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Abstract—Considered a multi-optional method of finding a relation between an ideal gas parameters for 
an isothermal reversible equilibrium process. Specific volume hybrid optional functions are taken into 
account at the optimization of an objective functional which includes a type of entropy uncertainty 
measure for those specific volume hybrid optional functions. Required mathematical models for obtaining 
the optimal multi-optional distributions are introduced. Calculation experiments are carried out. The 
necessary diagrams are plotted. 
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I. INTRODUCTION 

Modeling of systems and processes in scientific 
point of view sometimes requires creation of 
elaborated mathematical models. Development of 
scientific principles based upon substantiated 
concepts makes it possible to discover new 
theoretical explanations even to already well-known 
dependences. 

The spectrum of such new theoretical 
background applications or at least attempts to look 
at considered scientific problems is enormously 
wide. For example, one can deal with aircraft noise 
[1], which needs to be reduced however absolute 
silence is not achievable. Therefore the one faces the 
problem of the aircraft noise optimal reduction. 

Other directions of research touch aspects of 
aeronautical engineering maintenance technologies 
[2], estimation of quality parameters in the radio 
flight support operational systems [3]. 

Sometimes such problems may result in 
acceptable level of a criterion, likewise applicably to 
design works [4] or control functioning modes [5]. 

In all mentioned above there is a temptation to 
use an entropy approach proposed and developed in 
a series of monographs by professor Kasianov V. A. 
and his follower (National Aviation University, 
Kyiv, Ukraine) [6] – [9]. 

Thus, the purpose of the paper is to give a new 
impulse to the multi-optional hybrid functions 
entropy application with respect to the unsolved part 
of the general problem of the optimum finding 
concerning an equilibrium reversible isothermal 
process of an ideal gas [10], [11]. 

A combined multi-optional approach adopts 
similar ones initiated in papers [12] – [19]. 

II. SOLUTION OF THE PROBLEM 

A. Traditional Theory Approach 
For a reversible isothermal process of an ideal 

gas [10, pp. 377–414], [11, pp. 53, 54, (3.18-3.21)] 
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where IIIq  is the net amount of heat flowing into a 
thermodynamic system during the reversible 
isothermal process “ III  ”, the subscripts I  and II  
refer to different physical states “ I ” and “ II ” of the 
same sample of the ideal gas with the temperature 
held constant; R  is the specific gas constant; T  is 
the process temperature; IIv  and Iv  stand for the 
specific volumes of the gas at the final “ II ” and 
initial “ I ” states of the process correspondingly. 

Equation (1) is obtained by integrating the 
equation of the first law of thermodynamics in 
differential form with taking into account the 
conditions of isothermal process: constT , i.e. 

0dT , and ideal gas law. 

B. Multi-Optional Concept 
On the other hand one can present the amount of 

heat IIIq , although defined with (1), as the 
difference between amounts of heat transmitted in 
two processes “ II0  ” and “ I0  ”. The process 
from the state of “ 0 ” up to the state of “ I ” is the 
preliminary part with regards to the process from the 
state of “ I ” up to the state of “ II ”. That is, the point 
which symbolizes the state of “ I ” belongs to both 
the previous fragmental process “ I0  ” and 
following it process “ III  ”. This means the 
continuity of the process of “ II0  ” with the 
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presence of the intermediate state point of “ I ”. Thus 
we have the process of “ III0  ”. 

The mentioned above speculations can be 
illustrated with a “ vp  ”, where p  is a state 
parameter – pressure, diagram shown in Fig. 1. 
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Fig. 1. Gas expansion in a process of “ II0  ” between 
states of “ 0 ” and “ II ” with the intermediate state point 

of “ I ” 

In Figure 1 v  stands for a corresponding specific 
volume and  vp0_I ,  vpI_II  are related pressures 
changing in the corresponding processes of 
“ I0  ”,“ III  ”. 

