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Abstract:

Introduction: Anti Tank Ground Missiles (ATGMs) are one of the most
efficient weapon systems to counter armored and mechanized units.
Procurement of these weapons is imperative for armed forces of any
country. Adequate evaluation and choice of an efficient ATGM system is a
very important factor which affects operational capabilities of armed forces.
The purpose of this paper is to present that multi criteria methods can be a
useful tool for optimal procurement of ATGMSs for armed forces.

Methods: The implementation of the TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution) and the MABAC (Multi Attributive
Border Approximation Area Comparison) multi criteria methods will be
proposed for decision makers to solve the problem of ATGM procurement.
In this paper, four models of ATGMs will be proposed as possible solutions.
These ATGMs will be presented as alternatives Al, A2, A3 and A4.

Results: The implementation of the methods in this paper has led to the
conclusion that the alternative A2 has the highest value and therefore the
best course of action for decision makers is to chose procurement of this
model of ATGMs.

Conclusion: The conclusion is that the mathematical models of multi-criteria
decision making presented in this paper unequivocally point to the
alternative with the best characteristics, thus presenting extremely useful
tools for decision makers.

Key words: TOPSIS, MABAC, weapon system procurement, multi-
criteria decision making.
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Introduction

Anti Tank Ground Missiles (ATGMs) represent one of the most
efficient weapon systems present in armed forces globally. The primary
purpose of these systems is anti armor defense, as well as partial anti air
defense against low flying targets (helicopters and unmanned aerial
vehicles). High hit probability and long range of engagement place these
systems among the most deadly battlefield threats to armor units.

Regarding the fact that procurement of ATGMs represents one of the
imperatives for equipping armed forces, the most optimal selection of
ATGMs is one of the most challenging tasks for state decision makers, i.e.
officials of the Defense Ministry.

Operational research as a basic management discipline based on
mathematical formalism, with multi criteria methods as fundamentals for a
decision making process, represents a solution for the ATGM procurement
problem.

The objective of this paper is to present the capabilities of the multi
criteria model as a comprehensive method for a decision making process
where there is a need to select the most optimal solution.

In order to represent the complexity of the ATGM procurement
problem, the first part of this paper will give a short history of ATGM
development as well as the ATGM basic tactical and technical
characteristics. The tactical and technical characteristics of ATGMs
represent just a small portion of criteria included in the decision making
process. All criteria which are in accordance with the adopted national
defense doctrine must be included. Also, one of the crucial criteria is the
cost-effectiveness criterion.

The ATGMs which will be described in this paper are fictional. Their
specifications are approximate to real weapon systems in usage. The data
for ATGMs are collected by accessing available reference documents
primarily by the examination of official manufacturers’ weapons
specifications. As we already mentioned, the presented data will be
partially changed in order to avoid similarity with actual weapon systems.

In the second part of this paper, the TOPSIS & MABAC multi-criteria
methods will be explained. These methods will be employed as a decision
making tool for the ATGM procurement.

The motivation for selecting the TOPSIS and MABAC methods is
justified by fact that these methods are comprehensive and represent one
of the latest and most advanced scientific methods in the decision-making
process.
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ATGM development history and basic characteristics

The ATGM development started at the end of WWII in Nazi Germany.
Primarily, it was the Ruhrstahl X-7(Rotkappchen —,Little Red Riding
Hood"). The guidance method was manual, meaning that the operator was
guiding a missile by the guidance panel with the joystick. After a missile is
launched, the operator follows the missile and in the same time the
operator follows the target (e.g. armored vehicle). With the command stick,
the operator corrects the flight of the missile until it hits the target. The
explained method is described as “Three-point guidance method”
(operator’s eye, missile, target) or, in Western literature, as MCLOS
(Manual Command to Line of Sight). A typical example of this ATGM
generation is the 9M14 Malyutka (Russian: MantoTka; "Little one", NATO
reporting name: AT-3 Sagger). The main characteristic of the first
generation of ATGMs was long-lasting and complex training. The combat
effectiveness of these ATGMs was approximately 25% during the Arab-
Israel conflict in 1973.

-ﬁﬂilary-‘l‘oday.cum

Figure 1 — 9M14 Malyutka (AT-3 Sagger), (Military-Today, 2021)
Puc. 1—-9M14 «Mamomka» (Military -Today, 2021)
Cnuka 1 - 9M14 ,Marsymka ” (Military -Today, 2021)

The two-point guidance method (operator’s eye and target) is used in
the second generation of ATGMs. After a missile is launched, this
guidance method enables the operator to only constantly track a target
with crosshairs (without following the missile flight), while the automatic
system (the guidance block) processes and sends appropriate commands
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to the missile and therefore guides the missile to the target. The
communication with the guidance block is conducted by wire or by radio
waves. Typical examples of this generation ATGMs are: MILAN, 9K111
,FAGOT“(NATO reporting: AT-4 Spigot), BGM-71 TOW, and ,BUMBAR" —
developed and produced in Serbia. The examples are given in Figure 2.

Figure 2 — Second generation ATGMs: MILAN, BGM-71 TOW (upper section); 9K111
FAGOT" and ,BUMBAR*(lower section)
Puc. 2 — lTYP emopoeo nokoneHus: MILAN, BGM-71 TOW (sepxHuti psd); 9K111
«DAIOT» u «BYMBAP» (HuxHul psod)
Cnuka 2 — lTOBP dpyee eeHepayuje: MILAN, BGM-71 TOW (2opru ped); ,PAFOT" u
,BYMBAP” (Ooru ped)

The two-point guidance method is also employed on ATGMs guided
by a focused beam (usually a laser beam) where a missile itself has an
installed system which provides “riding a missile on a beam” and therefore
there is no need for wire communication with the launching platform. The
typical examples of this generation ATGMs are the 9M133 Kornet and the
9M119 Svir/Refleks (booth manufactured in Russia). The hit probability of
the second generation of ATGMs is about 90%.
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The third generation of ATGMs completely employs an automated
guidance system. In Western literature, this system is designated as a
“Fire and Forget” system. The operator selects a target and after launching
the automatic system tracks the target and guides the missile to the target.
The typical example of the third generation of ATGMs is the 9M133M
Kornet-M. The automated system conducts the target tracking and focuses
the laser beam to a target, which is used to guide a missile. This ATGM
presents an improved version of the second generation of the 9M133
ATGM. The launching platform is capable of tracking two targets
simultaneously. Besides anti-tank engagement, the system is intended for
low altitude anti-aircraft defense (e.g. against unmanned aerial vehicles).
The 9M133M Kornet-M ATGM is presented in Figure 3. The photo
represents a Kornet D variant which is capable of carrying 8 missiles (with
additional 8 in reserve) on the GAZ 2975 all-terrain vehicle.

