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ESTIMATING THE PROPERTIES OF TECHNOLOGICAL SYSTEMS BASED ON
FUZZY SETS

The subject of the research in the article is the process of evaluating the properties of technological systems at the stages of their
design and reengineering. The goal — to improve the efficiency of procedures for multi-criteria evaluation of options for constructing
technological systems using the apparatus of fuzzy sets. Objectives: to search for new or modification of known functions of
belonging to fuzzy sets "the best variant of building a technological system™ by particular criteria in the direction of reducing the
complexity of procedures for calculating their values; perform a comparative analysis of the temporal complexity and accuracy of
approximation of the preferences of the decision maker with the help of monotonic membership functions; give recommendations on
the practical use of monotonous membership functions in decision support systems. Common scientific methods are used, such as:
decision making, utility theory, fuzzy sets and identification. The following results are obtained. The article presents the model of
preferences of the decision-maker developed by the authors for evaluating individual properties of technological systems using the
membership function of fuzzy sets, which allows to realize both linear and nonlinear (convex, concave, S-shaped and Z-shaped)
criteria. The carried out experimental research has revealed its advantages in terms of accuracy and time complexity in comparison
with the functions of Gauss, Harrington, logistic function, gluing of power functions and their modifications. Methods are proposed
that reduce the time complexity of procedures for calculating the values of membership functions. Conclusions. As a result of the
analysis of known membership functions for fuzzy sets, it has been established that they do not adequately reflect the preferences of
the decision-maker for the characteristics of systems close to extreme values and have a relatively high computational complexity.
The proposed membership function and its calculation method make it possible to increase the adequacy of multifactorial estimation
models and significantly reduce the time complexity of procedures for calculating its values. Practical use of the proposed
membership function in the support systems for the adoption of design and management solutions will make it possible to obtain
solutions of the problems of multifactor estimation and choice of a much larger dimension or with less expenditure of computing
resources practically without loss of accuracy.
Keywords: technological system, quality criteria, multicriteria optimization, fuzzy set, membership function.

Introduction X ={x} of admissible X < X* or efficient variants

X < X© for developing the system; for example, a
decision maker can determine the binary relations of strict
preference R (X ), the preference-indifference relation

Rys (X') or equivalence R.(X):

Modern technological systems are difficult
complexes of functionally interconnected means of
technological equipment, items of production and actors
for conducting specified technological processes or
operations under regulated production conditions. Their
efficiency is largely determined by decisions made in the
process of their designing or reengineering [1].

Processes of designing and reengineering of
technological systems assume the solution of a set of
interrelated problems of structural, topological and
parametric optimization. These tasks belong to the NP-
complex class and are solved in conditions of incomplete
information according to a set of functional and cost
indicators (particular criteria of efficiency). The best
solution from a set of efficient ones can be selected by a
decision-maker only in the simplest situations [2].
Otherwise, to automate the procedures for estimating
project solutions, additional information about the utility
of different values of formalized properties of decisions is
necessary (particular criteria) [3].

R (X) ={<x,%; > %% € X, X =X},

RI(X )X =X > =X ; @)
Rus (X)) ={<x.,%; >0 %, %, € X, % X}

RRs(X) 1% 2% el X @)
Re(X)={<Xx.X; > X.,% €X, X ~X; };
RE (X)X ~% ~ .~ X, 3)
Within the cardinal approach, preferences are
determined by attributing some value P(x), that is

interpreted as its utility or value, to each of the alternatives
X € X . The utility function that is common according to a

set of indicators P(x) determines the appropriate order
(preferences of a decision maker) R(X) (1), (2) or (3).

technological systems as well other anthropogenic 1 he value of the argumentx® < X , corresponding to the
systems is based on the theory of multicriteria  maximum of general utility function P(X), corresponds
optimization [4-6]. It is based on mathematical models to the best variant of the technological system

Analysis of the current state of the problem

The methodology of solving tasks of optimization of

and methods of utility theory. Two main approaches to
estimating the quality of system variants are used, that is
the ordinal and cardinal ones.

Within the ordinal approach a decision-maker
establishes the procedure "better-worse” on the subset

development.
The pattern for solving the task of multicriteria
selection within the cardinal approach is presented as:

S>A->0ptG—x°, (4)
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where S is the situation of multicriteria selection; A is the
axiomatics of multicriteria selection, which is a set of
axioms that determine the pattern of compromise (the
principle of ordering solutions); Opt G is compromise

pattern P(x)); x° is the best variant for developing a

technological system [3].

