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Abstract

Purpose: The goal of this research is to investigate the possibility of the objectively existing aeronautical
engineering maintenance optimal periodicity determination in the different from the probabilistic methods
way. In this paper there is a scientifically proven explanation for the mentioned above periodicity
optimization with the help of subjective preferences distributions. Methods: The described approach
proposes to consider functioning of an aeronautical engineering system with possible degrading failure on
the multi-alter nativeness basis. The objective effectiveness functions in such a case are intensities of damage
and failure which corresponds with the set of considered operational alternatives. It allows obtaining the
related subjective preferences functions implying the preferences proportionality to the alternative
intensities of damage and failure. Results: The found expression for the optimized maintenance periodicity
is the same as yielded by probabilistic methods and subjective preferences functions deliver the extremal
(maximal) value to the operational-maintenance purpose functional. While this objective functional
undergoes its maximum for optimal both canonical and proposed view preference distributions, the
subjective entropy of the preference does not have any exremum in the vicinity at all. Discussion: The
proposed approach model parameters interpretation, with the help of the carried out calculation
experiments and plotting necessary diagrams, means that the damage and failure intensities are the self-
measured subjective preferences obtained with the use of the subjective entropy maximum principle. They
are expressed so in the terms of the subjective analysis theory.

Keywords: airworthiness; aeronautical engineering; alternative; damage intensity; degrading failure;
extremal; failure intensity; maintenance periodicity; optimization; preferences distribution; subjective
entropy maximum principle; variational problem.

of subjective preferences theory (Kasianov 2013;
Kasyanov, Szafran 2015; Goncharenko 2016a).

1. Problem formulation is that it is a
challenging problem to discover an optional way of

1. Introduction

Aeronautical engineering maintenance periodicity is
an important technical operation parameter that is

designated in order to keep aircraft airworthiness at
the required level (Smirnov et al. 1990; Kroes, Wild
1994).

Optimal values of the periodicity are determined
on the basis of different criteria including
probabilistic, economical, etc. (Dmitriyev et al.
2005; Zaporozhets et al. 2011; Solomentsev et al.
2016; Smirnov et al. 1990; Tamarin 2002; Pallos

2001).
There is a chance to try an attempt for solving the
problem of optimal aeronautical engineering

maintenance periodicity determination with the use

finding the aeronautical engineering maintenance
optimal periodicity with the application of the new
approach proposed in the framework of subjective
analysis.

2. Analysis
publications

There is a postulated principle of subjective
entropy maximum in subjective analysis (Kasianov
2013). The principle is called: “Subjective Entropy
Maximum Principle” (SEMP). It is very productive;
it has been used in the variety of solutions of
problems (Kasianov 2013; Kasyanov, Szafran 2015;

of the latest researches and
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Goncharenko 2014; 2016a; 2016b); nevertheless, it
still needs more applications and substantiations.

The unsolved parts of the general problems of
aeronautical engineering operation and maintenance
(Dmitriyev et al. 2005; Zaporozhets et al. 2011;
Solomentsev et al. 2016; Smirnov et al. 1990;
Tamarin 2002; Pallos 2001; Kroes, Wild 1994)
include multi-alternativeness of the related
situations.

3. Task setting

The task setting for the presented paper is to
obtain the objectively existing optimal aeronautical
engineering maintenance periodicity in the different
from the probabilistic way.

2. Main material

Following the methods described at the book of
(Smirnov et al. 1990) one can find that according to
(Smirnov et al. 1990, pp. 170-172) at the work of a
product at a random moment of time 7T there
happens a damage, the further development of which
leads to the failure at the moment of time t.
Maintenance has to be performed in the interval
(t,t) at the moment t,.

