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METHOD OF MULTICRITERIAL EVALUATION OF THE STATE
OF THE SPECIAL PURPOSES OF RADIO COMMUNICATION SYSTEM CHANNELS

The issue of increasing the noise immunity of special purpose radio systems operating in a complex electronic
environment is an urgent and unresolved problem in its entirety. One of the possible ways of increasing the noise
immunity of special purpose radio communication systems is to increase the accuracy and speed of assessing the
state of the communication channel in a dynamic signaling and interference situation. In this work, an analysis of
existing methods for assessing the status was made, it was found that existing methods do not allow for multicriteria
assessment of the quality of communication channels with acceptable computational complexity and reliability of
decision-making. The methodology of multicriteria estimation of the quality of communication channels of special
purpose radio communication systems, operating in a complex electronic environment, was developed. The article
proposes to use a fuzzy logic device for conducting multicriteria assessment of the quality of communication
channels due to deliberate interference and silence of the signal. The essence of the proposed methodology is to
carry out an assessment of the state of communication channels of special purpose radio systems for each of the
indicators of evaluation, after which a generalized assessment of the state of the communication channel is formed.
Also, in the proposed method, the correction of the weight of expert rules is carried out, which allows to increase
the speed and quality of the assessment of the state of the channels in a dynamic signaling and interference
situation. The obtained results should be used in radio communication with programmable architecture, in order to

increase the speed and accuracy of the assessment of the state of communication channels.
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interference.

Introdaction

In the projecting of adaptive radio communication
systems, depending on their purpose, the problem of
optimizing one of the efficiency indicators solved with
the established limitations on others. In turn, the
development and implementation of adaptive methods
of information exchange require the creation of
effective procedures for monitoring and forecasting the
status of communication channels and the quality of
information transfer. To solve this problem, it is
necessary to involve methods of modern mathematical
statistics, in particular, to check statistical hypotheses
about parameter (group of parameters) that characterizes
the state of the communication channel.

Different types of control can be classified by
purpose, the time of connection of monitoring devices,
the methods of obtaining and sources of information,
the forms of presentation of the initial information, the
relation to the process of information transfer, the ways
of implementing the procedures.

Basic forms of presenting the initial information in
radiocommunication systems: evaluation of the system
function; value of the quality criterion, estimation of
error distribution parameters, interference; evaluation of

intentional

interference distribution functions; conclusion about
efficiency; "coordinates" of failed elements and devices.
Necessary form of output information is determined by
the purpose of the control and is provided by the
selected mathematical apparatus.

In most of the works [1-12] it is assumed that any
object can be formally described in the form of a fairly
simple mathematical model. In the general case, various

differential, integral-differential, algebraic or
transcendental equations used as such models,
connecting individual parameters describing the

structure of the object.

In practical problems of channel state estimation.
For their application it is necessary to have priority
information in the form of model channels, in which
only certain parameters may be unknown. [1-12]:
likelihood success method, least squares method,
estimation method. Bayesian method, the Kalman filter
method, and stochastic approximation method, etc.

As rule, evaluation of status of the communication
channel is carried out using one single valuation
indicator, namely [13—16]: the variance of the estimates
of the amplitude components of the signals; Probability
of bit error; Probability of a symbolic error; Power /
signal ratio; variance of noise or interference; ratio of
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the bit energy to the spectral power density of the noise
(Modulation Error Ratio) — the ratio of the average
symbol power to the average error power; signal quality
factor (Waveform Quality Factor) — the ratio of the
average in the frame of the power of the original signal
to the average received power; ratio of the symbol
energy to the spectral power density of the noise.

Advantage of using the theory of fuzzy logic for
estimating the quality of radiocommunication channels
is related to the possibilities of constructing a system for
estimating the quality of radiocommunication channels
over a variety of different evaluation indicators.

Methods of fuzzy inference allow us to connect the
functions of belonging to indicators and situations of the
signal situation in the presence of the channel model in
the form of "if-then" rules.

Therefore, aim of this work was to develop
development of a methodology for multicriteria quality
assessment of communication channels of special-
purpose radio communication systems.