A decision-maker or a group of experts determine
the principle of ordering decisions A grounding on
heuristic considerations. Currently, the apparatus of fuzzy
sets theory is used to develop a scalar estimation on a set

of partial criteria k (x), i=1m (where m is a number of

partial criteria), representing the most important properties
of the technological system [3, 7]. In this case, the fuzzy
set adjective "the best wvariant of developing a
technological system" is used as the general utility
function P(x).

The fuzzy set adjective "the best variant of
developing a technological system™ can be represented as
a set of ordered pairs:

"The best variant of developing
a technological system" = {< x, P(x) >},

where x € X is a variant of system development; P(x) is

a degree of the fuzzy set adjective "the best variant of
developing a technological system”.

The most universal function among the ones for
multifactor estimation is the function developed on the
basis of the Kolmogorov-Gabor polynomial [3]:

PO =2 AG00+ Y S A& (NG04

i=1 j=i

m

_ Zzﬂijlé(x)gj(x)é(x)'i‘---, (5)

m
+
i=1 j=i 1=

where A, A

i 7
and their products; &(X),&;(X),&(x) — utility functions
of partial criteria k;(x),k;(X),..., k(x).

The utility functions of partial criteria
&(X),&;(x),&(x) in this case are considered as the

fuzzy set adjective "the best variant of developing a
technological ~ system™  according to  particular

criteria ki(X), k(%) Ki(X). They map

& k(x)—>E' i=1m, and should be universal and
well-adapted to considering the peculiarities of specific
situations of multicriteria selection [3]: they should be
monotonous and dimensionless; have a common change
interval (from 0 to 1); be invariant to the extremum of a
particular criterion (min or max); enable implementing
both linear and non-linear dependencies on the
characteristics of options for developing systems.

In the practice of multicriteria optimization the
mostly wide-spread functions are membership functions
[3, 8-10]:

c09-a0)-(S5E o

Ay — weight coefficients of partial criteria

where k(x), k", k™ is the value of the i-th partial
criterion for the variant x, the best and worst values of the
i-th criterion, i :1,_m ; «, is a parameter determining the
variant of the dependence (¢; =1is linear, O0<¢; <1 is
concave, ¢ >1 is convex).

The disadvantage of the function (6) is the
impossibility of implementing S- and Z-shaped
dependencies on the values of the particular criterion,
which more adequately represent the situations of making
project optimization solutions. In particular, power
functions sewing from [7] and [11], the Gaussian function,
the Harrington function, the logistic function, and their
modifications do not have such drawback [12].

The experimental study of the utility functions of
particular criteria used in practice [12] showed that: the
procedures for selecting their parameters have a linear or
quadratic time complexity with respect to a number of
approximation nodes and take from several hundredths to
tens of seconds; power functions sewing from [11] has
several times greater accuracy of approximation of a
decision maker’s estimations than other functions.

The main disadvantage of these functions is a
various degree of approximation of their values to the
boundary values (0 and 1) with the approximation of the
normalized values of the particular criterion to the

extremal values k* =1 k™ =0, i=1m. This reduces

their capability to differentiate the utility of different
values of the particular criterion. To avoid this

disadvantage the ordinates k;(X), i =1,m should be
scaled, which, in turn, increases the computation time of
the membership function &(x), i=1,m.

The conducted analysis and the review of literature
sources on the topic of the study [1-12] showed that
nowadays there remain some unexplored problems of
evaluating the time complexity of procedures for
calculating the values of utility functions of partial
criteria. Their preliminary analysis shows that the
computation time basing on them can differ by several
times. Taking into account the fact that the tasks of
structural, topological and parametric optimization of
technological systems suggest, in the worst case, the
analysis of the variants of the 2" order (where n is a
variable that determines a number of structural elements,
variants of topologies or parameters of the technological
system), the search for new functions or the modification
of available ones are required in order to reduce the
complexity of calculating their values.

The goal and objectives of the study

The goal of the research is to increase the efficiency
of multicriteria estimation of the properties of
technological systems at the stages of their designing and
reengineering using the apparatus of fuzzy sets.

