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ABSTRACT

Context. Constant growth of spacecraft operating life requirements leads to creating equipment which fits these requirements.
From this point of view, specifically durability prediction allows to evaluate the potential of creating equipment with a long operating
life. On early stages of equipment’s development analytical methods of durability prediction are used. Obviously, the more precise
the estimation is, the more likely that the practical test will confirm the durability predictions. Therefore, improving the engineering
techniques of the durability prediction is a relevant problem.

Obijective. The objective of this research is to improve the quality of design work by enhancing the engineering techniques of the
durability prediction, which raise the authenticity of the evaluations.

Method. Life of the equipment are calculated using the statistical modelling method (Monte-Carlo method). This method takes
into consideration probabilistic characteristics of constituent elements’ life.

Results. As a result, the problem of predicting operating life of electronic equipment using the reference data on early stages of
development is solved. An analysis of standardized method of durability prediction was performed which revealed existing limita-
tions for using this method when predicting operating life of electronic equipment. An alternate, statistical method of predicting op-
erating life of electronic equipment was suggested and a software implementation was created. Developed software was tested and
verified. Analytical experiments were performed to show the authenticity of the suggested method and to compare it to the standard-
ized one.

Conclusions. Thus, results of the performed research show that the standardized method is applicable only for calculating the
minimum operating time. Also, it was concluded that the truncation parameter of element’s life distribution, variation coefficient of
life and some specific qualities of dependability prediction scheme have to be taken into consideration when predicting durability of

electronic equipment.

KEYWORDS: electronic equipment, dependability, durability, life, design automation, simulation.

NOMENCLATURE

EE — electronic equipment;

TT — technical task;

DM - durability measure;

EC — electronic component;

DS — data sheet;

LS — limiting state;

m — mean;

g — group;

ASONIKA-K-D — software for calculating durability
indicators of electronic equipment;

PK ASONIKA-K — software complex for calculating
dependability indicators of electronic equipment;

T,, — gamma-percentile life;

T,.,, — minimum operating time;

P — probability;

T P life vector of electronic components;

T P life vector of the electronic components that

reached the limit state;

X, — quantile of the normal distribution;

y — probability for which the life is calculated, ex-
pressed as a percentage;

t, — life;

m(t,) — mathematical expectation of life;
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6(t,) — standard deviation of life;

v — variation coefficient of life;

T,,.» — mean life;

v,, — mean variation coefficient of life;

v, — variation coefficient of life of the n-th electronic
component;

N — number of electronic components in electronic
equipment;

m(t,), — mathematical expectation of life of the n-th
electronic component;

o(t,), — standard deviation of life of the n-th electronic
component;

T,,» — gamma-percentile life of the n-th electronic
component;

v, — probability for which the life of the n-th electronic
component is calculated, expressed as a percentage;

T, , - minimum operating time of the n-th elec-

n

tronic component;
K5 — limiting state criterion of electronic equipment;
k — number;

tp, — k-th life realization;

tp,. — life realization of electronic equipment;
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tp, — life realization of the n-th electronic compo-

nent;
[ — number;

tp, — I-th life realization;

You — probability for which the life of electronic
equipment is calculated, expressed as a percentage;
M — number of simulation experiments;

P gamma-percentile life of electronic equip-

ment;
x, — n-th realization of random variable;

K Ls, ~ limiting state criterion of reserved group;

tp, — life realization of reserved group;

N, — number of electronic components in reserved
g
group.

INTRODUCTION

Level of quality of renewable and modifiable elec-
tronic equipment largely depends on quality and effec-
tiveness of engineering such equipment. This is a big fac-
tor in competitiveness on global and local markets. More-
over, this applies to modern on-board equipment of
spacecraft which has complex operating algorithms,
heightened dependability, noise immunity and persistence
against external influences.

Besides, in addition to growing complexity of equip-
ment and more strict requirements, time allotted for de-
signing machinery is shortened. First stages of engineer-
ing are usually hindered by countless revisions and modi-
fication targeted not to raise the quality of equipment, but
to eliminate flaws, defects and failures. This happens due
to a number of shortcomings of traditional engineering
process, mostly from insufficient integration of math
modeling into modern information technology.

Main difficulties of using math modeling methods in
engineering process come from two reasons. Firstly,
methods of selecting and analyzing engineering decisions
are not developed enough. In addition, malfunctions mod-
eling and dependability-oriented engineering are often
neglected. Secondly, there aren’t many software packages
to choose from, and their capabilities are limited.

