
Modelling and digitalization 
 

7 

UDC 004.5:331.4  doi: 10.32620/reks.2021.4.01 
 

V. MYGAL1, G. MYGAL1, S. MYGAL2 

 

1 National Aerospace University “Kharkiv Aviation Institute”, Ukraine 
2 Ukrainian National Forestry University, Ukraine  

 

TRANSDISCIPLINARY CONVERGENT APPROACH  

- HUMAN FACTOR 
 

The article is devoted to the systemic problems of the study of the human factor, which are associated with the 

cognitive aspects of human-computer interaction. The rapid development of mathematical modeling has creat-

ed systemic problems of safety, control and forecasting of the functioning of dynamic transport systems in diffi-

cult conditions. The accumulation of latent contradictions and interdisciplinary conflict are the main reasons 

for the systemic complexity of the problems of education and science, which have increased the importance of 

the human factor. The main goal of the work is to further develop a convergent approach to studying the prob-

lems of the safety of the human factor on a transdisciplinary basis. The key reason for systemic security prob-

lems and the manifestation of the human factor is self-organized criticality, the manifestation of which in in-

formation transmission lines causes nonlinearity and instability of fractal signals of various natures. The work 

establishes a connection between the transitional functional states of a person with the individuality of his 

cognitive activity. A toolkit for identifying induced spatial and temporal inhomogeneities of information trans-

mission media, which generate hidden spatio-temporal relationships at different scale levels, is proposed. 

These interconnections are determined by the individuality of the cognitive graphic images of fractal and mul-

tifractal signals of various natures. The creation of a knowledge base of cognitive graphic images of the dy-

namic structure of fractal and multifractal signals of various nature will allow finding solutions not yet availa-

ble to the brain and computer separately. The application of the transdisciplinary convergent approach and 

tools based on it to electrophysiological signals of a human operator demonstrates advantages and new possi-

bilities. In particular, revealing hidden spatio-temporal relationships that determine the manifestation of hu-

man factor in difficult conditions. The innovative potential of the convergent approach to training and fore-

casting activities of operators (pilot, dispatcher, etc.) is being discussed. 
  
Keywords: human factor; human-computer interaction; cognitive ergonomics; cognitive graphics; system  

dynamics; convergent approach; 3D modeling. 
 

Introduction 

 
Motivation. Intensive human activity has created 

extreme environmental conditions that have led to glob-

al challenges of the 21st century. The COVID-19 pan-

demic has exacerbated the systemic problems associated 

with the phenomenon of the human factor (HRP). These 

problems affect safety (biological, physical, and infor-

mational), as well as the sustainability of vehicle man-

agement and critical infrastructure [1, 2]. Despite the 

advances in post-industrial technologies (nanotechnolo-

gy, artificial intelligence, etc.), the digitalization of the 

economy, science, and education has increased the cost 

of new disasters (pandemics, earthquakes, tsunamis, 

etc.). The accumulation of latent contradictions and in-

terdisciplinary conflict is the main reason for the sys-

temic complexity of the problems of education and sci-

ence. 

Ergonomic aspects of the problem of the human 

factor are analyzed and discussed in [3]. It highlights 

advances in research and development, design, opera-

tion, and analysis of transport systems and their com-

plementary infrastructures. Particular attention is paid to 

case researches on road and rail, air and sea transporta-

tion. The analysis of accidents and intelligent control of 

vehicles and problems related to the human factor and 

safety is given. Intelligent technologies and automation 

in transport are considered, as well as ergonomic as-

pects of the design of transport systems that are focused 

on the user. However, in our opinion, not enough atten-

tion has been paid to model-based design methods, as 

well as modeling methods and cognitive aspects of the 

problematics. 

The review [4] analyzes the current state of human 

factor/ergonomics research related to the context of In-

dustry 4.0 in manufacturing. On its basis, the character-

istics of the maturity model at the organizational level 
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are formed to optimize the overall productivity of the 

socio-technical labor system in the context of rapid 

technological development. This system is of particular 

interest to the manufacturing industries. 

The analysis of the program of The International 

Conference on Applied Human Factors and Ergonomics 

(AHFE 2022, New York, USA, 2022), which includes 

more than 20 Affiliated Conferences [5], also testifies to 

the unsolved problems of the human factor. Of particu-

lar interest are identifying the reasons for the unreliabil-

ity of a human operator of ergatic systems, modeling the 

state and behavior of a person and the human factor, 

ergonomic and sustainable design of human-machine 

systems, as well as Human Factors in Training, Educa-

tion, and Learning Sciences, Neuroergonomics & Cog-

nitive Engineering. 

