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PARAMETRIC SYNTHESIS OF MODELS FOR MULTICRITERIAL ESTIMATION
OF TECHNOLOGICAL SYSTEMS

The subject matter of the article is the problem of multicriteria estimation of the properties of technological systems (TS) in the
process of their structural-parametric optimization. The goal of the study is to increase the efficiency of procedures for multicriteria
estimation of TS properties at the stages of their design and reengineering using the technology of comparative parametric
identification of the preferences of a decision maker. The objectives are: to increase the adequacy of the additive-multiplicative model
of multifactor estimation of variants of building a TS based on the Kolmogorov-Gabor polynomial; to develop an efficient method of
parametric synthesis of additive-multiplicative models of multifactor estimating and selecting variants of building a TS based on a
decision maker’s preferences; to carry out the analysis and give recommendations on the practical use of the suggested method of
parametric synthesis of models of multicriteria TS estimation. The methods used are: system analysis, decision theory, identification
theory, multicriteria optimization methods. The following results are obtained: to increase the adequacy of the models of TS
multifactor estimation, it is suggested to use the utility function of partial criteria that makes it possible to realize not only linear,
convex or concave, but also S (Z)-like dependencies on their values. To solve the problem of parametric synthesis of models of
multicriteria TS estimation, the method of comparative identification of a decision maker’s preferences is improved on the basis of the
procedures for calculating the Chebyshev point and the residual vector. The experimental study of the efficiency of the suggested
variant of the method is carried out. Conclusions. The application of the suggested function in additive-multiplicative models of TS
multi-factor estimation does not change the methods for selecting their parameters. The suggested improvement of the method of
comparative identification of a decision maker’s preferences on the basis of the procedures for calculating the Chebyshev point and
the residual vector for the parametric synthesis of models of TS multicriteria estimation enables covering all practically important
situations of selection described by binary relations of equivalence, strict, and nonstrict preferences. The experimental study of the
method confirms the increase in the efficiency of the procedures of parametric synthesis of models built on its basis in comparison
with the method of group accounting of arguments on the basis of genetic algorithms. Practical application of the results obtained in
the support systems for making multicriteria design and management decisions will improve their accuracy and, on this basis, increase
the functional and cost efficiency of modern TS.

Keywords: technological system, design, reengineering, optimization, quality criteria, multicriteria estimation model, utility
function, Kolmogorov-Gabor polynomial.

Introduction

Modern multiproduct manufacturing is characterized
by a wide variety of types of raw materials, methods of its
processing and the assortment of finished products. The
conditions of competition orient it towards all possible
reducing the terms of mastering new types of products and
improving their quality. In the context of modern
methodology, the production process is represented as a
technological system (TC) or a set of such systems. The
efficiency of technological systems is largely determined
by decisions that are made at the stages of their design or
reengineering. The processes of TS design, modernization,
planning the development or reengineering involve the
solution of many interconnected tasks of their structural,
topological and parametric optimization. The optimization
of production technological systems lies in the fact of
selecting the best option from a set of options that satisfy
all functional and value constraints according to a variety
of quality indicators (quality, cost of production, system
performance, equipment loading, and so on) [1-3]. At the
same time, one of the priority tasks is the task of
developing models for automated multicriteria estimation
of variants of building technological systems.

The analysis of the problem current state

The modern technology of TC optimization involves
solving many tasks: selecting system quality indicators
(private criteria of optimality); determining the parameters
that determine the efficiency of the system; developing a

generalized system efficiency criterion; selecting the best
option for building a system. The methodology for solving
TS optimization problems is based on the theory of
multicriteria decision making [4-6]. In addition, a
decision maker can select the best decision from the set of
efficient ones only in the simplest situations without using
formal methods [6]. Additional information about the
value of individual formalized properties (private criteria)
and their values should be included to automate the
procedures for assessing design decisions [7].

The most important task of formalizing the decision-
making process in the context of TS multicriteria
optimization is to determine a metric for ranking
alternatives. The utility theory [8] is traditionally used as a
methodological basis for developing the metric; according
to this theory, the value of utility (values) P(A,x)(where

A is the vector of the parameters of the function) can be
determined for each alternative variant of TS building x
from an admissible set X . Atthe same all x,y e X :

X~y P(Ly)o POLX)=PQ,y) <> P(,x)=PQ,Y);
Xy <> P, X)>PQ,y); x 2 y<«>P(,x)=P(,Y).

