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Abstract. The article discusses current mathematical methods (probabilistic,
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Introduction

Products made of composite polymeric materials (CPM), especially structural, are
widely used in various industries: construction, engineering, space and aviation technology,
electronics, etc. The efficiency, reliability, durability, cost of products and demand for the
technology market depend on many factors.

It should be noted that in addition to the widely used ones, dozens and hundreds of new
CPMs are developed annually, which meet the new needs of technology. The most important
technological and operational characteristics of CPM are studied, as a rule, by experimental
methods, which requires sophisticated equipment and considerable time and material costs.

Promotion of the new CPM to the technological market is complicated by the fact that
the physicomechanical and other properties of polymeric materials depend on many, often
difficult to read, factors: first of all, the nature and properties of the polymer matrix, the
properties of active and inactive filler, additives, functionality and quantity, parameters of
preparatory and main technological operations, operating conditions of finished products. We
emphasize that in the manufacture of parts from CPM, the provision of strength and other
properties is not only related to the composition, but also depends largely on the control
parameters of the technology.

Today, the creation of new CPMs and the assessment of the reliability of products
from them requires, along with a preliminary experiment, a theoretical analysis of the
deformation-strength and other performance characteristics, an assessment of the reliability
of the structures with a further transition to theoretical tests, as well as the study of
the possibility of using mathematical tools and methods for modeling CPM and shorten
the path from design to technology. In this regard, the theoretical analysis of CPM by
building mathematical models and identifying the properties of materials is relevant. In
this article, the use of mathematical methods for identifying properties and designing CPM
is considered in the general case by the example of chemical and chemical-technological
systems (CTS) — specifically — to compositions of the form: “polymer — filler — additive”.
Theoretical analysis today has to be carried out for each position separately. We will give
some explanations of what is meant by such an object of analysis as “composition”. Even
from the school course of chemistry, it is known that the mixture is a system spontaneously
divided in the field of the earth, consisting of components, if you ensure their mobility. This
mixture can then, in technological processes, produce an associated composition, losing the
property of spontaneous separation and forming a single CTS. Here we will be interested in
CPM with an indefinite set of ingredients, for which there is a high interest, both from the
theoretical and applied science and technology.

It should be noted that the creation of CPM and their directed search with given perfor-
mance characteristics is the modern goal of researchers and technologists working with CTS.
There is no need to do without laws linking the structure of the material with its physico-
chemical properties. However, the nature of this connection is in most cases unclear and this
forces researchers to delve deeper and deeper into establishing the “structure-property” rela-
tionship. Here, without setting problems for predicting the behavior of CPM as deformable
multicomponent and multifactorial solids with a complex structure, the determination of
effective chemical and physico-mechanical characteristics is one of the trends of the present
time. Therefore, polymer materials science has shifted to a qualitatively new way of develop-
ment — the use of highly intellectual, including mathematics and information technologies,
in particular identification.
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1. Research objective

Identification of CPM properties today can be carried out at three sites: empirical,
semi-empirical and non-empirical. The last two require mathematical modeling. Mathemat-
ical solution of problems of CPM identifying properties can consist of the following actions:
formal presentation of the initial data, construction of mathematical models, research of
models, creation of decision rules and recommendations, decision making. In private tasks
that can be solved now it may look like this:

1) there is a set of polymer matrices, it is necessary to dwell on one;

2) there is a set of CPM of one direction of use; it is necessary to choose the optimal
material using the restrictions;

3) there is a set of ingredients with the same functions; it is necessary to choose them
so that CPM under the given conditions has optimal properties;

4) there are ingredients for different functional purposes; it is necessary to design a CPM
with the intended physicochemical properties.

Using the example of a simple enumeration of functional additives in the composition
of a CPM, we illustrate (Table 1) how voluminous the actual task of creating a CPM with
given properties and what are the ways of their practical use is represented. Consider what
basic mathematical and informational methods close to them can be used to solve these
problems.

