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Introduction

At designing, manufacture and exploitation of
electronic devices works of their dependability and an
effective utilization are provided. Deciding the given
problems methods and means of supply service and repair
of devices are developed, the system of necessary
component supply for electronic devices is planned [1].

The insufficient quantity of stocks of components can
increase time of restoration of device [2]. On the other
hand plenty of stocks results in irrational use of resources.
In this case cost of stocks can become commensurable with
cost of the electronic device. In this connection, there is a
problem in development of rational system of maintenance
of electronic devices by components.

In the article the method of an establishment of
requirements to an index of sufficiency of stocks a
component is offered. The periodic way of replenishment
of stocks is considered, as an index of sufficiency the
probability of sufficiency of stocks is analyzed. Total
expenses in exploitation of the electronic device for the
period of replenishment are considered. Required level of
probability of sufficiency of stocks a component defines by
minimization of the given expenses.

Model of component supply system for electronic
devices

Creation of system of components supply for
electronic devices requires realization of some works. This
is choice of structure of system, strategy of replenishment
and index of sufficiency of stocks, the task of requirements
to a index of sufficiency of stocks, development of
methods and algorithms of calculation and updating of
stocks a components.

In practice of necessary component supply for
electronic devices various structures of stocks of
components are applied [3]. The basic factor influencing
the choice of structure is the quantity of electronics devices
for which stocks of components is calculated — one device
or group of electronics devices.

Strategies of replenishment represent a set of rules on
the basis of which the stocks of components are
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replenished. A lot of strategies, including periodic updating
[3], are provided. In this case a stocks of components
periodically is restored through the fixed periods of
replenishment to an initial level.

As an index of sufficiency of stocks of components
the following indexes are applied, as a rule: probability of
sufficiency of stocks, factor of availability of stocks and
mean time of a delay in realization of the application for a
component. The given parameters of sufficiency of stocks
of components are applied to electronic devices which
index of dependability is: survival probability, factor of
availability and mean time of restoration. Application of
these recommendations allows taking into account the
amendment to values of an index of dependability of the
electronic device, brought by limitation of stocks of
components. The index of probability of sufficiency of
stocks can be applied, as well for products, which index of
dependability, is the time between failures.

It is quite obvious, that the certain sets of initial
quantities of components providing a preset value of an
index of sufficiency of stocks exist. Therefore at
calculation of stocks among all sets the components it is
natural for choosing in the certain sense a rational one.
With this purpose the index of expenses for stocks of
components is applied. As a rule it can be weight, volume
or cost of stocks of components. In that case there is an
opportunity to decide both direct and indirect problems of
calculation of stocks of component.

Let's analyze further a case when stocks of
components are formed for group of devices. Parameter of
sufficiency of stocks of components is the probability of
sufficiency Pz determined for the period of

replenishment of stocks 7),. Calculation of stocks of

components for a direct problem of calculation can be
executed on the basis of the following conditions:
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where Py — probability of sufficiency of stocks a
component of type /; Pg« — required value of a index
P (T,); Cg — cost of stocks of the components

necessary for maintenance of exploitation N of electronic
devices during 7,; N — quantity of devices for which

stocks a component are calculated; C; — cost components
oftype I, (/= I,_L ); n;— volume of stocks a component of

type /.
Probability of sufficiency P we shall define under

formulas:
ny Xk
Rg =) —rexp(-X)), 3)
= k!
X] = NTpﬂ«”ml N (4)

where X; — average of applications in repair institution on
components of type /; A;; — failure rate a component of
type [; m; — quantity a component of type / in the
electronic device.

Method of an establishment of requirements to an
index of sufficiency of stocks of components

The analysis of a parameter of sufficiency of stocks
of components is feasible by consideration of the total
expenses CT[) having a place in exploitation of the
electronic device in time7,. Requirements to the given
index we shall establish on the basis of the following
condition:

C; — min, 5)
p n

Cr =Cp+Cp+Cpg +CsN", (6)
where C, — expenses for repair and checking of the
device; C;, — cost of the devices used instead of devices

having failure; Cp, — expenses for repair and checking of

the devices used instead of devices having a failure.
Let's analyze the case when the flow of events
translating the system from one state to the others is

Poisson flow. For description of change of states of the
device in exploitation use the Markov stochastic process.
Let's consider the following states of the device (fig. 1):
X, — the state of serviceability and the device is used to

destination; Xgz;, ..., Xpysr» ..., Xpz — states of repair

and checking because of the failure by the first, ..., M , ...,

Z components (M — quantity in the device a component

for which in repair establishment there are stocks,
L

M = Zm, ; Z — quantity in the device a component at
I=1

which failure their replacement on serviceable is

stipulated, Z :Zm, ); Xgisooos Xpags oo Xy — states
!

of expectation of delivery of the first, ..., M, .., Z

components.
For a stationary mode of exploitation of the device
(Fig. 1) the following system of the equations will be used:
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A Fo = /uE(M+l)PE(M+1) =0,
/uE(M+1)PE(M+l) - :uR(M+1)PR(M+1) =0,