To achieve this goal, it is necessary:

- to search new monotonous fuzzy set adjectives "the
best variant of developing a technological system™ or their
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modification according to particular criteria for reducing
the complexity of their values calculation;

- to make a comparative analysis of time complexity
and accuracy of approximation of a decision maker’s
preferences for available and suggested monotonous
membership functions;

- to give recommendations about the practical use of
monotonous fuzzy set adjectives "the best variant of
developing a technological system™ according to private
criteria.

Study materials

Dependencies representing the change in the utility
of the values of certain technological properties, like other
anthropogenic systems, on the values of their criterion
estimates are monotonous: S-shaped for particular criteria
k(x) >max and Z-shaped for particular criteria

k(x)—>min, i,je[1,.,m] (where m is a number of

partial criteria). In this case, by normalizing the values of
particular criteria (regardless their type), all membership
functions can be reduced to S-type [3]:

k(x)—k"

i=1,m, 7
kK —k- 0

k(x)=

where k(x), k™, k™ — the value of the particular criterion
for the variant x, the best and worst values of the criterion
k(x).

Power functions sewing from [7] and functions (6)
[11], the Gaussian function, the Harrington functions,
logistic function, and their modifications belong to the
utility functions of partial criteria (as a fuzzy set adjective
"the best variant"), that describe a decision-maker’s
estimations in the most accurate way and are widely
accepted in practice [12].

Let us represent the listed functions using the
normalization of the form (6):

- the Gaussian function [12]:

5(x)=exp{—@] ®

where ¢>0 is the parameter, defining specific type of
dependencies;
- the logistics function [12]:

1
1+exp{—(E(X)_a)} |
b

&(x)= (9)

&(x)=

5+(1—5)-(b2+1)-[1

5.(b1+1){1—(b1 / [bl+@n} 0<k(x)<Kka;
Ka
_(bz /(bz +MDJ ka <k(x)<1,
1-Ka

where a is the abscissa of the inflection point; b is the
parameter, defining the type of dependencies;
- the Harington function [12]:

fx)=ep{-ep(g-k)-a)], o)
where @ is the parameter of nonlinearity; a/g
determines the inflection point;

- the modified Gaussian function [12]:
k(x)—1)**
E()= exp{—%} , (1)

where ¢>0 is the parameter defining the form of
dependence; « is the parameter determining the type of
nonlinearity;

- power functions sewing [11]:

Q.EEEX)J 1 , 0<k(x)<Ka;

(12)

5+(1—5)'[M] . ka <k(x)<1,
1-Ka

where ka, a —are normalized values of the coordinates of
the point of sewing function, 0< ka<1, O<ac<l;
o, o, — are the coefficients that determine the form of the

dependence on the initial and final segments of the
function;
- power functions sewing based on the function [7]:

20 .[E(x)]p , 0<k(x)<0.5;
(13)

&(x)= v
1_2p1.{0.5—k(x)
0.5

} , 05<k(x)<1,

where p

dependence.

Functions (8) —(13) greatly change their values at
the entrance to the dead bands (when the partial
characteristics of the system approach to the worst and

best values, i.e., k(x)=0 and k(x)—1. This can lead to

significant errors in determining the properties of
technological systems according to specific criteria and
have a significant effect on the error in calculating the

quality of options for their development as a whole P(x)

(5).

To overcome these drawbacks, sewing function (12)
should be modified by using fractional-linear functions
instead of power functions:

is the parameter defining the form of

(14)

where b, , b, are the coefficients that determine the form of the dependence on the initial and final segments of the

function.
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The suggested modification of sewing function (14)
substantially reduces the dead band of membership

function, thereby widening the region of the estimation
model adequacy (fig. 1).

a — function (12)

b — function (14)

Fig. 1. The components of sewing the utility functions of particular criteria for different values of ¢, &, and b, b, parameters

To reduce a number of operations that are required
while calculating the values of function &(x), it is
suggested to use a single preliminary calculation of their
parts that do not change when the values of the particular
criterion change E(x).

