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VECTOR-SPACE APPROACH TO EVALUATION OF THE EFFICIENCY
OF USE OF RADIOELECTRONIC CONTROLS

Abstract. The intensive development of information and control technologies, as well as their integration into a single
information space, leads to an increase in the role of such technologies in the processes of control of troops (forces) and
weapons, including high-precision. At the same time, the electronic material basis of information infrastructure, created
within the framework of the concept of a network-centric war, is potentially vulnerable to the devices of electronic warfare.
However, the analysis of the experience of using electronic devices has shown that in practice there are cases where the level
of effectiveness of the use of these devices is lower than necessary. Accordingly, the improvement of the effectiveness of
electronic warfare devices is an important area of scientific research. The primary component of increasing the effectiveness of
electronic warfare devices is the substantiation and development of indicators that provide an objective assessment of the
effectiveness of the use of these tools, taking into account all the important factors and conditions (including inaccuracies or
uncertainties about the parameters of suppressed objects). Accordingly, the article develops an approach to the selection of
indicators for assessing the effectiveness of the use of electronic warfare devices. The basis of the proposed approach is that
the potential ability of the devices of electronic warfare to perform the tasks set forth is sufficiently fully described by the
corresponding vector space, each point of which is determined by the corresponding vector, which includes a certain
number of indicators describing the properties of these devices. In the course of the research, the main provisions of the
theory of electronic warfare, the method of analysis of hierarchies, as well as general scientific methods of analysis and
synthesis were used. The proposed approach to the evaluation of the effectiveness of the use of electronic warfare devices
allows us to use a combination of system-resource approach to calculate indicators on the basis of the multilevel description
of the composition of the devices of electronic warfare, when the multi-dimensional structure of its integral index (level of
functioning) is gradually filled with parametric content, which is the advantage of this methodological approach. Also, the
developed approach to evaluation allows us to develop, on a quantitative basis, recommendations on the choice of rational
indicators of the composition of electronic warfare in accordance with the tasks set, to determine the level of functioning of

the devices of electronic warfare by converting their partial and aggregate indicators.

Keywords: electronic warfare; using of devices; evaluation of efficiency; indicators and evaluation criteria.

Introduction

The intensive development of information and other
advanced technologies, as well as their integration into
the information-control systems of the armed forces of
the leading countries of the world, the continuation of the
implementation of the principles of "network-centric
concept" management of troops and weapons become the
most important factor determining the course and
outcome of modern armed struggle. At the same time, the
electronic material basis of the information infrastructure
of the "network-centric concept" for conducting a modern
armed struggle is potentially vulnerable to the impact of
radiocommunication facilities and, accordingly, is the
direct object of such influence [1-3].

Nowadays, significant progress has been made in
the leading countries of the world in the development of
radiocommunication facilities, which has increased the
capabilities of the latter [4, 5]. However, in practice, there
are cases where there is a contradiction between the
achieved and necessary levels of effectiveness of
radiocommunication facilities. In the presence of this
contradiction in terms of efficiency, there is a problem of
finding ways to increase it.

One of the primary components of increasing the
efficiency of technical devices (including radiocommuni-
cation devices) is the substantiation of objective
indicators for evaluating their effectiveness, taking into

account the influence of all significant factors and
conditions (including inaccuracies or uncertainties about
suppressing objects).

At the same time, the efficiency indicators should be
rational, that is, those in which the devices of
radiocommunication meet the requirements that they are
put forward to the maximum, and the cost of resources
for their improvement does not exceed the specified
objective restrictions.

The possibility of a comprehensive practical
confirmation of the rationality of the indicators of the
effectiveness of radiocommunication facilities is
somewhat limited. Therefore, the role and importance of
methodological support for the development of adequate
managerial ~ decisions  regarding the use of
radiocommunication facilities, as well as their further
development, is enhanced.

The purpose of this article is to develop an approach
to assess the effectiveness of the use of radioactive
contamination.

Presentation of the main material

The article gives an approach to the choice of the
indicated rational indicators for assessing the
effectiveness of radiocommunication facilities on the
basis of the assumption that their potential ability to
perform the tasks can be described by the corresponding
vector space, each point of which is determined by a
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vector, which includes certain quantitative indicators
that reflect the corresponding properties of
radiocommunication facilities .

