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MATHEMATICAL MODELS FOR CALCULATING THE RESIDUAL LIFE OF THE
RECOVERABLE COMPONENTS OF THE AIRCRAFT ELECTRONIC SYSTEM

The subject matter of the article are the processes of functioning of the radio electronic system of a modern aircraft, its components,
functional units and functional systems as an object for determining and calculating indicators of residual life. The goal is the analysis
and improvement of the existing mathematical apparatus used to calculate the indicators of the residual resource of the aircraft radio-
electronic system restored components. The tasks: To develop and generalize mathematical models for calculating the indicators of
the residual life of the restored components of the aircraft radio-electronic system. Analyzed models are: models for the indicators of
the residual life of the restored object of the aircraft radio-electronic system, the failure flow model with a finite number of minimal
updates, reliability models of the "load-strength" type. The following results were obtained: Mathematical models have been
developed for calculating the indicators of residual life and residual operating time of a recoverable product with one resource element
with a complete restoration of component elements of the aircraft radio-electronic system. Conclusions. Mathematical models have
been developed for calculating the indicators of the residual life and the residual operating time of a restored product with one
resource element with a complete restoration of component elements. A generalization of these models for a product restored by
several resource elements during their complete restoration is obtained. Calculated ratios are obtained for the indicators of the residual
resource and the residual operating time of functional devices and functional systems with a finite number of minimal updates of
resource elements. Relationships are obtained for determining the limiting number of minimal restorations of functional devices and

functional systems of the aircraft radio-electronic system.
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Introduction

The scheme of calculation of indicators of residual
resource of radio electronic system (RES) of the plane
offered in [11, 12] provides division of all accessories
(AS), functional devices (FD) and functional systems (FS)
of RES of the plane into non-renewable or renewable with
various depth of recovery, with continuous or periodic
monitoring of the technical condition, with a finite or
unlimited number of failures during the specified service
life, and the calculation of residual life (RL) for selected
types of AS, then for FD and FS.

Literature analysis

The aim of the article is to develop mathematical
models for calculating the residual life of renewable
components of the electronic system of the aircraft.

Main part

In the scientific and technical literature, the relevant
scientific and methodological support for solving the
above problems is not fully developed, there are works [4,
5, 7], which consider mathematical models of complete
restorations, minimal and incomplete restorations.
However, their application to solve the problems of
extending the resources of the aircraft fleet is almost
absent.

The following are mathematical models for
calculating the indicators of the residual life of non-
renewable AS, renewable FD of aircraft RES for
complete, incomplete and minimal restorations with a
finite number of restorations and continuous monitoring of
the technical condition.

In the considered mathematical models the resource
is understood as "technical resource", as total operating
time of a product from the beginning of its operation or its
restoration after repair before transition to a limit state.
The residual resource in accordance with [1] means the
total operating time of the product from the moment of
control of its technical condition to the transition to the
limit state.

Residual resource and residual operating time of
renewable products and mathematical models for
calculation of their indicators at full restoration of
accessories.

Under the residual life of the renewable product (FD,
unit, FS or RES of the aircraft) we will understand the
total operating time of the product from the moment of
control of its technical condition to the resource failure.
This assumes possible non-resource failures of the
product, i.e. failures not related to the transition of the
recoverable product to the limit state. Non-resource
failures or simply product failures can be caused by the
transition to non-operational state of renewable or non-
renewable removable elements. Resource failure of the
product is associated with the transition to the limit state
of one or more resource elements. Under the resource
elements of the product are those products, the expiration
of which leads to the end of the product life (FD, FS or
RES of the aircraft). Non-resource elements are those
elements whose resource ends not earlier than the product
resource, i.e. simultaneously with reaching the product
limit, or after reaching the product limit, provided that this
element can be used in another product of the same or
similar purpose. The number of resource elements in the
product may be different, and the restoration of the
resource element at a particular seat may be complete,
incomplete or minimal. In addition, the number of
product element replacements at a particular seat cannot
be unlimited. Depending on the type of elements, their
load-bearing structures, other factors, it is possible to
determine the maximum number of their repairs and (or)
restorations. Thus, for electronic assemblies made on
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printed circuit boards, the maximum number of resolders
at a certain circuit position is the final value. In this case,
the impossibility of restoring or repairing the FD occurs
when the number of performed restorations (repairs)
associated with the replacement of elements in a particular
circuit position is equal to the limit I, and the next failure
of the element. The maximum allowable number of
repairs (repairs) of the FD RES aircraft may be
determined by economic constraints (I, ), safety

requirements and (or) environmental performance (I, ),
the actual reliability of the product (I,,), and other

reasons. In the case of simultaneous action of several
factors, the maximum allowable number of restorations of
a certain circuit position can be found as the minimum of
these values, i.e.

