIla30H Ha
MOaeMa CbBIIaza C llyBCTBI/ITeJ’[HI/If{ JAHarna3oH Ha Xl/l)lpo(bOHa:
- BB3HHUKBA JUPCKTHO CIICKTPATHO MPHIIOKPHUBAHE
- XuApOoGOHBT MOXKE J1a PErUCTpUpa KOMYHHKAIIHOHHHS
CHTHAJI KaTO CMYLICHHE

[Ipumep: Moaem pabotu Ha 20-30 kHz, xunpodon m3mepsa
mym B auanazona 10-40 KHz - Hanuie e AMpeKTHO BIUsIHHE.

o Henuneiinu edextr u Hacumiane. [Ipu 6113K0 pa3mnoaoKeHue:
-BB3MOXKHO € HACHIIIaHe Ha MPE/yCHUIBaTENs;

-BB3HUKBAT XapMOHUYHH U3KPUBSBAHHUS;

-MOJe JIa Ce TOJTyYH BPEMEHHO ,,3arylIaBaHe’ Ha MPUEMHUKA.

e MexaHMYyHO TpeJaBaHe Ha BUOpaluu. AKO MOAEMBT H

XUIPOPOHBT Ca MOHTHPAHU Ha 00I[a KOHCTPYKIIHS:

- BB3MOXHO € Ipe/IaBaHe Ha CTPYKTYPEH IIyM;
- BIMSHHUETO HE € CaMo IO BOJICH BT, a M [0 MEXaHUYCH

2.2 KonnvecTBeHa OIIEHKA HA BIMSIHUETO!
e AHanu3 Ha HUBOTO Ha 3ByKoBoTO HamsArane (SPL), CpasusBat
ce:
- HHBO Ha CUTHaJIa OT MOJIEMa;
- 4yBCTBUTENHOCT Ha xunapodona (dB re 1V/pPa);
- (OHOB mIyM.
¢ Omnenka Ha SNR. Axo SNR cnazgne nmoa:
- 10 dB — 3HauMTEIHO BIIOIIABAHE;
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- 3 dB — npakTHYeCcKH IpaHuIa Ha ACTEKIHS.
e MojenupaHe Ha  pasnpoctpaHeHuero.  M3monsBa
KJIaCHYEeCKHUAT Mozien - hopmyna (1):

ce

(1) TL=20logR + aR,

kpaero TL (Transmission Loss) ca obummre 3aryoum mpu
pasnpoctpanenue [dB], R e pascrosiuero Mexay momemure [m],
@ € Koe(hMIMEHT Ha TOrIIbIIaHE.

Taxa Mo>Ke [a ce ompeeni 6€30MacHO Pa3CTOSHIE MEKITY
MOZIEM U XUAPOGOH.

2.3 ExcriepuMeHTaIHa METO/IMKA!
e lI3MepBaHe Ha 6a30B IIyM (0€3 KOMyHUKAIIHs)
® AKTHBHpaHE Ha MOJEMHUTE
e FFT cnexrpaneH aHanu3
e lI3MepBaHe Ha:
- RMS nuso;
- THMKOBH CTOHHOCTH;
- XapMOHWYHU W3KPHBSIBaHUS.
¢ AHanu3 BbB BpeMeBa M YE€CTOTHA 007aCT.

2.4 OcHOBHH (haKTOpPH, OIIPEIEIISIIH CTEIIEHTAa Ha BIINsSHHUE:
e Pa3cTosiHUEe MEXAy yCTpoiicTBara
e PaborHa uectoTa
e 31p4BaHa MOIHOCT
. Jbn6ounHa 1 ctpaTuduKays Ha Bojara
o Tun moxynauus (FSK, PSK, OFDM)
e VIMIysCceH WK HENPEeKbCHAT PeKUM

3.Pesynmamu u ouckycus

3.1 Lles Ha u3caeABAHETO

Hacrosimata pabota wMa 3a [el Ja H3BBPIIM OILCHKA Ha
BIMSHHUETO Ha pAa3MdHA PEXUMH HAa OOMEH Ha HH(pOpMAIUS
MEXKIy XHAPOAKYCTHYHH MOJEMH BBpPXy paborara Ha XuapohoH,
4ype3 MpPOBEXAaHe HA EKCIIEPUMEHTAIHH HM3MEpPBAHUS BbB BOJCH
GaceliH MpHU KOHTPOJIHMPAHH YCIOBHs. Pasriemanu ca pexumu 0e3
oOMeH Ha WH(pOpMAaIWs, MpeaaBaHe ¢ HUCKA M BHCOKA CKOPOCT,
KakTO W HEMpEeKbCHAT OOMEH Ha JaHHH, KAaTO € AaHaIU3UPaHO
W3MCHEHHETO Ha OCHOBHHUTE aKyCTHYHU MapaMeTPU MPHU BCEKH OT
Tax [2].

3.2 TeopeTH4YHAa MOCTAHOBKA HA M3CJIEABAHETO
XUOpoaKyCTUYHUTE MOJEMH HU3IO0I3BaT 3BYKOBU BBJIHU 34
npenaBaHe Ha HWHopMamus 1oj Bojga. OCHOBHHAT IapaMeTshp,
XapaKTepu3upall KayecTBOTO Ha MpHEMaHe, € CHOTHOIICHHETO
curnan/mym — popmyna (2):
Psignal
(2) SNR =10 log10 (—)

Pnoise

KbaeTo: Psignal e MomrHocTTa Ha mMoJe3HHs cuTHad;, Pnoise e
MOII[HOCTTA Ha LITyMa.

[lpn yBenuyaBaHe Ha OoOMEHa Ha JaHHU MEXAYy MOJEMHUTE ce
OYaKBa yBEIMYEHHE HAa aKyCTHYHATA SHEPIUsl BbB BOJHATA Cpela,
KOETO MOJKe Jla OBele 10 HaMallsiBaHe Ha YyBCTBUTEIHOCTTA HA
XUIpoQoHa.

3.3 YcaoBust 3a mpoBekIaHe HA H3J1eIBAHETO
3a mpoBexaaHEe HA W3CIEABAHETO € W3MOJI3BAHO CIIEJHOTO
o0OopyznBaHe:
-XunpoakyctuueH mozxeM Nel u xumuapoaxkyctudeH mozem No2 -
EvoLogics S2C 15/27 ¢ mapamerpu- Yecroren nuanason  15-27
kHz Makcumania ckopocT Ha mpepaBaHe mo 9.2 kbit/s PaGoten
o6cer 1o 6000 m
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-Xuzapodos - Neptune Sonar D/60 ¢ mapamerpu: Yecrora- 10-25
kHz, Yyscreurennoct- 170 no -200 dB,I1Iym40-60 dB, SNR 10-20
dB,Hacouenoct-OMHH
-Ocuunockon 100 MHz : Siglent SDS1104X-E — 4 kanana, 1
GSa/s, MHOTO T0OPO CHOTHOIICHHE II€HA/Bh3MOKHOCTH
-Anammzatop Ha criektbp FFT anamus : Stanford Research Systems
SR760, DC — 100 kHz 3a Aynwuo, nrym, BuOpanuu
-KommioTepHa cuctemMa cbe copTyep 3a aHaIH3

W3mepBaHusATa ca MPOBEICHU BHB BOAEH OaceiiH C W3IOI3BaHE
Ha aKyCTHYHH MojeMmu, paboremu Ha uwectota 10-25 kHz
PascrosHmero Mmexny xuapodhoHa M MomemMHTe € 2 m, a
TeMIepaTypara Ha BojaTa IO Bpeme Ha ekcrepumenta e 18 °C.
Monemute ca pabotuwnu B pexxkum half-duplex. ITo Bpeme Ha

eKCIICpIMEHTUTE Ca  PETUCTPUPAHM  CIEJHHTE  aKyCTUYHH
napamerpu [3]:

. Hugo Ha 3BykoBO Hansirane (SPL);

. HuBo Ha ¢poHOB mIym;

. CrotHommenue curaan / mym (SNR);

. YecTOTeH CIIEeKThp Ha CUTHAIUTE.

[poBeneHn ca M3MEPBAHUs IPH CIICAHUTE PEXXUMH Ha paboTa Ha
Mozemure [4]:

e  Jlumca Ha 0OMeH Ha HHPOPMAIHS;
e [IpenaBane ¢ HUCKA CKOPOCT;

e [IpenaaHe ¢ BHCOKa CKOPOCT;

e  HenpexbscHaT 0OMeH Ha JIaHHM.

3.4 AHnaiau3 Ha pe3yJaTaTuTe
PesynraTute OT M3JIeBaHe ca MOKa3aHH B ClieAHATA TAbIHIa 1
rpaduku — Tabmuma 1 [5]:

Tabnuya 1 Pezyimamu om u3cieo

IuxoB
Hugo CHIHAJ
Pesxxkum  Ha | HaA SNR | Ha6awogaBanu
npu 25
padorta myM KHz [dB] | emymenust
[dB] [dB]
bes obwen na | 4, 44 28 Hsva
JIaHHU
Hwucka Cnabu
ckopocT Ha | 58 67 18 UMITYJICHI
npeaBaHe CMYIICHHSI
Bucoka Crinna
ckopoct Ha | 71 79 11 uETepdepenm
npeIaBaHe phepert
Hacuimane u
Henpeichcar 83 91 5 CTIIEKTPAJIHO
o0MeH
pasiuipeHne

OT mpencTaBeHHTEe pe3yJTaTH ce BILKAAQ KaK BIUse Ha
momHocTTa Ha Mozaema Bbpxy SNR  [@wur. 1].ITo-Bucokara
MOIITHOCT Ha MOJieMa yBEJIW4YaBa aKyCTHYHHUS IIyM,BEPOSITHOCTTA
OT HaCcWIIaHE Ha NMPHEMHHKA W HaMaJsBaHE Ha YYBCTBHTEIHOCTTA
Ha xunpodona 6]. ITpu momaoctr Hax 40 W decro ce HabmomaBa
crajg B KauyecTBOTO Ha mpuemaHus curHai.llpw yBemndaBane Ha
MOIIHOCTTA HAa MOJEeMa CBOTHOUICHHETO CHTHAJ/IIYM Ha
xuapodoHa HaMalsBa.
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@Due.1 Bruanue na mowgnocmma 6vpxy SNR

IIpy OTCHCTBHE HAa KOMYHHKAIMS IIYMOBHAT ()OH OCTaBa HUCHK
(Dur. 2), cHeKTbPHT € paBHOMEPEH M JIMIICBAT SICHO HM3Pa3eHU
nukoBe okoso 25 kHz. IlomydenuTe CTOHOCTH mOKa3Bar
HopManHa pabora Ha xuzapodona [7]. HabmomaBanure HuBa Ha
IIyMa ce HaMHpaT B OYAKBaHUTE TPAaHHIM 33 W3IIOJI3BaHATA
u3MepBaTenHa cpena. ToBa HOTBBbpKZaBa, 4e CHCTEMaTa HE €
MOJJIOKEHa ~ Ha  3HAYUTCNHH  BBHIIHM  CMYIICHHS MM
CIICKTPOMATHUTHY BIMSAHUS. JIMNCaTa Ha OTYCTIIMBH CIEKTPATHU
KOMIIOHCHTH B Pa3riIekKIaHNs YECTOTEH JHAIa30H € MHANKAIMA 32
cTabmiIHa padoTa Ha U3MEPBATEITHUS TPAKT. AHANIU3BT HA CIEKThPa
HE MOKa3Ba MpPU3HALM 33 PE30HAHCHU SIBJICHUS WIH Napa3HUTHH
CUTHAIM, KOWTO OMXa MOITHM Ja TIOBIHMSAT Ha pe3yITaTHTe.
INonyuenure naHHM MoraT jaa ObIAT M3IOJI3BAaHH KAaTO pe)epeHTHO
HHBO U MOCJIS/[BAIIN H3MEPBAHUS U CPABHEHHSI.

Ammutyna
A

> Yecrora

24 25 26 kHz

@Duz.2 FFT cnekmup oxono 25 kHz

[Ipy HUCKA CKOPOCT Ha TpeaaBaHe. ce HaOII0AaBaT KPaTKH
akycrianu ummyscu (Ta6.1, @ur. 3 u dur.4), HUBOTO Ha IIyMa ce
yBesnuana ¢ okoso 16 dB u SNR HamansiBa.

IIpn BuCOKa CKOPOCT Ha MpeJaBaHe Ce yBeNnuaBa U3MOJI3BaHATa
yectotHa sienta (Ta6.1, ®ur. 3 u ®ur.4), Bb3HUKBA 3HAYUTECITHO
CIIEKTPAJIHO PA3IIMPEHHEe M CE MOSBSIBAT CE CTPAHWYHH YEeCTOTHH
komroHeHTH. HabmonaBa ce cepno3HO BioIIaBaHe HA Ka9eCTBOTO
Ha MPUEMaHUsI CHUTHAIL.
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@Duz.4 Omuowenue cuznan/uiym (SNR)

[Ipu Bucoka CKOpPOCT Ha IpelaBaHe Cce YBEJINYaBa M3I0JI3BAHATA
gyecrotHa Jienta (Ta6.1, ®@ur. 3 u ®ur.4), Bb3HUKBA 3HAYUTEIHO
CHEKTPaJHO pa3LIMPEHUE U CE MOSIBSIBAT C€ CTPAaHMYHM YECTOTHU
KoMnoHeHTH. HaGumoiaBa ce cepro3HO BIIOIIABaHE Ha KaueCTBOTO
Ha TIPHEMaHHs CUTHAJL.

[Tpn HempekbcHAT OOMEH HA JaHHH aKyCTUYHOTO HATOBApBAaHE €
makcumanHo (Tab.l u ®ur.d), xugpodousT padorn 6aH30 10
TpaHMIIaTa Ha HACHWIIAHE W ce HaOMoJaBaT CHJIHM ITapa3sUTHH
xapMmoHuI. SNR HamansiBa 10 KPUTHUHO HUCKU CTOMHOCTH.

C yBenmuuaBaHe Ha pA3CTOSHHETO MEXAy MoAeMa U
xuapopoHa (Pur.5) curHanrbT 0oTcnabBa, NIYMBT HamansiBa H Ce
nogobpsiBa ce KadecTBOTO Ha wu3MepBaHHATa.SNR crpsmo
pa3cTosiHHe. YBENINYaBaHETO Ha AWCTAHIUATA MEXTy MojaeMa M
xuapogona noxodpsisa SNR.

3.5 UzBoau OT H3C/IeIBaHETO

XuIpoakyCTHYHATE MOJEMH OKa3BaT CBIIECTBEHO BIHSHHE
BBpXY paborara Ha 6JM3KO0 pas3noiokeH xuapodoH. Hali-kpurnuen
PEeXKHUM € HeMPeKbCHATUAT 00MeH Ha JaHHH. OCHOBHUST M3TOYHHUK
Ha cMylIeHus e pabotHaTa yectora 25 kHz n HeliHUTe XapMOHHMIIH.
VBennuaBaHETO Ha CKOPOCTTa Ha OOMEH BOJM JO: MO-BHCOKO
IIyMOBO HHBO, no-HuckKk  SNR, mO-IMpPOK CHEKTHP Ha
uHTepdepeHnusa. 3a momoOpsiBaHe Ha padorara € HEoOXOJUMO:
YECTOTHO pa3jelisiHe,  CeKpaHWpaHe, IHppoBa QuITpanus, u
CHHXPOHHM3aIUs Ha PeXXUMHATE Ha paboTa.
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25dB
20d8

15d8

10d8

@uz.5 Bausanue na pazcmosanuemo 6vpxy SNR

4, 3aknrouenue

Wzcnenanero mokas3ea, e OOMEHBT Ha HHGOpMALUS MEXKIY
XHIPOAKYCTUYHH MOJIEMH OKa3Ba CBIIECTBEHO BIHSHUE BBPXY
pabotara Ha xunpodonure. [Ipu yBennyaBaHe Ha HHTEH3HMBHOCTTA
Ha KOMYHHKaIMsTa ce HaOJllojaBa NMOBHIIABaHE Ha aKyCTUYHHS
IIyM, HaMaJsIBaHE Ha CHOTHOLICHWETO CHIHAII/IIYM U BIIOLIABaHE
Ha KauecTBOTO Ha mpuemaHne. [lomydeHnTe pesynrtaté MmoraT naa
ObJaT  W3NON3BAaHM  TPU  HPOEKTHpaHE  HAa  MOABOJTHU
KOMYHHKAI[HIOHHH CHCTEMH C TOJ0OpeHa eNeKTPOMAarHUTHA W
aKyCTHYHA CbBMECTHMOCT.

Ot mpoBeneHHsT aHAIU3 MoraT Ja ObJaT HalpaBeHH CIIEIHHUTE
NPaKTUYECKH MEPKHU 332 HaMaJsIBaHe Ha BIMSHHUETO Ha MOABOJHATA
KOMYHHKAaIUsl IPH W3IOJI3BAHETO HA XHUIPOAKyCTHYEH KaHal 3a
nperaBaHe Ha HMHpOpMalys OT IbHHA CTaHOWS KbM IUIAaBalll
pannoOyit

e  UYecrorHo pasuensue (Frequency Planning)
Bpemeso pazpemnsine (TDMA)
dusnyecKa IUCTAHIHSA
Expanupane u BuOpouzonanus
Hudposa dpunrparms
M3nom3Bane Ha HACOUCHU MIpeoOpa3yBaTeH

bnazooaprnocm

Tasm mnyOnukanus € ocbliecTBeHa 1O Tpoekt G7475,
¢unancupan ot mnporpamara Ha HATO ,Hayka 3a Mup wu
curypaoct®. (This publication was carried out under project G7475,
funded by the NATO Science for Peace and Security Programme).
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HN3mepBaHe Ha MOABOAEH KOpPadeH 1IYM B IbJ0OOKH BOIH
Measurement of underwater ship noise in deep water

bucrpa Henosa
HHCTUTYT 1O MeTano3HaHKe, ChbOPBKEHUS U TEXHONOTHH ¢ LIeHTHp 1o XuapoaepoauHaMuKa npu beirapcka akageMus Ha HayKUTe,
6yan. Hlumuencku npoxoxn Ne 67, 1574 Codusi, brarapust
bistranenova@hotmail.com

Abstract: Shipping is one of the major sources of anthropogenic underwater noise in the marine environment, posing a long-term ecological
and technical challenge that requires accurate measurement and assessment. Design features of the vessels as well as variable operating
parameters, such as speed, determine the characteristics of underwater noise from ships. Measurement accuracy and repeatability, on the
other hand, depend significantly on the environmental conditions of the testing area. Due to the limited influence of seabed reflections, deep
waters are usually preferred when high-quality measurements of underwater noise are needed. Although a single hydrophone may be used in
certain measurement methodologies, standardized deep-water trials typically employ a three-hydrophone configuration. The application of
standardized measurement and data-processing procedures aims to provide comparable and reproducible results for the evaluation of

radiated noise from ships.
Keywords: UNDERWATER SHIP NOISE, DEEP WATER

1. Bveeoenue

PasButnero Ha  KopabomiaBaHETO — Ipe3  IOCIIETHHTE
JECeTHUIIETUsI € CBIIPOBOJICHO KaKTO C yBelM4YaBaHe Ha Opos Ha
KopabwuTe 3a 00CITy)KBaHe Ha pa3pacTBallaTa ce CBETOBHA ThPrOBHS,
Taka M C HapacTBaHE Ha pa3Mepa Ha KopaOuTe, TEXHUTE ABUTATEITHU
MOIITHOCTH M TEXHOJIOTHYHAaTa uM cioxHocT [1]. Te3m mpomecu
BOAAT 1O 3HAYHUTEIHO YBEIMYaBaHE Ha IOABOJHOTO AaKyCTHYHO
HM3TbYBAHE, TEHEPUPAHO OT THPTOBCKOTO KOpaOOIUIaBaHEe, KOETO ce
ompezesi KaTo €AWH OT OCHOBHUTE M3TOYHHUIM Ha aHTPOIIOI€HEH
ImyM B CBeTOBHHs OKeaH. CHEKTBPBT Ha KOpaOHHS IOyM ce
HPOCTHpPA B MIMPOK YECTOTEH 00XBaT - OT HAKOJIKO Hz no necerkn
kHz, xato B HUCKOYECTOTHATa 00aacT, mpubmusurenHo ot 10 Hz no
1000 Hz, TbproBckure KOpaOW MOMPHUHACAT CBHIIECTBEHO KBM
(dopmupaneTo Ha OKomHHA moABoieH Imym [2,3]. OcHOBHHTE
IIYMOBH M3TOYHHUIN Ha KOpaOWTE ce MPHUIIOKPUBAT C THAITa30HUTE
Ha CEH30PHO BB3NPHEMaHEe Ha 3ByKa OT MOPCKH OHOJIOTHYHHU
BHJOBE, a aKyCTUYHOTO MacKHUpaHe KOMIIPOMETHpa CIOCOOHOCTTa
3a pa3lo3HaBaHe Ha BA)KHM CHTHAIM B CBIHS YECTOTECH JUAIa30H.
ITopagn ToBa B HayyHata OOIIHOCT ce HaOJfo/aBa HapacTBalla
3arpIKEHOCT OTHOCHO BB3/ACHCTBHETO Ha aHTPOIOTEHHUS IIYyM OT
KopaOoIiaBaHeTO BBbPXYy Mopckarta cpera [4]. AKyCTHYHOTO
3aMbpCSBaHE OT TIOABONHHS KopaOeH ITyM ce ouepTaBa Karo
IBITOCPOYEH EKOJOTHYEH W TEXHHYECKH MpoOJeM, HW3UCKBAI
TIPEU3HO M3MEPBaHEe, MOHUTOPUHT H OLICHKA.

2. H3mounuyu u cpaxkmopu,
U3TBYGAHUA NOOBOOEH KOPADEH uiym

onpedenauwiu

IlomBomHuAT 1mIyM, HM3TBYBaH OT Kopabure, ce Qopmupa
OCHOBHO OT TPH TPYNM HM3TOYHUIM: IIyM OT BHTJIOTO, MAIIMHEH
IIyM U IIyM OT MOTOKa OKoJo Kopmyca [5]. Butnosusar mrym
BKJIFOYBA HCKABHUTAIIMOHCH H KaBUTAIIMOHCH KOMIIOHECHTH H C€
XapaKTepu3upa ¢ AUCKPETHH TOHOBE HAa YECTOTATA HA IPEMHHABaHEe
Ha JIONATKUTE M HEHHHUTE XapMOHHUIIHM, KAaKTO U C HIWUPOKOJICHTOB
BHCOKOYECTOTEH IIyM, CBBp3aH ¢ KaBHTanusATa [6]. MammHHHAT
IIyM ce TeHepHpa OT IJIaBHUS JIBUTaTell, 33 JBHKBAIUTE CUCTEMH U
CIoMaraTeJHoTo obopyzaBaHe Ha Gopja M ce mpefaBa KbM BoJara
upe3 BHOpanuy Ha Kopiryca. Toil Ma IIpeANMHO TOHAJEH XapakTep
U € Hali-u3pa3eH B HUCKOYECTOTHUS Auana3oH. LllymbT oT BoAHHMA

IOTOK  OKOJIO KOpIyca W  KOPIYCHHUTE MpUIATbLU HUMa
IIMPOKOJIEHTOB XapakKTep.

3a KOHKpETeH IIIaBaTelieH CbJ  XapaKTePUCTHKHUTE Ha
MPOU3BEKIAHUS IOIYM C€ OHPEAeniIT OT KOHCTPYKTUBHHUTE

ocobeHocTH Ha cpaa [7]. KpM TAX crmagat THIBT M pa3MepuTe Ha
Kopaba, KOHCTPYKIMATa Ha KOPIyca, THIIBT HAa JABUTATENs, BUIBT
Ha 33/IBIDKBAIlaTa CHCTEMa, TeOMETpHiTa Ha BUTJIOTO, BHEJPCHUTE
MEpKH 3a HamaJsiBaHe Ha Inyma W Jp. Hampumep, npu ThProBCKH
KOpabu ¢ eNeKTPUYECKO 3a/BH)KBaHE C€ HAOII0NaBaT IO-HUCKHU
mymMoBH HuBa. CBhINECTBEHO BIMSHME BbPXY T'€HEpUpPaHUs
HOJBOJICH 3BYK OKa3BaT M IIPOMCHJMBHTE EKCIUIOATallHOHHH
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HnapaMeTpu, CBbp3aHH C peXMMa Ha paboTa M MOJIPHKKATA Ha
kopaba. Cpem TsaX ca pabOTHHTE pEKUMH Ha JIBUTATEIHUTE,
o0opoTHUTE Ha BHTIOTO, KOH(QUIypamusaTa Ha CHOMaraTelIHUTe
MEXaHM3MH, bI00YHHATA Ha TOTAlsSHE U HATOBAapBAHETO HA ChJA,
MaHEBPEHUTE PEXXUMH U JIp. YBPEIEHO WIH 3aMBbPCEHO BUTIIO MOXKeE
Jia IPeIU3BUKA MO-CHJIHA KaBUTALMS M ChOTBETHO IO-BUCOKH HHBA
Ha myMm. CkopocTra Ha Kopaba € OCHOBEH (aKTOp, OMpPEeAEeIsL]
OTHOCHUTEJIHUSA IPUHOC Ha OTJACIHHUTE aKyCTHYHH H3TOYHULM H
BIIMsAC TPSKO BbPXY HMBOTO Ha M3IbYBaHHS MOJABOACH 3BYyK. IIpu
HHCKH CKOPOCTH OOHMKHOBEHO IMpeobiiajjaBa MAIMHHUAT yM. [Ipu
yBeJIMYaBaHE Ha CKOPOCTTa HaJ Ipara Ha BB3HUKBaHE Ha
KaBUTAIHUS [IYMBT OT BUTJIOTO HAPACTBA 3HAYUTEITHO 1 OOUKHOBEHO
JIOMHMHHMpa TpH paboTHaTa CKopocT Ha cwpaoBere. Ha ®wur.l e
HpelcTaBeHa INpPUMEpHA HWIIOCTPAlMsi Ha H3MEHCHHETO Ha
HOJBOAHMS KOpaGeH LIyM OT BHTJOTO, MOTOKA M MAIIMHHTE B
3aBHCHUMOCT OT CKOpPOCTTa Ha Kopaba [8 (amantupano ot 6)].

3. H3mepsane na kopaden uiym 6 0vi00Ku 600u
3.1. H3uckeanus kom pationa Ha usmepeaue

TouHOCTTa M MOBTapsIEMOCTTa Ha HM3MEpBAaHUATA Ha IIyMa,
W3TBYBAH OT IUIABAaTEHU CBJIOBE, 3aBUCSAT B 3HAYMTEIHA CTEIEH OT
XapaKTepUCTUKUTE Ha MOpCKaTa cpela B paifoHa Ha W3MHTBAHE.
OCBeH mapaMeTpuTe Ha camusi Kopad, ChIIECTBEHO BIHSHUC
OKa3BaT [IbI0OYMHATA Ha BOJATa, CBHCTOSHHETO Ha MOpETO,
METEOPOJIOTHYHHUTE YCIOBUS X HUBOTO Ha (hoHOBUsI rym [8, 9].

we Propeller Noise
| w—Flow Noise
Machinery Noise

Sound Pressure Level (dB)

20 30

10
Ship Speed (knots)

Que. 1. HUniocmpayus na usmenenuemo Ha noO8OOHUs KOpabeH
WyM om pasiudHume usmouHuY 6 3a8UCUMOCH 0N CKOPOCMMA
Ha Kopaba: wiym om 6umiomo, wym Om HOMOKA U WyM Om
mawunume (ITTC 7.5-04-04-01 (2014) [8]).
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ITpu u3mepBaHus Ha MOJBOIHUS KOpPaOeH IIyM OOMKHOBEHO ce
NPEANOYUTAT M3MMTBAaHUSA B IBIOOKM BOIM, Th Karo NpH TAX
BIMSHUETO Ha OTPAKECHUATA OT MOPCKOTO IBHO BBPXY
pasnpoOCTpAaHEHHETO Ha 3ByKa € OrPaHMYEHO B CPaBHEHHE C
IDTUTKOBOTHUTE paiioHu. ToBa MpaBu IBIOOKUTE BOJIU MOIXOISIIN
32 M3MEpBaHHs C BUCOKM HM3HMCKBaHHWS KbM TOYHOCTTA. CBIIIACHO
cranaapta ISO 17208-1 [9] npia6oku Boau ca T€3H ¢ MUHHMAJHA
neabounHa Hax 150 m wmom 1.5 meTH oOmara AbDKHMHA Ha
M3MUTBAaHUS KOpad, B 3aBUCUMOCT OT TOBa KOS OT JBETE CTOMHOCTH
e mo-ronsima. ToBa H3HMCKBaHE € BB3MPUETO M OT IOBEYETO
KIacu()UKALMOHHN OpraHu3aliy. 3a W3MEpBaHMS OT Hall-BHCOK
kirac (Grade A) ANSI/ASA S12.64 [11] npemopbuBa MO-royisiMa
MHUHAManHa Abia6ouynHa - 300 m uiaM TpU TBTH ABDKMHATA Ha
Kopaba.

Benpexku ge cranmaptst ISO 17208-1 He U3UCKBa KOHKPETHO
reorpa)cKO MECTOMOJIOKEHUE 3a M3IUTBAHUATA, PalOHBT TpsOBa
na Obae moadpaH Taka, 4e a OCUTYpsBa OJIaroNnpHsATHU aKyCTHIHH
U eKCIIOATAMOHHY ycioBus. [Ipu u36opa Ha JIOKalus ce OTYUTAT
HUBOTO Ha (OHOBHS IIyM, KOpaOHHAT TpauK, MECTHHTE
METEOPOJIOTUYHHU YCIIOBHUS U XapaKTEPHCTUKHUTE Ha MOpCKara cpeja
[15], kakTO W BB3MOKHOCTHTE 32 OE30MACHO MaHEBPHpAHE W
obmara Oe3omacHocT Ha wm3mUTBaHeTo. OCOOEHO BHHMaHHE Ce
otnens Ha (DOHOBHUS TOABOJCH IIyM, KOWTO ONpENENs JOJHATa
rpaHnIla Ha W3MEPHMHTE LIYMOBH HHBAa. TOW BKIIOYBA BCHYKH
M3TOYHMIM Ha IOyM, pa3IM4Hd OT M3MUTBaHUSA  Kopao,
BKJIFOYUTEIIHO COOCTBEHMSI LIyM Ha M3MepBareiHaTa chucrema [9,
10]. KM OCHOBHHTE M3TOYHUIN Ha ()OHOB IIYM CIIafaT KOPAOHUST
TpaduK, NPOMHUIUICHUTE IEHHOCTH, METEOPOJIOTHYHUTE (akTopH,
OMOJNIOTHYHMAT IIYM U TEONOXKKHTe mporecd. Ilopamu ToBa
M3NMTBaHWATA  CllefBa Jla ce  IpPoOBeXJar  jamed  OT
KOpaOOoIIaBaTeTHN MapIIpyTH, IPUCTAHUIIHU ITOJXOIH M PaliOHH C
WHIYCTPUAIHU WM CTPOUTENIHH JIeHHOCTH, KAaKTO U IIPH OTCHCTBHE
Ha BaJIeXKH, KOUTO MOTAT Jia TOBUIIAT HUBOTO HA OKOJIHUS IIIYM.

3.2. Kongpueypayus na usmepsanemo

[ToBOAHMAT LIyM, W3IBYBAH OT IUIABATENHHUS ChJl, 3aBHCH OT
HAalpapJICHUETO Ha HaOJIOJCHHE CIPSIMO KOpITyca, MOPajd KOETO
TIPU PETUCTPUPAHETO MY CE M3IO0JI3BAT Pa3in4yHHU KOHQUIYpaluy Ha
pasnonarane Ha xuapodonute [8]. Pasrpannuasar ce 1Ba OCHOBHU
BHIAa WM3MEpBaHUS — CTpaHWYHO H3MepBaHe (beam aspect), mpu
KOETO XHUAPO(OHHTE Ca PA3MOJOKCHH OTKBM JICBUS WIIH JCCHUSI
6op/ Ha M3NHUTBaHUS KOPab, MEPICHIUKYIISIPHO Ha JHaMeTpaiHaTa
My paBHUHa, W u3MepBane moj kuima (keel aspect), mpu Koeto
XUIPOPOHUTE Ce HaMHUpaT MOJ TpacKTopusATa Ha kopaba [9]. B
CTaHJAPTUTE 3a M3MEPBAHE Ha IO/BOJCH KOpabeH IIyM Hal-4ecTo

dera

|

1
Vessel

Under Test

— -

- d1 = deen x Tan(15)

e d2 = deea x Tan(30)

- d3 = desa x Tan(45)

- dera = > of 100 m or 1x Ship Length

Que.2. Kougueypayus na xuopogonume npu usmepeanusi Ha
KOpabeHn wym ¢ 6UcoKa MOYHOCM 6 OBIOOKU 600U CHbeNACHO
cmanoapma ANSI/ASA S12.64-2009 [11, 12].
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C€ U3I10JI13Ba CTPAHUYHOTO U3MEPBAHE.

W3MepBaHusiTa Ha MNOABOAHMSA IIYM Morar Ja Objar
U3BBPIIBAHM KAKTO C COMHHYEH XUAPO(OH, Taka M C MHOKECTBO
xuapodonu, Qopmupamy xuapodoHHa penunma. Makap ue
M3IOJI3BAHETO HA EAWHWYEH XHUIPOQOH € MOImycTHMO IIpU
ONpENeNICHN  METOJIMKM W  KJIacoBe  M3MEpBaHUs,  IIpU
CTaHIApTU3UPAHN WM3MUTBAHUS B IBIOOKH BOJM OOMKHOBEHO ce
HpernopbIBa KOHPUTYpa¥s ¢ HAKOJIKO XUAPO(OHa.

ITopanyu 3HAYMTENHOTO BIMSHHME HA TpaHULATa BB3IYX-BOJa
BBPXY PasNpOCTPAHEHUETO Ha MOJBOJHHUS 3BYK, MOJIOKCHHUETO Ha
Xuapo(OHHUTE CHPSMO MOPCKaTa MOBBPXHOCT € OT CBIIECTBCHO
3HayeHue. PasnonaraHeTo UM BBbB BEPTHKalHA PEIHIla MO3BOJISBA
ma  OpmaT  OTYETEHHM  BapuauuMuTe B 3arybmre  Ipu
Pa3NpOCTpaHEHHETO Ha 3BYKa IO PA3UYHHUTE aKyCTHYHU ITBTHINA
Mexny kKopaba u oTnenHuTe XuApodoHH. l3momsBaHeTo Ha TpH
xuapooHa ce MPEANOINTa, Thil KaTo HaMaJsiBa HEONIPEAEICHOCTTa
Ha U3MEPBaHETO M OCUTYpsBa IT0-HAJEXHA OLlEHKAa HAa HUBOTO Ha
n3To4YHUKa. OCBEH TOBA OCPEAHIBAHETO HA U3MEPBAHMATA OT TPHUTE
xuApo)oHa HamansiBa BIMSHHETO Ha KOXCPEHTHHTE edeKTH,
CBBp3aHH C OTPAXEHHETO OT MOpPCKaTa MOBBPXHOCT (edexT Ha
ornenaino Ha Lloyd), a BepTHKaTHOTO UM pa3NoNIOKECHHE TI03BOJISBA
Jla ce OT4YeTe M BepTHKaJIHaTa HACOYCHOCT Ha IIyMOBOTO H3IbYBaHE
[10, 12].

C men ocurypsiBaHe Ha CPaBHUMOCT Ha PE3yITaTHTE CTAaHAAPTHT
ISO 17208-1 w3nomsBa KoHpurypamus ¢ TpH XHAPOQOHA,
pa3loNOKEeHH Taka, dYe Ja U3MepBaT CTPAaHWYHUS IIyM Ha
m3nuTBaHUA Kopab. [Ipomenypara u reoMeTpusaTa Ha pasHoyaraHe
Ha XxuapodOHUTE ca BB3NPHETH OT KiacoBe A W B Ha
amepukanckus crangapt ANSI/ASA S12.64 [13]. Ilpu Ta3u
KOHGUrypanusi Tpute XuapodoHa ce pasmonaraT BEpPTHKaIHO Ha
TaKWBa JIbJIOOYHMHH, Ue B TOUKATa Ha Hali-OJIM3KO NpHOIIDKaBaHe Ha
kopaba (CPA) nmuHusiTa Kopab-xuapodoH aa oOpazyBa HOMHHAIHU
s 15°, 30° wu  45° chnpsMo  Mopckara  MOBBPXHOCT.
XOpHU30HTATTHOTO PA3CTOSIHUE OT Kopaba 10 XUAPOopOHHATA PEeANIA
B TOYKaTa Ha Hal-Oym3ko mpuOImkaBaHe ce 0003HadaBa C dcpp U
ce ompezens KaTo Mo-roysiMara croifHocT mexay 100 m u emHa
IBJIHA OBJDKHHA Ha Kopaba [9]. [IpenoppunrTenHara reoMeTpus Ha
H3MEpBaHETO € mpejcTaBeHa rpaguuHo Ha dur.2 [11, 12].

ITo Bpeme Ha M3MepBAaHETO M3MUTBAHUAT KOPad Cce JBHXKH IO
npaBa  TPaeKTOpHWs  IOKpail  XxuupodoHHata  peauma ¢
HpeBapUTEIHO OIpeJie]eHa OCTOHHA CKOpocT. [Ipenu Hauanoro
Ha M3MUTBaHETO pabOTHHTE PEXMMHU Ha MAaMMHHTE TpsiOBa ma ca
JOCTUTHAJH YCTAHOBEHO CHCTOSHHE M JIa OCTAHAT HETIPOMEHEHH JI0
Kpasi Ha u3MepBaHeTo. TpaekropusaTa Ha Kopada ce moadupa Taka,
4ye TOH Ja TpeMHHe TOoKpail XuapodoHHaTa peauma Ha
HpEBapUTEIIHO ONPEJEICHO PAa3CTOSHME, KaTO B TOUKATa HA Haii-
6m3ko npubnmkasane (CPA) XOpHU30HTAIHOTO pa3CcTOSHUE MEXIY
aKyCTHYHHMS LEHTbp Ha Kopaba u xuapodoHHaTa peauma e
MHHUMaIHO. JlaHHUTE OT XUAPODOHHUTE C€ PETUCTPUpAT
HENpPEeKbCHATO 10 BpeME Ha TECTOBOTO MpEMHMHABaHe, KaTo
MpO30penbT 3a 3amuc 00xBama cekTop +30° 0KoJI0 TouKaTa Ha Haii-
OJIU3KO MPUOIIKaBaHE.

Teii KaTo KOpaObT MPEICTaBIsABA HACOYEH aKyCTHYEH
M3TOYHHUK, 32 BCAKO M3IUTBAHO CHCTOSHHE Ce M3BBPUIBAT TI0 [[BE
MpPEMUHABAHKs KAKTO OTKBM JIECHHS, TaKa W OTKBM JIEBHS OOp/I.
ToBa mo3BOMsIBA YyCpeOHSIBaHE HA pE3yNTaTUTe, OLEHKAa Ha
eBEHTyallHa aCHMETpPHs Ha IIYMOBOTO H3IbYBaHE MEXIy [BaTa
6opaa W ompemensHe Ha HACOYCHOCTTA My B XOPH3OHTaJHATa
paBuuHa [8, 9, 12].

ITo Bpeme Ha M3NMTBaHWATA (HOHOBHAT IIYM CE€ HM3MEpBa M
OTYHTa KaTO HepasjeliHa 4acT OT mpoleayparta. V3amepBaHusTa ce
M3BBPIIBAT B HAYAJIIOTO U B Kpasi Ha BCEKU IEPHO]] HAa U3IMHUTBAHE, a
IpPH CHIIECTBEHA MPOMSHA HA METCOPOJIOTMYHUTE YCIOBUS WIIH
KopabHusi TpaduKk ce MOBTAapsT. 3a ompeneisiHe Ha HHUBOTO Ha
(OHOBHUS LIYM Ce M3I0J3Ba ChIl]aTa M3MEpBAaTEIHA CHUCTEMa, KaTo
M3IHUTBAHUAT KOpab ce HamMupa Ha pa3CTOsHUE Hai-manko 2 km ot
xuapo(OHHUTE, 3a Aa HE OKa3Ba BIHMSHHE BBPXY PETUCTPUPAHUTE
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mymoBu HuBa. Ilpm HEoOXOAMMOCT ce mpuIaraT KOpPEeKLUH 3a
BJIMSIHUETO Ha (POHOBMS LIIyM BbPXY PE3YJNTATUTE OT U3MEPBAHUATA.

3.3. Usmepsamenna cucmema

3a u3MepBaHE Ha IMOABOJHUS IIyM CE€ M3MOJI3BAaT HEHACOUYEHH
MHE30€NeKTPUYHU XUAPOPOHH C BUCOKA TYBCTBHTEIHOCT U LIMPOK
YeCTOTEH [Mana3oH. BbIpekn dYe MoBedeTo U3CIEBaHUA ce
npoBexaar npu dectotd nox 20 kHz, npm m3uckBaHe 3a BHCOKa
TOYHOCT C€ MpernopbyBa TOpHaTa TPETHHOOKTaBHA JIGHTA Ja €
muaumyM 20 kHz wnm mosede [9]. M3mepBarennara cucrema
BKJIIOYBA CBINO MpeIyCHIBATeN, amaparypa 3a PEerHCTpHpaHe Ha
akyctuuHus curHan u GPS 3a ompenensHe Ha MOJOXEHHETO Ha
Kopaba 1 XxuapodoHHTE 10 BpeMe Ha U3MEPBAHETO.

B mpaktHkata ce W3MON3BAaT KAKTO CTAllHOHAPHH, Taka H
MOOMIIHM CHCTEMH 3a M3MEpBaHE Ha MOABOAHUS LIyM. IIpumep 3a
MOOWIHA M3MepBaTelHa CHCTEMa € H3IO0JI3BaHEeTO Ha IPEHOCHM
XHIPOAKyCTHUeH OyH, KOHTO ce pasmoiara IpeJBapHTEIHO Ha
H3MepBaTelIHaTa IIO3ULHUS, ClIe] KOeTO KopaObT W3BHpIIBA
KOHTPOJIMPAHO NPEMUHABaHe MOKpait Hero [6].

VI3mMepeHoTO OT XHMApodoHa 3BYKOBO HajAraHe MO BpeMe Ha
U3NUTBAHETO CE MPEICTaBs C BEJIMYMHATA HHMBO Ha 3BYKOBOTO
Hamsirane (SPL), m3paszena B peumbenu (dB) copsimo pedepeHTHO
Hasarane 1 pPa. Tasu BennuMHA XapaKTepu3Upa aKyCTHYHOTO MOJIE
B TOYKAaTa Ha M3MepBaHE M 3aBHCH KaKTO OT LIyMa, M3JTbYBaH OT
kopaba, Taka M OT pa3CTOSIHHETO N0 HEro M YCJIOBUATa Ha
pasnpocTpaHeHHe Ha 3ByKa. Bb3 OCHOBa Ha HHUBOTO Ha 3BYKOBOTO
HaJATaHe ce ONpeNelsIT BEJIMYMHUTE HUBO HAa M3IBYBAHMS IIyM U
HHMBO Ha U3TOYHHKA.

Huoro na wm3mpuBanms mym (RNL, dB re 1 pPa'm) ce
ModydaBa dUpe3 HOPMAIM3UpaHE HA M3MEPEHOTO HHBO KBM
pedepentHo pa3crosHue 1 m oT kopaba, KaTo MpHu IBIOOKH BOIU
ce mpuema cepudHO pasmpocTpaHeHue Ha 3Byka [9]. HuBoTo Ha
n3tounuka (SL, dB re 1 pPa-m) mpencrapisiBa eKBHBaJIEHTHOTO
HMBO Ha MOHOIIOJIEH HM3TOYHHMK B HEOTpaHW4YeHa cperma. To ce
orpeiesst ype3 KOPEeKIUs Ha H3MEePEHOTO HUBO, OTYUTAINA 3aryouTe
IpU  Pa3NpOCTPAaHEHHETO Ha 3ByKa, KAaTO II0 TO3M HA4YMH ce
OCHTYpsiBA TIO-TOYHA OIEHKAa Ha JACHCTBHTEIHOTO IIyMOBO
n3ThUBaHe Ha Kopaba. [Ipn m3MepBanHust B IbI00KM BOIM CHITIACHO
ISO 17208-2 [10] HMBOTO Ha HW3TOYHHMKA Ce MOJIyd4aBa dYpe3
KOpPEeKIUsl Ha HUBOTO HA M3ITBYBAHMS IIyM, OTYHMTama edexra Ha
OTpaKeHHE OT MOpcKaTta MoBbPXHOCT (ornenano Ha Lloyd).

4, 3aknrouenue

IIpenn3HoTOo wW3MepBaHe Ha MOABOJHMSA KopabeH IIyM B
IBbI00OKM BOAM MMa 3a Iel [OJlydaBaHe Ha CpPaBHUMU U
BB3MPOM3BOJAUMHU PE3YNTAaTH, KOUTO CIyKaT 3a OIEHKa Ha
aKyCTHUHHTE XapaKTepUCTUKU Ha Kopabute. IlomyueHure
pe3ynTaTM ce H3MONA3BaT NpH pa3pabdOTBAHETO HA IIO-TUXH
IUIaBaTEeJIHHU ChAOBE, 32 MPOBEpPKa Ha CHOTBETCTBUETO C M3UCKBAHUS
Ha KJIACH(UKAI[MOHHW OpraHMW3alli{, KAaKTO M 3a OIeHKa Ha
BB3/ICHCTBHETO Ha KOpabOIUIaBaHETO BBPXYy MOpCKaTa Cpena.
PazButnero Ha CTaHAAPTH3MPAaHM METOAWKH 3a H3MEpBaHE W
oOpaboTka Ha [aHHWTE MO3BOIABA HAASKIHO CpaBHEHHE Ha
pesynTaTuTe OT pa3M4yHU U3MUTBAaHHS M NpocielsBaHe Ha
e(eKTHBHOCTTa Ha MEPKHTE 32 HAMaJIsIBaHE HA MOABOJHUS LIy M.
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JATJIYIHABAHE HA NIOJIBOJJHU AKYCTUYHU KOMYHUKALIUN
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JAMING OF UNDERWATER ACOUSTIC COMMUNICATIONS
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Abstract: This report presents the design and operation of an underwater acoustic communications jammer in the frequency
range 20kHz +45kHz. The experimental setup in the Tsonevo dam is described. The results obtained provide evidence that this
jammer can effectively jam underwater acoustic communications in the frequency range 20kHz ~45kHz.

KEYWORDS: JAMMER, UNDERWATER ACOUSTIC COMMUNICATIONS

Beenenne

IlonBomHata akycTHYHAa KOMYHHKAIMsS — M3IIOJI3Ba
3BYKOBH BBJIHH 3a IIpeJaBaHe Ha IaHHU MEXIy YCTpOICTBa,
TIOTONIEHU BBB BOAA. 32 Pa3iMKa OT paJHOBBIHHUTE, KOUTO HE ce
pasmnpocTpaHsBaT J00pe Ipe3 BOAaTa, aKyCTHYHHUTE CHTHAIN ca
MHOTO e()eKTUBHH 32 MOABOJHA KOMYHHKaIHA. Te3u cucremu ca
OT pemaBall0 3HAYeHHE 3a 3aJadd KaTo JUCTAHIIMOHHO
YIPaBISIBAHU ILIaBaTEIHH CPEACTBA , NpeJaBaHe Ha JTaHHU OT
CCH30PH M KOMYHHKAIlMs MEXIy BOJOJa3M W CKHIH Ha
HOBBPXHOCTTA.

CurypHocTTa Ha NpPHUCTaHWIA M EIEMEHTH OT
KpUTHYHATa KpaiOpe:xkHa HHOPACTpyKTypa ce€ MOCTHra 4pe3
JEHHOCTH, KOWTO 3aTpyAHSBAT WJIM  CIOHparT paboraTa Ha
MOABOOHK Hapymwread ( BOHONA3H W AWUCTAHIMOHHO
yrpasiseMd oOektd ). ToBa ce peanmsupa 4pe3 Bb3ICHCTBHE
BbpPXy  IIOJBOAHHUTE  aKyCTHYHH  KOMYHHKAI[Md  MEXAY
HOCIIETHUTE.

EdexTnBHO 3armymaBaHe Ha IOJBOJHHM aKyCTHYHH
KOMYHHKAI[U{ C€ IOCTHra 4Ype3 M3IbYBAaHETO Ha HMITYJICHU
CHTHAIM C YecToTa, OnM3Ka OO0 Ta3d Ha KOMYHHKAIUUTE, U
aMIUTTY A, TOCTAThYHA 3a HapyIIaBaHETO Ha pa3bmpaeMocTTa
Ha TpenaBaHaTa HHGOpMAIHs

H3noxenune

PazpaboTeHa € U eKCIIEpUMEHTHUpPAH CMYyTUTENI Ha
MOABOJHY aKyCTHYHHM KOMYHHMKanuu. Toil ce mo3uIuoHMpa Ha
MOPCKOTO JABHO Ha awibounHu g0 40m. Ocwurypsisa
peructpupane paboraTta Ha CpeACTBa 3a IMOJBOJAHA aKyCTHYHA

Floating
body —>

Anchor

KOMYHUKAIMsI B JBa OCHOBHHM 4YecTOTHH nuamazona: 20kHz +
30xkHz u 30kHz + 45xHz CaMOCTOSITEJTHO, C IOMOINTa Ha
omeparop WiIM 10 HMHPOPMANUs OT BBHIIHA H3TOYHMIIH.
EdexkTHBHOTO 3ariyiiaBaHe Ha IOJBOAHUTE KOMYHUKAIUH Ce
MOCTHTa TOCPEACTBOM H3IBYBAHETO HA HMITYJIICHH CHTHAIH C
4ecToTa, ONM3Ka A0 Ta3d Ha KOMYHHKAIIMOHHHUTE CHTHAIIH.
IpenaBatesiT Ha CMYTHUTENIS CE BKIIIOYBA 33 OMPEIeeH MMepHO.
oT BpeMe (3 + 5 MHHYTH) B IICEBJIO HEMPEKHCHATO M3bYBAHE HA
HA0O0p OT KPaTKH UMITYJICH C aKyCTHUYECKAa MOIITHOCT HE MO-MajKa
oT 3000 Pa/m (190 dB re 1uPa at 1m), KOUTO ca 3ambIHEHH C
MpOU3BOJHA (Cly4aiiHa) YecToTa OT CIEKThpa Ha W30paHHs
YeCTOTeH (I0[1)IMaa3oH.

BaszoBata koH(UTypalHss Ha CMyTHUTENsS Ha [MOJBOAHH
aKyCTHYHH KOMYHHKAI[MHA BKIFOYBA: XUAPOAKYCTHYHH AHTEHH,
MPUEMHHUK, NpeIaBaTeId U KOMaHICH OJIOK, KOWTO € W3IIbJIHEH
BbB BHJ Ha €JHOIUIATKOB MHKPOIPOIECOPEH KOHTPOJIEP.
DU3HYECKH CMYTHTENAT C€ ChCTOM OT KOTBA M M3ILIABAIIO TAJIO,
KOETO Ce HamHpa Ha pa3cTosiHue 2 +~ 2.5 M. OT KOTBaTa U €
ChEIMHEHO C Hesl mocpencTBoMm kaben (Pwur. 1). B xorBata ca
MOHTHPaHH B XEPMETHYHH KyTHH OaTepusi 3a 3aXpaHBaHE OT
24V/26Ah, MomHHTE XWUAPOAKYCTHYHH IpelaBaTeNll |
XapayepHa HWHCTAJAMs. B TI0TO HAa HM3IUIABANIOTO TSJIO Ca
MOHTHPaHH XHUIPOAKyCTUYHUTE AHTEHH W MPUEMHHINTE Ha
XUIPOAKYCTUYHH CHTHAIM C YCHIBATelId. B 3aBHCHMOCT OT
BapHaHTa Ha M3MBJIHCHHE HAa CMYyTUTENs KbM 0Oa3oBaTa
KoH(QUrypamus ce TpubaBAT WM M3BAXIAT CHCTABHU
¢byukuproHanHu exementr [ 1 1.

Hydroacoustic

antena 30-45 kHz

Hermetic body ———»

Hydroacoustic
antena 20-30 kHz »

Control unit
connection cable

Our.1. BeHIeH BUA Ha CMyTHTEINS
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Ha H3IUIABAIIOTO TSUIO ca MOHTHPAHH
XHUIPOAKYCTUYHHUTE aHTeHH. ['OpHaTa aHTeHa ce W3M0JI3Ba KaTo
npuemna 3a auanasona 20kHz + 45 kHz u xaro m3mbuBamia 3a
muanaszona 30kHz +45kHz. JlonHata aHTeHa ce HM3IMOJI3Ba KaTo
u3puBamia 3a quarnazona 20 kHz +30 kHz .

KoprmychT Ha U3IUIABAIIOTO TSJIO IIPEICTABISIBA
XEepMETU3UpaH [BYACICH MeTaJleH CbhI C IOAXOIIN obeM H
(hopMa 1 MOJTOKHUTENHA ITABYYECT

Ha ¢wurypa 2 e nokaszana XuIpoaKyCTUYHATa aHTCHA C
IBOWHATa (QYHKIMS KaTo MpremHa 3a auanasona 20kHz +~ 45kHz
U KaTo w3mpuBama 3a auamazona 30kHz + 45kHz. Ts e
peanM3upaHa Ha 0a3ara Ha JiBa LWIMHAPUYHM THE30KEPAaMUYHU
eleMeHTa C BBHIICH IHaMeTbp 28MM, BBTpEIIeH AUaMeThbp
22mm u BucounHa 20mm. Pe3onancHaTa 4YecToTa Ha aHTEHATa €
Ha 40kHz. Ha Tta3m yectora edeKTHBHOCTTa # B pEXHUM Ha
n3npuBane ¢  40Pa/V/Im a 4yBCTBHTENHOCTTa B PEXUM Ha
mpueMane 150uV/Pa.

12

10

kHz 30 32 34 36 38 40 42 44 46 48 50 52 54

Our.2. XuapoaKycTUdHa aHTEHA C JIBOIHO MpeIHa3HaYeHNUe, BISIBO IPEAN XepMEeTH3alus, B IEHThPa XepMETH3MPaHa | B [ISICHO Y€CTOTHATA
U XapaKTepUCTUKa

1.2
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Our.3. XunpoakycTudHa aHTeHa 3a quanasona 20kHz + 30kHz, BisiBo mpenu xepMeTH3anys, B HIEHTbpa XepMETU3UPaHa U B ISICHO
YECTOTHATA U XapaKTePHUCTHKA

Ha ¢urypa 3 e nmokasaHa XuapoakyCTHYHaTa aHTEHa MMpeJHA3HauYeHa 3a M3IbYBaHEe Ha CUTHaNIU B 3a auanasoHa 20kHz + 30kHz.
Ts e peanusupana Ha 6a3zaTa Ha JBa IWIMHAPUYHU NHE30KEPAMUYHH €IEMEHTA C BBHIIEH AMaMeThp 42Mm, BbTpelIeH JuaMeTsp 36mm u
BucounHa exunus 20mm a apyrus 30mm. Pe3onancHara dectota Ha aHTeHata e Ha 40kHz. Ha Ta3u uectoTa eekTHBHOCTTA i B peXKHUM Ha

u3puBane € 35Pa/V/im.

Ycunsaren CmiTesarop
F, + F,
AA-1 ' 1
HEBl—— owyrarp [
l v
Mpuemiuk Fy u F, Mpoilecop
AA-2 ——VCHnETE CHiTesatop
HEE— F2 2

®ur.4. briokoBo (yHKIMOHATIHA CXeMa Ha CMYTHTEIIS
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Cnen 3acraBaHe Ha  CMyTHTENs Ha IIO3MIMS B
CHOTBETCTBHE C 3AJIOKCHUs alrOpPUTbM Ha paboTa 3amoysa Ja
paboTH B PEXKUM NPHEMaHE Ha CUTHAIM OT XUAPOAKyCTHYHATa
aHTEHa, KOATO € IPEABHICHO 1a paboTH W B DPEKHM Ha
nsnpuBane ( AA-1).

CodryepHo e 3aJI0KeHa oIpesieNieHa
MOCJICIOBATEIHOCT 32 IIOJlydaBaHe Ha JaHHM, TAXHATa
oOpaboTka, M300p Ha YECTOTHHS IIOJ AWAma3’oH M BpeMe 3a
aKTHBHATa paboTa Ha U3IbYBATE.

[Ipu npremane Ha cUrHANIU ¢ aMIUIATYau Hag 2+10Pa
B dectoTHusi auana3oH 20kHz+45xHz xoHTponepbT U3BBpIIBA
AMIUIMTYTHO-4YECTOTEH aHaJIM3 Ha CUTHAIUTE C LIeJ ONpEe/eIsHE
YecTOTaTa Ha perncTpHpaHaTa KOMYHHKAIHS.

Crnex ompenensHe Ha YeCTOTEH JWana3’oH Ha
KOMYHHUKAIUATa ce BKIIOYBA €JMH OT u3nbuBatennte ( AA-1 i
AA-2) B CHOTBETHHS YECTOTCH IO JHana3oH Ha pabora 3a
nepuoj oT 3 10 5 MUHYTH.

B akBatopusta Ha s30BHUp LloHEBO OKOJIO MpEIMBHHUKA
My B paifoH ¢ naembounHum or 2 o 20  ca mpoBemeHH
eKCIEPUMEHTH 3a OmlpelensHe Ha e(EeKTUBHOCTTa Ha
pasriexIaHnusl CMyTHTEN 3a 3arjiyllaBaHe KOMYHHKAIUATA
MEeXy [1Ba KOMaH/HH [IOCTa Ha arnaparypa 3a II0JBOJ{HA 3ByKOBa
Bpb3ka ,,Criekrbp” [2]. Tasu amaparypa u3mon3Ba ropHara
CTpaHMYHA JIEHTa NPH IpeJlaBaHe Ha IrOBOP C HOCEIIa 4YeCTOTa
27KkHz. CmyTuTtemsiT W MPHEMHO MpeJaBaTeSHUTE ITOCTOBE Ha
araparypara ca pasIoJIOXKeHH I10 ,,BbPXOBeTe™ Ha PaBHOCTpaHEH
TPUBI'BJIHUK ChC CTPaHa 0Kosio 500m.

AHanu3bpT Ha NOIYYCHUTE PE3YJTATH MOKa3a, 4e CIex
BTOparta Hali-KbCHO CJIE]| TpeTaTa JyMa OT M3JIbYCHOTO IJIACOBO
CHOOIIEHNEe CMYTHTEIST 3aII0YBa Ja M3Tb4Ba U ONEpaTOpUTE Ha

31

amaparypara ,,CHeKTep* 3amoyBaT [a 4yBaT caMoO IIpalleHe
(6pBM).

CMyTuTenAT € B Ipolec Ha MojaepHusauus. Ts ce
u3pazsiBa C pasMIUpsABaHE HAa YECTOTHMS JHUAama3oH Ha
3ariymaBaHe KbM HHCKUTE 4eCTOTH. BiodeH e mox amamaszoH
10kHz + 20kHz. M3npuBamara aHTeHa 3a TO3M AMAIla3oH €
KOHCTpyHpaHa Ha 0a3Ta Ha JBa HWIMHAPHIHYU ITHE30KEPAMHIHN
LWIMHIbpA C BBHIIEH AUaMeTbp 71mm, BpTpemen 60mm u
BUCOUMHA 45Mm. Pe3oHaHCHaTa 4ecToTa Ha Ta3HW aHTEHa €
16,5kHz.

3akiouenue

[IpencraBeHUST CMYTUTEI HA IOABOAHH AaKyCTHYHH
KOMYHHKAallM MOXe€ Jia ObJe H3MO0N3BaH 32 C(PCKTHBHO
3ariTyniaBaHe MOJBOJHN aKyCTHYHH KOMYHUKAIIMHA B YECTOTHUS
muanazon 20kHz +45kHz mnpu 3ammra Ha KpUTHYHATa
KpaliOpexkHa WH(pacTpykTypa mpH Oopbata ¢ THOABOJHU
HapyUIUTEIH.

Baaropapnocru:

JlefiHOCTHTE M3BBPLIEHM IO TO3M JOKIag ca
noakpenenu ot npoext G7475 ,,ENHANCED NAVAL PORT
FACILITY SECURITY CAPABILITIES* (ENAPOFASEC).

Jlutepartypa:
Iarent 67446 B1, Bogenuuapos Cr., Kones Cr., Konapos A. u
ap., Cucrema 3a 3ariymaBaHe Ha IIOJBOIHM KOMYHUKAIUH,
[atenTHO BenomctBO brnrapus, 2022r.
b. bBosHOB, AmamapaTypa 3a TOABOJHA 3BYKOBa BpB3Ka
,,CrekTep*, Texuuuecko omnucaHue, TeXHUYECKH YHUBEPCUTET,
Bapsa, 2012r.
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Abstract: The article proposes an approach for implementing a microphone array whose elements are part of a passive monitoring
system. Methods for processing acoustic signals and an example hardware architecture for the array are presented.
Keywords: microphone array, passive monitoring system, acoustic signals

1. Bweeoenue

MukpoOHHHTE MacuBH C€ YTBBPAMXA Karo KIHOYOBa
TEXHOJIOTHS 3a TACHBHO HAOJIO/ICHHE, TIO3BOJISIBAWKH TOYHO
OTKpHMBAHE, JIOKAIM3UPAaHE W MPOCIesBaHE HA AaKYCTUYHH
U3TOYHHMIM B PEANHO BpeMe . TAXHOTO pa3paboTBaHe HM3MCKBA
UHTErPUPaH MOAX0J, 00XBalall u360pa Ha NOAXOIALIA TEOMETPHS
Ha MAacuBa, Xap/yepHa peauu3alds U BHEAPSBAaHE Ha ChBPEMCHHH
anropuTMu 3a 00paborka Ha curnanu[1,2,3].

B wm3crnenBanero me ObpaT pasriaenaHd 2 Ciaydas: H3MOJI3BaHE
Ha MHUKpPOGOHHM MacWBH B uecTOTHUAT muana3on 0.5-20 Hzwu
Pa3CTOSHUETO 3a OTKpHUBaHe 10 2 KM ¥ B uecToTHHUAT quana3on 16—
20000 Hz u pa3crosiHue 2 KM.

2. Pesynmamu u ouckycus

OCHOBHHTE acIeKTH, KOUTO TPsiOBa [1a ce B3eMar IPEeIBHJ [IPH
pa3paboTBaHeTo Ha TakaBa cuctema [1-5] ca cremmuTe:

1. Tlpoextupame ma wmacuBa: W300p Ha TreomeTpus
(;tMHEeH, ciupanoBuieH, chepryeH, TpuMepeH) 1 Opoit MEUKpohoHN
CIIOpEAl YECTOTHHUS O00XBaT M  pa3[eNuTeNIHATa CIIOCOOHOCT.
Kommpomuc Mexay pasjenuTesiHa CllocOOHOCT U 4eCTOTEH 00XBat
(namp. 3a yectotu nox 600 Hz ca Hy)xHU crieLualHy peLIeHus) .

2. Meroau 3a 06paGoTKa HA CHTHAJIM:

-Knacuuecku: 3abaBsne u cymmpane (Delay-and-sum),
TDOAJ/GCC-PHAT, MUSIC, ESPRIT .

-CbBpeMeHHH:  YCBBBPIICHCTBAHH  METOAM  KaTo
npereriieHo ¢opmupane Ha Jpua (Weighted beamforming) ,
obomen SRP wmeron (Generalized SRP), oTumramy cnoxna
aKycTH4Ha cpena , 3atBopenu oueHutenu (closed-form estimators)
3a C(bepl/quI/l MaCHBH, yCTOI\/'I'-[I/IBI/I Ha CMyL[IeHI/Iﬂ , 1 HAKa3aTCJIHO
¢opmupane Ha mapua (Penalized beamforming) 3a mo-Bucoka
pa3zenuTeHa CIOCOOHOCT.

-Deep Learning moaxoam: l3mon3Bane Ha HEBPOHHH
mpexn (CNN, MobileViT) 3a gupektHa kimacudukanus Ha
mocokara Ha wu3toyHnka (DoA), ocobeHo mpu Mambk Opoit
MUKpO(OHHU U B peBepOepalnoHHa cpesa .

3. Xapayepuo BHeapsiBaHme: WM300p Ha MOAXOISAUIM
MUKpoQoHH, HHTepdelic 3a chOMpaHe Ha IaHHH M BIPaJCHH
cucremn 3a obpabotka (Hamp. FPGA) 3a sokamHa o06paboTka u
0e3)KMYHO MpeaBaHe Ha TaHHH.

Moxe &a ce HalpaBd CJIEAHOTO CpPaBHEHHE HAa KIKOYOBH
TEXHOJIOTHH 32 M3rpakiane Ha Mukpohonun Macuy (Tabmuma 1)

Tabmmma 1
Texnosnorus / [puHIMD HA MpexumcrBa Henocrarbum /
Metox nelcTBHe Orpannyenus
Jluneen wmacus (4 | UsmepBane Ha | PenraOuiew, Io-Hucka
MHKpodoHa) pa3UKUTE BBB | JIECEH 3a | paslenuTenHa
BpEMETO Ha | W3TpaKiaHe, CIIOCOOHOCT B
[PHUCTHrAHE TOXOASLI 3a | 2D/3D
(Time delays) | obpasoBareqHH ® | MPOCTPAHCTBO,
o IpaBa | NPOTOTHIIHU qyBCTBHUTEIICH
JIMHUSL. LIETTH. KbM  IIOCOKaTa
Ha U3TOYHHKA.
Crupanosuzen/Ilno | ®opmupane Ha | Bucoka OrpaHuueH
CbK MacuB (Hamp. | JIb4 pa3ienuTenHa 4eCTOTCH
56 MukpooHa) (Beamforming) | cmocoGHocr, ob6xBar
B 2D paBHUMHa, | Bu3yanm3amus Ha | (OOMKHOBEHO
cb3maBaHe Ha | m3rounumure B | >600 Hz), mo-
aKyCTHYHA peaHo BpeMe. CIIOXEH U CKBII
KapTHHA. xapayep.
Tpumepen  macu | KomOunamus ot | Bp3moxksnoct 3a | CrioxHa
(3D/Octagonal, 23 | zaGaBsHe W | JIOKaIW3WpaHe Ha | MareMaTHYecKa
MHUKpodoHa) MIPETEraeHo OTHaJICYECHH obpabotka, mo-
cyMHpaHe n3roununyu (ot 20 | ckpnu
(Weighted Hz mo 1 MHz), | mukpodornu wu
beamforming) BHCOKA TOYHOCT. U3YKCIHUTEHA
3a  ompejesnsHe miarpopma.
Ha 3D no3unust.
Cdepuuen macus Ananuz Ha | YCTOHYMB  KBbM
3BYKOBOTO TI0JIE | CMYIICHHUS u
ype3 CEepuyHu | LIyM, BHCOKa
XapMOHHIIH, U3YHCIHTENHA
u3nomsBaHe Ha | epexkTuBHOCT (Oe3
3aTBOPEHH ThpCeHe B
dhopmynu 3a | MPOCTPAHCTBOTO).
OILICHKA.
Manbk  wmacuB (3 | WsnomBane Ha | Otinuna pabora B | M3ncka
enemenTa) ¢ Deep | HeBpoHHa peBepOeparoHHa | HPEABApPUTEIHO
Learning Mpexa cpena, Maixbpk | oOydeHue c
(RepMobileViT | pasmep, Obp3a | maHHH,
) BBpPXY | 0OpaboTka. OrpaHH4eH 10
CIIEKTPOrpaMu [PEABAPUTEITHO
Ha  3BYKOBHUS nebuHIpaHn
HWHTEH3MTET. 30HU (KJIacoBe).

CrhnkuTe 3a pa3paboTBaHe Ha cHcTeMaTa OM cleBaJlo Ja ca B
clieZIHaTa [OC/Iel0BATEIHOCT:

1.  Jedbunupane Ha msuckBaHusTa: [IppBaTa cThIKa € Aa ce

OIIpeneNsIT KOHKPETHATE HY)XIH OT HabmoneHue. Kakbe uectoTeH
obxBaT TpsOBa Ja nmokpuBa cucremara (Hamp. 600 Hz - 20 kHz)?
KakbB € MakcuMaHUAT 00XBaT HA OTKpUBaHE (HAKOJIKO METpa WM



Technics. Technologies. Education. Safety. 2026

crotuuu MeTpu)? B kakBa cpenma me paboTu (3aKpUTO/OTKPHUTO,
mrymHa/Tuxa)? Te3u mapameTpH e TUKTyBaT u30opa Ha reoMeTpust
u Opoit MUKPO(OHH .

2. U36op Ha xapayepHa ardopma: Bb3 ocHoBa Ha
H3UCKBaHMATA ce M30HMpa THIIBT MUKpodoH (enektpereH, MEMS),
YECTOTHA XapaKTepPHCTHKA M YyBCTBHTENHOCT. M30mpa ce w
cucteMa 3a npunodusane Ha naHHK (DAQ) — ot npenocumu USB
uHTepdeiich 10 MOIIHM BrpajeHu cucremu karo FPGA 3a
caMocTosTenHa padora .

3. PazpaborBane Ha anroputmu 3a obOpabortka: ToBa e
OCHOBAaTa Ha CHUCTeMaTa. 3a NPOCTH MNPHIOXKEHHS MOXe Ja ce
3all0YHE C KJIaCHYeCKUs MeToxd Ha 3abaBsHe u cymupase (Delay-
and-Sum). 3a MO-BHCOKAa TOYHOCT M YCTOWYMBOCT HAa LIYM H
CMYIIEHHS Ce IIPEeMUHABa KbM I10-CII0KHH MeToau kato SRP-PHAT
, MUSIC nmm ChBpeMEHHH QITOPUTMH KaTo HOZOOPEHOTO
TIPETEereHo U3CIIe/IBaHe.

4.  dopmupane Ha ipya . B cumHO peBepOepanonHa cpena

WIA TpH oOrpaHudeH Opoil MHKpPO(OHH, TOAXOAHTE CBC
3agpnboueHo obOyuenune (deep learning) mokasBar OTIMYHU
pe3yararH .

5. HWurerpammma u TtectBaHe: Cnex KaTto XapAyepbT U
copTyeppT ca TOTOBH, c€ IIpEMHHaBa KbM HHTErpamys Ha
cucremara. [IpoBexxiar ce eKCIepUMEHTAIHN TECTOBE 3a OLCHKA Ha
BIJIOBATA DAa3/EIUTENHA CHOCOOHOCT, YYBCTBHTEIHOCTTA KBbM
BBHIIICH IIyM M CIIOCOOHOCTTa 3a ()OKyCHpaHEe BBPXY KOHKPETHH
TIOCOKH .

IloTeHUMATHU NPUJIOKEHUS 32 HAOJIIOIeHH e

MukpohoHHHTE MacHBM IpeaiaraT IOIHpOKa Tama OT

MPUJIOKEHHs B chepara Ha CHIYPHOCTTa K MOHUTOpHUHTa [6-12]:

L Cucremu 3a BHI[eOHaﬁJ“O}IeHHeI HacouBane Ha KaMepu
KbM HM3TOYHHUK Ha 3BYK (HaHpI/IMep CUYYIICHO CTBKIIO,
H3CTPEII, HI/ICT)K) U MapKupaH€ Ha KPpUTHUYHU MOMCHTHU B
3alCUTe .

e Oxpana Ha mnepuMeTbp W o6ekTn: OTKpUBaHE U
JOKaJM3MpaHe Ha HapylIUTeIM B 3a0paHeHH 30HH,
OXpaHa Ha Crpagd 4Ype3 pas3lo3HABAaHE HA ONUTH 3a
B3JIOM .

e  Ha6aronenue Ha 3ammTeHu TepuTopuu: [Ipocnenssane
Ha OpakOHHMEpH WM HENeTAIHH IPEBO3HH CpPEACTBA B
HaI[MOHATHH TapKOBE .

e TopceHe u cnacsiBaHe: MoHTHpaHe Ha O€3MHMIOTHH
JeTaTeHH  amapatd  (IpOHOBe) WM poboTH  3a
JIOKaJIM3UPAHE Ha OLENeU B OEACTBEHU CUTYaLHH .

e  MOHUTOPHMHI HAa NpOMHUILIEHO ofopyaBaHe: PanHO
OTKpPHBAHE Ha HEH3IIPABHOCTH B MAIMHU Ype3 aHAIU3 Ha
aKyCTHYHM CHTHAJIHM, KaTo HalpuMep OTKpHBaHE Ha
TEUOBE Ha a3 MO/ BICOKO HaJATaHe .

PaszpaborBanero Ha edekTHBeH MHKPOGOHEH MAacuB 3a
HaOMIOIEHHE € WHTEePAUCIUIUIHHAPHA 3a/1a4a, KOSATO ChueTaBa
MO3HAHUS 1O aKycThka, muppoBa o0pabOTKAa HA CHTHAIH,
SJICKTPOHMKA M MAlIMHHO caMooOyueHue. M300pbT Ha KOHKPETHH
TEXHOJIOTMU U METOAU TpsiOBa na ObJe BOAEH OT Crelu(pHIHUTE
M3HMCKBAaHUs Ha TPHIIOKEHUETO U Cpe/iaTa Ha eKCIIoaTarusl.

BaxHo e 1a ce 3Hae, Ye M3MO0I3BaHe HA MUKPO(OHHU MacHBH B
yectoTHuAT Juanason 0.5-20 Hz u pascrosHuero 3a OTKpHBaHe
1o 2 KmmocrapiaT mpoekta B obnactra Ha HH(pPa3BYKOBOTO
Ha0JII0leHHe, KOETO € KOPEHHO Pa3IMYHO OT KOHBEHIMOHAIHUTE
MHUKpO(GOHHM MacuBH 3a 3BykoBH uectotH (Hax 100 Hz). Toma
U3UCKBa cnenuuYeH IOAXOH, TbH KaTo craBa JAyMa 3a
U3KIIFOYUTEIIHO ABJITH BBJIHH.

OCHOBHHUTE NPEAN3BUKATEICTBA W KOHKPETHU HACOKH 3a
pa3pa60TBaHe Ha TaKaBa CUCTEMaA Ca KAaKTO CJIC/BaA:

1. M3kawuyMTeNHO IbJArH BbJHM: [lpn uecrora 0.5 Hz,
IBJDKMHATA Ha BbIHATa A € okojo 680 merpa (Ipu CKOPOCT Ha
3Byka 340 m/s). 3a 20 Hz, A e 17 metpa.

2. OrpoMHH pa3MepH Ha MacuBa: 3a Ja ce IOCTUTHE
HacoueHocT (beamforming) mpu Te3M IEKMHE Ha BBJIHATA,
MacuBBT TpsI0OBa J1a € ChC CPaBHUMH pa3MepH. MUHHMATHHSIT
IUaMeTbp Ha MacuBa TpsAOBa Ja € CHIIOCTaBUM C JbJDKMHATA Ha
BBJIHATA, 32 J]a MMa CMHUCIEHAa pasenuTenHa crocoOHoct. Tosa
Oo3HayaBa, 4ye 3a AonHHMA Kpail Ha cmekTbpa (0.5 Hz) Om Oun
HE0OXOIMM MacHB C IMaMEThP OT MOPAABbKA Ha CTOTHIH METPH.

3. ®umuuecka peanmsanus: Ha mpaxtuka ce usmon3sar
JIBa MIOIX0/1a 3a CIIPaBsSHE C TO3M MPOOIeM:

-I'eope3nueckn pasnpeaejieHu CeH30pu: Hznon3Bane Ha
HSAKOJIKO OTACIIHU CTaHI WM, Pa3lOJIOKEHHW Ha KWIOMETPU €1Ha OT

Jpyra.

-N3mepBaHe Ha IpagHeHT Ha HaJasAraHero: l3mon3Bane
Ha CHelualHu WHQPa3BykoBH MukpodoHu (MuKpobGapomerpu),
KOUTO U3MEPBAT HE CaMO 3BYKOBOTO HAJATaHE, HO M (IIyKTyaluuTe
Ha BATHpA (KOUTO Ca OCHOBHHUSAT U3TOYHHK Ha IIyM).

IIpenopbuMTEIHA APXUTEKTYPA HA CHCTEMATA

IIpeaBuA OCOYCHUTE TAPaMETPH, CHCTEMara He MOXKe a Obae
KJIACHYECKH MHKPO(OHEH MacuB B mpeHocuM (dopmar. Ts TpsiOBa
Ja Oble NpOeKTHpaHa KaTo pasmpejejieHa CEeH30pHA Mpexa
[13,14]. IIpenopbkuTe ca nokasanu B Tabuua 2.

Tab6nuua 2

KommnoHeHT

IIpenopbka

O0ocHOBKA

Tun cenzop

HudpazsykoBu
MHUKPOQOHHU
(MuKpoGapomeTpH)

CrannapTHHATE
MHKPO(QOHH HAMAT
YyBCTBHTEIHOCT B
TO3M YEeCTOTEH
JIMATa30H.
UndpaspykoBure
CEH30pH
MPOSKTHPaHH
YAaBsT
HHUCKOYECTOTHH
¢dykTyanmn Ha
HAJIATAHETO M YeCTO
BKJIIOYBAT CHCTEMH
3a TOTHCKaHe Ha
ImymMa OT  BSTBD
(opuBm).

ca
Ja

I'eomerpus
pasnosuoKeHne

Ha

T'eomerpus
PpasmnosyoxKeHne

Ha

Bwmecro enun romsm
MacHB, ce
M3II0JI3BAT HSKOJKO
OTACNHH  CTaHIUH
(BB31H),
Pa3noaoKeHn Ha
pascrostaue ot 500
M 10  HIKOJKO
KWJIOMETpa €[HA OT
Jpyra. Toga
ch3/1aBa "BUPTYalleH
MacuB" C OrpoMHa
6aza (rossim
JIMaMETBD).

Bpoit
(craHUUN)

CEH30pHU

MuauMyM 4-5

CTaHIIUHN

3a €THO3HAYHO
TPHAHTyJINpaHe Ha
m3ToyHUK B 2D
IIPOCTPAHCTBO ca
HYyXHH T1oHEe 3
CTaHIUH, HO 3a IO-
rojisMa TOYHOCT U
YCTOWYHBOCT Ha
arym ce
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npenopbpyBar 4 wiu
5. Bceska craHuus
TpsiOBa 1a  uMma
coOCTBEeHa cHcTeMa
32 CHHXPOHH3AIU
(GPS) wu 3ammc Ha

JTaHHH.
O6paboTka Ha | Kpoc-kopenamus Ha | Bmecto kimacuuecko
CHUTHAIN IIUPOKO pasHEeceHu | GopMHUpaHe Ha JIbY,

CEH30pHU ce H3110JI3BaT
MCTOJHU 3a OICHKa
Ha pasjirKata BbHB

BpPEMETO Ha
NPUCTHTaHe
(TDOA) MEXIY
CUTHAJINTE oT
pa3nuYHUTe
cranuuu.  I[lopanu
OTPOMHHTE
Pa3CTOSTHUS  MEXKIY
CTaHIMNTE,
3a0aBsSHUSATA MOTaT
na ObIaT oT
MOpsIIbKa Ha
CeKYH[IH, KOETO
W3UCKBA Mpelu3Ha
BpeMeBa
CHHXPOHHU3ALIHSL.

OrpaaneHnﬂ Ha CBIIECTBYBAIUTE METOIU

AHaM3BT Ha CbBPECMCHHUTE METOAU 3a MPIKpO(i)OHHI/I MacCuBU
TI0OKa3Ba, Y€ CTAaHAAPTHUTE PCUICHUA HE Ca IIPUIIOKUMU:

- Nearfield Acoustic Holography (NAH) u3ucksa
MacHBBT J1a TOKpHBa MeNus OO0eKT W paboTH Ha MHOTO MAaJKO
pascrostHue (5-10 cM) , KOETO € HEMPUIIOKUMO 32 2 KM.

- Knacuyeckorto ¢opmupane HA JabY
(Beamforming) uma paspmenurenHa CriocoGHOCT, MPOMOPIHOHATHA
Ha A*d/D. 3a na pabotu Ha 2 KM, MacHBBT TpsiOBa Ja € ¢ OrpoMeH
quamersp D, wmnaue mpu 20 Hz (A=17mM) u D ot 10Mm,
paznenuTenHaTa crocoOHocT Om Omima 3.4 KM, KOETO MpaBH
JIOKaNM3aLMsITa HEBB3MOXKHA .

- Bayesian = Focusing momo0psiBa ~ HHCKOYECTOTHATA
pa3ienuTeNnHa CIIOCOOHOCT, HO BCE OHIe € METokA, Oa3upaH Ha
KOMIIaKTeH MachB (Makap H C IO-TOJsAMa I'bBKABOCT CIIPSMO
pa3CTOSIHHETO) W He pemaBa (yHIaMEeHTaaHHA mpobieM ¢
JBIDKUHATA Ha BhIIHATA U HY)K/IaTa OT OTPOMHA aneprypa.

CrieuuuvHH HACOKH 32 H300pP HA METO/

3a Ta3u yectoTHa JeHta (0.5 - 20 Hz) u pascrosnue (2 xm),
BUIMJHUTE MOJAXOIH Ca TACHO CHIELHATIM3UPaHU:

1. Mpexa ot Mmukpodapomerpu ¢ GPS cuHxpoHu3anus:
ToBa e Hal-IPaKTUIHOTO perreHne. Besika cTaHmus 3anmcBa JaHHA
C TOYEH BPEMEBH I1evar.

2. Auaroputmu 3a 06padoTka: PokychsT TpsOBa J1a € BBpPXY:

- OrcTpaHsiBaHe Ha HIyMa OT BATHP: V3mois3BaHe Ha
(u3HMYecKo MOTUCBaHE Ha BATHP (MOPHO3HH TPHOH WM TUIOYH)
0K0JI0 MHKpohoHa W IMOPOBH (GUATPH 3a OTCTPaHSABAHE Ha
KOXEPEHTHHS IIYM.

- TDOA (Time Difference of Arrival) aunaumu3s:
TepceHe Ha KOPETAUU MEXAY CUTHAIUTE OT Pa3InYHUTE CTAHLIUH.

- CbnocraBsiHe Ha BbJHOBHS (poHT: [Ipn Takusa
Pa3CTOSHHUS, BBJIHOBUAT (POHT HE € IUIOCHK, a cepuueH, KOETO
TI03BOJISIBA TPHAHTYJIAIIHS.

3. Jlerexknusi Ha ABMKelM ce ob6ekTH: HuckouecToTHUAT
HIyM OT JIETATENHU amapaTH (XEIUKONTEPH, CaMOJIETH) M TEXKHU
Ha3eMHU MalIMHM (TaHKOBE, TEXKH KaMHMOHH) HUMa XapaKTepHU
HH(Pa3ByKOBH KOMIIOHEHTH. MacuBbT TpsAOBa na ce ¢okycupa
BbPXY OTKpHBaHe M npociensiBane, a  He BBPXY
BHCOKOKa4eCTBEHO "M300paxkeHre" Ha H3TOYHHKA.

IIpenopbku 3a paspaborka

3a pasiaMka OT MBPBOHAYAIHO pPAa3IJICKAAHUTE KOMITAKTHH
MAacCHBH, IIPOEKTHT M3UCKBA MOIXO0] OT chepara Ha reopu3ukKaTa u
Ha0J1101eHueTo Ha aTMocdepara.

1. Tlpenopwbunrenen MOAXO0/: Wsrpaxnane
Ha pasnpejeneHa Mpexa 0T 4-5 HH(Pa3ByKOBM CTaHIIMM C
pa3cTosiHie MEXIY TAX OoT 1 10 3 kujomerpa.

2. KpUTHYHH TEXHOJIOTHH:

- BucoxouyBcTBUTEJHH
HUCBHK coOcTBeH mym nox 0.5 Hz.

MHKPOGapoOMeTpH ¢

- Cucremu 3a mnoTuckane Ha BsiTbpa (wind
noise reduction systems) - ¢usudeckun GWITPH, KOHTO ca
3aIBJDKUTENHHE 32 paboTa Ha OTKPHTO.

- IIpeunsna GPS cuHxpoHusanus - 3a 1a Moxe
Jla ce U3MepHU pas3ildKaTa BbB BPEMETO Ha IPUCTUTAHE MEXKAY
CTaHIUHUTE C TOYHOCT O MUJIUCEKYHJIH.

3. Auroputvmu: BaxHO € 1a ce HM3MON3BAT METOAM 34
KOpETAI[IOHEeH aHajiW3 M OIEHKAa Ha II0COKAaTa Ha IPUCTUTaHe
(DOA) BBpXy chepuieH BIHOB QPOHT.

ToBa € 3HAYHUTENIHO TMO-CIOXKHA U MaH.[a6Ha 3agada OT
KOHBCHIIMOHAJICH MHKpOd)OHeH MacCuB, HO €AMHCTBCHO TS MOXCE Ja
OTrOBOPU Ha IMOCTABCHUTE (1)I/I3I/I‘ICCKI/I HU3UCKBAaHUA.

Crnyyas Ha MHKpO(GOHEH MAacHUB B YECTOTHUST quamna3oH 16—
20000 Hz n pa3crosHMETO A0 2 KM IIOCTaBAT IPOEKTa B oOiacTra
Ha aKyCTHYHOTO Ha0JoJeHue Ha JajeyHu pascrossHus (far-
field). Toa e 3HaumTenHO MO-pa3nuyHa 33aa4a OT HHPPA3BYKOBHS
MOHMTOPHUHT, KOWTO pasrienaxme no-paHo. Beue He roBopum 3a
KOMIAKTHA MHKPO(OHHH MacHWBH 3a 3aKpHUTH IPOCTPAHCTBA, a 3a
CHCTeMa, KOATO ce JI00IMKaBa JI0 pajiap WM COHAp, HO B 3BYKOBHS
CIEKTBD.

Kato KOHKPETHUTE HACOKHM 3a apXUTCKTypa W aJIrOPpUTMU,
C’BOGpa3€HI/I C HOBHUTEC IMapaME€Tpu Morar a c€ nocovar:

1. KiarouoBu NpeIu3BUKATEJICTBA IPHU Pa3CTOAAHUE OT 2 kM

IMpenn na mpemMHHEM KBM pEUIEHHATa, € BaAXXHO Ia pa3depem
(hU3MUIECKUTE OTPAaHUICHHS:

e Artvocdepna abGcopéums: 3BYKBT ce MOTIBIIA OT
BB3/lyXa, KaTO 3aTHXBAHETO CE YBEIMYaBa JPACTHIHO C YECTOTATa.
Hampumep npu 20 kHz 3atmxBaneto e okoino 5-10 dB ma 100
MeTpa, KOeTO MPaBHU HEBB3MOXKHO OTKPUBAHETO Ha TOJIKOBA BUCOKHU
4ecTOTH OT 2 KM. EQEeKTHBHHMAT BH YECTOTEH MAMana3oH Ha
npakTuka mie 0bae orpanuueH 10 16 — 1000 Hz (wmu no-ckopo 1o
500 Hz) 3a TakuBa pa3cTOSIHUS.

e AtMmochepHa TypOyJdeHUMs M BATbP: Bareppr u
TeMIIepaTypHUTE NIPOMEHH Ch3/1aBaT (ha30BU U3KPUBSIBAHUS, KOUTO
pa3pylaBaT KOXEPEHTHOCTTa Ha BBIHOBUS (POHT, NpaBeHKH
Kacuieckoro (opmupane Ha 164 (beamforming) HETOYHO.

e Teomerpus Ha MacuBa: 3a Ja wHMare MOCOKa
(mupextuBaoct) ipu 500 Hz (A = 0.68 M) Ha 2 kM, B € HEOOXOIUM
MacMB C OTpOMHAa amepTypa (IumaMeTsp), 3a Ja MOCTHTHETe
CMHCJICHA Pa3/IeNIUTENHA CIOCOOHOCT .

2. ApXUTeKTypa Ha cucTemMarta

Ilpensun Te3n mNpenu3BHKATENCTBA, CHCTEMaTa HE MOXe Ia
Obe Kmacudecku "MHKpooOHEeH MacuB" B mpeHocuM Qopmar. Ts
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|
TpsiOBa na ObJe MNPOEKTUpaHAa KaTo pasnpesieleHa CeH30pPHA
Mpexa ¢ roJisiMa aneprypa.

[IpenopbkuTe MpHU M3rpaXkIaHe HA TakaBa CUCTEMa Morar aa
0000t (Tabauma 3):

Tabmuna 3
Kommnonent IIpenopbka O0ocHoOBKa
Tun cenzop HuckovectoTHun HeoOxomumu ca
HU3MepBaTeJIHH CEH30pHU c
MHKPO(gOHH (C  BHCOKA | MHOTO  HHCBK
YYBCTBHUTEIHOCT) cOOCTBEH IIyM
WM MUKpoOapomeTpu (3a | U BHCOKa
JIOJTHUS Kpait Ha | mperoBapBalla
CIICKTBPA). CIOCOOHOCT, 3a
Jla yaBsT ciabu
CHUTHAIN oT
TOJIIMO
pascTrosiHue.
I'eomerpus Ha | Paznpenenena mpexka or | Toa  ch3maBa
MacHBa cTaHUUHU (MUKPOPOHH), "BUpTyaieH
Pa3noJI0XKEeHN Ha | macuB" [
pa3CTOsIHHE OT /IeCETKH A0 | OrpOMHa
CTOTHIM MeTPH eHa OT | e(eKTHUBHA
apyra. areprypa
(rostsam
IUAMETHD),
HeoOxoauMa 3a
paszenurenHa
CIOCOOHOCT IPHU
IOBITH  BBJIHHU
(HUCKH
YECTOTH) .
Bpoii cermzopu | Munumym 4-6 cranuuu, | IloBeue
(craHIUM) Pa3moIOKEHH B | CTaHIUH
TeOMETpHYHA mo1o0psiBaT
KOHUTypauus (Hamp. | ycToH4HMBOCTTa
kpwr ¢ aquamersp 100-500 | Ha  BATBD W
M). TOYHOCTTa  Ha
TpHAHTYJIALKSL.
Cunxponusanus | GPS-cuHxpoHu3upaHu Ilopanu
BB3JU C  TOYHOCT  JO | TOJNEMHUTE
MHKPOCEKYH/IH. pascrosHus,

3a0aBsSHUATA Ha
CHTHaja ca oOT
MOPSAABKA Ha
MHJIUCEKYHTH.
Hyxna e
penu3Ha
CHHXPOHH3AIIS
3a
KOpeJTaloHeH
aHamm3
(TDOA).

Kit0ouoB MOMEHT B TO3U cilydail € M3MOJI3BaHHsI allOPUTHM 32
obpaborka. Kmacuyeckoro dopmupane Ha mp4 (Delay-and-Sum
wm MVDR) mama na pabotu eeKkTHBHO TpH Te3W MamiadH,
3amI0TO MpeAroiara Wik paBHUHEH BBIHOB (poHT (far-field), mimm

HU3BCCTHA

O3S
HaJIM4eH chepuyer BHIHOB

Ha HU3TOYHHKA.

(poOHT OT HEU3BECTECH

cliydas €
HN3TOYHHK.

[Ipennara ce cieanara iiepapxusaTa OT METOIM 3a NPUJIAraHe:

Etan 1: OtkpuBane u rpyda jaoxanuzaunus (TDOA &

Trilateration)

L Heﬂl Z[a Ce onpeaciy aaju uMa CUrHajl U OTKbAC HUJBa

NIPUOIN3UTEITHO.

e Meron: ToBa € Hali-pakTUYHMAT IOAXOJ 3a TaKUBa
pascrosiHus. Bceska nBolika CTaHIMM M3YMCISBA pas3liMKaTa BbB
Bpemeto Ha npucturane (TDOA) Ha nanen cursain (Hamp. U3CTper,
excruio3us, asuraren). Upes kpoc-kopemanus (GCC-PHAT) ce
Hamupa 3abaBsHeTo. Ciie TOBa ¢ TpHiaTepauus (XHIEPOOINYHO
MO3UIMOHUPAHe) OT MHHUMYM 3 CTaHIMU C€ OIpeeis MO3UIUITa
Ha U3TOYHHKA .

e [IpeaumcrBa: YCTOWYMB Ha IIYM U HE MU3UCKBA CJIOXKHA
KamOparws.

Etan 2: Ilono0pena npocrpancreena guiarpanus (Bayesian
Focusing)

1. Men: IomoOpsiBaHe Ha pa3ienuWTENHATA CMOCOOHOCT U
BB3MOXKHOCT 32 Pa3fe/IsIHe HA MHOXKECTBO U3TOYHHIH, 0COOCHO IpH
HHMCKH YECTOTH.

2. Meroa: Cren xaro e Hanuue rpy6a mosuims ot TDOA,
MOJKeT Jia ce npuioxku Bayesian Focusing . Tosa e oGparteH mMeTox
(inverse method), xoiiTo pemasa BeposiTHOCTeH npodiem: "Kaksa e
BEpPOATHOCTTA B J@aAeHa TOYKAa OT INPOCTPAHCTBOTO Ja HMa
W3TOYHUK, TP JIaJICHUTE U3MEPBaHUs Ha MUKpO(hoHUTe?".

3. Ipegnmcraa:

- IIupox vecToTreH odxBaT: PaboTi oTIMYHO B
HUCKHTE YECTOTH, KBACTO KIacuieckusaT beamforming ce mpoBas .

- I'bBkaBocT Ha pascrosinuero: He wusmucksa
n3MepBane B Ommsko mose (nearfield) kato NAH (Nearfield
Acoustic Holography).

- KoauyecTBeHa omenka: [lo3BonsBa He camo
JIOKaJIu3alus, HO U OLICHKA Ha CHUJIaTa Ha U3TOYHHKA.

Etan 3: Pasmmpena o6padorka ¢ Deep Learning

1. Men: IMotuckane Ha IiyMa OT BATHpP, TYpPOYJIEHIHS W
HECTAI[OHAPHH CMYIIEHHsI, KAKTO U KJIAaCH(UKAIMS HA THUIA O0EKT.

2. Merox:

- Neural Directional Filtering (NDF): Tosa e
Haif-CbBPEMEHHUAT TMOIXOJ, TPH KOWTO HEBPOHHA MpeXka (Hamp.
FT-JNF ¢ FiLM conditioning) ce o0ydaBa &a BB3MPOU3BEKAA
JKellaHa TUPEKTHBHA XapaKTEPHUCTHKA, KaTO IUPEKTHO TeHepHpa
MacKd B YECTOTHO-BpeMeBaTa O0JacT OT BXOJOBETE Ha MacHBa .
Toii Moxe na ce "mpenporpamupa’ B pealHO BpeMe 3a pa3jnyHu
MOJIENM Ha HAaCOYEHOCT U 3HAYHMTENTHO MPEBB3XO0K/AA KIaCHYECKUTE
METO/IU B OTHOIIeHUE curHai/cmytneHue (SDR).

- KOMGI/IHZ\HHH C TPpaaAUIIUOHHU MeETOoau:
I/ISCJ’[eHBaHI/I}I IIOKas3Bar, 4e I/IHTCl“paHI/ISITa HaA ,HT)JI6OKI/I H€Bp0HHI/I
Mmpexu (DNN) 3a omeHka Ha Macku (3a ompenelsiHe KOW BpeMe-
HYECTOTHU TOYKH Ca JOMUHHUPAHU OT MOJIC3HUA CI/IFHaH) 3HAYUTCIITHO
H01(06p;113a OIICHKaTa Ha KOBAPpUALIMOHHUTE MAaTpUIIK 3a (1)I/UITpI/I
xato MVDR unu Multi-channel Wiener Filter.

CpaBHHTeJ’leH AHAJIU3 HA METOAUTE

3a mo-mobpa BHU3yanu3auusi, CPaBHEHHETO € MPEICTABEHO B
Tabmuma 4.

Tabmuua 4

Metoxn Mpunoxumoct Tounocr Yeroiiuupoct H3uncanrenna

npu 2 km/16-500 Ha BATHP CJI0KHOCT

Hz
Kiacnue Hucka (m3uckBa | Hucka Hucxka Hucka
CKHI OrpOMEH  MAacHB
Beamfor | wm PaBHUHEH
ming BBJIHOB (JPOHT)
TDOA / | Bucoka (ocuosen | Cpenna Bucoxka (ipn Hucka
Tpunate | MeTOx 3a no6pa
panus OTKpHBaHE) CHHXPOHH3AIIs)
Bayesian | Bucoka Bucoxka Cpenna Bucoxa
Focusing
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Neural ToTenuuanuo Msmoro Bucoka MHoro Bucoka
Beamfor MHOTO BHCOKA | BMCOKa
ming (u3mcKBa
(NDF) o0yueHne c
JIaHHM OT TaKaBa
cpena)

3aK/II04YMTEeIHU NPENOPBKH 32 pa3padoTka

1. MHM3noa3BaHeTO0 HA KOMNAKTEH MACHB € He)KeJIaTeJIHO:
Hsma nma ce mocturae pasjennuTenHa CIlocoOHOCT Ha 2 KM C MalbK
MacHB. 3BYKBT IIIe JOI/E KaTo "Touka" OT OIpesieieHa IOCOKa.

2. ®okyca TpadBa 1a e BbPXY Mpe:ka: V3rpaxaar ce 4-6
CTaHIMY, PAa3MOJNIOKEHW Ha CTOTHIM METpPU €AHa OT Jpyra, ¢
npenusHa GPS cuaxpoHuzanms.

3. 7KejaTe/IHO e NPHJIATAaHETO HA XHOPH/IEH AJITOPHTHM:

- IlpenoprsuntenHo e m3non3BaHero Ha TDOA 3a
IbPBOHAYAIIHO OTKPHUBAHE U TPpy0a JOKaInu3aIys.

- Ilpm HanuuuMe Ha HIKOJKO CTaHIHH U €
HEOoOXoIMMa I10-BHCOKa TOYHOCT HJIM MHOXECTBO H3TOYHHUIIH,
npuiioxete Bayesian Focusing Bbpxy chOpaHuTe TaHHH.

- 3a ¢uarpaumss Ha ImyMa W aBTOMATHYHO
(bokycupaHe BbpXY MOABIKHH OOCKTH, WHBECTHpAiTe BpeMe B
paspaborBanero win amantupanero Ha Neural Directional Filtering
(NDF) moern, oGydeH ¢bC CUMYJHPAaHH JaHHH 32 Pa3spPOCTPAHEHHE
Ha 3BYK B aTMoc(epara.
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lepaB.HeHne NnpouecuTe HA KPUCTAJIN3AallUs Ha JICTU PAa3PUBHU 3apsA/IH YpPE€3 PCHTIC€HOB
KOHTPOJ

Crystallization process control of cast explosive charges using x-ray radiography

Assoc. Prof. Krumov A, PhD.%, Assoc. Prof. Simeonova A., PhD.",
Institute of Metal Science, Equipment and Technology with Hydroaerodynamic Center at Bulgarian Academy of Sciences,
67 Shipchenski Prohod Street, 1574 Sofia, Bulgaria1

Abstract: The present article addresses the issues related to the crystallization of organic nitro compounds, more specifically organic
nitro compounds that can be used for filling ammunition by casting molten liquid explosive into the ammunition body. These compounds are
characterized by low thermal conductivity and extremely slow cooling, which necessitates the investigation and control of the crystallization

processes by means of X-ray analysis in order to achieve optimal results.

Keywords: CRYSTALLIZATION OF ORGANIC NITRO COMPOUNDS, X-RAY RADIOGRAPHY.

1. Bweeoenue.

Kpucrannzauus e BcekH Ipolec Ha oOpasyBaHe Ha KPUCTalN
Ipu I[PEMUHABAaHE HA BEIIECTBOTO OT TEPMOAWHAMHYHO IIO-
HEYCTOHYHBO CHCTOSHHE B KPUCTAITHO.

IIpouecsT Ha KpHCTanU3aI¥s, IPOTHIAIIA NIPU BTBBPASIBAHETO
Ha CTOIICHO B3PHBHO BEIIECTBO, 3aJIITO B KaMepaTa Ha Ooemnpumnaca
ce XapakTepusupa ¢ o0pa3yBaHETO Ha TOJIEMH KPHCTAIH, KOUTO ca
Hepa3pHBHO CBBP3aHU 110 MEXAy ch. ToBa o0ycliaBs HENPHEMINBU
XapaKTePUCTUKU Ha U3JIETHS 3apsifl, a UMEHHO — MaJIKa IUTbTHOCT U
MeXaHMYHa SKOCT. TakuBa XapaKTEPUCTHKH ca B MPOTHBOpPEUHE C
W3MCKBAHUATA, MIPEASBIBAHN KbM PAa3pPUBHUTE 3apsIIHL.

Oprann4HUTe HUTPOCHEAUHEHNS, IPUIIOKHUMH 32 3aITbJIBaHE Ha
Goernpunacy 4pe3 JeeHe Ha Pa3TOIEH T€UeH eKCIUIO3HB B TSIIOTO HA
Ooempumaca WMaT HHCKAa TOIUIONPOBOAWMOCT M C€ OXJaXIaT
HM3KITIOYATETHO OAaBHO, KOETO Hajlara M3cCleBaHe U yIPaBICHUE Ha
NPOLECUTE Ha KPUCTAIM3ALMs C I1Ie MOCTUTaHe Ha ONTHMAaIHU
pe3ynTaTH.

VnpaBieHHeTo Ha TPOIECHTE Ha KPUCTANHM3alMs Ha JIETH
pa3puBHH 3apsy HM3UCKBAa CH3JaBaHe Ha TaKWUBA YCJIOBHS, IPH
KOHTO C€ TIONydaBaT TOAMO KOJNMYECTBO IIEHTPOBE Ha
KPHCTANN3alus U YCKOPEHNe Ha KPUCTAH3AIMATa KaTo ISUIO.

KonTtpoasT Ha mporeca Ha HambiIBaHE Ha OoempHmacu Io
MeToJa Ha JIeeHe ce CBeXHa A0 HAOMIOJEHHE 3a IPaBIIIHO
NpOBEXAaHe Ha padoTara 10 CTOMSIBAHETO Ha B3PHBHOTO BEIIECTBO,
MOATOTOBKAaTa My 3a JIeGHE W CcaMOTO JIeeHe Ha Ooempumacure, a
CBIIIO TaKa M KOHTPOJ Ha Ka4eCTBOTO Ha Pa3pHBHUTE 3apsiy Upe3
PEHTTEHOB KOHTPOJI.

2. Obwu u3ucKeanus KoM U3C1e06aHUs npoyec.

OCHOBHOTO TIpeIHa3HAaYE€HHWE Ha ONEpaIysATa MOATOTOBKA Ha
B3pDHMBHHUTE BEIECTBAa 3a JICEHE CE CHCTOM B MPHUBEKIAHE Ha
Pa3TONEHOTO BEIIECTBO B TAKOBA ChCTOSIHHE, KOETO MPH OXJaXKIaHe
obe3rneyaBa MoyryyaBaHe Ha JPeOHOKPUCTATIHA CTPYKTYpa, Tojsma
IUIBTHOCT U MEXaHUYHA AKOCT Ha pa3puBHUA 3apsa.

3a nma ce o0e3meud IOJy4aBaHE Ha pPa3pUBEH 3apsl C
JIpeOHOKPUCTANHA CTPYKTypa M OOYyCIIOBEHAaTa OT TOBA BHCOKA
IUTBTHOCT M MEXaHHYHa SKOCT, PasTOINEHOTO B3PHUBHO BEIIECTBO
mpeqyu 3allMBaHETO B Kamepara Ha Ooempumaca ce mojjiara Ha
NpeaBapuTeNlHa  KpPHCTalM3alus  4pe3  pa30bpKBaHe  IIpH
OXJIQXK/IAHETO MJIM CMECBaHE C ONPE/EICHO KOJIMYECTBO OT CHIIOTO
B3PHUBHO BEUICCTBO B TBHPAO CHCTOAHHUE. Tesu onepannn yckopsBat
npoleca Ha KPUCTANIU3alMsA M CIOcoOCTBAT 3a 00pa3syBaHETO Ha
TOJISIMO KOJIMYECTBO APEOHU KPHCTANIH.

JeiiHocTTe TO HambiBaHE Ha Ooempumacu TpsOBa na ce
NIPOBEXJAT B CTPOTO CHOTBETCTBHE C YTBBPIECHH TEXHOJIOTHYHH
HHCTPYKIHH.

KauecTBoTO M cTpykTypaTa Ha JIeTHS pPa3pHBEH 3apsia B
cHapsauTe n MuHHTe ce nposepsBar or OTK mHa 3aBoma mo
pa3psi3aH 10 OCTa 3apsi/l ¥ CThI0YETa OT B3PUBHOTO BELIECTBO.
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BbB BCsika pas3nuBHa BaHA 3aelHO C IOATOTBEHUS 3a JICEHE
KOPITYC Ce IIOCTaBs €AUH pa3psi3aH KOPILyC, KOUTO ce 3aiBa 3a€AHO
¢ gapyrute kopmycu. Ha kpas Ha JIleeHETO U U3CTHUBaHETO
pa3psI3aHUAT KOPITYC Ce OTIENs, a M3BICUEHHUAT OT HETO Pa3pUBEH
3apsz ce pas3ps3Ba o octa. [lmockocTra Ha paspesa ce U3UHCTBA C
OCTBp HOX, U30BPCBA CE C MOKpa TaMyJHA KbpIIa U e MPOBEPsIBa.

OcBeH pa3ps3aHus KOPIyC, OT BCAKA BaHA C€ B3€Ma H 10 eAUH
Kopryc no ykazanus Ha HadamHuka Ha OTK. Ako koprychT HsMa
HapaHsBaHEe UM TO € HE3HAYUTEJIHO, PAa3pUBHUAT 3apsi]l Ce U3BIMYA
upe3 3arpsiBaHe. To3u KoOpIyc ce YCTaHOBSBa C OTBOpa Harope BbB
BaHaTa M Ce 3ambjiBa ¢ Boja Ha 5-10 cm mo-mony oT oTBOpa Ha
kopmyca. Bomara ce HarpsiBa no kumnene. KoraTto B3pHBHOTO
BEI[ECTBO MO CTEHUTE CE PA3TONHU JOTOJIKOBA, Y€ JHAMETHPBT Ha
OCTaBaI[UTe 3arOTOBKH OT TBBPJAO B3PHBHO BEUIECTBO Ja OBIe HE
MoBeYe OT JUaMeThpa Ha OTBOPA, KOPITyChT C€ M3BaXK/Aa OT BaHATa
U ce 00pbIIa BEPXY alyMHHHEBA IIIOCKOCT.

AK0 KOpHYChT MMa TOJIIMO HapaHsBaHe, TO OT pa3pUBHUS
3apsg  ce pasnpobuBa  CTBIO OT  B3PMBHOTO  BELIECTBO.
PasnpobutuTe cTHIOOBE Ce MONy4aBaT C W3IOJI3BaHE Ha TPHOHU
CBpelUla Ha NPOOMBHM MalIMHU. PasnpoOUTHAT CTHIO OT B3PHBHO
BEIIeCTBO TpsiOBa ma Obae Haii-manko 3/4 OT BucCOYMHATA Ha
pa3pUBHUS 3apsi], a JUaMeThpbT Haii-mManko 3/4 oT quaMerbpa Ha
OTBOpA.

CroneHuTe 3aroTOBKM M KOHTPOJHHTE CTHIOOBE, KAKTO H
pa3pUBHUTE 3apsAAu OT pa3ps3aHUTE KOPIYCU ce M3psA3BaT ¢ TPUOH
[0 OCTa, TOYUCTBAT C€ C OCTBP HOX, M30BPCBAT Ce C MOKpa
IaMy4Ha KbpIla 1 ce IIPeAaBaT 3a KOHTPOJIEH Mperies.

KoHTpon Ha KayecTBOTO U CTpoeXka Ha B3pUBHUTE BEILIECTBA CE
ocwimiectBiBa oT OTK mo pasps3anaTta oc Ha pa3TONEHHSA WK
M3BaJICH 3aps OT B3pUBHO BemecTBO. OT Beska BaHA 3a KOHTPOI ce
B3€MarT I10 /IB€ 3aTOTOBKH.

[TenHeHETO Ha GOEmpHIIAcH C B3PHWBHM BEIECTBA MOXE Ja Ce
U3BBPIIN TI0 PA3JIMYHUA HAYWHHU: JIEEHE, HNIHCKOBAHE, MPECOBAHE.
[IbaHEHeTO MO MBPBHUSA METOJA Ce M3BBPIIBA Upe3 M3JIMBAHE Ha
pa3TONeH TeYeH eKCIUIO3MB B TAJIOTO Ha OoempHraca Ha €UH WU
IIOBeYe €eTamna, B 3aBUCHMOCT OT pasMmepa Ha Ooempumnacure u
KOH(UTypanusiTa Ha KaMepara.

He ce nomyckaTt mMyKHAaTHHU B 3aps/a Ha B3PUBHOTO BEIIECTBO,
TBH KaTo IpPM HM3CTPET B MeCTaTa Ha IYKHATHHUTE BB3HHKBA
3HAUUTENHO TPHEHE MEXy YaCTHUINTE Ha 3apsAfa, KOeTO MOXe Ja
NPpUYINHA ACTOHALUA Ha B3PUBHOTO BELIECTBO U IPEKIACBPEMEHHO
paspyllaBaHe Ha CHaps/a B KaHaja [0 BpeMe Ha U3CTpell.

3. Memoo mna nposepxka. Penmezenozpaghcko

uscneosare.

3.1 OnpenensiHe HAa HAJTMYKE HA KYXUHM B CHapsaa.

PentreHorpadckuaT abY ce pasnosiara B pPaBHUHA, KOATO €
HepIeHNKYIApHA HAa HaJUTbXHATA OC HA CHApAJa M JONUpaTeIHa
KbM OCHOBAaTa Ha BbTpEIIHAaTa My KyxuHa. KOHTypBT Ha B3pUBHUS
3apsi TpAOBa 1a e SICHO OYepTaH BbB BCHUKH TOUKH. M3cienBanero
Ha peHTreHorpagckaTa CHHMKA Ce M3BBPIIBA, 32 Ja CE ONpEneNIn
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CbOTBETCTBHETO  C  IPWIOKHMUTE  M3UCKBaHMA.  HHKakBu
n300paKeHUs] HA OJIOBHUM MAacCKH, KOHTEHHEepHU, MPUCHOCOOJCHHUS,
UJICHTU(QUKAIIMOHHN 3HALM WIM JPYTH BBHIUHM Oene3u He TpsOBa
Ja ce MPOSKTHpaT B o0JlacTTa Ha IPOBEPSABAHOTO B3PHBHO
BEIIECTBO, C H3KIIOYEHHE Ha OINpeIeleHH NEHETPOMETPH W
paaualMoOHHM €KpaHH, HeoOXOJUMH 3a HaMajsgBaHe Ha IUIBTHOCTTA
Ha (wIMa 10 YeTIMBHM HUBA B IO-THHKUTE 00JAacTW HA CHapsa.
TakuBa eKkpaHH He TpsOBa Ja HMaT HUKAKBH pagHorpadCcKu
3a0eIeKUMH eIEMEHTH B TIPOCKTHpaHaTa o0JIaCT Ha MHCHEKIMATA.
Penrtrenorpadckoto o6opyaBaHe, Omepanui U MPOLEAypH TpsOBa
na Owmar kBamupuumpann B cborBercTBue ¢ MIL-STD-453
(MILITARY STANDARD: INSPECTION, RADIOGRAPHIC (27
DEC 1984)). OcBeH TOBa 4yBCTBHUTEIHOCTTa Ha paauorpadckara
TeXHUKa TpsiOBa na Obae 2,0%, a muHMMamHata (oTorpadceka
IUTBTHOCT Ha M3MON3BaHuS (uiMm xa O6bae He mo-manka ot 1,25%
BBB BCSAKa TOYKa OT 30HATa Ha B3PHBA, BKIIOYHTEIHO OCHOBATA,
KaTO MaKCHMaJlHaTa IUTBTHOCT HE TpsiOBa pa ObJe MO-TosIMa OT
Ta3H, KOATO II03BOJISIBA aJCKBAaTHA NPOBEPKAa Ha IpIaTa 30HA Ha
UHTEpec.

Benukn  ngedekromonoOHE  XapaKTEpUCTHKM B 30HATa Ha
HHTEpEeC Ha paguorpa)ckoTo H300paKeHHE Ce TPEeTHpaT KaTo
nedexTH, OCBeH ako He ca WACHTH(OUIMpPAHH KaTo BBHIIHH
apTeakTH WIM HEpaBHOCTH Ha METaIHWTe YacTH. B cimydail ue
IbpPBOHAYAJIHATa PEHTTeHorpadusi OCTaBsi CHMHEHHE OTHOCHO
NPUEMIIMBOCTTa Ha CHapsjia, MOpaad TPYIHOCT HPH OLCHSBAHETO
Ha pazMepa, MECTOTIOJIOKEHUETO I KiIacu(pUKaIusATa Ha AeeKTa,
CHapsObT ce 3aBbpTa OKOJIO HALIBKHATA CH OC CHPSIMO
I'bpPBOHAYANHATAa CKCIO3MIMSA M €€ MPaBAT JONBIHUTEIHH
peHTreHorpaduu 3a U3sICHABaHE.

IIpnemnmBOCTTa BEB BCHUKH CITy4dau ce IPELEeHsBa Bb3 OCHOBA
Ha (uiIMa, JaBaml Hai-ToJIsIMa MPOEKIHs, OCBEH B CIyJanuTe, KOraTo
MOBTOpHATa peHTreHorpadus paskpruBa MHOKECTBO HACJIarBally ce
KyXHHH, BCSIKA OT KOUTO MOOT/AGIHO OTTOBaps Ha H3UCKBAHUATA.

BeHYKM  IONBJIHMTENIHM pEHTreHorpaduu Ha cHapsaa 3a
neeKTHH CBhCTOSIHUS C€ HWASHTH(UIHMpAT BBPXYy (uiIMa Karo
TIOBTOPHH U CE ChbXPaHsBAT; MPOCIE/IBaT ce 10 OPUTHHATIA.

3.2 TIlpoBepka Ha HaAeXIHOCTTA Ha paauorpaga B
TeXHHKATA.

UyBCTBUTEIHOCTTa HAa peHTreHorpa)ckata TEXHUKAa Ce
ompezeNsi ¢ MOMOIUTA Ha TIEHETPOMETPH M 4Ype3 M3IOJI3BaHe Ha
CTaHIapTH, ChABPXKAIM H3BecTHH AedexTu. IleHeTpomerpure ce
TIOCTABAT OT CTPaHaTa Ha paJuorpadckus N3TOTHUK HA CHapsaa. 3a
BCEKM CHapsii ce W3MOoN3BaT TPH MeHeTpoMmeTwspa. Ilpm
peHTreHorpadupaHe Ha oOmpefeNieH Opoil CXOAHHW CHapsad
YecTOoTaTa Ha NMPOBepKaTa Ha YyBCTBUTEIHOCTTA TPsIOBa aa Oble He
MO-MaJika OT €/Ha Ha BCEKM IIeTAeceT peHTreHorpaduu, a mpu
BBPTSLI Ce IPBCTEH MEHETPOMETHPHT C€ M3I0JI3BA HA €IHA CTAHIIHS
3a BCSIKO ITBJIHO 3aBbpPTaHEe Ha NpbCTeHa. VI3non3BaHeTo Ha eTaJoHH
ce orpaHu4yaBa 0 [bpBOHauyajHaTa KBaIuHKAlUi Ha
pamuorpadckata TeXHHKAa B HA4JaJOTO Ha MPOM3BOACTBOTO M Ha
HWHTEpBAJINTE, TPH YCIOBHE Y€ Mpe3 TO3M MHTEpPBAT MOTaT 1a ce
OYaKBaT €THAKBU PE3YITATH.

UyBCTBHTETHOCTTA Ha pagnorpadckara TeXHHKA ce CUHTA 3a
3aJ0BOJIUTENHA, KOTaTo HW300paKEHHETO Ha IMEHETPOMETPHTE,
BKJIIOYMTEJIHO OTBOPHUTE, CE€ BB3NPUEMAT B ChOTBeTCTBUE ¢ MIL-
STD-453 u xorato ce BB3NpHEMaT HM3UCKBAHUTE CTaHIApPTH 32
nedexTu.

3. 3 [IpoBepka Ha poTorpadckaTa MIBTHOCT HA puiima.

dororpadckara MIBTHOCT Ha (GHIMa ce ONpeness BBPXY
¢unma B lernoHa Ha MUHHMAaJIHATA IUTBTHOCT Ha UiIMa B paMKUTe
Ha POEKTHUPaHaTa 30Ha Ha B3pUBHUA 3apsaa. [InbTHOCTTa Ha Quima
ce IpoBepsiBa Ha BCEKH 4Yac paboTa MM Ha 4acT OT Hero 3a BCEKH
obpaborBany ¢unm. M3uckBa ce mo-royisiMa 4YecTota 3a BCEKU
HepUoJ, Mpe3 KOMTO ce cpelar TPYJHOCTH IPU ONpPEASISIHETO Ha
HeobxoxuMara mrbTHOCT. DoTorpadekara IIBTHOCT e U3MEpBa C
(bOTOENEKTPUYCH JICHCUTOMETBD ¢ Audy3HA IUIBTHOCT, KOMTO
[OKa3Ba AUPEKTHO LU(POBHUTE SAMHULM 3a IUTBTHOCT. TOYHOCTTA
Ha JICHCUTOMETBpa ce MOAIBbPIKa upe3 Kanubpupase ¢ pororpadceka
TabJeTka Ha BCEKH 4Yac, HENOCPEACTBEHO IPEAM H3MEPBAHETO
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BbpXy paauorpadckus ¢unm. Kanubpupanero ce n3BbpLIBa MPU
HMBO Ha IUTBTHOCT Ha CTBIIKOBaTa Tabyierka B pamkure Ha 0,5D ot
TOBa, KOETO Ce M3MepBa Ha peHTreHorpadcekus puiaM. Beska Touxa
Ha U3MEpBaHE Ha IUIBTHOCTTa BBPXY PEHTreHorpadcekus GuiM ce
o0o3HayaBa ¢ KPBr (HAIpaBeH ¢ MOAXOSII MOJUB MM XMMHKAI)
WIM C JUaMeTbp He HO-TosIM OoT 6 mm. TodHOCTTa Ha BCHYKH
(ororpa)cku CTHIATOBUAHY TaOJICTKH, N3MOJI3BAHN IIPH HOpMaJHa
paboTa, ce TpoBepsiBa E€XKEMECEYHO upe3 KaimuOpupane Ha
JICHCHTOMETBpa ¢ eTaloHHa (oTorpad)cka cThIaIoBHaAHA TabIeTKa,
KanuOpupana ot HammonanHoto OOpo MO CTaHZApTU3ALUS WU
onoOpeHa OT mpaBUTENCTBOTO. PedepeHTHaTa Tabnerka TpsaOBa na
Oblc Ha pa3MOJOXKEHHEe, HO TpsOBa na ObAe 3alUTeHa OT
M3HOCBaHE M IOBpEJa U He TpAOBa Ja ce M3MOJI3BA B ©XKEAHECBHATA
pabora. Bceska Qotorpadcka crbpmkoBa TabieTKa, KOSITO HMa
CEpPHO3HHU MOBPEH 110 MOBBPXHOCTTA WJIM II0Ka3Ba OTKJIOHEHUE OT
npexumanTe Kanubpupanus ¢ 0,05D wmiam mosede, ce 3aMeHs C
HOBa, HEU3II0JI3BaHa CTHIIKOBA Ta0JIeTKA.

3.4 Tlperyien Ha peHTreHorpa)ckata 4YyBCTBHTEJIHOCT H
TEeXHUKH.

YyBCTBUTEIHOCTTA Ha paguorpa)ckara TEXHUKA Ce MPErIexa,
KaTo ce NPEACTaBs HOHE elHa paauorpadus Ha eTajoHa M Ha
CHapsi/a, ChIBPIKAIL IIEHETPOMETbPA, U KOIHE OT paguorpadckure
HpoLeIypy Hpeny HadyaJoTO Ha ITbPBOHAYAJIHOTO INPOHM3BOJICTBO.
Tesn pentreHorpaduu ce mpaBiIT M 00pabOTBAT CBC CHIIUTE
TEXHHUKHU, KOUTO LIE Ce W3IMO0J3BaT B MPOMU3BOACTBOTO. OCBEH TOBa
enHa peHTreHorpadus Ha CTaHAAPTHHS CHAps WM Ha CHapsja,
ChAbPIKAIL TEHETPOMETBp, CE MpEICTaBsi 3a Mperiea BEAHBK
MECEYHO Ipe3 IMbPBUTE TPH MECEeLd OT BCEKH JIOTOBOP U HA BCEKH
TPH Mecela ciel TOBa.

4. 3axknrouenue.

H3non3BaneTo Ha PEeHTICHOB KOHTPOJ JlaBa sICHA MpEJCcTaBa 3a
KpHCTallHaTa CTPYKTypa BBB BBTPEIIHOCTTAa Ha JIETHTE Pa3pHBHU
3apsIi U MO3BOJISIBA YIIPABICHUE HA MPOIECUTE Ha KPUCTATA3AIMS
Ha JICTUS MaTepHal.

PeHTTreHOBHAT KOHTPOJN € MOIIEH METOX 3a Oe3pa3pyluTencH
TECT 3a OTKpUBaHE Ha Ne(eKTH, KaTo NpeAuMCTBaTa My ce
3aKJII0YaBaT OCHOBHO B CBKpalllaBaHE Ha BPEMETO 3a KOHTPOJ U
WKOHOMHUS Ha MaTepUaIHU CPEJCTBA.

CBBpEMEHHUTE CHCTEMH 3a PEHTTEHOB KOHTPOJI MoraTr Ja
OCHUTYPSAT U300paKeHHS C BHCOKA Pa3ICIUTE]IHa CIIOCOOHOCT, KOETO
MO3BOJIIBA TOAPOOCH aHauW3 Ha KadyecTBOTO M BBTpEIIHara
CTPYKTypa Ha JIETUS pa3pHUBEH 3apsijl B CHAPAJUTE U MIHHUTE.

ToBa BHUCOKO HHMBO Ha JETAWIIHOCT IO3BOJISIBA OTKPUBAHETO
OpH Ha HaW-MajkuTe neeKTH H TapaHTHpa KadyecTBOTO U
HAJKJAHOCTTA HA JIETUTE Pa3pUBHU 3apsiiu.

CplI0 Taka OT CBHIIECTBEHO 3HAYCHHUE €, Y€ PEHTICHOBHST
KOHTPOJI J1aBa BB3MOXKHOCT 32 WICHTH(UIIMpAHE HA MOTCHIMATHU
npoOJieMH B CaMOTO HA4yaJl0 HAa MPOU3BOACTBEHUS MPOIEC, KOETO
MO3BOJISIBA Ja C€ TIpEeNNpUeMaT KOPUTHpAINX JACHCTBHUS, MpeIu
gacTuTe Aa ObJaT HHTETPUPAHH B KpaltHUS POTYKT.
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Development of a high tech system for vacuum melting and casting of organic nitro
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Abstract: The article presents the results of an experimental study one of whose primary objectives was to develop a vacuum casting
technology and a design for a vacuum casting installation. The system is used for melting and casting organic nitro compounds, specifically
TNT, Hexotol (Composition B) and other explosives which are processed through casting in vacuum in order to remove air trapped in the
melt and gases released during heating. This process results in an increase in both the density and the mechanical strength of the castings.

Keywords: CRYSTALLIZATION OF ORGANIC NITRO COMPOUNDS.

1. Bweeoenue.

BaxyymHOTO N1eeHe € yChBBPIIEHCTBaH METOJI, IPU KOMTO 3a 1a
ce TomoOpW KadyecTBOTO Ha TMBJIHEHE Ha Ooempumaca u
MIPOM3BOJUTENIHOCTTa HAa TpyAa, Kamepara Ha Ooempwumaca ce
BaKyyMHpa IPEH ITbIHEHE C eKCIIO3UBH.

BucokokauecTBeHUST pa3puBeH 3apsij TpsOBa Ja MMa eJHaKBa
IpeOHO3bpHECTa CTpyKTypa (03 Mexypuera, pPaKOBHHUA U
IMYKHAaTHHU) W BHCOKA IUTBTHOCT. 3a Ja C€ IOJyYHM XOMOTEHHa
JpeOHO3BbpPHECTA CTPYKTYpa HAa B3PUBHUS 3apsl, H3IHBAHETO ce
M3BBPIIBA IPH Hal-OIarompUsATHOTO CHOTHOIIEHHWE HAa TEYHATa M
KpHCTanHaTta ¢a3a B pa3TONEHOTO B3pUBHO BemecTBo. [locaeanoro
ce TIIOCTHra 4Ype3 eHEePrHYHO pa30bpKBaHE HA Pa3TONCHUS
€KCIUIO3HB IIPEH JISCHE.

Pa30bpKkBaHETO YCKOpsIBa OXJIaXJAHETO HA EKCIUIO3UBHUTE H
Ha4yaJoTo Ha Mpolleca Ha KPUCTaIN3alus, HachpuaBa o0pa3yBaHETO
Ha TONSIM Opoil KPHUCTAIM3AaLMOHHU LEHTPOBE M CIIEJOBATEIHO
NpeoTBpaTsBa MOsBAaTa Ha TOJIEMH KPHUCTAIIH.

JlpeOHO3BpHECTaTa CTPYKTypa Ha paspUBHUS 3apsifg My
OCHTYpsiBA BHCOKAa ILUTBTHOCT, 3JpaBHHa U 0E30IacHOCT IIpU
H3CTpEN, KOeTO € MHOTO BaKHO, ThbH KaTO TaKbB B3PUBEH 3apsj
MOXe€ Ja M3IAbpKM 0e3 paspylIaBaHe Ha HaNpPEXEHHsATa, KOUTO ce
pa3BHBAT B HETO MO JIEHCTBUETO HAa MHEPIIMOHHUTE CHJIH MO BpeMe
Ha U3CTpeL.

2. H3uckeanusn Kom mamepuana.

MatepuansT TpsiOBa a ObJie B ChOTBETCTBHE C MPUIOKHMHTE
YEpTEeXKHU U CHelnpUKaIH.

Yucr B3puBoOmaceH ckpam (Opak). YHCTHAT B3pHMBEH CKparl,
MPOM3BE/CH NPU PEJOBHU ONEpaIii, MOXe Ja Obje MpPEeTOHeH U
M3II0JI3BaH MOBTOPHO, TIPH YCJIOBUE Y€ OTrOBapsi Ha M3MCKBAHHATA
3a OIpe/eleHHs Kiac B3PMBHO BEIIECTBO, C M3KIIOYCHHE Ha
¢dopmara. He ce wusmomsBa ckpam OT HOJOBH IOYHUCTBAHHUS,
BCHTUJIALIMOHHU W aCIIMpallMOHHU arapaTu (OCBeH OT COHOAXHHU
Ollepalliy, CICHHATHO KOHTPONMPAHH 3a IPElOTBpPATSIBaHE Ha
3aMbpCSBaHE C B3PUBHO BEILECTBO).

KoMmoHeHTHTe M BB3NIUTE TPsiOBa 1@ OTrOBApAT HA BCHUYKH
W3UCKBAaHMS, MOCOYCHH B MPHIOKHMHTE cCHEUUBHKALIUH U
YEPTEIKH.

TpwsOHaTa KyXHHa ce OompeseNns KaTo KyXHHa, Pa3NoJIoKeHa Ha
WiIM OIM30 10 BepTUKANHATA IIEHTpajHa JIMHUA Ha CHapsia ¢
HaJUTBXHA OC (ABJDKMHA) TPU IBTH WM [TOBEYE OT IIUpPUHATA.

[IpbcTeHOBHAHATA ce NeHHHpa KaTo KyXHHA, KOSATO MpHeMa
¢dopMaTa Ha HPBCTEH WIM 4YacT OT HEro Ho rnepudepusira Ha
OTJIMBKATA.

Kyxunure, 06pa3yBaHH BCJIEACTBUE HA OTUYNCHU WM CUYIICHH
eKCIUIO3MBU OT CTPAaHWYHHUTE CTCHU Ha B3pHUBHATA sMa, He TpsOBa
Ja ce MpOCTUpaT CyMapHO OKOJIo moBede OT 1/4 oT oOumkonkaTa.
MakcuManHUAT pasMep Ha BCSKa BHIMMA KyXMHa B JIMLIEBATa
MOBBPXHOCT Ha 3apsja He TpsOBa 1a HajgBuIIaBa 6,4 mm BbB BCSIKa
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Mocoka, a ofmara IUTON] Ha BCHYKM KyXMHH He TpsOBa na
Hagsummasa 80% OT IIIomTa Ha MOBBPXHOCTTA.

IMopecTute 30HU Ce TPETHPAT KaTO KyXHHH W 3a TSIX BaKar
OTpaHUYCHHUSTA, HATOKCHU Ha KyXHHHTE, C M3KIIOYCHHE HAa TOBA,
e 80% ot gpmwkuHa u 80% OT miomTa MM ce CYHMTaT 3a
HPUEMITUBH.

He Tps6Ba na nma 3a0enexuMo pa3zielisiHe Ha OCHOBATa MEXIy
OCHOBaTa Ha KyXWHaTa Ha CHapsja M B3PUBHUS 3apsj, KOraTto ce
npoBepsiBa  4pe3  paguorpadus. MakcUManHO — JIOIyCTUMOTO
pa3zmensHe Ha ocHoBarta TpsOBa na 6b1e 0,38 mm (0,015 unya).

B cHapsiga He TpsiOBa [a ©Ma MyKHATHHH, TPBOU MM y4acThIH
C THHKH CTEHH.

BbB B3puBHUS 3apsia He TPsAOBa Ja MMa Iy>KAU MaTePUAIIH.

JlomupainuTe ce MOBBPXHOCTH Ha pe3duTe He TpsOBa na ca
MOKPUTH CHC CIIEYEH eKCIUIO3MB M BCHYKHM pe30H He TpsOBa jga ca
HOKPUTH C 4YyXJ MaTepHall. AKO € HeoOXOJUMO XUMHYECKO
MOYMCTBAHE CE W3II0J3Ba alleTOH MM METHJIeHXJIopua. TpsoBa na
ce BHMMAaBa XMMHYCCKUAT MOYMCTBAIl Mpermapar a He BIe3e B
KOHTAKT ChC 3apsi/ia U 1a He TOMaHe B CHApsIIA.

TebpaANMTEe B3PHBHH BEUIECTBA HE TpsOBa Ja ce HAMHUpAT B
CHapsiZia TpeIy 3apeXxJaHeTo WK J1a ce A00aBIT KbM CHapsaa 1o
BpeMe Ha ITbPBOHAYAIHOTO M3JIMBaHE WM OXJIaXKIaHe.

He ce 3apexnar cHapsay, YHATO BBTPENIHA CTEHa € C
HECHBBPIICHO MOKPUTHE. BbTpeniHara MOBBPXHOCT Ha CHapsja
TpsaOBa &1a € cyxa, KOraro B3pHMBHOTO BEIECTBO C€ H3/IMBA B
CHapsia.

Bhrperinara KyxiHa Ha CHapsiia MpeAd 3apexaaHe He TpsOBa
[1a ChABPIKA UY)KIN TEla.

IMpenu crio6siBaHEeTO Ha CHAps/IA IMKATa Ha B3pUBATEIs TPIOBa
na e cBOOOJHA OT BCSIKAKBU YYXKIW Telld MM CBOOOIHU B3PUBHU
BEIIECTBA.

[Ipenu 3apexnaHeTO Ha B3PUBHOTO BELIECTBO B KyXHHAaTa Ha
CHapqua HC Tpﬂ6Ba JAa UMa HeBTB'bp}leHa JIOKBA UJIN Mexypu.

He TpﬂGBa Ja HMa B3pl/IBHO BCIICCTBO II0 BBHIIHATA
MOBBPXHOCT HA CHAPSIA CIIE]] 3aPEXKIAHETO MY.

B kyxuHara Ha TSJIOTO He TpsOBa 1ga wWMma Ifoctu, pebpa,
3aupaHus, CIequ OT HU3TErJsiHe, JAMHUHALWH, BrPaJeHH dYKIH
Tena, TbHKH, SIMH M OCTPH PHb0OOBE B CHOTBETCTBHE C BH3YaJIHHTE
CTaHIapTH.

He Tpsi6Ba 1a MMa mpexaeBpeMEHHO Pa3KbCBaHEe MIIH IPH3HALN
3a OT/ENITHE Ha METallHM YacTH B OTBOPa Ha OPBKUETO WIN 10
BpEMe Ha IOJIeT.

Koraro ToBa € MMOCOYEHO B JOrOBOpPa WM B TOphUYKara 3a
MOKYTIKa, 00pa3elpT ce Mojjiara Ha MpoBepKa 3a MbPBO H3/EIHE B
CHOTBETCTBHE C TEXHHYECKHUTE PA3NOPenon.

Crex TOIUIMHHYS IUKBJI Ha cHapsauTe, TeyHK ¢ HE, He Tps6Ba
[a UMa eKCyJalysl B THE3J0TO Ha B3pHUBATelNlsl WM BbB BHHIIHATA
YacT Ha CHapsija.

W3uckBanusiTa KbM n3padoTkara ca:


https://en.wikipedia.org/wiki/Composition_B
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e [louncrtBame. AKO ce U3HCKBA, METOABT Ha
MOYNCTBAaHE He TpsiOBa Ja YBpeXOa HHUKOS OT
YacTHTe, HHUTO 4YacTHTE Jia C€ 3aMbpcsiBaTr oOT
MOYNCTBAIIHS areHT.

e  3amura Ha BHPTAIIUTE ce JIeHTH. Bunarn Tps6Ba na
ce IojaraT TPWXKU BBPTAIIATAa Ce€ JICHTAa Ha BCEKU
CHapsz Aa He ObJie Haps3aHa MM 3aJHpaHa.

e  bosmucsane. bosaucBanero TpsOBa ma oTroBapst Ha
U3UCKBAHUATA Ha MPUIOXKUMEA yepTex. Llsmata 6os
TpsAOBa Ja € cyxa Ha JOIMp Ipeau TECTBaHE.

e  Uyxnam Tena. Huro eqHa gacT mim Bb3en He TpsiOBa
Ja ChIbPXKA MPBCOTHS, TpPEC, CTPYXKKH, PBXKIA,
KOpO3Us WM APYTU YyXKIU Tela Mpeau IMpoBepKara
U TPaHCHOPTHPAHETO.

e OOtryparop. Bumarm TpsbBa 1a ce BHUMaBa
00TypaTOpbT Z1a He ObJe MOBPECH.
3. Pa3pa60m6ane Ha 6UCOKOmMEXHO/102UUYHAa

cucmema 3a HMOReHe U JleeHe HA OpPZAHUYHU
HUMPOCHEOUHEHUA 66 8AKYYMHA CPeOq.

IIpoBeeHO € EKCIIECPHMEHTAIHO H3CJIe[BaHE, KAaTo eIHa OT
OCHOBHHTE My 3aJa4yd ce sBsiBa pa3pabOTBaHE HAa TEXHOJOTHS 3a
JeeHe MOJ BaKyyM M Ha TPOCKT 3a HMHCTANALUs 32 JICCHE BBB
BaKyyM cpena.

CucremaTa ce M3MOJI3BA 33 TOIEHE M JIEGHE HAa OPraHUYHU
HUTPOCBHEIMHEHHUS MO-KOHKPETHO TPOTWJI, XEKCOTON U JpYyru
B3PUBHH BeILleCTBA, 00pabOTBaHM 4pe3 JICEHE BbB BaKyyMHa Cpela
C IeJ IpeMaxBaHe Ha CBHIBPXKAIIUSA Ce B CTONWIKATAa BB3AYX U
OT/ZeTIAIINTE Ce MPH 3arpsiBaHe razoBe. ToBa BOJIY /10 NMOBHIIABAHE
Ha IUTPTHOCTTA U MEXaHWYHATA 3/{paBUHA Ha OTIMBKHTE.

B mnpakTHkara ¢ H3BECTHAa CHCTEMa 3a TOIGHE M JIECHE Ha
HUTPOChEIMHEHMS, HO 0e3 BB3MOXKHOCT 3a BaKyyMHpaHe Ha
cronuikara. HenoctaTbKbT 1 ce CbCTOU B CIEAHOTO:

e PpyeH cnoco6 3a MOATOTOBKA M TONCHE Ha
OpraHUYHHUTE HUTPOCHEAUHCHUS;

e  PexUMBT Ha TOIEHE U JieeHe, 3aBUCH OT OIMTA Ha
paboTHuKa;

e Cucremara Ha TONEHE Cb3[]aBa YCJIOBHS 3a HAIUYHME
Ha 12% BB31yX B CTONMIIKATA;

e Jluncea obopy/aBaHe 3a OTCTpaHsABaHE Ha BB3LyXa U
TOPELINTE I'a30BE OT CTOITHJIIKATA;

e  [losy4yeHnTe OTIMBKHU Ca C HUCKA IUTBTHOCT M TOJISIM
MPOLEHT BBTPEIIHU JIe(DEKTH.

IIpenBun M310’K€HOTO W3BECTHO MPEJIIECTBAIIO CHCTOSHHE Ha
TEeXHMKaTa B pasriexjaHarta obnacT, 3ajadaTa € Ja ce Ch3Jale
nomoOpeHa cucrema, KOSTO Ja Ce OTIMYaBa C TEXHOJOTHYHA M
MPOU3BOJICTBEHO M3ITBIHMMa KOHCTPYKIHS, KaTO €JHOBPEMEHHO C
TOBa OCHUTYpsiBa €(EKTHBHO TOICHE W CJICABAIO OTJIMBaHE Ha
M3 ¢ BUCOKA IUTBTHOCT M Ka4ecTBO.

Taka mocraBeHara 3a/1ada € peleHa chC CHCTEMa, ChCTOSAINA Ce
ot ciennure enementy (¢wur. 1):

CwMmecuren 3a TOIEHe ¢ HeMpeKbcHATO mbiHeHe (1);
ByHkep 3a TeMnepupaHe 1 Bakyymupase (2);
Cucrema 3a noArpsiBaHe Ha TeYHOCTTA (3);

CucreMa 3a oxJIaXKJaHe Ha TEYHOCTTA (4);
[upkymanpoHHM  TOMHOM € JUCTAaHIIMOHHO
ynpagieHue (5);

e  EnexTpuueckn KpaH C IWCTAHIMOHHO YIpaBIICHUE

(6);

e  EnexrpomaruuteH knanad HO (7);

e  EnexrpomarauteH kinanatd H3 (8);

e  Jlozaropu 3a mbeaHeHe (9);

e  Bakyym nomma c auctanionHo ynpasienue (10).
Cwmecurenat 3a TtomeHe (1) ¢ HENpeKbCHATO IbIHEHE

npeacraBiiiBa HUIMHAPHUYCH CbI C ,I[BOﬁHI/I CTCHU U HarpeBaTeIHa
CEpIICHTHHA, MOHTHpaHa B ABHOTO. B LOCHTbpa Ha CMECUTECIIA €
MOHTHpaHa CJICKTPUYCCKa pa36LpKBama CHUCTEMaA, BBHPTAIIA CE C
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300 06./mMuH. B monHust kpail uMa TpBOONPOBOA C €ICKTPHUECKU
KpaH, CBBbp3Balll OyHKep 3a Temmepupane. CMecUTeNnsIT MO3BOJISBA
Jla ce MIONBJIBA HEMPEeKbCHATO C HOBO KOJMYECTBO OPraHUYHU
HHUTPOCHEIVHEHH 110 BPEME Ha TEXHOJIOTHYHHUS MIPOLIEC.

ByHkepbT 32 TeMnepupaHne U BakyymupaHe (2) e mpeaHa3HaueH
Jla OCUT'YpsiBa HEeTIpeKbCHaTa Temieparypa Ha TorneHe oT 81°C. Kem
HEr0 € MOHTHpaHa eJIKTpOHHA CHCTeMa 3a IOJIbp)KaHe Ha
yKka3aHata Temreparypa. KbM TOpHHS Kkpal Ha OyHKepa e
MOHTHpaHa BaKyyMHpalla CHCTEMa, BKIIOYBAIA BaKyyM IOMIa C
€JIEKTPOHEH PEryaaTop Ha 000pOTHTE.

CucremaTta 3a NMOATPsABaHE, NMPEACTABIABA LITHHAPUIEH CBJ C
JBOMHU CT€HM M KOMIIJIEKT HAarpeBaTeNd, OCUI'YpSBAIIHM MOIIHOCT
18kW. Tlommsp:kaHeTo Ha TEXHOJOTMYHATA TEMIEparypa ce
ocurypsBa  OT  TEPMOKOHTpPOJIEpHA  CHCT€Ma,  BKJIIOYBAIIa
TEPMOCEH30PH M M3IIBJIHABAIIA TPyTIa.

Cucremara 3a oxylakziaHe (4) e mpegHa3sHauyeHa Jja OCHUTYpsiBa
OBp30 OXJMAXHaHe Ha peareHTa C [N IMOAIbpXKaHe Ha 3aJajeHara
Temmeparypa. CplmaTa ce CbCTOM OT XJIAJWIEH KOMIIPECOp H
pe3epBoap.

LupkynannoHHaTa MOMMA C AWCTAaHIHMOHHO YympasieHue (5)
CIIly)kM 3a IpPUABIKBAHE HA TEYHOCTTA C PAa3IMIHH CKOPOCTH,
OIIpE/ICNICHN OT TeXHOJIOTHYHHUS mporec. [IpoMsHaTa Ha pexrMa Ha
paboTa Ha IUPKYyJaMOHHATA MOMIIA CE M3BBPIIBA JUCTAHI[HOHHO
10 YCTaHOBEHA TEXHOJIOTHUYHA IIPOTpama.

EnexTpuueckusT KpaH ¢ JUCTaHINOHHO yIpasieHHe (6) CIyKH
B TOYHO OIpeJieNieH MOMEHT Ja OCUTYPH 3axXpaHBaHe Ha OyHKepa 3a
TEeMIIEPUPAHE ChC CTONMWIKA OT OPTaHWYHUTE HUTPOCHEIUHEHUS.
VYhpaBiaeHHeTO Ha EIEeKTPHUYECKUs] KpaH ce H3BBpIIBA IO
MpeIBapHUTEITHO 33aaieHa IPoTpama.

EnextpomarautausaT wianan HO (7) e mnpeaHasHaueH na
3aXpaHd C OXJaJeHa TEYHOCT OyHKepa 3a TeMIepupaHe C Lel
HaMalsiBaHE Ha  TeMIepaTypara TIIpH KpUCTalM3alus Ha
OpraHNYHHUTE HUTpochenuHeHus. CpaboTBaHETO Ha CHINUS ce
OCHUT'YpPsIBa aBTOMAaTHYHO TI0 CUTHAJ OT TePMOAATIHIIHTE.

EnextpomarautHusaT kinamadn H3 (8) e mpenHasHaueH na
3aXpaHH C TOpemla TeYyHOCT OyHKepa 3a TeMIEepHpaHe C IIel
yBeIMYaBaHE HA TeMIeparypaTa IIpH TOIEHE Ha OpPTaHHIHUTE
HUTpOCheauHeHus. CpaboTBaHETO Ha ChINUS CE€ OCUTypsiBa
AQBTOMATHYHO 10 CHTHAJ OT TePMOJIATYHIIUTE.

Jozatopute 3a menHeHe (9) ca yetHpu Ha Opoil M CiyXar 3a
AQBTOMATHYHO MBJIHEHE Ha TOYHO OIPENENCHO KOJIMYECTBO
pa3TONEeHO OPTaHWYHO HHUTPOCHEAWHEHHE BBB Qopmure. Tosa
KOJIMYECTBO C€ OINpelens NPeIBAPUTEIHO U C€ M3IBIHSABA
AaBTOMATHUYHO OT JI03aTOPA.

Bakyym mommata ¢ gucTaHmuoHHO ympaBineHue (10) e
IpefHa3HaueHa Ja OCUTypsBa IOAHAJAraHe cbC croiHOocT 600
mm/Hg. BrirouBaHeTo ¥ ce M3BBPIIBA ABTOMATHYHO 110 MPOrpama
u paboTm 3a mepuoy OT TpH MHHYTH. JlocTHraHero Ha
OIPE/ICNICHOTO MOJHAISITaHe Ce M3MepBa Upe3 BaKyyMMETbp, KOHTO
ABTOMATHYHO 110/IaBa CUTHAJ 3a CITUpaHe Ha OMIIaTa.