The integral index of the state of a given set of
radiocommunication devices can be calculated by
convolution of partial indicators, which reflect:
quantitative and qualitative composition; structure of the
radiocommunication system; equipment radiocommuni-
cation devices; tactical and technical characteristics of
radiocommunication  equipment; possibilities  for
restoring radiocommunication facilities; the state of the
infrastructure facilities that provide a
radiocommunication system, etc. [6-12].

Adhering to the principles of system analysis in
the interest of choosing an adequate system of
indicators, it is advisable to provide a set of
radiocommunication facilities in the form of the systems
hierarchy. This approach is used in the practice of
research of hierarchical multi-level military systems [6-
12].

The system of radio-contradiction includes a set of
common purpose shared functions of its functional
subsystems and can be described by a vector of
indicators characterizing the contribution of the latter to
the level of functioning of the system of radio-
contradiction:

ELM =(ELM1,ELMz,...,ELMn,...,ELMN), (1

where EnLM is the level of functioning of the n-th of the

functional subsystem; N is the number of functional
subsystems.

Under the functional subsystems of the system of
radio-contradictions of membership levels are
understood subsystems: radio electronic opposition
(REO), control, radio-electronic information and
technical support (RIS, TS).

The REO subsystem includes organizational forms
that are used to disrupt management. The subsystem of
control of the radiocommunication system includes: the
control bodies; control points; communication and data
communication system. Then, each functional
subsystem can be described by a vector of indicators
that characterize the contribution of its elements in the
membership level of the functional subsystem:

gFs =(EFSI,EFSZ,...,EFSk,...,EFSK), )

where E,fS is the level of affiliation of the & -th

element of a functional subsystem; K is the number of
elements in the functional subsystem.

Indicators of the effectiveness of radio-
contradiction, both qualitative and quantitative, in
aggregate reflect the state, divided into integral,
generalized and partial [4]. The integral index of the
system of radioactivity of the corresponding level of
membership, which characterizes the level of
functioning of the system, is the convolution of the
generalized indexes of its functional subsystems, whose
elements, in turn, are characterized by sums of partial
indicators.

In the formalized form, the integral index of the
radio-collision system of the corresponding level of
affiliation can be described as follows:

EM = F[R(1),U(£).0(¢).Y (1)], 3)

where EM is the the level of functioning of the radio-
contradiction level of affiliation at the time ¢ (on the £-

th stage) of the period T, t T ;
R(2),U(t),0(t) is the generalized indicators
of the

(operating levels) of subsystems radio-

contradiction system;
Y(r) is the conditions of development of

radiocommunication facilities.
Level of functioning of the radiocommunication

subsystem in conditions Y(¢) is defined by the
expression [6-12]:

R()=fi (r".r% Y (1)),

where 79, 7%/ are the levels of organization of the
organizational units of the radiocommunication
subsystem, used to manage and protect their
organizational formations. In turn:

=l e )

where {rfff } are the partial indicators that characterize

the proportion of radio-electronic devices effectively
suppressed;

{ rlvq””} are the partial indicators that characterize
a qualitative state of devices of radiocommunication;

{rlp ”} are the partial figures for staffing;

{r]"mp } are the partial indicators that characterize

the method of using radioactive contamination;
Depending on the value of the indicator 7% (1), it
can be described as follows:

def ()= 13 ({rfff},{rr;"qua}’{rﬁer}’{rfap}).

Level of functioning of the subsystem of control of
the system of radiocommunication in the conditions

Y (¢) is defined by the expression:
U(t) _ f4 (ugovb (t)’ucomp (t)’uaueq (t)Y(t)),

where u2°"” (¢),u"™ (1),u™(¢) are

operation of the control elements of the
radiocommunication subsystem, systems and devices of
automation and communication.

Thus, partial indicators that quantitatively
characterize the system of radio-contradiction, taking
into account the classes of radio-electronic devices
(RED), can be described in the form as shown in the
table.1.

levels of
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Table 1 — System of indicators for evaluation of the radiocommunication devices

The name of a set of indicators

Name of indicators

Indicators of the state
(effectiveness) of
radiocommunication devices

{rleﬁ‘},leL

{rniﬁ‘},meM

— the proportion of satellite-based RED that are effectively suppressed

— the proportion of short-wave short-wave RED that are effectively suppressed

—the proportion of ultra short-wave RED frequency rejection that is effectively
suppressed

— the proportion of RED tropospheric communication that is effectively suppressed