Thus, there is a system with a degrading failure.
1. Problem setting

The optimal time interval t; , accepting, for

instance, the law of the damages appearance times
distribution, as well as of their development times to
the failure happening as the exponential ones with
the corresponding intensities of A, and A,, for the

scheduled maintenance works performance will be
found at the maximum of the probability of the
conjoint events of the damage occurrence and failure
not happening realization by the formula of
(Smirnov et al. 1990, P. 171):

+ _InA,—InA,

t,=———7—"=. 1
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It appears from the extremization of the
conditional probability:
A _ _
Pe(t)=—"—(e™ —e™) @)
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of the two conjoint events happening, namely,

damage D and not failure F .
This can be derived from the normalizing
condition for the probabilities:

Poe (t)+ P - (t)+ Py (t)+ P (t)=1, (3

where the probability of the two conjoint events
happening: damage D and failure F
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the probability of the two conjoint events happening:

not damage D and failure F

P_(t)=0, (5)

DF

and the probability of the two conjoint events
happening: not damage D and not failure F

P_(t)=e™". (6)

DF

The other way of the problem solving implies not
the probabilistic but subjective preferences, SEMP,
approach. The corresponding intensities of A, and

A,, for the considered problem setting can be

represented as certain parameters of the multi-
alternativeness.

Therefore, we may use the apparatus of
preferences functions.

2. Problem solution

The optimal value of (1) can be obtained with the
use of SEMP (Kasianov 2013; Goncharenko 2016b).

Supposedly, the subjective preferences entropy
functional has the view of (Goncharenko 2016b):

2 2
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m() -

normalizing coefficient.

The first member of equation (7) is the subjective
entropy of the preferences.

The necessary conditions for the functional (7)
extremum existence

where preferences functions; 7y -

D,
P 0 (8)

in accordance with (Kasianov 2013; Goncharenko
2016b) yield

9D,

ani(.):‘lmi(‘)‘”@w +y=0, Vi=12.(9)
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This inevitably means in turn (Goncharenko
2014; 2016a; 2016b)

Inm, ()-t, A =y—1=Inm,()-t,A,.  (10)
From where
Inm, ()= Inm, ()=t (A, =1,). (11)
And
= lnﬂl(-)—lnﬂz(-). (12)

P
A=A
Thus, we have got the law of subjective
conservatism (Goncharenko 2014; 2016b) if the

. .
values of parameters t,, A,, and A, are given.

In case

() =%, (13)

where X — unknown, uncertain multiplier in type of
the Lagrange one, we obtain with the help of the
procedure considered through (7)—(13) the needed
optimal periodicity (1).

Indeed, substituting for their values equations
(13) into expression (12) it yields

X
",
t = 2, 14
Ry (14)

finally, formula (1).

The sense of the uncertain multiplier X becomes
obvious with the use of the normalizing condition of
the initial functional (7). That is

XA+ XA, =1. (15)
Hence,
1
= . 16
ATy (16)

Remarkable here is that the cognitive function
has the view of

2

2
2
A
i=1
2

t

o — (17)
A
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Moreover, in case expressed with (7)—(17) the

optimal value of the sought maintenance interval t;; ,

traditionally obtained through the procedure of
(1)—~(6), has been got for the given values of

preferences () and at this the optimum of t;

makes the preferences of m,(-) also be optimal for

the objective functional (7).
3. Application of the
extremization principle
From conditions of (9) it is possible to get the
canonical distributions of the preferences functions
for the considered problem setting.

subjective entropy

Then
Inm, ()=y-1+th, m()=e" . (8)
Applying the normalizing condition
n,()+m,()=1= ey‘l(e{'?’xl el ) ,
oA
eH:m, ()= Zep% . (19
jZ:;e
The preferences functions described with

equations (19) deliver the conditional extremum

(maximum) to the subjective entropy or the
maximum to the purpose functional (7).
Indeed
2
()
J “2:—L<O, (20)
aTCi () T; ()

at any “point”, since preferences functions always
have positive values o...1] in the postulated view

functional for multi-alternative consideration, like
(7), including the “point” suspected for the
extremum on condition of (8).

Moreover, although the preferences expressed
with (19) are different from the preferences
functions described with equations (13), but in case
of (14)-(16) the preferences have the same value.