D N
NN

Figure 3 -9M133M Kornet-M ATGM on the Kornet D platform
Puc. 3—TTYP 9M133M «KOPHET-M» Ha nnamgopme «KOPHET [»
Cnuka 3 — [NTOBP 9M133M ,KOPHET — M” Ha ,KOPHET [” nnamgopmu

The FGM-148 Javelin ATGM, manufactured by Raytheon
Technologies, USA, represents one of the most sophisticated combat
systems. One of the distinctive characteristics featured in this combat
system is ability to attack the target from above where the upper armor is
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much thinner than the frontal armor, thus significantly improving target
destruction probability.

This missile employs a section designated as a Seeker section. The
seeker section consists of an imaging infrared system (I2R) and a contact
fuse for warhead detonation. The I12R system provides the Fire and Forget
capability. During the missile flight, the 12R system tracks a target and
provides data to the electronic unit installed in the missile. Figures 4 and 5
show the target acquisition. After locating a target, the operator turns on
the narrow field of view which engages track gates and crosshairs
projected in intervals, indicating that the seeker is detecting target thermal
reflection, or so called “target lock”.

TRACK GATES

Figure 4 — Target thermal reflection detection — “Target lock”
Puc. 4 — Tennosoe obHapyxeHue VIK ompaxeHusi- «3aKkpbimas MUulleHb»
Cnuka 4 — [lemekmoegar-e UHhpaupeeHoez o0pasa — ,3ak/byyasame” yurba

When the strongest thermal reflection is detected, the track gates and
the crosshairs become solid, which is the indication that the target is
“locked”, i.e. the firing conditions are fulfilled and the system is ready to
launch a missile (Figure 5).
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CROSSHAIRS

Figure 5 — Target “Locked” firing conditions fulfilled; system ready to launch a missile
Puc. 5 — Ycnosusi cmpenbbbi o «3akpbimol MUWeHU» 8bIrnoIHEeHbI
Cnuka 5 — lurb ,3aKkrbydaH” — ycrosu 3a ealjame ucryHeHu

ATGMs are equipped with a warhead which destroys a target with an
explosion cumulative effect'. A cumulative explosion effect represents
focusing energy to a surface smaller than the outer surface of the explosive
charge. Energy accumulation is created by a proper shape of the explosive
charge. If the outer surface is shaped with a cone cavity (so called
cumulative cavity), detonation products are focused in the center of the
cavity. In that manner, energy accumulation is created on a smaller surface
and therefore the effect of a larger magnitude is created.

The coating of the cumulative cavity also increases penetration
capability. For the coating, the most used metal is copper, but steel can
also be used as well as sintered metals. Figure 6 shows the formation of
a cumulative beam while a cumulative beam formation radiograph is
presented in Figure 7.

1 In Western literature, the term shaped-charge is used.
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Figure 6 — Forming of a cumulative beam (1 — detonation wave; 2 — secondary beam; 3 —
primary beam)
Puc. 6 — ®opmuposaHue KymynsimugHozo cHapsida (1 — 0emoHayuoHHas 80sHa; 2 —
emopuyHas cmpys; 3 — nepeuyHasi cmpys)
Crniuka 6 — @opmupare KyMyrnamueHoe miasa (1 — demoHayuoHu manac; 2 —
ceKyHOapHU mnas; 3 — npuMapHU mnas)

Figure 7 — Cumulative beam formation radiograph
Puc. 7 — PeHmeeHoepamMma KyMynsimugHo20 ¢hopMuposaHusi cmpyu
Cnuka 7 — PeHOz2eHoepaghCcKu CHUMaK KyMyamueHoa Miia3a y chopmuparsy

Modern ATGMs employ a so-called tandem-cumulative warhead?
which is capable of forming two cumulative beams following each other.
These beams are formed by two separated cumulative cavities. The
purpose of the primary beam is to activate Explosive Reactive Armor

2 In Western literature, the term tandem-charge is used.
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(ERA)3, and then the secondary beam penetrates the main armor. Modern
third generation ATGMs penetrate more than 1,300 mm of homogenous
armor behind ERA.

One of important characteristics of ATGMs is missile velocity. ATGM
velocity is usually measured in meters per second (m/s) and it is ranged
from 120 m/s (First generation ATGM e.g. 9M14 Malyutka) up to 300 m/s
(Third generation ATGM e.g. ATGM 9M133M Kornet-M). It is evident that
missile velocity is an important characteristic considering battlefield
multiple targets engagement. From the previous example, it can be
noticed that the third generation of ATGMs has the velocity almost twice
as high as that of the first generation. Let us have an example when the
operator locates two targets at a range of 2400 meters. For the guidance
of the first generation of ATGMs, the operator needs approximately 20
seconds. For the guidance of the third generation of ATGMSs, the operator
needs approximately 8 seconds. This means that the operator armed with
a third generation ATGM has enough time to destroy two targets, unlike
the operator armed with a first generation ATGM.

The ATGM range of engagement is also an important characteristic.
The ATGM range of engagement is form 3000 meters for the first
generation ATGMs (e.g. 9M14 Malyutka) up to 8000 meters for the third
generation ATGMs (e.g. 9M133M Kornet-M).

Regarding ATGM procurement for armed forces, the price of ATGMs
is a factor which must be considered in conjunction with economic
capabilities of the armed forces in question. Also, the ATGM weight must
be considered in conjunction with armed forces transportation capabilities,
as well as with the mobility of units armed with ATGMs.

In modern armed conflicts, electronic warfare (EW) is employed
through system jamming, so electronic counter-countermeasures (ECCM)
must be implemented, which for ATGMs can be expressed as jamming
resistance. Besides jamming resistance, reliability is demanded for
weapon systems.

Based on the previously mentioned ATGM development history and
the presented tactical & technical characteristics, the following criteria
should be taken into account when procuring ATGMs:

— Engagement range,
— Hit probability,

-  Weight,

—  Price,

3 Explosive Reactive Armor consists of explosive plates whose purpose is to disrupt a
cumulative beam thus preventing armor penetration.
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— Training simplicity,

— Reliability,

— Jamming resistance, and
— Missile velocity.

Multiple-criteria decision process

In the previous chapter, the problem of ATGM procurement for armed
forces has been presented. Finding an optimal solution, i.e. the decision
making process and the selection of the “best” alternative, is based on
multiple criteria and on series of limitations. The concerned criteria can be,
by their nature, very diverse, and expressed in different units of
measurement, from currency followed by physical units of measurement
to subjective assumptions measured by a scale formed for a problem in
guestion. Therefore, a final, unique solution cannot be determined without
the patrticipation of a decision maker. A decision maker must decide on a
particular solution. The solution adopted by the decision maker is
designated as the best or the most preferred solution. The task of multiple-
criteria decision process is to provide assistance to the decision maker to
select the best solution in the given conditions. Therefore, efforts made for
solving multiple-criteria problems are designated as a multiple-criteria
decision analysis.

