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Abstract
The reliability of mine ventilation fans plays a crucial role in aerological systems and is determined by 
a combination of various geological, mining-technological, and structural factors, most of which are stochastic 
in nature. The problem of quantifying the reliability indicators of mine fan installations is addressed using 
various mathematical methods for modeling random processes. This study considers the possibility of applying 
Markov process theory to develop a methodology for calculating the operational reliability of centrifugal main 
mine ventilation fans, using the VShTs-16 as an example. The limitations of applying Markov processes to 
reliability analysis are demonstrated, particularly due to the condition of stochastic independence of failures. 
The use of homogeneous Markov processes has its constraints, since the transition intensities between 
individual system states are not always constant. In such cases, it is impossible to construct a system of 
differential equations with time-dependent coefficients. When stochastic dependence is present in failure 
flows of mechanical systems, the application of Markov process theory remains possible, but the most effective 
tool for reliability analysis in such cases is the Monte Carlo numerical simulation method.

Keywords
Markov processes, technical system, stochastic processes, reliability, correlation analysis, failure, ventilation 
fans, main mine ventilation fan

For citation
Vyatkin P. V., Valiev N. G., Simisinov D. I., Volkov E. B. Reliability analysis of mine ventilation fans based 
on Markov process theory. Mining Science and Technology (Russia). 2025;10(3):289–297. https://doi.
org/10.17073/2500-0632-2025-03-401

ГОРНЫЕ МАШИНЫ, ТРАНСПОРТ И МАШИНОСТРОЕНИЕ

Научная статья

Исследование надежности шахтных вентиляторов  
на основе теории марковских процессов
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Аннотация
Важнейшую роль в аэрологических системах играет безотказность шахтных вентиляторных устано-
вок, надежность которых определяется комплексом различных геологических, горнотехнологических 
и конструктивных факторов, преимущественно стохастического характера. Задача определения ко-
личественных показателей надежности шахтных вентиляторных установок решается с применением 
различных математических методов моделирования случайных процессов. В работе рассматривается 
возможность использования теории марковских процессов для разработки методики расчета эксплу-
атационной надежности шахтных вентиляторных установок на примере вентилятора шахтного цен-
тробежного главного проветривания ВШЦ-16. Показана ограниченность применимости марковских 
процессов к анализу теории надежности по условию стохастической независимости отказов. Исполь-
зование модели однородных марковских процессов имеет свои границы, т.к. интенсивности перехо-
дов между отдельными состояниями системы далеко не всегда являются постоянными величинами. 
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В этом случае невозможно составить систему дифференциальных уравнений с зависящими от времени 
коэффициентами. При наличии стохастической зависимости в потоках отказов механических систем 
применение теории марковских процессов возможно, но в этих случаях наилучшим инструментом для 
анализа надежности является численный метод статистических испытаний Монте-Карло.
Ключевые слова
марковские процессы, техническая система, стохастические процессы, надежность, корреляционный 
анализ, отказ, вентиляторная установка, вентилятор шахтный главного проветривания
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Introduction
According to Rostechnadzor, aerological risk fac-

tors in underground mining remain at a high level. 
With enterprises transitioning to underground mi- 
ning under complex geological and mining-tech-
nological conditions, and with increasing mining 
depths in operating mines, the efficiency require-
ments for ventilation and degassing systems are 
becoming more stringent [1–3]. The failure-free op-
eration of mine ventilation fans plays a key role in 
aerological systems.

The reliability of mine ventilation fans is influ-
enced by a range of geological, mining-technological, 
and structural factors, most of which are stochastic in 
nature [4, 5]. 

Quantitative indicators of reliability are deter-
mined using various mathematical methods for mo- 
deling random processes. The fundamental concepts 
and reliability measures of ventilation fans were 
first introduced through the state function method, 
the critical path method, the statistical method, and 
statistical simulation [6, 7], as well as fuzzy logic ap-
proaches [8].

The mathematical framework of reliability theo- 
ry is broad, but mathematical statistics, probabili-
ty theory, and the theory of random processes hold 
a central position. The concept of reliability in com-
plex technical systems has led to the extensive use of 
Markov process theory as a mathematical tool. This 
approach has been successfully applied in analyzing 
the operability of complex electronic devices and 
systems [9, 10]. Reliability theory itself, as a general 
engineering discipline, was shaped largely by advan- 
ces in radio electronics, computer technology, and ro- 
cket engineering, although reliability issues were 
first raised in the 1930s by specialists in structural  
mechanics and power systems. Consequently, the 
mathematical methods most widely adopted in relia-
bility theory were those that met the requirements of 
computing technology.

