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Introduction/purpose: The possibility of optimizing a short-range surface-to-air artil-
lerymissile (short-range SAAM) system design process by applying the hybridized
multi-criteria decision-making (integration of DEMATEL and MABAC methods) ap-
proach in the triangular interval type 2 fuzzy environments is shown in the paper. By
analyzing the content of the literature, the tactical-technical requirements and sub-
requirements were selected. Furthermore, the weights of these requirements and
sub-requirements are determined. After that, a multi-criteria decision-making (MCDM)
model was created for the evaluation of different initial projects of designing a short-
range SAAM, which was also tested in this paper. Methods: The proposed approach
that combine the DEMATEL and MABAC methods have been modified by triangular
interval type 2 fuzzy sets (IT2FSs). The triangular IT2F-DEMATEL method was applied
to determine the weights of the requirements and sub-requirements, while the trian-
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DOI: gular IT2FS -MABAC method was applied to evaluate the alternatives - initial project
designs of a short-range SAAM. Results: Integrating the multiple triangular IT2FS-
MCDM approach into a unique model that can be applied in the process of defining
the optimal initial design project of a short-range SAAM. Conclusion: The paper con-
p . tributes to military science in making decisions related to the design of a short-range
c oln SAAM.
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This paper will rely on the state's ability to design and mostly produce new air defense weapons in its
limited qualitative and quantitative capabilities (in terms of population, size of territory, development
of the military-industrial complex, GDP, geopolitical influence, etc.). An example of the development
of a short-range air defense missile system is given in the paper. This case is possible only in conditions
of exponential development of the military-industrial complex and the transfer of technology and
knowledge ( ). As an initial step in the design of a new, technologically ad-
vanced, short-range air defense missile system, the formation of a certain number of tactical and
technical requirements and sub-requirements is imposed, which the weapon must meet in order to
oppose modern threats from the air space. An example of the evaluation of these requirements is
given in order to determine their importance in the formation of requirements and sub-requirements
of each requirement for the design of a modern short-range SAAM ( )- The
research aims to optimize the design process of a short-range SAAM using a hybrid MCDM approach.
The specific objective is aimed at improving the accuracy of the decision-making process, handling
uncertainty, and optimizing the selection of tactical-technical requirements. Namely, the process of
forming requirements for military technical-technological solutions is currently based on normative-
legal documents that do not take into account precise scientific validation. The current process is
based on a detailed content analysis, a large database of processed data, but scientific methodology
is not used when drawing conclusions. Bearing in mind that military organizations are used in partially
controlled conditions (in a combat environment they depend on the enemy and other components of
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the operational environment), it is clear that the selection of requirements for the selection of weap-
on systems takes place in conditions of uncertainty (military decision making is realized in partially
determined and indeterminate conditions). Bearing this in mind, the aforementioned military decision
making can be improved by applying fuzzy theory, in this case IT2FSs. Also, decision making in military
processes aims to create optimal conditions for the implementation of the decision, based on the
proposals of experts from several fields (as is the case when defining the initial requirements for de-
signing a weapon system). This results in the need to improve the decision-making process in order to
optimize the decision, which results in the application of MCDM methods.

By analyzing the literature, it was concluded that there are scientific articles that researched this prob-
lem or similar research problems. There are also studies relating to the development of the technolo-
gy of individual elements of weapons systems including anti-aircraft missile systems (

; ; ). Particularly interesting is the work that deals with the for-
mation of initial requirements for designing a fighter aircraft based on overall evaluation criteria by
Mavris & Delaurentis ( ). The optimization of equipping with a missile system for combat opera-
tions using multi-criteria decision-making methods was also investigated in some scientific papers
( ; ; ; ). Based on the
aforementioned papers, initial tactical and technical requirements were formed in this research, with
the help of a group of experts who evaluated them for the needs of optimizing the design of a new
short-range air defense missile system. The formed requirements are as follows: spatial capabilities
(R1), fire capabilities (R2), time capabilities (R3), forces protection capability (R4), and accessibility and
technological reliability (R5) ( )- These requirements are further classified into
sub-requirements. The spatial capabilities (R1) can be classified into: ability to detect targets (R11), size
of the destruction zone of aerodynamic and ballistic targets (R12), RCS of the detected target (R13).
The fire capabilities (R2) can be classified into: probability of target destruction (R21), mathematical
expectation of the number of destroyed targets (R22), channel by target (R23), channel by missile
(R24), and system armament (R25). The time capabilities (R3) can be classified into: fire maneuver
(R31), movement maneuver (32), firing cycle (R33), ability to provide ordnance and anti-aircraft rock-
ets (R34), and reaction time (R35). The forces protection capability (R4) can be classified into: fre-
quency agility of autonomous radars (R41), pulse repetition frequency (R42), autonomy in operation
of combat platforms (R43), ability of passive sensors (R44), combined guidance (R45), and the ability
to protect against continuous interference (JATDS) (R46). The accessibility and technological reliabil-
ity (R5) can be classified into: investment costs (R51), operating costs (R52), possibility of an "offset"
component production (R53), possibility of installation of components of domestic production (R54),
and possibility of linking with the existing surface to air assets (R55). The sub-requirements invest-
ment costs (R51) and the operating costs (R52) are the cost sub-requirements. Other sub-
requirements are benefit sub-requirements. The research is conducted by using multi-criteria decision-
making methods (MCDM). The types of MCDM methods used in the research are multiple-attribute
decision-making (MADM) methods. MADM involves the selection of the "best" alternative from the
pre-specified alternatives described in terms of multiple attributes ( ;

). These methods enable the prioritization of a discrete - finite number of reqwrements and sub-
requirements and attributes in hierarchically structured qualitative - quantitative ambiguous (imper-
fect) problems ( ). Bearing in mind that in the work it is necessary to priori-
tize the final number of requirements and sub-requirements, as well as the ranking of the final num-
ber of the alternatives - initial project documentation, the application of hybridized MADM methods
is completely approved. For the purpose of determining the mutual influence between the require-
ments and the sub-requirements, the Decision - Making Trial and Evaluation Laboratory (DEMATEL)
method was applied in the paper. The evaluation of the project documentation was performed using
the Multi-Attributive Border Approximation area Comparison (MABAC) method. The justification for
applying the hybridized DEMATEL-MABAC approach is based on the following facts. Using the DE-
MATEL method, it is possible to investigate the mutual influence of the requirements and the sub-
requirements for choosing the optimal offer for designing a SAAM. Bearing in mind that all the capa-
bilities of a weapon system depend on the mutual influence of its tactical-technical characteristics, as
well as on the influence of other factors of the operational environment during combat operations,
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the application of the DEMATEL method fully ensures the prioritization of the requirements and sub-
requirements of the weapon system, such as a SAAM. The MABAC method ensures optimal ranking of
the project documentation from a pre-defined number of bidders. Also, this method provides an as-
sessment of the distance of the quantitatively expressed characteristics (requirements and sub-
requirements) of the offered project documentation from the boundary approximate areas, which, in
addition to the numerical results, enables the visualization of the obtained results. Also, the MABAC
method provides a solution to problems where there is a conflict between criteria - requirements,
which is also the case when designing a SAAM (for example, increasing the number of target aircraft
affects the reduction of the protection of forces from the enemy action). All this results in the DE-
MATEL-MABAC approach being completely complementary to the research problem.