The problems of multi-criteria optimization are characterized by:

— Presence of multiple criteria (objective function, criteria function)
for decision making,

— Presence of multiple alternatives (solutions) for the selection,

— Presence of a designing process or solution selection,

— Presence of conflicts between the criteria, which is the most
common case in real life problems,

— Incomparable units of measurement for different criteria, and

— Selection process of one final solution, which can be presented as
a design of an action (alternative), or a selection of one particular
action from the previously defined convolution of final actions.

There are many multiple-criteria decision process methods which
have common aspects. The characteristic terms which occur in these
methods are:

— Alternatives — represent selections of different actions which are

available for a decision maker. The convolution of alternatives
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implies limited convolution, ranging from a few to a few hundreds.
It is assumed that alternatives are verified, prioritized and in some
cases ranked.

Multiple attributes — different designations of attributes are
“objectives” or “decision criteria” and represent different
dimensions for which alternatives can be observed.

Criteria conflict — different criteria represent different dimensions
which can be in conflict.

Incomparable units of measurement — different criteria can be
linked with different units of measurement.

Decision magnitude — most methods of the multiple-criteria
decision process demand assignment of the weight criteria in
accordance with their importance. Usually, these weights are
normalized so that their sum equals one.

Decision matrix — the multiple-criteria decision process can be
represented in the form of a matrix. The decision matrix (mxn) is a
matrix in which the element a;represents the characteristics of the
alternative Aiwhere (i=1,2,..., m), when the alternative A; is valued
in accordance with the decision criteria C; (j=1, 2, ..., n). Also, it is
presumed that the decision maker has assigned the weight
criterion w; (j=1, 2, ..., n).

Multiple-criteria decision methods are employed in multiple disciplines
and can be used in problem solving for any decision making process with
multiple criteria. We well cite only a fraction of areas in which multiple
criteria decision methods are employed:

application in cargo distribution companies (Adar& Delice, 2019)
healthcare waste treatment technology selection (Adar& Delice,
2020)

menu evaluation (Arsic et al, 2019)

decision making: applications in management and engineering
(Bozanic et al, 2020b)

evaluating sustainable transportation systems (Muhammad et al,
2021)

sustainable city logistics planning (Alosta et al, 2021)
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evaluation of the performance of deposit banks (Aycin & Orgun,
2019)

supplier selection (case study in pharmaceutical supplying in
Libya) (Badi & Ballem, 2018)

efficiency of the social media (Bobar et al, 2020)

supporting decision making in the army (Bozani¢ et al, 2020a)
evaluating locations for river crossing (Bozani¢ & Pamucar, 2010)
ranking potential locations for preparing laying-up positions
(Bozani¢ et al, 2016a)

selection of the location for construction, reconstruction and repair
of flood defense facilities (Bozani¢ et al, 2019a)

selection of a location for the construction of a single-span bailey
bridge (Bozanic et al, 2019b)

proposal for an optimal location of emergency operation centers
(Di Matteo et al, 2016)

support a decision making process of force deployment in a
defense operation (Bozanic et al, 2016b)

support a decision making process of force deployment in a
defense operation (Pamucar et al, 2016)

selecting a location for wind farms (Gigovic¢ et al, 2017)

selection of the railroad container terminal (Milosavljevi¢ et al,
2018)

selection of transport and handling resources in logistics centers
(Pamugar & Cirovi¢, 2015)

optimal off-road vehicle selection for passenger transportation
(Pamucar & Savin, 2020)

sustainable selection of a location for the development of a
multimodal logistics centre (Pamucar et al, 2018b)

evaluating the work of advisors in the transport of hazardous goods
(Pamucar et al, 2019)

evaluation of level crossings (Pamucar et al, 2018a)

selecting an airport ground access mode (Pamucar et al, 2020)
survey on military operations of the fuzzy set theory and its
applications (Deveci et al, 2020a)

803

Pamucar D. et al, Multiple-criteria model for optimal anti tank ground missile weapon system procurement, pp.792-827



ﬁ* VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 4

— comparison of two fuzzy multi criteria decision methods for
selecting a potential airport location (Belbag et al, 2013)

— comparative analysis of fuzzy multi-criteria decision making for
selecting a location for a textile plant in Turkey (Demirel et al, 2016)

— wind farms site selection (Deveci et al, 2020b) and (Deveci et al,
2021).

Description of multiple-criteria decision methods used
in the decision making process for the problem in
guestion

The methods of multiple-criteria decision making which will be used
for finding the best solution are the TOPSIS n MABAC methods:

The TOPSIS (Technique for Order Preference by Similarity to Ideal
Solution) method was developed by Hwang and Joon. This method implies
ranking alternatives by multiple criteria based on the comparison of
distances from the ideal solution and the negative ideal solution. The ideal
solution minimizes the cost based criteria and maximizes the benefit type
criteria, while for the negative ideal solution the opposite rule is implied.

The TOPSIS consists of six steps. Prior to the presentation of these
steps, the terms to be used will be defined. In this method, the decision
matrix R is used, where every alternative is matched by one row and every
column is matched by one criterion. The element 7, represents the
alternative performance A; related to the criterionC;. For m criteria

(C4,C5...,C,) and n alternatives (44,4,...,4,), the matrix R has the following
form:

Al rll T12 Tlm
R = Ay (121 T2 o Tom
An Tnl rnz Tmn

and the values (w,,w,...,w,;,) represent the weight values of the criteria.
The weight of the criteria must be in compliance with the condition};}- ; w;.

Step 1 Decision matrix values normalization. In the majority of

multiple-criteria decision methods, the first step is decision matrix
elements normalization in order to get a matrix in which all elements are
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un-dimensional values. In the TOPSIS method, vector normalization is
applied, represented by expressions (2.1) and (2.2).

Tij

Xij = , for the "benefit" type criteria (2.2)

?:17"1‘21‘
After normalization implementation, the X matrix is obtained in which
all elements are normalized and are in the interval[0, 1] .

Al x11 x12 xlm
X =42(¥21 Yoz o Xom 2.2)
Ay l*n1 Xn2 - Xmn

Step 2 Multiplication of the X matrix normalized values with the weight
criteria coefficients.

Vi = X5 W ,] =12..,m (23)

With relation (2.3), the elements of the weight normalized matrix V =
(vg), are obtained, where every v, is a product of the normalized
alternative performance and the appropriate criterion coefficient.

