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  Table - Analysis of variance 

№ Ready product 1 Ready product 2 Amount of 

1 2 4  

2 3 5  

3 5 8  

4 9 12  

R 19 29 48 

P 119 249 368 

R^2 361 841 1202 

8048*)2*4/(1368S 2

total  ; 135,1248*)2*4/(11202*4/1S 2

fact   

67SSS atualtotalresidual  ; Factor variance 13SS fact

2

fact  ; Residual dispersion: 

1117,116/SS residual

2

residual  ; 
critobser F13,10182,111/13F   

Based on the results of the analysis of variance, the null hypothesis is accepted. The time at the 

control point has an insignificant effect. 
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USE OF THE PROBABILITY OF COLLISION CRITERION IN THE TASK OF 

VESSELS DIVERGENCE 

MAMENKO P. P., (pavlo.mamenko@gmail.com) 

Kherson State Maritime Academy (Ukraine) 

 

Considered theoretical issues of optimal divergence of ships taking into account the interests 

of all participants in the operation and the obtained strategy of such optimal divergence, which 

consists in fulfilling the condition that the optimal solution found for divergence with other vessels 

targets should not worsen any of the solutions for target vessels, i.e., components of the target 

vector are independent and their states do not affect each other. 

 

Formulation of the task. Solving the task of divergence in the field of risks, subject to the 

limitation that each of the participants in the operation does not exceed the given risk, and the main 

management strategy should be considered as an optimization task. The most effective is the 

method of divergence using the criterion of the probability of collision, which consists in 

optimizing the trajectory of divergence, with a given risk of collision of all participants of the 

operation, and is carried out by "sliding" the ellipse of the given risk of one's own vessel along the 

ellipse of the given risk of the target. Solving the task of optimal divergence in the field of risks as 

an algorithm of "sliding" along the line of equal risk in the on-board controller of the automated 

ship motion control system is considered in a real research [1-4]. 

List of solved task: to develop a method of automatic divergence of vessels along the optimal 

trajectory at a given risk of collision; to develop algorithmic support for the module of automatic 

control of the process of the divergence of ships by the method of "sliding" along the line of the 

given risk level, to develop software for the simulator of the on-board controller of the automated 

ship motion control system of the simulation stand, to carry out simulation modeling of the 
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processes of entering the ellipse of the given risk of the target vessel and subsequent "sliding" along 

the line of the given risk until the end of the divergence process. 

The essence of the research. The method of automatic optimal divergence of vessels in the 

field of risks, "sliding" along the line of the given risk level, allows to minimize the path of 

divergence, provided that the given risk of collision is not exceeded. The results are obtained due to 

the integration into the automated ship traffic control system, the automatic divergence module, and 

at each step of the calculation, the risk field is built. The movement of the ship along the given risk 

ellipse during the divergence process is ensured by the use of the control formation program in the 

automatic divergence module. 

An important requirement for solving the problem is the fulfillment of the optimality 

condition: 
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When solving the task of divergence in the field of risks, condition (1) can be considered as a 

limitation, which consists in not exceeding the given risk by each of the participants of the 

operation, and the main management strategy can be considered as an optimization task: 
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Condition (2) is a vector task of optimal control of a distributed system. 

Where: )(xS - divergence trajectory, )(xC – risk function, )(xL  - shortest divergence 

trajectory, *C  - given risk. 

In fig. 1 shows the scheme of safe separation by the "sliding" method. Taking into account 

MPZSS-72, the sliding of the ellipses of the given risks of one's own vessel and the target can be 

carried out only through the stern of the target. 

 

 
 

Figure 1 - The method of "sliding" along the ellipse of the given target risk 
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Experiments. The workability and effectiveness of the developed method and algorithms in 

the task of divergence ships from own ships with ships targets according to the criterion of 

minimum risk were checked on the Simulation and modeling stand created on the basis of Navi 

Trainer 5000 of the training laboratory of the Kherson State Maritime Academy. 

Conclusion. The method of optimal divergence in the field of risks has been developed, 

which allows, in comparison with traditional methods, to minimize the length of the trajectory of 

divergence, provided that the given collision risk is not exceeded. The obtained result is based on 

the use of the automatic divergence module integrated into the on-board computer, which builds 

risk fields, calculates at each step of the calculation the gradient of the risk field at the point of the 

vessel and the direction of the vessel's movement, the perpendicular direction of the gradient 

tangent to the ellipse of equal risk at the point of the vessel. Forms controls that ensure the 

movement of the vessel along the given risk ellipse during the divergence process. The developed 

method can be applied in automatic divergence modules of automated vessel traffic control systems. 
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OPTIMIZATION PROBLEMS IN MACHINE LEARNING: GRADIENT DESCENT 

MODIFICATIONS 

Y. FEDIAIEVA(yevheniia.fediaieva@stud.onu.edu.ua), A. STEHUN(angela.stehun@gmail.com) 

Odesa I. I. Mechnikov National University 

 

The following modifications of gradient descent were considered: SGD (Mini-Batch SGD), 

Learning Rate Control, Momentum SGD, Nesterov Momentum, Adagrad, Adadelta, RMSprop, Adam. 

The main idea of the second-order methods (Newton Momentum) and the problems of their usage were 

considered. Using them, a simple neural network was created and trained for the binary classification 

task, a comparison of the obtained results and the effectiveness of these methods was carried out. 

 

To train many machine learning models, iterative processes are used, the goal of which is to 

reduce some error of a given model on the data. In the class of linear models, the ideas of Gradient 

Descent are widely popular for minimizing the cost function of the model, which is the average of the 

values of the error function on each dataset object. But when we try to transfer this idea to training 

neural networks, quite big problems arise: 

Neural networks are trained on huge datasets, and one iteration of gradient descent over such a dataset 

takes a very long time. Also, given the Gradient Descent convergence issues, this approach is very 

suboptimal. Optimizing a large neural network, it turns out that the cost function is a very complex 


