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Abstract. In the article there are presented the
results of analytical research on the operation reliability
of a complex engineering system using the example of a
control eectronic system. Functioning of such a system
is suggested to be considered with the use of a maximum
product problem. At the same time an adeguate balance
between its reliability and efficiency is chosen as a
criterion for the estimation of its reliable and efficient
functioning. We consider the electronic system in the
conditions of modern indusgtry to be one of the most
loaded subsystems. The analytical expressions have been
obtained which allow setting the optimal balance
between the reliability and efficiency of control
electronic system operation.

The offered approach allows more effective and
adequate estimation and prognosis of the state and
performance of any electronic system at all stages of its
life cycle, from the beginning of exploitation to the end
of the warranty period, and, in many cases, during the
extension of this period, on the basis of the continuous
control of the balance in accordance with the maximum
product problem.
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1. Introduction.

It is expedient to estimate the state of any kind
of a modern control electronic systems applying a
maximum product problem. In accordance with [1],
this problem is defined as follows: it is necessary to
find N non-negative numbers whose sum does not
exceed a given number a>0 and whose product is a
maximum.

2. Setting the task of research

For an eectronic system, as one of the most
technologically loaded control elements of modern
production, this task can be formulated as follows:

Let O<a£l be thetotal probability of faultless
operation; P, xP, x...xP, be work probabilities of
faultless work of the electronic system’s subsystems;
n be the number of the electronic system’s

subsystems.
Then following conditions must be met:
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Values é{e and CD)Ff are phase coordinates,
i=1 i=1
and the set of values R,P,...,B, are control
parameters.

If the condition (1) holds, then the balance between
reliability and efficiency of the eectronic system
operation is optimal.

Thus, the purpose of thiswork is the investigation of
possihilities of applying the maximum product problem
to estimation and caculation of reiability of the
operation of control e ectronic systems.

3. Theoretical fundamentals
For the optimal mode of an electronic system
operation such conditions should be met:
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where W isacontrol area.

If at every correlation instant the conditions (2) hold,
then control of the system is considered possible.

The change of reliability level of an eectronic
system operation is expedient to be examined as an
additive stochastic process of changing the probability of
faultless work:
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P(t) = Pqt) + PH(t), 3)
where P{t) is a stationary component of the faultless

work probability; P®(t) is a stochastic component of

the faultless work probability.

Any control eectronic system is a complex technical
system, which can be conditionaly divided into n
subsystems operating simultaneoudy, thus they are
connected in series.

We set the instant t as a discrete series of values
t=0; 1 ..,N, where N is the period of continuous

(faultless) work of the el ectronic system.
Then anation of control can be expressed by means
of afolllowing correlation:

{R(t), R(),... By (1)} (4)

At every instant t the state of the electronic
system is characterized by n phase coordinates
X, Xo,.-, X, With @ point X of space E". Thus, at
every point of time t the phase state X(t) has n

coordinates.
Let us assume that in each point of time t the

state of each subsystem is characterized,
accordingly, by sets |,k,mqg.. of coordinates
(parameters).

Then, findly, for any point of time the phase state of
the eectronic system’s subsystems can be analytically
described as follows:

R(t)=f{a(t)} = fifa (t).ax(t),...a (t)};

Ry (t) = {d ()} = fn.{.o.l.l(t),dz (1) g (8)} . )

where fi,...., f, are some functions; g (t),....,d; (t) are

functions of the change of parameters of the state of the
electronic system’s subsystems.

For each of electronic system’s subsystem there
is a sequence: that can be aggregated into a set of
sequences:

}[a(O),a(l),...,a(t),...;b(o), b(1),...b(t),.

i..¢(0),c(1),...c(t),...d(0),d(1),...d(t),...
which isthetrajectory of its evolution.

The initial state {a(0);b(0);c(0);d(0)} must
be set. It is the state of the electronic system at the

T

beginning of its operation after its placing into
service.
Taking into account the condition (1), the expression

(5) can be rewritten in a different way:

10<R(t)=f{a(t)} =

i

:::: fi{a (t).as(t),....a (t)} £1

10<Py (t)=fo{b(t)} =

1

i = fo{by (), by (t) .o by (1)} £1, (6)

f:ﬁo<Pn (t)= f,{d(t)}=

1= fa{d(t), 0z (). dg (1)} £1.

Further development (evolution) of control
electronic system is certain, if there is control over

R (t),....P,(t), set by meansof correlations:
R ()= €A (t- 2). R (t)g;
Py (t) = fx € (t- 1), R (t)g),

J=&R(1), (7)

where fj; isa vector-function.