@ue. 1 Cucmema 3a monene u neere Ha OP2AHUYHU
HUMPOCHEOUHEHUs. 6b6 BAKYYMHA CPeod.



CJ'ICZ[HI/ITC CHUMKH OHarjieadaBaT MA03aTOPUTE 3a NI'BJIHCHE Ha

pa3TONEHHUs B3PHBEH MaTepHall B KOPIIyCUTE Ha Ooenpunacure:

4., 3aknrouenue.

OcHOBHHUTE OTYCTCHU pe3yiaratu oT Hay4YHO-
CKCIICPUMEHTATHOTO U3CJIIEABAHE Ca:

1.

IIpoBeneHa e Hay4HO-eKCIIEpPUMEHTalHa padoTa Mo
pa3paboTBaHe Ha MHCTAJAlUs 3a JIeeHE BbB BaKyyM
cpena.

I/I3CHCHB3HIII Ca MPOLECUTC Ha KpHUCTaIu3alusd MpUu
TOTICHE HAa HUTPOCHCAUHCHU .

WscnenBanu ca  (axropute, BIUSCIM  BbPXY
CKOpOCTTa Ha oOpa3yBaHe Ha LEHTpOBE 3a
KpUCTaNu3alUsl M € HalpaBeHO NpoydyBaHE 3a
BJIMSHUETO HA TEMIIEpaTypaTa BbpPXY MPOLIECUTE Ha
KpHCTaInu3anusl.
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4. PaspaboTreHa e TEXHOJIOTHs 32 JICCHE MO BaKyyM.

5. PaspaboreHa e MeTOAMKa 32 PEHTTCHOB KOHTPOJI MIPU
JIGCHE MO/ BaKyyM.
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YecTOoTHO-3aBHCHM H300p HA NMOAMACHB 32 OTPAHUYABAHE HA POCTPAHCTBEHMS AJIMACHHT B
KOMIIAKTEH IeTe/ieMeHTeH JIMHeeH MUKPO(g OHeH MacuB

Bnagumup Bepbanos
HHCTUTYT 0 MeTano3HaHue ChOPHKEHIUS U TEXHOJIOTHK KbM bbiarapcka akanemus Ha Haykute, Codus, bearapus
E-mail: vdvarbanov@abv.bg

Abstract. Broadband microphone arrays implemented in compact enclosures are constrained by a frequency-dependent conflict between
aperture and element spacing. A large aperture is required to obtain useful low-frequency directivity, whereas small inter-element spacing is
required to prevent high-frequency spatial aliasing. This paper examines a nested five-element linear array. All five microphone channels are
acquired continuously, but their digital beamforming weights depend on frequency. The complete array is used below approximately 3 kHz,
while only the inner three microphones are active above the transition. The 20 mm inner spacing satisfies the half-wavelength condition up to
8.575 kHz. Analytical MATLAB results show reduced high-frequency off-axis lobes while the larger five-element aperture and its higher
ideal uncorrelated-noise gain are retained at low frequencies.

KnrouoBu nymmn: MEKpoOHEH MacuB; Ibue00pazyBaHe ChC 3aKbCHEHHE H CyMHpaHe; BIOKEH MacHB; H300p Ha MOAMACHUB; yCHIIBAHE
CIPSIMO OsIT IIIyM

() x =[-0.080 —0.020 0 0.020 0.080)"m.
1. BBBE/IEHHE IIbnmnara ameprypa e 160 mm. BbTpemHuaTr noaMacus
XapaKkTepUCTHKATE Ha MHUKPO(GOHHUS MacuB ce ONPENeiT He cbabppxka Mukpodonure npu -20, 0 1 20 mm ¥ cIegoBaTEIHO UMa
camo oT Oposi Ha mpeoOpa3zyBaTeINTEe, HO M OT TEXHUTE (PUZUICCKH aneprypa 40 mm u paBHoMepHa cTblka 20 mm. BpHIIHHTE
MOJIOKEHUSI CIPSAMO aKyCTHYHATa ObDKMHA Ha BbaHarta. [lopamm MHKpPO(OHH yBeTM4YaBaT HaJMYHATa HHUCKOYECTOTHA 0asza, JOKaTo
TOBa €[HA U ChINa (PUKCHpaHa KOH(PUTYpaIUsI HE MOXKE J]a OCUTYPH BBTPEIIHATA KOH(QUTYpaIysi OCHTYpsBa IO-MaJKOTO Pa3CTOSHHE,
H/I€aTTHO IPOCTPAHCTBEHO MOBEJCHUE B IIMPOK YECTOTEH JHUAMA30H. HEO0OXOMMO TP BHCOKU YECTOTH.

TossiMara amepTypa Ha MacHBa € IMOJIE3HA HPH HUCKH YECTOTH, . Hricko1EETOTeH pENHM: T enemeTeh MATHD

THH KaTo Ch3/aBa MO-TOJIEMH 3aKbCHEHHS Ha Pa3lPOCTPaHEHUE U

[0-M3pa3eHH IMPOCTPaHCTBEHH (pa3oBU pazimku. ChIIEeBPEeMEHHO

‘ ‘ : | | | | |

Pa3CTOSHHETO MEXIYy PaBHOMEPHO Pa3MOJIOKESHI MHKpO(bOIL\I’I/I T = s = L = = = - o
TpsOBa J1a Ob/ie MO-MAJIKO OT NPHOJIM3UTENIHO HOJIOBUHATA OT Haii- Moanuwa (mm)

BUCOKOYETOTEH PEXWUM: TpU eNnemMeHTeTeH BbTpelleH MacuHBe

KbCaTa AB/DKMHA HA BBIHATA, KOTATO CE€ M3MCKBA €JHO3HAYHO T T . . . . T

MIPOCTPAHCTBEHO MUCKPETH3UPaHE B IETHS BHAUM BITOB CEKTOP.

o )

Te3u 1Be UBUCKBAHUA TPYIHO C€ yIOBICTBOPSABAT CAHOBPEMEHHO B T ? ? ? ?

KOMIaKTeH kopiyc[1]. -100 0 50 40 0 0 2 3 & 80 100
Ilpn KoHBeHIMOHaNEH JbYeo0Opa3yBaTell ChC 3aKbCHEHHE U Mosuuws (mm)

CYMHpaHE ¥ PaBHOMEPHU TeErJIa IIaBHMAT JIbY € IIMPOK IIPH HUCKH

YECTOTU U IOCTCIICHHO C€ CTCCHsIBa C HApaCTBAHE Ha 4eCToTaTa. dwur. 1. FeOMeTpnﬂ M YeCTOTHO-3aBUCHUM n360p Ha MOAMACHUB.

Korato pasctosHusTa MEXIy MHKPODOHHUTE CTaHAT TOJEMH (a) wHuckouectotHa oOpaborka ¢ merre Mukpodona; (0)

CHpsiMO  TBJDKMHATA HA BbBJIHATA, CC TMOABSABAT MOMBIHUTCTHA BHCOKOYECTOTHa 00paboTKka C BBTPEUIHUTE TPH MHUKPOQOHA.

CTpAaHUYHM MaKCUMyMH W ONPECISHETO Ha IOCOKaTa MOXke Ja Ipa3HuTe Mapkepu Moka3BaT (GU3MUYECKH HAIUYHUTE, HO LU(POBO

CTaHe HEEeHO3HAYHO. Maskure MEKIYEeNEeMEHTH Pa3CTOAHUS W3KIFOUYEHH OT BUCOKOYECTOTHHS OAMACHB BHHITHA MHUKPO(OHH.

NpeaoTBpaTABaT TOBa BUCOKOYECTOTHO OrpaHUYCHUE, HO MaJIKaTa 3a paBHOMEpEH JIMHEEH IIOAMACHB CTAHAAPTHOTO YCIOBHE 3a

UM anepTypa ocurypsisa mo-cjiaba NPOCTPAaHCTBEHA CEJICKTUBHOCT MPOCTPAHCTBEHO NUCKPETH3MPAHE BbB BUAMMHUS BITIOB CEKTOP €
TIpU HACKU YE€CTOTH. Cc

KoHBEHITMOHATHUAT OE3U3KPUBSABAI JIbUCO0Opa3yBaTell ChC (2) d< 2forar
3aKbCHEHHE M CYMHpAHE HE TMpOsBABAa MO MPHHIUI CPUB Ha max
YCUIIBAHETO COPSAMO OsUT LIyM mpu HUCKK decToTH. OCHOBHOTO My
HHCKOYECTOTHO OrpaHWYEeHHE € HEeIOCTAThYHATA HACOUYCHOCT.
Hucko ycwiBaHe cmpsmMo Osul mryM ce MOJy4aBa, KOTaro ce
M3M0JI3BAT TOJIEMH MOJIOKHUTEIHA U OTPHULATEHH KOSePUIIMEHTH 32
MPUHYIUTEIHO (GOpPMHUpaHEe HA TECEH JTbY OT amepTypa, KOSITO €
MaJiKa CIIpsMO JbJDKHMHATA Ha BhIHATa. B HacTosmaTa paborta He ce
pasriexzaa cynepANpeKTUBHA WM aJalTHBHa 00paboTKa.

Pasrnexxnanata KOH(UTrypanus M3II0JI3Ba KOMITAKTEH
CHMETPHYEH MAaCHB C IMeT MUKPO(OHA KAaTO [BE MPHUIIOKPHUBAIIH CE
MPOCTPAHCTBEHH CKaind. IIbiHATA KOH(QUTYpals HMa amneprypa
160 mm, a BbTpemHUTE TPU MHUKPOGOHA 00pa3yBaT paBHOMEPEH
mojMacuB cbC cThika 20 mm. Beuuku kaHamu ce AUCKPETU3HPAT
HenpeKbCHaTo. YecTOTHO-3aBUCHMHUTE LU(POBH Teria ONpenessT

KbJeTOo d € MEeXIyeleMEeHTHOTO Pa3CTOSIHUE, C € CKOPOCTTa Ha
3ByKa, a fmax e MakcuManHara yectota. [Ipu d = 20 mm u ¢ = 343
m/s chOTBeTHaTa rpaHn4yHa dectota ¢ 8.575 kHz. Cnenmoarenno
BBTPEUIHUAT TPUEIEMEHTEH IOAMACHB  YJIOBJIETBOPSBA TOBA
ycnoBue B menus pasraexaad amana3oH 300 Hz-8 kHz. IIemnara
HETeIEMEHTHA T'eOMETPHs € HEPaBHOMEpHA, CbC CHCEAHH
pascrostaus 60, 20, 20 u 60 mm. ITopagu ToBa TS He TpsOBa aa ce
pasriexia Kato MEepUOJMYeH PaBHOMEPEH MAacHB C €AHA TOYHO
OIpe/ieNieHa YeCcToTa Ha MOsBa Ha PeLIeThYHH JIb4YM. BhIpeku ToBa
rojieMHTe BBHIIHM 0a3su (OpMHUpAT CHIHH BHCOKOYECTOTHH
CTpaHWYHH MAaKCHMYMH B U3YHCIICHHS OTKIIHK.

3a Iocka BBJIHA B JAJ€YHOTO MOJIE BEKTOPHT HA HACOYBAHE B
4YecToTHaTa 00JIaCT Ce 3alncBa KaTo

—jk x1sin@

e kX1

KOsl e()eKTHBHA alepTypa y4acTBa BbB (JOPMHUPAHETO HA M3XOJHUS ol zsing

curHan. lleara e nma  ce  mMoOKaxe KOMIPOMHUC — MEXAY 3) a(f, 0) = ) ,

HUCKOYECTOTHATa afnepTypa, BUCOKOYECTOTHOTO MPOCTPAHCTBEHO xn sing
e Jkxysin

JUCKPETU3HUpPAHE U YCUJIIBAHETO CIIPSAMO HEKOPEIHWpaH IIyM,

OTIpE/IeNeHo o 6posi Ha aKTHBHHTE MHKPOGOHH[2,3]. kpaeTo k = 2nf/c, xm e monoxeHneTo Ha MUKPOGOH m, a 0 e

BI'BJIBT CIPAMO HOpMajlaTa KbM MacCHBa. ﬂpn HaCO4YBaHE I10

2. qECTOTHO_3ABHCHMA OEPABOTKA C HOpMaﬂaTa HOpMaJ'H/I3I/IpaHH$IT HpOCTpaHCTBeH OTKJIUK CE Onpeﬂeﬂﬂ
oT
INOJIMACHBH (4) B(f,0) = wi(fa(f,6).

IIppemMa ce nMHECH MacHB OT HET WHACAIHM HEHACOUCHU
MHKpO(OHa, Pa3MOJIOKEHN MO OCTa X. brbIbT Ha H3TOYHHKA B
JIaJIEYHOTO IIOJIE € M3MepBa CHPSMO HOpMajlaTa KbM MAacHBa, a
cKopocTTa Ha 3Byka e mnpuera 343 m/s. Koopaunatute Ha
MHKPO(OHHTE, U3MIOJI3BAaHHU [IPH aHAJIN3a, ca

KBJIETO TOPHUAT nHJeke H 03HauaBa epMHUTOBO TpaHCHIOHHpPAHE.
M3nomsBaT ce KOHBEHIIMOHAHU TETJIA 33 3aKbCHEHNE U CyMHpaHe,
KaTo BEKTOPBT Ha TerjaTa € PaBeH Ha BEKTOpA HAa HACOYBAaHE II0
HOpMajara, pas3jieleH Ha Opos Ha AaKTUBHHTE MHKPO(OHH.
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CrienoBaTeIHO OTKIMKBT B HANPABICHHETO Ha HACOYBaHE ¢©
¢IMHHYCH U 32 JIBETC aKTUBHU KOH(QUTYpPALIUH.

CurHambpT OT BCeKM MHUKPO(OH ce IpHema HemnpekbcHaro. Ilox
n3bpanara decrota Ha mpexona mpubmamzutenHo 3 kHz Ha Bcuuku
IeT KaHalla ce 3a/laBaT ¢HAKBU TerJla 3a 3aKbCHEHUE M CyMHpaHE.
Han mpexonma ternara na mukpodonute npu -80 m 80 mm ce
3a/laBaT Ha HyJa, a TPUTC BBTPCIIHM KaHaja 3ala3BaT CIHAKBH
terna. Ta3u oneparys npeAcTapisBa uppoB U360p Ha MOIMACHB U
HE W3UCKBA (U3MYECKO MPEBKIIOYBAHE WWIH H3KIIOYBAaHE Ha
mukpodonu. Ipu peanusaiys BbB BpeMeBaTa o0iacT Morar ja ce
M3II0JI3BaT JONBJIBAILY CE MOJICHTOBH (MITPH 3a IUIABEH HPEXO..
Ilpu peamuszanus B 4YeCTOTHaTa oOJIACT CBIIOTO IIOBEICHHE CE
MOJTy4aBa TUPEKTHO Ype3 YeCTOTHO-3aBUCUMU Terna[4,5].

VI3non3BaHeTo Ha MET aKTHMBHH MUKPO(OHA IPU HUCKH YECTOTH
HE Ch371aBa CaMo II0 ce0e CH CHITHa HAaCOYCHOCT, KOraTo 4ecToTaTa
KIOHH KbM Hyna. To obaue 3ama3zBa mo-roysiMara (hU3MYECKa
armepTypa W IO-roisM Opoll  He3aBUCHMH HAONIONCHHS Ha
cobcTBeHMsT ImyM Ha IpeoOpasyBaremure. [lpm  mmeanHo

HOPMAJIM3MPAHO JIbYe00pa3yBaHe ChC 3aKbCHEHHE W CyMHpaHE U

MIPOCTPAHCTBEHO HEKOPEIHPAaH COOCTBEH IIYM YCHJIBAHETO CIIPSIMO
(a) NMeT eneMeHTETH Macue

Yecrtota (kHz)

-60 -30 0 30 60
brbn cnpsAMo HopManaTta KbM Macusa (rpagycu)

90

Yecrota (kHz)

6s1 mrym e 10 logl0(M) dB. Iler akTrBHM MUKpPO(OHA OCHTYpSIBAT
npubmmsurenso 699 dB, a Tpm aktuBEHM Mukpodona -
npubnusurento 4.77 dB. M3mom3Banero camMo Ha BBTPEIIHHS
MOAMACHUB B LEHs AUANa30H OM JOBENO A0 AOMBIHUTENHA UcaTHa
3aryba okomo 2.22 dB. 3ama3BaHeTo Ha meTTe MHKPOQOHA IOL
gecroraTa Ha  IPEeXoA  MpPEefoTBpaTsBa  TOBa  HEHY)KHO
HHCKOYECTOTHO HaMaJIeHHE.

Uucnenara onenka e uzpbpiieHa B MATLAB 3a HacouBane 1o
HOpMajlaTa KBM MacHBa M IUIOCKAa BBIHA B JAJICYHOTO IIOJIC.
W3zcnensanu ca wecroru ot 300 Hz no 8 kHz u vrim ot -90 mo 90
rpaayca. CpaBHEHH ca JIBa Cily4asi: HeTeleMeHTHaTa KOH(QUTypauus
B IIENUSI YECTOTEH JHAIa30H U YeCTOTHO-3aBUCHMa 00paboTKa C IeT
mukpopona mon 3 kHz u camo ¢ BBTpENIHWUTE TPU HAL Ta3u
94ecToTa. 3a BCAKA YeCTOTa M3YMCIIEHATa aMIUIMTYAa Ha OTKIHKA €
pasJenieHa Ha MakCHMallHaTa CH CTOMHOCT IIpey IpeoOpa3yBaHeTo
B pmermbOenn. CienoBaTeslHO KapTHTE MOKa3BaT CcaMoO BIJIOBATa
CEJIEKTHBHOCT; T€ HE IT0Ka3BaT abCONIOTHA aMIUIUTYla Ha CHUTHAJA,
aKyCTHYHA MOIIHOCT, YyBCTBHTEIHOCT WM YCHJIBAHE CIPSIMO OsuT
HIyM.

(6) U3Gop Ha nogmacuB B 3aBUCUMOCT OT YecToTaTa

-30 0 30 60
brun cnpsiMo Hopmanata KbM Macusa (rpagycu)

@ur. 2. HopmMaiu3upaHa aMIUIMTYAa HA OTKJIMKA HA MACHBA NPH HACOYBaHe M0 HOpMAJIaTa.
(a) mereneMeHTHAaTa KOH(HUTypalmus ce H3IOJI3Ba B ILENUS YeCTOTeH nuanasoH; (0) mer mukpodona mon 3 kHz w BeTpemHuTE TpH
mukpodona Hax 3 kHz. Beeku yectoTeH pes e Hopmanusupan He3aBucumo o 0 dB.

3. PE3YJITATH H /ITHCKYCHA

Ha ¢ur. 2a e mpencraBeHa HOpMalIM3MpaHATa aMILUIATYa Ha
OTKJIMKA, KOTaTo MeTTe MUKPO(OHa ce N3MON3BaT B LIEJNs YeCTOTCH
JAuara3oH. HpI/I HUCKH YECTOTH OTKIHUKBT € I.l.IPIpOK, TBU Karo
armepTypaTa OCTaBa MaJlka CHpSAMO Ib/DKMHara Ha BbiaHata. C
yBeJIMYaBaHE Ha YECTOTaTa OCHOBHHST OTKIHMK CE CTECHSBA, HO Ce
pa3BUBAT W JONBJIHUTEIHH CTPAHUYHM Makcumymu. Haii-cuiHute
BHCOKOYECTOTHH OOJIACTH Ce TMOSBSIBAT ONM30 10 Kpauinara Ha
BUJIUMHUSI 'BIIIOB CEKTOP M M3MEHST IMOJIOKEHHETO CH C YeCTOTaTa.
Te morar ga ch3mafaT NPOCTPAHCTBEHA HEEAHO3HAYHOCT, 3aIlOTO
U3TOYHHK, Pa3MoOJIOKEH [ajed OT HalpaBJICHHETO 10 HOpManaTta,
MOXKE Jla TpeANW3BUKAa OTKJIMK, CPaBHMM C TO3M B 00JacTra Ha
TJIaBHUSA JIBY.

ToBa moBejieHHe € CIEACTBHE OT HM3IOJ3BAHETO HA TOJEMHTE
BBHIIHK 0a3d TpH YeCTOTH, 3a KOWUTO (Da30BUTE pa3IUKU
HAIXBBPISAT  0o0jacTra Ha  €IHO3HAYHO  IPOCTPAHCTBEHO
JcKpeTr3upane. Thil KaTto MbIHATA TE€OMETPHs € HepaBHOMEpPHA,
CTPYKTypaTa Ha CTPaHHYHHTE MaKCUMyMH HE € IepHOoJuvHaTa
CTPYKTypa Ha paBHOMEpEH IeTelneMeHTeH macuB. [lopamu ToBa
M3YMCICHATa KapTa Ce HHTEpIpeTHpa HEMOCPeACTBEeHO, 0e3 Ha
mbJHaTa KOHQUrypamus Aa ce MPHIHCBA €IWH TOYHO OIpeIesieH
BI'BJ HA PEHICTHUCH JTBY.

Ha ¢ur. 26 e moka3zan pe3ynTarbT MPH YECTOTHO-3aBHCUM U300
Ha monmacuB. OtkmukbT mox 3 kHz e waeHTHYeH ¢ TO3u Ha
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ITBbJTHaTa KOH(UTypamusi, 3all0TO BCHYKH HEeT MHUKPO(OHA OCTaBatr
akTuBHH. [Ipn mpexoza Termara Ha BHHITHATE MHUKPO(GOHH CTaBaT
Hyla " eQeKTHBHATa amepTypa ce MHPOMEHS KbM BBTPEIIHHS
noagmacuB ¢ ameprypa 40 mm. Hax mnpexoma mmpoxute
BHCOKOYECTOTHH CTPaHWYHH OO0JacTH, BUAMMH Ha ¢ur. 2a, ce
IpeMaxBaT B MO-TOJIIMaTa 4yacT OT FOpHUA auana3zoH. OcTaBaiusaT
OTKJIIMK Ce oIpelens OT paBHOMepHara cThnka 20 mm, KOSTO
YIIOBJIETBOPSIBA YCIOBHETO 32 ITIOJIOBHH IBDKMHA Ha BBJIHATA JIO
npubmmsuTenHo 8.6 kHz.

BHCOKOYECTOTHHAT OTKIMK Ha BBTPENIHUS IIOJMACHB HE €
pPaBHOMEPHO IIO-TECEH OT OTKJIMKa Ha IIBJIHHA  MAacHB.
HamansaBanero Ha eexkTHBHATA anepTypa HEM30EKHO pasLIMpABA
[JIaBHUSA OTKIMK M U3MEHA CTpyKTypara Ha CTpaHMYHHUTE
MakcuMyMHu. ToBa € ThpPCEHHAT KOMIIPOMUC: METOABT MpUeMa I0-
MajgKa BHCOKOYECTOTHa amepTypa M TO-MambK Opoil akTHBHM
npeoOpaszyBaTenn B 3aMsiHA HA MO-YHCT IPOCTPAHCTBEH OTKIMK 0e3
CHJIHU HEEeJJHO3HAYHH MaKCHMYMH B Pa3TIICKIaHNS THANa30H.

XopusoHTanHara rpanuma okoio 3 kHz ce Bwkzna BEB BTOpara
KapTa, TbH KaTO MIIOCTpAaLUUATa M3IO0JI3Ba HEHNOCPEICTBEH
4EeCTOTHO-3aBUCUM H300p. B mpakTHdHa IIMPOKOJIEHTOBA CHUCTEMA
ps3KaTa rpaHULa MOXe Ja ObJie 3aMEHEHa ¢ JOIBJIBAILM ce QUITPU
WM C KpaTKa TpexojHa o0nacT, B KOSTO TerjaTa Ha BBHIIHUTE
MHKpO(OHHM HaMassBaT IUIaBHO. TakaBa QuuTparus OM M3riIaaniIa
OpOMSHAaTa MEXIy JBeTe e(eKTUBHM anepTypH, 0e3 Ja H3MeHs
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OCHOBHMSI IPHHIMI WJIM BHCOKOYECTOTHATa TIpaHUNA Ha
IIPOCTPAHCTBEHO AUCKPETU3UPAHE Ha BHTPELIHUSA MacuB[5].

Beuuku penoBe B J1BETE KapTH Ca HOPMAaIU3HPAHU MOOTAEITHO
CHpsIMO COOCTBEHHUs] MM MaKCUMyM I0 Hopmanarta. CiegoBaTenHo
croifHocTuTe 0 dB He oO3HauaBaT eAHAKBO aOCOIIOTHO H3XOAHO
HHUBO IIPU BCHUYKH 4ecToTu. ['padukuTe HE MoraT 1a ce H3ION3BaT
3a CcpaBHABaHE Ha AaKyCTMYHAa MOIIHOCT, UYyBCTBUTEIHOCT Ha
MHKpO(GOHHUTE MM a0COJIOTHO yCHJIBaHE Ha MacuBa. Te mokas3sar
caMo BIVIOBOTO HM3MEHEHHE Ha HOpMajHM3WpaHaTa aMIUITyIa Ha
oTkinka. HamansaBaneto Ha Opost Ha aKTHBHUTE MHUKPO(OHH OT IEeT
Ha TpH TpsibBa Ja ce ONEHABAa OTIEIHO YPe3 AHAIUTHYHUTE
CTOMHOCTH Ha YCHUJIBAHETO CHPSIMO OSLT IIyM.

YucneHuTte pe3ynTaTd HOAKPEIST OTPAaHHIEH HHKEHEPEH U3BOJI.
IlerenemMeHTHaTa TeOMETpUS € MOJE3HA MPH HUCKU UYECTOTH, THIA
KaTo 3ama3Ba amepTypara 160 mm u MIEaqHOTO YCHJIBAHE CIPSIMO
HEKOpeJNMpaH IIyM Ha IeT aKTHBHH KaHaia. [Ipy BHCOKH 4ecToTH
BBTpEIIHATAa TpPUEIEMEHTHA TE€OMETpPHS OCHTypsiBa II0-MajKa
paBHOMEpHA CTBIIKA U IO-MaJKO HEEJHO3HAueH OTKIUK. MeToasT
He (opMHpa YeCTOTHO-UHBApPHAHTHA HACOYEHOCT M HE MPEOoAoIsiBa
3arybata Ha HHCKOYECTOTHA IIPOCTPAHCTBEHA CEIEKTHBHOCT,
MPUCHIIAa HAa KOMITAKTHHA MacuB. ToW eIWHCTBEHO H30Mpa mo-
MOAXOAAIATa OT JABE HAIMYHU IPOCTPAHCTBEHHM CKAIH CIIOpeN
YyecToTara.

Hacrosmara orneHka nprema ueaTHd HeHaCOYeHH MUKPO(DOHH,
TOYHH TOJIOKEHUS, Pa3lpOCTPAaHEeHNUE B CBOOOTHO IOJIE M IUIOCKA
BBJIIHA B JaleyHOTO moje. He ca BKIIOUEHH pAa3IUKH MEXIy
npeoOpasyBaTenanTe, AMPPAKINsI OT KOPITyca, OTPAXEHUS U eheKTn
Ha ONm3KoTO moie. Pe3ynTature ca aHaNUTHYHM H3YUCIEHHS B
MATLAB, a He eKCIepUMEHTaTHH U3MEpBaHUA. 1e3u
OTpaHMYEHMS HE IPOMEHAT apryMeHTa 3a IIPOCTPAHCTBEHOTO
IUCKpPEeTH3UpaHe, HO Tpead  KOIWYEeCTBEHa  OLEHKAa  Ha
MIPAaKTUYECKUTE XapaKTEePUCTHKN € He0OXOANMa eKCIIepHMEHTaIIHA
IIpOBEpKa.

4. 3AKNIO4YEHUE

Pasrnenan e mpocT MeTon 3a 4eCTOTHO-3aBHCHMa 00paboTKa Ha
KOMITaKTeH BJIOJKEH JIMHEEH MAacHB C MeT MUKpoQoHa. Beuuku met
KaHalla OCTaBaT HENpPEKbCHATO HANMYHHW, a IH(POBUTE Teria
n36upar meiaHata aneprypa 160 mm mon npubnusutenno 3 kHz u
BBTPEIIHNS TPUENEMEHTEH IOAMAacuB Cbc CThIKa 20 mm Haf
npexoja. M3uucneHnTe 4ecTOTHO-BIVIOBU OTKJIMIM TIOKa3BaT CUJIHU
BUCOKOUECTOTHH CTPaHWYHU MAKCUMYMH, KOraTro ITbJIHaTa
TeOMETpHUs C€ W3MON3BAa B MENWsA [JUANa30H, W  IO-YHCT
BHCOKOYECTOTEH OTKIHMK Cief M300pa Ha BBTPEIIHHS IIOJMACHB.
3ama3zBaHeT0O Ha TeTTe MHKpoQOHA TIPH HUCKH YECTOTH
MpeIOTBpaTsBa W JIONBIHATENIHATA HIealiHa 3ary0a Ha yCHIIBaHE
cripsiMo Os1 IIyMm, CBBp3aHa ¢ oOpaboTka caMoO Ha TPH KaHajua B
nenust auana3oH. MeToabT € LeNeHacOueHO OrpaHuueH U He
IpeTeHaupa 3a IOCTOSHHA INMPOYMHAa Ha Jbya WIM 34
EKCIEPHUMEHTATHO M3MEpEeHH XapaKTepUCTHKU. bbaema pabora
MOX€E Jia TpOBEepH KOHQUTypamusiTa C pPEaTHd MHUKpPOPOHH U
IUTaBHA KPOCOYBBPHA pealTU3aIIHs.
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Macrosimulation-based evaluation of a planned urban arterial: the extended branimirova
street in sesvete, Zagreb
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Abstract: Zagrebacka Road is the most heavily loaded corridor in Sesvete, the easternmost district of Zagreb, Croatia, and the city's
planning documents foresee the extended Branimirova Street as a second longitudinal to relieve it. This paper evaluates the conceptual
design of that arterial with a calibrated macroscopic model. Morning-peak origin—destination demand was obtained from unmanned-aerial-
vehicle traffic counts at five key intersections and assigned in a PTV Visum subnetwork calibrated against the counts (R* = 0.91). Two design
variants were tested under identical demand: one following the General Urban Plan and one with two additional junctions. Both reduce the
daily volume on Zagrebacka Road by about 22-23% and attract 12000-15000 vehicles per day to the new corridor, while the second adds
only local benefit. Fuel use and CO_ fall correspondingly on the relieved corridor.

Keywords: traffic macrosimulation, PTV Visum, urban arterial, origin—destination matrix, UAV traffic counts, network assignment, traffic
redistribution, Sesvete

1. Introduction A

Sesvete is the easternmost and one of the fastest-growing
districts of the City of Zagreb. Its road network relies on a single
continuous  east-west corridor, Zagrebacka Road, which
simultaneously performs collector, transit and access functions and
is the most heavily loaded road in the area, congested during the
morning and afternoon peaks [1,2]. The growth of the urban area
has increased travel demand and exposed the absence of an
alternative longitudinal corridor.

To relieve Zagrebatka Road, the City's spatial and transport
planning documents the General Urban Plan (GUP) and the Master
Plan of the transport system foresee a second urban longitudinal, the
extended Branimirova Street, intended to take over part of the fig. 1. The extended Branimirova Street by construction stage in Sesvete.
transit traffic and rebalance the network [1,2] The two documents Zagrebaéka Road thay combines the functions of a Collector,
envisage a pair of urban longitudinals (Zagrebacka Road and the  transit and access road, which is the root of its congestion. The GUP
extended Branimirova Street) complemented by transversal links, a additionally plans a pedestrian zone around Trg Dragutina
pedestrian zone in the historic centre, and a long-term target that  Domjani¢a in the town centre next to the Sesvete bus terminal and
public transport and non-motorised modes carry at least two-thirds  rajlway station, the main intermodal node of eastern Zagreb which
of daily urban trips. The first construction stage of the new arterial would divert still more through traffic onto the new corridor.
has been built; the conceptual design of the remaining stages and Traffic was counted at the five key intersections of Zagrebacka
the quantification of their network-wide effect remained open. Road with Varazdinska Road, Bistricka Street, Anke Krizmani¢a

Macroscopic four-step and assignment model implemented here  Street, Ljudevita Posavskog Street and Kneza Branimira Street.
in PTV Visum [3,4] are the standard tool for evaluating how a  Recording used a UAV on representative workdays (Tuesday—
planned network change redistributes existing demand across Thursday) during the morning peak hour (07:00-08:00) in four 15-
competing routes. Unmanned-aerial-vehicle (UAV) observation has  minute intervals, providing accurate turning counts for every
recently emerged as an efficient means of collecting accurate multi-  approach. Vehicles were classified and converted to passenger car
intersection turning counts to feed such models [5]. Microscopic units (PCU), and the turning movements were aggregated into an
simulation would resolve junction-level delay and level of service  OD matrix for each intersection. Table 1 lists the total entering
but requires considerably more input data and suits a small number  peak-hour volumes; the busiest, with Ljudevita Posavskog Street,

of intersections; for the corridor-level redistribution question carried 3901 PCU/h, dominated by the through movement along
addressed here, the macroscopic level offers the appropriate balance Zagrebacka Road.

of detail and effort. . . )
This paper, condensed from a master's study, applies this Table 1. Total entering peak-hour volumes by intersection.

approach to the extended Branimirova Street. Morning-peak origin— _Intersection (with Zagrebatka Rd)  Legs PCU/h
destination (OD) demand obtained from UAV counts is assigned in ~ _Varazdinska Road 4 2718
a calibrated PTV Visum subnetwork, and two conceptual design Bistricka Streeﬂ 4 3123
variants one strictly following the GUP and one with two additional ~—2nke Krizmanica Street 3 3202
local junctions are compared in terms of network-wide traffic Ljudevita Pc.’sa.VSkog Street 3 3901

Kneza Branimira Street 4 3610

redistribution and a first-order environmental screening. The
contribution is a reproducible UAV-to-Visum workflow applied to a
real planned corridor, together with a quantitative variant
comparison that supports the planning decision.

A subnetwork covering Sesvete Zagrebacka Road, the built first
stage of Branimirova, Brestovecka Road, Varazdinska Road and the
surrounding main streets was extracted from a city-wide PTV
Visum model using its Subnetwork function, which isolates the
. Sesvete area together with its boundary flows so that it can be
2. Materials and methods analysed without simulating the whole city. The measured peak-

Sesvete lies at the eastern edge of Zagreb, close to the A3 hour demand was assigned with an equilibrium procedure, in which
(Bregana—Lipovac) and A4 (Zagreb—Gori¢an) motorways and the travellers shift to faster routes until no alternative offers a shorter
city bypass, and on the busy Zagreb—Dugo Selo rail corridor, which generalised cost (Wardrop's first principle) [6]. Hourly volumes
exposes it to transit traffic. The extended Branimirova Street is were expanded to average daily traffic with a factor of ten. The
being delivered in stages; the first stage, between Zagrebacka Road existing-state assignment yields 35916 veh/day on Zagrebacka
and Brestovecka Road, is complete and was surveyed on site, while Road, 2163 veh/day on the first stage of Branimirova, and about
the second and third stages are the subject of this study (fig. 1). 7100 veh/day on each Varazdinska branch (fig. 2).
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fig. 2. Existing-state daily traffic volumes on the Sesvete subnetwork (PTV
Visum).

The model was calibrated against the counts (fig. 3). The
correlation between modelled and observed volumes is strong
(coefficient of determination 0.91 over 30 observations), although
the regression slope of 1.41 and the mean relative error of 37%
indicate a systematic over-assignment; the model is therefore used
for relative, between-scenario comparison rather than for absolute
forecasting.

o

§E -

fig. 4. Variant 1 — design following the General Urban Plan (AIJtOCAD).

fig. 5. Variant 2 — GUP design with two additional local junctions (AutoCAD).

3. Results and discussion
Both design variants substantially relieve the critical corridor.

The daily volume on Zagrebacka Road falls from 35916 to 27954

o0 X
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Clserved afvioude (Broenie)

fig. 3. Calibration: modelled versus observed volumes (PTV Visum).
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Both variants were drawn in AutoCAD on the cadastral parcel
layer. The designed section is 2880 m long with four junctions (two
four-leg and two three-leg) and a cross-section replicating the built
first stage: two carriageways with two lanes each, a central median,
a green strip separating a two-way cycle track and footway, and bus
bays [7]. On the built stage these elements measure 3.35 m for the
traffic lanes, a 1.93 m central median and a 1.82 m green strip, and
the conceptual design adopts the same cross-section. Variant 1
follows the GUP; Variant 2 keeps the same junctions but adds two
local connections (to Krste HegeduSi¢a and Miroslava Kraljevica
streets) that are not foreseen by the GUP. The measured demand
was held constant across all scenarios, so the differences in link
volume reflect route choice and redistribution only. fig. 4 and fig. 5
show the two alignments.

g

)

5 |

veh/day with Variant 1 (—22%) and to 27711 veh/day with Variant
2 (-23%). The new corridor is well used: the first stage of
Branimirova carries 12217 veh/day (Variant 1) and 15032 veh/day
(Variant 2), decreasing along the second and third stages to about
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8000 veh/day, so the strongest volume occurs nearest the
Zagrebacka junction and tapers toward the north. The northern
branch of VaraZzdinska Road toward the Zagrebacka junction drops
sharply (—47% and —60%) as traffic reroutes onto Branimirova,
while the branch toward Popovec rises slightly (+14% and +19%).
Table 2 and fig. 6 summaries the volumes at the key locations.

Table 2. Daily traffic volumes [veh/day].

Road / section Existing Variant 1 Variant 2
Zagrebacka Road 35916 27954 27711
Branimirova, sec. 1 2163 12217 15032
Branimirova, sec. 2 - 10726 11570
Branimirova, sec. 3 — 8063 8107
Varazdinska (north) 7121 3794 2829
Varazdinska 7101 8120 8420
(Popovec)

[ Existing
I Variant 1 (GUP)
W Variant 2 (GUP + links)

35000 4

30000 4

25000 4

20000 4

15000 4

Traffic load (veh/day)

10000 4
5000 4

n m A

Zagrebacka Branimirova Varazdinska Varazdinska
cesta (sec. 1) {junction) (Popovec)

fig. 6. Daily traffic volumes at key locations: existing state versus the two
design variants.

The redistribution confirms the intent of the planning
documents: the extended Branimirova draws the through traffic that
today has no alternative to Zagrebacka Road, and the strongest
relief is achieved on its most congested southern section, nearest the
city of Zagreb.

The assigned network volumes for the two variants are shown in
fig. 7 and fig. 8. In both, the new corridor visibly absorbs the
redistributed flow while Zagrebatka Road and the northern
Varazdinska branch lighten. Relative to Variant 1, Variant 2
changes the volume on Zagrebactka Road by only about 1% a
negligible difference which shows that the two additional junctions
do not materially improve relief of the main corridor. Their effect is
local: they increase the volume on the first stage of Branimirova
(+23%) and further unload the northern Varazdinska branch
(—25%). Variant 2 therefore improves local accessibility and
distribution rather than the strategic corridor relief that both variants
already deliver.

fig. 8. Assigned daily volumes for Variant 2 (PTV Visum).

From a planning perspective, the staged construction foreseen by
the GUP is justified on traffic grounds: Variant 1 alone delivers
essentially all of the corridor relief, so the scheme can proceed stage
by stage without the benefit being contingent on the additional
junctions. Those junctions, which define Variant 2, are best
evaluated separately, on the value of the local access they create
rather than on any further unloading of Zagrebacka Road.

The environmental screening, based on HBEFA-type emission
factors [8], follows the same pattern (Table 3). On Zagrebacka
Road, fuel consumption falls by 22% (Variant 1) and 25% (Variant
2) and CO, emissions by 21% and 25%, in line with the reduced
volume, while the corresponding burden shifts onto the new
corridor. These figures are indicative only, as they were obtained
with the student edition of the software; the inconsistent particulate-
matter outputs were omitted, and a full-edition network-total
accounting, including noise, is left for future work.

Table 3. Emission indicators on Zagrebacka Road (PTV Visum).

Indicator Existing Variant 1 Variant 2
Fuel [kg] 1444 1125 1076
CO, [kg] 4150 3259 3117
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Several limitations should be noted. The analysis rests on a
single morning-peak campaign and on present-day demand, without
a horizon-year forecast, and uses a static macroscopic assignment
without junction-level delay or level of service. The calibration
shows a systematic over-assignment, so absolute volumes should be
read comparatively. Future work includes extending the counts to
the afternoon peak and the full day, applying the Master Plan
growth  forecasts, recalibrating with the GEH statistic,
microsimulating the key junctions, and adding multimodal scenarios
in line with the GUP target of two-thirds of daily trips being made
by public and active modes.

4. Conclusion

This paper evaluated the conceptual design of the extended
Branimirova Street with a UAV-fed, calibrated PTV Visum
macrosimulation. Both design variants relieve Zagrebacka Road by
about 22-23% and establish Branimirova as a genuine second
longitudinal carrying 12000-15000 veh/day, with a corresponding
fall in fuel use and CO, on the relieved corridor. The two
additional junctions of Variant 2 bring only local benefit (about
—1% on the main corridor), so the GUP-compliant Variant 1 is the
cost-effective choice for strategic relief. The workflow from drone
counts to a calibrated subnetwork model is transferable to other
planned urban arterials and provides quantitative support for the
planned investment, subject to the calibration and demand-horizon
refinements identified above.
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CPABHUMTEJIEH AHAJIN3 HA HAKOU METO/IN 3A U3YUCJIEHUE HA
KPBCTOCAHO APMUPAHMU IIVIOYHN
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COMPARATIVE ANALYSIS OF SOME METHODS FOR CALCULATION OF TWO WAY
REINFORCED CONCRETE SLABS
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Pestome: Cmomanobemonnume HAOYU CA OCHOBCH 2padueen elemeHm 6 cmpoumencgomo He cayuaiino cvuecmeysam muodicecmeo
QHAIUMUYHY U YUCTeHU MEMOoOU 3a CIAMU4ecKomo um uUsuuciseane. B nacmosuwusm 0oknad ce npasu CpasHUMENCH AHANU3 HA HAKOU
Memoou 3a USHUCTABAHE HA KPbCMOCAHO apmupanu notema. Kamo pegepenmen memoo 3a cpasnenue e usopan memooa na Mapxyc nopaou
cpasHumento 00opomo my cwvenadetnue ¢ pesyamamume noiyyenu no MKE cve copmyepru npooykmu. B pesynimam Ha napamempuyHono
uscnedsane ca GopMyIupaHu CbOMeemuu U3600U U ca HAGeA3AHU HACOKU 3a ObOCUO U3CTEO8AHE.

Keywords: cmomanobemonnu niouu, Kpocmocano apmupanu noiema, memoo Ha Mapkyc, Memod no npepasnpedeienue Ha ycuausmd,
02b6aUU MOMEHMU

Abstract: Reinforced concrete slabs are a basic building element in construction. It is no coincidence that there are many analytical and
numerical methods for their static analysis. This report makes a comparative analysis of some methods for calculating two way slabs. The
Marcus method was chosen as a reference method for comparison due to its relatively good agreement with the results obtained by FEM
analysis with software products. As a result of the parametric study, relevant conclusions were formulated and directions for future research
were outlined.

Keywords: reinforced concrete slabs, two way slabs, Marcus method, Yield line method, bending moments

CPaBHHUTENHO IIMPOKH TPAHHIMU MpH n30opa Ha CHOTHOLICHHETO

1. Bweeoenue
Me)K,I[y OTACIIHUTEC MOMCHTH CE pa3rne>l<z[a W BIIUAHUCTO HaA H360pa

CToMaHOOETOHHHTE IJIOYH CE SBSBAT OCHOBEH KOHCTPYKTHYBH Ha KOe()MIMEHTHUTE HA Pa3NpeeICHHE BhPXY yCHIIMATA B IJIOYATA.
€JIEMEHT B CTPaJuTe U MHKEHEPHUTE ChOPBKEHUS. B 3aBHCHMOCT C uen ynecHeHWe Ha MApaMETPUHOTO H3CIENBAHE 32 UUCICHHS
OT HaYMHA MM Ha TOJNHUpaHe pa3iIMyaBaMe I'PEJIOBH M Oe3rperoBH aHaNmM3 € W3MON3BaHa CHCTeMara 3a KOMIIOTbpHa anrebpa

nnoun. IlocnegHute J0MyckaT MNO-TbBKaBa IIAHMPOBKA Ha MathCAD. 1360psT Ha MathCAD e npenomnpeneses ot ¢akra, 4e
MOMEIIEHNUATA, KAKTO M IMO-ObP30 W TO-CBTHHO H3IBJIHCHHE Ha npeayiara W3KIFOYMTENIHO WHTYMTHBEH HHTepdelic, kakTo u oT
Koppaxuute padotu. OCHOBE HEMOCTATHK MPH TAX € MO-ToJsIMAaTa yAo0HUSA U NIeCHO 4YeTHM (opMar Ha M3BEKJAHE HA PE3yJITATHTE.

UM Jie0esInHa IPU PaBHU MOJIIOPHU Pa3CTOSHUSA CIPSIMO IPEIOBUTE, ITpumepu 3a ycrnemHo usnoi3sane Ha MathCAD B penraBaneto Ha
KaKTO M TIO-TOJISIMOTO KOJMHYECTBO BJOKEHA apMHpOBKa. B Topa ~ WHIKEHEPHO-CTPOMTENHM 3a/a4y Moke Aa ce Bunu B [5], [18], [24],
OTHOIIEHHE TPEIUMCTBOTO € Ha CTPAaHATA HA TPEJOBHTE ILIOYH. [25], [26], [27]. N3uncnenusaTa ca U3BBPIIEHH IO IIPEACTABEHHUTE B
Ilpy TAX TpemuTe pasdendT IUIoYaTa Ha TMojeTa, KouTo B  JuTeparypEuTe m3Tounmuu [6], [8], [21], [28], [29] amammTmanu
3aBUCHMOCT OT OTHOIIEHMETO HAa CBETIUTE CH OTYOpU ce  HM3pasu.

M3YKCISIBAT M KOHCTPYHPAT KAaTO €IHOMOCOYHO HJIM KPBCTOCAHO
apmupanu. [IpeMer Ha HACTOSIIHS JOKIAJ Ca UMEHHO Te M MO-
KOHKPETHO METOAMTE 3a CTATHYECKOTO WM H3YHCisBaHe. [lo
HOoApOOHO 3aro3HaBaHEe C PA3IMYHATE AHATUTHYHH METOAU 3a
pelaBaHe Ha KPbCTOCAHO apMHpPAHH IIJIOYM MOXKE Jia Ce HaIlpaBH B
[8], [12], [14], [17] u [19]. B paznuuHu nUTEpaTYpHH M3TOYHUIIM MOTAT Ja C€ MPOCITEIST
nofo0HM Ha JajeHoTo u3cnensaHe. B [2] Hanpumep ce m3cnensaT
KPBCTOCAaHO apMHpPAHH IUIOYM PEUICHH 10 MpepaslpeieieHue Ha
ycwimATa, o MeToAnkaTa npemioxkeHa B BS8110 u ¢ momornra Ha
kommioTbpauTe mporpamu STAAD-Pro u PROKON. B [3] ce
MpaBH U3CIE/BaHE Ha KPBCTOCAHO apMHUPAHH TUIOYH H3YHCICHH IO
crauaapt 1S456 u ¢ momorra Ha SAP2000. Hsakosko HOpMaTHBHU
merona — BS 8100, IS 2000, EBCS 1995, ACI 318 ce cpaBHsBat
HOMEXIY CH M C Pe3yJTaTd MOJIyYeHH NPH PELICHHE M3BBPIICHO
cbc SAP2000 u ABAQUS B nopennus n3rounuk [9]. CpaBHuTeseH
aHAIM3 MEXJAY METOJ MO mpepasmperneieHue Ha ycunusrta (yield
line method), BS8110 meroma u pemenue nomydeno mo MKE ¢
STAAD-Pro ce npasu u B [10]. B [33] ce npaBu cpaBHEeHHE MEXITY
aHAJMTUYHOTO peuleHue Ha HaBue, npubausurenHoro Ha Mapkyc u
takuBa nonydenuc ¢ SAP2000, LISA 8.0 u ANSYS . ITono6Ho Ha
ropHUTE u3cienBaHus € aaneHo u B [4] u [7]. Couio taka B [7] €

B cnydaii Ha mpoabkaBaHe Ha MapaMETPUYHOTO U3CIIEIBAHE B
MOCOKa Opa3MepsiBaHe W CpPaBH’BaHE Ha OTACIHUTE PELICHHUS IO
OTHOIICHHE Ha BJIOXKEHATa apMUPOBKA OM MOIJIO Ja Ce H3I0J3Ba
TOTOBOTO PElICHHE Mpe/IoKeHOo B [26] u [27].

CTaTHYeCcKOTO W3YHUCIISIBAHE HA KPHCTOCAHO APMHUPAHU IUIOYH
Ce U3BBPIIIBA [0 JBa OCHOBHHU METO/[A:[UIOYHTE CE Pa3TIICIKAAT KaToO
eJlaCTHYHA eJIaCTHYeCKa CHCTEeMa WM Ce M3YMCIIBAT M0 METO/a Ha
npepasnpeneneHue Ha ycuwiusata. OOHMKHOBEHHO C€ H3IOJI3BAT
NpUOIU3UTETHY METOAM yAOOHHM 3a MPaKTHYECKO MpuiiokeHHe. B
HallaTa JuTepaTypa € MPUEeTO MU3YMCICHHATA Ja Ce W3BBPILUBAT 110
Merona Ha Mapkyc wim mo mertoga Ha I'BosmeB. C mosiBarta Ha
MHOKECTBO JIOCTBITHU TPOrpamu Gazupary paboraTa cu Ha MeTo/a
Ha KpaiHUTEe eIeMEHTH MMOCOYEHUTE METOJAU Ce IMpUiarat BCe I0-
psimko. ToBa He 3Haum obade, 4e Te HAINBIHO ca HW3TyOWIH
aKTyaJHoOCTTa cH. [IbpBO M3yyaBaHETO MM IOMara 3a Io-1o0poTo
pa3bupane Ha paboTaTra Ha KOHCTPYKIMATA U BTOPO BUHATM MOTAT
Jla TOCIyXaT KaTo METOJ| 32 KOHTPOJ Ha Pe3ylNTaTHTE JaJeHU OT
TIOJI3BaHUsI CIELMANU3HPaH coTyep 3a H3UHCICHHE.

HajeHuar OOKIan IpaBH CPaBHEHHE MEXKAY OrbBAIllUTE M3I0JI3BaHa aBTOPCKa MPOrpaMa 3a W3BBPIIBAHE HAa aHAIUTHYHHUTE
MOMEHTH IOJIY4€HH 110 Pa3IMYHU U3YHCIUTEIHU METOAU 33 CIHU U npecmaTanus. Mnes 3a u3nmonseaHe Ha aBTOpCKa IIporpama 3a
CBILU MOANOPHU YCIOBUSL U HaToBapBaHe. ChIO Taka ce U3clieaBa pelllaBaHC Ha KOHKPCTHA MHXKCHCPHA 3a/la4a ChIIO TakKa MOXKE Ja CC
U BIUSHUETO Ha OTHOLIGHUETO MEXIy OTBOPHUTE Ha IOJeTara B Buam B [23].

U3MEHEHHETO Ha MOMEHTHUTE IpH BceKd oT MetoauTe. OcBeH ToBa
TBH KaTO METOABT MO MHpepasnpeseneHne Ha YCHIUSTa IOMycKa
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2. H3nonzeéanu uzuucaumennu memoou

CpaBHUTEIHOTO IAapaMETPUYHO U3CIENBaHE € MPOBEICHO
BBPXY IET TCOPECTHYHH MOJIeIa Oa3HpHH Ha Pa3IniHU JTUTECPATYPHU
M3TOYHHWIIM W HopMaTHBHa 0aza. [IspBuAT Momen ce Ga3umpa Ha
MeToga Ha Mapkyc (ONMpOCTEeH METOJ IO eJacTHYHA CXeMa).
MeToabpT ce OCHOBaBa Ha MpUpPaBHsABaHE HA MPOBHCBAHUATA HA JBE
B3aMMHOIIEPIICHANKYIISIPHA UBHUIM C eHAKBA [IUPUHA H3PsI3aHU 110
cpenara Ha riovata. HenpbKbCHATOCTTa Ha IIOYATa Ce MOJCIHpPa C
BBBCKJAHCTO Ha TaKa HAPCUCHUTC W3BUBHH KOCHUIMCHTH.
OOWKHOBEHHO PEIICHUETO HAa KPBCTOCAHO apPMHUPAHU IUIOYH TIO
MeToza Ha Mapkyc ce u3BbpIBa 1mo Gopmynure:

2
|
W M, ==,

m

xi yi

KBIETO My; ¥ M, ; CE OTYATAT OT TaOIMUHU B 3aBUCHMOCT OT

yi
OTHOLIEHHETO HAa OTBOPUTE HA IOJIETO.

B Hacrosmara paGora ce wusmnossBar u3BeneHure B [28]
AQHAIMTUYHHE HOPMYJIH.

BTOpI/ISIT METO/J 3a aHajlu3 Ha KPBHCTOCAHO apMHUpaHU ILJIOYH,
KOUTO C€ pasricxkiga € METOABT Ha rB03I[eB. 3a ucjiara Ha
HaCTOALIETO H3CJICABAHE OTHOIICHUETO MEXAY IOJOXKUTCIHUTE
MOMECHTH 110 KbCaTa U AbJIraTa CTpaHa € MpueTo.

2
BelHBK paBHO HAa A (A - OTHOLIEHMETO MEXKIY OTBOPHTE),
KOETO KOPECIIOHNPA C eIACTHIHOTO perueHue [29];

U BTOPH BT CHIVIACHO MPENIOPHKUTE NajeHu B [28].

Ilpy TOBa OTHOLICHHETO MEXIY OINOPHMTE MOMEHTH U
CHOTBETHHTE IIOJIOKUTEIHH MOMEHTH B € mpuero 3a 2. Ilo
OTHOIIICHNE TIPETIOPBKAUTE TP H300pa Ha TO3U KOSHUIIMEHT MOKE
Jla ce HampaBH cripaBka B [22].

Jlpyrure 1Ba METOJa, KOMTO Ce PasTIIEKIAT ca MPEUIOKEHN B
[6] 1 [20] u chiIO MO CHIECTBO ca PAa3sHOBHAHOCT HAa METOJA HA
npepasmpesielieHie Ha YCUIUSTA, KAKBBTO € U MeTo/1a Ha ['Bo3ieB.

Mowmentute B monerata B [6] ca u3paseHu ¢ momoImnTa Ha
dhopmynuTe:

M = aquf uM - (qulxz

I/Iay

TaOIMIK B 3aBUCHMOCT OT A M yCIIOBHATA Ha TIO/MAPAHE.

KBJIETO ca KOC(UIIMEHT, KOWTO C€ OTYUTAT OT

IMocneqHUAT METOJ, KOWTO ce pasriiex/a B HACTOSIIHS JTOKIIa]l
e naaeH B [20]. U3non3sar ce GopMynu aHanoruuHu Ha (2), Karo
KOe(QUIMEHTUTE Cca JIAJEHH B 3aBUCHMOCT OT TIOJIIOPHHUTE YCIIOBHSI
B Tabimna 1.

OHOpHI/ITe MOMECHTHU C€ IpUeMAT OTHOBO [Ba II'bTH MO-TOJIEMU
OT CbOTBCTHUTC MOMCHTHUTC B IIOJICTO.

C uen yHudMIMpaHe Ha TPEACTABIHETO U MaKCHMAJHO
yJIeCHEHHE IIPU CPaBHIBAHE HA PE3yJNTaTUTE € IPUETO MOMEHTHUTE B
MOJIETO J]a C€ U3YHCISBAT 110 HOPMYIIH:

@M, =aqgllnM -agql.

ToBa mpencraBsHe € IO-TOTHYHO CIOpe aBTOpa. 3a IeNTa
BCHYKH KOC(DHIMEHTH NPUBEACHH B JIUTEPATYPHUTE M3TOYHMIM Ca
TIpen3yuciIeHn B choTBeTcTBHE ¢ (3). ChIno Taka ca yHHUIHpaHH
U CllyyaiiTe Ha OJANUpaHe B CboTBeTCTBUE ¢ Tabauua 1. Hanpasenu
Ca U ChOTBETHHUTE NPEPaOOTKH B aHATUTHYHHUTE U3PaA3M TakKa, 4ye 1a
OTrOBapAT Ha MPUETHUTE 10 Tabauua | ciyyan Ha MoJNIUpaHe.
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Ta6muua. 1 [20]

KD!?I’!)HHH(’H'HH 34 H3YMHCIABAHE HA ROAONCUMETHI MOMEHMU &
noaemo ‘ML—(‘.‘I no Kbsoama cmpata
i 0 | 12 | 14 | 16 | 18 | 20
rf , | 0042 | 0053 | 0063 | 0071 | 0,078 | 0,083
[ 21 0,029 | 0,040 | 0,050 | 0,058 | 0,066 | 0,072
m 0,029 | 0,036 | 0,040 | 0,044 | 0,047 | 0.050
m 0021 | 0,031 | 0,040 | 0,048 | 0,056 | 0,062
ﬁ 0021 | 0,025 | 0,028 | 0,030 | 0,032 | 0,033
[ | | 0022|0029 | 0034 | 0038 | 0042 | 0,045
(51| | 0017 [ 0021 | 0024 | 0027 | 0,029 | 0,030
W 0,017 | 0,023 | 0,028 | 0,033 | 0,037 | 0,040
0014 | 0,018 | 0021 | 0,024 | 0,026 | 0.028

* Momenm & noie no Kvcama CHPaHa: M1

Fd o = (Koednuenm).p,; 12;

3. Ilapamempuuno uzcneogane

Pasriemany ca meT pasiMYHE MOJETA MPU BCHUKA BB3MOKHA
YCIIOBUSI M OTHOIIEHMsST MeXIAy oTBopure: Momen 1 — pasriexzaa
KPBCTOCAaHO apMHUpaHa IUio¥a 1Mo Meroaa Ha Mapkyc; Monen 2 —
ChINATa IUIOYA MO MpepasmpelelicHne Ha YCUIHATA C OTHOIICHHE
MEKIYy MOMEHTHTE CBHOTBETCTBAINO Ha EJACTHYHOTO PEIICHHE;
Mopen 3 — pelieHHe MO IpepasnpeiciicHHe Ha YCHIIMATa HO C
npenopbyanute ot [28] oTHOMIEHNS MeK Ty MOMeHTHTE; Momen 4 —
pemieHueTo naseHo B [6], KOero KOpecmoHAMpa HAIbIHO C
koeduuuenture nybnukyBann B [11]; Momen 5 — pelieHHETO
NpeJICTaBeHo B yKa3aHusita KbM EBpokon 2 [20] .

C uskimouenne Ha Mogen 1 u Mogen 3 BbB BCHUKHM OCTaHAIN
cilyvail € mpuero, ue OMOPHUTE MOMEHTH €a 2 ITBTH MO-TOJIEMH OT
CHLOTBETHHUSI MOMEHT B IIOJIETO.

Yact oT pesyaraTUTe OT HaIpPaBEHOTO
u3cieBaHe Morar aa ce npociensart Ha dur.1-Our.7.

apamMeTpU4HO

Mx - cayqai 1
0,120
0,100
0,080
0,060
0,040

0,020

0,000

1 1,2 1,4 1,6 1,8 2

=8 Mogen 1 Mopen 2 Mopen 3 Mogen 4 ==@==Mopen 5

®ur. 1 CpaBusiBane Ha MX — ciiy4aii 1 Ha noanupane

Mx - cnyyaii 2a
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Our. 4 CpaBusiBane Ha MX — cary4qaii 6 Ha mognupaHe

Ha ¢wur.1 — ¢ur. 4 ce Bwxzaa, ue koepuuuenture 3a Moaen 1 u
Mopen 2 HabJIHO ChBIAAAT. IT0CIEIHOTO € HAIIBJIHO JIOTHYHO MIPU
HAIPaBEHOTO MPHEMaHE 32 OTHOIICHHE MEXIy MOMEHTa MO Kbcara
W 10 Jbirata crtpaHa. IIpu pasriexaaHe Ha CaMOCTOSATEIHH MoJieTa
PCIICHHETO MO eNaCTHYHA CXeMa M MO Ipepasmpe/ielieHue Ha
YCHJIMATA [1ABaT OYaKBAHO €IHAKBHU pe3yiratd. M3KioueHie npaBu
caMo ciy4asi Ha CBOOOIHO MOJMPSHO 110 BCHYKUTE CH CTPAHH I0JIe
(cmyuaii 1). Tyk ce HaOmromaBaT MO-OJU3KH CTOWHOCTH TIPH
Monen2, Mogen 3 u Mopen 4. 3a ciy4aii 1, MOMEHTHTE TIOJTy4CHU
0 MeTo/a npe/yiokeH B Mozien 2 Ha/iBUIIABaT elacTHaHuTe. To3M
¢dakr mammpa cBoero oOscueHwe B [29]. OcBeH TOBa HMMaWKu
MPEJBUT, Y€ W3YUCIUTEIHUTE OTBOPH IO €JaCTHYHA CXeMa ca Mo-
roJIeMH OT TE3W 110 MpepasmpeielieHre Ha yCHIIMsITa Ta3H pasiivka
ce moracsiea. OT MpeJCTaBEHUTE PE3yJTaTH Ce BIXKIA, Y€ METO/a
npemoked B BS8110 [6] naBa Haii-KOHCEpBAaTHBHHU CTOMHOCTH, a
MeTo/ia MPEeUIOKEeH B YKa3aHHUATa KbM OBJIrapcKara pefakilis Ha
EBpokon [20] e waii-ukoHOMuYeH. PesynraTuTe MOIyYeHH I1O
Merosna Ha Mapkyc 3aemMar MeXAMHHO mnosiokeHue. [lopagu taszu
MpPUYKHA, a CHIIO M 3apajy N0OpOTO ChBHNAJCHHE C PE3yITaTHUTE
mosiyuer o MKE [2], [4], [33] npu mpecMsiTaHe Ha MpPOLEHTHUTE
pas3uKy Mexay otaenHuTe Meroan Mogen 1 (Meron Ha Mapkyc) e
npuer 3a peepeHteH. Buka ce, e pasinKuTe B MHOTO Ciydaii ce
nBmwKatr okoio 20%. IlosydeHuTe TyK pe3yiaTaTd KOPECHOHAUpPAT
nobpe ¢ monydenure B mogobuuTe mscnensanus [2], [4], [7], [9],
[10], [33].

Ha ¢ur. 5 — ¢ur. 7 ca npencraBeHn MaoMeHTHTE IO y. Binkna
ce , Y€ MOMEHTHUTE IO Y TOJTy4aBaT Hal-HUCKUTE CH TOWHOCTH IO
MeTona Ha Mapkyc, nokaro BS8110 mMetoma oTHOBO mpeiara Haii-
KOHCEepBaTHUBHH cTOHHOCTH. Tyk ce HaOnromaBa cOnmkaBaHe Ha
croitHocTuTe nonydeHu 3a Moxen 3 u Mozen 5. Habmronasanoto,
KaToO TEHJCHIMS HaBeXJa Ha MHUCBITA, Y€ BBIPEKH PA3IUKUTE B
MOMEHTUTE OT mopsiabka Ha 20% (mopamu dakra, ye pasaIHKHUTE
OpU €IMHHUS MOMEHT ca IOJIOKUTENIHH, JOKaTo TpH APYTHs ca
OTpHUIATETHN) HAMA Ja JOBETE [0 TOJKOBAa rOJIIMA pa3iiiKa HpH
TpecMsTaHe Ha apMUPOBKaTa.
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4. 3aknouenue

KaxkTo ce Bikza oT Gurypure, orpBaliiTe MOMEHTH, TOJyIeHH
¢ meroaukata ot [20] ca Haii-Manku, Hall-rOJIEMHUTE CTOMHOCTH ce
noJry4aBaT Ipu u3uucisaBade 1o BS8110 u cpennu ca npu merona
Ha Mapkyc. OTKIOHEHHST B CTOMHOCTHTE Ha MOMEHTHTE CIIPSIMO
MONy4eHUTe MO MeToJa Ha Mapkyc ca cpeJHO OT MopsabKa Ha
20%. ToBa cBOTBETCTBHA C TOJNy4eHHTE B pasIieJaHUTE
JUTEPATYPHU U3TOUHHLH pe3ynTaTd. OrbBallUiT MOMEHT IPH IO-
KbCaTa CTpaHa BHHAarM C€ YyBeJIW4YaBa C YyBEIMYaBaHE Ha
CHOTHOIICHNETO MEXIy OTBOPHUTE, JOKATO MO JbIraTra CTpaHa TOH
HaMaJsiBa, KOETO € B CHOTBETCTBHE C 0Ope IOo3HaTaTa KOHIICIIIIHS
3a paboTaTa Ha KPBCTOCAaHO apMupaHa Inioda. [Ipm cumerpudHH
MOATIOPHU YCIIOBUSI MOMEHTUTE IO ABIraTa CTpaHa MONY4YeHH B
Mogen 3 u Mogen 5 ce poOnmkaBaT MaKCUMadHO IpH
yBeJIMYaBaHE HA OTHOIIEHUETO MEXIY OTBOPHTE.

Ilpy MOMEHTHTE HaJ ONOPHUTE TPAAMLMOHHO Ce HaOIJaBar
MO-TOJIEMH CTOWHOCTH 10 MeTona Ha Mapkyc B CpaBHEHHE ¢
MeToza 1o npepasmnpeaencHue Ha ycunusra. B [30], [31], [32] ca
JlaJIeHH TIPEMOPHKA OTHOCHO TIONyYaBaHe Ha MO-HUCKUA CTOWHOCTH
3a OMOPHUTE MOMEHTH 10 Mapkyc.

WuTepecHo 6u Omio B enqHo ObIemie U3cieBaHe J1a ce€ CPaBHU
HKOHOMHYECKHS e()eKT NPHU apMUPAaHETO Ha IUI0YaTa MO BCEKU OT
pasrinenanute Meroau. ChIno Taka OM MOINa Jia ce u3ciesBa Iisiia
eTaKHA IUIOYa, KBJIETO U3MEHEHHETO Ha MOMEHTHTE MOJIyYeHH IO
MeToza IO IpepaslpesielieHHe Ha ycuiausta O MOTbI Ja ce
U3cie/(Ba MHOTO IO-TOYHO M BceoOxBaTHO. MHTepecHO Ou Omio u
€IHO W3Cle[BaHE BHPXY IpeJaBaHHs TOBAap OT IUIOYaTa BBPXY
OKOJIOBPBCHHTE TpEId IpH MeToja II0 NpepaslpeselicHHe Ha
yCWIMATA TIPU pasiuyHa KOHQUIypalus Ha JIMHAMTE Ha
paspyLieHue.
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Multi-parameter assessment of the relative electrochemical condition of reinforced concrete
structures exposed to stray currents and chloride environments
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IState University of Novi Pazar, Department of Technical and Technological Sciences, Faculty of Civil Engineering, Novi Pazar, Serbia
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Abstract. The long-term reliability of reinforced concrete structures is strongly influenced by electrochemical deterioration processes
affecting embedded steel reinforcement. In addition to conventional environmental actions, stray electrical currents may disturb the passive
state of reinforcing steel and contribute to the initiation or acceleration of corrosion, particularly when combined with chloride-
contaminated environments. This study proposes a multi-parameter framework for assessing the electrochemical reliability of reinforced
concrete structures subjected to combined electrical and environmental actions. The assessment is based on three principal electrochemical
indicators: reinforcement corrosion potential, electrical resistivity of concrete and corrosion current density. Five representative exposure
scenarios are considered, ranging from a reference condition without significant electrical influence to combined exposure involving
increased moisture, chlorides and simulated stray currents. The selected parameters are integrated into a dimensionless Electrochemical
Reliability Index (ERI), developed to enable comparative classification of structural condition and deterioration risk. The proposed
methodology combines normalised electrochemical indicators with a weighted deterioration model and sensitivity analysis. For the baseline
weighting system, the calculated ERI values decrease from 1.000 for the reference KO condition to 0.846 for E1, 0.651 for E2, 0.374 for E3
and 0.000 for the highly aggressive E4 scenario. The most pronounced reliability reduction occurs between moderate electrical influence
and simulated stray-current exposure. Sensitivity analysis confirms that the ranking KO > E1 > E2 > E3 > E4 remains unchanged under
three weighting systems. The proposed framework is intended as a comparative engineering assessment tool rather than a substitute for
detailed structural inspection or standardised corrosion diagnosis. Its principal contribution lies in integrating complementary
electrochemical parameters into a unified reliability-oriented indicator that may support condition assessment, maintenance prioritisation
and durability management of reinforced concrete structures exposed to complex electrical and chloride environments.

KEYWORDS: REINFORCED CONCRETE; STRAY CURRENTS; REINFORCEMENT CORROSION; CHLORIDE EXPOSURE;
ELECTRICAL RESISTIVITY; CORROSION CURRENT DENSITY; ELECTROCHEMICAL RELIABILITY; DURABILITY.

1 Page layout A further complication arises when cracks are present in the
concrete cover. Cracks provide preferential transport paths for
Reinforced concrete structures are generally designed for long moisture and aggressive ions and simultaneously modify local
service lives; however, their durability and reliability may be electrical properties. Experimental and numerical research has
significantly reduced by reinforcement corrosion. Corrosion leads demonstrated a pronounced coupling between cracking and stray-
to progressive loss of steel cross-section, deterioration of the steel- current exposure, leading to asymmetric distributions of electrical
concrete bond, cracking and spalling of the concrete cover and, at fields and ionic concentrations around reinforcement [1]. This
advanced stages, reduction in load-bearing capacity and structural behaviour illustrates the need for diagnostic methods capable of
safety. Recent experimental investigations confirm that corrosion- identifying deterioration before substantial structural damage
related deterioration becomes particularly critical when reinforced becomes visible.
concrete is exposed to combinations of cracking, aggressive ions Electrochemical measurements provide an important basis for
and external electrical influences [1]. condition assessment. Reinforcement corrosion potential can be
Among the environmental actions responsible for reinforcement measured in accordance with ASTM C876-22b, which covers
depassivation, chloride ingress represents one of the most estimation of the electrical corrosion potential of uncoated
important durability threats. Once a sufficient concentration of reinforcing steel in field and laboratory concrete. However,
chlorides reaches reinforcement level, the passive condition of potential measurements alone do not provide a complete structural
embedded steel may be destabilised and localised corrosion may diagnosis; complementary information such as corrosion rate,
develop. The deterioration process becomes more complex in chloride content and environmental exposure conditions is often
structures located near electrified railway systems, metro necessary [4]. This limitation is particularly relevant in the
infrastructure and other direct-current installations, where leakage presence of stray currents, where externally induced electrical
of electrical current from the intended return circuit may generate fields may affect individual electrochemical indicators.
stray-current fields in surrounding soil and conductive construction Corrosion current density determined through polarisation-
materials [2]. Experimental studies have shown that stray-current resistance measurements provides complementary information on
corrosion differs from conventional constant direct-current instantaneous ~ corrosion  activity. RILEM TC 154-EMC
acceleration and that the electrical characteristics of the current recommendations relate polarisation resistance to corrosion current
may influence both electrochemical reactions and chloride density and encourage interpretation together with corrosion
electromigration [2]. potential, concrete resistivity and other exposure parameters [5].
The interaction between stray electrical currents and chloride- Electrical resistivity of concrete is also important because it reflects
contaminated environments is particularly important because the the ability of the cementitious matrix to support ionic current flow.
two actions may not operate independently. Investigations of Low resistivity generally facilitates electrochemical —current
concrete exposed to stray current have demonstrated that electrical transmission, whereas higher resistivity may restrict corrosion
effects can modify the transport behaviour of chloride ions and kinetics. Nevertheless, resistivity is strongly influenced by
affect the interfacial transition zone between aggregate and cement moisture, temperature, pore structure and ionic concentration and
matrix. Chen et al. observed changes in ITZ thickness and porosity should therefore be interpreted as part of a multi-parameter
under stray-current conditions and reported enhanced chloride diagnostic framework.
transport through this microstructurally sensitive region [3]. These The importance of controlled electrochemical monitoring is also
findings indicate that durability assessment of reinforced concrete reflected in international standards related to corrosion protection.
structures located in electrically influenced environments should ISO 12696:2022 specifies performance requirements for cathodic
account not only for conventional diffusion processes but also for protection of steel embedded in cement-based concrete in new and
electrically  induced ion migration and  microstructural existing structures and requires appropriate performance

deterioration.
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monitoring of protected systems [6]. Although the standard is
focused on cathodic protection rather than stray-current diagnosis,
it demonstrates the broader engineering importance of
electrochemical monitoring when steel in concrete is exposed to
electrically influenced environments.

Despite significant advances in electrochemical testing, assessment
of reinforced concrete structures exposed to simultaneous stray-
current and chloride effects remains challenging. Individual
diagnostic parameters may provide different indications of
structural condition because each represents a different component
of the corrosion process. Corrosion potential primarily reflects the
electrochemical state, resistivity characterises electrical and ionic
conductivity of surrounding concrete, while corrosion current
density provides information related to corrosion Kinetics.
Therefore, an integrated interpretation of these indicators is
required for comparative reliability assessment.

Accordingly, the objective of the present study is to develop a
multi-parameter methodology for evaluating the electrochemical
reliability of reinforced concrete structures exposed to different
levels of electrical and environmental influence. Five
representative exposure scenarios are considered, ranging from a
reference condition without significant electrical disturbance to a
highly aggressive combined condition involving increased
moisture, chlorides and simulated stray currents. The proposed
methodology integrates reinforcement potential, concrete electrical
resistivity and corrosion current density into a dimensionless
Electrochemical Reliability Index (ERI). The ERI is introduced as
an engineering research index for comparative analysis and
sensitivity assessment; it is not proposed as a replacement for
standardised corrosion diagnostic procedures.

2 Methodology

2.1 Research Framework and Definition of Exposure Scenarios

The proposed methodology was developed to evaluate the
comparative electrochemical reliability of reinforced concrete
structures subjected to different combinations of electrical and
environmental actions. Five representative exposure scenarios were
defined, ranging from a reference condition without significant
electrical disturbance to a combined high-aggressiveness scenario
involving increased moisture, chloride contamination and
simulated stray-current influence.

Table 1. Definition of the investigated exposure scenarios

Group  Exposure conditions Principal purpose
Reference condition without = Definition of baseline
KO significant external electrical = electrochemical
influence behaviour
El Low-level electrical influence Asses_smen; of minor
electrical disturbance
Simulation of
E2 Moderate electrical influence | prolonged operating
conditions
Assessment of
E3 Simulated stray-current ' electrically accelerated
exposure electrochemical
deterioration
Increased moisture + | Assessment of the most
E4 chlorides + simulated stray | aggressive  combined

currents exposure scenario

The KO group represents the reference state of reinforced concrete
under conditions in which reinforcement remains predominantly
protected by the alkaline concrete environment and no significant
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externally imposed electrical disturbance is considered. The E1 and
E2 groups represent progressively increasing electrical influence.
The E3 group represents simulated stray-current exposure, while
E4 combines stray currents with increased moisture and chloride
presence. The adopted sequence of expected exposure severity is
KO<E1<E2<E3<E4.

2.2 Selected Electrochemical Parameters

Three complementary parameters were selected for the reliability
assessment: reinforcement corrosion potential, Eg, [mV];
electrical resistivity of concrete, p [kQ-cm]; and corrosion current
density, i [LA/cm?]. Corrosion potential provides information
related to electrochemical state, resistivity characterises the
capacity of the surrounding cementitious matrix to conduct ionic
current, and corrosion current density represents the kinetic
component of electrochemical deterioration. The central hypothesis
is that a combined interpretation provides a more reliable
comparative description than any single indicator considered
independently.

2.3. Normalisation of the Electrochemical Parameters

Because the selected indicators are expressed in different physical
units and their unfavourable directions differ, each parameter is
transformed into a dimensionless deterioration indicator between 0
and 1. A value of 0 represents the most favourable condition within
the analysed dataset, while 1 represents the least favourable
condition.

RE = (Emax - Ei) / (Emax - Emin) (1)

Rp = (Pmax = Pi) ! (Pmax = Pmin) ~ (2)
Ri = (icorr‘i - icorr,min) / (icorr,max - icorr,min) (3)

This study-specific normalisation is intended for comparative
analysis of the investigated scenarios and does not replace
standardised corrosion-potential, resistivity or corrosion-rate
criteria.

2.4 Electrochemical Deterioration Index and Electrochemical
Reliability Index

The three normalised parameters are integrated into an
Electrochemical Deterioration Index (EDI). The general
formulation is a weighted linear combination, where the weighting
factors sum to unity.

EDlI =weg Re + W, R, + W; R;

(4)
Wgt+w,+w;=1 (5)

For the baseline model, the weighting coefficients are set to wg =
0.30, w, = 0.25 and w; = 0.45. A somewhat greater weight is
assigned to corrosion current density because it is used as the
principal kinetic indicator of ongoing corrosion activity, whereas
potential and resistivity provide complementary information. These
weighting factors are author-proposed modelling assumptions and
are subsequently examined through sensitivity analysis.

EDI=030R:+025R, +0.45R; (6)

™
ERI=1-(0.30 Rg +0.25 R, + 0.45 R))

ERI=1-EDI
®

The Electrochemical Reliability Index therefore varies theoretically
from 0 to 1. Values approaching 1 indicate comparatively
favourable electrochemical reliability, whereas values approaching
0 indicate severe electrochemical deterioration within the
investigated comparative framework.
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2.5 Proposed Reliability Classification

Table 2. Study-specific comparative classification of ERI values

ERI range el 7 Interpretation
class
0.80 <ERI < 1.00 Very high Favourable

electrochemical condition

Generally favourable
condition with limited
deterioration indicators

0.60 <ERI<0.80 High

Transitional condition
requiring increased
attention

0.40 <ERI<0.60 Moderate

Significant
electrochemical
deterioration risk

0.20 <ERI<0.40 Low

Severe or critical
comparative
electrochemical condition

0.00 <ERI<0.20 Very low

These limits are introduced exclusively for internal comparative
interpretation of the proposed model. They do not represent
standardised acceptance limits and should not be used
independently to declare an existing structure safe or unsafe.

The proposed classes represent model-based comparative
categories and must not be interpreted as validated diagnostic or
structural-safety thresholds.

2.6 Sensitivity Analysis of Weighting Factors

Because the weighting factors influence the final ERI value, a
sensitivity analysis is included. Three weighting scenarios are
considered: the baseline model, an approximately equal-weighting
model and a corrosion-current-oriented model.

Table 3. Weighting scenarios for ERI sensitivity analysis

Scenario WEg w, w; Interpretation

w1 0.30 0.25 0.45 Baseline model

W2 0333 0333 0334  /pproximately
equal weighting
Corrosion-

W3 0.20 0.20 0.60 current-oriented
model

AERI = ERl sy - ERIin (9)

A small 4ERI indicates that the classification is relatively
insensitive to the adopted weighting system, whereas a large value
indicates stronger dependence on the selected weights. Particular
attention is given to whether the scenario ranking KO > E1 > E2 >
E3 > E4 remains stable.

2.7 Evaluation of Conflicting Diagnostic Indicators

One advantage of the proposed multi-parameter model is its ability
to address situations in which individual electrochemical indicators
do not provide identical assessments. A structure may exhibit
relatively negative reinforcement potential and moderate resistivity
but low corrosion current density, or conversely, moderate
potential together with low resistivity and elevated corrosion
current density. The ERI therefore integrates electrochemical state,
concrete conductivity and corrosion kinetics within a single
comparative framework.
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2.8 Statistical and Numerical Analysis

For future experimental implementation, each exposure condition
should be represented by multiple specimens and the
electrochemical parameters should be reported using mean values,
standard deviations and coefficients of variation. In the present
parametric numerical study, each exposure group is represented by
a characteristic mean-state vector containing corrosion potential,
resistivity and corrosion current density.

CV=(SD/¥)x100 (10)
Xj = [Ecorr,jv Pi» icurr,j] (11)
3 Results and Discussion

3.1 Parametric Electrochemical Response of the Exposure
Groups

To evaluate the proposed Electrochemical Reliability Index, a
representative parametric dataset was defined for the five exposure
scenarios. The selected values describe a progressive transition
from a favourable reference condition to a highly aggressive
combined chloride-moisture-stray-current environment. The values
represent a parametric numerical scenario and not experimentally
measured data from a specific structure.

Table 4. Parametric electrochemical characteristics of the
investigated exposure scenarios

Group Ecorr (MV) p (kQ-cm) icorr (LA/cm?)
KO -145 24.8 0.08

El -205 18.5 0.18

E2 -285 12.8 0.42

E3 -365 7.4 1.10

E4 -455 4.2 2.35

The adopted dataset indicates systematic deterioration of

electrochemical conditions with increasing exposure severity.
Corrosion potential becomes progressively more negative, concrete
electrical resistivity decreases and corrosion current density
increases from 0.08 pA/cm? for KO to 2.35 pA/cm? for E4. This
simultaneous evolution represents a transition from comparatively
stable electrochemical conditions toward an increasingly active
deterioration state.

The adopted values were selected within representative ranges
reported in electrochemical corrosion literature and were arranged
to form an internally consistent parametric progression from
passive or low-activity conditions to highly active corrosion
conditions.

3.2 Normalised Electrochemical Deterioration Parameters

Table 5. Normalised deterioration indicators

Group Re R, R

KO 0.000 0.000 0.000
El 0.194 0.306 0.044
E2 0.452 0.583 0.150
E3 0.710 0.845 0.449
E4 1.000 1.000 1.000
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The deterioration components do not develop at identical rates. In
E2, for example, Re = 0.452 and R, = 0.583, whereas R; = 0.150.
Thus, potential and resistivity already indicate substantial
deterioration relative to the analysed range, while corrosion current
density remains comparatively less developed. This is precisely the
type of situation for which a multi-parameter model is useful.

Comparison of normalized electrochemical deterioration indicators

- R
1.0

o o o
Py o o

Normalized deterioration indicator

o
N

0.0~

Ko El E2 E3 E4
Exposure scenario

Figure 1. Comparison of normalised electrochemical deterioration
indicators for KO-E4.

3.3 Electrochemical Deterioration Index and Reliability Index

Table 6. Calculated EDI and ERI values for the baseline weighting

model
Gl =Cl = l:erl?ggisi?t(;/ class
KO 0.000 1.000 Very high
El 0.154 0.846 Very high
E2 0.349 0.651 High
E3 0.626 0.374 Low
E4 1.000 0.000 Very low
The ERI decreases systematically with increasing exposure

severity: 1.000, 0.846, 0.651, 0.374 and 0.000 for KO through E4,
respectively. The ranking is therefore KO > E1 > E2 > E3 > E4.
The value ERI = 0.000 for E4 should not be interpreted as a literal
probability of structural failure; it represents the lowest
comparative electrochemical reliability state within the normalised
dataset.

Electrochemical Reliability Index for exposure scenarios
1.000

1.04

° ° o
= o =]

Electrochemical Reliability Index (ERI)

o
o

0.0~

E2
Exposure scenario

Figure 2. Electrochemical Reliability Index for the investigated
exposure scenarios.
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3.4 Influence of Stray Currents on Electrochemical Reliability

Comparison between E2 and E3 provides an indication of the
contribution of simulated stray-current exposure. Corrosion current
density increases from 0.42 to 1.10 pA/cm?, corresponding to
approximately 162%, while electrical resistivity decreases from
12.8 to 7.4 kQ-cm and corrosion potential shifts from -285 to -365
mV. The combined effect reduces ERI from 0.651 to 0.374,
corresponding to a decrease of approximately 42.6% relative to E2.
Within the proposed framework, stray-current exposure therefore
represents a decisive transition from moderate electrochemical
disturbance to significant deterioration risk.

3.5 Combined Influence of Moisture, Chlorides and Stray
Currents

The E4 scenario represents simultaneous increased moisture,
chloride contamination and stray-current influence. Compared with
E3, corrosion current density rises from 1.10 to 2.35 pA/cm?
resistivity decreases from 7.4 to 4.2 kQ-cm and potential shifts to -
455 mV. The parametric results suggest that combined exposure
produces substantially more severe electrochemical deterioration
than stray-current exposure considered without the most aggressive
environmental combination. From an engineering perspective, this
combined condition should be regarded as particularly critical in
reinforced concrete structures located near electrically influenced
infrastructure.

3.6 Sensitivity Analysis of the Weighting Factors

Table 7. ERI values under different weighting scenarios

Group ERI-W1 ERI-W2 ERI-W3 A ERI
KO 1.000 1.000 1.000 0.000
El 0.846 0.819 0.874 0.055
E2 0.651 0.606 0.703 0.098
E3 0.374 0.332 0.420 0.087
E4 0.000 0.000 0.000 0.000

The most important result of the sensitivity analysis is that the
ranking KO > E1 > E2 > E3 > E4 remains unchanged for all three
weighting systems. The greatest variation is obtained for E2,
followed by E3, indicating that transitional exposure scenarios are
more sensitive to weighting assumptions than the extreme states.
Although the weights influence the magnitude of ERI, the overall
comparative trend remains stable within the investigated scenario.

Sensitivity of ERI to weighting scenarios

—e— W1: 0.30/0.25/0.45
104 = W2:0.333/0.333/0.334

—&— W3: 0.20/0.20/0.60

L =4 o
= S @

Electrochemical Reliability Index (ERI)

o
i

0.0

KD E1 E2 E3 E4
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Figure 3. Sensitivity of ERI to the adopted weighting scenarios.
3.7 ldentification of the Most Pronounced Modelled Transition

The most pronounced reliability reduction occurs between E2 and
E3, where ERI decreases from 0.651 to 0.374. This identifies the
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most pronounced transition within the adopted parametric scenario
associated with simulated stray-current exposure. From a
maintenance-management perspective, structures whose combined
indicators place them near this transition may be priority
candidates for more detailed investigation before severe corrosion
propagation, cracking or cover spalling develop.

3.8 Multi-Parameter Versus Single-Parameter Assessment

The results demonstrate why a single electrochemical indicator
may be insufficient. In E2, the normalised resistivity indicator
suggests more pronounced deterioration than the corrosion-current
indicator. If only one parameter were considered, the same
condition could be classified very differently. By integrating all
three indicators, ERI = 0.651 provides a balanced comparative
assessment. The advantage of the proposed approach is therefore
greatest in transitional conditions where individual parameters do
not evolve synchronously.

3.9 Engineering Implications

The proposed ERI framework may support condition screening,
risk classification, inspection prioritisation and maintenance
planning. A high ERI would generally be associated with routine
monitoring, whereas a substantial reduction in ERI could justify
detailed electrochemical and structural investigation. ERI should
not be interpreted independently as a structural safety index
because structural reliability is ultimately influenced by
reinforcement loss, cracking, bond degradation, geometry, material
properties and applied loads. The proposed model is therefore best
regarded as an electrochemical screening and comparative
decision-support tool.

4 Conclusions

This study proposed a multi-parameter framework for the
comparative assessment of electrochemical reliability of reinforced
concrete structures exposed to different levels of electrical and
environmental influence. Based on the adopted parametric dataset
and numerical framework, the following conclusions can be drawn:
1. Increasing electrical and environmental aggressiveness produced
a consistent deterioration of all analysed electrochemical
parameters. Reinforcement potential became progressively more
negative, electrical resistivity decreased and corrosion current
density increased from the reference KO condition toward the
combined E4 scenario.

2. The proposed ERI successfully distinguished all five exposure
scenarios. For the baseline weighting model, the calculated ERI
values were 1.000 for KO0, 0.846 for E1, 0.651 for E2, 0.374 for E3
and 0.000 for E4.

3. The transition from moderate electrical influence to simulated
stray-current exposure represented the most pronounced reduction
in comparative electrochemical reliability. The ERI decreased from
0.651 in E2 to 0.374 in E3, indicating that stray-current influence
may represent a critical deterioration mechanism within the
adopted parametric framework.

4. The combined action of moisture, chlorides and stray currents
produced the least favourable electrochemical condition. The E4
scenario simultaneously exhibited the most negative reinforcement
potential, the lowest concrete resistivity and the highest corrosion
current density within the investigated dataset.

5. The multi-parameter approach demonstrated an important
advantage over single-parameter assessment. In transitional
scenarios such as E2, corrosion potential, resistivity and corrosion
current density did not indicate identical deterioration severity.
Their integration into ERI therefore provided a more balanced
comparative interpretation.

6. Sensitivity analysis confirmed the stability of the exposure
ranking. Although different weighting systems modified absolute
ERI values, the ranking KO > E1 > E2 > E3 > E4 remained
unchanged for all analysed weighting scenarios.
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7. Intermediate exposure conditions were more sensitive to the
adopted weighting system than the extreme scenarios. The highest
ERI variation was observed for E2, followed by E3, demonstrating
that the selection of weighting coefficients is particularly important
when individual indicators provide partially conflicting indications.
8. The proposed ERI should be interpreted as an electrochemical
screening and comparative decision-support tool rather than as a
direct structural safety index. It does not replace detailed structural
inspection,  chloride-content  analysis, crack  assessment,
reinforcement-loss measurements or verification of load-bearing
capacity.

The principal scientific contribution of the study is the
development of an integrated framework that combines three

complementary electrochemical indicators into a unified
dimensionless  reliability-oriented  parameter. The  model
additionally incorporates sensitivity analysis of weighting

coefficients, allowing the robustness of the final ranking to be
evaluated.

A major limitation is that the analysed values represent a
parametrically ~ defined numerical scenario rather than
experimentally measured data from a specific reinforced concrete
structure. The proposed ERI classification limits and weighting
coefficients should therefore be regarded as preliminary research
assumptions requiring experimental validation.

Future research should include controlled laboratory exposure of
reinforced concrete specimens to different levels of direct-current
and stray-current influence, both with and without chloride
contamination. Repeated measurements of reinforcement potential,
concrete resistivity and corrosion current density should be
combined with gravimetric reinforcement mass loss, chloride
profiles, crack development and microstructural analysis. Such
experimental data would enable calibration of the weighting
coefficients and validation of the proposed ERI model for practical
condition assessment and maintenance prioritisation.

Until experimental calibration is completed, the proposed ERI
should be interpreted exclusively as a relative model-based
electrochemical condition indicator.
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Abstract: FBwreapckama Hopmamuena ypedba npeoiaza MemoOUKd 34 OYEHKAd HA PUCKA 8 NbIMHUme MYHEeu, KOSAmo 6KI0U6d
KOHCEP8AmMuUGHU Mamemamuyecku nooxoou. Teopemuunama oCHO8A ce NOA36A OM YUCIEHU MOOEIU, NPU KOUMO ce Omuumam npuemu
KOHCMPYKMUGHU, NPOCKMHU U OP2AHU3AYUOHHU NOKA3AMeNl, 3d KOUmo 0a ce NOIyYam NOKA3amel 3d NOMEHYUudl Ha 0e30NACHOCI U
Koeuyuenm na cuzyprocm. B ciyuas obxeawanemo na enusHuemo Ha cneyupuUHU npoCMpancmeeHo-epemes (aKmopu u 6b30eicmausl
8bPXY 600AuUmMe, KOUMO CA ¢ OMHOWEHUEe 8bPX) NbMHAMA OE30NACHOCH e YACMUYHO U e c8edeHo 00 npuemu KoHcmaumu. [lybnukayusma
pasenestcoa mpaouyuoHHU OYEHBYHU MOOEIU U KOIUYECMEEHO-6EPOSIMHOCIHUME, KOUMO NON36AM CUMYLAMUBHO MOOCIUPAHE 8 KOHMEKCMA
HA 653MONCHOCIIU 3d NPEYUSUPAHE HA OYEHKAMA HA PUCKA 3d NbMHAMA 0e30NACHOCT Npu 0bI2apCKAma MyHeIHa UHGPACMPYKmypa.
Keywords: OIJEHKA HA PUCKA ITIPU ITbTHU TYHEJIU, IThTHA BE3OITACHOCT, MOJFEJIH U ITOAXONIH 34 AHAJIU3

1. Bveeoenue

3a OIICHKA Ha PUCKA IPH IBTHH TYHENH B MEKIYHApOJCH IUIaH
(M3BBH HALMOHAJHHUTE) CE U3IMOJ3BAT PEHLa METOIUKH, H3TPaJcHH
B paMKHTE Ha JOKJIAIH, TEOPETHYHH METOAUKH M COPTYyEepHH
wiatrpopmu. OCHOBHHM pPa3palOTUYHMIM ca OpraHM3alUH  KaTo
CeeroBHara mbhTHa acoummanus (PIARC), HWkonomuyeckaTa
komucust 3a EBpoma ma OOH (UNECE) m MexayHapoaHata
tyHenHa acoumanusi (ITA) m gpyrm. 3a cp3maBaHeTO UM ce
U3II0N3BAT BB3MPHETH KaueCTBCHU HHCTPYMEHTH 3a
UCHTU(UIMPAHE Ha OIIACHOCTHUTE KaTo:

* Mexaynaponen craugapt |IEC 61882 (tpaHcrionupan y Hac
ypes BJAC EN 61882:2016) [1],. Toil e BHUA TEXHHYECKO
PBKOBOJICTBO 3a TpuiaraHe Ha merogonorusta HAZOP (Hazard
and Operability Study).

* Mexnynaponen crangapt |IEC 61025, koiito ompenens
JeAYKTHBHHS METOJI 3a aHaJIM3 Ha HAJIeKJHOCTTa M 0E30I1acHOCTTa
gpe3 ,,abpBoTO Ha orkasure” (FTA — Fault Tree Analysis). Upes
HEro Ce ThPCAT CUCTEMHUTE IIPUYKMHHM 33 SANHUYHO chouTHe [2].

» Event Tree Analysis (ETA) wiu aHamu3 Ha ,,ABPBOTO Ha
cBOMTHATA", KOMTO MOJI3Ba MHAYKTHBEH METOJI 3a MPOCIe/IsIBaHe Ha
Pa3BUTHETO Ha EAWHWYHO WHIMJCHTHO CHOWUTHE Ipe3 pa3jIniHH
CIIEHApUU B 3aBHCHMOCT OT e(eKTMBHOCTTa Ha CHCTEMHTE 3a
6e301acHOCT.

HesaBucuMoO OT TOBa, KakbB KpaeH MpPOJYKT Ce Npuiara B
JafieHa Ibp)XKaBa, OCHOBHHUTE IMOAXOAM Ca ACTEPMUHHUCTHYCH U
BEPOSITHOCTEH.

JIeTEpPMUHHUCTHYHUAT MOAXOA HMa MO-MajKa H3YHCIHTEIHA
TEXKECT, 3aI0TO M3MO0JI3BA EIMHHYHN MPOMEHJIMBH, 38 KOUTO JaBa
KOHCEpBaTHBEH KpaeH pesynrar. [Ipy Hero He ce TbpCH
BEPOSITHOCTTA 33 PEaM3UPAHETO HA MOIYyICHHS H3XO/.

BepOS{THOCTHI/lﬂT NOAXOJA U3M0JI3Ba I'pynu OT IMPOMEHJIMBY, 3a
KOUTO TPEIOCTaBs JHUAIa30H OT pasmlpelesieHH pe3yiTaTH, 3a Ja
MOKaXe pa3iW4yHH BB3MOXKHH M3XOAM M TEXHHS IIaHC 3a
HacThlBaHe. M3MCKBAa JUIMTAIHH MOAXOIM 32 MOJEIHPaHE ChC
coryepHo obe3rnieyaBaHe.

2. Memooonozuu u UHCHIDYMEHmMU 34 AHANU3 -
Eepona

Besika cTaHIapTHa OIICHKA Ha PHUCKA 33 TYHEITHUTE ChOPBKCHUS
B EBpoma ce mpaBM ¢ METOAMKH B TPH OCHOBHH CTBIIKH, 32
HpHJIaraHus JEeTEPMUHUCTUYECH WIM BEPOSTHOCTEH noxaxox. Te ca
cpOMpaHe Ha JaHHM, U300p Ha CleHapuiiHa OCHOBa M (opmaT 3a
MOJIeJIMPaHe Ha PUETUTE CLIEHAPHH, 32 J1a CE TOJIY4H MOTCHIUAIBT
Ha pHUCKOBOTO chOuTHe [3]. OCHOBHHTE CTaHAApPTH, KOUTO CE
H3M0M3BaT Karo 0a30Ba paMKa 3a HOPMHPAHETO B IOBEYCTO
€BPOIICHCKH IbPXKABH Ca:
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* 3a cTpaHuWTe wWIeHKHM Ha EBpomeiickus cbpio3 € Ipuera
Hupexrusa 2004/54/EO na EBponeiickus napnament. T nepunupa
MHMHHMMAalHHTE HM3MCKBaHUS 3a OE€30IIaCHOCTTa Ha TYHEJIUTE II0
TpaHceBporneiickara meTHa Mpeska (TEN-T) [3]. JlokyMeHTBT camo
HpeIINCBa YCIOBUSATA, IPU KOUTO TPSOBa J1a ce M3BBPIIBA aHAIIHN3
Ha pHCKa, HO HE ONpezens KaKbB BUJI METOJOJIOTHs TpsiOBa Ja ce
M3I0JI3Ba, KaTO 3abiDKaBa BCsIKAa CTpaHa WICHKA Ja pa3padoTn
CBOI HaI[MOHAJNEH periamMeHT. [lo To3M HAa4YMH BCsSKa IbpKaBa
U3II0JI3BA TIOJXOAH, KOMTO Ja IIPEAOCTABIAT HHCTPYMEHTH 3a
n34ncIsABaHe (KOJMYECTBEHO OMNpEACTsIHE) Ha PHCKA, KOHWTO ca
CBCTaBEHU OT NPEIBAPUTEIIHO AC(UHUPAHU ONPOCTCHH MOJEIN Ha
CLICHApUU 32 HMHUWJICHTH W/WIM JIOUBJIBAHH C BEPOSTHOCTHO
MOJIeIIUpPaHe.

* Mogenst DG-QRAM ¢ pa3paboTeH CBBMECTHO OT
Ceeronara mbrHa acommarus (PIARC) u Opranusanusra 3a
UKOHOMHYECKO ChTpyaHuuectBo U passutie (OECD) [4].
WNHunpaTuBata € OT CTpaHa Ha KOMHUTETa MO IBTHH TYHEIH Ha
PIARC mpe3 1995 r., kaTo Hay4HaTa eKCIIepTHA TPyIa € BKIIOYBAJa
npencraButenu ot 14 xppkasu [4-7]. CrerududHOTO 32 Hero e, ue
MO3BOJISIBA  CPAaBHHUTEJICH aHAJIW3 MEXIY CHOPBKCHHETO U
ITEPHATUBHU OTKPUTH NMBTHH YYacCTBIM, 3alIOTO apXUTEKTypaTa
Ha QRAM e HacoyeHa KbM HaMmallsiBAHE Ha pUCKAa OT ONACHU
TOBapM TNPH TyHENH B eKCIUIOATAlMs 4Ype3 W3IOJN3BaHE Ha
ITEPHATUBHUA MapIipyTH. MoIenbT € BaluaupaH C JaHHH OT
peannu TyHenu B ABctpus, ®panuus, Hunepnannus, Hopserus,
MIserust u Ilseiinapust [9]. IoHexe e pasmmcaH 3a KOHKPETHH
TpaceTa W MHPOpPMALUATA 32 TAX KbM MOMEHTa Ha pa3paboTkaTa,
PIARC mpenympexnaBat, e DG-QRAM Tpsi6Ba na ce u3nonssa B
KOMOMHAIMS C APYTHM MHCTPYMEHTH, 3a J]a C€ OCUTYPH IOCTUraHe
Ha M3MCKBAaHOTO OOIIO HMBO Ha OE30MAaCHOCT NMPH KOHKPETHOTO
cropwikenue [4], [10].

BbIpeky mocovYeHuTe orpaHUYeHHs, METOIMKATa, Ha KOSATO Ce
6a3upa, ¢ Bb3NpHETa NPAaKTHYECKH B Ienus EBporneiicku chio3 1o
OTHOILIICHHE Ha EKCIUIoAaTalisiTa BbB BPB3Ka C IPEBO3a HA OMACHU
TOBAapM ¥ TOXKapHU BB3ACHCTBHA NPH IBTHUTE TYHEIH
(xateropmsanust mo ADR [25]). Bblipeks 4e OCHOBHHST aHAIM3EH
MHCTPYMEHT HE pasriiexaa ChOUTHA ¢ KaTacTpodaleH XapakTep
U3BbH TEC3U, HACTBIMWJIM OT ONACHU TOBapHU, METOHOJIOrUATa €
3ajlerHaja B OCHOBaTa Ha peauna coQTYepHH peanu3aluu 3a
TMOKapHO BB3JCHCTBHE M eBaKyallHOHHO moBeaeHue [8], [11].

3. Hnoueuoyannu memoouku — e6poneicKu onum

Ipensun nocoyeHoro B [3, 4-11] Besika abpikaBa B EBpora
pa3paboTBa CBOSI Crienn(pUIHA METOANYECKa OCTAHOBKA 33 OLIEHKA
U TIPOTHO3MpaHe Ha PHUCKa IPU ITbTHUTE TyHeIH. Boxemu momenn
3a u3CIelBaHEe, KOMTO ca C€ HAJIOKWIM KaTo IpUMEpPH 3a
JIETEPMUHHUCTHYHHU U BEPOSTHOCTHH HOJIXOAH Ca:
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* TuRisMo (ABcTpusi) — Cjei OICHKA, CBIIOCTABSIHE W
JOIbJIBaHE Ha JAHHHUTE C YYKIECTPAHHHU M3TOUHHIY, € JehUHUpaH
METOJMYECKHUAT TOJX0J, KOWTO € TMpeACTaBeH B HalMOHATHA
HapenOa npe3 2008 r. [Ipouenypara e cp3naneHa, 3a 1a OTTOBaps HA
crierM(pUIHATE M3UCKBAHUS Ha aBCTPUIICKUTE ITBTHH TyHenu. Ts e
npepaboTBaHa MHOTOKPATHO, KAaTO ITO-CHIIECTBEHH IPOMEHH ca
HampaBeHH B penakmusira ot 2015 r. Ilenra mm e Omma ma ce
o0XBaHEe MO-JETalIHO H3CIIEABAHETO HAa NPABOBI'BJIHM HAIPEIHU
CEYEHHs U CEUECHHs C MOBEeUE OT JBE JICHTH, KAKTO U BKIIOYBAHE Ha
nokapHu cueHapuu Hag 30 MW [12, 13]. ABcrpuiicKusT MOJEN €
JIeTalIeH KOJIMYECTBEHO-BEPOSTHOCTEH Mojen. Toi cpyeraBa
MaTeMaTU4ecKd amapaT 3a aHalu3 Ha ,,JbPBOTO Ha CHOMUTHATA
(decToTeH aHanIM3), KOMOMHUPAH CHC CTATUCTHKA WIM CUMYJIALlUU
Ha TOCIEJCTBHS OT IOXapW W MeXaHWYHHM aBapuu. CrapTHpa C
HMHHIIAPAIIO CHOMTHE C H3BECTHA YECTOTA, 32 KOETO B PaMKHUTE Ha
HSKOJIKO eTala ce PasrphllaT BH3MOXXHUTE WHIMACHTHH ITHTHUINA,
BOJCIIM JO PpA3JIMYHA BB3MOXKHH IOciHeAuu. YecroTure Ha
OTZAENHHUTE CLIEHAPUH CE YMHOXABaT 110 ChOTBETHUTE CTOMHOCTH 3a
pa3Mep Ha IieTaTa, IPH KOETO Ce MOIy4yaBaT YaCTHUYHU PHCKOBE
(cratucTHdeckn OYakBaH OpOW 3arMHANM TOAMIIHO 3a BCEKH THII
cwOurre). COOpPHT MO BCHYKH BB3MOXKHH WHIHMICHTHH ITHTHIIA
JaBa CTOWHOCTTa Ha OYaKBaHUS PHUCK 3a HW3CICIOBAHWS TYHEI.
dakTopuTe, BIMACIIM BBPXY UECTOTaTra, C€ OTYHTAT dYpe3
U3MCHEHHE Ha OTHOCHTEIIHUTE YECTOTH B paskioHeHusTa [12].

* QRA-tunnels 1 TUNPRIM (Hunepnanausi) — MeTOIUKA,
KOSTO € TSICHO HAcOYeHa KbM  XapaKTepUCTUKHTE  Ha
HUAEPIaHICKHUTE MHTHH TYHENH U IPAaKTHIECKH € Mukpomomen [11,
14-16]:

— TUNPRIM e cp3mazmeH, 3a Aa ce opraHusnpa BbHIIHATa
0€30MacHOCT OT IIyM, 3aMbBpCSABaHE Ha BB3/yXa, IIBTEH PUCK U
npyrd. OCHOBHHAT IIaHeN ce pa3BUBa B MHOTO(YHKLIHOHATHO
HaIlpaBJICHUE C aKIEHT BBPXY PUCKOBHTE (AaKTOPU U B TYHEIHUTE,
KaTO BCSKO BEPOSITHOCTHO CHOWTHE Ce HW3ClenBa M MOZAENInpa
oraenHo [14].

— QRA-tunnels e cranmapT, KOWTO ITBPBOHAYAIHO € Ch3AaAEH
KaTO HapBhYHHK 3a BeposiTHOCTUTE 3a uHIaeHTH [15]. TIpe3 2013 r.
CIICHApUIHUAT aHaIu3 € mpemaxHaT. OCHOBHOTO CHOOpaXeHHE 3a
TOBA €, Ye MapaJieJHOTO MpUJIaraHe Ha KOJWYECTBEH U CLEHApUCH
a”Hanmu3 (0e3 mpexBapUTEIHO HOPMHPAHHM JOMYCKH) Ch3aBa
YCJIOBHSI 332 CYOGKTMBHM TBJIKYBaHHS OTHOCHO TOBa Jalu €
MOCTUTHATO JIOCTaTHYHO HHMBO Ha 0E30IIaCHOCT, KOETO € OIacHO 32
HEKeHepHaTa rpakTuka [16].

+ Etude Spécifique des Dangers (®panuns). Openckara
METOJMKa 3a W3CIeABAaHe Ha CHENU(UIHM OMACHOCTH 3ajara Ha
JETepMUHHCTHYEH TOAXON W  JETallHO  MOJeNHpaHe Ha
€BaKyal[IOHHUTE MpPOLECH IpU MOXKapH M aBapuH OT PHCKOBU
toBapu. CTpyKTypaTa Ha H3CJleIBaHEe € pa3BUTa B IET IJIaBU -
nperyiex Ha TyHeNa M cpenara My, (YHKIMOHQIHO OIHMCaHUe,
uieHTHUKANUs Ha ONAacHOCTUTE M K300p Ha CIEHapHH,
U3CJIeIBAHETO UM U 06001ieHne. OCHOBHUAT TOKYMEHT € HacO4eH
KbM OIIGHKa 3a BCHYKM TyHenu ¢ JbibkuHa Haa 300 m mo
HallMOHAJ HaTa NbHTHa Mpexxka Ha @pannms. Passuro B
METOJMYECKOTO  pBKoBoJACTBO  Fascicule 4 nHa  ®peHckus
HallMOHAJeH UeHThp 3a wuscnensaHe na tynemun (CETU) -
»PascrnenBanus Ha crienupuuHn omacHocTu mpe3 2003 r.

3a pasnuKa OT CEeKTOPHHTE M TEXHUUYECKU IMOIXOIM, TOBA €
MYNTHIMCUMIUTMHAPEH  TPOLEC, H3pUYHO  OasupaH  BBPXY
M3CIIEIBAaHE HA BEPUTUTE OT CHOWTHs, KOMTO MOTaT Ja JOBeIar J0
Hai-Texkure nocieauny [17]. Ha npaktuka A€TepMUHUCTHYHHUST
aHanmu3 B MeToxoiorusta Ha ,,CrnenuduuHo pascieaBaHe Ha
ONIACHOCTUTE™ € MOJeN Ha IOCIeIUNUTE, TOIy4YeH OT H30paHn
CTaHJIapTHU3UpaHN pe)epeHTHH CIEHapHH, KbM KOHUTO Ca OTHECEHH
M3MCKBaHUs 32 HUBO Ha MPHEMJIMBOCT OT cpenara. IIporenypara e
u3rpajieHa, Taka 4e Ja TbPCH Hal-HEeraTUBHUS cilydail, KoiTO
Tps6Ba na 6b/e ocurype, Ho 3a npakrukara CETU npenopsusa na
ce cieiBa NPHUEMIIMB PHUCK, KOETO H3KIIOYBA OCHIYpSIBAHE Ha
TCOPETHYHHS Hali-KPUTHYCH CIIEHapHi.

OpeHckara cucTeMa HE € 4YHCTO  JICTePMHHHCTHYHA,
BEPOSATHOCTHATA M YacT CBIIECTBYBa, HO € 000coOeHa B OTIEINCH
nokymeHT - Fascicule 3: ,,CpaBHUTENHH aHAIN3H Ha PUCKA™, KbACTO
ce wm3nomBa DG-QRAM. CreuuduuHoTo wu3cnenBaHe Ha
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OIIACHOCTUTE OTHYHUTAa PELICHMSTA, B3€TH HA TO3U NPEAXOJEH erarl
[17, 18].

« Italian Risk Analysis Method (Mramust) — metoasT IRAM e
pa3pabOoTeH ¢ METOAOJIOTHS, KOSTO CE OCHOBAaBAa HA aHAJIU3 HA PHCKa
C KOJMYECTBEHH M BEPOSTHOCTHH KPHUTEPHH, KaTro ce TBPCH
CHBKYITHA OIEHKA MEXAYy WH(PACTPYKTYpHH, T'€OTCXHHUIECKH U
napamerpute Ha Tpaduka [19, 20]. MozxensT paboTu ¢ mpunaraHe
Ha Teopemara Ha belic, KojATO ce moN3Ba, 3a 1a ce IOIY4H
KOpDUTHpaHE Ha IIbPBOHAYAIHHUTE BEPOSTHOCTH, CJIEN KaTo ce
HoJIy4aT HOBHM JaHHH. TO3M MOZEN TpeTHpa BEpOSTHOCTTA KaTo
MsIpKa 3a 3HaHHE, KOATO ce J0pa3BUBa C BPEMETO M TOBA IO3BOJISABA
HaArpakIaHe B KOHCEpPBaTUBHUTE MeToxukd. Crenuduyno 3a
WTAJIMAHCKMS CTaHAapT €, 4e IapaMeTpu, KOUTO BIHUSAT BBPXY
Oe3omacHOCTTa  KaTO  TEOMETPHYHM  XapaKTEepUCTHKH  Ha
MHQPACTPyKTypaTta W CTaHAAPTHH ITBTHU MPOW3IIECTBHI HE ce
U3I0JI3BaT Mpu aHanusute [19-21].

4. Konuenuyus 3a 0e30nacHocm u OCHOGHU
HPUHWURU 34 OUEHKA HA PUCKa npu 0Owvirzapckume
mynenu

TpanuIMoOHHO KOHCEPBAaTHBHHUTE MOJENH 3a OLEHKA Ha PUCKa
ce pa3nnyaBaT OT CHMYJIATUBHHUTE M BKIIFOYBAT XapaKTEPUCTUKH Ha
TyHela Karo OOJNMIIOBKA, HACTWIKA, MJBJDKUHA, JBYIOCOYHO
IBIDKEHHE, JIMIICA Ha OCBETICHHE M IPYr'W BB3MOXHH, HO Ha
NpaKkTHKa CIOKHOCTTa HAa TYHCIHUTE CBHOPBKCHUS  KaTo
KOHCTPYKTHBHA ¥ TPAHCIOPTHA CHCTEMa, IIPaBH BCEKH TYHEI
yHuKaneH. CnenoBaTesHO, 32 IOCTHIaHE Ha BHCOKAa CTENEH Ha
TOYHOCT, BCSAKO CBHOpPBKEHHE TpsOBa nOa ObAe aHATM3HPAHO B
paMKuTe Ha COOCTBEHaTa CH CIenU(HUYHA eKCIUIOATaIl[MOHHA
KOH(UTryparnus.

Beirapust e OT abpkaBHTE, KOUTO HOPaad  peauia
aIMHHUCTPATHBHH M HAayKOMETPHYHH OrPaHHYCHHUS, BB3IpHEMa
KOHCEPBATHBHUS MOJAXOJ, KAaTO MOJCIMPAHETO Ha JHHAMHYHH
CJIEMEHTH Ha PUCKa C€ 3aMeHs C ONMPOCTEHH Mopenu. JacT oT
OCHOBAaHHsTA ca CIy4allHUAT XapaKkTep Ha HHIMJICHTHUTE ChOUTHS,
MajKaTta IbDKHHA HA TYHEJIHHTE CHOPHKEHHS M MHHHMAJHHAT
Opoil perucTpupaHH TeXKH MHIKAEHTH. KbM MOMeHTa ce npuema,
4ye Haliata CHCTeMa ¢ BB3IpHeNia aBCTPUICKUS TOAXON U
METOJIOJIOTHMM 32 AaHaJlM3 Ha pPHUCKAa, KOWUTO pa3yuTaT Ha
CTaTHCTUYECKH JIaHHM 32 YECTH CHOUTHS (ITBTHOTPAHCIOPTHU
HPOM3LIECTBHS U MOXKAPH OT NPEBO3HM CPEJCTBa), O€3 MoJenupaHe
Ha MO-PSIIKO CPELIAaHN aBapUHHN CHTYallHH, KaTO FOJIEMH TyHETHH
HOXXapH, AaepoJWHaMHKa Ha BEHTWIALMATA, €(QEeKTUBHOCT Ha
eKCIUI0AaTallHOHHOTO 000pYy/IBaHEe U IPYTH.

HamyoHanHute IOKyMEHTH, 4Ype3 KOHMTO C€ perjaMeHTHpa
BB3MpHeTHIT Monen ca [22, 23]. Hapenbara [23] mnpemocrass
npouenypa 3a 0e30MacHOCT M PUCKOBH (DAKTOPH, KOMTO Jia ce
HpPOCIEIBAT Ha HHUBO INPOCKTHPAHE Ha TYHEIHHUTE ChOPBIKEHUS.
[Ipn mpoekTHpaHeTo Ha MBTHHU TYHENH CE CIa3BaT creuuduyHute
W3KMCKBaHUS, 3aJ0KEHH B HEsl, KaTO Te 00XBaIlaT BCHYKUTE UM
o0CIyXBalld CHCTEMH, CBBP3aHH C EKCIUIOATAlHOHHHUTE UM
napameTpu.

BbiarapckuTe CTaHAAPTH MOCOYBAT M3UCKBAHHS, C KOMTO Jia Ce
OCUTYpH OINpEIENIeHO HHBO Ha Ka4deCTBO Ha JIBIDKCHHETO,
6e30macHOCT ¥ e(eKTUBHOCT MPH NPHETH YCIOBHS HAa OKOJHATa
cpena. OCHOBHUSAT CIEHAPHUH, KOWTO CE€ W3IO0J3Ba, € HACOYEH KbM
orpaHrYaBaHe Ha IOTEHIMANa Ha IIETUTE, KOUTO MOXe 1a ce
HaOJII0aBaT NpU BTHOTPAHCIOPTHO IMPOM3IIECTBUE, MOXKAP Ha
TEKKOTOBApEeH M JIEK aBTOMOOWIJ M JPYrd. 3a Ieira ce W3IO0J3Ba
KOHCEpBATHBHA CHCTEMa 3a OLCHKA Ha pPHUCKa, KOATO 00OpaboTBa
6a30BH MapaMeTpH Ha MBTHUS TYHEJ, HOBIMSABAIIN OE30MaCHOCTTA.
TaxkuBa ca ABDKMHAaTa Ha TyHesna, OposT Ha TpbOuTe, Opoil Ha
I'bTHUTE JICHTH, IIUPOYHNHA UM, TCOMETPHA HAa HAIIPEYHOTO CECUCHUC
Ha TyHeJa, CHTyallMs W HaJJIbKeH Npodusl Ha Tpacero, BUJA Ha
KOHCTPYKLMSATA, XapakTep Ha JBIKEHUETO (CAHOIOCOYHO I
JBYIIOCOYHO), HHTCH3MBHOCT (3a BCsika TpbhOa, BKIFOYUTEIHO
paslpeseNieHueTo M BBB BpeMeTo) W Apyru. Ilo oTHomeHnme Ha
napameTpuTe Ha TpadHKa Ce OTYHUTAT XapaKTEPHCTUKH KaTo
BEPOSTHOCT 33 BCEKUJHEBHO WM CE30HHO IIPETOBapBaHe, LT Ha
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TEKKOTOBapHUTE AaBTOMOOMIIM, CTAaTHCTHKa 3a aBTOMOOWIHUTE,
HPEBO3BAIIM ONACHH TOBAPH.

OT eneMeHTHTE 3a NPOTHUBOJCHCTBHE HA PUCKOBO CHOUTHE ce
B3eMaT IPEJBHUA HAIMYMETO Ha MOJA3EMHM IIBTHINA 3a JOCTBII JI0
TyHeJa, Pa3CTOSHUS MEXIy aBapHHHHUTE W3XOAW, HEeoOXOIHMO
BpeMe 3a peakius Ha OCHOBHHTE CHCTAaBHM YacTH Ha €IWHHATA
CITaCHTENIHA CHCTEMa, XapaKTEepUCTHKHM Ha ITBTHINATA 32 IOCTBHII,
aCIIeKTH, CBBP3aHH ChC CKOPOCTTa Ha JIBIDKEHHE, reorpadcku U
METEOPOJIOTHYHH YCJIOBHS, IPOSKTHO ynpasieHue Ha Tpaduka. Tyk
BIM3aT W OPraHU3alMOHHO-KOOPJMHAIIMOHHUTE MEPKH, KOHUTO
HPOM3THYAT OT CHCTEMH 3a 3alluTa NpH OENCTBHA M aBapHH,
HHMBOTO Ha MOAJPBKKATA U Ka4ECTBO HA OOCIY)KBAHETO, CTEIEHTa
Ha MOHUTOpHHIa ¢ 00pa0oTBaHe U JOKJIAABaHE Ha MH(oOpManusaTa
OT HEro, MOJICpHH3ANNATA Ha 000PYIBAHETO, HUBOTO M HATEXKIHOCT
Ha BEHTWJIMPAHE U OCBETSBaHE B TyHela, HAINIUETO U ChCTOSHUETO
Ha NHTEIUTCHTHUTE CUCTEMH 3a yIpaBJIeHNe Ha TpaduKa.

B [22] ocHOBHHTE XapaKTEpHCTHKH, MO KOHMTO TYHEIHTE CE
KnacuuIUpar B 3aBUCHUMOCT OT OIIACHOCTUTE B THX, Ca AbJDKMHATA
Ha TyHeJa, WHTCH3MBHOCTTAa M IIOCOKaTa Ha IBW)KCHHE B HETO.
MonenpT Ha OLCHKa H3IO0J3BA AHAIUTHYHO-KOHCEPBATUBEH
MOIXOMA, TpU KOWTO PpHCKBT TpsiOBa Oa OBOEe OIECHEH IpH
IBPBOHAYAIHO OTHACSHE HA TyHeNla B €AWH OT IPEABAPUTEIHO
NpUETHTE 3a TPaHNYHM KIACOBE CHOPBKEHHSA. MUHHMAIHUST
o0XBaT Ha OIEHKara BBB (a3uTe Ha TNPOEKTHPAHETO U B
eKCILIoaTalusATa € 1aJicH B nmpuinoxenue Ne 3 Ha [22, 23].

B [24] e mpuiokeHa TeOopeTHYHATa OCHOBA 3a OICHKA 3a
0e30MaCHOCT HAa IBTHU TYHEIM C YHCICHH MOJCIHH AaHaJIM3H.
Obextnn ca Ownmu Owirapckure TyHenu ,Butuasa“ (1195 m) u
»IpasHoBa BpaTta“ (685 m), a OCHOBHH XapaKTEPUCTHKU 3a
OINIaCHOCTUTE B TYHEJIUTE ca Opod Ha TYHEIHUTE TPHOH, IBIDKHHA
Ha TyHeJa, HHTCH3UBHOCT U ITOCOKaTa Ha JBIDKEHHE. AHAIN3BT Ha
pHCKa € HalpaBeH C IpHeMaHe Ha CIECHapUM 3a OIeHKa Ha
nociuequIuTe (3aryouTe) mpu eMIMPUYHH CTOHHOCTH 32 4eCTOoTaTa
OT IPEJICTABUTEIHN CTAaTUCTHYECKH IaHHHM 3a MBTHOTPAHCIOPTHH
MIPOM3IIECTBYS U aBapuM B TyHenu. C TO3M HPHET MOAXO0]] aBTOPBT
e JeduHMpaNT H3TOYHMIUTE HA ONACHOCTH M  ONpPEIEIHII
KOJIMYECTBEHO PHCKA. 3a J1a MOJIyYH KOJIMYECTBEHH M3MEPUTENH Ha
0€30IacHOCTTa Ca W3UMCIICHH ,,[IOTEHIMATbT Ha Oe30macHocTTa™,
»DUCKOBHSl ~TOTEHHMAN‘, ,KoeduIMeHTa Ha IOTEHIMAJHATa
omacHocT®, ,,koeduipenTa Ha curyproct [24]. TloTeHuHanbT Ha
0€30IacHOCT € MOJIy4eH KaTo CyMa Ha YHCJICHO IPEACTaBsSHE Ha
TmoKasarenu, o0oOImIeHn B OceM KaTeropud. Bcekwm mokaszaren e
TOYKYBaH, ChOOPa3HO MPHIIOKEHHS TPATHIIMOHEH MOAXO0. 3a BCEKU
KPUTEPHUH ce MPOCIeAsBa HATMYMETO HAa BCHYKH KOHCTPYKTUBHHU U
OpraHM3allMOHHM TIOKa3aTeJd B IPEACTAaBEHUTE KaTeropHH,
3a/1aJIcHH OT OBJIrapCcKUTe HOPMATUBHHU NOKymeHTH [22]. JIpyrure
eJIEMEHTH, KOMTO Ca pasriie[]aHH, ca PUCKOBHMAT IOTEHIWAT Ha
TyHesa (TOKa3Ba BB3MOXKHOCTTA 32 BH3HMKBAHE Ha IPOU3ILECTBHS
Y BB3MOXKHUSI 00XBaT) M MMOKa3aTeNAT 3a MOTEHIUAIHATa OMacHOCT.
[TokasarenaaT 3a NOTEHIMAJIHA ONACHOCT € CBBP3aH C Kjaca Ha
OMMAcHOCT Ha ChOpPBKEHHeTo [22, 23].

Kaxro Beue Oemre MOCOYEHO, YHCICHHAT MOJXOM 3a OLCHKATa
Ha Ge30macHOCTTa € TPHIOXKEH 3a OrpaHHyYeH Opol mapamerpw,
KOMTO BKJIIOYBAT CJIEMEHTH Ha TyHEJHaTa KOHCTPYKLHS U HATMYHU
TEXHUYECKH MapaMeTpH, KOUTO Ca OLCHEHH 4Ype3 KadeCTBEHH,
HOJYKOJIUYECTBEHH M KOJMYECTBEHU (BEPOSITHOCTHM) METOIOH 3a
eTamna Ha eKcIuloaTalus. Pe3ynrature, KOUTO ca MPEICTaBeHH, ca B
CBbOTBETCTBUE C BB3NPUETATA Yy HAC METONOJIOIHA. Te ocurypsaBat
BB3MOKHOCT 332 CpPaBHEHHME CBC ChHIICCTBYBAIM KPUTEPHUH 3a
JOMyCTUMOCT M TEOPETHYHO TIPENOCTABIAT BBH3MOXKHOCT Jia ce
MPHOPHTH3UPAT U CTEIIEHYBAT PHCKOBH (aKTOPH.

Tonydenure pesyaratd B [24] wmmoctpupaT mpexuMmMcTBaTa U
HEJOCTaThIUTE Ha TPAAUIMOHHHUTE MOZenu. Bumumo e, de 1e ca ¢
OIPOCTEHA NMPUIIOXKUMOCT U MOXKeE JIa Ce MOJI3BAT 3a 0a30Ba OLCHKA
OTHOCHO MPpUEMIIUBOCTTA Ha MMOTCHIUAJIHUTE 3ariaxu,
BKJIIOYMTEIIHO  PEIEBAHTHH  KbM  IIbTHAaTa  OE30MacHOCT.
IIpencraBenuTe pe3ynTaTé MOTaT Jia Ce IOJI3BAT 3a OCHOBA 32 H300p
Ha pa3MYHM aNTepPHATHBU 3a EIMMHHHUpaHe, H30srBaHEe WM
HaMaJIsiBaHe Ha Mamaba Ha MOCNIeIUIUTE B TYHEINTE, KaTo 3a1aBat
BBPXOBU  CTOMHOCTH (MHHMMAIHH WIM MaKCHMalHHM) Ha
OCUI'ypHUTENHHTe Mepku. ToBa oO3HauaBa, 4e CHCTeMara IIe
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neguHupa, MEpKUTE 1a ObIAT M3IIBJIHEHN ChC CHIIHO 3aHIKEH WIN
3HAYUTENTHO MPEOCUTYPEH MPOEKTEH KarauTeT.

5. Cpasnenue no ocHo6HU nOKazamenu Ha
paszznedanume e8pONENUCKU Mo0enu 3a OUEeHKA Ha
PUCKA RpU NYMHU MYHeU

* CxoiHO MapaMeTpH3UPaHe 32 Pa3JIHIHATE MOJETH

Bewnuku pasresknann metoauku (DG-QRAM, TuRisMo, QRA-
tunnels, Specific Hazard Investigation u IRAM) u3mon3sar o6
JIOIyCKaHHs KaTo:

- Bxomgau mnapamerpun Ha uUHQpacTpykTypara (IBJDKMHA Ha
TyHena, Opoi TyHemHHM TpBOM, OpOi JIEHTH, Ha/UIBXKEH HAKIOH H
THIT Ha BEHTWIAIIMOHHATA CHCTEMa U IPYTH).

- TpadukoBu nokaszarenu (CpeXHOTHEBEH WM TOJUIIEH Tpaduk,
HPOLEHTHO ChABPKAHWE Ha TEXKKOTOBApHU aBTOMOOWIH, CperqHa
CKOPOCT H JIPYTH).

- M30pan croeHapuii 3a pa3BUTHE Ha MOXapu C OIEHKAa Ha
TOIUIMHHATa MoiHocT B MW, nipreTn uim MoenupaHy AUana3oH.
IIpn BcWYKM METOIWKM IO TO3M KPHTEPHH ce IOCOYBAT peauIia
3aTpynHeHus 3a u30opa Ha TOAXO0J, KOWTO Jna obe3nedu
MOZIENMPAHETO Ha TYHEJHAa BEHTHJIAIMS, NOXKapHO BB3ACHCTBHE C
OTYHTaHe Ha Tpaduka u eBakyauusra [26, 27].

- Be3MOXHO oOTYMTaHEe Ha YOBEIIKHS (aKTOpP IPU KPH3HUCHU
CHUTYaINH.

* EBponeiickuTe MeTO1010r UM U OBJATAPCKUAT MOAXO0]

B Oswmrapckara HopMmaTHBHa 0a3za TMopaau JMICaTa Ha
CTaTHCTHUKA WM HU3CIEBAHHSA CE € ThPCHI MaKCHMAaTHO HETaTHUBEH
CICHapuii, KOWTO J1a ObIe OCHUTYpeH C TEXHHYECKH U
OpTaHM3allMOHHU MepKH. ToBa pa3CHKICHHE € HAIOKHIO Ja ce
MOAXO/M KbM KOHCEPBAaTHBHH CTOHHOCTH 1 J1a ce N30epe METOIKa,
KOSITO € CTPYKTYpHO Oim3ka 10 aBctpuiickus momena TuRisMo. B
W3I0JI3BaHaTa MOJM(UKALMS Cca 3ala3eHd OCHOBHUTE Ha MOJCIUTE
3a aHamu3. OOml € W TOAXOOBT, C KOHTO c€ KaTeropmsupar
omacHocTuTe. ToBa oO3HayaBa, 4Ye W Oa30BUTE IIOKA3aTelH,
OTIpeNeNsIIid CTeTIeHTa Ha OOMIeCTBEHHS pHCK (4ecToTa Ha
CHOUTHATA M aHAIU3 Ha MOCIEININTe), fehUHUPaHEe HA TPOCKTHH
HOoXKap U JJOMYCKUTE 3a MOBEJCHYECKUTE Peakuuy (CXOAHH BPeMEBU
MPO30PIH Ha OTI0KEHATa PeaKiysi) ca CPaBHUMH.

3a HY)XIUTE Ha METOJOJIOTHUITA, HEOOXOMUMUST KOJITMYECTBEHO-
BEPOSTHOCTEH MOJX0A € Ne(UHUPaH B HAIMOHAJIHUTE HU HapenOu.
B Tsx € 3am0)keH0, Ue IIe M3I0a3Ba 0JJ00peHa MEeTOINKa, KOSTO ce
OCHOBaBa Ha ONPOCTEH KOHCTAHTEH aHANW3 ¢ WM 0e3 QuKcupaHu
KoeuIMeHTH. 3a TpaKTHKaTa TOBa O3HAayaBa, Y€ OBJITAPCKHUTE
MPOEKTAHTH TPSOBa /1a Pa3dUTaT HA CHMYJIAIMUTE OT copTyepa Ha
QRAM nmu to3u Ha ABCTpus, 3a J1a c€ M3MBIHAT TPUTE OCHOBHU
CTBIIKM Ha METOJIMKATA.

Or ppyra crpana, Jincata Ha pa3pa0OTeH HalUOHAJICH
codTyep 3a CUMyJIAILMK HE CaMO 3aTPyJHSABA MOJEPHU3UPAHETO HA
IpUETHTe MOJEeNH, HO M M3KIIOYBA BB3MOXKHOCTTA 32
JOUBIHUTEHO AWHAMHYHO MOZENMpaHe W BKIIOYBaHE Ha
KOJIMIECTBEHO-BEPOSITHOCTHH IIapaMeTPH, KOHTO MOXeE Ja HMart
OTHOIICHNE KbM 0€30MacHOCTTa M CTEIIEHTa Ha PHCKa.

6. Xapakmepucmuxku Ha  ananuza  nNpu
KOHCepeamugHume mooeau 6v6 6Pb3KA ¢ NbMHAMA
bezonacnocm

e IMorennman 3a mpeopa3MepsiBaHe Ha Kamanurera o
¢punancoBa HeedexTHBHOCT. 3amaraHero Ha  HaH-JTONIMA
BB3MOXKEH CIIEHApHil, KOETO € XapaKTepHO 3a TPaJUIHOHHUTE
KOHCEPBAaTHBHH MOAXOMIH 32 OIEHKa Ha PEIWIla PUCKOBH (haKTOPH,
MOXe J1a I0Belle A0 Ipeopa3sMepsiBaHe Bb3 OCHOBA Ha EKCTPEMHUTE
CTOMHOCTH Ha mocieauuurte. Hampumep npuemaHeTro Ha moxap oT
100 MW wmomHoct, 06€3 [IONBJIHUTETHO MOJCIHpaHe dYpe3
u3uHCcIkTeIHa Mexannka Ha Quyuaute (CFD) 3a TyHena moxe na
HaJIOKU IPOEKTHpaHe Ha BEHTHJIATOPHA CHCTEMa C MaKCHMAalHU
napaMeTpy, KOeTo Ie Ce OTpa3H BBbpPXY HAIPEYHOTO CEUYEHHE U
HeNHsi MHBECTHIMOHEH IpoekT. KbM Tasm rpyma Moxe npa ce
BKIIOYM W HEBB3MOXKHOCTTa Ha TPAAUIHMOHHATE MOJEIH 3a
MOCTAaHOBKM Ha MOBEYE OT €MH CIydail Ha MOXapHO OCUTYpsIBaHE,
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3aIl[0TO CaMO C aepOJMHAMHUYCH aHAJIM3 Ha 3aJUMSBAHETO MOXeE 1a
ce OTuYeTe pas3iMKaTa MPH HANBIHO M MPH YaCTUYHO paboTeuu
BEHTHJIATOPU.

* MeTo10/10ru4ecK HecChOTBeTCTBHUS. [Ipy BHEIpsIBAaHETO HA
KOHCEpPBAaTHBHHU MOJIEINH, KOUTO ca N3paboTeHH Ha 6a3a CTaTHCTHKA
OT ApyTa AbpKaBa, € MHOTO BEpPOSITHO, MAaTEMAaTHIECKHUAT MOJEI 1a
3a7ane paMKa Ha pe3yiTaThTe, KOATO HE OCHUTYpsBa KOHKpETHATa
TpaHcnopTHa uH(pacTpykTypa. EnHa OT OCHOBHHWTE IPHYHMHH 3a
TOBa €, uUe IOpagd CJIOXKHOCTTA HA CHUCTEMHUTE Ha TYHEITHUTE
CHOPBKEHHS, METOAUKHTE 3a OLEHKAa Ha pPUCKAa ca Ch3AaJCHU
CMEIMAHO 32 HY)KAUTE Ha ChOTBETHATa JbpXKaBHA IbTHA MpPEXa.
Ilpu numnca Ha WHAMBUIyalHa OLEHKA C TIpUJaraHeTo Ha
KOJIMYECTBEHO-BEPOATHOCTHH MOAXOJH MapaMeTpU KaTo MOKapHO
BB3/ICIHCTBHE, OCBETEHOCT, BHIMMOCT M IpPYyrH HM300II0 HAMA naa
Morar pma Obmar oOXBaHATH, IOpM M Ja ca 3aJeTHaId B
MeToJr4ecKara Iponeaypa.

* KoncrpykTuBHa ocurypenocT. TpaauIMOHHHTE METOIVKH
3a OIEHKa He U3IMOJI3BaT aHAM3HU MOJEIH, C KOUTO Jla Ce OTYUTa
TEpMOAMHAMUYHOTO  IOBEAEHHE  Ha  OONHMIIOBKAaTa  Karo
MIPOTUBOIOXKAPEH OTKAa3 M HA ITbTHATA HACTHUJIKA B KAYECTBOTO M Ha
TOpUM MaTepuai, KOWTO OTAeNs TOKCHHHM U IIOBHIIABa oOIaTa
TOIUIMHHA MOIIHOCT. AHAJIOTUYHO € Pa3CHKACHUETO 32 M0TyYaBaHe
Ha Iepuoja, B KOHTO MOXe Ja ce pealu3upa TEPMHUUYHO
paspyliaBaHe Ha OONMIIOBKaTa MM OOOpYyIBaHETO, KOETO 3a/aBa
BpeMeBaTa paMKa, ¢ KOSTO pasloJiaraT CIIACHUTEIHHTE EKHIU IpU
aBapuy OT THIA HA B3PUB, aKTUBEH IOXKap MM APYra CbC CXOHEH
XapakTep.

* PexoHCTpykuMsi M MoOJepHH3alMsl HAa ChINECTBYBAIIHU
TyHeau. Jlumcara Ha MojenMpaHe Ha pEAUIa OT PHCKOBUTE
(akTopH M NIpUIAraHeTO Ha TPAAULUOHHA CHCTEMa 3a OLCHKA C
MOAXOJ Ha OCUTYPEHOCT B I'PaHUYHHTE CTOHHOCTH MOXeE 1a J0Bee
JI0 HEBB3MOXKHOCT 32 OOHOBSIBAaHE HA CUCTEMUTE, KOUTO OCUTYPSIBaT
JOOpH EKCIUIOATALMOHHY II0Ka3aTelIM Ha TyHenure (0coOeHO IO
CKOPOCTHHTE WBTHINA). TakuBa ca OCBETJICHHE, BEHTHIALS,
CHTHAIIM3aIHs, TabapuT, eBaKyallMOHHH €JIEMEHTH U JIPYTH, 3alI0TO
TOJIsIMA 9acT OT CHIIECTBYBAIINUTE CHOPHKEHMS Ca MPOSKTUPAHU U
W3OBIHABAHN TIPH CTaHAAPTH, KOUTO HE CHOTBETCTBAT Ha
CHbBPEMEHHUTE U3UCKBAHUS 32 CUTYPHOCT U ITbTHA 0€3011acHOCT.

* HemoctaThuna omeHKa Ha reoMeTpHsiTa, rabapura u
NMPOCTPAHCTBEHOTO chbyeTaHue Ha napaMeTpHuTe.
KoHcepBaTHBHHTE MOJENM HE H3MOI3BAT BPEMEBU CTBIIKH Ha
MPOSIBIICHHE Ha JaJieHO CHOWTHE, Te PaboTAT camMo C KpailHu
mapaMeTpu Ha creHapuute. IlpakTmkara mHoOKa3Ba, 4e HMEHHO
MIPOCTPAHCTBEHO-BPEMEBUTE CUMYJIAINH, M3IOJI3BAIA JHHAMATHO
CBBP3aHH TPUHM3MEPHH HMHQPACTPYKTYpHH MOJENH, MOrar Ja
OCUTYPSAT JIaHHH 3a HW3I0JI3BaEMOCTTa Ha CBHUETAHHTE MPOEKTHU
napamerpu (CHUTyanus W HaJIbXXeH NPOoQHJ, HAIPEYHO CeYeHUe,
Opoit nenTH, 6poii TpHOM ¥ KiIac Ha MbTA U ApyrH). ChIeBpeMEHHO
JMICaTa UM TPaBU HEBB3MOXHO Ja ce OOXBaHAT XapaKTepHH
MPOMEHH TPH PA3BUTHUETO Ha IMOXKAPHU BB3JICHCTBUS, BUCOK €
CyOeKTHBU3MBT II0 OTHOIICHHWE HA B3aHMOMAEHCTBHETO MEXIY
BOJIAYNTE W MPOEKTHUTE XapaKTePUCTUKH HA TYHENUTE U JIPYTH.
Hanpumep npu cirydante Ha noxxap (ocobeno mpu tynenu Hag 500
m) He OM MOTIO fJa Ce ONEHHM MNEHCTBUTENHOTO BIHMSHHE Ha
IbDKMHATA HAa TyHEJa 10 OTHOIICHWE Ha OXJaXKIAHETO Ha
ropelara Bb3ylIHa CTPYs CJIe]] CEY4EHUETO Ha aKTHBHOTO TOPEHE.
Hpyr mpobiem, KOWTO He MoOXe Ja ObAe pasriiefaH e, 4e INpu
JIBYTIOCOYHO BIKEHHE PHCKBT 32 XOpaTa OT KPUTHYHO 3aIUMsIBaHE
HE € CJHAKbB 3a JBETe IIOCOKH M NIBTYBAalIUTe CE€ HaMHUpaT B
pa3NUYHM eBaKyallMOHHM YycioBus. He e BB3MOXKHO ma ce
YCTaHOBST €JIEMEHTH, KOUTO Ca CBBP3aHHU C OIEHKAaTa Ha IbTHATA
o6cTaHOBKa OT BOjIauuTe (pejieBaHTeH IpuMep e pasriienan B [28]).
ToBa 0coGeHO BaXku NPH TYHEIHU BPB3KH ChC CMECEHO MOJI3BaHE B
ypOaHU3UpPAHU TEPUTOPHUH.

* HamajleH 00XBAaT Ha WbTHUTE OJUTH 32 §€30MACHOCT 3a
ObarapcknTe TyHesau. Jlumcata Ha JombnBama nHdopmarms oT
CHMYJIaTHBHH MOJENH, N3KII0YBa BE3MOXKHOCTTA J]a CE pasriexa
B J00pa CTelneH B3aMMOJCHCTBHETO BOAAY-CHOPBKEHHE-ITBTHA
obcranoBka. Kiacuuecknre Mozmeny BKIIOYBAT YOBEMIKUS (BakTop,
pasTiIeKaiiky Bojada KaTo CTaTHYEH CYOEKT C IIOBEACHHE B
ONpeZeeHa TEOPETUYHA paMKa. B IeHCTBUTENHOCT TyHeNHaTa
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cpena MPEIU3BUKBA creuupuIHI TICUXOJIOTUYECKH u
¢dusronornyHu GpeHOMEHH, KOUTO He TPAOBa Ja ce U3KIIF0UBAT KaTo
MPEANOoCcTaBKa 32 MHIUICHT WM [0 OTHOIIEHHE HA PeaKkLUusATa MpU
Beue HacThOmi TakbB. Cpen xapaktepHuTe e(eKTH, KOUTO
KOHCEPBAaTHBHUSAT MOJXO]I MPOIMYCKa, HO MOTaT Jia ObJaT YCIECIIHO
cumyipanu (ape3 coptyepHu Moenu, 6asupaHd HA PE3yNTaTH OT
W3MUTBaHNS WM CHMYJATOpH) C IeJ OTYHTAHE Ha BIMSHUETO UM
BBpXY IO(pBOpUTE, Cca:

- EdexTpT Ha ,uepHaTa Oymka“, KOATO ce HaOmogaBa Mpu
HaBlIU3aHEe B TyHena. [Ipe3 AeHS YOBEIIKOTO OKO ce HyKOae OT
BpEMe 3a aJanTaiys Mpy Opexo OT CHIIHA CITbHYEBA CBETINHA KbM
MO-TbMHA Cpefla U aKo TO3W ()CHOMEH He Ce OTYHMTa MPaBUIIHO,
BOJAYBT MpPAKTHYECKH HE HaOII0AaBa IbTHATa OOCTAHOBKA IIpe3
HSIKOJIKOTO CEKYHJIM, KOUTO ca HeoOXomumMu 3a ananrarms [29 - 31].

- EdexThT Ha ,,0s1aTa cTeHa”, KOMTO ce CiIyyBa MPH H3IIU3aHE OT
TyHena. ToBa ¢ )eHOMEH, MPU KOWTO CBETIMHATA B CBETJIaTa YacT
Ha JICHOHOIIMETO TPH M3JIM3aHe OT TyHEJa 3acliensiBa Bojava. Tosa
BOJIU JIO PSI3KO CBHBAHE 3CHUIIMTE WM JOPHU JI0 IIBJIHA 3aTBapsHE Ha
oudTe, KOeTo 3abaBsg WJIM H3KIIOYBA IPOCTPAHCTBEHOTO
pasnosHaBaHe Ha cpenara [29, 30, 31].

- Ilpu HaBnM3aHE B TyHEN 3pUTEIHOTO IOJie Ha MIO(bOpa ce
orpaHWuaBa W ce HaOIIoJaBa ,,pECHOMEHAa Ha CTECHEHOTO 3pPCHHUE™.
OrpaHM4eHOTO TMPOCTPAHCTBO HA HAMPEYHOTO CEUCHUE U
crenudukara Ha 3aTBOpPEHA Cpela MOBIUABAT IMOBEIACHHUETO Ha
BOJIAYMTE, KaTO TM HACOYBAT KbM MPUABPKAHE B OJIHM30CT 0
ChcelHATa JIGHTa Ha [IBIKEHHE, (OKycHpaT ce B COOCTBeHaTa
JIeHTa, HaMaJsBaT YCEHIaHETO CH 3a CKOpOCTTa Ha mpoobera,
BJIOIIABA C€ MpeleHKaTa 3a AUCTAHIUS 10 ChCEAHUS aBTOMOOWI U
npyru [32 - 34].

- TOKCHMKOIIOTMYHO HaToBapBaHe. [Ipu TpagUIMOHHUTE TOIXOH
HE Ce aHaJM3Mpa HATOBAPBAHETO C TOKCHYHH ra30BE MPH MOXKAPHU
BB3JCHCTBHS W HE CE IMOJy4aBaT JaHHM 32 BIUSHHETO Ha
KOHIICHTPAIIMUTE Ha BHIJICPOJCH JUOKCHUJ B KYIIETO Ha aBTOMOOMIA
NIPY CTAaHIAPTHH ycJioBHs. [1o TO3WM HAYMH WH)KEHEpHATa MpPaKTHKa
ocraBa 0e3 Hay4YHO 3HAHHE 32 TOBA JAIM M B KaKBa CTEIEH TE3U
EMIHCHH IIIe BIIOIIAT CHOCOOHOCTTAa Ha BOJAAYHTE 32 PEaKIHs, KOETO
MOXE J1a TIOBJIHsE BBPXY IbTHaTa OOCTaHOBKA M B CBHYETAHUE C
JPYTUTE TapaMeTPH Ha ChOPBKEHUETO, 0OCTAaHOBKATa U Tpaduka
Jla TOBE/IAT /10 TbTEH UHIIUACHT.