The research algorithm is shown in
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Figure1.
Algorithm of the research

Bearing in mind that type 1 fuzzy sets are not appropriate to model words, T2FSs are developed. This
type of fuzzy sets is an extension of type 1 fuzzy sets, and they ensure the use of a linguistic variable in
the conditions of linguistic uncertainty ( ). Type-1 fuzzy sets have been applied
successfully in many areas including modeling, control, and data mining ( ). Other
types of fuzzy numbers have been developed in fuzzy theory. For example, unlike type 1 fuzzy sets,
intuitionistic fuzzy sets take into account more uncertainties in the form of the membership function
(membership degree, non-membership degree, and hesitation degree, ). However,
neither type-1 fuzzy sets nor intuitionistic fuzzy sets represent the optimal choice when making deci-
sions in conditions of uncertainty characterized by the ambiguity of the collected linguistic data. A
Type-2 Fuzzy Set (T2FS) is characterized by membership functions, i.e., the membership values for
each element of this set. The membership value of a T2FS is a fuzzy set in [0,1], not a crisp number
( ). The T2FS can express more fuzzy semantics of humans’ thoughts, and recently it
has attracted the researchers’ attention. It has been widely developed and successfully used in many
practical real-world applications and many areas, including signal processing, human silhouette ex-
traction, diet application, and pattern recognition design ( ). Bearing in mind the
aforementioned, the use of T2FSs when solving the problem of evaluating the project documentation
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for designing the short-range SAAM is fully justified. The data, collected for the research purpose, and
referring to the determination of the importance of requirements and sub-requirements for the crea-
tion of the model, as well as for the evaluation of the initial project documentation, are ambiguous
and of a qualitative type. Also, these data reflect the subjective assessment of a small number of re-
spondents. The foregoing implies that decision making takes place in conditions of uncertainty and
multi-knowledge, which is the reason why the triangular interval type 2 fuzzy sets (IT2FSs) were ap-
plied in the paper. IT2FSs are widely used in solving optimization issues in various fields. For example,
Hsien-De Huang et al. ( ) proposed a novel soft-computing mechanism based on the ontology
model for malware behavioral analysis by using IT2FSs. Liu et al. ( ) used IT2FSs for the control
design of uncertain dynamical systems to relax this limitation of conventional T1FS-based control de-
sign. Tekeli et al. ( ) conducted a numerical performance analysis of tank coatings in chemical
tankers to contribute to the decision-making process of shipowners and safety professionals by
IT2FSs. This type of fuzzy sets ensures the unambiguity of the answers obtained from a small number
of corespondents in conditions of uncertainty and increases the reliability of the obtained results.
Namely, in contrast to a type-1 fuzzy set, which has the membership grade as a crisp number, an IT2FS
has membership functions which are also fuzzy numbers. Whilst type-1 fuzzy sets have membership

functions which are two-dimensional, type-2 fuzzy sets are three-dimensional ( ;
; ). The third dimension provides additional degrees of freedom
for possibility in models of uncertainty ( ).
The form of the triangular ITFS is ( ):
A= (A7, A% = (ah, aly, i H(AYY), (ah, ab, als; H(AD) )
where:

H(AY) is the membership value of the element a, in the upper triangular function of the member-
ship, and H(AL) is the membershlp value of the element af, in the lower triangular function of the
membership, H(AU) e[01,HAD e[01],1<i<n ( ;

; )

For two triangular [T2FSs:

A= (AU»A )= (a11:a12:a13'H(AU)) (‘111"112"113’1’1(14 ))Az = (AU'A )
(a21,a22,a23, H(AU)) (‘121'“22' ‘123: H(A ))

Their elementary operations are respectively given as follows ( ;
):
A1 @ Az = [afy + by ol + abh, als + ol min(H(AD), min(H(AD)], [at, + aky, at,
+ ab,, ak; + a23,mln(H(A ), mm(H(A ))] ()
A — A, = [a¥1 — a3y, af, — a3y, a3 — ‘123' mm(H(AU)) (H(A ))] [a11 a3y, ar,

— aly, ak; — aky; min(H(AL)), (H(A )] 3)
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A1 X Az = [all X a3y, af, X ady, afs x a23,mln(H(AU)) mm(H(AU))] [‘111 X a%, af,

x ak,, aky x a23,mln(H(A ), mm(H(A ))] (4)
A1 at; af, ais U U ais L
=t = | =2, =2 min(H (AY), H(AD)) |, L,L,L,m(H(A)H(A)) 5)
~ Q3 Az Qzq az1 5
A,
k®A; =k ® (AY, A1)
= (kX a k x b, k x a; H(AYY), (k x aby, k  aby k x aly; H(AY)) (©)
;11‘ ajh alZ al3 ah ap, aj (
g JHAD|, |22, 22 28 gt 7)
k [k k' k’ A\ k' k' k'’ (A7)
kis a scalar.
1_[1 1 1-H(;1U][1 1 H(AL)]
= lagag a0 (e el @)
L
;1[- = (m/aly,m af’,m,ag;H(A%’))(m/af,m’af,m/a{-‘ H(A';)) (9)
The ranking value of the triangular IT2FS ;11- can be calculated as follows ( ;
; ):
Rank (&) = M, (AY) + My (4}) + My(AY) + My (4F)
1 U L U L U L U (10)
— 3 (S1(AD) + $1(4D) + 5, (A7) + S,(4D) + S3(A]) + S3(4h)) + H(AY)
+ H(AD)
a0y =(@* %) (1)
M, (A}) D))/, 1<p <2
S (A’) the standard deviation of the elements a and al(pﬂ)
p+1
- P+l
SP(A{)= 5 (ik ZZ ) 1<p<2 (12)
k=p
53(A]) the standard deviation of the elements alp, 1<p<3:

3
~. 1 . 1 3 . 2
S =[5 g (h-3Y_ah) ()

k=p
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The formula for the defuzzification of the triangular 4; is ( ):

[(a —af) + (a}y — al))]/3 +aff +
DTTLTA

H(AL) X [[(aiL3 - aiL1) + (afz - a{fl)]/3+a{-“1] (4)

The weights of the requirements and the sub-requirements of each requirement were calculated by
using the triangular IT2FS-DEMATEL method. This method is based on the determination of direct and
indirect influences between each criterion on each criterion ( ; ). It
was developed with the aim of studying groups with complex and connected relationships. This
method was chosen for the prioritization of criteria because it analyzes structures with complex caus-
al relationships between their elements in partlally determined or non-deterministic organizational

systems and processes ( ). It should be noted that there
are limitations when using the hybridized MCDM approach when using the DEMATEL method, as has
been written about by a number of authors ( ; ). The procedure of the
triangular IT2FS-DEMATEL method is as follows ( ;

):

1) The average IT2FS matrix of the influence between the tactical - technical requirements was
obtained as follows:

- ~ :(1) :(2) :(k)

E 0’ ® D0 ®..® D]

D=[Dij] ol — - (15)
nxn

nxn

D(k) [D(k)] - individual IT2FS matrix of the influence between the requirements of the k-th ex-
nxn

pert (after the transformation of linguistic variables in the IT2FS),
k - number of experts,

n - number of requirements.

