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Abstract

Introduction. The development of composite materials is considered with account for the shifts of paradigms based on
the basic models of the continuous self-developing environment towards paradigms based on the models of the structured
self-developing environment using the ideas and methods of the system approach and synergetics. The system approach
can: reduce or even eliminate the uncertainty inherent to the problem to be solved; reconstruct it in models meeting
the objectives of the study; identify objects, properties, and relationships in the system under consideration, taking into
account the mutual influence of the external environment. Methods. It is shown that the structural organization of the
material determines the design of the product or structure and largely determines the functional properties of the entire
system. Composite materials are considered as large, complex systems formed based on a modular principle; material
properties are determined on the basis of autonomous studies of individual subsystems. Results. It is assumed that
individual subsystems have a certain degree of autonomy; it is possible to introduce customizable reference models with
the simultaneous decentralization of modules by inputs; the conditions for transferring the results of autonomous studies
to the system as a whole are determined by the completeness of understanding the processes of the formation of the
structure and properties of the system. In the development of composites, the relative importance, the mutual utility of
the quality criteria, a reasonable balance between the internal logic of science and its practical significance are taken
into account. Partial criteria are analyzed, and a generalized quality criterion for the building material is formalized. The
following is considered: the complexity of the object of study (multi-dimensionality, multi-connectedness, incompleteness of
diagnostic information), diagnostic interpretation of the analyzed factors, the probabilistic nature of diagnostic information
(using methods of both concrete and abstract-logical cognition; each new logical stage continues the previous one and
serves as a prerequisite for the previous one).

Keywords: composite materials, complex systems, system approach, systems analysis, mathematical modeling,

quality assessment, functionals.

Introduction

There are several dozen definitions of the
“system” concept. L. von Bertalanffy (Bertalanffy
L. Von., 1973) defined a system as “a complex of
interacting elements” or “a set of elements standing
in interrelation among themselves and with the
environment”. In a philosophical dictionary, a
system is defined as a set of elements standing in
interrelation and interconnection among themselves
and forming some coherent unity. V. N. Volkova
(Volkova V. N., Denisov A. A., 1997) suggests
considering a technical system as “a set of enlarged
components, essentially necessary for the existence
and functioning of each other”:

S={4,B,C,D},

where A — the set or structure of the goals; B — the
set of structures implementing the goals (formulation,
technological, production, organizational, etc.);
C — the set of technologies implementing the
system; D — the conditions for the existence of
the system or the factors affecting its creation

and functioning. As can be seen, the definitions of
complex technical systems available in the systems
theory are applicable to the description of composite
building materials. Therefore, it is fair to consider
the construction composite as a complex technical
system (Korolev E. V., 2020) and apply the optimal
control theory and methods of systems analysis to
the synthesis of such composites.

Mathematical modeling of the structure and
properties of new-generation materials

Materials are presented as systems, which
makes it possible to apply the system approach
to the full extent in solving problems of their
synthesis, identification, management, the use of
an information-computing environment, including
the conceptual aspects of modeling. When the
problems of identification are solved, based on the
application of a particular mathematical apparatus
and the degree of its development, a preliminary
analysis of a priori information is performed. The
main efforts are directed at structuring and absolute
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formalization. It is assumed that the human has
an unconditional priority over the results of the
analysis: the construction of fully automatic quality
management systems is not considered.

When building materials with controllable
structure and properties are developed and their
quality is managed, methods of vector optimization
are used (lexicographic problem; method of
successive concessions; scalarization of quality
criteria based on linear convolution and introduction
of benchmarks; construction of Pareto sets, etc.).
The target function is determined by the required
types of the kinetic processes for the formation of
the main physical and mechanical characteristics
of composites (Figure) based on solving at first the
general and then the partial problem of identification
(Budylina et al., 2021; Garkina et al., 2017).

Curve 1 (a particular case of curve 2; x; =0)
represents a solution to the Cauchy problem:
F42ni+ofz=0;z=x—x,; 2(0) = —x,,;2(0)=x(0)
and has the following form:

xX=q el +¢ e ! +x, (A >2).

