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past few years, a substantial body of research has focused on deploying AI models for real-time 
monitoring, optimization, and predictive analytics within industrial environments. Shi et al. (2016) 
were among the first to conceptualize the role of edge computing in IoT environments, emphasizing 
its potential to reduce latency and bandwidth constraints that plague cloud-based systems. Their work 
laid the groundwork for exploring how edge computing could support AI algorithms at the source of 
data generation, providing immediate insights in manufacturing systems [1]. 

Following this, Xu et al. (2020) provided a comprehensive survey on the convergence of edge 
computing and IoT, specifically addressing the need for real-time decision-making in industrial 
settings. They noted that the shift from cloud to edge computing was a crucial step in addressing the 
limitations of latency-sensitive applications such as autonomous robots and industrial automation [2]. 

One of the most prominent applications of Edge AI in manufacturing is predictive maintenance, 
where real-time data from IoT-enabled sensors is analyzed locally to predict machine failures before 
they occur. Zhou et al. (2021) explored how Edge AI can significantly improve the reliability of 
industrial systems by facilitating predictive maintenance. Their study demonstrated that real-time 
anomaly detection at the edge could reduce downtime and prevent costly breakdowns in 
manufacturing operations [3]. 

Moreover, Premsankar et al. (2018) conducted a case study on Edge AI in smart factories, 
showing how localized processing of sensor data enabled real-time monitoring of production lines, 
optimizing machine performance, and reducing energy consumption. Their research highlighted the 
role of Edge AI in improving overall equipment effectiveness (OEE), a key metric in manufacturing 
efficiency [4]. 

As the adoption of AI technologies grows in manufacturing, researchers have also focused on 
lightweight machine learning models that can run efficiently on edge devices with limited 
computational power. Chen et al. (2019) conducted a review on deploying deep learning models on 
edge devices, exploring various techniques like model pruning, quantization, and knowledge 
distillation to optimize AI models for real-time inference in constrained environments. Their findings 
are particularly relevant for manufacturing environments where fast and efficient decision-making is 
critical [5]. 

The integration of Edge AI into production systems has also had significant implications for 
energy efficiency. Giacone and Mancò (2012) highlighted how real-time energy monitoring enabled 
by Edge AI can help manufacturers reduce their energy consumption by dynamically adjusting system 
operations based on real-time demand [6]. Similarly, Seow and Rahimifard (2011) developed a 
framework for modeling energy consumption within manufacturing systems, showing how localized 
AI models could optimize energy use without requiring external cloud-based data analysis [7]. 

Despite these advances, challenges remain in fully realizing the potential of Edge AI in 
manufacturing. Garcia Lopez et al. (2015) discussed the technical challenges of implementing edge-
centric systems, including the limitations of hardware capabilities, the need for robust security 
protocols, and the difficulty of managing large-scale distributed systems [8]. Varghese and Wang 
(2016) also highlighted issues related to the scalability of edge systems in industrial environments, 
emphasizing the need for efficient resource management to prevent bottlenecks in data processing 
[9]. 

2. EMERGING TRENDS AND FUTURE DIRECTIONS 

The rapid advancements in Edge AI for manufacturing have paved the way for new possibilities 
that are reshaping how industrial systems are monitored, controlled, and optimized. As manufacturing 
moves further into the era of Industry 4.0, Edge AI is emerging as a crucial component in creating 
intelligent systems capable of autonomous decision-making, real-time responsiveness, and efficient 
resource management. This section explores the emerging trends and future directions in Edge AI, 
highlighting the latest developments that promise to drive its adoption and impact in manufacturing. 

One of the most exciting emerging trends in Edge AI is the application of federated learning. 
Federated learning allows multiple edge devices to collaboratively train AI models without sharing 

3





Garcia Lopez et al. (2015) identified security challenges specific to edge-centric systems, such 
as ensuring secure data transmission, protecting against distributed denial-of-service (DDoS) attacks, 
and preventing unauthorized access to sensitive production data [8]. These concerns are amplified in 
manufacturing environments where downtime due to cyberattacks can lead to significant financial 
losses. 

Recent work by Varghese and Wang (2016) has proposed several approaches to enhance the 
security of Edge AI systems, including the use of blockchain technology for secure data management 
and homomorphic encryption to protect data privacy during AI model training and inference [9]. 
These methods ensure that data processed at the edge remains secure, even if the devices themselves 
are compromised. 

Looking ahead, the future of Edge AI in manufacturing will likely be driven by the convergence 
of multiple cutting-edge technologies. Federated Edge AI, where edge devices not only process data 
locally but also collaborate with other edge nodes to improve AI models, is expected to gain traction. 
This approach enables the development of more generalized AI models without compromising data 
privacy. 

The concept of autonomous production systems is also emerging as a significant trend, with 
Edge AI playing a central role in enabling fully autonomous manufacturing processes. 
Satyanarayanan (2017) discussed how Edge AI, combined with advanced robotics, autonomous 
systems, and real-time machine learning, can lead to self-optimizing production systems that require 
minimal human intervention [15]. These autonomous systems will be capable of adjusting 
production parameters, predicting maintenance needs, and optimizing energy consumption in real-
time, leading to unprecedented levels of efficiency and productivity. 

3. MARKET SIZE OF EDGE AI IN MANUFACTURING

The global Edge AI market is experiencing rapid growth, driven by the demand for real-time
processing, enhanced operational efficiency, and increased automation in the manufacturing sector. 
As manufacturers continue to adopt Industry 4.0 technologies, the market for Edge AI is expected to 
expand significantly over the next decade. 

The Edge AI market was valued at approximately $20.45 billion in 2023 and is expected to grow 
to $269.82 billion by 2032, reflecting a compound annual growth rate (CAGR) of 33.3% over the 
forecast period [16]. This impressive growth can be attributed to the increasing integration of IoT 
devices and AI solutions at the edge, allowing manufacturers to perform real-time data processing 
and decision-making without relying on centralized cloud systems. The need for instant insights and 
the ability to respond immediately to machine behavior make Edge AI particularly valuable in high-
speed production environments [16], [17]. 

3.1 Key Market Drivers and Trends 

The transition to Industry 4.0 continues to fuel Edge AI adoption. As manufacturers integrate 
cyber-physical systems, the need for real-time data analytics and decision-making at the edge has 
become crucial. Edge AI helps enable predictive maintenance, automation, and quality control, 
driving operational efficiency and reducing downtime [16]. 

In addition to this, the rollout of 5G networks is a key enabler for the expansion of Edge AI in 
manufacturing. With high bandwidth and low latency, 5G enhances the ability of edge devices to 
communicate efficiently, allowing for faster data transmission and more responsive manufacturing 
processes. This will accelerate the use of autonomous systems and smart factories, where immediate 
processing of data is critical [18]. 

Also, manufacturers are increasingly focused on reducing their carbon footprint and operational 
costs. By using Edge AI, companies can optimize energy consumption in real-time, adjusting machine 
operations based on current demand. This is particularly relevant in industries like automotive and 
heavy machinery, where equipment costs and energy use are significant [18], [19]. 
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�Z�m�l�h�j�b���b�a���K�j�[�b�•�_�����d�h�j�b�k�l�_�„�b���[�b�[�e�b�h�f�_�l�j�b�•�k�d�_���f�_�l�h�^�_�����P�b�‚���•�_���[�b�h���b�^�_�g�l�b�n�b�d�h�\�Z�l�b���d�‚�m�q�g�_���Z�m�l�h�j�_����
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�b�g�k�l�b�l�m�p�b�•�Z���m���K�j�[�b�•�b�����D�h�j�b�r�„�_�ƒ�_�f���[�Z�a�_���i�h�^�Z�l�Z�d�Z���6�F�R�S�X�V���b���Z�e�Z�l�Z���5���%�L�E�O�L�R�P�H�W�U�L�[�����b�^�_�g�l�b�n�b�d�h�\�Z�g�b���k�m��
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�H�I�I�L�F�L�H�Q�F�\���� �b�� ���E�D�O�D�Q�F�H�G�� �V�F�R�U�H�F�D�U�G������ �H�\�Z�� �k�l�m�^�b�•�Z�� �^�h�i�j�b�g�h�k�b�� �[�h�‚�_�f�� �j�Z�a�m�f�_�\�Z�ƒ�m�� �[�b�[�e�b�h�f�_�l�j�b�•�k�d�b�o��
�l�j�_�g�^�h�\�Z���b���i�h�f�Z�`�_���m���i�e�Z�g�b�j�Z�ƒ�m���[�m�^�m�„�b�o���b�k�l�j�Z�`�b�\�Z�ƒ�Z���m���h�[�e�Z�k�l�b���f�_�j�_�ƒ�Z���i�_�j�n�h�j�f�Z�g�k�b�� 

�D�‚�m�q�g�_ �j�_�q�b: �[�b�[�e�b�h�f�_�l�j�b�•�k�d�Z���Z�g�Z�e�b�a�Z�����f�_�j�_�ƒ�_���i�_�j�n�h�j�f�Z�g�k�b�����g�Z�m�q�g�Z���k�Z�j�Z�^�ƒ�Z�����5���E�L�E�O�L�R�P�H�W�U�L�[ 

Abstract: This study analyzes scientific papers in the field of performance measurement published by authors 
from Serbia, using bibliometric methods. The aim was to identify key authors, co-authorship trends, frequently 
used keywords, and collaboration between countries and educational institutions in Serbia. Collaboration 
patterns and thematic focuses in the research community were identified by using the Scopus database and the 
R Bibliometrix tool. The results indicate significant collaboration among researchers and identify key 
keywords such as "performance measurement," "efficiency," and "balanced scorecard." This study contributes 
to a better understanding of bibliometric trends and helps in planning future research in the field of 
performance measurement. 

Keywords: bibliometric analysis, performance measurement, scientific collaboration, R bibliometrix 

1. �M�<�H�>

�F�_�j�_�ƒ�_�� �i�_�j�n�h�j�f�Z�g�k�b�� �•�_�� �i�j�h�p�_�k�� �d�\�Z�g�l�b�n�b�d�Z�p�b�•�_�� �_�n�b�d�Z�k�g�h�k�l�b�� �b�� �_�n�_�d�l�b�\�g�h�k�l�b�� �Z�d�p�b�•�Z
�d�h�j�b�r�„�_�ƒ�_�f���h�^�]�h�\�Z�j�Z�•�m�„�b�o���f�_�l�j�b�d�Z [6].  �?�n�b�d�Z�k�g�h�k�l���h�j�]�Z�g�b�a�Z�p�b�•�_�����[�b�e�h���^�Z���•�_���i�j�h�n�b�l�g�Z���b�e�b��
�g�_�i�j�h�n�b�l�g�Z�����h�a�g�Z�q�Z�\�Z���i�h�k�l�b�a�Z�ƒ�_���f�Z�d�k�b�f�Z�e�g�b�o���j�_�a�m�e�l�Z�l�Z���m�a���f�b�g�b�f�Z�e�g�m���m�i�h�l�j�_�[�m���j�_�k�m�j�k�Z���>���@����
�M�a�b�f�Z�•�m�„�b�� �m�� �h�[�a�b�j�� �k�\�_�� �\�_�„�m�� �i�j�b�k�m�l�g�h�k�l�� �g�Z�� �i�h�k�e�h�\�g�b�f�� �d�h�g�n�_�j�_�g�p�b�•�Z�f�Z�� �b�� �m�� �j�_�e�_�\�Z�g�l�g�h�•��
�b�k�l�j�Z�`�b�\�Z�q�d�h�•�� �e�b�l�_�j�Z�l�m�j�b�� �>9�@���� �f�h�`�_�� �k�_�� �a�Z�d�‚�m�q�b�l�b�� �^�Z�� �•�_�� �f�_�j�_�ƒ�_�� �i�_�j�n�h�j�f�Z�g�k�b�� �a�g�Z�q�Z�•�g�Z�� �l�_�f�Z��
�d�Z�d�h�� �a�Z�� �b�g�^�m�k�l�j�b�•�k�d�_�� �k�l�j�m�q�ƒ�Z�d�_���� �l�Z�d�h�� �b�� �a�Z�� �Z�d�Z�^�_�f�k�d�m�� �a�Z�•�_�^�g�b�p�m���� �M�� �k�d�e�Z�^�m�� �k�Z�� �k�\�h�•�h�f��
�i�h�i�m�e�Z�j�g�h�r�„�m���� �f�_�j�_�ƒ�_�� �i�_�j�n�h�j�f�Z�g�k�b�� �f�h�`�_�� �k�_�� �i�j�_�i�h�a�g�Z�l�b�� �d�Z�h�� �k�i�_�p�b�n�b�q�Z�g�� �i�h�^�k�d�m�i�� �m��
�e�b�l�_�j�Z�l�m�j�b���h���h�i�_�j�Z�p�b�h�g�h�f���f�_�g�Z�‡�f�_�g�l�m���>6]. 

�M�h�q�Z�\�Z�•�m�„�b�� �j�Z�k�l�m�„�m�� �i�h�i�m�e�Z�j�g�h�k�l�� �i�h�f�_�g�m�l�_�� �l�_�f�_���� �b�k�l�Z�d�g�m�l�Z�� �•�_�� �i�h�l�j�_�[�Z�� �a�Z�� �i�j�_�]�e�_�^�h�f�� �b��
�[�b�[�e�b�h�f�_�l�j�b�•�k�d�h�f���_�\�Z�e�m�Z�p�b�•�h�f���g�Z�m�q�g�b�o���j�Z�^�h�\�Z���d�h�•�b���k�m���^�h���k�Z�^�Z���k�l�\�h�j�_�g�b���m���h�\�h�•���h�[�e�Z�k�l�b�����H�\�Z�•��
�j�Z�^���k�_���k�i�_�p�b�n�b�q�g�h���n�h�d�m�k�b�j�Z���g�Z���e�b�l�_�j�Z�l�m�j�m���h���f�_�j�_�ƒ�m���i�_�j�n�h�j�f�Z�g�k�b���h�[�•�Z�\�‚�_�g�m���m���K�j�[�b�•�b���l�h�d�h�f��
�i�j�h�l�_�d�e�b�o�� �^�_�p�_�g�b�•�Z���� �K�l�j�m�d�l�m�j�Z�� �j�Z�^�Z�� �•�_�� �h�k�f�b�r�‚�_�g�Z�� �l�Z�d�h�� �^�Z�� �i�j�m�`�b�� �k�\�_�h�[�m�o�\�Z�l�Z�g�� �m�\�b�^�� �m��
�i�j�b�f�_�ƒ�_�g�m���[�b�[�e�b�h�f�_�l�j�b�•�k�d�m���f�_�l�h�^�h�e�h�]�b�•�m�����m�d�‚�m�q�m�•�m�„�b���Z�g�Z�e�b�a�m���d�‚�m�q�g�b�o���Z�k�i�_�d�Z�l�Z���d�Z�h���r�l�h���k�m��
�f�j�_�`�_���k�Z�j�Z�^�ƒ�_�����d�‚�m�q�g�_���l�_�f�Z�l�k�d�_���j�_�q�b���b���Z�m�l�h�j�k�l�\�h�� 
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�L�h�d�h�f�� �������� �\�_�d�Z���� �[�b�[�e�b�h�f�_�l�j�b�•�Z�� �•�_�� �g�Z�i�j�_�^�h�\�Z�e�Z�� �m�a�� �a�g�Z�q�Z�•�Z�g�� �^�h�i�j�b�g�h�k�� �b�k�l�Z�d�g�m�l�b�o�� �Z�m�l�h�j�Z��
�i�h�i�m�l���A�b�i�n�Z, �:�e�n�j�_�^�Z���E�h�l�d�_, �K�Z�f�m�_�e�Z �;�j�Z�^�n�h�j�^�Z, �I�Z�m�e�Z �H�l�e�_�l�Z �b���^�j�m�]�b�o���k�l�j�m�q�ƒ�Z�d�Z [3], [4], 
[7]�����5�b�o�h�\�Z���b�k�l�j�Z�`�b�\�Z�ƒ�Z���b�]�j�Z�e�Z���k�m���d�‚�m�q�g�m���m�e�h�]�m���m���j�Z�a�\�h�•�m���[�b�[�e�b�h�f�_�l�j�b�•�k�d�_���l�_�h�j�b�•�_���b���i�j�Z�d�k�_����
�b�Z�d�h�� �g�b�k�m�� �g�m�`�g�h�� �d�h�j�b�k�l�b�e�b�� �b�a�j�Z�a�_�� �d�Z�h�� �r�l�h�� �k�m�� ���k�l�Z�l�b�k�l�b�q�d�Z�� �[�b�[�e�b�h�]�j�Z�n�b�•�Z���� �b�e�b��
���[�b�[�e�b�h�f�_�l�j�b�•�Z�������H�k�g�h�\�Z���h�\�_���b�g�l�_�j�^�b�k�p�b�i�e�b�g�Z�j�g�_���h�[�e�Z�k�l�b���b�k�l�j�Z�`�b�\�Z�ƒ�Z���m�l�_�f�_�‚�_�g�Z���•�_���m�i�j�Z�\�h��
�g�Z���ƒ�b�o�h�\�b�f���b�k�l�j�Z�`�b�\�Z�ƒ�b�f�Z [8].  

�;�b�[�e�b�h�f�_�l�j�b�•�Z�� �i�j�_�^�k�l�Z�\�‚�Z�� �d�\�Z�g�l�b�l�Z�l�b�\�g�b�� �f�_�l�h�^�� �a�Z�� �k�b�k�l�_�f�Z�l�k�d�h�� �b�k�l�j�Z�`�b�\�Z�ƒ�_��
�b�g�l�_�e�_�d�l�m�Z�e�g�_�� �k�p�_�g�_�� �m�� �h�d�\�b�j�m�� �h�^�j�_�{�_�g�h�]�� �g�Z�m�q�g�h�]�� �^�h�f�_�g�Z���� �H�\�Z�� �f�_�l�h�^�h�e�h�]�b�•�Z�� �•�_�� �h�^�� �\�_�e�b�d�_��
�d�h�j�b�k�l�b�� �•�_�j�� �h�f�h�]�m�„�Z�\�Z�� �i�h�l�i�m�g�b�•�b�� �m�\�b�^�� �m�� �b�k�o�h�^�_�� �Z�g�Z�e�b�a�_���� �j�Z�a�•�Z�r�ƒ�Z�\�Z�•�m�„�b�� �f�_�{�m�k�h�[�g�_�� �h�^�g�h�k�_��
�b�a�f�_�{�m���i�j�b�f�Z�j�g�b�o���i�m�[�e�b�d�Z�p�b�•�Z�����Z�m�l�h�j�Z�����Z�d�Z�^�_�f�k�d�b�o���b�g�k�l�b�l�m�p�b�•�Z���b���l�_�f�Z���>5]. 

2. �F�?�L�H�>�H�E�H�=�B�3�:

�I�h�^�Z�p�b�� �a�Z�� �h�\�h�� �b�k�l�j�Z�`�b�\�Z�ƒ�_�� �i�j�_�m�a�_�l�b�� �k�m�� �b�a�� �6�F�R�S�X�V�� �[�Z�a�_�� �i�h�^�Z�l�Z�d�Z���� �d�h�•�Z�� �h�[�m�o�\�Z�l�Z
�j�_�p�_�g�a�b�j�Z�g�m�� �e�b�l�_�j�Z�l�m�j�m�� �b�a�� �j�Z�a�g�b�o�� �g�Z�m�q�g�b�o�� �^�b�k�p�b�i�e�b�g�Z���� �B�k�l�j�Z�`�b�\�Z�ƒ�_�� �h�[�m�o�\�Z�l�Z�� �j�Z�^�h�\�_�� �b�a��
�h�[�e�Z�k�l�b���f�_�j�_�ƒ�Z���i�_�j�n�h�j�f�Z�g�k�b�����k�Z���i�h�k�_�[�g�b�f���n�h�d�m�k�h�f���g�Z���Z�m�l�h�j�_���b�a���K�j�[�b�•�_�����I�h�^�Z�p�b���k�m���i�j�_�m�a�_�l�b��
�d�h�j�b�r�„�_�ƒ�_�f���k�i�_�p�b�n�b�q�g�b�o���m�i�b�l�Z���m���6�F�R�S�X�V���[�Z�a�b�����h�q�b�r�„�_�g�b���h�^���^�m�i�e�b�d�Z�l�Z���b���g�_�i�h�l�i�m�g�b�o���a�Z�i�b�k�Z����
�l�_�� �h�j�]�Z�g�b�a�h�\�Z�g�b�� �a�Z�� �^�Z�‚�m�� �Z�g�Z�e�b�a�m���� �A�Z�� �b�a�\�h�{�_�ƒ�_�� �[�b�[�e�b�h�f�_�l�j�b�•�k�d�b�o�� �Z�g�Z�e�b�a�Z�� �b�� �\�b�a�m�Z�e�b�a�Z�p�b�•�m��
�i�h�^�Z�l�Z�d�Z���d�h�j�b�r�„�_�g���•�_���5���i�Z�d�_�l��Bibliometrix, �i�j�h�]�j�Z�f�k�d�b���•�_�a�b�d���b���[�_�k�i�e�Z�l�g�h���h�d�j�m�`�_�ƒ�_���g�Z�f�_�ƒ�_�g�h��
�k�l�Z�l�b�k�l�b�q�d�h�f�� �j�Z�q�m�g�Z�j�k�l�\�m���� �%�L�E�O�L�R�P�H�W�U�L�[�� �•�_�� �b�g�l�_�]�j�b�k�Z�g�b�� �Z�e�Z�l�� �a�Z�� �[�b�[�e�b�h�f�_�l�j�b�•�k�d�m�� �Z�g�Z�e�b�a�m �m��
�g�Z�m�p�b���b���Z�d�Z�^�_�f�k�d�h�•���h�[�e�Z�k�l�b, �b���i�h�^�j�`�Z�\�Z���l�j�b���h�k�g�h�\�g�_���n�Z�a�_���[�b�[�e�b�h�f�_�l�j�b�•�k�d�_���Z�g�Z�e�b�a�_�� 

�x �m�\�h�a���i�h�^�Z�l�Z�d�Z���b���ƒ�b�o�h�\�m���d�h�g�\�_�j�a�b�•�m���m���n�h�j�f�Z�l���i�h�^�j�`�Z�g���h�^���k�l�j�Z�g�_���5��
�x �[�b�[�e�b�h�f�_�l�j�b�•�k�d�m���Z�g�Z�e�b�a�m���m�\�_�a�_�g�b�o���i�h�^�Z�l�Z�d�Z���b
�x �]�_�g�_�j�b�k�Z�ƒ�_���f�Z�l�j�b�p�Z���b���f�j�_�`�Z���>1].
�:�g�Z�e�b�a�b�j�Z�g�Z�� �•�_�� �i�j�h�^�m�d�l�b�\�g�h�k�l�� �Z�m�l�h�j�Z���� �h�[�j�Z�k�p�b�� �d�h�Z�m�l�h�j�k�l�Z�\�Z���� �d�‚�m�q�g�_�� �j�_�q�b�� �b�� �k�Z�j�Z�^�ƒ�Z

�b�a�f�_�{�m�� �a�_�f�Z�‚�Z�� �b�� �h�[�j�Z�a�h�\�g�b�o�� �b�g�k�l�b�l�m�p�b�•�Z�� �m�� �K�j�[�b�•�b���� �I�h�^�Z�p�b�� �k�m�� �\�b�a�m�Z�e�b�a�h�\�Z�g�b�� �i�h�f�h�„�m��
�]�j�Z�n�b�q�d�b�o�� �i�j�b�d�Z�a�Z���� �m�d�‚�m�q�m�•�m�„�b�� �f�Z�i�_�� �d�h�Z�m�l�h�j�k�l�Z�\�Z�� �b�� �d�e�Z�k�l�_�j�_�� �d�‚�m�q�g�b�o�� �j�_�q�b���� �d�Z�d�h�� �[�b�� �k�_��
�b�^�_�g�l�b�n�b�d�h�\�Z�e�b�� �d�‚�m�q�g�b�� �k�Z�j�Z�^�g�b�q�d�b�� �h�^�g�h�k�b�� �b�� �l�_�f�Z�l�k�d�b�� �n�h�d�m�k�b���� �H�]�j�Z�g�b�q�_�ƒ�Z�� �b�k�l�j�Z�`�b�\�Z�ƒ�Z��
�m�d�‚�m�q�m�•�m�� �a�Z�\�b�k�g�h�k�l�� �h�^�� �6�F�R�S�X�V�� �[�Z�a�_���� �d�h�•�Z�� �f�h�`�^�Z�� �g�_�� �h�[�m�o�\�Z�l�Z�� �k�\�_�� �j�_�e�_�\�Z�g�l�g�_�� �j�Z�^�h�\�_���� �b��
�i�j�b�k�l�j�Z�k�g�h�k�l���[�b�[�e�b�h�f�_�l�j�b�•�k�d�b�o���i�h�^�Z�l�Z�d�Z���� 

3. �;�B�;�E�B�H�F�?�L�J�B�3�K�D�:���:�G�:�E�B�A�:���J�:�>�H�<�:���B�A���H�;�E�:�K�L�B���F�?�J�?�5�:���I�?�J�N�H�J�F�:�G�K�B

3.1. �:�g�Z�e�b�a�Z���k�l�j�m�d�l�m�j�_���[�Z�a�_ 

�M���L�Z�[�_�e�b�������i�j�b�d�Z�a�Z�g�b���k�m���h�k�g�h�\�g�b���i�h�^�Z�p�b��
�h�� �k�l�j�m�d�l�m�j�b�� �d�h�j�b�r�„�_�g�_�� �[�Z�a�_�� �i�h�^�Z�l�Z�d�Z, 
�m�d�‚�m�q�m�•�m�„�b�� �\�j�_�f�_�g�k�d�b�� �i�_�j�b�h�^���� �[�j�h�•�� �b�a�\�h�j�Z����
�[�j�h�•�� �j�Z�^�h�\�Z���� �[�j�h�• �i�h�•�Z�\�‚�b�\�Z�ƒ�Z �Z�m�l�h�j�Z�� �b�� �[�j�h�•��
�j�Z�^�h�\�Z���k�Z���•�_�^�g�b�f�� �Z�m�l�h�j�h�f�����H�\�Z���l�Z�[�_�e�Z���i�j�m�`�Z��
�h�k�g�h�\�g�_�� �b�g�n�h�j�f�Z�p�b�•�_�� �d�h�•�_�� �k�m�� �d�‚�m�q�g�_�� �a�Z��
�j�Z�a�m�f�_�\�Z�ƒ�_�� �h�[�b�f�Z�� �b�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z��
�Z�g�Z�e�b�a�b�j�Z�g�_���[�Z�a�_���i�h�^�Z�l�Z�d�Z�� 

�L�Z�[�_�e�Z��1: �K�l�j�m�d�l�m�j�Z���d�h�j�b�r�„�_�g�_���[�Z�a�_ 

�<�j�_�f�_�g�k�d�b���i�_�j�b�h�^ 1985:2024 
�B�a�\�h�j�b 68 
�J�Z�^�h�\�b 79 
�: �m�l�h�j�b 3266 

�J�Z�^�h�\�b���k�Z���•�_�^�g�b�f���Z�m�l�h�j�h�f 5 

�K�e�b�d�Z��1�����=�h�^�b�g�_���k�Z���g�Z�•�\�_�„�h�f���m�q�_�k�l�Z�e�h�r�„�m��
�h�[�•�Z�\�‚�b�\�Z�ƒ�Z 
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�K�e�b�d�Z�������i�j�b�d�Z�a�m�•�_���i�j�_�]�e�_�^���[�j�h�•�Z���j�Z�^�h�\�Z���m���]�h�^�b�g�Z�f�Z���k�Z���g�Z�•�\�_�„�h�f���m�q�_�k�l�Z�e�h�r�„�m���h�[�•�Z�\�‚�b�\�Z�ƒ�Z����
�I�j�b�f�_�„�m�•�_�� �k�_�� �^�Z���•�_�� �g�Z�•�a�g�Z�q�Z�•�g�b�•�b�� �g�Z�m�q�g�b���^�h�i�j�b�g�h�k�� �m���h�[�e�Z�k�l�b�� �f�_�j�_�ƒ�Z���i�_�j�n�h�j�f�Z�g�k�b���h�k�l�\�Z�j�_�g��
�������������]�h�^�b�g�_�����d�Z�^�Z���•�_���h�[�•�Z�\�‚�_�g�h���������j�Z�^�h�\�Z�� 

�M�d�m�i�Z�g�� �[�j�h�•�� �j�Z�^�h�\�Z�� �m�d�‚�m�q�_�g�b�o�� �m�� �h�\�m�� �Z�g�Z�e�b�a�m�� �b�a�g�h�k�b�� �������� �K�\�b�� �j�Z�^�h�\�b�� �k�m�� �h�[�•�Z�\�‚�_�g�b�� �m��
�i�_�j�b�h�^�m���h�^���������������^�h���������������]�h�^�b�g�_�����I�j�\�b���j�Z�^���m���i�h�k�f�Z�l�j�Z�g�h�•���h�[�e�Z�k�l�b�����i�h�^���g�Z�k�e�h�\�h�f�����'�L�J�L�W�L�]�H�G��
�V�S�H�H�F�K���W�U�D�Q�V�P�L�V�V�L�R�Q���W�K�U�R�X�J�K���9�+�)���)�0���U�H�S�H�D�W�H�U�V�����Z�m�l�h�j�Z���I�j�_�^�j�Z�]�Z���I�_�l�j�h�\�b�„�Z�����h�[�•�Z�\�‚�_�g���•�_����985. 
�]�h�^�b�g�_�����M���Z�d�l�m�_�e�g�h�•���������������]�h�^�b�g�b�����^�h���k�Z�^�Z���k�m���h�[�•�Z�\�‚�_�g�Z���^�\�Z���j�Z�^�Z�����I�j�b�d�m�i�‚�_�g�b���j�Z�^�h�\�b���^�h�e�Z�a�_��
�b�a���������j�Z�a�e�b�q�b�l�b�o���b�a�\�h�j�Z���d�h�•�b���m�d�‚�m�q�m�•�m���j�Z�a�e�b�q�b�l�_���q�Z�k�h�i�b�k�_�����d�ƒ�b�]�_���b���k�e�b�q�g�h�����M�i�j�d�h�k���j�_�e�Z�l�b�\�g�h��
�f�Z�e�h�f�� �m�a�h�j�d�m���j�Z�^�h�\�Z���d�h�•�b�� �k�m���Z�g�Z�e�b�a�b�j�Z�g�b���� �[�j�h�•�� �i�h�•�Z�\�‚�b�\�Z�ƒ�Z���Z�m�l�h�j�Z���m���Z�g�Z�e�b�a�b���•�_�� �a�g�Z�q�Z�•�Z�g���b��
�b�a�g�h�k�b������������ 

�����������:�m�l�h�j�k�d�Z���k�l�j�m�d�l�m�j�Z 

�G�Z�d�h�g�� �Z�g�Z�e�b�a�_�� �k�l�j�m�d�l�m�j�_�� �[�Z�a�_���� �Z�g�Z�e�b�a�b�j�Z�g�Z�� �•�_�� �Z�m�l�h�j�k�d�Z�� �k�l�j�m�d�l�m�j�Z���� �B�^�_�g�l�b�n�b�d�h�\�Z�g�b�� �k�m��
�Z�m�l�h�j�b���d�h�•�b���k�m���g�Z�•�q�_�r�„�_���[�b�e�b���i�j�\�b���Z�m�l�h�j�b���j�Z�^�h�\�Z���b�a���i�h�k�f�Z�l�j�Z�g�_���h�[�e�Z�k�l�b�����L�Z�d�h�{�_�����j�Z�a�f�Z�l�j�Z�g���•�_��
�b�g�l�_�g�a�b�l�_�l���b�k�l�j�Z�`�b�\�Z�q�d�h�]���Z�g�]�Z�`�f�Z�g�Z���q�_�l�b�j�b���Z�m�l�h�j�Z���k�Z���g�Z�•�\�_�„�b�f���[�j�h�•�_�f���j�Z�^�h�\�Z���m���i�h�k�f�Z�l�j�Z�g�h�f��
�i�_�j�b�h�^�m�� 

�K�e�b�d�Z�������b�k�l�b�q�_���l�j�b���Z�m�l�h�j�Z���k�Z���g�Z�•�\�_�„�b�f���[�j�h�•�_�f���j�Z�^�h�\�Z���m���h�[�e�Z�k�l�b���f�_�j�_�ƒ�Z���i�_�j�n�h�j�f�Z�g�k�b���b���l�h��
�I�Z�f�m�q�Z�j�� �>�������=�m�i�l�Z �J���� �b�� �>�h�f�Z�g�h�\�b�„�� �<������ �k�\�Z�d�b�� �k�Z�� �i�h�� �i�_�l�� �j�Z�^�h�\�Z���� �L�Z�d�h�{�_���� �a�g�Z�q�Z�•�Z�g�� �Z�m�l�h�j�� �•�_��
�F�b�f�h�\�b�„�� �I���� �k�Z�� �q�_�l�b�j�b�� �j�Z�^�Z�� �m�� �i�h�k�f�Z�l�j�Z�g�h�•�� �h�[�e�Z�k�l�b���� �5�b�o�h�\�Z�� �Z�d�l�b�\�g�h�k�l�� �m�� �h�[�e�Z�k�l�b�� �f�_�j�_�ƒ�Z��
�i�_�j�n�h�j�f�Z�g�k�b���b�e�m�k�l�j�h�\�Z�g�Z���•�_���g�Z���K�e�b�p�b���������>�h�f�Z�g�h�\�b�„���<�����•�_���k�\�h�•�_���b�k�l�j�Z�`�b�\�Z�ƒ�_���a�Z�i�h�q�_�e�Z��������������
�]�h�^�b�g�_�����r�l�h���•�_���[�b�e�Z���d�‚�m�q�g�Z���]�h�^�b�g�Z���i�j�_�f�Z���j�Z�g�b�•�b�f���Z�g�Z�e�b�a�Z�f�Z�����:�m�l�h�j���=�m�i�l�Z �J�����•�_���g�Z�•�\�_�„�b���[�j�h�•��
�j�Z�^�h�\�Z���h�[�•�Z�\�b�h���b�a�f�_�{�m���������������b���������������]�h�^�b�g�_�����I�Z�f�m�q�Z�j���>�����a�Z�i�h�q�_�h���•�_�� �k�\�h�•�_���b�k�l�j�Z�`�b�\�Z�ƒ�_��������������
�]�h�^�b�g�_�����Z���a�g�Z�q�Z�•�Z�g���[�j�h�•���p�b�l�Z�l�Z���•�_���h�k�l�\�Z�j�b�h������������ 

�K�e�b�d�Z��2: �G�Z�•�i�j�h�^�m�d�l�b�\�g�b�•�b���Z�m�l�h�j�b �K�e�b�d�Z��3: �I�_�j�b�h�^���k�l�\�Z�j�Z�e�Z�r�l�\�Z���Z�m�l�h�j�Z

