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The main advantage of the system is the lack of attachment of the training plan to a limited number of 

exercises to determine the norms (all the weights used are determined based on the sportsman's current 

performance in each of the exercises), taking into account critical factors when forming the training plan, 

using effective schemes as options for choosing, as well as training methods corresponding to the input 

parameters. 
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When operating complex transport systems in abnormal conditions, the individuality of characteristics 

is manifested, which is most manifested in their fine structure. It can be found by geometrizing information 

flows in the cognitive space of dynamic events. The aim of the work is the further development of 

multidisciplinary approach of cognitive visualization of the dynamics of information flows of complex 

transport systems. 

 

The key problem of safety of complex transport systems (CTS) in extreme operating conditions is the 

variety of information flows of different nature and their structural individuality [1]. Violation of the 

coordination of the functioning of the STS elements, including the driver (pilot), is the main cause of 

accidents and man-made disasters. The individuality of the spatio-temporal structure of time series (signals) 

is hidden in its subtle (informational) features [2]. However, the variety of methods for processing 

information flows of various nature and the variety of ways to represent it have created cognitive problems. 

They are due to the fact that when the signals are smoothed and averaged, important information about their 

individuality is lost. Therefore, the analysis of the risks of CTS functioning in abnormal conditions based on 

comprehensive studies of information flows of various nature is ambiguous and contradictory. The aim of 

the work is to unify the means of processing, presentation and analysis of fractal electrophysiological signals 

on a multidisciplinary basis. 

By geometrizing time series (EKG and other fractal signals), the basic principles of their system 

analysis can be naturally combined with the extreme principles of natural science [3]. Thus, the principle of 

mechanical determinism defines cause-and-effect relationships in a sequence of dynamic events. The 

principle of structural determination connects the orderliness of the control structure of the system with its 

function. In the nature of the restructuring of the relationships between the conjugated antiphase components 

of the cardiocycle when counteracting external stress factors, Le Chatelier's principle is displayed. It is 

important to emphasize that it is the extreme principles that determine the interconnected dynamic, energy 

and informational components of the structure of the fractal electrophysiological signal. Hidden relationships 

determine the individual characteristics of the cardiocycle rearrangement, the hidden structure of which is 

genetically inherited. In the structure of the signal of functioning, the influence of two complementary 
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principles is hidden. The first of these is the principle of mechanical determinism, which determines the 

cause-and-effect relationships in the cardiac signal, as in a sequence of dynamic events. The second is the 

principle of structural determination, which reflects the relationship between structure and functions. The 

interrelation of these principles, and, consequently, the structure of the cardiocycle, are hidden in the mutual 

correlations of the dynamic parameters of the time series (signal) V (t), its velocity dV (t) / dt and 

acceleration d
2
V/dt

2  
. In space (state – speed – acceleration), each event can be displayed by a point with 

coordinates (V, dV / dt, d
2
V/dt

2 
). Therefore, the signal V (t) of different nature can be represented in the 

form of a topological 3D model, in which dynamic events are causally related to each other [5]. The 

individuality of the model is most evident in three orthogonal projections, which are signal signatures of the 

1st and 2nd orders. Their configurations form areas of constant steepness or curvature, which differ in length 

and linear density of dynamic events. Signature configurations represent the natural decomposition of a 

signal into components, the physical meaning of which is determined by their order. Thus, the projection of 

the 3D model onto the plane (state – speed) is the signature of the 1st order signal V – dV / dt, in the 

configuration of which the opposite phases of the cardiocycle are displayed. Moreover, the area of the 

signature can be represented as the cardinality of the subset of dynamic microstates | W |, and the natural 

logarithm | W | is the entropy H.    

The projection of the 3D model onto the plane (state – acceleration) is a signature of the 2nd order V– 

d
2
V/dt

2
, in which the features of the energy balance of conjugate antiphase processes are manifested. The 

most informative is the projection onto the plane (speed – acceleration), which is the second order signature 

dV / dt – d
2
V/dt

2
. Its configuration is located in 4 quadrants of the plane, and the covered areas reflect the 

powers of the conjugated phases of the cardiocycle structure [3, 4]. It is important that configurations of 

three signal signatures of any nature can be analyzed using universal differential-geometric parameters of the 

components and integrative indicators of their ordering and balance [3]. 

