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In this paper we propose a novel fuzzy-measurement algorithm for the assessment of the im-
pact of electromagnetic fields on human health. The algorithm was developed to unify com-
plex and diverse measuring methodologies, standards and fuzzy logic control into a single en-
tity — a comprehensive methodology for the assessment of the impact of electromagnetic fields
on humans. The algorithm will enable multiple criteria automated assessment based on mea-
surement results and the existing electromagnetic field standards, guidelines and recommen-
dations in order to avoid potential subjectivity and varied approach. We have therefore con-
sidered two classes of fuzzy logic systems (Type-1 and Type-2) and developed a graphic model
intended for scenarios where expert opinions differ and where such a difference might signifi-
cantly affect the assessment. The fuzzy model was developed on the principles of the proposed
algorithm and this resulted in a unique procedure for the assessment of all types of electro-
magnetic fields on human health.
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INTRODUCTION

Man-made electric, magnetic and electromagnetic
fields (EMF) have become omnipresent in the environ-
ment. For the high frequency (100 kHz to 300 GHz) and
radiofrequency (RF) ranges, the main sources of EMF
have, up to now, been radio and TV transmitters and cel-
lular mobile communication systems. This raised con-
cerns as to the potential adverse effects of such exposure
on human health. A variety of epidemiological studies
have suggested that EMF, virtually over all the frequency
spectrum (0 Hz-300 GHz), might be a risk factor for sev-
eral health endpoints, including cancer and
neurodegenerative disease [1].

This paper presents a novel fuzzy-measurement
algorithm (FMA) which is based on the theories of
fuzzy logic and measurement of EMF. The algorithm
takes into account the key fact: each measuring system
is the collection of instruments or gauges, standards,
operations, methods, fixtures, software, personnel, en-
vironment, and assumption used to quantify a unit of
measure or fix assessment [2].

Magnetic fields can be characterized according
to a number of parameters, i. €., magnitude, frequency,
polarization, etc. Measuring of one or more of these
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parameters and circumscribing how they might relate
to human exposure, may serve as possible goals of a
measurement algorithm [3].

Theory of fuzzy logic, as one of the most suitable
theories for decision making, has attracted a growing
interest of researchers across a range of measuring ar-
eas. This theory shows knowledge, experience, and
subjective viewpoints of decision maker in natural
language format [4].

In general, this paper presents a practical imple-
mentation of Zadeh's basic concept of fuzzy logic:
Fuzzy logic provides a foundation for the development
of new tools for dealing with natural languages and
knowledge representation.

The main goal was to develop an algorithm
based on the aforementioned theories that would be
adequately robust and comprehensive to be used to
measure EMF and assess their impact on human
health.

Intermittent operating modes of transmitters of
different EMF sources (e. g. base stations) signifi-
cantly affect the measuring process and the data ob-
tained thereof, and consequently affects the assess-
ment.

The association of a fuzzy set to a linguistic term
offers the principal advantage in which measurement



S. D. Mili¢, et al.: A Fuzzy-Measurement Algorithm for Assessing the Impact ...
130 Nuclear Technology & Radiation Protection: Year 2019, Vol. 34, No. 2, pp. 129-137

experts articulate their knowledge through the unified
use of linguistic terms and measurement methods. The
fuzzification considers uncertainty which may be af-
fected in the outputs and consequently in the final de-
cision [5].

Validation of the proposed algorithm uses a
fuzzy model based on fuzzy logic systems Type-1
(FLS-T1) and fuzzy logic systems Type-2 (FLS-T2)
and is developed by MATLAB for Universal Mobile
Telecommunications System (UMTS) that usually
works in the frequency band around 2 GHz. Fuzzy
rules and membership functions were derived from the
knowledge and experience gained in situ and in the
laboratory environment. All input parameters and in-
tervals of the fuzzy model were adopted from the lev-
els referenced in the guidelines of the International
Commission on Non-lonizing Radiation Protection
(ICNIRP) [6].