The parametric identification of kinetic processes
of this type can be easily carried out by sequentially
determining 12, d, I1, [_0_1] Xo (e.g., for epoxy

]
composite, the x, value determines the initial
polymerization rate). The identification of a process of
parametric type 2 (e.g., heating of epoxy composites
during initial structure formation) is carried out in
a similar manner:

E+2nz'+(og =0, (z=x—xm; x=z+xm);

z(0) = xp — x5 2(0) = %; (X(O)zxo).
The determination is based on the known values

of )\1, )Mz, X [—C—IJ, X0-
)

The possibility of establishing a connection
between the composite structure and changes in
macroscopic characteristics is taken into account.
Considering the complexity of establishing
the influence of formulation and technological
parameters on the characteristics of materials,
a special methodology for controlling the output
characteristics of the material is developed, cross-
links (synergy) between the material properties are
determined, mathematical models of subsystems
are specified with the subsequent identification of
parameters (for individual systems — based on the
conditions for obtaining extrema of target functions).

The use of the Pareto principle and diagrams
(where the initial 20% determine the subsequent
80% of the time for the controlled parameter to reach
its operating value) proved effective in the quality
management of composites: it facilitates formulation
development with the allocation of elements that
determine the performance characteristics of the
material. For instance, for epoxy composites used
for radiation protection, strength and density were
mainly determined by the degree of filling and type
of modifier. An iterative method of improving the
quality of the material was also used, based on the
sequential construction of corresponding Pareto
diagrams at each stage.

Cognitive modeling

Cognitive modeling is one of the ways to study
complex weakly structured systems with many
contradictory goals and criteria ((Tolman E. C.,1948);
structuring, involves formulating and clarifying a
hypothesis about the object functioning). At the
preliminary stage of studies, most complex systems
can be considered as weakly structured. Cognitive
modeling is based on a cognitive map (an oriented
graph; incomplete, fuzzy and even contradictory
information can be used). The vertices of the oriented
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Standard types of kinetic dependences for changes in material stability (“overshoot”
phenomenon (Bobryshev A.N. et al., 1994)

26



Irina Garkina, Alexander Danilov — Pages 25-32

ANALYTICAL DESIGN OF COMPOSITES IN TERMS OF SYSTEMS ANALYSIS

graph are the factors (concepts), while its arcs
indicate the causal connections between the factors
(the weights determine the degrees of influence).
Various modifications of models (corresponding
to various interpretations of vertices, arcs, and
weights) are studied using the formal apparatus.
Substantial human participation in the formalization
of the primary representations by subject-formal
methods does not make it possible to guarantee the
reliability of the obtained solutions (e.g., the risk of
inadequate application of a formalized model to a
specific problem situation due to misunderstanding
of the mathematical meaning of structures by
specialists in the problem area). It is reasonable to
represent the factor in a normal form (a variable on
a particular rating scale). In terms of linguistics, the
normality of the factor makes it possible to use such
verbal contexts as: “more — less”, “growth — decline”
(it is often difficult even to choose contexts “worse —
better” similar in meaning), etc. Cognitive clarity of
the “factor” concept as a variable of the required
type is necessary. In modeling, the same causal
relationships can be represented in a cognitive map
with the use of different concepts. The validity of the
principle of transitivity of causal concepts (from the
fact that 4 causes B, and B causes C, it follows that
A causes C), which is usually assumed, is not true
in many cases (false transitivity is possible). As can
be seen, a cognitive map reflects subjective ideas
about the system functioning and development (the
strategic step S"—>S’Jrl means taking the system
from the state S’ to the state S**!). When building a
hierarchical structure of quality criteria, as well as a
hierarchical structure of the system itself (if possible)
with its help, we can further consider the system as
a structured one. The target state of the system is
considered to be achieved if the assessment of the
targeted development of the system, specified in the
form of a goal achievement functional, almost does
not change.

The system complexity requires: interdisciplinary
studies and involvement of specialists competent
in various narrow subject areas in the construction
of a cognitive map; formalization of the primary
representations of a weakly structured problem in
the form of a collective cognitive map (to generalize
and coordinate different representations). It is
possible to solve this problem to some extent with
the use of the methods of conceptual structuring,
criteria and special technologies for the formation
and coordination of collective concepts.

The above approach has been successfully used
in the synthesis of radiation protective composite as
a complex system, its identification, formation and
formalization of goals, a set of alternatives for their
achievement, and, finally, multi-criteria optimization
(Garkina and Danilov, 2019; Smirnov and Koroley,
2019).