2. Mathematical methods for predicting the properties of CPM

The empirical mathematical models of CTS in the past time, as indeed now, relied on
the physico-chemical characteristics of the substance and consisted in comparing the exper-
imental data, according to the “impact-response” scheme, an understanding emerged that in
chemistry for substances there is a relationship “composition (structure) — property”, which
can be expressed mathematically, in the form of a formula. We give historical examples.
Baum in 1899 found that together with a decrease in solubility in olive oil from substance to
substance, its narcotic power decreases [2], and Overton in 1901 found a similar dependence
on the molar concentration of isocapillary-active solutions [19]. Later Hammet (1940) for-
mulated the relationship of the quantitative relations of the structure and reactivity of some
reagents involved in a chemical reaction [39]:

lg
𝑘

𝑘0
= σρ, (1)

where 𝑘 — the reaction rate constant in the side chain of meta- and para-substituted benzene
derivatives; 𝑘0 — unsubstituted compound rate constant; σ — the substituent constant; ρ —
the reaction constant.

The ideas of Hammett received their certain development and on their basis a number
of more complex equations were developed [19; 25; 38–40]. So, Taft in 1956, introduced the
steric parameter and applied the Hammett equations to aliphatic systems [19]:

lg
𝑘

𝑘0
= σ*ρ+ δ𝐸𝑠, (2)
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where σ* — the parameter is proportional to the contribution of inductive effect; δ𝐼 , 𝐸𝑠 —
the steric parameter; δ — the correction factor.

Yukawa — Tsuno (1959) further expanded these ideas [19]:

lg
𝑘

𝑘0
= ρ(σ+ 𝑟(σ+ − σ)), (3)

lg
𝑘

𝑘0
= ρ(σ+ 𝑟(σ− − σ)), (4)

where σ+ — the parameter that takes into account the electron-donor resonance effect;
σ− — the parameter that takes into account the electron-acceptor resonance effect; 𝑟 — the
correction factor.

Table 1
Functional additives in the CPM

Type of additive Technical function Active substance

Anti-blocking Sticking prevention Silicic acid, amide waxes
Antioxidant Thermo-Oxidation preven-

tion
Phenols, phosphides

Flame retardant Flammability reduction Inorganic oxides, metal hydroxides,
halogen-containing, phosphorus-
containing, etc.

Antislip Roughening the surface Ultrahigh molecular weight polyethylene
Antistatic Decrease in electrified Alkylamines, metal powders
Foaming Decrease in density, heat

conductivity
Microcapsules with gases, derived from
carbonic acid

Hydrophilic Increased water wettability Hydroxyl containing compounds
Combined Light stabilizer antioxidant

and others (mainly for re-
cycling)

Multinuclear phenols. Derivatives with
–N = N– bond

Stretching modifier Additional elasticity, im-
pact resistance, resistance
to instantaneous overloads

Brominated butyl rubber, clays, acrylic
copolymers, chloropolyethylene, etc.

Nucleates
(anti-fibrillation)

Forming supramolecu-
lar structure, reducing
shrinkage

Sodium benzoate, fluorescent organic
dyes

Pigments and dyes Giving color, stabilization Polyvalent metal oxides, organic dyes
Plasticizer Reduced intermolecular in-

teraction
Esters of acids, organic phosphates, mod-
ified oils, derivatives of higher fatty acids

Processing (extru-
sion)

Improved processability, re-
duced scoring

Fluororganic, organosilicon derivatives,
metal stearates, derivatives of higher
fatty acids

Light stabilizers UV protection Benztriazole derivatives, benzophenone,
nickel and cobalt salts of phenols

Sliding Reduced melt viscosity, im-
proved surface properties,
reduced friction coefficient

Higher Fatty Acid Derivatives
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Type of additive Technical function Active substance

Other functional Bioprotective, environ-
mental, pharmacological

Most diverse

Further, the idea of using mathematical relationships was aimed at estimating biological
activity and in 1962 Hanch obtained a correlation equation [39] of the form:

lg
1

𝑐
= 4,08π− 2,14π2 + 2,78σ+ 3,36, (5)

where 𝑐 — the concentration causing a 10 % increase in growth in the Abena test,

π = log
𝑃𝑋

𝑃𝐻

,

𝑃𝑋 — the distribution coefficient of the substituted compound, 𝑃𝐻 — the distribution coef-
ficient of the unsubstituted compound.

