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Summary. In the article the passively reserved system working
in the mode of gradual damages accumulation is considered. The
rules of change of basic reliability indexes, such as the probability
of faultless work and mean time of work till renunciation are set.
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INTRODUCTION

Reservation is one of the most effective methods in in-
crease of reliability of the technical systems. Its wider use in
engineering is restrained by the necessity of introduction of
additional elements (reserve parts), methods and availability
of periodic regulations, and also the renewals of details’
working capability in the shape of regrinds, use of additional
working verges etc [8]. Another reason of insufficient appli-
cation of the passive reservation is the absence of scientifi-
cally-reasonable recommendations on its effective use. This
article is directed on the removal of the indicated defects.

RESULTS AND DISCUSSION

Pre-condition for the establishment of main criteria of
reliability of the passively reserved system are probabilities
of'its being in this or that expediently chosen state [5]. The
sizes of such probabilities settle accounts in accordance with
the rule of Cramer [6]:

(1

where:

¢ (S) < P({) — the possibility of i-state in the transforma-
tions of Laplas;

4, — determinant of the equation system (7) [1] for the ob-
served unknown authenticity;

A — basic determinant of the same equation system.

The choice of the state of the system and corresponding
to its determinant are set in obedience to the established task
of researches and oriented to one or another studied relia-
bility index. However, in any case it is necessary to find the
decision of the determinant which stands in the denominator
of formula (1). Its size comes from the general extended
matrix of the system of equalizations [1] and makes a basic
matrix which is written down as follows:

S+ Ay 0 — Hio 0 0
~Jo S+ O 0 0
A= S S S S S -(2)
0 0 -4 S+dy O
0 0 0 Ay S+um

The presented matrix has a fifth grade and needs for
a further decision in lowering [7].

Executing the corresponding mathematical operations
of grade lowering, by means of algebraic transformations
and bringing expressions over, we will get:

A=aS’ +bS* +¢S> +dS? +eS,
where:
a=1;
b=+ Ay + Ao + Ago + Ao + 110
¢ = (At + Moo + Hiio + Agottin + Aootao + Agotio + Aokt +
+ Aoy + Aooo + Aoooto = o iy + Hiod + oA );
d = Ayt + Ayohiorae + Agorinao + Ay iy + Ao oAy +
+ Aoot14io + AooAoo it + Ao Ao + Aoodootio — Hrodoo st — HioAeodio +
+ Mot Aoo + Moo Aoo + Mo io thn + ot Aeo + Hiodio Ao )Q
e =(Ago oot + AooAro oo + Aaoorottinao + Moo kiAo )

If to ignore the values of intensities of refuses at triple
and more multiplying, as the values of high order of trifle,
we will get considerable simplification of mathematical
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expressions for determination of matrix decision. Then
we get:
A=S(as? +bS+c) 3)
The numerator of ratio (1) for determination of prob-
ability of fully capable working state ¢, (S) comes from
the basic matrix by the substitution of the column of free
members of the extended matrix [10] in the column of the
found probability of the ”00” state. Then we have:

1 0 ~Hi 0 0
0 S+ O 0 0
Ap=|1 S s s s
0 0  —A S+Ay O
0 0 0 Ay S+m,

Thus, the components for finding out the probabilities
of the first capable working state are set and when we put
them according to formula (1) for the state “00” we get:

st 53(#11 + A+ Ao + Ago — o)+ 52(2110#11 + oo +
Agottiy + Agotro + Agorio — HioAro — HioAoo — Hiokhn)+
+ 5(210'0110#1 1~ HiodooAo = HotiiAeo ) =t Aol
aS® +bS* +¢S* +dS? +eS

-4

Poo S):

However, this probability is obtained as a reflection in
transformations of Laplace and for passing to the original
it needs proper mathematical operations. Such transition
becomes possible if to present the function of probability
as a sum of vulgar fractions [2]:

P00 (S) _ Ay By Coo Dy " Eyo , (5)
S-85 S-§, S-8 S-S, S-5s

where:

Ay By Copp Dy E,— inserted unknown permanent values,

necessary to be set for back transformation of Laplas;
S,8,S, S8, S, —roots of the right part of the equation (3).

The roots come from the equation (3) in the following
way:

$*(as? + bS5 +c)=0-

Itis obvious, that S, =S§,=5,=0, but S, and S, —roots of
the right part of the equation, situated in brackets according
to the formula [3]:

b b
Sys=——=x || =|-c-
4,5 5 (J ¢

For determination of the inserted additional permanent
values we will make a comparison in the equivalence of
numerators of expressions (4) and (5). When denominators
are equal, the equivalence of polynomials of numerators is
possible as a result of equality of coefficients at the same
degrees of the unknown. After inserting of the substitutes
A, +B, +C =Z itispossible towrite down the additional

00 00 00 00 X
system from three equations:

(6)

Zyy +Eg =1
( Zoy + Dy )Ss = (5K oy + Egg)Sa = gy + Aagy + Ao + Agor — 10
— 78,8, =L,

where:
L =20y, + Lol + Ayothr + Aoodio + Aoohio —

— oo — ioAoo — Mok
The received system is solved by the method of suc-

cessive substitution. From the third equalization we will

write down:
L

_ 5.5 .
From the second equation we will get:
(Zoo + Doy )Ss =S4 = 11 + gy + Mg + Aoy = thio”

00 —

And I
ty+ g + Ao+ Aog — tio + 84—
Dy = %
Ss
Thus, the permanent values of Z,, D, , E,, are obtained
and it is possible to conduct reverse transformation of Lap-

lace from the images to the originals. Then we have:

Poo(t)= Zog + Doy exp(—Syt)+ Egg exp(— Sst).
Inserting the meanings of permanent values we can write
down:

Pyo(r)=

1 L
—t— + Ao + Ao+ Aoy — tho +S4s —— | X
S,Ss | Ss (ﬂu 10 10+ Aoor = Hio + 54 54]

X exp(— S4t)+ (1 - SLS

405

@)

]exp(f Sst).