Al V11 V12 v VUim Al Wi Xq9qW3 " Xq2-Wp " Xim

V= Az (Va1 Va2 o Vam| _ Ap|W2r X1iWar Xpp Wit Xom

A, Vn1 Vn2 - VUmn A, W1t XuaW2 ' Xpg W ® Xpm
(2.4)

Step 3. Determination of ideal solutions. The ideal solution A*and the
negative ideal solution are obtained by the following relations:

A" ={(maxv;; |j € G),(miny, [j € G),i =1,...,n} = {v],v3, .., v;,}) (2.5)
A" ={(minv; |j € G),(maxvy |j €G),i =1,..,n} = {vi,v5, ..., v} (2.6)
where:

G = {j = 1,2, ...m|japertaintocriteriawhicharemaximized}

G' = {j = 1,2, ...m|japertaintocriteriawhichareminimized}
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The best alternatives are those which have the biggest v, relative to
the criteria which are maximized and the smallest Vg relative to the criteria

which are minimized. A* indicates the best alternative (the ideal solution),
and, using the same logic, A" indicates the negative ideal solution.

Step 4 Determination of alternative distances from the ideal solution.
In this step, using the following relations:

. N2 .

Si = Z?:1(Vij - Vj) yJi=1,..,n (2.7)
- N2 .

ST=Y"(vij—v7) ,i=1,..,n (2.8)

n dimensional Euclid distances are calculated of all alternative distances
from the ideal solution and from the negative ideal solution.

Step 5 Determination of relative alternatives proximity to the ideal
solution. For each alternative, relative distance is determined:

Q; = si"—.s-‘ : i=1,..,n (2.9)

where 0 < Q; < 1. The alternative 4; is closer to the ideal solution if Q;" is
closer to the value of 1, or, which is the same, if S;" is closer to the value of
0.

Step 6 Ranking of alternatives. The alternatives are ranked by the
descending values Q;. The best alternative is the alternative with the
highest Q; value and vice versa.

The MABAC (Multi-Attributive  Border Approximation area
Comparison) represents one of recent date methods. The MABAC method
was developed by Dragan Pamucar, PhD, University of Defence in
Belgrade, Military Academy, Department of Logistics. Up to this date, this
method has found wide application and modifications in multiple-criteria
problem solving. The MABAC method basic setting is to define every
criterion function distance from the border approximate area. The MABAC
method consists of 6 steps:
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Step 1: Base matrix forming(X). In the first step, the evaluation of m
alternatives per n criteria is performed. The alternatives are presented by
vectors A = (x;j, X, .., X;,) Where the value x,is the value of the i
alternative per the i criterion(i = 1,2, ...,m;j = 1,2, ..., n).

C, C, .. G,
AL [ X111 X1z - Xip
X =4Az| ¥or Y22 - Xon (2.10)
AplXm1 Xmz - Xmn

and where m represents an alternative number while n is the total number
of criteria.

Step 2 Elements normalization of the base matrixx.

¢, C .. G,
AT tir tiz o tin

x=4 |t Lz - (2.12)
Am tm1 tmz - tmn

The elements of the normalized matrix N are determined by the
expression:

a) For the "benefit" type criteria (higher value desired)

.X'g—xi

tg = W (2.12)

b) For the "cost" type criteria (lower value desired)

+
£ = xij—xl-

g - F
Xy —X;

(2.13)

where xl-j,xi*andxl-‘ represent the elements of the base matrix(X), where
xfandx; are defined as:

x; = max(xq,x,, ..., xyn) and represents the maximum values of a

considered criterion per alternatives.
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x} =min(xq, x5, ..., xy) and represents the minimum values of a

considered criterion per alternatives.

Step 3 Aggravated matrix(V) elements calculation. The elements of
the aggravated matrix (V) are calculated by expression (2.14):

vg =w;- tg + 4] (214)

where (t,) represents the elements of the normalized matrix(N), w;,
represents weight criteria coefficients. By the application of expression
(2.14), the aggravated matrix(V)is obtained:

Uiy Viz - Vi Wytiptwy Wyttt wy e Wyttt wy,
V — UZI 1722 b UZTI. — Wl " t21 + Wl W2 - t22 + W2 e Wn " tzn + Wn
Vmi VUmz = VUmn Wyttt Wy Wyt Wy o Wyl W,

where n represents the total number of criteria and m represents the total
number of alternatives.

Step 4 Determination of the border approximate area(G). The border
approximate area (BAA) is determinated by expression (2.15):

g =TT Vi)™ (2.15)

where v;; represents the elements of the aggravated matrix (V) and m
represents the total number of alternatives. After the calculation of the
values g; per the border approximate area(G) criterion,the matrix is
formed with a format nx 1 (n represents the total number of criteria by
which the selection of the offered alternatives is performed).

¢, C .. Cy
G=[91 92 - Yn] (2.16)

Step 5. Calculation of the distance matrix elements from the border
approximate area(Q)
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i1 912 - Yin
v=|91 922 - 9n

dm1 9m2 - Gmn

(2.17)

The alternative distance from the border approximate area (qij) is
determinated as divergence of the elements of the aggravated matrix (V)

and the values of the border approximate area(G):

V11 V12
v v
Q=V-G=| "% "2

Um1 VUmz2

V11— 91 Vi2— 92
V=|V21791 V22— G2

UVmi— 91 VUm2— 92

Vin
v
LM —[91 92
Umn
Uin — 9n q11
Uon = Yn| — dz1
Umn — Yn dm1

In]

d12
22

dm2

(2.18)

Tin

- n [ (2.19)

Amn

where g; represents the border approximate area for the criterion C;, v;;
represents the elements of the aggravated matrix (V),n represents the
number of criteria, and m represents the number of alternatives.

The alternative A; can belong to the border approximate area (G), the
upper approximate area (G*)or the lower approximate area (G~) or 4; €
{GvG*TVvGT}. The upper approximate area (G*) represents the area
where the alternative(4") can be found, while the lower approximate area
(G™) represents the area where the anti-ideal alternative (A~) can be

found (Figure 9).
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Upper approximate area
1.0+

0.8

0.6
0.4
0.2

Border approximate area

0.2+
0.4
0.6

0.8
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Figure 8 — Representation of the upper(G*), lower (¢~) and border (G)approximate
areas
Puc. 8 — UsobpaxeHue sepxHell (G *), HuxHel (G °) u epaHu4HbIx (G)
annpokcumamueHbix obriacmeu
Cnuka 8 — lMNpuka3 2opre (G*), dorse (G™) u epaHudHe (G) anpokcumamusHe obrnacmu

Belonging of the alternative 4; to the approximate area (G,G*,0rG™)
is determined by expression (2.20).

