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Abstract:

Introduction/purpose: Wheeled armored combat vehicles are combat
systems that are increasingly presentin modern armed conflicts, especially
in operations against asymmetric threats. The global wheeled armored
vehicle market is constantly growing, which reflects their application in a
wide range of missions and tasks of armed forces. The existence of
numerous models ofthese vehicles with different technical and exploitation
characteristics, along with the possibility of adaptation to specific needs,
further complicates the choice of the most suitable alternative. The paper
presents the case of solving the problem of selecting the most suitable
multi-purpose medium-class wheeled armored vehicle with a 4x4 drive
formula when choosing one of the four alternatives, using individual and
group multi-criteria decision-making methods.
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Methods: In the paper, the methods of multi-criteria decision making were
applied to solve problems in the field of complex combat systems selection.
Experts from the field of tactics with weapon systems have ranked the
alternatives following the defined criteria using the AHP (Analytic Hierarchy
Process) and the PROMETHEE Il (Preference Ranking Organization
Method for Enrichment Evaluations Il) methods. The results obtained by
individual decision making were subjected to the Condorcet method of
group decision making to make a final decision.

Result: Selection of the most suitable vehicle by the defined criteria.
Conclusion: Solving the problem involves taking info account the views of
military experts regarding the optimization of multiple criteria to provide the
best performance vehicle suitable for use in various missions. The choice
of a multi-purpose wheeled armored combat vehicle is a complex process
influenced by numerous factors that cannot be analyzed objectively without
the application of adequate mathematical models.

Keywords: armored combat vehicles, multi-criteria decision making,
AHP, PROMETHEE |I, Condorcet method.

Introduction

Armored combat vehicles are special motor vehicles considered for
performing various tasks in the operations of armed forces. Their basic
characteristics are mobility, protection, and firepower (the ability to
transport personnel and cargo).

Today, there is a tendency for wheeled armored vehicles of all types
to dominate in equipping armed forces in the world, compared to tanks and
tracked infantry fighting vehicles, which are significantly more expensive
and more demanding in terms of maintenance. In support of this, the
constant growth of the world market of wheeled armored vehicles,
especially those belonging to the light and medium class, is evidenced,
with estimates that this trend will continue (Kurtay, 2024). Multi-purpose
armored combat vehicles with a 4x4 wheel drive formula are suitable for
carrying out various tasks, such as reconnaissance, territory control,
transport and support of infantry units, and fire support, but also for
command and control and medevac.

The choice of a wheeled armored combat vehicle is a challenge even
for experts in that field and requires a certain level of compromise in
requirements and respect for the specific needs of military or police units,
as well as for the spectrum of threats to which the vehicle and its users
may be exposed.

The paper presents one of possible models for the application of
various multi-criteria decision-making methods to provide support to
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decision makers in the preliminary selection of a 4x4 wheel drive armored
combat vehicle. For this purpose, two individual decision-making methods
are described and practically applied - AHP and PROMETHEE Il and the
Condorcet group decision-making method. It was noted that choosing
between vehicles with similar performance is complex when there are
conflicting criteria to consider.

The mentioned methods were applied in the case of solving a specific
problem - ranking and choosing the most optimal variant among the four
offered models of armored combat vehicle wheel drive 4x4: BOV M16
Milos-2, Despot, Tatra 815-7 Patriot Il and Zetor-Gerlach. The mentioned
vehicles were chosen for two basic reasons: the availability of data on
technical and exploitation characteristics and similarity in essential
characteristics, whereby there is no intention of the author to single out a
specific vehicle as the absolute best. The offered vehicles belong to the
middle class of armored vehicles from 10 to 20 t and in certain aspects
have similar performance, which can make the choice even more difficult
for experts.

For the purposes of this research, military experts were hired. The use
of expert evaluation in the development of a multi-criteria decision-making
model proved to be necessary (Kizielewicz & Satabun, 2024; PusSka et al,
2018). In this case, the experts defined three main criteria, namely:
mobility, protection, and the ability to transport personnel and cargo
(payload capacity), while firepower and command and control criteria were
omitted, bearing in mind that with all four offered alternatives there are
numerous options for equipping with different combat and other systems
depending on the need, which exceeds the scope of this research. Also,
the problem is viewed from the aspect of combat vehicle capabilities,
without considering the value aspect (purchase price, maintenance, etc.).
The ranking of the alternatives based on the defined criteria, which are
explained below, was carried out based on the subjective opinion of four
military experts in the field of tactics with weapons systems. Considering
the medium level of complexity of the problem and the chosen decision-
making methods, a model of the participation of a smaller number of
experts was chosen. In this research, performing a high level of expertise
in the field of wheeled armored unit tactics was essential for valid individual
decision making. The interview was conducted with a total of 12 Infantry
branch officers, and four of them met the set criteria regarding the
necessary professional experience and knowledge in wheeled armored
vehicles.

The first two experts performed the ranking using the AHP method,
while the third and the fourth applied the AHP-PROMETHEE Il model. The
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results obtained by the individual decision making of four experts were
subjected to the Condorcet method of group decision making, to make a
final decision.

The AHP method was chosen because it requires the active
participation of military experts for adequate comparison by pairs and
determining the weight of the criteria, and because it provides good results
for the given number of criteria. Also, based on the analyzed literature, the
AHP method is useful for structuring the problem of choosing vehicles and
combat systems. On the other hand, the PROMETHEE |l method is very
easy to use by experts and provides additional precision by defining the
preference parameters on each criterion. The Condorcet method was
chosen because it is more representative than models of simple majority
voting in group decision making, as it takes into account all possible
comparisons of the ranks of alternatives obtained by experts through
individual decision making.

The analysis of the literature leads to the conclusion that multi-criteria
decision-making methods have been applied in many areas of military
activity, individually or in a variant of the combination of two or more
methods, to make the best use of their capabilities in support of finding an
optimal solution to the problem. In the field of combat system selection,
there is a large number of scientific works in which the subject methods
were used: Kurtay (2024) applies the Fuzzy EDAS method for the selection
of an armored vehicle; Genc (2015) applies the ELECTRE Il and
PROMETHE Il methods, while Gazibey et al. (2015) apply the DEMATEL
method for criteria analysis and tank selection; Radovanovi¢ et al. (2023)
ranks Unmanned Combat Air Vehicle for military needs using multiple
methods (DIBR, FUCOM, LMAW, and EDAS); Star€evic et al. (2019) apply
the AHP-DEA model to the selection of military vehicles for use in
multinational operations; Tedi¢ & Marinkovi¢ (2023) perform the selection
of complex combat systems using several methods and aggregators; Jokic
et al. (2024) apply the DEX method to select the optimal caliber for an
automatic rifle; Radovanovi¢ et al. (2019) apply the AHP method, and
Pamucar & Dimitrijevi¢ (2021) the TOPSIS and MABAC methods for the
selection of anti-armor missile systems; Santos et al. (2021) apply the AHP
method in the selection of a warship; Sun et al. (2013) apply the Fuzzy-
AHP method, and Furch & Svasta (2022) integrate a number of multi-
criteria decision-making methods for the selection of unmanned ground
platforms; Radovanovi¢ et al. (2024) select an assault rifle using the
LMAW - gray EDAS hybrid model. In the study of the UN working group,
the AHP method was used to rank the importance of the capabilities of

©»

Zivkovi¢, M. et al, Application of the AHP and PROMETHEE Il individual decision-making methods and the Condorcet group

decision-making method in the selection of a multipurpose armored wheeled combat vehicle, pp.24-55



@ VOJINOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

armored personnel carriers and wheeled and tracked vehicles (UN
Department of Operational Support, 2023).

