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1. Introduction
Many works of domestic and 

foreign scientists are devoted to 
the problem of ensuring the safe 
passing of ships. Thus, the basic 
principles of managing the process 
of passing ships in a situation of 
dangerous approach are consid-
ered in [1], and work [2] is devoted 
to the study of methods of locally 
independent control and it pro-
poses a method for the formation 
of flexible diverging strategies that 
take into account the main factors.

The work [3] considers the 
formalization of the interaction 
of ships during their dangerous 
approach and, depending on its 
type, the choice of a divergence 
strategy to prevent a collision. An 
emergency strategy for passing 
in case of excessive approach of 
ships was proposed in [4], and a 
method for choosing the optimal 
standard maneuver for passing a 
pair of ships was proposed in [5]. 
Accounting for navigational haz-
ards and inertia of the ship when 
calculating the parameters of the 
divergence maneuver is consid-
ered in [6, 7].

In works [8, 9] it is noted that 
the problem of choosing the op-
timal maneuver of separation is 
characterized by a high level of 
complexity, taking into account 
the fact that the process of con-
trolling the movement of the ship 
is multidimensional and non-sta-
tionary, and the problem of separa-
tion of ships is inherent in a game 
character. The description of the 
court divergence process by the 
methods of the differential differ-
ence game is proposed in [10].

In [11], the theoretical justi-
fication of the autonomous ship 
collision avoidance system is pre-
sented, it considers the collision avoidance algorithm. The re-
quirements for autonomous navigation are given, taking into ac-
count the factors influencing the process of avoiding a collision.

It is shown that research on the automation of ship control 
can be carried out in the classical or computer version. The 
classical version is based on mathematical models, while the 
computer version uses artificial intelligence, i.e. evolutionary 
algorithms, fuzzy logic, expert methods, neural networks and 
combinations of these methods.

To assess the effectiveness of the methods of passing ships, 
it is necessary to consider the possibility of changing the dan-
gerous approach situation by avoiding the maneuvering ship.

2. Methods
Turning to [4], let’s note that the problem of emergency di-

vergence was formulated under the assumption that there are no 

navigational hazards in the area 
of the supposed maneuvering 
of ships. The result of the work 
was the obtained minimax strat-
egy for the behavior of the ship, 
which consists in turning it to-
wards the direction of the reverse 
bearing to the target along the 
shortest angular distance with 
the maximum angular velocity. 
Upon reaching the heading equal 
to the reverse bearing to the tar-
get, i.e. K(t)=α(t) the ship further 
retains the above equality.

However, in the presence 
of navigational hazards, it may 
turn out that the chosen mini-
max course of the ship leads to 
grounding. In this article, let’s 
consider the issue of choosing 
the course of a ship in case of 
an emergency divergence, taking 
into account the existing naviga-
tional hazards. The main types of 
navigation hazards are point and 
linear distributed. Therefore, 
let’s first consider the situation 
when there is a point hazard in 
the maneuvering area (Fig. 1).

The following designations 
are in Fig. 1:

– α(t) – the current value of 
the bearing from the target to 
the ship;

– R – the maximum permis-
sible distance of approach of a 
ship with a point navigational 
hazard;

– αo(t) and Do(t) – the current 
bearing and distance between the 
ship and the navigational hazard, 
respectively;

– Kst(t) and Kpr(t) – respec-
tively, the current values of the 
right and left boundary courses 
of the ship’s evasion relative to 
danger.

As follows from Fig. 1, the 
values of the right and left boundary courses of evasion of 
the ship Kst(t) and Kpr(t) are determined by the following 
expressions:

( ) ( ) ( )= α + arcsin ,st o
o

R
K t t

D t

( ) ( ) ( )= α − arcsin .pr o
o

R
K t t

D t
   (1)

Since the value of Do(t) decreases over time, the boundary 
rate Kpr(t) decreases, and Kst(t) increases, with both rates devi-
ating more and more from the Kop(t)=α(t). This circumstance 
determines the choice of the course of evasion Ky from a point 
danger, given that Ky will be the more effective, the smaller its 
deviation from α(t).
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3. Results
Thus, the following two options are possible. First, at the 

initial time tn, when the boundary courses (Kpr(t) and Kst(t)) 
differ the least from α(t), as the deviation course Ky, one should 
choose the boundary course (Kpr(t) or Kst(t)), which is closer 
in value to the value of α(t), which is analytically expressed as 
follows:

( ) ( ) ( ) ( ) ( )= −α < − α, at ,y pr n n n st n npr
K K t K t t K t t

( ) ( ) ( ) ( ) ( )= −α ≥ −α, at .y st n n n n npr st
K K t K t t K t t  (2)

The second option is that the ship follows the optimal 
course Kop(t)=α(t) until the moment t1 in close proximity to 
a point navigational hazard, then significantly (by 60–70°) 
changes its course, preventing it from entering the hazard. The 
ship follows this course until time t2, after which it returns to 
the optimal course Kop(t)=α(t). The preference for choosing one 
of the two options is determined by the initial positions of the 
ships relative to each other and the danger, the parameters of 
the movement of the ships, and additional research is required 
to obtain analytical dependencies.

In the case when there is a navigational linear distributed 
danger in the area of emergency divergence (Fig. 2), the choice 
of the divergence course is made from the following consider-
ations.

4. Discussion
As with the point hazard, there are two alternative diverg-

ing strategies. According to the first one, the ship follows the 
optimal course Kop(t)=α(t)until time t, after which it follows 
the course Ky1(t) until the end of the linear section of danger. 
In the case of the second strategy, at the initial time tn, the ship 
lies on the boundary course Ky2(t) and follows until the end of 
the divergence. To select the preferred strategy, it is necessary to 
develop an appropriate analytical procedure.

5. Conclusions
The case of taking into account a point navigational hazard 

in the case of an excessive approach of a ship to a dangerous 
target is considered.

The choice of a safe evasive course, taking into account the 
linearly distributed navigational hazard, is proposed for the sit-
uation of an emergency divergence of the ship from a dangerous 
target.

The necessary analytical conditions are obtained.
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Fig. 1. The case of taking into account point navigational 
danger

Fig. 2. Choice of a course of divergence in the presence of a 
linear distributed hazard
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