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√    
   

where           hyperparameters,    very small number (    ) to avoid division by zero. 

In the research, various methods of varying complexity and logic were considered with 

subsequent comparisons of the obtained results. Depending on the specific task, these methods may 

show better or worse results relative to each other. For example, methods that use the idea of an 

exponential moving average perform better on sparse data. But all of them clearly outperform classical 

GD in terms of speed and the final value of the loss function. 

 

Figure 1 - Gradient Descent, Figure 2 - combination of Adam and Exponential Learning Rate Decay 
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USE OF PELTIER ELEMENTS AS A HEAT PUMP FOR CONDENSATION DRYING OF 

FRUIT RAW MATERIALS 

YAKUBASH I.V. ( jakubash@ukr.net ) 

Odesa National University of Technology, Odesa 

 

Over the last decade, the average annual increase in the global production of thermoelectric 

cooling modules is 15-25%. The reason for this high and sustained growth rate is the absolute ecological 

purity of this method of energy conversion, as opposed to traditional methods [1]. 

The method of drying most materials by convective heat exchange is currently the most 

common. In order to increase the intensity of the drying process, the drying agent is forced into 

motion, which accelerates the heat-mass transfer processes between the wet material and the 

environment. As a result of this interaction, the material is heated and the moisture in it evaporates. 

During the drying process, the heated air is saturated with vaporized moisture from the surface of 

the material and is removed from the dried object. This process will be completed when the 

moisture values of the material and drying agent have reached equilibrium. 

In the face of ever-increasing energy costs, the need to conserve energy, and especially in 

the drying processes, is very relevant. Increasing the efficiency of different types of drying plants is 

inextricably linked to the intensification of thermal and mass exchange characteristics through 
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various factors. In particular, the efficiency of drying units can be improved by using heat pumps as 

heat generators, while utilizing secondary energy resources, that allows to create rational schemes 

of complex use of the resulting heat and cold. 

Figure 1 shows the main characteristics of the thermoelectric module TEC1-12710. 

 

 
 

Figure 1. - Temperature dependence on the sides of the thermoelectric module at Q1=20W : 

a) on the cold side at T1 = 25 ˚C; b) on the hot side at T2 = 7 ˚C. 

 

It should also be borne in mind that the temperature reduction of the thermoelectric 

module‘s hot side and its stabilization at a certain value helps to reduce the temperature of the cold 

side of the module, while increasing the cooling efficiency. 

The thermal balance of the module is expressed as follows: 

 
The main thermal balance equations (1, 2) on the sides of the thermoelectric module relate 

to the simplest case, when the temperatures of the cold and hot sides are fixed, and they do not 

change when the current density of the power supply changes. We will rewrite them as follows: 

 

Where       
    

 
 - heat flux density on the cold and hot sides of the thermoelectric module/( 

W/m2 ); F = Sp - thermoelectric module area (m2). 

At the fixed temperatures of the ambient media, the temperature of the sides of the 

thermoelectric module shall be expressed as follows: 

 
Where t1, and t2  temperature of the environments washing the cold and hot sides of the thermoelectric module (̊ C); 

α1 and α2 - coefficients of heat transfer with cold and hot surfaces of thermoelectric module (W/(̊ C* m2)). 

Taking into account equations (3) and (4) let us write as follows: 

 
Solving the system of equations (5) with respect to T1 and T2, we get dependencies of:  

 
The equations (6) determine the temperature of the sides of the thermoelectric module 

during heat exchange with the surrounding media.  

MATLAB\Simulink was used to implement the thermoelectric heat pump model. Figure 2 

shows an expanded model of the heat pump. 
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Figure 2. - Expanded model of thermoelectric heat pump "air-air" 

 

Constructing a mathematical model of the processes taking place in the installation 

condensation type, its functional scheme and the principle of operation are discussed in the material 

[2]. 
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СИНИЦИНА А.О., СОХАЦЬКИЙ  А.В. (Sokhatsky_anatoly@ukr.net)  

Університет митної справи та фінансів  

 

Транспортний процес є складним об'єктом з багатьма компонентами, що перебувають 

у взаємодії між собою та зовнішнім середовищем. Розглядається проблематика з дослідження 

транспортних процесів за наявності невизначеностей у вхідних даних.  Застосування 

експериментальних підходів пов’язане з  складністю проведення фізичних досліджень,  безпекою  

учасників експерименту, великими фінансовими та матеріальними затратами, тощо. Використання 

математичного моделювання дозволяє уникнути ряду проблем, що характерні для фізичного 

експерименту. Окрім цього дозволяє провести  багатократні варіанти  тих чи інших подій. В 

доповіді пропонується застосування математичних моделей, що побудовані на методі Монте-

Карло. Розглядалася  система масового обслуговування з чергою та відповідними 

обмеженнями продуктивності обслуговування.  Розроблено алгоритми та програмне. 


