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Abstract. The multicriteriality of the tasks when developing high performance building
composites and the need for a quantitative description of the relations of materials characteristics,
quality criteria and resource savings, etc. with factors of material composition, production process
and operating conditions are emphasized. The approaches commonly used to solve multicriterial
optimization problems and their disadvantages are called. The proposed method of iterative random
scanning the fields of material properties in coordinates of composition and process parameters is
described, allowing the variety of optimization problems to be solved. Designed to find the
compromise solutions, by several criteria of optimality with requirements for a number of
constraints criteria, the method also allows the acceptable and optimal solutions by individual
criteria to be determined. The number of optimality criteria (which must be minimized, maximized,
or improved compromisedly) and of constraints criteria (the specified ranges of their values should
not be violated) is not limited. The algorithm is quite universal. It is easily implemented in a table
processor, in an interactive mode. At any iteration, resource-intensive factors requiring
minimization can be added to the number of the criteria, other conditions of the problem can be
changed (with new technological information being obtained in computational experiment). The
stages and results of the search for a compromise optimum are illustrated by the example of
developing the composition of filled carbamide binder.

Keywords: compromise optimization, composite material, experimental-statistical model,
composition-process field, iterative random scanning, filled carbamide binder.

Introduction. When developing high performance building materials, one has to take into
account a lot of criteria (properties, Y). These may be technological and structural characteristics
(viscosity, workability, porosity), physical and mechanical properties (density, heat conductivity,
strength, elasticity modulus), durability indices (water and frost resistance, in particular), resource saving
and other environmental criteria. Coefficients of fundamental and conceptual equations related to
designing the material and the estimates got on simulated structures could be also among the criteria.

It is quite obvious that the desired structure and the desired properties of the material can only
be obtained through certain multicomponent compositions, at certain process parameters (CP-
factors, including those of operational conditions). The values of these variables, that should be set,
present the vector of CP-factors, x = (X1, ..., Xk), which can be varied in certain domain Q.

To determine (to find) the values of x that would provide the desirable properties of the
materials at various stages of their life (mix, forming structures, hardened composite) one needs the
quantitative descriptions of the relations of the criteria Y with factors vector x. Experimental-
Statistical models (ES-models, [1-3]), describing the fields of material properties in CP-coordinates
[3, 4], are the ones that can connect directly the properties with CP-factors. In building materials
science, in most cases, a second-order polynomial (1) is used as a type of EC-model (in some cases
including effects up to 4™ order), with normalized | xi| < 1 and coefficients b expressing individual
and synergistic effects of composition components and process parameters.

Y(X):b0+zblxi+Zb|ixi2+zbljxixj 1

i<j
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Some of the properties (Y) must comply with specified requirements (set by a customer or some
standard, or by an idea of researcher), which may cut out a restricted region of acceptable CP-solutions
(€2) from the whole Q. The levels of other criteria (Yo) should be minimized or maximized (optimized).

When optimization problem is formulated it is commonly the task with only one optimality
criterion Yo. This could be one of the properties or CP-factor (specifically, minimized should be the
dosage of some expensive component or the process parameter that lengthens the time of obtaining
certified material). The task is formulated as a problem of conditional optimization (of linear or
non-linear programming), with a specific "main" criterion as an objective function and all other Y as
constraints. As the only optimality criterion the integral criterion, with weighting multipliers, may also
be applied, such as desirability function [5, 6]. The latter is widely used in engineering design when
several, often conflicting, criteria are important, and multiobjective optimization problem is formulated.

There are a great many publications (in particular, [7] and those mentioned in [8, 9]) on the
methods to find the optimal engineering solutions, including those used when developing building
composites [10]. The analytical method of determining the acceptable and optimal solutions by the
2" order models (1), described in [11], should be also mentioned, as well as graphic-analytical
approach [1, 2, 12], which helped to solve a lot of specific tasks.