4. Numerical experiment

Computer simulation for the accepted data:

A =510"h"; A,=1-10"h'; t=0...1.5-10° h

is illustrated in Figures 1-4.
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Fig. 1. Optimal distributions of the
preferences functions

In Fig. 1 the designations of m, and m, stand for

the preferences functions obtained with the
equations of (13) with respect to condition (16). The
functions of Pr(t) and Pr,(t) are obtained by the

formulas of (19). The value t,, =402 h (see

0

Figure 1) has been found by equation (1).

In order to discover, or better to say make sure,
that the preferences distributions of (13) with respect
to condition (16) and (19) deliver extremum to the
objective functional (7) we make the obtained
preferences functions an arbitrary infinitesimal

variation of & =[-0.02...0.02] (see Figure 2).
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Fig. 2. Variated optimal preferences functions
distributions

Here, in Figure 2, the functions of Pr () and
Pr,(-) are obtained by the formulas of (19) as the
functions of the four independent variables but at the
fixed values; and at the value of t,, =402 h found

by equation (1) they coincide with the preferences
functions of (13) (see Fig. 1).

5. Analysis of the obtained results

As it was expected the variated objective
maintenance periodicity functional (7) has the
maximal value at the optimal subjective preferences
distributions, that is, at the optimal subjective
preferences with the variation of =0 (see Fig. 3).
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Fig. 3. Maximal value of the objective maintenance
periodicity functional

However the subjective entropy of the
preferences is not extremized at the optimal
preferences distributions (see Fig. 4).
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Fig. 4. Subjective entropy of the preferences

6. Discussion

The disputable issue here is that the preferences
functions might be expressed in some other than
with the equations of (13) way. Although it is quite
enough to state that SEMP has got one more
substantiation, the approach expressed with the
equations of (7)—(20) and illustrated with Figures 1-
4, for application described with the traditional
approach of (1)-(6) to solving multi-alternative
problems in conditions of uncertainty.

The supposition that the preferences (13) of the
alternatives are proportional with the corresponding
to the alternatives values of A, and A, has appeared

to be fruitful.
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Optimal maintenance periodicity is found with
the help of the law of subjective conservatism
(Goncharenko 2014; 2016b).

In accordance with the objective maintenance
periodicity functional (7) the damage and failure
intensities A, and A, has happened to be the self-

measured preferences (13).

3. Conclusions

On the basis of the subjective entropy maximum
principle it was obtained the optimal value of
aeronautical engineering maintenance periodicity in
case of degrading failure, which had been known
before from the probability extremization.

In further researches it should be considered
more than the two alternative case.
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Onrumizanisa nepiogu4HOCTI TEeXHIYHOro 0O0C/JAYroByBaHHSl aBiauiiiHOI TeXHikKM 3a [J0IOMOIOI0

po3moaiiiB cyd’eKTHBHUX MepeBar

HamionansHuit aBiarniiiauii yaiBepcurert, mpoctt. Kocmonasta Komaposa, 1, Kuis, Ykpaina, 03058

