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ARTIFICIAL INTELLIGENCE AS THE COGNITIVE VALUE
OF HEURISTIC MODELS

This article is devoted to heuristic modeling of the structure of interconnections in nano-, bio- and information
technologies and in cyber-physical systems, graphic images of which allow studying the fine structure of in-
formation sources of various natures. It is shown here that the information content of models of the structure of
interconnections of nano-, bio-, information technologies and components of cyber-physical systems is due to
the use of a fractal triangle and logic. The current work harmonizes human-computer interaction through digi-
tal complementary methods for studying the structure of information sources of various natures, as well as us-
ing the circle of natural colors by I. Goethe and a new interpretation of the Star of David. Here we show that
balanced conjugate triangles in heuristic models allow inversion of transition states of information sources of
different nature. Static, dynamic and statistical generalized heuristic models are based on the balance of re-
sources and the asymmetry of feedback between the elements of a complex dynamic system. Their relationship
determines the variability of cyclic processes, and the complementarity of dynamic and statistical heuristic
models is associated with the dualism of nature. A systematic analysis of explicit and hidden relationships in
information flows of various natures opens up qualitatively new opportunities for a cognitive dialogue with na-
ture and an understanding of reality. The complementarity of heuristic and cognitive models in the transdisci-
plinary cognitive space provides innovative potential for solving urgent problems of education, science and
new technologies. This is especially important for the further development of artificial intelligence and the
harmonization of human-computer interaction. In particular, online forecasting of the transient functional
states of information sources of various nature under unforeseen conditions simplifies the interdisciplinary ex-
change of ideas, methods and technologies. Since the number of honeycomb structures in nature is two to three
orders of magnitude greater than that of artificial models, their connection with the harmony of colors in na-
ture contributes to the development of emotional intelligence, creating new opportunities for solving relevant
security problems.

Keywords: information security; space-time structure; cyber-physical systems; cognitive sciences; transdisci-
plinarity; inversion.

They are caused by systemic problems that lie at the
intersection of neurosciences and cognitive sciences, as

Introduction

Multidisciplinary development of sciences, educa-
tion and technologies. In the 21st century, scientists and
educators face the cognitive aspects of digitalization and
new challenges [1]. The severity of the problems is as-
sociated with the manifestation of the human factor in
science and education, as well as in the development of
IT and ICT [2-4]. This work is a development of a con-
vergent approach to heuristic digital modeling, the con-
cept of which is given in [2]. They promote glare per-
ception of information and discrete thinking, resulting in
fragmentation of knowledge and the illusion of
knowledge [5-7]. To overcome interdisciplinary barriers
in science, education and technology, the harmonization
of human-computer interaction is proposed. The identi-
fication of three key problems of human-computer in-
teraction (interdisciplinary barriers, cognitive distor-
tions, psychophysiological compatibility) made it possi-
ble to reveal the hidden relationships between them.

well as ergonomics, modern psychology, etc. The exist-
ing standards, approaches and methods for ensuring
biological, informational and functional security do not
take into account the duality of perception and individu-
ality of thinking, which are associated with the func-
tional asymmetry of the cerebral hemispheres. They
determine the individuality of cognitive activity, which
is associated with an intuitive search for a spatio-
temporal balance between extremes. This balance de-
pends on the functional and mental state of a person, as
well as on the aesthetic perception of the digital world.
Computer science differentiation. It contributes to
the increase of uncertainty in the interaction of individ-
uals in the digital world. Neurosciences (neuroergonom-
ics, neuropsychology, etc.) have established the domi-
nance of cognitive styles and emotional memory when
studying the interaction of individuals [8]. The works
[9-11] draw attention to the fact that cognitive problems
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are also associated with the mentality of interacting
people. Therefore, the main goal of the work is to find
ways to harmonize human-computer interaction. In the
digital world, cognitive aspects give rise to new difficul-
ties, problems and contradictions, for the solution of
which it is important to solve the problems of finding
new ways to:

—visualization of poorly formalized information
for presentation and analysis;

—revealing hidden individual cognitive distortions;

—taking into account the individuality of the style
of thinking in the processing and analysis of infor-
mation.

The solution of these problems requires the con-
sideration of sensory and biosensor signals of various
nature in the form of information flows [12]. The pro-
cesses of organization (structure) of control in objects of
animate and inanimate nature are similar [13]. This is
confirmed by the analogy between the processes of pat-
tern recognition in cognitive processes and the dynamic
processes of shaping in natural systems [14, 15]. There-
fore, it is possible to analyze not only the dynamic
(coarse) structure of the information flow, but also the
fine (information) structure.

Thus, the connection of cognitive aspects with the
functional asymmetry of the cerebral hemispheres was
most manifested in the dynamic similarity and statistical
difference between the fractal electrophysiological sig-
nals of individuals. Hybrid (analogue-digital) processing
of these signals made it possible to convert them into
3D models, the orthogonal projections of which are
three 2D models. Spatio-temporal relationships of con-
figurations of these models under the influence of stress
factors indicate a change in their dynamic structure,
energy balance and order [9, 11]. In this article, we use
the fractal triangle and fractal logic for heuristic model-
ing, which made it possible to add 4 more veracity, via-
bility , value variability and visualization to the initial
set of VVV features (volume, velocity, variety) [16, 17].
And these are new opportunities for the further devel-
opment of artificial intelligence (Al).