The analyzed literature unequivocally indicates that the authors are
interested in the application of various mathematical methods when
choosing complex combat systems.

The work is conceived in several parts. In the next part, a description
of armored combat vehicles was given. Furthermore, the methods used in
the creation of the model were presented, in order to finally give a detailed
description of the criteria and a presentation of the results obtained
through the application of the model.

Basic characteristics of armored vehicles

The development of armored combat vehicles took place following the
reached level of technological progress in the world and changes in the
physiognomy of armed conflicts, constantly adapting to new threats. The
first armored vehicles were used during the First World War in the form of
transporters with light armor protection and were intended for the transport
of infantry units to support tanks on the battlefield (Radeti¢, 2001).
Regarding the vehicle type, originally half-tracked combat vehicles were
used while later tracked vehicles were dominant, and wheeled vehicles
were rarely used. After the Second World War, the intensive development
of infantry fighting vehicles began to ensure a higher speed of maneuver
of infantry units, at the same time providing better armor protection and
firepower. After the period of the Cold War, a more intensive development
of wheeled armored combat vehicles of all types began, under new -
asymmetric threats and in the conditions of increasingly frequent conflicts
in the urban environment (Kurtay, 2024). Such a situation required the use
of vehicles of smaller dimensions and high maneuverability, but also with
adequate protection, suitable for carrying out tasks such as
reconnaissance, territory control, operations of special military and police
forces, and for conflicts of lower intensity.

The key capabilities of armored vehicles are traditionally contained in
the so-called "iron triangle" which implies mobility, protection, and
firepower (Dean, 2024). In addition to the mentioned universal
characteristics, for wheeled armored combat vehicles that are essentially
intended to carry out the transport of combat formations and assets to the
desired location, the ability to transport personnel and cargo, i.e. the
vehicle's carrying capacity, is very important, and the efficiency of this type
of vehicle is often considered through three main characteristics: mobility,
protection and payload capacity (Giurgiu et al, 2023).
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In a 2023 United Nations task force study, an expanded list of criteria
for the classification of armored fighting vehicles (APVs) was proposed
and included protection, mobility, firepower, payload capacity, and
command and control systems. Also, the necessity of considering new
capabilities by the requirements of the modern combat environment, such
as survivability, adaptability, connectivity, surveillance, threat detection,
identification in combat, etc., has been increasingly discussed recently
(Giurgiu et al, 2023). The essence of such tendencies is to ensure a high
degree of situational awareness on the battlefield to quickly react in terms
of eliminating or avoiding the threat.

Mobility is very important for the efficiency of vehicle use in different
terrain conditions, but also from the aspect of force protection, thanks to
the reduced exposure of the vehicle to potential threats. Mobility largely
depends on the combat weight of the vehicle, because it affects the
acceleration, i.e., the agility of the vehicle in combat, as well as the power
of the engine and the suspension system (Muzdeka, 2012). As the mass
of the vehicle directly affects the maneuverability of the vehicle, there must
be a balance concerning armored protection and transport capacity
(Kamel, 2017). On the other hand, the number of crew members and the
mass of additional cargo are related to the self-protection capability.
Namely, the greater mass with which it is possible to load the vehicle is an
indicator of the possibility of implementing different weapons systems -
greater firepower and for acting on different targets (anti-armor means, for
acting on targets in the airspace, etc.), but also a larger number of combat-
formation members, which protects the vehicle itself in battle, among other
things. Also, in terms of additional protection, the greater carrying capacity
of the vehicle provides the possibility of using various modular elements
for the protection of the vehicle for protection against light anti-armor
systems of less penetration (Dean & Cazalet, 2024).

In terms of firepower, modern wheeled armored combat vehicles are
not far behind other combat vehicles and can be equipped with different
combat stations with light and heavy machine guns, cannons of caliber up
to 30 mm, but also with secondary weapons such as anti-armor systems,
grenade launchers, light anti-aircraft systems, etc.

From the above, it can be concluded that there is a high degree of
interdependence among the characteristics, and it is necessary to have an
adequate balance to achieve greater efficiency in combat. This is
especially important in terms of the use of multi-purpose vehicles. In order
to choose the most optimal variant of the vehicle, it is necessary to first
decompose the main criteria into an optimal number of sub-criteria, and
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then carry out their evaluation to ensure a compromise in the level of the
vehicle's capabilities, according to the specific requirements of use.

Description of the methods

The work used the AHP and PROMETHEE Il methods of individual
multi-criteria decision making and the Condorcet method of group multi-
criteria decision making. The presentation of the model is given in Figure
1. As it can be seen from the figure, the model has four phases. In the first
phase, criteria and sub-criteria specific to the presented problem are
defined. Through the second phase, the experts compare the criteria, and
after that, the weight coefficients of the criteria are calculated for each
expert. The obtained values represent the input to the third phase of the
model where the ranking of the alternatives is performed using the AHP
and PROMETHEE Il methods. Finally, in the fourth stage, the final values
for the ranking of the alternatives are obtained by applying the Condorcet
method. A brief description of the applied methods in the model is given in
the following sections.

All Experts
P Survey and
Interview

Phase 1: Defining
criteria

Figure 1- Flowchart of the AHP - PROMETHEE - Condorcet model
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Description of the Analytic Hierarchy Process (AHP)
Method

The Analytical Hierarchical Process Method was developed by Saaty
(1980) and it is based on a pairwise comparison of decision elements
(criteria, sub-criteria, and alternatives). For pairwise comparisons, the
values given in the scale of mutual importance in Table 1 are applied.

Table 1- Saaty's scale of relative importance (Saaty, 2008)

Definition Intensity of Importance
Equal importance 1

Moderate importance 3

Strong importance 5

Very strong importance 7

Extreme importance 9

Intermediate values 2,4,6,8

Reciprocal values of the above numbers 1/2, 1/3, ... 1/9

If the activities are very close 11- 19

The basic features of the AHP method are the ability to work with
numerical and non-numerical data (Elraaid et al, 2024), the ability to
determine the weights of the criteria, and the assessment of consistency,
i.e., checking the quality of the given assessments.

The procedure for applying the AHP method includes several steps.
The first step involves defining the problem that needs to be solved and
presenting it through the structuring of the hierarchy of goals, criteria, sub-
criteria, and possible alternatives (Saaty, 2008). This step is the most
demanding for experts, but it is also the most creative (Kovacevic et al,
2024; Biswas et al, 2025). In addition to the knowledge about the problem
being investigated, experts must also be familiar with the way of applying
the Saaty scale when making comparisons.

The second step of the method is the formation of a set of matrices
for the mutual comparison of all criteria (sub-criteria) by pairs and defining
their weights.

The next step is to calculate the consistency ratio (CR), the value of
which must be less than 0.1 to be acceptable. The consistency ratio is
calculated according to the formula:

CR = g 1)
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where Cl is the consistency index and RI is the randomness index
(Random Index - RI).

The random index (RI) is determined empirically and depends on the
number of criteria, i.e., on the dimensions of the assessment matrix - n
(Table 2).