By analyzing the received result it is necessary to notice
that the value of probability of P (7) is determined by three
elements. Their signs depend on those components which
are included in them, but the general value of probability
must not exceed the unit that is the rationed condition. The
analysis of the result is complicated by unknown 4, y — char-
acteristics, included both directly into the formula (7) and
into the substitution L, and also roots of S, and S,. That’s why
in this research it is possible to conduct only the preliminary
quality analysis of the change of probability of the working
state “00” depending on the time of exploitation of the tech-
nical system. It is obvious that independently of its sign the
first component is some permanent value which depends on
the value of the attended roots of S, and S, displacing general
dependence of P, () upwards or downward on a y-axis.

The analysis of behavior of probability function for the
state of the system “00” at the time of exploitation of t — oo
shows that the increase of time diminishes the probability
on an exponential law. The final probability in this case is:

POO(t - oo): Zy -

Or, it is possible on the basis of the value of permanent
Z,, which has been got before to write down:

1
Pyt > )= S5 Aoty +AoAy + Agokn + Agotao +
495

+ Ago o = HioAaor — ooy = Mok )

Thus, the conducted analysis set, that general character
of changing in probability of capable working state “00” of
the passively dubbed system is described by a double ex-
ponential law. Its chart is presented in Fig. 1. The concrete
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form of the curve is greatly dependent on the correlations A
and ¢ which are descriptions included in the equalization.
The double exponential dependence assists at deceleration
of loss of capacity by the system while entering the dubbed
element.

Py (1)

I

K

00

t, time

Fig. 1. Changing in the probability of the passively dubbed sys-
tem in fully capable working state from time of exploitation

Coming from the known determination of mean work
on the refuse through the probability of faultless work [4]
we can write down:

T = TP(t)dt.

In detail, to the solving task on determination of mean
work in the capable working state “00” it is possible to
write down:

i =[Pylt)t.
4

For establishment of mean value of work on the refuse
it is expedient to choose the time of domain ¢, — ¢, after
the period of extra work of the system and its entrance in
the mode of exploitation, when aging processes, related to
the subsequent loss of capacity, begin gradually show the
selves [9].

Putting the value of probability from the expression (7)
we have:

_ ) L 1
foo =~ +— (1 + g + Ao + Ao — 1o + Sq Jexpl(=Syr) +
uL S4Ss  Ss

L
1- —S<t)|dt.
[ S4S5jexp( 5)}

From where:
L) h
_ L 1 L 1) s
too=——t +—|+Ahy+ 4o+ Agg Mo+ Sy —— | ——|e ¥ +
00 S4S5 S5 [/‘ 11 10’ 10 0'0 IUIO 4 S4 ]( S4 ]

4

®)

sio L - L eS|
5,55 \S,

h

For the quality analysis of result the possible depend-
ences of influence of each components of equalization were
built (8) on a general result, and the total curve of change of
mean time of system staying in the fully capable working
state of #00. The graphics is represented in Fig. 2.

00

Fig. 2. Dependence of changing of time of the system being
in the complete capable working state “00” on the time of its
exploitation:

1 — is the first component of equalization (9); 2 — is the
second component; 3 — is the third component; 4 — is total
resulting dependence

As we can see from the summarizing chart (curve 4),
mean time of the system being in the fully capable working
state “00”, when both basic and reserve elements are in
good condition, is gradually going down. It corresponds
to the physical essence of the problem of the system’s
research that it gets older losing the capacity while ex-
ploitation.

CONCLUSIONS

1. Passively dubbed technical system losing the capacity as
a result of aging has the reliability indexes, depending
on the time exploitation according to the double expo-
nential law.

2. The maximally able value of probability of faultless
work of the system, when both basic and dubbed ele-
ments are in good condition, serves the final (asymptotic)
value of this probability.

3. Mean work on the refuse of the system consists of three
components, one of those depends on the time of ex-
ploitation, and two others change on exponent.
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BAPbUPOBAHUE ITOKA3ATEJIEM HAJIEXXHOCTU
I[TACCHUBHO PE3EPBHPOBAHBIX CJIOXHBIX
TEXHUYECKUX CUCTEM

AHoTauis. Y cTaTTi po3mIsHyTa IACKBHO PE3epBOBaHA CHCTEMa
HPALFOI0Ya B PEXKUMI HOCTYIIOBOTO HAKOITHYEHHSI IOIIKOKCHb.
BcraHoBeHI 3aKOHOMIPHOCTI 3MiHH OCHOBHHMX ITOKAa3HHKIB
HaJIHOCTI TaKUX SK BIPOTiMHICTH OE3BIAMOBHOI POOOTH
1 cepenHiif yac poOOTH MOBHICTIO.

Ki11040Bi cJ10Ba: TOTOBHICTB 10 pOOOTH, CEPEIHE HAIIPAL[FOBAHHS
Ha BIZIMOBY, BIpOTiAHICTH O€3BIAMOBHOI POOOTH, MOAENTH
HaJIHHOCTI CHCTEMH.