1. Material and methods

Induced feedback asymmetry. The natural scienc-
es have accumulated large databases (Astrophysics,
Particle Physics, Physionet, Covid-19, etc.). Their rapid
growth limits the processing of information in real time.
At the same time, extreme conditions bring the state of
self-organizing objects of various nature closer to the
bifurcation point and self-organized criticality appears
[18]. At the bifurcation point, the inhomogeneities of
the environment and sources of information appear in
different studies, which makes it possible to combine
the results of several studies using statistical methods,

i.e. carry out a meta-analysis. The advantage of meta-
analysis (over literature reviews, etc.) is that it can de-
tect bias. They, like hidden cognitive distortions, affect
the optimality of decisions made online. A consequence
of the presence of heterogeneities in information
sources and information transmission media is the
asymmetry of induced feedback [19]. In particular, its
features are characteristic of critical phenomena (phase
and structural transitions), critical technologies (smart
materials) and thinking. Critical events result in induced
feedback asymmetries that create new technologies or
problems (see Fig. 1).

Critical
phenomena in
physics and self-
organized media

Problems Technology

Induced
asymmetry
as creator

or destroyer

Problems

Technology

Fig. 1. Induced feedback asymmetry as creator
(clockwise) and destroyer (counterclockwise)
of new relationships

2. Problems of development
of artificial intelligence

Limitations in the development of Al. Al technol-
ogies help make computers smarter, not take over the
world. Therefore, the limitations in the further devel-
opment of Al are due to the fact that:

— training is only based on data, and any inaccura-
cies are reflected in the results;

— Al is focused on well-defined tasks and is vul-
nerable to biases and errors;

— self-learning systems are not autonomous.

Such a narrow specialization leads to legal prob-
lems of liability for unmanned vehicles (drones, etc.)
and automated control systems. Therefore, Al contrib-
utes to the intuitive process in human-computer interac-
tion when decisions are made within certain tasks.
However, under unforeseen conditions, increasing com-
plexity limits cognitive computing.

Simplified heuristic models of NBIT and CPS.
Research on nanostructures at the end of the 20th centu-
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ry contributed to the development of nano, bio- and in-
formation technologies [20, 21]. However, the realiza-
tion of the fruitful idea of technology synergy through
convergence is hindered by the manifestation of cogni-
tive aspects in human-computer interaction. In works [2,
19, 22] it is shown that the asymmetry of feedbacks
determines:

— uncertainty and causes cognitive dualism;

— uncertainty of dynamic parameters and statisti-
cal integrative indicators;

— instability of the balance of information and oth-
€r resources.

Consequently, the asymmetry of links and the
growth in the number of distortions of information
flows of various nature limits the possibility of imple-
menting a sustainable synergy of NBIT and reduces the
security of the CPS in unpredictable conditions. Thus,
space-time fluctuations (noises, jumps) limit the further
development of intelligent technologies (machine learn-
ing, Al, etc.) [23].

Development of heuristic modeling on a transdis-
ciplinary basis. To harmonize human-computer interac-
tion, generalized heuristic models of NBIT and CPS are
proposed, based on the fractal triangle and fractal logic,
as well as the natural color circle of 1. Goethe. He de-
veloped the theory of color for 40 years and considered
it his greatest achievement [24]. The Goethe circle of
natural colors includes primary colors (blue, red and
yellow) in the form of a triangle, and first-order colors
in the form of an inverted triangle (violet, orange and
green), and harmonization is achieved through the bal-
ance of conjugate components and the contrast of oppo-
sites. Highlighting spatio-temporal features with natural
colors (red, blue, and yellow) and with auxiliary colors
(green, orange, and purple) of relationships induced by
visual analyzers stimulates intuition (see Fig. 2). As can
be seen from the figure, a combination of harmonious
colors located next to them strengthens them, and a

2

combination of less harmonious colors leads to dishar-
mony. In addition, generalized NBIT models visualize
the uncertainties that limit the reproducibility of tech-
nologies. This simplifies the identification of the fea-
tures of human-computer interaction in unpredictable
conditions under the influence of stress factors of activi-
ty and the environment for transmitting information.

Spatio-temporal features of generalized heuristic
models. These features of heuristic models not only
expand the possibilities of meta-analysis, but also allow
revealing hidden relationships. Thus, a static model (a.)
can be represented in various ways in the form of a frac-
tal triangle, Sierpinski triangle, Koch-snowflake fractal,
etc. [25-27]. The original dynamic model (b) displays
the induced uncertainty that is created by the feedback
asymmetry. The statistical model (c) takes into account
the growth in the uncertainty of the power balance of
conjugated subsets of microstates. Therefore, the com-
plementarity of models (b) and (c) testifies to the cogni-
tive value of the boundary between probable and im-
probable dynamic events. On the one hand, feedback
asymmetry generates distortions (noise, fluctuations,
jumps), and on the other hand, it increases the uncer-
tainty of the dynamic structure of the information flow
and its statistical order. Therefore, digital modeling
blurs the line between truth and falsehood, which limits
the possibilities for further development of artificial
intelligence. It is obvious that a convergent approach on
a transdisciplinary basis will allow predicting infor-
mation and other security.