Table 2 - Random indices according to Saaty (Saaty, 1988)

n 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 112 1.24 1.32 141 1.45 1.49

The consistency index is calculated according to the formula:

Cl - 01 2
Nmex is the eigenvalue calculated for each criterion by the formula:
Awrw
Amax 3)

where A is the criteria comparison matrix, and w is the eigenvector for the
criteria, i.e., the degree of confidence in the criteria (weight of the criteria).

The comparison matrix A is multiplied by a vector by multiplying w
(corresponding to a particular criterion) by the value of each cell in the
same row, and the resulting products are summed. The procedure is
repeated for all rows in the matrix. Finally, if the obtained CR consistency
ratio is less than 0.1, the matrix is consistent, and the alternatives are
compared according to each criterion. A ratio value greater than 0.1
indicates that the criteria comparison matrix is inconsistent and that it is
necessary for the participants to correct their assessments in solving a
specific problem or to structure the hierarchy of the problem in another way
(or formulate questions differently when comparing elements).

Then the weighted sum is calculated, which is obtained by multiplying
the matrix of alternatives with the eigenvector w. By comparing them, a
conclusion is reached about the most favorable variant and it is possible
to rank them. A higher value of the difficult sum for a certain alternative
indicates that it is more favorable.

Description of the PROMETHEEII method

The PROMETHEE method is a prominent multi-criteria decision-
making method that evaluates alternatives depending on the preferences
of decision makers (Brans & Mareschal, 2005; Oubahman & Duleba,
2021). Many authors highlight the simplicity of its application as the main
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advantage of this method compared to others, as well as the possibility of
solving complex problems in conditions where the criteria are mutually
opposed (Oubahman & Duleba, 2021; Taherdoost & Madanchian, 2023).
The PROMETHEE | method was created in 1984 (Brans et al, 1984), while
the PROMETHEE Il method was first presented in the work of Brans &
Vicke (1985), and since then it has been used in a large number of
research related decision making cases. Also, later, new modifications of
the PROMETHE method - PROMETHEE Il IV, V, as well as the GAIA
graphic representation of the optimal solution were developed.

Here, a brief overview of the PROMETHEE Il method will be given,
bearing in mind that it provides a complete comparison and ranking of
alternatives, unlike PROMETHEE | which allows only a partial comparison
of alternatives. It can be used for single-criteria and multi-criteria decision
analysis.

This method requires defining a preference function for the mutual
comparison of alternatives, as well as the parameters of that function. The
parameters of the preference function are the indifference parameter (m)
which indicates up to which limit of the difference between two alternatives
according to a certain criterion there is no preference, and the preference
parameter (n) which indicates that above a certain difference in value
between the two alternatives there are certain preferences (Suknovic et al,
2021). Thus, the preference function identifies the existence and then
describes the value of the difference between the two alternatives, which
goes from 0O to 1 for each criterion.

Six general types of preference functions can be used to express a
preference, namely: simple type; "U" type, "V" type, stepped type, linear
type, and Gaussian type (Brans et al, 1986). Which of the mentioned
functions will be used primarily depends on the characteristics of each of
the criteria (Oubahman & Duleba, 2021). The linear type of preference is
general and is most often applied in practice because it can cover the
largest number of problems (Suknovi€ et al, 2021). Table 3 describes the
types of functions that will be applied in the paper.

The first step in the application of the PROMETHEE method is the
calculation of preferences by pairs for all criteria, using the appropriate
preference function and the type of extremization
(minimization/maximization). Previously, by applying some of the
methods, weights are determined for each criterion because
PROMETHEE does not have a mechanism for determining weights.

The second step involves multiplying the received preferences of the
pairs of alternatives with the corresponding weights of the criteria while in
the third step the weighted sum of preferences is calculated.
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Table 3 - Description of the PROMETHEE method function types (Brans et al, 1986;
Brans & Mareschal, 2005)

Graph function Definition Parameters
P+ | type (ordinary):
p(d) = 1,d > O (strict preference)
p(d) = 0,d < O (indifference)

Il type (,U):

p(d) = 1,d> m (strict preference)

p(d) = 0,d < O (indifference) m
I type (,V9:

p(d) = 1, d > n (strict preference)

p(d) = d/n, 0 < d < n (weak preference) n

p(d) =0, d < 0 (indifference)

Vtype (linear):

p(d) = 1,d > n (strict preference)
p(d) = (d-m)/(n-m), m< d < n (weak
preference)

p(d) =0, d <m (indifference)

In the fourth step, the positive, negative, and net flow of alternatives
are determined (Suknovi¢ et al, 2021). A positive flow indicates how
preferred an alternative is on average compared to other alternatives,
while a negative flow indicates how preferred other alternatives are
compared to the observed one. A net flow (T) can be represented
mathematically as the difference between the positive flow (T+) and the
negative flow (T-): T =T+ - T"

The overall ranking of alternatives is based on the highest net flow
value.

Description of the Condorcet method

The Condorcet method is among the most prominent and oldest
methods of group decision making. In practice, it was most often applied
in the political election process, but also in other areas, such as product
procurement. It is specific in that it requires mutual comparison of
alternatives by pairs to determine how many times a certain alternative
was ranked better than the others (Suknovi¢ et al, 2021). By applying that
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simple rule, the Condorcet method ensures that the choice of a certain
alternative is based on the opinion of the majority of people participating
in the decision. It can be applied in its original form or in combination with
the Borda method (Herrero & Villar, 2021) and other methods (Green-
Armytage, 2011; Brandt et al, 2021).

The procedure for applying this method implies the formation of a
matrix of the order of alternatives. Alternatives are compared in pairs and
the number of times one alternative dominates over the other among all
decision makers is entered in the appropriate cell of the matrix. Then the
value of the vector W is calculated by adding all the dominances in one
row of the matrix for the first alternative and then for the others. The most
acceptable alternative is the one that has the highest value of the vector
W.

However, the Condorcet method also has its limitations, i.e., it does
not always allow to determine the best alternative. This situation in which
alternatives are offered in the same rank is called the "Condorcet paradox"
(Suknovi¢ et al, 2021). One of possible solutions implies that one of the
decision makers reconsiders and changes the order of alternatives, but in
that case the equality of decision-making participants is violated (Tomczak
et al, 2019).

In this case, group decision making will be carried out based on the
decisions of four military experts, which were made independently, without
influencing each other.

Description of the alternatives and the criteria

The process of multi-criteria decision making using the presented
model was carried out in the case of a preliminary selection of one of four
alternatives according to three main criteria and several sub-criteria within
them.

For alternatives, four models of multi-purpose armored wheel drive
4x4 models were selected: (A1) BOV M16 Milo$ 2; (A2) Despot; (A3) Tatra
815-7 Patriot Il and (A4) ATV Zetor Gerlach, between which the optimal
solution was chosen. For that purpose, data on technical and operational
characteristics, available on the official websites of their manufacturers
(Table 4), were collected.