The RF-EMF exposure and health effects

One of the main issues of today is: What major
health hazards do we face? A large number of re-
searchers, in several scientific fields, are trying to give
the answers. Risk assessment and risk management
constitute a unique approach that plays a leading role
in defining strategies to reduce the impacts of adverse
and unwanted effects on human health and implemen-
tation of protection measures. Basically, this paper
presents the practical implementation of the afore-
mentioned theories. Risk assessment is the process of
using various methods to estimate how much harm an
exposure to EMF can cause to human health. Risk
management involves deciding whether or how to re-
duce this exposure to a certain degree.

Exposure to radio frequency electromagnetic
fields (RF-EMF) is an unavoidable fact of modern life.
Significant public and media concerns have been
raised regarding the increase in RF-EMF exposure of
the general population and its potentially adverse ef-
fects on health, particularly in children.

The question of whether the children are more
vulnerable to RF-EMF exposure than adults has been
widely debated in the scientific community [7]. An
overview of the scientific literature on RF-EMF char-
acterization of exposure within the European popula-
tion is at [8].

The International Agency for Research on Can-
cer (IARC) has released a detailed evaluation of can-
cer risks associated with RF-EMF, which designates
RF-EMF as a possible human carcinogen [1, 9, 10].

The precautionary approach provides justifica-
tion for public policy actions in situations of scientific
complexity, uncertainty and ignorance, where there
may be a need to act in order to avoid or reduce poten-
tially serious or irreversible threats to health or the en-
vironment, using an appropriate level of scientific evi-
dence and taking into account the likely pros and cons
of action and inaction [8].

Fuzzy logic and fuzzy reasoning

Logic could be interpreted as a study of methods
and principles of reasoning, where reasoning means
obtaining new propositions from existing proposi-
tions. Fuzzy logic can be conceptualized as a general-
ization of classical logic. In fuzzy logic, which is also
sometimes called diffuse logic, there are not just two
alternatives but a whole continuum of truth values for
logical propositions. Often in practice, for the same set
of fuzzy rules, different fuzzy logic systems can be
used [11, 12].

Various measuring techniques and measurement
systems are affected by measurement uncertainties.
Many of them could be processed via fuzzy logic sys-
tem Type-1 (FLS-T1) which have crisp and precise
membership values. However, crisp membership val-
ues of FLS-T1 can in some cases be a disadvantage, e.
g. when opinions of measurement experts differ. In
such cases, it is recommended to use fuzzy logic sys-
tems Type-2 (FLS-T2). AFLS T2 is characterized by a
fuzzy membership function, that is, the membership
value for each element is in itself a fuzzy set in [0,1].
The membership functions of FLS-T2 are three di-
mensional and include a footprint of uncertainty.

MEASUREMENT METHODOLOGY

Electric and magnetic fields can be characterized
according to a number of parameters such as magnitude,
frequency, polarization, efc. The measurement method-
ology of EMF is determined and defined by standards [9,
10, 13, 14]. In this paper, we propose a novel FMA in-
tended to unify and automatize measurement procedures
for EMF ranges of 10 MHz to 300 GHz.

The fig. 1 illustrates the entire process that led to
the development of the metrological aspect of the com-
plex fuzzy logic algorithm intended for the assessment
of the extent to which EMF affect human health, as well
as for defining potential measures for protection. The
novelty aspect of the presented procedure lies in the
definition of procedural steps, their sequence and inter-
connection.