Security of cyber-physical systems in unforeseen
conditions. Based on NBIT, there was a revolution in
automation and cyber control. Unique cyber-physical
systems (CPS) have been created and INDUSTRY 4.0
and INDUSTRY 5.0 are being intensively developed.
However, the use of CPS (airbuses, nuclear reactors,
technologies, etc.) in unforeseen conditions actualized
the problem of their safety [28, 29].

a) Static model — graph

b) Dynamic Model
Fig. 2. Generalized heuristic models of NBIT interconnections
(in Fig.: 1 — Nanotechnologies, 2 — Biotechnologies, 3 — Information technologies,
4, 5 and 6 — induced states (connections, subsets), respectively

c) Statistical Model
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The manifestation of space-time relations in the dynam-
ic structure of the information flow is associated with
the extreme principle of the shortest path or least curva-
ture proposed by Heinrich Hertz based on the ideas of
Jacobi and Gauss [30]. Therefore, the safety of CPS is
determined by the spatio-temporal uncertainty of signals
(information flows) of various nature. In this case, the
uncertainty of human electrophysiological signals as the
most unreliable element of CPS is of particular im-
portance. The increase in complexity and uncertainty is
most clearly manifested in the transitional psychophysi-
ological states of a person [9, 11]. Today it is important
to realize that the cognitive aspects of digitalization are
associated with emotional memory, which depends on
mental health. Therefore, in unforeseen conditions, only
the harmonization of human-computer interaction with
the digital world will reduce the impact of cognitive
aspects on the security, reliability and stability of CPS.

3. Metaphysical approach
to the development of artificial intelligence

Problems of functioning of CPS in unforeseen
conditions. Most of the problems are related to the limi-
tations of the theory of artificial intelligence (machine
learning, etc.) [23]. The main problem in unforeseen
conditions is the individual functioning of the CPS ele-
ments, as well as the increasing complexity of their in-
teraction. Individuality manifested itself most clearly
within the framework of the metaphysical approach [31,
32]. Further development of the metaphysical approach
was carried out through the geometric interpretation of
information flows of various nature in the cognitive
space, which made it possible to use:

— extreme principles of natural science for the
analysis of information flows (signals) from different
angles;

— dynamic similarity criteria for the analysis of in-
formation flows of various nature;

— principles of the general theory of relativity for
the analysis of a geodesic curve from different angles of
view.

The hidden complementarity of cognitive distor-
tions was most evident in the visualization of fractal
electrophysiological signals in the cognitive space. This
made it possible to establish the influence of the psy-
chophysiological state of a person on the cognitive per-
ception of changes in the structure of information flows
of various nature [9, 11, 12]. It became obvious that
genetic or technological heredity is hidden in the nature
of the restructuring of the space-time structure of the
cyclic process [32]. It is the variability of cyclic pro-
cesses that reflects the self-organization of new connec-
tions, in the individuality of the fine structure of which a

heuristic algorithm for finding solutions based on natu-
ral selection is hidden.

Transdisciplinarity of cognitive space. Today, the
recommendations of UNESCO and the UN on the
transdisciplinarity of education in the 21st century, as
well as the report "ARISE-2" (Advancing Research in
Science and Engineering), the main goal of which is to
make "the transition from interdisciplinarity to transdis-
ciplinarity” [33-35]. Transdisciplinarity also includes
what is between disciplines and beyond, i.e. manifesta-
tion of unintended side effects. The assumption that the
spatio-temporal structure of information flows contains
hereditary information is confirmed by the analysis of
the dynamic similarity of cyclic processes of various
nature in the transdisciplinary cognitive space [22, 32,
36]. The dynamic similarity of cyclic processes in
sources of information of various nature indicates its
connection with the phenomenon of self-organized criti-
cality [18] and the principle of local dynamic equilibri-
um. It turned out that hereditary information is hidden in
the nature of the restructuring of fractal signals of self-
organized complex dynamic systems (sensor responses,
electrophysiological signals (ECG, EEG, etc.) [9, 11,
19]. The similarity of the dynamic structure of time se-
ries of various nature in the cognitive space indicates
the existence of a hidden connection between spatial
micro- and macro- inhomogeneities. Therefore, tem-
poral fluctuations (noises, jumps, etc.) are sources of
qualitatively new information about biological, physical
and informational security [2, 19]. Has a holographic
nature, is confirmed by the transition from two-
dimensional to three-dimensional cognitive images. It
can be assumed that the nature of the restructuring of
the coarse and fine dynamic structure of cyclic process-
es in the transdisciplinary cognitive space is most im-
portant for the further development of science, educa-
tion and technology [12, 22].

