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IIpoeedena nopisnanvna xapaxme-
pucmuxa 6azamoxpumepianvnux sadau
onmumizauii, Kpumepii AKUX MONCYNMbo
Mamu KidbKiCHY 1 AKICHY Npupooy.

61 excnepmuux 0awux. 3anponoHosana
dexomnosuuis npoodaemu ¢ icpapxito, wo
eidobpasicae smicm 6azamoxpumepiaio-
Hot 3a0aui onmumizauii

Kniouosi caoga: 6Gesninomnuii ni-
manvHuli anapam, 0eKoMno3uuis npo-
Onemu 6 iepapxito, Ainzeicmunna aminna

=, u]

Ilposedena cpasnumenvnas xapak-
mepucmuKa MHO20KpUMepUAIbHLIX 3a-
dau onmumuzayuu, Kpumepuu Komo-
poix Mozym Gvimv KOAUMECHMEEHHOU U
Kauecmeennou npupoodst. Q60cHosanio
pewenue omuocumenvbHo evibopa 06-
pasua Gecnuiomnozo JiemameabHoO20
annapama 015 NPUHAMUSL HA 800PYICe-
HUe ¢ Xapaxmepucmuxamu, 3HAMeHUs
KOMOpbIX NpozHO3UPYIOMCS 8 YCA06U-
AX Hecmoxacmuueckou HeonpeoeeH-
HOCMU HA OCHOB€ IKCNEPMHBIX OAHHDBIX.
IIpeonoscena oOexomnosuuus npooéJe-
Mbl 8 uUepapxuio, Komopas. ompaxica-
em codepicanue MHO20KPUMEPUATLHOU
3adavu onmumusayuu

Kmouesvie cosa: becnunommotii e-
mamenvHulil annapam, 0eKOMNO3UUUSL
npooaembL 8 uepapxuio, TUHz6UCMUE-

CKasa nepemennan
u =,

1. Introduction

Defensive military doctrine of the Armed Forces of
Ukraine (AFU) establishes high requirements for all el-
ements of combat readiness and for training troops. The
Armed Forces must be prepared to fight off aggression by
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conducting defensive actions. The most important task of the
headquarters under defensive nature of the military doctrine
is permanent surveillance of the enemy that should provide
for a timely and organized transition of troops from peace
to war. The main role in this is assigned to the intelligence.
A number of tasks for aerial reconnaissance can be solved




under conditions of strong air defense capabilities from the
enemy with the use of unmanned aerial vehicles (UAV)
[1,2]. An analysis of experience of using UAV in modern mil-
itary conflicts allows us to conclude that the main combat
tasks for UAV during wars in North Vietnam, Yugoslavia,
Chechnya, Afghanistan, and Syria were solving the tasks of
intelligence and observation of the battlefield [3, 4].

That is why, at present, UAV are considered as an ef-
fective and reliable means of aerial reconnaissance. Due to
the rapid supply of complete, reliable information about the
enemy, combat success is achieved.

In line with the opinions of experts [5-7], in combat,
the most promising type of weapons is UAV for military
purposes. Combat capabilities of the units of new type with
UAV will increase by 2—2.5 times. Currently, 30 countries
produce up to 150 types of UAV, with 80 of them employed
by 55 armies around the world. The leading countries in
this field are the USA, Israel and China. According to spe-
cialists, over 2015-2025, a share of the USA in the world
spending on UAV will amount to 62 % on research and
design work, and to 55 % in purchases [3, 6]. A strategy for
developing the Ukrainian aviation industry through 2020
and results of the research potential of enterprises for the
future implies increasing the volumes of development and
aviation equipment production [8].

The Ukrainian Air Forces today use outdated Soviet
operation—tactical and operational unmanned aviation com-
plexes VR-2 “Strizh” and “Reis”, which do not meet modern
requirements, have limited capabilities, and use them as air
targets. The indicated complexes, by their tactical-technical
characteristics, are hopelessly behind modern designs of
unmanned reconnaissance aircraft in the world and need re-
placing or complete modernization. Everyday combat prac-
tice of conducting military operations against armed groups
in the Eastern Ukraine confirms the need for applying
new means of armed struggle to enable the activities of the
smallest tactical units. Therefore, the Ministry of Defense
of Ukraine defined quantitative and qualitative needs of
AF in the required classes of UAV and preliminary require-
ments for them; however, the problem of defining an exactly
promising kind of UAV for using by AFU remains relevant.
An analysis of open sources in the field of UAV development
makes it possible to substantiate the choice of prospective
model of UAV for military purposes [4—7, 13].

