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Abstract: This research examines the role of situational awareness (SA) in decision-
making, safety, risk management, and operational efficiency in unmanned aerial vehicle
(UAV) operations. In accordance with Endsley's three-level model, the study underscores the
dynamic nature of SA and its impact on safety and efficiency. The following areas of SA
significance in UAV operations have been identified: decision-making, risk management,
operational efficiency, adaptability, technology integration, training, environmental
monitoring, emergency responses, and regulatory compliance. As UAV technology continues
to advance, the incorporation of sophisticated safety and effectiveness enhancing SA
capabilities will become increasingly vital. In conclusion, it can be stated that SA is of great
importance in determining the future direction of UAV technology and its applications.

Keywords: Situational Awareness, UAV Operations, Decision-making, Safety, Risk
Management, Operational Efficiency

1. Introduction

Situational awareness (SA) is a fundamental concept in risk-related
industries. It can be defined as the ability to perceive and comprehend the
elements within one's environment, to discern their significance, and to
anticipate their status in the near future. The capacity for effective decision-
making and risk management across several sectors, such as aviation,
healthcare, and emergency response, is contingent upon the ability to maintain
a clear grasp of changing environments.

The theoretical foundation of SA has been significantly shaped by
Endsley's three-level model, which emphasizes the evolving attributes of SA
and its influence on safety outcomes and operational efficacy. The integration
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of advanced SA features into unmanned aerial vehicle (UAV) operations is of
paramount importance for the enhancement of efficiency and safety in UAV
activities across a range of sectors.

The goal of this research is to examine the impact of SA on decision
making, safety, risk management, and operational efficiency in UAV operations.
The paper's research question is: How does SA enhance decision-making,
safety, risk management, and operational efficiency in UAV operations?

The objective of this research is to investigate the role of situational
awareness in UAV operations and its impact on decision-making, safety, risk
management, and operational efficiency.

The research hypothesis is that UAV operations with advanced
situational awareness capabilities will demonstrate enhanced decision-making,
safety, risk management, and operational efficiency compared to UAV
operations without such capabilities.

2. Situational awareness in risk industries: applications and implications

Situational awareness (SA) is a fundamental concept in risk-related
industries. It can be defined as the ability to recognize elements within the
environment, understand their significance, and anticipate their condition in

754 755

the near future . This concept has gained traction across a range of

sectors, including aviation, healthcare, and emergency response. In these
fields, the ability to rapidly assess and adapt to evolving environments is vital

for informed decision-making and effective risk management’>® 7>,

74T, Nguyen, C. P. Lim, N. D. Nguyen, L. Gordon-Brown, and S. Nahavandi, ,A Review of

Situation Awareness Assessment Approaches in Aviation Environments,” IEEE Syst J, vol. 13,

no. 3, pp. 3590-3603, Sep. 2019, doi: 10.1109/JSYST.2019.2918283.

755 H. Yekita, D. Pati, and D. K. Hamilton, ,Could Spatial Awareness Affect Situation

Awareness: A Conceptual Examination,” HERD: Health Environments Research & Design

Journal, vol. 17, no. 1, pp. 270-286, Jan. 2024, doi: 10.1177/19375867231192116.

756 N, A. Stanton, P. R. G. Chambers, and J. Piggott, ,Situational awareness and safety,” Saf

Sci, vol. 39, no. 3, pp. 189-204, Dec. 2001, doi: 10.1016/50925-7535(01)00010-8.

’>7p, W. Brady and L. M. Goldenhar, ,A qualitative study examining the influences on

situation awareness and the identification, mitigation and escalation of recognised patient

risk,” BMJ Qual Saf, vol. 23, no. 2, pp. 153—-161, Feb. 2014, doi: 10.1136/bmjqs-2012-001747.
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The conceptual basis of SA was significantly shaped by Endsley, who
introduced a three-tiered model delineating the components of SA:
,perception, comprehension, and projection”’® 7>°, This model elucidates the
evolving aspect of SA, as it adapts to shifting environmental conditions and
necessitates ongoing information updates’®® 76, In high-stakes settings such as
aviation and healthcare, the ability to maintain elevated SA can have a
significant impact on both safety outcomes and operational effectiveness’®? 763,
Effective communication and a shared understanding are essential for surgical
teams in order to cultivate a shared situational awareness and thereby improve
patient safety’®4.

In emergency response situations, it is of the utmost importance for first
responders to maintain SA in order to ensure their safety and the safety of
others in dangerous conditions. The ability to rapidly assess the situation,
discern the relevance of various elements, and anticipate potential future

developments is crucial for ensuring the safety of both responders and

758 M. R. Endsley, ,Situation Awareness Misconceptions and Misunderstandings,” J Cogn Eng
Decis Mak, vol. 9, no. 1, pp. 4-32, Mar. 2015, doi: 10.1177/1555343415572631.

759 B, Nagaria and T. Hall, ,Reducing Software Developer Human Errors by Improving
Situation Awareness,” IEEE Softw, vol. 37, no. 6, pp. 32-37, Nov. 2020, doi:
10.1109/MS.2020.3014223.

760 7. Pei et al., ,Factors Affecting the Situational Awareness of Armored Vehicle Occupants,”
Sensors, vol. 24, no. 11, p. 3688, Jun. 2024, doi: 10.3390/s24113688.

’61M. R. Endsley, ,Situation Awareness Misconceptions and Misunderstandings,” J Cogn Eng
Decis Mak, vol. 9, no. 1, pp. 4-32, Mar. 2015, doi: 10.1177/1555343415572631.

762p. W. Brady and L. M. Goldenhar, , A qualitative study examining the influences on
situation awareness and the identification, mitigation and escalation of recognised patient
risk,” BMJ Qual Saf, vol. 23, no. 2, pp. 153-161, Feb. 2014, doi: 10.1136/bmjqgs-2012-001747.
7635, B. Orique and L. Despins, ,Evaluating Situation Awareness: An Integrative Review,”
West J Nurs Res, vol. 40, no. 3, pp. 388—424, Mar. 2018, doi: 10.1177/0193945917697230.
764 A, Bleakley, J. Allard, and A. Hobbs, ,,‘Achieving ensemble’: communication in orthopaedic
surgical teams and the development of situation awareness—an observational study using
live videotaped examples,” Advances in Health Sciences Education, vol. 18, no. 1, pp. 33-56,
Mar. 2013, doi: 10.1007/s10459-012-9351-6.
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civilians’®®. The utilisation of augmented reality tools has been demonstrated to
enhance situational awareness for first responders, facilitating the provision of
real-time information and visual indicators’® 77_ This, in turn, has been shown
to optimise operational efficiency during emergency situations’®® 769,

Moreover, SA is not exclusive to human users. It is being increasingly
integrated into automated systems and applications of artificial intelligence.
For example, frameworks have been developed for industrial control systems
that employ situational awareness to enhance cybersecurity strategies and
operational resilience’’° 771 772,

The theory of SA is of paramount importance in risk-related industries, as
it facilitates the ability to make well-informed decisions within complex and

rapidly evolving environments. The theory of SA is applicable across a range of

765 |, Gkika, D. Pattas, K. Konstantoudakis, and D. Zarpalas, ,Object Detection and
Augmented Reality Annotations for Increased Situational Awareness in Light Smoke
Conditions,” in Proceedings of the 20th International ISCRAM Conference, May 2023. doi:
10.59297/YOMA9043.

766 | Gkika, D. Pattas, K. Konstantoudakis, and D. Zarpalas, ,Object Detection and
Augmented Reality Annotations for Increased Situational Awareness in Light Smoke
Conditions,” in Proceedings of the 20th International ISCRAM Conference, May 2023. doi:
10.59297/YOMA9043.

767 M. Naderpour, J. Lu, and G. Zhang, , A situation risk awareness approach for process
systems safety,” Saf Sci, vol. 64, pp. 173-189, Apr. 2014, doi: 10.1016/j.ss¢i.2013.12.005.

768 |, Gkika, D. Pattas, K. Konstantoudakis, and D. Zarpalas, ,Object Detection and
Augmented Reality Annotations for Increased Situational Awareness in Light Smoke
Conditions,” in Proceedings of the 20th International ISCRAM Conference, May 2023. doi:
10.59297/YOMA9043.

763 M. Naderpour, J. Lu, and G. Zhang, ,A situation risk awareness approach for process
systems safety,” Saf Sci, vol. 64, pp. 173-189, Apr. 2014, doi: 10.1016/j.ss¢i.2013.12.005.
770y, Wang, T. Zhang, and Q. Ye, ,Situation awareness framework for industrial control
system based on cyber kill chain,” MATEC Web of Conferences, vol. 336, p. 02013, Feb. 2021,
doi: 10.1051/matecconf/202133602013.

771 ). Webb, A. Ahmad, S. B. Maynard, and G. Shanks, ,A situation awareness model for
information security risk management,” Comput Secur, vol. 44, pp. 1-15, Jul. 2014, doi:
10.1016/j.cose.2014.04.005.

772 M. Park, H. Oh, and K. Lee, ,Security Risk Measurement for Information Leakage in loT-
Based Smart Homes from a Situational Awareness Perspective,” Sensors, vol. 19, no. 9, p.
2148, May 2019, doi: 10.3390/519092148.

1002



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

fields, including healthcare, emergency response, maritime industry’’? 774 77>

76 and industrial control systems. Its implementation can enhance safety and
operational effectiveness.

Building on a foundational comprehension of SA within risk-related
industries, the author now shifts the focus to its particular relevance in UAV
operations. The following section will examine the diverse importance of SA in
this rapidly advancing sector, where the combination of cutting-edge
technologies and human cognitive abilities introduces distinct challenges and
opportunities. As unmanned aerial vehicles (UAVs) become increasingly
prevalent in both civilian and military contexts, it is imperative to maintain
comprehensive situational awareness in order to guarantee operational
success, safety, and compliance with regulations.

3. The multifaceted significance of situational awareness in UAV
operations

SA is a critical competency for UAV pilots, particularly in complex
operational environments. The significance of SA can be classified into several
principal categories, each of which elucidates its function in enhancing
operational efficacy, safety, and decision-making abilities.

3.1. Enhanced Decision-Making

SA is a critical factor for UAV pilots, as it provides essential information
for making informed decisions in real-time. The ability to recognize and

773 D. Dimitrakiev, D. Milev, and E. Gunes, , The Risk Analysis of Chemical Tankers Passing
Through the Turkish Straits between 2010 — 2022,” Strategies for Policy in Science and
Education-Strategii na Obrazovatelnata i Nauchnata Politika, vol. 31, no. 3s, pp. 45-55, Jun.
2023, doi: 10.53656/str2023-3s-3-the.

774 S, Dimitrakieva, D. Milev, and C. Atanasova, ,Voyage of Learning: Cruise Ships Weather
Routing and Maritime Education,” Strategies for Policy in Science and Education-Strategii na
Obrazovatelnata i Nauchnata Politika, vol. 31, no. 6s, pp. 48-55, Dec. 2023, doi:
10.53656/str2023-6s-4-voy.

775 B, Belev, A. Penev, D. Mohovi¢, and A. Peri¢ HadZi¢, ,Autonomous ships in maritime
education model course 7.01,” Pomorstvo, vol. 35, no. 2, pp. 388—394, Dec. 2021, doi:
10.31217/p.35.2.20.

776 B, Belev, ,Life Long Learning Strategy For Adopting The Education And Training Standards
In Maritime Industry,” Pedagogika-Pedagogy, Jun. 2021, doi: 10.53656/ped2021-5.04.
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comprehend the operational environment allows pilots to anticipate potential
challenges and respond in an appropriate manner. For instance, Gokbel and
Ersoy indicate that rotary-wing UAVs are often employed in emergency
response scenarios where expeditious decision-making is vital for mission
accomplishment and safety’’’. Furthermore, Fave et al. highlight that SA
enables first responders to rapidly assess disaster zones, thereby facilitating
timely and effective responses’’®. This capacity is crucial in dynamic
environments where circumstances can evolve rapidly, necessitating swift and
accurate decision-making.

3.2. Improved Safety and Risk Management

By maintaining an elevated level of environmental awareness, UAV
operators are able to identify potential hazards, such as obstacles or other
aircraft, and take proactive measures to prevent accidents. Rehder et al. assert
that human error, often exacerbated by inadequate SA, is a principal cause of
UAV accidents’”. It is, therefore, imperative that pilots develop SA in order to
effectively manage risks. This enables them to navigate complex environments
in a safe and controlled manner, thereby reducing the likelihood of accidents.

3.3. Operational Efficiency

By comprehending the surrounding environment and the interactions
involved, pilots can optimize flight routes, conserve resources, and enhance
mission outcomes. As an example, Kyrkou and Theocharides illustrate how

deep learning methodologies can augment SA in emergency response contexts,

777E. Gokbel and S. Ersoy, ,Launchable rotary wing UAV designs and launch mechanism
designs for rotary wing UAV,” Journal of Mechatronics and Artificial Intelligence in
Engineering, vol. 2, no. 2, pp. 102-113, Dec. 2021, doi: 10.21595/jmai.2021.22339.

778 E, M. Delle Fave, A. Farinelli, A. Rogers, and N. R. Jennings, ,A Methodology for Deploying
the Max-Sum Algorithm and a Case Study on Unmanned Aerial Vehicles,” Proceedings of the
AAAI Conference on Artificial Intelligence, vol. 26, no. 2, pp. 2275-2280, Jul. 2012, doi:
10.1609/aaai.v26i2.18969.

7791, de S. Rehder, A. Sarmento, A. C. Russo, M. M. Cardoso Junior, and E. Villani, ,A human-
machine interface analysis: Under critical operation scenario,” in Anais Estendidos do XXII
Simpdsio Brasileiro de Fatores Humanos em Sistemas Computacionais (IHC 2023), Sociedade
Brasileira de Computagdo, Oct. 2023, pp. 27-30. doi: 10.5753/ihc_estendido.2023.233135.
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thereby enabling UAVs to autonomously survey areas affected by disasters and
utilize their operational capabilities in an optimal manner’®. In situations
where resources are limited, it is of paramount importance to ensure that each
flight has the greatest possible impact.

3.4. Coordination and Collaboration

In operations involving multiple UAVs, it is of paramount importance to
have a clear understanding of the situation in order to facilitate effective
coordination among the various drones and pilots involved. The capacity to
exchange and analyze situational information enhances teamwork, enabling
UAVs to function together in a seamless and coordinated manner during
intricate missions. Zolich et al. emphasize the necessity of a unified network
framework that facilitates data communication between UAVs and their
controllers, thereby enhancing SA and mission oversight’®l. The capacity of
UAVs to operate collectively is of primary importance in scenarios such as
search and rescue missions, where covering large areas requires multiple UAVs
to work together.

3.5. Adaptability to Changing Environments

Situational awareness enables UAV pilots to respond in an effective and
timely manner to rapidly evolving circumstances. This flexibility is of particular
importance in military operations, where circumstances may change
unexpectedly. The research conducted by Yang et al. demonstrates that UAVs
equipped with advanced SA capabilities can autonomously alter their flight

780 C, Kyrkou and T. Theocharides, ,Deep-Learning-Based Aerial Image Classification for
Emergency Response Applications Using Unmanned Aerial Vehicles,” in 2019 IEEE/CVF
Conference on Computer Vision and Pattern Recognition Workshops (CVPRW), IEEE, Jun.
2019, pp. 517-525. doi: 10.1109/CVPRW.2019.00077.

781 A, Zolich, A. Sogrov, E. Vagsholm, V. Hovstein, and T. A. Johansen, ,Coordinated maritime
missions of unmanned vehicles — Network architecture and performance analysis,” in 2017
IEEE International Conference on Communications (ICC), IEEE, May 2017, pp. 1-7. doi:
10.1109/1CC.2017.7996481.
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routes and tactics in response to real-time environmental data’®?. Such
adaptability serves to enhance the probability of mission success while
simultaneously ensuring that UAVs are capable of effectively responding to
unforeseen challenges.

3.6. Integration of Advanced Technologies

The advancement of UAV technology has resulted in the integration of
advanced sensors and data processing systems that enhance situational
awareness. As an illustration, S. Jiang and W. Jiang elucidate the manner in
which GNSS/IMU systems facilitate the extraction and matching of features for
UAV images, thereby enhancing the precision of situational evaluations in
urban settings’®. The integration of these technologies affords UAV pilots the
opportunity to cultivate a more profound understanding of their surrounding
environment, which is of paramount importance for the successful navigation
of their craft and the fulfillment of their assigned missions. Furthermore, the
integration of artificial intelligence (Al) into UAV operations has shown promise
in reducing cognitive workload, thereby allowing pilots to focus on critical
situational factors’®.

3.7. Training and Skill Development

SA is not merely a technological prerequisite. It is also an indispensable
skill that UAV pilots must develop through rigorous training. The ability to
maintain SA throughout a mission is contingent upon the cognitive abilities of
the pilots and their comprehension of the operational context.

78 F Wang, Y. Liu, Y. Zhou, D. Zhou, and D. Yan, ,An unmanned tank combat game driven by
FPSO-MADDPG algorithm,” J Supercomput, vol. 80, no. 15, pp. 21615-21641, Oct. 2024, doi:
10.1007/s11227-024-06225-3.

78S, Jiang and W. Jiang, ,On-Board GNSS/IMU Assisted Feature Extraction and Matching for
Obligue UAV Images,” Remote Sens (Basel), vol. 9, no. 8, p. 813, Aug. 2017, doi:
10.3390/rs9080813.

784y, 7ak, Y. Parmet, and T. Oron-Gilad, ,Facilitating the Work of Unmanned Aerial Vehicle
Operators Using Artificial Intelligence: An Intelligent Filter for Command-and-Control Maps
to Reduce Cognitive Workload,” Human Factors: The Journal of the Human Factors and
Ergonomics Society, vol. 65, no. 7, pp. 1345-1360, Nov. 2023, doi:
10.1177/00187208221081968.
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It has been demonstrated that the enhancement of SA can be achieved
through the utilisation of innovative training methodologies, including

785786 Such simulations provide an

simulation and mixed-reality interfaces
opportunity to gain insight into authentic operational scenarios, thereby
enhancing one's capacity to make sound decisions in high-pressure situations’®’
88 Furthermore, the development of training programs that emphasize the
distinctive characteristics of UAVs in comparison to conventional manned
aircraft is of paramount importance for fostering a more comprehensive
understanding of operational dynamics’®®. The bespoke strategy not only
provides pilots with the requisite technical abilities for UAVs operation but also
enhances their SA, thereby enabling them to respond effectively to unforeseen

70 1t is therefore evident that

challenges that may emerge during missions
comprehensive training in SA and the acquisition of pertinent skills are
indispensable for the efficacy and security of UAV operations.

3.8. Environmental Monitoring and Data Collection

78 D. Dimitrakiev, V. Stankov, and C. Atanasova, ,Simulator Training — Unique Powerful
Instrument for Educating, Skills Creating, Mitigating Skills and Resilience Creating,” Strategies
for Policy in Science and Education-Strategii na Obrazovatelnata i Nauchnata Politika, vol. 31,
no. 6s, pp. 103—-111, Dec. 2023, doi: 10.53656/str2023-6s-9-sim.

786 | Conev and D. Dimitrakiev, ,Use of modern technologies at Naval Academy Varna,” in
Proceedings of the International Association of Maritime Universities Conference, 2023.
[Online]. Available: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85185220315&partnerlD=40&md5=52f8526ae19b20716c7107d83f1b524a

787 J. T. Hing, J. Menda, K. Izzetoglu, and P. Y. Oh, ,An indoor study to evaluate a mixed-
reality interface for unmanned aerial vehicle operations in near earth environments,” in
Proceedings of the 10th Performance Metrics for Intelligent Systems Workshop, New York,
NY, USA: ACM, Sep. 2010, pp. 214-221. doi: 10.1145/2377576.2377617.

78 D, Aldez, X. Olaz, M. Prieto, P. Porcellinis, and J. Villadangos, ,HIL Flight Simulator for
VTOL-UAYV Pilot Training Using X-Plane,” Information, vol. 13, no. 12, p. 585, Dec. 2022, doi:
10.3390/info13120585.

78 R, An and W. Yin, ,Research on the Evaluation Technology of UAV Pilot Training Action
Quality based on Entropy Weight-TOPSIS Method,” J Phys Conf Ser, vol. 2513, no. 1, p.
012012, Jun. 2023, doi: 10.1088/1742-6596/2513/1/012012.

70 4, ATES, ,Important Issues In Unmanned Aerial Vehicle User Education And Training,”
Journal of Aviation, vol. 6, no. 1, pp. 80—86, Mar. 2022, doi: 10.30518/jav.1083114.
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The deployment of UAVs is becoming increasingly prevalent in the
context of environmental monitoring and data gathering, where the ability to
gain situational awareness is of paramount importance. The capacity to gather
and examine environmental data empowers UAV pilots to make well-informed
decisions pertaining to resource management and environmental
stewardship’®!. For example, Liu et al. highlight the role of UAVs in agricultural
monitoring, where situational awareness can facilitate the optimization of crop
management strategies’?. This application underscores the importance of SA
in enhancing the efficiency of UAVs across diverse industrial sectors.

3.9. Emergency Response and Disaster Management

In emergency situations, it is of the utmost importance to have a clear
understanding of the circumstances in order to ensure effective disaster
management. Drones equipped with SA features can rapidly assess areas
affected by disasters, providing emergency responders with up-to-date
information. Delle Fave et al. emphasize that SA enables the expeditious
assessment of disaster zones, thereby facilitating timely responses that may
prove critical in saving lives’. This capability is vital for ensuring the effective
and efficient organization of emergency response activities.

3.10. Legal and Regulatory Compliance

It is of the utmost importance to be fully cognizant of the circumstances
pertaining to the operation of UAVs in order to ensure compliance with the
pertinent legal and regulatory guidelines. It is incumbent upon UAV pilots to be

7915, Velinov, ,DECARBONIZATION OF MARITIME INDUSTRY,” CnucaHne MopcKo npaso u
nHayctpua, vol. 2, pp. 183-191, 2024, Accessed: Oct. 20, 2024. [Online]. Available:
https://maritime.vfu.bg/files/Svilen%20Velinov,%20Decarbonization%200f%20Maritime%20
Industry%20(%D0%92%D0%92%D0%9C%D0%A3).pdf

792y Liu, N. Qi, W. Yao, Y. Liu, and Y. Li, ,,Optimal scheduling for aerial recovery of multiple
unmanned aerial vehicles using genetic algorithm,” Proc Inst Mech Eng G J Aerosp Eng, vol.
233, no. 14, pp. 5347-5359, Nov. 2019, doi: 10.1177/0954410019842487.

793 E, M. Delle Fave, A. Farinelli, A. Rogers, and N. R. Jennings, ,A Methodology for Deploying
the Max-Sum Algorithm and a Case Study on Unmanned Aerial Vehicles,” Proceedings of the
AAAIl Conference on Atrtificial Intelligence, vol. 26, no. 2, pp. 2275-2280, Jul. 2012, doi:
10.1609/aaai.v26i2.18969.
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aware of the limitations imposed by airspace regulations, the prohibition of
certain areas, and other regulatory obligations that affect their activities. In
their study, Mozaffari et al. investigate the potential of SA to facilitate
navigation through the complex regulatory landscape, thereby ensuring the
safe and lawful operation of UAVs’*. Compliance with this regulation is of the
highest importance in maintaining public confidence and ensuring the
continued viability of unmanned aircraft technologies.

The concept of situational awareness is a complex one that is of critical
importance to the effective operation of UAVs. It is of paramount importance
for more effective decision-making and safety, as well as for enhancing
operational efficiency and adaptability. Therefore, SA is a essential factor in
these processes. As UAV technology progresses, the incorporation of
sophisticated SA features will be crucial to guarantee the efficacy and safety of
UAV operations across diverse fields.

As the author approaches the conclusion of this comprehensive
investigation into SA in UAV operations, it is essential to synthesize the
principal findings and consider their broader implications. As previously
discussed, the multifaceted significance of SA underscores its pivotal function
in shaping the trajectory of UAV technology and its applications.

4. Conclusion

The findings of the research study underscore the critical importance of
SA in the operation of UAVs across a range of sectors. SA is identified as a
crucial element that enhances decision-making, safety, risk management, and
operational effectiveness in UAV missions. The study corroborates the
preliminary hypothesis that augmented SA capabilities in UAV operations are
associated with superior outcomes in these critical domains.

Key findings include:

794 M. Mozaffari, W. Saad, M. Bennis, and M. Debbah, ,Efficient Deployment of Multiple
Unmanned Aerial Vehicles for Optimal Wireless Coverage,” |IEEE Communications Letters,
vol. 20, no. 8, pp. 1647-1650, Aug. 2016, doi: 10.1109/LCOMM.2016.2578312
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1. Enhanced decision-making: SA provides UAV pilots with real-time
information that is vital for making well-informed decisions, particularly in
situations that are complex and dynamic.

2. Improved safety and risk management: Pilots who are able to
maintain acute awareness of their surroundings are better able to identify and
mitigate potential hazards, thereby reducing the risks of accidents.

3. Operational efficiency: An understanding of the environment is
essential for the optimization of flight paths and the conservation of resources.

4. Coordination in multi-UAV operations: SA enables the effective
collaboration of multiple units in the context of complex missions.

5. Adaptability: SA enables UAV pilots to adapt to rapidly evolving
operational environments, which is a critical factor in mission success.

6. Integration of advanced technologies: The incorporation of
sophisticated sensors and data processing systems has led to a notable
enhancement in the capabilities of SA.

7. Training importance: It is of paramount importance to develop SA
skills through the implementation of efficacious training programs, as this is a
crucial factor influencing the performance of pilots.

8. Environmental monitoring: SA plays a pivotal role in the collection and
interpretation of data, which is instrumental in the effective management of
resources and the protection of the environment.

9. Emergency response: In the context of disaster management, SA plays
a pivotal role, facilitating rapid assessment and timely interventions.

10. Regulatory compliance: SA provides guidance on the legal and
regulatory frameworks that govern the operation of UAVs.

The results demonstrate that as UAV technology advances, the
incorporation of sophisticated SA capabilities will be pivotal for optimizing the
efficacy and safety of UAV operations across diverse operational contexts.
Further research should focus on the development of more sophisticated SA
technologies, the enhancement of training methodologies, and the
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examination of the potential of artificial intelligence in enhancing SA within
UAV operations.

To further advance the field, it is recommended that:

1. Researchers continue to investigate ways to enhance SA in UAV
operations, particularly in challenging environments.

2. UAV manufacturers prioritize the integration of advanced SA
technologies in their designs.

3. Regulatory bodies consider SA capabilities when developing guidelines
for UAV operations.

4. Training programs for UAV pilots emphasize the development of SA
skills.

5. Interdisciplinary collaborations be encouraged to leverage expertise
from various fields in improving SA in UAV operations.

In conclusion, this study underscores the pivotal role of SA in shaping the
trajectory of UAV technology and its applications. As the industry advances, it
will be imperative to prioritize the enhancement of SA to ensure the safe,
efficient, and effective operation of UAVs across diverse sectors and
applications.
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INTEGRATING SITUATIONAL AWARENESS IN MARITIME
UNMANNED AERIAL VEHICLE OPERATIONS: A COMPREHENSIVE
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Abstract: The utilisation of Unmanned Aerial Vehicles (UAVs) in maritime operations
is increasing, indicating a deficiency in the application of Situational Awareness (SA) theory.
This study examines the potential for SA theory to enhance maritime UAV operations. The
study encompasses a range of domains, including threat detection, search and rescue
operations, environmental monitoring, and autonomous navigation. The findings suggest
that SA theory facilitates decision-making and enhances safety, yet it also presents
challenges when integrating with autonomous systems. The study recommends further
research to explore advanced Al algorithms, develop standardized SA training programs, and
assess the long-term impacts of SA on maritime operations. The implementation of these
findings has the potential to confer significant benefits upon organizations operating within
the maritime sector.

Keywords: Maritime operations, Unmanned Aerial Vehicles (UAVs), Situational
Awareness (SA), Operational effectiveness, Safety, Environmental monitoring, Surveillance

1. Introduction
Maritime activities have consistently played a pivotal role in international

trade and security, with a multitude of operations occurring on the oceans

795 796

across the globe . In recent years, the integration of unmanned aerial

795 B, C. Belev and S. I. Daskalov, ,,Computer technologies in shipping and a new tendency in
ship’s officers’ education and training,” IOP Conf Ser Mater Sci Eng, vol. 618, no. 1, p.
012034, Oct. 2019, doi: 10.1088/1757-899X/618/1/012034.

796 B, Belev, A. Penev, D. Mohovi¢, and A. Peri¢ HadZi¢, ,Autonomous ships in maritime
education model course 7.01,” Pomorstvo, vol. 35, no. 2, pp. 388—394, Dec. 2021, doi:
10.31217/p.35.2.20.
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vehicles (UAVs) into maritime operations has become a notable trend. These
novel technologies offer promising avenues for enhancing maritime safety,
efficiency, and effectiveness in diverse operational contexts.

Prior research has examined the deployment of UAVs in maritime
operations, with a particular focus on their utility in surveillance, search and
rescue missions, and environmental monitoring. Notwithstanding these
initiatives, a notable gap remains in the literature concerning the application of
situational awareness (SA) theory in maritime unmanned aerial vehicle (UAV)
operations and its potential to enhance operational effectiveness, safety, and
efficiency. It is imperative that this knowledge gap be closed in order to
enhance our understanding of how UAVs can be integrated into maritime
operations and to identify new avenues for improving safety, efficiency, and
effectiveness in these areas.

The research question addressed in the paper is: What is the capacity of
SA theory to improve maritime UAV operations, and what practical methods
can be implemented to achieve this? This study aims to examine the potential
applications of SA theory in the context of maritime UAV operations to identify
ways to improve operational effectiveness, safety, and efficiency.

It is hypothesized that the application of SA theory to maritime UAV
operations could lead to significant improvements in operational effectiveness,
safety, and efficiency, based on the premise that such an approach would
facilitate improved perception, understanding, and prediction of environmental
variables in the context of dynamic maritime scenarios.

2. UAVs in maritime contexts: transforming surveillance, search and
rescue, and ecological monitoring

UAVs are of significant importance in the enhancement of maritime
operations, particularly in the realms of surveillance, search and rescue, and
environmental monitoring”®” 7°8 7% The integration of sophisticated algorithms

797 D. Dimitrakiev, D. Milev, and E. Gunes, , The Risk Analysis of Chemical Tankers Passing
Through the Turkish Straits between 2010 — 2022,” Strategies for Policy in Science and
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facilitates the identification of targets and the rapid acquisition of data, thereby
enhancing situational awareness during maritime operations®0° 801 892 The
capacity of drones to rapidly cover vast areas makes them an invaluable tool
for monitoring illicit activities such as poaching and environmental degradation,
which are challenging to detect using conventional methods8%3 8%,
Furthermore, the collaboration between UAVs and unmanned surface
vehicles (USVs) in search and rescue operations exemplifies their capacity to
locate individuals in peril, thereby enhancing response times and operational

efficacy®®. The advancement of UAV technology, including the integration of

Education-Strategii na Obrazovatelnata i Nauchnata Politika, vol. 31, no. 3s, pp. 45-55, Jun.
2023, doi: 10.53656/str2023-3s-3-the.

798 S, Dimitrakieva, D. Milev, and C. Atanasova, ,Voyage of Learning: Cruise Ships Weather
Routing and Maritime Education,” Strategies for Policy in Science and Education-Strategii na
Obrazovatelnata i Nauchnata Politika, vol. 31, no. 6s, pp. 48-55, Dec. 2023, doi:
10.53656/str2023-6s-4-voy.

793S, Velinov, ,DECARBONIZATION OF MARITIME INDUSTRY,” CnucaHne MopcKko npaso u
uHayctpua, vol. 2, pp. 183-191, 2024, Accessed: Oct. 20, 2024. [Online]. Available:
https://maritime.vfu.bg/files/Svilen%20Velinov,%20Decarbonization%200f%20Maritime%20
Industry%20(%D0%92%D0%92%D0%9C%D0%A3).pdf

800 B, Belev and D. Dimitranov, ,An algorithm for calculation of own ship’s course over
ground and speed over ground using ARPA, by acquiring a fixed object,” in Proceedings of
the 20th International Conference on Computer Systems and Technologies, in CompSysTech
’19. New York, NY, USA: Association for Computing Machinery, 2019, pp. 221-225. doi:
10.1145/3345252.3345277.

801 ), Zhang et al., ,EMR-YOLO: A Study of Efficient Maritime Rescue Identification
Algorithms,” J Mar Sci Eng, vol. 12, no. 7, p. 1048, Jun. 2024, doi: 10.3390/jmse12071048.

802 J, Wang, K. Zhou, W. Xing, H. Li, and Z. Yang, ,Applications, Evolutions, and Challenges of
Drones in Maritime Transport,” J Mar Sci Eng, vol. 11, no. 11, p. 2056, Oct. 2023, doi:
10.3390/jmse11112056.

803 F, Lampropoulos, , Analysis of data from drones for surveillance and threat identification
in maritime areas,” Exkmnaibevon, Alwa Biou Mabnon, Epsuva kat Texvoloyikry Avarmrtuén,
Kawotopia kat Owkovopia, vol. 3, pp. 1-12, Sep. 2024, doi: 10.12681/elrie.7273.

804 A. Klimkowska, I. Lee, and K. Choi, ,,POSSIBILITIES OF UAS FOR MARITIME MONITORING,”
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences, vol. XLI-B1, pp. 885—891, Jun. 2016, doi: 10.5194/isprs-archives-XLI-B1-885-2016.
805 T, Yang, Z. Jiang, R. Sun, N. Cheng, and H. Feng, ,,Maritime Search and Rescue Based on
Group Mobile Computing for Unmanned Aerial Vehicles and Unmanned Surface Vehicles,”
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high-definition imaging and multi-sensor systems, has resulted in a notable
enhancement in the efficacy of UAVs in maritime applications® 8%, In general,
UAVs represent a significant technological advancement in maritime activities,
offering invaluable support in the areas of safety, security, and environmental
management.

In light of the considerable impact of UAVs on maritime operations, it is
imperative to investigate how these technologies can be further enhanced
through the integration of situational awareness(SA) theory. The following
section examines the application of SA principles to maritime UAV operations.
It considers how this theoretical framework can optimize decision-making
processes, improve operational efficiency, and enhance the overall
effectiveness of UAV deployments in complex maritime environments.

3. Integrating situational awareness(SA) theory into maritime
unmanned aerial vehicles applications

The implementation of SA theory in the context of UAV operations is a
crucial step towards enhancing operational efficiency, safety, and
effectiveness. SA is defined as the recognition of environmental factors, the
understanding of their significance, and the anticipation of their future
conditions®®. In the maritime environment, which is both dynamic and

unpredictable, the implementation of SA principles can significantly improve

IEEE Trans Industr Inform, vol. 16, no. 12, pp. 7700-7708, Dec. 2020, doi:
10.1109/T11.2020.2974047.

806 M. S. Islam, ,Maritime Security in a Technological Era: Addressing Challenges in Balancing
Technology and Ethics,” Mersin University Journal of Maritime Faculty, vol. 6, no. 1, pp. 1-
16, Jun. 2024, doi: 10.47512/meujmaf.1418239.

807'S, Thombre et al., ,Sensors and Al Techniques for Situational Awareness in Autonomous
Ships: A Review,” IEEE Transactions on Intelligent Transportation Systems, vol. 23, no. 1, pp.
64-83, Jan. 2022, doi: 10.1109/TITS.2020.3023957.

808 . Wolfert, M. A. Bromfield, S. Scott, and A. Stedmon, ,Passive Sidesticks and Hard
Landings - Is there a Link?,” in AIAA Aviation 2019 Forum, Reston, Virginia: American
Institute of Aeronautics and Astronautics, Jun. 2019. doi: 10.2514/6.2019-3611.
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decision-making processes®® 81° This section of the paper will examine the
various applications of SA theory in the operation of UAVs, with a particular
focus on the relevant literature.

Threat detection and monitoring

One of the principal applications of SA in maritime UAV operations is the
identification and tracking of potential threats, including piracy, illegal fishing,
and environmental hazards. UAVs equipped with sophisticated sensors can
provide real-time data, thereby enhancing SA by enabling pilots to identify
potential threats as they arise. For example, the SEAGULL project demonstrates
the utility of optical sensors on UAVs for enhancing maritime SA, facilitating the
automatic identification of vessels and potential dangers from an aerial

811 812 = This capability is of paramount importance in the

perspective
identification and prompt response to threats, thus enhancing maritime
security.

Furthermore, Andrade et al. highlight the potential of Model Predictive
Control (MPC) in autonomous UAV surveillance, particularly in the context of
tracking a ship's course and detecting potential obstacles or hazards, including
icebergs or other vessels®'3, The utilisation of UAVs for the monitoring of

maritime activities allows for an enhanced level of situational understanding,

803 D, Dimitranov and B. Belev, ,Sustainable Shipping Required Sustainable Education and
Training,” Preprints (Basel), Oct. 2024, doi: 10.20944/preprints202410.2208.v1.

810 B, Belev, ,Life Long Learning Strategy For Adopting The Education And Training Standards
In Maritime Industry,” Pedagogika-Pedagogy, Jun. 2021, doi: 10.53656/ped2021-5.04.

811 M. M. Marques et al., ,Unmanned aircraft systems in maritime operations: Challenges
addressed in the scope of the SEAGULL project,” in OCEANS 2015 - Genova, IEEE, May 2015,
pp. 1-6. doi: 10.1109/0CEANS-Genova.2015.7271427.

812 M. M. Marques et al., ,An Unmanned Aircraft System for Maritime Operations: The
Automatic Detection Subsystem,” Mar Technol Soc J, vol. 55, no. 1, pp. 38-49, Jan. 2021, doi:
10.4031/MTS).55.1.4.

813 F A. A. Andrade, R. Storvold, and T. A. Johansen, ,Autonomous UAV surveillance of a
ship’s path with MPC for maritime situational awareness,” in 2017 International Conference
on Unmanned Aircraft Systems (ICUAS), IEEE, Jun. 2017, pp. 633-639. doi:
10.1109/ICUAS.2017.7991361.
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thereby facilitating the implementation of prompt responses when potential
dangers are identified.

Search and Rescue(SAR) operations

SA is of paramount importance in search and rescue (SAR) missions
conducted by maritime UAVs. The ability to rapidly assess a situation and
efficiently allocate resources can have a substantial impact on the outcome of
emergency situations, with implications that range from life to death. UAVs can
rapidly span extensive areas, thereby providing aerial perspectives that
enhance SA for ground rescue teams. To illustrate, Zhang et al. describe the
development of a lightweight detection model for instances where an
individual falls overboard®!*. This model employs aerial images to enhance the
efficiency of search and rescue (SAR) operations8° . This application
demonstrates the potential of UAVs to enhance SA by providing crucial
information regarding the location and condition of individuals in need of
assistance.

Furthermore, the utilisation of multiple UAVs for coverage path planning
has been proposed as a means of optimising search operations in maritime
settings, with the objective of ensuring comprehensive coverage of search
regions in the shortest possible time®®. This method not only enhances the
efficacy of SAR operations but also augments the SA of the teams engaged,
equipping them with comprehensive data about the search zone.

Environmental monitoring

814y, Zhang, Q. Tao, and Y. Yin, ,A Lightweight Man-Overboard Detection and Tracking
Model Using Aerial Images for Maritime Search and Rescue,” Remote Sens (Basel), vol. 16,
no. 1, p. 165, Dec. 2023, doi: 10.3390/rs16010165.

815y, Zhang, Q. Tao, and Y. Yin, ,A Lightweight Man-Overboard Detection and Tracking
Model Using Aerial Images for Maritime Search and Rescue,” Remote Sens (Basel), vol. 16,
no. 1, p. 165, Dec. 2023, doi: 10.3390/rs16010165.

816 S _W. Cho, J.-H. Park, H.-J. Park, and S. Kim, ,Multi-UAV Coverage Path Planning Based on
Hexagonal Grid Decomposition in Maritime Search and Rescue,” Mathematics, vol. 10, no. 1,
p. 83, Dec. 2021, doi: 10.3390/math10010083.
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UAVs are indispensable for environmental monitoring, which is a
fundamental component of SA in maritime operations. The capacity to monitor
and document environmental changes, such as oil spills or unauthorized
dumping, is crucial for maintaining ecological balance and ensuring compliance
with maritime regulations. Reineman et al. investigate the utilisation of UAVs
launched from maritime vessels to assess atmospheric conditions and ocean
surface phenomena, which can provide valuable insights for environmental
assessments®?’. This information facilitates enhanced comprehension of the
maritime environment, which in turn enhances SA for those engaged in
decision-making processes.

Furthermore, the integration of machine learning algorithms for object
identification and tracking can significantly augment UAVs capacity to monitor
environmental conditions. Vasilopoulos et al. emphasize the importance of
utilizing UAVs to provide real-time video feeds and images, which can be
analyzed to identify any irregularities in the environment®!®. This feature offers
immediate awareness of environmental hazards, thereby enabling more
expedient action to mitigate potential harm.

Collaborative operations

The collaborative operation of multiple UAVs can enhance SA through
the exchange of information and the implementation of coordinated actions.
Wang presents a collaborative search framework for UAVs that employs the
OODA (Observe, Orient, Decide, Act) loop, emphasizing the vital importance of
real-time data exchange among UAVs for optimizing search and reconnaissance

817B. D. Reineman, L. Lenain, and W. K. Melville, ,The Use of Ship-Launched Fixed-Wing
UAVs for Measuring the Marine Atmospheric Boundary Layer and Ocean Surface Processes,”
J Atmos Ocean Technol, vol. 33, no. 9, pp. 2029-2052, Sep. 2016, doi: 10.1175/JTECH-D-15-
0019.1.

818 E. Vasilopoulos, G. Vosinakis, M. Krommyda, L. Karagiannidis, E. Ouzounoglou, and A.
Amditis, ,,A Comparative Study of Autonomous Object Detection Algorithms in the Maritime
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efficacy®®. This collaborative approach facilitates a more comprehensive
understanding of the maritime environment. The use of multiple UAVs allows
for the surveying of larger areas in a more efficient manner, with the data
collected by each vehicle being shared in real-time, enabling a more
comprehensive and accurate representation of the region.

Furthermore, the integration of UAVs with USVs has the potential to
enhance SA. The collaborative approach between UAVs and USVs can provide a
comprehensive understanding of maritime operations, enabling the
development of enhanced monitoring and response strategies8°. The
interoperation of disparate UAVs exemplifies the potential for situational
awareness to optimize operational efficacy.

Autonomous navigation and collision avoidance

It is of paramount importance for UAVs to be able to navigate
autonomously in complex maritime environments. In order to do so, it is
essential that the surrounding environment is fully understood®?!. The ability to
identify and circumvent obstacles is of paramount importance for ensuring the
safety of UAV operations. In their study, Marques and colleagues present an
algorithm based on game theory that enables UAVs to manage threat detection
and collision avoidance in a unified manner, thereby enhancing their
operational efficiency®??. The algorithm enables UAVs to make real-time
decisions based on their SA, thereby reducing the probability of collisions and
enhancing the overall success of missions.

819y, Wang, ,,Unmanned Aerial Vehicle cooperative search model for sea based on OODA,”
Highlights in Science, Engineering and Technology, vol. 72, pp. 1264-1270, Dec. 2023, doi:
10.54097 /wxfetx68.

820 M. Zhu and Y.-Q. Wen, ,Design and Analysis of Collaborative Unmanned Surface-Aerial
Vehicle Cruise Systems,” J Adv Transp, vol. 2019, pp. 1-10, Jan. 2019, doi:
10.1155/2019/1323105.

821 B, Belev, A. Penev, D. Mohovi¢, and A. Peri¢ HadZi¢, ,Autonomous ships in maritime
education model course 7.01,” Pomorstvo, vol. 35, no. 2, pp. 388-394, Dec. 2021, doi:
10.31217/p.35.2.20.

822 M. M. Marques et al., ,An unmanned aircraft system for maritime operations,” Int J Adv
Robot Syst, vol. 15, no. 4, Jul. 2018, doi: 10.1177/1729881418786338.
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Moreover, the development of robust visual-aided systems for UAVs to
utilize during landing on dynamic maritime platforms is of paramount
importance for maintaining SA during critical phases of flight®?3. By precisely
calculating the motion in relation to both the UAV and the moving ship,
operators can guarantee secure landings, thereby enhancing the dependability
of UAV activities in maritime environments.

Data fusion and information sharing

The unification of disparate data sources is a crucial step in enhancing SA
in maritime UAV operations. The utilisation of big data repositories, such as
data lakes, facilitates the aggregation and integration of disparate data types,
including satellite imagery, AIS (Automatic Identification System) data, and UAV
sensor data®?*. The comprehensive integration of data affords operators the
opportunity to gain a comprehensive understanding of the maritime
environment, thereby facilitating informed decision-making.

Furthermore, the implementation of sophisticated decision-support
systems that employ semantic reasoning can enhance SA by providing pilots

825 The capacity to

with actionable insights derived from integrated data
undertake this process is of paramount importance in the context of rapidly
evolving maritime environments, where the availability of accurate and up-to-
date information is a critical factor in ensuring the success of operations.
Training and Simulation
The education of pilots on the effective use of UAVs in maritime settings

must place significant emphasis on SA. Simulation-based training can provide

823 T, Dutrannois, T.-T. Nguyen, C. Hamesse, G. De Cubber, and B. Janssens, ,,Visual SLAM for
Autonomous Drone Landing on a Maritime Platform,” in 2022 International Symposium on
Measurement and Control in Robotics (ISMCR), IEEE, Sep. 2022, pp. 1-7. doi:
10.1109/ISMCR56534.2022.9950582.
824 N. Kapidani et al., ,Maritime information sharing environment deployment using the
advanced multilayered Data Lake capabilities,” Pomorstvo, vol. 36, no. 2, pp. 291-304, Dec.
2022, doi: 10.31217/p.36.2.13.
825 N. Kapidani et al., ,Maritime information sharing environment deployment using the
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2022, doi: 10.31217/p.36.2.13.
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pilots with authentic scenarios that enhance their ability to identify,
comprehend, and anticipate situational factors®26 827828829 The ytilisation of

830 831 832 833 angples pilots to hone their

state-of-the-art simulation technology
decision-making abilities in a multitude of maritime scenarios, thereby
enhancing their SA awareness capabilities®¥*. This training is indispensable for
equipping operators with the requisite skills to effectively address the

challenges they are likely to encounter during UAV missions in the field.
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Furthermore, the advent of digital twin technologies has the potential to
augment training programs by creating virtual replications of UAV operations,
thereby facilitating real-time observation and assessment®®. This innovative
approach has the potential to enhance SA by providing operators with insights
into potential operational challenges before they arise.

Regulatory compliance and safety

It is of paramount importance to maintain adherence to maritime
regulations as an integral component of SA in UAV operations®3¢ 87838 |t js
incumbent upon UAV operators to gain an understanding of the legal
structures that govern maritime activities®®, which encompass not only
airspace regulations but also laws aimed at protecting the environment®40 84!
842 The integration of compliance monitoring systems into UAV operations
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enables pilots to enhance their SA regarding regulatory obligations®*3. This
anticipatory strategy serves to mitigate the risks associated with non-
compliance, thereby facilitating the implementation of safer and more
accountable UAV pilots in maritime settings.

Future directions

As technology continues to evolve, it is anticipated that the application of
SA in maritime UAV operations will become increasingly prevalent. Future
developments may entail the integration of artificial intelligence and machine
learning methodologies to enhance the capacity for real-time decision-
making®**. Moreover, the advancement of communication technologies, such
as 5G and forthcoming solutions, will facilitate accelerated data transmission

and augment the SA of pilots®®

. These developments will facilitate the
implementation of more sophisticated UAV functions, thereby enhancing their
efficiency in a range of maritime applications.

The implementation of SA theory in maritime UAV activities is a complex
undertaking. It encompasses a range of activities, including threat
identification, SAR missions, environmental observation, collaborative efforts,
autonomous navigation, data integration, training, adherence to regulations,
and prospects for technological progress.

4. Conclusion

The incorporation of SA theory into maritime UAV operations has

illustrated considerable potential for optimizing operational efficacy, safety,
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and efficiency across a spectrum of maritime scenarios. The present study has
identified several key findings:

1. The principles of SA can be effectively applied to a range of maritime
UAV applications, including the detection of threats, environmental
monitoring, and SAR operations.

2. The implementation of SA theory has demonstrated positive outcomes
with respect to decision-making processes and overall mission success rates in
maritime UAV operations.

3. The identification of challenges inherent in the adaptation of SA
concepts to autonomous systems has underscored the necessity for further
research and development in this area.

4. The incorporation of SA principles has resulted in the implementation
of enhanced safety measures and the mitigation of risks associated with
maritime UAV operations.

5. The versatility of SA theory in maritime contexts indicates its potential
applicability to other domains of UAV operations.

The findings presented herein address the initial research question by
demonstrating the practical benefits and challenges of applying SA theory to
maritime UAV operations. The study highlights the necessity for sustained
research and development in this domain to actualize the potential of SA-
enhanced maritime UAV systems fully.

The practical implementation of these findings has the potential to result
in the improvement of training programs for UAV pilots, and the creation of
more effective operational protocols for maritime UAV missions. It would be
advantageous for organizations engaged in maritime operations, such as coast
guards, naval forces, environmental agencies, and search and rescue teams, to
integrate SA theory into their UAV operations, thereby enhancing overall
performance and safety.

Future research directions may include:
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1. Exploring advanced Al algorithms for improved SA in autonomous
systems.

2. Developing standardized SA training programs for UAV operators.

3. Investigating the long-term impact of SA integration on maritime
safety and efficiency.

4. Examining the potential application of SA theory in other UAV
operational domains.

5. Studying the human-machine interface in SA-enhanced UAV systems
to optimize operator performance.

The results of these future studies will contribute to the ongoing
evolution of UAV operations and the broader field of autonomous systems.
They may also lead to more sophisticated and effective applications of SA
theory in various operational contexts.
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UAV OPERATIONS FROM MOVING MARITIME PLATFORMS:
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Abstract: The deployment of unmanned aerial vehicles (UAVs) from moving platforms
at sea presents unique challenges and opportunities for maritime applications. This
exploration highlights the technical, operational, and environmental considerations of UAV
operations in marine settings. Advanced control systems, including visual-aided systems and
neural networks, are essential for stability during takeoff and landing. UAV design must
adapt to dynamic marine conditions such as wind and waves. Operational strategies should
align with specific missions, like search and rescue, and integrating UAVs with unmanned
surface vehicles can enhance effectiveness. Challenges like adverse weather, sea state
changes, and obstacles affect UAV operations. Future research should focus on overcoming
marine challenges to maximize UAV potential in maritime applications.

Keywords: Unmanned aerial vehicles (UAVs), Maritime applications, Moving
platforms, Marine environment, Unmanned surface vehicles, SAR operations

1. Introduction

The deployment of unmanned aerial vehicles (UAVs) from mobile
platforms at sea presents a unique set of challenges and opportunities for a
diverse range of maritime applications. This synthesis examines the technical,
operational, and environmental factors related to unmanned aerial vehicle
(UAV) activities in maritime environments.

The implementation of sophisticated control systems, including vision-
assisted systems and neural networks, is imperative for ensuring stability and
precision during takeoff and landing operations on mobile platforms. The
advancement of UAVs must consider the dynamic characteristics of marine
environments, including factors such as wind, waves, and the movement of the
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platform. Operational approaches must align with the specific missions for
which UAVs are designed, such as maritime search and rescue. Collaborating
with unmanned surface vehicles (USVs) can enhance both the scope and
efficiency of operations.

The research question of the paper is: In what ways can UAV operations
be enhanced in maritime contexts to tackle the distinct challenges and
possibilities offered by the ever-changing marine environment?

The objective of the study is to examine the technical, operational, and
environmental factors involved in UAV activities within maritime contexts.
Additionally, the study aims to determine methods for enhancing UAV
effectiveness in these scenarios.

The paper hypothesizes that integrating advanced control systems,
improved communication technologies, and collaborative unmanned platforms
will enhance the capabilities and safety of UAV operations in maritime
contexts.

2. Understanding UAV operations in maritime settings: challenges,
integration, and applications

It is crucial for the pilots to have a comprehensive understanding of the
operational specifics of UAVs in maritime settings, as these environments
present unique challenges that require a nuanced approach®®847.84 Maritime
operations are often characterised by a multitude of complex factors, including
fluctuating meteorological conditions, varying sea states and communication
difficulties. These elements have the potential to significantly influence the

846 D, Dimitranov and B. Belev, ,Sustainable Shipping Required Sustainable Education and
Training,” Preprints (Basel), Oct. 2024, doi: 10.20944/preprints202410.2208.v1.

847 D. Dimitrakiev, D. Milev, and E. Gunes, , The Risk Analysis of Chemical Tankers Passing
Through the Turkish Straits between 2010 — 2022,” Strategies for Policy in Science and
Education-Strategii na Obrazovatelnata i Nauchnata Politika, vol. 31, no. 3s, pp. 45-55, Jun.
2023, doi: 10.53656/str2023-3s-3-the.

848 5. Dimitrakieva, D. Milev, and C. Atanasova, ,Voyage of Learning: Cruise Ships Weather
Routing and Maritime Education,” Strategies for Policy in Science and Education-Strategii na
Obrazovatelnata i Nauchnata Politika, vol. 31, no. 6s, pp. 48-55, Dec. 2023, doi:
10.53656/str2023-6s-4-voy.
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efficacy of UAVs and the success of missions®*98%81 As an illustration, UAVs
are compelled to navigate through variable environments where wind and
inclement weather can impact flight stability and control. Consequently, it is
imperative to possess a comprehensive understanding of these variables to
ensure the successful planning and execution of missions8>2853:854,

Furthermore, the integration of UAVs with USVs enhances operational
efficacy, facilitating a more extensive operational reach and superior payload
management in maritime operations®>®%, The necessity for pilots to excel in
coordinating aerial and ground operations is a fundamental aspect of this
collaborative method, as it is crucial for activities such as surveillance, search

and rescue, and environmental monitoring 87 - 88 .89 . Ultimately, a

849 M. C. Santos et al., ,Cooperative Unmanned Aerial and Surface Vehicles for Extended
Coverage in Maritime Environments,” |IEEE Access, vol. 12, pp. 9206-9219, 2024, doi:
10.1109/ACCESS.2024.3353046.

850 T, Karachalios, P. Moschos, and T. Orphanoudakis, ,,Maritime Emission Monitoring:
Development and Testing of a UAV-Based Real-Time Wind Sensing Mission Planner Module,”
Sensors, vol. 24, no. 3, p. 950, Feb. 2024, doi: 10.3390/s24030950.

851 G. M. De Lima Filho, A. Passaro, G. M. Delfino, L. De Santana, and H. Monsuur, , Time-
Critical Maritime UAV Mission Planning Using a Neural Network: An Operational View,” IEEE
Access, vol. 10, pp. 111749-111758, 2022, doi: 10.1109/ACCESS.2022.3215646.

852 T, Karachalios, P. Moschos, and T. Orphanoudakis, ,Maritime Emission Monitoring:
Development and Testing of a UAV-Based Real-Time Wind Sensing Mission Planner Module,”
Sensors, vol. 24, no. 3, p. 950, Feb. 2024, doi: 10.3390/5s24030950.

853 G. M. De Lima Filho, A. Passaro, G. M. Delfino, L. De Santana, and H. Monsuur, ,Time-
Critical Maritime UAV Mission Planning Using a Neural Network: An Operational View,” IEEE
Access, vol. 10, pp. 111749-111758, 2022, doi: 10.1109/ACCESS.2022.3215646.

854 J. Wang, K. Zhou, W. Xing, H. Li, and Z. Yang, ,Applications, Evolutions, and Challenges of
Drones in Maritime Transport,” J Mar Sci Eng, vol. 11, no. 11, p. 2056, Oct. 2023, doi:
10.3390/jmse11112056.

855 M. C. Santos et al., ,,Cooperative Unmanned Aerial and Surface Vehicles for Extended
Coverage in Maritime Environments,” |IEEE Access, vol. 12, pp. 9206-9219, 2024, doi:
10.1109/ACCESS.2024.3353046.

86y, Ma, Y. Zhao, X. Qi, Y. Zheng, and R. Gan, ,Cooperative communication framework
design for the unmanned aerial vehicles-unmanned surface vehicles formation,” Advances in
Mechanical Engineering, vol. 10, no. 5, May 2018, doi: 10.1177/1687814018773668

857 V. E. Hovstein, A. Saegrov, and T. A. Johansen, ,Experiences with coastal and maritime
UAS BLOS operation with phased-array antenna digital payload data link,” in 2014
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comprehensive grasp of these operational nuances fosters enhanced safety
and efficiency while simultaneously capitalizing on the strategic advantages
that UAVs offer in maritime contexts®° 861,

Following the investigation of the operational particulars of UAVs in
maritime contexts and their potential for collaboration with other unmanned
systemes, it is imperative to conduct a more detailed examination of the unique
challenges and opportunities that arise when launching UAVs from mobile sea-
based platforms. The following section will examine the particular complexities
associated with the deployment and recovery of UAVs from ships, offshore
facilities, or other mobile maritime assets. By addressing these challenges and
identifying potential opportunities, valuable insights can be obtained, which
will allow for the optimization of UAV deployment in variable maritime
environments. This will ultimately lead to improvements in the efficiency and
adaptability of UAV operations at sea.

3. Challenges and opportunities in UAV deployment from sea-based
moving platforms

The utilisation of UAVs launched from mobile sea platforms, including
ships, cutters, and small vessels, introduces a distinctive array of challenges and
prospects. The successful autonomous take-off and landing of UAVs on these
platforms is of great importance for a variety of maritime applications,

International Conference on Unmanned Aircraft Systems (ICUAS), IEEE, May 2014, pp. 261—
266. doi: 10.1109/ICUAS.2014.6842264.
88y, Zhang, Q. Tao, and Y. Yin, ,A Lightweight Man-Overboard Detection and Tracking
Model Using Aerial Images for Maritime Search and Rescue,” Remote Sens (Basel), vol. 16,
no. 1, p. 165, Dec. 2023, doi: 10.3390/rs16010165.
859 G. Amaral et al., ,UAV cooperative perception for target detection and tracking in
maritime environment,” in OCEANS 2017 - Aberdeen, IEEE, Jun. 2017, pp. 1-6. doi:
10.1109/0CEANSE.2017.8084827.
860 |, Shen, J. Sun, and D. Yang, ,Research on Path Optimization for Collaborative UAVs and
Mothership Monitoring of Air Pollution from Port Vessels,” Sustainability, vol. 16, no. 12, p.
4948, Jun. 2024, doi: 10.3390/s5u16124948.
861 C. Trasvifia-Moreno, R. Blasco, A. Marco, R. Casas, and A. Trasvifia-Castro, ,,Unmanned
Aerial Vehicle Based Wireless Sensor Network for Marine-Coastal Environment Monitoring,”
Sensors, vol. 17, no. 3, p. 460, Feb. 2017, doi: 10.3390/s17030460.
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including surveillance, search and rescue operations, and environmental
observation. This synthesis examines the technical, operational, and
environmental factors related to UAV operations from moving maritime
platforms, drawing on relevant literature.

Technical considerations for UAV operations from moving platforms

The effective functioning of UAVs on shifting platforms requires the
implementation of sophisticated control systems capable of adjusting to the
changing conditions of the marine environment. Palafox et al. emphasize the
importance of robust visual-aided systems for the autonomous takeoff,
tracking, and landing of UAVs on these mobile platforms®?2. The study
highlights the necessity for unmanned aerial vehicles (UAVs) to be equipped
with sophisticated algorithms that can process visual data in real-time, thus
ensuring stability and precision throughout their operations. Similarly, Zhao
and Anvar investigate the modeling and simulation of vertical take-off and
landing (VTOL) UAVs, which are particularly advantageous in maritime settings
due to their capacity to function in constrained areas and on uneven
surfaces®?,

Furthermore, the design of UAVs must take into account the particular
challenges posed by maritime environments, including wind, waves, and the
movement of the platform. The research conducted by Filho et al. illustrates
the potential of neural networks in facilitating urgent mission planning,
enabling UAVs to adapt their flight routes in response to changing

862 p_R. Palafox, M. Garzén, J. Valente, J. J. Roldan, and A. Barrientos, ,,Robust Visual-Aided
Autonomous Takeoff, Tracking, and Landing of a Small UAV on a Moving Landing Platform
for Life-Long Operation,” Applied Sciences, vol. 9, no. 13, p. 2661, Jun. 2019, doi:
10.3390/app9132661.

83 D, L. Zhao and A. M. Anvar, ,Modelling and Simulation of Maritime UAV-VTOL Robot
Flight Control,” Applied Mechanics and Materials, vol. 152—-154, pp. 1149-1154, Jan. 2012,
doi: 10.4028/www.scientific.net/AMM.152-154.1149.

1040



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

environmental conditions®®?. This flexibility is crucial for guaranteeing effective
operations and safety during takeoff and landing procedures.

Operational strategies for maritime UAV deployment

The deployment of UAVs from moving platforms necessitates the
consideration of the specific missions for which they are designed. For
example, Cho et al. highlight the significance of UAVs in maritime search and
rescue (SAR) operations, where their capacity to rapidly survey expansive areas
can markedly enhance response times®>. The integration of UAVs with USVs
has the potential to enhance coverage and improve operational efficiency, as
observed by Santos et al.8%. The implementation of this teamwork strategy
allows for the effective distribution of tasks, enabling UAVs to focus on aerial
monitoring while USVs assume responsibility for operations on the water's
surface.

Furthermore, the operational context requires the implementation of
efficient communication systems to ensure seamless coordination between
UAVs and their control stations. In their analysis of the deployment factors for
UAV-supported maritime communications, Nomikos and colleagues emphasize
the crucial function of dependable data links in facilitating real-time decision-
making®®”’. This is particularly crucial when UAVs are deployed from mobile

platforms, as maintaining connectivity can prove challenging due to the

864 G. M. De Lima Filho, A. Passaro, G. M. Delfino, L. De Santana, and H. Monsuur, ,Time-
Critical Maritime UAV Mission Planning Using a Neural Network: An Operational View,” IEEE
Access, vol. 10, pp. 111749-111758, 2022, doi: 10.1109/ACCESS.2022.3215646.

865 S.-W. Cho, J.-H. Park, H.-J. Park, and S. Kim, ,Multi-UAV Coverage Path Planning Based on
Hexagonal Grid Decomposition in Maritime Search and Rescue,” Mathematics, vol. 10, no. 1,
p. 83, Dec. 2021, doi: 10.3390/math10010083.

866 M. C. Santos et al., ,,Cooperative Unmanned Aerial and Surface Vehicles for Extended
Coverage in Maritime Environments,” |IEEE Access, vol. 12, pp. 9206-9219, 2024, doi:
10.1109/ACCESS.2024.3353046.

867 N. Nomikos, P. K. Gkonis, P. S. Bithas, and P. Trakadas, ,,A Survey on UAV-Aided Maritime
Communications: Deployment Considerations, Applications, and Future Challenges,” IEEE
Open Journal of the Communications Society, vol. 4, pp. 56-78, 2023, doi:
10.1109/0JCOMS.2022.3225590.
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platform's mobility and the potential for interference from the surrounding
environment.

Environmental challenges and mitigation strategies

The marine environment presents a number of challenges that can
impact UAV operations. These include unfavorable weather conditions,
fluctuations in sea conditions, and the existence of obstacles such as other
ships and structures. The study conducted by Lv et al. on autonomous landing
methods highlights the necessity for the development of reliable landing
systems capable of effectively addressing the aforementioned challenges®,
The implementation of multi-tier markers and advanced control algorithms
enables UAVs to enhance their landing precision, even in the presence of
turbulent conditions®®,

Furthermore, the dynamic nature of maritime activities necessitates the
implementation of safety protocols to mitigate the risks associated with UAV
operations. The research conducted by Akhtar and Saeed examines the
challenges associated with integrating UAVs into maritime communication
networks, which is crucial for ensuring the safety of operations in high-traffic

870 It is of the utmost importance to implement

maritime environments
effective risk management strategies in order to mitigate the potential for
conflict and to guarantee the safety of both UAVs and manned vessels.

Future Directions and Technological Innovations

As drone technology advances, numerous opportunities emerge to

enhance the capabilities of drones deployed from mobile bases. The

868 M. Lv, B. Fan, J. Fang, and J. Wang, ,Autonomous Landing of Quadrotor Unmanned Aerial
Vehicles Based on Multi-Level Marker and Linear Active Disturbance Reject Control,”
Sensors, vol. 24, no. 5, p. 1645, Mar. 2024, doi: 10.3390/s24051645.
869 M. Lv, B. Fan, J. Fang, and J. Wang, ,Autonomous Landing of Quadrotor Unmanned Aerial
Vehicles Based on Multi-Level Marker and Linear Active Disturbance Reject Control,”
Sensors, vol. 24, no. 5, p. 1645, Mar. 2024, doi: 10.3390/s24051645.
870 M. W. Akhtar and N. Saeed, , UAVs-Enabled Maritime Communications: Opportunities
and Challenges,” IEEE Syst Man Cybern Mag, vol. 9, no. 3, pp. 2-8, Jul. 2023, doi:
10.1109/MSMC.2022.3231415.
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incorporation of artificial intelligence (Al) and machine learning (ML) into drone
systems has the potential to significantly enhance their autonomy and
decision-making abilities. To illustrate, the research of Zhang et al. on effective
maritime rescue identification algorithms demonstrates how Al can enhance
target identification and tracking, which is pivotal for SAR operations®’*.

Furthermore, advancements in communication technologies, such as 5G
networks, can facilitate more rapid and reliable data transfer between UAVs
and their control stations, as observed by Rasheed et al.®’2. This will facilitate
prompt oversight and management, thereby enhancing the efficiency of UAV
operations in marine environments.

The creation of hybrid systems that integrate UAVs with USVs and
various other unmanned platforms has the potential to enhance maritime
operations. The research conducted by Nomikos et al. on enhancing
connectivity within maritime communication networks using UAV swarms
illustrates the potential for cooperative operations that leverage the
capabilities of multiple unmanned systems®’3.

The operation of UAVs from moving platforms at sea presents a complex
interplay of technical, operational, and environmental challenges. The effective
deployment of UAVs in maritime settings is contingent upon the availability of
sophisticated control systems, the implementation of efficient operational
tactics, and the reliability of communication networks. As technology advances,
the integration of Al, enhanced communication systems, and collaborative
unmanned platforms will enhance the efficacy and security of UAV operations

871 ), Zhang et al., ,EMR-YOLO: A Study of Efficient Maritime Rescue Identification
Algorithms,” ) Mar Sci Eng, vol. 12, no. 7, p. 1048, Jun. 2024, doi: 10.3390/jmse12071048.
872 | Rasheed, M. Asif, A. lhsan, W. U. Khan, M. Ahmed, and K. M. Rabie, ,LSTM-Based
Distributed Conditional Generative Adversarial Network for Data-Driven 5G-Enabled
Maritime UAV Communications,” IEEE Transactions on Intelligent Transportation Systems,
pp. 1-16, 2022, doi: 10.1109/TITS.2022.3187941.

83 N. Nomikos, A. Giannopoulos, A. Kalafatelis, V. Ozduran, P. Trakadas, and G. K.
Karagiannidis, , Improving Connectivity in 6G Maritime Communication Networks With UAV
Swarms,” |IEEE Access, vol. 12, pp. 18739-18751, 2024, doi: 10.1109/ACCESS.2024.3360133.
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in marine environments. Future research and development should prioritize
addressing the unique challenges posed by the marine environment to fully
realize the potential of UAVs in maritime applications.

In light of the challenges and potential of utilizing UAVs from maritime
moving platforms, it is now appropriate to synthesize the fundamental
conclusions and insights gleaned from this research. The conclusion will
summarize the principal topics addressed, evaluate the implications of these
findings for UAV operations at sea, and propose avenues for future inquiry and
innovation in this domain.

4. Conclusion

The deployment of UAVs from mobile platforms in maritime settings
presents a complex array of challenges and opportunities. This study has
sought to elucidate the technical, operational, and environmental factors
pertinent to the conduct of UAV activities within these dynamic environments.

The findings underscore the necessity of sophisticated control systems,
including visual-aided technologies and neural networks, for ensuring stability
and precision during takeoff and landing on dynamic platforms. The design of
UAVs must address the distinct challenges presented by maritime
environments, including but not limited to wind, waves, and the motion of the
platform. Operational plans should be tailored to align with the specific
requirements of the mission at hand. The integration of UAVs and USVs has the
potential to enhance the coverage and efficiency of maritime SAR operations.

The study underscores the paramount importance of dependable
communication systems to ensure seamless coordination between UAVs and
control stations, particularly in challenging maritime environments. Given the
variability of environmental factors, such as inclement weather and
fluctuations in sea state, it is imperative to develop adaptable landing systems
and safety protocols to mitigate operational risks.

Anticipating the future, numerous suggestions and potential
advancements arise:
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1. The integration of artificial intelligence and machine learning is
intended to enhance the autonomy and decision-making capabilities of UAVs,
particularly with regard to target identification and monitoring in SAR
operations.

2. The advancement of communication technologies, including 5G
networks, is intended to facilitate more reliable and expedient data transfer
between UAVs and their control stations.

3. The development of hybrid systems that integrate UAVs with USVs and
other unmanned platforms with the objective of enhancing the efficiency and
collaboration of maritime operations.

4. Further research is required into the development of adaptive control
algorithms that can more effectively respond to the dynamic characteristics of
maritime environments, thereby enhancing stability and performance during
both flight and landing operations.

5. There is a need to investigate the potential of new materials and
designs for UAVs to withstand the corrosive effects of saltwater and the
challenging environmental conditions typically encountered in maritime
settings.

6. Investigation of the potential of propulsion systems that are energy-
efficient and explore techniques for power management. The aim is to enhance
the operational range and endurance of UAVs during maritime missions.

7. The establishment of consistent protocols and regulations for UAV
operations in marine environments is essential to ensure the safety and
interoperability of various platforms and jurisdictions.

In conclusion, despite the existing challenges, the ongoing progress of
UAV technology, along with enhanced integration methods and operational
procedures, presents a substantial opportunity for the enhancement of
maritime operations across a spectrum of applications, including
environmental monitoring and search and rescue activities.
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Bb3CTAHOBABAHE HA TPEBHU BUHTOBE U3PABOTEHU OT
NI-AL BPOH3

KanuH /llouKkaHoB
BBMY ,H.N.Banuapos”, BapHa
e-mail: k.lyutskanov@nvna.eu, gsm: 0878 82 93 88

AHomayusa: B Ooknada ca pasenedaHu  pasAuYHU — B8b3MOXHOCMU 30
8b3cmaHosAsaHe gopmama, pasmepume u pabomocrnocobHocma Ha KopabHume 2pebHu
B8UHMOBE, KOUMO 8 MPOYeca Ha C8O0AMA eKCrna0amayusa nosay4yasam pasauvyHu eudose
depekmu u HeusrnpasHocmu. Bcuuyku me mpabsa 0a 6v0am omcmpaHeHu, 3a 0a MoXe
2pebHuA 8UHM 04 U3Mb/HABA C8OeMO NMpPedHA3HAaYeHue ¢ u34yucaeHus 3a Hezo KM/A.

Knarovosu dymu: sb3cmaHosseaHe, kopabopemom, 2pebHuU 8uHMo8e, Kopab, 6PoH3

RECONDITIONING OF PROPELLERS MADE OF NI-AL BRONZE

Kalin Lyutskanov
Nikola Vaptsarov Naval Academy, Varna
e-mail: k.lyutskanov@nvna.eu, mobile: 0878 82 93 88

Abstract: The report examines various options for restoring the shape, size and
performance of ship's propellers, which in the process of their operation receive various types
of defects and malfunctions. All of these must be removed in order for the propeller to
perform its intended purpose with calculations for its efficiency,

Key words: reconditioning, ship repair, ship propeller, ship, bronze

1. BbBegeHue.
3a BceKkn BUA Kopab, rpebHUA BUHT € NPOeKTMpPaH TakKa, Ye 4a OCUrypu
MakcumaneH KN, oa He npegms3BMKBa WyMOBe M BUBpaunmn. N360pbT Ha BUHT
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e pelwasal ¢akTop 3a Aa 6bAAT NOCTUrHATM ropecnomeHaTmTe. 3a BCeKU Kopab

ce n3paboTBa YHUKAEH ABUXKUTEN, KOMTO € CbobpaseH ¢ ABuraTensa, KOUTO We

Cceé MU3MoJsi3Ba, Kakto 1 C Kopnyca Ha Kopa6a.

FeomeTpunyHaTta popma Ha IoNaTKUTE Ha rPeBHUA BUHT CbLL,O € MHOTO

BaKeH GaKTop 3a MOCTUraHe Ha enaHute paboTHK ycnosuas’s,

- - » S
. * %) =%
a) 0) 8)
< - -— \ &
1:1 - - /{(

A '
2) 0) e)

dur. 1. Popmu Ha rpebHM BUHTOBe 3a
pasnnyHM BUA0BE Kopabu

Ha

AedeKTaunmoHHa KapTa Ha rpebeH BUMHT,
C TOYHO Noco4YeHn aedeKTUpanan mecrta.

OoTpA3aHMN YaCTU OT 1I0NATKATAa. B —

NYKHAaTUHU

ra3osu Wwynnau
KOPO3NOHHUW pa3axKaaHUA
OT4YNEeHUM 4YacCT

KaBUTaLUMNOHHU KaBEPHU

Hal-yecto cpewaHnte dopmn B
pa3nYyHUTE  TUNOBE Kopabu  ca
npeactaBeHun Ha ¢ur.1.

B npoueca Ha ekcnnoatauua,
rpebHuTEe BUHTOBe GMBAT noasaraHu Ha
Pa3/IMYHM HATOBAPBAHUA W PA3IUYHMU
BAMAHME HAa MOpPCKaTa cpena, nopaau
KoeTo Te noJjyY4aBaT M peauua
HEU3MPaABHOCTU U AedEKTU B TEYEHUE Ha
pepemeTo®’>#’® Takusa pedekTu ca:

cuykatenwa
0 Crpaxa
suction sice

dur. 2 e npeactaBeHa = \E = #

dur. 2. JedeKTauMoHHA KapTa Ha
rpebeH BUHT

874 KEES K., Diesel Engines Ill, ISBN/EAN 978-90-79104-05-5

875 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243
876 SHERRINGTON |, SMITH EH. Parameters for characterizing the surface topography of

engineering components. Trans | Mech E; 1987
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2. U3noxKeHue

OnepaumMm no BbB3CTAHOBABAHETO Ha pasmepute WM opmata Ha
NlonaTKuTe Ha rpebHUTe BUHTOBE M3paboTeHn OT anymmnHueBn BpPoH3M

I. Onepauum no Bb3ctaHOoBABaHe ¢opmaTa U pasmepuTe Ha IonaTKUTe.

1. WM3npaBAHe u4pe3 HarpABaHe W KOBAHE OrbHaTUTE Yy4yacTbuM MO
nepudepunATa Ha oNaTKuUTe.

MN3nons3Ba ce aumMTUAEHOBA ropesnKka M Yyk ¢ Terno ot 5 kg ¢ onpaska. 3a
no-ronemm gedopmaumm — HarpaBaHe M Bb3CTaHOBAABAHE MOCPEACTBOM
XnAapasanyHa npeca.

2. 3aBapABaHe M HanaacTABaHe AePeKTHUTE y4acTbUM

N3BbpLluBa ce cned npeasapuTenHa NoAroToBKa Ha N0MNATKUTE

2.1. MexaHMYHO nOYUCTBaHE Ha MeCTaTa, KbAEeTO Ca HapyLlleHwU
KOHTypuUTe Ha fionycuTe.

2.2. MexaHM4YHO NMoYMCcTBaHe A0 MeTasieH BNACBK nonyca OT ABeTe My
CTPaHMW.

2.3. LiBeTHa gedekTocKkonuma - no yanata nepmdepma Ha sionatkaTa c uen
OTKpMBaHE HAa MUKPOMYKHATUHU ¢ur.3.

2.4. MexaHMYHa NoAroToBKa Ha pbboBeTe Ha NyKHAaTUHUTE. M3BbpLUBa ce

CbrnaCHoO TeXHO0TnA.

4
A

15702 /204808754 AM

6)

®wur. 3 LiBeTHa aedeKTOCKONUA Ha JIoNaTKa Ha rpebeH BUHT
a — NpM cBaJieH OT MACTO rpebeH BUHT, 6 — npu rpebeH BUHT B paboTHO
NonoKeHue
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2.5. 3aBapaBaHe nyKkHaTuHUTe (pur. 4)

M3BbpLUBa Ce N0/lYyaBTOMATUYHO B 3aLMTHA CPeaa aproH U MeTaseH
enektpon @ = 1.0 mm Ha 1.2 mm.

3a pagmanHu NyKHaTUHKU, aKo NPEMMUHABAT MO LAMOTO CeYeHMe Ha nonyca
ce orpaHuyaBar c otBop @ = 12 mm B KpasA Ha NyKHaTUHaTa.

MpuxBalLa ce 4ONbAHUTENHA BPOH30Ba N1IAHKA KbM 10NYCA, HA KOATO ce
3aBbpLUBAT 3aBapPbYHM LLIEBOBE.

dur-4 3aBapasaHe/HaBapABaHe Ha AoNaTKa Ha rpebeH BUHT

2.6. Bb3cTaHOBABAHE AMNCBALWMTE Yy4yacTbUM NO nepudepmAtTa Ha
nonycwure.

N3BbpLluBa ce Ype3 HaniacTABaHe UM 3aBapABaHe Ha OTAATO Napye Kbm
nonaTkaTta. [Mon3sa ce N0/NyaBTOMaTMYHO 3aBapABaHe B cpesa OT aproH.

MN3BbpwBa ce Bbpxy gebena noanfoXKKa OT CnNaaB Ha OCHOBATAa Ha

me A877,878

877 MECHKAROVA, T., VALCHEV N., MINCHEVA D., Wear resistance of surface layered
aluminum bronze on steel 40X International Journal ,NDT Days”, Volume VII, Issue 1, Year
2024, ISSN: 2603-4018; e-ISSN: 2603-4646, pp.19-24

878 MECHKAROVA, T., VALCHEV N., MINCHEVA D., Choice of optimal technology for surface
layering of aluminum bronze on steel 40x through mig welding when obtaining bimetals
International Journal ,,NDT Days”, Volume VI, Issue 3, Year 2024, ISSN: 2603-4018; e-ISSN:
2603-4646, pp.125-131
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2.7. HaBapABaHe KaBUTAUMOHHW A3BM, HUCKMUTE MeCTa MO J10MycuTe,
nobuToCTUTE - U3NON3BA CE CbLUMA METO/, KAaKTO M NPU HAaNNaCTABAHETO.

3. TexHONOrMA Ha 3aBapABAHETO

3.1. NpepBaputenHo nogrpAsaHe nonycmTe B MectaTa Ha 3aBapABaHe A0
T° =200 + 250° C. U3BbpLUBa Ce C ra30Ba ropesika M HOpMaieH NaamMbK.

3.2. Mon3Ba ce NOCTOAHEH TOK M 06paTHa NONAPHOCT (+ Ha eneKkTpoaa)

3.3. MNopaBaHeTo Ha TenTa NOYaBTOMATUYHO B 3alLMTHA cpea OT aproH
(meTon, MUT)

3.4. Cuna Ha 3aBapbYHMA TOK lsas = 120+ 200 A3a @ = 1.6 mm

lsas =110+ 160A3a @ =1.2 mm

lsas=90+140A3a @ =1.0mm

3.5. Pa3xoA Ha aproH 9 + 12 I/min

3.6. 3awmTHa Aro3a @ 16 + 18 mm

3.7. lobaBbyYHM MaTepmanm BbB BMUA Ha npoBonka @ =1.0 mm; @ =1.2
mm;@=14mm:P=1.6mm

3.8. Mapka Ha gobaBbYyHMUTE MaTepuanm

CuAl10Fe5Ni5-C noa dopmaTa Ha 3aBapbyHa Ten >

3abenexcka: TemnepaTtypaTa Ha 1I0MNyca NO BPEME Ha 3aBapPSABAHETO He
6uBa aa npesuwasa 500° C

®ur-5 3aBapbueH LWeB Mo Kpas Ha ionaTaKkaTta Ha rpebeH BUHT
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Il. KOHTpOn KauyecTtBOTO HA 3aBapb4yHUTE LUEBOBE W HaNIacTeHuTe
yyacrbLMm.

MN3BbpLuBa Ce OT OTOPU3NPAH NpeacTaBUTe, KaTo NpoBepKaTa Tpsabea aa
BK/1HOYBaA:

- BbHLeEH ornes,

- UBeTHa gedeKTocKkonms

- YNTpa3BYKOBa AedEeKTOCKONMA — 3a NPOBEPKA HAa BbTPELIHM WYNAN U
NYKHaTUHU — dur 6.

®dur. 6. YNTpasByK Ha BUHT ®ur. 7. MexaHnyHa 06paboTKa Ha BUHT

Il. CnepBawm 06paboTKM NO ONATKUTE HA BUHTA

1. MexaHW4Ha 06paboTKa Ha HanaacTeHUTE y4acTbLM A0
Bb3CTaHOBABAHE HA reoMeTpuYHUTE GpopmMa 1 pasmepu — U3BBPLLBA CE PbUYHO
nnm asTomatnyHo® 288 — pur 7.

2. banaHcupaHe Ha rpebHUA BUHT

879 TOWNSIM RL, SPENCER DS, MOSAAD M, PATIENCE G. Rough propeller penalties. Trans
SNAME; 1985.

880 TOWNSIM RL, BYRNE D, SVENSEN TE, MILNE A. Estimating the technical and economic
penalties of hull and propeller roughness. Trans SNAME; 1981.
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Ha (I)VII'. 8 ca npegcraeHn onepaunmm no peMOHTHO-Bb3CTAHOBUTE/THU
pa6OTVI NOo CMYyKaTeJ/IHaTa U HarHetTate/iIHata CTpaHa Ha BUHTA

M3nonsBaHa nutepartypa

1. KEES K., Diesel Engines Ill, ISBN/EAN 978-90-79104-05-5

2. CARLTON J. Marine Propellers and Propulsion 3™ edition, ISBN:
9780081013243

3. SHERRINGTON |, SMITH EH. Parameters for characterizing the surface
topography of engineering components. Trans | Mech E; 1987

4. MECHKAROVA, T., VALCHEV N., MINCHEVA D., Wear resistance of
surface layered aluminum bronze on steel 40X International Journal ,NDT
Days”, Volume VII, Issue 1, Year 2024, ISSN: 2603-4018; e-ISSN: 2603-4646,
pp.19-24

5. MECHKAROVA, T., VALCHEV N., MINCHEVA D., Choice of optimal
technology for surface layering of aluminum bronze on steel 40x through mig
welding when obtaining bimetals International Journal ,,NDT Days”, Volume VII,

®ur. 8. TexHONOrMUYHM OnepaLuymm No PEMOHTHO-
Bb3CTaHOBUTE/IHU paboTU NO CMyKaTe/NIHaTa M HarHeTaTe/IHaTa
CTPaHa Ha BMHTA
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Issue 3, Year 2024, ISSN: 2603-4018; e-ISSN: 2603-4646, pp.125-131

6. TOWNSIM RL, SPENCER DS, MOSAAD M, PATIENCE G. Rough propeller
penalties. Trans SNAME; 1985.

7. TOWNSIM RL, BYRNE D, SVENSEN TE, MILNE A. Estimating the
technical and economic penalties of hull and propeller roughness. Trans
SNAME; 1981.
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CbBPEMEHHU MATEPUATN U3MNOJ1I3BAHU MNPU
U3PABOTBAHETO HA KOPABHU TPEBHU BUHTOBE

KanuH /llouKkaHoB
BBMY ,H.N.Banuapos”, BapHa
e-mail: k.lyutskanov@nvna.eu, ten: 0878 82 93 88

AHOomayus: B 0oknada ca paszenedaHu U aHAAU3UPAHU CbB8peMeHuUme mamepuanu
u3nosseaHu npu uzpabomeaHemo Ha KopabHume 2pebHU suHMoese. pebHUMe suHmMose ce
uspabomeam om mamepuanu, Koumo mpsabea 0a omeosapsm Mo CB0S CbCMas U
MeXaHu4Yecku ceolicmea HA U3UCKBAHUAMA HO CbOMBemHamMd KAacUughuKayuoHHa
opaaHu3ayus, nod Yyuemo HabawdeHue ce u3pabomsa sUuHMbBM.

Knrovosu dymu: 2pebeH suHmM, mamepuasu, MecuHe, 6poH3,

MODERN MATERIALS FOR MANUFACTURING OF SHIP’S
PROPILERS

Kalin. Lyutskanov
Nikola Vaptsarov Naval Academy,Varna
e-mail: k.lyutskanov@nvna.eu, mobile: +359 878829388

Abstract: The report examines and analyzes the modern materials used in the
manufacture of ship's propellers. Propellers are made from materials that meet the chemical
composition and mechanical properties requirements of the relevant classification society
under whose supervision the propeller is manufactured.

Keywords: propeller, high-strength brass, bronze, materials,
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BbBegeHue:

MaTepuanute, oT KOUTO AHec ce u3paboTeaT rpebHUTe BUHTOBE, MoraT
fa 6bAaT NPUYMCNEHM KbM rpynaTta Ha 6poH3a MAK rpynaTa Ha HepbXKaaemute
CTOMaHK. HAaKkora nonynapHUA maTepuan YyryH cera noYTM Hamb/AHO € U34ye3Harn
OT rpynaTa 3a NPOM3BO/CTBO Ha CbBPEMEHHM rpebHM BUHTOBE, KaTo J0pU He ce
M3NON3Ba M 33 HanpasaTa Ha pPe3epBHM TakMBa. TO3M maTepuasn, € OTCTbMUA
MACTOTO CU Ha MaTepuany € No-406PMN MEXaHNYHWN U KaBUTALMOHHO-YCTONYMBM
CBOMCTBA, KAKTO M Ha KOPO30YCTOMUYMBM TaKmBa 581882,

Ha d¢wurypa 1 ca npeacrtaBeHU maTepuanute M3MN0/J3BaHU  3a

M3pa6OTBaHeTO Ha I'pE6HVI BUHTOBE.

Marepuanu U3NON3BaHKU 33 NPOM3BOACTEO Ha
rpebHu BUHTOBE

|
Hepbxaaemmn CTOMaHm
Bucokonak Mn-Al Ni-Al AyCTEHUTHA MapreHusTHa [lynnekcosa
MECUHr GpoHs 6pons cToMaHa cTomaHa CTOMaHa
Apymm
matepuanu
YyryH Cromana ANyMUHWIA 1 Nonumepn
BYPNAYMUHWUA
YyryH - Cus YyryH
ayCTeHuTeH
YyryH cbe

chepounpanet rpadpur

®dur.1 Ma‘repuanu n3noa3B8aHU 3a HanpaeaTa Ha rpe6|-m BUHTOBE

881 KEES K., Diesel Engines IIl, ISBN/EAN 978-90-79104-05-5
882 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243
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MonynApHOCTTa Ha ABaTa OCHOBM MaTepuana ce e NpomeHuna npes
roguHuTe, Kato npes 60-Te roagnHM M3NON3BAHETO HA MECUHI C BUCOKA AKOCT e
npeactasnasano 64 % ot ulpabotkata Ha BCUYKM rpebHn BuHTOBE, 12 % -
MarHe3mmn-anyMmmHmneB 6poHs, 19 % - HMKen-anymmHues HPOH3.

Kbm cpegata Ha 80-Te HUKen-anymuHmesma OPOH3 MMa NbJHO
Hagmowme, KaTo npeacrasnsasa 82 % oT BCUYKM cepTudmumpaHn ot Lloyd's
Register rpebHM BUHTOBE.

Tasn TeHAeHUMA ce 3anassea U A0 aHec. MeCUHIbT ¢ BUCOKA AKOCT, YecTo
NPUYNCNABAaH KbM MarHesmeBeute BpPOH3M AHeC ce M3nos3Ba OKoso 7 %, a
MaHraHoOBO-alyM1HMEeBUA 6poH3 — 8 % 583,

HepbXaaemmnte CTOMaHM CTaBaT NonyaAapHuW B nepuoga — 60-te -70-Te
roAvHW, HO MOCTENEHHO OTCTLMNBAT HAaMbAHO MACTOTO CM Ha MaTepuannTe Ha
OCHOBaTa Ha Mepg. [lHec rpebHUTe BWHTOBE OT HepbKAAema CTOMaHa
npeacTasnaBaTt okosio 3 % OT Npon3BOACTBOTO HA BUHTOBE B CBETOBEH MaLlab,
KaTo ce U3non3BaT 3a U3paboTKa Ha TaKa HapedeHua ICE CLASS PROPELLERS.