Generalized heuristic models of a cyber-physical
system. The integration of computing resources with
physical processes under unforeseen conditions is lim-
ited by the increasing complexity of human-computer
interaction [19]. To harmonize the interaction, general-
ized heuristic models of the cyber-physical system have
been developed. Thus, the static CPS models (a)
(Fig. 3,a) and the NBIT model (see Fig. 2, a) are the
same, while the dynamic and statistical NBIT models
complement each other (see Fig. 2, b and Fig. 2, ¢). At
the same time, the allocation of space-time features with
natural colors (red, blue and yellow), and auxiliary col-
ors (green, orange and purple) induced by visual ana-
lyzers of relationships, stimulates the use of intuition. In
addition, the generalized NBIT and FSC models visual-
ize the induced uncertainties, taking into account the
interrelations of which makes it possible to predict their
stability. Therefore, the complementarity and similarity
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a

Fig. 3. Generalized Static (a) and dynamic (b) CPS models
(1 — physical layer, 2 —digital layer, 31 and 32 —communication interfaces)

of the heuristic models of NBIT and CFS has a higher
cognitive value than the models of NBIT and CFS in the
article [9].

Such complementarity and similarity between the
heuristic models of NBIT and CPS has a cognitive val-
ue.

As can be seen from the figure, a combination of
harmonious colors located next to them strengthens
them, and a combination of less harmonious colors
leads to disharmony. This simplifies heuristic modeling
of the influence of stress factors on information sources
and information transmission media.

When modeling the functioning of the CPS in un-
foreseen conditions, you can use: a) a static model in the
form of a fractal triangle, as well as a graph, an octahe-
dron face; b) a dynamic model that fractally displays
feedback loops, the induced asymmetry of which is
quite informative. Thus, the symmetry of static links
and the increasing uncertainty of their dynamic links
under unforeseen conditions leads to the loss of CPS
stability. Therefore, the visualization of the variability
of the fine structure of the signal, as well as the com-
plementarity of the static and dynamic models, has a
cognitive value.

The relationship between order and disorder. Re-
lations of the same type are different in mathematics,
physics and biology (chemistry). In mathematics, order
is a certain system of relations, and its absence is disor-
der. In physics, order is the correlation (system of rela-
tionships) between a group of observed events. The bio-
logical and chemical order can be defined as the dual
order of structures and processes. Therefore, in the
study of the macro- and microworld, we are looking for
order, using a conservative scientific method. However,
in the process of digitalization of science and education,
the logical basis for the search for order is increasingly
moving away from reality. Researchers see other events

that do not fit into the measurable or modelable. There-
fore, such events are expressed by signs, the ratios of
which form something immeasurable and unimaginable.
Whereas the process of thinking is a process of pattern
recognition [14, 15]. However, the digitalization of sci-
ence, increasing the complexity of the tasks being
solved, creates uncertainties that have begun to limit the
unique possibilities of digital modeling. With the devel-
opment of various sciences, the idea of the relationship
between order and disorder is gaining more and more
depth. Understanding means organizing images (im-
pressions) in such a way that general ideas can be ex-
tracted from them.

4. Problems of digital modeling of nature

Problems of human-computer interaction and
development of Al. Archaeologists, anthropologists and
environmentalists who study nature are experiencing
problems with the lack of information for digital model-
ing. While architects, materials scientists, designers and
engineers, borrowing ideas from nature (biomimicry),
create smart materials, develop ethnic design, etc. Fur-
ther development of digital modeling is limited to met-
amathematics, which is based on the incompleteness
theorems of K. Gddel [37]. In any complete system of
axioms, there will always be statements that are incon-
sistent and loop the computer. As a result, in the theory
of artificial intelligence, the problem of stopping the
computer arises. Since the loss of information in the
process of digital modeling cannot be compensated by
the redundancy of information flows of various nature
[2, 22]. We see a way out of the impasse in the hybrid
processing of analog and digital signals, the difference
between which is the source of new information about
heredity.
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Individual features of logic and intuition. “Logi-
cal thinking is only a tool of proof, but not an invention,
and therefore does not create anything new” (A. Poinca-
ré) [38]. In our opinion, heuristic activity includes both
logic and intuition, which is based on individual suc-
cessful experience and biomimicry [39]. Logic and intu-
ition are the two components of heuristic activity, which
is aimed at discovery, invention and know-how. There-
fore, digital modeling is based on modern metaphysics
[40, 41], and a triad of complementary principles is im-
portant in heuristic modeling [22].

The connection of order with the perception of
harmony. The formation of a “bridge” between the
macroscopic and microscopic approaches is facilitated
by the commonality of physical and mathematical anto-
nyms (order-disorder, simplicity-complexity, structure-
function, etc.), the intersection of which is the source of
new information [2, 19, 22]. When moving from models
to real systems, the distortion of the structure of infor-
mation flows causes hidden cognitive distortions (indi-
vidual systematic deviations) [11, 22]. Taking into ac-
count the duality of perception of nature, individuality
of thinking and functional asymmetry of the cerebral
hemispheres underlie complementary heuristic models,
which are shown in Fig. 2 and fig. 3. In these models
there are three keys of the human mind: number, shape
(letter) and color, with the help of which they open the
harmony of the real world. The complementarity of
these keys allows you to know, think and visualize
dreams. Obviously, the connection between knowledge,
thought and the dream of creativity is inspiring. A quote
from the work of A. Einstein: “The significant problems
that we face cannot be solved at the same level of think-
ing at which we created them” [42].