All the listed alternatives (Figure 2) have a similar purpose, ie., they
are suitable for carrying out military and police tasks, such as
reconnaissance, territory control, transportation and support of special
units, command, fire support, medical evacuation, etc.
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Table 4 - Basic technical and operational characteristics of the vehicles

Vehicle model - Alternatives

Data type - . Zetor
P Milo§-2 Despot Patriot Il

Gerlach
Maximum engine power (kW) 252 240 300 240
Vehicle specific power (kW/t) 14 171 16.7 16.5
Maximum speed (km/h) 100 120 110 117
Maximum climb (%) 60 50 45 60
Maximum side slope (%) 30 30 32 57
Vertical obstacle (m) 0.5 0.5 0.5 0.5
Trench width (m) 0.8 0.8 0.9 1
Water obstacle depth (m) 0.9 11 12 12
Total mass (t) 18 14 18 14.5
Load capacity (t) 25 3 4.5 2.3
Number of crew members 2+8 2+8 2+6 2+4
Autonomy of movement (km) 600 700 700 600
Ballistic protection level (STANAG 3 2 2 3
4569)
Mine protection level (STANAG 4569) 2a/26 2al26 2al26 3a/36

Figure 2 - Alternatives: a. Milos-2 (Yugoimport, 2024), b. Despot (TRB, 2024), c. Patriot Il
(Excaliburarmy, 2024), d. Zetor Gerlach (Zetorengineering, 2024)
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Based on the relevant scientific and professional literature and the
views of experts in the field of construction and use of wheeled armored
combat vehicles, and by the available data on the vehicles, the following
basic criteria were defined based on which the alternatives will be ranked:

Criterion 1 (K1): Mobility - represents the vehicle's ability to move
and maneuver in different terrain conditions. In this paper, it will be
considered through the following sub-criteria: vehicle specific power (K14),
autonomy of movement (Ki2), and passability (Ki3). The specific power of
the vehicle is the ratio of engine power to the total mass of the armored
combat vehicle and is expressed in kW/t. The value of this criterion directly
indicates the performance of the vehicle such as acceleration, maximum
speed, and agility, which is very important from the aspect of quick reaction
in various combat situations (Muzdeka, 2012). Autonomy of movement
implies the maximum distance that the vehicle can move with one filling of
the fuel tank and is important from the point of view of the so-called
operational mobility, i.e., planning logistical needs in operations. The
vehicle's passability implies the ability of an armored vehicle to overcome
a space with different characteristics (slope of the terrain), as well as
certain obstacles. Different parameters describe the vehicle's passability,
and in this case, it will be considered through the ability to overcome the
front and side slopes, vertical obstacles, trenches of a certain width, as
well as water obstacles of a certain depth (without prior preparation).

Criterion 2 (K2): Protection - refers to the resistance of the armored
vehicle to the effects of various types of weapons and the explosion of
mines and the possibility of protecting people and key equipment and
systems in the vehicle, and is expressed by a certain level of ballistic (Kz1)
and anti-mine protection (Kz), most often according to the NATO standard
STANAG 4569. The level of protection for which the vehicle is certified
indicates specifically the type and caliber of the projectile/amount of
explosives that the vehicle's armor can withstand, as well as the type of
weapon/tools, the distance, and the angle at which the projectile was fired.

Criterion 3 (K3): Transport of people and cargo (payload capacity) -
represents the total number of people - members of military or police units
with complete combat equipment, for which adequate space is provided in
the front and rear part of the vehicle, as well as the mass of useful cargo
that can be loaded or additionally equip the vehicle with certain systems.

Ranking results

The first decision maker (DM 1) will rank the combat vehicles using
the AHP method based on the hierarchy of criteria presented in Table 5.
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Table 5. Criteria and sub-criteria

Goal Criteria Sub-criteria
Kn  Specific power
K12  Cruising range
Overcoming front

hel

c

13

@ Ki3i .

@ Ki  Mobility Obstacle gfadlent _
S x ; ; KI32 Side slope overcoming
a X Ki3 crossing _ _

5 capabilities Overcoming vertical
s 2 KI33 obstacle/Trench/Fording
i capability

g > .

. = K21 Balllstlg

< a . protection

° £ K2 Protection L

S o Antimine

o o K22 .

= protection

® K3i Number of crew

o i

o K Payload members

s 3 capacity Mass of

e K2

additional cargo

By applying Saaty's scale (Table 1), DM1 performed a comparison of
the criteria/sub-criteria by branches of the hierarchy, whereby a total of 5
matrices were formed (Tables 6-10, under a), and then the matrices were
normalized and the value of the vector w was determined (Tables 6 -10,
under b).

Table 6 - Ranking of the main criteria in relation to the set goal

a) Ki K2 K3 6) Ki K2 K3 w CR
Ki 1 12 14 Ki 0393 0.386 0400 0.393

K2 083 1 11 K2 0327 0322 0314 0321

K3 071 091 1 K3 0280 0292 0286 0.286

z 255 311 350 z 1

Table 7- Ranking of the sub-criteria concerning vehicle mobility

a) Kil K12 Ki3 6) K11 K12 Ki3 w CR
Ky 1 3 1 Kii 0.429 0.429 0.429 0.429

kK12 0.33 1 0.33 K12  0.143 0.143 0.143 0.143 0
Kiz 1 3 1 ki3 0.429 0.429 0.429 0.429

z 233 7 2.33 z 1
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a)

K131
K1
K133

Table 8- Ranking of the sub-criteria concerning vehicle passability

K11
1
1
0.67
2.67

K132
1

1
0.67
2.67

K133 6) K131
15 K131 0.375
15 K1 0.375
1 K133 0250
4 Z

K132
0.375

0.375
0.250

Ki33
0.375
0.375
0.250

w
0.375
0.375
0.250
1

CR

Table 9 - Ranking of the sub-criteria concerning the level of vehicle protection

a) K2i K2 6) K21 K2 w CR
K2 1 1.4 K21 0583 0583 0.583
K2 071 1 K2 0417 0417 0417 0
z 171 2.40 z 1

Table 10- Ranking of the sub-criteria concerning the payload capacities

a) K3i K32 0) K31 K w CR
K3i 1 2 K31l 0.667 0.667 0.667

Kz2 05 1 K2 0.333 0333 0333 0
A 15 3 Z 1

The matrix consistency check (Tables 6, 7, 8 9, and 10) was
performed using formulas (1), (2), and (3) and it was found that all values
of the CR consistency index are less than 0.1, i.e., the matrices are

consistent.

In this way, the relative weight values of the criteria and sub-criteria
were obtained, based on which the absolute weight values are calculated
by multiplying the relative weight of each sub-criterion with the weight
value of all super-criteria in the displayed hierarchy. The absolute values
of the weights for the subcriteria of the leaves of the tree hierarchy are

shown in Figure 3 (bold numbers in shaded boxes).

Mobility (Kx) Protection (K2) Payload capacity (K3)
39.28% 32.1% 28.62%
r" 1 4 1
Ky K12 K13 K21 K22 K31 K32
42.86% 14.29% 42.86% 58.33% 41.67% 66.67% 33.33%
(16.84%) (5.61%) (16.83%) (18.73%)  (13.38%) (19.08%) (9.54%)
— f S
K131 K132 K133
37.5% 37.5% 25%
(6.31%) (6.31%)  (4.21%)

Figure 3 - Relative and absolute weights (in bold) of the criteria and sub-criteria
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The results of the comparison of the alternatives according to each
criterion of the hierarchy tree leaf (the criteria and sub-criteria which are
the last in the hierarchy tree) are shown in Tables 11-19.