The analysis of mechanical system operability 
emerged later as a second direction in the develop-

ment of general reliability theory. The mathema- 
tical toolkit of this field was significantly enriched 
by methods and theories that had been deeply de-
veloped and broadly applied in electronics. In some 
cases, however, such borrowing has been applied 
without sufficient consideration of the specifics 
of the systems under study and without adequate 
analysis of the physics of failures. This is particu-
larly relevant to the use of Markov process theory in 
analyzing the reliability of mechanical systems. In 
studies [11–13], the authors employ Markov process 
theory to develop methodologies for engineering 
calculations of the reliability indicators of specific 
mechanical engineering products and their manu-
facturing processes.

Theory
According to the definition in [14], a Markov pro-

cess is a random process ξ(t), t ≥ t0, that satisfies the 
condition

p(s, x, t, B) = P{ f(s, x, t) ∈ B}, B ⊆ R1, t ≥ S,

under

ξ(s1) = x1, …, ξ(sm) = xm, ξ(s) = x,

independently of х1, х2, … хm.
This property, known as the Markov property, ex-

presses the independence of the future behavior of 
ξ(t), t  ≥  s, from its past prior to s, given the current 
state ξ(s) = x. The conditional probabilities

p(s, x, t, B) = P{ξ(t) ∈ B|ξ(s) = x},

referred to as transition probabilities of a Markov pro-
cess, describe the likelihood of the process moving 
from state ξ(s) = x to a state ξ(s) ∈ B, where B ⊆ R1. 
The corresponding function p(s, x, t, y), −∞ < y < +∞ is 
called the transition density. Accordingly, the states 
of failure-free operation and failure of mine ventila-
tion fans can be described by these transition proba-
bilities.

When assessing the reliability of complex tech-
nical systems, the methods of queuing theory are 
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commonly employed, which generally involve stu- 
dying steady-state regimes of simple ergodic sys-
tems  [15,  16]. All failure flows that transfer such 
a system from an operable to an inoperable state are 
simple and therefore imply statistical independence 
of the constituent random events. 

Consequently, verifying the statistical indepen- 
dence of failure flows is a prerequisite for applying 
continuous-time discrete Markov processes to eva- 
luate the reliability of mine ventilation fans as ele-
ments of complex technical systems.

From probability theory, by definition, random 
variables ξ1, …, ξn are independent if the algebras 
Aξ1

, …, Aξn
 generate by them are independent. Since 

each algebra Aξi
 consists of events of the form {ξi = B}, 

B ⊆ R1, this is equivalent to stating that random vari-
ables are independent if, for any sets Bi

{ } { }1 1
1

,..., .
n

n n i i
i

P B B P B
=

ξ ∈ ξ ∈ = ξ ∈∏

According to a well-known theorem in probabi- 
lity theory, the independence of algebras Aξ1

, …, Aξn
 

is equivalent to the independence of the partitions 
αξ1

,  …, αξn
 generating them. This yields another  

equivalent definition: random variables ξ1, …, ξn are 
independent if, for any sets x1j1, …, xnjn

{ } { }
11 1

1

,..., .
n i

n

j m nj i ij
i

P x x P x
=

ξ = ξ = = ξ =∏
The covariance (or correlation moment) of two 

random variables ξ and η is defined as

cov( , ) ( ( ))( ( )),
n

M M Mξξ η = µ = ξ − ξ η− η
        (1)

and it follows directly that cov (ξ, η) = M(ξη) – M(ξ)
M(η). Equation (1) can also be expressed as

cov ( , ) ( ( ))( ( )) ( , ),x M y M dF x yξ η = − ξ − η∫ ∫
where F(x, y) the joint cumulative distribution func-
tion of the two-dimensional random vector (ξ, η). In 
particular, if (ξ, η) has density p(x, y), then

cov( , ) ( ( ))( ( )) ( , ) .x M y M p x y dxdy
+∞ +∞

−∞ −∞

ξ η = − ξ − η∫ ∫
Covariance is used as a measure of dependence be-

tween random variables. This is justified by the well-
known equality in probability theory, cov (ξ, η)  =  0, 
which holds for independent random variables ξ and 
η with finite variances. However, the value of the co-
variance of ξ and η depends on the choice of mea- 
surement units for these variables, and therefore this 
characteristic is not always convenient to use. Free 
from this drawback is the characteristic known as the 
correlation coefficient. By definition, the correlation 