7. 3axniouenus u npenopvKU 6v6 6PH3IKA C OUEHKA
HA pucka u nbMHAMA  0€30RACHOCH  npu
Ovzapckama myneana UHQpPacmpykmypa

* OCHOBHH MPEIUMCTBA HA KOHCEPBATUBHHUTE MOAXO/IM:

OpraHu3alMOHHUTE TPEAUMCTBA M JIGCHOTO BHEIpsSBaHE Ha
MPOIEAYPUTe B HHBECTHIMOHHHS TMPOIEC, KOUTO MPEAOCTABAT
KOHCEPBAaTHBHUTE MOJICITH 3a OIIEHKA HA PUCKA MPU MBTHH TYHEIH
(BKJIIOUMTENTHO BB3NPHUETUAT B Bhbirapus) ca ChIIECTBEHO TAXHO
npeauMcTBo. ToBa ce IBKA Ha pa3lo3HABAEMHUTE M CIHO3HAYHU
pe3yaTaTH, KOUTO JIECHO Ce ChIJIACyBaT C JABbPIKABHU OPTaHU U Ce
UMIUIEMEHTHPAT B HAIIMOHAJIHU HapeI0U U CTAHIAPTH.

MHOTO TOJIOKHUTENHO Ce BB3MpHEMa M Y€ OLEHBYHHAT UM
amapaT H3M0J3Ba MATEMaTHYeCKH MOJENH, C KOUTO OBp30 ce
HoJlydaBa paMKa Ha pe3ylITaTuTe MEXIy BXoJa W H3XO0Aa Ha
nporeaypara.

OCHOBHHU cJIa0OCTH Ha TPAJWIMOHHUTE MOJIENU 3a OlEHKA Ha
puckoBuTe (dakTopd TNpH TyHeJIHaTa uUH(ppacTpykTypa ca
OTpaHUYEHHTEe BB3MOXKHOCTH 33 MpOBEpKa HA CUTyalMd C
MUHAMHUYHO pa3BUTHE M  MAaJKOTO MapaMeTpd, C KOHTO
METOMIECKHUTE UM TOCIE0BATEITHOCTH PabOTHT.

Brbrpeku mocokara Ha pa3BUTHE HA HAYKATa U WHIKCHEPCTBOTO
B JbPKaBH KaTO Haliata BCE OIE HE CE CUMTAT 3a HEJOCTATHhK
BUCOKHUTEC HHBA Ha CPIprHOCT, KOUTO l'lpOI/I3Tl/I'-laT OT TO3UW THUII
MOJIENH 3a MPOBEpsIBaHUTE napameTpu. Kato apryMmeHT ce n3rbpksa,
4e 3a TyHenHata WH(PACTPyKTypa ce € HANOXKWI NPHHLIHUIBT, 4e
MEpOIPHUATHSTA,  O0e3leYaBalld  HapamMeTpd, OJM3KH 10
MaKCHMAQJIHUTE 32 Hail-NOmMs  CIOEHapWid, ca OmNpaBaaHa
WHBECTHIIMS ¥ TOBA Mpea3Ba OT HHKCHEPHA IPEIIKa.

* OCHOBHHU MPeIHMCTBA HA KOJHYECTBEHO-BEPOATHOCTHUTE
TMOAX O/
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[IpocnensBanero Ha aBapuiiHUTE CBHOUTHA MOXe Ja ce
U3BBPIIBA Upe3 JUHAMUYHM HEJMHEHHHU aHAIU3H, KOETO ILE Aajie
JEeHCTBUTENHATA KapTWHA Ha TPOSBICHHE HA JOaAeH PHCK,
3aMEHSHKU CTaTUYHOTO MY OINpEAENsHe KaTo eAMHHYHAa CTOHHOCT
Yype3 Koe(hUIMEHTH Ha CUTYPHOCT.

Tesn rmoaxoam  TO3BOMSIBAT — AETAlVIeH — aHANM3  Ha
MIPOCTPAHCTBEHOTO pAa3BUTHE HA TYHEIHOTO CEYeHHE KaTo
TEOMETPHS U B CHIIOTO BPEeME IPEIOCTaBAT BB3MOKHOCT TYHEIBT
Ja Obge MopmenupaH KaTo TPHU3MEPHO TEPMOAUHAMUYHO
MPOCTPAHCTBO IO OTHOIIEHHE Ha Pa3MpPOCTPAHEHUETO HA TOXKapH,
OCBETEHOCTTA U APYTH MapaMeTpPH.

ITo oTHOIIEHNWE HA BPEMEBOTO Pa3BUTHE HA MHIMAECHTUTE TO3H
THIT MOJZIEJTH MOTaT J]a OCUTYPAT JeHCTBUTEIHATA BPEMEBA paMKa Ha
HapacTBaHe M JOCTHTaHe Ha KPUTHYHHUTE MOMEHTH 3a Xopara,
KOHCTPYKIMATA M aBapUitHO-CIIaCHTEIHUTE JIeiHoCcTH. Moxe na ce
CHMYJIMpa YOBEIIKOTO IIOBEAEHHE Ha BOJAUNTE, HOBIUSHU OT
penuiia BB3ICHCTBHS M BOJCNIM JIO PHCKOBE 3a IIbTHATa
6e30macHOCT B TyHENTHOTO chopbkenue (ASET/RSET 6ananc) [35].

HemocraTpk Ha MeTOAMKHTE, OasupaHu Ha codTyepHH
CHMYJAIMH, € PUCKBT OT CyOSKTHUBHA TPEIIKa P BHBEXKJAHETO HA
HavYaJHO-TPAHMYHUTE YCIOBUS (T.HAp. BXOJHA MH)KCHEPHA TPEIIKa).
AKO TpPOEKTaHTHT 3aJ0KH HEKOPEKTHH WIM TBBPIEC T'PAaHUIHH
Ha4yaJHU IapaMeTpu B cO(TyepHHs NPOIYKT, MOJETBT e Aaje
HETIPUEMIIUBH PE3YJITaTH 33 PEaHUTE YCIOBHS.

Cepro3eH HEOCTAaTBK ca BHCOKAaTa CIOKHOCT U IIeHa Ha Te3H
npoyuBaHUs. M3HCKBaT ce BHCOKOKBATM(HIMPAHH EKCIEPTH H
cmemupUIHa HAydHA KOMIIETEHTHOCT. BucokoTo HHBa Ha
eKCIIepTH3a € TPYAHO 3a OCHUTypsIBaHE KaJpoBO, a U B Tio0aiIeH
IJIaH 3aBHIIaBa (PMHAHCOBATa CEOECTOMHOCT HA KpAHUS IPOIYKT.

[Mony4yenure pe3yaraTu TPYOHO CE CHIVIACYBAT C ABPXKABHHUTE
CTPYKTYpH B bBbirapus, 3amoTro Te 4ecTo He paslojaraT Cbe
CIICIMAINCTH, KOUTO J1a YIOCTOBEPAT IOJIy4EHHTE pPe3yiTaTd OT
COPTyepHH TPOIYKTH, Oa3MpaHHM Ha KOMIUIEKCHH Hay4YHH
MIOCTAaHOBKU. BBIpekn ToBa CHMYNAIMOHHHUAT MOJENT OCTaBa
€IMHCTBEHHUAT HAINYEH WHCTPYMEHT, KOHTO MOXe Ja OOBBpke
TE3H CIIOXKHU (PU3MUECKH WM TOBEJCHYECKH CHOWTHSA B €IWHHA
JIOTUYECKa ITOCIIeI0BATETHOCT.

* 3akiIl04eHne:

HampaBeHUAT aHaJUTHYEH Nperies SCHO WIIOCTpUpa, dYe
KOHCEPBAaTMBHUTE MOJEIM M  KOJWYECTBEHO-BEPOSTHOCTHUTE
MOAXOAM He TpsiOBa Ja ce pa3MIeKAaT Karo alTepHATUBHHU, a
crenBa da ObOaT KOMOMHHpaHM B OOINA CTPYKTYypHa CHCTEMa 3a
ympaBieHne Ha Oe3omacHOCTTa. [IpaBHITHHAT WHXKCHEPEH IOIXOJ
W3UCKBA J[BaTa THIIA MOJENM Jla Ce CHBMECTSIBAaT KaTO B3aNMHO
JOIBJIBAIM CE €JIEMEHTH B PAMKHTE Ha TJI00aTeH HTepannoHEeH
Mmpouec 3a aHanu3 Ha pucka. To# Ime chyeraBa CUTYPHOCTTa U
aJMMHHCTpaTUBHATa sCHOTa HA KOHCEPBATHBHUS IIOIXOJ C
NPENU3HOCTTa Ha AUHAMHYHO MOJENUPAHUTE CLECHAPUH, KOETO e
MOBHIIHA KaYeCTBOTO HA MHBECTHUIIMOHHUTE NMPOEKTH U IIe MOBHIIN
HHBOTO Ha IIbTHaTa Oe3omacHoCT B ObjarapckaTa TyHeJHa

HHPPACTPYKTYpa.

8. bnazooapnocmu
ABTOpHTe M3Ka3BaT OJIArOAAPHOCTH 3a (MHAHCOBATA MOAKpENa
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Example of a Model for Experimental Study on Carbon Dioxide Variation in the Passenger
Compartment of a Motor Vehicle
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Abstract: A characteristic feature of the Bulgarian climate sector is that during the summer months, under high temperature conditions,
drivers operate vehicles in air recirculation mode to ensure improved cooling. The air recirculation mode in motor vehicle passenger
compartments leads to an increase in CO,, and under this operation of the ventilation system, its concentration in the passenger
compartment can rise rapidly. At the same time, research and data from epidemiological and toxicology studies show that high levels of CO,
air pollution are associated with adverse effects on concentration and decision-making. This indicates that if the need to evaluate the impact
of the gas increase on the mental and/or physiological state of drivers is analyzed, the results can be assessed in relation to road safety. This
publication presents a conceptual model for an experimental study of carbon dioxide variation in a passenger compartment of a motor

vehicle, so that its results can be used for the needs of such analyses.

Keywords: CARBON DIOXIDE CONCENTRATIONS, COGNITIVE DECLINE, ROAD SAFETY RISKS IN TRANSPORT FACILITIES

1. Ananuz na axmyannomo
npeoxoden u3zcnedoeamecKu onum

* Edextn na aunrponmorennn CO, emucuu
KOTHUTHBHATA (PYHKIUA B 3aTBOPEHH MPOCTPAHCTBA.

W3cnenpanus, oTHACANIM Cc€ O M3SICHABaHE Ha €(PEKTUTE OT
CO, BBpXY YOBeIIKaTa (GU3NOIOTHS, KOHCUCTEHTHO MOTBHPXKIABAT,
Ye BHCOKUTC KOHIIGHTpPAIlMd Ha Tra3a MPOBOKHpAaT U3siBa Ha

cobcmosnue u

BbPXY

30paBOCIIOBHM  CHMIITOMH, IIOHW)XKaBaT  CIOCOOHOCTTa  3a
KOHIIGHTpalus ¥ BiomaBar oOmara  paboTocrmocoOHOCT.
V3cnemoBatenure  M3rpakIaT — XUIOTE3a, Y€  IOBHIICHATA

HacuTeHOCT Ha BB3Ayxa ¢ CO, B 3aTBOPEHM IMPOCTPAHCTBA, 0Oe3
IPOMEHHU B CKOPOCTTA Ha BEHTHJIALIUSTA, OKAa3BaT BPEIHO BIIHMSHHE
BBPXY B3EMaHETO Ha PEIICHUs M CIIOCOOHOCTTA 3a CTPATErHMYECKO
wiaHupane Ha  oburarenure. B [15]  oGoOmasar, dye
KPaTKOCPOYHOTO M3JIaraHe Ha yMEpeHO BHCOKU HUBA (B JIMana3oHa
1000-5000 ppm) mnpenu3BUKBa JEKH CHMITOMH KaTro yMopa,
IUCKOM(OPT WM TJIABOOONHE, KOWUTO pEeQIEKTHPAT BBPXY
(bU3HONOTNYHOTO  KOTHUTHBHOTO CHCTOSTHUE Ha MHIUBHIA. Hsikou
OT Te3u e(eKTH BKIIOYBAT M3MEHEHHE B MO3bYHATa aKTHBHOCT,
MHIYIMPAIIO CHHIMBOCT, [TOBUIIABaHE HA ChpJeYHATa YecTOTa U
HO-JIOIIM KOTHUTHBHU PE3yJITaTH MOpPH TECTOBE, OLCHSBAIIH
(oKycHpaHEeTO WM CIIOCOOHOCTTA 32 B3EMaHe Ha PeIIeHUs U IPYTH.

B [13] ca 00600lieHn JuTEpaTypHd H3TOYHHIK OTHOCHO
prnustHneT0 Ha CO, BBPXY KOTHUTHBHHUTE (DYHKIMH B 3aTBOPEHU
MPOCTPAHCTBA C Pa3IMYHKM HUBA HAa BEHTWJIALMS, KaTO YUMIUIIA U
otuc crpagu. LluTupaHuTe TaHHH OT EKCIEPUMEHTH B YYHIIHIIHA

cpema TIOKa3BaT TMPSKO OTPHIATENHO BB3JCHCTBHE BBPXY
pe3yaTaTHTe OT CTAaHAAPTH3UPAHUTE TECTOBE, KAKTO M 3HAYUTEIHO
BIIOLIaBaHE Ha BHHUMAaHHWETO, OJWTENHOCTTa, IaMeTTa |

KOHIICHTpalUusATa 0NOpU TMOBUIICHWM HHUBAa Ha Tasa. B chlrara
pa3paboTKa € MPUJIOKEH MPOTHOCTUYEH MOJEN ,,0T Kpal 10 Kpai“,
criopesi KOWTO NpH MpOrHO3upaHu HuBa OT 930 ppm u jurca Ha
MEpKH 3a BEHTWJIANWS, MOXe Ja ce odakBa ~25% cmam Ha
CIIOCOOHOCTTa 3a B3€MaHE HAa OCHOBHH pPEHICHHS Ha 3aKpUTO U
~50% HamaneHHe Ha IO-CIOXXHOTO CTPATETHYECKO MHcieHe. B
0030pa Ha [7] ce M030BaBaT Ha NMPEAXOIHH NPOYIBAHUS, IIPH KOUTO
€ YCTaHOBEHO, 4Ye cleJ] NpeMuHaBaHe Ha mpara ot 1000 ppm,
CIocoOHOCTTa 3a B3eMaHEe Ha pelIeHHs € CHJIHO 3acerHara. 3a
KOHTpPOJIMpaHa BBTPEIIHA Ccpela HAKOW aBTOPH  ONPEICNsT
JIMama3oH, IpU KOWTO ce Habmonasat edekty, mexay 2000 ppm u
5000 ppm. Karo mpumepeH TecT 3a KOTHUTHBEH CIaJ ce MoCcoYBa
BJIOIIABAaHE HA ACHHOCTH KaTO KOPEKIUS HA CTAHAAPTH3UPAH TEKCT
[2, 7]. Excrnepumenrtannute naHHH B [3] TpOCIensBaT IeBET
OCHOBHH (paKTOpa M KOMOWHAITNH, C KOUTO NPEACTABAT CTEHICHUTE
Ha MPOU3BOJUTEIHOCT B KOHTPOJIMPAaHA BBTPEIIHA CPefia upe3 TpU
pas3nuuHU HUBa Ha KoHUeHTparus Ha CO; - 600, 1000 u 2500 ppm.
Cropex  CTaTUCTUYECKH TMOIYYEHHUTE pEe3ylTaTH CeleM OT
MoKas3aTenure (OCHOBHA JEWHOCT, OpHEHTanus KbM 33jadaTta,
MIPUJIOXKHA AEHHOCT, WHHUIIMATHBHOCT, I'bBKABOCT B MOAXOJa KBM
3a7a4aTa, M3MOJI3BaHE Ha MH(OPMAIWS M OCHOBHA CTpAaTETwus) ce
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pnomasar npu 2500 ppm. B cbmoro Bpeme TbpceHETO Ha
nHdopmarmss u (oKycHpaHaTa NEHHOCT He ca OWIM oce3aeMo
MOBJIMSIHM OT HHUBaTa Ha M3cieABaHHMTE ppm croitHocTH. Te3sara 3a
KOTHUTHBHHMS Criaj| ¢ pasrienana u B [16], kpaeTo e Bp3mpuero, ue
MHMHHUMAJHHUAT Tpar 3a GU3HOJOTHYHO M KOTHUTUBHO BB3JCHCTBHE
e 600 ppm (mOTBBpIECHA TECTOBO KATO IPaHUYHA CTONHOCT, MOJ
KOATO He ca HaOMIoJaBaHW 3HAYUTENHH OTKJIOHCHUS B
noBeseHUeTo). IIpu CpeHO BHCOKM KOHIGHTPAllMK B JHAIa30Ha
1000 — 1500 ppm, OT IpUeTH JaHHH B MPEIXOJHU H3CICIBAHUS, CC
npueMa, 4e B 3aTBOPEHHU IPOCTPAHCTBA C€ PETHCTPHpa OTciIabBaHe
Ha yMCTBeHara aeiiHocT. Haii-ocneoBaTeslHUTE ¥ CTaTUCTHYECKU
3HAQYUMH [CCTPYKTHBHH HETaTHBHH HM3MCHCHHS BBB BCHYKH
TeCTBaHM oOJacTH ca [OKJIaaBaHW mnpu i Hax 2500 ppm.
Crenosarenno nosumraane Ha CO, or 550 (600) ppm Ha CTBIIKH
npe3 1400 ppm mo 2500 ppm moxe ma ce aeuHHpa KaTo
pedepeHTeH KOTHUTHBEH JAMAIa30H 3a u3cieiBaHe. B pamkure Ha
TO3M HWHTEpPBAl Cca 3aCerHATH B3EMaHETO Ha  peLICHHS,
CTPaTErHYECKOTO MHCIICHE U PEeaKLHiTa MPHU KPU3HUCHH CUTYAaIHH.
B cpmiara nmyGnukanys ce mpaBu IpenpaTka KbM TPAHCIIOPTA, KaTo
ce T0coYBa, 4e 1Mo BpeMe Ha modupaHe NpH IPOABIDKUTEITHOCT Ha
u3naraie (Hag 60 MHHYTH) B YCJIOBHSTA HAa HHCKH JIO CPEIHH
rpannnd  mon 1400 ppm, ce HapymaBa CHOCOOHOCTTa 3a
BB3IPHEMaHe U peaKkuyst Ha BOJAYUTE.

* Edextu Ha ymepenu koHuenTpauuun Ha CO, B KynmeTo Ha
MPEBO3HO CPEICTBO.

B [1] e mybankyBaHO H3ClieBaHe, OTHACSIIO CE JIO OL[CHKA Ha
BIIMSIHHETO Ha EMHCHUTE OT MHPECHHM U OTpabOTeHH ra3oBe OT
NPEBO3HH CPEACTBA BBPXY JAUXATENHHS PEKUM U KICTHYHUTE
peaKIMy B YOBEIIKOTO TSUIO — IHMJIOTHO MPOYYBAaHE C EAWHUYHO
NPEBO3HO  CPENCTBO.  EKCIIEPUMEHTHT €  HPOBOKHPAaH — OT
HATPYIIAaHUTE [0 MOMEHTa JaHHH OT eNUICMHOJOTMYHH |
TOKCHKOJIOTMYHH NPOYYBaHHUs, KOMTO MOKa3BaT, Ye BUCOKUTE HHBA
Ha 3aMbpcsiBaHE Ha BB3AyXa C YaCTHLIM ca CBBP3aHH C
HEOJIAarOMPHUATHH MOCICTUIN 32 3apaBeTo. OTpabOTEHUTE Ta30Be ca
KOMIIJICKC oT BpCOHU KOMITIOHCHTH KaTo BBIJIEBOAOPOH,
BbriiepoaeH okcuna (CO), asoren okcunm (NO), a30TeH JHOKCHI
(NO,), cepen okcun (SO), cepen mauokcua (SO,), BBIIIEPOIEH
muokeun (CO,), JeTMBH OpraHWYHHA ChEAWHEHHUS, TPAaXxOBU
yactuud u apyru [1, 7]. Tlpu 3aapbcTBaHMs, Karo pelICHHE 3a
nonoOpsiBaHe Ha Ta3W cpena, MO(GbOPUTE TPAJUIMOHHO BKIFOYAT
pekuMa Ha BBTPEIIHA PeLUPKYJIalysl Ha KIIMMaTHYHATa CHCTEeMa Ha
apromoOwuna [2, 7].

B [2] e mocoueHa Bpb3ka Mexay 3aapbcrBanusita 1 CO, B
aBTOMOOMJIMTE. B HampaBeHUs aHanu3 3a OBJITAPCKHS KIUMaTHYCH
CeKTOp ce [OmbJBa, 4Ye Mpe3 JICTHUTE Mecelld B YCIOBHUsITA Ha
BHCOKHM TEMIepaTypH (J4ecTO CBhUCTAaHM C BHCOKA BIAXHOCT Ha
BB3/lyXa), BOJAauYUTe IMIOGHUpAT KOJIUTE CH B PEKHM Ha
PELUPKYNANHs, 33 JIa OCUTYPAT €(EKTUBHO OXJIAXKIaHE.

B [15] cbiio ce pasriexkiar ciiydaute Ha HPEBO3HH CPEICTBA,
JOBIKCIIM CE€ CbC CHCTEMa OTOIUIGHHE, BEHTWIALUi ¢
kimMaruzaius  (HVAC) B pexnm Ha penupkynamus (RC).
ABTOpHTE IOJYepTaBaT, Ye TO3M pPEKUM C€ M3MOoNI3Ba 32
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HaMaJsiBaHE Ha MOTOKAa OT arMoc(epHH 3aMBPCUTENH OTBBH
(HampuMmep NpU 33APBCTBAHUA) H/WIM 33 MaKCUMHM3UpaHE Ha
e(eKkTHTe Ha TOIUIMHHA KIMMAaTH3alHs Mpe3 JIETHHS MEepPHOJ, KaTo
PeXMMBT Ha PELHUpKyNalMs Ha Bb3AyXa B KyleraTa pexylupa
Hapnm3aHeto Ha Oy, HO Boau 1o yBennuaBaHe Ha COs.

CobiiecTBeHa crenudrka Ipy MOTOPHHTE NIPEBO3HH CPEJICTBA €
OBP30TO HAapacTBaHE HA KOHIEHTpPALHUATA - YBEIMYEHHETO € Haii-
CTPBEMHO B YCJIOBHATAa Ha OTPaHUYEHOTO MIPOCTPAHCTBO HA KYIETO.
B TakeB THI 3aTBOPEHH MPOCTPAHCTBA IPU PELUPKYIAMOHEH
peXMM Ha BEHTHJIALMOHHATa CHCTEMa, KOHI[EHTpauusTa Ha
BBIVIEPOJHUTE EMUCHU B aBTOMOOMIIA MOXKE€ Ja Ce MOBUIIH OBP30
MOpaau YOBEIIKUS METaboIM3bM M H3IMIIBAHE 3a CMETKa Ha
KOHIIEHTpalusATa Ha Kucnopos [4]. EkcriepuMenTandu qaHuu B [2]
MOKa3BaT, 4e 3a OKOJO 5 MHUHYTH B PEXHM Ha 3aJpbCTBaHE WIH
peLUpKyNanysl 10 JPYrW IPHYMHH, NPH YeTHpPHMa ITbTYBAIIH,
KOHIIEHTpalusITa B KYIEeTO Ha MPHETOTO ETaJOHHO MOTOPHO
TIPEBO3HO cpeAcTBO ce nocturat HuBa Ha CO, B mopsapka Ha 2500
ppm. Cropen npoydBaHe, IPOBEAEHO OT MIBEACKHS MPOU3BOAUTEN
Ha CeH30pH Senseair, pe3yATaTUTE [IOKa3BaT, 4e Mpu 4 Bb3pacTHU B
enuH aBToMoOw1, HuBata gocturatr 1000 ppm 3a 1,5 munyTH, 2500
ppm 3a 5 munyTd 1 6000 ppm ciex 22 MuHYTH (JIOpH C BKIKOYEHA
BCHTWJIALMS 3a CBeX BB3AYX) [14]. B chbluus H3TOYHHK ce
IpeNCcTaBsl TeCT INPH KOHTPOJHA TIpyma oT Iopsop M TpUMa
OBTHAIIM B HEMOJBIDKEH aBTOMOOWJI C W3KIIOYCH JIBUTaTell.
ABTOCTBKJIaTa ca OMJIM 3aTBOPCHH, 3a Ja ce M30erHe IPHUTOK Ha
CBeX BB3AYX BBIPE B TPEBO3HOTO cperacTtBo. llpm Te3m
MIPEANIOCTAaBKH, PErHCTPAaTOphT Ha JAHHU € MOKa3al, 4e KOraro
MBTHUIATE Ca BJIE3H B Konara, HuBoto Ha CO, e 6mmo 1000 ppm.
Cren toBa To ce e yBenmumiio a0 moutu 4000 ppm 3a 15 muHyTH,
P KOETO CE € BJIOLIMI MUKPOKIMMATHT B KabuHata. [IpencraBeHo
€ U IIbTYBaHe ¢ KoJla ¢ yeThupuMa aym. [IpobGersT e HempekbeHar
or Yenc mo Ulotnanams. Ilpu yetupyma IbTyBall HHBOTO Ha
BBIVIEPOJICH JHOKCHUJI CE € HOBHIIMIO MO-3HAYUTEIHO, JOCTUTAHKN
2000 ppm 3a OKOJIO JBageceT MUHYTH.

B [15] o6oOrmiaBar, we pa3muYHA MPOYYBAHUSI Ca OTKPHUIIH
ymeperno Bucokn HuBa (1000 — 5000 ppm) camo cinem 5 mo 10
MHUHYTH Io(upaHe, KOETO € MMoKa3aTel, 4 BOAAYNTe MHOTO YeCTO
ca NMOCTaBEHM B TaKMBa YCJIOBUS HpH mbTyBaHe. Edekrure BBPXY
mo¢pupaHero ca wuscnenBann u B [17]. M3cnemosarenmute
MPENCTaBIT EeKCIEPUMEHT ChC CHMYJIATOp Ha HIO(pHpaHe ¢ oceM
TakcuMeTpoBn Imodeopu. EKCIEepUMEHTHT € TpoBeleH IpH
YCIIOBHUS HA HUCKA KOHIIEHTpAIMs Ha BBIVIEpoIeH nuokcua moa 500
ppm u Bucoka KoHUeHTpaumus oT 5000 ppm. 3a omeHka Ha
mOo(GBOPCKUTE KadeCTBA M KOTHUTHBHHUTE (DYHKIMN Ca M3IMOI3BAHI
TPH MEPKH: 3a/1a4a ¢ JBa ONHTa, 331a4a 3a LED peaknus u orneHka
Ha modupanero. Te ocHOBaBaT M3XOJHATa Te3a 3a MPOEKTa CH Ha
3aKJII0YCHHATA, Y€ TIPH KOHICHTPALHS Ha BBIJIEPOTHUTE EMUCHHU OT
1000 ppm ce HabmroaBa 3HAUMTEITHO HaMaJeHHE Ha CIIOCOOHOCTTa
3a B3eMaHe Ha PelIeHUs ¥ Ha CUMYJIallUU B OHC Cpely, KbIETO ca
ycTtaHoBeHH 21% cmaj B KOTHUTUBHHUTE pe3yJTaTH, KOraTo HUBaTa
ce nosumanar otr 550 ppm mo 1400 ppm, ¢ neMOHCTpupaHe Ha
H3pa3eHH 3ary0n B 00IacTH KaToO peakiys NMpU KPHU3H, U3I0JI3BaHe
Ha NH(OPMAIHS U CTPATETHIECKO MUCTICHE.

2. Illen u npeonocmagku 3a 04aKeanu pe3yimamu
om  u3cieoeéaHus Ha  Qakmopu, nOGAUACAUU
noeeoenuemo na éooauume na MIIC

3HaYNMOCTTa Ha ICUXO(MHU3HOIOTUYHHS CTATyC Ha BOJAUHUTE H
eJIEMEHTHUTEe, KOUTO MNPSKO MOTaT Ja My IOBIUSAT, ChCTABIISBAT
aKTyaJTHO HaIpaBJICHUE 3a HAYIHH M3CIEABAHMS.

IIpe3 mocnemHOTO AeceTHWNeTHE 3a OCUTYpsBaHE Ha IIbTHATA
0e301acHOCT NMPH TPAHCIOPTHU CHOPBKEHUS M IO-CIELHATHO B
TYHEJIHUTE, TEHAEHIUHTE 3a Ch3/aBaHE Ha MOJENH 3a OIleHKa Ha
MOBEAECHUETO (BKJI. BB3MOXKHOCTUTE 3a ICHUXOJOIMYEeCKa PeaKius)
Ha BOJAuYWTe, ca BOJENIA M3CNENOBATENCKa IIOCTAHOBKA.
I'mobannara men e mpeoneHsBaHe Ha CTEIEHTAa HA 3HAYMMOCT Ha
NICUXO(U3NOIOTHYHOTO CHCTOSHHE HA HIOQHpAIIUTE 33 Pa3IMIHU
eKCIUIOATAllMOHHN ~ yCJOBHSL  (ChUETaHHE MEXAY IPOEKTHH
TapaMeTpH B CHTYyalus M Ha[UTbXeH IPpo¢wiI, TabapuT Ha IIATHOTO
3a ABMXKeHHe, Opoil JeHTH, Opoil TpHOM 3a MOCOKa, EIEMEHTH Ha
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Tpaduka, BIMAHME Ha CTENEH HAa OCBETCHOCT, CJIEMEHTH Ha
OTOBECTUTENHA CHCTeMa, BeHTwiauus u apyru) [9, 11, 12].
ITpoBexxaaHeTo HAa EKCIEPUMEHTH U aHAIN3HU Ha MOTYYEHUTE OT TAX
pe3yaTaTy i€ JajaT paMKa, KOU XapaKTepUCTUKH TpsiOBa Ja Obaar
cbo0passiBaHy, 3a Jla ce MomoOpsAT HHMBaTa Ha IMbTHa OE30IacHOCT
IIpU OLICHKa Ha pucka. TakbB Ipumep e mokasaH B [11], kprero ce
IperoppyBa Ja ce OIEHSABaT (GopMH Ha IOBEJICHHE Ha Bojaya,
KOHTO MOJKE Ja ca MOCIEOUIM OT PEaKTHBHOCT Ha IOIJeAa Ipe3
YMCTBEHO HaTOBapBaHe, MPOM3TUYAIIO OT I[BETOBETE M KauecTBaTa
Ha OCBETJICHHETO Ha CTEHHUTE Ha TyHenuTe. EkcriepuMeThT BKIIIOUBA
CyOeKTHBHO BB3MPHEMaHHUTE NPEKUBSIBAHUA HA BOAAUUTE, KOUTO
Morar Jia 0bJaT CBBbP3aHH ChC CHHIMBOCT, Bb30yAa, pazceiiBaHe U
JyBCTBO 3a 6€30M1aCHOCT M CHUI'YPHOCT.

B cpmoro BpemMe MOCTOBETE W OCOOEHO TYHEIHTE Mpejyiarat
cnemmpuyHa cpema 3a MmoQHpaHe, KOETO € OrpaHHYeHUe,
JOBSKAAMO 0 HEHNPOIOPIHOHATHOCT MEXAy CBHOMTHE W
MOCIIeIUI, T.€ MalbK WHIWICHT B TYHEN MOXeE Ja JOBele 0
TEXKH TOCIEAUIN U BHCOKAa BEPOSTHOCT 3a CBBP3aHM BTOPUYHM
bTHOTPAHCIIOPTHU CBHOMTHS, a TOBAa TH TpPaBU KPUTUYHH B
KOMOMHAIMS C JHICAaTa Ha MHTEIUICHTHH TPAHCIOPTHU CHUCTEMHU
(UTC) 3a KOHTPOJI IO BpeMe Ha EKCIIoaTalusl.

Ot HampaBeHHs 0030p MOXXe Oa Ce 3aKiIio4yd, 4Ye IbTHATa
0€30MacHOCT TPH TPAHCIIOPTHU CHOPBXKEHHs TpsiOBa na Obxe
OLICHSBaHA W OJUTHPaHa C METOJWKH, pa3pabOTeHH Taka, de aa
OTYMTAT CHeUU(PUYHUTE pa3NUK{ (CHPSIMO OTKPHUTHS IBT) Ha
CHCTEMa OT BEPOSTHOCTHH (DaKTOPH, KOHUTO BB3JCHCTBAT BBPXY
pucka u Oe3omacHOCTTa. B TO3M KOHTEKCT oleHKara TpsOBa Ia ce
pa3BHBa MApajJeIHO B JBE TIOCOKHU:

- OTunTane Ha TPOMEHEHOTO BB3ACHCTBHE U TEXKECT Ha
KOHCEPBAaTHBHHUTE IapaMeTPU KaTo KOHCTPYKTHBHH M IPOEKTHH
XapaKTePUCTHKN Ha CHOPHKEHUETO, KJIAC M CHhCTOSHHE Ha ITBTH,
napaMeTpy Ha Tpaguka, eKCIUIoaTallioHHa 00CTaHOBKa M APYTH.

- IlpocnensBane Ha TNpPOMEHHTE, KOUTO HACTBIBAaT B
NCUXO(U3HONIOTHYHO CHCTOSHHE HAa BOAAYUTE, MPEAU3BHKAHO OT
(daxkTopn Ha cpemata BBTPE M H3BBH IPEBO3HOTO CPEACTBO H
ThpCEHE Ha BIMSHHETO UM BBPXY MIOQHPaHETO B cpema C
JOUBIHUTENTHA OTPAaHWYEHHS B PAaMKHTE HA MOCTOBH U TYHEITHH
CHOPBKEHHs. 3a TaKUBa ce cYuTaT eeKTUTe Ha ,uepHaTa JymKa“,
KOSITO ce HaOJIo/iaBa NpU HaBIM3aHe B TyHela, Ha ,,0sara cTeHa™
npu u3nu3aHe ot TyHena [18 - 20] u ,,peHoMeHa Ha CTECHEHOTO
3peHne’, KOeTo ce IbDKH Ha orpaHuuenara cpena [21 - 23]. Kem
Ta3W TpyHa ce MPUYUCISIBA M TOKCHKOJOTHYHO HATOBAapBaHE BHB
Bph3Ka C KOpelaluara MeXJIy MHKpOKIMMara B KyIeTo
(xonnentpanuara Ha CO, ) W cTemeHTa Ha KOTHUTHUBHUS
moreHnpan. B [7] e HampaBeH W3BON, OCHOBaH Ha
eKCIIepUMEHTATHM Pe3yNTaTH OT IIPOBEJCHO H3CiIe/BaHe, 4e
NpaBWIHaTa OIEHKA Ha MeXaHW3MHTe Ha (QopMmMHpaHe Ha
BB3IYIIHUS MOTOK B paboTHHs 00eM Ha NPEBO3HOTO CPEICTBO
MOXe J1a TIOBHIIIK HUBAaTa Ha MbTHaTa Oe3omacHocT. B [10] chiro ce
II0COYBA BPB3KaTa MEXAY TE€3U MMOKA3aTeln U Ce aKLEHTHPA BBPXY
3HAUYMMOCTa UM 3a IPeleHKa Ha JUHAMUYHO IIPOMEHSIIIA Ce Cpea.

B pamkuTe Ha TPAHCIIOPTHHU CHOPBKEHHS (IPEUMYIIECTBEHO B
TYHEJH W TOJJIE3H, KOUTO Ca 3aTBOPEHH IIPOCTPAHCTBA) BIMSIHUETO
Ha TOTEHIWATHO 3a0aBEH TPAHCIOPTEH INOTOK (IIBJI3CHE) WM B
CuTyanus Ha 3aApBbCTBAHE, BpE€OHOTO B’b3}1€l‘/’ICTBI/Ie Ha
3aBunraBamure ce HuBa Ha CO, TpsOBa na ObJe KOHTPOIMPAHO.
ToBa e HOpMa, 3ajierHala B MEXKAYyHApOJHUTE CTaHAAPTH 3a
6e3omacHocT. B peauiia HallMOHATIHU PErjaMeHTH TO3H MpobieM e
peleH ¢ OpraHMW3alMOHHU EKCIIIOATAllMOHHU MEPKH. Te OCHOBHO
W3MONI3BAaT  WMHTENMWTeHTHH  TpaHcrmoptHH  cuctemun  (UTC),
aKTHBUpANIM BEHTWIAIMOHHATA CHCTEMa Ha TYHENA, KOraTo ce
JOCTUTHAT 3aJIO’KCHWTE 3a ONAcHH HHMBAa Ha KOHIICHTpAIUH Ha
TOKCHYHUTE BelIeCTBA BBB Bb3ayxa [12]. B cehuioto Bpeme
BOZAYUTe, 33 Ja MOAOOPAT MHKPOKIMMAaTa B KYyIETO, BKJIIOYBAT
penmpkynarusta (RC) Ha aBTOMOOMIIA ¥ ITO TO3HM HAYHM HACUIIIAHETO
¢ BBIVIEPOJHM €MHCHHU Cce NoBHIIaBa. ToBa € mapaaokc, KOWTO HE €
HOpoy4YBaH M HE CE€ TPETHpPa HOPMATHUBHO, 3aIIOTO IO MOMEHTa
JIMIcBaT M JAedUHUpaHW orpaHudeHus 3a HuBata Ha CO, B
aBroMoOminTe, BbhIpekH 4e cranaapTsT ASHRAE 62-2001 [6]
npezanara gormyctuMo HuBo oT 1200-1300 ppm karo mpenopbka 3a
obOema Ha KymeTo (kabunata) [2, 5, 6].
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3a gbpkaBu Karo beirapus, KbIETO OCHOBHATa YacT
TPaHCHOPTHHUTE CBPOBKCHHS HAa  CKOPOCTHH  ITBHTHIIA
MPOSKTUPAHU C OrpaHMYCHU TrabapuTHU pasMepu U ¢dopma
HAMPEYHHUTE CEYCHHUs, KOMTO HE IMO3BOJISIBAT HHTETPUPAHETO
00CITyXKBallli CUCTEMH 3a CUTYPHOCT, B ChUCTaHHE C JIUICATa Ha
0a30BH HOpPMATHUBHHM TPAHUYHH CTOHHOCTH, 1€ (aKTO OTCHCTBA
HUBO Ha OCHUTYPEHOCT 3a TYHCIHHUTE ChOpBkeHus. [lpu Tasm
HM3XOJIHA TIOCTaHOBKA, 3a Jla c¢ HAllpaBU apryMEHTHPaHA MpeleHKa
3a CTENEeHTa Ha PHCKOBO BB3JCUCTBHE, TPAOBa Ja Ce MPHIOKAT
OLICHBYHH TOIXOH, Oa3upaHy Ha JaHHH 3a MCUXO0(MH3UOIOTUUHHS
craryc Ha modupamure. 3a 1enTa TpsAOBa Ja ce Harpyma
uHdopMaloHHa 06a3a OT TEOPETHYHH U EKCIePHUMEHTAIHU
n3cnenBanus. TeXHUAT aHanu3 e AedUHUpa HACOKH 10 KaKBa
CTETICH C€ BJIOIIABAT KOTHHUTUBHHUTE CIIOCOOHOCTH Ha BOJAYUTE 32
B3eMaHE Ha PCIICHHS W BH3MOKHOCTHTE MM 33 PEaKIUATa CIPSIMO
MbTHATa OOCTAHOBKA B pAMKUTE HA CHOPHKEHHETO, KOETO
PECIIEKTHBHO Jia C¢ OIICHSABAT Karo MPEIIoCTaBKa 3a IThTCH
HHIUICHT.

OnuThT W TNpenopbkuTe, npeAacraBeHd B [15], cbmio
MOTBBPIK/IABAT, Y€ C PE3yNTATUTE OT HAyYHH H3CICIBAHUS 3a
napaMeTpu3rpaHe Ha PUCKOBHU €JIEMEHTH 3a BOJAYKTe TpH mpobera
B paMKHTEC Ha TPAHCIOPTHH CHOPHKEHHS, INE CC MOIOOPAT
MPOICAYPUTE MO YIpaBICHUE W OIUTHpPaHE Ha IIbTHATa
0e30macHOCT.

3. Konyenmyanen nooxod 3a noOyuaeaHe Ha
oannu 3a Hueomo na CO, é Kynemo Ha agmomooun -
uen, U3C1e006AMEICKU  GBHNPOCU U  NPEOX00eH
U3Ce006ameCKu Onum

MopenbT Ha IUIaHMpaHHWsS EKCIIEPUMEHT TpsOBa na Obie
H3TPajiecH BbPXY CHIIECTBYBAIllla HAayYHO-H3CIEIOBATEICKa OCHOBA
U TEXHOJIOTHYHA 00E3NeYeHOCT, KOETO I03BOJSIBA MHTETPUPAHETO
Ha MEXIYHapOIHHS ONUT B 00JIaCTTa Ha HayKaTa M TEXHOJIOTHUTE.
CTpyKTypUpaHeTo Ha eKCIepUMEHTAJIHaTa paMka oOxBaria o030p
Ha pelieBaHTHATa JHUTepaTypa, JAeGUHUpaHe Ha JIMMUTUPAHU
BXOJHH 3aJa4d M AaHAJIM3 Ha HOAXOMIIIM EeKCIIepHMEHTATHN
TTOCTAaHOBKH.

e, u3cJe0BaTeJICKU
H3CJIeI0BATEJICKHU OMMT.

B [15] ca ¢opmynupanu XUMOTE3W, KOMTO MOraTr Ia Obaar
NPOYYEHH W TPHUIOKEHH KBM METOJOJIOTHATA 3a OIpeselisiHe 3a
OLlEHKa Ha PHUCKOBOTO BB3ZeiicTBHe. V3cnenoBarenure HacoyBat
BHUMAaHHETO CH KbM (haKTa, dYe EKCIO3MLMATA Ha BHCOKHU
koHnentpauun Ha CO, MoXe fga HMMa yMEpeHH [0 TEeXKH
TOCTICNIIN 32 YOBEIIKOTO 3/IpaBe. BUIBT W WHTEH3UTETHT HA TE3U
e(peKTH 3aBHCAT Haif-Bede OT MOCTUTHATHTE EKCIUIOATAMOHHHU
HUBA, KaKTO M OT YECTOTaTa W MPOIBDKUTEITHOCTTa Ha H3JIaraHe.
KparkocpouHoto BB3AEHCTBHE OT €KCTPEMHO BUCOKH CTOMHOCTH,
mexay S50 000 u 100 000 ppm, MOke J1a MOBHIIM KPBBHOTO
HajJaraHe ¥ Ja TpeAW3BHKAa 3aMasHOCT, TajJeHe WIN J0pU
JKUBOTO3acTpaliaBalllil CbCTOSAHHNA, KAaTO XUIICPKAITHUA WA 33Fy63.
Ha Ch3HaHME. 3a pa3jiuKa OT TsIX, KPaTKOCPOYHOTO H3JlaraHe Ha
ymepeHo Bucoku HuBa (1000-5000 ppm) oOMKHOBEHO MPOBOKHpA
JIEKH CHMITOMH, 3acsAralld OJaroChCTOSHHETO Ha OOWTATeNuTe,
Karo CyOeKTHBHH UyBCTBA Ha yMopa H JTUCKOM(OPT WIH
riaBobosue.

Cutyanuu ¢ Mpoab/DKUTETHN TIEPHOJH Ha HelpeKbcHAT pober
ca peNIeBaHTHU KbM DPEAMIa OOLIECTBEHM CIydad, HAlpHUMep Ipu
HSKOW MBTYBAIIM 10 paboTa Win mpodhecHoHATHH IodGbopu (Hamp.
mo(h)pOpU Ha KAMHOHH) U C MHOTO ITBTHUIIM BBTPe (Hamp. modbopu
Ha aBToOycH). KaTo ce uma mpenBup, 4e CHbHIMBOCTTA H yMOpAaTa,
TUIIMYHA CHMITOMH, Tipean3Bukanu ot CO,, ca npmynHa 32 20% ot
BCHYKH MbTHOTpaHCcTOpTHH npomsmectsus (I1TII), e Heo6xomumo
Jla ce XBBbPJIM CBETIIMHA BBPXY POJISITAa UM B MIO(QBOPCKUTE KadecTBa
1 0€30MacHOCTTa Ha JBHXeHueTo [15].

Hacrosmioro Hay4yHO HM3cieBaHe € HACOYCHO KbM 3aJayara Ja
ce ompezenn eheKThT, KOWTO yMmMepeHuTe HHMBa Ha raza (1500 u
3000 ppm, mo-crenuatHo), YeCTO CPEellaHd B KOHBEHLIMOHAJIHUTE
NIPEBO3HH CPEICTBA, OKa3BaT BBPXY HCHXO(U3HUOIOTHIHOTO
CBCTOSIHUE M TOBEJCHHETO Ha Bojauute. B pamkure Ha Tasu me,

BBIIPOCH " npeaxoaeH
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no-crienuyHa 1mea € Owia Ja ce aHaJu3upa BbH3MOXKHOTO
MOZYJIMPAIO BIMSHUE, KOETO BpeMero 3a wmodupane u
KOIHUTHBHOTO HaTOBapBaHE Ha BOJAYMTE OKa3BaT BbPXY e(eKTHTE
Ha CO,. Ts e Owia BKIOYEHa B aHain3a, 3a Ja Ce OTFOBOPH Ha
XHIIOTe3aTa, IOBJUIHATA B JHTeparypara, de edekture Ha CO,
MOraT Jja CTaHaT OYCBHIHH WIN IIO-CHJIHHU IIPU IO-IABJITH BpEeMEHa
Ha eKCIO3UINS M KOTaTO KOTHUTHBHOTO HATOBAPBaHE € MO-BHCOKO.

ABTOpHTE ca H3MOJ3BAIH CHMYIAaTop (IIBEICKH HHCTHUTYT
VTI). [15, 24]. Toii e nucTanupaH B nanarka ¢ obem 24 m®, 3a ga ce
perynupar HMBaTa Ha ra3a BbB BbTpEIIHATa cpena. EcrepuMeHTsT e
MPOBE/IEH BBPXY XETEePOreHHa Tpymna OT TPHUIECET U ABaMa 3IpaBU
BB3pPACTHHU ydacTHHLHU (cpeaHo Ha 41 roamHu). Beeku ydacTHUK e
U3IBJIHUA JIB€ KOMIIOTHPU3UPAaHM KOTHUTMBHM 3aJadd U €
yhpasisBall cuMyiaropa rnpu Husa ot 700, 1500 u 3000 ppm.

CreHapuaT BKIIOYBAN Tpace, KOETO 3a/aBa MOHOTOHHO
modupane B npoxbvkeHne Ha 40 muHyTH. Ha BCcekm 5 mmHyTH
mogbopuTe OMINM IOMOJICHH Jla JOKJIAABaT YCTHO HUBOTO CH Ha
CBHJIUBOCT IO BB3NpHeTa CKala. B HawamoTro mnm B cpefara Ha
BCsAKO modupane e 3amaneHa 20-MUHYTHA CIyXOBa 3ajaada, KOSTO
Jla ce M3ITBJIHSIBA €THOBPEMEHHO ¢ IodupaneTo. LlenTa u e Omia ga
ce yBeNIMYHM KOTHUTUBHOTO HAaTOBapBaHE HAa YYaCTHHIIHTE, 3a Aa ce
BUJIM HEroBOTO BiHsHHNE BbpXy edexrute Ha CO,. Cppueynara u
OYHaTa UM JAEHHOCT ca INPOCIENEHH 4Ype3 eNeKTPOAH, 3a Ja ce
aHaNM3Mpa HUBOTO MM Ha OJUTEIHOCT 110 BpeMe Ha mogdupaHe.

W3cnenoBaTeNiCKUAT €KW JOCTHIa 10 BaKHU 3aKIIOUCHHS,
KOWTO TIpHeMaMe 3a OCHOBHH IIpM H300pa Ha H3MepBaTeleH
HOAXO/:

- Kputnuna rpanuna Ha npossieHue. Excriosunmute npu 1500
ppm BOIAT 10 Hal-CWIIHH e(eKTH BBPXY CYOEKTHBHOTO U
(hU3HOJIOTHYHO CHCTOSIHUE Ha HAIIUTE YYACTHHIM, KaKTO M BBPXY
TAXHOTO  mpencraBsHe.  [lo-KOHKpeTHO,  OOeKTHBHaTta W
CyOeKTHBHATa CBHJIMBOCT ca OWIM IO-BHCOKH, a CTPAaHWYHUSIT
KOHTPOJ HAa TIIPEBO3HOTO CPEACTBO Mo-jom (T.e. IO-ToJIsIMa
CTpaHNYHA BapHAaOWIHOCT U ITIOBEYE IPECHYAHUS HA JIMHUATA), B
CpaBHEHHE C IPYTHTE yCIOBUSL.

- Jluramuka crpsiMo BpemeTo: IIpoTHBHO Ha ITbPBOHAYATHHTE
MIPOTHO3H B JIMTEpaTypaTa, ePEeKTUTEe OT BpeMeTo 3a modupaHe He
Cce H30CTPAT  IPABONPONOPIMOHAIHO  OT  IMO-HATATBUIHOTO
nosumasane Ha CO, 10 3000 ppm [15].

OO0o0CHOBKa Ha W3CJIEBAHETO, 32 HYXAUTEC HAa KOHIENTYaTHUS
NOAXOJ M HUAEHHOTOTO My CTpyKTypupase. Mspoxute B [15]
JIOKa3Bar, 9e 3a [eJINTe Ha CHTYPHOCTTA HE € JOCTaThYHO MPOCTO A
ce pErHCTpUpaT eKCTPEeMHH CcToiHocTh. HeoOxommm e wmogmern,
6a3upaH Ha M3MEPBATETHA TEXHOJIOTHS C BUCOKA TyBCTBUTEIHOCT U
ITOPUTBM, KOMTO OTYMTAa [AWHAMHUKATa HAa HATPyNBaHE BBHB
BpEMETO.

4. Hoeen mooen Ha ekcnepumenma 3a u3cieosane
Ha usmenenuemo na CO2 ¢ kynemo na MIIC

Bb3 ocHOBa Ha TeOpeTHYHHMs aHaiM3 ce JeUHUpAT [Ba
QITEPHATHBHA W JONBJBAIIM CE MOJeNa 3a MpPOBEXIaHE Ha
eKCTIepUMEHTHTE:

- Cumynatopen (0e3puMCKOB) MOAXOA: TPOBEXIa Cce B
KOHTpoNMpaHa (3allMTeHa) cpexa  4Ype3  CIELUaIM3UpaHH
cumynatopu 3a mogupade (mo anamorus c [15, 24]). ITo3Bomnsisa
IBJIHO YIpaBlieHHE Ha (haKTOPUTE Ha CpelaTa U JACTAHIHO Clie[eHe
Ha CyOEKTHBHUTE PEaKIIIH.

- TloneBun (pHUCKOB) TMOAXOA: TMpPOBEXOa CE B pEaTHH
eKCIUIOATAlMOHHM  NMBbTHH  ycnoBus.  OcurypsiBa  BHCOKa
ABTEHTUYHOCT Ha JaHHWTE, HO BB3MOXKHOCTHTE 3a MPELHU3HO
criesieHe Ha (QU3HMOJIOTHYHNTE MapaMeTpy ca OrpaHHYCeHH OT PeAnia
BBHIIHH (AaKTOPH.

N360pbT  Ha  HW3CNeNOBaTeNCKa ~ METOJNONIOTHS  MpH
HEOOXOMMMOCT MOXKE [ia C€ OPHUEHTHpPa KbM OCUTYpsiBAHE Ha
MAacuBH OT JaHHH, ITOJIXOJIIM 32 ITOCIEABAIIO pa3paboTBaHe HA
NPEIUKTUBHA MOJEIH 3a OLCHKAa Ha PHCKa (BKIIOYHTEIHO dYpe3
QITOPUTMH C U3KYCTBEH MHTEJIEKT).

H3mepBaHeTo B peajHO BpeMe Ha OMOMETPUYHHM M KOTHUTHBHH
JJAHHU € TIOJIXOAI KOHTPOJICH TOJXO0/ IPH Oe3PHCKOBUTE MOJIEIH.
ITapameTpu KaTo BpeMme 3a peakuus (TPaJuLMOHHO U3CIIEABAHO ChC
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CTAaHAAPTU3UPAHM  IICHXOMOTODHM TECTOBE IO BpEME Ha
modupane), mocoka Ha mornena ((pUKCHpaHe WIX CKOPOCT Ha
MHIaHe), U3MEepBaHE Ha CbPJACYECH DUTBM, KPBBHO HAIraHe M
JPYTH WMHIMKAaTOPH 332 yMOpa M JpYTH, TPyIHO MOXe jaa Obaar
TIPWIJIOXKEHH TIPH TOJeBUTe TecToBe. OCHOBHUTE NMPUYMHU 32 TOBA
ca M3MCKBAaHMATA HA arapaTypara U PUCKBT, 4e camaTa TS MOXe Ja
ce IIpeBbpHE B IPEANIOCTABKA 3a ITbTEH TPaBMaTU3bM.

4.1. luHaMMKa HA U3MEPBAHETO U NMPOTrHO3¢H MOTEHIHAJL.
BaxeHn enemeHT e, 4e U30paHUAT MOJEN Ha €KCIIEpUMEHTa TpsiOBa
Jla TI03BOJISIBA IIpociensBaHe Ha HapacTBaHeTo Ha CO, , 3a 7ma ce
HPOTHO3MPA HEroBOTO HATPYNBaHE. 3a BCEKH TECTOB INEPHO] Ce
U3YMCIISIBA  CKOPOCTTa  HAa  M3MEHEHHME, OTHECeHa  KbM
XapaKTEePUCTUKHUTE Ha KyNeTo, Oposi Ha IbTHULUTE M NapaMeTpHUTe
Ha OKoJHara cpepa. ToBa Ie najge BB3MOXKHOCT Jla C€ CBHCTaBsT
MIPOTHO3M 3a MOMEHTa Ha HACTBIBaHE HAa KOTHHUTHBEH CIIam Yy
BOJlava.

Ilpp mpoBexkmaHe Ha  eKCIICPHMEHTHTE B  3allUTEHa
(cumynaTtopHa) cpema aHaIM3BT MOXKE Ja BKIOYBA U
JONBJIHUTENHA  crenuduKa —  HampuMep  MHIMBHIYalHU

MEMIMHCKH TOKa3aTeny (BKIIOYUTEIIHO Ype3 BHICO3aCHEMaHe) U
JPYTH XapaKTEepUCTUKHM 3a INEPCOHAJIM3UpaHe Ha NpOoQUINTE Ha
BojaunTe. B peanHu (moneBw) ycioBHsi obade KOPEKTHOTO HM
HpOCIeIIBaHe € OTPaHUICHO OT PeIUNA BHHIIHU (haKTOPH.

4.2. ®opmyamupane Ha WH3CJeI0BaTeJICKATa XHIOTe3a H
WAeHTH(HKAINS Ha MPOMEHINBHTE 32 BaTHINPaHe HA MoJeJIa.

Bb3 ocHoBa Ha nurteparypeH aHamm3 [15, 17] moxe ma ce
TpUeMe, 4e peiuLa TPy BOJaYH YeCcTO ca M3JI0XKCHH Ha HHMBA HA
CO, , xouro OMXa MOINIM Ja BIOWIAT CIOCOOHOCTTa MM 3a
OesomacHo  ympaBineHue. CpIOiecTBYBa  HEOOXOOUMOCT — OT
JNOIBIHUTEIHA  ©KCIICPUMEHTATHA ~ W3CJIEABaHMS, KOUTO Ja
OIIpe/ieNI KOJMYECTBEHO YOBEUIKHSI KOTHUTHBEH OTTOBOP B IIMPOK
crekThp OT ycioBus.ToBa Moxe na Obae mpuero 3a paboTHa
XHIIOTE3a MPH HACHIIIaHE ¢ BBIVIEPOeH quokcun Mexay 500 u 2500
PpM HaJ OHPENeNCHO BpeMe, BPXY KOSTO Jia ce U3paboTH OLeHKa
3a MOTeHIHMAaNa 3a GU3MOJIOTMYHA aJanTalis Ha OpraHu3Ma.

TIpenBapUTETHOTO ompenensHe Ha MHUHHMMaJHa
NPOABIDKMTETHOCT Ha EKCHePUMEHTa € KIIYOBa M3XOJHA
NPOMEH/INBA 3a MOJENIMpPaHe Ha H3CIIEOBATEIICKUTE CIEHApHH.
ToBa ycioBHe € OT CBHIIECTBEHO 3HAUYCHHE 3a TYHEIUTE, 3al[0TO
MOJKE J1a Ce TOMaHe B XUIOTe3a Ha HECHOTBETCTBHUE.

Hanpumep noeuniennte HuBa Ha CO, TpH penupKyianus Ha
BB3JyXa M JBIKCHHE B TYHENM TEOPETHYHO CE CUHTAT 3a
TOTEHIIMAIEH PUCKOB (akTop 3a Bojada. AKo o0adye HE ce OTdyeTe
MPEeBAPUTEIHOTO HACHIAHE M BPEMETPAcHETO, B KOETO TOH €
mo¢upan B cpena Hax 500 ppm u ce U3KIIOYH KyMYJIaTHBHUS
edekT Ha HaTpymnBaHe, TO ABJDKMHATAa Ha TyHeNa Ie ObJe BOJEI
(axrop 3a pesynTarta.

Ipensun dakra, ye HatpynsBaHero Ha CO, TpsOBa na Obae
PETHCTPUPAHO TPH MO-NPOIBIDKUTENEH NPOOer, a MbTHUTE TYHEIH
B anrapm{ YECTO Ca C OorpaHu4Y€Ha AbJDKHMHA CHPAMO OTKPUTUTE
BTHU Y4YacThlM, M TpH JBata (opMara Ha EKCIHEPUMEHTa ce
MPEeIBIKAA YBOJHO IITYBaHE ¢ MHUHHUMAJHA IIPOJBIDKUTEIHOCT OT
45 MUHYTH.

B [17] ce Bb3nmpueMa BpemeTpacHe Ha MIOPHPAHETO
(BKJIFOYMTENIHO B CUMYJATOP) OT €AMH aCTPOHOMUYECKH 4ac KaTo
MOAXO/IAII MEPHOJ 3a MPOBEXKAaHEe HAa M3MEPBAHUSITA, CBBP3aHU C
KOTHUTUBHOTO MNPCACTAaBAHE HA BOJAYHUTE. ITo To3mu Ha4yuH, nNpeau
HaBJM3aHe B TYHEIHOTO ChOpBKeHHe, HuBata Ha CO, B Kymero
Beye e ca 3aMOoYHaNM Ja Ce IOKayBaT (aKo pEelHpKyJalusiTa e
BKJIIOYCHA HJIM HMMa IOBEYE XOpa, WIH H JIBEeTe), CIEAOBATEIIHO
MOXe Ja ce mpHeme, ye mo(pOphT € JOCTUTHAN CHCTOSHHE Ha
»MOHOTOHHO IIO(HUpaHe”, NpH KOETO Ce OYaKBa IIbPBHYHO
H34Y€PNBaHC HA KOTHUTUBHUSA KallallUTET.

4.3. EKCIepuMeHTAHO M0JIeBO0 U3CcJIeABaHe.

EkcriepuMeHTT B pealHH ycnoBus TpsOBa na  Obae
METOJMYECKH CTPYKTypupaH. ToBa BKJIIOYBA alrOPUTBM 32
NpoBeXxJaHe, MAeGUHUpaHe Ha MHHAMAIHU IapaMeTpu Ha

HM3MepBaTelIHaTa TeXHHKAa U CHeNUaIM3upaH copTyep 3a 3amuc H
00paboTKa Ha JaHHUTE U IPYTH.

IloneBuAT ekcmepHMEHT € HacOYeH KbM U3TpaxJaHe Ha
HOJXOAAIA TECTOBA CPEe/ia 3a OLEHKA Ha PHUCKA, KOATO Ja OCHI'YpH
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BpeMEBa U JIOTMYECKa CHMHXPOHM3AaLUs Ha IOTOLMTE OT JaHHH OT
pa3IMuHUTE HU3MEpBaTEIHU yCcTpoMcTBa. IToaxonsamu
MHMMHUHAMAJIHA M3UCKBaHHS KbM XaplyepHOTO OCUTYpsiIBaHE WU
U3MepBaTeNHATa afaparypa II0 OTHOIICHHE HA BBIVIEPOAHOTO
HaTOBapBaHE MOXe /1a ObaaT:

- U3mepBane Ha BBITIEPOAHMS JHOKCHA C  HOIXOJISIIN
ra30aHAIM3aTOPA WIM CEH30pH, HAmpuMep Ha MPOU3BOIHUTEN
Vaisala, kouto ma yooBIETBOpsIBAT MAKETHTE 3a AaHAIM3, KaTo
OCHT'YpsIBaT M3MEPBaHe, IIPU KOETO HUBATa HAa Ppm ce 3alUCBaT IpH
MaJlKa JIbJDKHHA Ha MHTEPBaJa OT MOPAAbKA Ha CEKYH/IH.

- Peructpupane Ha BbHIIHHTE (HaKTOpU: MApANCIHO Ce
U3MEpBaT MapaMeTpUTe Ha BBHIIHAaTa KoHueHTpauus Ha CO, B
OKOJIHaTa Cpefia, BIaXHOCT, TeMIeparypa 1 APYTH.

- XapayepHara apxuTekTypa 3a wusMmepsane Ha CO, e
NPENOPBUYNTENIHO Ja TI0J3Ba HEAWCIIEPCHBHU HH(paYepBeHU
JaTYUIH 32 ra3, KOUTO U3MEpBaT ¢ BUCOKA TOYHOCT IO OTHOIICHHUE
Ha Temmeparypara u BiaxHoctHara kowmmeHcauus (NDIR
TexHonorus). TexHonorusATa 3a M3MepBaHe TPsOBa 1a IO3BOJABA
HOJIy4aBaHe Ha PE3YyJNTATH 3a KOHLEHTPAIMATA HAa ra3za B PEATHO
BpeMe, TMHAMHKAaTa Ha HACHILAHe, TMKOBHUTE CTOIHOCTH, CKOPOCTTa
Ha WU3MCHEHME M Ja Npeljiara Bb3MOXKHOCT 3a IOCIEABalla
00paboTKa Ha Pe3yJTaTUTE C AITOPUTMH, OCHOBaHH Ha U3KYCTBCH
MHTENeKT. 3a [eNTa ca MOAXOASINM CEH30pH OT MUHHMMAJeH Kiac
Sensirion SCD30 wiu SCD40/41 [25]. Upe3 Tax MOAEIBT MOXeE 1a
ce ONTHMH3Mpa Taka, 4e OCBEH Ja Ce ONpeieNsi CKOpOoCTTa Ha
HaCcHIIaHe, 1a ce HAeHTHGHIMpaT ekcrepMyMmd (OTBapsiHe Ha
nposopen) U jaa kiacupuiupa puckoere (HUChK moa 1000 ppm,
cpenen ot 1000 go 2000 ppm, Brcok Hax 2000 ppm).

- Unrepuopan kamepu (Driver Monitoring Systems). C Tsax
MOXE Ja ce MpocieisBa 4YecToTa Ha MWraHe, MpO3sBaHEe U
HaKJIOHsBaHe Ha TJaBara. BoIneHWAT BHIeo3amic Ha JIMIETO Ha
mopropa MoXe Ja ce 00paboTBa ¢ OMOIHOTEKAa 32 KOMITIOTHPHO
3penue oT Tuna Ha OpenCV. ToBa 1no3BoJIsiBa Ha MO-KBCEH €Tall OT
00paboTKaTa JaHHUTE Ja Ce CHHXPOHHM3HPAT C HUWBA Ha BH3YAJIHH
NpHU3HALM 32 yMOpa, Karo MHUraHe, MpO3sBaHe, MUMHKH H APYTH
[26].

- CeH30pM Ha BOJIaHA: ANTOPUTMUTE aHAIU3MPAT MHUKPO-
KOpEeKIMHTEe Ha BojaHa. Korato Te3w KOPEeKIMH CTaBaT IO-PElKH,
HO TI0-Pe3KH, Te Ce MpHeMaT 3a MPHU3HAK 3a HACTHIIBAIIA yMOpa.

- Tlapamerpn Ha Kymero M aBTOMOOMJIa — 3acHeMa ce o0eM,
MOJIOKEHUE Ha KJiaraTa 3a pelupKyjanus (OTBOpEHa/3aTBOpEHA),
KOSITO € KpUTHYEH (PaKTOp 32 CKOKOOOPa3HO HapacTBaHE Ha HUBATa
Ha CO, . IlpocrmensBa ce cKOpocTTa Ha BEHTWIATOpa U
ChOTBETCTBAL] JEOWT Ha BB3AYIIHHSA IOTOK M CKOPOCTTAa Ha
JBI)KEHHE. 3a 3aliCBaHETO Ha MapaMeTpUTe Ha aBTOMOOMIAa MOXE
Ja ce M3MOoJ3Ba OOpIoBaTa MpeXka ChC 3alUCBAIIO YCTPOWCTBO
CANedge2 [27]. Ta Moxe ma ce CBbpKE KbM CTaHIApPTHHS
nuarHoctndeH koHektop OBD-II. Upes BrpajeHus CI'bTHHKOB
NPUEMHHK U WHEpLHaJIeH U3MepBaTelIeH MOy C TEXHOJIOTHATA Ce
OTYHTA TOJIOKEHUETO U JUHAMHUKATA Ha PEBO3HOTO CPE/ICTBO.

- daxTopu Ha BBTpEIIHATa cpena (IBTHHILM). 3amucBa ce
uHbOpMAIMA 3a MBTYBAlUTe B HPEBO3HOTO CPEICTBO - OpoOH,
pedeBa M JBUTaTesHA aKTHBHOCT. Te3MW IMOKa3aTeiad MOBIMABAT
WHTCH3MBHOCTTA Ha OTJACISHE Ha BBIVICPOACH [HOKCHI H
PECIEKTHBHO BBPXY CKOPOCTTa Ha HapacTBaHE HA KOHIICHTPALMATA
B KYIIETO.

- TexHOJIIOTHYHO

amapatypa:
ABTOMATH3MpaHO KaluOpHpaHe Ha CEH30pUTE 3a H3MEpBaHE —
6a3upa ce Ha OCPEIHEHHUTE HHUBA 3a TMocneqHuTe 7 IHHU. Pasunta ce
Ha okonHO Hacuinade (400-450 ppm). He e momxomsimio mpu
ABTOMOOWJIN, HAPKUPAHH B FapayKHU KICTKH.
PpuHO kanmuOpupane. Moxxe J1a ce W3IBIHM CleHaTa MpoLenypa -
ABTOMOOHJIBT CE OCTaBsl HA OTKPHUTO C OTBOPEHH BPATH 38 MUHHUMYM
20 mMuH. MecTONOJOXKEHUETO He TPsOBa Jla € B HEMOCPEACTBEHA
6mm3oct o usrounuiy Ha CO, , 3aauMsiBaHe U APYTH.

TemmeparypHa  crabmwimmsanus:  ciiell  JOCTHTaHe  Ha
CTaHAaJapTHUTE HHBAa Ha Ta3a 3a OKOJIHaTa Cpela, BBHB Bede
3aTBOPEHO KyIle ce BKIIOYBA W3MEPBAIIMAT CeH30p 3a 20 MHHYTH
(mocrarpueH nepuon 3a ocTHUraHe Ha paboTHaTa TeMieparypa). I1o

KanmuOpupaHe Ha  H3MepBaTelHaTa
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BpeMe Ha eKCIIepUMEeHTa 1a C€ MOAIbP’KA CPABHUTEIHO TOCTOSHHA
Temreparypa B Kymnero (oxono 22°C).

3a J1a ce TecTBa CUCTEMATa, Pey Ha4aloTO Ha M3MEPBAHETO Ce
NpaBU KOHTPOJEH OTYET NpPHU OTBOPEHM BpaTH, KAaTO TMOPSABKA,
KOHMTO CeH30pBT TpsiOBa 1a oTdere, € B quanazona 400 u 450 ppm.

Kammbpupaneto Ha HamsiraHero MoOXe Jla Ce HalpaBd C
MHTErpupaHe Ha TemmeparypeH ceH3op BME280 unu ¢ BpHIIHO
m3MepBatenHo ycrpoiictBo LOG32THP, kouto mupencrapisBart

aNTepHAaTUBHU XapJyepHU peIleHus 3a MpocielsBaHE Ha
CBOTBETHHS MapaMeThb.
IIpocTpancTBeHO  pasmpeseNieHME  Ha ~ HM3MepBaTelHaTa

araparypa. 3a OCUTYpsIBaHE Ha IPEACTABUTEIHHU U KOPEKTHH JAHHU
OT W3MEpBAaHUATA, 3acHEMallUTe CEH30pu TpsiOBa ma Obaat
MO3ULHOHUPaHH B 00cera Ha IUIF030BETE Ha KIMMAaTHKA, HO M3BbH
JMPEKTHATA TPACKTOPHUs Ha BB3AYLIHHS MOTOK. 10 OTHOIICHHE Ha
BOJIa4a ce IpueMa, ye TpsiOBa Ja ca B 00XBara Ha W3/HUIIBaHE, HO HE
HEMOCPEACTBEHO TpPEeA IUXaTelnHuTe oprand. ToBa Imie naazie
¢anmBy MUKOBHU cToiHOCTH B mopsixbka Ha 5000 ppm, kouto He
ca INpEe/ACTaBUTENIHU 3a nenus obem. ITonxopsiia KOHTpOJMpaHa
30HA 32 MOHT@X € OKOJIO OIVICNAJOTO 3a OOpaTHO BIIKAAHE WU
Ipyro MsACTO B Omm3ocT A0 riaBata Ha modbopa. Bemuku
U3MepBaTeIHU ypeau TpsiOBa 1a ca HEMOIBMXHO (DUKCHPAaHH U
Hpe/na3eHy OT JHHAMHYIHHE BHOPAIHH.

OmnpenensiHe Ha CIiEHApUUTE Ha IbTyBaHe. M3cienoBarenckuTe
CLICHApHH 00XBalIaT Pa3IMYHH CKCIUIOATALIMOHHHU YCJIOBHS, Karo
HaIlpuMep: 3aJpbCTBaHe, MaruCTpalieH Hpober u modupaHe mpes
TYHEl WJIH JpYyrd BB3MOXHHM 3a IPHETOTO BpEMETpacHe OT
MuHUMyM 45 munytH. Ilpu clieHapuil ¢ TYHENHO HpeMHHaBaHE
33IBJDKUTENHO JIa CE 3aceye MOJTydaBaHe Ha CHUIHAJ TIPU BXOJOBETE
Ha TyHena. [lpu cuenapuii ,,3aIpbcTBaHe B TyHeN™ Ja ce BOIU
3alMC Mpe3 MUHUManeH uHTepBan 1-3 cekynmu. Tasu curyaius
MOJKe J1a ce KIacH(pHIIpa KaTo BUCOKO PHUCKOBA.

C oriex Ha 0e30macHOCTTa Ha YYAaCTHULUTE Jla Ce IIpHiara
TIPOTOKOJI 32 KOHTPOJIMPAHO MPEKpaTsIBaHe, aKO BOAAYBT € OMII Haj
20 MHHYTH B YCIIOBHsTAa Ha BHCOK PHUCK, 3allIOTO C€ OYaKBa MPOsBa
Ha HaTpymBall e(eKT OT KOTHUTHUBEH CIiaJ M HEraTUBHHUTE
CBCTOSHUS HSIMa Jja OTLIYMST HEIOCPEACTBEHO CJEJ ClaJaHe Ha
HuBaTta Ha KoHIeHTparus Ha CO, B KymeTo.

4.4. i3cnenBaHusi B CHMYJIAIMOHHHU KaMepH

ExcriepiMeHTHTE B CHMYJIAlIMOHHH KaMepu I[OKas3Bar, 4Ye
HuBata Ha BbrieponeH auokcun (CO, ), KOUTO OOMKHOBEHO ce
cumTar 3a OE30IaCHH, MOTaT JPACTUYHO Jia BIOIIAT CIIOCOOHOCTHTE
3a yIpaBleHHE Ha MPEBO3HOTO cpeacTBO. TO3M MOAXO] MO3BOJISIBA
NMpenu3eH aHalu3 Ha Te3W IPOMEHHM 4Ype3 MpOCieAsBaHEe Ha
MHKpOKOJIeOaHUsI B MOBEICHHETO HA BOJAYa B KOHTPOJMpaHA U
3allMTeHa cpena.

ITpoexTpaHe Ha TecToBaTa cpena. 3a LeENTa Ce MPOEKTHpa
XepMETHYeCKH H30JMpaHa OT OKOJHAara cpega Kamepa cC
KOHTPOJIMpaH 3aTBOpeH 00eM, B KOATO € HHCTAIMpaH
npo(eCHOHANIeH CTATHYCH aBTOMOOHICH TPEHaXOp (NMPHUHIHITBT €
aHayornyeH Ha npencraBeHus B [15]). MonTupa ce cucrema 3a
KOHTPOJI Ha BBIJIEPOJHOTO HATOBApBaHE, KOSATO [a H3IIBJIHSBA
CTBIIKOBO JIMHAMHYHO ITOBHIIABAHE Ha ra3a IPU MHHHUMYM TpH
KOHTPOJIHU HHBA - 6a30B0 (400 ppm), cpemno Bucoko (1500 ppm) u
Bucoko (uaza 3000 ppm).

Peructpupane Ha  KOTHHUTHBHHTE W  OHOMETPHYHUTE
nokaszarend. To3u OE3pHCKOB TECTOB MOAEN IO3BOJISABA IIBIHO
U3MepBaHE Ha KOTHHTHBHOTO CBCTOSIHHE Ha cyOekrta. 3a
NpoclessBaHe Ha JIMIEBUTE XapaKTEPHCTUKH CE€ H3IOJ3BAT
CeH30pHHM HH(DpauepBeHH KaMmepH 3a JIMLEBO pa3lO3HaBaHE,
CIIEIMAIM3UPaHN OYMIa 3a mpocieqsBaHe Ha moriena (Obii Eye-
Tracking) wmm Japyrm 3acHemalid CHCTEMH. 3a Haii-1o0pu
pe3yATaTd IPU aHaIM3 Ha yMopaTa, ONTUYHMAT CEH30p Ha
Kamepara TpsiOBa 1a ObJe pasMoioKeH Ha JHMHUATA HA OYUTE HA
Bojlaya. 3a TMpelH3HA JCTeKIUs Ha 3CHUIUTE W HPUCOBUTE
M3MEHeHHs Moe Ja ce 1o6asu nndpagepsero (IR) ocsersenue.

3a mpociensiBaHEe Ha JKU3HCHHTE IIOKa3aTelM Ce MpHiarar
OUOMETPUYHH TPUBHH, KOUTO OTYUTAT B PEASIHO BPEME ChPICUHHS
puTHM (IIyJIC) U rajBaHUYHATA IPOBOAUMOCT Ha KOXKaTa.

VI3uCKBaHKS KbM aHANN3a B PEAIHO BPEME MPH MPOBEKIAHE Ha
eKCIIepPUMEHTA.
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Busyanen anamus. AnropureMbT TpsiOBa na cneam 3a
»MHUKpPOCBH', TIPOMEHH B HYECTOTa Ha MHUTaHE U OTKJIOHEHHE Ha
HorJsesa OT MbTHAaTa 00CTaHOBKA.

TeneMeTpuueH aHalIuM3 3a MOHUTOPUHI Ha CHMyJaropa —
copTyepsT TpAOBa 1a MOXKE Ja OTYHTA W CPaBHSIBA OTKIOHCHUSTA
OT 3ajJafeHara TPAaeKTOPHs, CKOPOCTTAa Ha PEeaKUys IIPH BHE3AITHO
NPEISTCTBHE U ANHAMHKaTa Ha paboTa ¢ Iejajia Ha CIipadKara.

Ananm3 Ha Torviela W BHUMaHHWeTo. [3uckBa  ce
CIeLUATU3UPaHo copTyepHO obe3nedaBaHe 3a pas3No3HAaBaHE Ha
KJIIOUOBH JIMIIEBH MapKepH KaTo BTPEHYBAHE, I0COKA Ha MOTJeAa 1
B CBLIOTO BpEME Jia U3YHCIIIBA MHIMKATOPH 3a CTENEHTA Ha CTPeC
yMopa.

AHanu3 Ha Ncuxo(pHU3MONIOTHYHOTO CheTOsHUE. M3cnensaHeTo
Ha TCHXO(U3MOJIOTHYHOTO CBCTOSHHE Ha BoOJada MOXe Ja
M3I0JI3Ba MaTeMaTHYeCKH MoJel 3a OIeHKa Ha yMopara u
CHHJIMBOCTTa Ype3 BPEMEBO IpOCIe/sBaHE Ha 3aTBapsSHETO Ha
kirenaunte. B [28] ce mocouBa, e MpOLEHTHT Ha BPEMETO, Ipe3
KoeTo ounte ca 3aTBopenu mosede ot 80% (PERCLOS unzekc), e
eIMH OT Hal-BAIMAMPAHUTE HHACKCH, H3IOJI3BAHM 3a ITACHBHO
oTkpuBaHe Ha chHIHBOCT. OT apyra crpana, CO, Moxe 1a Obae
pasrieXaaH KaTo JeNpecaHT Ha LCHTpalHaTa HEpBHA CHUCTeMa U
KaTO JOITBJIHUTENICH HWHIUKATOp 3a NEHCTBHETO My MOXE Ja ce
MOJI3Ba CKOPOCTTAa Ha 3aTBapsHE Ha KIemayute (CKOpPOCT Ha
murane). To3um TIOKazaTel € BB3NPUET B TIpynara Ha Haii-
HaJeXKIHATE 3a OLEHKA Ha ICHXO()U3HOIOTHYHO YOBELIKO
ChCTOSTHUE ¥ HUBOTO Ha BHUMaHue [28].

N30panusar monen TpsOBa Ja € MPOTHOCTUYEH, 32 J1a OCUTYPH
omeHKa Ha Oa3a KiacHpHKanmus Ha CBCTOSHHETO Ha BOjada
(,,[omen*, ,,Hapymeno Buumanue*, ,,Kputuuna ymopa“). OrieHkara
ce W3BBpIIBA BB3 OCHOBA HAa KOPEJIAIMOHHMS aHAIM3 MEXIY
Tekymure HuBa Ha CO, | yecToTaTa Ha JOIyCHATHTE TPEIIKU B
CHMyJIaTopa.

IMocnenoBarenHoOCT
HOJATrOTOBKA!

- IlonroroBka Ha Bojaua. IlpenBapurenHo aa ce HampaBU HaJ
20 MuHYTHO TecToBO mo¢upane npu KoHueHTpamus 400-420 ppm,
C Llen 3acCHEeMaHe M JAc(GUHUpaHe Ha CTaHIAPTHHUS MOBEJCHYECKH
npodu1 Ha KOHKPETHHUS CYyOeKT.

- ®aza Ha HaTOBapBaHe peanmu3upa ce MOCTEIEHHO
noumasane Ha CO, 3a BcekM mporpamMupaH CIEHapHid
(Marucrpana, 3aApbCTBaHE, TYHEI, TYHEI ChbC 33ApbCTBAHE, APYTH).

- Kanubpupane Ha ycnoBusTa Ha BbTpelIHarta cpena.
TemmeparypaTa 5a € KOHCTaHTHa M B mopsabka Ha 22°C mpu
CTaHJapTHA OTHOCHTEJHA BIAXHOCT. [la ce peryimpa U3KyCTBEHOTO
ocBeTiIeHHe B kKamepaTa B pamkure Ha 300-500 lux .

XapnyepHo o0Oe3reyaBaHe Ha EKCIIEpPUMEHTA:

- I'azoBu censopu. Jla ce wu3MOA3BAaT AATUYUIM MHHHUMYM
Sensirion SCD30 wmimm SCD41. 3a SCD41 - Mogenst SCDA41
pabotH Ha ()OTOAKYCTHYEH MNPUHLHUI W OCHIYpsiBa IPELHU3HO
u3MepBaHe B nuanazoHa oT 400 mo 5000 ppm, mpurexaBaiiku
BHCOKa TeMIIepaTypHa U BIaKHOCTHA KOMITCHCALIHS.

- Buneokamepa (CEH30peH MOJY/): BHCOKOCKOPOCTHA Kamepa ¢
4yecToTa Ha onpecHsBane MUHUMYM 90 fps (kaxbpa B ceKyH[a) Mpu
pesomorus 720p, 3a Ja ce OTYETe MHIAHETO M CHCTOSHHUSATA Ha
MHKPOCHH. JIOHB_HHI/ITSJ'IHI/I npeanuMCcTBa ca U3MEPBAHEC Ha
pa3CTOSHUETO 10 JHMLETO Ha OOEKTa M BrpajJeHH TEXHOJOIHUH,
NpEBaHTUPAIIN U3KPUBABAHE HA JIMLIECTO MPU PE3KU ABUKCHUS.

- Ilpn cumynupaHe Ha cLeHapus ,,3agpbCTBaHE B TyHenl"
3alMCHT HA JJAHHUTE CE M3BBPIIBA NP3 MHHUMAJICH HHTEpBa OT 1
no 3 cexynau. IlapamenHo ¢ TOoBa KbM CyOEKTHTE B KYIETO Ce
npujara CTaHAapTU3UPaH BBIPOCHHK 3a OLEHKA HA BHUMAHHETO H
KOTHUTHBHHMS CIaj. B Jorndueckara CTpyKTypa Ha HPEAUKTHBHUS
MOJINT € 3aJ0KeHO IPaBHJIOTO, Y€ aKO BPEMETO 3a peakius H
OTroBOp Ha BBITPOC HaJBUIIIHU 2 CEKYH/H, CBbCTOSHHUETO
ABTOMATHUYHO C€ KJIACU(HIMPa KaTo ,,BUCOK PUCK™.

Ha CKCHEpUMEHTAa U NOpE€ABapUTCIHA

5. H3600u u 3axkniouenus

HaHpaBeHI/ISIT 0630peH nperyieq IokasBa, Y€ U3CJICIABaHUATA,
IIOCBETCHU Ha BBSHeﬁCTBHeTO Ha C02 BBpPXY UYOBCLIKATa
(1)I/I3I/IOJ'IOFI/I$[ u KOTHUTHBHOTO NpeaACTaBAHEC, MIpOTrpeECUBHO
HapacTBar. B’preKI/I TOBa CbHIICCTBYBA sCHa HeO6XOI[I/IMOCT oT
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MoCIeBaN pa3pabOTKH, KOUTO Ja aHAIM3HPAT NEHCTBUTEITHHUTE
epeKTH OT BBIVIEPOJHOTO HAacHIaHe (KaTo CTemeH Ha
KOHIIEHTpALUs U BpEMETpacHe Ha eKCIIO3UIMATA) BbPXY BOJAUHTE
Ha TIPEBO3HM CPEACTBA, KAaKTO U IOTEHIMAIHUTE pHUCKOBE 3a
Oe3omacHocTTa Ha JBIKeHHeTo. CTaHTapTHUTE eKCIIEPHMEHTATHN
noaxoan (GopMHpaT ABE OCHOBHH I'PYIH M3CIETOBATEIICKA MOJEIH
— Oe3pHCKOBH (CHMYJIAIIMOHHHM) W pHCKOBH (ToneBm). J[locera
MOTyYeHUTE PEe3yiTaTd MO ABaTa MOJXOAa MAacoBO C€ pasriexjar
U30JIMPAaHO €IHM OT JpYrH, KOeTo € OOSICHUMO MpeaBH]
orpaHuueHust Opoil TpOBENEHM TECTOBE M  HEIOCTaThUHMS
NpEeIXoJeH ONUT. AHAIM3bT Ha CHBPEMEHHOTO CBHCTOSIHHE Ha
npobeMa BOJM 10 ABAa OCHOBHH H3BOJA:

- PasmmpsiBane Ha ekcrnepuMeHTanHata 0a3a C MPOBEXKIAHETO
Ha EKCIIEPUMEHTH 3a OLICHKA Ha BB3JEHCTBHETO HA BBITIEPOIHHS
IUOKCHI KaTro CaMOCTOSITeNeH pHCKOB (akTop 3a ITbTHATA
6e3omacHocT. ToBa mie MO3BOJM CHOpPAaHUTE JAaHHH JAa JOUBIHAT U
ONTHMHM3MpAT KIACHYECKHTE CHCTEMH 32 OJUTHpaHe Ha
0e3omacHOCTTa Ha MbTHATA HHPPACTPYKTYpa.

- Wnterpauus u cuneprus upe3 MU: Hartpyneanero Ha
WHTEpAUCUUIUIMHAPHA 3HAHMA U OBP30TO HABIM3aHE Ha
H3KYCTBEHHAT MHTEIEKT MO3BOJSABAT HACOUBAHE HA YCHIHUATA KbM
NOCTUTAQHE Ha CHHEPIUs MEXIY CHMYJIATODHHTE M IIOJEBHUTE
tecToBu Mojenu. OOeMHABAHETO Ha PE3yNTaTUTE OT TAX B 0oOIIa
NpeTUKTUBHA paMKa 3HAYUTEIHO IIe YCKOPH BalMIMPAaHETO Ha
eKCIICpIMEHTATHUTE JAaHHU W INIPaKTHYECKOTO MM BHE/ApSBaHE B
ABTOMOOMIIHATA HHIYCTPHS.
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MOI{I/I(l)I/lI[l/IpaH JarepeH Bb3€/1 Ha CKCIIEPUMECHTAJICH MPOTOTHUII 34 TPUTOYKOBO YIapHO
OroBaHe

Modified bearing assembly of an experimental prototype for three-point impact bending

Mar. Unx. Teogop Atanacos

,»/IHCTUTYT 110 METAJIO3HAHUE, ChOPBKEHUS U TEXHOJIOTHHU ¢ LIeHTBp 1o Xuapo- 1 aepoANHAMUKA ,,AKafneMuK AHren baneBcku™ kbM
Bwirapcka akagemust Ha Haykute, 1574, Codus, Oy , [IIumuencku mpoxoa™ Ne67
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Pestome: Pa3pabotTeH e crienualieH JarepeH Bb3eN C JOIBIHUTENECH MEXaHW3bM, M3IOJI3BaH Ja 3aMEHHU ITyCKOBHUS MEXaHH3BM C PBHUHO
3apeKaaHe MPH M3MUTBAHE HA YIApHO OTbBaHE MO Merona Ha 4yyk Ha [llapmu. MeXxaHH3MBT € CHENUATHO MPUCTOCOOCH Ype3 MPOMsHA B
KOHCTPYKIUATa ¥ MOHTUpaH Ha crannapren (300 J) maxanen uyk Ha Illapru. HoBopa3paGoTeHHAT ce M3IONI3BA Jla 3aMEHH CTaHIApTHUS
MEXaHU3bM, Upe3 KOHUTO Ce OTKJIOHSIBA MAaxajoTO Ha BI'BJI O M [a MO3BOJHM aBTOMATHYHO M3BBPIIBaHE HAa NCHCTBHETO. BHeApsiBaHETO Ha
Mo ULIUPaHUS TaTePeH BB3el ChIIO J1aBa B3MOXKHOCT 332 aBTOMATH3UpaHe Ha MpoLieca 110 3aIliC Ha JaHHUTE OT U3MEPBAHETO, KaTO MOXKeE
Jla ce KOpUrupa brbjia 0, ¥ OT TaM €HEeprusra Ha pa3pyllaBaHe Ha yIapHHKA — CHIOMEp IPH KOHTAKT C MPOOHOTO TSUIO U MPELU3HO Aa ce
HACTPOW TMPOTOTHIA Ha eHeprus 3a paspymasane - 300J. ABTOMAaTHYHOTO OTKIOHSBaHE Ha BIBJI O M MYCKaHE HA MaxXaloTO MO BpeMe Ha
M3IHMTAHUETO e Jaje BH3MOXKHOCT 32 JMCTAHIMOHHO YIpaBJICHWE Ha OINMTHATa YCTaHOBKA M I JOIpHHEce 3a 0e30macHOCTTa Ha

IE€pCcoHaIa Mo BpEME Ha pa6OTHI/I$I mpouec.

Kiarouosn gymu: MOJIUOUIIVPAH JIATEPEH BB3EJL, IIOBJJUTI'AIIl MEXAHW3BM, UYK HA ITAPITA

1. BnBeaenue

Cranpgapraure Mozenu Ha vyka Ha Illaprmm ca cHaOneHH cbe
CTaHJapTeH IyCKOB MEXaHW3bM, KOWTO € MOHTHpAH Ha KOpITyca Ha
OIIMTHATA YCTAHOBKA W TPEACTABIsBA XPaloB MeXaHW3bM. Toi
OJIOKHMpa MaxanoTo B TOpHA TO3UIMS, CHAOJIeH € ¢ PBYCH JIOCT 3a
0CBOOOXKIaBaHE Ha MaxajJoTO OT MEXaHH3Ma 3a 3acCTOIOPSBAHE.
MaxanoTo ce MOBAMra M OCBOOOXJaBa OT Oleparopa PbYHO IO
BpeMe Ha M3nMTaHHMeTo. Llenra Ha HacTosaTa pa3paboTka € Ja
MO3BOJIM BHEJpsIBAaHE Ha MOAU(UIMpAH JlarepeH Bb3eld, KOHTO e
MEXaHHYHO CBBP3aH C OCTa Ha MaxajJoTO M 4Ype3 HEro Moxe Ja ce
OCBILECTBM aBTOMATH3UPAHO IOBJIUIaHE M OCBOOOXKJaBaHE Ha
MaxaJIoToO OT BI'bJ 0. CBIIIO TaKa MO3BOJISABA U MPELH3HA HACTPOHKA
Ha BI'bJIa (., KOWTO TapaHTHpa MOTEHIHATHA eHeprus paBHa Ha 300J.
TpuHUHMIA Ha 3aKpelBaHe M JeficTBHE Ha CTaHIapTeH oOpaser 3a
TPUTOYKOBO OI'bBaHE € MOKa3aH Ha ¢ur. 1:

®urypa 1. Crangapten JarepeH Bb3el Ha (abpudeH 4yK Ha
[Hapnu.

Kakro craBa sicho ot @uwr. 1, KOHCTPYKIIUATA HE II03BOJIABaA
aBTOMAaTU3WpAaHE Ha Ipomneca B TO3W CH BHA W HaJara

KOHCTPYKTUBHO HU3MCHCHHC Ha JIarepHUSA BB3CJI W INPHUHOUIIA 3a
3aCTONOPABAHE U OCBOGO)KD;aBaHe Ha MaxaJIoTo.

2. KoncrpykTtuBHa pazpadoTka

3a M3NMTBaHE Ha YJApHO OrbBAaHE MO METOAA MaxalieH 4YyK Ha
laprmn e pa3paboTeHa crHenuaiHa ChCTaBHA — MOTU(PHUIUpPAH
JarepeH Bb3eNl ChC ClelUalHa KOHCTPYKIMS 3a MPHChEeIUHSBAHE,
MO3BOJISIBAIllA MEXaHHYHO CBBP3BaHE KbM OCTa Ha MaxaloTo,
noka3sana Ha (¢ur.2) , cecTosIma ce oT:

- OcHOBHH Jlar€pu Ha BbPTEHE B KOpIyCa Ha yCTaHOBKaTa

- Ilputuckam dmaner; 3a obOupaHe HAa aKCHATHO — PaJHAIIHHUTE
XJIaOMHY Ha Jlarepure

- BI/I,I[OI/BMeHeHa OC Ha BbPTECHE
- @HaHeH C CJIMIICOBUAHHU OTBOPU

- Bumousmenenn MapasuTHU JIar€pHu BB3JIUM Ha BOACHIOTO H
BOJACHOTO paMO CbC CIICHUAIHU NPUTHCKAIIA q)HaHIII/I 3a 06I/IpaHe
Ha aKCHUAJIHO — paJUuaJIHUTE XJTa0OMHM Ha Jlarépure

- Pamo 3a moBauraHe W 3acTONOPSABAHE HA MaXalHUSA [PBT —
BOJICIIIO PAMO

- CriomMararesHo cBOOOJIHO pPaMo - BOJICHO Pamo
- JIoxH 3a 3aKpernBaHe Ha eIeKTPOMArHUTEH KOPITyC

KakTo craBa sicHO OT (ur. 2, HOBaTa KOHCTPYKIHS, CPaBHEHA ChC
cTaHmapTHUs obpasen Gur. 1, ThpIU 3HAYUTENHA MOANGDHUKALNS, HO
CH 3arma3Ba OCHOBHATa (YHKIHS W M3UCKBAaHUS YKA3aHU M3PUYHO B
[1] u [2]. Lenta e mbiHa aBTOMAaTH3aLMs Ha Mpolieca, IOPau
KOETO MpeanpueMaM ciaefHoto: M3paboTeH e HOB JAT YyTryHEH
KOpIyC, KOWTO na o0e3medn W3HCKBAHWATA HAa  HOBATa
KOHCTpYKIus. B Hero ca m3paboTeHH CTPOro KOHLIEHTPUYHO W B
JIOMYCK Ha OTKJIOHEHHE ChrilacHO [3] OTBOpH 32 OCHOBHHTE JIarepH.
Benukn  ocraHanmum 00pabOTeHH MOBBPXHHHH ¥ OTBOPH ca
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n3pabOTEeHN KaTo ca CIa3eHH BCHYKH YCIOBMS 32 YCIIOPEIHOCT,
MEPICHAUKYJISIPHOCT M KOHIEHTPUYHOCT 33/1aJICHH B TEXHUYECKaTa
JIOKyMEHTAIWs U chbriacyBanu ¢ [3]. M3nonsBam caumeHu Jiarepu
mapka SKF, exnopenoBu ot cepusita ¢ Bucoka npenusHoct SNFA ¢
Homep 71906, kakTo 3a OCHOBHM Taka W 3a napazutHu. Crienuainu
npuTHCKamy (aaHmM 3a oOMpaHe HAa aKCHAJHO — pPaJHaATHATE
xJa0uHU Ha narepute. Te MO3BOJISABAT HACTpOiBaHe 3aryOouTe Ha
CHEprusi, Taka 4Ye Ja MOXKE ONMUTHHUAT oOpaseln Ja ce KaimOpupa
cermacHo crangaptute [1] m [2]. SIkocTHHMTEe mpecMmsTaHHsS Ha
OCHOBHATa 0C, 3bOHOTO KOJIEJIO ¥ 3aCTONOPSABAIIOTO YaCTHYHO
350HO KOJIENIO Ca HAlpaBeHH M0 METOAMKUTe omucand B [4]. 3a
JeTalinTe, KOUTO HE ce TepMO 00paboTBaT M3MOJI3BaM JierHpaHa
KOHCTpYKIMOHHa cToMaHa Mapka 40X. 3a 3p0HOTO KONeno u
YaCTUYHOTO 3H0HO KoJieno u3nomsBaM cromana 42CrMo4 u tepmo
obpabotka 3akamsiBaHe W otBpbinaHe. Octa e or cromana 40X,
3akayneHa u otebpHara rpu 400°C ¢ tBpproct 40 HRC u nnaiipana
JI0 TOYCH pa3Mep.

3. [IpuHuun Ha xeiicTBHE

MoanumpanusT — JlarepeH  Bb3ed  JaBa  BB3MOXKHOCT —Ha
€KCIIepUMEHTAIHUS IPOTOTUII JIa IOBAUTHE Ha BI'bJI (L MaXaJo0ToO Ha
4yyKa, 4pe3 MOHTHPaH €JIEeKTpOJBHUraTen ¢ peaykrop. Toa cTapa
Tpe3 BOJEMIOTO OTKJIOHSABAIIO pPaMo, KOETO € TPUKPENEHO KbM
OCHOBHOTO 3b0HO Koieso. Ha BO#EemOTo M BOJEHOTO Iapa3uTHO
paMo ce 3aKpersl eIeKTPOMarHUTeH CITyChK, KOWTO € B IpoIec Ha
pa3paboTka BBPXY YETHPUTE JIOXKU 3a 3aKpelBaHe, MOKa3aHU Ha
¢ur. 2. [IBete paMeHa CBbP3aHH 3a€AHO OT MEXaHM3Ma Ha CIyCbKa
o0pa3yBaT MOCT, KOITO ce MOBAWTa HAa BI'BI O Upe3 PEIYKTOp U ce
6J10KMpa OT CTOIOPHUSI €JIEMEHT C YaCTHYHO 350HO KOJIENO B TOpHA
TOYKa. 3aefHO CbC cebe CH Te yBIMYAT MAxaJOTO Ha 4YyKa Ha
lapnu Ha BI'BI Q.

®urypa 2. Moanduuupan jarepeH Bb3eNl 3a MaxaJeH 4yK Ha
Mapmu.

Upe3 eneKTpOMarHUTHHS CITyChK MaxaloTo ce OCBOOOXIaBa M ce
3aBbpPTa OKOJO OCTa Ha BBPTEHE, a paMeHaTa OCTaBaT B TOpHA
TIO3HUIIUA. breast Ha 3aBBpPTAaHEC Ha MaxaJlOTO C€ OTYHUTa 4YpeE3
mouTHpan (PPII) doto — pacrepen mnpeodpasysaren. Toit e
MOHTHpaH Ha TNpHCHhEAWHHUTENCH (UIaHel] Ha Kopiyca Ha
YCTaHOBKaTa U OCTa My € NPUCHEAUHCHA KbM OCHOBHATa OC YpE€3
CriCnuajICH CbCIUHUTECIL. CTOHOpHI/IﬂT €JIEMEHT C YaCTHYHO 3HOHO
KOJIENO 3aBbpLIBa C (JIaHel] C eIMICOBUIHU KaHAIH, OCPEACTBOM
KOMTO MOJXeE Jia ce peryaupa GUHO bI'biia 0.
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4, 3akjadeHne

- Pazpaboren ¢ moampuupaH narepeH BbB3eN, KOHTO
MMa 3a Ie] Ja 3aMEHM CTaHIapTHHUSA TaKbB Ha MaxalleH YyK Ha
[Hapnu .

- MopauduuupanusaT JlarepeH Bb3eN € KaluOpupaH
craruyso [2].

- MopauduuupaHusT TarepeH Bb3el € MOHTHPaH Ha YykKa
Ha [lapmu.

- MopauduuupasHusIT JarepeH Bb3eld IMO3BOJISABA [ia Ce
pa3paboTH CIIOMaraTesiHa CUCTEMa OT eJICKTPOHHH, eIeKTPUUECKH U
IYCKOBO YCTPOMCTBa, 4Ype3 KOHMTO CTaBa BB3MOXHO ITBIHO
ABTOMATHU3UpaHe Ha JBI)KCHHUATA Ha 4YyKa, KaKTO M 3alIUCBAHETO M
obpaboTkara Ha JaHHUTE.

- MonudunrpaHusT JarepeH Bb3el 1aBa Bb3MOKHOCT 3a
aBTOMAaTH4HA paboTa Ha OMUTHUs oOpa3er Ha uyka Ha [llapmu

- TIpoBeneHn ca CpaBHUTENHHM EKCHIEPUMEHTH 6e3
npoOHO TSUIO Ha Mpa3eH XO/.

- W3uucrena e 3arybaTa Ha CHepris 3a eJ1H Max.

- Tlony4yenure pesydaraté  ChbBHAAaT C JAQHHHTE,
OTYETCHH OT CTaHJapTHaTa CKajla 3a OTYWTaHE Ha Brbla H
XapaKTEPUCTUKUTE 110 CTaHmapT [2].
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1. Problem discussion

Material recycling of plastics involves recovering raw materials from waste, and reprocessing them
enables the management of plastic waste that would otherwise have to be sent to landfill.

In addition, for environmental reasons, there Is a need to use post-production and post-consumer waste
of polymer plastics, mineral post-production waste such as fly ash and ceramic waste, which occurs in
large quantities. The mineral filler in the produced composition is, for example, silica fly ash which is
a by-product of coal combustion, shredded ceramic waste which is post-production waste,
construction quartz sand.

Fig.1. Idea of solution for manufacturing products from polymer-mineral composition; polymer recyclate +
mineral filler = product.

Polymer compositions can be made from recycled plastic, after recycling in the form of recyclates,
flakes, and waste plastics, mineral fillers, that is, waste industrial dust, ceramic waste or sand. As a
result, plastic waste and mineral, ceramic waste, which so far cannot be reused, will be efficiently
processed to create new products. A product that can be manufactured from plastic waste with the
addition of several dozen per cent of mineral compounds is polymer-mineral composites, which can be
used to produce garden architecture components (bench slats, balcony panels, floor profiles for
outdoor use), replacing concrete, ceramic, cast and vibro-pressed products.

2. Objective and research methodologies

The aim of this study is to characterise the compression moulding efficiency of polymer composites
containing recycled rubber elastomer, as well as to investigate and analyse selected physical properties
of these polymer composites. The experimental part of the study involves the production of polymer
composites via a compression moulding process and the testing of properties including processing
shrinkage and the hardness of the moulded products. The study also presents the measurements and
results of the tests carried out, as well as general conclusions.

The subject of the research is a mineral-polymer composite consisting of three components: EFDM
rubber granules with a size of 0.8-2 mm obtained through recycling. The mineral filler was quartz
sand in an amount ranging from 10% to 60% by mass. The particle size distribution of the sand used
was 0.4-1.4 mm. A special cyanoacrylate adhesive for rubber recyclates was used as the binder.

Fig.2. The EFDM-type rubber granules and mineral filler (quartz sand) used in the research.

Unirubber’s EFDM rubber granules are produced from rubber waste that has previously undergone
mechanical recycling processes. Rubber waste includes washing machine seals, gaskets and car mats,
sourced mainly from the automotive industry and the household appliances sector. These materials are
carefully sorted, cleaned and then granulated into fine particles of the required size (fraction).

A hydraulic press fitted with a mould featuring interchangeable mould cavities was used to produce
the composite by the pressing method. The PHM-63h press is a top-piston, frame-type press with
Individual drives.

Fig.3. A view of the working area of the PHM-63h hydraulic press with the mould and punch fitted.
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The machine is primarily designed for the hot pressing of thermosetting plastics and rubber using the
transfer or compression moulding method. For the purposes of the tests, a punch and a mould with
four heating zones were fitted. The temperature of the moulding punch (5) and of each of the four
heating zones (1-4) of the mould was set at 130°C. The moulding time was 10 minutes. Once the
specified curing time had elapsed, the moulding had to be removed from the mould using an ejector.

3. Results and discussion

Figure 4 show examples of the blocks produced, containing mineral fillers in quantities ranging from 0O

to 60%.
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Fig. 4. Appearance of the produced cubes made from a mixture of recycled rubber and mineral filler, depending
on the proportion of mineral filler: A —no filler, B — 20%, C — 30%, D — 40%, E — 50%, F — 60% mineral filler.
Fig. 5. Change in the surface hardness of paving blocks made from a mixture of recycled rubber and mineral
filler, depending on the amount of mineral filler.

Hardness tests were carried out using an Affrri Art.13 Shore hardness tester. The device allows for the
recording of measurement results and electronic readout. Hardness measurements were carried out in
accordance with standard EN ISO 868:2004, Plastics and ebonite — Determination of indentation
ess tester (Shore hardness).The measurements were carried out using a test
head and load suitable for measuring porous plastics — the Shore 00 method.

Figure 5 show the relationship between the surface hardness of the paving blocks produced and the
mineral filler (quartz sand) content in the mixture. The graph is based on the average values of the
hardness measurements. The sample made exclusively from rubber granules has the lowest average
hardness value, at 80 Sh. In contrast, the sample containing 40% sand exhibits the highest average
hardness value, at 90 Sh. It can be seen that hardness increases as the sand content in the composition
Increases. Every additional 20 per cent of sand in the composition results in an increase in the
sample’s hardness of approximately 5 Sh.
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Fig.6. Changes in linear and volumetric shrinkage in blocks produced from a composition of recycled
rubber and mineral filler.

The greatest volumetric shrinkage occurred in the sample made from rubber granules without any sand
added, and amounted to 6.9%. In contrast, the smallest volumetric shrinkage, at 2.7%, was observed in
the sample with a 40% sand content. It can then be seen that shrinkage decreases as the sand content in
the mixture increases. The greatest linear shrinkage occurs in dimension a (sample width) for samples
with 20%, 30% and 40% sand content. The smallest linear shrinkage occurs in geometric dimension b
(sample length) for each sample produced. Figure 6 a shows the relationship between linear shrinkage
and the sand content in the mixture from which the specimens were made, whilst Figure 6 b presents a
comparison of volumetric shrinkage as a function of the sand content in the specimen.

4. Conclusion

The sand content in the samples ranged from 10% to 60% of the total sample mass. In the samples
containing 50% and 60% sand respectively, it was observed that the samples could not be fully
compacted, as they disintegrated upon removal from the mould; consequently, the planned
measurements could not be carried out on them. It can therefore be concluded that the developed
composition may contain a maximum of 40% sand in order for the composition to be fully compacted.

The scope of the work also included carrying out hardness measurements on the samples produced.
The sample made exclusively from rubber granules had the lowest average hardness value, at 79.7. In
contrast, the sample containing 40% sand exhibited the highest average hardness value, at 89.6 Sh. An
Increase In hardness can be observed as the sand content in the composition increases.Moulding
shrinkage was observed in the samples.

The greatest volumetric shrinkage occurred in the sample made from rubber granules without any sand
additive, amounting to 6.9%. In contrast, the smallest volumetric shrinkage, at 2.7%, was observed in
the sample with a 40% sand content. It can then be seen that shrinkage decreases as the sand content in
the composite increases. The greatest linear shrinkage occurs in dimension a (sample width) for
samples with 20%, 30% and 40% sand content.

The smallest linear shrinkage, however, occurs in the geometric dimension b (sample length) for each
sample produced.In summary, the addition of sand to the rubber granulate resulted in an increase in
the hardness of the moulded part produced by the compression moulding process and a reduction in
compression shrinkage. It should be noted that the composition should contain a predominant amount
of polymer material in order to carry out the compression moulding process fully.
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Security evaluation metrics for an adaptive steganographic method based on the Canny
algorithm
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Abstract: Steganography aims to conceal confidential information within digital media while minimizing perceptual and statistical
distortions. Among image steganographic techniques, adaptive embedding methods have demonstrated superior resistance to steganalysis by
exploiting image regions with high local complexity. One effective approach utilizes the Canny edge detection algorithm to identify suitable
embedding locations. However, the effectiveness of such methods depends not only on embedding capacity but also on comprehensive
security evaluation. This paper presents a systematic framework for assessing the security of an adaptive Canny-based steganographic
method. Multiple objective metrics, including Peak Signal-to-Noise Ratio (PSNR), Structural Similarity Index Measure (SSIM), Mean
Squared Error (MSE), histogram similarity, entropy variation, correlation coefficients, and resistance to statistical steganalysis are
analyzed. The proposed evaluation framework demonstrates that edge-based adaptive embedding maintains high visual fidelity while
significantly reducing detectability compared with conventional least significant bit (LSB) techniques.

Keywords: STEGANOGRAPY, CANNY EDGE ALGORITHM, ADAPTIVE EMBEDDING, STEGANALYSIS, PSNR, SSIM, SECURITY

METRICS

1. Introduction

The rapid growth of digital communication has increased the
importance of protecting sensitive information during transmission.
While cryptography conceals the content of a message,
steganography conceals the very existence of communication.
Modern image steganography seeks to embed secret information
into digital images while preserving both visual quality and
statistical characteristics.

The development of digital technologies has also strengthened
the need for integrated approaches to information protection, in
which technological solutions are considered together with
organizational, human and societal factors. The interaction between
technology, science and society is increasingly important in the
process of digital transformation, providing a broader context for
the development of innovative approaches to information protection
[15].

Traditional Least Significant Bit (LSB) embedding techniques
provide high payload capacity but are vulnerable to statistical
attacks due to predictable modification patterns. Consequently,
adaptive steganography algorithms have attracted considerable
attention. These methods exploit image characteristics to determine
embedding locations with minimal impact on image statistics.
Steganography provides a way to transfer this information via
ordinary files, thus reducing the risk of disclosure [18].

In [1] is presented the novel approach for non-destructive
steganography by predetermination. The Canny algorithm (or
Canny edge detector) is one of the most widely used edge detection
algorithms in computer vision. It was developed in [14] by John F.
Canny in 1986 to detect meaningful edges in images while
minimizing noise and false detections. Edges detected by the Canny
algorithm represent regions with significant intensity variation and
visual complexity. Because modifications in these regions are
naturally masked by existing image variations, edge-based
embedding improves imperceptibility and decreases the probability
of detection

Although numerous adaptive embedding methods have been
proposed, comprehensive security evaluation remains an active
research challenge. This paper investigates quantitative metrics
suitable for evaluating the security of Canny-based adaptive
steganography.

From an information-security perspective, the effectiveness of a
technical protection mechanism is also influenced by the awareness
and competencies of the people who use and manage information
systems. Research on cyber-awareness competencies in public
administration emphasizes the importance of developing
appropriate knowledge and skills for recognizing and managing
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cybersecurity risks [16]. According to [20] the group of users aged
40-50 often know the basic gestures used on smartphones. They can
prepare for future possibilities and properties for new digital and
cybersecurity perspective era. This consideration is relevant to
steganographic applications because the secure use of information-
hiding techniques requires not only an effective algorithm but also
an adequate understanding of the associated security risks and
limitations. The main problem in implementation of Hough
transform is the choice of sampling parameters [19].

2. Security evaluation metrics for an adaptive
steganographic method

Figure 1 presents the main criteria for evaluating the security of
steganographic methods. They include - visual imperceptibility,

statistical indistinguishability, information entropy, correlation
preservation, robustness against steganalisis and embedding
efficiency.

The security of all steganographic systems have to be evaluated
from multiple perspectives rather than relying on a single metric.
The steganography methods are designed to satisfy three main
criteria:

1. Good detection

2. Good localization - detected edges are as close as
possible to the true edge.

3. Minimal response — each edge is detected only once.

Main
evaluation
criteria

|
Visual Statistical | { Informati Correla- Robustness
impercep- indistin- on tion against Embedding
tibility guish- entropy preserva- steg- efficiency
ability tion analysis

Fig. 1 Security evaluation metrics for an adaptive steganographic method.

2.1. Visual Quality Metrics
Mean Squared Error (MSE)

Mean Squared Error [5] measures the average squared
difference between the cover image and the stego image. The
characteristics studied are represented by formulas (1) and (2), the
PSNR is based on values obtained for the MSE:
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Where m and n are the width and height of the image; | (i, j)
and K (i, j) are relevant pixels with coordinates (i, j) in the original
stego-image.

Peak Signal-to-Noise Ratio (PSNR)

PSNR is one of the most widely used image quality metrics.

r Max=., max .
2) FSNR = lD.ngLDI: e = J-D']'DELE": T
where max = 255 for 8 bit images.
When, PSNR >40dB indicates excellent visual quality,

PSNR > 45 dB is considered nearly imperceptible. Adaptive Canny-
based embedding typically achieves PSNR values between 46 and
54 dB depending on payload.

Structural Similarity Index Measurement (SSIM)

Unlike PSNR, SSIM models human visual perception. SSIM
values range from 0 to 1. Values exceeding 0,99 indicate almost
identical images.

Equations (3), (4) and (5) are represented in [4] and they are the
brightness, contrast, and the value of structural similarity):

. LTI TP o
lx, y) = u--.:ul-+r:.
3) BariyTia
. IO, 0, C
E'I:.I'. 1-’_.' — TxTyeer
4y - S+l
s(x, v) = Ly +C
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where C1, C2 and C3 are constants obtained by the equations.

(6) C1=(KiL)% C2=(K,L)>2

In (6) L =255 for an image with 8 bits/pixel, and K; << 1 and
K, << 1 are very small constants.

The final average value for the SSIM index is combined from
the values obtained in (3), (4) and (5)

U]

where o >0, B > 0 and y > 0 are parameters which determine
the relative importance of the three components in the value of the
SEIM(x, ¥) In the article was accepted equal importance of
brightness, contrast and value of structural similarity, i.e.
a=p=y=1and C3=C,/2.

SSIM(x ¥) = [I(x, )17 [e(e.)1F . [s(xTF,

From the above-mentioned equation (7) follows in (8), which
represents the final form of the SSIM index between two images of
xandy:

@)
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SSIM(x v

In [7] was presented diagram of the structural similarity (SSIM)
measurement system.

Entropy

[6] is the foundational reference for information entropy.
Cachin's model employs the concepts of entropy and mutual
information [2], [3] in the analysis and description of
steganographic systems. According to information theory, the
relative entropy of the processed data can never increase. Since the
detector constitutes a form of processing, it follows that:

() dla.f) = D (P||Py).

Large entropy deviations indicate detectable modifications.
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The Canny edge detector is widely used in object detection,
image segmentation, medical image analysis, autonomous vehicles,
robotics, industrial inspection, document scanning, face recognition
preprocessing and satellite and aerial image analysis.

Performance metrics are included in table.1.:

Table 1: Security evaluation metrics for an adaptive steganographic

method
| Metric I Desired Value |
| PSNR I >45 dB |
| SSIM I >0.99 |
| MSE I Minimal |
| Entropy Difference || <0.01 |
| Histogram Similarity || >99% |
| Detection Accuracy || ~50% |

The evaluation of steganographic security should also take into
account the broader information-security environment in which the
technique is implemented. In public-sector information systems,
information sharing between cybersecurity structures is an
important component of effective security management [17].
Consequently, the assessment of a steganographic method should
not be limited to image-quality indicators, but should also consider
the security of the information lifecycle, the context of
communication and the potential interaction with other information-
security mechanisms.

2.2. Statistical Security Metrics

Histogram similarity [8] and resistance to steganalysis [9] are
the main visual quality characters that help us compare two images.
Histogram comparison evaluates whether embedding significantly
alters gray-level distributions. Adaptive embedding should maintain
nearly identical histograms. [13] aim to fill the existing gap in
extant literature on image steganography schemes capable of
resisting statistical steganalysis attacks, by providing a
comprehensive systematic literature review.

Visual quality alone does not guarantee security, and proposed
methods should also be evaluated using statistical resistance to
steganalysis techniques. Recommended analyses include in fig. 2.

Resistans
to Steg-
analysis

RS Sample Chi- Histogram Rich Ensemble
analysis FEDT SIS attack Model | | cjassifier
[11] Analysis attack 121] feature [10]

[22] [12] extration

Fig. 2. Resistance to steganalysis.

3. An adaptive approach inspired by artificial
intelligence.

In addition to the classic LSB method, an adaptive approach
inspired by artificial intelligence principles has been implemented.
The core idea is not to embed information uniformly across all
pixels, but rather to use image analysis to select suitable regions.

To achieve this, image processing is applied to detect areas with
higher variability, such as edges and textures. These zones are more
suitable for embedding information, as changes within them are less
noticeable.

This approach implements an adaptive algorithm inspired by
artificial intelligence principles, in which the selection of
embedding regions is not arbitrary but based on a preliminary
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analysis of the image content. Although it does not employ a trained

neural network, the proposed approach follows the fundamental
systems inspired by Al principles: making decisions based on input
data analysis rather than relying on pre-set, fixed embedding
positions.

This data-driven approach is consistent with the broader
development of intelligent digital technologies, where decisions are
increasingly supported by analysis of the characteristics of available
information rather than by uniform and predefined rules. In this
sense, the proposed adaptive steganographic approach can be
considered an exploratory application of intelligent decision
principles to the selection of embedding regions.

The implemented adaptive algorithm proceeds through several
successive stages. Initially, the color image is converted to
grayscale, enabling a more effective analysis of the image's
brightness and structure. Subsequently, edge detection is performed
using the Canny algorithm, generating a map of regions with higher
spatial variability. The resulting map is used to identify pixels
suitable for embedding information. The hidden message is
recorded solely in these areas by modifying the LSB of the
corresponding pixels. This reduces the likelihood of visual changes
being noticed, as the alterations are concentrated in areas with
naturally high detail. At the end of the algorithm, the embedded
message is extracted, and the MSE and PSNR metrics are calculated
to evaluate the quality of the resulting output.

Figure 3 illustrates the conversion of the image to grayscale.
This is a preliminary step that facilitates the analysis of pixel
intensity and prepares for the detection of suitable regions for
information embedding.

Q Commands

+ Code v <+ Text b Runall ~

" | © inport ev2

mport numpy as np

B i

gray = cv2.cvtColor(np.array(image), cv2.COLOR_RGB2GRAY)

~
v

plt.imshow(gray, cmap='gray’
plt.axis('off")

+  (np.float64(-0.5), np.float64(739.5), np.float64(492.5), np.float64(-0.5))
3 ~

e

D¢ @

@

Fig. 3. Converting the image to grayscale

Figure 4 shows the result of applying an edge detection
algorithm. These regions are characterized by higher variability and
are suitable for information embedding, as changes within them are
less noticeable

(’ edges = cv2.Canny(gray, 100, 200)

plt.imshow(edges, cmap='gray')
plt.axis('off")

(np.float64(-0.5), np.float64(739.5), np.float64(492.5), np.float64(-0.5))

Fig. 4. Edge detection in the image
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Figure 5 illustrates the implementation of an adaptive
information embedding approach, in which data is recorded only in
regions containing detected edges. This allows the modification to
be concentrated in areas of higher variability, where it is less
noticeable.

° adaptive_array = np.array(image).copy()

binary_message = ''.join{format(crd(char), '08b")

index = @

for char in message)

rows, cols, channels = adaptive_array.shape
for i in range(rows):
for j in range(cols):
if edges[i, jl > @:
for k in range(channels):
if index < len(binary_message):

adaptive_arrayli, j, k] = (adaptive_array[i, j, k] & 254) | inti{binary_messageindex])
index += 1

adaptive_image = Image.fromarray(adaptive_array)

Fig. 5. Adaptive information embedding in selected areas
Experimental Evaluation

The Google Colab environment was used to conduct the
experiment. It enables the execution of Python code directly in the
browser, eliminating the need for local installation of programming
libraries and development environments. This makes it particularly
convenient for experiments involving image processing, machine
learning, and data analysis.

The experimental part aims to demonstrate the viability of the
selected information-hiding method within a real-world
programming environment. The implementation utilizes the Google
Colab platform and the Python programming language. The
development process employs the NumPy, Pillow (PIL), OpenCV,
and Matplotlib libraries, which provide the necessary tools for
image processing, visualization, and result analysis.

Experiments performed using standard image datasets such as
from publicly available imagelibrarie: Bossbase 1.01:

Image name: Colorful flowers;

Image size: 493 x 740 pixels;

Payload: 112 bits=14 symbols-"Secret message";
Edge threshold optimization;

Comparison with conventional LSB embedding.

Initially, an experiment was conducted on a single test image,
comparing the classical LSB method with an adaptive approach
based on the selection of regions containing more detail and edges.
The results obtained are presented in Table 2.

Table 2. Results of the comparison between the classical and adaptive
approaches in a single experiment

Method MSE PSNR (dB)
Classical LSB 0.000053 90.89
Adaptive method 0.000048 91.28

4. Conclusion.

The report presents a literature review of the key characteristics
and metrics examined when analyzing the quality of image
steganography techniques.

The analysis shows that the adapted approach does not
completely replace classical methods but represents a natural
evolution of them, expanding the possibilities for information
protection in the modern digital environment.

The obtained results show that both methods achieve very low
MSE values, meaning that the changes to the images following
information embedding are minimal.

The results also indicate that adaptive selection of embedding
regions can contribute to improved visual fidelity, as demonstrated
by the lower MSE and higher PSNR obtained for the adaptive
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method in the conducted experiment. This supports the use of
image-content analysis as a basis for selecting embedding locations,
while further experiments with larger datasets and additional
steganalysis methods are necessary to assess the general
applicability and security of the approach.

From a broader cybersecurity perspective, the proposed
approach should be considered as one component of a multilayer
information-protection framework rather than as a standalone
security mechanism. Its practical effectiveness depends on the
characteristics of the communication environment, the protection of
information-sharing processes and the level of cybersecurity
awareness of the users involved [16], [17].
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Abstract: The integration of artificial intelligence into judicial and administrative procedures raises a structural regulatory crisis. The
European Union has imposed simultaneous and competing obligations: on one hand, the Al Act (Regulation (EU) 2024/1689) mandates
transparency, human oversight, and accuracy for high-risk systems; on the other, the GDPR (Regulation (EU) 2016/679) and the Trade
Secrets Directive (2016/943) impose strict confidentiality. This article proposes the ZKAP (Zero-Knowledge Audit Protocol) Anti-Corruption
Output Filter as a cryptographically verifiable compliance mechanism that resolves the conflict at the operational layer of Al-assisted
judicial workflows. The filter operates on a universal dual-axis decomposition of any procedural norm into a fixed set of mandatory positions
(X) and conditions (Y); output generation is automatically blocked when any element is unmet, and any manual override triggers a non-
disclosable escalation signal to the institutional supervisor, containing only metadata. We demonstrate the architecture through a
polynomial decomposition of one specific Y-element — the determination of the circle of investigated persons under the Bulgarian Asset
Recovery Act (ZONPI), implementing § 1, items 6, 15, 18 and 19 of its Supplementary Provisions, Articles 6, 7 and 143 of the Family Code
and Article 2 of the Persons and Family Act. The polynomial is validated on a fully synthetic test family configuration designed to exercise
all nine qualification members; the synthetic profile is purely illustrative and contains no personal or case-related data. The chosen example
is intentionally one of the architecturally shallower components of the filter, used here to illustrate the polynomialization principle; in
parallel deployment, substantively deeper components — banking pattern analysis, real estate transformation, fiscal coherence, and the
determination of significant asset disparity — are similarly polynomialized but remain outside the scope of this article. The architecture is
patent-protected under Bulgarian filings 114317 and 114328, with EPO/PCT/UKIPO submissions in preparation. The contribution proposes
the architecture as an operational compliance mechanism that can be implemented either through institutional codes of conduct or through
normative acts, depending on the procedure-specific corruption-risk profile.

Keywords: ZKAP, ZERO-KNOWLEDGE PROOF, ANTI-CORRUPTION FILTER, Al ACT, GDPR, ZONPI, POLYNOMIAL
DECOMPOSITION, COMPLIANCE-BY-DESIGN, OVERRIDE ESCALATION, JUDICIAL Al

point to a filter that operates on the output itself, and that needs

1. Introduction neither the contents of the case file nor a view inside the model.
1.1. The need for a reliable and fail-safe automated 1.2. Contribution of the article
anti-corruption filter What the article puts forward is the ZKAP anti-corruption filter
Some procedures carry an inherently high corruption risk: — a mechanism that sits between the Al system’s output and the
moment its decision takes effect. In outline, the filter does four

forfeiture proceedings under the Bulgarian Asset Recovery Act

(ZONPI) [6], tax audits, public procurement, concessions. What things: ) _

they have in common is a wide field of discretion, and discretion is (a) does not assess the internal logic of the model, but only
exactly what lets the law be applied unevenly — its scope quietly ~ Checks the output against formalized legal requirements;
widened or narrowed, a decision nudged away from the norm for ~ (b) automatically blocks generation when prerequisites are
reasons that lie outside it. The classical remedy for such drift is ~ Incomplete or conditions are unmet; _
review after the fact, by a superior body or a court. That remedy is (c) permits an operator override, but every such override
slow, it happens only now and then, and whether it happens at all ~ 9enerates a cryptographically signed signal to the supervisor

depends on whether a particular reviewer looks and cares. A containing exclusively procedural metadata — no case-file content,

supervisory design of that kind is not fail-safe; and fail-safety is N0 identifying data of the persons concerned; .
precisely what the rule of law requires [16]. (d) uses a dual-axis decomposition (X — mandatory positions;
What such procedures need is an automated anti-corruption Y — conditions) of the norm, in which every X-element and every
filter with four properties. It has to act in real time, on every result ~ Y-€lement can Dbe further decomposed into a polynomial
rather than on a sampled few. It has to be fail-safe, so that it no representation traceable to specific legal norms and documentary
longer matters whether a reviewer is paying attention. It must leave ~ SOUrCEs. o .
no room for silent non-compliance: every departure has to leave a To make the polynomial principle concrete, the article works
trail that someone can later follow. And it has to be attestable by ~ through one legal condition in full — the determination of the circle
cryptographic means, so that the result can be trusted without O investigated persons in ZONPI proceedings. The aim here is
trusting the person who produced it. This article sets out such a  Strictly didactic. This is not a complete decomposition of an
filter, built on the ZKAP (Zero-Knowledge Audit Protocol) administrative polynomialization; the remaining elements —

architecture [20] and applied to the output of Al-assisted work in ~ Panking analysis, property transformation, fiscal comparability,
the procedures just described. significant disparity — fall outside the present scope and are treated

The regulatory setting only sharpens this need. The Al Act in separate studies. The article carries forward the framework set

(Reg. (EU) 2024/1689) demands transparency, human oversight and out in [19] and develops the one e_Iement in which the regulatory
accuracy from high-risk systems [2]; at the same time the GDPR [1] ~ Paradox finds an operational resolution.

and the Trade Secrets Directive [3] pull in the opposite direction, . .

restricting access to personal data and to protected commercial 2. 1heoretical foundation

information. And manual inspection of a model’s internal logic is ) )

impractical already at billions of parameters; at exa-scale  2.1. Regulatory context: screening without access to
parametrization — above 10'® parameters — the horizon of personal data

auditability is passed definitively. Taken together, these pressures
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The regulatory framework leaves only a narrow space in which
supervision can operate. On one side the Al Act asks for
transparency (Art. 13) and human oversight (Art. 14) [2], while the
GDPR imposes data minimisation (Art. 5(1)(c)) and forbids
processing special categories of personal data without a legal basis
(Art. 9) [1], and the Trade Secrets Directive shields undisclosed
know-how [3]. On the other, the independence of those who
investigate and decide — the inspector, the judge, the prosecutor,
the expert — can be protected from pressure and abuse only if the
supervisor has no direct sight of a particular case file before the
final act is issued. Put together, these demands leave one workable
option: anti-corruption screening carried out on the system’s output
and on procedural metadata, and never on the case data themselves.

2.2. Limitations of XAl as a compliance mechanism

The familiar tools of explainable Al — LIME [14], SHAP [15]
and their descendants — give approximations, not proofs. Each
produces an explanation after the fact, and an explanation of that
kind can be steered by a careful choice of samples or
neighbourhoods. In an adjudicative setting that is not enough: if a
decision is to carry evidential weight, its explanation has to be
verifiable, not merely believable [18]. Beyond Transparency [21]
makes the same point — SHAP and LIME serve the indicative
function of explainability but not the evidentiary one.

2.3. From disclosure of substance to proof of property

The answer worked out in ZKAP [20, 21] turns on a single
move: the auditor never sees the substance of the computation, but
receives instead a mathematically verifiable proof that the
computation has certain properties [9]. The audit stops being an act
of disclosure — showing what is there — and becomes an act of
attestation — proving that a property holds. That shift is what lets
transparency and confidentiality coexist: the property is attested, yet
the substance behind it stays hidden.

3. ZKAP architecture

3.1. Five patented innovations

ZKAP rests on five innovations protected by patent applications
BG/P/2026/114317 and BG/P/2026/114328 [20, 22, 23]:

Certified Stack — an indivisible, bit-identical computational
object which welds the software to the hardware through a Root
Hash. It comprises the model artefact, a bit-integrity policy and a
fixed runtime stack. It ensures determinism and immunizes against
technical noise.

Commitment Layer — cryptographic binding through Merkle
trees and SNARK/STARK proofs. The static Root Hash is
published in a regulatory register, while dynamic proofs verify
execution in real time.

Compliance Circuits — arithmetization of legal norms into
polynomial equations. Threshold Logic (0.2% permissible technical
noise) defines the boundary between legitimacy and violation. The
Mandatory Solution automatically blocks upon discrepancies.

Hardware Binding and Silicon Binding — hardware isolation
through Trusted Execution Environments (TEE), Memory Mapping
and Bus Hashing. Silicon Binding welds the proofs to the physical
chip, preventing substitution.

Recursive Verification — hierarchical aggregation of proofs
through Recursive SNARKS, enabling scaling for exa-systems.

3.2. Compliance Circuits — arithmetization of legal
norms

A Compliance Circuit is an arithmetic circuit (R1CS, PLONK
or AIR) which represents a legal norm as a polynomial over a finite
field. A satisfying assignment of the variables (the witness) attests
that the factual data fall within the admissible space defined by the
norm. The proof of that satisfaction is generated with a SNARK
[10] or STARK [11] protocol.
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Example: the rule “the OUTPUT is generated if and only if all
X_i=Tand all Y_j = T” is arithmetized as a conjunction of
indicators:

C_X+Y(Ww) =[TI X_i(w) - [T Y_j(w) — 1 =0 (mod p)
where w is the witness, X_i(w) and Y_j(w) are indicator
Boolean functions, and p is a large prime number taken as the
characteristic of the finite field. The SNARK proves that there
exists a w satisfying C_X+Y(w) = 0, without disclosing w.

3.3. Threshold Logic (0.2%)

Within the certified stack with integer quantization the output is
bit-identical and the permissible deviation is zero. The 0.2%
threshold applies outside that deterministic perimeter — in
counterfactual statistical tests and in the integration of legacy
environments lacking bit integrity, where floating-point noise and
inference stochasticity are unavoidable. Below the threshold the
proof passes; above it the Mandatory Solution blocks. The value is
empirically derived and substantiated in [20] against alternative
thresholds.

3.4. Silicon Binding

The proofs are welded to the physical chip through a unique
Hardware Identifier (PUF — Physically Unclonable Function)
embedded into every round of the Merkle tree. This prevents
hardware substitution after submission of the proof — an attack
which would otherwise permit falsification by copying the witness
onto a more favourable machine.

3.5. Mandatory Solution

When a violation is detected the system does not just write a log
entry and carry on — it stops the computation. Compliance ceases
to be a declaration and becomes a condition of the hardware itself.
Here lies the real break with earlier approaches: where they treat a
rule as advice, ZKAP treats it as a technical limit, one that cannot
be stepped around without leaving a cryptographic trace behind.

3.6. Recursive Verification

For systems with multi-billion parametrization, the individual
Compliance Circuits are aggregated hierarchically through
Recursive SNARKSs. The proof of compliance of an entire exa-
system reduces to a single aggregated proof with O(log n) verifiable
size and sub-millisecond verification time [20].

4. The anti-corruption output filter

4.1. Dual-axis decomposition X +Y

The anti-corruption filter rests on a universal decomposition of
any legal rule into two independent axes:

X — mandatory positions (substantive prerequisites). The
substantive-law elements of the norm which must be established for
the power to arise. For the reference rule of the demonstrator, n_X =
12.

Y — conditions (procedural conditions). The procedural and
temporal requirements which must be observed in exercising the
power. For the reference rule, n_Y = 14.

The choice of n_X = 12 and n_Y = 14 is not arbitrary — they
are empirically derived from a generalization of the requirements of
a typical administrative procedure with high corruption risk. The
same principle applies with other values for other legal fields; in
real deployment, the administration or the legislator determines n_X
and n_Y according to the procedure.

4.2. Operating principle
OUTPUT(generated) =T < (Vie{l.n X} X_i=T)A (V)€
{1.n.Y} Y j=T)

The output is generated automatically only when ALL
mandatory positions and conditions are satisfied. If any element is
missing, generation is blocked with a message explicitly listing the
missing X and Y.
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4.3. Override and escalation

OUTPUT (override) = T = SIGNAL(supervisor, missing_X,
missing_Y, metadata_only)

The override is a permissible instrument for exceptional cases,
but every override leaves a traceable trail which reaches the
institutional supervisory authority. The signal contains:

PROCEDURAL DEVIATION SIGNAL

Date/time: 2026-05-29 14:32:17

Case file No.: AP-2026/001

Executor: EX-001

Missing X: X3, X8

Missing Y: Y5, Y11

ZK proof commitment: a4b7...d2el

Recipients: Head of institution + direct superior
Case-file content NOT INCLUDED (GDPR Art. 5(1)(c)).

4.4. Options for strict implementation of the
catalogues

A realizable prototype of the filter has been developed in
architectural form [24] and operates on an exemplary simulation
with a fixed number of mandatory positions, conditions and
alternative explanations. That parametrization is illustrative; in
production deployment, the content of the X-positions, the Y-
conditions and the catalogue of admissible alternative explanations
is subject to strict definition along two possible paths.

(a) Internal rules of the administration (Code of Conduct). The
authority itself adopts a written act formalizing the content of X and
Y for the specific procedure, exhaustively defining the admissible
alternative explanations for each positive indication and
determining the level of escalation. This approach permits rapid
adaptation to the specifics of the particular administration and the
accumulation of operational experience. It is particularly suitable
for initial deployments and for procedures with a lower degree of
normative standardization.

(b) Normative act. The legislator (the National Assembly or the
Council of Ministers) adopts a statute or regulation fixing the
content of X and Y for a defined category of proceedings. This
approach yields maximal legal certainty and uniformity at national
level, but requires a longer sub-legislative cycle. It is appropriate for
procedures with particularly high corruption risk (ZONPI
proceedings, above-threshold public procurement, concessions).

Both approaches are technically realizable through one and the
same ZKAP protocol — the difference lies in the legal nature of the
rule, not in the technical layer. This is a fundamental advantage of
the architecture: a single technical solution serves multiple legal
regimes.

5. Polynomial decomposition — demonstration
example

5.1. Rationale for the choice

To illustrate the principle of polynomial decomposition, we
select one specific Y-element: the determination of the circle of
investigated persons in ZONPI proceedings [6]. This element is
deliberately chosen from the operationally shallower layers of the
filter — it demonstrates the principle on a legal condition with a
small number of classification classes and a comparatively simple
structure. The purpose of the demonstration is pedagogical: to show
how an evaluative legal concept is transformed into a deterministic
Boolean function.

The article does not aim to present a complete decomposition of
an administrative polynomialization. The remaining layers of the
filter — analysis of banking movements, tracing of real-estate
transformation, fiscal comparability, determination of significant
disparity under § 1, item 3 of the Supplementary Provisions of
ZONPI in the light of Interpretative Decision No. 4/2021 of the
General Assembly of the Civil Chamber of the Supreme Court of
Cassation [5] — are not addressed within this publication. Their
polynomial representation follows the same architectural principle
but requires independent development owing to their specific

78

complexity. The continuing divergence in the case law even after
that interpretative decision — which prompted the opening, in
January 2026, of Interpretative Case No. 1/2026 of the General
Assembly of the Civil Chamber of the Supreme Court of Cassation
on the mandatory substantive-law prerequisites for forfeiture —
further underscores the breadth of discretion in these proceedings
and, with it, their corruption-risk profile.

5.2. Formal definition

The polynomial of the circle of investigated persons is defined
as a disjunction of nine members M to My:

CIRCLE(x;D)={xeU:3ie{l,..,9}:M_i(x,D)=T}

where x is a candidate for inclusion, U is the universal set of
persons (natural and legal) identified through registry inquiries, and
D is the case with its procedural and factual data.

The nine members cover the three statutory groups:

Member M; — the investigated person.

Members M,, M; and Ms — family members under § 1, item
19 of the Supplementary Provisions: M, — spouse; Mz — person in
de facto cohabitation; M5 — minor children.

Members M, and Mg to Mg — connected persons under § 1,
item 15 of the Supplementary Provisions in conjunction with Art.
144 ZONPI: M, — former spouse within five years; My — relatives
in the direct line; M, — collateral relatives of the 2nd to 4th degree;
Mg — relatives by marriage of the 1st to 2nd degree.

Member My — controlled legal entity under § 1, item 6 of the
Supplementary Provisions in conjunction with Art. 145 ZONPI.

5.3. Atomic predicates and evidentiary hierarchy

Each M_i decomposes into a conjunction/disjunction of atomic
Boolean predicates. The central and most complex is M (de facto
cohabitation under § 1, item 18 of the Supplementary Provisions),
which decomposes into nine cumulative attributes:

M3 =p1 APz AP3 APaAPs APs AP7 APg ADg

where: p; — voluntary cohabitation; p, — joint; p; — on a
conjugal basis; p, — both persons are of full age (Art. 2 of the
Persons and Family Act [8]; marital emancipation under Art. 6(4) of
the Family Code [7] confers legal capacity but not majority); ps —
no kinship relation constituting an impediment to marriage (Art.
7(2) of the Family Code); pe — duration above 24 months; p; —
mutual care; pg — common household; py — intersection with the
investigated period.

Each atomic predicate is verifiable against a hierarchy of
documentary sources:

Category A — official public documents (the civil registry
ESGRAON, the population register, the Property Register, notarial
deeds, birth/marriage/death certificates, court judgments). Highest
evidentiary force.

Category B — special official documents (protocols of the
Commission, prosecutorial decrees). High force for procedural
facts.

Category C — private documents (service contracts, bank
statements, witnesses, correspondence). Medium force; admissible
for de facto cohabitation, since it is a factual state.

Category D — creations of the Commission itself (the statement
of claim, the reasoned request). Admissible ONLY as an admission
against the submitting party.

5.4. Exhaustion of alternative explanations

The fail-safety of the polynomial requires that every positive
indication be checked against an exhaustive list of alternative
explanations. For example: the indication “Y regularly transfers
sums to X” cannot automatically establish mutual care before
excluding the possibility that those transfers constitute maintenance
for a common child under Art. 143 of the Family Code — an
obligation arising from parenthood, not from cohabitation. The
polynomial in the demonstrator version includes a catalogue of
twenty alternative explanations for the five most critical indications
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and the corresponding control inquiries (Commercial Register, civil
registry, population register, court maintenance judgments).

Important methodological clarification: the presented catalogue
is an exemplary simulation developed for demonstration purposes;
the procedure for its strict definition in real deployment follows the
two paths described in Section 4.4.

5.5. Scope of the present demonstration

The polynomial presented here does not exhaust the complete
administrative polynomialization of a ZONPI proceeding. It
illustrates the principle on one of the steps of the filter — the
determination of the circle of investigated persons. A similar
polynomial apparatus could be constructed for the remaining steps
(analysis of banking information, tracing of property
transformation, fiscal-and-social-security comparability,
determination of significant disparity under § 1, item 3 of the
Supplementary Provisions of ZONPI in the light of the binding
interpretation in Interpretative Decision No. 4/2021 of the General
Assembly of the Civil Chamber of the Supreme Court of Cassation
[5]). Their development falls outside the scope of this article. The
integrity constraints over the circle so determined are developed in a
standalone technical specification and are the subject of a separate
publication following the securing of the corresponding patent
protection.

6. Application to a test example

6.1. Construction of the exemplary test profile

The profile is defined as a mathematical object — a table of
typified roles with parametrized temporal boundaries. It is designed
to activate different members of the polynomial simultaneously and
to test the interaction between them. The catalogue of roles is
exemplary; the procedure for its strict definition in real deployment
follows Section 4.4.

TEST PROFILE — candidates for the circle

P (investigated person) reference subject
A (spouse of P) marriage concluded
within the period

B (former spouse of P)
before the start

C (de facto cohabitation)
months, bigamy excluded

D (child from prev. marriage)-—
the period

E, F (minor children from A)
period + gifts within period
G (parent of P)

no transaction

H (parent of P)

divorce > 6 years
cohabitation > 24
of age at the end of
— minors throughout the

direct-line relative,

direct-line relative,

with a gift

I (brother of P) — collateral 2nd degree,
with a gift

J (father-in-law of P) — affinity 1st degree, no
transaction

K (business partner)

share > 50%

L (common non-profit entity)
item 6(d) Suppl. Prov.
Inspection period: T = [t_0, t_

legal entity with P's
legal entity under § 1,

0 + 10 years]

6.2. Expected behaviour of the polynomial

With a correct polynomial decomposition, each candidate
should activate specific members according to the formalized rules:

P - M; (investigated person)

A — M, (spouse, marriage intersects T)

B — NOT M, (divorce precedes period by > 6 years;
member also requires a transfer)

C - M3 (de facto cohabitation — if all 9 atoms are
satisfied)

D - Ms (part of T before D's 18th birthday) + Mg
(only if a transaction)

E - Ms A Mg (minor + a gift)

F —> Ms A Mg (minor + a gift)
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NOT Mg (direct-line relative, but no transaction)
Me (direct-line relative + a transaction)

M; (collateral 2nd degree + a transaction)

NOT Mg (affinity 1st degree, but no transaction)
My (control under § 1, item 6(a) Suppl. Prov.)

My (control under § 1, item 6(d) Suppl. Prov.)

Ll Ll

rRAUHIO

6.3. Execution of the polynomial and results

Upon filling in the atomic facts from the test profile and
applying the polynomial formulas, the obtained results coincide
fully with the expected behaviour. All 13 cases — the investigated
person P and the twelve candidates — pass successfully. Several
characteristics of the result are particularly important,
demonstrating correctly implemented legal logic:

(a) Temporal sensitivity. Candidate D (of age at the end of the
period) activates Ms only for the part of T in which he was a minor.
The polynomial derives that boundary automatically through the
intersection of the investigated period with the interval [t_birth,
t_birth + 18 years].

(b) Conditionality for connected persons. Candidates G and J do
not activate the corresponding members (Mg, Mg) despite the
existence of a family relation, because the profile contains no
transfer transaction from P to them. This demonstrates the correct
implementation of the distinction between a “family member”
(under § 1, item 19 Suppl. Prov. — in the circle automatically) and
a “connected person” (under § 1, item 15 Suppl. Prov. — within the
scope of the inspection only upon a transfer under Art. 144 ZONPI).

(c) Disjunctive structure of M. Candidates K and L activate My
under different hypotheses of § 1, item 6 Suppl. Prov. —
respectively letter (a) (majority share with control) and letter (d)
(non-profit entity for a group of natural persons). The polynomial
correctly applies the disjunctive OR logic across the four
hypotheses.

6.4. Coverage metrics

The profile activates each of the nine members M; to My at
least once and tests seven critical negative cases (missing
transaction, expired period, majority, exceeding the kinship limits).
The total number of tested combinations is 13 x 9 = 117 individual
predicate evaluations, all of which produced the expected result.
This satisfies the requirement of structural coverage of the rule in
test validation.

7. Comparative analysis

7.1. ZKAP versus XAl (LIME, SHAP)

LIME and SHAP provide local approximations of model
decisions. They answer the question “why did the model decide
X?”, but do not prove that the decision was correct. ZKAP, by
contrast, proves that the decision satisfies predefined legal
constraints. LIME/SHAP are indicative — ZKAP is evidentiary
[21].

7.2. ZKAP versus regulatory sandboxes

Regulatory sandboxes provide episodic testing in a controlled
environment. After exit from the sandbox, compliance is not
attested on an ongoing basis. ZKAP provides continuous
verification of every execution cycle [20].

7.3. ZKAP versus verifiable computation

Classical secure-computation protocols (Yao’s garbled circuits,
BGW, GMW) and the verifiable-computation systems built on such
techniques (e.g., Geppetto [12]) prove correctness of execution but
does not integrate legal constraints into the circuit itself. ZKAP
embeds the legal norms as Compliance Circuits and thereby links
the correctness of the execution with correctness relative to the
norm [20].
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7.4. ZKAP versus standalone TEEs

Trusted Execution Environments (Intel SGX, AMD SEV-SNP,
ARM TrustZone) [13] provide hardware isolation but do not
mathematically prove the correctness of the computation. ZKAP
combines TEE with SNARK proofs and Silicon Binding, so that the
hardware isolation is proven cryptographically, not merely declared
[20].

8. Discussion

8.1. The anti-corruption function — four mechanisms

The first is that silent non-compliance becomes impossible.
Without the filter an executor can produce a result even when the
prerequisites are incomplete, and control stays retrospective. With
it, generation simply stops unless the executor performs an explicit
override — and that override is escalated at once.

The second is that plausible deniability disappears. Because the
override signal fires automatically and cannot be recalled, “I did not
know” and “I did not notice” stop being available excuses.

The third concerns personal data. Since the signal carries
nothing but metadata, it honours the data-minimisation rule of
GDPR Art. 5(1)(c) without letting the supervisory duty fall away.

The fourth is that a result cannot be quietly reworked
afterwards. Once the cryptographic commitment is in place, a
decision that has already been generated cannot be readjusted
without leaving a trace.

8.2. Applicability to agentic Al systems

The architecture fits agentic systems especially well — those
that set actions in motion on their own and produce decisions with
legal effects for individuals (cf. the CJEU’s SCHUFA judgment on
automated decision-making [4]). In such systems the internal logic
is, for practical purposes, beyond control: the inference is too
complex and too adaptive to follow [17]. Filtering the output before
the decision takes effect is then the one fail-safe that remains.

8.3. Deployment paths

The architecture is ready for piloting in three variants:

(@) As internal rules (Code of Conduct) of an individual
administration — the fastest path, permitting the accumulation of
operational experience.