Table 11 - Comparison of the alternatives according to the specific power

Ki Al A2 A3 A4 Average
Al 1 0.20 0.25 0.25 0.0711
A2 5 1 15 16 0.393
A3 4 067 1 1.20 0.282
A4 4 063 083 1 0.254

Z 14 249 358 405 1

Table 12 - Comparison of the alternatives according to the autonomy of movement

K2 Al A2 A3 A4 Average
Al 1 0.2 0.2 1 0.083
A2 5 1 1 5 0.417
A3 5 1 1 5 0.417
A4 1 0.2 0.2 1 0.083
z 12 240 240 12 1

Table 13- Comparison of the alternatives according to overcoming the climb

k131 Al A2 A3 A4 Average
Al 1 5 7 1 0.421
A2 0.2 1 3 0.2 0.106
A3 0.14 0.33 1 0.14 0.052
A4 1 5 7 1 0.421

z 234 1133 18 234 1

Table 14 - Comparison of the alternatives according to overcoming the side slope

k132 Al A2 A3 A4 Average

Al 1 1 0.83 0.13 0.087
A2 1 1 0.83 0.13 0.087
A3 1.2 12 1 0.13 0.100
A4 8 8 8 1 0.726
z 112 112 1067 138 1
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Table 15- Comparison of the alternatives according to the obstacles overcoming

Table 16 - Comparison of the alternatives according to the ballistic protection level

Al 1 0.50

A2 2 1
A3 4 2
A4 5 3
Z 12 6.50

K21 Al A2

Al 1 7
A2 014 1
A3 014 1
A4 1 7

z 229 16

A3
0.25
0.50
1
1.50
3.25

A3

Table 17 - Comparison of the alternatives

Kz Al A2
Al 1 1
A2 1 1
A3 1 1
AL T T
Z 10 10

A3
1
1
1
7
10

A4
0.20
0.33
0.67
1
2.20

A4

1
0.14
0.14
1
2.29

Average
0.082
0.156
0.313
0.449

1

Average
0.437
0.062
0.062
0.438

1

according to the mine protection level

A4
0.14
0.14
0.14
1
1.43

Average
0.100
0.100
0.100
0.700

1

Table 18- Comparison of alternatives according to the number of crew members

Table 19- Comparison of the alternatives according to the mass of additional cargo

K32
Al

A2
A3
A4
z

ka1 AL A2
Al 1 1
A2 1 1
A3 020 0.20
A4 014 0.14
Z 234 234

Al A2
1 0.50
2 1

7 5
0.83 0.33
10.83 6.83

A3 A4
5 7
5 7
1 5
0.2 1
112 20

A3
0.14
0.20

0.14
1.49

41

Average
0.413
0.413
0.128
0.047

1

A4 Average

1.20  0.090
3 0.178
7 0.656
1 0.076
12.2 1
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Finally, by inserting the mean values from the normalized matrices for
all alternatives according to each criterion of the hierarchy list (from Tables
11-19 under b) into the new matrix (Table 20) and multiplying with the
absolute weights, the weighted sum value and the final ranking of the
alternatives are obtained (Table 21 ).

Table 20- Normalized decision-making table

Ku K12 K131 K132 K133 K21 K22 K31 K32
Al 0.071 0.083 0.421 0.087 0.082 0.437 0.100 0.413 0.090
A2 0.393 0.417 0.106 0.087 0.156 0.062 0.100 0.413 0.178
A3 0.282 0.417 0.052 0.100 0.313 0.062 0.100 0.128 0.656
A4 0.254 0.083 0.421 0.726 0.449 0.438 0.700 0.047 0.076
w 0.168 0.056 0.063 0.063 0.042 0.187 0.134 0.191 0.095

Table 21 - Ranking of the alternatives

Alternatives  Weighted sum Rank
Al 0.2347 2
A2 0.2291 3
A3 0.2056 4
A4 0.3306 1

Based on the analysis performed by DM1, the following ranking of the
alternatives was obtained: A4, Al, A2, and A3. The most favorable
alternative is A4, and the least favorable is A3, with alternatives A1 and A2
having similar values of the weighted sum.

The second decision maker (DM2) applies the AHP method, in the
same way as DM 1, whereby the value of the absolute weights of the main
criteria is obtained as follows: mobility 35.29%, protection 35.29%, and
carrying capacity 29.41%. Table 22 shows the normalized decision matrix,
and Table 23 shows the ranking of the alternatives.

Table 22 - Normalized decision-making table

K11 K12 K131 K132 K 133 K21 K22 K3i K32
Al 0.071 0.083 0.421 0.087 0.082 0.437 0.100 0.413 0.090
A2 0.393 0417 0.106 0.087 0.156 0.062 0.100 0.413 0.178
A3 0.282 0.417 0.052 0.100 0.313 0.062 0.100 0.128 0.656
A4 0.254 0.083 0.421 0.726 0.449 0.438 0.700 0.047 0.076
w 0.137 0.060 0.055 0.055 0.046 0.206 0.147 0.166 0.128
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Table 23 - Ranking of the alternatives

Alternatives  Weighted sum Rank
Al 0.2313 2
A2 0.2155 4
A3 0.2190 3
A4 0.3343 1

The decision maker (DM2) received the following ranking of the
alternatives: A4, Al, A3, and A2, where it is evident that in this case the
alternatives Al, A2 and A3 have close values of the difficult sum.

The third decision-maker (DM3) applies the AHP method to
determine the weights of the criteria and in that procedure the following
values of the absolute weights of the main criteria were obtained: mobility
36.45%, protection 33.24%, and carrying capacity 30.31%. It then applies
the PROMETHEE Il method in the final ranking of the alternatives. The
decision maker fills in Table 24, based on the available data on the
vehicles, in which he evaluates the value of the subcriterion K13z based on
the width of the trench and the depth of the water obstacle that the vehicle
can overcome, and the value of the anti-mine protection level is expressed
by a unique number, bearing in mind that the values a and b do not differ
(the level of explosion protection under the center of the armored body and
under the wheels of the combat vehicle is the same).

Table 24 - Data for vehicle selection

K K12 K131 K 132 K133 K21 K22 K3i K32
Al 14 600 60 30 0.8/0.9 3 2a/26 10 25
A2 171 700 50 30 0.8/11 2 2a/26 10 3
A3 16.7 700 45 32 0.9/1.2 2 2a/26 8 4.5
A4 16.5 600 60 57 V12 3 3a/36 6 2.3

Then, for each criterion, the appropriate type of the preference
function (chosen from Table 3), the parameters of preference and
indifference, and the type of extremization were determined (Table 25).
The type of extremization is the same for all criteria because a higher value
is preferred.

After calculating the difference in the value of the criteria for all mutual

pairwise comparisons (Table 26), the preferences of the pairs of the
alternatives were obtained by applying the defined functions (Table 27).
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w
Tip f-je
m

n
min/max

Table 25 - Weights and the parameters of the preference functions

Ki2
0.158 0.063
lin. lin.
0.25 25
0.75 70

K131
0.051

lin.

K132

0

.051

lin.