By the beginning of the seventies, the same Hench had published several more equa-
tions linking the biological activity and the physicochemical parameters of the substance:

lg
1

𝑐
= 3,24π− 1,97π2 + 1,86σ+ 4,16, (6)

where 𝑐 — the concentration of a substance that causes a 10 % growth of a plant in 24
hours.

lg
1

𝑐
= 0,256π+ 2,42σ 0,6, (7)

where 𝑐 — the concentration corresponding to the toxicity of 𝐿𝐷50.
Then he also applied a regression analysis, which allowed him to calculate the quanti-

tative characteristics of the “structure — activity” links for a limited set of substances [25]:

lg
1

𝑐
= 0,88π+ 0,74σ+ 4,37, (8)

where the parameters are similar to the formula 6.
This possibility led further to the very wide use of regression analysis, which was later

influenced by the development of computer technology. It follows from the above that em-
pirical statistical methods intended for the analysis of CTS based on regression analysis that
were widely used were aimed at confirming the “structure-property” relationship in certain
classes of CTS, including already in our time and in the CPM. However, they practically did
not materialize in the constructive working tool of the technologist and now it is difficult
to indicate whether specific technological implementations were achieved. To advance along
this path, further developed structural analysis methods that made the transition from the
characteristics of a substance to the characteristics of structural fragments, which already
encoded individual fragments of chemical structures, and, quantitative characteristics of the
substance were evaluated, and then identification was carried out [37]. Here has found
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some use and factor analysis [25]. So for the study of the properties exhibited by chemical
compounds, the resulting productive formula was used:

𝑃𝑖𝑘 =
𝑚∑︁
𝑗=1

𝑈𝑖𝑗𝑉𝑗𝑘, (9)

where 𝑃𝑖𝑘 — the 𝑘-th property of the 𝑖-th compound; 𝑈𝑖𝑗 — the 𝑗-th physico-chemical
parameter of the 𝑖-th compound; 𝑉𝑗𝑘 — 𝑗-th physico-chemical or biological parameter of the
𝑘-th property.

Then came the numerical methods for solving problems. An example is the Runge —
Kutta method [30; 32] for the numerical solution of differential equations describing rela-
tionships in a substance that require cumbersome calculations. The forecast was not reli-
able. Many other examples can be cited here; however, no real practical results have been
achieved. At present, there has been a transition to a qualitatively new level of application
of mathematical methods of analysis — analysis of complex systems, including CTS, and it
has become possible to begin searching for ways to identify CPM properties.

We first note that with the “formulaic” approach, equations (1)–(9) remain to a cer-
tain extent valid only for a particular chemical system and their mechanical transfer to the
CPM is problematic. Therefore, mathematical methods proved to be more promising: the
above-mentioned regression analysis, mathematical statistics, cluster, factorial, discriminant,
dispersive analyzes, pattern recognition, which were developed and disseminated in identi-
fying the physical and mechanical properties of the CPM. Recall that CPM is a polymer
matrix + filler + additives. Therefore, identification, within the framework of the tasks
formulated above, can be carried out both for each component separately, and jointly and
comprehensively. Consider in stages. First, simple semi-empirical mathematical models of
the type (1)–(8) appeared, connecting one independent parameter and one dependent, for
example, the amount of filler in a polymer matrix and the strain modulus 𝐸𝑐. Let us give
the classical Einstein equation [4]:

𝐸𝑐 = 𝐸𝑚(1 + 2,5𝜐). (10)

where 𝐸𝑚 — the deformation modulus of the polymer matrix; ν — the volumetric content
of the dispersed filler.