Exposition of the main material
of the research

The essence of the methodology of multicriterial
assessment of the quality of communication channels of
special purpose radio communication systems is to
evaluate the channel through using of fuzzy logic
apparatus, through which the communication channel is
represented in the form of a logical conclusion tree in
which the root of the tree corresponds to the result of
the estimation, and the vertices — channel quality score.

Setting objectives.

Given: a set of indicators for assessing the quality
of the communication channel, namely: the presence of
noise and fading signal, the probability of a bit error, the
frequency response of the channel, pulse characteristics
of the channel.

It is necessary: to maximize the quality of the
assessment of the condition of the communication
channel in the limitations on the time of evaluation
with the given reliability of the decisions being taken.

Limitation: the state of the signal and interference is
unchanged during the packet transmission.

The algorithm for implementing the method is
shown in fig. 1.

There are many different approaches to estimating
the parameters of radio link. Interest is represented by
those of them that produce the estimation in the
receiver. Estimation of parameters in algorithms using
pilot signals based on the ability to accurately calculate
the values of complex amplitudes at the instants of time
where they are transmitted.

Thus, the result of estimating the quality of radio
link can be represented [3—5] in the form:

y:f(xl,xz,...,xn), (D

where Xi,X5,...,X, — set of incoming channel quality

metrics; y — channel quality assessment result.
Area of changing incoming quality indicators of

the communication channel x; e [5,;],1 :l,_n and the
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Fig. 1. Algorithm for implementing the method
of multicriterial evaluation

values of the valuation indicators y €[y,y] are known.

Here x; (;1) —

lower (upper) value of incoming

indicators Xx;,1 :I,_n, y(?) — lower (upper) value of

evaluation results y.

Let it be: many solutions Dz{dj},(jzl,_m),
which correspond to result of the estimation
communication channel y; set of incoming indicators
X={Xi},(i =1,_n); ranges for the quantitative change

of each incoming assessment indicator

X; € {xi,;i}i =1,_n; membership functions that allow

to present indicators x;,1 =1,_n. In the form of fuzzy

sets (2—-3); matrix of knowledge, which is defined by the
rules (tabl. 1).

= [ (x )/Xi - @)

Xi
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Graphically, the process of estimating the quality
of communication channel, using fuzzy sets, can be
represented in the form of fig. 2. Consider order of
estimating the quality of communication channel using
the proposed model. From the analysis of the

functioning of the radiocommunication channel in
different conditions of the signal environment, we
determine the directions for estimating quality of the
communication channel: the similarity of the indicators
characterizing the quality of the communication channel
and their changes during the course of the radio
communication session until the decision on the quality
of the communication channel was made.

Table 1
Fuzzy knowledge matrix
Number of input combination of Input variables Output variables
values x| X, X; X Y
11 11 11 11
11 a] a) FE SR a,
12 12 12 12
N S e " 4
1k 1k 1k Ik
1 1 1 1k;
a a, Ay a,
. jl j j il
il a a3 aj .. ap
- 2 2 2 ‘
j2 aj a} al” . a)? d&
1
Jk; Jk; Jk;j Jk; JK;
1 ) 3 4n
ml ml ml ml
ml a az aj ap
m2 m2 m2 m2
m2 a; a, a; a, dy
mk
a;nkm arznkm . a;nkm . akm

Channel quality estimation model is written as
follows:

Y (k-1),.... Y, (k-1),

D (k) =f 1 ( ) n ( ) ,
Zi(k-1),...,Z, (k-1)

where Y (k—1) — vector, characterizing the first
indicator of the quality of the channel at the k—1 step of
modeling; Y, (k—1) — vector, charactezing n-th link
quality estimate for the communication channel at the k-
1 modeling step; Z; (k—1),...,Z, (k—1) — vectors that
characterize the generalized channel estimate for each
of the link quality estimation indicators.