3
6

K 133
0.042

lin.
0.1
0.2

max

K21

0.205

lin.
0.5
1

Table 26 - Differences in the value of criteria by all pairs

AlA2
Al1A3
AlA4
A2A1
A2A3
A2A4
A3Al
A3A2
A3A4
A4A1
A4A2
A4A3

Ky
3.1
2.7
-2.5
31
0.4
0.6
2.7
-0.4
0.2
2.5
-0.6
-0.2

Ki2
-100
-100
0
100
0
100
100
0
100
0
-100
-100

K131

10
15
0
-10
5
-10
-15
-5
-15
0
10
15

K132

0
-2
-27
0
-2
-27
2

2
-25
27
27
25

K 133
-0.1

-0.2
-0.25
0.1
-0.1
-0.15
0.2
0.1
-0.05
0.25
0.15
0.05

K21
1
1

K22 K3i K32
0.128 0.227 0.076
lin. simpl.  lin.
0.5 0 0.3
1 0 0.8

of the alternatives

K22 K3i K32
0 0 -0.5
0 2 -2
-1 4 0.2
0 0 0.5
0 2 -1.5
-1 4 0.7
0 -2 2
0 -2 15
-1 2 2.2

-4 -0.2
-4 -0.7
-2 -2.2

Table 27 - Preferences of the pairs of the alternatives according to all criteria

Al1A2
A1A3
AlA4
A2A1
A2A3
A2A4
A3A1
A3A2
A3A4
A4A1
A4A2
A4A3

=

O Op OO0 pFr OO0 Fr OO0 ORFX
~N W

O OO P OpFPr p O pPrp OO0 O X

[N
N

K
1
1
0
0
0
0
0
0
0
0
1
1

K
0
0
0
0
0
0
0
0
0
1
1
1
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K
1
1
0
0
0
0
0
0
0
0
1
1

A
N
N

B B kP OO O0OO0OO0OOOGOoO O

K3i K32
0 0
1 0
1 0
0 1
1 0
1 1
0 1
0 1
1 1
0 0
0 0
0 0



By multiplying the preferences in Table 27 with the weights of the
criteria w, the so-called "weighted preferences" were obtained for each pair
of comparisons (A1A2, A1A3...), which are then entered into a weighted
preference matrix to calculate positive, negative and net flows (Table 28).

Table 28 - Matrix of the weighted preferences of the alternatives with the positive and
negative flow values

Al A2 A3 Ad T+ T Rank
Al ¥ 0.2555  0.4828 0.2273 0.322 -0016 3
A2 0.2959 ¥ 0.2746 04759  0.349  0.087 1
A3 0.3384 0.0758 0.3656  0.260  -0.137 4
Ad 0.3789 0.4555  0.4343 ¥ 0423 0067 2
T- 0.3380 0.2620  0.3970 0.3560 0.001

Based on the value of the net flow, DM3 established the following
order of alternatives: A2, A4, Al, and A3, where it is noticeable that the
difference between the value of the net flows of the first-ranked alternative
A2 and the second-ranked alternative A4 is insignificant. Therefore, the
alternatives A2 and A4 are almost equally good in this case.

The fourth decision maker (DM4) applies the same model as the
previous one. When evaluating the criteria using the AHP method, the
following weight values of the main criteria were obtained: mobility -
36.29%, protection 27.85%, and transport of people and cargo - 35.86%,
which indicates that DM4 favors the mobility and transport capabilities of
vehicles, in relation to protection. By applying the PROMETHEE Il method,
DM4 performs the final ranking of alternatives. Due to the limitations of this
work and the procedure already described, the tables with the values of
the criteria weights, the parameters and the types of the preference
function are presented as well as the matrix of the weighted preferences
with the flow values (Tables 29 and 30).

Table 29 - Weights and the parameters of the preference functions

Ky K12 K131 K132 K 133 K21 K22 K3i K32
w 0.141 0.062 0.061 0.047 0.053 0.162 0.116 0.239 0.120
function lin. lin. lin. lin. lin. LU LU LU lin.
m 1 40 6 4 01 0.5 0.5 1 0.2
n 2 80 12 8 0.2 0 0 0 0.7
min/max max
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Table 30 - Matrix of the weighted preferences of the alternatives with the positive and
negative flow values

Al A2 A3 A4 T+ T Rank
Al ¥ 0.2031  0.4624 0.2390  0.302 -0.033 3
A2 0.2739 ¥ 0.2390  0.4202  0.311 0.073 1
A3 0.3750 01195 © 0.4202  0.305 -0.057 4
A4 0.3564 0.3923  0.3860 0.378 0.018 2
T- 0.3350 0.2380 0.3620  0.3600 0.001

Based on the analysis performed by DM4, the same ranking of the
alternatives was obtained as in the previous case.

Application of the Condorcet method

The ranking results obtained by individual decision-making methods
by four decision makers are entered in Table 31 in order to determine the
optimal solution using the Condorcet method under the conditions of group
decision making.

Table 31 - Result of the group decision making

Ranking of alternatives by each . Vektor
. Matrix
decision maker w
Rank DM1 DM2 DM3 DM4 Alternatives Al A2 A3 A4 z
1 A4 A4 A2 A2 A" 2 4 0 6
2 Al Al A4 A4 A2 2 ¥ 3 2 7
3 A2 A3 Al Al A3 0 ¥ 0 1
4 A3 A2 A3 A3 A4 4 2 4 ¥ 10

In the table, a matrix was formed for the purpose of mutual
comparison of the alternatives by pairs and determining how much one
alternative dominated in all individual rankings in relation to the other. Then
the value of the vector W is calculated by adding the values of all
dominances in one row of the matrix, for the alternative Al, and then for
the others.

By applying the Condorcet method, it was found that the most
acceptable alternative is A4 (the highest value of the vector W=10), and
the most unfavorable is A3 (the lowest value of the vector W=1). The
alternatives A1 and A2 are of similar value.
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Conclusion

The application of multi-criteria decision-making methods is
indispensable when deciding between a number of alternatives and when
the entire spectrum of characteristics of a complex combat system is taken
into account. This is especially pronounced when striving to achieve a
balance between the criteria that belong to the so-called "iron triangle" of
the multipurpose combat armored vehicle. The paper presents a model of
the application of the AHP and PROMETHEE Il methods on the specific
case of ranking four alternatives according to nine criteria/sub-criteria, in
two cases using the AHP method and in two cases using the AHP-
PROMETHEE Il model. Group decision making aimed at the final selection
of the most favorable alternative was carried out using the Condorcet
method.

In the results of the evaluation of the criteria by military experts,
uniformity is evident in determining the weights of the main criteria,
whereby in three cases priority was given to vehicle performance, i.e.,
vehicle mobility, and in one case the mobility and protection criteria were
equal. In the first two cases, in which priority was clearly expressed on the
criteria of mobility and force protection, the first ranked alternative was A4,
i.e., the Zetor Gerlach vehicle. In the third case, in which the value of the
transport capacity criterion was slightly lower compared to the mobility
criterion, and in the fourth case, in which the highest degree of uniformity
of all three criteria was present, a different result was obtained, the first-
ranked alternative was A2, i.e., the Despot vehicle. Finally, by applying the
Condorcet method, it was found that the most favorable alternative is A4.

The obtained results indicate that the final ranking of the alternatives
depends significantly on the experts' clear vision of the solution to the
problem, expressed primarily through the evaluation of criteria using the
AHP method. Bearing in mind that the subsequent comparison depends a
lot on specific, clearly measurable differences in characteristics from
alternative to alternative. This certainly supports the claim that for the
purposes of use in modern combat operations, high-performance vehicles
are needed in terms of agility, the ability to maneuver in a limited space
and passability. The subject methods can be effectively applied for the
ranking of armored vehicles by defining different scenarios that can be
presented through an adequate ratio of the values of the key criteria.