A more complicated expression of Guta — Smallwood [18] has the form:

𝐸𝑐 = 𝐸𝑚(1 + 2,5𝜐 + 14,1𝜐2). (11)

However, in areas where 𝜐 > 0,3, the values 𝐸𝑐 calculated using these formula (10)–
(11) begin to differ significantly from the experimental data. Therefore, mathematical models
began to complicate:

• the equation of the upper limit of the strain modulus:

𝐸𝑐 = 𝐸𝑚 (1− 𝜐) + 𝜐𝐸𝑓 . (12)

• Eilers equation — Van Dijk [31]:

𝐸𝑐 = 𝐸𝑚

[︃
1 +

1, 25𝜐

1− 𝜐
0,74

]︃2
; (13)
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• Keiner equation [10]:

𝐸𝑐 = 𝐸𝑚
𝐸𝑓𝐴𝑘 +𝐵𝑘

𝐸𝑚𝐴𝑘 +𝐵𝑘

; (14)

Where

𝐴𝑘 =
𝜐

(7− 5µ)𝐸𝑚 + (8− 10µ)𝐸𝑓

; 𝐵𝑘 =
1− 𝜐

15 (1− µ)
;

µ — Poisson’s ratio (for construction materials µ ≈ 0,5).

Almost no progress was made further in this part, and the empirical approaches remain
the most frequent within the framework of the theory-practice approach. You can selectively
note the recent work [5; 6; 27; 33]. Achievements in this area are still most relevant to
the polymer matrix. They allow the use of semi-empirical calculation methods [22; 23]
for the analysis of possible physicomechanical characteristics using the additivity feature.
The initial basis is the chemical formula of a separate polymer unit: in the simplest case
for polyethylene, this is −𝐶𝐻2 − 𝐶𝐻2−. Here the additivity consists in the fact that a
significant number of characteristics of a substance calculated per mole can be approximately
calculated by summing the contributions of atoms of groups or bonds by the simple relation:

𝐹 =
∑︁

𝑛𝑖𝐹𝑖, (15)

where 𝐹 — the molar characteristic, and 𝑛𝑖 — the number of components of type 𝑖 con-
tributing to this characteristic, formula (15) is similar to formula (9).

High-molecular compounds are a good object for using the additivity principle due to
the fact that the structure of most of them of practical importance is formed by sequences of
fairly simple groups. Usually such reference data as the molar mass (𝑀), the molar volume
(𝑉 ), the molar heat capacity (𝐶𝑝), the molar enthalpy of melting (𝐷𝐻𝑚), the molar cohesion
energy (𝐸𝑐𝑜ℎ), the molar glass transition parameter (𝑌 𝑔), the molar parameter melting (𝑌𝑚),
molar refraction (𝑅), molar dielectric polarization (𝑃 ), molar magnetic susceptibility (𝐶),
molar parameter of the speed of sound in the polymer (𝑈) and some others. This principle
of additivity for high-molecular compounds was originally developed by A.A. Askadsky [1],
and then he received wide distribution in theory and practice. Using the numerical values
of the physicochemical properties of the data for individual groups of the link, it is possible
to approximately calculate the total value of the calculated parameter for the entire macro-
molecule - these are transition temperatures, cohesion characteristics, thermal properties,
calorimetric characteristics, properties of polymers in force fields, electrical and thermal
properties, and individual rheological options. A lot of research is devoted to the state that
an individual macromolecule is capable of taking and the configuration of the entire molec-
ular ensemble. The properties observed in practice are the result of averaging over many
different polymer states. Estimate the rms dimensions of the polymer coil, rms dipole mo-
ment and polarization, characteristics of light scattering, etc. This approach begins to give
serious deviations in the calculation of the characteristics of complex polymer structures,
especially with heteroatoms, cycles, linear crosslinks and spatial structures. Nevertheless,
calculations with the use of additivity in practice are used to such an extent that they are
included in the calculation tasks for students of higher educational institutions [7; 20]. For
academic and individual technological purposes, there is a set of calculation methods for
determining the thermodynamic characteristics of macromolecules depending on tempera-
ture [41]. Among others in this part, we note the coefficient of thermal expansion, the
parameters of phase equilibria, etc. Identification of the properties of the polymer matrix in
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the composition of the CPM today is also performed by the methods of molecular dynamics
or Monte Carlo to establish the values of characteristics depending on the specified parame-
ters of the macromolecule [29]. We give a small calculation example. The task is as follows.
To estimate the glass transition temperature (TD) of polyethylene terephthalate according
to the chemical formulas of the structural unit [7]:⎡⎢⎢⎢⎢⎢⎢⎣ CH2 CH2 O C

