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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.  

Objective. 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; 
ТT – 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; 
Tр.γ – gamma-percentile life; 
Tн.м – minimum operating time; 
P – probability; 

1р
Т  – life vector of electronic components; 

2р
Т  – life vector of the electronic components that 

reached the limit state; 
χγ – quantile of the normal distribution; 
γ – probability for which the life is calculated, ex-

pressed as a percentage; 
tр – life; 
m(tр) – mathematical expectation of life; 

σ(tр) – standard deviation of life; 
ν – variation coefficient of life; 
Тр.m – mean life; 
νm – mean variation coefficient of life; 
νn – variation coefficient of life of the n-th electronic 

component; 
N – number of electronic components in electronic 

equipment; 
m(tр)n – mathematical expectation of life of the n-th 

electronic component; 
σ(tр)n – standard deviation of life of the n-th electronic 

component; 
Тр.γn – gamma-percentile life of the n-th electronic 

component; 
γn – probability for which the life of the n-th electronic 

component is calculated, expressed as a percentage; 

. nН МT  – minimum operating time of the n-th elec-
tronic component; 

КLS – limiting state criterion of electronic equipment; 
k – number; 

kрt  – k-th life realization; 

EEрt  – life realization of electronic equipment; 
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nрt  – life realization of the n-th electronic compo-
nent; 

l – number; 

lрt  – l-th life realization; 
γЭМ – probability for which the life of electronic 

equipment is calculated, expressed as a percentage; 
M – number of simulation experiments; 

. EEрТ γ  – gamma-percentile life of electronic equip-
ment; 

xn – n-th realization of random variable; 

gLSК  – limiting state criterion of reserved group; 

gрt  – life realization of reserved group; 

Ng – number of electronic components in reserved 
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. 

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 . EEрТ γ : 

 

( )1 2. . ,
100 EE EEр р р рP Т Т Т Тγ γ≤
γ

≥=  (1)

 
for worst-case scenario equation (1) becomes: 
 

( )1 . .
100 EEр рP Т Т γ
γ

≥=  (2)

 
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: 

 

1
. .

1 0,15
.

1 0,15н м рТ Т γ
γ

γ

− ⋅χ
= ⋅

− ⋅χ
 (3)

As implied by (3) methods of standard [5] assume that 
life of an element is a normally distributed random value: 
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Clearly, the number 0.15 in formula (3) represents 

variation coefficient of life: 
 

( )
( )

.
р

р

t

m t

σ
ν =  (5)

 
It should be noted that in the document [7] value of ν 

is 0.25, and in the document [8] – 0.21. 
On top of that each of those documents assumes that 

the value of ν stays the same for every element when cal-
culating durability characteristics. Therefore, if one ele-
ments has the same γ value as some another element, but 
one of the elements has greater Тр.γ value, other durability 
characteristics (Тр.m и Tн.м) will also be greater. 

 
 

 

 
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 ν 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. 

 
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 Тр.m greater 
than another, and Тр.γ, in contrast, lesser. 

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

 

1 .

N
n

n
m N

=
ν

ν =
∑

 
(6)

 
But neither documents [7, 8] nor monograph [11] de-

tail evaluation of error, which is based on assumption of 
νn 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(tр)n 
и σ(tр)n) using values of Тр.γn, γ, Tн.мn and γ1 = 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 (КLS). The limiting state criterion in 
standard [5] is interpreted as reaching operating life limit 
by a defined percentage of total count of equipment. Us-

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 k is chosen from this vector: 

 
,EE kр рt t=  (7)

 
where k is    
 

( )int 1.
100

LSК
k N⎡ ⎤= ⋅ +⎢ ⎥⎣ ⎦

 (8)

 
Obviously, if the limiting state criterion is formulated 

as “reaching lifespan by any element”, then, with this 
limiting state criterion: 

 

( )1 21,
min , ,..., .EE Nр р

n
р р

N
t t t t

=
=  (9)

 
– Carrying out simulation experiment and forming a 

vector of life realizations of electronic equipment 
– Calculating γ-percentile life of electronic equipment. 

Aligning the vector of life realizations in descending or-
der and selecting a value with number l from it: 

 

. ,lEE ррT tγ =  (10)
 

where l is  
 

1 .
100

l Mγ⎛ ⎞= − ⋅⎜ ⎟
⎝ ⎠

 (11)

 
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 Р1-1 
resistor, which has Tн.м = 25 thousand of hours, Тр.γ = 50 
thousand of hours (γ = 95%), amount of simulation ex-
periments – 106. 