U3noxxeHue:

1. OCHOBHM CBOMCTBA HA LBETHUTE CN/aBM, KaTO MaTepman M3Non3BaH 3a
NPOW3BOACTBO Ha rpebHM BUHTOBE

Mearta, KOATO  npuTe)kasa
CTEHHOUEHTpUpaHa KybuyHa pelwleTKa

(dur.2.), ce xapakTepusmpa C LEHHMU

TEXHUYECKHN CBOﬁCTBa, BNCOKa

E€NEeKTPOo- “n TONA0ONPOBOANMOCT,

®ur. 2. KpuctanHa peweTtka Ha meg, Aobpa NnacTMYHOCT M A0CTaTb4Ha

a) — CTEHHO-LLeHTpUpaHa KybuuHa AKOCT. TemnepaTtypaTa Ha ToneHe e
peweTtKa — meg;

1083 °C, nabTHOCT — 8,94 g/cm?, akocT
6) — nogpeaba Ha aTomuTte

Ha onbH Rm = 200 =+ 250 MPa,
OoTHOCcuTenHo yavaxeHune A = 60 %.

883 SHERRINGTON |, SMITH EH. Parameters for characterizing the surface topography of
engineering components. Trans | Mech E; 1987
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MpumecuTe OKa3BaT 3HAYM-TE/NIHO BAMAHME HA CBOMCTBATA Ha MeaTa M
Hal-BeYe Ha eNeKTPonpoBOAMMOCTTa M. M0 HauyMHA Ha B3aMMoAEeNCTBME C
MmenTa ce pa3aenaT Ha TpU rpynu:

- npumecwu, obpasysalim ¢ meaTa TBbpam pastesopu: Ni, Zn, Al, Sb, Fe, P
n opyru.

- npumecn Pb, Bi n apyru, npakTMyeckM Hepas3TBOPUMM BbB MeAT],
obpa3yBalM NEeCHOTONMMMK EBTEKTUKWU, KOUTO Ce OTAEeNAT MO rpaHuMuuTe Ha
3bpHaTa U 3aTpyAHABAT 06paboTBaHETO M Ypes NaacTnYHa gedbopmaums

- npumecn Oz wmn S, obpasyBawm C meaTa KPExXKU XUMUYECKU
cbeanHenma Cup0O, Cu,S, BAM3aWM B CbCTaBa Ha eBTeKTMKaTa. Capara
nogobpnasa obpaboTBaemocTTa Ha MeaTa 4pe3 psA3aHe, a KUCAoOPOAbT
npeau3BuKBea ,,BogopoaHa 6onect”. MNpu HarpaBaHe HA meATa BbB BOAOPOAHA
cpena, ako Mma BkoYBaHKUA ot Cu20, npoTHya peakuuaTa:

Cu,0+H, —»2Cu+H.,0,

T.e. obpasyBaTt ce BOAHM Napu W ce yBenunyaBa obema. B otaenHu
y4acTbUM Bb3HMKBA BUCOKO HanAraHe, KOeTo npeau3BMKBA MNoABa Ha
MMUKPOMYKHAaTUHM 1 pa3pyluaBaHe Ha geTannute 884885,

Meata pobpe ce cbnpoTMBAABA Ccpely Kopo3va B OOWKHOBEHHMU
aTMochepHM yCcnoBuA, B NPACHA U MOPCKa BOAa W APYrM arpecuBHU cpean, HO
MMa Hepobpa yCTOMYMBOCT B CEPHUCTM rasoBe M aMoOHAK. Mearta necHo ce
obpaboTBa Ype3 nnactMyHa gepopmauma, HO TPYAHO Ype3 pA3aHe, TPYLHO ce
3aBapsBa, HO 1eCHO Ce 3anosBa.

[l1Be OCHOBHM rpynu Ha OCHOBATa Ha MeJ, Ce Pa3/InyaBaT UK TaKa
HapeyYeHUTe MeaHU CNaaBu.

- MecuHr1 — ToBa e cnnaB Ha Mea U UMHK

- bpoH3u —cnnaB Ha mep, ¢ Kanal U Apyrm enemeHTH (B ToBa YMCNO, HO

CaMo B KOMBMHALMA C APYIY eNeMEHTU MOXKe Aa nonajiHe 1 UMHKa)

884 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243
885 TOWNSIM RL, SPENCER DS, MOSAAD M, PATIENCE G. Rough propeller penalties. Trans
SNAME; 1985.
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CneupanHute GPOH30BM M MECUMHIOBM CMJIaBWU CbAbPXKAT B cebe cu
meTanu, gobaBKkaTa Ha KOUTO JOPU B MAJIKU KOIMYECTBA, CbLLLECTBEHO U3MEHAT
CBOMCTBATA M CTPOEXKA Ha cnaasuTe.

- Anymunuii (Al) — nogobpaBa KOPO3IMOHHUTE CBOMCTBA MO OTHOLIEHWE
Ha obliaTa KOpo3uA, Tbih KaTo obpasysaliaTa Ce HAa MOBBLPXHOCTTA OKWUCHA
M/Iaka aKTMBHO 3alUMTaBa MeTasia OT NO-HATaTbLIHO OKMCAABaHe.CbLOo Taka
noBMLWaBa TBbPAOCTTA M AKOCTTA.

- Hwuken (Ni) — B cbBpemeHHOTO NMPOU3BOACTBO Ha rpebHU BUHTOBE,
Ba*KHa poO/A Urpae CnnaBTTa Ha Mepd C HUKen. HUKenbT, KakTo U meaTa Mma
CTEHHOLLeHTPUpaHa KybnyHa pelueTKka, KaTo MMa CXO4HWM aTOMHU pasmepu u

XMMWYHM CBOWMCTBA. Te3n [ABa enemeHTa o06pas3yBaT TBbpg Pa3TBOP Npu
CbeAMHABAHETO UM.

1400 | 1100
|
: 1000
|
—~—
gll.?()l) : S 900
8 |
§ I ; 800
$ 1000 - I g
= | S 700
3 [ 5y
& o , N
| 3 600
800 — | &~
: 500
|
600 1 1 1 1 ! 400
0 20 40 60 80 100
Ni [%] 300
®ur. 3. [1BYKOMNOHEHTEH ¢ I H 8y M
TBbPA Pa3TBOpP HA mea U ®dur.4. Anarpama Ha
Huken (Cu-Ni) cbcroAHueTo (Cu-Zn)

Mony4yeHMAT maTepuan e Xunas, NNACTUYEH, CPABHUTE/IHO AK U MMA
n06pa KOpo30yCTOMUYMBOCT.

Ha ¢ur 3. e nokasaH ABYKOMMNOHEHTEH pa3TBop Ha mea u HuKen (Cu-Ni).

- MaHraH (Mn) — oOKa3Ba MOJIOXKUTENHO Bb3AENCTBME Ha
aNymuHmesuTe BPOH3M, NOBULIABA KOPO3MOHHATA MM yCcTOMYMBOCT. [lobaBaHe

Ha MaHlraH KbM MeCUHIra NoBuUlWaBa npeaena Ha AKOCT U eNaCTU4HOCTTa, 6es Aa
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CHMXXABa NNACTUYHOCTTA, HO C YBE/IMYaBaHe HA MaHraHa Hag 4% ce Habntopasa
NOHM}XaBaHE Ha OTHOCUTENIHOTO YA b/IIKEHUE U yAAPHATA XKUTABOCT.

- Xenazo (Fe) — BaMAe NONOKUTENHO HA CTPYKTypaTa Ha CchniaBuTe,
cnocobcTBa 3a obpasyBaHeTO Ha ApebHo3bpHecTa CTPYKTYpa
(npebHO3bpHECTaTa CTPYKTYpa noaobpasa mexaHUYHUTe CBOMCTBa) 886:887.888

1.1. BUCOKOAK MeCUHT — 13Mnon3Ba ce 3a M3paboTKka Ha rpebHU BUHTOBE
(dunr.4). XMMMUYHMAT CbCTaB Ha TO3M MECUHT BK/HOYBa:

Megp (Cu) — 52 + 62%, UuHK (Zn) — 35 + 40%, HKensaso (Fe) — 0,5 + 2,5%,
Anymununin (Al) — 0,5 + 3,5%, ManraH (Mn) — 0,5 + 4%, Huken (Ni) — max 1%,
Kanan (Sn)—-0,1 + 0,5%

MpPaKTUYECKO MPUNOKEHME MMAT MECUHIU CbC CbAbPXKaHUE HA UMHK 40
45%. Mpun cbabpKaHMe Ha UMHK 00 39%, MECUHIBT MMa eaHOda3HaA CTPYKTYpa
— a-mecuHr; ot 39 — 43 % cnnaBTa ce cbCToM OT o+ Kpuctanm u Hag 50% Zn —y
TBbPA, Pa3TBOP, KOMTO € KpexbK. MaKcumanHa NnnacTMYHOCT NpUTEXKaBa MECUHT

CbC CbabprKaHne 32% UMHK, @ MaKCMMaAsHA

Rm, /4,

MPa %  AKOCT — 45% uuHK. MecuHrute c egHodasHa a-
CTPyKTypa ce obpabotBaT pobpe upes

800 . 80

nAacTMyYHo gedopmupaHe B CTYAEHO M ropeLlo

8892

600 60 CbCTOAHUE

1
|
|
|
|
|
|
: MecuHrute, Kouto wMMmaT ABydasHa

\(a-.

400 = 40
\ CcTpyKkTypa (0+B) npuTexkaBaT noBuULIEHa

Rm \
) : ,0 TBbpAocT, nobpe ce obpabotBaT B ropeuo
|\ CbCTOSIHME, HO B CTYAEHO NpUTEe-*KaBaT HUCKA

]

—
0 20 40 60 Zn% cteneH Ha NNnactn-4yHOCT.

dwur. 5. BamaHue Ha UMHKa MoBUWEHU TEXHONOIMMYHMN, MEXAHUYHU

BbPXY Me€XaHU4HUTe CBOUCTBA  (gojcTBa " KOPO30yCTOMYMBOCT  MMaT
Ha MeCUHra

886 KEES K., Diesel Engines IIl, ISBN/EAN 978-90-79104-05-5

887 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243

888 TOWNSIM RL, BYRNE D, SVENSEN TE, MILNE A. Estimating the technical and economic
penalties of hull and propeller roughness. Trans SNAME; 1981.

889 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243
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MECUHIUTE, B KOUTO OCBEH Mej, W LMHK NonagaT e/IeMeHTU KaTo HUKen,
aNYMUHUN, MaHFaH 1 apyru.

ObnekyaBaHe HA HaNpeXeHWeTo NpPu BUHTOBE M3PabOTEHW OT MECUHT
MOXe Aa Ce MNOCTUTHe 4Ype3 HarpaABaHe Ha maTepuana npu TemnepaTypu B
AnanasoHa ot 350 + 550° C, OcTaTbyHUTE Hanpe)keHua morat aa bbaar
HaMa/JIeHW 4Ype3 NOKa/IHO HarpsaBaHe Ha MOBBPXHOCTTA Ha rPebHMs BUHT M
KoraTo e Heo6xo04MMO TOBA 3a4b/IKUTENHO TPAGBA A3 Ce U3BbPLLMK

MecuHIrbT e neceH 3a 06paboTKa maTtepman M MoXe ga ce orbBa Unu
paboTn npu Bcska Temnepatypa. Korato ce Harpasa Hag 600° C, Toi e gocTa
MEK WM NNACTUYEH, KOETO YJ/IeCHSABA BCUYKM PEMOHTM Ha M3MNpPaBAHE, KOUTO
MOXe Aa ca Heobxoanmpndo0891892

1.2. AhymunHmnes 6poHs

Mpu n3pabotsBaHeTo Ha rpebHM BUHTOBE Ce M3MNO/3BAT TaKa HapeyHuA
Knac anymmHueBun OpPOH3U. ANYMUHMEBMAT OPOH3 NpUTENKABA MNO-BUCOKM
AKOCTHM CBOMCTBA M KOPO3MOHHA YCTOMYMBOCT B aTMOCPEPHM YCNOBUA, MOPCKA
cpefa v A0PU HAKOM OPraHUYHU KUCENUHM.

AnymuHunesn 6poH3M n3non3eaHu 3a n3paboTka Ha BUHTOBE MOraT ga ce
pa3fenart Ha Tpu BMAaA:

- Huken-anymuHues 6poHs (Ni-Al)

- MaHraH-anymumHues 6poH3 (Mn-Al)

- Huken-maHraHos 6poH3 (Ni-Mn)

Mo-ronAMo NpPOLLEHTHO pPa3nNpPOCTPaHeHWe Ha BMHTOBe M3paboTeHn oOT
aNyMMHMEBM BPOH3M Ce Nafa Ha NbpBUTE ABa BUAA: HUKEN-aAyMUHMEB BPOH3
N MaHraH-anyMUHMeEB BPOH3.

MocnegHata OT TpUTe CNaBM MMA MO-HUCKM MEXAHMYHM CBOMCTBA OT

nbpsute ased%,

890 KEES K., Diesel Engines IIl, ISBN/EAN 978-90-79104-05-5

891 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243

892 TOWNSIM RL, BYRNE D, SVENSEN TE, MILNE A. Estimating the technical and economic
penalties of hull and propeller roughness. Trans SNAME; 1981.

893 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243
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1.3. Huken-anymuuues 6poHs (Ni-Al)

Hali-M3non3BaHUAT OT TPUTE BUAA anyMUHUEB BPOH3. XMUMUYHUAT CbCTaB
Ha TO3M 6POH3 M3N0N3BaH 3a M3pPaboTKa Ha rPebHN BUHTOBE BK/IIOYBA:

Mep (Cu) — 77 + 82%, UuHK (Zn) — max 1%, Hensaso (Fe) — 2 + 6%,
Anymunnin (Al) — 7 + 11%, ManraH (Mn) - 0,5 + 4%, Huken (Ni) — 3+6%, Kanai
(Sn) —max 0,1%.

e =

MUKpOCTPYKTypaTa Ha HUKen-

Ha MeCWMHra c BMCOKa sKocT. CbCcToM ce OT
MaTpuMua Ha a-pasata, B KOATO ca
pasnpeaeneHyn Manku chepruykn u NNACTUHKK C
TBbPAA CbCTaBKa, KOATO yecTo ce 0603Ha4aBa

®dur. 6. MUKPOCTPYKTYpa Ha
Ni-Al 6poH3 c yBennuyeHue
x200 c ysennyeHwue 200.

Kato k-pasa. Ha ¢ur.6 e nokasaHa TMNMYHA
HUKen-aalymmHmeBa HPoH30Ba MUKPOCTPYKTYpa

Mpn HopmanHa TemnepaTtypa chnjiaBTa €

*KMaBa M NNACTMYHA, HO C NOBMLWABaHe Ha TemnepatypaTa 4o 400 °C 1A ryoum
TE3N CBOWMCTBA, @ HEMHOTO yAb/XKEHWe CTaBa /4 OT TOBAa MNPW HOPMAJHA
TemnepaTypa. Bb3mMOXKHO e nnacTMYHOCTTa Aa ce Bb3CTaHOBM, HO Npu no-
BMCOKM TEMMEpPATYpu, KaTo OrbHAaTUTE N0MATKM Ha BUHTA MOraT Aa ce U3NpasAT
npun Temnepatypu Hag 700 °C. OcBeH TOBa, npu Temnepatypun Hag 800 °C
HWUKeN-aNYyMUHMEBUAT BPOH3 CTaBa 40CTA KOBBLK M NAaCTUYEH, KOETO NO3BO/ABA
M3BBPLUBAHETO HA PEMOHTM C OTHOCUTENHA NneKkoTad%,

1.4. MaHraH-anymumuHues 6poHs (Mn-Al)

XVUMUYHUAT CbCTaB Ha TO3M BPOH3 M3NoA3BaH 3a M3paboTKa Ha rpPebHwU
BMHTOBE BK/IHOYBA:

Meg (Cu) — 70 + 80%, UuHK (Zn) — max 6%, Kenaso (Fe) — 2 + 5%,
AnymuHunin (Al) — 6,5 + 9%, MaHran (Mn) — 8 + 20%, Huken (Ni) — 1,5 +3%,
Kanait (Sn) — max 1%.

894 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243
1065



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

BCMUKM MaHraH-alyMMHMEBU CMAaBM MMAT CXOOAHU MUKPOCTPYKTYpPU WM
CNefoBaTeNIHO AOHAKbAE CXOAHW XapaKTepucTMku. CTpyKTypute WM ca
nogobHM Ha Te3n Ha MECUMHIMTe C BMCOKa SIKOCT, KaTo npu Mn-Al 6poH3m
CTPYKTypaTa MMa TeHAeHUMA Aa 6bae no-puHa.

3a obsieKyaBaHe Ha HanpeXXeHuATa Npu BMHTOBE M3paboTeHWM OT TO3M
BU/, BPOH3 Cce NpunaraT CbLUTE U3NUCKBAHMSA, KAKTO NMPU MecuHradd>s8%,

1.5. Huken-maHraHoB 6poH3 (Ni-Mn)

To3n 6poH3 M3non3BaH 3a M3paboTKa Ha rpebHM BMHTOBE NpuUTEXKaBa
CNeAHUA XMMUYEH CbCTaB:

Mepa (Cu) — 50 + 57%, UuHK (Zn) — 33 + 38%, *Kenaso (Fe) — 0,5 + 2%,
Anymununin (Al) — 0,5 + 2%, ManraH (Mn) — 1 + 4%, Huken (Ni) — 3 + 4%, Kanai
(Sn) —max 0,1%

Hali-manko n3non3BaHWAT BUA, anyMUHMEB BPOH3 Mmopagy no-sowuTe
MeXaHW4YHWN CBOMCTBA.

2. pyr1 matepranu n3non3BaHu 3a 3paboTka Ha rpebHM BUHTOBE

2.1. HepbXaaemm CTOMaHu

Kbm AHelwHa pata, HepbXKAaemuTe CTOMAHM KOMTO ce M3MNon3BaT 3a
HanpaBaTa Ha rpebHK BUHTOBE Cca TPW BUAA:

- MapTeH3nTHa cToMaHa

- AyCTEeHMHTHa CTOMaHa

- [lybneKkcHa ctomaHa (aycTteHuTOo-bepuTHa)

3a Npou3BOACTBOTO Ha BMHTOBE Ce M3MOA3BaT OCHOBHO MbpBUTE ABa:
TOBa Ca MapTeH3UTHa cTomaHa ¢ 13% cbabp’kaHMe Ha XPOM M ayCTeHUTHaA
Hepb)KA4aema CTOMaHa CbC CbAabpXKaHue 18% xpom, 8% HuKen, 3% maHraH
MbpBMAT € Moxe 6M no-WMPOKO W3NOA3BAHMAT BUA. Bbnpekn TOBa,
M3NON3BaHETO M HA ABaTa BUAA OOMKHOBEHO € OrPaHNYEeHO 40 MasKuU BUHTOBE,
KaKTo 1 A0 Takunsa oT ICE CLASS cepuaTta®d’, 898,899

895 KEES K., Diesel Engines Ill, ISBN/EAN 978-90-79104-05-5
8% CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243
897 KEES K., Diesel Engines IIl, ISBN/EAN 978-90-79104-05-5
898 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243
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KaTo usano BuHTOBETE M3PabOTEHM OT HEPBKAAEHM CTOMAHM NPUTEXKABAT
[06pa yCTOMUYMBOCT HA KOPO3MA U MEXaHUYHA AKOCT, HO KOPO30YyCTOMYMBOCTTA
B MOPCKaTa BOAaA, @ CbLLO M Ha KaBUTALMOHHA ePO3MA KATO LIANO € MO-HUCKa OT
Ta3n Ha alyMMUHMEBUTE BPOH3M.

2.2. 4yryHu

Mpwn nNo-cTapu nNaaBaTeNHM CbAOBE U OCOBEHHO OT TE3U MPUAHANEXKALLM
KbM peyHua GpioT, MoXe Aa ce cpelHaT rpebHu BUHTOBE M3PaboTeHn OT TO3M
MaTepuan. OTANBAT Ce OT CUB YYTyH C NIACTMYEH FPAdUT U OT BUCOKOAKOCTEH
YyyryH cbC chepoupganeH rpadut. TAXHO OCHOBHO MNPEAUMCTBO € HUCKaTa
cebecTonHocT?00 901,902,

*[lpyrute maTepmanmn, Kato BbraeposHa CTOMaHa M NaacTmaca HAMa ga
6baaT pasrneganHu

3aKnoyeHue:

AHanM3bT Ha MmaTepuannTe nMOKas3Ba, 4Ye B 64M3koTO Obaewe
TeHAeHUMATA KopabHuTe rpebHM BMHTOBE Aa ce M3paboTBaT OT LBETHM CMN/IaBK
Ha OCHOBATa Ha Mej, e NPoAb/XKU. BbnpeKkn ToBa, Nnopagm BUCOKATA UM LieHa
Ha NPOW3BOACTBO, NPe3 NOC/AeAHUTE rOAMHM 33 NPOM3BOACTBOTO HA BUHTOBE Ca
NMPOEKTUPAHU HEPBKAAEeMU CTOMAHU ¢ noseye oT 20% Xpom 1 0Koo 5% Huken
C MUKPOCTPYKTYPM, CbAbp)KaAWM MNpubANSUTENHO pPaBHM MNPOMOPLMM  Ha
aycTeHUTHa 1 deputHa dasza. Te3m matepuanm umat no-gobpa yctomumBocT Ha
ymMopa OT KOpO3MA B MOpPCKaTa BOAA B CPaBHEHWE C MapPTEH3UTHUTE WM
ayCTEHUTHWUTE BUAOBE, HO BCE OLLE HE Ca LUMPOKO NPUIONKEHN.

EaHa OT AbpKaBUTe, KOUTO Ce CTPEMAT Aa pa3paboTBaT HepbXKAaema
CTOMaHa C eKBUBANEHTHW NOKAa3aTeNu CNPAMO HUKeN-aAyMUHUEBETN BPOH3U U

LBETHMUTE CMN/1aBM KaTo uano, e AnoHums.

899 SHERRINGTON |, SMITH EH. Parameters for characterizing the surface topography of
engineering components. Trans | Mech E; 1987
900 CARLTON J. Marine Propellers and Propulsion 3" edition, ISBN: 9780081013243
901 SHERRINGTON |, SMITH EH. Parameters for characterizing the surface topography of
engineering components. Trans | Mech E; 1987
902 TOWNSIM RL, BYRNE D, SVENSEN TE, MILNE A. Estimating the technical and economic
penalties of hull and propeller roughness. Trans SNAME; 1981.
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1. KEES K., Diesel Engines Ill, ISBN/EAN 978-90-79104-05-5

2. CARLTON J. Marine Propellers and Propulsion 3™ edition, ISBN:
9780081013243

3. SHERRINGTON I, SMITH EH. Parameters for characterizing the surface
topography of engineering components. Trans | Mech E; 1987

4. TOWNSIM RL, SPENCER DS, MOSAAD M, PATIENCE G. Rough propeller
penalties. Trans SNAME; 1985.

5. TOWNSIM RL, BYRNE D, SVENSEN TE, MILNE A. Estimating the
technical and economic penalties of hull and propeller roughness. Trans
SNAME; 1981.
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®OPMWUPAHE HA MOBBbPXHOCTHWU C/TOEBE YPE3 ITA30-
TEPMWYHO NPAXOBO HABAPABAHE

KanuH /llouKkaHoB
BBMY ,H.N.Banuapos”, BapHa
e-mail: k.lyutskanov@nvna.eu, gsm: 0878 82 93 88

AHomayua: Ta3u cmamusa npedcmassa B6b3MOMHOCMUME HA Memood Ha
2030MepMUYHO HABAPABAHE C MemasHU Npaxoseu Craasu, Koumo secHo mozam 0a 6vdam
adanmupaHu 3a MOBbPXHOCMHU MOKpUMUSA 30 3aWuma usau pemMoHm Ha Jdemalinu u
esleMeHmu om mMawuHume u MexaHusmume.

Knrovosu dymu: rasoTepmmyHO 3aBapABaHE, META/IHN NpaxoBe, Cn/siaBu, NSHOCBAHE,

WM3HOCOYCTOMYMNBOCT;

SURFACE LAYERS OBTAINED BY GAS THERMAL POWDER
WELDING

Kalin Lyutskanov
Nikola Vaptsarov Naval Academy, Varna
e-mail: k.lyutskanov@nvna.eu, mobile: 0878 82 93 88

Abstract: This article presents the possibilities of the gas thermal welding method
with metal powder alloys, which can easily be adapted for surface coatings for the protection
or repair of details and elements of machines and mechanisms.

Keywords: gas-thermal welding, metal powders alloys, wear, wear resistance

1.BvBeaeHue
Kato ocHoBeH @¢aKkTop 33 AbArOTPAMHOCTTAa W HAAEMKHOCTTa Ha

MAWNHHUTE eNIeEMEHTUN € TAXHATA VI3HOCOYCTOVIHVIBOCT. NoBuLwaBaHe HA U3HOCO-
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yCTOMYMBOCTTAa BOAM [0 YyBe/MYaBaHe WM BPEMeTO Ha eKcnjoaTaumsa Ha
aetannute pabotewm B cpeda Ha 4MCTO abpasmBHO M3HOCBAHE, KAaKTO M B
cpefa Ha xuapoabpasmsHu cmecn

HaBapsaBaHeTo Ha MeTanMTe ce npwaara 3a Bb3CTAaHOBABAaHE Ha
NbPBOHAYaNHUTE pPasMepu Ha W3HOCEHM JeTalan M 3a Cb3JaBaHe Ha
NOBBHPXHOCTEH CNOM CbC cneumanHu csomcraa®® 90°

2.U3n0xXeHue

[a30TEPMMUYHOTO MPaxoBO HaBapABaHe ce npuiara 3a Bb3CTaHOBABAaHE
Ha MbpBOHaYa/HUTE pPasMepu Ha W3HOCEHM JeTaliM M 3a Cb3JaBaHe Ha
NOBbPXHOCTEH CNOW CbC crneumanHu ceoicTaa. MNpu Tesn HaBapbyHUTE paboTy
e HeobX0AMMO Aa ce NOoAYYM MUHUMAHO Pa3TONABaHE Ha OCHOBHUA MeTan u
MUHUMAZHO pPa3sMecBaHe Me/y OCHOBHMA W HaBapeHua MeTas, 3a Ja ce
3ana3AT MexaHWYHMTe CBOMCTBA Ha HaBapeHua ciol. HaBapeHua meTan TpabBsa
fa 6bae 34paBO CbefMHEH C OCHOBHMA U He TpAbGBa [a CbAbpMKa LUIAKOBU
BK/IIOYBAHMA, WYNAU, NYKHAaTUHM, ra30BM BKAOYBaHUA 1 ap.90 907,

Mpu NpaxoBOTO HaBapABaHe MaTepuana NocTbnBa B ropesnkata (pur.1) ot
ByHKep npe3 oTBOP NOpaam UKEKTOPHUA edeKT Cb3AaBaH OT NOTOKa KUCAopoa,
MpaxbT ce TPaHCNoPTMPa BbB BUCOKOTEMMEpPaTypHaTa 30Ha, Kb/leTo ce HarpAsa
M pasTonaBa. YBAEYEHM OT CTPyATa ra3oBe 4acTUUMTE NonaaaT Bbpxy
NOBBbPXHOCTHO PA3TONEHUA OCHOBEH MeTan u 06pasyBaT CbeUHEHME.,

3arpABaHeTO Ha OCHOBHMA MeTan Ce OCblLecTBABa C MOMOLUTa Ha

ropenkaTa, KaTo ce M3BbpLUIBa Npeam Aa bbae ocoBoboaeH npaxa oT byHKepa.

903 Kennedy D.M., Hashmi M.S.).; Methods of wear testing for advanced surface coatings and
bulk materials; Journal of Materials Processing Technology, (1998)

904 Xacay A., Mopuraku O., HannasKka u HanbineHne, Mocksa, MawwuHoctpoeHue, 1985

905 Xacyh A. TexHuKa HanblaeHua. — M.: MawmnHocTpoeHue, 1975.

906 Xacay A., Mopuraku O., HannasKa 1 HanbineHne, Mocksa, MawwnHocTpoeHue, 1985

%07 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J.
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KoHmelHep 3a

npax i
KoHekmop 3a \' Cnycvok 3a npax
pa3zcelBaHe Ha
MONAUHa MpucveguHumen Bxog 3a

kucaopog

Y

Vi g
3 Cmecumen Kucaopoger ¢ .

kaanaH

AuemuaeHoB
kaanaH  pyoxBamka

Bxog 3a
auyemuAeH

Cnpel gloza

dur.1. Flopenka 3a NPaxoBo ra3oTePMUUYHO HaBapABaHe

lopuea usnonszeaHu e npouyeca Ha
2030mepMUYHO NPaxoeo HasapsaeaHe
FopuBaTa M3NON3BaHU 3a

ra3onnamb4yHO HaBapABaHeE MpeacTtaBaABaT
Bbraesogopoaun B ra3006pa3Ho CbCTOAHMUE.
MHoro ManKo XUMHNYECKN peakuunn,

ocvuiectBaemn B MNPOMULINEHU Mam,a6|/1

MoraTt Aa AafaT nnambK ¢ HeobxogmmaTa

TemnepaTtypa. 3aToBa Ce Ha/jara usrapsiHe
908,909

J Ha ropmnBoTO B YNCT KUCNOPOL

(200 ] | |

Tonoicund na farena Hali-u3nonssaHoTo ropuso e

aueTuneHa, TbM KaTto TOM AaBa HAM-BUCOK
dur.2. CtpoexK Ha aueTuneHo-

TepmmyeH edeKkT npu m3rapsaHeto cu. B
KUCNOpPOAHUA NZIaMDBK

aUEeTUNIEHO — KUCIOPOAHNA NAambK (dur. 2.) ce

%08 Hones P. et al., Structural and mechanical properties of chromium nitride, molybdenum
nitride and tungsten nitride thin films, J. of Physics D: Applied Physics, v. 36, Issue 8, 2003
909 Bonpaesa. /1. X, M.: FazoTepmuyeckoe HanbineHune: Mog obuwen pea Mapket [C, 2007.
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pa3/ievaBaT Tpu 30HM: AAP0 1, peayKUmMOHHa 30Ha 2 1 haKen Ha nnambKa 3910911,
Hall-BMcokaTa TemnepaTypa Ha NJambKa ce no/y4yasa B peAyKLMOHHaTa
30Ha, 30HaTa Ha 3asapsaBsaHe (dur.2.)%% 913,
B 33aBMCUMOCT OT CbOTHOLUEHWETO MEX/Y KMCA0poJa W aueTuieHa ce
pa3/MyaBaT TP OCHOBHM BMAA 3aBapPbYe€H MAaMbK: HOPMaNeH, OKUCAUTENEH,
HaBbrnepoassauy, (pur.3).

% WAR—T

fAopo dake
PedysduonH Aope PedyKyuoHH ae
a 30Ha yKyuo
a) 6)
o 7/ y >
Adpo dake
PedyKyuoHH
a 30Ha
8)

dur. 3. Buaose aueTMneHO-KUCI0POAHU NaMbLm
a) — HoOpMmaneH NnambK; 6) — oOKUCAUTENEH NNAMDBK;
B) — HaBbrIepPOAABALY N1IAMbK.

HOpMGﬂeH rnaamMmvK ce nojaydyaBa, Korato B ropesikata nocroreaT pPaBHU

obemun aueTMNeH u Kucnopoa — =1,1-1,3;

O,
C;H,

910 Hones P. et al., Structural and mechanical properties of chromium nitride, molybdenum
nitride and tungsten nitride thin films, J. of Physics D: Applied Physics, v. 36, Issue 8, 2003
911 Bonpaesa. /1. X, M.: FazoTepmuyeckoe HanbineHune: Mog obuwen pea Mapket [C, 2007.
912 Hones P. et al., Structural and mechanical properties of chromium nitride, molybdenum
nitride and tungsten nitride thin films, J. of Physics D: Applied Physics, v. 36, Issue 8, 2003
913 Bonpaesa. /1. X, M.: FazoTepmuyeckoe HanbineHune: Mog obuwen pea Mapket [C, 2007.
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OKucnumeneH naamvk ce nonay4dyasa npun mn3NNWbBK Ha KUCNOPO. (02) -

O,

1,3;
C2H2> ’

Hasvenepoossaw, nAambvbK ce MoJjiydaBa NPy M3AUWDBK HA aueTUeH

(CoHa) — coﬁ <0,95.

2" 72
%
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1
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50 ;
[T g
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sl LT

®dur.4. CoabprKaHue Ha rasose B % npum
ras’onJlamb4yHO HaBapABaHe.

Pa3xopg Ha O2 - 25 |/h; pa3xopg, Ha C;H: - 25

I/h

1 - asorT; 2 - Kucnhopoga,; 3 - BbrnepogeH
OKMUC;

4 - BbrnepopeH AuoKcua; 5 - BogHu napm.

50 100 150 [, mm

t"’c = B R
2500 _ﬁ\ﬁ\ ~ - ‘ '
1\
2000 ~
\\ e g
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1500 N N
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1000 LN L NG [ ||
\\\ 3
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4 S ——
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®ur.5. PasnpeaeneHne Ha Temneparypara
BbB ¢aKena npu NPaxoso HaBapABaHe B
3aBMCMMOCT OT Pa3CTOAHMETO OT Al03aTa Ha
ropenkara no ocesara IMHUA:

1 - npaxoBo HaBapABaHe NpU pasxos Ha
02-12,51/min un C2Hz - 12,5 |/min;

2 - NpaxoBo HaBapABaHe Npu pa3xoa Ha
02 - 16,5 I/min n C2H;z - 10,5 |/min;

3 - NnpaxoBo HaBapABaHe Npu pa3xoa Ha
02 - 18,5 I/min n C2H; - 18,5 |/min;

4 - npaxoBO HaBapsABaHe NpM pa3xoa Ha
02 - 25 I/min n C2H; - 12 |/min.

Ha CI)I/II'. 4 e NOKa3HO CbAbp*KaHETO Ha ra3oBeTe B % npun rasonjiamb4HoO

HaBapABaHe.
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PasnpeseneHneTto Ha TemnepaTypata BbB ¢akena npu Npaxoso
HaBapABaHe B 3aBUCUMOCT OT Pa3CTOAHMETO OT At03aTa Ha ropesikata no ocesa
IMHUA e NoKa3aHo Ha dur. 5,914915916

daKkmopu OKazeawu 6AUAHUE EbpXy 2030MepPMUYHOMO  NPAX060
HasapseaHe

OcHOBHUTe (AKTOPU KOUTO BAMAAT Ha CBOMCTBATa Ha MNOAyYEHUTE
NOKPUTUA N TEXHUKOMKOHOMMYECKUTE NOKa3aTen Ha npoueca ca:

> ®akmopu Cebp3aHU C U3MOYHUKA HA MOMAUHHA eHepaus 3d
HaBapABaHe: KOHCTPYKLMA Ha ropesikaTta, poAa Ha ropuBOTO, KONMYECTBEHOTO
CbOTHOLLEHME Ha ra30KNCIOPOAHaTa CMEC, Pa3xo/, Ha rOPUBO U KUCA0POA, BUA,
Ha paboOTHMA ra3 W HeroBua pasxof, KOHCYMaLMA Ha esleKTpuyecka
eHepFMﬂ917’918’919’920.

> ®akmopu c8bP3aHU CbC HABAPABAHUA MAMeEPUAs: XMMUYEH CbCTas,
PU3NYECKM CBOICTBA, XMMMYECKM peakuumM Npu BUCOKa TemnepaTypa,
XMMMUYECKa aKTUBHOCT MO OTHOLLEHWE Ha OCHOBHMUA MeTan, pasmep 1 popma Ha
NpaxoBUTe CbCTaBM, AMAaMeTbp Ha TenoseTe, NAbLTHOCT, TemnepaTypa Ha

ToneHe, TONIOEMKOCT U TONI0NPOBOAHOCT 2! 922,923,924

914 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J.

915 Hones P. et al., Structural and mechanical properties of chromium nitride, molybdenum
nitride and tungsten nitride thin films, J. of Physics D: Applied Physics, v. 36, Issue 8, 2003
916 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J.

917 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J.

918 Hones P. et al., Structural and mechanical properties of chromium nitride, molybdenum
nitride and tungsten nitride thin films, J. of Physics D: Applied Physics, v. 36, Issue 8, 2003
919 Bonpaesa. /1. X, M.: FazoTepmuyeckoe HanbineHue: Moga obuiein pes Mapket [C, 2007.
920 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J. — 1989

921 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J.

922 Hones P. et al., Structural and mechanical properties of chromium nitride, molybdenum
nitride and tungsten nitride thin films, J. of Physics D: Applied Physics, v. 36, Issue 8, 2003
923 Bonpaesa. /1. X, M.: FazoTepmuyeckoe HanbineHune: Mog obuwen pea Mapket [C, 2007.

1074



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

» ®akmopu C8BbP3aHU c
nooasaHemo Ha HABAPABAHUSA
mamepuan: cKopocCT 7

NPOW3BOANTENHOCT Ha NoJaBaHe, poa U
pa3xo4, Ha TpaHCcnopTMpaw, ras npu
npaxoobpaseH maTtepuasn, MACTO, bIba U
CKOPOCT Ha HaBapsABaHUA maTepuan.

» ®akmopu cebp3aHu ¢ demalina

®ur.6. HaBapAaBaHe Ha AeTaiin upes

cBoicTBa, npeasaputenHa obpaboTka®®™

926,927,928

»  ®akmopu cebp3aHU C Npoyeca Ha HasapsasaHe: U3bopa Ha PEXUM Ha
HaBapsBaHe, Pa3CTosHMEe OT A03aTa Ha ropesikata A0 AeTai/la, CKOPOCT Ha
NPemMecTBaHe Ha ropesikaTa, brb/ Ha HaK/JOHA Ha OCTa Ha MlaMbKa Kbm
MOBbPXHOCTTA Ha AeTaina, M3NON3BAHETO Ha 3alMTHa cpeda U CcbCTaBa U,

cbCTaBa Ha aTmocdepaTa NPU ra3oTepPMUYHO NPaxoBo HaBapaBaHe?29930, 931,932

924 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J. — 1989

925 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J.

926 Hones P. et al., Structural and mechanical properties of chromium nitride, molybdenum
nitride and tungsten nitride thin films, J. of Physics D: Applied Physics, v. 36, Issue 8, 2003
227 Bonpaesa. /1. X, M.: FazoTepmuyeckoe HanbineHue: Mo obuiein pes Mapket [C, 2007.
928 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J. — 1989

923 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J.

930 Hones P. et al., Structural and mechanical properties of chromium nitride, molybdenum
nitride and tungsten nitride thin films, J. of Physics D: Applied Physics, v. 36, Issue 8, 2003
31 Bonpaesa. /1. X, M.: FazoTepmuyeckoe HanbineHune: Mog obuwen pea Mapket [C, 2007.
932 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J. — 1989
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®ur.7. MMKpPOCTPYKTypa Ha NOKPUTME HAHECEHO C
ra3on/iaMb4yHO HaBapsBaHe NP Pa3/IMYeH brb/l Ha ropesikara

MaTepuanuTte, KouTO ce wu3nonssat nos ¢opmaTta Ha npaxose B
ra3’oTepPMMYHOTO MPaxOBO HaBapABaHe Ca Pa3/IMYHM, KaTo ypes TAx Tpabsa gda
ce Bb3CTaHOBABAT MbPBOHAYa/HUTE Pa3MepyW Ha W3HOCEHW AeTaliaun M 3a
Cb3/JaBaHe Ha NOBbPXHOCTEH C/I0M CbC CneumanHu ceoncTea®>> 934,

933 High production hard surfasting with versatile metal powders //Metallurgical
intemational, Inc., Tinton Falls, H. J. — 1989

934 Erkens G.; A survey of advanced coatings as key element of modern cutting tools and
functional components; Proceedings of the 5th international conference ,, THE” Coating in
Manufacturing Engineering, 5-7 October, Chalkidiki, Greece, 2005, ISBN 960-243-617-4
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Powder feed stock

Workpiece

Particles/Substrate Impact
Molten Particles Acceleration \

<A

Acetylene

Oxygen /
Coating

Compressed air
Powder Particles Melting

®ur.8. Mpouec Ha HaHacAHE Ha NOKPUTHE BbPXY AETalN

3. U3soam

1.fa3soTepmMMYHOTO NpPaAxOBO HaBapABaHE NpPeaoCTaBA TeXHMUYecKa
Bb3MOXKHOCT [a Ceé KOHTPOAMPA KAaYeCTBOTO HAa MOKPUTMETO OLLLe B npoLeca Ha
HaHAcAHe Ha MaTepuana,KoeTo MpemaxBa BEPOATHOCTTA 3a OpaKyBaHe Ha
Bb3CTAaHOBEHW feTalin BCNeAcTBME HA HepobpokadvectBeHo obpaboTtBaHe,
KaTO MO TO3M HAa4YMH Ce HaMaNABaT 3Ha4YUTENIHO GMHAHCOBUTE 3aryou;

2. [lpegumctBata Ha ra3soTEPMMYHOTO MPAXOBO HaBapABaHETO KaTo
MeTo4, e B TOBa, 4Ye 323 OCblLeCTBABAHE Ha NOC/NeAHOTO He ce W3MCKBA

npeKaneHo CKbla anapatypa, KakKTo U cneunasiHa NnoArotoBka Ha KagapuTe.

MU3non3sBaHa nautepartypa

1. Kennedy D.M., Hashmi M.S.J.; Methods of wear testing for advanced
surface coatings and bulk materials; Journal of Materials Processing
Technology, (1998)

2. Xacay A., Mopurakn 0., Hannaska wn HanbineHne, MoOCKBa,
MawwnHocTpoeHue, 1985.
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4. High production hard surfasting with versatile metal powders
//Metallurgical intemational, Inc., Tinton Falls, H. J.

5. Hones P. et al., Structural and mechanical properties of chromium
nitride, molybdenum nitride and tungsten nitride thin films, J. of Physics D:
Applied Physics, v. 36, Issue 8, 2003
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METOAUKA 3A MOAE/IUPAHE HA UMWTUHAOAPUYHO 3bBHO
KONENO C NPABU 3bbU YPE3 U3MNONI3BAHE METOAUTE HA
OBPATHOTO UHXEHEPCTBO

Hukonan UBaHoB

HBY ,,Bacun Nlesckn” — Bennko TopHoBO, PaKkynTeT , Jlornctnuka m

TexHonornn”, Kategpa ,,YnpasneHue Ha pecypcu n TexHonormmn”,
e-mail: ntsivanov@nvu.bg, mob. 0887483179
CsuneH CnupaoHoB

HBY ,,Bacun Nlesckn” — Bennko TopHoBO, PaKkynTeT ,,JlIornctnuka m

TexHonornn”, Kategpa ,,YnpasneHue Ha pecypcu n TexHonormmn”,
e-mail: saspirdonov@nvu.bg, mob.: 0887062890

AHomayusAa: TpuudmepHOomo MoodenupaHe ce U3roa38a 6ce rnogeye 8 pPA3AUYHU
obaacmu Ha YosewKama OeliHOCM, Koemo Mpo2PeCUBHO y8eau4asa uHmMepeca KoM Hezo.
Jluncama Ha mexHuU4Yecka OOKYMeHMAyuUsa 3a KOHKpemHu npodykmu u demalinu Hanaza
u3rnoa3eaHemo Ha MmMemoou 3a 06pamHO UuHMeHepcmeo. [loKnadvbm pasznewoa
8b3MOXXHOCMUMeE 3a Cb30aeaHe HA MpuusmepHU modenu, usnonsealiku CAD cucmema,
ype3 koumo 0a ce u3spabomeam Jdemalinu. OnucaHa e MemoOuKa 3a ornpedesisiHe HA
OCHOBHU 2e0MeMpPUYHU 3a8UCUMOCMU HA 3bOHO K0s1es10 C BUCOYUHHO KOPU2UPaH rnpogua Ha
3vb0. M38bpweHuAM aHAAU3 pa3enewoa B8b3MOMHOCMUmMe 3d mAXHomo 6bp30

peKoHCcmpyupaHe.

Knrwvoeu dymu: 06pamHo UH¥ceHepcmaeo, YuauHOPUYHO 366HO KOses0 € BUCOYUHHO
KopuaupaH rnpogusa Ha 3b6a, MemoOuKa.

METHODOLOGY FOR MODELING A SPUR GEAR USING REVERSE
ENGINEERING METHODS
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Svilen Spirdonov

National Military University ,Vasil Levski” - Veliko Tarnovo, Faculty of
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Abstract: Three-dimensional modeling is increasingly used in various areas of human
activity, which progressively increases interest in it. The lack of technical specifications for
specific products and details necessitates the use of reverse engineering methods. The report
examines the possibilities of creating three-dimensional models using a CAD system, through
which details can be produced. A methodology for determining basic geometrical
dependencies of a gear wheel with a pitch-corrected profile is described. The performed
analysis examines the possibilities for their rapid reconstruction.

Keywords: reverse engineering, shifted spur gear, methodology.

YBoga.

Ob6paTHOTO MHXKEHEPCTBO € MPOoLUECHhT Ha pa3rfexaaHe M aHaAM3 Ha
cbllecTByBall, MNPOAYKT, 4acT WAM cuctema C Uuen pa3bupaHe Ha
TEXHONOIMMYHUTE, GYHKUMOHANHUTE UM AM3AaMHEPCKM acnekTM Ha [AafeHo
nsgenne. To3n npouec OOMKHOBEHO BK/IKOYBA pasrneXxaaHe Ha MNPOAYKTa,
M3MEepPBaHe Ha pasmepuTe My, aHaAM3 Ha MATEPUANUTE U KOMMOHEHTUTE MY,
KaKTO M M3B/ANYAHE Ha MHPopmauma 33 PYHKUMOHANHOCTTAa My M Ha4yuHa, No
KOWTO e Cb3AajeH.

B mMHOro cnyyau, ctapute nsgenvs Beye He ce NPOU3BENKAAT UM He ce
noaabp»Kat ot npounssoamtensa. O6paTHOTO UHMKEHEPCTBO MOXKE Aa NOMOTrHe
33 PEMOHTUTE M OOHOBABAHETO Ha Te3u m3genuna. Yecto cpeuwlaHa cuTyaumsa e
KOraTo CblUecTByBaWwmTe U34eIMA  MMAT OFpPaHMYeHa WAM  IMNCBALLA

TeXHNn4YeCKa OKYyMEeHTaLlunA.
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O6paTHOTO MHXKEHEPCTBO NO3BO/IABA Aa Ce Cb3Aafe AOKYMEHTaUMA Un
CAD mopgenn, KouMTO pga noANOMOrHaT PEMOHTUTE, moanduKauumTe Wan
Bb3CTAaHOBABAHETO Ha Te3M U3aenus.

DewundpupaHe Ha reomeTpuyHUTE NapameTpu U cb3gaBaHe Ha 3D
mogen B cpepata Ha CAD cuctemata 3a aBTOMATU3UPAHO MHXKEHEPHO
npoeKtupaHe ,,SolidWorks”.

Mpumep 3a m3genme, 3a KOETO /AIMMNCBA TEXHUYECKA AOKYMEHTauua, e
€B0JIBEHTHO 3bOHO KOJIENI0 OT MexaHM3Mma 3a 3aBbpTaHe Ha KynosaaTta Ha BMI-
1.

3a uaeHTUGUKauMA Ha TFeoMeTpUYHUTEe napameTpu B HacToAwaTa
pa3paboTka ca M3Non3BaHWU pe3epBHM 3bOHKU KOleNa OT MexaHU3Ma 3a BbpTeHe
Ha KynonaTta Ha BMIM-1 — ¢wur. 1.

®ur. 1. PesepeHu 3b6HM KONnena oT mexaHU3Ma 3a HaCOYBaHe Ha KynoJsara

B metogukata 3a pgewundpupaHe pasmepute Ha 3bOHOTO Koneno ca
M3NON3BaHU CNeAHUTE OCHOBHU reOMEeTPUYHUTE 3aBUCMMOCTHU:

- m— MOAYAN Ha 3bOHOTO KoNeno;

- d— penutenHa OKPbXKHOCT;

- dp— CTbMNKOBA OKPBXKHOCT;

- ds— BbpPXOBa OKPBKHOCT;

- df—neToBa OKPBIKHOCT;

- h - BMCOYMHA Ha 3b63;
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- hg - BUCOUYMHA Ha rnaBaTa Ha 3bba;

- hf—BMCOYMHA Ha NeTaTa Ha 3bba;

- a—brba Ha Nnpoduna Ha N3XO4HUA KOHTYP;

- p—,CTbnKa” Ha 3bOHOTO KoNeno. ToBa e Pa3CTOAHMETO MeXAY
eaHOUMEHHM Npodunun Ha ABa cbcegHM 3bb6a, M3MepeHo No Abra Ha
AeNnTenHaTa OKPbKHOCT;

- pp— CTbMKA Ha 3aLenBaHe;

- z—6pon Ha 3bbuTe;

- Wik —obuwa Hopmana (kbaeto k e 6posa Ha obxBaHaTUTe 3b6MK);

- X—KoedUUMNEHT Ha BUCOYMHHA moandpuKauma Ha npoduna Ha 3bb6a;

- Xf— KoepuUMEeHT Ha mogmdUuKaLmMa BUCOYMHATA Ha NeTaTa Ha 3bba;

- Xqa— KoedUuMeHT Ha moanduKauma BUCOYMHATA Ha F/1aBaTa Ha 3b63;

3a onpegensHe Ha HEU3BECTHUTE OCHOBHWM FEOMETPUYHWU pPa3Mepu Ha
3bOHOTO KONEeno e W3non3BaH HOHWYCEH MUKPOMETBP, C KOMTO ce M3mepsa
MeXay3bbHOTO pa3cToAHMe No obliaTa HoOpMasia 3aK/ItYeHO MexXay Tpu 3bba.
3a NOTBbPKAEHNE HA NONYYEHUTE CTOMHOCTM € M3MNON3BaH U Wybnep 3a 3bOHU
Konena.

3a unpgeHTUOMKAuMA Ha pasmepute 6Axa M3MN0A3BAHM CnefHUTe
reoMeTPUYHN 3aBUCMMOCTHU:

- CTbMKaTa Ha 3auenBaHe Pp:

ypes 1M3nos3BaHe Ha MoAyNa Ha 3bOHOTO Koneno m no popmynara:

Pp =T M COSQ (1)

B ToBa ypaBHEHMeE CTbMKaTa pp M1 MOAYBT M He ca U3BECTHU. TO3M meTos,
we 6bae M3Mo0A3BaH 3a Noc/aeBaLa NpoBepKal

OnpegensHe Ha CTbMKaTa Ha 3auensBaHe OT obwa Hopmana W no
dopmynara:

Pr=W;-Wp_4 (2)

kbaeto Wi e pasctoaHmeto mexay k Ha 6point 3b6M, M3mepeHO No
AenutenHaTa oKpbXKHOCT, Wk-1 e pasctoaHneto mexay k-1 Ha 6poi 3b6um.

namepeHo — Wi = 24,461 mm
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namepeHo — Wiz = 14,944 mm

OT KbAEeTO NOYy4aBaMe 33 CTbMNKATa Ha 3auenBaHe:

Pp=W, -W, ,= 24,461 — 14,944 = 9,517 mm

Cnep, onpeaensHe Ha CTbNKaTa ce onpeaena moay/sa Ha 3bOHOTO Koneno

no ¢opmynara:

m =pbfn'cosa (3)

Ot dopmyna 3 nonyyaBame:

m ="/ coga = 9,571/(3,14 cos[20°)] ~ 3-2*

Cnep cnpaBka B CTaHAApTUTE 3a MoOAYy/AM Ha 3bOHM Konena, Hau-
6113KuMAT e 3,25 mm. Mpurema ce, Ye MOAYNBT Ha 3bOHOTO Koneno e m = 3,25%°

Cnen onpepensaHeTo Ha MoAgyna ce onpeaenAatr pasmepute  Ha

OCTaHaNUTe reoMeTpPUYHM 3aBUCMMOCTM Ha 3bOHMA npodun no cnegHuTte
dbopmynu:

d=zm (4)
dyg=(E+2)m (5)
df=(z-25)m (6)
d, = dﬂ:/m (7)
hg =M (8)
hy = 1,25m (9)
h=hg + hf (10)

Cnep npecmATaHETO Ha dy € YCTAaHOBEHA Pa3/iMKa MeXay M3MepeHaTta oT
obpasuute 3bO6HM Konena n npecmetHaTa. MamepeHaTta e 79,50 munnmeTpa, a
npecmetHatata e 81,25 mm. OT TyK cneagBa M3BOAa, 4e obpasumte 3bO6HM
KONena ca ¢ BACOYMHHA KopeKLmsa Ha npoduraa Ha 3bba.

3a onpeaenaHe KoedUUMEHT HAa BUCOUYMHHA MoguduMKauma Ha npoduna
Ha 3bba ce M3nN0A3Ba CnegHaTa MeTOAMKa:

z
x =1--sin*a
2 (11)936

935 MalunHHM enemeHT”, nspatenctso , TexHuka” Codusa, 1994 r., ctp. 280
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Otr ¢opmyna 10 ce nonyyaBa KoePUUMEHTBT HaA BMCOYMHHA
moamduKauma c uUen wu3bAarsaHe Ha nogpsA3BaHeTo Ha 3bba. Cnep
onpegensHeTo My 3a MpPecmsATaHe Ha reoMeTPpUYHUTE 3aBUCUMMOCTM Cce

M3N0N3BaT cnegHuTe Gopmynu:

Xo=1+x (12)
Xf:1,25—x (13)
do =(Z +2Xa)M (14)
dp = (z —2xp)m (15)
hax = (1 +x)m (16)
hex = (1,25 -x)m (17)

Cnep npecmAataHe 3a KoePUUMEHT Ha BMUCOYMHHA MmoguduKauuma ce
onpegenn x =-0,2692.

Cv3paBaHe Ha mogen B cpepgata Ha CAD cuctema 3a aBTOMaTtUsMpaHo
MHXXeHepHOo npoekTupaHe ,,SolidWorks”.

MeToaukaTa, No KoATo ce n3paboTuxa 3bOHUTE Konena be cneaHara:

Cv3pnasa ce HoB SolidWorks gokymeHT oT BUAa , Part”;

OT neHTaTa Cc nagawm meHtoTa , Tools” ce n3bupa KomaHgata , Equation”
33 BbBe)KAaHe Ha OCHOBHUTE 3aBMCUMMOCTU moayn - m, 6poi 3bbu — z, brbn Ha
npoduna Ha N3XOAHUSA KOHTYP - o U KoedULUMEHT Ha KOpPeKLUA Ha npoduna Ha
3bba - x. Ype3s onucaHuTe no-rope Gopmynm ce onpeaensit CTOMHOCTUTE Ha
OCHOBHUTE FEOMETPUYHN MapaMeTpPu Ha 3bOHOTO KoNeno U ce BbBeEXKAAT B

Ananorosua nposopey, , Equation”, durypa 2.

936

https://khkgears.net/new/gear_knowledge/gear_technical_reference/calculation_gear_dim
ensions.html
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Equations, Global Variables, and Dimensions

E‘@@”{—&‘ T Filter Al Fields R
Name Value / Equati to C . Cls
[=IGlobal Variables Cancel
o

=325 3.25 MOAy

“"pa" = 20deg 20deg 'BIb/ Ha 3alUeneaHe
7 =23 23 6poii 3u6K1 Export...
X" =-02692 -0.2692 koed. moand

= 26mm 26mm wMpoumHa [ER
="m"*"z" 74.75 AENNTENIHA OKPBXHOCT

=("d"*Pl}/"" 10.2102 CThNKa

h =0+ mt 2.3751 BUCOYMHA Yeno

“hf* =(125-"%")""m" 4.9374 BMCOUYMHA OCHOBA

“h* = "ha" + *nf" 7.3125mm BUCOYMHA Ha 3b6a

"dp' =(("'m"* ") T pi)fm" 72.2566 CTHLIKOBA OKPBXKHOCT

e
O

o

e

|—|Features
Af‘mmat\:a\\yrgbmm Angular equation units: | Radians [“] Automatic solve order 5 G
[Link to external file: ) Z(z+2(14x))*m
dwur. 2. Ananoros nposopey, ,,Equation” ®wur. 3. CKnya Ha OCHOBHUAT

KOHTYP U BbpX0OBaTa OKPBHIKHOCT

B KomaHgHMA meHUAXbp 3a pabota ,Sketch” ce n3bupa paBHMHA, B
KOSITO Ce CKMLMPA OCHOBHUAT KOHTYP U CE Opa3mepsBa — BbPXoBaTa OKPbXKHOCT
Ha 3bOHOTO Koneno ¢éurypa 3., KaTo 3a Opa3MepsABaHETO ce W3Non3eaT
BbBeAEHUTe B Auanorosua nposopel, ,Equation” OCHOBHW TFEOMETPUYHM
3aBMCMMOCTM.

B KomaHAHMA MeHnaXKbp 3a paboTa , Futures” ype3 KomangaTta , Extrude”
CKMLATa ce opa3mepsBa 40 KenaHaTa WMPoYMHaTa AeTanna.

OTHOBO B KOMAHAHMA MeHUAXbP 3a paborta ,Sketch” ce wu3bupa
paBHMHA, B KOATO, C MOMOLLTA Ha MHCTPYMEHTUTE 33 CKULMpPAHE, Ce CKMUMpaT,
KaTO KOHCTPYKTUBHU JIMHUWU YETUPUTE OKPBKHOCTM HA 3bOHOTO Koneno, ot
OCHOBHMUTE 3aBUCMMOCTU: BbPXOBa, AeNUTeNIHa, CTbNKOBA M NeToBa, ¢urypa 4.
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2. CTbMNKOBA

*front

dur. 4. BbpxoBa, AenuTtesiHa, CTbNKOBA U NETOBA OKPBXXHOCTH

3a opopmAHeTO Ha eBONBEHTHUA npodun Ha 3bba, Taka HapeyeHaTa
,VHBOMOTA anda”, e uM3n0n3BaH MeTod Ha 334aBaHE Ha FEOMETPUYHMU
3aBUCUMOCTM MEXKAY brb/a Ha Npoduna Ha U3XOAHUA KOHTYP, brbal onpeaeneH

oT 6pos Ha 3bbUTe, U Ap. NOKaszaHu Ha urypa 5.

¥ IRKS Add-Ins | SOLIDWORKS CAM | SOLIDWORKS CAM TBM

&5 Properties Properties

v

A

Selected Entities Selected Entities
Arcs.
Line7

farcs

==
lined \

% A

Existing Relations A \

b [Tangent?
perpendicular 1

Existing Relations

1 [Tangenti3

(@) Fully Defined | |
[ - :

N\ & =~ (D Fully Defined (@) Fully Defined

dur. 5. OpopmaAaHeTo Ha eBONIBEHTHUA NPodPua Ha 3bba
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M3non3BaHUTe reomMeTpuMUYHM BPbB3KM Ca TaHreHuuanHoct ,tangency”,
CUMETpMYHOCT  ,symmetry”, nepneHaukynapHoct  ,perpendicularity”,
npecuyaHe (npecedyHa ToOuYKa) ,intersection”, cbBnageHue ,coincident”,
eHaKBOCT/paBeHCTBO Mo Ab/XKMHaA ,equal length”. Ypes Tax, onucaHaTta Abra,
CBbP3BaLLa BbpXxoBaTa M NeTOBaTa OKPBKHOCTM, Ce NPMBBLP3BA KbM CTbMNKOBATa
OKPBXKHOCT, brbjla Ha npoduna Ha U3XOAHMA KOHTYP Ha 3bba U brbn

onpeaeneH ot bpoa Ha 3bbUTeE.

Features | Sketch | Surfaces | Mesh Modeling | Markup | Evaluate | MBD Dimensions | SO

[ Cut-Extrude @
S > @part1 (Defauit<<De..
v X = ] ]
SBRB[el
From @ Fillet @
Sketch Plane v X
Direction 1 [Weanual | Fietepert|
Mid Flane BletTypm;, =2 .
= [ I
E GG
=
& @ 26.00mm [
[C]Fiip side to cut i
B [“] show selection toolbar l » £
Tangent . '
Draft outward propagation y I/
£ Thin Feature o e /
(O Partial preview y = —
Salected Contours (ONo preview / i 4
Fillet Paramatars ~
Symmetric v
K [E]=03=m]

[C]nvuiti Radius Fillet

Profile:
Circular v
Setback Parameters v

[ Partial Edge Parameters ~

®ur. 6. OpopmaHe npodpuna Ha 3bbUTe

B KomaHAHMA MeHnaKbp 3a paboTa ,Futures”, ype3 KomaHaaTa ,, Cut” ce
n3psa3Ba 0poOpPMeEHUS KOHTYP Ha MeXay3bbmeTo Ha ABa cbceaHM 3bba, KaTo no
TO3M HauyuH ce odopma npoduna Ha 3vbuTe, Ppurypa 6, a c Komanaarta , Fillet”
ce opopms 3aKpbIIEHNETO B OCHOBATA Ha 3bba.

OTHOBO B KOMaHAHWA MeHUAXbp 3a pabota ,Futures”, ype3 bGyToHa
,Circular pattern” ce pa3mHO)KaBa W3PA3BAHETO Ha 3bOHMA npodun Ao

nonyyaBaHeTo Ha 23 3bba — ¢wur. 7.
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B3 CirPatternt @
v X

Direction 1 ~n

(D) Instance spacing
(@ Equal spacing

' 360.00deg =
[ Direction 2 ~ ]

Features and Faces ~

@ Fillet1

Cut-Extrudel

@

[OBodies v

Instances to Skip v

Options ~
DGeometr}' pattern

P it | ¢ ¥
ropagate visua X b

properties

e

®ur. 7. PasmHoxKaBaHe Ha npoduna Ha 3bb6a

OKOH4YaTeNHOTO A00POpPMAHE Ha OTBOPMTE, 32 MOHTMpPAHE Ha 3bbHUTE
KoJiesla KbM MeXaHW3Ma 3a BbpTeHe Ha KynosaTta Ha bMI1-1 He ca npeameT Ha
HaCTOALLETO NpoyYBaHe.

3aKkntouyeHue

O6paTHOTO MHXEHEepCTBO M OMMCaAHATA MeTOAMKa 3a AewundpupaHe U
MoAenupaHe AaBa Bb3MOXHOCT 33 CPAaBHUTENHO 6BbP30 M IECHO reHepupaHe
Ha MOAENN Ha BUCOYMHHO KOpUIMpaHU 3bOHM Konena c npasu 3bbu Ha 6a3ata
Ha onpegeneHN reomMeTpuyHM 33aBUCMMOCTU. BbBe)gaHeTo Ha Tes3u
3aBMCMMOCTM N C NOMOLLTA HA MaTeMaTUYECKU U TeOMETPUYHN B3aMMOBPb3KMU
B CAD cuctemaTa 3a aBTOMATM3MPAHO WMH)KeHepHo npoekTupaHe SolidWorks
cnomara 3a 6bp30T0 UM U 0opopmAHE Ha TPMU3IMepPHUA mogen. N3roTBaHeTo Ha
MOZEeNIN, Ha KAKBOTO M fga e 3bbHO Konesno, ¢ NpPoOM3BO/SIHA AOMyCTMMA

KOMBMHAUMA Ha onpeaendawmtTe napameTpu ce M3BbPLUBA 4Ype3 MNPOCTOTO
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M3MEHEHMEe Ha TeXHUTe CTOMHOCTU U npeopasmepAaBaHe Ha MbpBOHAYaA/THUA

MOZAEN A0 KeNaHuA KpaeH pesynTar.
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ANALYSIS OF THE SHIP-TO-SHORE INFORMATION EXCHANGE
DURING CONTAINER SHIP STOWAGE PLANNING AND CARGO
HANDLING

Svilen Velinov
Department of Operation and Management of Maritime Transport,
Nikola Vaptsarov Naval Academy, Varna, Bulgaria
s.velinov@nvna.eu, mobile: +359888940060

Abstract: Procedures for the exchange of information related to the cargo plan for
liquid and bulk cargoes have been well developed and widely introduced into practice for
nearly three decades as a result of the collaborative efforts of the International Maritime
Organization (IMO) and various sector-specific organizations in the maritime industry.
However, general cargo vessels and container ships in particular are excluded from these
regulations. This omission leads to a substantial risk of accidents caused by incorrect cargo
loading and securing. This paper presents a systematic analysis of cargo information
exchange practices prior to and during cargo operations. To support the IMO in developing
adequate instruments for regulating container ship handling in ports, this study proposes
specific measures to enhance the safety of container ships during cargo operations in

container terminals.

Keywords: Stowage plan, Container ship

1. Introduction

The reliability of the information flow between parties involved in
container ship stowage planning is a critical aspect of cargo operations, as it
directly impacts the safety and efficiency of the transportation of standardized
containers by sea. To ensure safe and efficient maritime transport, effective
stowage planning requires the integration of various factors including container
attributes, ship stability, seaworthiness and port operation requirements.
Currently, information related to the loading plan of a cellular container ship is
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exchanged exclusively through standard EDI (electronic data interchange)
messages.

Numerous studies have focused on the optimization problem related to
container stowage planning, both on board and at terminal yards®*’. Some of
them are searching solutions for cost reduction by reducing unwanted
moves®3®, Others deal with stowage planning technical problems arising on
board with regard to the ship’s stability and seaworthiness (trim, drafts, shear
forces bending and torsional moments, stacking weight, etc.). Linear prediction
methods have been proposed to incorporate ballast water into these stability
conditions, enhancing the accuracy and scalability of stowage plans®*.

This study focuses on the reliability and effectiveness of the current
means of communicating stowage plan data between the affected parties in
search of solutions to improve the overall safety of container vessels. A
systematic analysis was applied to ship-to-shore data exchange practices
between container vessels and terminals regarding cargo information and
stowage planning.

2. Analysis of the ship-to-shore information exchange during container
ship stowage planning and cargo handling

An established practice in modern shipping is that the preliminary cargo
plan for container vessels is prepared by one of the following parties:

e The Line Planner is a specially appointed shore-based employee of
the line operator responsible for the overall preparation and coordination of
the exchange of cargo plans between the ships and terminals on certain
appointed lines/routes;

937 Mevlit, S. B.-J. A survey of shipping line Container Stowage Planning problems. Expert
systems with applications. 2024

938 Chao S.-L., L. P.-H. Minimizing overstowage in master bay plans of large container ships.
Maritime Economics & Logistics, 71-93. 2021

939 Minjae, O. H. Accurate and robust linear representation for containership stability
conditions with ballast water. Ocean Engineering.2024
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e Ship’s Chief Officer. Less and less nowadays the liner operators are
relying solely on crew to prepare the initial stowage plan. This is fully
understandable, as it is practically impossible for the Chief Officer on board to
maintain the required continuous operational correspondence with all liner
operators’ cargo agents on a specific container service;

e Terminal Planner. Large container terminals maintain their own
department with terminal planners. They may undertake the preparation of the
preliminary cargo plan. Such an arrangement is becoming increasingly popular
because terminal planners are usually sufficiently familiar with the projects of
ships that regularly call their ports and they are the only ones who are aware of
the most convenient sequence of operations for the terminal.

Regardless of the initial preparing party, the stowage plan has to be
exchanged by means of EDI standard message (BAPLIE - Bayplan/stowage plan
occupied and empty locations message). The use of paper for cargo related
document exchange is significantly reduced and, as a rule, it applies just to the
carriage of the so called ,special cargo”, i.e. containers containing dangerous
goods and reefer units. Upon initial preparation, the preliminary stowage plan
is exchanged via e-mail. Either of the concerned parties can request changes if
they find the plan problematic. For a preliminary stowage plan to be
considered successfully finalized, it must be reviewed and agreed upon by the
vessel, terminal, and line planners. Formal ,,approval” of the cargo plan is to be
done only by the master. This is because he alone bears direct responsibility in
the event of an accident caused by improperly planned and executed loading
and/or securing of cargo. It is a widespread practice in modern container
shipping that the actual verification of the stowage plan is the duty of the ship’s
Chief Officer, who, if authorized by the master, can approve the preliminary
plan by himself. It is essential that apart from the ship’s Chief Officer, there can
be no one else authorized by master. This includes all planners and department
employees ashore in any of the shipowners’, charterers’, liner operators’ and
container terminal offices.
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After each party declares that the cargo plan is acceptable, the terminal
prepares a ,Loading and Unloading Sequence Plan”. This plan is internal to the
terminal and not disclosed to the vessel. Some terminals send their
representatives on board ships before the commencement of cargo operations
to discuss once more and finalize the preliminary cargo plan. Others simply
resend the plan via e-mail and all communication is done solely by e-mail.
During COVID 19 most of the terminals worldwide banned the visits of their
employees on board ships and this practice has remained the same until now.
In this way, direct communication in terms of meeting between the terminal
planner and the crew is impossible, which is an additional challenge to the pre-
planning.

The process of generation of the so called ,executive cargo plan”
commences with the beginning of the loading and unloading operations. In
modern conditions, this activity is carried out exclusively by terminals. The
crews of ships have neither the necessary resources nor the physical ability to
perform tally tasks. Consequently, throughout the port stay of the vessel, only
the terminal can provide reliable information regarding the current state of
loading. Crews only monitor cargo units that require special attention, namely
containers with dangerous cargo and special units, such as refrigerated
containers, containers with elevated temperature, and containers with out-of-
gauge (oversized) cargo.

A critical deficiency for the ship and terminal safety is that the executive
cargo plan is not shared with the ship during loading/discharging operations. If
a problem arises and the terminal finds out that it is unable to execute the
preliminary stowage plan, the vessel will be contacted to seek a solution and
revise the plan. The sequence of loading and unloading is also not discussed
with the vessel, creating problems related to delayed operations and
dangerous pre-emergency and emergency conditions. The IMO does not
require container terminals or container ships to adhere to the initially agreed
loading/unloading and ballasting plans.

1093



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

Such a requirement exists only with regard to the ships and terminals
loading or discharging bulk cargo — BLU Code®*. According to the section 1.6 of
the annex to the IMO resolution 797(19)°*! terminal operators are required to
appoint ,terminal representative”. In 2005 the Maritime Safety Committee
gave further guidance to the function and responsibility of terminal
representatives with the approval of the ,,Manual on loading and unloading of
solid bulk cargoes for terminal representatives” (BLU Manual)®*2.

While the explicit appointment of a ,terminal representative” for liquid
bulk cargo ships is not made mandatory by the IMO, the functional
responsibilities of such a role are required by industry standards such as the

International Safety Guide for Oil Tankers and Terminals®

944

and the Liquefied
Gas Handling Principles on Ships and Terminals

Consequently, the only type of cargo currently not covered by similar
requirements is the break bulk, which includes the classical general cargo and
the carriage of CTUs (trailers on ro-ro ships and standard containers on cellular
ships).

Continuous real-time monitoring of the executive stowage plan for a
container ship crew is practically impossible before the end of cargo
operations, when the final stowage plan is generated by the terminal. As a
result, during cargo operations, crew is not able to calculate the seaworthiness
parameters, such as hull stresses, stability, trim and calculated drafts.

The final stowage plan is provided to the ship via a BAPLIE message. It
can be handed over to the Chief Officer before departure on a memory stick.
However, today, EDI files are sent more often by terminal planners to ships' e-
mail. There are numerous cases in which vessels, pressed by port schedule and

940 IMO. The Code of Practice for the Safe Loading and Unloading of Bulk Carriers (BLU Code).
2011.

941 IMO. Resolution A.797(19) ,Safety of ships carrying solid bulk cargoes”. 1995

942 IMO. Manual on loading and unloading of solid bulk cargoes for terminal representatives.
2005

943 |APH/ICS/OCIMF. International Safety Guide for Oil Tankers and Terminals (ISGOTT). 2020
944 SIGTTO. Liquefied Gas Handling Principles on Ships and in Terminals. 2016
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traffic, had to leave the berth with the final loading plan not yet provided.
Obviously, with such unreliable and unregulated information exchange, it is not
uncommon for container ships to discover non-compliance with some of the
requirements and limitations for seaworthiness only after departure from the
port. Faced with fait accompli, the master has two options: to continue with
the voyage and ignore the problem or to take action and revise the loading by
returning the vessel back to the berth. The second option is associated with
significant costs (direct and indirect), both for the terminal, which created the
problem, and for the line operator. Usually, masters do not choose the second
option, except in cases where there is a clear and immediate danger to the
safety of the ship (significant deviations from the standards of strength,
stability, non-compliance with the requirements of the IMDG Code, etc.). In
cases in which the masters decide that the deviation from the drawn limits is
insignificant or the vessel is not likely to face severe weather conditions until
the next port, it is common that they will take the risk of completing the voyage
with some of the limitations not met. Currently, the IMO or the industry has
not developed any safeguards in the form of a regulation or mandatory
procedure to protect container vessels from leaving ports under unsafe loading
conditions.

The reliability and validation of the information exchanged through the
BAPLIE EDI message creates additional concerns. According to SOLAS VI/2, the
shipper is obliged to provide the master or his representative with detailed
information about the cargo that is planned for loading®®. The use of electronic
data interchange for the implementation of the above rule is permitted as an
»aid to paper documentation”. To substitute the paper exchange with an EDI
message, it must be adequately protected and with reliable data validation.
Unfortunately, the currently used BAPLIE message does not provide data
protection. In the absence of a paper exchange of information about the cargo,
where the shipper declares the authenticity of the data with signature, the

945 IMO. International Convention for the Safety of Life at Sea (SOLAS), 1974. 2020
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information about the cargo is transmitted to the ship without an electronic
signature. There is no other alternative data protection system in use. A BAPLIE
message is essentially a text file that can be freely opened and modified using
any text editor. There are quite a few cases of successful and unsuccessful
attempts to maliciously cover the tracks of those responsible for incorrectly
declared cargo by manipulating BAPLIE messages for the final cargo plan. As
technology and interconnected systems become more prevalent in the
maritime sector, the industry is facing increased vulnerability to cyber threats.
The security of digital systems on ships has become a crucial issue because
cyberattacks can lead to operational disruptions, breaches of confidential
information, and potential dangers to personnel and freight. These threats fully
apply to the exchange of the BAPLIE messages. Researchers have conducted
various analyses to examine the characteristics of these digital threats,
weaknesses in onboard systems and possible approaches to mitigate these
risks4.

The IMO regulations requiring the verification of a freight container’s
gross mass prior to loading became mandatory in July 2016. In the latest
versions of BAPLIE 2.2 and 3.1, there is no option to exchange the actual value
of the weighing certificate, but only an option to note whether each container
is issued a VGM certificate. Thus, the requirement of SOLAS VI/2.5.2, stating
that this certificate shall be available on board before loading, is not formally
fulfilled. The master may follow the charterer's instructions concerning
commercial operations, such as loading and unloading cargo, but this does not
equate to the charterer being the master's representative®’. This obvious
deviation from the SOLAS regulations has been neglected for years by both the
IMO and the container shipping industry.

946 Mark, G. Y. Guidelines for cyber risk management in shipboard operational technology
systems. Journal of physics. 2022

947 plomaritou, E. A Review of Shipowner’s & Charterer’s Obligations in Various Types of
Charter. Journal of Shipping and Ocean Engineering. 2014
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3. Conclusion

Based on the presented systematic analysis of modern practices for
exchanging information when preparing a preliminary cargo plan and
monitoring the loading and unloading operations, the following conclusions can
be made:

3.1. Until now IMO has not developed instruments obliging general cargo
ships and terminals and in particular specialized container ships and terminals
to discuss and adopt a loading and unloading plan prior commence of
operations, as well as to exchange information on the current status of loading
and unloading during cargo operations. Unlike liquid and solid bulk cargo
terminals, container terminals are not obliged to appoint ,terminal
representative”. These regulatory shortages generate safety and security
threats to container ships;

3.2. To increase the safety of cellular container ships during their port
stay, it is imperative to introduce new mandatory regulations and procedures
obliging terminals to periodically provide vessels, which they are currently
operating, with BAPLIE EDI file, containing status of loading/discharging (the
executive stowage plan). This has to be done at certain maximum intervals,
clearly regulated by IMO;

3.3. The reliability and security of the exchanged cargo related data
should be verified by an electronic signature or by another secure
authentication method.
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Abstract: This study analyzes the functionality of the latest BAPLIE versions, focusing
on their compliance with applicable International Maritime Organization regulations. The
analysis reveals that while BAPLIE 3.1 has made significant improvements compared to its
predecessor, version 2.2, there are still discrepancies between the EDI standards and the
requirements set by SOLAS. To enhance safety and reliability, this study recommends making
certain optional elements mandatory and introducing new elements to convey essential
information. Furthermore, this study emphasizes the need for a more robust IMO regulatory
framework and the involvement of industry leaders in standardizing critical safety-related
data exchange and solidifying the operational integrity of global container shipping logistics.

Keywords: BAPLIE EDI, Cargo Information, Cargo Declaration, Container ship

1. Introduction

Over the last two decades, the exchange of information regarding
containerized cargo among relevant parties has been conducted exclusively
through electronic means. Since its establishment in 1987, the SMDG®* has
developed numerous standard electronic data interchange messages®®, of
which only BAPLIE (Bayplan/stowage plan occupied and empty locations) and

948 SMDG - Ship Message Design Group (User Group for Electronic Data Interchange (EDI) in
the Maritime Container Business)

949 BIC. New BIC and SMDG Collaboration to Improve Global Shipping Standards. 2024.
(https://www.bic-code.org/news/new-bic-and-smdg-collaboration-to-improve-global-
shipping-standards/)
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MOVINS (Stowage instruction message) have been designed to facilitate the
planning, monitoring, and reporting of the vessel's final loading condition.
Consequently, this standard should facilitate the exchange of all requisite cargo
information that shippers are obligated to provide to carriers, as mandated by
the SOLAS VI Regulation 29°°. This study focuses on the functional analysis of
the current standards for the electronic exchange of cargo information in
preliminary and final cargo plans for cellular container ships in compliance with
the applicable IMO (International Maritime Organization) regulations. The
analysis of BAPLIE message exchanges is confined to vessels, terminals, and
vessel operators because these are the sole components of the transportation
chain covered by SOLAS regulations..

2. Development of SMDG standards for bayplan message

BAPLIE is an electronic data interchange (EDI) format standardized by the
United Nations rules for Electronic Data Interchange for Administration,
Commerce, and Transport (UN/EDIFACT). The SMDG adopted the UN/EDIFACT
standard in 1987, initially organizing data under the D91.1 directory. This
served as the foundation for developing the BAPLIE 1.0 message. In subsequent
years, this version of the message underwent multiple revisions to address the
evolving requirements of the data exchange within the transport chain. The
subsequent version, BAPLIE 2.1, developed in accordance with D95B,
represented a significant advancement in this regard. In 2007, the SMDG
initiated the development of BAPLIE 3.0, which is based on DOOB. The standard
was finalized in 2013 with the initial version (Version 3.0.1) based on D13A. The
most recent version declared stable is 3.1.1, released in June 2015, which is
based on D.13B%!. It is important to note that despite the SMDG's
recommendation for BAPLIE users to use the new Version 3 (SMDG, Why
BAPLIE Version 3.0?), the majority of container operators and terminals
continue to utilize the previous Version 2. Consequently, both BAPLIE versions

950 IMO. International Convention for the Safety of Life at Sea (SOLAS), 1974. 2020
%1 SMDG. BAPLIE 3.1.1 User Manual (implementation guide). 2015 (available at:
https://smdg.org/wp-content/uploads/MIGs/BAPLIE/BAPLIE3.1.1-02.pdf)
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are subject to functionality analysis. It is not expected that Version 2 will be
discontinued within the next five years. Therefore, the SMDG-implemented
subversion 2.2 enabling the VGM exchange of information in the lower version
2 (SMDG, User Manual UN/EDIFACT Bayplan Message BAPLIE ver. 2.2, 2015).
However, this does not change the fact that Version 2 remains non-functional
with regard to a number of mandatory requirements concerning the exchange
of cargo information, such as data regarding containers containing dangerous
goods. A comprehensive analysis of the BAPLIE standard has been conducted
exclusively for the most recent version 3.1, which, as previously noted, has not
yet been mandated by any container or terminal operator, but is anticipated to
fully supersede version 2.2. In the course of this study, additional functional
limitations of version 2.2 are also identified.

3. Analysis of the functionality of the BAPLIE 3.1 message

In order to be accepted and used as a stand-alone means for the
transmission of ,Cargo Information” (SOLAS VI/2) and ,Cargo Declaration”
(SOLAS VII/5; MARPOL, Annex Ill, Reg 4%?2 and section 9 of the General
Introduction to the IMDG Code®3), the BAPLIE standard should meet all the
requirements and allow the exchange of all the necessary cargo information
that, according to the SOLAS and MARPOL, the shipper is obliged to provide to
the carrier. Additionally, the format and content of the data included in the
message should allow it to perform the function of relaying the necessary
information for the preliminary, executive, and final stowage plans. The EDI
message is a sequential set of data structured according to the approved
standard of the relevant version, which is electronically transmitted between
information systems. The transmission of the messages is done according to
the ISO 9735 standard®®. The main components of the BAPLIE 3.1 message are
data elements and their components, which are grouped into segments. The

92 IMO. International Convention for the Prevention of Pollution from Ships (MARPOL). 2022
93 IMO. The International Maritime Dangerous Goods (IMDG) Code. 2022

954 1S0. ISO 9735 - Electronic data interchange for administration, commerce and transport
(EDIFACT) — Application level syntax rules. 2022
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segments functionally form 12 segment groups (7 in the BAPLIE 2.2 standard).
These, together with the header that precedes them, form the overall message.
The results of the comparative analysis of the functionality of version 3.1 is
presented in brief in Table 1. The first column shows the type of load plan for
which the requirement is applicable (P-Preliminary or F-Final). The second
column describes the functional requirements that must be covered by the
message and the third column presents the relevant IMO reference instrument
from which each requirement is derived. Columns four and five list the BAPLIE
segments and component element numbers that cover the specific
requirement (if met). Column six indicates the usage of the elements according
to the structure of BAPLIE 3.1 (M-mandatory, C-conditional, R-required, D-
dependent, and O-optional). An asterisk indicates that a specific element is not
available in the lower version 2.2.

Table 1 (summarized result of the BAPLIE 3.1 functionality)

Type of Required IMO Reference Comp.
. . Segment Usage
Plan Functionality Document Element
(1) (2) (3) (4) (5) (6)
P, F ,Cargo information”
o SOLAS VI /2.2.1
(description of DGS 7085 Cc(O)*
CSS Code 1.9
cargo)
P Container gross
. SOLASVI/2.2.1 MEA 6411 R
weight
P, F Verified gross mass
] SOLAS VI /2.4 MEA 6313 R
of the unit (VGM)
P, F VGM Certificate
. SOLAS VI /2.5 FTX 4441 C(O)*
details
P Maximum
o SOLAS VI /5.5
permissible Gross N/A N/A N/A
CSC 72

Mass of container
P, F Center of gravity SOLAS VI /5.6
(currently used only | SOLAS VII /5

MEA 6313 N/A
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for break bulk) CSS Code 1.9
P, F Maximum allowable | SOLASVI/2.2.1
stacking weight (only | SOLAS VI /5.6 MEA 6313 R*
if less than 192 t) SOLAS VIl /5
P,F ,Cargo Declaration” | SOLASVII /4
8351,8078
details in case of MARPOL,
) 8092,9021
carriage of Annex Il /5 DGS ATT C*
7124,7088
dangerous goods IMDG Code,
7106,6411
Ch5.4

The essential aspects of the full analysis of the BAPLIE message
functionality in comparison with IMO-relevant regulations are listed below:

e Both BAPLIE versions 2.2 and 3.1 dot fully comply with the SOLAS
VI/2 regulation regarding , Cargo information” as cargo description segment is
left as ,,optional”;

e The VGM exchange functionality is made mandatory, but only to the
extent that it will be shared with the vessel if a VGM certificate is available. The
details of such certificate are optionally disclosed;

e There is no available segment for exchanging information regarding
the maximum gross mass for which the unit is designed;

e The exchange of information regarding the calculated center of
gravity for each container is not made mandatory. Such an option exists in
version 3.1, but it is designed and used just for break bulk cargo;

e Information on the maximum permissible stacking weight of a unit is
exchanged as mandatory only when it is less than 192 t;

e Unlike version 2.2, the latest version 3.1 covers all the required
requisites of the SOLAS VII/4 and the IMDG Code regulations regarding ,Cargo
declaration”.

4. Conclusion and recommendations for future development

The BAPLIE EDI message plays a critical role in the modern container
shipping industry by enabling the efficient and paperless communication of
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stowage plans between ships, ports and other stakeholders. As global trade
continues to grow, the evolution of this standard is pivotal for addressing the
challenges related to data accuracy, integration, and automation. Therefore, it
is of utmost importance that the standard is fully in line with all relevant IMO
regulations and that it is functionally able to transmit all the required cargo
information to enable the safe preparation of the preliminary stowage plan for
container ships.

Based on the discrepancies mentioned above, this study recommends to
the SMDG to consider following future updates to BAPLIE 3.1:

1) As per SOLAS VI, the shipper is obliged to provide the master or his
representative with cargo information, which includes the commodity inside
the laden container. The current practice in exchanging cargo information with
the master is to exclude commodity data from the BAPLIE. Version 3.1 makes it
possible to use the WCO harmonized system nomenclature®>® but this option is
left optional and is currently used only for break bulk cargo. It is recommended
that this data is exchanged as mandatory because, according to maritime law,
the line operator is formally not considered a , master’s representative” and
the information regarding container contents has to be made available to the
master through BAPLIE exchange prior loading;

2) Version 3.1 of the standard allows for the attachment of a VGM
certificate, but this element is optional and operators do not use it. In version
2.2 there is no such option. It is necessary to revise both standards in this
respect and to make the exchange of certificate information a mandatory
element in line with SOLAS VI, 2.5.2 which clearly states that the VGM
certificate has to be submitted to the master or his representative and to the
terminal representative sufficiently ion advance of the loading. Being not
,master’s representative by right” the line operator can receive this
information but has to make it further available to the master with the use of
EDI;

955 WCO (World Customs Organization). HS Nomenclature. 2022
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3) According to the interpretation of the current SOLAS VI, 5.5 and CSC
72 regulations, it is the responsibility of all parties in the transport chain to
ensure that the gross mass of the cargo unit does not exceed the maximum
permissible value, as shown or the CSC Plate. However, the master is not
provided with the necessary information to perform such verification.
Therefore, this study proposes the introduction of an additional element to
BAPLIE to convey the container’s maximum permissible gross mass, which can
be automatically compared to the VGM by the ship’s loading software.

4) The introduction of an element that indicates the center of gravity of
each container is recommended. The availability of such information onboard
would help determine a ship's vertical center of gravity more accurately,
affecting the overall stability calculation accuracy. Modern loading programs
take the center of gravity of each container at 45% of its height by default. For
relatively homogeneous loads within the loading unit, the expected errors are
negligible; however, there are cases of significant deviation from this value.

5) MEA element 6313, conveying the value of the maximum permissible
stacking weight for each container, which is currently used only in the case of a
container with reduced strength (less than 192 t), should be made mandatory.
This container strength is insufficient for the stowage on board cellular
container ships of Generation 5+. Such vessels have a stacking height of more
than 10 tiers, which makes it possible that the limit of 192 t. will be exceeded.
Newer container units are designed according to the latest amendment of the
ISO 1496-1 standard, with a minimum permissible load of 213360 kg.
Nevertheless, without such mandatory data exchange, both versions of BAPLIE
do not guarantee that the construction of containers on lower tiers will not be
overloaded.

6) Both SOLAS VII and MARPOL Annex Ill require compliance of the
»,Dangerous Goods Declaration” with the IMDG Code regulations. Of the two
analyzed versions, only BAPLIE version 3.1 is fully functional in terms of the
content of the information transmitted. Currently, just the basic requisites of
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the CTUs containing DGs are exchanged. The remaining missing data must be
re-entered manually by the ship's crew into the ship's cargo computer despite
the fact that it is readily available in the line operator's data system. In this
sense, a recommendation can be made that terminals and container operators
will as soon as practically possible replace the use of version 2.2 messages with
version 3.1 messages. This would save considerable operational time for the
crew when checking the cargo plan for dangerous goods.