In the context of the rapid integration of infor-

mation and post-industrial technologies, cognitive prob-

lems of information interaction at school, university and 

production have become relevant. This increased the 

importance of interdisciplinary and polydisciplinary 

sciences (biophyschemistry, cyberphysics, cognitive 

ergonomics, human factor engineering, etc.) [6]. How-

ever, they are characterized by difficulties, problems, 

and contradictions. The key ones are: 

- the difficulties in assessing the degree of system-

ic diversity in information sources; 

- the problems of forecasting risks based on math-

ematical models; 

- the contradiction between the growing number of 

information sources and the systemic complexity of 

studying their interaction. 

This increases the systemic complexity, which lim-

its the further development of the multidisciplinary sci-

ences. In particular, the complexity of ergonomic stud-

ies of the phenomenon of the human factor is increas-

ing. The development of methods of cognitive ergonom-

ics, neuroergonomics, etc. limits the variety of methods, 

terms, parameters, and analysis criteria. 

Objectives. The solution of real problems of com-

plex technical systems' safety and their stability requires 

the development of transdisciplinarity of education and 

science. The “World Declaration on Higher Education 

for the 21st Century: Approaches and Practical 

Measures” contains recommendations - to encourage the 

transdisciplinarity of educational programs (Article 5 

and Article 6 of the Declaration) [7]. 

The main goal of the report Advancing Research 

in Science and Engineering ("ARISE-2") is in American 

science to carry out "the transition from interdiscipli-

narity to transdisciplinarity" [8]. ARISE 2 recommenda-

tions were used in China in the preparation and imple-

mentation of State programs for the development of 

science and technology (Program "973") [9]. 

The main goal of the work is the further develop-

ment of a convergent approach to studying the problems 

of the safety of the human factor on a transdisciplinary 

basis. 

 

1. Systemic problems of digitalization 
 

Matematization of disciplines and their differen-

tiation. In extreme environmental and economic condi-

tions, security has become too dependent on IT, digitali-

zation, and Industry 4.0. Their rapid development has 

created systemic problems and contradictions that are 

associated with the cognitive and ergonomic aspects of 

human interaction with a computer [10]. Natural princi-

ples are widely applied [11]. In the 21st century, the 

increase in the possibilities of computational experi-

ments and mathematical models is accompanied by the 

mathematization of disciplines, as well as their further 

differentiation. All this gives impetus to the accelerated 

development of artificial intelligence, cognitive compu-

ting, machine, and deep learning, with the mutual en-

richment of which latent contradictions arose [12]. The 

rapid development of mathematical modeling is accom-

panied by a decrease in the volume of fundamental dis-

ciplines and experimental research. At the same time, 

the exponential growth of computational capabilities 

(Moore's law 1965 [13]) contributed to an increase in 

the systemic complexity of technologies, and neuroer-

gonomic studies established the influence of the human 

factor on the selection of relevant information [14]. 

Therefore, it is sometimes difficult for experts to under-

stand each other, and it is difficult for teachers of spe-

cial and natural science disciplines not to take into ac-

count the cognitive aspects of the perception of infor-

mation by the new generation. 

Problems of stability of complex dynamic systems 

- cognitive aspects. Integration of informational and 

postindustrial technologies revealed cognitive prob-

lems [2]. They increased the significance of the ergo-

nomic laws of mutual adaptation and transfor-

mation [15]. The cognitive aspects of digitalization limit 

forecasting capabilities: 

- safety (biological, physical and informational); 

- activities of a human operator of complex dy-

namic systems in unpredictable conditions; 

- environmental disasters (earthquakes, tsunamis, 

the effects of magnetic storms, etc.). 

External influence on a complex dynamic system 

(a person, information transmission medium, etc.) caus-

es the self-organization of its subsystems to counteract a 

state change (Le Chatelier-Brown principle) [16]. Self-

organized objects of various natures in extreme condi-

tions approach the bifurcation point, at which the phe-

nomenon of self-organized criticality occurs [17]. This 

leads to a dynamic similarity of characteristics of ob-
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jects of different nature, which is naturally associated 

with fractality and nonlinearity of processes. This is 

confirmed by the results of a comprehensive study of 

the functional state of a person, nanostructures, and na-

nomaterials. However, mathematical models do not take 

into account the processes that are caused by self-

organized criticality. This creates hidden systemic prob-

lems of the stability of self-organized objects in difficult 

conditions, which are caused by the human factor. From 

his point of view, the connection between the following 

problems is of interest: 

- variety and nonlinearity of fractal signals, which 

limit the possibilities of cognitive computing and artifi-

cial intelligence; 

- increasing variety of parameters and indicators; 

- latent cognitive distortions due to the influence 

of fatigue and stress. 

The consequence of these problems is the com-

plexity of predicting the operator's activities in unfore-

seen conditions. 