The foundation is in the standards, recommen-
dations and regulations that are governed by national
and international legal frameworks [9, 10, 13, 14]. The
sequence of processes is important, and it begins with
identifying the source or sources of emission. This
step is important for two reasons: in order to determine
the frequency range that will be measured, as well as
the level of influence of the respective sources, if mul-
tiple sources are involved. The next step defines the
type of field that will be measured at the chosen loca-
tion - electric, magnetic, or both, depending on the re-
quirements and the technical capabilities of the mea-
suring equipment. It is important to define the
frequency of the measured field, because fields of the
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Figure 1. Pathway for the design of the EMF measuring
procedure, comprehensive analysis, assessment, and
proposal of protection measures

same strength but with different frequencies will im-
pact human health differently and will require differ-
ent measures for protection. The distance between the
measuring location and the identified and defined
source, or sources of emission is important, because
recommendations regarding reducing the adverse ef-
fects are often based on increasing the distance from
the source. Unfortunately, this is often impracticable,
particularly where residential and business premises
or other fixed locations are concerned and where in-
creasing the distance from the EMF source is not an
option. The exposure time is another factor of key im-
portance for the assessment of endangerment and is an
important element in establishing of the fuzzy rules
that the algorithm is based on. The final step in the hi-
erarchical sequence of activities is the defining of the
population exposed to the emission. This step was in-
troduced after concerns that the younger population is
more susceptible to health risks, was identified. With-
out testing this view, the step was also incorporated
into the new fuzzy algorithm for the assessment in or-
der to demonstrate its ability to encompass all the po-
tential requests pertaining to current and future users
and/or new legal requirements.

CLASS SELECTION OF FUZZY
LOGIC SYSTEM

Modern fuzzy logic was developed in the
mid-1960s by Lotfi Zadeh, to enable modeling problems
where imprecise data had to be used, or in which the rules
of inference were formulated using a very generalistic
approach that incorporated diffuse categories.

Scenario 1 — use of FLS Type 1 (FLS-T1)

Unlike probability, fuzzy logic places imperfec-
tion in the informational content of the event. The ex-

FLS Typet
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xeX A 1 yey
|
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Fuzzy rules based on measurement
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Figure 2. The FLS Type-1

tension principle is a basic concept of the fuzzy set the-
ory that provides a general procedure for extending
crisp domains of mathematical expressions to fuzzy
domains. In the fuzzy set A, each element is mapped to
[0, 1] by membership function u,:X — [0, 1], where
[0, 1] means real numbers between 0 and 1 (including
0 and 1).

In an attempt to mimic human actions in the EMF
measuring procedure (refer fig. 1), FLS-T1 is composed
of four main components (refer fig. 2): fuzzifier, fuzzy
rules, inference engine, and defuzzifier [15].

Scenario 2 — use of FLS Type 2 (FLS-T2)

There are at least two reasons for considering the
applications of FLS-T2. The first is the uncertainty of
measurement results, and the second the differing ex-
pert opinions in creating fuzzy rules.

A FLS described using at least one Type 2 fuzzy
set is called a Type-2 FLS [16-18]. Type-1 FLS are un-
able to directly handle rule uncertainties, because they
use Type-1 fuzzy sets that are certain (viz, fully de-
scribed by single numeric values). On the other hand,
Type-2 FLS, are useful in circumstances where it is dif-
ficult to determine an exact numeric membership func-
tion, and there are measurement uncertainties [19].

Ifthe value of a membership function is given by
a fuzzy set, it is a Type-2 fuzzy set. A Type-2 fuzzy set
is characterized by the membership function

A={((xu), 5 (o)) Vxe X, Vu e, <[0,1]} (1)

in which 0 Spy (x,u)<1 In fact, J, < [0,1] repre-
sents the primary membership of x, and u b (x,u)isa
Type-1 fuzzy set known as the secondary set.