Determining a UAV model to be armed with includes
the enumeration and content of their basic tactical-techni-
cal characteristics that constitute its information resource.
In the absence of necessary statistics on the values of tac-
tical-technical characteristics (TTC), their quantitative
values are to be predicted. Prediction is possible only based
on expert data and the inspection may have to deal with a
fuzzy statement.

2. Literature review and problem statement

The issue of providing AF with modern UAV and ac-
cepting them for arming has been addressed repeatedly and
at different levels, but up to now it has remained unresolved.
[8] laid a groundwork for the formation and implementa-
tion of state policy in the field of development, production,
sale and service maintenance of aviation equipment. How-
ever, the needs of AFU in UAV have not been clearly iden-
tified, as well as approaches regarding the choice of specific

models. [9] proposed a method for creating viable strategies
in the modernization and production of new armaments
and a method for determining performance indicators and
decision making risk under conditions of nonstochastic
uncertainty, however, the question on the substantiation of
selection procedure and acceptance of existing samples for
arming was not considered.

Articles [10-12] proposed a method to design and
develop UAV by engaging a multidisciplinary group of ex-
perts in the field of aeronautics, systems management and
combat use. However, questions about the formalization of
procedures for substantiation the decisions taken by experts
remain uncovered by the article and point to a general ap-
proach toward solving a task on the choice of requirements
when devising UAV. An analysis of the main classes of UAV,
used by ground forces to solve a wide range of combat tasks
and the possibility of their shared utilization with the units
of army aviation, was performed in [13]. However, a pro-
cedure for selecting specific types and models of UAV was
not considered. There were no results of employing UAV of
various types. A current state of the problems in the devel-
opment of unmanned aerial vehicles, main trends of future
development, scientific and industrial potential of Ukraine,
which is not used to the fullest, were defined in [14]. Nev-
ertheless, article [14] substantiated all decisions by using
statistical data without taking into account the risks and
uncertainties of various kinds, which affect the production
and development of UAV.

Papers [1, 8, 15] presented basic characteristics for UAV
of tactical activity that are in service by the world leading
countries. In this case, paper states the fact of availability of
particular UAV. The reasons and procedures for their selec-
tion are not examined.

However, a set of TTC can provide the experts with basic
information to predict the values of main characteristics of
a prospective UAV model for AFU. An analysis of arming
troops with unmanned aviation confirms expediency of tak-
ing into account characteristics of the intelligence UAV Ra-
ven RQ-11 made in the USA, when conducting the appraisal.
This type of UAV was delivered to the Armed Forces in June
2016, for use in the region of armed conflict in the Eastern
Ukraine [16]. It is necessary to take into account as well
the tactical-technical specifications of UAV “Furiya” and
“Spectator” made in Ukraine, which were purchased by the
Ministry of Defense to perform tasks in the area of conduct-
ing anti-terrorist operation [14]. The presence of these UAV
and the gained experience of their application will make it
possible to verify feasibility of the devised method based on
existing data and to evaluate its performance efficiency.

Therefore, it appears promising to solve the following
task: to define a model of UAV for accepting it in service
by AFU by the predicted values of basic tactical-technical
characteristics in the form of a fuzzy statement.

3. The aim and tasks of the study

The aim of present work is to substantiate a decision on
selecting the model of UAV for military aviation service by
the accepted indicators.

To achieve the set aim, the following tasks were to be
solved:

— to conduct a comparative evaluation of multi-criteria
optimization problems whose criteria may match the fac-



tors that reflect both the quantitative and the qualitative
attribute;

— to predict values of TTC of UAV models under con-
ditions of nonstochastic uncertainty based on setting the
appraisal and processing of expert data;

— to substantiate a decision regarding the UAV model
by the accepted indicators taking into account the priority
vector of basic characteristics.

4. Methods for selecting a UAV model with regard to the
predicted values of basic tactical-technical characteristics

A comparative evaluation of several samples of UAV is
related to the statement and solution of multi-criteria opti-
mization problem. The known methods to solve multi-crite-
ria optimization problems are the formation of generalized
criterion, selection of basic criterion, hierarchy analysis.