Complexity of transients. Fractality and nonlinear-

ity of electrophysiological signals determine the com-

plexity of transient processes [18]. Their features are 

due to the self-organization of the body's subsystems to 

counteract external and internal influences [13]. The 

systemic complexity of the dynamics of competing pro-

cesses is hidden in the induced asymmetry of excitation 

(self-excitation) and inhibition [19]. Physical analogues 

of these processes in electrodynamics and mechanics of 

continuous media are induction, self-induction, and mu-

tual induction. Inhomogeneities of information trans-

mission media (defects, fluctuations, etc.) of different 

scales are sources of fields (physical, biological, and 

information). Their interaction causes anomalies of 

properties (characteristics, parameters), which indicate 

the ordering of the structure of these fields. Therefore, 

the self-organized criticality of environments increases 

the systemic complexity of the dynamic structure of 

time series (information flows) of various nature. All 

this creates cognitive problems (perception, distortion, 

etc.) that are difficult to identify in real-time [20]. This 

leads to the manifestation of the human factor in diffi-

cult conditions. 

Knowledge fragmentation and G. Miller's law. 

The differentiation of disciplines has increased the 

fragmentation of knowledge and decreased the motiva-

tion to teach the pragmatic generation. The complexity 

of the variety of information processing methods and 

ways of displaying it increases. A person can simulta-

neously take into account seven plus or minus two dif-

ferent sources of information (H. Miller's law) [21]. 

Their attitude, 7-2 / 7 + 2 = 5/9 reflects cognitive per-

sonality (cognitive style). This is due to the functional 

asymmetry of the cerebral hemispheres, discovered by 

R. Sperry (Nobel laureate 1981). Unfortunately, the 

digitalization of education contributes to the develop-

ment of functional asymmetry and complex systems 

thinking [22]. The consequence of the fragmentation of 

knowledge and different definitions of the measure of 

information [23] (according to Wiener, Shennon, Kol-

mogorov, etc.) is: 

- a variety of concepts, indicators, models and pat-

terns, as well as the difference in their semantic defini-

tions in different subject areas; 

- cognitive distortions of information when ex-

posed to stress factors of the environment and activity; 

- selection by the operator in emergency situations 

of irrelevant sources of information. 

The human factor and ergonomic problems of 

digitalization. Ergonomics does not yet take into ac-

count the "clip" perception and thinking, which is char-

acteristic not only of the new generation. The domi-

nance of fragmented perception does not allow analyz-

ing information in a holistic manner, which reduces the 

ability to analyze information, the effectiveness of 

learning, and assimilation of knowledge. Such percep-

tion and thinking is a protective reaction of the brain in 

the process of adaptation to the increasing complexity of 

information and post-industrial technologies. 

The main reasons that lead to the manifestation of 

the human factor in transport include: 

- the complexity of implementing functional diag-

nostics methods online; 

- insufficient sensitivity of parameters and indica-

tors to transient states, which is important for the admis-

sion of operators (pilots, etc.) to work; 

- limited opportunities for individualization of ed-

ucation today. 

Existing approaches to intelligent decision support 

do not allow analyzing a large number of backbone fac-

tors in real time. The principles of maximization in evo-

lutionary biology are important for their study [24]. 

 

2. Hidden Causes of Cognitive Problems 
 

Influence of medium inhomogeneities. At the 

most fundamental level, physics, chemistry and biology 

present us with the world of structures [25]. The trans-

formation of the dynamic structure of atoms and mole-

cules into static graphic images (spectra, diagrams, etc.) 

simplified their identification and classification. This 

allows us to assume that information about the influence 

of medium inhomogeneities is hidden in small distor-

tions of the information flow structure. In a self-

organized environment, spatial inhomogeneities (force 

field gradients) generate temporary inhomogeneities, 

and temporary inhomogeneities induce spatial inhomo-

geneities. Their interconnection distorts the dynamic 

structure of the temporal signal (information flow). 
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Spatio-temporal relationships. The development 

of technology and applied sciences is constantly running 

into various physical limits (the uncertainty principle, 

etc.). Therefore, the real structure of self-organized me-

dia for information transmission is determined by the 

interconnections of spatial and temporal inhomogenei-

ties (Fig. 1).  External influence induces latent spatio-

temporal relationships in the environment, which distort 

the fine (informational) structure of the information 

flow (electrophysiological signal, etc.) [26]. Conse-

quently, only visualization of dynamic and stationary 

fields of inhomogeneities in the same space makes it 

possible to realize the complementarity of dynamic and 

statistical research methods. 