It must be recognized, however, that the most commonly used approach for multi-objective
problem is to assign weights for every criterion, and the most popular method is the use of
desirability function [13-16]. But the need to assign weights to particular criteria is the main
disadvantage of the method. The "stiffness" of the decision, the inability to change flexibly the
priorities in the process of the search is also a significant drawback.

The alternative is the search for the compromise (Pareto optimal solution [7, 9, 17]), which could
be performed without any preference information. Potential optimal solutions would not then "get lost
due to enforced weighting of the multiple objective functions™ [18]. It is also important to arrange an
interactive iterative search process, and the authors of [19] support this concept. As they justly write,
the decision maker (DM), "who is supposed to have insight into the problem and be able to specify
preference information related to the objectives considered and different solution alternatives”, “can
specify and correct her/his preferences and selections progressively” during the search process
"until the DM has found the most preferred solution (or some stopping criterion is satisfied)".

The aim of this paper is to promote the application of the method, which allows solving the
inexhaustible diversity of multicriterial optimization problems that could arise in the study and
design of multicomponent materials.

The method is easily implemented in a table processor, in an interactive mode. The number of
optimality criteria Yo (which must be minimized, maximized, or improved compromisedly) and
constrain criteria Yo (the specified ranges of their values should not be violated) is not limited in
principle.

The idea of the method of iterative random scanning the composition and process fields (CP-
fields) appeared quite a few years ago. Its realization has undergone a number of modifications for
solving various optimization tasks when studying and designing the composites of various purpose,
on silicate and polymer matrices, with various fillers, additives, fibre and so on. The solutions
obtained were described in a number of papers [20 et al] and in the book [3], with some details of
the method. But it was not presented sufficiently. Below the method is described in general form,
the specific task being used to demonstrate the search process.

General statement of the problem. The variety of the tasks to be solved can be symbolically
represented in the form (2):

Yoi(X), (I=1, ..., Mg) = min (max), X € Q:{Yqj(X) < (=) Yajspec = 1, ..., M)} @)

The symbolic notation (2) covers, in particular, the problem with the single optimality
criterion (individual or integral) and the problem of determining just the set of acceptable CP-
variants (when Mg = 0), that fall into the region of acceptable solutions, Q < Q,, defined by direct
and functional constraints (boundaries x; = +1 and Yq;j(X) = Yqjspec, 2 regions coincide if Mg = 0).
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In the general case, expression (2) formulates the problem of multicriterial compromise
optimization in a multidimensional bounded domain. To solve just such problems the described
method of multifactor search for a compromise optimum is most of all intended.

The strategic provisions on which the search procedure is based are as follows.

1. Generation of in principle unlimited number of points x in the domain Qy of the criteria Y (x)
— in the multifactor region of the multicriterial field. In this way any number of possible CP-options
IS simulated.

2. Estimating the field level of any criterion from in principle unlimited set of material
quality, cost, or resource saving criteria for each variant x by experimental-statistical or other
model, taking into account the risk of modelling. This is how responses are simulated in the
computational experiment.

Provisions 1 and 2 provide the ability to perform both deterministic and random scanning of
CP-fields.

3. Selecting for comparison (and further choosing the "best™) from those CP-variants that
satisfy the requirements by Yq, criteria.

Position 3 ensures the formation of the region of acceptable solutions Q.

4. Implementation of the search principles:

* it is an iterative process carried out from a certain initial approximation, the initial search region,

« at each iteration, actions are taken that lead to a reduction of the search area, to a narrowing
of the uncertainty intervals for factors x.

5. Dialogue of a material scientist (decision maker) with a computer at each iteration. You can
change the priorities of the criteria, the search ranges, the "speed" of maximization and
minimization of one or another Yo due to the factors (from technical and economic positions and
depending on the results of previous iterations), adapt search parameters to changes in the task
conditions. A flexible sequential strategy of computational experiment is carried out.

