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Introduction. The problem of identifying stress in marine navigators during navigational 

watchkeeping, unfortunately, is not solved by strengthening the watch and observation methods 

[1-5]. This is due to the time limit of chief mate, the lack of full-time psychologists and specialized 

automated by intelligent control systems [6-9]. At the same time, the unification of automated 

measurement methods with the corresponding conclusions does not give accurate results due to 

large difference in the reactions of marine navigators regarding situations [10-13]. 

All this indicates the need to develop new approaches that allow us to get closer to accurate 

identification of navigator’s stressful situation, considering a wide range of factors influencing the 

stress occurrence [14-17]. 

The main material of the study. During the experiments, psychophysiological data were 

obtained, which indicate the occurrence of peak stress loads and the subsequent critical decline in 

activity, which leads to risk of marine accidents (Fig. 1). Considering the difficulty of explicitly 

identifying the decline in activity, we will use formal approaches based on conditional 

convergence with respect to the given graph [18]. 

( ),S p  - metric space for which ( ), ,F P , where is a set of functions such that 

, :nX X S→ , where are 
nX  - random elements S. 

If we accept that S is the space of the navigator's stress state, and the  S  indicators of view 

identification devices are: 

 

 
Fig. 1. Graph of the formation of a stressful situation 

 

Thus, the stress state is conditionally measurable, :h S S→ . The question arises, to what 

extent do stress indicators affect the adequacy of decision-making regarding the navigation 

situation? For which situations there is a strong dependence, and in which it is weak, 

,d

S SX X ⎯⎯→  
( ) ( )S SX X

f f → at 
( )XS
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

→ . 

Then a class of situations arises for which an implicit, "weak" dependence of causes and 

effects is observed. Despite this, due to the psycho-physiological features of each navigator, the 

curve graph has a trajectory in which individual fragments represent an approximation of causes 

and effects relative to observed navigation situation (Fig. 2.). Such fragments have signs of self-
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similarity, which indicates that the dynamics of formation the stress curve is close to the Wiener 

process, of form: 
( ) ( )

( )

( )1 0

d

t t
W tW W− = , which can be represented as a Brownian bridge [19]. 

 
Fig. 2. Screenshot of the navigation situation 

 

It is possible to determine the boundaries of a fragment in conditions of continuous time if 

you set the condition when: ( ) ( )( ) ( )00
| 1Fr W w Fr W




→
  ⎯⎯⎯→ . At the same time 

0W , the 

conditional zero is nothing more than a conditional minimum, defined as the psycho-physiological 

state of rest of navigator, the absence of stress. Determining the boundaries of this state sup

inf 0W  is a 

separate scientific interest, which will be considered in further research. 

However, sup

0W , already defines the boundary, after which the stress of navigator arises in 

each individual case it . Then we can assume that the “splash”, indicating a stressful state, will 

look like a Brownian excursion: ( ) ( )( )( )sup

ex iW t W l t r l r l= + − − . Where r and l are the 

trajectory fragment time constraints defined as stress affecting navigational safety. It is important 

to note that the time range ...l rt , is a unique identifier of navigator, based on previous experiments, 

additionally characterizing the strength of stress in terms of r: 

( ) ( )( )sup sup 0stressr t W t S W S=  → + −  . 

Having determined the stress values over time, it will be possible to correlate the limit that 
max

stresst , with a high degree of probability, entails a sharp decline in activity - the "psychological 

stupor" of navigator (PSN). Each of these cases with respect to a single navigator can be considered 

as a form of a Brownian bridge, which can later be formalized as a polynomial of form [20]: 
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Using this approach, with a sufficient sample, it becomes possible to identify PSN with a 

high degree of probability. This approach is appropriate to apply in the case of laboratory testing 

on navigation simulators. This will make it possible, under ideal conditions, to isolate the form 

and formally express it for primary analysis. However, in the conditions of real watchkeeping on 

a sea vessel, this approach is ineffective, due to fact that we cannot control all the input factors 

that formation affect of stress trajectory. In these situations, it would be advisable to use fuzzy 

membership functions from the most “coarse” to those close the harmonic of signal [21-24]: 
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In turn, the transition to membership functions that are “closer” to Brownian bridge 

trajectory is a more difficult task. 
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The use of indicated membership functions will simplify the process of identifying stress 

states that pass into the PSN of each individual navigator. 

Conclusion. The proposed approach will allow in the future to use a fuzzy controller that 

allows you to make control actions during the navigational watch. However, it should be taken 

into account that the selection of membership functions for a whole class of navigator reactions is 

a difficult task. This will require a series of experiments and in-depth analysis in the future with 

the involvement of specialists in the field of medicine and automatic control systems. 
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