Modern reliability calculation software packages
(ASRN, “ARBITR”, “Nadejnost” module of KOK com-
plex, “Reliabilty” modules of CAD-systems, RAM
Commander, WQS, BlockSim and others) focus mostly
on reliability prediction, leaving durability out. However,
these factors do matter a lot for spacecraft with its long
lifespan, and for competitiveness on the market too.

It is known that durability is established with design,
implemented with manufacturing and kept with mainte-
nance. Better accuracy of durability characteristics
evaluation on early stages of designing means more
chances to construct durable equipment. This makes im-
proving methods of durability characteristics calculation
for equipment with heightened operating life a relevant
problem.
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This research examines standard procedure of equip-
ment’s life prediction and also methods, models and algo-
rithms used for equipment durability analysis.

The objective of this research is to heighten equipment
engineering quality by improving durability calculation
method with durability probability characteristics of
equipment’s composite elements usage.

1 PROBLEM STATEMENT

Durability characteristics of equipment’s components
is the initial data for equipment operating life prediction.
These characteristics are «minimum operating time» and
«gamma-percentile life». Result of the calculations is the
gamma-percentile life of electronic equipment which in-
dicates the time during which equipment won’t reach it’s
limiting state with gamma-probability. Limiting state cri-
terion of electronic equipment is decided by a predeter-
mined percentage of equipment’s components reaching
their life expectancy (in the worst-case scenario — of any
component). Based on this, mathematical problem of
equipment’s operating life prediction comes to calculating

equation (1) for T P

L —p(7,,

100 P1 2 TP~YEE ‘sz < TP~YEE )’ (1)

for worst-case scenario equation (1) becomes:

w0 = P02 0 ) @

2 REVIEW OF THE LITERATURE

Many publications are devoted to the problems of
equipment’s operating life evaluation. They review three
main methods of operating life prediction — experimental,
analytical and experimental-analytical. Experimental
methods rely on operational life testing (usually, acceler-
ated testing) [1]. experimental-analytical methods assume
that dependability tests are performed for a part of equip-
ment’s composing elements (usually in place developed
elements), and the technical equipment’s operating life
itself is calculated. Since there is no equipment to test on
early stages of engineering and the equipment consists of
elements with known durability characteristics, these
methods won’t be reviewed. The most widespread dura-
bility assessment methods are the methods of calculating
mechanical equipment’s operating life under cyclic stress-
ing, mechanical wear and other fatiguing stresses. These
methods are used in calculating operating life of separate
elements of equipment’s carcass [2], which is a separate
problem and it will not be reviewed here. There are also
operating life prediction methods based on using prob-
ability-physical failure patterns [3, 4]. But using these
methods also requires experimental tests of the compo-
nent base, so they haven’t found much use in engineering
routine.
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Perhaps, the only document which regulates durability
prediction on the stages of development is the standard
[5], which is used ether directly (for example, [6]) or
serves as a base for creating factory-local standards (for
example, [7-9]).

Initial data for durability prediction using methods of
this standard are the element’s durability characteristics
which are detailed and systematized in the handbook [10].
The handbook is an official publication and it gives a list
of such experimentally obtained element’s durability
characteristics:

— gamma-percentile life;

— minimum operating time.

Fig. 1 shows a fragment of a Hand Book’s table of re-
sistor’s durability characteristics.

However, minimum operating time values are detailed
only for elements which have been produced under mod-
ern requirements. If an element is missing from the refer-
ence book, it has to be calculated using standard’s [5]
formula:

I_O’IS'Xh

T = T,..
M T 0,15 1 Py 3)

As implied by (3) methods of standard [5] assume that
life of an element is a normally distributed random value:

_(tp—m(tp))z
_ T, ) 0
f<tp)_c(tp)-\/ﬂ J dt,.

Clearly, the number 0.15 in formula (3) represents
variation coefficient of life:

©)

It should be noted that in the document [7] value of v
is 0.25, and in the document [8] — 0.21.

On top of that each of those documents assumes that
the value of v stays the same for every element when cal-
culating durability characteristics. Therefore, if one ele-
ments has the same y value as some another element, but
one of the elements has greater 7, value, other durability
characteristics (7},,, u T,,,,) will also be greater.