I :min{lt*lecvlsrvlra}' 1

The maximum allowable number of restores | of a
certain circuit position corresponds to the maximum
allowable number p of its failures

Fig. 1. Determination of the residual life of the renewable product

Note that the restoration of the selected circuit
position, which determines the resource of the product,
can be complete, incomplete or minimal. In the case of
complete recovery, &; are independent equally distributed

random variables, and the recovery process of this
schematic position is a general recovery process with a
finite number of failures, in the case of incomplete
recovery, ¢&; random variables with different parameters

or distribution laws, and the corresponding recovery
process is complex with a finite failure rate. In the case of
minimal recovery of the selected circuit position, the
failure and recovery flow is described by the failure flow
model with a finite number of minimum restorations.
These models are considered in [11, 12].

Let us now consider the basic relations for RL
indicators at full restoration of the circuit position, which
determines the LS of the recoverable product.

Since the operating time of the selected circuit
position & can be considered as independent equally
distributed random variables and the average recovery
time of the circuit position FD or FS of the aircraft RES is
very small compared to the average operating time of the
circuit position on failure, such a flow of failures and
recovery of circuit position can be considered as full
instant restorations. Denote F; (t)=P(X; <t) where the

distribution function is determined recursively
1

R 0)= [y (-X)0F () F(0)=R (0 £ =F/0). i=01+1. 3)

0

p=I1+1.

We now formalize the RL concept for a renewable
product, which includes one resource element or one
circuit position, for which the maximum number of
failures is set. Let & is the operating time of the selected

circuit position of the product between failures (fig. 1);

1
X; =Z§j is the total operating time of the circuit
j=1

position to the i-th failure. Then X,,, =X, is the total

p
operating time of the selected circuit position to the
resource failure of the product.

The residual life of the product after the moment 7
of control of its technical condition (fig. 1) is determined
by the ratio:

£y = X =7 7< X4,
=0, if X,y <. )

E.J’CZ

XI X|+1

Let’s find the RL distribution function of the
product. Since the (I+1) -th failure of the selected circuit
position is a resource failure of the product, the
distribution function F,,;(t) is a function of the

distribution of the product resource. Then we get

Fo(t+7)—Fy(7)
- I—Fp(z')p . )

Now let’s find the probability of the event &5 >t
i.e. the probability that the value of RL will be not less
than the specified operating time t or otherwise the
probability of operation of the product without resource
failures during operation t, starting from the moment ¢,
provided the product operates on the segment [O,7]

without resource failures. From (4) we have

Fe (1) =P(x <t)=

E_p(t+r)l
Fp(7)

RL indicators such as average RL R(z) and gamma-

Prz (t): P(@z >t):l_ FrZ (t) or PTZ (t):

percentage residual life R, (7) of the recoverable product

can be found by substituting in them instead of the
probability of failure-free operation P(t) the probability

of operation of the recoverable product without resource
failures during operation t, i.e. R, (t)=Fi+1(t) where
the distribution function F_; (t) is found by expression
(3) or is a distribution function operating time before
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failure of the resource element of the product. Thus, if the
distribution function F (t) of the operating time between
the failures of the circuit position, which determines the
resource failure of the product, is a normally distributed
random variable with mathematical expectation T, and

standard deviation o, the distribution function F4(t)

is also a normally distributed random variable with
mathematical expectation T, and standard deviation

oJp.

Let’s find the probability of failure-free operation of
the renewable AS during operation time y at the end of

probability of the event &, >y, where the value &; is
determined by the ratio:

égri :{Xi__rl i (Xi_l <T)/\(Xi—| >T), i:]_l_p; (5)
0, IprST

From (5) and fig. 2 it can be seen that the value &

is the operating time of the circuit position of the restored
product from the moment - to the next i -th failure of the
circuit position, which we will call the residual operating
time (RO) of the circuit position of the restored product.
Note that for a non-renewable product and a product that
cannot be repaired, the concepts of "residual operating

the assigned resource fig. 2), ie. let’s find the A . e ;
g ¢ (fig 2) time" and "residual life" is equivalent.
E,a’(i
[ : - /—\' ---0
0 X, X, X N X X
Ty

Fig. 2. Determination of the residual operating time of the circuit position of the restored product

The event &£; can happen in | +1 ways:

1) by the time z+y there was no failure of the
circuit position, the probability of this event is equal to
F(r+y),

2)on the interval (u,u+du), there was an i-th
failure of the circuit position, i=11 (the probability of
this event is equal to f;(u)du) and after this moment
7+Y , there were no failures until the moment z+y (the
probability of this event is equal to E(r+y—u)).
Integrating the product E(r+y—u)x fi(u)du over all
u(0<us<rz), we obtain the probability of an event
Eriv1 > Y, provided that there were i failures on the
interval (0,7).

