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Summary. The comduct of urduplicated mechaneal system at gralual acommlabon of damages has been
described. The firction of ®adivess, that deternunes the iritial ard stahionary vahie of coefficient of wadivess
has been cormsidered.
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INTRODUOCTION

For rmany subsysterns of sophisticated equiperent fror the point of wiew of relishility, the
gradual increase of intensity of refumals in the shoence of reservationsis a typical sitiation. In such
cages the formation of the streams of refusals carniot be described as Dlare camal process of tran-
sitions of systerns into different possible (capable or incapable of working) states. For analitical
description of the conduct of systerns in operation the introductiion of the additioral fetitious state
hias been suggested [1]. Thus, not Iare processes are replaced by Iare ones, but the mathermatical
description of the conduct of svsterns is more difficult due to the increase of their possible states.

The establishime nt of function of readivess of the mechanical systern is the puarpose of this
research, the levelof relisbility of which goes down with the ncrease of operation.

RESULTS AND DIRCTTAEION

The graph of the states and transitions of the systerns in which in the course of firne the
operation on the refusal is decreasing, and the intensity of refusals of aging systerns is accordingly
ncreasing, is shown in Fig 1.

O the basis of the built graph of transitions the differential equations of dymarnic balance
for probabilities of the states have been worked out:
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where P8 - 15 probability of the syetern in the capable of working state;
P8 - 15 probability of the syetern in the transient state;
P(#) - is probahility of the system in the disabled state.

Fig.l. Graphof states and tramsibioes of the systemn the intensity of refiis als ofwlich is grosrine

“07 - iz the capable of working state;

“17- iz the disabled state (renewal);

“F - im intermediate (fiotitions state);

Ay - 15 the proper intensity of ransitions.

The rationed condition for the systerns which necessarily are inone of the possible states is:

Py +RH +PiH =1 {2
From the first equation of the syster (1) in the Laplas transformations we have:
Sipd 8) = <l + C {3)

where: C - 15 a permanent value which is deterrained frorn the initial condiions.
The initial condition is nghtfully adopted as the situation when the systern starts working

in good condition. Thus, for fime § =0 Py#H = 1. Then, inserting the initial condition in equation
(37 and executing the Laplas transformation for the second equation of the system (1), taking into
account the rationed condition {20 we will wite down:

{S+4)als) wals) 1
{(S+m)af{s) aa{s) o

Sy {87+ 58 (5] + 5. {5) 1 “
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S+, g & 1
The detertninant of the syetem is| &+ S+4 4,
& & & 1

where the coluan of free merbers s on the right.
The solution of syetern (4) in relation to wbmown g, (5 can be caied ont according to the
Erarner’s rule. Then we hawe:

R P
%{S] ; {FL -22] £ _ (5)
SIS+t Rt RS+ A+ Ah]
We will represent a denominator in the exparnsion of equation in terns of roots:

S8+ { g+, + 2,8 + Ay g+ 4]

Obreicusly, the two roots 5 , are the solution of a quadratic, and the third 5, = 0. Asa dis-
crirunant of the gquadratic D= 0, the roots &) and 5 are walid

5, "‘”’;“*RHJ[F‘*R;%T B Ay, ()

Furiction (5 expanded in terms of roots can be written down as a sum
A & o
als) Tty T 5
where A, F, Care some urknown coefficients which satisfir the equality (5).
Hence, after the transformations and sixaplifications we have
{d+ B+ )8 [ 4[5 +8 )+ BS, + C5 |9 +.454,
als) 5[5 SIS &) '

The value of coefficients A Fand Ceanbe fourd on the basis of comparison of expressions
i 57 and (). Bgualizing the nurerators we will write down:

()

{9

S+ )8+, {A+ B+ C)8 [A[S +8, ]+ 55, + C5 |8 +458,

Zio, az the left part equals the right ore, ther the coefficients are equal too at identical degrees
urknown, Thus, it is possible to write down a new system of equations:

1 d+5+
mtd,  A{S+8) 85, C§, {10y
g, ASE.