�K�e�b�d�Z��4: �F�j�_�`�Z���d�h�Z�m�l�h�j�k�l�\�Z���f�_�{�m���b�k�l�j�Z�`�b�\�Z�q�b�f�Z 
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�:�g�Z�e�b�a�b�j�Z�g�Z���•�_���d�h�e�Z�[�h�j�Z�l�b�\�g�Z���f�j�_�`�Z���b�a�f�_�{�m���������Z�m�l�h�j�Z���k�Z���g�Z�•�\�b�r�_���i�h�f�b�ƒ�Z�ƒ�Z�����G�Z���K�e�b�p�b������
�\�b�a�m�_�e�g�h���•�_���i�j�b�d�Z�a�Z�g�Z���d�h�e�Z�[�h�j�Z�l�b�\�g�Z���i�j�b�j�h�^�Z���g�Z�m�q�g�_���k�Z�j�Z�^�ƒ�_���h�k�l�\�Z�j�_�g�_���m�g�m�l�Z�j���i�h�k�f�Z�l�j�Z�g�_��
�h�[�e�Z�k�l�b���� �I�j�b�e�h�`�_�g�b�� �]�j�Z�n�b�d�h�g�� �i�j�m�`�Z�� �m�\�b�^�� �m�� �f�j�_�`�m�� �k�Z�j�Z�^�ƒ�_�� �f�_�{�m�� �Z�m�l�h�j�b�f�Z���� �h�f�h�]�m�„�Z�\�Z�•�m�„�b��
�b�^�_�g�l�b�n�b�d�Z�p�b�•�m���d�‚�m�q�g�b�o���b�k�l�j�Z�`�b�\�Z�q�d�b�o���]�j�m�i�Z���b���ƒ�b�o�h�\�b�o���f�_�{�m�k�h�[�g�b�o���h�^�g�h�k�Z���� 

�K�\�Z�d�b���q�\�h�j���g�Z���k�e�b�p�b���i�j�_�^�k�l�Z�\�‚�Z���•�_�^�g�h�]���Z�m�l�h�j�Z�����<�_�e�b�q�b�g�Z���q�\�h�j�Z���•�_���i�j�h�i�h�j�p�b�h�g�Z�e�g�Z���[�j�h�•�m��
�k�Z�j�Z�^�ƒ�b���d�h�•�_���•�_���Z�m�l�h�j���h�k�l�\�Z�j�b�h�����Z���[�h�•�_���h�[�e�Z�k�l�b�����i�h�f�Z�`�m���m���b�^�_�g�l�b�n�b�d�Z�p�b�•�b���d�e�Z�k�l�_�j�Z���k�Z�j�Z�^�ƒ�_����
�G�Z���]�j�Z�n�b�d�h�g�m���k�_���•�Z�k�g�h���\�b�^�b���m���d�h�•�h�•���f�_�j�b���k�m���Z�m�l�h�j�b���f�_�{�m�k�h�[�g�h���i�h�\�_�a�Z�g�b���d�j�h�a���a�Z�•�_�^�g�b�q�d�_���j�Z�^�h�\�_����
�i�j�b�� �q�_�f�m �k�m���=�m�i�l�Z �J���� �b���N�b�r�_�j �b�k�l�Z�d�g�m�l�b�� �i�j�_�f�Z�� �[�j�h�•�m�� �h�k�l�\�Z�j�_�g�b�o�� �k�Z�j�Z�^�ƒ�b���� �G�Z�� �h�k�g�h�\�m��
�b�g�l�_�g�a�b�l�_�l�Z���[�h�•�Z���f�h�`�_���k�_���a�Z�d�‚�m�q�b�l�b���^�Z���•�_���d�h�Z�m�l�h�j�k�l�\�h���i�j�b�e�b�q�g�h���j�Z�a�m�{�_�g�h�����i�j�b���q�_�f�m���•�_���f�h�]�m�„�_��
�m�h�q�b�l�b�� �d�e�Z�k�l�_�j�_�� �Z�m�l�h�j�Z���� �i�j�b�d�Z�a�Z�g�_���p�j�\�_�g�h�f�� �[�h�•�h�f���� �d�h�•�b�� �k�m���h�k�l�\�Z�j�b�e�b���\�_�„�b���[�j�h�•�� �a�Z�•�_�^�g�b�q�d�b�o��
�i�m�[�e�b�d�Z�p�b�•�Z�����M�h�q�_�g�Z���k�m���l�j�b���d�e�Z�k�l�_�j�Z���Z�m�l�h�j�Z���k�Z���b�a�j�Z�`�_�g�h�f���d�h�h�i�_�j�Z�l�b�\�g�h�r�„�m�� 

3.3�����:�g�Z�e�b�a�Z���d�‚�m�q�g�b�o���j�_�q�b 

�;�j�h�•�� �d�‚�m�q�g�b�o�� �j�_�q�b�� �d�h�•�_�� �k�m�� �^�h�^�_�‚�_�g�_�� �h�^�� �k�l�j�Z�g�_�� �Z�m�l�h�j�Z�� �b�a�g�h�k�b�� �m�d�m�i�g�h�� ���������� �^�h�d�� �•�_�� �[�Z�a�Z��
�g�Z�m�q�g�b�o���j�Z�^�h�\�Z���6�F�R�S�X�V���i�j�_�^�e�h�`�b�e�Z���b���^�h�^�_�e�b�e�Z�����������d�‚�m�q�g�b�o���j�_�q�b�����f�_�{�m���d�h�•�b�f�Z���k�m���b���d�‚�m�q�g�_��
�j�_�q�b���Z�m�l�h�j�Z�����M���L�Z�[�_�e�b�������i�j�b�d�Z�a�Z�g�_���k�m���g�Z�•�m�q�_�k�l�Z�e�b�•�_���d�‚�m�q�g�_���j�_�q�b���m���j�Z�^�h�\�b�f�Z�����^�h�^�_�‚�_�g�_�����d�Z�d�h��
�h�^�� �k�l�j�Z�g�_�� �Z�m�l�h�j�Z���� �l�Z�d�h�� �b�� �i�j�_�f�Z�� �i�j�_�i�h�j�m�d�Z�f�Z�� �6�F�R�S�X�V�� �[�Z�a�_���� ���3�H�U�I�R�U�P�D�Q�F�H�� �P�H�D�V�X�U�H�P�H�Q�W�� ���� �k�_��
�h�q�_�d�b�\�Z�g�h���g�Z�•�q�_�r�„�_���i�h�•�Z�\�‚�m�•�_���m���h�[�Z���k�e�m�q�Z�•�Z�����L�Z�d�h�{�_�����^�j�m�]�Z���g�Z�•�q�_�r�„�_���d�h�j�b�r�„�_�g�Z���d�‚�m�q�g�Z���j�_�q��
�^�h�^�_�‚�_�g�Z���h�^���k�l�j�Z�g�_���Z�m�l�h�j�Z���j�Z�^�h�\�b�f�Z���•�_�����S�H�U�I�R�U�P�D�Q�F�H�������6�F�R�S�X�V���•�_���i�j�_�i�h�j�m�q�b�h���^�h�^�Z�\�Z�ƒ�_���d�‚�m�q�g�_��
�j�_�q�b�����K�X�P�D�Q���V�������a�Z���m�d�m�i�g�h���������j�Z�^�h�\�Z�� 
 
�L�Z�[�_�e�Z��2: �G�Z�•�m�q�_�k�l�Z�e�b�•�_���d�‚�m�q�g�_���j�_�q�b���m���j�Z�^�h�\�b�f�Z 

�D�‚�m�q�g�_���j�_�q�b��- �:�m�l�h�j�b �;�j�h�•���j�Z�^�h�\�Z �D�‚�m�q�g�_���j�_�q�b��- Scopus �;�j�h�•���j�Z�^�h�\�Z 
Performance measurement 20 Performance measurement 17 

Performance 8 Performance measurement system 9 
Balanced scorecard 5 Humans 7 

Efficiency 4 Human 6 
Serbia 4 Supply chain management 6 

 
�K�� �h�[�a�b�j�h�f�� �g�Z�� �\�b�k�h�d�m�� �m�q�_�k�l�Z�e�h�k�l�� �b�k�l�h�\�j�_�f�_�g�h�]�� �i�h�•�Z�\�‚�b�\�Z�ƒ�Z�� �h�^�j�_�{�_�g�h�]�� �[�j�h�•�Z���d�‚�m�q�g�b�o��

�j�_�q�b�����^�Z�‚�Z���Z�g�Z�e�b�a�Z���k�_���n�h�d�m�k�b�j�Z�e�Z���g�Z���b�k�l�j�Z�`�b�\�Z�ƒ�_���\�_�a�Z���b�a�f�_�{�m���������d�‚�m�q�g�b�o���j�_�q�b���k�Z���g�Z�•�\�_�„�h�f��
�m�q�_�k�l�Z�e�h�r�„�m���� �G�Z�� �K�e�b�p�b�� ���� �i�j�b�d�Z�a�Z�g�b�� �k�m�� �d�e�Z�k�l�_�j�b�� �d�‚�m�q�g�b�o�� �j�_�q�b�� �d�h�•�_�� �k�_�� �m�� �\�_�„�b�g�b�� �k�e�m�q�Z�•�_�\�Z��
�a�Z�•�_�^�g�h���g�Z�\�h�^�_���m���j�Z�^�h�\�b�f�Z�����d�Z�h���b���\�_�a�_���b�a�f�_�{�m���l�b�o���d�e�Z�k�l�_�j�Z�� 

�K�e�b�d�Z����: �D�e�Z�k�l�_�j�b���d�‚�m�q�g�b�o �j�_�q�b���Z�m�l�h�j�Z 
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�D�‚�m�q�g�Z�� �j�_�q�� ��performance measurement���� �b�^�_�g�l�b�n�b�d�h�\�Z�g�Z�� �•�_�� �d�Z�h�� �g�Z�•�a�Z�k�l�m�i�‚�_�g�b�•�Z�� �m��
�Z�g�Z�e�b�a�b�j�Z�g�h�f���k�d�m�i�m���i�h�^�Z�l�Z�d�Z�����A�[�h�]���k�\�h�•�_���m�q�_�k�l�Z�e�h�k�l�b���h�a�g�Z�q�_�g�Z���•�_���g�Z�•�\�_�„�b�f���d�j�m�]�h�f���b���^�h�[�j�h���•�_��
�i�h�\�_�a�Z�g�Z�� �k�Z�� �]�h�l�h�\�h�� �k�\�b�f�� �h�k�l�Z�e�b�f�� �d�‚�m�q�g�b�f�� �j�_�q�b�f�Z�� �m�� �j�Z�a�f�Z�l�j�Z�g�h�•�� �]�j�m�i�b���� �G�Z�� �h�k�g�h�\�m�� �Z�g�Z�e�b�a�_��
�d�e�Z�k�l�_�j�Z���� �m�h�q�_�g�h�� �•�_�� �^�Z�� �i�h�k�l�h�•�b�� �i�_�l�� �\�_�„�b�o�� �]�j�m�i�Z�� �i�h�•�f�h�\�Z���� �h�^�� �d�h�•�b�o�� �k�m�� �l�j�b�� �g�Z�•�\�_�„�_�� �h�a�g�Z�q�_�g�_��
�p�j�\�_�g�h�f�����i�e�Z�\�h�f���b���‚�m�[�b�q�Z�k�l�h�f���[�h�•�h�f�����I�e�Z�\�b���d�e�Z�k�l�_�j���k�Z�^�j�`�b���l�_�j�f�b�g�_���d�h�•�b���k�_���m�]�e�Z�\�g�h�f���h�^�g�h�k�_��
�g�Z���k�l�j�Z�l�_�]�b�•�_�� �f�_�j�_�ƒ�Z���b�� �i�j�Z�„�_�ƒ�Z���i�_�j�n�h�j�f�Z�g�k�b���� �d�Z�h���r�l�h�� �•�_�� �� balanced scorecard ������ �^�h�d���p�j�\�_�g�b��
�d�e�Z�k�l�_�j�� �h�[�m�o�\�Z�l�Z�� �l�_�j�f�b�g�_�� �n�h�d�m�k�b�j�Z�g�_�� �g�Z�� �_�\�Z�e�m�Z�p�b�•�m�� �i�_�j�n�h�j�f�Z�g�k�b���� �B�g�l�_�j�_�k�Z�g�l�g�h�� �•�_��
�i�j�b�f�_�l�b�l�b���^�Z���i�h�k�l�h�•�b���d�‚�m�q�g�Z���j�_�q���d�h�•�Z���•�_���i�h�l�i�m�g�h���b�a�h�e�h�\�Z�g�Z���h�^���h�k�l�Z�l�d�Z���k�d�m�i�Z��- " visualization". 
�L�Z�d�h�{�_�����_�\�b�^�_�g�l�Z�g���•�_���d�e�Z�k�l�_�j���h�a�g�Z�q�_�g���`�m�l�h�f���[�h�•�h�f�����k�Z�k�l�Z�\�‚�_�g���h�^���l�j�b���j�_�q�b���i�j�b�[�e�b�`�g�h���•�_�^�g�Z�d�_��
�m�q�_�k�l�Z�e�h�k�l�b�����d�h�•�_���k�_���i�j�_�l�_�`�g�h���i�h�•�Z�\�‚�m�•�m���a�Z�•�_�^�g�h���m���h�[�•�Z�\�‚�_�g�b�f���j�Z�^�h�\�b�f�Z�����H�\�_���l�j�b���d�‚�m�q�g�_���j�_�q�b��
�h�^�g�h�k�_���k�_���g�Z���i�h�d�Z�a�Z�l�_�‚�_���‚�m�^�k�d�h�]���j�Z�a�\�h�•�Z���b���^�h�[�j�h�[�b�l�b���m���^�j�m�r�l�\�m�� 

�����������:�g�Z�e�b�a�Z���i�h���^�j�`�Z�\�Z�f�Z 

�K�e�_�^�_�„�b���d�h�j�Z�d���m���b�k�l�j�Z�`�b�\�Z�ƒ�m���n�h�d�m�k�b�j�Z�h���k�_���g�Z���Z�k�i�_�d�l���^�j�`�Z�\�Z�����M�l�\�j�{�_�g�h���•�_���^�Z���[�Z�a�Z���k�Z�^�j�`�b��
�m�d�m�i�g�h�����������^�j�`�Z�\�Z�����l�_���•�_���a�Z���^�Z�‚�_���k�i�j�h�\�h�{�_�ƒ�_���Z�g�Z�e�b�a�_���h�^�e�m�q�_�g�h���^�Z���k�_���m�a�f�m���m���j�Z�a�f�Z�l�j�Z�ƒ�_���k�Z�f�h��
�j�Z�^�h�\�b�� �g�Z�� �d�h�•�_�� �g�_�� �j�_�n�_�j�_�g�p�b�j�Z�� �\�b�r�_�� �h�^�� ������ �^�j�`�Z�\�Z���� �M�\�h�{�_�ƒ�_�f�� �i�h�f�_�g�m�l�h�]�� �d�j�b�l�_�j�b�•�m�f�Z�� �[�j�h�•��
�j�Z�a�f�Z�l�j�Z�g�b�o �^�j�`�Z�\�Z�� �k�f�Z�ƒ�_�g�� �•�_�� �g�Z�� �������� �L�j�b�� �^�j�`�Z�\�_�� �k�Z�� �g�Z�•�\�_�„�b�f�� �[�j�h�•�_�f�� �j�Z�^�h�\�Z�� �k�m�� �K�j�[�b�•�Z����
�K�•�_�^�b�ƒ�_�g�_���:�f�_�j�b�q�d�_���>�j�`�Z�\�_���b���R�i�Z�g�b�•�Z���d�h�•�_���b�f�Z�•�m���i�h���������������b�������j�Z�^�Z���j�_�k�i�_�d�l�b�\�g�h�� 

�G�Z���K�e�b�p�b�������f�h�`�_���k�_���\�b�^�_�l�b���k�Z�j�Z�^�ƒ�Z���a�_�f�Z�‚�Z���m���h�[�e�Z�k�l�b���k�l�\�Z�j�Z�e�Z�r�l�\�Z�����i�j�b�d�Z�a�m�•�m�„�b���k�\�b�o��������
�j�Z�a�f�Z�l�j�Z�g�b�o���^�j�`�Z�\�Z���� �K�j�[�b�•�Z���k�_���b�k�l�b�q�_�� �d�Z�h���g�Z�•�\�_�„�b�� �q�\�h�j���� �r�l�h�� �•�_�� �m�� �k�d�e�Z�^�m���k�Z���[�j�h�•�_�f�� �k�Z�j�Z�^�ƒ�b��
�h�k�l�\�Z�j�_�g�b�o�� �k�Z�j�Z�^�ƒ�b���� �I�j�b�f�_�„�m�•�_�� �k�_�� �^�Z�� �k�m�� �_�\�j�h�i�k�d�_�� �^�j�`�Z�\�_���� �d�Z�h�� �r�l�h�� �k�m�� �=�j�q�d�Z���� �O�h�e�Z�g�^�b�•�Z�� �b��
�B�l�Z�e�b�•�Z���� �h�k�l�\�Z�j�b�e�_�� �a�g�Z�q�Z�•�Z�g�� �[�j�h�•�� �k�Z�j�Z�^�ƒ�b�� �m�� �i�h�j�_�{�_�ƒ�m�� �k�Z�� �i�j�_�d�h�h�d�_�Z�g�k�d�b�f�� �^�j�`�Z�\�Z�f�Z���� �i�h�i�m�l��
�K�•�_�^�b�ƒ�_�g�b�o���:�f�_�j�b�q�d�b�o���>�j�`�Z�\�Z���g�Z���a�Z�i�Z�^�m���b���3�Z�i�Z�g�Z���g�Z���b�k�l�h�d�m�����d�h�•�_���k�m���i�j�b�d�Z�a�Z�g�_���d�Z�h���g�Z�•�f�Z�ƒ�b��
�q�\�h�j�h�\�b���m���f�j�_�`�b�� 

�A�[�h�]���\�_�e�b�d�h�]���[�j�h�•�Z���h�k�l�\�Z�j�_�g�b�o���k�Z�j�Z�^�ƒ�b���g�Z���]�e�h�[�Z�e�g�h�f���g�b�\�h�m�����[�b�e�h���•�_���a�g�Z�q�Z�•�g�h���b�k�l�j�Z�`�b�l�b��
�d�Z�d�\�Z���d�h�h�i�_�j�Z�p�b�•�Z�� �•�_�� �h�k�l�\�Z�j�_�g�Z�� �g�Z�� �g�b�\�h�m�� �b�g�k�l�b�l�m�p�b�•�Z�� �J�_�i�m�[�e�b�d�_�� �K�j�[�b�•�_���� �K�e�b�d�Z�� ���� �i�j�b�d�Z�a�m�•�_��
�d�e�Z�k�l�_�j�_�������h�[�j�Z�a�h�\�g�b�o���b�g�k�l�b�l�m�p�b�•�Z���k�Z���l�_�j�b�l�h�j�b�•�_���K�j�[�b�•�_���b�a���d�h�•�b�o���i�h�l�b�q�_���g�Z�•�\�_�„�b���[�j�h�•���Z�m�l�h�j�Z��
�j�Z�^�h�\�Z�����d�Z�h���b���h�k�l�\�Z�j�_�g�_���k�Z�j�Z�^�ƒ�_���b�a�f�_�{�m���ƒ�b�o�� 

�K�e�b�d�Z��6: �F�j�_�`�Z���k�Z�j�Z�^�ƒ�_���f�_�{�m���a�_�f�‚�Z�f�Z 

�K�e�b�d�Z��7: �F�j�_�`�Z���k�Z�j�Z�^�ƒ�_���f�_�{�m���h�[�j�Z�a�h�\�g�b�f �b�g�k�l�b�l�m�p�b�•�Z�f�Z �m���K�j�[�b�•�b 
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�:�g�Z�e�b�a�h�f���^�h�[�b�•�_�g�_���f�j�_�`�_���i�j�b�f�_�„�_�g�h���•�_���i�h�k�l�h�•�Z�ƒ�_���l�j�b���d�e�Z�k�l�_�j�Z�����P�j�\�_�g�b���d�e�Z�k�l�_�j���q�b�g�_���^�\�Z��
�_�g�l�b�l�_�l�Z���� �M�g�b�\�_�j�a�b�l�_�l�b�� �m�� �;�_�h�]�j�Z�^�m�� �b�� �D�j�Z�]�m�•�_�\�p�m���� �>�j�m�]�b���� �g�Z�•�\�_�„�b�� �d�e�Z�k�l�_�j�� �h�a�g�Z�q�_�g�� �i�e�Z�\�h�f��
�[�h�•�h�f���� �i�j�_�l�_�`�g�h�� �q�b�g�_�� �m�g�b�\�_�j�a�b�l�_�l�b�� �m�� �h�[�e�Z�k�l�b�� �[�_�a�[�_�^�g�h�k�l�b��- �<�h�•�g�h-�f�_�^�b�p�b�g�k�d�Z�� �Z�d�Z�^�_�f�b�•�Z���b��
�D�j�b�f�b�g�Z�e�b�k�l�b�q�d�h-�i�h�e�b�p�b�•�k�d�Z���Z�d�Z�^�_�f�b�•�Z���� �h�[�Z�� �k�f�_�r�l�_�g�Z���m���;�_�h�]�j�Z�^�m���� �L�Z�d�h�{�_���� �i�j�b�f�_�„�_�g�h�� �•�_�� �^�Z��
�i�h�k�l�h�•�b�� �•�_�^�g�Z�� �b�a�h�e�h�\�Z�g�Z�� �b�g�k�l�b�l�m�p�b�•�Z��- �M�g�b�\�_�j�a�b�l�_�l�� �F�_�l�j�h�i�h�e�b�l�Z�g���� �H�k�b�f�� �k�Z�j�Z�^�ƒ�_�� �m�g�m�l�Z�j��
�d�e�Z�k�l�_�j�Z���� �a�Z�[�_�e�_�`�_�g�Z�� �•�_�� �k�Z�j�Z�^�ƒ�Z�� �b�a�f�_�{�m�� �M�g�b�\�_�j�a�b�l�_�l�Z�� �m�� �;�_�h�]�j�Z�^�m�� �b�a�� �p�j�\�_�g�h�]�� �d�e�Z�k�l�_�j�Z���b��
�M�g�b�\�_�j�a�b�l�_�l�Z���m���G�h�\�h�f���K�Z�^�m���b�a���i�e�Z�\�h�]���d�e�Z�k�l�_�j�Z�����H�^���k�_�^�Z�f���j�Z�a�f�Z�l�j�Z�g�b�o���b�g�k�l�b�l�m�p�b�•�Z�����i�_�l���•�_���b�a��
�;�_�h�]�j�Z�^�Z�� 

���� �A�:�D�4�M�Q�:�D

�H�\�h�� �b�k�l�j�Z�`�b�\�Z�ƒ�_�� �i�j�m�`�Z�� �k�\�_�h�[�m�o�\�Z�l�Z�g�� �i�j�_�]�e�_�^�� �[�b�[�e�b�h�f�_�l�j�b�•�k�d�b�o�� �Z�g�Z�e�b�a�Z�� �j�Z�^�h�\�Z�� �b�a
�h�[�e�Z�k�l�b���f�_�j�_�ƒ�Z���i�_�j�n�h�j�f�Z�g�k�b�����k�Z���i�h�k�_�[�g�b�f���n�h�d�m�k�h�f���g�Z���Z�m�l�h�j�_���b�a���K�j�[�b�•�_�����D�h�j�b�r�„�_�ƒ�_�f���6�F�R�S�X�V��
�[�Z�a�_�� �i�h�^�Z�l�Z�d�Z�� �b�� �5�� �i�Z�d�_�l�Z��Bibliometrix���� �Z�g�Z�e�b�a�b�j�Z�g�b�� �k�m�� �j�Z�a�e�b�q�b�l�b�� �Z�k�i�_�d�l�b�� �i�h�i�m�l��
�i�j�h�^�m�d�l�b�\�g�h�k�l�b���Z�m�l�h�j�Z�����d�h�Z�m�l�h�j�k�l�Z�\�Z�����d�‚�m�q�g�b�o���j�_�q�b���b �k�Z�j�Z�^�ƒ�b���b�a�f�_�{�m���a�_�f�Z�‚�Z���b���h�[�j�Z�a�h�\�g�b�o��
�b�g�k�l�b�l�m�p�b�•�Z���m���K�j�[�b�•�b�����J�_�a�m�e�l�Z�l�b���i�h�d�Z�a�m�•�m���^�Z���k�m���=�m�i�l�Z �J�����b���N�b�r�_�j �g�Z�•�i�j�h�^�m�d�l�b�\�g�b�•�b���Z�m�l�h�j�b���k�Z��
�a�g�Z�q�Z�•�g�b�f���[�j�h�•�_�f���k�Z�j�Z�^�ƒ�b�����^�h�d���k�_����performance measurement�����b�a�^�\�Z�•�Z���d�Z�h���g�Z�•�q�_�r�„�_���d�h�j�b�r�„�_�g�Z��
�d�‚�m�q�g�Z�� �j�_�q���� �F�j�_�`�Z�� �d�h�Z�m�l�h�j�k�l�Z�\�Z�� �h�l�d�j�b�\�Z�� �g�_�d�h�e�b�d�h�� �d�‚�m�q�g�b�o�� �b�k�l�j�Z�`�b�\�Z�q�d�b�o�� �]�j�m�i�Z����
�g�Z�]�e�Z�r�Z�\�Z�•�m�„�b���\�b�k�h�d���g�b�\�h���k�Z�j�Z�^�ƒ�_���f�_�{�m���b�k�l�j�Z�`�b�\�Z�q�b�f�Z�� 

�H�]�j�Z�g�b�q�_�ƒ�Z�� �h�\�h�]�� �b�k�l�j�Z�`�b�\�Z�ƒ�Z�� �m�d�‚�m�q�m�•�m�� �a�Z�\�b�k�g�h�k�l�� �h�^�� �6�F�R�S�X�V�� �[�Z�a�_�� �b�� �i�h�l�_�g�p�b�•�Z�e�g�_��
�i�j�b�k�l�j�Z�k�g�h�k�l�b�� �[�b�[�e�b�h�f�_�l�j�b�•�k�d�b�o���i�h�^�Z�l�Z�d�Z���� �B�i�Z�d�����j�_�a�m�e�l�Z�l�b �b�k�l�j�Z�`�b�\�Z�ƒ�Z���^�h�i�j�b�g�h�k�_���[�h�‚�_�f��
�j�Z�a�m�f�_�\�Z�ƒ�m���l�_�f�Z�l�k�d�b�o���b���d�h�e�Z�[�h�j�Z�l�b�\�g�b�o���l�j�_�g�^�h�\�Z���m���h�[�e�Z�k�l�b���f�_�j�_�ƒ�Z���i�_�j�n�h�j�f�Z�g�k�b�����i�j�m�`�Z�•�m�„�b��
�h�k�g�h�\�m���a�Z���[�m�^�m�„�Z���b�k�l�j�Z�`�b�\�Z�ƒ�Z���b���i�j�Z�d�l�b�q�g�_���i�j�b�f�_�g�_���m���b�g�^�m�k�l�j�b�•�b���� 
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�E�?�D�K�B�D�H�=�J�:�N�K�D�?���F�?�L�H�>�? 

LINEAR ANTENNA ARRAY SYNTHESIS USING RELAXED LEXICOGRAPHIC 
METHOD 
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�J�_�a�b�f�_: �M���h�\�h�f���j�Z�^�m���•�_���i�j�_�^�e�h�`�_�g�Z���g�h�\�Z �f�_�l�h��̂Z �a�Z�k�g�h�\�Z�g�Z �g�Z���j�_�e�Z�d�k�b�j�Z�g�h�• �e�_�d�k�b�d�h�]�j�Z�n�k�d�h�•���f�_�l�h�^�b��
�a�Z�� �k�b�g�l�_�a�m�� �e�b�g�_�Z�j�g�h�]�� �Z�g�l�_�g�k�d�h�]�� �g�b�a�Z���� �I�j�b�d�Z�a�Z�g�b�� �Z�e�]�h�j�b�l�Z�f�� �•�_�� �d�h�j�b�r�„�_�g�� �a�Z�� �^�h�[�b�•�Z�ƒ�_�� �h�i�l�b�f�Z�e�g�_��
�i�h�a�b�p�b�•�_���_�e�_�f�_�g�Z�l�Z���d�Z�d�h���[�b���k�_���^�h�[�b�h���f�b�g�b�f�Z�e�g�b���g�b�\�h���[�h�q�g�h�]���e�h�[�Z���b���g�m�ea �m���`�_�‚�_�g�h�f���i�j�Z�\�p�m�����H�k�g�h�\�g�Z��
�j�Z�a�e�b�d�Z���m���h�^�g�h�k�m���g�Z���^�j�m�]�_���f�_�l�h�^�_���•�_���m���l�h�f�_���r�l�h���•�_���d�h�j�b�r�„�_�g�Z �j�_�e�Z�d�k�b�j�Z�Z�m �e�_�d�k�b�d�h�]�j�Z�n�k�d�Z �f�_�l�h�^�Z. 
�I �j�h�[�e�_�f�� �i�h�l�b�k�d�b�\�Z�ƒ�Z�� �[�h�q�g�b�o���e�h�[�h�\�Z �b�� �i�h�k�l�Z�\�‚�Z�ƒ�Z���g�m�e�l�Z���g�Z�� �a�Z�^�Z�l�b�f�� �i�j�Z�\�p�b�f�Z �i�h�^�_�‚�_�g�� �•�_ �g�Z�� �^�\�Z��
�i�j�h�[�e�_�f�Z���� �I�j�\�h�� �•�_�� �j�_�r�_�g�� �i�j�h�[�e�_�f���i�h�l�b�k�d�b�\�Z�ƒ�Z�� �[�h�q�g�b�o�� �e�h�[�h�\�Z���� �I�j�b�e�b�d�h�f�� �j�_�r�Z�\�Z�ƒ�Z�� �i�j�h�[�e�_�f�Z��
�i�h�k�l�Z�\�‚�Z�ƒ�Z���g�m�e�Z���g�Z���a�Z�^�Z�l�h�f���i�j�Z�\�p�m �d�h�j�b�r�„�_�g���•�_�� �m�k�e�h�\���d�h�•�b���i�j�h�b�a�b�e�Z�a�b���b�a���i�j�\�h�]���i�j�h�[�e�_�f�Z�����Z �]�^�_���k�f�h��
�]�Z�� �j�_�e�Z�d�k�b�j�Z�e�b���� �J�_�a�m�e�l�Z�l�b�� �k�b�f�m�e�Z�p�b�•�_���i�h�d�Z�a�m�•�m �^�Z�� �i�j�h�•�_�d�l�h�\�Z�ƒ�_�� �Z�g�l�_�g�k�d�b�o�� �g�b�a�h�\�Z�� �d�h�j�b�r�„�_�ƒ�_�f��
�i�j�_�^�k�l�Z�\�‚�_�g�_���f�_�l�h�^�_���^�Z�•�_���a�g�Z�q�Z�•�g�Z���i�h�[�h�‚�r�Z�ƒ�Z���m���i�h�j�_�{�_�ƒ�m���k�Z���k�b�g�l�_�a�h�f���^�h�[�b�•�_�g�h�f���^�j�m�]�b�f���h�[�•�Z�\�‚�_�g�b�f��
�f�_�l�h�^�Z�f�Z�� 

�D�‚�m�q�g�_ �j�_�q�b: �E�b�g�_�Z�j�g�b���Z�g�l�_�g�k�d�b���g�b�a�����N�Z�d�l�h�j���g�b�a�Z�����H�i�l�b�f�b�a�Z�p�b�•�Z, �;�h�q�g�b���e�h�[�h�\�b�� 

Abstract: In this paper, we proposed a t method based on relaxed lexicographic method for the synthesis of 
linear antenna array. Presented algorithm was used to obtain the optimal position of the elements in order to 
get the minimum side lobe level and null in desired direction. The main difference compared to other methods 
is that the relaxed lexicographic method was used. The problem of suppressing side lobes and setting nulls on 
given directions is divided into two problems. First, the sidelobe suppression problem was solved. When 
solving the problem of placing zeros on the given direction, the condition that arises from the first problem 
was used, where we relaxed it. The simulation results reveal that design of antenna arrays using the presented 
method provides considerable enhancements compared with the synthesis obtained from other published 
method. 

Keywords: Lin�H�D�U���Z�Q�W�H�Q�Q�D���Z�U�U�D�\�����$�U�U�D�\���I�D�F�W�R�U�� Optimization; Side lobe level. 

1. �M�<�H�> 

�:�g�l�_�g�k�d�b���g�b�a�h�\�b���b�]�j�Z�•�m���\�Z�`�g�m���m�e�h�]�m���m���h�l�d�j�b�\�Z�ƒ�m���b���h�[�j�Z�^�b���k�b�]�g�Z�e�Z���d�h�•�b���^�h�e�Z�a�_���b�a���j�Z�a�e�b�q�b�l�b�o��
�i�j�Z�\�Z�p�Z�����P�b�‚���m���^�b�a�Z�•�g�m���Z�g�l�_�g�k�d�h�]���g�b�a�Z���•�_���i�h�k�l�b�a�Z�ƒ�_���f�b�g�b�f�Z�e�g�h�]���g�b�\�h�Z���[�h�q�g�b�o���e�h�[�h�\�Z (SLL), 
�m�k�d�_���r�b�j�b�g�_���]�e�Z�\�g�h�]���k�g�h�i�Z���a�j�Z�q�_�ƒ�Z (FNBW�����b���^�h�[�b�•�Z�ƒ�_���m�k�d�b�o���b�e�b���r�b�j�h�d�b�o���g�m�e�Z �m���i�j�Z�\�p�b�f�Z��
�h�f�_�l�Z�•�m�„�b�o�� �k�b�]�g�Z�e�Z���� �R�b�j�h�d�_�� �g�m�e�_�� �k�m���i�h�l�j�_�[�g�_�� �d�Z�^�Z�� �k�f�_�j�� �^�h�e�Z�k�d�Z�� �k�f�_�l�ƒ�b�� �f�h�`�_�� �g�_�a�g�Z�l�g�h�� �^�Z��
�\�Z�j�b�j�Z���l�h�d�h�f���\�j�_�f�_�g�Z�����A�Z�o�l�_�\�b���a�Z��SLL �k�m���m���k�m�i�j�h�l�g�h�k�l�b���k�Z��FNBW�����F�h�`�_�f�h���j�_�„�b���^�Z���Z�d�h���`�_�e�b�f�h��
�^�Z���i�h�k�l�b�]�g�_�f�h���[�h�‚�_���i�_�j�n�h�j�f�Z�g�k�_���•�_�^�g�_���d�Z�j�Z�d�l�_�j�b�k�l�b�d�_�����f�h�j�Z�f�h���^�Z���^�_�]�j�Z�^�b�j�Z�f�h���^�j�m�]�m�����Q�_�r�„�_��
�•�_���i�h�l�b�k�g�m�l�b���g�b�\�h���[�h�q�g�h�]���e�h�[�h�\�Z �g�_�]�h���i�h�k�l�b�„�b���m�k�d�m���r�b�j�b�g�m���]�e�Z�\�g�h�]���k�g�h�i�Z���a�j�Z�q�_�ƒ�Z. 