Summarizing the found probabilities at i for all

=11 we obtain the desired probability

P(&y >y)=F(r+y) +ZI:] (z+y-u)f(u)du. (6)
0

i=1

Formula (6) shows that the probability P (&, >vy)

is a non-stationary coefficient of readiness of the
recoverable product with a limited number of complete
recoveries. Therefore, in the future we will denote this

probability K, (z,y), assuming that the value y is the

total failure-free operation of the circuit position in the
interval (z,7+Y), where 7 is the value of the assigned

resource.

We now find the function of the distribution of the
residual operating time of the selected circuit position of
the product to failure. Since

P(&n <Y)=1-P(&y >y), from formula (6) follows

| 7
P(&n <y)=F(r+y) Zj r+y-u)fi(u)du. (7)
i=10

Other indicators of the reliability of the selected
circuit position in the RO interval, used to solve problems
of continuation of resources, is the average RO and

gamma-percent RO T, (7). For the selected circuit
position, we will find these indicators by the ratio

T(T):

P(&n >y)dy, ®)

oO—8

P(&n >T,(r))=0,01y 9)

Let’s consider the asymptotic behavior of the RO of
the selected circuit position, which determines the
resource of the recoverable product, i.e. we investigate the
behavior of a random variable &,y at z —o0 and | 5.

Since | 5> then

P(&n >Y)=F(r+y) jF r+y-u)o(u)du and

0
z-_
lim P(& >y)=lim JF(T+ y—U)e(u)du.
T—>0 T—)OOO

By the Smith's theorem [3] we find that this limit is
equal to

p(g,H>y):%jﬁ(r+y)dr:%jﬁ(z)dz (10)
0

As a result, we obtain the distribution of stationary
residual operating time of the selected circuit position of
the restored product. In particular, for z —o0 and | -«

the value of the average RO T () is found by the
formula
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_T _To, 0%
T(OO)—J)P(STH >y)dy = 5 +2T0 : (11)

Note that expressions (10) and (11), and not
expressions (6), (8), (9) are used in engineering practice.
However, in the tasks of continuing the RES resources of
the aircraft, we are more interested in the non-stationary
interval of operation of AS, FD, FS RES of aircraft and its

components, ie. t<(0,1-0,3)Ty, where Ty is the

average failure time of the device, unit, AS or AE.
Therefore, the calculations of RL and RO products must
be performed for the non-stationary interval of their
operation according to the formulas for non-stationary RL
indicators and other reliability indicators in the RO
interval.

Consider how to calculate the indicators of the
recovery of a renewable product with one circuit position,
which determines the resource of the product.

Let’s denote Y; as the operating time of the

renewable product to the j-th failure, fy;(t) is the
density of the distribution of the random variable YJ- , X 0

is the operating time of the selected circuit position to the
resource failure. Then the RO of the product to the next
failure (fig. 3) can be determined by the ratio:

gp.rod _ Yj-r, if (Yj_l—r)/\(Yj >T)/\(Yj < Xp), 1=Lprog;
i 0, in other cases.

Residual operating time of the recoverable product
before failure differs from the definition (2) by the

presence of an additional condition: the event {Yj < Xp}
that the accidental operating time of the product before the
next j-th failure should not exceed the total operating

time of the product (circuit position determining the
product resource) to resource failure. Therefore, the above

indicators of the residual resource (6), (7), (9) of the type
"probability”, in terms of the situation under
consideration, are conditional. To calculate the
unconditional indicators of the recovery of the recoverable
product to the next j -th failure, we find the probability of

the event (conditions) P{YJ- <X p} . We have

P{Yj <Xp}=[Fp(t) fy (t)dt.

o—8

where f,; (t) is the density of the distribution of the
operating time of the product to the  j -th failure; Fp (t) is

the function of the distribution of the operating time of the
circuit position, which determines the resource of the
product, to the resource failure.

To calculate this probability, we can use
mathematical models of reliability of the type “load -
strength™ for different functions of load distribution and
strength [9]. Then the probability that the RO of the
recoverable product will be not less than the set y, we

find by the ratio

_ | T_
P(égup>y):F(r+y)+§P{Yi <Xp}£F(r+y—u)fi(u)du_ (12)

Other indicators of RO, for example average RO,
gamma-percent RO of the restored product is calculated
by a ratio (8), (9) by substitution in them of the

unconditional probability P{Yj < Xp} &, >y found by

the formula (12).

We obtain calculation formulas for determining the
indicators of RO for the case when the operating time
between failures of the selected circuit position, which
determines the resource failure of the product, has a
truncated normal  distribution with  mathematical
expectation T and standard deviation o , i.e.