On these positions a procedure of iterative random scanning of the CP-fields Y (x) is built that
allows solving problems (2). The procedure can be better demonstrated in the case of only three
material composition variables. That is why used below are the data obtained when developing the
carbamide binder filled with mixture of andesite and silicon carbide grains (abrasive production
waste) [3, 4] and the specific statement of the multicriteria optimization problem [3].

Experiment, models, and optimization problem when developing carbamide composite
(illustrative case). Three formulation factors (Table 1) were varied in the designed experiment. The
obtained data on the properties of 15 compositions [3], according to experiment design of the 2"
order (15 points x in factors cubic region, Fig. 1), allowed ES-models of kind (1) to be built, in
particular, for effective viscosity of the mix (n, Pa-s), compression strength R (MPa), elasticity

Table 1 — Values of varied dosages of the components

Values

i Composition factors
xi=—1| xi=0 [xj=+1

Filler-polymer mass ratio (degree of filling F)
1 considered as both structure formative and economical factor 2 225 | 25
that should be maximised to reduce polymer content

Mass part of silicon carbide (abrasive production waste, specific
surface 320+10 m?/kg) in fine fraction of the filler (SC%)

Mass part of andesite coarse grains (specific surface

70+5 m%/kg) in total amount of the filler (CA%) 20 | 40 | 60
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modulus E (GPa), abrasion resistance A (h/g), and water resistance coefficient Ky. The coefficients
of the models describing the fields of these properties in composition coordinates are shown in
Table 2, insignificant effects (+ 0, at 10% risk and the corresponding experimental errors) are
removed. Shown in the same table are

the minimal and maximal property (7 4
levels (estimated with the models). As
can be seen, the values of the factors G@

that would provide the optimal levels
of individual criteria do not coincide.
Through composition factors ( 8 6
(F ~ X1, SC ~ X, CA ~ X3), it is
necessary to provide the highest -1 . . 0 . J_'1 X1
possible levels of elasticity modulus E Fig.1. Points of the experiment design
(GPa) and water resistance coefficient Ky, when meeting the requirements: for the viscosity of the
mix, 30 < n < 60 Pa-s, for compression strength, R > 70 MPa, and abrasion resistance, A > 6 h/g.
Thus, the compromise optimisation problem (3) has been formulated.

E(x) > max, Kw(x) = max, xe Q:{30 <n(x) <60, R(x) > 70, A(X) > 6} 3)

Procedure of iterative random scanning CP-fields to find compromise optima.
1. Each iteration (with number s) consists of two stages. At the 1% stage (s/1) in the search domain

Qs N uniformly distributed random CP-variants are generated, defined by k normalized variables x;.
In the typical case under consideration Qs is a k-dimensional rectangular prism bounded by
the lower and upper possible values of the normalized factors, Ximin® and Xima".

Table 2 — Coefficients of ES-models for 5 properties of carbamide binder,
their minimal and maximal levels, with corresponding coordinates

Inn R, MPa E, GPa A, hig Kw
bo 3.27 75.3 7.97 6.69 0.880
b1 0.61 +0 0.36 0.22 —-0.011
b, 0.36 9.4 1.06 1.45 0.029
bs —-0.36 -11.0 - 0.64 +0 0.033
b11 0.33 - 17 -0.91 —-0.47 +0
) 0.36 - 4.7 -0.41 +0 —-0.011
b33 0.46 - 4.8 +0 -1.12 +0
b1z 0.09 - 11 0.89 —0.52 +0
b13 -0.16 2.4 +0 +0.85 0.024
bo3 -0.14 4.6 +0 +0 +0
Nmin=18.5 Pa‘s 35.6 4.41 2.05 0.772
Y min at x;= —0.83, atx;=Xxo=—1, | atx;=xs=1, | at x;= x,=-1 at x;= +1,
%o=-0.36, X3= 0.19 X3= +1 Xo=—1 X3=+1 Xo= X3= —1
Nmax = 464 Pa‘s 84.1 9.68 9.68 0.944
Y max at X;=Xo = +1, at x;= —0.93, at x;=0.68, at x3= 0.68, | at X;= Xp= X3=
X3=—1 %5=0.62, Xa=—1| Xo=1,X3= =1 | Xo=1, x3= -1 +1
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The distribution of x; within the range of possible values (RPV¢{xi}) can be continuous or
discrete. The latter is used when the factor values are conditioned by specific possibilities of their
regulation.