In turn, vectors for estimating the quality of the

communication channel are determined by the following
indicators:

Yoo Yy Zpseo Zyy = Ky 1(X), 00k (X))
Possible states of the signal situation in the channel
were given by the set de{d),d,,d;}, where d; —

channel correspond to the norm (corresponds to the
maximum frequency efficiency); d, — some of the

channel quality indicators go beyond the limits of the norm

and require an adjustment; dy — channel is not suitable for

operation. Task of evaluation is to assign to each
combination of indicators of the signal situation one of the

solutions di,i S 1,_3 . Indicators kll,...,k21,...,k141,...k145

will be treated as linguistic variables [3—5].

Structure of the channel quality estimation model
can be represented as multi-level hierarchical tree of
logical inference, which corresponds to the following
states:

d=1y(Z..Z, ), @)
Z=1f,(Y;..Y,), (5)
Y, = fyn (knl(x),knz(x),kn3(x),kn4(x),kn5(x)). 6)

For indicators that have quantitative dimension,
the range of change is divided into four quanta. This
enables the transformation of a continuous universal set

U= [g,ﬁ] into discrete five-element set [3]:
U={uj,u,,...,us}, where uj=u, uy=u+Ap,

Uz =up+A,, uy=uz+A3, us=uy+A,, besides

Aj+Ay +A3+A, =u—u, E(g) — upper (lower) border

of the range of the indicator change. Then all matrices of
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pairwise congruences have dimension 5x5 . Choosing of

four quanta is determined by the possibility of

approximating non-linear curves from five points [3-5].
To estimate the values of linguistic variables

k k k

[ AR S/ EARAE RS/ A
use the scale of qualitative terms. To evaluate linguistic

variables D,Z,,Y, . We use the following term sets:

D,z,.Z,,Y,..Y, =
correspond to the norm, some parameters of the channel
go beyond the limits of the norm and require correction,
the channel is not suitable for operation}.

Each of the entered terms is fuzzy set, which is
defined by the corresponding membership function. In

ks KopseKppaen kg, ks we will

{channel  parameters

general, the input variables x;,x,,...,X, can be given

by number, linguistic term, or by the principle of a
thermometer [3-5].

Evaluation of the communication channel occurs
with using fuzzy logical equations [3-5], representing
matrix of knowledge and system of logical utterances.
These equalities make it possible to calculate the values
of the membership functions of different evaluation
results for fixed values of the incoming indicators. As a
result of the assessment process, it is proposed to make
a decision that has the greatest value of the membership
function [3-5].

i Solution -I

| 1

Knowledge matrix : I

> —— 4, I

1 |

& & F Y I I
U I ] Block of logic | : |
: I conclusion I d I
I *—— d I

| | 1 |
1 | 1 |
| | | |
I X X; Xn I I I
| ' [
| I | d |
i i ——» dy I
S 1 : I
1 |

Fig. 2. Communication channel evaluation process model

Jp

Linguistic evaluation o;* variables xj,xp,...,X,,

logical statements about solutions d;, j=1,_m (5-6),

consider how fuzzy sets that are defined on universal

sets X; ={Xi,;i} i=1n.
. al? . :
Let it be p (x) membrship function

xl-e[)_c,)_cJ fuzzy term ocijp,izl,n,le,m,pzl,li;

d; . .
n (xq,X5,...,x,) — function of the vector of input
variables X =(x;,X,,..,X,) value of the output

estimate y=d;, j:I,_m. Relationship between these

functions is determined by fuzzy knowledge base and
can be represented in the form of the following logical
equalities:
il il -
udj (X1,X2500 Xy ) = uaf (x1)A uajz (x5) /\.../\ua%11 v
2i2 242 j2
VT (X)) A2 (X)) Aveap® (Xp). (7)
i Ji I —
AT (X)) AR (X)) A Ap™ (xp),j=1m.

Equation data obtained from a fuzzy knowledge
base by replacing variables (linguistic terms) with their
membership function, and AND and OR operations on
operation A and v .