E-mail: andygoncharenco@yahoo.com

MeTta: MeToro maHOi pOOOTH € OCHITATH MOKIWBICTh BH3HAYCHHS 00’ €KTHBHO iCHYIOUOI ONTHMAJBEHOT
MEPIOAMYHOCTI TEXHIYHOIO OOCIYrOBYBaHHS aBiallifHOI TEXHIKM IHIIUM BiJi HMOBIPHICHMX METOIB
oUBIXOM. Y JaHifl cTarTi MICTHUTBCS HAYKOBO JOBEIEHE IOSCHEHHS JUIsl ONTHMI3allii BHINE3ragaHoi
MEPIOAMYHOCTI 3a JIOTIOMOTOK PO3MOJAUIIB Cy0’eKTUBHUX TepeBar. Meroam mociaimkenns: OnucaHuii
MIX1A TPOTOHYE po3TsagaTH (GyHKIIOHYBaHHS CHCTEMH aBiallifHOI TEXHIKHM 13 MOMJIMBOIO ITOCTYITOBOIO
BiIMOBOIO Ha OCHOBi OaraToanbTepHaTUBHOCTI. O0’ekTUBHI (QYHKLIi e()EeKTUBHOCTI y TakoMy pasi — me
TmapaMeTpH TOTOKIB YIIKO/KEHBb Ta BIAMOB, IO BIAIOBia€ MHOXHHI €KCIUTyaTAIliHUX aJIbTepHATHB, sSKa
posrianaetsces. Lle no3Bossie otpumary BianoBigHi GpyHKIIT cy0’€KTUBHUX IepeBar 3a yMOB MPOMOPLIHHOCTI
THX TIEpeBar M0 aJbTEPHATUBHUX TapaMeTpiB IMOTOKIB YIIKOHKEHb Ta BiaMmoB. Pe3yabTaTm: 3HalimeHuit
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BHpA3 I ONTHUMI30BaHOI MEPIOIUIHOCTI TEXHIYHOTO OOCIYTOBYBaHHS € TaKUM CAMHM SK 1 OTpUMaHUH
yepe3 UMOBIpHICHI MeToaH, a PpyHKUI cy0’€KTUBHUX IepeBar IOCTaBIIIOTh EKCTpeMallbHe (MaKCHMalbHe)
3HAYCHHS EKCIUTyaTaIlifHOMY ITUTbOBOMY (YHKITIOHATY TEXHIYHOTO OOCITyrOBYBaHHSA. Y TOH dYac, KOJH
TaKui 1UTbOBUH (yHKUOiIOHAN Tepebirae CBOr0O MakKCUMyMy, y BHIAAKy SK KaHOHIYHOTO Tak 1
TIPOTIOHOBAHOTO BUIY PO3ITOAUTY TIepeBar, Cy0’ €KTHBHA SHTPOTIIIS THX IepeBar He Ma€ )KOTHOTO EKCTPEMYMY
nobnu3y B3arani. O0roopennsi: [Hrepmperanis mapameTpiB MoJeNi, IO CTOCYEThCS 3aIPOIIOHOBAHOTO
MIX0Ty, 33 JTOTIOMOTOI0 BUKOHAHUX PO3PAaXyHKOBUX EKCIICPUMEHTIB Ta TOOYIOBH HEOOXIMHUX Iiarpam,
O3HaYae, 10 MapaMeTPH MOTOKIB YIIKOAKEHb Ta BiIMOB TO € CaMO-BUMIpHi Cy0’€KTHBHI NlepeBard OTpUMaHi
13 BUKOPUCTaHHSAM TPUHITAITY MaKCUMyMYy CyO’€KTHBHOI €HTpOITii. BOHM TakuM YHMHOM BHUPaKalOTHCS B
TepMiHax Teopii cy0’€KTHUBHOTO aHaMi3Yy.
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ONTUMi3alis; MapamMerp IOTOKY BiMOB; IapaMeTp MOTOKY YIIKOKEHb, IEPiOANYHICTh TEXHIYHOTO
00CITyroByBaHHS; OCTYIIOBA BiJIMOBA; IPHHIIMII MAKCUMYMY Cy0’€KTUBHOI €HTPOIIT; pO3IO/LI IepeBar.
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OnTuMu3anusi NMepUOIUYHOCTH TeXHHYECKOTo O0CJIY:KHBAHHMS ABMAIMOHHON TEXHHKH C MOMOIIBIO