Distortion of information flows. When analyzing 

the spatial inhomogeneities of the medium, the Boltz-

mann entropy is used, and the temporal inhomogeneities 

use the Kolmogorov entropy. Medium inhomogeneities 

distort information flows due to the following phenom-

ena: 

- induction, self-induction and mutual induction in 

electromagnetic continuous media; 

- transfer (direct and conjugate) - particles, energy, 

charges, momentum and information; 

- magnetohydrodynamics and electrohydrodynam-

ics, as well as morphic effects that are caused by the 

superposition of symmetries of external and internal 

fields. These phenomena generate counter streams, the 

change of which under the influence (information at-

tack, etc.) induces anisotropy and asymmetry in the in-

formation transmission medium. Therefore, the results 

of modeling the relationship between stationary and 

dynamic fields of different nature using the Maxwell 

and Navier-Stokes equations are ambiguous and contra-

dictory. Spatial and temporal inhomogeneities of sys-

tems are revealed by statistical and deterministic meth-

ods. 

The hidden structure of induced relationships - 

Digitalization challenges. Features of the functioning of 

physical and biological systems are determined by dy-

namic and static complexity (Fig. 2).  

It follows from the analysis of the figure that the 

cognitive aspects are due to the complexity of assessing 

the order / disorder, simplicity / complexity, etc. Func-

tional asymmetry of the brain is associated with the in-

dividuality of complex-system thinking [22]. 

The manifestation of the hidden structure of inter-

connections in dynamic systems of different nature 

leads to an increase in errors and the realization of risks, 

in other words, to the manifestation of the human factor. 

The combination of cognitive load and cognitive diver-

sity creates systemic problems that require cognitive 

flexibility to address. The application of the ergonomic 

laws of mutual adaptation and transformation limits the 

hidden structure of interconnections in a dynamic sys-

tem, which complicates: 

- selection of up-to-date sources of information; 

- identification and classification of states; 

- decision making in real time. 

 

 
Fig. 1. Interrelation of heterogeneities and complementary ethods of their study 
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Fig. 2. The relationship between cognitive aspects and complexity 

 

The study of the functioning of a self-organized 

dynamic system based on the principles of system dy-

namics limits the complexity of the models and the va-

riety of tools for their analysis [27, 28]. 

Individuality of cognitive activity. Controlling a 

complex dynamic system (reactor, aircraft, etc.) in un-

foreseen conditions is extremely difficult. Fractality and 

nonlinearity of information flows of different nature 

(time series) are hidden in different types of complexity 

(structural, dynamic, static, etc.). It determines the indi-

viduality of cognitive activity. Cognitive diversity in-

creases the cognitive load, which leads to the manifesta-

tion of the human factor in the interaction. 

 

3. Transdisciplinarity of problems  

of science 
 

Transdisciplinarity and biomimetics. The terms 

that are used in biology, natural history, engineering, 

etc., differ depending on the field of science. The emer-

gence of the international standard “ISO 18458 Biomi-

metics. Terminology, concepts and methodology” al-

lowed to standardize terminology. The standard aims to 

find a common language for scientists and engineers. 

Biomimetics contributed to the development of func-

tional materials science, nanotechnology, biotechnology 

[29]. In addition, the principles of biomimetics underlie 

biodesign as well as: 

- nonequilibrium thermodynamics of open sys-

tems, discovered by I. Prigogine (Nobel laureate 1977); 

- synergetics of G. Haken [30]; 

- nano-bio-information technologies (NBIT) [31]; 

- modeling dynamic and stochastic fractals and 

multifractals. 

All of them contributed to the development of aca-

demic science and post-industrial technologies. When 

creating artificial intelligence, all sciences faced the 

problem of systemic complexity. There are also com-

putability limits, which follow from K. Gödel's com-

pleteness theorem [32]. These insurmountable mathe-

matical problems limit the possibilities of system dy-

namics [27]. It is used to model the cause-and-effect 

relationships of complex systems and processes, feed-

back loops, response delays in information transmission 

lines. 

Transdisciplinarity and Cognitive Computing Is-

sues. In the current state of cognitive computing, the 

base solution can act as an assistant or virtual advisor. 

However, information transmission media contain spa-

tial inhomogeneities that give rise to temporal inhomo-

geneities. They determine the asymmetry and symmetry 

of the bonds, which are shown in Fig. 3. 

This limits the possibilities of machine learning 

and deep learning, since the training algorithms use lin-

ear models [12]. From the analysis of interdisciplinary 

relationships in Fig. 3 it follows that genetically inherit-

ed information is concentrated in the range of 1-100 nm 

(DNA size is 100 nm). 

The production of new knowledge. Transdiscipli-

narity is usually defined by the inclusion of non-

academic stakeholders in the knowledge production 

process. Transdisciplinarity is a promising concept, but 

its ability to effectively tackle the world's most pressing 

problems still needs improvement [33]. While exploring   
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Fig. 3. Interdisciplinary and transdisciplinary relationships 

 

multiple levels and perspectives on reality, transdisci-

plinary work provides an intriguing potential to spur 

scientific research [34]. 