Dependability characteristics and reference data
of individual types of resistors

. d, | he10°% T
F-Etfd'eucts pieces lfhou:r Thaw i thousand hours TP'T' in thousand hours (7 = 95%) Y;;:]I
Resistors, constant, non-conductor
Metal-dielectric (except for precision)
P1-1* - 25 (in all modes by DS) 50 (in all modes by DS) 15
P1-2* _ 30 (in all modes by DS) 60 (in all modes by DS) 25
100 (t<60°C,P/P,=1)
P1-3* 0 15 (in all modes by DS) 30 (in all modes by DS) 15
100 (t<60°C,P/P,=1)
P1-5* - 15 (in all modes by DS) 30 (in all modes by DS) 15
100 (t<60°C,P/P,=1)
P1-8MIM* - 20 (in all modes by DS) 40 (in all modes by DS) 15
P1-9* - 50 (in all modes by DS) 100 (in all modes by DS) 20
forP1-9-40:
100 (t = 85°C, P < 16 Br),
for P1-9-50:
0.049 | 100 (t < 85°C, P < 25 Br)
P1-10* 0 800 pulse P1-10-1 + P1-10-7; | 1200 pulse P1-10-1+ P1-10-7; 15
20 cycle P1-10-7, P1-10-8 30cycle P1-10-7,P1-10-8
(in all modes by DS) (in all modes by DS)
P1-21* B 6 (in all modes by DS) 12 (in all modes by DS) 12
(y=90%)

Figure 1 — Hand Book “Nadyozhnost EhRI”: part of a table with resistors’ durability characteristics
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Calculation of variation coefficient for different types
of elements shows that v values lie in the range of
0.1+0.25. As example, Fig. 2 shows distribution of the
variation coefficient for the “Receiving and converting

cathode-ray tubes” class.

N
9

8

7

4

3

L

0 T

‘ . - v
0,09 0,13 0,16 0.19 0,23 0,26
Figure 2 — Distribution of the variation coefficient diagram

So, if variation coefficients of life differ between ele-
ments, it can happen that one element has 7, greater
than another, and 7, ,, in contrast, lesser.

To combat this, in [11] it has been suggested to use
mean value of variation coefficient of life:

il ©)

But neither documents [7, 8] nor monograph [11] de-
tail evaluation of error, which is based on assumption of
v, values equality.

Thus, one of the ways to increase durability prediction
of equipment is using not determinate, but probabilistic
characteristics of elements life.

3 MATERIALS AND METHODS

In order to resolve this problem a method of statistical
modeling was used. This method is “a universal method
of calculation for objects of any structure, for any distri-
butions of operating time between failures and restoration
times, for any strategies and methods of restoration and
preventive maintenance...” [12].

In this case statistical modeling included following
stages:

— Calculating parameters of the life distribution (m(z,),
u o(t,),) using values of 7),.,, v, T, and v, = 99.9% for
each element (using normal distribution law).

— Performing simulation modeling:

— Calculating life realization for each element (using
Box-Muller transform);

— Calculating life realization for equipment using lim-
iting state criterion (Kis). The limiting state criterion in
standard [5] is interpreted as reaching operating life limit
by a defined percentage of total count of equipment. Us-
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ing this limiting state criterion for equipment’s life realiza-
tion means life realization’s vector is aligned in ascending
order. A value with number £ is chosen from this vector:

2PEE = ;Pk > (7)
where k is
Kig .
k= -int(N) |+1.

Obviously, if the limiting state criterion is formulated
as “reaching lifespan by any element”, then, with this
limiting state criterion:

{pgy = min (tpl,tpz,...,tpN ) 9)
n=I,N

— Carrying out simulation experiment and forming a
vector of life realizations of electronic equipment

— Calculating y-percentile life of electronic equipment.
Aligning the vector of life realizations in descending or-
der and selecting a value with number / from it:

Tpyge =tor (10)
where / is
Y
I=|1-——|-Mm 11
( 100} an

This method was implemented and included in
ASONIKA-K-D system of ASONIKA-K software pack-
age [13].

Fig. 3 shows results of modeling operating life of P1-1
resistor, which has T,,,, = 25 thousand of hours, 7, = 50
thousand of hours (y = 95%), amount of simulation ex-
periments — 10°.

0.2+
Ty = 49,9563770169923
0.15
0.1
0.05
0 = - =
42 54.2 104.2 154.2

Figure 3 — Results of P1-1 resistor life modeling
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As seen in Fig. 3, statistically modelled value of resis-
tor’s 95% operating life (49.956 thousands of hours) al-
most coincides with predetermined one.

4 EXPERIMENTS

To evaluate the influence of variation coefficient of
life a number of calculations inside ASONIKA-K-D sys-
tem was carried out.