As the requirements to TS features are not fully
determined as the function of total utility P(A,x), it is
suggested to use the fuzzy set adjective "the best variant
of building a technological systems" [9]. In this case, the
fuzzy set "the best variant of building a technological
system'can be presented as a set of ordered pairs:

"the best variant of building a technological system" =
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={ <x, P(A, x) >},

where x e X is a variant of building the system; P(A,x)

is the membership degree of the variant x e X to the fuzzy
set "the best variant of building a technological system".
Determining a metric for ranking the variants of TS
building xe X is actually solving the task of
identification of a decision maker’s preferences, that is
solving the tasks of structural and parametric synthesis of
the total utility function (TUF) P(A,x). In the general
case, this involves selecting a similarity criterion, a set of
input signals, structure and parameters of the function
P(A,x), assessing its accuracy or adequacy to a decision
maker’s preferences. When the selected model structure
is selected as P(4,x), the task is to determine the best

values of its parameters 1= A°.

Depending on the problem situation criteria of
identification (similarity of models) are: the minimum of
summary (mean, maximum, summary squared) absolute,
relative error of estimation of total utility P(A,x),the
maximum of preferences force, the midpoint maximum,
the maximum of the function of use appropriateness or the
minimum of the error of establishing the order of
alternatives xe X [10].

The models of multicriteria assessing and selecting
are built on the basis of additive, multiplicative or mixed
TUF [7]:

P(AX)= Y4 &(X); o
i=1
. A

P =TT[E()] @

i=1

P(AX) =3 4 &)+ S A4y - E()-E(X) . (3)
i=1

i=1 j=i

where P(A1,x) is the estimation of an alternative utility x;
m is a number of partial criteria; 4,4; are weight

coefficients of partial criteria k;(x) and their products
420, ;=20; i=1m; &(x)=&[k(x)] is a partial

criterion utility function (PCUF) k;(x), i=1,m.

The main drawback of the models of the form (1) is
that they do not reflect the objective role of partial criteria
and allow practically unlimited compensation of one
criterion by others. The drawback of models of the form
(2) is that they can compensate for the insufficient value
of one particular criterion by the excess of another one.
The utility function built on the basis of the Kolmogorov-
Gabor polynomial (3) can overcome the drawbacks of the
models (1) and (2) [7].

If the vector of parameters A is determined and the
type of the function of partial criteria utility &(x),

i =1,m is known, the task of selecting the best variant of
TS building for the models of the form (1) — (3) can be
reduced to the task of optimization:

x° =arg ma}(xP(/l,x). 4
Xe

The vector of weight coefficients is traditionally
determined with the help of the expert method by ranking
methods, attributing points, sequential preferences, paired
comparisons [5, 6]. The drawbacks of the mentioned
methods are the complexity and relatively low accuracy of
estimates.

The technique of the comparative identification is
used as an alternative to the expert assessment of
parameters [11-12]. For structural and parametric
identification of the models of the mixed type (3), the
method of arguments group accounting (MAGA) on the
basis of genetic algorithms is suggested [12-13]. The
practical application of this method is limited by its high
time complexity and low accuracy of obtained solutions.

The review of the current state of the problem shows
that the tasks of parametric or structural and parametric
synthesis have been studied so far in one of the types of
additive, multiplicative or mixed functions of the total
utility P(A1,x) (1) — (3) that are built on the basis of non-

universal utility functions of partial criteria &(x),

i =1,m, using the approximate methods of identification
[6,7 10, 12-14].

The research goal and objectives

The object of the research
production systems.

The subject of the research is the process of
interactive multi-factor estimation of the variants of
building technological production systems.

The goal of the research is to increase the efficiency
of the procedures of multicriteria estimation of the
features of technological systems at the stages of their
design and reengineering using the method of comparative
parametric  identification of a decision maker’s
preferences.