— the proportion of RED that are effectively suppressed

— the proportion of RED of effectively transmitting information systems

— the proportion of homing heads that are effectively suppressed

— the share of REs for land and air users of navigation systems ("Navstar", "Glonass",
"Beidou", etc.) that are effectively suppressed

— The proportion of radio-controlled blasting of artillery and other ammunition that are
effectively suppressed

Indicators of the state (qualitative
aspect) of the devices of
radiocommunication

{r[vqua}’l cl

{rvqua},m eM

m

— staffing with the devices of radiocommunication

— coefficient of technical readiness of radiocommunication devices

— noise immunity of radiocommunication devices

— the level of potential of modernization of radiocommunication devices

Indicator of personnel
completeness

{rlper},l el; {rnfer},m eM

— the level of staffing of the units in peacetime in the appropriate direction of training

Indicators that characterize the
method of using radioactive
rlm”p },l el
contamination
{rn';1 ap } ,meM

— Percentage of radiocommunication devices that are capable of performing the tasks in
motion (at short stops)

— the level of correspondence of the real time of deployment (collapse) of the devices of
radiocommunication necessary

— the possibility of secret operation of radiocommunication facilities

— the robustness of the work of the radio-contradiction devices in the conditions of their
damage by the enemy's fire-fighting equipment, electromagnetic radiation and weapons
with self-propagation to radiation

— the ability of radioactivity to adapt to the physical and geographical conditions of its
application

— adaptability to the implementation of new forms use

— adaptability in a network-centric way of deployment

In turn:

Ly &ovh (t) = /s ({uorg}’{uinf}) ’

where {uwg } are the Partial indicators that characterize

u™ s the level of implementation of modern
algorithms of support and decision-making;

u*" is the possibility of timely structural and

parametric adaptation to changes in the electronic
environment;

the quality of organization of management of the u"" is the level of implementation of the network-

devices of radio contradiction;

{ui“f} are the partial indicators that characterize u" is  the

the level of information security management by the

devices of radiocommunication.

To the partial indicators {uwg } belong:

sit

u>"" 1is the level of compliance of the organization
of management of the current composition of the
objectives and objectives of the radiocommunication,
new forms and methods of the use of the devices of

radiocommunication;
stoc

u is the level of staffing of radioactive control
authorities by the relevant specialists;

centric management method;

level of compliance of the
organizational structure of the control system by the
devices of radio resistance to the management norms.

Partial Indicators {ui“f} include:

{upl””} is the level of compliance with the

information provision while planning the use of radio
equipment to the necessary;

{uwﬂf } is the level of compliance of information

support with the direct control of the devices of radio
resistance to the necessary;
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{um”} is the length of the cycle of extraction,

collection and transmission of data on radio-electronic
objects from all sources in relation to the required;

{uﬁ‘l } is the period of the complete updating of

the situation data;

{u”m} is the level of compliance with the

duration of the disturbed management to the required.
Level of the control points operation:

) (t)=f6({utech}’{ufunc})’

where {u’e"h } are the partial indicators that reflect the
technical equipment of control points;
{uf “”"} are the partial indicators that characterize

the operation of control points.

To the partial indicators {u’e"h} belong:

u® is the level of equipment controls;

u*¥" is the level of information and special

software;

u'® s the level of equipment items management

by appropriate devices;

u™ is the level of conjugation of automated

systems and devices of radiocommunication with
interacting systems;

u®* is the level of organization of the exchange

of information about the radio-electronic situation with
interacting systems.

Sfunc

Partial indicators u include:

u?! is the level of compliance with the duration
of the organization of the use of radioactive equipment
to the necessary;

u?re! s the level of correspondence of the cycle
of direct control by the devices of radiocommunication
to the necessary;

u?P is the level of correspondence of the time of
deployment and preparation for the work of the
radiocommunication control point to the necessary;

u™ is the level of correspondence of the time of

transfer of control from one control point to another to
the required;

u"! is the time of restoration of the disturbed

control of the devices of radiocommunication to the
necessary;

u?’" is the level of protection of control points
from technical devices of intelligence;

u?¥? s the level of protection of radio control

points from the influence of the devices of damage:
yaued (t) —

_ f7 (uint eg ; ycompat , udirec , 0P , umod )