At the initial iteration (s = 1), the search region € is the entire factor area under study, Qy (of
CP-fields of the specified constrain criteria and optimality criteria, described by the ES-models). In the
typical case Q is k-dimensional cube. So this is like thrown on the factor region (with the range of
each x from -1 up to +1, Ax; = 2) is multidimensional net, with average coordinate step between the
knots (points) equal Ax; / N™ (for continuous distributions); this is 2 / 8000"® = 0.1 when solving
illustrative task (3).

2. By the models, the values of all Y (Yo and Yq) at N random points inside the hyperprism are
calculated. At the initial iteration the levels of Y are calculated at N points inside the k-dimensional
cube and at the base (initial) No points, 2% vertices of the cube (the potential points of extrema that
cannot be generated [3]). For subsequent iterations, the initial points are Ns.; "successful” variants
found at the previous iteration. In this way, the matrix of the results of computational experiment
(MRCE), of size (N+Ng.1)x(k+Mo+Mg) is formed and the ranges of possible values for all criteria,
RPV{Y}, are determined.

3. Those CP-combinations, which do not meet the normative requirements, are removed from
the obtained MRCE (after sorting the rows by Yq). There are 3 approaches to making this verdict.

"1". The 1% one is to compare with Yaspec the model-determinate estimates of Y, (calculated by
the model, [3, 4]). It is this simple approach that has been used to illustrate the algorithm.

"2". Compared with Yqspec are the random values of Yo, in which added to the estimate
determined by the model is its error, that includes normally distributed experimental error [3, 4].

"3". The model-determinate estimates of Y, are compared with guaranteeing level Yqspec.o (at
certain risk o) [3]. To assign it, the half-width of the confidence interval is added to the
Yaspec level: with plus sign — if the absence of failures arising from low property levels
(strength, durability, etc.) should be guaranteed; with minus sign — when high values of Y
are unacceptable (viscosity, thermal conductivity, shrinkage ...).

The remaining Ng; CP-variants (after excluding from consideration those not meeting the
specification requirements) represent the region of acceptable solutions Q, the intersection of
acceptable regions by each of the constrain criteria. The size of Q is defined as the ratio (%) of the
number of acceptable CP-options (Ns;1 remaining lines in MRCE) to the number of all (N + Ng.3)
participating in the computational experiment.

This size is slightly different for different methods of excluding the variants. Naturally, when
selecting them in the 3 way, under more stringent restrictions, the areas of acceptable solutions
would be smaller. The third method (guaranteed compliance with the standards) would be
reasonable with increased reliability requirements. It should be noted that at Q below 10% the CP-
variants in this zone may be "unstable" and may turn out to be unacceptable.

The ranges of factor values in Q (Range of Acceptable Values, RAV{x;}) condition, naturally,
the ranges of acceptable (feasible) levels of the criteria, RAV{Y}.

4. At the second stage of each iteration (s/2), the region of the remaining admissible solutions
is compressed due to step-by-step bringing its boundaries closer to the individual optima of the
optimality criteria one by one, becoming the area of compromise. At each step, those of the
acceptable CP-variants are discarded, the values of Yo; (i = 1, ..., Mg) for which turn out to be
worse than the new boundary of RAV{Y;} at this step. Such a boundary may be the median level of
the corresponding criterion in its RAV range.