The SMDG has achieved the highest standards in designing and
continuously updating the BAPLIE EDI message, thereby ensuring its relevance
and efficiency in the container shipping industry. However, to enhance the
safety and reliability of information exchanged via BAPLIE, a more robust
regulatory framework is necessary. Industry leaders, such as the IMO and other
relevant organizations, must step in and regulate as mandatory certain BAPLIE
elements, currently categorized as optional. This step would not only
standardize critical safety-related data exchange but also solidify the
operational integrity and security of global container shipping logistics.
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Abstract: This study focuses on the functional analysis and operational challenges of
onboard loading software for container ships, which must verify compliance with various
components, such as ship stability, weight distribution and cargo prioritization, to ensure the
safe and efficient loading and unloading of containers. The study examines the three main
functions of cargo programs on modern container ships: the Loading Instrument, Stability
Instrument and Lashing program, and their respective requlatory requirements set by the
International Maritime Organization (IMO) and the International Association of Classification
Societies (IACS). The research reveals that current loading software does not include a
verification of the preserved structural integrity for each container on board. This poses
significant safety risks, especially for ultra large container vessels (ULCVs). To mitigate these
risks, the study proposes additional mandatory functionalities for the Lashing Program
module of the Loading Computer Systems for container ships.

Keywords: Loading software, Container ship

1. Introduction and subject of the study

The containerization of global trade has revolutionized the maritime
shipping industry, enabling the efficient and cost-effective transportation of
goods across oceans. However, the increased size and complexity of modern
container ships have introduced new operational challenges, particularly in the
area of onboard loading software, which is a critical component of container
ship operations that must verify the compliance of a series of components,
such as the ship's stability, weight distribution, and cargo prioritization, to
ensure safe and efficient loading and unloading of containers at each port of
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call. The International Maritime Organization (IMO) and International
Association of Classification Societies (IACS) regulations concerning on board
cargo computer systems distinguish between the hardware and software
requirements. This study focused solely on software functionality. Dedicated
cargo programs on most modern container ships combine three independent
functions, as listed below, for which the IMO and classification societies have
developed separate regulatory requirements.

1. Function 1 ,,Loading Instrument” This is the name officially adopted by
the IMO for a computer system or other automated means capable of
calculating, in accordance with Regulation 10 of LL'66°°°, the ship's overall
longitudinal strength parameters and comparing them to the limit values. At
present, the IMO has not developed a regulatory instrument obliging cellular
container ships to be fitted with a loading instrument, similar to bulk carriers
(SOLAS XI1/11%7, MSC/Circ.891°%°8 and IACS Recommendation 48%°). However,
IACS introduced such a requirement for container ships larger than 100 m%®,
Furthermore, the IACS specifies that if such software is on board, even if it is
optional, it must comply with any requirements developed by the classification
society.

2. Function 2 ,Stability Instrument” In addition to the Administration
approved ,Stability Information”, every Category | cargo ship over 100 m.
should be provided with an instrument that allows the stability parameters to
be calculated and compared with the minimum acceptable standards. This
function is performed again by the cargo program of the ship. For a container
ship it is not mandatory for the software to calculate the damage stability of

956 MO (2021). International Convention on Load Lines 1966. London, IMO

97 IMO (2020). International Convention for the Safety of Life at Sea, 1974

958 IMO (1998). MSC/Circ.891 Guidelines for the on-board use and application of computers
959 |ACS (2020). Recommendation on Loading Instruments, 1997

%0 |ACS (2010). S 1 Requirements for Loading Conditions, Loading Manuals and Loading
Instruments, Rev 7
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the hull as it is for tankers®®!. The IMO has established its own regulations for
Stability Instruments, which are included in Part C of the 2018 IS Code®®?.
Furthermore, the IMO endorsed MSC.1/Circ.1229%3. Section 4.1.2 of the Code
categorizes software systems as passive and active. The active system allows
some of the data required for stability calculation to be automatically received
via an appropriate interface. The most widespread function of this type is the
ability to read the levels of the individual tanks. This feature is usually activated
manually and allows the user to update the tank levels on demand, avoiding
time-consuming manual inputs and reducing the likelihood of errors. Rule
4.1.2.3 specifies that integrated systems that perform actions related to
automatic data entry are not subject to the Code, except for their module that
specifically calculates stability. Systems of this type are subject to regulation
only by the Administration and the respective classification society.

3. Function 3 ,Lashing program” Lashing software is a computerized tool
that analyzes the forces acting on container stacks aboard ships. This software
reflects the specifications of the lashing system as outlined in the Cargo
Securing Manual (CSM), which is prepared in compliance with the
requirements set by the Administration. This feature is specific to container
ships and has no equivalent in other ship types. Given the large volume and
complexity of the calculations involved and the impossibility of the (CSM) to
reflect all the multivariant loading patterns, cargo lashing calculations cannot
be performed physically by the crew without the aid of software. Unlike the
case with the stability instrument, the calculation methodology, software, and
hardware requirements are entirely left to the discretion of the Administration
and the classification society.

Each of the functions listed above, as well as some additional(optional)
ones, can be performed by a single software, known as ,Loading Computer

%1 MO (2014). MEPC.248(66) Amendments to MARPOL Annex | on mandatory carriage
requirements for a stability instrument

%2 MO (2009). International Code on Intact Stability (2008 IS Code)

963 IMO (2007). MSC.1/Circ.1229 Guidelines for the approval of stability instruments

1110



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

System” (LCS). The use of one integrated software program instead of three
stand-alone programs is a suitable solution with proven advantages and ease of
operation. The complex nature of such a system is illustrated in Figure 1.

Loading Instruments Loading Computer Onboard Stability
Computers
Acc. to IACS UR S1 C g
omputer Hardware Acc. to TACS UR L5
X A
\ 4
Loading Programs Stability Programs
. | Loading Computer System | _
Longitudinal Strength (LCS) Intact Stability
Lateral Loads Damage Stability
7
I
I
I
e e - _____
|
! 1 !
Lashing Programs Other Technical Programs Dynamic Stability
Simulation Programs
Container Lashing In Service Inclining Test Parametric Roll
Cargo Lashing Ballast Water Management Wave calculation

Figure 1 (Loading Computer System typical layout)

2. Functional Analysis of container ship loading computer system

Because a Loading Computer System integrates all the above-mentioned
three mandatory functionalities, it must comply with the combined regulations
and rules set by the IMO, the Administration, the IACS, and class society. This
includes those generally required for all cargo vessels, as well as container-
specific parameters. The full list of applicable IMO and IACS functional
requirements for container ship LCS is presented below.
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e (Calculation and graphical presentation of Still Water Sheer Forces,
Bending Moments and Torsional Moments, which includes the displacement
and buoyancy distribution

e Load calculation for each stack on deck and under deck

e Deadweight and Displacement calculation

e Mean draft calculation

e Trim calculation

e Draft calculation at perpendiculars and at all ship marks

e List (Heel) Calculation

e Presentation of the Deadweight Table and results for the center of
gravity (LCG, TCG and VCG)

e Calculations for the downflooding angle and corresponding
downflooding opening

e Compliance with stability criteria: Listing of all calculated stability
criteria, the limit values, the obtained values and the conclusions (criteria
fulfilled or not fulfilled)

e (Calculation and graphical presentation of the forces on containers
and container securing equipment for any loading conditions for each
container stack

e Indication of the respective permissible values in order to assist the
master in his/her judgement on whether the ship is loaded within the approved
limits

Additionally, to the minimum required functionalities, modern loading
programs for container ships are equipped with additional calculating tools
such as:

e (Calculation and analysis of IMO and Panama Canal visibility

e Air draft calculation

e Propeller Immersion calculation

e Compliance with minimum forward draft

e Compliance with maximum trim (if applicable)
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e Stowage check for Dangerous Goods as per IMDG Code

e Physical stowage compatibility for container units

e Calculation for the maximum permissible stacking heigh

e Container overstow check in regard to the ship rotation

e Ballasting/deballasting optimization

e Stowage planning tools and functionalities

In today's highly competitive market, developers of specialized software
continually enhance their product capabilities. However, these improvements
focus primarily on improving the interface of the existing modules, particularly
in terms of optimizing cargo planning, rather than incorporating additional
features to enhance ship safety. This study examined software products of
leading software manufacturers available on the market.

In the course of the research, an attempt was made to identify software
functionalities that are currently not included as a requirement by either the
IMO or the IACS, and whose introduction would contribute to the safety of
transportation of containers by sea. It was discovered that none of the
aforementioned products include a component that verifies the strength of
containers planned for loading or already loaded onboard. Some of the latest
versions built in compliance with the 2024 IACS Requirements®* offer the
possibility to calculate the external forces acting on each container unit, but the
result is later analyzed with regard to the standard minimum requirements
established by classification societies.

None of the aforementioned products include a component that verifies
the strength of containers planned for loading or already loaded onboard.
Some of the latest versions built in compliance with the 2024 IACS
Requirements offer the possibility to calculate the external forces acting on
each container unit, but the result is later analyzed with regard to the standard
minimum requirements established by classification societies. The new 2024
requirements will be applied only to the new buildings of the IACS members for

964 |ACS (2024). IACS UR C6 Unified Requirements for Lashing Software
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ships contracted for construction on or after July 1, 2025. Ships that are
currently in service use software, which does not verify whether container units
on board will be able to withstand the combined external forces and moments.

None of the analyzed software verifies that the maximum permissible
stacking weight of each unit on board is not exceeded. The only calculation that
is performed is whether the stacking weight of the decks is exceeded.
Consequently, the loading program only generates a warning if the ship's
construction is endangered but not if the cargo units may be damaged due to
excessive external forces. Today, ultra large container vessels (ULCVs) can
accommodate 12 or more tiers inside their cargo holds. If fully loaded a 20 feet
unit may weigh up to 30.5 t. as per latest ISO standard. Consequently, the
maximum permissible stacking weight of the bottom tiers can be easily
exceeded if all containers from the upper tiers are loaded close to their
maximum permissible gross weight.

Research has been conducted on manufacturing data, which reveals that
the majority of shipping containers have been constructed with a stacking
capacity that meets or exceeds the 213,000 kg requirement specified in 1SO
1496-1°% for many years. In fact, the most prominent container companies and
rental firms now commission containers with capabilities exceeding this
standard, with 216,000 kg being the most frequently used specification.
However, a small portion of containers continues to be manufactured with the
original 192,000 kg stacking capacity. According to CSC 72°%®, these containers
are not substandard and do not need to be specially labelled and mentioned as
low-strength containers during the EDI exchange. This situation poses
significant safety risks, including the potential for stack collapse and containers
falling overboard, if containers with lower stacking capacities are mistakenly
placed at the bottom of stacks, assuming they meet the higher strength
requirements outlined in ISO 1496-1. The efficiency of ULCVs has already been

965 1SO (2013). ISO 1496-1 (Series 1 freight containers - Specification and testing - Part 1:
General cargo containers for general purposes)
96 MO (2014). International Convention for Safe Containers, 1972
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confirmed within the last decade, which explains the current global trend of
increasing the number of vessels of this size. Consequently, the problem of
preserving the construction of container units onboard these giant vessels will
become more serious and needs to be solved.

It has been further noted that the present standard for the EDI Bayplan
message does not include a mandatory element that provides vessels with
information on the maximum permissible gross weight for each unit. Both the
terminal and master are obliged to verify that each container is not overloaded,
as per SOLAS Ch VI and CSC 72. Such verification is not part of the automatic
stowage check, as it is not exchanged via the EDI before loading.

3. Conclusion and proposed additional functionality

Based on the presented detailed analysis of the functional capabilities of
each of the reviewed versions of LCSs, it can be conclusively determined that all
of them fully comply with the applicable IMO and IACS regulations and rules.
The objective of these instruments is to regulate the functionality of the LCS to
maintain the seaworthiness and structural integrity of the ships. This approach
could be entirely effective for other types of vessels. However, in the case of
container ships, the overall safety of a vessel is highly dependent on the
measures applied to preserve the integrity of all the cargo transport units on
board. In this regard, and to mitigate the safety risk, it is imperative for
container ship LCSs to perform automated calculations and verification of the
structural integrity of containers on board. To achieve this objective, the
following additional functionalities are proposed as mandatory for the Lashing
Program module.

1. Calculation for the stacking weight of each container on board and
verification that the maximum permissible stacking weight for each individual
container is not exceeded

2. Calculation for the racking forces and lifting forces for each unit on
deck and verification that the limitations which are set for each individual unit
are not exceeded
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In order to be able to calculate the actual values of the above
parameters, the required input data has to be received via EDI from the line
operator or the terminal operator. The latest SMDG Bayplan message version
3.1 has the functionality to specify the maximum stacking weight, but this
segment is used only in the case of a unit with ,limited stacking capacity” of
less than 192 t as per the CSS. No option is available to exchange information
regarding containers with a ,limited racking capacity” of less than 150 kN. As a
result, the introduction of the proposed functionalities must be coordinated
with an appropriate upgrade of the current BAPLIE 3.1 version in order to
enable additional calculations, as described. Therefore, implementing these
proposed functionalities requires coordinating with an upgrade to the current
BAPLIE 3.1 version to enable additional data exchange. This upgrade would
allow for more comprehensive safety checks and potentially reduce the risks
associated with container transport by sea. The costs and expenses for
upgrading LCS functionality and the Bayplan message are considered minor
compared with the expected significant improvement in container shipping
safety. This suggests a favorable cost-benefit ratio for implementing these
changes.
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CTPOUTE/IHO-UH®OPMALMOHHU TEXHOJ1IOTMN B
OUTUTANUSALUUATA HA KYNITYPHOTO HACNIEACTBO B
NMPAKTUKATA MO APXUTEKTYPA

TeodaHa Xapanamnuea-CtommeHoBa
[denapTtameHT ,,ApxuTtekTtypa”, HBY
Ten: 0883426515, tharalampieva@nbu.bg

AHOomayusa: ApxumeKkmypama e [pu3eaHUE, KOemo U3UCKed roceemeHocm,
06WUPHU 3HAHUA U KOMIM/AEKCHO MucneHe. TA npedcmasnAasa MPAKMuU4YeckKo U3Kycmeo,
Koemo ogopma npocmpaHcmeomo, 8 Koemo xugeem u pabomum. C HanpeObKa Ha
mexHos02uUMe, U3UCKBAHUAMA 3a Ka4ecmeo Ha 0u3aliHa, U3mbaHeHUemo u obwua *u3HeH
UUKbA Ha cepadume 3Ha4umesnHo Hapacmeam. HamanAasaHemo Ha 2pewKume U
onMmuMuU3ayuUAMa Ha npouyecume yaecHAsam pabomHua MNOMOK U  paswupAsam
8b3MOXKHOCMUMe 3a KpeamusHocm. B ma3u cmamus ce pa3anexcda npoyecbm Ha paboma
U onmumMu3ayuAa Ha peanHa c2pada, KOAMO e KyaAamypeH namemHur, Kv0emo
cbepemMeHHUmMe mexHosa02uu nodnomazam cv3oasaHemo Ha moyeH BIM (cmpoumenHo-
UHpopmayuoHeH modes) modesn, HA 6azama HA Kolimo [MO-KbCHO ce u38bpuieam

PEeKOHCMPYKYUA U npeycmpolicmeo Ha ma3u UuHmepecHa c2paoa.

Kmouyoeu dymu: BIM (building information modelling), HBIM (historic building
information modelling), 3] cmpykmypa Ha cepada, cogpmyep, KoaudyecmeeHu CMemkKu,
onMmuMuU3ayua u Ou2umanu3ayua, MUHUMU3AUUA HA 2pewKu, CmMmamu4yHu U OUHAMUYHU

us4yucsieHuA, eusyanulayuda, asmomamu4yHu useneou

BUILDING INFORMATION TECHNOLOGIES IN THE
DIGITIZATION OF CULTURAL HERITAGE IN THE PRACTICE OF
ARCHITECTURE

Teofana Haralampieva-Stoimenova
Department of Architecture, New Bulgarian University
Phone: 0883426515, Email: tharalampieva@nbu.bg
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Anotation: Architecture is a calling that requires dedication, extensive knowledge,
and complex thinking. It represents a practical art that shapes the space in which we live and
work. With the advancement of technology, the demands for quality in design, execution,
and the overall lifecycle of buildings have significantly increased. Reducing errors and
optimizing processes facilitate workflow and expand opportunities for creativity. This article
examines the working process and optimization of a real building that is a cultural
monument, where modern technologies assist in creating an accurate BIM (Building
Information Modeling) model, based on which reconstruction and renovation of this
interesting building will later take place.

Keywords: BIM (Building Information Modeling), HBIM (Historic Building Information
Modeling), 3D structure of a building, software, quantity takeoffs, optimization and
digitalization, error minimization, static and dynamic calculations, visualization, automatic

views

ApxuTekTypata npeacTaBa Mpu3BaHME, MNOCBETEHOCT, LWMPOKa obuia
KYATypa M KOMMAEKCHO MuCneHe. ToBa € MPAKTUYECKOTO M3KYCTBO, KOETO
obopma 0b6UTaeMOTO MPOCTPAHCTBO 3a YMbT M TAN0TO. C HanpeaBaHeTO Ha
TEXHONIOTMYHUTE WMHOBALUMW, W3UCKBAHMATA 3@ KayecTBOTO Ha [AM3alHa,
peanusaymata M obwma XKMU3HEH LMKDBA Ha efHa NOCTPOMKa 3HAUYUTENHO ce
yBenmMyaBaT. Bb3MOXHOCTUTE 3a CBEXAAHE Ha [PELKUTE 4O MUHUMYM WU
onTUMM3auMA Ha npouecuTe obnekyaBaT paboTHMA nNpouec M paswmpaBaT
NPOCTOpPa 33 KPeaTUBHOCT.

B Tasu ctatmAa e onmucaH npoueca Ha paboTa, oNTMMMU3aUMA Ha peasnHa
crpaga, NaMeTHUK Ha KynTypaTa, KbAEeTO CbBPEMEHHUTE TEXHONOMMK ClloMarat
nsarpaxgaHeto Ha ToyeH BIM (building information modelling) moaen, Ha
6as3aTa Ha KOWTO B MoOC/NeAcTBME ce pPaboTM N0  PEKOHCTPYKUMATA U
NpPeyCcTPOMCTBOTO Ha Ta3u MHTEPECHa Crpaaa.

EKMnbT,B KOMTO paboTtn aBTopbT (MHTEpHEeWbHBbA Pucopa MeHUAKMBHT
EOO/), 6uBa un3bpaH ga cb3gage BIM mopen Ha 6uBliaTa UEHTpasna Ha
Dresdner Bank B [lopTmyHa, KoeTo OnarogapeHuMe Ha MO3HAHMATA 3a
dyHKuMoHanHoctTa Ha Allplan BIM 1 onuta B 3D apXUTEKTYPHOTO MOAENNPAHE,

npuema npean3BnUKaTencTsoTo.
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Crpapara

buBwaTa ueHTpana Ha Dresdner Bank B [lopTmyHA, € noa McToOpu4Yecka
3aWmMTa, BbNPEKN Yye e npoekTupaHa camo npeau 40 roguHU OT U3BECTHMUA
repMaHCKM apxXnTekT Xapang JennmaH. 3apagm CbBpeMeHHaTa CU, BAbXHOBEHA
OT nonapT apxmuTeKkTypa, npe3 2001 r. Kamnwpace 47 e npueta B CNUCHKA Ha
nameTHUUMTE Ha KyATypaTa Ha rpag JopTMyHA 1 OTTOraea e 3awmTeHa.

BneuatnaBawarta m 6etoHHa ¢acaga e HenpexogHO KpacmBa U e
MoAennpaHa OT HAc BbB BCUYKM geTamnu. Cbl0 TaKa CaMMAT pasmep Ha
obeKTa - TOM MMa YeTUPM HMBA Ha NOA3EMEH MAPKUHT U 7 HaA3EMHM HUBA - IO

NpPaBuU UCTUHCKM pedepeHTEH MNPOEKT 3a Hac.

mﬂmf'“'““"ﬂn M
g —

M306p.1 MaKeT Ha [ipe3gHep BaHK 1974r. U306p. 1a ABTOpCcKa ¢poTtorpadun, ekmn
MPM (UHTepHewbHbA Pucopc MeHUAXKMDBHT)

3awo BIM?

Crpagata we 6bae pa3geneHa Ha 30HM M OTAafdeHa NoA Haem Ha
Pa3IM4HN KomnaHuu. Mo Bpeme Ha pasaTta Ha peHOoBaLUMA CE U3MUCKBAT TOYHMU
KONnyectBa C UENA MUHUMMMU3MPAHE HA pasxogute No noadpb)Kka. B
nocneacTeue AaHHUTE We 6bAaT U3NO0N3BAHM 33 LUEAUTEe Ha YNPaBAEHUETO Ha
CbOPbXKEHUATA, KATO Hanpumep ynpaBJeHMe Ha oThaBaHe Nnog Haem WU
NpemecTBaHe, NPOTUBOMOXApPHA 3aWMTa WAW 33 WHTEPUOPEH [AU3aliH,
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M3YNCNEHME HA KO/JMYecTBa Heobxogmmu 3a odepupaHe Ha peHoBauMA,
NPeycTpoOMCTBa U T.H.

Codryep

N3non3saxme copTyep, KOUTO HM NO3BOSIN A yNpaBAABaMe OFPOMHOTO
KONM4ecTBO pJaHHW. [lbpBaTa CTbNKa bewe pga ce cb3gage noaxoaAlla
CTPYKTYpa Ha crpagata c ,MeHuaxbp Ha crpagata”’. Ypes apxutekTypHute
¢dyHKUMM Ha Allplan ToraBa gedpuHMpaxme MHTENUTEHTHUTE eNeMeHTUM KaTo
CTEHM, N1IoYn 1 KonoHu. Tvi KaTto Allplan cb3gasa napanenHo ¢ BIM mogena um
TOYeH paboTeH 4YepTe)k Ha BCEKU eTaK, 3a Hac belwe NecHO Aa CBepum
pe3ynTaTuTe C OPUTMHANHUTE NAAHOBE NO BCAKO BpeEME.

Cnep ToBa MoaenbT buBa 3ana3eH Ha naatdopmata BIM plus, koato e
obnayeH CbpBbP M MO3BOASABA HA BCUYKM YYACTHMUM [OCTbN A0 MOAENa.
[aHHuTe ce 3anuceaTt Tam B HeyTpaneH IFC ¢opmaT, Taka 4ye Apyrn naaHuUpaLLm
Kato HVAC — namn cTpouTenHun NHXeHepu aa morat aa AobasAaAT cBouTe AaHHM
BbB BCeKU BIM cbBmecTm popmar.

e [loBeye oT 2500 yepTexa

e Hap 70GB gaHHM

e DWG ¢annose

M3xoaHa nHpopmaumna

CKaHUpPaHW PbYHU CKMUM U YepTeXkn oT 70-Te rogMHM Ha MUHANUA BEK B
PDF ¢popmart
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MN306p. 2 Pacapa, apxus 1974r.
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U306p. 3 Paspes, apxus 1974r
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EOGAT S L
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ratsa

M306p. 4 PasnnpegeneHue, apxums

Mpouec Ha paboTa

CTpyKTypa - HUBO Ha geTaiaute 1:1

[eTannHOTO HMBO Ha CTPYKTypHMA mogen e 1:1. Crpagata ce cbCTOM OT
HMBA Ha NOA3eMeH rapax u 7 etaxka ¢ opmncu. OTAMYaBaLWo ce NPOCTPAHCTBO e
aTPUYMDBT C MacuBHa CTb/6a, KOATO M3rneXKaa Kato nnasawa. [Apyr enemeHT e
NPOXo4bT Mpe3 Crpajata, KOMUTO M3rNeXK4a KaTo yaumua C BbHLIHM NamMmniun m
CaKcumM c pacteHua. Toit e 3a06MKoneH ot obemn OT NaBUIMOHEH TUM, KOUTO
BOOAT A0 BTOpPUA eTa)X M ronama Tepaca. B npeppsepuero ce Hamumpa
Bneyatnasawa 3/[1-apT cTeHa C Pa3/IMYHU LBETHU e/leMeHTU KOATO MPOMeHsA

BM3MATA CNPAMO Pa3noioXKeHNeTo Ha HabaogaTens.
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U306p. 5 ABTOpCKa BM3yain3aumMa Ha HOCeL,aTa KOHCTPYKLUA

CTpyKTypa Ha npoekTa B Allplan
OnpepenaHe Ha HuBa B Allplan
HacTpoliku Ha YepTexka, maTtepranm
CnomarateneH TemnnenT 3a pabota
OnpepgensaHe Ha NoTpebuTenckn aTpnodyTH

KOMYHVIKMpaLI,VIFl C K/INEHTa KakK Tpﬂ6Ba Ada ce

CTPYKTYPHUTE €NEMEHTH.

mogaennpart
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U306p. 6 3[] pa3pes, aBTOPCKU
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il .”.;“ %gfﬂ"'jl;
N306p. 7 ceKUMOHEeH pa3pes, aBTOPCKU

betoHOBa ¢acaga - HUBO Ha getannute 1:1

[eTannHOTO HMBO Ha MoAena Ha KOHCTpyKumaTa e 1:1. Bcnykm 6eToHHM
naHenn ca crnobaemm WM MapKUpPaHU C  UAEHTUPUKALUMOHEH HOMep.
EnemeHTUTE, OOMKaANAWM NbPBMA €Ta)K, ONpeaenAtT aTpuyma U npeBpbLLaT
buBlaTa 6aHKa B YHWKa/HA crpaga. 3a MMHUMANHO Yy/1IeCHeHMe Ha 3ada4aTa
MMalle TMNOB MNaHesn, HO Cblo Taka M noseye oT 70 eAUMHUYHM OETOHHMU
eNeMeHTa C pa3/aIMyHa ABOMHA KPMBWHA Ha reomeTpusaTa, KouTo Tpsbsalle ga
ce MoAaennpart, Knacupumumpar 1 TEKCTYpMpaT CaMOCTOATE/THO.

1127



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

MU306p. 9 aBT.KONaX, geTtannm ot pacagata, BUM moaen
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M306p. 10 feTain-paspes ot pacagara, BUM mopgen

MeTtanHa ¢pacaga - HuUBo Ha getannute 1:1
[eTannHOTO HMBO Ha MOoZeNa Ha KOHCTpyKuuATa e 1:1. HAKou oT cTapuTte
yepTeXKM Aunceaxa M 4yact oT dacagata bewe moaennpaHa Bb3 OCHOBA Ha

CHMMKK OT MOCeLleHMETO Ha MACTO. TA e NpoeKkTUpaHa B aHTpPaUUTEH UBAT U
1129
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CNYXK KaTo ¢oH Ha banaTta 6eToHHa dacaga. MeTanHata dpacaga CcayXxu KaTo

BPB3Ka MexXAay Crpagata U noCeTuTennTe, Kato onpeaena BCU4YKM BXxoaose

- -

MU306p.11 uanoctHa 3[ ¢pacaga, asTopcku 3[, usrnea
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MU306p.12 aBT.KONAXK, AeTanm oT meT. pacaaa
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KpaeH pe3ynrar
Hanunue e cpaBHuUTeneH ekcrnepumeHT Ha wmirneaute ot 3D mogena ¢
HAKOM CHUMKM OT HALLUTE NOCELLEHMA HAa MACTO.

M306p.13 CHUMKA U BU3yann3auma Ha KancyimTe 3a KOHCYATauuMm
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MN306p.14 CHUMKa n BU3yanun3auumsa Ha 30HaTa NpU BAU3aHe

M306p. 15 CHMUMKA M BU3yannsaumua Ha NOKPUBHUA eTaxK
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U306p. 16 LianocreH nornep Kom 3/, mogen-a,IMueH apxvs

N3Ban4vaHe faHHM OT mogena n u3Bogu:

e ABTOMATU4YHU un3rnegm, pa3pes3n, cbacap,m N BCUYKU HGOGXOAMMVI
AOKYMEHTU

e ABTOMaTU4YHO , eTUKeTUpaHe”

e ABTOMaTUYHW  KOJIMYECTBEHM WU3YUCNEHUA U  Yy/ecHABaHE MU
MUHUMU3UPAHE U3NULLIHK Pa3xoam No NOAAPBIKKA U peHoBaLmsa

e ABTOMaTUYHW aKTyaM3aLUUM B YEPTEKUTE NPU NPOMAHA Ha MOAENa,
nomaraliku npu HOB MPOEKT 3a peHOoBaLUMA Ha NPOCTPaHCTBaTa

e Busyanusaums U 1ecHO ONTUMMU3NPAHE Ha moaena

e OTAnyHa M AeTanHa 6as3a 3a GOTOPEaNUCTUYHU BM3yanusauum B
cneuyanusmpaH copTyep

e CTaTM4HM M AMHAMWYHM U3YUC/IEHUA BbB3 OCHOBA Ha Mmogena c
nomMmouita Ha cneunann3npaHu nporpamm
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Overview of objects

ALLPLAN

Project: Dortmund - Kampstr. 47_20170805

Created by: jdimitrova

Date / time: 16/04/2020 / 14:43

Mote:

Component ID Object name Material Quantity
5. 0G
10225ym0000000401 Smart symbol Betonpanel 1.00 Pc
10225ym0000000402 Smart symbol Panel 1.00 Pc
10225ym0000000473 Smart symbol Metalblech 1.00 Pc
10225ym0000000523 Smart symbol Betonpanel 1.00 Pc
10225ym0000000563 Smart symbol Fensterbank 1.00 Pc
1022Win0000001122 Window opening -2.70 m?
10225ym0000000796 Window, smart symbol + SmartPart Window 1.00 Pc
Pc m?
Summary
Smart symbol Betonpanel
Panel
Metalblech
Fensterbank
11
MN306p. 17 usBagKa KONMUYECTBEHU CMETKU
Windows
Project: Dortmund - Kampstr. 47_20170805 T: door leaf
Created by: jdimitrova H: sash
Date / time: 16/04/2020 / 14:34 K tilt and turn
MNote: The width, height and area define the dimensions of the opening. D: casement
Name of Number Wall thickn. Width/height Area Total area
Story Pos Place of installation ~ material THKD [m] [m] [m?] [m?]
5.0G
Window 1 0.086 0.800/1.866 1.493 1.493
Window 87 0.086 1.350/2.000 2.700 234.900
Sum 5. 0G 88 236.393
Total sum 88 236.393
1M

U306p.18. KonnuecrseHa cMeTKa U XapaKTepUCTUKa Ha 6eToOHeH naHen
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AHomayuA: KomnaHuume u3rnoa3eam u3KycmeeH uHmesnekm 3a rnoodobpasaHe Ha
ceoume mexHosa02uU, MPOOYKMU UAu ycayau, uau 3a npudobusaHe HA cmpameau4ecKo
npedumcmeo. Taka Ouckycuume 3a uHsecmuyuume 8 Al npudobusam 2049Ma 8AHHOCM
KaKmMO 3a mexHoa02Uu4HUMe KOMMAHUU, MaKka u 3a 8cu4Ku nompebumenu Ha Al.

B cmamusma ca pasenedaHu OCHOBHUME 8UO0BE KOPIOpPAMUBHU UH8ecmuyuu 8
usKycmeeH uHmesnekm. [lpedcmaseHu ca OQHHU 30 YaCMHU uHsecmuuyuu 8 Al 8 u3bpaHu
obnacmu - 8 ceemoseH mauw,ab, Kakmo u 8 Esponelicku cvt03 U ObedUHeHOMo Kpascmeo.

B pesyimam om npedcmaseHume OAHHU €A HAnpaseHU U3800U 34

uHeeCmMuyuoHHUMe meHoeHyuu 8 Al.

Knarouosu oymu: Al; uHeecmuyuu 8 Al; kopnopamusHu Al uHeecmuuyuu
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Abstract: Companies use artificial intelligence to improve their technologies, products
or services, or to gain a strategic advantage. Thus, discussions about investments in Al are
gaining great importance for both technology companies and all users of Al.

The article examines the main types of corporate investments in artificial intelligence.
Data on private investments in Al in selected areas are presented - globally, as well as in the
European Union and the United Kingdom.

As a result of the presented data, conclusions are drawn about investment trends in
Al.

Keywords: Al; Al investments; Al corporate investments

BbBegeHue

Al TexHONOrMATa ce pasBUBA MHTEH3UBHO M YMNpa)KHABA BCE NO-roASAMO
BIMAHME BbPXY HawwmA cBAT. EagHA OT npuymHUTe 33 H6bp3MA HanpedbK e, ye
npes nocnegHUTe roAMHU Ta3m TEXHOAOMMA MMA MHOIMO NO-FONEeMU Pecypcu Ha
CBOE pa3nooXKeHue.

JJOCKOPO MHBECTULMMUTE KAaTO KanuTasa M Hay4yHu ycunamsa B obnactra Ha
M3KYCTBEHUS MHTENeKT 6axa Manku. 3a KpaTbK nepuoa OT Bpeme
KOPNOPaTUBHUTE MHBECTULMU Ce YBENYMXa, a FoNAM HanpeabK otbenasa u
Hay4yHaTa AewHocT. B peauua obnactm pecypcuTe npeaHasHavyeHW 3a
pa3paboTBaHe Ha Al ce yBenmuymxa 3Ha4YUTENHO.

B ctratmaTta ce pasrnexgaT npomeHuTe B rnobanHuTe KopnopaTUBHU
WHBECTULUMWN B U3KYCTBEH MHTENEKT 3a AeceT roguweH nepuog ot 2013 r. go
2023 r. loKasaHM ca [aHHU 33 FrOAMWHWM YaCTHU MHBECTULUUWU B U3KYCTBEH
MHTEeNnekT B 24 n3bpaHun obnactm B cBeTtoBeH mawab, B EBponeinckm cbio3 U
Ob6eaAnHEeHOTO KpPancTao.

1. KopnopaTUBHM MHBECTULUUN B U3KYCTBEH UHTENEKT

NHBecTUUMUTE B M3KYCTBEH WHTENEeKT 0bXxBaliaT cpeactBa OT C/MBaHeE
Unu npnaobmeBaHe Ha KOMNaHUK, NyBAMYHO NpeanaraHe, YaCTHU MHBECTULMN U
MWHOPUTAPHU AANOBeE.

Ha ¢ur. 1 e nokasaHa rpaduka Ha KOPMNOPATUBHUTE WMHBECTULUUN B
M3KYCTBEH MHTENEKT B CBETOBEH Malab 3a nepmoaa ot 2013 r. ao 2023 .
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3abenexcka: [aHHUTe ca M3pa3eHU B LWATCKA [A0MapU, KOPUTMPAHWU ChNpsmo
nHnauuaTta

dur. 1. lognwHM rno6anHu KOpNopaTUBHU UHBECTULMU B U3KYCTBEH UHTENEKT No
supa, 2013 - 2023 r.
M3TouHuK: NetBase Quid upes Al Index Report (2023) [4; 5]

Hal-ronsmo yBennyeHne Ha MHBecTUUuMTe Mma npe3 2021 r., Korato
obuwaTa cyma ce e yBennuuna noytu 21 nvtm cnpamo 2013 r. CpeacreaTta oT
nybAn4yHO npeanaraHe ca HapacHanAu 16 nNbTW, YaCTHUTE MHBECTULUM Ca ce
YBENMYMAN 22 NbTU, HO HAN-TONAMO YyBe/AUYeHue ce HabnwopgaBa npu
MHBECTULUMUTE OT CIMBAHE UAKN Npuaobusane — 25 nbTu [5].

B Tabnmua 1 ca AaHHMUTE 3@ CyMUTE 33 KOPMNOPATUBHWU MHBECTULUU B
N3KycTBeH UHTeneKT npe3 2013 r. u nepunoga 2021 - 2023 r. MNpe3 2022 n 2023
r. ce Habnoaaea cnaj KakTto Ha obwmTe HMBA, Taka U HA CNOMEHATUTE BMA0BE
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KoprnopaTueHU nHBectuumn. Mpes 2023 r. obwnTe KOPNOPATUBHMU UHBECTULUM
HamanAaBaT 2 NbTM cnpamo Makcumyma ot 2021 r. [loytM TONKoBa e
HaMa/IeHUETO U HA UHBECTUUMUTE OT CIMBaHEe M NpuaobueaHe (2.5 NnbTH), M Ha
yactHuTe MHBectnummn (1.55 nvtn). Mpe3 To3M nepuoa Hal-ronam cnag ce
Habnogasa npu nybanyHoto npegnaraHe - 7 nbTu. EanHCTBEHMAT aan ot
KOpNOpaTUBHUTE WHBECTULMM, KOUTO OTOEenA3Ba HENpPeKbCHATO HapacTBaHe

npes aecetroanwHuaT nepuog (2013 — 2023 r.) ca MMHOPUTAPHUTE AAN0Be —
yBennyeHue Hag 3 nbTu.

Ta6nuua 1. laHHKM 33 MHBECTULUUTE B U3KYCTBEH UHTENEKT Nno B1pa 3a 2013 r. u 3a
2021 - 2023 r. U3TouHuUK: NetBase Quid upes Al Index Report (2024) [4; 5]

Bupg,
2013 r. 2021r. 2022r. 2023 .
MHBECTUL MU
CnusaHe /
6.89 173.42 108.48 71.69
MNpnaobusaHe
My6nnyHo
1.80 29.51 5.74 4.21
npeasaraHe
YacTtHu
6.01 132.36 95.74 85.36
WMHBECTUL MU
MuHopuTapeH
2.24 2.11 7.58 6.96
asan
O6wa cyma 16.95 337.4 127.54 168.22

3abenexka: JaHHWUTE ca U3pPAa3eHM B MUAMAPOM LLATCKU A0/1IapU U Ca KOPUTMPAHU
cnpamo nHdnaumaTa.

2. YacTHM MHBECTULMU B U3KYCTBEH UHTENEKT 3a n3bpaHu obnactm
MNpeacrtaBeHU ca AaHHWU 3@ FTOAMLWLHM YAaCTHU MHBECTULUM B U3KYCTBEH
WHTEeNeKT B u3bpaHu obnactu 3a 2017 r. u 2022 r. [aHHWUTE BKAKOYBAT

KOMMaHUN, KOUTO Ca NOAy4YnUan noseye OT 1.5 munmoHa Aonapa NMHBeCTUumnm

[2].
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B Tabamum 2 1 3 ca NoKasaHU AaHHW 3@ YaCTHUTE MHBECTULMWN CbOTBETHO

B cBETOBEH MalLab, B EBponeicku cbto3s n ObegmMHEHOTO KpaicTBo.

Ta6bnuua 2. YacTHU MHBECTULMM B U3KYCTBEH MHTENEKT B M36paHu obnactu, B uenus

cBAT 32 2017 r.n 2022 r.
U3TouHuk: NetBase Quid upes Al Index Report (2023) [2]

YacTHM nHBECTULUM B U3KYCTBEH UHTEJ/IEKT 3a uenuna CBaT

OTHOCUTENH
A6conoTHO
M36paHun obnactu 2017 2022 o
M3MEHeHue
M3MEeHeHue
Al HauMHaHUA $705,626,292 $1,242,838,005 +$537,211,713 +76%
UHaycTpuanHa
Averp $830,608,913 $3,628,084,361 | +52,797,475,448 +337%
aBTOMaTM3aums
PaswwupeHa naun
BUpPTya/siHa $313,686,338 $2,214,330,335 | +51,900,643,997 +606%
peanHoct
$2,477,972,87
Knbep 3awmra 7 $4,978,670,210 | +52,500,697,333 +101%
YnpasneHue Ha $4,009,032,15
$5,423,724,972 | +51,414,692,813 +35%
AaHHU 9
ApoHose $83,470,232 $1,745,272,701 | +51,661,802,469 +1,991%
MonynposoaHULMU $300,236,435 | +$1,231,872,507 | +$1,231,872,507 +410%
Obpa3oBaTenHu $1,444,291,27
$344,161,272 -$1,100,129,999 -76%
TEeXHO/10rnmn 1
TexHonorusa 3a
yoBelwkKuTe $351,127,133 $1,506,868,367 | +51,155,741,234 +329%
pecypcu
MeauuuHa n $2,643,466,65
$5,605,698,104 | +52,962,231,445 +112%
3apaBeonasBaHe 9
TexHonoruu 3a
pa3no3HaBaHe Ha $151,974,274 $62,498,395 -$89,475,879 -59%

nvua
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EHeprusa, HedT N

$625,514,140 | $1,487,149,762 +$861,635,622 +138%
ras
3emepencka
$309,478,503 $810,137,282 +$500,658,779 +162%
TeXHONOorus
duHaHcoBa $2,344,769,84
$5,114,007,205 | +S2,769,237,360 +118%
TexHonorua 5
3abasneHue $923,252,885 $804,408,782 -$118,844,103 -13%
dutHec n yenHec $362,743,638 $487,005,579 +$124,261,941 +34%
FeonpoctpaHcTBEH
$395,927,816 $661,432,857 +$265,505,041 +67%
M TeXHON0TUKn
3acTpaxoBaTenHa
$960,704,780 | $1,612,298,318 +$651,593,538 +68%
TexHosorus
MpaBHa
$77,691,051 $768,606,509 +$690,915,458 +889%
TeXHONOorus
MapKeTuHr u
$1,018,117,87
AVUTUTANHU s $2,824,636,407 | +51,806,518,532 +177%
peknamum
MysukanHo u
$1,691,121,43
BUAEO 5 $1,588,582,322 -$102,539,110 -6%
cbAbpKaHue
O6paboTKa Ha
ecTecTBeH e3uK, $1,064,713,21
-$133,004,320 -$133,004,320 -12%
noaapb)KKa Ha 4
K/INEHTU
Tbprosusa Ha $1,304,954,25
+52,583,985,933 | +$2,583,985,933 +198%
ape6bHo 6
Bb3MOXHOCTHM 33 $2,806,352,75
+5135,482,926 +5135,482,926 +5%
npogaxkéu 4
$6,011,920,91 | +5$79,043,344,15 | +579,043,344,15
O6wo 4 3 3 +1,315%
3abenexkKa: [aHHWTEe ca W3pa3eHM B LWATCKM A0J1apu U KOPUTMPaHU CNpAMO
nHdnaumnaTa.
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OT gaHHWUTe B TabamuuTe ce BUXKAA, Y€ MMA PA3/IMKM B OTHOCUTENHOTO
M3MEHEHWEe Ha YaCTHUTE WMHBECTUUMM B oTaenHuTe obnactm - B CBETOBEH
mawiab, B EBponeickun cbio3 (EC) u ObeanHeHoTo Kpancteo (UK). Hanpumep,
YacTHUTE WHBeCTUUMM B WMHAYCTpManHa aBTOMATMU3AUMA Ca Ce YBENYUAU
3HauuTesnHo B EC n UK - ¢ 1706%, noKkaTo B cBETOBEH Mal,ab HapacTBaHeETO e C
337%. B obnactra Ha Knbep 3awmrtata OTHOCUTENIHOTO HapacTBaHe B EC n UK e
eaBa 3%, AoKaTo B cBeToBeH Mawab 1o e 33 nbTK no-ronamo - 101%.

YacTHUTE WMHBECTMUMUTE B MNPUNOKEHMETO HA WM3KYCTBEH MHTENEKT B
TexHonoruute 3a YoBewkute pecypcm B EC n UK ca HapacHanm 11 nbTu noseye
B CpaBHEHWE C yBe/anyeHMeTo B cBeToBeH Mawab (cboTBeTHO +3679% U
+329%).

Mpwn ynpaBneHWeTO Ha AaHHU ce 3abenassa apyra TeHaeHums — B EC n UK
nma 21% OTHOCUTENHO HamaneHMe Ha YACTHUTE WUHBECTULUMKU, HO B CBETOBEH
Mmawwab Te ca ce ysennumnnm ¢ 35%. CobLiata e NpomMAHATa M NPU TEXHONOTMUTE C
noaynposoAaHuumn. B Tasn obnact yactHuTe nHeectuummn B EC n UK ca Hamanenu
c 90%, a B cBeToBEH Mawab ca ce ysennunnu c 410%. Mpu nHBecTUUUUTE B
Ob6pa3oBaTenHn TexHOOrMKM ce Habatogasa obpaTHa TEHAEHUMA — 3HAYUTENHO
yBennyeHne ot 1001% B EC u O6eanHEeHOTO KpascTBO, U HamaneHue oT 76% B

cBeToBEeH Malab.

Ta6auua 3. YacTHU MHBECTULMM B U3KYCTBEH MHTENEKT B M36paHu obnactu, B
EBponeicKku cbto3 u ObeguHeHOTO KpancTeo 3a 2017 r. n 2022 r.
M3TouHuK: NetBase Quid upes Al Index Report [2]

YacTHU MHBECTUL MM B U3KYCTBEH UHTeNEKT B EBponeiicku cbio3 n O6eguHeHoTO
KpancTeso

A6conoTHO OTHOCUTENHO
U36paHu obnactn 2017 2022

M3MeHeHue n3meHeHue
Al HaUMHaHUA $34,720,055 $14,814,431 -$19,905,624 -57%
MUHpgycTpuanHa +51,444,295,86

Averp $84,674,899 | $1,528,970,761 +1,706%

aBTOMAaTU3auunA 2
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PaswwupeHa nnu

BUPTyaNHa $28,642,184 $60,016,045 +$31,373,861 +110%
peanHoct
$211,647,28
Kubep 3awumra . $217,439,686 +$5,792,399 +3%
YnpasneHue Ha $275,908,85
$219,221,105 -$56,687,753 -21%
[aHHU 8
DOpoHoBse $2,847,899 $39,090,208 +536,242,309 +1,273%
MonynposogHu 113,199,04
ynp AHnt ° 4 $11,481,184 -$101,717,860 -90%
7]
O6pasoBaTenHu
$8,637,220 $95,099,978 +586,462,758 +1,001%
TexHo/0rmm
TexHonorua 3a
+51,151,988,53
YyoBeLlKuTe $31,312,804 | $1,183,301,340 6 +3,679%
pecypcum
MeguumHa n $339,881,50
$707,457,022 +$367,575,514 +108%
3apaBeonasBaHe 8
TexHonoruu 3a
pa3sno3HaBaHe Ha | $33,163,782 SO -$33,163,782 -100%
navua
EHeprua, HedpT n
$55,211,067 $185,258,640 +$130,047,573 +236%
ras
3emepencka
$7,554,717 $76,739,673 +569,184,956 +916%
TexHonorusa
duHaHcoBa $220,566,39
$868,080,225 +5647,513,826 +294%
TexHonorua 9
$219,675,84
3abaBneHue 9 $160,331,685 -§59,344,164 -27%
dutHec nyenHec | $39,285,906 $129,626,269 +590,340,363 +230%
FeonpocrpaHcTBe
$76,866,016 $6,343,098 -$70,522,918 -92%
HU TeXHONOrumn
3acTpaxoBaTeniHa +51,181,952,63
$11,498,501 $1,193,451,134 +10,279%
TexHonorua 3
MNpaBHa
$20,540,507 $56,314,360 +5$35,773,853 +174%
TexHonorusa
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MapKeTUHr u

$251,016,93
AUTUTaZHU 0 $701,624,001 +$450,607,071 +180%
peknamm
My3sukanHo u
BUAEO $73,139,026 $408,435,253 +$335,296,227 +458%
CbAbpiKaHue
O6paboTKa Ha
eCcTecTBeH e3uK,

$44,535,026 $33,783,127 -$10,751,899 -24%
noAaApbrKKa Ha
KINEHTH
Tbprosua Ha $254,675,52 +51,659,894,44

$1,914,569,974 +652%
Ape6Ho 6 8
BbamoxHoctm 3a | $133,648,98
$147,968,093 +$14,319,104 +11%

npoaaxkéu 9

$612,766,04 +$9,605,057,77
Oo6wo g $10,217,823,819 1 +1,567%

3abenexKa: JaHHnTe ca M3paseHn B WATCKM O0N1apUn U KOPUTUPaAHU CNpPAMO

nHdnaumaTa.

3aknioyeHue

OT nokasaHuTe AaHHM MOXKe Aa ce 0606wm, Yye npes nepnoga ot 2013 r.
00 2017 r. puHaHcHpaHeTo B 06/1aCTTa Ha U3KYCTBEHUA MHTENEKT e Buno gocTa
orpaHuyeHo. [1o npegn HAKONKO FOAMHWU MHBECTULMUTE OT YaCTHUA CEKTOpP
6Axa cpaBHUTENHO HUCKKU. HapacTBaHe ce Habaogasa ot 2018 r. HaTaTbK, KaTo
No-3HAaYUTE/IHO € YBe/IMYEHUETO BbB BCMYKM obnactu npe3 2021 r. Bvnpeku
KpaTKMTe CNaoBe Ha HAKOW BMAOBE KOPMOPATUBHU MHBECTUUMM npe3 2022 u
2023 r., NHBECTULMNOHHUTE TeHAeHUMM B Al OCTaBaT NONIOXKUTENHM.

Bb3amoxHOCTUTE 3a MHBecTMumMu B Al npegnarat ronam noOTeEHLMan.
MHBecTMpaHeTOo B Ta3n 0061aCcT M3UCKBA HEMNPEKbCHATO o0byyvyeHne w
aHraXXMpaHoOCT, 3a Aa ce pasbepar BHL3IMOXKHOCTUTE M OrpaHUYEHUATA Ha

6a3npaHuTe Ha Al NnpoayKTHL.
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MoBeyeTo opraHM3aLMM OCb3HABAT HEOBXOAMMOCTTA OT yBe/INYaBaHe Ha
MHBECTULMUTE CU B U3KYCTBEH WHTENEKT npe3 cineasawuTte roamHu. Tosa
noa4YyepTaBa 6bP30 pasBMBALLMA Ce XapaKTep Ha Al TexHONorMaTa U HEMHOTO
HapacTBaLLO 3HAYEeHMeE 3a NOCTUraHe Ha CTpaTerMyeckm bUsHec Lenu.
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AHomauyus: Len Ha pabomama e 0a ce npedsoxu nooxo0 3a ocu2ypAsaHe Ha
KubepcuaypHocm npu u3KycmeeHus uHmesnekm Ha Heuwjama AloT (Artificial Intelligence of
Things). [MonyyeHu ca pe3ynmamu C8bP3AHU C U3ACHABAHE HA Ccreyugukama Ha
KubepcuzypHocmma 8 AloT, KOKmo u Ha cmpameauama u rnpedusgukamescmeama npu
sHedpsasaHe Ha AloT. [lpuHocHU mMomeHmMuU rpedcmasnasam cb30a8aHEMO HA Mo00X00 3a
3awuma om amaku npu AloT, npu Koemo ca pasenedaHu U OCHOBHU cmpamezauu 3d

3awuma Ha AloT.

Kntouosu dymu: kubepcuaypHocm, UskycmeeH uHmesnekm Ha Hewama

CYBERSECURITY APPROACH AND STRATEGIES IN ARTIFICIAL
INTELLIGENCE OF THINGS
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Abstract: The aim of the work is to propose an approach to ensure cybersecurity in
Artificial Intelligence of Things (AloT). Results related to clarifying the specifics of
cybersecurity in AloT, as well as the strategy and challenges in implementing AloT have been
obtained. Contribution represent the creation of an AloT attack defense approach, where
basic AloT defense strategies are also addressed.

Keywords: cybersecurity, Artificial Intelligence of Things

1. BbBegeHue

NHTepHeT Ha HewaTa loT (Internet of Things) ce cbcTton 06MKHOBEHO OT
YeTMPU OCHOBHM KOMIMOHEHTA: CEeH30pW, CBbp3BaHe, 06paboTKa Ha AaHHM,
noTpedbutenckn uHtepderic. loT ycTponcTBaTa M3MON3BAT MPEXKOBA BPBH3KA,
KaTto 5G, WiFi u ap. laHHUTEe, KOUTO ce cbbupaT OT ceH3opuTe ce NpeaaBaT Ha
loT wAto3 OTKbAETO Ce M3MpaLaT KbM ,00naK” 3a 06paboTKka U cbXxpaHeHUe.
[laHHMUTE OT OKo/HaTa cpeda ce cbbupaT OT ceH3opuTe, npeobpasyBaT U
npegasat, cned Koeto B obnaka ce m3sbpwBa 06paboTKa M CbXxpaHeHWe Ha
cbbpaHaTa MHbopmaLuma, cbobpasHo noTpebutenckmTe 3aaavm’e’ 968 969 570,

MN3KycTBEHMAT MHTeNeKT Ha HewaTa AloT (Artificial Intelligence of Things)
€ WHTerpaumsa Ha TexHonormmte 3a W3KycTBeH WHTenekt Al (Artificial
Intelligence) ¢ ycTpoincTBa Ha 0T, KaTo cbyeTaBa cunata Ha Al anroputmute ¢
orpomHusa obem gaHHuM, cbbpaHm oT loT ycTpolicTBa, KOETO MM MO3BOAABA A3

B3eMaT MHTE/NUTeHTHU peleHua M ga aBTomaTtusmpaTt npouecute. TaKasa

%7 CumeoHoBa LiB. Pa3BuTME Ha NepCnekTUBHUTE TEXHONOTUKU B "MIHTEPHET Ha CBbp3aHuTe

Hewa" loT (Internet of Things). ISBN 978-619-7586-25-1, U3a. "AceHesuun", Codua, 362 c.,
2021.

%68 Macapenckn P. HoBo 5G nokosieHne MOBUAHU KneTbuHKU cuctemu. M3a. HBY, ISBN 978-
619-265-048-3, 2024.

%9 Metpos I. Pa3suTMe Ha MHTepHeT n oTBopeHuTe cuctemu. Yact 1. AsaHrapg Mpuma -
Codwus, 2017, 401 C. ISBN 978-619-160-834-8.
http://www.bg.cobiss.net/scripts/cobiss?ukaz=DISP&id=1947124467419891&rec=1&sid=1
970 Nikolay Milovanov. 2024. Case study: LoRa/LoRaWAN as a suitable LPWAN choice for
pressure and flow monitoring in Bulgarian water utility sector. In International Conference
on Computer Systems and Technologies 2024 (CompSysTech '24), June 14-15, 2024, Ruse,
Bulgaria. ACM, New York, NY, USA, 10 Pages. https://doi.org/10.1145/3674912.3674945
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KoHBepreHumsa Ha Al n loT obaye CbLWO Taka BbBeEXAA HOBU YA3BMMOCTU U
puckoe. Tbi KaTto AlOT yCbBbPLIEHCTBA WMHAYCTPUUTE M TpaHchopmmpa
HaYMHA, NO KOMTO BU3HeCcHLT onepupa, 3HAYEHUETO Ha KumbepcurypHocTTa €
cblectBeHO. ToyHO Kakto npu |oT, B3aMMOCBBP3aHMAT Xxapaktep Ha AloT
CUCTEMUTE O3HA4yaBa, Ye NpobuB B CUIYPHOCTTA Ha €4HO YCTPOMCTBO WU
KOMMOHEHT MOXe Aa NpeAn3BuKa KacKaaeH edeKT BbpXy LAanaTa eKocuctema.

MocneacTemATa OT HeaA4eKBATHU MeEpPKM 3a KubepcurypHoct B AloT moraT
hna 6bpat cepuosHU. B ponbaHeHMe Kbm  dMHAHCOBUTE 3arybu u
penyTaumMoHHUTEe WeTn, Gupmmute Mmorat Cbl,0 TakKa A2 MNOHeCcaT MNpPaBHMU
3a4b/IXKEHUA, aKO He YCneaT 4@ 3alMUTAT AAHHUTE Ha KAMEeHTUTEe WKW aKo
TexHute AloT cuctemum ydactBaT B Kubepataku. OcBeH TOBa AOBEPUETO Ha
KNMEHTUTE N 3aUHTEPECOBAHUTE CTPAHU MOXKe Aa 6bae 3HaUMTENIHO 3acerHaTo,
aKO TAXHaTa /IMYHA MHPOPMALMA € KOMMPOMETUPAHA UM QKO peLleHUATa Ha
Al, 6asnpaHM Ha MaHUNYAUPAHW [OAHHW, BOAAT 40 TPELWHM pe3ynTatm c
HeraTueeH edekT.

3a 4a CMeK4YaT Te3n PUCKOBe, OT CbLLEeCTBEHO 3HaYeHne e NpeanpuATUATa
A3a [3aJaT npuopuTeT Ha KMbepcurypHocTTa B cBOMUTE BHepgpABaHMA Ha AloT.
ToBa BK/ItOYBaA NpwuiaraHe Ha NOAXO4AWM MEPKM 33 CUTYPHOCT Ha BCAKO HUBO
Ha ekocuctemata Ha AloT, oT 3aWwMTa Ha OTAE/IHM YCTPOMCTBA U MPEXKWU A0
rapaHTMpaHe Ha LLeNoCcTTa U NOBepUTEeIHOCTTA Ha AaHHUTE.

2. OcobeHocTH Npu BHeapasaHeTo Ha AloT B 6usHeca’’?

T Kato Al n loT ce KOHBeprumpaTt, TeXHUTe MNPUIOXKEHMA CTaBaT Mo-
YCbBbPLEHCTBAHN, MNPenoCTaBAMKM HOBM MNEpPCnekTMBM 3a OM3Heca WU

notpebutenute. AloT cb3gaBa cBbp3aH CBAT C PA3LMPEHN Bb3MOMXKHOCTM, @ NpU

971 Lab45. Future of connected world with AloT. A Primer. https://lab45thinktank.com/wp-
content/uploads/2024/02/future-of-connected-world-with-aiot-a-primer.pdf
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HEroBOTO M3rpaAaHe M eKCnaoaTauus MMa pas/iMyHKu npeamusBMKaTesncrea 2’2
973

2.1. CrpaTteruna npu BHegpaBaHe Ha AloT

CtpaTternata npu BHegpaAsaHe Ha AloT BKAw4yBa Han-obWO cnegHuTe

CTbNKU:

o [NedunHupaHe Ha Bu3MATa, obxBaTta M uenute Ha AloT. Pa3paboTBaHeToO Ha ycnelwHa
cTpaTerna 3a AloT BKAuBa WM3paboTBaHe Ha fAcCHa BM3MA W 0OXBaT, KaKTo W
naeHTMdMUMpaHe Ha cayyauTe Ha ynotpeba. Heobxogumo e uaeHTMdUUMpaHe Ha
KNOYOBUM LENN U Bb3MOXKHU KOHPANKTHU TOYKM, OLEHKA HA MAEU cnpAMO BUsHec LenuTe
M Ccb3gaBaHe Ha nogpobeH nnaH 3a BHegpsABaHe. [pouechbT BKAOYBA YTOYHABAHE Ha
Bb3MOXKHOCTM, CTpaTerMyeckM M3BOAM M MPOEKTUPAHE Ha MOAE/, KaKTo M OUHaNHa
OUEHKA Ha rOTOBHOCTTA.

e OueHKa Ha Bb3MOXKHocTuTe Ha loT, nogbop Ha ycTpoiictBa U nogcucremum Ha AloT. 3a
Aa ce pa3pabotn besnpobnemHa ctpaterna 3a AloT e oT pelwaBawo 3HavyeHue pa ce
OLEHAT BbB3MOXHOCTUTE, ga ce noabepaT YCTPOMCTBA M MOACUCTEMW, Aa CE OUEHAT
KOMYHWKALNOHHUTE NPOTOKONN, CEH30PHUTE TEXHOAOIMU U IOTUYECKUTE aNropuTMKn Ha
Al/ML. M3BbplIBaHETO Ha OLEHKa Ha roToBHOCTTa Ha AloT M cb3gaBaHeToO Ha njaH
oCUrypsaBsa CbBMeCTMMOCT U LUANOCTHa YA0BAETBOPEHOCT 3a YCNeLWHOo BHeapABaHe.

e [lepuHupaHe Ha apxXUTeKTypaTa Ha CBbp3aHaTa KopnopaTMBHA cucTema.
MpoeKTupaHe Ha UANOCTHA CUCTEMHA apXUTEKTypa C YETUPU OCHOBHM C/0A: YCTPOWCTBA,
KOMYHUKaLMA, JaHHU U NPUNIOXKEHUA. Bcekn cnoli Tpabsa ga cboTBETCTBA Ha obxBaTa U

BBb3MOXHOCTUTE Ha NPEANPUATUETO U EKOCUCTEMATA Ha YCTpOﬁCTBaTa.

e PaspaborBaHe Ha AloT cuctemata M NUNOTHO BHeapABaHe. PaspaboTrBaHeTo Ha AloT
CUCTEMA M3MUCKBA NPOEKTMPAHE KAKTO HA XapAyepHW, Taka U Ha COGTYyEPHU KOMMOHEHTH,
KaTo CeH30pW, 3a4eMCTBALLM MEXAaHU3IMU WM KOMYHUKALMOHHM Moaynn. Cblo TaKa

BK/1l0O4YBA TeCTBAHE Ha peweHNnA NbpBOHAYa/IHO C Ma/1bK MaLLI,36 U npunaraHe Ha MepkKH" 3a

curypHocT. Pa3paboTBaHETO Ha pelleHns ¢ MaabK malwab, $pMHAHCOBOTO MOAENMpPaHE,

972 Macapencku P., T. CtepaHoBa. MeToam 3a npexon v BHeapABaHe Ha IPv6. Cn. YnpasneHue

n obpasosaHne, tom VIII (4) 2012, c. 203-211. https://www.conference-
burgas.com/maevolumes/vol8/BO0K%204/b4 31.pdf
93 |gaHoBa WMoaHa. MeToaM W cpeacTBa 3a areHTHo-b6asuMpaHa BM3yanM3auMA Ha
ANTNTanu3npanm gaHHu. fognwHuk TenekomyHmkaumm 2021, Tom 8, c. 13 - 22, elSSN 2534-
854X, DOI: https://doi.org/10.33919/YTelecomm.21.8.2
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I'Ipl/IAO6MBaHeTO Ha I'IOTpe6MTeI'ICKM OnMnNMT U OUEHKa Ha WU3NON3BAEMOCTTA, KaAKTO WU
KONIM4ecCcTBeHUTE N3cneaBaHnA U BaIMANUPAHETO, Ca pellaBalln CTbNKK B npoLeca.

e llunpoko npunoxeHue B npepnpuarnero. WHterpaumata Ha AloT B uAnoTo
npeanpuAaTMe BKAOUYBA HEMPEKbCHATO YCbBbPLUEHCTBaHE, obydyeHMe Ha noTpebutenuTe u
obpaTHa Bpb3Ka 3a ONTMMMU3MPAHE Ha NoACUCTEMM, ynpaBaaBaHK oT Al. ToBa no3BonsABa
Ha opraHu3auuuTe ga NnogobpAaT npoueca NPy B3eMaHe Ha peleHus, Aa pauuoHanusmpart
npouecute 1 ga NoaoobpAT UANOCTHATaA ePeKTUBHOCT.

2.2. NpepussuKaTencTsa Npu U3nbJHEeHMUe Ha cTpaTernara

BHenpAaBaHeTO Ha C/IoXHa cuctema Kato AloT M3MCKBaA BHMMATENHO
nNAaHWpaHe, CbTPYAHUYECTBO M BHMMAHME KbM AeTannnte. MHTerpmpaHeTo Ha
Pas/IM4HN NOACUCTEMU, MEHUIMKMDBHTA Ha AaHHM W ONaceHUATa OTHOCHO
3aMa3BaHeETO Ha MOBEPUTENIHOCTTA MOraT Aa nNpeacTaBAAaABaT 3HAYUTE/THU
NPeYKkn npes, ycrnewHoTo BHeapABaHe:

L4 OI'IepaTMBHa CbBMECTUMOCT: BHeApﬂBaHETO Ha MHOXeCTBO pPa3HOpPOAHU yCTpOVICTBa

MOXe Aa AoBeae Npobiemu ¢ onepatMBHaTa CbBMECTUMOCT M KOMYHUKaUMATa.

e YA3BMMOCTM B MNOBEPUTENHOCTTA M CUrypHOCTTA: YyBCTBUTENHUTE NOTPEbUTENCKU
[aHHK, cbbpaHm oT AloT cuctemun, moraT Aa AosBeaat Ao npobsiemu ¢ NoBepUTEHOCTTa Ha

AaHHUTE, KOUTO Ce HYXOAAT OT 3aWnTa U CUTYPHOCT.

e CnoxHa UHpaCTpyKTypa: BHeapaBaHeTo Ha AloT M3UCKBA CNOXKHA MHOPACTPYKTYpPA,
KOATO MOMKe Aa 6bae npeansBMKaTeNHa 3a NoAApPbKKa.

e Bb3npuemaHe/opobpasaHe oT noTtpebutenute: YbexaasaHeTo Ha notpebutenure B
npegumcTeaTa Ha AloT 06MKHOBEHO M3MCKBa BPEME 3a U3rpaxkaaHe Ha AoBepue.

e ETMYHM cbobpaxkeHus: OcurypsaBaHe Ha OTTOBOPHO M3M0/3BaHe Ha TexHonoruaATta AloT,

KOATO Aa He HapyuwaBa NpaBaTa Ha XOpaTa Uan Ha onpeaeneHun rpynu.

e TexHUYeCKM NpeausBUKaATENCTBA: OCUTYPABaHE Ha AOCTaTbyHU AaHHM 3a o6yqume Ha
anroputmute Ha Al, KoeTo Hanara W3MNo0/Ji3BaHE Ha TEeXHUMKW C yBe/sinyaBaliy ce WUau
CUHTETUYHWN OaHHW; H606XO,£I|VIMOCT OT HageXAgHa U TO4YHa CUCTEMA 3a Pa3MNnO3HaBaHE Ha

pey; obe3neyaBaHe ¢ pecypcu 1 KBanmduumMpaH NepcoHan u ap.

3a npeojonABaHe Ha Te3M npeausBMKaTencTtea e Heobxoammo
pa3paboTBaHe Ha UANOCTHM CTPaTerMM U EKOCUCTEMM, BKJIIOYUTENHO C
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NapTHbOPCTBA C A0CTAaBYMUM HA WMHPOPMALMOHHM TeEXHOAOrMM U 0bNaYHM
ycnyru, npoumssoautenm Ha loT v perynatopHu areHumun. Tesn NapTHbOPCTBA
no3sonABaT Ha OuW3Heca fJa M3MN0N3BAa EKCMNePTHUA ONUT Ha BOAeWwMuTe B
MHAOYCTPMATA 338 MEHUOXMDBHT Ha [AaHHW, 006/M1ayHUTE U3YUCAEHUS W
KnbepcurypHoCTTa, 3a 4a Ce rapaHTMpa yCnewHoTo BHeapABaHe Ha AloT. AloT e
AOMMHUPAHO OT K/JAKYOBM y4yacTHMUM Kato IBM, Microsoft wun pgp.
NpeoponasaHeTo Ha npeausBMKaTesncTeaTta BoAM A0 WMHoBaumu B AloT u
YCbBbpLWEHCTBAHE Ha QYHKUMOHMpPAHETO Ha 6u3Heca - OT npeackasyema
NnoAAPbXKKA WM aBTOMATM3auUMA, OO aHA/IM3M B PeasiIHO Bpeme N CbOTBETHMU
NM3BOAMN, YNPAB/ABAHU OT AAHHMU.

AloT e Hepa3gesiHa YacT OT KOPMOpaTUBHUTE CTpaTerMm, TbM KaTto Mma
noteHumana pAa noaobpnaea edeKTMBHOCTTA 7 notpebuTtenckaTta
yO,0BNETBOPEHOCT Ype3 6e3npobiemHaTa MHTErpaLmnAa Ha CMapT YCTPOMCTBA.

3. Cneunduka Ha KubepcurypHocrra B AloT

Mpumepwn 3a yA3BMMOCTH, 3aniaxm u ataku npu AloT:%74

e EAHa OT HAM-KPUTUYHUTE YA3BUMOCTH, C KOUTO GUPMUTE, BHeapAaBawm AloT pelleHus,
TpAbBa Aa ce cnpaBsAT, € NOTEeHLUMaNbT 33 HEOTOPU3MPAH A0CTbN A0 YYBCTBUTENHU AAHHW.
C eKCNOHeHLMANHUA PacTeX Ha CBbP3aHUTE YCTPOMUCTBA U OTPOMHUTE KOIMYECTBA AaHHM,
KOUTO Te reHepupaT, € OT NbPBOCTENEHHO 3HaYeHMe Ja ce NPUAoKAT CTabuaHn mepKku 3a
CUTYPHOCT, 32 A3 Ce 3aWMTAT Te3nM AaHHM OT Kubep3annaxu. Xakepute HenpeKkbCHATO
TbPCAT M Ce CTPEMAT Aa U3NON3BAT YA3SBMMOCTUTE B eKocucTemata Ha AloT, uenerkun aa
Nosy4yaT HEOTOPM3UPAH AOCTbN A0 LeHHW AaHHW. [TocheAcTBMATA OT TakMBA HapylueHuA
MoraT fa 6baaT TeXKu, Bapmpawm oT GMHAHCOBM 3arybm n penyTaumMoOHHM WeTH, 40pU 40
npasHW nocneaumum.

e [lpyra yA3BMMOCT, 33 KOATO 6M3HeCHT TpAbBa Aa e HaAcHo npu AloT, e noTeHUWanHaTa
MaHunynauma mam ,otpaBaHe” Ha Al anroputmu. Tesn anroputmm pasymtaT A0 ronama
cTeneH Ha roleMu Macusu OT AAHHW - 33 obyyeHue M 3a A3 NPaBAT TOYHM U3BOAM. AKO
Te3n Habopu OT AaHHU ca KOMNPOMETUPAHU UAN MAHUMYIMPAHKU, TOBA MOXKE A3 AoBeae

00 HETOYHO MW A0PM 3/1I0HAMEPEHO B3eMaHe Ha pelueHus c Al. Hanpumep, B cueHapwuii,

974 Kajeet. Securing AloT: The Importance of Cybersecurity.

https://www.kajeet.com/en/blog/securing-aiot-the-importance-of-cybersecurity

1152



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

npu KOMTO Hanagaten maHunnyanmpa AaHHUTE, N3Noa3BaHU 3a o6yl-|eHv1e Ha Al a/ITOPUTHBM,
KOMTO KOHTPOJZINPA aBTOHOMHU NMPEBO3HN CpeacTBa.

e Tbit KaTo cuctemute Ha AlOT ca CNOXKHU U MHOIFOKOMNOHEHTHHN, Ha UAnaTa CUCTEMA
morat Aa MnoB/AMAAT HEeratTMuBHO HAKOW CbullecTByBallM YA3BUMOCTU Ha obnayHuTe
TEXHONOTNU, AaBall Bb3MOXXHOCT 3@ Bb3HUKBAHE Ha 3aM1axu.

e JluncaTa Ha NPOLLEC Ha NPOAKTMBHA OLEHKA Ha TEKYLLOTO CbCTOAHUE HA CUIYPHOCTTA Ha
cMCTeMaTa Cblo e YA3BMMOCT 33 CUTYPHOCTTa, T.e. He ce TbpcAT NpobiemnTe, CbOTBETHO
He ce npeanpuemaT MepKM 3a TAXHOTO pelleHue. MNpobnemuTe Npu OUEHABAHETO Ha
CUTYPHOCTTa Cca: JinNca Ha HEMpPeKbCHaT MOHUTOPMHI;, /NIMMCA Ha Kopenauua Ha

nHGopMaLMATa; He3aALWMTEHN aPXUTEKTYPU U Ap.

e ATakuTe cbC 3/10BpedeH copTyep NpencTaBnABaT 3HauyuTenHa Kubepsannaxa. Kato
KomnpomeTupa GpyHKLUMOHaNHOCTTa Ha AloT ycTpoicTeaTa, 3n108peaHua codTyep moxe Aa
MaHUMNyMpa NoBEAEHMETO UM, KOETO BOAM A0 CMYLLEHUA B BM3HEC onepayumuTe.

e Cepuno3HM NOCNeACTBUA NMPU HEaAeKBAaTHU MEPKM 3a KubepcurypHocT npeacraBnssaTt
aTtakute c oTKas Ha ycayra DoS (Denial-of-Service). Hanapgatenute moraT Aa HaBOAHAT
cuctemnte Ha AloT ¢ MOTOK OT TpadUK, KOETO M NpaBu HeAOCTbMNHU UAM Hepearnpaiim.
ToBa Moe ga AoBede A0 NPEeKbCBaHe Ha NPeAoCTaBAHETO Ha ycayrata, KoeTo Bogu A0

3aryba Ha NpMxoam, He4OBO/ICTBO HA KAMEHTUTE U yBPeXA4aHe Ha penyTaumaTa.

4.Mopxop 3a 3awmta ot ataku npu AloT

NHTerpmupaHeTo B cTaHAapTHMA NHTepHeT Ha 06eKTn Ha AloT, kouTto ca ¢
OrpaHMYEHU BB3MOMKHOCTM (KOMMNIOTUHF, MamMeT WU YeCTOTHA NIeHTa), OTK/YBA
npeansBuKaTencTea npea CUrypHOCTTa, TbW  KaTo nosevyeto WHTepHer
TEXHONIOTMN M NPOTOKO/IM 3a CBBP3AHOCT Ca ChneunmanHo paspaboTeHn 3a
pecypcHo HeorpaHuyeHn obekTn. Tbi KaTo TexHonormata AloT cbwo e obekT
Ha aTakM, 3a4b/XKMTENHO Ce OKa3Ba pa3paboTBaHETO Ha MOAXOA 3a 3aluTa oT
ataku npu AloT 1 yTouyHABaHe Ha Habop OT MepKM 3a NPOTUBOAENCTBUE.

TakbB noaxon 3a 3awmTa OT aTaku npu AloT BKAKOYBA YeTUPU OCHOBHMU

e€Tana:

- naeHTMdULUMpaHe Ha yasBMmaTa 061acT 3a aTaku, 6asnMpaHo Ha akTnBUTe Ha AloT,;

- YTO4YHABAHE Ha NOKa3aTte/inTe Ha CUTYpHOCTTa,

- KnacuduumpaHe Ha aTakM HACOYEHN KbM CUTypHOCTTa B AloT;
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- yTOYHABaHe Ha Habop OT MepKM 3a NPOTMBOAENCTBME M 3a 3awmTa npwm AloT.

4.1. Ya3BuMM 3a aTaKu o6nactn Ha 6a3a Ha akTuBuTe Ha AloT

AkTnsute Ha AloT moxKe Aa ce Knacuduuumpat, Hanpumep, cnopes
3ann1axuTe U Bb3MOMKHOCTUTE 33 aTaKU Cpelly HEroBMUTE CbCTaBHU €N1EMEHTH,
KaKTo cnefBa:

- ®usmyeckn obektn: KateropmsaTta obxBalla BCUYKM aTaKM, HACOYEHM KbM XapAyepHuTte
KOMMOHEHTU (pecypCcHO orpaHNUYeHn N PecypcHO HeorpaHuyeHn o6eKkTn) GyHKUMOHMpPaLLM
BbB Bb3NpuemMalLma cnoii Ha loT n CbOTBETHO B CNOSA KOMMIOTUHT B NepudepuaATa;

- MpoTokonu: Tasn KaTeropma BKAOYBA BCUYKMU MOTEHUMANHU aTaKM CpeLly NPOTOKOUTe
33 KOMYHWMKAUMA, U3MNO0N3BaHMN B MPOTOKOJ/IHWUA CTEK HA l0T: MPOTOKOAM 3a CBBbP3AHOCT, 3a
paboTa B Mpexa 1 MapLpyTU3MpaHe, Ha TPAHCMOPTHUA CNOM, Ha NPUJIONKHUA C/ION;

- OaHHu: B Tasu KaTeropusa ce pasrne)kaaT OCHOBHWUTE aTaKu cpelly AaHHUTe B ,NoKon”
(pasnonoxeHn nnm B 06ekTM Ha AloT unn B ob1aka). ATakute cpelly AaHHU B ,, ABUKeHMe”
Ce BKNHOYBAT KbM aTaKUTe Ha NPOTOKo/IMTE Ha |oT;

- Codtyep: B Tasm Kateropua ce MAEHTUOUUMPAT BCUYKM BB3MOMKHW aATAKM CpeLuy
codTyepa B AloT (BKA. npunoxeHua Ha AloT, pasnonoxeHn B obektn Ha AloT nam B
061aK): onepaumoHHN cuctemn, Gbpmyep, LWHO3 33 NPUNONKEHUA, YCAYTU.

4.2. NokKasaTtenu Ha CUrypHOCTTA

[lBeTe HEOb6XO4MMM U HAM-YEeCTO CpeLlLaHn KOHLENuMW, M3Mnosi3BaHu B
aAomenHa Ha AloT ca: ,3awuteH obekT” m ,aTtaka cpeuwy curypHoctta”. 3a
TAXHOTO €4HO3HAYHO pgeduHUpPaHe 3a4b/KUTENHO TpsabBa Aa ce YTOYHAT
,MOKasaTtenute Ha  curypHoctta”. TloHacToAWEeM  KOHBEHUMOHA/IHUTE
MOKas3aTe/IM 33 CUTYPHOCT BKA4YBaT Tpuagata CIA: KoHPuMAeHUMANHOCT,
LAIOCTHOCT M roToBHOCT. Tpnagata CIA He ycnaga ga 06xBaHe HOBUTE 3aM/iaxM,
Bb3HMKBALWLM B KOoMnepupawata ce cpega 3a cUrypHocT. CbuiectsyBa M no-
nsyepnateneH Habop OoT NMoOKasaTeNMn 3a CUTYPHOCT, N3BECTHU KaTo |AS-octave
(Information, Assurance and Security octave), oTHacAawM ce Ao
MHPOPMALMOHHOTO OCUTYpABAHE WM CUTYPHOCTTA KaTto uAno. CnepoaTtesnHo,
3aWwmTeH obeKT e 00eKT, KOMTO yAOB/NEeTBOPABA BCUYKM MNOKA3aTeNn 3a
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CUIYPHOCT, @ aTaKa cpelly CUIypHOCTTa € aTaka, KoATO KOMMNpomeTupa MnoHe
e4uH OT NoKasaTe/inTe 3a CUTypPHOCT.

Te3n Habopum OT noKasaTenm moraT ga ce npunarat Kbm AloT, a no
OTHOWeHNe Ha Kubep-dusnyeckute acnektn Ha AloT e Heobxoammo pa ce
OTYUTAT M APYrY NoKasaTenu, Kato ,,yctonumsocTt” u ,,6e3onacHoct”.

4.3. ATakn Haco4YeHU Kbm curypHoctTa B AloT

ATaKuTe Ca HACOYEHM CpeLLy BCAKA OT KaTeropmMmTe akTUBM - Tabn. 3.

Tabnunua 3. ATaku 1 Kateropum aktmsm npu AloT.

ATaKyBauy, ATaKku O6eKTtn Mpotokonu AaHHu Codtyep
* BbTpeweH; |* Phisical * C * 33 * XPaHUAUL, [* NPUNOXKEHU
* BbHLEH. damage; OrpaHuyeH [CBbP3aHOCT; |e, A Ha AloT;
* Hardware |pecypc; * MpEeXOoBW; |CbXxpaHeHWe |* MoJenn Ha
Trojans; * C *  KOMYHMKaL,|Ha OaHHWK; Al;
* Replay; HeorpaHuye |WNOHHMW; * notoyHo |* Firmware;
* Social H pecypc. * 3a yeb|npegasaHe |* OC;
engineering; ycnyrn, * ycayru;
* etc, ... *  LWAt03.

MHULMNATOP 3an1axum

:ﬁ [ D

BcAKa OT onucaHUTe KaTeropmm akTMBM MOXKe Aa 6bﬂ,e AONMbAHUTENHO

npeunsnpaHa, Hanpumep npum ataknte HaCo4eH KoM NPOTOKONN:

- ATakM Haco4YyeHM KbM NPOTOKONM 3a CBbP3aHOCT (KOMyHMKauma B 6an3koTo none NFC,
RFID, Bluetooth, WiFi, ZigBee);

- ATaKM Haco4yeHM KbM MpexxoBu npoTtokonu (npotokon RPL (Routing Protocol for Low

power and lossy network), kbm npoTtokon 6LOWPAN (IPv6 over Low-power Wireless

Personal Area Network, IPv6 Bbpxy 6€3XMuyHa NepcoHanHa MpPerKa C HUCKa MOLLIHOCT);

- ATakM Haco4YeHM KbM KOMYHUKALUMOHHM npotokonnm (TCP-UDP mn npoTokonute Ha

NPUNOXKEH CNON).
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4.4. MepKu 3a npoTusoaeicrame u 3a 3awuta npu AloT.

MepKuTe 3a NPOTMBOAENCTBME M 3a 3alUMTa OT aTakM Ha AloT 3aBuUCAT OT
KOHKpeTHaTa apXMTeKTypa Ha CMCTeMaTa, KaKTo M OT Bb3npueTata NoanTuUKa U
npoueaypu 3a CUTYPHOCT Ha OpraHM3auuvAaTa, KaKTo WM OT CbOTBETHATa
KOHKpeTHa YA3BMMOCT W eKcnaoatupawarta A 3ansaxa Josena Ao
Bb3MOXHOCTTA 3a peasin3mpaHe Ha AaJeHa aTaka.

Bb3mMOXHUTE pelleHnA 33 yKpenBaHe Ha CUrypHOCTTA ca: Cb3jaBaHe Ha
NONIUTUKN 3@ CUTYPHOCT, OLUEHKA Ha YA3BMMOCTM U yNpaB/ieHMe Ha pPUCKa,
OTKpMBaHe U MpeaoTsBpaTABaHE Ha NPOHUKBAHWA, aBTOMATU3MPaAH OAMUT Ha
NPUNOXKeHMA, ynpaBaeHme Ha nonpaskuTe (Patch), sawmTta ot Malware.

B Ta3u Bpb3Ka Wwe 6baaT pasrnesaHn OCHOBHUTE CTpATerMm 3a 3almTa Ha
AloT.

5. OcHOBHM cTpaTernu 3a 3awmTa Ha AloT

OcurypsBaHeTo Ha KubepcurypHoctta Ha AloT cuctemute W3MCKBA
noAxo4 Ha MHOrO HMBA, KOMTO Aa aApecupa yA3BMMOCTUTE HA BCAKO HUBO Ha
ekocuctemarta. TakKuMBa OCHOBHM cCTpaTerMm 3a curypHoct Ha AloT ca ort
peLlaBaLLo 3Ha4yeHMe 3a 3almnTaTa Ha BusHeca ot Kubep3sannaxm 1 3aNasBaHeTo
Ha MHTerpuTeTa (LenocTra) Ha cuctemuTe c Al.

5.1. CunHa aBTeHTUPUKALUA U KOHTPO Ha AOCTbNA

BHeapABaHETO Ha CUAHW MeXaHW3MM 33 aBTeHTUdMKauMa (Hanpumep ABYPaKTOPHO
yAOCTOBEPABAHE), € OT CbLLECTBEHO 3HAYEHWE 3a NpenoTBpaTABAHE Ha HEOTOPU3MpPaH
AOCTbN A0 YCTPOMCTBA U Mpexkn Ha AloT. ®upmute morat ga rapaHTUpaT, 4e camo
OTOPU3NPaHK/ YNMBJHOMOLLEHM LA MMAT AOCTbN A0 YYBCTBUTENHW AAHHW M CUCTEMMU
KaTo M3N0oAN3BaT Pa3IMiHN GOPMM HA MHOTOAKTOPHO YAOCTOBEPABAHE.

OBydakTopHoTo yaocToBepsiBaHe 2FA (Two-Factor Authentication) e ebekTnBeH metog, 3a
nofobpsaBaHe Ha CUIypHOCTTa Ha YCTPOMCTBA M Mpexu Ha AloT c¢ koeto ce pobass
AONBAHUTENEH CNIOM Ha 3awmTa. Ypes npunaraHeto Ha 2FA 6M3HECHT MOXKe 3HAYUTEeNHO
03 Hamanu pucKa OT HeoTopusmpaH poctbn o csoumte AloT cuctemun. [opu ako
HanagaTenAaT ycnee ga npobue egHa ¢dopma Ha yaoCTOBEpPABAHE, TOM MaK LLEe Ce HyXKaae
OT BTOpMA $aKTOP, 3a Aa NOAy4M A0CTbN. TOBa OCMrypABa AONbAHUTENHA Bapuepa, KoATO

npaBy MHOIFo no-TpygHO 3a XaKepute Aa KOMMNPOMETUPAT 4YyBCTBUTENHU LOAHHU WU
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cucTemnu.

Mma pasnmyHu metogm 3a npunaraHe Ha 2FA, BKAOUYMTENHO KO4OBe 32 NOTBbpXAeHUe,
6a3npaHm Ha SMS, NpunoXKeHMA 33 yA0CTOBEPABAHE, XapAyepPHN TOKEHN N BUOMETPUYHO
yaocTtoBepsBaHe. Bcekn metoa Mma cBoUTe CUAHWU M cnabu cTpaHn u BusHecsT Tpabea aa
nsbepe HaM-noaxogAWMA BapuMaHT Bb3 OCHOBA Ha CBoUTe cneumdUUHM HYXKAN U
N3MCKBAHMA.

OcBeH nNogobpsBaHETO Ha cUrypHoctTa, 2FA MMa MONOXKUTENHO Bb3AENCTBME U BbPXY
yO0BNETBOPEHOCTTA Ha NoTpebutenmte. Bbnpeku, Ye BbBeEXKAa AONBAHUTENHA CTbMNKA NpU
npoueca Ha AOCTbM, AOMNbAHUTENIHATA CUTYPHOCT U CMOKOMCTBMETO, KOUTO MpenocTaBs,
MOraT A3 HagAenesaT Hag He3HaunTenHoTo HeyaobctBo. MHoro noTpebutenn Beye ca
3ano3Hatu ¢ 2FA, Tbit KaTo 0OMKHOBEHO Ce M3M0/13Ba OT Pa3/IMYHM OHNAWH ycayru. ToBa
NO3HaBaHe MOXe Ja Hanpasu npuvemaHeto Ha 2FA B cuctemute Ha AloT no-
6e3npobaemMHO 1 necHo 3a noTpebuTens.

5.2. KpyntupaHe Ha gaHHU

KpunTupaHeTo Ha AiaHHW, KaKTO B MOKOW, Taka M B TPAH3UT, € KPUTUYHA CTbINKa B 3alMTaTa
MM OT HEOTOPM3MPAH AOCTbN UAWU NpuUxBawaHe. M3Non3BaHETO Ha CUAHW anropuTMK 3a
KPUNTUPAHE, MOXKe CUMHO Aa 3aTPyAHM XaKepuTe Aa AeKPUNTUPAT U U3NON3BAT AAHHUTE,
cbbpaHu oT AloT yCTpOMCTBa, KaTo rapaHTUpaT TAXHaTa NOBEPUTENIHOCT U LANOCT.

Ypes KpunTupaHe Ha AaHHUTe, pUpmMuTe moraTt [a rapaHTMpaT, Ye AopM aKo Hanagarten
ycrnee Aa npuxBaHe AaHHUTE, HAMA Aa ycrnee Aa ce Bb3Noa3Ba OT TAX.

BHegpABaHETO Ha CUAHM aNroOpUTMKM 33 KPUNTUPaAHE € OT pellaBalo 3Ha4YeHue 3a
rapaHTMpaHe Ha NOBEPUTENIHOCTTA M LEeNoCTTa Ha AaHHUTe Ha AloT. YCbBbpLEHCTBAHUTE
CTaHAapTX 3a KpuntupaHe, KaTo Hanpumep AES (Advanced Encryption Standard),
ocurypasaT CTabuIHO HMBO Ha CUIYPHOCT Cpelly HeoTOpM3MpaH AOCTbM, Tbi KaTo
N3MON3BAT C/IOKHU MAaTEMATUYECKN U3UUCIEHUA.

OcBeH TOBa, PupmKTe TpsabBa CbLO TaKa Oa OCUTYPAT MPABUIHO MEHa*KMpaHe Ha
KNlOYoBeTe, 3a [Aa NoAAbp:KaT eQpeKTMBHOCTTa Ha KpuntupaHeTo. KnwoyoseTe 3a
KpunTUpaHe TpAbBa Aa 6bAaT CUrYPHO CbXPaHABAHW M 3aLMTEHU, @ AOCTbMBLT A0 TAX
TpAbBa Aa 6bae CTPOro KOHTPOAMPaH. PegoBHaATa CMAHA Ha KNOYOBETE 33 KPUNTUPAHE U
BHEAPABAHETO HA CUAHM MPAKTUKU 3@ MEHa*KMpaHe Ha KA4vyoBe AOMbJAHUTENHO Lie
NOBMLUAT CUTYPHOCTTA HAa KPUNTUPAHUTE AAHHM.