(b) As a normative act for a specific procedure — guaranteeing
maximal legal certainty and uniformity at national level.

(c) As a pilot implementation at the Commission for Personal
Data Protection [19] — the CPDP already has established
experience as an independent supervisory authority and is the
logical first bearer of the pilot model for algorithmic accountability.

8.4. Limitations

This article does not answer all questions. The polynomials for
the substantively more complex elements (banking analysis,
property transformation, significant disparity) require separate
development. The complexity of recursive SNARKSs for very deep
legal procedures is likewise a subject of future research. The final
values of n_X and n_Y for different procedures are also subject to
empirical calibration.

9. Conclusion and future work

The ZKAP anti-corruption output filter is Compliance-by-
Design made concrete for a setting where the stakes are legal rather
than merely technical. Its two moving parts — the X + Y
decomposition and the cryptographically backed escalation that
follows any override — together take some of the sting out of the
old contradiction between what the Al Act asks for (transparency)
and what the GDPR and the law of trade secrets insist on
(confidentiality). The filter never judges how the model reasons
internally. It checks what the model produces against legal
requirements written in formal terms, and it makes sure that a
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decision failing those requirements cannot slip into the legal world
without a signal reaching the supervisor.

The worked example — the polynomial decomposition of a
single Y-condition, the circle of investigated persons under ZONPI
— shows how the filter behaves inside a real legal procedure. Run
against the constructed test profile, it covers all nine members M, to
My and behaves correctly in the seven critical cases where a
candidate should be excluded. The same principle carries over to
the heavier layers of the filter — banking analysis, property
transformation, fiscal comparability, significant disparity — which
this paper deliberately leaves aside.

More broadly, the architecture can enter service either through
the internal rules of a given administration or through a normative
act covering a defined class of procedures. It works at once as an
operational compliance protocol for deploying Al and as a
mandatory intermediate step in the hands of the human officials
who wuse it. It is patent-secured (BG/P/2026/114317 and
BG/P/2026/114328), with EPO/PCT/UKIPO applications in
preparation, and FRAND-ready for inclusion in harmonised
European or international standards.

Future work is directed along three lines: (1) development of the
polynomials for the more complex elements of the filter (banking
analysis, property transformation, fiscal comparability, significant
disparity) in standalone publications; (2) construction of a prototype
with SNARK verification and Silicon Binding replacing the hash-
based simulation layer; and (3) development of typified catalogues
of X-positions and Y-conditions for priority procedures with high
corruption risk, ready for adoption in the form of internal rules or a
normative act.
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Examine of electrical conduction processes in blood vessels by cable theory
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Abstract: Electrical conduction processes in the vasculature have traditionally been described using cable theory, i.e., locally induced
signals (membrane potential ) decaying passively along the arteriolar wall. The decay is typically quantified using the length-constant, ,
derived from cable theory. While cable theory provides a useful framework for modeling electrical conduction in biological tissues, its
assumptions are often violated in the context of small arteries and arterioles. Arterioles are composed of at least two cell layers: an inner
endothelial cell (EC) layer and one or more outer smooth muscle cell (SMC) layers. These layers are connected by myoendothelial gap
junctions (MEGJ), allowing electrical signals to pass between them. This work discusses arterioles with two cell layers and studies the
change in membrane potential in the EC and SMC layers. The corresponding stationary problems are posed and solved analytically by the
method of separation of variables. Numerical modeling of membrane potential propagation is performed using MATLAB software.
Visualizations include isopotential contours, 2D and 3D graphs of over space and time, and plots of variation along the vessel and over

time.

Keywords: CABLE EQUATION, MEMBRANE POTENTIALI, ARTERIOLE, ENDOTHERIAL CELL LAYERS, SMOOTH MUSCLE CELL

LAYERS, SEPARATION VARIABLES METHOD

1. Introduction

plays a crucial role in vascular

contractility irrespective of mechanical or chemical stimulus. v/ is

Membrane potential v/

determined by the activity of ion channels and each cell in turn
shares information with neighboring cells via gap junctions. This
direct exchange of information presumably enables multiple vessel
branches to coordinate their responses. Such coordination would, in
theory, allow arterial structures to effectively regulate blood flow
[1-3)/

Avrterioles consist of at least two cell layers—an endothelial cell
(EC), and one or more smooth muscle cell (SMC) layers that are
coupled by myoendothelial gap junctions (MEGJ). ECs are long and
flat and are oriented along the vessel length axis. SMCs are spindle-
shaped and wrap around ECs in a perpendicular arrangement. ECs
and SMCs were modeled in an overlapping pattern, as shown in
Fig. 1.

Endothelial
Cell (EC)

Smooth Muscle

Cell (SMC)

Arterial Segment

Figure 1 Schematic drawing of a vessel segment. The vessel is composed of

two cell layers, endothelial cells (ECs) innermost with smooth muscle cells

(SMCs) around. ECs are oriented along the vessel axis, while SMCs wrap
around ECs perpendicularly.

The current work discusses two cell-layered (EC and
SMC cell layers) arterioles and studies the change in membrane
potential in these layers. Numerical modeling of membrane
potential propagation for a one-dimensional model of a two-cell-
layered cylindrical arteriole, in the absence of current at the
beginning and end of the cable (arteriole) is performed using
MATLAB software. Numerical results are obtained and
corresponding membrane isopotential contours, 2D and 3D graphs
are presented.

2. Theoretical aspects

2.1. Problem formulation and principal formulas
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Spread of v/ changes in biological cablelike structures is usually

described using cable theory. One of the main problems of cable
theory is the calculation of membrane potential. The theory of
cables, developed in recent decades, is older than the cable equation
itself, being a variation of the equations developed by Lord Kelvin
to model the propagation of electrical signals from underwater
telegraphs. The cable theory was originally applied to conducting
potentials in the axon, for example, by Hodgkin and Rushton. It has
been applied to neurons, arrays of cells [4] and to blood vessels
[5,6].
The passive cable equation will be written as follows:

. v (xt) _ 2 azv(>2<,t) V(xt) 1)
ot OX
where v =V, is the membrane potential, ﬂ_\ﬁ is the constant
f

of the space (length) of the passive cable equation which determines
the distance along the cell at which the injected potential decreases
by factor e, and 7 = r.C, is a time constant, it determines the length

of time over which the injected potential decreases by factor e. r_

is membrane resistance, Cp is membrane capacity , and I} is the

resistance of the cell cytoplasm per unit length. Space and time
constants are useful parameters used to measure and characterize
specific properties of excitable tissues.

An important set of basic assumptions is usually made when
applying cable theory to small blood vessels (for a complete
description, see Holt : Holt, G. 1998. A critical reexamination of
some assumptions and implications of cable theory in neurobiology.
PhD thesis, California Institute of Technology, Pasadena, CA.):
1. Intra- and extracellular spaces are one-dimensional
homogeneous.

2. Electrotonic conduction is Ohmic (follows Ohm's law).

3. Membrane resistance is independent of the resting potential.
4. lon channel conductances are time- and voltage-independent.
5. lonic concentrations are constant.

and

2.2. Problem statement and solution

Consider a cylindrical two cell-layered arteriole of length L . Let
us solve the passive cable equation (1) with the following boundary
and initial conditions: 1) there is no current flowing into the cable
(at the beginning of the cable) and out of the cable (at the end of the
cable), and 2) at the beginning of time interval, the current is a
function only of the spatial coordinate x of the cable. Thus, the
boundary and initial conditions will be written as follows:
For x=0: V,(xt)=0,

For x=L: V,(xt)=0,

@
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For t=0: V(x,0)= f(x). ©) @)
Using the method of separation of variables and considering the s i i
boundary (2) and initial (3) conditions, we will obtain the following "
expression:

2 o 2 2 .
V(x,t)= 2L .2 [Lsin (7n)+ [LJ (coszn —1)} cos[@je(l’(’“”"/ Lk
L2 L4&|m n L

= (7

=L+2 Li[ﬂlnsin (an)+ 1 (coszn —l)J cos[%je(l’“”"/ L Ken,

Vv, (xt)= —ZZ{ﬂn(ﬂlnsin (7n)+ ﬁ(cos mn —1)} sin (%je(l—(m/uz):/rm } )

7=1.6, A=0.5 for SMC =2, A=1 for SMC

Simulations were performed for a two-layered arteriole (EC and i H ]
SMC) with various values of t and A. Example parameter sets: re25, o1 forsuC e —
o r=1.6ms, 4A=0.5mm

o r=2ms, A=1Imm

3. Numerical simulation

o r=25ms, A=15mm
o 7=3ms, A=2mm.

Arteriole length: L =750um=0.75mm ; spatial discretization: Figure 3 3D graphs of membrane potential change \/

Ax = 6m =0.006mm ; temporal discretization: At=0.005ms distribution inthe X , t vector field for different fixed values of
was used. Numerical values of membrane potential change y for ~ time and space constants (a) for the endothelial cellular (EC) layer,
x (b) for the smooth muscle cellular (SMC) layer.

various fixed temporal 7 and spatial A constants and obtained

during the variation of X (from 0.006mm to 0.136mm for EC (a)
0.304mm for SMC ) and t (from 0.0lms to 0.03ms). are o SVttt Gt ettt e
obtained. L T g T | e
In practice, a system of contours (isolines) is often used to analyze g S .
the measurement results. For arterioles , some contours of 1/
membrane potential change v, for the plane area in the vector field

of space (length) X and time t are presented.

(@)

Isolines of V_(x.t) when 7=1.6, A=0.5 for EC 1o Js0lines of V_(x.t) when r=2, =1 for EC S Jl

D ' 4 (b)

002

1-¥50lines of V_(x.t) when r =3, A=2 for EC

Jsolines of V._(x.t) when 7 =25, \=1.5 for EC

Graphs of V. (xt) when t=0.09 for SMC

® v

\

015 02 028 035

Figure 4 Graphs of variation of membrane potential V « along
X for different fixed values of time 7 and space A constants
and four fixed values of t, (a) for the endothelial cellular (EC)
layer, (b) for the smooth muscle cellular (SMC) layer

@

Figure 2 Membrane isopotential contours for different fixed values
of time and space constants (a) for the endothelial cellular (EC)
layer, (b) for the smooth muscle cellular (SMC) layer.
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Graphs of V_(x,4) when x=0.006 for EC Graphs of V (x.{) when x=0.012 for EC

Graphs of V (x,1) when x=0.03 for EC Graphs of V_(x.t) when x=0.054 for EC

(b)

Graphs of V. (x.t) when x=0.006 for SMC Graphs of V. (x.t) when x=0.012 for SMC

Graphs of V (x.t) whan x=0.03 for SMC Graphs of V_(xt) whon x=0.054

Figure 5 Graphs of variation of membrane potential V. along t
for different fixed values of time 7 and space constants and
four fixed values of X, (a) for the endothelial cellular (EC) layer,
(b) for the smooth muscle cellular (SMC) layer

Results show that the change in membrane potential V/  is smaller

in the EC layer than in the SMC layer, indicating poorer current
propagation in SMCs.

Finally, the research has not been completed and continues to study
and solve various problems in this area as far as possible.

4. Conclusion

The main results presented in this paper can be formulated as
follows:

e  The change in membrane potential in the endothelial cell
layer and the smooth muscle cell layer is studied using the
passive one-dimensional cable equation (endothelial cell
(EC) and smooth muscle cell (SMC) layers), for a two-
cell-layered arteriole.

e For a one-dimensional model of a two-cell-layered
cylindrical arteriole, in the absence of current at the
beginning and end of the cable, numerical modeling is
carried out using the software MATLAB. Numerical
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results of the change in membrane potential are obtained,
based on which membrane isopotential contours are
constructed for a flat area in the vector field of length x
and time t. Some 2D and 3D graphs are also built.

e From the obtained numerical results and corresponding
graphs, it can be seen that the change in membrane

potential V'X is smaller in the EC layer, than in the SMC

layer, which is caused by poor current propagation in the
SMC layer.

Cardiovascular diseases continue to be the foremost cause of
mortality globally. It shall be noted, that despite of extensive
research over many years, the propagation of membrane potential in
blood vessels has not been comprehensively explored, therefore, its
study remains an actual topic of much modern scientific research.
This paper aims to study changes in membrane potential in blood
vessels using the cable equation. Finally, we are continuing our
research and will study and solve some of the problems in this field
to the fullest extent possible.
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Mogaeaupane u u3cjeABaHe Ha AU(PPAKIHOHHOTO I0JIe OT APOH ¢ U3noja3Bane Ha Dypue
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Pestome: B nacmosswama cmamus e npedcmageH u uscie08an Mamemamuiecku U CUMyiayuoHer Ou@pakyuonern mooen Ha OpoH, 001bUeH ¢
paouocuenan, ¢ oauzkama (Openen) u dareunama (Ppaynxogep) 30na Ha nabniodenue. Modenupanemo Ha OUPPAKYUOHHAMA KAPMUHA €
peanuzupano upe3 osymepua @Dypue mpaucpopmayus, 6asupana ua npunyuna Ha babunmem u ummeepannomo pewenue Ha Peilnu-
3omepghend. Aumanuzupanu ca 3asucuMocmume Mexncoy 2eoMempuuHume napamempu Ha 00eKmd, pAa3CMOsHUemo 00 HPUEeMHUKA U
Oowadcunama Ha evaHama. Paspabomenusm moden ocuzypsea 6ucoka MOYHOCH U 2b8KABOCHI, KAMO HAMUDA NPAKO NPULOdCeHUe npu
uscnedsane Ha egpexkma Ha npsaxo pasceusane (Forward Scattering) 6 6ucmamuunu padapuu cucmemu, KakKmo u HpU peuiasaHe Ha
obpamunama 3a0aya 3a OMKpUSAHe U pasno3HAsaHe Ha dguicewji ce 06eKmu.

Kniouosu oymu: ougpaxyuonen mooern, opon, @ypue mpancpopmayus, @penenosa u Ppaynxopeposa ougppaxyus, bucmamuyer paoap

1.

Judpaknusara e sBICHHE, KOETO BOIM 10 OTKJIOHEHHE Ha
BBJIHOBHTE CUTHAIM OT IIPaBOJMHEHHOTO WM pa3NpOCTpaHEHUeE,
KOraTo NpeMUHaBaT IIpe3 OTBOP WIM CPEUIHAT HPENsATCTBHE II0
mpTA cH Ha pasmpoctpaHenue [1]. Ts ce HaOmomaBa mMpu BCHYKH
BUJIOBE BBJHH, BKIIOYHTEIHO 3BYKOBH, CIEKTPOMAarHUTHH,
CBETJIMHHY, PaJMOBBIHM M PEHTTCHOBH JIbuu. Cropea NpHHIMIA
Ha babuner, nudpakunoHHaTa KapTHHA Ha HEMPO3padeH OOCKT e
UJICHTHYHA C AW(paKIMOHHATa KapTHHA Ha OTBOP CBHC ChINATa
¢dopmMa M pa3Mep, HO HMHTCH3UTETHT HAa CHTHala € ¢ oOpaTHa
CTOHHOCT [2].

IpurounsT Ha baGuHeT € B OCHOBaTa Ha SBICHHETO ANPSKO
pasceiiane Ha cuenana (Forward Scattering), W3MON3BaHO B
OucraTH4yHHA paxap 3a OTKPMBAHE Ha [BIKEHIIM ce OOEKTH,
TpecuyaIny 0a3oBara JIMHUS MEKIy MPUEMHUKA U MpeaaBaTens [3-
9]. Cnopen npunnuna Ha XioireHc-dpenen, korato GpoHTHT Ha
CBETJIMHHUS JbY JIOCTMTHE OTBOp, BCSKA OT HETOBHTE TOYKH CE
NpeBpblla B M3TOYHMK Ha cdepnuHa BbiaHA. [ eHepupaHuTe
MHOJKECTBO BBJIHH Ca KOXEPEHTHH U JIOKAaTO CE pa3lpOCTpaHsBarT,
TE3W BBIHM CE€ CyMHpPAaT WM M3BaXKIAT, KOETO BOJM JO PEayBalln
Cce TBMHH ¥ CBeTIM JAW(QPAKUMOHHM JIeHTH. [Ipu Hannume Ha
Oapuepa ce HabronaBa AU(PPaKINOHEH ePeKT Ha CBETIMHHH JIbYH,
MOMA/IAIM B FEOMETPUYHATA CSIHKA Ha TSUI0TO, H II0aCOHOBO TETHO
B LICHTHpa Ha TudpaknuoHHaTa kaptuHa [10].

30HaTa 3a] MPEIsITCTBHETO, A0 KOATO BbIHATa HE JOCTHIa, Ce
Hapu4a csnka. Pa3MeppT Ha CsHKata 3aBHCH OT pa3Mepa Ha
NPEeNnsITCTBHETO W JABJDKMHATa Ha BBJIHATA Ha CHUrHaia. AKo
ABJDKWHAaTa Ha BbJHATa € MHOIO rojiiMa B CpPaBHCHHUE C TOBa
NpenATCTBUEC, TOraBa IIOYTH HAMAa 30Ha Ha CsAHKA. BI/I}I])T Ha
IubpakIMOHHATA KapTHHA 3aBUCH 3HAYUTEIIHO OT BPB3KaTa MEXIY
pasMepa Ha NPEISTCTBHETO, Ib/DKHHATA Ha BBJIHATA A U
Pa3CTOSIHHETO OT MPEISTCTBUETO JI0 TOYKaTa Ha HaOmoneHue z. B
Ta3u Bpb3Ka Ce pa3rpaHnyaBar jaBa Buna audpakuus: 1. @penenosa
Ooughpakyusi, KOraTo BBPXY MPEMATCTBUETO Maja IUIOCKA HIIH
chepryHa BBIHA M Ha eKkpaHa ce HaOiogaBa IU(pPaKIHOHHA
KapTHHA, ChCTOSIA CE OT KOHIEHTPUYHU KPBbroBe. B To3M ciydait
TOYKaTa Ha HaOJIOACHNE € Pa3MoNIoXKeHa Ha KPaTKO Pa3CTOSHHUE OT
MPETSTCTBUETO, TAKa Y€ BBIHOBUAT (DPOHT, Majalll BbPXY SKpaHa 3a
HaOmoneHue, ¢ chepudeH. 2. Dpayuxopeposa Oouppaxyus WM
mudpakiys Ha MapajeieH JIbd Bh3HHMKBA, KOraTo IUIOCKA BBIIHA
majgHe BBPXY mpersrcrBue. Tasu audpakinoHHA KapTHHA ce
HaOJI0/1aBa HA OTHOCHTENHO TOJISIMO PA3CTOSHUE OT MPETSITCTBHETO
[0 €KpaHa, Taka 4e BBJIHOBHUAT (POHT, JOCTHTam] N0 TOYKATa Ha
Ha0JoieHye, € IUIOCHK.

B Ttasu crartus ce pasriexna IuppakiLMOHHATa KapTHHA Ha
JpOH, 00NbYEH ¢ paxuocurHan. M3cnenBaHusTa ca IPOBELCHH B
onmuskara (3oHa Ha PpeHen) u paneyHata (3oHa Ha DpayHxodep)
30Ha Ha IMGPAaKIMOHHOTO moie. M3cnenBaHn ca 3aBUCHMOCTUTE

Buveeoenue
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MEXIy TapaMeTpUTe Ha [OPOHA, pPAa3CTOSIHUETO OT obekTa [0
NpUEMHHUKA U IBJDKHHATA Ha BhJIHATA HAa PAJHOCHTHATIA.

CraTtusaTa € opraHusupasa IO cieqHHMd HauuH: B pasnmen 2 e
MPE/ICTAaBCH aJrOpPUTHM 3a TpeodpasyBaHe Ha Dypue. B paznmen 3 e
obchaeHa qudpaknusata Ha Ppenen u Ppaynxodep. B paznen 4 ca
MOTYYCHHU M aHAIM3UPAHK Pe3yiITaTd OT Moaeiupanero. Hakpas, B
pasmen 5 ca HampaBeHH U3BOAM M MPENOPBKU 33 Obaenu
W3CIICIBAHUSL.

2.

JIBymepHOTO TpeoOpasyBaHe (TpaHcdopmarms) Ha Dypue 3a
nenpekbcHata Qynkuusa  f(x,y) ce nepuHHMpa CbC CrleqHUS
HHTETpaJIeH 13pas:

F(fu f,) = [ £ (x,y) expifi

@Dypue mpancgopmayun

j21'r(fxx + fyy)]dxdy
())
KbzieTo f; u f, ca npocTpaHCTBEHUTE YECTOTH, CHOTBETCTBAIIM HA
MPOCTPAHCTBEHUTE KOOPJMHATH X H Y, a ] = V—1 ¢ UMarnHepHara
eIMHUIIA.
IIpeobpasyBaneto Ha Dypre MOXke a ce 3aluIilie U B CbKpaTeH
BUJ upe3 oneparopa F:
F(fo fy) = F{f ()} @
O6patHOTO TIpeoOpa3yBane Ha Dypue ce npeacTass ¢ u3pasa:
+oo e
fey)=J, F(ﬁ{,fy) expif[;;ZTr(fxx + fyy)]dfxdfy
®3)
CrkpareHarta popma Ha 00paTHOTO peoOpa3yBaHe UMa BU/IA!
feoy) =FHF(fo )} @
Bpb3kara Mexay mnpaBoTO M OOpaTHOTO mpeoOpasyBaHe ce
n3pa3siBa 4pe3 MocIeJOBATETHOTO MMPHUJIaraHe Ha IBaTa orepaTopa:
floy) = F HF{f ()33 ®)
OyHIaMEHTAJIHO CBOWCTBO Ha TpaHcdopmarmsita Ha Dypue e
TeopemaTa 3a KOHBOJIOLHSITA, KOSATO IJIaCH, Y€ KOHBOJIOLMATA Ha
IB€ (YHKIIMU B MPOCTPAHCTBEHATA 00JIACT CHOTBETCTBA HA TOYKOBO
YMHOKEHHE B UECTOTHATa 00JacT:

FUIT F@mhGe = ¢y - mdidn} =
FUf ey FhG )} = F(f f)H(f ) (6)

3.  Jugpaxyuonen mooen

Koraro HempospaueH 00GekT ObJe OCBETEH C IUIOCKA BBJIHA,
CBETJIMHATA 3a]] HETO CE Pa3lpOCTPaHABA B PE3yJTaT Ha SBICHUETO

Oougparyusi. Axo expaHbT (paBHMHATa) 3a HaOmIOACHHE €
pasloJIOKEH ~ Ha  JOCTaThYHO  TOJSIMO  pasCTOSIHHE — OT
nudpaknuoHHUs 00eKT, An(pakUHOHHATa KapTHHA 3ama3Ba

¢opmMaTa cH W TpH MO-HATATBINHO OTJAJEYaBAHE MPOMEHS
eAMHCTBEHO cBosA Mamabd (pasmep). ToBa cherosHue ce aedpuHMpa
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KaTo oughpaxyus na Opaynxoghep. Korato ekpaHsT 3a HaOIIOJCHUE
€ pPa3moNoKeH MNo-Oiim30 1o 0o0ekTa, Au(paknMOHHATA KapTHHA
npomeHs ¢Qopmara cu npu NPOMAHA Ha pascTosiHUeTo. ToBa
SIBIICHUE C¢ Hapuia ougpakyus Ha Openern.

B HemocpenctBena Omm3ocT 10 oOekra ce Hamupa OJHM3Kara
30Ha (30Ha Ha OpeHern), a B oTaedeHaTa 00IacT e JajnedHara 30Ha
(3ona Ha Opaynxodep) (Pur. 1). B 3onara Ha Dpayrxodep
paslpeseleHneTo Ha MHTEH3UTETa Ha CBETJIHMHATA CE OIMCBA Upe3
TpaHcopmarus Ha Pypue.

S \\ i \
H Pt
i S
e 7
D i
®penen DOpaynxodep

®wur. 1 Bunose qudpakumu

Kputepusr, xoiito onpemenst Thna Ha JudpakimusTa, ce
OCHOBaBa Ha YMCIIOTO HAa DpeHel:

« 1 Judpakyusa Ha PpayHxodep
~ 1 ludpakuus Ha PpeHen

> 1 l'eoMeTpUYHa CAHKA

Kppero w e Haii-romemust pasmep B o0Oekra, A € IBDKMHAaTa Ha
BbJIHaTa Ha [pHeTaTa MOHOXPOMAaTHYHA CBETIMHA, a Z €
pa3CTOSIHHETO MEXIy paBHMHAaTa Ha OO€KTa WM paBHUHATa Ha
HaOoieHue.

Ha ®uwr. 2 e npeacTaBeHa paBHHHATA HA U3TOYHHKA (00EKTa) €
pasnpesieNieHHe Ha KOMIUIGKCHAaTa aMIUIMTyZJa Ha  IIOJIETO
U (x1,y1). OcHOBHATa 1IEN € J1a CE MPECMETHE PA3NpPOCTPAHEHHSAT
curvan U,(x;,y,) B paBHHHATa Ha HaONIOJEHWE, a OTTaM H
HETOBMAT MHTEH3MTET. 3a ONpEeZesiHe Ha MOJIETO B PaBHUHATA Ha
HaOJIoIeHNe ce TpHiiara NpUHIUIBT Ha XroWreHc-dpeHern, cropen
KOWTO BCSIKa TOYKa OT paBHMHATA Ha M3TOYHMKA C€ Pa3IIexaa KaTo
BTOpHYEH H3TOYHUK Ha cepudHH BBIHHM. Upe3 MHTErpHpaHe II0
Ip11aTa MOBBPXHOCT CE MOJTy4aBa IIbPBOTO HHTETPATIHO PElICHHe Ha
Petimu-3omepdenn:

+o0 z 12
Uy (x2,y2) = ﬂ_m Ul(xl»)’1)j7—z (8)
Kpaero 11, e pa3crossHHETO MEXAy TOYKara OT paBHHHATa Ha

WU3TOYHUKA W TOYKaTa B paBHWHATa Ha Ha6.IIIO,H6HI/I€, KBICTO CC
H34UciiiBa OTTOBOPBT. OGH.[I/IﬂT OTroBOp B TOYKa OT paBHHHATa Ha

Az

™

dx;dy,

HaOJNIONeHHEe € CYNEepHO3WIMs Ha OTrOBOPHTE HAa  BCEKH
,»,EJIEMEHTapeH U3TOYHHK .
Uy (x1,¥1) Uz (x2,¥2)

=
=

=

®ur. 2 Cxema Ha najalia IIoCKa BbIIHA, TIEPICHANKY/IIPHA Ha
Hempo3padeH OO0CKT, ch3AaBaimia JudpakiMOHHA KapTHHA Ha
pascTosiHuE Z

TouHuAT U3pa3 Ha Iy, €:
riy =22+ (6 — x1)? + (v, — y1)? ©
Ciex ToBa MOKEM Jla allpOKCHMHUpaMe HU3pasa caMo C IbPBUTE
JIBa YJICHA:
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(r2—y1)?
ZZ

Ty ® \/1 + o) Xl) + (10

TounmAT M3pa3 3a 17, CHIBPXKA KBAIPAaTEH KOPEH, KOETO MPaBH
NPEeKOMEpPHO TPYAHO ¥ YHCICHO HECTaOWIHO JUPEKTHOTO
n3uyncieHne Ha wuHTerpaida (8). Ilopamum ToBa ce BBBEXIAT
¢usmyecky 000CHOBaHY MPUOIMKeHNs — Npuomkenne Ha Openen
u npubnmkenne Ha Opaynxodep.

3.1 Ampoxcumanus Ha Ppenen

W3pa3er Ha 17, ce MoJydaBa ype3 M3IIO0JI3BaHE Ha pas3iiaraHeTo
Ha Teilmbp M MTHOpHpaHE Ha UYIEHOBETE C MOPSABK MO-TOISIM OT
TpH, Tl KaTo Te ca mpeHeOpexxumo Manku [11, 12]. B Ommskara
IudpaKIMOHHA 30HAa MOXKEM Jla IIpHeMeM, 9e 77, = Z, HO 3a u3pasa
e/*™2 y3monseame ypasHeHHMe (3), 3aII0TO EKCIIOHEHTATA € MHOTO
YyBCTBUTEJHA KBM 77;. [0 TO3M HaUMH ce moiTy4aBa HHTETpalrbT Ha
®penen:

UCe2) = S 115 U3 Gen,y)-exp {5 G = )2 +

(2 = y)21} dxydyy (11)

To3u n3pa3s nokassa, 4ye pa3poCTPaHIBAIIOTO CE BBIHOBO I10JIE
MOXe Jia Ce pasriiekaa Karo napadonudHa (Wi cepryHa) BhIHA.
3a pasnmuka ot mudpakmusrta Ha PpayHxodep, TyK ce OTUHTA
KPUBHHATA HA BBIHOBHS (DPOHT.

VpaBuenne (11) Moke na ce 3ammiie BBB (opmarta Ha
KOHBOJIIOI[OHEH HHTETPaI:

+o00
Uy (x2,2) = [ Ur(xq, y1)h(xy — X1, ¥2
Kpgero  h(x,y7)
IIPOCTPAHCTBO:

—ydxdy, (12)
€ WMIYJICeH OTroBOp Ha CBOOOIHOTO

jkz :
h(xz,y,) = j’;ew | (2% + 3,7 (13)
AnTepHAaTUBHO, MHTErpanbT Ha PpeHen Moxke Aa ce H3pasu
ype3 aBymepHa @Dypue TpaHchopmarms cieq pa3KpHBaHE Ha
ckoOuTe BBB (ha30BHS WJICH:

Jjkz ;
Uy (x2,y2) = g &P <J—n (F + yz))
ff Uy (xl'h)exp [ = (1% + )’1)’2)] exp [— (cf +
Vi )] dxidy; (14)

IMosy4eHUAT MHTErpalieH U3pa3 BCHIHOCT € peodpa3yBaHe Ha
®ypue cbc 3aMecTBaHE Ha IPOCTPAHCTBEHUTE YECTOTH:

f—pufy 32 (15)

Upes oneparopa 3a Dypue tpanchopmanus F, uspasz (14) ce

3aIKCBa Karo:
J
<_ (xz +y; )>

{U1(x1:}’1)€x17[ (xf +)’1)]} (16)
B wuyectorHata oGmact konBomrouusta (12) mnpemuHaBa B

Jkz

Uy (x2,y2) = 1z 5 exp

[POU3BEJCHHE  CBIJIACHO  TEOpPEMAara  3a  KOHBOJIIOLMSTA.
[penasarennara pyukuus H(fy, fy) (Oypue 06pasbt Ha h) e:
H(fx, fr) = F{h(xy, )} = e/ e 72 (E477) 7
Koero mo3BoisiBa mpecMsTaHe Ha MOJETO Ype3 Obp3a
tpancopmanus Ha Oypue (FFT):
U (x2,y2) = FHF{UL (x1, y)IH (fy, fr)} (18)
3.2 Anpokcumanus Ha @paynxodep
®paynxodepoBata anpoKCHMals, W3BECTHA OLIE  KaTo

anpoKkcumayus Ha OAleYHOMO noje, NPEANoNara MHOrO JajedyHa
paBHuHa Ha HaGmoaeHue [13, 14]. TIpu MHOTO roJieMH pa3CTOSIHUS
7 (manevHa 30Ha) € M3ITBJIHEHO YCIOBHETO:

m(xf-y})
e )max (19)

ToBa o3HauaBa, 4e KBaApaTUYHHUAT (a30B WIEH B HMHTETpana
CTaBa HE3HAUUTEIICH:
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exp [[2 (e +yD)] ~ 1 (20)
Ilpunaraneto Ha TOBa YycioBue BBPXY (14) BomM 10
anpokcumarnusata Ha Opaynxodep:
elkz jm
) = e exp [ 4 59
2(x2,¥2) Az exp 1z (x5 +y3)
J_., U1(x1, y1)exp [ izn (x12, + )’1)’2)] dxidy; (21)
Wzpazpr (21) e umcra nBymepHa Dypue Tpanchopmanms Ha
BxoaHoto noie Uy (X1, Y1), OlleHEHa B YECTOTHUTE:
fooZufy o2 (22)
B cumynanmoHHHTE cUCTeMH H300pBT Ha AMpOKCHMALUs Ha
Openen win Opaynxodep ce mpaBH aBTOMAaTHYHO Bb3 OCHOBA Ha
TPECMITAHETO Ha YUCIOTO Ha DpeHer:
ejkz jn. ) 5
Uz (x2,¥2) = mexp [E (x5 + 3 )] CF{UL (g, 1)}

U, (x2,y,) = const. F{U; (x1,y1)} (23)

4.  Pezynimamu

3a mpoBepkata W  BaNHOUpPAaHETO Ha  pa3paboTeHHs
JU(PAKIMOHEH MOJEN ca TPOBEJCHH UHCICHH CHMYJIAlUH C
Hemnpo3paueH 00eKT ¢ (opMa Ha JPOH, Opa3MepeH B KOOPJHMHATHA
cucrema (®ur. 3). UscmenBaHo e pasmpoCTpaHEHHETO Ha
MOHOXpPOMaTHYHA IUI0CKa BhiHA ¢ Ab/okrHa A = 0.25 m (1.2 GHZ),
najamna NepneHauKyISIpHO cpsiMo obOexTa. BrHIIHUTE rabapuTHH

pasmepu Ha obekra ca D =20m. CuMyIalluOHHUTE
CKCIIEPUMECHTHU Ca M3BBPILICHU 3a TPU Pa3CTOSHUS MEXKITy 00CKTa U
paBHHHATA Ha HaOJIroIcHNE: z=10,100u 1000 m,

CbOTBETCTBAIlA Ha pa3JIMYHA CTOMHOCTH Ha YHCJIOTO Ha (DpeHeJ'I.

1800 T T T

1700 - i
1600 [ ‘ 4
1500 - 4
1400 ‘ 4

1300 - .

1200 -

I I L
1200 1300 1400 1500 1600 1700 1800

®ur. 3 Mozen Ha JpoH

4.1. Anaiau3 B 6Ju3Kara 30Ha (z = 10 m)

IIpn pascrosHEe MexTy oOekTa W paBHHHATa Ha HAOIIOICHUE
z=10m wumucnoto Ha OpeHen YAOBIETBOPSBAa YCIOBUETO
D?/2z » 1, xoero onpenens HabIIOICHHETO B GIM3Ka 30Ha (30HA
Ha reoMeTpuyHa csHka). Ha ®ur. 4 u ®ur. 5 ca MokazaHu
pesyarature oT 2D u 3D mudpaknmonaus monen. B tasu 3oHa
qudpakMOHHATa KapTHHA 3ama3Ba SICHU T'€OMETPUYHH KOHTYPH,
CHOTBETCTBAIM HA OPUTUHAIHUS CITyeT Ha ApoHa. Habmrogasa ce
xapakTepHara 3a ®PpeHenoBaTa AuQPAKIMA BUCOKA OCLMIALMUA Ha
HHTEH3HuTeTa o prOoBeTe Ha TswoTo. Ha dur. 6 e mokasan
UHTEH3MTEThT HA HampedeH Npodui, OTKBICTO Cc€ BIKIAT
GurykTyanuure ¢ BHCOKa 4YeCcTOTa B LEHTpaJHaTa  4acT
(reomeTpuuHaTa CsHKA), ABIDKAIIM CE€ Ha HHTepdepeHunusTa oT
BTOPUYHHTE BBIHOBU U3TOYHHUIIN.
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z= 10m- lambda = 0.25m - D= 20m

-40 -20 0
x(m)

20 40

@ur. 4 JIuppakimoHeH MOJIeT Ha IpOoH Ha pa3cTtosHue 10 m.

z=10m - lambda = 0.25m-D= 20m

y(m) -100  -100

100

®@ur. 5 3D nudpakiponeH Mozien Ha JPoH Ha pazctosiaue 10 M.

102 z= 10m - lambda = 0.25m - D=20m

Normalized irradiance]l(x)/I\Total]
w

0 ! J .|

-100 -50 0
x[m]

®@ur. 6 IIpodun Ha pudpaxunoHEH
pascrosaue 10 m.

50 100

MOJEC]I Ha JpOH Ha
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4.2. Anaju3 B mpexogHarta 30Ha (z = 100 m)

C yBemmuaBaHe Ha pascrostHHeTo 70 z = 100 m chepuunara
KPHUBHMHA Ha BBJIHOBHSA ()POHT 3aM0uBa Jla HAMAJISIBA, @ YUCIOTO Ha
®penen ce gobmmkasa no emunmna (D?/Az = 16). Ha dur. 7 u
Qur. 8 ca nokazanu pesynratute ot 2D u 3D audpakiuoHHHS
MOJIe, OTKBIETO C€ BIKAAa pa3MHBaHe Ha KOHTypa. OcTpure
TEOMETPUYHU TPAaHMIM Ha JpOHA 3aloyBaT Ja CE pa3MHBAaT.
3albens3Ba ce IUIABEH MPEXOA HAa EHEPrusira KbM CTPAaHUYHUTE
Makcumymu. Ha @ur. 9 e mokaszan nmpomirsT Ha MHTEH3UTETa Ha
MoJeTO, OTKBIAETO SCHO C€ BIDKAAT IpepaslpeiesICHATE
MakcuMyMmHu. OIyKTyarunTe B CSIHKaTa ca ¢ MO-ToJIsIMa aMILTUTYaa
M TO-HHCKA IPOCTPAHCTBEHAa YECTOTAa CHPSIMO CIydass MpH Z =
10 m.

z= 100m- lambda = 0.25m - D= 20m

-40 -20 0

x(m)

20 40

@ur. 7 [IudppakiioHeH MOeN Ha IpoH Ha pascrosaue 100 m.

z=100m - lambda = 0.25m-D= 20m

0

-50
x (m)

-100  -100

®ur. 8 3D audpakunoHeH MozeN Ha JPOH Ha pascrosuHue 100
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, w102 z=100m - lambda = 0.25m - D=20m

Normalized irradiance[l (x)/I\Total]

-100 -50 0

x [m]

100

®@ur. 9 Tlpodun Ha audpakuUOHEH MOIET HA [OPOH Ha
pascrostaze 100 m.

4.3. AHaau3 B 1ajiedyHaTa 30Ha (Z = 1000 m)

IIpu z = 1000 m ce moctura ycmoueto 3a DpayHxodeposa
nudpakmus (D?/Az = 1.6). Ha ®ur. 10 u dur. 11 ca moxaszasu
pesynrature ot 2D u 3D gudpakunoHHUS MOJIET, OTKBIETO ce
BIKAa TpaHcdopmaimsaTa Ha u3o0paxkeHuero. udppakunoHHATA
KapTHHA Beye HE ChOTBETCTBA HAa I€OMETPUYHHMS CHIIYeT Ha APOHA,
a TPEJCTaBIIIBA HETOBHs JBYMepeH 4decToTeH ciekTsp (Dypue
00pa3). B 1ienThpa ce odopMs CHIHO HM3pa3eH TJIaBEH MaKCHMyM
(IToacoHOBO TeTHO / LEHTpaJieH CHON Ha MIpsKO pasceiiBane). Ha
Our. 12 ¢ moka3zaHO CHEPrHWHOTO pas3NpelelicHue Ha mpoduia Ha
MOJIeTO, KOeTo mpupobusa ¢opma Oam3ka 1o (GyHKOusTa Sinc, ¢
XapaKTepHH  CTPaHMYHH  MAaKCHMyMH. LIGHTpamHMAT — BPBX
KOHIICHTPHPa OCHOBHATa YacT OT pa3CcesHaTa EHEprus, KOeTo e
KJIIOUOBO 32 OTKPUBaHE Ha 00OEKTH B OMCTATHYHH PaJlapHU CUCTEMH
¢ npsiko pasceiiBane (Forward Scattering Radar).

z= 1000m- lambda = 0.25m - D= 20m

-40

-20 0
x(m)
®@ur. 10 {udpaxumoneH Moaen Ha IpoH Ha pascrostaue 1000

20 40
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z=1000m - lambda = 0.25m-D= 20m

reOMETpPHATa M HPOCTPAHCTBEHOTO IOJOXKEHHE Ha OOEKTa BB3

@ur. 11 3D audppakuuoHEH MOAET Ha OPOH Ha Pa3CTOSHUE
1000 wm.

102 2= 1000m - lambda = 0.25m - D=20m

r

Normalized irradiance[l(x)/I\Total]

06 .[ lh B
04| | q 1
0.2 J 'l

. v |

P a
0 ”_ el gt " K N’m. RTINS o
-100 -50 0 50
X [m]

®@wur. 12 [podwn Ha tudpakoHeH MOeT Ha IPOH Ha pa3CTOsSHHE
1000 M.

TNomyuaenure pe3ynraTu MOTBBPIKAABAT, Y€ AByMepHaTa Dypue
tpancpopmarms upe3 FFT ocurypsiBa BHCOKa TOYHOCT, YHCIEHA
CTa0WIIHOCT W  BHCOKa CKOPOCT TIpH  W3YHCIEHHE HA
IU(PaKIMOHHUTE KapTHHU. BBIpeKu TOBa MPU MHTEpHpETaInATa
Ha pe3yiTaTuTe TpsAOBa Ja Ce OTYUTAT CIEJHUTE (U3HUECKH
HPUOIIKEHUS:

Monoxpomamuunocm: V3Mon3BaHUAT MOAEN NpUEMa HJIEATHO
MOHOXPOMAaTHYHA BBJIHA (HylIeBa UYECTOTHA JIeHTa M Oe3KkpaifHo
BpeMe Ha KOXEPEHTHOCT). B peamHu ycrmoBust pamapHHTE CHTHAIH
MpUTeXaBaT KpaiHa 9YeCTOTHA JIEHTa, KOETO BOJHM JO YaCTUIHO
M3rIaXJaHe Ha HHTepQEepPEHINOHHNTE MUHIMYMH H MaKCHMYyMH.

Ckanapno  npubnudicenue. BBIHOBOTO T0J€ C€ OMUCBA
CKaJapHO, MpeHeOperBaiikiu MONIPU3ALUOHHUTE e(peKTH MpH
B3aUMOJICHCTBHE C pealHaTa TPUU3MEPHA MOBBPXHOCT U MaTepHall
Ha JIpoHa.

5. 3aknrouenue

B Hacrosmiata cTatus ¢ pa3paboTeH AU(PaKIHOHEH MOIEN 3a
W3CIeBaHE Ha EJICKTPOMArHUTHOTO IMOJIE OKOJIO HEelpo3payueH
obekT ¢ ¢opma Ha npoH. M3moms3BaHero Ha AByMmepHata Dypue
Tpancdopmalys mo3BoisiBa e(hEKTHBHO CUMYJIMpaHe M aHalIu3 Ha
IUQpaKIMOHHNTE KapTUHH KaKTO B Onm3kata (30Ha Ha DpeHen),
Taka ¥ B jayieyHaTa (3oHa Ha PpayHxodep) 30Ha Ha HAOIIOJCHUE.
Pesynrarute noTBBpKIABAT, Y€ MOAETHT MOXKE 12 OBbJe M3II0I3BaH
KaTO HAJEXKJEH MHCTPYMEHT 3a M3Clie[BaHe Ha edeKkra Ha MpsSKo
pasceiiBane (Forward Scattering) B GUCTaTHYHU CEH30PHH CHCTEMH.
B Obaemie pa3paboTeHHMAT MOAXOA MOXE JAa C€ pasUupH 3a
peliaBaHe Ha oOpaTHaTa 3ajaya — BH3CTaHOBSBaHE Ha (opmaTa,
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OCHOBA Ha MoJTy4eHaTa Au(ppakIMOHHA KapTHUHA.

bnazooapuocmu: Cratusita e peanusupaHa IO TIPOEKT
,,JIHOBaTHBHM METOIU U AITOPUTMHU 33 OTKPUBAHE M pa3lo3HaBaHE
Ha TMOJBIKHH OOEKTH 4Ype3 WHTErPHpPaHE Ha XeTepOreHHU
nmanan, KI1-06-H 72/4/05.12.2023, ¢dunancupan ot PHU-MOH.
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CpaBHI/ITeJ'leH AHAJIM3 HA AJITOPUTMUA 32 BB3CTAHOBAABAHEC Ha pasq)oxycnpann n306pa>lceH1/m

Marnanena ["'apBanoBa
VYHuBepcuter 1o 6udImoTeko3HaHue U HHpOpManuoHHU TexHonornu, Codust, benrapns
m.garvanova@unibit.bg

Pestome: Hescenanomo mpenmene Ha Kamepume no gpeme Ha 3ACHeMAane e cped OCHOBHUME NPUYUHU 30 PA3MA36AHE HA U300PANCCHUSIMA.
B nacmosiyama cmamust e u3cie08aHo 6IUAHUEMO HA ZPeWwKUme npu OYeHKama Ha Qynkyusma na pasceisane na moukama (PSF) evpxy
Kauecmeomo Ha 8b3CMaH08eHOMO usobpadicenue. 3a oyensasane na PSF ce usnonzea moden, bazupan na OaHHU OM UHEPYUATHU CEH30PU 3d
OsudiceHue (akcenepomempu u scupockonu). Hanpasena e cvnocmasxa mexcdy uemupu ymewpoenu aneopumoma 3a OCKOHEOMOYUS, d
umenno: uumpayus Ha Bumnep, umepamueen ancopumvm Ha Puuapocon-Jlycu, pezynapusayusi Ha Tuxonoe u cisna OeKOHEOMOYUSL.
Kauecmeomo Ha ev3cmanogenume uzodpadicenus e OyeHeHo upe3 mempurume cpedHokeadpamuyna epewka (MSE) u cmpykmypHo nooobue
(SSIM) npu paznuunu nusa ma omruoweHuemo cueHanr/wiym (SNR=5 dB u SNR=15 dB). Pesyimamume noxazeam, uye npeoeapumenHono
uzenasicoane Ha usmepenama PSF u namanseanemo na uwiyma 3HAUUMenHo no00GPSI6am moYHOCMMA Ha 6b3CMAHOBIABAHE.

Knrouosu oymu: évscmanosssane na u300padxcenus, OCKOHEONIOYUS, pA3MA3eane om Ogudcenue, Guimvp Ha Bumep, arcopumvm na

Puuapocon-Jlycu, pecynapuzayus na Tuxonos, ciana 0eKoH8omoyus

1.

IMudposara 06paboTka Ha H300paKEHUST M KOMIIOTHPHOTO
3peHHE HIpasT KIIOYOBAa pOJSI B CHBPEMEHHHTE CHCTEMH 32
3acHeMaHe, MOOWIHM YCTpOMCTBa, MEIUIMHCKA THArHOCTHKA M
CHCTeMH 3a CUTypHOCT. EnMH OT OCHOBHHTE NpOOIEMH, KOWTO
BJIOIIABa KaYECTBOTO Ha IMU(POBOTO N300pa’KeHHE MPH 3aCHEMaHe
B pEaNHH YCIOBHSA, € Pa3Ma3BaHETO, IPEIU3BUKAHO OT ABIDKCHUE U
TpernTeHe Ha kamepara (motion blur / camera shake). Hexxenanure
TPeNTeHus] Ha pbKaTa Ha OIepaTopa M0 BpeMe Ha MPOABIDKUTENHA
eKCIIO3MIMS  BOAAT IO BIIONIABAaHE Ha  KayecTBOTO HA
n300paKeHNEeTo, TyOeHKH (GUHU eTaiIn 1 KOHTYPH.

Ot MaTeMaTH4ecKa IJielHa TOUKa, IPOLECHT Ha JEKOHBOIOIHS
U BB3CTAHOBSIBAaHE HA pa3Ma3aHO M300paxkeHHe 0e3 mpeIBapUTeITHO
W3BeCTHA HWH(OpPMAIMA 32 CMYIMIEHHETO € MaTeMaTHYeCKH
HEKOPEKTHO MocTaBeHa 3a1a4a [ 1]. Teii kato chiecTByBa Oe3KkpacH
Opoil [IBOWKM OT OpHTHHAIHH W300pakeHUs W (YHKIUH Ha
pasceiiBane Ha Toukara (Point Spread Function — PSF), Bogemu no
eIHO ¥ cCbI0 HaOMIOJaBaHO  pa3MazaHO  H300paXKeHHe,
TpaJNINOHHUTE AITOPUTMH pazuurTar Ha anpHOPHU
MPEIIOJIONKEHHs] 32 CTATUCTHKATa HA ECTECTBEHUTE H300pa)KeHHs
WM UTEPATUBHU MOAX0M 3a oneHsBane Ha PSF [2]. Knacuuecku
TTOJIXO/IM KaTo BapHAIlMOHHWTE MeToau Ha deprbc u KoyekTus [3]
mpuyaraT CTaTHCTHYecKa 00paboTKa W BEPOSTHOCTHH MOJEIH
BBpPXY TPafHMCHTHTE Ha HW300pakeHHMeTo. Bwmpekn ToBa wmcTHTE
copryepun wmeromm 3a cisnma nexoHBomromwms (blind  image
deconvolution) 4ecTo ca HM3YHCIUTETHO TEKKH, OABHU U CHIHO
YYBCTBHUTEIIHH KbM LIyMa B U300paKEHHETO.

3a mpeopjoisiBaHE Ha TE3W OrPAHUYCHUS Ipe3 MOCIEeTHUTE
TOIMHM aKTHUBHO CE Pa3BHBa KOHIIEIIMITA 32 CEH30PHO-aCUCTHPAHO
BB3CTAHOBsIBaHE Ha M300pakeHus. B u3cienBanmsata cu Jpxoum u
konektuB [4] w IHuwamemap w UpoyGek [5] mokaspar, ue
HMHTETPHUPAHEeTO HA XapAyepHH IaHHH OT HWHEpPIHAIHH CEH30pH
(Inertial Measurement Units — IMU) kaTo TPHOCHH aKCEIEPOMETPH
W OKAPOCKOIIM  IIO3BOJISIBA ~ AWPEKTHO  IPOCIEAsBaHE  Ha
NpPOCTPAHCTBEHATa TPACKTOPHMS Ha Kamepara IO BpeMe Ha
3acHeMaHe. l3mon3BaHeTo Ha (GHM3MYECKH H3MEPEHH [aHHH 32
BIJIOBAaTA CKOPOCT U YCKOPEHHETO OCHIYpsiBa 3HAUUTENHO IIO-
HaJeXKIHO U OBbP30 BB3CTAHOBSIBAHE Ha pa3Ma3BalliaTa MaTpHia —
PSF [4, 5].

Bwnpexn npeauMmcTBata Ha HHEpIUAIHO-0a3UpaHaTa OIleHKa Ha
PSF, ¢usnuecknTe CEH30pM  BBBEXKAAT COOCTBEH  IIyM,
W3MEpBATEIHN TPENIKH W KaIMOpPOBBYHM OTKIOHEHHS [4].
HerouHOCTHTE HpU HM3MEpBAaHETO HA TPENTEHETO Ha Kamepara
BOIAT 1O M3KpUBsABaHe Ha oueHeHata PSF, xoero mnpu
MocleBaaTa JEKOHBOJIONMS  IPUYMHSABA  BJIONIABAaHE Ha
Ka4eCTBOTO Ha Bb3CTaHOBEHUs oOpa3 [6]. [lopanu Ta3u npuduHa oT
KIIFOYOBO 3HA4YEHHE € INPHIAraHeTO Ha IIOJXOSIIM METOAU 32
NpeABapUTENHO (QUITpUpaHe W M3MJIAKAAHE HAa U3MEPEHHTE
CCH30PHM JAHHU, KaKTO W H3CJICJBAHETO HA YCTOWYMBOCTTA HA
pa3NUYHUTE KIIACHYECKM alTOPUTMH 3a BBH3CTAHOBSBAHE (HAI.
¢untpauus Ha Bunep, amroputbM Ha Puuapacon-Jlycw,

Buveeoenue
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perynapusainus Ha THXOHOB M HTEpaTHUBHA CIANA JAEKOHBOIOLHS
[7, 8]) mpu pa3nuyHn HUBA Ha OTHOWIEHHeTOo curHa/myM (SNR) [8,
9].

HacrosmoTo u3cnenBaHe € HACOYCHO KbM CHUMYJIALMOHHO
MOZENUpaHe W CpaBHUTEJICH aHAIW3 Ha YETHPH YTBBPICHU
aNrOpuUThbMa 3a [JEKOHBOJIOLMS IIPU H3ION3BaHE HA CEH30PHO-
oueHeHa PSF. B cratmsra ce m3cnenBa BIMSHHETO Ha ITyMa H
TPENTEeHETO BbPXY TOYHOCTTA Ha BH3CTAHOBSIBAHE, KATO CE OICHSBA
e(peKTBPT OT TMpPEeOBAPUTENHOTO u3rnaxkaadHe Ha PSF  upes
obOexTuBHUTE MeTpHKH 3a KadyecTBO MSE (Mean Squared Error) u
SSIM (Structural Similarity Index) [1].

2. Anzopumvm 3a uszciedsame Ha npoueca Ha
6b3CMAHOB8ABCAHE HA U30OPAIICEH U

brok-cxemara Ha HpHUJIaraHus eKCIIePUMEHTAJICH aJrOPHTHM 3a
u3cnenBaHe ¢ mpexacraBeHa Ha dur. 1. 3a ompenensHe Ha
pa3masBamniata MaTpuila A (QyHKIUATA Ha pa3ceiiBaHe HAa TOUKATa —
PSF) ce m3noms3Ba monmxox, 0asWpaH Ha JaHHU OT HMHEPLUUATHH
CeH30pH  (aKCeNIepOMETPH W JKUPOCKOIH), KOUTO OTYHTAT
JIBI)KEHHETO Ha KaMeparta B IPOCTPaHCTBOTO.

Civynanus na PSF
Ha JABHAKCHHETO

CHMy7anua Ha TpenTene H
IPEIIKATA HA H3MCPBAHETO

A
> A g p
../'R _l Msrnaknam puirrs
L 1 |
Marpnua na Matpima wa Matpnna Ha Tpenaa Matpnina Ha TpenTeHe
JIBIKEHHETO MIMEPBAHETO Ha IBIDKCHHETO 1 H3M. TPelka
Opuruuanio =
. A3MA3BAHE Ha a ¥ a pa3Ma3Ba
Pasmaspane Ha opHIHEATHOTO H300pazkeHie ¢ 4 MATPHIH Ha pasMasBaHe
nsobpakeHue
Pugapacon-Jlycn
Per. ta Tuxotos |y, BricranoBsBate Ha Besko H3obpakeHe ¢ 4 aIropuTeMa 3a
@unt. na Bunep HSESCTAHORARANGE
Crsna 1eKous. l

| OneHka Ha KA4eCTBOTO HA EI"‘UGFH'}KCHI[C |

®ur. 1 biok-cxema Ha aJropuTbma 3a U3CJI€ABaHE Ha IIpoleca
Ha Bb3CTAHOBSABAHEC

[Ipy CHMYJTalMOHHOTO pEATH3UpaHE Ha AIrOPUTBMA Ce
m3Mnoi3Ba MateMarudecko omucanne Ha PSF, cpoTBeTcTBamo Ha
IPOCTPAHCTBEHOTO MpeMecTBaHe Ha kamepara. KM TeopeTnuHarta
PSF Ha nBmkeHHeTo ce 100aBs rpelika, UMATHPAIIA TPENTEHETO Ha
KamepaTa ¥ N3MEepBaTeIHUS IIIyM Ha CEH30PHTE.

Pesynratnara (u3mepena) PSF ce mnomaBa Ha Bxoma Ha
m3rIaxaanm QUIThP, 4Ype3 KOHTO ce M3BBbpIIBa (UITpamus 3a
OTAENsHE Ha OCHOBHHMSA TPEHJA Ha [BIXXEGHHETO OT ClydaiiHara
rpemka. Ha Ta3u 6a3a ce meduHUpaT 4eTHpU TUIA ITapaMeTPHIHU
PSF u choTBeTHHTE MM pa3Ma3Ballld MATPHUIIN:



Technics. Technologies. Education. Safety. 2026

1.  Motion PSF — rteopernyna PSF Ha IBIKCHHETO Ha
Kameparta (MIeaJieH Ciydail 6e3 u3MepBaTeNeH MIyM);

2. Measured PSF — cypoBa u3mepena PSF, Bxirousaiia
JIBU)KCHHETO, TPENTEHETO U M3MEpBaTelHATa IPEIIKa;

3. Smoothed PSF — usrnanena PSF cnen npemunaBane mpes
u3rnakaamus GUATHP (OTACICH TPEH/ Ha ABHKCHUETO);

4. Noise PSF - PSF, cohappxama eIUHCTBEHO
KOMIIOHEHTaTa Ha H3MepBarejHarTa TIpelika W TPENTEHETO Ha
Kamepara.

C Taka TeHEpPUpPAHUTE 4YETUPH MATPULM CE€ W3BbpIIBA

CUMYJIMpaHO pa3Ma3BaHC Ha OPUTHMHAJIHOTO H306pa)KeHI/Ie. Bcsiko

OT TOJYyYCHHTE pa3Ma3aHW HW300paKeHHs BIIOCIEICTBHE Ce
BB3CTAHOBSIBA 4Ype3 UYCTUPHTE H3CICIBAHH AITOPUTBMA 32
JICKOHBOJIFOLIHS:

. AnroputbsM Ha Puuapacon-JIycu (Richardson-Lucy);

. Perynapuzamus Ha Tuxonos (Tikhonov Regularization);

. Ounrpanus Ha Bunep (Wiener Filtering);

. Casmna nexonsomors (Blind Deconvolution).

KauecTBOTO Ha BB3CTAHOBEHHMTE H300pAXCHHUS CE OIICHSABA
KOJIMYECTBEHO Ype3 JIBE OCHOBHU METPUKH:

MSE (Mean Squared Error) — oueHsiBa cpeJHOKBagpaTHYHATA
rpelKa CrpsiMo OPUTMHAIHOTO (MIeaTHO) H300paXKeHue;

SSIM (Structural Similarity Index) — ouensBa cremenra Ha
CTPYKTYPHO IT0JJ00UE CIIPSIMO OpUTHHAIA.

ITo-auckute croitnoctu Ha MSE u croiiHoctute Ha SSIM, mo-
omm3ku g0 1,
BB3CTAHOBSBaHE M MO0-700pa €(EeKTUBHOCT Ha W3IOJI3BAHUS
ANTOPUTHM.

CBhOTBETCTBAT Ha II0-BHCOKO Ka4ye€CTBO Ha

3. Anzopummu
uzoopasicenusn

3a eévb3cmanoeseane Ha

3a LenauTe Ha U3CNEIBAHETO Ca W3MOJI3BAHU YETUPH OCHOBHM
AITOPHUTHMA 32 BH3CTAHOBSBAaHE HA M300paskeHUs (JEKOHBOIIOINSA),
peanmusupanu B cpenarta Ha MATLAB. Tes3u anroputmu ce 6a3upar
Ha pa3IMYHU ONTHUMHU3AIMOHHHM KPUTEPHHM M MaTeMaTHYECKU
TIOJXOMIH:

3.1 AuaroputsMm Ha Puuapacon-Jlycu (Richardson-Lucy —

RL)

AnropursMbT Ha Puuapacon-Jlycm e emauH oT  Haii-
Pa3sNpoCTpaHEHUTE HTEPAaTUBHM METOAM 33 BBH3CTAHOBSBAHE Ha
acrpoHomuuecku [10] w wmeamumHcku n3obpaxkenus [11]. B
o0acTTa Ha KOMIIOThpHATa TOMOTpagusl TOW € M3BECTEH KaTo
MeTo Ha MakcumanHoto ovakBaHe (Expectation-Maximization —
EM) [12].

Wreparmonnusat nporec nmpu RL anropursma ce ommcBa c
PaBEHCTBOTO:

FUHD = fUOQT <L) N

Af®)

Ksaero f (k) ¢ BB3CTAHOBEHOTO M306PAKEHHE HA MTepauys K, ge
pa3maszaHoTo nzobpaxeHue, a A e pasmaspamara marpuma PSF.

To3u anropuThM ce OTIIMYaBa C MO-TOJISIM 00eM H3YHCICHUS U
cpaBHUTENHO 6aBHa cxoxumocT. [lopaay Ta3u NpUYMHA OCHOBHHSAT
npo6JeM OpH HPAKTHYECKOTO My MPHIOKEHHE € CBBP3aH C
HaMHUPAHETO Ha METOIU 3a yCKOpﬂBaHe Ha UTCPAlMOHHUSA MPOLEC U
HaMassBaHe Ha M3YUCIUTENHATA My CIIOKHOCT.

3.2 AuaroputsM c peryaapusanus Ha Tuxonos (Tikhonov
Regularization)

ANTOPUTBMBT C peryiaapusanus Ha THXOHOB € KIaCHYECKH
METOJI OT TEOpHsITa Ha Hal-MaJIKUTE KBaJIPaTH, KOATO Bh3CTAHOBSIBA
H300paKCHUETO, KAaTo CHIIEBPEMEHHO Hajara W3HUCKBaHE 3a
rmagkoct Ha pemenmero 2(f) = [|f|13). Toit muHEME3Hpa
ciennus Gyakuuonan [13]:

J(g.f) = IAf = gli3 + ullf1I3 O]
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Kspero | e mapamersp Ha perynapusanus. Pemenuero ce npecMsita
o ¢popmynata:

fu=@ATA+uD14Tg ®3)

OCHOBHHSAT NPOOIJIEM IIPU TO3M METOJI € M300PBT Ha ONTHMAIIHA
CTOMHOCT 3a mapamerbpa [l ONTHMH3MpaHETO My MOXe Ja ce
U3BBpHIM upe3 KpuTepuure 3a kadectBo MSE u SSIM. 3a
HaMajsiBaHe HA M3YMCIMUTENHATa CIO0XKHOCT allOPUTBMBT e
peanusupa B 4eCTOTHaTa 00OIacT:

H*
OO (17

Kemero H = FFT(A)
G = FFT(g) e cIeKThpBT Ha pa3Ma3’aHoOTO M300paxenue, a H* e
KOMIUIEKCHO CIIPETHATO M300paxenue Ha H.

3.3. BunepoBa ¢puiarpamus (Wiener Filtering)

@unthpbT Ha Bumep mpencraBnsBa mono0peHa Bepcus Ha
UHBEPCHUS (WITHP, NPH KOSTO CE H3IOJ3BA JOIBIHUTEIHO
KOPHUIMpPALIO 3BCHO 33 MOTHCKAHE HA IIyMa BbB BH3CTAHOBEHOTO

n3obpakeHne. Br3cTaHOBsIBaHETO B YeCTOTHATa 00JACT CE OIMCBA
¢ paBeHCTBOTO [14]:

4)

€ CIICKTBPHT Ha pa3MasBaliaTa Marpuna,

1 H”
r=7 )
Kbnero koHcranTtata K perynmpa ChbOTHOIICHHETO MEXKIY HHBOTO
Ha TOTHCHATHs IIyM M 3alla3BaHETO Ha JeTalIHOCTTa Ha
n3obpaxkenunero. Ilo-Bucokure croiHocTH Ha K ocurypssar mo-
CHJIHO NOTHUCKAHE Ha LIIyMa, HO 3a CMETKa Ha U3BECTHO pa3MHBaHE
Ha JeTaiure.

3.4. Casna pexonBosonus (Blind Image Deconvolution)
3ajavata 3a Cina  JEKOHBOMIOIMS €€ ChCTOU
BB3CTAHOBSBAHE HAa  OPUIMHAIHOTO  W300paxkeHue f  OT
HaOJII0JaBaHOTO HM300paKeHHWE ¢ TpH YCIIOBHE, Ye pa3Ma3Baliara
Mmarpuua A e HeusecTHa [8]. ToBa € HEKOPEKTHO MIOCTABEHA 3aJa4ya
(ill-posed problem), Thii KaTO ChiecTBYBa Oe3kpacH Opoit ABOMKH

(4, f), xouto Morar J1a reHepHupaT €IHO U ChILO H300paxkeHue g.

3a peliaBaHeTO M ce BBBEXIAT JOIBIHUTEIHH OTPaHHYCHUS
(HampuMep HEOTPHLATEIHOCT HA €JIeMEeHTHTe Ha A W g, KakTo U
3HAYUTENTHO TT0-MaIbK pazMep Ha A cipsMo g). OCHOBHUST MOIXO
pa34ynTa Ha UTEpaTHBHA OLICHKA, NMPH KOATO MOCJIEIOBAaTEIHO Ce€
mogo0OpsiBaT OLEHKUTE 3a W300pakeHHeTOo f* W pa3Ma3Baiiara
Mmarpuna A*. B HacTosimara paboTta KaTo Ha4aJIHO NPHOIIKEHHE 32
Matpuiata A ce W3MOJI3BAT JAHHHTE, NMOJTYYECHH OT MHEPLHAIHHUTE
CEH30pH.

®)

BbBB

4. Ouenxka Ha Kauecmeomo Ha aAn20pumMume
3a 6b3CIMAHO6ABANHE HA U300PAIICEHUA

3a KOJIMYECTBEHA OLICHKA Ha e()EKTMBHOCTTA HA M3CJICIBAHUTE
AITOPUTMH  ca  U3MOJN3BaHM  JBAa  OCHOBHHM  IIOKAa3aTels:
cpenHokBagpatuyHa rpeumka (MSE) u uHzAeKC 3a CTpyKTYpHO
nonobue (SSIM).

4.1 CpepnoxBaapaTtuyHa rpemka (Mean Squared Error —

MSE)
CeriacHo [9], nmapamerspbr MSE u3MepBa OTKIOHEHHETO
MEXIy Bb3CTAHOBEHOTO HW300pakeHHe J| ¥ OPHUTHHAIHOTO

(uneanno) wzobpaxenne [. Ilo-muckure croiiHOocTH Ha MSE
CHOTBETCTBAT Ha TII0-MajKa pa3jikKa CIOPSIMO OpHIHMHAla U
CHOTBETHO Ha M0-BHCOKO KauecTBO Ha Bb3CTaHOBsBaHe. V3uncisiBa
ce no opmynara:

1 M N
MSE= [z > (i =Ji)?

i=1j=1

(6)

Kppero MXN ca pa3mepuTe Ha H300paKEHUETO B IIUKCEIH.
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4.2. NHpexc 3a cTpyKTYpHO nogodue (Structural Similarity
Index — SSIM)

Teil karo napamerspbT MSE He oT4MTa BB3IPUATHETO HA
YOBEUIKOTO 3PEHHE U CTPYKTYPHHUTE BPB3KH MEXIY NHKCEIHTE,
Banr u konektus [15-19] npeanarar merprukata SSIM 3a oueka Ha
moJj00MeTo MeXTy JiBe MOITYTOHOBHU M300paxkeHus. Ts ce ompenerns
ype3 u3pasa:

ssim = () (o) (%)
Kbaero:
E LYl om= Z DYy
1 M N
=G w=n 2, 2,0
(®)
% = (M—1)(N—1)ZIZUM )
M N
W= = 1)(1v 1)22(’i'f—mz)(li.j—m/)

i=1j=1

Ipn HanbnHO MAeHTHYHU M300paxenus (I = J) croifHOCTTa Ha
SSIM e paBua Ha 1. Komkoro mo-Omm3ka e croiiHOCcTTa 10 1,

TOJIKOBAa  II0-BUCOKO €  KaueCTBOTO HAa  BH3CTAHOBEHOTO
n300pakeHue.
5 Pe3lemamu om cmamucmuiyecKkomo

Mooenupane

Upes cratuctuuecko mozenupase no meronaa Monre Kapio ca
noyy4eHu oreHku 3a napamerpure MSE u SSIM 3a 4ernpu tnna
(yHKIME Ha pa3ceiiBaHe Ha Toukata PSF u wermpure mscrnenBaHu
anmropurbMa mpud HuBa Ha wyMm SNR =5dB (Tabmuua 1) u
SNR = 15 dB (Ta6nuua 2).

Ta6muna 1: [Tapamerpu MSE n SSIM npu SNR = 5 dB

Anr OPHTEM 3a BB3CTAHOBABAHC Ha Hf}OGpH}KCHML’

Tun PSF Puuapnacon- | Perymapuzanms DunTp. Ha Crnana
Jlyen Ha TuxoHoB Bunep JIEKOHBOJTIOIHS
MSE | SSIM | MSE | SSIM | MSE | SSIM | MSE SSIM
Motion 393 | 099 | 413 0.99 490 | 099 | 4.55 0.98
Measured | 846 | 0.84 | 8.36 0.85 8.58 | 0.84 | 8.45 0.84
Smoothed | 6.91 0.92 6.73 0.93 7.21 092 | 691 0.93
Noise 7.73 | 0.88 7.64 0.89 7.86 | 0.88 | 7.73 0.88

Ta6muma 2: [Tapamerpu MSE u SSIM npu SNR = 15 dB

A.}'[l'O])HTLM 3a Bb3CTAHOBABAHE Ha [»‘l':lGGPEl)]\'CH[‘IC

Tun PSF Puuapicon- | Perynmapuzaims DUIT. Ha Cnsna
Jlyen Ha TuxoHoB Bunep JICKOHBOITIOLIHS
MSE | SSIM | MSE | SSIM | MSE | SSIM | MSE SSIM
Motion 393 | 099 | 413 0.99 490 | 099 | 4.55 0.98
Measured | 6.19 | 095 | 598 0.95 6.63 | 095 | 6.18 0.95
Smoothed | 542 | 097 | 520 0.97 6.09 | 097 | 541 0.97
Noise 5.41 0.96 5.28 0.96 5.59 0.96 5.41 0.96

OT mnomydyeHHTe pe3ylTaTH ce BIKAA, dYe Hai-7o0puTe
cToiiHocTn Ha mapametpute Ha MSE wu SSIM croTBeTcTBYBaT Ha
ciydas “Motion”, korato PSF Ha nBmkeHuero ce usmepBa 0e3
TPELIKK U TPENITeHe Ha KaMepara.

I’pemikuTe Ha Bb3CTaHOBSIBAaHE HAMAJNISABAT, ako n3MepeHara PSF
ce m3IIaxaa Mpead TMpolenypaTa 3a Bb3CTaHOBSBaHE Ha
n3o0pakeHne. [ pemkure TpH  BB3CTAHOBSBAHE HAMaJsBaT
3HAUUTENHO, KoraTo n3MepeHara PSF ce m3rimaxxna npensaputenHo,
Ipean Ja ce TPWIOKH IpoIeAypara 3a BB3CTAHOBSIBAHE Ha
m3oOpaxxenne. TodHocTra ce moBmmara, korato PSF Ha
JBIKEHUETO € KOMIICHCHPAHa, a aJrOPUTBbMBT 32 Bb3CTAHOBSBaHE
OTCTpaHsBa CaMO TIpellKara, MpeAnu3BHKaHa OT TPENTEeHeTO Ha
KamepaTa. I'pemkure TpH  BB3CTAHOBSIBAHE HAMausiBaT C
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YBEJIMYaBAHETO Ha OTHOLICHHETO curHan/mym (ot 5 dB na 15 dB),
T.€. IPH OTPaHUYaBaHe HAa H3MEPBATEIHUTE IPEIUKNA U CMYLICHUSTA
OT TPENTEHEeTO Ha Kameparta.

5. 3axnwuenue

B Hacrosimara paboTa ca M3CNEIBaHU M AHAIM3UPAHU YETHPH
aIrOpUTHhMa 3a BB3CTaHOBABaHe Ha u300paxeHus (Puuapacon-
Jlycn, perynapusarus Ha TUX0HOB, ¢wiTpanus Ha Bunep u cisma
JICKOHBOJIFOLIHSI ), KOETO ¢
pa3Ma3aHO BCJICICTBHE Ha JBIDKCHHE W TpENTeHe Ha Kamepa. 3a
olleHsBaHE Ha pa3MmasBamara marpuua PSF e mpunoxen moxaxon,
0a3upaH Ha JaHHU OT MHEPIHAHA CEH30PH.

Ha 6a3zara Ha mpoBeineHUTE CcUMyJaldd NO MeToda MoHTe
Kapio u nanpasenute onenku upes merpukute MSE u SSIM morar
Jla ce HaIpaBsT CICAHUTE OCHOBHH M3BOAN:

Haii-Bucoko kadecTBO Ha BB3CTAaHOBEHOTO HM300paxkeHHe (Haii-
HHCKa cToiHOCT Ha MSE u Haii-Bucoka Ha SSIM) ce mocTura mnpu
uneanHo uzsectHa PSF (,,Motion*). Hamuunero Ha n3MepBaTeTHH
TPEeNIKH U IIyM OoT TpenTeHe (,,Measured®) BiomaBa rmokasareiure
3a Ka4ecTBO.

IpenBapurenHoro QuuTpupaHe W OTAENSHE HA TPEeHAA Ha
nemkeHneTo ot myma B PSF (,,Smoothed”) Bogm mo ocezaemo
nogoOpeHre Ha pe3yNTaTHTe CIPSIMO CYpOBUTE H3MEPEHH NaHHU
HPY BCUYKH U3CIIEABAHH aJITOPUTMH.

YBenm4aBaHETO Ha OTHOLICHWETO CHrHaN/myMm oT 5 dB Ha 15
dB Bomm 10 3HAYMTENHO HaMalsIBaHE Ha TpPEILIKUTE IpU
JeKOHBOJIONHS U fobmmkaBane Ha SSIM 1o croitHocTH Hax 0.95.

AnropuTtMuTe C perynapusanus Ha THUXOHOB M Puwapncon-
Jlycn Tmoka3BaT JI€KO TPEBB3XOACTBO II0 OTHOIICHHWE Ha
cTpykTypHOTO mogobue (SSIM) u cpeaHOKBagpaTHYHATa TPELIKa
(MSE) cnpsimo  kiacudeckata BuHepoBa ¢uirpanms W cismnara
JIEKOHBOJIIOIMS TIPH HAJIM4YWe Ha m3riaaeHa PSF.

IMonmy4yenute  pe3yiaTraTd  HOTBBPXKIABAaT  IpaKTHYECKaTa
MPWIOKAMOCT Ha WHEpUWaNHO Oa3mpaHaTa omneHka Ha PSF B
3a  1mdpoBa 00paboTKa Ha  U300paKEHHS |
BHJICO3aCHEMaHe B peaHo Bpeme. bpiaemmre m3cieaBaHus Morar

MPUWIIOKEHH BBPXY H300paxKeHHe,

CUCTEMU

na ObAaT HACOUEHHW KBM aJalTHBHO ONpENesTHEe Ha MapaMeTpHuTe
Ha peryiapuszaius CIpsMO JUHAMHYHO IPOMEHSIIO Ce HUBO Ha
OIyM.

bnazooapnocmu: Cratusta e peanusupaHa MO MPOEKT
,,/IHOBATHBHH METOIU U AITOPUTMHU 338 OTKPUBAHE M Pa3MO3HABaHE
HAa TMOJBWXHU OOEKTH 4pe3 WHTErpUpaHe Ha XEeTePOreHHU
nmannn‘, KI1-06-H 72/4/05.12.2023, dunancupan ot PHU-MOH.
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conducted among representatives of key stakeholders in the education system. The primary objective of the study is to identify participants'
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an empirical basis for refining the model and contribute to the development of an effective system for monitoring and evaluating inclusive
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1. Introduction

Inclusive education is one of the key priorities of contemporary
educational policy, as it ensures the right of every learner to equal
access to quality education regardless of individual
characteristics, educational needs, social status, ethnicity, or
health condition. It is founded on the principles of equality, non-
discrimination, respect for diversity, and the creation of a
supportive educational environment that fosters the full
participation and development of all participants in the
educational process. Within the context of lifelong learning,
inclusive education assumes even greater significance, as it
promotes the development of competencies essential for personal
growth, social inclusion, and active citizenship throughout all
stages of life [1].

The implementation of inclusive education policies places new
demands on the mechanisms used to monitor and evaluate their
effectiveness. Beyond ensuring access to education, increasing
attention is being given to assessing the extent to which education
systems provide conditions for active participation, academic
achievement, social inclusion, and the satisfaction of all
stakeholders. This highlights the need for a reliable and
scientifically validated model for assessing the quality and
effectiveness of inclusive education that takes into account both the
quantitative and qualitative dimensions of the educational process.
Such a model should provide objective evidence on strengths,
challenges, and areas requiring improvement, thereby supporting
informed decision-making and contributing to the continuous
enhancement of educational policies and practices.

2. Theoretical Background

In the scientific literature, the assessment of the effectiveness of
inclusive education is regarded as a multidimensional process that
encompasses  pedagogical,  organisational,  social, and
technological factors. The European Agency for Special Needs
and Inclusive Education (2022) emphasises that successful
inclusion depends on several interrelated prerequisites: well-
prepared pedagogical specialists, effective leadership, institutional
support, the availability of resources, and the systematic
monitoring of outcomes. [2] Similar conclusions are presented in
the publications of the Organisation for Economic Co-operation
and Development (OECD), which consider the quality of
education to be the result of the interaction between human
capital, management practices, and the capacity of institutions to
implement innovative solutions.
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An essential place in the conceptual framework is occupied by the
development of social and emotional competencies. OECD research
(Skills for Social Progress, 2015) shows that these competencies
have a direct impact on academic achievement, learning motivation,
social adaptation, and the successful inclusion of learners in the
educational environment. Therefore, social and emotional learning
is increasingly regarded as an integral component of inclusive
education rather than as a complementary pedagogical practice.
[5.8]

Another key element is lifelong learning, which the European
Commission defines as a fundamental mechanism for the
continuous development of competencies and adaptation to
dynamic social and technological changes (European Commission,
2020). Within the context of inclusive education, this concept
acquires additional significance, as it presupposes the continuous
professional development of pedagogical specialists, the
improvement of teaching methods, and the development of learners'
individual potential. At the same time, digitalisation and the use of
adaptive technologies have become important factors supporting
personalised learning and expanding opportunities for the
participation of learners with special educational needs. [4]

Based on these theoretical premises, the present study assumes that
the quality and effectiveness of inclusive education are shaped by
several interrelated dimensions: the professional training of
teachers, social and emotional competencies, institutional and
resource support, the integration of lifelong learning, and the use of
modern technologies. These dimensions form the conceptual basis
of the survey questionnaire, which was designed to identify the
factors with the most significant influence on the quality and
effectiveness of inclusive education.

3. Prerequisites and Approaches to Addressing
the Problem

Assessing the quality and effectiveness of inclusive education is a
complex process that extends beyond measuring academic
achievement and encompasses multiple interrelated dimensions of
the educational environment. Contemporary research and
international policy frameworks define the quality of inclusive
education as the capacity of education systems to ensure equitable
access, meaningful participation, and equal opportunities for
learning and development for all learners, regardless of their
individual characteristics and educational needs. The key
dimensions of quality include the accessibility of the learning
environment, equal participation in the educational process,
individualized support, the professional competence of
educational staff, effective collaboration among educational
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institutions, families, and local communities, as well as the
establishment of an organizational culture that promotes respect
for diversity and social inclusion [7]. An equally important
dimension is the provision of opportunities for developing the key
competencies required for successful lifelong learning.

The effectiveness of inclusive education is assessed by the extent to
which the education system achieves its intended objectives. This
includes not only improvements in learning outcomes but also the
reduction of early school leaving, increased social participation of
learners, the development of a positive school climate, and the
satisfaction of all stakeholder groups. Consequently, the assessment
of effectiveness should be based on a comprehensive system of
quantitative and qualitative indicators capable of capturing the
various dimensions of the inclusive educational process [6].

Current research increasingly advocates a multidimensional
approach to the development of assessment models, integrating
structural indicators (e.g., resources, regulatory frameworks, and
human capacity), process indicators (e.g., organization of teaching
and learning, instructional methods, and supportive educational
environments), and outcome indicators (e.g., learning achievements,
social inclusion, stakeholder satisfaction, and the sustainability of
educational outcomes). Such an approach enables a more
comprehensive and objective evaluation of the quality of inclusive
education while providing a solid foundation for the continuous
improvement of educational policies and practices.

4. Research Methodology

Survey research is one of the most widely used methods for
collecting empirical data in studies examining the quality and
effectiveness of education systems. It provides a systematic
means of gathering information on the opinions, attitudes, levels
of satisfaction, and professional experience of various stakeholder
groups, including teachers, school leaders, specialists in learner
support, parents, students, and representatives of relevant
institutions. One of the principal advantages of survey research is
its ability to reach a large number of respondents and generate
standardized data suitable for statistical analysis and comparison
across different stakeholder groups. The findings facilitate the
identification of the key factors influencing the quality of
inclusive education and help determine the relative importance of
the criteria and indicators incorporated into the assessment model.

Within the process of developing an assessment model, survey
research serves several essential purposes. First, it provides an
empirical foundation for the formulation and validation of
assessment criteria. Second, it enables the identification of
differences in the perceptions and evaluations of various
stakeholder groups, thereby contributing to the development of a
more balanced, comprehensive, and practically applicable
assessment model. Third, survey findings support the verification of
the reliability and practical applicability of the proposed indicators
through appropriate statistical analyses.

The present study adopts this approach by analysing data collected
through a survey conducted within the framework of the project
aimed at developing a model for assessing the effectiveness and
quality of inclusive education, training, and lifelong learning. The
analysis of the survey findings seeks to identify significant factors
and the relationships among them, thereby providing an empirical
basis for the development, validation, and further refinement of the
proposed assessment model.
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5. Results and Discussion

The analysis of the respondents' demographic profile reveals several
important characteristics that should be considered when
interpreting the findings. The survey participants were
predominantly women (80.8%), reflecting the gender structure of
the teaching profession in Bulgaria, where women constitute the
majority of educational staff. The age distribution indicates a
concentration in the middle and older age groups, with the largest
proportion of respondents aged 45-54 years (35.1%), followed by
those aged 55-64 years (25.7%). These findings suggest that the
survey primarily captured the views of experienced professionals
with substantial practical and institutional expertise. The
respondents also demonstrated a high educational profile. More
than two-fifths (41.1%) held a doctoral degree, while 38.4%
possessed a master's degree. This educational background
enhances the credibility of the findings, as the responses reflect
the informed judgments of highly qualified professionals capable
of critically evaluating issues related to inclusive education.
Furthermore, over half of the respondents (61.6%) reported direct
professional experience working with learners with special
educational needs (SEN). This represents a particularly valuable
characteristic of the sample, as the respondents' opinions are
grounded not only in theoretical knowledge but also in practical
experience, providing a solid empirical basis for assessing the
challenges and opportunities associated with inclusive education.

The survey findings indicate a predominantly positive perception of
the effectiveness of inclusive education. Nearly half of the
respondents (45.2%) considered inclusive education to be fully
effective, while a further 42.5% evaluated it as partially effective.
Consequently, almost 88% of participants expressed a positive
opinion to varying degrees, demonstrating substantial confidence in
the principles and implementation of inclusive education. Only 11%
of respondents questioned its effectiveness, representing a relatively
small but important group of critical perspectives. Nevertheless,
qualitative comments provided by participants reveal a more
nuanced understanding of the issue. Many respondents emphasized
that the effectiveness of inclusive education depends largely on
contextual factors, particularly the professional competence and
preparedness of teachers, the availability of educational resources,
and the existence of a supportive learning environment. These
observations underline the complexity of implementing inclusive
education  successfully and highlight the importance of
comprehensive institutional support, continuous professional
development, and effective educational policies.

The results also demonstrate an almost unanimous recognition of
the importance of social and emotional competencies within
inclusive education. An overwhelming majority of respondents
(93.3%) identified these competencies as either essential or
important for the successful inclusion of learners with special
educational needs. Notably, no respondents considered social and
emotional competencies to be unimportant, indicating a high level
of professional awareness among educational specialists and
representatives of cultural institutions. However, 6.7% of
respondents expressed concerns that socio-emotional competencies
do not receive sufficient attention within current educational
practice. This critical observation points to the need for targeted
interventions and  educational programmes  designed to
systematically develop learners' emotional intelligence and social
skills. In this regard, socio-emotional competencies should be
viewed not merely as a complementary component of education but
as a fundamental element of an effective inclusive educational
environment.

Overall, the findings reveal a combination of extensive professional
experience, a predominantly positive attitude towards inclusive
education, and a well-developed awareness of the factors
influencing its effectiveness. At the same time, respondents
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identified a clear gap between the recognized importance of socio-
emotional competencies and their practical implementation in
educational settings. These findings suggest that strengthening
programmes aimed at developing emotional intelligence and social
competencies should be regarded as a strategic priority for
enhancing the quality and effectiveness of inclusive education in
Bulgaria.

The findings identify insufficient professional training of teachers
as the most significant challenge facing inclusive education,
reported by 53.4% of respondents. This deficiency raises concerns
about the effectiveness of current pedagogical practices and limits
the sustainable development of inclusive educational processes. The
second most frequently identified challenge is the lack of adequate
resources (47.9%), which directly affects the quality of the learning
environment and access to contemporary teaching methodologies
and technological tools. Weak administrative support (27.4%) was
also recognised as a substantial barrier, limiting coordination among
institutional stakeholders and reducing the effectiveness of
educational management.

The qualitative analysis of respondents' comments provides
additional insight into the systemic challenges associated with
implementing inclusive education. Participants frequently referred
to insufficient knowledge and awareness regarding the educational
needs of learners with special educational needs (SEN), as well as
concerns that providing additional support for these learners may
slow the progress of the rest of the class. Respondents also
highlighted the absence of clearly structured pedagogical strategies
for classroom management and for ensuring the effective inclusion
of all learners within a shared educational environment. These
findings emphasize the need for a comprehensive approach focused
on strengthening teachers' professional competencies, improving the
availability of educational resources, and enhancing institutional
support. Only through the coordinated implementation of these
measures can the quality of inclusive education and the successful
integration of learners with SEN be sustainably improved.

The role of technology in supporting inclusive education was
evaluated very positively by the respondents. A substantial majority
(83.5%) acknowledged the positive impact of digital technologies
on the educational process, demonstrating strong support for further
investment in digital and adaptive learning solutions. Such
technologies provide opportunities to personalize instruction,
increase learner engagement, and facilitate the implementation of
inclusive pedagogical practices. Although respondents expressed
more diverse opinions regarding the motivational impact of these
technologies, the overall findings clearly indicate that digitalisation
represents one of the key drivers for improving the effectiveness of
inclusive education.

The survey also identified the main priorities for the future
development of inclusive education. The strongest support was
expressed for expanding practical training opportunities for teachers
(72.6%), reflecting the need to complement theoretical preparation
with practice-oriented knowledge and professional skills. This
finding confirms that the quality of inclusive education depends
largely on teachers' ability to apply evidence-based methods and
effective classroom strategies in real educational settings.

The development of specialised educational materials ranked
second among the proposed priorities (57.5%), indicating the need
for accessible, scientifically validated, and practice-oriented
resources to support teachers in their daily work. Establishing such
a resource base would contribute to greater consistency in
educational practice and improve the overall quality of inclusive
education. Comparable levels of support were expressed for
increasing financial support (56.2%) and expanding the use of
adaptive educational technologies (56.2%). The demand for

96

additional funding reflects the recognition that limited financial
resources remain one of the major barriers to implementing
innovative educational practices. At the same time, respondents
emphasized the importance of adaptive technologies for creating
personalised learning environments and reducing barriers to
participation. These findings underline the importance of sustained
investment in educational innovation, digital transformation, and
resource development as key prerequisites for strengthening the
quality and effectiveness of inclusive education [3].

Conclusion

The findings of this study provide valuable empirical evidence for
the development of a comprehensive model for assessing the quality
and effectiveness of inclusive education, training, and lifelong
learning. Overall, respondents expressed a predominantly positive
attitude towards inclusive education while simultaneously
identifying several critical challenges that require targeted policy
interventions. The most significant concerns relate to the
insufficient professional preparation of teachers, limited educational
resources, and inadequate institutional support. At the same time,
respondents highlighted the importance of social and emotional
competencies, practical teacher training, and the integration of
digital and adaptive technologies as essential factors for improving
inclusive educational practices.

The results emphasize that the effectiveness of inclusive education
depends on a balanced combination of well-qualified educational
professionals, adequate financial and institutional support,
accessible educational resources, and continuous technological
innovation. These components should not be considered
independently but rather as complementary elements of an
integrated educational system capable of responding to the diverse
needs of all learners.

The proposed assessment model is intended to provide a reliable
framework for monitoring and evaluating the quality and
effectiveness of inclusive education by integrating evidence-based
indicators that reflect both quantitative and qualitative dimensions
of the educational process. The findings of this study contribute to
the refinement of the model and provide practical guidance for
policymakers, educational institutions, and other stakeholders
committed to strengthening inclusive education in Bulgaria.
Ultimately, the continuous improvement of inclusive educational
policies and practices will contribute not only to higher educational
quality but also to greater social inclusion, equity, and lifelong
learning opportunities for all.
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JIMTrUTAJTHUTE TEXHOJOTHMH KAaTO CPEICTBO 32 B3aUMO/IeiiCTBHE MEKIY
OMO0IMOTEYHOTO 00pa3oBaHue U OMOIMOTEYHHUTE PeCypCcH

ITaona JIrobenosa, MBan Xamkues 2,
JlokTopaHT, YHHBepcHUTET 10 OHOInoTeko3HaHue U nHpopmaronau texHonorun (YaubUT)1
JlokTopaHT, YHHBEpCHUTET 10 OHOIHoTeKo3HaH!E U nHpopMairoHHu TexHonoruu (YuubUT)2
p.galovich@unibit.bg

i.hadzhievl58@gmail.com

Pestome: Pa3BuTHeTo Ha JUTHTAHATE TEXHOJOTHH OKa3Ba CBINECTBEHO BIMSHUE BBPXY CHBPEMEHHOTO OHOJIHOTEYHO
oOpa3oBaHue, KaTo MPOMEHs HAUMHA, 110 KOHTO Ce OCBIIECTBSABA JOCTBITBT 10 HH(MOPMAIHs, OPraHu3upa ce 00YUeHUETO U ce
U3I0J13BaT OMOINOTEYHUTE pecypcu. HacTosmmaAT AOKIa/ pasriexa posiTa Ha AUTUTAIHUTE TEXHOJIIOTUH KaTo CPEICTBO 3a
e(eKTHBHO B3aHMMOJCHCTBHE MEXIy OHOIMOTEYHOTO 0Opa3oBaHKME W OMONMOTEYHHUTE PEeCypcH B YCIOBHsTA Ha HU(pOBa
Tpancdopmanus. AHATU3UPAHU ca Bb3MOXKHOCTUTE, KOUTO NMPEJOCTABAT CUCTEMHUTE 3a SJICKTPOHHO 00y4YeHHE, AUTUTATHUTE
OUONHOTEKH, HHCTUTYIIMOHATIHHUTE PEIIO3UTOPUYMH, €ICKTPOHHUTE KAaTaJIo3H M 00JauHUTE TEXHOJIOTHMH 3a MOJ00psABaHE Ha
00pa3oBaTeIHuUS MPOIIEC U 32 Pa3BUTHE HA MPOPECHOHATHUTE KOMIETEHTHOCTH Ha ObAemuTe OMOIHOTeYHO-HH(POPMAIMOHHI
cneruanucty. CHenuaaHO BHUMAaHHE € OTIEIEHO Ha HHTETPUPAHETO HAa WHTEIUICHTHH TEXHOJIOTHH, BKIIFOUHTEITHO
UHCTPYMEHTH, 6a3upaHy Ha U3KYyCTBEH MHTEJICKT, KaTO CPEACTBO 3a MOANOMAaraHe Ha 00y4eHHeTo, HayqHOU3CIe[0BaTeIcKaTa
JefHOCT M HMH(OPMALMOHHOTO O0OCIy)XBaHe. B pesynrar Ha wH3cleZBaHETO € MPEJIOKEH KOHIENTYyalleH MOJeN Ha
B3aMOJICHCTBUE MEX Iy OMOIMOTEeYHOTO 00pa3oBaHue M ONOIMOTEUHHTE PECYPCH Upe3 TUIHTAIHU TEXHOJIOTUH, KOMTO MOKe
na OblIe M3MONM3BaH NpU Pa3pabOTBAaHETO HA CHBPEMEHHH OOpPA30BATENHH NMPAKTUKHA M y4eOHH MPOTPaMH BBB BHCIIETO

oOpaszoBaHue.

Knwuoeu Oymu: MUTUTaTHU TEXHOJOTWH; OMOMMOTEYHO OOpa3oBaHHWE; OMONMOTEYHH PECYpCH; AWUTUTATHHA OMONHOTEKH;
€JIEKTPOHHO 00y4YeHHUE; TUTUTATHA KOMIETEHTHOCTH; HHPOPMAIIMOHHO OOIIECTBO.

1. Bweeoenue

Pa3BUTHETO Ha  JUTMTATHUTE  TEXHOJIOTHM  ITIpe3
MOCJIEAHUTE AECETHIICTHS OKa3Ba CBHIIECTBEHO BIUSHHE
BBPXY OHOMMOTEYHOTO OOpazoBaHuMe H OHOIMOTEUHO-
nHbOpMAIMOHHATA TpaKTHKa. JlUruranuM3anusra Ha
WH(OpPMAIMOHHUTE  pecypcH,  paslIMpsBaHETO  Ha
CJIEKTPOHHUTE YCIYTH W BHEIPSBAHETO HAa CHbBPEMEHHH
WHQOpPMAIIMOHHH M  KOMYHMKAlMOHHU  TEXHOJIOTUH
MPOMEHSAT TPAJULUOHHUTE MOJEIM Ha oOydeHHe W
MOCTaBAT HOBM M3MCKBaHMS KbM IIOJTOTOBKaTa Ha
OnbMMoTeYHO-UH(POPMAIMOHHUTE CHEIUATUCTH. B Ta3m
cpena OMONMOTEKUTE Ce YTBBPXKAABAT HE CaMO KaTo
HHCTUTYIIMM 3a CBhXpaHsABaHE U IPEeJOCTaBsiHE Ha
nHdopmarmsi, HO ¥ Karo aKTHBHM YYacTHUIM B
oOpa3oBaTenHus NPOIEC, MOAIOMAraiid pa3BUTHETO Ha
JUTHTAITHA KOMIIETEHTHOCTH, nH(OpPMaIMOHHA
IPaMOTHOCT M Y4YeHe Ipe3 Lenust KUBOT. ChbBpEeMEHHUTE
TUTUTATHU OnbIMoTeKH, WHCTUTYIIHOHATHA
PENO3UTOPUYMH, CIEKTPOHHU KaTalo3u U IaThopMu 3a
CNIEKTPOHHO O0YYeHHE Ch3/aBaT HOBH BB3MOYKHOCTH 32
WHTETpUpaHe Ha  OMOIMOTEYHHWTE  pecypcH B
obpasoBaTenHus nporec. Tazu Tpancdopmaius npoMeHs
Ha4yMHa, IO KOWTO CTYICHTUTC M TPENojaBaTe/iuTe
OCBIIECTBABAT JOCTBII O Hay4yHa HHpOpMALus,
opraHusupar OOy4eHHETO M Pa3BUBAT NPOQECHOHATHH
KOMIIETEHTHOCTH, HEOOXOIMMH 3a paboTa B yCIIOBHATA Ha
1 poBoTo obmiecTBo. LlenTta Ha HacTOSIIMS AOKIAN € Aa
aHAIM3Upa pOJIsiTa Ha JWTCHTAJIHUTE TEXHOJOTMH KaTO
CPEeICTBO 3a B3aUMOJEICTBHE MEXAy OHOIHOTEYHOTO
oOpa3oBaHHe U OWONMOTCYHHTE PECYpCH. AKICHTBT €
IIOCTaBE€H BBPXY BB3MOXHOCTUTE, KOUTO CHBPEMEHHUTE
JAUTUTAJIHA PCHICHUA MNPEAOCTAaBAT 3a I[OBULIABAHE
KaueCTBOTO Ha 00YUEHHETO, 3a MO-e()EKTHBHO U3MOJI3BaHE
Ha OHONIMOTEYHUTE pecypcH U 3a IOATOTOBKaTa Ha
OnOIMOTeYHO-MH(DOPMATMOHHI CHEIHAITUCTH,
OTroBapsili  Ha  CBhbBPEMEHHHTE  HW3HCKBAaHHS  Ha
npodecHoHaIHaTa IIPAKTHKA.
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2. Teopemuunu acnekmu Ha 3aumooeiicmeuemo
Mmexncoy oubruOmMeunomo obpazoeanue u
Oubnuomeunume pecypcu

JururanHara TpaHchOpMalMs MPOMEHS KOHLENTYaJIHO
ponsiTa Ha OHOIMOTEKUTE U OHOIMOTEIHOTO 0Opa3oBaHKE.
AXO B TpaJMIIMOHHHKS MOZIeN OMOJIHOTEKaTa ce Bb3npreMa
Openy BCHYKO KaTO MHCTUTYLMsS 32 CBXpaHsBaHe,
OpraHu3vpaHe W MPeNOCTaBsiHe Ha HWH(GOPMALUOHHU
pecypcu, TO B YCIOBUSTA Ha TUTUTAIHATA CPEZa TS BCE MO-
oce3aeMoO ce  YTBbp)KIaBa KaTo  00pa3oBaresHo,
HHOOPMAIIMOHHO ¥ KOMYHHKAIIMOHHO IIPOCTPAHCTBO.
Tasu mnpoMsiHa TOCTaBs HOBM H3HMCKBAaHHS M KbM
MOJITrOTOBKaTa Ha  OMOIMOTEYHO-WH(POPMAIIMOHHUTE

CHEelMaJNCTH, Karo  Hapel C  TPaJUlMOHHHUTE
npo()eCHOHATHM 3HAHUS HApacTBa 3HAYCHHETO Ha
MUTUTATHATE  KOMIIETEHTHOCTH,  WH(OpMAIMOHHATA

TpaMOTHOCT M YMCHHUATA 3a KpPUTUYHA OLCHKa U

ynpaBieHue Ha MHpopManusTa. B OBIrapcku KOHTEKCT
pPa3BUTHETO Ha  aKaJeMHYHOTO O00Opa3oBaHHME IO
O6ubanoTeyeH W MH(OPMAIIMOHEH MEHUUKMBHT ITOKa3Ba

CTpeMeX KbM aJanTHpaHe Ha IIOArOTOBKaTa Ha
CIICIUAJIMCTUTE KbM TCXHOJIOTUYHHUTEC nu
npodecnonanaure mnpomenu. Kpacteva, Tpenuesa,

EdtimMoBa m TomopoBa pasriexaaT ChBPEMEHHHUTE
acriekTh  Ha  OOy4eHHeTo 1o  OHWONHOTeYeH U
nHpopmarnoner MeHUHKMBHT B YHUBUT 1 mouepraBar
BpB3KaTa MEXAy aKaJeMHUYHATa [OATOTOBKA W
JMMHAMHYHO pa3BUBaiiara ce npodecronanna cpena [1].

Oco6eHo 3HaUeHHE 32 pasriIexkaHaTa MpooieMaTrnka uMa
HHTETPHUPAHETO Ha JUTHTAJHUTE pecypcu
HETIOCPEACTBEHO B yueOHuMs nporec. SIlnkoBa u Tomoposa
MIPEICTABAT ONUTA OT CH3ABAHETO W M3IMOI3BAHETO Ha
OUTHTAJHUSL  pecypc  ,.bbiarapcku  BB3pOXKICHCKH
rpazoBe”, KaTo TIIOKa3BaT MPUIOKEHHETO My IpHU
OOy4eHHeTo  Ha  CTYJCHTH oT  OubnuoredHo-
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nadopmarmonnn cnerpanHoctn  [2]. Tosm moxxon
MO3BOJIsIBa OMOMMOTEUHUAT pecypc Aa Obae pas3riexaaH
HE caMO KaTo HMH(OPMAIHOHEH W3TOYHHK, HO M KaTo
HHCTPYMEHT 3a oOydeHHe, NPaKTUYeCKH NEeHHOCTH H
pa3BUTHE Ha NPOHECHOHATHE KOMIETEHTHOCTH.

Teopermunata pamMKa Ha B3aUMOJCHCTBHETO MEXKIY
01OIMOTEeYHOTO 00pa3oBaHKe U OMOIMOTEUHUTE PECYpCH
ce IOMbJiBa OT €BPONEHCKHTE IOJUTHKU 33 AUTHTAIHO
obpazoBanue. IlmambT 3a neiictBue B oOnacTTa Ha
uudpoBoto obOpasoBanue 2021-2027 mocTaBs cpex
OCHOBHHTE IPUOPHUTETH Pa3BUTHETO Ha BUCOKOe(EeKTHBHA
JUTHTaIHA 00pa3oBaTeHa eKOCHCTEMA U IIO00PSBAHETO
Ha JUTUTAIHUTE yMeHHS U KoMmreTreHTHocTd [3]. Tesu
MIPUOPUTETH MMaT IIPSKO 3HadeHHe 3a OMOIMOTEYHOTO
oOpa3oBaHue, T KaTo MpodecroHamHaTa peann3anyus Ha
CHBPEMEHHHUSA O6uboTeuHO-UH(POpMaMOHEH
CIICHUAJIUCT € BCEe MO-TSACHO CBBP3aHa C YIPaBJICHUETO Ha
CNICKTPOHHH  pecypcH,  LU(POBH  KOJEKUMH M
WHPOPMAIIIOHHN CHCTEMH.

CreoBaTeHO IUTUTAIHUTE TEXHOJIOTMU MOTaT a ObIar
ONPENEJICHN  KAaTO  CBBP3BAll] KOMIIOHEHT  MEXIY
obOpazoBartenHaTa © OUOIMOTEYHO-WHPOPMAIIMOHHATA
cpena. Upes Tsax OHOIMOTEYHHUTE PECYpPCU ¢€ UHTETPHpaT
B mpomeca Ha oOydeHHe, a MNpUAOOMBaHETO Ha
npo)eCHOHATIHN 3HaHUS ce OOBBP3BA C IPAKTHYECKOTO
W3M0JI3BaHe Ha ChbBPEMEHHH NH(OPMAIIMOHHH CHCTEMH H

pecypeu.

MexaynapogHata  Qenepauuss Ha  OuOIMOTEUHHUTE
acommaumn u  uHetutymuu  (IFLA)  pasrmexna
OMONMMOTEKUTEe KAaTO CTpaTeTMYecKH MAapTHHOPH B

pasBUTHETO Ha oOmecTBOTO Ha 3HaHuWero. Cropen
OpraHM3alusITa YCIEIHOTO Pa3BUTHE HA ONOINOTEYHNTE
YCIIYTH € MPSKO CBBP3aHO C MPUJIAraHeTo Ha ChbBPEMEHHH
JIUTHTAJHA TEXHOJIOTMH, pPa3BUTHETO Ha IHU(DPOBHUTE
KOJIEKIIMH M OCUTYPSIBAHETO HA PABHOIIOCTABEH JOCTHII 10
nHpopMarm. AHanornyaa no3unus 3aema 1 FOHECKO,
KOSITO Ompenens OMONMMOTEKUTE KaTo KII0YOB (aKTop 3a
pa3BUTHE Ha LHU(POBOTO BKIIIOYBAHE, YUSHETO MPE3 IIEITHs
JKMBOT M YCTOWYMBOTO pa3BUTHE.

AHanmM3bT Ha HayyHaTa JIATEpaTypa IOKa3Ba, 4Ye
JIMTUTAJIHUTE TEXHOJOTHH IOCTENICHHO TpaHchopMupar
OoubmmoredHoTO O00pa3oBaHWE dpe3 HMHTETPHpPaHE Ha
nuppoBrn  MHOOPMALMOHHH  PECYpCH,  EJICKTPOHHH
oOpazoBaTenHu mwiathopMu u WHTEIUTCHTHU
TEXHOJIOTHH. B pesynrar Ha ToBa ce hopmMupa HOB MOJEIN
Ha B3aUMOJEHCTBHE MEX Iy ONOIMOTEeYHOTO 0Opa3oBaHue
¥ OMONIMOTEYHUTE PECYPCH, MPU KOWTO OMOIMOTEKHTE Cce
YTBBPIKAABAaT KaTo akTHBHA 4acT OT oOpa3oBaTenHara W
Hay4YHOHU3CIIeIoBaTelIcKaTa cpe/a.

3. Ilpeonocmaeéxku u nodxoou 3a unmezpupane Ha

ouzumanHume  MmMexHoaAO2UU 6  OUOIUOMEUHOMO
obpazoeanue
OcHoBHa MpeInocTaBKa 3a 3aCHUJIBaHE Ha

B3aUMOJICHCTBHETO MEXIy OMOIMOTEYHOTO 00pa3oBaHMe
U OuOIMOTeUHHTE pecypcH € IpoMsSHaTa B camara
nH(pOpPMAIMOHHA cpesia. 3HAYMTEIHA YacT OT HaydHara,
oOpa3oBaTenHata M KyJiTypHarta HHGOpMAanus Bede ce
Ch3aBa, CbXpaHABAa M PA3MpPOCTpaHsiBa B JUTUTAIHA
¢dopma. JlurutanHure OGMOIMOTEKH, WHCTUTYLIMOHATIHUTE
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PETO3UTOPUYMH, EIICKTPOHHUTE KATalo03d W HAyIHUTE
06a3u OaHHM OCHTYpSsIBAT [OCTBHII A0 HH(YOPMAIMOHHH
pecypcu HE3aBHCHMO OT MPOCTPAHCTBEHH U BPEMEBH
OTpaHHYCHUS.

Jurnranaure OMOIMOTEKH UMAaT 0COOEHO 3HAUCHHUE, Thii
KaTo OOeqUHSIBAT TEXHOJOTWYHHUTE BB3MOXKHOCTH 3a
CbXpaHsABaHE M IpEAOCTaBsHe Ha HHQopMamus ¢
oOpazoBaTenHusi  MOTEHIMAI  Ha  OHONIMOTEYHHUTE
KOJIEKIMH. [IpaKTHYECKOTO MHTErpHUpaHe Ha JUTMTAIHH
pecypc B aKaJeMHYHOTO OOpa3oBaHME IO3BOJISABA Ha
CTYJEHTHTE HE caMO Ja M3II0JI3BaT FOTOBAa HH(pOpMAIHS,

HO u JAa  ycCBOsBaT HNPUHIUIIUTE Ha HEWHOTO
CTPYKTYpUpAHE, OIUCAHUC, TBPCCHE, OILCHABAaHE U
npeaACTaBiAHE. OHI/IT’BT, npeacraBe€H OT SlHkOBa W
TO,Z[OpOBa, IIOKa3Ba BB3MOKHOCTHUTE JUTHUTAITHUTC

pecypcu 1a ObJaT BKIIOYEHH HEMOCPEICTBEHO B
00y4eHHEeTO Ha CTYIEHTH M 1a CBbP3BaT TEOPETUYHATA
MOJITOTOBKA € MpaKTH4eckaTa padorta [2].

OcobeHO 3HAaueHHWE 3a B3aMMOJCHCTBHETO  MEXIY
OUONMMOTEYHHTE PeCypCH U 00pa30BaTeNIHUs IIPOIEC NMaT
CTIeUUaTU3UpaHUTe BUPTyaIHH OnOmunoTeku. Bacunesa u
CranyeBa pasmiexaar WH(POPMAIIHIOHHUTE u
o0pa3oBaTeHUTE BB3MOXKHOCTH Ha BHUpTyanHara ,,E-
Ooubnuoreka 1m0  OMOMMOTEYHO-WHPOPMALMOHHU U
KOMYHUKAllUOHHU HAyKH M KYJITYPHO HAcleICTBO“ 3a
muctannuonHo obyuenne BbB OBKH Ha YHUBUT karto
TpUMep 3a HMHTErPHpaHe Ha JAWUTUTAIHU OMONMOTEUHH
pecypcH B akaeMUIHaTa o0pa3zoBareina cpena [8]

BaskeH OIXO € U U3MOJI3BAaHETO HA HHCTHTYIIHOHATHUTE
PETO3UTOPUYMH M IPUHLIMIIMTE HA OTBOPEHHS JIOCTHIL. Te
pasuMpsBaT BE3MOXKHOCTUTE 33 M3IMOJI3BaHE HA HAYYHH
nyOnuKanuy, JucepTalyy, Yy4eOHM MaTepuaad ¢
pe3yNTaTH OT U3CieNoBaTeNcKa AEHHOCT. 3a CTyIeHTUTe
TOBA 03HA4aBa MO-TIPSK JOCTHII 10 HAYYHOTO 3HAHUE, a 3a
OMOMMOTEeYHOTO  O0pa3oBaHHME — BB3MOXKHOCT  3a
MPaKTHYECKO HU3rpakJaHe Ha yMEHHS 3a HHPOPMAILIMOHHO
ThpCeHe, MoA00p Ha HAaICKAHH M3TOYHHUIIM, aKaJEMHUIHO
LUTHPaHEe U OTTOBOPHO M3IOJ3BaHE HAa MHPOPMALIHSL.

CucreMurte 3a eJIEKTPOHHO 00yUEeHHE PE/ICTABIISBAT APYT
MEXaHW3bM 3a CBBbp3BaHE Ha OMONHOTEUHUTE PECYpPCH C
00pa30BaTeHOTO  CHABp)KaHHE. BKmouBaHeTo  Ha
SNIEKTPOHHN KHUTHU, CTaTWUH, IUTHTATHU KOJEKIHH W
oubmmorpadcku pecypcH B eIeKTpOHHaTa yueOHa cpena
N03BOJIIBa OMONIMOTEKaTa 12 MPUCHCTBA HEMOCPEACTBEHO
B [Ipolieca Ha MPero/iaBaHe M CaMOCTOSTENIHA ITOIrOTOBKA.
[To TO31 Ha4YMH B3aUMO/ICHCTBUETO MEXKIY IPEojaBaTe,
CTYICHT 1 OHOHOTEKa MPUI00HMBa MMOCTOSHEH XapakTep.

HoBa mpeamocraBka 3a TpaHCopMamusaTa Ha TOBa
B3aUMOJICHCTBHUE € PA3BUTHETO Ha M3KYCTBEHUS HHTEIICKT
U TO-CIELHAaJHO HA TeHEepaTHUBHUTE TexXHouoruu. Te

Ch3JaBaT  BB3MOXKHOCTH 32  TNOJNOMAaraHe  Ha
MH)OPMAIIMOHHOTO  ThpPCEHe,  0000IIaBaHETO |
CTPYKTypHpaHeTo Ha HHpoOpManus, OOyd4CHHETO W

HAYYHOHM3CIIEN0BATEICKATA JIEHHOCT. Hapen c
MOTEeHIMAIA UM 00ade Bh3HUKBAT MPOOIIEMH, CBBP3aHU C
JNOCTOBEPHOCTTA  Ha  TeHepupaHarta  HHGpOpMAIus,
3aluTaTa HAa  JIMYHUTE JAHHH, HWHTEJIeKTyalHaTa
cobcTBeHOCT M akagemuuHara mnoureHoct. UNESCO
IIOCTaBsI UMCHHO l[OBeKOL[eHTpI/I‘lHI/If[, CTUYCH U KpI/ITPl'-leH
MOJXOJ B OCHOBaTa Ha H3IMOJI3BAHETO Ha T'CHEPATHBEH
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H3KYyCTBEH HHTEICKT B O00pa30BaHHETO W HAay4dHHTE
n3cnensanus [4]. Ilopagu ToBa ePeKTUBHHUAT MOIXOA KbM
npo6neMa He IpeAnoara MeXaHnyHO BbBEXK/IaHE Ha HOBH
TEXHOJIOTHH, @ TAXHOTO IEJarorndecku OOOCHOBAHO
uHTerpupane. HeoOXomuMO € CBTPYAHMYECTBO MEXIY
IpernofaBare M OWOIMOTEYHH  CIEIHANNCTH,
aKTyaln3upaHe Ha y4eOHOTO CBHAbp)KAaHWE W CHCTEMHO
pa3BHTHE Ha JWIHTaJHaTa W  HWH(pOpMAIHOHHATa
IpaMOTHOCT Ha oOyJaeMHuTe.

4. Memooonozus na uzciedsanemo

W3cieiBaHETO € C TEOPETHKO-aHAIMTHYCH XapakTep U €
HACOYCHO KbM YCTAHOBSBAHE HA POJIATA HA JUTUTAIHUTE
TEXHOJIOTHU 3a B3aMMOJIEHCTBUETO MEXKTY
OHOIMOTEYHOTO 0Opa30BaHUE U OHOIMOTCUHUTE PECYPCH.
IpusioKeHH ca aHaIW3 U CHHTE3 Ha Hay4HA JIUTEPaTypa,
JOKYMEHTEH M CPAaBHHUTEJIEH aHAJIN3, KAKTO U CUCTEMEH M
HHTEPIPETATUBEH TT0IXO/I.

AHanm3upaHd ca HAYyYHH MyOJHKAaIWM HA OBITapcKd U
Yy)KIECTpaHHH aBTOPH, CBBP3aHH C OWOIMOTEYHOTO
obpazoBanue, JUTHTATHATE pecypcu u
nH(}opMaIMOHHaTa IPaMOTHOCT, KaKTO M CTPAaTErHYeCKH
JOKYMEHTH B 00JacTTa Ha JUTMTAIHOTO oOpa3oBaHUE U
NPUIOKEHUETO Ha HOBHUTE TEXHOJOTMH. IlomOpaHuTe
W3TOYHULM Ca  MHTCPIPETHpAaHH C  OrJeA  Ha
BB3MOXXHOCTUTE 32 HHTETPUpaHEe Ha OHOIMOTEYHHUTE
pecypcu B 00pa3oBaTeIHus IpoLec.

CHCTEeMHHMAT  TOAXOX  MO3BOJNsBA  OMOIMOTEYHOTO
oOpa3oBaHHe, OMOIMOTEYHHTE PECYpCH M IUTHTAIHUTE
TEXHOJOTMH Ja ObJaT pasmIeKIaHH He  Karo
CaMOCTOSITEJIHH KOMITOHEHTH, a Karo B3aMMOCBBP3aHU
€IEMEHTH Ha eIWHHAa HH()OPMAIHOHHO-00pa3oBaTeTHA
cpena. Ha Ta3u ocHOBa ca cucTeMaTH3HpaHH OCHOBHHTE
TEHJCHIMY, BB3MOXXHOCTM M  OTpaHMYEHHsS  Ha
B3aUMOJICHCTBUETO MEXIY TSX.

5. Pesynmamu u ouckycus

[IpoBeneHusaT aHamM3 ITOKa3Ba, 4Ye JUTHTAJIHATA
TpaHchopmanus He HPOMEHS €IMHCTBEHO
TeXHOJIOTHYHATa HH(]pacTpykTypa Ha OuOIMOTEKHTE, a
OKa3Ba TMPAKO BIHSHHE BBbPXYy Guiocopusra wu
ChIBpKAHUETO Ha OMONMOTEYHOTO OOpasoBaHme. OT
MO/ATOTOBKA, HACOYCHa  MNPEUMYIIECTBEHO  KbM
OBJIaJIiBaHE Ha TPAAULHOHHHTE OHOIMOTEYHH MPOLECH,
aKIEHTHT MMOCTENCHHO Ce pa3IIupsiBa KbM GopmupaHe Ha
KOMIIETCHTHOCTH 3a paboTa C JUIHTAaJHH pecypcH,
MH(OPMAIIMOHHH CHUCTEMH, SJICKTPOHHHU YCIYI'H M HOBH
TE€XHOJIOT'MYHU UHCTPYMEHTH.

ITBPBUAT CHIIECTBEH PE3YJTaT € CBbP3aH C NPOMsHATA Ha
ponstTa Ha OMONMHOTEHYHHS pecypc B 00pa30BaTEIHUS
npouec. B qururannara cpeaa Toit npecrasa aa Obae caMmo
JOIIBJIHUTCIICH HW3TOYHUK Ha I/IH(I)OpMaLlI/IH H MOXC Ja
(GYHKIMOHMpAa KaTO HEMOCPEACTBEH MHCTPYMEHT 3a
oOyuenne. l3mon3BaHeTo Ha JUIHMTAJIHU KOJICKIUH B
aKaJeMUYHaTa I[OJATrOTOBKA I03BOJISIBA CTYACHTHTE Ja
NpujaraT Ha MpaKkTHKa 3HAHMATA 3a OpraHu3alus,
OIMCaHHe, THPCEHE W MpeJACTaBsiHEe Ha HH(OpMAaIHs.
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BBArapcKusT ONUT € JTUTHTAIHUA PECYpCH B OOyYEHHETO
Ha  CTYAGHTH 1O  OHOIMOTEYHO-MH(POPMAIHOHHH
CNICLMAIHOCTH TOTBBPXK/aBa Bb3MOXKHOCTTA 32 M0J00HA
BPB3Ka MEXIY TEOpHUs, PeCypc W NpaKkTH4ecKa ACHHOCT
[2]. Bropusr pesynrar ce oTHacs 10 MpPOMSHATA Ha
MO3ULKATa Ha OWONHOTEKAaTa B akaJeMHUYHaTa Ccpena.
JIUruTaJHUTE TEXHOJNIOTWH TMO3BOJSIBAT TS 1a Oble

HHTETpHpaHa  MO-TSCHO B NpENoJaBaHeTO U
HaydHOM3cJenoBaTelckaTa JaeiHocT. JlocTemeT 1O
CNICKTPOHHH ~ KaTajo3H, pPEMO3UTOPHYMH, AUTHUTAIHU
OubnmuoTekn W HaydHH ©Oa3W JaHHM [pEBpHIIa

OubnmoTeKkara B IOCTOSIHEH MapTHHOP HA CTYACHTHTE U
npenogasatenure. ToBa mpeanosiara ¥ pasIMpsBaHe Ha
npodecronamanTe  QyHKIMM  Ha  OMONMOTEUHHS
CIICIIMAITICT, KOWTO BCE MO-4ECTO yJacTBa B 00ydeHHE MO
nH}pOpMaIOHHa IPaMOTHOCT, HOATIOMAaraHe Ha HayYHOTO
TBhpPCEHEe, YIpaBICHHE Ha JUTHTAIHO CHIBPXKAHUE H
KOHCYJITHpaHe OTHOCHO U3I0JI3BAaHETO Ha
HHPOPMAIIMOHHU U3TOYHHIIH.

TperuaT pe3ynrar e CBbp3aH C HEOOXOAMMOCTTa OT
paslIMpsBaHe Ha KOMIICTEHTHOCTHHS Ipodmin  Ha
ObjemuTe crernuanucTd. JlururanHata KOMIETEHTHOCT
HE MOXE Ja Ce CBeXIa EAMHCTBEHO [0 TEXHHUYECKO
BIaficCHE HA ONpPEAENeHH IaTGOpMH M CHCTEMH. T4
mpeAnonara CIOCOOHOCT 3a LEJICHACOYCHO
HHQOPMAIIMIOHHO  ThpPCEHE, KPUTHYHA OIEHKa Ha
H3TOYHHUILUTE, YNPaBICHWE HA AUTUTAIHO ChABpPIKAHHE,
MO3HaBaHE HA ABTOPCKONPABHHUTE OTPAHUYCHUS U
OTTOBOPHO U3II0JI3BaHe Ha nHdopmarmsTa.
EBpornelickuTe OMUTHKH CBIIO MOCTABIT Pa3BUTHETO Ha
OUTHTAJHUTE YMEHUS Cpel OCHOBHUTE YCIIOBUS 3a
ajanTHpaHe Ha 0O0pa30BaHHETO KbM AWTHTAIHATA €[oXa
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B TO3M KOHTEKCT T'€HEepPaTHBHHAT W3KYCTBEH WHTENEKT
o4yepTaBa HOBO  HampaBieHHe B  OHOIMOTEYHOTO
obpazosanue. Toil Moke na mojmnomara OO0y4eHHETO M
uHOpPMAllMOHHATa  AEHHOCT, HO  CBIIEBPEMEHHO
yBeJIM4aBa 3HAYCHHETO Ha KPUTHYHATA MH(OPMAI[MOHHA
rpamoTHOCcT. CrocoOHOCTTa Ja ce  pas3lo3HaBa
HEJIOCTOBEpHA, HeMbJIHA WM TeHepHpaHa Oe3 MpoBepuMHU
H3TOYHUIM HHGOOpMAIMSA Ce MpPEBphIla B CHIIECTBEH
KOMIIOHEHT Ha npodecroHaIHaTa noAroToska. Hacokure

Ha UNESCO nomuepraBar HEOOXOOUMOCTTa  OT
YOBEKOIICHTPHUYHO  M3MOJI3BaHE HAa  TeHEePaTUBHHUS
M3KYCTBEH HMHTENCKT, TPU KOETO TEXHOJOTHUHUTE

noanoMarar, HO HE€ 3aMCHAT KPUTHUYHATa MPCICHKA,
negarornyecKkata OTTOBOPHOCT M YOBEIIKATa €KCIIEPTHU3a

[4].

PesynraTtuTe Mo3BOJIABAT Aa ce ouepTae B3auMOJIeHCTBHE,
OpU KOETO JUTHTAlHUTE TEXHOJOTMH H3IIBJIHIBAT
nmocpenHudecka (QYHKIUS MEXAy TPH  OCHOBHH
KOMITOHEHTa: 00pa30BaTEIHO ChAbPKAHIE, ONOIHOTCIHH
pecypcu u npodecronamHn KOMIIETEHTHOCTH.
EdexruBHOCTTAa Ha Ta3W BPB3KA 3aBHCH HE TOJNKOBA OT
KOJIMYECTBOTO M3IMOJI3BAaHM TEXHOJOTWYHU CPEJICTBA,
KOJIKOTO OT Ha4yMHA, N0 KOHTO T€ ca HMHTErpHpaHd B
y4eOHUTE MpOorpaMH M TPaKTHYECKH OpPUEHTHpaHaTa
MIOJrOTOBKA.

B TO3M CMHCBHI pPa3BHTHETO Ha OHOJIMOTEYHOTO
o0pa3oBaHHe IIpedmoNara YyCTOWYHBO IIapTHHOPCTBO
MEX Ty YHUBEPCUTETUTE u OuOIHoTEKHTE.
BubnnoTeuHata  mpakTHKa ~ IPEJOCTaBs  peajHara



WHPOPMAIIOHHA Cpeia, B KOSTO CTYIACHTHTE MOTaT aa
mpuwiararT  3HaHUATa  CH, JOKaro  aKaJIeMHYHOTO
obpa3oBaHue OCHUTypsiBa TeopeTuIHaTa u
METOJONIOTHYHATa OCHOBA 33 KPHTHYHO OCMHCISTHE H
pa3BuUTHE Ha Ta3W MPAKTHKA. [IUTUTAJIHUTE TEXHOJOTUH
CBBp3BaT JIBaTa KOMIIOHCHTa U CB3JaBaT YCIIOBHS
B3aUMOJICHCTBHETO MEXAY TAX Ja ObJe HEMPEeKhCHATO,
IBBKABO W OPUCHTHUPAHO KBM TPOMCHSANIUTE CE
poeCUOHATHY MOTPEOHOCTH.

6. 3axknrwouenue

Jururannarta TpaHcopMalMs IPOMEHS ChIIECTBEHO
B3aUMOJICUCTBHETO MEXIy OMOIHOTEYHOTO 0Opa3oBaHKe
U OUONMOTCYHHTE pECypCH, KaTo Ch3/laBa HOBH
BBH3MOKHOCTH 32 ITOBHIIaBaHE KAYECTBOTO HAa O0OYYCHUETO
U 32 pa3BHUTHE Ha MPO(EeCHOHATHNTE KOMIIETEHTHOCTH Ha
OpaemuTe GMOIMOTEYHO-NH(POPMAIIMOHHH CHIEIUAINCTH.

AHanmu3pT Ha HayyHaTa JIATepaTypa IIOKa3Ba, 4e
HWHTETPUPAHETO Ha JTUTUTATHA OuOIMOTeKH,
HUHCTUTYLMOHAIHH PEIO3UTOPUYMH, CNIEKTPOHHH

obOpazoBarenHd MUIATGOPMH M HayyHH OasWl JaHHH
JOTIPHHACS 32 M0-e()eKTUBEH JOCTBII O MHGOPMAIUS U 32
¢dopmupaHe Ha ycToWuMBa HWH(OPMAIMOHHA KYITYpa.
ITpoBeneHUAT aHAIM3 MO3BOJsABA Ja ce (opMynupar
HSKOJIKO OCHOBHM M3BOza. Ha IbpBO MSICTO, TUTHTAITHUTE
TEXHOJIOTHH TpaHcpopMupaT OHOIMOTEYHOTO
o0pa3oBaHue, KaTo Ch3/1aBaT YCIOBHUS 32 HEOCPEACTBEHO
HHTETpUpaHe Ha OMOIMOTEYHHUTE PEeCypcH B ydeOHHS H
Hay4YHOM3clenoBaTenckus mpouec. Ha Bropo wmscTo,
OubIMoTeKaTa IMOCTEIICHHO Ce YTBBP)KAaBa KaTo aKTHBECH
oOpa3oBaTelieH IapTHBOP, a HE EIMHCTBEHO KaTo
JIOCTaBYMK Ha HH(OPMAIMOHHH pecypcu. Ha Tpeto mscTo,
pPa3BUTHETO Ha JUTHTAIHATA Cpefa W T'eHEPaTHBHHS
U3KYCTBEH HMHTENEKT [OCTaBs HEOOXOOUMOCT  OT
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HEMPEKbCHATO aKTyaln3WpaHe Ha NpO(ECHOHATHUTE
KOMIICTEHTHOCTHU Ha OBJeIINTe OMOIMOTEYHO-
HH()OPMAIMOHHH CTICIIUATHCTH.

IlepcnekTuBuTe 3a pa3BUTHE Ca CBBP3aHU C IO-TICHO
HHTETpUpaHe Ha JUTHTAJIHUTE OubIHOTeKH,
CJICKTPOHHUTE pecypcu, MHCTUTYIIMOHATHUTE
pPETO3UTOPUYMH M HMHTEIUTEHTHUTE TEXHOJOTUH B
aKaJeMHYHATa MOJrOTOBKA. Y CIIEIIHOTO pealn3upaHe Ha
TO3M TPOLIEC M3HMCKBA ChUETABAHE HA TEXHOJIOTUYHUTE
BB3MOXKHOCTH C KPUTHYHO MHCIEHe, HH(OpMaIrMoHHa
IrpaMOTHOCT U OTTOBOPHO OTHOLIEHUE KbM U3IOI3BaHETO
Ha H(OpMAIHATA.

Hay4HuAT HpUHOC Ha W3CIEABAHETO c€ HU3pas3siBa B
CHCTEMAaTH3MPAaHETO Ha OCHOBHHTE IIOJXOAM 32
HHTETPUpAaHEe  HA  JUTHTAIHUTE  TEXHOJNOTMM B
OuOMMOTEeYHOTO 0O0pa3oBaHME W B H3BSKAAHETO HAa
TSAXHATa IOCPEIHUYECKa POJIsi NPH HW3TPaXKIAHETO Ha
YCTOWYMBO B3aHMMOJICHCTBHE MEXIy O0Opa3oBaTeiIHaTa
cpena 1 OMOJIMOTEYHHUTE PECYPCH.
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Pa3B0}1’LT npe3 npusmMaTta Ha aHTUKPU3UCHOTO YIIPABJIECHUE

Divorce through the prism of anti-crisis management Pa3Boa ckBo3b NpU3My aHTHKPH3MCHOIO YIIPaBJIeHHSI

[pod. o1-p Crbes C.
BI/ICI_IIC Yauunie 1mno an06I/I3HeC 1 pa3BUTUC HA PETUOHUTE, HJ‘IOBZ[I/IB
ssabev@uard.bg

Abstract: This article examines divorce as a manageable exit from a family crisis by applying crisis management models to the family
context. Through analogy with business practice, marriage is conceptualised as an organisation, and divorce is presented as a legitimate
exit strategy from a crisis in which ossified relationships are terminated and a new beginning is established. The principal conclusion is that
divorce, when managed rationally and with professional assistance, is not a defeat but an opportunity for post-crisis recovery and a more

authentic life.
Keywords: CRISIS MANAGEMENT, DIVORCE, FAMILY CRISIS

1. YBoa

Korato ce  paspaboTBa aHTHUKPU3UCEH IUIaH 32 TBPTrOBCKO
JAPYKECTBO, ce aHaJIM3upa OopraHusaljioHHara CTPYKTYpa,
pecypcure, BBHIIHATA Cpela, 3auHTEPEeCOBAHUTE CTPaHU U

puckoBust npodmit. [To anamormst cemeifcTBOTO MoOXe na Obae
OIHCAaHO KAaTO €AWH BHUJ KOPIOPAaTUBHA OPTaHU3ALUs C ONpe/eNICHa
CTpyKTypa (CBIpY3H, A€la, POAUTCIN Ha CBIPY3UTE), PECYpcH
(MaTepuaTHH W HEMaTepUallHK), [enu (00K W WHAWBUAYAIHH) U
cpexa (commanHa, TpoQecHOHATHA, HKOHOMHYECKA). B
AQHTUKPH3HUCHOTO YIpaBJeHHE, OpTaHM3alusATa IpEeMHUHaBa Ipe3
JKM3HEH LUKBJI, B KOMTO KpH3aTa HE € aHOMAIMs, a 3aKOHOMEpEH
eran. Besika opraHusmpana cucrtema - OMJIO TO NpPEANPHUSTHE WIN
CEMEHCTBO, € IOJJIOKEHa Ha BBTPENIHM W BHHIIHM BB3JCHCTBUS,
KOHTO IOCTETICHHO MJIM BHE3AITHO HAapyIIaBaT HEHHOTO PaBHOBECHE.
Kpuzara ce pasrmexxma karo ,,KpailHO 00OCTpsHE Ha
BBTPEHIHOOPTAaHU3ANMOHHNTE OTHOUIEHWS ¥ OTHOIICHHUSTA C
BBHIIHATA cpefa."’ AKO ce 3aMEHST ,,BbTPEITHOOPTaHH3aIHOHHH"
Cc ,BbTpPEIIHOCEMEHHH'", ce IoJiyuaBa TOYHO OINHCAHHE Ha
ceMeiliHaTta Kpu3a: KpaHO OOOCTpsiHE Ha OTHOLICHHATA MEXIY
CBIPY3UTE, MEXKIY POJUTEIHNTE U AElaTa, MEXAY CEMEHCTBOTO U
3ao0MKasIaTa ro connanta cpefa. Kirouosara nzes e, 4ye kpuzata
HE € 3aIbDKUTenHo Kpail. Tg e moBparHa TOuka, OT KOSATO ca
BB3MOXKHHM JBa IIBTS: pasnajaHe Wi oOHoBieHme. B Om3Heca
KOpHOpaTHBHATa OPTAaHM3AllMsl WM C€ BB3CTAHOBSABA, WIIH C€
JIMKBUAMpA. B ceMelcTBOTO aHAIOTMYHHUTE U3XOM ca: WM OpakbT
ce OOHOBsIBA Ha HOBA OCHOBA, WM ce MpekpatsBa. M naBaTta nzxona
ca JjerutuMHH. [IpobiremMbT He € B camara Kpu3a, a B
HecrocoOHOCTTa TS Ja OblIe CBOEBPEMEHHO pas3lo3HaTa |
yIpaBIsBaHa.

2. IlpeanmocTaBKM M HAYMHM 32 pa3peliaBaHe Ha
npodiaema

B aHTHKpH3HCHOTO ympaBieHHE Ha MPEANPHATHETO, KPH3HUTE Ce
KTacHpUIUpaT MO  HAKOJKO KPUTEPHs: IO CTENEeH Ha
IPEABUAUMOCT, IO CKOPOCT Ha Pa3BUTHE, MO OOXBAT U MO TEKECT
Ha mociequnute. Chinata kKiacHUKAIMS € TPWIOKHAMAa U KbM
CEMEMHUTE KPU3H.

TTo creneH Ha MPEIBHINMOCT CEMEHHHUTE KPU3H OMBAT OYaKBaHU U
HeodakBaHN. OYaKkBaHM ca Te3U, KOUTO CHITBTCTBAT €CTECTBEHUTE
MPEXOIHU TEPHOIHM -pakJaHe Ha JeTe, MOCThIBAaHE Ha JeTe B
yUWIIMINE, HaBIM3aHE B CpeJHAa BbB3pacT, I[EHCHOHHpAHE,
CHHIPOMBT Ha ,,Ipa3HOTO TrHe3m0". HeouakBaHHTE BBH3HHKBAT
BHE3AIIHO - H3HEBspa, TEXKO 3a0ojsBaHe, 3aryba Ha pabora,
IpHCTpaCTsIBaHE.

! KopotkoB, 3. M. (2014). Aumukpusuctoe ynpasienue. Mocksa: FOpaiir.
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ITo cxopocT Ha pa3BHTHE ce pasrpaHHYaBaT OCTPH M XPOHUYHU
kpm3u. OcTpaTa ceMmeiiHa Kpu3a M30yXBa BHE3AIHO -TIAPTHBOPBHT
Hay4aBa 3a M3HEBApA, MOJTy4aBa ce QU3MYECKO HACUIIHE, HACTHIIBA
BHe3amHa (uHaHcOBa KaracTpoda. XpOHMYHATa Kpu3a € OaBHO
HATPYIIBaHE Ha HEYJOBIETBOPEHOCT, OTYYKACHHE, MbIYaHHUE,
pYTHHaA - OHOBa, KOETO B OM3Heca OOMYaiiHO ce Hapuya ,JIaTCHTHA
Kpuza" WM ,,IIea3sma kpusa." B On3Heca JaTeHTHaTa Kpu3a ce
NpOSIBSIBA KaTO MOCTEIEHHO HaMallsiBaHe Ha MPUXOJHTE, 3aryda Ha
KIMeHTH, JEeMOTHBallMs Ha MEpPCOHANA -CHUTHAIHM, KOWTO
MEHUDKMBHTBT YECTO HTHOPHPA, 3aI0TO BCEKU OT TAX MMOOTAEITHO
usriexaa noHocuM. ITo ChIys HAYMH B CEMEHCTBOTO XPOHHYHATA
Kpu3a MPOTHYa 4Ype3 IOCTEIEHHO OT/AajeyaBaHe, HaMallsiBaHE Ha
KOMYHHKAIUATa, 3aryba Ha (u3nvecka OJIM30CT, OTACTHU CIIATHH,

pa3lelieHH MHTEPeCH —C WTHAIM, KOWTO CBIPY3HTE YECTO
npeHeOpersar, 3alloTO BCEKM OT TSIX IOOTACIHO HU3IIISKIA
MPEOIOIHM.

Pe3ynTarsT u B 1BaTa cilydas € €JUH M ChLI: KOraTo Kpu3aTa Haii-
Hakpas ce NPOSBU OTKPHUTO, HATPyMaHHTE MPOOJIEeMH ca TOJIKOBa
IBI0O0KH, U€ BH3CTAHOBABAHETO € HENPOIIOPIIMOHAIHO TPYAHO HIH
BeUe HEBB3MOXKHO.

AMEpHUKaHCKMAT MaTeMaTuK u  uKoHomuct Urop AHcoq)2
pa3paboTBa KOHIEMIMATA 3a ,,yIpaBlIeHWe Mo ciladu curHamm" -
ujesiTa, 4e BCsIKAa Kpu3a MpeAM Ja ecKallipa, H3JIbYBa pPaHHU
HpeIynpeTuTeNIHA 3HAIM, KOUTO MOrar na ObJaT yJIOBEHH, aKo
YIPABISIBALMAT € JOCTaTHYHO BHUMATEIICH.

[IpeHeceHO KbM CEMEHCTBOTO, ,,ClTa0UTE CUTHATU" 3a 3a1aBaiia ce
KpH3a BKJIIOYBAT CIEAHUTE Oene3d: pa3roBOPHTE CTaBaT BCE IIO-
KPAaTKH U BCE MO-TIOBBPXHOCTHH, OOIIWTE NEHHOCTH HAMAILSIBAT -
CBIpY3UTE TMpeKapBaT CBOOOJHOTO CH BpeMe W MOYHUBKHUTE
MOOT/IENHO, KOH()IMKTUTE Ce MOBTAPSAT MO €IHHU U ChIIM TeMu 0e3
pa3peLueHl/Ie, CAUHUAT WJIXM W ABaMarta l'lapTHbOpl/I 3aro4yBar aga
TBPCAT EMOIMOHANIHO YyOeXulle W3BBH Opaka - B paboTara, B
X00UTa, B COLMAIHUTE MPEXKH, NMPU APYr 4YOBeK, (u3HdecKara
6IM30CT HaMalsiBa WIIM W34e3Ba, CBIPY3UTE CIMPAT Ja IJIaHUpAT
06110 OBIeme.

[IpoOnemMbT €, 4e 3a pa3nuka OT OHM3HEcCa, CEMEWCTBOTO PSIKO
pasnonara ¢ ¢opMarHa CHCTEMa 3a MOHHTOpPWHT. Hukoil He
MpoBeX/a ,,exKEeMeceueH aHajdu3 Ha ceMeiiHute mnokazarenu." U
TOYHO TYK C€ KpHE OCHOBHAaTa YSA3BUMOCT - CJa0HTe CUTHAJIU
ocraBatr He3abesa3aHu, JOKATO KpU3aTa He ce pa3BHe 10 TOYKaTa, B
KOSITO €IMHCTBEHUAT PEATMCTUYCH U3XO/l € MIPEKPATABAHETO.

B aHTHKPU3HCHOTO YIpaBIEHHE CE€ pa3rpaHHyYaBaT HAKOJIKO
CTpaTeruH 3a pearupaHe Ha Kpusa:

CTpaTeFI/ISI Ha aKTUBHA aJjanTalus - opraHu3anusaTa c€ INpoMEHs, 3a
Jla OTIr'OBOPU Ha HOBHUTEC YCJIOBUA. B cemelinns KOHTEKCT TOBa €

2 Ansoff, H. I. (1975). Managing Strategic Surprise by Response to Weak
Signals. California Management Review, 18(2), 21-33.
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ONUTBHT 3a TEpanus, 3a MPOMsHA Ha NpaBUJaTa, 32 OOHOBSBAaHE Ha
oTHomeHusTa. Ta3u cTparerust 3aciyxkaBa Aa ObAe ONUTaHA, HO
CaMo aKo U J[BaMaTa MapTHbOPH sI CTIOJIEIIAT.

Crparerusi Ha CBUBaHE - OpraHM3alMATa ChKpallaBa JEHHOCTH, 3a
na onenee. B cemeiicTBOTO TOBa € ,,0paKbT Ha XapTHs'" - JBamara
JKUBEAT TMOJ COUH TIOKPHB, HO BOJSAT TMApPAICITHU IKHUBOTH.
dopMaTHO  CEMEUCTBOTO  CHIICCTBYBA, HO  (AKTHYCCKH €
H3MPAa3HEHO OT ChIbpKaHue. Ta3u cTpaTerus psako ¢ yCToHunBa -
Ts1 KOHCEPBHpPA KpU3aTa, BMECTO Ja 5 pa3peliaBa.

Crparerust 3a M3JIU3aHE - OPraHHU3AIMATA C€ JIUKBUAUpA HIM Ce
TpaHchopMupa B HEIO pa3nuyHO. Pa3BogpT € MMEHHO TOBa -
CTpaTerHs 3a M3IM3aHEe OT Kpu3a, KOATO BeUe HE MOXe Aa Oble
MPEoI0IIsIHA B PAaMKUTE Ha CBIIECTBYBAIATa CTPYKTYpa.

Ha ToBa msicTO € ymecTHa aHaorus oT 6u3Hec npakrtukara. Korato
€€ M3rOTBSl AHTHKPU3UCEH IIJIaH 33 MAJIKO THPIOBCKO JAPYXKECTBO,
3aIbJDKUTEIHO CE BKIIOUBAT CLICHAPHHU, CBBP3aHU C IIPEKpaTSIBaHE
Ha JIeHHOCTTa - 3ary0a Ha HaeMeH JIOrOBOp, HeCIIeueIBaHe Ha THPT,
¢damut Ha KIOYOB KiIHEHT. [lnaHnpaHeTo Ha Te3W CLEHApUH HE €
MEeCUMHU3bM, a peanu3bM. TbproBeubT, KOWTO € MpeaBUINI
BB3MOXKHOCTTA 32 IPEKPATSIBaHE, € B CHbCTOSIHUE J]a TO OCBIIECTBU
OpraHM3UPAHO, C MUHUMAJHU 3aryOH, C YPeJeHH 3aAbIDKEHHS U ChC
3ama3eHo  JOCTOHHCTBO. ThproBensT, KOWTO OTpUYa Taszu
BB3MOXKHOCT, PUCKYBa Xa0TUYHO pa3lajaHe.

Cobmiara Jiormka ce mpmiara U B Opaka. ChIpys3uTe, NpHeMaIlin
pa3Bojia KaTo JIETHTHMHAa BB3MOXHOCT (0e3 HempeMeHHO na s
JKETasAT), ca B ChbCTOSIHUE 1 TO OCBIIECTBAT IUBHIN30BAHO - C SICHH
CTOpa3yMeHHs, ChC 3allUTa WHTEPECHTEe Ha Jenara, C ypelIeHU
HMMYIIECTBEHH OTHOLICHHA. Te3n, KOUTO IO OTpHYAT JO MOCIeIHHS
MOMEHT, OOMKHOBEHO NIPEMHHABAT MPe3 Pa3pylIUTeIeH Mpolec, OT
KOWTO HUKOH He MU3JIM3a HOOeUTel.

3. Pelnenne Ha npoy4eHuss npodaemM

Axo ce TIPWJIOXKHU TEXHOJOTMYHATa CX€Ma Ha AaHTUKPU3UCHOTO
ynpaBneHI/Ie3 KbM IIpoL€Ca Ha pa3Boaa, IojiydyaBaM€ cli€HaTta
MOCJICAOBATCIIHOCT:

Etan 1 - MouuTopunr (Hadaonenne). Ocb3HaBaHe, ue OPakbT € B
Kpu3a. UecTeH aHanM3 Ha OTHOIICHUSTA -KaKBO pabOTH U KaKBO HE.
KoHcynrarys ¢ Icuxosior WM CeMeeH TeparnesT.

Etan 2 - CboOupane Ha undopmanus. M3scHsBaHe Ha mpaBHaTa
paMKa -KakBU ca BE3MOKHOCTHTE TI0 CeMelHUs KoJeKe (Pa3Boj 1Mo
B3auMHO chriacue mo wi. 50 CK wmm mo uckoB pex mo wi. 49 CK).
KoHcynranus ¢ afBoKar. AHaJINW3 Ha MMYIIECTBEHOTO CBHCTOSHHUE,
Ha BBIIPOCUTE 3@ DOJMUTEICKHTE IIpaBa, 3a M3APBKKATa, 3a
U3II0JI3BaHE HA CEMEHHOTO XKUIIMILE.

Etan 3 - /Imarnoctuka. B3emaHe Ha pelieHue: Jaiau Kpusara €
npeogoiarMa (M IBaMara ca TOTOBH Ja paboTAT 3a MPOMSHA) HIIH ¢
JIOCTHTHAJa Tpara Ha HeoOpartumocT. KITFoWoBMST BBIPOC HE €
,,Koii ¢ BUHOBEH", a ,,Bb3MOKHO JIH € Bb3CTaHOBSIBAaHETO."

Etan 4 - PaspaGorBaHe Ha AHTHUKPHM3UCHH MepPKH. AKO
pelICHHeTO € pa3Boj - IUIaHHpaHe Ha Ipoleca: H300p Ha
npouenypa (MO B3aUMHO cCbIylacHe - 1o-Obp3a, MO-eBTHHA, MO-
A, WIK 110 UCKOB peJi - KOraTo ChIVIaCHE € HEBB3MOXKHO),
ypexIaHe Ha UMYLIECTBEHUTE OTHOIICHHUS, OTIPE/ICNIsTHE Ha PeXKUMa
Ha POIMTEJICKH TpaBa U JINYHU OTHOLISHHUS C JIelaTa, ypexkaaHe Ha
(uHAHCOBUTE BBIIPOCH (M3APBKKA, KPSAUTH, OOIIN 3aIBIKECHHS).

Etan 5 - Cucrema 3a peanmmsanus. Onpenensae Ha ,,KPU3UCHHS
exumn" -aJBOKAT, IICHXOJIOT (3a JemaTa W 3a CaMHUTE CBIPY3H),
CUCTOBOJUTEN (32 CIOXHHUTE HMYIIECTBEHH Ka3yCH), MEAHaTop
(mpu pas3Boj mo B3aMMHO chbIvlacue). PasnpenensHe Ha posute U
OTrOBOPHOCTHTE.

ETan 6 - IIpoBepka Ha kauecTBOTO. [Ipernen Ha ciopasyMeHHEeTO
- 3aIIUTEHH JM ca HHTepecuTe Ha neuarta? CopaBeaiaMBO JIM €
MMYHIECTBEHOTO pasmnpezencHue? PealucTudHu u ca yroBOpPKHUTE

® Mo Kopotkos
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3a m3apbKKa? OOMKHOBEHO aJBOKATHT € TO3U, KOHTO OCUTypsiBa
,JIPOBEPKaTa Ha KaueCTBOTO" Ha aHTUKPU3UCHATA ITpOrpama.