The absolute priority of the multidisciplinary approach is to take into account the dynamic 

individuality of information flows of various nature, which manifests itself in the configurations of 

signatures, the number of conjugate components, and the size of their area. So, signatures of the 1st and 2nd 

orders consist of a closed sequence of geometrically ordered sections, the distribution of which in the 

signature configuration is individual. This allows, in accordance with the principle of unity, to analyze the 

subsystem as a whole and as a set of components. All signatures and their components are interconnected, 

which is the focus of the principle of connectivity. The signature configurations are located in the quadrants 

of the plane, which highlight the conjugate phases of the signal, thereby reflecting the principle of 

modularity. Therefore, within the framework of the approach, the principles of unity, coherence, modularity 

are naturally interconnected and constitute the core of the multidisciplinary approach [5, 6]. Other principles 

(functionality, development and ambiguity) acquire specific content when the signatures of a sequence of 

cardiocycles are presented in batches. So, the principle of development is manifested in the nature of the 

restructuring of the cardiac cycle. Changes in the configuration and area of signatures are interrelated, which 

makes it possible to identify the influence of various stress factors of the environment and activities on the 

nature of the restructuring of the configuration of signatures. The nature of the change in the signature area V 

– dV / dt under extreme conditions can be analyzed by operations on subsets of microstates. Therefore, in the 

nature of the rearrangement of the configuration and area of signatures, the relationship between structure 

and functions is naturally displayed, which manifests itself in the dependences of entropy on time Н (t)) and 

its derivative dН (t) / dt. Thus, a coordinated change in the configuration of signatures and entropy H is 

characteristic of biological systems. For their study, the H-signatures H (t) – dH / dt were first proposed, in 

the packets of which order-disorder transitions naturally manifest themselves. The inherited connection 

between structure and functions is hidden in the restructuring of the geometric model of the control structure, 

the nature of which is manifested in the F-signatures package F (t) – dF / dt, where F (t) reflects the nature of 

changes in the signature area dV / dt – d
2
V/dt

2
. The use of F-signatures simplifies the structural and 

functional analysis of cardiac cycle rearrangement. Thus, the extreme principles of physics, biology, and 

chemistry naturally manifest themselves in 1st and 2nd order signatures [5]. This makes it possible to 

systematically investigate the safety of the complex transport systems functioning in extreme conditions. 
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This work is devoted to the review of existing methods of research of water pollution by remote 

sensing technology with UAVs and proposals for its improvement based on the analysis of reflected optical 

signals of different wavelengths during active sounding of the water surface. 

 

Water resources play a significant role in the economy of Ukraine, and their environmental condition 

is an important factor that necessitates its monitoring. However, traditional methods of environmental 

monitoring have a number of limitations. Water sampling for chemical analysis requires significant time and 

resources, as it requires the presence of a qualified specialist on the water body for sampling and their 

subsequent processing. As a result, in recent years, methods of remote environmental monitoring are gaining 

popularity. 

The color of water directly depends on its chemical composition, as its change leads to increased 

reproduction or, conversely, the death of cyanobacteria. The high content of cyanobacteria leads to the 

"blooming" of the reservoir, lowering the level of oxygen in the water and increasing the concentration of 

cyanotoxins. Having a database of water chromaticity, you can use small unmanned aerial vehicles to obtain 

high-quality images of the water surface, which will allow you to judge the presence of certain impurities in 

the water. The foundations of this idea were laid in the work “Fundamental analysis of the linear multiple 

regression technique for quantification of water quality parameters from remote sensing data” [1]. Its 

implementation was considered in the work "Rapid assessment of water pollution by airborne measurement 

of chlorophyl content" [2], but it used manned aircraft. Unmanned aerial vehicles were used to monitor the 

depth of reservoirs [3] and analyze the state of terrestrial vegetation [4]. In Investigating small-scale water 

pollution with UAV Remote Sensing Technology [5], unmanned aerial vehicles were used to monitor the 

condition of the water surface and assess the degree of water pollution. It was noted in the paper that 

although this method has prospects for development, it also has disadvantages. The color characteristics 

obtained from images from unmanned aerial vehicles are often unstable, as they depend on the illumination 

of the water body. Lighting is not constant and varies depending on the time of day, season and weather 

conditions, which requires consideration and complicates the assessment of the state of the water body. In 

this regard, active monitoring of water bodies is proposed, in which three drones of different wavelengths 

corresponding to red, green and blue colors are installed on the unmanned aerial vehicle, as well as a 

photodetector to measure the intensity of the signal reflected from the water. The on-board microprocessor 

automatically makes five measurements: when the lasers are turned off to capture the backlight, when the 

red, blue and green lasers are turned on alternately, and when all three are turned on. 

Based on the obtained results of measurements of the intensity of signals reflected from the water 

surface, an estimate of water chromaticity is formed, after which a comparison is made according to pre-

compiled chromaticity tables and conclusions are made about water composition and the presence of 

bacterial contaminants. The report presents the results of experiments to measure the color of water by the 
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