In an attempt to mimic human actions of mea-
surement procedure of EMF, a FLS — Type — 2 is com-
posed of five main components: fuzzifier, fuzzy rules,
inference engine, type reducer and defuzzifier. The
type-reducer generates a Type-1 fuzzy set output,
which is then converted in a numeric output through
running the defuzzifier. The FLS-T2 can be regarded
as a collection of a large number of Type-1 FLS's. The
type-reducer generates a Type-1 fuzzy set output,
which is then converted in a numeric output through
running the defuzzifier. The type reduced set Y is a
collection of the outputs of all embedded Type-1 FLS's
(refer fig. 3). A crisp output can be obtained by aggre-
gating the outputs of all the embedded Type-1 FLS's
[20, 21].
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of FOU — secondary membership is trapezoidal fuzzy number

Figure 4 shows the sixth component — expert
opinions. Unlike the standard FLS Type-2model as re-
ferred to at [16-21], this component derives from con-
forming of an FLS Type-2 model to metrological re-
quirements pertaining to scenarios where multiple and
differing expert opinions exist regarding both the as-
sessment of input measurements and the decision
making process. This impact can affect two phases of
the fuzzy algorithm:

The fuzzification phase, where the membership
function of the input measurement data is also a
fuzzy number (scenario where the experts dis-
agree on measured values and measurement con-
ditions, such as impact of the unknown EMF
sources, number of the unknown EMF sources,
spatial allocation of measurement points, weather
conditions, impact of proximal objects, etc.)

— The inference phase where the membership func-
tion of fuzzy numbers that represent decision
making is also a fuzzy number.

It frequently occurs in metrology that the final as-
sessments and recommendations on health risks based

on EMF measurements in real life conditions vary. This
comes as a consequence of conflicting expert opinions
on the level of impact that unknown sources of emis-
sion, proximal objects or forests have. Based on experi-
ence and a large number of processed EMF measure-
ments, the authors have concluded that expert opinions
(where multiple opinions exist) can be represented by
fuzzy number in two shapes, a triangle fig. 5(a) and a
trapezoid fig. 5(b). Triangular is used in a scenario
where the left and right deviation from the middle value
needs to be represented. This would correspond to the
first scenario from fig. 5(a) which represents a situation
where 50 % of experts share a common opinion on the
health impact (primary membership, PM = 0.5), while
10 % believe that the impact is lesser (PM = 0.4), or
greater (PM = 0.6). This is a common scenario in prac-
tice. The footprint of uncertainty (FOU) is also triangu-
lar A; B C; (left from the middle value), or AgBRCy
(right from the middle value).

A second scenario is possible, where a greater
number of experts are involved and where the entire
population of expert opinions must be represented. In
such scenarios, it is more convenient to use a trapezoid
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refer fig. 5(b) as a fuzzy number for PM where the up-
per base of the trapezoid represents the range ratio of
experts in agreement (range ratio of agreement), while
its left and right sides represent differing opinions (de-
viations). The FOU in this case has the shape of a trap-
ezoid 4, B, C; D, (left from the middle value), or
ArBRrCrDy (right from the middle value). Within the
trapezoids A; B; C; D; and Ax By Cy Dy, are the parallel-
ograms A4'} B', C; D; and A'xB'g Cyr Dy, that result from
the upper smaller base of the trapezoid, representing
the probability of agreeing expert opinions of 40 %-60
% in fig. 5(b) abscissa values 0.4-0.6.

DECISION MAKING ON THE BASIS OF
COMPREHENSIVE FMA

Large amounts of available measuring methods,
procedures and standards as well as theories for man-
aging, controlling and assessment, cause a significant
need for summarization and establishing of a legal
framework for their easier practical implementation.
Our findings indicate the necessity of EMF measuring
and fuzzy logic synergy. Higher quality results from
measured data provide stronger support for the assess-
ment and decision making in this context.

In the literature it is possible to find different al-
gorithms related to the decision-making processes us-
ing the fuzzy logic [22, 23]. So far, no comprehensive
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1€ [100KHZ 10MHZ]
¥ Yes

| < 1WNHZI l are dominant

Non-Thermal eflects

nconsisiency of mo
measurements

e

standards and policies of

algorithms have been developed that incorporate mea-
surement procedures and standards relating to the
impact of radiation on humans.