The defined criteria can serve as one of the models for the preliminary
ranking of vehicles of this type because they require data that is generally
available. Normally, the value aspect has an important influence on the
final decision and therefore there must be an adequate balance between
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capabilities, procurement price, and costs throughout the vehicle's entire
lifecycle.

Proper hierarchical structuring of problems on multiple levels ensures
simpler evaluation of elements and helps experts to achieve consistency,
i.e., to be consistent in grading. In order to express small differences
between the elements of the comparison, the experts used very small
values of relative importance from the Saaty scale.

Multi-criteria individual and group decision-making methods are an
effective tool that can contribute to making objective decisions when
choosing a specific combat system; therefore, it is necessary to know the
possibilities of each of the methods in order to fully exploit their
possibilities.

Further research steps should be focused on incorporating the
consideration of value aspects and the application of Fuzzy logic into the
selection of wheeled armored vehicles in the conditions of uncertainties
and various scenarios.
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Aplicacion de los métodos de decision individual AHP y PROMETHEE
Il'y del método de decision grupal Condorcet en la seleccidon de un
vehiculo blindado de combate polivalente sobre ruedas

Misa D. Zivkoviéa, autor de correspondencia, Darko |. BoZaniéa,

Milija M. Suknovicb, Boris V. DelibaSi¢b

a Universidad de Defensa de Belgrado, Academia Militar, Departamento de
Tacticas con Sistemas de Armas, Belgrado, Republica de Serbia

b Universidad de Belgrado, Facultad de Ciencias Organizacionales,
Departamento de Organizacion de Sistemas Empresariales,
Belgrado, Republica de Serbia

CAMPO: ciencia de la decision, ciencias militares
TIPO DE ARTICULO: artfculo cientffico original

Resumen:

Introduccién/objetivo: Los vehfculos blindados de combate sobre ruedas
son sistemas de combate cada vez mas presentes en los conflictos
armados modernos, especialmente en operaciones contra amenazas
asimétricas. El mercado mundial de vehfculos blindados sobre ruedas esta
en constante crecimiento, lo que refleja su aplicacién en una amplia gama
de misiones y tareas de las fuerzas armadas. La existencia de numerosos
modelos de estos vehfculos con diferentes caracterfsticas técnicas y de
rendimiento, junto con la posibilidad de adaptacibn a necesidades
especfficas, complica aun mas la eleccidn de la alternativa mas adecuada.
El artfculo presenta el caso de solucién del problema de seleccién del
vehfculo blindado sobre ruedas de clase media polivalente mas adecuado
con una féormula de traccidn 4x4 al elegir una de las cuatro alternativas,
utilizando métodos de toma de decisiones multicriterio individuales y
grupales.

Métodos: En el presente trabajo se han aplicado los métodos de toma de
decisiones multicriterio para resolver problemas en el ambito de la
seleccidn de sistemas de combate complejos. Expertos en el campo tactico
con sistemas de armas han clasificado las alternativas siguiendo los
criterios definidos utilizando los métodos AHP (Analytic Hierarchy Process)
y PROMETHEE Il (Preference Ranking Organization Method for
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Enrichment Evaluations Il). Los resultados obtenidos mediante la toma de
decisiones individual se sometieron al método Condorcet de foma de
decisiones grupal para tomar una decision final.

Resultados: Seleccion del vehiculo mas adecuado segun los criterios
definidos.

Conclusién: Solucionar el problema involucra tomar en consideracionn las
opiniones de los expertos militares en cuanto a la optimizacién de multiples
criterios para ofrecer el vehiculo de mejor rendimiento adecuado para su
uso en diversas misiones. La eleccion de un vehiculo blindado de combate
sobre ruedas polivalente es un proceso complejo en el que influyen
numerosos factores que no pueden analizarse objetivamente sin la
aplicacion de modelos matemadticos adecuados.

Palabras claves: vehiculos blindados de combate, toma de decisiones
multicriterio, AHP, PROMETHEE I, méfodo Condorcet.

MNpumeHeHne nHanBMayanbHbIX METOA0B NPUHATUSA pelueHnidi AHP u
PROMETHEE I, a Takke rpynnoBoro Metoga npUHATUS PeLUEeHUI
Condorcet npu BbiGOpe MHOroLeneBoro 60eBoro KONeCHoOro
OpoHeTpaHcnopTepa

Muwa . XnBkoBu4?, kKoppecnoHaeHT, [Japko V. BoxaHn4®,

Munus M. CykHoBuY®, Bopuc B. Jenubawuny®

@ YHuBepcuteT 060poHbl B I. Benrpag, BoeHHas akagemus, kadepa
TaKTWKK ¢ cucTemamu Boopyxus, r. Benrpag, Pecnybnuka Cepbus

6 Benrpaackuil yHMBepcUTET, hakyrnbTeT OpraHU3aLMOHHBIX Hayk,
Kadpeapa opraHusauum 6usHec-cuctem, r. Benrpag, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 27.47.19 UccnepoBaHune onepauuii,
28.17.31 MogenunpoBaHue NpoLeccoB ynpaBneHus,
73.47.12 OpraHusauus ynpasreHusa u
aBTOMaTU3MPOBaHHbIE CUCTEMbI YNpaBneHns
TPaHCMopTOM,
78.21.53 NccnepoBanua u pa3paboTku B obnactu
3 PeKTMBHOCTH, HageXHOCTH 1 BoeBoro
MCMOMb30BaHUSA BOOPYKEHWUS U BOEHHOW TEXHUKU
BWO CTATbW: opuruHansHasa Hay4Hasa cTaTba

Pesiome:

Beedenrue/yenb: boeebie KonecHble 6poHempaHcriopmeps: — 3mo
boeeble cucmembl, KOMOPbIE 6Ce 4Yaule UCTOob3ylomes 8
COBPEMEHHbBIX B800PYXEHHbIX KOH(hUKMax, 0CObeHHO 8 onepayusx
npomue  acuMMempuyHbIX ye2p03. Mupoeoli PbIHOK  KOJIECHBIX
OpOHUPOBaHHBIX MaWUH MOCMOSHHO pacmem, 4mo ompaxaemcs Ha
UX MPUMEHEHUU 8 WUPOKOM CrieKmpe Muccull u 3aday 800PYKEHHbIX
curn. CyuwecmeogaHue MHO204UCIEHHbIX modeneli amux
mpaHcrnopmHbiXx  cpedcme ¢ pasfuyHbIMU — MEeXHUYeCKUMU U
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3KCN/lyaTauNOHHbIMU XapakTepucTunKamn Hapsaay ¢ BO3MOXHOCTbHO
afjanTauMn K KOHKPeTHbIM MOTPe6HOCTSAM YC/NOXHAET Bbl6op
Hanbosniee cCOOTBeTCTBYOLWelH anbTepHaTuMBbl. B gaHHoOl cTaTbe
npeacTaB/ieH MNpuMMep pelwleHuMs  3agjavum  Bblbopa Hambonee
nogxoasiuien MHOroOLeneBO KOJSIECHOW OPOHMPOBAHHOW MalUWHbI
cpegHero knacca c dgopmysion npmBoga 4x4 npu Bblbope OfHON U3
yeThbIipex afNbTepHaTMUB C WCMNOMb30OBaHWEM WHAUBUAYASIbHbLIX W
rpynnoBbIX MHOTOKPUTEepUuasnbHbiX METOA0B NPUHATUSA PELLUEHWIA.