Principal component analysis in quality
management of materials used for protection
against ionizing radiation

The chemometric approach is based on the use
of projective mathematical methods, which make
it possible to isolate latent variables in big data
and analyze the relationships in a system under
consideration. Unfortunately, despite the simplicity
and efficiency of such an approach (which is often
visual) to the analysis of experimental data, it is
almost not used in construction materials science.
By using the principal component analysis (PCA),
we ranked the quality criteria ¢;,i =1, p according to
the obtained values for n experimental prototypes.
The first principal component was defined as
the direction of the largest change (scattering
along some central axis — a new variable) in

the data qzuqij ,i:G,j:I,_n in the Cartesian

coordinate system Oy,q,...q,, (approximated — purely
geometrically; clarified — based on the best linear
approximation of all the initial points q;j by the least
squares method). The second principal component
was assumed (by definition) to be orthogonal to the
direction of the first component (along it, the next
largest change in the values g; occurs), and the
third component was assumed to be perpendicular
to both the first and second components (lying in
the direction in which the third largest change in the
data occurs). The subsequent principal directions
were determined in a similar manner. The resulting
system of the principal components provides a set of
orthogonal axes, each of which lies in the direction
of the maximum change in the data in descending
order of these values. Due to the orthogonality
of the principal components in the new resulting
set, the variables (linear combinations of the initial
variables) no longer correlate with each other.
The transition from the initial Cartesian coordinate
system to the new set of orthogonal axes makes
it possible to get rid of the dependence between
the criteria. The upper limit of the number of the
principal components does not exceed max {n -1, p}.
The effective dimension of the principal component

space is determined by the qz”quu matrix rank.

The last principal component lies in the direction in
which the difference between the prototypes will be
minimal (in fact, it is impossible to distinguish the
prototypes here, since all these differences are just
random noise). The principal components with large
numbers were considered as directions in which the
principal component is noise. Thus, the PCA made
it possible to decompose the initial data matrix into
a structural part (several first principal components
lying in the directions of maximum changes) and
noise (directions in which the difference between the
positions of the points is small and can be neglected)
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(Danilov et al., 2009). Each of the properties (quality
criteria) is an integral characteristic of the material,
depending on the properties of the components,
composition, preparation conditions, curing, etc.
The assessment of the composite quality is made by
the set of both dependent and contradictory criteria
(chemical resistance, frost and heat resistance,
impact and abrasion resistance, radiation heating,
adhesion properties, protective properties in relation
to the steel reinforcement, etc.). With the help of the
PCA, a set of linear combinations of the initial criteria
(practically independent) was distinguished, which
subsequently, using methods of experimental design
and multi-criteria optimization, made it possible to
develop radiation protection and corrosion-resistant
materials. Dimensionality reduction (separation of
the initial data into the substantial part and noise)
within the principal component analysis is achieved
by neglecting the directions corresponding to small
eigenvalues. There are nocommon rules for choosing
the number of significant principal components
(determined by the eigenvalues of the covariance
matrix, the research tasks (visualization on the plane
or in space), the intuition of the researcher, etc.).

Among the priority criteria were the following:
strength, density, and porosity of the material. The
dependences of porosity g (x;,x; ), %, compressive
strength g, (x,x,), MPa, and density g3 (x,x,),
kg/m3, obtained by methods of mathematical
experimental design, on the encoded volume
fractions of the aggregate (lead pellets with a
diameter of 4-5 mm) x; €[0,5;0,6] and filler (barite,
Ssp =250 m?/kg) x, €[0,35;0,4] were used:

q (xl , Xy ) =5.18+3.44x +0.96x, —1.33xx, +3.83x]2;
g (31,72 ) = 22.5-3.72x; +1.43x, - 2.87x7;

g3 (x1,x, ) = 7143 -147x — 1817 .

The covariance matrix obtained based on the
experimental values §,; of the listed indicators has
the following form:

0.169 0.023 -1.35

c=ﬁ(ém)T (g4)=| 0023 0220 0.149 |
-1.35 0.149 215
The eigenvalues A/ and eigenvectors vi of the
covariance matrix:
A =0.226, v =(0.221;0.975;0);
Ay =0.077, v5 =(0.973;-0.221;0.063);
A3 =21.6, v3 =(—0.063;0;0.998).
The matrix of transition to the principal
components G;, G,, G3 has the following form:
—0.063 0 0.998
L=| 0.221 0975 0
0973 -0.021 0.063
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The principal components are linearly related to
the initial indicators ¢,¢5.,43:

G, =—-0.063; +0.990¢s;
G, =0.221¢; —0.975¢,;
Gs =0.973¢; —0.021g, +0.063¢;.