D;j = (DlL]’,DL (dm» ij2 Ug,H(D )} (dlﬂ, ij2r 113,H(D -)) is the triangular IT2FS element of

the non-negative average IT2FS matrix of the influence between tactical - technical requirements.

n n
s =/ max (1 <i< nz ‘ 1dg3 , 1<) < nz: dgg), the normalized direct-relation matrix is:
j= =

700 _ [x(k)]
] )
nxn

Xij = (;cg-,;cfj) = (xil}l,xgz,x53; H(JNCZ-)), (xile,xiLjZ,xiLj3; H(JNCL-L]-)) is the triangular IT2FS element of the
normalized direct-relation matrix.

%ij =5 ® DyH(x%) = H(DY), H(xk) = HDE),i=1,...n,j = 1,2,...,n (16)
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~

2) The total relation matrix is:

= [tij] ,- The IT2FS element of the total relation matrix, where:
nxn

U _ U U U \— U _ U U
tin = xijy X (ifjy — X))~ o s = Xjjs X (ifjz — 113) ! tm ~
= xile X (iu1 - 111) ! tzLj3 = Lj3 X (lij3 - iLj3)_1’H(tlUj) (17)

—H(x )H(tU)—H(xU)l—l nj=12,...,n

i = (if’jl,if’jz,if’B;H(;ci’})), (iile,iiLjZ,iiLﬁ;H(;iLj)) - is the triangular IT2FS identity square matrix with
the elements on the main diagonal:

zU—(lll H(x ), (1,1,1; H(xu))1<l<n1<]<nl—],

Other elements are:

l”—(OOO H(x ), (0,0,0; H(xl]))1<l<n1<]<n1¢]

3) Using formula , the defuzzification of the elements of the triangular IT2FS total relation

matrix elements DtriTT =T = [tij]nxn was obtained. From the defuzzificated total relation

matrix, the sum of the rows D;,i = 1,2,...,n (efect each requirements on other require-
ments) and the sum of the columns R;,j = 1,2,...,n (cause relationship - influence other re-

quirements on each requirement) were calculated as follows ( ;
):
n
Di = Z tSEf (18)
j=1
n
d
Ri= )t (19)
i=1

4) The requirements’ weights of importance are:

impw; =/ (D; + R;)? + (D; — R;)? (20)
5) The normalized requirements’ weights of importance are:
. impw; . .
6) impW,; = W,l = 1,...,n — number of requirements (21)

The same procedure was used to evaluate all sub-requirements of each requirement. After normaliza-
tion, the sum of weights for all sub-requirements of each i - requirement is:

W; = Z wr, = 1,...,m- the number of the sub-requirements of the i - requirement, respectively,
sum of all sub reqwrements, is:
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m
n
E Zw} =1 (22)
i=1
r=1

Where w/ represents the weights of the r sub-requirements of the i - requirement.

One of the MADM methods that provides a solution to a wide range of problems is the MABAC meth-
od developed by Pamucar & Cirovi¢ ( ). The application of the MABAC method ensures evaluation
and selection of the most appropriate alternative among a set of pre-specified alternatives. By apply-
ing the MABAC method with simplier computation steps, the most suitable solution is determined
based on the comparison of the distance of each observed alternative from the boundary approxi-
mate areas - BAA ( ). Furthermore, this method ensures solving the MADM
problem with the properties of attributes that can be in conflict. Also, it allows selection and ranking
of alternatives using linguistic variables for forming the initial decision matrix ( ).
There are also limitations related to the application of MABAC as described by Mehdiabadi et al.
( ) and Yalcin et al. ( ). For model testing, the integrated IT2FS-MABAC approach was applied.
This approach provides valid results in the conditions of high level of uncertainty, which is the situa-
tion with the initial projects of designing combat systems.

The procedure of the IT2FS-MABAC method is as follows ( ;

):
1) In the first step, from the data about the sub-requirements and the alternatives (project de-

signs of the short-range artillery-missile air defense system) the initial decision matrix is
formed by applying formulas (2) and

i

E:[fij] 1<isnl<j<m

nxm

T

IR

nxn

fij = U5 15 = B fife Fijss HEG D, (B i fijas HED)
- The IT2FS element of the initial decision matrix,
n - number of sub-requirements,

m - number of alternatives — number of offers for designing a short-range artillery-missile air defense
system,

k - number of experts who evaluate the submitted documentation for each element of the initial deci-
sion matrix (the summary initial decision matrix is calculated from the individual initial decision matri-
ces that were formed on the basis of expert evaluation - for each expert individually).

2) The normalized IT2FS decision matrix is calculated as follows:
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- I:rl]:| U’ ]) = ( ij1r ljz'ril]{S;H( )) (le' ij2 l]3'H( ]))

- The IT2FS element of the normalized decision matrix, where:

a) For the sub-requirements of the benefit type:

(fiz-’l SRR B A )

;“ _ f;'U+ _f;'U_’f;'lH- _ f}U—’f}U+ _f}U— ’ (23)

9] (ﬁ?l _f}U— fl?Z _f}U— f;§‘3 _f}U— H( )) )
f}U+_f}U—’f}U+_f}U—’f}U+_f}U ’ ij

b) For the sub-requirements of the cost type:

(f}U+ _fiy3 f}U+ _fiyZ f}U+ _fiyl H(’”U )
| e o0
t f}U+ _ﬁ§3 f}U+ _ﬁ§2 f}U+ _fi‘ljll - ~ g

f]'U+ _ ij—’ij+ _ ij—’ij+ _ij— ’ (rij)

iR

where:

/" = max(j < 1 <m(f)),

f'" = min( < 1 <m(f)),
HEY) = H(EY),

H(r) = H(fu)

3) Inthe next step, the weighted decision matrix is constructed:

V= [EU] vy = WEvh) = vl vls HWY)), (vh1, vh, vEs HWE)) - The triangular IT2FS
nxm
element of the weighted decision matrix, where:

1~7ij =W;® (;i]- &) 1) or (according to formulas (2) and (6)):

(Wx(1]1+1)WX(L]2+1)WX(113+1) H(U )) (WX(L]1+1) Wix(rilj

(25)
+1)W X(L]3+1) H(UL]))H(U )_H( )H(vl])_H( j)

4) Using formulas (4) and

, the border approximation area (BAA) is calculated as follows (for
each sub-requirement):

G=[§i] i = Vi ® Vi ®..Q Vi 1<i<n (26)
nx1l

5) The distance matrix from the BAA is calculated as follows:
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Qe

|

6) By summing the elements of the matrix Q for each alternative (for all values of n ) the final

51’] = [;ij_:éi] (27)
nxm nxm

values of the requirement functions of the alternative (the closeness coefficient S; to the BAA
for each alternative) are obtained:

j=gllj@a2j®---®anj:1y---,m (28)

2R &

7) Ranking values S, are calculated by formulas

Sj =Rank<§j>,j= 1,...,m

8) Finally, the alternatives are ranked. The optimal alternative is the one that has the largest value of
S.