B

where 4™ is the level of integration of the automated
control system by the devices of radio-contradiction in
the network-centric-oriented technical basis of the
radio-control system;

u“"P are the levels of compatibility of existing

(those coming to the arms) automation of control points
at different levels of management;

u?"e s the timeliness of receiving, processing,
displaying and transmitting policy documents,
commands and signals;

u® is the level of special protection of
transmission and processing of information;

u™9 s the level of equipment management

information-modeling complexes.
Level of functioning of subsystems of radio-
electronic and technical maintenance of control units in

the conditions Y () is defined by the expression [6-12]:
0(t)=
_ fg ({qintel (t)}’{qcts (t)}’{qiw (t)}’{qts (t)}Y(t),),

where {qi”’el (t)} are the partial indicators that reflect

the effectiveness of spacious-spaced radio intelligence
systems that are used in the interests of the radio-
resistance system;

{q"’s (t)} are the partial indicators that

characterize the effectiveness of comprehensive
technical control of masking and radio-electronic
security measures;

g™ (¢) are the partial indicators that reflect the

quality of information work of agencies and

radiocommunication control facilities;
q" () are the partial indicators of the subsystem

of the technical support of radiocommunication devices.
In turn:

qinlel (t) _ f9 {qreo’ qbandin, qrangin ’qﬁr} ,

where ¢'“ is the level of correspondence of the

achieved time of detection of objects with given
confidence in the area of responsibility to the required;

¢ s the level of correspondence of the real

width of the intelligence band of radio-electronic
objects by the devices of radio-resistance to the
necessary;

q
range of intelligence of radio-electronic objects by the
devices of radio-resistance to the necessary;

rangin is the level of correspondence of the real

qﬁr is the level of protection of forces and

devices of technical intelligence from the devices of fire
and radio-electronic defeat.

qcls (l) _ flO (qopls’ qfulcon )’
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¢°’" is the level of correspondence of the

achieved time of receipt and bringing to the
management bodies of the results of an integrated
assessment of the state of protection of objects and
organizational-staff structures from the technical
devices of intelligence (operational control);

qf“l""” is the proportion of its objects that is

covered by the control (completeness of coverage by the
control).

qiw (t) — fll (qsour’qin’qmel’qcoop)’

sour

where ¢ is the level of compliance of the achieved

time of data collection of the electronic environment
from all sources of information with the given
confidence to the required;

qi” is the degree of integration of the information
resources of the bodies and points of control of the
radiocommunication into a single information space;

g™ is the proportion of new methods and tools

for the collection, processing, presentation and use of
radio electronic data to increase the level of adaptation
of automated systems and devices of the radioactivity
control to its change;

g“°°? is the level of information interaction with
the joint execution of tasks.

qls (t)=f]2(qrep’qback’qpack’qtr)’

where ¢'? is the share of promising tools and new

technologies for maintenance and repair of the radio
equipment;

¢"¥ is the percentage of repayment after the

repair;

q
of the radiocommunication equipment, other material
resources in the places of their storage to the
requirements that are put forward to them;

Pack s the level of compliance of the equipment

g™ is level of staffing with modern training

equipment.
Taking into account (3) the integral index

R(1),U(1),0(¢),Y(t) fi2 o
(5 )y () fes )

is the set of tasks assigned to the system of radio-
contradiction, in j -th variant of its development, z € Z ;

{nl_-l- (t)} is a system of measures for the

development of a system of radiocommunication aimed
at changing i-th(i €/) inducators in j-th variant of its
development, ne N ;

{c ; (t)} are the resources allocated for

implementation j-th variant of development of the
system of radio-contradiction, je€ J ;

I,N,Z,J is a set of indicators, development

measures, variants of the list of tasks assigned to
systems of radio-contradiction, and variants of its
development.

For the quantitative assessment of the impact of
the development measures on the indicators of the
radiocommunication system, the latter can be described
as follows [6-12]:

0
IT; (t)+AH;‘j(Z.i’”lfi’cj’t)
()
H?(t) is the size of i-th indicator of the

beginning of #-th period;
AHI_-I-(Z_/"”{/"C_/‘”) is the changes in size of i-th

1,0} -

indicator during n;; -th event of the development of the
system of radiocommunication, c;-th volume of the

resources, that are allocated in the j-th development
option on the #-th phase of the period;

H;.eq(t) is the required level of the i-th indicator

at the j-th development option on the ¢-th stage of the
planning period.

The following restrictions apply to the indicators
of the system of radiocommunication:

Hg(’)wl—[(?/’”w?i”)SH:eq(f)ZU

Definition of quantitative values of indicators of
the system of radio-contradiction is carried out in the
process of calculating the potential of j-th variants of the
plan for the development of the radio-contradiction
system by analyzing the effectiveness of the
development of the system of radio-contradiction and
the importance of the components of the radio-
resistance system using the method of analysis of
hierarchies.