A method for selecting the basic criterion implies that
a multi-criteria original problem is reduced to a single-cri-
teria optimization problem. The formation of the problem
is carried out after obtaining an answer to the problem on
criteria ranking and defining the constraints for criteria. A
method for the formulation of generalized criterion is limited
in its application by the fact that, when considering applied
problems on compiling a generalized criterion, it causes the
difficulties that are difficult to overcome. The method of suc-
cessive concessions also requires first and foremost solving a
problem of criteria ranking and bringing their measurement
to one scale, determining the magnitudes of concessions
for each criterion. A method of hierarchy analysis, which is
considered in [17, 18], in terms of its application for solving
multi-criteria optimization problems of different physical
nature, has no disadvantages or “nuisances”. Moreover, the
criteria can match the factors that reflect both the quantita-
tive and qualitative attribute [19].

According to [7], main UAV TTC include:

— flight duration;

— flight speed;

— flight altitude;

— activity range;

— cost of manufacturing;

— demand in the market of armaments;

— competitiveness.

When considering prospective UAV designs, their basic
above-mentioned TTC will take predicted values. We note
that if a researcher has statistics, for example, on the values
of activity range while observing the battlefield, then the
task on predicting the value of this characteristic can be
stated and solved under conditions of stochastic uncertainty.
Smoothing stochastic values in time

ti<t0y i=1,7n, (1)

where tg is the time of decision making, can be performed
by the least squares method under assumption of accepted
functional dependence of the TTC values on time. Then the
problem on predicting for the time t=ty+t is in the fact that
the resulting smoothing of TTC values is extrapolated. Such
determining of predictive values implies the assumptions
that the set of factors, which defined the TTC statistical
values, remains unchanged over the predicted time duration
7. Under this assumption, the long-term prediction of TTC
values cannot be regarded as satisfactory. If a researcher

does not have statistics or if it is limited, then the prediction
of TTC values for UAV samples should be considered under
conditions of nonstochastic uncertainty.

Under conditions of nonstochastic uncertainty, the pre-
diction of UAV TTC values is possible only based on setting
the appraisal and processing expert data. In the appraisal
setting, a problem on decision-making is solved

<Q, OP>, 2)

where Q) is the set of estimates of TTC values by expert,
and OP; is the optimality principle of expert. A researcher
may propose such a procedure for appraisal, in which each
£-th expert expresses own subjective opinion relative to the
predicted value of the UAV TTC sample by a clear state-
ment of three grades: pessimistic, the most expected and
optimistic. Further build-up of credibility to the subjective
evaluations of experts might involve fuzzy assessment of
the predicted TTC values when each expert expresses own
opinion regarding the predicted value in the form of a fuzzy
triangular number.

Fuzzy number A in the actual line is a fuzzy subset,
which is characterized by a membership function pA(x):
R—[0,1]. Fuzzy number A is represented in the form:

A={(u;(x)/x) (3)

where pA(x)€[0,1] is the degree of membership of xER to
subset A, [ is the symbol of unification by all x€R.

Then the prediction of value of k-th TTC of UAV model
is described by a fuzzy triangular number (fuzzy subset)
whose membership function is presented in Fig. 1 and takes
the form:

e ()=
(x=(C,-8))/8, atC,-8,<x<C,;
=1{((C,+8,)-x)/8, at C,<x<C, +3,; %)
0 at 0<x<C, -§,x=C, +39,.

The procedure of appraisal implies that every I-st expert
expresses own subjective opinion in the form of three values
relative to the Ci.th TTC of UAV model, namely:

- (C}{l) +8f])) is the pessimistic assessment;

— C is the most expected assessment;

- (Cf) +5(21)) is the optimistic assessment.

Then these assessments are averaged accordingly given
the weight coefficients of experts and maintain the descrip-
tion of the first TTC in the form (4).

If we accept He () =0, then the clear a-level subsets
are determined:

{cg =6g,...,6:}, (5)

where Cy, CY are the left and right boundaries of value of
the Cy.th TTC model of UAV, respectively. Based on the con-
tent of the fuzzy subset C,, the researcher accepts a>a,. as
the level of required confidence in the predicted values of the
Ci.th TTC, for example, a,.. can be determined as o, =0,5.