�@�_�‚�_�g�b�� �^�b�•�Z�]�j�Z�f�� �a�j�Z�q�_�ƒ�Z�� �k�_�� �f�h�`�_�� �h�k�l�\�Z�j�b�l�b�� �b�a�[�h�j�h�f�� �n�b�a�b�q�d�h�]�� �i�h�k�l�Z�\�‚�Z�ƒ�Z�� �_�e�_�f�_�g�Z�l�Z��
�Z�g�l�_�g�_�����Z�f�i�e�b�l�m�^�_ �i�h�[�m�^�Z �b���n�Z�a�_���i�h�[�m�^�Z�����F�_�l�h�^�_���d�h�•�_���k�_���d�h�j�b�k�l�_���a�Z���k�b�g�l�_�a�m �Z�g�l�_�g�k�d�b�o���g�b�a�h�\�Z��
�f�h�]�m���k�_���d�e�Z�k�b�n�b�d�h�\�Z�l�b���m���^�\�_���d�Z�l�_�]�h�j�b�•�_���� �^�_�l�_�j�f�b�g�b�k�l�b�q�d�_���b���k�l�h�o�Z�k�l�b�q�d�_���� �I�h�k�l�h�•�b���g�_�d�h�e�b�d�h��
�^�_�l�_�j�f�b�g�b�k�l�b�q�d�b�o�� �f�_�l�h�^�Z���� �R�_�e�d�m�g�h�\�� �i�h�e�b�g�h�f�k�d�b���f�_�l�h�^�� ���>���@���� �>��8�@������ �>�h�e�n-�Q�_�[�b�r�_�\�� �f�_�l�h�^��
���\�b�^�_�l�b���>���@�����>��1�@�����b���F�_�l�h�^���N�m�j�b�•�_�h�\�_���l�j�Z�g�k�n�h�j�f�Z�p�b�•�_�����\�b�^�_�l�b���>���@�����>��1�@�������G�_�d�_���h�^���k�l�h�o�Z�k�l�b�q�d�b�o��
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�f�_�l�h�^�Z���d�h�•�_���k�_���d�h�j�b�k�l�_���a�Z���k�b�g�l�_�a�m���Z�g�l�_�g�k�d�h�]���g�b�a�Z���k�m�����=�_�g�_�l�k�d�b���Z�e�]�h�j�b�l�f�b�����=�:�������\�b�^�_�l�b���>3], [9], 
[10�@�������L�Z�[�m���i�j�_�l�j�Z�]�Z�����L�K�������\�b�^�_�l�b���>3], [5�@�������H�i�l�b�f�b�a�Z�p�b�•�Z �j�h�•�Z���q�_�k�l�b�p�Z ���I�K�H�������\�b�^�_�l�b���>6], [14]), 
�H�i�l�b�f�b�a�Z�p�b�•�Z���d�h�e�h�g�b�•�_���f�j�Z�\�Z�����:�P�H�������\�b�^�_�l�b���>13]). 

�M���h�\�h�f�� �j�Z�^�m �i�j�_�^�e�h�`�_�g�Z�� �•�_�� �f�_�l�h�^�Z�� �a�Z�k�g�h�\�Z�g�Z �g�Z���j�_�e�Z�d�k�b�j�Z�g�h�• �e�_�d�k�b�d�h�]�j�Z�n�k�d�h�•�� �f�_�l�h�^�b����
�I�j�b�d�Z�a�Z�g�b���Z�e�]�h�j�b�l�Z�f���•�_���d�h�j�b�r�„�_�g���a�Z���^�h�[�b�•�Z�ƒ�_���h�i�l�b�f�Z�e�g�_���i�h�a�b�p�b�•�_���_�e�_�f�_�g�Z�l�Z���d�Z�d�h���[�b���k�_���^�h�[�b�h��
�f�b�g�b�f�Z�e�g�b���g�b�\�h���[�h�q�g�h�]���j�_�`�ƒ�Z���b���g�m�e�_���m���`�_�‚�_�g�b�f���i�j�Z�\�p�b�f�Z�����A�Z���h�i�l�b�f�b�a�Z�p�b�•�m���m�a�_�l�b���k�m���b�k�l�b��
�a�Z�o�l�_�\�b �a�Z�� �^�b�•�Z�]�j�Z�f�� �a�j�Z�q�_�ƒ�Z���d�Z�h�� �d�h�^���h�^�Z�[�j�Z�g�b�o�� �j�Z�^�h�\�Z���� �J�_�a�m�e�l�Z�l�b�� �k�b�f�m�e�Z�p�b�•�_�� �h�l�d�j�b�\�Z�•�m�� �^�Z��
�k�b�g�l�_�a�Z �Z�g�l�_�g�k�d�b�o�� �g�b�a�h�\�Z�� �d�h�j�b�r�„�_�ƒ�_�f�� �i�j�_�^�k�l�Z�\�‚�_�g�_�� �f�_�l�h�^�_�� �^�Z�•�_�� �a�g�Z�q�Z�•�g�Z�� �i�h�[�h�‚�r�Z�ƒ�Z�� �m��
�i�h�j�_�{�_�ƒ�m���k�Z���ƒ�b�f�Z�����M���h�\�h�f���i�j�b�k�l�m�i�m���m�a�_�l�b���k�m���g�b�a�h�\�b �b�a�h�l�j�h�i�g�b�o���l�Z�q�d�Z�k�l�b�o���b�a�\�h�j�Z�����r�l�h���•�_���h�^��
�\�_�e�b�d�_���\�j�_�^�g�h�k�l�b���•�_�j���k�_���^�b�•�Z�]�j�Z�f���[�b�e�h���d�h�•�_���Z�g�l�_�g�_���f�h�`�_���k�f�Z�l�j�Z�l�b���g�b�a�h�f���l�Z�q�d�Z�k�l�b�o���b�a�\�h�j�Z��  

�H�i�b�k�� �i�j�h�[�e�_�f�Z���k�b�g�l�_�a�_ �Z�g�l�_�g�k�d�h�]�� �g�b�a�Z���i�j�_�a�_�g�l�h�\�Z�g �•�_�� �m�� �h�^�_�‚�d�m�� ������ �M�� �^�_�e�m�� ���� �^�Z�l�� �•�_�� �h�i�b�k��
�d�h�j�b�r�„�_�g�h�]���Z�e�]�h�j�b�l�f�Z�����J�_�a�m�e�l�Z�l�b���k�m���i�j�_�^�k�l�Z�\�‚�_�g�b���m���h�^�_�‚�d�m���������D�h�g�Z�q�g�h�����a�Z�d�‚�m�q�Z�d���h�\�h�]���j�Z�^�Z��
�•�_���i�j�_�^�k�l�Z�\�‚�_�g���m���h�^�_�‚�d�m������ 

2. �>�?�N�B�G�B�K�:�5�?���I�J�H�;�E�?�F�:

�>�b�•�Z�]�j�Z�f �a�j�Z�q�_�ƒ�Z�� �Z�g�l�_�g�k�d�h�]�� �g�b�a�Z�� ���5�3���� �f�h�`�_�� �k�_�� �g�Z�„�b�� �i�j�_�f�Z�� �l�_�h�j�_�f�b���h�� �f�m�e�l�b�i�e�b�d�Z�p�b�•�b��
�d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z ���\�b�^�_�l�b�����g�i�j�������i�h�]�e�Z�\�‚�_�������b�a���>1, 7�@���b���i�h�]�e�Z�\�‚�_��3 �b�a���>19]): 

�4�2
L �'�. �®�#�(   (1) 

�]�^�_�� �•�_ EL (element pattern) �d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�Z�� �n�m�g�d�p�b�•�Z�� �Z�g�l�_�g�k�d�h�]���_�e�_�f�_�g�l�Z�� �i�j�_�^�k�l�Z�\�‚�Z��
�^�b�•�Z�]�j�Z�f���a�j�Z�q�_�ƒ�Z���•�_�^�g�h�]���_�e�_�f�_�g�l�Z���g�b�a�Z���d�h�•�b���[�b���k�_���g�Z�e�Z�a�b�h���m���p�_�g�l�j�m���k�b�k�l�_�f�Z�����g�Z���i�j�b�f�_�j�����^�b�i�h�e����
�o�h�j�g�������������Z��AF (array factor) �n�Z�d�l�h�j���g�b�a�Z���•�_���n�m�g�d�p�b�•�Z���d�h�•�Z���a�Z�\�b�k�b���h�^���n�b�a�b�q�d�h�]���j�Z�k�l�h�•�Z�ƒ�Z���b�a�f�_�{�m��
�_�e�_�f�_�g�Z�l�Z���g�b�a�Z�����Z�f�i�e�b�l�m�^�_���b���n�Z�a�_���i�h�[�m�^�_���a�Z���k�\�Z�d�b �_�e�_�f�_�g�l���g�b�a�Z��  

�:�d�h�� �a�Z�f�_�g�b�f�h�� �k�\�Z�d�b�� �_�e�_�f�_�g�l�� �Z�g�l�_�g�k�d�h�]�� �g�b�a�Z�� �k�Z�� �b�a�h�l�h�i�k�d�b�f�� �l�Z�q�d�Z�k�l�b�f�� �b�a�\�h�j�h�f����
�j�_�a�m�e�l�m�•�m�„�b���^�b�•�Z�]�j�Z�f�� �a�j�Z�q�_�ƒ�Z�� �•�_�� �•�_�^�g�Z�d �n�Z�d�l�h�j�� �g�b�a�Z�����a�Z�l�h�� �r�l�h �•�_���d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�Z�� �n�m�g�d�p�b�•�Z��
�_�e�_�f�_�g�l�Z���b�a�h�l�h�i�k�d�h�]���l�Z�q�d�Z�k�l�h�]���b�a�\�h�j�Z���•�_�^�g�Z�d�������� 

�H�[�e�b�d ���1���e�b�g�_�Z�j�g�h�]���Z�g�l�_�g�k�d�h�] �g�b�a�Z���i�h�k�l�Z�\�‚�_�g�h�]���k�b�f�_�l�j�b�q�g�h���^�m�`���[��-�h�k�_���^�Z�l�Z���•�_���g�Z���k�e�b�p�b��
1. 

�K�e�b�d�Z���������=�j�Z�n�b�q�d�Z���j�_�i�j�_�a�_�g�l�Z�p�b�•�Z���e�b�g�_�Z�j�g�h�]���Z�g�l�_�g�k�d�h�]���g�b�a�Z���k�Z�����1���_�e�_�f�_�g�Z�l�Z 

�M���h�\�h�f���j�Z�^�m���e�b�g�_�Z�j�g�b���Z�g�l�_�g�k�d�b���g�b�a���b�f�Z���b�^�_�g�l�b�q�g�_���_�e�_�f�_�g�l�_���k�Z���g�_�m�g�b�n�h�j�f�g�b�f �j�Z�k�l�h�•�Z�ƒ�_�f 
�b���i�h�[�m�^�h�f�����N�Z�d�l�h�j���g�b�a�Z���k�_���f�h�`�_���b�a�j�Z�a�b�l�b���g�Z���k�e�_�^�_�„�b���g�Z�q�b�g�����\�b�r�_���\�b�^�_�l�b���>1, 4, 8, 19]): 

�#�(�:�à�; 
L �t �Ã �+�á �…�‘�•�>�G�@�á �…�‘�•�:�à�; 
E�î �á�?
�Ç
�á�@�5 (2) 

�]�^�_�� �•�_ �G
L �t�è
�ã
W, ���ã �•�_�� �l�Z�e�Z�k�g�Z�� �^�m�`�b�g�Z, �+�á �•�_���Z�f�i�e�b�l�m�^�Z�� �i�h�[�m�^�_�� �Q-�l�h�]�� �_�e�_�f�_�g�l�Z�� �Z�g�l�_�g�k�d�h�]

�g�b�a�Z, �î �á �•�_���n�Z�a�Z���Q-�l�h�]���_�e�_�f�_�g�l�Z���Z�g�l�_�g�k�d�h�]���g�b�a�Z, �@�á �•�_���j�Z�k�l�h�•�Z�ƒ�_���Q-�l�h�]���_�e�_�f�_�g�l�Z���Z�g�l�_�g�k�d�h�]���g�b�a�Z��
�h�^���p�_�g�l�j�Z���k�b�k�l�_�f�Z�����b �à �•�_���i�j�Z�\�Z�p���i�j�h�k�l�b�j�Z�ƒ�Z���l�Z�e�Z�k�Z.  

�:�d�h�� �i�j�_�l�i�h�k�l�Z�\�b�f�h�� �n�Z�a�m���î �á 
L �r �a�Z�� �k�\�Z�d�b�� �_�e�_�f�_�g�l�� �Z�g�l�_�g�k�d�h�]�� �g�b�a�Z���� �n�Z�d�l�h�j�� �g�b�a�Z�� �k�_�� �f�h�`�_��
�g�Z�i�b�k�Z�l�b���m���•�_�^�g�h�k�l�Z�\�g�h�f���h�[�e�b�d�m���g�Z���k�e�_�^�_�„�b���g�Z�q�b�g�� 

23



�#�(�:�à�; 
L �t �Ã �+�á �…�‘�•�>�G�@�á �…�‘�•�:�à�;�?�Ç
�á�@�5 (3) 

�D�Z�d�h���[�b���k�_���i�h�k�l�b�]�Z�h �`�_�‚�_�g�b���h�[�j�Z�a�Z�p���a�j�Z�q�_�ƒ�Z���k�Z���f�b�g�b�f�Z�e�g�b�f���g�b�\�h�h�f���[�h�q�g�b�o���e�h�[�h�\�Z��(SLL) 
�b���g�m�e�h�f���m�� �h�^�j�_�{�_�g�b�f�� �i�j�Z�\�p�b�f�Z���� �i�h�l�j�_�[�g�h�� �•�_�� �i�j�h�g�Z�{�b �h�i�l�b�f�Z�e�g�m�� �e�h�d�Z�p�b�•�m�� �_�e�_�f�_�g�Z�l�Z �@
L
�:�@�5�á�@�6�á�å �á�@�Ç�;.

�I�j�h�[�e�_�f���•�_���h�[�e�b�d�Z 

�I�E�J
�×

�@�I�=�T
��

�:�#�(�6�Ç�:�@�á�à�;�á�â�å�à�; 
E�Ã �#�(�6�Ç�:�@�á�à�ß�;�á�â�å�à�ß �A (4) 

�i�h���h�]�j�Z�g�b�q�_�ƒ�m 

�à�5�5
Q�à
Q�à�5�6�á�������à�Ð�9. (5) 

�+�@�Ü
F �@�Ý�+
P �r�ä�t�w�ã���á�E
O�F�á�����������E�á�F
L �s�á�t�á�å �á�0�� (6) 

�@�Ü
P�r�ä�s�t�w�ã�á�E
L �s�á�t�á�å �á�0�á��  (7) 

�I�j�\�b���q�e�Z�g���m�����������k�_���d�h�j�b�k�l�b���^�Z���k�_���f�b�g�b�f�b�a�b�j�Z���g�b�\�h���[�h�q�g�b�o���e�h�[�h�\�Z �b�a�f�_�{�m���`�_�‚�_�g�b�o���m�]�e�h�\�Z��
�à�5�5 �b���à�5�6�����Z���^�j�m�]�b���a�Z���i�h�k�l�b�a�Z�ƒ�_���^�m�[�h�d�b�o���g�m�e�Z���m���`�_�‚�_�g�b�f���i�j�Z�\�p�b�f�Z�� 

3. �:�E�=�H�J�B�L�:�F

�I�j�_�^�k�l�Z�\�‚�_�g�b�� �Z�e�]�h�j�b�l�Z�f�� �k�_�� �i�j�b�f�_�ƒ�m�•�_�� �^�Z�� �[�b�� �k�_�� �i�h�k�l�b�]�Z�h�� �`�_�‚�_�g�b�� �h�[�j�Z�a�Z�p�� �a�j�Z�q�_�ƒ�Z�� �k�Z��
�f�b�g�b�f�Z�e�g�b�f��SLL �b���m�k�d�b�f���b�e�b���r�b�j�h�d�b�f���g�m�e�Z�f�Z���m���h�^�j�_�{�_�g�b�f���i�j�Z�\�p�b�f�Z�����H�\�Z�• �i�j�b�k�l�m�i���d�h�j�b�k�l�b��
�d�h�f�[�b�g�Z�p�b�•�m�� �^�\�Z�� �i�j�h�[�e�_�f�Z���� �i�j�h�[�e�_�f�� �d�h�•�b�� �f�b�g�b�f�b�a�b�j�Z�� �g�b�\�h�� �[�h�q�g�h�]�� �j�_�`�ƒ�Z�� �b�a�f�_�{�m�� �`�_�‚�_�g�b�o��
�m�]�e�h�\�Z���à�5�5 �b���à�5�6���� �^�j�m�]�b�� �•�_�� �a�Z�� �i�h�k�l�b�a�Z�ƒ�_�� �^�m�[�h�d�b�o�� �g�m�e�Z�� �m�� �`�_�‚�_�g�b�f�� �i�j�Z�\�p�b�f�Z���à�ß���� �=�e�h�[�Z�e�g�Z��
�i�j�_�l�j�Z�`�b�\�Z�ƒ�Z���k�m���h�[�Z�\�‚�_�g�Z���d�h�j�b�r�„�_�ƒ�_�f���]�_�g�_�l�k�d�h�]���Z�e�]�h�j�b�l�f�Z���k�Z���i�h�k�l�h�•�_�„�h�f���n�m�g�d�p�b�•�h�f���Äga�³��
�b�a��MATLAB  �k�h�n�l�\�_�j�k�d�h�]�� �i�Z�d�_�l�Z�� ��R2016a������ �I�j�\�b�� �i�j�h�[�e�_�f�� �k�_�� �j�_�r�Z�\�Z�� �Z�e�]�h�j�b�l�f�h�f�� �d�h�•�b�� �k�_��
�k�Z�k�l�h�•�b�� �h�^�� �^�\�_�� �]�e�h�[�Z�e�g�_�� �i�j�_�l�j�Z�]�_���� �:�e�]�h�j�b�l�Z�f�� �•�_�� �h�[�•�Z�\�‚�_�g���m�� �>15], [16], [17�@���� �I�j�\�b���i�j�h�[�e�_�f�� �•�_��
�k�e�_�^�_�„�b�� 

�I�E�J
�×

�@�I�=�T
��

�:�#�(�6�Ç�:�@�á�à�;�á�â�å�à�;�A (8) 

�i�h���h�]�j�Z�g�b�q�_�ƒ�m 

�+�@�Ü
F �@�Ý�+
P �r�ä�t�w�ã���á�E
O�F�á�����������E�á�F
L �s�á�t�á�å �á�0��, (9) 

�@�Ü
P�r�ä�s�t�w�ã���E
L �s�á�t�á�å �á�0�á   (10) 

�à�5�5
Q�à
Q�à�5�6�á�������à�Ð�9.   (11) 

�J�_�r�_�ƒ�_���i�j�h�[�e�_�f�Z���•�_���@�q�j�j.
�D�Z�^�Z���k�_���^�h�[�b�•�_ �i�h�a�b�p�b�•�Z �_�e�_�f�_�g�Z�l�Z �Z�g�l�_�g�k�d�h�]���g�b�a�Z���a�Z���d�h�•�_���^�h�[�b�•�Z �f�b�g�b�f�Z�e�g�b��SLL �n�h�j�f�b�j�Z��

�k�_ �^�j�m�]�b���i�j�h�[�e�_�f�����M���^�j�m�]�h�f���a�Z�^�Z�l�d�m���j�_�e�Z�d�k�b�j�Z�f�h �]�j�Z�g�b�p�m��SLL �d�h�•�Z���•�_���^�h�[�b�•�_�g�Z���m���i�j�\�h�f���a�Z�^�Z�l�d�m��
�g�Z �i�j�b�f�_�j���a�Z���������������������� 

�I�E�J
�×

�:�Ã �#�(�6�Ç�:�@�á�à�Þ�;�á�â�å�à�Þ �;        (12) 

�i�h���h�]�j�Z�g�b�q�_�ƒ�m 

�+�@�Ü
F �@�Ý�+
P �r�ä�t�w�ã���á�E
O�F�á�����������E�á�F
L �s�á�t�á�å �á�0,    (13) 

�@�Ü
P�r�ä�s�t�w�ã�á�������E
L �s�á�t�á�å �á�0, (14) 

�#�(�6�Ç�:�@�á�E�;�×�» 
Q�r�á�{ �Û�#�(�6�Ç
k�@�q�j�j�á�à�Û
o
�×�»

,     (15) 

�à�5�5
Q�à
Q�à�5�6�á�������à�Ð�9.    (16) 

�J�_�r�_�ƒ�_���i�j�h�[�e�_�f�Z���•�_�� �@�Û.
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�I�h�a�b�p�b�•�_���@�Û �_�e�_�f�_�g�Z�l�Z���Z�g�l�_�g�k�d�h�]���g�b�a�Z���h�[�_�a�[�_�{�m�•�m���f�b�g�b�f�Z�e�g�b��SLL �b���m�k�d�_���b�e�b���r�b�j�h�d�_���g�m�e�_
�m���h�^�j�_�{�_�g�b�f���i�j�Z�\�p�b�f�Z�� 

4. �J�?�A�M�E�L�:�L�B

�M���h�\�h�f �_�d�k�i�_�j�b�f�_�g�l�m�� �b�a�\�_�^�_�g�Z�� �•�_ �k�b�g�l�_�a�Z �Z�g�l�_�g�k�d�h�]�� �g�b�a�Z�� �h�^�� ���0� ������ �_�e�_�f�_�g�Z�l�Z�� �k�Z�� �n�b�d�k�g�b�f��
�Z�f�i�e�b�l�m�^�Z�f�Z���i�h�[�m�^�_���>�h�e�i�o-�Q�_�[�b�r�_�\�����d�h�•�_���n�h�j�f�b�j�Z�•�m��SLL �g�Z���í�����G�%�����:�f�i�e�b�l�m�^�_���i�h�[�m�^�_���b�f�Z�•�m��
�\�j�_�^�g�h�k�l�b��I = [1, 0.97, 0.912, 0.831, 0.731, 0.620, 0.504, 0.391, 0.285, 0.325]�����G�m�ea �k�_���g�Z�e�Z�a�b���g�Z��
�i�h�a�b�p�b�•�b���à�5 
L �s�s�r�¹�����^�h�d���•�_��whereas �à�5�5
L �{�z�¹ �b�����à�5�6
L �s�z�r�¹. 
�I�j�b�f�_�ƒ�_�g���•�_ �i�j�_�a�_�g�l�h�\�Z�g���Z�e�]�h�j�b�l�Z�f�����i�h�r�l�h �Z�f�i�e�b�l�m�^�Z���n�h�j�f�b�j�Z���^�b�•�Z�]�j�Z�f���a�j�Z�q�_�ƒ�Z���k�Z���g�b�\�h�h�f��
�[�h�q�g�b�o���e�h�[�h�\�Z �h�^��-30dB�����i�h�l�j�_�[�g�h���•�_���j�_�r�b�l�b���k�Z�f�h���^�j�m�]�b���i�j�h�[�e�_�f���i�h�l�b�k�d�b�\�Z�ƒ�Z���g�m�e�_���m���i�j�Z�\�p�m��
�à�5 
L �s�s�r�¹. �M�\�_�^�_�g�h�� �•�_ �h�]�j�Z�g�b�q�_�ƒ�_�� �^�Z�� �g�b�\�h�� �[�h�q�g�h�]���e�h�[�Z �g�_�� �i�j�_�e�Z�a�b��-29dB �m�� �h�[�e�Z�k�l�b �b�a�f�_�{�m 
�à�5�5
L �{�z�¹ �b �à�5�6
L �s�z�r�¹. 
�I�j�h�[�e�_�f���•�_���k�e�_�^�_�„�b�� 

�I�E�J
�×

�:�#�(�6�Ç�:�@�á�s�s�r�¹�;�á�â�å�à�;      (17) 

�i�h���h�]�j�Z�g�b�q�_�ƒ�m 

�+�@�Ü
F �@�Ý�+
P �r�ä�t�w�ã���á�E
O�F�á�����������E�á�F
L �s�á�t�á�å �á�0,   (18) 

�@�Ü
P�r�ä�s�t�w�ã�á�������E
L �s�á�t�á�å �á�0 (19) 

�#�(�6�Ç�:�@�á�E�;�×�» 
Q
F�t�{�@�$, (20) 

�{�z�¹
Q�à
Q�s�z�r�¹�á�������à�Ð�9. (21) 

�>�h�[�b�•�_�g�_���\�j�_�^�g�h�k�l�b���i�h�e�h�`�Z�•�Z���_�e�_�f�_�g�Z�l�Z���Z�g�l�_�g�k�d�h�]���g�b�a�Z���i�j�b�d�Z�a�Z�g�_���k�m���m���l�Z�[�_�e�b���������>�b�•�Z�]�j�Z�f��
�a�j�Z�q�_�ƒ�Z���^�h�[�b�•�_�g�b�o���j�_�a�m�e�l�Z�l�Z���a�Z�•�_�^�g�h���k�Z���^�b�•�Z�]�j�Z�f�h�f���a�j�Z�q�_�ƒ�Z���^�h�[�b�•�_�g�b�f���m���>16], [20�@���i�j�b�d�Z�a�Z�g�b��
�k�m���g�Z���k�e�b�p�b������ 

�<�j�_�^�g�h�k�l�b SLL, FNBW and �G�M�E�? �k�m���i�j�b�d�Z�a�Z�g�b �m���l�Z�[�_�e�b���������I�h�j�_�{�_�g�b���k�m���k�Z���j�Z�^�h�\�b�f�Z��[16] 
�b���>�����@�� �F�h�`�_���k�_���i�j�b�f�_�l�b�l�b���^�Z���•�_���6�/�/���g�b�`�b���h�^���i�h�j�_�{�_�g�b�o���j�Z�^�h�\�Z. �)�1�%�:���•�_���g�_�r�l�h���\�b�r�b�� �l�h���•�_ 
�j�_�a�m�e�l�Z�l���\�_�„�_�]���i�h�l�b�k�d�b�\�Z�ƒ�Z���[�h�q�g�b�o���e�h�[�h�\�Z���� �G�M�E�:���k�_���g�Z�e�Z�a�b���m���^�Z�l�h�f �i�j�Z�\�p�m���r�l�h���•�_���^�h�[�j�h�����b��
�i�h�l�b�k�d�b�\�Z�ƒ�_���•�_��-196,56dB. �G�m�e�Z���•�_���g�b�`�Z���h�^���i�j�_�a�_�g�l�h�\�Z�g�b�o���j�Z�^�h�\�Z���b�a��[20] �r�l�h���[�b���h�f�h�]�m�„�b�e�h��
�\�_�„�_���i�h�l�b�k�d�b�\�Z�ƒ�_���k�f�_�l�ƒ�b���b�a���l�h�]���i�j�Z�\�p�Z�����G�m�e�Z���•�_���i�e�b�„�Z �h�^���j�Z�^�Z��[16]�����Z�e�b���•�_���i�h�l�b�k�d�b�\�Z�ƒ�_���\e�e�b�d�h��
�^�Z���•�_���j�Z�a�e�b�d�Z���a�Z�g�_�f�Z�j�‚�b�\�Z. �I�j�_�^�g�h�k�l���i�j�_�a�_�g�l�h�\�Z�g�h�]���Z�e�]�h�j�b�l�f�Z���m���h�^�g�h�k�m���g�Z��[16]�����•�_���m���[�j�a�b�g�b����
�I �j�_�a�_�g�l�h�\�Z�g�� �j�Z�^�� �^�h�e�Z�a�b�� �^�h�� �j�_�a�m�e�l�Z�l�Z�� �m�� �•�_�^�g�h�•�� �b�g�l�_�j�Z�p�b�•�b���� �^�h�d�� �•�_�� �m�� �i�h�j�_�{�_�g�h�f�� �d�j�h�a�� �\�b�r�_��
�b�g�l�_�j�Z�p�b�•�Z�� 

�L�Z�[�_�e�Z������ �I�h�e�h�`�Z�•���_�e�_�f�_�g�l�Z���e�b�g�_�Z�j�g�h�]���g�b�a�Z���h�^���������_�e�_�f�_�g�Z�l�Z 

�?�e�_�f�_�g�l�b �>�h�[�b�•�_�g�b��
�j�_�a�m�e�l�Z�l�b 

2GO [16] GPS [20] GA [20] 

±1 0.2358 0.2387 0.25 0.264 
±2 0.7231 0.7396 0.75 0.779 
±3 1.2204 1.2454 1.25 1.283 
±4 1.7387 1.7750 1.787 1.840 
±5 2.2372 2.2821 2.338 2.382 
±6 2.7236 2.7785 2.838 2.884 
±7 3.1713 3.2473 3.338 3.389 
±8 3.6465 3.7092 3.838 3.897 
±9 4.1316 4.2077 4.338 4.419 
±10 4.7274 4.8180 4.990 5.079 
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�L�Z�[�_�e�Z��2: �I�h�j�_�{�_�ƒ�_���k�Z���h�[�•�Z�\�‚�_�g�b�f���j�_�a�m�e�l�Z�l�b�f�Z���a�Z�����1� ������

SLL (dB) FNBW �G�m�e�Z�� �m dB �g�Z 110º 
(dB) 

�>�h�[�b�•�_�g�b���j�_�a�m�e�l�Z�l�b -29.1048 17.3 -196.56
2GO [16] -28.5025 16.8 -233.00
GPS [20] -27.7376 16.9 -61.01
GA [20] -26.6344 16.4 -80.06

�K�e�b�d�Z��2: �>�b�•�Z�]�j�Z�f���a�j�Z�q�_�ƒ�Z���e�b�g�_�Z�j�g�h�]���g�b�a�Z���h�^���������_�e�_�f�_�g�Z�l�Z 

5. �A�:�D�4�M�Q�:�D

�M���^�Z�l�h�f �j�Z�^�m���i�j�_�a�_�g�l�b�j�Z�g�� �•�_�� �i�j�h�[�e�_�f���e�b�g�_�Z�j�g�h�]�� �Z�g�l�_�g�k�d�h�]�� �g�b�a�Z�� �k�Z�� �i�Z�j�g�b�f�� �[�j�h�•�_�f
�_�e�_�f�_�g�Z�l�Z���b���ƒ�_�]�h�\�h���j�_�r�Z�\�Z�ƒ�_���k�Z���g�h�\�b�f���i�j�b�k�l�m�i�h�f�����H�k�g�h�\�g�Z �j�Z�a�e�b�d�Z���m���h�^�g�h�k�m���g�Z���^�j�m�]�_���f�_�l�h�^�_��
�•�_���m���l�h�f�_���r�l�h���•�_���d�h�j�b�r�„�_�g�Z �j�_�e�Z�d�k�b�j�Z�g�Z �e�_�d�k�b�d�h�]�j�Z�n�k�d�Z���f�_�l�h�^�Z�����D�h�^���h�\�h�]���i�j�b�k�l�m�i�Z���i�j�h�[�e�_�f��
�•�_�� �i�h�^�_�‚�_�g�� �m�� ���� �i�j�h�[�e�_�f�Z�� �b�� �l�h�� �m�� �i�j�h�[�e�_�f�� �i�h�l�b�k�d�b�\�Z�ƒ�Z�� �[�h�q�g�b�o�� �e�h�[�h�\�Z���� �Z�� �^�j�m�]�b�� �m�� �i�j�h�[�e�_�f��
�i�h�k�l�Z�\�‚�Z�ƒ�Z�� �g�m�e�Z�� �g�Z�� �`�_�‚�_�g�b�f�� �i�j�Z�\�p�b�f�Z�� �I�h�]�e�_�^�h�f�� �g�Z�� �j�_�a�m�e�l�Z�l�_�� �f�h�`�_�f�h�� �a�Z�d�‚�m�q�b�l�b�� �^�Z�� �k�f�h��
�m�k�i�_�e�b���^�Z���i�h�l�b�k�g�_�f�h���[�h�q�g�_���e�h�[�h�\�_���g�Z���a�Z�^�Z�l�b�f���i�j�Z�\�p�b�f�Z���b���^�Z���k�f�h���i�h�k�l�Z�\�b�e�b���g�m�e�m�����I�j�_�^�g�h�k�l��
�^�Z�l�h�]���i�j�b�k�l�m�i�Z���m���h�^�g�h�k�m���g�Z���^�j�m�]�_ �•�_���[�j�a�b�g�Z���b���n�e�_�d�k�b�[�b�e�g�h�k�l�����H�\�Z�•���i�j�b�k�l�m�i���f�h�`�_�f�h���d�h�j�b�k�l�b�l�b��
�b���a�Z���k�b�g�l�_�a�m���Z�g�l�_�g�k�d�h�]���g�b�a�Z���k�Z���m�g�b�n�h�j�f�g�b�f���i�h�[�m�^�Z�f�Z�����d�h�^���d�h�]�Z���g�_�f�Z�f�h���i�h�q�_�l�g�m���i�j�_�l�i�h�k�l�Z�\�d�m��
�g�b�\�h�Z���[�h�q�g�b�o���e�h�[�h�\�Z�����>�Z�l�b���i�j�b�k�l�m�i���b�f�Z���i�h�l�_�g�p�b�•�Z���m���i�j�b�f�_�g�b���k�b�g�l�_�a�_���d�j�m�`�g�h�]���Z�g�l�_�g�k�d�h�]���g�b�a�Z�� 
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Abstract: In the light of modern business, the application of Enterprise Resource Planning (ERP) 
systems is of great importance in different industries. In this paper, using Multicriteria Decision 
Making Analysis (MCDA), four different industries were analyzed concerning their attitude toward 
it's attitude to use of the SAP ERP system. 

Keywords: EPR system, industries, MCDA, SAP, TOPSIS method, PROMETHEE method. 

1. INTRODUCTION

The development and appearance of the Enterprise Resource Planning (ERP) system are connected 
with the aspiration to create a unique way of managing the enterprise's business. The goal of such a 
system is reflected in the integration of business functions within an organization. ERP systems 
were originally intended for large organizations, but today, these systems are used in almost all 
industries regardless of the organization's size [13].  

The ERP software market has different types of commercial, open-source, and combined/hybrid 
ERP systems [7]. Among them, SAP is one of the ERP systems that differentiates itself from other 
ERP systems by occupying leading positions on the esteemed ERP system ranking lists. Companies 
that use SAP in their business are competitive in the world market. According to available data, 
these companies represent 98% of the 100% most valued world brands [15]. SAP is also available 
for companies in Serbia and present in various types of industry. 

Considering that different industries have different preferences for using the SAP system, it is 
possible to investigate which industries tend to use this system more and based on which factors. 

This paper evaluates industries using a multi-criteria analysis of attitudes toward using the SAP 
ERP system. For the entire implementation of this study, empirical research was conducted in 
Serbia, including respondents from four different industries (information and technology - IT, 
automobile industry, sales and distribution, and metal processing industry) that use the SAP ERP 
system. 

2. LITERATURE REVIEW

Enterprise resource planning systems (ERP) are becoming indispensable in performing business
activities practices. Today, these systems have the role of standardization, rationalization, and 
automatization of processes [4]. By implementing an ERP system, companies achieve a 
comparative advantage because, in this way, they have a greater ability to process information and 
better satisfy the stakeholders' interests. ERP systems are implemented in various ways in different 
industries because of business improvement. 
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In the IT industry, ERP systems play a significant role in the production and distribution of 
software. In the software development phase, the modules related to project management and 
planning activities are the most important. In the software distribution phase, customer relationship 
management and sales management modules are important [6]. There are many ERP vendors in the 
automotive industry. However, in this industry, standard transactions are very often insufficient. 
That is why ERP systems are usually delivered with a special version, configuration, or modules 
adapted to the auto industry business [10]. Processes in the automotive industry involve the 
continuous movement of materials, including raw materials and semi-finished or finished 
automotive products that are procured, transformed, then stored and sold [17]. In a study by [12], 
the most important factors of ERP system acceptance in the automotive industry are organizational, 
technological, environmental, and individual factors. In sales and distribution companies, the selling 
and distribution department manages many important business processes, such as preparing 
annual/monthly marketing plans, developing pricing strategies, preparing contracts, managing the 
distribution process, and maintaining customer relations [21]. That is why ERP systems are crucial 
for these companies. In the manufacturing industry, ERP systems represent the easiest way to 
increase production productivity and product quality through improvements in logistics, production 
planning, reporting, and decision support [16]. ERP systems enable control over different 
production units, providing the ability to process requisitions, schedules, inventory, and other 
critical information necessary to manage production [3].   