The achieve the stated goal, it is necessary:

-to increase the adequacy of the additive
multiplicative model of multi-factor estimation of variants
of building the TS built on the basis of the Kolmogorov-
Gabor polynomial;

- to develop the efficient method of the parametric
synthesis of additive multiplicative models of the multi-
factor estimation and selection of the variants of TS
building;

- to conduct the analysis and give recommendations
as to the practical application of the suggested method of
the parametric synthesis of the models of TS multicriteria
estimation.

is technological

The research materials

The task of parametric synthesis of the models of
multicriteria estimation of technological systems will be
solved using the general utility function P(A,x) built on

the basis of the Kolmogorov-Gabor polynomial (3). The
general function of partial criteria utility &(x), i=1,m
will be used as a constituent of the general utility function.
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The general function of partial criteria utility enables
implementing linear, convex, concave, S- and Z-shaped
dependences on the values of partial criteria k;(X),

i =1,m with the high degree of accuracy[14, 15]:

Ka
&(x)= . 5)
a+(l-a)- M . ka <k(x)<1,
1—ka
R(x):%,iﬂ,_m, (6)

where ka, a are normalized values of coordinates of the
point of function sewing, O<ka<l, 0<€<1;
ay; 0 are the factors that determine the type of the
dependence at the starting and final sections of the
function; k(x), k¥, k™ are the values of a partial
criterion for the variant x, the best and the worst values
of the criterion k(x).

This function exceeds the known Gaussian function,
Harrington function, and logistic function with respect to
the accuracy of the approximation of a decision maker’s
estimations [14].

The essence of the technology of comparative
identification of a decision maker’s preferences when
optimizing TS lies in the following fact. The types of the
partial criteria utility function are given as &(x), i=1,m
(5) and TUF P(A4,x) (3), they represent the TS most
important features. A decision maker implements the pairs
of the variants of TS building from the subsets of the
admissible ones which creates in the consciousness of a
decision maker some subjective estimations of the utility
P(x) and P(y), whose values cannot be measured.
Binary relations are developed on the basis of these
estimations (the equivalence or preference of variants is
justified):

- variant equivalence Rg(X)={<x,y>Xx,yeX,x~y};

- strict preference Ry(X)={<x,y>x,yeX, x>y} ;

- preference-indifference relation
RN(X)={<x,y>: x,yeX,x;y}.

Corresponding systems of equations and inequalities
are derived:

P(/I!X):P(ﬁ"y)! X!yERE(X)! (7)
P(l,X)>P(ﬂ,y), leERS(X)’ (8)
P(4,x)=P(4,y), X,y €Ry(X), (9)

where 4 is the target vector of TUF parameters.
Therefore, the task of parametric identification of

TUF of TS variants is to determine the vector A =[4 1",

(where N isanumber of model parameters) that meet the
requirements of the derived system of equations and

inequalities (7), (8) or (9). In addition, the derived system
of equations and inequalities can be incompatible or can
have innumerable solutions.

The minimum error in ordering the priority of
alternatives and the minimum sum of the squares of
estimating the errors of the alternatives utility are selected
as the criteria for identifying a decision maker’s
preferences when solving the task of TS optimization. A
number of components of the model (3) is selected on the
basis of the required accuracy of ordering a decision
maker’s preferences, the dimension of the task, and the

available computing resources. At the same time, the
maximum number of summands is equal N=C, -1
(where mis a number of partial criteria; n is the
polynomial degree).

The following notation is introduced:

S()-&(X)=&na(X)y Ag = Amiar &(X)-E(X) = Epia(X)
/11,2 =Ams2s oo

Taking into account these notations (10) the function
(3) can be presented as the additive one (11):

(10)

N
P(2,x)=2 4 &(x). (11)
i=1
The components of the wvector A should be

estimated basing a decision maker’s preferences among
the alternatives x,y e X© (where X is a subset of the

Pareto-efficient alternatives). The pairs of alternatives
should belong to a subset of the Pareto-efficient ones,
which is caused by the fact that considering dominating
alternatives from the subset of the agreement

XS =X\XC while developing the binary relations of
strict preference Rg(X) and preference-indifference

relation Ry (X ) does not contain useful information, that

is x=z VWxeX® and Vze X5. This is due to the fact

that strict preference and preference-indifference relation
for dominating alternatives are performed under any

values of weight coefficients 4, i=1,N .
For equivalence relation R(X) according to the

model (11) the system of equations including nE equation
is derived from the condition P(x)=P(y),

(x,y)eRg(X):
N N
m(A) =24 &)= 4&(Y), <xy>eRg(X),
i=1 i=1

j=1ng, (12)