The values of the functions (8) - (14) transformed to

reduce the computation time are represented as:
- the Gaussian function (8):

&) =exp| z-(k(x)-1) |, (16)
where z=-1/c;
- the logistics function (9):
E(x)= ! (17)
1+exp[z1 -1z, ~E(x)] ’
where z, =a/b; z,=1/b;
- the Harrington function (10):
fx)=epl-ep[(a-g-kO)) ]|, @)
where g - is the nonlinearity parameter; a/g -
determines the inflection point;
- the modified Gaussian function (11):
0x)=exp| z,(k(x)-1)" |, (19)
where Z=-1/¢C: 7 —2.4;
- power functions sewing (12):
7, -[k(x)]™, 0<k(X)<Ka;
S(x)=1_" (20)

a+z,-[k(x)-kal™, ka<k(x)<1,

_ 1 ay _ 1 a2
where z, =a:| = | , Z,=(1-a)- — :
1 [kj ~-a{

a a
- power functions sewing (13) based on the function

[7]:
z~[E(x)]p , OSE(X)SO.S;

&(x)= ”
1_2_{0.5—k(x)
05

p B (21)
} , 05<k(x)<1,

where z=2"";
- the suggested modification of sewing function

(14):
" 0<k(x)<k
11 = = = Ra,
2, +k(x)
£(x)= ) o (22)
2, ——2—, ka<k(x)<1,
T k() (x)
where z,, =a-(b +1); 212:b1-211~Ea; 213=b1'Ea;

7, =h,-(1-a)+1;
2, =h,-(1-Ka)—Ka.

2,, =(2,, —1)-(b, +1)-(1—ka);

The results of the study

The software was developed and the series of
experiments were carried out for a comparative analysis of
the accuracy of approximation of a decision maker’s
preferences and the time complexity of calculating the
values of utility functions of particular criteria &(x)

(8) - (14).
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The values of the particular criterion E( X; ) and the
corresponding values of their significance
zf(xi ), i=1,20 were developed while simulating the

work of experts using a random number generator. The
selection of the best values of the parameters of the
functions g was carried out by the method of the golden
section according to the criterion of the least squares:

where Q — set of admissible values of the parameters of
the functions (8) — (14).

The average time for calculating the value of the
original functions was estimated (8) — (14) t,. ; as well as
the average time for calculating the value of the
transformed functions (16) — (22) the average error in
approximating a decision maker’s preferences K, (15);
the maximum error of one decision maker’s estimation,

20 2 . . .
: the value K__ according to the series of experiments
K= [&6.a)-&x)] »min,  (15) o J P
i=1 a=Q (tab. 1).
Table 1. Results of the experimental study of functions
Function type Lo Ns Lo Ns K. Ko
Gauss (8) 2.523 2.23 1.83101 0.34394
Logistic (9) 2471 2.361 0.08763 0.02251
Harrington (10) 4.658 4611 0.07969 0.01285
Modified Gaussian (11) 7.74 7.501 0.40765 0.09471
Gluing (12) 5.739 5.431 0.03707 0.00655
Gluing (13) 0.876 0.722 1.02613 0.25744
Proposed function (14) 0.786 0.624 0.04151 0.01131

The results of the experiments justified that the
accuracy of approximating a decision maker’s preferences
using sewing function (12) and the suggested modification
(14) is several times higher than with the help of other
functions. At the same time, all functions except for the
Gaussian function (8) and power functions sewing (13)
have an error of approximation of preferences according
to the maximum error K that is satisfactory for

practice.

A much shorter time for calculating the values is
required for the suggested modification of sewing function
(14) and power functions sewing (13). At the same time,
according to this indicator, they are 1.15-12.02 times
higher than all other membership functions.

The suggested method for simplifying the
algorithms for calculating the functions (8) — (14) made it
possible to reduce the time for estimating by 1.01-25.96%
more.

A number of compromises according to the accuracy
of approximation of a decision maker’s preferences the
calculation time include sewing function (12) and the
suggested modifications (14). The suggested modification
of sewing function (14) is the most efficient function
according to the complex parameter "accuracy -
computational complexity".

max !

Conclusions

The analysis of the problem of estimating the
properties of technological systems in the process of their
multicriteria optimization resulted in the study of available
monotonous fuzzy set adjectives "the best variant".

It was established experimentally that power
functions sewing (12) has much higher accuracy of
approximation of expert estimates in comparison with the
Gaussian function, the Harrington function, the logistic
function and sewing function from (13) among the

functions that are used in decision making support
systems and enable implementing S (Z)-like dependencies
on the values of particular criteria.