 
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 Тр.m = 50 
thousands of hours (ν = 0.25) and 5 elements with 
Тр.m = 40 thousands of hours (ν = 0.1), КLS = 0%. 

Case 2. Equipment contains 5 elements with Тр.m = 50 
thousands of hours and 5 elements with with Тр.m = 40 
thousands of hours, КLS = 0%. The variation coefficient 
for each element equals νm, which is calculated using for-
mula (6). 

Case 3. Equipment contains 10 “P1-1” resistors (de-
picted in Fig. 1), КLS = 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 1.   

 
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 = 106. 

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 = 106. 

Fig. 6a illustrates results of calculating 95% life’s 
value calculated using ASONIKA-K-D system with a 
number of simulation experiments M = 106 for КLS = 20%. 
Fig. 6b shows results of calculating equipment’s 95% 
life’s value for КLS = 0%. 

 

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

Data [1] 
№ Type products 

Tн,м, 
in thousand 

hours 

Тр,γ (γ = 95%), 
in thousand hours 

Number of 
pieces All pieces Тр,γ 

(γ = 95%) 
Total percent-

age 
1 2 3 4 5 6 7 8 

Ceramic capacitors for rated voltage 1600 V and higher 
1 К15-15 2 5 24 

Monochrome picture tubes 
2 2ЛК1Б 2 9 (γ = 90%) 1 

25 before 10000 100 

Electrolytic capacitors 
3 К50-20 10 13 1 

Thermoresistors 
4 КМТ-1 10 15 (γ = 90%) 25 

26 “15000 89.6 

Volumetric-porous capacitors 
5 К52-2 10 15 27 

Ceramic capacitors for rated voltage 1600 V and higher 
6 К15-14в 7.5 15 10 

37 “20000 79 

Resistors, constant, metal-dielectric 
7 С2-6 15 25 35 

Low-voltage power transformers 
8 ТАН 12 27.5 2 

37 “30000 63.9 

Integrated microcircuits 
9 Hybrid 25 50 37 

Low-power silicon transistors 
10 2Т317А 25 50 14 

Silicon rectifier diodes 
11 Д214 25 50 22 

Powerful silicon transistors 
12 2Т808А 25 50 5 

Resistors, constant, metal-dielectric 
13 Р1-12 25 40 17 

95 “50000 48.8 

Resistors, constant, metal-dielectric 
14 Р1-4 30 60 24 

24 “60000 9.9 

Total: 244  
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a b 

Figure 4 – Simulation modeling results:  
a – for values ν1–5 = 0.1 and ν6–10 = 0.25; b – for values ν1–10 = νm = 0.175 

 

 
Figure 5 – Simulation modeling results for a unit with 10 resistors 

 

  
a b 

Figure 6 – Simulation modeling results:  
a – for КLS = 20%; b – for КLS = 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 ν 
for each element equal to νm, 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 ν 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 νn 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, x2,…, xN) and it’s used to calculate the life’s 
value (tр1, tр2, …,tрN) as shown in Fig. 7. 

 

 
Figure 7 – Modeling of elements’ lifes 

 
Removing discrepancy between results of statistical 

modeling and standard’s [5] method can be achieved by 
not only making νn values equal, but also creating func-
tional relation between elements of different types. That 
means if the first element’s life realization equals to tр1 for 
a random value equal to x, then values of life realizations 
of other elements (tр1, tр2, …,tрN) 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 elements 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. 

 
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 γ = 99.9% in formula 
(3) should be considered as an approximate one. Such 
value is recommended in standard [5] for calculating Tн.м 
of elements with no Tн.м 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).  

 

 
Figure 9 – Life distribution function 

 
To confirm this, let’s find χγ1 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 Тр.γ = 2•Tн.м. In 
this case, formula (3) will take the following form: 

 

1
. .

1 0,15
2 .

1 0,15 1,645н м н мТ Тγ− ⋅χ
= ⋅ ⋅

− ⋅
 (12)

 
Solving (12) for χγ1 gives χγ1 = 4,1568. For this value 

the probability is almost equal to 1 (at χ = 4.265  
γ = 99.999%). 

Based on this, it should be assumed that the element’s 
life distribution function is shifted by Tн.м value. In this 
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case, statistical modeling of element’s life realization 
should be performed using formula: 

 

.

. .
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,  
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n n n
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р р р
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р р
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t
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⎧ = ≥⎪= ⎨
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 (13)

 
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 КLS = 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”. КLS 
value for such reserved group will be equal to: 

 
100%

gLSК = . 