Etan 7 - Peanmsauusa. [lomaBane ©Ha wMomba 3a pasBop,
NpOBEXIaHE Ha ChAEOHOTO IIPOM3BOJACTBO, BIM3aHE B CHJAa Ha
PELIEHHETO.

Eran 8 - Ilpornosmpane. IInanupane Ha ObBIemeTo - Kak e
(hyHKIMOHMpa ,,HOBaTa OpraHu3anys” (pa3meneHuTe JOMaKHHCTBA,
CBBMECTHOTO POJUTENICTBO, TMYHOTO pa3BuThe). KakBu HOBU Kpu3u
MOraT Ja BB3HMKHAT (KOHQIMKTH OKOJIO Jeuara, (pUHAHCOBH
3aTpyAHEHUs, HOBU MapTHHOPH) U KaK Ja ObAaT MPeI0TBPATEHH.

B THProBCKOTO TpaBO  CBHIIECTBYBAa  pa3luKaTa  MEXIY
OpUHYAWTeNHa  JukBHanus (Mo  cbaebeH  pex,  1pH
HECBCTOSITETTHOCT) M TOOPOBOJIHA JIMKBUAALMS (IO pelleHHe Ha
cobctBeHmmuTe). J[0OpOBONHATAa JMKBHIAIMS € OpraHU3UPAH,
HpeIBUINM, KOHTPOJMPYEM IpoIec. 3aabDKeHHsATa Ce ypexniar,
aKTHBHUTE C€ PAa3IpenelsT, CIYXKHUTEINTe MOoIydaBaT IBIDKHMOTO.
Pa3BogsT Mo B3amMHO chriacue (wi. 50 ot CemeiHus Konekc) e
aHaJOrbT Ha JoOpoBomHata JukBUmauus. Ceopysure ce
CrIopa3yMsBaT IO BCHYKH BBIPOCH: MECTOXKMBEEHE Ha JelaTa,
JUYHU OTHOIICHUS, W3APBXKKA, MOJI3BAaHE HA CEMEHHOTO >KUIIHIIE,
UMYIIECTBEHH OTHOIIEHHS. ChABT pasriiekaa AENOTO U 0Jo0psBa
CIIOPa3yMEHHMETO B €IHO 3acellaHhe, ako TO HE IPOTHBOPEYH Ha
3aKOHA M Ha HHTEPECUTE Ha Jienara.

IIpenuMmcTBaTa Ha TO3U BapUaHT ca OYEBHJHU: 3HAUUTEIHO IO-
KpaTKo  IPOM3BOACTBO,  IIO-HUCKM  Pa3XOAM,  MUHHUMAaJICH
€MOIIMOHAJTIEH CTpec, 3ala3BaHe Ha BBH3MOXKHOCTTAa 3a HOPMalHa
KOMYHHKAIH MEXIy OWBIINTE CBIPY3H - KOETO € OT pEelIaBaIlo
3HaYCHHUE, KOTaToO NMa Jena.

PasBogpr mo wmckoB pen (w1 49 CK) e ,npuHyaunTenHara
JIUKBUAANMA" - EOMHHUAT OT CBIIPY3UTE HCKa IpEeKpaTsBaHe, a
JOPYTHST Ce MPOTHBOIIOCTABS WJIM J{BaMaTa HE MOTaT Jia MOCTUTHAT
ChIVIacHe I10 ycioBusTa. TO3M Ipolec € MO-NPOJbIDKUTEIEH, MO-
CKBI M Heu3Mepumo Mmo-6osiesHeH. CBIBT peniaBa BBIIPOCHTE,
KOUTO CBIIPY3UTE HE Ca YCIENW Ja peliaT caMh, a TOBa MOYTH
BHHAI'M 03HauaBa, 4e MOHE €/{Ha OT CTPAHUTE € HEeYIOBJICTBOPEHA.

Ponsita Ha afgBOKaTa € qa yoe/u, KOrato € Bb3MOXHO, KITHEHTHTE J1a
n3bepar ,,Mekata qukBuaanus." He 3amoTo e mo-yecHa 3a HCF04, a
3aI10TO € 0OEKTHBHO MO-700pa 32 BCHYKH 3aCETHATH -BKITIOUUTEITHO
1 0cO0€EHO 3a Jerara.

Jlenata ca 3aMHTEPECOBAHUTE CTPAaHU, KOHTO HSIMAaT ryiac. BbB
BCCKH AHTHKPHU3UCEH IUIaH 3aJb/DKUTEIHO Ce HIACHTH(HIIUpAT
3aWHTEPECOBAaHUTE CTPAaHU JIMIIaTa, KOWTO Ca 3acerHaTh OT
KpH3aTa M YMUTO WHTEpecH TpsOBa na Opnmar 3ammreHun. Korato
ChCTaBsIME aHTHKPU3WCEH IUIaH 3a MPEANPHATHE, HHUE BKIIOYBaAMeE
HE caMO COOCTBEHHIIUTE W MEHHIDKBPUTE, HO H CIY)KUTEIUTE,
KIIMEHTUTEC, TOCTAaBUYHIIUTEC, 06L|.lHOCTTa.

IIpu pasBona nenarta ca Hal-ysA3BUMHUTE 3aHHTEPECOBAHU CTpPaHHU.
Te ca 3acerHaTd OT Kpu3ara, HO HSIMAT IJIac MPH B3EMaHETO Ha
pemienusaTa. HsmaT omut, HAMAT TpaBHA AEECIIOCOOHOCT, HSIMAT
€MOIIMOHAJIHUTE HHCTPYMEHTH a 00paboTsT ciyusaioro ce. Te ca
,,CITyXHUTEIUTE" HA ceMeliHaTa OpraHu3allys - 3aBUCHMH, JIOSUTHH U
Hal-CUJIHO yJapeHH OT ,,JUKBUJanusra."

AHTHKPHU3UCHHUAT TOIXO] W3WCKBA 3alIMTaTa Ha Jemnara aa Obae
TPHOPHUTET HOMEp €IHO - He KaTo abCTpaKTeH MPHUHIMI, a Karo
KOHKpeTeH Habop OT AefiCTBHA: JAeliaTa He ca OpBKHE W He ca
Tpodell B crmopa MeXIy ChIPY3HUTE, KOMYHHKAalMATa C Jerara
TpsaOBa aa Ob/ie MOArOTBEHA, YECTHA M ChOOpa3eHa ¢ Bb3pacTTa uM,
M JBaMara POJMTENM 3ala3BaT IPABOTO M 3aXBDKCHHETO CH Ja
OBIaT POMHMTENH, HE3aBHCHMO OT TPEKpaTsABaHeTO Ha Opaka, MpH
HEOOXOIMMOCT CE aHTaKHMpPa JCTCKH IICHXOJIOT, CIOPa3yMEHHETO 3a
POJUTEIICKH IIpaBa Ce M3rOTBS C MUCHI 3@ ABJITOCPOYHHS HHTEPEC
Ha JICTEeTO, a HE 3a KPaTKOCPOYHAaTa 1100e/1a Ha eIMHUS POJUTEI.

B aHTHKpHM3HCHOTO ymnpaBicHHE (DUHAHCOBMAT aHAIM3 €
Hem30OexxeH. Koraro mpenmpusitue € B Kpu3a, IBPBOTO, KOETO

4 .
B’prCKI/I, Y€ B TO3U ClIydau U XOHOPAPBHT € O-HUCHK.
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AHTUKPUBUCHUAT €KUII [IPAaBU, € 1a OLCHU aKTUBUTE U MACUBUTE, A
Onpeaciiv JIMKBUAHOCTTA, 1a IPUOPUTU3UPA 3aABJDKEHUATA.

Ilpu pa3Boia (UHAHCOBUAT aHANIU3 € HE I0-MAJIKO BaXKEH.
CeropyxeckaTa HMYIIECTBEHA OOIIHOCT TMOUICKH Ha 1enoda.
OOmmure 3agbmKeHHus (KpeOWTH, WIOTEKH) TpsOBa ma Obaar
pasnpeneneHu. V3npexkkaTa Ha genaTa TpsioBa Ja Ob/e onpereneHa

peaMCTUYIHO - HHUTO CHMBOJHYHO HHUCKa, HUTO MNPEKOMEPHO
BHCOKa.
AHTI/IKpI/ISI/ICHI/IﬂT nmoaxod TYK O3HadaBa: pasricxaaHe Ha

UMYIIECTBEHUTE BBIPOCH PALUOHATHO, a HE EMOLHOHAIHO,
OTZAENsHE Ha MMYIIECTBEHOTO OT €MOI[MOHATHOTO - KbIl[aTa HE €
CHMBOJI Ha IPEAaTeNCTBO, a aKTWUB, KOWTO TpsiOBa ma ObIe
pasIpeneneH, peaqucTUiHa OlleHKa Ha (PMHAHCOBHUTE MOCIEANIHN 32
BCSIKA OT CTpaHMTE, IIAHUPAHe Ha MPEXOIHUS MIEPHOJ - IBPBUTE 6—
12 Mecemna ciex pa3Boja ca UHAHCOBO Hail-TpyIHUTE.

Ilocnemnata n Moke O Hal-BakKHAaTa CTBIIKA OT KPHU3HUCHOTO
yIpaBlIeHHE € YYCHETO - M3BIMYAaHEeTO Ha INOYKH OT KpH3aTa H
H3MION3BAHETO UM 32 M3TpaXkaaHe Ha mo-1o0po Oberre.

4. Pe3ynTaTu M AUCKYCUH

Pa3BogpT He e KpasT Ha ucTopusaTa. Toil e KpasT Ha elHa IJaBa U
Ha4ajioTo Ha apyra. ,JIOCTKPH3HCHOTO BB3CTaHOBABaHE" B
CeMeitHUs KOHTEKCT BKIIFOYBA:

EMoroHa HO Bb3cTaHOBsiBaHe. OTAENsIHE HA BpEME 38 OCMHUCIISIHE
Ha mpexuBsHOTO. Och3HaBaHe, 4e CKpHOTa MO 3ary0eHOTO €
HOpMaJiHa, HO He TpsA0Ba Ja ce MpeBpbIla B XPOHUYECKO
cecrosiHue. [Ipu HeoOxoMocT - paboTa ¢ HCHUXOJIOT.

Ipectpykrypupane Ha exenHeBuero. Ch3naBaHe Ha HOB PUTHM,
HOBHM HaBHIM, HOB NoM. [TogoOHO Ha IpeAnpusTHe, KOETO Clen
KpHU3aTa M3TpaXkia HOBA OPraHU3alMOHHA CTPYKTYpa, Pa3BEACHUAT
YOBEK M3TPaXk/ia HOBA KHUTEIHCKA CTPYKTYpa.

HoBo cwBMecTHO poaurenctBo. Korato mma nema, OwuBImTe
CBIPY3U TIPOABIDKABAT Ja OBAAT MAPTHROPH -B POAUTENCTBOTO.
WsrpaxgaHero Ha paboTell MOZEN 3a ChbBMECTHO POAUTEINICTBO €
MoJke O Hail-Tpy[HaTa, HO U Haii-BaXKHATa 3a]a4a cle]] pa3Boja.

Hogo Havano. Pa3BoxbT 0cBOOOX1aBa OT MOZENHN, KOUTO Ca CIIPENH
na paborsar. Toil naBa BB3MOXKHOCT 3a mpeneduHHpaHe -Ha
NPUOPUTETHTE, Ha LEHHOCTUTE, Ha HAa4YMHAa Ha JKUBOT. XOpaTa,
KOMTO yCIISIBaT Aa MOTJIeHAT Ha Pa3Bojia HE KaTo Ha MOpaXKEHHUE, a
KaTo Ha ympapJsieM HPeXo[, U3JIH3aT OT HEro Mo-CHJIHH, M0-HasICHO
cbe ceOe CH U TO-TOTOBH 3a OBIIEIIETO.

AHTHKPHU3UCHOTO YIIPaBJICHWE HH Y9M Ha Hemo (yHmaMeHTalHO:
Kpu3ata ¢ Heu30exHa, HO XaochT -He. Kpusara moxe na Obne
ympasisBaHa. Moxxe fa ObJie aHAIU3MpaHa, IUIAHUPaHA, OBJIA/IsSHA.
Mosxe nopu ia ObJie IPEBbPHATA BbB Bb3MOXKHOCT.

Pa3soabT € kpusa U B ToBa HaAMa crop. Ho xaTo BcsAka xpu3a, TOH
MOXKe Ja Oblle HPEeXKUBSH B XaoC WM YINPaBIsABaH C PasyM.
W300pbT MeXIy IBETE 3aBUCH OT TOTOBHOCTTA Ha CBHIIPY3HTE Ja
TOTJIEAHAT Ha CHTyaluATa pPalHOHAIHO, OT KadeCTBOTO Ha
npodecHoHaNHaTa oMo (aJBOKAT, MCHUXOJIOT, MEIHaTop) U OT
CIOCOOHOCTTa 1a CE IOCTaBM MHTEPECHT Ha JelaTa HaJl JUYHaTa
obuna.

5. 3akiaoueHue

MopenuTte Ha aHTUKPU3UCEH MEHUIKMBHT, Ch3JIalcHU 3a OU3HeC
cpeznara, ce OKa3BaT H3HEHABAIO TOYHHU, KOTaTO Ce IPUIIOKAT KbM
ceMeiiHaTa Kpu3a. MOHHUTOPUHI'BT Ha pPaHHUTE CHTHAJH,
CTpaTerHYecKUAT M300p MEXAy BH3CTAHOBSBAHE U INpPEKpaTsBaHe,
OTpaHMYaBaHETO Ha IIEeTUTe, 3alluTaTa Ha 3aWHTEPEeCOBAHUTE
CTpaHu, opraHu3upaHaTa JIUKBUIAIINS, [TOCTKPU3UCHOTO
BB3CTAHOBSIBAHE -BCHUYKO TOBA € IMPHJIOKUMO U B KOHTEKCTa Ha
OpavHUTE OTHOIICHHUS.

B kpailHa cMeTka pa3BOABT € OTIOBOP Ha BBIPOCA, KOUTO
AQHTUKPH3HUCHOTO YIpaBICHHE IOCTaBi B HAM-YMCTUS My BHI:
Koraro crapara opraHnzanusi Beue HE MOXeE Jla U3IbJIHIBA CBOSITA
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MHCHs, TO-I00pe JM € Ja si MoJAbp)KamMe H3KYCTBEHO WM JAa S5
HOpeKpaTuM C JOCTOWHCTBO M Ja OaJeM Ha YYaCTHHLHTE B Hes
BB3MOKHOCT 332 HOBO Hayayo?

OTtroBopsT B OusHeca € siceH. OTTOBOPBT B CEMEHHOTO HpaBo OU
TpAOBaIO 12 € CHIO TOJIKOBA SCCH.
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Abstract: The report analyses the specifics of anti-crisis management in microenterprises in Bulgaria as the most numerous, yet one of
the most vulnerable categories of economic entities. A resource-efficient model is proposed, focused on liquidity, operational flexibility and
early warning. The main conclusion is that the resilience of microenterprises does not depend on complex management systems, but rather
on timely financial discipline, diversification and rapid adaptation of the business model.
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1. Yeoo

MuKponpeInpusaTHITa ca CBIIECTBEH €JIEMEHT OT CTOIaHCKaTa
CTPYKTypa Ha Halara poiuHa. TsAXHaTa YHCICHOCT U CHOCOOHOCT
Ja Cb3JaBaT 3a€TOCT TIM IPEBpHIIAT B BakeH (HakTop 3a
HKOHOMHYECKaTa aKTHBHOCT, OCOOCHO Ha MECTHO paBHHIIE.
Mmenno MankuaT Mamab obade, mopaxaa crenuduyHa ys3BUMOCT:
OTpaHNYCH KalUTAIOB Pe3epPB, 3aBUCHMOCT OT MaJIbK KPBI' KIIMEHTH
W JOCTABUMIM, 3aTPyAHEH JOCTBI N0 OAaHKOBO (HHAHCHpaHEe U
KOHIIGHTpalyss Ha YIpaBJeHCKHTe (GYHKIMM B COOCTBEHHKA -
yIIpaBUTEll.

ChTpeceHuaTa Ipe3 IOCIEAHUTE TOAWHH - TOCIEAUNNTE OT
rmobannara (¢uHaHCOBa Kpu3a, mnaHmemusata or COVID-19,
BoitHUTE B YKpaiiHa u UpaH, eHepruitHo-nHPIAIMOHHNAT HATHCK U

HapyIICHHTe BEPUTH HAa [OCTABKH - II0Ka3axa, d4Ye MHKPO
NPEANPHUATUATA YECTO pearupar He upe3 TMPeIBapUTEIHO
IUIaHWpaHa aHTUKPHU3MCHA CHUCTEMa, a 4Ype3 HHTYUTHBHH U
3aKbCHEIM  JeiictBus. ToBa mpaBu mpoOiema He  camo

UKOHOMHMYECKH, HO M YIPABJICHCKHU: MOJENUTE, pa3pabOoTeHH 3a
CpeIHM W TOJEMH OpraHW3al[u{, HE MOraT MEXaHHYHO Ja ce
TIPEHACST BEPXY MPEAIPHATHS C MO AECET 3aeTH JIHIA.

OOeKT Ha HW3CIEeIBAHETO Ca MHUKPONPEINPHATHATA B Bbarapws.
Tlpeamer ca ymOpaBIEHCKUTE MOAXOAH, HWHCTPYMEHTHTE W
WHCTHTY[HOHAIHITE MEXaHH3MHU 3a TMPEBEHIUs, OBIAsBaHE H
MpeoI0JsIBaHE HAa KPHU3HM B Ta3W Kareropus npennpusatus. llenra e
Jla Ce CHUCTEMaTH3Upa KOHIICNITyalHa paMKa Ha aHTHKPU3UCHOTO
yIpaBlieHHE U J1a C¢ MPEIUIOKU MPAKTUICCKU MPUIOKUM MOJEI,
ChOOpa3eH C PECypCHUTE OTPAaHUUYCHUS Ha MUKPOQUPMHUTE.

3ammnTaBaHaTa  TE3a e, IpH  MUKPOIPEANPHUITHATA
AQHTUKPH3UCHOTO YNpaBIeHWE ClelaBa Oa ObAe OIpPOCTEHO,
W3MEPHMO W BIPajIeHO B EXEIHEBHOTO YympasieHue. HeroBusr
LeHTHp He € (hopManmHUAT KpU3HCEH IUIaH, a YIpaBJIeHHETO Ha

qe

JMKBUIHOCTTA, PAHHOTO pa3MO3HAaBaHE Ha BIOMIABAINK CE
MIOKa3aTen U CIIocOOHOCTTa 32 Obp3a orepaTHBHA MIPOMSIHA.

Usnom3BaH € [JOKYMEHTaJeH W HOPMATHBEH aHalW3 Ha
JEHCTBAIOTO  OBIrapcko  3aKOHOAATENCTBO,  O(HIHAIHU

CTAaTUCTHYECKH JaHHU U HHCTUTYLHOHAIHYI U3TOYHUIH, CBBP3aHH C
MaJKUTEe W CpemHUTe mpennpusatus. [IoAXoapT € aHAIMTHKO-
CHHTETHYEH: IBPBO  C€  oyepraBaT  HOPMAaTHBHHTE |
HKOHOMHYECKHTE TpPEANOCTaBKH, Clell KOETO Ce H3BekKIa
MPHJIOKUM YIPaBICHCKH Mozen. V3cieqBaHeTo MMa HPHIIOKEH
xapaktep. To He mpeTeHaupa Ja 3aMeCTH eMIIMPUYHO MPOy4YBaHE
BbPXY NPEACTaBUTEIHA U3BaJIKa OT MUKPOIIPEATIPUATHA, a LEJIN JAa
(dopMyMpa yHnpaBIeHCKa paMKa, KOATO MOXe Ja Ob/ie U3M0JI3BaHa
OT COOCTBEHHMIM - YINPaBHUTENH, KOHCYITAaHTH M IyOIHYHH
HHCTUTYLMH TIPU pa3pabOTBaHE HAa MEPKH 3a MOBHIIABAHE Ha
KPH3HCHATA YCTOWYNBOCT.

OCHOBHOTO OrpaHMYEHUE € JOKYMEHTAIHUAT XapaKTep Ha aHAJIU3a.
M3BoanTe ce OCHOBaBaT HAa HOPMAaTUBHM M  CTAaTUCTHUYECKU
U3TOUHMIM, 0€3 CaMOCTOSATETHO EMIIMPUYHO MpPOy4YBAHE CpeN
MHKPOTPETPUATHSI.
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B ObarapckoTo IpaBo  ChIIECTBYBAaT JBE pa3iM4HHM, HO
NPAKTHYECKH BaXHM NCPUHHUIMH Ha MHKPOIPEANPHUATHETO.
IIbpBaTa MMa perynaTopHO-IONIUTHYECKA HYHKIMS U Ce ChBPKA B
wr 3, am 3 oT 3aKOHA 33 MANKHTE M CPEIHHTE MPEIIPHSTHI .
MukponpeanpusaTus ca NpeIIpHITHATa ChC CPEIHOCIIUCHUCH Opoit
Ha mepcoHanma moj 10 mymM W rogMimieH 0OOpOT, KOMTO He
npesuasa 2 000 000 eBpo, W/mim CTOIHOCT Ha aKTUBHTE, KOSTO HE
npesumasa 2 000 000 eBpo. Ta3u nepuHMIMA € CBBp3aHA C
MOJUTUKATE 3a HackpuaBane Ha MCII, moctpma mo myOmmyHa
HOJIKpena ¥ HPHIAraHeTo Ha eBPOINCHCKHUTE NMPaBUIIa 3a JIbP)KaBHH
HOMOLIH.

Bropara neduHUIMA MMa CYETOBOJHO - OTYeTHA (YHKIUS U Ce
chabpka B wi. 19, an. 2 ot 3akoHa 3a cueroBoactBoto.” I10 Tasu
JIMHHUST MHUKDOIIPEANPUSITHS €A NPEIIPUATHATA, KOUTO KbM 31
JICKEMBPH Ha TEKYIIUSA OTYCTCH MEPUO]T HE HA/IBUIIABAT Hali-MaIKo
IBa OT CIEIHHTE TPH IIOKa3arens: OalaHcoBa CTOMHOCT Ha
akTHBHTE - 450 000 N1eBa’, HeTHH MPUXOIH OT MpoaaxGH - 900 000
neBa’, CpejiHa YKCIIeHOCT Ha mepcoHana -10 mymm. [TpakTudeckust
M3BOJI € SICEH: MOHSITHETO ,,MUKPOTIPeAnpusiTHe TPsiOBa BUHATH J1a
ce M3M0JI3Ba C YTOYHEHHE 32 IIeIMTE Ha KO 3aKOH ce Mpuara.

3a 1enTa Ha HACTOSIIOTO U3CNIEABAHE M3MOI3BaME BTOPOTO JIETATHO
ompeeNicHne, Thil KaTo IeNTa € Ja aHAIW3Upame MPeANPHITHS
pasmonaraim ¢ MUHHHManiHH pecypcu. Haii-Beye ToBa ca
OpPEINpHUATHS, THII CeMeeH Ou3Hec, B KOMUTO HAaeTHTe JIMIa ca
OCHOBHO YJIEHOBETE Ha CEMEMCTBOTO HAa COOCTBEHMKA, 32 KOMTO
KpHU3aTa € HeO4YaKBaH yJaap M 4YecTO BOAM 0 MpPEKpaTsBaHe Ha
Ou3Heca.

2. Ilpeonocmasku u nauunu 3a paspeuwiasane Ha
npoonema

Kananmute Ha KpU3KUCHO BB3ACHCTBHE MOTAaT Aa ObJAT CBEACHHU JIO
TP OCHOBHM TPYIU: CMajJ Ha NPUXOJUTE MOpaaAu CBUBAHE Ha
THPCEHETO, PHCT Ha Pa3XOAUTE MOpaJd NOCKBIIBAHE HAa E€HEprus,
CYpOBHHHM, TpPAHCHOPT WM TpyA, U 3aTpPyAHEH JOCTBI J0
(uHaHCHpaHe Topanu 3a0aBeHM IUTANIAHHSA, MO-CTPOTH OAHKOBH
W3UCKBAaHMs WM JIMICAa Ha oOe3nedeHus. Te3u KaHAIMA IeHCTBAT
€/IHOBPEMEHHO U MYJITHIUTUIHPAT eeKTa CH.

CTpYKTYypHHUTE YS3BUMOCTH Ha MHUKPO HPEANPUATHATA ca pe3yaraT
OT caMusi UM Mamab: ThHBK JMKBHICH Oydep, CHIIHA 3aBHCUMOCT
OT COOCTBEHHKAa - YHpaBHUTEN, OTrpPaHMYCHAa BB3MOXKHOCT 32
I0pUANYECKY, (UHAHCOB M aHAIMTHYCH KOHCYITAHTCKU KallaIuTeT,
TeCeH KPBI' KOHTPAreHTH, HUCKa NPEroBOpHA CHJIA CIIPSIMO OaHKH,
JOCTAaBUUIN M TOJEMH KIMEHTH, BHUCOKAa YYyBCTBHTEIHOCT KBM
BCSIKA aAMHHHCTPAaTHBHA TEXKECT. 3aTOBa IPH CHUCTEMHH IIOKOBE
UMEHHO MHKPOIPEINPHUATUSATa ca Cpel I'bPBUTE, KOUTO yCelaT
KpU3aTa, U Cpejl MOoCIeAHUTE, KOUTO CE Bh3CTAHOBSABAT.

! J1B, 6p. 84 o1 24.09.1999 r., c ©3BMEHEHHS U TOIBIHECHUS

2 1B, op. 95 ot 08.12.2015 r., B cuna ot 01.01.2016 r., ¢ mocnensamu
W3MEHEHUS U OTIbJIHCHUS

® Cnen npeBanytupase 230 081 €

* Crnen npepanytupane 460 163 €
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AHTHKpPHU3HCHOTO yNpaBJeHHE NMPEACTaBIsABA CHCTeMa OT AeiicTBUs
3a MpeAOTBpaTABaHE, MOATOTOBKA, PEAKIM U Bb3CTAHOBSABAHE MPU
Kpu3H. B Kkiacmueckus cu BapuHaHT TO BKIIOYBA 4eTHpU (asu:
NPEBEHNUS] U PAaHHO TPEIyNpexJeHHe, MOAr0TOBKAa U TOTOBHOCT,
peaxIys U OBJIA/sIBaHE, Bb3CTAHOBSBAHE U M3BINYAHE HA TIOYKH.

ToBa pa3bupane e TpaliHO yCTaHOBEHO B TeopHsATa. B kimacmueckure
Y4eOHUIM 110 aHTUKPU3HUCHO YIIPaBIECHHE, OHATHETO Ce OIpeess
T10 CJISTHUS HAUWH: ,,aHTUKPU3UCHOTO YIpaBJIeHNE € YIIPaBICHHE, B
KOETO IO OMNpEJeIeH HauMH Ca 3aI0XKEHU IPEIBIKIAHETO Ha
OIIACHOCTTA OT KPU3a, aHAIN3T Ha HEWHNTE CUMITOMH, MEPKHUTE 32
HaMaJsiBaHE Ha OTPULATEIHUTE NOCICAMLH OT Kpu3ara M
VM3II03BAHETO Ha HeifHuTe (aKTOPH 3a MOCIIEIBAOTO PA3BUTHE

CxoJHa e JIOTHKaTa U B MPaKTUYECKH OPHEHTUpPAHATa yIpaBICHCKa
mureparypa. Pumuapn Jlrokn mnpenyiara mpakTHYecka paMmka 3a
cTa0WIM3HpaHe M TOCIE[BAlllo OBJIAIIBAHE Ha HENpeABUICHA
KpH3a, U3rpajfieHa KaTo IOCJIEeNOBAaTENHOCT OT €Talu: Iperyien U
MIPUOPHUTH3NPAHE Ha IIOTEHIMATHUTE PUCKOBE, IIPEIOTBPATIBAHE HA
MPefOTBPaTUMOTO, IUIAHHUpaHE 3a W3BBHPEAHH  CHTYaluw,
pa3mno3HaBaHEe HAa KPHU3aTa, OTpaHNYaBaHE HA INETUTE, pa3pelaBaHe
Ha KpHU3aTa W W3BJIMYaHE HA MOYKM OT HaTpymaHus omuT. Cropen
JIrokn e(exkTHBHOTO AaHTHKPHU3UCHO YIIPABICHHE 3allo4Ba HE B
pasrapa Ha U3BbHpEJHATa CUTyallus, a B CIIOKOWHHTE MEPUOIU - C
IUIOCTEH OJUT Ha PUCKOBETE HA OpraHu3alusiTa, TAXHOTO
IPHOPHTH3MPAHE H IIPSABAPHTEIIHA IOATOTOBKA 33 PEAKIHs’ .

Ilpn wMuKponpenupusATHATa TO3M LHUKBJI TpsAOBa 1a Oble
MaKCHMaJHO ompocTeH. HsMa cMHCBHI OT 0OEMHCTH ILIAHOBE,
KOHTO COOCTBEHHKBT HSIMAa BpeMe M OmHUT Ja npmiaara. CMHCHI
MMaT KpaTbhK HaboOp IOKa3aTeNu, SICHU MparoBe 3a peaknus H
MIPeABapUTENIHO IUIAHUPAHU IEHCTBUS - pe3epBHA KPeAUTHA JIHHUS,
CIMCBK C QITCPHATUBHM JOCTABYMLM, PEXKUM 3a YCKOPEHO
cbOMpaHe Ha B3eMaHMATAa M IUIAH 32 BPEMECHHO HaMalsiBaHE Ha
¢uxcupanute pazxonu. [Ipy aHTHKPU3UCHOTO yIpaBJieHHE B IIBIHA
cHia Bakn mpaBuioTo 3a cefemre [1: IlpaBunHoTo mpeaBapuTenHo
TUTAaHUPAHE TPEATa3Ba OT IOCIeBAI] ITHIEH MIPOBAl.

Peannara anTHKpHU3KCHA KyNTypa IpH MUKPOGUPMHUTE Ce M3MepBa
HE ¢ HAIMYHETO Ha Iamnka ,,KpU3HCeH IUIaH", a ¢ AUCIHUIUIMHATA J1a
ce CIIeAAT TMapuTe, KIUCHTHUTE, 3aIbDKCHUATa M 3aBUCHMOCTHTE.
AKO Te3u YeTHpU Hella ca U3BbH KOHTPOJ, BCSKA MO-CIOXKHA
CTpaTerus € camo XapTus.

3. Peutenue na npoyuenus npoonem

IIpemmaraHoTo pemieHne € pecypcHO TIECTENMB MOJENT Ha
AQHTUKPH3KMCHO YIpaBICHUE, LEHTPUPAH BBPXY JUKBHIHOCTTA M
I'bBKaBOCTTa. MOJETBT Ce OCHOBAaBAa HA TPH IPHHIIMIA: MATBK Opoi
M3MEpUMH NOKa3aTel, IPEeIBAPUTEIIHO ONpPENeICHH YIPaBICHCKU
peakIMy, 1 MUHUMaJIHa aAMUHUCTPAaTHBHA TEXECT 3a COOCTBEHHKa-
YIpaBUTEIL

Pasriexxmame TpW TpymH HHCTpYMeHTH. Ha mbpBO MsicTo ca
(buHaHCOBUTE, M3pa3sBAIM Ce B YIpaBICHHEe HA JUKBHIHOCTTA,
CBOMpaeMOCT Ha B3€MaHsATa, KOHTPOJ Ha pasxoiuTe W
NpeIBapuTeHO HHUHAHCHPAHE.

B 1meHThpa Ha MoIena CTOM €XEIHEBHHUSAT KOHTPOJ BBPXY
napu4HUTE notoud. Mukpodupmara TpsOBa a 3Hae He caMO KakBa
nmeyanda 0Yakea, a ¢ KaKBH HAJIMYHHU CPEJCTBA IIe pasIoJiara mpes
cnenamure 30, 60 u 90 n1uu. B kpu3ucHa cutyanus cyeTOBOJHATA
reJanba € BTOPOCTETNIeHHa, pelllaBalia € IIaTeXocrnocoOHOCTTa.

3abaBeHUTE IIIAMIAHMS Ca €JUH OT Haif-OBp3UTEe MEXaHM3MH 32
MpeHacsiHe Ha KpH3a KbM MHKpompennpustaero. Heobxoxmm e
NPEABAPUTENICH PEXHUM 32 KPEAUTHpaHEe Ha KIMEHTH: CPOKOBE,
JMMUTH, HAIOMHSHUSA, YaCTUYHU aBaHCH, JOTOBOPHHU HEYCTOMKH U
OTKa3 OT HOBM JIOCTABKH IIPU CUCTEMHO ITPOCPOUHE.

® AHTHKpPH3HCHOE YIpaBJieHue: YUeOHUK JUIS BY30B. — 2-€ U31L., JOIL. U
nepepad. / Ilox pen. npod. 3. M. Koporkosa. — M.: UHOPA-M, 2008
JIroxu, P. Ynpasnenue Ha xpusu. [IporHosupane u npeomoisBase.,
Kuacuka u ctun, C.2007

Pasxogure cne;Ba Ja ce pasfenAT Ha SKH3HEHO HEOOXOAUMH,
OTJIOKHMMH U NpeKkpaTuMH. B kpu3a mppBaTa peakuus He TpsOBa aa
Oble MaHWYECKO ChKpalllaBaHE Ha BCHYKO, a 3ala3BaHe Ha
pa3xoauTe, KOUTO T€HEPHPAT MPUXOAM, U OTpaHHYaBaHE Ha TE3H,
KOHTO CaMo IOJIbpKaT KoM(opT.

Broparta rpyma ca onepaTHBHUTE HHCTPYMEHTH.

OmnepaTuBHATa I'BBKABOCT € €CTECTBEHOTO MPEANMCTBO HA MAJKHUS
Mamad. Ta ce peammsupa dUpe3 OBpP30 NpHCHOCOOsSBaHE Ha
HpeIaraHeTo KbM HMPOMEHEHOTO ThPCEHE, IPEMHUHaBaHEe KbM MO-
KpaTKd IPOU3BOJICTBEHM M JOCTABHU LMKIM, HaMalsiBaHE Ha
CKJIaJIOBUTE HAIMYHOCTH, ANTEPHATHBHU JOCTABYMIM, JUTMTAIHH
KaHaIM 3a NpojakOM M BPEMCHHO CBHMBaHE Ha JEHHOCTTAa M0
JKU3HECTIOCOOHO SIIIPO.

KirouoBa rpeiika mnpu MI/IKpo(bI/IpMI/ITe € 3aBUCUMOCTTa OT C€AHUH
TOJIAM KJIIMEHT WKW €IAWH KPUTUYCH JIOCTaBYHUK. ToBa wm3rnexma
y}l06H0 B HOpMaJlHa Cp€la, HO B Kpu3a C€ IpeBphIIa B
YIpaBJICHCKU KallaH. MUHUMAJTHOTO U3HCKBAaHE € COOCTBEHUKBT Ja
3HaC¢ KaKbB 471 OT NPUXOAUTE HJABA OT TpHUMaTa Hal-ToJIeMH
KJIIMEHTHU U KOU JOCTABKU HAMAT pCaliHa aJITCpHAaTHUBA.

Hakpas crnena na pasriefame M CTpaTerH4eCKUTe HHCTPYMEHTH. B
HO-ZBJIBI’ XOPU30HT YCTOHYMBOCTTA C€ M3TpaXk]a upe3 aJanTHpaHe
Ha OM3HEeC MojeNa: HaBJM3aHE B MO-MAJIKO LUKIMYHU CETMEHTH,
pa3BHTHE Ha EJIEKTPOHHA TBHPrOBHS, Y4YacTHE B IAPTHHOPCKH
MpEXH, CIOAENICHO H3IOI3BaHE HAa DPECYpCH M KOOIEpHpaHe ¢
Ipyrdn MuKpodpupMu. 3a Mankus OH3HEC KOOIEpHUpAaHETO He e

pOMaHTUYHA HUICA,

a 4Yucta HMKOHOMHYCCKaA HCO6X0,I[I/IMOCTZ

CaMOCTOSITETHO MHUKPO MPEINPUATHETO PAAKO HMa JOCTATHYHO
Mara0, 3a 1a JoroBaps 10OpH yCIOBHSL.

Ta6auna 1. MuHIManHa cUCTEMa 332 PAaHHO HPEAYNPEKICHUE IPH

MUKPOIIPEANPUATHE
Kakgo OpHeHTHPOBBYEH i
HNHaukaTop YIpaBJIeHCKa
NMOKAa3Ba CHTHAJI 32 PHCK
peakuus
IMapnuen Koinko nuun Peseps nox 30 nuu | 3ampassiBaHe Ha
pesepB ¢upmata oIepaTHBHU OTJIOXKUMHU
MOJXe 1a pasxonu pasxon,
iama YCKOPEHO
TEKYIIUTE CU crOupane Ha
3aIbIDKEHUS B3eMaHUs
IIpocpouenn Puck ot HapacrBane nBa AKTHBHO
B3eMaHUs 6roKHpaHe HOpeIHU Mecela HAINOMHSHE,
Ha WU 3HAUUTENEH aBaHCOBU
000pOTHUS ST HaJ IUTANIaHA,
KamuTan JIOTOBOPHUTE JIMMHUTHpaHe Ha
CPOKOBE HOBH JTOCTaBKH
Konuenrpauus | 3aBuUcCUMOCT Enun xiauent TbpceHe Ha HOBU

Ha MPUXOJUTE OT MaJbK ¢dopmupa Han 30% | xaHamm,
Opoii OT MIPUXOAUTE JIOTOBOPHH
KIIMSHTH rapaHIyy,
JUBepCUBHUKAIHS
Kpurnuen OneparuBHa Jlunca Ha peanHa IpenBaputennu
JIOCTaBYHK 3aBUCHMOCT aTepHaTHBA 32 otepTu oT BTOpU
KJII0Y0BA JOCTaBKa | JOCTAaBYUK,
MHHHMaJeH
pesepB
Meceunu Panen Cran 1Ba Kopexkuus Ha
poaaxou CUTHAI 32 TOCJIEI0BATETHU ACOPTUMEHTA,
CBHBaHE Ha Mecera IIPOMOLIHOHANICH
TBPCEHETO MIaKeT, Iperes
Ha [ICHHUTE
Dukcupanu CrerneH Ha dukcupanu IIpenorosapsine
pasxonu HEIbBKABOCT | Pa3XOAHW, KOUTO HE | Ha HaeMH, YCIyI'H
Ha Mojiena Morar Jia ce 1 aGOHAMEHTH,
HAMAJIT OpH ClIaJl | ayTCOPCHHT
Ha IPUXOJHUTE BMECTO
npunoOuBaHe
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Tabmuma 1 mpencraBs MHOMKATOPUTE 3a TMPENCTOSINA Kpu3a B
CHHTE3MpPaH BH[, HO NpPaKTUYECKaTa UM CTOHHOCT 3aBHCH OT TOBa
JTa COOCTBEHMKBT pa3dbupa KakBO TOYHO M3MEPBa BCEKU OT THX,
KOra CHTHaJIbT € TPEBOXKEH M C KAaKBH JICHCTBHA pasIojara.
Pasrnemanute TyK  HMHAMKATOPH  IPEBPBIIAT  pPa3NpBCHATH
CHMIITOMH B MaJIbK OpO# M3MEpHMH BEJIMUYMHU C MPEABAPUTEIIHO
OIIpE/IeNICHN IIParoBe.

W3nomsBaeMocTTa Ha cHUCTeMaTa Ce KpemH Ha TPU IIPHHIHAIA.
IIppBO: M3MepumocT 0Oe3 crmenuamu3upaH coTyep -  BCEKH
UHANKATOP TPsAOBa Ja MOXKE Ja ce U3YKMCIH OT KacoBaTa HAJIWYHOCT,
0OaHKOBUTEC M3BJICUCHHS, M3JAACHUTE M MONy4eHHTE (GAaKTYypu U
00opoTHaTa BEJOMOCT. BTOpO: HEpPUOAUYHOCT napuyHaTa
HO3HLHSA CE CIEIH CEIMUYHO, OCTAHAIUTE MHANKATOPH MECEYHO, B
paMKHTe Ha NPENOphYaHHs MECEUYeH AaHTHKPH3HUCEH IIperiel.
Tpero: npenBapuTenHo nepUHUPAHA PEAKIVA - IPArbT UMa CMHUCHII
caMO aKo NPEMHHABAaHETO My 3ajeicTBa MpEIBApPHUTEIIHO PEIICHO
JeliCTBHe, a He TeIrbpBa 3aM04BaI0 OOMUCIISHE.

WupukatopsT Ilapuuen pesepB (AHM Ha IOKPUTHE) OTroBaps Ha
BBIIPOCA KOJIKO IHU (HpMara MOKe Ja HPOABIDKM Jia IUIaIia
TEKyLIUTE CH 3aIbJDKCHHS, aKO MOCTBIUICHHMATA CIPaT H3LLUIO.
V3uncnsBa ce, KaTo HAIMYHUTE TapUYHU CPEACTBA CE PA3ACIAT Ha
CpeIHOMHEBHHUTE omnepaTHBHU pasxoqu. Ilparst ot 30 xHuM He e
NPOU3BOJIEH: IIOJ TOBa pPAaBHUINE IIOYTH BCSKO IO-CEPUO3HO
CMyIIeHHe -3a0aBEHO IUIallaHe OT TOJIIM KJIMEHT, NOBpela Ha
obopyaBaHe, BHe3alleH H3BBHPEACH Pa3XoJ -ce MpeHacsl TUPEKTHO
BBPXY IUIATEXKOCHOCOOHOCTTa. MHAMKATOPBT HMa M IIPABHO
mmepenne. CermacHo wi. 608, am. 1 or TeproBckus 3akoH
HEIUIaTeKOCHOCOOCH € ThProBell, KOWTO HE € B CBCTOSHHE Ja
U3IBJIHA H3UCKYEeMO MapUYHO 3aJbJDKEHHE, IIOPOJICHO OT WIIH
OTHACSIIO Ce JI0 ThPrOBCKA CIEJIKA, MyOIMYHONPABHO 3aIbIDKECHHE
KBbM Jbp)KaBaTa U OOIIMHHTE, CBBP3aHO C THPrOBCKaTa My JEHHOCT,
WM 33IbJDKEHHE 32 M3IDIAIaHe Ha TPYIOBU Bh3HAIPAKICHUS, a WI.
626, an. 1 T3 3agpipKaBa JIBKHUKA, CTaHal HEIIATEKOCIOCOOEH
WM CBPBX331bJDKeH, B 30-7IHEBEH CPOK Jia MOUCKA OTKPHBAaHE Ha
MPOM3BOJICTBO MO HEcheToATENHOCT. CleeHeTo Ha HapUyYHUS
pe3epB CIeoBATEIHO HE € CaMO MKOHOMMYECKAa JUCLHUIUIMHA, a U
paHHa 3allUTa Cpelly NPaBHUTE IOCIEIUIH OT 3aKbCHSIATa
peaxIs.

Pemenusta Ha coOCTBEeHHKa TyK ca cTerneHyBaHW. [IpeBaHTHBHO:
HOATBPXKAHE HA Pe3epB, IMOKPHUBAI €AUH JI0 TPU Mecela KPUTHIHU
pa3xoau, NPEeIBAPUTENHO JOTOBOPEHA KPEAWTHA JIMHHS WM
OBBpAPadT, CTPUKTHO pasfeNsiHe Ha IUIHHTE OT (upMeHuTe
CpencTBa, KpaTKa CeIMHUYHA CHpaBKa 3a IMapudHarta mosumms. [Ipu
aKTUBHPAH CHTHAl: He3a0aBHO 3aMmpa3sBaHe Ha OTIOXKHMHUTE
pa3xoiH, YCKOpPEeHO ChOWpaHe Ha B3€MaHHATA, AOTOBapsSHE Ha
pascpouBaHe C JOCTaBUMIM MpPEAM Majexa, a He Cled Hero,
aKTHBHpaHEe Ha PEe3epBHOTO (MHAHCHpaHe, JOKaTto (upMara Bce
ome € kpeaurocrnocoOHa. I'pemkara, KOSATO MOAENBT LEId Ja
M3KIIOYH, € ThpPCeHeTO Ha (UHAHCHMpaHe exBa  KOraTo
3aTPYAHEHUETO € CTaHAJIO BUANMO U 32 KPEAUTOPHTE.

MHnuKaTopbhT IpOCPOUYEHH B3EMaHHs YIIaBs IPEHACSIHETO Ha Ty)KAa
KpH3a BBPXY NPENIPHATHETO: KIMEHT B 3aTPyAHEHHE YeCTO
¢uHaHCHpa JeHWHOCTTa cH 4upe3 3abaBa KbM JOCTABUHUIIUTE.
W3mepBaHero craBa 4pe3 Taka HAPEYEHOTO CTapeeHe Ha
B3EMaHMUsTA - paslpelielieHNeT0 UM II0 MHTepBaiu Ha 3abaBa (10
30, ot 31 mo 60 u Hag 60 mHM) M uype3 Jena Ha MPOCPOUYCHUTE
B3eMaHus B oOLHsA UM 06eM. TpeBokHa € He TOJKOBAa MOMEHTHATa
CTOMHOCT, KOJIKOTO AMHAMUKATa: HapacTBaHe /iBa OPEeIHHU Mecela.
IIpaBHaTa ypenba maBa Ha MIIKPO MPENNPHATHETO MOBEUYE OIOpa,
OTKOJIKOTO 00OHMUaitHo ce m3mon3Ba: wi. 303a, an. 1 T3 mo npuHIUD
OTpaHMYaBa JOTOBOPHHS CPOK 3a HW3IBIHEHHE Ha TapHIHO
3aIbIDKEHHE MEXTY THProBI| 10 60 THU, a IPH JHIICa HA YTOBOPCH
CPOK ajJ. 3 mpeABWXIAa W3MBJIHEHHE B 14-IHEBEH CpPOK OT
nojiyyaBaHe Ha (akTypa WIM IOKaHa 3a Iutamase. OTHenHO
JBITOTPAHOTO TOJEPHPaHe Ha MPOCPOUNS KPHE U TPABEH PHCK MO
BEpHUrara: HeyIOBIETBOPEHOTO B IIPOIBKEHHE HA MECELIU B3EMaHe
MOXe J]a € BBHIICH OeJer Ha HEeIUIaTeKOCIIOCOOHOCT Ha JUTBXKHUKA,
KOETO Hajara eKCIO3WIUSATa KbM HEro Ja ObJe OrpaHHYeHa
CBOEBPEMEHHO.
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IIpeBaHTHBHUTE PEIICHHS BKJIIOYBAT ITMCMEHA KPEAUTHA MOJUTHKA
JIOpH IIPH MaIBbK OpO¥ KIIMEHTH -KOi MOJIyyaBa OTCPOYKA, 10 KaKbB
JMMUT W NIPU KAKBH YCJIOBHS, aBAHCOBU MJIM MEXAWHHU IUIALIAHUS
HPH MOPBYKK C ABIBI LHUKbBI, H3PUYHO YTOBOPCHH NAJIEKU BMECTO
HEOIIPENeIeH! YrOBOPKH, IIPH IO-PUCKOBH KOHTPAareHTH
noaxozsmy obesnedeHns. [Ipy akTMBUPaH CHTHAN: HAIIOMHSHE 110
HpeBapUTEeNIHO OIpefeleH TIpadUK oIle B IITbPBUTE JHH Ha
3abaBaTa, CIMpaHe Ha HOBH JIOCTAaBKH 3a NPOCPOYMIINS KIIUCHT,
JIOTOBAapsiHE Ha IIOTACHUTENICH IUIAH C IIMCMEHO IpU3HAHWE Ha
3abJDKCHUETO, IPU TPAHHO HEU3NBJIHEHHE -CBOCBPEMEHHO
HPHUCTBIIBAHE KbM ChOMpPaAHE 110 NPaBEH Pejl, PeJ B3EMaHETO Ja €
00€311eHEeHO OT BPEMETO.

Iparst ot 30% 3a eauH KIMEHT OTOENsI3Ba TOYKATa, OTBBA KOSATO
3arybara Ha €JHO THPrOBCKO OTHOIICHHE SJIMMHHHpA O30 eIHa
TpeTa OT NPHUXOAUTE -NPH THHBK JHUKBHIACH Oydep TOoBa €
paBHO3HAYHO Ha HezabaBHa Kpu3a. KoHIEeHTpanusITa Ha IPUXOANTE
UMa W IO-MAJIKO BHANM edeKT: Td IOJKONaBa IPEroBOpHATa
HO3HMLMSA HA MUKpOo(HUpMara, KOSTO IpUeMa YABIDKEHH CPOKOBE 3a
IUIAIIAHE M LCHOBM HATHCK, 3aI[0TO HE MOXE Ja CH II03BOJH
KOH(JIMKT C pelaBalius KIMeHT. V3MepBaHETO € TPUBHAIHO —
OLICHKA HAa Jie/ia Ha Hali-roJIeMHs KIIMeHT U Ha TpUMaTa Hall-roJieMu
KJIMEHTH B IIPUXOJUTE 3a MOCIEAHHUTE JIBAHAIECET Mecela.

[IpeBaHTHBHO COOCTBEHHKBT MOXKE Jja BbBE/E BHTPELICH JIMMHUT 32
MaKCUMaJIeH [ Ha €UH KIMEHT, Ja pa3BHBa LEJICHACOUCHO BTOPU
KaHal 3a MNpOJaXOW, BKIIOYUTENHO EJIEKTPOHHA TBPrOBHS, Ja
ypeIau OTHOIICHHUSATA C KIIOYOBHS KIHEHT B PAMKOB JOTOBOP C SICHH
CPOKOBE 3a IUIAIIaHe W Pa3yMHO NPEIU3BECTHE NPH MPEeKpaTsIBaHe.
Ilpu akTuBHpaH CHUTHaJI: M3rOTBSHE HA KOHKPETEH CLEHapuu
,,3ary0a Ha KII090BHS KIHEHT" C Pa3IICaHN CTHIIKH, IPEHACOUBAHE
Ha THPrOBCKOTO YCUJIME KbM IIO-MAJKH KIMEHTH AOpU IpU IIO-
HUCKa MOMEHTHa JOXOJHOCT pasnMkaTa € IeHaTa Ha
3aCTpaxoBKaTa Cpelly 3aBHCUMOCTTA, NPHU IPETOBOPU C KIIOYOBHS
KJIMEHT - CB3HATEJIHO OTCTOSIBAHE Ha JIOTOBOpHATa JUCLUILIMHA,
BMECTO MBIYAIMBO MpHEMaHe Ha €AHOCTPAHHN IPOMEHH.

KpUTHYHUAT MOCTaBYMK € CHMEeTpH4YHHs 0o0pa3 Ha KIHEHTCKara
KOHIeHTpanus. Jlumcata Ha peasHa ainTepHATHBA 3a KIOYOBA
IOCTaBKa O3HauyaBa, 4e TPEKbCBaHe, 3a0aBa WM €IHOCTPAHHO
MOCKBIIBAHE TMPU JOCTABYMKA C€ TMpPEBphIIa He3a0aBHO B
HEM3MBJIHEHUE HAa TPEANPUATHETO KbM COOCTBEHUTE MY KJIMCHTH.
[IpoBepkaTa € upe3 MpoCT MHCIOBEH TECT: aKO YTpe KPUTHUHHUSAT
JIOCTaBYMK CIIpe Ja JOCTaBs, KOJKO JHU MOXEM Ja U3IIbJIHSBaMe
MOpbUYKUTE cH? AKO OTrOBOPBT € ,JHH, a HE CEeIMHIH",
WHIUKAaTOPBT € AaKTHBUPaH HE3aBHCHMO OT TEKYIIOTO J00po
CHCTOSIHUE Ha OTHOIIIEHHETO.

IIpeBaHnTUBHHTE pELICHUS Ca MO3HATH, HO M3MCKBAT NUCLUILIMHA!
BTOPH OAOOPEH JOCTABYMK, IOJUIBPKAH C TNEPHOAMYHHM MAIIKH
MOPBUYKH, TaKa Y€ OTHOIIEHUETO J]a € PEaHO, a HEe XUIOTETHYHO,
MUHUMAJIEH CKJIaJ0B Oy(ep 3a KpUTHYHUTE TO3UIMH, CbOOpa3eH ¢
IIMKBJIA HAa JIOCTaBKa, U3PHYHO JOTOBOPEHU CPOKOBE M MOCIEIHIH
NPU HEU3IBIHEHHE, KOONEPHpaHe C JAPYrH MHKpopupmu 3a
CBBMECTHO CHa0[sIBaHE W IO-7oOpu ycioBus. Ilpu axTuBHpaH
CHTHAII: He3a0aBHO aKTHBUpAHE Ha alTepHATHBHUS KaHAT JOPH IIPU
MO-BUCOKA LI€HAa, IPUOPUTU3HPAHE HAa U3NBIHEHHETO KbM
KIMEHTUTE C Hali-rojasIMO 3HAYCHHE, OTKPOBEHA KOMYHHKALUS ChC
3acerHaTuTe KIMEHTHU NPEH, a He ClIe/l IPOIYCHATHUS CPOK.

Meceunure mnpojaxOW ca ClienBalius BaXKCH HHAWKATOp 3a
npencrosima kpu3a. CrnaabT JBa IOCIENOBAaTENHH Mecela €
OPUEHTHUPOBBYHHUAT CUTHAJI, HO HHTEpHpETanusasTa MY MU3HCKBA
BHHMaHHE: Hal-TPYIHOTO € pasrpaHHYaBaHETO Ha CE30HHO
Koje0aHNe OT HAadaJo Ha TpaWHO CBHBaHE. 3aTOBAa CPaBHEHHETO
Tpsi0Ba 1a ObJe ABOIHO - ¢ TIPEAXOJHHUS MECEI] M ChC ChHILHS Mecel]
Ha IpeaxojaHaTta roauHa. IIpomakOuTe ca Haii-paHHHS OT IIECTTE
MHANKATOpa: CBUBAaHETO MM H3IpeBapBa ¢ MecelH NpobiieMHuTe C
JMKBUIHOCTTa W HMEHHO TOBa JlaBa BpEME 3a peakKlus, aKo
CUTHATBT HE OBJIC OTXBBPJICH C 00SCHEHUETO, Y€ ,,[1a3apbT IPOCTO
e cnab To3u Mecen™.

Pemennsita IIpyd aKTHUBHUpPAH CUTHaJl Ca M[OpEAUMHO Ia3apHU:
KOPCEKIYs Ha aCOPTHUMEHTAa KbM HO-TBPCCHUTE IMO3ULHNU, IIPETIIC]
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Ha LEHUTE U B JABETE IIOCOKH - CIIANOTO CBAISHE HA IIEHU HPH
CraJiaIio ThPCEHE YEeCTO 33Abi0oyaBa 3arybara, MPOMOLMOHAICH
HAaKeT KbM ChIIECTBYBAIM KIMEHTH, YHETO AKTUBHPAHE € IIO-
€BTHHO OT IIPHUBIMYAHETO HAa HOBH, IpsKa OoOpaTHa BpbB3Ka OT
TIOCJICTHATE 3aryOeHH KIMeHTH, MPOOEH HOB KaHAN 3a MpOoJaXkOu.
VYcmopenHo ¢ mazapHUTE MEpKH COOCTBEHUKBT CIIE[Ba Jia MOATOTBH
W pa3xoJiHaTa CTpaHa, Taka 4e IPH TPETH MOpEeIeH Mecell Ha CIa
¢upmaTa na nmpeMuHe B KPU3UCEH PEXKUM IO IPEIBAPUTETHO FOTOB
IUIaH, a He B UMIIPOBU3ALIHS.

WunukatopsT QukcupaHu pasxoau HU3MepBa  CTPYKTypHaTa
I'bBKABOCT Ha Ou3Hec Mojena. Bucok asm Ha GHUKCHpaHUTE pa3sxoau
03HayaBa, ye MpH CIaj Ha MPUXOJHUTE 3arydara HaCTHIBA OBP30 U
He MOXe fJa ObJie OBIAJsHA CaMO C ONEPaTUBHM MEPKH -TOBA €
e(eKkTbT Ha OIEpPaTHBHHS JIOCT B HEroBaTa oOIlacHa IIOCOKA.
IIpakTH4eckoTo W3MepBaHE € IIPOCT CTPEC-TECT: KaKbB OM Omi
MECEUHMAT pe3ynTar npu cnaja Ha npuxoaute ¢ 20-30% u koixo
Mecela MpeANpUATHETO MOXKE Ja H3IbpXKU TO3U pE3ylITaT ¢
HaJIWYHUS TapuueH pe3epB. AKO OTTOBOPBT € MO-MalKo OT TpHU
Mecella, MOJIETBT € MPEeKaJeHO TBBPJ 3a CPEAaTa, B KOATO pabOTH.

IIpeBaHTHBHO pemIeHHE € CHCTEMHOTO TPEANOYHTaHE Ha
MPOMEHIMBU IpeAd (HUKCHPAaHH aHTAKHMEHTH: HAeM BMECTO
MOKYIKA, ayTCOPCUHI BMECTO I[aTHA IO3UIMS 3a CIIOMaraTeIHUTE
JeiiHoCTH, a0OHaMEHTH C KpaTKo NpeIM3BEeCTHe, KIay3H 3a
IpeAoroBapsiHe B MO-AbIArocpouHute norosopu. Ilpu axrtuBupan
CHTHAII: TIPEJOTOBapsiHe Ha HAeMH, YCIYTH M aOOHAMEHTH Ipean
HaTPYNBaHETO Ha 3aJBJDKCHUS, OTKA3 OT NPEKPATHMHUTE Pa3Xoiu
IIpU 3alla3BaHe Ha Pa3sXOAWTE, KOUTO HOCAT IPHXOAU, BPEMEHHO
MIPEeMHUHABaHe KbM MO-MaJIK{ MOMEIIEHHS WIIH CIIOJETIEHH PECYpPCH,
KOTaTo TOBa € CbBMECTHMO C AEHHOCTTA.

Hakpas, mectre wuHanmkatopa paOOTAT Karo CcHCTeMa, a He
nootaenHo. Eaun akTuBMpaH curHan U3MCKBa MOBUILIEHO BHUMAHUE
U KopekiuHd. [IBa Wiu noeedye eJHOBPEMEHHO aKTUBUpPAHHU CUI'Haja
clefiBa Ja 3a/eiicTBaT KPHU3UCEH PEXUM: CEIMHYHO CIelleHe Ha
BCHUKH TIOKa3aTelH, 3aMpa3sBaHE HA OTJIOKHMHTE pPa3Xxo.H,
YCKOpEHO CchOHMpaHe Ha B3eMaHUATa M AKTHBUpPaHE Ha
TIPeABapUTENIHO JIOTOBOPEHOTO (HUHAHCHpaHe. Pesymrtature ot
MecedHHs IperJiest € 1o0pe Ja ce TOKyMEHTHpAT Ha eHa CTPaHUIa
-IIECTTe CTOMHOCTH M B3€TUTE pelleHus. JJokyMeHTHpaHeTO uma
JBOifHA (YHKIMS: TpaBH TEHJCHLHHUTEC BUIVNMHU BBB BpPEMETO H
ocurypsiBa JIOKa3aTeJICTBO 3a J00OpPOCHBECTHO W HaBPEMEHHO
yIOpaBlIC€HHE, AaKO BBIPEKd BCHUUKO KpH3aTa ecKaiupa J0
TIPOHU3BOJICTBO TI0 HECHCTOSTEIHOCT.

4. Pesynmamu u oucKycus

OCHOBHUSAT pe3yiTaT OT aHa/IK3a €, Ye KPU3UCHATAa yCTOWYHUBOCT Ha
MUKPONPEIIPUATHETO Ce IOBHIIABA HE upe3 YCIOXKHSBAHE Ha
YIIPaBJICHHUETO, a Ype3 AUCIUIIHHUPAHE Ha MaTbK HA0Op KPUTHIHH
npomecn. Ha Huckns nukBugeH Oydep ce NPOTHBOMOCTABST
TMApUYHMASAT pe3epB W  IPEABAPUTENHOTO (DUHAHCHpaHe, Ha
3aBUCHMOCTTA OT €MHHYECH KOHTPAareHT - AWBEPCU(HKAIMATA, Ha
OTpaHHUYCHUS AHAIUTUYEH KalalUTeT - MUHMMalHaTa CUCTeMa 3a

paHHO TpeaynmpexIeHHe, Ha cjabdaTa NperopopHa cumima -
KOOIIEPUPAHETO U MPEIBAPUTEIHOTO JOTOBapsIHE.
AHamM3BT NOTBBPXKIAaBa, Y€ KOPHOPATHBHUTE MOJEIM Ha

AQHTHKPU3KMCHO YIpaBICHHE ca cliabo NPUIOKHMH KbM MHUKPO
npennpustusta. [IpudnHaTa € mpocra: T€ H3MCKBAT MEPCOHAI,
Bpeme, MH(pOpPMAlUWs W aJIMHHHUCTPATHBEH KamlalUTeT, C KOUTO
MHKpPOIIPEINpPUATHITa 0O0MYAHO He pasmojiarar. AKO MOJETBT €
MIPEKaJIeHO CIOXKEH, TOW HAMa Ja Obae m3nomsBaH. CrenoBaTenHO
paboTemusaT Momen TPsAOBa Aa ObJe SCCH W MPUIOKHM BEIHAra.
To3u u3BOA KOpecHmoHAMpa M C OBJarapckatra JUTepatypa Io
npeanpueMadyeCcTBo, B KOIATO praBHeHI/IeTO Ha MaJIKHUTEC H
CPEIHUTE MPENPUITHS OTAABHA € OTKPOCHO KAaTO CaMOCTOSTEIHA
W3CIEAOBATENICKa W IpaKTHYeCKa o0nacT CbC COOCTBEHA
creruduka.’

7
Tonopo K., CTparernuecko ynpaBleHHE B MaJKHUTE U CpelHH (HPMHU,
Cuena, C 2001
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®DakTopBT BpeMe € pelapall. 3a rojisiMa OpraHu3anus BpEMEHHHAT
Cmajg B MpPUXOJAUTE MOXe Ja ObJe yNpaBisieM 4Ype3 Ppe3epBH,

KpEeIUTHpPaHE U BBTPEIIHO IpepaslpesesieHne. 3a  MHKPO
OpeNNpUATHETO CBINUAT CMaj MOXe Ja Cce IPeBbpHE B
HEIUTaTe)KOCHOCOOHOCT 32 CeAMHIOM.  3aToBa  PAHHOTO

MPEAYIIPEKACHUE TIPU MHUKPOIPECANPUATHATA HE € aHAIUTHYCH
JIYKC, a YCJIOBUE 3a OLICJIIBAHEC.

Ily6nuanata Hameca cbImo TpsiOBa na ObIe IpPOEKTHpaHa IIpe3
JoruKkata Ha MHKpoOm3Heca. Msipka, KOATO H3HCKBA CIOXKHA
JOKYMEHTAlLlUsl, IBITM CPOKOBE M €KCIEPTHO MONBJIBaHE, Ha
NpakTUKa [AUCKPHUMHUHUpA Hal-MalKUTe NpeInpHaATHa. 3a TiIX
CKOpPOCTTa M IPOCTOTaTa YeCTO ca IMO-BaXHU OT HOMHHAIHHSA
pa3Mep Ha IIOMOIITA.

Ha paBHume npeanpusitie ce NMpenopbhbuBa BBEBEKAAHE Ha KPaThHK
MeceueH aHTHUKPU3UCEH IIperiie]l, KOWTO Aa BKIIOYBA: HAJIMIHU
NapudHN  CPEJACTBA, NPOCPOYECHH  B3EMAHMS,  IPEJCTOSIIN
IUTAIaHys, KOHIIEHTPAIHS Ha IPUXOUTE, 3aBUCUMOCT OT KIIIOUOBU
JOCTaBYMIM M HPOMsHA B mpojaxOute. To3u mperiien Moxe ja
0bIc B OOMKHOBEHa €JIEKTPOHHA TabiWIa, HE € HYXHAa TEXKa
cucTema.

CoOCTBEHUKBT - YNpaBUTEN cilenBa JAa NOAIbpKa MHHUMAJCH
JUKBUJCH DE3epB U MpPeIBapUTEIHO JIOTOBOPEH JAOCTBII [0
¢unancupane. [IpakTHYECKUAT MUHHMYM € NPEANPHUATHETO 1a UMa
TOTOBHOCT U J1a 3Hae Kak IIe IOKpUe TIOHE eAMH Mecell KpUTHIHH
pa3XxoAau MpHY BHE3AIICH CIIaJl HA IPUXOJIHTE.

HeobxoguMo € CHCTEMHO HaMajsBaHE Ha 3aBUCHMOCTTa OT
CIVHIYHH KJIWEHTH W JOCTaBYMIU. ToBa BKIIOYBA THPCEHE Ha
aNTepHATUBHH KaHamM, 0a30Ba JUTHTANM3aIMA, JOTOBOpHA
IUCHUIUIMHA M OTKa3 OT IPEKAJeHO pPHCKOBH NpPONaKOH Ha
OTJIOXKEHO TITAIIaHe.

Ha WHCTHTYyIMOHATHO paBHUIIE ITyOJMYHHTE MEpKH TpsiOBa na
ObJaT IPOEKTHPaHH C TPHOPUTET KbM aJIMHHHCTpaTHBHATa
JIOCTBITHOCT ¥ OBbp3MHA. 32 MUKPOIIPEANPUATHATA TOMOIITA, KOSTO
UBa CIIeZl Kpast Ha Kpu3ara, € MOYTH Oe3oesHa.

5. 3aknrouenue

MukponpeanpusATusaTa ch4yeTaBaT 3Ha4MMa UKOHOMUYECKa pois C
BUCOKAa YYBCTBUTEIHOCT KbM KpH3H. TsXHAaTa YCTOMUMBOCT He
MOXE Ja ce Tpaid BBPXY KONHpaHe Ha KOPIOPATUBHU
AQHTUKPH3UCHA MOJeNH. TS M3MCKBA IO-IIPOCT U MO-TPE3B MOAXON!
KOHTPOJ BBPXY MApPUYHUS ITOTOK, PAHHO Pa3MO3HaBaHE HA PUCKa,
ollepaTHBHA I'BBKABOCT M OTPaHNYaBaHE HA 3aBHCHMOCTHUTE.

Haii-Hane)xiHaTa aHTHKPU3KUCHA CTpaTerust 3a MUKpodupMmara e aa
He 4Yaka Kpu3aTta. Korato CcOOCTBEHHMKBT 3allO4HE [a CleIu
KPUTHYHUTE T[OKa3aTeNl e]Ba CJeJ KaTo IpPUXOJUTe Bede ca
MajHaIK, BPEMETO 3a peaklus 4YecTo e 3ary0eHo. 3artosa
AQHTHKPU3KMCHOTO YIpaBlieHHE TPsiOBa a Objie YacT OT HOPMATHOTO
yhmpaBjeHHe, a He H3BBbHpPEIHA Tpolenypa, aKTUBHpaHa
MOCT(AKTYM.
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Abstract: Artificial Intelligence (Al) is rapidly transforming Learning and Development (L&D) by enabling personalized learning
experiences, accelerating content creation, improving multilingual delivery, and supporting data-driven decision-making. While current
adoption predominantly focuses on content production efficiency, the strategic use of Al for workforce development and skills management
remains underdeveloped. This paper examines the role of Al-based training solutions in corporate learning ecosystems, drawing on recent
industry research and insights from qualitative interviews with three learning and development experts. The study discusses opportunities,
implementation challenges, ethical considerations, and the emerging shift toward Al-native learning platforms. Recommendations for future

implementation and research are provided.
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1. Introduction

The integration of Artificial Intelligence (Al) into
business operations has become a strategic priority for organizations
seeking to remain competitive in rapidly changing markets.
Learning and Development (L&D) functions are particularly
affected by this transformation because workforce capabilities
increasingly determine organizational adaptability and innovation.
Traditional corporate learning approaches often rely on standardized
training programs that fail to address diverse learner needs, skill
levels, and career aspirations [1, 2]. Al technologies introduce the
possibility of personalized learning pathways, automated content
generation, learner analytics, intelligent coaching systems, and
adaptive learning environments [3].

According to the most recent report by the world's leading
Al video platform for business, Synthesia, Al adoption is
widespread within L&D departments, although implementation
remains concentrated primarily on content creation activities rather
than strategic learning management. Consequently, many
organizations have yet to fully realize Al's potential to align
learning initiatives with business objectives and measurable
performance outcomes [4].

The purpose of this paper is to examine how Al-based
tools and solutions are reshaping corporate learning ecosystems and
to identify opportunities and challenges associated with their
implementation.

2. Prerequisites and Means for Solving the Problem

2.1 Evolution of Digital Learning Platforms

Corporate learning ecosystems have evolved from
traditional Learning Management Systems (LMSs) toward Learning
Experience Platforms (LXPs). LMSs primarily provide content
storage, administration and compliance and certification tracking,
whereas LXPs focus on learner engagement, personalization, and
recommendation mechanisms. This shift “is not merely a
technological upgrade but signifies a more profound philosophical
shift in our approach to learning” [5, 6].

Recent developments indicate an even further step in the
LXPs, namely the emergence of Al-native platforms designed
around artificial intelligence from their inception. Such platforms
integrate generative Al, learner analytics, adaptive pathways, and
automated content creation into their fundamental architecture
rather than adding Al capabilities as supplementary features [7].

Current Al-powered solutions support the automated
generation of learning content, the translation and localization of
training materials, and the adaptation of content for multilingual
audiences. Furthermore, Al enables skills mapping and competency
analysis, helping organizations identify development needs and
workforce skill gaps. Learning experiences can be further enhanced
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through personalized learning pathways, adaptive learning
environments, virtual tutors, and Al-powered coaching assistants. In
addition, Al tools provide learner analytics and predictive insights,
allowing Learning and Development professionals to make more
data-driven  decisions and continuously improve training
effectiveness. Finally, Al can support the automatic generation and
evaluation of assessments, contributing to a more efficient and
scalable learning ecosystem [8].

Research further suggests that Al can assist organizations
in identifying workforce skill gaps and providing more accurate
recommendations for future development needs [9].

2.2 The ADDIE Model as a Theoretical Framework

The present study adopts the ADDIE model (Fig. 1) as its
theoretical framework for analyzing the integration of Artificial
Intelligence (Al) into Learning and Development (L&D) processes.
ADDIE is one of the most widely recognized instructional design
models and consists of five sequential phases: Analysis, Design,
Development, Implementation, and Evaluation. Originally
developed for the U.S. Army to provide a systematic approach to
training design, the model was later adopted for corporate learning
practices and continues to serve as a foundation for modern learning
today.

Develop

Fig. 1 The ADDIE Model

The Analysis phase focuses on identifying business
objectives and skill gaps. The second stage, Design, determines
goals and tools to accomplish them. It is the primary planning phase
of the instructional design process. The Development phase
translates the design specifications into tangible learning materials
and training resources. These resources are subsequently deployed
during the Implementation phase, in which the learning intervention
is delivered to the target audience. The process concludes with the
Evaluation phase, which examines the extent to which learning
objectives have been achieved and assesses the effectiveness of the
deployment in relation to organizational goals [10].
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The ADDIE model was selected as the theoretical
framework for this study because it provides a structured approach
for examining Learning and Development processes across their
entire lifecycle. Its systematic nature makes it particularly suitable
for analyzing the potential impact of emerging technologies on
instructional design and training delivery [11].

2.3 Ethical and Operational Considerations

Despite the numerous benefits of Al in L&D, its
implementation raises important ethical concerns that must be
addressed to ensure training quality, fairness, and organizational
trust. Generative Al systems are susceptible to producing inaccurate
information, commonly referred to as hallucinations, while being
biased based on the data on which they have been trained.
Consequently, Al-generated content should not be accepted without
reviewing. L&D professionals have a responsibility to critically
evaluate Al outputs, verify factual accuracy, and identify potential
sources of bias in order to support equity, inclusion, and high-
quality learning experiences.

The responsible adoption of Al also requires compliance
with legal and ethical standards. To mitigate risks related to
copyright, data governance, and the evolving regulatory landscape,
L&D teams should collaborate closely with legal, compliance, and
business stakeholders. As a result, the effective implementation of
Al-powered learning solutions depends not only on technology but
also on cross-functional cooperation and responsible governance
practices [12, 13].

3. Solution of the Examined Problem

3.1 Research Approach

This paper combines a literature review with qualitative
insights obtained through three expert interviews with learning
professionals working for the same multinational organization. The
participants included a Learning Technology Administrator, a
Learning and Development Specialist, and a Senior L&D Specialist.

The interviews focused on current Al-supported learning
systems, content creation processes, learning platforms, and future
expectations regarding Al integration.

3.2 Findings from Industry Practice

The interviews revealed that Al significantly reduces
content production time. Processes that previously required several
days can now be completed within hours through Al-assisted tools.

Particularly ~ valuable applications include: video
generation platforms such as Synthesia and Steve.Al; Al-supported
course authoring systems such as SANA,; automated multilingual
content adaptation; reporting and analytics automation; interactive
simulations and role-play environments such as EdApp.

The interviews further revealed that the adoption of Al
solutions within the organization is largely driven by immediate
operational needs rather than by a unified strategic framework.
Learning technologies and Al-powered tools are typically selected
on a case-by-case basis to address specific requirements, suggesting
that the organization has not yet established a comprehensive
strategy for the integration and governance of Al within Learning
and Development.

The interviews also highlighted a distinction between
older enterprise learning platforms and emerging Al-native
solutions. Large organizations often face challenges migrating to
newer systems because of extensive integrations, security
requirements, and large content repositories.

3.3 Emerging Al-Native Learning Models
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Al-native learning platforms offer a range of innovative
capabilities that significantly enhance the learning experience.
These systems can generate courses through natural-language
prompts, automatically create quizzes and assessments, analyze
learner progress, and provide context-aware recommendations
based on individual learning needs. Furthermore, they support
personalized learning pathways and interactive role-play
simulations that enable learners to apply knowledge in realistic
scenarios. Unlike traditional learning platforms, Al-native systems
incorporate artificial intelligence into their core architecture,
allowing for greater flexibility, automation, and responsiveness to
learner behavior and organizational requirements.

Despite these advantages, one of the most notable findings
from the interviews was that organizations are often reluctant to
transition to Al-native learning ecosystems. Large enterprises have
typically invested substantial financial, technological, and human
resources in the development of existing LMS and LXP
infrastructures, resulting in extensive content repositories, system
integrations, and established learning processes. Consequently,
migrating to a new Al-native platform may involve considerable
costs, security and compliance considerations, and the allocation of
significant organizational resources.

y

Al-native
‘ platform
LXP Al embedded in the
| d core architecture;
earner-centere automated content and
LMS experience, assessment

personalized content
recommendations;
integration of internal
and external learning
resources

generation; adaptive
and personalized
learning based on real-
time learner data

content administration
and storage; tracking;
centralized training
delivery

Fig. 2. Evolution of Corporate Learning Platforms

While Figure 2 illustrates the evolution of learning
platform architectures and functionalities, it does not imply that
organizations necessarily follow this trajectory or replace existing
systems.

4. Results and Discussion

The findings indicate that Al provides three major
advantages within corporate learning environments:

e First, Al improves efficiency. Content development,
translation, reporting, and administration can be
significantly accelerated through automation.

Second, Al supports personalization. Rather than
delivering identical learning experiences to all employees,
Al systems analyze learner behavior and recommend
tailored training pathways.

Third, Al improves scalability. Large organizations
operating across multiple countries can deploy learning
materials in various languages with significantly reduced
effort.

However, several limitations remain. From the literature
review and the interviews it is evident that most of the advantages
are concentrated in the Development and Implementations phase of
the ADDIE instructional framework.

The Development phase involves the creation of learning
materials and training resources. This is currently the most common
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area of Al application in corporate learning environments, where
Al-powered tools support the generation of training content,
translations, quizzes, simulations, and multimedia learning assets.
The Implementation phase concerns the delivery of learning
experiences to employees.

Although Al technologies are also capable of supporting
the Analysis and Evaluation phases through learner analytics,
automated assessments, and real-time reporting, these capabilities
are often applied at an operational rather than a strategic level. The
findings suggest that many organizations use Al to measure learner
activity and training completion rates, but less frequently to identify
workforce capability gaps, forecast future skill requirements, or
evaluate the broader organizational impact of learning interventions.

The ADDIE framework suggests a more comprehensive
approach to Al integration. In the Analysis phase, Al can support
L&D professionals by processing large datasets, identifying
emerging skills needs, and generating insights into workforce
capabilities. Similarly, the Evaluation phase should extend beyond
individual learner progress and assess learning outcomes at an
organizational level, including performance improvement, business
impact, and return on investment. Figure 3 presents a proposed
framework illustrating how Al-supported activities can be
integrated across all stages of the ADDIE model to encourage a
more balanced and effective implementation.

o R FEm Em
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 process « strategi « create « adaptiv « examin
large c learnin e e
data content g learnin organiz
sets generati materia g ational

« generat on land « multilin impact
e « tailor support gual * Cross-
insights contenc ing content functio
into tto training distribu nal
workfor differen assets tion analysis
ce t « virtual
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Fig. 3. Al Applications Across ADDIE Framework

While Al presents significant opportunities across the
ADDIE framework, its integration also introduces ethical
considerations that must be addressed throughout the instructional
design process. During the Analysis phase, the use of Al for
workforce analytics and skills mapping raises concerns regarding
data privacy, consent, and the potential for bias in underlying
datasets. In the Design phase, L&D professionals must ensure that
Al-supported recommendations and learning pathways are inclusive
and do not reinforce existing inequalities among learners. During
Development, particular attention should be paid to the quality and
accuracy of Al-generated content. The Implementation phase
introduces additional challenges related to transparency and learner
trust. Finally, in the Evaluation phase, organizations should ensure
that Al-generated analytics are interpreted critically and that
learning effectiveness is assessed using meaningful business and
performance indicators rather than relying solely on platform-
generated metrics.

Consequently, the successful adoption of Al within the
ADDIE model requires continuous human oversight, validation, and
cross-functional collaboration.

5. Conclusion

Artificial Intelligence has the potential to transform
Learning and Development from a largely administrative function
into a strategic capability that supports workforce adaptability and
organizational competitiveness.
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The current findings indicate that implementations focus
predominantly on operational efficiency and content creation.
Nevertheless, the greatest future value may emerge from Al-
supported personalization, skills intelligence, adaptive learning
pathways, learner analytics, and strategic workforce planning.

While new Al-based learning platforms offer advanced
capabilities and greater flexibility than traditional LMS and LXP
systems, organizations are often reluctant to migrate to them. Large
enterprises typically maintain extensive learning ecosystems
containing substantial content repositories, customized integrations,
and established security and compliance mechanisms. his challenge
warrants further investigation

To maximize the benefits of Al in Learning and
Development, organizations should establish responsible Al
governance practices, invest in employee upskilling, implement
clear evaluation frameworks, and maintain human oversight
throughout the all phases of the learning lifecycle.

Future research should investigate the long-term impact of
Al-supported learning interventions on skill acquisition, employee
performance, engagement, and organizational outcomes.
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Abstract: The article examines the relationship between the continuing professional development (CPD) of pedagogical specialists and the
capacity of schools to manage change. It analyses the Bulgarian regulatory framework, which institutionalises CPD through a system of
qualification credits, and applies the concept of professional capital as a theoretical lens. A secondary analysis of OECD TALIS 2024 data
for Bulgaria shows that CPD has a tangible positive effect on teaching and that schools operate in a relatively favourable environment for
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1. Yeoo

BbarapckoTo ydunmine ot 0au30 eHO AeceTmiieTHe QyHKIHOHUpa
B Cpe/la Ha HeNpeKbCHaTa U MHOTOILIACTOBA MPOMSHA. 3aKOHBT 3a
OPEIyYINIIHOTO M YYWIMIGHOTO oOpaszoBanue (3IIYO) [2]
[OCTaBsd  HA4yalOTO HAa  IUIOCTHa  pedopma,  Hamarama
peann3upaHeTo Ha aKTyalHH, BAXKHHM 3a JHENIHUS JIeH NPOMEHH,
UMAIll CTPaTerM4ecKo 3HA4YCHHE 3a PA3BUTHETO Ha OBIrapCKOTO
yunimunie. BeBexXaaHeTo Ha KOMIIETEHTHOCTEH MOJAXO/I, AbpiKaBHU
o0pa3oBaTeNHN CTaHAAPTH, NpPHOOMABamo o0Opa3oBaHWE, HOBH
y4eOHHU TPorpaMy M yCKOpeHa MU(pOBU3ays Ha y4eOHHS TmpoIec
W3UCKBA 3HAHMS M YMEHHUsS 3a e(EeKTUBHO pealu3HpaHe Ha Te3M
NPOMEHU. YCIeXbT Ha IPOMEHHTE HE 3aBHCH EAWHCTBEHO OT
KauecTBOTO Ha HOPMATHBHHUTE aKTOBE, a MpPEAd BCHYKO OT
KarauTeTa Ha MearordecKuTe CIeUaInCTh — 10 KOJIKO U KaK Te
e TH OCMHUCIAT, NpHEMaT M pealu3upaT B CKEJHEBHATA CH
MpaKTHKA.

B TO3M KOHTEKCT NpobIhKaBaniaTa KBATM(GHUKALNSI Ha YIUTEIUTE U
IUPEKTOPUTE Ce TNpeBpblla OT (opMasHO M3HMCKBaHE B
CTpaTerMyecKy HHCTPYMEHT 3a ympaBieHue Ha mnpomsHata. C
Hapen6a Ne 15 ot 22 1omm 2019 r. 3a craTyTa 1 mpo)eCHOHATHOTO
pa3BUTHE HA YYUTEIIUTE, JUPEKTOPUTE M IPYTUTE MEAarorHuecKd

CIIELUATTUCTH [1 ce MHCTUTYLIMOHAIIU3HpA TSIXHOTO
HENPEeKbCHATOTO MpPO(ECHOHATHO YydYeHe 4Ype3 CHCTeMa OT
KBATM(DUKAIMOHHN KPEIWTH, OOBBbp3aHa C aTeCTHPAHETO |

KapHepHOTO UM pa3BHTHE.

Bernpeku HapacHaJ0TO BHUMAaHHE KbM HEOOXOAMMOCTTa OT
HEMPEKbCHATO TIOBHIIIaBaHe Ha KBaIN(pUKALUATA Ha
MEJarornueckuTe  CIElMalCTH, Bpb3KaTa MeXJIy Hed U
CTMOCOOHOCTTAa HAa YYWJIMIIETO [a YNpPaBisiBa IPOMEHUTE OCTaBa
HEJOCTaThYHO M3CIEJBAaHA M CHCTEMAaTH3MpaHa B OBITapcKus
KOHTEKCT.

3aroBa MPOyYBAaHETO Ha TO3M MPOOJIEM € aKTyalHO, HeOOXOJUMO U
3HAQUUMO 32 e(EeKTHBHO OCBIIECTBSIBaHE Ha TIpomeca Ha
peanm3upaHeTo Ha MO-MAJKH WIM II0-TOJIEMH IPOMCHH B
yumnnmHata uHCTUTYHMsS. C JOpyrHm OyMH Ja ce YCTAHOBH
NOBHIIABAHETO HAa  KBaIM(HKALMATA HA  [EJarOrMYeCKUTE
CIEIHANUCTH BIMSAC M U JI0 KOJKO BIIUsI€ BbPXY F'OTOBHOCTTA Ha
YUUTEIUTE M Ha YYMIIMILETO KAaTO OpraHu3alus [a yIpaBisiBaT
MpOMsHAaTa. 3a MOCTUTAaHETO Ha Ta3M L ca MOCTAaBEHH CIEIHUTE
3ajaynd: Ja Cce  aHaAUM3Mpa  HOpPMAaTMBHATa  paMKa Ha
IpobiDKaBalaTa KBaIM(UKALWS, a ce IPEICTaBU TEOPETHUUCH
MOJIEI, CBbP3Ball] KBATU(PHUKAINATA C YIIPABICHUETO HA IPOMSIHATA;
a ce HalpaBU BTOPUUYCH AaHAIN3 HA EMIHPUYHH JAHHH OT
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MexxayHapoaaoto uzcneasane OECD TALIS 2024 [3] 3a edekra Ha
KBaJM(UKALUATa BbPXY MPAKTHKATa M y4acTHETO Ha yYUTEIUTE B
YIPaBJICHUETO HA YYHUIIHILETO.

2. IIpeonocmasku u HOpMAMUEHA paAMKa HA
Keanuguxayuama Ha neoazozuuecKkume
cneyuanucmu

2.1. Hopmamuena ypeooa

IMpoGneMbT 3a  mOBHImIABaHE Ha  KBaIMQUKAIMATA  Ha
MEJarornuecKuTe CIELUANUCTH Y HAac ce PasriIexzaa B HAKOJIKO
HopMatuBHHU nokymenTa. B Pazmen |1l ma 3ITYO [2] ce mocousa, e
KBaJIM(UKALUATA € 33bJDKUTENICH M HENPEKbCHAT IPoIeC, KOHTO
ce OChUIECTBSIBA 4Ype3 OOY4YCeHHs, OPraHW3UPaHH OT BHCIIH
YUYWIMIIA, HAayYHH OPraHHM3allUM, CICLHAIH3UPaHH OOCIY)KBaIlX
3BeHa W OOYYMTENHHM OpraHH3alUM C 0000peHu npozpamu.
3aKOHOJATEIAT OCHOBATEJHO AaKLEHTHPa BBbPXY 3HAYMMOCTTa Ha
onobpenn mporpamm 3a oOydeHue. ToBa He I03BOJIsABA
OCBIIECTBSIBAHETO Ha KBAUTU(UKAIIMOHHA AEHHOCT Ha OCHOBaTa Ha
COOCTBEHO BWKIAaHE 3a CHIBPKAHMETO Ha KBaMM(UKAIMOHHATA
nporpama OT JIMIIa ¥ OpTaHU3alMH, UMAIlK HHTEPEC Ja pealn3upaT
KBaJM(UKaMOHHN Kypcose. IIpouenypara mo ono0peHne Bp3nupa
HosiBaTa Ha HEKOPEKTHH OOYYHTENH, KOUTO Mpemarat (GopMaiHu
WM TIOBBPXHOCTHH KYpCOBe 0e3 peaHa CTOHHOCT 3a YUHTEIUTe.

Cna3BaHeTO Ha 3aKOHOBHTE pa3lopendd IpeAnonarar BHCOKO
KayeCTBO Ha OCBIECTBABAHATA KBATU(UKAIIMOHHA ACHHOCT U 1aBa
BB3MOXKHOCT 32 H3MOJ3BAHETO HA aKaJAEMHYeH M EKCIepTeH
KarmanuTeT - JAOKasaHW IpenojaBaTeiiv, Y4€HU U METOAUIU, KOUTO
IMO3HaBaT CbBPEMEHHUTE TCHACHIIUU B neaarorukara,
[ICUXO0JIOTUATA U CHOTBETHUTE HAYYHU AHUCHUIIIIMHU. OCHprﬂBaT
H3II0JI3BAHCTO HAa HWHOBATUBHH METOAH, JOKa3allnu e(beKTl/IBHOCTTa
CH TPaKkTHKH, a He HempoBepeHnm teopuu. Omobpennte or MOH
HpPOrpaMH TapaHTHPAaT, Y€ ChIBPIKAHHETO HAa Kypca OTroBaps Ha
HAI[MOHAJTHUTE  TNPUOPUTETH,  HOpPMAaTHBHAaTa  ypenba |
HOTPeOHOCTHTE Ha ChBPEMEHHATa Y4YWIMIIHA cHcTeMa. Te
OocUrypsiBaT JIETUTUMHOCT W TPYAOBO-IIpABHO IIpU3HABaHE -
KeanuguxayuoHnu Kpeoumau.

Camo 00y4eHHs, IIPOBEICHN OT MHCTHTYIIMH CBITIACHO WI. 222 oT
3IIYO u c Bnucanu B Perucrspa Ha MOH mporpamu, HOCAT Ha
YUUTENUTE KBAIU(DUKALMOHHM KpeauTH. Te3um Kpeautu ca
3albJDKUTEIIHO  YCIOBHE 3a AaTeCTUPAHETO Ha IeJaro3uTe, 3a
npuao0uBaHe Ha KBAIU(QUKAMOHHM CTENEHH U 32 TAXHOTO
KapuepHO M3pacTBaHe. B TO3M KOHTEKCT € BaKHO KBaM(UKanusITa
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Jla HE C€ pas3rjek/Ja caMo KaTo C60p OT UHAWBUAYAJIHU 06y‘{eHI/IH u
HaTpyIlaHU KPEAUTH, a KaTO KOJEKTUBECH IIPOILEC, KOWTO usrpaxzaa
OPraHu3allMOHEH KalaluuTeT 3a IPOMAHA.

PernamenTrupaneTo Ha OOyYEHUsITa TapaHTUPA, Y€ WHBECTUPAHHUTE
OT AbpKaBaTa, YUWJIHMILETO U YUUTEINs BpEME U PeCcypcH BOJSAT IO
Peanno noeuuiaéane HA KA4ecmeomo Ha 00pazoeanuemo, a He
MIPOCTO [0 U3AaBaHE Ha JOKYMEHT.

KOHKpeTHHTE YCIOBHS M peA 3a OpraHM3MpaHe, MPOBEXIaHE U
OTYUTaHE Ha KBAIM(HKALMOHHATA JIEHHOCT ca JETalllI3UpaHH B
Hapen6a Ne 15 ot 22.07.2019 1. 3a cratyTa U npo)eCHOHATHOTO
pa3BUTHE HAa YYUTEIIUTE, JUPEKTOPHTE M JIPYTUTE MEAarorH4ecKd
crnerpamucty [1], KoATO ompenens BUIOBETE KBaIM(UKAII,
cucTeMara Ha KBATU(HKAIIMOHHHUTE KPEAUTH W MEXaHH3MHTE 3a
npodecroHaTHO pa3BUTHE.

Cormacio  Hapembara mpojbpkaBamiata KBaIU(UKAIHAL €
3aJJBJDKUTENICH CJIEMEHT OT MPO(ECHOHATHOTO Pa3BUTHE HA BCCKH
[1€JarOTHYECKHU CIIELIMAJIUCT. Tsa ce H3MepBa 4pe3
KBaJTH(DUKAIIMOHHU KPEITUTHU, KaTO €JMH KPEIUT ChOTBETCTBA Ha 16
aKaJeMHUYHH Yaca, OT KOUTO HE IMO-MaJKO OT 8 ca MPHCHCTBEHH.
Mpensmwkna ce ydactue B 00y4eHHsSI C MPOABIDKUTEIHOCT HE II0-
Majko OT 16 akaJeMUYHH Yaca TOJMIIHO 32 BCEKH CICIIHANINCT, a 3a
BCEKH aTeCTAIHOHEH MEePHO]] OT YSTUPU TOJUHU — HE TO-MAJKO OT
TpH KBaJH(DUKAIIMOHHU KpeIuTa, Win o0mo 48 akageMUYHH daca.
YCBOGHHTE KpPEmUTH C€ yIOCTOBEpsSBaT C JIOKYMEGHT 3a
JIOMIBJTHUTENIHA KBATU(UKAIMS W CE OTYUTAT MPH aTCCTUPAHETO U
MIPU U3PACTBAHETO B KapuepHHUTE cTereHH. OCHOBHUTE M3HCKBAHUS
ca 000611enu B Tabiuma 1.

Tabauya 1. H3uckeanus 3a npoovixcasauya Kearupurkayus
cvenacho Hapeooa Ne 15/2019 .

IMoka3zaTen HN3uckBane

16 ak. gaca (> 8

EnvH kBanuduKaoHeH KPeauT
A pucart per MIPUCHCTBEHH)

TlNopumen MUHUMYM > 16 ak. yaca

ATtecTanuoHeH nepuox (4 r.) > 3 kpeauta (48 ak. yaca)

JlokymeHT 3a
JIOITBITHATEITHA
KBaTH )UK

VY ocrosepsBane

Taka M3rpaJeHaTa KpeAWTHa CHCTeMa OOBBP3Ba MHAMBHAYATHOTO
ydeHe ¢ (hOpMaTHOTO NMpH3HABaHE Ha MPO(ECHOHATHOTO Pa3BHUTHE.
ChlIeBpEeMEHHO TS Ch3/aBa MNPEIIIOCTaBKM KBanu(HKauusTa Ia
ObJe IUIaHMpaHa He CaMO Ha MHAMBHIYaJHO, HO M HA YYWJIHIIHO
PaBHHUIIE — KaTO 4acT OT MOJUTHKATa Ha HHCTUTYLIUSTA 33 Pa3BUTHE
Ha YOBELIKUTE PECYPCH.

2.2. Teopemuuna pamka

TeopeTnyHaTa OCHOBa Ha aHaiWM3a € KOHLENIMATa 3a
npodecronamans karmmTan Ha Xaprpuiie3 m ®@yman [4]. Cnopen
aBTOpPUTE KauyecTBOTO HAa MPENOJaBAHETO W KalalUTeThT 3a
IpOMsIHA C€ OMpeNeNsIT OT TPH B3aUMOCBBP3aHU KOMIIOHEHTA:
YOBELIKA KamuTan (3HaHWATa U YMEHHATA HAa OTICIHUS YYHTeEN),
colyaneH  Kamutan  (Ka4yecTBOTO  Ha  Npod)eCHOHATHUTE
B3aMMOJCHCTBHS U CHTPYIHUYECTBOTO B KOJEKTHBA) U JOCTAThYCH
KaluTajl 3a B3eMaHe Ha peleHHs (CHOCOOHOCT 3a B3eMaHe Ha
npodecroHaTHN pelIeHns], HaTpynaH 4pe3 onuT u pediuexcus). Ot
TasW TJIefHa TOYKa KBaTH(UKALMATA TOpaxIa YCTOIYMB edekT
caMO KOraTo pa3BHMBa M TPHUTE BHIa KallWTall, a HE EAUHCTBEHO
WHVBUYJTHUTE KOMIIETCHTHOCTH.

VYrpasieHneTo Ha NMpoMsSHAaTa B YUHJIMINETO CE pas3Tiiekaa Ipe3
npu3Mara Ha Mojena Ha DynaH 3a JHACPCTBO B KyIATypa Ha
mpomsiHa [6]. C gpyrm AyMH aKLOEHT ce€ TII0CTaBi BbPXY
CIIOCOOHOCTTA Jla Ce M3rpaad cpefa, B KOATO aJalTHBHOCTTA,
€KCHEePUMEHTHPAHETO M HENpPEeKbCHATOTO YYeHE CE NPEBbPHAT B
€CTECTBEHO CBCTOSIHME Ha €KHIla WiIM opraHusauusra. DynaH
MoJYepTaBa poJsTa Ha CIIOJEIECHOTO JIMJAEPCTBO, Ha M3TPaXKIAHETO
Ha B3aMMOOTHOIICHUS U Ha HEOOXOJUMOCTTa OT HENPEeKbCHATOTO
yueHe 3a e(eKTHBHOTO yIpaBlIeHHe Ha HpoMsHaTa. [lombiBama
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paMKa € oceMcTelneHHUAT Mmojen Ha KoTep 3a mpoBexpaHe Ha
npomsiHa [7], onmcBaly MOCIEAOBATEIHU €Talu — OT Ch3/laBaHe Ha
ycelllaHe 3a HEOTJIOXKHOCT M (OpMHUpaHE Ha BOJEIl EKHUI [0
3aKpeliBaHe Ha IpOMsHAaTa B OpraHU3allMOHHATa KyJITypa.
ITpodecHOHANHOTO pa3BUTHE Ha Xopara Ce pasIekaa He KaTo
CIIEZICTBHUE, a KaTO JBMJKEIA CHJIa Ha yCIICIHATa IPOMSIHA.

TeopeTnyHuTe MOAENU MpencTaBeHH OT Xaprpuiiez, ®ynaH u
KoTbp ce nombiaBaT B3aMMHO, KaTo B eAUHUS (OKYCHT CE MOCTaBs
BBPXY 3HaYMMOCTTa Ha Mpo(ecHOHaTHUS KalUTall 3a Pa3BUTHE Ha
YUWIUILETO, & B APYTUS BBPXY JIUAEPCKUTEC U OPraHU3aLUOHHHUTE
MEXaHHU3MH, Upe3 KOUTO TO3HU KalUTajl ce IPEeBpbhIla B YCTOHUUBU
NPOMEHU B YUYMIMIIHATA NpakThka. EdexTnBHaTa KBanmudukamus
clefBa Ja pa3BUBAa CJHOBPEMECHHO YOBCLIKUS, COLUANHUA U
npo¢eCHOHATHUS KalluTajl 3a B3¢MaHe Ha PELICHUs, Thil KaTo caMo
6anaHCUPAaHOTO PA3BUTHE HA TE3H TPU KOMIIOHEHTA Ch3/1aBa pealieH
KamaluTeT 3a BBbBEXKIAHE M MOJIbp)KaHE Ha OPraHU3alMOHHU
MPOMEHH.

JlunepcTBOTO MMa KIIIOUOBA POJIS 3a YCHEUIHOTO peaju3upaHe Ha
MPOMSIHATAa, KaTo 3a/adyaTa Ha YUYWIUIIHUS PBKOBOAUTEN € HE CaMO
Jla WHULNAUpPA TPOMEHH, HO W Ja Ch3AaZe YCIOBHUS 32 aKTUBHO
y4acThe Ha MeJarorHyecKus eKHIl B TO3H MPOIIEC.

3. Memooonozusn

Ha ocHoBara Ha aHanmm3a Ha AelicTBaiaTa HOpMaTHBHA ypexda U
aHanMM3 Ha MyONWKYyBaHW arperupaHd NAaHHU OT MEXITyHapOJHO
W3Cie/iBaHe Ha mpenojaBaHeTto u ydeHeto Ha OVICP (OECD
TALIS 2024) [3] 3a bbarapus, ce oruuta e(eKThT Ha
KBAIN(UKANUATa BBPXY INPENOJABAaHETO M BBPXY yJacTHETO Ha
YUYHUTENIUTE B YIPABICHHETO Ha YYHMIIMIIETO OCOOCHO B YCIOBHATA
Ha IPOBSKAAHETO HA MPOMsHA. B TO3M KOHTEKCT ca W3MOJI3BAaHH
oduIMaTHO OMOBECTEHUTE CTOWHOCTH 3a Benrapus u choTBeTHUTE
cpenHu  croiiHocTH 32  gabpxkaBure ot OUCP, kakto wu
OTHOCHTEIIHOTO KJIACHpaHe HAa CTpaHaTa CHOPSMO OCTaHAINTE
YYacCTHUIM. AHAIU3BT € ChCPEOTOYEH BBPXY MOKA3aTelH, KOUTO
MO3BOJISIBAT 7Ia C€ HANpaBsAT HW3BOAM OTHOCHO 3HAYMMOCTTa Ha
KBATN(pHKAMOHHA JIEHHOCT BBPXY IIpoleca Ha MperojaBaHe, Taka
U BBPXY IIOBUIIABaHE HA AaKTUBHOCTTa Ha II€JarorHYecKUTe
CIEIMANNCT B TMpolleca Ha TNPOBEXJaHe HAa MPOMEHH B
YUYHJIMIIHATA HHCTHTYIHS.

4. Pezynmamu u ouckycus

Hanrnute or OECD TALIS 2024 [3] noka3BaT, 4e IpoIbibKaBamara
KBATU(UKAIKS UMa 0CE3aeMO ITOJIOXKUTEIHO BB3ICHCTBUAEC BBPXY
NpaKTUKaTa Ha ObJIrapckuTe yaurenu. [1o-romsiMaTa 4act OT TAX —
okoj0 58% — oTuMTaT, Y€ y4acTHETO MM B KBaIH(UKAIIMOHHU
JICHHOCTH € 0Ka3aJio MOJIOXKHUTENIeH eheKT BbpXy ehEeKTHBHOCTTA HA
npernojaBaHeTo. Te3u MaHHU ca OJM3KH IO CpeHaTa CTOWHOCT 3a
nepkaBute ot OUCP (okonmo 55%), koero e moOBp arecrar 3a
peanusupaHara y HaC [OPOJb/DKABama KBauu(UKAmus Ha
MeJarornyeckuTe CHequanucTd. M30paHuTe TOKasarend 3a
HAINpaBeHUsI aHAN3 ca MpejcTaBeHn B Tabmuma 2.

Tabnuya 2. M30panu noxazamenu om OECD TALIS 2024 3a
bwaeapus.

ITokaszaren (TALIS 2024) Brarapuss | OUCP Ne
IMonoxurenen epekT Ha

KBaIN(UKAIUATA BBPXY 58% 55% -
[PEero/aBaHeTo

Yuurenure ce EHAT B 42% 2204 B
o01iecTBOTO

AKTHBHO y4acTHe B PEIICHUsATA 91,9% W 4
Ha YYHIIUIIETO

O6patHa Bpb3Ka OT BHHIITHU 90,7% Wi 2
oprasu

[Tpomenu 6e3 ocurypeHu pecypcu 11,3% B/l 55
Y 1oBeTBOpEHOCT OT paborara 96,5% B/l 5

Ne — msicmo na Bvacapus cped 55 yuacmeawu cucmemu; n/n — Hama
CHNOCMABUMA CPEeOHA CIOUHOCI.
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Oco0cHO TOKa3aTeHU ca JaHHHUTE 3a MO3MIHUATA Ha yYUTEJICKaTa
npodecus 1 3a YIaCTHETO Ha YIUTEIUTE B YIpaBiIeHHeTo. JenbT Ha
OBJIrapCKUTE YYUTENH, KOUTO CMsTaT, 4e mpodecusta ce LEeHH B
00111eCTBOTO, JocTHra 0K0JI0 42% — CTOMHOCT, OJIM30 ABOMHO IO-
Bucoka or cpexHata 3a OHCP (oxomo 22%) W 3HAYUTETHO
HapacHaia CIpsMO MPEAXOAHMs LUKBJI HAa H3CIeABaHeTo. To3u
pe3yiTaT € U3KIIYUTEITHO BaXKCH 32 HACTOSIIOTO H3CJICBaHE, ThI
KaTto OOIIeCTBCHOTO TMpH3HaHHE ¢ cpel (AKTOpPHTE, KOUTO
MOJKPENAT MOTHBAIMATA 3a MNPOPECHOHATHO pAa3BUTHE W 3a
y4acTue B MPOMEHH.

ITo oTHOmeHMe Ha ympaBieHHEeTO Ha ydwnmiero beiarapus ce
Hapexzaa cpex Bojemute AabpkaBu. Okono 91,9% ot yuurenure
choOIIaBaT, 4e yJacTBaT aKTHBHO BHB B3E€MAHETO Ha PEIICHUS B
YUHIIHIIETO, a okono 90,7% monydaBar pefoBHa oOpaTHa Bpb3Ka OT
BBHIIIHU OPTaHU — CTOMHOCTH, KOHTO MOCTaBSIT CTpaHaTa ChbOTBETHO
Ha €QHO OT HIbpPBUTE MecTa cpel 55-Te€ ydacTBallld CUCTEMH.
CaiieBpeMeHHO enBa okoio 11,3% ot yuurenure mocodsaTt, ue OT
TAX Ce W3HCKBA Jla BBBEKAAT IPOMEHH, 0e3 Ja ca OCHUTYpeHH
HEOOXOIVMHUTE PEeCypcH — Hali-HHUCKaTa CTOHHOCT cpel BCHYKH
yuacTHAIM. Bucokara ynoBieTBopeHOCT OT paboTara (OKOJIO
96,5%) nonbiaBa Ta3W KapTHHA Ha OTHOCHTEIHO OJarompusTHa
cpezia 3a MPOBEKIaHEe Ha IPOMEHHU.

Pa3riieann CbBMECTHO, TE3H PE3YJITATH MOAKPEIAT OCHOBHATA Te3a
Ha wu3cnenBaHeTo. IlonmokuTenmHMAT e(peKT Ha KBalTU(HKanusITa
BBPXY IMPENOJaBAHETO, CHUETAH C BHCOKO PABHUIIE HA yJacTHE B
YIPaBIEHHETO H C OCHUTYPEHOCT Ha pEeCypcuTe 3a IPOMsHa,
MOKa3Ba, 4e KBaTH(HUKAHATa (GYHKIHOHUPA HE U30JIUPAHO, a KaTo
9acT OT OPTaHM3AIMOHHMS KamamuTeT Ha yumnumero. Korarto
npo(eCHOHATHOTO y4eHe ce IUIAHUPa KOJICKTHBHO U € CBBP3aHO C
pealHHTe TNPUOPHTETH HAa  HMHCTUTYLOUATa, TO  HM3TpaxIa
€THOBPEMEHHO YOBEIIKHS, COI[HATHIS U TOTSHIMAaNA 3a B3eMaHe Ha
pemienus [4] U Taka NOATOTBA MOYBaTa 3a yCTOMYMBO yIpaBlICHHE
Ha mpomeHute. OOpaTHO, ako KBadH(UKAIMATA CE CBEXAA 0
WHVBUTyaTHO HATPYNIBaHE Ha KPEIUTH 0e3 Bpb3Ka C YUMIHIIHUTE
MONMUTHKA, HEWHHAT e(peKT BBPXy CIIOCOOHOCTTA 3a IpPOMSHA
OCTaBa OTPaHHICH.

CnemBa [ma ce OTOelmeXH, 4UYe M3INOJ3BAaHUTE [JaHHM ca
CaMOOIIEHBYHH W ArperupaHd Ha HAIMOHAIHO PaBHUINE, MOPaan
KOETO He IMO3BOJISBAT Kay3aJHH M3BOIU HA HUBO OTAEITHO YUMITHIIE.
Te obaue ouepTaBaT siCHAa M ChIVIACYBaHAa C TEOPHUITAa KapTHHA,
KOSTO MOXE Ja OBbJe OCHOBa 3a IMO-HATATBHIIHU EMITUPUYHU
M3CIICABAHUS B OBITapCKHsI KOHTEKCT.

5. 3axnrouenue

AHamM3bpT TOKa3Ba, Y€ TMPOIBIDKABAIIATA KBATHU(HUKAIMSI Ha

MEeJarornieckuTe CHEMUAINCTH € BaXXHA TNPeArnocTaBka 3a
YCIICTHOTO ~ YNpaBI€HHE Ha IPOMEHHTE B  yUHIHIIETO.
HopmatusHata pamka [1], [2] MHCTUTYLIMOHATIU3UPA

HENPEeKbCHATOTO MNPO(QECHOHATHO Yy4YeHe 4pe3 CHCTeMaTa oT
KBAJIM(UKALMOHHA KPEAUTH M TO OOBBP3Ba C aTECTUPAHETO H
KapuepHoTo pasButHe. Emmupuuynure nanHun or OECD TALIS
2024 [3] moTtBBpKmaBaT, 4ye B bwirapus kBammdukamusTa uma
oce3aeM TIIONIOXKHTENEeH e(eKT BBPXY MPENoAaBaHETO M  He
yuumaTa QyHKIMOHUPAT B OTHOCHTEIHO OJIarONpHsTHA Cpesia 3a
MIPOMSTHA — C BICOKO yJacTHe Ha YUHTEINTE B PEIICHUATA U C To0pa
OCHTI'YPEHOCT Ha PECypCHTE.

OCHOBHHAT H3BOJA €, 4¢ €PEeKThT Ha KBAIM(PHUKANUATA BBPXY
VIIPaBIEHHETO HA TPOMEHWTE € Hal-CHUIICH TOTaBa, KOraTo Ts Ce
IUIAHUpa KaTO KOJICKTHBEH, YUMIIUIHO Oa3upaH Mpoliec Ha y4eHe, a
HE Karo c60p OT WHAMBUIYaJHU KpeauTu. ToBa HacoyBa KbM
HSKOJIKO TPaKTHYECKH TMPENOpPhKU: KBanuduUKanusra jga ce
OOBBp3Ba CTpPAaTerHYeCKH C TMPHOPUTETUTE 3a pa3BUTHE Ha
KOHKPETHOTO Y4YWIWIIE; Ja Cce HacbkpyaBar (Qopmure Ha
CHTPYAHUYCCTBO M HACTABHUYECTBO, KOWTO HM3TPaXKIAT COIMAICH
KaIiTai, Jia ce pa3BHBa CIIOJCICHO JIMACPCTBO, KOCTO MPEBpPbHINA
MPO(PECHOHATHOTO YYCHE B pealieH HHCTPYMEHT 3a YIpaBJCHUE Ha
npomsHaTta [6], [7].
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Abstract: This scientific paper examines the methodological aspects of applying generative artificial intelligence in the development of
examination tests in Building Construction. The capabilities of contemporary generative models to create test items of varying levels of
complexity, formulate plausible distractors, and generate diverse question formats are analyzed. Particular attention is paid to content
verification and alignment with the defined learning objectives and competency requirements. A sample algorithm for test development using
artificial intelligence is presented, incorporating a mandatory independent expert evaluation by the lecturer and subsequent refinement of
the items to enhance their variability and quality. The analysis concludes that generative artificial intelligence is an effective tool in
supporting teaching activities in the development of high-quality and reliable examination materials, provided that it is applied in strict
compliance with pedagogical principles and the professional requirements of the educational process.
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1. Bweeoenue

Ilepuonpr 1950-1970 r. OGemexxu  ¢Qopmupanero Ha
W3KYCTBEHHUS HHTEJIEKT KaTo Hay4HO HarpaBJIcHHE,
XapaKTepH3MpaIlo ce C pa3pabOTBaHETO HAa I'BPBHUTE TEOPETUUHH
MOJIENH, AITOPUTMH 32 THhpPCEHE M JIOTUYECKO pPa3ChKICHUE U
HNPOTpaMHH CHCTEMH, IIOCTAaBHJIM OCHOBHTE Ha IOCJIEABAIOTO
pasBuTHe Ha obnactTa [1].

IIpe3 1950 r. Anan Tropunr mybaukyBa Tpyna ,J3uucnurennu
MalliHA W Pa3yMm’, B KOWTO mMOCTaBi (pyHIaMEHTATHUS BBIIPOC
JaTy¥ MaIIMHUTE MOTaT Ja MHCIAT M mpeanara Tecta Ha TiopuHT
KaTo KpUTepuil 3a OIleHKa Ha CHOCOOHOCTTa Ha MaUIMHHTE Ja
NpOsIBSBAT UHTEIMIeHTHO noBenenue [2]. Cnopen Russell u Norvig
HAuaJIOTO Ha M3KYCTBEHUS MHTEJEKT KAaTO CaMOCTOSATENIHA HayyHa
obmact ce mocraBs ¢ koHpepennuara B JaptmsT mpe3 1956 r., Ha
koAT0 JI>koH MakkapTu BbBEX/a TEPMHMHA ,,U3KYCTBEH HMHTEJIEKT™
(Artificial Intelligence) [3].

IlepronpT Ha cHUMBOJHHS HU3KycTBeH HHTENekT (1970-te —
1990-Te r.) ce xapakTepm3Wpa C pa3BUTHETO HA EKCIEPTHHUTE
CHCTEMH, U3BECTHH OIlle KaTO CHCTeMH, 0a3MpaHu Ha 3HAHUS, KOUTO
NPENCTaBiAT eKCIePTHH 3HAaHWS B KOMIIIOTBpHAa (opMa upe3
¢dbopMan3upaHu TpaBWiIa ¥ JIOTUYECKH 3aBHCHMOCTH C Ll
MOJIIOMaraHe Ha MpPOLECUTe Ha B3eMaHe Ha pEIIeHUs Ipu
pelIaBaHeTo Ha CIEIUATN3HPAHN HHKEHEPHH W MIPUIIOKHU 3a/1auH.
OCHOBHM TpOTpaMHM €3WIHM 3a TSAXHATa peammsanus ca Lisp u
Prolog. Cpen 3HaummmTe pa3pabOTKH IIpe3 TO3HM IEpHON ca
exkcrieptHata cucrema MYCIN 3a MemunmHCKAa IUAarHOCTHKA,
cuctemata SHRDLU 3a o0paboTka Ha €CTECTBEH €3HK U
anroputbMbT ID3 3a aBTOMAaTHYHO TIeHEpUpaHE Ha JbpBETa Ha
pewenusTa [1].

Wnente 3a W3MOJ3BAHE HA CKCIEPTHH CHUCTEMH TMOCTEIICHHO
HaMHpaT OTpakeHHE U B OBJIrapckata HaydHa JIUTEpaTypa, KbAETO
ca TpeACTaBeHH pa3pabOTKH, HACOUEHH KBM IIOJANIOMAaraHe Ha
MpoIleCUTe Ha NPOCKTUpaHE W B3eMaHe Ha pEIICHUS B
CTPOUTENCTBOTO. ['oposioMoB U JIF0OEHOB pa3paboTBAT EKCIIEPTHH
cucremH, Oasupanu Ha mporpamHuara cpena CLIPS u mHTerpupann
¢ Delphi, npennasHaueHn 3a MOANOMAaraHe Ha Pa3jMYHU 337a4 B
crpoutenHoTo npoektupane [4, 5]. ITppBarta cucrema mojmoMara
1300pa Ha MOCTOBH KOHCTPYKIIMHU Upe3 OLleHKa Ha MKOHOMUYecKaTa
MM [eIeChOOPa3HOCT U CPAaBHEHHE HA alTepHATHBHH perieHus [4],
a mocnenBama pa3paboTka NpEACTaBs CKCIEpTHA CHUCTEMa 3a
aBTOMATU3UPaHO KOHCTPYHpPAHE HAa TIPOCTH CTOMaHOOECTOHHH
rpeau, paboTeln Ha Or'bBaHe, IMPWIATAKH aBTOHOMHO IpaBUIaTa
3a KOHCTPyHpAHE HA HA/UTHKHATA U HAllpevHaTa apMUPOBKa [5].
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JlrobeHoB m SIkoBa mOCOYBAT, Y€ TEHETHYHHTE AITOPUTMHU
(Genetic Algorithms, GA) u onTHMH3ANKITa Ype3 POt OT YACTHIH
(Particle Swarm Optimization, PSO) ca cpen cbBpeMeHHUTE
METOJM 3a ONTHMH3AIMs, HAMUPAIIY IIUPOKO HPHIOKEHHE IPU
pelIaBaHeTo Ha CJIOXHHU WHXEHEpHH 3a1auu [6].

OcobeH MHTepec 3a apXUTEKTUTE M CTPOMTEIHHUTE WHKCHEPH
NpE/CTaBIsBAT pPa3pabOTKUTE, CBBP3aHM C HWHTETPUPAHETO Ha
cnenuanu3upanu mporpamMHu cpexu ¢ CAD cuctemute 3a
pasmmpsBaHe Ha (YHKIMOHATHOCTTA UM W aBTOMAaTU3UpaHEe Ha
uHKeHepHH 3amaun. JlroOeHoB u MaueBa-SlkoBa pasriexnaar
c¢bBMecTHOTO m3noim3BaHe Ha AutoCAD u Delphi, kato oTGenszBat
Bb3MOXKHOCTHTE 3a IIOBHIIAaBaHe Ha e(QEKTHUBHOCTTA Ha
WHXXEHEPHOTO TPOCKTHpaHe 4pe3 BBHIIHM NPOTPaMHH CpPEICTBa
[7]. Tlomo6Hu acmexTH ca w3ciensand u ot JlrobeHos, Mamuesa-
SlkoBa 1 BenrHOB Ipyu M3MOJI3BaHETO HA NMPOTPAMHU HHCTPYMEHTH
B cpenara Ha AutoCAD [8]. B obnmactTa Ha apXUTEKTYpHUS TU3aitH
Muxaiinos, JIro0eHOB 1 MHUXalIOB pa3riekaaT MPHIOKEHHETO Ha
KOMOIOTBPHHTE TEXHOJNOTMM ¥ (pakTagHaTa TeoMeTpus 3a
TeHepHpaHe Ha CIOXKHU (opMM Upe3 CHUCTEMH OT HUTEPaTUBHH
¢dynkuuu (IFS) [9].

[eproabT Ha MAIIMHHOTO U ABJIOOKOTO 00ydeHue (ot 1990-te
rOJUHM J10 HavajaoTo Ha 2020-Te) ce XxapakTepu3upa ¢ pa3BUTHETO
Ha QJITOPUTMH, CIIOCOOHM Ja W3BIMYAT 3HAHWS OT JaHHU M Ja
pelaBar CIOXKHM 3afa4d B OOJACTH Karo MEAWIMHA, POOOTHKA,
OW3HeC aHAJIM3U U CHCTEMH 3a IpernopbuBane [1].

Kakro Alalaq orbemssBa, mpe3 2023-2024 r. pa3BUTHETO Ha
CHCTEMHTE C M3KYCTBEH HHTENEKT JIOBEJIC JI0 ChIIECTBEH HAMpPEIbK
B TAXHATa MPOU3BOAUTENIHOCT ¥ (YHKIHOHAIHOCT, MOCTaBSIHKH
HAa4yaJoTO Ha HOB eTal TeHepPaTHBHHS H3KYyCTBEH HWHTEICKT
(Generative Al — GenAl) [10]. To3u mpouec ce YyCKOpU ¢
pasBuTHeTO Ha romemure e3ukoBu Mmozaenu (Large Language
Models — LLMs), crioco6ru 1a 06paboTBaT U reHepupaT eCTeCTBeH
e3uk [11], kakTO W ¢ MosBaTa Ha YaT-Oa3upaHH WHTEpPElcH Karo
ChatGPT, Claude u Gemini 3a cp31aBaHe 1 00pabOTKa Ha TEKCTOBA
uabopmarms. Hapen ¢ TsX, cHeUMaIM3UpaHH WHCTPYMEHTH 3a
pabora ¢ gmokymeHTH, Kkaro NotebookLM, pasmmpsBat
BB3MOJKHOCTUTE 3a CTPYKTypHpaHe, 0000llaBaHe M aHalIn3 Ha
aKaJeMUYHH H3TOYHHUIIN.

Crnopen KoHuenmusata 3a pa3BUTHETO Ha M3KYCTBEHUS
uHTeNneKT B bbarapus mo 2030 r. [12], cucremuTe ¢ U3KYCTBEH
MHTEJEKT ca ,,IPOEKTHPAaHN OT XopaTa™, 3a 1a B3IpUEeMaT cpenaTa
4ype3 crOMpaHe Ha JaHHM U Ja IOATIOMAaraTr B3¢MaHeTO Ha pelIeHHs
3a IOCTUTaHE HA ONIpefeieHH Iend. JIOKyMEHTBT OIpemnens
00pa30BaHMETO KAaTO MPHOPHUTETHA 00acT 3a npuioxenne Ha MU,
C aKIIEHT BbPXY NEPCOHAIM3UPAHOTO O0yYEHHE, aBTOMATU3UPAHOTO
OLICHSBAaHE M FEHEPUPAHETO HA TECTOBH BBIIPOCH, KATO MOA4EPTaBA
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HEOOXOJMMOCTTa OT HAAeXKIHA MpaBHA M ETUYHA paMKa Ipu
Pa3sBUTHETO Ha T€3U TeXHoJoruu [12].

B mo-panen eran ManueBa-SlkoBa u JlroOeHOB pasriexaar
JUCTAaHIIMOHHOTO OOYyYeHHE KaTo ChUeTaHHE Ha TPAAUIMOHHU H
VHAUBUyaIH3UPAHU METOAU C BH3MOXKHOCTUTE Ha KOMIIIOTHPHUTE
U TEJICKOMYHUKAIIMOHHUTE TE€XHOJOIMHU, KOETO IIOCTaBsl OCHOBA 3a
pPa3BHTHETO Ha CHBPEMEHHHTE WHTEIMI€HTHH OO0pa30BaTeIIHH
cucremu [13].

B npunoxen acnext CredaHoBa NOCOYBa, Y€ U3MOI3BAHETO HA
U3KYCTBEHMSI HHTENIEKT B OOYYEHHMETO MO Teoje3us IojroMara
MEePCOHANM3UPAHETO Ha YueOHHsA MpolLec, BHU3yalH3alUsATa Ha
MPOCTPAHCTBEHU JAaHHU W aBTOMATHU3UPAHOTO oueHsBaHe [14]. B
cxonHa Tmocoka JlumuTtpaHoB M [IUMUTpPOB mpencTaBAT YyeO-
Gasupanoro mpmioxkenue QuestionForge, xkoero wm3moON3Ba
H3KYCTBEH HHTENEKT 3a CTPYKTYpHPaHO ¥  KOHTPOJHPAHO
TeHepHpaHe Ha TECTOBH BBIIPOCH OT yueOHO chabpikanue [15].

Oco0eHO 3HaueHHWE 3a CBBPEMEHHOTO AapXUTEKTYpHO H
CTPOUTEINIHO MPOEKTUPAHE Ma ChUETaBAHETO HAa eKCHepTHa 06a3a oT
3HAHMS C TOAXOJIIAa METOHOJOTHs 3a paboTa C H3KYCTBEH
HHTENEKT. B To3m acmekT m3maHusATa ,,AKTyalHH apXHTEKTypHO-
KOHCTPYKTHBHH  pEUICHHS Ha arpapHd crpamu” [16] wu
,»PBKOBOJICTBO 33 W3YMCIsIBaHE Ha OCTOHHM M CTOMAaHOOCTOHHHU
KOHCTpyKIMU® [17], KakTo M ApYrM H3TOYHMIM, MoraTr Ja ce
U3M0I3BaT KAaTO OCHOBA 3a IIOANOMAaraHe Ha IPOEKTHPAHETO,
KOHCTPYKTUBHUS aHalM3 M MHXCHEPHUTE H3YMCICHUS 4pe3
BBb3MOkHOCcTUTE Ha VM.

2. Memoouuecku moden 3a paspabomeane Ha
uznumnu mecmoese ¢ nomowima na GenAl

Cnopen BIKKOB TeCcThT Karo W3MEPHUTETHO CPEICTBO
MIPEACTABIIsIBA CUCTEMa OT CTUMYJIH, 33/1a4d W BBIIPOCH, IIPHIAraHu
TpU  TIPEABAPUTENHO ONPEJETICHH YCIOBHS 3a IONydaBaHE Ha
pe3ynTaTd, XapakTepu3upally u3ciensanus npusHak [18]. bankos
oIpe/ens TECTOBOTO OLICHABAHE KaTO CPABHUTENIHO HOBA JICHHOCT U
HpaKTHKa B OBJITapckoTo 00pa3oBaHUe, KOATO 3all04Ba Ja HABIIN3A
no-mMacoBo y Hac ¢ HacrbmBaHeTo Ha XXI Bex [19]. B Tto3m
KOHTEKCT Yye0-0a3supaHHTe TECTOBE IPEICTaBIsIBaT ChBPEMEHHA
(¢opMa Ha TECTOBO OICHSBAHE, NPH KOSTO TECTOBHUTE BBIIPOCH CE
TIPECTABSAT U PEIIaBaT Ype3 HHTEPHET CPera.

2.1. Konuyenmyanna pamka na mooena

IIpemnoxennsaT Meroandeckd Monen pasriaexna GenAl kato
CPEJICTBO 3a MOANIOMarane Ha pa3paboTBaHETO Ha M3MHMTHHU TECTOBE,
0e3 ma 3aMecTBa MeToaMYeckaTa M mpodecroHaTHaTa
KOMIIETEHTHOCT ~ Ha  IpernojaBareis. BB3MOXKHOCTHUTE  Ha
TeHEepaTUBHUTE MOJEIH 3a OBbP30 Ch3JaBaHE U pa3HOOOpa3sBaHE HA
TECTOBO ChAbPIKAHME C€ ChueTaBaT C BOJAELATa pOJNsA Ha
IpernoaBaressi, KOMTO OCHIIECTBABA EKCIHEPTEeH KOHTPOJ BBPXY
Heromara ChIbp)KaTelHa BaJUAHOCT, TUIAKTHYECKAa KOPEKTHOCT U
npodecuoHaNHa peeBaHTHOCT.

2.2. Emanu na npunazame Ha MmemoouyecKus
mooen

Eman 1. Onpedenane na mecmosume cneyugpuxayuu

»  ompejensHe Ha 00Pa30BaTEIHOTO PABHUIIE, YUCOHHS

KOHTCKCT U CIICUaIM3UupaHaTa 06J'laCT;

ompenensHe Ha Y4eOHUTe LEeNu U OLCHSABAaHHUTE
3HAHUSL, YMEHHS 1 KOMIIETCHTHOCTH;

onpe/ieNsHe HA Y4EOHOTO ChIbPKAHUE U TEMATHIHUS
00xBar;

ompeJensiHe Ha KOTHUTHBHUTE PAaBHHINA CHIVIACHO
TakCOHOMHUATa Ha biuym 3HaHHe, pa30upane,
MIPUJIOXKEHHE, aHAJIN3, CHHTE3 U oleHKa [ 18];

onpenensHe Ha THUIOBETE TECTOBH 3a/layud c
n3bupaeM Wi CBOOOIECH OTTOBOp, 3a CKUIMPAaHE U
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rpaU4YHO BB3IPOM3BEXKIAHE, 3a CHIOCTaBIHE U
olpeJieNIsiHe Ha TEXHOJIOTMYHA IOCIEA0BATEIHOCT, C
M300paKeHUs u ApXUTEKTYPHU YepTexu,
W3YHCIIUTEIHH U JIP.;

OIIpEAC/IIAHE Ha 6p0$[ U OTHOCHUTCJIHATa TECXKECT Ha
3aJa4YuTe 10 OTHACIHUTC TEMHU W KOTHUTHBHU
paBHHIIIA.

Pe3ynrarhT OT erama BKIIOYBA TEKCTOBH CIICIU(HKAINY,
CBIBPKAIIN CTPYKTYPUPAHU BXOAHH HMapameTpu kbM GenAl, konto
CIly)kaT KaTo OCHOBa 3a TEHepUpaHe Ha TECTOBH 3aJaud B
CIIe/[BAIMS €Tall Ha MOJENa.

Eman 2. Iloozomoska na éxoonume napamempu 3a GenAl

"  CTIpyKTypHpaHe Ha HH(OpMauusTa OT TECTOBHUTE

crier(UKAIIK KaTo BXOIHY ImapaMeTpu 3a GenAl,

" MpeaoCTaBdHE Ha CbAbPKATCIIHA baza — y‘le6HI/I
MaTtepuain (.]'IeKIII/II/I, HOpMaTHUBHU JOKYMECHTH,
TEXHUYCCKU CHeI_II/I(l)I/IKaL[I/II/I " MCTOJJUYCCKHA

yKa3aHHs) KaTo HaJeXICH M3TOYHUK 3a TeHEpHpaHe
Ha TECTOBHTE 33/1a4H;

(dhopmynupaHe Ha 3amaHue (IPOMIIT) 32 TEHEPHUpaHE
Ha TECTOBHTE 3a[a4H, BKJIOYBAIIO H3UCKBAHHSI KbM
KJII0Ya 33 OTTOBOPU U CHCTEMATa 3a OLICHABAHE.

Eman 3. I'enepupane na mecmogu 3adauu u Kpumepuu 3a
oyensneane upes GenAl

" r€HEpUpaHe Ha TECTOBU 3aJla4yd W BapUaHTH 3a

OTTOBOp B  CHOTBETCTBHE C  ONPEICICHHUTE
cnenupuKanuy,

TeHepHpaHe Ha KIIOY 32 IMPaBHIHUTE OTTOBOPHU H
CHOTBETCTBAINA CUCTEMA 3a TOUKYBaHE M KPUTEPHH 3a
OLIEHSIBAHE;

CTpYKTYpHpaHe Ha TCHEPHUPAHHUs TECTOB MaTepHal B
€/IMHEH TeCTOB (hopMart.

Eman 4. FExkcnepmna ouenka u Onmumuzupane Ha
2eHepupanume mecmosu 3a0a4u

" mpoBepka Ha  (paKTHUECKaTa KOPEKTHOCT Ha
TeHepHpaHUTe  3ada4d  CIOpsAMO  JeHcTBamara
HOpPMaTHBHA ypenda, TEXHHYECKUTE W3HUCKBAHHUSA H
crienpanusupaHara  0aza B obnactra Ha
CrpaJloCTPOUTENICTBOTO;

=  OIEHKa Ha JUIaKTHYeckaTa CbOOpasHOCT  —

€/IHO3HAYHOCT Ha (hOPMYJIHPOBKHTE, CHOTBETCTBHE C
y4eOHHTE LEeNM W aJeKBaTHOCT Ha JUCTPAKTOPUTE
CIPSMO THINWYHH TpPENIKA W 3aTpy[HEHUS Ha
o0OyJyaemmurTe;

Ipenu3upane Ha TSPMHUHOJIOTHATA U OCHTYpsSIBAaHE Ha
CBHOTBETCTBHE ChC crenupuyHaTa npodecnoHaIHa
JIEKCHKa Ha OBJIrapcKaTa CTPOUTEIIHA PAKTHKA;

HIeHTHQUIMpaHe M OTCTPAHSIBAaHE HA HESICHU WM
HEZOCTaThbuYHO OOOCHOBAaHM TBBPACHUS U JPYTH
YCTaHOBEHH HETOYHOCTH;

MpOBE€PKa Ha CBHOTBETCTBUECTO MEKAY TECTOBUTC
3a/lauy, KJIHOYa 3a OTroBOpU U KPUTEPUHUTE 3a
OLICHABAHC,

KOpUTrMpaHE€ Ha CUCTEMaTa 3a TOYKYBaHE, CKaJlaTa 3a
OIICHsJABAHC U HUBATa Ha NMOCTHUIKCHUS.

3a cucremaTH3npaHe Ha eKCIepTHATA MPELeHKa ce MPEernopbyBa
U3II0JI3BAaHETO HAa KOHTPOJICH JIMCT, OCHOBAH Ha HPEIABAPHTEIIHO
OIIpENICICH! KPUTEPUHM 3a Ka4yeCTBO Ha TECTOBHUTE 3ajaud. Bb3
OCHOBa Ha pe3yiTaTHTe BCsAKa 33jada ce IpHeMa, pelaKTHpa WIN
OTXBBpJISl. 3ajaunTe, KOUTO HE OTrOBapsAT Ha OIpE/CICHUTE



Technics. Technologies. Education. Safety. 2026

KpPHUTEpUH, ce npedopMynupar, Npu HEOOXOJUMOCT C ITOMOIITA Ha
GenAl, niu ce U3KIII0YBAT OT OaHKaTa ¢ TECTOBHU 3a/1a4H.

Eman 5. @Qunanusupane u ganuoupane Ha UsnUmMHUA mecm

*  CTPYKTypUpaHE Ha OKOHYATEIHHUs BapUaHT Ha TecTa B

CHOTBETCTBUE c OTIPEIICIICHUTE TECTOBH
crenuQpuKanuy;

6anch1/IpaHe Ha TCECTOBUTC 3aJadyu I10 TEMATHYCH
06XBaT, KOTHUTHUBHO paBHUIIEC U CTCIICH HA TPYAHOCT;

OonpeaciiiHe Ha OKOHYaTCIHaTa
OIICHABAHC, BKJIIOYUTCIHO  KIIOY
TOYKYBAHC U CKaJla 3a OLICHABAHE,

cucremMa  3a
32 OTrOBODH,

IpoBepka Ha CBHOTBETCTBHETO MEXIY IEIUTe Ha
OLICHSIBAHETO, ChABP)KAHUETO HA TECTa U KPUTEPUHUTE
3a OIICHSIBAHE,

IMOATOTOBKA 3a IpujIaraHe€ Ha TeCTa W MOCJICABAIll
AaHaJIM3 Ha PE3YJITATUTE OT TECTOBOTO OLICHSABAHE.

PesyntarhT OT eTama € OKOHYATENHO CTPYKTYpUpaH |
BalMIUpaH M3MUTEH TECT, TOTOB 3a MpUIaraHe B y4eOHHUS MpolLiec.
Taka MOOETBT MpPEACTaBs IUIOCTEH TPOIEC: IUIAHHpaHe —
MMOJrOTOBKA Ha BXOJHHUTE MapaMeTpH — TeHepHpaHe — eKCIIepTHa
OLlEHKA M ONTHMHU3MpaHe — (UHATM3UPAHE U BalUAUPAHE.
TlocnenoBaTenHocTTa MoauepTaBa noAmnomaramniara pois Ha GenAl
W BOJICIIOTO 3HAYCHHE Ha METOIUuYEcKata W NpodecHOHATHATA
KOMIICTCHTHOCT Ha TMpENoJaBareis 3a KaueCTBOTO Ha KpalHUs
OIIEHBYCH MHCTPYMEHT. /IaHHHTE OT MPAaKTHYECKOTO MPHIOKCHUE
MoraT [a Ce H3IOJ3BaT 3a OOHOBsSBaHe Ha OaHKaTa C TECTOBH
3a7a4d, YChBBPIICHCTBAHE HA POMIITOBETE U HACHTU(HIUpaHEe HA
TEMH, U3UCKBAIIM TI0-WHTEH3UBHA eKCIIEPTHA HaMeca.

3. Ilpakmuuecko npunoicenue Ha MemoOUUeCKUs
Mmooen

IIpakTHdecKkoTo TPUIIOKEHHWE Ha Pa3pabOTeHHs METOJHYECKH
MOJIENl € JIEMOHCTPHPAHO 4Ype3 CH3/IaBAHETO Ha M3MUTEH TECT II0
nucuumiauHara ,,CrpagocrpoutesnctBo — I vact®, npeanasnayen 3a
crynentu ot OKC ,,Maructep®, cnenuamHocT ,, ApXuTeKTypa“, u
OKC ,,bakanaBbp, cneunanHocT ,,CTPOUTEICTBO M apXHUTEKTypa
Ha Crpajd ¥ ChOpPBXKEHHUs . TecThT ¢ HacoueH KbM OOCKTHBHO
OIICHSBaHE HA MPHIOOMTUTE 3HAHUS, YMEHHUS M KOMIETEHTHOCTH
ype3 MpoBepKa Ha CIOCOOHOCTTa Ha CTYISHTHUTE Ia pa3oupar
OCHOBHHUTE NPUHIIUIIH Ha CTPafOCTPOUTEICTBOTO, 1a IEMOHCTPUPAT
(hyHIaMEHTaIHU 3HAHUS U A2 MPWIarat TepMHUHOIOTHSA, CTAaHIAPTH,
KIacupHUKaIud ¥ CBOHCTBA HAa CTPOUTEIHUTEC MaTepHa M, 1a
pasmno3HaBaT W KIACH(PUIUPAT KOHCTPYKTUBHH U OTPaXIalld
CJIEMEHTH, JIa IPUJIaraT HOPMATUBHHU U TEXHUYCCKU H3HUCKBAHUS, 4
aHanmnpaT CTpOI/lTeJ'IHI/I pemeﬂuﬂ u B3aI/IMOBp'b3KI/lTe Me)K)Iy
OTJECNTHUTE €JIEMEHTH, KAaKTO W Ja OILEHIBAT, apryMEHTHPAT U
TpujiaraT IMOAXOMANIM TEXHHYECKH pEIIeHUs NpH pellaBaHe Ha
MPAKTUIECKH MPOOIEMHU.

Tecrpr oOxBama 13 TemaTH4HH OONACTH: CTAIIOHAPHH
crno0sieMH  CTEHM, H3IBJIHEHM  4pe3  IOCIOSH  MOHTaX;
npemectBaeMH (MOOWIIHM) TIperpajHy CTEHH; IbPBEHU CriIo0seMu
CTEHH; €JIEMEHTU Ha CrpajaTa, CBbp3aHU ChC CTEHHTE; acCaHChOpH;
CKEJICTHH KOHCTPYKIIMH; CTOMaHOOCTOHHH M CTOMAaHEHH CKEIETHH
KOHCTPYKIIMH; TOMOBH KOHCTPYKIHH,; CTOMAHOOETOHHH MOIOBH
KOHCTPYKIMHM; OaJKOHH, JOJKUH, €pPKepH M KO3UPKH; OKAYCHH
TaBaHH U CTHJION.

Tlpu paspaboTBaHETO HA TeCTa Ca ONMpPEIESEHH KOTHUTHBHHTE
paBHHUINA CHIIIACHO TAKCOHOMHUATA Ha biaym: 3Hanme — 8% (2
3amaun), pasoupane — 16% (4 s3amaun), npuioxenue — 32% (8
3amaun), aHanu3 — 24% (6 3amaum), cunre3 — 12% (3 3amaum) u
oueHka — 8% (2 3amaum), mpu obmo 25 TecroBu 3amaun. Ilo-
roJisiMara TEXKECT Ha PaBHUILNATA MPHJIOKEHHE, aHAIU3 M CHHTE3 ©
cbhoOpaseHa C IMpakTHYeCKara HACOYCHOCT HA JUCIUIUIAHATA U
HEOOXOIMMOCTTA OT OLICHSBAHE HA CIIOCOOHOCTTA HA CTYJCHTHTE Ja
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NpuiaraT 3HaHUsA, Ja aHAIU3MpaT CTPOMTENHM peIIeHHs M Ja
(hopMyaMpaT MOAXOAAIM TEXHUUECKH PELICHUS.

C ornen coeuudukara Ha CrpaJOCTPOUTENICTBOTO TECTHT
BKJIFOUBA PA3IMYHU TUIIOBE 3a/1a4u: 3aa4d ¢ U30HpaeM OTTrOBOp B
KJIacu4ecku ¢opmar ¢ 3, 4 Wwim 5 anTepHATHBU, OT KOUTO €JHA €
MpaBUITHA, & OCTAHAIUTE Ca MPAaBIAONOAOOHU TUCTPAKTOPH; 3adadr
ChC CBOOOJICH OTTOBOP — KPaThK WM C MOSICHEHHE W O0OCHOBKA;
33/1a4i 3a CBIIOCTaBIHE M 3a OIpelessHe Ha TEXHOJOTHYHa
MOCIEZOBAaTEeIHOCT; 3aJadyd 3a pa3uuTaHe Ha H300paKeHHUs,
ApPXUTEKTYPHU U KOHCTPYKTHBHHU YEPTEKH; U3UUCIUTEIHU 3aTaul
3a TOpWIaraHe Ha TEOPETHYHM 3HAHUS; KAaKTO M 3aJadd 3a
CKHLIUpaHe W TpaduyHO BBH3MPOU3BEKIAHE HA KOHCTPYKTUBHU
BB3JIM U JeTalIu.

BpOS{T 1 OTHOCUTEIIHATA TCKECT Ha 3a/1a4UUTE CE OIIPEACIIAT IIpU
PaBHOIIOCTABCHO IPEACTAaBAHEC Ha BCUYKW OCHOBHH TEMaTUYHU
00JacTH M BKJIIOYBAHE Ha pa3H006pa3H1/1 THUIIOBC 3aJa4u,
CT)O6pa3€HI/I CbC CHeHI/I(i)I/IKaTa Ha y‘{e6HOTO ChABPIKAHUE, C TICIT
ISUIOCTHO W MHOTOCTPAaHHO OILICHABAHC Ha 3HAHUATA, YMEHUATA U
KOMIICTCHTHOCTHUTC.

KaTo 9acT OoT mpakTHYecKOTO MpPUIIOKEHHE Ha METOIUIECKHS
Mozen € pa3pabOTeHO 3aJaHHe KbM TEHEPAaTHBHMS H3KYCTBEH
MHTENEKT, Ype3 KOETO Ce 3aJaBaT MapaMeTpUTe 3a TEHEPHPAHE U
CTPYKTypHpaHe Ha M3MUTHUSA TECT, BKJIIOYUTEIHO H3UCKBAHUATA
KbM TECTOBHTE 3a/laud, BapHaHTHUTE 3a OTroBOp, KIroya 3a
NpPaBUJIHUTE OTTOBOPH M CHCTEMAaTa 3a OLEHsABaHE. 3aJaHHETO €
(hopMyIHpaHO MO CIETHUS HAYHH:

~Ha ocHOBara Ha MpeNOCTAaBEHHTE Y4eOHH MaTepHall H
YIBBpICHUTE clienuduKanuy pa3padboTu 4 BapHaHTa Ha U3MUTEH
TeCT Mo IucuuIunHaTa ,,Crpagocrpourtenctso — II gact®. Bceekn
BapMaHT Ja ChIbp)Ka €IHAKbB OpOH 3amauy, TeMaTHUeH OOXBaT,
THUIIOBE 3aJa4yd M pasnpelielieHHe 110 KOTHUTHBHH PaBHUINA, KAaToO
3aJ]aunTe ca Pa3JIMIHH, HO C €KBUBAJIEHTHA CTEIICH Ha TPYJHOCT. 3a
BCsIKa 3amada (OpMyJMpail sCeH, eIHO3HaYeH M ChIbPXKATEHO
KOPEKTEeH BBIPOC U nmoaxonsi popmaT Ha orroBop. [Ipu 3amaunte
¢ m30mpaeM OTroBOp BKIJIIOUM €JHA MpaBHIHA alTepHATHBA U
MpaBIONONOOHN AUCTpakTOpH. Brxiounm 3amaunm cbec cBoOOAEH
OTrOBOp, M3YHCIUTENHH ¥ TpapWdHH 3a4add  CHIJTIACHO
crerukanynte. ['eHepupail KoY C NPaBUIIHHTE OTTOBOPH U
cHcTeMa 3a TOYKYBaHE C KPUTEPUH 32 OLICHsBaHE Ha 3aJjaduTe ChC
CBOOOJICH OTrOBOp, M3YMCIUTENHUTE W TpadUYHATE 3aJadqH.
W3nom3Baii  eamHCTBEHO WHGOpPMAIMATa OT HPEIOCTaBEHUTE
yueOHN MaTepuany, 0e3 1a BbBEX/All JOMBIHUTEIHH HOPMATHBHH
n3UCKBaHUs Wik (axtu. [IpoBepu BCekn BapHaHT 3a CHOTBETCTBHE
C TeMaTWYHUTE W KOTHUTHBHHTE CHeNU(UKAINH, (pakTHIecka u
CBIBPXKATETTHA KOPEKTHOCT, €AHO3HAYHOCT M E€KBHBAJIEHTHOCT HA
TpyaHoctTa. CTpyKTypHpal 4YeTHpHTE BapHaHTa, KIIOYOBETE H
KpPHUTEpPHUTE 32 OlleHsBaHe B enuHeH ¢opmar. Crienl TeHepupaHeTo
npencTtaBd 000OIIEHHE Ha pPAa3lpesieNieHHeT0 Ha 33jadyuTe 110
TEMAaTUYHHU OGJ’[aCTH, TUIIOBE 3aJa4l U KOTHUTUBHH pPaBHHUIA 34
BCEKHU BapHaHT.*

Taka  cTpykTypupanata  uH@OpMamus  OT  TECTOBHTE
crnienuduKanyy, chabpkaTenaHata 0a3a — yueOHHUTE NpPEe3eHTAlUH
KBbM JIEKI[MUTE, KakTo U (opMymupaHoTo 3amaHue (IPOMIT),
BKJIIOYBAIO0 M3UCKBAHUATA KbM TECTOBHTE 3aJaud, KIIOYa 3a
OTrOBOpH M CHCTEMaTa 3a OLEHSABAaHE, CE I0JiaBaT KaTo BXOIHU
napametpu KbM GenAl. 3a reHepupaHeTo Ha TECTOBHUTE 3aJ[audl €
msnon3ean NotebookLM (Gemini Notebook).

B pesynrar Ha eTHOKPaTHOTO U3ITBIHEHHE Ha NPEABAPUTENHO
¢dopmynmpaHoTo 3amaHne, 03 TOCIeNBAIIM KOPEKIMH WIN
JOUBIHUTENTHA HHCTpYKIMK KbM GenAl, ca reHepupann dernpu
BapMaHTa Ha W3MHTHUS TeCT ¢ MO 25 3amadd, chOOpaseHH C
HpeIBAPUTEITHO OIIPEETeHUTEe TEMaTHIHH O00JIACTH, TUIIOBE 331a9n
U KOTHUTUBHU PaBHUIIA, C LIeJ OLECHSABaHE HA MPHUIOKHUMOCTTA Ha
MOJIeNa U Ka4eCTBOTO Ha ITbPBOHAYATIHO T€HEPUPAHUS PE3YNTaT.