ERP systems are a frequent subject of research using multi-criteria analysis. In the study by [9], 
authors applied the MCDA approach to select an ERP system for one company. The decision 
process included four ERP systems and three groups of criteria. By applying the Fuzzy Analytical 
Hierarchy Process (FAHP) in combination with the Technique for Order Preference by Similarity to 
the Ideal Solution (TOPSIS) method, the most suitable ERP system for the research company was 
determined. Research by [1] used AHP and Fuzzy AHP methods to select an appropriate ERP 
system according to four criteria. The paper [11] used five criteria to rank cloud ERP dimensions. 
AHP and Fuzzy AHP were applied for research purposes. The fuzzy AHP-TOPSIS method was 
also used in a study by [12], where four ERP systems were compared in warehouse and inventory 
management companies based on three criteria groups. 

By reviewing the literature, it was observed that ERP systems are extremely important for 
various industries and that the application of MCDA methods is present in the field of ERP systems. 
And yet, there is a research gap. The traditional application of MCDA methods did not include 
comparing different industries as alternatives in MCDA models. For this reason, to expand the 
scope of literature, this paper presents the industries as alternatives, while the factors that define the 
attitude towards using ERP systems are presented as criteria for comparing alternatives. 

3. METHODOLOGY  

3.1. MODEL DEFINITION 

This research study used the multi-criteria decision analysis (MCDA) approach. The MCDA model 
is presented in Figure 1. A questionnaire proposed by [18] was used for data collection and 
evaluation of the proposed MCDA model. 

Data collection was carried out using the questionnaire method. The questionnaire was 
distributed and collected from September 2023 to January 2024. The survey was distributed via a 
link on the LinkedIn platform to individuals working in enterprises that utilize SAP for business 
activities. The survey included 150 respondents, 132 of whom responded to the submitted online 
questionnaire, which represents a response rate of 88%. 
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Figure 1:  MCDA model 

Note: Criteria are adopted from [18] 
In the first stage, the weight coefficients of each criterion were calculated using the entropy 

method. In the second phase, industries are ranked according to defined criteria using TOPSIS and 
Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE) II methods. 
In the continuation of the paper, the applied methods are presented in detail. 

3.1. Entropy method 

When using the MCDA method, it is necessary to determine the weight coefficients of each of the 
criteria used in the decision-making process. 

Direct and indirect methods for determining weights are available. In contrast to direct 
methods, the indirect group of methods is very suitable [5] because such methods have a specific 
advantage reflected in the elimination of the influence of the human factor and subjectivity on the 
calculated criteria weights. Calculation of entropy weights is done through several steps: 

Step 1. Data normalization: 

�L�Ü�Ý
L
�ë�Ô�Õ

�Ã �ë�Ø
�Ô�8 �Ô�Õ

�� �á �:�E 
L �s�á �å �á �J�â �F 
L �s�á �å �á �I�;  (1) 

�6�W�H�S���������,�Q�G�H�[�¶�V���H�Q�W�U�R�S�\���F�D�O�F�X�O�D�W�L�R�Q 

�*�Ý
L 
F
�5

�j�l�:�à �;
�Û�Ã �L�Ü�Ý�Û�Ž�•
k�L�Ü�Ý
o���:�E 
L �s�á �å �á �J�â �F 
L �s�á �å �á �I�;���à

�Ü�@�5   (2) 

where m presents number of alternatives. 
 
Step 3. Entropy weight calculation:  
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3.2. TOPSIS and PROMETHEE II method 

Different results can be obtained depending on the MCDA methods applied. This research used 
TOPSIS and PROMETHEE II methods to confirm the ranking results. 

 The TOPSIS method was developed by Hwang and Yoon [8]. Its advantages are reflected in 
[14]: 1) It measures the distance of the alternatives from the ideal solution 2) It is used for the 
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selection of the alternative which is closest to the ideal solution; 3) Easy to use; 4) It can be solved 
using a spreadsheet. On the other hand, the shortcomings are reflected in [7]: 1) Does not account 
for weight elicitation; 2) Does not account for judgment checks. 

PROMETHEE was developed by Brans and Mareschal [2]: 1) It can be used to solve complex 
problems, and it eliminates the scaling effects between the criteria; 2) It has a user-friendly software 
package; 3) Requires much fewer inputs. On the other hand, the disadvantages are [7]: 1) 
PROMETHEE II does not possess the structuring possibility; 2) If there are too many criteria 
factors, the decision-maker cannot have a clear view; 3) Does not offer clear methods or guidelines 
to assign the weights; 4) Determining the thresholds can be problematic. 

The flowchart for ranking the alternatives according to the TOPSIS method (a) and the 
PROMETHEE II method (b) is shown in Figure 2.   

Figure 2:  Flowcharts for TOPSIS and PROMETHEE II methods 

Both MCDA methods were applied to overcome the shortcomings of the mentioned methods 
and check the model's sensitivity. In the PROMETHEE II method, the level function of preference 
was used, assuming that the thresholds Q and P are 0.5 and 1.5, respectively. 

4. RESULTS AND DISCUSSION

Based on the data collected from the empirical research, the initial decision-making matrix shown 
in Table 1 was summarized, and the initial data for the defined criteria in the model was generated. 

Table 1: Initial decision matrix 

Industries 
Crit eria 

WC_1 WC_2 WC_3 PU_1 PU_2 PEOU_1 PEOU_1 SC SP UM SI BPF 

IT industry 4.45 4.48 4.48 4.39 4.29 4.03 3.74 2.12 4.19 3.90 4.76 4.43 

Automobile 
industry  4.17 4.33 4.33 4.53 4.43 4.03 3.87 1.91 4.33 3.66 4.62 4.39 

Sales and 4.20 4.20 4.25 3.90 4.15 3.85 3.55 2.43 4.02 3.53 4.60 4.26 

a) TOPSIS calculation flowchart b) PROMETHEE calculation flowchart
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distribution 

Metal 
processing 
industry 

4.00 4.23 4.38 4.31 4.38 4.15 3.92 1.82 4.43 4.05 4.51 4.25 

wj 0.06 0.02 0.01 0.12 0.02 0.03 0.06 0.49 0.05 0.11 0.01 0.01 

 
The results of the MCDA analysis are shown in Table 2. According to the results, the industry 

with the greatest preference for using the SAP ERP system using the TOPSIS method is the metal 
processing industry. On the other hand, the results of PROMETHEE II indicate that the automotive 
industry has the greatest preference for using the SAP system. 

 
Table 2: Ranking results 

Industry 
TOPSIS PROMETHEE  II  

Ci+ Rank �-�����D�� Rank 
IT industry  0.5143 3 0.0000 3 

Automobile industry  0.8513 2 0.1015 1 

Sales and distribution 0.0038 4 -0.2018 4 

Metal processing industry 0.9876 1 0.1004 2 

 
The comparative analysis of the obtained ranks using the TOPSIS and PROMETHEE II 

methods enabled insight into the model's sensitivity. A change was observed for the first two ranked 
industries. The sensitivity analysis, which was additionally conducted, showed a wide range of 
interval stability, and there were no significant changes in the range of alternatives. 

5. CONCLUSION 

This paper ranks industries according to the implementation of the SAP ERP system using two 
MCDA methods. This research contributed to expanding knowledge in the literature on ERP 
systems and filling the research gap by applying the MCDA method in this research area. The 
study's limitations refer to the impossibility of generalizing the results due to the limited number of 
industries covered by the research and the need to apply additional MCDA methods to ensure the 
consistency of the results. 

For the above reasons, future research will supplement existing research by including additional 
industries using the SAP ERP system and will also focus on analyzing collected data using multiple 
MCDA methods. 
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�J�_�a�b�f�_: Moramo se �V�X�R�þ�L�W�L sa �þ�L�Q�M�H�Q�L�F�R�P da je �Y�H�ã�W�D�þ�N�D inteligencija (AI) sve prisutnija i da �W�U�D�Q�V�I�R�U�P�L�ã�H 
�G�U�X�ã�W�Y�R, a time i nacionalnu bezbednost. Tema �Q�D�ã�H�J rada je vojno-�W�H�K�Q�L�þ�N�L aspekt, odnosno upotreba AI i 
njen �]�Q�D�þ�D�M u procesu �G�R�Q�R�ã�H�Q�M�D odluka kada se koriste �Q�D�R�U�X�å�D�Qi bespilotni sistemi (AWS). Efikasnost u 
�N�R�U�L�ã�ü�H�Q�M�X���E�H�V�S�L�O�R�W�Q�L�K���O�H�W�H�O�L�F�D�����8�$�9�V�����L�O�L���G�U�R�Q�R�Y�D���M�H���Y�H�O�L�N�L���L�]�D�]�R�Y���]�D���h�S�H�Uatora/experta koji upravlja AWS. U 
radu je predstavljen Adaptive Neuro Fuzzy Inference Sistem (ANFIS) za �S�R�G�U�ã�N�X procesu �R�G�O�X�þ�L�Y�D�Q�M�D, koji 
�X�V�S�H�ã�Q�R vodi AWS �N�R�U�L�V�W�H�ü�L trenutne uslove domena u kome se �N�U�H�ü�H u realnom vremenu. �3�U�H�G�O�R�å�H�Q�L fuzzy 
model je pokazao da ima sposobnost da se �R�E�X�þ�L i imitira proces �G�R�Q�R�ã�H�Q�M�D odluka operatora. 

�D�‚�m�q�g�_ �j�_�q�b: �Y�H�ã�W�D�þ�N�D���L�Q�W�H�O�L�J�H�Q�F�L�M�D�����L�]�E�R�U���S�X�W�D�Q�M�H�����Q�H�X�U�R-fazzy pristup, primena u vojsci. 

Abstract: We must face the fact that artificial intelligence (AI) is increasingly present and is transforming 
society, and thus national security. The topic of our work is the military technical aspect, i.e. the use of AI 
and its importance in the decision-making process when using Autonomous Weapons Systems (AWS). 
Efficiency in using unmanned aerial vehicles (UAVs) or drones is a major challenge for the operator/expert 
managing AWS. The paper presents an Adaptive Neuro Fuzzy Inference Sistem (ANFIS) to support the 
decision process, which successfully guides the AWS using the current conditions of the domain in which it 
moves in real time. The proposed fuzzy model has shown that it has the ability to train and imitate the 
operator's decision-making process. 

Keywords: artificial intelligence, route selection, neuro-fuzzy approach, military aplication. 

1. UVOD

�9�H�ã�W�D�þ�N�D�� �L�Q�W�H�O�L�J�H�Q�F�L�M�D je preuzela �Y�R�G�H�ü�X ulogu na �W�H�K�Q�R�O�R�ã�N�R�P �W�U�å�L�ã�W�X u poslednjoj deceniji, sa 
aplikacijama koje se �N�U�H�ü�X od �S�R�W�U�R�ã�D�þ�N�H elektronike do nacionalne bezbednosti. �1�D�M�Y�H�ü�H 
ekonomije na svetu �X�þ�H�V�W�Y�X�M�X u trci za tehnologije AI,  za �X�Y�R�ÿ�H�Q�M�H ovih tehnologija na globalna 
�W�U�å�L�ã�W�D i na bojnom �S�R�O�•�X �>10�@. Revolucija informacionih tehnologija je, prema Manuelu Kastelsu, 
izazvala �G�U�X�ã�W�Y�H�Q�H promene formiranjem �Äu�P�U�H�å�Q�R�J �G�U�X�ã�W�Y�D�³����odnosno njegove �P�H�ÿ�X�]�D�Y�L�V�Q�R�V�W�L, 
�ã�W�R je uticalo na transformaciju savremenih �R�U�X�å�D�Q�L�K sukoba �>11�@. Kao �V�W�U�D�W�H�ã�N�L imperativ 
nacionalne bezbednosti, AI  �S�U�H�G�V�W�D�Y�O�•�D �P�R�J�X�ü�Q�R�V�W�L bez premca za �M�D�þ�D�Q�M�H odbrambenih 
sposobnosti. Algoritmi �P�D�ã�L�Q�V�N�R�J �X�þ�H�Q�M�D koriste se za �S�U�H�G�Y�L�ÿ�D�Q�M�H �G�R�J�D�ÿ�D�M�D �>12�@,�>4�@, zbog �þ�H�J�D 
prediktivnu analitiku izdvajamo kao �Y�D�å�D�Q segment u pripremi vojnih operacija. Dakle, sve 
navedeno pokazuje da AI  �P�R�å�H da obezbedi sve segmente ofanzivno-odbrambenih akcija, od 
analize ogromnih skupova podataka, �S�U�H�G�Y�L�ÿ�D�Q�M�D potencijalnih pretnji i rizika, realne simulacije 

1 �5�D�G���M�H���G�H�R���Q�D�X�þ�Q�R-�L�V�W�U�D�å�L�Y�D�þ�N�R�J���S�U�R�M�H�N�W�D���Ä�9�R�M�Q�D���S�U�R�I�H�V�L�M�D���X���6�U�E�L�M�L���X���V�D�Y�U�H�P�H�Q�R�P���E�H�]�E�H�G�Q�R�V�Q�R�P���R�N�U�X�å�H�Q�M�X�³�����N�R�M�L���V�H���V�S�U�R�Y�R�G�L���Q�D��
�R�V�Q�R�Y�X���3�O�D�Q�D���Q�D�X�þ�Q�R�L�V�W�U�D�å�L�Y�D�þ�N�H���G�H�O�D�W�Q�R�V�W�L���X���0�L�Q�L�V�W�D�U�V�W�Y�X���R�G�E�U�D�Q�H���L���9�R�M�V�F�L���6�U�E�L�M�H���]�D���������������J�R�G�L�Q�X�����E�U�����,�6�,���'�+����������-26. 
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borbe, doprinosa kreiranju strategije napada i odbrane do �]�D�ã�W�L�W�H sajber prostora i vitalnih segmenata 
�G�U�å�D�Y�H.  

Prema Stejsi �3�H�W�L�G�å�R�Q (Stacie Pettyjohn) �G�D�Q�D�ã�Q�M�L dronovi �M�R�ã uvek nisu revolucija u 
savremenim sukobima, �Y�H�ü �S�U�H�G�V�W�D�Y�O�•�D�M�X samo evoluciju �S�R�V�W�R�M�H�ü�L�K �Q�D�þ�L�Q�D borbe �>8�@. AWS imaju 
�P�R�J�X�ü�Q�R�V�W da rade nezavisno bez direktnog �O�•�X�G�V�N�R�J nadzora �]�D�K�Y�D�O�M�X�M�X�ü�L���$�,, zbog �þ�H�J�D se sve �Y�L�ã�H 
koriste u �V�O�R�å�H�Q�L�P operacijama. Svaki od navedenih sistema se koristi za �L�]�Y�L�ÿ�D�Q�M�H, identifikaciju i 
�L�]�Y�R�ÿ�H�Q�M�H operacija u vazduhu, na kopnu i pod vodom. U svom radu koriste algoritme �P�D�ã�L�Q�Vkog 
�X�þ�H�Q�M�D kako bi se kretali u �U�D�]�O�L�þ�L�W�L�P uslovima i prepoznali �F�L�O�•�H�Y�H svojih akcija. Jedan od poznatih 
tipova dronova su roboti �Äpotpuno autonomno �R�U�X�å�M�H�³��koji su sposobni da samostalno biraju mete i 
usmeravaju svoje akcije prema njima. Problem rutiranja bespilotne letelice (UAVRP) je �N�O�•�X�þ�Q�R 
pitanje za �S�R�G�U�ã�N�X u ove svrhe. �0�H�ÿ�X�W�L�P, distribuirana topologija UAV �P�U�H�å�D je ranjiva na napade, 
�ã�W�R dovodi do prekida veze komunikacionih veza. Zbog toga je �]�Q�D�þ�D�M�Q�R dizajnirati efikasan 
algoritam za oporavak rutiranja kada je kretanje nesigurno i �G�L�Q�D�P�L�þ�Q�R. Metodologija za �U�H�ã�D�Y�D�Q�M�H 
UAVRP �S�U�H�G�V�W�D�Y�O�•�H�Q�D u ovom radu je Adaptive Neuro Fuzzy Inference Sistem (ANFIS), koji vodi 
AWS na osnovu �Äoptimalnih�´���U�H�ã�H�Q�M�D rute. Glavni doprinos rada je �S�U�H�G�V�W�D�Y�O�•�D�Q�M�H problema 
modelovanja u trodimenzionalnom �R�N�U�X�å�H�Q�M�X u realnom vremenu, �X�]�L�P�D�M�X�ü�L u obzir promene 
vremenskih uslova, �S�R�W�U�R�ã�Q�M�H energije/goriva, nosivosti i izbegavanja prepreka tokom leta. Takvo 
modelovanje �R�P�R�J�X�ü�D�Y�D da UAV samostalno koriguje svoju putanju na osnovu senzora i donosi 
odluke bez uticaja operatora. Drugi problem koji smo �å�H�O�H�O�L da �U�H�ã�L�P�R �X�Y�R�ÿ�H�Q�M�H�P fuzzy modela je 
to �ã�W�R odluku o izboru ruta ne donosi pojedinac, pogotovo ako nema potrebno iskustvo. Nakon 
uvoda, opisan je problem izbora rute u uslovima neizvesnosti, u �W�U�H�ü�H�P delu je �S�U�H�G�V�W�D�Y�O�•�H�Q ANFIS 
model za �U�H�ã�D�Y�D�Q�M�H problema kroz obuku modela i njegovo testiranje za potrebe izbora optimalne 
rute, u misiji koju �R�E�D�Y�O�•�D AWS. 

2. PROBLEM RUTIRANJA BE SPILOTNIH LETILICA

U literaturi koja opisuje probleme planiranja misija bespilotnih sistema �>6�@, postoje teorijski
algoritmi za �R�G�U�H�ÿ�L�Y�D�Q�M�H ruta UAV za �S�R�M�H�G�L�Q�D�þ�Q�H ili  grupe UAV �>13�@. Pored toga, bespilotne 
letelice se �ã�L�U�R�N�R koriste zbog svoje male �Y�H�O�L�þ�L�Q�H i fleksibilnosti u �U�D�]�O�L�þ�L�W�L�P namenama, kao �ã�W�R su 
�S�U�L�N�X�S�O�•�D�Q�M�H podataka, �S�U�D�ü�H�Q�M�H u realnom vremenu, potraga i spasavanje �>2�@, nadzor i 
telekomunikacije �>3�@. Tradicionalni algoritmi rutiranja, kao �ã�W�R su Bellman-Ford i Dijkstra 
algoritam �>1�@, ne mogu se direktno primeniti u �P�U�H�å�D�P�D bespilotnih letelica, �S�R�ã�W�R dronove 
�N�D�U�D�N�W�H�U�L�ã�H visoka mobilnost, �G�L�Q�D�P�L�þ�N�D topologija, �þ�H�V�W�D interakcija podataka i �V�O�R�å�H�Q�D �R�N�U�X�å�H�Q�M�D 
aplikacija. 

Kada se �L�V�W�U�D�å�X�M�H literatura o problemu rutiranju �>15�@, evidentno je da se ono �P�R�å�H podeliti 
prema �Q�D�þ�L�Q�X transporta kao �ã�W�R su kopneni, morski i �Y�D�]�G�X�ã�Q�L. �0�H�ÿ�X�W�L�P, primena problema 
rutiranja vozila (VRP) se uglavnom vidi u kopnenom i pomorskom �V�D�R�E�U�D�ü�D�M�X, a rutiranje 
bespilotnim letelicama spada u domen �Y�D�]�G�X�ã�Q�R�J �V�D�R�E�U�D�ü�D�M�D uz �W�L�S�L�þ�Q�H avione koji se koriste u avio 
industriji. Usmeravanje UAVRP-a �>15�@ je odigralo veoma �Y�D�å�Q�X ulogu u �X�S�U�D�Y�O�•�D�Q�M�X distributivnim 
lancem i isporukom robe kupcima, �L�]�P�H�ÿ�X mnogih drugih oblasti, posebno tokom krize pandemije 
COVID-a 19. Tokom proteklih godina, problem rutiranja UAV-a �X�V�S�H�ã�Q�R su �L�V�W�U�D�å�L�Y�D�O�L mnogi 
�L�V�W�U�D�å�L�Y�D�þ�L �>3�@, �>13�@. U �Y�H�ü�L�Q�L �L�V�W�U�D�å�L�Y�D�Q�M�D imali su �V�W�D�W�L�þ�Q�H UAVRP-ove, odnosno �S�U�H�W�S�R�V�W�D�Y�O�•�D se 
da su sve njihove informacije poznate i da se ne menjaju tokom kretanja na putanji. U stvarnim 
situacijama, problem rutiranja UAV-a ima �S�U�R�P�H�Q�O�•�L�Y (�G�L�Q�D�P�L�þ�N�L) karakter. Operatori bespilotnih 
letelica �þ�H�V�W�R moraju da �Y�U�ã�H korekcije putanje kako bi postigli efikasnost kada se dogode 
�Q�H�R�þ�H�N�L�Y�D�Q�L incidenti. U problemima sa �G�L�Q�D�P�L�þ�N�L�P rutiranjem UAV-a, situacija je �V�X�ã�W�L�Q�V�N�L 
�G�U�X�J�D�þ�L�M�D. �3�U�H�G�V�W�D�Y�O�•�H�Q�L su zahtevi za �L�]�Y�R�ÿ�H�Q�M�H operacije (�X�Q�L�ã�W�D�Y�D�Q�M�H mete, �L�]�Y�L�ÿ�D�Q�M�H) po 
�V�W�R�K�D�V�W�L�þ�N�R�P obrascu, a zadatak je da se AMS pravilno rutiraju kako bi se postigao �F�L�O�• misije. 
Prema �>16�@, ovaj �Q�D�þ�L�Q zahteva �X�Q�D�S�U�H�ÿ�H�Q�M�H metoda �S�U�H�G�Y�L�ÿ�D�Q�M�D, planiranja putanje i �X�Y�R�ÿ�H�Q�M�H 
hibridnih metoda za �S�R�G�U�ã�N�X donosiocima odluka u �X�S�U�D�Y�O�•�D�Q�M�X operacijama.  
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�6�O�R�å�H�Q�R�V�W UAVRP-a se ogleda u velikoj �N�R�O�L�þ�L�Q�L informacija koje su �V�W�R�K�D�V�W�L�þ�N�H prirode, za 
razliku od problema rutiranja vozila (VRP) �X�R�S�ã�W�H �>5�@, jer bi UAV trebalo da bude u stanju da 
optimizuje svoje rute prema sredine u kojoj se �N�U�H�ü�H. Parametri koji �X�W�L�þ�X na putanju kretanja UAV 
�X�N�O�•�X�þ�X�M�X brojne karakteristike i �R�J�U�D�Q�L�þ�H�Q�M�D za razliku od tradicionalnih VRP problema. 
�6�S�H�F�L�I�L�þ�Q�R�V�W rutiranja bespilotnih letelica planira se u trodimenzionalnom �R�N�U�X�å�H�Q�M�X, pri �þ�H�P�X treba 
uzeti u obzir vremenske uslove (brzina vetra, smer vetra, gustina vazduha), kao i �S�R�W�U�R�ã�Q�M�X energije, 
na koju �X�W�L�þ�X vremenski uslovi u �U�H�ã�H�Q�M�L�P�D �>15�@. Pored vremenskih uslova, �Y�D�å�Q�H karakteristike 
UAV-a su nosivost i izbegavanje prepreka tokom leta. Sve ovo komplikuje problem rutiranja UAV-
a. Stoga je imperativ rutiranja UAV-a da se razvije model koji uzima u obzir sve aspekte domena u 
�N�R�P�H�� �V�H�� �N�U�H�ü�H. Svaki zadatak koji �R�E�D�Y�O�•�D UAV �V�S�H�F�L�I�L�þ�D�Q je po broju atributa koji ga opisuju. 
Kriterijumi na osnovu kojih operator �R�G�O�X�þ�X�M�H koju rutu da dodeli UAV-u za �R�E�D�Y�O�•�D�Q�M�H zadatka: 
Promene vremenskih uslova, �X�G�D�O�•�H�Q�R�V�W putovanja, vreme putovanja, konfiguracija terena, prepreke 
na ruti, �S�R�W�U�R�ãnja goriva/energije, postojanje alternativne rute. �8�� �R�Y�R�P�� �U�D�G�X�� �S�U�R�E�O�H�P�� �U�H�ã�D�Y�D�P�R��
�N�R�U�L�ã�ü�H�Q�M�H�P�� �$�1�)�,�6�� �P�R�G�H�O�D�� �-�H�]�L�þ�N�H i neprecizne informacije u neizvesnom �R�N�U�X�å�H�Q�M�X se 
kvantifikuju prilikom �G�R�Q�R�ã�H�Q�M�D odluka. Stoga, �U�D�V�X�ÿ�L�Y�D�Q�M�H treba koristiti kao alat koji prevodi 
kvalitativnu heuristiku u strategiju �X�S�U�D�Y�O�•�D�Q�M�D, odnosno �G�R�Q�R�ã�H�Q�M�D odluka. Dizajniranjem fuzzy 
�R�N�U�X�å�H�Q�M�D, strategija rutiranja UAV-a �P�R�å�H se transformisati u strategiju automatske kontrole. 

3. �0�2�'�(�/���=�$���5�(�â�$�9�$�1�-�(���3ROBLEMA RUTIRANJA

�2�V�Q�R�Y�Q�L�� �F�L�O�•�� �Q�H�X�U�R-fazi modelovanja je smanjenje uloge operatera pri konstruisanju fuzzy
�V�L�V�W�H�P�D�� �L�� �R�V�O�D�Q�M�D�Q�M�H�� �Q�D�� �N�R�Q�N�U�H�W�Q�H�� �S�U�L�P�H�U�H�� �R�G�O�X�N�D�� �G�R�Q�H�W�L�K�� �X�� �S�U�D�N�V�L�� �S�U�L�� �L�]�E�R�U�X�� �U�X�W�H�� �]�D�� �L�]�Y�U�ã�H�Q�M�H��
zadatka. Formiranje funkcije pripadnosti (FP) fuzzy �R�N�U�X�å�H�Q�M�D i pravila sa kojima operatori rade 
zahteva komunikaciju sa velikim brojem iskusnih operatora (eksperata). Stoga su svojstva 
formiranog fuzzy �R�N�U�X�å�H�Q�M�D proporcionalna broju �V�W�U�X�þ�Q�M�D�N�D i sposobnosti da �I�R�U�P�X�O�L�ã�X svoju 
strategiju. Projektovano je da se model sastoji od sedam ulaznih parametara, koje smo prikazali u 
Tabeli 1. Pored ulaznih parametara, model ima i izlaznu varijablu koja �S�U�H�G�V�W�D�Y�O�•�D �P�L�ã�O�•�H�Q�M�H 
operatera, odnosno procenu uslova na ruta za �L�]�Y�U�ã�H�Q�M�H �R�G�U�H�ÿ�H�Q�H misije ili  zadatka. ANFIS uvodi 
Takagi-Sugeno-Kang �>9�@ sistem �U�D�V�X�ÿ�L�Y�D�Q�M�D. Normalizacijom pondera (Wki) dobija se stepen uticaja 
kriterijuma na izbor operatora prema �V�O�H�G�H�ü�H�P �>7�@: 
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gde je �Oj, �Oj �• �>0,1�@ �P�L�ã�O�•�H�Q�M�H j-tog operatora/�V�W�U�X�þ�Q�M�D�N�D, odnosno stepen �S�R�Y�H�U�O�•�L�Y�R�V�W�L, �S�Þ�Ü
�c  je

odnos �W�H�å�L�Q�H i kriterijuma prema k operatera/�V�W�U�X�þ�Q�M�D�N�D; �S�Þ�Ü
�c  normalizacija �W�H�å�L�Q�D; n je broj

operatera/�V�W�U�X�þ�Q�M�D�N�D �X�N�O�•�X�þ�H�Q�L�K u �L�V�W�U�D�å�L�Y�D�Q�M�H. Stepen �X�E�H�ÿ�H�Q�R�V�W�L u izjavama �X�W�Y�U�ÿ�X�M�H se za svakog 
operatora/�V�W�U�X�þ�Q�M�D�N�D �S�R�M�H�G�L�Q�D�þ�Q�R, na osnovu njegovog stepena uverenosti. U �F�L�O�•�X �X�W�Y�U�ÿ�L�Y�D�Q�M�D 
pondera, intervjuisano je deset (n=10) operatera/�V�W�U�X�þ�Q�M�D�N�D, a izabrani su prema modelu prikazanom 
u referenci �>14�@. 

Tabela 1. Opis i definisanje kriterijuma 

Kriterijumi kvantitativni lingvisticki C- C+ ponder 
C1 Promena vremenskih uslova (PVU) �‡ �‡ 0.18 
C2 �'�X�å�L�Q�D���U�X�W�H (DR) �‡ �‡ 0.15 
C3 Vreme leta (VL) �‡ �‡ 0.12 
C4 Konfiguracija terena (KT) �‡ �‡ 0.10 
C5 Preprepke na ruti (PR) �‡ �‡ 0.14 
C6 Potrosnja goriva/energije (PG/E) �‡ �‡ 0.15 
C7 Postojanje alternativne route (PAR) �‡ �‡ 0.16 
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Element Ci (i=1,2,...,7) se sastoji od: C+, podskupa korisnih kriterijuma, i C-, podskupa 
kriterijuma tipa �W�U�R�ã�N�R�Y�D. Vrednosti nekih ulaznih �S�U�R�P�H�Q�O�•�L�Y�L�K opisane su �U�H�þ�L�P�D. Primena �M�H�]�L�þ�N�L�K��
���O�L�Q�J�Y�L�V�W�L�þ�N�L�� opisanih vrednosti je veoma korisna kada se radi sa situacijama koje su �S�U�H�Y�L�ã�H 
�V�O�R�å�H�Q�H ili  nejasno definisane da bi se mogle opisati kvantitativno. Deskriptivne varijable su 
�S�U�H�G�V�W�D�Y�O�•�H�Q�H �U�H�þ�L�P�D ili  �U�H�þ�H�Q�L�F�D�P�D, pri �þ�H�P�X se svaka �M�H�]�L�þ�N�D vrednost �P�R�å�H oblikovati fuzzy 
skupom. Opisni kriterijumi C4, C5, C6 i C7 su defazifikovani �N�R�U�L�ã�ü�H�Q�M�H�P skale prikazane u tabeli 2a 
�>15�@, dok je kriterijum C1 izveden �N�R�U�L�ã�ü�H�Q�M�H�P skale prikazane u Tabeli 2b. Kada razvijaju fuzzi 
�O�R�J�L�þ�N�H�� �V�L�V�W�H�P�H�� ���)�/�6������ �R�S�H�U�D�W�H�U�L�� �þ�H�V�W�R�� �L�P�D�M�X�� �S�U�R�E�O�H�P�� �G�D�� �G�H�I�L�Q�L�ã�X�� �I�X�]�]�L�� �S�U�D�Y�L�O�D�� �L�� �Y�U�H�G�Q�R�V�W�L�� �)�3��
�U�D�V�S�O�L�Q�X�W�L�K���V�N�X�S�R�Y�D���N�R�M�L���S�U�H�G�V�W�D�Y�O�•�D�M�X���X�O�D�]�Q�H���L���L�]�O�D�]�Q�H���Y�U�H�G�Q�R�V�Wi. Za ulazne vrednosti u fazi modelu 
potrebno je definisati broj FP. 

 
Tabela 2. Skala opisnih kriterijuma C1, C4, C5, C6 i C7 
a) C4, C5, C6 and C7                                      b) C1 

Skala  TFN  Promena vremenskih 
uslova  TFN 

veoma malo  (0;0;0,2)  pritisak vazduha   (0;0;0,25) 
malo  (0;0,2;0,4)  �Y�O�D�å�Q�R�V�W���Y�D�]�G�X�K�D  (0;0,25;0,55) 
srednje malo  (0,2;0,4;0,6) t temperatura  (0,25;0,55;0,75) 
srednje  (0,2;0,4;0,6)  pravac vetra  (0,55;0,75;0,1) 
Srednje visoko  (0,4;0,6;0,8)  brzina vetra  (0,75;1;1) 
visoko  (0,6;0,8;1)     

 
Dizajniranje sistema postaje sve komplikovanije sa �S�R�Y�H�ü�D�Q�M�H�P broja FP zahteva. Uz ovo 

�R�J�U�D�Q�L�þ�H�Q�M�H, �X�W�Y�U�ÿ�H�Q�R je da ulazne vrednosti u fazi modelu imaju najmanje tri �M�H�]�L�þ�N�H vrednosti. FP 
vrednosti i njihov karakter su dati u Tabeli 3. Minimalnu �J�U�H�ã�N�X izlazne vrednosti ANFIS modela, 
�L�P�D�ü�H�P�R��ako aproksimiramo FP obliku Gausove krive. 
 
Tabela 3: Vrednosti FP �S�U�H���R�E�X�þ�D�Y�D�Q�M�D��ANFIS modela 

FP/ ulaz FP 1 FP 2 FP 3 
C1 gmf (0,11;0,05;0,13;0,08) gmf (0,1406;0,477) gmf (0,15;0,87;0,12;1,09) 
C2 gmf (0,168;0,08178) gmf (0,1923;0,493) smf (0,3608;0,9748) 
C3 zmf (0,074;0,6054) gmf (0,137;0,5082) smf (0,3659;0,8917) 
C4 zmf (0,4248;2,24;0,0811) gmf (0,15;0,45;0,16;0,55) smf (0,147;0,856) 
C5 gmf (0,14;0,1617) gmf (0,23;1,464;0,533) gmf (0,201;0,8424) 
C6 gmf (0,247;2,246;6,93) gmf (0,213;0,51) gmf 0,18;0,89;0,14;1,04) 
C7 zmf (0,519;3,826;0,19) gmf (0,22;1,403;0,52) smf (0,5439;0,914) 

(Z-model FP), (S-model FP), (G-model FP). 
 