The requirements’ weights (R1-R5) were calculated by using the triangular IT2FS-DEMATEL method.
There is no influence of the requirement in itself. The values of influence expressed by linguistic varia-
bles and IT2FS are shown in

Table 1. DEMATEL Causal influence linguistic variables

Linguistic variable of Triangular IT2FS

influence

No (N) ((0,0,0;1),(0,0,0;0.8))

Low (L) ((0,0.2,0.4;1),(0,0.1,0.3;0.8))
Medium (M) ((0.2,0.4,0.6;1),(0.1,0.3,0.5;0.8))
High (H) ((0.4,0.6,0.8;1),(0.3,0.5,0.7;0.8))
Very high (VH) ((0.6,0.8,1;1),(0.5,0.7,0.9;0.8))

Firstly, by using DEMATEL causal influence linguistic variables of pairwise comparisons between re-
quirements, the mutual influence between the requirements was determined by four experts individ-
ually ( ), and transformed into the triangular IT2FS (based on ).

The average IT2FS matrix of the influence between the requirements D was obtained by using formu-

la (1) ( ).

The normalized direct-relation matrix X and the total relation matrix T were obtained using formulas

. The defuzzificated total relation matrix was obtained using formula , and the sum of rows
and the sum of columns of the total relation matrix were calculated using formulas and . The
weights of importance of the requirements were calculated using formulas , respectively

( )( )-
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Table 2. Answers of experts in linguistic variables - matrix of mutual influence ( )
R R1 R2 R3 R4 R5
R1 N 3L+M 2L+2M H+3VH H+3VH
R2 3L+M N 2M+2H 4VH H+3VH
R3 3L+M 3L+M N H+3VH 2H+2VH
R4 L+M+2H 2M+2H 2H+2VH N 4VH
R5 L+3M 3M+H 2M+2VH 4VH N
Table 3. Average IT2FS matrix of influence ( )
R R1 R2 R3 R4 R5
R 0,0,0; 0.05,0.25,0.45; 0.1,0.3,0.5; 0.55,0.75,0.95; 0.55,0.75,0.95,
1 0,0,0 0.03,0.15,0.35 0.05,0.2,0. 4 0.45,0.65,0.85 0.45,0.65,0.85
R 0.05,0.25,0.45; 0,0,0; 0.3,0.5,0.7; 0.6,0.8,1; 0.55,0.75,0.95 ;
2 0.03,0.15,0.35 0,0,0 0.2,0.4,0.6 0.5,0.7,0.9 0.45,0.65,0.85
R 0.05,0.25,0.45; 0.05,0.25,0.45; 0,0,0; 0.55,0.75,0.95; 0.5,0.7,0.9;
3 0.03,0.15,0.35 0.03,0.15,0.35 0,0,0 0.45,0.65,0.85 0.4,0.6,0.8
R 0.25,0.45,0.65; 0.2,0.4,0.6; 0.5,0.7,0.9; 0,0,0; 0.6,0.8,1;
4 0.18,0.35,0.55 0.3,0.5,0.7 0.4,0.6,0.8 0,0,0 0.5,0.7,0.9
R 0.13,0.35,0.55 ; 0.25,0.45,0.65; 0.4,0.6,0.8; 0.6,0.8,1; 0,0,0;
5 0.08,0.25,0.45 0.15,0.35,0.55 0.3,0.5,0.7 0.5,0.7,0.9 0,0,0

HDY) = LHDY) = 08,i=1,...,5; = 1,...,5

Table 4. Defuzzificated total relation matrix and requirements’weights ( )
R R1 R2 R3 R4 R5 D; R; w; w;
R1 0 0.017 0.024 0.074 0.073 0.188 0.084 0.292 0.143
R2 0.017 o 0.042 0.087 0.078 0.223 0.100 0.342 0.168
R3 0.015 0.016 0 0.073 0.066 0.171 0.180 0.350 0.172
R4 0.030 0.036 0.064 o 0.087 0.217 0.318 0.549 0.270
Rs5 0.022 0.031 0.051 0.085 0 0.189 0.304 0.502 0.247
The weights of the sub-requirements, shown in and , were determined in the same
way.

The initial estimations were transformed into the triangular IT2FS based on the equivalence shown in

After the calculated weights of the sub-requirements and the formed model for ranking and the de-
livery of the bidder's initial project documentation (five bids) in accordance with the established re-
quirements, the model was tested. Model testing was performed using the triangular IT2FS-MABAC
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method. This method was applied due to the fact that the offers are of a descriptive-qualitative na-
ture, which is why the triangular IT2FS was applied in order to eliminate ambiguity in the project doc-
umentation offers. Hypothetically, the project teams submitted the initial project documentation, and
the experts completed the initial assessment for each submitted offer. For each sub-requirement,
experts for the selection of the short-range SAAM individually perform a qualitative assessment in the
form of the following linguistic variables: very poor (VP), poor (P), medium (M), good (G), and very
good (VG). Linguistic variables were adapted based on the Likert scale of ranking. The obtained esti-
mates are grouped in

Table 5. Total relation matrix and sub-requirements’ weights

i i

R D, R, impwir impWir w,
R11 0.294 0.245 0.734 0.306 0.044
R1 R12 0.323 0.375 0.835 0.348 0.050
R13 0.351 0.338 0.830 0.346 0.049
R21 0.224 0.214 0.662 0.212 0.036
R22 0.157 0.21 0.607 0.194 0.033
R2 R23 0.274 0.224 0.706 0.226 0.038
R24 0.124 0.097 0.470 0.150 0.025
R25 0.214 0.254 0.684 0.219 0.037
R31 0.122 0.134 0.506 0.162 0.028
R32 0.217 0.202 0.647 0.208 0.036
R3 R33 0.214 0.243 0.676 0.217 0.037
R34 0.199 0.175 0.611 0.196 0.034
R35 0.243 0.217 0.678 0.217 0.037
R41 0.045 0.053 0.313 0.095 0.026
R42 0.055 0.071 0.355 0.108 0.029
R43 0.317 0.285 0.776 0.236 0.064
" R44 0.194 0.212 0.637 0.194 0.052
R45 0.185 0.174 0.599 0.182 0.049
R46 0.194 0.173 0.606 0.184 0.050
R51 0.371 0.285 0.810 0.262 0.065
R52 0.199 0.203 0.634 0.205 0.051
R5 R53 0.092 0.147 0.489 0.158 0.039
R54 0.103 0.135 0.488 0.158 0.039

R55 0.234 0.219 0.673 0.218 0.054
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Weights of importance of the sub-requirements

Table 6. MABAC linguistic and triangular IT2FS variables for the rating of alternatives

Linguistic variable of Triangular IT2FS

influence

Very poor (VP) ((0,0,0;1),(0,0,0;0.8))
Poor (P) ((0,0.2,0.4;1),(0,0.1,0.3;0.8))
Medium (M) ((0.2,0.4,0.6;1),(0.1,0.3,0.5;0.8))
Good (G) ((0.4,0.6,0.8;1),(0.3,0.5,0.7;0.8))
Very good (VG) ((0.6,0.8,1;1),(0.5,0.7,0.9;0.8))

After the linguistic variables were transformed into the triangular IT2FS, the summary initial decision
matrix was calculated. After that, the normalized triangular IT2FS decision matrix was calculated by
formulas (23)-(24). The weighted IT2FS decision matrix was calculated by using formula (25). The bor-
der approximation area (BAA), the distance matrix from the BAA, was calculated respectively by using

formulas (26) and (27). The criterion functions for all alternatives - bids S; were calculated by using
formula (28). The ranking values S, were calculated by using formulas (10)(11)(12)(13). Based on the
obtained results, the project documentation was ranked. The obtained results are shown in Table 8
and Table q.