Side effects of digitalization. Unforeseen side ef-

fects threaten not only stable structures, but also self-

organized dynamic systems [2, 30, 31]. Therefore, to 

study the problems of the human factor, transdiscipli-

nary methods of knowledge integration are needed. The 

connection between the extreme principles of dynamics 

and the principles of biomimicry is characteristic of 

self-organizing dynamic systems of animate and inani-

mate nature [31]. The analysis of the induced complexi-

ty of real objects (viruses, information attacks, etc.) can 

be carried out using the extreme principles of natural 

science (principle of least action, Fermat's principle of 

least time, Huygens-Fresnel principle, etc.). Their com-

plementarity makes it possible to estimate the contribu-

tion to the complexity of the spatial and temporal fields 

of inhomogeneities. It also simplifies the identification 

of the individuality of the functioning of objects of dif-

ferent nature. 

Overcoming mathematical limitations. Geometry 

has always played the role of a “generator of revolution-

ary ideas” in natural sciences, and the development of 

applied sciences has stimulated the success of analog 

and mathematical modeling. Some of the mathematical 

limitations were partially overcome by the following 

ideas: 

- N. Wiener's cybernetics about the most general 

form of signal organization (its structure) as its spatio-

temporal, which also underlie synergetics and cognitive 

psychology; 

- Packard [35] on the reconstruction of a model 

from a one-dimensional measured signal (1980), which 

Takens formalized in the form of a theorem on embed-

ding a time series in Rп [36]; 

- spatio-temporal parametrization of the cyber-

physical approach [37]. 

The further development of these ideas was limited 

by non-linearity, uncertainty and instability of signals of 

various nature. 

Transdisciplinarity of the phenomenon of the 

human factor. To study the individuality of the func-

tioning of dynamic systems, the most important princi-

ples are: 1 – nonlinearity, 2 – stability, 3 – openness, 4 – 

dynamic hierarchy, 5 – observability. Any boundary of 

the integrity of the research object assumes non-linear 

effects. Therefore, nonlinearity is clearly manifested 

near the boundaries of the existence of the system, be-

cause collective actions are not reduced to a simple sum 

of individual independent actions. This is the psycho-

logical complexity and nonlinearity of the tasks being 

solved. On the one hand, human relationships them-

selves are extremely non-linear. On the other hand, 

there are boundaries of feelings, emotions, passions, 

near which behavior becomes unpredictable. To study 

the phenomenon of the human factor, it is important to 

identify transitional states to functional breakdown. 

 

4. Cognitive visualization of dynamic  

processes and their 3D models 
 

Complementarity of extreme principles. The crea-

tion of natural and artificial 3D structures with unique 

temporal and other characteristics contributed to the 

emergence of new ideas. In particular, the ideas of the 

NBIT gave impetus to the development of 3D modeling, 

3D diagnostics, 3D design, and 3D technologies. Visu-

alization of dynamic processes of different nature in one 

space can be realized on the basis of extreme principles 

of physics [38-41], which have a geometric interpreta-

tion, namely: 
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- complementarity of Hamilton's principle of least 

action and A. Hertz's principle of least curvature and 

distance; 

- the principle of least Jacobi action, which dis-

plays a geodesic curve; 

- the energy interpretation of the Gauss principle 

of least action is related to the theorem of E. Noether. 

The complementarity of the principles of least ac-

tion made it possible to implement parametric visualiza-

tion of time series of various nature. 

Parametric visualization. In the space of dynamic 

events (state-speed-acceleration), the individuality of 

the functioning of dynamic systems of various nature is 

manifested [39]. In particular, the measured time series 

(electrophysiological signal, detector response, etc.) is 

transformed into a topological 3D model, the orthogonal 

projections of which are individual graphic images - 

signatures of the 1st and 2nd order. Their configurations 

reflect the natural decomposition of the signal into mu-

tually conjugated components (phases, subsets, extrema, 

etc.). This determines the complementarity of determin-

istic and statistical methods for studying time series of 

different nature (responses of sensors, detectors, spec-

trometers, electrophysiological signals, etc.). 