coefficient of random variables ξ and η is the ratio of 
their covariance to the product of their standard de-
viations:

cov ( , )
.ξη

ξ η

ξ η
ρ =

σ σ

The operating conditions of mine ventilation fans 
give rise to both dependent and independent failures. 
For example, failures such as “impeller looseness on 
the shaft” and “bearing wear” are dependent. In con-
trast, “bearing wear” and “failure of the motor control 
system” are independent. Let ξ and η represent such 
failure events. Clearly, the correlation coefficient of 
independent random variables ξ and η equals zero, 
i.e., ρξη = 0 if ξ and η are independent. Random varia-
bles ξ and η are called uncorrelated if their correlation 
coefficient ρξη = 0. Thus, independence implies uncor-
relatedness. The converse does not hold in general – 
specifically, when only second moments are known: 
cov (ξ, η) = 0 does not necessarily imply independence 
of ξ and η. 

As an illustration, let ξ be a random variable with 
finite M(ξ3) and a density ρ(x) symmetric about х = 0 
i.e., ρ(–x) = ρ(x). Define η = ξ2. Then

( ) ( ) 0M x x dx
+∞

−∞

ξ = ρ =∫
due to the evenness ρ(x). It follows, by the evenness 
of ρ(x), that

3 3 3

cov( , ) ( )( ( )) ( ) ( ) ( )

( ) 0 ( ) ( ) ( ) 0.

M M M M M

M M M x x dx
+∞

−∞

ξ η = ξ η− η = ξη = ξ η =

= ξ − η = ξ = ρ =∫

Nevertheless, ξ and η are dependent: if x is any 
number such that 0 < ρ(|ξ| < x) < 1, then for y = x2

2 2

2

(| | , ) (| | , )

(| | ) (| | ) (| | ) ( ).

x y x x

x x x y

ρ ξ < η < = ρ ξ < ξ < =

= ρ ξ < > ρ ξ < = ρ ξ < ρ η <

Therefore, the uncorrelatedness of random 
events in a failure flow cannot serve as evidence of 
independence.

Moreover, even for correlated random variables 
with a bivariate normal distribution, the hypothe-
sis of independence of random variables x and y in 
mathematical statistics [17] is tested using a sample 
(x, y), …, (xn, yn) of size n, based on reliability statistics 
of mine ventilation fans

2
2,

1
xy

xy

r
t n

r
= −

−

where
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Furthermore, variation in the mechanical loading 
on fan components is induced both by operational  
adjustment of the air supply into mine workings 
and by sudden pressure fluctuations resulting from 
abrupt changes in the characteristics of the external 
ventilation network, associated with the movement 
of equipment and personnel through airlock cham-
bers and with the travel of conveyances in intake 
shafts [20]. Transient processes occurring in such 
complex mechanical systems exert a considerable 
influence both on the efficiency indicators of the 
units and on the reliability indicators of the system 
as a  whole [21]. An analysis of the operational re-
liability of the fan under underground ore mining 
conditions, conducted by the authors, demonstrated 
that the unsteady nature of blade loading – caused 
by sudden gas outbursts or by pressure waves gene- 
rated during blasting operations – results in a sig- 
nificant number of failures such as “impeller loose-
ness on the shaft” and “bearing wear.” 

Such failures lead to rotor imbalance, an increase 
in dynamic loads, and, consequently, accelerated bea- 
ring wear. Therefore, random events such as “impeller 
looseness on the shaft” and “bearing wear” cannot be 
considered stochastically independent. It is evident 
that reliance on such a qualitative criterion of statis-
tical independence introduces significant uncertainty 
into the reliability analysis of mechanical systems. 
A  definitive resolution of this issue can be achieved 
only through the application of rigorous quantitative 
criteria. In scientific and engineering practice, corre-
lation analysis, as described in the theoretical section 
of this paper, is widely used to evaluate the depen- 
dence of random variables.

Accordingly, in the case of a normal distribution, 
even correlated random variables may, under the sta- 
ted hypothesis, be regarded as independent.