APy = ppz Pz =0,

where F,, Py m Py — stationary probabilities of a

finding of the device in states X,, Xp and X,

(i= I,_Z) In (7) the equations for all states of the device
are presented.
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Fig. 1. Graph of change of states of the electronic device in exploitation at failures of components
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In Fig. 1 and in the formula (7) designations are used:

A; — failure rate components i, (i =1,Z); up;, — intensity
of repair and checking at failure components i,

-1
Hpi = Tpri

at failure components i . Such designations are used also:
Mg — intensity of expectation of delivery serviceability

. -1
components i, fp =T , Tg —

, Tp; — mean total time of repair and checking

mean waiting time of
delivery serviceability components i ; Py — probability of
sufficiency of stocks components ; of the electronic
device, (j = L_M ).

In a case, when A, =1, tp =14, 75 =71g,
Py =Pg, (i= E j= I,_M ), for stationary probability of

a finding of the device in an serviceability state P, we

-1
1+T—R+’—E( l—PSM) .9
T, T, Z

— time between failures of the device,

shall receive:

F

where T,

T, =(z2)™".
The time of serviceable work of the electronic device

T, corresponds to certain total time of a finding in

P
nonserviceability states 7yg and time of a finding under

repair T, . From here total time of stay of the device in all

Cpr =TxTysT, ' 77'C, (13)
where 7;,, — y — percentile lifetime of the device; C, —
total cost of repair and checking of the device; Cpg,, — cost

of the electronic device.
For definition 7 and Ty we shall consider, that

(14)

where P, — stationary probability of a finding of the device

-1
P —5-2T;9

inastate j; T, — total time of stay of the device in a state

j for the period of exploitation (0,0 ). Then we shall
receive:

Tp =11, 'T,.

15)
Tys = (1= P)F;'T,. (16)
Taking into account (9), (15) and (16), for C,, Cp

and Cp, we shall receive:

Cr=T,T;'C,, (17)
T

Cp = T—R+T—E( 1—P5£] 2 Cr. (18)
I, T zZ Ty,
T

Cpr = T—R+T—E( 1—PS£) 2o (19)
T, T, z) |1,

Substituting (17), (18) and (19) in (6), and also
having accepted n,=n, m;=m and C,=C from

magnitude of expenses Cy, it is convenient to proceed to

magnitude Y , which we shall define as follows:

, Y = n(Ps) - P5G, (20)
possible states equally ® =T, + Ty . .
. . . . . X
The electronic devices used instead of having failure, P = z_exp(_ X)), (21)
in serviceability state should occupy Tyg time. Under i K
repair and checking considered devices will be T}, time, X =NT,M(ZLT, 0*)_1 , (22)
which is the following: -1 -1 -1
g L G=r. X297 C(ConTi) +T;! ], @23
Tpy =TrTysTs - (10)
Cr =Tz C, (11)
-1
Cp =TNSTlty Cep» (12)
Table 1. Dependence of probability of sufficiency Py from X and G
X
G
0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
10 0.9960 0.9900 0.9825 0.9730 0.9640 0.9510 0.9380 0.9240 0.9100
30 0.9960 0.9900 0.9825 0.9730 0.9970 0.9940 0.9920 0.9890 0.9860
50 0.9960 0.9900 0.9825 0.9980 0.9970 0.9940 0.9920 0.9890 0.9860
70 0.9952 0.9898 0.9984 0.9968 0.9963 0.9944 0.9920 0.9896 0.9848
90 0.9952 0.9898 0.9984 0.9968 0.9963 0.9944 0.9920 0.9896 0.9980
150 0.9952 0.9987 0.9984 0.9968 0.9963 0.9944 0.9986 0.9984 0.9980
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where T« — required value of a index 7;; $ — share of

cost of the electronic device, determined by components.
Requirements to probability of sufficiency of stocks a
components we shall define with the formula:
Pgss = P§ . (24)
In Table 1 dependence of probability of
sufficiency Pg is given from X and G . Values X and G
are determined according to (22) and (23). The dependence
submitted in Table 1 is received by search of a minimum
of expression (20). For the given purposes the created
computer program was used.
Carrying out calculations it is necessary to take

3. The level of probability of sufficiency of stocks of
components, at which total expenses in exploitation of the
device CTp are minimal, is required. Expenses are

calculated during the time, equal to the period of updating
T,. The model of exploitation takes into account, that at

failure of the electronic device instead of him other
serviceable device is used.

4. For the description of change of states of the device in
exploitation stochastic Markov process is used. For
definition of expenses the special computer program is
created. Required values of probability of sufficiency of
stocks for some values X and G are submitted in Table 1.

into account dimension of magnitudes 7;, Tj«, T, and
Ty, - Also it is necessary to take into account and a share References
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Conclusions 2.

1. The restorable electronic devices are being investigated.

The system of necessary components supply for realization 3
of repair of devices is analyzed. The method of an
establishment of requirements to a index of sufficiency of
stocks a component is offered.