Dynamic natural fractals. Further researches of 

fractal electrophysiological signals made it possible to 

establish for the first time that the relationship between 

the configurations of the 1st and 2nd order signatures is 

of a topological nature. It turned out that natural fractals 

exhibit topological or statistical self-similarity, that is, 

self-affinity [43]. To identify the structure of the 

microcycle of multifractal formation, we have 

developed a new technology (know-how). It is based on 

the self-consistency of the particular with the whole, 

which is characteristic of multifractal time series. A 

microcycle is a display of two configurations of 

Sierpinski fractals. The first is formed by exposure, and 

the second by counteraction. The same microcycle is 

formed by the fractal and antifractal "Koch snowflake", 

the structure of which is a Star of David [44, 45]. The 

microcycle structure for the state of local dynamic 

balance also looks like a Star of David. The use of a 

microcycle made it possible to reconstruct the 

topological 3D model from the measured 

electrophysiological signal and compare it with known 

methods (see Fig. 4). 

 

 

 
 

Fig. 4. Transformation of the time series X (t) (EСG) into a topological 3D model  
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From the comparison of the three methods, it fol-

lows that the parametric 3D models of the functioning 

of a dynamic system has a great heuristic and cognitive 

value. Thus, the phase portrait (method 2) as a sequence 

of dynamic states is a simplified model of the 1st order 

signature (model 3). The area of the signature is propor-

tional to the power of a subset of microstates, the natu-

ral logarithm of which is proportional to the Boltzmann 

entropy [42]. This simplifies the analysis of the spatio-

temporal ordering of mutually conjugated signal com-

ponents. 

The polydisciplinarity and complementarity of the 

extreme principles of dynamics and biomimetics makes 

it possible to model the functioning of self-organized 

dynamic systems of different nature in difficult condi-

tions. 

Distortions of the structure of the 3D model.  In 

works [46, 47, 49, 51] attention is paid to local distor-

tions of the structure of the fractal signal and the power 

of their conjugate components. 

Analysis of their structure by complementary de-

terministic and statistical research methods made it pos-

sible to identify: 

- attractors and instabilities in functional (reasona-

ble) materials and in electrophysiological signals of a 

person taken from the database "Physionet"; 

- cognitive aspects of the operator's interaction 

with the information field [46]; 

- technological and genetic inheritance, which is 

hidden in the information complexity of fractal sig-

nals [43, 45]. 

The application of other extreme principles of nat-

ural science (Fermat, Huygens, etc.) in the analysis of 

the signatures of fractal signals and the nature of their 

rearrangement makes it possible to apply fundamental 

conservation laws and entropy criteria of reversibility, 

stability, etc. 

3D - visualization of dynamic states and events. 

The distribution of local distortions in a fractal signal 

contains information about the processes of mutual ad-

aptation and transformation.  On the basis of a systemic 

generalization of topological 3D models of time series 

(signals) of various nature, characteristic features of the 

structure of transient states have been established for the 

first time. Therefore, the key to solving urgent problems 

of the safety of the functioning of a complex dynamic 

system is to visualize the nature of the restructuring of 

the fine (informational) structure of interconnections in 

the dynamics of signals of various nature. The restruc-

turing of the signal can be visualized using a convergent 

approach. Therefore, the quantitative indicators given 

in [47] demonstrate the advantages of the developed 

approach. Multifractal electrophysiological signals 

(ECG, EEG, EOG, etc.) contain unique information. 

 

5. The cognitive relevance  

of the converged approach 
 

Spatio-temporal decomposition of the time series. 

The natural decomposition of the configuration of the 

second-order spatio-temporal signatures into mutually 

conjugated signal components simplifies the analysis of 

the energy and information features of the structure of 

the cycle of functioning. This is because: 

- morphologically different dynamic systems func-

tionally obey the same extreme principles of physics 

(biophysics) and the principles of biomimicry; 

- different dynamical systems operate according to 

the same laws of thermodynamics; 

- dynamic processes of different scales are subject 

to the principle of detailed balance. 

The evolution of signature configurations has cog-

nitive significance. Visualization of the nature of the 

restructuring of the spatio-temporal ordering of the 

structure of the time series made it possible to: 

- assess the imbalance of dynamic and energetic 

mutually conjugated components; 

- use in the analysis the fundamental conservation 

laws and criteria of thermodynamic stability; 

- analyze the structure of functioning in real time. 

All this indicates that the individuality of the func-

tioning of a complex dynamic system is multifacetedly 

displayed in the space of dynamic events. Therefore, the 

space of dynamic events is polydisciplinary and corre-

sponds to the definition of cognitive space [48]. 

Overcoming cognitive complexity. The measure of 

the complexity of dynamical systems is the topological 

entropy, which expresses the degree of chaos of its tra-

jectories [47].  It was established for the first time that 

in the space of dynamic events, the nature of the change 

in the orthogonal projections of the 3D model reflects 

the distortions of the structure of internal relationships. 

Individuality is characteristic of different time series 

(responses of sensors and detectors), as well as electro-

physiological signals of a person. 