For the purpose to determine, by the predicted values
of basic TTC in a fuzzy statement, for promising armament
models on the example of UAV, we shall consider the follow-
ing possible decomposition of the problem into a hierarchy,
which is shown in Fig. 2.
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Fig. 1. Description of the UAV TTC sample value by a fuzzy
triangular number

where B is the name of linguistic variable; G is the syntactic
rule that generates the name of fuzzy variable yET(B) as
verbal meanings of linguistic variable; M is the syntactic
rule that assigns fuzzy subset C(y); to each fuzzy variable
YET(B); T(B) is the term-set of linguistic variable whose
elements y; are the name of the fuzzy variable as linguistic
values of linguistic variable

<7, X,C(7)>, (7)

where X is the region of determining fuzzy variable; C(y) is
the value of membership function of fuzzy subset

CN={Heqy () /x}s xEX, B, (). ®

Promising UAV model

____________________________ i_______________

Relative to the fuzzy indicator
“demand in the market for arma-
ments”, we can define linguistic vari-

| | | | |
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Fig. 2. Decomposition of problem into hierarchy

As shown in Fig. 2, the decomposition of problem into a
hierarchy has three levels:

—level 1 corresponds to the goal, which is achieved by
solving the problem;

—level 2 includes indicators (criteria), by which one or
another alternative for a promising model of UAV should be
accepted;

— level 3 corresponds to the list of source data, which in
the opinion of decision maker comprises their full set.

Thus, the decomposition of problem in hierarchy rep-
resents the contents of the multicriteria optimization prob-
lem, which has a peculiarity:

—a fuzzy description of predicted values Cy of basic
UAV TTC (indicators Cy, Cy, Cs, Cy), which have a clearly
defined numerical nature and are measured in appropriate
magnitudes;

—a fuzzy predicted description of the indicator “cost
of UAV model production” (C5), which can be assigned to
quantitative nature and to qualitative nature;

—a fuzzy predicted description of the indicators “demand
in the market for armaments”, “competitiveness”, which have
a clearly expressed qualitative nature. It was noted above that
the indicators that have quantitative nature should be predict-
ed in a fuzzy statement, and fuzzy triangular numbers should
describe their predicted values. The indicators that have a qual-
itative nature should be predicted based on the introduction of
appropriate linguistic variables for consideration.

According to [17], a linguistic variable is understood as
tuple

<B, T(B), G, M>, (6)

ables yn1, Yo of linguistic variable
Bn and fuzzy variables ve 1, yc.2, Ye.3 Of
linguistic variable B, is carried out by
setting the appraisal and processing
expert data. Each I-th expert,

(=1L, )

expresses own subjective opinion about this: by how many
times the value of membership function:

Moy, (X0, (10)
for example, one considers a fuzzy subset C (yn1) of fuzzy
variable v, 1, exceeds the value of membership function:

”Cm.n(x.i)’ an
where x,, x;eX; i,j=1,7n, X is the determining domain of
linguistic variable B,. Such opinion is submitted by expert,
based on the qualitative assessment scale, which is speci-
fied in [17].

Experts submit binary comparisons Mo, (X)) and
Hee, (X)) by such scale in the form of matrix:

A =la, ) 1=11: ij=1n. (12)

Then matrices A(¢) are averaged and the matrix de-
composes:

A:"aij", ij=1n. (13)

Matrix equation corresponds to each square A



AYT=)0Y,

(14)

which makes it possible to define its corresponding integers:

A, 9=1G, 15)
as roots of characteristic equation:
A-LE=0, (16)

where E is the identity matrix. Eigenvectors Y, complies
with each town number A,. If we have for matrix A:

a;>0; a;;=1/ajj; aix=aj" ajx;
i,jk=1n, a7

that is, matrix A is integral, inversely symmetrical and coor-
dinated, then equation:

A-LE=0, (18)
have one root:

It is matched with only one own vector Y. Thus, if the
subjective judgments of experts regarding:
Cr)={Rey, (0/x} xeX,i=15, 20)
for Ya1, Yn.2 Yets Ye.2. Ye.3, Will be represented by integral,

inversely symmetrical and coordinated matrix, then the
solution for equation AYT=nY allows us to define a vector:

Y= {ué(y )(x)}, 1)

and numerical measure of divergence A,y and n will deter-
mine a numerical measure of coherence in the judgments of
experts. Each I-th expert, using a qualitative scale, which is
specified in [17], expresses own opinion relative to the mem-
bership function:

Mo, (%) B j=1.m; x;,x;€X. (22)

. T
In accordance with Ap’ =),.«—H, we can form a vector:

h={Hee, () =1, (23)
because
Mg, (X =1/k;. (24)