pacnpeneseHuil cy0beKTHBHBIX NMpeANoYTeHHI
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Henwb: Ilensto naHHON pabOTHI SABJISETCS MCCACIOBATH BO3MOXHOCTH OINPEACICHHS OOBEKTHBHO
CYIIECTBYIOIIEH ONTHMANbHOW TEPUOIUYHOCTH TEXHHYECKOTO OOCTY)KUBAHMS aBHAIIMOHHON TEXHHUKHU
WHBIM, HEXKETTU BEPOSITHOCTHBIMH METOJaMHU, IMyTeM. B maHHO#W cTaThe CONEPKUTCS HAYYHO JOKa3aHHOE
MOSICHEHUE JJI1 ONTHUMM3alUU  BBILICYNOMSHYTOH HEPUOAUYHOCTH C MOMOILBIO  paclpeneaecHui
CyOBEKTHBHBIX MpeanoureHuii. Meroabl uccjaenoBanusi: ONUCAHHBIN TOAX0/]] MpeiaraeT pacCMaTpUBaTh
(hyHKIIMOHUPOBAHUE CUCTEMBI ABHAIMOHHOW TEXHUKH C BO3MOXKHBIM IIOCTETIEHHBIM OTKa30M Ha OCHOBE
MHOTOQJIbTepHATUBHOCTH. OOBbeKTHBHBIC (QYHKIHMHA dPPEKTUBHOCTH B TaKOM cily4ae — 3TO HapameTphl
MIOTOKOB MOBPEKICHUN U OTKA30B, UTO COOTBETCTBYET MHOXECTBY PACCMATPUBAEMBIX IKCILITYaTallMOHHBIX
AIbTEPHATUB. DTO IMO3BOJIACT MOJYYUTh COOTBETCTBYIOIIUME (PYHKIMU CYOBEKTHBHBIX MPEANOUTECHHH MPHU
YCJIIOBHH IIPOMOPLHUOHATBHOCTU 3THX NPEANOYTEHUN allbTEPHATUBHBIM MapaMeTpaM MOTOKOB MOBPEXKICHUN
U oTka3oB. PesyabrarTni: HaiiieHHOE BbIpaXeHue [J11 ONTUMU3UPOBAHHOW MEPUOJMYHOCTH TEXHUUYECKOTO
o0CITy)KMBaHHS SBJSETCS TaKUM JK€ CaMbIM, KaK W TIOJIYYEHHOE BEPOATHOCTHBIMH METOAaMH, a (pyHKIUU
CYOBEKTHBHBIX IPEANOYTEHUI JIOCTABISAIOT JKCTpEeMalbHOE (MaKCHMMajibHOE) 3HAUYEHUE OSKCIUTyara-
MOHHOMY IIeJIeBOMY (DYHKIIMOHAITy TEXHHYECKOro OOCTyXHBaHHs. B TO BpeMs, Korja Takoil meieBon
(byHKIIMOHAJ TIPEeTEepIieBaeT CBOW MAaKCUMyM, B Clydae KaK KaHOHHYECKOIO, TaK M MPEUIOKCHHOTO BHJIA
pacnpeneneHusl MPeNNOYTeHH, CYObEKTHBHAsS DHTPOIHUS O3TUX NPEANOYTCHWH HE HMEEeT HH OJHOTO
JKCTpeMyMa B OKPECTHOCTH BooOmie. Oocy:xknenue: VHTepnperanys mapaMeTpoB MOJENIH, YTO KacCaeTCs
NPEAJIOKEHHOIO0 TOJX0J1a, C TIOMOIIbIO BBIIOJHEHHBIX PACUETHBIX HSKCIEPUMEHTOB M IOCTPOEHUS
HEOOXOJAMMBIX IMarpaMM, O3HA4YaeT, YTO IapaMeTPhbl IMOTOKOB MOBPEKICHUN M OTKA30B SIBJIIOTCS CaMoO-
W3MEPEHHBIMH CYOBEKTUBHBIMH IPEINOYTCHUSIMH, TONYYEHHBIMH C HCIOJIB30BAaHUEM IIPUHIIHIIA
MakCUMyMa CYObeKTMBHON oSHTpornuu. OHM TakuM O00pa3oM BBIpAXKAIOTCS B TEPMUHAX TEOPUHU
CyOBEKTHBHOTO aHAIIN3a.
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