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Abstract—Considered a method of determining the optimal managerial strategies for the multi-
alternative operational situationi effectiveness. The options of the equipment maintenance and repair
versus purchasing and replacement with the new one are taken into account. Polytropic process index
value has been found on the basis of the subjective entropy extremization principle application. Required
mathematical models for obtaining the alternatives preferences distributions are introduced. Calculation
experiments are carried out. The necessary diagrams are plotted.
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I. INTRODUCTION

Controlling equipment, as the most other kinds of
equipment, functions on purpose though in uncertain
conditions. Periodical maintenance, repairs, and
replacements have to be performed. Alternativeness
of those options generates their preferences and the
uncertainty of the preferences.

For example, an airport radar equipment
considered in paper [1] sometimes needs either
repair or maintenance either replacement.. Another
important case for the dilemma, maintenance and
repair versus replacement, deals with the aircraft
engines operation which follows the ideas of [2].

Various types of power installations including the
modern and perspective ones, likewise the wind
power systems described in paper [3], as well as the
synthesized equipment for the low cost systems dealt
with in paper [4], have to undergo a precise
assessment on the matter of effectiveness of their
future but predicted operations.

All the trouble is that the subjective preference of
the options. The theory of subjective preferences [5]
— [12] proposes an approach called the subjective
entropy maximum principle (SEMP) that allows
solving such problems of multi-alternativeness,
being taking into account the objective effectiveness
functions and subjective preferences functions as
quantitative estimations expressed in the explicit
view.

The unsolved part of the general problem of the
rational operational behavior is on one hand taking
into consideration the preferableness of the variants
alternatives. Also on the other hand we need to
develop the subjective analysis theory with new
areas of its applications.

Thus the purpose of the paper is to give a new
impulse to the subjective entropy application, the
same to the engineering problems of controlling and

power equipment maintenance, repair, and
replacement.
One of such problems deals with multi-

alternativeness approach to the classical thermodyna-
mics problems [13], polytropic process is considered
hereinafter; the other problem is dedicated to some
optimal choice of equipment treatment.

II. SOLUTION OF THE PROBLEM

A. Polytropic Process Index

In operation aviation engines elements wear out,
their performance parameters degrade; as a result of
this the engine cannot perform the designed work.
Certain restoration procedures or replacement of the
engine has to be made. The important
thermodynamic parameter here is the polytropic
process index n which magnitude must lie within
the very narrow designed value diapason.

Polytropic process index n approximate mean
value, in real engines thermodynamic processes
calculations, can be found from the polytropic
process equation (represented actually in any
reference, guidance or study book on either
theoretical or engineering thermodynamics, like [13,
P. 198, § 7.5, (7.78)], either heat engines) provided
the values of the pressure p,, p, and volume v,,

v, are known at some points 1 and 2 of the process

[13,P.203,§ 7.5, (7.106)].

The other concept proposed hereinafter is based
upon SEMP [5] — [12] application in the context
close to the described in papers [9], [14].
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Let us consider the thermodynamic states 1 and 2
of a gas in polytropic process as some alternative
states in a certain respect. Thus we come to a multi-
alternative problem.

Now, the other sub-problem of the polytropic
process given description is to discover the
subjective effectiveness functions related to those
two alternative states. Let us presuppose the
objective effectiveness functions for the considered
two-alternative problem of the polytropic process
are Inv, and Inv, . This might be reasonably natural
with regards to apparent perception of the obvious
quantitative characteristic of the existing reality.

With the use of the supposed in subjective
analysis [5] optimality, that is applying SEMP, the
postulated functional view is

2

D, = —Zﬂi(vi)ln ﬂ:i(vi)+ nzz:ﬂi(vi)lnvi
+Y{Zni(vl-)—1} (1)

i=1
where m,(v,) are preferences functions; y -
normalizing coefficient.
The first member of expression (1) is the
subjective entropy of the preferences. In accordance
with [9], [14] such approach yields

nzlnﬂ:](v])_lnﬂ:Z(vZ)‘ (2)
Inv, —Inv,
In case
! (Vl)zxpza TCZ(V2)=xp] > (3)

where x is an unknown, uncertain multiplier in type
of the Lagrange one, we obtain with the help of the
considered procedure (1) — (3) the needed polytropic
process index [13, P. 203, § 7.5, (7.106)].

Remarkable here is that the cognitive function
has the view of

2 2

2 pin?;

where subscript i means: “pertaining not to the i"
but to the other alternative of the two-alternative
situation”.

B. Maintenance and Repair Versus Purchasing
Alternatives

According to the simplest nevertheless principal
statements of operation the functioning equipment
works on the purpose of gaining profit. A certain

portion of the profit is designated to be accumulated
for further either maintenance or repair of the
equipment under the operation either for acquiring
the new equipment for replacing the equipment
which somehow has got obsolete or gone out of
order.