Thus, the ranges of compromise (RCs{Yoi}) are formed for the optimality criteria and the
factors providing them (RCs{xi}, 1= 1, ..., k), which are narrowed until only a few CP-variants (Ns)
remain in them (Ns lines in the MRCE). Then a further reduction in the ranges of compromise, as a
rule, loses its meaning, the possibilities of approaching individual extrema of Yo are exhausted.

Decreased by several orders of magnitude (compared to N + Ns.1) the number of "successful”
variants (N;) is basic for the next iteration (N new ones are added to them, see points 1 and 2).
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5. To "compensate" for the possible losses of solutions (in the intervals between random
points), the obtained RCs{x;} are somewhat expanded (by 0.1-0.2 dimensionless units of normalized
factor space from the achieved boundaries, with violation of the requirements for Yo being
possible). Thus, a search region is formed for the next iteration (s + 1), a new hyperprism with new
boundaries of RPVs1{X;}. A transition is made to step 1, to the generation of new N points (CP-
variants) in the search area reduced in comparison with Q. It could be said that this lessens the size
of the cells of multidimensional net thrown on g, and reduced is the risk of losing the good
acceptable variants.

The sufficient number of x generated to scan the property fields depends (in the general case)
on the number of factors, rapidly increasing with the dimension of the factor space as it has been
shown in [3]. When assigning N, the capabilities of the computer should be taken into account, and
the iterative procedure allows you to refine the solution at each iteration due to the transition to
scanning a smaller part of the field region.

The search process stops when the upper and lower bounds of RC{Yo} practically close. As a
rule, compromise optimal variants can be found in 2-4 iterations. To select the final CP-solution
from those remaining in the compromise area, one can use additional criteria or regularization [3],
based on the hypothesis of linearity of local property fields in narrowed ranges of compromise: one
can average the values of each x; over the Ns options obtained at the last iteration.

After returning from the normalized to the named variables, the natural values of the factors
are rounded to technically feasible.

The search for the best compositions when developing filled carbamide binder. The
graphs in Fig. 2 and Fig. 3 display the search for the solutions of the problem (3). The result is:
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Fig. 3. Ranges of prescription factors
at the stages of the search for compromise compositions

+ the degree of filling F = 2.35 (x; = 0.4),

«+ the quantity of of silicon carbide in fine fraction of the filler, SC = 58% (x, = 0.93),
«+ the quantity of andesite coarse grains in total amount of the filler, CA = 50% (x3 = 0.5).

This composition provides the compromise between the maximum levels of E and Ky
(9.7 GPa and 0.93) when meeting the requirements of the other three criteria:

e« E =8.6 GPa, Ky =0.915,
emn =59 Pa-s, R=75.2 MPa, A=7.8 h/g.

To find these results, N = 8000 composition variants were generated at each iteration (at its
zero stage, 0/s), at the first iteration (at stage 0/1) added to N were 23 = 8 compositions (vertices of
the factor cube). The change in the number of options under consideration (N+), from stage to stage,

is shown in Fig. 4.

The sufficient number of x generated to scan the property fields depends (in the general case) on

the number of factors, rapidly increasing with the
dimension of the factor space as it has been shown in
[3]. When assigning N, the capabilities of the
computer should be taken into account, and the
iterative procedure allows you to refine the solution
at each iteration due to the transition to scanning a
smaller part of the field domain.

The ranges of admissible values of the
optimality criteria RAV1{Yo} obtained at stage 1/1
disintegrate into 3 linearly connected ranges (Fig. 5):
purposefully expandable range of gain, RG{Yo},
the range of losses, RL{Yo}, and between them
"pulsating” and narrowing range of the
compromise, RC{Yo}. The values of these ranges
with respect to the entire range of acceptable
values, RAV1{Yo}, can be used to evaluate the
"effectiveness” of the search for a compromise
optimum [3].