It should be emphasized, however, that this ap-
proach is applicable only to a limited class of me-
chanical systems, since the normal distribution of 
failure flows is characteristic primarily of designs 
that are well optimized for reliability, i.e., exhibiting 
a high level of operational durability. For the com-
ponents and mechanisms of such systems, gradual 
failures – wear, fatigue, corrosion, etc. – predomi- 
nate over sudden failures. The majority of mining 
machines and stationary mine equipment cannot be 
attributed to this class due to the insufficiently high 
technical level of mining machine-building and, in 
particular, the severe conditions of their operation 
and maintenance.

For main mine ventilation fans, the failure-free 
operating time of mechanical components appro- 
ximately follows the Gnedenko–Weibull distribu-

1

2 2

1 1

( )( )
–

( ) ( )

n

i i
i

xy n n

i i
i i

x x y y
r

x x y y

=

= =

− −
=

− −

∑

∑ ∑
is the sample correlation coefficient, and

1 1

1 1, –
n n

i i
i i

x x y y
n n= =

= =∑ ∑
are sample means.

Using a two-tailed test at significance level α with 
m = n – 2 degrees of freedom, the null hypothesis H 
of independence of random failure probabilities is re-
jected if

;1
2

.
m

t t α
−

>

For the same distribution parameters, the hy-
pothesis may be tested against critical values of the 
correlation coefficient. In this case, under a two-tailed 
test for significance level α and m = n – 2 degrees of 
freedom, H is rejected if |rxy| > rm; q.

The critical values of the correlation coefficient 
are determined from statistical tables for m  =  n  –  2 
and q = 1– α / 2.

Methods
In practical applications, verification of stochas-

tic independence using the expressions described 
above is highly challenging. Consequently, an alter-
native explanation is often employed, although it is 
purely qualitative in nature: random variables ξ and 
η are defined as independent if the random mecha-
nisms determining the distributions of ξ and η ope- 
rate independently of one another [9].

Guided by this qualitative interpretation, in many 
cases the failures of individual components in me-
chanical systems cannot be regarded as independent 
events [18]. As an illustrative example, the operability 
of the assemblies of a main mine centrifugal ventila-
tion fan VShTs-16 is considered.

The VShTs-16 fan is designed for mine ventila-
tion in installations with bypass channels, operating 
in blowing or suction mode during shaft sinking, in 
heating and ventilation systems, for cooling electric 
machines, and for other industrial purposes. The fan 
is manufactured by AO AMZ Ventprom (Open Joint-
Stock Company Artyomovsky Machine Engineering 
Plant VENTPROM).

The assemblies of the fan are subjected to dis-
turbances in the air stream caused by unsteady 
aerodynamic forces arising from flow nonunifor- 
mity during interaction with the casing ribs and the 
blades of the guide and straightening devices [19]. 
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tion with parameters a = 800, b = 1.31, as well as its 
particular cases, the Rayleigh and exponential dis-
tributions with parameter ω = 0.264. For centrifugal 
main mine ventilation fans, the logarithmic-normal 
distribution provides a more accurate description of 
the failure flow [12]. According to an analysis of the 
operational reliability of the VShTs-16 main mine 
centrifugal ventilation fan performed by the Arte-
movsk Machine-Building Plant, the probability of 
failure-free operation of these units at the Sibay and 
Uchaly mining and processing plants corresponds 
closely, under the Mises criterion (ω2 = 2.38–3.64), to 
the exponential distribution (ω2 = 0.466–0.747 · 10−4). 
Thus, statistical evaluation of stochastic indepen- 
dence in failure flows of mining machines and sta-
tionary mine equipment using sample correlation 
coefficients is, in most cases, infeasible. For such 
systems, nonparametric statistical methods, in-
cluding Fisher’s exact test and the χ2 test, may be 
applied. In addition to their main advantage – the 
ability to be used under any distribution law – non-
parametric methods, unlike correlation analysis, do 
not require large volumes of prior failure data and 
can be applied at the earliest (preliminary) stages of 
reliability analysis.

An analysis of the above example of testing the 
independence of the failures “impeller looseness on 
the shaft” and “bearing wear,” performed using the χ2 
independence test, confirmed the validity of the con-
clusion previously drawn from the qualitative evalu-
ation of the physical mechanism. The hypothesis H 
of independence of these failures was tested using 
a contingency table of attributes (Table 1).