In a general case, the resulting vector p might not satisfy
equation:

AY"=nY, (25)
because the consistency of integral inversely symmetrical
matrix meets the requirement Ay,,>n. Deviation from the
consistency is estimated by ratio:

N= (R —0)/(n-1),

(26)

because at binary comparison of n elements, (n-1) judg-
ments are made, and A, is the mean value of components
Amax, Which are obtained in the element-by-element division
of components of vector ApT into the components of vector
p. If n does not meet the requirements of accuracy, then
matrix A is corrected with regard to the resulting vector p.
Defined vectors:

K= {HC(Y )(XJ)}v j=tmi=15, 7

that match fuzzy variables v, 1, yn.2 of linguistic variable B,
and Ye1, Ye,2, Ye,3 Of linguistic variable B, are normalized. A
graphic representation of the membership functions of fuzzy
subsets, which correspond to the fuzzy variables defined
here, is shown in Fig. 3, 4.

May )(X)

“‘E(yn,l)(x)

Megy n’z)(x)
1

0,5

—yn’l Yn,2 X

Fig. 3. Membership functions of fuzzy variables yy 1, Yn,2
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Fig. 4. Membership functions of
fuzzy variables vy 1, Yc,2, V.3

As the dimensionality of domain for determining X of
linguistic variable B, — “demand in the market for arma-
ments”, we may accept a price of the UAV prospective model
unit in the market. As the dimensionality of domain for
determining X of linguistic variable B, — “competitiveness”,
we may take a ratio of the price of a UAV prospective model
unit in the market of opponent to the price of a model unit
in the market of operating side (a side, which is considering
a solution to the problem).

To obtain membership functions of fuzzy variables vy, 1,
Yn.2s Vet Ye.2, Ye.3, We should also determine the level of mem-
bership functions:

o= HE('Y" 1)(X) = “-a(f\{" z)(X) =
= ue(yu)(x): “-a(ry(_ 2)(X): ua(y(bs)(x)r



which will be matched by the following distinct sets:

for ’Yn,i_{()?"”?n,i}; for 'Yn,z_{vnzv"ﬂi,z >7n,2};
for ym—{O,...,?CJ}; for ycvz—{chz,...,iz};
for v, _{7(‘,3""’§C,3 >7(‘,3}'

Then, according to the decomposition of problem into
hierarchy specified in Fig. 2, all indicators (criteria) will
be defined in the fuzzy statements and taken into account
in further consideration as the distinct sets (intervals) at
accepted value a of their membership functions. At the ac-
cepted level of o, we shall define, according to the method of
hierarchy analysis, priority predicted UAV model by the in-
dicators Cy Cy Cy C§ C that are described by intervals:

{C*:,...,Eg}, k=15, (29)
and indicators, for which we shall consider appropriate in-
tervals:

Yoz = {7:%’??2} and vy = {vgav"-r ??3} (30)

Thus, we examined a decomposition of the problem into
hierarchy that reflects the content of multi-criteria optimi-
zation problem. The peculiarities of formalization are a fuzzy
description of predicted values of basic UAV TTC, which
have quantitative and qualitative nature.

consideration more essential (significant) relative to another
indicator in terms of ultimate goal. The goal of this level
is to define a predicted promising UAV model (Table 2).
Table 3 specifies matrix:

5. Results of substantiating a decision on the selection of
UAV model for its acceptance for military use

We shall assume that by using information about basic
UAV TTC, which is presented in [1, 14], there was conduct-
ed an appraisal for the purpose of determining the predicted
values for each of the UAV characteristics. When processing
expert data, values of each characteristic are represented
by a fuzzy subset (a fuzzy triangular number). As for the
indicators “high demand in the market for armaments”, and
“high competitiveness”, we considered appropriate linguistic
variables. In order to define fuzzy variables of linguistic
variables, we constructed membership functions. For three
possible promising UAV models, distinct sets of change in
the values of indicators at the accepted level of o in the
membership functions are given in Table 1.