We write the system (8) compactly as follows:

. iTn i
wl(xi)= v {/\Hai (
p=1Li=1

Fuzzy logical equalities represent an analogue of
Zade's procedure of fuzzy logic inference [1-7], which
are performed with the help of operations "fuzzy (min-
max) composition", in which operations A and v
correspond to the operation min and max [1-7], from (9)
will get:

dj o\ max | min agp .
! (xl)—pzm{jzh_n[u <xl)}}. ©)
It can be seen from expression (9) that to calculate
the membership function, it is necessary to have only
the functions of the variables belonging to fuzzy terms.
Consider the order of calculation of the membership
function used in this procedure.
From the analysis of known methods for
constructing the membership function [1-7] of the
channel quality estimation indicators, it can be argued

xi)},jzl,m. (8)
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that it is inappropriate to apply direct methods for
constructing the membership function based on
specifying fixed graphs, analytic dependencies, and
functions for solving this problem; Use of the quantified
scale in the presence of a number of quantifiers in
connection with the relative complexity of the choice of
values of the membership function and large share of
subjectivity.

When choosing indirect methods of constructing
the membership function that convert expert
information into form convenient for using in the
interest of linkage estimation, it is necessary to take into
account the computational complexity of their
implementation. Thus, to construct the membership
function on the basis of the pairwise comparison
method, it is necessary to form matrix of paired
comparisons and to solve the characteristic equation of
the matrix of paired comparisons to determine its
eigenvector. But this method has large computational
complexity. Given the possibility of calculating the
membership function using rank estimates, which are
fairly easy to obtain in an expert survey, we use the
paired comparison method to calculate the membership
function.

Algorithm for calculating the channel quality
membership function includes the following steps:

1. Quality indicator of the communication channel

is selected, which must be estimated x T j= L_m

2. Defined set of fuzzy terms {uj,u,,...,u;}, used
for estimating x .

3.For each term u;,i=1,1 forming matrix of

paired comparisons:

1 2 5 In|
o h I
no,n h
T=|r, I, 5, (10)
i k23
r1'1 r1'1 r1'1
where 1, (u;) — rank of element u; €U, which

characterizes the significance of this element in the

formation of property described by some fuzzy term S .
Matrix (10) has the following properties:
clements of the main diagonal are 1 (t;=1,

1= I,_n ); relative to the main diagonal, the elements are

connected by the expression t;; =l/tji; satisfied

transitivity ~ condition:  tj ty; =t;;,  because the
Gk _ &
Iy rj I'j

Thanks to these properties from the known
elements of single row of the matrix T easy to find
clements of other series. If you know the elements t;,

element t:: like:

k,j :l,_n an i

arbitrary

tii =tkj/tki ,i,jk=1Ln.

Since the matrix (11) can be interpreted as a matrix
of paired comparisons of ranks, it is possible to use the
twelve-point scale of Saati [1-7] for expert estimation
of the elements of this matrix.

4. The membership functions are defined: 1) by

absolute grades 1;,i= I,_n, which can be determined on
a nine-point scale (1 — lowest rank, 12 — highest rank);
2) by relative estimates of ranks t / I = tij,i, j= I,_n,

which are determined by the matrix of paired
comparisons (11), membership function for each term is
calculated. In this case, the normalization of the
membership functions obtained is done by dividing to
the highest degree of membership.

Thus, the main advantage of the proposed model
for calculating the membership function of the
communication channel quality indicators is that it does
not require a solution of the characteristic equation in
comparison with the known ones, which makes it fairly
simple. Obtained relationships make it possible to
calculate the membership function using rank estimates,
which is fairly easy to obtain with the use of neural-
fuzzy networks.

Using the knowledge matrix, known information
about the quality of the communication channel can be
specified in the form of system of fuzzy logical
statements that relate the value of the incoming

indicators x; with one of the possible solutions

dj,jzl,m.
IF (xl =a{1) AND (x2 :alzl) AND...AND
(xa =ap') IF (xl ~a’) AND(x2 ~ay’)
12 o
AND.... AND (x, =af?) OR...OR (xl —a! )
AND (x2 =a1211) AND..AND (x, =ajl)

THEN y=d,, TF (x) = a{m) AND

(11)
(x2 = ag“) AND...AND (xn =™ ) OR
(x1 - a{flz) AND (x2 - agﬁ) AND...AND
(x, =ai) OR (x1 - a{“lm) AND
(x2 - a;“'m) AND...AND (x, =aji'm | THEN

y=dp,
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where dj( jzl,_m) — linguistic evaluation of the
outgoing variable y, which is defined from the term-set
D; aijp — linguistic evaluation of the incoming

indicator x; in p-th row j-th disjunction, which is

chosen from the term set Ai,(i = I,_n,j =l,m,p= E) ;

k i~ number of rules that determine the value of the

outgoing variable y =d;.