O

C

O

O

⎤⎥⎥⎥⎥⎥⎥⎦
𝑛

.

We have the values of group contributions 𝑍𝑖 and 𝑌 𝑔𝑖:

2
(︁

CH2

)︁
𝑍𝑖 = 2;𝑌 𝑔𝑖 = 340;

2

⎛⎜⎜⎜⎝ O C

O

⎞⎟⎟⎟⎠ 𝑍𝑖 = 2;𝑌 𝑔𝑖 = 1280;

1

⎛⎜⎝
⎞⎟⎠ 𝑍𝑖 = 4;𝑌 𝑔𝑖 = 1.

By the principle of additivity we get:

𝑍𝑖 = 2 + 4 + 4 = 10;

𝑌 𝑔𝑖 = 340 + 1280 + 1850 = 3470,

the calculated value of TD will be equal to:

𝑇𝑑 =
𝑌 𝑔

𝑍
=

3470

10
= 347(𝐾).

The real glass transition temperature of this polymer is 343–353K. Thus, it is possible
to calculate the approximate value of many parameters of various polymers and copolymers
(polymer matrices) and software products have been created for this purpose [36]. Here we
are talking about information technology. For new objects it requires a serious experimental
verification.

As for the CPM itself, taking into account, as mentioned above, their heterogeneity
and multi-factorialness, it can be said that direct arithmetic calculations are most associated
with material balance, and mathematical models have a “quasi-predictive” character [26].
Here is an illustration. In [42; 43], the identification of CPM properties is considered when
constructing and training an artificial neural network. An attempt has been made to evaluate
various parameters and indicators. To ensure the selection of optimal additives (softeners)
in the composition of the CPM, which would provide the specified physical and mechanical
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properties, a statistical analysis of the initial data — recipes for mixtures of compositions
based on SKS-30 APC rubber was made. The construction is based on a regression analysis.
Here identification is nothing more than a “prescription” character. Other studies of this
profile also deal with the optimal choice of ingredients [34].

It should be noted that the regression analysis, which is highly developed in this
part, makes it possible to solve particular problems when studying CPM: identifying the
composition for each element of the CPM, identifying the temperature and power range of
testing and operation, and identifying environmental factors. For example, it was used to
establish a simple relationship between CPM factors in the form of an Lagrange interpolation
polynomial of degree 𝑛−1. On the basis of experimental data, a relationship was established
between the concentration of the crosslinking agent in the composition and the degree of
crosslinking of components in the film of this composite [28]:

𝑦 = 6,09 + 0,05587𝑥− 0,1924𝑥2 − 0,01129𝑥3 − 0,000172𝑥4, (16)

𝑦 — the degree of crosslinking; 𝑥 — the concentration of the crosslinking agent.
In this part of the study, the activity is obvious. For CPM, there are in addition to

static, such as in the specified example (16), the concentration of the crosslinking agent,
an extensive group of dynamic, that is, time-dependent characteristics, such as diffusion,
viscosity, sedimentation coefficients, thermal conductivity, response to external influences,
rheology, etc. for predictions of values based on molecular parameters today use a nu-
merical dynamic type experiment (including methods of non-equilibrium molecular dynam-
ics) [35; 41]. Here, progress has been made in the analysis of ordered microstructures in
polymer matrices of block and statistical nature, having different monomer units, in which
specific interactions (including electrostatic) manifest themselves.