Management of CDS in unforeseen conditions.
This requires complementary ideas of modern meta-
physics. The relevance of the study of the evolution of
the real world is supported by the integration of various
methodologies, methods and technologies, which are
based on universal principles and many fruitful ideas.
Natural relationships between structure and functionali-
ty, microstructure and macrostructure, dynamics and
statics follow from the principles of modern metaphys-

ics and other metasciences. Based on their complemen-
tarity, a universal cognitive model has been created, in
which three key principles have been identified: the
relationship of binary and trinity, fractality (self-
similarity), spatio-temporal order. On the one hand,
their complementarity is manifested in natural fractals
and multifractals that exhibit statistical self-similarity,
i.e. self-affinity. On the other hand, the orderliness of
the spatio-temporal structure is characteristic of natural
phenomena, the three-dimensional modeling of which
gives rise to dynamic fractals and multifractals [2, 22].
In the transdisciplinary cognitive space of dynamic
events, local distortions of phase boundaries (contours,
configurations) reflect changes in the spatio-temporal
structure of information flows of various nature. This
allows you to observe and compare what is really com-
parable [2, 22]. Therefore, the visualization of the spa-
tio-temporal balance of information and energy re-
sources in heuristic models of the relationships between
NBIT, CPS and CDS allows optimizing their manage-
ment in unforeseen conditions.

5. Cognitive models
of nature cognition.

Local changes in structure and balance. Self-
organized criticality and the principle of dynamic equi-
librium give rise to an accompanying cyclical process in
which the generalized principle of Le Chatelier-Brown
[43] is manifested. On fig. 4, a shows a 3D model of
new phase nucleation, which illustrates self-organized
criticality. On fig. 4, (b, ¢, d) show cognitive 2D models
of the three main phases of such related cyclical pro-
cesses. Yes, fig. 4, b and fig. 4, d. The 2D models repre-
sent the unstable phases, while the 2D model c. displays
the stable phase (survival).

As can be seen from fig. 4, when exposed, the cy-
clic process proceeds clockwise, and when counteract-
ed, it proceeds in the opposite direction (d). Cognitive
models (b) and (d) reflect the dynamics of cyclic pro-
cesses tending to a stable phase — a two-dimensional
model of the cycle (c).

4N
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a b C d

Fig. 4. Cognitive models of coupled cyclic processes



124

Radioelectronic and Computer Systems, 2022, no. 2(102)

ISSN 1814-4225 (print)
ISSN 2663-2012 (online)

Stability is based on the balance of opposites,
which is due to the transition of trinity into duality. Ob-
viously, therefore, 2D cognitive models and heuristic
models of NBIT (see Fig. 2) and CPS (see Fig. 3) are
characterized by dynamic similarity. Consequently, the
structure of model (c) in the form of a Star of David
reflects the thermodynamic principle of local dynamic
equilibrium. This principle is inherent in all natural
phenomena and follows from bionics. When moving
from a 3D model (a) to 2D models (b, c, d), resources
(substance, energy and information) are saved.

Spatial-temporal structure of conjugated cyclic
processes. It is important to note that the model of local
dynamic equilibrium (8.) can be synthesized by differ-
ent methods. In particular, through the superposition of
two Sierpinski fractals, the Koch Snowflake fractal and
the antifractal, as well as conjugated fractal triangles
[25-27]. It is important that it has the appearance of the
Star of David, various interpretations, both traditional
and those proposed at the end of the 20th — beginning of
the 21st century. These are: a) fully connected graph, b)
Goethe color circle, ¢) magic numbers, d) mathematical
theorem, €) magic knots, f) da Vinci code, etc. There-
fore, every nation, studying and surviving in an envi-
ronment with certain energy and information resources,
interprets the Star of David in its own way. In our opin-
ion, the Star of David is a unique genetic algorithm for
studying the processes of origin (self-organization) of a
new phase (structure), its survival (stability) and devel-
opment (adaptation) in natural or certain information
resources.

Harmonization with the help of the Star of David
and Goethe's color circle makes heuristic models and
their mutual transformations in the transdisciplinary

Complexity/simplicity

cognitive space complementary. Therefore, it can be
assumed that the evolution of self-organizing processes
and CDS is based on a fractal cyclic process —
STABILITY THROUGH THE DUALISM OF
KNOWLEDGE OF NATURE AND ADAPTATION
THROUGH THE DUALISM OF THINKING AND
MENTALITY.

Latent cognitive distortions. Works [2, 19, 22]
show that local distortions in the structure of infor-
mation flows of various nature in information sources
and information transmission lines are associated with
the perception of dynamic and statistical complexity in
real time. There are interrelations between the features
of dynamic and statistical complexity, which, under
extreme conditions, distort the structure of information
in processing, representation, and analysis systems. This
gives rise to hidden cognitive distortions (systematic
errors) (see Figure 5).