5.3. CodpTyepHM aKTyanmsauum 1 MEHUAKMDBHT Ha KOpeKLuUmn

PenoBHOTO akTyanunsmpaHe Ha codTyepa Ha ycTpoicTsaTta Ha AloT ¢ Hall-HOBUTE KOpeKumu
3a CUIYPHOCT U aKTyanusauum Ha ¢bpmyepa e OT M3KAHUUTENHA BAXKHOCT 3a CNpaBAHe C
N3BECTHUTE YA3BMMOCTU. Tbil KaTo Kmnbepsannaxute Npoab/KaBaT Aa Ce pa3BMBaT, 3a
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b6u3Heca e Ba)KHO ga 6bae NPOaKTMBEH NPU aKTyannsmpaHeTo Ha cBouTe AloT pelueHus,
3a Aa ce npeanasun oT Bb3HMKBALLLWM PUCKOBE.

MoaoAabpXKaHeTO HA aKTyanHa uHPoOpmMauma 33 aKTyaamMsaumMmte Ha 3alutata e oT
pelaBawo 3HayeHWe, Tbil KAaTO HEenpeKkbCHATO Ce OTKPMBAT HOBU YA3BMMOCTM WU ce
Cb3faBaT HOBW eKcnnontn. Pupmute TpAbBa pPedoOBHO f[a aKTyaausupat cBouTe
yCTpOMcTBa U codTyep, Tbih KaTO KNBEpPNPeCcTbNHULUTE TbPCAT HOBM HAaYMHK Aa M3M0A3BaT
cnaboctute B cuctemute Ha AloT. NMpeHebpersaHeTo Ha aKTyaM3aLMUTE MOKE 3 U3/T0XKMU
AloT cuctemnTe Ha Hall-HOBUTe KMbep3annaxum, U3naralkm Ha PUCK YyBCTBUTENHU AAHHU U
KPUTUYHA MHpPACTPYKTypa.

B ponbiHeHWE KbM CMpPaBAHETO C M3BECTHM YA3BMMOCTWU, PEAOBHWUTE aKTya/n3auuu
nNpPeaocTaBAT M Bb3MOXKHOCT 3a BHeApsABaHE HA HOBM OYHKUMM 33 CUTYPHOCT M
nogobpeHua. Kato noagbprkaT cuctemute Ha AloT aKTyanHu, ¢vpmuTe moraT ga ce
Bb3M0/13BaT OT Te3M NoA06peHMA U Aa OCUTYPAT Hal-BMCOKO HUBO Ha CUMYPHOCT 3a CBOUTE
YCTPOMCTBA U MPENKN.

BarkHO e aa ce otbenexu, ye akTyanmsmpaHeTo Ha AloT cuctemun moxke aa 6bae cnoxeH
npouec, ocobeHo KoraTo ce paboTu ¢ ronam 6poit yCTPONCTBA UAM PA3ANYHU CODTYEpPHM
nnatpopmun. BusHecbT TpsibBa ga yCTaHOBM cTabuneH npouec 3a MEHUAMKMDBHT Ha
KOPEeKLMN, 3a Aa rapaHTMpa, 4ye akTyanusauuuTte ce npunarat epeKkTMBHO B usanata AloT
MHOpPACTPyKTypa. ToBa MOXe Aa BKAKOYBA TeCTBAHE Ha aKTyanu3auuu B KOHTPO/MpPAHa
cpeaa, npeau ga 6baaT BHEAPEHW B MPOM3BOACTBEHM CUCTEMW, MJaHMPaHE Ha
aKTyanus3auumM B HEKPUTMYHM 4YacoBe, 3a Ja Ce€ MWHMMM3IMPA MPEKbCBAHETO, W
HabnlogeHMe Ha npoueca Ha aKTyaauMsauma, 3a Aa Ce rapaHTMpa YCnewHoTo my

3aBbpLUBaHe.

5.4. CermeHTUpaHe HA MmpeXKaTa

CermeHTMpaHeTo Ha AloT MpeXXuM e OCHOBHA NPaKTMKaA, Ha KoATo BU3HechT TpAbBa Aa gaae
npuopuTeT, 3a Aa Nodobpu CUrypHOCTTa Ha CBOWUTe cucTemu. Ypes pasgenaHeTo Ha
MperKaTa Ha OTAE/IHN CEerMEHTU, BCEKU CbC COBCTBEHM MEPKU U KOHTPOIN 33 CUFYPHOCT,
KOMNaHuute morat eqdeKkTMBHO [Aa WM30AMPAT KPUTUYHM CUCTEMW U Ja OrpaHuyat
NOTEHLUMANHOTO Bb34AENCTBME HA NPOOMB B CUFYPHOCTTA.

EQHO OT OCHOBHWUTE MpeaMMCTBA Ha MPEXOBOTO CermeHTMpaHe e, 4ye npenoTBpaTABa
KOMMpomeTupaHe Ha uanata AloT ekocuctema ot Npobus B eANH cermeHT. Bcekn cermeHT
MOXe Aa MMa CBOW cobCTBEH Habop OT MPOTOKOAM 3@ CUTYPHOCT, KOHTPO/IN 33 AOCTLN U
cuctemu  3a  HabawopeHve, rapaHTMpalM, Ye BCAKA 3/I0HAaMepeHa [AEeWHOCT Wan
HEeoTOpM3MpPaH AOCTbMN OCTaBa B PaMKUTE Ha TO3M KOHKpPETEeH cermeHT. ToBa MUHUMU3MPA

noTeHUManHUTE WeTn, Npu4nHEH OT aTtaka, N N0O3BO/1ABA Ha 6u3Heca 6'bp30 4a n3oamnpa m
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CMEeK4M 3anaaxara.

OcBeH TOBa, MpPEXOBOTO CermeHTMpaHe nomara Cblo NPU MEHAKUPAHETO HA CNOMKHU
AloT cuctemn. Tbil KaTo Te3M CUCTEMM YECTO BKIHOYBAT MHOXKECTBO B3aMMOCBbBP3aHMU
YCTPOMCTBA U MpEeXKW, MoxKe pga 6bae npeamsBMKaTeNcTBO Aa ce Habawopasa w
KOHTpOInpa ePpeKkTUBHO UANaTa eKocucTema. Ypes pasgenaHeTo Ha MpexXKaTa Ha NO-Masnku
cermeHTH, GMpmmuTe MoraT ga OnpocCTAT Mpoueca Ha MEHUOXMBHT U HabnogeHue. Te
MOraT fga ce CbCpeaoToyaT BbPXY 3alWMTaTa Ha BCEKU CermeHT MOoOoTAEesIHO, KaTo
rapaHTUpaT, Ye BCUYKKN YA3BUMOCTM AN NPOOMBU ce agpecmpaT cBoeBpeMeHHo, 6e3 aa ce
3acara yanaTa MHPpacTpyKTypa Ha AloT.

B ponbnaHeHMe, MpPeXKOBOTO CermeHTMpaHe npenocTaBA Bb3MOMHOCT Ha 6u3Heca Aa
NpPUOpPUTU3MPA CUTYPHOCTTA Ha onpegeneHn pecypcu. dupmnute morat ga npunarat no-
CTPOrN KOHTPO/IN 3@ CUTYPHOCT M CUCTEMM 33 HabAOAEHNE B CETMEHTU, KOUTO CbAabpXKaT
YyBCTBUTENHM OAHHU UIN KPUTUYHU Onepauumn, KaTo CbleBPEMEHHO NMPUEMAT NO-MaKo
CTPOrU MEpPKM B CErMeHTU, KOUTO Ca NO-MaJIKo KPUTUYHKU. TO3M noaxon no3BOaABa Ha
6u3Heca Aa oNTMMM3MpPaA YCUIMATA CU 33 CUTYPHOCT U [a Ce CbCPenoTouM BbPXY 3alumnTaTa
Ha Hal-Ba*KHOTO.

Ba)kHO e ga ce oTbenexu, Ye CErMEHTUPAHETO HA MpeXKaTa Tpabea ga 6bae NpUApPYHEHO
OT cTabuneH KOHTPOA Ha AO0CTbMA M CUCTEMM 3@ HabatoaeHne. BHegpaBaHeTO Ha cuctemm
33 OTKpMBaAHe M NpepoTBpaTABaHe Ha NpoHWKBaHe (Intrusion Detection and Prevention
Systems), KaKTO U HENPEKbCHAT MOHUTOPWHT U aHaM3 HA CUTYPHOCTTA, MOXe Aa NOMOrHe

34 Mp,eHTMd)MLLMpaHe M CMeK4YaBaHe Ha NOTEHUWMA/THN 3an/1axn B peasiHO BpeME.

5.5. MOHUTOPUHT 1 OTKPUBaHE HA aHOMaNUun

HapexgHuTte cuctemum 3a HabawgeHne M mexaHU3MUTe 32 OTKPMBaAHE Ha aHOMA/sMK ca
KM3HEHOBAXKHM 33 MAeHTUPUUMpPAHE M pearnpaHe Ha NOTEHUMANHU MHUMAEHTU CbC
CUIYpPHOCTTa B peanHo Bpeme. Ypes HenpekbcHaTo HabaogeHue Ha AloT cuctemute 3a
HeobuyallHO noBeAeHME WAW NOLO3PUTENHU AENHOCTU, PUPMUTE MOraT A3 OTKPUAT U
CcMeK4aT KnbepsannaxuTe, npean Aa NPUYUHAT Bpeaa.

UanoctHata u BceobxBaTHaA CMCTEMA 33 MOHWUTOPWUHI € OT CbLLECTBEHO 3HayeHue 3a
noAabp’KaHeTO Ha CUFYPHOCTTa Ha cuctemute Ha AloT. Tosa BKAtouBa HabnwaeHue 3a
ONUTU 33 HEeoTOpU3UpaH A[OCTbM, HeobuyaliHW TpaHchepu Ha [AaHHUM WAN  ApYyTK
WHOMKATOPU 3@ NOTEHLMANHN NPOBUBM B CUTYPHOCTTA.

MexaHusmuTe 3a OTKpUMBaHe HA aHOMa/JMW  WUIPAAT pellasawa pona  npu
NOEHTUOMUMPAHETO Ha MOAENIN UK NOBeAEHME, KOMTO Ce OTK/JOHABAT OT HopmaTa. Ypes
ycTaHoBABaHe Ha 6a30BM NMHMWM Ha NOBeAEHME W CPABHABAHETO MM C AAHHM B peanHo

Bpeme, d)VIpMMTe mMorat Aa OTKPUAT aHOMaJ/IMKU, KOUTO MOTaT Aa MOKa3BaT 3anJiaxa 3a
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curypHoctTa. ToBa MOXKe [a BKAOYBA OTKPMBAHE Ha HeobuyaeH mpexoB Tpaduk,
HEeo4YaKBaHM NMPOMEHW B MOBEAEHMETO Ha YCTPOMCTBOTO MU HEeobMYaMHM MOAENN Ha
AaHHu. Cnep Kato 6bae oTKpUTa aHoManumsa, dupmuTe morat ga npeanpuemat He3abasHU
AEeNCTBUSA 3a pascnenBaHe MU CMEeKYaBaHe Ha NoTeHUMaHaTa 3annaxa.

MOHUTOPUHIBT B PeasiHO BpeMe U OTKPMBAHETO HA aHOMa/IMKM NO3BO/sSBAT HA BU3Heca Aa
pearmpa 6bpP30 Ha WMHUMAEHTWU, CBbP3aHM CbC CUTypHOCTTA. [MonyyaBalkM Hes3abaBHO
npeaynpexaeHnsa uamM U3BectTya, Te morat Aa npeanpyvemaTt KaKTo PeakTUBHM, Taka M
NPOAKTUBHM MEPKM 3a cnpaBsaHe ¢ Npobaema, KaTo M30MpaHe Ha 3acerHaTuTe yCTPOMUCTBa
nAn 6noKknpaHe Ha nofdo3puTeneH mpexos Tpaduk. ToBa Nnomara 3a npegoTBpPaTABAHE Ha
ecKanaumata Ha MHUMAEHT CbC CUTYPHOCTTA U MUHMMU3UPA NOTEHLUMATHUTE LETU BbPXY
AloT cuctemute 1 gaHHuTe.

CblW,o TaKa, HeNnpPeKbCHATUAT MOHUTOPUHT U OTKPMBAHETO Ha aHOManMM NO3BO/IABAT Ha
bu3Heca ga cbbepe UeHHa MHbOopMaUMA 3a CUrypHOCTTa Ha cBouTe AloT cuctemu. Ypes
aHanu3MpaHe Ha CbbpaHUTe AaHHU Te MoraT Aa UAeHTUGMUMPAT TEHAEHLUMN, MOAENN UK
MoBTapsALWM Cce 3anjaxu, KOeTo MM MO03BOJIABA Aa npuaaraT MNPOaKTUBHM MEPKU 3a
CUTYPHOCT U Aa NoA0bPAT UANOCTHATA YCTOMUYMBOCT Ha CMCTEMaTa.

3a ga npunoxat ctabunHo HabnogeHMe U OTKpPMBaAHE Ha aHOMaNUKW, upmuTe morat aa
M3N0/13BaT Pa3/IMYHU TEXHONOTUN U MHCTPYMEHTU. TOBA MOMKe A3 BK/IIOYBA BHeAPABaHE Ha
CMCTEMM 33 OTKpPMBAHE M NPeaoTBpPaTABAHE Ha NMPOHUKBAHE, MHCTPYMEHTM 3@ aHa/Au3 Ha

MpEXKOB TPaPUK, peLleHns 32 MOHUTOPUHT Ha PErucTpaumMoHHu dannose unm naatdopmm

3a ynpaBieHne Ha UHPopmMaLMa U CbBUTUA 3a CUTYPHOCT.

Ypes KOMOBMHMpaHe Ha Te3n TEXHONIOTMM C  YCbBBbPLUEHCTBAHMU
Bb3MOXHOCTM 33 aHaNM3 U MAIMHHO 0byyeHne, pupmute moraT Aa noaobpar
CnocobHOCTTa CM Aa OTKPMBAT M pearnpat ePeKTUBHO Ha MHUMAEHTU CbC
CUIYPHOCTTA.

6. 3aknoyeHue

AloT wnma orpomeH noTeHUMan 3a pasBUTME HaA WHOBAUUKU U
nogobpsBaHe Ha e(PeKTMBHOCTTA B  PaA3/IMYHM  UHAYCTPUM, HO NpU
KoHBepreHumATa Ha Al n |oT Bb3HUKBAT HOBU YA3BMMOCTU U PUCKOBE, KOUTO
M3NCKBAT peakuua. Ypes BHegpABaHe Ha 6a30BM CTpaTerMm KaTto CUJIHA
aBTEHTUOUKALMA U KOHTPON HA AOCTbMNa, KPUMNTUPAHE Ha AaHHWU, PefoBHMU

dKTyaansaumm w“nU MeHNnOXKMBHT Ha KOpPEKUUUN, MpPEeXOBO CErMEHTUPAHE,

1160



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

HabnogeHne M OTKPMBAHE HA aHOMaauu, dGupmuTe Morat ga noaobpAar
CUrypHocTTa Ha csouTte AloT cuctemun n ga MMHMMU3UPAT PUCKOBETE.

OcHOBHUTE  MOMEHTM ca: - pas3rnegaHa e crTpaTterMata U
npeavsBuKaTencTteata npu BHegpaABaHe Ha AloT; - aKueHTMpaHO e Ha
M3ACHABAHE Ha cneunduKaTa Ha KubepcurypHoctTa B AloT; - npeanoKeH e
NoAXoA4 3a OCUTypsiBaHE Ha KMOEPCUTypHOCT MPU U3KYCTBEHWUA MHTENIEKT Ha
Hewata AloT, 3a 3awmuTta OoT ataku npu AloT, Npu KoeTo ca pasrnegaHu u
OCHOBHM CcTpaTernmn 3a 3awmTa Ha AloT.

MoaxoabT 3a 3awmTa OT aTtakm npu AloT BKAOYBa pasr/iexXgaHeTo Ha
yA3BMMMTE 33 aTakn 061acTn Ha 6a3a Ha akTMBuUTe Ha AloT, Ha NoKasaTenuTe Ha
CUTYPHOCTTA, Ha aTaKUTe HAaCoYeHU KbM curypHoctta B AloT n Ha mepKuTe 3a
npoTMBOAENCTBME U 3a 3almTa npum AloT.

KnbepcurypHocTTa e HenpeKkbCHAT NpoLec Npu KonTo Tpabea ga 6baat
OTYeTeHMU, KaKTO akTueuTe Ha AloT, TaKa U mepKuTe 3a TAXHaTa 3awmTa.
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AHomayus: Llen Ha Hacmoawama paboma e 0a ce usAcHAM ocobeHocmume u
nodxooume 3a paszeumue HA PAasAUYHU UHCMPYMEHMU C8bP3aHU C KubepcueypHocmma,
KOKMO U 8b3MOMHOCMUMeE 30 KOHBEep2eHUUSs Ha ¢u3uvyeckama cueypHocm. Kamo
pe3yaimam e HanpaeeH aHAAU3 Ha U36paHa CbBKYNMHOCM OM AKMYQsAHU MEXHO/02UYHU
peweHus cbC cneyuguyHa HacoyeHocm. lpUHOCHU MOMeHMU Ca HAMpPaseeHuUasm aHaau3 Ha
nooxo0u 3a MH020C/0UHA U MHO20(PYHKUUOHAAHA KubepcuesypHocm paszenexc0aHu Kamo
nepcrnekmusHU peweHus, KAKMo U GHGAU3A HO KOHBEeP2eHUUama u UHmMez2payuama Ha

husudeckama cueypHocm u KubepcuaypHocmma.
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Abstract: The aim of present work is to clarify the features and approaches for the
development of various tools related to cybersecurity, as well as the possibilities for
convergence of physical security. As a result, an analysis of a selected set of current
technological solutions with a specific focus has been made. Contributing moments are the
analysis of approaches for multilayered and multifunctional cybersecurity considered as
promising solutions, as well as the analysis of the convergence and integration of physical
security and cybersecurity.

Keywords: security, cybersecurity, integration, convergence.

1. BbBegeHue

C pa3BUTMETO Ha UMPPOBUTE MHPPACTPYKTYPU, 0COBEHO C HaBU3aHETO
Ha NIHTepHeT, 061a4yHUTE TEXHONOTMKN, MOBMAHOCTTA U MIHTEepHET Ha HewarTa loT
(Internet of Things), KubepcurypHocTTa ctaBa Bce no-BaxkHa’’> 976977978 Mppy
TOBa Ce pa3WwmnpsABa NOBbPXHOCTTA 33 aTaka U ceA0BaTe/IHO KUbepcmrypHocTTa
M pU3MyeckaTta CMrypHoCT BCe noseye ce NpespbLLaT B TepuTopma Ha BrusHeca.

B HayanoTo Ha 90-Te roAnHM NPOAYKTMTE 33 KMBEPCUrypHOCT 3ano4Haxa
[la 3anb/IBaT CTeNAXKUTE A0 AOCTUraHe Ha TOYKaTa, B KOATO C/IOXHOCTTa, KaTo
pesyntaT OT  HEeyTOYHEHOCT M  HeypeaeHOCT Ha  MpucbCTBallaTa
GYHKLMOHANHOCT B OTAE/NIHUTE NPOAYKTH, Nopaxaa o6bpKBaHe B onpeaeneHu

caydyanm Ha wmM3non3BaHe Ha TEXHONIOTUMUTE 3a OTKPUBaAHE WU pearnpaHe Ha

95 Metpos I. Pa3BuTMe Ha MHTepHeT u oTBopeHuTe cuctemu. Yact 1. AsaHrapg Mpuma -
Coodus, 2017, 401 C. ISBN 978-619-160-834-8.
http://www.bg.cobiss.net/scripts/cobiss?ukaz=DISP&id=1947124467419891&rec=1&sid=1
976 Macapencku P., T. CrepaHoBa. MeToam 3a npexoa, v BHeapAsaHe Ha IPv6. Cn. YnpasneHue
n obpasosaHne, tom VIII (4) 2012, c. 203-211. https://www.conference-
burgas.com/maevolumes/vol8/BO0K%204/b4_31.pdf
977 Nikolay Milovanov. 2024. Case study: LoRa/LoRaWAN as a suitable LPWAN choice for
pressure and flow monitoring in Bulgarian water utility sector. In International Conference
on Computer Systems and Technologies 2024 (CompSysTech '24), June 14-15, 2024, Ruse,
Bulgaria. ACM, New York, NY, USA, 10 Pages. https://doi.org/10.1145/3674912.3674945
98 JisaHoBa MoaHa. MeToau u cpeactsa 3a areHTHo-6asuMpaHa BM3yanu3auMa Ha
ANrnTanusnpanm gaHHu. fognwHuk TenekomyHmkaumm 2021, Tom 8, c. 13 - 22, elSSN 2534-
854X, DOI: https://doi.org/10.33919/YTelecomm.21.8.2
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3an/laxm KbM KMBepcurypHoOCTTa 1 3aTpyAHsABa HabAloAeHMETO N yNpaBIeHNETO
Ha orpomHuA bpoit npeaynpexaeHua (alerts) nasawm oT pasIMYHU NPOAYKTH.

MHOXEeCTBOTO CUCTEMHU NpeaynpeXXaeHna, KaKTo U OT KpailHW TOYKM
npeaynpexKaeHusa, reHepupaHn BCEKN AeH, TpabBa Aa 6baaT NnpuopuUTUIMpPaHK,
pa3cnegBaHM UM cMmekvyeHW. [lpeaynpexaeHuATa NO  OTHOLWEHME Ha
KnbepcurypHocTTa ca HapacTBalo Npean3BMKaATe/NCTBO 3a onepauumte Mo
curypHoctta. KoHBepreHuMaTa Ha npean TOBAa OTAENHM M Pa3sHOPOAHM
TEXHoONOrMM e obw, NbT, MO KOWTO NoemaT HaBAM3ALWMUTE WMHOBATMBHM
TEXHONOIMMW C LUen NpeaocTaBsHe Ha KOHBEPreHTHWU YyCayru 3a KnubepcurypHocT
Ha noTpebutenute. PelwaBalo ce OKa3Ba AO0KOAKO a06pe KOHKPEeTHOTO
pelleHne ce cnpasBs C YAOB/NETBOPEHOCTTAa Ha MNoTpebutenute n peanusmnpa
6u3Hec nevyanbu, BOAELLO A0 KOHBEPreHUMA Ha TEXHONOorMnTe.

fonAama YacT OT CblecTByBalWMTe TexHonorMn ce 6GasupaT Ha
cneymduyHa (cneumanmsmpaHa) HACOYEHOCT, CbYeTaHO C OCHOBHaTa
bYHKUMOHANHOCT ,,0TKpMBaHe u peakums” (Detection and Response), KoaTo oT
CBOA CTPaHa M3MNoN3Ba NPUHLMMNNTE Ha LUMPOKO Pa3npoCTPaHEeHUTe Hac/ieaeHM
CUCTEMM, Hanpumep ,CUCTEeMW 3a OTKpuBaHe/ npepoTBpaTABaHe Ha
npoHukBaHe” IDS (Intrusion Detection System) IPS (Intrusion Prevention
System).

OT gpyra cTpaHa, TPagMUMOHHA NPAKTUKA € NOALDbPIKAHETO Ha OTAENHM
GYHKUMOHANHOCTU 33 dM3MYecKa M 3a KMbepcurypHocT, Npu KOoeTo ocTaBa
Npa3HWHA, MNpeAacTaBAABaWLd  3HAuyuTeneH  pPUCK.  HapacTtBaHeTo  Ha
B3aMMOCBbP3aHUTE M B3aMMO3aBUCMMM CUCTEMWU BOAM A0 HeobxoAMMOCTTa
npeguWwHNUTE  W30JMPAHM  EeKMnnM  Kn  cuctemn ga  pabotatr  3aegHo.
KoHBepreHumaTa Ha CUrypHOCTTa (MM KOHBEpreHTHaTa CUrypHOCT) e NoAxos, 3a
MHTErpmpaHe Ha cTpaTernm 3a KMbepcurypHocT U MIHPOPMALMOHHM TEXHONOTUN
C MepKM 3a ¢M3MyecKa CUrypHOCT 3a MOBULLIABAHE HA OCBEAOMEHOCTTa MU
YKpenBaHe Ha 3alMTaTa Ha CbOPBbKEHUA, XOPa U AaHHMW.

2. Nopgxoan Npu cb3gaBaHe Ha MHOrodpyHKUMOHaNHA nnatdopma 3a
OTKPMBaAHe U pearMpaHe Ha 3annaxm
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2.1. XapaKkTepucTtuku, GYHKLUOHANHOCT U aHANIU3 Ha nogxoaute npu
cneumanmnsnpaHn cCUCTeMM 3a OTKpUBaHe U pearMpaHe Ha 3an/axu:

PeweHunero ,OTKpMBaHE U peakuusa Ha KpaitHa Touka” EDR (Endpoint Detection and
Response) HenpeKkbCHAaTO HabAoAaBa KpaliHUTE TOYKKM (BCAKO YCTPOMCTBO, CBbP3aHO KbM
Mpe’KaTa), 3a a OTKpMe 310HaMepeHo noseaeHue uan 3nospeaeH copryep.®’?

EDR moxe pa ce pa3rfiefa KaTo ecTecTBEHA €BOIIOLMA HAa aHTUBUPYCHUA codTyep, Tbi
KaTo W ABaTa MHCTPYMEHTa MU3MbaHABAT NoaobHu ¢yHKuum. EDR mM3nonssa 6asmpaHo Ha
noBefeHMETO OTKPMBAHE 33 HOBOBbB3HMKBALLM aTakW, 6asMpaHM Ha YCbBbPLUEHCTBAHM
noctoAHHM 3annaxu APTs (Advanced Persistent Threats) n cneunduyeH 3noHamepeH
codTyep, AOKATO TpaAMUMOHHATA aHTUBMPYCHA Nporpama 06MKHOBEHO He Fo NpasMu.
CvuwecrteyBawmte EDR pelueHusa ce pasnmyasBaT No ¢yHKUMOHANHOCT, KaTo HAKou EDR
MMaT aHTUBUPYCHA PYHKLUMOHANHOCT, @ APYrX Ca NPOEKTUPaHM Aa OTKPMBAT TOBA, KOETO
TpagMuMOHHATA aHTUBUPYCHA NPOrpama He MoXe.

EDR codTyepbT mMoXKe ga 6bae KOMMOHEHT Ha aHTMBMPYCHM MPOAYKTM OT CneaBallo
nokoseHue.

EamMH HepocTaTbK Ha EDR e, ye codpTyepbT € orpaHMyeH camo A0 KpalHM TOYKKU. 3a no-
UANOCTEH Mornes BbPXYy CbBPEMEHHUTE XubpuaHWM cpean U 3a Hal-edeKTUBHMU
cnocobHOCTU 3a OTKpPMBAHE M pearnpaHe Tpabea Aa ce cbbMpaT, aHaNM3NpPaT U Kopeanpar
OAHHM OT MHOTO Pa3IMYHU U3TOYHULMN.

Mpe3 nocnegHuTe roguMHu TexHonoruata EDR Gelue BKAouYeHa B ApyrM naatopmu u
WHCTPYMEHTM, NOpPaan KOETO TA € MO-MaJIKoO M3M0A3BaHA KAaTO CaMOCTOATE/IHA onuma 3a
KnbepcurypHocT.

MpuunHa 3a TOBa € OCb3HABAHETO OT OpraHuW3auMuTe, 4Ye 3annaxute TpabBa ga ce
Habnogasat v cnvpaT, Npeay Aa AOCTUIHAT A0 KpaliHa TouKa. OTKPMBAHETO Ha 3aMn/axu B
KpaliHX TOYKM e BaHO 3a LANOCTHATA TeNemeTpusa U peakuma npu MHUMAEHTU, HO ce
CYnTa 33 TBBPAE 3aKbCHANO, aKO Ce C/ly4n KnbepaTtakKa.

Opyr acnekT e KateropusmpaHeto Ha EDR Kato yact ot XDR (Extended Detection and
Response). MexayBpemeHHO pocTaBunumte Ha EDR ca pobaBuan gonbaHUTENHU
dOYHKUMM 3a TenemeTpuna, a poctaBunumte Ha XDR ca pgobasunm ¢yHKUMM 33 obuwa

Hann4yHoCT/gocTbnHOCT. Ha 6a3a Ha gobaBeHaTa PpYHKLMOHANHOCT € HaNuLe TeHAeHUMATa

3a conunkasaHe Ha EDR n XDR.

979 StreamScan. EDR vs NDR vs XDR vs MDR. 30 juin 2022.
https://streamscan.ai/en/blog/edr-ndr-xdr-mdr/
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PeweHunero ,,MpexoBo oTkpuaHe u peakumna” NDR (Network Detection and Response)
nomara 3a 3alimTa Ha MPEeXoBuUA NePMMETbP CpeLLy HacouyeHu KubepaTakm.?®0

EaHa oT xapaktepuctukute Ha NDR e m3nonsBaHeTo Ha M3KyCTBEH WHTeneKT Al npwu
OTKPMBAHETO Ha KnbepaTtakn. O606weHO moxKe aa ce Kaxke, Ye NDR ca yCbBbpLUIEHCTBAHM
CUCTEMM 3a OTKpMBaHE Ha NpoHunkBaHe (NDR = IDS/IPS).

OTtkpuBaHuaTta npu NDR uecto ce 6a3upart Ha 0606LWeH u3rnes Ha OKoMHaTa cpeaa.
BmecTo ga oTKpMBa 3aniaxu Bb3 OCHOBA Ha HEOOMYAMHM NPOLECH AN HA AeTaln3upaHu
cbbutMA, Kakto npu EDR, NDR Tbpcu noTeHUManHM 3annaxm Bb3 OCHOBA Ha
HeoTopM3npaHM NPOTOKOAN, aHOMANUM MPU U3NOA3BAHE HA NOPTOBE, HEObMYANHO Bpeme
N pasmepwu Ha TpaHcdhep u ap.

CUrypHOCTTa Ha MpeXKaTa CTaHa no-BaXHAa npe3 nocAeaHUTe TrOAMHM, Tbh KaTo
M3TOYHULMTE Ha 3amaaxm Ca HaCcouYMAW noraeda CM KbM Tasm 4acT OT CUFYpPHOCTTa Ha
NHPPACTPYKTypaTa - 0C0OHEHO KbM 06/1a4HUTE MPEXKM.

EAHO KNHOYOBO NPegMMCTBO €, Ye He Ce pa3ynTa Ha BHeApeH areHT BbB BCAKA KpalHa
TO4YKa. ToBa ro npasu MHoOro nogxoAdl 3a cpegm, B Konto EDR morke ga He e B CbCTOAHME
0a nokpue BcAKa cuctema. Jpyro npeammcteo e, ye NDR moxe ga oTKpue n ga pearupa
Ha HEOTOPU3NPAHW YCTPOMCTBA.

PeweHusata 3a ,paswmpeHo oTKpuBaHe M peakuuna” XDR (Extended Detection and
Response) ce pa3Buxa OT cuctemuTe 3a ,,OTKPMBAHE M peakumsa Ha KpaiHa To4yka” EDR.
PaswupaBalikM ce oTBbA KpalHaTa Touyka, XDR peweHuata cbbupat nHbopmaumsa ot
MPEXKM, CbpBbPKU, 00NauHM npunoxkeHma u ap. XDR ueHTpanusmpaHo obpaboTsa
npeaynpexaeHnaTa 3a CUrypHOCT OT HAKOIKO CbLLECTBYBALLM MHCTPYMEHTA 33 CUIYPHOCT
B mMpexaTa (aHTmuempyc, EDR, NDR, /IDS/IPS n ap.). Cnea ToBa curHanute uie 6baat
o6paboTteHn 1 aHannsmpaHm ot XDR 3a OTKpMBaHE Ha NO-CNOMKHM aTakm.8!

XDR e eguHHa nnatdopma, KOATO MOXKE [a Bb3NpMeMa AaHHM OT areHT Ha KpailHa ToYKa,
MHPOPMALMA HA HMBO MpPENKA M B MHOrO C/ay4anm WMHPOpPMAUMA OT PErncTpPaunoHHU
¢dalinioBe Ha yCcTPoCTBOTO. Te3n AaHHU ca CBbP3aHU (KopenmpaHu) U OTKPUBAHUATA Morat
[la Bb3HMKHAT OT e4MH UAN MHOTO U3TOYHULM HA TeNEMETPUA 33 Aa Ce NOCTUTHE UANOCTEH
nsrnen 3a OTKPUBAHETO HA 3annaxu. Tesn MHCTPYMEHTM MoraT 4a BUAAT KAKBO ce CayyBa

HE CamO B Kpal‘/‘lHMTe TOYKH, HO N MmexXay Kpal‘/‘lHMTe TOYKMU.

980 Christopher Fielder. Understanding the Lines Between EDR, NDR, TDR, XDR, and MDR.
December 27, 2023. https://arcticwolf.com/resources/blog/understanding-between-edr-
ndr-tdr-xdr-mdr/

981 Blumira. SIEM vs XDR vs SOAR vs SOC vs EDR vs MDR. December 12, 2023.
https://www.blumira.com/blog/siem-soc-soar-xdr-defined
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MpegmmcTteo Ha XDR e paunoHannsnpaHeTo Ha GYHKUMUTE HaA PONATA HAa aHA/NM3aTOPa,
KaTo M0O3BONABA Aa Ce NperfiexaaT no-TOYHO 3aCMYaHMATA U Aa ce npeanpuemaT OTBETHMU
AENCTBUA OT eAHa KOH30/1a (KomaHAHO Tabno). To3n noaxod npeasara no-KpaTko Bpeme
3a OLUEHABAHE, NO-0NPOCTEHO OByYEHME M NO-KPATKM BPEMEHA 33 peaKLmA.

Hakou poctaBunum Ha XDR npenocTtaBAT naaTtGopmm, KOUTO paboTAT caMo C TEXHUA NaKeT
WHCTPYMEHTU, AOKaTO ApYyrn npenoctasaT oTBopeHn XDR onuun, KOUTO ce nHTerpmpar no-
WMPOKO C MHCTPYMEHTU Ha TPETU CTPaHM 33 NogobpeHn Bb3MOMKHOCTM 3@ OTKPMBAHE U
pearnpaHe.

PeweHnsata XDR ce pasnunyasat oT Cuctemata 3a WMHPOPMAUMOHHA CUTYPHOCT U
ynpasneHne Ha cbbutmna SIEM (Security Information and Event Management) u ot
OpKecTpauma Ha CUrypHOCTTa, aBTomaTtmsaums n peakuma SOAR (Security Orchestration,
Automation and Response) No HUBOTO Ha MHTErpaumsa Npu BHeApPABAHE U CNOCOOHOCTTA
0a ce CnNpaBAT C OTKPUBAHETO Ha 3anjiaxv WM cayvyauTe Ha M3MNOA3BaHE B OTrOBOP Ha

NHUMAOEHTMW.

PeweHunero ,YnpasnaBaHo OTKpuBaHe M peakuua” MDR (Managed Detection and
Response) ce oTHaca 40 NPOaKTUBHO HabaogeHMe Ha KUBepCcUrypHOCTTa Ha KOMMIOTbPHM
MpPEXMU.

EaHa MDR ycnyra M3nonssa egHa WM MOBEYE TEXHONOIMU 3a KnbepcurypHocT. Hakou
MDR wn3snonseaTt camo EDR, gpyru usnonssat camo NDR, a gpyra Kateropma msnonssa
KombuHauma ot TexHonormn. MDR e pelleHMe 3a MeHaxupaHa ycayra, KOeTo 4ecTo
KOMOMHMPA TEXHONOMMWU C BbHLIHW aHanuM3aTopu (ayTCOPCUMHI ycnyra) 3a OTKPUBAHE U
pearMpaHe Ha 3/710HaMepeHO noseAeHue B mpexa. Joctasumumte Ha MDR npegnarat
TEXHONOMMA, KOATO OOxBala KpamMHM TOYKM, MpeXu, obnayHu ycnyrn, onepaTUBHA
TexHonorua u UHTepHeT Ha Hewarta loT (Internet of Things), KakTo 1 cbbupaHe Ha AaHHK
OT APYIN U3TOYHULM KaTO PErMcTpPaLMoHHM GaiiioBe U AaHHW.

MDR e ecrtecTBeHa eBOAOUMA HA TPaguuUMOHHMA NOAXOA 32 Yhpas/ieHue Ha
KnbepcurypHocTTa, nos ¢popmarta Ha LleHTbp 3a onepauum no curypHoctTa SOC (Security
Operation Center). SOC e nacuBeH M aHanusatopuTe Ha LeHTbpa SOC ce HamecBaT camo
npu noaasaHe Ha npeaynpexaeHue. Yecto obaye, Korato ce reHepupa CUrHan, Beuye e
KbCHO. CneposatenHo MDR e MHOro no-agantMpaH KbM TEKyLWOTO ynpaBaeHWe Ha
MpeXKoBaTa CUFYPHOCT.

PeweHunero 3a ,,OTKpuBaHe u peakuma B o6nak” CDR (Cloud Detection and Response),
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NpeaocTaBa Bb3MOMHOCTM 3a NpeAoTBpaTABaHe, OTKPMBAHE M pearMpaHe Ha 3ansiaxw,
npurogeHn 3a myntnobnaundn cpean®®?. CDR no npuHUMn u3nonssa TexHonorusa 6es
areHTn, 3a Aa NpPeaNoXu 3alimTa, BUAMMOCT B peasiHO Bpeme M uaeHtuduumpaHe Ha
3aniaxu, ya3BMMOCTM, HeMNpaBUAHM KOHOUIypaL MM U NPONYCKM B CbOTBETCTBMETO, 6€3 aa
npeun Ha dyHKUMoHMpaHeTo. CDR npeaocTaBa MbBKABO BHeApsABaHE, LLEHTPasM3MpPaHo
Tabno 3a ynpassieHwe, HabngeHWe B peasHO Bpeme, aBTOMaTU3MpaHa peaKkuus,
NPUOPUTU3MPAHE HA PUCKa.

Cuctema 3a MHPOPMALMOHHA CUTYPHOCT M ynpaBaeHue Ha cbbutua SIEM (Security
Information and Event Management)

PeweHunata 3a SIEM cobwectsyBat OT AeceTunetua, C  pasaMyHa CTeneH Ha
GYHKLMOHANHOCT B 3aBMCMMOCT OT MPOAYKTA MAKM AocTaBymka. SIEM e ueHTpanusmpaH
WMHCTPYMEHT 3a ynpaBieHue Ha perucrpaumoHHu dainose (centralized log management
tool), KoWTo ce MHTerpmpa c NPUIONKEHUA, CUCTEMU, CbPBBPU U T.H., 33 Aa CbbMpa AaHHM
OT BcAKa ycayra (log files).

SIEMs ce wu3nonseat 3a aHanM3 Ha CbOUTMA 3@ CUTYPHOCT, 3@ Aa MNOMOTrHaT npwu
pascneaBaHe, paHHO OTKPMBAHE HA 3anfaxv W peakuma npu uHUuuaeHtn. Cblo Taka
NoAAbPNKAT CbOTBETCTBME HA C/ly4aM Ha U3MON3BaHE, Tbil KATO MHOIO PeryaaTopHM PamMKm
33 AaHHW M3UCKBAT OT OpraHM3auuuTe Aa NOAABPKAT OAUTHU PErncTpaumoHHn daiinose
32 efHa roamMHa UaM noseye B 3aBUCUMOCT OT paMKaTa U UHAYCTPUATA.

SIEMs morat ga 6baat xoctBaHM B o6naka mau nokanHo. MogephHuat SIEM Ttpabsa aa
Mmoxe ga obcnykBa 0b6nauyHM AaHHM M O3 OTKPMBA PaHHWM MPU3HALWM HA 310HAMeEpPEHO
noseseHWe, KaTto OMWUTM 3a HeoTopu3uMpaH poctbn M ap. SIEM ca paspaboteHn ¢
npeaBapuTeNHO u3rpageH Habop OT ,0TKpMBaHMA” WM HaApPbYHULM 33 yNeCcHABaHE Ha
notpebutennte 3a No-6bp3a peaKkuna Ha 3anaaxu.

YcbBbpleHcTBaHeTo Ha SIEM ¢ nsnonsBaHe Ha ,,paswWMPeHO OTKpMBaHe U peakums” XDR
MOe [a aBTOMaTM3MpPa OTKPMBAHETO M PeakLMUATa U e NPUIOKMM 33 NO-MANKU eKunu,
KaTO CblUeBpeMEHHO 3ana3Ba WMCTOPUYECKM AaHHM, 33 Aa MOMOrHe 3a CnasBaHeTo Ha
MHOecTBO pa3nopenbu 3a cboTBeTcTBMe. SIEM, B cbyeTaHMe ¢ XDR, uHTerpmpa WnpoKo
PasINYHN MHCTPYMeEHTU, BKA. EDR, 3a ga ocurypu no-4o6bp MOHUTOPUHI, aBTOMaTUYHO Aa
CbMOCTaBM AaHHUTE M A3 U3NpPaLa KOHCTaTalMKM C OTYMTaHe Ha KOHTEKCTa 3a MHAMKATOpU
C BUCOKa CcTeneH Ha yBepeHoCT 3a 3an1axu B KOHKpeTHa cpeaa.

OpKecTpayuma Ha CUFypHOCTTa, aBTOMaTu3auma u peakuma SOAR (Security Orchestration,

Automation and Response)

%2 Ppaloalto. What Is Cloud Detection and Response (CDR).
https://www.paloaltonetworks.com/cyberpedia/what-is-cloud-detection-and-response-cdr
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Cuctemnte SIEMs 4yecTo M3MCKBAT MHOIO pbyHa paboTa oTHEMALLA BpemMe 33 U3NbHEHUE
Ha 3a4a4M 32 CUTYPHOCT, BKAKOUYUTEIHO HACTPOMKA HA NpaBuK/aTa 3a OTKPMBAHE, 3a Aa ce
npeaoTBpaTAT GajWMBU MNONOKUTENHU pe3ynTatu. Lpyrn pbyHWU 3a4ayun  BKAKOYBAT
Kopenauma Ha fgaHHU. PeweHnata SOAR ce pasBuMxa KaToO HayuuMH Ja ce NOMOrHe Ha
aHanusatopuTe B LleHTbpa 3a onepaumum no curypHoctta SOC (Security Operations Center)
Aa ca no-epeKTUBHU, NO3BOIABANKN NO-aBTOMATM3NPAHO NpUopUTM3NPaHe N obpaboTKa
Ha CbOUTMA U NHLMAOEHTU, CBBP3AHU CbC CUTYPHOCTTA. KNtouoBuTe Bb3MOXKHOCTM HAa SOAR
peleHnATa BKAKOYBAT: OpKecTpaLma, aBToMaTM3aLma, peakumns

SOAR WMHCTPYMEHTUTE 4YecTo ce M3MoAN3BaT 3a nogobpseaHe Ha TpagUUMOHHMTE SIEM
NNaTGopMM Ha KOUTO SINMNCBAT Te3M Bb3MOXNKHOCTWU. Bbnpekn ToBa, MHOIO CbBPEMEHHMU
SIEM + XDR nnatpopmm KOHCOAMAMPAT MHOro OT M36poeHUTe BBL3IMOXKHOCTU 3a
pearMpaHe B €4HO WHTErpMpaHO peleHne, eUMUHUPANKN HeobxoammocTTa oT
3aKynyBaHe M CBbP3BaHETO MM 3aeAHO Ha pPas/IM4HU MHCTPYMEHTU 3a OTKpMBaAHE WU

pearnpane.

2.2, OcobeHocTn Ha noaxoaute 3a MHOTOC/IOMHA 7]
MHOropyHKLUOHa/NIHA KUBEpPCUTYPHOCT, KaTO NePCneKTUBHU peLLeHUus

e MHorocnoHa curypHoct (Multi-layered security) - MHOrochoMHuAaT
noaxo4, 3a CUIYpPHOCT MHTErpupa pasHOPOAHU MPOAYKTU, YECTO OT Pa3/INYHU
NPoOU3BOAUTENN, KOUTO YeCcTo ca U eaHOPYHKUMOHANHU MHCTPYMEHTUM 3a
CUTrypHOCT. WMHTerpupaHeTo Ha pPasHOPOAHM eAHO(YHKUMOHANHWU MNPOAYKTU
MOXKe [a MMa PUCKOBM NPOMYCKU U Cnenu neTHa BbB BUAMMOCTTA. [lepcoHansbT
no curypHoctta U UT oTaena TBbPAE MHOMO Pecypcu 3a NoALbprkaHe U
yrnpaB/ieHne Ha Te3n pasINiyHM NPOAYKTU 3a CUrYPHOCT. EAHOYHKUMOHanHUTe
NPOAYKTU 33 CUIYPHOCT OMEpPaTMBHO M3MOA3BAT cneundUuyHM OrpaHUYeHu
cpeam M He MoraTt IeCHO A3 CNoAenAT KpUTUyHa MHpopmauma. ToBa M3MCKBA
eKMNUTE NO CUTYPHOCTTa Aa NOAADBbPMKAT U MEeHaXMpaT CUCTEMUTE U PHbYHO Aa
M3BBPLLBAT aHaNM3, NOTEHUMANHO Cb34aBalKN YA3BMMOCTU B CUTYPHOCTTA.

e MW3HayanHO BrpageHa MHoOropyHKumoHanHa curypHoct (Native
Unified Convergence)

M3HauanHo BrpageHaTta MHOrodpyHKUMOHANHA CUTYPHOCT WM3M0/3Ba

NOorM4eCcknTe KPbCTOCaHU BPB3KN HA MHOXKECTBO Bb3MOXKHOCTUN 3a CUTYPHOCT U
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npuaaraHe Ha YCbBbPLEHCTBAHM aHAAM3M M pascnegBaHe Ha 3anjaxu.
Mnatpopmute 3a KMOBEPCUrypPHOCT C M3HAYaNHO BrpadeHa apXUTeKTypa
NpPeaoCTaBAT UHTYUTMBEH NOraesd BbpXy Mb/IHMA KOHTEKCT CAPAMO efHa Mau
noBeye aTakM, C MNbJAHA BMAMMOCT B US/AaTa Bepura OT CbbUTKMA.
ABTOMATM3MPAHOTO arpernpaHe Ha Bepurata OT AEWNHOCTM [oBexaa Ao
LANOCTEH M3rnes 3a B3eMaHe Ha peLlleHUA C BUCOKA CTeNeH Ha CUrypHOCT, C no-
MaJIKO 1 MNO-NPUOPUTUIMPAHUN NpeaynperKaeHna 3a 6bp30o gencrene.

2.3. Mpumep 3a M3HavyaNHoO Cb3aaaeHa yHupuumpaHa
MHorodpyHKuUMOoHanHA nnhatdopma sKkatouBawa XDR, SIEM n SOAR

KnbepcurypHoctta o6xBalLa ekocuctema ot copTtyep, NpPoLECH, YCAYTN,
Han-006pM NPaAKTUKM U KBanupMuupaHu xopa ¢ onuT B obnactra. OcHOBHAaTa
uen Ha KubepcurypHocTTa € ga HamanuM pucKka 4pe3 eNMMUHUPAHEe Ha
YA3BUMOCTMTE W OTKPMBAHE, pearMpaHe M OrpaHW4yaBaHe Ha 3anaaxwu.
PeweHuneto ce ¢oKycmpa BbpXy ¢PyHKUMOHanHoctTa Ha XDR, SIEM u SOAR.
Bb3amoxkHoctute Ha XDR, SIEM u SOAR 1 TAXxHaTa no3muua B CTPYKTypaTa Ha
NPOAYKTMTE 332 KOPMNOpPATUBHA CUIYPHOCT Ca €BONOMPANN A0 TOYKATa, B KOATO
ce KOHKYpMpaT 3a nasapeH gAan.

MNoHacTtoawem goctaBunumte Ha XDR nHTerpmpat SIEM u SOAR, 3a ga
AONBAHAT CBOMTE NNAaTGOPMM 33 OTKPMBAHE U pearnpaHe. [loctaBunumTE Ha
SIEM 1 SOAR BKAtouBaT XDR B TAXHOTO HabatoaeHUE M OpKecTpaLmA Ha
npeaynpexaeHus.

Mnatdopmara 3a KubepuHtenureHtHoct CIP (Cyber Intelligence
Platform) e ocHoBa, KOATO aBTOMaTU3Mpa OTKPUBAHETO W peaKkumATa Ha
aHOMaNHa AENHOCT B PaMKUTE HAa MHOrOoQyHKUMOHANEH CTEK 3a CUTYPHOCT
(dur. 1). ObeanHABANKN MHOMXKECTBO NMPOAYKTU 33 CUFYPHOCT U TEXHUTE AAHHU
B €4HO MHTYMTUBHO Tabno 3a ynpasneHune, nnatdopmata CIP ocurypsasa 6bp3a
peakumMa C aHa/IN3M U KOHTEKCT 3a He3abaBHO 610KMpaHe Ha 3anaaxu.

BbB BCMYKM BrpageHn NpoayKTU AaHHUTE M NOKasaTesnTe 3a CUrypPHOCT
ce Habnwopgasat n obeauHABaT, 3a Aa OCUTYPAT UANOCTEH NoOrnes BbPXY

3ananaxmte C aBTOMATU3UPAHO OTKPpUBaHE W peaKkuunA. PascnenBaHeTo Ha
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3annaxute n Al nogobpsaBaT B3EMaHETO Ha pelleHuna, a aBToMaTu3MpaHaTta
peakuns n abnbokaTa AMArHOCTMKA HamansaBaT BPeMeTo 3a 6/10KMpaHe Ha

3annaxure.

L
il

— s | —

IAAS SaosS On-Premises
Datacenter

dwur. 1. Mpumep 3a 061a4HO-6a3MpaH MHTErpupaH MHOropyHKLMOHA/IEH CTEK 3a
curypHocr.983

KoHuenuuAta 3a oOpKecTpaumA e CBbp3aHa CbC 3aMAHaATa Ha
MHOMBUAYANHOTO KOHPUIYpUpPaHe C MNO-MOLLEH MEXaHU3bM 33 MEHUAMKMBHT,
cnocobeH Aa ocurypu KOMNAeKCHoO aeduHnpaHe, KOHGUryprupaHe, pasrpbliaHe
M MOHUTOPUHr. OpKecTpaumsata e ueHTpanHa 3a nnatpopmata CIP. Bceku
NPOAYKT 3@ CUTYPHOCT M CBBP3AHUAT C Hero ¢yHKUMOHANeH mogyn ce
obegunHaBaT B e4HO yHUbMUMpaHO Tabno 3a ynpasneHne. OpKecTpaumnata npu
CIP npeaynpexaaBa, AOKIaABa M AEUCTBA CNPAMO BCUYKM BFPALEHN NPOAYKTU
n mogynn. Opkectpaumata cbbmpa AaHHU 33 CUTYPHOCTTA, 3a€4HO C KOHTEKCTAa,
32 A NpeaoCcTaBu NbJeH M3rnes Ha 3annaxuTte 3a CUFypHOCTTAa BbB BCUYKMU
NOBBPXHOCTU 3a aTakKa.

ABTOMaTM3aumATa Ha cbbutna B CIP HamanaABa aAMMHUCTPATMBHATA

TeXECT 3a MpeXoBnA N OXPaHUTENTHNA MEPCOHAaN. Bmecto pga ce Hanara ga

983 RevBits CIP — Native Unified Convergence of XDR, SIEM, and SOAR. EBOOK. December
2022.
https://www.revbits.com/pdf/RevBits_Cyber_Intelligence_Platform_XDR_SIEM_SOAR_eBoo
k_12_2022.pdf
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ynpasaaBa NPOAYKTU 33 CUTYPHOCT Ha TPETU CTpPaHM 4ype3 oThenHu Tabna 3a
ynpasneHue, CIP n3terna gaHHW 3a CUrypHOCT OT BrpajeHuTe MnpoayKTU 3a
CUTYPHOCT WM M MNOKa3Ba B pPaMKuUTe Ha eAaHo YyHubuuumpaHo Tabno 3a
ynpasneHue. ToBa e pa3nnMyHo oT camoctoaTteneH SOAR, KoWTo n3nonsea
CaMOCTOATENIHN NPOAYKTU UAU UHCTPYMEHTM 3@ CUTYPHOCT Ha TPeTU CTPaHU 3a
Aa aBTOMaTU3nNpa peakuummTe.

3. KoHBepreHuMa u wuHTErpauua Ha ¢Pu3Myeckata CUTYPHOCT U
KnbepcurypHoctTa

TpaguumoHHaTa NPaKTUKa 3a noaAbprKaHe Ha OTAEeNHU
bYHKUMOHANHOCTH 32 Pu3Myecka u 3a KWbepcmMrypHOCT OCTaBA NPa3HMHA, KOATO
npeacTaBnaABa 3HauyMTeIeH pUCK. [pecTbNHUUMTE MOoraT UAn aa ce CTpeMAT Aa
BNA3AT B 30HW C OrPaHUYEH AOCTbM, 33 Aa NPUYMHAT GU3NYECKU WeTn, Uan aa
nosy4yaT AOCTbN A0 BbTPELHM CUCTEMM Ype3 KnbepaTaku, 3a Aa AeaKTUBMpaT
CUCTEMW UNWN @ OTKPaAHAT AaHHW. Te moraT Aa M3non3BaTt YA3BMMOCTU KaKTo
BbB OU3MYECKUTE CUCTEMM, TaKa U B MPEXKUTE, 33 Aa aTaKyBaT HAa MHOKeCTBO
dpoHTOBE.%®*

[MoBBPXHOCTTA Ha aTakaTa CbLLO CTaHa OLWe MOo-CN0XKHA C HapacCTBaLLLOTO
npuemaHe Ha oTAaneyeHa paboTa, KOATO MOXKe Aa npeBbpHe GU3MYECcKus
nepMmeTbp Ha OpraHu3aumATa BbB BUPTYaNeH MepuMMeTbp, OCTaBAMKM
NOTEeHUMANIHW MNPOMYCKM B MpexKaTa, KOUTO XakepuTe moraT na WM3Non3sar.
Jluncata Ha uANOCTEeH nornen BbpPXy 3arnjaxuTe 3a CUTYpHOCTTa B UANaTa
OopraHMsauma e Bb3MOXKHO Aa Cb3aaje No-rosieMu nNponyckn 1 yassMmocTy.

KoHBepreHTHaTa cTpaTerna 3a CUrypHOCT Ce OCHOBaBa Ha crojenieHa
MHPOPMALMA 33 3aNaxm U CbTPYAHMYECTBO MeXAy ekmnuTe 3a nogobpsasaHe
Ha CUTypHOCTTA.

3.1. KoHBepreHuua Ha CUrypHOCTTA

dur3myeckaTa CUrypHOCT N KMBEepCUMrypHOCTTa TPASMLMOHHO ce TpeTupar
KaTo pa3nnyHm obnactn, obaye HapacTBaHETO HA B3aMMOCBbBP3aHUTE CUCTEMM

Boaun Ao HeO6XO,CI,I/IMOCTTa Tesn npeguwHn U30IMpPaHU eKUNU N CUCTEMUN LA

984 https://www.avigilon.com/blog/cloud-based-security-convergence
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paboTaT 3aegHo. KoHBepreHUMATa Ha CUTypHOCTTA (MM KOHBEPreHTHaTa
CUTYPHOCT) € MNoAxXoA 3a WHTerpMpaHe Ha cTpaTerMm 3a KnbepcurypHocT u
MHGOPMALMOHHM TEXHONOMMU C MepKM 3a O U3MYecka CUrypHOCT 3a
NMOBULLABAHE Ha OCBEAOMEHOCTTA M YKpenBaHe Ha 3awuTaTa Ha CbOPbIKEHUS,
XOpa U AaHHMW.

KoHBepreHTHaTa CUIypHOCT CbYeTaBa YCMAMATA 3a 3aWmTa Ha GU3UYECKU
aKTMBM, KaTo OrpaHMYyaBaHe Ha A0CTbNa, MHCTaZIMpPaHe Ha BUAeoHab o aeHME U
CblLLEBPEMEHHO M3MNON3BAHE Ha 3aLLMUTA Ha KNBEpPNPOCTPAHCTBOTO.

OcHOBa Ha KOHBEPreHUMATa Ha CUTYPHOCTTA €, Ye eKMnuTe 3a Ppusnyecka
CUTYPHOCT U 33 KMOEPCUrypHOCT CrNoAenAT Uenta Aa OCUTypsaT 3aluuTa Ha
KPUTUYHM aKTMBU. Bbnpekn 4ye ABaTa eKkuna noaxoxaaT Kbm Ta3u uen ot
Pa3/INYHWN TNeAHN TOYKW, OpraHM3auuuTe Morat Aa NOCTUrHaT MaKCUMMaJHO
HWBO Ha 3alLMTa Ype3 cbMKaBaHe Ha Te3U EKUMNU U CUCTEMMU.

3.2. M3non3BaHe Ha 6a3upaHM Ha 06N1aK peleHUA 32 KOHBEPreHTHO
ynpaB/iieHue Ha CUrypHoOCTTa

MpuemaHeTo Ha o06n1a4YHO 6asuMpaHO pelleHne 3a CUTYPHOCT MU
KOHBEPreHuMATa Ha CUIYPHOCTTA Ca HApacTBallM TEHAEHUWMW B PaA3NMYHUTE
MHAycTpuun. KoHBepreHUMATa MOXKe ga NpoTUYa MO-NNABHO, aKO eKMnuTe Mo
CUTYpPHOCTTa M3Non3BaT ob6/s1aKa 3a ynpaBieHWe KaKTo Ha Kubep, Taka U Ha
dur3myeckn cuctemun. M3nonssaHeTo Ha 061aK MOXKe CbLLO TaKa Aa NoAabpiKa
,CUTypHOCTTa KaTo ycnyra” (SECaaS), KoeTo moxKe Aa NOMOrHe 3a YCKopsiBaHe
Ha KOHBEpreHUMATa Ha CUrYPHOCTTa Ypes ynpasBaeHue, KakTo Ha duU3nYeckara,
Taka M Ha KMBepCUrypHocTTa Yypes AO0CTaBUYMLM HA CUTYPHOCT KaTo ycayra oT
TPEeTU CTPaHW.

CurypHocTTa Kato ycayra B 06/1a4HMA  KOMMIOTUHT MO3BOJIABA Ha
BbTPEWHUTE EKUNU A3 W3MNO0A3BAT YCbBBLPLIEHCTBAHM WMHCTPYMEHTU 3a
CUTYPHOCT 4pe3 BU3yanM3MpaHe Ha eaHo KOoMaHAaHo Tabno, AoKaTo
[OCTaBYMKDBT Ha ycayrata ynpasnasasa cuctemmute. CUTypHOCTTa KaTo ycayra e
06l TEPMWH, KOMTO BKAKOYBA APYrn no-cneumPpuyuHn ycayru, BKAKOUUTENHO
¢dM3MUecKa cUrypHOCT KaTo ycayra (PSaaS) n curypHocCT Ha KpaliHaTa ToYKa KaTo
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ycnyra (EDRaaS). [MoctaBumumte Ha PSaaS noemat oOTroBOpPHOCT 33
eXXeaHeBHOTO ynpaB/ieHue N aKTya/n3upaHe Ha XapAayep 3a CUIYpPHOCT KaTo
BUAEOKaMepU, CEH30PU, eNEeKTPOHHM BpaBM Ha BPaTM U CUCTEMMU 3@ KOHTPO/
Ha 4OCTbNA, AOKATO BbTPELWHUTE EKUNMU MOraT Aa ynpaBaaBaTt Apyrn GyHKUUK
33 CUTypPHOCT (KaTo HMBA Ha NOTPEOUTENCKN AO0CTLN, U34aBaHe Ha NPOMNYCKK 3a
rOCTU UM AOCTHN A0 CUTYPHOCTTA Ha AaHHWU U BUAEO03aNNUCHK).

JocTtaBununTe Ha cUrypHocTTa Kato ycayra SECaaS moraT ga npeanoxat
MHOrO pPas/IM4HU KaTeropum YCAYyrn, BKAOUYUTENHO MpPEXKOBA CUIYPHOCT,
TEeCTBaHe Ha ysI3BMMOCTU, NpeaoTBpaTABaHe Ha 3aryba Ha AaHHU, HenpeKbcHaT
MOHUTOPUHT 1 yNpaB/ieHne Ha CAaMOJIMYHOCTTU U 4p.

3aknto4yeHue

N3acHeHM ca ocobeHOCTMTE M NOAXOAMTE 3a PA3BUTME Ha Pa3/INYHMU
MHCTPYMEHTU CBbP3aHW C KMOEepCUrypHOCTTa, KAaKTO M Bb3MOXKHOCTMTE 3a
KOHBepreHumsa Ha ¢um3myeckata CUrypHocT. HanpaBeH e ueneHacoyeH aHanus
Ha M3bpaHa CbBKYMHOCT OT aKTya/IHN TEXHO/IOTUYHM PELLEHUNA CbC cneumduryHa
HACOYEeHOCT.

MpUHOCHMUTE MOMEHTM Ca CBbP3aHWM C aHaAM3 Ha nogxogute 3a
WMHTErpaums 1 KOHBepreHuua Npu KN6epcurypHoOCTTa, NpM KOeTo ca pasrnegaHu
cneuPUYHM NoaxoaM U UHCTPYMEHTU. HanpaBeH e aHanu3 Ha noaxoau 3a
MHOTOCNOMHA U MHOTropyHKLMOHANHA KUOEPCUTYypPHOCT pasrfieXkgaHn KaTto
nepcrnekTMBHuU peweHna. [lokaszaH e npumep 3a M3HAYaA/IHO Cb3AadeHa
YHUPMUMpaHa MHOTOPYHKLUMOHANHA nnatpopma, BK/IlOYBALLA
dyHKUMOHaNHocTn Ha cuctemmute XDR, SIEM u SOAR. HanpaBeH e aHanu3 Ha
KOHBEpreHuUmMaTa W  WHTerpauMata Ha  Pu3myeckata  CUTYPHOCT U
KnbepcurypHocTTa.
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NFC TEXHONNOINMATA B CTPAAHATA ABTOMATU3ALUA

Hukonait Unues, Kpacumup UBaHoB
TexHu4ecku yHusepcumem-rabposo, yn.X.Jumumuvp 4, labposo,
bwvnzapus, niliev@tugab.bg

AHomauyus: TexHonozusma NFC (Near Field Communication) e cped uHosayuume,
Koumo rocmerneHHO HaMupam 8ce roseve rnasapHuU MnpuaoxeHus e peouua cgepu Ha
CbBpeMeHHUAs Xusom. M3secmHa owe Kamo ,KOMyHUKauua 6 6au3Ko nose”“, masu
6e3K0OHMAKMHA mexHos102us 0mOasHA ce U3ros38a 8 rAamexHU cucmemu U rnaamegopmu
30 Npo8epKa Ha busemu u Kapmu 3a KOHMposa Ha docmuna. NFC nocmerneHHo HA8aAU3a U 8
asmomMamusayuama — om asmomMamuyHO OMK/AKYBAHE UAU 3aKAIOY8AHE HO 8pamume Hd
aemomobuna, eKawuysaHe Ha GPS Hasu2ayus UaU BKAKYBAHE HA paduomo — 00 YMHU
domose u cepadu, Kb0emo ace roseve excedHesHU OellHOCMU CMasam aemMomMamu3upaHu.
Bb3moyxHOCmMume 8 masu MOCOKA HeNpeKbCHamo ce paswupssam 6raz200apeHue Ha
mexHos02u4HU naamegopmu Kamo Internet of Things, Koumo yaecHa8am GUCMAHYUOHHOMO
yrnpasneHue HA pasnu4yHu ycmpolicmea, ypedu u cucmemu. AonvaHumeneH akmop 6
noa3a Ha ece Mo-wupokKomo npunoxceHue Ha NFC mexHonozuama e ¢hakmvm, Ye ms e
UHMe2pUpaHa 8 [oseyemo CbepemMeHHU MOOUAHU mene@doHU, KoUumo MOCMOSAHHO

usriosn13eame, 3a da opeaHusupame u ynecHasame exceo0Hesuemo cu.

Knarouosu oymu: NFC; ymHu epadose; Internet of Things

NFC TECHNOLOGY IN BUILDING AUTOMATION

Nikolay lliev, Krasimir lvanov
Technical University-Gabrovo, st. H.Dimitar 4, Gabrovo, Bulgaria;
niliev@tugab.bg

Abstract: NFC (Near Field Communication) technology is among the innovations that
are gradually finding more and more market applications in a number of spheres of modern
life. Also known as ,near field communication”, this contactless technology has long been
used in payment systems and platforms for ticket verification and access control cards. NFC is
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gradually entering automation as well — from automatically unlocking or locking car doors,
turning on GPS navigation or turning on the radio — to smart homes and buildings where
more and more everyday activities are becoming automated. The possibilities in this direction
are constantly expanding thanks to technological platforms such as the Internet of Things,
which facilitate the remote management of various devices, appliances and systems. An
additional factor in favor of the increasingly widespread application of NFC technology is the
fact that it is integrated into most modern mobile phones that we constantly use to organize
and facilitate our daily lives.

Keywords: NFC; smart homes; Internet of Things.

BbBEAEHME

NFC TexHonormata e 6asupaHa Ha paguodectoTHata (RFID)
naeHTMOUKaLmMA, KOATO U3MNON3BA €NeKTPOMArHUTHM Nnoneta Aa paskoanpa U
pa3unta nHbopmaums (pur.1).

B= unl

M

MarHuTHOTO nose B,
EnekTpuyecku Tok | nonyyeo ot Kpbrosus Tok

dwur. 1 NpuHuMn Ha pabota Ha NFC

NFC vycTtpoiictBaTa ca CNocobHWM eaHOBPEMEHHO Ja M3MpawaTt W
nonyyYaBaT AAaHHW, OCbLLECTBABANKM MOHUTOPUHI HA PAaAMOYECTOTHOTO Noe M
PErMCTpUpPankm HeCbOTBETCTBMA B CUrHaNa. Bcako ycTponcTso ¢ BrpageHa NFC
TEXHONOIMA pa3nosara C MaAbK MHTErpUpaH uun, KOWUTO Ce aKTuBMupa
aBTOMaTUYHO, KoraTo e B 6/1M30CT A0 APYr TaKbB YMN (Ha pPa3CcToAHME OT OKONO
10 cm mam no-6am30). TaKa ce cb3gaBa YHUBepcaneH MHTepdeinc, Nno3BoasBaLY,

1178



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

npocTa, necHa M 6e3onacHa ABYNOCOYHA KOMYHWMKALMA MeXAy CBbp3aHUTe
eN1eKTPOHHM ycTponcTea. Mma asa tmna NFC ycTpoiicTBa — aKTUBHM M NACUBHM.
AKTMBHUTE, KAaKBMUTO Ca NOTPebUTENcKMuTe CMapTPOHWM, MOraT KaKTo Aa
M3npaLwLaT, Taka U ga nonyyasat MHGopmauua. NMNacMBHMUTE ca B CbCTOAHME A3
n3npawat MHbopmauma, Korato 6mMBaT CABOEHW W pPa3vYeTEHU OT aAKTUBHO
YCTPOMCTBO, HO CaMUTe Te He MOoraT Aa OCbLiecTBABAT pa3yuTaHe. [Mopaau
MHOXeCTBOTO CM NpeaMMCTBa Ta3n TEXHONOrMA ce npegnovymta B MHOTO
nnatdopmm 3a 6e3KOHTAKTHWU pasnnaliaHuA, cnogensHe Ha BU3HEC KOHTAKTK,
OOCTbN 0 OUMNTANHO CbAbP)KAHUE, KAaKTO U uaeHTuduumpaHe Ha avua B
CMCTEMM 33 KOHTPOAN Ha Aoctbna. lNpegmmcreaTa Ha MeTo4a BKAKOYBAT /J1IECHO
CABOABAHE Ha YCTpoMcTBaTa M 6bP3 U eceH TpaHchep Ha AaHHW.

U3NOXEHUE

Cpen, ocHoBHUTE ocobeHocT Ha NFC TexHonorumsta, KOUTO A NpaBAT
noaxogAWo peweHMe 3a CcrpagHa W AgOmallHa aBTOmMaTtu3auumAa, ca:
Bb3MOKHOCTTA 33 U3MbJIHEHWE B NMAaCMBEH peXxunm 6e3 Hameca Ha NoTpebuTens;
6bp3 aBTOMATMYEH MPOLLEC Ha CABOABAHE HA YCTPOMCTBATa (3a MO-manko oT
efgHa geceta OT CeKyHAATa); MaNKuAT paguyc Ha pgencteme (ot 0 go 20 cm);
CbBMECTMMOCTTA CbC cbluecTByBawmTe RFID cnctemu, KakTo n cnocobHocTTa Aa
paboTn c 06eKTU, KOUTO He pa3noaaraT CbC cOHCTBEHO 3axXpaHBaHe, KAKBUTO Ca
T.Hap. NFC etuketn mnnum tarose. Korato ase NFC ycTpoicTtBa ce HamupaT B
61130cT (Ha pascTtoaHme oT 0 Ao 4 cm), Te MoraT Aa KOMYHUKMPAT NOMEXKAY CU
nocpeacTBOM PaanoBbAHU. OCHOBHO M3MCKBAHE e NoHe eAHOTO YCTPOMCTBO Aa
€ aKTMBHO (M Aa pa3noJsiara cbC CBOe 3axpaHBaHe). B noBeyeTo cnyyam ToBa e
cmaptdoH, Tabnet, naHen 3a KOHTPON Ha AOCTbMA WAM pasnaawaTeneH
TepmuHan. NFC TexHONOrMATa nogabprka TpU peuma Ha paborta: peer-to-peer
(npu pBe aKkTMBHWM ycTpoicTeBa), read/write (c u3npalaHe M pasynTaHe Ha
MHbopMaumMsa NpuM edHO aKTMBHO M eAHO MAaCUMBHO YCTPOWMCTBO) M T. Hap.
eMynauma Ha KapTta (T.e. ,reHepupaHe” 4ypes MOOWIHO MNPUNONKEHUE B
notpebutenckma cMapToH Ha PA3INYHKN KapTh 32 He3KOHTAKTHA KOMYHMKaALUA

Hanpumep KpeauTHM, 3a A0CTbM, 3a nbTyBaHe U T. H.)[5]. NFC eTuketute
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NpeAcTaBAsBaT MaNkU MMMYACHU Npuemo-npenasaTesin, KOMTO pasnonarar
WMHTEerpmpaH uun, nogoobHo Ha RFID naeHtndukatopute (pur.2).

f

®dur. 2. NFC Tarose u umnose

Te ca nporpamupyemMu M morat Aa 6baaT pasymMTaHM NOCPeAcTBOM
mobuneH TenedpoH, Tabnet, CMapT YaCOBHUK UM TPUBHA. Te3n eTMKeTn morat
Aa paboTAT C NPUIOKEHMA OT MO3HATU CABOEHM YCTPOWMCTBA WM AOpWU Aa
MHULMUPAT UANa NoCnefoBaTeNHOCT OT AeicTeuA. [punokeHnetTo uMm B
KOMOMHAUMA C aKTUMBHO YCTPOMCTBO NpeacToM TenmbpBa Aa Ce paslimpAaBa,
ocobeHo B o0b6nactm Kato crpagHata aBTomatmMsauma WM smart home
nnatpopmmTe, Tbih KaTo ¢ nomowTa Ha NFC TexHonorvaTa BCAKA CBbp3aHa
ycayra unm ycTpomcTBO B AOMa WMAWM crpagata moraT ga 6baaTt 3a4encTBaHu m
ynpaBasBaHW aBTOMATMYHO. 3a ga ce nporpamupa eguH Tar, TpAbBa pa ce
CBaNM CbOTBETHO MPWUNOXKEHME OT MHTEPHET. TaM MMa MHOTFO MpPeasIoXKeHus,
KOMTO NO3BONABAT M3MOA3BAHETO Ha Tara 3a pas3/IMYMHM Hela. MpunoxeHneTo

0buKHOBEHO e nonnta KakBO UCKame Ada 3annem, KakKTo € MOKAa3aHO Ha

(pur.3.)
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®dwur. 3. 3anuc Ha NFC Tar

N cnep TOBa, cneaBalikM CTbMKUTE My, 3aBbpliBame npoueca Ha
BbBEXKAaHe Ha AaHHUTE, C KOUTO UCKaMe Aa Nosi3BaMe ,,eTUKeTYeTo”. AKLEHTLT
TYK He e TONKOBa BbPXy Bb3MOXHOCTUTE 3a OTAA/NeYeH KOHTPOJ, KONKOTO
BbPXY aBTOMATMYHOTO 3aJeNCTBaHe Ha AafeHOo (npeaBapuUTeNHO 3a4afeHo)
MepOoNpUATUE BCEKM NbT, KOraTo akKTMBHOTO YCTPOMCTBO Bne3e B 0H6xBaTa Ha
NFC eTukeTa. CblLO TaKa MOXe Oa ce NporpammpaTt AaHHM 33 KOHTAKT T.H.
€/1eKTPOHHA BU3UTKA. B KOHKpeTHUA cnyyalh cbm nporpammpan NFC eTuker ¢
MOSl eNeKTPOHHA BU3UTKA(dwur.4.), KOATO MOXKe fa ce N0N3Ba OT BCEKU CTYAEHT
npuTexasal, cMapT TenedoH 3a MHGopPMaLMA U BPb3Ka C MEH.
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NMony4yeH e HOB Mapkep

ac.Hukonam Nnnes
kaTenpa OEE, ctaa 1207
T€n.0894994206 niliev@tugab.bg

®wur. 4.. NFC eneKTpoHHa BU3UTKA

MNpeaAnMCTBOTO €, Ye ce eIMMUHMNPA HyXAaTa OT NOBTOPHO CABOABaHe
BCEKN NbBT U BbBEXAAHE HA AbJITM Napo/ih, KAKTO U WM3MNO/ZI3BAHETO Ha
AONMbAHUTENHU  NPUNOKEHUA. Camute eTuKeTH npeacrasnAasat MaJikv
nnactmyHM  OucCKoBe C BrpageHa nNacmnMBHa BepuUra U MUKPOYUN 34

ynpasneHune(pwur.5).

2

®dwur. 5. NFC eTuketun

B 3aBMCMMOCT OT NameTTa MM M CKOPOCTUTE Ha U3NpaLLaHe Ha AaHHW ce
Knacuouumpat B 4Yetupm tmna. NFC eTukeTuTe ca owe eauH npumep 3a
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NacUBHN BE3KOHTAKTHM KOMYHUKALUMOHHWN YCTPONCTBA, KOUTO Ce aKTUBMPAT Npwu
3axpaHBaHe OT BbHLIEH U3TOYHUK, NoA06HO Ha RFID naeHtndumkatopurte. Tasm
KOMYHWKaumMa e ba3npaHa Ha eIeKTPOMArHMTHa MHAYKUMA, @ CAMUAT €TUKET He
pa3nonara CcbC COOCTBEHO 3axpaHBaHE, 4Ype3 KOeTo CaMOCTOATE/NIHO JAa
obpabotBa curHanm. C npeAnMMCTBA KaTO MPOCT MEXaHWU3bM, CUTYPHOCT W
aBTOMATU4YHO cABOsiBaHe (BKAOYMTENHO € nacuBHU obekTn) NFC TexHonormnaTa
npuTeXKaBa NOTEHUMaNA A3 YCKOPU W pasWuMpu npunoxeHmeto Ha Internet of
Things peweHuATa B pPa3IMYHM cmapT naatdopmun. bBe3KOHTaKTHaTa
KOMYHWKaUMA pa3peliaBa MHOro OT MNpeau3BUKATeNCTBaTa, CBbP3aHM C

;

Y N @

Bb3npuemaHeTo Ha loT (¢wur.6).

®ur. 6. NFC texHonorua u Internet of Things

OCHOBHO NMPeAMMCTBO € Bb3MOKHOCTTa 338 MHTYUMTUBHO CBbP3BaHE Ha
ABe YyCTPOMCTBA C €AHO AOKOCBaHe Ha gucnaes — 6e3 Hy)KAa OT BbBeXaaHe Ha
AbATU U CNOXKHM NApoan U U306L0 M3MNoN3BaHe Ha KnaBuaTypa. M Tbi KaTo
NFC umnoseTte TpabBa ga ca B ronsma 64M30CT eaAnH OO0 Apyr, 3a Aa ce
MHULUMUPA pasynTaHe M TpaHcdhep Ha AaHHM, TO TOBA Ce CYMTA 3a AOCTaTbyHa
MHAMKAUMA, Yye noTpebuTtensat nma HamepeHue Aa npeanpueme CbOTBETHOTO
penctene. Mankuat paboteH o6xBaT 3alLiMTaBa M OT HEOTOPU3MPAH AOCTHN A0

KOMYHWKALUMOHHATA Bpb3Ka OT 3710HamepeHn naumua. NFC TexHosoruaTta
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pasnonara c BrpageHn OyHKUMM KATo KPUNTUPAHE, KOUTO AOMbAHUTENHO
noAcuNBaT CUTYPHOCTTA Ha AaHHUTe. CUrypHOCTTa Ha AaHHUTE AOMbAHUTENHO
ce noacurypsiBa Ypes nsnosi3BaHe Ha onpegeneH sua moaynaums. 3a pabota
Mmogaena bele N3BbPLIEHO: MaHYECTEPCKO KogMpaHe, aMNaMTyaHa Mogynaums,
amMnNAuMTyAHO JeTeKTMpaHe, [ABOMYHA ¢a3oBa MaHunynaumsa, $as3oBo
NeTEeKTUPaHe, HanaraHe Ha aAUTUBHUA rayCCOBCKM LLIYM BbPXY NOIE3EH CUTHaAn,
pa3yeT Ha KOHTPO/IHaTa CyMa Ha MaKeTuTe, MHMLUMANM3AUMA Ha FreHepupaHe Ha
NaKeTW, aI0PUTM 33 ONpPeaeNsaHe Ha rpeLkn Ha 6ut (dur.7).

input bit
o

T
0 1 2 3 4 5 8 7 8 e 10 11 12 13 14 15 18 17 18

gl

-+ttt
01 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

{1l s

time [sec)

AMP signal

time [sec]

Signal with noise
o

=ttt -ttt t—=—t——t——t——t—i
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
time [sec]

Filter signal

0 1 2 3 4 5 o 7 8 9 10 11 12 13 14 15 18 17 18

time [sec)

LA

t
1] 1 2 3 “ 5 8 7 8 e 10 11 12 13 14 15 18 17 18

Demodulate signal

time [sec)

dur. 7. Mogynauma u gemogynaumua Ha CUrHana

MeToabT Ha MOAYy/IMPaHE Ha CUTHANa CUAHO BAMAE BbpXy BpoAa rpeLuKkn
npu npepasaHe. KakToO e WK3BeCTHO, 4Ye npu wu3nonssaHe Ha BPSK BER
3HAQYMTE/IHO Naja B CpPaBHEHMe C amMnauTyaHata mogynaumal3]. Kakto ce
BM)KAA OT NpoBeAeH aHanu3 Ha 6as3a Matlab, Simulink Scilab npu pasanuHm
npoTokonn 3a 6e3MyHO npeaaBaHe Ha pgaHHKM, NFC e Han-nopgxopswarta
TEXHONOIMA 33 peasM3upaHe Ha nNaaTeXxHa cuctema. TexHosnorvata e

eHepI'OG(I)eKTMBHa, TbW KATO M3MN0/JI3BAa HEroNs MO KOJINYeCTBO eHeprma 3a
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npegaBaHe Ha JAHHM MeXay yCcTpoicTBaTa. HeronemuaTt paguyc Ha paboTa e
NpPeguMmCTBO, TbM KAaTO HamanABa eHepronotpebneHveTro M e 3awmTa oT
npocaylwBaHe HA KaHana 3a npegasaHe. [lpyro Ba*HO NpeguMMCTBO Ha
TexHonormata B loT nnatdopmum e Bb3MOxKHOCTTa NFC eTtuketn aga 6baat
M3NON3BaHW C pPas3/IMYHM  YCTPOMCTBA, AOPU M TakmBa 6e3 cobcTBEHO
3axpaHBaHe. B (tabn.l.) ca gageHn eaHN OT OCHOBHUTE ynoTpebun n GpyHKumm,
Ho 6e3 Aa ca M34yepnaHu B Hes.

Ta6n.1

NFC ynotpeba OnucaHue

3a crapTupaHe Filelv el
Ha 3apaya

NFC Tarose, NocTaBeHu 334 ,MHTENUTEHTHM NAaKaTh",
VNHTErpMpaHn B bpollypu (U1 B MOAIOXKKN 33 6upal),
XNMUKAIKW, CTUKepu 1 Apyrn enemeHTn ocnrypaBsart c eaHo
[OKOCBaHe AOCTbN A0 BuAeo, yeb cant, Facebook crpaHuua
n T.H.

Be3KOHTaKTHU
NAALW3aHNUA

NFC TaroseTe oCUrypsiBaT NE€CHO PerncTpmpaHe Ha AaHHW 33
B/IN3aHEe C Crpada, MeanLUmHCKo obcnyKBaHe 1 MpoBepKu 33
CUTYPHOCT.

NpeHTm-
duKauus
Ha NPOAYKTH

NFC TaroBe ce NocTaBaT B TYpUCTMYeCckn Tabenn 1 3Hauy 3a
npenocTagsaHe Ha HesabaseH AOCTbN A0 MHbOPMaLMSA 3a
MACTOTO 1 Ha aBTOOYCHW CNNPKW, Taka Ye notTpeburtenute
MOraT [1a NoJly4aT B peasiHo Bpeme [aHHW 38 BpeMeTo,
KOeTO LLe YakaT.

Cobutuna

BVI,D,GOMFDM, nrpaYykn, cayLuanky, BUCOKOroBopumutean m T.H.
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3akno4yeHue

C noseye OT 2 mapa. yctponctBa c BrpageHa NFC TexHonorua B
eKcnnoaTtaumsa B Halu AHU NPUAOXKEHMATA Ha Be3KOHTaKTHAaTa KOMYHMKaUKUA B
WHTENUreHTHUTE Crpagu u LOMOBe nNpeacTtonm TenbpBa Aa HapacTsar.
ABTOMATU3MPAHETO Ha CrpagHata eKocMcTema MNOCPeACTBOM  aKTUBHMU
YCTPOMCTBA KaTO CMapTPOH, YACOBHUK WM TPUBHA MNPMBAMYA BCE MNOBeYe
notTpebuten ¢ Bb3MOXHOCTM KAaTO aBTOMATUYHO OTK/IIOYBAHE U 3aK/104YBaHe
Ha BXOAHWTE BPATW, BKAOYBAHE U MU3K/IKOYBAHE HA OCBETNEHUETO, yNpaBaeHue
Ha OBK cuctemute n 1. H. EUHCTBEHOTO, KOETO Ce M3UCKBA OT CMCTEMATa, e Aa
NpoBepU [AaNn aKTUBHOTO NOTPebUTENCKO YCTPOMCTBO C npeaBapuUTenHo
3a4a4eHN NepCoOHaNHMN HACTPOMKM 3a CrpaHMTE CUCTEMU U YCAyrK € B obxBaTa
Ha NFC eTukeTta. B gonb/iHeHMe ca HaauLe Bb3MOXKHOCTM 3a NogobpsaBaHe Ha
eHeprnimHata egeKTMBHOCT Ha o06eKTa, TbM KaTo NpuM yBe/MYaBaHE Ha
pa3ctossHmeTo mexay NFC ymnoBete Hag paboTHMA 0H6xBaT Ha TexHosOrMATa
(Hanpumep Npu n3nM3aHe OT CbOTBETHOTO NMOMELLEHWE Ha JINLETO, HOCELLO
aKTUBHOTO YCTPOWMCTBO) NamnuTe MmoraT aBTOMATM4HO Jda Ce Mu3racarm,
OTOMNJIEHMETO AN KAMMATU3AUMATA A Ce U3KAOYAT, a BpaTaTa Aa Ce 3aK/uM.
NFC KOHTPONBT HWM npeaocTaBA MNo-6bP30 M IeCHO Oe3UYHO pelleHue 3a
ynpaBAeHWe Ha WHTEeNUreHTHU aomalwHu yctporctea. NFC moxke pa 6bae
M3N0N3BaHAa U B YYMIULLATA 33 OTYMTAHE NPUCHLCTBMETO HA ydYeHUUMTe, CbLO
TaKa M 33 NbTyBaHe B rpaAacku TpaHcnopt. Mpe3 nocnegHute rognHn NFC ce
npesbpHa B NpUBAEKAaTeNHa M3cnedoBaTesicka o06nacTt 33 MHOrO
nscnegoBaTeny npeasua 6bpP3Ma pacTerk Ha TEXHOJIOTUATA U MPUIOKEHUATA

CBbp3aHUTE C HEA.

JAoknadvm ce nybauKyea 6ve8 6pb3KA C pe3yAamamume oOm Uu3NbaHeHUe Ha
delinocmume no npoekm Ne 2213E
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U3CNEABAHE HA BUCLLU TOKOBU XAPMOHWYHU HA LIEXOB
TPAHC®OPMATOP

Hukonait Unues, Kpacumup UsaHoB
TexHuyeckn yHnsepcuteT-fabposo, yn.X.Jumutep 4, Nab6poso,
Bvarapus, niliev@tugab.bg

AHomauyua: [loknadbm onucea napamempume Ha  eneKmpomMazHUmHama
cvemecmumocm. [JadeHu ca pe3yamamume om U3mMepseaHuama Ha MoKosumMe XapMOHUYHU
U KoegpuyueHma Ha XapMOHUYHO U3KpUBAeaHe Mo MOK HA WUHUMmMe Ha mpaHcghopmamopu
3aXpaH8AWU NPoMuULWIeH pobom, KAUMAmMuUyU U KOMIompu.

Knwo4voeu dymu: es1eKmpomMaz2HUMHA Cb8MECMUMOCM, XQPMOHUYHO U3KPUBSABAHE M0
mok ecnedcmeue Ha paboma Ha YeCMOMmHU yrpasaneHUs Ha dsuzameru.

INVESTIGATION OF HIGHER CURRENT HARMONICS ON A
WORKSHOP TRANSFORMER

Nikolay lliev, Krasimir lvanov
Technical University-Gabrovo, st. H.Dimitar 4, Gabrovo, Bulgaria;
niliev@tugab.bg

Abstract: The paper inhere describes the parameters of electromagnetic
compatibility. Results are provided in regard with harmonic currents measured at the bus-
bars connected to power transformers supplying powering industrial robot, air conditioners
and computers and the respective coefficients of total harmonic distortion in the current

curve.

Keywords: electromagnetic compatibility, harmonic distortion of the current curve
due to operation of electrical motors frequency convertors.
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BbBegeHue

B npomuwneHnTte npeanpuAaTns M B bMTa HenpeKkbCHATO HapacTea bpos
Ha KOHCYMAaTOpUTE C HE/IMHEMHA BONT-aMMEPHA XapPaKTEPUCTUKA — BEHTUJIHU
npeobpa3yBaTenun, CTaTU4HU  U3NPABUTENN, ENEKTPOADBIOBM  3aBapbyHMU
anapaTtv, KOMMNKTPU C MMMNYJICHM 3axpaHBaHuA u led namnu. B rpynata Ha
BEHTUJIHUTE npeobpa3sysBaTenu ce BK/IIOYBAT-  TOKOM3NpaBuUTennTe,
nHBepTOpUTE, NpeobpasyBaTenMTe Ha 4YecToTa, YECTOTHUTE peryaatopu Ha
ACMHXPOHHUTE ABUraTeNIn MU perynaTtopute Ha HanpexeHue. BcuuKkn Tesum
noTpebuTenu KOHCYMMpAT HECUHYCOMAANeH TOK M B pPe3ynTaT Ha ToBa ce
noayyaBaT W3KPUBABAHMA B CUHYyCcOMAATa Ha HaNpeXXeHMeTo W TOKa.
XapMOHMLUKM Ha TOK NPUYMHABAT CNaZ0Be Ha HanpexXeHua B MmnegaHcuTe Ha
e/IeKTPUYEeCcKUTe BEpPUrn, KOUTO Ce HacnareaT BbPXy CUMHycoMaata Ha
3aXPaHBALWOTO HaMNpeXXeHne U U3KPMBABAT UAeanHaTa cCMHyconga. ToBa Boam
00 BNOWaBaHe KayeCTBOTO Ha e/leKTpuyeckaTa eHeprma noJaBaHa KbM
noTpebutennte, KOETO MoXe ga goseae A0 Npobaemu nNpu ekcnnoataumaATta
mum [2, 5]. Han-yecto ce 3abenAsBa rpeeHe B MArHUTONPOBOAA Ha
eNleKTPUYEeCKNTE MaLINHU, Npobiemn B KOHAEH3ATOPHUTE BaTepmm 3aLLOTO C
NnoBMLIABaHE HOMepa Ha XapMOHMKA, TAXHOTO CbMNPOTUB/IEHWE HaMaNABa,
KOeTo MOXe aa fgosene A0 NpoTMYaHe Ha HeaonyCTUMO rofieMu TOKoBe rnpes
TAX. He Ha nocnegHoO MACTO M3TOYHULUUTE Ha BUCLWIM XapPMOHMUUM KaTo
BEHTU/NIHUTE nNpeobpa3yBaTe/in € Bb3MOXKHO CaMM fga CU  3aTPYAHAT
HOPMa/sHaTa eKCNA0ATaLUMA, aKO Ce 3axpaHBaT OT HanpeXXeHue ¢ gedpopmmnpaHa
CMHycomnaa, KOATO e pe3yaTaT oT paboTaTa Ha camuTe TAX.