In accordance with the structure of the system of
indicators (Table 1), the proposed vector-spatial
approach to the evaluation of the effectiveness of the
radio-protection system includes the following steps:

The 1-st stage is an assessment of the effectiveness
of the implementation of the first option of the
development plan. Each measure is subject to a
comprehensive assessment regarding: degree of influence
on partial parameters of elements of functional
subsystems of radio-contradiction, conformity of the
concept of development of radio-resistance means to the
tendencies of development of information management
systems of the leading countries of the world, resource
intensiveness and possibilities of realization in the given
perspective. Taking into account the influence of factors,
including  financial, economic, military-technical,
technical and technological, organizational in the manner
indicated in [5].

2-nd stage is the evaluation of the levels of
functioning of the elements of the functional subsystems
of the radio-contradiction by the formula:
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Elf = ZY;,‘HU(t)

3-rd stage is the evaluation of the levels of
functioning of the functional subsystems of the radio-
contradiction system by the formula:

K
FS E
E;° =) i Ek -
k=1

4-th stage is the assessment of the level of
functioning of the radiocommunication system as a
whole by the formula:

LM FS
Em Z Yn] E s

where v;;,74;,7,; is the importance of the i-th indicator

of the k-th element of the n-th functional subsystem of
the system of radioactivity at j-th variant of
development, respectively.

The coefficients of the significance of components
of the system of radio-contradiction and their partial
indicators can be calculated by the method of pair
comparisons using the universal scale T. Saati [6-12].

Increase in the values of each partial index of the

radio-collision system AH (z NG t) as a result of

implementation of the n;-th actions of the j-th The

development option is determined using the expert
judgment.

In determining this increase,
possible.

1. The indicator Hg(t)

two cases are

is set quantified. For

examle, ™9  is the staffing of the

radiocommunication unit with modern models of radio
equipment technology. It is known that the staffing of
the  radiocommunication  subsystem  of  the
radiocommunication subsystem with modern models of
radio equipment technology before the beginning of the
program period is 60%. The deployment during the
program period of an additional radiocommunication
unit in this subsystem, equipped with radio-technology
of the same class, allows precisely to determine the
value of growth AH (z NG t) which will be, for
example, 20%.

Then the value of the analyzed index by the end of

the software period Hg(t)
80 %.
2. The indicator Hg(t) is set quality. For

will take the value of

example, the indicator qi” is degree of integration of

information resources of the radiocommunication
control body into a single information space. The
increment of this indicator can be determined as
follows. The decision maker shall submit a list of
measures that must be taken to conclude that the full
integration of information resources. Knowing what

steps have already been taken before the start of the
planning period, you can decide on the place where
implementation of a particular event with j-th option
and the expert approach to assess it quantitatively as

AH (z NN t)

Obtained as a result of the solution of the
formulated problem, the values of the components of
the system of radio-contradiction, form the maximum

value of the indicator E,,L1M , which is grouped by the

components {r(t)},{u(t)},{q(t)}, are considered

rational for the implementation of a set of tasks Z,
assigned to it in a given program period.

It is also necessary to take into account that the
conduct of each measure may lead to changes in the
values of several indicators.

For example, the deployment of a new
radiocommunication unit will change the quantitative
ratio of new and old technology, its staffing of various
categories, etc.

The conclusion from the article

Thus, the proposed vector-spatial approach to the
evaluation of the effectiveness of the use of electronic
countermeasures allows:

the use of a combination of system-resource
approach to the calculation of indicators on the principle
of multi-level description of the radio-contradiction
system, when the multidimensional structure of its
integral index (level of functioning) is gradually
supplemented by parametric content;

on a quantitative basis, to make recommendations
on the choice of rational indicators of the
radiocommunication system in accordance with its tasks
in the planned period;

to determine the level of functioning of the system
of radio-contradiction by converting partial and
aggregate indicators with an attachment to the tasks
assigned to them;

to comprehensively take into account the influence
of the development of the components of the system of
radio-resistance on the change of their indicators, to
analyze intermediate results and to identify patterns on
this basis, which explain the reasons behind the
development of some components of the system of
radio-contradiction from others;

to identify a rational set of measures to improve
the system of radio-contradiction, which will allow
them to end the program period from the initial state to
the assignment, in which it will most fully meet the
requirements imposed by the allocated resources;

in advance to create in the regulatory bodies of
radio control regulatory and calculation basis for
planning the development of components of the system
of radio-resistance in a given perspective.

