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GENERALIZATION FOR THE DEGRADING STATE MAXIMAL
PROBABILITY IN THE FRAMEWORK OF THE HYBRID-OPTIONAL
ENTROPY CONDITIONAL OPTIMALITY DOCTRINE

The paper theoretically considers the possibility of the multi-optional hybrid func-
tions entropy conditional optimization doctrine applicability with the purpose of dis-
covering the substantiated reasons for the degrading state maximal probability,
however in a not probabilistic way, as well as the reasons for the generalized formu-
la optimality. The maximum of the degrading state probability is obtained with tak-
ing into account the degree of uncertainty for a certain type hybrid-optional effec-
tiveness functions. With the help of the variational principle it is shown the optimality
of the formula. The approach has a significance of a plausible explanation for phe-
nomena stipulated by the multi-optionality.
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Introduction. Because of the friction processes and resulting wear an engineering
unit goes into damaged and after that into failure state. Reliability is a very significant
factor [1]. Even if it not just friction and wear results, but also, for instance, functional
coatings application [2] or power losses of gear systems [3]. In order to prevent those
negative consequences periodical maintenance is carried out [1, 4, 5].

State of the problem. The optimal periodicity is designated, prescribed, and sched-
uled in accordance with various subjectively preferred requirements [6-8]. One of such
strategies envisages the optimal periodicity predetermined and established by the proba-
bilities of the engineering devices acceptable states. The states dynamical characteristics
with the maximum probability of a non-failure state can sometimes be considered as a
proper criterion for the optimal periodicity of the engineering units’ maintenance [9-12].

Problem setting. The proposed approach (doctrine) likewise in [10-12] is based
upon the Jaynes’ principle [13] and subjective entropy maximum principle [6-8, 14-16].
It resembles [17], however in actual fact follows [11].

It is considered a general case with the following three states: “0” designates the up
state of the system; “1” — damage due to friction and wear; “2” — failure. Parameters of

A; and p; are intensities of the flows of the corresponding events causing the system

to transfer from state to state.

Purpose of the paper. Considering a simplified system of the possible discrete
states randomly changed in time deemed to be a continuum [17], it is proposed to find
the maximum of the probability through the multi-optional hybrid functions entropy
conditional optimization doctrine.

Traditional concept. The solution is obtained with the help of the corresponding
system of the linear ordinary differential equations of the first order by Erlang [17],
where P, are the probabilities of the corresponding states and # is time.

For example, at the initial conditions of
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for the Laplace transformants (images) F; of the probabilities of P, one has
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where p is complex parameter (variable) of the Laplace transformation;
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And for the initial functions of P. (or originals) the method of (1-6) yields
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where
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The two other probabilities, except (7), but with (8), are
kit
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The first derivatives of either Eq. (9) or (10) lead to the wanted optimal solutions.
Multi-optional concept. Consider the options essential to the system.
Objective functional
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where x is an unknown parameter; 4, = xl’l([) is the multi-optional hybrid functions
depending upon the options effectiveness functions of 171([); t; / Ao 1s the intrinsic pa-
rameter of the system and the process, which is the ratio of the optimal (delivering the

sought maximal value to the probability) time t; of the maintenance periodicity to the

flow intensity A, ; M 1(’2) is the algebraic addition of the initial elementary intensities
matrix M, formed in the style likewise from the Erlang’s system, element of m,,; v

is the parameter, coefficient, function (uncertain Lagrange multiplier, weight coeffi-
cient) for the normalizing condition. In the objective functional of (11)
M g kiko + 6 , (12)
A(M) p(p2 + pe, + b +¢ +dl)
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where A(M) is the determinant of the initial elementary intensities matrix M k; are
the roots of (8); and k; = 0. In equation (12)
Ml(é)zk[km +c, A(M)zp(p2+pel+bl+cl+dl) . (13)

Consider an extremum existence necessary conditions for the objective functional
of (11):
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Now one ought to say that for the situation when the probability of Pz(t) under-
goes the extremum instead of the probability of R(t), the problem, due to the sym-
metry, has a symmetrical solution:

o _ (ki +d,)-In(iok, +,)
g kz - kl
Thus, the same approach as (11-16) is applicable to Fz([ ) with yielding the parallel

to the Eq. (16) results (17).
The optimal for the objective functional (11) distribution of the multi-optional hy-
brid functions is as follows

. (17)

hl]=———. (18)

Jj=1
Conclusions. It is discovered that the system, according to the developing station-
ary Poison flow process, has the possible states optimal options related with either the

system of parameters {ki,koz,dl} or {ki,XOI,cl} values (16-18) for the initial moment
probability of the state “0” being equaled to “1”.
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A. B. TOHYAPEHKO

Y3ATI'AJIbHEHHA JJI51 MAKCHUMAJIbHOI HMOBIPHOCTI )
AEI'PAJAIIMHOI'O CTAHY B PAMKAX TOKTPUHHA YMOBHOI
OIITUMAJIBHOCTI I'TbPUIHO-OIIIIMHOI EHTPOIIIT

CraTTs pO3IIIIAaE TEOPETHIHO MOXKIIMBICTh 3aCTOCYBAaHHS JOKTPUHHM YMOBHOI OIITH-
Mi3arii eHTporrii 6araToONIiHHANX TiOpUAHUX (PYHKITH 3 METOIO BiAKPUTTS OOTpYH-
TOBAaHHUX TPUYMHU ICHYBaHHA MaKCHMaJIbHOI HMOBIPHOCTI HIerpamariiifHoro cray,
OIHAK HE WMOBIpHICHUM IIUISIXOM, a TAaKOXX HMPHUYMH ONTHMAJFHOCTI Ti€l y3araibHe-
HOi (popmynu. MakCUMyM HMOBIpPHOCTI JeTpaJamiifHOr0 CTaHy OTPUMYETHCS 3 ypa-
XyBaHHSIM CTYIIEHS HEBU3HAUEHOCTI TMEBHOTO THITY TiOpHUIHO-OMIHHMX (QyHKITiH
e(peKTHBHOCTI. 3a IOMOMOTOI0 JaHOTO BapialiiHOTO MPUHIUITY MOKAa3aHO ONTHMA-
TeHICTE popMynu. JaHui miaXin Mae 3HAYYIIICTh MPABIONOIOHOTO TIOSICHEHHS IS
SIBHII, OOYMOBJICHUX 0araTOOMIIiIHICTIO.

KirouoBi ciioBa: MakcuMyM HMOBIpPHOCTI, ONTHMIi3allisl, eHTPOIIiifHA TOKTpUHA, Oa-
TaTOOMIIHICTh, TIOpUAHA ONmiiHA (YHKIS, ONTHMATIBHAN PO3IMOILUL, BapialliifHa
3a7aya.
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