In this case, the available membership functions
greatly change their values when the system’s partial
characteristics approach to the worst and best values,
which can lead to significant errors in determining the
properties of technological systems according to specific
indicators and, consequently, to the error of their complex
multicriteria estimation. To use the methods of solving
combinatorial tasks of structural, topological, and
parametric optimization of technological systems,
membership functions with little time complexity are
required.

To overcome the mentioned drawbacks, the
modification (14) of sewing function (12) is suggested by
using fractional-linear functions instead of power
functions. The suggested modification of the membership
function significantly reduces the dead band practically
without any loss of accuracy, thereby increasing the
adequacy of the model of multifactor estimation and the
selection of design solutions. In this case, the time for
calculating the values of the suggested modification of the
function is 8.7 times less than for the basic sewing
function.

Its practical use in decision making support systems
of design and management solutions enables solving
multifactor estimation tasks practically without any loss of
accuracy and selecting solutions of much larger dimension
with less computational resources.

Directions for further research in this area can be
the development of mathematical models, methods and
software tools for selecting the parameters of the
fuzzy set adjective "the best variant of developing a
technological system" according both to specific
indicators and to a set of quality indicators
simultaneously.
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OIIIHKA BJJACTUBOCTEHM TEXHOJIOTTYHUX CUCTEM I3 BUKOPUCTAHHSAM
HEYITKUX MHO’KHH

IIpeaMeToM JOCITIKEHHS. B CTATTi € MPOLEC OLIHKK BIACTUBOCTEH TEXHOJOTIYHMX CHCTEM Ha eTamax iXHbOTO MPOCKTYBAaHHS Ta
peimkuHipuHry. MeTa — MiJBUIICHHS eQEeKTUBHOCTI MPOLEAyp O0araTOKpUTEpialbHOI OI[IHKK BapiaHTiB MOOYJOBH TEXHOJOTIYHHX
CHCTEM 3 BUKOPHCTAHHSIM arapary HEYITKHX MHOKHAH. 3aBJIaHHSI: POBECTH IOIIYK HOBUX YW BHECEHHS 3MiH JI0 BIIOMHUX (DYHKIIIH