Thus, for the deterrrination of unknown coefficients A B and Cwe have three equations. We

sobve the obtained system according to the Krarer's mle.
The deterrninant of the systern (10) is represented by the D roatrie:
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g 5.5 55,

By analngy the matrices are solved for determination of coefficients A 5 and &

e pmdy {Sz IErl]:- (12
B b, {1+57), (13)
T S+ {.-“L "'Rn]gl'gz + 8,8 (14

The walues of coefficients A 5 and C are found from the relations:

0.

e g DBy o Be

4 =2 i 3
D D D

Inserting the obtained valnes of matices from equations (11-14) we will write down
d .-”L-Eni'-:‘rz 'Srl].

55 58

AN

S8 &) 7

o FLRn{FL +R’Q]'5rﬂ+ '5(:
5 85, '

B

Lfter the substitution of walues of coefficients A, B and C'in ecualization (2) we have:

FrE {52 '51.] £ {52 ‘51.] e {FL +R&]Si+ Sf
SLS:? '-IF‘WLi Sﬂ '5';'5': '5'? 'Sﬂ + S‘f SLSQ
55 g 5 g 8,

@l S}

For the reyreserted equation it is possible fo apply the reverse transformation of Layplas.
Then, for the capable of working state, the probability of finding the systera in it iz written down
in a kind of!

A & A1 8
{2 “—R‘}Mm[ 5, 2] #m[ o]t
88, S8 S5 &)
ph (At )6 +85 o (15)
£ 2.
* S: SLS; RP‘[ ]

Taking into account that root 5 =0 and that the prohability of finding the systern in the
capable of working state Po(f) in the physical essence answers the readiness of the systemm to worly,
Le. Py = Ko f), we can repeesent the equation (15) as:
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.-"-‘1-22{52 '51.:] Hy -3"2{1 'E‘f]

L0 Seam e, ) el (16)
+ HR*{?;R;]SS* * 5, exp[ &, 2]

The values of roots &) and 5, expressed through the infensity of tansitions, A, and x| are
represented in ecuations (6 and 7).

Thus, the certain function of readine ss of the systems which reduce the level of reliability at
the increase of intensity of refusals (aging systern) has been deterrnined. The mavirom walue of
the coefficient of readiness iz the begitwing of exploitation at § =0. Ther, on the basis that equation
(160, the coefficient of readiness after the siraplifications and transforrnations is egual to:

ah( 8 & 1 & & ]+,ul+ﬂg+a; an
s\S 88 8 808 ss) o8 s

The exposwre of conduct of the coefficient of readiness iz the second extreme case when
f—w. Analyzing equation (16), in this case we get the endless and opposite walues of the second
and third constituent. Then the walue of the coeficient of readiness is lirnited to the first mermber:

& {z_}m] Lty i'—"rz SL].
- =88 &9,

The ohtained ecuation charac terizes the stationarywalue of the coe ficient of readine ss which
the systern makes for asyruptotically at the unlimited increase of the tirne of its exploitation.

From the comparison of walues of coefficients of readiness at the beginming of work and
asyraptotic close to the stationarywvalue itis clear, that the fivst walue exceeds the second one. That
means that the function of the coeficient of readiness is falling dowr, and its walue gradually di-
minishes frora the beginning of exploitation of the systemn to the stationaryalue. It is represented

graphically in Fiz. 2.
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Fig. 2 - Change of coaffiment of readiness of unduplicated aging sywstan
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CONCLUIIONS
Beadiness of the wnduplicated rechardcal systerns at acewrmalation of damages is descrbed

by a nonlinear fanction Kaof). The mavirawn walue of the coefficient of readiness K8, an-
suers the beginming of work # = Ox0 with the gradual asyraptotic making for the stationaryvalue

Eft—00),,,
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