GTifq> g;
A€/ Gifqj = g; (2.20)
GTifqi; < g;

In order to select the alternative A; as the best one from the
congregation, it is required that this alternative, per most criteria, belongs
to the upper approximate area(G*). If, for example, the alternative A; per
5 criteria (from the total of 6 criteria) belongs to the upper approximate
area, while by one criterion it belongs to the lower approximate area (G ™),
it means that this alternative is close or equal to the anti-ideal alternative
per 5 criteria. If the values g;; > 0 org;; € G*, then the alternative 4; is
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close or equal to the ideal alternative. The value g;; < 0 or g;; € G~ points
out that the alternative 4; is close or equal to the anti-ideal alternative.

Step 6 Ranking of alternatives. Calculation of the criteria function
values per alternatives (2.21) is obtained as the sum of the alternatives
distances from the border approximate areas(q;). By summing the matrix
Q by rows, the final criteria function of the alternatives values is obtained:

Si :Z?zlqijij = 1,2, e, n, = 1,2,...,m (221)

where n represents the total number of criteria and m represents the
number of alternatives.

Best alternative selection for ATGM procurement by
the application of the TOPSIS method

In the chapter entitled “ATGM development history and basic
characteristics” we have explained the basic ATGM characteristics. These
characteristics are always listed in weapon systems manuals because of
their tactical significance. That is why these characteristics will be used as
the selection criteria.

To repeat, these criteria are as follows:
— K1: Engagement range in meters,
— K2: Hit probability (0-1),
— KB3: Weight in kilograms,
— K4: Price in USD,
— Kb5: Training simplicity,
— K6: Reliability,
— K7: Jamming resistance, and
— K8: Missile velocity,

Under the assumption that we are selecting one ATGM from the
proposed four ATGMs of different manufactures, represented as A1, A2,
A3 and A4, the decision matrix for a ATGM selection is presented in Table
1.

The characteristics are similar to the characteristics of real weapon
systems already in use.
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Table 1 — Base decision matrix
Tabnuua 1 — basoeass Mampuuya peweHuti
Tabena 1 — [NoyemHa mampuuya o0ny4usar-a

K1 K2 K3 K4 K5 K6 K7 K8
. Very
Al 3000 | 0.35 28 1000 Low Middle High 115
Very Very Very
A2 8000 | 0.95 30 5000 High High High 300
A3 2500 | 0.88 22 3000 High Middle High 186
A4 3500 | 0.89 25 4500 High Middle High 200
CRITERIA | max max min min max max max max

In the given table, we can notice that, for the criteria K1, K2, K5, K6,
K7 and K8, the most desirable values are the highest ones (max), while for
the criteria K3 and K4 (weight and price, respectively), the most desirable
are the lowest values (min).

Consider that the criteria K5, K6 and K7 are represented by quality
grades; quantification by quality grades will be performed by the
application of the scale presented in Table 2.

Table 2 — Quality criteria K5, K6 and K7 quantification scale
Tabnuua 2 — LLikana ka4yecmeeHHbIX U KoriudecmeeHHbIx kKpumepues K5, K6 u K7
Tabena 2 — Ckana 3a keaHmugukauyujy keanumamusHux kpumepujyma K5, K6 u K7

Estimation Very High High Middle Low Very low
Grade 9 7 5 3 1

By the application of the quantitative values from Table 2, the
guantified matrix is presented.

Table 3 — Quantified decision matrix
Tabnuua 3 — Mampuua Konu4ecmeeHHbIX peuleHull
Tabena 3 — KeaHmugukosaHa mampuuya 005yqusarba

K1 K2 K3 K4 K5 K6 K7 K8
Al 3000 0.35 28 1.0 3 5 9 115
A2 8000 0.95 30 5.0 9 9 9 300
A3 2500 0.88 22 3.0 7 5 7 186
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K1 K2 K3 K4 K5 K6 K7 K8

Ad 3500 0.89 25 4.5 7 5 7 200

9565.56 | 1.61 52.85 7.43 13.71 12.49 | 16.12 | 421.69

. . Tij . .
Applying the expression x;; = —=Z=, we will normalize the elements
n 2
i=1Tij

of the base decision and we will obtain the matrix presented in Table 4.
Table 4 — Normalized decision matrix

Tabnuua 4 — HopmanusogaHHasi Mampuua peuweHutl
Tabena 4 — HopmanusosaHa Mmampuuya o0ny4ugar-a

K1 K2 K3 K4 K5 K6 K7 K8
Al 0.314 0.217 0.470 0.865 0.219 0.400 0.558 | 0.273
A2 0.836 0.590 0.432 0.327 0.656 0.721 0.558 | 0.711
A3 0.261 0.547 0.584 0.596 0.511 0.400 0.434 | 0.441
A4 0.366 0.553 0.527 0.395 0.511 0.400 0.434 | 0.474

In order to obtain the aggravated normalized value matrix, it is
necessary to multiply the values form Table 4 with the weight coefficients.
Let us assume that, in our example, an authority expert team, formed
to procure ATGMs for the Armed Forces of one particular state, has
reached the decision that some criteria have advantage over the others.
In such a case, we can rank the before mentioned criteria as follows:
[.  Hit probability,
II.  Engagement range in meters,

. Weight,

IV.  Price,

V. Reliability,

VI.  Training simplicity,
VII. Missile velocity, and
VIIl.  Jamming resistance.

Based on this requirement, we can assign numerical values, in the
range from the minimum value of 0.062 for the criteria with the least
importance to the value of 0.246 for the criteria with the highest
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importance. Two criteria — hit probability and engagement range - have
the highest values because of their tactical significance.

Engagement range in meters wl 0.242
Hit probability w2 0.246
Price w3 0.116
Weight w4 0.119
Missile velocity w5 0.063
Jamming resistance w6 0.062
Training simplicity w7 0.072
Reliability w8 0.080

By the application of the expressionv;; = x;;*w; ; j =1,2...,m the
aggravated normalized matrix is obtained and presented in Table 5.