In a number of tasks (in particular, when ES-
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Fig. 4. Changes of the number of competing
compositions N and of the relative volume
of the search region Q in the factor cube

along the search process

models contain effects of the form xizx,-, describing the influence of individual factors by parabolas
with a variable canonical form) the search may branch out and lead to "enclaves” of solutions [21].
Conclusions. The method of multicriterial optimization described above is quite universal.
The algorithm of iterative random scanning the fields of material properties (in general case,
characteristics of some system), in coordinates of the controllable factors defining the field levels,
enables finding the rational solutions for the great number of multidimensional (multicriterial and
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E |[8.91 RL multifactor) problems of optimization. These
Q] could be acceptable solutions, just complying
with requirements of specifications, the ones
providing minimal (maximal) level of some
RAV ; criterion, or the compromise by several criteria.
The algorithm is efficient, has internal
7.0 logic, and can be recommended for the search of
RG, RG, the compromise at large dimension of the factor
6.22 domain (k > 4). The advantages of the method
include the lack of the need to create a complex
criterion with weight multipliers when solving
multicriterial problems and the ability to conduct
the search in the dialogue mode.

The property fields are scanned using
uniformly  distributed random numbers.
The numbers can be generated on the continuous or
discrete scales. The use of the latter takes into

|

RC1
L1
RC;

RAV ,

8.0 A

RC2

RG, account the possibilities of regulating the factors in
production conditions, and both types of the scales
171 172 211 can be used for different groups of the factors.

Fig. 5. Ranges of acceptable and compromise Not only polynomial ES-models can be
values of elasticity modulus E (GPa) applied to determine the fields levels, but also the
and water resistance coefficient Ky, models of some other type and genesis. The
of the losses and the gain at the stages algorithm can be implemented using either special

of the search for compromise optimum software or an available table processor.
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AHoTAaNis. KoHcraryeTscst OaraToKpuTepiaJbHICTh 3aB/IaHb pu po3po0iri
BHCOKOC(PEKTUBHUX OY/IIBEIbHUX KOMIIO3UTIB 1 HEOOXIIHICTh KUIBKICHUX OIUCIB 3B S3KIB
XapaKTepUCTUK MaTrepialdy, KpHUTEpiiB SKOCTI, pecypco30epeXeHHs Ta IHIIUX KpUTEepiiB 3
dakTopamMu CKiIaqy Martepially, MapaMmMeTpaMy IpolLeciB BHUPOOHUIITBA 1 YMOB eKCIUTyaTarlii.
BunminsioTecss  eKCEepUMEHTAIBHO-CTAaTUCTUYHI  MOJENI B SKOCTI  ONHUCIB  PEHenTypHO-
TEXHOJIOTIYHUX TOJIB KpUTepiiB (BiacTuBocTei). Ha3uBaroTbes miaxoau, siki BHUKOPHUCTOBYIOTHCS
JUIsl BUIIICHHS 337189 GaraToKpUTepiabHOI ONTHMI3alii Ta iX HEJOMIKH.

[IpononyeTbecst MeTox i ONUCYETBCS  AITOPUTM lTepaI_III/IHOFO BUMA/IKOBOTO CKaHyBaHHS
PELeNTYPHO-TEXHONOTTYHIX TIOMIB  BIACTHBOCTEH, SAKHMH J03BONAE BHPINIYBATH HEBHYCPIHE
PI3HOMAHITTS ONTHMI3ALIHHAX 3ajad. [Ipu3HAYCHHIT JUIs MOMIYKY KOMIPOMICHOTO plIJ_IeHHSI npu
JEKUIBKOX KpPUTEPIAX ONTHUMAJIBHOCTI 1 BUMOrax cneuﬂq)maum no psiny KpI/ITepllB -00MeXeHb,
METOJ TO3BOJISIE BU3HAUWTH 1 O€37i4 MOMyCTUMHUX pillleHb, 1 ONTUMYMH 3a 1HAWBITyaTbHUMHU
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BUILDING MATERIALS AND TECHNIQUES