The direction of further researches should be taken
into account during the evaluation of the effectiveness
of the system of radio-contradiction of the conditions of
uncertainty regarding the objects and devices of the
opposing side.
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BexTopHo-npocTopoBmii miaxisn
J0 OI[iHIOBAHHS e()eKTHBHOCTI 32CTOCYBAaHHsI 32C00iB pPaJioeIeKTPOHHOI MPOTHAIT
A. B. Inmanekuit, 10. B. XKypascekuii, O. B. KyBmnHoB,
T. T. I'ypcekuii, P. M. Bosnsik, P. B. Iikyns, O. L. Tlikyns

AHoTauisa. IHTeHCUBHMH PO3BUTOK iH(pOpPMaLiHHUX Ta yHNPaBIAIOUMX TEXHOJOTiH, a TAaKOX IX IHTerpawis B €IUHHI
iH(opManiiHuil MpoCTip NPUBOAUTE JIO MiABUIIECHHS POl TAKUX TEXHOJOriH y Ipolecax yNpaBiliHHA BiicbkaMu (CuilaMu) Ta
30pO€r0, y TOMY 4HMCIIi BUCOKOTOUHOIO. PazoM i3 TuM, pajioenekTpoHHa MaTepianbHa OocHOBa iH(popMauiiiHOl iHppacTpyKTypH,
0 CTBOPIOETHCA B PaMKaxX KOHILEILii MEpeKeLEHTPUYHOI BiliHM, € MOTEHLIHHO ypa3nuBOIO JUlf 3ac00iB PajioesIeKTPOHHOL
npotuaii. [Ipore, aHani3y 10CBiLy BUKOPHCTAHHS 3ac00iB paJioeneKTPOHHOI IPOTUIIT MOKa3aB, 110 Ha MPAKTHLI MaloTh Micle
BUINAJKH, KOIM JOCATHYTHH piBeHb €(eKTUBHOCTI 3aCTOCYBaHHS LMX 3ac00iB € HIDKYMM 3a HeoOXinHui. Binmosinuo,
YIOCKOHAJIEHHs e(EeKTUBHOCTI 3aco0iB pajiOeeKTPOHHOI MNPOTUIIl € aKTyaJlbHUM HalpsSIMKOM HAayKOBUX JIOCII/KEHb.
IepBHUHHOIO CKJIAZOBOIO 30ibIICHHS €(EKTHBHOCTI 3aC00iB PajiOeNIEKTPOHHOI NPOTUIII € OOIPYHTYBAaHHSA Ta PO3POOIECHHS
MOKA3HHKIB, Ki 3a0e31e4yloTh 00’ €KTHBHE OLIHIOBAaHHS €()EKTUBHOCTI 3aCTOCYBAHHS LIUX 3aC00IB 3 ypaxyBaHHIM YCIX BarOMUX
YUHHUKIB Ta yMOB (y TOMY YHCIIi HETOYHOCTI a00 HEBH3HAYECHOCTI IIO/O IapaMeTpiB 00’€KTiB IoJaBieHHs). BiamosinHo, y
CTaTTi Po3poOJICHO MiaXiA W00 BUOOPY IMOKAa3HHUKIB OLIHIOBAaHHA €()eKTHMBHOCTI 3aCTOCYBaHHs 3aco0iB pajlioesIeKTPOHHOI
nporuii. B 0ocCHOBY 3aIiporoOHOBaHOTO MiZXOMy MOKJIAAEHO Te, IO MOTEHIHHa 3aTHICTh 3aCO0IB palioeNIeKTPOHHOI MPOTHil
BUKOHYBATH IIOCTABJIEHI 3aBJIaHHS JIOCTAaTHBO MOBHO ONHUCYETHCS BIAINOBIJHUM BEKTOPHUM HPOCTOPOM, KOJKHA TOYKA SIKOIO
BH3HAYAETHCS BiJIIOBITHUM BEKTOPOM, IO BKJIIOYAE MEBHY KiJBbKICTh NMOKA3HHUKIB, SIKi OMUCYIOTH BIACTHBOCTI IUX 3ac00iB. Y
XOJi IPOBEAEHOrO IOCIIIKEHHS Oyll0 BUKOPUCTAHO OCHOBHI IOJIOXKEHHsI TeOopil pajioeNeKTPOHHOI IPOTUIil, METO] aHali3y
iepapxiif, a TaKOX 3arajJbHOHAYKOBI METOIM aHaJli3y Ta CHHTE3y. 3alpOIIOHOBaHUH MiAXiJ MO OLIHIOBaHHA €(EeKTHBHOCTI
3aCTOCYBaHHsI 3ac00iB PaJioeNeKTPOHHOI MPOTHAIT J03BOJIsIE BAKOPHCTOBYBATH KOMOIHALIII0 CHCTEMHO-PECYPCHOTO MiXOLy 110
PO3paxyHKiB IOKAa3HHKIB 3a MPUHIUIIOM 0araTopiBHEBOIO OMMCY CKJIaly 3aC001B PajioesIeKTPOHHOI IPOTHii, KoK GaraToMipHa
CTpyKTYypa ii iHTerpaabHOro nokasHuka (piBHsA (QyHKIIOHYBaHHsI) IOCTYIOBO HAIIOBHIOETHCS MAPAMETPUYHUM HAIIOBHEHHSM, 110
€ MepeBaroo JAaHOro METOANYHOrO MiJIXoxy. Takoxk po3poOiIeHHH MmiJXix 10 OLiHIOBaHHS J03BOJISIE PO3POOIIATH Ha KiJIbKiCHIH
OCHOBI peKoMeHpallii 3 BHOOPY palliOHAIPHHUX IOKa3HHWKIB CKJIaxy 3aco0iB pajioeNeKTPOHHOI HPOTHIII BiJIIOBITHO [0
IIOCTABJICHUX 3aBJ/laHb, BU3HAYATH PiBeHb (DYHKIIOHYBaHHA 3aC001B Pa/lioeIeKTPOHHOI MPOTHIIT IUIAXOM 3rOPTKH IX YaCTKOBUX
Ta y3arajJbHEHUX NOKa3HUKIB.