Table 5 — Aggravated normalized matrix
Tabnuua 5 — YcnoxHeHHas Hopmasiu3oeaHHass Mampuya
Tabena 5 — OmexaHa Hopmasnu3oeaHa Mampuuya

K1 K2 K3 K4 K5 K6 K7 K8

Al 0.0759 | 0.0535 | 0.0545 | 0.1030 | 0.0138 | 0.0248 | 0.040 0.022

A2 0.2024 | 0.1452 | 0.0502 | 0.0390 | 0.0414 | 0.0447 | 0.040 0.057

A3 0.0632 | 0.1345 | 0.0677 | 0.0710 | 0.0322 | 0.0248 | 0.031 0.035

A4 0.0885 | 0.1360 | 0.0611 | 0.0470 | 0.0322 | 0.0248 | 0.031 0.038

Step 3 Determining the ideal solutions. The ideal solution A* and the
negative ideal solution A~ are determined by applying the expressions:

A = {(maxvij |j € G), (min Vg |j € G'),i =1, ...,n} ={v],v3, ..., Um})

A= {(minvij |j € G), (maxvg |j € G'),i = 1,...,n} ={vi,v3,...,0n}

Since the ideal alternatives are those with the highest v;; related to
the criteria which are maximized and with the lowest v;; related to the
criteria which are maximized, based on Table 5, we will obtain

the ideal solution:
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(4") » A* = {0.2024,0.1452,0.0502, 0.0390, 0.0414,0.0447,0.0402,0.0569}

and the negative ideal solution:

(A7) - A"
= {0.0632,0.0535,0.0677,0.1030,0.0138,0.0248,0.0313,0.0218}

Step 4 Determining the distances of the alternatives from the ideal
solutions. By the application of the expressions:

Euclid alternative distances from the ideal solution (S;) and the
negative ideal solution(S;") are obtained and presented in Table 6.

Table 6 — Euclid alternative distances
Tabnuua 6 — AnbmepHamugHble paccmosiHusi Eeknuda
Tabena 6 — Eyknudcka pacmojarba anmepHamusa

Alternatives St Si
Al 0.1758 0.0203
A2 0.0000 0.1861
A3 0.1478 0.0900
A4 0.1189 0.1060

During the calculation of the values (S;) and (S;) , the elements of
the normalized matrix are examined (Table 5), the ideal solutions A* and
A~ are obtained in the previous step.

Step 5 Determining the relative distance of the alternatives to the ideal

solution. By the application of the expression: Q; = i=1,..,n

si-s;
relative distance is determined for each solution, Table 7.

Table 7 — Relative proximity of the alternatives (Q;)
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Tabnuya 7 — OmHocumernbHas briusocme anbmepHamus (Qi¥)
Tabena 7 — PenamusHa 6nusuHa anmepHamusa (Q;)

Alternatives Q; RANK
Al 0.1036 4
A2 1.0000 1
A3 0.3786 3
A4 0.4712 2

Step 6 Alternative ranking. As it has already been mentioned, the
alternatives are ranked by declining valuesQ;. The best alternative is the
alternative which has the highest value Q;, i.e. in our example the
alternative A2. The alternative rank is presented in Table 7, i.e. A2 - A4 —
A3 - Al.

Best alternative selection for ATGM procurement by
the application of the MABAC method

The procurement of an ATGM will be examined, i.e. the selection of
the best alternative, using the MABAC method of the multiple-criteria
decision making process.

Step 1 Base decision matrix forming(X). As in the previous example,
we will examine four ATGMSs. In Table 8, the characteristics of four ATMGs
are presented. Table 8 also gives the base decision matrix.

Table 8 — Base decision matrix

Tabnuua 8 — bazoeass Mampuuya peweHuli
Tabena 8 — lNoyemHa mampuuya o0dry4ueara

Criteria
Alternatives C1 C2 C3 C4 C5 C6 Cc7 C8

(max) | (max) | (min) | (min) | (max) | (max) | (max) | (max)
Al 3000 | 0.350 | 28 1000 | B M VG 115
A2 8000 | 0.950 | 30 5000 | VG VG VG 300
A3 2500 | 0.880 | 22 3000 | D M M 186
A4 3500 | 0.890 | 25 4500 | D M M 200
wl 0.242 | 0.246 | 0.116 | 0.119 | 0.063 | 0.062 | 0.072 | 0.080

For evaluating the alternatives according to the C5, C6 and C7
criteria, the Likert scale (Table 9) will be applied.
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Table 9 — Likert scale for evaluating alternatives
Tabnuua 9 — llikana Jlalikepma 0nsi OUEeHKU anbmepHamue
Tabena 9 — Jlukepmoea ckana 3a egasiyayujy anmepHamuea

N° Linguistic designation Numerical value
Very Good (VG) 5
Good (G) 4
Middle (M) 3
Bad (B) 2
Very Bad (VB) 1

By the application of the Likert scale, the base decision matrix with
numerical values is obtained.

Table 10 — Base decision matrix with numerical values
Tabnuua 10 — basosas Mampuua peweHull
Tabena 10 — lNoyemHa mampuuya o0rny4ugar-a

Criteria
Alternatives | C1 Cc2 C3 C4 C5 C6 Cc7 C8

(max) | (max) | (min) | (min) (max) | (max) | (max) | (max)
Al 3000 | 0.350 | 28 1000 2 3 5 115
A2 8000 | 0.950 | 30 5000 5 5 5 300
A3 2500 | 0.880 | 22 3000 4 3 4 186
A4 3500 | 0.890 | 25 4500 4 3 4 200
wl 0.242 | 0.246 | 0.116 | 0.119 | 0.063 0.062 | 0.072 0.080

Step 2 Base matrix elements normalization(X). After forming the base
decision matrix(X), Table 10, the normalization of the base matrix
elements is facilitated.

In our example, the "benefit" type criteria (highest values desired) are

C1, C2, C5,C6, C7 and C8; therefore, for calculating the normalized matrix
N elements, the following expression will be applied:
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Xg—X;
ty, =225

For the "cost" type criteria (lowest criteria values desired), which in
our example are C3 and C4, the following expression is applied for
calculation:

+
Xij—X;
t, = J

9 T xr—xt
xl xl

By the application of the previously given expressions, the normalized
matrix N is obtained and presented in Table 11.

Table 11 — Normalized matrix N
Tabnuua 11 — HopmanusoeaHHas mampuua N
Tabena 11— Hopmanu3oeaHa mampuuya N

Alterna- Criteria

tives c1 c2 c3 ca c5 o c7 c8
Al 0.091 |0.000 |0.250 |1.000 |0.000 | 0.000 | 1.000 | 0.000
A2 1.000 | 1.000 | 0.000 | 0.000 | 1.000 | 1.000 | 1.000 | 1.000
A3 0.000 |0.883 | 1.000 | 0.500 | 0.667 | 0.000 | 0.000 | 0.384
A4 0.182 | 0.900 | 0625 |0.125 |0.667 | 0.000 | 0.000 | 0.459
wil 0.242 |0.246 | 0116 |0.119 |0.063 | 0.062 | 0.072 | 0.080
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3 The calculation of the aggravated matrix V' (Table 12) elements is
performed by multiplying the weight coefficients, presented in the last row
of the table. The weight coefficients are identical to those in the decision-
making process when the TOPSIS method is used. Therefore, by the
application of the expression

v,

g=Wi'tg+Wi,

the elements of the aggravated matrix V are obtained and presented in
Table 12.
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Table 12 — Aggravated normalized matrix V
Tabnuua 12 — YcnoxHeHHasi HopMmariuzoeaHHass Mampuuya V
Tabena 12 — OmexaHa Hopmasiu3oeaHa mampuua vV