As well as the equation for normalizing the vector
N —
M, (2)= 24 =1, %420, i=1N,
i=1

where ng =Card R;(X)

equivalence relation Rg(X).

is the cardinality of the
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For strict preference Rg( X ) preference-indifference
relation Ry(X) the systems of non-linear inequalities
and normalizing conditions are obtained:

N N
7(2)=2 4 &(X)> D A &(Y), <xy>eRs(X),
i=1

i=1

j=1ng, (13)

ﬂns+1(ﬂ’)5§:ﬂi =1, 4 =0, i=1LN;
i=1

N N
mi(2)=2 4 &2 Y A4 &(Y), <xy>eRy(X),
i=1

i=1

i=1ny, 14)
N —
M, a(A)=2 4 =1 %420, i=1N,
i=1
where Ns =Card RS(X), ny =Card Ry(X) o0

cardinalities of relations RS(X)and RN(X).

The obtained systems of equations and inequalities
(12) — (14) are homogeneous and specify numerous planes
that cross the zero point of the coordinate system. Their
second parts as normalizing conditions Zﬂi =1, 420

determine secant lines. Thus, Haar condition is met, and
systems (12) — (14) are inconsistent B in general.

One of the methods of solving similar systems is
searching the Chebyshev point [7], which enables
reducing original tasks to the tasks of linear programming
[11, 16]. If the additional variable Ay, is added to the

system of equations (12), the set of constraints
|77j(/1)|£/1N+1, j=1,ng can be created to get the

equivalence relation Rgz( X ). Itis as follows:

~1j(A)+ Ay 20, 7;(A)+ 2.0 20, j=1ng, (15)

N
Moea(A)=D 4 =1, %420, i=1N.

i=1
Minimizing Ans1 —> MIN in the context of

constraints (15) is a task of linear programming and
enables obtaining the Chebyshev point of the system (12).

In this case the Chebyshev point A° has geometrically
least deviation in modulus | r| from the whole set of
equation planes (12)

|r] :min m?x |nj(i)|:m?x‘nj(l°)‘. (16)

The additional variable A, is introduced to the
constraints (13) for the relation Rg(X), the conditions
nj(A)< Ay, =1ns should be performed. Then,

searching the Chebyshev point of the system of
inequalities (13) is reduced to a task of linear
programming:

Angr = ming —n;(A)+ 4y, 20, j=1ng,

nnsﬂ(/l)sizi:l, 4>0, i=LN. (17)
i=1

If the system of inequalities (13) is consistent,
r=minmax;(21)<0, and the obtained solution A°
A

will be highly sustainable to probable shifts of constraint
planes. If the system (13) is inconsistent, r >0, and the
Chebyshev approximation is obtained, which is the value
of minimal deviation for solving the target systems. In
this case, for the system of preferences, which is described
by the binary relation Rg( X ), there is not a single vector

of weight coefficients of partial criteria A that meet the
requirements of (13).

Searching the Chebyshev solution (approximation)
of the system of linear inequalities and constraints for
preference-indifference relation Ry (X )is reduced to a

task of linear programming in the same way (14).

The drawback of solutions in the form of the
Chebyshev point is their orientation only to the extreme
constraints and to the minimization the maximum
deviation of the obtained point from the planes of
deviations 7;(1). Generic solutions of the systems

(12) — (14) are suggested for using as an alternative to the
solutions in the form of the Chebyshev point. that take
into account the removal (or deviation) from the whole set
of constraints [11]. The vector can be used as the solution
of the system (12) for the relation of equivalence R;( X)

A° =arg min||A/1—b||, (18)

where |Al-b| is the norm of the residual vector;
A=[g;] is the matrix of coefficients for the system (12),

the elements of which are
aji :[&i(y)_ai (X)]v J :ll Ne, i :lrm ; J is the pair
number  <x,y> in the ratio of Rg(X);

anE+l,i =lv i=l,m; b:[oxo,..-,l]T.

The research results

The suggested method has shown its efficiency and
effectiveness in solving test tasks. The results of solving
the tasks from [10, 12, 13] were used for comparison.