KawuoBi caoBa: pamioenekrpoHHa OopoTs0a; 3acToCyBaHHS 3ac00iB; OIHIOBaHHS €(EKTUBHOCTI; MOKA3HUKH Ta
KpHUTEpil OLliHIOBaHHS.

BekTopHO-IpocTPaHCTBEHHBIH MOIX0N
K onieHKe 3¢ ¢eKTHBHOCTH IIPUMEHEHUs] CPEICTB Paii03/1eKTPOHHOI0 NPOTUBOACCTBHS

A. B. Inmankwuit, 10. B. Kypascekuii, A. B. KysmmHos,
T.T. I'ypckuii, P. H. Bo3usik, P. B. ITuxyns, O. Y. Iuxyns

AHHoTanusA. VHTeHCHBHOE pa3BHUTHE MH()OPMALMOHHBIX M YIPABJIAIOIINX TEXHOJOIHH, a TAaKkkKe MX HHTErpanus B
eArHOe MH(OPMAIIMOHHOE IPOCTPAHCTBO MIPUBOAUT K IOBBIIICHHIO POJIM TAKUX TEXHOJIOTHH B IPOLIECCax YIPaBICHHS BOHCKaMU
(cumamu) M OpykueM, B TOM YHCIE BBICOKOTOUYHOrOo. BMecre ¢ TeMm, paaMOdIeKTpOHHAsh MarepuaibHas OCHOBa
nH(pOPMAIOHHOH MH(PACTPYKTYpPHI, CO31aBaeMOl B paMKaX KOHIIETIIMU CETeIEHTPUIECKOW BOWHBI, IOTEHIUAIBHO YSI3BHMa
JUISL CPEJICTB PaJHOdIIEKTPOHHOro mporuBoeiicTBus. OJHAKO, aHAIM3a ONBITA WCHOIb30BAHUS CPEICTB PAIUOIEKTPOHHOIO
MIPOTUBOJEHCTBHS TI0Ka3al, YTO Ha MPAKTHKE MMEIOT MECTO CITydad, KOrJia JOCTUTHYTHIH ypoBEeHb 3 (EKTUBHOCTH IPUMEHEHUS
3TUX CPEACTB HIKe HeoOxomaumoro. COOTBETCTBEHHO, COBEPIICHCTBOBaHHE 3()(GEKTUBHOCTH CPEACTB PaJHONICKTPOHHOIO
MIPOTUBOJECHCTBHS SIBIISICTCS aKTyaJ bHBIM HallpaBIeHHEM HaydHBIX HccienoBaHui. [lepBHYHON cOCTaBiSIONIEH IOBBIMICHUS
3 PEKTUBHOCTH CPEICTB pAJAUOIEKTPOHHOTO NPOTHUBOICHCTBHS sBIsieTCs OOOCHOBaHME M pa3paboTka IOKa3aTene,
o0ecreyrnBaronX 00beKTHBHOE OlleHHBaHKE () (PEKTUBHOCTH IPUMEHEHHS ATUX CPEJCTB C YIETOM BCEX 3HAYNMBIX (PaKTOPOB U
ycIoBHH (B TOM 4YHCIE HETOYHOCTH WM HEONPEHEICHHOCTH OTHOCHUTEIFHO IapaMeTpoB OOBEKTOB MOJABIICHHMS).
COOTBETCTBEHHO, B CTaThe pa3pabdoTaH MOIXOJ IO BBIOOpY IOKa3zaTeneld OLEHKH S(P(EKTUBHOCTH NPUMEHEHUS CPEACTB