This task is interesting both for understanding the features of self-organization of
macromolecules, and for applied aspects of the controlled formation of a structure when
creating a CPM. Another particular in this series is the problem of selecting the CPM
ingredient (with a known polymer matrix) according to the boundary conditions. In this
part of the achievements are most associated with the use of fuzzy sets (FS) and fuzzy
mathematical approaches.

Here, the solution of the problem of selecting additives for a CPM with a known
polymer matrix and a given function of fillers and additives is considered in most detail.
When forming the task, it was found that the initial information is vague and contradictory,
and exact mathematical methods are hardly applicable [13]. The following tasks were solved
using FS in this area [9; 14].

1) Ranking active supplements.

2) Classification of active additives.

3) Verification of the initial information.

4) Examination of known ingredients.

5) Identification of the properties of new ingredients.

6) Construction of virtual additives.

3. The ranking of active additives

The task of ranking active additives to the CPM, considered in [8; 11], was to arrange
them in order of increasing efficiency. The task is general and formalized as follows.
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The set 𝑆 = {𝑠𝑖|𝑖 = 𝑖, 𝑛}, consisting of 𝑛 objects (additives). For each object 𝑠𝑖, 𝑚
characteristics 𝑄𝑖𝑗, 𝑗 = 𝑖,𝑚 are determined. The reference object 𝑠0 and its characteristics
𝑄0𝑗 are distinguished, with 𝑠0 being either an element of the set 𝑆 or not. The characteristics
of 𝑄0𝑗 are chosen in such a way that 𝑠0 is optimal.

Finally, the task in its most general form is formulated as follows: it is required to
rank the elements of the set 𝑆 according to the given 𝑚 characteristics 𝑄𝑖𝑗 for compliance
with the standard 𝑠0, 𝑖 = 𝑖, 𝑛, 𝑗 = 𝑖,𝑚.

The solution is that for each characteristic 𝑄𝑖𝑗 a fuzzy set is constructed

�̂�𝑖𝑗 = {𝑥𝑗|µ𝑖𝑗(𝑥𝑗)}, µ𝑖𝑗(𝑥𝑗) = 𝑒
− ln 2

δ2
𝑖𝑗

(𝑥𝑗−𝑞𝑖𝑗)
2

,

where 𝑥𝑗 ∈ R, 𝑖 = 𝑖, 𝑛, 𝑗 = 𝑖,𝑚. A certain membership function is involved in the
calculation.

To determine the extent to which the characteristic 𝑄𝑖𝑗 of the object 𝑠𝑖 is close to
the characteristic 𝑄0𝑗 of the reference object 𝑠0, the equality index 𝜐𝑖𝑗 of the corresponding
fuzzy sets is calculated [12]:

𝜐𝑖𝑗 = max
𝑅

min(µ𝑖𝑗(𝑥𝑗),µ0𝑗(𝑥𝑗)) (17)

After a weighted vote we get the integral assessment 𝜐𝑖 of the correspondence of the
set of characteristics of the object 𝑠𝑖 to the set of characteristics of the object 𝑠0:

𝜐𝑖 =
𝑚∑︁
𝑗=1

α𝑗𝜐𝑖𝑗 (18)

where α𝑗 ≥ 0,
𝑚∑︀
𝑗=1
α𝑗 = 1. Here α𝑗 is the weight of the 𝑗-th criterion and shows the level of

its importance.
The result is 𝜐𝑖, indicating the level of compliance of the compound 𝑠𝑖 with the require-

ments for the active additive. A practical example of the results of calculations according to
the above scheme is shown in Table 2.