Table 1

Values of TTC indicators for the UAV promising models

A=||aw.||, ij=17 (31)
solution of matrix equation:
ApT =01, (32)
yields own vector with constants:
u={0.029;0.039; 0.051; 0.073; 0.436; 0.149; 0.11}.  (33)
Table 2
Binary comparison of UAV indicators
General requirements ce,| ¢, o|ce | ey |ce Ush v, |y
to UAV model min|km/g| m | km | thousand e
Flight duration, C* | 1 | 1/3 |1/4]1/7 1/5 1/9(1/5
Flight speed, Cj 3 T |1/4]1/3 /5 |1/9(1/3
Flight altitude, C2 | 4 4 115 /3 |1/7(1/3
Activity range, C{ 7 3 5 1 1/4 1/5(1/3
Cost of
production, C¢ 5 > 3| ! 5|9
High demand in the
market for 9 9 715 1/5 118
armaments, Yo,
High — hs g [ s s | 1o sl
competitiveness, ¢,
Normalized vector:
7 _
e = e / Y, i=17, (34)
i=1
takes the form:
[T ={0.03; 0.05; 0.06; 0.07; 0.51; 0.15; 0.13}, (35)

where it is noted that result u™* matches the level of a, ac-
cepted for all indicators, of membership functions to their
corresponding fuzzy subsets:
C(y)i=17. (36)

Let us consider binary relations of benefits in the

predicted promising UAV models armament, which

TTC o | e | Cn [?S(;D - - make up the. content of the third level of hier.archy,

UAV v km/g 3 km thousand ' ' from the point of view of one or another indicator,

which make up the content of the second level of

UAV-1 | 45,..,60 | 60,..,95 |100,...,50000,...,10| 33,..,35 |65,...,70]0,8,...,1,3 hierarchy. Such seven matrices are given in Tables

UAV-2 |45,..,12040....,120100,...,2000|0...., 15| 13....,15 ]40,...,50|1,1,..,1.5| 3, 4. Eigenvectors of the respective matrices are also
UAV-3 [45.,..,120165,..,130{100...,500010,..,30| 13,..,14 |50...,60{1,3,..,2,5| included there:

According to the method of hierarchy analysis, identi- w i=1,7. 37)

fying a comparative significance of indicators is implied. A
binary comparison of indicators is the result of the appraisal.
When forming the values of elements that make up the sec-
ond level of hierarchy, experts were guided by a question.
The question is: by how many times is the indicator under

Experts guided by the opinion conduct binary compari-
sons at the third level of hierarchy. The question is: how many
times is the UAV model under consideration appropriate in
relation to each indicator of the second level of hierarchy.



For the purpose of maintaining generalized indicators for
a priority UAV model, we realized a principle of synthesis,
according to which the component of vector of priorities
regarding the predicted UAV model is determined by ex-
pression:

7 _
wpe =Y, k=13, (38)
i=1

where u* is the normalized value of the k-th component
of vector of priority of UAV models by the i-th indicator
whose values are defined by the a-level distinct interval of
membership function; p* is the normalized value of the
i-th component of vector of priorities of indicators, by which
a decision is made regarding appropriate promising UAV
model. To calculate component of py, the data obtained in
Table 1, 2 are conveniently presented in Table 3.

because the highest ui* value is achieved, given the fuzzy
nature of values of the indicators.

Table 4
Generalization on the UAV models
Indicator | C | €5 | C | cr | co | vn | v | we
Value of pri- | 43 1 05 1 0.06 | 0.07 | 0.51 | 0.15 | 0.13
ority vector
UAV-1 0.286(0.3210.223| 0.65 | 0.26 {0.229| 0.09 |0.255
UAV-2 0.167]0.586|0.143] 0.23 | 0.68 [0.206| 0.71 |0.527
UAV-3 0.54710.093/0.634| 0.12 | 0.08 |0.564| 0.2 |0.218

Making such a clear decision under conditions of fuzzy
environment, as noted in [17, 18], has appropriate values of
effectiveness and risk indicators. In this case, all membership
functions of indicators of quantitative and qualitative nature
should be brought to one scale of measuring the determina-
tion area. Then the indicator of decision-making efficiency is
a measure of accuracy of cross section of fuzzy subsets that
match the indicators of predicted armament models intro-
duced for consideration.