B paMkuTe Ha HPaKTUYECKOTO MPHIOKEHHE Ha Monena ca
W3MOM3BAaHK M BB3MOXKHOcTHTE Ha ,,CTyauo Tect™ B
NotebookLM.
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4, Ananuz Ha npunodcUMocmma u
ozcpanudenuiama Ha Mmooena
T'enepupanure W3NUTHH Marepuanu TmokaszBaT, uye GenAl

ycmsiBa Obp30 1a GopMHpa 3aJadd C pa3UYHH KOTHUTHBHH
paBHUINA U Ja pas3Npeleld CbIbPKAaHHETO MEXIYy OCHOBHUTE
TEMAaTUYHU HanpaBieHUsA. ['eHepupaHu ca M pas3IUYHM TUIIOBE
3aJa4l — C KpaThbK OTrOBOpP, W3UMCIMTEIHHU, TPAQUIHHU, KAKTO H
3ajaud  3a aHamM3 M oleHka. Hapex ¢ ToBa ca Hammie
HECHOTBETCTBUS MEXIy 3aaduTe M IOCOYEHOTO KOTHUTHUBHO
paBHume. Hampumep HsAKOHM 3amaud, ONpEneNieHH KaTo ,,aHaJu3
WIH ,,0leHKa", (AaKTHYECKH M3UCKBAaT BB3IPOU3BEKIAHE Ha
nHpopMaIysd WM JaBaHe Ha KpaTbK (DaKTOJOTHYEH OTTOBOP.
OOpaTHO, 9acT OT 3aJauuTe 3a IPIIIOKEHNE ca GOPMYITUPAHN KaTo
OOMKHOBEHO IIOCOYBaHE Ha HOpPMAaTHBHAa CTOHHOCT, 0e3 peasHo
npwiarane Ha 3HaHume. KoHcratmpanm ca w mpobmemu 1pH
(OpMyIMpaHETO Ha YCJIOBHATA U OTTOBOPHTE, KaTO B OTIEIHH
Cllydyan OTTOBOPHUTE ChIBPKAT HH(POPMALHS, KOATO HE MPOU3THYA
HEMOCPE/ICTBEHO OT 3aJaJ€HUs] BBIIPOC WM OT MPEJOCTaBEHHUTE
Marepuand. Hamume e HEOOXOAMMOCT OT  JONBIHUTENHO
npenu3upane Ha TecToBUS (opmaT, CTPyKTypata M BU3YaHOTO
IpeNCTaBsiHe Ha TeHepUpaHus W3NUTeH Martepuan (¢wur. la).
KoHcTaTupanute OTKIOHEHHS MOTBBPXKAABAT HEOOXOIMMOCTTA OT
3aJbJDKUTEIIHA  €KCIepTHAa IpoBepka M  ONTUMHU3alMA Ha
TCHEPUPAHUTE M3NUTHU MaTepUaId Ipelud TIXHOTO peaHo
TIPUIIOKEHHE.

BAPUAHT 1

0)
@uz. 1 ['enepupanu mecmosu evnpocu: a) upes NotebookLM; 6) upes
,,Cmyouo — Tecm* ¢ NotebookLM.

Anpo6anusta Ha ,,Ctyauo — Tect™ B NotebookLM (¢pur. 16)
MOKa3a, Y€ HHCTPYMEHTBT TMO3BOJSABA OBP30 TEHEpHpaHEe Ha
OT/ICJIHU BapHAHTH C CKBHBAJCHTEH TEMaTH4eH 00XBaT U CTENEH Ha
TpynHocT mpu (ukcupan Opoit 3amaun. [eHepupanero e
OrpaHMYEHO JI0 3aJa4d ¢ M30MpaeM OTroBOp, KaTo KbM BCSKa Ce
NpenocTaBsl MojacKa3ka. [IpyM OTAENHM BBIPOCH € YCTaHOBEHO
BKJIIOYBAaHEe Ha JIONBJIHHUTEIHA, Makap W HOPMAaTHBHO KOPEKTHa,
nH(pOpMaIMs U3BBH Y4eOHOTO ChABbp)KAHHE, KOETO MOTBBPIXKIaBa
HEO0OXOJMMOCTTa OT eKCIIEpTHA IpOoBepKa. TecThT ce MpeacTaBs B
HHTEPaKTHBEH (HOPMAT U € MOAXO/IAIL 3a OHJIAiH MPOBEkKaHe.

5. 3aknrouenue

B 3axmodeHne, mpakTHIECKOTO MPUIIOKEHNE HA METOIHICCKUS
MOJeN NOTBBbp)KIAaBa IOTEHIMalda HA TEeHEpaTHBHUS H3KYCTBEH
MHTENCKT Karo e(eKTHBEeH HWHCTPYMEHT 3a IIOJIOMaraHe Ha
npernojaBaTeis NpH OBP30TO pa3paboTBaHe HAa KauyeCTBEHH U
HAJCKAHA H3MHUTHU MaTepualM, KaTo ChIIEBPEMEHHO 3ara3Ba
BOJICIIaTa pOJII Ha TeJaroruueckara © mIpodecruoHaHaTa
ekcrieptu3sa. [IpeiosxkeHuAT OAX0 I MOKe /1a OBbJIe aIalTHPaH KbM
IPYTH ITUCHUTUIMHE U 00pa30BaTeIHM KOHTEKCTH NpPU HalM4dHe Ha
SICHO NIe(UHUPAHH LIEJTH, ChABPKATEIHN H3TOYHUIIA U KPUTEPUH 32
OIICHSIBAHE.
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MUSIC HISTORY KNOWLEDGE, SKILLS, AND COMPETENCIES IN THE PROFESSIONAL TRAINING OF

PROSPECTIVE MUSIC TEACHERS
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Abstract: The report presents theoretical literature that substantiates the need for knowledge, skills, and competencies in music history for
the successful work of a music teacher. Conclusions are drawn based on an analysis of the results of a test designed to assess the level of
music-historical knowledge, skills, and competencies among students—future music educators.
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1. Yeoo B KkoHTeKcTa Ha KOMIIETEHTHOCTHHSI MOZAEN Ha ObJemus
ChbBpeMeHHaTa MY3HKAJIHO-00pa30BaTelHa pEAHOCT B YUYHTEI 10 My3HKa PyckoBa 1mocodsa KaTo HEOOXOOUMH 3HAHUA OM
ChUETAaHHE C pa3HOCTpaHHATa AEHHOCT HAa MY3HMKAJIHHUS IEIaror, obracmma Ha UCMOpUs Ha MY3UKATHOMO USKYCMBO U CbEPEMEHHU

KOATO € , JUHAMHYHA, [IEarorHYecKH H IICHXOJIOTHYECKH T8 Bapupa  MEHOCHYUU 6 HE2060MO passumue (enoxu, cmunose, Hanpasienus,
1 ce mpomens [3, ctp. 84], Bee moBede Hamara mpeocMucisie Ha  2canpose) [7, cp. 80-85].

IeiiHoCcTTa Ha ObJenIuTe CIeNHaluCTH M Ha cdepara Ha TAXHATa V3cnienpaliki KOMIICTCHTHOCTTA Ha OBJCIUIMTC MY3HKAIHH
KOMITETEHTHOCT. KOMIUTeKCHUAT XapakTep Ha paboTara Ha y4UTels nejarosu I'panerikas ocousa, 4e ,,MearorbT-My3HKaHT Tps6Ba 1a
0 My3HKa W3HCKBA IPUTEXKABAHETO HA 3HAHHS, YMCHHS, NPHUTEKABA PEIULA 3HAHUA, YMEHUS U CHOCOOHOCIU OM PA3IUYHU
KOMIIETEHTHOCTH OT PasiHYHH 001acTH — Ga30BU M CIELUAIHH [7, obnacmu: TENArorvKa, ICHXOIOTHs, (HH3MONOTHS, MY3UKO3HAHUE,
crp. 69]. HeoOxomumocTTa OT TOATOTOBKATa HA KOMIIETEHTHU mareparypa, ucmopus u apyru‘ [10, ctp. 41].
ObIelH CIICIUATICTH, KOUTO ca MONXy4YHin ,,00pa3oBanue ¢ 100po Cnopen I'arum y9utens no Mysuka TpsaBa fa NpHUTEkaBar
KauecTBo® [12] MMa TIOGANHM M3MEpeHHs, SCHO 3asBEHH M B KOMREemeHmHOCm 8 001acmma Ha meopus U UCMOPUs HA MY3UKAMa
HOpPMAaTHBHUTE TOKYMEHTH, CBbP3aHH C 00pa3oBaTelHaTa CHCTEMa ,»OT eleMeHTapHUTe (OPMH M XKAHPOBE JO BUCLIMTE, Ja MO3HaBa
[14, 15, 16]. CTHJIOBETE, CMOXHUTE, HAIMOHAIHUTE MIKOJIH, KOMITO3UTOPCKHUTE
TBOPEHHSI, HCTOPHSATA Ha MY3HKAIHUTE HHCTPYMEHTH u Jp.~ [9, cTp.

2. Cvuinocm na uscnedeanus npoonem 67].

B wm3cnemBanms, CBBp3aHM C MANOCTHHA Mpodmi Ha
ObeImuTe YYUTEIN 110 My3HKa, aBTOPUTE ca €AUHOAYLIHU OTHOCHO
ChIIECTBEHATa POJIsl HAa 3HAHMATA, YMEHUATA, KOMIIETEHTHOCTHTE,
CBBbP3aHM C 00JacTTa Ha UCTOPHSA HA MY3HKAJIHOTO U3KYyCTBO B
MOATOTOBKATa HAa My3UKAJIHHUTE ME€Aaro3u.

e JIyka oOpbllla BHUMaHHE Ha TOBA, Y€ B3aHMOICHCTBHETO
C MY3MKaJIHOTO MPOW3BEJECHHE HM3HMCKBa TO Ja C€ ,pas3riena B
HETOBHS HCTOPUYECKH KOHTEKCT M Ja CE MOAYEPTasT BPB3KUTE My C
TO3H KOHTEKCT...“ [8, cTp. 121].

B 1pyru  KoneKTMBHM  M3CIE[BAHUS  aBTOpUTE ca

Cropen Kabanescku VUMTENAT M0 MyHKa € ITHKEH 18 €IMHOAYIIHM, Y€  MY3UKaJIHO-TEOPETHMYHMS  acleKT  OT
MMa TOJrOTOBKa B 00acTTa Ha TEOPHS W MCTOPWS HA My3HKara“ MOZITOTOBKATA HA CTYJCHTHTE ,,0CHIYPsBA NPHI0GHBaHE Ha Habop
,[’6] OT 3HAHWS M YMEHHS, KOUTO ITO3BOJISIBAT CH3HATEIHO BB3IPHUEMaHe

My3HWKaJlHH SBIICHHS, OBJaJsABaHE Ha pa3inuHd (GOopMH Ha
My3HUIIHpaHe, CIOCOOHOCT 3a TBopuecko OGopasene..” [11, crp. 232];
3a hopMHpaHeTo Ha MpodeCHOHATHA KOMIIETEHTHOCT Ha ObJeIuTe
YUUTENIH MO My3UKa € HeoOXofMMa My3HKAJIHO-TEOpEeTHYHATa,
QUPHUIeHTCKara, XOopoBaTa, BOKalHaTa W HHCTPyMEHTaJHaTa
noaroroBka [13, cp. 79].

[IpencraBeHata TeopeTHYHA JIUTEparypa, KakTo |
nperieqbT ¥ aHAIM3bT Ha Y4eOHHTE NpOrpaMH 10 My3WKa 3a
o61roobpa3oBareiHa IOATOTOBKa B Obirapckure yumnuima [4],
KOMTO  OTpa3sBar  HOPMAaTUBHHTE  W3MCKBaHHUS,  pa3KpUBaT
HEoOXomMMOCTTa OT (OpMHpaHEe W pa3BUTHE HA MY3HKaJIHO-
HCTOpUYECKa KOMIIETEHTHOCT MPH MOArOTOBKAaTa Ha ObJACIIUTe
YUYHUTENH 10 My3uKa. B HauanHa crerneHn Ha 0a3aTa Ha MpaKTUYECKa
JIEWHOCT M HaTpyNBaHe Ha MbPBOHAYAIHH, (yHIAMEHTATIHHU 3HAHUS
ce moylarar OCHOBHM 3a (opMHpaHe Ha My3HMKaJIHO-MCTOpUYECKa
KOMIICTEHTHOCT. B mporumuasmaneH eram upe3 HaarpakiaHe Ha
OCHOBaTa Ha CIIMPAJIOBHIHMS NMPUHIUII CE Pa3lIMpsSBaT 3HAHMATA,
pa3BHBAaT ce YMCHHUS U C€ Ch3JaBaT yCJIOBHS 3a (OpMHpaHe Ha
MY3UKaJTHO-UCTOPUYECKAa KOMIIETeHTHOCT. To3u erar Ha o0ydeHHe

ApUYa)KHUKOBA AaKIEHTHpa HAa HEOOXOOMMOCTTa OT IUIa
CHCTEMa OT 3HaHHSA, THH Karo ¢ ,,HeBb3MO)KHO KOMIIETEHTHO Jia Ce
00sICHM Xyl0XeCTBEeHHs1 00pa3 Ha Mpou3BeJieHNe 03 Mo3HaBaHE Ha
KOHKpPETHaTa UCTOPUYECKA €M0Xa, CTHIUCTHYHUTE OCOOCHOCTH ...
pa3dupaHe Ha crenUUYHUS XapMOHMYECH €3MK Ha JajeH
kommo3utop® [2, ctp. 55]. OT chiecTBeHO 3HAUCHHE ca: ,,KOMILIEKC
OT CTICIUAITHA 3HAHUS NO MeMU OM UCMOPUKO-MeoOpemUUHUs, U Op.
. YUKAU®; ,, aKMUBHO U3NON36AHE HA UCHOPUYECKU U TMeopemuyHU
suanust...“ [2, crp. 59-70].

A6nynuH n HukomaeBa oOpbIaT BHUMaHHE Ha ,,yCBOSIBAHE
Ha 3HaHUS 32 My3HKara OT pa3IU4HH UCMOPUYECKU enoXu,
MY3UKATHO-UCTNOPUYECKU cmuioage, meopuecmeomo Ha
KOMNO3UMopu O0m MUHANOMO U HACMOAWEmo, a CbWo maka u
Qopmupane na ymenus u Haguyu 0a ce onepupa ¢ mesu 3HAHUA 8
paznuunu eudose mysuxannu oeinocmu“ [1, ctp. 141]. OcBen ToBa
KaTo Ba)KHO [TOCOYBAT BIIAJICCHETO HA: ,,meopemuyecKume 3HaHus B
obrnactra Ha My3HKanHOTO oOpasoBanue™ [1, ctp. 12]; mysuraino-
ucmopuieckume 3HaHUs — 3HAHUA 3 JCAHP, CIUIL, MEOPUECMBOMO
Ha KoMno3umopume, usnbIHUMENUMe, dudoeeme ChCTaBU U APYTH
[1, ctp. 96-97].
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Ce XapaKTepu3upa ¢ MPUCHCTBUETO Ha CTPYKTYPHU KOMIIOHEHTH Ha
MY3HKaJIHO-MCTOPUYECKATa KOMIIETEHTHOCT:

- eIoXH;

- 3aKOHOMEPHOCTH B
H3KYCTBO;

- CTWJIOBE, CTHJINCTHYHH 0COOEHOCTH;

- HalpaBJICHUS;

- yaHpoBe U (GopMH, CBBP3aHH C TAX;

- JINYHOCTHHU M TBOPYECKH OCOOCHOCTH Ha KOMIIO3UTOPH M
TBOPYECTBOTO UM;

- KOMITO3UTOPCKH ILIKOJIU, TIPEACTABUTEIH;

- T03HaBaHE Ha NPOM3BEJICHHSA OT CBETOBHATA My3HKAaJHA
KYITYpa;

- U3IBJIHHUTEIHN, BUIOBE ChCTaBH;

- CIIOCOOHOCT J]a c€ OIepHpa ChC 3HAHMATA B PA3IMIHUTE
BUJIOBE JCHHOCT;

- TOTOBHOCT 3a MY3HKAaJHO-IPOCBETHTENCKA AeiHOCT [4,
crp. 98-99].

BbB BpB3Ka € apryMeHTHpaHaTa HEOOXOOMMOCT OT
MY3HKAJIHO-UCTOPHYECKa KOMIETEHTHOCT B paborara Ha ObJeIure
YYUTENd HO My3HKa € ChCTaBeH aBTOPCKU TECT C ILel Ja ce
YCTAaHOBH CTENEHTa Ha OBJAJsIBaHE HA 3HAHWSA, YMEHHI W
KOMIICTEHTHOCTH Ha OOy4YaBaHWUTE CIICHUAIMCTH. TeCThT ChABPKA
33 BeIIpOCa, CBBP3aHH C Y4EOHOTO ChIBPIKAHHE B MPOTUMHA3HUAICH
eTan Ha 00ydeHHe KaTo YacT OT TSX Ca OT 3aTBOPEH THII, a IPYrH —
OT OTBOpPEH TuI. MakcuMamHuAT Opoil Touku e cro. Crnopex
pe3ynrara (Opos Ha MOJTYYCHHUTE TOYKH) CE€ Pa3rpaHUYaBaT TPU HUBA
— HHCKO, CPEIHO U BHCOKO HUBO. Pe3ynraTute ce MHTEpIpeTHpar
kakto cienBa: 30-49 toukm — HuECKO HUBO; 50-79 TOUKHM — CpemHO
HuBo; 80-100 Touku BucOKo HUBO [5, c. 79].

Wscnensann ca 1Be TPymH CTYAEHTH OT CIEHHAIHOCT
»llenarornka Ha oOydenumero mo My3mka™ mpu LY L Em K.
IIpecnaBcku®, oOyuaBanmu ce mpe3 akagemuuHara 2025-2026
ronuHa. EnHarta rpyna ca Te3uw B HadalleH eTam Ha oOydeHue — |
kypc (14 crynentn), a crynearute ot |l u IV xype (24 crynenTn)
NpeJICTaBIIsBaT Ipynara Ha 3aBbPILIBAIIMTE CBOSATA MPOodecHoHaTHa
TIOJITOTOBKA.

OT moiy4eHuTe pe3ydaTaTd MpH IMPOBEXIAaHE Ha TecTa 3a
YCTaHOBSIBAHE CTEIEHTa Ha OBIAJCHUTE MY3HKAJIHO-UCTOPUYECKH
3HAHMS, YMEHHUs], KOMIIETEHTHOCT MOTAT Jia CE€ HANpaBsT CICTHUTE
W3BOIH:

1. Ot mnpeacTaBeHWTE [AaHHH C€ BIKAA, Y€ OT BCHUYKH
W3CIIC/BAHNU CTYJACHTH Hal-MaJbK € IENbT Ha TE3H, C
HHUCKO HUBO — 21 %. [TouTn egHa TpeTra OT MOATOTBSIHUTE
CIIEIMAIUCTH MMaT CpeHo HuBO — 29 %, a monoBMHATA
OT BCHUKH W3CIEIBAHM Ca IMOKa3aly BUCOKH PEe3yNTaTH —
50 %. ToBa moka3sBa, 4e IO-TrojsiMaTra 4acT OT ObLICIIUTE
YUYHUTENH [0 My3HKa pa30upar 3HA4YeHHETO OT HAJIHYUETO
Ha MY3UKaJTHO-UCTOPUUECKH 3HAHWS, YMeHus,
KOMITETEHTHOCTH 32 YCHeIIHaTa cu U e()eKTHBHA paboTa B
ObJellie; MaT XKellaHue 3a Pa3BUTHE U yChBBPIICHCTBAHE.

Pa3sBUTHUETO Ha MY3UKaJIHOTO

HHBED H3d BCHYEM CTYOAEHTH

HHUCKOD HHED
CPpsAHD HAEO
BACOKDO HABO

@ur. 1: IIpoyenmno pasnpedenenue na ycmanogeHume Hud 668
8PB3KA € MY3UKATHO-UCMOPUYECKUMe 3HAHUS, YMeHUs,
KOMNEemenmHOCmu Ha GCUYKYU U3CTIe08aHU CITYOeHmu

2. Tlpu cbnocraBsHETO Ha JBETe TPYIH CTYASHTH, C Lied Aa
ce Tpociend AMHAMHUKATa Ha TAXHOTO pa3BUTHE, Ce

YCTaHOBSIBa, Y€ B IBbPBH KypcC IpeolnazaBaT CTYACHTH C
Hucko (43 %) u cpenHo (43 %) muBo. B rpymara Ha
3aBBPIIBAIUTE HAW-TOIAM € MPOLEHTa Ha Te3U C BHCOKO
HHBO (67 %), IpU CPEeIHOTO HUBO ce HaOIoaaBa cliajaHe
Ha croitHocTuTe — 33 %, 2 HUCKO HUBO HE CE YCTaHOBSIBA.

,Z',I/IH&MI/IK& B YCTaHOBEHITE HIBa

100%
50% .
HavadeH eTall Ha IpyIiia Ha
06y(1eH1/1e 3apbpHiBaIinTe

B HIICKO HIBO CpeAHO HIBO M BI/ICOKO HIBO

Due. 2: Junamuxa na 0seme pynu usci1e08anu CyOeHmu no
OMHOWEHUe HA MY3UKATHO-UCMOPUYECKUMe SHAHUA, YMEHUS,
KOMNemeHmHOCmu

Ta3u MoNoKUTENHA TEHACHIIMS TI0Ka3Ba, Ye B Mpolieca Ha
cBOeTO 00ydeHHe royiiMa 4acT OT ObJeHInTe MY3WKAIHU
HEAaro3d OCh3HAaBAaT HEOOXOAMMOCTTA OT OBJAJSIBAHETO
Ha MY3HKaJIHO-UCTOPUYECKU 3HaHMU, YMeEHUS,
KOMIIETEHTHOCTH 3a CBOsTa Oblema mnpodecroHaIHa
peann3anys; IposiBsIBaT OTTOBOPHO OTHOIIEHHE KBM TO3H
eTalm OT CBOeTo Oo0ydeHHe, pa3Oupaiiky, 4e HHBOTO Ha
TSAXHAaTa MOATOTOBKA € OIpenesimio 3a yclnexa B
Obmemata UM paboTa, 3a TAXHOTO MpodecHOoHANTHO
n3pactBane. Ilpu nmo-neraiinen aHanu3 Ha pe3yATaTUTE B
JIBETE TPYIH IpaBH BIIEYaTICHHE, Y€ MMa BBIpocH (2, 5,
13, 15) mpu xouTo He ce HaOmOOaBa IMOYTH HHUKAKBO
pa3BUTHE WIIM CE 3ama3Ba MaJKHs HPOLEHT Ha BEPHUTE
otroBopu. Te3n NaHHM ca HMHIUKATOp, KOMTO MOXe Ia
MOCIYXHU 3a IUIAaHWpaHe Ha ObJeniata paboTa, HacodeHa
KbM TIOCTHIaHE Ha Olle MO-J00pH pe3ynTaTd B
MO/ITOTOBKATa Ha 00y4YaBaHUTE CHEUAIINCTH.

3. 3akniouenue

Hacrosmoro mnpoyyaBaHe Ha HHUBOTO Ha MY3HKAaJHO-
HCTOPHYECKHUTE 3HAHHUS, YMEHHS, KOMIIETCHTHOCTH Ha CTYICHTHTE
JaBa MH(OPMALH, KOSTO MOXE 112 MOCIY)XH Karo OTIPAaBHA TOYKA B
TBPCEHETO Ha TMOAXOOM 3a YCHBBPIICHCTBaHE Mpolieca Ha
MOATOTOBKA Ha OpaemuTe mnpodecroHamucTH.  [IpoBeneHoTo
U3CieBaHE HAa CTYISHTHUTE OT creuuanHoct ,llemaroruka Ha
0o0y4eHHEeTO M0 My3HMKa“, CBBMECTHO C pealM3HUpaHH JpPYTH,
CBBP3aHH C PA3IMYHU ACHEKTH OT MOJIOTOBKATa HA MY3UKAaIHHUTE
HEJaro3d, OCUTYpsiBa BBb3MOXKHOCT 3@  XapakTepUCTHKA U
M3CNe/iBaHEe Ha IUIOCTHUS Npoduia Ha ObAElIMTE YYMTEIH IO
My3uka. OGOOIIEHNTEe JaHHN 1 HalPaBEHUTE M3BOJHM Ca OCHOBAaHHUE
32 ONTHMH3MpaHe Ha OOy4eHHEeTO, KOeTO Ja TrapaHTHpa
MOJTOTOBKATA Ha YCTICIIHU U YBEPEHH MY3UKAIHH CHEIHATHCTH.
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OCHOBHM acneKTH Ha AUPUTEHTCKUA KECT KATO MAHYAJHO-IUIACTUICH MOIAEC/I HA 3BYIECHETO
Ha MY3UKAJIHOTO MPOU3BECACHUEC

Main aspects of the conductor's gesture as a manual-plastic model of the sound of a musical work

Hristo A. Atanasov
LY "Enuckon Koncrantun [Ipecnascku”

ABSTRACT: The paper provides a concise account of the characteristics and objectives of conducting gestures as a manual and plastic
representation of the sounding form of a musical work, while identifying the musical parameters upon which the conductor may, under

certain circumstances, exert a decisive influence.

KAYWORDS: CONDUCTING, CONDUCTING GESTURE, MODELLING.

PE3IOME: B O0oknada 6 cunmesupan 6ud ce Onucéam Xapakmepucmukume U yeiume Ha OUPUZEHIMCKUME HCECMO8e KAMO MAHYAIHO-
naACMuder MOOelL Ha 36YYEHemO HA MY3UKATHOMO NPOU3GedeHUe Kamo ce NOCOUBAm MY3UKAHUMe Napamempu, 6bpxy KOUmo Oupu2eHnmvim
npu onpeodenenu 0OCMOoIMeENCMEa MoXNce 0a OKAICe PEuasawjo lusHue.
KIIFOYOBU [IVMU: JTUPVPKUPAHE, TUPUT'EHTCKU JKECT, MO/[EJIMPAHE.

B HayyHara JmTepaTypa W JUPUTCHTCKAa IIPaKTHKA
JHMPUTCHTCKHUAT XKECT Ce O4epTaBa KaTo GAMHCTBEHO MO pOjia CH
MY3HKAJTHO-MU3MIBIHUTEICKO CPEACTBO, KOCTO PEajHO U JeiiCTBEHO
(pu3mueckm) ce pasmoiara B MPOCTPAHCTBOTO KAaTO CE pa3BUBa BbB
BPEMETO, MPaBU BHANUMO ,,JIBIKCHHETO HA 3ByKa” M MPEIN3BHKBA
ompenenieHo 3BydeHe [2]. EMHONYIIHO € CTaHOBHUILETO, Y€
JMPUTCHTCKHAT KECT € TPYACH 3a OIMHCAHKE, Thil KaTO YEeCTO IIBTH
JKECTOBETE, NBWKCHHATA, HAYMHHUTE - HEOOXOAUMH U OIpPAaBIaHU
TP U3IBJIHUTEICTBOTO, U3BBH HETO TYOST CBOSITA M3PA3UTEIHOCT U
craBar cxematnyHu U ¢opmanHu. (Durrant, 2003; Garnett, 2005;
Ramona Wis, 1999, Unes Mycun 1967 u ap.).

ChLIEBPEMEHHO, 11030BaBaliKH C€ Ha H3CIICIBAHUATA Ha
penuna ceBpeMeHHU aBTOpH, kato AHuta b. Kymap, CruBeH JIx.
Mopucer [11], o6o6iuaBar, ue HaONIOAEHUETO HA MY3HUKAJIHO
U3IIBJIHEHHE € MYJITHMOJIAIHO MPEKHUBABAHE, B KOCTO UIPasiT Pojis
KaKTO BH3YyaJIHH, TaKa U CIyXOBH (hakTopH. BH3ya HUAT KOMIOHEHT
Ha JUPKUPAHETO € OT PElIaBall0 3HAYCHUE 33 BH3IPHEMAHETO Ha
pasmuunn uaTepnperanuu (Madsen et al., 2007, 2009 ). Or menHa
TOYKa Ha M3MBJIHUTENS, BU3yalHaTa HHOOPMAIMS € CBIIO TOJIKOBA
BaXHA, KOJKOTO M CIyXOBaTa @pH aHCaMOJOBOTO CBHpEHE.
Koncraranuure na Fredrickson [10] moxkpemst Tasu uues, de
,,KOMOHMHAIMATA OT CIyXOBa M BH3yalHa HH(OpPMAILHs MOXE [a
JIOBEJIE 10 Mo-700pa 00paboTka Ha HHGOpMAITUSITA™,

JeduHupaiiku IUpIKIpaHETO KaTo TpaHcopMmanus Ha
abcTpaKkTHaTa My3HKaJHa HJes B KOHKPETHa BH3yallHA MaTepus ce
noOmKaBaMe 10 HANAramoTo ce B HaydHHTE pPa3pabOTKH

CTAHOBHIIIC, Y€ ,,.,.dupueeﬁmmume acecmoee Kamo cneuuqbulma
cucmema Ha O8udiceHue Ha pvuyeme npedcmaeﬂﬂea MaHYaiIHO-
naacmuuen Mmooen Ha 3eyuenemo Ha MY3UKATITHOMO

npouseedenue...”“ [4], KOUTO OT CBOSA CTpaHa Ce THIKYBa M KaTro
MEJarorn4ecKl W TICHXOJOTHYECKH MeETOJ] 3a MNpeBpbIaHe Ha
a6CTpaKTHHTe SByKOBI/l npouecu BbB BHIAWMH, TaKTUIHU H
KHHECTETHYHN 00pa3u (IBMKEHUSI HA PBIETE U TSAIOTO) U MO TO3M
HaYMH [OMara Ha W3MBJIHUTENS WIA Ciymiarens aa ,,0(opmu’
3BYyKa, IPEIKUBSIBANKN IO (DU3HUESCKU.

Ta3u mepcreKTrBa MPeAOoCTaBsi KOHIENTyalnHa OCHOBA 3a
aHanu3 Ha peauna uscnemosareian (JIuz apuer, Corbalan, 2010;
Corbalan et al.,, 2023, Liao u Davidson 2016) 3a ToBa Kak
JUPUTCHTUTE UHTEPHAIIM3UPAT U TIPEIaBaT My3UKaIHOTO 3HAYEHUE,
KOHCprI/IpaHO B Cb3HAHHUETO UM, BIIMSICHKHU HA U3ITBJIIHUTEIINTE U Ha
myOuKaTa.

3a usnvanumenume Karo MPOCTPAHCTBEHO-BPEMEBA CXEMa
JUPHUTEHTCKUST JKeCT M3rpak/ia GU3nuecKuTe TpaHuIll Ha TBOpOaTa
OTHOCHO:

®  Owibouuna u popma Ha 36yKa - Upe3 BEPTUKAIHU U

XOPHU3OHTAJIHU  [JBW)KEHHS JUPUTEHTBT ,,MOIeIHpa‘
¢pasara, 3amaBaiiku HeiiHara aMHamMKKa (CWia) U
apTUKyJIanus (Jeraro, CTakaro ¥ T.H.);
Mempuuna nyicayus — TAaKTOBUTE MOJENH (CXeMHTe Ha
TaKTyBaHE) CIIyXaT KaTo BHIMM OPHUEHTHpP, KOMTO
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mocTaBsi aHcamObiIa B OOII BPEMEBH MOTOK, IOMaraiiku

HA  My3HKaHTUTE [Oa  JAdIAT W CBUPSAT/IEST

CHHXPOHU3UPAHO.

3a nybrukama JTUPUTCHTCKHAT JKECT € CBOoeoOpaseH
(u3MyYecKd TpeBofaY, KOWTO W TPaBeWKd BHIMNM  3BYyKa

BH3yaJlH31pa 4pes:
[ ]

KuHecmemuyna emnamust OIVIeaJIHUTe HEBPOHH B
MO3bKa, [BI)KCHHATA Ha TAJIOTO Kapar CIyLIaTesst
HECH3HABAHO [a ChIpPEKHBee (PU3UYSCKOTO YCUIHE U
eMolusITa Ha My3HKara (HampeXeHHe, pasmycKaHe,
KyJIMUHALH ).

paskaz upe3 dicecm - W3PA3UTEIHOCTTA HA pBLETE,
paMeHeTe ¥ MUMHKara, abCTPaKTHUTE 3BYKOBH MPOLECH
ce MpeBpBIIAT B pa3lO3HABAEMH BU3YaJHH JKECTOBE
(TTABHOCT, OCTPOTA, HEKHOCT), KOUTO TpHUAaBaT (Gopma
Ha HEBUAUMOTO H3KYCTBO.

B wm3cnenBanero cu Morten Schuldt-Jensen noka3sa,
BCEKH MOJIENl Ha JUPUTEHTCKUTE )KECTOBE HUKOTa HE € €NH W ChIII,
M 4e e/HA W ChIIa My3WKa 3BYYH Pa3lHYHO MPH MPOMSHATA HM.
HM3rnon3BaneTo Ha OMpPEIEICHH MO/ Ha JUPUTEHTCKHUTE KECTOBE
WM TeXHH BAPHAHTH OT AWPUTEHTA, T.€. HETOBUST , IAYCH CTHI,
Tpsi0Ba 1a M3pa3siBa YMHILICH apTHCTHYCH M300p BB BCEKH €IHH
ciyyaii [15].

B cMuchia Ha KOHIENIHATA 32 yIpaBJIeHHE Ha MPOLECH B
peayHO BpeMe B 00NacTTa Ha MY3HUKAJIHOTO H3KYCTBO MOJAENBT
(duKcupa XymoKECTBEHATa MEHCTBHUTEIHOCT, T.€. Ype3 MOHITHETO
,,MOJZIET” MOYKEM Jla OYepTaeM peajHhs, OOSKTUBHO CBINECTBYBAIL]
CBAT Ha My3HKara M BbOOpakaeMusi aOCTPAKTeH MOJENICH CBST,
KOWTO MpOAyKT Ha uH(pOpMAIMATa, MNOPOJAEHA OT MHCIOBHO
€MOIIMOHAIHATA JeHHOCT HA JUPHWIEHTa BbB BHJ HA MPEICTABU U
eMOIMOHAIHY TIpexuBsiBanus [3]. V3rpakmaHeTto Ha Ta3d Bpb3Ka
(okycHpa BHHMAaHHETO KbM JHPHTCHTCKHS XKECT KaTo 00ekm Ha
Mooenuparne HaCOYCHO KbM:

- My3HKaJIHO OPHEHTHPAHA MPEIU3HOCT U EKCIIPECHS;
- cieu()MYHA ¥ TIeIeHacouYeHn POPMHU Ha TUPIKUPAHE;

- MOTHBHpAHETO Ha ompezeneHa ¢Quiocodus Ha
MY3HUKaJIHOTO U3IbIHEHUE.
Karo My IpHiaBa CMHICHIIa Ha Memoo, KOUTO:

- MpUTEXaBa CTPOro CrHelM(pHYHH BB3MOXKHOCTH 32
OoTpa3siBaHE Ha XyHOXKECTBEHAaTa JEHCTBUTEIHOCT, KakTo H

pasnMyeH XPOHOTOI (3aKOHOMEPHAa BpPB3Ka Ha MPOCTPAHCTBEHO-
BPEMEBUTE KOOPIMHATH);

- ompemenss BB3MOXHOCTHTE 33 ChUETaBaHE MEXIY
JKeCToBeTe (3HAIWTE) MpH M3TPaKAAHETO HA JUPHUTEHTCKaTa
TEXHUKa;

- NIPUTEXaBaT CBOM CHEIU(DHUYHH IIPaBHJIA 32 OPraHHU3AINST
Ha wuHQOpManMATa M TE3M IpaBUIa ca CBbP3aHH C HEHHOTO
pasbupane.

IIpenBua ChIIHOCTTAa HAa JUPHIEHTCKOTO HM3KYCTBO KaTo
OTHOCHTEIIHO TIPEIM3eH MaHyaleH MOJel Ha My3HKara IO
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https://pubmed.ncbi.nlm.nih.gov/?term=%22Morrison%20SJ%22%5bAuthor%5d
https://pmc.ncbi.nlm.nih.gov/articles/PMC4937028/#B22
https://pmc.ncbi.nlm.nih.gov/articles/PMC4937028/#B21
https://pmc.ncbi.nlm.nih.gov/articles/PMC4937028/#B11
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JINTEPATYPA:

OTHOILICHHE Ha HEHHOTO ChABpPXKaHME U (PopMa, MOJEIUPAHETO Ha
JUPUTEHTCKHUTE JKECTOBE CE OCHOBAaBA Ha XyHO0XECTBEHHS MaTepHal
(TenecHa IIaCTHKA) W XYOOXKECTBEHUTE CPEICTBA (M3Pa3HTEIHH
JBIKEHNS) Ha JUIEBO-TIIACTUYHUTE U3KYCTBA M B Haif-00II acTieKT
HMa 3a el

®  Buzyanuzayus Ha 36YKa. IIpeBex1ane Ha
XapaKTepPUCTUKUTE Ha 3ByKa (JUHAMUKA, TEMOBp, LIPHX)
Yype3 IIACTUYHH JIBIDKESHHUS;

e Cevpssane Ha Qopma u cvbObpICaHUe: OCMUCITHE upe3
IOBIDKEHWATa Ha  CTPYKTypHaTa OpraHM3anus Ha
NpOU3BEJEHHETO — KaK dYacTUTe C€ pa3BUBaT U
B3alMO/ICHCTBAT;

o Axmueno @v3npuemane: TPEKUBSIBAHE U U3pa3siBaHE Ha
eMOLIMUTE ¥ HIAEHUTe, C KOHTO € M3IBIHEHO BCAKO
MY3HUKaJTHO IPOU3BEICHHE.

ToBa karo 110 ca My3HKAITHHUTE [TapaMeTpH, BbPXY KOUTO
OUPHTEHTHT OM MOTBJI Ja JKelnae - W TIPH  ONpeeieHH
00CTOSITENICTBA HAWCTHHA MOXE - Ja OKake pellaBamio BIUSHUE,
Yype3 OmNpenesieHO MOJeNpaHe Ha IUPUTEHTCKHTE >kectoBe. Ilo
TO3W HAYMH M3IBIHUTENNTE IIe MoTydaT HH(OpMaIHs 3a ToBa KakK
Jla IpOM3Be/aT 3ByKa H Ja pearupar CbOTBETHO BbPXY acleKTUTE Ha
BCSIKA €JHA OT T€3H MYy3HMKaJIHO-U3ITBIHUTENICKH KaTeTOPHH.

OyHKIUMOHATHATE  XapakTePUCTUKH HA  YMHUIIJIEHO
MOZENUPAHUTE JUPHUIEHTCKH >KECTOBE, M3pa3siBAIIM APTHCTUYHHS
n300p Ha JMPUTEHTA B Haif-00II BUA ca CICIHUTE:

- npeyusHume (cxemamuyHume) dicecmoge KOHTPOIUPAT
TOYHOTO OTOpOsIBAHE Ha BpeMeHara B TaKTa, CHUTHAJIATE W
NpEeIyNpPEeKICHUATa, aKTUBUpANIM BHUMAaHHETO; KOWTO ITOKa3BaTr
TOYHOTO BpeMe H IOCOKa, KOTaTo JUPHUIEeHTHT MapKupa yaapHaTa
Touka (the ictus), Toil cBbp3Ba IBIDKCHHETO ¢ KOHKPETHHS MOMEHT
Ha METPUYHOTO BPEME;

- orcecmogeme, uzobpazasawu (umumupawu) uzuyecku
YCUnuAma — Ha  MY3UKAIHume — U3NGbIHUMENU,  KOHTPOIUpAT
(U3MYECKOTO IPOU3BOJICTBO Ha 3BYK, HETOBHUS XapaKkTep;

- dicecmogeme, NpeHacAwU J102U4eCKama CmpyKmypa u
MY3UKATHAMA MUCHI 6 ,, HO3UMUGHO-NOHAMUEH " acnekm, KOWTO
aHcaMOBJla (XOp, OpPKeCTbp M [p.) Aemudpupa, OCcBOOOKIaBAT
MY3UKaJTHO-OPHEHTHPAHATa IPEIU3HOCT U eKCIIPECHS;

- NCUX0-COYUAnNHO no3Hamume Jcecmoge HaChpUaBAT
B3aMMO3aBUCHMOCTTA;

- Jicecmogenme, obrexkuasauju Hanpesicenuemo,
0CBOOOXKIABAT MO-CBOOOTHO M HE3aBHCHMO MPOU3BOJICTBO Ha TOHA
[15].

B xoma Ha TOBa ecTeCTBO MOXKE Ja C€ HalpaBu
3aKTIOYCHNETO, Y€ JUPHUTeHTCKUTE JKECTOBE KaTo MaHyalHo-
TUTACTUYHHA MO Ha 3BYyYEHETO HA MY3HKATHOTO MPOW3BEICHHE
,»MoTrar fa ObJaT pasmiefaHd OT JBE Pa3IUYHH TJIEIHU TOUKH: 1)
Karo paMKa 3a JAeHCTBHATa HAa MY3WKAHTHTE, HPEIM3BUKBAIIH
JUPEKTHa aKyCTH4Ha, (U3MYecKa peakuus; M 2) Karo CHMBOJIH,
MOJUIS)KAIIN Ha MHTEPIPETaIMsl KaTO PUTYaleH e3UK ChC COOCTBEH
CHHTaKCHC W MOXKe OM JOopH Karo caMocTosTenHa ¢opma Ha
M3KYCTBO.“ [Iak Tam]

.. 110 CBIECTBO JAUPIKMPAHETO € Ja Hakapa
MY3UKaHTHTE 1@ CBHPST IO Hai-TOOpUs Ha4WH W Ja Morar Ja
M3MOJI3BaT €HEeprusATa CH U Ja IMONydaT JOCTBHII J0 CBOSTA INIETHA
TOYKa 3a My3HuKara. lmMa BpB3Ka MEXAy jKECTOBETE, (H3MIECKOTO
MIPUCHCTBHUE, aypara, KOSTO IWPUTEHTHT MOXE Ja MPOEKTHpa, U
TOBa, KOETO My3HKaHTHTE pon3Bexaar.“ [Gilbert, Alan].
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IMo3unusiTa HA TMPUTeHTAa KATO YaCT OT AKTUBHUS NMPOIeC HA NMPech3I1aBaHe HA
MY3HKAJHOTO NIPOU3BeIeHHE

The conductor's position as part of the active process of recreating the musical work

Hristo A. Atanasov
LITY "Enmuckorr Korcrantun [IpeciaBcku”

PE3IOME: B 0oknada ce paszenexcoam ponsima Ha OupueeHma 6 OCHOGHUmMe emani Ha MpaHCIupane Ha MY3UKAIHOMO NPou3eedeHue om
KOMNO3Umopa 00 CIywameis, 04epmaganm ce OCHOGHUme My 3a0aud npe3 cuuKume Gasu Ha mosu npoyec, KaKmo u 8b3MONCHOCHUME,
KOUumo moil uma 3a OUpeKmHo GausHUe HA NPpoYecd, MAKap U Camo 3a 02PaHu4eH nepuoo om speme.

K/IFOYOBH JIYMHU: TUPUTEHT, MHTEPIIPETATOP, H3ITBJIHUTEJI.

ABSTRACT: The paper examines the role of the conductor throughout the principal stages in the transmission of a musical work from the
composer to the listener. Iz outlines the conductor’s main responsibilities at each stage of this process, as well as the opportunities for direct
influence that the conductor can exercise over the performance, albeit only for a limited period of time.

KEYWORDS: CONDUCTOR, INTERPRETER, PERFORMER.

Crnennduunure 0coOCHOCTH HA AEHHOCTTa HA JUPUTEHTA
(KOJIEKTHBEH XapakTep Ha W3IIBJIHEHHETO, OTCHCTBHE Ha PEalHO
3BydeHEe Ha aHcaMmObJa NpH HadalHMS TEpUOJ Ha pasydaBaHe Ha
MapTUTypaTa, OpraHU3aIATa U YIPABICHUETO Ha N3ITBIHUTENICKATA
JEeHHOCT, HeOOXOAUMOCTTa OT BBTPEUIHO CIYIIAaHE W MHCIICHE Ha
JUPHUTEHTa) TO MpaBAT YHUKAJIEH THI MYy3HKaHT M OTIHYaBaTr
JUPIKHUPAHETO OT JPYTUTE BUAOBE MY3UKATHO-U3ITBIHUTEICKH
neiiHoctu. B To3m acmexkt B. ApnaynoB  ompenens XOpoBUS
JIUPUTEHT KaTo ,, U3NbAHUMEN, KOUTO caM MpaBU MHCTPYMEHTA CH.
ToBa, 4e ,MHCTpyMEGHTa’ Ha JUpUIEHTa CE SBSIBAa CHCTaB OT
MY3UKaHTH, OT MHOXECTBO JIMYHOCTM C Pa3IMYHO HUBO Ha
MOATOTOBKA, PA3IWYHU IICUXUIECKH HHAWBUIYATHOCTHU, XapaKTepH
1 TeMIIepaMeHTH, OIpeJesisl ICHXOIOTHYeCcKaTa XapakTepUCTuKa Ha
Ooupuzenmckama oeurnocm [1].

Ha mpakTuka OUPUTEHTBT € B IIOCTOSIHEH OOMEH C
mapTUTypaTa Ha  MY3UKaJlHOTO  IIPOU3BECHUE, TOECT C
KOMITIO3UTOpa, aHCaMObJia Karo II0 M OT/ACIHHTE MY UWICHOBE,
KaKToO U C IMyOJMKara, a JeHCTBUATA My NPEAN3BUKBAT OYaKBAHHS U
Ha Tpute rpynu [4]. TpancnupaHero Ha  My3HKaJIHOTO
MIPOM3BE/ICHNE OT KOMIO3UTOPA IO CITyHIATeNs, HeTOBOTO BHTPEIIHO
BIDKIAHE Ce O4depTaBa KaTo OCHOBHA 3ajada Ha JUPHUTEHTa Karo
mpe3 BcHYKuTe (pa3u Ha TO3HM INPOIEC TOH HMMa BB3MOXKHOCT 2
BJIMsie AUPEKTHO Ha MPOIIeca CaMo 3a OTPaHUIEH MEPHO] OT BPEME.

Mopren Illynar-Mencen ompemens To3W mpouec Karo
»TPUBIBIHUKA Ha JUPUIeHTa‘, n300pa3sBaiiku  CXeMaTHYHO
OCHOBHUTE My €TaIlu:

composer audience

transformation

<t
conductor
Mopmen [Llynom-Hencen

musician

musicology

ITvpsusm eman (nopenernnnoHeH) To3n eramn ce CBbp3Ba
C TpeaBapuTeNHaTa paboTa Ha JUPHMIEHTa Haja MapTUTypara Ha
MIPOM3BECHUETO, KOSTO CE SBSBA!

- IIaBHMS M3TOYHHUK Ha HeoOXonumara WHQopMaius npu
pasKpHBaHe Ha ChIBP)KAHUETO Ha My3UKaTa;

- BBTpEIIEH HEHWH JyXOBEH OONMK B PEaHO BpeMe 4upe3
CBh3/[aBaHe Ha ABJIOOKO JIMYHA KOHLENIVS 32 U3IBIHCHUE MY.

Ilopamu Ta3su mpuuuHa TO3M €Tall OT Ipoueca € OT
pelaBallo 3Ha4eHue 3a JUPUTEHTa KaTo OCHOBHATa My Lell € J1a:
uneHTHGUIIpa  My3MKaJHOTO  HaMepeHHe
KOMIIO3UTOPA;

Ha
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U3rpagy  M3IBJIHUTENCKaTa CH  KOHLEHNIUS 32
NPEeBBILTHIABaHE HAa 3aMUCHIIA HA KOMITO3UTOPA;
olpe/ieNI HAYWHUTE 3a MOCTUTAHE Ha XyIOKECTBEHU
pesynrary;

M3TOTBH IUIaH 32 paboTa HaJl IPOU3BEACHHUETO.

XapakTepHO 3a TO3M €Tall € OTCHCTBHETO HA PEalHOTO
3ByueHe Ha aHcaMObia. ToBa Hajara o3By4aBaHE Ha IapTUTypara
(upe3 W3CBHpBaHE W/WIM U3IIABAHE), KaTo LiEJITa € He caMo Ja ce
3Hae 3BYYCHETO Ha MapTUTypaTa KaTo LSUI0, HO U J]a Ce OIPEIeNAT ’
aHanu3upar TpyIHHTEe (CHenU(HUYHM) 3a U3MBJIHEHHE MecTa
(MenoanYecKy, XapMOHIYECKH, pUTMAYECKH ). MI3cBHpBaHETO W/MIH
M3IIBAHETO Ha IapTHUTE M TEXHUTE KOMOMHALMH CE W3BBPILIBA B
yI00HO TeMII0, Taka 4e TO Ja ObJIe TOUHO U BIPHO B PUTMUYECKO U
MHTOHAIIMOHHO OTHOIIICHHUE.

Jpyr cblllecTBEH MOMEHT OT TO3U €Tall Ceé CBbp3Ba C

OIIpEJIENISTHETO Ha:
crelMpUUHNTE eNEeMEHTH Ha My3HKalHarta HOTHA
CHCTeMa W MYy3HWKalHO-M3pa3HUTE CPEICTBA, W3MOI3BaHH B
MY3HKaJIHHUS TEKCT Ha KOHKPETHOTO MPOU3BEACHHUE;
BHJa Ha U3NBJIHUTEICKHA CBhCTAB M HAYMHA HA
W3MUCBAaHETO MY B KOHKPETHA MapTHTYypa, JUana3oHa (aMOHUTyC) Ha
HapTHUTE MO OTAEIHO M HA XOpa Karo 1110, hopMara ¥ My3HKaIHUS
€3HMK Ha POU3BE/ICHHETO;

- ernoxara, CTWIOBHTE 0COOCHOCTH U akTypara My.

ToBa OT CcBOS CTpaHa M3HMCKBA 3aabJIOOUCHO ITIO3HABAHE,
pasbupaHe W BilajJeeHe Ha My3MKalIHaTa TEPMUHOJIOTHS,
My3HMKaJlHaTa HOTHa CHCTeMa, MY3HKaJIHO-H3pasHUTE CpPEICTBa,
JMPUTEHTCKaTa W BOKAJIHO/MHCTPYMEHTAJIHO-M3IBJIHUTENICKATA
TEXHHKA.

Taka ce cp3maBaT HEOOXOIUMHTE YCIIOBHUS 32 33ABIOOYEH
AQHAJIM3 Ha CBHABPKAHMETO HaA MAPTUTypara U HM3rPAKIAAHETO Ha
COOCTBEHa  KOHLEMIMSA 33 pEealu3upaHe Ha  MY3UKAJIHOTO
NPOU3BEJCHHE, KOETO OT CBOSI CTPaHa € OCHOBA 33 M3rpaxkJaHe Ha
MY3UKaJIHUA 06p33 B Cb3HAHUETO HA JUPUI'CHTA.

[IpencraBsHETO Ha MPOM3BENCHUETO Ype3 M3MOJI3BAHE HA
JIYMH U TIPEJUMHO CHMBOJIMYHH JKECTOBE, B TOPE MOCOYECHATA CXeMa
JUPUTEHTHT MOXKE J]a € IOCTABEH B JACCHHS ,,My3HKOJIOTHYEH BI'bI",
T.e. TYK TOH ce MpecTaBsi KaTo My3HMKOJIOT'BT, KOHTO Ha 0Oa3zara Ha
TEOPETHYHHTE METOAM aHalW3Mpa TBopOara, Cbhb3IajeHa OT
KOMIIO3UTOpa, HelHaTa UCTOPHS, COL[HAICH KOHTEKCT U MYy3HKaJIHO-
M3Pa3HO ChIbpIKaHHE.

Bmopu eman (peneTHLUOHEH) peanuzauus Ha
M3ITBIHUTENICKHS 3aMUCHI B Ipoleca Ha penerunus. Ha Gasara Ha
NpEIBapUTEIHO OBIAJABAHE HA MApPTHTypaTa IAMPUTEHTHT B3eMa
KOHKPETHH PELICHHS] OTHOCHO M3ITBJIHEHHETO M C LieJl HAaMHpaHe U
NOCTUraHe Ha HEWHWS Hal-100bp TBOPYECKHM CKBHBAJICHT,
HpEIU3BHUKBAI] CHOTBETHUTE EMOIMOHAIHM pPEaKIuH, KaKTo Ha
M3IIBJIHUTEINTE, Taka W Ha ciyliareauTe. BB BpeMeTo, KOraro
JMPUTEHTHT NpeJjaBa KOAUpaHaTa uiest Ha aHcaMObiia M YIpaBisiBa
KOOPAMHUPAHETO HAa MY3UKAJIHUTE CbOUTHS B HEroBara MapTuTypa,
T.e. TpaHchopmanuiara M B 3BYK — YECTO C MHOIO Pa3IUYHU
pe3ynTaTH ce OIpereNs U Bpb3Kara MeX/Iy HETO U M3IIBIHUTEINTE.


https://journals.openedition.org/signata/docannexe/image/1126/img-4-small580.jpg
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N3non3BaHeTo Ha (yHKUMOHAIHA JUPUTCHTCKA TEXHUKA, CbOTBETHO
BOICHETO Ha aHcaMObla KbM MY3HMKAaJTHO-U3MBIHUTENCKA U
Xy[IO’)KECTBEHA pean3alys Ha MPOU3BEACHUETO T'0 IPaBH ,,primus
inter pares cpex ,,Kolerure My3ukaHTu" [4], MO3UIHOHUPANKH IO B
JIeBUS BI'BJ HA CXEMara.

Tpemu eman (KOHIIEPTHO H3IIBITHEHUE) - B TO3H €Tall CE
MpOSIBSIBA B HAW-TOJNsIMA CTENEH crHeruduKara Ha M3KyCTBOTO Ha
mupurenta. Criopex B. JI. J)KuBoB Tasm cnerm¢puka ce onpenenst u
oT (akra, UYe HEroBUs HHCTPYMEHT, OpPBIHETO HAa HErOBOTO
TBOpUECTBO ¢ camusi Tod. Tol TpsOBa sCHO, HM3PA3UTENIHO U
€MOLIMOHATHO Jla TpeAaie Ha U3MBIHUTENNTE CBOMTE TBOPUYECKU
HaMepeHus. AKO Ha PENeTHLUS TOH Bb3AeHCTBA HAa U3ITBIHUTEIUTE
C MOMOINTA Ha CIOBECHH PAa3sICHEHUs M W3IBJIHUTEICKU IOKa3 (C
I1ac WIM MHCTPYMEHT), TO Ha KOHIIEPTa AUPUTSHTHT CE BB3IpHEMa
OT M3NBJIHHUTENNTe W MyOnMKara camMo Bu3yainHo. Hacousaiiku B
ObIemeTo  HACTOAIINTE MACHCTBHSA, JAUPUTEHTHT ITOCTOSTHHO
H3IpeBapBa JISUCTBUATA Ha U3ITBIHUTEIINTE HA ONpe/eseH ,,Buaum”
UHTEpBaJd OT BPEMETO, KOETO My JaBa Bb3MOXKHOCT HE caMo Ja
MOATOTBSI U PpEryIupa TEXHUTE IEWCTBUS, HO M BBTPEIIHO Ja
Ipech3[aBa IMPOU3BEACHHETO, yCemaWku To KaTo o0eMHa W
IBTOCTHA XyIOXkKecTBeHa KOHCTpyKuus [2]. Ilo Bpeme Ha KOHIEPTHO
M3ITBJIIHEHNE TPs0Ba Ja NpeleHN creuduKaTa Ha U3IIbIHUTEICKUS
CBCTaB, KAKTO M aKyCTHYHUTE NapaMeTPH Ha KOHIIEPTHATa 3aJa ChC
n Oe3 mybmuka. ,,Kakto Bcekm Apyr My3WKaHT, JUPHIEHTBT ce
BBJIHYBa M JIOPH CHOHTAQHHO pa3BHBa HOBH MY3HMKAJHH HACH IIO
BpeMe Ha wusmbiHeHHero. CleqoBaTeNHO, TOBA, KOETO TOH H
aHCaMOBJIBT pemleTHpar, TpsOBa Ja MOXKE Oa CEe NPOMEHI 0
W3BECTHA CTENEH, 3a Ja Ce IOCTHTHE apTHCTHYECH ONTHMYM B
aKyCTHYHO M AJYXOBHO HOBara cpela Ha BCAKO M3IbIHEHHE.  [4].

B TO3m eram Ha mpeck3gaBaHe Ha MY3HKaIHOTO
NPOU3BEJCHNE ,,...HE C€ OYaKBa JUPUTCHTHT Aa IPEUIOKU CBOS
coOCTBeHa, WHAMBUAyalHAa HHTepnpeTanus. Tod He ce ycema
MPOCTO KaTo CBBP3BAII0 3BEHO MEXAY KOMIIO3HTOpA U CITyLIaTels,
a KaTo JIMYHOCT, KOSTO 4Ype3 CBOSATa WHAWBUAyallHA U
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CHOTBETCTBAIlla HAa KOMIIO3UTOPCKUTE TBPCCHUsI HHTEPIpETaIHs
TOM 100aBs HOB €JEMEHT B Kommo3uiusTa.” [5]. B To3u MoMeHT
TPUBTBIHUKBT CE 3aTBapsi, HO Ha HUBO KOETO B PEaJicH MOMEHT
MOCTaBsl AUPUTCHTA B KaYECTBOTO MYy Ha M3MBIHUTEN, ,,BUPTYO3 U
cam 1o cebe cu aptuct™ [6 |.

ApPTHCTHYHHUTE CHOCOOHOCTH Ha IHUPWUTEHTA IIPSKO ce
CBBP3BaT C ,,eMOIIMOHAIHOTO IIPEJCTaBSHE CBHABPIKAHUETO Ha
MYy3HKaTa, MPEeIU3BIKBAHE HA OTBETHATA CMOIIMOHATHA PEaKIUsl Ha
NEBIUTE U Ype3 Hest — ChIPEKUBSIBAHETO Ha ciymaresure.” [3]. B
KOHLIEPTHOTO HW3MBJIHEHHE AWPUTEHTHT peardpa CIOHTaHHO,
npenaBaiiky eHeprust ¥ eMOIUS, U 110 TO3U HAYMH BB3ISHCTBa KaKTO
HaJ| M3IBJIHUTEIICKUS ChCTaB, Taka W HaJ myOiukara. IlyGimkara
BeYe HE HBAa CaMoO 3apagd KOMIIO3HMIHATA, HO M 3apajd Herosara
uHTepnperanua’ [5].
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Beyond Reproductive Autonomy: Three Ethical Arguments for Normalizing Elective
Oocyte Cryopreservation in an Age of Reproductive Crisis

Aleksandra Traykova
Bulgarian Academy of Sciences
4 Serdika Str., Sofia, Bulgaria

al.tra@abv.bg

Abstract: This paper outlines three main arguments in favour of normalizing the practice of elective oocyte cryopreservation, also known as
“social egg freezing”. The first two arguments are related and represent a distinctively value-oriented rather than goal or process-oriented
outlook on the matter, which differs from the standard bioethical focus on the bodily aspects of reproductive autonomy. The third argument
brings our attention back to the body, highlighting the transient nature of health and rejecting the notion that only currently ill or
incapacitated persons should be considered a morally acceptable candidates for elective oocyte cryopreservation.
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A competency model for training specialists in biological security in the context of
bioconvergence

Nenovska, M. 1., Ph.D, Chief Assistant Professor
“G. S. Rakovski” National Defence College, Sofia, Bulgaria
m.nenovska@rndc.bg

Abstract: The rapid advancement of biotechnology, artificial intelligence, big data analytics, and digital technologies is transforming the
nature of biological risks and creating new challenges for security systems. At the same time, the processes of bioconvergence are fostering
increasingly close interactions among the life sciences, engineering, information technologies, and security studies. This paper explores the
implications of these developments for the education and training of biological security specialists. Drawing on a systems approach,
comparative analysis, and conceptual modelling, the analysis identifies the key competencies required for effective professional performance
in a dynamic technological environment. An original competency model is proposed, integrating fundamental biological knowledge,
technological competencies, security-related expertise, and practical skills for biological risk management. The model provides a conceptual
framework for the modernization of educational programmes and for strengthening sustainable capacity to address biological threats.
Keywords: BIOLOGICAL SECURITY, COMPETENCY MODEL, BIOCONVERGENCE, COMPETENCIES, TECHNOLOGICAL
TRANSFORMATION, ARTIFICIAL INTELLIGENCE.

1. Introduction Comparati_v_e analysis was employed to examine the differences
' between traditional educational models and the contemporary
The contemporary security environment is being reshaped by  requirements arising from bioconvergence and technological
rapid advances in the life sciences and digital technologies, transformation. This made it possible to identify the principal areas
fundamentally transforming the nature of biological risks and the ~ in which educational content and training approaches require
approaches used to manage them. The development of synthetic ~ updating to meet the evolving demands placed on biological
biology, genome editing, artificial intelligence, and related  security specialists.
technologies creates significant opportunities while simultaneously

introducing new challenges for biological security [1, 2, 4]. Based on the findings of these analyses, an original competency

model was developed using the method of conceptual modelling.

Bioconvergence, which integrates the life sciences with The proposed model represents a conceptual framework that
engineering and digital technologies, further increases the systematizes the principal competency domains and the
complexity of biological security and creates new requirements for relationships among them, with the aim of supporting the education
the education and training of specialists. However, existing and training of biological security specialists in the context of
educational models remain largely discipline-based and do not  bioconvergence and the accelerated advancement of digital
adequately address the interdisciplinary competencies required in technologies.

this rapidly evolving environment [2, 5, 7, 20]. The integrated application of these methodological approaches

This paper examines the implications of bioconvergence and enabled the synthesis of the findings derived from the theoretical
technological transformation for the education and training of  and comparative analyses into a unified competency model aligned
biological security specialists and proposes an original competency ~ with ~ contemporary  developments in  biological security,
model aligned with contemporary professional requirements. By  bioconvergence, and competency-based education.
integrating  biological, technological, and security-related

competencies within a unified conceptual framework, the proposed 3. Theoretical Foundations of the Competency-

model addresses an important gap in current competency-based Based Approach to the Education and Training of
education for biological security. Biological Security Specialists

Rapid advances in the life sciences, digital technologies, and

2. Methodology technological innovation are reshaping professional education and

. . . training across multiple disciplines. In response, Competency-Based

The research methodology combines literature analysis, @ gqycation (CBE) has emerged as a leading educational paradigm,
systems approach, comparative analysis, and conceptual modelling,  gmphasizing learning outcomes and the application of knowledge,
which together provide the methodological foundation for the  gyiis and professional attitudes in real-world contexts [20, 23].
development of an original competency model. Consistent with the European Qualifications Framework (EQF),

The study began with an analysis of scientific publications, ~ COmpetence is understood as the demonstrated ability to apply
international reports, and strategic documents addressing biological ~ knowledge, skills, and personal attributes in professional practice
security, bioconvergence, advances in biotechnology, competency- ~ and to assume responsibility in diverse contexts [20]. This
based education, and the transformation of education in the context ~ understanding is also reflected in the Bulgarian pedagogical
of digitalization [1-7, 20, 23]. The purpose of this analysis was to literature [23].

identify the principal trends and factors shaping the emerging International  organizations, including UNESCO and the
requirements for the education and training of biological security European Commission, recognize competency development as

specialists. essential for strengthening the resilience of educational systems and

Using a systems approach, the education and training of  Supporting adaptation to digital transformation [7, 15, 20]. The
biological security specialists was examined as a complex system  Principal  characteristics of competency-based education are
comprising educational institutions, curricula, technological ~ Summarized in Table 1.
infrastructure, and the professional environment. This approach
enabled an analysis of the interrelationships among these
components and their influence on the development of the
competencies required for effective professional practice. Such a
methodological perspective provides a structured framework for
investigating dynamic processes and deriving applicable solutions
in the field of security [25].

Competency-based education promotes professional
adaptability, critical thinking, teamwork, and lifelong learning while
providing a systematic basis for curriculum design and learning
outcome assessment [20, 23, 24].
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Table 1: Principal Characteristics of Competency-Based Education

Characteristic Description

o/ Orientation towards Focus on achieving specific, measurable results that reflect
learning outcomes the competencies acquired by learmers.
Integration of knowledge, Combining theoretical knowledge, practical skills and professional
* skills and professional attitudes into @ comprehensive professional competence.
attitudes
Active participation of Emphasizing independent work, initiative and responsibility
00 : :
a4t learners in the educational of the leamners.

process

Use of practical tasks, Applying real or realistic situations to develop practical skills

i case studies and simulations | and the ability to make decisions.
Continuous assessment Conducting systematic and ongoing feedback to monitor progress
ll and support leamers' improvement.

of competency acquisition

. Personalization of learning Adapting the learning process to individual goals, prior experience
. in accordance with and learning pace.

individual needs

Development of readiness Fostering self-directed learning skills, adaptability and motivation

®

In the field of biological security, the competency-based
approach has become increasingly important in response to
bioconvergence and rapid technological transformation. Specialists
are expected to integrate expertise in the life sciences, digital
technologies, risk management, and security studies. The
competency model proposed in this study addresses these
requirements by providing an interdisciplinary framework that
integrates  biological, technological, security, and social
competencies to support the education and training of biological
security specialists [1, 2, 4, 5].

for lifelong learning for continuous professional development.

Technological
in the

4, Bioconvergence and
Transformation as Drivers of Change
Biological Security Environment

Bioconvergence, driven by the integration of the life sciences,
digital technologies, engineering, and artificial intelligence, is
transforming medicine, public health, industry, and security
systems. Advances in bioinformatics, big data analytics, automated
laboratory systems, and artificial intelligence have significantly
enhanced the analysis of biological data and accelerated the
development of pharmaceuticals, vaccines, diagnostic methods, and
public health preparedness capabilities [2, 4, 5, 6, 10, 11].

At the same time, technologies such as synthetic biology,
genome editing, automated DNA synthesis, and artificial
intelligence increasingly exhibit dual-use potential, expanding
biological risks and requiring appropriate regulatory frameworks,
including Regulation (EU) 2021/821 [1, 3, 4, 19, 26, 27].

Digitalization has also introduced new cyber-biological risks
associated with biological databases, cloud-based platforms, and
automated laboratory systems. Consequently, the biological security
environment has become increasingly interconnected, complex, and
uncertain, requiring specialists to combine expertise in the life
sciences, digital technologies, cybersecurity, and risk management
[5, 12, 13, 17, 18, 19, 28].

These developments highlight the need for competency-based
educational models capable of preparing specialists to work with
emerging technologies, assess evolving biological risks, and make
informed decisions in an increasingly technology-driven security
environment. The competency model proposed in this study is
designed to address these emerging educational requirements [5, 16,
20, 23, 28].

for the
Security

5. An Original Competency Model
Education and Training of Biological
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Specialists in the Context of Bioconvergence and
Technological Transformation

5.1. Rationale for Developing the Competency Model

The need for a competency model arises from the growing
mismatch between traditional educational programmes and the
evolving professional requirements associated with bioconvergence
and technological transformation. While conventional education has
primarily focused on providing knowledge in microbiology,
epidemiology, toxicology, and biological risk management,
contemporary professional practice requires the integration of
competencies related to digital technologies, data analytics,
bioinformatics, artificial intelligence, and the management of
complex risks [2, 5, 20, 23].

Based on the analysis of the scientific literature and the
identified trends, an original competency model was developed
(Figure 1). The proposed model comprises four interrelated
competency domains that collectively define the knowledge, skills,
and capabilities required of the contemporary biological security
specialist.

BIOCONVERGENCE AND TECHNOLOGICAL TRANSFORMATION

1. FUNDAMENTAL
BIOLOGICAL
COMPETENCIES

2. TECHNOLOGICAL AND
DIGITAL
COMPETENCIES

:

+ Microbiology + Data analysis

+ Virology + Bioinformatics

+ Immunology + Atificial intelligence

+ Molecular biology + Machine leaming

+ Epidemiology + Information systems

+ Public health + Automated monitoring systems
+ Biotechnology + Digital Twin technologies

BIOSECURITY

3, SECURITY AND RISK PROFESSIONAL

MANAGEMENT
COMPETENCIES

N~ Critical thinking

+ Biosafety and biosecurity

* CBRN protection 4 + Systems thinking

+ Risk assessment (| + Communication skills
+ (risis management + Teamwork

* Strategic planning + Leadership

+ Resilience of critical systems + Ethical responsibility
+ Hybrid threats + Adaptability

* International mechanisms
and requlations

+ Lifelong leaming

|

Figure 1. Competency Model for the Education and Training of Biological
Security Specialists in the Context of Bioconvergence and Technological
Transformation

|

EFFECTIVE MANAGEMENT OF BIOLOGICAL RISKS
AND ENHANCED NATIONAL AND GLOBAL SECURITY

8

5.2. Structure of the Competency Model

The proposed competency model comprises four interrelated
competency domains:

e Fundamental biological competencies

e  Technological and digital competencies

e  Security and risk management competencies
e Interdisciplinary and social competencies

At the core of the model is the biological security specialist,
conceived as an interdisciplinary professional capable of integrating
knowledge and skills from multiple scientific disciplines and
operating effectively in complex, dynamic, and technology-
intensive environments.

5.2.1. Fundamental Biological Competencies
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The first competency domain provides the scientific foundation
for the education and training of biological security specialists. It
encompasses knowledge of microbiology, virology, immunology,
molecular biology, epidemiology, public health, and biotechnology.
Despite the rapid advancement of digital technologies, these
competencies remain fundamental to understanding biological
processes, assessing biological risks, and interpreting specialized
scientific data.

Particular emphasis is placed on competencies related to
emerging biotechnologies, including synthetic biology, genome
editing, and bioengineering, which are reshaping biological security

systems and introducing new challenges for biological risk
management [1, 2, 4].

5.2.2. Technological and Digital Competencies

The second competency domain reflects the impact of

bioconvergence and digital transformation on professional practice
in the field of biological security. Professionals working in the field
of biological security are expected to possess knowledge and
practical skills in bioinformatics, big data analytics, artificial
intelligence—based tools, automated laboratory technologies, and
digital platforms for information management and exchange. These
competencies enable the analysis and interpretation of biological
data, the simulation of complex biological systems, and evidence-
informed decision-making.

In addition to technical expertise, this domain emphasizes the
development of digital literacy and the capacity to adapt to rapidly
evolving technologies. Such capabilities are particularly important
in a dynamic technological environment, where continuous learning
and the acquisition of new digital skills have become essential
prerequisites for effective professional performance [5, 16, 20, 28].

5.2.3. Security and Risk Management Competencies

The third competency domain focuses on developing the
knowledge and skills required to assess, prevent, and manage
biological risks within an evolving security environment. It includes
competencies related to biological security, biosecurity, risk
management, crisis management, cybersecurity, and the regulatory
frameworks governing activities involving potential biological
risks.

Particular importance is attached to situational awareness, the
ability to analyse complex threats arising from the convergence of
biological and digital technologies, and informed decision-making
under conditions of uncertainty [8]. In this respect, the domain
extends traditional educational approaches by incorporating
concepts of resilience, interinstitutional cooperation, and the
management of complex risks that characterize the contemporary
security environment [1, 3, 14, 19, 27, 28].

5.2.4. Interdisciplinary and Social Competencies

The fourth competency domain integrates the competencies
required for the effective application of professional knowledge in
real-world settings. These include critical and systems thinking,
analytical skills, communication, leadership, teamwork in
multidisciplinary  environments, project management, and
adherence to professional and ethical standards.

Biological security is inherently interdisciplinary, and effective
biological risk management depends on close collaboration among
specialists in the life sciences, engineering, information
technologies, public health, and national security. Consequently,
education and training should foster not only disciplinary expertise
but also the capacity for coordination, effective communication, and
collaborative problem-solving. Furthermore, lifelong learning and
continuous professional development have become essential for
maintaining professional competencies in the context of rapid
technological change [7, 20, 23, 24].

The four competency domains should not be viewed as
independent components but as an integrated system in which
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fundamental biological knowledge, technological and digital
competencies, security and risk management competencies, and
interdisciplinary and social competencies complement and reinforce
one another. Their interaction determines the ability of biological
security specialists to respond effectively to the challenges arising
from bioconvergence and technological transformation.

For greater clarity, the principal competency domains together
with their corresponding knowledge, skills, and professional
capabilities are summarized in Table 2.

Table 2: Structure of the Original Competency Model for the Education
and Training of Biological Security Specialists

i PRACTICAL APPLICATION
COMPETENCY AREA KEY COMPETENCIES OF COMPETENCIES

« Microbiology

+ Virology
Fundamental + Immunology Analysis and assessment of biological
Biological + Epidemiology processes, identification and evaluation
Competencies + Synthetic biology of biological threats.

+ Genome editing

« Bioengineering

+ Bioinformatics

;-‘ I T“h"lol.oglcal : i'g_?a"?l - Use of digital technologies for data analysis,

and Digital i D:glit‘:lli)la:i:r:sme process modeling and support
Competencies 3 uonvatad lbaraon) syaig for decision-making.

+ Digital modeling

« Biological security

+ Bioprotection (biosafety and biosecurity)
+ Risk assessment

« Crisis management

« Cybersecurity

« Regulatory framework and compliance

Competencies
in Security
and Risk
Management

Assessment and management of biological risks,
planning and coordination of activities
in crisis situations.

¥

000 Interdisciplinary
and Social
Competencies

+ Systems and critical thinking
« Communication

« Leadership

« Teamwork

+ Project management

+ Professional ethics

Effective interaction in interdisciplinary teams,
coordination between institutions and
informed decision-making in a complex
environment.

5.3. Integrated Nature of the Competency Model

The proposed competency model is based on the integration of
four interrelated competency domains. Unlike traditional
educational approaches, in which individual areas of education and
training are often addressed separately, the proposed model
emphasizes their interdependence and complementary nature.

Effective biological risk management requires specialists to
understand biological processes, utilize advanced technologies,
assess emerging threats, and work effectively in interdisciplinary
environments. Accordingly, the four competency domains should
be regarded as components of a unified system rather than as
independent areas of education and training.

6. Practical of the

Competency Model

Applications Proposed

The proposed competency model provides a systematic
framework for curriculum development by aligning education and
training with contemporary professional requirements. Through the
integration of the life sciences, digital technologies, risk
management, and security studies, it supports the development of
interdisciplinary competencies for addressing complex biological
threats [2, 5, 28].

The principal differences between the traditional educational
model and the proposed competency model are summarized in
Table 3.

Table 3: Comparison between the Traditional Educational Model and
the Proposed Competency Model
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Health Regulations, and Components in Health Systems and Other

Criterion Traditional Model ‘ Proposed Competency Model

<@ Educational
~
&= approach

@’ Learning focus

1=

il

@ Security education
Practical training

= |
I’;'-:] Assessment

10 : 2
'.' Professional readiness

Discipline:based Competency-based and ‘

interdisciplinary
Knowledge acquisition Compete.nt:)f development
and application

Curriculum
structure

Integrated competency

Separate academic disciplines 5
domains

Integration of artificial intelligence,
bioinformatics, Big Data, digital
twins, and digital platforms

Technological
preparation

Limited use of digital
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The model promotes adaptability and lifelong learning and can
be applied across different educational levels and professional
fields, including biological security, public health, crisis
management, and national security [9]. Its implementation can be
supported by contemporary educational technologies, such as
virtual laboratories, digital simulations, artificial intelligence-
assisted learning systems, and digital twin technologies, which
facilitate scenario-based training and competency development in
realistic learning environments [16, 17, 21, 22, 28].

7. Conclusion

This study demonstrates the need to modernize the education
and training of biological security specialists in response to
bioconvergence and accelerated technological transformation. It
proposes an original competency model that integrates biological,
technological, security, and social competencies within a unified
conceptual framework aligned with contemporary professional
requirements.

The proposed model provides a systematic basis for the
development and revision of educational programmes while
supporting competency development for professional practice in a
dynamic and interdisciplinary security environment. It also offers a
conceptual foundation for future empirical research aimed at
validating the model and assessing its applicability across diverse
educational and professional contexts.
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Abstract: This study addresses tactical and technological challenges of integrating indigenous weapon systems onto UAVs in asymmetric
warfare. Closed-architecture platforms impose vendor lock-in, strategic vulnerabilities, and high lifecycle costs. To resolve this, the National
UAV Modular Standard (NUMS) open framework decouples hardware from proprietary software. Featuring a Longitudinal Rail System for
dynamic centre-of-gravity correction, an IP68 quick-disconnect interface, and a deterministic UAVCAN/Cyphal backbone on a secure,
containerized Linux OS (Mil-UAV-0S), this architecture transforms technical modularity into operational agility. Modelling shows pairing
commercial off-the-shelf (COTS) components with sovereign software decreases lifecycle costs while enhancing precision. Ultimately, this
ecosystem shortens the "sensor-to-shooter" timeline, enabling near-real-time tactical responsiveness. It provides a strategic blueprint for the
Hungarian Defence Forces to achieve technological sovereignty, converting rigid procurement into a dynamic defence ecosystem.
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PART I: RESEARCH
DOCTRINAL FRAMEWORK

OVERVIEW &

1. Introduction: The Imperative of Paradigm Shift

In the history of warfare, few assets have exerted such a radical
impact on tactical procedures as the emergence of Unmanned Aerial
Vehicles (UAVS) at the beginning of the 21st century. Initially, the
exclusive role of these platforms was reconnaissance (ISR —
Intelligence, Surveillance, Reconnaissance); however, technological
advancement and battlefield imperatives (e.g., Libya, Nagorno-
Karabakh, Ukraine) have led to the mass employment of unmanned
combat aerial vehicles (UCAVs) [1].

Within the framework of the Zrinyi Defense and Force
Development Program, Hungarian force development has entered a
phase where quantitative growth must be superseded by qualitative,
innovation-driven integration. The relevance of this research is
underscored by the fact that the rate of development in drone
technology far outpaces traditional procurement cycles. A
proprietary, closed-system armed drone purchased today may
already be obsolete at the moment of its operational deployment due
to dynamically evolving electronic warfare (EW) solutions.
Therefore, the central premise of this research is dynamic capability
building instead of static weapon procurement.

2. Profound Formulation of the Scientific Problem

The contradiction spanning between modern military doctrines
and engineering realities manifests in three primary dimensions,
which collectively constitute the scientific problem of this research:

Vendor Lock-in (Technological Captivity): The

overwhelming majority of currently available military weapon
platforms feature closed architectures [3].

e Strategic Vulnerability: This implies that the user (e.g., the
Hungarian Defence Forces) lacks access to the source code, cannot
modify communication protocols, and cannot integrate indigenously
developed weaponry or sensors, thereby creating strategic
vulnerability.

® The Cost-Effectiveness Paradox: Precision strike capability
is traditionally exceptionally expensive. The essence of the
scientific problem is determining how a fundamentally inexpensive
platform, constructed from commercial off-the-shelf (COTS)
components, can be elevated to a level that satisfies military
operational reliability and precision strike requirements without
multiplying its cost.

® Tactical Inflexibility: Most armed UAVs are single-purpose
assets: they either conduct reconnaissance or execute strikes. There
is a lack of an intermediate, modular solution that would allow a
unit commander to modularly configure ("lego together") the
required capability on-site, depending on the nature of the mission.

Core Problem Definition: A systemic, open-source military
architecture integrating modular hardware elements with
indigenously developed software intelligence is absent, which
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prevents establishing the foundations of a sovereign Hungarian
drone strategy.

3. Detailed Elaboration of Hypothesis I: Modular
Architecture as a Solution

Hypothesis I: Open-architecture, modular UAV platforms
derived from domestic sources provide higher operational
efficiency from both technical and economic perspectives compared
to closed-system, foreign-manufactured military assets, as they
enable dynamic capability development and logistical
independence.

3.1. Technical Resolution: The Concept of NUMS (National
UAV Modular Standard)

To ensure that the hypothesis does not remain a mere theoretical
proposition, the technical parameters must be established. Modular
architecture signifies not merely interchangeable parts, but
functional decomposition.

3.1.1. Mechanical Modularity and Aerodynamic Flexibility

One of the greatest challenges for armed UAVs is the shifting
center of gravity (CoG). A 2 kg high-explosive anti-tank (HEAT)
charge or a 500-gram optical sensor radically alters flight
characteristics. The solution lies in the application of a Longitudinal
Rail System, along which the weapon attachment can move on a
servo-controlled track. This enables in-flight center-of-gravity
correction.

Furthermore, structural nodes — specifically the connection of
arms and motors — are executed via IP68-rated bayonet locks. This
ensures that an arm damaged by autocannon fire can be replaced
within 60 seconds on the battlefield by a single soldier.

3.1.2. Electronic and Data Transmission Architecture

The primary technical argument against closed systems is bus-
level independence.

® Data Bus: The research proposes the UAVCAN V1 (Cyphal)
protocol [8]. This is a redundant, deterministic network protocol
where every component (node) possesses its own intelligence. If
one electronic speed controller (ESC) is damaged, the system does
not collapse; instead, the rest of the network isolates the fault.

® Physical Interface: For connecting modules, a universal,
NATO-compatible multi-Port (power supply + Ethernet + CAN)
must be applied. This enables any actor in the domestic defense
industry (e.g., a software development company or an explosives
factory) to develop a module featuring a standardized connector.

3.2. Software Sovereignty: The
"Thinking Machine"

The software leg of the hypothesis relies on middleware-
oriented development, addressing the root problem that foreign
drone software operates as a "black box". The proposed solution
involves the development of the Hungarian Defence Forces' own

Independence of the
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encrypted Linux distribution (Mil-UAV-OS), operating on a ROS 2
(Robot Operating System) foundation [7].

Modularity within the software ensures that the autonomous
flight algorithm, the target-recognition Al, and radio
communication run in separate containers (Docker) [6]. If a
frequency change is required due to enemy electronic jamming,
only the communication module needs to be updated, while flight
stability remains intact.

3.3. Economic Verification:
Modelling

Life Cycle Cost (LCC)

The research quantitatively proves that the modular system is
economically more sustainable. Operational efficiency (Enps) can

be calculated as follows:
K,-Ps

Eops = m (1)
Where K, is the value of the destroyed enemy target (e.g., the
value of a T-72 main battle tank), P, is the probability of a
successful hit (which increases due to modular, upgradeable
sensors), Crorqr 1S the production and operational cost of the asset.
For closed systems, C;,:y increases exponentially due to
foreign spare parts and licensing fees. Conversely, for the modular
domestic system, C,,.o; can be kept low because airframes can be
replaced via 3D printing and motors can be sourced from COTS
supplies. Consequently, operational efficiency (Eo,,s) can be 5to 10
times higher than that of conventional systems.

3.4. Tactical Flexibility and the "Sensor-to-Shooter” Chain

The tactical challenge is that too much time elapses between
target identification and destruction. The hypothesis resolves this by
utilizing the modular drone simultaneously as a sensor. The sub-unit
commander does not "request support" but rather “swaps
capabilities”. If the reconnaissance module detects enemy armor,
the drone returns, receives the anti-armor module within 2 minutes,
and flies back to the coordinates. This organic integration radically
shortens reaction time.

4. Summary Conclusions for the Verification of
Hypothesis 1.

Based on the presented data and the technical-logical chain, the
proposed solution for Hypothesis | is comprehensive. The modular
architecture is not merely a technical choice, but a doctrinal
response to the asymmetry of modern warfare. The pillars of the
solution are summarized as follows:

Physical  Standardization:  Eliminates  mechanical
incompatibility between domestic weaponry and the carrier
platform.

» Digital Openness: Enables the integration of domestic
cryptographic solutions and Al algorithms without foreign
intervention.

+ Cost-Effective Mass Employability: The modular design
permits a "consumable asset" mindset, where the loss of a platform
does not cause a financial catastrophe.

* Logistical Autonomy: The domestic industrial base of the
Hungarian Defence Forces will be capable of repair and
development, independent of disruptions in global supply chains.

Closing Thought: The resolution of the scientific problem is
therefore not the creation of a perfect drone, but the establishment
of a perfect framework capable of accommodating future
technologies. This modular approach guarantees that the UAV
capability of the Hungarian Defence Forces does not represent a
static purchase, but rather a continuously evolving, sovereign
defense ecosystem.

Next Step: As a continuation of the doctoral dissertation, |
propose the development of Hypothesis 11, which — building on the
modular hardware presented above — investigates the role of
artificial intelligence in autonomous terminal phase guidance and
defense against electronic warfare.
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PART Il: DOCTORAL RESEARCH STUDY -
DETAILED TECHNICAL AND TACTICAL
ANALYSIS

Technical and Tactical Challenges of Applying
Unmanned Aerial Vehicles as Weapon Platforms

1. Introduction: The Imperative of Paradigm Shift
on the Modern Battlefield

In the history of military science, technological leaps frequently
force a complete reconsideration of doctrines. Today, the
integration of unmanned aerial vehicles (UAVSs) into Kinetic
operations does not merely signify the emergence of a new branch
of arms, but rather the fusion of network-centric warfare (NCW)
and non-line-of-sight strike capabilities. Modern asymmetric and
symmetric conflicts (e.g., lessons from the Ukrainian theater) have
highlighted that rigid assets with slow development cycles perish
against dynamically adapting, software-driven solutions [2]. The
objective of this research is to outline a framework that transforms
technical modularity into tactical flexibility.

2. Extended Formulation of the Scientific Problem

The root of the scientific problem lies at the intersection of
technological asymmetry and economic sustainability. It manifests
in the following domains:

» Technical-Cognitive Limitation: Current weapon integration
processes are overly specific; the integration of a single weapon
type onto a given carrier requires years of engineering work, which
is unacceptable on the battlefield [4].

« Systemic Vulnerability: Closed-source and proprietary
architecture systems operate as "black boxes," preventing the
implementation of national cybersecurity and electronic defense
protocols.

« Tactical Rigidity: The specialization of platforms (multirotor
FPV vs. fixed-wing loitering munition) hinders universal sub-unit
level application, increasing the logistical footprint and training
burdens.

3. In-Depth Elaboration of Hypothesis I: The

Modular Ecosystem as a Strategic Solution

Hypothesis 1: Open-architecture, modular UAV platforms
derived from domestic sources provide higher operational
efficiency from both technical and economic perspectives compared
to closed-system, foreign-manufactured military assets, as they
enable dynamic capability development and logistical
independence.

3.1. Mechanical and Structural Modularity: The Adaptive
Airframe

One of the fundamental challenges in military engineering
sciences is maintaining the equilibrium between payload and flight
stability.

3.1.1. Universal Attachment Protocol (UAP)

The research proposes a rail system containing payload
suspension points shiftable along the longitudinal axis of the
aircraft. This ensures that the center of gravity of the weaponry
(e.g., a 40mm high-explosive fragmentation grenade or a guided
shaped charge) always coincides with the center of lift of the
aircraft.

3.1.2. Quick-Disconnect Propulsion Modules

Modular arms do not merely facilitate repair, but also enable
alteration of power density. In the case of a heavier weapon module,
the arms can be exchanged for higher-torque motors and larger
diameter propellers without requiring the replacement of the central
flight control unit.
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3.2. Avionics and Data Transmission Modularity: The
Digital Backbone

The most critical layer of modularity is communication. This
research breaks away from traditional analog video and PWM
control architectures.

3.2.1. Deterministic Data Transmission

The application of the UAVCAN (Cyphal) bus system ensures
that the weapon release command arrives within a guaranteed time
slot (jitter-free), eliminating accidental software-triggered
activation.

3.2.2. Software-Defined Radio (SDR) Integration

The modular RF (radio frequency) unit allows for the battlefield
parameterization of frequency-hopping (FHSS) algorithms. If the
enemy employs adaptive jamming, the software profile (waveform)
of the modular radio can be instantly swapped, preserving the
command data link.

3.3. Software Modularity: "App-Based" Weapon Control

The scientific novelty lies in the containerization of the software
architecture.

3.3.1. Abstraction Layers

The flight controller is solely responsible for physical stability.
All tactical functions (target tracking, ballistic calculations, target
prioritization) run as independent software modules on the onboard
Al processor [10].

3.3.2. Sensor-Fusion Flexibility

The modular interface allows the drone to utilize daylight
optical, thermal imaging, or even passive electronic intelligence
(ELINT) modules [5]. The Al algorithm is "sensor-agnostic,"
enabling it to generate target coordinates from any input data.

3.4. Logistical and Economic Aspects: Verification of the
"Sovereign Supply Chain"

From the perspective of military economics, the life-cycle cost
(LCC) of a modular system is radically more favorable.

3.4.1. Inventory Optimization

There is no need to stockpile multiple drone types; a universal
platform and its corresponding specific modules are sufficient.

3.4.2. Domestic Industry Development

By establishing the modular standard (NUMS), the domestic
SME sector becomes capable of developing specific sub-modules
(e.g., custom battery packs or specialized fuze mechanisms),
eliminating dependency on foreign suppliers.

4. Summary: The Building Blocks of Future
Warfare

The modular UAV architecture presented in this research is not
merely a technical solution for weapon integration, but the
foundation of operational adaptability. The verification of
Hypothesis | highlighted that the answer to the unpredictability of
the modern battlefield is not a "perfect" weapon system, but an
"adaptable” one. The modular approach resolves the centuries-old
contradiction between cost-effectiveness and precision: mass-
produced, inexpensive carrier platforms are elevated to military-
grade standards by domestic software intelligence and
interchangeable weapon modules.

This "Digital Lego" concept enables the Hungarian Defence
Forces to act as a trendsetter rather than a follower in the
technological race. In conclusion, future wars will not be won by
those possessing the most expensive weapons, but by those capable
of adapting their software and hardware most rapidly to the

changing threat landscape. Therefore, the modular UAV platform is
not merely an asset, but the guarantee of our technological
sovereignty and tactical superiority, blending engineering precision
with battlefield necessity. Through this framework, the "sensor-to-
shooter" chain is not only shortened but becomes near-real-time,
establishing the foundation for next-generation autonomous
operations [9].

In conclusion, it must be noted that the implications of drone
technology extend far beyond military applications, promising
revolutionary advancements in industries, disaster response,
healthcare accessibility, and sustainable environmental practices. As
we navigate the complex landscape of unmanned aerial systems,
collaborative research efforts, inter-disciplinary approaches, and a
nuanced understanding of ethical and societal implications will be
paramount in unlocking the full potential of the drone technology
for both of military and the civilian objectives [11].
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Abstract: The use of aircraft-type unmanned aerial vehicles (UAVaircraft type) in modern combat operations is considered. Basic
temporary criteria for the production and operation of aircraft-type UAVs are defined. Using the similarity method, a determination of the
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MASS.

1. Introduction.

Unmanned aerial vehicles of the aircraft type UAV are designed
to achieve significant results in terms of: flight distance, speed and
altitude. The methods and means, as well as the data from the
research conducted, with the help of which these results are
achieved in practice, are used in the further design of other classes
of UAV. Recently, various new schemes and components of this
class of UAV aircraft type have also been created for experimental
purposes and for testing. The experiments are also aimed at testing
and refining new systems related to their controls, aerodynamics,
materials for manufacturing, where experimental material is
accumulated for the creation of new, more advanced UAVaircraft
type . Large unmanned aerial vehicles of the aircraft type are
equipped with engines usually with power (55 ... 100 horsepower),
providing significant independence for their use, in particular for
independent takeoff and a set of heights for maneuvering and, of
course, landing [5]. Possessing high aerodynamic properties, this
type of UAV has changed the spectrum of their use in recent years.
And as examples, some characteristics of existing aircraft-type
UAV will be considered.

1.2. Example characteristics of existing aircraft-type UAV
aircraft type

The Ukrainian unmanned aerial vehicle of the aircraft type
"Lyuty" is a low-wing aircraft with a propeller located in the rear
part of the fuselage. The fuselage is made of fiberglass with metal
reinforcement, which makes the structure both light and durable.
The main technical parameters of this aircraft-type UAV aircraft
type are:

a. Length: 4.4 meters;

b. Wingspan: 6.7 meters;

c. Take-off weight: 200 kilograms or more;

d. Engine power: 50 horsepower;

e. Range: up to 1,500 kilometers;

f. Combat load: 50-75 kilograms.

The engine of the specified UAV is a German Hirth F-23
gasoline engine. The three-blade propeller is located in the rear part
of the fuselage. The modular design allows for easy disassembly for
transportation [6].

Examples of the specified class of aircraft-type UAVSs that are
widely used in practice include: UAV - Elbit Hermes 450; The
single-engine version 450S, using a 70 hp "R902(W)" rotary-piston
engine; The "Orion" unmanned aerial vehicle; All prototypes use a
115 hp "Rotax 914" engine, etc [9].

2. Statement of the problem

The main requirement for aircraft-type UAV aircraft type is the
ability to be modular in design with the use of lightweight
construction materials, cheap in production and flexibility and
adequacy in performing the tasks set. In addition, the design and
manufacture of this class of UAV aircraft type must take into
account the dynamics of innovations, which undergo changes over a
period of 3 to 6 months. In general, changes in the use of this class
of UAV aircraft type in recent times are associated with the
widespread use of artificial intelligence in their operation. To ensure
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the adequacy of new UAV developments and the trends arising
from changes in their operation, it is not necessary to introduce
some criteria for the manufacture and operation of aircraft-type
UAVS.

3. Criteria set for the production and operation of
aircraft-type UAV aircraft type.
When developing a hierarchy of criteria and integrating them into a
single system, the following requirements are taken into account
[10]:
1) the criteria must be adequate for the goals and objectives of
using aircraft-type UAVaircraft type;
2) the hierarchy of criteria must follow from the hierarchy of
goals for using UAV aircraft type, taking into account possible
changes on the battlefield;
3) the factors determining the design of the unmanned aerial
vehicle and its subsystems must be fully taken into account;
4) specific indicators must not contradict the general (integral)
criterion;
5) the criterion must be clear and, if possible, easy to define.
The specified requirements for the criteria (1-5) must allow for
the possible definition of the qualities and subsequent use of UAV
aircraft type through one integral criterion setting the optimality of
this type of UAV [10].

4. Main criteria for aircraft-type UAV aircraft type
When developing an aircraft-type unmanned aerial vehicle,
numerous characteristics, parameters and performance indicators, as
well as limitations for its operation, are taken into account. The
following criteria should be noted [6]:
1. Aerodynamic efficiency — K(fg[. Minimizing total drag
with a fixed lift coefficient is an important criterion as it directly
affects flight endurance.
2. Structural weight -K;% . Reducing weight while
maintaining stiffness and strength is the goal of optimization,
often achieved by removing material from non-load-bearing
areas.
3.Features of the engine installation - K;;’f. Propeller type,
intake air characteristics, nozzles, fuel type and relative mass of
powerplant and fuel.
4. Payload parameters - K. . Possibility of placing specific
and large equipment (e.g. cameras, radar stations, sensors).
5. Accuracy and reliability - K3, . Performance-related
indicators (e.g. probability of recognition of reconnaissance
targets, detection range of airborne radar).
6. Structural safety - Kj¢k . Passive safety (e.g. protective
elements on the blades of the power plant) and compliance with
structural reliability requirements.
7. Economic indicators - K25, .
technical parameters.
The specified criteria can, with some approximation, be

expressed by an integral criterion K, of the form:

Minimum costs with optimal
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5. Design features of aircraft-type UAV aircraft type

We will consider specific technical ideas (concepts) aimed at
improving flight characteristics, primarily takeoff and landing
characteristics, as well as reducing fuel consumption and noise
levels of aircraft-type UAV aircraft type. Some of these ideas have
been tested in practice, while others are not yet generally accepted.
For example, in the design and manufacture of this type of UAV
aircraft type, a wing profile is used that allows operation at
relatively low subsonic and transonic flight speeds [5],[6].

A common configuration among aircraft-type unmanned aerial
vehicles is the aerodynamic configuration with two tail sections
located at an angle of 120 degrees. This configuration is most often
used when placing a pusher propeller behind the fuselage and it has
the smallest inductive resistance of 3% compared to the total. The
V-shaped tail section also creates a closed power circuit of the
fuselage, which provides very high strength of the entire structure.
The specified configuration is also often used in large aircraft-type
unmanned aerial vehicles. A variant of the aircraft-type UAV with a
V-shaped tail is presented in Fig. 1

Fig. 1. UAV aircraft type V-shaped tail section

The most suitable NASA wing profile for an unmanned aerial
vehicle UAV aircraft type depends entirely on its purpose, speed
and expected payload. Usually aircraft type UAVs fly at a lower
speed, which changes the flow of the wing. For them, NASA
develops optimized low-speed geometries, for example, the NACA
2412 wing profile. An extremely popular profile that offers a great
balance between low drag and good payload. In addition, NACA
0012 and NACA 0015 profiles are also used. Additionally, other
wing profiles are experimented with and used in practice [5].

The conducted aerodynamic simulation of the NACA 0012
profile of an aircraft type UAV at a speed of 110 to 150 km/h and
the obtained specific characteristics from it are presented in Fig. 2.

10224082
10208377

10076145
10057541

Surface Plot 1: contours
I tor
Flow Trajectories 2

Fig. 2. Aerodynamic characteristics of a NACA 0012 profile of an
aircraft-type UAV aircraft type at a speed of 110 to 150 km/h.

6. Determining the mass of an aircraft-type UAV
aircraft type

An important characteristic of each type of UAV is its take-off
mass. Usually, when designing a UAV aircraft type, the mass is
determined by successive approximations. The first approximation
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in determining the mass is carried out at the stage of preliminary
design (technical proposal), and the second and, if necessary,
subsequent approximations, when it is necessary to select materials
and equipment, are made during the conceptual design. Below we
consider determining the mass of an aircraft-type UAV (in kg) at
takeoff in G first and second approximation.

6.1. Calculation of the take-off mass of an aircraft-type
UAYV in the first approximation

In the Russian-language literature, the dependence for
determining the mass of aircraft is presented [1].

From the equation for the balance of the mass of an aircraft-type
UAV in relative units, relative weight, relative weight and relative
parts.
(2) 1= Gstr + Gc_eqm + Gl + Glo (Geng + Gc_lnad + Gadd_eq)

Where: G, - structure mass construction; G _eqn, - Mass
control equipment ; G, - mass UAV takeoff weight; G. 1,44 -
combat load; G,qq oo~ mass additional equipment; G, - mass
engine installation; G; — mass important unit.

After a minor transformation in (2) we obtain, at the initial
moment, to a first approximation, the relative value of the mass of
an aircraft-type UAV G, by component parts at takeoff, namely:

_ Geng +Gc,laad+6add _eq

Ggrt +Gc,eqm +G1 -1

We assume in (3) that the engine type and the mass of the
propulsion system - G, , as well as the masses of the combat
payload - G, joqq and additional equipmentG,qq ¢4~ are known or
given. And the remaining relative masses of the structure,
equipment and control system are taken as relative average values
from existing models, which are presented in Table 1.

(3) Gy =

6.2. Relative values of the masses of the structure,
equipment and control system of an aircraft-type UAV
(variant)

Table 1. Relative masses of the structure, equipment and control system
of an aircraft-type UAV

N number| Name of the mass of the UAV structure UAV.s structure

mass limits
1 Gsrt_ - structure mass construction 0,38...0,42
2 G(c_egm) - mass control equipment 0,09...0,12
3 G_(c_load) - combat load 0,10...0,15
4 G(add_eq)- mass additional equipment 0,09...0,12
5 G eng- mass engine installation 0,21...0,24
6 G1 - mass important unit 0,04...0,08

The specified relative mass values in an aircraft-type UAV,
determining the take-off mass value G, we will demonstrate with
the following example. For this purpose, the average relative values
of the data presented in Table 1 have been selected [6]. In this case,
we have:

@) Gy = -0l here Gy = 1,000
0,41+0,1+0,06—1

The relative average values of the masses constituting an
aircraft-type UAV presented in (4) are of a balance nature. Any
change in the relative values of the masses implies a change in other
changes in the quantities included in equation (4). The assumed
relative value of G, = 1,00 In UAV design practice, priority is
determined by the relative values: G eng- mass engine installation
and G(c_load) - combat load. Variant with relative value of
Geng = 0,21...0,24 and G, jpqq = 0,10...0,15 Table 1 shows the
relative values of G, from (4) we obtain the dependence [1]:

(5) Go = 2,32558Geng + 2,32558Gcload + 0,232558

The relative values of G, are presented in Fig. 3
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Figure.3. Dependence of G, on the relative weight of G eng- mass
engine installation and G(cload) - combat load in an aircraft-type UAV,s.

6.3. Mass of the main elements making up the structure of
an aircraft-type UAV aircraft type

It is known that the mass of the main elements in the
construction of an aircraft-type UAV aircraft type is determined by
the masses of the wing, fuselage, tail and chassis. The total value of
the mass is determined by the dependence:
(6) Gsrt = Gwing + Gfus + Gsupp + Gchas
Where: G, - structure mass construction UAV Kg; Gying -
UAV, s wing mass, kg; Gg,s - UAV fuselage mass,kg; Ggypp - Mass
of the supports in the UAV, kg; G.s - UAV chassis mass, kg

One of the significant parts of the mass of an aircraft-type UAV
structure is the mass of the fuselage - Ggs UAV fuselage mass,kg.
Its value can be determined by the dependence:

1

@) Grus = 1,14Kng (1 + 0,4k o5 )LEn, GE

Where: Kepg engine installation coefficient ( kg, =1,14 - if
the engines are mounted on the fuselage) ; k.- coefficient of
maximum operating altitude, Pa,;, for an altitude of 1000 meters ;
Lpys - fuselage length, meters ; Gy - mass UAV takeoff
weight,kg

With average dimensions for the given class of UAV aircraft
type: keng =1,14, kms =0,7..08, Leys = 4,4..56Mm
Gy = 180...230kg by dependence (7) the mass of the fuselage
G it turns out:

1
(8) Grus = 1,715472L7 G

'fus ~'0

The dependence given by (7) and presented in (8) on the average
values of existing UAV aircraft type, the mass of the fuselage
Gpys 1S demonstrated in Fig.4.

fuselage mass, kg
N w

~

52
5.0

a8
fuselage
length,m

Fig. 4. Mass of the fuselage G_fus of an aircraft-type UAV under
average conditions k,,, eng=1.14, kpres=0.7..0.8 , Lfus=4.4...5.6m
G 0=180...230kg.

218 av take-off
mass, kg

The figure presented in Fig. 4 shows that Mass of the fuselage
is within limits G = 85..110 kg of the total mass of the aircraft-
type UAV G, = 180...230kg .

The results obtained from the calculation of the fuselage mass
according to and presented specifically in [1] show that these
dependences provide acceptable accuracy for the design of aircraft-
type UAVSs, accompanied by a standard error of about 2-5%. The
distribution of some of the masses of the individual elements
expressed in percentages, making up the fuselage mass, are
presented in Table 2.

Table 2.The distribution of some of the masses of the individual
elements expressed as percentages of the fuselage mass

N name of individual mass of individual

number elements elements of a fuselag_e elements
UAV expressed in percentages

1 UAV skin 30...35

2 stringers and spars 15...25

3 barriers and joints 10...15

4 hatches for UAV

equipment 9...12
5 UAV seals and fasteners 6...9
6 other fuselage elements 3...6
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The results in Table 2. show that the skin, stringers and frames
account for 60-65% of the mass of the fuselages of aircraft-type
UAVs. The significant relative mass of the specified elements
compared to the total of the fuselage suggests the search for
solutions to reduce it. Such solutions in modern conditions require
the use of new materials in the fuselage construction, which can
lead to a weight reduction of 15...20%. For example, the use of a
“honeycomb” structure using fiberglass or carbon fibers (polymer
paper honeycombs with dimensions of 9-10 mm). This structure has
a surface density of about 3 kg/m2, and a three-layer panel of
fiberglass or carbon fibers in combination with other dense
materials such as plywood has a surface density of 4.5 kg/m2, i.e.
1.5 times greater.

8. Design measures for noise limitations during flight

of aircraft-type UAV aircraft type

The practical operation of aircraft-type UAV aircraft type
implies a system of measures to limit noise when flying over a
given territory. Over time, these restrictions are becoming more and
more stringent [7]. Currently, for example, it is required that the
noise during the cruising flight of an aircraft-type UAV at a
distance of up to 3.5 km from the earth's water surface should not
exceed 93 dB, and when landing, the noise should not exceed 102
dB.

9. Economic aspects in the design and manufacture of

aircraft-type UAVs

The introduction of new materials in the design of aircraft-type
UAV aircraft type implies a continuous reduction in the costs of
their manufacture, which are:

A. Reducing the number of structural elements and joints;

B. Simplifying the external shapes of the components (surfaces,
ribs, stringers, etc.);

C. Creating aircraft-type UAV aircraft type through modeling
prototypes.

To implement the indicated directions, forecasting of the
financial management of a given type of research and production
structure related to the design of aircraft-type UAV aircraft type is
applied. The dynamics of the development and modernization of
UAV aircraft type over time applies time series. For a more detailed
study of time series in financial management, probabilistic-
statistical models are used as a priority. In this case, the time series
Bp(t) is considered as a random process (with discrete time) for the
movement of financial quantities, for example in particular -
timeliness of UAV aircraft type production, granting of loans, etc
[4]. For measuring the activity of the financial structure Fin(t) in



Technics. Technologies. Education. Safety. 2026

I ——
chronological order Bp(t) mathematical expectation is used

Minat expece OF the state, the "movement” of financial investments,

on the dependence [3]:

(9) Fin(t) = Mmat expect Bp(t)

In applied research in financial management, time series
models are considered and applied, with stationary models being the
first. In them, the joint distribution functions for an arbitrary
number of time moments k of the dynamic series, for example,
investments, financial receipts, interest for the design and
production of aircraft-type UAV aircraft type , change over time. In
this case, the fluctuation of the mathematical expectation should be
predicted with sufficient accuracy..

10. Lockdown

The considered features in the design of aircraft-type UAV
aircraft type are determined by the dynamics of their use in practice
by formations. The factors influencing the choice of a specific
design scheme in the context of the purpose of the future unmanned
aerial vehicle are also analyzed. Based on this analysis, a number of
criteria have been formulated that allow focusing the process on
accelerating the design in a short time. This is achieved by
calculating the take-off mass of the aircraft-type UAV aircraft type,
the mass of the fuselage, as well as the values of the masses of the
structure, equipment and the control system of the aircraft-type
UAV. Additionally, the distribution of some of the masses of the
individual elements expressed in percentages, making up the mass
of the fuselage, was determined. The economic aspects of the
design of aircraft-type UAV aircraft type were also touched upon.
The proposed approach to the preliminary design of unmanned
aerial vehicles has some incompleteness, but | hope that it can serve
as a basis for subsequent development by other UAV specialists.
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Abstract: The use of aircraft-type unmanned aerial vehicles (UAVS) is considered. The advantages, disadvantages and limitations of
specific configurations of the UAV body are described. The requirements for simultaneous assessment of materials are described, with an
emphasis on modern composite materials forming structurally reinforced or three-layer structures of some UAV elements. It is proposed to
take the mass efficiency coefficient of the model as a basis for comparison of aircraft-type UAVs, which determines what part of the mass of
the considered design corresponds to the requirements of users. A static analysis of the fuselage and wings of aircraft-type UAVs, made with
new materials, was carried out, determining the parameters and their shapes in order to reduce the bending moment acting on the structural
elements of the wing, which would reduce its weight. Safety coefficients for the operation of aircraft-type UAVs with certain materials and
the financial situation in their design based on forecasting time series of changes in the requirements for the use of UAVs are proposed.

KEYWORDS: UNMANNED AERIAL VEHICLE AIRCRAFT TYPE, UAV CLASSIFICATION, MATERIALS, UAV HEALTH.

1. Introduction. 4. Combining several power functions of the fuselage in one

Today, unmanned aerial vehicles (UAVs) are widely used in  part. This allows to reduce the weight, and in some cases the
many areas of human activity. Especially in the last few decades, ~ dimensions of the nodes. ) ) )
this technology has moved from the military or other areas to 5. Selection of the most effective design solutions.
something practical and ubiquitous in human activity. Using new
directions, especially in military practice, unmanned aerial vehicles ~ 3.1. Features of thin-walled structures of the elements
are gaining more and more functionality, sometimes requiring  making up the UAV hull
designers to make bold decisions rarely seen in "big" manned All materials used in the design and construction of UAVSs are
aviation. This article reviews the current state of unmanned aircraft- thin-walled structures. For thin-walled structures, the choice of the
type aircraft, focusing on the materials used for the design and most effective design of the envelope wall is of fundamental
construction of UAVSs. It analyzes the main materials underlying the importance, since the final version determines the overall scheme of
choice of a specific aerodynamic configuration of the UAV during the UAV and the characteristics of its production. As a rule, when
the design phase. Particular attention is paid to the advantages, establishing one or another option, technological restrictions come
disadvantages and limitations of specific configurations of the UAV into force. Possible design options are arranged in order of
body, and structural materials are considered in the context of increasing weight efficiency (reinforced, waffle, three-layer).
potential UAV application scenarios [6]. Based on a summary of Depending on the model of the walls, the following skins are
the analyzed parameters, a number of classification criteria have mainly used on the fuselage and wings: single-layer unreinforced,
been identified, which can subsequently be used as the basis for a two-layer, reinforced with frames or simultaneously with frames
comprehensive classification of a wide range of unmanned aerial and stringers, waffle and three-layer. Combined options are also

vehicles. possible. For example, intermediate frames can be additionally
installed on waffle or three-layer skins. Two-layer claddings are
2. Statement of the problem usually used to meet strength requirements, with the supporting

The main disadvantage of fixed-wing unmanned aerial vehicles ~ base being a layer made of structural material (composite or metal).
(UAVs) is the need for additional measures for take-off and ~ The choice of one or the other option is determined by mass
landing. In addition, most unmanned aerial vehicles are constraints, operating conditions, and the nature and magnitude of
characterized by a variety of linear dimensions, which inevitably ~ the acting loads [5].
leaves its mark on their flight characteristics and control

characteristics. The need to use a variety of materials for the 3.2. Selection of the indicator of the criterion for
manufacture of UAVs is dictated by their mass use and compliance  optimality of the mass of an aircraft-type UAV made with
with the principle of "cost-effectiveness"[5]. certain materials.

The criterion of optimality of the mass of the UAV is the basis
3. Materials for making an aircraft-type UAV of most studies of the perfection of the model. In some cases, for

The efficiency of the design and selected structures of the UAV ~ example, for aircraft-type UAVs, it is fully justified, since the
are determined by a simultaneous assessment of the materials that ~ reduction of mass and the associated complication of technologies

can be used. The most commonly used materials include: almost always pay off with the ultimate increase in the efficiency of
1 Materials made of beryllium materials, followed by the design. In other cases, it allows only to create an image of an
boroplastics and finally carbon plastics. ideal design in order to assess the economic efficiency and justify
2. The greatest mass efficiency can be achieved with three-layer ~ the use of a particular material and design [2]. When studying the
structures and slightly less with wafer structures. best parameters, it is necessary, first of all, to establish the indicator
3. The use of modern composite materials is recommended for of the optimality criterion. It is convenient to take the efficiency
reinforced or three-layer structures [1]. coefficient of the model by mass as a basis for comparison Kgi*? ,

Unreinforced single-layer skins made of the most efficient ~ which determines what part of the mass of the considered model i -
materials such as boroplastics and carbon plastics are practically model is from the mass of the most massive similar model k
equivalent in mass to reinforced aluminum or magnesium. existing in a certain UAV classification for a certain period of time.

The shape of non-essential parts and their mutual coordination The coefficient can be determined by the dependence [1]:
are established in general terms. An effective layout solution can be
achieved by the following measures: (1) Knese = Mimod_

1. Reducing the dimensions of the structure, increasing the M
density of the layout.

2. Selection of the most rational solutions for the layout of the
compartment as a whole, as well as its individual elements, which,
when evaluating the options, are arranged in sequence to increase
their efficiency.

3. Selection of rational proportions of the shapes of the parts.

Where: M0q4 - the mass of the designed i-model UAV, with
certain materials kg; M, - the mass of the mass-similar k model
UAV, kg.

For UAV skin materials working to obtain minimum
stability, we assume an unreinforced smooth skin as the simplest
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system. Then for corrugated and three-layer skins we will have
the following coefficients:

Meorr — M lay r

Msmuot

masa _

eff

masa

(2 ) eff

Msmoot

Where: M,,,. - the mass of corrugated, waffle sheeting, kg;
M3 jqy,- three-layer cladding mass, Kg; Mgy, - table of smooth
single-layer cladding, kg.

In expressions (1 and 2) the masses of the compared types of
shells depend on:

a. the geometric parameters of the UAV and the mechanical

properties of the materials from which they are made;

b. specific strength - for structures working on stability, the

strength of the UAV;

c. specific stiffness - for structures working on stability, the

strength of the UAV.

It is important to note that the ratio of the mechanical
properties of the compared structures - thin-walled shells,
structures do not depend on its other parameters. This allows us
to represent expressions (1 and 2) as a product of two
dimensionless quantities [10]:

©)

masa

eff = Kinassa Kimod

Where: Kp.ssa and Kg,.e are the coefficient of optimality,
perfection, qualities, relative weight of the material in UAV
structures; K;,,q the coefficient of optimality, perfection of the i -
model, the model by mass. The proposed designation of the
coefficient K. allows to give a quantitative assessment of the
considered, designed UAV model, as well as to compare it with any
other variant, designed for example a three-layer model or with a
corrugated model of the structures, the skin. This also allows to
make a simultaneous comprehensive comparison of all design
options and select the optimal one, which, through conducting
experiments and tests, can subsequently be offered for production.

3.3. Selection of safety factors for the operation of aircraft-
type UAVs with certain materials

In the field of strength of materials, the safety factor is a
multiplier included in the calculations to ensure the reliability of the
structure despite the uncertainty in the operation of the UAV. I
would say that it “insures” against errors in load estimates,
variations in material properties and simplifications in the
calculation schemes when designing a UAV with a certain type of
material [5]. It is known and especially in UAVS, structural
elements must have a certain safety factor Sy, i.e. the destructive
load D;,,q must not exceed the operating, critical load C,,,q4 by a
certain number of times. Its value is obtained from the ratio [11]:

_ D[oad

Cload

(4) Sfac
Where: Dipad is the destructive load on the UAV
structure depending on the material, N; C,,,4 critical load N.

By operational we mean the largest possible Cp,.q Pe load
determined by calculation during normal operation. A destructive
load is one that leads to a stress-strain state corresponding to
mechanical destruction of the structure or the occurrence of large
deformations that disrupt its normal operation.

Dependence of safety factors Sg,. of all the factors that must be
taken into account, there is no strict mathematical formulation.
Their value is established as a certain standard margin of safety,
adopted to ensure the reliability of the structure [4]. In this case, the
following factors are taken into account [11]:

A. Safety during maintenance. If the destruction of the structure
poses a danger to the lives of service personnel, then it is calculated
with an increased safety factor.

B. The severity of the consequences that the destruction leads
to. For example, damage to the structure can lead to damage or
destruction of an entire complex of structures, the price of which is
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sometimes tens of times higher than the price of the product.
Product service life. Increased coefficients S¢,. are used to calculate
a structure with a long service life. Wear of the surfaces of parts,
changes in the mechanical properties of the material, etc. are also
taken into account.

C. Requirements for the rigidity of the structure (limitations on
the amount of movement, absence or admissibility of residual
deformations).

It is known that UAV structures primarily work on strength
depending on the material used. In this case, strength calculations
are carried out taking into account the mechanical properties of the
material - strength limit o,.,, and yield strength o, . For structures
with repeated action, such as UAVs - fuselage, wings, landing gear,
etc., the stresses arising from the operational load must not exceed
the yield strength. In addition, these structures, taking into account
the type of materials, must have a certain reserve R,,,; relative to
it, which guarantees no reduction in strength during the established
service life of the UAV, even as a result of fatigue accumulation in
the material. For the materials used to build modern UAVS,
especially aircraft-type ones, the values of the coefficient S;,. are
selected individually. The coefficient is selected in the following
ranges [10]:

a. For plastic materials (steel, aluminum), with sufficiently
accurate calculations, it is often used - S¢,, =1,2-1,5.

b.For brittle materials (expensive composites, styrofoam...
some alloys), the values are usually higher —Sg,, =2 — 2,5 or
more.

c. For variable (cyclic) loads typical of UAVSs the range is
wider —Sq = 2,5 — 4.

If data is scarce (few tests, material is heterogeneous — for
example, stringers using glued construction or riveted part), it is
used S = 3 — 4,5, and in some cases a higher value.

3.4. Using cardboard material to design and manufacture
an aircraft-type UAV

In recent years, aircraft-type unmanned aerial vehicles (UAVS)
have rapidly gained popularity. Currently, expensive composite
materials are used for fuselages and wings, offering numerous
advantages, including light weight and high strength. However, it is
known that UAVs are not always able to return "home", i.e. to their
take-off point, and expensive composite materials are lost and never
returned, which costs manufacturers significant funds. For this
purpose, in the design and manufacture of UAVs, cardboard is used,
as has become customary in practice, and corrugated cardboard, or
pressed paper in the form of laminated plastic (BSP) has been and is
widely used for this purpose. Implied by forecasting in financial
management [12]. Cardboard has the following advantages as a
material for UAV structures:

Price. Cardboard is extremely cheap, both the material itself and
the processing.

Weight. Cardboard cases are significantly lighter than metal or
plastic ones, which simplifies transportation and installation of
equipment.

The mechanical properties of cardboard determine its ability to
withstand various external influences and loads. Due to its multi-
layer structure and high density, cardboard has a number of unique
characteristics compared to paper [13]:

1. Hardness: Due to its multi-layer structure, cardboard is
significantly harder than paper. It is able to resist deformation under
external loads, which makes it ideal for use in the packaging
industry.

2. Tensile strength: Cardboard has high tensile strength, which
allows it to withstand significant tensile forces without damage.
This is especially important for transport packaging.

3. Bending strength: High bending strength allows cardboard to
withstand deformation when bending, while maintaining its shape
and structure.

4. Puncture resistance: The cardboard is resistant to puncture,
which is important for protecting the contents of the package from
external mechanical influences.
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5. Elasticity: The cardboard is able to restore its original shape
after the load is removed, if the applied load does not exceed its
strength characteristics.

6. Flexibility: Despite its high rigidity, the cardboard is flexible
enough to be formed into various shapes without damaging its
structure, which is important for the production of folding packages.
7. Flexibility: Despite its high rigidity, the cardboard is flexible
enough to be formed into various shapes without damaging its
structure, which is important for the production of folding packages.

7. Directional dependence: The mechanical properties of the
cardboard can vary depending on the direction of production. This
must be taken into account when designing and using cardboard
packages.

8. Influence of composition: The strength and stiffness of
paperboard depend on its fiber composition, the amount of fillers
and sizing. Materials made from unbleached and bleached pulp
show the greatest strength.

9. Moisture resistance: Paperboard has good moisture
resistance, especially if it has undergone special treatment. High-
quality waterproof paperboard retains at least 75% of its strength
after exposure to high humidity. These properties make paperboard
a versatile material for various applications, including packaging,
printed matter and some types of printed products, such as
calendars, folders and book covers .

Military drones made of cardboard are a new revolution in
unmanned aerial vehicles. They are extremely cheap, easy to
assemble like a children's construction set, and can fly over 100
kilometers. Here are details about their strength and payload:

Key features:

¢ Technology: The body is made of special waxed corrugated
cardboard. It is impregnated with wax so that it does not fall apart
from rain or moisture.

» Supporting structure: To achieve strength, a multi-layer
construction (corrugated cardboard) is used. Two smooth sheets
cover an inner corrugated layer that absorbs vibrations and loads.

* Payload: This type of UAV weighs about 2.4 kg empty, but
can carry up to 3-5 kg (in heavy versions up to 6 kg) of payload.

Cardboard wings have surprisingly good aerodynamic
characteristics, which are close to those of classic foam or balsa
wings. Their main advantage is the ratio between low dead weight
and high stiffness, which is achieved through the internal geometry
of the corrugated cardboard.

Aerodynamic profile and geometry:

* Relative thickness: Profiles with a thickness between 10% and
15% of the chord length are used. This provides a balance between
high lift and space for internal reinforcing spars (beams).

* Sweep and shape: Wings are most often rectangular or
trapezoidal in order to make cutting and folding from a flat sheet of
cardboard as easy as possible.

» Wing quality (L/D): The aerodynamic quality (lift to drag
ratio) varies between 8:1 and 12:1, which is quite sufficient for
stable gliding flight over long distances [9].

Main limitations:

* Critical speed (Flutter): Due to the lower modulus of elasticity
compared to carbon fiber, cardboard wings are susceptible to
dangerous vibrations (flutter) at speeds above 90-100 km/h.

* Deformation under load: At high levels of overload (sharp
turns), the wing can change its profile, which worsens
controllability.

The wingspan and flight speed are the most critical factors that
determine whether a cardboard wing will fly stably or break up in
the air. Since cardboard is more elastic than carbon fiber, the
geometry must comply with strict engineering limits. The industry
benchmark is taken from real combat data from the Australian
cardboard drone Sypaq Corvo PPDS and new Japanese
developments such as Air Kamuy 150 [9].

Optimal Wingspan

In cardboard UAVs, the wingspan is usually maintained
between 1.5 and 2.8 meters:

* Standard (2.0 meters): The basic Corvo PPDS model uses
exactly 2 meters of span. This allows the wing to be folded from
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a standard flat sheet of cardboard without requiring splicing,
which would weaken the structure.

» Extended version (2.8 meters): The heavy-duty Corvo
PPDS-HL (Heavy Lift) model reaches 2.8 meters of span.
However, at this size, it is mandatory to implement an internal
spar (longitudinal beam) made of wood (balsa/plywood) or thin
aluminum tube to prevent the cardboard from folding at the root
of the wing.

* Surface roughness: Cardboard has a higher roughness than
plastic. This leads to an earlier transition from laminar to
turbulent boundary layer, which slightly increases profile drag,
but prevents sudden flow collapse (stall).

* Wax coating: A protective layer of varnish or wax not only
keeps out moisture, but also reduces surface friction, improving
overall aerodynamic efficiency. Torsional stiffness: The
corrugated inner layers act as natural ribs.

Flight Speed

Cardboard performs best at low to medium speeds due to the
specifics of air resistance:

* Cruising speed (60 km/h): This is the golden mean for
cardboard platforms. At 60 km/h (about 16.6 m/s), the load on the
structure is minimal, and the aerodynamic quality allows for
maximum flight range (up to 120 km) with minimal battery
consumption.

* Maximum dive/attack speed (up to 100-120 km/h): The
latest cardboard drones reach maximum speeds of up to 120 km/h
when attacking.

Critical Limit (Beyond 120 km/h): Above this speed, the
cardboard wing enters a zone of aerodynamic flutter
(uncontrollable vibrations). Since cardboard does not have the
same torsional rigidity as plastic, twisting the wing at high speed
immediately leads to a loss of control or mechanical rupture.

Relationship: Span vs. Speed

The greater the span, the lower the maximum speed must be,
unless the wing is heavily reinforced internally [8]. For a cardboard
airplane without an internal supporting frame, the most efficient
aerodynamic formula is:

*Wingspan: 2.0 meters
* Chord (wing width): 25-30 cm
* Speed: 60-80 km/h

Considering these software and physical limits:

We calculate the wing area and the required motor power for a
specific weight.

Folding the profile (e.g. NACA 4415) to achieve maximum lift
from cardboard.

1. Angle of Incidence: Mounting the wing to the fuselage at a
constant inclination of +2° to +3°. This way, in horizontal flight, the
profile generates optimal lift with minimal resistance.

2. Smoothing the leading edge: The leading edge takes the first
blow of the airflow. We stick it with reinforced tape or impregnate
it abundantly with wax/varnish. Any crushing there spoils the
characteristics of the profile and leads to a loss of lift.

3. The Safety Factor (f_s)) for cardboard UAVs is usually
chosen in the range between 1.2 and 1.5.

4. Unlike manned aviation (where (f_s = 1.5 — 2.0) is sought) or
civil construction, cardboard drones are inexpensive devices for
single or short-term use. The goal here is to balance between
minimal weight of the structure and sufficient strength to withstand
flight.

5. Here is how this coefficient is distributed and calculated
depending on the loads:

Table 1. FEA values. If the board is entered into a static analysis
software (e.g. ANSYS or SolidWorks Simulation), the Orthotropic material
model is selected. Here are the typical base ratios that the industry uses for
quality three-ply corrugated boar

Mechanical Direction MD Direction CD Direction ZD
roperty (Longitudinal) (Transverse) (Thickness)
IYoung's modulug ~1200 MPa ~400 MPa ~10-20 MPa
(Elasticity)
[Tensile strength ~30 MPa ~12 MPa ~0.5 MPa
IShear Modulus G; , (onthe |Gy 3 (transversely):| Gz 3 : ~3 MPa
plain): ~500 MPa| ~5 MPa
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Combining two layers of paperboard with a 90-degree cross
orientation is a classic engineering technique inspired by the
structure of plywood and modern composite materials
(carbon/fiberglass). By bonding two layers at right angles, the
weakness of a single paperboard in the transverse direction (CD) is
eliminated and a quasi-isotropic panel with high strength in all
directions is created.

8. The economic aspect is based on the UAVs and

other materials

When using unmanned aerial vehicles (UAVs) made of modern
materials for surveillance, research, reconnaissance, etc., their
characteristics provide economic advantages expressed in the
following:

1) Higher duration of the UAV flight at a low operating cost for
their manufacture and use - costs per unit area, distance traveled,
etc.;

2) Economic advantage resulting from the insignificant
investments made in them - lower costs for purchase and operation.

4) Round-the-clock operation of the UAV in all weather
conditions.

5) The loss of a UAV made of cardboard in terms of cost is
incomparable with the work it has performed for its intended
purpose.

The above advantages correspond to financial management,
which is the most modern way of managing modern organizations
for the design and production of UAVs with innovative materials,
operating in a market economy. The implementation of a new and
complex vision for the content of an advanced system of tools for
the financial management of production using cardboard in UAVs
is essential for the management of any company [7].

9. Conclusion

The article proposes a mathematical model for determining the
static deformation and the angle of rotation of a console, with a
presented model of an artillery system body. The used modeling
package SOLIDWORKS allows it to be used to obtain first-
approximation results for the design of artillery systems.
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Numerical Modeling of Smoothbore Barrel Shot
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Abstract: This work reports preliminary outlined relations between geometrical parameters and material parameters of smoothbore
barrel and projectile during the internal stage of shot depending on the time variation of barrel pressure. Mechanical behaviors of barrel
possessing diameter 18.2mm with length 760mm and projectile having cylindrical form with half-spherical form in the nose are 3-D modeled
by help of the commercial Finite Element Method program product Ansys LS-DYNA. A barrel and three projectiles with different densities
under five different friction conditions are numerically modeled with aims to establish both the projectile displacements and velocities, and
related kinetic energy. Four stages in the projectile diagrams “Displacement-Time” and “Velocity—Time” are established correspondingly
to the “Barrel Pressure —Time” diagram. Stress and strain states of barrel and projectile are reported.

Keywords: SMOOTHBORE BARREL, SHOT, CYLINDRICAL PROJECTILE, DENSITY, FRICTION, FINITE ELEMENT METHOD

1. Introduction. Stages of shot process kinetic energy near to the muzzle is calculated, and stress — strain
' ' ' states in the projectile and barrel are found.

The elaboration is inspired by the fact that the numerical
modeling of given process could ensure opportunities of 2. Technical devices for production of shot.
preliminary theoretical investigations on dependencies between  Smoothbore barrel. Geometry. Ammunitions.
ruling factors and chosen criteria for an optimal process
performance. Such modeling accomplished before the enlargement A basic part in the weapons is the barrel [3, 4]. A proper design
of existing theoretical works, the development of new techniques ~ Of barrel represents a complex task which is related not only to
and technology or even before the formulation of real physical mathematical calculations and choice of material but also with
experiments could reduce the time and costs of the investigations. ~ designs of proper processing technologies, proper ammunitions,
Additionally, the obtained results could give new directions of ~ Properly attended loading elements and corresponded bearing and
future researches. The process of smoothbore barrel shot is initiated ~ transporting systems. The numerical model here discussed is
and advanced in an ensemble composed by the barrel-itself, ~ composed by four parts: 1-smoothbore barrel, 2-projectile, 3-

projectile, propellant, and corresponding designs of barrel chamber, ~ cartridge-case and 4-breech-block interacting under corresponding
barrel muzzle, cartridge-case where specific combustion cameras contact conditions between them. At the back the barrel begins with

ensure initial stage of the process [1, 2]. 5-chamber where the cartridge is placed, Fig. 1a. The barrel ends in

A process of smoothbore barrel shot basically comprises of (1) front with 6-muzzle where a choke part could be appeared, Fig. 1b.
internal stage, which starts with the ignition and firing of the primer
and propellant in the cartridge-case, Fig. 1la, and ends with the
projectile exit from the barrel muzzle, Fig. 1b, (1) transitional stage,
which starts when the projectile leaves the muzzle, Fig. 1c, until the
projectile achieves the state of stable free flight, (I11) external stage
starting with a stable flight of the projectile and ending with contact
in the target, the terminal stage finally [1, 2]. Here, the internal
stage (I) of the shot, Fig. 1c, will be numerically modeled
depending on (1) the friction conditions between projectile and
barrel and (2) the projectile weight. The friction conditions are
represented by five coefficients of friction. The projectile weight is
represented by three densities of a projectile possessing cylindrical
volume ending with half-sphere having the same diameter. That N
second could give an opportunity to interpret different projectile — e 1 ';1:’“
designs including projectile jackets, volumes of cores or different A= 00155 15:05:18
saboted underbore forms, but under conditions that all these to have Rata=0
the total preliminary given weight. Also, the Kinetic energy is o s 546
classically expressed by half-product of the weight and the second
degree of velocity [1]. If it is wanted to increase the maximum
power of percussion action with a constant propellant and weapon
characteristics, then it should to increase the velocity by decreasing
of the projectile mass i.e. an optimization task arises. The shot
process is computed in eleven steps, each of them with seven
substeps. The proper coefficient of friction gives an opportunity to
choose different materials and surface roughness in order to obtain
the optimal friction conditions under given in advance pressure-time
dependency in the barrel or to change in advance given such
dependencies according to the friction conditions.

The aim of this elaboration is to outline preliminary some basic o — o6 o2y L1320 jog Lop 30 All SIS el 505.219_692'”1 275 424
relations between parameters of shot as displacement and velocity LS-DYNA USER INPUT
of the projectile in the barrel depending on the projectile weight and Fig. 1c The end of the internal stage and start of the transitional stage
the friction conditions between the barrel and projectile. For this  during a process of shot with projectile having density of 1820kg/m® (weight
purpose a numerical finite element model applying commercial 8 grams) under coefficient of friction ,=0.15.
program product Ansys LS-DYNA is developed and eight
simulations of the shot process of are carried out. As results both
the projectile displacements and velocity are established, projectile

Fig. 1. a) 3-D section of smoothbore barrel. 1-barel, 2-projectile, 3-
cartridge case, 4-breech-block, 5-barrel-chamber, b) 6-muzzle and choke.

ANSYS|

Each of them could have different design independently of the
type of weapon but with one and the same goal to increase the
percussion action [3, 4]. In this work an exemplary design of barrel
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is treated with its corresponding elements. That is not a precise
barrel of real weapon, and it does not pretend to be exact design of
real weapon barrel because the efforts of this work are only reduced
to outline preliminary principal possibilities of development of
numerical model of such types shot process.

3. Assumptions and numerical setup of the task.

In Fig. 2 the geometrical sizes of 5-barrel-chamber, 3-cartridge
and 2-projectile are given. The cartridge-case is not presented as a
whole as design because the subject of this elaboration is
displacement of the projectile in the barrel during internal stage of
shot discarding the preliminary combustion and explosion processes
provoking this displacement.

AN

AUG 12 2024
16:33:05

AREAS

TYEE NUM

phere R9.2

3

Z ef®
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19.8H
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! 760

LS-DYNA USER INPBUT

Fig. 2. Sizes of the barrel-chamber, projectile and cartridge-case.

A coordinate system Oxyz is embedded between the barrel and
the breach. The barrel has inside diameter of 18.2mm and total
length 760mm. In back part, it has a chamber with larger inside
diameter of 19.8mm and length 70mm where the cartridge is placed.
The cartridge has outside diameter 19.8mm and inside diameter
18.4mm with length 70mm. The barrel-chamber is closed by the
breech which represent a cylinder with diameter 30mm and length
30mm. In front the barrel has a choke part with diameter 17.5mm
and length 40mm connected to the basic barrel part by cone with
length 15mm. The projectile is composed by a cylindrical part with
diameter 18.4mm and length 10mm with volume 2.66x10°m? and
hemispherical part with the same diameter of 18.4mm and volume
1.64x10°m®. The barrel is meshed with 3-D 8-nodes finite elements
Solid 164. The cartridge, breech and projectile are meshed with 3-D
10-nodes finite element Solid 168. The barrel is divided in 15500
finite elements with 2260 nodes. The cartridge is divided in 4563
elements with 9348 nodes. The projectile is divided in 298 finite
elements with 579 nodes. The breech is divided in 295 finite
elements with 559 nodes. It is unmovably and rigidly connected to
the chamber, it is not loaded by the barrel pressure i.e. it does not
take into account recoil effects. The mechanical properties of the
materials are given in Table 1. They are chosen as representative
and are not related to given barrel and projectile material data [5, 6].

Table 1: Mechanical properties of material models.

Barrel and Breech Cartridge Projectile
Density
[kg/m3] 7800 4500 1820, 2730, 3640
Elastic
module 210 150 180
[GPa]
Yield stress
[MPa] 1350 150 1080
Poisson’s
ratio 029 0.35 0.34

The fittings between the barrel-chamber ant the cartridge and
the cartridge and projectile are assumed as free-sliding ones of type
H/h for hole/shaft, Fig. 2.

143

The contact conditions between outside surface of the cartridge-
case and inside surface of the barrel-chamber are modeled by
coefficient of friction 0.1. The friction between the inside surface of
cartridge and projectile is modeled by coefficient of friction 0.5.
The contact friction between barrel and the projectile is modeled by
five friction coefficients 0.01, 0.05, 0.1, 0.15 and 0.2. In this work
both the friction coefficients static and the dynamic are assumed
with these equal values above reported. Variations of friction
depending on the velocity are not taken into account. The weight of
the projectile is modeled by help of three different densities, given
in Table 1 and multiplied by the projectile volume of 4.3x10-6m®
they give projectile weights nearly of 8, 12, 16 grams.

Series of numerical simulations of the process of shot are
performed through the geometries of barrel and projectile given in

Fig. 2.
50.00 —
Polynomial Coefficients
Degree 0: 9.89573
— Degree 1: 395.599
40.00 Degree 2: -1473.29
Degree 3: 2204.83
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o Degree 6: -91.6901
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Fig. 3 Diagram of Barrel pressure as function of time.

The barrel pressure is assigned according to “Pressure — Time”
diagram given in Fig. 3. The same this pressure loads the base of
the projectile. Here, the pressure forces acting in the volume closed
between the projectile base, cartridge inside and the breech could be
or not be translated to the projectile base by additional elastic
elements as shock-absorbers, gasket and others, occupying the
distance of 58mm, Fig. 2. The type of the “Pressure-Time” diagram
given in Fig. 3 could be different with shifted maximal pressure in
the time. That is depended on the type and contents of the
propellant and design of the cartridge [2, 5].

3. Results and Discussions

Which effects will cause the increase of the friction coefficient
is arising as a question. The projectile starts to move when the
forces initiated by the propellant pressure override the friction
forces between the projectile and the cartridge-case. These friction
forces are specific for each cartridge and result from its design. In
this work the displacement of the projectile is modeled depending
on its weight and the friction coefficient between the barrel and the
projectile. The friction coefficient between the projectile and
cartridge-case, as well this one between the cartridge-case and
barrel are assumed as constants. The obtained results are given in
Fig. 4. With smoothbore barrel and lowest coefficient of friction
0.01 between the barrel and the projectile, the displacement of the
projectiles after exit of barrel under pressure 7.5-8MPa is 1.13m.
The projectile leaves the barrel in time 1.277 milliseconds with
velocity Vz=860m/sec, and the velocity is increased to 956m/sec
after leaving the barrel in distance 0.37m at time 1.75 milliseconds.
This is the case of shot with both the lowest friction and weight.
According to the classical Ek=0.5mVz?, the maximal kinetic energy
is Ek=2958.4), where Vz is in m/sec, m in kilograms When p=0.15
Vz=712m/sec and Ek=2031J, it is nearly 1/3 lower.
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In Fig. 3 diagrams sowing the change of the barrel pressure in
time beginning with primer ignition is given. The character of this
diagram could be different with movement of the maximum in the
time. Here a diagram is taken as an illustrative one from [2]. The
diagram could be separated in four basic parts. In the first part a
sharp increase of the pressure from 0 to the maximum of 45MPa
(450atm) is observed for 0.25miliseconds. Next, after this
maximum a part with smooth pressure decrease to 12.5MPa,
asymmetric to the increasing part, is seen in time 0.8 milliseconds.
After that a decrease of the pressure to 5MPa is seen from time
0.8msec to 1.6msec. During the commented four stages the
projectile has increasing velocity with non-uniform displacement in
the barrel. These described four stages have close dependency on
the contents of the propeller and its rate of compression in the
cartridge as well the design of the cartridge [2, 5].

1.20 |
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Fig. 4 Diagrams “Displacement - Time” obtained for projectile with density
1820kg/m® under friction coefficients 4 in range 0.01, 0.05, 0.1, 0.15, 0.2.

In Fig. 4 the displacement of the projectile in the barrel is given
in time dependency under coefficients of friction 0.01, 0.05, 0.01,
0.15 and 0.2 with the barrel. The place of the barrel muzzle is given
by horizontal dashed line showing the moment when the projectiles
live the barrel. The given curves could be also divided in four parts
corresponded in the time to the four parts in Fig. 3. A small
displacement of the projectile is read in the first part at time 0.1
millisecond for the five coefficient of friction. At time 0.8
milliseconds, with p=0.01 the displacement has highest value of
0.35m while with p=0.2 it has lowest value of 0.15m. The projectile
with the lowest friction coefficient first leaves the barrel in time
t=0.122 milliseconds. The projectile with the friction coefficient
0.15 leaves the barrel for largest time 1.6 milliseconds, while this
having p=0.2 does not reach the muzzle. This projectile has
displacement of 0.63m. The pressure of 5MPa in the last stage is not
sufficient for its leaving of the barrel according to this simulation.
After the beginning of the third and four stages at time 0.8-0.9
milliseconds the displacements described by the four curves have
linear tendencies. The diagrams “Velocity Z — Time” given in Fig. 5
are also divided in the same four parts, analogically to Fig. 3, 4 as
they are consequences of these figures. In the first stage until time
0.23-25 milliseconds with friction coefficient 0.01 increasing
velocities to 300m/sec and to 180m/sec could be read for p=0.01
and 0.1, respectively. That is nearly 60% increasing velocity with
ten times decreasing friction. At time 0.1-0.3 milliseconds, with the
highest friction coefficients of 0.15 and 0.2 a horizontal tendency
with constant values 80-90m/sec is observed. That suggests holding
of the projectile by friction and insufficiency of pressure 45MPa to
accelerate the projectile to the maximal pressure. The increased
friction above p=0.1 leads to change of the character of “Vz-Time”-
curves. A new intermediate stage appears between I- and Il-stage,
and it is not related to the “P-Time” diagram. That shows because
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of friction, the conclusions based on Fig. 3 could not be made
automatically. Moreover, this is the moment of bending in the “P-
Time” diagram. During the second and third stages the velocities
increase but with decreasing acceleration. During the fourth stage
(the period of after-action of the propellant gases) for p=0.01 the
velocity achieves values from 820 to 950m/sec, and for p=0.2 the
velocity of 600m/sec appears as an insufficient for the projectile to
leave the muzzle.

1000.00 —
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0.05
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800.00 —
0.15
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400.00 —
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Fig. 5. Diagrams “Velocity Z - Time” obtained for projectile with density

1820kg/m® under friction coefficients 4 in range 0.01, 0.05, 0.1, 0.15, 0.2.

1.60 2.00

In Fig. 6a, b the distributions of the strain and stresses in the
volume of the projectile and in the transition part of the barrel are
given in the beginning of the internal stage at friction coefficient
p=0.15 and m=8 grams. This is a heaviest numerically possible
regime of shot with these parameters. Strains and stress in range of
0.00137 and 188MPa are read. The strain values are sufficiently
lower than the theoretical plastic strain limit of 0.02. This
circumstance appears as an important one during the design of
barrel because it suggests absence of plastic deformations.

Fig. 6 a) Equivalent strain distribution b) and Mises stress distribution in
the barrel and projectile in the start of internal stage at shot with projectile
having density p=1820kg/m* (8grams) under friction x=0.15. Step 3/1, Time
t=0.146 milliseconds, Displacement Uz=9.59mm, Velocity Vz=69.5m/sec.

AWSYS] [ ANSYS

ent strain distribution and b) Mises stress distribution in
the barrel and projectile in the end of internal stage at shot with projectile
having density p=1820kg/m® (8grams) under friction x=0.15. Step 11/3,

Fig. 7 a) Equival

Time t=1.59
Vz=743.5m/sec.
In Fig. 7 the strain and stress distributions in the volumes of
projectile and barrel are given in the end of the internal stage for the
same shot parameters. The strain and stress values are in maximums

milliseconds, Displacement Uz=714.7mm, Velocity
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of 0.00235 and 316MPa. That suggests the projectile undergoes
increasing elastic strains with increasing stress, there is no plastic
deformation. The same is valid for the barrel.

The stress and strain states on the surface of projectile with
density 1820kg/m® (m=8 grams) is given for three nodes under
friction coefficients 0.15 and 0.01, Fig. 8a-d. The nodes 1, 2 and 3
are placed as follows, Fig. 2, in the projectile forward between the
end of spherical and beginning of cylindrical parts, in the middle
cylindrical part and in the rear cylindrical part. In Fig.8a, ¢, sharply
increasing strain and stress values from 0 to 0.0024 and 240MPa are
seen for both the coefficients until time 0.23 milliseconds, when the
maximal pressure is overcame Fig. 3. After that, under u=0.15 a
tendency of keeping the strains 0.002 and stress 200-240MPa is
observed, Figs 8a, b, while under p=0.01 a smooth decrease to
0.0008 in strains and to 80MPa in stresses is observed, Figs 8c, d.

e STRESS b)

0re-3)
4+ STRAIN 400

should be marked i.e. the transitional shot stage is going to finish
and the projectile is going to free flight — third external stage of shot
commented in the Introduction. The projectile having density
p=3640kg/m* (here interpreted as designed weight m=16grams)
does not achieve the muzzle at the lowest friction according to this
FE-model of shot. Similarly to the higher friction of u=0.2 at lowest
weight as it is seen in Fig. 4, changes will be needed in weight or in
“P-Time”-curve. Despite the lowest friction this projectile needs of
higher maximal barrel pressure or another type barrel “Pressure-
Time” diagram in order to overcome the I-stage. So, in this case, it
could be concluded the decreasing weight of the projectile is more
essential to realize a shot than the friction. At the same time, to
achieve higher muzzle velocity, respectively higher Ek and
percussion power, it is essential the weight not to be too higher
under the same barrel “Pressure-Time” diagram. The last
ratiocinations are related to optimization tasks concerning as design
of barrels as well as design of propellants and cartridges.
Comparisons between parameters of the eight simulations of
smoothbore barrel shot here performed are given in Table 2.

Table 2: Parameters of the shots in the end of internal stage.

: Density [kg/m®] | Time Distance Velocity Kinetic

12 ' vs. Friction. [msec] [m] Vz [m/sec] energy [J]

: ‘ p=1820, i=0.01 | 1.276 0.697 860 2960
‘ T ) e 005 | 1315 | o684 829 2748

Y STRAIN ) o STRESS d)

0.1 1.430 0.701 786 2493

- 015 | 159 0.713 712 2031

: - 2, 0.2 1.750 0.634 620 1538

s .
: - p=2730, u=0.01 | 1.643 0.682 615 1517
2
. - 005 | 1750 | 0.703 602 1451
L R p=3640, p=0.01 | 1.750 0.557 471 889

Fig. 8 Distributions of a, c) strain and b, d) stress in the projectile during
the internal stage of the shot with coefficients of friction a, b) 0.15 and c, d)
0.01 at density 1820kg/m®. 1-in the forward part, 2-in the middle part, 3—in
the rear part.

In Fig. 9a, diagrams “Displacement Z -Time” for projectiles
with densities of 1820, 2730 and 3640kg/m® under friction
coefficients pu=0.01 and 0.05 are given in order to outline the
projectile weight influence on the shot. Clear separations of the
curves depending on the increasing projectile weight in 1.5 time and
in 2 times are seen with the 5-multiple increase of friction.
Comparisons in the end of Il-stage, in time 0.8 milliseconds, show
displacements of 0.3 and 0.17m for densities p=1820, 2730kg/m°.