By virtue of A3 >> A, and A3 >> X,, the significant
principal component is unique and corresponds
to the principal direction v;; the vector of the first
principal direction forms a small angle with the axis
of the third principal variable. The dominant indicator
is the average density (the third indicator).

Industrial applications of system
methodologies, system identification and
control theory

The relevance of the studies is conditioned
by the need to ensure the environmental safety
of nuclear power facilities, extremely hazardous
chemical production facilities, bases, and arsenals;
bunkers, burial sites, and storage facilities for low-
level radioactive waste, etc. The prerequisites in the
synthesis include the principle of 100 % mathematics
efficiency, the hierarchy of quality criteria, and the
hierarchical structure of the radiation protection
composite material, developed with account for the
following:

- the paradox of integrity (a holistic description
of a system is possible only when it is “holistically”
broken down into parts; when a given system is
described as some unity; cognition of a system as a
unity is impossible without analysis of its parts);

- the paradox of hierarchy (description of a
system is possible only if it is described as an
element of a supersystem (a broader system) and
vice versa, description of a system as an element
of a supersystem is possible only if there is a
description of this system (subsystems are systems
for their subsystems; each system is part of some
supersystem)); in the synthesis of building material
(system), the supersystem is represented by building
materials suitable for use in the given operating
conditions;

- system-forming properties (integrative; formed
with the coordinated interaction of the elements
combined in a structure, which the elements did not
possess before) (Chernyshov and Makeev, 2022;
Selyaev et al. 2016).

Based on the classification of the main kinetic
processes for the formation of the structure and
properties of special-purpose composite materials
(radiation resistance coefficient, linear coefficient
of gamma-radiation attenuation, strength gain,
change in the elastic modulus, contraction and
shrinkage, increase in internal stresses, heat
emission, chemical resistance, water absorption,
water resistance, etc.), their generalized model is
built in a class of ordinary differential equations with
constant coefficients up to the fourth order inclusive.
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Each of the kinetic processes is a special case of
the generalized model and can be represented as a
solution to the Cauchy problem:

2(4) +alz(3) +a22(2) +a3z(1) +ayz=0;
Z=X—Xp,,; x(O) =Xy, x(O) =Xy, x(O) =Xy, x(O) =Xp;
Xg, X, Xg,Xy are determined by the required type of
kinetic process and given operating value x,, of the
material characteristic under study (aperiodicity of
the processes is assumed; sufficient conditions are
specified). The parametric identification, formalized
qualityassessment,andone-dimensionaloptimization
of each of the kinetic processes are carried out

(functionals of the form @ (8) = /1, +a%+br+cl

m r

are used, which allow for considering the formation
of the composite structure and properties in time;

1

Ay =min{L;}, rzmax{;—i}; k; =-\; — the roots
t m

of the characteristic polynomial, A; >0, i=1, n).
The multi-criteria synthesis of radiation protection
composite is carried out using vector optimization
methods (solution of the lexicographic problem,
narrowing of the search area by the method
of successive concessions, scalarization by
introduction of metrics in the space of target functions
(strength, porosity, density), construction of Pareto
sets) (Smirnov and Korolev, 2019).

Portable implementation of an
processing language

Tools and methods of digital image processing
are currently used in various fields. In construction
materials science, these applications are used in the
study of the material structure: when determining
the distribution of the structural objects under study
(air cavities, particles of dispersed aggregates,
etc.), determining the fractal dimensionality of
cracks, hardness, etc. Each of these methods
involves several stages, where the discretization
of the continuous color-brightness field and the
transformation of the resulting image are mandatory.
Discretization is carried out by the hardware of a
receiving device. The resulting two-dimensional
array of chromatic coordinates serves as the input
data, and it is also a result of most operations. There
are software environments available that make it
possible to perform matrix calculations. Many of
them are driven by high-level languages (being in fact
interpreters from those languages). The standard
is the MATLAB package with its features available
through tool chains including one intended for image
processing. In particular, the tools make it possible
to perform the two-dimensional Fourier transform
and calculate convolution. However, no functions
of image processing in different color spaces are
implemented. The image processing tools are also
contained in software packages for working with

image

raster graphics. For example, GIMP has advanced
tools for switching between color spaces, performing
statistical analysis, calculating convolution in the
spatial domain, and working in batch mode (the
input language is a superset of LISP). However,
most packages use single-byte integer values for
internal data representation, which leads to loss of
information.