Case 1. Equipment contains 5 elements with 7, = 50
thousands of hours (v = 0.25) and 5 eclements with
T, ,» = 40 thousands of hours (v =0.1), K;s= 0%.

Case 2. Equipment contains 5 elements with 7,,, = 50
thousands of hours and 5 elements with with 7,,,, = 40
thousands of hours, K;g¢ = 0%. The variation coefficient
for each element equals v,, which is calculated using for-
mula (6).

Case 3. Equipment contains 10 “P1-1 resistors (de-
picted in Fig. 1), K 5= 0%.

To evaluate the accuracy of calculations using a
method described in standard [5], a 95% operating life
calculation example was chosen.

The equipment consists of 101 resistors, 34 non-
electrolytic capacitors, 28 electrolytic capacitors, 22 sili-
con diodes, 14 low-powered silicon transistors, 5 high-
powered transistors, 37 microchips with low degree of
integration, black and white kinescope and 2 low-
frequency transformers.

limiting state criterion: “No more than 20% of ele-
ments should have their operating life used up”.

Since standard [5] does not include types of elements,
they were chosen match standard’s [5] example. That
means choosing elements in a way that makes the count
of elements with 95% life’s value to fit with the stan-
dard’s [5] example. Formed data is summarized in Ta-
ble I.

5 RESULTS

Results of calculating 95% life’s value for case 1 are
shown in Fig. 4a. Calculations were performed using
ASONIKA-K-D system with a number of simulation ex-
periments M = 10°.

Fig. 4 b shows Results of calculating 95% life’s value
for case 2.

Results of calculating 95% life’s value for case 1 are
shown in Fig. 5. Calculations were performed with a
number of simulation experiments M = 10°.

Fig. 6a illustrates results of calculating 95% life’s
value calculated using ASONIKA-K-D system with a
number of simulation experiments M = 10° for K75 = 20%.
Fig. 6b shows results of calculating equipment’s 95%
life’s value for K¢ = 0%.

Table 1 — Initial data for calculating 95% life of equipment

T, _ oco Data [1]
Ne Type products in thousand inTt;KZ) gs;n?hﬁl);rs Nl;rinel:();rs of All pieces T,y Total percent-
hours (y =95%) age
1 2 3 4 5 6 7 8
Ceramic capacitors for rated voltage 1600 V and higher
L KIS-15 l 2 I - > I 24 25 before 10000 100
Monochrome picture tubes
2 | 2JIK1b | 2 | 9 (y = 90%) | 1
Electrolytic capacitors
3| K50-20 l 10 I - 13 I ! 26 “15000 89.6
Thermoresistors
4 | KMT-1 | 10 | 15 (y = 90%) | 25
Volumetric-porous capacitors
5 | K52-2 | 10 | 15 | 27
Ceramic capacitors for rated voltage 1600 V and higher 37 20000 79
6 | K15-148 | 7.5 | 15 | 10
Resistors, constant, metal-dielectric
7| €2:6 | 15 | 2 [ 35 37 “30000 63.9
Low-voltage power transformers
8 | TAH | 12 | 27.5 | 2
Integrated microcircuits
9 | Hybrid | 25 | 50 | 37
Low-power silicon transistors
10 | 2T317A | 25 | 50 | 14
Silicon rectifier diodes w
11 | JI214 [ 25 | 50 | 22 9 50000 48.8
Powerful silicon transistors
12 | 2T808A | 25 | 50 | 5
Resistors, constant, metal-dielectric
13 | P1-12 | 25 | 40 | 17
Resistors, constant, metal-dielectric «
14 | P1-4 | 30 | 60 | 24 24 60000 99
Total: 244
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0.2+ 0.2+ -
T = 1878818244443 Tp, = 23 8346121763546
0.15 015
0.1 0.1
14 L3
0.05 0.05 x
\ y
* . 1 L
0 - o P -
18.49 3849 58.49 266 12.66 2266 3266 42,66
a b
Figure 4 — Simulation modeling results:
a — for values v|_s = 0.1 and v¢_;o = 0.25; b — for values v;_jp=v,, = 0.175
‘ |
Tor=34,068795110703
21
0.1
L]
2.0
L]
c - * -
7.1 wn 5.7 N 97.71
Figure 5 — Simulation modeling results for a unit with 10 resistors
02 012 e
I /
Tp,=17,8274996023834 \ 01
{
T f Tp, =2,45798890086916
\ 0.08
L
I L4
’
0.1 0.06
4 0.04 -
0.05 3 .
/ \ 0.02 . -
:2.?5 14.75 16,75 1875 20,75 \:|_35 385 585 7.85
a b