In [13], a special case of the function (3) was used as
a model to estimate the variants according to four
particular criteria

4
P(A,X)=D 4 -&(X)+ A5 - EL(X)+

i=1
26 +&5 (X)+ 27 - &5 (%) &4(X)
With weight coefficients a = [0.33; 0.12; 0.15; 0.08;
0.1; 0.15; 0.07]. The values of TUF P(A,x), obtained on
the basis of the model (19), determine the following order
at a set of alternatives x; e X , 1 =1,12 (table 1):

(19)
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X > Xqo = X = Xg =Yg = Xg = Xg > Xqg = Xpp = Xp = Xg = X3.(20) | =1,12, | 6 ; task 2 is to determine the best values of

After the following notations had been introduced:
&(x)-&(x)=&5(x), &(%)-SH(x)=4(X),
&(X)- & (X)=&(X),

the model (19) was presented in the additive form:
7
P(2,x)=D % &(X).
i=1

To estimate the method efficiency, many tasks of
parametric  identification of a decision maker’s
preferences in the form of (3) were solved for the
conditions of strict preferences and equivalence: task 1 is
to determine the best parameters of the model (19) that
fulfil the condition P(A,% ) >P(4,%),

Table 1. The characteristics of the variants of TS building

the parameters of the model (19) that lays down the order
(20); task 3 is to determine the best values of the
parameters of the model (19) that fulfil the conditions
P(A.%)=P(A,%), V1=1,12; task 4 is to determine
the type and parameters of the model of the second
degree (3) on the basis of the fact of selecting a decision

maker’s variant x° =X, , that is the one which fulfils the

condition P(A,%;)>P(A4,x), VI=112, 1#6; task 5
is to determine the type and parameters of the model of
the second degree (3) that lays down the order (20); task 6
is to determine the type and parameters of the model of
the second degree (3) that fulfils the conditions

P(A!XG):P(A,)Q), | :rl2.

X &(x) &2(X) &a(X) $4(X) P(4.x)
X 0,87 0,11 0,55 0,12 0,4745
Xy 0,42 0,37 1,0 0,0 0,3712
X3 0,11 0,66 0,34 0,82 0,3182
X4 0,74 0,24 0,19 0,52 0,4134
Xg 0,0 1,00 0,64 0,25 0,3972
Xg 1,0 0,0 0,44 0,36 0,5359
X7 0,40 0,80 0,59 0,05 0,4346
Xg 0,49 0,46 0,0 1,0 0,3527
Xg 0,64 0,42 0,32 0,78 0,4569
X10 0,92 0,08 0,38 0,25 0,4825
X11 0,18 0,60 0,64 0,85 0,3907
X5 0,25 0,55 1,00 0,18 0,3771
All the mentioned tasks are incorrect according to Conclusions

Hadamard: tasks 1, 2, 4 and 5 have the infinite set of
solutions; tasks 3 and 6 do not have a single solution.
Regularizing the tasks of searching the solutions of the
system of equations and inequalities (12) —(13) in the
form of (17)—(18) enables obtaining unambiguous
solutions.

The obtained solutions of tasks 1, 2, 4, 5 enable
restoring the complete initial order of a decision maker’s
preferences with the inaccuracy of reference values by
63,2-87,3 % less than while using the method of the
group accounting of arguments.

The residual vector (18) was minimized for tasks 3
and 6, which enables obtaining the parameters of the

models A={4}; iz,:l, 4 >0, i=1N that
i=1

equalize the values of all variants P(A4,%5)~=P(4,% ),
Vv 1=1,12 to the fullest extent. In addition, the maximum

deviation from the equality of the values of variants utility
was 0,2177 for task 3, and 0,1826 for task 6.

The approach of the comparative identification of
the vectors of preferences for models of multivariate
estimating and selecting solutions based on the
Kolmogorov-Gabor polynomial was further developed as
a result of the analysis of the problem of estimating the
properties of technological systems in the process of their
optimization.

In order to increase the adequacy of multi-factor
estimation models, it is suggested to use the utility
function of partial criteria, which enables implementing
not only linear, convex or concave, but also S (Z)-shaped
dependences on their values. Its use makes it possible to
increase the accuracy of expert approximate estimates
significantly compared to the models built on the basis of
Gaussian functions, Harrington and logistic function.
Moreover, the application of the suggested function in
available models of multi-factor estimation does not
change the methods of selecting their parameters.