EnekTpomarHutHa CbBMeCTUMOCT

N3BecTHO e, Ye TeopuATa Ha eneKTpoMarHuTHata cbBmectumocT (EMC)
ce 3aHMMaBa C TreHepupaHeTo, pPa3nNpPOCTPaHEHMEeTO U NPUemMaHeTo Ha
€NeKTPOMAarHMTHaA €eHeprMa M noABaTa Ha CbNbTCTBAWM edeKTM Npu Tesu
npouecn. Llenta Ha EMC e npaBuaHata paboTa B cbujaTa €N1eKTPOMarHUTHa
cpega Ha pasiMyHO no Bug obopyaBaHe M M3B6ArBaHETO Ha BCAKAKDLB
nHTepdepeHTeH edekT.
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KpvBata Ha TOKa i(t) wnn Ha Hanpe)eHueTto u(t), KouTo umaT
HecuHycomganHa ¢opma, moraT ga 6bAaT onmMcaHW Yypes pasnaraHe B pef Ha
dypme Ha XapMOHULM OT N-TU NOPAABLK, KPaTHM Ha OCHOBHAaTa YecToTa BbB BU/,
Ha cbop OT enemeHTapHU CUHYCOMAA/IHU CbCTaBALWM C pPas/inyHa YectoTa. Ha
NpakTMka ce wu3non3sa ouwe eaHa ¢opma 3a npeactaBaHe  Ha
HECUHYCOMAANHUTE CUTHANM — CNeKTpasnHaTa popma Ha npeacraBaHe. B To3u
cayyalh ce m3nNon3saT aMMAUTYAHO — YECTOTHUTE CMEeKTPU Ha KpuBUTE Ha
Hanpe)KeHune 1 TOK.

XapMOHMYHMAT CbCTaB Ha KpMBaTa Ha HanpeXKeHWeTo ce Hopmupa [3a
XapMOHUUM OT 2-pu A0 40-TU BKAOYMUTENHO cnopes, KoepuumeHTa Ha V-Tu

XapPMOHMUK:

K %.100% (1)

1

ue) =

M cnopepn KoeduuMeHTa Ha WM3KpMUBABAHE CMHycouAanHata popma Ha
KpuBaTa Ha HanpeXKeHMeTo:

40
2V
K, = ———.100% (2)

1
AHanornyHo ce onpeaenat koepuumeHtute no Tok Kin) n Ki, Ho Te ce

HOPMWUPAT B CTaHOAPTUTE 3a ENEKTPOMATHUTHA CbBMECTUMOCT.

iy = 1 100% (3)
1
40
2N

K, :2|—'100% (4)

1
CraHgaptor IEC 61000-3-4 [1] onpeaens rpaHUYHUTE CTOMHOCTM 3a
XapPMOHWYHU CbCTABALLM Ha TOKA B HUCKO BONITOBWU eNeKTpopasnpeaenmtesiHu
cuctemMn 3a obopyaBaHe C HOMMHanNeH TOK no-ronam oT 16A Ha dasa.
KoedunumeHTbT Rsce=Ssc/Sn npeacTaBiABa OTHOLWEHWE Ha MOLLHOCTTA Ha KbCO
cbeguHeHne KbM HOMMHanHata mouwHocT. B IEC 61000-3-4 e BbBeaeHa w
NOHATUETO YAaCTUYHO U3MEPEHO XapMOHMYHO M3KpuBasaHe (PWHD):
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(5)

Ta6bnunua 1. CToifHOCTM HA eMUCUUTE TOK 33 CUMETPUYHO TpudasHo obopypaHe

Minimal Admissible Admissible individual*harmonic current
harmonic | /|1
R current I
SCE distortion
factors
o/ %

THD | PWHD Is 73 I+ hs3

66 16 25 14 11 10 38
120 18 29 16 12 11 38
175 25 33 20 14 12 3
250 35 39 30 18 13 38
350 48 46 40 25 15 10
450 58 51 50 35 20 15
600 70 57 60 40 25 18

Pe3yntatu ot UsmepBaHuUATA

B wuHAycTpuanHute poboTM 3aedHO C ABuratenuTe ce U3Non3sat
YeCTOTHM YynpaB/eHuA. YecToTHWUTe ynpaBAeHWs Ha ABuUraTenu BOAAT A0
yBe/INYaBaHe Ha XapMOHMUYHUTE U3KPMBABAHUS B €N1EKTPUUYECKUTE MPEXKU [2, 4,
7]. Te3n U3KpMBABAHUA Ca MHAMBUAYANHU. Te 3aBUCAT OT perknma Ha paborTa.
3a M3MEepPBaAHETO Ha e/IeKTPOTEXHUUYECKUTE BEIMYMHU € M3MO0J3BaH MPEXKOB
aHanusaTtop HT Italia GSC53N.

1191



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

N - pre Y
\ ,,///V
/N/
i sy A s
®wur. 1 N'padpuka Ha uameHeHue Ha pasHuA ®dur.2 N'padpuka Ha XapMOHUYHUTE
TOK cbCTaBAWwM oT 1 00 63 B OTHOCUTENTHU
eAVHULM.

MepeHeTo e uM3BbpPWEHO Ha cTpaHa 400B Ha u3xo4HUTE LWWHKU Ha
3axpaHBawuTe TpaHcopmaTopm C MmouwHoct 1000 KBA, 3axpaHBawm
npomuwneH poboT n gpyrn agsuratenm ¢ mowHoct 105 KBA. KoedunuymeHTsT
Rsce B TO3M cnyyam e paBeH Ha 162. U3amepeHn baxa Tpute ¢asHM TOKa.
KoednumeHTbT Ha XapMOHUYHO U3KpUBABAHE NO TOK He Hagsuwasa Ki=10,1.
Ha ¢ur.1 e npeactaBeHO M3MEHEHMETO Ha Pa3HMA TOK B MOMEHTA Ha CHEMAHE
Ha pe3yntatute. Ha oéwur.2 ca papgeHn KoePUUMEHTUTE HA OTAE/NHMUTE
XapMOHWYHU CNPAMO OCHOBHAaTa XapMOHMYHA B %. OCHOBHATa XapMOHWUYHA €
obo3HavyeHa Kato 100%, oOCTaHaAUTE XAPMOHWYHM Ca WU3YUC/IEHU B
OTHOCUTENIHU eANHULM CNPAMO HeA. B To3m cnayyaih umame npeobnagasaHe Ha
3, 5 n 7 XapMOHMYHA Ha TOKa. J/IMMUTUpPAHUTE HMBA HA WHAUBUAYASTHUTE
XapPMOHUYHU U3KPMBABAHUA MO TOK M KOePUUMEHT HA XAaPMOHMYHO
M3KpPMBABAHE MO TOK He ca HaasuweHu. Puntpute ca HACTPOeHU 3a
HOMMUHANHU PEeXMMU U MPU TOBApPU 3HAYUTENIHO NO MAJIKMW OT HOMMUHANHUA
MOXe fa ce MOoAy4um HapacTBaHe Ha XapMOHWYHUTE CbCTaBAWwM. TOKOBUTE
XapMOHWYHWN Cce CcymupaT B HeyTpanHWA NPOBOAHMK. HuBaTa Ha TOKOBUTE
XapPMOHMYHM HapacTBaT CUAHO B TO3M cnyyvan. Ha ¢ur.3 e npeacraBeHo
M3MEHEeHMeTO Ha TOKa B MOMEHTa Ha CHeMaHe Ha pe3yaTtatute npes
HeyTpanHMA NpPoBOAHMK. Ha ¢ur.d4 ca gageHn KoeduumeHTUTE Ha OTAENHUTE

XapPMOHWYHU CNPSAMO OCHOBHATa XapMOHMYHaA B %. ToBa BOAM A0 MOBULUEHMU
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3arybu n HarpAaBaHe HA HeyTpanHWMA nNpPoBOAHUK. KoeduumeHTbT Ha
XapMOHWYHO U3KpUBABaHe No ToK goctura Ki=112,4 %.

AN
Vo /\\ |
N/ A /\
V e
®ur. 3 NpadpuKa Ha U3MeHeHMe Ha TOKA ®dur.4 NpaduKka Ha XapMOHUYHUTE
npes HeyTpasiHUA NPOBOAHUK cbeTasAwM ot 1 4o 63 B OTHOCUTENHU
eAUHULM.

MepeHeTo M BbB BTOpPMA CAy4al € M3BBPLWEHO Ha cTpaHa 400B Ha
M3XOAHUTE LWWHWN Ha 3axpaHBawua TpaHchopmaTop € mouwHocTt 1000 KBA.
N3mepeHn b6axa pasHMUTe TOKOBE OT CTpaHa Ha 3aXpaHBaHETO Ha oduc crpaaata
Ha ¢upmaTa, 3axpaHeHa OT CbLMA TpadonocT. KbM MOMEHTA Ha M3MEPBAHETO
MMaMe BKIIOYEHW KOMMIOTPU, KAMMATUUM M OCBETNIEHMA. KbM MOMEHTA Ha
n3mepBaHeTo Ha ¢a3HuUTe TokoBe bsaxa 16,96, 17,91 un 41,71A. Ha ¢ur.5 e
0AO0EeHO M3MeHeHMeTo Ha @¢as3HMA TOK Ha HalW-HaToBapeHaTa ¢asa.
KoedunumeHtnte Ha oTA4eNHUTE XapPMOHUYHMN CNPAMO OCHOBHATa XapMOHMYHA B
% 3a TasM ¢asa ca pageHM Ha o¢ur.6. KoeduuMeHT Ha XapMOHMYHO
M3KpUBSIBaHE MO TOK e paBeH Ha thd(1)=18.25. NoaxoabT Ha nocTpoaBaHe Ha
rpaduKaTa e aHo/IoTM4YeH U Ha pur.2. B To3m caydat umame npeobnagaBaHe Ha
2,3 U 5 xapMOHMYHA Ha TOKa. J/IMMUTUpPAHUTE HMBA HA WHAUBUAYANHUTE
XapMOHUYHU U3KPUBABAHUA MO TOK M KOEPUUMEHT HA XAPMOHMYHO
M3KPUBSIBAHE MO TOK He ca HaasuweHW. Ha ¢ur.7 n 8 e npeacraBeHo
M3MEHEHMEeTO Ha TOK Npe3 HeyTpanaTa B MOMEHTa Ha CHEMaHe Ha pe3yaTaTuTe.
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// \7\\
/
// \
\ /’/ N
— | IL
®ur.5 N'padpuka Ha u1smeHeHue Ha Ppasosus ®dur.6 Npadpukata Ha XapMOHUYHUTE
TOK CcbcTaBAWwM oT 1 A0 63 B OTH. eAUHULM.
/\\ / ““\
J o ) / \\\
./ /‘M/' “\\\ ) S;N”v/v\//
®dur.7 N'padmka Ha UI3SMEeHeHUe Ha TOKa npes ®ur.8 Npadpukata Ha XapMOHUYHUTE
HeyTpasHUA NPOBOAHUK cbeTasAwMm ot 1 o 63 B OTH. eaUHULMN.

B TO3M cnyyal OCHOBHaTa XapMOHMYHA € nOo-mMa/jika, Toect 3 m 5
XapPMOHWYHM HaABWLIABAT OCHOBHATA XapMOHWYHA B HEYTPasHUA NPOBOAHMK,
KOeTO BOAM A0 yBe/MYaBaHE Ha KoepUUMEHTA HAa XapPMOHWYHO M3KPUBABAHE
no ToK. KoepuuMeHTbT Ha XapPMOHMYHO WU3KPUBABAHE MO TOK A0CTUra
cTonHoctn oo 247,89%.

U3Boau

MpoBeageHUTe M3MepBaHMA TMOKa3BaT, 4Ye B AafeHuTe Cc/y4vam
MHANBUAYA/THUTE XapPMOHUYHU U3KPUBABAHUA U KOePULMEHTA HA XaPMOHUYHO
M3KPMBABAHE MO TOK HaABMWAaBAT AONYCTUMUTE HOPMWU 33 HEYyTPa/HUA
NPOBOAHUK, KOMTO BOAWN A0 AONbAHM 3arybu. Te3u pe3ynTtatv 3a Aa ce WUCKa

yBenanyeHme Ha ce4eHMeTo Ha HeyTpaJiHUA NPOBOAHUK.
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NMPOEKTUPAHE HA CULEHUYHA KONEKUUA TPAACKO
OBJIEK/TO OT KPAA HA 19 BEK C EJIEMEHTU OT bbJ/ITAPCKUA
HAUUOHANEH KOCTIOM

Maprapet CusoBa
TexHunuecku yHmuBepcutet-Codusa, Konexx-CnmseH
msivova@tu-sofia.bg, Ten.: 0895586624

AHomauyusa: B paspabomkama ca pa3e2nedaHu xapakmepHume ocobeHocmu Ha
cmuna ,,a 1a paHaa”, omHeceHU CrpPAMO HEHCKOmo 2padcko obnekno. Ypes usnonssaHe
HO CbBpeMeHHU cpedcmed U MemoOUKU 30 KOHCMPYUpaHe e MpoeKmupaHa KOAeKyus
0amMcKo 0067eKsn10, 8 KOAMO €A UHMe2pUpaHU esemeHmu om 6ba2apCKus HAUUOHAseH
Kocmioom.  Kosnekyusma  eKaw4ea rnem  aHcambvbaa,  Hocewu — XapakmepHume
KOHCMpYKmMueHU ocobeHocmu Ha cmuaa ,Mo0epH”, AcHO rnoddyepmasawiu bvrazapckama
udeHmuyYyHocm 4pe3 B8MbKHAMU 6 Ou3aliHepckomo peweHue ee3beHu opHameHmMu U
dekopamueHu enemeHmu. ModesnHume pa3pabomku ca nosay4YyeHu 8bpxy NMpPeodsapumesnHo
YMOYHeHa U3X00HA MOOesIHa KOHCMPYKUUA HA OaMCKA POKAA 8 rnosaysmaseH cusayem C
e0HoWeseH PbKAs. BCUYKU KOHCMPYKMUBHU Yepmexcu cad U3nbaHeHU ¢ epaguyHa CAD

cucmema. Moden 1 e peanusupaH e mamepuas.

Knawovyosu Oymu: cmun ,a naa ¢paHea”, Koaekuus 2paodcKo M eHCKo o061eKno,

HayuoHaneH kocmrom, bpodepus, sezbeHu opHameHmu.

DESIGN OF A STAGE COLLECTION OF URBAN CLOTHING FROM
THE LATE 19TH CENTURY WITH ELEMENTS OF THE BULGARIAN
NATIONAL COSTUME

Margaret Sivova
College —Sliven, Technical University-Sofia
msivova@tu-sofia.bg, tel.: 0895586624
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Abstract:: The study examines the distinctive features of the ,a la franga” style in
relation to women's urban clothing. Using contemporary tools and construction
methodologies, a women's clothing collection has been designed, incorporating elements
from Bulgarian national costume. The collection includes five ensembles that reflect the
characteristic structural features of the ,modern” style, clearly emphasizing Bulgarian
identity through the integration of embroidered ornaments and decorative elements into the
design. The models are based on a pre-defined base pattern for a semi-fitted women's dress
with a one-seam sleeve. All technical drawings were created using a graphic CAD system.
Model 1 has been realized in material.

Keywords: ,a la franca” style, urban women's clothing collection, national costume,
embroidery, embroidery ornaments.

BbBEAEHME

Bb3parkagaHeTo Ha 6barapckaTta Abprasa npes 1878 r. Boan 40 NpomMmsaHa
M pasHoobpasABaHe Ha TPaAULMOHHOTO HapoaHO obnekno. Paswwupsasa ce
B/IMAHMETO Ha eBporneicKkata Moga BbpxXy ObArapckma rpafckum KocTiom s,
MpoOHMKBAaHETO Ha MoAepHaTa eBponencKka KynTypa No Obarapckute 3emu
obxBalwa nepuos OT HAKONAKO AeceTuneTMa U e M3BEeCTHO C MMeTo ,a /a
¢dpaHra” (byksanHo ,no ¢peHckn maHunep”). Moa BAMAHUE HA eBpPONEnCcKUTe
MOZHW TeHAEeHUMWM M oboraTaBaHe Ha Masapa ¢ ¢abpuyeH TEKCTUA U HOBM
KPOWMKM ce noslyyaBa CMecBaHe MexKay ,,PoAHOTO” 1 4y a0To”. Bb3HMKBA HOB
CTWUA, KONTO Ce YTBBbPKA4ABa KaTo odMuManHa rpagacka moaa.

XapaKkTepHuUTe 0COBEHOCTM Ha CTUNA ,,a Na PppaHra” B }KEHCKOTO rpaacKo
obn1eKno ce n3pasasaT B C/Ie4HOTO:

v' HaBnusaHe Ha HOBM €/IeMEHTU B 3KeHCKaTa HOCUA — MO OTHOLLEHME Ha
mMmaTepuanu, TeEXHMKKU, napaboTeaHe, ykpacy;

v' CyKMaHbT ce 3aMeHsA € eaHa cpeaHa GopmMa Mexay CYKMaH M poKAs,
psi3aHa B KPbCTa, C HAAUNAEHN NONU U OMbHAT KOPCaX;

v' CunHo noa4vyepTtaBaHe Ha TAJ/IMATA YpPeE3 KOPCET,

98 HacnepHuKkoBa, B., cTopua Ha 6barapckma koctiom, Hayka u nskycrso, C., 1974
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v’ PaswupsaBaHe Ha cuayeTa nNocpeactsom obpbun wam  Gyctu
(KpMHOANMH, TYpHIOP, S-06pa3eH cuayerT);

v' KopcaxbT ce TpaHchopmupa B 61y3a, uspaboTeHa oT Apyr nNaar;

v' MpomAHa B OCHOBHMA eNemMeHT Ha KOoCTioMa — pu3arta, U
NpeBpbLLAHETO MY B A0/1HA APeEXA, MULLEHA OT AeKopauuu;

v PoknaTa 3aBOIOBa NO3ULMA Ha oduMLUMaNeH AaMCKM ToaNeT, LBeToBaTa
rama e npeaMMHO OT CBET/IM TOHOBe. 3a BCEKMAHEBHOTO o0bnekno ce
npenopbYBaT TbMHU LLBETOBE;

v TocTeneHHo oTnajaHe Ha BE3MOTO MO NOJIUTE M PbKaBUTe Ha pu3ara
M 3aMAHATa UM C AAHTENU, PECHU, LUMPUTU, MBHUCTEHA YKPaCa;

v’ [lpexute ce WMWAT He OT PbYHO U3TbKaHW, a oT ¢abpuuHo
npousBeneHM Nnatose (KONPWUHa, aTnas).

MbpBoTO 6bArAapCcKo mogHO cnucaHue ,Moaa n aomakmHcTBo” (1897-
1906 r.)%®® ¢ nspaten EneHa YweBsa noctaBa Haya/soTO Ha M3MON3BaHETO Ha
6bArapckata HapogHa LWeBMUA B MOAEPHUA T[PaACKM [AMCKU  ToanerT.
JeMOoHCTpauua Ha akTyanHua 3a nepuoga 1898-1905 r. KeHCKU rpaacku
KOCTIOM CbC CUIHO €BPOMNENCKO BAUAHME € NOKa3aHa Ha dur. 1.

Llenta Ha pa3paboTKaTa e upe3 U3non3BaHe Ha CbBPEMEHHM CpeacTBa U
METOAMKM 33 KOHCTPYyMpaHe Aa Ce MPOEeKTUpa CUEHUYHA KONEeKUMA OAMCKO
rpaacko o6a1ekno B cTun ,,a na ppaHra”, B KOATO Ca UHTErPUPAHN €NEMEHTU OT

6bnrapcr<vm HauMOHa/ieH KOCTIOM.

986 https://digital.libplovdiv.com/bg/view/660d5314759d09b7791b27c5
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dur. 1 Mopgenu xeHcko o06nekno B cnucaHue ,,Moga u fOMaKUHCTBO”

,UM3AV1HEPCK|/1 NPOEKT

Bb3 OCHOBa Ha HanpaBeHOTO 3a4bA6OYEHO MPOyYBaHE Ha XEHCKOTO
rpagcko obnekno B nepmoda OT BTopaTa No/s0BMHA Ha 19 Ao HayanoTto Ha 20
BeK, B/MAHMETO BbPXYy Hero Ha 3anagHo-esponeickaTa mopna®®’, kakto wu

988 989

CI‘IeLI,Md)M‘-IHMTe enemeHTn Ha 6'bl'||'apCKMFI HauMOHaNeEH KOCTIOM e

%7 https://www.french-crea-vintage.com/en/62-from-1890-to-1899

988 https://www.youtube.com/watch?v=W2KetzuBzR4

%8 Cusosa M., T. MeHesa, B. laHes, M3cneasaHe Ha YCTONUMBUTE ENEMEHTM U B3aMMOBPB3KM
B 6BbArapckMA HauMoHaneH KocTiom, Cn. MalwurHOCTpoeHe M MallMHO3HaHWe, roauHa XIX,
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cbcTaBeHa ATmocdepa-Kapta Ha Konekumata (Pwur. 2), KoATo wmarocTpupa
aBTOPCKMA U3TOYHUK Ha BABXHOBEHME M Pa3HOLBETHATa NaaMTpa OT LBeTose 3a
oCblLecTBABAHE Ha AM3aiHepcKma 3amucbn®.

dur. 2. Atmocdepa-KapTa Ha KONeKuUATa

Pa3paboTteHa € CcUEHWYHA KONeKuua [aMCKO T[paacko obnekno
» TPAANLMN U MOoAaepPHOCT”, npeacTaBeHa Ype3 TBOPUECKUTE eCKM3U Ha dur. 3.
KonekumaTta BKAKOYBA NeT aHCambbnia, HOCELWM XapPaKTEPHUTE KOHCTPYKTUBHMU
ocobeHocTM Ha ctuna ,moaepH” (90™ roanHu Ha 19 - Hayanoto Ha 20 BeK),
ACHO noayepTaBawyM Obarapckata WMAEHTUMYHOCT 4Ype3 BMDbKHATM B
AN3aHEPCKOTO pelleHne Be3beHn OPHAMEHTHU U AEKOPATUBHU €/IEMEHTMU.

Mogaenute ce xapaKTepmsmpar C:

V' U3ABAXKEHU U3UCKaHW IMHUM, NPUAABALLM CTPOMHOCT M €/1eraHTHOCT;

v' S-obpaseH cunyert;

KHura 2, 2024. Uspatenctso: HauMoOHaneH KOMUTET MO TEOPUA Ha MexaHu3ImuTe U
MalluHunTe, c. 65-69, ISSN 1312-8612
90 https://ethnograph.info/
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v flcHo u3paseHa Tanus;

v’ ®opma, KOATO NpuaaBa Ha purypata Gopma Ha NACLYEH YACOBHUK,;

v' BuUCOKa Aka-cTonye, 6orato AekopupaHa C [AaHTenun, naHaenku u
WMPUTY;

v' TMonun B A-cunyet, Hanoaobasalm KambaHa. MpeaHaTta yacT e neko
pa3KkpoeHa, NAbTHO nNpuasra B obnactra Ha TaamATa M xaHwa. MbpbbT, cuaHO
Pa3KpPOEH, € CbC CpeaeH LWeB, B KOMTO € BMbKHAT AOMb/IHUTE/IEH BepeBeH
KNMHOODOpas3eH AeTann C WKMPOKa naoxa, obpasysaly BeTpmaoobpasHa rbHKa.
MNpu ABMXKEHME naoxaTa ce pas3TBapa M npupaBa Ha ¢urypaTa cBoeobpasHa
JINHWA U Tpaums;

v' [Ob/mKWHaTa Ha m3genuAta e A0 r/fe3eHa uauM Ao noga. Yact ot
MOAEeNUTE Ca C aCMMeTPUYHA IMHUA HA NOAMbBa, NPEMMHABALLA B WAEND;

v' Jlonb/HEHMA KbM KOCTIOMUTE Ca MO3ULMOHUPAHUTE B Pa3NMYHU
MeCTa Mo KOpCarka, NosiaTa M AKaTa BOMAHW C pPas3/IMyHa LWKMPOYMHA, Habopw,
TECHM JIEHTM OT TION UM CaTeH, WUPUTK, AaHTenun, bpoaepuu;

v' PbKaBu C pa3anyHu Gopmu — npasu n rnagku; bydpaH-pbkasmu c obem
KaKTO B ropHaTa, Taka M A0/IHATA YacT; uam Tvn xuro (¢p. gigot mouton) — cbe
cneumdpuyHa dopma bnarogapeHune Ha HaTpynBaHe Ha TbKaH B FOPHATA YacT Ha
0Bafla M CTECHABALUM Ce 40 NABTHO NPUAATAHE OT 1IaKbTA A0 KUTKATa;

v’ (CBeT/Nia M ApKa LUBeTOoBa rama: npeob/i1afaBaT Kb/ATO, OPaHXEBO,
MaC/IMHOBO-3€/IEHO, CBET/NI0-CUHbO, YEPBEHO U INNABO;

v' KonpuHeHM TbKaHM B PO/IATA Ha OCHOBEH MaTepuan 3a um3paboTka -
KpenaewwH, TapTa, wndoH, natow, bapxar;

v’ B pofiATa Ha OOMbAHUTENEH €/IeMeHT MPU YacT OT MOAeNuUTe e
nobaBeHa cTMAM3MpaHa npectunka, 6orato OpHamMeHTUpaHa C Be3beHu
OPHAMEHTU U LEBULA.

[JeKopaTMBHOTO 0GOPMSAHE HA KOJIEKLMATA KAaTO LAIO € U3BBPLLUEHO Ypes
CbNOCTAaBAHETO MeXKay @aKkTypuTe Ha MNpUAoXKeHUTe maTtepuann (Kaguode,
caTeH, WKPOH), N3NUCKAHUTE LLBETOBM KOMDBMHALMK, LUMPOKOTO M3NON3BaHE Ha
AaHTena n 6barapcka bpoaepma ¢ KONPUHEHN KOHLM.
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®ur. 3. TBOpPUECKU €CKU3U HA MOAENUTE OT KONEKLUUATA

M360P HA KOHCTPYKTUBHA OCHOBA

B ponata Ha 6a30Ba KOHCTPYKTMBHA OCHOBA 3@ TEXHMYECKO MOAEeNnpaHe
Ha Mmojenute e wu3nonsBaHa durypa 5 oOT auTepaTypeH U3TOUYHMK P!,
KOHCTPYKTUBHUTE YepTexKn ca pa3paboTeHn 3a cTaHAapTeH pa3mep 164-92-100
no obmepHU AaHHM cbrnacHo 6AC 8371-89.

Mpuetn ca cnegHute npubaBkM 3a cBoH6OAA KbM  OCHOBHUTE
KOHCTPYKTUBHMW yYaCTbLM:

v" Kbm nonyobukonkarta Ha rbpauTe — TpeTa: 2,5+3,5 cm;

v' Kbm nonyobukonkarta Ha TaamaTa: 2,5+3,5 cm;

v" Kbm nonyobuKkonkarta Ha xaHwa: 2,0+3,0 cm.

B pe3ynTaTt e nonyyeHa nsxogHaTta mogesiHa KOHCTpyKuma (Pur. 4).

91 Cusosa M., B. laHeB, lpoeKTMpaHe Ha casHa HapoAHa HOCMA 4Ype3 CbBPEeMEHHMU
MEeTOAMKM 33 KOHCTpyupaHe, Cn. M3BecTtns Ha Cblo3a Ha yyeHuTe-CamseH, Tom 36 (1), 2021
r., c.97-102, ISSN: 1311-2864
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-] 45 453 1 47 4B

dur. 4 U3xoaHa moaeniHa KOHCTPYKLUMA 3a pa3paboTteaHe Ha Mopgen 1

MOJAE/THA PA3SPABOTKA

AKUeHT B Konekumata e Mopen 1, 3a KonTo e pa3paboTeH KOMMAEKT
KOHCTPYKTOPCKA AOKYMEHTaUMA (XyA0XKeCTBEH €CKU3, TEXHMYECKO OMUCaHME,
OCHOBHA KOHCTPYKLMA, MOAENHA KOHCTPYKLUA).

TexHu4ecko onucaHue Ha Moden 1:

Jamckn aHcambbn oT Ase yactu — 6ay3a v nona, B cTUA ,,a na ¢ppaHra”
CbC CM/IHO MOAHO €BPOMENCKO BAMAHUE, M3paboTeHa OT CMeC Ha MamyK U

KOMpPWHa, B CBETNO CUH LBAT.
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bnysaTa e c neko BTansABaHe B CTPAHMYHMA LWEB, C Ab/IKMHA A0 IMHUA HA
XaHLA, CbC 3aKpbr/ieHa NAaTKa Ha4 AMHMA Ha rbpauTe B NpegHaTta 4act u
rbpba. B wWesa Ha naaTkaTa e NpUWKTA AeKopaTMBHA NpPo3payHa ieHTa B 6.1eg0
CMBO 33ae4HO C TeCeH BOJIaH OT CaTWMHMpPAHaTa 4acT HAa OCHOBHMA nNAaT.
3aKoN4YaBaHETO e B CpeAHMA WeB Ha NaaTkata Ha rppba ¢ epeKkTHU Kpbram
KonyeTa. AKaTa-CToN4e ce 3aKon4yaBa Ha rpbpba, No ropHUA Kpan e AeKopupaHa
C TACHO BONAH4e OT caTeH. PbKaBbT e ¢ Ab/KkuHa 7/8, npuKayeH, ¢ ronam obem
npu oBana, TMn bydaH, CTECHABALL, CE€ KbM JIMHUA Ha NaKbTA, KbAETO € NPULLINT
KOHMYEH BepeBeH peTann. B weBa e BMbKHATa AEKOpPATMBHA JIeHTA C
6barapcka bpoagepuma.

Monata e pas3KkpoeHa, B A-cunyet, ¢ wnaend. lNMpegHaTta 4acT, NABTHO
npunsarawa B 06,1acTTa Ha Ta/IMATa M XaHLWaA, ce CbCTOU OT Tpu Aetamna. MpbbT
€ OT YeTUpPU YacCTu, CbC CPefeH LWeB, B KOMTO € BMbKHATa LWMPOKA Maoxa.
3aKOnN4YaBaHETO e B CpeAHMA WeB CbC CKPUT umn. KoNaHbT e WMPOK, 3aKonyasa
ce 0T3aj, C ABe AEeKOPATUBHM KonyeTa.

Ha ®ur. 5 n dur. 6 ca npeacrtaBeHn moaenHuTe pa3paboTku Ha 6ay3aTta m
nonarta 3a Mopaen 1.

Pa3paboTBaHETO Ha MOAENHUTE KOHCTPYKUMM Ha ABeTe u3genva e
pelweHa ypes:

3a 6ayzama:

v\ XOpW30OHTa/NHa NIMHMA Ha AbAXMHaTa Ha 14,0 cm nofA AMHMATA Ha
TaNnATa;

v' YabnbouyasaHe Ha BpaTHaTa M3BMBKa: 1,0 cm B cpeHMA LIeB Ha
rbp6a; no pameHHaTa nHMA - 1,0 cm; 1,5 cm no AnHMA Ha NnpeaHaTa cpeaa;

v To3numoHnpaHe Ha nnatkata: no 12,0 cm B cpegHma Wwes Ha rbpba u
Nno IMHUA Ha NpeaHaTa cpeaa;

v' TpaHchopmmpaHe Ha pameHHaTa CBMBKa MO /IMHMA Ha naaTkata B
npeaHaTa yacT;

v' npeobpasyBaHe Ha TaAniMHaTa CBMBKA BbB BepTUKaNEH penedeH Les;

v/ OTCbCTBME Ha CPefeH WeB Ha rbpbha;
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v/ 3aKonuyasaHe C KonyeTa B cpeaHuA WeB Ha NJ1aTKkaTa Ha rbp6a;
v’ neKo BTansasaHe B CTPaHN4YHWNA LLEB;

v' KOHMYHO pa3TBapAHE NO YKa3aHUTE NTUHUUN NPU PbKaBa.

j
| 3 i
N 0
N0 1
NY W A
NN 7 A
NN 7 1
NY W 1
\51 / % 7zl
’ /% NN
I 2

dur. 5 MogenHa paspaboTtka Ha Mogen 1

3a nonama:

v\ uU3Xo4Ha AbMAXKMHA Ha nonaTta no cpefHua wes Ha rpba — 100,0 cm;
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v\ HEeroNAmMo KOHWYHO pasWupeHue Mo JMHUA Ha Ab/KMHaTa 3a
AeTannuTe Ha npeaHaTa Yact (3,0+5,0 cm);

v\ TONAMO KOHMYHO paswupeHue no /AMHMA Ha Ab/BKMHATa 33
aetannute Ha ropba (10,0+40,0 cm);

v' wneid B cpeaHuUA WeB Ha rbpba noa HakAoH U 0hOpPMAHE Ha NaoxXa C
Abnb6oymHa 12,0 cm;

v/ 3aKonyaBaHe C UunN B LUEBa Ha naoxara.

82

6)
dur. 6 HaHacAHe Ha moaenHu ainHum (a) 1 mopenupaHe Ha pbkas (6) 3a Mopgen 1

Ha dur. 7 e npeactaBeH n3paboteHnAT oT matepuan Mogen 1.
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dur. 7 insaiiHepCcKM NPOEKT, peannsnpaH B matepuan

3AKTIOMEHUE

KpaAat Ha 19-Tm - Ha4yanoTto Ha 20-TM BeK e CBbp3aH C PyHAAMEHTANHN
NPOMEHWN BbB BCMYKU CHEPU HA KMBOTA. 33 HAKONIKO AECETUIETUA MOAHUAT
CTMA ,a na ¢paHra” ycnaBa ga ce HANOXKM KaTo oduuManHa rpaacka moza.
Bcnepcrteme Ha 3acMNEHOTO eBPONENCKO BAMAHME B HbarapckoTo obLLecTso ce
M3BbPLUBA NPOHMKBAHE HA €/IeMEHTU OT MOAHUA rPaLCKM KOCTIOM B HapoHaTa
HOCKUA, KOeTo BOAM A0 BUAMMO WU3MEHeHWe B TPagMUMOHHOTO HapoAHO
obnekno. ToBa HAMMPA CBOETO OTPAXKEHWE U B }KEHCKOTO 0baeKN0.

Ype3 wm3nonsBaHe Ha CbBpPEeMEHHW CpeacTBa WM MeTOAMKM 33
KOHCTpyMpaHe e MpPOoeKTUpPaHa CLLEeHUYHA KONEKLUMA SAMCKO FpascKko obnekno
» TPAAULNN N MOAEPHOCT”, B KOATO Ca MHTErpMpaHn enemeHTn ot 6barapckma
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HaUuMOHaNeH KoCTioM. MogenuTte, HOCEWM XapaKTepPHUTE KOHCTPYKTUBHMU
ocobeHOCTM Ha cTuna ,moaepH”, n3pasaBaT 6baArapckata MAEHTUYHOCT Ypes
BMbKHATU B IEKOPATUBHOTO OPOPMAEHNE HALMOHATHW LUEBULM U E/IEMEHTMU.

Mogaenute ycnewHo morat ga 6baaT M3N0N3BaHM B KayecTBOTO Ha
CLUEHNYHWN KOCTIOMM 33 Pa3/IMYHN MCTOPUYECKU Bb3CTAHOBKM.
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NMPOEKTUPAHE HA UHTEPAKTUBEH 3D KUJIMM-
TPAHC®OPMDBP 3A OBYYEHUE HA AELA YPE3 UTPA

Maprapet CuBoBa
TexHunuyeckun yHmnBepcutet-Coodusa, Konex-CnmseH
msivova@tu-sofia.bg, Ten.: 0895586624
TaHA lNeHeBa
TexHuuyeckun yHusepcutet-Codpua, Konexxk-CnnseH
tannna.peneva@tu-sofia.bg, Ten.: 0878278067

AHomauyus: B 0oknada e npedcmaseHo QUOAKMUYHOMO Cpedcmeao ,,UuHmepaKkmueeH
3D kunum-mpaHcgopmovp”. U3pabomeHuamM Kuaum om ekono2u4dHU 6e30MacHU mekcmusaHu
mamepuanu e npedHasHayeH 3a obyyeHue Ha Oeua 6 npedyyuauwHa ev3pacm. Toli e
dsynuuyes, obemeH, mepmousonupaH. Cecmou ce om 9 modysa, Koumo ce cbeduHa8am
nomexoy cu 4pe3 puricosu sAeHmu. Bceku modyn npedcmaenssa camocmosmesneH
MHO20(YHKYUOHANEH U2posU enemMeHm C 068e aAuud, Mex 0y Koumo € 6/0HeHd mepmMo-
sama. [Todpedbama Ha Modyanume No36807°A8a U3MbAHEHUE Ha 0ecem CoXemHu 3a0aHUA U
pasnu4yHU uepu. Ypes usnvaHeHuUe Ha rnocmaseHume om nedazoza 3ada4yu deyama
dopazeusam csiedHUMe yMeHUA: MAKMU/HO U 3pumesiHO 8b3rpusmue; A02U4eCcKo MucneHe
U KOOPOUHAuuUA Ha 0suxceHuama; (opmupaHe HA ysemoyceuw,aHe, namem, cayx U puHa

MOMOopPUKa, meopvecKu yMeHUA.

Kntouyosu Oymu: NHmepakmueeH Kuaum, npedyyvyusnuwyHa ev3pacm, uepa, y4yebeH
npoyec.

DESIGNING AN INTERACTIVE 3D TRANSFORMER CARPET FOR
CHILDREN'S LEARNING THROUGH PLAY

Margaret Sivova
College —Sliven, Technical University-Sofia
msivova@tu-sofia.bg, tel.: 0895586624
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Tanya Peneva
College —Sliven, Technical University-Sofia
tannna.peneva@tu-sofia.bg, tel.: 0878278067

Abstract: The report presents the didactic tool ,Interactive 3D Transformer Rug.” The
rug, made from eco-friendly and safe textile materials, is designed for the education of
preschool-aged children. It is double-sided, voluminous, and thermally insulated. It consists of
nine modules that are connected to each other using grosgrain ribbons. Each module serves
as an independent multifunctional play element with two sides, between which thermal
batting is inserted. The arrangement of the modules allows for the implementation of ten
storyline tasks and various games. By completing the tasks set by the educator, children
further develop the following skills: tactile and visual perception; logical thinking and
movement coordination; color recognition; memory, hearing, and fine motor skills; as well as
creative abilities.

Keywords: Interactive carpet, preschool, game, learning process.

BbBEAEHUE

CornacHo HAPEABA Ne 5 ot 03.06.2016 r. 3a npeayyvymanwHOTO
obpasoBaHne B Penybnmka bbarapua ocHoBHaTa popma Ha negarornyecko
B3aMMOAENCTBME B AETCKaTa rpaguMHa e negarorMyeckata CUTyaumsa, KOATO
npoTMya npeaumHo nog dopmata Ha urpa (4n. 23, an.1)%2. Ypes urpata geuara
He camo ce 3abaBnsaBaT, HO M y4yaT, pa3BMBAT ce PU3MYECKM, EMOLIMOHANHO U
COLMANHO, M YCBOABAT Ba*KHM YMEHUA N 3HAHUA.

Mo npoekt Ne 241XTA0001-16, peanusnpaH oT BbTpelwHMA KOHKYPC 3a
HAayYyHW u3cneaBaHuA Ha TexHuuyeckn YHusepcuteT-Coduma 3a 2024 r., e
Cb34aAeHO AMOAKTUYHO CPeacTBo ,MHTepakTuBeH 3D Kunmm-TpaHchopmbp”,
UYMATO Uen e Aa ce Cb3jafe MHTEPaAKTUBHA cpeaa, HacbpyaBalla yyeHeTo ypes
urpa. BkntouBaHeTo B y4ebHMA NpoLec Ha TO3M MHOBaATUBEH obpa3oBaTeneH
npoayKT 6u [oBeno A0 YCbBbPLIEHCTBAHE HA YC/NOBMATA 3a pPa3BUTUE Ha
CaMoCTOsiITe/IHA MO3HaBaTeNHa AEMHOCT, 40 ¢opmMMpaHe Ha MNo3HaBaTesNeH

92 https://lex.bg/bg/laws/ldoc/2136850647
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MHTEpec, A0 PasBUTUE HA NIOTMYECKO U TBOPYECKO MMUCAeHe npu geuarta oT
npeayyYnnmnLLHa Bb3pact 3,

NHTepakTMBHMAT 3D Knnmm-tpaHchopmbp, M3paboTeH OT eKONOrMYHU
6e30nacHN TEeKCTUAHW MaTepuanu, e npegHasHavyeH 3a obyyeHne Ha geua B
npeayyYnnmuHa Bb3pacT (TpeTa M YeTBbPTa NOArOTBUTE/IHA Bb3PacToBa rpyna)
ypes U3MbJIHEHME HA PA3NNYHN ANOAKTUYECKM 33434M B NpoLLeca Ha urpaTa.

TEXHUYECKO ONUCAHUE HA MHTEPAKTUBHUA KUJTUM

KunnmbT e asynuues, obemeH, Tepmonsonmpan. Cbctom ce ot 9 moayna,
BCEKU egMH OT KOUTO NpeacTaBnABa KBagpaT ¢ pasmepn 60x60 cm. OTaenHute
MOAYNN Ce CbeguHABAT MOMEXKAy CM NOCpeaCTBOM 3aBbp3BaHE HA PUNCOBMU
NeHTn ¢ abmkuHa 30 cm., pa3noaoxeHn no 2 6bpos BbPXY BCAKA CTpaHa Ha
KBagpara.

Bcekn moayn npeactasnaBa  camocToATeNleH  MHOropyHKUMOHaNeH
NUrPOBU ENEeMEHT C ABEe /INLA, A MEXAY TAX € B/IOXKeHa TepMmo-BaTa.

OCHOBHMAT maTepuan npu u3paborBaHe Ha moayaute oT Jlnue 1 e
pa3HOLBETHO MNamMy4yHo Xxace PaHdopc, BbPXY KOETO Cca pPa3no/I0KEHMU
MHOXeCTBO MOABUXHU U HENOABUXKHWU enemMeHTU C pasanyHa ronemuHa wm
dopma.

OCHOBHMAT maTepuan npu u3paborBaHe Ha mogynaute ot Jlnue 2 e
namydyeH naaTt AYK xnapodobupaH, KOMTO He 3aabprka TEYHOCTM M NeTHa. B
cpefata Ha BCEKM moayn e anavkumpaHa uméepa oT 1 ao 9 ¢ rabaputHu
pasmepwu, OTroBapALLM Ha AncT popmaT A4.

Ypes3 n3nonseBaHe Ha YHMBepCanHaTa rpaduyHa cUCTEMA 3@ MHXKEHEPHO
npoekTupaHe AutoCAD ca pa3paboTeHM TeXHUYECKUTE CKULM Ha MUAOTHATA
mocTtpa (Pur.1.+ dur.3.).

93 Sjvova M., T. Peneva, V. Ganev, The Interactive Carpet Made of Textile Materials as an
Innovative Educational Tool in Kindergarten, Proceedings of the Technical University of Sofia,
vol. 74, issue 3, 2024, Bulgaria, DOI: 10.47978/TUS.2024.74.03.012
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moayn 4 ||moayn 5 [ mogyn 6 7 4 1 5 1 6 B

‘|moayn 7 || moayn 8 [|moayn 9 17 : 8 8 9 -

T T T T | | | i

T T T T T T
®ur. 1. TexHMYECKa CKML,A HA CBbpP3aHUTe ®ur. 2. TexHUYECKa CKML,A HA CBbpP3aHUTE
mopaynu Ninue 1 mopaynu Ninue 2
(kBagpaTHa cxema Ha KUAUM) (kBagpaTHa cXxema Ha KUaum)

MNoapenbata Ha MOAY/INTE Ha UHTEPAKTUBHUA KUAMM-TPAHCHOPMBP MO
KBagpaTHa cxema (Pur. 1., dur. 2.) Nno3B0/1ABA U3MbJ/IHEHUE HA AEBET CIOXKETHU
334aHMA U Pa3IUYHN UTPU N0 CieaHUTe obpa3oBaTeNIHM HanpaBAeHuUA:

e _ MaTtematuka”;

e  Bbarapcku esuk n nutepatypa”’;

e OKoneH cBat’;

e  KoHcTpympaHe u TexHonornu”.

(x) L — LO T T T T — T T

®ur. 3. TexHMYeCKa CKML,A Ha CBbp3aHUTe moayau Jiuue 2
(cxema Ha kunum npu UFPA HA IAMA)

Mpu noapenbaTta Ha MoAyAUTe MO cxema npu urpa Ha Jama®* (dur. 3.)
ce OoCblLecTBsABaT AeMHOCTM NO obpa3oBaTenHO HanpasneHue ,Pusnyecka
KynTypa”.

UrpaTta Ha Jlama cnomara 3a:

94 https://www.noviteroditeli.bg/zaedno/ot-7-do-10-ot-11-do-14/kak-se-igraeshe-na-dama
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* YCbBbPLIEHCTBAHE HA ECTECTBEHO NPUIONKHUTE ABUKEHUS;

* pasBUTME Ha ABUraTe/IHUTE KayecTBa, Ha YMEHMATA 3a U3MbJHEHUE
Ha e/IeMEHTU OT CNOPTHUTE UTPU;

® YCBOABAaHE HAa COLUMANHO-KOMYHWKATUBHM YMEHMA 33 KOoonepupaxe,
B3aMMoAencTBme 1 3a paboTa B eKun;

* pas3BUTME Ha UrpoBaTa KyaTypa.

NMPOBEAEHUN EKCMEPUMEHTU C PASPABOTEHUA KWJTUM

Mopaynute Ha wu3paboTeHUs OT aBToOpUTE KUAMM-TPaHCHOPMBP U
Bb3MOKHMTE 33Ja4M 3a U3NbJHEHUE ca NpeacTaBeHu B Tabavua 1.

Ta6bauua 1. Peannsauma Ha negarornyecka cutyauusa

Mogyn 1 — ,Taurpam”?%®

Jinue 1 MoAaBUKHU eNeMeHTU

A
F N\

P4

S | ss

06pa303aTen|-|o HanpasneHue: ,KOHCTPYUPAHE N TEXHOJZTOTNWN".
O6pasoBartesiHO Agpo: KOHCTpyupaHe U moaesinpaHe.

OuaKBaHM pe3ynTaTu: [leTeTo CaMoCTOATENHO A0BBbPLIBA MoAen no obpasel, KaTo
cenekTnpa popma, pasmep 1 ugAT. CbeanHABA €/IEMEHTU, KaTO MM 3a/1enBa U CBbP3Ba
nocpeacTBOM BEKPO.

BapwuaHT 3a peanusauma Ha negarormyeckarta CMTyaums:

UrpaTa ,TaHrpam” ce cbCTOM OT CEAEM MJIOYKM, HAPEYEHU TaHU, KOUTO NPU NOAXOAALLO
HapexaaHe obpasyBaT KBagpaT. Llenta e ga ce peast cneunduyHun durypu, 3agageHm
CaMo CbC CUIyeTUTE UM, HO NPU YCIOBUE, Ye Ce U3NON3BAT BCUYKUTE CEAEM MIOYKU U TO
TaKa, Ye Aa He ce 3acTbneat. CefemTe NA0YKM Ca CbOTBETHO: 5 paBHObeapeHn

TPUBIbZIHUKA C Pa3/IMvYHA ronemMnHa; eanH KBaapat U eaunH ycnopegHuk.

MoaynsT /inue 1 e ycnoBHO pa3genieH Ha ABe YacTu — OT/IABO e MHTepPaKTMBHATa ,,4epHa”

995 https://umnodete.com/sedem-plochki-na-poznanieto-ili-matematikata-kato-detska-igra
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[AbCKa OT BE/IKPO, a OTAACHO — NPUMepHa rotosa purypa ,TaHrpam” n aAxKob cbC CKpUTH
Pa3HOLBETHMU NJIOYKK ,, TaHW". YUUTENAaT NpeaBapuTeNHO € NOArOTBUA KAaPTUHKKU, KOUTO
MOKa3BaT KO YacT KbAe [a ce NocTaBu. BCAKo AeTe camocToATeIHO 3aKpens BbpXy
AbCKaTa CBOA AM3aliH Ha ¢urypa ,,TaHrpam”. UrpaTta gaBa Bb3MOXKHOCT AelaTa Ja ce
Hay4yaT A4a pa3no3HaBaT Pas/IMYHUTE BUAOBE reOMETPUYHU GUTypu, Aa M copTUpaT Nno
pasmep, UBAT 1 BUA,

Moayn 2 - ,3ABABHA KPbCTOC/10OBMLIA”

"OABM)KHVI eZlieMeHTU
e
Y 1

O6pasoBaTenHo aApo: 3BYKOBA KyATypa; KyaTypHM M HauMOoHaNHW LeHHOCTH; CBETHLT Ha
npupoaaTta u HEroBOTO ONa3BaHe.
OuakBaHu pesynTtatu: [leuata ga npuaobmat ymeHua aa onpeaenaT 3B8yKa B HA4anoTo U B
Kpaa Ha AymaTa; Aa pa3no3HaBaT M Ha30BaBaT rpadMyUHM 3HALM Ha HAKOW NeYaTHU ByKBM,
CBBP3aHM C HAUMEHOBAHMATA HA NO3HATU IMLLA U NPEAMETU; Aa CbCTAaBAT CPUYKM U Aa
M3NMcBaT ABYCPUYHM AyMU. [la HA30BaABAT IMYHU, ODULMANHN M HALMOHANTHM NPa3HULM.
[la Ha30BaBaT NOHe e4HO YCNOBME 32 }KMBOT U PA3BUTME Ha pacTeHUATa.
BapwuaHT 3a peanusauma Ha negarormyeckarta CMTyaums:
C nomoLLTa Ha negarora AeLaTta 3akonyasaT Ypes TUK-TaK Konye NocnefoBaTeHoO
NoABUNKHUTE U3bpOAMpPaHM aeTalinn /TopTa, po3a, Aroda, AMHA, yHa, 3aek/ Ha
CbOTBETHUTE MecTa. Ha3oBasaT purypaTa, ONMCBAT A C HAN-XapaKTepHUTe 1 KayecTBa
/Hanpumep, ,BKycHa TopTa”/ 1 cnep ToBa NOCTaBAT B HAYa/I0TO Ha BCAKA Ayma
nunceawaTta 6ykea. Mocoysat BTopaTa AMNCBaL,a 6yKBa OT BCAKA AyMa, 3aKpenBaT A ¢
NOMOLLTA HA BEJIKPO. BepTUKanHo B KpbcTocaoBMLaTa ce obpasysa agymata ,,PoguHa”,
KOATO AeuaTta NpousHacaT. Pasrnexaat n3bpoampaHoTo n3obpakeHme Ha KapTaTa Ha
Bbarapua u 3aeHO peuuTUPaT MbPBUA CTUX HA CTUXOTBOPEHUETO ,A3 CbM 6barapue”.
Moayn 3 - ,,A3 OBUYAM BBJ/ITAPUA"

Jnuye 2 Jinue 1 MoABUXHU enemeHTH
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JT”T

eNHo HanpasneHue: ,,OKOJIEH CBAT”, ,MATEMATNKA”
O6pasoBaTtenHo Agpo: KynTypHU U HaLMOHANHWU LEHHOCTU; PaBHUHHKU duUrypu.
OuaKkBaHu pe3ynTaTtu: [leTeTo HazoBaBa M pPa3no3HaBa OPULMANHUTE U HALUMOHAHU
CMMBON. PadMUYHO BB3NPOM3BEKLA FEOMETPUYHUN PUrypu.
BapuaHT 3a peannsayma Ha negarorMyecKara cutyauma:
Yuntenart Haco4sa AeuaTa KbM TemaTa Ha CUTyaumMATa — 3a4aBa BbNpoc ,Ha Kakeo Bu
npuanya usetHarta ¢purypa otaacHo?” /Tpu npaBobrbaHUKA — 6a, 3eneH, yepseH/. JeuaTa
M3Ka3BaT CBOUTE NpeanosioxeHus. 3aeaHo n3roBapaT bykea no byksa nspeyeHueto , A3
o6uyam BbJ/IFTAPUA”. TpynupaT B TPU rpynu no LBeToBe NOABUMKHUTE TPUBIbAHULMK. C
nomoLlTa Ha Negarora NogpexaaT Mb3es, KOMTO U3rpaxaa HaunoHanHua enar.
M3cnywsaT xMmHa Ha Penyb6aunKa bbarapus n ce Hay4aBaT Kak ga ce AbpKaT, Korato Tom
3BYYM.

Moayn 4 — ,KOJIKO E YACDHT?”

MoABUXHU enemeHTH

O6pasoBaTenHO AAPO: BpemeByM OTHOLIEHMSA; KOJIMYECTBEHWN OTHOLLEHMUS.

OuakBaHu pe3ynTtatu: [leuarta NnosHaBaT NpefHa3HauYeHMeTo Ha YaCOBHMKA KaTo ypes 3a
n3mepBaHe Ha BpemeTo. MNoapexaaT yacoseTe Bbpxy Uundepbnarta B npasuaHa
nocnepoBaTeIHOCT. Pa3ano3HaBaT TOYEH Yac M ro mogennpaTt Bbpxy umdepbnaTta.
OnpeaensT pena Ha 06eKT B peanua oT ABaHaaeceT npeamera. bpoaT B npas u obparteH
pea.

BapuaHT 3a peanunsauma Ha negarormyeckarta cuTyaums:
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Yuncnarta Ha YaCoOBHMKA Ca MOABUNKHM U Ce 3aKpenAT Kbm undepbaaTa upes TUK-TaK
KoMnyeTa, KOeTo AaBa Bb3MOMKHOCT 3a pa3BuTMe Ha puHaTa MOTOPUKA. YunTenaT obacHABa
3HaYeHMEeTOo Ha rosamaTa M MaskaTa CTPesiKka Ha YacoBHMKaA. MNbpsaTa 3agaya e geuaTta 4a
noAapeanAT NoABUMM»HUTE eneMeHTH oT 1 Ao 12 B NpaBuaHaTa NOC/NeA0BaTENHOCT BbPXY
undepbnarta. Cnegpallata 3a4ava e CBbP3aHa C onpeaeNnAHeTo Ha TodeH Yac. [euaTa
3aBbpTaT MasikaTa U ronamaTta CTPesIKM Ha YaCOBHMKA cnopes 3a4aZeH UM TOYEH Yac.
3agavaTa ce U3Nb/HABA M B 0bpaTeH pea — AelaTa onpeaenart yaca, nokasaH Ha
undepbnarta. B npoueca Ha urparta AeTETO Ce 3an03HaBa C MOHATUATA AEH, HOLL, Yac,
MWHYTa N CEKYHAA.

Mogyn 5 — ,,HE CE CbPAMN YOBEYE"9%

Nnuye 1 MoAaBUXXHU enemeHTHU

ol

jes

—

AR wE
e

.

e

N
O6pasoBaTtenHo HanpasneHue: ,MATEMATUKA”, ,OKOJIEH CBAT”
O6pasoBartenHo agpo: KosnyectBeHn OTHOLLEHUS, [TPOCTPaHCTBEHN OTHOLLIEHUS,

CamoyTBbpXKaaBaHe 1 06LLyBaHe C OKONHUTE.

OuakBaHu pe3ynTaTtu:: [leteto 6poun Ao wecT B Npas pes. Onpesens pesa Ha 06ekTy,
B3aMMHOTO pa3nosioXKeHune (npea, 3a4,), NPOCTPAHCTBEHUTE OTHOLWEHUSA (BBTPE, BbH,
mexay). Mo3HaBa 1 cnassa Ayxa Ha ,4ecTHaTa urpa”. Pa3bupa pasnmKata mexay poiesu u
peanHn B3aMMOOTHOLLEHMA.

BapuaHT 3a peanunsauma Ha negarormyeckara cutTyauua:

,He ce cbpau, YoBeye” e KnacmMyecka HacTo/IHA MUrpa 3a Aela CbC 3ap M LBETHU KOMMJIEKTH
NMUOHKK. UrpanHoTo Tab10 e n3paboTeHo Ha KOMMIOTbPHA LWEeBHA MallWHa, a UrpanHuTe
30HM NpPeACTaBAABaAT YETUPU HAPOAHM LLEBULM, U3BE3AHN Ha BPOANMPOBBYHA MALLMHA B
pasfiMyHa LBeToBa rama. Bbpxy peaumuarta ca otbenssaHun ctaptoBute U puHaNHK Noseta
3a MMOHKMTE OT CbOTBETEH LBAT. B HauanoTo Ha Urpata yumTenat obacHABa npasuaaTa.
[Jeuata ca paszeneHun Ha 4eTupu otbopa. Bcekn oTbop nogperkaa NMOHKUTE CU B
M3XO4HUTE MO3ULUKN BbPXY UTPANHOTO Nosie. 3a NMOHKK Ce M3NON3BAT PAa3/IMYHK NO LBAT

96https://bg.wikipedia.org/wiki/%D0%9D%D0%B5 %D1%81%D0%B5 %D1%81%D1%8A%D1
%80%D0%B4%D0%B8, %D1%87%D0%BE%D0%B2%D0%B5%D1%87%D0%B5
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3a BCEKM 0TOOP Kanayku. [MMOHKMTE Ha BCUYKM Urpaym ce ABMMKAT Mo NOCOKa obpaTHa Ha

4aCoBHMKOBATA CTpesIKa. MrpaTta 3ano4Ba oTOOPHT, YUATO YHACTHUMK NPBB XBbP/IM 3apUETO

c wectmua. Mo Bpeme Ha urpara, AeTe, KOETO OTHOBO XBbP/IM 6, MMa NPaBO Aa urpae

nosTopHo. Mobeaunten e oT6OPDHT, KOWTO NPBLB BKapPa YETUPUTE NMUOHKK B LIEHTbPA.
Moayn 6 — ,3ABABHA MATEMATUKA”

Nnue 1 MoAaBUXKHU enemeHTU

By S5 GRY ~-N ;’.
O6pasoBareniHo HanpasneHue: , MATEMATUKA”

O6pasoBarteniHo agpo: KosnyectBeHN OTHOLEHUS, [TPOCTPAaHCTBEHN OTHOLLEHUS.
OuaKBaHM pe3ynTaTtu: [leTeto Bb3npmMema CbOMpaHeTo KaTo NpakTuyecko gobassaHe, a
M3BaXX4AHETO KaTo OTHEMAHe Ha YacT oT rpyna. bpou ao aeset B npaB 1 obpaTeH pea,
oTbposnsa npegmeTn Ao aeseT. Onpeaensa peaa Ha 06eKT B peauLa OT AeBeT npegmerta.
Bb3nprema cbbMpaHeTo KaTo NpakTnyecko fobaBaHe, a N3BAXKAAHETO KaTO OTHEMAHE Ha
YyacT oT rpyna.

BapuaHT 3a peanmsauma Ha negarorMyecKara cutyaumsa:

B ABa nAMKa ca NOCTaBeHW NOABUMMKHU enemeHTu — unopm oT 1 g0 9, 3Haum 3a cbbupaHe,
N3BaXKgaHe, PaBEHCTBO, U pPa3anyHn durypu-nnogose. Ha MHTEpaKTMBHA AbCKa,
n3paboTeHa OT BE/IKPO, AeLuaTa ce 0byyaBaT ga noAperkaaT peanuarta Ha unmcnata ot 1 go

9. C nomouTa Ha Negarora pelwasaT MaTeMaTUYeCKM 3343a4M OT cbbnpaHe 1 n3BaxkaaHe.
Mogayn 7 — ,,EXXKO BEXXKO CbBUPA XPAHA 3A 3UMATA”

Jnuye 1 MoAaBUXKHU enemeHTH

O6pasoBartenHo HanpasneHue: ,MATEMATUKA”, ,OKOJIEH CBAT”.
O6pasoBaTtenHo agpo: KonnyectseHn oTHoLLEeHMA; CBEeTbT Ha NPUPOAaTa U HEFrOBOTO
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onasBaHe.

OuakBaHM pe3yntatu: [leteTo Mma npeacTaBa 3a NPOMeEHUTE B NOBEAEHMETO HA HAKOMU
XMBOTHU B Pa3/INYHUTE C€30HU. Bb3anpmema cbbupaHeTo KaTo npakTnuyecko gobassHe, a
N3BaXXAAHETO KAaTOo OTHEMAHE Ha 4acT OT rpyna

BapuaHT 3a peanmsauma Ha negarorMyecKara cutyauma:

ExXKo BerkKo cbbupa xpaHa 3a 3MmaTa KaTo OTroBaps Ha 3a434eHa MmaTemaTmnyecka
3a4a4a. Bcekn npasumneH oTroBop HOcKU Harpaga — A6baka, rbbka, mopkosye u ap. JeuaTta
npnaobusaT ymeHUA Aa U3BbPLUBAT onepauumTe oTHeEMaHe 1 npubaBsHe Ha yncnata ot 1
[0 9.

Mogayn 8 — ,,INOA0POAHA ECEH”

NMnue 2 Nnuye 1 MoAaBUXHU enemeHTH

Clde
D de
¢

O6pasoBartenHo HanpasneHue: ,,OKOJIEH CBAT”, , MATEMATUKA”, ,KOHCTPYUPAHE U
TEXHONOMMM”.

O6pasoBaTtenHo Agpo: KonnyectseHu oTHolweHMA; M3mepBaHe; CBETLT Ha NpupoaaTta u

HerosoTo ona3BaHe; ObpaboTBaHe Ha MaTepuanu, CbeAUHABAHE U CBbP3BaAHE.

OuakBaHu pe3yntaTtu: [leteto pa3bmpa NoTpebHOCTUTE HA pacTeHMATA NPe3 pasIMYHUTe
ce30HKU. HazoBaBa NoHe eAHO YCN0BME 3a KMBOT U pa3BUTME HA pacTeHMATa. [ToKka3Ba B
NPUPOAEH KaneHaap MeTeopo/IorMYHOTO BPEME U CPaBHABA NPOMEHUTE B CE30HUTE.
CpaBHaABa 06eKTW N0 TeXHM NPU3HALM: roieMuHa U UBAT. CpaBHABa 6poa Ha obekTuTe (40
10) B gBe MHOXecTBa. CbeaMHABA e/1eMEeHTH, KaTo 3aKayBa M OTKa4Ba.

BapuaHT 32 peanaunsauma Ha NneparorMyecKkaTta cuTyauma:

CuTyaumsaTa 3anoyBa c becea, YUpes KOATO Ce YTOYHABA, Ye NIATOTO BeYe OTMUHABA U MAaBa
cnenBalLUAT ce30H — eceHTa. [MeaarorsT Haco4YBa AelaTa KbM TemaTa Ha CUTyaumsaTa —
HapwuyaT TO3M Ce30H ,,N1040poAHa eceH” — 3awwo? JeuaTa M3Ka3BaT cCBOUTE
npeanonoXeHuns. YToUHABA ce, Ye roNiAMa YacT OT N040BeTe 3pesT B Kpas Ha NATOTO U
HayaNoToO Ha eceHTa W TOBa e Ce30HbT, B KOMTO XopaTa NoAroTBAT 3MMHMHA 3a CeBalLmna
ce30H — 3umara. becegarta npoabnkasa ¢ Bbnpoc ,Kbae pacraT niogosete?”. BbBerkaa ce
TEPMUHDBT OBOLLHA rpaauHa. 3a4a4aTa ce peanmsmpa GpoHTaIHO C rpynaTa. YunutenaT

n3bupa KOHKpeTeH Nnoj - Abb/Ka, a AelaTta A HasoBasaT. Onucear A. EAHO aeTe 3aKaya
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A61b/IKaTa BbPXy AbPBOTO, @ OCTaHANNUTE CNEAAT 3a NPaBUIHO U3MNb/AHEHME Ha 3a4a4aTa.
[euata ce CMeHAT 40 NPUKIOYBaHE Ha 06eKTUTe. ABBAKUTE Ha AbPBOTO Ca NOABUMKHU U
Ce 3aKpenBaT KbM AbPBOTO C Konye U nactmye. Cneapaliata 3a43a4a 3aTBbPXKAaBa
3HaHMATA 33 YacT-UAN0 U rONAM-ManbK, pa3BMBa ce HabatogaTeIHOCTTa U OKomepa Y
Aeuata. [leyata obupat nnog0BeETE Ha AbPBOTO, KaTO MM COPTUPAT B ABETE KAaCETKM No
Pa3NIMYHM NPU3HALM — LBAT, roIeMm1Ha. TaKa ce pa3BMBaT YMEHMATA 3a rpynupaHe u
KnacuduumpaHe no pasmMyeH npusHak. [euarta nsbpossart cbbpaHuTe Nioa0Be B
KaCeTKMUTE M peLlaBaT 3a4a4M 3a OTHEMaHe U npubassHe.

Moayn 9 - ,KOA E AYMATA?”
JNnuye 2 Nvnuye 1 MoaBUXXHU enemeHTH

- (@ & (L\.&Q L :
O6pasoBarenHo HanpasneHue: ,6b/ITAPCKN E3UK N TIUTEPATYPA”, ,,OKOJIEH CBAT”.

O6pasoBaTtenHo AAPO: 3ByKOBA KyNTypa; CBETHLT HAa NpMpoAaTa U HEFOBOTO OMa3BaHe.

OuaKBaHM pe3ynTaTtu: [leTeto onpeaenn 3sByKa B Ha4aN0To M B Kpaa Ha gymara.
Pa3no3HaBa 1 Ha3oBaBa rpadMyHM 3HALLM Ha HAKOW NeYaTHM BYKBM, CBBP3aHU C
HaMMeHOBaHMATA HA NO3HATM NMLLA U NPeaAMETU; CbCTaBA CPUYKM U U3NUCBA ABYCPUYHM
aymu. ma npegcraBa 3a NPOMEHUTE B NOBEAEHNETO Ha HAKOW XKUBOTHU B Pa3NYHUTE
ce30HU. Pa3burpa NnoTpebHOCTUTE Ha pacTeHUATa Npes3 pas3InyHuTe ce3oHU. HasoBaBa
NOHe eZHO YC/I0BME 3@ }KMBOT U Pa3BMUTUE Ha pacTeHUATa.

BapuaHT 3a peanusauma Ha NneparorMyecKkaTta cuTyauma:

Yuntenart nposexaa 6ecesa c uanata rpyna. Bbpxy MHTepaKTMBHATa AbCKa, U3paboTeHa
OT YepHO BE/IKPO, TOM NOCTaBA Noc/ieAoBaTeIHO pUrypa Ha }KUBOTHO, NAOA, UIN 3E/1EHYYK.
Ha3oBaBaT A 3ae4HO C AeuaTta KaTo apTUKyAnpaT oHEMM B CPUYKK. 3aTBBPKAABAT Ce
aAymuTte: neten, Kyde, puba, roba, TMKBaA, A6BAKaA. Mo BCAKA OT durypuTe negarorst
dbopmynnpa cNOBOCHYETAHUS U KPATKU U3PEUYEHUS — METENBT KYKYPUra, Ky4eTo nae,
pubaTa nnyBea, rbbata MMa NbHYE, TUKBATa € OpaH}KeBa, Abb/KATa e cnagka v T.H. JeuaTa
M YyYUTENAT HA30BaBAT Pa3IMYHUTE GUrypUu 1 06ACHABAT TAXHOTO NpeaHa3HayYeHue.

Ha gbckaTa ce 3akpensa efHa oT GuUrypute, CKpUTH B AKob6a B 40NHUA NAaB brba. Cnes
Ha3oBaBaHe Ha 00EeKTa, yUMTeNsaT u3Baxaa ot AxKoba HyKHUTe bykBU. 3aaayaTa e geuata

[la ce HayyaT Aa CbCTaBAT YeTUPMU, NeT K WecTbyKBeHN AyMu cnea noKassBaHe oT nejarora
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KaTo ce uenun npuaobusaHe Ha eleMeHTapHU NO3HAHWUSA 32 CPUUYKYBaHE M YeTeHe.
MocoyeHo AeTe NOCTaBA UNCBALLMTE 3BYKOBE B HAYanoTo / B KpaA Ha AiymaTta Mau camo
rnacHuTe 3ByKoBe. MrpaTta ce noBTapaA C BCUYKKU GUrypu, KaTo Aelata ce CMeHAT A0
NPUKAOYBaHe Ha obekTuTe.

Mogyn 10 — ,UTPA HA JAMA”
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O6pasoBarenHo HanpasneHue: ,PUINYECKA KY/ITYPA”.

O6pasoBartenHo agpo: Mrposa aBuraTesiHa AeNHOCT.

OuakBaHu pe3ynTtaTtu: [leTeTo Bnagee Habop OT NOABUKHU Urpu: WwadeTHU; 3a
YCbBbPLIEHCTBAHE TEXHMKATA HA ECTECTBEHUTE ABUMKEHMA; 32 KOMMNEKCHO PAa3BUTME Ha
ABuraTenHuTte cnocobHocTu. MNo3Haea 1 cnasBa Ayxa Ha ,YecTHaTa urpa”.

BapuaHT 32 peannsauma Ha NneparorMyecKkaTta cuTyauma:

MogaynuTe ce noapexaat no cxemaTa Ha dur. 3, KaTo AeuaTa CbeAMHABAT OTAENHUTE
MOAYNN NOCPeaCTBOM 3aBbp3BaHe TUN ,,NAaHAE/KA” Ha PUNCOBUTE NEHTU eAHa C gpyra.
[Jeuata ce pasgensaT Ha gBa otbopa. C xBbpasHe Ha 3apye ce onpenens Ko oTbop we
urpae nbpsu. MbpBMAT Urpay TpAGBa Aa XBbP/AM Kanayka Ha noseTo ¢ Homep 1, cnepn
KoeTo TpAbBa Aa CKaya Ha eAMH KpaK KaTo CTbMBa BbB BCAKO MOJIE, @ TaM KbAETO ca ABe —
C ABATa Kpaka. B nocneaHoTo nose ce 0bpblia M Tpbrea 06paTHO, KaTo Ha BPbLUaHe ce
Ccnupa Npeau KBagpaTyeTo, B KOETO e KanaykaTa M A0KaTo e Ha , Kyl Kpak” Tpabsa aa ce
HaBege u Aa ro BaurHe. Nocne ce BpbLa A0 HA4Ya0TO M NPOABLIXKaBa C Homep 2. Tpabea
a3 ce BHUMABa Aa He ce n3sese M3BbH ovepTaHuATa Ha noneto. Koto cobpKa, rybu peaa
CW M 3aM04Ba CNeABALMAT YYAaCTHMK. XBbPIAHETO HA Kanayka He TpA6Ba Aa U3113a U3BBH

oyepTaHMATA Ha XKenaHoTo nose. ToBa ce NOBTapA OT eaHO A0 AeseT. [leyenu To3u, KOWTO

nbpBuU ycnee ga CtTurHe n ga nanrpae noseto ¢ HACNOoTO AEBET.
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3AKTIONMEHUE

BHegpAaBaHETO Ha MHTEPAKTUBHUA KUAMM-TPAHCOOPMBP KAaTO CPeacTBo
3a obyyeHune B AETCKM rpagmHm 6u Morno Aa NpomMeHu TPaauLMOHHMA yyebeH
npouec B HepernameHTUpPaHUTE UrPOBO-NO3HABATE/IHM  MNedarornyecku
CUTYaLWUM, KAaTO ro HanpaBn NO-MOAEPEH U OPUEHTUPAH KbM MHOUBUAYANHUTE
HY>KAW Ha BCAKO AeTe.

Jeuata moraT ga pa3BMBAT OCHOBHWM MNO3HABAaTE/HM YMEHWUA, KaTo
pellaBaHe Ha JIOrMYeCcKKn 3a4a4uM 1 pa3no3HaBaHe Ha POPMU M LIBETOBE, KAKTO U
ABUraTenHa KoopAnHauuUa Ypes akTUBHU Urpu U pU3nYecKa akTUMBHOCT.

3D KMAMMDBT HacbpyaBa paboTaTa B EKWUMN, KOMYHUKauuAaTa W
B3aMMOAENCTBMETO MeXAYy Aeuata, KaTto CTMMyAMpa eMOLMOHANHaTa
WHTENIUTEHTHOCT W COUMANHUTE YyMeHuA. YuyuTtenute morat ga Cb3gasar
CUTYALMM HA CbTPYAHMYECTBO U CbpeBHOBAHME, KOUTO NOANOMAraT pa3BUTUETO
Ha geuaTa.

MMNOTHATa MOCTPA Ha KMAMMA-TPAHCPOPMBP € TecTBaHa C aKTUBHOTO
y4yacTue Ha Aeua OT TpeTa M YeTBbpPTa Fpyna OT AeTcKa rpaauHa ,3opHuua” B rp.
CnuseH

HayuyHuTe wu3cnegBaHuA, pesyntatute OT KOUTO ca nNpeacTaBeHu B
HacToAwaTta nybamKkauua, ca PpUHAHCMPAHU OT BbTpewHumAa KOHKypc Ha TY-
Codusa-2024r.
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WHOBATUBEH NOAX0A 3A AU3ANH HA TbKAHMU,
WU3PABOTEHU B CNJIUTKA ®UTYPHO ABOMHO INTO

TaHA lNeHeBa
TexHunuyeckun yHmnBepcutet-Coodusa, Konex-CnmseH
tannna.peneva@tu-sofia.bg, Ten.: 0878278067

AHOomayusA: Bucokama KOHKYpeHUUsA 8 cekmopa nocmaess rped npoussooumesnume
Ha obnekno cnoxcHama 3ada4ya 0a npouszsexc0am Hosu Modesnu 0b6neKna 8 Kpamku
cpokoge. EOuH om nodxooume 3a pewasaHemo Ha npobsema e Uu3noa38aHemo Hda
pasHoobpasHu naamoee 3a uzpabomeka Ha uzdeausma. Toea om ceos cmpaHa Hanaza npeo
npouszsodumenume HA MBKAHU 04 pPa3wupasm u pa3Hoobpazsm acopmumeHma cu.
HenpekbvcHamo nosuwasauwjume ce UeHU HA CyposUHUMe U eHepaulHume U3moYHUuU
Hasnazam peweHuemo Ha npobaema 0a ce usmMecmu om NPakmMu4yeckume acrnekmu Kamo
CmpyKmypa U 670KHecm CcbCMmae Ha rnzaamoseme U 0d Ce HACoYU KbM MAXHOMO
XxydoxcecmaeHo opopMsAHe.

Hacmosawama paspabomka npedcmass u3cned08aHe HA B6b3MOXHOCMUMeE 3a

npoeKkmupaHe Ha Ho8u Ou3aliHuU NNaAamoee Ypes crnaumxa guaypHo 08oliHo AUMo.

Knrovoeu oymu: npoekmupaHe HAG MbKAHU, Xy00HecmeeHo 0opmMsAHe HA MBbKAHU,
cnaumeka ¢guaypHo 080olHOo Aumo.

INNOVATIVE DESIGN APPROACH FOR FABRICS MADE IN
FIGURED DOUBLE PLAIN WEAVE

Tanya Peneva
College —Sliven, Technical University-Sofia
tannna.peneva@tu-sofia.bg, tel.: 0878278067

Abstract: The high competition in the sector, poses a complex task for clothing
manufacturers to produce new clothing models in a short time. One approach to solving the
problem is to use a variety of fabrics to make the products. This, in turn, makes it necessary
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for fabric manufacturers to expand and diversify their product range. The constantly rising
prices of raw materials and energy sources make it necessary to shift the solution of the
problem away from practical aspects such as the structure and fibre composition of fabrics
and towards their artistic design.

This paper presents an investigation into the possibilities of designing new fabric
designs using figured double plain weave

Keywords: figured double plain weave, design of fabrics

BbBEAEHUE

MopaTta e ABUXKeLLa CMia B XKMBOTa Ha CbBpeMeHHMA YoBeK. Han-apbk
M3pas Ha TO3M coumaneH ¢eHomeH e obneknoto. Mexay 061eKnoTo U
nnaToBeTe CbLLECTBYBA TACHA QYHKLUMOHANHA 3aBUCUMMOCT. To3M $aKT nocTass
npea Npou3BoAUTENNTE Ha TbKaHW CNOXHATA 3a4aya, A3 NPOM3BEXKAAT rosiam
M 6bP30 NPOMEHSALL, CE AaCOPTUMEHT OT apPTUKYIN.

BucoKaTa KOHKypeHUMs B CEeKTopa, HenpeKkbCHaTO NoBMLWIaBaWMTE ce
LEeHW HA CYPOBMHUTE U EHEePrumHUTe WM3TOYHWULW, HanaraT peleHUeTo Ha
npobnema ga ce M3MeCTM OT NPAKTUYECKUTE aCNeKTU KaTo CTPYKTypa U
B/IAKHECT CbCTAaB Ha MJATOBETE U Aa Ce HACO4YM KbM TAXHOTO XYAOMKECTBEHO
odpopmsHe.

[OV3alHBT Ha nnatoBeTe € KOMMNAEKCHa AeWHOCT, obepuHsaBawa W
oTuMTawWa peanua ¢GakTopu - MOAHU TEHAEHUMWN, NpeAHa3HayYeHne, BAaKHeCT
CbCTaB, KOHCTPYKUMA, PaA3IMYHU  anpeTypHn o6paboTKM, TEeXHONOTNYHMU
Bb3MOKHOCTM HAa MalMHUTE U Ap. He3aBMCMMO OT pa3BMTMETO HA TEXHMKATA U
TEXHONOTMUTE,  HULWENKOBUTE  TbKAaYHM  MaWKMHW  HanaraT  U3BECTHMU
OrpaHMYEeHMA Npu AM3alHBT Ha TbKaHuTe. Hal-pasnpocTpaHeHW ca T.Hap
KNaCUYeCKU OeCeHU KaTo pas/IMYyHUTEe BUAOBE paieTa, KapeTa, NonynapHuAaT
AW3aliH nenuT KU He Ha nocnegHo macto Glen Check, HapuyaH owe Prince of
Weles check — ¢ur.1.
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A - nenut®’ b - Glen Check®? B — wotnaHacko Kape®?
®wur.1. leceHn HA TbKaHU NnaToBe

MpeacraBeHUTE AN3AaMHM Ce M3rpaXKaaT OT Pas3/IMYHM MO UBAT M pasmep
NNHUKN, GUTYPHU Pa3UBETKM HA NMBPBUYHUTE CNAUTKU U TEXHUTE MPOU3BOAHMW.
3a paswupaBaHe acopTMMeHTa Ha wu3genusata e Heobxogmmo pa 6baat
n3cneaBaHM Bb3MOXKHOCTUTE 33 AM3aMH Ha TbKaHM C KOMOMHUPAHN N CAOXKHMU
CNNTKMN.

Hactoawara pa3paboTka nma 3a Uen cb3gaBaHETO Ha HOBM MHOBATUBHM
AN3aNHN Ha TbKaHW Ha 6a3aTa Ha cnaAnTKa GUrypHo ABOWHO INTO.

M3TOXKXEHUE

Cnautkata OUrypHO [ABOMHO /INTO MNPUHAANEXKM KbM rpynaTta Ha
CNAUTKMTE 33 ABOMHU TbKaHW. MI3BECTHO €, Ye ABOIMHUTE TbKaHWU Ca M3rpaseHM
OT ABe CAaMOCTOATE/IHN CUCTEMM HULLKK, KAaTO CbLLECTBYBAT PA3/IMYHN METOAM
3a cBbp3BaHeTo MM. CnaunTKaTa GUrypHoO ABOMHO NNTo ce B6a3mpa Ha NpMHUMNa
Ha T.Hap. Kyxu TbKaHW. [lBaTa nsiaTa ce CBbP3BaT MOMENKAY CM KATO NPOMEHAT
CBOETO MOJIOXKEHME eAuH ChpsMOo ApYyr T.e. FOPHUAT NNaT NpemMuHaBa B

[lONHATa pPaBHWMHA, @ AONHUAT B ropHaTa.%® Hakon aBTOpM TBBPAAT, Ye B TO3M

97 https://www.art-fabric.ru/tvid-kostyumnyy-gusinaya-lapka-klassika-008903

998 https://natalyaworobei.blogspot.com/2018/10/blog-post.html

993 Martin, R.,Clans and Tartans of Scotland, Mainstream Publishing Company, The Limited,
1996.

Po3saHoB ®©.M., Kytenos O.C., Kynukosa [.M., MonuaHoB C.B. CTpoeHune 1 NpoeKkTupoBaHue
TKaHel. - M.: TlocypapcTBeHHOe Hay4YHO-TEXHUYeCKoe wu3gaTenbCTBO  MUHUCTepPCTBA
NMPOMbILWNEHHbIX TOBAPOB LMPOKOro notpebaeHna CCCP, 19531000
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CﬂyanI HE MOXEeM Aa roBOpPUM 3a ropeH n AoneH nNaat, a N0 CKOPO TpH6Ba Aa

M pasrpaHuyasame crnopef, TexHuTe useTtosell,

B ToBa TBbLpAEHME MMa
M3BECTHO OCHOBaHMWe. B HacToAwaTta pa3paboTka c ornesg Ha NO-ACHOTO
OoHarnegAsaHe ABaTa naata we 6baaT onpeaeneHn Kato:

e Moayn 1 — nnaTbT, YNATO NbPBA OCHOBHA HULLKM, NPEnnTa KaTo
ropeH nnaT, CbracHO CNAMUTKATa;

e Moayn 2 - nnaTtbT, YMATO NbPBA OCHOBHA HULLKMK, MNPEnauTa KaTto
A0NeH NNaT, CbrNMacHO CNAMUTKATA.

Ha ¢wur. 2. ca npeacTaBeHn CTPYKTYPHUTE XapPaKTEPUCTUKM HA CMINTKUTE
Ha Moayn 1 n Moayn 2 v HanpeyeH paspes, UACTPUPaALL, NOJTIOXKEHNETO UM

eauH CNpsamMmo Apyr.

A-Mopgyn 1l b - Moayn 2
®dur.2. CTPYKTYpHU eNneMeHTU Ha CNAUTKA PUrypHo ABOIMHO INTO

1001 5 lynp-Usepcen, Tkaukue nepennetenuns, Mspatenctso TexHuka, Copua 1989.
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XapaKTepHa 0co6eHOCT 3a TO3M BUA, TbKaHW € CBbP3BaHETO MeXAay ABaTa
CNoA, KOeTo e MO KOHTypa Ha npoeKkTupaHata ¢urypa. B cneacteuve Ha
pasMAHaTa Ha NoJIoKeHNEeTo MM GUrypuTe Ha onakoBaTa CTpaHa ca HeraTuBs Ha
¢urypute ot nuuesata. Bcekn cnoit nnat ce obpasyBa OT MpenIMTaHETo Ha
cobcTBEHaTa My OCHOBA M BbTbK, KOETO [jaBa Bb3MOXHOCT, No/lyYeHuTe Gpurypu
[a 6baaT c ACHU M unCTU LBeToBe. ToBa ce Ab/MKM Ha PpaKTa, Ye NPu TO3M HaUuUH
Ha TbKaHe ce n3baresa epeKTbT Ha eAHOBPEMEHEeH KOHTPACT Ha LBeToBeTe Ha
npenauTalmTe ce HUWKKU. PasmepbT Ha ¢purypute Tpabsa Aa ce nNpoeKkTupa B
3aBMCUMOCT OT PYHKLMOHANHOTO NpeAHa3HayeHne Ha TbKaHTa, Tbil KaTo B TAX
ce o6pasyBa KyxmHa, KOATO MOXe [a BNOLLM Ka4ecTBOTO Ha usaenmetoi®®?,

TbKaHuUTe wu3paboTeHn B CAAMTKA PUIYPHO ABOMHO /UTO Ca
npeaHasHauYeHW Hal-Beye 3a Pas/IMuyHM BUA0BE BUTOBM TEKCTUAHWU M34Eenua —
NOKPUBKM, [aMacKku, KOBepTIOpU. HamupaT LMPOKO MPUIOKEHME U B
MNPUNOMKHOTO U3KYCTBO Y PbYHOTO TbKaYyecTBo — ¢ur.3.

®wur.3. Wan, nspaborteH B cnantka purypHo ®ur.4. lu3aiiH Ha TbKaH B CN/IMTKA
ABOIHO nuTol003 $UrypHo ABOWHO NUTO

Mpwn aHanM3 Ha Au3aHUTE Ha TO3W BMA, APTUKY/INU, Ce YCTAaHOBABA, Ye B
NOBEYETO C/y4an Ce M3MO0/3BaT pPas3/IMYHM MO TONeMUMHA MPABObIbAHULM,
KBagpatn naun eurypu, obpasyBaHm OT TAX, KOUTO Ca PA3MNOJIOKEHM yCnopeaHo
Ha OCHOBATA Ha TbKaHTA. TOBa Ce Ab/IKN Ha PaKTa, Ye NP NPOEKTUPAHETO Ha

1002 Sshenton, J. Woven Textile Design, https://www.pdfdrive.com/woven-textile-design-
€166930205.html
1003 https://evasweaving.wordpress.com/2010/02/14/patterned-double-weave-two-
projects/

1227



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

n3penuaTa, ce CrnassBa pPasnNpoCTPAaHEHOTO B MPAKTMKATa npaswuno: Bcako
M3MEHEeHMe Ha KOHTYpa Ha ¢urypaTta aa 6bae paBHO Ha NOBTOPA HA CNIMTKATA,
KOETO 3HauYMTeNHO 06/1eK4YaBa NPOEKTUPAHETO Ha TbKAHUTE, AaBa Bb3MOMXKHOCT
Aa ce wuspaborBaT no-ronemu GuUrypu, HO KOHTYpUTE MM ca no-rpybu wm
CTbN60BUAHMN.

3a M3N0N3BAHETO Ha CNAMTKAa  QUIYypHO ABOWMHO /MTO  NpU
NPOM3BOACTBOTO Ha M34ENUA C NpUAOXKeHWe B 0ONeKNoTo e Heobxoammo
burypute pga 6bAAT € NO-ACHW, OUHM W TNAAKM KOHTYpu. ToBa Hanara
HeobxoAMMOCTTa OT HOB NMOAXO0A NPU NMPOEKTUPAHETO MM, KaTo 3a opopmAHe
KOHTYpa Ha ¢urypute ce M3non3sa Bb3MOXKHO HaM-ManKoOTO namectaHe. Mpu
pasrnexgaHaTta CnanTKa Han-MasKOTO Bb3MOXKHO M3MECTBAHE € PaBHO Ha %2 OT
NOBTOPA M T.€. - 2 HULLIKMK

NMPOEKTUPAHE HA ®UTYPU CbC CNINTKA ®UTYPHO IBOMHO NINTO

HanpaseH e cpaBHUTENEH aHaNU3 Ha ABaTa METOAa 3a NPOEKTUpaHe Ha
OECeHN CbC CnanTKa GUrypHo ABOMHO AMTO. 33 UenTa ca NPOEKTUpaHu aBe
MOCTPU C Pas3IMYHU reomeTpuyHm o¢urypu: Moctpa 1 e Kpbr; Moctpa 2 e
KBaApaT, CTOAW, HA eAUMHUAT CU BPbBX WU PA3NOIOXKeH nepneHAUKYIAPHO Ha
BbTbKa Ha TbKaHTa.