6. Discussion of results of examining the selection of
UAV model for accepting it for military use

Table 3
Binary comparisons of UAV models in accordance to their
indicators
ce UAV-1 UAV-2 UAV-3 Th
UAV-1 1 2 0.5 0.286
UAV-2 0.5 1 0.33 0.167
UAV-3 2 3 1 0.547
Cs UAV-1 UAV-2 UAV-3 e
UAV-1 1 0.5 5 0.321
UAV-2 2 1 5 0.586
UAV-3 0.2 0.25 1 0.093
ce UAV-1 UAV-2 UAV-3 T
UAV-1 1 2 0.33 0.223
UAV-2 0.5 1 0.25 0.143
UAV-3 3 4 1 0.634
ce UAV-1 UAV-2 UAV-3 The
UAV-1 1 3 5 0.65
UAV-2 0.33 1 3 0.23
UAV-3 1/5 0.33 1 0.12
ce UAV-1 UAV-2 UAV-3 e
UAV-1 1 0.33 5 0.26
UAV-2 3 1 7 0.68
UAV-3 0.2 0.14 1 0.08
e, UAV-1 UAV-2 UAV-3 T
UAV-1 1 2 0.33 0.229
UAV-2 0.5 1 0.5 0.206
UAV-3 3 2 1 0.564
Y% UAV-1 UAV-2 UAV-3 T
UAV-1 1 0.14 0.33 0.09
UAV-2 7 1 5 0.71
UAV-3 3 0.2 1 0.2

Then one should make a decision. Of the three samples
of UAV, UAV-2 is to be considered as the most appropriate,

The issue of equipping AF with modern UAV and accept-
ing them into service remains unresolved. At present, the
need of AFU in UAV is not clearly identified, as well as the
approaches regarding the choice of particular models [8, 13].
Articles [10, 11] propose a method of design to the develop-
ment of model using a team of experts, however, a question
of determining the expediency of a given class of UAV is not
considered.

It is proposed to select a model of armament based on
the set of basic indicators (criteria) that can have quantita-
tive and qualitative nature. We substantiate the necessity
of predicting the values of indicators under conditions of
nonstochastic uncertainty. It is noted that should the ex-
amination utilize statistics, then the task of predicting the
given characteristics could be solved under conditions of
stochastic uncertainty. In this case, it is necessary to take
into account the assumption that the set of factors, which
defined statistical significance of TTC, remains unchanged
over the predicted time duration. Under such assumption,
long-term prediction of the TTC values cannot be consid-
ered satisfactory. It is obvious that the prediction of TTC
values of UAV samples is considered under conditions of
nonstochastic uncertainty based on the setting of appraisal
and processing expert data. We proposed a decomposi-
tion of problem in hierarchy that reflects the content of
multi-criteria optimization problem. The problem is char-
acterized by a fuzzy description of the predicted values of
basic UAV TTC, which have distinctly expressed quantita-
tive and qualitative nature and are measured in appropriate
magnitudes.

An appraisal was conducted to determine the predicted
values for each characteristics of UAV. When processing
expert data, values for each of the quantitative characteris-
tics are represented by a fuzzy triangular number. Regard-
ing indicators of qualitative nature, we examined relevant
linguistic variables. According to the method of hierarchy



analysis, we carried out a comparative assessment of the
indicators’ significance. In order to obtain generalized
indicators for the priority UAV model, the principle of syn-
thesis is proposed.

Thus, as a result of present study, an approach is pro-
posed, which allows the decision maker to interactively find
such a variant (alternative) that matches in the best way the
essence of the problem and requirements for its solution. It is
recommended selecting the most appropriate UAV, for which
the largest value of the generalized indicator is achieved
given their fuzzy nature. However, a shortcoming of the
approach is the need to obtain a large amount of information
from experts and the existence of benefits in the best variant
among the multitude of existing alternatives. Conducting
relevant research would be very expedient to identify viable
strategies of modernization, creating new designs, identify-
ing performance indicators, usage risk, determining the best
ones for accepting into service by Air Forces, Ground Troops
and Naval Forces.

7. Conclusions

As aresult of the studies conducted, a comparative evalu-
ation of multi-criteria optimization problems was performed,
criteria of which can correspond to factors that reflect both
quantitative and qualitative attribute. A method of hierar-
chy analysis is substantiated for selecting a UAV model for
accepting it for military use.

We carried out prediction of TTC values for UAV models
under conditions of nonstochastic uncertainty based on the
setting of appraisal and processing expert data. Binary com-
parisons of values by experts are represented in the form of
matrices, which makes it possible to define a vector of priorities
and a quantitative measure of coherence in experts’ judgments.

A decision is substantiated regarding a UAV model by
the accepted indicators taking into account the priority vec-
tor of basic characteristics. We realized a principle of synthe-
sis, according to which the largest value of the generalized
indicator is determined with regard to fuzzy character.
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