HNPUHAISKHOCTI HEUITKUX MHOYKHH «KpAIllUi BapiaHT MoOyIOBU TEXHOJIOTTYHOT CHCTEMH» 332 YaCTKOBHMH KPUTEPISIMH B HAIPSIMKY
3HIKCHHSI CKJIQJHOCTI MpOIEeayp OOYMCICHHS 1X 3HAUeHb, BHKOHATH TMOPIBHSAIBHHIA aHANi3 YacoBOi CKIAJHOCTI Ta TOYHOCTI
anmpoKcHUMallii mepeBar 0coOu, II0 MPUAMAE PIllIeHHS, 32 JOMOMOTOK0 MOHOTOHHHX (DYHKIIH MPUHAICKHOCTI; MaTH PeKOMCHIAI]
IIOJI0 TNPAKTUYHOTO BHUKOPHCTAHHS MOHOTOHHHUX (YHKILIl TPHHAJIEKHOCTI B CHCTEMax MIATPUMKHA NPUAHSTTS PpillIeHb.
BHKOpPUCTOBYIOThCS 3aralbHOHAYKOBI METOAM: TIPUIHATTS PillIeHb, TEOPil KOPHCHOCTI, HEWITKUX MHOXHH, ineHTHDiKamil. OTpumaHi
Taki pe3yabTaTH. Y CTaTTi MOJaHa po3poliieHa aBTOpaMH MOJENb HepeBar ocoOM, IO MPUHMAE PillleHHs, Ui OLIHKH OKPEMHX
BJIACTMBOCTEH TEXHOJOTIYHUX CHCTEM 3 BUKOPUCTAHHAM (YHKIIIi TIPUHANCKHOCTI HEUITKUM MHOYKHMHAM, 1[0 JI03BOJISIE peasli3yBaTu K
NiHINHI, Tak 1 HemiHidHI (OmyKmi, yBIrHYTI, S-00pa3Hi i Z-00pa3Hi) 3aJeXHO BiJ 3HAa4eHb YaCTKOBHX KpuTepiiB. [IpoBenene
EKCTIepUMEHTAJIbHE JOCHIDKeHHs BUSBIIIO i TIepeBary 3a Moka3HUKaMH TOYHOCTI Ta 4aCOBOi CKJIQ[HOCTI B MOPIBHSHHI 3 QYHKIISIMU
[ayca, XappiHrTOHa, JTOTICTHYHO (BYHKII€0, CKICHKAMU CTYMEeHeBUX (GYHKIIIH 1 iX MoaubikaiissMu. 3alpOnMOHOBAHO MPUHOMH, 10
3HIKYIOTh 9aCOBY CKJIQ/IHICTh MPOLEyp 00UNCICHHS 3HaYeHb (QYHKILIi MpruHaIeXHOCTi. BUCHOBKH. Y pe3ynbTaTi aHami3y BiIOMHX
(GYHKLIH TPUHATIEKHOCTI HEUITKMX MHOXKUH BCTAHOBJICHO, 110 BOHHM HEIOCTATHHO a/IeKBATHO BiJI0OpaXaroTh IepeBard ocoOH, 10
NpUAMAae PIlIeHHs, UL XapaKTePHCTUK CHCTEM OJM3bKHX 10 eKCTPEMAJIbHUX 3HA4YCHb I MAIOTh BITHOCHO BHCOKY OOYHCIIFOBAIIbHY
CKJIaJIHICTh. 3ampornoHOBaHa (DYHKINSI MPHHAICKHOCTI Ta crmoci0 11 oOYHMCICHHS TO3BOJSIOTH MiJBHIIMTH aJeKBATHICTH MOJEINEH
6araro()akTOPHOTO OI[IHIOBaHHS Ta CYTTEBO 3HH3UTH YACOBY CKJIAJHICTH MpOIEAyp OO4HMCIeHHs Ii 3Ha4deHb. IIpakTuuHe
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BUKOPHUCTAHHS 3aIPOIIOHOBAHOI (QYHKINT MPUHATIEKHOCTI B CHCTEMAaX MIATPUMKH HPUHHATTS MPOCKTHHUX 1 YIPABIIHCHKHX PIlICHB
JI03BOJIUTH MPAaKTHYHO 0€3 BTPATH TOYHOCTI OTPUMYBATH PO3B’SI3KH 3ajad 0araTo(pakTOpHOTrO OLIHIOBaHHs Ta BHOOpY Habarato
OLIBIIIOT PO3MIPHOCTI 200 3 MEHIIIMMHK BUTpaTaMu 00YUCITIOBAILHUX PECYPCIB.