OT BCAKA MOCTpa Ca NPOEKTMPaAHM NO ABa BapMaHTa C e4HAKBM pasmepw,
KaTo Npu BapuaHT 1 oyepTaBaHETO Ha KOHTypa e C M3MeCcTBaHe pPaBHO Ha
NOBTOPA Ha CNAMTKATA — 4 HULWKMK, @ NPM BAPMAHT 2 C MU3MECTBAHE PABHO Ha %
OT NOBTOpPaA Ha CN/INTKATA — 2 HULLKMW.

MbpBOHA4YaNHO € npeacTaBeHa CTUAM3aAUMATA Ha QuUrypute BbPXy
MpEeXHa XapTuA, BCAKO KBagpatye, OT KOATO OTroBapA Ha egHo
NPeKpPbCTOCBAaHE HA HULWIKUTE OT cnaMTKaTa. CbCTaBeHa e CNIMTKATa Ha TbKaHTa
KaTo 3a POH Ha TbKaHTa e n3nonsesaH Moagyn 1, a 3a npoeKkTMpaHaTa ¢urypa e
n3nonssaHa Moayn 2. HanpaseHa e cMmynauma Ha M3genmeTo ¢ NOMOLTA Ha
NPUIOXKeH copTyep.

Ha ¢wur. 5 ca npeactaBeHn etanuTte OT NpoeKTupaHeto Ha Moctpa 1 -
BapuaHT 1, Ha ¢ur.6. Moctpa 1 — BapuaHT 2, Ha ¢ur.7. MocTtpa 2 —BapmaHT 1 n
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Ha ¢ur.8. MocTtpa 2 — BapuaHT 2. [poeKkTnTe ca OCbLLECTBEHM C NOMOLLTA Ha
codtyepHuTe npoayKtn DB — Weave n Weave Point Demo.

CbCTaBeH e anropuMTbm 3a M3paboTBaHe Ha 0bpa3unTe, KOMTO BKIOYBA
cnegHute etanu: OnpegenAHe Ha ¢urypata 3a npoektupaHe; OnpegenaHa
6pPOoAT Ha HULLIKMTE MO OCHOBA M BbTHK, CbINMACHO pa3mepa Ha XenaHata ¢urypa
M BbTbYHATA M OCHOBHA IbCTMHA Ha apTukyna; CtuamsmpaHe Ha ¢urypara;
MN3paboTBaHe Ha UBETHMA NOBTOP; CbCTaBAHE HA CN/AUTKATa; Busyanusaumsa Ha
TbKaHTa C NpuaoxKeH coptyep; NMpom3BoACTBO Ha eKCNepuMeHTaneH obpasel,.

MpoeKTupaHe Ha MocTtpa 1

A - Crunusauymsna b - PurypeH nostop B — Cnautka I — Cumynauma Ha
TbKaH
®wur.5. ETanu Ha npoekTupaHe Ha Moctpa 1 - BapuaHt 1

A - Ctunusaums b - ®durypeH nosTop B-Cnautka r- Cumynauma Ha
TbKaH
®ur.6. ETanu Ha npoeKkTupaHe Ha Moctpa 1 - BapuaHt 2

MpoeKTupaHe Ha MocTtpa 2
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A - Ctunusauma b - durypeH noa‘rop. o B- CnnhTKé | I - Cumynauyma Ha
TbKaH
®ur.7. ETanu Ha npoeKTupaHe Ha MocTtpa 2 - BapuaHTt 1

':’-*'rf'."f." ; rf'r'-* L 6.6 ¢
i ::g.:i.g" i 29
D 6 6 &

A - Ctunusaums b- PurypeH nostop B —Cnautka I —Cumynauma Ha
TbKaH

®wur.8. Etanu Ha npoeKkTUpaHe Ha MocTtpa 2 - BapuaHT 2

AHaNM3bT Ha NPOEKTUPAHUTE MOCTPMU YCTAHOBMU:

e JleceHbT Ha NpPOeKTUpaHaTa TbKaH Ha Moctpa 1 - BapuaHnt 1 n ce
pa3nn4yaBa 3HAYUTE/THO OT MPOEKTUPAHUA;

e [leceHbT Ha NpoOeKTMpaHaTa TbKaH Ha MocTtpa 1 - BapuaHTt 2
CbOTBETCTBA Ha NPOEKTUPaHaTa popma;

e [leceHbT Ha nNpPOEKTUpaHaTa TbKaH Ha MocTtpa 2 —BapwuaHTt 1
CbOTBETCTBA HA NPOEKTUPAHUAT, HO KOHTYPHT HA IMHUUTE € CTbNANIOBUAEH;

e PasmepdbT Ha purypute Ha MocTpa 2 — BapmnaHT 1 ce OTKAOHABA OT
NPOEKTUPaAHUA;

e [leceHbT M pa3mepbT Ha o¢urypute Ha Moctpa 2 — BapuaHT 2

CbOTBETCTBAT HA NPOEKTUPAHUA, KAaTO KOHTYPBT Ha IMHUUTE € INagbK.
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MpoBeaeHUAT CpaBHUTENEH aHAIM3 Ha ABaTa MeToAa 3a NPOEKTMPaHE Ha
TbKaHM CbC CNAMTKAa GUIypHO ABOMHO NMTO NO3BOMABA Aa Ce HanpasAT
cnepgHUTE N3BOAM:

e [lpoeKTUpaHeTo Ha KOHTypa Ha ¢urypute ¢ MU3MecTBaHe PaBHO Ha %
OT NMOBTOpPA Ha CN/AMTKATa AaBa Bb3MOXHOCT 33 NMPOM3BOACTBOTO HA TbKaHU C
NO-ICHN O4YepPTaHUSA U CNOXKHU dopMU;

e Pasmepute n ¢dopmata Ha oburypute CbOTBETCTBAT Ha UAEUNHMA
3aMUCHA.

M3PABOTBAHE HA EKCMMEPUMEHTAIEH OBPA3EL

3a n3paboTBaHeTO Ha eKcnepumeHTanHusa obpasel, e n3bpaHa cnamMTKaTa
Ha MocTpa 2 — BapuaHT 2. B3eTo e pelleHMe ga ce W3NoA3BaT TPM LBATa
npexxgu. Llenta e ocBeH KOHTypa M popmaTta Ha AMHUKUTE Ha durypuTte aa ce
nscnegsa M edPeKkTbT HA eAHOBPEMEHEH KOHTPACT Ha LBEToBeTe npu

NPeKPBbCTOCBAHETO Ha npexaute.

T AR e e S T s e e e

YPON DC A\ ‘) >

N

oe] @ J/H 13l

®ur.9. IlpoexT Ha ®ur.10. IIponsBeneH ekcnepuMeHTaleH o0pasen
eKclepuMeHTaJHus 00pa3en
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lNpoeKTnpaHaTa TbKaH e CbC CnegHUTEe XapaKTePUCTUKN:

OcHOBHa MCTUHA Ha CypoBMA NnaT:
BbTbYHA MCTMHA Ha CypOBMA NANAT:

CbCTaB M IMHEMHA NABTHOCT Ha NpeXam 3a
OCHOBa:

CbCTaB M NIMHEHa NIBTHOCT Ha NpeXXau 3a
BbTbK:

CHoBaHe:

CoBaHe:

OCHOBHa MbCTMHA Ha rOTOBMA NAAT:
BbTbYHaA MbCTMHA Ha roToBMA NAAT:
WnpurHa 1 rpamark Ha rotToBMA NaaT:

30 [ 6p. HUWKKM / cm ]
28 [ 6p. HMWKKM / cm ]
100% Mamyk, 30 [ tex ]

97% Bucko3sHa KonpuHa 3% EnacTah,
30 [tex]

16(1A, 16) 16(1B, 16 )

16(1A, 16) 16(1B, 16 )

40 [ 6p. HUWKKM / cm ]

32 [ 6p. HUWKKM / cm ]

145cm, 350 [g/m ]

EKcnepnmeHTanHaTa mocTpa e nspaborteHa CbC CbAENCTBMETO HA dMpMma
,E.Miroglio” EAD. Ha ¢ur.9 ca npeactaBeHU NPOEKTHLT, eKCNepUMeEHTANHUAT
BapuaHT — ¢ur.10. YCTaHOBEHO € CbOTBETCTBME MEXKAY AN3alHA Ha NPOEKTa U
eKCNepuMeHTanHMA BapuaHT. EAHOBPEMEHHMA KOHTPACT Ha LBETOBETE,
Cb34aBa UNKO3UATA 3@ AONBJAHUTENIEH LBAT, KOETO PasWMpPABa Bb3MOXHOCTUTE
33 NPOEeKTMpaHe.

MPOEeKTUPaHM ca AM3alHM 4Ype3 NMPOMAHA Ha LUBETHOTO peayBaHe Ha
npexgute 6asata Ha pa3paboTeHaTa cNAMTKA. 3a O3Ha4YaBaHe LBETOBETE Ha
npexanTe ca M3Non3BaHM O3HayeHuATa: A — 4yepBeHo, b —6an0, B —4epHo.
PaspaboTteHnTe Am3alHU ca C eAHAKBO CHOBaHe M coBaHe. Ha ¢wur. 11 e
npeactaseH AusaiiH: 8(2A, 2B) 8(2B, 26). Ha ¢wur. 12 e npeactaBeH AM3aliH:

8(2A, 25) 8(2B, 2E). Ha dur. 13 - 16(1B,15) 8(2A,25).
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®wur.12.4usaiiH ¢ useToBo pegysaHe: 16(1B,16) 8(2A,26).

3AKTIOMEHUE

PaswmnpsaBaHETO Ha aCOPTUMEHTa Ha TbKaHWUTe NJaTOBE € HEMUCIMMO
6e3 pa3paboTBaHETO Ha HOBM AM3aHU. OnepupaHeTo camo C NMPOMEHU B
LBETOBOTO peAyBaHe Ha NpexauTe e HeaoCTaTb4yHO M Hanara 3HAYUTE/HU
OrpaHMYEeHUA NPU XyA0KeCTBEHOTO 0POPMAHE HA TbKaHUTE.

HanpaBeHOTO M3cneaBaHe Ha Bb3MOMKHOCTUTE 33 Cb3JaBaHe Ha HOBM
AM3alHN C NOMOWTA Ha CNAUTKa PUIYypHO ABOWMHO NINTO, NPeacTaBA HOBM
NepcrneKkTUBM 3a pasliMpsiBaHe Ha aCOPTUMEHTa Ha TbKaHuTe.

MpepnoXKeHNAT HOB NOAXO4, 33 NPOEKTUPAHE U CbCTaBAHE HA CNAMTKATa
[aBa Bb3MOKHOCT Aa ce NPOoeKTMpaT purypm c pasHoobpasHu Gopmu 1 rnagku

KOHTYpM.
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NMPEAU3BUKATE/ICTBA MO NbTA KbM LM®POBU AHEBHULIN HA
CTPOEXUTE

Mapwua Topgoposa
YHUBEPCUTET NO apXUTEKTYpPa, CTPOUTENCTBO U reogesun, Codus
e-mail: m.todorova_fce@uacg.bg
Muxaena KyteBa-lfeH4yeBa
YHMBEpCUTET N0 apXMTEKTYpPA, CTPOUTENCTBO U reoaesns, Codus
e-mail: kouteva_fce@uacg.bg
JiobkKa NawoBsa
HaunoHaneH MHCTUTYT no reodpusmnka, reoaesns u reorpadpua —
bbarapcka akagemuma Ha HayKuTe
e-mail: Ipashova@geophys.bas.bg

AHomayus: Lugpposume OHesHUUU HA CMpoeXume Cb30a8amM 6b3MOXHOCM 3d
npusnazaHe HA CbB8peMeHeH Mo0Xo0 3a ynpasseHuUe HA CMpPoumenHama UHGOPMAayus,
UeHMPpanu3upaHo CbXpPaHeHUe Ha OGHHU U ynecHeH o0ocmdbr 00 UHGOpMayuAa Ha
3aUHMepPecosaHUMe CMPAHU 30 UEnuA MHU3HEH UYUKbA HA C2padHuUA ¢poHO. YcrnewHume
npumepu 3a 8HeOpsABaHe HA Yugposu OHEBHUUU 8 CMpoumenHama npPaKmuKka u
uHmezpayuama um coec CM u KadacmpanHu cucmemu npedocmasam HO8U nepcriekmusu 3a
no-epeKmMueHoO yrpaesneHue Ha OaHHUMe, Cb30a8aHE HA MPO3PAYHOCM U 8b3MOXHOCMU 30
paspabomeaHe Ha Hosu busHec Modenu U UHCMPYMeHMU 30 ycmoU4uso cmpoumescmeo.
BveexdaHemo Ha yugposume OHesHUYUMeE € C8bpP3aHO C peduya npedussuKamesncmsa Kamo
u3bop Ha NMOOXO0AWA KAACUGUKAYUOHHA cucmema, memodu 3a CcbbupaHe, CobXpaHseaHe U
801UOUPAHE HA OAHHU 30 CbUecmaysauyu c2padu, Ocu2ypABaHe Ha HAOeHOHOCM U cu2ypHOCm
Ha UHopmayusma u op.

Knrouosu oymu: yugpposu OHesHUYU HaA cepadu, capadeH pOoHO, KAacupuKkayuoHHA
cucmema, CMIM, kadacmpanHa cucmema

CHALLENGES ON THE ROAD TO DIGITAL BUILDING LOGBOOKS
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Abstract: Digital building logbooks create an opportunity to implement a modern
approach to construction information management, centralized data storage, and facilitated
access to information for stakeholders for the entire life cycle of the building stock. Successful
examples of implementing digital logs in construction practice and their integration with BIM
and cadastral systems provide new perspectives for more effective data management, creating
comprehensive sector transparency and opportunities for developing new business models and
tools for sustainable construction. The digital logs implementation faces many challenges
related to the choice of an appropriate classification system, methods for collecting and
validating data for existing buildings and their storage, ensuring timeliness, accuracy
(correctness), and security of information, etc.

Keywords: digital building logbook, building stock, classification scheme, BIM, cadastral
system

1. HeobxoaumocT u nonsu ot uMPpPoOBU AHEBHULM

B cbBpemeHHUTE YCNOBMA HA AWMHAMMYEH TEXHONOrMYeH nporpec,
npunaraHeTo Ha AUrnTanu3auua B CTPOUTE/ICTBOTO € HEeOTNOXKeH MPUopuUTeT.
TpaaANUMOHHMAT GOpPMAT Ha AOKYMEHTM Ha XapTUs 4YeCcTo 3aTpyaHABA TAXHOTO
CbXpaHABaHE WU HamMMpaHe, KoeTo BoAWM [0 3arybum Ha mHpopmauma n 3abasa
B3eMaHeTo Ha peweHus. Unudposute aHesHmnum (L) obeanHsasaT npouecute no
cbbupaHe, CbXpaHeHMe M ynpaBieHWe Ha MHPopmauma 3a crpagHua GoHa B
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eflHa MHTerpMpaHa cuctema. Te NpeaocTaBAT LEHTpann3npaHa 6asa gaHHW C
Bb3MOXKHOCT 33 06HOBABaHE B PeasiHO Bpeme, OCUIypPsABaKM aKTya/IHU JaHHM 3a
BCMYKM 3auHTepecoBaHu cTpaHun.% SWOT aHannssT Ha ¢ur. 1 AcHO uaocTpupa
OCHOBHWTE aCNeKT! Ha HeEOBXOAMMOCTTa U MON3UTE OT TAXHOTO BbBEXKAAHE.

S W O 1

Cunum Cnabwn Bb3MOXHOCTH MNpeaussnka-
JlecHo HeobxomuMmocT YeToiuuBo MpaBHu 1
CbXpaHeHue, OT TeXHOJIOTHYHA yhpasJieHue Ha peryJiaTopHu

yrpasJieHue u uHpacTpyKTypa crpaguus Gouj

aKTyaJamusayms

NpenATcTrems

CrorBeTcTBHe ¢
eBpoMneicKuTe

Heobxoamumocr
oT obyUeHue

3arnJiaxa 3a

ueu'rpa.'msupan JIMYHM JaHHM M

AOCTBII CTaHAAPTH YYBCTBHTEJIHA
Bucoku B uHbopMayms

UnTerpaiis ¢ MbPBOHAYAJIHH [Tonodpena

JAAPYTH CHCTEMM paaxoamu Npo3patHOCT Jiurnca Ha

CTaHJaapTH3agmns

®ur. 1. SWOT aHanus Ha uudpposuTe AHEBHULMU

Undposute gHEBHMUM NpeanaraTt naatpopma 3a ePpeKTUBHO ynpaBaeHmne
Ha 3acTpoeHaTa cpea. Te npeacTaBNsaBaT OCHOBEH WMHCTPYMEHT 3a YCTOMYMBO
Pa3BUTUE U MHTErpupaHoO MNNAHUPAHE, KaTO CblUeBPEMEHHO HamanAsat
onepaTUBHUTE Pa3XxoAM U ynecHsABaT AOCTbMNA A0 KOHKpeTHa MHpopmauma 3a
OTAENHNTE KOMIMOHEHTU Ha crpagHuma GoHA,.

1.1. EBponeuncKo v HaLUMOHA/IHO 3aKOHOZATE/NCTBO

YBenunyaBallaTta ce noTpebHOCT OT UndpoBM3aLMa B CTPOUTENHNA CEKTOP
€ TACHO CBbp3aHa C M3UCKBAHMATA HA €BPOMENCKOTO W HALMOHAJIHOTO
3aKoHopaTtencrteo. [lpouecbT Ha AUrKUTaNAM3aUMATA B CTPOUTENCTBOTO Ce
pasrnexkaa B peavua eBPOnNemcKn OUPEKTUBU U HALUMOHANHW 3aKOHOAATENHU

1004 Tonoposa, M., KnacupmKaLmMoHHUTE CUCTEMM KaTO Bb3MOXKEH MHCTPYMEHT 3a Cb3JaBaHe
Ha uMdpPOB NacnopT Ha crpaam n cbopbXKeHua, || Mnaaeskka HaydyHa KoHdepeHums, cTp. 61-
70
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aktoBe (Tabnuua 1), B KOMUTO € CTPYKTypMpaHa CbBPEMEHHATa paMKa 3a

undposM3aLma Ha MHGOPMaLUATA, CBbP3aHa CbC CrpaaHma GoHA.

Tabnuua 1. EBponeiicko U HaUMOHANHO 3aKOHOAATe/ICTBO 33 AUrMTann3auma

D oKymeHT CobwHocT KpaTtko onucaHume

Oupektnea | MHdpacTpykTypa 3a | 3aKOH 3a 40CTbN A0 AaHHuTe 1000

2007/2/EO | npocTpaHCTBEHA HaunoHaneH nopTtan 3a MPOCTPAHCTBEHU [OAHHU

(INSPIRE) nHdpopmauma B EO https://inspire.egov.bg/

1005

Ounpektuea | OTBOpeHM pJaHHM WM | 3agbakaBa nNybAMYHUTE OpraHM Aa NpefocTaBAT

(EC) NOBTOPHO OaHHW 332 NoBTOpHa ynoTpeba, BKA. [aHHM 33

2019/1024 | usnonssaHe Ha | crpaauTe, KOMTO Aa 6baat  goCTbMHM B

1007 MHPOpPMaLMATa  OT | CTaHAAPTM3MPAHU GOPMATH, YNECHABAWM TAXHOTO

06LLEeCTBEHMA CEKTOP | U3MON3BaHE

Ovpektuea | EHepruiiHm CraHmaptv3auma Ha uudposute dopmatm w

(EC) XapPaKTePUCTUKM  Ha | OCMrypABaHe Ha onepaTMBHA CbBMECTUMOCT MeXay

2024/1275 | crpagute pPas/NYHKU cucTeMn WM nNaaTtbopmu, 3a NO-7eceH

1008 0bMeH Ha [aHHM M MHTerpaumsaTa Ha umndbposwm
TEXHOI0MUM B CTPOUTENHMUA NpoLec

,Undposa | Lenn B obnactta Ha | BbBeXXgaHe Ha WMHTEAUTEHTHU WHOPOPMALMOHHO-

Bbarapums undposaTa TEXHONOTMYHWN pEeLIeHNA BbBB BCUYKM Ccdhepu Ha

2025”1009 | tpanchopmaumsa MKOHOMMKAaTa U COLMANHUA XUBOT, BKIOYUTENIHO B
CTPOUTENHUA CEKTOP

1005 Nupektnea 2007/2/EO Ha EBponeickuna napiameHT u Ha Cbeeta oT 14 mapT 2007 r. 3a
Cb3AaBaHe Ha MHpPACTPYKTypa 3a NpocTpaHcTBeHa MHPopmauma B EBponelickaTa obLHOCT
(INSPIRE)

1006 33Kk0H 3a AocTbN A0 obuiectBeHa UHPopmauma. ObHapoaBsaH B [bp>kaBeH BECTHUK, 6p.
5501 710nn 2000 r

1007 Nupektnea (EC) 2019/882 Ha Esponeiickua napnameHT n Ha CbeeTa ot 17 anpun 2019
roAgnHa OTHOCHO M3MCKBAHMATA 3a AOCTbMHOCT Ha NPOAYKTUTE U YCAyruTe

1008 Nupektusa (EC) 2024/1275 Ha Esponeiickua napnameHT un Ha Cbeeta oT 24 anpun 2024
roAnHa OTHOCHO EHEPTMNHUTE XapPaKTEPUCTMKM Ha CrpaguTe

1009 HaymoHanHa nporpama ,LUudposa Bvarapma 2025”. Mpueta ¢ Pewenne Ne 730 ot 5
aexkemspun 2019 .
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Ctpaterva | PaspaboTBaHe Ha HOPMATMBHA PaMKa U UHPOPMALMOHHA UHPPACTPYKTYP],
3a BKA. GOpMaTM 3a €NEeKTPOHHO NpeAaBaHe Ha CTPOWUTENIHA AOKYMEHTaLMs,
undposa CbXpaHEeHWe M CcUCTEMATU3MpPaAHE Ha AaHHM B PErncTpu U MHTerpauma Ha
TpaHcdop- | MHPOPMALMOHHM cucTemu. MNpeasukaa ce U cb3gaBaHe Ha 6a3n AaHHM 33
MauMs  Ha | YCTPOMCTBEHO NMAaHMpPaHe, MHBECTULUMOHHO NPOeKTUPaHe, paspellaBaHe Ha
CTPOUTENH | CTPOMTENCTBOTO, KagacTbp M CBAAYMILHM Npouecn, KouTo ga bbaar
MA  CEKTOP | AOCTbMHU eN1eKTPOHHO 33 3aMHTEPECOBAHMTE CTPAHM.

no  2030r.
1010

1.2. HapactBawia 3HauMMoOCT Ha uudpoBUTE pelleHUa B
CTPOUTENCTBOTO

CTPOUTENHUAT CEKTOP € eAiNH OT Han-ronemuTe noTpebuTenn Ha pecypcu.
Jluncata Ha edeKTUBHO ynpaBieHMe 4YecTo BoAM A0 3arybu Ha Bpeme,
matepnannm un cpeactsa. LUundposusaumsata npegnara  peweHua  3a
npeogonaBaHe Ha Te3n npobnemm 4Ype3 aBTOMaTU3aAUMUS, AUTUTASIHO
ynpaBieHne Ha M[aHHW U BHeApsiBAaHE Ha WHOBATUBHU  TEXHONOTMUMU.
CbBpEMEHHUTE  WMHCTPYMEHTM 33 aBTomMaTtu3auma Kato CTpouTtenHo
nHpopmaumoHHo mogennpaHe (CUM), NHTepHeT Ha HewaTa (loT) 1 U3KycTBEH
MHTENEKT nMNpeaocTaBAT  pelleHuA 3a NnocneAsBaHe Ha  HanpeabKa,
ONTMMU3UPAHE Ha pecypcuTe U HamanaBaHe Ha pasxoguTe.

BbBexgaHeto Ha L[ Ha crpaauTte e CblecTBeHa CTbMKa MO NbTA Ha
AUTNTanM3aumnATa Ha CTPOUTENHUS CEKTOpP, HAco4YeHa KbM MOBMULIABAHE Ha
NPO3PaYHOCTTa Ha CTpouTenHuTe npouecu. U Ha crpagute npeactaBnasaT
LEeHTpPan3MpaHa cUCTeEMa 3a CbXxpaHABaHe U ynpaB/ieHMe Ha AaHHM 33 BCAKA
$a3a OT XKM3HEHMA LUUKDBA Ha CTPOEXKA — OT NPOEKTMpPaHe A0 paspyLlaBaHe Uu
NPoMAHa Ha npeaHa3HayeHueTo. Te NPeAoCTaBAT MPO3PAYHOCT U OTYETHOCT,
ONTMMM3AUMA Ha ynpaBAeHUETO BbB a3nTe Ha CTPOUTENHUS NPOLEC, Ha
eHepruiiHaTta edpektusHocT (EE) u ap., ¢ KoeTo we noanomorHaTt CTPoOUTeNHUS

1010 HaumoHaneH ctpaternyeckn AoKymeHT ,Lndposa TpaHchopmauma Ha Bwbarapusa 3a
nepuoaa 2024-2030r.”, npuet ¢ PeweHne N2 264 ot 4 anpun 2024 r.
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CEKTOp Aa OTrOBOPM Ha CbBPEMEHHUTE Npeau3BUKATENCTBA U A OCUTYPWU No-
[06pK pe3ynTaTv 3a BCUYKM 3aMHTEPECOBAHM CTPaHM.

1.3. LUeHTpanusupaHo cbXpaHeHMe U AocTun A0 undppoBU AaHHMU 33
YCTOMYMNBO CTPOUTE/ICTBO

LUndposute AHEBHUUM Ha crpagute NPeACTaBNABAT LEHTPasM3npaHa
nnatdopma 3a CbXpaHeHMe U ynpaBJeHMe Ha AaHHM, KoATO obxBala uenua
KM3HEH UMKb/A Ha crpagaTa — OT TMpOeKTUpaHe U CTPOUTENCTBO A0
eKcnnoaTaumMa W paspylwaBaHe. Te CbxpaHABaT pPa3HOOOpPA3HW AaHHM,
BKIOYNTENHO (1) CTaTUYHM AaHHWU - APXUTEKTYPHU NAAHOBE, paspelleHue 3a
cTpoexx u ap.; (2) AMHAMWYHM AaHHM - nokasatenu 3a EE, u3nonssaHu
MaTepuanu, UCTOPUA Ha PEMOHTUTE M Ap. M3TOYHMUUTE Ha Te3n AaHHWU moraT
Aa 6bAaT KagacTpasiHU KapTu, eHepruiiHn ceptudukatu, loT ycTpoiicTea 1 ap.
1011 koeTo ynecHasa gocTbna A0 MHPOpMaUMA 3a COBCTBEHWULM, CTPOUTENM,
3aCTpaxoBaTeNIn U PerynaTtopHu opraHu. LLeHTpannsnmpaHoTo CbXpaHeHue Ha
AaHHW N MHOPMALMA NO3BONABA BCUYKM YHACTHULN B CTPOUTENHMA NpOLEC Aa
MoraT Aa M3non3BaT eaunHHa nnatdopma 3a AOCTbN 40 MHPOPMALMA B pPeasiHo
Bpeme. UHTerpaumaTa cbc CMM ynecHABaT NpPOCAeaMMOCTTA Ha KU3HEHUS
UMKBN Ha crpagHua ¢GoHA WM OUEHKa Ha Bb34eNCTBMETO BbPXYy OKO/HATA
cpepa. %12 Ypes uHTerpMpaHe Ha Kpbrosata MKOHOMWKA M YCTOMUYMBOTO
yrnpaBneHMe Ha pecypcu, UJ wurpaat BakHa pons B HacbpyaBaHETO Ha
yCTOMYMBOTO  cTpouTenctso. WMHdbopmauuata, KoATO  CbxpaHABaT  3a
CTPOUTENHUTE MaTepuann, BKAKOYBA AETANAN 33 NPOU3X0AA, PELUMKINPAHETO U
nosTopHaTa UM ynoTtpeba. Tosa nossonsasa LU aa urpasT pons B HaMansiBaHeETo
Ha BbINepoAHMA OTMNeYaTbK Ha CTPOUTENHUA CeKTop 4pes: (1) ynpaBneHue Ha
matepnanute, (2) oueHKa Ha BbIepoaHuUTe emucumn, (3) cTpaTermyecko

naaHMpaHe Ha PEeMOHTMH. [aHHUTe B AHEBHMKA NO3BONABAT OUEHKa Ha EE wu

1011 Gédmez-Gil, etc., (2022). Contribution of New Digital Technologies to the Digital Building
Logbook. Buildings, Buildings, 12(12), 2129.
1012 gychholz, M., & Litzkendorf, T. (2023). European building passports: developments,
challenges and future roles. Buildings and Cities, 902—919p
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cnomaraT 3a WAeHTUPUUMPAHE Ha BbB3IMOXKHOCTM 3a nogobpeHus. 1013

[HEBHUUNTE OCUTYpPABAT aKTya/lHW AaHHW, KOeTo BoAM [0 HamaNABaHe Ha
3arybute 1 nosulaBaHe Ha eHEKTUBHOCTTA NPU NOAAPBKKATA Ha crpaguTe.

1.4. Ponsa Ha U/[ B ynpasneHueTo Ha 3acTpoeHaTa cpega

LUndposute gHEBHUUM MMAT 3a LeN Aa NOAKPENsaT yCTOMYMBOTO pa3BUTUE
ypes npegocTaBAHE Ha AETAWNHW U CTPYKTYPUPAHW AaHHM, KOUTO MoraT Aa
6bA4aT M3MNON3BaHM MNPU MNPOCTPAHCTBEHO MJIaHMpPAHE W YyNpaB/ieHUE Ha
ypbaHu3MpaHuTe Teputopuu. Te moraTt ga ce WHTerpupat c reorpadcka
MHPOPMALMA Ype3 BbB3MOMKHOCTTA 33 CbBMECTABAHE Ha CrpagHW AaHHU C
KaZacTpanHU Kaptu u reorpadckm uHdopmauymoHHu (FMC) cuctemun. Tosa
NO3BO/IABA FEeHEpPUPAHETO Ha BW3yasIHW CNpPaBKM 3a PaLOYCTPOMCTBEHATa
cpefa, KoMTo moraT Aa 6bAaT U3NoN3BaHN OT OBLWMHU, aPXUTEKTU U YpBaAHUCTU
33 B3eMaHe Ha WHpopmupaHu peweHnn.'®* Cebp3saHeTo Ha AHEBHMUMTE C
T’MC nossonsBa npodecMoHanHo  KaptorpadpupaHe Ha  cneumdpuyHa
MHPOpPMaLMSA 3a 3aCTPOEHaTa cpesa KaTo eHepruiiHo notpebaeHne, roanHa Ha
NOCTPOSIBAHE U WCTOPMA Ha PEMOHTUTE BbPXY KadacTpanHa KapTa. Taka
notpebutennte We MMaT Bb3MOXKHOCT Aa pasriexaaT AaHHM 33 KOHKPETHU
palioHW, KBapTanM UAN MECTHOCTW, KOETO LWe YIeCHU UAeHTUPULMPAHETO Ha
30HMU, Hy}KAaelm ce OT peHoBaLumA.

Lindpposute AHEBHULM 3HAYUTENHO YNECHABAT AOCTbNA A0 MHbOPMaUMs 3a
CrpagmuTe KaKTo 33 AbPMKaBHU MHCTUTYLMKW, Taka M 3a YacTHU notpebutenn. C
OCUNYPABAHETO Ha LLEHTPAIM3NPAHO XpPaHUAULWE Ha MHbOopMauus, Te nogromarat
OLEHKaTa U MOHMTOPMHIA Ha pas3MYHK NapameTpu Kato: (1) EE — ocurypsasat
TOYHU AaHHU 33 TEKYLLOTO CbCTOAHME Ha 3aCTpOeHaTa cpena, KoeTo nognomara

NNIAHNMPAHETO Ha PEHOBALMMK C Lie HEMHOTO noBMLIaBaHe U (2) ycToMumBoCT —

1013 Alonso, R., etc., (2023). Towards the Definition of a European Digital Building Logbook: A
Survey. Heliyon 9(9), €19285. https://doi.org/10.1016/j.heliyon.2023.19285

1014 Byildings Performance Institute Europe (BPIE). (2024). Unlocking the Potential of Digital
Building Logbooks for a Climate-Neutral Building Stock.
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nognomaraTt aHa/n3nTe 3a Bb3AENCTBME BbpPXY OKOIHATA Cpeaa U yCTOMYMBOTO
“3non3saHe Ha pecypcm. ot

2. [o6pu npaKTuKM 3a ycnewiHa UHTerpauua Ha umMppoBU CUCTEMM 33
CTPOUTENHU AAHHU

Peanua eBpoOnenckM NPOEKTU U HAUMOHANHW WMHMUMaTMBM B EBpona
yCMewHo HTerpupaT MoAena Ha UunMdppos AHEBHUK Ha crpagatal?®® (Tabamua 2.)
M OEeMOHCTPUPAT HEeroBuMsa MNOTEHUMAN 3a nognomaraHe Ha YCTOMYMBOTO
ynpasneHne, EE n npospayHoctTa B CcTpomuTenHua cektop. EBponenckute
NPOEKTM U  HAUMOHANHUTE WHUUMATUBM  AEMOHCTPUPAT  3HAUYUTENTHUA
noteHunan Ha U 3a ynpaBneHue Ha CTPOUTENHUA CeKTop. Te ynecHABaT
YCTOMYMBOTO  MJIaHMpaHe, ONTMMM3MPAT  pasxogute wn  nogobpsasar
NPO3PaYHOCTTa, KOETO € K/AK4YOBO 3a MOCTMraHe Ha ueauTe 3a YCTOMYMBO
pa3ButMe U EE. Bbarapua moxke Aa u3nonseBa Tesn A06pU NPaKTUKKM 3a
aganTupaHe M paswupsaBaHe Ha cBOA ,TexHUYecKM nacnopt’ Taka, 4ye Aa
OTroBapA Ha CbBPEMEHHUTE HYKAM OT MHPOpMaLMA.

UndpoBnaT OHEBHMK € KAKOYOB KOMMOHEHT Ha  CTPOUTENHO-
nHpopmaunoHHma  mogen (CMMogen), nossonsBalw, UEHTPAN3NPAHO
ynpasaeHWe Ha fJaHHuTe. B npoueca Ha MNpoeKTUpaHe M CTPOUTENCTBO TOM
OCUrypABa aKTya/n3auMa B pPeaslHO Bpeme W  HageXOeH apxmB Ha
OOKYMEHTUPaAHM peweHuna U npomeHu. UHTerpaumata Ha UJ B 3-4-5-6D
CMMopgenn nognomara MOHUTOPMHIA Ha MNPOEKTA, KAaTo MU3MbJIHUTENUTE
perucTpupaT HanpeabKa, CUHXPOHU3MPAH C mogena. [pu npepasaHe Ha
cTpoerxka L npenoctaBsa NbsiHA AOKYMEHTAUMA 33 NON3BaHE U ynpaBaeHwue.
BbB ¢asute Ha eKcnaoataumMAa M peHoBaUMA TOW C/AYXKWM KAaTO apXMB Ha
KOHCTPYKTUBHM M ONEPaTUBHU AaHHU, YNECHABAMKM NOAAPDBXKKA M aganTaumu.

LUndposaTa TpaHchopmaums npegnonara cBbp3BaHe Ha AHEBHUKA CbC CUCTEMM

101> Gdmez-Gil, M., Espinosa-Fernandez, A., & Lopez-Mesa, B. (2023). A New Functionality for
the Digital Building Logbook: Assessing the Progress of Decarbonisation of National Building
Sectors. Environmental Impact Assessment Review, 97, 107393.
https://doi.org/10.1016/j.eiar.2023.107393

1016 Carbonari, G., etc. (2020). Definition of the Digital Building Logbook. Publications Office
of the European Union.
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32 MOHUTOPUHT (loT) u undposu 6aN3HALM, KAaTO Ce OCUTYPSIBA aKTyan3aums B
peanHo Bpeme 3a EE, 3aeToCT U nogapbrKKa.

ONrMTanHnAT ABOMHUK € BUPTYya/IHO Konue Ha du3nyecka crpaga, Koeto
obeanHaBa CTaTUYHM U AMHAMWYHM OAHHU OT CEH30PM W YCTPOMCTBA 3a
HabnogeHne Ha CbCTOAHMETO, NPOrHO3MpaHe Ha NoBpean W NAaHMpaHe Ha
noaapbKKa. OUrMTanHUAT ABOMHUK oborataBa MHbopmaumaTta B L upes
HenpeKbCHAT MOTOK OT AAdHHW U Bb3MOMKHOCT 33 BM3yanmsauum B pPeanHo
Bpeme. NHTerpaumata Ha Te3nM MHCTPYMEHTU ynecHABaA NpocnegAaBaHETO Ha
CrpagHu rMpPOMEeHM, OUEeHKaTa Ha EeKONOrMYHMA OTrnevyaTbK W Hacbpyasa
YCTONYMBM peLLEHUA.

Ta6bnunua 2. lo6pu npakTukm B EBpona 3a uHTerpauua Ha uMdpoB AHEBHUK

~ ©
2]
£ o
g é XapaKTepucTuku
o 0
C g
® CTMMY/IMPAHE Ha MHBECTMUUNMUTE B ,,AbJNO0KN” peHOBaLUWUK;
® Cb3aBaHe Ha MOYTU HY/JIEBO EHEPTUNHW Crpaau;
2
u e ,MacnopT 3a peHoBauua”, BKAKOYBALL NbTHA KapTa 3a obHoBABaHE U LMPPOB
=) OHEBHUK;
<
® [HEBHUKbT CbAbprKa WHPopmauua 3a EE, reometpuata m obsMBKaTa Ha
crpazara, KoeTo y/aecHABa NIAaHUPAHETO U U3NBIHEHWETO Ha YCTONYMBU PEMOHTMU.
® VHAMBMAYANHM NBTHM KapTW 3a peHoBauuA, C uen nosuwasaHe Ha EE Ha
KUNULWLATA;
-‘3 e yaobeH AOCTbN A0 UEHTPaNM3MpPaHW AaHHM 3a cobcTBeHUuuTe M dacnamtu
@ MEHUIKbPUTE;
e npepoctaBa MHbOpPMAUMA 3@ CTPOUTENHUTE MaTepuann, EeHeprumHoTo
noTpebneHme 1 NPenopbUYNTETHUTE MEPKU 3a NogobpeHune.

1244



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024

ISSN 2815-3480 (CD)

® pasWwupABaHe Ha eHeprumHuTe cepTUdUKaATU Ypes MOAYNEH NOAXOA,;

S e L cnym Kato xpaHuauwe 33 WMHPOpMaAuMA, CBbpP3aHa C EHEePrumHOTO
§ notpebneHune, N3NON3BAHUTE MAaTEPUANN U XaPAKTEPUCTUKUTE Ha CrpaaaTa;
x ® Hacbpyasa YCTOMYMBOTO MIaHMPaAHE M ONTUMMU3ALMATA Ha crpagHuTe GoHaoBE
B EC.
© ® CTPYKTypa 3a LLEHTPANN3MPaAHO CbXPaHeHWe, ynpaBieHne n o6MeH Ha AaHHM
ref 3a CcrpaguTe npes Weima UM KU3HEH LUKbA;
I % e obeamHABa MHGOPMAUMA OT Pa3ANYHN U3TOYHUUM - CUM, TUC 1 loT cuctemu;
g e nognomara Cb3faBaHeTO Ha CTaHAAPTU3MPAHU U AOCTBMHU NAATGOPMU, KOUTO
a 03 YNeCHAT undpoBmu3aumnaTa Ha CTPOUTENHMA ceKTop B EBpona.
e ,Hausakte” - [locve Ha AoOMma, BKAOYBALLO LANaTa Heobxoamma nHpopmauma
g 3a HOBOMNOCTPOEHMU eAHOGAMUIHMN KbLy;
§ ® noaapbrKKaTa U aKTyaM3NPAHETO e 3a4b/IKeHne Ha cobcTBeHNUUTE;
§' ® (CbXpaHfABa [OAHHM 33 KOHCTPYKUMATA, W3MON3BAHUTE MaTepuann MU
N3BBPLUEHUTE PEMOHTMU.
& e ,Building passport” - UEHTPaNM3NPaAHO ENIEKTPOHHO XPaHW/IULLE, KOETO
g CbAbpKa uHGopmauma 3a EE, ctpoutenHn matepuanm u KIMMATUYHU AaHHU;
g e nognomara YyCTOMYMBOTO YynpaBieHMe Ha crpagHua ¢oH4, M Hacbp4yasa
=) OBbATOCPOYHOTO NAaHMpPaHe.
u e ,Home report” - 3agb/KUTENEH AOKYMEHT Npu nNpogaxKba Ha MMOTH;
?; ® [AHHM 33 EHEeprumHOTO CbCTOAHME, TEeKyWOoTO CbCTOAHME Ha WMMOTA U
E NpenopbYUTENHUTE PEMOHTH;
5 e nopobpasa NpPO3payHOCTTa M nognomara YCTOMYMBOTO YMpaB/ieHMe Ha
3 KUANWHUA GoHA,
e Fascicolo del Fabbricato — /lInyHa KapTa Ha crpagaTa
< ® CbabprKa MHOGOpmauMA 32 6e3onacHOCTTa, eKcnnoaTaumATa U NoAAPbKKATA Ha
g crpagara;
=

® aKTyanmsmpa ce Ha Bcekun 10 rognHu;

® HacbpyaBa NPO3PAYHOCTTA N ePEKTUBHOCTTA B CAENKUTE C HEABUKUMU UMOTMU.
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Mpumep 3a NPUNOXKEHWE € AOUTUTANHMAT ABOWHMK Ha rp. Codwus,

paspabotBaH oT WHcTuTyT GATEY

, KOUTO cMMynupa rpafackyM npouecu wm
CbAbpXKa [AaHHW KATO ETaXKHOCT, KOHCTPYKTUBHW XapaKTepucTukn, EE n
€KONIOTUYHUM MOoKasatenn. Unbposute gHEBHMUM CbXpaHABAT MHPopmaumsa 3a
eHeprmmHa KoHCymMauua U Apyrn napameTpu, M3MN0A3BaHW 3a CMMyNALMKU Ha
yctonumBn  cueHapuu. KombuHMpaHeTo MM €  AUTUTaNHMA  ABOMHMK
ONTMMU3UPA YNPABNEHNETO HA CrpagHuAa GoHA, ynecHABa NAAHMPAHETO Ha
PEMOHTU M NOA06pPABa ePeKTUBHOCTTA HA 3aCTpoeHaTa cpeaa.

3. lpeausBuKatencrsa npu BHeapABaHeTo Ha LU/

3.1. CrpyKrypa 1 obxsar Ha LU/

KnacMpumKaumoHHNTE CUCTEMM Ca MHCTPYMEHT 33 OpraHu3npaHe w
KaTeropmsnpaHe Ha MHOpMaumATa, CbabprKawa ce B L. Te npeacrasnsasat
€OMHHWN CTPYKTYpPU 33 MAEHTUPUKAUMA HA €/IEMEHTUTE N KOMMOHEHTUTE Ha
crpagata u nognomarat eGpeKTMBHOTO ynpas/ieHne Ha JaHHuTe. !

Mpu un3bopa Ha KnacuduKaumoHHa cuctema 3a UJ Ha crpaguTe,
Construction Operations Building Information Exchange (COBie) ce oTkposnBa
KaTo edeKkTnBHO peweHune.! ToBa e oTBOpeH CcTaHAApT 3a ob6MeH Ha
nHbopmaumsa, KoATO ob6bxBalwa [AaHHUTE 3a aKTMBMTE Ha Crpagata u
CTPYKTYpupaH ¢dopmaTt 3a onucaHue Ha Te3n pgaHHu (Tabnuua 3). CoBie
obeaunHABa CTpyKTypa M dopmat 3a 06meH Ha MHPOpMmaLma B pamKkmTe Ha CUM
npoueca, CBbp3aHa M NOAAPDBXKKATA HA 3aBbPLUEHUTE CTPOEXM B Npoueca Ha
eKknnoatauma. Tasm CTPyKTypa Moxe Aa 6bae fonb/BaHA M NPOMEHAHA cnopes
KOHKpeTHa 3agayva. Ta npepoctaBa ¢opmaT 3a OpraHM3MpaHe M obmeH Ha
AAHHM 33 onepauuuTe U NOAAPbLXKKATA Ha Crpaaun, KOMTo moxe aa b6bae
noaabp!KaH OT PAs/INYHU COPTYEPHU NMPUNONKEHMA U CUCTEMU 3a YNpPaBIEHUE

Ha MHPopMaums 3a crpagHmsa GoHA.

1017 Dimitrov, H. and Petrova-Antonova, D.: 3D city model as a first step towards digital twin
of Sofia city, Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., XLIlI-B4-2021, 23-30,
https://doi.org/10.5194/isprs-archives-XLIII-B4-2021-23-2021, 2021.
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Tabnuua 3. CtpykTypaTta Ha COBie Tabnunuata

Contact KoHTaKTK Ha nua, cBbp3aHu ¢ obekTa

Facility O6wa nHbopmaumsa 3a crpagata — UMe, agpec, COGCTBEHUK U Ap.;

Floor NHdopmaumna 3a eTaxkmte — UMe, KOTa, BUCOUYMHA M Ap.;

Space NHdopmauma 3a nomeleHmATa — PyHKLUMA, NAOLL, €TAXK U Ap.;

Zone Hanpumep nHpopmauma 3a oTAeNHUTE anapTaMeHTU B egHa crpaga

Type Onwucea pasnnyHm TMNnose obopyasaHe unun ob3aserkaaHe

Component | MecTononoxeHune; oNUcaHMe; MOLEN; NPOAABAY; FrapaHLUMA; fAaTa HA MOHTAX;
pasmepu

System NHdopmauma 3a crpagHUTE MHCTaNAUUK

Assembly OnucBa CbCTaBHUTE YaCTU HA OTAE/IHWU KOMMOHEHTU UK CUCTEMM

Connection | MHGOpMaLMA 3a BPH3KMUTE MEKAY OTAE/NHN KOMMNOHEHTU AN CUCTEMM

Job 3agaum, CBbp3aHM C NoAAPBIKKATA HA crpagaTa

Resource Pecypcu 1 matepumanm, HeobxoaAnmM 3a NOAAPDBIKKA

Spare Pe3epBHM YacTK 3a pPa3/IMYHUTE KOMMIOHEHTU U CUCTEMU

Document | NapaHuuu, Aeknapaumm 3a eKCNA0aTaLMOHHN XapaKTEPUCTUKM 1 4p.;

Attribute JonbHUTENHN cneundUKaLnm Ha eIeMEHTH

Issue Bb3MOKHOCT 3a 3anMcK, CBbP3aHU C onpeaeneHun Bbnpocu nam npobnemm

EBponeiicknte npoeKktn Kato iBRoad, X-Tendo, BIM4EEB wn ALDREN,

3aeflHO ¢ pamKaTta Ha EC (dwur. 2, 3) ca uyeHeH pecypc 3a pa3paboTBaHeETO Ha
HaUWOHaNHM peweHuna. Te npeanarat pasHoob6pa3HM TEXHONOTMM N NOAXOAN 33
ynpaBieHne W AUrnTanmMsauma Ha crpagHata MHbopmauua, KouTo ce
pa3nuyaBat no o06xBaT, UeAM M HMBO Ha MHTerpauuma. PaspaborBaHeTo Ha
ePEeKTUBHU HAUMOHANHM cucTemMu 3a LU, cbobpa3eHn ¢ MEeCTHUTE M3NCKBAHUSA
M HYXAW, U3UCKBA BHMMaTeNeH 3aabnboyeH aHanM3 Ha Te3n pasanydus.
MN360pbT Ha pamKaTa Ha EC 3a LU/ 3a paswupaBaHe Ha TEXHUYECKMUTE NacnopTu
€ IOTMYHA CTbMNKa KbM MOAEPHU3UPAHE N ONTUMU3MPAHE HA YNPaB/eHMETO Ha
crpagHua ¢oHa B bbarapuaA. ToBa N03BOAABA CbY4e€TaBAHETO HA CbLLECTBYBALLMA
TEXHMYECKU NACMOPT C eBPOMENCKUTE CTAHAAPTM M 3aKOHOBM PaAMKKU KaTo
OCUrypsABa CbBMECTMMOCT C MeXKAyHapoaHUTe TMpPakKTUKM M nognomara

MHTEerpaumnaTa Ha pasnmyHm cmctemn Kato N’MC n CUM, KOUTO ca Ba*KHM 3a
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AMrMTanusaumsaTa Ha crpagHus ¢oHa. lpadukata Ha o¢wur. 2 BM3yanmsumpa
OCHOBHUTE TMPWINKU W PasNIMKKU Meay Hea U TeXHUMYeCcKua nacnopr,

I'IOA‘-IepTaBaﬁKM npeanmcTBaTa Ha M36opa Ha noagxoAa.

Pamgka Ha EC 3a nndposn TexHHYeCKH NACIOPT
AHEBHANHA
XaprtueH (opmar
i Cr0Hpar TaHHHA 32 CECTOSHHETO CTaTnin Jann
CTaTHYHH U JITHAMHYIHH JJAHHHA el
Ha CrpagHus QOHI TIpelMMHO JIOCTRIIEH 3a
JocThIleH 33 BCHIKH COOCTBEHHITH U aAIMHHHUCT PAITHS
3AHHTEPOCOBAHE CTDAHH Cs3/1a/IeHH Ha 0a3ara Ha peryJaTopHH
T T OTpazgra TeKyIIOTO ChCTOSHHE
OTpassaBa TeKyIIOTO ChbCTOSHHE KBM MOMEHTA Ha Ch3IaBaHe
TIpe3 HeHd KU3HEH [THKBI Crabpixat nidopmaris 3a A
Pestonia axTyamman fa H3BBPIICHNTE PEMOHTH KTyaJH3alisi caMo IpH PEeMOHTH,

H3HNCKBAIlH pa3spelicHUE 3a

JaHHHUTE CTpoex

dwur. 2. CpaBHeHMe mexAy pamKaTta Ha EC 3a undpposu gHEBHULM U TEXHUYECKUA
nacnopr

3.2. CbbupaHe n BannaupaHe Ha AaHHMU 3a crpagHua GoHp,

CvbupaHeTo M BaAMAMpPAHETO Ha pJaHHM 33 UJ Ha cbuiecTByBalm
crpagn  npeacrasnABa  3HAYUTENIHO NPEeAu3BMKATENCTBO B Npoueca  Ha
OUTUTann3aumnA Ha CTpouTenHua cektop. MHOro 4yecto 3a Beye MOCTPOEHMU
crpagM NUNCBa aKTyanHa [AOKYMEHTauua, 4ecTo MMa HeCbOTBETCTBMA B
Ha/MYHaTa MHPOpMaLMA M HeobXoaMMOCT OT KOHBEpTMpPaHe Ha LaHHWU B
umppoB popmat. B bbarapua npobnembt ce 3aabnboyaBa OT AuMncaTa Ha
3a4b/KUTeNHa nacnoptusauma. o pgaHHM Ha  MUHUCTEpPCTBOTO  Ha
permoHanHoTo pas3sutne U bnaroyctponicteo ot 2021 r. egBa 2200 Kuauuwa
MMAT MacnopTu, KaTo NO-rofiamaTta 4acT OT TAX Ca CbCTAaBEHWM BbB BPb3Ka C
yyactme B nporpamu 3a obHoBABaHe M nogobpABaHe Ha EHEPrumuHUTE UM
xapaktepuctnkun.®® luncata Ha UeHTPaNU3MPaAHO XpaHMAULLE 33 TEXHUYECKM

nacnopTu e Apyr orpomeH npobnem. MankoTo CbL,EeCTBYBaLLM AOKYMEHTHU Cce

1018 MuHuctepckn cbeeT Ha Penybnuka Bbarapua. (2021). dbarocpoyHa HauMOHaNHa
cTpaTerva 3a nognomaraHe o6HOBABAHETO Ha HALMOHANHUA CrpageH GOHZL OT MKUAULLHU U
HeXUnuwHm crpagm o 2050 r. Mpueta ¢ PeweHne No 8 Ha MuHUCTEPCKUA cbBeT OT 27
AHyapwn 2021 .
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CbXpaHABAT BbB (PMU3MYECKM apXMBU W AOCTbMBT A0 TAX € WU3K/IHYUTE/THO
TpyaeH. [AurntanMsmpaHeTto Ha  CbuecTByBawarta UMHbopmauma w
KOHBEPTUPAHETO Ha QaHaNoroeM JaHHU U3UCKBA Bpeme U  pecypcu.
Heobxoanmo e yHnounumMpaHeTo Ha AaHHUTE, 3@ Aa C€ OCUTYPU CbBMECTUMOCT
M NecHa WHTerpauna B UMPPOBUTE CUCTEMM W HALEKHO BanMampaHe Ha
AaHHUTe. BannaupaHeTto Ha gaHHuTe B U Ha crpagute n ocurypABaHeToO Ha
TAXHATa aKTyanmsauma U aKTya/IHOCT Ca OT CbLeCcTBEeHO 3HayeHue 3a
edEeKTMBHOTO ynpaBaeHWe Ha crpagHusa ¢oHa. BanmuaHoOCT M aKTyasHOCT Ha
OAHHUTE MOXEe Jda Cce OCUTypu C NOMOLWTa Ha HAKOAKO MmeToga: (a)
aBTOMaTU3NPUPAHU NPOBEPKU; (6) cpaBHEHME C APYTrY U3TOYHULN U (B) pbYHA
npoBepKa. AKTya/JIHOCTTa Ha MHpopmauuaTa B LJ aKTyanHa ce nogabpKa
ype3 peaoBHO BbBEXXAAHE HA HOBM AaHHU Cfied, M3BLPLWEHU PEMOHTH,
NPOMeHM B COOCTBEHOCTTa WMAW APYrM 3HAYMMKU CbOUTUA, CBBP3aHM CbC
crpapgata. fAcHoto pAgeduHMpaHe HaA OTFOBOPHOCTUTE Ha pas3/InYyHUTE
3aMHTEpPecoBaHM CTpaHW 33 noaabpKaHe M obHOBABAHE Ha AaHHUTE e OT

CblieCTBeHO 3Ha4YeHHne.

h g ) yr
Ce61pa v CbxpaHsiBa MHPOPMALIA 33 TeKYLL0TO ®OKYyCKpa Ce OCHOBHO BbLPXY eAHODaAMWNAHN KLY, |

L CBCTORHWE Ha Crpajara. ynecHaBsanku YcnexbT 3aBMCK OT Yy4acTMeTo Ha cobcTBeHnumMTeE |
VO nnaHWpaHeTo Ha bsaeum nogobpeHns. y 9
N M3nckBa KooOpAMHALNA MEXY PazNNUHK
X-TENDO MNozBonsBa aganTupaHe KbM cneyuduuHuTe

3aWHTEepecoBaHW CTpaHW U a4anTauud Kbm

H W Ha PaznnyHn ALpXaBn 1N Nazapn.
VKA P AP P HAUWOHaNHWTE perynaynun.

~ SR

- Bucokn mspeoHayanHu pasxoau
WMHTerpauma cec CUM TexHonormm | P P f '

BIM4EEB | : M3unckea cneumnansnpaHi 3HaHWUA W YMeHUA 3a
| MNogobpeHa edpeKTUBHOCT Ha peHoBaLUWTe 5 i
/O A pabota cbc CUM codTyep. __/
My, £ T r'a ™
| (PoKyC BbPXY AbN6OKM PEHOBALMM 1 NOBALLABAHE| |
ALDREN | 5
) | Ha Ka4YecTBOoTO Ha XNBOT | | Sl Al bbb
£ ™ A b £
{ ) | [ 3aTpyAHeHa gurutanusauna 3a HAKON JbpKasy |
PAMKAHAEK3A | |
wa Is:lbngET(TBInE Cc perynatopHiTe pamkn Ha EC NOpaav Nnca Ha yCioBus
4 i |'0ADDPEHANPO3PAHHOCT M AQCTRN AO AAHHA § TpyAHOCTY NpK 3aLLWTA HA IMYHIN JaHHN
: 3afibKNTENEH B HAKOW CnyYaun OrpaHunyeHa akTyannsaums
TEXHUYECKU CbAabpxka MHOOPMALIMA 38 KOHCTPYKLMATA, Nunca Ha undposmsauns
NACNOPT | | wHCTanaumvTe U M3BLPLWEHUTE DEMOHTH. /. He e n3usano sagbnxmnteneH

dur. 3. NpegumcTea U orpaHUYEHUA Ha eBPONeCKUTe NPOEKTU 3a undposu
AHEeBHULM U TeXHUYECKUA nacnopT B bbarapua
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3.3. Bpb3Ka ¢ KagacTbp

KoHuenuymaTa 3a LU/ Ha crpaga e BbBeAeHa Ype3 3aKOHOAATe/ICTBOTO Ha
EC c eBponeicKaTa cTpaTterua ,BbnHa Ha obHoBaBaHe” (,Renovation Wave”),
2020 r.1%% Mpu onpenensHe Ha eHEPrUAHUTE XapaKTepUCTUKK B [lMpeKTMBaTa
3a crpagute (EPBD)2°, L/ ce onpeaensa Kato ,06l0 XpaHUAWLLE 33 BCUYKM
CbOTBETHU AAHHWU 3a CrpaauTe, BKAOYUTENHO AAHHU, CBbP3aHU C EHEPrUMHUTE
XapaKTEPUCTMKM, KAaTO CEPTUDMKATM 33 EHEPTUIMHU XapPaKTEPUCTMKM, NACNOPTH
33 0bHOBABAHE U MHTENUTEHTHU MHAMKATOPWU 33 FOTOBHOCT, KOMTO y/NecHABAT
B3eMaHeTO Ha MHPOPMUpPAHU peleHna U CnoaensiHeTo Ha MHPopmauma B
PaMKUTE Ha CTPOMUTENIHUA CEKTOP, Mexay cobcTBeHMuuTe U obuTatenute Ha
crpagn, GUHAHCOBUTE MHCTUTYUUU UM NybanyHuTe opraHun”. CbrnacHo uneH 19
ot EPBD ,[bprKaBUTe-Y/I€EHKN rapaHTUpaT, Ye HaumoHanHaTa 6asa gaHHM 3a
eHeprumHnuTe XapaKTEPUCTUKU Ha Crpagute € OonepaTMBHO CbBMECTMMA W
WHTErpuMpaHa C ApyrM agMUHUCTPATMBHM 6a3n  AaHHM, CbAbpPXKaLLM
nHpopmauma 3a crpagu, KaTo HaAUMOHANHMTE KagacTpu Ha crpagute w
undposuTe AHEBHULM Ha crpaguTe”. ToBa YyCN0BUE 3a4b/1’KaBa CBbP3BAHETO Ha
6a3nTe JaHHM Ha HAUMOHaNHWUTE cepTUPUKATM 33 eHepruiHa ePeKTUBHOCT C
L, cboTBeTHO ¢ 6asunTe gaHHM Ha Kagactbpa (BAK)1%. KapactpanHute Kaptu
N KagaCTpPasHUTE PETrUCTPU Ce U3TroTBAT B rpaduUUeH U MMCMEH BUJ,, CbXpPaHABAT
ce B uMdpoB BUA U Ca OCHOBA 3a Cb3AaBaHE Ha NO3EM/IEH PErUCTBP, U3FOTBAHE
Ha YCTPONCTBEHW NNAHOBE, NHBECTULMOHHWN NPOEKTU N Ap. AENHOCTU.

MN3rpageHaTa KagacTpanHO-ag4MUHUCTPATMBHA nHPopmauMoHHa
cuctema Ha Bbarapua (https://kais.cadastre.bg/), cbrnacHo 3KUP (2001)1922

1019 Eyropean Commission. COM. 662 Final—A Renovation Wave for Europe—Greening our
Buildings, Creating Jobs, Improving Lives; European Commission: Brussels, Belgium, 2020.
1020 Eyropean Commission. COM. 802 Final—Proposal for a Directive of the European
Parliament and of the Council on the Energy Performance of Buildings (Recast); European
Commission: Brussels, Belgium, 2021.

1021 Malinovec Pu“cek, M.;Khoja, A.; Bazzan, E.; Gyuris, P. A Data Structure for Digital
Building Logbooks: Achieving Energy Efficiency, Sustainability, and Smartness in Buildings
across the EU. Buildings 2023, 13, 1082.https://doi.org/10.3390/buildings13041082

1022 35K0H 33 KagacTbpa M MMOTHUA perncTbp. ObHapoasaH B "[bpXaseH BecTHUK", 6p. 34
ot 25 anpnn 2000 .
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CbAbpKa OCHOBHU AAaHHW 332 MECTOMNOJIOXEHMNEeTOo, rpaHnLUUTe U pasmepuTe Ha
HeaABMXMMUTE UMOTU. Bcekn 0B6eKT OT KagacTbpa nosyd4aBa CBOM CObCTBEH
NAEHTUOUKALMOHEH HOMEP - YHUKANEH HOMEP, C KOUTO HEABUMKUMUAT MMOT
ce nageHTMonunpa egHO3HAYHO Ha TEepPUTOpPMUATA Ha CcTpaHaTa. U cbabprka
nHPopmauma 3a BCAKA Crpaga C KOOPAMHATM U YHUKaANEH MaeHTUOUKaTop,
KOATO IECHO MOXe Aa ce uHTerpupa B 6a3a gaHHuM Ha TUC. aHHUTe 3a BCAKa
Crpafa B KaaacTpasIHUTE PEerncTpu BKAKOYBAT KOHTYpP Ha crpagarta, P30, 6pon
eTaXkn, npegHasHavyeHue W agpec. UHPopmaumaTa 3a CbOPBKEHMATA B
crpagaTta BK/IHOYBA NOEHTUOUKATOP,  MECTOMONONKEHMNE,  eTaX MU
npeaHasHavyeHue, BKA. MMa MHPOPMaALMA 3@ NPaBOTO HA COBCTBEHOCT M ApyrU
BELWHM MpaBa. YHUKA/NHU WAEHTUPUKALUMOHHM HOMepa Cce wu3gasaT 3a
camocTtoaTenieH 06eKT Ha cobctBeHocT (CKOIM) B crpaga unm B CbopbKeHMe Ha
TeXHMYeckaTa MHPPACTPYKTYpa MUK 3a@ 4aCT OT CrpagaTta UIn CbOPbKEHMUETO,
KOATO MMaA CamoCTOATENHA QYHKUMA WM Ccrpaga C OTKPUTU CTEHW, KaTo
anaptameHT, odwuc, CcTyaMo, rapax, MmarasuH wun gp. OCHOBHO
npeausBMKaTesICTBO B Npoueca Ha peanusmpaHe Ha Bpb3kata UA-BAK e
ocurypsiBaHe Ha CbBMECTMMOCT BbB POpPMaTUTE U CTPYKTYypaTa Ha AaHHUTE.

3.4. CMrypHOCT M 3aluMTa Ha AaHHUTE

CurypHoCTTa 1 3aWmTaTa Ha AAaHHUTE Ca OCHOBOMOAAraWM acrneKkTn npu
BHeApABaHeTO W ynpasneHneTo Ha LJ.»° BbnpocuTe 3a noBepuTenHocTTa Ha
nHpopmaumatTa M 3awmMTata OT HEOTOpU3MpaH AOCTbM Ca KAKYOBM 3a
[OBEPUETO HA NOTpebuTenmTte M ycnewHaTa peannsauma Ha TO3M MHCTPYMEHT.
[HeBHUUNUTE TpAGBa Aa OTroBapAT Ha W3UCKBaAHMATA Ha PernameHT (EC)
2016/679 Ha EBponeickua napnameHT UM Ha CbBeTa OTHOCHO 3allMTaTa Ha
dn3nYecKkMTE MU BbB BPb3Ka C 06paboTBaHETO HA IMYHU AAHHU U OTHOCHO
cBO6OHOTO ABMMKEHME Ha TakuBa AaHHW.'°% Tosa BK/IOYBA OrpaHMyaBaHeTo
Ha 4OCTbMNa A0 YYyBCTBMUTE/NIHA MHPOPMAUMA CaMO 3a OTOPM3UPAHM Anua U

ocurypAaBaHe Ha Bb3MOXXHOCT 3a CKPpUBaHe Ha NOBEPUTENTHU AaHHU NMPU HYXAa,

1023 pernamenT (EC) 2016/679 Ha EBponeiickma napnameHt u Ha CbseTta ot 27 anpun 2016
rogMHa OTHOCHO 3almTaTa Ha GU3NYecKMTe NnLA BbB BPb3Ka C 06paboTBaHETO HA JIMYHM
OAHHW M OTHOCHO cBO6OAHOTO ABUMKEHME HA TAaKMBA AAHHU
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KakTO M 3awmTta Ha U ot KubepaTtakm uype3 BHegpABaHE HA CbBPEMEHHMU
peleHmnsa 3a CUTYPHOCT, BKAOYNTE/THO KPUNTMPAHE HA AaHHWUTE U ABYydaKTOpHA
aBTeHTMKauMA (Hanp. Yype3 eNleKTPOHeH Nognuc) 3a /MuaTta, KOMTo MoraT ga
NPOMEHAT MHPOPMALMATA B TAX.

3.5. ®DUHAHCOBU U UKOHOMMUYECKU aCNeKTH

BHeapsBaHeTo Ha LU/ 3a crpagn e KOMMAEKCeH MPOLEC, KOMTO HOCU
ObNITOCPOYHM MKOHOMMYECKM W OMEepaTMBHM MOA3M U WM3UCKBA 3HAYUTENHMU
MbpPBOHAYaNHU UHBECTULMN. OCHOBHUTE PAa3XxOAMN BKAKOYBAT pa3paboTBaHETO U
NoALPBMKKATA HAa OHMAMH NAaTGOPMM, AUTUTANIN3AUMATA HA CbLLEeCTBYBaLMTE
apxXuBM, 3aKynyBaHeTO Ha codtyep W o0bOy4yeHMETO Ha nepcoHana. B
ObATOCPOYEH MaaH OCHOBHUTE NMOA3M CA MUHUMM3MPAHE HA YOBELLKU FPELLUKM U
MKOHOMMA Ha BPeMme Yype3 3HAaUYMTE/IHO CbKpalllaBaHe Ha CPOKa 3a CbbupaHe m
BaNMAMpaHe Ha AaHHU, KAaKTO M 32 U3rOTBAHE HA Pa3/IMMHU CNPABKU, CKULU U
KapTM U Bb3MOXKHOCTTA 33 0bmeHa Ha Ta3n uHPopmauua B undpos BuA No
CbOTBETHUTE KaHaNM.

4. 3aKNIOUYUTENNHU KOMEHTapu

Undposute AgHEBHMUM npeanaraT YHMKANHA  Bb3MOXHOCT 33
AUrMTannsauma M mMoAepHM3auMa Ha ynpasBieHMeTO Ha 3acTpoeHaTa cpeaa.
Pa3BMTMETO MM € TACHO CBbP3aHO C EBPOMEMCKOTO 3aKOHOAATENCTBO W
HAUMOHANHUTE MHULMATUBU, C eHeprunHaTa ePeKTUBHOCT U AUTNTANM3aLUNATA
B CTpouTenHua 6paHw. Ypes TaxHaTa uHterpayma c N’MC m rpagoycTponcTseHn
OAHHW, Te OCUrypABaT MOLLEH WHCTPYMEHT 3a YCTOMYMBO WU edPeKTMBHO
NAaHMpaHe Ha ypbaHM3MpaHUTe TepuUTOpMU. BbBEKOAHETO HA TO3U MOLLEH
CbBPEMEHEH MHCTPYMEHT 33 AUIUTAN3aumMA B CTPOUTENHMA BpaHLL e CBbp3aHo
C peamua TeXHUYeCKM, MHCTUTYLUMOHANHN N TEXHONOTMYHU Npean3BMKaTeNcTsa.
BcuMukM Te ca npeogonnmm BbB BPEMETO, KaTO CKOPOCTTa Ha npeojonsasaHe
3aBucK OT gobpata npodecmoHanHa M NOAUTMYECKA BOJIA HA y4YacTHUUUTE B

CTPOUTENHO-UHBECTULIMOHHMA NpPOLLEC.
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ANALYSUS OF SERVEY RESULTS AMONG STUDENTS ON THE
USE OF COMPUTER TECHNOLOHIES IN ARCHITCTURAL EDUCATION

Martin Evlogiev
University of Architecture, Civil Engineering and Geodesy
evlogievm_far@uacg.bg, 0895995703

Abstract: This study explores the role of computer technologies in architectural
education through a survey of architecture students at the University of Architecture, Civil
Engineering, and Geodesy. Findings indicate that students view the curriculum as well-
aligned with industry standards, equipping them with essential skills in software such as
AutoCAD and BIM. Additionally, there is interest in integrating advanced tools like Rhino and
Twinmotion to expand capabilities in 3D modeling and visualization. Recommendations
include greater access to video tutorials, reflecting a preference for flexible, self-paced
learning options. Overall, the results underscore the need for continuous adaptation of the
curriculum to better prepare students for the demands of a technology-driven architectural
field.

Keywords: architectural education, computer technologies, software training, BIM,
visualization tools, digital skills, architecture, education, digitization, archviz, architectural
design

1. INTRODUCTION

The survey aimed to present the primary objectives and context of the
research conducted among architecture students. The survey took place at the
end of the summer semester of the 2023/2024 academic year (in June and
July). The timing was chosen as students had already completed and
assimilated the curriculum, allowing a realistic assessment of their additional
needs for understanding and tackling more complex issues within the
respective software products. A total of 47 students from the University of
Architecture, Civil Engineering, and Geodesy, across various study years,
participated in the survey. The main focus of the research was on assessing the
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use of computer technologies and software in architectural education and on
exploring students’ perceptions regarding the effectiveness of these
technologies in the learning process.

Ko kypc cTe?

47 otroBopa

@ Bropu kypc
@ Tpetv kypc

Fig. 1 Number of Survey Participants

The survey's objective was to gather participants' opinions on their
satisfaction with the software and teaching methods used, to determine the
extent to which the curriculum meets their needs, and to collect suggestions
for possible improvements. The analysis of the results aims to provide
recommendations for the more effective integration of new technological
solutions, such as introducing new software tools and resources that could
enhance students' practical and theoretical skills in architectural design.

2. THE USEFULNESS OF CURRICULUM WITH COMPUTER PROGRAMS

Most students reported that the curriculum with computer programs
was beneficial for them. This feedback is crucial in understanding the role of
software tools in architectural education. In architecture, mastering computer
technologies enables students not only to visualize their projects but also to
analyze complex structures and interactions within the design process.

1256



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

Yye6HaTa nporpama ¢ 13yyaBaHuTe KOMMIOTbPHK Nporpamy Gelue nn nonesHa 3a Bac? Mons,

060CHOBETE Ce B NocneAHus pen.
47 otroBopa

45 (95,7%)

He 1(2,1%)

He npucbcbTBax nopaau sgpa... 1(2,1%)

[MporpamMuTe ca MHOro NonesHwW. .. 1(2,1%)
3aabnboyeHo n3yyaBaxme Bba... 1(2,1%)
He cmartam, ye 3D Studio Max... 1(2,1%)

PEBUT € Nporpama, KoATo UmMa. .. 1(2,1%)

0 10 20 30 40 50

Fig.2 Questions 2

The positive responses indicate that the curriculum aligns well with
current professional needs. This also highlights the importance of the
program's practical focus, helping students acquire skills applicable to the labor
market. Additionally, students may perceive the curriculum as contemporary
and relevant to the latest technological trends in the industry, such as the
integration of modeling, simulation, and analysis software.

3. MEETING EXPECTATIONS FROM ARCHITECTURAL SOFTWARE
TRAINING

OBYyueHMETO Mo NPeMUHATUA apxXUTEKTYpeH codTyep NOKpK Nt o4aKBaHUATa Bu, KOUTO UMaxTe B

Ha4yanoTo Ha Kypca? Monsi, o6ocHoBeTe ce B nocneaHus pen.
47 oTroBopa

42 (89,4%)
He 4 (8,5%)
Konerute oT kaTegpata nomara... 1(2,1%)
B 0o6wwmM nuHMM ga, Ho Gelue Jdo... 1(2,1%)
He nokpu MouTe ovaksaHus, T... 1(2,1%)
OuakBax Aa 1sy4um NporpamuT. .. 1(2,1%)
[a, OCBEH OCHOBHaTa rnporpam... 1(2,1%)
0 10 20 30 40 50
Fig.3 Questions 3
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Evaluations on whether the architectural software training met students'
expectations were also predominantly positive. Architectural education
inherently involves a variety of disciplines, ranging from classical architectural
principles to modern digital tools. Using these software tools allows students to
develop their technical skills alongside their artistic talent.

The positive feedback in this section suggests that instructors likely
achieve a successful balance between theoretical preparation and practical
application. Students seem to appreciate the integration of new software and
methodologies that directly address their expectations at the start of the
course. The program’s alignment with new digital design standards, a crucial
element in contemporary architecture, is also noteworthy.

4. LEVEL OF KNOWLEDGE AND SKILLS ACQUIRED IN COMPUTER
DISCIPLINES

CMATaTe K, Ye HUBOTO Ha 3HAHUS U YMEHUS, KOUTO MoslydasaTe Mo U3yyaBaHUTe KOMMIOTbPHU
AVCUMNAWHK LWe BW faaat npeAMMCTBO Npy KaHaUA,...TTa? Mons, 060cHOBeTe ce B NocneHUs peg.

47 otroBopa

42 (89,4%)

He 3 (6,4%)

He cbM curypeH olue. 1(2,1%)

HanbnHo. 1(2,1%)

CmsiTam, Ye B nocneaHuTe rod... 1(2,1%)
He mucns ye Hay4eHoTo € foc... 1(2,1%)
HaasBaM ce, Ye B Gbaelle B Mno... 1(2,1%)

0 10 20 30 40 50
Fig.4 Questions 4

The next section of the survey examined the level of knowledge and skills
students acquire during the course. A positive assessment in this area is critical
for the quality of the education itself. Today’s architectural education extends
beyond mere building design skills and includes expertise in a range of software
essential for an architect’s professional development.
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The fact that students feel adequately prepared in this area indicates
that the program accurately reflects technological advancements in the
industry. Developing skills in areas such as computer modeling, simulations,
and visualization is vital for the modern architect. Proficiency with software like
AutoCAD, Rhino, or BIM systems enhances students' competitiveness upon
course completion.

5. NEED FOR NEW SOFTWARE IN THE CURRICULIM

CwmATaTte nu, ye npenogaeaHnTe gUCUUNIMHWA UMaT NMon3Ba 3a 6'b,[l,e|.|.|,OT0 Bu I'IpOdJECVIOHaJ'IHO

passuTHe? Mons, 060CHOBETE Ce B NocneaHus pen.
47 otroBopa

46 (97,9%)

He |—0(0%)

He Bcnyku. 1(2,1%)

Fig.5 Questions 5

When asked if new software products should be introduced to replace
existing ones, most students responded negatively. This could be interpreted as
a sign that the current software suite sufficiently meets educational needs.
Students appear to be satisfied with the tools provided and may not feel the
need for new platforms at this stage in their training.

The lack of need for new software may also suggest that the existing
programs offer the necessary range of functions and capabilities for learning
and design. This is a positive indicator of curriculum quality, showing it is not
lagging behind the profession’s development and providing students with the
essential tools for contemporary practice.

6. SUGGESTIONS FOR NEW SOFTWARE IN FUTURE TRAINING
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CmATaTe 1u, Ye B TO3M Kypc TpAGBa Aa ce U3yvaBa ApYyr codTyepeH NPoAYKT BMeCTo

n3yyasaHuTe? Mons, 060CHOBETE Ce B Noc/ieAHnA pea.
47 otroBopa

30 (63,8%)

1(2,1%)

Cnopea MeH, oTpuLaTenHo Brie... 1(2,1%)

Moxe u Rhinoceros 1(2,1%)

Mose fa ce ZoMbIIHK € nporpa... 1(2,1%)

Revit, Photoshop 1(2,1%)

MpucTpacTeH cbM Ho - Rhino.... 1(2,1%)

Rhyno. CbLio Taka 6u 6uno go... 1(2,1%)

VMsyyaBame aBara Hawi-cTapu u... 1(2,1%)
0 10 20 30

Fig.6 Questions 6

Although students do not believe that existing software should be
replaced, some have suggested new programs that could be beneficial in
upcoming courses. The software most frequently mentioned in the survey
includes ,,Rhino” and , Twinmotion,” indicating students’ interest in additional
visualization and 3D modeling tools.

,Rhino” is a popular 3D modeling software often used in architectural
settings to create complex and innovative shapes. Its popularity among
students can be explained by the flexibility it offers in designing unconventional
architectural forms and structures. ,Twinmotion,” on the other hand, is a
visualization and animation software that allows for the creation of realistic 3D
visualizations in real-time. This tool is particularly valuable for students seeking
to present their ideas in a more visual and interactive manner.

It would be advisable for instructors to consider incorporating these tools
into the curriculum, as they could expand students’ creative expression and
project presentation capabilities.

7.RECOMMENDATIONS FOR TEACHING MATERIAL

The survey also included recommendations for improving the teaching
material. Some students suggested uploading video tutorials on the platform,
which would provide additional support in understanding the material. This

1260



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

indicates that students are seeking more flexibility and access to resources
outside the classroom, which would facilitate their self-learning.

This recommendation can be viewed as a response to the growing
demand for remote and hybrid learning in modern educational contexts.
Uploading video tutorials could make it easier for students to review materials
and work on their projects with additional resources. Although there is already
a system in place with an updated video tutorial library on current topics,
functions, and challenges, students often do not utilize it, despite systematic
instructions on how to access the information they need.

8.CONCLUSION

The survey clearly demonstrates the importance of computer
technologies in architectural education and their impact on students'
development. Although the current curriculum is positively received by
participants, there is a notable desire for the integration of additional software
tools and modern technologies. The recommendations for using Rhino and
Twinmotion, as well as adding video tutorials, indicate the need for greater
diversity in educational resources and underscore the importance of
continuously enhancing teaching methods.

Incorporating new platforms and digital tools could enrich the learning
process, providing students with access to more modern and practically
applicable technologies. This would better prepare them for the dynamic
architectural practice, where proficiency with contemporary software is key to
successful project execution. In this context, video materials and self-directed
learning play a significant role, especially in the realm of remote education and
the increasingly globalized educational environment.

The survey results also highlight the importance of a balanced approach
to education. Despite high satisfaction with the program, students express a
need for broader access to resources that allow for independent work and
more in-depth practical training. This underscores the importance for
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educational institutions to remain flexible and open to changes, while offering
a learning environment that encourages critical thinking and innovation.

Finally, the survey shows that instructors play an essential role in
implementing new technologies and adapting curricula to meet labor market
needs. This implies that universities should encourage the ongoing professional
development of their staff to stay current with new trends in architectural
design and visualization. Based on personal observations, it can be argued that
students currently lack the motivation and interest to actively seek
information. Based on the numerous evaluations, tests, and assignments
conducted during the semester, only a few access the electronic resource
platform or use online platforms (search engines, YouTube, etc.) for reference.
This may result from a lack of skills in information searching in today’s
technological world, which is subject to further study and research.

In conclusion, the survey results emphasize the need for continued
development and enhancement of architectural education programs.
Integrating new tools and technologies, alongside maintaining flexible teaching
methods, will help students be better prepared for their professional careers in
an increasingly technology-oriented world.

Source used
1. Personal conclusions and observations
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ARTIFICIAL INTELLIGENCE — TOOL FOR DESIGN AND
AUTOMATION

Martin Evlogiev
University of Architecture, Civil Engineering and Geodesy
evlogievm_far@uacg.bg, 0895995703

Abstract: This paper examines the transformative potential of advanced
technologies—artificial intelligence, virtual and augmented reality, robotics, and 3D
printing—in contemporary architectural and construction practices. Their integration enables
automation, precision, and optimization in design and building processes, while offering
innovative ways to engage with spatial environments. These technologies also introduce
challenges, including high costs, specialized knowledge requirements, and potential job
displacement. The study emphasizes the need for educational initiatives and interdisciplinary
collaboration to fully harness these technologies for the evolving demands of the field.

Keywords: artificial intelligence, computer technologies, architecture, education,
digitization, archviz, 3D printing, virtual reality, augmented reality, VR, AR, modeling, Al

1. INTRODUCTION

The introduction of this study outlines the main sections defining
artificial intelligence and the developmental stages of specific technologies
currently utilized in architectural practice, particularly in the creation of
architectural and construction documentation. Since their inception, computer
technologies and systems have dynamically evolved, profoundly impacting
human activity. This evolution has subsequently influenced the role of these
technologies in architectural and creative processes, where they were initially
employed for automation and parametrization during form creation, partial or
full documentation generation, and other design processes. Today, architecture
benefits from not only a streamlined design process but also the ability to
shape spatial perception and creation. This is achieved through computer-
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generated reality, robotics, and 3D printing, which are increasingly integral to
architectural and construction processes.

2.VIRTUAL AND AUGMENTED REALITY IN ARCHITECTURAL EDUCATION
AND PRACTICE

In recent vyears, virtual reality (VR) technology has become more
accessible and feasible due to advancements in related technologies and has
found applications in architectural education alongside augmented reality (AR).
VR originated in the 1960s, when the first device was created. Over time,
similar devices emerged primarily for entertainment rather than architectural
use, such as the Sega VR and Nintendo Virtual Boy in the 1990s. Later, Oculus
Rift’s 1924 Kickstarter 192> campaign reignited interest. These technological
solutions allow users—architects, students, and clients—to ,enter” their
projects and view them firsthand, providing a more comprehensive
understanding of the created spaces and enabling an experiential presentation
of architectural ideas.

1024 A headset that allows users to '"immerse" themselves in virtual reality:
https://www.kickstarter.com/projects/1523379957/oculus-rift-step-into-the-game
1025 A website platform for funding creative projects through crowdfunding, aimed at
bringing products to fruition: https://www.kickstarter.com/about?ref=global-footer
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Fig.2 Oculus Rift1028

VR technology enables users to experience architectural designs through
virtual walkthroughs, which convey scale, proportions, and spatial
relationships. This facilitates the presentation of projects to educators and
allows architects to showcase designs to clients who can explore buildings in
full detail, adjusting or suggestions based on a realistic perception of the space.

1026 https://segaretro.org/Sega VR
1027 https://nintendo.fandom.com/wiki/Virtual_Boy
1028 https://www.oculus.com/rift-s/
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In her 2017 lecture 1°°at Woodbury School of Architecture, Kelly Colclough
discussed her experience with VR and AR, stating that these technologies are
»,an excellent way to connect people with the emotions we hope they feel
when they are in your building,” essentially fostering empathy.

AR allows for overlaying digital models onto real-world environments,
aiding in evaluating a project's fit within its actual context by considering
factors like lighting, surroundings, and interaction with adjacent buildings.
Additionally, AR can be employed during construction to provide real-time
information to construction teams about specific project elements. Examples of
VR and AR usage include integration in various universities and architectural
faculties worldwide. For instance, Oxford’s School of Architecture uses VR labs,
and the course ,Digital Twins: Enhancing Model-Based Design with AR, VR, and
MR” covers the use of digital twins, including simulation, machine learning, and
virtual technologies with applications in construction and manufacturing, using

a hands-on approach to problem-solving.193°

The Polytechnic University of Milan 191

uses AR to present design
developments within the context of historical buildings in the city,
incorporating digital solutions directly into the urban environment to address
real-world contexts. Despite their numerous advantages, VR and AR also face
significant technological challenges, including high equipment and software
costs and the need for specialized knowledge and skills. This underscores the
necessity for new courses and educational materials to prepare current and
future professionals for utilizing these innovative tools.

3. ARTIFICIAL INTELLIGENCE AND AUTOMATION IN THE CONSTRUCTION
PROCESS

3.1 ROBOTIC TECHNOLOGIES IN CONSTRUCTION

1029

https://www.youtube.com/watch?v=h3D1IszN2SE&ab_channel=WoodburyUniversityLive
1030 https://www.conted.ox.ac.uk/courses/digital-twins-enhancing-model-based-design-
with-ar-vr-and-mr

1031 https://mecc.polimi.it/ricerca/laboratori-dipartimentali/virtual-prototyping-human-
modelling
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The use of tools and machinery dates to antiquity, with inventions such
as irrigation systems and mills aimed at reducing human labor. The
introduction of the first machines into production processes marked the
beginning of the first industrial revolution. The application of Al in construction
now opens new avenues for automation and precision through the integration
of robotic systems for building element creation and task execution. Robotic
technologies, combined with Al to parameterize and define their actions, can
automate various building tasks, including wall construction, welding, drilling,
structural element assembly, and the placement of materials like concrete or
steel. There are numerous examples of companies that manufacture such
machines!32,

Using robots not only accelerates construction processes but also
reduces costs and waste, both from the construction activities and from the
workforce. Although automation replaces certain manual jobs, the requirement
for human oversight remains essential in every production process. Robotic
systems are capable of high precision, handling complex tasks requiring detail
and consistency while minimizing human error. An example of successful

1033 jn Switzerland,

implementation of robotic technologies is the DFAB House
constructed with the help of robots and Al. This building highlights how robots
can execute complex construction tasks while also achieving innovative and

sustainable design.

1032 https://www.solomon-3d.com/applications/
1033 https://dfabhouse.ch/
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Fig.3 DFAB HOUSE

3.2 3D PRINTING OF BUILDINGS

The process of prototyping and printing objects has been in development
for several decades. The first known instances of 3D creation emerged in the
1980s. Like many technologies invented in the previous century, 3D printing
has evolved as a method for creating three-dimensional objects through
techniques like stereolithography (SLA), selective laser sintering®* (SLS), fused
deposition modeling (FDM), selective laser melting (SLM), and direct metal
laser sintering (DMLS). Polylet and Multilet extrusion technologies, and
bioprinting for medical applications, among others, highlight the
interdisciplinary nature of 3D printing, which is used for machine parts, medical
tools, toys, figures, car components, models, and more.

The widespread use of 3D printing in architecture focuses on model
making for architectural and urban design projects. Prepared solutions are
printed based on the chosen printing technology, determined by desired

1034 The sintering process, a thermal treatment used to convert powdered materials into a
solid mass without reaching the full melting point
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results, effects, machine availability, economic considerations, and more.
Numerous examples of this technology are already in use.
A notable innovation related to Al and 3D printing in construction is the

1035 This technology

use of 3D printing technology for building structures
provides new possibilities for rapid and efficient building construction with
minimal waste and reduced costs. 3D printing utilizes software for model
generation and materials that are printed layer by layer, enabling the creation

of complex and unique structures.

Fig.4 One of the first 3D-printed buildings, located in Milan, Italy, designed by

Mario Cucinella Architects

Al aids in construction optimization and printing management, allowing

for quality control throughout the process and the creation of models meeting

all structural and functional requirements. One such project is the Apis Cor 03¢

1035 https://www.architecturaldigest.com/story/3-d-printed-home-italy
https://www.mcarchitects.it/en/projects/tecla-technology-and-clay

1036 https://www.dezeen.com/2019/12/22/apis-cor-worlds-largest-3d-printed-building-
dubai/
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building in Dubai, printed with a 3D printer in record time, demonstrating the
potential of 3D printing and Al for fast and efficient construction.
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In conclusion, the advantages of these technologies and their future
development in architecture and construction should be highlighted. However,
the potential impact on low-skilled positions poses a significant concern, as
such jobs may be at risk due to the ongoing technological revolution. At
present, it is too early to define the scope of these issues, given the excessive
cost of creating such structures and the limitations related to planning,
materials, and more.

4.CONCLUSION

The technologies examined in this study—artificial intelligence, virtual
and augmented reality, robotic systems, and 3D printing—demonstrate
significant potential when integrated into architectural and construction
practices. Their application creates opportunities for automation, optimization,
and enhanced precision in the design and construction of built environments,
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while also offering new ways of perceiving and interacting with these spaces.
Virtual and augmented reality facilitate spatial understanding of projects,
deepening the emotional connection of participants in the creative
architectural process. Robotics and 3D printing significantly reduce
construction time and minimize waste, making them sustainable and
economically advantageous technologies. However, the high costs of
equipment, the need for specialized knowledge, and the potential job
displacement associated with these technologies necessitate a strategic
approach and further research. In the future, it is essential to develop and
implement educational programs and to promote interdisciplinary
collaboration, allowing the architectural profession to embrace the challenges
and opportunities presented by the technological revolution.