Improving the method of comparative identification
is suggested on the basis of the procedures for calculating
the Chebyshev point and the residual vector is suggested
for the parametric synthesis of models of multicriteria




ISSN 2522-9818 (print)

Innovative technologies and scientific solutions for industries. 2017. No. 2 (2)

estimation of technological systems. This enables
covering all practically important situations of a decision
maker’s selection that are described by the binary
equivalence relations, strict preferences, preference-
indifference relations, and increasing the efficiency of the
synthesis procedures in comparison with the method of
group accounting of arguments based on genetic

management decisions will increase their accuracy and, on
this basis, increase the functional and cost efficiency of
modern technological systems. Developing efficient
mathematical models, methods, and information
technologies of integrating decision support means into
the technology of design, adaptation and reengineering of
technological systems can be the directions of further

algorithms. research in this area.
The practical application of the results obtained in

the systems that support making multicriteria design and
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MMAPAMETPUYHWI CUHTE3 MOJIEJIENA BATATOKPUTEPIAJIBHOI'O
OIIHIOBAHHSA TEXHOJIOT'TYHUX CUCTEM

IMpeaMeTomM AOCTIIKEHHS B CTATTI € IMpo0OiieMa 0araTOKPUTEPiaabHOI OLIHKK BIACTHBOCTEH TexHojoriunux cucteM (TC) y mporeci
IXHBOI CTPYKTYPHO-TTapaMeTPUIHOI onTuMizaiii. MeTor TOCTiKEHHS € MiBUIICHHS ¢()eKTHBHOCTI MPOIeayp OaraToKpuTepiaabHOT
OIIIHKK BjacTHBocTed T3 Ha eTamax iX MPOCKTYyBaHHS Ta PEIHKUHIPUHTY 13 BHKOPHUCTAHHSAM TEXHOJIOTI KOMITapaTOPHOI
nmapaMeTpu4Hoi imeHtudikanii mepesar ocobu, mo npuitmMae pimenss (OITP). 3agauwi: migBHINMTH aJeKBaTHICTh aJUTHBHO-
MYJIBTHIUIIKaTUBHOI MoJieni 6araTto(hakTOpHOTO OIiHIOBaHHS BapiaHTiB moOynosu TC, cTBopeHOi Ha ocHOBI moiHOMa Konvoroposa-
I'abopa; po3poOHTH e(hEeKTHBHUH METOJ IMapaMeTPUYHOrO CHHTE3y aJUTHBHO-MYJIBTHIUIIKATUBHHX MOJENeH OaratoakTOpHOTO