2. The case when stocks are formed for group of devices is
analyzed. Index of sufficiency of stocks of the component

is probability of sufficiency Pgy. The given probability is Submitted for publication 2006 09 18

defined during the period of updating of stocks 7, .
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Technologija, 2006. — No. 8(72) — P. 83-86.

The restorable electronic devices are being investigated. The system of necessary components supply used for realization of repair of
devices is analyzed. The method of an establishment of requirements to an index of sufficiency of stocks a component is offered. The
periodic ways of updating of stocks are being investigated. As an index of sufficiency the probability of sufficiency of stocks are being
analyzed. The level of probability of sufficiency of stocks a component, at which total expenses in exploitation of the device are
minimal, is required. The model of exploitation takes into account, that at failure of the electronic device instead of him other
serviceable device is used. Expenses are calculated for the time, equal to the period of updating. At definition of expenses the created
computer program is used. Some calculated values of probability of sufficiency of stocks are submitted in the table. Ill. 1, bibl. 3 (in
English; summaries in English, Russian and Lithuanian).

B. Crynak. Anajnu3 cucreMbl of0ecniedeHUs] KOMIIOHEHTAMHU JJIEKTPOHHBIX YCTPOHCTB // DJIEKTPOHUKA M JIEKTPOTEXHUKA. —
Kaynac: Texnosorus, 2006. — Ne. 8(72) — C. 83-86.

PaccmatpuBaroTcss BOCCTaHaBIMBaeMbIE O3JICKTPOHHBIE YCTPOMCTBA. AHaNHM3UpyeTcss CHCTeMa OOECHEeYeHHS HEOOXOIUMBIMHU
KOMIIOHCHTaMH, WCIOJIb3YEMBIMH JUIS TPOBEACHHUS peMOHTa ycrpoiictB. I[lpemnaraercss MeTon yCTaHOBIICHHS TpeOOBaHHUA K
MOKA3aTeNF0 JIOCTATOYHOCTH 3aIlacoB KOMITOHEHT. PaccMmarpuBaeTcsi MEpHOIUYECKHN CIIOCcO0 IOMONHEHUsT 3amacoB. B kadecTse
MOKAa3aTelisl TOCTATOYHOCTH aHAIM3UPYETCS BEPOSITHOCTh JOCTaTOYHOCTH 3amacoB. TpeOyeMbIM ypOBHEM BEPOSITHOCTH JIOCTATOYHOCTH
3aMmacoB KOMIIOHEHT MpeyIaracTcs CUATATh TaKOM, MPH KOTOPOM CyMMAapHbBIC 3aTpaThl B 9KCIUTyaTallMd YCTPOWCTBA MUHUMAJIbHBI. B
MOJICJIM TIpoliecca SKCIUTyaTallud YYHMTBIBACTCS, YTO IPH OTKa3e JJIEKTPOHHOI'O YCTPOMCTBa BMECTO HEr0 HUCIOJB3YETCs Jpyroe
paborocrocoOHOe yCTpOHCTBO. 3aTpaThl PACCUMTHIBAIOTCSA 3a BpeMs, paBHOe mepuoay mnomonHeHus. Ilpu onpenenenun 3aTpat
HCIIONIB3yeTCsl pa3paboTaHHAs KOMIBIOTEpHAs mporpamMma. Vickomble 3HAa4eHHUs] BEPOSTHOCTH IOCTAaTOYHOCTH 3alacoB I psAna
3HAUYCHHUH BIUSIOMIAX BEIWYHH MPEICTaBICHBI B Tabmuue. M. 1, 6ubmn. 3 (Ha aHrIHiiCKOM sI3bIKe; pedepaThl Ha aHTITHHCKOM, PYCCKOM H
JINTOBCKOM $13.).

V. Stupak. Elektroniniy jtaisy apriipinimo komponentais sistemos analizé // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2006. — Nr. 8(72) — P. 83-86.

Nagrin¢jami pataisomieji elektroniniai jtaisai. Analizuojama apriipinimo remonto darbams atlikti reikalingais komponentais
sistema. Siiilomas reikalavimy komponenty atsargy pakankamuma apibiidinanc¢iam rodikliui nustatymo metodas. Nagriné¢jamas
periodinis atsargy papildymo biidas. Kaip komponenty atsargy pakankamumg apibtdinantis rodiklis analizuojama atsargy
pakankamumo tikimybé. Sumines eksploatacijos i§laidas minimizuojancia komponenty atsargy pakankamumo tikimybg sitiloma laikyti
reikiamy $ios tikimybés lygiu. Eksploatacijos proceso modelyje numatyta, kad elektroniniam jtaisui sugedus naudojamas kitas darbingas
elektroninis jtaisas. Nagriné¢jamos eksploatacijos i$laidos, patirtos per atsargy papildymo perioda. Apskai¢iuojant eksploatacijos islaidas
naudojama sudaryta kompiuteriné programa. IeSkomos komponenty atsargy pakankamumo tikimybés vertés pateiktos lentelgje. I1. 1,
bibl. 3 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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