To describe image processing tasks, we suggest
a specialized image processing language — the IPL
language. In the IPL-interpreter implementation,
the following requirements are taken into account:
support for batch mode, use of floating point
values for internal representation, support for
tools of convolution in the inverse length domain.
The emphasis is on openness (understood as the
capability to maintain and extend features) as well
as portability between heterogeneous computing
platforms (WinAPI and POSIX).

The fundamental language types are vector,
matrix and binary decomposition. In the structure
of the interpreter, two levels are distinguished:
application and service ones (implemented in
ANSIC). The first one encapsulates parsing and basic
processing algorithms. The second one involves the
implementation of abstract types of data and objects
that isolate system calls to the target platform.

The functionality of the proposed language and
the operation of the interpreter were tested when
solving a number of applied problems: assessment
(calculation of scalar criteria) of the quality of
protective-decorative  coatings, recognition  of
features in the spatial domain and inverse length
domain, comparison of digital filtering means (Gusev
et al., 2018).

Analytical methods for the synthesis of
materials: experience in application

Based on the experience of developing and
managing the quality of special-purpose materials,
we determined the approach and methodological
principles of creating materials using the methods
of systems analysis and modeling of kinetic
processes. First, the material is considered as
a weakly structured multi-purpose system. As a
result of interdisciplinary studies (incomplete, fuzzy
and even contradictory information is used), the
interaction of the basic relationships existing in the
system that determine its functioning is formalized.
Hierarchical structures of quality criteria and
the system itself are built using a cognitive map
(including a collective map), which makes it possible
to view the system as already structured. During
the qualitative assessment of material properties
and determination of relationships between them,
methods of rank correlation were used (in particular,
stress-strain properties (14 indicators were taken
into account) and the relationships between them
were studied for 10 types of epoxy composites)
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(Garkina and Danilov, 2018). It was shown that some
properties (e.g., compressive strength or hardness)
do not need to be determined due to the availability
of significant relationships between them. Based on
the statistical significance of the sample value of
the concordance coefficient, the lack of consistency
within the entire set of indicators was shown in the
presence of pairwise consistency between some of
the indicators. Considering the compressive strength
as a resultant variable, the problem of regression on
ordinal variables was solved.

The kinetic processes (in particular, the residual
strength by years of operation) were considered
as time series, and autoregressive models with
a moving average were developed:

Xp=ap X ... +a, X, +hye +bp e +...+b e

P

The Markov, Yule, and Yule—-Walker processes
were considered. The Levinson—Durbin algorithm
was used to determine the model coefficients. The
formalization of processesforthe formation of physical
and mechanical characteristics of the material was
carried out as a solution of the general identification
problem in the class of ordinary differential equations
(for radiation protective composites — not higher
than the fourth order); the parametric identification of
kinetic processes was performed. In the optimization
of formulation and technological parameters and
material quality management, the problem of multi-
criteria optimization with the preliminary minimization
of the dimensionality of the criteria space was
solved. The Pareto principle, diagram and sets were

30

used (the analytical dependences of properties
on the points of the factor space were determined
in advance by methods of experimental design;
nonlinear programming methods were used). The
multi-criteria optimization under contradictory criteria
was performed using the method of sequential
concessions; methods of criteria scalarization based
on the results of solving single-criterion problems (as
benchmarks) were considered.

The effectiveness and prospectivity of using the
proposed methods are confirmed by the results of
the multi-criteria synthesis of radiation protective
materials (Budylina et al., 2021; Garkina et al., 2017;
Korolev and Smirnov, 2013).

Conclusions

1. The methods for mathematical modeling of the
structure and properties of new-generation materials
were developed based on cognitive modeling.

2.The partial criteria and the formation of a
generalized criterion for the quality of the material
with a hierarchical structure were proposed.

3.The effectiveness of using the principal
component analysis to minimize the dimensionality
of the criteria space and manage quality was shown
by the example of materials with special properties.

4.The specialized image processing language
was proposed (IPL) for solving a number of applied
problems (calculation of scalar criteria; assessment
of the quality of protective-decorative coatings).