A sensitivity analysis was done through changes in the weights of requests. The sensitivity analysis
was carried out through 20 scenarios (Table 10). In each scenario, the weights of all sub-requirements
within one requirement are increased (reduced) by 20%, and 40%, respectively. The weights of the
other requirements and sub-requirements are increased (decreased) so that the sum of the criteria
values is 1.
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Table 7. Initial decision matrix (linguistic variables)

Criteria/Alt. A1 A2 A3 A4 As
R11 3G+2VG 3M+2VG 5VG 5VG VG+4G
R1 R12 2G+3VG 4G+VG G+4VG 4VG+G VG+4M
R13 4G+VG 3G+2M 4VG+G 4VG+G G+4M
R21 2G+3VG 5M 3M+2G M+4G 3M+2G
R22 G+4VG 2M+3P VP+4P 5VP 2M+3G
R2 R23 G+4VG 2M+3G M+4G 5VP 3M+2G
R24 4M+P VP+2P+2M M+4G M+4P 4VP+P
R25 2G+3M 3M+2G VG+4G M+4P 4P+M
R31 3VG+2G 3G+2M 3G+3VG G+4VG G+4VG
R32 2VG+3G VG+4G 5VG G+4G 5VG
R3 R33 M+4G 2M+P+2VP G+4G 5VG M+4P
R34 2VG+3G G+4M 5VG 5VG M+4P
R35 5G 2VG+3G 5G 2M+3G G+4M
R41 4G+M 2G+2M+P 4G+1VG G+4M 5G
R42 3M+2P M+4G M+4P M+4P 5M
R43 4M+G 5VG 4VG+G 3G+2VG 2M+3G
" R44 3M+2G G+4M 3G+2M G+4VG 5VG
R45 P+4M M+4P 3G+2M G+4VG G+4VG
R46 5VG G+4M G+4G 5M G+4VG
R51 3G+2M 4VG+G M+4P 5G 2M+3P
R52 VG+4G M+4P G+4VG G+4VG G+4M
R5 R53 VG+4G 5VG G+4VG G+4VG VG+4G
R54 2G+2M+VG G+4M M+4G G+4VG G+4M
R55 G+4VG M+3G+VG 2G+3VG G+4VG G+4M
Table 8. Summary IT2FS initial decision matrix ;)
Criteria/Alt. A1 A2 A3 A4 Asg
R11 2.4,3.4,4.4; 1.8,2.8,3.8; 3,4,5; 3,4,5; 2.2,3.2,4.2;
1.9,2.9,3.9 1.3,2.3,3.3 2.5,3.5,4.5 2.5,3.5,4.5 1.7,2.7,3.7
R1 R12 2.6,3.6,4.6; 2.2,3.2,4.2; 2.8,3.8,4.8; 2.8,3.8,4.8; 1.4,2.4,3.4;
2.1,3.1,4.1 1.7,2.7,3.7 2.3,3.3,4.3 2.3,3.3,4.3 0.9,1.9,2.9
R13 2.2,3.2,4.2; 1.6,2.6,3.6; 2.8,3.8,4.8; 2.8,3.8,4.8; 1.2,2.2,3.2;
1.7,2.7,3.7 1.1,2.1,3.1 2.3,3.3,4.3 2.3,3.3,4.3 0.7,1.7,2.7
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R21 2.6,3.6,4.6; 1,2,3; 1.4,2.4,3.4; 1.8,2.8,3.8; 1.4,2.4,3.4;
2.1,3.1,4.1 0.5,1.5,2.5 0.9,1.9,2.9 1.3,2.3,3.3 0.9,1.9,2.9
Ra> 2.8,3.8,4.8; 0.4,1.4,2.4; 0,0.8,1.6; 0,0,0; 1.6,2.6,3.6;
2.3,3.3,4.3 0.2,0.9,1.9 0,0.4,1.2 0,0,0 1.1,2.1,3.1
R> Ry 2.8,3.8,4.8; 1.6,2.6,3.6; 1.8,2.8,3.8; 0,0,0; 1.4,2.4,3.4;
3 2.3,3.3,4.3 1.1,2.1,3.1 1.3,2.3,3.3 0,0,0 0.9,1.9,2.9
R> 0.8,1.8,2.8; 0.4,1.2,2; 1.8,2.8,3.8; 0.2,1.2,2.2; 0,0.2,0.4;
4 0.4,1.3,2.3 0.2,0.8,1.6 1.3,2.3,3.3 0.1,0.7,1.7 0,0.1,0.3
R2 1.4,2.4,3.4; 1.4,2.4,3.4; 2.2,3.2,4.2; 0.2,1.2,2.2; 0.2,1.2,2.2;
> 0.9,1.9,2.9 0.9,1.9,2.9 1.7,2.7,3.7 0.1,0.7,1.7 0.1,0.7,1.7
R31 2.6,3.6,4.6; 1.6,2.6,3.6; 2.4,3.4,4.4; 2.8,3.8,4.8; 2.8,3.8,4.8;
2.1,3.1,4.1 1.1,2.1,3.1 1.9,2.9,3.9 2.3,3.3,4.3 2.3,3.3,4.3
R32 2.4,3.4,4.4; 2.2,3.2,4.2; 3,4,5; 2,3,4; 3,4,5;
1.9,2.9,3.9 1.7,2.7,3-7 2.5,3-5,4-5 1.5,2.5,3.5 2.5,3:5,4-5
R3 R33 1.8,2.8,3.8; 0.4,1,1.6; 2,3,4; 3,4,5; 0.2,1.2,2.2;
1.3,2.3,3.3 0.2,0.7,1.3 1.5,2.53.5 2.5,3.5,4.5 0.1,0.7,1.7
R34 2.4,3-4,4.4; 1.2,2.2,3.2; 3,4,5; 3,4,5; 0.2,1.2,2.2;
1.9,2.9,3.9 0.7,1.7,2.7 2.5,3-5,4-5 2.5,3-5,4-5 0.1,0.7,1.7
R35 2,3,4; 2.4,3.4,4.4; 2,3,4; 1.6,2.6,3.6; 1.2,2.2,3.2;
1.5,2.5,3.5 1.9,2.9,3.9 1.5,2.5,3.5 1.1,2.1,3.1 0.7,1.7,2.7
R4t 1.8,2.8,3.8; 1.2,2.2,3.2; 2.2,3.2,4.2; 1.2,2.2,3.2; 2,3,4;
1.3,2.3,3.3 0.8,1.7,2.7 1.7,2.7,3.7 0.7,1.7,2.7 1.5,2.5,3.5
R4 R42 0.6,1.6,2.6; 1.8,2.8,3.8; 0.21.2,2.2; @222 1,2,3;
0.3,1.1,2.1 1.3,2.3,3.3 0.1,0.7,1.7 0.1,0.7,1.7 0.5,1.5,2.5
R43 1.2,2.2,3.2; 3,4,5; 2.83.8,4.8; 2.4,3.4,4.4; 1.6,2.6,3.6;
0.7,1.7,2.7 2.5,3-5,4-5 2.3,3:3,4-3 1.9,2.9,3.9 1.1,2.1,3.1
Ras 1.4,2.4,3.4; 1.2,2.2,3.2; 1.6,2.6,3.6; 2.8,3.8,4.8; 3,4,5;
0.9,1.9,2.9 0.7,1.7,2.7 1.1,2.1,3.1 2.3,3.3,4.3 2.5,3.5,4.5
R4 R4S 0.8,1.8,2.8; 0.2,1.2,2.2; 1.6,2.6,3.6; 2.8,3.8,4.8; 2.8,3.8,4.8;
0.4,1.3,2.3 0.1,0.7,1.7 1.1,2.1,3.1 2.3,3.3,4.3 2.3,3.3,4.3
R46 3)4}5; 1'2}2'2)3‘2; 2’3}4; 172’3; 2'8’3'8’4‘8;
2.5,3-5,4.5 0.7,1.7,2.7 1.5,2.5,3.5 0.5,1.5,2.5 2.3,3-3,4-3
Re1 1.6,2.6,3.6; 2.8,3.8,4.8; 0.2,1.2,2.2; 2,3,4; 0.4,1.4,2.4;
> 1.1,2.1,3.1 2.3,3.3,4.3 0.1,0.7,1.7 1.5,2.5,3.5 0.2,0.91.9
RS2 2.2,3.2,4.2; 0.2,1.2,2.2; 2.8,3.8,4.8; 2.8,3.8,4.8; 1.2,2.2,3.2;
1.7,2.7,3-7 0.1,0.7,1.7 2.3,3:3,4-3 2.3,3:3,4-3 0.7,1.7,2.7
R5
R53 2.2,3.24.2; 3,4,5; 2.8,3.8,4.8; 2.8,3.8,4.8; 2.2,3.2,4.2;
1.7,2.7,3-7 2.5,3-5,4:5 2.3,3-3,4-3 2.3,3-3,4-3 1.7,2.7,3.7
R4 1.8,2.8,3.8; 1.2,2.2,3.2; 1.8,2.8,3.8; 2.8,3.8,4.8; 1.2,2.2,3.2;
1.3,2.3,3.3 0.7,1.7,2.7 1.3,2.3,3.3 2.3,3-3,4-3 0.7,1.7,2.7
Rs5 2.8,3.8,4.8; 2,3,4; 2.6,3.6,4.6; 2.8,3.8,4.8; 1.2,2.2,3.2;
2.3,3-3,4-3 1.5,2.5,3.5 2.1,3.1,41 2.3,3-3,4-3 0.7,1.7,2.7