Figure 6 — Simulation modeling results:
a— for K 3= 20%; b — for K; 5= 0%
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6 DISCUSSION

To determine the cause of discrepancy between results
of statistical modeling and standard’s [5] example a test
example was calculated (Fig. 4)

As Fig. 4a illustrates, the value of 95% life is equal to
18,788 thousands of hours. For comparison, Fig. 4b
shows the value of 95% life of the same equipment with v
for each element equal to v,, which is calculated using
formula (6). As shown in Fig. 4b, the value of 95% life
(23,834 thousands of hours) differs from the one with
using different v values as shown in Fig. 6a

However the calculated values are substantially lower
than the value of 95% life calculated using standard’s [5]
method (33.42 thousands of hours)

A calculation of a test example was performed to iden-
tify the reason behind such results of statistical modeling
(see Fig. 5). As illustrated in Fig. 5, the value of 95% life
is equal to 34.068 thousands of hours, but standard’s [5]
result is 50 thousands of hours.

Since the v, values in this case are same for all ele-
ments, this discrepancy is due to different elements’ life
values being independent random values.

When modeling independent random values (ele-
ments’ lifes), for each element a random value is gener-
ated (x1, xy,..., xy) and it’s used to calculate the life’s
value (¢y1, ty, -...tpn) as shown in Fig. 7.

X4

0 \~

tor tp2 Ip3 tps Ip
Figure 7 — Modeling of elements’ lifes

Removing discrepancy between results of statistical
modeling and standard’s [S] method can be achieved by
not only making v, values equal, but also creating func-
tional relation between elements of different types. That
means if the first element’s life realization equals to ¢,; for
a random value equal to x, then values of life realizations
of other elements (%1, 4y, ...,t,y) must be the same (illus-
trated in Fig. 8).

However, this is impossible in practice. It is hard to
imagine skipping one type of element life verification but
checking all of the others when building equipment. Spe-
cifically it has to be verification of elements life which
would guarantee the element’s life with probability close
to 1.

Thus, if clements life are independent values, the
probability of equipment’s life being no lower than a cer-
tain value would decrease with increasing equipment’s
elements count.
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Figure 8 — Functional relation implemented by modeling ele-
ments’ lifes realizations

This can lead to calculated value of 95% equipment’s
life being lower than the gamma-percentile life calculated
using standard’s [5] method. Minimum operating time
would be lower too.

It should be noted that the value y = 99.9% in formula
(3) should be considered as an approximate one. Such
value is recommended in standard [5] for calculating 7,,,,
of elements with no 7,,,, values given in Data Sheet. By
definition, minimum operating time is a time period (life)
during which limiting state of an element won’t happen
with a probability of 1. Which means it should be consid-
ered as a shift parameter for life distribution function

(Fig. 9).

Pty)

Tax Ip
Figure 9 — Life distribution function

To confirm this, let’s find x,; value using formula (3).
In accordance with requirements of current standards,
95% element’s life should be no lower than it’s doubled
minimum operating time. Let’s assume 7,, = 2+T,,. In
this case, formula (3) will take the following form:

1-0,15-%,

Tun =115 Leas 2 T (12)
Solving (12) for y,; gives y,1 = 4,1568. For this value
the probability is almost equal to 1 (at y = 4.265
v =99.999%).
Based on this, it should be assumed that the element’s
life distribution function is shifted by 7, , value. In this
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case, statistical modeling of element’s life realization
should be performed using formula:

~ tp, =lp,s1p, Tym,
Ipy =A - 13)
tp, =Tum,> tpy < Thom,-

With taking into account all of the correction, statisti-
cal modeling was performed for standard’s [5] example.

As illustrated in Fig. 6 a, 95% equipment’s life is no
lower than 17.827 thousands of hours, which is 1.4 times
greater than the one calculated using standard’s method
(13 thousands of hours).

Besides, Fig. 6b shows results of calculating 95%
equipment’s life for K5 = 0%. Fig. 7 b shows that 95%
equipment’s life is no lower than 2.457 thousands of
hours, which is 2 times less than the one calculated using
standard’s [5] method (5 thousands of hours).

It should be noted that existence of reserved elements
(reserving using additional (reserve) elements) should be
taken into consideration when modeling equipment’s life
realizations.