At the same time, visualization of changes in the
structure of dynamic features with primary colors (blue,
yellow and red), and statistical features with auxiliary
colors (green, orange, purple) allows you to analyze
changes in the symmetry / asymmetry of the structure,
as well as the balance of their conjugate components.
This includes intuition for uncovering hidden relation-
ships.

As can be seen from Figure 5, a combination of
harmonious colors located side by side enhances per-
ception, and a combination of less harmonious colors
leads to disharmony. The ability to use thermodynamic
principles and criteria creates new opportunities for the
development of intuition, which is associated with suc-
cessful experience in solving real problems.

A
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3D topological models

Symmetry/
asymmetry of
structures

Real-time perception of statistical
complexity

—

—
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Fig. 5. Relationships between dynamic and statistical complexity



Intelligent information technologies

125

Complexity/simplicity

of <

3-D topological models \

Fine structure
:symmetry/asymmet

Real-time perception of statistical
/ complexity \

\
;l The degree of \4
D ] ¢ balance of conjugate ! .
Organizing micro components Subset cardinality

and macro

ratio

Fig. 6. Harmonizing complexity relationships through inversion

Through the inversion and use of the circle of nat-
ural colors by I. Goethe, in the analysis of electrophysi-
ological signals in the cognitive space, hidden cognitive
distortions (know-how) can be revealed. Consequently,
the harmonization of human-computer interaction can
be carried out by means of inversion and use of the cir-
cle of natural colors by I. Goethe (see Fig. 6.).

Innovative potential of models. The innovative
potential of the development of digital research methods
is based on a convergent approach, the transdisciplinary
basis of which allows the development of new tools for
the development of artificial intelligence. The innova-
tive potential of the development of digital research
methods is based on a convergent approach and tools on
a transdisciplinary basis. In particular, the amount of
honeycomb structure in nature is two to three orders of
magnitude greater than in artificial models. Their con-
nection with the natural harmony of colors in nature
“turns on” emotional intelligence, creating new oppor-
tunities for solving relevant problems in education and
science, which are created by their digitalization. There-
fore, the use of the fractal triangle and fractal logic has a
high cognitive value, since it takes into account the pe-
culiarities of the logic and intuition of the individual.
Accounting for these features makes it possible to over-
come those problems in the development of Al and bi-
odesign, which are generated by cognitive distortions.

Conclusions

In the 21st century, scientists, educators and engi-
neers are faced with the cognitive aspects of digitaliza-
tion and qualitatively new problems - increasing uncer-
tainty, ambiguity and non-linearity in unforeseen condi-

tions. Difficulties in solving these problems are associ-
ated with the dual nature of thinking and mental health
[2, 22]. At the same time, the individuality of cognitive
activity and the psyche is associated with the peculiari-
ties of the perception of digital reality. In particular, the
identification of hidden cognitive distortions (know-
how) makes it possible to identify operators, designers,
etc., whose successful experience contributed to the
development of convergent thinking. After all, this
thinking is based on the holographic structure of emo-
tional memory, which forms intellectual intuition [2,
22]. Note that the holographic structure of emotional
memory is formed in the process of solving real prob-
lems.

In the cognitive space of dynamic events, the com-
plementarity of the three key principles of metaphysics,
the duality of metamathematics and the trinity of mod-
ern metaphilosophy were manifested. Features of direct
and feedback links in each metascience and between
them determine new information challenges that are
induced by digitalization.

Eristic modeling is facilitated by hybrid processing
of analog and digital information, as well as displaying
information flows of various nature in the form of topo-
logical 3D models. Structural and functional analysis of
orthogonal projections of these models made it possible
to establish:

—cognitive significance of information flow mi-
crostructure transformation into macrostructure by
means of inversion;

—heuristic value of the circle of natural colors by I.
Goethe for the further development of artificial intelli-
gence tools;
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—qualitatively new opportunities for cognitive dia-
logue with nature and comprehension of reality.

Their complementarity creates a new basis for the
development of more efficient IT and ICT, as well as
for the interdisciplinary exchange of ideas, methods and
technologies.

All co-authors are equal in status.

Contributions of authors: conceptualization —
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of order with the perception of harmony — S. Mygal.
All authors have read and agreed to the published ver-
sion of the manuscript.
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IITYYHUM IHTEJEKT — KOTHITUBHA IIIHHICTb EBPUCTUYHUX MO/JIEJIEN
B. II. Muzanw, I. B. Muzane, C. II. Muzano