OLiHIOBaHHS Ta BUOOpPY BapiaHTiB noOynoBu TC Ha ocHOBI nepesar OIIP; mpoBecTn aHami3 i JaTH peKOMEHIALI] MO0 MPAKTHIHOTO
BUKOPHUCTAHHS 3alpONIOHOBAHOTO METOJy IapaMeTPHYHOIO CHHTE3y Mopeneil OaraTokpurepiambHoro ominioBaHas TC.
BukoprcroByBaHi MeTOAM: CHCTEMHHI aHaNi3, TeOpis HMPUHHATTS pilleHb, Teopis ineHTHdikamii, MeToqu OGaraTOKpHTepiaabHOL
ontuMizamii. OTpuMaHi Taki pe3ynbraTd. J[ias MiABHINICHHS aJeKBaTHOCTI Mojenei OararogakrtopHoro ouiHoBaHHS TC
3aMpOINIOHOBAHO BUKOPUCTOBYBATH (DYHKIIIFO KOPHCHOCTI YaCTKOBHX KPUTEPIiB, 10 JO3BOJISIE peali3yBaTH HE TUIBKH JIiHIHHI, OMYKI
abo yBirHyti, ane i S (Z)-006pasHi 3a1eKHOCTI Bim iX 3HayeHb. [l po3B’s3aHHs 3a1adi IIapaMETPUYHOTO CHHTE3y MOIENei
OararokpuTepianpHOro ouiHoBaHHSA TC ymoCKOHaJIeHHH METOA KoMIaparopHoi ineHtudikaunii mepesar OIIP Ha ocHOBI mpomenyp
o0unciIeHHs 4YeOWIIOBCBKOI TOYKHM 1 BEKTOpa HEB’sI3KW. [IpoOBEIEHO eKCIepHMEeHTalbHE JOCITIDKEHHS e(eKTUBHOCTI
3aIpOIIOHOBAHOTO BapiaHTy MeToxy. BucHOBKH. 3acToCyBaHHS 3anpoNIOHOBaHOI (GDYHKIT B aANTHBHO-MYJIbTUILTIKATHBHUX MOJEIISX
OararogakTopHOro oliHoBaHHS T3 HE BHOCHTB 3MiH JI0 METOJIiB BHOOPY IXHIX MapaMeTpiB. 3alporMOHOBAaHE YIOCKOHAJICHHS METOTY
KoMIapartopHoi ineHTudikamii nmepesar OITP Ha ocHOBI mpouexyp OOYHCIICHHS YeOMIIOBCHKOI TOYKH Ta BEKTOpA HEB’SI3KH IS
MapaMeTpPUYHOTO0 CHHTE3y MOJeNel 0araTOKpUTepiaibHOTO OIliHIOBaHHS T3 T03BOJISE OXOMUTH BCI MPAKTHYHO BaXJIMBI CHUTYAaIlii
BHOOpY, IO TOHAIOThCA OIHAPHMMHM BIJHOIICHHSMH EKBIBAJICHTHOCTI, CTPOroi Ta HecTporoi mepesar. EkcrnepuMeHTanbHe
JIOCITI/DKEHHST METOAY HiATBEPKY€E MIABHILECHHS ¢PEKTHBHOCTI MOOYIOBAaHUX Ha HOTO OCHOBI MPOLEAYP MapaMeTPHUYHOTO CHHTE3y
MoJieNield y HOPIBHAHHI 3 METOJOM TPYHOBOTO OOJIIKY apryMEHTIB Ha OCHOBI T€HETHYHHX aidropuTMiB. [IpakTwyHe 3acTOCYBaHHS
OTPUMAaHHX Pe3yNbTaTiB y CHCTEMax IMiATPUMKU NPUHHATTS 0araTOKPUTEPiaIbHUX IPOSKTHHX 1 YIPaBIiHCHKUX PIIICHb JT03BOJIHUTH
MIABUINNATH 1X TOYHICTD 1 Ha LIl OCHOBI MiABUIIMTH (YHKIIIOHAILHO-BAPTICHY €PEKTUBHICTH cydacHuX T3.