 
Calculating realizations of reserved group for such КLS 

value is performed using following formula: 
 

( )1 21,
max , ,..., .g Ng

gn N
р р р рt t t t

=
=  (14)

 
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. 

– 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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АНОТАЦІЯ 
Актуальність. Постійне підвищення вимог до строків активного існування космічних апаратів вимагає створення елек-

тронних засобів, що відповідають цим вимогам. З цієї точки зору саме показники довговічності дозволяють оцінити прин-
ципову можливість створення електронних засобів тривалого функціонування. На ранніх етапах проектування для оцінки 
показників довговічності застосовуються розрахункові методи. Очевидно, що чим точніше оцінка, тим більша ймовірність 
того, що при випробуваннях зразків показники довговічності будуть підтверджені. Тому вдосконалення інженерних мето-
дик оцінки показників довговічності електронних засобів є актуальним завданням. 

Мета роботи. Підвищення якості проектних робіт за рахунок вдосконалення інженерних методик розрахунку ресурсу 
електронних засобів, що дозволяють підвищити точність і достовірність його оцінки. 

Метод. Для розрахунку ресурсу електронних засобів застосований метод статистичного моделювання (метод Монте-
Карло), що дозволяє враховувати імовірнісні характеристики ресурсу комплектуючих елементів. 

Результати. Розв’язана задача прогнозування ресурсу електронних засобів на основі довідкових даних про характери-
стиках довговічності елементів на ранніх етапах проектування. Проведено аналіз стандартизованого методу розрахунку 
показників довговічності і виявлення істотні обмеження цього методу при прогнозуванні ресурсу електронних модулів. 
Запропоновано альтернативний метод прогнозування ресурсу електронних модулів, заснований на статичному моделюван-
ні, і створена його програмна реалізація. Проведено тестування розробленого програмного забезпечення. Проведено 
обчислювальні експерименти з дослідження достовірності запропонованого методу і його порівняння із стандартизованим 
методом. 

Висновки. За результатами проведених експериментів показано, що стандартизований метод можна застосовувати 
тільки для розрахунку мінімального напрацювання і зроблено висновок про необхідність врахування параметра усічення 
розподілу ресурсу елементів і коефіцієнта варіації ресурсу, а також особливостей схеми розрахунку надійності при прогно-
зування показників довговічності електронних засобів. 

КЛЮЧОВІ СЛОВА: електронний засіб, надійність, довговічність, ресурс, автоматизація проектування, імітаційне мо-
делювання. 
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АННОТАЦИЯ 
Актуальность. Постоянное повышение требований к срокам активного существования космических аппаратов требует 

создания электронных средств, отвечающих этим требованиям. С этой точки зрения именно показатели долговечности по-
зволяют оценить принципиальную возможность создания электронных средств длительного функционирования. На ранних 
этапах проектирования для оценки показателей долговечности применяются расчетные методы. Очевидно, что чем точнее 
оценка, тем больше вероятность того, что при испытаниях образцов показатели долговечности будут подтверждены. По-
этому совершенствование инженерных методик оценки показателей долговечности электронных средств является актуаль-
ной задачей. 

Цель. Повышение качества проектных работ за счет совершенствование инженерных методик расчета ресурса элек-
тронных средств, позволяющих повысить точность и достоверность его оценки. 
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Метод. Для расчета ресурса электронных средств применен метод статистического моделирования (метод Монте-
Карло), позволяющий учитывать вероятностные характеристики ресурса комплектующих элементов. 

Результаты. Решена задача прогнозирования ресурса электронных средств на основе справочных данных о характери-
стиках долговечности элементов на ранних этапах проектирования. Проведен анализ стандартизованного метода расчета 
показателей долговечности и выявленные существенные ограничения этого метода при прогнозировании ресурса электрон-
ных модулей. Предложен альтернативный метод прогнозирования ресурса электронных модулей, основанный на статиче-
ском моделировании и создана его программная реализация. Проведено тестирование разработанного программного обес-
печения. Проведены вычислительные эксперименты по исследованию достоверности предложенного метода и его сравне-
ние со стандартизованным методом. 

Выводы. По результатам проведенных экспериментов показано, что стандартизованный метод применим только для 
расчета минимальной наработки и сделан вывод о необходимости учета параметра усечения распределения ресурса элемен-
тов и коэффициента вариации ресурса, а также особенностей схемы расчета надежности при прогнозирования показателей 
долговечности электронных средств. 

КЛЮЧЕВЫЕ СЛОВА: электронное средство, надежность, долговечность, ресурс, автоматизация проектирования, 
имитационное моделирование.  
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