�.�D�G�D���V�X���L�V�W�U�D�å�L�Y�D�Q�M�H�P���D�Q�D�O�L�]�L�U�D�Q�H���G�R�E�L�M�H�Q�H���Y�U�H�G�Q�R�V�W�L��(fFIS) kriterijumskih funkcija iz Tabele 4 i 
�W�U�D�å�H�Q�L�K���Y�U�H�G�Q�R�V�W�L��(foperator)�����Y�U�H�G�Q�R�V�W�L���Q�L�V�X���E�L�O�H���X���W�U�D�å�H�Q�L�P���J�U�D�Q�L�F�D�P�D�����8���Q�D�U�H�G�Q�L�P���S�R�N�X�ã�D�M�L�P�D���G�D���V�H��
�W�U�D�å�H�Q�H�� �Y�U�H�G�Q�R�V�W�L�� �G�R�E�L�M�X�� �S�U�R�P�H�Q�R�P�� �W�L�S�D�� �L�� �Y�U�H�G�Q�R�V�W�L�� �0�)���Q�D�� �L�]�O�D�]�X���� �Q�L�M�H�� �G�D�O�R�� �]�D�G�R�Y�R�O�•�D�Y�D�M�X�ü�H��
�Y�U�H�G�Q�R�V�W�L���� �8�� �G�D�W�R�P�� �S�U�L�P�H�U�X�� �M�H�� �R�E�U�D�ÿ�H�Q�R�� �X�N�X�S�Q�R�� ������ �P�L�V�L�M�D�� �L�� �N�U�H�L�U�D�Q�� �U�D�V�S�R�U�H�G�� �]�D�� ������ �S�U�D�Y�D�F�D��
�L�]�Y�R�ÿ�H�Q�M�D���W�D�N�W�L�þ�N�R�J���]�D�G�D�W�N�D���S�U�L�N�D�]�D�Q�R�J���X���R�Y�R�P���U�D�G�X���N�R�U�L�ã�ü�H�Q�M�H�P���$�1�)�,�6���P�R�G�H�O�D�� 

 
Tabela 4: Karakteristike 10 ruta 

Ruta   C1 C2   C3 C4 C5 C6 C7 �B�K�L�A�N�=�P�K�N * �BFIS 
1. 0.992 134.75 0.281 5 0.204 0.044 0.237 0.51 0.339 
2. 0.795 119.07 0.147 8 0.787 0.437 0.329 0.56 0.487 
3. 0.913 121.19 0.426 12 0.482 0.625 0.410 0.64 0.799 
4. 0.071 91.66 0.076 12 0.058 0.583 0.283 0.22 0.197 
5. 0.509 26.35 0.902 11 0.041 0.352 0.219 0.48 0.290 
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6. 0.638 114.95 0.374 9 0.844 0.568 0.119 0.60 0.418 
7. 0.924 85.72 0.726 12 0.929 0.811 0.748 0.97 0.508 
8. 0.087 119.79 0.308 7 0.954 0.761 0.817 0.94 0.758 
9. 0.915 148.74 0.917 10 0.200 0.004 0.215 0.71 0.588 
10. 0.270 139.12 0.44 5 0.133 0.999 0.788 0.72 0.658 

Analizom podataka dobijena je �J�U�H�ã�N�D �þ�L�M�D je vrednost 0,473, �ã�W�R je za �V�W�U�X�þ�Q�M�D�N�H �Q�H�S�U�L�K�Y�D�W�O�•�L�Y�R 
�G�R�]�Y�R�O�•�H�Q�D �J�U�H�ã�N�D �P�R�å�H biti ispod 0,08, pa je modelovani FLS transformisan u adaptivnu neuronsku 
�P�U�H�å�X sa pet slojeva. 

Ulazni sloj, koji ima sedam �þ�Y�R�U�R�Y�D, jednostavno prenosi ulazne vrednosti u skriveni sloj. U 
�V�Y�D�N�R�P�� �V�O�R�M�X�� �V�H�� �L�]�Y�U�ã�D�Y�D�M�X�� �S�U�R�F�H�V�Q�H�� �U�D�G�Q�M�H���� �L�� �X�� �S�R�V�O�H�G�Q�M�H�P��sloju 5 se �L�]�U�D�þ�X�Q�D�Y�D izlazna vrednost 
ANFIS-a, odnosno �Y�U�ã�L se defazifikacija i dobija se �N�R�Q�D�þ�Q�D vrednost �ÄO�³��koja se nalazi u intervalu 
[0,1]. Kao �ã�W�R smo ranije pomenuli, zbog �J�U�H�ã�D�N�D u FLS-u, �S�U�H�ã�O�L smo na ANFIS da bismo podesili 
FP u FLS Modelovanje je �X�U�D�ÿ�H�Q�R �R�E�X�þ�D�Y�D�Q�M�H�P neuronske �P�U�H�å�H �N�R�U�L�ã�ü�H�Q�M�H�P neuro-fuzzi logike. 
Promena FP se �Y�U�ã�L u adaptivnim �þ�Y�R�U�R�Y�L�P�D. Dobijene vrednosti FP posle treninga prikazane su u 
Tabeli 5. 

Tabela 5. Vrednosti FP nakon formiranja ANFIS modela

FP/ulaz FP 1 FP 2 FP 3 
C1 gmf(0,005;- ,04;0,4;0,18) gmf (0,4588;0,478) gmf 0,39;0,86;0,1;1,07) 
C2 gmf (0,298;0,274) gmf (0,2853;0,555) smf (0,2896;1,27) 
C3 zmf(-0,0232;0,8503) gmf (0,3851;0,376) smf (0,1705;1,01) 
C4 zmf (0,4464;1,13;-0,0239) gmf (0,28;0,49;0,24;0,51) smf (0,0187;1,06) 
C5 gmf(0,313;0,1793) gmf(0,367;2,022;0,66) gmf (0,2911;1,03) 
C6 gmf (0,598;2,07;-0,1341) gmf (0,3305;0,607) gmf (0,346;0,0704;0,996) 
C7 zmf (0,634;1,99;-0,183) gmf (0,346;1,11;0,535) smf (0,1682;1,01) 

ANFIS je �R�E�X�þ�H�Q �N�R�U�L�ã�ü�H�Q�M�H�P algoritma za propagaciju unazad prema referenci �>17�@. Baza 
podataka o obuci ANFIS dobija se anketiranjem operatora koji imaju minimalno 5 godina radnog 
iskustva u procesu rutiranja bespilotnih letelica. �3�U�H�G�O�R�å�H�Q�L ANFIS je �R�E�X�þ�H�Q sa 248 odluka 
operatora. Nakon �þ�H�W�Y�U�W�H faze obuke, �]�D�N�O�•�X�þ�H�Q�R je da je �J�U�H�ã�N�D dobijena na izlazu ANFIS modela 
�]�D�Q�H�P�D�U�O�•�L�Y�D (�S�U�L�K�Y�D�W�O�•�L�Y�D �J�U�H�ã�N�D �”�� ��������������Operator unosi AWS poziciju i �F�L�O�• u sistem i dobija set 
�R�G�J�R�Y�D�U�D�M�X�ü�L�K ruta. Petoslojni ANFIS je testiran na 10 odluka operatora. Zasnovano na planiranju 
������ �U�X�W�D�� �L�� �R�G�U�H�ÿ�L�Y�D�Q�M�X�� �$�:�6�� �S�X�W�D�Q�M�D�� �O�H�W�D�� �]�D�� �]�D�Y�U�ã�H�W�D�N��misije. Zadatak misije je opisan u smislu 
�G�R�V�W�L�]�D�Q�M�D�� �R�G�U�H�ÿ�H�Q�H�� �O�R�N�D�F�L�M�H�� �L�� �H�I�H�N�W�D�� �$�:�6-�D���� �N�D�R�� �L�� �P�R�J�X�ü�Q�R�V�W�L�� �N�R�U�L�ã�ü�H�Q�M�D�� �D�O�W�H�U�Q�D�W�L�Y�Q�L�K�� �U�X�W�D���� �8��
Tabeli 7 prikazani su uporedni rezultati preferencija operatora i rezultati dobijeni primenom 
�S�U�H�G�O�R�å�H�Q�R�J���$�1�)�,�6���P�R�G�H�O�D���S�U�L���L�]�E�R�U�X���U�X�W�H���]�D���L�]�Y�U�ã�H�Q�M�H���P�L�V�L�M�H���� 

Tabela 7. Pregled odluka operatora i ANFIS modela

Broj rute 
�5�X�W�H���]�D���L�]�Y�U�ã�H�Q�M�H���]�D�G�D�W�N�D���P�L�V�L�M�H

Operator ANFIS 
1. R3 R2, R3 
2. R3 R3 
3. R4 R4 
4. R3 R3 
5. R2 R2 
6. R1 R1 
7. R3 R3 
8. R3 R3, R4 
9. R3 R3 
10. R3 R3, R4 

 Slika 1: Rute su �R�G�U�H�ÿ�H�Q�H vremenskim i terenskim uslovima 
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�=�D�� �V�Y�D�N�X�� �U�X�W�X�� �V�H�� �S�R�G�D�F�L�� �L�]�� �$�:�6�� �]�D�K�W�H�Y�D�� �S�U�H�Q�R�V�H�� �N�U�R�]�� �$�1�)�,�6�� �V�L�V�W�H�P���� �þ�L�P�H�� �V�H�� �G�R�E�L�M�D�M�X��
�R�G�U�H�ÿ�H�Q�H���Y�U�H�G�Q�R�V�W�L���X�O�D�]�Q�L�K��funkcija. Ruta za misiju je izabrana kao: 

 Fr� max(fr)                                                                                                                                (2) 
�U�����S�U�H�G�V�W�D�Y�O�•�D���E�U�R�M���U�X�W�D 
Rutiranje za svaku planiranu operaciju AWS-a, analizira alternativne rute. Na osnovu 

�N�D�U�D�N�W�H�U�L�V�W�L�N�D�� �U�D�]�P�D�W�U�D�Q�L�K�� �U�X�W�D���� �R�S�H�U�D�W�H�U�L�� �L�� �$�1�)�,�6�� �P�R�G�H�O�� �V�X�� �L�G�H�Q�W�L�I�L�N�R�Y�D�O�L�� �Q�D�M�S�R�Y�R�O�•�Q�L�M�X�� �U�X�W�X�� �]�D��
�L�]�Y�U�ã�H�Q�M�H�� �P�L�V�L�M�H�� Dobijeni rezultati �S�U�H�S�R�U�X�þ�X�M�X primenu razvijenog modela �R�G�O�X�þ�L�Y�D�Q�M�D u �Y�R�ÿ�H�Q�M�X 
AWS-a radi �L�]�Y�U�ãenja misije, kao �ã�W�R je prikazano na Slici  1. Za �L�]�Y�U�ã�H�Q�M�H misije na rutama 1, 8 i 10, 
model AI  je ponudio alternativne rute. 

4. �=�$�.�/�-�8�ý�$�. 

Razvoj AI u vojnim naukama �M�H�� �V�Y�H�� �S�U�L�V�X�W�Q�L�M�L���� �ã�W�R�� �Q�D�P�� �S�R�N�D�]�X�M�H�� �]�Q�D�þ�D�M�Q�X�� �S�U�R�P�H�Q�X�� �N�R�M�D�� �V�H���� �X��
kontekstu rusko-ukrajinskog rata, ogleda u dinamici ratovanja na terenu. Evidentno je da su AI 
UAV transformisali bojna �S�R�O�•�D u Siriji, Libiji , Nagorno-Karabahu i Ukrajini, ali �P�R�å�H�P�R���U�H�ü�L���G�D je 
ovo tek evolucija, a ne revolucija u upotrebi nove tehnologije. Dakle, primena nove tehnologije 
zasnovane na AI  �X�� �L�]�Y�H�V�Q�R�M�� �P�H�U�L�� �Q�H�X�W�U�D�O�L�ã�H�� �D�V�L�P�H�W�U�L�þ�Q�H�� �S�U�H�G�Q�R�V�W�L�� �X�� �U�D�W�R�Y�D�Q�M�X�� �L�]�P�H�ÿ�X�� �V�W�D�W�L�V�W�L�þ�N�L����
�W�H�K�Q�R�O�R�ã�N�L���L���W�D�N�W�L�þ�N�L���P�R�ü�Q�L�M�H���Y�R�M�V�N�H���L���R�Q�H���V�D���V�N�U�R�P�Q�L�M�L�P���N�Dpacitetima.  

Savremeni neuro-�I�D�]�L�� �V�L�V�W�H�P�� �S�U�H�G�V�W�D�Y�O�•�H�Q�� �X�� �R�Y�R�P�� �U�D�G�X�� �X�V�S�H�ã�Q�R�� �M�H�� �S�U�L�P�H�Q�M�H�Q�� �X�� �S�U�R�M�H�N�W�R�Y�D�Q�M�X��
�L�Q�W�H�O�L�J�H�Q�W�Q�R�J�� �V�L�V�W�H�P�D�� �]�D�� �S�R�G�U�ã�N�X�� �R�G�O�X�þ�L�Y�D�Q�M�X�� �]�D��optimizaciju i �L�]�E�R�U�� �Q�D�M�S�R�Y�R�O�•�Q�L�M�H�� �$�:�6�� �S�X�W�D�Q�M�H�� 
�.�U�R�]�� �R�Y�R�� �L�V�W�U�D�å�L�Y�D�Q�M�H�� �V�P�R�� �S�R�N�D�]�D�O�L�� �G�D�� �V�X�� �I�X�]�]y neuronske �P�U�H�å�H�� �Y�H�R�P�D�� �H�I�L�N�D�V�D�Q�� �L�� �N�R�U�L�V�W�D�Q�� �D�O�D�W�� 
�5�D�]�Y�R�M�� �$�1�)�,�6�� �P�R�G�H�O�D�� �R�P�R�J�X�ü�L�R�� �M�H�� �W�U�D�Q�V�I�R�U�P�D�F�L�M�X�� �V�W�U�D�W�H�J�L�M�H�� �U�D�V�S�R�U�H�ÿ�L�Y�D�Q�M�D�� �$WS na pravcima 
njihovog delovanja u strategiju automatske kontrole. �0�R�å�H�P�R���]�D�N�O�•�X�þ�L�W�L, �G�D���$�1�)�,�6���P�R�G�H�O���P�R�å�H���V�D��
�Y�H�O�L�N�R�P���S�U�H�F�L�]�Q�R�ã�ü�X���G�D���U�H�S�U�R�G�X�N�X�M�H odluke operatora.  
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�D�‚�m�q�g�_ �j�_�q�b: �L�_�`�b�g�k�d�b���d�h�_�n�b�p�b�•�_�g�l�b���d�j�b�l�_�j�b�•�m�f�Z�����^�h�g�h�r�_�ƒ�_���h�^�e�m�d�Z�����\�b�r�_�d�j�b�l�_�b�j�•�m�f�k�d�h��
�h�^�e�m�q�b�\�Z�ƒ�_. 

Abstract: The paper presents a new model for determining weighting coefficients of criteria in multi-criteria 
analysis. It is based on the definition of an alternative with ideal values of the criteria, an alternative with 
the ultimate expected values of the criteria, and an alternative with the expected values for each criterion. 
The criteria are either maximization or minimization. Weight coefficients are calculated based on the defined 
value. 
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1. �M�<�H�> 

�<�b�r�_�d�j�b�l�_�j�b�•�m�f�k�d�b�� �f�h�^�_�e�b�� �a�Z�� �^�h�g�h�r�_�ƒ�_�� �h�^�e�m�d�Z�� �g�Z�•�q�_�r�„�_�� �k�_�� �k�i�j�h�\�h�^�_�� �d�j�h�a�� �^�\�_�� �n�Z�a�_���� �M��
�i�j�\�h�•�� �n�Z�a�b�� �^�_�n�b�g�b�r�m�� �k�_�� �l�_�`�b�g�k�d�b�� �d�h�_�n�b�p�b�•�_�g�l�b�� �d�j�b�l�_�j�b�•�m�f�Z���� �^�h�d�� �k�_�� �m�� �h�d�\�b�j�m�� �^�j�m�]�_�� �n�Z�a�_��
�k�i�j�h�\�h�^�b �_�\�Z�e�m�Z�p�b�•�Z�� �Z�e�l�_�j�g�Z�l�b�\�Z�� �b�a�� �m�g�Z�i�j�_�^�� �^�_�n�b�g�b�k�Z�g�h�]�� �k�d�m�i�Z���� �I�h�r�l�h�� �l�_�`�b�g�k�d�b��
�d�h�_�n�b�p�b�•�_�g�l�b�� �d�j�b�l�_�j�b�•�m�f�Z�� �i�j�_�^�k�l�Z�\�‚�Z�•�m�� �h�k�g�h�\�m�� �a�Z�� �Z�^�_�d�\�Z�l�g�m�� �_�\�Z�e�m�Z�p�b�•�m�� �Z�e�l�_�j�g�Z�l�b�\�Z���� �m��
�e�b�l�_�j�Z�l�m�j�b�� �k�_�� �^�h�k�l�Z�� �i�Z�`�ƒ�_���i�j�b�^�Z�•�_���i�j�h�g�Z�e�Z�`�_�ƒ�m�� �Z�^�_�d�\�Z�l�g�b�o�� �Z�e�Z�l�Z�� �a�Z�� �ƒ�b�o�h�\�h�� �^�_�n�b�g�b�k�Z�ƒ�_��
[8,9]�����3�_�^�Z�g���h�^���l�Z�d�\�b�o���Z�e�Z�l�Z���i�j�_�^�k�l�Z�\�‚�_�g���•�_���b���m���h�\�h�f���j�Z�^�m�� 
�M�� �h�\�h�f�� �j�Z�^�m�� �i�j�_�^�k�l�Z�\�‚�_�g�h�� �•�_�� �i�j�h�r�b�j�_�ƒ�_���f�_�l�h�^�h�e�h�]�b�•�_ �a�Z�� �h�^�j�_�{�b�\�Z�ƒ�_�� �l�_�`�b�g�k�d�b�o��
�d�h�_�n�b�p�b�•�_�g�Z�l�Z �d�h�•�Z�� �•�_�� �i�j�_�a�_�g�l�h�\�Z�g�Z���m�� �j�Z�^�m�� �>6]���� �3�_�^�Z�g�� �h�^�� �p�b�‚�_�\�Z�� �i�j�_�^�k�l�Z�\�‚�Z�ƒ�Z�� �i�j�h�r�b�j�_�ƒ�Z��
�f�h�^�_�e�Z��[6] �•�_�� �^�_�n�b�g�b�k�Z�ƒ�_�� �f�_�l�h�^�h�e�h�]�b�•�_�� �d�h�•�Z���h�f�h�]�m�„�Z�\�Z�� �^�h�g�h�k�b�h�p�b�f�Z�� �h�^�e�m�d�Z�� �e�Z�d�r�_��
�b�k�d�Z�a�b�\�Z�ƒ�_�� �i�j�_�n�_�j�_�g�p�b�•�Z���� �L�Z�d�h�{�_���� �p�b�‚�� �•�_�� �b�� �^�Z�� �k�_�� �h�f�h�]�m�„�b���Z�g�Z�e�b�l�b�q�Z�j�b�f�Z�� �d�h�•�b �d�h�j�b�k�l�_�� �h�\�Z�•��
�Z�e�Z�l�����e�Z�d�r�m���k�Z�j�Z�^�ƒ�m���k�Z���^�h�g�h�k�b�h�p�b�f�Z���h�^�e�m�d�Z��  
�M�g�Z�i�j�_�{�_�ƒ�_�� �d�h�•�_�� �•�_�� �i�j�_�^�k�l�Z�\�‚�_�g�h�� �m�� �g�Z�j�_�^�g�h�•�� �k�_�d�p�b�•�b�� �l�Z�d�h�{�_�� �i�h�^�j�Z�a�m�f�_�\�Z�� �b�g�l�_�j�Z�d�p�b�•�m�� �k�Z��
�^�h�g�h�k�b�h�p�Z�� �h�^�e�m�d�Z�� �b�� �i�j�b�d�m�i�‚�Z�ƒ�_�� �ƒ�b�o�h�\�b�o�� �k�m�[�•�_�d�l�b�\�g�b�o�� �i�j�_�n�_�j�_�g�p�b�•�Z���� �F�_�{�m�l�b�f�� �g�h�\�b��
�i�j�b�k�l�m�i�� �i�h�^�j�Z�a�m�f�_�\�Z�� �^�_�l�Z�‚�g�b�•�b�� �h�i�b�k�� �k�l�Z�\�h�\�Z�� �h�� �i�j�_�^�k�l�Z�\�‚�_�g�h�f�� �i�j�h�[�e�_�f�m�� �m�� �h�^�g�h�k�m�� �g�Z��[6], 
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�r�l�h�� �^�Z�‚�_�� �m�l�b�q�_�� �g�Z�� �h�[�•�_�d�l�b�\�g�b�•�_�� �i�j�_�^�k�l�Z�\�‚�Z�ƒ�_�� �i�j�_�n�_�j�_�g�p�b�•�Z�� �b�� �i�j�_�p�b�a�g�b�•�_�� �^�_�n�b�g�b�k�Z�ƒ�_��
�l�_�`�b�g�k�d�b�o�� �d�h�_�n�b�p�b�•�_�g�Z�l�Z���� �r�l�h�� �^�h�i�j�b�g�h�k�b�� �b�� �h�[�•�_�d�l�b�\�g�b�•�_�f�� �^�h�g�h�r�_�ƒ�m�� �h�^�e�m�d�Z���� �L�Z�d�h�{�_���� �h�\�Z�•��
�j�Z�^�� �i�j�_�^�k�l�Z�\�‚�Z�� �g�Z�k�l�Z�\�Z�d�� �b�k�l�j�Z�`�b�\�Z�ƒ�Z���m�� �h�[�e�Z�k�l�b�� �\�b�r�_�d�j�b�l�_�j�b�•�m�f�k�d�h�]�� �f�h�^�_�e�h�\�Z�ƒ�Z�� �h�^�e�m�d�Z, 
�r�l�h�� �k�_�� �f�h�`�_�� �\�b�^�_�l�b�� �m�� �j�Z�^�h�\�b�f�Z���d�h�•�b�� �k�m�� �i�j�_�^�k�l�Z�\�‚�_�g�b�� �m�� �i�h�k�e�_�^�ƒ�b�o���g�_�d�h�e�b�d�h��
[1],[2][3],[4],[5],[6].  

�G�Z�k�l�Z�\�Z�d�� �j�Z�^�Z �h�j�]�Z�g�b�a�h�\�Z�g�� �•�_�� �g�Z�� �k�e�_�^�_�„�b�� �g�Z�q�b�g���� �M�� �^�j�m�]�h�•�� �k�_�d�p�b�•�b�� �j�Z�^�Z�� �i�j�_�^�k�l�Z�\�‚�_�g�h�� �•�_��
�m�g�Z�i�j�_�{�_�ƒ�_���f�h�^�_�e�Z��[6] �a�Z���h�^�j�_�{�b�\�Z�ƒ�_���l�_�`�b�g�k�d�b�o���d�h�_�n�b�p�b�•�_�g�Z�l�Z���d�j�b�l�_�j�b�•�m�f�Z�����g�Z�d�h�g���q�_�]�Z���•�_���m��
�l�j�_�„�h�•�� �k�_�d�p�b�•�b�� �i�j�_�^�k�l�Z�\�‚�_�g�Z�� �i�j�b�f�_�g�Z�� �f�h�^�_�e�Z�� �g�Z�� �b�e�m�k�l�j�Z�l�b�\�g�h�f�� �i�j�b�f�_�j�m���� �G�Z�d�h�g�� �i�j�b�f�_�g�_��
�f�h�^�_�e�Z���� �m�� �q�_�l�\�j�l�h�•�� �k�_�d�p�b�•�b�� �i�j�_�^�k�l�Z�\�‚�_�g�Z�� �k�m�� �a�Z�d�‚�m�q�g�Z�� �j�Z�a�f�Z�l�j�Z�ƒ�Z�� �b�� �i�j�Z�\�p�b�� �[�m�^�m�„�b�o��
�b�k�l�j�Z�`�b�\�Z�ƒ�Z�� 

2. �G�H�<�B���F�H�>�?�E���A�:���H�>�J�?�-�B�<�:�5�?���L�?�@�B�G�K�D�B�O���D�H�?�N�B�P�B�3�?�G�:�L�:

�I �j�h�[�e�_�f���\�b�r�_�d�j�b�l�_�j�b�•�m�f�k�d�_���Z�g�Z�e�b�a�_���j�Z�a�f�Z�l�j�Z�f�h���d�j�h�a���i�h�e�Z�a�g�m���f�Z�l�j�b�p�m���h�^�e�m�q�b�\�Z�ƒ�Z���d�h�•�Z���b�f�Z 
�I  �\�j�k�l�Z���b�� �J �d�h�e�h�g�Z�����h�^�g�h�k�g�h �I  �Z�e�l�_�j�g�Z�l�b�\�Z���b���J �d�j�b�l�_�j�b�•�m�f�Z�á�I �á�J���Ò���3�á�I �á�J 
R�t. 

�L�Z�[�_�e�Z���������I�H�E�:�A�G�:���F�:�L�J�B�P�:���H�>�E�M�Q�B�<�:�5�: 

C1 C2 �«  Cn 

A1 11a 12a �«  na1

A2 21a 22a �«  na2

. 

. 

. 

Am 1ma 2ma �«  mna

�M�g�Z�i�j�_�^���^�_�n�b�g�b�k�Z�g�b���k�d�m�i���d�j�b�l�_�j�b�•�m�f�Z 1 2, ,..., nC C C  �f�h�`�_���^�Z���k�Z�^�j�`�b���^�\�Z���l�b�i�Z���d�j�b�l�_�j�b�•�m�f�Z����
�Z���� �d�j�b�l�_�j�b�•�m�f�_���f�Z�d�k�b�f�b�a�b�j�Z�•�m�„�_�]�� �l�b�i�Z�� ���\�_�„�Z�� �\�j�_�^�g�h�k�l�� �•�_�� �i�h�`�_�‚�g�b�•�Z���� �b���b�e�b���[���� �d�j�b�l�_�j�b�•�m�f�_��
�f�b�g�b�f�b�a�b�j�Z�•�m�„�_�]�� �l�b�i�Z�� ���f�Z�ƒ�Z�� �\�j�_�^�g�h�k�l�b�� �•�_�� �i�h�`�_�‚�g�b�•�Z)���� �<�j�_�^�g�h�k�l�b��ija  �m�� �L�Z�[�_�e�b�� ����

�i�j�_�^�k�l�Z�\�‚�Z�•�m���\�j�_�^�g�h�k�l�� �d�h�•�m�� �Z�e�l�_�j�g�Z�l�b�\�Z Ai  �m�a�b�f�Z�� �i�h�� �d�j�b�l�_�j�b�•�m�f�m Cj, 1,2,...,i m� , 1,...,j n�  . 
�:�d�h�� �i�j�_�l�i�h�k�l�Z�\�b�f�h���^�Z�� �k�m�� �d�j�b�l�_�j�b�•�m�f�b�� �i�h�j�_�{�Z�g�b�� �i�h���ƒ�b�o�h�\�h�•�� �a�g�Z�q�Z�•�g�h�k�l�b, �l�Z�^�Z���ƒ�b�o�h�\�b��
�f�h�`�_�f�h�� �^�Z�� �i�j�_�l�i�h�k�l�Z�\�b�f�h�� �^�Z�� �k�m���l�_�`�b�g�k�d�b�� �d�h�_�n�b�p�b�•�_�g�l�b 1 2, ,..., nW W W �d�h�•�b�� �l�j�_�[�Z�� �^�Z�� �k�_��
�^�_�n�b�g�b�r�m���m���\�b�r�_�d�j�b�l�_�j�b�•�m�f�k�d�h�f���f�h�^�_�e�m���i�h�a�b�l�b�\�g�b���[�j�h�•�_�\�b�����L�Z�d�h�{�_�����i�h�r�l�h���k�m���d�j�b�l�_�j�b�•�m�f�b��
�j�Z�g�]�b�j�Z�g�b���i�h���a�g�Z�q�Z�•�g�h�k�l�b���� �ƒ�b�o�h�\�b���l�_�`�b�g�k�d�b���d�h�_�n�b�p�b�•�_�g�l�b���l�Z�d�h�{�_���l�j�_�[�Z���^�Z���b�k�i�m�g�_���m�k�e�h�\�� �^�Z��

�•�_��1 2 ... 0nW W W�t �t �t �! �����d�Z�h���b���m�k�e�h�\���^�Z���•�_��
1

1
n

�•
�•

W
� 

� �¦ .  

�B�f�Z�•�m�„�b�� �m�� �\�b�^�m�� �i�j�_�l�o�h�^�g�h�� �^�_�n�b�g�b�k�Z�g�_�� �i�j�_�e�b�f�b�g�Z�j�g�_�� �i�h�k�l�Z�\�d�_���� �m�� �g�Z�j�_�^�g�h�f�� �^�_�e�m��
�i�j�_�^�k�l�Z�\�‚�_�g���•�_���f�h�^�_�e���a�Z���^�_�n�b�g�b�k�Z�ƒ�_���l�_�`�b�g�k�d�b�o���d�h�_�n�b�p�b�•�_�g�Z�l�Z���d�j�b�l�_�b�j�•�m�f�Z: 

�D�h�j�Z�d�� ��. �>�_�n�b�g�b�k�Z�ƒ�_���g�h�j�f�Z�e�g�h�] �h�q�_�d�b�\�Z�g�h�] �j�_�a�m�e�l�Z�l�Z �d�j�h�a���^�_�n�b�g�b�k�Z�ƒ�_���h�q�_�d�b�\�Z�g�_ 
�Z�e�l�_�j�g�Z�l�b�\�_ NA : 

1 2( , ,..., )N N N NnA a a a , �]�^�_�� ( 1,2,..., )Nja j n�  �i�j�_�^�k�l�Z�\�‚�Z���h�q�_�d�b�\�Z�g�_�� ���g�h�j�f�Z�e�g�_���� �\�j�_�^�g�h�k�l�b�� �k�Z��

�k�l�Z�g�h�\�b�r�l�Z���^�h�g�h�k�b�h�p�Z���h�^�e�m�d�_�� 
�D�h�j�Z�d�� ��. �>�_�n�b�g�b�k�Z�ƒ�_ �b�^�_�Z�e�g�_ �Z�e�l�_�j�g�Z�l�b�\�_�� 1 2( , ,..., )I I I InA a a a , �]�^�_�� ( 1,2,..., )Ija j n� 

�i�j�_�^�k�l�Z�\�‚�Z���b�^�_�Z�e�g�_���\�j�_�^�g�h�k�l�b���i�h���d�j�b�l�_�j�b�•�m�f�m��( 1,2,..., )jC j n� . 

�D�h�j�Z�d�� ��. �>�_�n�b�g�b�k�Z�ƒ�_ �Z�e�l�_�j�g�Z�l�b�\�_ �k�Z�� �d�j�Z�•�ƒ�_�� �i�j�b�o�\�Z�l�‚�b�\�b�f�� �\�j�_�^�g�h�k�l�b�f�Z���� �M�d�h�e�b�d�h�� �•�_��
�d�j�b�l�_�j�b�•�m�f���f�Z�d�k�b�f�b�a�b�j�Z�•�m�„�_�]�� �l�b�i�Z�����l�Z�^�Z�� �[�b�j�Z�f�h���g�Z�•�f�Z�ƒ�_ �i�j�b�o�\�Z�l�‚�b�\�m �\�j�_�^�g�h�k�l���� �F�_�{�m�l�b�f����
�Z�d�h�� �•�_�� �d�j�b�l�_�j�b�•�m�f���f�b�g�b�f�b�a�b�j�Z�•�m�„�_�]�� �l�b�i�Z���� �l�Z�^�Z�� �[�b�j�Z�f�h���g�Z�•�i�j�b�o�\�Z�l�‚�b�\�b�•�m���\�j�_�^�g�h�k�l���� �H�\�Z�•��
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�i�h�k�l�m�i�Z�d�� �i�h�^�j�Z�a�m�f�_�\�Z�� �^�Z�� �k�_�� �h�^�[�Z�p�m�•�m���Z�e�l�_�j�g�Z�l�b�\�_�� �d�h�•�_�� �b�f�Z�•�m�� �f�Z�ƒ�_���� �h�^�g�h�k�g�h�� �\�_�„�_�� �\�j�_�^�g�h�k�l�b��
�h�^���^�_�n�b�g�b�k�Z�g�b�o��1 2( , ,..., )A A A AnA a a a , �]�^�_�� ( 1,2,..., )Aja j n�  �i�j�_�^�k�l�Z�\�‚�Z���d�j�Z�•�ƒ�_�� �i�j�b�o�\�Z�l�‚�b�\�m 

�\�j�_�^�g�h�k�l���i�h���d�j�b�l�_�j�b�•�m�f�m ( 1,2,..., )jC j n� . 

 �D�h�j�Z�d����. �>�_�n�b�g�b�k�Z�ƒ�_ �^�\�_���o�b�i�h�l�_�l�b�q�d�_���Z�e�l�_�j�g�Z�l�b�\�_ �a�Z���k�\�Z�d�h��1,2,...,j n�  �i�j�_�f�Z���k�e�_�^�_�„�_�f�� 
(1) 1 2 ( 1) ( 1)( , ,..., , , ,..., )NIj N N N j Ij N j AnA a a a a a a� � � �, �]�^�_�� �k�_�� �g�Z�� �i�h�a�b�p�b�•�Z�f�Z��

1,2,..., 1, , 1,...,j j j n� � � ��g�Z�e�Z�a�_���\�j�_�^�g�h�k�l�b �b�a���h�q�_�d�b�\�Z�g�_�����g�h�j�f�Z�e�g�_�����Z�e�l�_�j�g�Z�l�b�\�_�����^�h�d���k�_ �g�Z��
�i�h�a�b�p�b�•�b j �g�Z�e�Z�a�b���b�^�_�Z�e�g�Z���\�j�_�^�g�h�k�l���i�h���d�j�b�l�_�j�b�•�m�f�m ( 1,2,..., )jC j n� . 

(2) 1 2 ( 1) ( 1)( , ,..., , , ,..., )NAj N N N j Aj N j AnA a a a a a a� � � �, �]�^�_�� �k�_���g�Z�� �i�h�a�b�p�b�•�b��

1,2,..., 1, , 1,...,j j j n� � � ��g�Z�e�Z�a�_���\�j�_�^�g�h�k�l�b �b�a���h�q�_�d�b�\�Z�g�_�����g�h�j�f�Z�e�g�_�����Z�e�l�_�j�g�Z�l�b�\�_�����^�h�d���k�_ �g�Z��
�i�h�a�b�p�b�•�b j  �k�_���g�Z�e�Z�a�b���d�j�Z�•�ƒ�_���i�j�b�o�\�Z�l�‚�b�\�Z���\�j�_�^�g�h�k�l���i�h���d�j�b�l�_�j�b�•�m�f�m ( 1,2,..., )jC j n�  . 

�D�h�j�Z�d����. �A�Z���k�\�Z�d�h 1,2,...,j n� �����^�h�g�h�k�b�e�Z�p���h�^�e�m�d�_���^�_�n�b�g�b�r�_���\�j�_�^�g�h�k�l�b����

(1) �<�j�_�^�g�h�k�l���•�T �d�h�•�Z �i�h�d�Z�a�m�•�_�� �a�Z�� �d�h�e�b�d�h�� �i�m�l�Z�� �•�_�� �o�b�i�h�l�_�l�b�q�d�Z�� �Z�e�l�_�j�g�Z�l�b�\�ZNIj�: �[�h�‚�Z�� �h�^��

�h�q�_�d�b�\�Z�g�_���Z�e�l�_�j�g�Z�l�b�\�_ N�: . 
(2) �<�j�_�^�g�h�k�l��j�T �d�h�•�Z �i�h�d�Z�a�m�•�_�� �a�Z�� �d�h�e�b�d�h�� �i�m�l�Z�� �•�_�� �h�q�_�d�b�\�Z�g�Z�� �Z�e�l�_�j�g�Z�l�b�\�ZN�: �[�h�‚�Z�� �h�^��

�o�b�i�h�l�_�l�b�q�d�_���Z�e�l�_�j�g�Z�l�b�\�_ NAj�: . 

(3) �L�Z�d�h���^�h�[�b�•�Z�f�h���\�j�_�^�g�h�k�l��j�T  �d�h�•�Z���k�_���^�h�[�b�•�Z���i�j�b�f�_�g�h�f���b�a�j�Z�a�Z��j j j�T �T �T�  � ˜.