120 -
p=1860kg/m? [1=0.01 100000 —

0.05

H=0.01

P=1820kg/m,
2730 0.05

2730

80000 —

&
1
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muzzle

60000 — 0.05
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Displacement Z, mm
I

Velocity Z, m/sec
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000 — T T T T T T T 1
0.80 1.20 2.00 0.80 120
Time, psec. Time, usec.

Fig. 9 Diagrams a) “Displacement - Time” and b) “Velocity Z - Time”
obtained for projectiles with densities p=1820, 2730, 3640 kg/m3 under
friction coefficients 4=0.01, 0.05, 0.1.

R L A

0.00 040 1.60 0.00 040 160 200

The comparisons of the weight projectile influence on the
projectile velocity, shown by diagrams “Velocity Vz —Time” in Fig.
9b, also clearly outline this separation effects above commented.
The projectile having density p=2730kg/m® (m=12 grams) leaves
the muzzle with velocity close to 600m/sec. This velocity is lower
nearly of its-half than the velocity 860m/sec obtained with density
p=1820kg/m®. But here the tendency to achieve a constant velocity
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3. Conclusions

A smoothbore barrel shot is numerically modeled. The
projectile displacements and velocity, stress-strain states in the
barrel and projectile are established depending on the barrel-
projectile friction and projectile weight. Four stages similar to the
barrel “Pressure-time” diagram are identified in the projectile
“Displacement-Time” and “Velocity—Time” diagrams. A crucial
inter-stage related with the higher than p=0.1 friction is found.
Projectile kinetic energy near to the muzzle is calculated.
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Abstract: Research organizations play an important role in diversifying and strengthening the research system through the implementation
of projects and partnerships that contribute to the social and economic well-being of our country.

This publication presents elements of the authors' experience in conducting scientific research through the development and implementation
of a business model for managing applied scientific developments in the implementation of a project in the field of security of national
critical infrastructure sites in seaports, through which a process is established for identifying, assessing and mitigating potential risks in a

systematic, consistent and documented manner.
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Introduction

The main objective of the Business Model (BM) for the
management of applied research and development in consortium
projects is to provide a concise and up-to-date approach in an easy-
to-use format for the implementation of business, technological,
environmental and social aspects in the area in which the project is
planned and implemented. The BM should provide an analysis of
these aspects, as well as an explanation of the links between them
and the priority areas of the development work.

Business models are fundamentally linked to technological
innovation, but their construction is essentially separable from
technology. We define a business model as a system that solves the
problem of identifying user needs, engaging with those needs, and
delivering value satisfaction.

The BM construct is attractive to the academic community, but
there is also a lack of a common language that would allow
researchers to refer to the work of others. In this paper, we present
one perspective on the BM construct for conducting applied
research in the implementation of critical infrastructure security
projects, with a focus on maritime security, and where this
perspective leads us in terms of understanding the relationship
between BM innovation and technical innovation.

While some researchers argue that the concept of BM is positioned
in the traditional strategic terminology of competitive advantage,
we argue that BM is a stand-alone concept and is consistent with the
widespread assertion in the scientific community that it should
create value.

Another important aspect of the scope of BM development is the
protection of scientific research to ensure that it is not used in an
unwanted way. Given that threats to scientific research are evolving
and manifest in many forms, it is necessary to conclude that
collective efforts are needed to develop research security resilience
- the scientific and educational organizations that make up the
consortium on a given project (in this case G7475) share the
responsibility for identifying and mitigatingsecurity risks related to
scientific research and development.

The purpose of this publication is to provide stackeholders an
approach to managing critical infrastructure (Cl) security research
and development by developing and implementing a BM for
research and development that establishes a managent process, that
allows identifying, assessing, and mitigating the security risks in a
systematic, consistent, and documented manner.
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Specifically, that will help research organizations to demonstrate
how they can:

<> develop and implement a series of personalized best
practices for the implementation of scientific and applied research,

which are both feasible and proportionate;

> identify and analyze the risks associated with the
preparation and implementation of applied research projects in

partnership conditions, and to determine the possible risks;

1. Business model

Collaborative research takes its place as a fundamental innovation
process characterized by the building of relationships that create
opportunities for gaining access to external sources of high
technology and their integration into products and services
developed in the interest of critical infrastructure security.

These activities refer to that part of BM that represents the ability to
acquire knowledge, design, develop and improve products, services,
technologies or processes. For scientific and educational
organizations, research is the key to improving business skills,
expanding the portfolio of products and services and maintaining
applied research and development, in support of the security and
protection of Cl.

The creation and functioning of consortia plays a leading role in the
planning, structuring and negotiation of mutually beneficial
collaborations between universities, research institutes and various
stakeholders in the field of security and defense, with the proper
construction and functioning of appropriate business models
playing a significant role in this regard.

The timely development of the BM is of particular importance for
the proper functioning of project consortia and serves as a
disciplinary framework that mediates between applied research, the
technical and economic spheres, and ensures the connection of all
activities during the development process. This is as important as
the experiments that are carried out to assess the risks in the
technologies. The role of the BM should become part of the new
dominant logic for managing the commercialization of
technologies.

The purpose of this paper is to present the impact of BM on two
dimensions of collaborative research: collaboration, as an
alternative to successful relationships, and risk sharing, as an
effective tool for assessing the portfolio of opportunities for
successful activity.
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The preparation of a basic structure of BM for the management of
research and applied scientific developments within the scope of the
G7475 project is a stage of the work of the participants in it, and the
following text will present to your attention the basic activities in
the area of "key partners", "key activities" and "customer segments"

(Figure 1).
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G7475  ENHANCED NAVAL PORT FACILITY SECURITY CAPABILITY " (ENAPOFASEC)
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Figure 1: BM of project G7475 focusing on key elements related to
the topic.

In essence, BM consists of several key assumptions [1]:

<> Every organization aims to create value for its

stakeholders;

®,
o

The organization seeks to capture the created value
through various revenue sources;

®,
o

Understanding the processes of value creation and value
capture requires focusing on the organization, but also considering
how it is included in a network of external organizations (creating a

consortiumy;

®
o

The products and services offered are inseparable from
the operations and activities of the organization;

XS

X The organization's management voluntarily decides how
to manage its business.

Building key partnerships through the creation of project consortia
allows the implementation of good practices, focusing on [1]:

<

X exploitation of research results through
property rights and individual products;

intellectual

®,
o

training of doctoral students;

®
o

dissemination of research results through publications,
conferences, etc.;

®
o

stimulation of networking and knowledge transfer;

<> acquisition of funding from international structures

(including EU and NATO sources);
provision of research infrastructure;
provision of market information.

These good practices offer key insights for project management,
namely:

<> The consortium should be flexible in finding support and
developing research projects with different funding mechanisms, for
products and systems with different Technology Readiness Levels

(TRL);

®,
o

The consortium should offer different types of services to
foster collaboration between science and stakeholders (national

agencies and industry);
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K3
o

Developing international collaboration through contract
applied research and development should be a strategic objective.

The following motivations for creating project consortia can be
structured [1]:

X Optimization and economies of scale - a basic form of
partnership through the creation of project consortia is designed to
optimize the allocation of resources and activities, which leads to

cost optimization and often includes infrastructure sharing.

< Reduction of risk and uncertainty - partnerships through
project consortia help reduce risk in a competitive environment

characterized by uncertainty.

< Acquisition of certain resources and activities - through
project consortia, partners' own capabilities are expanded, as they
rely on each other to provide certain resources or perform certain

activities.

1.1 Business Model Framework

The main motives behind the development of the BM framework
are related to the creation of a technological and business platform
for a security system, through which to present the research
management (Figure 1) for models developed under the terms of the
G7475 project, with the participation of current partners.

Here, the main elements of the BM, directly related to the
implementation of the scientific and applied activities under the
G7475 project, will be indicated, and they are:

Key partners - when defining this component, the following
opportunities were identified:

K3
o

suppliers of microelectronic elements, cloud services, etc.;

X partners under the G7475 project - with proven
capabilities in the field of developing maritime infrastructure
security systems; simulations of risky events underwater; ensuring

sustainable two-way communication, etc.;

K3
o

business partners, national and international, with a
portfolio in the field of maritime security and protection systems;

K3
°

national agencies with responsibilities in the fields of
security, defense, education and science, economy;

K3
°

Patent Office of the Republic of Bulgaria.

Key activities — the scope of the identified key activities includes
the following:

< hardware development: compatible with the security
environment, lightweight, secure, through minimal modifications,

ensuring operation in a maritime security environment;

X software  development: intelligent software with
capabilities for automated diagnostics of sensor devices; software
for scenarios for the types of risk events and application support of

the developed software;

K3
o

purchase of raw materials and electronic components,
assembly, testing and packaging of products and systems;

<> if necessary, integration of the developed systems or their
elements in the terms of the business partners with whom there are

agreements;

2
”e

distribution of the developed systems and products.

Client segment — the following potential stakeholders for the
development and use of the security system have been identified:

users from security structures;

users from departmental and local administrations;
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®,
o

operators of critical infrastructure;

®,
o

users from business organizations with a portfolio in the
field of developing products and systems in the field of security and

protection;

K3
o

users from academic and scientific organizations in the
development of products and systems for security and protection.

This component of BM, as one of the most important, is at the same
time one of the most difficult to define not only for products based
on hardware and software, but also for those related to ensuring
compatibility, including interoperability, with strategic management
systems created and functioning at the national level.

1.2 Connection between the structured elements of the BM and the
actual implementation of project G7475.

Key Partners

The key partners and stakeholders are preliminary approved by the
funding body of the G7475 project, who will implement the
activities in accordance with the “Work Plan”.

Key activities

<

X Hardware and software for the line elements (Layer 1 to
3) are in the process of development (Figure 2);

<> The ways of joint work on the project have been
coordinated with the stakeholders;

<> Information about the project G7475 has been published
on the website of the lead partner - Institute of Metal Science
Equipment and Technologies with Hydro- and Aerodynamics
Centre “Acad. A Balevski” at the Bulgarian Academy of Sciences;

<

X 11 publications have been developed, which are within
the scope of the project G7475 [2+12].

the

®,
o

Integration into information of the

stakeholders is not planned.

system

Security facility - NAVAL BASE

next to the security
fality

Naval base and coastal security

Active sonar surveillance: w

Passive Sonar Remote Sensing

Figure 2: General scheme of project G7475.

Customer segment

The interested national structure for the creation of the maritime
security system has been identified and approved by the funding
organization of project G7475.

2. Relationship of BM with building resilience of
critical infrastructure

According to 1SO 22316:2017 [13], organizational resilience is the
ability of an organization to absorb impacts and adapt to a changing
environment. Therefore, resilience in CI [14] can be considered as a
qualitative state that reduces wvulnerability, minimizes the
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consequences of threats, accelerates response and recovery, and
facilitates adaptation to a disruptive event.

In this context, comprehensive knowledge of the operating
conditions of the CI (operating environment, environmental and
security environment) and of the main factors by which resilience is
determined, limited and affected is the main prerequisite for
strengthening the resilience of CI elements.

It is important to emphasize that organizational resilience is closely
related to business continuity management [15]. This approach
provides a practical framework for building an effective critical
infrastructure management system, aiming to create protection and
security against a wide range of potential threats and risk events.

Therefore, it can be said with sufficient reason that resilience of the
Cl is the inherent readiness of subsystems to be affected by a
disruptive event. It is the ability of these subsystems to perform and
maintain their functions when negatively affected by internal and/or
external factors.

Considering the need to build sustainability of the functioning of the
Cl, we based our efforts on structuring the BM for managing
scientific and applied developments under project G7475.

3.

The presented structure of the BM for the management of scientific
and applied developments within the scope of the G7475 project is
based on the modern experience of the partners in the project
consortium, who have achieved high efficiency in the field of
scientific research and implementation of scientific products on the
CI security market.

Conclusion

There are convincing reasons for developing their own BM, which
requires a fundamental change in the way the consortium of
organizations works and thinks. Therefore, the presented BM has an
extremely high potential for sustainable increase in competitiveness
and success.

Last but not least, the applied approach in the structuring and
functioning of the G7475 project provides an opportunity for the
proposed BM to ensure the competitive advantage of the key
partnership  between academic, university and interested
organizations in the market implementation of the results of
scientific and applied activities.
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3akoHoBa U AIMUHUCTPATHBHA paMKa 3a U3M0JI3BAHEC HA HEJCTAJTHUTE CPEACTBA B
NnpaBonpujaaraHeTo

Legal and administrative framework for the use of non-lethal means In law enforcement
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Abstract: This report is based on an extensive review of international human rights law (IHL), law enforcement standards, other documents
and good practices related to the use of non-lethal means in law enforcement. Drawing on the information from these sources, some
considerations are proposed that could contribute to improving the legal and administrative framework for the use of non-lethal means in

accordance with international human rights law.
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MexayHapoqHOTO  NpaBO  Cb3JaBa  peAMIa  IIPAaBHO
OOBBp3BaIlM 3aJBJDKCHUS] 32 JIbpP)KABHTE OTHOCHO IIpaBaTa Ha
yoBeka. Te BKIIIOUBAT 3abIDKEHHS 3a Ch3JaBaHe (WIN aJlalTHPaHe)
Ha  HAllMOHAJHO  3aKOHOJATEICTBO B  CHOTBETCTBHE  C
MEKAYHapOIHUTE HOPMH, KaKTO M 3a BB3IbpXKaHE OT IPAKTHUKH,
KONTO  MpOTHBOpEYaT Ha  Te3W  HOPMH.  BrTpemrHoTo
3aKOHOJATEIICTBO, MOJUTHKA U NPAKTHKA HA Jbp)KaBUTE TPsOBa 1a
TapaHTHpaT  CHa3BaHETO HAa  KIIOYOBUTE  MEXITYHApOIHH
3a/bJDKEHUS U aHTQ)KUMEHTH OTHOCHO IIpaBaTa Ha 4OBEKa.

OcHoBHHTE (YHKIMM Ha IPaBOIpWIAralllUTe OPTaHdH ca
CBBP3aHU C OCUTYpSIBAHETO Ha 3aKOHHOCT, pell U CUT'YpHOCT, IpHU
KoeTo Te TpsabBa Ja 3amuTaBaT M CHa3BaT W IIpaBata Ha
rpakaanuTe. ChIIEBPEMEHHO, 32 1a M3IIBIHABAT 3aIbIDKEHHUATA CH,
TE3H OpPTaHM MMAaT NPAaBOMOINUETO Aa H3MON3BAT CHJIA, KOTaTo €
HeoOxomuMo. Brmpeku, de ymorpebara Ha cujia B AEHHOCTHTE IO
MpaBONpHIaraHe € mo0pe perTaMeHTHpaHa, YecTO BB3HUKBAT
CUTyallUd, B KOMTO OIIpEAEJCHUTE IMapaMeTpu Morar na ObaaT
HapyLIeHW, a BCIIEACTBHE Ha TOBAa MOTraT Ja ObJaT 3acerHaTH U
HSIKOU YOBELIKH IpaBa.

Jokarto ymnorpebarta Ha OTHECTPENHH OPBKHS B HPaBo-
MPUIIATAHETO € OTPaHMYEHa 3aKOHOBO CaMO J0 CUTYalllH, B KOUTO €
3acTpalleH YOBEMIKM JKHBOT, BCE ONIE MMa HIKOM HESCHOTH IO
OTHOIIICHNE Ha TOBa KOTa M Kak TpsOBa na OBAAT M3MON3BaHU
HeNeTalHuTe cpeacTBa. Karo ce mMa mpenBup, We MOCISTHATE
MIPEACTABIIBAT OCHOBHATa YacT OT OOOpyIBaHETO Ha MpaBo-
NpUiaraliuTe OpraHd, TOJIMOTO pa3HooOpa3ue OT TakKuBa
CpeACTBa, KaKTO M 3HAUUTENIHUS UM IMOTEHIMAJ 32 U3BbPILBaHE Ha
3710ynoTpeOH, U3SICHIBAHETO Ha TE3W BBIIPOCH € OT CHILECTBEHO
3Ha4YEHHE 32 3aKOHOCHOOPA3HOTO U OTTOBOPHO MPHIIAraHe Ha CUIIA.

HacrosmusT nokmag € ocHOBaH Ha OOIIMPHO HMPOydIBaHE Ha
MEKIYyHapOIHOTO IpaBO B oOJNacTTa Ha IIpaBaTa Ha YOBEKa
(MIIITY), npaBuiiata 3a MpaBOIPUIIATaHe, HAKOU JAPYTH JTOKYMEHTH
u  po0pHM  TpaKTHKH, CBBP3aHM C  H3IOJN3BAaHETO  Ha
HECMBPTOHOCHHTE CpeJCTBa B IpaBonpuiaranero. Ha Oa3ara Ha
HH(bOpMaLIPIﬂTa OT TE3W M3TOYHULOM Ca MNPECHAIONKEHNU HIAKOU

ChOOpaKCHUS, KOUTO OWxa MOIIM Jda JONpUHEecaT 3a
noJo0psiBAHETO HA TMpaBHATa W aJAMHUHUCTPAaTUBHA paMKa 3a
HM3MIONI3BAaHE HA HEJETANHUTE OPBXHSI B CBOTBETCTBHE C

MEXIAYHAPOAHOTO PABO 3a YOBCIIKUTE IIpaBa.

Mesicoynapoonu Hopmu 3a U3NOI36AHEMO HA

cujia 6 npasonpujiacanemo

OCHOBHHMTE MEXIyHapOAHH HMHCTPYMEHTH 3a IIpaBaTa Ha
YOBEKa, CBbP3aHH C yroTpedara Ha CUia B IPABONpPHUIIATaHeTo, Ca:
Bceo0a nexnaparys 3a mpaBaTa Ha YoBeka; MexIyHapOIeH MaKT
32 TPOKOAHCKM W TIOJUTHYECKH TmpaBa; KOHBeHIWS —cpemry
M3TE3aHUATa W IpPYyrd (OPMH Ha IKECTOKO, HEYOBEIIKO I
YHHU3HUTENHO OTHOLIEHHE WM Haka3aHue; KoJeke 3a MoBeIeHHe Ha
CIy:KUTeInTe Ha npasonpiiarammre oprand (CCLEO), 1979, [1];
OCHOBHM TNpPUHLMIK 33 H3MON3BaHE HAa CHIA M OTHECTPEIHO
OpPBXKHE OT CIY)KHTENU Ha npasornpuiarammre opranu (BPUFF),
1990, [2]. Tocnemuute aBa Cca Hal-BaAXKHHTE MEXIYHAPOIHU
JOKYMEHTH, CITY)KEIIH KaTo CTAHAapT 3a M3IOJI3BAHETO Ha CHIld B

150

NpaBO-IIPWJIATaHETO,  KaTo  MPENOCTaBAT HACOKH  OTHOCHO
M3IOJI3BAHETO Ha CHWIA OT CIY)KUTEINTE Ha MpaBOIpHIIaraliuTe
OpTaHu.

Kozekcswr 3a nosenenne (CCLEO) ruacwu, ue ciaykuTenure Ha
MpaBONPHUIIATAIUTE OPTaHM MOTAT Ja M3II0I3BaT CHJIa CaMO KOTaTo
€ CTPOro HeoOXOAMMO U IO CTEIEHTa, He0OXOANMa 3a M3IIbIHEHHE
Ha TEXHUTE 3aJIBJDKSHUS, a CBII0 TakKa, 4Ye HUKOE JTHKHOCTHO JIUIIE
HE MOXKE Ja Ipuiiara WIM ToJiepHpa KakbBTO M Ja € aKT Ha
W3TE€3aHWe WM JPYro JKECTOKO, HEYOBEUIKO WIIM YHU3HTEIHO
oTHoleHne wuiau Hakazanue. Cnopen Kopekca ,,Karo wso,
OTHECTPENHH OpPBXKHSA HE TpAOBa Ja ce HM3I0I3BAT, OCBEH KOTraTo
3aII0/I03PEHUST HAIlaJaTeNl OKa3Ba BBOPHKEHA CHIPOTHBA WIIH IO
Ipyr HAuMH 3acTpallaBa >KMBOTa Ha OKOJHHUTE, U I0-MAJIKO
eKCTPEMHH MEPKH He ca JOCTaThbUHH 32 HErOBOTO BB3MHMPAHE MU
3agbprkane”. [1] ToBa o3HauaBa, Ye MU3MOJI3BAHETO HA OTHECTPEITHU
OpBXKHMS B IGHHOCTTA Ha TOJIMIUITA € IPHEMIIMBO €JMHCTBEHO KaTO
KpaiiHa MspKa.

Ocunosuure npuHnunu (BPUFF) orpassBar ¢yHnameHTamHus
HPUHIMI, Y€ CIY>KUTEIUTe Ha IMPaBONPHIIATAINTE OPraHHu TpsOBa
Jla TIpWiaraT, JOKOJKOTO € BB3MOXHO, HEHACHJICTBEHH CPEACTBA
IpU W3MBIHEHHE Ha 33JBJDKCHUSATA CH, TPeJH Ja MpUOSATHAT 10
yrnoTpebaTa Ha CHJIa M OTHECTPEITHN OpBXHsA. Te ompenensT Habop
OT MapaMeTpH, B pPaMKHTe Ha KOWUTO CIY)KUTEIUTE MOrar jaa
W3MOJI3BAaT CHJIA WM OTHECTPENHH OpPBXKHS NPU H3IBIHEHHE Ha
cBouTe (YHKIMH, W 3a0paHsBaT M3IOJ3BaHE HA CHJIA, KOETO HE
OTroBaps Ha Te3W IapaMeTpU U CJIEAOBATEIHO € HE3aKOHHO,
NPON3BOJIHO WM TIPEKOMEpHO. 3a Ja MoraT Oa W3IMBIHSIBAT
3aIBIDKEHNS CU CBHIVIACHO M3MCKBAHUSATA, TE3W OPTaHHU pasIojarar ¢
Ha0Op OT OTHECTPETHU W HECMBPTOHOCHH OPBXHUS, BCIKO OT KOUTO
UMa PA3NIUYHU HEeMH W XapaKTePUCTHKH W MOXKE Ja TPEmIoXu
YHUKAITHU IPEANMCTBA TPH CTIEI(PUIHA 00CTOSTENCTBA.

OcnoBuure npuHuunu (BPUFF) HackpuaBar mpaBuTencTBara
na pa3paboTBaT ¥ BhOPHIKABAT CIIY)KUTEIUTE C OPBIKUS, KOUTO OHXa
MO3BOJIMIIN TH(EPEHIIMPAHO W3MOJI3BAaHE HA CHJIa M OTHECTPEJHU
OPBXKHUA, BKIIFOUUTCIIHO C HEJICTAJIHU CPEACTBA. OcHOBeH NPUHIUIT
2 mpu3oBaBa IpaBHUTEICTBaTa M MPABONPHIIATAIINTE areHIUH Ja
pa3paboTAT ,,KOJIKOTO € Bh3MOXKHO IO-IIHPOKA IaMa OT CPeiCcTBa‘,
KOSTO ,,TpsIOBa Ja BKIIOYBA Pa3pabOTBAHETO HA HECMBPTOHOCHU
OpBXHs 32 00e3BpeIKIaHe 32 M3MOI3BAHE B ITOIXOSIIH CHTYalluH .
[Mpunuun 3 mnpus3oBaBa pa3paOOTBAHETO U BHEAPSIBAHETO Ha
HECMBPTOHOCHHU OPBXKHS Ja ObJAAT ,,BHUMATEITHO OLICHSBAHH, 32 Ja
ce cBele 10 MHUHMMYM PHCKBT OT 3acTpallaBaHe Ha He3aMeCeHH
JUIa“ M ce 1MOoCcoYBa, Y€ TAXHOTO H3IMOJI3BaHe ,,TpsiOBa na Obae
BHHMATEITHO KOHTPOIHPaHo” [2].

YacT OT MeXIyHApOJHHTE AaKTOBE Ca HACOYEHH KbM
37m0ynoTpebara ¢ MPaBOMOINMITA HA HPABONPHIATAIINTE OPTaHH.
Te mpsiko CBBP3BAT TEXHUTE JCHCTBHS ChC CIIA3BAHETO HA IpaBaTa
Ha TpaX/JaHWTEe W Hali-Bede C MPaBOTO Ha JKUBOT, (u3MUecKa M
MICUXUYECKAa HEMPUKOCHOBEHOCT Ha JIMYHOCTTAa, IIPaBOTO Ha
JOCTOMHCTBO U XyMaHHO TPETHPAHE HA 3abP)KAHUTE HAPYLIUTEIIH.
MexayHapoJHUTE HOpMHM, obOaue, He NpaBAT pa3iuka MO KaKbB
HayWH € IpHIaraHa CHjaTa M KaKBU CPEACTBA Ca HM3IIOJI3BAHU 32
toBa. [3] C npyrm aymu, B MHOTO CiIyd4yad M3HCKBaHHATA 3a
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U3II0JI3BaHE Ha HECMBPTOHOCHA CHJIa U Ha OTHECTPETHHU OPBKHUS ca
€/IHAKBU.

BaxkeH 1 M3KIIIOUUTENTHO 10JIE3€H JOKYMEHT [0 OTHOILIEHUE Ha
HECMBPTOHOCHUTE CPEJCTBA, € ,,PBKOBOJCTBO OTHOCHO MO-MAaJIKO
CMBPTOHOCHUTE OpPBXHS B IpaBonpmiaranero. PaspaboTeH ot
MEXKTyHapOoIHA TPyIa eKCIepTH oA phKkoBoAcTBOTO Ha Ciyxbara
Ha BppxoBHus xomucap Ha OOH 3a mpaBara Ha 4oBeka, TOH
3aIbjIBa 3HAYUTENIHA IPa3HUHA B THIKYBAHETO HA OCHOBHUTE
YOBEUIKM MpaBa ¥  MNPUHUUNHTE Ha  MpaBOIpHIAraHe,
NpPEeNOCTaBAMKN Ha IbpXKABUTE, MEXIYHApPOIHHUTE OpraHU3ALUH,
Tpa’kIaHCKOTO OOIIECTBO M APYTH 3aUHTEPECOBAHU CTPAHU HACOKU
OTHOCHO WU3MOJI3BAHETO HA HECMBPTOHOCHHTE OPBKHA B
CBOTBETCTBUE C MEXIYHAPOJHOTO MpaBo. To3n JOKYMEHT, KakTo U
HSIKOJIKO IPYTH JOKYMEHTa, Makap ¥ Jja He ca IIPaBHO 0OBBP3BAIIH,
JIONIPUHACAT 3HAYUTEIHO 33 IPEBPBINAHETO HA TE3U CTAaHAApTU B
3aKOH, IOJIMTUKA U IPAKTHKA.

Hauyuonanno 3axonooamencmeo u paznopeoou 3a

u3noJjzeanemo Ha cujia é npasonpujlazanemo

B pesomomnusa 38/11 CeersT no woBemkute npasa Ha OOH
NPU30BaBa Jbp)KABUTE, ,,KaTO IPUOPUTET, Ja TapaHTHUpaT, ue
TSAXHOTO BBTPEIIHO 3aKOHOAATENICTBO M MPOLEAYPU Ca B CHOTBET-
CTBHE C TEXHHTE MEKIYHAPOIHH 3aJbJDKCHHUS U aHT)KUMCHTU BbB
BpB3Ka ¢ yrnoTpebara Ha CHila B KOHTEKCTa Ha NPaBOIPHIaraHeTo U
ce mpmiaraT e(peKTUBHO OT JUIHKHOCTHHTE JIMIA, W3ITBJIHIBAIIN
NpaBONpHJIATalld  33JABJDKCHUS, MO-CHEHATHO IIPHIOKHMHUTE
NPUHIMIIN Ha MPaBONPHIAraHETO, KAaTO Ce HMMa MpeIBHI, 4e
CMBPTOHOCHATA CHJIa MOXE Ja C€ M3IOJI3Ba CaMO KaTO MOCJIEIHA
MSIpKa 3a 3alIUTa OT HEMOCPEICTBEHA 3aIIaxa 3a )uBora“ [4].

Ha npaktuka TOBa O3HauaBa, 4ye BCSKa JbpXkaBa TpsOBa 1a
Ch3/1aJie aJIeKBaTHA MPaBHA U ONEPaTHBHA paMKa ChC ChOTBETHHUTE
NpaBWwiIa W TPOUEAYpH, YPEXKIAlId KOora M 10 KaKkbB HAaYWH
Ibp)KkaBaTa KMMa IIpaBO Ja M3M0J3Ba CHJIAa 3a LEJUTe Ha
npasonpuiaradero. OOMNTE NPUHINIHN 32 U3IIOJI3BAHETO HA CHIIA,
nparoBeTe 3a M3MOJ3BaHE Ha CMBPTOHOCHA CHIIA, IIpaBHJaTa
OTHOCHO OTIOBOPHOCTTa, MEXaHM3MUTE 3a KOHTPOJ M Hazi3op,
TpsiOBa na OBJAT OMpeAeNeHHM B 3aKOH. 3aKOHOIATEJICTBOTO,
periaMeHTHpalo JedHOCTTa Ha NpaBONPHIIATALIMTE OpPraHH,
TpsiOBa ma ObBAe ACHO, TOYHO M JOCTHITHO 3a OOMIECTBEHOCTTA,
MOJAKPETICHO OT SCHU U JIOCTHIIHU pa3nopenou.

M3uckBaHusTa O OTHOIICHHE HA MPAKTUKUTE HA JTBPXKABUTE
Ce pasNpoCTUpPAT BBPXY BCHYKHM OpraHM M JIMIA, IEHCTBAIM OT
UMETO Ha  JIbp)KaBaTa, BKIIOYUTENHO  CIY)XHTEIUTE  Ha
MpaBONPUJIATAI[ATe OpraHH, Karo KpaifHarta OTrOBOPHOCT 3a
JeificTBUsTa Ha OTHACIHUTE [UIBKHOCTHM JIMIA € Ha JbpKaBara.
Omnepauunte Ha Te3W OpPTaHH TPSOBa BHHATH Ja CE€ MPOBEXKAAT B
CHOTBETCTBHUE c HAI[OHAJTHOTO 3aKOHOJIATEJICTBO "
MEX/IyHApOJHHUTE CTaHAApTH, 3aJerHajid B Hero. He3aBUCHMO OT
CBIIIECTBYBAI[aTa OTYETHOCT Ha HAIIMOHAJIHO HHMBO, TOBAa ChH3JaBa
JAOM'BJIHUTEIHA OTYETHOCT Ha MEXAYHApOJHO HHUBO, Ha KOETO
ABPIKABUTE HOCAT OTTOBOPHOCT 32 MHAUBUAYAIHUTE INPAKTUKUA Ha
CBOUTE UIBKHOCTHHU JIMIAa, KAKTO U 34 3aKOHO-AATCIHUTE U APYTrUA
JefCTBUS HA CBOMTE OPraHH, 0COOEHO KOraTo TaKHBa MPAKTHKU WITH
JeficTBUS TIpECTaBIIsIBAT HapyIICHHE Ha [paBaTa Ha YOBEKa.

OT BCHYKHM MpaBUTENCTBA CE H3MCKBA CHIIO [a MpHEMar
HEOOXOAMMHTE MEPKH 3a HMHCTPYKTHpAaHE Ha CIYXUTEIHTE Ha
MpaBoNpHJIaralluTe OpraHd MO0 BpeMe Ha OCHOBHO OOy4YeHHe W
BCHYKHM TMOCNENBalM 0Oy4eHHs, OTHOCHO pasmopenabure Ha
HaIllMOHAIHOTO 3aKOHOAATEJICTBO B ChOTBeTCTBHE C Komekca 3a
IMMOBE€ICHUEC, KAKTO U 3a JAPYrd OCHOBHU MEXAYHAPOAHU CTaHAAPTU
3a IpapaTa Ha 4YOBEKa, NPUIOXHMH 3a IpaBompuiara€eTo. Te
TpsiOBa Ja OBAAT CHAa3BaHH MPH BCSKAaKBU OOCTOSTENCTBA, KATO
OTKJIOHEHHE OT TE3W CTaHIapTH HEe MOXKe JOa ObJe OMpaBlaHO ¢
U3BBHPEIHH OOCTOSATENCTBA (HAIp. M3BBHPEIHO IMOJOKEHUE MU
Ipyra W3BBHpeOHA CUTyarws). Te3u craHmapTd TpsOBa ma Obaar
OTpa3eHM B HALMOHAIHOTO 3aKOHOJATEICTBO M IPAKTHKA, a
U3II'BJIHEHHETO UM Jla CE OTYMTA Hpe]] OOLIeCTBEHOCTTA.

B CcBhOTBETCTBHE € NPUHIMIA HA 3aKOHHOCT, MPEIH TAXHOTO
pasrpbllaHe BCHUYKH CHJIOBH MHCTPYMCHTH TpsiOBa na Obnar
MOJXOAAIIO TECTBAHY, HAIJIEKHO PAa3pEIIeHN 1 MPaBOIPHIIATraIliuTe
BIIACTU TpAOBa Ja pa3paboTAT pasnopendH WM ApYyrH HACOKH 3a
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TAXHOTO u3Moi3BaHe. Te3n HapenOu TpsAOBa na ce OTHACAT O
HHCTpYMEHTa (BKJ. HErOBUTE Ooelpumacu, Koraro UMa TakuBa) U
JI0 HauMHa U OOCTOATENICTBATA, NIPU KOMTO C€ M3Ioi3Ba. Te chlio
TpsaOBa na 3abpaHsBaT KakBUTO M fa Owio MoaubHKanuud Ha
HHCTPYMEHTA, LIEJIAIIM JIa TO HANPAaBsIT M0-MouIeH. [5]

W3BecTHO €, 4e MpU HEMpaBWIHO H3MOJ3BaHe (Hali-4ecTo
MOpagd HEJOCTaThYHO oOydeHHWe, W300p HAa HEMOAXOJISIN
MHCTPYMEHT WJIM HECHa3BaHC Ha WHCTPYKIHMUTE 3a M3IOJ3BaHE),
HECMBPTOHOCHHUTE OPBXKHUS MOTaT Jia JOBeNaT A0 HapyllaBaHe Ha
YOBEILIKHUTE paBa, HAPAHABAHHSA U JIOPU CMBPTHHU ciy4daud. OcBeH
TOBA, C TE3U OPBHKUS MMOHAKOTA Ce 3JI0yNoTpeOsBa yMUIITIEHO. 32 1a
ce cBelar 10 MHHUMYM PHCKOBETE OT MHILMIEHTH U 3JI0yNOoTpedu,
HAIlMOHAIIHOTO 3aKOHOJATEJICTBO W  pasmopendu TpsOBa 1a
OTIPEEIAIT YCIOBHATA 32 M3MOI3BaHE HA HECMBPTOHOCHH OPBXKUS 1
CBBP3aHO C TAX o0Opy[BaHEe W Ja HajaraT Hy)KHHTE OTpaHHICHHS
BBPXY yHoTpebara uMm.

[MpunobuBaHeTo M HauMHA HA M3IMIOJ3BAaHE Ha HEJIETATHUTE
OPBXHSA C€ ONpeAeNAT OT MOJHUTHKUTE, IPOTOKOJIHUTE H
HPOLIEAyPUTE HAa CHOTBETHUS OpraH. YCTaHOBEHO €, 4Ye OpraHH,
YMUTO TOJUTUKM W MPOLEAYpPU HAChPYaBAaT M3MOJI3BAHETO Ha
HEJNCTAIHA  CPEICTBA, 3a€AHO C MHOAXOAAIO0 OOyYeHHE Ha
CIIY’)KHTEIINTE, KOSTO J1a FapaHTHpa NPaBUIIHOTO UM M3II0N3BAHE, 11e
OBaT B CHCTOSIHUE Ja MPEAOTBPATSABAT WM CBEXKAAT 10 MHHHUMYM
(u3MYecKUTe KOHTAKTH, KpUENIM 3HAYATEIHH pPHUCKOBE 3a
3al0/I03PEHUTE U CIYXHTENUTe, KakTo U ymnorpebata Ha
CMBPTOHOCHH OpBKHs. BBB Bpb3ka ¢ 00y4eHHETO Ha CIY)KHTEIUTE,
B pesomomst 25/38 [6] u pesomorums 38/11 [4] CeeersT 1O
npaBaTa Ha 4OBEKa HAChpyaBa ABP)KABUTE Ja MOJIAraT YCHIHUS 3a
peryJiupane U ch3/laBaHe Ha MIPOTOKOJH 332 00y4eHHE U M3IOJI3BaHE
Ha HECMBPTOHOCHH OPBXKHSI.

[MpunoxkeHH KbM HENICTAIHHWTE CPEICTBA, TE3H W3UCKBAHMS
O3HauaBaT, 4Ye Jbp)KaBUTe TpsAOBa Ja CH3gagaT IpaBHA U
aJIMUHHCTPAaTUBHA PaMKa, KOSTO J]a OCUTypsiBa 3aKOHOCHOOPa3HOCT
¥ OTTOBOPHOCT BB BCEKH €Tall OT ,,)KHBOTa“ Ha OpbikueTo (Pur. 1).

NPpoeKTupaHe u
npoussoAacTso

TpaHcdhep u
AocTasaHe

pasnonaraxe
U U3NoN3saHe

Due. 1., JKusznen yukvi ' Ha HelemanHume OpviICus.

[Mpunuun 3 or BPUFF Bb3nara Ha abpikaBUTE ,,BHUMATEITHO
Ja  ONeHsABaT”  pa3pabOTBAaHETO W pa3loNlaraHeTO0  Ha
HECMBPTOHOCHH OpBXKHA. ToBa M3MCKBa BCEKHM HOB HeJETaJIeH
MHCTPYMEHT 3a NpHIaraHe Ha cwia Ja ObAe INaTeNHO OIeHEeH,
npenu na 0be MycHaT B yrnorpeba. 3a Ta3u el Ibp>KaBuTe TpsOBa
Jia ch3manat oQuIMalieH mpolec Ha OLeHsIBaHEe HAa HOBH HEJICTaTHU
OpBXKHMs, BKIIOYBAIO KAaKTO OPBXKHs B MpolieC Ha pa3paboTBaHe,
TaKka M CBIIECTBYBAIIM OPBXKHUS HPEIH TAXHOTO MIbPBOHAYATIHO
npunoOuBaHe.

Ilpoyedypa 3a ouenssane na Henemannume

cpeocmea

I[IpouechT Ha OLEHABAHE HA HENECTAIHUTE OPBKUs TpsAbBa 1a
BKIOuYBa: AHanus Ha Hykaure; OnpenensHe HA OIEPATHBHUTE
usucKBanus; TeXHUYecKa  OUEHKa; MEIUIMHCKA — OLEHKA;
Buo3aelicTBue BhpXy mpaBara Ha YoBeka; ONEpaTHBHH W3IUTAHUS
Ha e(ekruBHOCT. [7] TlpumepHa mpoueaypa, BKIOYBALIA TE3H
€JIEMEHTH, € IPEACTABEHA CXeMaTnyHo Ha Dwur. 2.

IIpy OLCHSABAaHETO HA KOHKPETHO OpBXKHME TpAOBa 1a ce B3eMme
OpeBUI DPUCKBT OT 310ynoTpeda C HEro, AOKOJIKOTO TOBA €
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BB3MOXHO. [Ipy Hamuune Ha TaKbB PUCK WIH YCTPOHCTBOTO TpsiOBa
nIa ObJe aJanTHUpaHO Taka, uye Ja He MO3BOJIABA 3JI0ynoTpeda, Win
aKo TOBAa HE € BB3MOXKHO - Ja ce pa3paboTAT HACOKU 3a
nmpefoTBpaTsBaHe Ha 3moymorpedbu. Tps6Ba na ce mpoydar u
JOIBIHUTENHATE (QYHKIMU, ¢ KOUTO MoraT Ja 0baaT o0opyaBaHH
OpPBXMATA, 32 Jla Ce NPEeNeHH Iald Te ca HeoOXOIUMH M KaKBU
puckoBe TpezcTaBisiBaT. [IpenopbunTenHo € na Obae OCHTYpeHO
obopynBaHe 3a U(pPOBO MM ayJHO 3aliCBaHEe Ha yrnorpebara Ha
OPBXKHETO, 3a Jla C€ YICCHH EBEHTYaJHO pa3cielBaHe IpH
HHIMIEHT, KAKTO M Jia Ce 3alUUTU CIYKHUTENAT OT HEelPaBOMEPHU
OOBHHEHUSL.

aHanus3 Ha HyXxgute

onpegenaHe Ha onepaTtMuBHUTE U3UCKBaHUA

TeXHU4ecKa OueHKa

(yHKUMK, yno6CTBO U PUCKOBE NPU PaBOTa, HAAEKAHOCT, TOYHOCT, ePEeKTUBHOCT)

MeANLMHCKa OLeHKa

(puckose 3a 3apaseto)
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Bb3Je/CTBMUE BbPXY NpaBaTa Ha YoBekKa

onepaTtMBHU U3NUTAHUA Ha ed)eKTMBHOCT

Que. 2. Ilpoyec na oyensigane Ha HeremanHume cpeocmea.

Janante ¥ wuHpOpMamUsTa OTHOCHO BB3MOXKHOCTUTE H
(yHKIMWUTE HA OPBIKUETO, MPEIOCTAaBEeHU OT IPOU3BOAUTEINTE, HE
TpabBa ma ce mpuemar 6e3pe3epBHO. 3aIbDKUTEITHO TpAOBa aa ce
U3BBPIIN TECTBAHE HA OPBKUETO, HE3aBUCUMO OT IIPOU3BOAUTENS U
B CHOTBETCTBUE C NPHU3HATHTE CTAHAAPTH, NMPEAU NMPETOCTABSIHETO
My Ha T[paBompmiaramys opradH. B pesomromus 25/38 ce
HOYepTaBa 3HAYEHUETO HA 3aAbJIOOUCHUTE U HE3aBHCHMH TECTOBE
Ha HECMBPTOHOCHHTE OpPBKHS ,,IPEOH TIXHOTO CHabAsBaHe U
pasnoyiaraHe, 3a Ja C€ YCTaHOBHM TSAXHaTa CMBPTOHOCHOCT U
CTENeHTa Ha BepOosATHHUTE HapaHsBauus [6]. TecTBanero TpsOBa qa
OTYMTA HAIBJIHO KAaKTO W3WUCKBAHUTE, TaKa W ITOTCHIHAJIHUTE
BB3MOKHOCTH M ¢()EKTH Ha OPBKHATA U TPIOBa Ja ce OCHOBaBa Ha
Oe3npucTpacTeH MpaBeH, TEXHHYECKH, METHIMHCKU 1 Hay4eH OIUT
n nokazarenctBa. OcoOeHO BHMMaHHME TpsOBa Ta ce OOBpHE Ha
OlLICHKATa HA MOTCHIHMATHUTE e(QEeKTH OT M3MON3BaHETO Ha
OPBXKHUSATA CHPSAMO JIMIA, KOUTO MOTaT Jia ObAaT 0COOCHO YSI3BHMH.

HecMBpTOHOCHH OpBXKHS M CBBP3aHO C TiIX 00OpyIBaHe,
YUATO TIpeJHa3HAuYeHa, OYaKBaHA WIM NpEABHICHAa yrnorpeba He
ChOTBETCTBA Ha MpaBWJIATA, PETYJIUPAIN MPABONPHIATAHETO, WX
KOHTO IPE/CTABIIIBAT HEONPABAaH PUCK OT 3aryba Ha JKUBOT WIIH
CepUO3HO HapaHsBaHe Ha KOroto M fAa OHio (3amomo3peHd B
MPECTHIUICHNUS, CIIy9aiHH MHHYBa4d WM CAMHTE CIY)XUTEIH), HE
TpaOBa ma OBJAT paspelleHH 3a CHAOAsBaHe, paslojlaraHe WIH
U3II0JI3BAHE.

Hakou Cboﬁpaofcenu;l, C8bP3AHU C Hellemalinume
cpedcmea, npednasnauenu 3a usnojizeane 6

npaeonpujiacanemo

ITpu cb3aaBaHETO Ha MOIXOAALL HAOOP OT 3aKOHH, MPOLEAYPU
W JIpyTH, CBBP3aHH C MPABOIPHIATAHETO, OCBEH ONHCAHUS IIPOIEC
Ha OICHsABaHEe, OMXa MOTNIM Ja Ce€ WMaT NpeIBHI U CICTHATE
CHOOPaKEHUSI OTHOCHO HEJNETATHUTE OPBIKHL.

» Ilpoexmupane u npou3eoocmeo

HecMBbpTOHOCHUTE OPBKMSA U CBBP3aHO C TAX 00OpyHABaHE,
HpelHa3Ha4YeHM 3a M3IOJ3BaHE B IPABOIPHIAraHETO, TPsOBa Ia
ObIAaT MPOEKTUPAaHH U U3pa0OTEHU Taka, 4e Ja ChOTBETCTBAT Ha
3aKOHHUTE LEJIM Ha IPaBONPUIATaHETO M HAa MEXIYHApOIHOTO
IIPaBO 3a YOBEMIKUTE IpaBa. ToBa 3aIbJDKEHUE Ce OTHACS HE CaMo
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JO IbpKaBaTa W HEHHUTE OPraHd, HO M 1O (UPMHUTE, KOUTO
pa3padoTBaT U NPOM3BEKAT TAKUBA OPBAKHUS.

[IpousBogurenuTe Ha HENETAIHM OpPBXUSA TpsAOBa 1a
HPEICTaBsAT Ha BHUMAHUETO Ha KyIlyBaya W/WIIM MOTpeOUTENs U Ha
00IIECTBOTO KaTo IUI0 KOHKPETHHTE PHCKOBE, NMPOHM3THYANIM OT
W3IOJI3BAHETO Ha OpBXHeTo. OOMECTBEHO IOCTHITHUTE JaHHU
TpaOBa Ja BKIIOYBAT KOHCTPYKTUBHHTE XapaKTEPUCTUKH U
mapaMeTpuTe Ha BCSIKO OpBXKHE, C Orjel YyIecHsABaHE Ha
€BEHTYaJJHO MEIMIHMHCKOTO JICYeHHE M Ha OOLIECTBEHOTO
npuemane. [IpousBoautenure TpsiOBa ChIIO Aa MyOIUKYBAT JaHHU
OT MEIMIMH-CKUTE W3CJIEABaHUs], CBBP3aHM C AaHAIM3HMTE Ha
6esomnacuocrra. [9]

B mporeca Ha mpoekTHpaneTo TpsiOBa Aa ObAAT B3ETU MPEIBUL
U HIKOM APYTM W3HUCKBaHWA. Hampumep, BBIPEKH CBETOBHUTE
TEHJCHIIMM Ha BCE IT0-MAIMaOHO pa3paboTBaHEe M W3IOJI3BaHE Ha
JIUCTAaHIIMOHHO YNPABISIBAHW OPBKUS, €CTECTBOTO Ha MpaBo-
NPWJIAraHeTO MOCTaBsI HAKOM OTPaHUYECHUs] OTHOCHO IPHIIAraHETO
Ha cwia OT pascTosiHMe. EjnHa OT Npu4YMHUTE 3a TOBa €, ue
JUMCTaHIMATA MOXE Jia HaMald 3HAYMTEIHO IIOTCHIMana 3a
HENOCPE/ICTBCHA OICHKA Ha CUTYAlMs, KOSTO M3UCKBA Hameca Ha
NpaBONPHJIATALMTE OPraHd (HampHuMep, apecTa Ha 3amof03psH B
HpPECTHIUICHNE), KOGTO MOXeE Ja 3aTpyIHH pa3peliaBaHeTo U Io
MupeH HaunH. ETo 3amio, ocurypsiBaHeTo Ha MOJAXOJSIIA CTEHECH Ha
YOBEIIKH KOHTPOJI BBEPXY M3IOJI3BAHETO Ha CHJIA € OT CBIIECTBEHO
3HAUCHHUE TIPH MIPOCKTHPAHETO HA HEJIETATHU OPBKUS 3a LIEJIUTE Ha
npasonpuiaranero. ClenoBaTeIHO, OPBKHs, KOUTO JIOCTaBAT CHIIA
Yype3 JUCTAHIMOHHO YIPaBJCHHE, aBTOMATHMYHO WM AaBTOHOMHO,
crezBa a ObJaT pa3pellieHH caMo aKo MOXeE Jia Ce TapaHTHpa, ue
TAXHATa TpeIBUAEHa WIM oOnyaifHa ymorpeba me Obae B
CBOTBETCTBHE C HALIMOHAIHOTO npaBo U MIIITY.

* ObujecmeeHu nOPvLUKU U 00Cmassane

Pemrennero 3a ToBa kakBO 00opyABaHE Aa ce 3aKyIH, TpsiOBa
Ja Cce B3eMe 3aIbJDKUTENHO CJel KOHCYITalud C KpaiHus
HnoTpeOuTeN, B Cilydyas KOHKDETHHS OpraH, B 3aBUCHMOCT OT
HeroBute (QyHKOuHA. Hampumep, oOopynBaHEeTO Ha 3BEHa ChC
CICLMATHO TpeAHa3Ha-uYeHHe He € IMOJIXOMAAII0 32 OpTraHd C Io-
0OIIH 3abJDKEHHS.

[penopbUMTENHO € J]a UMa LEHTPAJICH CIIUCHK C 0J00pEeHO
o0opyBaHe Ha HAI[MOHAIHO HHUBO MM 32 OTJIEJICH IPaBOINpHIIAral
oprad. OTrOBOPHOCTTa 3a 3aKyIyBaHETO Ha CHJIOBH WHCTPYMEHTH,
n3bopa Ha Ooemnpumacu U pa3pabOTBaHETO HAa HACOKH MOXE Ja ce
HOCH OT TNpaBONpHWIATAlIMsi OpraH WIM OT CBhOTBETHOTO
MuHHCTepcTBO. VI B JBata ciydas, 3a LENUTE Ha OTYETHOCTTA
TpsiOBa 1a ObJe SCHO MOCOYCHO U 32 MPENINOYHTaHE YCTAHOBEHO 10
3aKOH KOM MOKe J1a paspemaBa M300opa Ha OpPBHXKUS U mIe Oble
OTTOBOPEH 3a TAXHOTO 3aKymyBaHe. [5]

BbB BpB3Ka ¢ TEHJCHIMATA 3a NPUIOOUBaHE HAa 00OpY/ABaHE,
pa3paboTeHO 32 BOGHHH IIEJH, OT MPAaBONPHUIIArallld OPraHH B HIKOU
CTpaHu, Tps0OBa Ja ce Imoa4Yeprae, dYe TaKUBa OPBKHI ca
HENOAXOAAIIM 3a IPaBONpPUIIATaHETO, ThH KaTO M3MOJI3BAHETO UM
MOX€ 1a 3aTPyAHH 3aJbDKEHHETO 3a NpIIaraHe HAa MUHHMMalHa
CHia, a CBOI0O W Ja HMa HeOIarompusateH eQekT BBPXY
oO0IecTBeHNs UMUK Ha Te€3W OpraHH. AKO HOJOOHM OPBKHS ca
HEOOXOJVMH 3a KOHKPETHA CHTyaIllus, Te TpsiOBa Ja ce M3IOI3BaT
CaMO OT CIENHaJIHO 3BEHO, OOy4eHO 3a paboTa C TAX U MHOA
CIIeLHaJIeH HA/[30P.

Llenusr mpouec Ha Bb3IaraHe Ha OOIIECTBEHH MNOPBUYKU
cienBa Jga  Obae mnocraBeH 1oJ  epEeKTHBEH HAa30p WM
JIEMOKpAaTHYEeH KOHTPOJ, KOWTO € HEe3aBHCHM OT TBProBCKa,
nonuieiicka WIM MOJIUTHYeCKa HaMeca M Ce ChCTOM OT IIHPOK
CIIEKTHP OT EKCIEPTH, BKIIOYHTEIHO B 00JacTTa Ha IpaBara Ha
YOBEKa, MIPABOTO, MEAUIMHATA U TPAXKJAHCKOTO MPEACTABUTENICTBO.
JloOpa mpakTuKa € LEeIMsAT MpolLec Ha Bb3JaraHe Ha OOIIECTBEHU
HOpPBYKU J1a Ob/ie 00EKT Ha eKCHepTHA NpoBepKa U IyONIMKyBaHe.
(5]

* Monumopunz

JlbpxaBUTe W IIpaBONpIJIAralliiTe OpraHu TpiOBa Ja
HaOmoaBat ymorpebaTa M edeKkTHTe OT BCHUYKH HEJIeTaIH!
OpBXHMS, KOWTO Te Ha0aBsT, paslojaraT M H3MO0I3BaT B
HPaBOIPHIIATaHETO.
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MOHHUTOPHHI'BT  TpA0Ba 1@  BKIIOYBA  KOHTEKCTYyalHa
undopmarus 3a oOcrosTencrBara Ha ynoTpeba. CHOTBETHHUTE
JAaHHU 3a TE3H, Cpelly KOWTO € WU3MOoJ3BaHa cuwia, TpsOBa,
JOKOJIKOTO € BB3MOXHO, Ja ObIaT pasJeleHH, HampuMep II0
BB3PACT, I10J1, YBpeXkKaHe (ako MMa TakoBa). AHAIN3BT Ha JaHHUTE
TpsaOBa Na IONpHHACS 3a IOJOOpPEHHS B O0yYEeHHETO, HACOKUTE M
MOJINTHKATa, KOrato € HeoOXxoaumMo. MOHHTOPHHIBT TpsOBa na
BKJIIOYBA IIPOBEPKH Ha MSICTO Ha HEJIETATHU OPBKUS M 000pyIBaHe.
[10]

JlbpxaBUTe W TpaBONpHJIATAI[UTE OpraHM TpsAOBa aa CH
CHTPYJHUYAT NPU HaOIIOAEHUETO Ha ymoTpebaTa M eeKTHTE Ha
BCHYKHM HEJETAIHM OPBHKHMSA OT BBHIIHM OpPraHH 3a HaOJIoJEHHE,
KaTo0 HalMOHAJHHM MHCTHTYLMM 3a [paBaTa Ha 4YOBEKa,
MEKTyHApOIHU OpraHM3allii W OpraHW3alMd Ha TPaKTaHCKOTO
obmecTBo. PesynTature 0T TakbB MOHUTOPHHT TPsIOBa Jla ce B3eMaT
MpeABUJ 10 BpeMe Ha OOy4YeHHETO M IIPH aKTyalH3HpaHeTo Ha
BBTPEIIHH HOJUTHKA WM HAcOKH. [9]

e Ilpospaunocm

JbpkaBUTe M NpaBOIpHIAraliuTe OpraHd TpsOBa ma ObIaT
NPO3pauyHH 10 OTHOIIGHME Ha TAXHOTO pEryjlupaHe Ha
U3ION3BAHETO HA HENICTAJHH OPBKHSA, KAKTO M IOJMTHKUTE U
KPUTEPHUTE 3a TIXHOTO 3aKOHHO M3IIOJI3BAHE.

Tasu mnpospauHoCT cienBa [a BKIOYBA HHpOpMauus 3a
PHCKOBETE, MPOU3TUYALIH OT M3IIOJI3BAHETO HA TAaKMBA OPBXKUS HIN
obopynsane. Ts TpsiOBa 1a BKIIOYBA CHIO OOIIECTBEHO NOCTBIIHA
HAl[MOHAJHA CTATHCTHKA 3a CMBPTHH CIy4ad U CEPHO3HHU
HapaHsBaHUSA, CBBP3aHH C PA3IMYHH KaTErOPUM HECMBPTOHOCHHU
opwxusa. VH(bopMarus 3a UHIMACHTH BCIEACTBHE H3IOJI3BAHETO
Ha HEJICTAIHU OpBKHsS TPAOBa Jia ce CIoAeNs B IPAaBOIPUIIAraIluTe
OOLIHOCTH Ha HALIMOHAITHO, PETHOHAIHO U MEXKIYHAPOIHO HUBO.

* Qobyuenue

CayXuTenuTe Ha MPpaBONpHIaraliuTe OpraHu TpsoBa 1a Obaat
o0y4eHH 3a 3aKOHOCBHOOPA3HO M3IOJ3BaHE HA CHJIA, KOETO 1a
BKJIIOYBA: OOY4YEHHE IO NPHIOKMMHTE HPHHLUIN U CTAaHAAPTH 3a
npaBaTa Ha 4OBEKa; 3a TOBA KaK Ja ce M30erHe M3IOJN3BaHETO Ha
CHJIa; 32 TOBA KaK HEJICTAJHUTE OPBKHSA MOTaT Ja MPeIoxkaT Mo-
Oe3onacHa M e)eKTHBHA alTEpHATHBA HA OTHECTPEIHUTE OPBIKHS.
OOyueHneTo TpsiOBa 1a ObJe KakTo Oa3MpaHO Ha CLEHAPHH, TaKa U
TEOPETHYHO, U J]a BKIIOYBA yNPABJICHUE HA CTPECa B CHTYallMU Ha
usnoi3BaHe Ha cuna. [Iporpamure 3a oOydyeHue TpsOBa na ce
aKTyaJIM3UparT, 3a Ja Ce BKIIOYAT IOYKUTE, HAyYEeHH MO BpEeMe Ha
omepaluuTe, W Ja Ce TapaHTHpa, 4Ye Te OTpa3siBaT BCHUKH
CHOTBETHH TONUTUKH U BbTpeman pasmopendu. [10] Ocsen ToBa
IbpKABUTE MOTaT Ja MOThPCAT TEXHMYECKAa IIOMOII OT
MEXIYHApOJAHH OpPraHM3alMd M MPABOIPHIATAIIA arcHIUH OT
JPYTH CTPaHH.

Cryxurenure Ha IIpaBONpWIAraliiTe OpraHd TpsOBa na
HOJIy4aBaT MOAXOJAIIO ITbPBOHAYAIHO M ONPECHUTENIHO O0yueHHe
32 U3IOJ3BAHETO U BB3/EHCTBHETO Ha BCAKO HEJIETATHO OPBXKHE, C
koero ca obopynBaHu. OOydyeHuero TpiaOBa Ja BKIIOYBA
nHbopMaIys 32 ysI3BUMOCTTA Ha ONpPEAEICHH KaTerOpUH JUla KbM
KOHKPETHO OpPBKHE M 3a TOBa KaK Jia ce HICHTHOHIHPAT 0COOCHO
ya3Bumute suna. Ciyxutenure TpsOBa na ObOaT 3amo3HAaTH He
CaMO C OCHOBHHS pHCK OT HapaHsBaHe, [POM3THYAL] OT
U3II0JI3BAHETO Ha JaJICHO HENETAIHO OpPBXHE, HO U C BTOPHYHHTE
HapaHsIBaHHs, KOUTO MOTaT Jia Bb3HUKHAT. Te3n epeKkTH U prCKoBe
ChIIO TPAOBa Ja ObJAT OTPAa3eHU B CTAHIAPTHUTE ONEPATHBHU
npouenypu. Ciyxurennte TpsOBa 1a ObJaT CIEUHATHO 00YUSHH a2
Ce CHpaBiAT C HEKEJIaHUTE IIOCIENCTBHS OT H3MOJII3BAHETO Ha
OPBKHATA, 32 1 MOTAT J]a pearupar aJeKBaTHO, BKIFOYUTEIHO Ype3
Oka3BaHe Ha mbpBa momomnl. OOGyueHHETO TpsOBa Ja BKIOYBA U
pa3scHsiBaHE Ha HEOOXOJMMOCTTa OT ChOMpaHe Ha JaHHH OT
U3II0JI3BAHETO Ha OPBXKMUATA, KOETO 1€ MACHTH(HHUIMPA podIeMuTe
¢ 0€30MacHOCTTa U 11Ie MOANOMOTHE aHaIN3a Ha e()eKTHBHOCTTA Ha
OpPBXKHUATA.

o Tpancgep

JbpxaBure TpsOBa J1a Peryaupar BCHUYKH TpaHC(EpH, BKIL.
HW3HOC W BHOC, Ha HECMBPTOHOCHH OPBXHUS B CHOTBETCTBHE C
TEXHHTE MEXIyHapoIHH 3amgbmkeHus. CwrimacHo Jlorosopa 3a
TBHPTOBUSATA C OPBXKUS, IbPXKABUTE TPsIOBA 1a BBHBEAAT MPOLEXYPH
3a OLEHsABAaHE, 3a Ja TrapaHTHPaT, IPEAU pa3pellaBaHeTO Ha
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TpaHc(epa, Ye TAKMBA apTUKYJIM HE Ce M3II0J3BAT 33 M3BBPLIBAHE
WIM YIECHABAaHE HA CCPUO3HM HAPYIICHUS HA MEKIYHAPOAHOTO
npaso. [11] CrnemoBarenHo, He Morar aa ObIaT TpaHChepUpaHH
HENETaIHH OpPBXHS, YUATO [PEJHA3HAYCHA, OYAKBAHA MM
[UTaHUpaHa YIoTpe0a: € PaBHOCWIHA HAa H3TE3aHHEe WM Jpyra
(bopMa Ha KECTOKO, HEYOBEIIKO MM YHH3HTEIHO OTHACAHE WIIH
HaKaszaHWe; MPEJCTaBisBa HEONpPAaBIaH PUCK OT HapaHsBaHe WIH
3aryba Ha YOBEIIKH JKHBOT.

3aknwuenue

Me)KZ[yHapOZ[HI/ITe 3abJDKCHUA Ha HT)p)KaBI/ITe II0 OTHOILLICHUC
Ha YOBCIIIKUTC npaBa BKJIFOUBAT SICHO U HOZ[pO6HO pernaMeHTI/IpaHe
Ha JIEHOCTUTE B MPaBONPWIIATAHETO, CBBP3aHMU C ymoTpebaTa Ha
cwia. ToBa wHamara Cb31aBaHETO Ha (I/IJ'II/I AJalITUPAHETO Ha
C"LH.[CCTByBaH.IOTO) HalMOHAJIHO 3aKOHOAATCJICTBO, 3a€aAHO CbhC
CBOTBETHUTEC aZ[MI/IHI/ICTpaTI/IBHI/I MepKI/I, IIOJIMTHKH, HpaBI/IHa n
npoueaypn, KOHUTO aa rapaHTHpaT B MakKCHuMaJiHa CTCIICH
CIIa3BAHCTO HA YOBCIIKHUTEC npaBa oT CTpaHa Ha npaBoan/maramI/ITe
OpFaHI/I. B Me)KI[yHapOI[HOTO npaBo Op”b)KPIHTa HC Cca pa3rpaHquHI/I
Ha CM’prOHOCHI/I u HeCMT:pTOHOCHI/I, OT KOCTO HpOI/I3TI/I'-IaT HAKOHU
HESICHOTH, CBBP3aHH C ymoTpebaTa Ha HENETAJHUTE CPENCTBA.
IIpencraBernTe TyKk OOOOIICHHS W HACOKM MOTAaT Ja IOCTYXAar
KaKTO 3a MOAoOpsiBaHEe Ha MpaBHATA M OpPraHMW3aliOHHATA paMKa 3a
MU3II0JI3BAHEC HaA CHUJla B HpaBoan/maraHeTo, KOsATO 1Ha 6'b,I[C
C’B06p33€Ha ChC CHeLII/I(l)I/IKaTa Ha HEJICTAJIHUTEC OPBLXKUA, TaKa U 3a
TAXHOTO ITOJIOXKUTCIIHO B’I)3HpI/IeMaHe oT O6IJ.[€CTBOTO, B KOHTCKCTa
Ha I1paBaTa Ha Y0BCKa.
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I/I3rpamaﬂe Ha MHOIomjiacroBa Cucrema 3a HpOTHBOI[eﬁCTBHe HAa 0e3MUJIOTHH JieTaTeJTHH!
alapaTu B YCJIOBHATA HA CbBPEMCHHUTE MPECAN3BUKATECJIICTBA MIPEA CUTYPHOCTTA

Development of a Multi-Layered Counter-Unmanned Aircraft System for Addressing Contemporary
Security Challenges
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Abstract: The rapid evolution of unmanned aerial systems (UAS) has introduced new security challenges, particularly with the emergence of
FPV, autonomous, and fiber-optic drones. This paper analyzes the main categories of counter-drone systems, focusing on their capabilities
and limitations. It demonstrates that effective protection requires a layered approach integrating detection, tracking, and mitigation
technologies. The findings highlight that while radar, radio frequency, and electro-optical systems are essential for threat detection, kinetic
countermeasures provide the most reliable solution against electronically resistant and autonomous drones. Therefore, a multi-layered
counter-UAS architecture is essential for ensuring modern airspace security.
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1. Yeoo

besnmnoTHUTE JIeTaTENHN CHCTEMH OBP30 Ce pa3BHXa OT HUIIOBU
pa3y3HaBaTeIHM WHCTPYMEHTH [0 CPEACTBa HAa IbpBa JIHHUS,
W3IOJI3BAaHN 32 HaOJIOJIeHWe, HacouBaHe M JUpekTHH aTtaku. C
pa3lIMpsSBaHETO Ha BBH3MOXKHOCTHUTE HA JPOHOBETE HapacTBa M
CIEUIHOCTTA 3a pa3lojlaraHe Ha HaJSKIHU CHUCTEeMHU 3a 3allluTa OT
JIPOHOBE, CHOCOOHM Ja IPOTHBOJCHCTBAT HA BCE MO-CIOXKHH
3amtaxd. ChBpEeMEHHUTE MPOTHBHHUIM PA3IoJiaraT ChC CIEIHAITHO
Cbh3/1a/IeHU JIPOHOBE, [IpeAHa3HAYCHU Ja 3a00HMKaIAT
TPaAWIMOHHHUTE 3alIUTHH MEpPKH, Ja H3M0I3BaT EJIEeKTPOHHH
ySI3BUMOCTU M Jia AeHCTBaT B OCIOpBaHa cpepa. Tasu IpoMsiHa
IpeAU3BHKa 3HAUUTENICH HalpeAbK B TEXHOJOTMUTE 3a 3aIllUTa OT
JPOHOBE.

JIHeIIHNUTE CHCTEeMH 3a 3allUTa OT APOHOBE TPsiOBa Jla ce CIPaBsT ¢
IIMPOK CIEKTHP OT 3aIUIaXH, OT ThPTOBCKU APOHOBE, YIPABISIBAHU
C PaJMOYECTOTHH JIBYH, IO SICKTPOHHO YCTOWYMBH IIaTGOpMH U
aBToHOMHH FPV 1poHOBe (BCekH IpPOH ¢ Kamepa, Ipearail )K1usa
BpB3Ka ChC BHJCOIpeNaBaHe). B Hacrosmara myOiauMKamus ce
M3CiIeABaT Hall-KPUTUYHHUTE KaTeropHu Ha ChBPEMEHHHUTE CHCTEMH
3a 3amuTa OT JPOHOBE, Kak (YHKOIMOHHPAT Te€ U 3all0
MHOTOIJIACTOBHUTE, KWHETUYHO CIIOCOOHHU PELICHUs Ce MPEBPBIIAT B
CBIIECTBEHA HYacT OT ChBPEMEHHATa CHTYPHOCT Ha BB3IYIIHOTO

TIPOCTPAHCTBO.

2. Ilpeonocmaexku u HauuHu 3a pazpeuiasane Ha
npoonema

PasnpocTpaHeHHETO Ha APOHOBE KOPEHHO NPOMEHH Iei3aka Ha
3amraxure. ToBa, KOETO HsKora Oelle €BTHHO pa3y3HaBaTEIHO
CPEACTBO, ce NPEeBbpPHAa B Ipeuu3Ha Iuardopma, crocoOHa aa
cp0Hpa pasy3HaBaTenHa MH(GOpPMALUs, 1a BOAM €IEKTPOHHA BOHHA
M Jla aTaKyBa KHHETHYHO.

C pa3BUTHETO Ha JPOHOBETE, EAHOCIOHHHWTE OTOPAaHUTEIHU

CTpaTEruu HE npejiarat nmoaAxoAsiara 3amura.
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CBBpeMEHHHTE CHCTEMH 3a OTOpaHa Cpelly OpOHOBE TpsOBa 1a
OTYHTAT:

K3
'’

2
"o’

bbp3o manespupamu FPV nponose

K3
"o’

K3
0

IMnardpopmu,  3amMTeHH  cpelly  pagvoyuecTOTHH

3ariiymraBaHus

K3
o

ABTOHOMHA HaBUTrallus U MPeIBAapUTEIIHO NPOrpaMUPaHU
MOJIETHU TPACKTOPUU

K3
°

Pabora B OTOpaHUTEITHU WA OCIIOpPBaHU

CJICKTPOMAarHuTHU CpeEan

EdexTnBHaTa 3amunTa cera M3MCKBA HHTETPHPAHHU CHCTEMH, KOUTO

KOMGI/IHI/IpaT OTKpUBAHEC, IMpOoCiI€AdBaHE W CMEKYaBaHC Ha

MMOCJICAUIUTE, YECTO B MHOXKECTBO obmacTu.

Ipenn na pasrienaMe KOHKPETHH CHCTEMH, € BOKHO Ja pazdepem
TpuTe (QYHKIMOHAIHM CTHJIOA, KOMTO Ca B OCHOBaTa Ha IOBEYETO
CTpaTeruH 3a 3aliuTa OT JPOHOBE:

1.
rnomMomiTa Ha pazaap, paauOdeCTOTEH CEH30p, CJICKTPOONTUIHN HUIIN

OtkpuBane: VaeHTudunmpane Ha HATMYHETO Ha JPOH C

AKyCTUYHHU CUCTEMHU.

2. [IpocnensiBane u wuaeHTHHKanusA: OmnpeaensHe Ha
TPaeKTOPHSTA, TUIIA ¥ HUBOTO Ha 3aIliaxa Ha JAPOHa.
3. CwmekuaBane: HeyTpanusupane WM JeakTHBHpaHE Ha

JApOHa, MpEean na MOXKE a U3IIbJIHU MUCHUITA CH.

B"bl'lpel(l/l Y€ MHOI0O CHUCTEMU CE€ OTIW4YaBaT C OTKPHBAaHEC WJIH

npocieadaBane, CMCKYaBaHETO Ha  PHCKOBETE OCTaBa Hak-

HpeTU3BUKATEIHUAT (1 pellIaBal) CJIOH Ha 3alInTa, 0COOCHO Cpelry
€JIEKTPOHHO 3aI[UTEHNU 3aILIaxH.

C’beeMeHHI/ITe CHUCTCMH 3a 3alyTa OT APOHOBE HE MoOrar ga

pasuuTat CAUHCTBEHO Ha CMCKYaBaHE Ha BB3JICHCTBUETO.

OTKpHBaHETO U MPOCIEASBAHETO OCTABAaT KPUTHUYHH 3a PAHHOTO
HpenynpekaAeHne, KIaCHQHUIPAHETO Ha 3alUIaXUTe M BPEMETO 3a
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peakuus. [1] OTkpuBaHeTo 63 CHOCOGHOCT 3a pearupaHe oOaue
0CTaBsl KM3HCHOBAXXKHU IPOIYCKH B CHTYPHOCTTA Ha BB3JYIITHOTO
npoctpancTBo. Cpelly eJIeKTPOHHO YCTOWYMBM 3aIulaxu, Karo
HarpuMep (UOPOONTHYHHM JAPOHOBE UM AaBTOHOMHHM JIPOHOBE,
OTKPHBAHETO TPsAOBa Ja ObIE ChUYETAHO CHC CIOH 3a CMEKYaBaHe,
CHIOCOOCH Ja JieiicTBa He3a0aBHO BH3 OCHOBA Ha Ta3u MH(opManusl.
B
HEOOXOIMMHSL OTIOBOP, KOTAaToO EJICKTPOHHUTE HHCTPYMEHTH Ca
Hee(heKTUBHH.

TE3U ClICHapuu KHUHCTUYHHUTC peumeHus ocurypsBat

3. I/I3zpa.7fc()ane Ha MHo2onlacmoea cmpamecus 3a
3awiuma om 0p0n03e

Hukost oTnenHa TexHOIOTUSI HE MOKeE Jla IPOTUBOACHCTBA Ha BCSIKa
3aruiaxa OT APOHOBE HAITBJIHO U caMocTosATenHo. Hali-epextuBanTe
CHUCTEMH 3a 3allliTa OT JPOHOBE pa3zyUTaT Ha MHOTOIJIACTOBHU
APXUTEKTYpPHU, KOUTO KOMOWHHPAT MHO>KECTBO TEXHOJIOTHH, 3a Ja Ce
CHpaBsT C IIUPOK CHEKTHp OT creHapuu. Pamapuure m EO/IR
CUCTEMHU OCHUTypsiBaT OTKpUBaHE u MIpocCiie/IBaHe,
PaAMOYECTOTHUTE WHCTPYMEHTH OCTaBaT €(EeKTHBHH CpELLy
TPaJUIMOHHUTE OC3KUIHU JNPOHOBE, a KMHCTHYHUTE PCUICHUS ca
HAaCOYEHH  KBbM u

PaxuouecTOTHO-yCTOHINBI ABTOHOMHH

wiathopMu.

To3u MHOromIacToB MNOAXOJA TapaHTHpa YCTOMYUBOCT, IOKATO
NMPOTUBHUIIUTE C€ aJaNTHpaT U TEXHOJIOTMUTE 3a 3aluTa OT
JPOHOBE MPOJBIKABAT J1a CE Pa3BUBAT.

4. Pesynmamu u ouckycus

CbBpeMEHHHTE 3aIulaXd OT APOHOBE W3WUCKBAaT MHOTOILUIACTOBU
CHCTEMH 3a 3allliTa OT JPOHOBE, KOMTO KOMOWHHPAT OTKPHBAaHE,
UAeHTHOUIMPAaHe W CMeK4YaBaHe Ha mocieauuure. Thil  KaTo
NPOTHBHULIUTE BHenpsiBaT FPV, aBTOHOMHM M ONTHYHY APOHOBE,
pa3bupaHeTo Kak (YHKIHOHHpA BCSKAa KAaTErOpUs CHUCTEMH 3a
3alUTa OT JPOHOBE (M KbJE HE Ca JOCTaTh4HO H00pH) € OT
CBILECTBEHO 3HAYCHHE.

ClieqHUTE CHCTEMH npeacrasjigsBaT OCHOBHaTa TEXHOJIOTHUA 3a
3alyTa OT ApOHOBE, U3I10JI3BaHa JTHEC!

<

X CucreMn 3a paguiouecTOTHO OTKPHBAaHE U EIEKTPOHHO

HpOTPIBO}:[eﬁCTBPIe

PagnogecrotHure cuctemu  (opMupar
TPaJULIMOHHHU CHUCTEMH 3a 3allUTa Cpelly ApPOHOBe. Te3u pelieHus

OCHOBaTa Ha MHOIO

HaOJII0/IaBaT €JCKTPOHHHS CIEKTHP, 3a Ja OTKPUBAT BPB3KH 32
ymnpasienne Ha JpoHoBe M GPS curmamu. PammouecrorHmTe
CHCTEMH Ca MPOCKTHPAaHH A3 HICHTHUIUPAT PaanOYeCTOTHO
Ja HapyulaBar
KOMaHJIBaHE M KOHTPOJ 4pe3 3ariyllaBaHe M JAa MpedaT Ha

YIpaBIsIBAHU  JPOHOBE, KOMYHHUKAIlMUTEe 3a
HaBHTanMATa upe3 moimnpassHe Ha GPS curnamm. Bwmnpexn ue ca
e(eKTHBHH CpeIly MHOTO HOTPEOHUTEICKH W THPTOBCKH JPOHOBE,
KOHWTO pa3yuTaT Ha Oe3)KMYHA KOMYHHKAIHS, PaJHuOYeCTOTHUTE

KOHTpPaMepKH UMar sICHU orpaHudeHus. [2]

Tpabsa na ce oTOenexu, 4e pPaAUOYECTOTHHTE CHCTEMU Ca
Hee(heKTUBHH CpeIly APOHOBE C ONTHYHM BJIAKHA, HE IpejuIaratr
3alUTa Cpelly INPEeIBAPUTEIHO MNPOTPaMHUPAHU WM aBTOHOMHH
wiarhopMd U MoraT jga ObAaT BIOLIEHH OT IpeToBapBaHe Ha
CIEKTbpa IOpPaAXd TAKTUKU 3a NPOTHUBOACUCTBUE HA EICKTPOHHA
BOIlHA Ha NPOTHBHMKA. B pe3ynraT Ha TOBa, paguO4eCTOTHUTE
3alUTU OCTAaBAT MOJE3HU CpeEIly TPaJULUOHHHUTE 3aIlIaXy, HO Beue

HE Ca JOCTAaTb4YHU KaTO CAMOCTOSATEIIHN PEIICHUA.

PanapHu cucteMu 3a 3alluTa OT JPOHOBE
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Pajapuure cucreMu 3a 3amuTa OT APOHOBE ca aJaNTHPaHU 3a
OTKpMBaHC Ha MaJKH BB3AYIIHHM 3alUlaXd HAa HUCKa BHCOYHHA,
BKJIFOYMTEIHO JPOHOBE ¢ MMHUMAJIHO PaJlApHO HAINIPEYHO CEUCHHE.
Te3u CHCTEMH OCHTYpSBAT OTKPHUBAHE Ha JAICYHH Pa3CTOSHHS,
HENPEeKbCHATO HAONIONCHHE Ha BB3JIYLIHOTO IPOCTPAHCTBO H
HaJIeK/IHa paboTa NpH BCIKAKBH METEOPOJIOTUYHHU YCIOBHS.

Bbrnpekn TOBa, pamapHHTE CHCTEMH Ca M3MPaBeHH Mpex
NPEIM3BUKATEINICTBA NIPU PAa3rpaHUYaBaHETO Ha IPOHOBE OT NTHUIH,
OTJIOMKH WJIM IPYTH BB3AYIIHA CMYIIEHHNS U 110 CBOSITA CHIHOCT HE
npeyiarar cMekyasani epekT. bes nHrerpaiys B mo-mmMpoka pamka
3a pearmpaHe, pajapbT CIYXKH HPEIVMMHO KaTo HHCTPYMEHT 3a
paHHO NpenynpexacHue. 3a Ja (QYHKIHOHHpA KaTo ISJIOCTHA
3ammMTa, pajapbT TpsAOBa na Obae chUeTaH C  ePEKTUBCH
HeyTpanu3upan| cjoi, cnocobeH na AeicTBa cpelly OTKpHTaTa

3arjiaxa.
EHCKTpOOHTI/I‘IHI/I 1 TEPMHUYIHU CUCTEMHU 3a OTKPHUBAHE

ENeKTPOONTHYHUTE U TEPMUYHUTE CUCTEMH 32 OTKPUBAHE Pa3dUTAT
Ha CEH30pU 3a BU3YaJICH CIEKTHP M MH(PauepPBEHN CEH30pH, 32 Ja
HOTBBP/IT U KIacH(ULIUpAT 3aIjIaxy OT JpoHoBe. Te3n cucremu ca
YaCTUYHO LEHHH 32  IIOJOXKUTEIHA  WICHTUUKALUi U
nHQOPMUpAaHH peIIeHWs 3a [paBWiIaTa 3a B3aHMMOJCHCTBUE,
OpPEMMHO KOTaTO C€ U3MOJ3BAaT 3aeJHO C pPaJapHd HWIH
PaanoOYeCTOTHH MHCTPYMECHTH 33 OTKpUBaHE. BBIpEKkH CHITHHUTE CH
CTpaHH, ceH3opuTe 3a 3acnuyaHe Ha obektH (EO) n nnppauepBenuTe
CEH30pH Morar fa ObIaT HaMaJIeH! CpeIly MaJKH, ObP30 JBIKEIIH
ce FPV nponose. I[lomoOHO Ha pagapHUTE CHCTEMH, T¢ HE
npeyiaraT JUPeKTHH BBb3MOXKHOCTH 32 CMEKYaBaHE Ha 3allIaXuTe,
nomoOpsiBaKM CHTyallMOHHATa OCBEIOMEHOCT, HO H3HCKBAWKU

HUHTErpanusa ¢ MEXaHU3bM 3a pC€arupane, 3a aa ce Crpe 3arviaxa.

e

3 Cucremu 3a 6opba ¢ apoHOBe, Oa3MpaHU Ha MPEXBaLIadl

" 3aJ1aBSIHE

CucremMure 3a 3aIlUTa Cpely APOHOBE, Oa3HpaHu Ha MPEXBaIladd 1

3aJlaBsIHE, pa34yuTar Ha (1)I/I3I/I'-IGCKO npuxBamiaHe, a HE Ha

€JIIEKTPOHHO CMYILIEHHE, 3a Ja HeyTpaJu3upaTr Bb3IyLIHUTE
3ammaxd. Te3n MOAXOAM BKIIOYBAT JPOHOBE, M3CTPENBAIMIN CE B
MpesKa, YCTPOHCTBA 3a 3alaBsiHE, CBbP3aHM C MPEXa, U CUCTEMH 32
MEXaHHYHO MPUXBAllaHe, INPeJHA3HAYeHH Jda OTPaHWdaT WIN
JIeaKTHBUpAT APOH (u3udeckd. TakuBa CHCTEMH MoraTt Ja Obaat
e(peKTHBHU CpeIly IIaTPOPMH, ChC 3aIUTA CPEITy PaAH0IEeCTOTHH
BBJIHH, U IIPe/IaraT Mo-KOHTPOJIMPAH METO]| 32 HeyTpalH3upaHe B
rpaJcKa WIM 4yBCTBUTENHA cpefa. TeXHuAT omepaTuBeH 00XBaT U
CKOpOCT 00ade ca OrpaHIYEHH, JIOTHCTHKATa MOXKe 1a ObJe CI0XKHA
U T ca YS3BUMH KbM MHOXECTBO MM BHCOKOCKOPOCTHHU 3arlIaxH.
Bbrpekn de pemenusta, 6a3upaHu Ha 3aJaBsiHE, MOTaT Ja padoTsT
B CIenU(UIHHA CIEHAPHH, Te TPYAHO ce Mamabupar cpeury
cbpBpeMeHHUTe FPV posiiy mnu 60iHO OpueHTHpaHu JPOHOBE.

3o

"o KunetnuHu cuctemu 3a 3amiura OT JAPOHOBE

KunernunuTte cucteMu 3a 3aIlluTa OT APOHOBE NpECTaBIsABAT Hali-
pemraBamysi CJIOH Ha CHBPEMEHHATa TEXHOJOTHS 3a 3alluTa OT
JIPOHOBE, KaTo (U3NYECKU JCaKTHBUPAT JPOHOBETE Upe3 AUPEKTHO
Bb3aelcTBHe. Thil KaTo He pa3uuTaT Ha €leKTpOHHA Hameca,
KUHETHYHUTE pEIICHHS OCTaBaT e(eKTHBHH, HE3aBUCHMO OT
METO/la Ha KOMYHHKAIWs WM aBTOHOMHOCTTa Ha JpoHa. Ta3u
KaTeropysi BKIIOYBa Ooenpumacu 3a 6opda ¢ apoHOBe, miaTdopmu
3a MpHXBalllaHe Ha CHApSIIU U JAPYTd BUCOKOCKOPOCTHHU PEILIeHHs 3a
HeyTpanu3upaHe Ha 3aIlIaxd 110 BpeMe Ha II0JIET.

3a paznnka OT eIeKTPOHHHUTE KOHTpaMepKH, KMHETHYHATA 3allUTa
paboTH cpelly APOHOBE C ONTUYHHM BIAKHA, aBTOHOMHH IUIATOPMU
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|
u npenBaputesnHo nporpamupanu FPV artakysamm nponose. Tbhit

KaTo IPOTUBHUIUTE BCE IO-4ECTO IIPOEKTUPAT IPOHOBE, 3a Ja

3a00MKOJIAT €JNIEKTPOHHATA 3all[UTa, KMHETHYHUTE CHCTEMHU Ca Ce

NPEBbPHAIM B  CBIECTBEH KOMIIOHEHT Ha ChbBpEMEHHAaTa

apXUTEKTypa 3a 3alUTa CPelry JPOHOBE.

5. 3aknrouenue

Enextponnara BoifHa oOTHaBHa € KpaHbr'BIICH KaMBK Ha
HPOTHBOBB3AYIIHATA O0TOpaHa, HO (GPUOPOONTUYHUTE M ABTOHOMHHM
JIPOHOBE pa3KpUBAT HeifHWUTe orpaHudeHus. be3 paamodecToTHH
CHTHAIM, KOUTO Ja ObJaT TPEKbCHATH, EIEKTPOHHUTE
KOHTpaMepKH IPOCTO HAMAT KAaKBO Ja IesiT. B pesynrar Ha TOBa
3alIUTHTE, DPA3YHUTAId EIUHCTBEHO Ha EIEKTPOHHU pEIIeHNs,
Morar Jja ce cONbCKAT ¢ ONacHo (aslIuBO YyBCTBO 32 CUI'YPHOCT.

Kunernynata 3amura cpelyy ApOHOBE €IUMHUHUPA Ta3H ySI3BHUMOCT,
KaTo AUPEKTHO HeyTpalnu3upa camara miardopma. Ts He 3aBUCH OT
NpeKbCBaHE HA  CHTHana, COQTYepHH  EKCIUIOMTH WU
SJICKTPOMAarHUTHO HAJMOIIWE, T pa3yuta Ha (HU3UIECKO
B3auMoJelcTBHe. Ta3u TpoOMsIHA € OCOOCHO OdYeBHIHA B
CHbBPEMEHHU KOH(IMKTHH 30HU KaTo YKpaifHa, KbICTO IPOHOBETE
ca MPOEKTHPAHH CIIEIMAIHO Ja YCTOSBaT Ha EIEeKTPOHHA araka. B
cpeda KaTo Ta3d KHHETHMYHOTO B3aUMOJECHCTBHUE Beue HE €
TIOXENATENHO, a TO € U3UCKBAHE.

6. bnazooapnocmu

Hacrosimara my0nukanys € U3roTBeHa B U3MBJIHCHHE Ha 3amada Ne
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NMCTILIXA-BAH 3a neprona 2026+2028r.
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Abstract: This article analyzes the potential applications of virtual reality (VR) and augmented reality (AR) in radiation monitoring training
for personnel at nuclear power plants. It examines the role of nuclear safety training, the importance of the human factor, the specifics of
radiation monitoring and the potential of VR/AR technologies to improve staff training. A conceptual model and methodology for empirical

research is proposed.
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1. Introduction

In the context of digital transformation, technologies such as virtual
and augmented reality are becoming increasingly important, as they
enable the creation of realistic and safe training environments [1].

Development of nuclear energy is an important area of functioning
of developed world countries. Nuclear power plants are objects of
increased danger, so their development prospects are closely related
to issues of safe operation and protection of territories, personnel,
the environment on the territory of the station.

The safe operation of nuclear power plants is inextricably linked to
the level of staff training. The International Atomic Energy Agency
emphasizes that effective training and expertise maintenance are
key prerequisites for nuclear safety [2].

2. Theoretical Foundations of Training and the
Human Factor

Training at a nuclear power plant is a continuous process that
encompasses initial training, maintenance of expertise, and periodic
knowledge enhancement.

Use of virtual and augmented reality technologies for energy sector
received positive approval from the world’s leading countries and
confirms its economic efficiency through:

the reduction of cost and time costs of staff travel to facilities;

elimination of design errors before the beginning of the stage of
construction and installation works;

increasing the level of industrial safety; improving the management
of nuclear power plants.

The Systematic Approach to Training (SAT) includes the analysis,
design, development, delivery, and evaluation of training [3].

The human factor remains a critical element of the safety of nuclear
facilities.

Effective training supports the development of competencies,
reduces the likelihood of errors, and contributes to the formation of
a safety culture [6].

3. Radiation Monitoring and Radiation Protection at
Nuclear Power Plants

Radiation monitoring is a system of organizational and technical
measures for observing and assessing the radiation situation.

Its primary objective is to protect the personnel, the public and the
environment. According to the ALARA principle, radiation
exposure should be kept as low as reasonably achievable [4].
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Radiation monitoring includes individual dosimetric monitoring,
workplace monitoring, monitoring of radioactive contamination,
and radiation risk assessment as outlined in IAEA (2018) [5].

4. Limitations of Traditional Training

Traditional forms of training rely primarily on lectures,
presentations, and limited hands-on exercises. They provide the
necessary theoretical training but do not always allow for realistic
simulation of emergency situations or work in high-risk conditions.

Practical training sessions are often limited by safety requirements
and the need to minimize dose exposure.

Existing radiation control training programs are subject to the
following limitations:

- Limited access to real radiation zones;
- Inability to simulate certain emergency scenarios;
- Risk of additional occupational dose exposure;

- Restricted opportunities for practical training of newly recruited
personnel;

- High financial costs associated with conducting physical practical
eXercises.

5. Virtual and Augmented Reality

Virtual reality is a computer-generated environment in which the
learner interacts with virtual objects and processes [7]. Augmented
reality enhances the real environment by superimposing digital
information onto real objects [8].

These technologies enable interactive learning, repeated practice of
procedures, and the safe simulation of complex situations.

VR and AR can be used to simulate work in controlled areas, locate
sources of contamination, use dosimetry equipment and respond to
radiation incidents.

Through virtual scenarios, trainees gain practical experience
without being exposed to actual radiation. AR supports task
performance by displaying instructions and dose data in real time.

6. Conceptual Model

A model is proposed that includes five consecutive stages:
theoretical training, VR simulations, AR support, practical
assessment and analysis of results. The expected outcomes are the
development of competencies, the enhancement of safety culture
and the reduction of human errors.

The model links training to the ultimate goal — improving nuclear
and radiation safety.

A model comprising four sequential stages is proposed:
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Stage 1: Theoretical Preparation
Study of:

- Radiation protection;

- Dosimetric control;

- Emergency procedures;

- Regulatory requirements.

Stage 2: VR Training

Simulation of:

- Work in a controlled area;

- Radiological survey;

- Use of radiation monitoring instruments;
- Emergency scenarios.

Stage 3: AR Training

Real-environment visualization of:
- Radiation fields;

- Control checkpoints;

- Safe transit routes;

- Work instructions.

Stage 4: Evaluation and Analysis

Automated assessment of:

- Response time;

- Procedural compliance;

- Measurement accuracy;

- Decision making.

7. Benefits and challenges

One of the most important benefits of AR and VR in Radioactive
Waste Management (RadWM) is improved safety. These
technologies enable the simulation of hazardous scenarios, allowing
personnel to train in a controlled, risk-free environment without the
need to be physically present in dangerous or radioactive areas [9].

By reducing human exposure to radiation, AR and VR training
programs significantly enhance worker safety. In addition, these
technologies can be used to simulate emergency situations,
providing personnel with the necessary skills and knowledge to
respond effectively, without any risk of exposure to actual hazards.

Another key advantage of AR and VR is their enhanced efficiency.
These technologies streamline the training process, allowing
workers to gain practical experience without the need for physical
equipment or facilities.

For instance, trainees can practice RadWM procedures in VR
simulations, leading to faster and more effective skill acquisition.
Moreover, the use of AR can assist in real-time guidance during
maintenance and operational procedures, reducing downtime by
50% and enhancing operational efficiency.

Cost savings are another significant benefit associated with the use
of AR and VR in RadWM. Traditional training methods often
require physical resources, travel, and on-site exposure to hazardous
environments, all of which incur high costs.

By utilizing AR and VR for training and simulation, companies can

significantly reduce these expenses (reduction in training time for
new technicians by up to 60%) while also minimizing the risk of
accidents and equipment damage (overall maintenance cost
reduction of 10-40%).
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Furthermore, AR and VR can contribute to more efficient use of
resources, such as reducing the need for physical materials and
optimizing workforce management. Moreover, the use of AR and
VR can lead to increased transparency in RadWM operations.

These technologies can be used for public outreach and education,
offering the public immersive simulations of RadWM facilities and
processes. By providing transparent access to the operations and
safety measures involved in RadWM, AR and VR can help foster
greater public trust and understanding.

Through virtual tours, educational programs, and community
engagement initiatives, these technologies allow the public to gain
insight into complex and sensitive areas of nuclear waste
management, promoting informed decision-making.

Although the benefits of AR and VR in RadWM are clear, there are
several challenges that must be addressed to ensure the successful
integration of these technologies into the industry. One of the
primary challenges is technical barriers. Developing high-quality
VR and AR experiences requires specialized technical

A number of countries have already implemented projects to
introduce VR training in nuclear plants

The training includes emergency scenarios, equipment replacement,
and communication in stressful situations, with all parameters
recorded and analyzed in real time.

Despite the obvious advantages, there are also challenges — the high
cost of developing VR content, the need to update software, and the
need for specialists to adapt curricula to the digital environment.

Therefore, the implementation of these technologies must be
strategically planned and integrated into the overall training and
qualification program systems, (IAEA, 2020) [4]

8. Future directions

1. Ffuture development should prioritize the creation of
standardized, high-resolution VR models of RadW storage and
disposal facilities, incorporating real-time sensor data to enable
proactive issue identification and predictive maintenance
scheduling. This builds upon the benefits of improved safety and
effectiveness already demonstrated.

2. Further efforts should focus on developing intelligent AR
systems that integrate with existing maintenance databases and
provide context-aware, step-by-step instructions, coupled with
automated compliance checks to minimize errors and increase
protection during complex tasks.

This directly addresses the need for enhanced precision and error
reduction.

3. Future initiatives should establish collaborative VR platforms
that allow for real-time stakeholder engagement and iterative design
testing, incorporating feedback from safety and operational teams
early in the design phase to avoid costly modifications during
construction and optimize facility layouts for effectiveness and
protection.

This moves towards more tangible improvements in design and
planning.

4.Future research should focus on developing sophisticated VR
simulation tools that can model a broader range of complex
operational and emergency scenarios, incorporating predictive
analytics and Al-driven risk assessments to augment preparedness
and inform robust decision-making in RadWM.

This directly addresses the need for improved scenario analysis and
risk mitigation.

9. Conclusion

The application of modern training technologies such as virtual and
augmented reality, interactive simulators, and digital twins is a key
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element in the development of modern staff training at nuclear
power plants.

These tools not only improve the quality and effectiveness of
training, but also contribute directly to increased safety by
minimizing the human factor and improving coordination in real-
life situations.

Combining technology and traditional forms of training creates a
sustainable training model that supports the development of
competent, confident, and responsible personnel - a key guarantee
for the safe operation of nuclear facilities.

The VR and AR technologies rapid development has expanded the
scope of their application, as follows [10]:

1. Application of VR and AR technologies for educational
purposes.

2. VR and AR technologies application examples and trends in
various industries.

3. VR and AR technologies application examples and trends for
NPPs. The economic efficiency of using VR and AR for NPPs is
achieved by eliminating design errors before the start of the
construction phase, reducing time and costs for business trips of
staff for staff professional development, increasing the level of
industrial safety.

4. Peculiarities of application of VR and AR technologies for
training of future specialists and advanced training of NPP
personnel.

5. Application of VR and AR technologies for the popularization of
professions in nuclear energy among children and youth. Due to VR
and AR technologies, the issues of “nuclear energy safety” have
gained new importance both for NPP personnel and for the training
of future specialists in the field of nuclear energy.
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Abstract: The report presents a conceptual model for the interpretation of prisoner escape risks by penitentiary staff. It is based on the
theory of the fundamental attribution error, according to which personal factors—such as abilities, motives, and intelligence—play a leading
role in the assessment of people's behavior, at the expense of the significance of specific situations. The personality traits of different
categories of correctional staff significantly influence their propensity to commit the fundamental attribution error when assessing,
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1. H3cneosan npodnem

Bususra Ha JIuit Poc otHOCHO pyHIameHTanHaTa aTpuOyTHBHA
rpemka [5] mociyxu Kato IOMBIHUTETHO TEOPETHIHO OCHOBAHHE
npu oQOPMSIHETO Ha JIMYHOCTHO-TIOBEACHYECKATa THUIIOJOTHS Ha
CIY’KHTEJINTE 32 MHTEPIPETALM HA TEXHUTE ICHCTBHS MPU ONUTH
Ha 3aTBOpHHUIMTE 3a OsrcTBa. Criopen Poc xopara ca CKJIOHHH ...
Ia CBBPXaTpUOyTHpaT IIOBEACHHETO Ha JIMCTIO3UIIHOHHHTE
(daktopu  (COCOOHOCTH, MOTHBH, HHTCIWTCHTHOCT) M 14
MOAIECHSBAT 3HAYCHHETO HA CUTyalmoHHWTe (akropu [1]. B
pe3yaTar Ha TOBa OArCTBOTO OT IEHUTEHIIMAPHOTO 3aBEICHUE MOXKE
Ja Obme OOACHEHO W3LANO 3a CMETKAa Ha JIMYHOCTTa Ha
u3BbpiIuTens [2] M Jga ce MOSBM HEaJeKBaTeH CTEPEOTHH Ha
BB3MPHATHE HA HETOBHTE MOTHBH W HAMEPEHHsI, Thil KATO HAIIBIHO
ce WrHopupa curyauusra. To3u JaedOpMHpaH HauyWH Ha
BB3MPHEMaHe W OLEHKA Ha OSArCTBOTO W Ha W3BBPIIUTENS ©
CepHO3Ha TpeYKa 3a MOJAXOJSAII0 pearhpaHe 10 OTHOLICHHE Ha
Hero. Crie[oBaTeNHoO, U NpH OSrCTBaTa OT MECTATA 3a JIUIIABAHE OT
cBoboma [6] ¢yHnamentanHata arpuOyTHBHA TpelIKa BIIHsE
CEpUO3HO Ha TTOBE/ICHHETO Ha CITy)XUTENUTe. PasMepbT Ha HEHHOTO
MPOSIBIICHHE 3aBUCH OT TEXHHUTE JIMYHOCTHH KadecTBa, OT
YTBBPACHUTE MM IOBEICHYECKU CTEPEOTHIIH, OT TEXHUTE HArjlacu
KBbM COOCTBEHATa UM JCHHOCT M KbM JHIIeHUTE OT cBoboaa [3], oT
crienudUKaTa Ha KOHKPETHHTE CIIy)KeOHH CHTYal[d, B KOUTO TE
UMar OIpe/iesieHa PoJis U y4acTHe.

Cnopex  CEH3WTHBHOCTTa CH  KbM  (pyHIaMeHTaJHaTa
aTpuOyTHMBHA TpelIKa NEHUTCHIMAPHUTE CIYyXXUTEIH MoraT 1a
OB/AaT pa3eNeHn Ha CIEAHUTE TPYIIH:

**DopMaTHO-TIPEICTABUTEITHHAT, napaaeH THII
TICHUTCHIIMAPHN CIy)KUTEIA Ca C TOBHIICHA EKCTPaBEPTHOCT,
counaOMIHY, MaHMITYyJaTUBHH, obumrenHu. Te ce omInyaBar c
HUCHK HEBPOTH3BM, TO-Clada TPEBOXKHOCT, J00pe KOHTPOJIUpAT
COOCTBEHHTE CH CMOIIMH, OBP30 CE pPa3TOBapBaT OT CTPECOBU
NPEKUBSIBAHMSA, a M CBh3HATEJIHO C€ cTapasT Jga u30srear
CUTYyallMUTE C TO-WHTEH3WBHH EMOIIOHATHA HAaTOBApBAaHUSI.
TIcMXOTHU3MBT Ha CIYKUTEIHUTE OT AaHAJIM3UPAHUS TEPCOHAXK € I10-
HUCBHK. Te ca yMepeH! WHIUBHIYaINCTH, TIOKa3BaT CKIIOHHOCT KbM
peaMCTHYHH OIICHKH, Oa3upaliy ce Ha MparMaTHYHH Harjacd U
JIEMOHCTPUPAT T'bBKABOCT, MNPUCIOCOOMMOCT, KakTo H Obp3a
OpHCHTAIMA TIPU MPOMsHA Ha oOcTaHOBKaTa. TEXHUTE MOKA3aTeNIn
N0 CKajlaTa Ha JbXaTa ca BUCOKH, ThH KaTO pasriIekIaHUIT
MEePCOHAX Ha CIY)XUTEIUTE B MECTaTa 3a JIMIIaBaHE OT CBOOOIA
MMa IO0-TOJIsIMAa IPEIpa3loOkKEHOCT KbM COLMAIHO >KEJIaTeIHO
nosenenue. CaMoOIeHKaTa U CAMOYBaXKEHHETO UM ca IOBULICHHU, a
TSIXHOTO CAMONOAICHIBAHE ¢ HUCKO,

*x CJ'Iy)KI/ITeHI/ITe OT PYTUHHO-CAMOCBXPAHUTCIIHUSA  THUIL

HPUTEKABAT HUCKA EKCTpaBepcusi. TeXHUAT HEBPOTH3BM € CPEIHO
U3pa3eH WM 1o-BUCOK. [TokazaTenure MM 3a JIbXa WIN COLUAIHO
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JKENaTeNIHO TOBEACHUE Ca B JMala3oHa OT HUCKU [0 CPEIHU.
TsxHaTa caMOOILIEHKa MoOJKe Aa ObJe XapaKTepu3npaHa KaTo HUCKa
wm cpeaHa. CpeaHO € HHBOTO Ha TSAXHATa CaMOYBaXKCHHE, HO
CaMOIO/ILCHABAHETO UM € BHCOKO. CIIyXKUTENHTE OT PYTUHHO-
CaMOCBHXPaHUTEIHHS TUII UMAaT HUCKO HUBO Ha MPETCHLHH, N0OBD

TojepaHC 3a pabora B MOHOTOHHHM YCIOBHS ¥  HHCKa
¢dpycTpannonHa ycroiunBoct. Te morjarar ycwiaus 1a u30sATBaT
CTPECOBUTE HATOBApBaHWSA, a B CKCTPEMalHA  CHTYaIHs

JEMOHCTpUpPAT HEYCTOWYHMBO ITOBEIEHHE, cilaba KOHIEHTpAIUs H
CKJIOHHOCT KBbM NAHWYECKH peakiuu. Ta3u KaTeropusi CIyKUTEIn
HnpUeMaT NPUMHPHUTEIHO YIPEIH U KPUTHKA M HE MPaBIT 0COOEHH
OIIUTH JIa ce caMoompaBaBar. [Ipu Tsx e Hanuie cnabo u3rpaieH u
peruaeH KOMyHHKAaTHBEH peneproap. Te mocieqoBaTreHo u30srear
B paboTaTa C JMIIEHHTE OT CBOOOJA CHUTyallMUTe, HACUTEHH C
noBeuye KOHQIIUKTU U TUPEKTHH arpeCUBHH PEaKIUH;

**CHy)XUTEIUTe OT IMOTPEOUTENICKO-XEJOHUCTHYHHS THUIl IIe
UMaT BHCOKAa JI0 CpEAHA EeKCTPaBepCHs, HHCHK HEBPOTH3BM ,
MICUXOTU3bM, KOWTO Bapupa OT HUCHK [0 CPEIEH, CPEIHO PABHHUIIE
Ha COIMAJHO >JKeNaTemHOCT (Ibxka). TsAxHaTa MOTHBammsA 3a
MOCTHKEHUS € B JMaa30Ha OT HUCKA JI0 CPEJIHA, a CAMOOLICHKATa
U CaMOYBR)XCHHETO MM Cca Ha CpPEIHO WM BHCOKO HHBO.
Busupanarta kaTeropus CIy)KHTEIH C€ OTJIMYaBaT C MO-HHUCKO
caMoIofIleHssBaHe. Te ¥Ma yMepeHO HHUCBK TOJEpaHC KbM
YCJIOBHSITa HA MOHOTOHUSI, ChXPaHsBaT MO-BUCOKA KOHI[EHTPALUS |
NPEBKIIOYBAEMOCT Ha BHHMAHHETO, IMOKa3BaT YCIYXJHMBa IaMer,
OTJIMYABAT CE€ CbC CPEJIHAa U BHCOKA YCTOHYMBOCT B €KCTpEMalHa
CHUTYyalMsi, IEMOHCTPUPAHKH WHULIMATHBEH M AJANTHBEH CTHJI Ha
noBenieHne. CITy)XUTEIUTEe OT MOTPEONTENICKO-XEJOHUCTUIHHS THIT
noeMar OTFOBOPHOCT M Ca  MPEINPUEMYMBH B KOMIUIMIUpaHA
CHUTYyalHsi, HO JIHCTBAT MPEKAICHO PUCKOBO, aBAHTIOPHUCTHYHO M
arpecuBHO. JITB)XHOCTHUTE JMLA OT Pa3IJIeK/JaHaTa KaTeropus
M305TrBaT CaMOOIIPABIAHUETO, B OINPEACICHU TPAHUIM  THPIT
KPUTHKA, HO HE IOKAa3BaT, Y€ Ca CHU M3BJICKIM TOYKH M OTHOBO
JeiicTBar HpeKaseHo PEIIUTEIIHO u 6€30TrOBOPHO.
IpencraBuTeINTE Ha TOTPEOUTEICKO-XCAOHUCTHYHHS TUII HMaT
pa3BUTH yMeHHs 3a OOllyBaHe B pYTHHHH U EKCTPEMaJHHU
CHUTYaLWH;

*x CHy)KI/ITe.III/ITe OT aBAHTIOPUCTHYHO-TIPUKIIIOYCHCKUS THIT
HUMaT BUCOKa €KCTpaBE€PCUs, HUCbK HEBPOTU3BM, CPEACH WM BUCOK
ICUXOTU3BM, HUCKA WJIM CPE€AHA MPEAPA3IOIOKECHOCT KbM JIbXa U
OCBIIECTBSBAHE Ha COILMAIHO JKEJaTeJIHO ToBeneHue. Te ce
OoTJiIn4aBaT CbC CpE€AHA UJIM BUCOKAa MOTHUBALUA 3a MMOCTUKCHUS. Ts
HapacTBa HpU TAX, KOTaTO TC C€ OKa)XaT B KOMIUIMOHpaHa H
CKCTpEMaJIHa CUTYyalusl. Pasrnexnanara Kareropus CIIy>KUTCIN
IpUTe)KaBa BHUCOKA, OT HAPHUCTHYCH THII CaMOOLI€HKa, BHCOKO
CaMOYBAXXCHUE W HHUCKO CaMOIIOALCHABAHEC. CIIy)KI/ITeIII/ITC oT
ABAHTIOPUCTUYHO-TIPUKIFOUYCHCKUSA TUII UMAT HUCBK TOJIEPpAHC KbM
pa60TaTa B YCJIOBHATA Ha MOHOTOHM:A, OTJIMYaBaT CE€ C BUCOKa
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¢bpycTpauMoHHa YCTOHYMBOCT MW II€ MPEANOYUTAT JHa ca
AQHTQXUpaHH B JUHAMHYHA, HAmIper€ata M BHCOKO CTpecoBa
neriHocT. TexHuTe NCHCTBUSA B CIIOKHM MOMEHTH MoraT aa ObaaT
amexkBaTHH © edektuBHU. Ciy)KuTenute OT pasriexgaHara
KaTeropusi ca B CbCTOSIHUE J1a TOeMaT OTTOBOPHOCT Y MHUIIUATHBA.

2. Hnrocmpamueen mamepuan

Coyxurenure oT (OpMaTHO-IApagHUs, NPEICTABUTEICH THUII
HOIBPIKAT MO-BUCOKA HAOJIIOATETHOCT, BHUMATEIHO CE BIIISKAAT
B TOBEJEHHETO Ha BCEKM JHIIEH OT cBobOoma. Te mo-cmabo
CHOAENAT JIMYHOCTHM OLEHKM 3a OsArcreara, 3amioTo ca
UHTEIUTCHTHH, AaBTOHOMHM M C€ WU3SBABAT B II0- JIMICPCKH
mo3uImy, B HehopMasHOTO oOmryBaHe. TeXHWTE HEBPOTHYHO-
CIIOHTAaHHM  peakIuu Ha  OsArcrBata ca  II0-yMEpEHH.
MaHuIyTaTUBHO MoTaT Jia HOAIBPXKAT ONEHKH 3a OsArcreara,
CBIBPIKAIIN HO-ToJsIMa (pyHIaMeHTanHa aTpuOyTHBHA Tpelka, 6e3
peasHO a UM Ce JOBepsiBaT, Karo MO TO3M HAYMH peayLUpar
€BEHTyaJIHATa OTTOBOPHOCT M HETAaTHBHUTE IOCIEICTBUS OT Hesl.
BusupaHaTa KaTeropys CIIy)UTEIH He ca CKIOHHH KbM MPEKaICHO
OIPOCTCHH M PErMIHU OOSCHEHMS Ha NPUYMHHUTE 3a OsArcrearta.
ToBa ce IBDKM Ha IO-HUCKHUS HEBPOTH3BM, IICHXOTH3BM U
MOBHIIEHO CaMOYBa)KCHHE, KOMTO MM IT03BOJISIBAT I10-33/IbJIO0YECHO
Ja aHaNM3WMpaT TPYIHO IpeIBHIMMATa CHUTYalus ¥ BBIPEKH
HEHHOTO HAJIM4YHMe Ja He Ty0ST YyBCTBOTO CH Ha KOHTPOJ Haj
Tekymmre  cpOutus.  [IpencraButenmre  Ha  opmainHO-
NPEJICTABUTENHUS TUII  CIYXXKUTEIU IIOpaad CBOSTA JHYHOCTHA
3psUIOCT, HAOMIOAATETHOCT U JOOPO CaMOYyBCTBHE MMAT I0-CIabo
XUIEpTpoGUpaHa U TeHepaIu3MpaHa OLCHKA 3a HETaTUBHHTE
JMYHOCTHU Ka4yecTBa Ha JIMIIEHUTE OT CBOOOJA, KOETO HaMallsiBa
BEpPOSITHOCTTA 3a IO-TOJsIMa (hyHIaMEHTalIHa aTpUOYTHBHA TpeIIKa
npu  TAX. Jlopu yBelM4YaBaHETO Ha CTaka W EBEHTyalIHHUTE
HaKa3aHMs TPH CIY)KUTEIUTE OT Pas[JISKAAHMS THI HsAIMa Ja
MOBHIIAT PS3KO pa3MepbT Ha (yHOaMeHTadHaTa aTpuOyTHBHA
rpelika Mmpu TAX. 3aToBa Ie JOMpPHHECe W IO-HUCKOTO HHMBO HA
TexHUs ObpHAayT cuUHAPOM. CKIOHHOCTTa Ha CIIYyXKUTEJIHTE OT
(bopManHO-NIpe/ICTABUTEIHUS TUII Ja HE MOeMaT OTTOBOPHOCT B
KOHKPETHH ClIy4ad Ha OsrcTBO, C KOUTO T€ IEPCOHATHO ca
CBBp3aHHM, MOTraT Ja CBICHCTBAaT 3a yBelM4YaBaHE MNpPU TAX Ha
¢ynnamentanHarta arpuOyTMBHa rpemka. Te ca mo-cinabo
NpenpasloioKeHH KbM IIO3UTHBHpPAHE Ha OLCHKUTE CH 3a
JIMIICHUTE OT CBOOOJA B X0Jla Ha ©KEJHEBHOTO B3aHMMOJCIHCTBHE U
KOMYHHUKalus ¢ Tsx. [lopamu ToBa CIyXKUTENUTe OT (OPMAITHO-
MPEICTABUTENCH THI I0-BHUMATEJIHO M€ OTYMTAT TEKYIIUTE
CUTYyallMiM W B MO-MajKa CTEHEH MLIe JOomycKar (yHIaMEHTaIHH
aTpUOyTUBHH TPEIIKH.

CiyXuTenure  OT  PYTHHHO-CAMOCHXPAHHTEIHHS  THUII
HaJlIeHsSBAT OsBAaTa HA AHAJIOTHYHU CUTYallUU NP JIMIICHUTE OT
cBo00/ia, KOMTO B MMHAJIOTO CH ca WU3BbpIIBaIM OsrctBa. Te
UTHOpHUpAT crenudukara Ha TEKYIIUTe MOMEHTH M ce (ukcupar
BBPXY JINYHOCTHHUTE KauecTBa Ha JIMIICHHTE OT CBOOOMAA, KOETO €
MpearnocTaBka  3a HO-CepHO3HH  (DYHIAMEHTATHH  TPEIIKH.
CryXuTenure OT pa3IiIeKAaHaTa KaTeropus TpyJHO 3abemsa3BaT
NPOMEHHTE B CHTYalHsATa, MPEICTBISBAIIM H3KIIOYCHHE OT
yTBbpAeHHTe mpaBuia. IlomoOHa Harmaca e  pesyarar OT
NpUBHAHATA UM AUCUUIUIMHUPAHOCT, 3a] KOATO C€ MackKupa
TAXHATA JIE3aHTKUPAHOCT, HEXaiCTBO, NePUIMT OT OIUTEITHOCT B
KOHTAaKTHTE C OChJIeHUTE. Te3u TEeHICHIUH OOYyCIaBsIT MO-BUCOK
puck ot arpubyruBHa rpemka. CiyXuTenuTe OT pPyTHHHO-
CaMOCBHXPAaHHUTEIHHS TUII HMAaTr MO-TOJNSMA CEH3HUTHBHOCT KbM
BHYILICHHSTA OT CYOKYIATYypalHOTO WM OOKPBKEHHE OTHOCHO
MPUYMHKTE 3a OArCTBaTa Ha JMIICHUTE OT CBOOOMA, KOETO criomMara
Opy TIX 32 yBeJIWYaBaHe Ha (QYHIAMEHTATHHTE aTpUOyTUBHU
IPELIKH. PyTHHHO-CaMOCHXPaHUTEITHUTE CITY)KUTEIH ca
HPENpasnoJIOKEHH KbM IO-MHTEH3MBHM HEBPOTHYHO-CIOHTAHHU
peakLuu NO OTHOLIEHWE OsArcrBara Ha 3aTBOpHMIMTE. ToBa ce
OBDKM Ha II0-HACKAaTa WM (PYCTpalMOHHA YCTOWYMBOCT H
MOTHBAIlMsi M HA TEXHHUS CTPEMEX Ja HE Ce HaTroBapBaT C
OTrOBOPHOCTH. 3aroBa BU3UPAHUST THII CITY)KUTEJN
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XUIEepPTPOPUpPaT JTUYHOCTHUTE XapaKTEPUCTUKH Ha OerbinuTe U
MOALHBAT PONIATAa Ha CUTyalMOHHUTe dakTopu. IIpeactaBurenure
Ha  PYTHHHO-CAMOCBXPAHUTEIHUS ~ THN  MHpPEANOYUTaT  Ja
aTpuOyTUpaT OArcTBaTa 4Ype3 JIMYHOCTHUTE XapaKTEPUCTHKH Ha
Oeremmre, 3a Ja WMaT IPEXKHBSIBAHETO 3a KOHTPOJN Haj
curyauusaTa. Te B roimsiMa CTEINEH HTCHOPHUpAT 3HAYCHUETO Ha
CUTyaTHBHHTE IpoMeHynBH. [1o To3u HaumH 1o-700pe chbXpaHsBaT
BBTPEIIHMS CH OajlaHC U PEAYyIUpPAT 3aKOHOMEPHO ITIOSIBSBAIIUTE CE
BBTPEIIHN YCEUIaHHs 3a HENMpPEACKa3yeMOCT U HEyNpaBIsieMOCT Ha
curyanusaTa. CIoyXUTeNnuTe OT PYTHHHO CaMOCHXPAHUTENHHS THII
MpPUTEXABaT HETraTUBHO-TEHEpaIM3UMpaHa JHYHOCTHA OIGHKAa 32
JMIIeHuTe 0T cBoboaa. Ts ce ompenenst OT HUCKaTa UM MOTHBAIHS
3a paboTa, OT OTCHCTBHETO Ha MOAXOAAIIM YMEHHUS 3a
KOMYHHMKallsl C OCBJACHUTE, OT IMPUCBHIIUAT UM IO-TOJIIM
HEBPOTH3BM U CaMOIIOAICHSIBaHE. Te3n NMepcoHAHH 0COOEHOCTH
Ha CITY)KUTEJINTE OT PasTIeKIaHus THI 00yCIaBsT ¥ Bb3MOKHOCTTA
3a IoBede aTpyOyTHBHH TPEIIKH MIPHU TAX.

Ciy)XUTenuTe OT HOTPEOUTENICKO-XCIOHUCTHYHHUSA THI  CE€
OITMTBAT 12 HE HAJILICHABAT POJIATAa HAa aHAJOTHYHUTE CUTYALUH IIPH
JIMIIEHUTE OT CBOOO/Ia, KOUTO B MUHAJIOTO Ca U3BBPILIBAIHN OSrCTBA.
Te ¢ nexoTa e Morar Ja IOCOYaT MOTCHUMATHUTE OCrbJIly,
3a0T0 OBP30 M HWHTEIMICHTHO C€ OpPHUEHTHPAaT B TEXHUTE
NpoOJIEMHH CHUTyallud WM OTHOIICHMS. JIIBXHOCTHUTE JMIA OT
aHaIM3UpaHaTa  KaTeropus ca  XJAJHOKPBBHH, ¢  jpoOpa
(dpycTpanioHHa YCTOHYMBOCT, CKJIOHHM KBM PHCKOBH JEHCTBHSI.
Te3u TeXHH JUYHOCTHH OCOOCHOCTU T'M NPABAT CEH3UTUBHH KbM
BCSKaKBU M3KIIIOUCHHS OT IIPABHIIATA 3a TPELIEHKA U IPOTHO3UPAHE
Ha OsTrCTBa M HAMAaJABAT MPH TSAX JOIYCKaHETO HA QyHIaMEHTaIHA
aTpuOyTuBHa rpemka. [IpencraBurenuTe Ha NOTPEOUTEICKO-
XCIOHUCTUYHHS THUIl Ca EKCTPaBepTHPAaHM W KOMYHUKAaTHBHH,
nopagu Koeto o0llyBaT C JuMIaTa, SBSBAlld CE HOCHUTEIM Ha
cayxeOHara cyOkynrypa. Te MMaT MHO-BHCOKa CaMOOLCHKA U
CaMOCTOSITEITHOCT U NMOAIBPKAT CBOSATA INICJHA TOYKA 3a OsArcreara
B pa3IMYHM CHTyalldd. 3aroBa M BIMSHHETO Ha CIyxeOHara
CcyOKydTypa BBPXYy TSIX W IO BBIOpoca 3a OsArcreara € Io-
(dparMeHTapHO, a  TOBa  IIOHW)XaBa  BEPOSATHOCTTA  3a
¢yHmameHTanHa  arpuOytmBHa rpemka.  CiyxuTenwre  OT
HNOTPEOUTENICKO-XEAOHUCTUYHHSL THII B 3HAYMTENHA CTEIeH ca
0CBOOO/ICHN OT HEBPOTHYHO-CIIOHTAHHHUTE PEAKIMH 110 OTHOLICHHE
Ha OsrcrBara. Te He ce HaTOBapBaT 0COOCHO M C BMEHEHATa BHHA
Ha LeNMs MepCoHaN, CBbP3aHa C OTTOBOPHOCTTA 3a  OATCTBOTO.
ToBa ce ABDKM Ha TMO-HHCKaTa MM MOTHBalMs 3a paboTa, Ha IO-
nobpara UM (GpycTpanioHHa yCTOWYUBOCT, HA HEYJOBJICTBOPEHHUTE
UM TPETEHIMH 3a MO-TOJIMO 3alUlalllaHe, Ha BHCOKaTa UM
CaMOOILIEHKAa M Ha TEXHUTE IO-Pa3BUTH HAIJaCH 3a PUCKOBO M
ABaHTIOPHCTUYHO  TOBeAeHWe.  JIBKHOCTHHTE  JHIa  OT
HNOTPEOUTENICKO-XEIOHUCTUYHHSL THIT ~ M305rBaT ONPOCTEHHTE H
NPUMUTHBHU JIMYHOCTHU OOSICHEHUs Ha NMPUYUHUTE 3a OsArcreara u
M0-aJIeKBaTHO OTYMTAT POJISATA HAa CUTYalHOHHHUTE (DAKTOPH.

CyXUTenuTe 0T aBaHTIOPUCTHYHO-TIPUKIIIOYEHCKHS TUIl HE ce
HYXIAST OT HAIMYHETO aHAJOTWYHH CUTYyallud TpPH OIpelesicH
JIUIIEH OT CBOOO/Ia, KOWTO B MIHHAJIOTO € W3BBPIIMI OATCTBO, 3a Ja
yBEIMYaT BHUMAHUETO CH KbM Hero. Te BIKIAT BB BCEKH OCHIICH,
1 00BUHSIEM MOTCHIMAIICH M3BBPIIUTET Ha OSTCTBO M ca TOTOBHU Jia
aHaJIM3MUpaT ACHCTBUATA My B Pa3IM4YHU CUTYyalu. TO3M MOAXOM Ha
TIOBHINICHA OIUTEITHOCT MPH TAX CC OB/DKH Ha aapEHATHMHOBHS UM
TAN MOTHBAllMsi W Ha TMOBUIICHUTE WM HArjiacu 3a PHUCKOBO
MOBE/ICHHE. AHanuzupanara KaTeropus CITY>KUTENH
MOCJIEZIOBATEHO C€ MPUABPKAT KbM IMPABHIOTO, Y€ BHHATH HMa
M3KITIOYCHHs. AKO €IMH JIMIIEH OT CBOOOJa HE € W3BBPUIMI JIO
MOMEHTa OSATCTBO, TOBA HE 03HAYaBa, Y€ B KOHKPETEH MOMEHT HsMa
Ia TO OCBIIECTBH. B TO3M CMHCBII BCEKH OCBHICH € MOTEHIHAICH
6ernen. ToBa opueHTtHpa Gokyca Ha HHTEpeca Ha CIY)KUTEIUTE OT
aBaHTIOPUCTUYHO-TIPUKITIOUEHCKUS THII KbM MPOMEHSIIUTE Ce
curyauun. [lonoGen nmoaxon keM OArcTBaTa € CBbP3aH C HArJIAaCUTE
UM 32 TbpPCEHE Ha MPUKIIOYEHHs, C TAXHATa BHCOKaTa
€KCTPaBepTUPAHOCT, CaMOOIICHKA M JKeJaHWE 3a CaMOM3BsBa B
CloXHA puckoBa curyauus. CIyXHUTEIUTEe OT aBaHTIOPUCTHYHO-
MPUKIIIOYEHCKUS. TUI Ca €IHU OT Cbh3/aTeJIUTE Ha €IHOMEpHHUTE,
perugHu  OOsCHEHWS 3a  OsrcTBata, BB3MPOU3BEKIAHA B
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ciyxeOHaTa CyOKynTypa, OINpeHessilid BCEKM 3aTBOPHUK KaTo
noreHuuanen oOernen. IlosBara Ha MOZOOHM OLIEHKH ca CBBP3aHU
CbC CBBPXOIMTENHOCT, KOATO MOXE [a IPOBOKMpa HE CaMo
BB3HMKBAHETO Ha (hyHIaMeHTanHa aTpuOyTHBHA IpeIlKa, HO U Ja
HMHHIAPA JONBIHNATEIHO N3BBPIIBAHETO Ha OsArcTBa. Bu3mpaHusT
THII TIOBEJCHUE Ha aHAIM3MpaHaTa IpyIa CIYKUTEIH Ce OIpeeis
OT TAXHATa PUCKOBA TOTOBHOCT, aBaHTIOPUCTUYHH HarjacH, BUCOK
TICUXOTU3bM M caMOyBaXkeHHe. Te BB3NpHeMaT OsArcTBaTa Npeiu
BCHYKO Karo BB3MOXKHOCT 3a M3fBa, a CBbp3aHaTa C TAX
OTFOBOPHOCT HE Ce MepLenTHpa Karo 3amiaxa. [Ipy TakbB HOIXOA
Ha TIepIeNIus JUYHOCTHUTE OcoOeHOCTH Ha Oernema ce
pasriexaar B KOoHTekcra Ha cutyaumsta [4] Ilo Tesu mpudmHu
BEPOATHOCTTA 32 (yHIAaMEHTallHa aTpUOYTHUBHA IpeIllKka HaMaJsiBa.
Tasn TeHmeHIUS MOXKe Ja ce MpPEACTaBH Karo CJIEACTBHE OT
ABaHTIOPHCTUYHO MPUKITIOYCHCKUTE HarJacy, roysiMaTa
eKCTpaBepCHsi, CAMOOIICHKA U OT JKEJIAHUETO 3a CHJIOBA W3sBa, IPHU
JUIBXHOCTHUTE JINIA OT aHAJIM3UpaHaTa KaTeropys.

3. 3aknrouenue

MuHnMHu3MpaHeTo Ha (yHIaMEHTAIHaTa aTpUOyTHBHA IPEIIKa,
OpU BCAKAa €JHAa OT pasrjieJaHuTe KaTeropuu IMEeHUTECHIUApHU
CIIy’KUTEJIH, U3UCKBA pEalu3MpaHe IO OTHOIIEHHE Ha TAX Ha
crierMpUUYeH MOAXOX Karo ce U3XO0XKJIa OT IPUCBHIIUTE MM
JIMYHOCTHO-TICUXOJIOTHYECKH 0COOEHOCTH. B TO3M KOHTEKCT Ouxme
(hopMynupany cieIHUTe NIPeTOPbKU:

1.IlpencraBurenure Ha (HOPMATHO-TIPEICTABUTECIHUAS  THUI
MICHUTCHIMAPHH CITY)KUTEJH IIOPAAU CBOSATA JIMYHOCTHA 3pSIIOCT,
HaOJIONATETHOCT ©  JOOpO CaMOYYyBCTBHE HMAT I0-Cl1abo
XUIEpTpohHpaHa U TeHepaIu3MpaHa OLCHKA 3a HETaTUBHHTE
JMYHOCTHU Ka4yecTBa Ha JIMIICHUTE OT CBOOOJA, KOETO HaMalsiBa
BEPOATHOCTTA 3a M0-ToIsAMa (hyHJaMeHTalHa aTpUOYTHBHA TPelKa
npu TsAX. Te3w TEXHH OLEHKM M Harjlacu TpsOBa jga Obaar
MOOUIPsIBaHM ¥ pa3BuUBaHU. JlopW yBeJIMYaBaHETO HAa CTaxa W
eBEHTYaJIHUTE HaKa3aHHsl, IPH CIYKUTEIUTE OT pa3riekKaaHus THI,
HSMa Jia TOBHIIAT pPs3KO pasMepbT Ha (yHAAMEHTaJIHaTa
aTpuOyTHBHA TpelIKa MPH TSX. 3aTOBa AOMPHHACS M IMIO-HUCKOTO
HHBO HAa TeXHUS OBPHAYT CHHIPOM, KOETO cieaBa Ja Obne
LEJEHACOYCHO MOAabpKaHo. CKIOHHOCTTA Ha CIYXHTEIUTE OT
(hOpMaTHO-TIPE/ICTAaBUTENIHUSL THI Jla HE II0eMaT OTIOBOPHOCT B
KOHKPETHH Cllydad Ha OArCTBO, C KOMTO T€ IEPCOHAHO ca
CBBp3aHHM, MOTraT Ja CBICHCTBAaT 3a yBeJMYaBaHE MNpPH TAX Ha
¢yHnameHTanHaTa aTpuOyTHBHA TpelIKa, MOPaand KOETO TO3M THII
ciryxkeOHO ToBeZieHHE TpsiOBa na ObAe orpaHmyaBaHo. Te ca TO-
cnabo mpeapasoNoKeHH KbM IO3UTHBHPAHE Ha OLCHKHTE CH 3a
JMIIEHUTE OT cBOOOJA B X0O/1a Ha €XKETHEBHOTO B3aHUMOJCHCTBHE U
KOMYHHUKAIHs ¢ TAX. ITopaan ToBa CIy)KHTEIUTE, MPUHAIUICKAIIH
KbM OYepTaHus (GOPMAaTHO-TIPEACTABUTEICH THIT I10-BHHUMATEIHO
OTYUTAT TEKYIIUTE CUTyallUM W B I[IO-MaJIka CTCIICH J0IlyCKaT
¢yHnameHTanHu aTpuOyTHBHM rpeniky. [logo0Ha TsIXHA aKTHBHOCT
TpsabBa na OblIe CTUMyJIHMpaHa W Ja Ce€ W3ThKBAa IpeA APYTUTe
CIY)KHTEJIH Karo MO3UTHBEH JENIOBH CTaHAApT mpu paboTara C
JMIIEHH OT cBOOOJa, KOraTo Te ce Mpeaiarar 3a MOMHJIBaHe,
MPeCPOYHO OCBOOOXKIaBaHe, MPEKATeropusalus M IMpOMsHA Ha
pexMMa UM Ha TpeTHpaHe B MO-JEK, M3BEKAaHe Ha paboTa Ha
BBbHIIHHU HEOXPAHACMUA OGCKTI/I.

2. CnenBa BHUMATEITHO J]a OTYETEM U I10-TOJISIMO HapacTBaHe Ha
¢dyHnameHTanHaTa aTpuOYTHBHA TpPEIIKA CPEd CIYXUTEIUTEe OT
PYTHHHO-CAMOCHXPAaHHUTEIHHUSI THI TIPH yBEJMYaBaHE Ha TEXHHS
CTaX, Bb3pacT, ObpPHAYT CHHIPOM H KOJUYECTBO HA HAIIOKEHHUTE UM
CIy’)keOHHM Haka3aHus. BbpXy Te3u TEHACHIMH B rojisiMa CTEIEH ca
B CBCTOSIHAE Jia BIMSIAT XapaKTepHUTE 3a PasTIIekKTaHUs THII
CIly)KUTEIX WHTPABEPTHPAHOCT, MO-HUCKO CaMOyBaXEHHE U
camoonenka. JXeranuero UM 1a m30sraT OT OTTOBOPHOCT MOXKE Ja
MOBUINAT HPH TAX Pa3MepbT Ha (YHIAMEHTAIHHTE aTPHOYTHBHH
IPELIKH, HO II0-HUCKAaTa MM EKCTPaBEepPTHPAHOCT, arpecHUBHOCT,
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CaMOOILIEHKa MoraT ja OJarompusTcTBaT TAXHOTO HaMalsiBaHE
.Bcuuku Te3n TexHH ocoOeHOCTH TpsAOBa na ObAaT CHCTEMAaTHYHO
OTYHTAHE B IPOLECA HA MOCTABAHETO Mpel TAX Ha eKEIHEBHH
3a/1a4M U YNPaXKHABAHETO HAa KOHTPOJI BBPXY TAXHATA peau3auus,
0COOEHO KOTaTo Te PaboTAT C JIMIIEHNM OT CBOOOAA, 32 KOMTO MMa
OCHOBATeIIHH IOJJO3PEHMs, Y€ MOTaT Ja peannu3upar OsSrcTBo OT
MEHUTEHIMAPHOTO  3aBEACHHE. ExenHeBHHTE KOHTAaKTH Ha
CIy)KHUTEJIUTE OT PyTHHHO-CaMOCHXPAHUTEIHHS THII C JIMIICHATE OT
cBobozia ciesBar a ObAaT XapaKTepH3UPaHU KaTo M0-OrPaHUYCHH,
pousieu u popmainnu. Te ce AbIDKAT Ha TAXHATA HHTPaBEPTUPAHOCT,
HO-MaJIKa KOMYHHKAaTHBHOCT, IIO-HHCKAa CaMOOLICHKA, HEXEIaHue
Ja ce BIW3a B pasnu4yHu KOHQMKTH. CaMHUTe MM KOHTAKTH C
OCBICHUTE 3HAYMTEIHO TM HATOBAPBAT M C OCHOBaHHE T€ TH
pa3riIekKAaT KaTo CepHo3eH HM3TOYHMK Ha HETaTHMBHH EMOIMH H

muckoMdopr.  3aToBa  00ade  CIYXKHTEIHTE OT PYTHHHO-
CaMOCHXpAaHUTEJIHHUS THII HE  IIO3UTHBUpPAT  JMYHOCTHUTE
XapaKTePUCTHKN HA Pa3iIMYHUTE KaTeTOPHH JIMIIEHH OT cBOOOJa,
KOETO H M 3acTpaxoBa OT JOIyCKaHETO IO-TOJIEMH

(yHIamMeHTanHU aTpuOyTHBHHU rpelikd. HezaBUCHMO OT cTpemexa
UM JIa peAyLHpaT B3aMMOJCHCTBHETO CH C JIMLICHHUTE OT cBOOOAA,
TO cieaBa nga ObJe MOOWIPSBAHO W WHTEH3U(HUIHPAHO, KaTo
BHUMATEJIHO Ce Ha0lIofaBa IIpU IIOBUIIABAHE Ha CiyxeOHarTa
aKTHBHOCT Jla HE BB3HUKHE IIO-TOJIIMA BB3MOXHOCT H 32
peanu3anus Ha pyHIaMEHTaIHa aTpUOyTHBHA TPEIIKa, IIPH OLIEHKa
NPOTHO3MPaHEe ¥ MHTEPBEHHPAHE MO OTHOIICHHE Ha IOBEICHHETO
Ha OCBJICHUTE B PA3JIMYHU CUTYALHH.

3. CinyxuTenure oT NoTpeOHTEICKO-XEAOHHCTUYHHUS THII ca I10-
JMCTaHIMPAaHH OT camara ciykeOHa pojsi, HMar I0-BHCOKO
CaMOYBa)KCHHE,  3ala3BaT  II0-PAllMOHANICH  IOIJIEA  BBPXY
CUTyalMsTa, HE ce (GpycTpUpaT OT HEHHATa HempencKa3yeMoCT H
TUHAMUYHOCT. TeXHWTe JIMYHOCTHHM OLIEHKH 3a OerbiuTe He ca
€IHOMEpPHH M CaMO HEraTHBHH, a C€ OTJIMYaBaT C IIO-ToJIsIMa
0aJlaHCHPAHOCT, MHOTOIIACTOBOCT M amOuBasieHTHOCT. [lono0Oen
TUN OLEHKH Cpel NpEeICTaBUTENMTe Ha  HOTPEOHUTENCKO-
XEJIOHHCTUYHUS THII Ca pe3yJiraT OT TAXHATa €KCTPaBEPTHPHOCT,
yMeHHs 3a OOlLIyBaHe, IM0-BHCOKA CaMOOLICHKA M CPEJHO HHBO HA
MOTHBaIMs 3a padora. J[IBKHOCTHHTE JIHLA OT pasriiekKJaHaTa
KaTeropus He yBenuuaBaT (QyHIaMEHTAIHaTa aTpuOyTHBHA TpelKa
NpH MHTEPIIpETHpaHe Ha NPUYMHUTE 32 OATCTBaTa Ha OCHICHHUTE,
JIOpY KOTaTO HapacTBa TEXHMs CTAX M OpOs Ha HAJOKEHUTE MM
HakazaHus. [IposiBUTe Ha OBpPHAYT CHHIpOMA NPU TSIX  HMMAT IO-
YMEpeHH W3MEepeHHMs, Thil KaTro Te He ca BHUCOKO MOTHBHPAHH,
NPUTEXABAT IO-HUCHK HEBPOTU3BM, IO-BHCOKO CaMOYBKCHHE U
He ce BIIEYAT/IsIBaT 0COOCHO OT KPUTHKA, KOHTPOJ U CaHKIMH. [Ipu
pasriexaaHaTa KaTeropusi CIIyKUTEIH MO-BUCOKATa eKCTPaBEepCHs,
arpecMBHOCT, CaMOOIICHKa M I0-HEM3pa3eHHTE Harjacu 3a
OTTFOBOPHO MOBEACHHE IMOBHIIAT BE3MOKHOCTTA 32 JOMYCKAaHETO Ha
¢ynnamentanHa arpuOytuBHa rpemka. CrexBa ce OTYMTa M
TEHACHIUATA TE3U JIMYHOCTHU KOHCTPYKTH Ja UMAT MO-yMEPEHO
M3paKEHWEe M Jla ca pas3loJiOKEHH B TPaHHUIUTE HAa CPEAHUS
IUana3oH. B To3u ciydail mpu CIy)KHTENHTE OT HOTPeOHTENCKO-
XEJOHHCTUYHUS THIl B IO-Majka CTENeH Te Ie ChAeicTBar 3a
HapacTBaHe Ha (yHIaMeHTajHata aTpuOyTHBHA rpeinka. HeitHure
HpOSIBICHHUS Morar Ja ObJaT HaMalleHH IIpU aHalu3UpaHara
KaTeropusi CITy)KUTEJIH, KOraTo Ce IOBHIABA TAXHATa MOTHBALMS,
CTUMYJIMpa C€ TAXHOTO OTIOBOPHO OTHOIIEHUE KbM pa60TaTa 151
IFOTOBHOCTTA UM O-KOHCTPYKTUBHO Ja pearupat Ha
npenocTaBsiHaTa MM~ oOpaTHa  Bpb3Ka B paMKHTe Ha
CcyOOpIMHAIIMOHHNTE MHTEepakuuu. bbp3uHata U penylupaHeTo Ha
KOHTAKTUTE Ha CIYXHTEIUTE OT MOTPEOUTENCKO-XEIOHUCTHYHUS
THI C JIMLOICHHTE OT cBoOoma Oe cienBajo 1a HE MOPOIST
MO3UTHBUPAHE HA OLICHKHUTE 3a TAX B JIMYHOCTEH IuiaH. ToBa peaiHo
MOHW)KaBa PUCKa OT (yHIaMEHTanHO aTpuOyTHBHA Tpelika MpH
Tax. [IpeACTaBeHUAT PE3yTarT IIpHU CIIY)KUTEIUTE OT aHAIM3UpaHaTa
KaTeropus ce olpeseNs OT TAXHATa MOBHUIIEHA eKCTPABEPTUPAHOCT,
MO-HUCKa MOTHBAlMS 33 IOCTH)KCHUS, IOBUIIEH ErOLEHTPU3BM,
U3pa3eHN MOTPEOUTENICKH HarjiacH, Ho-(GOpMalHO M3IIbIHCHHE Ha
PYTHHHUTE 3aIb/DKCHUS. BBpXy BCHUKM TE€3M TEXHH HNEPCOHATHH
ocobeHocTn TpsiOBa Ja Cce peanu3upaT IeleHacOYeHH U
CHCTEMAaTUYHH YIPABICHCKM HWHTEPBEHIUN OT TMPEKUTEe WM
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PBKOBOJIUTENH, 3a [a Ce HaMalHl IMCTAaHLUPAHETO OT AENOBUTE
aHTXMMEHTH M HaTOBapBaHMs Oe3 Ja ce MOBHIIABAa FOTOBHOCTTA
UM 3a JONyCKaHe Ha ToBeYe AaTpuOyTHBHU TPEHIKH IIpU
MEPLENTHPAHETO U OCMHCIISHETO Ha MOBEICHUETO HA OCHJICHUTE B
PYTHHHU U TTO-KPUTHYIHU CUTYaIHN.

4. CiryxuTenure OT aBaHTIOPUCTUYHO-TIPUKIIIOUCHCKHS THIT O1
HAMAaT u3pa3eHa HyXHa OT JHMYHOCTHOTO arpuOyTHpaHe Ha
OsrcrBata, THH Karo 3a TAX € OT oOco0eHa BaXHOCT camara
CUTyalusi, aJpeHaJINHBT IOPOJEH OT Hes W aBaHTIOPHCTHYHUTE,
HeCchOOpa3eHH C pUCKa JICHCTBUS 3a oBiaasBaHero . [lpm Tax
aKIEeHThT € W3IS0 BBPXY JWHAMHKATa HAa CHUTyalusTa.
AnanmsupaHaTa Tpyna CIy)KUTEIH HMa Mo-ciada BKIIOUCHOCT B
©XEeTHEBHUTE, MOHOTOHHHM, PYTUHHHU JEHHOCTH U CHTYaIlUH, KOETO
He BOIM 10 (opMupaHe Ha TpalHH HETaTUBHU HArigacH KbM
JUYHOCTHTE HA JIMIIEHUTe OT cBobona. IIpoTmBomocTaBsHETO Ha
CIy)KUTENTE OT pasriie)kJaHaTa KaTeropHs ¢ TAX € CBoeoOpazeH
XazapT, IOBIWTamla aJpeHaluHa Wrpa, KOSATO € JKelaHa W
NOAYMHEHA Ha JIOTMKaTa Ha CHTyanusTa. 3aToBa ce IOHIKaBa
IIaHCHT 3a AONMyCKaHe HA (yHJaMEHTalHa aTpUOyTHBHA TpeIKa,
TBH KaTO CITy>KHTEISAT C aBaHTIOPHCTUIHO-TIPHKIIOUECHCKH HaTJIacH
€ PHCKOB HWIpad, ThPCEIl ONACHU CHUTYal[Md M HYXJaell ce OT
OTOHEHT 3a TAX. [10o Te3u nmpuuMHU MHOTO YE€CTO TOW HE € CKIOHEH
Jla pasriexaa B HeraTHBEeH IUIaH JIMYHOCTHUTE YePTU M KauecTBa Ha
JMIIeHHTe OT cBoOoxa. CMmsTame, Ye HaJIO)KEHHTE HAKa3aHUS U
HNPUIOOUTHAT CTaX HE BOJST IO NMOKauyBaHe Ha (yHAAMEHTalHara
aTpuOyTUBHA TpeIlKa MPU aBaHTIOPUCTUYHO-TIPUKITIOUCHCKUS THIT
cyxuTend. BbpHAyT CHHAPOMBT IHpU TSAX € HUCBK U CBIIO
CBIIIECTBEHO HE BIMAC 32 MOBHIIABAHE HA PHCKA OT BH3HUKBAHETO
Ha (QyHIameHTanHa aTpuOyTuBHa Tpemka. [losBata Ha Taka
MIPEACTaBCHUTE PE3yNTaTUTEe Ce JB/DKM Ha BUCOKAaTa CaMOOIICHKA,
eKCTpaBepcusi , NICHXOTU3bM, aBaHTIOPUCTHYHM HArjac M HHCKa
CCH3UTUBHOCT KbM KpPHTHKa Ha JBJDKHOCTHHUTE  JIMIIA,
UISeHTHQUIMPAaHH B aBaHIOPHCTHYHO-NIPUKIIIOUEHCKAaTa TpyIa.
OueBHIHO, Y€ MOTHBALUATA HA CIY)KUTEIUTE OT aBAaHTIOPHUCTHIHO-
MIPUKITIOYEHCKUST THI OMOCPEJCTBA M PETyIHpa MpOSBUTE Ha
eKCTPaBepPTUPAHOCTTA, AarpeCHBHOCTTAa, BHCOKAaTa CaMOOILCHKA.
CmsTaMe, 4e TIPH TAX € BOJEMIO JKEIAHHETO 3a JOCTHIaHe Ha
a/[peHATMHOBHUTE TIPEKUBSIBAHUA W TSIXHOTO INOTydYaBaHE BIMSEC HA
BHU3UpAHUTE JMYHOCTHN KOHCTPYKTH. TOBa B OmIpeneNeHa CTeneH
BOJIM JI0 HaMaJIsiBaHe U Ha (pyHAaMeHTanHaTa aTpUOyTHBHA IPEKa.
[pennonarame, qe CITYXKHUTEIH OT  aBaHTIOPUCTUYHO-
NPUKIIOYSHCKUS TUI C€ Jbp)KaT C JIMIIEHHTe OT cBoOoaa Io-
JUCTaHTHO, AarpecMBHO W KOH(QUIMKTHO. 3aToBa MOXeEM Ja
OoJyakBaMe, 4e Te€ HiAMa Ja IO3UTUBHPAT OIEHKHTE CH 32 TAX B
©KETHEBHOTO  B3aMMOJACHCTBHE, KOETO 1Ie MOHWKaBa U
BB3MOXKHOCTTA 3a TI0osBaTa Ha (yHIAMEHTaJHa aTpuOyTHBHA
rpemka. ToBa TIXHO HOBEJEHHE € PE3yNTaT OT TSIXHATa MOTHUBALHS,
CaMOOILleHKa ¥ HHUBO Ha ICHXOTU3BM. B pabortata cu ¢ Tasu
KaTeropus MEHIIMTeHI[MapHH CIY)XUTENN TPsOBa Ja ce cTapaeM ja
3amnasum HO-HHUCKaTa UM HPepPa3noIoKEHOCT KBM
(byHnameHTanHaTta aTpuOyTHBHAa TIpellka B Mpoleca Ha IO-
MBJIHOLGHHOTO MM M aKTUBHO B3aUMOJICHCTBHE C JIMIIEHHTE OT
cBobona. [Ipu ToBa TpsOBa a ce M3MON3BA TSAXHATA CKIOHHOCT 32
CIIpaBsHE C PA3NINYHH ITPEIU3BHKATENICTBA M TPYIHOCTH MOPaan
CBIIPOTHBATA Ha JIMIICHUTE OT CBOOOJA M JKEIAHHETO MM OTKPUTO
WIA KOHCIIMPATUBHO Ja MNOPOTUBOCTOAT Ha CIYXUTCIUTE OT
NEHUTCHIMapHaTa AIMHUHUCTpaALUA. [TocTaBsiHeTO npen
pasriieiaHaTa KaTeropusi CIY)KUTEId Ha pa3HOOOpasHM 3ajavw,
NPEOCTAaBIHETO Ha KPAaTKH CPOKOBE 3a TSAXHOTO H3ITBIHEHUE,
BKITIOYBAHETO UM B JEHHOCTHTE IO OBJIAJIBAHE Ha E€KCTPEMAlHU
CHTyallW, €CTECTBEHO BOAM JO IIOKaYBaHE Ha aJpCHAINHA U
YCEI[aHeTO 3a WHTEH3WBHO ITBJIHOIIEHHO MPEXUBSIBAHE, KOETO NMa
CBOSITA 3HAUUTENIHA MOTHBAIMOHHA QyHKIuA. [lomobeH momxon
KBbM TIPEACTABUTENUTE HA ABAHTIOPUCTUYHO-TIPUKITIOYEHCKUS THII
MO3BOJISIBA B MAaKCHMajHa CTEMeH Ja CEe OMOI30TBOPH TSAXHATa
MOTHMBalUsl OT AaApPEeHAIWHOB THUIN Karo Cc€ CbXpaHu U
MpeNpasNoNoKEHOCTTa UM KbM IO-MaJKOTO JOMyCKaHe Ha
(¢yHmamMeHTarHa aTpUOYTMBHA TpENIKa, 3am0TO T€ OCMUCIAT
KOHKpEeTHaTa OOCTAaHOBKA KaTO AaKTyaJlHO IPOTHBOIIOCTABSHE C
JMIICHHUTE OT CBOOOA. .
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JIMYHOCTHO-TICUXOJIOTMYECKUTE OCOOCHOCTH Ha YETHPUTE THIIA
CIY)KMTEIM WMar TBbpPAC aMOMBAJIGHTHO M IPOTHBOPEYHBO
OTHOLICHWE KbM TOTOBHOCTTa UM J@ pEaM3uparT aTpHOyTHBHA
rpelika MpH OLEHKATa,, MPOTHO3UPAHETO M HEYTPAIH3UPAHETO Ha
Mpepa3NoNIoKEHOCTTa Ha OCHIEHHTE KbM OsrcTBO. Bm3mpanara
aMOMBAJICHTHOCT M  KOMIUIMIUPAHOCT HA  IIEPCOHAIHUTE
XapaKTepUCTHKN Ha CIY)KUTEINTE MO03BOJsSBa pean3alusaTa Ha
IIAPOK CHEKTHP OT YNPaBICHCKH WHTEPBEHIMH, CBBP3aHU ChC
CTUMYJIMpaHe, MOOLIPsSBaHe, CyNEepBU3MsA, OKa3BaHE Ha IOJKpena,
3acHJIBaHE Ha KOHTPOJIA M pa3lIMpsIBaHE HAa KPbra OT IOCTABSHHUTE
3a/1a4M, TIPYU HATMYKME HA HANPEKEHUE B OTHOLICHUSATA C JUILICHHUTE
oT cBoboga u meduumT OT Bpeme 3a pearupane. C momoinra Ha
NpEICTaBeHUs KPBI' OT YNPABICHCKM BB3ACHCTBUS MOXE Jia ce
ONTHMH3MpA JIeJ0BaTa AaKTHBHOCT Ha CIYyXHTEIHTe H Ja ce
penynmpa  TAXHAaTa  CKJIOHHOCT  KbM  JIOIyCKaHETO  Ha
¢yHrmamMeHTanHaTa aTPUOYTHBHA TpeIlka B HHTEPaKIUHUTE U
JIEeWHOCTHUTE C JIMIIEHUTE OT CBOOOa.
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TakTHYeCKH AeCTBUS HA po€BE NPOHOBE, YIIPaABJAABAaHH OT H3KYCTBCH UHTCJICKT B

ChbBPeMEeHHU 0OMHM IeCTBUS: CHHEPIrUsl C HOBH TEXHOJIOTUU U (POKYC BLPXY OJ10KUYEiiH

Tactical actions of drone swarms controlled by artificial intelligence in modern warfare: synergy with new
technologies and focus on blockchain

Prof. Nikolay Radulov, D.Sc, New Bulgarian University
n.stefanov5@gmail.com,

Abstract: The article examines the tactical application of drone swarms controlled by artificial intelligence (Al) in the context of modern
combat. It emphasizes the transition from isolated groups of drones to fully autonomous multi-agent systems that achieve an asymmetric
operational effect through mass, saturation effect, and flexibility. The main focus is on the critical synergy between Al and contemporary
communication and computing technologies to build a resilient and decentralized battlefield architecture. Particular attention is given to
integrating blockchain technologies (DLT) as a fundamental “trust layer” in cyberspace.