Fuzzy logical equations (11), together with the
fuzzy term membership function, allow us to estimate
the quality of the communication channel using the
following algorithm:

1. Values of the channel quality indicators were
fixed according to  predetermined  criteria

* * & *
X :(XI’XZ""7XT) .

2.Using the algorithm for
membership function, determine

calculating the
the membership

function uj(x?) for fixed values of indicators

* o,
X;,1=1,m.

3. Using logical equalities (11), the membership

. d; .
function p J(xT,xZ,...,x;) with the state vector

X" :(xi,x;,...,xi) for all states d;,d,,...,d, . In this
case, logical operations AND (A) and OR (v )Over
membership functions are replaced by operations min
and max [1-7].

4. Determine the solution djf, for which:

d; =argmax (pdj(xi ))
j=1lm
These matrices form fuzzy knowledge base for
estimating the quality of the communication channel [1-7].
Identification on the basis of fuzzy logical
conclusion is carried out in accordance with the
defined knowledge base (11) [20-26]:

IF (Xl :aLj]) AND (Xz Zaz’jl) AND ... AND (Xn :an’jl) with Weight Wj]’ OR (X] Zal’jz)
AND (x5 =a ) AND ... AND (x, =a, j,) with weight w,,

(12)

OR (Xl =a1’jkj) AND (X2 = a27jkj) I..1 (Xn = amjkj) with Welght ijj, THEN

y:dj9j:1:_ma

where a;

ijp — fuzzy term for which the variable is

evaluated x; in the line with the number jp(p = I,_kj) ,

Le. aj;p = _[ij (xi)/xi ; k;j — the number of conjugate

lines in which the output is evaluated by the value d;;
wj, €[0,1] — weighting rule with a number jp .

Functions of the object matching

* *

* *
X :(xl,xz,...,xn) classes d:

j are calculated so

[20-26]:

e, (X) = ij'iz?’—n(ujp(XT)),j=1,_m, (13)

p=1k;
xe Wi, (xf) — login matching function xf fuzzy term

aj jp > A(V) — s-norma (t-norma), which in the tasks of
classification usually correspond to a maximum
(minimum).

As a solution, a class with the maximum function
of the correspondence of the calculated solution is
selected d;...d,, [20-26]:

* * *
max(ud1 (X ),udz (X ),...,udm (X ))

y* = arg
{d1,d2dm |

Using the tables and the AND and OR operations,
system of logical equations is recorded that links the
membership functions of the channel quality assessment
solutions to the functions of destabilizing factors.

Thus, knowing the value of the membership
function of fuzzy terms, we can estimate the quality of
the communication channel by solving the logical
equations described above. Thus, the proposed method
of the process of assessing the operational situation
under conditions of uncertainty in the form of a
hierarchical system of relationships makes it possible to
evaluate the quality of the communication channel and
to investigate its dependence on indicators based on the
fuzzy logic rules "IF-TO."

Conclusion

1. In the article was developed the methodology of
multicriteria  estimation of the quality of the
communication channel of special purpose radio
communication systems.

The novelty of this methodology is to reduce the
computational complexity of the process of assessing
the quality of the communication channel due using of
the fuzzy logic apparatus and the possibility of adjusting
the weight of expert rules in the process of assessing the
communication channel state.
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Methodology is based on using of a structurally
semantic model for estimating the link quality.

Structure of the generalized mathematical model is
presented in the form of logical conclusion tree, which
reflects the classification of parameters, the intermediate
conclusions of the assessment. Root of the tree
corresponds to the result of the estimate, and the
vertices correspond to the quality of the communication
channel. Output score and the link quality indicators are
presented as linguistic variables that are estimated using
fuzzy terms defined on the corresponding sets. Model
for estimating the quality of communication channel

based on fuzzy logic is carried out using the available
information in the form of “IF-TO” rules that connect
the fuzzy terms of the quality indicators of the
communication channel and the result of evaluation.