KpUTEpisIMH. AJNTOPUTM JOCHTH yHiBepcaidbHH. He Mae mpuHIMIOBHX OOMEXEHb Ha YHCIIO
KpUTEPIiB, IO ONTUMI3YIOThCA. JIETKO peani3yeThCcsi B TAOJIMYHOMY MPOIIECOpP], B IHTEPAKTUBHOMY
pexxumi. Ha Oyap-sikiif iTepamii 10 yncna KpUTepiiB MOXyTh OyTH JT0JIaHI pecypcoMiCTKI (paKTOpH,
10 BHMararmTh MiHIMi3alii, 3MIHEHI 1HIII yYMOBH 3aaadi (MO Mipi OTpUMaHHS TEXHOJIOTIYHOT
iHpopmanii B o0uHCIIOBAILHOMY eKcriepuMeHTi). Ha koxHil itepariii 3 MHOXHHHA T€HEPOBAHHX
pElEeNTYPHO-TEXHOJOTIUHNX BapiaHTIB BIAOUPAIOTHCS Ti, MO0 3aJ0BOJBHSAIOTH HOPMATHBHHUM
OOMEKEHHSIM, TOTIM 00J1aCTh MOIIYKY CTUCKAETHCS MPU MOKPOKOBOMY HAOJIMIKEHHI 10 ONTHUMYMIB
KpUTEpiiB onTuManbHOCTI. ETanu 1 pe3ynbTaTi MOIIyKy KOMIIPOMICHOTO ONITUMYMY LTIOCTPYIOTHCS
Ha TPUKIAII PO3pOOKH KapOaMmiJHOTO 3B’S3yHOYOro, HAIOBHEHOTO CYMINIIIIO 3€peH KapOixy
KpeMHito, APIOHUX 1 BEJIMKHUX 3€PCH aHAe3uTy. BU3HaueHo cKiaj, 1o 3a6€3neqy€ KOMITPOMIC MiX
MaKCHMaNbHAMH DIBHSMH MOJYJIsl HPYKHOCTI i KOe(illieHTa BOJXOCTIHKOCTI, IPH XOTPHMAHHI
BUMOT JI0 B'3KOCTI TEXHOJIOTTYHOI CyMillli, MIITHOCTI 1 3HOCOCTIHKOCTI KOMIIO3HTY.

Kiro4oBi ciioBa: koMnpoMicHa ONTHMI3allist, KOMIIO3ULIHHUN MaTepiai, eKCIepUMEHTAIbHO-
CTaTUCTHYHA MOJIENIb, PEUENTYPHO-TEXHOJOTIUHE II0Jie, ITepalliiiHe BHUIIAJKOBE CKaHyBaHHS,
HarloBHEHe KapOaMiHe 3B’ sA3yr0ue.
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AnHoTaunusi.  KoHcratupyercs  MHOIOKpUTEpHAIBHOCTh  3ajjad  IpU  pa3paboTke
BbICOKO3()(DEKTUBHBIX CTPOUTENBHBIX KOMIIO3UTOB U HEOOXOAUMOCTh KOJIWYECTBEHHBIX OMUCAHUMN
CBSI3€M XapaKTepUCTUK MaTepuasa, KpUTEPUEB KaueCTBa, PECYPCOCOEPEKEHUS U APYTUX KPUTEPUEB
c (akropamMM coOCTaBa MaTepuajia, I[apaMeTpaMu IPOLECCOB IPOU3BOACTBA U  YCIIOBHM
SKCIUTyaTaluu. BeiaensroTcss 3KCnepuMEHTaIbHO-CTATUCTUYECKUE MOJIENIM B KaueCTBE OMMCAHUN
peLenTypHO-TEXHOJIOIMYECKHX oJel KpuTrepHres (CBONHCTB). Ha3bpiBatoTCs HCTIONIb3yeMbIe MTOAX0/IbI
K PEIICHHUIO 3a/1a4 MHOTOKPUTEPUATIbHOW ONTUMU3ALMH U UX HEJIOCTATKH.