Source used

1. Personal conclusions and observations

2. Lecture at Woodbury School of Architecture — Youtube link -
https://www.youtube.com/watch?v=h3D1IszN2SE&ab_channel=WoodburyUni
versityLive
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ETHICS AND SOCIO-ETHICAL ASPECTS OF ARTIFICIAL
INTELLIGENCE IN ARCHITECTURE

Martin Evlogiev
University of Architecture, Civil Engineering and Geodesy
evlogievm_far@uacg.bg, 0895995703

Abstract: This paper examines the transformation of Al in architectural practice by
introducing innovations and automation while simultaneously raising significant ethical and
social concerns. Issues such as data privacy, social inequality, and the impact on the labor
market are central challenges associated with the application of Al in architecture. Despite
the risks, these technologies offer new opportunities for growth and creativity, necessitating
the development of ethical guidelines and policies for sustainable implementation. This
document examines these aspects, highlighting the need for a balanced approach that
reconciles technological progress with social responsibility.

Keywords: artificial intelligence, computer technologies, architecture, Al, ethics,
social, architecture, architectural design

1. INTRODUCTION

The introduction of artificial intelligence (Al) into architectural education
and practice has raised numerous ethical and social concerns. Although Al
provides significant benefits for the automation and optimization of design
processes, it also entails risks related to ethics, including issues of privacy,
equality, and equitable access to technology. While its application in
architecture offers many advantages, it raises ethical questions that must be
addressed carefully. As technology and automation expand, concerns about
privacy, fairness, and social inequality become more pronounced.

Generative Al has sparked considerable public discontent due to
problems such as copyright infringement and energy inefficiency. Models like
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ChatGPT!%7 and MidJourney®® utilize artists' works without their consent,
leading to numerous lawsuits and undermining creators' rights. While
generative Al offers a fast and accessible means of content creation, the
technology is highly energy-intensive and requires constant human annotation
for effective operation, resulting in significant environmental impacts and
questioning its overall benefits. Moreover, it poses a potential threat to the
creative industry by offering low-cost substitutes for artistic work, devaluing
human creativity and effort.

Al-generated art often lacks depth, contains ,errors,” and is devoid of
human intentionality. The absence of contextual understanding and personal
perspective renders Al incapable of producing original and inspired works.
Many artists, such as Hayao Miyazaki, disdain Al-generated art, considering it
an ,insult to life.” The lack of perspective and personal experience makes Al-
generated creations unremarkable and incapable of leaving a lasting cultural
impact. Despite its ability to automate tasks and generate content rapidly, Al
cannot replace the creativity and uniqueness that human creators bring to their
works. 1039
In November 2023, a collective lawsuit was filed by a group of artists
against developers of such software, citing the unauthorized use of their works
for Al training. Similarly, in September 2023, ArtStation!®®— a prominent
platform for sharing digital and architectural visualizations — announced
contest criteria explicitly prohibiting the use of Al tools and visual references,
positioning itself against such technologies.%*

While the generative use of Al in digital arts has prompted clear and
decisive reactions, its application in architecture remains vague, inconsistent,

and largely absent. Although plagiarism in architecture is defined and regulated

1037 https://openai.com/index/chatgpt/

1038 https://www.midjourney.com/home

1039 https://finance.yahoo.com/news/4-700-artist-ai-controversy-182916995.html
1040 Artstation - https://www.artstation.com/about/company

1041 https://www.artstation.com/challenges/neo-tokyo/categories/180/briefing
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under intellectual property law, instances of similar-looking buildings appearing
in different parts of the world—designed by different architects and firms—are
often perceived as poor taste or as a source of local pride for having a building
resembling another.

2. DATA PRIVACY AND SECURITY

Al relies on vast amounts of data to perform analyses and generate
designs. This data may include user information and details about buildings,
including entire cities, creating potential risks to privacy and information
security. In the context of smart cities and associated sensors collecting data on
citizens' movements and behaviors, questions arise about how this data is used
and stored.

Architectural programs must educate students not only on how to use Al
but also on addressing the ethical challenges related to data usage. This
includes understanding legislation related to data privacy and principles of
information security. Students must be prepared to work with technologies
that adhere to privacy standards and ensure the ethical use of citizen
information.

3. ACCESS TO TECHNOLOGY AND SOCIAL INEQUALITY

Another critical social issue associated with Al in architecture is equitable
access to technology. Although Al offers significant advantages for designers
and architects, access to these technologies is not equal for everyone. Many Al-
related tools and automation technologies are expensive and inaccessible to
poorer regions and social groups, exacerbating inequality among communities
and potentially leading to greater social disparities.

Addressing this issue requires initiatives to expand access to software
and hardware and to provide training for educators and professionals on Al
application in architectural practice. Universities and governments must
collaborate to ensure equal access to these technologies and prevent the
deepening of social inequalities.

4. AlI'S IMPACT ON THE ARCHITECTURAL JOB MARKET
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The introduction of Al in architecture also raises questions about the
future of the labor market in the field. Al can automate many tasks traditionally
performed by architects and engineers, potentially reducing the demand for
certain types of jobs, particularly those involving routine activities such as
drafting and technical analyses.

At the same time, Al creates new opportunities for developing
professions and skills related to managing and advancing technology. Architects
proficient in Al usage will have a competitive edge in the job market, offering
innovative services and solutions beyond the scope of traditional methods.
Universities must prepare students not only for conventional architectural
practice but also for the emerging challenges and opportunities Al presents.

5. ETHICAL GUIDELINES AND REGULATIONS

To ensure the responsible use of Al in architecture and architectural
education, clear ethical guidelines and regulations must be developed. These
should establish rules for data usage, access to technologies, and fairness in the
labor market.

Universities and professional organizations in architecture must
collaborate to create ethical standards guiding Al's use in professional practice.
This includes educating students on the ethical dimensions of Al application,
ensuring they understand both the benefits and risks associated with these
technologies.

6. CONCLUSION

The integration of Al in architecture raises complex ethical and social
issues that demand comprehensive consideration. While the technology offers
significant advantages in automation, optimization, and innovation, it also
presents substantial challenges related to data privacy, social equality, and the
labor market. Generative Al, for instance, necessitates regulations to protect
intellectual property rights and mitigate its environmental footprint.

Despite potential risks, Al can be a transformative tool for the
architectural profession, fostering new opportunities for creativity and
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efficiency. Achieving this, however, requires active involvement from
universities, governments, and professional organizations in developing ethical
standards, educational programs, and policies that ensure equitable access to
technology while preserving human uniqueness and creativity.

The advancement and implementation of Al in architecture must be
guided by principles that balance technological innovation with social
responsibility, thereby ensuring sustainable and equitable progress in the

profession.
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NMPUNOXKEHUE HA KOMMNOTbLPHUTE OBJ1IAYHU TEXHOJTOTUA
B ObYHYEHUETO HA MOPCKU KAAPWU: CbLLHOCT, NPEAUMCTBA U
NPEAU3BUKATE/ICTBA

NMnameH bpaHAakoB
BBMY ,,H. . Banuapos”
branyakov@naval-acad.bg, Ten.: 0887201158

AHomayus: [lybaukayuama pasznexo0a npusoxeHUemo HA KOMMIIOMbpHUMe
067104YHU MexHOM02UU 8 0byYeHUEMO HAG MOPCKU KAOpU, KAMO GKUEeHMuUpa 8bpxy maxHama
cbwHOCM, npedumcmea U npedulsukamesncmesa. M3cned8aHemo BKAH48a QAHAAU3 HA
OCHOBHUMe Modeau Ha obaayHume mexHoaoauu (laaS, PaaS, SaaS) u maxHomo
npusaoxeHue 8 06pazosaHUEMO, KamMo nod4yepmasa 3HA4YeHUemoO Ha 8upmyasaHume
cumynayuu, oHAalH Kypcoseme U ynpassaeHuemo Ha obyyumenHu naamgopmu e obaa4yHa
cpeda. lybaukayuama aHaau3upa Cbuwo npedumcmseama om 8HedpsasaHemMo Ha 06aa4YHU
peweHuUs 8 MopcKomo obpa3osaHue, KAMO HAMQA/ABAHE HA pa3xodume, 2b8KABOCM U
00CMbBMIHOCM, KAKMO U npedu3sukamesncmeama Kamo mexHu4YecKume O2paHUveHUsa U

npobaemume cbC cuzypHocmma.

Knw4yoeu dymu: 061a4HU mexHoaA02UU, MOPCKO obyyeHue, sUpmyasnaHU cumMyaayuu,
laas, Paas$, Saa$, oHnaliH obpazosaHue, npedumcmaea, 0b6aa4YHa UHpPACMpPyKmypa.

APPLICATION OF CLOUD COMPUTING TECHNOLOGIES IN
MARITIME TRAINING: ESSENCE, ADVANTAGES, AND CHALLENGES

Plamen Branyakov
Nikola Vaptsarov Naval Academy
email: branyakov@naval-acad.bg, phone: 0887201158

Abstract: This publication explores the application of cloud computing technologies in
maritime training, focusing on their essence, advantages, and challenges. The research
includes an analysis of the main cloud technology models (laaS, PaaS, SaaS) and their
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application in education, emphasizing the importance of virtual simulations, online courses,
and the management of educational platforms in a cloud environment. The publication also
analyzes the benefits of implementing cloud solutions in maritime education, such as cost
reduction, flexibility, and accessibility, as well as the challenges, including technical
limitations and security issues.

Keywords: cloud technologies, maritime education, virtual simulations, laaS, Paas,
Saas, online education, maritime training, advantages, cloud infrastructure.

1. BvBepeHue

KomntoTbpHUTe 06/1a4HN TEXHOIOTUM PEBONIOLMOHM3NPAT MHOMKECTBO
CEKTOPW, BKAKOUUTENIHO 06pas3oBaHMeTOo. B KOHTeKcTa Ha oby4vyeHmeTo Ha
MOPCKU Kaapu, Te3u TeXHONOrMuM npeaocTaBAT HOBM Bb3MOMKHOCTM 3a
AOCTBMNHOCT, WHTEPAKTUMBHOCT W MepcoHanmM3mpaHo obyyeHne. MopcKaTa
MHAOYCTPMA M3WCKBA BUCOKO CMeunannsmMpaHu YyMeHUA, a MOoAepHuUTe
obpasoBaTenHK NnatGopMK ca KA4YOBKU 3a ePEKTUBHOTO NpesaBaHe Ha Tesu
yMeHMs.

2. OCHOBHM KOHUeNuun Ha 06aa4uHUTE TEXHONOMUK

O6nayHata TexHonorua, TpaHchopmupawa napagurma B UT
MHAYCTPUATA, UHTETPUPA OPUEHTUPAHA KbM YCNYTUTE apXUTEKTYpPa C UHTEepHeT
6as3npaHn pelleHuna, 3a g3 OCUIypu AOCTbM NPU NOUCKBAHE A0 CNOAeNeHu
pecypcn. To3nM MOAEN ce XapaKTepusmpa CbC CBOSATa Mawabupyemocr,
MBKABOCT U PeHTAbUNHOCT, Npeasiiaraimkm Ha OpraHM3auMmnTe Bb3MOXKHOCT A3
Bb3/1araT xapayep, copTyep n MpexkoBu yCayru.

2.1. [OeduHunumna Ha 06na4yHUTE TEXHONOTUM

O6bnayHute TexHonormm ce 6asupaT HA NpenocTaBAHETO  Ha
N3YUCIUTENHUN pecypcu (CbpBbPU, CbXPaHEHME Ha AaHHU, MPEXKOBWU YCAyru)
ypes MHTepHeT. ToBa N03BO/IABA MaLLAbMPyeMOCT, HAMaleHW Pa3xoam M NeceH
Aocton go pecypcmte. OCHOBHUTE KOHUENUWM Ha obs1ayHaTa TEXHOMOMUA ce
BbPTAT OKO/I0 HEMHOTO onpegeneHne N pasanyHuTe MOLENAM HA YCNYTU, KOUTO
obxBalla, KOMTO Ca OT pelaBallo 3HavyeHue 3a pa3bupaHeTo Ha HEWHOTO

NpUIoXKeHne 1 NpeanMCcTBa.
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e Ycnyrm no 3aaBka: O6nayHUTE M3YMC/EHMA Cce onpeaenaT KaTo
[0CTaBKa Ha BUPTYa/sIHU PeCcypcu NMpu NOUCKBAHE, Bapupalm OT NPUIOKEHMUS
00 UEeHTpoBe 3a AaHHM, Npe3 MHTepHeT Ha 6a3a 3annalwaHe 3a ynotpeba. To3um
MoZen MNo3BOAABA HA noTpebutennte ga MmaT [OCTbN A0 WU3YUCAUTENTHM
pecypcu, 6e3 aa e HeobXxoAMMO Aa yNpaBiABaT OCHOBHaTa UHPpPacTpyKTypa®?,

e Buprtyanusauma u obeauHsBaHe Ha pecypcu: O6naKbT M3NON3Ba
BMPTYyannsaumaTa 3a obeauHABAHE HA pecypcu, MNO3BONABANMKM e(dEeKTUBHO
pasnpeaeneHne u ynpasneHme Ha pecypcute. ToBa No3BosABA AMHAMUYHOTO
MalabupaHe Ha pecypcuTe, 3a @ OTTOBOPM Ha Pa3/IMyHM U3nMcKBaHma®,

e MWHTepHeT-6a3upaHn peweHuna: O6na4HUTE U3YMCIEHUA Cb4yeTasaT
OpPUEHTUPAHA KbM YCAYrM apXUTEKTypa C WHTepHeT 6asupaHu pelleHus,
npeaocTtaBavkM  nnatpopma 33  Mawabupyema wm rbBkaBa  UT
nHdpacTpyktypal®s,

2.2. Mopgenu Ha obnauHuUTe ycayrm

e Infrastructure as a Service (laaS) / UHdpacTpyKTypaTa KaTo ycayra:
OcurypsiBa gocTbn A0 XapAayepHa MHopacTpyktypa. [logxopAuw, 3a
06pa3oBaTeNHM MHCTUTYLIMM, KOMTO MCKAT Aa M3rpagAaT cobcTBeHM cpeam 3a
cMmynaumun. laaS npenoctasa BUPTYANIU3UPAHU USUUCAUTENHU pecypcu npes
MHTepHeT. Ta no3BonABa Ha noTpebutenute ga HaemaT UT mHPpacTpyKTypa
KaTo CbPBBbPU U CbXpaHeHWe Ha ba3a nnawaHe cnopes M3nosi3BaHeTo (pay-as-

you-go). Mpumepwute Braousat Amazon EC2 u Blue Cloud Ha IBM94,

1042 RATNAKUMARI, Challa and KANUSU, Srinivasa Rao, 2022. SERVICES OF CLOUD
COMPUTING. International Research Journal of Modernization in Engineering Technology
and Science, ISSN 25825208. Available from: https://doi.org/10.56726/IRIMETS31489.

1043 GHOSH, Sohini et al., 2024. Revealing Concepts of a Cloud Deployment Model. In:, pp.
331-339

1044 pRAGYA DEVI, 2024. Literature Review on Cloud Computing: A Paradigm Combining
Service-Oriented Architecture with Internet-Based Solutions. International Journal of
Advanced Research in Science, Communication and Technology, pp. 178-184. ISSN 2581-
9429. Available from: https://doi.org/10.48175/1JARSCT-19629.

1045 SURAJ PATEL, 2024. Cloud Computing: Revolutionizing IT Infrastructure with On-Demand
Services and Addressing Security Challenges. International Journal of Advanced Research in
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e Platform as a Service (PaaS)/ Mnatdopma Kato ycayra: MNo3BonsAsa
pa3paboTka Ha npunoxeHua B ob6naka. PaaS npepgnara nnatpopma,
NO3BO/JIABALLA Ha KAMEHTUTe aa pa3paboTsaTt, cTapTMpat M ynpasaasaT
npunoxeHma 6e3 CNOXKHOCTTA Ha W3rParKAAHEeTO M NOALDbP)KAHETO Ha
nHppacTpykTypaTta. Google App Engine e 3abenexutenen npumep 3a PaaS.

e Software as a Service (SaaS)/ Codtyep Kato ycnyra: Ocurypsasa
rotoBu npunoxeHua kato Moodle nnamn Canvas, noaxoaawm 3a obyyeHume. Saas
[0CTaBA COPTYEepHU MPUNOXKEHMA Mpe3 MHTepPHeT, Ha aboHaMeHTHA OCHOBa.
Tolh enMMmMHMpPa HeobxogMmocTTa NnoTpebutTennTe Aa UHCTaAMpaT U CTapTupar
NPUAOXKeHMAa Ha cobctBeHUTe M KomnwTpu. Customer Relationship
Management (CRM) cuctemarta Ha Salesforce e npumep 3a SaaSo%.

Ta6nuua 1. OcHOBHM pa3nuKku mexpay laas, PaaS u SaaS un Bb3MOXKHOCTH 3a
NPUAOXKEHNETO UM B MOPCKOTO 0byueHue

Mopen | OnucaHue Mpumep MpunoxeHne B MOPCKOTO
obyuyeHue
laas UHdpacTpyKTypa Kato | AWS EC2, | Cb3gaBaHe Ha  BMPTyasiHU
ycayra. Mpepoctasa | OpenStack nabopatopun n cumynaumm

BMPTYaNM3NPaHU pecypcu.

PaaS Mnatdopma 3a pas3paboTka | Google App | Cb3gaBaHe Ha obyuutesnHu
Ha NPUNOXKEHUA. Engine, NPUNOXKEHUA
Heroku
Saa$ lfoTtoBun 3a ynoTtpeba | Moodle, YnpaBneHne Ha KypcosBe U
codptyepHn  npunoxkeHus, | Canvas obyyeHne oHNanH

AOCTbMHUN YPE3 UHTEPHET.

3. 3HauyeHue Ha 06n1auHUTE TeXHONOrMK B 06pa3oBaHMNETO

Science, Communication and Technology, pp. 272—-280. ISSN 2581-9429. Available from:
https://doi.org/10.48175/1JARSCT-19647.

1046R|ZVI, Dr. Qaim Mehdi et al., 2024. COMPARATIVE ANALYSIS OF SAAS, IAAS, AND PAAS:
EXPLORING THE CLOUD COMPUTING PARADIGM. In: International Journal of Innovative
Research in Computer Science and Technology (IJIRCST), pp. 89-93. Innovative Research
Publication. Available from: https://doi.org/10.55524/CSISTW.2024.12.1.16.
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O6nayHuUTEe TEXHONOrMM Ce MNpeBbpHaxa B HepasgesnHa 4YacTt oT
CbBpemMeHHOTO obpas3oBaHue, Npeasiaraiku 3HA4YUTE/IHWU NON3M NO OTHOLWEHME
Ha AOCTbMHOCTTa, MawabupyemocTTa, HamanABaHETO Ha pa3xoguTe U
MHTEPAKTMBHOCTTA. Te3nM TEexXHONOorMM Nno3BOJIABAaT Ha obpasoBaTenHuUTe
MHCTUTYLUMM A3 OCUTYPAT MBKaBa M NnpuobliaBalla cpeaa 3a obyyeHune, KoATo e
OT CbLLECTBEHO 3HAYeHMe B AHellHaTa AurntanHa epa. M3nonssankm obi1avyHu
nsumcneHmns,  obpasoBaTesiHUTe  cuUcTemMuM  MoraT Aa  npeogoneat
TpaguunmoHHuTe 6Gapuepn, ga nomobpAT y4ebHMs ONUT WM aa NoAroTeBAT
obyyaemuTe 3a 6baewm npeanssmnkaTencTea. Cnegsawmrte pasgenun nicnensat
3HaYeHMeTo Ha obnayHUTe TexHonorm B obpasoBaHMeETo, KaTo ce ¢oKycmpaT
BbPXY K/IFOYOBM ACMEKTU KATO: AOCTbMNHOCT, MawabupyemocT, HamansaBaHe Ha
pa3xoauTe U MHTePAKTUBHOCT.

3.1. [octbnHocTt

e (O6na4yHUTE TEXHONOIMMM YNnecHABaT AOoCTbMa A0 o06pasoBaTenHu
pecypcu no BCAKO BpemMe W HaBCAKbAE, HapylaBanKu reorpadckute wu
BpemeBuTe 6bapuepun. Toea e 0cobeHOo NoNe3HOo 3a AUCTAHLMOHHOTO 0byyeHue,
KOeTO MO3BO/JIABA HA Y4YeHUUMTe OT pPas3/IMYHM MecTa gJa y4vacTBaT B
obpasosaTenHu nporpamuit?’,

e (O6nayHUTE cuCTeMM 3a ynpasBneHne Ha obydyeHneto (LMS)
nogobpsBaTt AocTbNa A0 KayecTBEHO 00pas3oBaHMe, KaTo NpeaocTaBaT
undposm nnatpopmu 3a ynpasieHUe Ha KypcoBe M B3aMMOZENCTBME, KAaTo MO
1048

TO3M HAYMH NOAKPeNAT NpMobLLaBaLLMA U afAanTMBEH y4yebeH onuT
3.2. Mawabupyemocr

1047 L OEBIS, lin Almeina et al., 2024. The Role of Cloud Computing Technology in Supporting
Educational Accessibility and Scalability. Journal International of Lingua and Technology, vol.
3, no. 2, pp. 469-483. ISSN 2830-456X. Available from:
https://doi.org/10.55849/jiltech.v3i2.682.

1048 RIJAL, Syamsu et al., 2024. The Impact of Using a Cloud-Based Learning Management
System on Access and Quality of Education. Journal Emerging Technologies in Education, vol.
2, no. 2, pp. 163-176. ISSN 3025-0676. Available from:
https://doi.org/10.70177/jete.v2i2.1062.
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e 0611a4HUTE U3UMCNEHMA npeanaraT Mawabupyemm peLleHus, KOUTo
MoraT fa OTFOBOPAT Ha MPOMEH/IMBUTE MW3UCKBAaHWA B 0BOpa3oBaTeNHUTE
ycnosua. Tasu mauwabvpyemocT e OT pellaBallo 3HaYeHWe 3a UHCTUTYLuuTe,
KOUTo TpabBa edeKTMBHO pJa ynpasaABaT ronam 6pon notpebutenn wu
pecypcni®®,

e lHTerpupaHeTo Ha 06/1a4HUTE TEXHONOMMW B Obpa3oBaTeNHUTe
nnathopmn nossonsasa 6e3npobnemHO paswmMpaBaHe Ha YCayruTe, KaTo
BUPTYa/IHU KNACHM CTav U MHTEPAKTUBHO NPeAoCcTaBAHE Ha CbabpskaHue, 6e3
[la ce KOMMpoOMeTMpa NPOU3BOAUTENHOCTTa MK KauecTBol%P,

3.3. HamanasaHe Ha pa3xoguTte

e M3non3Bamkm obnavyHKn ycnyru, obpasoBaTeNHUTE UHCTUTYLUUMU MoOraT
3HAUMTENIHO [a HamaiAT pasxoauTe, CBbp3aHW C  MHPPACTPyKTypaTta,
noaapbiKKkaTta M pasnpegeneHvetro Ha pecypcute. O6nayHuTe nnatdhopmu
npemaxsaT HeobxoAMMmOCTTa OT CKbM xapayep v codTyep, npeanaranku
peHTabuaHWM anTepHaTMBM 4Ypes ycayrm Kato MH$pacTpyKTypa Kato ycayra
(laaS) n Codtyep KaTo ycayra (SaaS) L.

e /IKoHOMMYecKaTa e(eKTUBHOCT Ha O06/laYyHUTE TEXHONOTUU Ce
npocTMpa U 00 CNOoAeNAHETO Ha Pecypcu M CbTPYAHUYECTBOTO, KOETO AaBa
Bb3MOXHOCT Ha MWHCTUTYUMUTE A3 ONTUMM3IUPAT OHOOMKETUTE CU, KaTo

1049 pERAM, Purnimanand, 2024. Cloud-Enabled Personalization: Transforming Educational
Paradigms through Adaptive Learning Technologies. International Journal for Research in
Applied Science and Engineering Technology, vol. 12, no. 9, pp. 1338-1346. ISSN 23219653.
Available from: https://doi.org/10.22214/ijraset.2024.64346.

1050 NONCHEVA, Teodora, 2024. LEARNING WITHOUT LIMITS: CLOUD TECHNOLOGIES ARE
EXPANDING EDUCATIONAL HORIZONS. Education and Technologies Journal, vol. 15, no. 1,
pp. 219-224. ISSN 13141791. Available from: https://doi.org/10.26883/2010.241.5983.

1051 ANOKHINA, Olga N., 2024. CLOUD TECHNOLOGIES IN EDUCATIONAL PROCESSES OF
HIGHER EDUCATION INSTITUTIONS. EKONOMIKA | UPRAVLENIE: PROBLEMY, RESHENIYA, vol.
9/1, no. 150, pp. 176-185. ISSN 22273891. Available from:
https://doi.org/10.36871/ek.up.p.r.2024.09.01.018.
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CbLUEBPEMEHHO noaabprKaTt BMCOKOKa4yeCcTBEHU obpasoBaTeniHK
npeanoxeHnai®>?,

3.4. WHTEepaKTUBHOCT

e (O6nayHUTE  TexXHONOrMW  NoAobpPABAT  MHTEPAKTUBHOCTTA B
obpa3oBaHMETO Ype3 noaabpiKaHe Ha cuctemum 3a obpaTHa Bpb3Ka B peasiHo
Bpeme, afanTuBHM nnathopmm 33 O0OyYeHME U MHCTPYMEHTM 33
CbTPYAHMYECTBO. Te3n XapaKTEPUCTUKM HaCbpyaBaT aHraXkupaHuma W
nepcoHannsmnpaH yyebeH onut, noaobpsBalikn pesyatatute 1 MOTUBALMATA Ha
yuyeHuuutelo>s,

e M3non3BaHeTo Ha CMMyAaLUM M BUPTYaNHU abopaTopum No3BOAABA
Cb3[aBaHETO HAa AMHAMWYHKN 06pPa30BaATE/HWN CLLEHAPUMN.

4. O6na4yHUTe TEXHONOTMKU B MOPCKOTO 06pa3oBaHue

O6nayHUTE  TEXHONOIMMU  3HAYMTENHO  TPaHCHOPMMpPAT  MOPCKOTO
obpa3oBaHMe, KATO OCUTypsABaT AOCTbM A0 PEeaNUCTUYHU  CUMYyJaLUK,
nepcoHanmsnpaHo obyyeHue M BUPTyanHU nabopatopuun. To3m Hanpeabk
3acmnBa o0bOyyeHMETO Ha MOPCKMTE Kaapu B obnactra Ha HaBurayumara,
yrnpaB/eHNETO HAa KOpabuTe U KOMyHMKAUMUTE, NPABEMKN T0 NO-3aBNaAsABaLLO,
AOCTbMHO W peHTabunHo. UHTerpmpaHeTo Ha BupTyanHata peanHocT (VR),
paswupeHata peanHocT (AR) m cmeceHata peanHoct (MR) B MopcKoTo
obpa3oBaHMe OTBapA HOBM BB3MOMKHOCTM 33 o0bydyeHMe W onepauumu,
npegnaraky No-aHra*kMpawy, U NpakTUYeckn onut B 0byyeHmneTto. To3n oTroBop
nscnepBa pPasANYHUTE acCnNekTU Ha 06/1a4yHUTEe TEXHONOTMU B MOPCKOTO
obpas3oBaHMe, KaTo ce QOKycupa BbPXYy PEANUCTUYHU  CUMYNaLUMK,

nepcoHannsmpaHo obyyeHue M BUPTyanHU nabopatopum. MopcKuUTe Kagpu

1052 GOVEA, Jaime et al.,, 2023. Optimization and Scalability of Educational Platforms:
Integration of Artificial Intelligence and Cloud Computing. Computers, vol. 12, no. 11, pp.
223. ISSN 2073-431X. Available from: https://doi.org/10.3390/computers12110223.

1053 SMORZHEVSKY, Yuriy and SHLAPAK, Liudmyla, 2023. CLOUD LEARNING AND INNOVATIVE
TECHNOLOGIES ARE A NECESSARY TOOL FOR STEM EDUCATION. Collection of scientific
papers Kamianets-Podilsky Ivan Ohienko National University Pedagogical series, vol. 29, pp.
76-80. ISSN 23074507. Available from: https://doi.org/10.32626/2307-4507.2023-29.76-80.
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M3NCKBAT cneundUYHN 3HAHUA N NPAKTUYECKM YymeHnsa. ObnayHUTe TEXHONOMUK
B MOPCKOTO 0b6pa3yBaHMe NO3BO/IABAT:

4.1. [octbn A0 pPeanUCTUYHU cumynauuu. MNoTonasawm TEXHONOTUN:
VR, AR u MR ce wuHTerpmpat B MOPCKOTO obpasoBaHWe, 3a Aa Cb3ganat
noTanAwmM CcumMynaumm, Kouto nogobpasaT y4ebHOTO M3kKMBABaHe. Te3u
TEXHONOTMN MPEenoCTaBAT PeasMCTUYHM  CLEHApWUM, 33 MNpPaAKTUKyBaHE W
pa3BMBaHeE HAa KOMMNETEHLNN B KOHTPOIMPAHa cpeaa.

4.2. NepcoHanusmpaHo obyuyeHue C aganTUBHU KypcoBe. Ob6nayHuTe
TEXHOMIOTUWN Y/IECHABAT AaCMHXPOHHMA U HEOrpaHWYeH AOCTbMN 4O CMMYAaTopw,
No3B0O/IABAlKM Ha oby4aBalLnTe ce Aa ce BK/AKYAT B cneundmyHOo 3a 3agaumnTe
obyyeHune, Korato um e yaobHo. Tasn rbBKaBOCT nNognomara HeNpPeKbCHATOTO
obyyeHue 1 pa3sBUTME Ha YMEHMUA B HaBUraLMATa U KOMYHUKaumATal %,

4.3. BuptyanHu nabopatopuun, KOMTO 3aMEHAT Hy}KAaTa OT PU3nYecKa
MHpacTPyKTypa. EAHA OT Hall-ronemmnte Nonsm ot ob6aayHUTe TEXHONOTUU €
BHeApPABAaHETO Ha  BUPTyanHW  nabopatopuu,  KOUTO  €NMMWUHMPAT
HeobxogMmocTTa OT cKkbna ¢puanyecka UHPpacTpyKTypa. Obyyaemute umat
Bb3MOKHOCT @ M3BBPLUBAT EKCMEPUMEHTU, CUMYIUPAT aBAPUNHU CUTYALUU U
yNpa*kKHABAT TEXHMYECKN YMEHMA Ype3 BUPTYanHu naatdopmu.

5. MpeausBuKaTencrsa npu BHeApPABAHETO

BHeapaBaHeTO Ha 06/1a4HN U3YMCAUTENHU TEXHONOTMKN 33 ODydYeHUe Ha
MOPCKU Kaapu nNpeacTaBnfABa HAKOMKO Npean3BMKATENCTBA, BKAKOUYUTENHO
TeXHMYecKM bapmepmn, onaceHmns 3a CUrypHOCTTA, CbNPOTUBA CPELLY MPOMEHU U
nmnca Ha KBannduumpaH nepcoHan. MHTerpupaHeTo Ha nsumMcneHmsaTa B obnak
B MOPCKOTO 0byyeHWe npegsiara NoTeHUMANHM NOA3N KAaTO PeHTabuaHOCT m
MaL,abmMpyemocCT, HO CbLLO TaKa BbBEXAa C/OXKHOCTM, KOUTO TpAbBa Aa 6baaT
pa3rnefaHu, 3a Aa ce rapaHTUpa yCnewHoTo NnpunaraHe.

5.1. TexHuuecku 6apuepm.

1054 HJELLVIK, Simen and MALLAM, Steven, 2023. Integrating motivated goal achievement in
maritime simulator training. WMU Journal of Maritime Affairs, vol. 22, no. 2, pp. 209-240.
ISSN 1651-436X. Available from: https://doi.org/10.1007/s13437-023-00309-2.
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e OrpaHnueHuna Ha wuHpacTpyKkTypaTa: Mopckata MHAYCTPUA 4YecTo
paboTn B OTAaneYeHM pPaloHW C OrpaHMYeH [OCTbM [0 BUCOKOCKOPOCTEH
MHTEPHET, KOETO € OT CbLLECTBEHO 3HaYeHue 3a 061ayHnTe NpUNosKeHna. Tosa
MOXe fAa nonpeyn Ha ePeKTUBHOTO BHeApABaHe Ha 061auYHM U3UUCAUTENHU
TEXHONOMMM 3a Lenute Ha obyyeHnel®>,

e [lpobnemmn cbc cbBMecTUMOCTTa: CblUeCTBYBalLMTE CUCTEMU MOMKe
[la He ca CbBMECTMMW C HOBU pelleHus, 6asupaHu Ha ob6naKk, U3UCKBALLM
3HAYUTE/IHU HAACTPONKM UAN NOAMAHA, KOETO MOKe Aa 6b/ie CKbMNo U OTHEMA
Bpemel®®,

e CNOXHOCT Ha WHTerpaumata: MWHTerpupaHeTto Ha obnayHuTte
M3YMCNIEHNA CbC CbLUECTBYBalLMTE CUCTEMMU 3@ MOPCKO OByyeHMe W3UCKBA
YCbBBbPLIEHCTBAHA TEXHUYECKA eKcnepTu3a U MoxKe Aa 6be CI0XeH npouec,
BK/IIOYBALL, CUHXPOHM3MPAHE Ha Pas3/IMYHM  UMPPOBU  MHCTPYMEHTU U
nnatpopmu.

5.2. CurypHocr.

e Puckose 3a KubepcurypHocT: O61auHUTE M3YMCAEHMA MoraT Aa
M30CTPAT TE€3N PUCKOBE Ype3 paslumpsaBaHe Ha NOBbPXHOCTTA Ha aTakaTa, KOeTo
Hanara cTabuiHM MepKM 3a KUbepcurypHocT.

e [loBepuUTeNHOCT Ha AaHHM: OCUrypABaHETO Ha HENPUKOCHOBEHOCTTA
Ha JIMYHUA UBOT U CUFYPHOCTTA Ha YYBCTBUTENHUTE AaHHM B 06/1a4HN cpeam
npeacrTasiABa CbllecTBeH npobiem, ocobeHO npeasua, MesKayHapoaHUA
XapaKTep Ha MOPCKMTE onepaLumn 1 pasiInyHUTE perynaTopHM U3MCKBaHMA.

5.3. CoubnpoTtvBa KbM NMPOMEHMU.

e KynTypHa ¥ OpraHuM3auMOHHa CbnpoTMBa: Yecto Mma CbnpoTuBa

cpewy npuemaHetTo Ha HOBU TEXHONAOIMM B OpraHUsauunmtTe nopagun

1055 RAICU, Gabriel and RAICU, Alexandra, 2016. Environments for online maritime
simulators with cloud computing capabilities. In: VLADESCU, Marian et al. (eds.), pp.
100102L. Available from: https://doi.org/10.1117/12.2243355.

1056 DELLIOS, Kleanthis and PAPANIKAS, Dimitrios, 2014. Deploying a Maritime Cloud. IT
Professional, wvol. 16, no. 5, pp. 56-61. ISSN 1520-9202. Available from:
https://doi.org/10.1109/MITP.2014.67.
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YCTAHOBEHW MNPAKTUKNM M HOpMMU. Tasu CbNpoTMBaA MOKE A3 NOMpeyn Ha
npexoaa Kbm 6asmpaHu Ha obnak peleHns 3a obyyeHmnel®’,

e Jlunca Ha ocBegOMEHOCT M pasbupaHe: MHOro Mopcku obyyaemu
MOXKe Aa He pa3bupaT Hanb/HO Non3uTe U GYHKUNMOHANHOCTUTE Ha 0bnauHuTe
M3YMUCNIEHNA, KOETO BOAM A0 HexKenaHwe ga npuemart Te3m TEeXHONOrMKM 3a
uenuTe Ha obyyeHue.

5.4. Jlunca Ha KBaanduumpaH nepcoHan.

e [lponyck B ymeHuATa: Hanuue e 3abenexuteneH HeZoCTUr Ha
NepcoHan c HeobxoAMMWTE yMeHMA 3a ynpaBieHWEe M eKcnaoaTauMa Ha
0b6MayHM cucTeMM B MOpPCKATa MHAYCTpUA. Tasu nponacT B YMeHMUATa
npeacTaBnnaBa 3Ha4YMTeNHA 6apuepa 3a edeKTMBHOTO BHeApPABAaHE Ha 061ayYHU
U3YNCIUTENHU TeXHONOrMN1%8,

e HeobxoaumocT oOT cneumanuMsampaHo obyyeHue: Pa3BMBAHETO Ha
UMdPOBM KOMNETEHUNM Cpes, MOPCKUA NepCcoHan e OT peLlaBallo 3HaYeHM e, 3a
A3 Cce rapaHTMpa, Ye Te morat epeKTMBHO Aa M3non3saT 6asmpaHu Ha obnak
cuctemm 3a obydyeHume. ToBa M3UCKBA LLeI@HACOYEHM NPOrpamm 3a obyyeHue u
pa3BUTME Ha CTAHAAPTU3MPAHM KOMMETEHLUMN.

Bbnpekn 4e npeamsBMKaTencTsata MNpu BHeApABAHETO Ha 06/1a4yHM
N3YUC/IUTENHN TEXHONOMMKN 33 0ByvyeHMe Ha MOPCKU Kagpw Ca 3HAYUTENIHU, Te
He ca Henpeogonnmu. CnpaBAHETO C Te3n Npeau3BUKATENCTBA W3WUCKBA
MHOFOCTPAHEH MNOAXO0A4, BKAKYUTENIHO MWHBECTUpPaHe B WHPPACTPYKTYpa,
3acMNBaHe Ha MepKUTE 3a KMOEepCUrypHOCT, HacbpyaBaHe Ha Ky ATypa Ha
MHOBAUMM W pa3paboTBaHe Ha BceobxBaTHM nporpamu 3a obyyeHue 3a
npeoaoNnABaHe HA NPONacTTa B YMEHUATA.

6. Monsu oT BHeapABaHeETO

1057 THEOTOKAS, loannis N. et al.,, 2024. Challenges of maritime human resource
management for the transition to shipping digitalization. Journal of Shipping and Trade, vol.
9, no. 1, pp. 6. ISSN 2364-4575. Available from: https://doi.org/10.1186/s41072-024-00165-
0.

1058 HOPCRAFT, Rory, 2021. Developing Maritime Digital Competencies. IEEE
Communications Standards Magazine, vol. 5, no. 3, pp. 12-18. ISSN 2471-2825. Available
from: https://doi.org/10.1109/MCOMSTD.101.2000073.
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TexHonormute 3a 06/1a4HM U3YNCNEHNA NpeanaraT 3HaYUTeNHM NoA3M 33
obyyeHMETO Ha MOPCKMUSA MNepcoHasn, noAobpABaMKM  KAyecTBOTO Ha
obyyeHneTo, 4OCTLNHOCTTA, ePEKTUBHOCTTA M YCTOMUYMBOCTTA. TE€3U TEXHONOTUU
No3BONABAT NPEMMHABAHE OT TPAAULMOHHU, 3aBUCUMM OT MECTOMOJIOKEHUETO
MeToaM Ha obyyeHMe KbM MO-rbBKAaBM, MPM MOUCKBAHE WU MHTEPAKTUBHMU
yuyebHun cpegun. Tasm TpaHcPopmauma e OT pellaBallo 3HaYeHMe 3a MOpCKaTa
MHAOYCTPUA, KOATO M3NCKBA BUCOKOKBAnMPULUMpPAH NepCcoHan 3a ekcnaoaTtayma
Ha BCe MNO-CNOXHM cuctemun. CnegsawmTte pasgenn nogpobHo onuceat
cneyduyHUTE NON3KM  OT BHEAPABAHETO Ha 00N1aYHM  U3UYUCAUTENTHMU
TEXHO/IOTMMN B MOPCKOTO 06yYeHume.

6.1. NMopobpeHo KauecTBO Ha 06y4yeHueTo.

e [lopobpeHn BB3IMOMKHOCTM 33 cumynauua: ObnayHuTe cumynaTopu
OCUTYpPABAT peasinCTU4HA W MHTEepPaKTMBHA cpeda 3a o0byyeHue, KOATO
nogobpaBa KayecTBOTO Ha obydyeHneto. Te3nm cuMmynatopu nNO3BONABAT
cneundmyHO 3a 3agavata obyyeHne M aganTUBHU GYHKUMKU, KOMTO OTroBapAT
Ha WHOMBMAYANHUTE HYXXOM Ha CTAXKAHTUTE, MOBULIABAMKM MOTMBAUMATA WU
npeacrasaHeTo%,

e VHTerpauymAa Ha BUpPTyanHaTa peanHocT: MWM3nonssaHeto Ha VR
TEXHONOrMN B 06/1a4HN cuUCTemMM 3a obyyeHMe NO3BO/SABA MOTANALW, ONUT B
obyyeHmneTo, KONTo e ocobeHo edeKkTUBEH NPU Pa3BMBAHETO HA MPAKTUYECKMU
YMEHMA 1 eKONI0rMYHA KOMMNETEHTHOCT cped, mopaumTeloel,

e LlAanocTHO npepocTaBAHE Ha CbAbprKaHue: ObnayHUTE U3YUCNEHUS

nognomarat WUHTErpnpaHETo Ha Pa3nnyHu" o6pa303aTenHM pecypcu,

1059 HJELLVIK, Simen and MALLAM, Steven, 2023. Integrating motivated goal achievement in
maritime simulator training. WMU Journal of Maritime Affairs, vol. 22, no. 2, pp. 209-240.
ISSN 1651-436X. Available from: https://doi.org/10.1007/s13437-023-00309-2.

1060 \yOLOSHYNOV, S A et al., 2022. Seafarers high quality training provision by means of VR
technologies in the context of maritime transport sustainability. IOP Conference Series: Earth
and Environmental Science, vol. 1049, no. 1, pp. 012022. ISSN 1755-1307. Available from:
https://doi.org/10.1088/1755-1315/1049/1/012022.
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BK/NOYNTENHO MYATUMEAUMHO CbAbPXKAHWNE U UHTEPAKTUBHU MOAYNU, KOUTO
oboratasat yuebHUA onuT 1 NoA06pABaT 3a4bp>KaHeTo Ha 3HaHMa%%L,

6.2. MexayHapoaeH A0CTbN.

e ACuMHXpOHHO o06yyeHne: O6nayHMTE TEXHONOrMW NO3BONABAT
aCUHXPOHHO 0bOyyeHWe, NO3BONABAMKM Ha obydyaemuTe ga MMaT AOCTbMN A0
y4ebHM maTepuannm M [a yyacTBaT B CMMyaauMM NO TAXHO yaob6CTBO,
He3aBMCMMO OT reorpadckoTo mectononoxeHnel®®?,

e [nobanHo cbTpygHMyectBo: O6nayHMTe nnaTtopmu ynecHaAsaT
MEXAYHAPOAHOTO CbTPYAHMYECTBO W CNOAENAHETO Ha 3HaHMA MexXay
MOPCKUTE Cheunanucty, noaobpsasamku rnobanHaTa CTaHAAPTM3aUMA Ha
obyuntenHuTe npakTmknioss,

e OTpmaneyeH poctbn [0 pecypcu: CTaxKaHTUTE MMAT A0CTbN 40
LUMPOKA rama oT obpa3oBaTe/NIHU MaTepuaam U CUMYIAaTOPU OT BCAKA TOYKA Ha
CBETa, KOETO yNecHABa MOPCKMA MepcoHan Aa Npoab/Ku obpa3oBaHMETO cu,
AOKaTo € B MOpEeTO.

6.3. WUKOHOMMYeCKa ePEeKTUBHOCT.

e Pa3xoaHa edeKTMBHOCT: OBNaYHUTE U3UMCNEHMA HaMaANABaT HyXaaTa
OT CbopbXKeHunA n obopyaBaHe 3a pM3nyecko obyyeHne, HamanAaBamKku obwmTe
pa3xoau 3a nporpamu 3a obyyeHune. Tasn ePpeKTUBHOCT e 0COBeHO NonesHa 3a

opraHu3aumMm ¢ orpaHmyermn broaxketnio®,

1061 ATANASOVA, Christiana, 2023. Transforming Maritime Education for a Digital Industry.
Strategies for Policy in Science and Education-Strategii na Obrazovatelnata i Nauchnata
Politika, wvol. 31, no. 6s, pp. 9-18. ISSN 13100270. Available from:
https://doi.org/10.53656/str2023-6s-1-mar.
1062 BONGIORNI, Bruce et al., 1999. On-Demand Education to Meet Marine Industry
Professional Development Needs. Journal of Ship Production, vol. 15, no. 03, pp. 164-178.
ISSN 8756-1417. Available from: https://doi.org/10.5957/jsp.1999.15.3.164.
1063 QIU, Shaoyang et al., 2024. Research on an educational virtual training system for ship
life-saving appliances. Computer Applications in Engineering Education, vol. 32, no. 2. ISSN
1061-3773. Available from: https://doi.org/10.1002/cae.22708.
1064 BERTRAM, Volker and PLOWMAN, Tracy, 2020. Digital training solutions in the maritime
context: Options and costs. Maritime Technology and Research, vol. 2, no. 2, pp. 52—68. ISSN
2651-205X. Available from: https://doi.org/10.33175/mtr.2020.190782.
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e Mawabupyemoct n roBKkaBocT: Cucremumte 3a obyyeHue, 6asmpanHm
Ha obnak, moraT fiecHo ga 6baaT mawabupaHu, 3a Aa ce BKAOYAT B PasnYeH
6poii cTaxkaHTU U A3 6bAAT aKTyaM3npPaHM, 33 A3 BKAKOYAT HOBO CbAbpKaHMe
M TEXHONIOTMKM, KaTo Ce rapaHTupa, 4Ye Oby4YeHMEeTO ocTaBa YMECTHO U
edeKkTnBHO®,

e ABTOMaTM3MpaHa oLeHKa U obpaTHa Bpb3Ka: Ob6nauyHUTE NaaTPopmm
MOraT Aa NpeaocTaBAT aBTOMAaTU3MpPaHM OLLEHKM Ha edpeKTUBHOCTTA M obpaTHa
BPb3Ka, PaLMOHANIN3NPANKM NPoLEeca Ha OLUEHKa.

6.4. YcTronumBsoCT.

e HamaneHo Bb3geNcTBME  BbPXY  OKO/MHATa  cpega:  Ypes
MUHUMU3UPAHE Ha HyXAaTa OT CbOPbMKEHUA 3a ¢GM3MYecKo obyyeHue W
NbTyBaHWA, 6a3npaHOTO Ha o06naK obyyeHMe ponpuHAcA 3a ueauTe 3a
YCTOMYMBOCT Ha MOPCKaTa WMHAYCTPUA, B CbOTBETCTBME C EKONOrnYHUTE
NOZIMTUKM Ha OpraHn3aumnm Kato MexayHapoaHata MOPCKa opraHM3aums.

e HacbpuyaBaHe Ha eKo/siorMYHaTa oCBegoMeHOCT: [lporpamute 3a
obyyeHne, 6asmpaHn Ha obnak, morat Aa BKAKOYBAT MOAY/N, POKYCUpPaHMU
BbPXYy €KOJIOrMYHaTa KOMMETEeHTHOCT, noMmMarawy 3a BHYLWABaHETO Ha
€KOJIOFMYHO Cb3HaHMe Y bbaeLLnTe MopaLMm.

7. 3aknwoyeHue

O6nayHuTEe TEXHONOIMM NPenoCcTaBAT OFPOMHM Bb3MOXHOCTM 33
nogobpssaHe Ha obpa3oBaHMeTo, 0CO6eHO B cneunannsnmpaHm obnactm Kato
MOPCKOTO obyyeHne. Te ca WHCTPYMEHT 3a MOCTMraHe Ha no-gobpa
AOCTbMHOCT, e(PEeKTUBHOCT M KayecTBO Ha obyyeHueTo. Bbnpeku
npegu3BuKaTencTsaTa, BHegpABaHeTo Ha  ob6nayHu  nnatdpopmu B
obpa3oBaTeNHMA NpoLec e cTpaTerMyecka HeobxoammocT. BHeapsaBaHeTo Ha
06/1a4HN TEXHONOMMN B MOPCKOTO 0bpa3oBaHME e He CaMO TEeHAEHUMA, HO U

CTpaTernMyeckMm WMHCTPYMEHT 3a MoaepHusauma. Pesyntatute nokassat

1065 ||, Tingyun et al., 2024. Application Prospect of Cloud Model in the Development of New
Marine Simulator. In: 2024 3rd International Conference on Artificial Intelligence and
Autonomous Robot Systems (AIARS), pp. 806—809. IEEE. ISBN 979-8-3503-7617-3. Available
from: https://doi.org/10.1109/AIARS63200.2024.00151.
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nosuweHa epeKTUBHOCT, AOCTbMHOCT M KayecTBO Ha obyyeHuneTo. O6nayHuTe
N3YUCIUTENHN TEXHONOMMWN NpeasiaraT MHOrobporHN NpeaMmMcTBa 3@ MOPCKOTO
obyyeHMe, BaXHO e pga ce B3emaT npeasus  NOTEHUMANHUTE
npegu3BUKaTeNICTBA KAaTO CUTYPHOCTTa Ha AaHHWUTE, HeobxoaMmocTTa OoT
HageXaeH [OoCTbM A0 WHTEePHeT W MNbpBOHAYaNHUTE WHBECTULUKM B
TEXHONOTMYHA MHOPACTPYKTYpa.
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OBJIAYHU NIAT®OPMMU C OTBOPEH KOJZ: OPENSTACK,
CLOUDSTACK M OPENNEBULA. CPABHUTE/IEH AHAJIU3 U
MPUTOMEHWUE HA AHAJIMTUYEH MEPAPXUYEH MPOLIEC (AHP) 3A
U3B50P HA NOAXOAALLA NJATGOPMA 3A OBYYEHUE HA MOPCKMU
KAIPU

NnameH bpaHAKoB
BBMY ,,H. . Banuapos”
branyakov@naval-acad.bg, Ten.: 0887201158

AHomauyus: [lybaukauuama pa3sznexwda u3bopa Ha Open Source 06aa4YHU
naamgopmu 3a u3l2paxcdaHe Ha obyyumesnHu cpedu, HOKYyCUPaHU BbpXy MOPCKOMO
o0bpazosaHue. AHAAU3bM BKAKYE8A CpasHeHuUe Ha naamgopmume OpenStack, CloudStack u
OpenNebula, kamo ce u3nonssa aHaaumuyHusm lepapxuyeH npouec (AHP) 3a
CMPYKMypUpaHa OueHKa no Kpumepuu Kamo maw,abupyemocm, cueypHocm, no0o0pbIKKa U
ueHosa eghekmusHocm. Pe3ynmamume rnokazsam, 4Ye OpenStack e Hali-nodxodawama
naamgopma 3a cv30asaHe HA 0041a4YHU UHBPACMPYKMypuU, KOumo o0maoeapam Ha
cneyuguyHUmMe U3UCKBAHUA HA MOPCKomo obyvyeHue. B cmamusma ca npedcmaseHu
2paguku, mabauyu u 8u3yanulayuu, Koumo usnCcmpupam cpdsHeHUemo u rnpoueca Ha
8HeOpsAsaHe.

Knarovosu Oymu: obaa4yHu mexHosoeuu, Open Source, OpenStack, CloudStack,
OpenNebula, aHanumuueH lepapxuyeH npouyec (AHP), mopcko obyuyeHue, cuaypHocm,
obyyumernHu naamegopmu.

OPEN SOURCE CLOUD PLATFORMS: OPENSTACK,
CLOUDSTACK, AND OPENNEBULA. COMPARATIVE ANALYSIS AND
APPLICATION OF THE ANALYTICAL HIERARCHY PROCESS (AHP) FOR
SELECTING AN APPROPRIATE PLATFORM FOR MARITIME TRAINING
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Abstract: The publication explores the selection of Open-Source cloud platforms for
building training environments tailored to maritime education. The analysis compares
OpenStack, CloudStack, and OpenNebula platforms using the Analytic Hierarchy Process
(AHP) for structured evaluation based on criteria such as scalability, security, support, and
cost-efficiency. The results indicate that OpenStack is the most suitable platform for creating
cloud infrastructures that meet the specific demands of maritime training. The paper includes
charts, tables, and visualizations to illustrate the comparison and the deployment process.

Keywords: cloud technologies, Open Source, OpenStack, CloudStack, OpenNebula,
Analytic Hierarchy Process (AHP), maritime education, scalability, security, training
platforms.

1. BbBepeHue

MHTerpaumata Ha obnayHM TexHoNormm B obpasoBaTeIHUTE NpoLecH e
KPUTUYHA 3@ MOAEPHM3AUMATA HA MOPCKOTO o0byyeHue. [Mnatdopmute c
oTBOopeH Kopg Kato OpenStack, CloudStack u OpenNebula npegocTtasar
HageXAHW U IbBKaBU pelleHMA 3a Cb3gaBaHe Ha obyuuTenHu cpegun. Tasu
nybnvMKkauna aHanusupa npeguMmcTBata WM HeAoCTaTbUMTE Ha  PasIMyHU
nNaTGopmm C OTBOPEH KOA, M3MON3BANKU aHANUTUYHUA MepapxmyeH npouec
(AHP) 3a cTpyKTypuMpaHO W OOEKTUMBHO cCpaBHEHWE Ha nnatdopmute Mo
KNto4YoBKU Kputepun. Ob6navyHUTE TEXHONOTMWU Ce YTBLbPXKAABAT KATO KAKYOB
MHCTPYMEHT B MOAEPHU3MPAHETO HA MOPCKOTO o0bydyeHne. Open Source
peweHnATa npeanarat 3HAYMTENIHW NPeauMCcTBa npes  KOPNopaTUBHUTE
nnaTGopmmM, KaTo TIbBKABOCT, MNPO3PAYHOCT M HamasieHM pas3xoau. Tasu
nyb6amMkaumna pasraexga tpu nonynapHu Open Source ob6navyHn naatdopmm —
OpenStack, CloudStack n OpenNebula, kato n3nonssa metoga AHP (Analytic
Hierarchy Process) 3a 06eKTMBHO CpaBHeHMe.

2. 06nauyHu nnatpopmm C OTBOPEH KO,
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2.1. OpenStack

OpenStack e o6nayHa wu3uncamMtTenHa nnatpopma C OTBOPEH Koa,
npegHa3Ha4YeHa NpeguMmMHO Aa NpenocTaBs MHPPACTPYKTYpa KaTto ycayra (laas),
No3BONABALLA YNPaBNEHNETO U BHEAPABAHETO KAKTO Ha NybAMYHM, TaKa U Ha
YyacTHM obnaun. ApXMTEKTypaTa My € MOAY/NHA M CUAHO afanTMBHA, KOETo
NO3BO/IABA MHTErPUPAHETO U YNPABAEHNETO HA LUMPOK CMEKTbP OT XapAyepHMU
PECYpPCUM U YCAYTU, KAaTO U3YUCNEHUA, CbXPaHEHME M paboTa B MperKa, ypes
eanHHO Tabno 3a ynpasneHue, n3sBectHo Kato Horizon'%®®, Apxutektyparta Ha
OpenStack ce cbCcTOM OT HAKOJIKO OCHOBHM KOMMOHEHTA, BKAtouMTeNHO Nova 3a
nsumcnasaHe, Swift 3a cbxpaHeHume Ha obektn, Cinder 3a cbxpaHeHMe Ha
6nokoBe, Neutron 3a mpexn n Keystone 3a ycnyrm 3a MAeHTUYHOCT, Hapea, C
Apyrn. Tesm KOMMOHEHTM Ca NPOEeKTUpPaHU aAa paboTAT HEe3aBUCMMO, AOKATO
KOMYHMKMPAT 4Ype3 aCMHXPOHHM ONalKW 3a CbOoOLWEHUA, OCUTypABaMNKMK

1067 " MbekaBoCTTa M MalabupyemocTta Ha

MaLWabmpyemocT M HaaerKaHOCT
OpenStack ro npaBaT naeanHo peweHue 3a Pas3/IMYHU CEKTOPU, BKAKOUYNTENHO
obpa3oBaHMETO, KbAEeTO MOXe Jga Ce M3Non3Ba 3a Cb3gaBaHe Ha
MaLwabmpyemm n peHTabunHm cpeam 3a BUpTYyanm3saums.

2.2. CloudStack

Apache CloudStack e Bogewa ob6nayHa u3uMcauMTenHa nnatpopma C
OTBOpPEH KOJA, NpefHa3HayeHa 3a BHeApABaHE M YMNpaB/ieHWE HA ronemwu
MPEXKN OT BUPTYa/HW MaALIMHM KATO BUMCOKO [OCTbMHO, Malabupyemo

peweHne 3a obnauHM wmsumcneHua Infrastructure as a Service (laaS)%8.

1066 | E, Dac-Nhuong et al., 2022. OpenStack. In: Cloud Computing Solutions, pp. 313—
323Wiley.

1067 ROSADO, Tiago and BERNARDINO, Jorge, 2014. An overview of openstack architecture.
In: Proceedings of the 18th International Database Engineering & Applications Symposium
on - IDEAS ’14, pp. 366—367. New York, New York, USA: ACM Press. ISBN 9781450326278.
Available from: https://doi.org/10.1145/2628194.2628195.

1068 FLAUZINO, José and DUARTE JR., Elias P., 2022. Uma Plataforma NFV-MANO para
Suporte e Orquestracdo de Servicos de Rede Virtualizados em Nuvem CloudStack. In: Anais
Estendidos do XL Simpdsio Brasileiro de Redes de Computadores e Sistemas Distribuidos
(SBRC Estendido 2022), pp. 169-176. Sociedade Brasileira de Computacdo - SBC. Available
from: https://doi.org/10.5753/sbrc_estendido.2022.222414.
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OCcHOBHaTa My Uen e ga gage Bb3MOXKHOCT Ha NpeanpuATMATa Aa Cb3aaBaT U
ynpasnsasat edpeKkTMBHO cBOMTe 0OMaYHM YCAYrn, OCUrypABarKKM cTabunHa
paMKa 3a cb3gaBaHe, ynpaBaeHue n aBTomaTnanpaHe Ha UT MHPpPACTPYKTYpHU
pecypcu, BKAKOUYMTENHO CbXpaHEHWE, MPEXKOBM PECYPCU M XOCTOBE, KATO MO
TO3M HAYMH YyNecHABA YNpPaB/IEHMETO Ha LUEeAW LUEeHTpoBe 3a [JAaHHMW.
ApxutektypaTta Ha CloudStack e nsrpageHa okono cbpBbP 3a ynpaB/ieHUE Ha
o621aKa, CbpBbP 33 KOHTPON Ha 06/1a4YHUTE Pecypcu U CbPBbBP 33 CUTYPHOCT B
obnaKka, KOWTO 3aeAHO YMpPaBAABaT KU3HEHUS UMKBA HA WU3YUCAUTENHUTE
pecypcu, KOHTPOIMPAT U NNAHMPAT pecypcute Ha GU3NYECKMA CNOoM N Cb3aaBaT
CUCTEMA 33 CUTYPHO B3aUMOAEWNCTBME MeXKAY 4YacTHM U nybanyHm obnaum.
Tasn apxuTeKkTypa MNO3BOMABA WMHTErPUPAHETO HA Pa3/IMYHU XMMEPBAN30pH,
MPEXKOBU  KOHPUIypaumm M CUCTEMM 3@ CbXpaHeHWe, MO3BONABANKHK
JIOTMYECKOTO pa3feniAHe Ha LeHTpoBeTe 3a JAaHHM 3a nogobpaBaHe Ha
ynpaBneHneTo 1 A0oCcTbna Ha noTpebutennte, 6asmpaH Ha NOANTUKNIO®,

2.3. OpenNebula

OpenNebula e nnatpopma c OTBOpeH KoAd, NpeaHa3HayeHa 3a
N3rparkgaHe W ynpasBaeHMe Ha KOpMopaTUBHM 06s1aum M BUPTyaU3UpPaHU
LEHTPOBE 3a [JaHHM, npegnarawa npocTto, HO MOLWIHO peLleHne, KOeTo
nogyepTtaBa OTKPUTOCTTA, MBKABOCTTa M Malwabupyemoctta. OcHoBHaTa My
Len e Aa ocurypu eguMHHa cuctema 3a ynpasseHune Ha UT nHpacTpykTypaTta u
NPUNOXKEHMATA, KaTo NO TO3M HAYMH HAaMa/IABA CI0XKHOCTTA, NoTpebaeHneTo Ha
pecypcu n onepaTMBHUTE Pa3xoam, KaTo CblLeBpeMeHHOo n3barea 610KkMpaHeTo

Ha AJocTasumka 170 |

ApxuTektypata Ha OpenNebula ce ocHoBaBa Ha
apXUTEKTypa, opueHTUpaHa Kbm ycayrn (SOA) u NpUHUUNNTE HA BUPTYANHOTO

npegnpuaTMe, KOETO My MO03BOASBA fAa NOAAbPNKA pPasIMYHM  061ayYHU

1069 ZEROUALI, Ahmed and MENS, Tom, 2017. An empirical comparison of the development
history of cloudstack and eucalyptus. In: Proceedings of the 2017 International Conference
on Smart Digital Environment, pp. 116—121. New York, NY, USA: ACM. ISBN 9781450352819.
Available from: https://doi.org/10.1145/3128128.3128146.

1070 L E, Dac-Nhuong et al., 2022. OpenNebula. In: Cloud Computing Solutions, pp. 305—
311Wiley.
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apPXUTEKTYPU, BKAIOYUTENIHO YaCTHWU, XMBPUAHU U nybanynum obnak®’t. Tasm
MOAYy/IHa CUCTEMaA e MPOeKTMpPaHa TaKa, Ye aa b6bae NecHO MHTerpupaHa Cbe
CbLUECTBYBaWMTE TEXHO/OMMWN, KOETO S MNpaBuM JecHa 3a WHCTaAupaHe,
aKTyanusnpaHe n paboTa 3a agMUHUCTPATOPUTE M IeCcHa 3a NoTpebutenu.

3. CpaBHuTeneH aHanus Ha OpenStack, CloudStack n OpenNebula

OpenStack, CloudStack n OpenNebula ca nnatdpopmu 3a ynpaBneHune Ha
o6/1aum c OTBOPEH KoA, BCAKA C YHUKANHU CUTHU M C1abu CTpaHM NO PasINYHMK
KpuTepun. To3Mm aHanu3 cpaBHABA Te3n naaTpopmuM Bb3 OCHOBA Ha
Mawabupyemoctta, rbBKaBOCTTa, NOAAPDBXKKATA WU  AOKYMEHTauMATa,
CUTYPHOCTTA, PEHTAbMIHOCTTa M CNOCOOHOCTTAa MM Aa Ce MHTerpuMpaT CbC
cucTeMuTe 3a ynpaBneHue Ha obyyeHueTo (LMS). MoayepTaBa ce NnpurogHoCTTa
Ha BCAKAa nnatdopma 3a pPas3IMYHM CAyd4anm Ha ynoTtpeba, ocuUrypaBainiku
LUANOCTHO pa3bupaHe Ha TEXHUTE Bb3MOXKHOCTMU.

3.1. Mawabupyemocr

e OpenStack: MW3BecTeH cbC cBOSITa MacMBHa Malabupyemocr,
OpenStack mo)ke pa nogabp)ka netabantM AaHHM M e noaxodAw, 3a
LWMPOKOMaLLLabHa BUPTYyanm3aLms, KOeTo ro npaBu naeaneH 3a obpasosarenHu
M NPaBUTENCTBEHU CEKTOPWU, KOUTO M3UCKBAT LWIMPOKO YrpaB/ieHWe Ha
pecypcutel®’?,

e CloudStack: Makap n ga He e TonkoBa malwabupyem kato OpenStack,
CloudStack npegnara ctabunHmn ¢yHKUMKM 3a mawwabupyemocTt, noaxoAsLmM 3a
cpegHu U ronemun NpeanpuaATUA, C aKLEHT BbPXy NIEKOTAaTa Ha BHeApABaHE M

ynpasnenunel?’s,

1071 MOLINA, Daniel et al., [no date]. The OpenNebula Cloud Toolkit. In: Open Source Cloud
Computing Systems, pp. 19-43IGI Global.

1072 ABBASI, Maryam et al., 2023. Exploring OpenStack for Scalable and Cost-Effective
Virtualization in Education. In:, pp. 135-146

1073 \VOGEL, Adriano et al., 2016. Private laaS Clouds: A Comparative Analysis of OpenNebula,
CloudStack and OpenStack. In: 2016 24th Euromicro International Conference on Parallel,
Distributed, and Network-Based Processing (PDP), pp. 672—679. IEEE. ISBN 978-1-4673-8776-
7. Available from: https://doi.org/10.1109/PDP.2016.75.
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e OpenNebula: MNpegnara ymepeHa  mawabupyemocTt, 4ecTo
npeanoYymTaHa 3a NO-MasjikM A0 CpeaHU BHeApPsiBaHMA NopagmM CBOATa NPOCTOoTa
M NeKoTa Ha nsnonssaHel?’s,

3.2. [bBKaBoOCT

e OpenStack: Ocurypsasa WMpPOKa IbBKABOCT 4Ype3 CBOATA MOAY/HA
apXMTEKTypa, NO03BONABAMKM Ha noTpedbutenute aAa NepCcoHaNn3upaT WU
pa3WwnpaBaT GYHKLUMOHANHOCTUTE cnopes cneuuPuUHUTe HyKAMu.

o CloudStack: CumtaH 3a Ham-roBkaBua cpen Tpute, CloudStack
noaAbprKa LWMPOK CNEKTbP OT XMMNepBam3opu U e U3BECTEeH C JIeKoTaTa CU Ha
NMHTerpayms.

e OpenNebula: Mpeanara rbBKaBOCT, HO e NO-PaUMOHANN3NPaAH, KATO
ce ¢oKycmpa BbPXY MpOCTOTaTa M /eKoTaTa Ha BHeApsBaHe, a He BbPXY
06LWKMPHOTO NepcoHannsnpaHe.

3.3. lMopAapbXKa 1 JOKYMeHTauuA

e OpenStack: Tonsma ob6bwHOCT UM oO6WMPHA AOKYMeEHTauwus,
OCUIypABaLLa LANOCTHA NOAAPBXKKA 32 NoTpebutenm n paspabotunum.

e CloudStack: Cbwo Taka uma cunHa obwHOCT U Aobpa AOKYMeHTaums,
MaKap 1 He To/IKkoBa 06wKnpHa Kato OpenStack.

e OpenNebula: BbnpeKkn 4ye ma no-manka o6LHOCT, NPeAoCcTaBA ACHA
N KPaTKa LOKYMEHTaLMA, KOETO A NPaBM AOCTbMHA 33 HOBM NoTpebutenn.

3.4. CurypHocT

e OpenStack: MNpepnara cTtabuaHuM  GyHKUMM 3@  CUTYPHOCT,
BK/IIOYUTENHO yrNpaBAeHMe Ha CAMOIMYHOCTTA U KOHTPO/1 Ha A0CTbNa, KOETOo ro
npaBu NOAXOAALL 33 CPeAn, KbAETO CUTYPHOCTTA € NpUopuUTeT.

e CloudStack: MpepocTtaBa connaHn GyHKLUMM 3@ CUTYPHOCT, C aKLEHT

BbPXY MpeoBaTa CUrypHocT n nsonaumnaio’,

1074 WEN, Xiaolong et al., 2012. Comparison of open-source cloud management platforms:
OpenStack and OpenNebula. In: 2012 9th International Conference on Fuzzy Systems and
Knowledge Discovery, pp. 2457-2461. |EEE. ISBN 978-1-4673-0024-7. Available from:
https://doi.org/10.1109/FSKD.2012.6234218.
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e OpenNebula: Makap ¥ 3aWWUTEH, 4YeCcTO Ce cyYMTa 3a MO-MaJiKo
n3dyepnateneH no OTHOWeEHWEe Ha GYHKUMUTE 3@ CUTYPHOCT B CPABHEHWE C
OpenStack n CloudStack.

3.5. EdeKTUBHOCT Ha pa3xoaute

e OpenStack: Hamansaa pa3sxogute 3a Noagpb)KKa M ONTUMU3MPA
M3NON3BAHETO Ha XapAyepHWUTE pecypcu, KOeTo [0 npaBu peHTabuaHo
pelleHne 3a MalabHu BHeapsABaHe.

e CloudStack: Mpepnara peHTabunHu peweHna c poKyc BbPXY IeKoTaTa
Ha M3NON3BaHe N BHeApABaHe, HAMaNABaAMKM ONepaTUBHUTE Pa3XoaM.

e OpenNebula: N3BecTeH cbC cBOATA NPOCTOTA M HUCKM Pa3xoamn, KOETO
ro npasu peHTabuneH n3bop 3a No-manku BHeAPABAHUA.

3.6. Bb3mOXXHOCT 3a UHTerpupaHe c LMS

e OpenStack: HeroBata mawabupyemocT M rbBKAaBOCT rO MNpPaBAT
noaxoasuw, 3a uHTerpauma c LMS, kato noaabp:ka ronemum obpasoBaTenHu
HACTPOMKMW.

e CloudStack: Npegnara o6pn Bb3MOXKHOCTU 3@ MHTErPaLUA, BbNPEKU
ye cneymduyHata LMS wuHTerpaumsa moxKe n[a M3UCKBA AOMbAHUTENHA
nepcoHanmsaums.

e OpenNebula: Makap u cnocobeH, moXKe Aa U3MCKBaA NOBeYE yCUINA
3a MHTerpupaHe ¢ LMS B cpaBHeHue ¢ OpenStack.

4. Metopgonorna Ha AHP meTtopaa

AHanUTUYHUAT MNepapxuyeH npouec (AHP) e meTon 3a B3emaHe Ha
pelleHuna, KOUTO CTPYKTYPUpPa CIOXKHK npobaemun B epapxmyHa dopma 1 AaBa

Bb3MOXHOCT 3a KOJ/IM4eCTBEHO OUEeHABaAHEé Ha pPa3/IM4HKN anTepHaTuBum nNo

1075 pARADOWSKI, Aaron et al., 2014. Benchmarking the Performance of OpenStack and
CloudStack. In: 2014 IEEE 17th International Symposium on Object/Component/Service-
Oriented Real-Time Distributed Computing, pp. 405-412. |EEE. ISBN 978-1-4799-4430-9.
Available from: https://doi.org/10.1109/ISORC.2014.12.
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1076 " MpouecbT Ha aHanuTMuHa Mepapxua (AHP) e

MHOMECTBO KpuTepum
CTPYKTYpMpaHa TeXHWKa 3a OpraHuMsMpaHe M aHaAM3 Ha CAOMKHM pelueHus,
KOATO MOXe epeKTUBHO Ja ce NpPuaoKu 3a u3bop Ha noaxogaila obnadHa
nnatdopma Kato OpenStack, CloudStack n OpenNebula. AHP nomara Ha
B3eMalUNTE pelleHUa [a OLLEHAT MHOMECTBO KPUTEPUU M anTepHaTUBK, KaTo
pa3genat npobnema c B3EeMAHETO Ha peleHuMA B Mepapxuma OT MNO-/IECHO
pasbupaemn noanpobiemmn, BCEKM OT KOMTO MOXe Aa 6bae aHanmsmpad
He3aBucumo®”’. To3m meTon e ocobeHo noneseH B KOHTEKCTa Ha m3bopa Ha
obnauHa nnatpopma, KbAeTo TpAbBa fAa ce B3emaT Npeasui, Pas/iMuHK
Kputepmn. OCHOBHU XapaKTepPUCTUKKN Ha AHP:

e lepapxuuHo cTpyKTypupaHe: AHP opraHusupa npobnemute c
B3eMaHeTO Ha PelleHMA B Mepapxusa OT LUenu, KPUTEPUW, NOAKPUTEPUMN Wt
anTepHaTueu. Tasm CTPyKTypa nomara 3a cMcTemMaTuyeH aHanauns Ha npobnema,
KaTo ce GOKycmpa BbpXy NO-mManku, no-yrnpasnsemm yactnlo’s,

e [1BOVHM cpaBHeHUA: MeToAbT pa3unTa Ha CpaBHEHMA MO ABOWKM, 3a
[la OUEHM OTHOCUTE/IHOTO 3HauYeHMe Ha KpuTepuute U antepHatusute. Tosa
BK/IIOYBA CPaBHABAHE Ha e/IeMeHTU [1Ba HaBeAHbK, 3a [1a Ce NPELLEHN Koe e No-
BaXHO M MO KOJIKO, KaTo Ce 13M0/13Ba CKana oT abcontoTHU npeueHKn”,

e [lpoBepKa Ha nocnepgosatenHoctra: AHP nossonaBa w3BeCTHO
HeCbOTBETCTBME B MPELEeHKUTe, MPUM3HaBalKM YoBeLWKaTa rpewka. ToM
M3MNoN3Ba OCHOBHaTa cOBCTBEHAa CTOMHOCT, 3a [Aa W3BleYe WHAEKC Ha

nocnenoBaTesIHOCT, KaTo rapaHTupa, 4e CpaBHEHMATA Ca 1IOTUHECKH cTabunnm.

1076 DING, Dayong et al., 2007. AHP: A New Strategy for the Semantic Concept Detection in
Video. In: Multimedia and Expo, 2007 IEEE International Conference on, pp. 1974-1977.
IEEE. ISBN 1-4244-1016-9. Available from: https://doi.org/10.1109/ICME.2007.4285065.

1077 \WEBER, Karl, 1998. AHP (Analytic Hierarchy Process) — Einsatz im Marketing. In:
Computer Based Marketing, pp. 659-667Wiesbaden: Vieweg+Teubner Verlag.

1078 VARGAS, Luis G., 1990. An overview of the analytic hierarchy process and its
applications. European Journal of Operational Research, vol. 48, no. 1, pp. 2-8. ISSN
03772217. Available from: https://doi.org/10.1016/0377-2217(90)90056-H.

1079 KHAZAII, Javad, 2016. Analytical Hierarchy Process (AHP). In: Advanced Decision Making
for HVAC Engineers, pp. 73—85Cham: Springer International Publishing.
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dwur. 1. bnok-cxema Ha AHP npoueca

5. NpwunoxkeHne Ha AHP meToaa

MpobnembT ce pasgens Ha MepapxuMyHM HUMBA U CbOTBETHUTE eTanu Ha
AHP aHanu3a Bkao4YBarT:

5.1. CTpyKtypupaHe Ha npobaema

° LUen: N36op Ha onTumanHa nnatdopma.

° Kputepuu: MawabupyemocrT, [BKaBOCT, MopapbXKKa 7
AOKyMeHTauma, CurypHocT, LleHoBa epeKTMBHOCT, Bb3MOXKHOCT 3a MHTerpauma
CbC cMCTeMa 3a ynpasneHue Ha obydyeHuneto (LMS)

e  AntepHatmsu: OpenStack, CloudStack, OpenNebula.

5.2. CpaBHeHMe No ABOMKMU U Cb3JaBaHE Ma MaTpuuuTe CbOTBETHO 3a
BCEKU KPUTEPUMA.

Kputepuute n anTepHaTMBUTE Ce CPABHABAT MO ABOMKM CNPAMO TAXHOTO
3HayeHue. M3non3BaHa e ckana oT 1 40 9 33 OueHKa Ha OTHOCUTeNHaTa
BAXXHOCT (Hanmp. 1 = paBHA Ba)HOCT, 9 = WU3KAOYUTENHO MO-BaXKHO).
Pe3yntaTuTe ce 3anMcBaT B MaTpuLa NOKasaHW B Tabamuute no-gony.
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Ta6auua 1. MaTtpuuya oTHOCHO Maw,abupyemoct

OpenStack CloudStack | OpenNebula
OpenStack 1 2 3
CloudStack 0.5 1 2
OpenNebula 0.3333 0.5 1
1.8333 3.5 6

Tabauuya 2. MaTpuua OTHOCHO MbBKABOCT

OpenStack CloudStack OpenNebula
OpenStack 1 2 3
CloudStack 0.5 1 2
OpenNebula 0.3333 0.5 1
1.8333 3.5 6

Tabauua 3. MaTpuua OTHOCHO NOAAPBXKKA U AOKYMEHTaumA

OpenStack CloudStack OpenNebula
OpenStack 1 2 3
CloudStack 0.5 1 1
OpenNebula 0.3333 1 1
1.8333 4 5

Ta6nuuya 4. MaTpuua OTHOCHO CUTYPHOCT

OpenStack CloudStack OpenNebula
OpenStack 1 2 3
CloudStack 0.5 1 1
OpenNebula 0.3333 1 1
1.8333 4 5

Tabauua 5. MaTpuua OTHOCHO LeHOBA epeKTUBHOCT

OpenStack CloudStack OpenNebula
OpenStack 1 1 1
CloudStack 1 1 1
OpenNebula 1 1 1
3 3 3

Ta6bauua 6. MaTtpurua OTHOCHO uMHTerpauusa ¢ LMS

OpenStack

CloudStack

OpenNebula

OpenStack

1

2

3
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CloudStack 0.1111 1 1

OpenNebula 0.1111 0.125 1

1.2222 10.125 18

Tabnuua 7. KputepuiiHa matpuua
Scalability Flexibility Support Security Cost LMS

Scalability 1 1 2 0.5 2 1
Flexibility 1 1 2 0.5 1 1
Support 0.5 0.5 1 0.5 1 1
Security 2 2 2 1 2 1
Cost 0.5 1 1 0.5 1 1
LMS 1 1 1 1 1 1
6 6.5 9 4 8 6

5.3. EKcnepTHa oueHKa Ha OTHOCUTE/IHATa BaXKHOCT Ha Kputepuure.

TexKecTnTe NOKa3BaT OTHOCMTENIHATA BAa*KHOCT Ha BCEKU esIeMeHT CrpAMO uenTa u ce

M3NON3BAT 34 KON\6MHVIpaHe Ha pe3yaTaTtute. N3uncnasaHe Ha TexecTu (I'IpMOpMTeTM) n

3aNMNCBAHETO UM Ta6J'IVILI,M:

Ta6bnuua 8. MaTpMLa OTHOCHO MaLLLAabMPyeMOoCT C U3UMCABAHE HA TEXKECTUTE

OpenStack CloudStack | OpenNebula | O6wa Texecr
OpenStack 0.5455 0.5714 0.5 0.539
CloudStack 0.2727 0.2857 0.3333 0.2973
OpenNebula 0.1818 0.1429 0.1667 0.1638
1 1 1 1

Tabauua 9. MaTpuua OTHOCHO MBKABOCT C M3UUC/IABAHE HA TEXECTUTe

OpenStack CloudStack | OpenNebula | O6wa Texecr
OpenStack 0.5455 0.5714 0.5 0.539
CloudStack 0.2727 0.2857 0.3333 0.2973
OpenNebula 0.1818 0.1429 0.1667 0.1638
1 1 1 1

Ta6m4u,a 2. Ma'rpuu,a OTHOCHO NoAApbXKKa U AOKYMEHTaLuUA C usuyncnaBaHe Ha Texxectute

OpenStack CloudStack | OpenNebula | O6wa Texecr
OpenStack 0.5455 0.5 0.6 0.5485
CloudStack 0.2727 0.25 0.2 0.2409
OpenNebula 0.1818 0.25 0.2 0.2106
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Ta6bauua 3. MaTtpu1ua OTHOCHO CUTYPHOCT C U3UUC/IABAHE Ha TeXecTuTe

OpenStack CloudStack | OpenNebula | O6wa Texecr
OpenStack 0.5455 0.5 0.6 0.5485
CloudStack 0.2727 0.25 0.2 0.2409
OpenNebula 0.1818 0.25 0.2 0.2106
1 1 1 1

Ta6nuu,a 4, Ma‘rpuu,a OTHOCHO LUeHOBa eq)EKTMBHOCT C usyncnaBaHe Ha Texxectute

OpenStack CloudStack | OpenNebula | O6wa Texecr
OpenStack 0.3333 0.3333 0.3333 0.3333
CloudStack 0.3333 0.3333 0.3333 0.3333
OpenNebula 0.3333 0.3333 0.3333 0.3333
1 1 1 1

Tabauua 5. MaTtpuua oTHOCHO MHTerpauma ¢ LMS ¢ nsuncnasaHe Ha Texecture

OpenStack CloudStack | OpenNebula | O6wa Texecr
OpenStack 0.5455 0.5 0.6 0.5485
CloudStack 0.2727 0.25 0.2 0.2409
OpenNebula 0.1818 0.25 0.2 0.2106
1 1 1 1

Ta6bnuua 6. KputepuiiHa maTpuua ¢ U3UMCAsABaHE Ha TEXKeCTUTe

Scalability | Flexibility | Support | Security | Cost LMS O6wa
Texecr
Scalability 0.1667 0.1538 0.2222 0.125 0.25 0.1667 | 0.1807
Flexibility 0.1667 0.1538 0.2222 0.125 0.125 | 0.1667 | 0.1599
Support 0.0833 0.0769 0.1111 0.125 0.125 | 0.1667 | 0.1147
Security 0.3333 0.3077 0.2222 0.25 0.25 0.1667 | 0.255
Cost 0.0833 0.1538 0.1111 0.125 0.125 | 0.1667 | 0.1275
LMS 0.1667 0.1538 0.1111 0.25 0.125 | 0.1667 | 0.1622

1 1 1 1 1 1 1
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5.4. KOHCUCTEHTHOCT Ha OUEHKUTe

MeToabT BKAKOYBA npoBepKa Ha KOHCUCTEHTHOCTTA, 3a A4 Cé rapaHTuUpa,

ye CpaBHEHUATa Ca NOTMYHW. N3umncnasa ce I-(OE‘CI)MLI,MEHT Ha KOHCUCTEHTHOCT

(Cl) n ce cpaBHaBa c npousBonHua uHaekc (Rl). Ako CI/RI < 0.1, oueHKuTe ca

NPUEMINBO KOHCUCTEHTHMW.

5.5.

KpaiHute pe3syntatm ce u3umMcasBat 4ype3 KOMOBMHMpaHe Ha

TeXecTuTe Ha anTepHaTMBuUTe CNpPAMO Kputepuute. AntepHaTmsaTa C Hau-

BMCOK 0DOLL, pe3y/TaT ce cyMTa 3a Han-noaxoasaLla.

Tabnuua 7. Matpuua c M3UMCNABaHE Ha TeXecTute

Scalability | Flexibility | Support Security Cost LMS
OpenStack 0.539 0.539 0.5485 0.5485 0.3333 0.5485
CloudStack 0.2973 0.2973 0.2409 0.2409 0.3333 0.2409
OpenNebula | 0.1638 0.1638 0.2106 0.2106 0.3333 0.2106

0.1807 0.1599 0.1147 0.255 0.1275 0.1622

Ta6bnuua 8. duMHaNHK n3uncneHma
Scalability | Flexibility | Support | Security | Cost LMS Pesynrtar
%

OpenStack 0.0974 0.0862 0.0629 | 0.1398 | 0.0424 | 0.0889 | 51.78
CloudStack 0.0537 0.0475 0.0276 | 0.0614 | 0.0424 | 0.039 |27.19
OpenNebula | 0.0296 0.0262 0.0242 | 0.0537 | 0.0424 | 0.0341 | 21.03
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OpenNebula
21%

m OpenStack
OpenStack = CloudStack

52%

EOpenNebula

CloudStack
27%

dwur. 2. lpadumKa nokassalwa PUHANHUTE pe3yaTaTH

6. 3aknwoueHue

CpaBHUTENHUAT aHanu3 nokasea, 4ye OpenStack e Han-nogxopgAwiaTa
nnatdopma 3a m3rpaxaaHe Ha obnayHa cpega No 3agageHuTe cneumduyHm
M3NCKBAHWA KATO: MaLLabmnpyemocT, rBKaBOCT, NOAAPDBKKA U AOKYMEHTAUMA,
CUTYPHOCT, LLeHOBa €PEeKTUBHOCT, Bb3MOXHOCT 32 MHTErpaumna CbC cucTema 3a
ynpasneHue Ha obydeHmneto (LMS). MpunoxkeHueto Ha AHP meToaa ocurypasa
06€eKTMBHA OCHOBaA 3a M360p Ha TEXHONOMMYHO pelleHMe, KoeTo OTroBapA Ha
cneunduyHUTE M3UCKBAHUA NO M3rpaKAaHeTo Ha obnavyHa nnatdopma 3a
obyyeHne Ha MOPCKU Kagpw.
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N3rPAXXAOAHE HA OBJIAYHA NNATPOPMA 3A OBYYEHUE HA
MOPCKU KAAPU C MOMOLLTA HA OPENSTACK U MOODLE

NnameH bpaHAKoB
BBMY ,H. 1. Banuapos”
branyakov@naval-acad.bg, Ten.: 0887201158

AHOomayusa: Hacmoawama nybaukauua pasenexoa usepaicdaHemo Ha obaa4yHa
naamgopma 3a obyvyeHUe HO MOPCKU Kaodpu 4ype3 uHmezpayusma Ha OpenStack kamo
uHgpacmpykmypa u Moodle kKamo cucmema 3a ynpassneHue Ha obyyeHuemo (LMS).
OnucaHu ca apxumeKkmypama Ha rnaamgopmama, Karyosume KomnoHeHmu Ha OpenStack,
npouyecbm Ha uHmezpayua ¢ Moodle u usnonszeaHemo Ha supmyanuU3ayUA 3a CUMYAUPAHE
Ha peasnHu ycnosus 8 obyyeHuemo. CneyuanHo BHUMAHUE e omoesneHo Ha nooxooume 3a
CKaNupaHe HA naAamgopmama — 6epmuUKAaAHO U XOPU3OHMAsAHO, Koemo ocuz2ypAasd
2bBKABoCM U HAOewOHOCM [pu ynpassaeHUe HA HamoeapsaHuama. W3cnedeaHemo
nodyepmasa npedumMmcmeama HaA U3M0a138aHemMo HA 0671GYHU MexHOos02uu 3a MOPCKOMO
0bpa3osaHue, 8KAYUMeENHO echekmusHocmma, mauwabupyemocmma u adanmueHocmma

KbM crieyuguyHu HyHou.

Karovyosu OJymu: obnauyHu mexHonozuu, OpenStack, Moodle, supmyanuszayus,
MOPCKO 0byyeHue, CKanupaHe, UHpacmpykmypa.

BUILDING A CLOUD PLATFORM FOR MARITIME TRAINING
USING OPENSTACK AND MOODLE

Plamen Branyakov
Nikola Vaptsarov Naval Academy
email:branyakov@naval-acad.bg, phone: 0887201158

Abstract: This publication examines the development of a cloud platform for maritime
training by integrating OpenStack as the infrastructure and Moodle as the Learning
Management System (LMS). The platform's architecture, key components of OpenStack,

1310


mailto:branyakov@naval-acad.bg
mailto:branyakov@naval-acad.bg

HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

integration process with Moodle, and the use of virtualization to simulate real-world
conditions in training are described. Special attention is given to scaling approaches—vertical
and horizontal—which ensure flexibility and reliability in managing workloads. The study
highlights the advantages of using cloud technologies for maritime education, including
efficiency, scalability, and adaptability to specific needs.

Keywords: cloud technologies, OpenStack, Moodle, virtualization, maritime training,
scaling, infrastructure.

1. BvBepeHue

BHeapaBaHeTO Ha 06n1a4YHWM TeXHONOrMKM B 0O6pPa3oBaHMETO NpeaocTaBsA
Bb3MOXHOCT 33 TpaHCchopmaumsa Ha y4yebHMA npouec Yypes malabupyemocT,
MbBKABOCT U JleceH A0CTbN A0 pecypcu. Hactoawata nybankayma ce dokycmpa
BbPXY Cb3gaBaHeTo Ha obsayHa nnatdopma 3a obyyeHMe Ha MOPCKM Kagpw,
nsnonssarikn OpenStack Kato WHPpacTpyKTypHa ocHoBa M Moodle KaTo
cucTema 3a ynpasieHue Ha obyyeHuneto (LMS). PasrnegaHu ca apxuTekTypaTa
Ha nnaTdopmaTa, NPOLLECHT Ha MHTErpaLma, BUPTyaansaumaTa u nogxoguTe 3a
CKanupaHe.