Fuzzy and measurement model
assumptions

The following assumptions were used to de-
velop the fuzzy model for automated drawing of con-
clusions pertaining to electromagnetic measurements:
— ICNIRP guidelines (International Commission on

Non-lonizing Radiation Protection) [6] is applied
for limiting exposure to electromagnetic fields.
— The measured data belong to the considered fre-
quency range.
—  Theaffected people under study are people of all ages.
— The output values of the presented algorithm are
the levels of health impacts and protection needs.

Fuzzy-measurement algorithm

The FMA consists of two main parts, measure-
ment and fuzzy, as shown in the block diagram refer
fig. 6. Recent advances have offered some new ap-
proaches and solutions to the decision making prob-
lems. Full advantage of the proposed algorithm is
achieved when it is applied for to all electrical and
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magnetic field strengths and frequencies. The second
part of FMA (fig. 6), which pertains to the assessment,
was developed using the FLS-T1 or FLS-T2, depend-
ing on whether there is a discrepancy between the ex-
pert opinions.

THE FMA TESTING AND VALIDATION

The fuzzy modeling has gained enormous interest
in the last decade, because it is a powerful solution to ap-
proximate non-linear models by aggregating linear local
models with non-linear weighting functions. [24-26].

Validation of the proposed algorithm is per-
formed using a fuzzy model (developed in MATLAB)
for Universal Mobile Telecommunications System
(UMTS) — 2GHz. If we use only the measuring results
of EMF and international standards, it is sufficient to
apply FLS-T1 in the FMA. However, it is often neces-
sary to take into account the differences of expert opin-
ions about health risk and exposure time. In that case,
for the purpose of a comprehensive analysis, it is not
just enough to take into account the value of EMF lim-
its [6] and fuzzy sets Type-1, but it is necessary to use
Type-2 fuzzy sets and their corresponding member-
ship functions.

Testing and validation based
on FLS-Typel

We consider two forms of fuzzy of numbers
(traingletriangle and trapeze) with different degrees of
membership functions (2) and (3).

u(x)=| c=a @

Table 1. Membership Functions of FLS-T1

Membership Fuzzy intervals:
functions Group/Class | Triangle {a;c;e}
(inputs and outputs) Trapezoid {a; b; d; e}
. Low [0; 0; 16]
Electrical field Medium [0; 28; 61]

(input) [Vm™]

High [28; 61; 70; 70]

) Short [0; 0; 6; 10]
Exposure time Middle

(input) [min] [0; 10; 20; 30]
Long [20; 30; 40; 40]
) Young [0; 0; 20; 40]
A[gii gggr‘]‘t) Middle | [35; 50; 60]
old [55: 80; 100; 100]
Low [0; 0; 50]
Health riﬁ/k (Output) ™ fedium | [20; 40; 60; 80]
%] High [50; 100; 100]
) No [0;0;0.2; 0.5]
Protection (output) g, .o analysis| [0.3; 0.4; 0.6; 0.7]
[relative values] Vs [0.5:0.8: 1: 1]

u)=1 1" b<x<d 3)

Making decisions is achieved by using FMA
(see fig. 6) and complex if-then rules. Input parame-
ters (tab. 1) are: E field [V/m], Exposure time [min]
and age [year]. Output parameters (tab.1) are: health
risk [%] and protection need [relative unit].

Health risk [%]

5883838338

60
A 20 90

—
Exposure time [min] 10 =0 20 E-field [Vm ]

Figure 7. Health risk is a function of exposure time and E
field

Age [year] 80

100755 20 fioid V]

Figure 8. Health risk is a function of Age and E field

Protection [r.u]

10 30
Exposure time [min] E-field [vm™]

Figure 9. Need for protection is a function of exposure
time and E field
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Figure 10. Need for protection is a function of Age and E

field

Table 2. Membership functions of FLS-T2 (fuzzy set I)

Membership Fuzzy intervals:
functions (inputs| Group/Class |triangle {a; c; e; u}
and outputs) trapezoid {a; b; d; e; u}
[0; 0; 20; 1]