This mathematical model has considerably less
computational complexity in comparison with the
known ones, since it is constructed using the fuzzy logic
apparatus and does not require the solution of the
characteristic equation.

The direction of further research is to development
of techniques for assessing the quality of the link
channel with less computational complexity.
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Pozeumox padiomexniunoco zabesneuenns, ACY ma 36 ’azxy Iogimpanux Cun

METOOUKA BEArATOKPUTEPIAINBHOI OLIHKU CTAHY KAHATIB 3B’A3KY CUCTEM PALIO3B’A3KY
CNEUIANTbHOI o NPU3HAYEHHSA

A.B. umanekwuii, O.I'. XKy, P.M. J)Kusoroscrkuii, I1.B. XKyxk

TTumanns niosuwents 3a6a003axXuUWeHocmi cucmem paoio3e ’asKy CHeyianbHO20 NPUSHAYEHHS, WO @OYHKYIOHYIOMb &
CKNAOHIU padioenekmpoHHill 06Ccmanosyi, € AkKMyarbHOI ma He 8UPiueHol0 8 nogHomy 06ca3i npobaemoro. OOHUM 3 MOINCTUBUX
HAanpAMKi6 nioguweHHs 3a8a003axuyeHocmi cucmem paodio3e’si3Ky CNeyianbHO20 NPUHAYEHHS € NIOBUWEeHHS MOYHOCMI ma
WBUOKOCMI OYIHIOBAHHA CMAHY KAHANLY 36 'A3KY 6 OUHAMIYHIL CUSHATbHIU ma 3a6adosii obcmanosyi. B pobomi npogedenuii
amaniz - ICHylOuuUX ~Memooié OYIHIOBAHHS CMAHY, 3 ACO6AHO, WO ICHYIOUL Memoou He 00360510Mb  NPOEOOUMU
b6azamoxpumepianbHy OYIiHKY AKOCMI KAHANIE 38 A3KY 3 NPULHAMHOW OOYUCTIOBANILHOK CKIAOHICMIO ma OO0CMOSIPHICMIO
nputinamms  piwens. [Ipoeedeno po3pobKky memoouxu 6OazamoKpumepianibHoi OYIHKU SKOCMI KAHANE 36 3Ky CUCmeM
Paodio38’sA3Ky CcneyianbHo20 NPU3HAYeHHs, Wo QYHKYIOHYIomb 6 CKIAOHIU padioeekmpouHitl obcmanosyi. B cmammi
3anpPOnoOHOBANO BUKOPUCIIOBYB8AMU ANAPAM He4imKoi 102iku 015l nposedeHHs bazamoxpumepiansHoi oyinKku AKOCmi Kananie
38 ’A3KY Npu 6NAUGI HAGMUCHUX 3a68a0 ma 3aémupans cuenany. Cymuicms 3anpononoeanoi Memoouku noisicac y nposeoenii
OYIHKU CMAHY KAHANIG 36 A3KY cUCmeM padio3s 3Ky CneyianbHo20 NPUSHAYeHHs N0 KOJCHOMY I3 NOKA3HUKIE OYIHKU, NICIs 4020
Gopmyemubcs y3azanvhena oyinka cmany Kanany 36 'a3ky. Takodc 6 3anponoHoeanii memoouyi 30iiCHIOEMbCs KOPe2y8anHs 6aze
EeKCHepImHUX npasui, wo 003601A€ NIOSUWUMU WBUOKICIb A AKICIb OYIHIOBAHHS CMAHY KAHANIE 8 OUHAMIUHIN CUCHATbHIL MA
3a6a006iii oocmanosyi. Ompumani pe3ynomamu OOYiIbHO GUKOPUCMOSY8AmMU 6 3acobax paodio3e’a3Ky 3 NpPOPAMOBAHOIO
apximexkmypoio,3 Memoro nioUeHHs WeUOKOCMi ma MOoYHOCMI OYIHIOBAHHA CIMAHY KAHANIB 38 A3KY.