MeTogabl: B OaHHOM cTaTbe NPUMEHSINNCH MeTOoAbl
MHOFOKpUTEPUNAZIbHOTO MNPUHATUA pPeLleHUnin B pelleHUM 3ajay B
o6nacTun BbIbOpa CNOXHbIX 60EBbIX CUCTEM. JKCNepThbl B 06sacTwn
TaKTUKN W CUCTEM BOOPYXEHUS OLUeHMBanM anbTepHaTUBbl B
COOTBETCTBUN C ONpeaeneHHbIMU KpUTEepPUsaMu, NCNob3ys MeToabl
AHP (Analytic Hierarchy Process) m PROMETHEE Il (Preference
Ranking Organization Method for Enrichment Evaluations |I).
Pe3ynbTaThbl, MOJy4YeHHble B XO4e WHAUBUAYANbHOFO MPUHATUSA
peweHnin, 6biIn o06paboTaHbl MeTOAOM TrpPynnoOBOro MNPUHATUA
peweHunii Condorcet Ans NPUHATUA OKOHYATENIbHOIO peLleHus.

PesynbTaThkl: bBbin cgenadH Bbl6op Havub6osiee MNOAXOASILLENO
TPaHCNOPTHOroO cpeAcTBa Mo YyTBEePXAeHHbIM KPpUTepUusim.

BbiBoA: PeweHue npo6nembl npegnonaraeT yvyeT MHEHUA BOEHHbIX
3KCMepTOB OTHOCUTENBHO ONTUMMU3ALUN MHOXECTBa KpUTepnes Ans
obecneyvyeHns1 HaUNy4dLIMX XapakTepUCcT UK TPaHCNOPTHOrNo cpeacTBa,
NCNOJIb3yeMOro B pa3/INyHbIX MUCCUsIX. BbIGOp MHOroLeneBoi KonecHol
6pOHMpPOBaHHOI 60eBOV MalWWHbl ABNSIETCH C/IOXHbIM MPOLECCOM, Ha
KOTOpbIi BAUAKOT MHOrOYMCNEHHble aKkTOopbl, He noajarLlnecs
06BbEKTMBHOMY aHanusy 6e3 npUMeHeHus noAxXoAsILLNX
MaTeMaTM 4yeckux Mogenei.

KntoueBble cnosa: 6oeBble 6poHeTpaHcnopTepsbl,
MHOTOKpUTEepunanbHoe MNpuHaTUe peweHun, AHP, PROMETHEE I,
MeToga Condorcet.

MpumeHa meToga nHamBuayasnHor ogayymsawsa AH 1 PROMETHEE I
1 MeToAe rpynHor ognyymBana Condorcet npu ns6opy
BULLEHaMEHCKOI OKnonHor 6op6eHor Bo3u/a To4kalla

Mwuwa [. XXnBkoBuha, ayTop 3a npenucky, lapko V. boxaHunho,
Mwunnja M. CykHoBnh6, Bopuc B. Jennbawnho

aYHuBep3uteT oagbpaHe y beorpagy, BojHa akagemuja,
KaTegpa TakTuke ca cucteMmma Haopyxawa, beorpag, Peny6nuvka Cpbuja

6 YHuBep3uTeT y Beorpagy, ®akynteT opraHM3aLMOHNX Hayka,
KaTtegpa 3a opraHusalmjy NOCMOBHUX cucTema,
Beorpag, Peny6bnuka Cpbuja
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OBJIACT: onepauynoHa ncTpaxusara, BOjHE Hayke
KATEFOPWMJA (v n) YNAHKA: opurvMHasiHi Hay4Hu pag

CaxeTak:

YBoa/unb: OknonHa 60p6eHa BO3usia TO4Kalln Cy CBe MPUCYTHUjU Yy
CaBpeEMEHUM OpyXaHMM CyKoGMMa, HapoyMTOo y onepaumjama NpoTuUB
acuMeTpPUYHUX NpeThU. TpXUWTe OBUX BO3WMA je Y KOHCTaHTHOM
nopacTyy CBeTYy, WITOje oapa3 HkUXOBe MPUMEHE Y LWIMPOKOM CMeKTpy
MUCMja N 3ajaTaka OpyXaHux cHara. [locTojakwe OpoOjHMX Mopgena
OKIOMHUX BO3nna TouKalla pasnuMunTmx T EeXHUYKMX 7
eKkcnnoaTalunoHMX KapakTepucTuka, ca moryhHowhy npunarohaBara
cneunuruHnMm noTpebama, [O0JAaTHO OTexaBa M300p HajnorogHuje
anTepHaTuBe. Y pajy je npeAcTaB/beH C/yyaj pewlaBaka npobdiema
n3bopa HajnorogHujer BULLEHAMEHCKOr OKJ/IOMNHOr BO3W/Ma TouKalla
cpeamwe knace n dpopmysnie noroHa 4x4. izabpaHa je jegHa of yYeTupu
noHyheHe anTepHaTUBE, NPUMEHOM MeTOAa UHAUBUAYATHOT U rPyrnHoOr
BULLEKPUTEPUjYMCKOT 04 TyUnBakba.

MeToge: MNMpumereHe cy MeTOAe BULIEKPUTEPUjYMCKOT OAJlyyYMBaka
npu pewaBaky nNpobnema 13 061acTyn CIOKEHUX 6BOp6EHUX cucTema.
EkcnepTun M3 o6nacTu TakKTMKe ca CUCTEMMMa HaopyXakwa Ccy
npumeHom meToga AHP (Analytic Hierarchy Process) n PROMETHEEII
(Preference Ranking Organization Method for Enrichment Evaluations II)
M3BPLUWAN paHrvparwe anTepHaTuBa Yy cknagy ca pAedUHUCAHUM
KpuTepunjymmuma. PesynTaTu Ao6ujeHNn MHAUBUAYaASTHAM OANyYnBaH-eM
noABprHyTWM Cy MeTOoAM TrpynHor ognayydmBawa Condorcet pagu
[OHOLWEeHa KOHayYHe 0J/1yKe 0 ONTUMa/IHOM peLluemy.

PesynTaTun: WMs3abpaHo je HajonorogHumje BO3WIO Yy CKlagy ca
LeHNCAHUM KpnTepujymmma.

3ak/byyak: Pewere npobnemMa nogpasymesa y3anMmame y 0631p cTaBoBa
BOjHUX eKcrnepaTa y norneay onTuMmusauuvje Bulle KpUTepujyma pagu
06e3b6ehera BO3WNa Haj6bos/bUX NepdopmMaHcK NOrogHor 3a ynorpeoy y
pasnMunTum Mucmjama. M360p BULLEHAMEHCKOT OK/IOMHOr 6Gop6eHor
BO3M/1a TOYKallaje KOMMsieKcaH NpoLec Ha KOju yTu4dy 6pojHM doakTopu
KOje Huje moryhe aHannsMpaTun 06jeKTUBHO 63 NpuUMeHe afeKkBaTHUX
MaTeMaTUYKMX Mogena.

K/byyHe peun: oknonHa 6Gopb6eHa BO3wWia, BULLEKPUTEPUjYMCKO
ognyynBawe, AHP, PROMETHEE Il, meTopg Condorcet.
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