The common approach to industrial applications
of system methodologies, system identification and
control theory was presented.
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AHATIMTUYECKOE KOHCTPYUPOBAHUE KOMIMO3UTOB C NO3ULUIA
CUCTEMHOIO AHAJIU3A
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"TMeH3eHCKMI rocy4apCTBEHHbIV YHUBEPCUTET apXUTEKTYPbI U CTPOUTENLCTBA,
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AHHoOTauus

BBeageHue. Pa3paboTka KOMMO3WLMOHHBIX MaTepuarioB paccMaTpyvBaeTcsl C y4eTOM CMeHbl NnapagurM, OCHOBaHHbIX
Ha 6a30Bblx MOAENsix HemnpepbiBHOW CamMOpasBUBAIOLLENCA Cpedbl, B CTOPOHY NapagmrM, OCHOBAHHbIX Ha MOZEnNsx
CTPYKTYPUPOBAHHOW CaMOpa3BUBaIOLLENCS cpeabl Ha naesx u MeTogax CUCTEMHOIO Noaxoaa U cuHepreTuku. CUCTEMHBIN
NOOXOA MOXET YMEHbLUUTb UMW Aaxe YCTPaHUTb HEONPEAENEeHHOCTb, MPUCYLLYIO pellaeMoi 3aave; pEKOHCTPYMpPOBaTh
ee B MOAensx, OoTBevawmx 3ajavyam WCCNEeLoBaHWs; BbIsIBNATb 0OBLEKTbI, CBOMCTBA W OTHOLUEHWUSI UCCreayeMon
CUCTEMbI C Y4ETOM B3aVMMHOIO BNUSIHWSA BHeLLHel cpeabl. MeToabl. MNoka3aHo, YTo CTPYKTYpHas opraHv3aums Matepuana
onpeensieT UCNosiHeHe N3AENns NN KOHCTPYKLIMIA 1 BO MHOTOM onpeaensieT (oyHKLMOHamNbHbIe CBONCTBA BCEW CUCTEMBI.
Komno3anTHble MaTepuarnbl paccMaTpuBatoTcs Kak 6omnbLUne CroXHbIE CUCTEMBI, 06pa3oBaHHbIE MO MOAYLHOMY NPUHLMNY;
CBOMCTBa MartepuarnoB OMpeaensitoTCs Ha OCHOBE aBTOHOMHbLIX WCCREeAOBaHWiA OTAENbHbIX noacuctem. PesynbraThbl.
Mpepnonaraetcs, 4TO oTAENbHbIE NMOACUCTEMbI 00nagatoT onpeaeneHHoON CTeneHblo aBTOHOMUM; BO3MOXHO BHeapeHue
Monb30BaTENbCKNX 3TANOHHbIX MOAENeW C OAHOBPEMEHHON AeLleHTpanu3aumen Mogyner no Bxogam; ycrnoBus nepeHoca
pe3ynsTaToB aBTOHOMHbBIX WMCCNEAOBaHWM Ha CUCTEMY B LIENOM OMNpefensitoTcs MOMHOTOM MOHWMaHWsi MpoLLeccoB
hopMUPOBaHNS CTPYKTYPbl U CBOWCTB cucTeMbl. Mpn paszpaboTke KOMMO3UTOB YYUTLIBAKOTCS OTHOCUTENbHAsH BaXKHOCTb,
B3aVMHasi NMone3HOCTb KPUTEPUEB KavyecTBa, pasdyMHbI 6anaHc Mexay BHYTPEHHEN NOrMKOM HaykvM U ee npakTuyeckas
3HaYMMOCTb. AHaNU3MPYITCA YacTHbIE KpUTEpUU, U hopmanmayetcsi 0606LLEHHBIV KPUTEPUIA KavyecTBa CTPOUTENLHOIO
matepvana. Y4uTblBaeTCA CIOXHOCTb 0ObekTa uccrnefoBaHust (MHOTOMEPHOCTb, MHOTFOCBSA3HOCTb, HEMorHoTa
[OMarHoCTU4ecKomn MHpopmaLun), AmarHocTmyeckast MHTepnpeTaunsi aHanmanpyembix akTopoB, BEPOATHOCTHbIV XapakTep
OMarHoCcTu4eckon nHdopmaumm (MCnonb3oBaHNe METOAOB Kak KOHKPETHOrO, Tak M abCTpakTHO-NIOrMYecKoro No3HaHus;
Kakabl/i HOBbIN NOrMYECKMIA aTan NPOAOIHKaEeT NpeablayLUMIA 1 CAYXXUT MCXOOQHOW NPeAnoChINKon AN npeabiayLero).

KnioyeBble cnoBa: KOMMO3MLMOHHbIE Martepuanbl, CMOXHbIE CUCTEMbI, CUCTEMHbIA MNOAXOL, CUCTEMHbIA aHanus,
MaTemMaTnyeckoe MmogenunpoBsaHume, oleHKa Ka4ecTBa, beHKLI,VIOHaI'IbI.
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