Table 1
Contingency of attributes  

for the independence hypothesis

j → i 1 → 2 hj

1
2

16 → 1
3 → 8

17
11

hi 19 → 9 28

The test statistic for the 2×2 contingency case is 
calculated using the following formula

2
11 22 12 21

1 2 1 2

( )
13.68.

h h h h h
t

h h h h
−

= =

For a significance level of α = 0.05 and degrees 
of freedom m = (r − 1)(s − 1) – (2 − 1)(2 − 1) = 1, the 
tabulated critical value of χ2 is 2

1; 0.95 3.84χ = . Since the 
calculated value t = 13.68 exceeds this threshold, 
hypothesis H must be rejected. This indicates that 
the failures of the VShTs-16 main mine centrifugal 
ventilation fan – specifically, “impeller looseness on 

the shaft” and “bearing wear” – are stochastically de-
pendent events.

Up to this point, the discussion has focused on 
the limitation of applying Markov processes to re- 
liability analysis under the assumption of stochastic 
independence of failures. To address the possibility 
of stochastic dependence between failures of com-
ponents in mechanical systems, Prof. A. S. Pronikov 
proposed a classification of complex technical sys-
tems from the perspective of reliability, distingui- 
shing three categories: disjoint, dependent, and 
combined systems [18].

Disjoint systems are those in which the reliability 
of individual elements can be determined in advance, 
since the failure of an element can be regarded as an 
independent event. Such systems are more typical 
of radio electronics, where individual components – 
semiconductor devices, resistors, capacitors, etc. – 
perform independent functions and must ensure out-
put parameters within specified limits regardless of 
the parameters of other components. Replacement of 
a failed element fully restores the operability of the 
entire system.

Dependent systems are those in which element 
failures are dependent events associated with chan- 
ges in the output parameters of the system as a whole. 
For example, the reliability of a mechanical system 
designed for precise displacement of a driven link de-
pends on the wear resistance of all components trans-
mitting motion. However, the wear of each component 
cannot be limited independently of the others, since 
greater wear of one component may be compensated 
by the higher wear resistance of another.

Combined systems consist of subsystems with in-
ternally dependent structures but with independence 
between the subsystems themselves.

Although simplified, this classification of com-
plex technical system structures makes it possible to 
select suitable methodological approaches for analy- 
zing overall reliability and, in particular, for applying 
Markov process theory.

For systems with disjoint structures, the assump-
tion of stochastic independence in failure flows of 
elements is valid, and the use of Markov methods is 
not constrained. By contrast, in mechanical systems 
with dependent structures, the applicability of Mar- 
kov process theory is limited.

For complex technical systems with combined 
structures, the Markov approach is acceptable, with 
a certain approximation, only for analyzing reliability 
at the highest level, i.e., when the system is studied 
as an aggregate of subsystems.

It should be emphasized that these observations 
apply to the analysis of functional reliability, in which 
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element failure is understood as a breakdown or mal-
function that results in system failure, i.e., cessation 
of operation.

In the case of parametric reliability, where ele-
ment failure is defined as the deviation of its function-
al characteristic beyond permissible limits – leading 
to the system’s main parameters falling outside the 
allowable range – the use of any assumptions based 
on stochastic independence of the studied failure 
flows is inadmissible. This is particularly important 
for mining machines and stationary mine equipment, 
which, as systems of high material intensity and large 
unit power, are highly sensitive to the stability of their 
basic parameters during operation.

Experimental studies
As an illustrative example, the operation of the 

VShTs-16 main mine centrifugal ventilation fan is 
considered under the assumption of no stochas-
tic dependence in the failure flows. In this case, 
the probability of system failure does not depend 
on time or on previous states [22]. The system is 
assumed to exist within a single day in one of two 
states: operable, P1(t), or inoperable, F1(t). This two-
state representation simplifies the analysis and  
enables estimation of transition probabilities be-
tween states.

Based on observed transitions over a time inter-
val t, the probabilities can be expressed as a transition 
matrix

11 12 1

21 22 2

1 2

...

...
.

... ... ... ...
...

n

n
ij

n n nn

P P P
P P P

P

P P P

 
 
 =
 
  
  	

(2)

For the VShTs-16 fan, the probability of remain-
ing operable during a given period (P11) is 0.9, and 
the probability of transitioning to failure (P12) is 0.1. 
The probability of recovery during the period (P21) is 
taken as 0.99, while the probability of non-recovery 
(P22) is 0.01. Taking these values into account, matrix 
(2) becomes

0.9 0.1
.