CratrTs npHCBsSiUE€Ha €BPUCTUYHOMY MOJEIIOBAHHIO CTPYKTYPH B3a€MO3B'A3KIB y HaHO-, 0io- Ta iHQopmariii-
HHUX TEXHOJIOTisIX Ta y Kibep(i3nmyHuX cucremax, rpadivuHi o0Opa3u SKUX JO3BOJISIOTh BHBYATH TOHKY CTPYKTYPY
Jokepen iHdopmMarii pisHoi npupoau. TyT nokazaHo, 110 iHGOPMAaTHBHICTb MOJIENIe CTPYKTYpH B3a€MO3B'sI3KIB Ha-
HO-, 0i0-, iH(pOpPMAIIIITHUX TEXHOJIOT1H Ta KOMIIOHEHTIB KiOep(i3NuHUX CHCTEM 00YMOBIIEHa BUKOPHCTaHHSIM (pak-
TAJBHOTO TPUKYTHUKA Ta (pakTaibHOI JOriku. Mera poOOTH — rapMOHi3allisl JFIMHO-KOMI'FOTEPHOI B3aeMOJIT ue-
pe3 uudpoBi B3a€MOIONOBHIOKYI METOIM JOCIIIKEHHsI CTPYKTYpH JpKepel iHpopMaliiil pi3HOT IPUPOAN, a TAaKOXK
BHUKOPHCTaHHSI KoJla MPHUPOIHUX KoibopiB I.I'ere Ta HOBOI iHTepnperanii 3ipku JdaBunga. Tyr Mu mokasyemo, 1o
30aJIaHCOBaHI TPUKYTHUKH B €BPUCTHYHHMX MOJICIISIX JIO3BOJISIOTh 3/MIHCHUTH 1HBEPCIIO MEPEXiJHUX CTaHIB JpKepel
iHpopmarii pizHOT TPHPOJIH. B OoCHOBI cTaTHMYHMX, IMHAMIYHHX Ta CTATHCTHYHUX Y3araibHeHuX eBPUCTHIHUX MO-
neneil Gananc pecypcua Ta acUMeTpis 3BOPOTHHX 3B'SI3KIB MK €JIEMEHTaMH CKJIaJHOI AUHAMIYHOI CHCTEeMH IMOKIIa-
neno. Ixmiii B3aeMO3B'A30K BU3HAUAE BaplaTI/IBHICTB LUKJIIYHUX MIPOLECIB, @ B3a€MOIOIOBHIOBAHICTh JUHAMIYHUX 1
CTaTUCTUYHUX €BPUCTUYHUX MOJEJIel MoB'sI3aHa 3 qyanisMoM npupoau. CUCTeMHHI aHali3 SBHUX Ta NPUXOBAHUX
B32€MO3B's13KiB B 1H()OpPMALIIHHUX TTOTOKAX PI3HOI MPHUPOIHU BIIKPUBAE SKICHO HOBI MOXKIIMBOCTI JJIsl TI3HABAJIBHOTO
JaJiory 3 IPUPOIOI0 Ta OCMHUCIIEHHS iHCHOCTI. KOMIUTIMEHTapHICTh €BPUCTUYHUX Ta KOTHITUBHHUX MOJIENeH y Tpa-
HCIUCUUILTIHADHOMY KOTHITHBHOMY IPOCTOpI BU3HAYA€ IHHOBALIWHHWN TOTEHIad JUis BHUPIIICHHS aKTyallbHUX
po0JieM OCBITH, HAYKH Ta HOBUX TeXHOJNOTIH. 1le 0coOIMBO BaXKIIMBO JJIsl TIOJANIBIIONO PO3BUTKY HITYYHOTO 1HTE-
JIEKTY Ta TapMOHI3aIli] JIF0JMHO-KOMITIOTEpHOI B3aeMoii. 30KpeMa OH-JIaiiH MPOrHO3YBaHHS MepeximHuX (GyHKIio-
HAJILHUX CTaHIB Jpkepen iHdopMalii pi3HOI NpUpoau B HElepeadaueHUX yMOBaX CIIPOILYE MIXIUCIHUILTIHAPHUMI
OOMIH i/1esIMU, METOAAaMH 1 TeXHONOTisIMUA. OCKUTBKH KUTBKICTh CTLIBHHKOBOI CTPYKTYPH B MPUPO HA JBA-TPH I10-
PsiKHM OLbIIe HIXK IITYYHHX MOJIENEH, TO TX 3B'S130K i3 FapMOHIEI0 KOJILOPIB Y MPUPO/I CHPHSIE PO3BUTKY EMOIIIIHO-
TO IHTEIEKTY, CTBOPIOIOYH HOBI MOXUJIMBOCTI IJIsl BUPIIIICHHS PEJICBAHTHUX MPoOIeM Oe3MeKH.

KurouoBi ciioBa: indopmariiina 6e31meka; mpoCcTOpOBO-4acoBa CTPYKTYypa; Kibepdi3zudHi CHCTEMH, KOTHITHBHI
HAYKH, TPAHCAUCIUIUTIHAPHICTE, 1HBEPCIsL.