. . Short 1 0: 15: 0.8]
Xposure time ] 5:25:35: 55 |
(input) [min] Middle %lb 28: 32: 50: 2) 8]
blurred MF P S v o

Lon [40; 60; 60; 1]
& [45; 60; 60; 0.8]
[0; 0; 6; 73; 1]
. Low [0:0: 38; 1]
ealth ris
k . 12; 38; 63; 89; 1]
(input) [%] Medium [ ST
crort]
High [62: 100; 100; 1]
Protection No [0]
(output) Further analysis| [0.5]
[crisp value] Yes (]

Table 3. Membership functions of FLS-T2 (fuzzy set II)

Membership Fuzzy intervals:
functions (inputs| Group/Class | Triangle {a;c; e; u}
and outputs) Trapezoid {a; b; d; e; u}
[0; 0; 25; 1]
. , Short 10 0:15:1]
xposure time . [0; 25; 35; 60; 1]
(input) [min] Middle 1115735730, 50, 0.8]
[35; 60; 60; 1]
Long 11457 60: 60: 1]
[0; 0; 6; 70; 1]
Health risk Low [0; 0; 50; 1]
ealth ris . 2Q. £3- R0-
(input) (%] | Medium | [12: 38:63:89: 1]
blurred MF [25; 50; 52; 75; 1]
. [30; 94; 100; 100; 1]
High [50: 100; 100; 1]
Protection No [0]
(output) Further analysis| [0.5]
[crisp value] Yes (1]

The relationships of input and output parameters
are illustrated in figs. 7-10, which were obtained as re-
sults of the FLS-T1 modeling (fuzzy rules based on

FMA).

Testing and validation
based on FLS-Type2

As we have previously emphasized, in practice,
there are at least two reasons to consider the prior con-
sideration in another way justifying the use of FLS-T2.
The first is the different expert opinions of health risks
and the second is uncertainty in the estimation of expo-
sure time to radiation (tab. 2 and 3). When these two

Short-upper

Middle<upper

Figure 11. Exposure time — blurred membership
function (type 2)
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Health risk [%]

L ]
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60 50

40
Health risk [%] Eggnsure time [min]
Figure 13. Need for protection (input perimeters belong
to Fuzzy set I)

30
Exposure time [min]

Health risk [%]

Figure 14. Need for protection (input perimeters belong
to Fuzzy set II)
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cases occur simultaneously, then the better solution for
the assessment of the protection need is the application
of FLS-T2.

Testing and validation based in FLS-Type2 were
done for two fuzzy sets to investigate their parameters
influence. The both fuzzy sets (tab. 2 — Fuzzy Set I and
tab. 3 — Fuzzy Set II) are based on realistic measure-
ment scenarios but with different expert opinions and
different estimated exposure time.

Figure 13 shows the result of the application of
FLS-T2 when the input parameters (figs. 11 and 12)
contain uncertainties resulting from an expert's dis-
agreement about the health risk assessment and the as-
sessment of the hazard, in relation to the exposure
time. Because the membership functions of a FLS -T2
are fuzzy, thatis, have an FOU (blurred MF), they have
more design degrees of freedom; hence, they have a
greater potential to better model and handle both of
these measurement uncertainties. Protection need is
represented by relative unit: 0 — protection is not re-
quired; 0.5 — additional analysis is required; 1 — pro-
tection is necessary (see tab. 2).

Table 3 and fig. 14 show the result of the applica-
tion of FLS-T2 with different input parameters (differ-
ent FOA). There are insignificant differences in the
central part of the graphics.

CONCLUSIONS

This paper proposes a new FMA, developed
with the aim to combine the advantages of fuzzy logic
with the advantages of improved measurement meth-
ods for measuring EMF. The main goal was to develop
a robust and comprehensive algorithm, based on the
theory of fuzzy logic that can be used for measuring of
EMF and for the assessment of their impact on human
health.