�I�h�r�l�h�� �•�_�� �m�� �i�j�_�e�b�f�b�g�Z�j�g�b�f�� �i�h�k�l�Z�\�d�Z�f�Z�� �^�_�n�b�g�b�k�Z�g�Z�� �i�j�_�l�i�h�k�l�Z�\�d�Z�� �^�Z���k�m�� �d�j�b�l�_�j�b�•�m�f�b
�i�h�j�_�{�Z�g�b�� �i�h���a�g�Z�q�Z�•�g�h�k�l�b���� �l�Z�^�Z�� �•�_���b�k�i�m�ƒ�_�g�� �m�k�e�h�\ �^�Z�� �•�_��1 2 .... 1n�T �T �T�t �t �t �! ���� �I�h�l�j�_�[�g�h�� �•�_��
�g�Z�]�e�Z�k�b�l�b�� �^�Z���d�h�h�j�^�b�g�Z�l�_��N�: �g�_�� �f�h�j�Z�•�m�� �[�b�l�b�� �g�Z�� �Ä�k�j�_�^�b�g�b�³ �b�a�f�_�{�m�� �d�j�Z�•�ƒ�_��
�i�j�b�o�\�Z�l�‚�b�\�b�o���b���b�^�_�Z�e�g�b�o���\�j�_�^�g�h�k�l�b�� 

�D�h�j�Z�d�� ��. �I�j�_�l�i�h�k�l�Z�\�b�f�h�� �^�Z�� �k�m�� �\�j�_�^�g�h�k�l�b�� �d�h�•�_�� �•�_���^�_�n�b�g�b�k�Z�h���^�h�g�h�k�b�e�Z�p�� �h�^�e�m�d�_���a�Z��
�d�j�b�l�_�j�b�•�m�f�Z��1,2,...,j n�  �i�j�h�i�h�j�p�b�h�g�Z�e�g�_�� �h�^�]�h�\�Z�j�Z�•�m�„�b�f�� �l�_�`�b�g�k�d�b�f�� �d�h�_�n�b�p�b�•�_�g�l�b�f�Z, 
�h�^�g�h�k�g�h���^�Z���•�_�� 

, 1,...,� • � MW j n� T � O�  �  . 

�L�Z�^�Z���b�f�Z�f�h 
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�H�^�Z�d�e�_���^�h�[�b�•�Z�f�h �n�b�g�Z�e�g�_���\�j�_�^�g�h�k�l�b���l�_�`�b�g�k�d�b�o���d�h�_�n�b�p�b�•�_�g�Z�l�Z���i�j�_�f�Z���k�e�_�^�_�„�_�f�� 

1

, 1,2,..., .j
j n

j
j

W j n
�T

�T
� 

�  �  

�¦

�]�^�_���•W �i�j�_�^�k�l�Z�\�‚�Z�•�m���l�_�`�b�g�k�d�_���d�h�_�n�b�p�b�•�_�g�l�_���d�j�b�l�_�j�b�•�m�f�Z��

3. �I�J�B�F�?�G�:���G�H�<�H�=���F�H�>�?�E�:���H�J�?�-�B�<�:�5�:���L�?�@�B�G�K�D�B�O���D�H�?�N�B�P�B�3�?�G�:�L�:

�M�� �g�Z�j�_�^�g�h�f�� �^�_�e�m���i�j�_�^�k�l�Z�\�‚�_�g�Z�� �•�_�� �i�j�b�f�_�g�Z�� �f�_�l�h�^�h�e�h�]�b�•�_�� �b�a�� �k�_�d�p�b�•�_�� ���� �d�j�h�a�� �b�e�m�k�l�j�Z�l�b�\�g�b��
�i�j�b�f�_�j�����I�j�_�l�i�h�k�l�Z�\�b�f�h���^�Z���^�h�g�h�k�b�e�Z�p���h�^�e�m�d�_���g�Z�f�_�j�Z�\�Z���^�Z���b�a�Z�[�_�j�_���^�_�k�_�l�h�^�g�_�\�g�b���Z�j�Z�g�`�f�Z�g���a�Z��
�e�_�l�h�\�Z�ƒ�_�� �b�� �^�Z�� �j�Z�a�f�Z�l�j�Z���g�_�d�h�e�b�d�h�� �Z�e�l�_�j�g�Z�l�b�\�Z�� �m���b�a�Z�[�j�Z�g�h�f���l�m�j�b�k�l�b�q�d�h�f�� �f�_�k�l�m���� �L�Z�d�h�{�_����
�i�j�_�l�i�h�k�l�Z�\�b�f�h���^�Z���^�h�g�h�k�b�e�Z�p���h�^�e�m�d�_���[�b�j�Z���i�_�j�b�h�^���a�Z���h�^�f�h�j���d�Z�^�Z���g�b�•�_���i�j�_�\�_�e�b�d�Z���]�m�`�\�Z���b���[�b�j�Z��
�l�m�j�b�k�l�b�q�d�h�� �f�_�k�l�h�� �^�h���d�h�•�_�] �f�h�`�_�� �^�Z�� �i�m�l�m�•�_���d�h�e�b�f�Z�����G�Z�� �[�Z�a�b�� �^�_�n�b�g�b�k�Z�g�b�o�� �i�j�_�l�i�h�k�l�Z�\�d�b��
�^�h�g�h�k�b�e�Z�p�� �h�^�e�m�d�_�� �•�_�� �^�_�n�b�g�b�k�Z�h�� �i�_�l�� �d�j�b�l�_�j�b�•�m�f�Z�� �g�Z�� �h�k�g�h�\�m�� �d�h�•�b�o�� �\�j�r�b�� �_�\�Z�e�m�Z�p�b�•�m��
�Z�e�l�_�j�g�Z�l�b�\�Z�����D�j�b�l�_�j�b�•�m�f�b���k�m���i�j�_�^�k�l�Z�\�‚�_�g�b���m���g�Z�j�_�^�g�h�f���^�_�e�m�� 

�� C1-�p�_�g�Z���Z�j�Z�g�`�f�Z�g�Z 
�� C2-�m�k�e�h�\�b���a�Z���i�m�l�h�\�Z�ƒ�_ 

43



�� C3-�i�h�k�l�h�•�Z�ƒ�_���b���Z�l�j�Z�d�l�b�\�g�h�k�l���a�Z�[�Z�\�_ 
�� C4-�i�h�k�l�h�•�Z�ƒ�_���b���Z�l�j�Z�d�l�b�\�g�h�k�l���]�e�Z�\�g�h�]���k�Z�^�j�`�Z�•�Z 
�� C5-�i�h�k�l�h�•�Z�ƒ�_���b���Z�l�j�Z�d�l�b�\�g�h�k�l���^�h�i�m�g�k�d�b�o���k�Z�^�j�`�Z�•�Z 

�A�Z���i�j�h�p�_�g�m���\�j�_�^�g�h�k�l�b�� �Z�e�l�_�j�g�Z�l�b�\�Z �m�� �h�^�g�h�k�m�� �g�Z�� �^�_�n�b�g�b�k�Z�g�_�� �d�j�b�l�_�j�b�•�m�f�_���d�h�j�b�k�l�b�„�_�� �k�_��
�^�_�\�_�l�h�k�l�_�i�_�g�m���K�Z�l�b�•�_�\�m���k�d�Z�e�Z���d�h�•�Z���h�[�m�o�\�Z�l�Z���p�_�e�h�[�j�h�•�g�_���\�j�_�^�g�h�k�l�b���b�a���b�g�l�_�j�\�Z�e�Z��[1,9]. �I�h�r�l�h��
�m���h�\�h�f���j�Z�^�m���i�j�_�^�k�l�Z�\�‚�_�g���f�h�^�_�e���a�Z���h�^�j�_�{�b�\�Z�ƒ�_���l�_�`�b�g�k�d�b�o���d�h�_�n�b�p�b�•�_�g�l�Z�����g�_�„�_�f�h���i�j�_�^�k�l�Z�\�b�l�b��
�i�h�e�Z�a�g�b���f�Z�l�j�b�p�m���h�^�e�m�q�b�\�Z�ƒ�Z�����\�_�„���k�Z�f�h���l�m�f�Z�q�_�ƒ�_���b�^�_�Z�e�g�b�o�����h�q�_�d�b�\�Z�g�b�o ���g�h�j�f�Z�e�g�_�����b���d�j�Z�•�ƒ�_��
�i�j�b�o�\�Z�l�‚�b�\�b�o���\�j�_�^�g�h�k�l�b�����G�Z���h�k�g�h�\�m���l�b�o���\�j�_�^�g�h�k�l�b���f�h�`�_�f�h���^�Z���^�_�n�b�g�b�r�_�f�h���k�\�_���i�h�•�_�^�b�g�Z�q�g�_��
�k�_�]�f�_�g�l�_���g�Z�r�_�]���f�h�^�_�e�Z���� 

�I�j�_�l�i�h�k�l�Z�\�b�„�_�f�h�� �^�Z�� �k�m�� �m�� �g�Z�r�_�f�� �i�j�b�f�_�j�m�� �k�\�b���d�j�b�l�_�j�b�•�m�f�b�� �f�Z�d�k�b�f�b�a�b�j�Z�•�m�„�_�� �l�b�i�Z���� �L�Z�^�Z��
�f�h�`�_�f�h���^�Z���^�_�n�b�g�b�r�_�f�h���k�e�_�^�_�„�_���\�j�_�^�g�h�k�l�b���m���g�Z�r�_�f���f�h�^�_�e�m�� 

1) �A�Z���d�j�b�l�_�j�b�•�m�f C1:
1 9Ia � , �r�l�h���a�g�Z�q�b �^�Z�� �k�_ �h�q�_�d�m�•�_�� �^�Z�� �^�h�g�h�k�b�e�Z�p �h�^�e�m�d�_�� �b�a�^�\�h�•�b�� �^�h�� �i�h�e�h�\�b�g�_�� �k�\�h�•�b�o��

�f�_�k�_�q�g�b�o���i�j�b�f�Z�ƒ�Z. 
1 6Na � , �r�l�h���a�g�Z�q�b���^�Z���k�_ �h�q�_�d�m�•�_���^�Z���^�h�g�h�k�b�e�Z�p �h�^�e�m�d�_���b�a�^�\�h�•�b ���������b�a�g�h�k�Z �k�\�h�•�b�o���f�_�k�_�q�g�b�o��

�i�j�b�f�Z�ƒ�Z. 
1 3�:a � , �r�l�h���a�g�Z�q�b�� �^�Z�� �k�_ �h�q�_�d�m�•�_�� �^�Z�� �^�h�g�h�k�b�e�Z�p �h�^�e�m�d�_�� �b�a�^�\�h�•�b�•�_�^�Z�g �p�_�h���b�a�g�h�k�� �f�_�k�_�q�g�b�o��

�i�j�b�f�Z�ƒ�Z. 
2) �A�Z���d�j�b�l�_�j�b�•�m�f��C2:

2 9Ia � , �h�q�_�d�m�•�_���^�Z���k�_���g�Z���h�^�j�_�^�b�r�l�_���k�l�b�]�g�_���a�Z���������f�b�g�m�l�Z���\�h�`�ƒ�_. 

2 7Na � , �h�q�_�d�m�•�_���^�Z���k�_���g�Z���h�^�j�_�^�b�r�l�_���k�l�b�]�g�_���a�Z��150 �f�b�g�m�l�Z���\�h�`�ƒ�_. 

2 3Aa � , �h�q�_�d�m�•�_���^�Z���k�_���g�Z���h�^�j�_�^�b�r�l�_���k�l�b�]�g�_���a�Z�������k�Z�l�b���\�h�`�ƒ�_��
3) �A�Z���d�j�b�l�_�j�b�•�m�f��C3:

3 9Ia � , �r�l�h���a�g�Z�q�b�� �^�Z�� �m�� �k�\�b�f�� �^�Z�g�b�f�Z �Z�j�Z�g�`�f�Z�g�Z�� �b�f�Z�� �h�j�]�Z�g�b�a�h�\�Z�g�_�� �a�Z�[�Z�\�g�_�� �Z�d�l�b�\�g�h�k�l�b����
�\�_�h�f�Z���a�Z�g�b�f�‚�b�\�_���a�Z���^�h�g�h�k�b�h�p�Z���h�^�e�m�d�_�� 

3 6Na � �����r�l�h���a�g�Z�q�b���^�Z���m���[�Z�j�������^�Z�g�Z�����h�^�����������b�f�Z�\�_�h�f�Z���a�Z�g�b�f�‚�b�\�_���a�Z�[�Z�\�g�_���Z�d�l�b�\�g�h�k�l�b, �Z���m��
�h�k�l�Z�e�b�f���^�Z�g�b�f�Z���b�f�Z���i�j�b�o�\�Z�l�‚�b�\�_���a�Z�[�Z�\�g�_���Z�d�l�b�\�g�h�k�l�b�� 

3 3Aa � , �r�l�h���a�g�Z�q�b���^�Z���m���k�d�h�j�h���k�\�b�f���^�Z�g�b�f�Z���b�f�Z���i�j�b�o�\�Z�l�‚�b�\�_���a�Z�[�Z�\�g�_���Z�d�l�b�\�g�h�k�l�b�� 
4) �A�Z���d�j�b�l�_�j�b�•�m�f C4:

4 9Ia � , �r�l�h���a�g�Z�q�b���^�Z���k�m���]�e�Z�\�g�b���k�Z�^�j�`�Z�•�b���^�_�k�l�b�g�Z�p�b�•�_���\�j�o�m�g�k�d�h�]���g�b�\�h�Z��

4 7Na � , �r�l�h���a�g�Z�q�b���^�Z���k�m���]�e�Z�\�g�b���k�Z�^�j�`�Z�•�b���^�_�k�l�b�g�Z�p�b�•�_���b�a�g�Z�^���i�j�h�k�_�q�g�h�]���g�b�\�h�Z��

4 3Aa � , �r�l�h���a�g�Z�q�b���^�Z���k�m���]�e�Z�\�g�b���k�Z�^�j�`�Z�•�b���^�_�k�l�b�g�Z�p�b�•�_���i�j�b�o�\�Z�l�‚�b�\�h�]���g�b�\�h�Z��
5) �A�Z���d�j�b�l�_�j�b�•�m�f C5,

5 9Ia � , �a�g�Z�q�b �^�Z���k�m���^�h�i�m�g�k�d�b���k�Z�^�j�`�Z�•�b���\�j�o�m�g�k�d�h�]���g�b�\�h�Z�� 

5 7Na � �����a�g�Z�q�b���^�Z���k�m���^�h�i�m�g�k�d�b���k�Z�^�j�`�Z�•�b���b�a�g�Z�^���i�j�h�k�_�q�g�h�]���g�b�\�h�Z��

5 3Aa � ���� �a�g�Z�q�b�� �^�Z�� �k�m�� �^�h�i�m�g�k�d�b�� �k�Z�^�j�`�Z�•�b �i�j�b�o�\�Z�l�‚�b�\�b�� ���b�� �a�Z�� �h�\�Z�•�� �d�j�b�l�_�j�b�•�m�f�� �\�Z�`�b
�i�j�_�l�o�h�^�g�Z���g�Z�i�h�f�_�g�Z���� 

�G�Z�� �h�k�g�h�\�m�� �i�j�_�l�o�h�^�g�h�� �^�_�n�b�g�b�k�Z�g�b�o�� �k�m�[�•�_�d�l�b�\�g�b�o�� �i�j�h�p�_�g�Z�� �f�h�`�_�f�h�� �^�Z�� �^�_�n�b�g�b�r�_�f�h��
�b�^�_�Z�e�g�m���Z�e�l�_�j�g�Z�l�b�\�m �i�j�_�f�Z���k�e�_�^�_�„�_�f��(9,9,9,9,9)IA . 

�L�Z�d�h�{�_���� �f�h�`�_�f�h�� �^�Z�� �^�_�n�b�g�b�r�_�f�h�� �h�q�_�d�b�\�Z�g�m�� ���g�h�j�f�Z�e�g�m���� �Z�e�l�_�j�g�Z�l�b�\�m �d�Z�h�� (6,7,6,7,7)NA , 
�^�h�d���Z�e�l�_�j�g�Z�l�b�\�m���i�h�k�e�_�^�ƒ�_���i�j�b�o�\�Z�l�‚�b�\�b�o���\�j�_�^�g�h�k�l�b �^�_�n�b�g�b�r�_�f�h���d�Z�h��(3,2,3,3,3)AA . 

�>�Z�‚�_�����f�h�`�_�f�h���^�Z���^�_�n�b�g�b�r�_�f�h: 
�A�Z����C1 : 

1(9,7,6,7,7)NIA , 

1(3,7,6,7,7).NAA

�A�Z�l�b�f�����i�h�j�_�{�_�ƒ�_�f���k�Z��NA  �b�f�Z�f�h��1 2�T �  �b��1 2�T � . 

�A�Z����C2 : 
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2(6,9,6,7,7)NIA , 

2(6,2,6,7,7).NAA

�A�Z�l�b�f�����i�h�j�_�{�_�ƒ�_�f���k�Z��NA  �b�f�Z�f�h 2 1,4�T � , 2 1,6�T � , �b 2 2,24.�T � 

�A�Z����C3 : 
3(6,7,9,7,7)NIA , 

3(6,7,3,7,7).NAA

�A�Z�l�b�f�����i�h�j�_�{�_�ƒ�_�f���k�Z NA �b�f�Z�f�h3 1,4�T � , 3 1,4�T � , �b��3 1,96.�T � 

�A�Z����C4 : 
4(6,7,6,9,7)NIA , 

4(6,7,6,3,7).NAA

�A�Z�l�b�f�����i�h�j�_�{�_�ƒ�_�f���k�Z NA �b�f�Z�f�h4 1,2�T � , 4 1,3�T � , �b��4 1,56.�T � 

�A�Z����C5 : 
5(6,7,6,7,9)NIA , 

5(6,7,6,7,3).NAA

�A�Z�l�b�f�����i�h�j�_�{�_�ƒ�_�f���k�Z NA �b�f�Z�f�h5 1,1�T � , 5 1,2�T � , �b��5 1,32.�T � 

�K�Z�^�Z�����g�Z�� �h�k�g�h�\�m���D�h�j�Z�d�Z��6 �f�h�`�_�f�h�� �^�Z�� �^�_�n�b�g�b�r�_�f�h�� �n�b�g�Z�e�g�_�� �\�j�_�^�g�h�k�l�b�� �l�_�`�b�g�k�d�b�o��
�d�h�_�n�b�p�b�•�_�g�Z�l�Z���i�j�_�f�Z���k�e�_�^�_�„�_�f���� 

1 0,3610W � , 

2 0,2022W � , 

3 0,1769W � , 

4 0,1408W � , 

5 0,1191W � . 

�M�d�h�e�b�d�h�� �[�b�k�f�h�� �d�h�j�b�k�l�b�e�b�� �f�h�^�_�e��[6] �d�h�j�b�k�l�b�e�b�� �[�b�� �\�j�_�^�g�h�k�l�b��1 1 2� T � T�  �  , 2 2 1,4,� T � T�  �   

3 3 1,4,� T � T�  �   4 4 1,2� T � T�  �   �b 5 5 1,1,� T � T�  �  �b�� �l�Z�d�h�� �[�b�k�f�h�� �^�h�[�b�e�b�� �l�_�`�b�g�k�d�_�� �d�h�_�n�b�p�b�•�_�g�l�_�� �i�j�_�f�Z��
�k�_�e�^�_�„�_�f: 

1 0,2817W � , 

2 0,1972W � , 

3 0,1972W � , 

4 0,1690W � , 

5 0,1549W � . 

�M�d�h�e�b�d�h���•�_���b�k�i�m�ƒ�_�g���m�k�e�h�\���^�Z���•�_��j j� T � T� �����a�Z���k�\�Z�d�h��1,2,...,� • � Q� ,  �l�Z�^�Z���i�j�b�f�_�g�h�f���h�[�Z���f�h�^�_�e�Z��

�^�h�[�b�•�Z�f�h���b�k�l�_���\�j�_�^�g�h�k�l�b���l�_�`�b�g�k�d�b�o���d�h�_�n�b�p�b�•�_�g�Z�l�Z. �K�e�b�q�g�h���•�_���b���d�Z�^�Z���•�_���b�k�i�m�ƒ�_�g���m�k�e�h�\���^�Z�����k�m��
�\�j�_�^�g�h�k�l�b��j�T �b j�T �•�_�^�g�Z�d�_�� �a�Z�� �k�\�Z�d�h��1,2,...,� • � Q� , �l�•����1 2 ... n�T �T �T� � � , �h�^�g�h�k�g�h�� 1 2 ... n�T �T �T� � � . 

�L�Z�^�Z�� �•�_��1 2 ... n�T �T �T� � � , �h�^�g�h�k�g�h��
1

jW
n

� �a�Z�� �k�\�Z�d�h��1,2,...,� • � Q� ���� �m�� �h�[�Z�� �k�e�m�q�Z�•�Z�� �M�� �h�k�l�Z�e�b�f��

�k�e�m�q�Z�•�_�\�b�f�Z���^�h�[�b�•�Z�f�h���j�Z�a�e�b�q�b�l�_���\�j�_�^�g�h�k�l�b���l�_�`�b�g�k�d�b�o���d�h�_�n�b�p�b�•�_�g�Z�l�Z��

4�� �A�:�D�4�M�Q�:�D

�M���h�\�h�f���j�Z�^�m���i�j�_�^�k�l�Z�\�‚�_�g�h���•�_���m�g�Z�i�j�_�{�_�ƒ�_���f�h�^�_�e�Z���a�Z���k�m�[�•�_�d�l�b�\�g�h���^�_�n�b�g�b�k�Z�ƒ�_���l�_�`�b�g�k�d�b�o
�d�h�_�n�b�p�b�•�_�g�Z�l�Z���d�j�b�l�_�j�b�•�m�f�Z���d�h�•�b���•�_���i�j�_�^�k�l�Z�\�‚�_�g���m��[6]. �H�k�g�h�\�g�Z���i�j�_�^�g�h�k�l���m�g�Z�i�j�_�{�_�ƒ�Z���d�h�•�_���•�_��
�i�j�_�^�k�l�Z�\�‚�_�g�h���m���h�\�h�f���j�Z�^�m���•�_���r�l�h���b�a�[�h�j�����g�h�j�f�Z�e�g�b�o���\�j�_�^�g�h�k�l�b�����h�^���k�l�j�Z�g�_���^�h�g�h�k�b�h�p�Z���h�^�e�m�d�_��
�g�_���m�l�b�q�_���g�Z���d�j�Z�•�ƒ�b���j�_�a�m�e�l�Z�l�����r�l�h���g�b�•�_���k�e�m�q�Z�•���f�_�l�h�^�h�f���^�Z�l�h�f���m���j�Z�^�m���>���@���� 

45



�M �i�j�_�^�k�l�Z�\�‚�_�g�h�f�� �f�h�^�_�e�m���h�^�e�m�q�m�•�m�„�m���m�e�h�]�m���a�Z�� �^�_�n�b�g�b�k�Z�ƒ�_�� �l�_�`�b�g�k�d�b�o�� �d�h�_�n�b�p�b�•�_�g�Z�l�Z��
�b�f�Z�•�m�� �b�^�_�Z�e�g�_�� �b�� �Z�g�l�b�� �b�^�_�Z�e�g�_�� �\�j�_�^�g�h�k�l�b�� �i�h�� �k�\�Z�d�h�f�� �d�j�b�l�_�j�b�•�m�f�m�����M�� �k�e�m�q�Z�•�m�� �d�Z�^�Z���b�f�Z�f�h�� �^�\�_��
���g�h�j�f�Z�e�g�_�� �\�j�_�^�g�h�k�l�b���� �i�h�� �g�_�d�h�f�� �d�j�b�l�_�j�b�•�m�f�m���� �i�j�b�� �q�_�f�m�� �•�_���•�_�^�g�Z�� �[�e�b�` �Z�� �b�^�_�Z�e�g�h�•�� �\�j�_�^�g�h�k�l�b, 
�Z�e�b�� �•�_�� �b �^�Z�‚�Z�� �h�^�� �Z�g�l�b�� �b�^�_�Z�e�g�_, �l�Z�^�Z�� �h�\�Z�� �\�j�_�^�g�h�k�l�b�� �i�h�d�Z�a�m�•�_�� �^�Z�� �•�_���m�^�Z�‚�_�g�h�k�l�� �h�^�� �b�^�_�Z�e�g�_��
�\�j�_�^�g�h�k�l�b���f�Z�ƒ�Z�����f�_�{�m�l�b�f �m�^�Z�‚�_�g�h�k�l���h�^���Z�g�l�b���b�^�_�Z�e�g�_ �\�j�_�^�g�h�k�l�b���•�_���\�_�„�Z�����M���^�j�m�]�h�f���k�e�m�q�Z�•�m���•�_��
�h�[�j�g�m�l�h�����h�^�g�h�k�g�h���m�^�Z�‚�_�g�h�k�l���h�^���b�^�_�Z�e�g�_���\�j�_�^�g�h�k�l�b���•�_���\�_�„�Z�����^�h�d���•�_���m�^�Z�‚�_�g�h�k�l���h�^���Z�g�l�b���b�^�_�Z�e�g�_��
�\�j�_�^�g�h�k�l�b���f�Z�ƒ�Z�����G�Z���h�k�g�h�\�m���l�h�]�Z���^�h�[�b�•�Z�f�h���^�Z���•�_���i�j�h�b�a�\�h�^���\�j�_�^�g�h�k�l�b���d�h�•�b���i�h�d�Z�a�m�•�_���m�^�Z�‚�_�g�h�k�l��
�b�a�f�_�{�m�� �b�^�_�Z�e�g�_�� �b�� �Z�g�l�b�� �b�^�_�Z�e�g�_�� �\�j�_�^�g�h�k�l�b�� �b�k�l�Z �m�� �h�[�Z�� �k�e�m�q�Z�•�Z�� �L�Z�^�Z�� �i�j�b�f�_�g�h�f�� �g�h�\�h�]�� �f�h�^�_�e�Z��
�^�h�[�b�•�Z�f�h�� �b�k�l�m�� �\�j�_�^�g�h�k�l�� �l�_�`�b�g�k�d�h�]�� �d�h�_�n�b�p�b�•�_�g�l�Z�� �m�� �h�[�Z�� �k�e�m�q�Z�•�Z���� �^�h�d�� �k�_�� �m�� �f�h�^�_�e�m��[6] �^�h�[�b�•�Z��
�\�_�„�_���\�j�_�^�g�h�k�l���l�_�`�b�g�k�d�h�]���d�h�_�n�b�p�b�•�_�g�l�Z���a�Z���d�j�b�l�_�j�b�•�m�f���d�h�•�b���•�_���[�e�b�`�b���b�^�_�Z�e�g�h�•���\�j�_�^�g�h�k�l�b�� 

�I�h�r�l�h�� �k�_�� �\�_�„�b�g�Z�� �\�b�r�_�d�j�b�l�_�j�b�•�m�f�k�d�b�o�� �f�h�^�_�e�Z�� �i�j�b�f�_�ƒ�m�•�_�� �m�� �^�b�g�Z�f�b�q�d�h�f�� �h�d�j�m�`�_�ƒ�m�� �b�� �h�^��
�ƒ�b�o���k�_���a�Z�o�l�_�\�Z���h�[�j�Z�^�Z���g�_�b�a�\�_�k�g�b�o���b���g�_�i�h�l�i�m�g�b�o���b�g�n�h�j�f�Z�p�b�•�Z�����i�j�Z�\�p�_���[�m�^�m�„�b�o���b�k�l�j�Z�`�b�\�Z�ƒ�Z��
�i�h�l�j�_�[�g�h�� �•�_�� �m�k�f�_�j�b�l�b�� �i�j�_�f�Z�� �i�j�h�r�b�j�_�ƒ�m�� �i�j�_�^�k�l�Z�\�‚�_�g�_�� �f�_�l�h�^�h�e�h�]�b�•�_�� �m�� �n�Z�a�b�� �h�d�j�m�`�_�ƒ�m����
�I�h�r�l�h�� �•�_�� �n�Z�a�b�� �l�_�h�j�b�•�Z��[7] �m�� �i�h�k�e�_�^�ƒ�b�o�� �g�_�d�h�e�b�d�h�� �]�h�^�b�g�Z�� �^�h�`�b�\�_�e�Z�� �[�j�h�•�g�_�� �i�j�h�r�b�j�_�ƒ�Z�� �d�j�h�a��
�[�j�h�•�g�_���]�_�g�_�j�Z�e�b�a�Z�p�b�•�_���n�Z�a�b���k�d�m�i�h�\�Z�����i�j�Z�\�p�_���[�m�^�m�„�b�o���b�k�l�j�Z�`�b�\�Z�ƒ�Z���g�_���l�j�_�[�Z���e�b�f�b�l�b�j�Z�l�b���k�Z�f�h��
�g�Z���i�j�h�r�b�j�_�ƒ�_���m���l�j�Z�^�b�p�b�h�g�Z�e�g�h�f���n�Z�a�b���^�h�f�_�g�m�����\�_�„���b���d�j�h�a���]�_�g�_�j�Z�e�b�a�Z�p�b�•�_���n�Z�a�b���l�_�h�j�b�•�_�� 
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Abstract: In this paper we address the non-linear multiple objective optimization problem, and present a simple
methodology for tuning the hyper parameters within a solution algorithm proposed in the recent literature. Our
goal is to improve the quality of the generated Pareto fronts for certain instances recalled from well known
benchmarks. Discussions and illustrations of the obtained improvements are also included in the paper.

Keywords: multiple objective optimization, nonlinear optimization, pattern ef�cient Pareto front

1. Introduction

The multiple objective optimization (MOO) problem is widely studied in the literature. Detailed explanations
on non-linear MOO problems can be found in [7]. Das and Dennis [1] addressed the challenge of minimizing
weighted sums of objectives when generating a Pareto set, identifying pitfalls and providing several examples
of convex Pareto curves showing that an uneven distribution of weights can correspond to an even spread of
points on those Pareto curves. A solution approach to MOO problems that combines the classic weighted sum
and epsilon constraints methods was recently proposed in the literature [8], and found its applicability in [5]
and [6]. Within this approach two hyper parameters can be adjustable to provide an even distribution of the
non-dominated vectors along the Pareto front. We aim to �nd the speci�c values of these parameters that provide
the best performances for the qualitative metrics inverted generational distance (IGD) and Hyper Volume (HV).

The paper is structured as follows: Section 2 provides the problem formulation; Section 3 presents the
methodology we propose to tuning the hyper parameters; and Section 4 reports some numerical results. The
�nal conclusion and directions for further researches are provided in Section 5.

2. Problem formulation

We observe the optimization Problem (1) withmobjective functions

max
x2X

( f1(x); :::; fm(x)) (1)

whereX is the feasible set de�ned byf x 2 Rn : Ax � b;b 2 Rmg. Any x 2 X is called feasible solution. Letf (x)
be the vector of real values( f1(x); f2(x); :::; fm(x)) for anyx 2 X.

A feasible solutionbx is called ef�cient or Pareto optimal if there is no otherx 2 X such that8i 2 f 1; : : : ;mg
fi(x) � fi(bx) and for at least onej 2 f 1; : : : ;mg f j (x) > f j (bx).

If bx is ef�cient solution thenf (bx) is called non-dominated vector. Ifx1;x2 2 X such thatx1 6= x2 and
8i f 1; : : : ;mg 2 fi

�
x1

�
� fi

�
x2

�
we say that the vectorf

�
x1

�
dominates the vectorf

�
x2

�
. The set of all non-

dominated vectors of a MOO problem will be called the Pareto front of the problem. We will call a feasible
solutionbx 2 X weakly ef�cient (or weakly Pareto optimal) if there is no otherx 2 X such thatfk(x) > fk(bx); for
all k = 1; :::;m. See [4] for more details.

Value fk(x� ) = max
x2X

fk(x) is the marginal value of thek-th objective within Problem (1). The non-dominated

vectors that contain at least one marginal value among its components is called a marginal non-dominated vector
to Problem (1).
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The main methods used to approach MOO problems are the weighted sum method (WSM) and the epsilon
constraints method (ECM). They are brie�y presented below.

WSM applied to the MOO problem (1) consists in solving the single objective problem

max
x2X

m

å
k= 1

ck fk(x) (2)

whose objective is obtained by aggregating the original objectives. Optimal solutions provided by WSM
applied to MOO problems with positive weights (scalars)(c1;c2; :::;cm) are always ef�cient. Under convexity
assumptions all ef�cient solutions are optimal solutions of weighted sum problem with positive weights. Despite
being easy to implement, the weakness of WSM is in the fact that it is able to derive only supported non-
dominated points. If the Pareto front of an MOO problem has non-convex parts then WSM will identify only the
non-dominated vectors that lie on the frontier of the non-convex part. As a consequence, many non-dominated
vectors will remain undetected.

The epsilon constraints method is able to identify non-supported non-dominated vectors but for a higher
number of objectives its implementation becomes cumbersome. Within ECM there is no aggregation of criteria.
Instead of that, only one of the original objectives is maximized, and all others are transformed to constraints.
We may substitute the MOO Problem (1) by the epsilon constraint problem

max
x2X

s.t.fk(x)� ek;k6=j

f j (x); (3)

e2 Rm.
More or less all other solution approaches to MOO problems are essentially related to WSM and/or ECM.
Recently, the Patern Ef�cient Solution Algorithm (PESA) method was proposed in [8]. It introduced the

Targeted Directional Model (TDM) – an optimization model that is an aggregation of the models used in WSM
and ECM. TDM is described by

max

(

å
i2M

ci fi (x)+ p0z+ q0å
i2 M

ci
�

fi (x) � zy0
i

�
jx 2 X; fi (x) � zy0

i ; i 2 M;z � 0

)

: (4)

We may observe Model (4) in the criterion space with coef�cients in uni�ed form, i.e. as

max

(

(1+ q0) å
i2M

ciyi +

 

p0 � q0å
i2M

ciy0
i

!

zjy 2 Y;yi � zy0
i ; i 2 M;z � 0

)

: (5)

PESA has a pair of hyper-parameters (p andq) that are adjustable through the multipliersmult pandmultq,
and can be used to control the behavior and the performances of the algorithm. Our goal is to obtain a �ne
tuning of these hyper parameters for several instances recalled from the literature.

3. Hyper parameters tuning with respect to the performance metrics IGD and hyper volume

We use grid and random search as hyperparameters-tuning techniques within our experiments.
By a grid search we systematically vary the values of the hyperparameters within a given grid, run PESA for

each combination evaluating its performances, and then select the values that best �t to the given problem.
Based on similar principles, the random search selects the values of the hyperparameters randomly on each

iteration, instead of passing through all grid nodes.
To evaluate quality of front we will use Hypervolume (HV) and Inverted Generational Distance (IGD).

Hypervolume measures the volume (area, in the bi-objective case) of the objective space that is dominated by
the obtained front. The goal is to reach higher HV for obtained front.

Inverted Generational Distance has been widely considered as a trusty performance indicator. It calculates
the average distance from uniformly distributed points along the Pareto front (P� ) to discrete Pareto front
approximation,A.

IGD(A;P� ) =
å

v2P�
d(v;A)

jP� j
; (6)
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Table 1: Details on the test instances used in the experiments

Name m n Search space Instance description

ZDT1 2 30 [0;1]n

min f1 (x) = x1;
min f2 (x) = g(x) � h( f1 (x) ;g(x)) ;
where g(x) = 1+ 9

29 å 30
i= 2xi

h( f1 (x) ;g(x)) = 1�
q

f1(x)
g(x)

ZDT2 2 30 [0;1]n

min f1 (x) = x1;
min f2 (x) = g(x) � h( f1 (x) ;g(x)) ;
where g(x) = 1+ 9

29 å 30
i= 2xi

h( f1 (x) ;g(x)) = 1�
�

f1(x)
g(x)

� 2

DTLZ7 2 2 [0;1]n

min f1 (x) = x1;
min f2 (x) = x2;
...

...
min fm� 1 (x) = xm� 1;
min fm(x) = ( 1+ g(xM)) h( f1; : : : ; fm� 1;g) ;

where g(xM) = 1+ 9
jxM j

n

å
i= m

xi ;

h( f1; : : : ; fm� 1;g) = m�
m� 1

å
i= 1

�
fi (1+sin(3pfi ))

1+g

�
;

xM = ( xm; : : : ;xn) :

d(v;A) is minimal distance betweenv and points inA in Euclidean sense. In some studies on many-objective
problems, only the IGD indicator was used due to a large computation load of HV calculation. However, the
IGD indicator is not Pareto compliant. This means that a better solution set in terms of the Pareto dominance
relation can be evaluated as being worse. The goal is to achieve lower value of IGD.