For example, limiting state criterion for constantly
loaded reservation is formulated as “Expending operating
life of 100% of elements included in reserved group”. Kjg
value for such reserved group will be equal to:

KLSg = 100% .

Calculating realizations of reserved group for such K g
value is performed using following formula:

(14)

tp = max (; ; ; )
p LA |\ Ppat Pyt p
g n=lN, 1>° P2 Ng

CONCLUSIONS

Thus, performed studies and analytical experiments al-
low us to draw the following conclusions:

— value of minimum operating time as a minimum of
integral element’s minimum operating time can be used
for “lowest” estimation of gamma-percentile life of non-
reserved equipment;

— standard’s [5] method of calculating equipment’s
durability is applicable for calculating gamma-percentile
life only if it’s proven that lifes of integral elements have
strong correlative connection and equal variation coeffi-
cients;

— statistical modeling is the most reasonable way of
analytical gamma-percentile life calculation only if life of
integral elements are independent random values with
different parameters of their distributions;

— laws of life distribution with shift parameters equal
to the minimal operating time should be used for model-
ing element’s life realizations;

— existence of reserved elements (reserving using ad-
ditional (reserve) elements) should be taken into consid-
eration when modeling equipment’s life realizations.
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— specialized software should be used to calculate
gamma-percentile life of equipment (like ASONIKA-K-
D).

In conclusion, it should be noted that aforementioned
method of statistical modeling does not take into consid-
eration elements’ life dependence from equipment’s op-
eration model. Particularities of predicting life of ele-
ments whose total flow of failures consists of independent
failure flows of its components. These problems are re-
viewed in detail in [11] and [14]. Their suggested models
will be implemented with ASONIKA-K-D further devel-
opment.
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Kyaurin B. H. — marictp TexHikd 1 TEXHOJOTiH, acmipaHT AcCHipaHTChbKOI HIKOJNM 3 TEXHiYHMX Hayk HamioHambHOTO
JIOCITITHULIBKOTO yHiBepcuTeTy «BHia 1mkora ekonoMikn», Mocksa, Pocist.
30t0oB A. H. — wMmaricTp TexXHIKM 1 TEXHOJOTiH, acmipaHT ACHIpaHTCHKOi IIKOJM 3 TEeXHIYHMX Hayk HamioHampHOTO

JOCIHITHAIIBKOTO YHiBepcHTeTy «Buima mkona ekonomikm», MockBsa, Pocist.

AHOTAIIA

AkTyansHicTb. [TocTiliHe MiBUILEHHS BUMOT 0 CTPOKIB aKTHBHOTO iCHYBaHHS KOCMIYHHX alapaTiB BUMAarae CTBOPCHHSI €JIeK-
TPOHHMX 3ac00iB, 10 BiJIIOBiJAaIOTh IIUM BHUMOTaM. 3 i€l TOUKH 30py caMe MOKa3HUKHU JOBTOBIYHOCTI JIO3BOJISIIOTH OLIHUTH NPUH-
LIUIOBY MOXJIMBICTh CTBOPEHHS €JICKTPOHHMX 3ac00iB TpuBasioro (yHKIioHyBaHHs. Ha paHHIiX eramax MpOeKTyBaHHS Uil OL[IHKH
MMOKa3HHKIB JIOBIOBIYHOCTI 3aCTOCOBYIOThCSI PO3paXyHKOBI MeTou. OUEBH/IHO, [0 YMM TOYHIIIE OLiHKA, TUM Oijbliia HMOBIPHICTH
TOTO, IO TPH BUMPOOYBAaHHIX 3pa3KiB MOKa3HUKH JOBIOBIYHOCTI OyIyTh miATBEepKeHI. TOMY BIOCKOHAJICHHS IHKEHEPHUX METO-
IIVK OI[IHKH TIOKa3HUKIB TOBTOBIYHOCTI EICKTPOHHHX 3ac00iB € aKTyaJIbHIM 3aBIaHHSIM.

Mera po6oru. ITinBuIIeHHS SIKOCTI NPOEKTHUX POOIT 32 PaXyHOK BIOCKOHAJICHHS IH)KCHEPHHUX METOAMK PO3PAaXyHKY pecypey
CJIEKTPOHHUX 3aCO0IB, 10 JO3BOJISIOTH MiIBUIIATH TOYHICTb 1 JOCTOBIPHICT HOTO OIIHKH.