Table 2
Data on polyethylene (PE) light stabilizers

𝑖 Structural formula, 𝑠𝑖 Specifications Efficiency, 𝜐𝑖

Melting
temperature
𝑄𝑖1, ∘𝐶

Concentration
in PE 𝑄𝑖2, %

0

(CH3)3C

OH

C(CH3)3

OH
218 0,01–0,2 1,00

44 E.V. Derbisher, V.E. Derbisher. Application of computational methods



МОДЕЛИРОВАНИЕ, ИНФОРМАТИКА И УПРАВЛЕНИЕ

𝑖 Structural formula, 𝑠𝑖 Specifications Efficiency, 𝜐𝑖

Melting
temperature
𝑄𝑖1, ∘𝐶

Concentration
in PE 𝑄𝑖2, %

1

O

OH

HO
147 0,2–5 0,63

2

O

OC8H17

HO
49 0,5–1,5 0,63

3

O

O

O

131,8 0,5–2 0,66

4

N

H
54 0,1–0,5 0,72

5 ⎡⎣C9H19 O

⎤⎦
3

𝑃

-5 0,1–0,3 0,72

4. Classification of additives

The above approach has also been applied for classification [9], which is carried out
according to the degree of impact of the additive on the final CPM product. For this, classes
of additives are distinguished: highly active, moderately active, little active, inactive, etc.,
which are interpreted as follows:

1) Highly active — additives that produce a pronounced effect on the final CPM.

2) Moderately active — additives produce some effect, but this requires a high concen-
tration, other additives or any other additional conditions.

3) Little active — the effect is practically not observed, at least, additives of this class do
not impair the performance of the final CPM.

4) Inactive — the effect either does not manifest itself in any way, or the indicators of
CPM deteriorate.

The results of the classification of a sample of light stabilizers for the CPM from
Table 2 are given in Table 3.
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5. Verification of the initial information

When selecting and sorting information for predicting CPM, there are several prob-
lems [9].

• in different sources the values of the same indicator differ for both the polymer matrix
and the ingredients. After ranking, the ingredients take their place among the activ-
ities, while comparing its data with the data of neighboring ones, conclusions can be
drawn about the objectivity of the information;

• subjective and inconsistent opinions, such as, for example: “good stabilizer” — that
in one case is considered as “good”, in the other is rated as “satisfactory”. Thus,
“good” in one information source is often not equal to “good” in another. For each of
them, you can rank the ingredients separately, coordinate the information, compare
the indicators and limit the area of the computational experiment. From the foregoing
it is clear that the verification principle itself is not complicated, but it requires a lot
of “paper” work. The tested ingredients are ranked together with the already proven
ones and, based on the places they occupy, certain conclusions are drawn about the
boundary conditions.

6. Examination of organic compounds

In [40], related to a CPM study, an examination is the conclusion about how well an
ingredient (additive) satisfies the set conditions in a CPM composition.

So, some additive 𝑠0 fully satisfies all requirements (for example, in Table 2 this
compound 0). Then, in order to examine the compound 𝑠, the level 𝜐 is calculated for 𝑠
with respect to the standard 𝑠0, as shown above. Level 𝜐 will show how 𝑠 satisfies the
requirements.

Table 3
Classification of polyethylene light stabilizers

No addi-
tives, 𝑖

Formula Classification(value 𝜐)

1

O

OH

HO
Moderately active
(0,60–0,69)

2

O

OC8H17

HO
Moderately active
(0,60–0,69)

3

O

O

O

Moderately active
(0,60–0,69)
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No addi-
tives, 𝑖

Formula Classification(value 𝜐)

4

N

H
Highly active (0,70–
1,00)

5 ⎡⎣C9H19 O

⎤⎦
3

𝑃

Highly active (0,70–
1,00)

For example, for PE light stabilizers the best (in terms of technology) are additives
No. 4 and 5 (Table 3). Identification of active additive properties.

The problem is that if there are several classes of additives and a new chemical com-
pound is presented, then it is necessary to identify the class to which it belongs.

The identification method proposed in [11] is based on the fact that adding an element
that already belongs to this set will not change the set. To do this, a set of descriptors is
built, for example, by combining the sets of descriptors of each additive, a set of descriptors
of the class of additives is created, that is, a statistical image of the additive to the CPM is
built. Further, to identify the relevant properties of a substance, descriptors of this chemical
compound are added to the statistical image, and if the compound is an active additive, then
the new image should differ little from the previous one, and, on the contrary, the differences
will be significant if the compound is not.