UCKYCCTBEHHBII UHTEJUIEKT — .
KOTHUTHUBHAS HEHHOCTbDb 3BPUCTHYECKUX MOAEJEN

B. II. Muzans, I. B. Muzans, C. II. Muzano

Cratbsl TIOCBAIIEHA 3BPUCTHIECKOMY MOJEIHPOBAHHUIO CTPYKTYPBHI B3aMMOCBs3€il B HaHO-, 6Mo- U mH(pOpMa-
[HUOHHBIX TEXHOJOTHAX U B KHOSPPHU3MUECKUX CHCTEMaX, Tpaduueckne 00pa3bl KOTOPBIX MO3BOJSIFOT H3y9aTh TOH-
KYIO CTPYKTYpPY MCTOYHHKOB HH(OpMANK pa3InIHON NPUPOABL. 34eCh MOKa3aHOo, YTO MH(POPMATHBHOCTh MOAEIEH
CTPYKTYpPHI B3aMOCBSI3€i HaHO-, OW0-, HHPOPMAIIMOHHBIX TEXHOJIOTHHA M KOMIIOHEHTOB KHOCP(PH3MIECKUX CHCTEM
00ycI0BIIeHa MCIIONB30BaHUEM (PPAKTAIBHOTO TPEYTOIbHUKA U (ppakTanmpHO# Joruku. Llenp paboTer — rapMmoHm3a-
LIUST YEeTIOBEKO-KOMIBIOTEPHOTO B3aUMOJICHCTBHS MIOCPEICTBOM IM(POBBIX B3aUMOJIOMONHIIOIINX METOIOB HCCIIe-
JIOBaHUS CTPYKTYPBI HICTOYHUKOB MH(GOPMAIMN PA3THIHON IPUPOABL, a TAKKE UCTIOIh30BAaHMA KPyra €CTECTBEHHBIX
usetoB M.I'ere u HOBOI MHTEpIpeTarii 3Be36I JlaBuma. 31eck MBI TIOKA3bIBAaeM, YTO COATaHCHPOBAHHEIE COTIPSI-
YKEHHbBIE TPEYTOJIbHUKH B 3BPUCTUYECKHX MOJEISX IMO3BOJISIOT OCYIIECTBHTh MHBEPCHIO MEPEXOIHBIX COCTOSHUH
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HUCTOYHUKOB MH(OPMAIIUU PA3TUYHON MPUPObL. B OCHOBE CTATUYECKHX, TUHAMHYECKHUX M CTATHCTHYECKUX 0000-
IIEHHBIX 3BPUCTUYECKUX MOjIeNeil OalaHC PeCypCoB U aCHMMETPHsI OOPATHBIX CBA3EH MEXy 3JIeMEHTaMH CIIOXKHON
JMHAMMYECKON CHCTEMBI TOJI0XkKeH. VX B3anMOCBSI3b OMpe/eNsIeT BAPHATUBHOCTD IIUKITMIECKUX MPOIIECCOB, a B3au-
MOJIOTIONTHAEMOCTh JMHAMHYECKUX M CTATHCTHYECKUX DBPUCTHUECKUX MOjeJell CBS3aHa C Jyalu3MOM IPUPOJIBL.
CuCTeMHBIN aHAIN3 ABHBIX U CKPBITHIX B3aUMOCBs3eil B MH()OPMAIIMOHHBIX IOTOKAX PA3IMYHON MPHUPOJIbI OTKPHIBA-
€T KaueCTBEHHO HOBBIE BO3MOYKHOCTH JIJIsI TIO3HABATELHOTO JIMAjIora ¢ MPUPOIOM M OCMBICICHUS JEHCTBUTEIBHO-
ct. KoMIIieMeHTapHOCTh 3BPUCTHYECKUX M KOTHUTHBHBIX MOJIEEH B TPAHCAMCIMIUIMHAPHOM KOTHUTHBHOM IIPO-
CTPAHCTBE ONpEAeNsIeT WHHOBAMOHHBIA MMOTEHIMAN JUIS PENICHUS aKTyalbHBIX IMPOo0jeM OOpa3oBaHUs, HAYKH U
HOBBIX TEXHOJIOIH. DTO 0COOEHHO BaXXHO JUIS JaJbHEHIIEr0 Pa3sBUTHS HCKYCCTBEHHOTO MHTEUIEKTa M FapMOHU3a-
UM YEJIOBEKO-KOMITBIOTEPHOIO B3aUMOJIEHCTBUA. B 4YacTHOCTH, OHJIAMH MPOTrHO3UPOBAHHUE MEPEXOIHBIX (YHKIINO-
HAJIbHBIX COCTOSHUN HCTOYHMKOB WH(OpMAIMU Pa3IHYHOM MPHUPOALI B HEMPEABUIACHHBIX YCIOBHAX YIPOIIAET
MEKIUCIUTUTMHAPHBIA OOMEH HIEAMH, METOAMH M TEXHOIOTUsIMU. [IOCKOIBKY KOJIMYECTBO COTOBOM CTPYKTYPHI B
MIPUPOJIE Ha JBA-TPH MOPsIKa OOJIbIIE YeM UCKYCCTBEHHBIX MOJEINEH, TO MX CBSI3b C TAPMOHHEHN I[BETOB B MPUPOJIE
CIOCOOCTBYET PAa3BUTHIO 3MOIMOHAIBHOIO MHTEJIEKT, CO3/1aBasi HOBbIE BO3MOYKHOCTH TSI PEIICHUS PETEBAHTHBIX
po0JeM 6e30MacHOCTH.

Kawuesbie ciioBa: nHpOpMaIMOHHas 0€30MACHOCTh; MPOCTPAHCTBEHHO-BPEMEHHAsI CTPYKTYpa; Kubepdusu-
YeCKUE CHCTEMbI; KOTHUTUBHbIE HAYKH; TPAHCIUCIUILIMHAPHOCTD; HHBEPCHSL.
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