We propose a method to tune the hyper parameters, aiming to improve the performances of PESA reported
in the literature for certain MOO instances listed in Table 1.

Our method is brie�y presented in Figure 1. The inputs are the ranges for the adjustable parametersmult p
andmultqand instance's data, while the outputs are the pairs(igd_p;igd_q) (hv_p;hv_q)that derive the best
values for the performance metrics over the given grid.

Figure 1 Grid search algorithm to obtain a �ne tuning of the hyper parameters

The non-dominated vectors belonging to the reference Pareto fronts of the test instances were obtained using
the JMetal framework for multi-objective optimization with meta-heuristics [3] and can be found at the web
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address ”http://jmetal. sourceforge.net/problems.html”.

4. Numerical illustration

To illustrate our solution algorithm we recall several instances from the literature and report our numerical
results obtained with the grid search algorithm. All experiments were carried out on instances with two objective
functions.

First two examples, ZDT1 and ZDT2, are taken from [9]. An even distribution of the generated non-
dominated vectors along the reference Pareto front can be seen Figure 2. The algorithm was set to15 iterations
for both instances. The values of the hyper parameters weremult p= 10 andmultq= 0:5 for ZDT1; and

Figure 2 Pattern ef�cient sets of non-dominated vectors obtained for the instances ZDT1 and ZDT2

mult p= 10andmultq= 1 for ZDT2. So far, the minimal value of the IGD metric and the maximal value of the
HV metric were obtained for the same combination of the hyper parameters.

Figure 3 The set of non-dominated vectors obtained for ZDT1 in 200 iterations (to the left) and for ZDT2 in
500 iterations (to the right)

The non-dominated vectors obtained after 200 and 500 iterations for ZDT1 and ZDT2, respectively are
graphed in Figure 3.

In what follows we provide a detailed analysis of the results obtained for ZDT2, since for this instance we
obtained improved values for the IGD metric comparing to those reported in the literature. The experiments
were conducted using Python 3.11.7, with optimization performed using the Baron Solver in AMPL. The results
reported in Table 2: are compared to the reference values from [8].

Empirically we concluded that for ZDT2 the worst values of IGD and HV were obtained for higher values of
multq. Based on the previous experiments, we tried to get better values for IGD by randomly selectingmult p
from the interval[10;50], andmultqfrom the interval[0:05;0:2].

Figure 6 shows how IGD and HV metric values vary with respect tomultqfor �xed values ofmult pand 200
iterations.

The third example, DTLZ7, has a disconnected Pareto front and it is recalled from [2]. The well spread set
of generated non-dominated vectors after50 iterations obtained formult p= 10andmultq= 0:2 together with
the best generated Pareto front obtained after 1000 iterations are shown in Figure 5.
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Table 2: Best found IGD and HV values and their correspondingmult p and multq obtained for ZDT2
(m= 2;n = 30) and given number of iterations. Last row reports the values from the literature relevant for
comparison

# it. Minimal IGD mult p multq Remark # it. Maximal HV mult p multq
15 2.407e-2 5 0.1 grid search 15 0.638161 20 0.5
63 5.949e-3 10 0.2 grid search 63 0.661195 50 0.05

200 1.895e-3 50 0.05 grid search 200 0.666184 50 0.05
500 7.696e-4 10 1 grid search 500 0.667723 50 0.05
500 7.710e-4 44 0.09965 random search 500 0.667723 45 0.10266
500 7.818e-4 100 1 reference [8]

Figure 4 ZDT2: the variation of IGD and HV metric values with respect tomultq

Table 3: reports our results obtained for various combinations of the hyper parametersmult pandmultq
applied on DTLZ7 instance. Each considered pair of the hyper parameters was best obtained for the �xed
number of iterations. Note the values of the IGD metric obtained for 1000 iterations: the grid search provided a
beter tuning of the hyper parameters, thus the IGD value decreased in comparition with its value reported in the
literature. In fact, the hyper parametrs were tuned for 50 iterations and then used in a run of PESA with 1000
iterations.

Several conclusions can be drawn based on these experiments:
a pair of values that provides best IGD and/or HV metric values for a small number of iterations not
necessarily provides the best IGD and HV values for a greater number of iterations;
very often the best values of IGD and HV are obtained for the same pair of values(mult p;multq); and
a grid search approach for tuning the hyper parameters of PESA brings consistent improvements to the
quality of the Pareto front generated by PESA.

Figure 5 DTLZ7: the well spread Pareto front obtained withmult p= 1 andmultq= 0:001and 50 iterations (to
the left) and the best generated Pareto front obtained withmult p= 3:5 andmultq= 0:6677in 1000 iterations
(to the right)
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Table 3: Best found IGD and HV values and their correspondingmult p andmultq obtained for DTLZ7
(m = 2;n = 2) and given number of iterations. Last row reports the values from the literature relevant for
comparison

# it. Minimal IGD mult p multq Remark # it. Maximal HV mult p multq
50 3.297e-2 2.6 0.001 grid search 50 0.55451 2.4 0.54645
50 3.287e-2 2 0.72827 grid search 50 0.55453 2 0.72827

1000 1.973e-2 3.5 0.6677 grid search 1000 0.5568 3.5 0.6677
1000 1.653e-2 3.5 0.6374 grid search 1000 0.55801 3.5 0.6374
1000 4.389e–2 10 0.2 reference [8]

Figure 6 DTLZ7: the variation of IGD and HV metric values with respect tomultq

5. Conclusion and further researches

We employed two algorithms based on a grid search and random search, respectively to tune the hyper parameters
of the solution algorithm PESA [8] to improve the quality of the generated Pareto fronts for the bi-objective
instances ZDT1, ZDT2 and DTLZ7.

Within this study the results of some initial analysis were reported. So far, by a better tuning of the hyper
parameters we succeeded to decrease the value of the IGD metric for the instances ZDT2 and DTLZ7 keeping
the same number of iterations comparing to the values reported in the literature. We also provided an empiric
description of the dependency of the IGD and HV metric values with respect to the hyper parametersmult pand
multq.

We aim to continue the experiments, by increasing the number of iterations within the proposed solution
algorithm and approaching a wider class of instances.
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Abstract: The Analytical Hierarchy Process (AHP) is an effective method for decision support, which is 
increasingly being used in solving traffic problems. The method is based on the principles of multi-criteria 
decision-making, where the most favorable is chosen from the available alternatives, based on previously 
defined decision-making criteria. In this paper, the application of AHP methods for ranking �� determination 
of parameter weights of public urban passenger transport lines is presented. 

 Keywords: The Analytical Hierarchy Process , Parameter weights, Public urban passenger transport. 

�������M�<�H�> 

�N�m�g�d�p�b�h�g�b�k�Z�ƒ�_�� �m�j�[�Z�g�b�o�� �k�j�_�^�b�g�Z�� �g�_�a�Z�f�b�k�e�b�\�h�� �•�_�� �[�_�a�� �k�b�k�l�_�f�Z�� �•�Z�\�g�h�]�� �]�j�Z�^�k�d�h�]�� �i�j�_�\�h�a�Z��
�i�m�l�g�b�d�Z�� ���3�=�I�I������ �I�j�h�b�a�\�h�^�g�b�� �i�j�h�p�_�k�� �3�=�I�I�� �q�b�g�_�� �^�\�_�� �n�Z�a�_���� �h�i�_�j�Z�l�b�\�g�Z�� �l�•���� �j�_�Z�e�b�a�Z�p�b�•�Z�� �b��
�i�e�Z�g�k�d�Z�����d�h�•�Z���i�j�_�^�k�l�Z�\�‚�Z���m�e�Z�a���a�Z���h�i�_�j�Z�l�b�\�g�m���n�Z�a�m���Z���k�Z�k�l�h�•�b���k�_���h�^���i�j�h�•�_�d�l�h�\�Z�ƒ�Z���f�j�_�`�_���e�b�g�b�•�Z����
�j�_�^�Z���\�h�`�ƒ�_�����l�Z�j�b�n�g�h�]���k�b�k�l�_�f�Z�����k�b�k�l�_�f�Z���g�Z�i�e�Z�l�_���b���^�j�����>�_�n�b�g�b�k�Z�ƒ�_���i�Z�j�Z�f�_�l�Z�j�Z���e�b�g�b�•�Z���3�=�I�I���m��
�p�b�‚�m�� �ƒ�b�o�h�\�_�� �d�Z�l�_�]�h�j�b�a�Z�p�b�•�_�� �j�Z�^�b�� �h�^�j�_�{�b�\�Z�ƒ�Z�� �ƒ�b�o�h�\�_�� �p�_�g�_�� �d�h�r�l�Z�ƒ�Z�� �•�_�� �^�_�h�� �i�e�Z�g�k�d�_�� �n�Z�a�_��
�i�h�f�_�g�m�l�h�]���i�j�h�p�_�k�Z���� 

�I�j�_�^�f�_�l�� �h�\�h�]�� �j�Z�^�Z�� �•�_�� �h�^�j�_�{�b�\�Z�ƒ�_�� �l�_�`�b�g�_�� �i�Z�j�Z�f�_�l�Z�j�Z�� �e�b�g�b�•�Z�� �3�=�I�I�� �b�� �m�� �l�m�� �k�\�j�o�m�� �•�_��
�d�h�j�b�r�„�_�g�� �Z�g�Z�e�b�l�b�q�d�b�� �o�b�•�_�j�Z�j�o�b�•�k�d�b�� �i�j�h�p�_�k �d�Z�h�� �•�_�^�Z�g�� �h�^�� �g�Z�•�a�Z�k�l�m�i�‚�_�g�b�•�b�o���f�_�l�h�^�Z 
�\�b�r�_�d�j�b�l�_�j�b�•�m�f�k�d�_�� �Z�g�Z�e�b�a�_���a�Z�� �^�h�g�h�r�_�ƒ�_�� �h�^�e�m�d�Z�� �g�Z�� �b�g�^�b�\�b�^�m�Z�e�g�h�f�� �b�� �]�j�m�i�g�h�f�� �g�b�\�h�m����
�?�d�k�i�_�j�l�k�d�m�� �]�j�m�i�_�� �k�m�� �k�Z�q�b�ƒ�Z�\�Z�e�Z�� �^�_�k�_�l�h�j�b�p�Z�� �^�h�g�h�k�b�e�Z�p�Z�� �h�^�e�m�d�Z�� ���>�H���� �b�a�� �h�[�e�Z�k�l�b��
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�k�Z�h�[�j�Z�„�Z�•�g�h�]���b�g�`�_�ƒ�_�j�k�l�\�Z�����m�`�_���k�i�_�p�b�•�Z�e�b�a�h�\�Z�g�b�o���a�Z���h�[�e�Z�k�l���•�Z�\�g�h�]���]�j�Z�^�k�d�h�]���i�j�_�\�h�a�Z���i�m�l�g�b�d�Z����
�K�b�g�l�_�a�Z���b�g�^�b�\�b�^�m�Z�e�g�b�o�� �h�^�e�m�d�Z���b�a�\�j�r�_�g�Z�� �•�_�� �g�Z�d�g�Z�^�g�h �f�_�l�h�^�h�f���h�k�j�_�^�ƒ�Z�\�Z�ƒ�Z�� �i�j�_�d�h��
�]�_�h�f�_�l�j�b�•�k�d�b�o���k�j�_�^�b�g�Z��(Geometric Mean Method �� GMM).  

2. AHP �H�>�E�M�Q�B�<�:�5�?

�F�_�l�h�^�m���$�+�3�� �•�_���j�Z�a�\�b�h Tomas Saaty �i�h�q�_�l�d�h�f�� �k�_�^�Z�f�^�_�k�_�l�b�o�� �]�h�^�b�g�Z�� �^�\�Z�^�_�k�_�l�h�]�� �\�_�d�Z.
�F�_�l�h�^���•�_�����Z�g�Z�e�b�l�b�q�d�b�����b�����o�b�•�_�j�Z�j�o�b�•�k�d�b�����•�_�j���^�h�g�h�k�b�e�Z�p���h�^�e�m�d�_���j�Z�a�e�Z�`�_���i�j�h�[�e�_�f���h�^�e�m�q�b�\�Z�ƒ�Z��
�g�Z���\�b�r�_���_�e�_�f�_�g�Z�l�Z���h�^�e�m�q�b�\�Z�ƒ�Z���b�a�f�_�{�m���d�h�•�b�o���m�k�i�h�k�l�Z�\�‚�Z���o�b�•�_�j�Z�j�o�b�•�m�����O�b�•�_�j�Z�j�o�b�•�Z���i�j�h�[�e�_�f�Z��
�h�^�e�m�q�b�\�Z�ƒ�Z���b�f�Z���g�_�d�h�e�b�d�h���g�b�\�h�Z�����p�b�‚�� �d�j�b�l�_�j�b�•�m�f�_�����i�h�^�d�j�b�l�_�j�b�•�m�f�_���b���Z�e�l�_�j�g�Z�l�b�\�_�� 

�I�h�k�e�_�� �n�h�j�f�b�j�Z�ƒ�Z�� �o�b�•�_�j�Z�j�o�b�•�_�� �^�h�g�h�k�b�e�Z�p�� �h�^�e�m�d�Z�� �i�h�j�_�^�b�� �m�� �i�Z�j�h�\�b�f�Z�� �_�e�_�f�_�g�l�_�� �g�Z�� �^�Z�l�h�f��
�g�b�\�h�m�� �o�b�•�_�j�Z�j�o�b�•�_�� �m�� �h�^�g�h�k�m�� �g�Z�� �k�\�_�� �_�e�_�f�_�g�l�_�� �g�Z�� �\�b�r�_�f�� �g�b�\�h�m���� �d�Z�d�h�� �[�b�� �k�_�� �h�^�j�_�^�b�h�� �ƒ�b�o�h�\��
�f�_�{�m�k�h�[�g�b�� �a�g�Z�q�Z�•���� �M�� �k�l�Z�g�^�Z�j�^�g�h�f�� �$�+�3�� �_�e�_�f�_�g�l�b�� �k�_�� �i�h�j�_�^�_�� �^�Z�\�Z�ƒ�_�f�� �e�b�g�]�\�b�k�l�b�q�d�b�o��
���k�_�f�Z�g�l�b�q�d�b�o���� �h�p�_�g�Z�� �f�_�{�m�k�h�[�g�h�]�� �a�g�Z�q�Z�•�Z�� �m�� �h�^�g�h�k�m�� �g�Z�� �_�e�_�f�_�g�l�� �g�Z�� �\�b�r�_�f�� �g�b�\�h�m�� �o�b�•�_�j�Z�j�o�b�•�_��
�i�h�f�h�„�m���6�D�D�W�\���± �•�_�\�_���k�d�Z�e�_���b�a���l�Z�[�_�e�_������[4].  

�L�Z�[�_�e�Z��1: Saaty �± �•�_�\�Z���k�d�Z�e�Z 

�>�_�n�b�g�b�p�b�•�Z �;�j�h�•�q�Z�g�Z���\�j�_�^�g�h�k�l����ija ) 

�:�i�k�h�e�m�l�g�Z���^�h�f�b�g�Z�g�l�g�h�k�l���_�e�_�f�_�g�l�Z i �g�Z�^���_�e�_�f�_�g�l�h�f��j 9 
�<�j�e�h���•�Z�d�Z���^�h�f�b�g�Z�g�l�g�h�k�l���_�e�_�f�_�g�l�Z��i �g�Z�^���_�e�_�f�_�g�l�h�f��j 7 
�3�Z�d�Z���^�h�f�b�g�Z�g�l�g�h�k�l���_�e�_�f�_�g�l�Z i �g�Z�^���_�e�_�f�_�g�l�h�f �• 5 
�K�e�Z�[�Z���^�h�f�b�g�Z�g�l�g�h�k�l���_�e�_�f�_�g�l�Z i �g�Z�^���_�e�_�f�_�g�l�h�f j 3 
�B�k�l�b���a�g�Z�q�Z�•���_�e�_�f�_�g�l�Z i �b���_�e�_�f�_�g�l�Z j 1 
�K�e�Z�[�Z���^�h�f�b�g�Z�g�l�g�h�k�l���_�e�_�f�_�g�l�Z j �g�Z�^���_�e�_�f�_�g�l�h�f i 1/3 
�3�Z�d�Z���^�h�f�b�g�Z�g�l�g�h�k�l���_�e�_�f�_�g�l�Z j �g�Z�^���_�e�_�f�_�g�l�h�f i 1/5 
�<�j�e�h���•�Z�d�Z���^�h�f�b�g�Z�g�l�g�h�k�l���_�e�_�f�_�g�l�Z j �g�Z�^���_�e�_�f�_�g�l�h�f i 1/7 
�:�i�k�h�e�m�l�g�Z���^�h�f�b�g�Z�g�l�g�h�k�l���_�e�_�f�_�g�l�Z j �g�Z�^���_�e�_�f�_�g�l�h�f i 1/9 
(�F�_�{�m�\�j�_�^�g�h�k�l�b�� (2,4,6,8) 

�D�Z�^�Z���^�h�g�h�k�b�e�Z�p���h�^�e�m�d�_ �g�Z���^�Z�l�h�f�� �g�b�\�h�m���o�b�•�_�j�Z�j�o�b�•�_�� �\�j�_�^�g�m�•�_ n �_�e�_�f�_�g�Z�l�Z���h�^�e�m�q�b�\�Z�ƒ�Z���m��
�h�^�g�h�k�m�� �g�Z�� �g�Z�^�j�_�{�_�g�b�� �_�e�_�f�_�g�l�� �i�j�_�f�Z�� �k�d�Z�e�b�� �b�a�� �l�Z�[�_�e�_��1, �ƒ�_�]�h�\�_�� �k�_�f�Z�g�l�b�q�d�_�� �h�p�_�g�_�� �i�j�_�f�Z��
�^�_�n�b�g�b�p�b�•�Z�f�Z���b�a�� �e�_�\�_�� �d�h�e�h�g�_���k�_�� �[�j�h�•�q�Z�g�h���i�j�b�d�Z�a�m�•�m���\�j�_�^�g�h�k�l�b�f�Z���b�a�� �^�_�k�g�_���d�h�e�h�g�_���b�� �m�g�h�k�_���m��
�d�\�Z�^�j�Z�l�g�m���f�Z�l�j�b�p�m��A ���� �F�Z�l�j�b�p�Z���•�_�� �i�h�a�b�l�b�\�g�Z���b�� �j�_�p�b�i�j�h�q�g�Z�����k�b�f�_�l�j�b�q�g�Z���m���h�^�g�h�k�m���g�Z���]�e�Z�\�g�m��
�^�b�•�Z�]�h�g�Z�e�m������ �>�j�m�]�b�f���j�_�q�b�f�Z���� �_�e�_�f�_�g�l�b�� �b�a�� �]�h�j�ƒ�_�]�� �k�m�� �j�_�p�b�i�j�h�q�g�b�� �_�e�_�f�_�g�l�b�f�Z�� �b�a�� �^�h�ƒ�_�]��
�l�j�h�m�]�e�Z�� �f�Z�l�j�b�p�_���� �Z�� �_�e�_�f�_�g�l�b�� �g�Z�� �]�e�Z�\�g�h�•�� �^�b�•�Z�]�h�g�Z�e�b�� �•�_�^�g�Z�d�b�� �k�m�� ���� ��1� ij ija a ���� �a�Z�� �k�\�Z�d�h��i �b��j ; 

1� iia  �a�Z���k�\�Z�d�h��i �������j�_�e�Z�p�b�•�Z������[4]. 
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(1) 

�:�d�h�� �k�_�� �d�h�j�b�k�l�b�� �k�l�Z�g�^�Z�j�^�g�Z��Saaty �± �•�_�\�Z �k�d�Z�e�D���� �h�g�^�Z�� �k�\�Z�d�h��ija �f�h�`�_ �^�Z �b�f�Z �•�_�^�g�m�� �h�^�� ������

�\�j�_�^�g�h�k�l�b�� �b�a�� �^�b�k�d�j�_�l�g�h�]�� �b�g�l�_�j�\�Z�e�Z�� �>�����������@���� �H�^�j�_�{�b�\�Z�ƒ�_�� �l�_�`�b�g�Z�� �i�h�j�_�{�_�g�b�o�� �_�e�_�f�_�g�Z�l�Z�� �g�Z��
�h�k�g�h�\�m�� �[�j�h�•�q�Z�g�b�o�� �\�j�_�^�g�h�k�l�b�� �b�a�� �f�Z�l�j�b�p�_��A  �k�_�� �g�Z�a�b�\�Z�� �i�j�b�h�j�b�l�b�a�Z�p�b�•�Z���� �I�j�b�h�j�b�l�b�a�Z�p�b�•�Z��
�i�j�_�^�k�l�Z�\�‚ �Z�� �i�j�h�p�_�k�� �h�^�j�_�{�b�\�Z�ƒ�Z���\�_�d�l�h�j�Z���i�j�b�h�j�b�l�_�l�Z���� ��� 

T

1 nw w ,...,w �b�a�� �f�Z�l�j�b�p�_��A ���� �]�^�_ �•�_ �k�\�Z�d�h

0�!iw �b���\�Z�`�b�� �^�Z�� �•�_��
1

1.
� 

� �¦
n

i
i

w �I�h�k�l�h�•�b�� �\�b�r�_�� �f�Z�l�j�b�q�g�b�o�� �b�� �h�i�l�b�f�b�a�Z�p�b�h�g�b�o�� �f�_�l�h�^�Z��

�i�j�b�h�j�b�l�b�a�Z�p�b�•�_, �Z�� �m���h�\�h�f�� �j�Z�^�m�� �•�_�� �a�[�h�]�� �k�\�h�•�_���•�_�^�g�h�k�l�Z�\�g�h�k�l�b�� �b�� �m�q�_�k�l�Z�e�h�k�l�b�� �d�h�j�b�r�„�_�ƒ�Z����
�d�h�j�b�r�„�_�g���f�_�l�h�^���Z�^�b�l�b�\�g�_���g�h�j�f�Z�e�b�a�Z�p�b�•�_����additive normalization method �� AN). �>�Z���[�b���k�_���^�h�[�b�h��
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�\�_�d�l�h�j���i�j�b�h�j�b�l�_�l�Z w  �^�h�\�h�‚ �g�h���•�_���i�h�^�_�e�b�l�b���k�\�Z�d�b���_�e�_�f�_�g�l���b�a���^�Z�l�_���d�h�e�h�g�_���f�Z�l�j�b�p�_��A  �a�[�b�j�h�f��
�_�e�_�f�_�g�Z�l�Z���l�_���d�h�e�h�g�_�����g�h�j�f�Z�e�b�a�Z�p�b�•�Z�������a�Z�l�b�f���k�Z�[�j�Z�l�b���_�e�_�f�_�g�l�_���m���k�\�Z�d�h�•���\�j�k�l�b���b���g�Z���d�j�Z�•�m���k�\�Z�d�b��
�^�h�[�b�•�_�g�b���a�[�b�j���i�h�^�_�e�b�l�b���k�Z���j�Z�g�]�h�f���f�Z�l�j�b�p�_��n �����H�\�Z�• �i�h�k�l�m�i�Z�d���h�i�b�k�Z�g���•�_���j�_�e�Z�p�b�•�Z�f�Z�������b������[4]: 
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(3) 

�G�Z���h�k�g�h�\�m���\�j�_�^�g�h�\�Z�ƒ�Z���� �h�^�Z�[�j�Z�g�b�f�� �f�_�l�h�^�h�f�� �i�j�b�h�j�b�l�b�a�Z�p�b�•�_�� �k�_���h�^�j�_�{�m�•�m���e�h�d�Z�e�g�_���l�_�`�b�g�_��
�_�e�_�f�_�g�Z�l�Z�� �h�^�e�m�q�b�\�Z�ƒ�Z���� �Z�� �k�b�g�l�_�a�h�f���� �h�^�g�h�k�g�h�� �Z�^�b�l�b�\�g�h�f�� �k�b�g�l�_�a�h�f���� �k�_�� �g�Z���d�j�Z�•�m�� �h�^�j�_�{�m�•�m��
�l�_�`�b�g�_���Z�e�l�_�j�g�Z�l�b�\�Z���g�Z���g�Z�•�g�b�`�_�f���g�b�\�h�m���m���h�^�g�h�k�m���g�Z���_�e�_�f�_�g�l���g�Z���g�Z�•�\�b�r�_�f���g�b�\�h�m�����p�b�‚ �������q�b�f�_��
�k�_���a�Z�\�j�r�Z�\�Z���b�g�^�b�\�b�^�m�Z�e�g�h���h�^�e�m�q�b�\�Z�ƒ�_���i�h�f�h�„�m��AHP�����:�^�b�l�b�\�g�Z���k�b�g�l�_�a�Z���•�_���^�Z�l�Z���j�_�e�Z�p�b�•�h�f������ 

� �¦i j ij
j

u w d (4) 

�]�^�_���•�_�� 
�ƒ iu �� �d�h�g�Z�q�g�b�����]�e�h�[�Z�e�g�b�����i�j�b�h�j�b�l�_�l���Z�e�l�_�j�g�Z�l�b�\�_��i ,

�ƒ jw �� �l�_�`�b�g�Z���d�j�b�l�_�j�b�•�m�f�Zj , 

�ƒ ijd �� �e�h�d�Z�e�g�Z���l�_�`�b�g�Z���Z�e�l�_�j�g�Z�l�b�\�_��i  �m���h�^�g�h�k�m���g�Z���d�j�b�l�_�j�b�•�m�fj [4]. 
�I�h�j�_�^�� �f�_�l�h�^�Z�� �i�j�b�h�j�b�l�b�a�Z�p�b�•�_���� �•�_�^�g�Z�� �h�^�� �[�b�l�g�b�o�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z��AHP �•�_�� �^�Z���k�_���g�Z�� �k�\�b�f��

�g�b�\�h�b�f�Z�� �o�b�•�_�j�Z�j�o�b�•�_�� �i�j�h�\�_�j�Z�\�Z�� �d�h�g�a�b�k�l�_�g�l�g�h�k�l�� �\�j�_�^�g�h�\�Z�ƒ�Z�� �^�h�g�h�k�b�e�Z�p�Z�� �h�^�e�m�d�Z�� �A�Z�� �i�j�h�\�_�j�m��
�d�h�g�a�b�k�l�_�g�l�g�h�k�l�b��Saaty �•�_���i�j�_�^�e�h�`�b�h���k�l�_�i�_�g���d�h�g�a�b�k�l�_�g�l�g�h�k�l�b����consistency ratio �� CR�����d�h�•�b���k�_��
�d�h�j�b�k�l�b�� �d�h�^�� �:N �f�_�l�h�^�Z�� �i�j�b�h�j�b�l�b�a�Z�p�b�•�_���� �B�a�j�Z�q�m�g�Z�\�Z�ƒ�_�� �k�l�_�i�_�g�Z�� �d�h�g�a�b�k�l�_�g�l�g�h�k�l�b�� �k�_�� �k�Z�k�l�h�•�b��
�b�a�� �^�\�Z�� �d�h�j�Z�d�Z���� �M�� �i�j�\�h�f���d�h�j�Z�d�m���k�_�� �b�a�j�Z�q�m�g�Z�� �b�g�^�_�d�k�� �d�h�g�a�b�k�l�_�g�l�g�h�k�l�b�� ��consistency index �� CI) 
�i�h�f�h�„�m���j�_�e�Z�p�b�•�_������[4]:  

1

��
� 

��
max n

CI
n

�O
(5) 

�]�^�_���•�_�� 
�ƒ n �� �j�Z�g�]���f�Z�l�j�b�p�_��
�ƒ max�O �� �f�Z�d�k�b�f�Z�e�g�Z���k�h�i�k�l�\�_�g�Z���\�j�_�^�g�h�k�l���f�Z�l�j�b�p�_���i�h�j�_�{�_�ƒ�Z��
�M�� �^�j�m�]�h�f�� �d�h�j�Z�d�m�� �k�_�� �k�l�_�i�_�g�� �d�h�g�a�b�k�l�_�g�l�g�h�k�l�b�� ���&�5���� �b�a�j�Z�q�m�g�Z�\�Z�� �d�Z�h�� �h�^�g�h�k�� �b�g�^�_�d�k�Z��

�d�h�g�a�b�k�l�_�g�l�g�h�k�l�b�����&�,�����b���k�e�m�q�Z�•�g�h�]���b�g�^�_�d�k�Z�����5�,�������j�_�e�Z�p�b�•�Z������[4]:   

� 
CI

CR
RI

(6) 

�K�e�m�q�Z�•�g�b���b�g�^�_�d�k�����5�,�����a�Z�\�b�k�b���h�^���j�Z�g�]�Z���f�Z�l�j�b�p�_���b���ƒ�_�]�h�\�_���\�j�_�^�g�h�k�l�b���k�m���^�h�[�b�•�_�g�_���k�e�m�q�Z�•�g�b�f��
���g�Z�k�m�f�b�q�g�b�f�����]�_�g�_�j�b�k�Z�ƒ�_�f�����������f�Z�l�j�b�p�Z�����l�Z�[�_�e�Z 2 [4]. 

�L�Z�[�_�e�Z������ �<�j�_�^�g�h�k�l�b���k�e�m�q�Z�•�g�h�]���b�g�^�_�d�k�Z���m���a�Z�\�b�k�g�h�k�l�b���h�^���j�Z�g�]�Z���f�Z�l�j�b�p�_ 

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
RI  0.00 0.00 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 1.52 1.54 1.56 1.58 1.59 

�:�d�h���•�_�� �&�5�� �f�Z�ƒ�b�� �b�e�b�� �•�_�^�g�Z�d�� ���������� �j�_�a�m�e�l�Z�l�� �m�d�Z�a�m�•�_�� �^�Z�� �•�_�� �^�h�g�h�k�b�e�Z�p�� �h�^�e�m�d�Z�� �[�b�h��
�d�h�g�a�b�k�l�_�g�l�Z�g���b���^�Z���g�_�f�Z���i�h�l�j�_�[�_���a�Z���i�h�g�Z�\�‚ �Z�ƒ�_�f���\�j�_�^�g�h�\�Z�ƒ�Z [3,4]. �M�d�h�e�b�d�h���•�_���&�5���\�_�„�_���h�^������������
�^�h�g�h�k�b�e�Z�p���h�^�e�m�d�Z���[�b���l�j�_�[�Z�h���^�Z���i�h�g�h�\�b�����b�e�b���f�h�^�b�n�b�d�m�•�_�����k�\�h�•�Z���\�j�_�^�g�h�\�Z�ƒ�Z���d�Z�d�h���[�b���i�h�i�j�Z�\�b�h��
�k�h�i�k�l�\�_�g�m���d�h�g�a�b�k�l�_�g�l�g�h�k�l���� 
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�A�Z���h�[�•�_�^�b�ƒ�Z�\�Z�ƒ�_���b�g�^�b�\�b�^�m�Z�e�g�b�o���h�^�e�m�d�Z���m���]�j�m�i�g�m �m��AHP  �i�h�k�l�h�•�b�� �\�b�r�_�� �g�Z�q�b�g�Z���� �Z�� �m���h�\�h�f��
�j�Z�^�m�� �•�_�� �]�j�m�i�g�Z�� �h�^�e�m�d�Z�� �^�h�g�_�k�_�g�Z�� �h�[�•�_�^�b�ƒ�Z�\�Z�ƒ�_�f�� �b�g�^�b�\�b�^�m�Z�e�g�b�o�� �i�j�b�h�j�b�l�_�l�Z (Aggregation of 
Individual Priorities �� AIP) �i�h�f�h�„�m�� �f�_�l�h�^�Z�� �h�k�j�_�^�ƒ�Z�\�Z�ƒ�Z�� �i�j�_�d�h�� �]�_�h�f�_�l�j�b�•�k�d�b�o�� �k�j�_�^�b�g�Z��
(Geometric Mean Method �� GMM). �D�h�^���h�\�h�]���f�_�l�h�^�Z���Z�]�j�_�]�Z�p�b�•�Z���k�_���k�Z�k�l�h�•�b���m���i�j�b�f�_�g�b���k�e�_�^�_�„�_�]��
�b�a�j�Z�a�Z��[3,4]: 
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�]�^�_���•�_�� 
�ƒ �� ��k

iw �� �d�h�g�Z�q�g�b�����d�h�f�i�h�a�b�l�g�b�����i�j�b�h�j�b�l�_�l���Z�e�l�_�j�g�Z�l�b�\�_iA , 
�ƒ m �� �[�j�h�•���^�h�g�h�k�b�e�Z�p�Z���h�^�e�m�d�Z�����q�e�Z�g�h�\�Z���]�j�m�i�_��, 
�ƒ k�D �� �l�_�`�b�g�Z���^�h�g�h�k�b�h�p�Z �h�^�e�m�d�_�� 

���� �I�H�K�L�:�<�D�:���I�J�H�;�E�?�F�:

�O�b�•�_�j�Z�j�o�b�•�Z��AHP �i�j�h�[�e�_�f�Z�� �h�^�e�m�q�b�\�Z�ƒ�Z�� �i�j�b�d�Z�a�Z�g�Z�� �•�_�� �k�e�b�d�h�f�� ������ �H�^�j�_�{�b�\�Z�ƒ�_�� �l�_�`�b�g�Z
�i�Z�j�Z�f�_�l�Z�j�Z���a�Z���j�Z�g�]�b�j�Z�ƒ�_���e�b�g�b�•�Z���•�Z�\�g�h�]���]�j�Z�^�k�d�h�]�� �i�j�_�\�h�a�Z���i�m�l�g�b�d�Z���•�_���p�b�‚��AHP �h�^�e�m�q�b�\�Z�ƒ�Z���b��
�h�g���•�_���g�Z���\�j�o�m���o�b�•�_�j�Z�j�o�b�•�_�����G�Z���k�e�_�^�_�„�_�f���g�b�\�h�m���k�m���d�j�b�l�_�j�b�•�m�f�b���h�^�e�m�q�b�\�Z�ƒ�Z�� 

�ƒ 1�D �Å���K�l�Z�l�b�q�d�b���_�e�_�f�_�g�l�b���e�b�g�b�•�_�� 

�ƒ 2�D �Å���K�Z�h�[�j�Z�„�Z�•�g�_���d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���l�j�Z�k�_���e�b�g�b�•�_�� 

�ƒ 3�D �Å���I�j�_�\�h�a�g�_���d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���i�m�l�g�b�d�Z�� 
�I�Z�j�Z�f�_�l�j�b���a�Z���j�Z�g�]�b�j�Z�ƒ�_���e�b�g�b�•�Z���i�j�_�^�k�l�Z�\�‚�Z�•�m���i�h�^�d�j�b�l�_�j�b�•�m�f�_�� 
�ƒ 11�D �Å���>�m�`�b�g�Z���e�b�g�b�•�_�� 

�ƒ 12�D  �Å���;�j�h�•���k�l�Z�•�Z�e�b�r�l�Z�� 

�ƒ 13�D  �Å���;�j�h�•���k�l�Z�•�Z�e�b�r�l�Z���g�Z���g�Z�]�b�[�m���\�_�„�_�f���h�^�������� 

�ƒ 21�D  �Å���;�j�h�•���j�Z�k�d�j�k�g�b�p�Z���[�_�a���i�j�\�_�g�k�l�\�Z���i�j�h�e�Z�a�Z�� 