Metoa. it po3paxyHKy pecypcy eIeKTpPOHHHMX 3aco0iB 3aCTOCOBAHHUI METOJl CTaTHCTHYHOIO MOJeNtoBaHHs (Metox MoHTe-
Kaps10), 110 103B0JIsI€ BpaxoBYBaTH iIMOBIPHICHI XapaKTEPHCTHKU PECYPCY KOMILIEKTYIOUMX €JIEMEHTIB.

PesyabTaTu. Po3B’a3aHa 3a1a4a NPOrHO3YBaHHS PECYPCY €JICKTPOHHHUX 3ac00iB Ha OCHOBI JOBIIKOBHMX JaHUX HPO XapaKTepH-
CTHKax JOBrOBIYHOCTI €JIEMEHTIB Ha PaHHIX eTamax HpOoeKTyBaHHA. IIpoBeaeHO aHalli3 CTaHAAPTH30BAHOTO METONY PO3PAaXyHKY
MMOKAa3HUKIB JOBTOBIYHOCTI 1 BHUSIBICHHS iICTOTHI OOMEXEHHS IIbOIO METOAY IPH MPOTHO3YBAaHHI Pecypcy €JIEKTPOHHHUX MOIYIIB.
3a1pornoHOBaHO abTEPHATHBHUII METO]] IIPOTHO3YBAHHS PECYPCY €IEKTPOHHHUX MOJYJIIB, 3aCHOBAHUH Ha CTATUYHOMY MOJICIIOBAH-
Hi, 1 cTBOpeHa Iforo mporpamHa peamizanis. IIpoBeneHO TecTyBaHHS po3poOiIeHOro ImporpamHoro 3abesneueHHs. [IposexeHo
00YHCITIOBANBHI €KCIICPHIMEHTH 3 JIOCIIKEHHS IOCTOBIPHOCTI 3alIPONIOHOBAHOTO METOJY i HOTO IMOPIBHSHHS 13 CTaHJaPTU30BAaHUM
METOJIOM.

BucHoBkn. 3a pe3yjbraTaMu HpPOBEICHHMX EKCIIEPUMEHTIB IOKa3aHO, W0 CTAaHIApTU30BAaHMI METOJ MOJYKHA 3aCTOCOBYBATH
TITBKU JUTS PO3PaxyHKY MIiHIMAJbHOTO HANpALOBaHHS] i 3pOOJCHO BUCHOBOK NP0 HEOOXIMHICTh BpaxyBaHHs MapameTpa yCideHHs
Ppo3moaiTy pecypcy eleMeHTiB i koedimieHTa Bapiamii pecypcy, a TaKoK 0COOIMBOCTEH CXeMH PO3paxyHKy HAAIHHOCTI MPH MPOTHO-
3yBaHHS OKA3HHUKIB TIOBFOBIYHOCTI €NIEKTPOHHHX 3ac00iB.

KJIFOYOBI CJIOBA: enexktpoHHuii 3acid, HaAiHICTh, TOBIOBIYHICTh, pECypc, aBTOMATH3aIlisl IPOCKTYBaHHS, iMiTalliiiHe MO-
JICITFOBAHHS.
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Kyasirun B. H. — Maructp TeXHUKH U TEXHOJIOTHH, aCIMPaHT ACIIUPAHTCKOM IIKOJBI IO TEXHUYECKHM HaykaMm HarmoHamsHOTO
HCCIIeI0BaTEIbCKOr0 YHUBepcuTeTa «Bricias mkosa skoHoMukn», Mocksa, Poccus.

3otoB A. H. — Maructp TeXHUKH U TEXHOJIOTUH, aCIUPAHT ACIHPAHTCKON MIKOJIBI IO TEXHUYECKUM HaykaMm HannonanbHOro nc-
CJIeI0BaTeNIbCKOro yHUBepcuTeTa «Boiciias nikoia s3koHOMUKH», MockBa, Poccust.