HfH)=1LH(f) =08,i=1,..24j=1..5
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Table 9. IT2FS and ‘crisp’ values of the closeness coefficient to the BAA and the rank of the alternatives

Candidates Rank (g,) Ranking
(0.035,0.039,0.044;1),
At (0.027,0.037,0.044;0.8) 1.943248956 2
(-0.057,-0.057,-0.056;1),
A2 (-0.056,-0.057,-0.059;0.8) 1:570539829 >
(0.085,0.088,0.091;1),
A3 (0.081,0.086,0.086;0.8) IS !
(0.030,0.019,0.010;1),
A4 (0.036,0.024,0.017;0.8) 1877131511 3
(-0.025,-0.026,-0.026;1),
A5 (-0.023,-0.026,-0.028;0.8) KOs 4
Table 10. Sensitivity analysis of the results
R;=Ryoiq X 1.2 R, =Roq X 1.4 R, =Rjoq X 0.8 R, =R ¢ X 0.6

A3>A1>A4>A5>A2
R, =R,gg X 1.2
A3 >A1>A4>A5> A2
Ry =Ry X 1.2
A3>A1>A4>A5>A2
R4 = Ryoig X 1:2

A3>A1>A5>A4 > A2

Rg = Rggg X 1.2

A1>A3>A5>A4>A2

A1>A3>A4>A2>A5
R, =R,g X 1.4
A1>A3>A4>A5> A2
Ry =Ryoq X 1.4
A3>A1>A4>A2>A5
R4 = Ryoid X 1.4
A3>A1>A4>A5>A2
R = Rsoiq X 14

A3>A1>A5>A4>A2

A3>A1>A4>A5>A2
R, = R,0g %X 0.8
A3>A1>A4>A5> A2
R;=R50a X 0.8
A3>A1>A5>A4>A2

R,=R

40ld X 0.8

A3>A1>A5>A4>A2
R;=R

sold X 0-8

A3>A1>A4>A5>A2

A3>A1>A4>A2>A5
R, = R,01g X 0.6
A1>A3>A5>A4>A2

R;=R50g X 0.6

A3>A1>A4>A5>A2
R,=R

40ld X 0.6

A3>A4>A1>A5>A2
R;=R

sold X 0.6

A3>A4>A1>A5>A2

The results in the table show that the ranking of the alternatives changed through 11 scenarios. In
other scenarios, the ranking of the alternatives did not change. The correlation of the results was
tested using Kendall’s coefficient of concordance W. This coefficient represents a measure of the
agreement between several judges (in this case 20 scenarios) who have rank ordered a set of entities
(in this case five alternatives) ( ). The value of Kendall's coefficient of concordance for all 20
scenarios and 5 variables is 0.8635. The value of the coefficient of 0.8635 is extremely significant for a
significance of 0.05. Thus, it can be concluded that there is a very high correlation (closeness) of ranks
through the scenarios and that the results obtained using the hybridized fuzzy-DEMATEL-MABAC
approach are credible.

Based on the obtained results ( - ), it can be concluded that the requirement related to
the ability to protect forces has the greatest weight ( ). The next requirement
in order of importance is the ability to protect forces, followed by: time capabilities, spatial capabili-
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ties and fire capabilities which represent the requirement that has the least weight - the least im-
portance ( ). It is obvious that, according to the experts, the most important
ability to protect forces and force's survival (R4) is the most important requirement when using a
modern weapon system. In order to carry out a combat mission, it is necessary to ensure the survival
of the forces. Bearing in mind the modest GDP and the limited capabilities of the military industry, the
experts believe that when designing new weapons, the cost of the technological process, as well as
the cost of use and maintenance, are very significant - requirement (R5). The importance of the time
capabilities of (R3) is reflected in the modern conditions of Air Force and Air Defence warfare, which
affect the need for high maneuverability of units with the ability to repel mass air strikes. The im-
portance of the other two requirements, R1 and R2, is a bit lower than that of the others, but despite
that their influence on the design of a new air defense missile system is extremely large.