In order to facilitate the development of the
fuzzy algorithm, it was first necessary to develop an
auxiliary algorithm, a so-called pathway, required to
design the EMF measuring procedure, conduct com-
prehensive analysis, draw conclusions and propose
measures for protection.

Special attention was awarded to the develop-
ment of the comprehensive FMA, aimed at consolidat-
ing and automating all measurement procedures for
measuring electric and magnetic fields.

Two types of fuzzy logic systems were consid-
ered (FLS Type-1 and FLS Type-2) and then applied.
When we use only the measuring results of EMF and
international standards, it is sufficient to apply
FLS-T1 in the FMA. However, it is often necessary to
take into account the differences of expert opinions
about health risk and exposure time. In that case, it is
necessary to use Type-2 fuzzy sets and their corre-
sponding membership functions. There are at least two
reasons for considering the applications of FLS

Type-2. The first reason is the uncertainty in measure-
ment and the second is the difference in expert
opinions pertaining to fuzzy rules.

The second part of the paper discusses the valida-
tion of the proposed FMA that was carried out using ap-
propriate software (MATLAB), actual limits obtained
from the international EMF standards and the difference
in expert opinions.

The proposed algorithm can be easily used in
any EMF frequency range, such as the range of 5 G
mobile network with its radiation spectrum of 6 GHz
to 100 GHz.
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Cama [I. MUWINh, bpanucaas [I. BYJIEBUh, Hophe M. CTOJUh

®A3U-MEPHU AJITOPUTAM 3A MPOLHEHY YTUIIAJA
EJEKTPOMATHETHOT 3PAYEIBA HA JbYIACKO 3PAB/BE

Y 0BOM pajly Pe/ICTABIbEH j¢ (ha3u-MEPHH aITOPUTAM 3a IPOLICHY yTHIAja eTeKTPOMATHETCKIX
nojba Ha JbYACKO 3[paBibe. AJITOPHTAM je PA3BUjCH Ca IU/BEM f1a OCje/IMHU CIIOXCHE U Pa3HOBPCHE
METOJONIOrHje MEPEHba, CTAHAAP/IC i (ha3Ht TOTHUKY KOHTPOIY Y JeIMHCTBEHY CBEOOYXBATHY MCTOROMOTH]Y
3a TpOLEHy yTHUIllaja eJeKTPOMAarHeTHUX MOJba Ha Jbyfe. ANropuraM Tpeba fa oMoryhm ayromarcky
IPOIIEHY BUIIECTPYKUX KPUTEPHjyMa Ha OCHOBY pe3yJITaTa Mepema, HocTojehnx crangapia, cMepHHIa 1
Ipenopyka, Kako 61 ce u36erna NoTeHIujanHa cy0jeKTUBHOCT U Pa3JIUUUT IPUCTYIy NPOLEHU. Y TY CBPXY
CMO aHaJM3Wpanu jABe Kiace ¢a3um cucrema (Tun-1 ¥ TUN-2) W pa3BWiIM TpauuKd MOJe]T HaMeHeH
cleHapHjuMa y KOjuMa ce MUIIJbEha eKcliepaTa pas3juKyjy U [fie Ta pa3iuka MOXe 3HayajHo ia yTU4e Ha
nporueny. Pa3m Mozen je pa3BHjeH Ha NPUHIUITY NPEJIOKEHOT alrOPUTMa, a Kao pe3yiTaT ce o0mia
jeIMHCTBEHA TPOlelypa 3a IIPOLeHY yTHIIaja CBUX TUIIOBA eJIEKTPOMAarHETCKHX IT0Jba Ha JbY/ICKO 37]paBibe.

Kmwyune peuu: meperse eaeKiipoOMazZHeCKOZ U0ba, HYOCKO 30passbe, azu mepru aizZopuiiam, gasu
NOUYKU CUCULeM