Criteria
Alternatives

C1 Cc2 C3 C4 C5 C6 Cc7 C8
Al 0.264 | 0.246 | 0.145 | 0.238 | 0.063 | 0.062 | 0.144 0.080
A2 0.484 | 0.492 | 0.116 | 0.119 | 0.126 | 0.124 | 0.144 0.160
A3 0.242 | 0.463 | 0.232 | 0.179 | 0.105 | 0.062 | 0.072 0.111
A4 0.286 | 0.467 | 0.189 | 0.134 | 0.105 | 0.062 | 0.072 0.117

Step 4 Determination of the border approximate areas values(G). By
the application of geometric averaging for the values of the alternatives,

with the expression
1/m

the border approximate areas matrix (G)is obtained, Table 13.

Table 13 — Border Approximate Areas (BAA) matrix
Tabnuya 13 — Mampuuya epaHu4HbIX annpokcumamueHbix obnacmel (FTAQ)
Tabena 13 — Mampuua epaHu4HuUx anpokcumamusgHux obrnacmu (FAQ)

Criteria
BAA

C1 C2 C3 C4 C5 C6 C7 C8

gi 0.3067 0.4024 | 0.1647 | 0.1613 | 0.0967 | 0.0737 | 0.1018 | 0.1134

Step 5 Calculation of the distance of alternatives (matrix elements)
from the border approximate area(Q). The distance od the alternatives
from the BAA (Table 14) is determined by the expression:

Vi1 Viz - Vin
Vy1 Vzp wn U

Q=V—-G=| "2 "2 5 M |—[91 92 - Gn]
Umi VUmz - VUmn
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as a reminder of the aggravated matrix (V) elements, and the values from
the border approximate area matrix(G). By the application of the
expression:

Vi1—=91 Viz2— 92 - Vin—Gn 911 912 - Y9in
V=|V21791 V22— G2 Uon —Gn| | 921 Y422 - Qon
Vmi =81 Vmz2~ G2 Vmn — gn dm1 9m2 - Gmn

q elements are obtained, in the matrix (G)showing the distance of the
alternatives from the border approximate area.

Table 14 — Matrix of the distances of alternatives from the BAA (Q)
Tabnuya 14 — Mampuua paccmosiHusi anbmepHamueg om FTAO (Q)
Tabena 14 — Mampuua ydarbeHocmu anmepHamusa 00 A0 (Q)

Criteria
Alternatives
Cc1 c2 C3 C4 C5 C6 Cc7 c8
Al -0.0427 | -0.1564 | -0.0197 0.0767 -0.0337 | -0.0117 0.0422 -0.0334
A2 0.1773 0.0896 | -0.0487 | -0.0423 | 0.0293 0.0503 0.0422 0.0466
A3 -0.0647 | 0.0609 0.0673 0.0172 0.0083 | -0.0117 | -0.0298 | -0.0027
A4 -0.0207 | 0.0650 0.0238 | -0.0274 | 0.0083 | -0.0117 | -0.0298 | 0.0033

Step 6 Alternative ranking. The criteria function values by alternatives
are obtained by summing the elements from the matrix Q by rows, by the
application of the expression:

n
Si =un,] = 1,2,...,n,i = 1,2,...,m
=

The values of the criteria functions and the final rank of the
alternatives are presented in Table 15.
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Table 15 — Alternative ranking by the MABAC method
Tabnuya 15 — AnbmepHamueHoe paHxuposaHue o memody MABAC
Tabena 15 — PaHe anmepHamusga o memodu MABAC

Alternatives Q RANK
Al -0.1787 4
A2 0.3443 1
A3 0.0448 2
A4 0.0108 3

Based on the obtained results, we can conclude that the alternative
A2 is first ranked, i.e. the alternatives are ranked as follows: 42 - A3 —
A4 - Al.

Conclusion

By analyzing the data presented in Table 7(relative alternative
proximity(Q;) by the application of the TOPSIS method) and the data
presented in Table 15 (alternative ranking by the application of the MABAC
method), we can observe that the alternative A2 has the highest value and
the alternative Al has the lowest value. The alternatives A3 and A4 have
relatively close values. Based on the stated, we can conclude that both
methods of multi-criteria decision making are pointing that the best
alternative, therefore a decision for the best ATGM weapon system, is
presented in the alternative A2. Both methods show that the selection of
the alternative Al would be a wrong decision for procurement. In the
applied methods, the alternatives ranking of A3 and A4 are different, so a
decision maker can optionally decide (for example to lower the expenses)
to select the alternative A3.

The characteristics of the alternative A2 are similar to the
characteristics of the 9M133M Kornet-M ATGM, which represents one of
the best, battle proven, weapon systems in world. We can conclude that
the mathematical models of multi-criteria decision methods — which in our
example unequivocally point to the alternative A2 - present an extremely
helpful tool for decision makers.

The novelty of the method described in this paper is in the fact that a
specific scientific method can be used for weapon system procurement for
armed forces, therefore for gaining advancement in operational
capabilities of armed forces.
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The intention of the authors is to implement this method in future
studies especially in the area of military decision making. The focus will be
on counter insurgency operations with adversary personified in multiple
militant groups. In this scenario, friendly forces will be equipped with most
advanced weapon systems such as armed unmanned air vehicles (drones
and loitering munitions) and unmanned ground vehicles.
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MHOIOKPUTEPUAINBHAA MOAENb ONTUMN3ALINK 3AKYTIOK
NMPOTMBOTAHKOBbLIX KOMIMJIEKCOB

[pazar C. Namyyap?, koppecnoHgeHT, Crro60daH P. QumnTpresny®
aYHuBepcuteT 060poHbI B 1. benrpaa, BoeHHasa akagemus,
Kadbegpa noructuku, r. benrpaa, Pecny6nuka Cepbus

5 BoopyseHHble Cunbl Pecnybnunkm Cepbusi, Onepaumm no nogaepxaHuio
Mupa, y4ebHbIn LeHTp, 6a3a "tor", r. bByaHosau, Pecny6nuvka Cepbusi

PYBPUKA TPHTW: 27.00.00 MATEMATUKA:
27.47.19 WNccneposaHve onepawuin,
28.00.00 KUBEPHETUKA:
28.17.31 MogenvpoBaH/e NpoLLeCcCoB yrnpaBneHus,
78.00.00 BOEHHOE [OEJO:
78.25.00 BoopyxeHue n BoeHHas TeXHUKa
BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Peswome:

BesedeHrue/uenb: [MpomusomaHkosbie yrpasnsemble pakemsi ([TTYP)
npedcmaesisirom cobol O00UH U3 caMbiX 3GhGheKMUBHbIX KOMITIIEKCO8
BOOPYIKEHUST ons npomueodeticmeusi bpoHemaHKo8bIM u
MexaHuU3UpoeaHHbIM eolickaM. BoopyxeHue OaHHbIM 8UAOM MEeXHUKU
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S6/19€MCS [IPEUMYU,eCMBEHHbIM 011 800PYXEHHbIX cusl /1060l crmpaHsl.
Coomeemcmesyrowasi oueHKa u ebibop aghghekmusHbix Komriniekcos [NTYP
— gaxHeliwul chakmop, enusrwul Ha ornepamugeHblie 803MOXXHOCMU
800pYXeHHbIX cun. Llenb daHHOU cmambu  3aknw4Yaemcsi 8
npedcmasrnieHuu  MHO20KpumepuarsbHbIX Memooo8,  A8MSIOUUMUCS
ronesHbIM UHCMpPYMeHmMoM Ors peweHus npobnems! onmumusayuu
3akynok NTYP eoopexxeHHbIMU cunamu.

Memodbr: OmeemcmeeHHbIM nuyaM, MPUHUMAKWUM PeweHuUs Mo
3akynkam [1TYP npednazaemcsi 8HeOpeHUe MHO20KpumepuasibHbIX
memodoe TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution - Memod 0nsa ebibopa rnopsidka npednoymeHusi no
cxodcmey c udearibHbIM peweHuem) u MABAC
(MynemuampubymueHas mdoerb CcpasHeHusi 2paHuYHbIX
annpokcumamuegHbix obsiacmeti). B daHHOU cmambe rpedcmasrneHsbl
B803MOXHble peuweHusi Mo dYemsbipem modensm [N1TYP. OnucaHHbie
[TYP npedcmasneHbl kak eapuaHmbl A1, A2, A3 u A4.

Pesynbmamsi: Ha ocHosaHuu wmemodos, ornucaHHbIX 6 JdaHHOoU
cmambe, MOXHO cOeniamb 8bi800, 4YmMO cambiM 61a20npPuUsMHbIM
saensemcsi gapuaHm A2, a coomeemcmeeHHO U JTyHYWUM peweHUem
npu ebibope 0mMEEMCMEMBEHHbIMU  luyaMu,  NPUHUMaKWUMU
peuweHus1 KacamesibHO 3aKyrnok daHHoU modenu NTYP.

Bbigoldbl: lNpuxodum K 6b1800y, 4ymo Mamemamuyeckue modesnu
MHO20KpuUmepuarsbHbIX memoodos npuHamus peweHud,
npedcmaesrieHHble 8 OaHHOU cmambe, HeO8YCMbIC/IEHHO yKa3bigatom
Ha anbmepHamusy ¢ Jly4uwuMu Xxapakmepucmukamu u npedcmasisom
cobol 8bluepbIWHBIL U 4Ype3sbldalHO yOObHbIU uHcmpymeHm Oris
0MB8emMcmM8eHHbIX 1Ul, NPUHUMAaKOWUX PELUEHUS.

Knouessie criosa: TOPSIS, MABAC, 3akyrnka cucmeMm 800pYyXeHUs,
MHO20KpuUmepuarsbHoe MpuHsmue peweHud.

N3BOP NMPOTUBOKINOIMNMHNX BOBEHNX PAKETA MOLEJTIOM
BUWEKPUTEPNJYMCKOIr OOJTYHYNBAHA
[paza+ C. Mamyyap?, aytop 3a npenucky,Crio60daH P. Qumutpujesuh®

2 YHuBepanTeT onbpaHe y beorpaay, BojHa akagemuja,
Kategpa noructuke, beorpag, Penybnuka Cpbuja

6 Bojcka Cp6uje, LieHTap 3a obyky jeamHuua 3a MynTMHaUMoHanHe onepauuje,
6a3sa ,Jyr”, byjaHoBau, Penybnuka Cpbuja

OBJIACT: matemaTuKa, normcTuka
BPCTA UJTAHKA: opyrinHanHu Hay4Hu pag

Caxemak:

Y800: lNpomueokrnonHe eoheHe pakeme ([OBP) npedcmasrbajy jedHo 00
HajecbukacHujux  opyha y  cynpomcmaerbaky — OKMOMHUM U
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MexaHu3oe8aHuM jeduHuuyama. Onpemarse osum opyhuma rnpedcmasrba
umMmriepamus opy>aHux cHaza bursio Koje Opxase. AOekeamHa esasyayuja
u u3bop egpukacHux NOBP npedcmaesrba 8axaH ghakmop Koju ymude Ha
oriepamugHe criocobHocmu opyxaHux cHaza. Ljurb osoe pada jecme da
npukaxe 0a Mmemode suwekpumepujymckoea 0dryHuearba rnpedcmaesbajy
KopucmaH anam 3a pewasarse rpobnema onmumarsHe Habaske NNOBP 3a
opy’xaHe cHagze.

Memode: Mmnnemenmauuja TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution — mexHuka 3a odabup HapyubuHe o
cruyHocmu ca udeanHum pewerem) u MABAC (Multi Attributive Border
Approximation Area Comparison — guweampubymueHo yropehusare
2paHuU4HUX anpokcumamueHux obracmu) memoda buhe npednoxeHe 3a
doHocuoue o0nyka 3a pewasar-e rnpobnema Habaske NOBP. Y pady cy
npednoxeHe Yemupu epcme NOBP kao mozyha pewera. HasedeHe
IOBP npuka3saHe cy kao anmepHamuse Al, A2, A3 u A4.

Pesynmamu: UmnnemeHmauyuja memoda doeena je 00 3akiby4ka Oa
anmepHamuea A2 uma Hajeuwy spedHocm u Oa rnpedcmasrba Hajéorbu
u3bop koju doHocuouyu odnyka mocy 0oHemu 3a u3bop ose spcme NOBP.

Bakrbyyqak: Mamemamuyku mModenu suleKpUMEpPUjyMcKoe 00rTydusarba,
npumer-eHuU y 080M pady, HEOBOCMUCIIEHO yKa3yjy Ha armepHamusy ca
HajborbuM Kapakmepucmukama, ra npedcmaesbajy 3axeasnaH U U3y3emHo
KopucmaH aniam 3a doHocuoue o0syKa.

KmbyyHe peuyu: TOPSIS, MABAC, Habaka opyxaHux cucmema,
8ULEKPUMEPUJYMCKO 00yHusarse.
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