Thus, by the nature of the rearrangement of their 

configurations in the package of fractal signal signa-

tures, one can estimate the topological entropy. In fact, 

the transformation of the scalar information flow into a 

3D model stimulates the active work of both hemi-

spheres of the brain. Therefore, the use of such models 

allows: 

- increase the motivation of learning by visualizing 

3D models of signals of various nature; 

- synthesize new knowledge while integrating sci-

ences; 

- to reduce the influence of "glare" perception and 

thinking on the development of education and science. 

The cognitive value of 3D models can be increased 

with original digital filters. With their help, the configu-
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rations of signatures can be transformed into the corre-

sponding structural patterns in which there are no indi-

vidual features.  

The innovative potential of the converged ap-

proach. Different methods of analysis (deterministic, 

statistical, fractal, structural-functional, etc.) can be ap-

plied to signatures and patterns. Application of conser-

vation laws, thermodynamic criteria of stability, revers-

ibility, etc. provides new opportunities for the study of 

cognitive aspects in interdisciplinary sciences (ergo-

nomics, human factor engineering). These are new op-

portunities for improving the efficiency of various types 

of online diagnostics and predictive analytics, for which 

it is important to study the cognitive aspects of human-

computer interaction. In general, cognitive 3D models 

and signatures based on them have cognitive value for 

ergonomics / human factors and ecodesign. The innova-

tive potential of the convergent toolkit approach on a 

transdisciplinary basis is enormous. The unification of 

cognitive graphics simplifies human-computer interac-

tion in teaching, design and modeling [49]. The model-

ing of natural processes given in [50] illustrates the high 

innovative potential of the approach. For engineers, a 

convergent toolkit on a transdisciplinary basis is of in-

terest. In particular, the proposed cognitive graphics 

tools simplify human-computer interaction in teaching, 

design and modeling. 

Benefits of a converged approach. Within the 

framework of the transdisciplinary convergent ap-

proach, it is possible to identify and classify the transi-

tion states of self-organizing systems. For example, a 

three-dimensional model of solar activity based on sta-

tistical data on sunspots for 300 years has a multifractal 

structure [52]. It turned out that the configuration of the 

3D model of the structure of the spectrum of an absolute 

black body does not depend on temperature. Cognitive 

3D models of digitized electrophysiological signals of 

an operator (pilot, dispatcher, etc.) are relevant for 

online diagnostics. Their use on complex dynamic simu-

lators will reduce the influence of the human factor. 

 

Conclusions 
 

The digitalization of science and education has 

created systemic problems that have increased the cost 

of man-made disasters. The transdisciplinary convergent 

approach to the reconstruction of a topological 3D mod-

el of the functioning of a dynamic system from a meas-

ured fractal electrophysiological signal revealed: 

- the complexity of the transient states of the oper-

ator (pilot, dispatcher, etc.) for online diagnostics; 

- latent structure of interconnections of subsystems 

of the human body, the individuality of which is deter-

mined by external and internal factors; 

- the possibility of visual analytics in real time, 

which is extremely necessary for the selection, admis-

sion and monitoring of the dispatcher (pilot, etc.). 

Overcoming the cognitive complexity of time se-

ries (electrophysiological signals of a person, signals of 

objects of various natures) should begin with the for-

mation of convergent (critical) thinking in teaching 

based on the extreme principles of natural science and 

the principles of biomimicry. New opportunities are 

provided by the combination of dynamic and statistical 

research methods in the space of dynamic events. Thus, 

the cognitive value of topological 3D models of the 

functioning of subsystems of the human body and their 

signatures is due to the fact that: 

- the configurations of the signatures of electro-

physiological signals reflect the spatio-temporal decom-

position of the cycle of functioning into mutually conju-

gated components (phases, sets, extrema); 

- when analyzing adaptation to external influences, 

ergonomic laws of mutual adaptation and transfor-

mation, as well as fundamental conservation laws, are 

applied. 

The advantage of the transdisciplinary convergent 

approach is the ability to visualize data in the cognitive 

space, which allows: 

- by means of entropy-fractal analysis to reveal the 

relevant relationships, characteristic scales and times; 

- to ensure the complementarity of the results of 

deterministic and statistical analysis of the functioning 

of the dynamic system in real time; 

- to visualize spatio-temporal signatures of transi-

ent functional states in real time. 