The computational steps here are that, based on the relative frequencies of occurrence
of structural descriptors, FS descriptors should be built for each class of additives. And
to assess the changes that have occurred in NM after the addition of a new additive, it is
proposed to use the FS dissimilarity index [24].

7. Construction of virtual additives based on the forecast

The method for constructing active additives to a CPM described in [16; 17] is based
on a limited search of real and virtual chemical structures of organic compounds with regard
to their descriptors, and the identification method mentioned above is used to evaluate the
activity of a specific compound as a functional additive to the CPM. To search, you can
analyze, virtual organic compounds all in a row. However, the array of such so large that
this procedure would be delayed indefinitely. In addition, the vast majority of compounds
would be idled. Therefore, a limited search should be carried out, with boundary conditions
that can be accomplished using the statistical image mentioned above. Here, only those
descriptors that describe the structural fragments of a chemical compound formula are
taken into consideration. By choosing those of which the frequency of occurrence is greatest,
virtual connections are being constructed that are candidates for identification, synthesis,
and testing.

Conclusion

In solving the problem of identifying the CPM, certain changes have been noted. At the
same time, within the framework of identification based on mathematical methods, 4 stages

ISSN 2587-6325. Математ. физика и компьютер. моделирование. 2019. T. 22. № 1 47



МОДЕЛИРОВАНИЕ, ИНФОРМАТИКА И УПРАВЛЕНИЕ

were outlined: Formalized description and design of a set of features;

• development of models of identification of technological activity;

• establishing the influence of CPM ingredients on the physicomechanical properties;

• design of new CPM.

Figure 1 shows the systematization of methods for the analysis of CTS, including CPM,
including those considered in the article that need to be used and developed.

 

 

 

 

 

 

 

 

 

 

 

theoretical 

analysis of CTS 
kinetic 

molecular-

mechanical 

Molecular 

dynamics 

mathematical 

molecular 

modeling 

chemoinformatics 

computer 

calculating non-calculating 

quantum 

classic 

calculating 

Fig. 1. Areas and methods of forecasting CTS

In general, their further development is associated with the expansion of mathematical
approaches and the increasing involvement of information technologies and the development
of subject representations in the field of quantitative relations “structure-property” of the
CPM. The possibilities of using these technologies for world practice in the analysis of CTS
are shown in Fig. 2 and most likely the space is even wider.

And most likely, on this basis, in the coming years, it will be possible to predict an
indefinite, constantly expanding set of physico-chemical and performance properties of a
CPM and the creation of new technological products.

In this direction there are already advances. For example, the only fundamental publi-
cation in its genre in world practice [21] which contains the chapter “Principles of regulation
of CPM properties” and also summarizes data on individual issues of modeling the “structure
property” dependence in this area.
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Fig. 2. The main directions of the study of the dependence of “structure-property “CTS”
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Аннотация. В статье рассматриваются актуальные математические ме-
тоды (вероятностный, регрессионный, корреляционный, нечеткий, графовый
и др.), используемые при исследовании зависимостей «структура — свой-
ство» полимерных композиций и полимерных композиционных материалов.
Рассмотрены методология и теоретические аспекты моделирования этих за-
висимостей, приведены технологические расчеты с использованием моделей.

52 E.V. Derbisher, V.E. Derbisher. Application of computational methods



МОДЕЛИРОВАНИЕ, ИНФОРМАТИКА И УПРАВЛЕНИЕ

Даны примеры анализа частного случая сложных химических и химико-
технологических систем, полимерных композиций и композиционных (поли-
мерных) материалов. Показано возможное решение задач оценки качества
композиционных полимерных материалов и рационального выбора состава в
однородных наборах с применением нечетких множеств.

Ключевые слова: химико-технологические системы, полимерные компо-
зиты, математическое моделирование, идентификация, нечеткие множества,
задача оптимизации, выбор ингредиентов.
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