Knrouosi cnosa: cucmemu padio3s’ssxy, padioss’si3ok, padioeieKmponne NoOAGIeHHs, 3A8MUPAHHA CUSHATY, HeYimKd
JI02iKa.

METOAUKA MHOIOKPUTEPUANBbHOW OLIEHKWM COCTOSIHUA KAHAINOB CBA3U CUCTEM PAOUOCBA3U
CMNMEUMAINIbHOIO HASHAYEHUA

A.B. lnmramnxwii, A.I'. XKyxk, P.H. XXusotosckwuit, I1.B. XKyx

Bonpocul nosvluenus nomexozauuuyeHHocmu cucmem paouoceas’u CHeyuarbHo20 HA3HaueHus, QYHKYUOHUpyiowux 6
CNOJCHOU PAOUOINEKMPOHHOU 0OCMAHOBKe, ABNAIOMCA AKMYATbHOU U He PeuleHHOU 8 NOaHOM obveme npobaemou. OOHum u3
603MOJICHIX HANPAGIEHUN NOBbIUEHUS NOMEXO3aAUUUEHHOCMU CUCMEM paduoceas3l CHeYuanrbHo20 HAZHAYEHUs SGIAemcs
nogvluleHue MOYHOCMU U CKOPOCU OYEHUBAHUS KAHANA CBA3U 8 OUHAMUYECKOU CUCHATbHOU U nomexogoll obcmanoske. B
pabome nposeden anaiu3 cyujecmgyiouux Memooos OYeHKu COCMOANUA KAHANIO08 CEA3U, YCMAHOGIEHO, Ymo cyujecmsyioujue
Memoovl He NO3BOJAI0M NPOGOOUNMb MHOOKPUMEPUATLHYIO OYEHKY KA4ecmeda KaHanog CA3U C NPUEMAeMOU 8bl4UCIUMENbHOU
CNOACHOCIU U OOCMOBEPHOCMbIO npuHsmusa pewtenuil. IIposedena paspabomka mMemoOuKu MHO2OKPUMEPUATbHOU OYeHKU
Kauecmea KaHanose CeA3uU CUCmeM paouocesasu CReyudaIbHo20 HA3HAYeHUs, QYHKYUOHUPYIOWUX 8 CTIONCHOU PaOUuodNeKmpOHHOU
obcmanoske. B cmamve npeonosiceno ucnonb3o8ams annapam He4emxoll 102UKU O npo8eoeHUss MHO2OKPUMEPUATbHOU OYeHKU
Kayecmea KAaHauo8 CeA3U npu 6030elcmeuu npeoHaMepeHHbIX nomex u samupanui cuenana. CywHocms npeonazaemotl
MEeMmoOUKU 3aKI0YaAemcst 8 NPOBeOeHUU OYeHKU COCMOAHUA KAHAN08 C8A3U CUCEM PpAOUOCEA3U CReYUATbHO20 HA3HAYEHUs NO
KaxcoomMy u3 noxasameneii OyeHKu, nocie yezo Gopmupyemcs 0600WeHHas OyeHKa COocmosHus Kanana cessu. Taxoce 6
NpeonodHceHHOU MEMOoOUKe OCYUWeCmeisemcs KOPpeKmupoeKa 8eco8 IKCNepmHulX npagu, 4mo no360sem noebiCUumy CKOPOCb
U Kauecmeo OYeHKU COCMOAHUA KAHAN08 6 OUHAMUHECKOU CUSHANLHOU U nomexoeol oocmanoske. [lonyuennvie pesynomamol
YenecoobpasHo UCNONbL3068AMb 8 CPEOCMBAX PAOUOCEA3U C NPOSPAMMUPYEMOL APXUMEKMYPOT, € Yelbl0 NOBbLIULEHU CKOPOCU U
MOYHOCMU OYEHKU COCMOAHUS KAHANO0B CBA3U.

Kniouesvie cnosa: cucmemvl paouocesnsu, paouocesss, paouodieKmpoHHoe noodeierue, 3amMupanue CueHaid, He4émast
Jl02UKa.
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