The obtained results for the sub-requirements ( and ) indicate that the experts single
out two sub-requirements during evaluation, while they evaluate the others almost equally. Sub-
requirement R43 (autonomy in operation of combat platforms) - 0.064 and R52 (investment costs)
have significantly greater importance than the others. This is justified by the fact that the SAAM for
anti-aircraft operations, following the tendencies of the complexity of modern conflicts, must be able
to react completely independently and in a timely manner to threats in the airspace. An extreme im-
portance of operational autonomy is evident on the example of missile systems of older technological
generations, composed of several subsystems. In the event that any of these subsystems is damaged
or destroyed by enemy action, the system's operation would not be possible. It is also understandable
that the price of the investment is of great importance, regarding that a complex asset like that is
viewed as a long-term investment in the defense system. The experts placed slightly less importance
on sub-requirements R44 (ability of passive sensors) -0.052 and R55 (possibility of linking with the
existing surface to air assets) - 0.054 and R52 (operating costs) - 0.051 and R12 (size of the destruction
zone of aerodynamic and ballistic targets) - 0.050. This is a consequence of the fact that there is a
constant tendency to passivate the operation of the system, which reduces the total radiation time
and thus enables safer work in terms of observation, detection and tracking of targets in the airspace.
Also, the possibility of linking with the existing surface to air assets increases overall compatibility and
excludes additional costs of procurement and training of staff. Also, SAAMs often require constant
maintenance, training, and logistical support. High operating costs can strain a nation's budget, espe-
cially if these systems need to be kept at a high state of readiness at all times. Ensuring that operating
costs are manageable helps maintain a sustainable defense posture over the long term. The destruc-
tion zone's size is crucial for air defense, directly affecting interception effectiveness. A larger zone
increases the chances of neutralizing aerodynamic and ballistic threats by providing more engage-
ment opportunities. It accommodates evasive maneuvers, enables simultaneous target management,
and improves tracking of stealth aircraft or decoys. A broader zone also enhances adaptability to vari-
ous attacks, ensures comprehensive coverage, and strengthens system integration. Ultimately, it op-
timizes resources and boosts overall defense reliability and success.

According to the experts, the least important sub-requirements are R24 (channel by missile) - 0.025,
R41 (frequency agility of autonomous radars) - 0.026, R31 (fire maneuver) - 0.028, and R42 (pulse rep-
etition frequency) - 0.029. Although rated much lower, sub-requirement R41 (frequency agility of au-
tonomous radars) should not be forgotten because the ability of radars to work at different frequen-
cies is crucial for the effectiveness of the SAAM because it increases their ability to detect and track
different targets. Lower frequencies extend the detection range, aiding in spotting large objects such
as aircraft. Higher frequencies improve resolution, enabling precise tracking of small or fast-moving
targets such as missiles or drones. Low-frequency radars perform better in poor weather, while high
frequencies are more vulnerable to interference. Multi-frequency radars resist countermeasures, en-
hancing reliability in combat. Higher frequencies also enable faster tracking of threats like incoming
missiles. Overall, operating across different frequencies maximizes detection, resolution, and defense
resilience. The weights of other sub-requirements are approximate. Based on the obtained data, it can
be concluded that the ability to protect forces has the greatest importance. This is understandable
because in combat operations, the human resource is the most important resource. Protecting forces
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in combat is crucial for maintaining capability and minimizing losses, ensuring operational continuity.
It also boosts morale, which is a key to long-term success. Reducing manpower losses lowers training
costs and shortens the time needed to regain readiness. Ultimately, sustained force protection in-
creases the chances of success in combat. After the analysis of the obtained results of the weights of
certain requirements and sub-requirements, a model was created for evaluating the initial project
documentation of the respective bidders (project teams) for the design of the short-range SAAM. In
the next step, the mentioned MCDM model was tested. It was assumed that five bidders applied for
the competition and that they submitted the basis of the project proposal based on the created mod-
el. The obtained results are shown in . Based on the obtained results, it can be concluded that
the offer number 3 is the best, while the offer of the project team number 2 is the worst. It can also be
seen from the results that the MCDM model is successful and that there is a clear numerical difference
between the bidders (alternatives) that ensures their ranking. In this way, by applying the IT2FS-
COPRAS method, the MCDM model was successfully tested and it was shown that it works.

The paper shows the possibility of applying the IT2FS-DEMATEL-MABAC approach for the purpose of
forming a model with which it is possible to evaluate the initial project documentation for designing
the short-range SAAM. The IT2FS-DEMATEL approach was applied for the evaluation of requirements
and sub-requirements and the formation of a model for the evaluation of the INITIAL project docu-
mentation. The IT2FS-MABAC approach was applied to test the model based on the estimated data
for five providers of the initial project documentation. The application of the IT2FS was conditioned by
the need to eliminate ambiguity in the obtained results. Based on the results obtained in the research,
it can be concluded that this approach when defining the basic conditions - requirements that are
necessary for the assessment of the initial project documentation for designing a short-range SAAM
can have its scientifically based application.

There are numerous practical possibilities of applying the results of this research. Namely, in the fu-
ture, based on the obtained results, it is possible to form a unique model with the help of which it is
possible to design the production of SAAMs or similar combat systems. Also, this model can serve as a
basis for choosing the optimal weapon system when equipping armed forces. Also, this model can
serve as a basis for the modernization of certain weapon systems based on the estimated require-
ments for modernization. The MCDM decision-making model can also have a comprehensive practical
application during the optimization of the decision-making process when solving other numerous
problems in military units.

In the following research, it is necessary to consider the operationalization of tactical-technical re-
quirements in order to create a wider scope of conditions that determine the ability of the project
contractor to design a short-range SAAM in accordance with real current and future needs. Also, it is
possible to improve the model through the application of other MCDM approaches that will include
other MADM methods in different fuzzy theory conditions.
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Optimizacion del proceso de disefio de sistemas de misiles
de artilleria tierra-aire de corto alcance utilizando el
enfoque triangular hibrido

Resumen:

Introduccién/objetivo: La posibilidad de optimizar el proceso de disefio de un sistema de
artilleria-misil tierra-aire de corto alcance (SAAM de corto alcance) mediante la aplicacion
del enfoque hibrido de toma de decisiones multicriterio (integracién de los métodos
DEMATEL y MABAC) en entornos difusos de intervalo triangular tipo 2, se muestra en
este articulo. Mediante el andlisis del contenido de la literatura, se seleccionaron los
requisitos y subrequisitos tactico-técnicos. Ademads, se determinaron los pesos de estos
requisitos y subrequisitos. Posteriormente, se creéd un modelo de toma de decisiones
multicriterio (MCDM) para la evaluacién de diferentes proyectos iniciales de disefio de un
SAAM de corto alcance, que también se probd en este articulo. Métodos: El enfoque
propuesto, que combina los métodos DEMATEL y MABAC, se modificé mediante conjun-
tos difusos de intervalo triangular tipo 2 (IT2FS). El método triangular IT2F-DEMATEL se
aplicé para determinar los pesos de los requisitos y subrequisitos, mientras que el méto-
do triangular IT2FS-MABAC se aplicé para evaluar las alternativas (disefios iniciales del
proyecto de un SAAM de corto alcance). Resultados: Integracion del enfoque triangular
multiple IT2FS-MCDM en un modelo Unico que se puede aplicar en el proceso de defini-
cién del proyecto de disefio inicial 6ptimo de un SAAM de corto alcance. Conclusién: El
articulo contribuye a la ciencia militar en la toma de decisiones relacionadas con el disefio
de un SAAM de corto alcance.