PaaMOdIEKTPOHHOIO MPOTUBOIEHCTBU. B OCHOBY IpejiaraeMoro mozaxozna MOJIOKEHO TO, YTO MOTEHLHMAIbHAas CIIOCOOHOCTD
CPE/ICTB  paMOdIEKTPOHHOIO HPOTHBOJACHUCTBUS BBINONHATH IIOCTAaBICHHBIC 3aJaddl JIOCTATOYHO TIIOJHO OIHCHIBAETCS
COOTBETCTBYIOIINM BEKTOPHBIM IIPOCTPAHCTBOM, KaX/1asi TOUKa KOTOPOT'O OIPEIENISETCS] COOTBETCTBYIOIIMM BEKTOPOM, BKITIOUAsT
OIpe/IeJIEHHOE KOIMYECTBO IOKa3aTesell, KOTOphbIe OMHUCBHIBAIOT CBOWCTBA TUX CPEACTB. B Xozme NMpoBeIeHHOr0 MCCIe0BaHUS
OBLIN HCIIOJIB30BAHBI OCHOBHBIE IOJIOXKEHHS TEOPUH PAIHOdIEKTPOHHOTO TPOTUBO/ICHCTBYS, METO aHaJIM3a UepapXyi, a TaKKe
oOIIeHaydHbIE METOIbl aHaIM3a M cuHTe3a. IpelyIoKeHHBIH MOAXO0A K OneHKe 3(P(EKTHBHOCTH CPEJICTB PaanOdIEeKTPOHHON
60pb0bl TO3BONSAET HCIHOIB30BATh KOMOMHALMIO CHCTEMHO-PECYPCHOTO IMOAXOJa K pacueTaM IIoKasareledl 10 IMpUHIMITY
MHOTOYPOBHEBOT'O OIMCAHMS COCTaBa CPEJICTB PAJMOdIEKTPOHHOH OOpHOBI, KOTIa MHOIOMEpHAs CTPYKTYpa €€ UHTETPAITEHOro
nokaszarens (ypoBHS (YHKIMOHHMPOBAHUS) IIOCTCIICHHO HAIIOJHIETCS ITapaMEeTPUYecKHM HAIlOJHEHHEM, YTO SBISIETCS
MPEUMYILECTBOM JaHHOTO METOAMYECKOro Ioixoza. Taxke pa3paboTaH IOAXOJ K OLIEHKE II03BOJISET pa3padaTbiBaTh Ha
KOJIMYECTBEHHOH OCHOBE PEKOMEHJAlMM II0 BHIOOPY PpalMOHAJIBHBIX IIOKa3aTelled cocTaBa CPEACTB PAIHMOIEKTPOHHOIO
MIPOTUBOJECHCTBHSL COOTBETCTBHM C IIOCTABJIICHHBIMH 3aJladyaMH, OIPENENSITh YPOBEHb (DYHKIMOHMPOBAHHS CpPEJICTB
PaIrodIeKTPOHHON OOPHOBI ITyTeM CBEPTKH MX YaCTHBIX M 00OOIIEHHBIX MTOKa3aTeleil.

KnaouyeBble ciaoBa: paauodIeKTpOHHAs OOpb0a; HMPUMEHEHHE CPEICTB; OLEHKH 3()(EeKTHBHOCTH; MOKa3aTeld U
KPUTEPUH OLICHKH.
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