2. ApxuTeKtypa Ha obnauyHata nnatpopma

ApxuTekTypaTa obeanHaBa KomnoHeHTUTe Ha OpenStack 3a ynpasneHune
Ha pecypcu (Compute, Storage, Network) u wuHTerpaumata c¢ Moodle 3a
ynpaB/sieHne Ha y4ebHOTO CbabprKaHuMe.
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MoTpebutenu

[ WNHTepdeiic 3a pocTbn ]

[ O6na4Ha nHppacTpykTypa (OpenStack) J

. T

[ O6yuntenHa cuctema (Moodle) ] [ CbpBbpun 3a CbxpaHeHue J [ MpexoBn pecypcm ]

dwur. 3. O6wa apxutekTypa Ha naatpopmara

CxemaTa MNCTpUpa CTPYKTypaTa Ha MHTerpupaHa obnavyHa nnatdopma
3a obyyeHue, cbyeTaBalwa NoTpebutenckmn gocton, ob61ayHa MHGPACTPYKTypa U
obyunTenHu cucremu. ETo onncaHne Ha OCHOBHUTE KOMMOHEHTU U TeXHUTe
B3aMMOLENCTBUSA:

e [oTtpebutenn  (A): MNoTpebutenute  BKAOYBAT  0by4Yaemu,
npenogasaTe/iM W agMUHUCTPATOPU, KOWUTO OCbLLECTBABAT A0OCTbN A0
cucTemaTa ypes nHtepdenc 3a Aocton. Te B3aMmoaencTeaT ¢ naatdopmara, 3a
A3 ce perncTpupat, cnegaT nporpeca cu Uaun ynpasnasaT y4ebHu pecypcu.

e UHTepdeiic 3a goctbn (B): To3m nHTepdenc cny»um Kato MocT mexay
notpebutennte n ocHoBHaTa cuctema. Moxe ga 6bae peannsmpaH ypes yeb
nopTanu UAM MOBUAHU NPUNONKEHUA, KOUTO NpeanaraT yaobeH U MHTYUTUBEH
A0CTbN 40 06yYMTENHUTE PEeCcypCHM.

e (O6nauyHa umHopacTpykTypa (OpenStack) (C): OpenStack ocurypsasa
6as3oBaTta o06na4yHa WHOPACTPYKTYpa, KOATO MNOAAbPXNKA BUPTyanu3auumaATa,
NU3YUC/IUTENIHUTE PECYPCU, CbXPAHEHWETO W MpexoBuTe ycayrn. Toh e
OTrOBOPEH 3a MalabupyemocTTa M HaAeKAHOCTTa Ha cucTemaTa, KaTo
rapaHTMpa HeMnpeKbCHATO QYHKLUMOHMPAHE.
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e (Ob6byuutenHa cuctema (Moodle) (D): Moodle e wuHTerpupaHa B
obnayHaTa MHOpPACTPYKTypa KaTo naaTdopma 3a ynpaBiaeHue Ha obydyeHueTo.
TAa npepocTtaBa KypcoBe, TecToBe W ApyrM ydyebHM pecypcu, KouTo ce
CbXpaHABaT B 06/1aKa U ca A40CTbMNHU Npe3 HTepdelica.

e basa gaHHu (E): basaTa gaHHKM cbxpaHABa KpUTUYHaATa MHOpMaLMA
3a noTpebuTtennte, KypcoseTe, pesynTatute M ydyebHUTe maTepuann. Ta e
CBbP3aHa KaKTo ¢ obyuyntenHata cuctema, Taka U ¢ obnayHaTa MHOPaACTPYKTYpa,
OCUTYPSIBaMKM AOCTHN A0 AAHHUTE NPU NOUCKBAHE.

e CobpBbpMu 3a cbxpaHeHue (F): Tesan cbpBbpM ynpasnasaTt obema ot
y4yebHU pecypcu, BKAOYUTENHO AOKYMEHTH, BUAEa U cumynaumun. Te n3nonsear
obnayHaTa MHOPACTPYKTypa 3a ONTUMAJIHO CbXPaHEHWE U OCUrypsABaHe Ha
6bp3 A4OCTHN A0 MaTepuanmTe.

e MpexoBu pecypcu (G): MperkoBuTe pecypcm ca OCHOBEH KOMMOHEHT
Ha naaTpopmata. Te rapaHTUpPaT CBBP3AHOCTTa MEXKAY BCUYKU KOMMOHEHTH,
KaToO OCUTypsABaT CUIYPHOCT, HUCKA NIAaTEHTHOCT U BUCOKA NPOWU3BOAMUTENHOCT
NPU KOMYHUKaLMATa Mexay NoTpebutennte n cbpebpuUTe.

B3aMmoaencrena mexKay KOMNOHeHTUTe

e [loTpebutenute (A) ocbLyecTBABaT AOCTbN 4O UHTepdelica 3a J0CTbN
(B), konto ce cBbp3Ba c obnayHata UHPpacTpyKTypa (C), 3a Aa obpabotn
3anBKUTeE.

e (Ob6nayHaTta MHPpacTpyKTypa (C) ynpaBnasa pecypcute n npenocTass
HeobxoANMUTE U3YUCAUTENHU U MPEXKOBM BB3MOMKHOCTM HA 0b6yyMTenHata
cuctema (D) n cbpBbpuUTe 33 cbxpaHeHue (F).

e (ObyuyutenHata cuctema (D) wusnonssa 6asata pgaHHM (E) 3a
ynpaBieHMe Ha [aHHUTE, KaTO KypCOBE W OUEHKWU, M Ce WHTerpupa c
noTpebuTenckna nHTepdenc 3a 4OCTbN B PeasiHO BPEME.

e CbpBbpuTe 3a cbxpaHeHue (F) n mpexxosute pecypcu (G) rapaHTupar

HagexXaHo CbXpaHeHne n cnrypeH npeHoc Ha AaHHU B UA/1aTa CUCTEMA.
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Tasn B3aMMOCBBP3AHOCT OCUrypaBa rnagka m edektmBHa pabota Ha
nnatdopmarta, KaTo noaabpX¥a CbBPEMEHHUTE M3UCKBAHMA 33 AUIUTANIHO
oby4yeHne B MOPCKUA CEKTOP.

3. WUHPpacTpyKTypa ¢ OpenStack

OpenStack e yanoctHa obnayHa msymcamtTenHa nnatdopma C OTBOpEH
Ko4, KoATO npeaoctaBs MHOPACTPYKTypa KaTto ycayra (laaS) upes ynpasneHue
Ha ronemmn 6aceiiHM OT M3YUCAUTENIHU, CbXPAHAEMM U MPENKOBU pPecypcu B
Lenns LeHTbp 3a AaHHW. Tol e npoeKTupaH Aa 6bae mawabHo mawabupyem u
MBKaB, KOETO NO3BO/IABA Cb34aBaHETO W YNPaBJAEHMETO KaKTO Ha Ny6/nNYHM,
Taka W Ha 4YacTHM obnauym. ApxutektypaTa Ha OpenStack e moaynHa, cbeToALLa
ce OT HAKOJIKO OCHOBHW KOMMOHEHTa, KOUTO paboTAT 3aeAHO, 33 Aa OCUTYPAT
cTabunHa obnayHa cpega. Team KOMMNOHEHTM ca OT pellaBallo 3HA4YeHue 3a
BHeAPABAHETO M yrNpaB/ieHNETo Ha 061a4yHNTe pecypcu U TaxXxHaTa MHTerpauma
dopmupa rpbbHaKa Ha PyHKUMOHanHocTTa Ha OpenStack. Mo-gony e pgageH
npernes Ha OCHOBHUTE KOMMNOHEHTM Ha OpenStack u TexHuTe ponn B
cuctemata. OCHOBHUM KOMMOHEHTH Ha OpenStack

e Nova (u3uucnutenHa ycnyra): Nova € OCHOBHWUAT U3YUCAUTENEH
asuraten 3ag OpenStack, oTroBopeH 3a ocurypsBaHeTo M ynpaB/ieHUEeTO Ha
ronemMn Mpexu oT BuUpTyanHu mawunHu (VMs) %%, Mopabpska pasnnuHm
XMNepBan3opn U ocurypasa Bb3MOXKHOCT 3a YNpaBAeHMEe Ha U3YUCAUTENHUTE
pecypcu no mawabmpyem HaumH.

e Neutron (mpexoBa ycayra): Neutron npeaocTtaBa MpeKa KaTo
ycnyra mexay uHtepdeincHu ycTpoicTBa, ynpasaABaHM OT APYrM yCcayrm Ha

k%l Nossonssa Ha noTpebuTenuTte ga cb3gasaT CBOM COBCTBEHU

OpenStac
MPEXKUN U A3 KOHTPoAMpaT TpadurKa, npeanaraiikm yCbBbPLIEHCTBAHM MPEXKOBU
Bb3MOKHOCTM KaTo 6anaHCcMpaHe Ha HaTOBAPBAHETO M 3aLUUTHU CTEHM.

e Cinder (ycnyra 3a cbxpaHeHue Ha 6naokoBe): Cinder ocurypasa

NOCTOAHHO 6/10KOBO CbXpaHEeHUE Ha pa6OTEIJ.I,M eKksemnnapu, I'IOAO6HO Ha

1080 G, Srinivasa K. and SANTHOSH, Vikram, 2018. An Insight Into Openstack. In:, pp. 243—
259
1081 KEVIN, Jackson et al., 2012. OpenStack Cloud Computing Cookbook.
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KOHUENUMATa 3a MpuKayBaHe Ha TBbPA, AUCK KbM CbpBbp 982,

MNopaabpKa
pPa3MyHM  OeKeHAM 3a CbXpaHeHue, npeanaralkm  bBKABOCT  NpU
yrpaB/IeHMETO Ha CbXPaHEHUNETO.

e Swift (ychyra 3a cbxpaHeHue Ha obeKtu): Swift e mawabupyema
CMCTeMa 3a CbXPaHEHME, KOATO MO3BOJIIBA CbXPaHABAHE W M3B/AWYAHE Ha
HeCTPYKTypmpaHu obektu ¢ aaHHN®, MpeaHasHayeHa e ga cbxpaHABa rosiemm
KOJIMYECTBA AaHHM U € CUIHO YCTOMUYMBA Ha MPELLKMU.

e Keystone (Ycnyra 3a camonunyHocr): Keystone npegocrasa ycnyru 3a
yAOCTOBEPABAHE M aBTOPM3aLMA Ha BUMCOKO HMBO 33 BCMUYKM KOMMOHEHTU Ha
OpenStack %% | VYnpasnasa noTpebutenute M TexHUTe paspelleHus,
OCUTYPABANKM CUTYPEH AOCTHbN A0 pecypcu.

e Glance (ycnyra 3a u3obpakeHus): Glance npepocrtaBa ycnayrn 3a
OTKpPUBaHe, perucrpauMa W  [OoCTaBKa Ha  AUCKOBM U CbpPBbPHU
nsobparkeHna'®®, Ta nossonsasa Ha noTpebuTennTe Aa cb3aasaT v ynpaBnABaT
61MbMOTEKa OT CbPBBPHU M306paXKeHMs 33 BHeApABaHE.

e Horizon (Tabno 3a ynpasneHue): Horizon e yeb 6asunpaH nHtepdeic
3a OpenStack, KolTo No3BO/IABA Ha aAMMHUCTPATOpPUTE U NoTpebutenute aa

ynpasnasaT pecypcu u ycayru upes rpapudeH nutepdeinciose,

1082 KEVIN, Jackson et al., 2012. OpenStack Cloud Computing Cookbook.

1083 BASET, Salman A., 2012. Open source cloud technologies. In: Proceedings of the Third
ACM Symposium on Cloud Computing, pp. 1-2. New York, NY, USA: ACM. ISBN
9781450317610. Available from: https://doi.org/10.1145/2391229.2391257.

1084 KEVIN, Jackson et al., 2012. OpenStack Cloud Computing Cookbook.

1085 BASET, Salman A., 2012. Open source cloud technologies. In: Proceedings of the Third
ACM Symposium on Cloud Computing, pp. 1-2. New York, NY, USA: ACM. ISBN
9781450317610. Available from: https://doi.org/10.1145/2391229.2391257.

1086 RAKESH, Kumar et al., 2014. Open Source Solution for Cloud Computing Platform Using
OpenStack.
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Ta6bnunuya 9. KomnoHeHTn Ha OpenStack

KomnoHeHT dyHKUMA 3HauyeHue 3a 06yueHueTo
Nova YnpasneHue Ha BupTyanHn | Ocurypsasa BUpTyasiHa cpeaa 3a
MaLINHM CMMyNaLMKM, KOeTo No3BOAsABA

Cb34aBaHe Ha y4ebHu
cueHapuu, 6113KK 4o
peanHocTTa.

Neutron MperkoBa CBbpP3aHOCT [apaHTMpa Bpb3Ka mexay
BUPTYa/IHN NoTpebutenn n
pecypcu, KoeTo e KPUTUYHO 3a
ANCTAaHLUMOHHOTO 0by4yeHune u
BUPTYa/NHUTE KNacose.

Cinder bnoKoBo cbxpaHeHue Mo3BonABa 3ana3BaHe Ha
AaHHW, KypcoBe U y4ebHu
MaTepuanm, ocurypasamkm
HageXAeH [OCTbM 40 TAX.

Swift O6€eKTHO CbXpaHeHue Ocurypsasa CbxpaHeHMe Ha
ronemu obemu gaHHK, KaTo
BMAEONEKUMU, MYNTUMEANNHU
y4yebHM maTepmanm 1 apxmsu.

Keystone YpoctosepAsaHe U Ocurypsasa curypeH gocrtbn 3a
ynpasneHune Ha AoCcTbna obyyaemute n
npenoaasarenure,
rapaHTMpankm
nepcoHanM3npaHu npasa u
CUTYPHOCT.
Glance YnpasneHue Ha MNo3BonABa U3MNo0aA3BaHETO Ha
n3obparkeHuns BUPTYa/IHM 06pa3m (images) 3a

HaCTPOMKa Ha cneuudUyHm
obyuntenHun cpean u

CUMYALLUN.
Horizon Yeb nntepoeiic 3a MNpepocTtaBa neceH 3a
ynpasneHue n3non3BaHe MHTepdeinc 3a

aAMUHUCTPUpPaHe Ha obnayHaTa
MHPPaCTPYKTYpPa, YIeCHABaNKMK
A0CTbMNa U yNpaBAeHNETO Ha
pecypcu OT CTpaHa Ha
npenogasatenun u
aAMUHUCTPATOPM.
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OpenStack ocurypasa nnatdopma 3a BMPTyanMsauma, KbAeTo
N3YUCIUTENHUTE, MPEXKOBUTE U CbXpPaHUTENHUTE pecypcu ce pasnpenenart
OVNHaMKUYHO.

4. WHTterpauma Ha Moodle

CuctemaTa 3a ynpaBneHMe Ha obyyeHueto (Learning Management
System/LMS) e codtyepHa nnatdopma, npegHasHayeHa 3a ynpasaeHue,
nposexaaHe M npocnegAsaHe Ha obpasoBatenHu npouecu. LMS cuctemara
Moodle e nsbpaHa 3apagm HemHaTa CbBMeCTUMOCT ¢ 06na4yHMTE NhaTthopmm m
Bb3MOKHOCTUTE M 33 aaNTUBHO 0b6yyYeHne. MHTerpaumnaTa BKAOYBA:

e (CBbp3BaHe c 6a3aTta AaHHKM HA OpenStack.

e Jloctbn Ao pecypcu Yypes APl uHtepdencu.

e KoHourypmpaHe Ha BUPTYasIHM K/TAaCHU CTaMW.

- : ~
| OpenStack API |

J

\/
v

{ Moodle Backend

o
—

)

/_ LR . i —
| | [ |
| Basa paHun | | Kypcose u coabpiatimne

A - . I — A

\ |/
\

I : —
| MoTpebuTtencku nHTepdenc |

|
. -

dur. 4. UnTerpauyma Ha Moodle ¢ OpenStack

NHTerpmpaHeto Ha Moodle ¢ OpenStack BKawouBa M3NoN3BaHe Ha
Bb3MOMHOCTUTE 33 006/M1a4yHM  um3uucneHma 33 nogobpsBaHe  Ha
bYHKUMOHANHOCTTa M Malabupyemoctta Ha yyebHaTa nnatdopma Moodle.
Tasn wuHTErpauna MoXKe pJa ocurypu crtabuaHa MHOpPaCTpyKTypa 3a
obpa3oBaTeNHUTE MHCTUTYLMKU, NO3BOASABAMKM MM Aa YynpaBAsBaT pecypcuTe
no-epeKTMBHO W pAa npeanarat no-HagexpgHa v mawabupyema cpepa 3a
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obyyeHue. MNpouecbT Ha MHTErpaLma BKAKYBA HAKOIKO K/IOYOBM KOMMOHEHTA
N cbobparkeHns, KOUTO ca pasrieAaHn B CnegBalinTe pasaenu.

e [pepgumctBa Ha UHTerpupaHeTo Ha Moodle ¢ OpenStack:

e Mawabupyemoct n MBKABOCT: OpenStack npepocTass
MHOpPACTPYKTYypa, 6a3mpaHa Ha 061aK, KOATO MOXKe AMHAMMYHO Aa pasnpeaens
pecypcu Bb3 OCHOBA Ha TbpceHeTo. ToBa e ocobeHo nonesHo 3a Moodle, KoinTo
MOXe f4a W3NuTa pPas/IMYHU HATOBapBaHMA B 3aBMCMMOCT OT 6pos Ha
noTpebutenute u aenHoctute. N3nonssamkn OpenStack, MHCTUTYUMUTE MmoOraT
Aa MalwabupaT cesomTe eksemnasapu Ha Moodle Harope unu Hagony cnopeg,
HYXXAUTE, OCUTYPSABAaMKM ONTMManHa NPOM3BOAUTENIHOCT 6e3 npeKomepHo
npegocTtasaHe Ha pecypcni®®’,

e Pa3xopaHa eeKTUBHOCT: MN3non3saHeTo Ha obnayHaTa
MHOpacTpyKTypa Ha OpenStack mo)e pga Hamann obwute pasxogu.
MpemMunHaBalikn Kbm mogen, 6asvpaH Ha obnak, WMHCTUTyUMUTE MoraT Aa
nsberHaT BUCOKMUTE pPasxoau, CBbP3aHM C NOALbLPMKAHETO HA (GU3NYECKM
CbpPBbBPYU, U BMECTO TOBA [a NAaLLaT Camo 3a pecypcuTe, KOMTo n3non3satoee,

e Bucoka HannyHocT n HagexaHocT: UHdpacTpyKTypaTa Ha OpenStack
MoXe ga nogobpu HaAMYHOCTTA U HagexaHocTTa Ha Moodle, KaTo npeaocTasn
GYHKUMKM  KaTo  BanaHcMpaHe HA HAaTOBapBaHETO, MPEBK/IOYBAHE B
HEeW3NpPaBHOCT W pe3epBupaHe. ToBa rapaHTupa, 4ye nnatdopmaTta Moodle
OCTaBa AOCTbMHA 3a noTpebutenute AOpM B CAy4Yalh Ha XapAyepHuU nosBpeam

WAN APYrn cmyLeHmao,

1087 ZHANG, lilin et al., 2013. Designing and Applying an Education laaS System based on
OpenStack. Applied Mathematics & Information Sciences, vol. 7, no. 1L, pp. 155-160. ISSN
1935-0090. Available from: https://doi.org/10.12785/amis/071L22.

1088 MASUDA, Hideo et al., 2008. An integrated moodle system using VM technology to
achive higher availability and lower TCO. In: Proceedings of the 36th annual ACM SIGUCCS
fall conference: moving mountains, blazing trails, pp. 315—-318. New York, NY, USA: ACM.
ISBN 9781605580746. Available from: https://doi.org/10.1145/1449956.1450049.

1089 MASUDA, Hideo et al., 2008. An integrated moodle system using VM technology to
achive higher availability and lower TCO. In: Proceedings of the 36th annual ACM SIGUCCS
fall conference: moving mountains, blazing trails, pp. 315—-318. New York, NY, USA: ACM.
ISBN 9781605580746. Available from: https://doi.org/10.1145/1449956.1450049.
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e TexHuuecKu cbobparkeHus

e UWHopacTpykTypa KaTo ycnayra (laaS): OpenStack npepoctass
Bb3MOXHOCTM 3a l|aaS, no3BoNABAaMKM HA WHCTUTyUMUTE p[a Cb34aBaT W
ynpaBAABaT BUPTYyanHM mawmHmn (VM), Kouto xocTBaT eksemnaspu Ha Moodle.
Tasu HacTporka Mmoxe ga 6bae nepcoHanusmMpaHa, 3a Aa OTroBOpPWM Ha
cneunduniHm Hyxano%,

e YnpaBneHWe Ha CaAMOJIMYHOCTTA M AoCTbhNa: WMHTerpupaHeto Ha
Moodle ¢ OpenStack u3nckBa cTabunHM peweHna 3a ynpasBieHWE Ha
MAEHTMYHOCTTA M A0CTbNA, 33 Aa Ce rapaHTMpa CUIypHO yA0CTOBEpsABaHE U
oTopusauma. UHTerpaumata Ha OpenStack ¢ mexaHusmuTe 3a pepepaumsa Ha
MAEHTUYHOCTTA MOXKe Ja yNecHW ToBa, N03BOABaMKK Be3npobiemeH 4ocTbn
[10 Pa3/IMuyHKU cuctemm n yeayrniol,

e MOHUTOPUHT U1 ynpaBneHue: EdekTMBHOTO HabnwogeHne wu
ynpaBneHne Ha obnayHata MHOPACTPYKTypa Cca OT pellaBal,o 3HayeHue 3a
noAAbpXKaHeTo Ha NPOU3BOAUTENHOCTTA U curypHocTTa Ha Moodle!?®?,

e [peausBukatencrsa n cbobparkeHms

e CNnoXKHOCT Ha MHTerpauuaTta: MHTerpupaHeTo Ha Moodle ¢ OpenStack
MoXe g3 6bae C/NOXKHO M M3MCKBA TEXHMYECKM OMUT KAKTo B obnayHuTe
M3YNCNEHMA, TaKa M B apxuTekTypaTa Ha Moodle. Moxe pga ce Hanoxwu
MHCTUTYLUUMUTE A MHBECTUPAT B 0Oy4yeHMe Uam aa Haemat cneumannctm, 3a ga

ynpasnasaT eGeKTUBHO npoLeca Ha uHTerpaumnatos,

1090 HAROON, Thasviya et al., 2016. Convivial private cloud implementation system using
OpensStack. In: 2016 International Conference on Electrical, Electronics, and Optimization
Techniques (ICEEOT), pp. 3484-3488. |EEE. ISBN 978-1-4673-9939-5. Available from:
https://doi.org/10.1109/ICEEOQT.2016.7755352.

1091 pEREZ MENDEZ, Alejandro et al., 2017. Integrating an AAA-based federation mechanism
for OpenStack—The CLASSe view. Concurrency and Computation: Practice and Experience,
vol. 29, no. 12. ISSN 1532-0626. Available from: https://doi.org/10.1002/cpe.4148.

1092 7ZHANG, lilin et al., 2013. Designing and Applying an Education laaS System based on
OpenStack. Applied Mathematics & Information Sciences, vol. 7, no. 1L, pp. 155-160. ISSN
1935-0090. Available from: https://doi.org/10.12785/amis/071L22.

1093 pING HE et al., 2015. Study on the integration of cloud computing and moodle learning
platform. In: 2015 IEEE International Conference on Communication Software and Networks
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e CurypHOCT U NOBEPUTENHOCT Ha AaHHU: MpemecTBaHeTo Ha Moodle
KbM MWHPPACTPyKTypa, 6asmpaHa Ha o06naK, nopaxaa OnaceHma OTHOCHO
CUTYPHOCTTA W NOBEPUTENIHOCTTA Ha AaHHuTe. UHCTUTyumute TpAbBa Aa
rapaHTMpaT, Ye TAXHOTO BHeApsiBaHe Ha OpenStack oTroBapa Ha CbOTBETHUTE
pasnopeatu n Hal-a06puTe NPaKTUKK 3a 3almTa Ha AaHHKN,

5. Ckanupyemoct Ha nnatpopmara

NHTerpupaHeTo Ha Moodle c OpenStack 3a BepTMKaNHO U XOPU3OHTANHO
CKa/ZIMpaHe BKAKOYBA M3MO/A3BAaHE Ha Bb3MOXKHOCTMTEe Ha OpenStack 3a
nopobpaABaHe Ha nNpou3BOAUTENHOCTTAa M Mawabupyemoctta Ha Moodle.
OpenStack, Kato o6nayHa onepauMoHHa cucTeMa, npenocTaBs cTabunHa
nnatdopma 3a ynpaBleHME Ha W3YUCAUTENHWU, CbXPAHEHUE U MPEKOBMU
pecypcu, KOATO MOXKe J[a Cce W3non3Ba 3a MalwabupaHe Ha Moodle
XOPU3OHTANHO 4pe3 BHeApPsABaHE HA AOMNBAHUTENIHM EK3eMNaAapu, ako e
Heobxogmmo. To3m noaxon rapaHTupa, ye Moodle moxe edpekTMBHO Aa ce
CnpaBs C yBe/IMYEHUTE HATOBapBaHMA Ha noTpebutennte upes pasnpenensaHe

Ha 3a4a4n B MHOXeCTBO BUPTYA/IHN MaLUNHWN.

/[ BeptukanHo ckanupare H( Lob6aenaHe Ha pecypcu J

[ HauanHo HaToBapeBaHe J

\_’[ XOp”BOHTaJ‘IHO CKanupaHe }%[ C'I:BFLaBaHe Ha HOBWU MHCTaHU KWK ]

dwur. 5. Mogen 3a ckanupaHe

5.1. BepTUKanHoO cKanupaHe

Mpn BepTMKANHOTO CKa/iMpaHe Cce YyBesInyaBaT pecypcuTe Ha
cbulecTByBaWmM BUPTyanHM mawmnHu (CPU, RAM, Storage) 3a aa ce ysenuuu
obuwata Npon3BOAUTENHOCT Ha BUPTYasiHaTa MalLUMHa.

(ICCSN), pp. 367-371. IEEE. ISBN 978-1-4799-1983-3. Available from:
https://doi.org/10.1109/ICCSN.2015.7296185.

1094 pEREZ MENDEZ, Alejandro et al., 2017. Integrating an AAA-based federation mechanism
for OpenStack—The CLASSe view. Concurrency and Computation: Practice and Experience,
vol. 29, no. 12. ISSN 1532-0626. Available from: https://doi.org/10.1002/cpe.4148.
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dur. 6. YBennuasaHe Ha pecypcuTe Ha CbLLeCTByBaLLa BUPTyasiHa MalLMHA

Ha T1a3n cxema AacHo ce noa4veptaBa, 4e Moodle cbpBbpa, obuiata 6a3a
AaHHW, Kew cbpBbpa (Redis server) n cnogeneHoTo xpaHuauwe GyHKUMOHUPAT
Ha eAHa W Cbwa BUPTyanHa MawuHa (instance), AeMoHCTpUpanKkm
KOHLLeNUMATA 32 BEPTUKANHO CKanMpaHe.
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®dur. 7. BepTuKanHo ckanmpaHe
5.2. XOpU3OHTaANHO CKanupaHe
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OpenStack ynecHAaBa XOPW3OHTANHOTO MallabupaHe, KaTo MNO3BO/ABA
BHEAPABAHETO HA MHOMECTBO BMPTYa/JIHM MaWKUHM 33 06paboTKa Ha
eaHOBPEMEHHM 334344, KOETO € OT CbLLEeCTBEHO 3Ha4YeHMe 3a MPUNOXKEHUS
Kato Moodle, Kouto nsmckeaT mawabmpyemocT, 3a ga obcnykeat ronam bpom
notpebutenu egHospemeHHo%>,

MN3non3BaHeTo Ha TEXHO/IOMMA 3a BUPTyasHa MawunHa B Moodle, KaKkTo e
NMOKa3aHO B Kasyc, NMOKa3Ba, Ye BHEAPSBAHETO Ha MHOXECTBO yeb CbpBbpU U
CbpBbpM 3a 6a3M AaHHU HA PA3IMYHUM BUPTYa/IHU MALLMHM MOXe ga nogobpwm
Ha/IMYHOCTTa U Aa Hamanu oblmTe pasxoam 3a coberseHocT!%®, lobasaHe Ha
HOBM BMPTYa/lHXU MaLLMHK 33 06paboTKa Ha HapacTBaluAa 6pon noTpebutenn.

CxemaTa NoKasBa XOPU3OHTANHO cKanmpaHe Ha Moodle B OpenStack ¢
BKAOYEHM KOMMNoOHeHTU: Load Balancer, n Ha 6pon mHcTaHuum Ha Moodle
(app), obwa 6a3a pmaHHM, Kew cbpBbp (Redis server) u cnogeneHo obwWoO
XpaHuauLLe.

1095 G,, Srinivasa K. and SANTHOSH, Vikram, 2018. An Insight Into Openstack. In:, pp. 243—
259

1096 MASUDA, Hideo et al., 2008. An integrated moodle system using VM technology to
achive higher availability and lower TCO. In: Proceedings of the 36th annual ACM SIGUCCS
fall conference: moving mountains, blazing trails, pp. 315—-318. New York, NY, USA: ACM.
ISBN 9781605580746. Available from: https://doi.org/10.1145/1449956.1450049.

1322



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

R O R R R R R N R A A

®ur. 8. XOpU30HTAIHO CKanupaHe

OnucaHue Ha gmnarpamara:

e Load Balancer pasnpegena TpaduKa MexKAy ABETe WHCTAHUMWU Ha
Moodle.

e Moodle App nHcTaHuuM cnogensat obuwa 6a3a gaHHM U Redis Keww
CbpBbBP.

e U gBeTe MHCTaHUUM MMAT A0CTbN 40 06O XpaHMAULLE.

e [lobaBeHWn ca cnegHWUTEe BUPTyasHA MpeXKa C Len yBennvyaBaHe Ha
curypHoctTa: npeau Load Balancer, mexay Load Balancer n Moodle App
MHCTaHUMUTE N Mmexay Moodle App MHCTaHUMUTE M CNOAENEHUTE pecypcu
(6a3a gaHHMK, Kew CbpPBbBP, XpPaHUAULLE).

6. 3aknwuyeHue

MpeanoxeHaTa obnayHa nnatpopma, 6asmpaHa Ha OpenStack n Moodle,

npeAocTaBs Malwabupyemo U CUTYpPHO pelleHWe 3a obydYeHWe Ha MOPCKM
1323
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Kagpu. Ypes nHTerpaumsata Ha BUPTyanmMsaumsa U AMHAMUYHO ynpaB/ieHWe Ha
pecypcu, nnateopmarta rapaHTMpa aganTUMBHOCT KbM  cneunduyHute
M3NCKBAHWA HAa MOPCKaTa UHAYCTPUA.
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THE ROLE OF CARBON-14 IN AEROSPACE APPLICATIONS
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Abstract: Carbon-14 (14C) is a radioactive isotope with promising applications in
aerospace, particularly in material science, emissions monitoring, and environmental studies.
This study examines #C's beta decay properties and isotopic tracing potential, alongside
methods like liquid scintillation counting and accelerator mass spectrometry for its
measurement and use in aerospace systems. Case studies demonstrate 4C's role in
monitoring material degradation, sustainable aviation fuels, and spacecraft structural health
diagnostics, highlighting its precision and isotopic capabilities, but noting challenges like cost
and availability. The paper emphasizes *C's potential in next-generation materials and
sustainable technologies, advocating for more interdisciplinary research to maximize its
impact.

Keywords: carbon-14 (14C), aerospace applications, isotopic tracing, radioisotopes,
aerospace materials, *C measurement, material degradation, radiometric techniques

Introduction

Carbon-14 (}C) is a radioactive isotope with a half-life of about 5,730
years, formed through cosmic ray interactions with atmospheric nitrogen.
Unlike stable carbon isotopes, 1*C's trace environmental presence and beta
decay properties make it invaluable for isotopic tracing and age determination.
Its predictable decay rate and compatibility with carbon-based systems render
it versatile across research and industrial applications.

1097, 1098

In material science , 1C traces carbon movement, assesses

degradation, and tracks chemical transformations. Its applications span

1097 Babin, V., Taran, F. and Audisio, D., 2022. Late-stage carbon-14 labeling and isotope
exchange: emerging opportunities and future challenges. JACS Au, 2(6), pp.1234-1251.
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geology, biology, and environmental science, aiding studies of organic and
inorganic carbon compounds. *C is used in pharmaceuticals for metabolic
pathway tracking, in environmental science for emission differentiation, and in
industries for quality control and process optimization.

The aerospace sector benefits from *C's compatibility with carbon-based
materials like composites and polymers, enabling molecular-level insights into
wear, stability, and performance under extreme conditions. This aligns with the
industry's need for materials that endure thermal, mechanical, and chemical
stresses, while addressing challenges like long-term behavior, degradation, and
environmental impact.

14C offers unique potential for studying material transformations and
carbon migration in aerospace components, aiding greener and more efficient
propulsion system development. However, its use in aerospace remains
underexplored, with most studies focusing on terrestrial applications, reflecting
technical and integration challenges in this field.

This paper aims to bridge gaps in understanding *C's aerospace
applications by exploring its properties and uses, highlighting limitations, and
proposing research directions. It seeks to position *C as a transformative tool
for innovation in aerospace engineering.

Properties of carbon-14 relevant to aerospace

Carbon-14 (}*C) is a beta-emitting isotope with a half-life of about 5730
years, making it ideal for long-term studies. Its beta decay produces low-energy
particles, transforming *C into nitrogen-14 (**N). This stability supports its use
as a tracer for monitoring material degradation, carbon migration, and
chemical transformations in aerospace systems. Its low-energy radiation is safe
to handle in laboratories and detectable using techniques like liquid
scintillation counting and accelerator mass spectrometry (AMS).

1098 7Zhao, Y., Goodwin Jr, D.G., Sung, L., Ramakrishnan, G., Wu, Q., Cen, J., Petersen, E.J. and
Orlov, A., 2023. Quantitative evaluation of released nanomaterials from carbon nanotube
epoxy nanocomposites during environmental exposure and mechanical treatment.
Nanolmpact, 32, p.100486.
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14C is particularly useful in aerospace for:

e material analysis: it tracks carbon migration and degradation in
composites, aiding material optimization.

e emission monitoring: it differentiates biogenic and fossil-derived CO,
emissions, supporting greener propulsion development.

e environmental studies: *C helps analyze long-term material-
environment interactions, like those involving coatings and composites.

In carbon-based aerospace materials, *C provides stability under high
temperatures and mechanical stress. It integrates seamlessly into materials like
carbon-fiber-reinforced plastics and carbon-carbon composites, allowing
precise tracing without altering their properties. This enables:

e thermal stability: insights into performance in heat shields and
hypersonic materials;

e environmental resistance: tracking of UV, moisture, and reactive gas
effects on aerospace materials.

14C's unique properties make it an essential tool for studying material
performance and enabling innovative solutions in aerospace engineering.

Applications of carbon-14 in aerospace

Carbon-14 is commonly used in various fields, including aerospace, to
assess ages, trace contamination, and understand material stability. The
application of 14C dating in aerospace research is an emerging area,
particularly in understanding the age and development of materials used in
aerospace technology. 14C is used in aerospace dating to determine the age of
organic materials ranging from a few decades to about 50000 years. Carbon-14
(}*C) is a critical tool for tracking material degradation in aerospace
components. When incorporated into carbon-based materials, *C enables
researchers to monitor reactions under extreme conditions like high
temperatures and mechanical stress. It identifies chemical and structural
breakdown pathways in composites such as carbon-carbon and carbon-fiber-
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reinforced plastics (CFRPs), providing essential insights for improving aerospace
reliability and safety.

In propulsion systems, *C tracing helps study fuel composition and
efficiency. It differentiates biogenic and fossil-derived carbon in emissions,
aiding assessments of sustainable aviation fuels (SAFs) and their environmental
impact. Additionally, *C reveals combustion inefficiencies, supporting the
development of engines with reduced carbon footprints.

14C also optimizes carbon-based aerospace materials, offering a
molecular-level approach to understanding carbon migration, structural
stability, and oxidation. Examples include tracing microstructural changes
under stress for better mechanical performance and using '*C in oxidation
studies to design protective coatings that extend material lifespans.

In manufacturing, '*C tracing identifies inefficiencies in composite
fabrication, ensuring uniform properties, reducing defects, and improving
material quality. For environmental impact, *C distinguishes biogenic from
anthropogenic CO, emissions, supporting strategies to reduce aerospace
carbon footprints and meet sustainability goals.

Innovative applications include using !*C for radiation shielding,
advanced sensors for real-time monitoring in extreme conditions, and studying
material behavior in extraterrestrial environments. These potential uses further
expand *C's role in advancing aerospace performance and sustainability.

Methodologies for measuring and applying carbon-14109%1100, 1101, 1102

1099 Remeikis, V., Lagzdina, E., Garbaras, A., Gudelis, A., Garankin, J., Plukiené, R., Juodis, L.,
Duskesas, G., Lingis, D., Abdulajev, V. and Plukis, A., 2018. Rapid analysis method for the
determination of 14C specific activity in irradiated graphite. Plos one, 13(1), p.e0191677.
1100 Woo, H.J., Chun, S.K., Cho, S.Y., Kim, Y.S., Kang, D.W. and Kim, E.H., 1999. Optimization
of liquid scintillation counting techniques for the determination of carbon-14 in
environmental samples. Journal of Radioanalytical and Nuclear Chemistry, 239, pp.649-655.
1101 Bharath, S., Krishnan, K.A., D'Souza, R.S., Nayak, S.R., Ravi, P.M., Sharma, R., Kumar, P.,
Chopra, S. and Karunakara, N., 2021. Optimisation of CO2 absorption and liquid scintillation
counting method for carbon-14 specific activity measurement in atmospheric air. Applied
Radiation and Isotopes, 172, p.109685.
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Liquid scintillation counting (LSC) is a highly sensitive method for
measuring *C by detecting light emissions when beta particles interact with
scintillating chemicals. It is particularly effective for analyzing **C in aerospace
materials and emissions, with advancements in quenching correction and
spectral analysis improving its precision.

Accelerator mass spectrometry (AMS) directly counts *C atoms at very
low concentrations, requiring smaller samples than LSC and offering
unmatched isotopic accuracy. AMS is ideal for tracing carbon migration in
materials and quantifying biogenic carbon in emissions, making it valuable for
long-term studies.

CO, trapping techniques capture *C in gaseous samples, such as
emissions, using chemical absorbers like NaOH, which are then analyzed via LSC
or AMS. This method is crucial for emissions monitoring and studying
environmental interactions in aerospace contexts.

14C is integrated into aerospace testing by embedding “C-labeled
precursors into materials, enabling degradation studies under operational
conditions. It is also used in coatings and adhesives to assess performance in
extreme environments and in propulsion testing to differentiate biogenic from
fossil-derived CO..

In material design, 1*C tracing evaluates carbon distribution uniformity
and detects impurities, improving material properties. It also supports real-
time monitoring of structural health by embedding *C-labeled components
into critical structures, facilitating maintenance and lifecycle management.

Advanced methodologies like LSC, AMS, and CO» trapping make *C a
versatile tool for aerospace research, enhancing material performance,
durability, and sustainability. These techniques drive innovation and expand
14C's applications in the aerospace industry.

1102 Broni¢, I.K., Horvatin&i¢, N., Baresi¢, J. and Obeli¢, B., 2009. Measurement of 14C activity
by liquid scintillation counting. Applied Radiation and Isotopes, 67(5), pp.800-804.
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Case Studies

In a study on carbon-carbon composites used in re-entry vehicle heat
shields, *C served as an isotopic tracer to monitor oxidation at extreme
temperatures. Researchers incorporated “C-labeled precursors into the
composites, using beta emissions to track carbon migration and identify
oxidative degradation zones, uncovering microstructural vulnerabilities and
advancing protective coating designs.

In a propulsion system experiment, *C analysis quantified the biogenic
fraction of emissions from a biofuel blend, trapping and measuring #14C in CO..
This method offered precise environmental impact data, demonstrating its
utility for sustainability assessments in aerospace fuel studies.

For a satellite project, *C-labeled adhesives were used to monitor
degradation in orbit. Sensors detected beta emissions, providing real-time data
on radiation and thermal cycling effects, contributing to models predicting
adhesive joint lifespan in long-term space missions.

Traditional methods like mass loss measurements and visual inspections
failed to capture detailed degradation mechanisms, while *C revealed
molecular-level changes. In propulsion studies, *C differentiated fossil and
biogenic CO; emissions, outperforming conventional CO, measurements. For
structural monitoring, *C allowed continuous adhesive degradation tracking,
reducing inspection needs and enhancing spacecraft reliability.

The application of '*C in aerospace offers unparalleled precision and
insights, addressing complex challenges in material performance, sustainability,
and real-time monitoring, advancing aerospace innovation.

In!1% the specific activity of *C was measured in two types of spectrally
pure graphite samples: pressed and coated with glassy carbon. The ,space”
samples were exposed to open space on the surface of the ISS for 28 months,

1103 Teopocmes, 1., bysekosa-lNeHKoBa, A., ToHes, [l., Fenesa, E. and Cnasues, b., OueHKa Ha
cneunduyHaTa akKTMBHOCT Ha 14C B CTbKAOBBLINEPOAHW MOKPUTUA Cnel, NpoabKUTENEH
NpecTon Ha MexkayHapoaHaTa KocmuyecKa ctaHuus, Proceedings SES’24, 22 — 25 October
2024, Sofia, Bulgaria, pp. 299-304.
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while ,reference” samples, made of the same material, were stored on Earth
for the same duration. Using a Packard Tri-Carb 2770 TR/SL liquid scintillation
spectrometer, it was found that space radiation slightly increased the *C
content in the ,,space” samples. This shows that long periods (e.g. thousands of
years) are not needed to detect changes. If the additionally formed !*C is
significant and a sensitive measurement technique is used, a period of 28
months is sufficient to reliably determine the newly formed *C by measuring
the specific activity.

Advantages and limitations

Carbon-14 (**C) provides unparalleled precision in tracking carbon-based
processes in aerospace systems. Its beta decay and isotopic properties allow
molecular-level insights for applications such as:

Monitoring degradation in carbon-carbon composites.

Differentiating biogenic and fossil-derived carbon in emissions.

Real-time tracking of material changes in extreme environments.

14C’s ability to integrate into materials makes it ideal for long-term
studies, offering accurate data throughout the lifecycle of aerospace systems.
Its beta emissions enable advanced applications like structural health
monitoring, environmental impact studies, and innovative sensing
technologies, further supported by its long half-life (~5730 years).

Despite its benefits, *C faces production and availability challenges. It is
produced via neutron activation of nitrogen-14 in nuclear reactors, with high
costs and limited supply restricting large-scale use. Its radioactive nature also
necessitates stringent safety protocols, regulatory compliance, and specialized
waste disposal, increasing operational complexity and costs.

While *C offers unique capabilities for precision tracking and monitoring,
its limitations in cost, availability, and regulations require careful management.
When these challenges are addressed, *C can be a transformative asset for
aerospace science and innovation.
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Future prospects and innovations

Carbon-14 (}C) is poised to revolutionize aerospace technologies by
enhancing the understanding of carbon-based composites, leading to ultra-
lightweight, high-strength materials. Embedding *C into materials offers
insights into:

e |ong-term degradation in extreme environments.

e carbon migration in stressed systems.

e development of self-healing composites.

Integrating *C into monitoring systems enables real-time diagnostics,
predictive maintenance, and extended component lifespans. In propulsion, *C
can optimize sustainable aviation fuels by analyzing combustion efficiency and
emissions.

Key research areas:

1. improved measurement techniques: advancing methods like AMS and
LSC for broader aerospace applications.

2. material interactions: studying *C in advanced materials like
nanotubes and graphene under spaceflight conditions.

3. sustainability studies: using *C for emissions tracking and lifecycle
analyses.

4. space applications: exploring **C in radiation shielding for deep-space
missions.

Challenges:

e economic constraints: high production costs and limited supply
require alternative production methods.

e technical integration: standardized protocols are needed for safe
embedding of *C in aerospace systems.

e regulatory compliance: balancing innovation with safety demands
collaboration among stakeholders.
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With targeted research and technological progress, *C can drive
innovation in materials, sustainability, and diagnostics, transforming aerospace
engineering for future missions.

Conclusion

This study highlights the potential of carbon-14 (**C) in aerospace
technology, focusing on its unique capabilities, including:

Material monitoring: tracking material degradation and structural
changes under extreme conditions.

Emissions analysis: differentiating biogenic and fossil-derived CO, for
sustainable fuel optimization.

Technological integration: enhancing carbon-based composites,
structural health monitoring, and sensing technologies.

Measurement techniques: leveraging advanced methods like liquid
scintillation counting and accelerator mass spectrometry.

14C provides high-resolution molecular and isotopic insights, enabling
advancements in aerospace design, sustainability, and performance. As the
aerospace industry emphasizes innovation and environmental responsibility,
14C offers indispensable tools for achieving these goals.

Future Focus Areas!!04 110

= developing cost-effective production methods.

= enhancing measurement techniques for broader aerospace
applications.

» establishing standardized, safe protocols for *C use.

= fostering collaboration among academia, industry, and regulators.

By addressing these priorities, '*C can drive transformative
advancements, offering solutions to critical challenges in aerospace
engineering and shaping its future.

1104 Babin, V., Taran, F. and Audisio, D., 2022. Late-stage carbon-14 labeling and isotope
exchange: emerging opportunities and future challenges. JACS Au, 2(6), pp.1234-1251.

1105 Broni¢, I.K., Horvatincié, N., Baresié, J. and Obeli¢, B., 2009. Measurement of 14C activity
by liquid scintillation counting. Applied Radiation and Isotopes, 67(5), pp.800-804.
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Abstract: This article examines the role of recycled aluminum in the food industry,
focusing on applications in packaging, storage, and processing. Retaining the properties of
virgin aluminum - lightweight, corrosion-resistant, and thermally efficient - it is both versatile
and sustainable.

Recycled aluminum reduces energy use by 95% compared to primary production,
lowers carbon emissions, and conserves resources. Economically, it saves costs and supports
circular economy principles. The article also explores challenges like contamination and
regulatory compliance, highlighting innovations and case studies that demonstrate its
importance in sustainable food industry practices.

Keywords: recycled aluminum, food industry, sustainable materials, food packaging,
environmental impact, food-grade recycling, aluminum processing, aluminum applications

Introduction

Aluminum is a versatile and widely utilized material in various

1106, 1107 1108, 1109, 1110

industries , including the modern food sector . Its intrinsic

1106 ByszekoBa-MeHKoBa A., 2024. NpPUNOKEHNA HA BTOPUYHU aSlyMUHUEBM CMIABM B MOPCKUA
M obuiectseH TpaHcnopT, COOPHUK [AOKNAAM OT T[OAMILIHA YHUBEPCUTETCKA HayyHa
KOHdpepeHuus, 3 — 4 oktomepu 2024 rogmHa, Bennko TvpHoBo 2024 r., ctp. 701-710, ISSN
2367-7481.

1107 Miteva A. Secondary aluminum alloys in transportation. Mechanics Transport
Communications - Academic journal, 2024; 2494 (2024/3).

1108 https://www.aluminum.org/recycling - Ihe aluminum association
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properties - such as lightweight structure, resistance to corrosion, and excellent
thermal conductivity - make it an ideal choice for applications ranging from
packaging to industrial equipment. These attributes ensure the preservation of
food quality, facilitate efficient thermal processes, and provide durability in
demanding environments. Furthermore, aluminum's ability to be molded into
thin sheets or intricate forms adds to its adaptability in meeting diverse food
industry requirements.

Despite its functional advantages, the production of primary aluminum is
an energy-intensive process with significant environmental implications.
According to recent estimates, the production of virgin aluminum accounts for
approximately 1% of global greenhouse gas emissions. These emissions stem
primarily from the smelting process, which requires vast amounts of electricity
and releases carbon dioxide. Additionally, the extraction of bauxite, the
primary ore for aluminum production, results in habitat destruction, soil
degradation, and considerable waste generation in the form of red mud.

Recycling aluminum emerges as a crucial solution to mitigate these
environmental challenges. Unlike primary production, recycling requires only
5% of the energy and generates significantly fewer emissions. Moreover,
aluminum is highly recyclable; it can be reprocessed multiple times without
losing its essential properties. This closed-loop potential aligns with the
principles of the circular economy, offering opportunities to reduce waste and
conserve natural resources. In the food industry, recycled aluminum not only
contributes to sustainability but also addresses growing consumer demand for
environmentally responsible materials.

1109 https://www.ball.com/ - Ball Corporation

1110 Al-Alimi, S., Yusuf, N.K., Ghaleb, A.M., Lajis, M.A., Shamsudin, S., Zhou, W., Altharan,
Y.M., Abdulwahab, H.S., Saif, Y., Didane, D.H. and Ikhwan, S.T.T., 2024. Recycling aluminium
for sustainable development: A review of different processing technologies in green
manufacturing. Results in Engineering, p.102566.
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The primary objective of this article is to explore the role of recycled

aluminum in enhancing the sustainability!!!!

of the modern food industry. It
seeks to evaluate how recycled aluminum retains its functional benefits while
reducing the ecological footprint associated with its use. By examining its
applications in food packaging, processing, and storage, as well as addressing
potential challenges, this article aims to highlight the transformative potential
of recycled aluminum in creating a more sustainable and resilient food system.

Through this exploration, we aim to provide insights into the intersection
of material science, environmental stewardship, and industrial innovation,
emphasizing the need for broader adoption of recycled aluminum in global
food supply chains.

Advantages of recycled aluminum

One of the most compelling reasons for utilizing recycled aluminum in
the food industry is its significant environmental advantages. The recycling
process reduces carbon emissions by up to 95% compared to the production of
virgin aluminum. This dramatic reduction is achieved because recycling
bypasses the energy-intensive steps of bauxite mining and alumina refining,
relying instead on reprocessing existing materials. In an industry increasingly
scrutinized for its environmental impact, recycled aluminum offers a pathway
to meet sustainability goals without compromising functionality.

In addition to reducing greenhouse gas emissions, recycling conserves
natural resources. Virgin aluminum production demands large quantities of
bauxite ore, a finite resource often extracted in ecologically sensitive areas. By
leveraging recycled aluminum, the food industry can decrease its reliance on
mining activities, thereby preserving ecosystems and reducing the
environmental degradation associated with raw material extraction.

Recycled aluminum is also economically advantageous, providing cost
savings at multiple levels. The energy efficiency of the recycling process -

1111 pai, M., Wang, P., Chen, W.Q,, Liu, G., 2019. Scenario analysis of China’s
Aluminum cycle reveals the coming scrap age and the end of primary aluminum boom. J.
Clean. Prod. 226, 793-804; https://doi.org/10.1016/j.jclepro.2019.04.029.
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requiring only 5% of the energy used in primary production - translates directly
into lower manufacturing costs. These savings are particularly significant for
large-scale operations in the food industry, where material costs play a critical
role in pricing strategies.

Furthermore, market trends indicate a growing consumer preference for
sustainable materials. Surveys consistently reveal that modern consumers are
willing to pay a premium for products packaged in environmentally friendly
materials. By incorporating recycled aluminum, companies can enhance their
brand image, align with consumer expectations, and potentially increase
market share in a competitive environment.

Crucially, recycled aluminum retains the core properties that make it
valuable for the food industry. It maintains its lightweight yet strong structure,
its resistance to corrosion, and its superior thermal conductivity. These
characteristics ensure that recycled aluminum performs on par with virgin
aluminum, making it suitable for a wide range of applications, from packaging
and processing equipment to storage solutions.

The material’s durability and adaptability further strengthen its case.
Recycled aluminum can be shaped and processed to meet the precise
specifications required in the food sector. Whether forming thin foils for food
wrapping or robust components for processing machinery, recycled aluminum
offers versatility without compromise.

In summary, recycled aluminum provides a triad of advantages -
environmental, economic, and functional - that make it an indispensable
material for the modern food industry. Its ability to reduce carbon emissions,
lower costs, and deliver consistent performance positions it as a cornerstone of
sustainable innovation in this sector.

Applications in the modern food industry

Recycled aluminum is extensively used in food packaging due to its
unmatched combination of functionality, recyclability, and environmental
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1112,1113 made from

benefits. Beverage cans, aluminum foil, and food containers
recycled aluminum are ubiquitous in the industry. Figure 1 shows an illustration
(made by Al) of various applications of recycled aluminum in the modern food
industry, including beverage cans, food packaging, cookware, thermal
equipment, and transport/storage solutions. These applications leverage
aluminum’s excellent barrier properties, which prevent the ingress of light, air,
and moisture, thereby extending the shelf life of food products. The lightweight
nature of aluminum also reduces transportation costs and energy
consumption, contributing to its environmental appeal.

Moreover, aluminum packaging is infinitely recyclable, making it a
cornerstone of circular economy principles. The ability to recycle aluminum
containers repeatedly without loss of quality or performance ensures a closed-
loop system, reducing waste and minimizing reliance on virgin material. This
guality enhances the sustainability profile of food products packaged in
aluminum, meeting both regulatory standards and consumer expectations for
eco-friendly practices.

In food processing plants, recycled aluminum is widely employed in the
manufacture of machinery and equipment due to its durability, thermal
efficiency, and ease of fabrication. The thermal conductivity of aluminum
makes it ideal for heat exchangers, cooking systems, and refrigeration
components, ensuring efficient energy use in temperature-sensitive processes.
Additionally, its resistance to corrosion, even in the presence of acidic or
alkaline substances, makes it a reliable choice for processing environments that
require strict hygiene standards.

Examples of recycled aluminum applications in food processing plants
include conveyor systems, mixing and storage tanks, and structural

1112 plSaffar, K.A. and Bdeir, L.M.H., 2008. Recycling of aluminum beverage cans. Journal of
Engineering and Sustainable Development, 12(3), pp.157-163.
1113 Njero, M. and Olsen, S.l., 2016. Circular economy: To be or not to be in a closed product
loop? A Life Cycle Assessment of aluminium cans with inclusion of alloying elements.
Resources, Conservation and Recycling, 114, pp.18-31.
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components for machinery. These systems benefit from aluminum’s
lightweight properties, which reduce mechanical stress and energy
requirements. Furthermore, the use of recycled aluminum in these applications
supports sustainability goals while maintaining performance and compliance
with food safety regulations.

The food industry relies heavily on durable and hygienic storage
solutions, and recycled aluminum plays a critical role in meeting these needs.
Cold storage facilities, for example, benefit from aluminum’s excellent thermal
conductivity and corrosion resistance. Aluminum shelving, racks, and
containers used in refrigeration systems ensure long-lasting performance and
reduce maintenance costs, even in challenging environments.

Additionally, the adaptability of aluminum allows it to be molded into
customized storage solutions that maximize space utilization and operational
efficiency. The longevity and low maintenance requirements of recycled
aluminum components further enhance their appeal, providing a cost-effective
and sustainable solution for food storage needs.

In summary, recycled aluminum finds diverse and impactful applications
in the modern food industry. From enhancing the sustainability of packaging to
improving the efficiency of processing and storage systems, it exemplifies the
convergence of environmental responsibility and industrial performance. These
applications not only highlight the material’s versatility but also underscore its
critical role in shaping a sustainable future for the food sector.
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Challenges and limitations

One of the most significant challenges associated with using recycled
aluminum in the food industry is maintaining food-grade standards!!4 111> 1116,
117 During the recycling process, aluminum can become contaminated with
impurities, such as other metals, coatings, or organic residues from previous
uses. These contaminants can compromise the material’s quality and safety,
posing risks to both production processes and end consumers. Achieving food-
grade quality often requires additional processing steps, such as advanced
sorting, chemical cleaning, and refining, which can increase costs and
complexity.

Furthermore, the food industry operates under strict regulations for
materials in direct contact with consumables, necessitating rigorous testing and
certification. Even minor contamination can render recycled aluminum
unsuitable for certain applications, highlighting the critical need for innovations
in contamination detection and removal technologies.

While aluminum recycling has advanced considerably, there are still
technological barriers that limit its efficiency and scalability. Current methods
for sorting and separating aluminum from mixed waste streams are not always
capable of achieving the high levels of purity required for food-grade
applications. Advanced sorting technologies, such as laser-induced breakdown
spectroscopy (LIBS) and X-ray fluorescence (XRF), offer promise but are not yet
widely implemented due to their cost and operational complexity.

1114 paugeélaite, V. and Kruopiené, J., 2024. Barriers of and possibilities for recycling of single-
use take-away food and beverage packaging: evidence from Lithuanian market.
Sustainability., 16(13), pp.1-22.

1115 Allazadeh, M. and Petrovski, H., 2024, October. Investigating the circular economy of PET
in food packaging: addressing concerns about PET bottled water. In Scotland Manufacturing
& Supply Chain Conference and Exhibition: Food & Beverage Manufacturing.

1116 Ariosti, A., 2022. Food contact materials legislation: sanitary aspects. In Ensuring Global
Food Safety (pp. 275-324). Academic Press.

H17stahl, T., Falk, S., Taschan, H., Boschek, B. and Brunn, H., 2018. Evaluation of human
exposure to aluminum from food and food contact materials. European food research and
technology, 244(12), pp.2077-2084.
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Additionally, the development of alloy-specific recycling processes
remains an ongoing challenge. Different aluminum alloys used in various
industries have unique compositions, which can complicate the recycling
process and limit the usability of recycled aluminum in specific applications.
Addressing these technological barriers requires continued investment in
research and the adoption of innovative recycling techniques that prioritize
efficiency, purity, and sustainability.

Compliance with food safety and material use regulations is another
significant limitation to the broader adoption of recycled aluminum in the food
industry. Regulatory frameworks, such as those established by the U.S. Food
and Drug Administration (FDA) and the European Food Safety Authority (EFSA),
impose strict standards on materials used in food packaging and processing.
These standards often mandate specific levels of purity, durability, and
resistance to leaching under various conditions.

For recycled aluminum to meet these stringent requirements,
manufacturers must implement comprehensive quality control measures,
which can increase production costs and time-to-market. Furthermore,
regulatory differences across regions create additional challenges for global
companies seeking to standardize their use of recycled aluminum. Harmonizing
international standards and fostering collaboration between industry
stakeholders and regulatory bodies will be essential for overcoming these
hurdles.

In summary, while recycled aluminum offers significant environmental
and economic benefits, its adoption in the food industry is hindered by
contamination risks, technological limitations, and regulatory challenges.
Addressing these issues requires a coordinated effort to advance recycling
technologies, enforce robust quality control processes, and align regulatory
frameworks to support sustainable practices.

118Case studies

1118
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Ball Corporation!?® has successfully integrated recycled aluminum into
its production processes, particularly in beverage can manufacturing. In
Europe, the company uses up to 85% recycled content in its cans, significantly
reducing its carbon footprint. Ball has also collaborated with recycling
initiatives to strengthen supply chains, ensuring the availability of high-quality
recycled aluminum.

Nestlé!1?° has incorporated recycled aluminum into its coffee capsules,
emphasizing sustainability without compromising performance. The use of
recycled aluminum reduces the environmental footprint of its packaging and
aligns with its commitment to achieving net-zero emissions. This initiative
demonstrates the feasibility of integrating recycled materials into high-
precision food-grade applications.

Norway exemplifies effective recycling practices through its deposit-
return system for beverage cans, achieving over 95% recycling rates. Recycled
aluminum from this system is reused in food-grade applications, showcasing
the impact of government-led initiatives in fostering circular economy
principles.

Studies show that recycled aluminum retains 100% of its original
properties, such as strength, corrosion resistance, and thermal conductivity,
making it ideal for food packaging and processing equipment. These properties
ensure compliance with food safety standards and reliable performance across
applications.

Recycled aluminum production is 95% more energy-efficient than
primary aluminum production, resulting in significant cost savings. For instance,
companies like Ball Corporation have reported substantial reductions in
production costs due to lower energy consumption, which contributes to both
economic and environmental goals.

119 https://www.ball.com/ - Ball Corporation
1120 Circular solutions for coffee capsules -
https://www.nestle.com/searchresults?sort_by=search_api_relevance&keyword=aluminum
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Recycled aluminum substantially reduces greenhouse gas emissions.
Nestlé’s transition to recycled aluminum in coffee capsules, for example, has
lowered the packaging’s carbon footprint by up to 60%. Regional efforts, such
as Norway’s recycling programs, demonstrate how systemic approaches can
conserve resources and minimize environmental harm.

These case studies illustrate the transformative potential of recycled
aluminum in the food industry. By achieving cost savings, enhancing
performance, and mitigating environmental impacts, companies and regions
effectively leveraging recycled aluminum set a benchmark for sustainability in
global food supply chains.

Future directionsllZL 1122, 1123, 1124, 1125

Advancements in recycling technologies are critical to overcoming
existing challenges and increasing the efficiency of aluminum recycling for food
industry applications. Emerging techniques such as advanced sensor-based
sorting, laser-induced breakdown spectroscopy (LIBS), and X-ray fluorescence
(XRF) are enabling more precise separation of aluminum alloys from mixed
waste streams. These technologies enhance the purity of recycled aluminum,
making it more suitable for food-grade applications.

Another promising innovation is the development of low-energy smelting
processes that use renewable energy sources, such as solar or hydropower, to

1121 Ajmera, D., Kharub, M., Krishna, A. and Gupta, H., 2024. Navigating the challenges of Al-
enabled circular economy in the food and beverage sector: strategies for sustainable
transformation. The International Journal of Logistics Management.

1122 Maidin, S., Ismail, S. and Azman, A.l., 2024. Life cycle analysis of beverage packaging.
Jurnal teknologi (Sciences & Engineering), 86(5), pp.191-201.

1123 |gbal, A., Towards Sustainable Solutions: Addressing the Challenges in Laminate Food
Packaging.

1124 Khandeparkar, A.S., Paul, R., Sridhar, A., Lakshmaiah, V.V. and Nagella, P., 2024. Eco-
friendly innovations in food packaging: A sustainable revolution. Sustainable Chemistry and
Pharmacy, 39, p.101579.

1125 Tamizhdurai, P., Mangesh, V.L., Santhosh, S., Vedavalli, R., Kavitha, C., Bhutto, J.K.,
Alreshidi, M.A., Yadav, K.K. and Kumaran, R., 2024. A state-of-the-art review of multilayer
packaging recycling: Challenges, alternatives, and outlook. Journal of Cleaner Production,
p.141403.
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further reduce the carbon footprint of recycling. Additionally, research into
closed-loop recycling systems specific to food packaging - such as beverage
cans and foils - is paving the way for near-zero waste operations. These
technologies not only improve efficiency but also make the recycling process
more economically and environmentally sustainable.

Alloy development is another critical area of focus for optimizing the use
of recycled aluminum in the food industry. Current research is aimed at
creating alloys that maintain food-grade standards while increasing
recyclability. By engineering aluminum alloys with reduced reliance on rare or
incompatible metals, scientists are working to simplify the recycling process
and minimize contamination risks.

In the context of food packaging and processing, novel aluminum alloys
are being designed to enhance properties such as strength, corrosion
resistance, and thermal conductivity. These innovations allow for thinner,
lighter materials that reduce resource use while maintaining or improving
performance. For example, alloys tailored for high thermal efficiency could
revolutionize energy-intensive applications like cooking systems and
refrigeration components in food processing plants.

The global food industry is poised to expand its adoption of recycled
aluminum, driven by consumer demand for sustainable products and
regulatory pressures to reduce carbon emissions. Emerging economies, in
particular, represent significant opportunities for growth. Investments in
recycling infrastructure and government policies, such as extended producer
responsibility (EPR) programs, can help accelerate the adoption of recycled
aluminum in these regions.

Furthermore, harmonizing international standards for recycled materials
in food-grade applications will play a crucial role in scaling up its global use.
Collaborative efforts between governments, industry stakeholders, and
research institutions are essential to creating a consistent framework that
promotes the use of recycled aluminum across borders.
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Increased consumer awareness is also expected to drive market
adoption. Brands that highlight their use of recycled aluminum in packaging
and products often see enhanced consumer trust and loyalty. As sustainability
continues to dominate global market trends, the integration of recycled
aluminum into food industry supply chains will likely become a competitive
necessity.

The future of recycled aluminum in the modern food industry is shaped
by technological innovations, advancements in material science, and global
market trends. By investing in cutting-edge recycling processes, developing
application-specific alloys, and fostering international cooperation, the food
industry can unlock the full potential of recycled aluminum, driving a more
sustainable and resilient global food system.

Conclusion

Recycled aluminum has emerged as a transformative material in the
modern food industry, offering a unique combination of environmental,
economic, and functional benefits. Its use significantly reduces carbon
emissions, conserves natural resources, and aligns with global sustainability
goals. By maintaining the essential properties of virgin aluminum - such as
corrosion resistance, lightweight structure, and thermal efficiency - recycled
aluminum seamlessly integrates into critical applications, including food
packaging, processing equipment, and storage solutions.

The dual role of recycled aluminum in enhancing sustainability and
meeting stringent performance standards underscores its importance in
shaping a greener and more resilient food system. Companies adopting
recycled aluminum not only benefit from cost savings and improved
operational efficiency but also respond to consumer demand for
environmentally responsible practices. Moreover, its widespread use
strengthens circular economy principles, closing the loop between production

and consumption.
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Despite its numerous advantages, challenges remain in ensuring food-
grade quality, advancing recycling technologies, and navigating regulatory
complexities. Addressing these hurdles will require greater investment in
research and development, cross-industry collaboration, and supportive policy
frameworks. Innovations in recycling efficiency and alloy design will be
particularly critical in unlocking the full potential of recycled aluminum for
food-grade applications.

To fully realize the benefits of recycled aluminum, the food industry must
accelerate its adoption and commitment to sustainable materials. By
embracing recycled aluminum, companies can lead the charge toward a more
sustainable future, fostering economic growth while safeguarding the planet.
The time is now for industry stakeholders to champion the integration of
recycled aluminum into every aspect of food production and distribution,
setting a precedent for other sectors to follow.
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Abstract: Quantum well technology offers a significant advancement in high-
efficiency solar cells by enhancing photovoltaic performance through quantum mechanical
effects. These nanostructures, formed from thin semiconductor layers with varying
bandgaps, confine charge carriers, improving carrier dynamics and optical properties. This
enables broader-spectrum light absorption and reduced recombination losses.

Quantum wells enhance the efficiency of multi-junction and thin-film solar cells and
are integrated into concentrator photovoltaics (CPV) to utilize intense solar radiation. This
article explores their principles, applications, and future potential, emphasizing their
transformative impact on scalable, high-performance solar technologies despite challenges in
fabrication and material durability.

Keywords: quantum wells (QWs), high-efficiency solar cells, photovoltaics, carrier
confinement, bandgap engineering, semiconductor heterostructures, advanced materials

Introduction

Solar cells are a cornerstone of modern renewable energy technologies,
converting sunlight into electricity through the photovoltaic (PV)
effect!!?61127.1128 - Qyer the decades, advancements in solar cell technologies
have sought to address two primary goals: increasing energy conversion
efficiency and reducing production costs. Traditional single-junction silicon-
based solar cells, while dominant in the market, have fundamental efficiency

1126 Nelson, J., 2003. The physics of solar cells. Imperial College Press google schola, 2, pp.62-
68.

1127 Fonash, S.J., 2012. Solar cell device physics. Elsevier.

1128 Hansen, C., 2024. Photovoltaic Solar Energy: From Fundamentals to Applications, Volume
2 (No. SAND2024-10534B). Sandia National Lab.(SNL-NM), Albuquerque, NM (United States).
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limits dictated by the Shockley-Queisser limit. This constraint arises due to the
inability of single-junction cells to utilize the full solar spectrum efficiently, with
energy losses occurring through thermalization of high-energy photons and
non-absorption of low-energy photons.

Emerging technologies, such as tandem and multi-junction solar cells,
aim to overcome these limitations by stacking materials with varying bandgaps,
thereby capturing a broader range of the solar spectrum. However, these
designs require advanced materials and structures!!? that can achieve precise
control over light absorption and carrier dynamics.

Quantum wells (QWs), a type of semiconductor heterostructure,
represent a significant innovation in this context. A quantum well (QW) is
formed when a thin layer of a low-bandgap semiconductor is sandwiched
between two layers of higher-bandgap material. This creates a potential well
that confines charge carriers (electrons and holes) within the thin layer, leading
to quantum mechanical effects. These structures exhibit unique properties,
such as enhanced carrier confinement, tunable electronic and optical
characteristics, and the ability to manipulate absorption profiles across the
solar spectrum. These features make QWs an attractive solution for addressing
the limitations of conventional solar cells.

This article explores the transformative potential of QWs in advancing
solar cell performance. Specifically, it examines how QWs enhance energy
conversion efficiency through mechanisms such as improved light absorption,
reduced carrier recombination, and optimized bandgap engineering. By
integrating QWs into solar cell architectures, researchers aim to achieve higher
efficiency devices that are competitive with, or even superior to, existing
technologies. Furthermore, the article discusses the potential role of QWs in
shaping the future of photovoltaic technologies, particularly in the

1123 Karduri, R.K.R. and Ananth, C., 2023. Advancements in Photovoltaic Materials for
Sustainable Energy Generation. International Journal of Advanced Research In Basic
Engineering Sciences and Technology (IJARBEST), 10.
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development of tandem and multi-junction cells, concentrator photovoltaics
(CPV), and next-generation thin-film solar cells.

Through a detailed analysis of their principles, applications, and
challenges, this discussion aims to provide insights into how QWs could bridge
the gap between scientific innovation and practical implementation in the
quest for high-efficiency, cost-effective solar energy solutions.

Fundamental principles of quantum wells

|1130.1131 is 3 nanoscale structure formed by sandwiching a

A quantum wel
thin layer of a low-bandgap semiconductor material between two layers of
higher-bandgap materials. This configuration creates a potential well that
confines charge carriers (electrons and holes) in the dimension perpendicular
to the layer plane, while allowing free motion in the other two dimensions. This
confinement gives rise to quantized energy levels, fundamentally altering the
electronic and optical properties of the material.

The properties of a QW depend critically on the choice of
materials 1132:1133 gnd the thickness of the well layer. Material selection
determines the bandgap offsets between the well and barrier layers, which
directly impact the degree of carrier confinement and energy level separation.

Common material systems for QWs include GaAs/AlGaAs, InGaAs/GaAs, and

1130 Fox, M. and Ispasoiu, R., 2017. Quantum wells, superlattices, and band-gap engineering.
In: Kasap, S., Capper, P. (eds) Springer Handbook of Electronic and Photonic Materials.
Springer Handbooks. Springer, Cham. https://doi.org/10.1007/978-3-319-48933-9_40
1131 Mutesa Ag. M., 2019. MonynpoBOAHMKOBU KBAHTOBM AMU C MPOMEH/IMB CbCTaB Moj,
B/MAHME Ha MOCTOSHHO €/IeKTPUYHO MoJsie C MNOTEeHUMan 3a Ha3eMHUM U KOCMMUYECKM
npubopHU NPUNONKEHUSR, OucepTtaumn - [OKTOP,
https://ras.nacid.bg/api/reg/FilesStorage?key=97d9e1fc-8770-4d31-839f-
8a38f962cd2a&mimeType=application/pdf&fileName=Diss--AMM.pdf&dbld=1
132 Fox, M. and Ispasoiu, R., 2017. Quantum wells, superlattices, and band-gap engineering.
In: Kasap, S., Capper, P. (eds) Springer Handbook of Electronic and Photonic Materials.
Springer Handbooks. Springer, Cham. https://doi.org/10.1007/978-3-319-48933-9 40
1133 |Islam, M.J. and Chowdhury, M.1.B., 2024. Investigation of an InGaN based quantum well
solar cell using silvaco TCAD. Journal of Advance Electrical Engineering and Devices, 2(2),
pp.30-41.
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GaN/AIGaN, each offering distinct optical and electronic characteristics suitable
for various applications.

The thickness of the QW layer is another key parameter. If the layer
becomes too thick, quantization effects diminish, and the material behaves
more like a bulk semiconductor. Conversely, if the layer is too thin, quantum
confinement becomes too strong, reducing the number of accessible energy
states and potentially increasing defect density. Therefore, precise control of
layer thickness, often on the order of a few nanometers, is essential for
optimizing quantum well performance.

Carrier confinement in QWs significantly enhances the absorption and
emission properties of the material. By restricting electrons and holes to
discrete energy levels, QWs enable sharper optical transitions, increasing the
material's ability to absorb specific photon energies. This confinement also
reduces the likelihood of carrier recombination by spatially separating
electrons and holes, thereby increasing the efficiency of charge transport in PV
applications.

Additionally, carrier confinement improves the radiative recombination
rate, a property that can be exploited in solar cells to enhance
photoluminescence and reduce non-radiative losses. These effects collectively
contribute to higher energy conversion efficiencies in quantum well-based solar
cells.

QWs allow for precise bandgap engineering, enabling the design of
materials that absorb light across a tailored range of the solar spectrum. By
adjusting the thickness of the QW and the composition of the well and barrier
materials, the effective bandgap can be fine-tuned. This tunability is
particularly advantageous for multi-junction and tandem solar cells, where
each layer is optimized to absorb a specific segment of the solar spectrum.

For example, QWs can be engineered to extend absorption into the near-
infrared region, capturing low-energy photons that would otherwise pass
through traditional solar cells. Conversely, they can also enhance absorption in
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the ultraviolet range, depending on the application. This ability to customize
absorption characteristics makes QWs highly versatile for photovoltaic systems.

By leveraging these physical mechanisms, QWs offer a pathway to
overcome the fundamental limitations of traditional solar cells, paving the way
for next-generation, high-efficiency photovoltaic technologies.

Applications in high-efficiency solar cells

QWs are uniquely suited to enhance the light absorption properties of
solar cells by extending their absorption capabilities into both the infrared and
ultraviolet regions of the solar spectrum. Traditional single-junction solar cells
are limited in their absorption range due to fixed bandgap properties, which
result in the inability to harness lower-energy photons (infrared) and inefficient
capture of high-energy photons (ultraviolet). QWs overcome these limitations
through bandgap engineering, enabling tailored absorption profiles.

For example, by selecting materials and designing well thicknesses
appropriately, QWs can extend the absorption edge into the near-infrared
region, capturing photons that would otherwise be lost. Similarly, they can
enhance ultraviolet absorption by optimizing transitions at higher energy
levels. This ability to fine-tune absorption properties leads to improved
utilization of the solar spectrum and higher overall energy conversion
efficiencies.

One of the most significant advantages of QWs in solar cells lies in their
ability to improve carrier dynamics. The spatial confinement of electrons and
holes within QWs reduces the likelihood of non-radiative recombination, a
process that typically results in energy loss. By minimizing such losses, QWs
enhance the collection of photogenerated carriers, directly contributing to
higher photocurrent.

Additionally, the discrete energy levels in QWs create conditions for
efficient charge separation. This is achieved by promoting directional transport
of carriers, reducing the chances of recombination before they can be collected
at the electrodes. These improvements in carrier dynamics lead to enhanced
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device performance, making QWs a key innovation in achieving high-efficiency
solar cells.

QWs play a transformative role in the development of tandem and multi-
junction solar cells, which consist of multiple layers with varying bandgaps
designed to capture different portions of the solar spectrum. By integrating
QWs into these architectures, researchers can finely adjust the effective
bandgap of each layer, ensuring optimal absorption and energy conversion.

For example, QWs can be incorporated into the middle or bottom layers
of multi-junction cells to enhance infrared absorption, where traditional
materials may fall short. This approach not only increases the overall efficiency
of the cell but also complements existing materials, enabling more effective use
of the solar spectrum. Recent studies have demonstrated that quantum well-
based multi-junction cells can achieve energy conversion efficiencies exceeding
those of traditional designs, highlighting their potential for next-generation
photovoltaics.

Beyond traditional photovoltaic applications, QWs are being explored for
their potential in advanced solar cell designs such as concentrator
photovoltaics (CPV) and thin-film technologies. In CPV systems, where sunlight
is concentrated onto high-performance cells using lenses or mirrors, QWs

1134,1135,1136 required to handle

provide the high efficiency and thermal stability
increased light intensity. Their ability to sustain performance under high

photon flux makes them an attractive option for such applications.

1134 Needleman, D.B., Poindexter, J.R., Kurchin, R.C., Peters, I.M., Wilson, G. and Buonassisi,
T., 2016. Economically sustainable scaling of photovoltaics to meet climate targets. Energy &
Environmental Science, 9(6), pp.2122-2129.

1135 Shaker, L.M., Al-Amiery, A.A., Hanoon, M.M., Al-Azzawi, W.K. and Kadhum, A.A.H., 2024.
Examining the influence of thermal effects on solar cells: a comprehensive review.
Sustainable Energy Research, 11(1), p.6.

1136 Srivastava, A., Karn, R., Mondal, A., Prithiviraj, R., Chandrasekar, P. and Rouray, S., 2024,
April. Advancing Solar Energy Efficiency: Exploring Quantum Well Integration in Kesterite-
Based Thin Film Solar Cells. In 2024 International Conference on Recent Advances in
Electrical, Electronics, Ubiquitous Communication, and Computational Intelligence
(RAEEUCCI) (pp. 1-5). IEEE.
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In thin-film solar cells, QWs offer a path to improve performance without
significantly increasing material usage or production costs. By incorporating
QWs into thin-film architectures, researchers can achieve higher efficiency and
flexibility, paving the way for lightweight and versatile photovoltaic systems
suitable for a variety of applications, including portable and building-integrated
photovoltaics.

Through these diverse applications, QWs are proving to be a cornerstone
of innovation in solar cell technology, driving advancements in efficiency,
adaptability, and scalability for renewable energy systems.

Case studies and current research

QW technologies have shown significant promise in laboratory
environments, with numerous studies demonstrating their ability to enhance
the efficiency of solar cells. For instance, experiments incorporating QWs into
multi-junction cells have reported energy conversion efficiencies exceeding
40% under concentrated sunlight conditions. A notable example includes the
integration of InGaAs/GaAs QWs into tandem architectures, where enhanced
light absorption in the infrared range contributed to efficiency gains.

Further research has explored the use of QWs in thin-film solar cells, with
laboratory prototypes achieving substantial performance improvements due to
reduced carrier recombination and optimized light trapping. In addition, studies
have highlighted the ability of QWs to maintain efficiency under varying
operational conditions, showcasing their robustness and reliability. These
experimental achievements underscore the potential of quantum well
technologies to transform solar cell design and performance.

Despite their success in laboratory settings, the commercialization of
guantum well-based solar cells remains in its early stages. Challenges such as
fabrication complexity, material quality, and cost scalability have slowed their
transition to the market. However, ongoing advancements in manufacturing
techniques, such as molecular beam epitaxy (MBE) and metal-organic chemical
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vapor deposition (MOCVD), are making it increasingly feasible to produce
quantum well structures at scale.

Early commercial prototypes leveraging quantum well technologies have
begun to emerge, particularly in high-value applications like concentrator
photovoltaics (CPV). These systems benefit from the superior efficiency and
thermal stability of quantum wells, offering a competitive edge in markets
where performance outweighs cost considerations. Additionally, partnerships
between research institutions and industry players are accelerating the
development of cost-effective production methods, further bolstering the
commercialization prospects of this technology.

When compared to traditional solar cell designs, quantum well-based
devices exhibit clear efficiency advantages, particularly in applications where
spectral tailoring and carrier dynamics are critical. For example, while single-
junction silicon solar cells typically achieve efficiencies in the range of 20-25%,
qguantum well-enhanced multi-junction cells have demonstrated efficiencies
exceeding 30% under standard test conditions and even higher under
concentrated light.

However, these efficiency gains come with higher production costs due
to the precision required in QW fabrication. The cost-performance ratio of
qguantum well-based solar cells is a critical factor in their adoption, with current
efforts focused on reducing costs through material innovations and streamlined
fabrication processes. Despite these challenges, the long-term potential for QW
technologies to surpass traditional designs in both performance and cost-
effectiveness remains strong, particularly as economies of scale are realized.

The current body of research highlights the transformative potential of

QWs in solar cell technology*’

, with laboratory achievements showcasing
significant efficiency improvements and commercialization efforts gaining

momentum. While challenges remain, comparative analyses suggest that

1137 Miteva A., 2023. Solar energy and its conversion, B/IU3KUAT KOCMOC — OBLLA LIE/1. Ne
2. - 2023. url: http://ran-nauka.ru/wp-content/uploads/2023/07/Sbornik-Kosmos-
2023.pdf#tpage=18, doi: 10.34660/INF.2023.64.79.002
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guantum well-based solar cells have a clear pathway to outperform traditional
designs, making them a compelling candidate for next-generation photovoltaic
solutions.

Challenges and limitations

The fabrication of QWs involves complex processes that demand
exceptional precision and material quality. One significant challenge is
achieving uniform layer thickness, as quantum confinement effects are highly
sensitive to variations in the well and barrier dimensions. Small deviations can
result in inconsistent energy levels, reducing the overall efficiency and
reliability of the solar cell.

Another critical issue is the presence of interface defects between the
guantum well and barrier layers. These defects, often arising from lattice
mismatches or impurities during growth, act as recombination centers,
diminishing carrier lifetime and device performance. Materials such as IlI-V
semiconductors, commonly used for QWSs, require advanced epitaxial
techniques such as molecular beam epitaxy (MBE) or metal-organic chemical
vapor deposition (MOCVD) to minimize these defects. However, these methods
are costly and require stringent control, limiting scalability.

Additionally, the choice of materials is constrained by the need for
optimal band alignment and thermal compatibility. The search for new material
systems that balance these requirements while being cost-effective remains an
active area of research.

The long-term performance of quantum well-based solar cells is heavily

1138 QOperational conditions such as

influenced by their thermal stability
exposure to high temperatures, fluctuating light intensities, and prolonged
environmental stress can degrade quantum well structures. Thermal expansion
mismatch between the quantum well and barrier materials may lead to strain

accumulation and defect formation over time.

1138 Shaker, L.M., Al-Amiery, A.A., Hanoon, M.M., Al-Azzawi, W.K. and Kadhum, A.A.H., 2024.
Examining the influence of thermal effects on solar cells: a comprehensive review.
Sustainable Energy Research, 11(1), p.6.
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Moreover, the confinement of carriers in QWs can exacerbate thermal
degradation by intensifying localized heating effects, which in turn accelerates
the breakdown of material interfaces. Ensuring the durability of quantum well
solar cells requires the development of materials and designs capable of
withstanding such stresses without compromising performance.

Research into protective encapsulation techniques and robust material
systems is ongoing, but achieving both thermal stability and high efficiency
remains a challenging balancing act.

High production costs are a significant barrier to the widespread
adoption of quantum well technologies. The precision required for fabricating
guantum wells involves sophisticated equipment, meticulous process control,
and expensive materials, all of which contribute to increased costs. While these
costs are justifiable for high-performance applications, such as concentrator
photovoltaics, they hinder the competitiveness of quantum well solar cells in
broader, cost-sensitive markets.

Scalability is another challenge. Transitioning from laboratory-scale
production to commercial-scale manufacturing often involves trade-offs
between quality and cost. The integration of QWs into existing photovoltaic
manufacturing workflows requires innovations in process efficiency and
material utilization.

Addressing these economic barriers!!3?

requires interdisciplinary efforts,
including the development of less expensive deposition techniques, the use of
alternative material systems, and government or industry incentives to support
early-stage commercialization.

While quantum well technologies offer substantial advantages for high-
efficiency solar cells, their widespread deployment faces challenges related to

material quality, thermal stability, and economic feasibility. Addressing these

1139 Needleman, D.B., Poindexter, J.R., Kurchin, R.C., Peters, |.M., Wilson, G. and Buonassisi,
T., 2016. Economically sustainable scaling of photovoltaics to meet climate targets. Energy &
Environmental Science, 9(6), pp.2122-2129.

1360



HayyHa KoHdepeHuus ,,3HaHMe, HayKa, MHOBALUMMK, TexHonorn” 2024
ISSN 2815-3480 (CD)

1140 and cost

limitations through innovations in fabrication, material design
reduction strategies will be critical to realizing the full potential of QWs in
advancing photovoltaic technology.

Future Directions

The future of quantum well applications in solar cells***1142Jjes in the
exploration of novel materials and advanced architectures that push the
boundaries of efficiency and scalability. One promising avenue is the
incorporation of perovskite materials into quantum well designs. Perovskites,
known for their high absorption coefficients and tunable bandgaps, could
complement traditional IlI-V semiconductor materials to create hybrid
structures with enhanced performance. Combining the advantages of QWs and
perovskites could lead to devices with unprecedented efficiency levels and
lower fabrication costs.

Advanced quantum well architectures, such as multiple quantum well
(MQW) systems, are another area of interest. By stacking QWSs with precise
control over their thickness and composition, researchers can achieve tailored
absorption profiles and improved carrier dynamics. Furthermore, the
integration of strain-balanced QWs, which mitigate lattice mismatch issues,
could significantly enhance device stability and performance.

QWs have the potential to synergize with other cutting-edge
nanostructures and materials, opening up new opportunities for high-efficiency
photovoltaic devices. For instance, the combination of QWs with quantum dots
can create hybrid systems that leverage the benefits of both technologies.

140 Islam, M.J. and Chowdhury, M.1.B., 2024. Investigation of an InGaN based quantum well
solar cell using silvaco TCAD. Journal of Advance Electrical Engineering and Devices, 2(2),
pp.30-41.
1141 Rehman, F., Syed, I.H., Khanam, S., ljaz, S., Mehmood, H., Zubair, M., Massoud, Y. and
Mehmood, M.Q., 2023. Fourth-generation solar cells: a review. Energy Advances, 2(9),
pp.1239-1262.
1142 Rehman, F., Syed, I.H., Khanam, S., ljaz, S., Mehmood, H., Zubair, M., Massoud, Y. and
Mehmood, M.Q., 2023. Fourth-generation solar cells: a review. Energy Advances, 2(9),
pp.1239-1262.
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Quantum dots provide additional flexibility in bandgap engineering, enabling
even broader absorption of the solar spectrum when integrated with QWs.

Other emerging technologies, such as photonic nanostructures and
plasmonic materials, can be used to enhance light management in quantum
well-based solar cells. Photonic crystals, for example, can optimize light
trapping and increase the effective optical path length, while plasmonic
nanoparticles can enhance near-field light absorption. These synergies hold the
potential to further elevate the performance of quantum well-enhanced solar
cells.

To transition quantum well technologies from the laboratory to
widespread commercial use, concerted efforts are needed to address economic
and scalability challenges. Research into cost-effective deposition techniques,
such as solution-based processes and scalable chemical vapor deposition (CVD)
methods, will be essential. The use of abundant and less expensive materials,
such as earth-abundant semiconductors, can also reduce production costs.

Policy initiatives and industry collaboration will play a crucial role in
accelerating commercialization. Government incentives for renewable energy
innovation, coupled with private sector investment in advanced manufacturing
techniques, can bridge the gap between research and market adoption. Public-
private partnerships could also facilitate the establishment of pilot production
lines, demonstrating the feasibility of quantum well solar cells on a commercial
scale.

Additionally, comprehensive lifecycle analyses and cost-benefit studies
are needed to highlight the long-term advantages of quantum well-based
technologies over traditional photovoltaic systems. By showcasing their
potential for higher efficiency and reduced environmental impact, quantum
well solar cells can attract greater attention and investment.

Conclusion

QWs represent a transformative innovation in the field of solar cell
technology, offering a pathway to significantly enhance energy conversion
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efficiency. Through mechanisms such as improved light absorption, optimized
carrier dynamics, and precise bandgap engineering, QWs address key
limitations of traditional photovoltaic systems. Their versatility enables
integration into a wide range of solar cell architectures, from multi-junction
designs to advanced thin-film applications, making them a cornerstone for the
next generation of high-efficiency solar cells.

However, the widespread adoption of quantum well-based solar cells
requires balancing the pursuit of scientific breakthroughs with practical
considerations such as cost reduction, scalability, and durability. While
laboratory achievements have demonstrated remarkable efficiency
improvements, the challenges of material fabrication, thermal stability, and
economic feasibility must be systematically addressed. Efforts to integrate QWs
with emerging technologies, such as quantum dots and photonic
nanostructures, offer promising routes to overcome these barriers.

The realization of quantum wells’ full potential in solar cell technology
necessitates interdisciplinary collaboration across physics, materials science,
engineering, and policy-making. Researchers must continue exploring
innovative materials and architectures, while industrial partnerships and policy
incentives are essential to accelerate commercialization. By bridging the gap
between research and real-world implementation, QWs can play a pivotal role
in advancing global renewable energy goals.

In summary, QWs are not merely a theoretical advancement but a
practical solution with the potential to revolutionize solar energy. Achieving
this vision will require the collective efforts of the scientific community,
industry stakeholders, and policymakers, united by a commitment to
innovation and sustainability.
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