Palabras claves: DEMATEL; MABAC; conjuntos difusos de intervalo triangular tipo 2;
sistema de artilleria y misiles tierra-aire de corto alcance
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OnTUmMM3aumMA Npouecca NPOEKTUPOBAHUA 3€HUTHO-
PAKeTHOrO KOMIM/IeKCa Ma/Ion Aa/1IbHOCTU C
MCNO/Ib30BaHUEM MTMOPUAHOro TPEYyro/bHOro NoAX0Aa
IT2FS-DEMATEL-MABAC

Pesome:

BBepgeHue/uenb: B AaHHO cTaTbe npescTaB/ieHbl BO3MOXKHOCTU ONTUMM3aLMK NpoLecca
NMPOEKTUPOBAHUA 3€HUTHO-PAKETHOrO KOMI/IEKCA Ma/o A,a/IbHOCTU C NMOMOLLIbIO rMbpuA-
HOrO MHOTOKPUTEPUA/IBHOTO MOAXOAA K MPUHATUIO pelueHuit (MHTerpauma metogos DE-
MATEL 1 MABAC) B HEYeTKOW Cpese C TPeyro/ibHbiM UHTEPBa/IOM BTOPOro Tura. KoH-
TEHT-aHa/IM3 UCMO/b30BaNCA /1A BbIOOpa TaKTUHECKUX U TeXHUYeCKUX TpeboBaHui u
3aga4. B ctatbe paccTas/ieHbl npuopuTeThl TpeboBaHuii, onpegesieHbl UX BeCoBble KO3¢-
duuMeHTbl, a TakKe paspaboTaHa MHOrOKpPUTEpPUAZbHAA MOAE/b TPUHATUA peLueHuit
(MKMTIP) AnA OueHKU nepBOHaYa/ibHbIX MPOEKTOB 3€HUTHO-PAKETHOrO KOMI/IeKca npo-
TUBOBO3/YLIHOM 060POHBI Ma/soM Aa/NbHOCTU. B CcTaTbe TaKKe npescTas/ieHbl pe3y/bTaTbl
TeCTMPOBAHUA AaHHOM Mogenn. MeToapbl: [peanoxKeHHbIN NoAX04, COHeTaoW M MeToAbI
DEMATEL n MABAC, moan$uLMpOBaH C MOMOLLbIO HEYETKMX MHOXECTB C TPeYro/ibHbiM
uHTepBasiom BToporo Tuna (IT2FS). Tpeyro/ibHbii MeTog IT2F-DEMATEL 6bi1 npumMeHeH
ANA onpejeneHns BecoBbiX KO3dduumMeHTOB TpeboBaHMI 1 33/a4, @ TPEYro/IbHbIM MeTOA,
IT2FS-MABAC 6bin1 NpUMeHeH A/19 OLEHKM a/bTePHATUB MEepPBOHAYa/IbHbIX MPOEKTHbIX
peLleHnit 3eHUTHO-PAaKeTHOro KOMI/IeKCa Ma/slol AaznbHOCTU. PesysbTaTbhl: MHTerpauma
MHO>XeCTBEHHOro Tpeyro/bHoro nogxoga IT2FS-MCDM B eauHyto moge b, KOTOpaa Mo-
XeT NpUMeHATbCA B npoLecce onpege/neHnsa ONTMMa/IbHOro nepBoOHa4a/IbHOro NpoeKkTa
3E@HUTHO-PaKeTHOro KOMI/IeKCa Masiol Aa/bHOCTH. BbiBOA: [laHHan cTaTbA BHOCUT BKA3/, B
pasBUTME BOEHHOM HayKu B 00/1aCTU MPUHATUA peLUeHUid, CBA3aHHbIX C pa3paboTkoi
3E@HMTHO- PaKeTHOro KOMI/IeKca Ma/zioi Aa/IbHOCTH.

Kawouessie croea: DEMATEL; MABAG, He4YeTKME MHOXECTBA C TPEYro/ibHbIM MHTEPBA/IOM
BTOPOrO TUMA; 3€HUTHO-PAKETHbIN KOMI/IEKC Ma/I0M 4a/1bHOCTU
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OnTummsaymja npoueca gusajHmparba apTU/bepPUjCKO-

paKeTHOr cMcTema 3a NpPoTMBBA3AYXOMN/I0BHA A€jCTBA

NpUMeEHOM XubpuaHor Tpoyraactor npuctyna UT2$C-
AEMATE/I-MABAK

CaxkeTak:

YBoa/umsmb: Y pagy je npukasaHa moryhHOCT onTumMusalmje npoueca AusajHupamba apTu-
/bePUjCKO-paKeTHOr cMCTeMa 3a NpOTMBBA3A4yXOMN/I0BHA AejCTBa Ma/or 4OMeTa NPUMEHOM
XUBPUAHOr BULLIEKpUTEPUjyMCKOT (MHTerpauujom metoga AEMATE/l 1 MABAK) npuctyna
y O4/1y4MBamy y TPOYr/1aCTOM MHTEPBA/IHOM Pasu OKpYKekby TUMa 2. AHa/ZIM30M cagpaja
M3BpLLUEHA je cesleKumja TaKTUYKO-TEXHUYKMX 3aXTeBa U nog3axTesa. Takohe, o6aB/beHa je
npuopuTeTM3aumja 3axTeBa, ogpeheHe Cy pesaTMBHE TeXMHE 3axTeBa U Mog3axTeBa U
KpeupaH BULLIEKPUTEPUjYMCKU MOgen o4Any4muBatba (BKO mogen) 3a eBanyaumjy noYeTHUX
npojekaTa Au3ajHMpara apTWbEPUjCKO-PAKeTHOr CUCTeMa 3a MPOTMBBA3YXOM/10BHA
Aejctea masnor gomeTa. M3BpLUEHO je 1 TecTuparbe mogena. Metoge: MNpeanoxkeH mogen
BKO kombuHyje meToge AEMATE/l u MABAK moandKroBaHe nomohy Tpoyr/iactmx UHTep-
Ba/HMX pasu ckynosa tuna 2 (UT29C). Tpoyrnactu metog UT20C-AEMATE/ npumetbeH je
3a ogpebuBarbe TeXMHe 3axTeBa M MOA3axTeBa, AOK je Tpoyrnacta metoga UT29C-
MABAK npumemneHa 3a eBanyauujy a/iTepHaTMBa — NOYETHE NpOojeKTHe AOKYMeHTaumje 3a
AM3ajHuparbe apTU/bePUjCKO- PaKeTHOr CcMCTeMa 3a MPOTUBBA3AYXOMN/I0BHA AejcTBa Maior
aometa. Pesyatatn: MHTerpucame suwectpykor BKO npucTyna 3acHoBaHoOr Ha Tpoyr/a-
crum UT20C y jeAMHCTBEHM MOAEAN MOXe Ce MPUMEHUTU y npouecy ageduHucara onTu-
Ma/IHe TMOYeTHe MNpOjeKTHe AOKYMeHTauuje 3a Au3ajHMpare apTU/bepujCKO-pakeTHOr
c1McTemMa 3a NpoTMBBA3AyXOr/IOBHA AejcTBa Ma/sor gomeTa. 3ak/bydak: Pag gonpuHocu
BOjHOj HayLu MPU/AMKOM AOHOLIEHa O4/yKa y npouecy Au3ajHuparba apTW/bepujcKo-
PaKeTHOr cucTema 3a NpoTUBBAa3AYyXOMN/I0BHA AejcTBa Ma/lor 4OMeTa.

Kbyune peun: AEMATE/l; MABAK; Tpoyr/nacTu uHTepBasHu $asu CKyrnosu Tuna 2; apTu-
/bePUjCKO-PaKeTHU CUCTEM MA/IoT AOMeTa