KniouoBi ciioBa: TexHoNOriuHa cucTeMa, KpuTepii SKOCTi, OaraToKpuTepiajdbHA ONTHMi3allis, HEYITKa MHOXKHHA, (YHKIISA
MIPUHATICKHOCTI.

OIIEHKA CBOMCTB TEXHOJIOTI MYECKHUX CUCTEM C UCITIOJIb30BAHUEM
HEYETKHUX MHO>XECTB

IIpeqMeToM HCCICIOBAHUS B CTAThE SBIISICTCSI MPOLIECC OLCHKU CBOMCTB TEXHOIOTMYECKUX CHCTEM Ha ATalax uX NPOSKTHPOBAHHS U
peumkunupunra. Leap — mnobimieHre 3GGEKTHBHOCTH MPOLEAYP MHOTOKPUTEPHATBHOW OIICHKH BApPHAHTOB IOCTPOCHHMS
TEXHOJIOTHYECKHX CHCTEM C HCIOJIb30BAHUEM aflllapara HeYeTKUX MHOXKECTB. 3ajauM: MPOBECTH MMOMCK HOBBIX MIIM MOAMUGDHKAIHIO
M3BECTHBIX (DYHKIHMH MPHHAIIC)KHOCTH HEYETKHMM MHOXECTBAM (IYYIIMH BapHAHT IOCTPOCHHS TEXHOJOTHYECKOW CHCTEMBI» IO
YACTHBIM KPUTEPUSIM B HAMpPABICHUH CHIDKCHHUSI CJIOKHOCTH TPOLEAYpP BBIYMCICHUS HMX 3HAYCHHH, BBIMOIHUTH CPAaBHHUTEIbHBII
aHallM3 BPEMCHHOW CJIOKHOCTH M TOYHOCTH AaNPOKCHMAIUU TPEANOYTCHUH I, TPHHAMAIOIIETO PEIICHHs, C TOMOIIBI0
MOHOTOHHBIX (YHKIWI TNPUHAIICKHOCTH; JaTh PEKOMEHIAIMU IO TPAKTHYCCKOMY HCIIOIB30BAHUI0 MOHOTOHHBIX (DYHKITHIA
MIPUHAUIC)KHOCTH B CUCTEMaX MOJJICPKKH MIPUHATHS PEelICHUH. VICTIoNb3yroTesl 00ICHayYHbIC METOABI: TPUHATHS PEIICHUI, TCOPUU
MOJIC3HOCTH, HEYCTKUX MHOXKECTB, UICHTU(UKANUU. [loydeHsl cieayromue pe3yabTaThl. B crathe mpencTaBicHa pa3paboTaHHAs
aBTOpaMH MOJENb MPEANOYTCHHUH M, PUHUMAOIEr0 PEIICHUs], UTs OLEHKH OTJACTbHBIX CBOWCTB TEXHOJOTHYECKHX CHCTEM C
HCIMOIb30BaHNEM (GYHKIUH TMPUHAJIOKHOCTH HEYETKHM MHOXKECTBaM, IO3BOJLSIIONIAs PEAl30BaTh Kak JIMHEHHbIE, TaKk H
HEJMHEHHBIC (BBIMYKIIBIC, BOTHYThIC, S-00pa3Hble U Z-00pa3HbIe) 3aBUCUMOCTH OT 3HAYCHHUH YaCTHBIX KpuTepuen. IIpoBeneHHOe
IKCIIEPUMEHTAILHOE HUCCIIEI0BAHHE BBIIBIIIO €€ MPEHMYIIECTBA 110 MOKa3aTesIM TOYHOCTH M BPEMEHHOI CII0KHOCTH B CPaBHEHHHU C
¢bynkusiva  ['aycca, XappuHITOHA, JOTHCTHYCCKOM (DYHKIMEH, CKJICHKAMU CTENMCHHBIX (GYHKIUH W MX MOIU(UKAIHSIMU.
[IpeoxkeHbl MPUEMBI, CHIDKAIONIHNEC BPEMEHHYIO CIIOKHOCTh MPOIEAYP BBIUHCICHUS 3HAYCHUH (QYHKIMHA MPUHAIICKHOCTH.
BuiBoabl. B pesynbrare aHamu3a HM3BECTHBIX (YHKIHA NPHHAIICKHOCTH HEYCTKUM MHOXKECTBAM YCTAHOBICHO, YTO OHH
HEJIOCTATOYHO aJCKBATHO OTOOPaXKAKOT MPEAMOYTCHHUS JIMIA, MPHUHUMAIONICTO PEUICHUS, JUI1 XapaKTePHCTHK CHCTEM OJM3KUX K
9KCTPEMAabHBIM 3HAYCHUSIM M HMEIOT OTHOCHTEIBHO BBICOKYIO BBIYHCIUTEIBHYIO CIOXHOCTB.  IIpeasokeHHas (yHKIHs
MPUHAIICKHOCTH U CIOCOO €€ BBIYUCICHUS IMO3BOJIIIOT IMOBBICHTH aeKBATHOCTh MoOJeedl MHOrO(GaKTOPHOTO OLECHHBAHUS U
CYIIECTBEHHO CHU3UTh BPEMEHHYIO CJI0KHOCTD MIPOLIELYDP BBIYHCICHNUS ee 3HaueHuil. [IpaKTuiecKoe MCIO0Ib30BaHNe PETI0KEHHON
(GYHKUNY TPUHAUIOKHOCTH B CHCTEMaX MOAICPIKKH MPUHSTHSI IPOSKTHBIX M YIIPABICHUSCKUX PEIICHU MTO3BOJIUT MIPAKTUYECKH Oe3
MOTEPU TOYHOCTH IOJy4aTh PEIICHUs 3a1ad MHOrO(AKTOPHOTO OICHUBAHHS M BbIOOpa TOpasfo OOJbIICH pa3MEPHOCTH WU C
MEHBIIIMMH 3aTPaTaMH BBIYHCIUTEIBHBIX PECYPCOB.

KnwoueBble ciioBa: TEXHOJOTMYECKash CHCTEMa, KPUTCPUHM KadyeCcTBA, MHOTOKPHUTEpHANIbHAS ONTHMHU3AIMS, HEUYCTKOE
MHOXECTBO, (PYHKIIMS TPUHAIIICIKHOCTH.
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