Let us consider 

 I0II0III   qqq . (2) 

Furthermore, also, at the presented problem 
setting, all the three processes of “ I0  ”,“ III  ”, 
and “ III0  ” are reckoned to be isothermal. In 
other words the process of “ II0  ” is identical to the 
process of “ III0  ”. Now we consider the 
isothermal process of “ II0  ” with the intermediate 
state point of “ I ” belonging to the process of 
“ II0  ”, being able to take any place on the curve of 
the isothermal process from the state of “ I ” up to 
the state of “ II ”. 

This case is illustrated with a “ vp  ” diagram 
shown in Fig. 2. 

The states of “ I ” and “ II ” of the isothermal 
process will be the options of the process, with the 
initial state of “ 0 ” of the process being not optional 
(see Fig. 2). The amounts of heat, I0q  and II0q , in 
such a case, will be considered as the options 
effectiveness functions: iq . The corresponding 
specific volumes at the ends of the fragment 
processes of “ I0  ” and “ II0 ” will be related 
with the specific volume hybrid optional functions: 
 ii qv . An objective functional, which includes a 

type of entropy uncertainty measure for  ii qv  is 
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where  
uv

vv I
1   and  

uv
vv II

2  , uv  is a unit specific 

volume; I01  qq  and II02  qq . 
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Fig. 2. Gas expansion in an isothermal process of 
“ III0  ” between states of “ 0 ” and “ II ” with the 

intermediate state point of “ I ” 

Thus, the specific volume hybrid optional 
functions  1v  and  2v  do not necessarily have the 
same numerical values as related Iv  and IIv . 

The necessary conditions of equation (3) 
extremum existence: 
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Then 
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In actual fact (1) is obtained in the view of (8) 
with respect to the definitions of the specific volume 
hybrid optional functions given in the explanations 
to the objective functional (3). 
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Concerning the optimization with respect to 
optimal specific volume hybrid optional functions 
 1v  and  2v  one can proceed from equation (5): 

   ii q
RT

v 1ln  . (9) 
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The ratio of the optimal specific volume hybrid 
optional functions  1v  and  2v  obtained from 
equation (10) yields relations (1) or (8). 

From Eq. (10), (9) or (5) for option one 

  1I01 ln vRTqq   . (11) 

On the other hand from Eq. (1) 
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Comparing equations (11) and (12), using the 
definitions of the specific volume hybrid optional 
functions given in the explanations to the objective 
functional (3) 
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And for the presented problem setting expressed 
with equations (2) – (13) 

 0vvu  . (14) 

The same result as equation (13) is obtained for 
option two either in an analogous way, equations 
(11), (12), for 2v  or from 2v  with just a simple 
substitution of equation (14) into 2v  definition. 

III. CONCLUSIONS 

Proposed approach engaging an uncertainty 
measure in type of entropy, applied for specific 
volume hybrid optional functions optimization, 
allows finding an ideal gas reversible isothermal 
process relation in a new multi-optional way. 

It broadens the horizons of scientific explanations 
for occurring processes optimality and encourages 
further research in the field of optional functions 
optimal distributions. 
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А. В. Гончаренко. Концепція оптимальності багатоопційності при моделюванні ізотермічних процесів 
ідеального газу 
Розглянуто багатоопційний метод знаходження відношення між параметрами ідеального газу для такого, що 
може бути проведений у зворотному напрямку рівноважного ізотермічного процесу. Гібридні опційні функції 
питомого об’єму взято до уваги при оптимізації цільового функціоналу, котрий включає міри невизначеності 
типу ентропії для тих гібридних опційних функцій питомого об’єму. Введено потрібні математичні моделі для 
отримання оптимальних багатоопційних розподілів. Виконано розрахункові експерименти. Побудовано 
необхідні діаграми. 
Ключові слова: ізотермічний процес; такий, що може бути проведений у зворотному напрямку рівноважний 
процес; відношення між параметрами процесу; оптимізація; принцип екстремізації ентропії; багатоопційність; 
гібридні опційні функції; оптимальний розподіл; варіаційна задача. 
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