The application of a convergent approach and tools 

on a transdisciplinary basis to human electrophysiologi-

cal signals (EEG, EOG, rheograms, etc.) demonstrate 

the advantages and new possibilities for revealing hid-

den spatio-temporal relationships that determine the 

manifestation of the human factor in unforeseen condi-

tions. 
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ТРАНСДИСЦИПЛІНАРНІСТЬ КОНВЕРГЕНТНОГО ПІДХОДУ  

– ЛЮДСЬКИЙ ЧИННИК 

В. П. Мигаль, Г. В. Мигаль, С. П. Мигаль 

Стаття присвячена системним проблемам вивчення людського чинника, які пов'язані з когнітивними 

аспектами взаємодії людини з комп'ютером. Стрімкий розвиток математичного моделювання створив сис-

темні проблеми безпеки, управління і прогнозування функціонування транспортних динамічних систем в 

складних умовах. Накопичення прихованих протиріч і міждисциплінарна конфліктність є основними при-

чинами системної складності проблем освіти і науки, які збільшили значущість людського чинника. Мета 

роботи – подальший розвиток конвергентного підходу до дослідження проблем людського чинника на тран-

сдисциплінарній основі. Ключовою причиною системних проблем безпеки і прояву людського чинника є 

самоорганізована критичність, прояв якої в лініях передачі інформації обумовлює нелінійність і нестійкість 

фрактальних сигналів різної природи. В роботі встановлено зв'язок перехідних функціональних станів лю-

дини з індивідуальністю його когнітивної діяльності. Запропоновано інструментарій для виявлення індуко-

ваних просторових і часових неоднорідностей середовища передачі інформації,  які породжують приховані 

просторово-часові взаємозв'язки на різних масштабних рівнях. Ці взаємозв'язки визначають індивідуаль-

ність когнітивних графічних образів фрактальних і мультифрактальних сигналів різної природи. Створення 

бази знань когнітивних графічних образів динамічної структури фрактальних і мультифрактальних сигналів 

різної природи дозволить знаходити рішення, які поки не доступні мозку і комп'ютеру окремо. Застосування 

трансдисциплінарного конвергентного підходу та інструментарію на його основі до електрофізіологічних 

сигналів людини-оператора демонструє переваги і нові можливості. Зокрема, виявлення прихованих прос-

торово-часових взаємозв'язків, які визначають прояв людського чинника в складних умовах. Обговорюється 

інноваційний потенціал конвергентного походу до навчання і прогнозування діяльності людини (пілота, 

диспетчера та ін.). 

Ключові слова: людський чинник; людино-комп'ютерна взаємодія; когнітивна ергономіка; когнітивна 

графіка; системна динаміка; конвергентний підхід; 3D-моделювання.  

 

 

ТРАНСДИСЦИПЛИНАРНОСТЬ КОНВЕРГЕНТНОГО ПОДХОДА  

– ЧЕЛОВЕЧЕСКИЙ ФАКТОР 

В. П. Мигаль, Г. В. Мигаль, С. П. Мигаль 

Статья посвящена системным проблемам изучения человеческого фактора, которые связаны с когни-

тивными аспектами взаимодействия человека с компьютером. Стремительное развитие математического 

моделирования создало системные проблемы безопасности, управления и прогнозирования функциониро-

вания транспортных динамических систем в сложных условиях. Накопление скрытых противоречий и меж-

дисциплинарная конфликтность являются основными причинами системной сложности проблем образова-

ния и науки, которые увеличили значимость человеческого фактора. Цель работы – дальнейшее развитие 

конвергентного подхода к иследованию проблем человеческого фактора на трансдисциплинарной основе. 

Ключевой причиной системных проблем безопасности и проявления человеческого фактора является само-

организованная критичность, проявление которой в линиях передачи информации обусловливает нелиней-

ность и неустойчивость фрактальных сигналов различной природы. В работе установлена связь переходных 

функциональных состояний человека с индивидуальностью его когнитивной деятельности. Предложен ин-

струментарий для выявления индуцированных пространственных и временных неоднородностей сред пере-
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дачи информации, которые порождают скрытые пространственно-временные взаимосвязи на разных мас-

штабных уровнях. Эти взаимосвязи определяют индивидуальность когнитивных графических образов фрак-

тальных и мультифрактальных сигналов различной природы. Создание базы знаний когнитивных графиче-

ских образов динамической структуры фрактальных и мультифрактальных сигналов различной природы 

позволит находить решения, которые пока не доступны мозгу и компьютеру в отдельности. Применение 

трансдисциплинарного конвергентного подхода и инструментария на его основе к электрофизиологическим 

сигналам человека-оператора демонстрирует преимущества и новые возможности. В частности, выявление 

скрытых пространственно-временных взаимосвязей, которые определяют проявление человеческого факто-

ра в сложных условиях. Ообсуждается инновационный потенциал конвергентного похода к обучению и 

прогнозированию деятельности человека (пилота, диспетчера и др.). 

Ключевые слова: человеческий фактор; человеко-компьютерное взаемодействие; когнитивная эрго-

номика; когнитивная графика; системная динамика; конвергентний подход; 3D-моделирование. 
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