�ƒ 22�D  �Å���;�j�h�•���k�_�f�Z�n�h�j�b�k�Z�g�b�o���j�Z�k�d�j�k�g�b�p�Z���[�_�a���m�k�e�h�\�g�h�]���^�_�k�g�h�]���k�d�j�_�l�Z�ƒ�Z�� 

�ƒ 23�D  �Å���;�j�h�•���k�d�j�_�l�Z�ƒ�Z���i�h�^���m�]�e�h�f���h�^�������ƒ�� 

�ƒ 24�D  �Å���;�j�h�•���i�j�_�e�Z�a�Z���i�m�l�Z���i�j�_�d�h���`�_�e�_�a�g�b�q�d�_���i�j�m�]�_�� 

�ƒ 25�D  �Å���>�m�`�b�g�Z���^�_�h�g�b�p�_���k�Z���m�k�i�h�g�h�f���\�_�„�_�f���h�^�������� 

�ƒ 31�D  �Å���D�h�_�n�b�p�b�•�_�g�l���b�a�f�_�g�_���i�m�l�g�b�d�Z�� 

�ƒ 32�D  �Å���;�j�h�•���\�h�`�ƒ�b���i�m�l�g�b�d�Z���m���l�h�d�m���^�Z�g�Z�� 

�K�e�b�d�Z�������� AHP �o�b�•�_�j�Z�j�b�•�Z���i�j�h�[�e�_�f�Z���h�^�e�m�q�b�\�Z�ƒ�Z 
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�D�h�f�i�_�l�_�g�l�g�h�k�l�� �^�h�g�h�k�b�e�Z�p�Z�� �h�^�e�m�d�Z�� �•�_�� �i�j�h�p�_�ƒ�_�g�Z �i�j�_�f�Z�� �f�h�^�_�e�m�� �d�h�•�b�� �k�_�� �i�j�_�i�h�j�m�q�m�•�_�� �a�Z��
�i�j�h�p�_�g�m���d�h�f�i�_�l�_�g�p�b�•�_���_�d�k�i�_�j�Z�l�Z���b�a���h�[�e�Z�k�l�b���k�Z�h�[�j�Z�„�Z�•�g�_���i�h�^�j�r�d�_���>���@. �<�j�_�^�g�h�k�l�b���i�j�h�p�_�ƒ�_�g�b�o��
�d�h�_�n�b�p�b�•�_�g�Z�l�Z�� �d�h�f�i�_�l�_�g�p�b�•�_���^�h�g�h�k�b�e�Z�p�Z�� �h�^�e�m�d�Z �i�j�_�f�Z�� �k�i�j�h�\�_�^�_�g�h�f�� �f�h�^�_�e�m���� �l�Z�[�_�e�Z��3, 
�i�h�l�\�j�^�b�e�_���k�m���d�h�f�i�_�l�_�g�l�g�h�k�l���_�d�k�i�_�j�l�k�d�_���]�j�m�i�_�� 

        �L�Z�[�_�e�Z������ �D�h�_�n�b�p�b�•�_�g�l�b���d�h�f�i�_�l�_�g�p�b�•�_���_�d�k�i�_�j�l�k�d�_���]�j�m�i�_ 

�?�d�k�i�_�j�l�b 1�>�H 2�>�H 3�>�H 4�>�H 5�>�H 6�>�H 7�>�H 8�>�H 9�>�H 10�>�H

K�h�_�n�b�p�b�•�_�g�l 
�d�h�f�i�_�l�_�g�p�b�•�_ 0.67 0.67 0.54 0.69 0.5 0.53 0.48 0.51 0.64 0.57 

K�h�_�n�b�p�b�•�_�g�l 
�d�h�f�i�_�l�_�g�p�b�•�_ �]�j�m�i�_ 0.58 

�$�+�3�� �•�_�� �j�_�Z�e�b�a�h�\�Z�g�� �l�Z�d�h�� �r�l�h�� �•�_�� �k�Z�� �^�h�g�h�k�b�h�p�b�f�Z �h�^�e�m�d�Z �k�i�j�h�\�_�^�_�g�Z�� �d�h�f�i�e�_�l�g�Z����
�i�_�j�k�h�g�Z�e�b�a�h�\�Z�g�Z���$�+�3���_�l�Z�i�Z���d�h�•�Z���k�_���k�Z�k�l�h�•�Z�e�Z���b�a���k�e�_�^�_�„�b�o���d�h�j�Z�d�Z�� 

�ƒ �I�j�b�d�Z�a�Z�g�Z���b�f���•�_���$�+�3 �o�b�•�_�j�Z�j�o�b�•�Z���k�Z���k�e�b�d�_�������b���h�[�•�Z�r�ƒ�_�g�b���k�m���b�f���_�e�_�f�_�g�l�b���o�b�•�_�j�Z�j�o�b�•�_,
�ƒ �H�[�•�Z�r�ƒ�_�g���b�f���•�_���i�h�k�l�m�i�Z�d���$�+�3���\�j�_�^�g�h�\�Z�ƒ�Z�����h�^�g�h�k�g�h���^�Z�l�_���k�m���b�g�k�l�j�m�d�p�b�•�_���d�Z�d�h���l�j�_�[�Z

�\�j�_�^�g�h�\�Z�l�b���_�e�_�f�_�g�l�_���o�b�•�_�j�Z�j�o�b�•�_���i�h�f�h�„�m���6�D�D�W�\���•�_�\�_���k�d�Z�e�_���b�a���l�Z�[�_�e�_����,
�ƒ �M�j�m�q�_�g���b�f���•�_���n�h�j�f�m�e�Z�j���k�Z���f�Z�l�j�b�p�Z�f�Z���i�h�j�_�{�_�ƒ�Z���a�Z���$�+�3���i�h�j�_�{�_�ƒ�_���m���i�Z�j�h�\�b�f�Z

�_�e�_�f�_�g�Z�l�Z���o�b�•�_�j�Z�j�o�b�•�_���i�h�f�h�„�m���6�D�D�W�\���•�_�\�_���k�d�Z�e�_��
�ƒ �K�Z�h�i�r�l�_�g�h���b�f���•�_���^�Z���„�_���j�_�a�m�e�l�Z�l�b���b�a���f�Z�l�j�b�p�Z���i�h�j�_�{�_�ƒ�Z�����[�b�l�b���h�[�j�Z�{�_�g�b���i�h�f�h�„�m

�k�h�n�l�\�_�j�Z���(�[�S�H�U�W���&�K�R�L�F�H 2000 (EC 2000),
�ƒ �K�Z�h�i�r�l�_�g�h���b�f���•�_�����^�Z���„�_���i�h���a�Z�\�j�r�_�g�h�f���$�+�3���\�j�_�^�g�h�\�Z�ƒ�m���[�b�l�b���m�i�h�a�g�Z�l�b �k�Z���d�h�g�Z�q�g�b�f

�j�_�a�m�e�l�Z�l�h�f���k�h�i�k�l�\�_�g�h�]���h�^�e�m�q�b�\�Z�ƒ�Z���b���k�l�_�i�_�g�h�f���d�h�g�a�b�k�l�_�g�l�g�h�k�l�b���d�h�•�b���k�m �b�k�i�h�‚�b�e�b��

���� �J�?�A�M�E�L�:�L�B

�I�j�_�f�Z���i�j�_�l�o�h�^�g�h�� �h�i�b�k�Z�g�h�•�� �f�_�l�h�^�h�e�h�]�b�•�b���a�Z�� �k�i�j�h�\�h�{�_�ƒ�_�� �$�+�3���� �m�� �l�Z�[�_�e�b��4 �k�m�� �i�j�b�d�Z�a�Z�g�b
�j�_�a�m�e�l�Z�l�b�� �b�g�^�b�\�b�^�m�Z�e�g�b�o �\�j�_�^�g�h�\�Z�ƒ�Z�� �^�h�g�h�k�b�e�Z�p�Z�� �h�^�e�m�d�Z���b�� �k�l�_�i�_�g�� �d�h�g�a�b�k�l�_�g�l�g�h�k�l�b (CR) 
�d�h�•�b���k�m���b�k�i�h�‚�b�e�b. 

   �L�Z�[�_�e�Z������ �B�g�^�b�\�b�^�m�Z�e�g�Z��AHP �\�j�_�^�g�h�\�Z�ƒ�Z���b���k�l�_�i�_�g���d�h�g�k�b�k�l�_�g�l�g�h�k�l�b���q�e�Z�g�h�\�Z���_�d�k�i�_�j�l�k�d�_���]�j�m�i�_ 

�I �Z�j�Z�f�_�l�j�b���e�b�g�b�•�Z��
�Q�e�Z�g�h�\�b���_�d�k�i�_�j�l�k�d�_���]�j�m�i�_ 

1�>�H 2�>�H 3�>�H 4�>�H 5�>�H 6�>�H 7�>�H 8�>�H 9�>�H 10�>�H

11�D 0.032 0.033 0.062 0.055 0.051 0.029 0.073 0.048 0.05 0.028 

12�D 0.073 0.055 0.062 0.092 0.051 0.063 0.073 0.087 0.083 0.067 

13�D 0.014 0.008 0.012 0.013 0.01 0.008 0.012 0.013 0.01 0.009 

21�D 0.079 0.089 0.06 0.073 0.075 0.082 0.068 0.088 0.084 0.079 

22�D 0.123 0.089 0.096 0.12 0.075 0.143 0.112 0.13 0.084 0.117 

23�D 0.051 0.089 0.06 0.047 0.075 0.051 0.043 0.055 0.084 0.049 

24�D 0.027 0.028 0.02 0.022 0.022 0.026 0.021 0.027 0.031 0.025 

25�D 0.458 0.448 0.417 0.462 0.416 0.423 0.43 0.436 0.381 0.394 

31�D 0.029 0.041 0.07 0.023 0.113 0.035 0.042 0.029 0.048 0.115 

32�D 0.115 0.122 0.14 0.092 0.113 0.142 0.126 0.087 0.145 0.115 

CR 0.05 0.05 0.08 0.06 0.07 0.06 0.06 0.03 0.01 0.04 
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�H�[�•�_�^�b�ƒ�Z�\�Z�ƒ�_���b�g�^�b�\�b�^�m�Z�e�g�b�o���h�^�e�m�d�Z �m�� �]�j�m�i�g�m �b�a�\�j�r�_�g�h�� �•�_���$�,�3�� �*�0�0�� �k�b�g�l�_�a�h�f�� �i�j�_�f�Z��
�j�_�e�Z�p�b�•�b��7���� �?�d�k�i�_�j�l�b�f�Z�� �k�m�� �^�h�^�_�‚�_�g�_�� �l�_�`�b�g�_, �l�Z�[�_�e�Z�� ���� �d�h�•�_�� �k�m�� �^�h�[�b�•�_�g�_�� �g�h�j�f�Z�e�b�a�Z�p�b�•�h�f��
�j�_�p�b�i�j�h�q�g�b�o���\�j�_�^�g�h�k�l�b���ƒ�b�o�h�\�b�o���k�l�_�i�_�ga �d�h�g�a�b�k�l�_�g�l�g�h�k�l�b����      
      �L�Z�[�_�e�Z��5: �L�_�`�b�g�_���_�d�k�i�_�j�Z�l�Z 

�?�d�k�i�_�j�l�b 1�>�H 2�>�H 3�>�H 4�>�H 5�>�H 6�>�H 7�>�H 8�>�H 9�>�H 10�>�H

�L�_�`�b�g�_ 0.073 0.073 0.045 0.061 0.052 0.061 0.061 0.121 0.363 0.091 

�=�j�m�i�g�Z��AHP �h�^�e�m�d�Z �i�j�_�f�Z��AIP GMM �k�b�g�l�_�a�b���i�j�b�d�Z�a�Z�g�Z���•�_���m���l�Z�[�_�e�b��6. 

     �L�Z�[�_�e�Z��6: �=�j�m�i�g�Z��AHP �h�^�e�m�d�Z 

�H�a�g�Z�d�Z�� �G�Z�a�b�\���i�Z�j�Z�f�_�l�Z�j�Z �L�_�`�b�g�Z��

11�D �>�m�` �b�g�Z���e�b�g�b�•�_�� 0.045 

12�D �;�j�h�•���k�l�Z�•�Z�e�b�r�l�Z 0.076 

13�D �;�j�h�•���k�l�Z�•�Z�e�b�r �l�Z���g�Z���g�Z�]�b�[�m���\�_�„�_�f���h�^����% 0.011 

21�D �;�j�h�•���j�Z�k�d�j�k�g�b�p�Z���[�_�a���i�j�\�_�g�k�l�\�Z���i�j�h�e�Z�a�Z 0.082 

22�D �;�j�h�•���k�_�f�Z�n�h�j�b�k�Z�g�b�o���j�Z�k�d�j�k�g�b�p�Z���[�_�a���m�k�e�h�\�g�h�]���^�_�k�g�h�]���k�d�j�_�l�Z�ƒ�Z 0.103 

23�D �;�j�h�•���k�d�j�_�l�Z�ƒ�Z���i�h�^���i�j�Z�\�b�f���m�]�e�h�f 0.066 

24�D �;�j�h�•���i�j�_�e�Z�a�Z���i�m�l�Z���i�j�_�d�h���`�_�e�_�a�g�b�q�d�_���i�j�m�]�_ 0.027 

25�D �>�m�`�b�g�Z���^�_�h�g�b�p�_���k�Z���m�k�i�h�g�h�f���\�_�„�b�f���h�^��5% 0.419 

31�D �D�h�_�n�b�p�b�•�_�g�l���b�a�f�_�g�_���i�m�l�g�b�d�Z 0.047 

32�D �;�j�h�•���\�h�`�ƒ�b���i�m�l�g�b�d�Z���m���l�h�d�m���^�Z�g�Z 0.125 

�D�Z�d�h�� �i�j�b�e�b�d�h�f�� �k�i�j�h�\�h�{�_�ƒ�Z�� �^�b�g�Z�f�b�q�d�_�� �Z�g�Z�e�b�a�_�� �h�k�_�l�‚�b�\�h�k�l�b�� ���h�i�p�b�•�Z��Dynamic �k�h�n�l�\�_�j�Z��
�(�&���������������b���\�Z�j�b�•�Z�p�b�•�b���\�Z�`�g�h�k�l�b���k�\�b�o���d�j�b�l�_�j�b�•�m�f�Z���a�Z���������m���k�\�b�f���d�h�f�[�b�g�Z�p�b�•�Z�f�Z�����g�b�•�_���^�h�r�e�h��
�^�h�� �i�j�h�f�_�g�_�� �m�� �j�Z�g�]�m�� �i�Z�j�Z�f�_�l�Z�j�Z�� �e�b�g�b�•�Z���� �d�h�g�Z�q�g�b�� �j�_�a�m�e�l�Z�l�b�� �k�i�j�h�\�_�^�_�g�h�]�� �$�+�3�� �f�h�]�m�� �k�_��
�k�f�Z�l�j�Z�l�b���k�l�Z�[�b�e�g�b�f���>���@���� 

���� �A�:�D�4�M�Q�:�D

�I�j�b�e�b�d�h�f���d�Z�l�_�]�h�j�b�a�Z�p�b�•�_���e�b�g�b�•�Z���3�=�I�I���l�j�_�[�Z���m�a�_�l�b���m���j�Z�a�f�Z�l�j�Z�ƒ�_���\�b�r�_���i�Z�j�Z�f�_�l�Z�j�Z�����>�Z���e�b
�l�b���i�Z�j�Z�f�_�l�j�b���j�Z�\�g�h�i�j�Z�\�g�h���b�e�b���k�Z���j�Z�a�e�b�q�b�l�b�f���l�_�`�b�g�Z�f�Z���l�j�_�[�Z���^�Z���m�q�_�k�l�\�m�•�m���m���l�h�f���i�j�h�p�_�k�m���•�_��
�i�b�l�Z�ƒ�_�� �d�h�•�_�� �k�_�� �g�_�f�b�g�h�\�g�h�� �g�Z�f�_�„�_�����M���h�\�h�f �j�Z�^�m �•�_ �^�_�f�h�g�k�l�j�b�j�Z�g�h �d�Z�d�h �k�_ �m�� �l�m �k�\�j�o�m �f�h�`�_ 
�b�k�d�h�j�b�k�l�b�l�b �i�h�a�g�Z�l�b �f�_�l�h�^ �\�b�r�_�d�j�b�l�_�j�b�•�m�f�k�d�_ �Z�g�Z�e�b�a�_ �� AHP. �J�_�a�m�e�l�Z�l�b�� �k�i�j�h�\�_�^�_�g�h�]��
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Abstract: GIS (Geographic Information System) software and tools have found application in a large 
number of areas, including precision agriculture. The paper precisely analyzes the basic concepts of 
GIS and functionalities applicable in precision agriculture. AGRIS geoportal created specifically for 
agricultural producers in the territory of Autonomous Province (AP) of Vojvodina is presented in the 
paper. Geoportal was created by the Faculty of Agriculture in Novi Sad. Basic functionalities of the 
geoportal, different analysis tools and several possible parcel views are shown in the paper and 
explained. 

Keywords: geoportal, AGRIS, GIS, precision agriculture. 

1. INTRODUCTION 

It is known that the space around us is represented in a system of appropriate dimensions in the form 
of spatial data �± vector data (point, line and polygon) and with the development of technology, in the 
form of raster data. However, today there is an intensive development in all areas of business, and 
therefore higher and higher requirements are set regarding required solutions and work products. 
Thus, in numerous fields - agriculture, urban planning, tourism, traffic, etc., it has become necessary 
to integrate spatial data with thematic information related to a specific application field. This 
integration is made possible by GIS tools and softwares. Thus, GIS provides a uniform and unique 
database of both spatial and thematic data. All these data can be displayed in different ways and 
analyzed in order to make decisions and conclusions. Various queries and searches can be performed 
on the data and data that meet certain criteria can be selected from the large amount of data. All in all 
- GIS tools have improved the way of doing business in numerous areas, contributed to right decision 
making and made the data of interest representative, transparent and easy to manipulate. 

Precisely one of the areas where GIS tools have found application is precision agriculture. 
Although many agricultural producers today still do not use these tools, their importance and 
contribution is invaluable - both in terms of economy, time and general resource saving. GIS can be 
used to monitor crop condition, soil properties, climatic conditions, hydrological conditions and 
similar. In addition, it can be used for the purpose of determining at which locations it is necessary to 
apply certain agrotechnical measures, in what quantity and type [1]. 
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The paper presents the geoportal AGRIS [2], created precisely for the needs of agricultural 
producers. Users have access to soil maps, maps of the irrigation suitability, maps of soil drainage 
capacity, a map of suitability for growing different types of fruit and crops, meteorological maps and 
numerous other maps, functionalities and tools. 

2. GIS TOOLS IN PRECISION AGRICULTURE

As noted, GIS integrates spatial data with thematic data of interest for specific application area. 
Thematic data is stored in the form of an attribute table. After the attributes of interest for certain 
spatial data are defined, values of each of these attributes are stored for each spatial entity in  the form 
of table. Thus, GIS uniquely connects all types of data in one place, specific for area of application. 
If necessary, the data can always be expanded or updated. GIS maps are detailed and include multiple 
layers of data (eg, yield, soil survey maps, rainfall, crops, soil nutrient levels, and pests map). In 
essence, the real and unique advantage of GIS lies in the possibility of statistical analysis of maps, 
analysis of certain data properties and spatial and attributive queries with the aim of selecting data 
that satisfy the given condition. Information on field topography, soil types, surface and subsurface 
drainage, irrigation, chemical application rates, soil testing, and crop yield can be found in an 
agricultural GIS database. After analysis, this data is used to reveal the relationships between various 
factors that affect the crop at a particular location. By combining and modifying data layers it is 
possible to analyze management scenarios. Hence, GIS can be used for more than just storing and 
displaying data; it can also be used to evaluate current and alternative management [3]. Generally, 
application of GIS in agriculture can be divided into 8 categories (Figure 1) [4].  

Figure 1: GIS applications in precision agriculture 
Application of GIS in precision agriculture is very popular theme of research today. This 

statement is additionally contributed by the fact that a large number of papers are published on this 
very topic. Paper [5] deals with reliability investigation of using the spectral vegetation indices to 
enhance the management wheat crop. Case study used in this research is Central Non-Black Earth 
region of Russia. Effective and easy to use software platform that facilitates the collection, 
visualization, management, and analysis of soil data is proposed in [6]. The platform is able to handle 
data from various sources, including proximity, airborne, and spaceborne data, in order to enable 
precision agriculture. The proposed software allows the integration of new data, including data that 
can be collected directly with on-board acquisition device. Article [7] presents and describes spatially 
extended EuroCrops vector dataset. EuroCrops contains geo-referenced polygons of agricultural 

�‡Land suitability assessment and land use planning1
�‡Water resource management2
�‡Soil health and fertility management3
�‡Biotic and abiotic damage assessment and intervention4
�‡Crop monitoring and yield prediction5
�‡Precision farming6
�‡Biomass assessment7
�‡Supply chain management8
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croplands from 16 countries of the European Union as well as information on the respective crop 
species grown there. It is publicly available under continuous improvement through an active user 
community. Paper [8] deals with the creation of an integrated and free-access web platform for parcel 
irrigation water management on a large spatial scale - Water District of Crete, in Greece. Based on 
the proposed decision-making system, users will have the opportunity in any specific location in Crete 
to know the irrigation needs of the crops in real-time and obtain information about proper climate-
water adaptation practices. 

3. AGRIS GEOPORTAL   

AGRIS geoportal was recently developed as the agricultural information center of the Faculty of 
Agriculture, Novi Sad. It covers the area of AP Vojvodina, Serbia. Main purpose for developing this 
geoportal was to digitize agricultural production on the implemented territory and introduce precision 
agriculture technologies. 

AGRIS geoportal enables the display of various maps specialized for agricultural production. 
One of them is the soil map of Vojvodina, which has over 86 different types, subtypes and varieties 
of soil (e.g. chernozem, meadow, alluvial soil, etc.). AGRIS geoportal also has the ability to 
communicate with the server and make queries. By selecting a specific location and a specialized 
map, information related to the selected place and data from the map is obtained. Figure 2 shows soil 
type on certain location on the soil map, its coordinates (latitude and longitude). 

 
Figure 2: AGRIS and soil map with with detailed data about specific location 

The second available layer within the AGRIS geoportal contains data on the convenience of fruit 
(cherry, plum, walnut, etc.) and agricultural production (sunflower, soy, wheat, corn, etc.). The degree 
of convenience is divided into three categories - unfavorable, partially favorable and favorable. Figure 
3 shows this convenience map of cherry production with detailed data on specific location �± its 
coordinates (latitude and longitude) and degree of convenience. This greatly facilitates the selection 
of a parcel or a crop to be grown in a certain area. 
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Figure 3: AGRIS and convenience map of cherry production with detailed data about specific location 
(green �± partially favorable, blue �± favorable, white �± unfavorable) 

 By activating the double display, it is possible to show different data types of the same parcel 
at the same time and analyze display. Figure 4 shows NDVI (Normalized Difference Vegetation 
Index) vegetation index on the left and the RGB display of the parcel on the right. When clicking on 
the vegetative index map, the value of the index and the coordinates of the location are displayed. In 
this way, the vegetative cycle on the plot can also be monitored by changing the temporal (time) 
resolution. The NDVI index is used for evaluating the vegetation greenness. It takes the utility of the 
contrast between two bands (NIR and red light) - the contrasts in the red and NIR bands' reflections 
assist in observing the density of green vegetation growth via the spectral reflectivity of sun rays. 

Figure 4: AGRIS and double display of parcel with NDVI index (left) and RGB view (right) with NDVI 
value and coordinates of selected parcel location 

The "Swipe" option in AGRIS geoportal is a very convenient tool for analyzing and comparing 
vegetative indices with different temporal (time) resolution. With this tool, it is very easy to see 
changes in the index over time. Figure 5 shows a comparison of the NDVI index for the period August 
17 (left) and June 12 (right). 
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Figure 5: AGRIS and NDVI index change between August 17th (left) and June 12th (right) 
In the data related to a specific layer,  it is possible to find information on the actual agricultural 

processing operation on certain parcel and the date the operation was performed. This enables 
information data on agricultural production, in addition to possible visual displays and analysis. In 
this way, specialized views of individual plots can be created with all the geospatial and informative 
data necessary for the application of precision agriculture. Figure 6 shows a specific parcel with 
information on which agricultural activity was carried out and when. From the picture it can be seen, 
for example, that the mineral fertilizer was applied on October 7th, 2022. and March 3rd, 2023. Land 
cultivation of the parcel was carried out on October 8th, 2022. 

Figure 6: AGRIS and information on agricultural activities and date they were performed 

5. CONCLUSION

GIS tools are integrated part of numerous researches in the field of science and economy. Numerous 
jobs and tasks require today to be done with as few resources as possible, in as little time as possible 
and with as little economic investment as possible. At the same time, goals are set so that the final 
work products are as high quality and profitable as possible. This is also the case with agricultural 
production - the goal is to increase production efficiency and productivity. The aim is to reduce the 
time and economic resources invested in work, and at the same time to increase the yield, in a 
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quantitative and qualitative sense. In order to achieve these goals, investments in modern machines, 
facilities, employee education and the application of modern land cultivation methods are needed. In 
addition, an unavoidable factor in the progress of agricultural production is the investment and 
application of innovative computer and geospatial technologies and tools, such as GIS. GIS tools 
enable the agricultural producer to better know and analyze locations suitable for production - soil 
quality, mineral composition of the soil, presence of water, etc. Based on this information, the 
producer can make an adequate decision which agricultural operation should be carried out on the 
parcel and when. In addition, the agricultural producer can classify the parcel itself into several parts 
according to a certain parameter and adjust the activities, e.g. the amount of thrown mineral fertilizer 
to each part of the parcel separately. All this enables efficient and effective management of resources 
and production while maximizing productivity. The paper presented one GIS tool - AGRIS geoportal, 
as a support to agricultural producers in order to achieve the imperative of precise and modern 
agricultural production. 
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�k�b�l�m�Z�p�b�•�m �g�Z �l�_�j�_�g�m �d�h�•�m �[�b �l�j�_�[�Z�e�h �k�b�k�l�_�f�Z�l�k�d�b �i�j�Z�l�b�l�b. 
�D�‚�m�q�g�_ �j�_�q�b: �e�_�k, �k�l�j�m�d�l�m�j�_, �i�j�b�j�h�^�g�b �j�b�a�b�p�b, �f�h�g�b�l�h�j�b�g�], �I�Z�g�h�g�k�d�Z �g�b�a�b�•�Z, �>�m�g�Z�\ 

Abstract: The loess plateau represents a young geological formation created in the Pleistocene, which was 
developed in several places in Serbia. This formation was formed by deposition under the influence of 
temperature oscillations during long-term freezing and thawing processes in the Pannonian Basin (and other 
parts of the world). Loess is a sedimentary rock whose grains are tiny - siltstones; it has poorly visible 
layering and capillary porosity and has vertical structural collapsing. It was created by applying silt and 
dust from the wind over the grassy areas during colder periods and later lithified over time. The paleosol 
cover was formed above loess deposits during warmer climatic phases. Several cycles of loess-paleosol 
sediments have been established over some time, more than a million years. A particularly prominent loess 
plateau is located in the Zemun-Slankamen area. Up to Slankamen, the loess plateau is more or less 
homogeneous; from Slankamen, the situation changes, and the terrain morphology becomes significantly 
more complex. By observing free satellite images, topographic maps from the Danube during a trip with a 
ship named Kozara, and GIS methods, it is possible to spot structures that disturb the coastal homogeneity of 
the loess plateau and may represent an ecological risk. Thus, an insight into the current situation on the 
ground was obtained, which should be systematically monitored. 
Keywords: loess, structures, natural risks, monitoring, Pannonian Basin, Danube 
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1. �M�<�H�> – �=�?�G�?�J�:�E�G�B �=�?�H�E�H�R�D�B �I�J�B�D�:�A

�>�_�k�g�Z �h�[�Z�e�Z �>�m�g�Z�\�Z �•�_ �h� ̂ �A�_�f�m�g�Z �^�h �K�e�Z�g�d�Z�f�_�g�Z �•�_ �b�a�]�j�Z�{�_�g�Z �m�]�e�Z�\�g�h�f �h� ̂ �e�_�k�Z, �h�\�Z 
�n�h�j�f�Z�p�b�•�Z �k�_ �g�Z�a�b�\�Z �b �e�_�k�g�b �i�e�Z�l�h. �E�_�\�Z �h�[�Z�e�Z �•�_ �b�a�]�j�Z�{�_�g�Z �h� ̂ �m�]�e�Z�\�g�h�f �Z�e�_�\�j�b�l�k�d�b�o 
�i�_�k�d�h�\�Z, �]�e�b�g�h�\�b�l�h-�i�_�k�d�h�\�b�l�b�o �Z�e�_�\�j�b�l�Z, �Z�e�_�\�j�b�l�k�d�b�o �]�e�b�g�Z, �Z �b �e�_�k�Z. �J�Z�a�e�b�d�Z �b�a�f�_�{�m 
�n�h�j�f�Z�p�b�•�Z �^�_�k�g�_ �b �e�_�\�_ �h�[�Z�e�_ �>�m�g�Z�\�Z �•�_ �m�i�j�h�r�„�_�g�h �j�_�q�_�g�h: �^�_�k�g�Z �h�[�Z�e�Z �>�m�g�Z�\�Z �•�_ �m�]�e�Z�\�g�h�f 
�k�b�l�g�h�a�j�g�b-�Z�e�_�\�j�b�l�k�d�b �f�Z�l�_�j�b�•�Z�e �d�h�•�b �•�_ �g�Z�k�l�Z�h �_�h�e�k�d�b�f �i�j�h�p�_�k�b�f�Z, �^�h�g�h�r�_�g �•�_ �\�_�l�j�h�f (�e�_�k), 
�^�h�d �•�_ �i�_�k�d�h�\�b�l�h – �]�e�b�g�h�\�b�l�b �Z�e�_�\�j�b�l�k�d�b �f�Z�l�_�j�b�•�Z�e �e�_�\�_ �h�[�Z�e�_ �>�m�g�Z�\�Z �g�Z�k�l�Z�h �l�Z�e�h�`�_�ƒ�_�f �m 
�m�]�e�Z�\�g�h�f �\�h�^�_�g�h�• �k�j�_�^�b�g�b (�h�\�^�_ �•�_ �l�Z�d�h�{�_ �i�j�b�k�m�l�Z�g �b �e�_�k). �G�Z �e�_�\�h�• �h�[�Z�e�b �>�m�g�Z�\�Z �j�Z�a�\�b�•�_�g �•�_ 
�L�b�l�_�e�k�d�b �[�j�_�] (�K�e�b�d�Z 1, �e�_�k�g�b �i�e�Z�l�h, �]�h�j�_ �^�_�k�g�h). �D�h�^ �K�e�Z�g�d�Z�f�_�g�Z �l�_�d�l�h�g�b�d�Z �i�h�k�l�Z�•�_ �a�g�Z�l�g�h 
�k�e�h�`�_�g�b�•�Z �b�Z�d�h �k�m �]�_�h�e�h�r�d�_ �•�_�^�b�g�b�p�_ �k�e�b�q�g�_, �k �l�b�f �r�l�h �k�_ �m �j�_�•�h�g�m �K�e�Z�g�d�Z�f�_�g�Z �i�h�•�Z�\�‚�m�•�_ 
�e�h�d�Z�e�g�h �]�h�j�ƒ�Z �•�m�j�Z �i�j�_�^�k�l�Z�\�‚�_�g�Z �e�Z�i�h�j�h�\�b�l�b�f �d�j�_�q�ƒ�Z�p�b�f�Z, �[�b�h�]�_�g�b�f �d�j�_�q�ƒ�Z�p�b�f�Z, 
�i�_�r�q�Z�j�b�f�Z �b �]�e�b�g�p�b�f�Z. �>�Z�‚�_, �m �i�j�Z�\�p�m �G�h�\�h�] �K�Z�^�Z �k�m �j�Z�a�\�b�•�_�g�Z �d�e�b�a�b�r�l�Z, �\�_�a�Z�g�Z �a�Z 
�•�_�^�b�g�b�p�m jb-mr �i�e�_�b�k�l�h�p�_�g�k�d�_ �k�l�Z�j�h�k�l�b �b�a�]�j�Z�{�_�g�m �h� ̂  �i�_�k�d�h�\�b�l�h-�]�e�b�g�h�\�b�l�b�o �Z�e�_�\�j�b�l�Z, 
�i�_�k�d�h�\�b�l�b�o �Z�e�_�\�j�b�l�Z �b �Z�e�_�\�j�b�l�k�d�b�o �i�_�k�d�h�\�Z �d�h�•�Z �k�m �i�j�b�d�Z�a�Z�g�b �g�Z �]�_�h�e�h�r�d�h�• �d�Z�j�l�b �H�=�D �K�N�JJ 
�e�b�k�l L34-101 [1]. 

�K�e�b�d�Z 1: �R�_�f�Z�l�k�d�b �i�j�b�d�Z�a �l�j�Z�k�_ �i�m�l�Z, �e�_�k�g�b�o �i�e�Z�l�h�Z, �d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�b�o �k�l�j�m�d�l�m�j�Z, �d�e�b�a�b�r�l�Z [1] 
�f�h�^�b�n�b�d�h�\�Z�g�h  �b �i�j�_�l�i�h�k�l�Z�\�‚�_�g�b�o �k�l�j�m�d�l�m�j�Z, �>�m�g�Z�\ �•�_ �k�\�e�_�l�e�h �i�e�Z�\�h, �q�_�l�b�j�b �h�d�_�j �l�Z�q�d�_ �k�m �i�h�e�h�`�Z�•�b 

�[�j�h�^�Z, �j�Z�k�l�_�j�k�d�Z �h�k�g�h�\�Z �•�_ SAS.Planet, © OpenStreetMaps contributors, CC-BY-SA, rendering 
opentopomap.org, �f�h�^�b�n�b�d�h�\�Z�g�h 

2. �D�:�J�:�D�L�?�J�B�K�L�B�D�? �E�?�K�:

�E�_�k �•�_ �j�Z�k�l�j�_�k�b�l�b �_�h�e�k�d�b �k�_�^�b�f�_�g�l �b�a�]�j�Z�{�_�g �h� ̂ �m�]�e�Z�\�g�h�f �`�m�„�d�Z�k�l�_ �i�j�Z�r�b�g�_ �\�_�e�b�q�b�g�_ 
�Z�e�_�\�j�b�l�Z �g�Z�k�l�Z�h �l�h�d�h�f �d�\�Z�j�l�Z�j�Z. �=�_�g�_�j�Z�e�g�h, �b�f�Z �o�h�f�h�]�_�g�m �b �i�h�j�h�a�g�m �k�l�j�m�d�l�m�j�m. �N�h�j�f�b�j�Z�ƒ�_ 
�e�_�k�Z �i�h�^�j�Z�a�m�f�_�\�Z �k�e�_�^�_�„�_ �n�Z�a�_ �g�Z�k�l�Z�g�d�Z: �m�k�b�l�ƒ�Z�\�Z�ƒ�_, �^�_�n�e�Z�p�b�•�m - �l�j�Z�g�k�i�h�j�l �b �l�Z�e�h�`�_�ƒ�_ 
�q�_�k�l�b�p�Z. �L�j�Z�^�b�p�b�h�g�Z�e�g�h �k�_ �e�_�k �k�f�Z�l�j�Z �]�e�Z�p�b�•�Z�e�g�h �i�h�e�m�i�m�k�l�b�ƒ�k�d�h-�i�m�k�l�b�ƒ�k�d�b�f �k�_�^�b�f�_�g�l�h�f. 
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