KimiouoBi cioBa TexHoNOriuHa CHCTEMa, IIPOEKTYBAaHHS, PEIMKUHIPUHT, ONTHMIi3amis, KpUTepii sKOCTi, MOJENb
0araToKpHTepiaTbHOTO OIIHIOBaHHS, (YHKISI KOPHUCHOCTI, mojiHoM Konvoroposa-I'abopa.

HAPAMETPUUYECKHU CUHTE3 MOJIEJIEM MHOT'OKPUTEPHUAJIBHOI'O
OIEHUBAHUSA TEXHOJIOT'NMYECKUX

IIpenveToM HM3ydeHUs B CTaTbe SBISETCS HMpoOieMa MHOTOKPHUTEPHATbHON OLEHKH CBOMCTB TexHonormdeckux cucreM (TC) B
IpoIecce X CTPYKTypHO-ITapaMeTpudeckoil ontuMu3anud. Llebio mccieoBaHus sBIsIeTCS NOBBIICHNE 3 ()EKTHBHOCTH TPOIETYP
MHOTOKPHTEPHAIBHON OmeHKH cBOHCTB TC Ha 3Tamax WX NMPOEKTUPOBAHMS U PEMHXWHHPHHTA C HCIOJIB30BAHUEM TEXHOJIOTHH
KOMITapaTOPHO# MapaMeTpuyecKoil MACHTU(QHUKAIUHN MPEANOYTeHHN ria, npuHuMatoniero pemrexust (JIIIP). 3agaum: moBeIcHTh
aJIeKBaTHOCTh aJTITUBHO-MYJIbTHIUIMKATHBHONH MOJIENT MHOTO()aKTOPHOTO OLleHWBaHWs BapUaHTOB mocTpoeHus: TC, mocTpoeHHOH
Ha ocHoBe mnoinmHOMa Komnmoroposa-I'abopa; paspaboraTh 3((GEKTUBHBI METOJ MapaMeTPUYECKOr0 CHHTE3a aJJMTHBHO-
MYJIBTHIUTMKaTHBHBIX MOJENeH MHOro(h)akTOpHOTO OIEHMBaHMS M BbIOOpa BapuaHTOB moctpoeHuss TC Ha OCHOBE MpeaouTeHHH
JITIP; mpoBecTu aHanu3 U JaTh PEKOMEHJALMU MO NMPAKTUYECKOMY MCIOIBb30BAaHUIO MPEAJIOAKEHHOIO METoJa MapaMeTpUyecKoro
CHHTE3a Mojenedl MHorokpurepuambHoro ouneHuBaHus TC. Mcmonp3yemble MeTOAbI: CHCTEMHBI aHANW3, TEOPHS HPHHATHSI
pelreHuit, TeopHs HIACHTH(HKAIWK, METOAbl MHOTOKPHTEpHATbHON onTuMmm3anuu. IlomydeHsl criefyiomye pe3yabTaThl. Jlns
MOBBIIICHUS aeKBaTHOCTH MOjieNiel MHOro¢akTopHOTo ornieHnBaHus TC MpeioxKeHo HCIOIb30BaTh (QYHKIHIO MONE€3HOCTH YaCTHBIX
KPHUTEPHEB, TMTO3BOJIIONIYIO PEaTn30BaTh HE TONBKO JIMHEWHBIE, BRITYKIIbIE MIIH BOTHYTHIE, HO U S (Z)-00pa3Hble 3aBHCHMOCTH OT HX
3HaueHUH. [l perieHns 3a4adn mapaMeTprdecKoro CHHTe3a Mojenell MHOTOKpUTepHanbHoro onenuBanus TC ycoBepuIeHCTBOBAaH
MeToJ] KoMnapaTopHoi maeHtudukamun npeanourenuii JIIIP Ha ocHOBe mpoueayp BBIYMCICHHS UYeOBIILIEBCKOW TOYKH M BEKTOpPA
HeBs3kH. [IpoBeseHO SKCIIepUMEHTalbHOE HccleqoBaHHe J()(EKTHBHOCTH NPEUIOKEHHOT0 BapHaHTa MeToJa. BBIBOABI.
[MpumeHeHne MpeIoKeHHOH (QYHKINH B aJANTHBHO-MYJIbTUINIMKATUBHBIX MOAEIAX MHOrodakropHoro oueHnBanus TC He BHOCHT
W3MEHEHUH B METOIbl BhIOOpa MX mMmapaMeTpoB. [IpemnoskeHHOe yCOBEpLISEHCTBOBAHHE METOJA KOMITApATOPHOH HMACHTU(HKAINU
npexnourenui JINIP Ha ocHOBe mpouexyp BBEMHCICHHS YEOBIIIEBCKOH TOYKM M BEKTOPA HEBS3KM IJISI TApaMETPHIECKOTO CHHTE3a
MOJIeNell MHOTOKpUTepUaabHOro oneHnBaHUs TC mM03BONISIET OXBATUTH BCE MPAKTHUECKH Ba)KHBIE CHTYallH BBIOOpPA, OIHCHIBAEMBbIE
OMHAPHBIMH OTHOIICHUSIMH 3KBHBAJICHTHOCTH, CTPOTOT0, HECTPOTOTO TPEINOUYTeHHI. DKCIepHMEHTAIbHOE MCCIIENO0BAaHHE METOa
MOATBEP)KAACT MOBBIMICHNE 3()(HEKTUBHOCTH MOCTPOCHHBIX HA €r0 OCHOBE IPOLEAYp NapaMeTPHUYECKOrO CHHTE3a MOoAeNel Io
CpaBHEHHMIO € MECTOAOM TIpPYIHIIOBOTO Y4Y€Ta aprymMEHTOB Ha OCHOBEC TI'€HETUYCCKUX aJITOPHUTMOB. HpaKTuquKoe MPUMCHECHUEC
MOJIYYCHHBIX PE3YJIbTAaTOB B CUCTEMaX IOAACPKKH IMPUHATHA MHOTIOKPUTCPHAJIBHBIX ITPOCKTHBIX W YIPABJICHYCCKUX peLl_leHl/If/i
MO3BOJIUT IMOBBICUTH UX TOYHOCTh U HA STOW OCHOBE MOBBICUTH (PYHKIIMOHAIBHO-CTOUMOCTHYIO 3(h(hEeKTUBHOCTH coBpeMeHHBIX TC.
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