IIpemiaraercst METON M ONMCHIBAETCSA AITOPUTM HUTEPALMOHHOIO CIYY4aliHOIO CKaHUPOBAHUS
PELENTYPHO-TEXHOJIOTMUECKUX TIOJIEH CBOMCTB, KOTOPBIM IO3BOJSIET pEIIaTh HEHCUEPIAcMOe
MHOrooOpas3ue ONTUMH3ALMOHHBIX 331a4. [IpeqHasHaueHHbIN U1 TOMCKa KOMIIPOMUCCHOTO PEILeHHs
IIPU HECKOJBbKHX KPUTEPUSX ONTHUMAIBHOCTH M TpeOOBaHUSAX Crelu(UKAlMi 1Mo psay KpUTEpUeB-
OrpaHUYEHHI, METO]] TI03BOJISIET ONPENEIUTh U MHOXKECTBO JOMYCTUMBIX PEIIEHHUH, U ONTUMYMBI IO
WH/IMBUAYAJIbHBIM KPUTEPHSIM. AJTOPUTM JIOCTaTOYHO YyHUBEpcalleH. He mMeeTr npuUHIMIHAIBHBIX
OrpaHUYEHHI Ha YKCIIO ONTUMU3UPYEMBIX KpuTepHueB. Jlerko peanusyeM B TaOJIMYHOM IPOLIECCOPE, B
MHTEpakTUBHOM pexume. Ha m1r000if uTepalmum K 4MCIy KPUTEPUEB MOTYT OBbITh J100aBJIEHBI
TpeOyrolue MUHUMH3ALUN PecypcoeMKue (hakTopbl, M3MEHEHBI APYTue YCIOBHUs 3ahadu (10 mepe
MOJyYEeHUsI TEXHOJIOTMYEeCKOM WHGOpMAalMU B BBIUMCIUTEIBHOM 3KciiepuMeHTte). Ha kaxmoit
UTEpALK U3 MHOXKECTBA F€HEPUPYEMBIX PELENITYPHO- TEXHOJIOTMUYECKUX BapUaHTOB OTOMpAIOTCs Te,
YTO Y/OBJIETBOPSIIOT HOPMAaTHBHBIM OrpaHUYEHMSIM, 3aTeM OO0JIaCTh IIOHMCKAa CXKUMAETCsl IpH
MIOLIarOBOM MPUOIMKEHUHN K ONITUMYMaM KPUTEPUEB ONTUMAILHOCTU. Tallbl M pe3yiIbTaThl OMCKa
KOMITPOMHCCHOT'O ONITUMYMa MJUTIOCTPUPYIOTCS Ha IpUMepe pa3pabOTKU KapOaMHUIHOTO CBSI3YIOIIETO,
HAIlOJIHEHHOTO CMECBIO 3€peH KapOHja KpeMHHs, MEJIKUX M KPYIHBIX 3epeH aHjesura. OnpeneneH
COCTaB, 00€CIEeUYMBAIOIINI KOMIIPOMHCC MEXIy MaKCHUMAIbHBIMH YPOBHSIMHM MOJIYJS YIPYTOCTH U
KO3 UIIMeHTa BOJOCTONKOCTH, TIpU COOMIO/IEHNH TPpeOOBaHUHM K BS3KOCTH TEXHOJIOTMYECKOM cMmecH,
IIPOYHOCTH U U3HOCOCTOMKOCTH KOMITO3UTA.

KitoueBble cji0oBa: KOMIPOMHCCHAs — ONTHMHU3ALMS, KOMIIO3MIIMOHHBIA  Marepuall,
9KCIIEPUMEHTAIbHO-CTATUCTUUECKAsT MOJEIb, PELENTYPHO-TEXHOJIOIMUECKOE 110JI€, NTEPALIUOHHOE
cllyyailHOe CKaHHPOBaHUE, HAIIOJIHEHHOE KapOaMHIHOE CBA3YIOIIEE.
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