Keywords: Drone swarms; Artificial intelligence; blockchain technologies; edge computing; cyber resiliency; additive manufacturing.

1. BbBeaenue

PoeBere ot OesnmnoTHu JserarenHu amapaté  (BJIA)
npencTaBisiBar Mrocoazenmuu  cucmemu (Multi-agent systems), B
KOWMTO JIECETKH JI0 CTOTULM MIaTGOopMu paboTAT KOOPAMHUPAHO 3a
MOCTHTaHe Ha 00lIa 1€l — pa3y3HaBaHe, CMYIIEHHE, IPUMaMBaHe,
HaHacsHEe Ha yIapH, JIOTUCTHKA WM KOMOWHHMpaHd Mucud. B
TOJIXOJT
pHBIIeKaTeIeH mopad edexra Ha Hacumane (overmatch® upes

CBbBPEMEHHHUTe OOWHM  NEWCTBUS  ,,pOEBHAT e

Maca), I'BBKABOCTTAa W BB3MOXHOCTTAa CBTHHH l'IJ'laT(bOpMI/I Ja
2

CBH3/1aBaT HEMPOIOPIMOHANICH OIIEPaTUBEH e(eKT .

KputnunusT karanusarop 3a npexof oT ,,[pyna ApoHOBe
KbM HCTHHCKH pOM € m3KycTBeHusT nHtenekt (1) — aBroHOMHa
HaBUTAllUs, KOJNEKTUBHO IUIAHUpAHE, DPAa3MpeNeNieH0 B3EMaHe Ha
pelLleHus], afanTauusl KbM CMYIIEHHMsS U JeTpajalys Ha Bpb3KaTa.
EnHoBpeMeHHO ¢ TOBa pOSAT € 3aBUCUM OT KOMYHHUKAIIUH,
KuOepyCTOMYMBOCT U JIOBEpUE MEXIYy Bb3auTe. VMIMEHHO TyK ce

NOsIBSIBa  MOTEHIMANBT  Ha OJIOKYEHH/pasnpeneseH  perucTpu
(DLT): ynpaBneHue Ha MJICHTUYHOCTH, YIOCTOBEpsSBaHE Ha
TeNeMeTpHs/KOMaH/IH, MPOCIEAUMOCT Ha cpouTHS "

ABTOMATHU3HUPAaHU MMOJUTUKHU YPE€3 YMHU JOTOBOPH.

HacTtosmusr Marepuan € HOCBETEH Ha TaKTHUCCKUTE
neiicteust Ha UM-ympaBnsBaHM poeBe B CHhbBPEMEHHHM OOWHHM
JIeWCTBUsI, MMOJYepPTaBa POJsiTAa Ha HOBUTE TEXHOJOTUH (mepudepHu
u3dncienus, mesh networking3, 5G/6G, AR/VR wunrepdeiicu,
ABTOHOMHH JTOPUTMH) U aHAIM3HPA IMPHIOKIMOCTTA HA OIOKISHH
KaTo ,,CII0H Ha JJoBepue" B pasmpeerneHa OoifHa cperna.

! OsmauaBa na Obmem Mmo-CHIEH, MO-I00BP HIM MO-BETHK OT

NPOTUBHHUKA, KOCTO BOAM OO0 pellaBalmo MNIpeaAUMMCTBO HIJIU
HOpaXeHue. TepMI/IH’LT Ce Ipujiaara B 00K aHITIUHACKH C3HK,
BOC€HHAara CTparerusd, BHUICOUTPUTE n q)HHaHCI/IpaHeTO Ha
TCXHOJIOTUN

2 Panynos, H., Curyprocrt 4.0, Codust, 2019, HTC cwro3 o
marnHoctpoene ISBN 978-619-7383-15-7, cp. 50-102

HACTpOWKa Ha MHOXXECTBO XapAyepHH BB3JIH, KOUTO PpabOTAT
3aenHO Kato enaHa eamHcTBeHa Wi-Fi cucrema. M3momssa emuH
[IaBeH pyTep, CBbp3aH C BallMs MOJAEM, M JONBIHUTEIHH
CaTeNIMTHU BB3JIH, PA3IONIOKEHH OKOJO BAlIETO HMPOCTPAHCTBO. Te
CIIONEJIAT €IHO MME W MapoJia, 3a Ja BH OCUTYPST CHIICH CHTHAI
HaBCSKBIE.
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2. TakTuyeckn Moaeau Ha ynoTrpeda na UA-
YIpaBJIsBaHU poeBe IPOHOBE

2.1.
XapaKTePUCTHKH

OcHOBHM MOHATHUSA u OTJIMYHUTEC/IHU

Poii B BOEHEH KOHTEKCT OOMKHOBEHO O3HayaBa: IOJISM
Opoii miatrhopmMu (IECETKH JO CTOTHIHM); JACHCHTpaIM3HpaHa
koopauHanus (0e3 eIMHHA TOYKAa Ha OTKa3); BB3MOXKHOCT 3a
JMUHAMHYHO TPHCHEIMHSABAHE/OTIAIaHe HA CIAWHHIHN; KOJCKTHBHO
noBesieHHe (pas3zessiHe Ha pOJIM, CAMOOPIaHM3alus, KOJIEKTUBHO

ThpPCEHE/TIPOCIIEIIBaHE).

DARPA*
npubmusutenHo 250 wmanku  BJIA/poGoTH3MpaHU  CHCTEMH 3a

OoImMcBa BU3HUA 3a TaKTUKH C POEBE 10

Olepalii B CJIOXKHA TPajICKa Cpefa, C aKIEHT BbpXy HHTepdeiic

,9OBEK—POi“ ¥ OBpP30 ,IPOSKTUpaHE Ha TAKTUKH CIOpeN

CUTYyalUsTa.
2.2. Ki1l04oBHM TAKTHYECKH AEHCTBHUA H cueﬂapml5

B peanHn KOH(IUKTH ¥ B KOHLIENTYaJIHNA Pa3pabOTKU ce OuepTaBar
MOBTOPSIEMH TAKTHYECKHU JEHCTBUS:

- Poii 3a ISR (Pa3y3naBane, HaOmofeHue, pa3no3HaBaHe -
Intelligence, Surveillance, Reconnaissance) u ,,ipo3padHOCT™ Ha

GoitHoTo  mome. Post  pasmpemens  cemsopure cu  (EO/IRS,

* DARPA (AreHuusra 3a epCIeKTHBHH H3CIIEIOBATENCKH IPOEKTH
B obnacTra Ha oTOpaHaTra) € CTPyKTypa KbM MUHHCTEPCTBOTO Ha
orOpanatra Ha CAIll, cw3manena mpe3 1958 r. Ts ortroBaps 3a
PasBUTUETO HAa HOBHU TEXHOJIOTMU C BOCHHO IIPUIIOKCHHUE, KaTo
3ajiara Ha MaHIa6HI/I 1 PUCKOBH MHOBAIlUH.

® Drone Swarm Tactics: How Coordinated UAVs are Changing the
Battlefield. October 2, 2025, https://mgidefence.co.uk/drone-
swarm-tactics-how-coordinated-uavs-are-changing-the-battlefield/
® EO/IR ossauaBa Emexrpoorrmuen/undpadepen. Toa e
KOMOUHHMpaHa CEH30pHAa TEXHOJIOTHs, KOATO H3IO0JI3Ba KaMepu C
BUAMMA CBETIMHA (€JIEKTPO-ONTHYHH) M TEPMHYHHM CEH30pU 3a
OTKpUBaHe Ha TomuMHA (MH(ppadepBeHw). Te3m ABOWHM cucTeMu
ocurypsBar 24-9acoBo Ha6J’[IOIIeHI/Ie, HaCO4YBaHC U MPOCIICAABAHEC
IIpyU BCSIKAKBU METCOPOJIOTMYHU YCJIOBUSA 3a BOCHHHU, JAPOHOBC U
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axycriany, RF') 3a Gbp30 MOKPHTHE, OTKPHBAHE M KIACH(pHKALMS

Ha uenu. JlemeHTpanu3upaHaTa  apXUTEKTypa  I03BOJISIBA

IpOoABIDKaBaHE HA MUCUATA IIPU 3ary6a Ha OTACJIHA BB3JIU.

- Hacumiama araka u mpeomonsiane Ha [IBO/K-YAC
(Counter-UAS®). Takrnkara
MpHUOIDKABaHE 110 Pa3IMYHU TPACKTOPUH/BUCOYHHY, TPUMaMBAIIH

pa3uurta Ha €AHOBPEMEHHO

CIEMEHTH W  ,pa3XogHM  IUAarQOpMH, KOUTO  H3YepIBar
Goernpumacy/KaHaI! 3a ChIIPOBOXKIAHE.
- Poif karto mnpHMaMKka/MacKMpOBKa H €JIEKTPOHHO

BB31eHcTBrE. YacT OT post MOXe a UMUTHpPA paguoNpomiIv, 1a
MU3Ib4YBa CMYILICHUS WM Ja ACHCTBa KaTO PETPAHCIATOPH, JOKATO
yHapHH eJIeMeHTH aTakyBar. B aHammsm Ha Opmema ynoTrpeba Ha
poeBe ce moauepraBa BaKHOCTTA Ha €JICKTPOHHATa BOIHA U araka
110 KOMaHJHO-KOMYHUKALIUOHHHN CUCTEMH.

HJloB—ymap*“  (Hunter—Killer) ¢  pa3mpenencuo
neneykasBade. EnqHa moarpyna OTKpUBa W CIC[H, APYra araKyBa
(loitering munitions, FPV®), tpera orensiza mopaxennsta (BDA).
MU mono0OpsiBa yCTOWYMBOCTTa MPH CMYIICHUS 4Ype3 JIOKAJTHO
pasno3HaBaHEe Ha [EIH M aBTOHOMHA KOPEKIHs B ,,[IOCIICHATA

MHITS .

-I'pancku omepanmu: ONOKHpaHe Ha KBapTai/oOCKT,
HpEeThPCBaHEe Ha Crpajii, KOHTPOI Ha Kopuaopu. ToBa € LeHTpaHa
muHus B OFFSET: posT noxmomara Manku MoApasfielieHUus B
CIIOKHHU TPAJCKH Cpelu upe3 Obp30 pasrpbliaHe, HAOMIOICHHE W

JUHAMWYHO afarTupaHe Ha TaKTUKU.

2.3. TakTHYecKa JIOTHKA: 3alI0 POif, a He ,,HIKOJIKO
JpoHa‘

PoeBeTe ca IpHBIEKAaTeIHH, KOraTto: LieHaTa Ha OTIETHA
iaropMa € JOCTaThbYHO HHCKA, 4e 3ary0uTe ca MpUEMIIMBH;
e(eKTHT ce TOCTHra Ype3 Maca, a He upe3 ,,iep(HeKkTHa eqMHNUIIA;
MPOTHBHUKBT pa3dydTa Ha OrpaHUYCHH pecypcu (pajapHU KaHaH,
Ooerpumacy, OnepaTopH, YECTOTHH JICHTH); KOMYHHKalUHUTE ca
OCIOPBaHHU U C€ U3HCKBA aBTOHOMHOCT.

OXpaHUTEIHU OIepaLuH.
science/what-is-eoir/

" Panmouecrotnara (RF) TeXHOTOrHs TpH IPOHOBETE OOXBAIIa
PaaruOBBIHUTE, U3IIOJI3BAHU 3a KOMYHUKalUSA MEXKIY OE3MUIOTHHUSA
arapar v mnuaJjiora. Ta CJIYXKM 3a YIIPAaBJICHUE Ha II0JIETA, IpEAaBaHEe
Ha Buaeocurnan B peaiano Bpeme (FPV) u Bpb3ka ¢ GPS carenuru.
https://www.reddit.com/r/drones/comments/1gcyd7w/rf_detection_
why_your_drones_radio_signals_are/?tl=bg

8 Cucremure 3a Gop6a ¢ Ge3mmaoTuu Jeratenuu amapatu (C-
UAS) Ca crenuain3upaHu TEXHOJOTHYHU IIaKETH, NPEAHA3HAYCHU
3a OTKpHBaHe, npocjieasiBaHe, uaeHTHUIUPaHe "
HeyTpaau3MpaHe HA HEOTOPU3HUPAHH WIN BpaxaeOHU OE3NMUIOTHU
nerarennu amapatid (BJIA)Twif kato HHCKOTapu(HUTE APOHOBE
IPOMCHAT CbBpEMCHHATa BOIiHA 151 3aruiamBaT KpUTU4Ha
rpaxxIancka uHdpacTpykrypa, miobanHuat nmasap Ha C-UAS ce e
YBEIMYUIT APACTUYHO 1O MHOTOMHUIIMApJIHA paMKa, CbCPpE€AOTOYCHA
BbpPXY MHOI'OIUIaCTOBAa, aBTOHOMHA IIPOTUBOBB3AYIIHA 0T6paHa.
https://sentrycs.com/glossary/counter-unmanned-aerial-systems-c-
uas-counter-drone/

° FPV (First-Person View mim M3Iieq OT TBPBO JIHIE) € METOX 32
yIpaBlIeHUE Ha OTIAJEUEHO MPEBO3HO CPEACTBO (HaK-4ecTo APOH)
ype3 kaMmepa Ha 60pza, KoATO M3IIpalla BUIECO B PEaHO BpeMe KbM
C€UaJIHA O4uJIa UJIK €KpaH. ITunorsT BHXKIa BCUYKO TOYHO KAaKTO
akKo CcC HaMupa BBTPC B camara MalirHa.
https://bgdrones.com/produkt-kategoriya/fpv-sistemi/

https://www.flir.com/discover/rd-
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Jlokiany, aHAMM3MpaNld KOHICHIMK 3a ObJeIia BOIfHA,
MOAYepPTAaBaT, 4e poeBeTe MpeBb3xokaaT eauHnyHuTe bJIA mopagu

yCTOI>'I‘{I/IBOCTTa Ha OTKasu, CIIOCOOHOCTTA 3a HACHUIAHE H

TBBKAaBOTO pa3npeaCIICHUC Ha 3aJa4U.

3. Ponsi Ha M3KYCTBEeHHSI HWHTEJIEKT B
yIpPaBJIeHHETO HA POsi: ABTOHOMHOCT, KOMaH/BaHe 1
yeroitunBoct™

3.1. ApXHTEKTYpH 32 aBTOHOMHOCT: HeHTPAJIM3UPAHH
cpeuly ICLEHTPATH3UPaHT

B MpaKTUKara C€ Cpeiiar Tpu OCHOBHHU IOoAXoda:

1. UeHTpalu3upaHo YIpaBIeHHE: €IUH ,,MO3bK* TUTAHUPA U
pasnpezerst 3a/1a4u; CHITHO VA3BUMO KbM
3amTynaBaHe/YHHIOKCHHE Ha LCHTHPA.

2. Uepapxuuno (leader—follower): nsixonko Bozmeny Bh3erna;
[0-YCTOWYKMBO, HO JIMAEPUTE Ca IIPUOPUTETHHU LEIH.

3. JleueHTpanIu3UpaHO/pOCBO: BCEKM  Bb3EN  M3IIBJIHSBA

JIOKaJHKM TpaBUiIa U OOMEHS MHHHMajHa HMHQopMarus;
BHCOKAa YCTOHYHBOCT, HO CJIOXHOCT NP BepubHKaLusi U
MIPEAOTBpATABAHE HA ,,IPUATEIICKH  KOHPIUKTH.

3.2. ! pyukuun no Hoiinara Bepura

U no0aBst CTOMHOCT B IIOYTH BCEKHU €TAIT:

Brampustie - pa3no3HaBaHe Ha OOEKTH, Kiacu(puKamus,
CIIBaHE Ha CEH30PH.

IMnanupane wu pasmpexpenenue: 3amagn(assignment) ma
ponu (pa3y3HaBaHe/ymap/peTpaHciaius), MOKPUTHE Ha
paiioHHM, MapIIPYTH MPH 3aruiaxa.

KoHTpoun 1 HaBUrauus: u30arsaHe Ha MPEMsATCTBUS, TOJIET
npu sunica Ha GPS, mogapprkane Ha hopmaris.

KoomnepariBHO B3eMaHe Ha PELICHHUS: JOKAJIEH KOHCEHCYC
KO Ja arakyBa, Kora Ja ce OTTEeNIM, Kak Ja ce

Hperpymnupa.
CoBpeMeHHH HaOMOeHNs BBbPXy OONWHOTO H3MONI3BaHE HA

nn
HCJICYKa3BaHETO W IIOBHIIABAHE Ha eq)eKTHBHOCTTa B CHIIHO

JAPOHOBE cCoO4YaT YyCKOpsBalla €€ HHTErpanusa Ha B

OCIIOpBaHU YCJIOBHA.

3.3. Yosex-poii (Human-Swarm Teaming) u unrepdeiicn™

19 A Survey on UxV Swarms and the Role of Artificial Intelligence
as a Technological Enabler,

by Alexandros Dimos, Dimitrios N. Skoutas, Nikolaos Nomikos,
Charalabos Skianis, 2025, https://www.mdpi.com/2504-
446X/9/10/700

1 The Human-Swarm Interface: Facilitating Effective Collaboration
and Control in Collective Intelligence Systems, Gloria Bethg,
https://www.walshmedicalmedia.com/open-access/humanswarm-
interface-facilitating-effective-collaboration-and-control-in-
collective-intelligence-systems.pdf
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Kpurnuen mpobieM € KOTHUTUBHHST TOBAap: OIEPaTopbT He
MOXXe PBYHO J1a yrnpasisiBa aecetku/crotuiu miarpopmu. OFFSET
npejyiara KOHLENIHs 3a:

e  wuHTepdeiicu ¢ AR/VR, xecToBe/mac/mokocBane;

5 ,FpaMaTI/IKa“ 3a OITMCBAHC Ha pocBa TAaKTHUKa

(KOMIIO3MpYyeMH KOMaHIH/TIOBEICHYS);

6’bp30 TCCTBAHC Ha TAaKTHKH BBB BHPTyaJlHa Cpe€aa Hu
IMpEHACAHE KbM p€ajlHi €KCICPUMEHTU.

3.4. YcToiiYMBOCT NMpPHU eJeKTPOHHA BOWHA M pa3pyllieHH
KOMYHHMKAIIMH

B cunno 3amymasana cpena MM nonnomara:

JIOKaJIHa AaBTOHOMHOCT (MI/ICI/IHTa npoabJIKaBa npu

MPEKbCBAaHE HA BPH3KA);
aJlallTUBHU MapLIPyTH U ,,TUIIHHA (LPI/LPDlZ);

pasIpesieNieHo cluBaHe Ha HaOmroneHus (YJaCTHYHU JJaHHH
OT MHOTO BB3JIH).

Tyk ce mosiesiBa u cuHeprusta ¢ mesh/MANET komyHukamu,
KBJIETO POAT MOXKeE Jia OOMEHs JaHHH 0e3 BbHIIHA HH(PPACTPYKTYpa
U 11a GYHKIHOHUPA ,,CAMOCTOSITEIHO* KaTO Mpexa.

4.
KOMYHUKALMH,

HoBu TEXHOJOI'MH H CHHEprus:

nepudepuiiHu M3YUCJICHMS,

CEeH30pHU, CUMYJIalUsi M KUOepyCTOMYUBOCT

4.1. Mesh/MANET mpexn Kato ,,HepBHA cHcTeMa“ Ha
post

JlenieHTpan3upaHuTe mesh Mpexu mo3BOJISBAT:

MYITHXOYIl MapIIpyTH3alysa (Bb3el—Bb3eI—Bb3eN) MpU
JIMIICa Ha ,,Kyna®;

caMmoopranmsanysa 1 CaMOBbB3CTaHOBSIBAHE,

L4 pas3aeisaHe Ha 3a/la4u 4pe3 00MeEH Ha JIOKaJIHH OLICHKH.

Fraunhofer 11S® omucea moaxox ¢ moGmmsa ad hoc mesh
Mpexa, KbAETO MHOXKECTBO JPOHOBE OOMEHAT HH(pOpMaIHs

JIELIEHTPaJIN3UpPaHo, O0e3 Hy)XKa OT BbHIIHA KOMyHHKAallMOHHA OTopa

12
LPI/LPD - Hucka BepOSTHOCT 3a MpHUXBAllaHe M HHUCKa

BEPOATHOCT 3a OTKPUBAHE. Toma ca YCBBBPIICHCTBAHU TEXHUKH 34
IIPOEKTHPAHE Ha paJMO M pajapHa KOMYyHHUKAl[us, U3II0J3BaHU BHB
BOCHHHUTEC U OT6paHHTeJ’IHHTe CHUCTEMH, 3a Aa CKPUAT NpeaaBaHus OT
BPaXXCCKMU CCH30pH, CAMHULM 3a CJICKTPOHHA BOMHA U BpaXC€CKH
NpUEMHULINA 3a MpUXBalllaHe.
https://www.bluwireless.com/insight/lIpd-Ipi-stealth-tactical-
communications/

13 UzcnenoBarenure ot Fraunhofer Institute for Integrated Circuits
IIS onucsar u pa3paboTBaT HHOBAaTUBEH MOAXON 3a
JeueHtpanusupana MobuiaHa ad hoc mesh mpexxa (MANet),
HACOYeH NPEIUMHO KbM e()eKTHBHOTO YIIPABICHNUE U KOMYHHKALIUS
Ha POM OT aBTOHOMHH JApoHOBe (drone swarms) ¥ HIUBHIHA POOOTH.
https://www.researchgate.net/publication/378119265_Ad_Hoc_Mes
h_Network_Localization_Using_Ultra-
Wideband_for_Mobile_Robotics
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— KIIOYOBO IIPM OrPaHHWYCHO I[IOKPUTHE WIM TPH pa3pylLicHa
uHQpacTpyKTypa.

4.2.
o0paboTka

[epudepuiinm ~ u3uucjIeHuss W  pa3npeieieHa

3a poeBe ca Ba)KHM HHCKAara JIATCHTHOCT M YCTOWYMBOCTTA MPH
npexbeBanus. Edge computing mo3BonsBa: nHdepenc ,,Ha Oopma“
wm Ha Oim3ku edge BB3MM (MOOWIEH KOMaHJIEH ITyHKT, Ha3eMHa
CTaHIUS, APYr IpOH); KOMIIpecHpaHe Ha oOMeHa (HM3IpalaHe

Ha 43600u, HE CYpOBO BHUJCO); OamaHC MEXIY CHEPrHUHU
OTPaHNYEHHUS ¥ TOYHOCT.

CbBpeMEHHHI Hay4YHH pa3paboTku pasmiexaar
UHTETpalysATa Ha areHTHW/MHoroareHtHH WU momxomu ¢

nepudepuiiHI apXUTEKTYpU 3a Mamadupyema aBTOHOMHOCT H I10-
OBp30 B3eMaHE Ha PEeLICHMSI.

4.3. Cumyaauus, ,BUPTYaJHO TeCTBaHe*“ M YCKOPEHO
pa3sBHTHE HA TAKTUKHU

PoeBere ca CIOXKHU HENIMHEHHH CHCTEMH; PEAHUTE
TECTOBE ca CKbIIM W puckoBaHW. Bmsmara mHa OFFSET BkmouBa
BUpTYyaJlHa cpeaa (,,TaKTHIecKa urpa’) 3a:

e  OBp30 Ir'eHEPHPAHE/CBOIONMS HA TAKTHKH;

o HU3MEpBaHE Ha e(bCKTI/IBHOCT " CPAaBHCHHUCE,

o rociieaBsaiia mpoBEpKa B pe€ajlHu CKCIEPUMEHTHU.

ToBa ce momwiBa OT Jueumannu Osounuyu (digital twins),
CHHTETHYHM [aHHM 32 OOyueHHe M IOACHIBALIO OOy4eHHe B
CHMYJIALHsL.

4.4. Ku6eppuckoBe KaTo TaKTH4YeCKH (pakTop
Poesete pasmmpsBar ,,TIOBBPXHOCTTA 3a aTaka‘:
moZMsiHa Ha koMaHu (command injection);

MOJAMpPaBsSHE HA WICHTHYHOCT (BpPaXXeCKH BB3ET CE
MpeacTaBs 3a ,,CBOH™);

moAMsTHA/paIu KA Ha TeIEMETPHS U LIeIH;

KOMIIpOMETHpaHe Ha codpTyepHus supply chain.

3aroBa kubepycroifumBoctTa He e camo MT mpoGuewm,

a TAKTHYECKa MpEANocTaBka. Tyk ONOk4eiiH Moxe mga Obae

U3II0JI3BaH KaTO MCXaHU3bM 3a HOBepI/Ie/ HENIOATIPABAEMOCT.

5.
NMPUJI0KEHUSA, APXUTCKTYPU, OTPAHUYCHUSA U BOCHHA

Biaok4yeiiH B poeBere  JPOHOBE:

NPHJI0KHUMOCT

5.1. 3amo e e)eKTHBHO MPHJIO’KEHHETO HA OJI0K4YEiiH B
poii: ,,c;10ii Ha 10BepHe* B OCIOPBaHa cpela

Brokueitn/DLT Moxe a agpecupa THIMUHH craboctn™ ma
pasnpeeNeHl POU: UISHTHYHOCT M PETHCTPALUs Ha Bb3JIU: KOW €

14 JlnueBa, T.,,CurypHOCT Ha JaHHUTE C OIOKYCIHH TEXHOJIOTHSTA”
B. C6. [lok. ot rogumnara HaydHa koHdepennus Ha BTY ,.Bacun
JleBckn” — 8-9 1onm 2023 ., c1p.381-390, ISSN 2367-7481
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,,CBOI‘/'I“ JAPOH; HECHOAIIPaBiAEM JIOI' Ha CHOUTHS: TCIEMETPUs, 3asiBKH

3a e, MOTBBPKACHHUS; YCTOMYHBO CITOZICTISTHE Ha

3arIaxu/MHANKATOPH: KOHCOPLILYMEH pETHCTBD 3a

YMHH
pos,

KHOEPCUTYallMOHHA OCBEIOMEHOCT;

JOTOBOPH: aBTOMAaTH3UPaHH  MpaBUiIa  3a  JOIMYCK,

OrpaHMYeHHUE Ha yrnoTpeda Ha Cuila, pa3lpeielieHue Ha PeCypCH.

[IyGNUKAAM  PAsIEKIAT KOHCOPUMYMEH —OIOKdeHH™

3a
CIIOACIIAHE Ha JaHHU 3a 3allJlaXyu W KOOpAWHalUsA Ha pEakiuu B

koHTekcTa Ha UAV poese.

5.2. KoHKpeTHH NPUJI0KEeHUs

- YopaBneHue Ha MIOCHTUYHOCT, NocThII U JoBepue (IAM 3a
pos). MDPI
JeLeHTpaIH3UpaHa

yOIUKALUs mpeaiara

3a

OnokueitH-0a3upana

pamMka (opMaMOHHO  yIIpaBIICHUE,
HMHTETpHpaIla YMHH JOTOBOPH 33 PETHUCTPAIHA U HJICHTHIHOCT Ha

BJIA.

- 3ammra Ha JAaHHM W YCTOMYMBOCT Ha moamsHa. Hayunm
nyonukanuu (manp. B Computers and Electrical Engineering)
pasmiexjaar OMoKYeHH KaTo MEeXaHW3bM 3a 3alIUTa Ha JAHHUTE B
pos u mogoOpsIBaHE HA LIEIOCTTA/YCTOIHYMBOCTTA B PEATHO BpEMeE.

u 3a
Ja

MOTBBPIK/ABAT: KOH Bb3€I € BaIUACH; KOsl HH(POpPMAIHS € IIpUeTa 3a

JleneHTpan3upaHo
peuenus. Bmecto  eauH

,IJ1acyBaHe KOHCEHCYC

KOHTpOJIEp,  BB3IUTE€  MOTaT

HUCTHUHA, KOA MHCHSI/TUTaH € aKTHBEH.

- Jlorucruka u ,,Bepura Ha JoBepue” 3a OOCMPUIIACH/TIONE3HN
toBapu. DLT Moxe na HOANOMOrHE NPOCIEAUMOCT Ha IIOJIE3HU
TOBapH, PE3EPBHU YacTH U 0OHOBIEHUs (supply chain) — BaxkHO 3a
HPEI0TBPATSBAHE Ha KOMIIPOMETHPAHH KOMITOHEHTH.

5.3. ApXHTeKTYpPHH MOAEIN

Ha npakrtuka ,xmacudyecku’ ONOKUEHH €
HEMOAXOMSIN 32 ycnoust.  [lo-peanuctuunu  ca:
permissioned/consortium DLT (Banugaropu ca JOBEpEeHH Bb3IH —
edge

fiepapxudyeH DLT: Mukpo-perucrpu 1o HOApOEeBE, NEPUOIUYHO

myOI4YeH
OoiHH
KOMaHJHHA ITYHKTOBE, CBPBBPH, HO-MOIIHH JIPOHOBE);
,»3aKoTBstHEe (anchoring) kbM mo-ropeH peructsp; Off-chain nannu
+ on-chain XxemioBe: rojlieMd JaHHM (BHIEO) OCTaBaT H3BBH
BepHrara; B5B Bepurara ce 3aIicBar XeIlloBe U MeTaIaHHH.

CohliecTByBaT M aKkaJeMUYHH TPEIOKEeHUs 3a ,,combat drone

BBPXY
pasriexIaIiy CUTYpHOCT U YIIPaBJIE€HHUE Ha POsL.

swarm  system‘ KOHKpeTHH OJokueiiH miatdopmu,

5.4. OrpaHuveHns ¥ PUCKOBe Ha OJI0K4YeH MoAX01a

JlareHTHOCT u MPOITyCKaTeIHa

crrocoOHoCT. TakTHUECKHUTE pemeHud 4YeCcTto ca B AUala3oH
MUWJINCEKYHAN—CECKYHU. Mmsoro KOHCCHCYC aJITOPUTMHU IIO63.B$IT

3aKbCHCHHUC.

- EnepruiiHa 1ieHa ¥ pecypcHU orpaHudeHus. Mankure

FPV/munu-aponoBe wumar orpannueH CPU/eneprus; TeXKATE

1% KoHcopuuyMHIAT GIOKUCHH € MOITy-IeleHTPATH3HPaHa MPEKa, B
KOSITO IIPaBOTO 712 MOTBbPXK/AaBa TPAH3AKIMH U 12 YIIPaBIIsiBa
JaHHWTE € MPEeIBAPUTEIIHO AaACHO HA IpyIa OT H30paHu
OpTaHM3alUH, BMECTO /1A € HAITBJIHO OTBOPEHO 33 BCEKU MU CKPUTO
caMo 3a efiHa GpupMma.
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Kpunrorpadcku orepanuu TpsOBa Oa ce m3Hecar KbM edge/ro-
MOIIIHH Bb 3JIH.

Pamwocpena W cMylieHHs. AKO KOMyHHKalusTa €
NpEeKbCHATa, KOHCEHCYCHT Jerpaaupa; TpsiOBa Ja MMa PeXUM Ha
pabota ,,degraded/offline*.

Takrudecka

,,JIOAITUCAHOCT
(signature). JombaHUTETHUAT OOMEH Ha IAKETH MOXE Ja YBEIHYH
oTkpuBaemoctra. TpsOBa na ce ontummnsupa 3a LPI/LPD.

- OmeparuBHa curyproct (OPSEC). Jlopu permissioned

pPETUCTBP MOXE Ja Ch3Aaje LCHTPAIU3UPAHH 3aBUCHMOCTHU
(Banuparopu/edge Bb3IH).
brnoxueitn e Hail-TI0JIe3eH Karo cJIoi 3a

YIOCTOBEPSIBaHE/IPOCIECIMMOCT U YIPABICHHE Ha JOBEpHE, a HE
KaTo MEXaHU3bM 3a YIpaBJICHHE HA MI0JIeTa B PEaTHO BpeMeE.

5.5. Cunepruss UU + 6siokueiin + edge/mesh

IMpaktnueckn nepcnekTuBer Monen: VM Ha Oopna: JokamHO
BBE3NpUSATHE W KpaTko IutaHupanHe; Mesh wMpexa: oOMeH Ha
,,KOMITaKTHA“ chOUTHA W HaMepeHwus; Edge BB3mM (Bamumaropw):
HoABpKaT permissioned PerucTbp, U3IBIHIABAT YMHH JOTOBOPU U
pasmpenenar ponu; DLT: ymocroBepsiBa MIEHTHYHOCT, IMOJIKCBA
MHCUHHHM TOJUTHKH, I1a3d HEM3MEHHUM JIOT 3a CIeIMHUCHITHA

HpPOBEpPKA.

Taka ce KOMOMHMpAT HHUCKa JIATEHTHOCT (4pe3 nepudepusita) u
noBepue/ycroituuBocT (upe3 DLT), 6e3 na ce Hanmara ONOKYEHH na
HOCH LIEJIHSl TOBAP Ha TAKTHYCCKUTE PCLICHUSL.

6. AIUTHUBHM TEXHOJOTMM (2AUTHBHO
NMPOM3BOACTBO) KaTo (aKTOp 32 MNOBHIIABAHE
edpextuBHOocTTa Ha HMU-ynpaBiasiBanu  poese
JAPOHOBE

6.1. Poas wm MoTHBamus: 3amM0 ATUTHBHOTO

NMPOU3BOJCTBO € PCJICBAHTHO 3a Posi

PoeBete ot OesmmnotHu nerarennu amaparu (BJIA) ca
MHOT0-ar€HTHH CHCTEMH, IIPU KOUTO ONEPAaTUBHUAT e(EeKT 4eCTo ce
IOCTUTA Ype3 Maca, paslpeieiecHHe Ha POJIM M YCTOHYMBOCT Ha
3aryou, a He upe3 ,nepdexrHa” eauHHMIA. B TO3M KOHTEKCT
aJIMTHBHUTE TEXHOJOTMH (aAWTHBHO TMPOM3BOACTBO/3D meyar) ce
pa3mIexIaT KaTo CPEACTBO 3a YCKOpsBaHE Ha LHUKBIA ,HAesi—
IPOTOTHUIT-TIOJIEBO BHC}lpﬂBaHe“, 3a HaMaJIIBaHEC Ha JIOTMCTUYHATa
3aBUCHUMOCT H 3a OITHMH3AIUA Ha KOHCprKLII/IﬂTa CIIpsAMO
KOHKPETHU TaKTHYCCKHU MUCHU. AllI/ITI/lBHOTO IPOU3BOACTBO HE €
KOHKYPEHT, a I0I'bJIBAILL CJIOM KbM Beue pasnieaaHnara cuneprus MU
+ mesh/MANET + edge computing + KuOepyCTOWYHBOCT, Karo
BIMsC BBPXY: YCTOHYMBOCTTaA W PEMOHTO-PUTOAHOCTTA Ha
iargopMuTe; TEMIa Ha ajanTanys Ha pos KbM 3allIaxd U Cpeqa;
CTaHJAPTU3AIMATa U MOIYITHOCTTA, YICCHIBAIIH pa3lpeelicHne Ha

posu 1 OBP30 MperpynupaHe.

6.2. OcHOBHH HampaBjieHHs HAa NpUJIokKeHUe (use-
cases) 3a post

ANUTUBHHTE TEXHOJIIOTMU Ca Hal-TIOJE3HH TaM, KbJETO
pOAT M3MCKBAa MHOTO Obp3a NpOMsSHA Ha KOHQUrypaumusara Wi



Technics. Technologies. Education. Safety. 2026

NoAABbpIKAaHE Ha BHUCOKA HAJIWYHOCT IIPU HNPUEMIIMBU 3ary6H Ha
OTACIHU Bb3JIU.

- Jleko TemoBH KOHCTPYKIIMM W ONTHUMH3alHsA Ha

nnaT(bopMaTa. qpes3 neyar Ha CJIO)KHU reoMeTpun 3a
paMaTa/ KopIyCca, TOIIOJIOrMYHa ONTUMHU3alUsd W HaMalsIBaHE Ha
Mmacara, KOC€TO BOAHM 10 no-z{06pa eHepFHfIHa eq)eKTI/IBHOCT,

MaHEBPECHOCT U Z[LHFOTpafIHOCT Ha MHUCHATA.

- MonynHocT M ,,MHCHHHHM NakeTH; YHHU(QHUIMPAHK
MOHTXHU HHTepQelcH U amanTtepu 3a Obp3a CMsSHA Ha IOJIC3eH
toBap (EO/IR, RF, perpancmaropu u mp.), mo3BossBamy OBp30

npeHaCTpoﬁBaHe Ha pos CIIpAMO MUCHATA.

- IToneBn PEMOHT M BB3CTAHOBABAHE Ha 60eCHOCO6HOCT;
neJyar Ha KOPITYCHU I[eTafIJ'IPI, KpEeNnexnu U IPOCTU MCEXAaHUIHU
CJIICMCHTH HAa MsACTO, HaMaJIsIBalllkl 3aBUCUMOCTTA OT IOCTaBKH.

- MHTerpanus Ha €IeMEHTH 3a 3alIUTa U HaMalsBaHEe Ha
MOATINCA; NEPCOHAIN3UPAHN KOPILYCH M MOHTQXH 3a HOAIBbpIKaHEe
Ha ’KeJlaHaTa KOMIIOHOBKA Ha KOMYHHUKAI[HOHHHTE U CEH30pPHHTE
BB3IIH.

6.3. BiusiHHe BBpPXY TAKTHYECKHTe MOJEJH Ha

ynorpeda

AITNTUBHATE TEXHOJOTUH MOXOOPSIBAT M3IIBIHUMOCTTA Ha
TaKTHKUTE 4pe3 YCKOpEHa aJanTalusi U MO-BUCOKa HAIMYHOCT Ha
mwiatgopmure. ISR poit ce Bp3momsBa oT  mo-OBp3a
OAMsAHA/MOIN(HKALMA Ha CEH30PDHM MOAYIHM U KOPIYCH; 3a
TpajcKl  OHEpalMd  C€  H3MOJ3BaT  MHCHHHO-CIieHU(DUYHU
KOH(MUrypalyu; 3a MPOTHBOJICHCTBHE HA EJICKTPOHHM 3aIUlaxd —
amanTUBHU W TEPCOHANM3UPAHM MOHT@XM 3a 3alUTa Ha

KOMYHHKaIlHOHHHUTE BB3JIH.
6.4. IH:keHepHU OrpaHHYEeHHs] U PUCKOBE

KoHTpon Ha  Ka4ecTBOTO U BB3IPOU3BOAUMOCT;
YCTOMYMBOCT Ha cpefiaTa; CUIYpHOCT Ha IPOM3BOACTBEHUS KaHAI; U
CBHOTBETHUTE TECTOBE 3a ABITOTPAHOCT HAa KOMIIOHEHTH IpU
BUOpanMu M yaapu. AJWTHBHOTO IPOM3BOACTBO TpsOBa na ce
MHTETpUpa C TPOIEAYpPH 3a TPOCIEAUMOCT Ha BEPCHUTE U

curyprocT Ha CAD-nu3aifna.

6.5. Cuneprusi ¢ kuéepycroiiunBoct, edge u ,,cJ10ii Ha
nioBepue

[epudepuiiHuTe W3YMCIEHHUS IOAIIOMAraT IOJEBOTO
MPOU3BOJCTBO M BepuGHKalMsi Ha AW3aiHK; KUOSPyCTOHUYMBOCTTA
3alMTaBa poLeca Ha Medyar U M3LAJIO0 NMPOM3BOJCTBEHATA BEPUIa;
DLT Mmoxe Jna ce pasmiexkaa Karo KOHLENTyaJleH MoAen 3a

IPOCIEIUMOCT Ha BEPCUH U MIPOU3XOA Ha JU3aiH.

ATUTUBHOTO IIPOM3BOACTBO MMOBHUINIABA €(hEeKTHBHOCTTA HA
NU-ynpaBnsiBaHUTEe poeBe Upe3 IMO-JIeKa KOHCTPYKIHS, IO-TOIIMa
(YHKIMOHATIHOCT M T0-0bp3a afanTaiusi KbM KOHKPETHH MHCHH.
OrpaHudeHusTa ca B KOHTpPOJAa Ha KadeCcTBOTO, MaTepHajuTe U
CUTYpHOCTTa Ha IIPOM3BOACTBEHHUS KaHal. IHTerpupaHero Ha
AIUTHBHU KOMIIOHEHTH TpsiOBa Ja BBPBH 3a€JHO C IIO-CTPOTHU
IPOTOKONH 32 TECTOBE U KHOEPYCTOHUUBOCT.

7. 3akjaouenue

NH-ynpasnsaBanute poese JIPOHOBE

qpes3 MacCOBOCT,

HOPOMCHAT

TaKTH4YEeCKaTa  KapTHHA aJanTUBHOCT U
YCTOHYMBOCT Ha 3ary0H, 0COOEHO B OCIIOPBAHU CPEAN C €IeKTPOHHA
BOWHA M OrpaHUYeHM KoMyHUKanuu. [IporpamMHu BH3MH KaTo
DARPA OFFSET mnomuepraBaT Hykaara OT

uHTepdelich n 6bP30 MPOCKTHPAaHEe M TECTBAaHE Ha TAaKTHUKH, JOKATO

,»dJOBEK—POH

p€alHUTE TCHACHIUMU II0OKas3BaT YCKOpE€HA HHTErpalus Ha U B
LCICYKa3BaHETO 1 aBTOHOMHOCTTA.

Cuneprusta ¢ mesh/MANET u edge computing e
KpUTHYHA: T JlaBa HHCKa JIATCHTHOCT, YCTOﬁqHBOCT pu
MIPEKbCBAHUSA n pasnpeneiicHa 06pa60TKa — KIIIOYOBHU

HPEIIIOCTaBKH POSIT JIa OcTaHe (GyHKIMOHANICH 0e3 IIeHTpaIn3upaHa
nHQPACTPyKTypa.

Bnokueitn/DLT He € ,,Maru4ecko* pemicHue M He ClieaBa
Jla ce W3MOJI3Ba 3a YIpaBICHHE Ha IMOJeTa B peasHo Bpeme. Haii-
obemaBamiara My pois € Karo cioli Ha dogepue: UICHTUIHOCT U
perucTpanusi Ha BB3IH, YIOCTOBEpSABAaHE Ha CHOUTHSA/KOMAaHJIH,
HEM3MEHHM JIOT, aBTOMATH3MPAHU TpaBHia Ype3 yMHH JOTOBOPH U
CHIOZICNISIHE Ha JTAHHU 3a 3aIU1aXd B KOHCOPIIMYMHA Cpea.

[lepCcHeKTUBHUAT THT HAMNpel € apXUTEKTypa, KOSITO
koMOuHMpa aBToHOMEeH MU Ha Gopna, JeneHTpamu3upaHu mesh
KOMYHHKaIlUK U edge BaTMIaTOpH/KOMaHTHH BB3JIH, IIOJKPEIICHN OT
permissioned DLT. Taka ce mony4aBa nmpakTuiecka KOMOWHAIUS OT
CKOPOCT, YCTOMYMBOCT M MPOBEPUMOCT — OCHOBAaTa 3a HAJCHKIHU
POEBH omepanuu B ObaeuTe O0HN TeHCTBUSL.
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IMapaaurma 3a curypHoct Ha 0baemero. Curypaocr X.0

A paradigm for future security. Security X.0

Prof. Nikolay Radulov, D.Sc, New Bulgarian University

n.stefanovs@gmail.com,

Abstract: The document outlines a radical paradigm shift in global and national security projected over the next 50 to 60 years, moving
away from traditional physical borders toward a multidimensional ecosystem known as Security X.0. This future framework focuses on
protecting human existence, cognitive integrity, and objective reality against decentralized and asymmetrical threats in a hyper-connected,
synthetic world. A primary transition will be the move from reactive defense to "pre-security," where Artificial General Intelligence (AGI)
utilizes predictive modeling to anticipate and neutralize cyberattacks or social conflicts before they occur. The author also anticipates a
geopolitical shift where tech megacorporations usurp the state's monopoly on security, driven by their control over quantum computing and

Al

Keywords: Security X.0, Pre-security, Cognitive and Biological Sovereignty, Artificial General Intelligence (AGI), Blockchain &

Cryptographic Reality, Q-Day

1.BnBeaenue

B cnenBamute 50 TOAMHU KOHLETIIMATA 32 HAL[MOHAJIHA U

e
1

TpaHchopmarmsa oT Bectdanckus mup Hacam . DyTyponorndHara

mobanHa  CHI'YpHOCT NPEeThPIM  Hal-pajuKajHaTa CH
CHT'YPHOCT HM3JIM3a M3BbH PAMKUTE Ha TpaJUIMOHHATa BOCHHA M
TeONOMMTHYECKA 3allliTa, IPEMUHABAfiKi KbM 3alllUTa HA CAMOTO
YOBEIIKO CBIIECTBYBAaHE, IO3HABATENHA ISUIOCT M IUIaHETapHa
exocucrema. CrnuBaHeTo Ha OWOJOTMYHMS, GU3HYECKUS U
JUTHTAITHUS CBST IIle Ch3/IaZie HOBM BEKTOPH Ha 3aIiaxa, KOMTO ca
ACHMETPHUYHH, JCHEHTPATIU3UPAHN U YECTO TPYJHO pa3IO3HABAEMH.
To3u Tun curypHocr, cinensaiia CUrypHocT 4.0%50m Tp., Mopaau

HeormnpeneneHus: Xopu3zoHt Hapuyam Curypaoct X.0.

TpaluUHOHHMTE TPAHMIM 1€ 3ary0siT  CBOETO
3HaYeHWe, Thil KaTO OCHOBHMTE 3alUlaXd IIe Ce IPEMecCTsIT B
KHOEpIpOCTPaHCTBOTO, OKOJIO3EMHATa OpOWTA, YOBEIIKUS TCHOM H
JIOPH YOBEIIKOTO Ch3HaHHWE 4upe3 HeBpo-uHTepdeiicute. Tasu
cTaThsl pasmiekaa (QyHIAMEHTATHUTE OCHOBH M KITFOUOBUTE

€JIEeMEHTH Ha cUrypHoctTa B Xopu3oHta 10 2070-2080 roauHa.

PagukaJHUAT Npexol Lie e 0T 3alUTa HA TEPUTOPUH
KBbM 3alIMTa Ha peaiqHocTTa Knacuueckusr Becrdancku monen
Ha CUTYpPHOCT, 0Oa3upaH Ha HAIMOHAIHH TPAHUIM, (GU3HIECKU
apMHU M PEaKTHUBHU MOJMTHKH, HAaBIIM3a B CBOSI OKOHYATEJICH 3aJie3.
[Ipe3 cnempamuTe AECETUIICTHS] YOBEUSCTBOTO I MPEMHHE KbM
GyTypuCTHYHA apXHMTEKTypa Ha CHUTYpPHOCTTa, JIeHHHpaHa OT

! Konnenusita 3a HalMOHaJHA U TI0OAHA CHUTYPHOCT HPEKHUBSIBA
Hali-pagukanHarta cu TpaHchopmanus ot Becrdanckus mup (1648
I.) HacaMm, karo mpe3 2026 r. ce HaOronaBa 0OpPMSIHETO HA MOCT-
BecT(aJCKu MOJeN, B KOWTO CYBEpEHUTETBT Ha [Abp)KaBara ¢
MocTaBeH IOX BBIOPOC OT TEXHOJNOTHUYHM, XHODHIHH W
KxopriopatuBHH  ¢aktopu. Ta3sm  TpaHchopMmamus — BKIIOYBA
NpeMHHaBaHe OT OTOpaHa Ha (UKCHPAHU TEPUTOPUAIHH TPAHHIH
KbM 3alUTa Ha ,JJUTHTAIHO IPOCTPAHCTBO®, KPUTHUYHA
UHPACTPYKTYpa ¥ MHPOPMALMOHHU MOTOLH, KaTO CHIIEBPEMEHHO
BIMSIHUETO Ha TPAJMIMOHHUTE IbPXKABHM aKThOPU HaMalsiBa 3a
CMeTKa Ha roJIeMHI JaCTHH TEXHOJIOTUYHH
xkommanuu. https://unu.edu/publication/challenge-security-
governance-changed-and-changing-international-system

2 .Panynos, H., Curyprocr 4.0, Hayuno-TexHU4€eCcKU CbI03 IO
mammHocTpoene ,,Munycrpus 4.0 Codus, 2019
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KOHBepreHuusita Ha M3kyctBeH wuHTenekT (M),

HU3YHUCJICHUA, CHHTCTUYHA OHOJIOTHS U HeBpOTeXHOJ’IOFI/II/IS.

KBaHTOBHU

HoBuTe napagurMd B CUTYPHOCTTa H3MCKBAaT ITBJIHO
HPEOCMUCIISIHE Ha TOBA KAK60 3aILUTABAME, O K020 TO 3all[UTaBaMe
3allKTa. e
¢$unocodpckun CTPYKTYPHH
(mapagurmu), KOUTO e AeUHUpAT CUTYPHOCTTA B Cpelara u Kpas

" Koea 3aroyBa camara TyK nu3cjacaBam

(yHIaMeHTaTHUTE u TIPOMEHU

Ha 21-BH BeK.

2.0T peakTHBHA 3alIUTa KbM aJrOPUTMHUYEH
aerepmuHu3bM (Ilpe-curypnocr)

Haif-ronsimara mpoMsiHa B JOKTPUHHTE 338 CHTYPHOCT IIe ObJe
MpeMeCTBaHETO Ha (hoKyca OT OTTOBOP HAa MHIMAEHTH KBbM TIXHOTO
MaTeMaTH4Yecko IPOTHO3WMpaHe M IpemoTBparsBaHe. Cucremute
BeUe HAMA Ja dakar

TEPOPUCTUYECH  aAKT.

Bb3HMKBAHETO HAa KuOeparaka WIH
Upe3 BceoOXBareH aHalW3 Ha JaHHH,
AITOPUTMHYHUTE CUCTEMHU IIE TPEABMKAAT COIMAIHM CPUBOBE U

KOH(IINKTH, Ch3aBaliKy Mapajurymara Ha npe-cueypHocmma.

JlpenukaTtuBHo Bce3Hanme: CHCTEMUTE 3a CHTYPHOCT Bede
HSMa Ja 4YakarT Bb3HHUKBAHETO Ha KHOeparaka, TePOPHCTHYEH aKT
i naggemust. Upes BceoOxBaTeH aHanm3 Ha mobanHu qanad, AGI
(OO0 M3KYCTBEH MHTENEKT) Iie NMPOrHO3Upa COLMAIHU CPUBOBE U
MHAMBUIYAJIHA TPECTBIUICHUS C HW3KIIOYUTENHA TOYHOCT JBJITO
BpEMeE IIPE/ T J1a CE CITy4ar.

MapagokcbT Ha  u3npeBapBamusi  yaap: Hosara

nmapagurma me M3uCKBa Cb3/1aBAaHETO HA €TUYHU U IIPABHU

paMku 3a  "HeyTpaJu3upaHe Ha  BEPOSATHOCTH'.

JIpprxaBuTe 16 HAHACAT NIPEBAHTUBHU YAapH (IUTUTAIHU

HJIn ](I/IHCTI/I‘{HI/I) Bb3 OCHOBa Ha AJITOPUTMHUYCH

KOHCEHCYC, Y€ 3alulaxara € Heu30eXHa, MPOMEHANHKH
neduHMIMsATA 32 "cripaBeaMBa BoHa".

® lenca, M., & Andorno, R. (2017). Towards new human rights in
the age of neuroscience and neurotechnology.
https://pubmed.ncbi.nlm.nih.gov/28444626/
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[Mpunaranero Ha MPOTHO3HM MoAenn obade Kpue
CEpHO3HU PUCKOBE. M3M013BaHETO Ha aNrOPUTMH 3a JIETHTUMUPAHE
Ha NIPEBAaHTUBHU y#apH (IpeneMIITHBHA yoTpeda Ha cuila) TOCTaBsd
OCTpPU ETHUYHHM BBIOPOCH 3a IPONOPLUOHATHOCT, aITOPUTMHYHU
TPHCTPACTHs ¥ OTTOBOPHOCT®. TBBPICHUATA 3a AGCOTIOTHA TOYHOCT
Ha OOmms n3kyctBeH uHTenekT (AGI) crmenBa nma ce pasmiexnar
MO-CKOPO Karo BeposTeH cleHapuil 3a Opaemero. HayuHo mo-
YCTOIUHMBO € pa3OupaHeTo, Y€ alrOPUTMHUTE APACTUYHO M€ BIUSAT
BbpPXy NPHOPUTH3UPAHETO HA pPHUCKOBE, O€3 Ja TapaHTUpar

a0COJIOTEH JETEPMUHUZBM

3.KorHuTHBEH 1 OHOJIOTHYEH CyBepPeHHUTeT

TpamuuuoHHUTE TpaHUIU (CyIna, BB3AYX, BOJA, KOCMOC,

KUOEpIpOCTPaHCTBO) 1Ie ObJaT paslIMpeHd ¢ JBa HOBH,

M3KITIOYUTENTHO KPUTHIHHU JOMEHHA: YOBEIIKOTO TSJIO U YOBEIIKHUST
YM.

HeBpo-npaBa u 3amura Ha cb3HaHuero: C MacoBOTO

HaBNM3aHe Ha wuHTepdelicute "MO3IBK-KOMIIOTHP',
MHCIIUTE, SMOLMHTE W CIOMEHHTE CTaBaT YysA3BHMH 3a
BBHIIIHA HaMeca. KOTHUTHBHATa CHTYPHOCT IIEe Ce
NMPEBbPHE BHB BBPXOBCH MPHOPUTET — IBPKABHUTE IIIE
TpsiOBa 1@ rapaHTHUpaT, Ye pCHICHUSATa Ha TEXHUTE
TpaXIaH! ¥ JHJICPH HE ca PEe3yNiTar OT HEBPO-XaKEePCTBO
WIH MOJICh3HATETHA MHUKpPO-MaHUYJIAIHS.
PasnpocTpaHeHHeT0O Ha HEBPOTEXHOJIIOTHHTE IPEBPBIINA
YOBEIIKKHSA YM B HOBa 30Ha 3a KoH(ukTH. ToBa Haymara
BBbBEKJAHETO Ha HOBH MpaBHH paMKH
3a HeePONPasa i MEHMAIHA NOBEPUMETHOCH, KOUTO Ja
3alUTaBaT WHAWBUANTE OT HECAHKIIMOHUPAH IOCTHIT 110
TEeXHHTE MO3BYHM [AHHW.3AWIMTATA HA MEHMAIHAMA
ysiocm CTaBa KPUTHYHA 32 Tpe/ra3BaHe Ha OOIIECTBOTO

OT OACH3HATCIIHA MAaHUITYJIAIIUA U HEBPO-XaKEPCTBO.

I'eneTnunara JIMHHSA KaTo KPUTHYHA
uHppacTpykrypa: IHK nHa HamusaTta me ce pasmiexnia
KaTro Hal-IIeHHHs pecypc. 3amuTara OT CHHTeTHYHH Ono-
cesmagenn upes CRISPR  TexHomornm®

OPBXKHS, u

HAaCO4YCHU KbM CHCHI/I(‘I)I/I‘IHI/I CTHHYCCKH i

WHJVBUyaHH TCHOTHIIH, II€ W3UCKBA CH3IaBaHETO Ha
MOCTOSIHEH IUIaHEeTapeH OMo-pajap M MMyHHA 3alllUTa Ha
HHBO JbPKaBa.

* Downey, A. (2023). Algorithmic predictions and pre-emptive
violence: artificial intelligence and the future of unmanned aerial

systems.  https://pureportal.bcu.ac.uk/en/publications/neocolonial-
visions-algorithmic-violence-and-unmanned-aerial-syst/

°European Parliament Research Service. (2024). European
Parliament Research Service Study.

https://www.europarl.europa.eu/at-your-service/en/stay-
informed/research-and-analysis

® CRISPR-Cas9 e PEBOJIOIMOHHA TEXHOJOTHA 32 MPELUu3HO
peaakTupaHe Ha TIE€HOMa, 6a3I/IpaHa Ha CCTCCTBCH 3allUTCH
MEXaHH3bM Ha OakrepumTe cpemy BHpycH. CBbKpaleHHeTo
o3nauaBa Clustered Regularly Interspaced Short Palindromic
Repeats  (KiecTepupanu  peqoBHO — pas3MONOXKEHH  KbCH
NAJIMHIPOMHU  IOBTOpeHMs). TexHomorusra JeWCTBa  KaTo
»MOJIEKYJIIpHa HOXHLA“, KOSITO MOXKE Ja OTKpUBa, M3psA3Ba U
npomenst crneunduyan JIHK cexkBeHIMHM B JKUBH OpTraHHU3MH.
https://www.hostragons.com/bg/%D0%B1%D0%BB%D0%BE%D
0%B3/crispr
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4. IpuBaTH3anus HA CUTYPHOCTTA W BB3X0J
Ha Merakopnopaunuure

MoOHOIIOIBT Ha AbpiKaBaTa BbPXY JICSTUTUMHOTO HACHUIINC

u cpbOupaHeTo Ha pasy3HaBarenHa HHpoOpManus Ie Obae
HEOGPATHMO HApYIIEH .

e  TexHOJOrMYHHTE THIAHTH KaTO TeONOJUTHYECKH

yuactHuum: Koprioparuure, KOHTO KOHTpOJIUpAT

KBaHTOBHUTE KOMIIOTPHU, OPOMTATHUTE CATEIUTHH MPEXKU
n anroputmure Ha MM, me pasmomarar ¢ moBeue
pasy3HaBaTenHa MHGOPMALU M HM3YHMCIUTENHA MOII OT
90%
CYBEPCHHH JOCTABYHIN Ha CHTYPHOCT®.,

OT TMpaBUTENCTBaTa. e Ie ce TNpeBbpHAT B

JenenTpanusnpana MuJaMTapu3anus: Texnonoruu,
KOHTO HSKOTa ca OWiM JOCTBIIHHM CaMO 3a CYHNEpPCUIIN
(mpeun3Hu ApPOHOBE, OHONOTMYHH areHTH, Kubep-
OpBXHMS), INE CTaHaT JAOCTBIHM 3@ JOPH 3a MAJIKH
JleneHTpanu3upady rpynd. ToBa cb3faBa mapaaurmara
Ha ACUMEMPUUHOMO MACO60 YHUWOIICEHUE, TIPU KOETO
MaJgbK OpOM MHAMBHIOM MOTaT Ja NPHYHMHAT IIETH OT

ro6asieH marao.

5. KBaHTOBHAT pecTapT Ha Taiinara (Q-
Day’)

INapagurmMara Ha Kpunrorpadckara CHUTYpHOCT —Iie
IpeTbpnu aOCOMIOTEH pecTapT B MOMEHTa, B KOWTO KBaHTOBUTE

KOMITIOTPH JOCTUTHAT 3psNIOCT (Taka HapedeHUAT aeH "Q").

Komanc Ha
KoH(puaeHuHaIHOCT: BCenuku

HCTOPHYECKATA
TEKYI[d  KPUITHPAHU
KOMYHUKAIlMK, (UHAHCOBU TPAH3AKIUM M JIbPIKABHU
TailH{, KOUTO B MOMEHTA CE TPHXBAIIAT U ChXPaHIBAT OT
cayx0u, e
nemupupand. ToBa 1me mnpenu3BuKa Oe3nperieaeHTHa

NIPOTHBHUKOBU 6’[:)IaT MUI'HOBCHO

Kpu3a Ha TOBEPUETO.

KBaHTOBO 3aminTaHe KaTo HOB cTaHAapT: bbremara
CUTYPHOCT Ha KOMYHUKAIIMUTE L€ PAa3dUTa Ha 3aKOHHUTE
Ha kBaHTOBaTa ¢u3uka (KBaHTOBO pasmpenencHue Ha

KmodyoBe). ONUTBT 3a MpHUXBAllaHe Ha  TakaBa

KOMYHHUKaIUs (bI/ISI/ILlecKl/I € NpoMEHA CaMUTE HaHHHU,

NpaBefiKK IIOJCITYIIBAHETO HE MPOCTO TPYAHO, a

" Mandel, R. (2000). The Privatization Of Security.
https://journals.sagepub.com/doi/10.1177/0095327X0102800107
Vracevié, N. (2025). Strategic Roles of Private Military
Companies: The Evolution and Privatization of Warfare in the
Context of Contemporary Global Conflicts.
https://contemporarysecuritystudies.com/journal/article/view/4
o Q-Day [§ 6’LZ[eIIII/I${T MOMCHT, B KOWTO KBAaHTOBHUTE KOMITIOTPpU 1IC
CTaHaT JOCTAaThYHO MOIIHH, 3a Ja Pa3OUAT CErallHUTe CTaHAAPTH
3a kpuntupane kato RSA u ECC. Tosa cwburme 3acTpamaBa
miobanHaTa  KUOEpCUTypHOCT,  (UHAHCOBUTE  CHCTEMH U
IIOBEPUTEIHOCTTa HaA JaHHUTE, KaTo IPHUHYKIaBa IbPXKaBU H
KOMITIaHHUH Ja IIpeMUuHaT KbM HOB THII 3amura.
https://www.ibm.com/think/insights/prepare-your-organization-for-

q-day
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q)yHZ[aMeHTaIIHO HEBB3MOXHO CIIOpEA 3aKOHUTE Ha

¢usukara.

6. Ot "KpenocrHa 3amura" kpMm " /Ibja06oka
pereHepaTuBHa yCTOﬁ‘IHBOCT"lo

Crapara KOHIENIUS 3a M3TrpakaaHe Ha HerpoOHBacMHU
crenn (Firewalls, ¢usmueckn Oapmepn) me OblIe 3aMeHEHa OT
HapajurMara Ha OMOJIOrHYHATa UMyHHA CHCTEMA.

e  A0con0THa mnpe3ymnuusi 3a npodus: CucreMute Iue

65[131‘ IMPOCKTUPAHU C OYaKBaHCTO, qe
IIPOTUBHUKBT 6eve € BBTPEC. (DOKyC'BT C€ H3MECTBa OT
MpEaOTBpaTdBaHE Ha JA0CThIIa KbM MHUHHUMHU3UPAHE Ha

IIETUTC U CBETKABUYHO BB3CTAHOBSIBAHC.

e CamosiekyBamy ce apxuTeKTypu: KnGepHernmynnte u
nH(pacTpyKTypHUTE Mpexu me u3nonssar M, 3a na ce
NPEHAINCBaT W PECTPYKTYpUpaT B pEalHO BpeMe B
pamKuTe Ha araka. [1o1o0HO Ha >KMBH OpraHHW3MH, TE e
M30JIHpar 3apa3eHuTe "KIeTKH" (ChPBbPU WIN €HEPTUHHU
BB3JIM) U 11[e TeHEPHPAT HOBU MbTHINA 32 (yHKIIMOHUpaHE
6e3 uoBemka Hameca. 't

7.Kpunrtorpadcka peaJHOCT H 3aIIMTEHA
HCTHHA

B  epara Ha  XHUIEp-PCAIUCTHYHHTE  IBIOOKH
tdamumdukarn  (Deepfakes) wu  reweparuBuus UMW, camara
KOHIIENIHA 32 00EKTHBHA PEAIHOCT 11ie ObJe MOUIOKEHA Ha aTaka.

JlokasaTeicTBO 3a 4oBewHOCT'” CurypHocTTa 1€
W3UCKBA BHEAPSIBAHETO HA XapAyepHH WIM KBAaHTOBH "BOJHH
3HanK", KOUTO YAOCTOBEpSBAT, Y€ MAAEHO BHUJECO, 3aIOBE WM

HOBHWHA Ca CB3aJ€HU OT PCaJICH YOBEK, a HE OT aJITOPUTHM.

HNudopmannonna exoJorusi: adopmammonHoro
TIPOCTPAHCTBO IIIe CE TPeTHpa KaTo OKOIHA cpera. LlenenacoueHoro
pasmpocTpaHeHHe Ha  "aNTOPUTMHYHH  XaJlOUWHAUWU' |
nesuHpopmanus me ce xnacuduiypa karo GopmMa Ha EKOJOTHIHO
3aMbpCSBAHE W aKT Ha BOIHA, M3MCKBAI CTpPOra "WHPOpMannoHHA

xuruena'.

Baokueiin: BbvB ¢yTypormornmueH IuiaH, ponsTa Ha
OJOKJEHH paguKalHO HaaXBBPISI CHbBPEMEHHHTE (PUHAHCOBH WM

JIOTUCTUYHU TIPUIIOKCHUS, HpeBp’bIHaﬁKPI C€ B CK3UCTCHIIMAJICH

0 Deep Resilience
1 Obinna Johnphill , Ali Safaa Sadig , Omprakash Kaiwartya, and
Mohammed Adam Taheir2. (2026). Cross: a cloud-native approach
to automated remediation and self-healing in cyber-physical
systems. https://link.springer.com/article/10.1186/s42400-026-
00549-8
12 JeneHTpanu3npaH NPOTOKOJI 32 HAEHTHYHOCT
e O@ynkmusa: Cucrema, Oasupana Ha  OJIOK4eiiH,
npenHa3HaueHa Ja MPEeI0TBPATIBa OOT PO U (haIIIHBH
akayHtu (Sybil arakm), karo [oka3Ba, ue IanCHO
I[CﬁCTBPIC WJIA CaMOJIMYHOCT TNIPUHAMJICKAT HA YHUKAJICH

JKHB YOBEK.
e  Mexanm3bm: KomOmnampa mnomaBane Ha TpodmIiIH,
BHJIe0/OHOMETPUIHO BaJIUJMpaHe u COLIUAIIHO

HNOTBBPKAaBaHe B MpexH kato Ethereum.

rapadT Ha caMmara oOexkTuBHOCT. B npeacrosiara €rnoxa Ha

CBPBXPA3BUT TICHEPATHBEH W3KYCTBEH HHTENEKT, aBTOHOMHU
QITOPUTMH ¥ HAI'BJIHO CHHTETHYHH CBETOBE (METaBCENIEHH),
YOBEIIKUTE CETHBAa OKOHYATENHO IIe 3aryOsT crocoOHOCTTa CH Ja
pa3nuyaBaT aBTEHTUYHOTO OT CHMYIHpaHOTO. Enmmcremonoruyxara
Kpu3a Ha ObaenieTo HsiMa Ja Obae numcara Ha uHpopmaims, a
HEBBb3MO)KHOCTTA J1a C€ JOKaKe HEMHMAT mpousxol; B To3u cBAT
Kpunrorpadckara peasHOCT IIe ce MpeBbpHE B OCHOBHATa
HaJeXKIHA ,,KOTBa Ha ucrunara“’®. Brokueiin apXUTEKTypaTa I1e
¢yHkponupa  kato  0a3oB mpomokon ~ Ha  peanrHocmma 3a
IUTHTaNHATa LUBWIM3aLUA. Upe3 MeXaHu3MH 3a KpUOTOTpadcKo
YAOCTOBEPSBAHE U KOHIICHIIMHU Kato ,,J[0Ka3aTeNcTBO 32 YOBEYHOCT
(Proof of Humanity), mpexure Ha ObaemIeTO LIe BaJUAUPAT B
pearHO BpeMe Jal JaJeHO ChOWTHE, CHOOIICHHE, HOBHHA WU
JIUTUTANICH aBarap NPUHAJIC)KA Ha OMONIOTHYCH WHIWBHI WA €
MPOIYKT Ha U3KyCTBeH MHTENCKTS; C pa3BUTHETO HAa TEXHOJIOTHUSITA,
,MalMHara Ha HCTHHATA® II€ TpepacHe B  IIOOAJCH,
JICIICHTPAU3UPaH ,,eK30KOpTeKC™ (BHHIICH MO3BK) Ha YOBCIIKATa
(smart contracts) wu

aBToHOMHH opranmzanuu (DAOS) e

uctopusi. VIHTeIMTreHTHUTE JIOTOBOPH
JleneHTpanu3upaHuTe
€BOJIIOMPAT B HOBM (OpPMH HA aITOPUTMHYHO OOLIECTBEHO
yIpaBI€HHE — CHCTEMH, B KOWTO IIpaBMIaTa M 3aKOHHTE Ca
CaMOM3IBJIHABAIL CE IPO3paueH KOJ, MMYHEH Ha IOIUTHIECKa
KOpyHnuusi W MaHHUImynanus; B cBosta kpaifHa ¢yTypomormdyna
(dhopma, ONMOKUEHH HAMA MPOCTO Ja 3alucBa TpaH3akuuu. Toi mie
Opme abconroTHaTa 3alldTa CpEIly OpYEJICKH CIEHapuH 3a
[IpeHalMCBaHe Ha MMHAJOTO. TOM Ie OCUTypsiBa HEU3MEHUM
JUTHTANICH XpoHOoTpad Ha YOBEIIKAaTa IMBIIIM3AINS, IPEBPbINAKY
00eKkTUBHUTE (HaKTH M HCTOpHUYECKaTa MaMeT B KPUOTOTPadCKH

3aIUTEHN apTe(aKTH, CbXPAaHEHH! 3a BETHOCTTA.

Bpaemero Ha cHUTypHOCTTa HAMa Ja 3aBUCH TOJKOBA OT
CH3/IaBAHETO Ha TIO-TOJIEMH OPBKHS, KOJKOTO OT M3TPaKAAHETO Ha
STHYHH, aITOPUTMUYHH U OHOJIOTUYHN UMYHHH CHCTEMH, CIIOCOOHH
Jla 3aIIUTAT camMaTa ChIIHOCT Ha TOBA, KOETO HH IPaBH Xopa.

8. 3akiouenue

W3cnenBanero  kareropuyHo oueprasa, ue g0 2080 1.
KOHIICTIIMATa 3a CHTYPHOCT IIe MPETHPIH Hai-AbI00KaTa CHU
MeTamopdo3a B HCTOpUATA HA UOBCHIKATA  IUBHJIH3AIIUS.
TpaaulMOHHUTE MOKTPUHH, OCHOBaHH Ha (U3UUECKH TPAHUIIM,
KAHETUYHU OPBKUSA M PEAKTHMBHH MEPKH, IIE OTCTBHIAT MSCTO Ha
€IHa HAITbJIHO HOBA, MHOFOH3MepHa U HEBHIUMaA apxleeKTypa.
CurypHocTTa Bede HsMa Ja ObIe MPOCTO INUT CPeLly BBHIIHU
3alulaXd, a CJIOKHA, MPOAKTHBHA U ABJIOOKO HMHTErpUpaHa
€KOCHCTEMa, YUSITO OCHOBHA IEJT € JIa ChXPaHK caMara ChIMHOCT Ha
YOBEIIKOTO CHINECTBYBaHE B CIMH XHUIIEPCBBP3aH W CHHTETHYCH

CBAT.

[IpexonbT KbM aNrOpUTMHYHA CUTYPHOCT, YIpaBisiBaHa
ot O6u1 n3kycTBeH uHTeNnekT (AGI) 1 aHaIU3 Ha ToJeMu 1aHHH, 1
IpeBbPHE MAaTEMaTHYECKOTO MPEBIDKAAHE B OCHOBEH MHCTPYMEHT
3a 3amuTa. 3araxuTe e ObAaT HeyTpalH3HpaH! W3IpEeBapBalo,
mpead w3000 Ja ce MaTepHalu3upaT BbB (QH3MYECKaTa WIIH
JIUTUTATHATA PEATHOCT. YCHOPEIHO C TOBa, ()POHTOBATA JIHMHUS CE
W3MECTBA JPaMaTHYHO KbM HAH-WHTUMHHTE TNPOCTPAHCTBAa Ha
YOBEKa — HErOBUSl YM M TEHETHUYeH KOJA. YTBBP)KIABAaHETO Ha
KOTHUTHBHUSL W OHOJIOTUYHUSI CYBEPCHHTET C€ MpEBphIIa B

13 JlnueBa, T.,,CurypHOCT Ha JaHHUTE C OJOKYCHH TEXHOJIOTHTA”
B. C6. [lok. ot rogumnara HaydHa koHdepennus Ha BTY ,.Bacun
JleBckn” — 8-9 1onm 2023 ., c1p.381-390, ISSN 2367-7481
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KPUTHYCH IIPUOPUTET, TBiA Karo HEBPO-XaKEPCTBOTO u

CHUHTETUYHUTE OHO-OPBKUA HOCAT Oe3npeLeeHTHH
€K3UCTEHIIMAJIHU PUCKOBE. 3amuTara Ha HeBpo-npaBara u JIHK me
HAJIOXKH OTXBBPIISIHETO Ha MOJIeNa Ha ,,HeIpoOHuBaeMara Kpernoct™ u
BB3IPHEMAHETO HA KOHLEMIMATA 3a JIbJI0OKAa pereHepaTHBHA
YCTOHYHBOCT — CHUCTEMH, KOMTO ()yHKIMOHUpAT KaTo OHOJIOTHYHA
UMYHHa CHCTEMa ChC CIIOCOOHOCT 3a aBTOHOMHO CaMOJICKyBaHE M

aJlanTanys Mpyu Hen30eKHU TPOOUBH.

Ta3zu HOBa mapagurMa Iie HMpeHalMIe M IMpaBHiIaTa Ha

BBPXY
CHT'YpHOCTTA Iie Obie Oe3BB3BPaTHO CIOAENICH WM JOPH HAIIBIHO

miobamHaTa  TEeOMONUTHKA.  JIBpXKABHHAT  MOHOIOI
U33€T OT TEXHOJOTUYHHUTE METrakoOpIOpaIiH, KOUTO €IHHCTBEHN IIe
pasmosiarar ¢ HeoOXOAMMaTa W3YMCIUTENHAa MOIL[ M MAacHBU OT
IaHHM. B TO3M KOHTEKCT, HabmmKaBamaT KBaHTOB mpexon (Q-Day)
me o06e3CHIM HaIbJIHO ChBPEMEHHara Kpunrorpadus, Hamaraiku
CIEIIHOTO M3TpaKJaHe Ha KBAaHTOBO-0a3MpaHH MpPEXH, UHATO

CHT'YPHOCT € TapaHTHpPaHa OT CaMHTE 3aKOHU Ha (U3HKara.

OcBeH TEXHOJOTUYHUTE u OHONOTHYHH
MIPeAU3BUKATENICTBA, MATEPHATBT OTKPOSBA €AHAa (yHIaMEHTallHa
Kpu3a Ha ObJemero — Kpu3ara Ha OOEKTHBHOCTTa. B emoxa,
JOMHMHHMpPaHa OT H3KYCTBEHO CB3[aJCHH PEATHOCTH H ABIOOKU
(ammmpukaru, 6opbara 3a ucTuHATA I ObJC OCHOBEH BEKTOP Ha
CHUTYPHOCTTa. YTBBP)KAAaBaHETO Ha ,,KpUNTOrpadCKa pPEamHOCT
ype3 JAENEHTPATM3UPAaHH ONOKJYEHH MpEeXH M BbBEKAAHETO Ha
MpOTOKOJM Kato ,,JlokasarenctBo 3a dYoBeyHocT  (Proof of
Humanity) me ObaaT eAMHCTBEHHTE HAACKIHH MEXaHH3MH 3a

3ala3BaH€ Ha JOBEPHUCTO B 06L[ICCTBOTO.

B xpaiiHa cMeTKa, CHTYpHOCTTa Ha OBIEmEeTo HiIMa Jia ce
n3MepBa c AebenrHaTa Ha CTEHHTE WM MOIITA HAa OPBXKHUATA, a C
eIACTUYHOCTTa HAa CHCTEMUTE M eTHYHHTE paMKH, KOHTO TH
ympasnsBar. [Ipenu3BHKaTeNICTBOTO Tped YOBEYECTBOTO HsAMA 1A
Obe TPOCTO Ja oIeNee TEXHONOTHMYHO, a Ja 3ama3sd CBosTa
XyMaHHOCT, CBOOOJHA BOJII M HO3HaBaTeNHa LsuOCT. bbaemara
HapajirMa 3a CUTYPHOCT € MPEad BCUYKO (UI0COPCKU U MOpaseH
UMIIEPAaTUB — aHTQKUMEHT 3a U3rPaKJaHe Ha YCTOWYMB CBST, B
KOMTO BBPXOBHUTE TEXHOJIOTMH CIYXKaT KaTo abCONIOTEH rapaHT Ha
YOBEIIKOTO JIOCTOMHCTBO M OOGKTMBHATa PEAHOCT, a He Karo
HUHCTPYMEHT 3a TAXHOTO 3aJIlYaBaHe.
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POST-QUANTUM SECURITY OF BLOCKCHAIN
MOCTKBAHTOBA CUT'YPHOCT HA BJIOKYEMH
H-p JIuuesa, T.
HTC, cexuus TexHuuecka CUTYpHOCT
teodora licheffa@abv.bg

Abstract: The advent of quantum computers poses a serious threat to modern information security, and in particular to classical
blockchain systems such as Bitcoin and Ethereum. These new machines possess enormous computing power, which, through specific
algorithms, can easily break the cryptographic protections widely used today, based on factorization and discrete logarithms.

To counter this critical vulnerability, a new generation of protection, called post-quantum cryptography, is being actively developed.
Leading international institutions are already creating standards and regulatory frameworks to facilitate the so-called ,.cryptographic
migration. The successful transition to a quantum-resistant era requires the implementation of ,,cryptographic flexibility“ and hybrid models
that guarantee the long-term security and immutability of decentralized blockchain ecosystems.

Keywords: DATA SECURITY,QUANTUM COMPUTERS, BLOCKCHAIN, POST-QUANTUM CRYPTOGRAPHY, CRYPTOGRAPHIC

MIGRATION, STANDARDIZATION

1. Yeoo
HaBJ'II/I3aHeTO Ha KBAHTOBUTC KOMHIOTpI/I 66H6)KI/I I/ICTOpI/I‘{CCKa
rpaHMLa 32 ChbBpEMEHHaTa HMHG)OPMALIMOHHA  CUTYPHOCT.

IIporuoswure ca, 4e B OJIM3KUTE TOANHN KBAaHTOBH MAlIMHHU III¢ ©IMAT
M3YMCIIMTETHA MOII, KOSTO € CIOCOOHa Ja pa3pyllH OCHOBaTa Ha
Kiacudeckara Kpunrorpadus — daxropusamys Ha TOJEMH YHCIA
WIM TPYyJHOCTTa Ha W3YHCICHHE Ha JUCKPETHH JIOTAPUTMH.
Kpunrorpadckure IpOTOKOIN Ha MOYTH BCHYKH JTHEIIHU OJIOKYEHH
cucteMd — BKIounTenHo Bitcoin, Ethereum, Hyperledger u T.H. —
ce Oasmpar TOYHO Ha Te3HW ,TBBPAM~ 3aJauyd. ToBa Mmojiara
ONMOKYeH Ha YSA3BUMOCTH 3a Isjiata OJOKOBa €KOCHCTeMa Ha
CUT'YPHOCT.

PasButnero Ha moctkBaHToBata kpunrorpadus (PQC), HoOBO
MOKOJICHHE KPUNTOIPAPCKH CXEMH, YCTOHYMBH HA KBAaHTOBH aTakH,
€ BOJIell aKIeHT B miobaneH Mamab. MHOXECTBO OT MHUIMATHBHY,
OT pa3IMYHU TBPKaBH, HMAT 32 LeJI CTaHJapTH3anusI U e()eKTHBHO
BHE/IPSIBaHE HA YCTOWYHMBU MEXaHU3MH 3a 3alllUTa M Ja HalpaBsAT
OnmokoBaTa Bepura, CHTypHa M HENpoOWBaeMa, KaKTO M TPEId
rmeproja Ha KBAaHTOBUTE M3YMCICHHS. 3a Ja ce TrapaHTupa
MH)OpPMAIMOHHA  CUTYPHOCT, 0a3MpaHa Ha  TEXHOJOTHITA
OJIOKUYEHH, ca HEOOXOIUMH CJIEIHHUTE CTHIIKH:

- JIa aHaJM3upar 38.)11)J'I60'~ICHO PUCKOBETE, KOUTO

Ch3/1aBaT KBAaHTOBUTE KOMITIOTPHU 3a
CHTYPHOCTTA Ha OJOKYEHH CHCTEMHUTE;

Ja nmame cucteMaTH3HWpaH Iperyiel Ha BCHUKH
pelieBaHTHH IOCTKBAaHTOBH aJITOPUTMU;

Jla mpenno>kaT MPakTUYECKH HACOKH U aHAIH3
Ha BHEJIPSBAHETO HAa IIOCTKBAHTOBA 3allUTa,
pasriexaaiiky  peauna  ChIIECTBYBAallM U
BB3HUKBAIIN OJIOKYEHH ruathopmu;

Hda ¢opMynmupa TpenopbKH
YCTOWYHMBO pasBuTUe Ha
€KOCHCTeMATa B TIOCTKBAHTOBA €pa.

3a  Objuele

OJI0KYEHH

2. Cneyugurxa na 0On0Kuenn cucmemume u
mAXHAMA KpUnmozpagcxka ocHosa

BriokueifH TexXHONOTMUTE ce OCHOBaBaT Ha IPHHIMINTE Ha
JELeHTpa3UpaHaTa BepU(QUKAIMd W  HENPOMEHSIEMOCT Ha
JaHHWTEe. Beska TpaHCAaKIMA < ce  BamuaMpa Upe3  CIOXKHH
kpunrorpadckn Mexanusmu: xerupane (SHA-256, Keccak/SHA-
3), uuppoBu mnommucu (ECDSA, RSA), npoussexmane Ha
ciyyaiiHu croifHocTH (Nonce), KakTo M J0Ka3aTelcTBa 3a padoTa
(Proof of Work) unu st (Proof of Stake).

Knacuueckure Gnokueiin (Bitcoin, Ethereum, Hyperledger u
Jp.) M3IOJI3BAT AITOPUTMH, YUATO CUTYPHOCT € HEIOJBJACTHA Ha
aTaKUTe Ha CErailHWTe KiIacHyecku MamuHd. OyHIaMeHTalHa
obaue ocTaBa NPEANOCTaBKaTa, Y€ H3YHCISBAHETO HA YaCTHUS
KJII0Y [0 JaJeH IyOJIMYeH ¢ HEBBb3MOXKHO B HPAKTHYHO BpEMe.
ITosiBaTa Ha KBaHTOBUTE KOMIIIOTPH C JOCTaThYHA H3YHCIHTEITHA
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Mol 00aue 3aruiaiBa Aa IpeoObpHE TO3H IOCTYJIAT: alrOPUTBMBT
Ha lllop me mo3Bonm, Hampumep, 0bp30 uzumcieHne Ha ECDSA
YaCTHH KJIIFOUOBE IO MyOIMYHATa HHPOPMAIIHS.

3.  Heob6xooumocmma
cuzypnocm

om nocmkeanmoea

Ocb3HaBaiiku pa3Mepa Ha 3amiaxara ¥ CUI'ypHOCTTa, Ha KOSITO
Tpsi0Ba 1@ OTrOBOPAT, H3CNIENOBAaTEICKaTa M HHAYCTPHUAIIHATA
o0IIHOCT Bede pa3paboTBa HOB KJIAC KPUNTOIPa)CKH MEXaHU3MH,
YCTOWYMBH Ha KBAaHTOBU aTaku T.Hap. MOCTKBAaHTOBA
kpunrorpadust (PQC). CHuChKBT Ha MOMIEKAIUTE Ha PUCKOBETE
CHCTEMH HapacTBa: KOMIIPOMETHUpPAHE HAa HUCTOPUYECKH OJIOKYEHH
aIpec, BH3MOXHOCT 3a aTaKM Cpelly KOHCEHCYCHH aJrOpHTMH,
MOAMsIHA Ha TPAHCAKIMM U JOpU Ch3JaBaHE Ha ,,3aMbpPCEHU‘
610KOBe.

EnuH OT KpUTUYHUTE MOMEHTHU €, Ye JOpU Ja He ChIIEeCTBYBa
MyOJINYHO M3BECTEH JOCTATHYHO MOIIEH KBaHTOB KOMITIOTHD JHEC,
JAHHHUTE MOTaT 1a ObAaT NMpHUXBalllaHu, CbOMPAHU U JIEKPUNTHPAHH
B Obaeme. MHcTUTymuM M opraHM3alMy IO CBeTa Bede ce
HOATOTBAT 3a T.Hap. “Kpunrorpadcka MuUrpanus”’ — Npexol KbM
MOCTKBAaHTOBHU aJTOPUTMH, KOWTO IIle TapaHTHpaH 0e3BB3BPAaTHO U
CHT'YPHO KPUNTHPAHE Ha JaHHUTE.

B Hacrosimata pa3paboTka Iie HampaBs W34epraTesieH aHalM3
Ha:

HpI/IHLIPIHPI 1 YA3BUMOCTH Ha CHBPEMEHHHUTE OJIOKUEHH
CHUCTEMHU NIPEJ] KBAHTOBUTE 3aIlIaXH,

OCHOBHHTE BH/IOBE TOCTKBAHTOBH  KPUNTOTrpadCKu
anroput™Mu. [IpeMMCTBa, HEMOCTATHIN U HPHIOKAMOCT
B JICLICHTpAJI3HUpaHa cpela ;

AKTyaHHOTO CbCTOSIHME Ha CBETOBHATa HaydYHa H
IpakKTU4YHa HACO4YC€HOCT II0 OTHOUICHHE Ha CUT'YPHOCTTa
Ha OJIOKYEHH B IOCTKBAHTOBATA €pa;

[IpakTHYEeCKM HACOKU 3a pealu3upaHe Ha MOCTKBAHTOBA
3aIuTa Ha OJIOKYEHH CHCTeMHTe, peryaupaHe, CTaHIapTH
¥ ObJICIIY HAMTPABJICHNUS 33 Pa3BUTHE.

4. Cveépemennu Kpunmozpagcku mexanusmu 6
bn0Kueiln

Kpunmoepad)cxu OCHO8U Ha Klacudeckume OJIOKYelH cucmemu

briokueiiH cucTeMHTe ca M3rpajicHH Ha 0a3ata Ha HabOp OT
YTBBPIAEHH KPUNTOrpaQCKH  MEXaHU3MH, KOWUTO TapaHTHpaT
[eJNOCTTa,  JIOCTOBEPHOCTTA W HENPOMEHSIEMOCTTa  Ha
uHpopMaImATa, 3aMMcaHa BbB Bepurara oT OiokoBe. OCHOBHHUTE
BHUJIOBE KPHUIITOTPa)CKH METOJIH Ca:

' ERIFE (GB), 2024. EFEHH L EI X (Kpunmozepagcku
NPOMOKON 30 KAHMOBO pasznpeodesieHue Ha Kuouoee). JIbpxaBeH
cranaapt na KHP
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Kpunrorpagpexku xem-pynkuuu. Ilpm T1asu  ¢dyHKIus
XEHINPaHETO € B OCHOBATA Ha Ch3/1aBaHETO Ha OJIOKOBETE, BPB3KUTE
MEXIy TAX M BaIUAUPAHETO Ha TpaHcakuuu. Hai-mupoko
U3IO0NI3BaHUTE (PyHKIHMH ca:

SHA-256 — cranaapr B Bitcoin u 1p.;

Keccak/SHA-3 — usnonsean B Ethereum. Te3u
¢ynkumm TpssOBa ma OBAAT YCTOMYMBH Ha
KOJIM3HH (IBE pa3IMYHM CTOMHOCTH Jla HE JlaBaT
eIVH M ChIIM H3XOA) M Ja HE MOXe 1a ce
BB3CTAHOBH OPHI'MHAIHOTO CBHOOIICHHE OT
Xela).

CumerpuuHa kpunrorpadus. IIpu To3u Bun kpunrtorpadus
Ce M3MO0I3Ba CUTYPHOCT HAa KOMYHHMKAIIMHTE MEXIy BB3IN.
Anroputmu  kato AES mpenmocraBiT edexkTMBHa 3aiqura Ha
Tpaduka, HO ce IpUIaraT Ha II0-HICKO HUBO B CHCTEMHUTE.

AcumeTpu4yHa kpunrorpadgus
KJIH40Be). Ts ¢ B OCHOBaTa Ha:

(my0IMYHO-4YACTHH

*  Upentudukanms u yaocToBepsBaHE (IIOAMHCH

Ha TPAHCAKIIUH);

VYupaneHne Ha JOCTBIIA Upe3 T.HAP. TyOTUIHU
aJIpecH.

Oute ot mosiBata Ha Bitcoin ce n3momsar ECDSA? — wupposu
MOJMKCH Ha 6a3a eMUNTUYHU KpUBU U RSA — NpUIIOKUM B 4acT OT
yactHuTe Twardgopmu. [loAmucHHUTE CXeMH TIO3BOJIABAT CaMo
MPUTESKATEIAT HA YACTHHUS KITIOY Ja U3BBPIIM TPAHCAKIIUA, KaToO
rapaHTHpaT HelHaTa 3all(iTa U HEMPUKOCHOBEHOCT.

EnemenTn Ha 0J10K4YeiiH, 3a1IUTEeHH Ype3 KPUNTOrpadus

=  XemmupaHe Ha 0JI0Ka U IbPBOTO Ha MepKbJ1

Cp31aBaHeTO Ha YHUKAJCH HICHTH(UKATOp Ha BCEKH OJIOK
3aBUCH OT Xella Ha mpeaxoxHus 6iok. ITo To3u HauMH exuH GJIOK
(T.e. emHa mMH(QOpPMAIMOHHA €IMHMIIA) MMa Xell B HAYaJlOTO U B
Kpas cu.

IbpBerata Ha Mepkbn 00eAMHSBAT XEIIOBETE HAa BCHYKH
TpaHCAKIWH B OJIOKA, KaTO MO3BOJIABAT Obp3a M CHTypHA MIPOBEPKa
Ha CHIBPKAHUETO.

=  IludgpoBu noagnucH u ynpapjieHHe HA IpaBa:

Besxka TpaHCaKIuA C€ MNOAINMCBAa Ype3 YaCTHUA KIIKOY Ha
KIIMEHTA U BaAJIMIUPAHETO CTaBa MOCPEACTBOM 1'[y6J'[I/I'-IHI/I$[ KJIFOY.

Baxno e na OTGGHG)Ka, Y€ caMO IMPUTEKATECIAT Ha 4YaCTHUA
KJIIOY JaBa HaApEXKAaHE 3a JIEHHOCTH TIO BepnraTa3.

- HpOTOKOJIH 34 KOHCEHCYC:

TIporokomure 3a koucencyc, Proof-of-Work u Proof-of-Stake,
pazunTaT Ha (QYHKOMMTE Ha Xella 3a JOKa3aTelicTBO Ha
M3YHCIUTENHA Pab0Ta HITH UL

Axo He e Hafie)KHa Kpunrorpadusra, e € HeBb3MOXKHO 12 Cce
OCHUT'YpH YCTOMYMBOCT U 3alMTa KbM aTaKU.

Ca00cTH Ha cHCTEeMAaTa CNPSIMO KBAHTOBH aTaKU
AaroputmsT Ha LHlop

KBaHTOBUTE KOMMIIOTPH, M3MOI3BaKu anroputbMa Ha [IuThp
[Ilop, MoraT 3a MHOTO KpaTKoO BpeMme Ja pa30usaT Kpunrorpadus,
OCHOBaBalla ce Ha (haKTOpHW3alMs M Ha 3aJadaTa 3a JUCKPETeH
noraputsM. ToBa Bkmousa ECC (emuntuanu kpusu) 1 RSA.

2 Elliptic Curve Digital Signature Algorithm (anrm. e3ux). Cranzapt
3a HU(POBH MOAMUCH, KOWTO U3MOJI3BAa ACHMETPUYHA
Kpunrorpadus 3a yJ0CTOBepsiBaHE Ha TPAHCAKIIUH

® [pumep pasxonpane Ha CPEACTBA, PH GHTKONH aIpecH H
KpHIITOBaIyTa. (O€I1.aBT.)
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256-6utoB ECDSA xiiou®, Mojke 1a Gbe aTaKyBaH 32 GPOCHH
YacOBE WM THHU [PH JOCTATHYHO eEKTHBEH KBAHTOB KOMITIOTBP.

BaxxHo e 1a 00bpHE BHMMaHHE, Y€ MPH TO3H AITOPUTHM € 32
BCHYKM ITyONMYHU aJpecH, YUUTO MyONMYHH KIIOUOBE Bede ca
W3BECTHH WM ,M3IUTyBaT" 10 BpeMe Ha TpaHCAaKIus, me Obaar
YSI3BUMH U I1ie ObIaT ,,IpHOUTH TIPH KBAHTOBH aTaKH.

AJropuTHMBT Ha l"poym,p5

To3um anropuTbM € H3BECTEH KAaTO KBAaHTOBO THPCEHE B
KBaHTOBUTE  M34MCIeHMS. IIpeAcTaBisiBa  HECTPYKTYpPHUPAHO
TBhPCEHE, KOETO O3HayaBa 4Ye HAMHpa C TOJIAMa BEPOSTHOCT
YHHUKAJIHUS BXOJ 32 QYHKUUATA ,,9€pHA KyTHA .

B mpakrtukara ToBa O3HauaBa, ue 3a 256-OuroB SHA-256
KBaHTOBaTa CJIOKHOCT cTaBa 2 mo 128, koero Bce olie €
HEJJOCTH)KUMO, HO IMO-Majika cUrypHoct (Hamp. 128-6utoB xem) e
BeYe PHCKOBA Cpella M HE ce MPENOphYBa, 3alIOTO HE MOXKE Jia
rapaHTHpa [SUIOCT U HEMaHUITYJIUPAHOCT Ha JaHHUTE.

To3u AJITOPUTHM HaJlara fa c€ nNpeoCMHUCIIN U IporpamMrupa HOBa
JIBJDKMHATA Ha KJIIOYOBETE M XCIIOBETE 32 OBJICIIUTE CHCTEMH.

BunoBe ataku u 0beld CleHAPUH

HarvestNow, DecryptLater (HNDL):

o Upe3 310HaAMEpeHH IEHHOCTH MOTaT
ole AHEC Ja cbOMpaT KpHUITHpaHa
O10K4eiH nHpopMaIys (TpaHCaKLIUH,
ajpecH, KIIF0Y0Be), KOSTO CIIe]l BpeMe,
IpU  JIOCTUTaHE HAa 3peJloCT Ha
KBaHTOBHTE KOMITIOTPH, na

JEKPUITUPAT PETPOCTIEKTUBHO.

Uctopudeckn aapecu, KOHUTO ca
3aJeiCTBAHM  TpPEAH  KBAaHTOBUS
nmpexoj, Morar jaa Obmar Ied Ha
PETPOAKTHBHH aTaKH.

Replay wu  Man-in-the-Middle  arakmu.
Excnonupanata nmy6sin4Ha KIII0YOBa
WHPOPMAIHS MOXKE J1a YIECHU (alurKarus
Ha TPAHCAKIUH WM HEOTOPH3UPAH JOCTBHI IO
cpercTBa.

5. IlIpexo0 Kbm nocmKkeanmosea enoxa

Kracuueckure kpunrorpa)ckn MeXaHW3MH B OCHOBaTa Ha
OJIOKYEiH OCHTypsiBAT B MOMEHTa BHCOKO PABHUILE Ha CHI'YPHOCT,
HO CBIIEBPEMEHHO ca ()yHJaMEHTAIHO YS3BUMH Npe ObACIIeTO Ha
KBaHTOBUTE u3uMcieHHs. I[Ipean3BHKaTeNcTBOTO ce U3pa3sBa He
caMO BBB BHEJIPABAHETO HAa HOBH QJITOPHUTMH, HO H B
OCHTYPSIBAaHETO Ha CHBMECTHMOCT, NIPOU3BOIUTEITHOCT U MHUTPAIIHSL
Ha CBIIECTBYBAIIUS codTyep M MHPpacTpykTypa. B KoHTEeKkcTa Ha
HpPEeJCTOSMMNS ,,KBAaHTOB MPEXOoA™“ € KH3HEHOBAXHO Ja Obaar
UICHTHQUIMPAHN KakBU TOYHO MEXaHM3MH M IOAXOJAM IIe ce
OKa’kaT a/IeKBaTHU 3a IOCTKBAHTOBA 3aIlIUTA.

Cmanoapmu u pezynayuu 6 NOCMKEAHMO6A ON0KUENH
cuzypnocm

B Hacrosmus monpasmen Ime NpencTaBs M aHAJIH3UpaM
CBIIECTBYBAI[OTO M MPEJICTOSAIMIOTO HAMOHAIHO W MEXIYHapOIHO
peryiupane ¥ CTaHAAPTH IO ITOCTKBAHTOBA 3aIIUTa Ha OJOKYEHH.
BximodeHn ca MeXIyHAapOIHHM HWHHUIMATHBH, KAaKTO M KIIOYOBU
cTpaTternyecku nporpamu B Kurail, Pycus, EBpomneiickus cpio3 u
CAILL.

Memyﬂaponﬂn HHUIMATUBH U CTAHAAPTH

* Haif-uecto ce m3momsea npu Bitcoin. (Ger.asr.)

% Jlos Kymap I'poyBbp € HHAMNCKO-aMEPUKAHCKU KOMIIIOTBPEH
yueH. Toil e ch3aTesIT Ha aIrOpUTHMa 3a ThpCceHe B 0a3aTa JaHHU
Ha ['poyBBD, H3MI0I3BaH B KBAHTOBUTE H3UHCIICHNS. (0€1.aBT.)
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NIST PQC (National Institute of Standardsand

Technology)®, ChenuuennTe aMePUKAHCKH MATH

Cs3naBa ce mpe3 2016 . 1 € OCHOBEH ABUTATENl HA Pa3BUTUETO
W CTaHAapTH3alUiTa Ha  IIOCTKBAaHTOBAa  KpHUNTOTpagdus.
MHanmmaTBata ce HpoBeXAa B HAKOJIKO Kpbra C ydacTHe Ha
MabamiHU TIPOeKTH — H30paHM ca (HUHAIMCTH 32 JWUTHUTAIHH
noanucu u kpunrupane: Kyber, Dilithium, Falcon, SPHINCS+.

VHunmatvBata npeipmwiaa MyOiaMuHaTa crenudukanus Ha
crangaptute 3a 2024-2025 r. NIST mpenocraBst mpeaBapUTETHH
PBKOBOJICTBA 3a BHEIPSIBAHE H TECTOBH MMILICMCHTAIIHH .

Baxno e [ga orOemexa, Ye €OHH OT HAW-TOJIEMUTE
MexxayHapoaau opranmsauuu npuematr NIST PQC 3a ocHoBa npu
n3rpakIaHeTo Ha ‘“‘cryptographicagility” (reBkaBocT 3a OBp30
TIpeMHUHABaHe MEXIY KPHITOCXEMH).

BuenpsaBaHe B 0J10Kk4eiin miaTgopmu

TomsiMa d9acT OT KOHCOPUHMYMHTE C OTBOPEH KOI U
koprmopatuBHu  OmokoBu  Bepuru  (Hyperledger, Algorand,
Ethereum) tecrBar wiu uarerpupar NIST yuacTHHIUTE M H30Upar
(UHAMHCTH B MOCIEHOBAaTEIHUTE KpBrose ° . B pesymrar ca
cp3mazeHn W yTBBbpAeHH “hybridcryptography” crammapta 3a
npexoJ ¢ mnapanenHd kinacuuecku u PQC  anropurmu o
INonnTHyecka BoNsI B pa3iMYHUTE ABPKABH TPAOBA J1a HAIOXKH
W3UCKBaHUS KBbM JBPXKABHHTE CTPYKTYpH, KakTO H KBM
UHIyCTpUsTa (e-IPaBUTENCTBO, (PUHAHCOBU YCIIyIHW) Aa CTApTHPAT
OIIeHKa Ha KpHunrorpagckara JOBKOCT M Obp3uHa ome npean 2025
T.

ETSI (European Telecommunications Standards Institute),
EBponeiicku cb103

Cn3maBa ce pabornata rpyma Quantum Safe Cryptography
(QSC) ¥, xosro ma Gasara Ha aHAmM3M M OKIAmU IedMHHEpA
00I10eBPOMEiiCKN CTAHAAPTH U HPEHOPBKU, 0COOCHO 3a MPEHOC Ha
nmanau, loT w kpurtnuHa wHOpacTpykTypa. PaborHara rpyma
ch3maBa — TEXHMYECKH JOKJIAJ 32 CTPATerMH M IPENOPBKU 3a
Ge3omaceH MPexoJi OT ChIIECTBYBALIUTE KPUNTOTPAQCKH CHCTEMH
KbM TaKHBa, KOMTO Ca YCTOWYMBH Ha KBAHTOBM arakd U
3moHaMepeHn  gelicteus 1w Jloknam  3a  MOCT-KBaHTOBA

® NIST. 2020. Zero Trust Architecture: NIST Special Publication
800-207 [onnaiin]. Scott Rose, Oliver Borchert, Stu Mitchell u mp.
Gaithersburg, MD: National Institute of Standards and Technology.
[moceren 05.03.2026]. JocTbnHo Ha
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-
207.pdf

" EBPOIIEMCKU ITAPJIAMEHT U CbBET. 2022. Jupexmusa
(EC) 2022/2555 omHOCHO MepKU 3a 8UCOKO 0OWO HUBO HA
xkubepcucypnocm ¢ Cviosa (NIS 2) [onnaita]. OdurmaneH BECTHUK
Ha EC, L 333, 27.12.2022 r. [moceren 05.03.2026]. JocTbnHo

Ha: eur-lex.europa.eu

8 ZHAO, Guohong u 1p. 2020. A Coordinated Guidance
Mechanism of Missile Swarm Based on Blockchain. Tactical
Missile Technology [onmaiin]. 2020, Ne 202 (04), c. 100-111
[moceren 01.03.2026]. ISSN 1009-1300. doi:10.16358/j.issn.1009-
1300.2020.1.528

* ARSI A (TACTICAL MISSILE TECHNOLOGY),

2024. Axademuuno cnucanue Ha Kumaiickama xopnopayus 3a
AepPOKOCMUYECKA HAYKA U UHOYCMPUsL

19|BM. 2026a. What is Data Governance? [omnaiin]. IBM Think
Topics. [moceren 04.03.2026]. JlocTbmHo Ha:
https://www.ibm.com/think/topics/data-governance

1 ETSI. 2019. ETSI TR 103 619 V1.1.1: Quantum-Safe Computing;
User working group [onnaiin]. Sophia Antipolis: European
Telecommunications Standards Institute. [moceren 05.03.2026].
JlocThIHO Ha: WWW.etsi.org
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KpurTorpadus M airOpuTMHUHa pamka 2. ToBa ca OCHOBHHTE
JOKYMEHTH, KOMTO PBKOBOAAT BHepsiBaHeTo Ha PQC u HambTCTBAT
npoueaypure 3a Murpanus. KioouoBo Micto B TAX 3aema
»~quantum-safe blockchain” (moct-kBaHTOBa KpHmTOrpadgus Ha
TEXHOJIOTHATA OJIOKYEIH) NMPUHIUIIATE U M3TOTBSIHETO Ha TECTOBH
PaMKH 3a IeHeHTPATN3HPAHH PETUCTPH U IIATHOPMIL.

ISO (International Organizationfor Standardization)

Cragmaptet ISO/IEC 29791 “Cryptography Security
framework for post-quantum cryptography migration™** (ISO/IEC,
2022), e pasBuBaml ce, (GOKycHpaH BBPXY NPEIOCTaBIHETO Ha
paMKa 3a CHUTYpHOCT 3a MHIPHpPaHe KbM IOCT-KBAaHTOBA
kpuntorpapus. OcHOBHara My Hel € Ja [IOMOTHE Ha
OpraHM3allUUTE Ja MNpEeMUHAT OT HACTOSIIUTE KPHUITOrpadcKu
ITOPUTMH, KOUTO Ca YS3BHMH 33 KBAaHTOBHTE KOMITIOTPH, KBM
PQC anroput™mu, KOUTO ca YCTOWYHBH Ha TIOJOOHHU aTakH.

6. 3aknrouenue

IIpexoabT € OT pelIaBallo 3HAYCHHE 3a IOJJIbpXKaHE Ha
CHT'YPHOCTTa Ha LHU(POBUTE CHCTEMU B YCJIOBUATA Ha ObIeIH
noo0peHHs] B KBAHTOBUTE MU3YHCIICHHS U 3all[UTa OT BCE IT0-YECTH
KubepaTaxH.

HeobxomuMo e 1a ce ch3qafar CTaHAapTH, KOUTO IIe OCHIYpPST
CHhBMECTHMOCT M CHHXpOHH3aIms Ha PQC anroputMu B CBETOBEH
aCIeKT, KaKTO M IIbTHA KapTa 3a MUTPALKs Ha I00aTHITe GaHKOBH
U (PHHAHCOBHU CHCTEMH.

N3paboTBaneTo Ha cTaHIApTH OOXBAalla Pa3IMYHU IEHHOCTH C
OpEICTaBUTEIM  HAa  BOJACHIMTE  OJIOKYCHH  KOHCOPLMYMH,
KOMEPCHAIIHA U aKaJeMHUYHH MHCTHTYIHH, C IeJ 3al03HaBaHe Ha
3aMHTEPECOBAHMTE JIMIA M 3all03HABAaHE HAa HOBOCTHTE B
TEXHOJIOTHYHO HalpaBJIeHHE.
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GEOTECHNOLOGIES IN INTELLIGENCE MANAGEMENT
TFEOTEXHOJIOTUUTE B YIIPABJIEHUETO HA PA3Y3HABAHETO
H-p JIuuesa, T.
HTC, cexuus TexHuuecka CUTYpHOCT
teodora licheffa@abv.bg

Abstract: The report examines the critical role of geotechnologies in the modern security environment. They are analyzed through the
prism of the intelligence management cycle, which is carried out at strategic, operational and tactical levels. Geotechnologies are integrated
into each stage of this cycle: from the initial collection and analysis of data, through predictive threat modeling and visual support for
decision-making, to detailed logistical and operational planning. Their application continues in the implementation phase through real-time
coordination, as well as in the control and evaluation phase, where they provide objective data on the effectiveness of the operations carried

out.
Keywords: SECURITY, GEOTECHNOLOGIES,
SYSTEMS, FORECASTING

1. Yeoo

ChBpeMEeHHaTa cpelja Ha CUTYpHOCT C€ XapakTepusupa cC
BUCOKA  KOMIIIEKCHOCT, JAWHAMHYHOCT ¥  MHOTOMEPHOCT.
T'eomnoanTHYIEeCKOTO CHIEPHUYECTBO, ACHMETPHUYHHTE 3alllaxwy,
XUOpUIHUTE  OllepalliM W YCKOpeHaTa  TEXHOJOTHMYHA
TpaHchopmanusi GpopMHpaT KOHTEKCT, B KOWTO YNpaBiIeHHETO Ha
CHT'YpPHOCTTA C€ IPEBPbIIa B H3KIIOYUTEIHO CIOKEH, HO KPUTHICH

nporec. B TO3M KOHTEKCT TEOTEXHONOTHHTE — TeorpacKu
UHOOPMALIMOHHU ~ CHCTEMH, CaTeIMTHO U  aepopasy3HaBaHe,
IJ00aHH  HABUTALIMOHHM  CATEIUTHH CHUCTEMHM, OC3IMIOTHH

JIeTaTeNTHY arapaTé U CBbP3aHUTE C TSIX aHAJIMTHYHU IIaT(GOpMHU ce
YTBBPIKAABAT KaToO KIFOUOB M OCHOBEH PECypC 3a pa3y3HaBaHETO U
KOHTpapa3y3HaBaHETO, KaKTO Ha IJ00aJHUTEe JMAEpPH, Taka U Ha
IbPKaBU ChC CPABHHUTEITHO OTPAHUYEHH pecypcH KaTo brenrapus.

B nokmama me aHanmu3upaM MACTOTO W pOJNATa Ha
TEOTEXHOJIOTHUTE BB BCEKH CJIEMEHT OT YIPABICHCKUS IMKBI Ha
CHUTYPHOCTTa — OT CHOHMpaHETO W aHaIW3a Ha WHpOpMaIMATa 10
KOHTpOJIa Ha U3IIBJIHCHUETO Ha B3ETHTE YIIPABICHCKU PEIICHHS.

VYnpaBieHcKus UKBI B pa3y3HaBaHETO (YHKIMOHHMPA Ha TPH
YIIPaBIEHCKN HUBA — CTPATETHYECKO, TAKTUUECKO U OMEPATHBHO —
KaTO BCSIKO OT TSAX MMa pa3iIMYeH BPEMEBH XOPH30HT M CTEIEeH Ha
crienuUUHOCT U 3a/IbIOOUYECHOCT.

Ha cTtpaTternuecko HUBO JOMHHUPAT IBJITOCPOYHU NPOTHO3U U
CTPYKTYpOOIpeIeIAILU peleHus; Ha TaKTHYECKO
CPEIHOCPOYHOTO pasMpesieNieHre Ha PecypcH M KOH(UTypHpaHe Ha
CIIOCOOHOCTH; Ha OMEPAaTHBHO — HEMOCPEACTBEHOTO IUIAHUPAHE U
TIPOBEXaHEe Ha KOHKPETHH OIIePAIIH.

B pa3sy3znaBaHeTo TO3M YNpaBIEHCKM LHMKBI C€ ,Haciarea“
BBbpPXY KIAacHUYECKUsl pa3y3HaBaTeleH LHUKbI ((popMyinpaHe Ha
noTpebHOCTH OT MH(poOpMauus, cbOupaHe, oOpaboTka M aHaIU3,
pasnpocTtpaHeHHe M oOpaTHa Bpb3Ka) W O JOINBJBA.
['€OTeXHOJIOTUUTE BIM3aT B TO3H LOUKBJ IIbPBOHAYAJIHO KaTo
TEXHOJIOTMYEH HWHCTPYMEHT 3a CbhOupaHe Ha HHpopMaIus
(aepodororpadus, carenmuran m3odbpaxenus, GPS npocnensasane),
HO B ChbBPEMEHHHUTE yCIIOBHS T€ Ca MHTETPUPAHU BBB BCEKH €Tall —
oT (opMynupaHe Ha MOTPEOHOCTUTE M MOJEIMpaHe Ha CICHapHH,
Tpe3 BU3yalIHM3alMATa U MOJAPHKKATa Ha B3EMAHETO HA PEIICHUS,
JI0 KOHTPOJIA ¥ OLGHKATA HA M3IBIHEHHETO .

Ha cTparernyecko HHBO TEOTEXHOJOTMHUTE  IMOJIIbPHKAT
pa3y3HaBaTeNHUs M YIPABJIEHCKHA LUKBI 4Ype3 IOCTOSIHEH
MOHHUTOPHHT Ha MPOTHBHHKA, HAOIIOJCHHE HAa KPU3MCHH PETHOHH,
OIleHKa Ha WH(PACTPYKTypa M pecypcHH moroud. Ha TakxTmdecko
HUBO T€ MOJANOMAraT INIAHUPAHETO W M3ITBIHEHUETO HAa KOHKPETHU
orepanu 4pe3 NoApoOHU KapTu, 3D Mojaenu W peaTHOBpEMEHHH
nanHu ot BJIA u cenzopu. Ha onepaTuBHO HMBO T€OTEXHOJIOTHUTE
OCUTYpSIBAT HAaBUTaLWs, IeJieyKa3BaHe M KOOpIWHAIMS Ha
y4acTBaIlIUTe o,

! https://www.esri.com/en-us/industries/intelligence/overview of-gis
2 https://gistbok-topics.ucgis.org/DA-025
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INFORMATION

2. Cvoupane, o0Opabomka u aHaIU3 Ha
Jdocmvnuama und)opmauu}z 3a 6b3MOJICHOCHUmME HaA
2e0omexHnoiocuume

[TepBHAT eTam OT yIpaBIeHCKUS LUKEI — chOMpaHe, 00paboTka

" aHaJIu3 Ha I/IH(I)OpMaL[I/IHTa — ¥iMa JIBOWHO 3HA4YCHUEC, KOrarto craBa
AyMa 3a TCOTCXHOJIOTMHM B Ppasy3HaBaHETO. Ot enna CTpaHa,

pa3y3HaBaHETO cp0mpa, obpaboTBa u aHaM3Mpa
reonpOoCTpaHCTBeHa HH(poOpMalms 3a cpepara (ToBa € TEpeH,
UHOGPACTPYKTYpa, pAa3MOJIOKEHHE HA CWIM, JMHAMHKAa Ha

3ammaxute). Ho ot apyra — ceOupa W omneHsBa WHpOpManus 3a
CaMHTE T'€OTEXHOJIOTHH, KOUTO MOTaT jAa ObJIaT M3MOJI3BaHH KATO
CPEeICTBO 3a IOCTUTaHE Ha MPEIUMCTBO MM KaTro IOTEHIHATHA
3araxa.

B koHTekcTa Ha YIOPpaBJICHCKHS LUAKBJI Ha Pa3y3HaBAaHETO TO3U
II'bPBU €Tall BKJIFOYBaA:

=  ompeaejsiHe Ha HH(poOpMaLHOHHUTE

MOTPEOHOCTH HAa MOJUTHYECKOTO W BOCHHOTO
PBKOBOJICTBO. BaHO € 1a ce ompeaenarT TOYHO
KaKBH T€OTIPOCTPAHCTBEHH JIaHHU Ca HEOOXOINMHU
3a OLEHKa Ha JajeHa Kpu3a, OIepauus WIu
JUBJITOCPOYHA TEH/ICHITUS;

cbOupane Ha  JIaHHH pa3IuIHu
TEOTEXHOJIOTHYHN  W3TOYHHUIIH BOGHHH W
TBHPrOBCKH CATEJIUTHH CHCTEMH, TAaKTHYECKH M
crpatermueckn bBJIA, HaszemHu ceHzopu, GPS
norose, ' MIC-6a3upanu perucrpu;

oT

=  pgbpBHYHA  ofpaboTka —  KanuOpupane,
opTopekTUdUKauus, QuUITpUpaHe Ha ,,MIyM",
arperupase Ha JaHHU;

®=  aHATUTHYHA 00padoTKa — IPOCTPAHCTBEH
aHaJIu3, BpEMEBU aHAJIU3, OTKPUBAHE HA MOJEIIN U
aHOMallNKM, KOMOWHHUpaHe ¢ JpPYTd BHIOBE

pasysnaBane (HUMINT, SIGINT);

OIICHKA HA BB3MOKHOCTUTE U OIrPAHUYCHHUATA

Ha M3I0J3BAaHUTE TEOTEXHOJOTUM — TOYHOCT,
pe30JIIoLHs, 4ecToTa Ha HaOJII0/IeHHE,
VS3BUMOCTH (HampuMep KbM CMYIIEHHS Ha

caTeIuTa WK 3aTPYIHEHHS).

KauecTBoTO Ipu M3BBPIIBAHEC Ha TO3W MNIBPBU €Tall B
YIpaBJICHCKH IUIAH ONpejes OCHOBaTa 3a BCHYKH IIOCHIEIBAIIN
neiictBus. HembaHOTa WIM HETOYHOCTH B TEONPOCTPAaHCTBEHATa
KapTHHA BOAAT 1O JehOpMHUpaH, HETOYEH WM HEIbJICH
pasy3HaBaTelleH MPOJYKT M MOrarT Ja MpeIu3BHUKAT IOTPEIIHN
VIpaBIeHCKH pemeHus. ToBa e IpUYMHATA CHBPEMEHHUTE
pa3y3HaBaTeNHU CIyXOM 1a, HHBECTHPAT 3HAYMTENHHM PECypcH B
pa3paboTBaHe Ha yCTOWYMBHU IpoliecH 3a chOHpaHe, 0OpaboTKa U
QHAJIM3 HA TCOJaHHM M B Pa3BUTHE HA KBAIM(ULMPAH EKCIICPTeH


https://www.esri.com/en-us/industries/intelligence/overview
https://www.esri.com/en-us/what-is-gis/history-of-gis
https://gistbok-topics.ucgis.org/DA-025
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pecypc aHamuzatopy, [MC cnenmanucty,
JUCTAaHIIMOHHU M3CIIEIBAHNUS .

UHXKEHEPH  T10

3. Ilpocno3upane u uzzomesne HA YNPAeIeHCKU
peuienusn

BB BTOpHS eram Ha YNpaBIEHCKUS LUKBI CE€ WU3TOTBAT
MIPOTHO3H, IPOTHO3HU OLIEHKU U BapUaHTH 3a pemieHus. Tol 3aema
HEHTPAJTHO MACTO B pa3y3HaBaHETO. | €OTEXHOJIOTUUTE Bedye HE ca
caMO MHCTPYMEHT 3a HaOJIOJeHHe, HO ca aKTHBEH KOMIIOHCHT B
MIPOrHOCTUYHOTO MOJEIHUPAHE HA cpeJaTa Ha CUIYPHOCT.

HpOFHO3I/IpaHeTO B pa3y3HaBaTCJICH KOHTCKCT BKIIIOYBA:

u OIICHKAa Ha BEPOATHU CICHApUHM 3a PAa3BUTUC Ha

CHTyalusITa B IPOCTPAHCTBOTO U BPEMETO;

OIpefieNisTHE HAa BEPOSITHH MapIIPyTH, 30HM Ha
KOHIIGHTpallksl Ha CHJHM, BB3MOXKHM MecTa 3a
YKPHUTHE, KAKTO H JIOTHCTUYHA MOAAPBKKA;

aHaNM3 Ha YSI3BMMOCTH Ha MHQpacTpyKkrypara u
HACEJIEHUETO;

OllCHKAa Ha NOTCHIMAIIHOTO BB3ACHCTBHE Ha
pa3IMYHU  YIPaBIGHCKH WM  ONEPaTUBHU
IEUCTBUS.

['€OTEXHOIOTHHTE CC BKITIOUBAT B IIPOIECA Upe3’:

T'UC-6a3upano MojenupaHe W CHMYJALMH —
MOZENM HAa  pA3NpPOCTPAHEHHE, MapIIpyTH,
noructnyHu  Bepurd. [MC  cucremmre B
KOMOMWHAIHS C JITOPUTMH 32 IIPOTHO3EH aHAIN3 U
U3KYCTBEH  MHTEJIEKT Ce€  M3MOoI3BaT  3a
TEONpPOCTPAHCTBEH aHAJIN3 Ha MOBEACHHUETO;

Mopenupane Ha JIOCTHITHOCT "
NMPOHUKBAEMOCT — 4Ype3 aHamu3 Ha pened,
UHPACTPyKTypa, KIMMATHYHA  YCIOBUS U
HAJMYHY THTHUINA HA MIPUABIDKBAHE CE MOJEIHPAT
BEpPOSITHUTE JEUCTBUSI HA MPOTHUBHUKA,
BB3MOXHUTE MapUIpyTH Ha HWHBa3WA WU
€BaKyallys, KakTo W Hal-BEepOSTHHTE MecTa 3a
KOHIICHTPAIIUS Ha CUJIH;

CuenapuiiHo mnJaHupaHe Ha 0a3ata Ha
re0JaHHH — B YIPABJICHCKUS UK CIIEHAPHUTE
3a pa3BUTHE HA KOH(MDIMKTH WIM KpPH3U ca
HEpPa3pUBHO CBBP3aHH C TEOMPOCTPAHCTBEHU
napamerpu. [Ipumep 3a TOBa € U3MOJI3BAHETO HA
carenutHH m3o0paxennss 1 'MC 3a ouenka Ha
BB3MOXKHHUTE HANpaBlIeHHWs Ha HACTBIUICHHE H
JIOTUCTUYHU KOPUIOPHU IO BPEME Ha KIACHYCCKU
BOCHHH KOH(DJIMKTH, KakTO M 3a OIIEHKa Ha
ypOaHHCTHYHATA Cpe/la TPH AHTHTEPOPUCTHYHH
orepanu;

IIpocTpaHcTBeH aHAAM3 HA 3alIaXH — dpe3

UHTErpallis Ha pasy3HaBaTelHU JaHHH 34
NPEOXOAHH HHLIWJACHTH, HWHQPACTPyKTypa WU
COIMATHO-UKOHOMHYECKH  (akTopu ce uma

BB3MOXKHOCT Ja Ce CBh3JaBaT KapTH Ha PHCKa,
KOHTO CIY)KaT 33 CTPATErHyecko MPOTHO3UPAHE U
HPHOPUTH3NPAHE Ha Pa3y3HABATEIHUTE YCUITHS.

T'eoTexHonOrnNuTe MO3BOJISIBAT HA pa3y3HaBaTCIIHUTE 06HIHOCTI/I
Jla IpEMHUHAaBAT OT PEAKTUBEH KbM MPOAKTHBEH MOJCI — BMECTO Aa
perucrpupar nocjaeanuuure, TE€ C€ CTPpEMAT Jda OpeABHKAAT
JIBHKEHUETO U IEUCTBUSTA Ha IPOTHUBHHUKA.

OT ri1eaHa TOYKA Ha YIIPAaBIEHCKOTO HUBO, PE3YJITATUTE OT TO3H
eTal ce MaTepHalu3HpaT B BAPUAHTHU 3a YNPABICHCKU PEILEHUS —

% https://www.marines.mil/Portals/1/MCWP%202-26.pdf
4 https://gistbok-topics.ucgis.org/DA-025
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BapHMaHTH 3a Pa3lojaraHe Ha CHJIHM, 33 NPHOPUTETHO HAOIIOACHUE
Ha ONpE/EeNICHH PETHOHH, 32 MOAKPENa Ha ChIO3HUYECKU ONepaly.

I'eoTexHOIOTMUHNUTE MaTepUaIM — TEMaTUYHHU KapTH, MOJENH,
CIIEHapUIHU BH3yalM3allud — ca HepasJelHa 4acT OT JOKJIaJuTe
KBbM IIOJUTUYECKOTO PHKOBOACTBO U OUEPTAaBAT MPOCTPAHCTBEHOTO
M3paKEHNE Ha YIPaBICHCKUTE N300PH.

4. Bsemane
pazy3naeamnemo

Ha ynpaejiencKo peuienue 6

TperusaT erTanm B3eMaHETO Ha YIPABICHCKO pEIICHHE €
MOMEHTBT, B KOWTO chOpaHaTa W aHaIW3WpaHa HHQOpMAIWS,
BKJIIOYATETTHO TEONPOCTPAHCTBEHATa, C€ NPEBPBHIIa B KOHKPETEH
n30op Ha fJedictBue wWiaM Oe3xmeiictBue. ['eoTexHomoruure B
pa3y3HaBaHETO BJIMSAT BbPXY TO3U HPOLEC IO HAKOJKO KIIOUOBH
Ha4MHa.

OcurypsiBaT Bu3yallHa ¥ WHTYUTHBHAa OCHOBa 3a
B3eMaHe Ha pelleHusd. J{okaTo TpaaulMOHHUTE
TEKCTOBH JIOKJIQJM MOTaT 1a ObJaT IpeTJIeHN, HO
aOCTpaKTHH, TEONPOCTPAHCTBEHUTE MaTepHAIIH,
KaTO KapTH, TEPEHHH MOJIEIH, CIOEBE C JaHHU 32
UHQPACTPyKTypa W HaceleHHWe MO3BOIABAaT Ha
B3€MaIllUTe PEIICHNUS a Bh3NPHeMaT KOMIUIEKCHA
uH(OpMaIMs B IPOCTPAHCTBEH KOHTEKCT;

Jonpunacsar 3a HaMaJIsiBaHe Ha
HEOMNpEAEIEHOCTTa B IIpoleca Ha B3eMaHe Ha
pemieHus. B cbBpeMeHHUTE yCIOBUSA AOCTBIBT 10
BHCOKOPE30JTIOIOHHN CAaTEIUTHU H300paKeHHs
u BJIA HaGmoneHue B pealiHO Bpeme, JaBa Ha
MOJUTUYECKHUTE U  BOGHHUTE  PBKOBOJACTBA
peanrcTHYHa KapTHHA Ha 3aIUIaXUTE;

IMogmomarar omeHKata Ha AaITePHATUBHUTE
Bapuantu. Upes I'MC wmorar ga ce omeHsBar
pa3NMYHM  BApHAHTH 10  OTHOIIGHHE Ha
MPOCTPAHCTBEHUTE UM IIOCIEAUIM — HalpHMep
KaKk pa3yiMyHd KOH(WIypauuM Ha TpPaHUYHU
NaTPy/iIX BIUSAT BbPXY HOKPUTHUETO Ha PUCKOBU
30HM, WJIM Kak pa3IMyHd MapHpyTd 3a
NPUIBIDKBAHE HA EKUIH BIHSAAT BBPXY BPEMETO
3a peaKIys M eKCIIO3UIMATA KbM PHCKOBE;

IMocTaBsT HOBHM M3MCKBAaHHS KM OTTOBOPHOCTTA
npu  B3eMaHe Ha pemeHus. Hammdmero Ha
BHCOKOZI€TallIIHA reonpoCcTPaHCTBEHA
nHdopmarys, BKIIOYMTENHO 3amuch oT BJIA,
U3MTa CTaHIapTa 3a JOKa3yeMOCT, NPO3PauyHOCT
U OTYETHOCT HA B3EMAILHUTE PELICHUs, 0COOEHO
KOTaTo CTaBa JyMa 3a ONepaliy ¢ HOTEHINAIHU
I[BIITHH KEPTBH.

U3NBIHEHUEMO

5. Ilnanupane  na Ha

ynpaejieHCKomo peuienue

Crnen kaTo yrnpaBJIeHCKOTO PEIICHHE € B3ETO, CIEIBAIIUAT €Tam
Ha [HWKBJIA € IDIaHUpaHeTo. B pa3sy3HaBaTeleH KOHTEKCT TOBa
03HayaBa JIETAlIHO MPOCTPAHCTBEHO M BPEMEBO pasrphIIaHe Ha
IPHETOTO pelICHHE: ONpeAeNITHe Ha MapIIpyTH, BpeMeBHU rpaduiy,
JIOTUCTHYHU BEPUTH, KOMYHUKAIIMOHHU BB3JIM U PE3E€PBHU IJIAHOBE.
['eOTEXHONOTHUTE Ca B OCHOBATA TO3H MPOLIEC, UPes”:

- IIO3BOJIABAHE Ha OICpPaTUBHO MW TaKTHYCCKO

kaprorpadupaHe Ha 30HaTa Ha jaeiictBue. C
MOMOINTA HA MHOTOCIIOEBH KapTH, BKIIIOYBAIIN
pened, mHOpacTpyKTypa, HAcelCHHE, OOCKTH C
KPUTUYHO  3HAYCHHE, pa3y3HaBaTCIHUTE U
ONEpaTUBHU CTPYKTYpH MoOrat paa u3paboTsT
PEANNCTHYHHU U AeTailIN3UpaHy IIAHOBE,

5 https://www.esri.com/en-us/industries/intelligence/overview
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BB3MOXKHOCT 3a M3IpaKAaHe Ha OIepaTUBHU
cueHapun U cuMmynamuu. Ha  Gaszatra  Ha
pa3y3HaBaTETHUTE JTaHHU u MpUETHTE
YNPaBIEHCKU PENIeHUs MOraT Ja ceé MOJENIHpar
pa3IMYHU BapUaHTH 3a Pa3BUTHE Ha ONEPAIIHATa;

HoATIOMaraHe Ha JIOTHCTHYHOTO IutaHupane. C
aHanu3 Ha MHQpPacTpyKTypara (IIbTHINA, MOCTOBE,
JIeTHINA, TPUCTAHWUIIA) M OLEHKA Ha TAXHOTO
CBCTOSHHE  C€  IUIaHMpaT  MapLIpyTH  3a
NpHUIBWKBaHE, CHaOasBaHe W eBakyauus. Ilpu
BOCHHHM U CIICLMAJHU OMNEpalldd TOBA BKIIIOYBA
ompe/eNsHe Ha TOYKHM 3a KallaHe M M3JHTaHe Ha
xemukonTepun u BJIA, GesomacHu kxopumopu 3a
NPOHVKBAaHE M W3TEINIIHE, KAKTO M pEe3epBHU
MapuIpyTH IpH 3ary0a Ha OCHOBHUS,

CIIOMaraHe Ha MHTETpaIys Ha MYyJITHHAIIMOHATHH
ycunua. B pamkute Ha HATO u EC uecto ce
IUTAaHUpAT ONEpPaINy, B KOUTO y9acTBaT CHIIU OT
pa3IHIHA JBPKaBH. W3znomsBaneTo Ha
crangaptusupann [MC  u  oOmMeH  Ha
TEONPOCTPAHCTBEHH MaTepHaIN IO3BOJIIBA OOIIO
IUIaHUpaHe U CbIVIaCyBaHE Ha JCHCTBUATA B
IIPOCTPAHCTBOTO;

OCUTypsiBaHE Ha MOAPOOHHM TPUHM3MEPHU MOJCIH
Ha TpajackaTa MHQPACTPyKTypa, KOUTO ca
KPUTHYHH 3a IJIAHUPAHETO HAa aHTUTEPOPUCTHYHH

Ollepalliy, OIEpalM II0 OCBOOOXIaBaHE Ha
3QJOKHULM W 3alldTa  Ha  KPUTHYHA
HHpaCTPYKTypa.

6. Opzanus'upaue Ha U3nvjilHeHuemo

®dazara Ha OpPraHU3MpaHe BKIIOYBA Ch3IaBaHE M KOODIMHAIHSI
Ha CTPYKTYPH, NPOILIECH U PECYPCH, HEOOXOMUMH 3a pean3alHsiTa

Ha MPHETOTO pEIICHHE.

B pa3y3HaBaTenHHs KOHTEKCT TOBa

O3Ha4daBa:

s ~
pasnpenernsiHe Ha 331a4UTe MKy OTISITHA
pa3y3HaBaTEIHU U ONEPaTUBHU 3BEHA

s ~

| ocurypsiBane Ha HEOOXOANMHTE TEXHOIOTHYHN
cpeacTBa
)

s B
Ch37IaBaHE HA KaHAJHM 32 0OMEH Ha
HHGOPMALVSI 1 MEXaHH3MH 33 KOODIHHALHS

v

s ~

ompezeNsHe Ha OTTOBOPHOCTHTE U HepapXHUuTe
I[IPH U3I0JI3BaHE HA TEOTEXHOJIOTHIHH PECYPCH

@uez. 1. JleliHocTH TO OpraHU3upaHe Ha

H3IBJIHCHUETO Ha

YHOpaBJICHCKOTO PEUICHUE B pa3y3HaBaHETO

OpraHI/I3aHI/IOHHI/I$IT MIpo1EC BKIIIOYBA:

cb3naBane 'HUC ki1eTkH B pa3y3HaBaTeIHHATE U
mabHUTe CTPYKTYypH, KOWTO Ja IOJIbpKar
MOCTOSIHHO TEONPOCTPAHCTBEHO OCHTYpsSIBAaHE Ha
oTepaluTe 1 IEHCTBALIUTE EKUIIH;

HHTErpalusi HAa Te0TeXHOJOrHHTe ¢ JApYyru
BH/I0Be pa3y3HaBaHe — upe3 o0y Imiardopmu,
KOMTO Jia mo3BoJisiBat odenuusBane Ha HUMINT,
SIGINT, OSINT u GEOINT;
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7. H3nvanenue

peuienue

pa3pa0doTBaHe Ha CTAHAAPTH H NPOTOKOJIH 32
H3II0/I3BaHE, 3aM[ATa u oOMeH Ha
reONpPOCTPAHCTBEHH JIAaHHH, BKJIFOYUTEITHO
KIacH()UKALMOHHA HHBAa WM MPOLEIYpU 3a [e-
KIacuQUIMpaHe, 3aIbDKUTEIHO  ONpPEeIsTHE
HHBO HAa JOCTBII;

o0yyeHHe M IOATOTOBKAa Ha IepcoHaIa —
cb3JaBaHe Ha mporpamu 3a oOydenwe Ha [MIC
CTEIHANUCTH, AHAIU3aTOPH IO JUCTAHIMOHHU
u3cneABaHus, omeparopu Ha bBIJIIA u np.
TEXHOJIOTUYHHU EKCTIEPTH.

Ha 63emomo  yYnpaejileHCKo

Etanbr Ha peanu3anus € MOMEHTBT, B KOWTO IJIAHUPAHOTO
YIPABIEHCKO pEIIeHHe ce NPEBPbIIa B KOHKPETHU JEUCTBUS Ha

TepeH.

OT rJenHa TOYHA Ha YHpaBJICHHUCTO p€ain3alusira, 6a3HpaHa Ha
T'COTCXHOJIOTHUH, UMa HAKOJIKO 0COOEHOCTH:

BHCOKa 3aBHCHMOCT oT TEXHOJIOIHYHA
uHpacTpyKTypa  —  CaTeNUTHH  CHCTEMH,
KOMYHHKAI[HOHHH KaHalIH, ChbPBBPHHU LEHTPOBE,
KOUTO TpsiOBa na ObAAT HANCKAHU M 3aLIUTCHH
cperry KuOeparaku;

HCO6X0,I(I/IMOCT OT TI'BBKAaBOCT — OIICPATUBHUTC
pe€ui€Hud Morar aa morar Ja C€ aJantupar B
p€ajlHO BpEMC Ha Oa3aTa Ha HOBOITIOCTBIIBALIIA
réoJlaHHu B p€aJIHO BPEME;

BUCOKU M3MCKBaHMA 3a KOOpPAMHALUS — BCHUYKU
YYacCTHUIM B NIPOIECHTE — pa3y3HaBaHE, BOCHHH
YacTH, TOJHIEHCKH CTPYKTYPH, MEXKIYHapOHH
MapTHBOPH  TpsAOBa Jla  CIIOAENAT  €IWHHA
TEONPOCTPAHCTBEHa KapTWHA H Ja JeHcTBar
CHUHXPOHHO.

8. Koumpwl U OUCHKa Ha Uu3nvjiHenHuemo CunpAmo
naanupanume yeiu

IlocnemuusT

cTar Ha YIpaBJICHCKUA IMUKBJI €

KOHTpOJ'l/l'IpOBCpKa Ha U3NBJIHCHUETO C IUIaHHUpaHaTa LS. C Hero
CC IaBa OILICHKAa Ha e(beKTI/IBHOCTTa Ha IPOBCACHUTE OIl€paluu, Taka
M 3a HATpPyNBaHE Ha OPraHU3allMOHEH OIMT. I'eotexHomornnTe
HUMAaT Ba>KHa POJIA B TO3U MPOUEC IO CICTHNUTE HATIPABJICHUA:

OCHTYpsIBAT OOEKTHBHHU JTaHHHU 32 PE3YNTATUTE OT
omepanunure. UYpe3 CcpaBHUTENEH aHAM3 Ha
CaTeUTHH W300paXeHus ,Jpean W ,,Ccied’”
oreparys MoraT Jia ce OLICHAT HAHECEHHUTE ILETH,
IPOMEHH B HHQPACTPyKTypaTa, IBHXKCHHE Ha
HaceJleHueTo u Jp. To3M MeToJ ce M3IMOoJ3Ba 3a
olleHKa Ha €()EeKTHMBHOCTTA Ha W3IBIHEHHETO, HO
Y 32 MOHUTOPHHT HA CIIa3BaHEe Ha MEXIYHApPOTHH
JIOTOBOPH U CIIOPa3yMEHUS;

MOATIOMAraT BBTPEUIHUS KOHTPOI M OTYETHOCT.
Upes 3anmcanute manan ot GPS yctpoiictBa n
goroBe oT BJIA Moxe ma ce pekoHcTpyHpa
XpOHOJIOTHATA Ha llel\/'ICTBI/IﬂTa Ha COGCTBBHHTC
CHJIM, JIa C€ YCTAHOBAT OTKJIOHEHMS OT IUIaHa U J1a
C€ OLCHAT HUHAUBUAYAIHUTE U KOJECKTUBHHUTE
pemenuss. ToBa mWMa 3HaYeHHE KakTO 3a
TaKTUYECKUS aHAJM3, TaKka M 3a IOpHAWIecKara M
MOJIMTUYECKATa OTTOBOPHOCT;

criomarat 3a oOpaTHa BpB3Ka KbM YIIPABICHCKUTE
U pa3y3HaBaTeNHM LUKIM. Pe3yntature OT
olepaluure, KaprorpagupaHy ¥ aHANIU3HPaHU B
I'NC, cnyxar kato 0a3a 3a akTyalu3upaHe Ha
pa3y3HaBaTeIHUTE MOJENH, Ha OLICHKUTE Ha
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3aIlUIaxuTe W Ha ObaeniuTe ImiaHoBe. [lo To3u
HauuH YOPAaBJICHCKUAT LHUKbBI CE 3arBapsi U
OTHOBO 3aloyYBa C II0-BUCOKO HHMBO Ha 3HAHHE U
OITUT.

Kakto e BUIHO OT TOPEU3JIONKEHHUA TEKCT TI'€OTEXHOJIOTUHTE
NPOHUKBAT BBB BCEKU €Tall Ha YHOPABJICHCKHUSA [HUKBI B
Ppa3y3HaBaHETO. Te ciomarar 3a:

chOHMpaHe M aHAJIN3a Ha JTaHHH 33
BBHIIIHATA Cpeia
T
MPOTHO3UpPAHE U U3TOTBSHE HA
BAapHUAHTH 3 PELICHU
"
BH3yaJIHa MOAJPHKKA HA
B3EMaHETO Ha PEIIeHUs

IPOCTPAHCTBEHO H BPEMEBO
[UIAHUPAHE Ha ONepaLiy

orepaTHBHA peau3anus u
HaBUTANUsTa

[ KOHTpPOJI U OLICHKA Ha PE3YNTATUTE

@ue. 2. N3mon3BaHe Ha TEOTEXHOJOTHHTE B YIPaBICHCKHS
IIUKBJI HA pa3y3HaBaHETO

9. 3aknrouenue

T'eOTEXHOMOTUHUTE y4acTBAT B LIENMMS YIPABICHCKH LMKbBJI Ha
pa3y3HaBaHETO — OT IITBPBOTO chHOWMpaHe Ha HHPopMamus a0
KpaifHHs KOHTPOJ M OLIEHKa. B HavalHWs €Tal Te OCUTYpsBaT
MacHBH OT T€ONpOCTpaHCTBeHH HaHHH (cartenmuTH, BJIA, GNSS,
I'MNC) m uHCTpyMeHTH 3a TsaxHaTta oOpaboTka M aHajM3, KOeTO
(dopmupa 6aszata 3a HaJIeKAHYU pa3y3HABAaTEIIHN OIICHKH. B erama Ha
IpOTHO3MpaHe reoTexHosoruure mno3ponsaBaT ['MC-monenupane,
CLICHAPHH M KapTU Ha PHCKA, BbPXY KOUTO C€ M3TrPaXAAT BAPHAHTH
32 YIPaBICHCKH PEILICHHS.

IIpu B3emanero Ha pemenuss [MIC u GEOINT wmarepuanure
JlaBaT BH3yalHa U MHTYHUTHBHA KapTHHA Ha 00CTaHOBKATa U MPABSAT
Bb3MOKHO  CpaBHSABaHE Ha  alITCPHAaTHBHM  BApPHAHTH B
MPOCTPAHCTBEH acnekT. Ha eTanure miaHupaHe U OpraHu3HpaHe Te
CIIy’)KaT 3a JIeTaillIHO ONEepaTHBHO M TaKTHUYECKO KapTorpadupase,
IUIAHMPaHe Ha MapIUpPYTH, pas3lojaraHe Ha CHIM M Ch3JaBaHE Ha
cnermanmsupann  [MC/GEOINT 3ena wu  crangaptu. B
peanu3andiTa  TEOTEXHOJOTMHTE  MOAJBPKAT  HAaBHIaIMs,
HaOMIOZICHHEe W KOOPIHWHAIMS B PEalHO BpeMe, a MPH KOHTpoJia —
ocurypsiBar o0ekTMBHHM maHHH (,,ipexw/cien’), GPS tpakose n
T'NC amamm3 3a omeHKa Ha pe3yNTaTHTE W 3a BpBIIAaHE Ha
HATpPyIMaHUs ONMUT OOPaTHO B HAYAIOTO Ha IMKbJIA.

Jumepamypa

1. https://www.esri.com/en-
us/industries/intelligence/overview of-gis
https://gistbok-topics.ucgis.org/DA-025
https://www.marines.mil/Portals/1/MCWP%202-26.pdf
https://gistbok-topics.ucgis.org/DA-025
https://www.esri.com/en-
us/industries/intelligence/overview
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