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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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optimization; entropy extremization principle; multi-optionality; hybrid optional functions; optimal

distribution; variational problem.

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)]

¢, =RT 1n(ﬁJ ,
V1

where ¢,_;; is the net amount of heat flowing into a

thermodynamic system during the reversible
isothermal process “1—11", the subscripts 1 and II
refer to different physical states “1” 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; v; and v, stand for the

(1)

specific volumes of the gas at the final “II” and
initial “1” 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: 7T =const, i.e.
dT =0, and ideal gas law.

B. Multi-Optional Concept

On the other hand one can present the amount of
heat ¢, ,;, although defined with (1), as the
difference between amounts of heat transmitted in
two processes “0—1II” and “0-1I". The process
from the state of “0” up to the state of “1” is the
preliminary part with regards to the process from the
state of ““ 1 up to the state of “II”. That is, the point
which symbolizes the state of “1” belongs to both
the previous fragmental process “0-1" and
following it process “I—I1”. This means the
continuity of the process of “0-II" with the
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presence of the intermediate state point of “1”. Thus
we have the process of “0—-1-1I".

The mentioned above speculations can be
illustrated with a “p—v”, where p is a state

parameter — pressure, diagram shown in Fig. 1.
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Fig. 1. Gas expansion in a process of “0—I1"” between
states of “ 0 ” and “II” with the intermediate state point
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In Figure 1 v stands for a corresponding specific
volume and pO_I(V), pI_H(V) are related pressures

changing in the
(13 0 _ I ”’G‘ I _ II ”‘

Let us consider

corresponding processes of

911 =490-11 —490-1- )

Furthermore, also, at the presented problem
setting, all the three processes of “0-17",“I-11",
and “0—I-1II" are reckoned to be isothermal. In
other words the process of “ 0 —1I" is identical to the
process of “0—-I-II". Now we consider the
isothermal process of “0—1II" with the intermediate
state point of “I” belonging to the process of
“0—1II", being able to take any place on the curve of
the isothermal process from the state of “I1” up to
the state of “11”.

This case is illustrated with a “ p—v” 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, ¢, ; and ¢, ,, in
such a case, will be considered as the options
effectiveness functions: g¢,. The corresponding
specific volumes at the ends of the fragment
processes of “0—I" and “0—1II" will be related
with the specific volume hybrid optional functions:
v,(g,). An objective functional, which includes a

type of entropy uncertainty measure for v, (g, ) is

2 1 2

O, = _zvi (qi)lnvi (qi)+_zvi(qi )qi
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, 18 a unit specific

u v“
volume; ¢, =¢,; and q, =q,_ -
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Fig. 2. Gas expansion in an isothermal process of
“0—1-1I" between states of “0 ” and “II”” with the
intermediate state point of “1”

Thus, the specific volume hybrid optional
functions v,(-) and v,(-) do not necessarily have the
same numerical values as related v, and v;.

The necessary conditions of equation (3)
extremum existence:

oD,
)" (4)
yield

ov, 1 L

i) ani()+Rqu. 0, VielL2. (5
Then
lnv(-)—Lq =Invy (‘)—Lq (6)
CORTT Y RTY
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4 -4 = RTln(Vz (')J . (8)
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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
v,(-) and v,(-) one can proceed from equation (5):

|
v, ()=——4;. ©)
v.(g)=er" . (10)

The ratio of the optimal specific volume hybrid
optional functions v,(-) and v,(-) obtained from
equation (10) yields relations (1) or (8).

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

4, =4y =RTI(v). (11)
On the other hand from Eq. (1)
V1

¢ =qo =RTIn| —|. (12)
Yo

Comparing equations (11) and (12), using the
definitions of the specific volume hybrid optional
functions given in the explanations to the objective
functional (3)

ViV

v, =—

Vu Vo

(13)
And for the presented problem setting expressed

with equations (2) — (13)

(14)

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

v, =V,.

substitution of equation (14) into v, 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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A. B. I'onuapenko. Konuenuisg ontuMajabHOCTI 6araToonuiifiHOCTI MpH MOJeTIOBAaHHI i30TepMiyHMX mpouecis
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Po3risinyTo GararoonuiiHUN MeTOJ 3HAXOJPKEHHS BiTHOMIEHHS MK MapamMeTpaMH iJ1eajJbHOr0 ra3y sl TaKoro, I10
MOXe OyTH MpOBENEHHUH Y 3BOPOTHOMY HAIPSIMKY PiBHOBa)KHOI'O 130TepMivHOro mnpouecy. ['iOpunHi ommiiiHi ¢yHKIil
MTUTOMOTO 00’€MY B35TO JI0 YBaru IpH ONTHUMI3allii IILOBOrO (YHKIIOHATY, KOTPHI BKJIIOYAE€ MipU HEBU3HAYEHOCTI
THUITY €HTPOIIi JUIs TUX TIOPUIHUX ONMUIHHUX QYHKLIH mUTOMOro 06’eMy. BBeneHo moTpiOHI MaTeMaTUYHI MOJENi JUIs
OTPUMAHHS ONTUMAJIBHUX OaraTOOMIIMHUX PO3MOAUIIB. BHKOHaHO pPO3paxyHKOBI ekcriepuMeHTH. [loOymoBaHO
HEOOXIHI JliarpaMH.
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