0.99 0.01ijP
 

=  
 

The state diagram of the system, illustrating pos-
sible transitions between operable and inoperable 
states, is shown in Fig. 1.

Let the vector of initial state probabilities be de-
fined as

0
(0) ,

1
P

 
=  
 

then, for a homogeneous Markov chain, the proba-
bilities of system states can be determined from the 
relation:

1

( ) ( 1) ,
n

i j ij
j

P k P k P
=

= − ⋅∑
	

(3)

where k is the step number (months). 
From expressions (1) and (2), the probabili-

ty of failure-free operation in the first month is  
P1(1) = P1(0) · P11 + P2(0) · P21 = 0.99, and the proba-
bility of failure is P1(1) = P1(0) · P12 + P2(0) · P22 = 0.01. 
In the second month, the probability of failure-free 
operation is 0.9009, while the probability of failure 
is 0.0991. Subsequently, by applying computer mo- 
deling of the probabilistic process, the data obtained 
for several cycles (months) are presented in tabular 
form (Table 2).

P11 = 0.99

P 2
1 =

 0
.9

P 2
1 =

 0
.0

1

P22 = 0.1

P1(t)

Fig. 1. State diagram of the system (VShTs-16)

Table 2
Simulation results

t, 
months P1(t) F1(t)

t, 
months P1(t) F1(t)

1 0.99 0.01 6 0.90826 0.09174

2 0.9009 0.099 7 0.90826 0.09174

3 0.9089 0.091 8 0.90826 0.09174

4 0.9081 0.0918 9 0.90826 0.09174

5 0.9082 0.09173 10 0.90826 0.09174
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Discussion
Analysis of the obtained values indicates that 

this approach is generally straightforward to apply; 
however, it does not account for the cumulative effect 
of failures associated with system degradation [23]. 
Nevertheless, system reliability can be evaluated by 
applying formula (3), supplemented with stochastic 
coefficients K(t) derived from the distribution laws of 
reliability indicators as functions of operating time t: 
P = f{Pi(k), K(t)}.

Table 3 shows the calculated probability of the 
VShTs-16 system remaining in an operable state, ta- 
king into account coefficients that reflect the degra-
dation process of the technical system. It should be 
noted, however, that this calculation does not incor-
porate the frequency of random failures or the effect 
of individual component failures on overall system 
reliability. 

The corresponding simulation results are illus-
trated graphically in Fig. 2.

Analysis of the dependence shown in Fig. 2 (se-
ries  2) indicates that the probability of the system 
remaining in an operable state decreases with in-
creasing operating period and exhibits a nonlinear 
character. Thus, the qualitative determination of 
failure probability reduces to refining the stochastic 
coefficients.

Conclusions
The application of homogeneous Markov process 

models has inherent limitations, since the transition 
intensities between system states are not always 
constant. When transition intensities vary with time, 
calculations become significantly more complex, and 
in some cases certain intensities may not exist at all. 
In such situations, it is impossible to construct a sys-
tem of differential equations with time-dependent 
coefficients. In mechanical systems, such dynamic 
transition intensities are typically associated with 
aging processes.

The analysis of the operational reliability of 
the VShTs-16 main mine centrifugal ventilation fan 
showed that the probability of failure-free opera-
tion of these units at the Sibay and Uchaly mining 
and processing plants corresponds closely, accor- 
ding to the Mises criterion (ω2 = 2.38–3.64), to the 
exponential distribution (ω2  =  0.466–0.747 · 10−4). 
Verification of the independence of the failures  
“impeller looseness on the shaft” and “bearing 
wear”, performed using the χ2 independence test, 
did not confirm the independence hypothesis, since 
the calculated value t = 13.68 exceeded the tabula- 
ted critical value of 3.84. This finding demonstrates 

1.00

0.98

0.96

0.94

0.92

0.90

0.88

P 1
(t

)

0 2 4 6 8 10 12
t

Ряд 1 (без учета K(t)) Ряд 2 (с учетом  K(t))

Fig. 2. Probability of the VShTs-16 remaining in an operable state over time

Table 3
Simulation results with stochastic coefficients K(t)

t, months P1(t) t, months P1(t)

1 0.98910 6 0.90286

2 0.89910 7 0.90196

3 0.90622 8 0.90106

4 0.90460 9 0.90016

5 0.90376 10 0.89926
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