AHHOTALUSA

AxTyanbHoOCcTh. [TocTosiHHOE TOBBILICHHE TPeOOBaHMI K CPOKaM aKTUBHOTO CYIIIECTBOBAHUS KOCMHYECKHX annaparoB TpeOyer
CO3IaHHs AIEKTPOHHBIX CPEICTB, OTBEYAIOIIMX ITUM TpeboBaHusM. C 3TON TOYKU 3PEHHS HMEHHO MOKA3aTeNld JAOJITOBEYHOCTH MO-
3BOJISIFOT OLICHUTH MPUHIUITHATIBHYIO BO3MOXXHOCTD CO3JaHUsI AIEKTPOHHBIX CPEACTB [UIUTENbHOTO (QyHKIOHNpoBanus. Ha panHux
JTanax MPOCKTUPOBAHUS ISl OIICHKU MOKa3aTeNeil OITOBEYHOCTH MPUMEHSIOTCS pacdeTHhIe MeTobl. OYEBHIHO, YTO Y€M TOYHEE
OIICHKA, TeM OOJIbIIIC BEPOSITHOCTh TOTO, YTO TPH HCIBITAHUSAX 00pa3IOB MMOKA3aTEeNN JOJTOBEYHOCTH OYIyT MOATBEpkIeHBI. [lo-
3TOMY COBEPIIICHCTBOBAHUE WHXKCHEPHBIX METOJUK OIICHKHU MOKa3aTelsieii JOITOBEYHOCTH 3JICKTPOHHBIX CPEICTB SBISCTCS aKTyallb-
HOI 3a7a4eil.

Hexan. [TobieHne KauecTBa MPOSKTHBIX PabOT 3a CYET COBEPILICHCTBOBAHHE HMHKCHEPHBIX METOIMK pacdera pecypca dJieK-
TPOHHBIX CPEICTB, HO3BOJIAIOIINX MOBBICUTH TOYHOCTh U JOCTOBEPHOCTH €TI0 OLICHKH.
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Metoa. /s pacuera pecypca dIEKTPOHHBIX CPEACTB NPHMEHEH METOJ CTaTHCTHYECKOrO MOAENupoBaHMs (MeTox MoHTe-
Kapi10), 03BOJISIFONINI yYUTHIBATh BEPOSITHOCTHBIE XapaKTEPUCTHKH PECypca KOMILIEKTYIOIIUX JIEMEHTOB.

Pe3yabTartsl. Pemena 3aaua mporHo3upoBaHus pecypca 3JIEKTPOHHBIX CPEJICTB HA OCHOBE CIPAaBOYHBIX JAHHBIX O XapaKTepH-
CTHMKaX JIOJITOBEYHOCTH JIEMEHTOB Ha PAHHMX 3Tamax HpoeKkTupoBaHus. IIpoBeneH aHanu3 CTaHIAPTU30BAHHOTO METOJA pacuera
MOKa3aTeliel ONITOBEYHOCTH U BBISBJICHHbIE CYIECTBEHHbIE OTPAaHUUEHHUS 3TOTO METO/a MPH MPOTHO3UPOBAHUU PEcypca NEKTPOH-
HbIX MonyJiel. [IpennoxeH anbTepHAaTUBHBIN METOJ MPOrHO3UPOBAHUS pecypca dJIEKTPOHHBIX MOJYJIeH, OCHOBAaHHBIA Ha CTaTUye-
CKOM MOJENMPOBAHNWHU U CO3[aHa ero MporpamMHas peanmsarus. [IpoBeneHo TecTHpoBaHHEe pa3pabOTaHHOTO MPOTPaMMHOrO odec-
nedeHys. IIpoBeneHbl BBIYUCIUTEIBHBIC YKCIIEPUMEHTHI 10 HCCIEA0BAHUIO JOCTOBEPHOCTHU NIPEUIOKEHHOIO METOJA U €ro CpaBHE-
HUE CO CTaHAAPTU30BAHHBIM METOIOM.

BriBoanbl. Ilo pesynbpTataM NpOBEAECHHBIX SKCHEPUMEHTOB IIOKA3aHO, YTO CTaHAAPTU30BAHHBII METOJ NPUMEHUM TOJIBKO JUIS
pacueta MUHUMaJIbHOW HapaOOTKH U CIENaH BBIBOJ O HEOOXOAMMOCTH yueTa apaMeTpa yCeueHHs paclpeieliCHs pecypea JIeMeH-
TOB U KO3(GHUIMEHTa BapHallUK pecypca, a TakkKe 0COOCHHOCTEH CXEMbl pacueTa Ha/IeKHOCTH IPHU NPOTHO3MPOBAHUS MOKa3aTesei
JIONTOBEYHOCTH 3JIEKTPOHHBIX CPE/ICTB.

KJIIFOYEBBIE CJIOBA: >1eKTpOHHOE CPEACTBO, HAIECKHOCTB, OJITOBEYHOCTH, PECYpPC, aBTOMATH3aIMs IMPOCKTUPOBAHUS,
HMMHTAIOHHOE MOJIEIMPOBAHHE.
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