Thus, the task of optimal control reliability of
electronic system operation consists in choosing such

possible control over {R(t),P;(t),.., P, (t)} which,
by its given initial state {R(0),P;(0).... P, (0)}, will

provide amaximal value of the functional (7).
More correctly, the correlation (7) is of the form:

j=1 (8)

Let us consider a dationary process which,
according to [2], [3], [4], [5],[6], can be subdivided into

n= é intervals, where t isthe duration of the process;

Dt isthe duration of theinterval.
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Let us designate as B the probability of not

exceeding the level x of the process during the time
period Dt. Then it is possible to write down such

approximate expression R (t) » B".
For the evaluation of probability B we use the
estimation [3]:

B (t)® Ry- Ny(t), if tEREN, ()L, (9

where R, is the probability of not exceeding the fixed
level in theinitial point of time.

Nx(t)=gnx(t)dt,

(10)

where n,(t) is an average number of events of
exceeding thelevel x during atime unit.

Thus:
B (t) = (Fy - nDt)'™, (11)
where F, isadistribution function of the size x.
Considering Dt =1, we will obtain:
Re(t) = (Fe- nix)". (12)

For a stationary process the expression (12) can be
rewritten as follows:

R (t) =expgin(Fy - ny)g- (13)

For atransient process:
1t .
Px(t):expTi_dngFX(t)-nx(t)gdtg. (14)
0

It should be stressed that we have obtained these
dependences without making any assumptions about
the probability distribution of ordinate of process
and its duration. Therefore, the expression (14) can
be used for an arbitrary process of any duration,
which satisfies the conditions of electronic system
operation.

Thus, the conditions (1) and (6) are the
conditions of optimal balance between the reliability
and efficiency of a control electronic system
operation.

4. Conclusions

As aresult of the undertaken study, some analytical
expressions have been obtained allowing us to establish
an optimal balance between reliability and efficience of a

control eectronic system for providing safe and most
effective modes of its operation.

The offered approach allows more effective and
adequate estimation and prognosis of the state and
performance of any electronic system at all stages of its
life cycle, from the beginning of exploitation to the end
of the warranty period, and, in many cases, during the
extension of this period, on the basis of the continuous
control of the balance in accordance with the maximum
product problem.
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OIIHKA HAIIII7[HOCTI

®YHKIIOHYBAHHS CUCTEM

EJIJEKTPOHHOI'O KOHTPOJIIO
HIJIAXOM 3ACTOCYBAHHSA 3AIAYIT

MAKCUMAJIBHOI'O J1OBYTKY

Cepriii MenianiHOB

[loxazaHo pe3ynbTaTH aHANITHYHUX JOCIIIKEHb
HaJidHOCTI POOOTH CKJIATHOI ENEeKTPOHHOI CHCTEMH Ha
MIPUKJIAJi IEKTPOHHOI CHCTEMHU YIPAaBIiHHS Ta KOHTPOJIIO.
OyHKIIOHYBaHHSI TaKoi CHUCTEMH IPOIOHYETHCS PO3TIIS-
HYTH 13 3aCTOCYBAaHHSM 3aJadi PO MaKCUMYM IOOYTKY.
Boanouac ajgexBaTHe CIIIBBIJAHOIIEHHS MIDX Ti HaIlMHICTIO
Ta e(EeKTUBHICTIO OOMpAaeThCsA K KPUTEPIH Ui OLiHIO-
BaHHA 1i HaziiHOI Ta edexTuBHOI podoru. [IpuiinaTo, mo
€JIEKTPOHHA CHCTEMa B YMOBaxX Cy4acHOI POMHCIOBOCTI €
OJIHI€I0 13 HaWO1NBII HaBaHTAXKEHUX MmixcucteM. OTpUMaHO

aHaJIITUIHI BUpa3y, 10 AAKOTh 3MOr'y BCTAHOBUTHU OIITHU-
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MajbHE CIiBBIJHOIIEHHS MK HaAiffHICTIO Ta e(eKTHB-
HICTIO pOOOTH €JIEKTPOHHOI CHCTEMH YIPAaBJIiHHS Ta KOH-
TPOJIIO.

3anponoHOBAaHUN MiAXiJ HaJae MOXIIHMBICTH egek-
THBHIIIOTO ¥ aJeKBAaTHIIIOTO OLIHIOBAHHS Ta IPOTHO-
3yBaHHS CTaHy 1 IOBEJIHKM €JEKTPOHHOI CUCTEMH Ha BCiX
craniax il (yHKUiOHYBaHHSA, BiA IOYATKy JKUTTEBOTO
LUKITY nepiony
eKcIuTyaTanii, a Takoxk y 06araTbox BUIAIKaX, 3a MeXaMu

o 3aKiHYEHHS rapaHTiiHOr o
LBOr0 MEepioAy, Ha MiJCTaBi HOCTIHHOrO KOHTPOIIO 3a
BUOpaHUM CIIiBBiJHOIIEHHSIM, OTPUMAHUM 3a JOIOMOIOI0
3ajiadi Npo MakCUMaJIbHUN TOOYTOK.
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