Models here are

k](t)zae_b’ +c, kz(t)=d+ft, 4

where £, (t) stands for the rate of the profit gaining
in time at the moment of time ¢; the rate k()
depends significantly upon the parameters a, b,
and ¢ values correspondingly; k, (t) designates the
rate of the restoration funds accumulation
accordingly with the values of the modeling
parameters of d , and f .

The difference between the rates of (4) yields the
rate of the net profit. Integrating the difference at the
initial conditions we obtain the net profit value
developing in time:

Profity (1) = 10+%+Kct —%e"”)—[f%ﬂl'tﬂa

)
here in equation (5) the member of 10+% means

that at the initial time #, =0 we suppose that the net
profit would be 10 conditional units (CU).

The results of modeling according to the concept
of (4), (5) are represented in Fig. 1.
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Fig. 1. Values of the net profit accordingly with the
alternatives
In Figure 1 VO(t) stands for the operational

alternative when there is no replacement of the
equipment, just maintenance and repair is being
performed. We suppose that ageing of the equipment
implies shortening of the periodicity between any
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two subsequent treatments with the simultaneous
rising of the costs of the maintenance and repair
procedures carrying out. That is why after the period
of the net profit step by step slowing growth in the
~ 41] CU, there is a period of the
profit shrinking down; even we may get inevitable
losses at the period of [~42...00[ CU.
The preferences functions are shown in Fig. 2.

interval of [0...

€ !

pro(r) 8

Pri(t) 0.6

Pr2(t) 0.4

7.041x10">,

0 25 50 75
0, t

100 125 150
150,

Fig. 2. Preferences functions values

The measure of uncertainty in the view of
subjective entropy is illustrated in Fig. 3.
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Fig. 3. Subjective entropy value
From Figures 1 — 3 it is visible that there are the
~56] CU in case
of VO(t) vs. V2(t) alternatives and the other one
relatively longer period of [9...~76] CU in case

of VO(t) vs. VI(t) when the option of not
purchasing is better.

relatively shorter period of [~42...

III. CONCLUSIONS

Strategies of operational options with respect to
possibilities of maintenance and repair opposed to
acquiring and replacement of equipment are
conveniently chosen with the use of the subjective

preferences theory. Also SEMP allows finding the
polytropic process index in the new way.

Such approach with the preferences functions is
worth of application to further research of other
more complicated problems with alternatives.
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A. B. FOHUapeHKo. ANbTEPHATUBHICTb PEMOHTY KOHTPO/IBHOFO Ta eHepreTUYHoro 061agHaHHS MpoTU
npuadaHHA BigMNoBigHO 40 NepeBar Takoro BapiaHTy BUGOPY

Po3risiHyTo MeTon BHM3HAYEHHS ONTUMAJbHUX CTpaTerii KepyBaHHS sl epEKTUBHOCTI OaratoajbTepHATUBHHUX
eKCIUTyaTalliiHUX CcHUTyaliid. BapiantTm BHOOpY TeXHIYHOro OOCIYrOBYBaHHsS Ta PEMOHTY OOJaJHAaHHS MPOTH
NpuaA0aHHs Ta 3aMiHM HOBUM B3STO JO BpaxyBaHHs. 3HAUEHHs MOKA3HUKA ITOJIITPOIIYHOrO MpOLEeCy 3HAalAEHO Ha
OCHOBI 3aCTOCYBaHHS NMPHHIUITY €KCTpeMi3allii cy0 €KTHBHOI eHTpomii. BBeaeHo moTpiOHI MaTeMaTH4HI MOAETI I
OTpPUMaHHSl PO3MOJUIIB IepeBar ajbTepHATHB. BHKOHAHO po3paxyHKOBi ekcrepuMeHTH. [loOymoBaHo HeoOXiTHi
Jiarpamu.

KnoyoBi €noBa: moka3HUK MOJITPOIYHOrO MPOIECy; PIBHIHHSA MOMITPOMIYHOrO MPOIECY; ONTHMI3allis; MPHHIIAI
eKcTpeMizalii cy0’€KTHBHOI eHTpoIii; OaraToaJbTepHATUBHICTh, KaHOHIYHI PO3IMOJUIN CYyO’€KTHBHHMX II€peBar;
BapialiiiHa 3a/1a4a; eKCTpeMallb; ONTUMAJILHUN BHOIp.

AHZpI BikTopoBnY MOHYapeHKO. JIOKTOp TEXHIYHUX HAYK.

Kadenpa 30eperkeHHs JILOTHOI NPUAATHOCTI aBialliiiHOi TexHikW, HamioHanpHWI aBialfiiinuii yHiBepcuteT, Kuis,
VYkpaina.

Ocgita: Onecbkuii IHCTUTYT iHXXKEHEPiB MOpchbkoro ¢uoty, Ozneca, Ykpaina (1984).
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