Eu
(I) )l( 1 )l( 12 )’(13 y Xia  a)
0 X Yo Yo X b)
0 oy % 9
&
(IJ IY1 le \5(3 \5(4 \5(5 'Y6 =Y7 \I(s Yu d

Ty

Fig. 3. Determination of residual operating time of the recoverable product: a) the failure flow of the 1st circuit position, which
determines the resource of the product; b), ¢) failure flows of the 2nd and 3rd circuit positions, which do not determine the resource of

the product; d) product failure flow; X;; - development of i -th schematic position to j -th failure; &6

prod _ residual operating time

to the next (sixth) failure; &, 4 — residual operating time of the circuit position, which determines the resource of the product, to the

resource failure
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(t-To)?
2

F(x)= Te 20

—00

dt; f (x) = ~Cr

P(& >y) we use relations (6). We have:

Ti :iTO, o =0 i, g; Zai.
Then

P(¢& > Y)=afl>(—T° _;_y]+|2a”1j{<b[-r° _T_eru]f [U;Ti}

2

o

2 -1
t-T,
a exp[—( 0) },az[cb[T—oﬂ To calculate the probability

F(r+y)= a(D(Mj; fi(x) =g (o—i «/Z)exp[—(x_TO)]_

y 20'i2

(13)
i=1 0 o i

To calculate the integral in formula (12) we use the results:

ab+x(1+b2)

a a  xyl+b? a+bx a
(D(a+bx)go(x)dx:T{x, ]+T , -T [X, J—T .
J x\1+b? Vi+h? @ X N a

1

a
where T(h,a):jde, O<a<w, —o<h<on, pu)=—e

J2r

0 142

+ F(x)F[ﬁ], (14)

2

v
2-

We reduce the calculation of the integral in expression (13) to the basic Owen integrals. From expressions (13) and

i Ti—r—vy— T —7r—

(14) we have x:u ',a+bX:Lyu or a:TO-I-U—Tyl b:il
Oj o O Oj

T (Ty-1- T (+Ti)/oi

I(l)(o ! y+uj.¢(u 'jdu: [ o(a+bx)p(x)dx.

0 “ i —Ti/oi

Let us now use the properties of a definite integral and the property of an Owen integral: T (h,—a)=-T (h,a).

Let’s consider two cases: 7 <Tg; and 7 > Ty . Get for 7 <Ty; ;

(==Ti)/ei
Ti/oj
and for 7 >Tg; ;
(==Ti)/ei
~Ti/oi

The results of probability calculations P (&, > y) for

the ratio (13) (17) show that the nature of the obtained
dependences of the probability P (&, > y) on the value of

the residual operating time at different values of the
assigned resource 7 corresponds to the expected, which
indicates the correctness of the obtained ratios.

Now consider how to calculate other indicators of
reliability of the restored FD (FS) of aircraft RES in the
range of RO.

In accordance with the recommendations of the
method [11] we distinguish a set of AE, the technical
condition of which is not controlled, and a set of
controlled on the considered interval of operation of AE.

In this case, the controlled elements, in turn, are
divided into continuously controlled and periodically
controlled, renewable with varying degrees of resource
recovery: FR, IR and MR. Next is a block diagram of the

Ti/oi
j ®(a+hx)p(x)dx = j ®(a+hx)p(x)dx—

Ti/oi
[ o(a+bx)p(x)dx= [ ®(a+bx)p(x)dx+

(TifT)/O'i
_[ ®(a+bx)p(x)dx, (16)
0

(Ti—r)/ai
[ @(a+bx)p(x)dx. (17)
0

reliability of the FD (FS) of the aircraft RES. According to
the known structural scheme of reliability S(x) of the FC

of the aircraft RES, the reliability indicators are calculated
on the interval of residual operating time, by substituting
into the function of the previously calculated reliability
indicators of the FD (FS) elements of the aircraft RES:

R, (r,Y)=8(Ka(r.¥). Koa (7.¥),o, Py (7 +Y)...), (18)

where K (z,y)

readiness of the i -th renewable FC element FU; P (7 +Y)

is a non-stationary coefficient of

is the probability of failure-free operation (r+ y) for the
operation of uncontrolled and non-renewable j-th element
in the considered time interval.
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If necessary, calculate other indicators, for example,
the average residual operating time FD (FS) in relation
(8), gamma-percentage residual operating time FD (FS)
according to formula (9).

Note that the developed approach is focused on the
fact that during the next current repair of FD (FS) of the
aircraft RES restores the resource (in full at FR, partially -
at IR and at zero at MR) AE FD (FS) only in the variable
(or renewable) AE. The resource of other AE FD (FS) is
not restored. The difference between other approaches to
calculating the reliability of RES is that the recovery of
PC FD (FS) by replacing failed AE involves complete
recovery of the resource of all FD (FS), which is
unacceptable in the case of calculating the indicators of
OR and ON when solving resource renewal tasks.

To perform calculations on the ratio (18) it is
necessary to pre-calculate the coefficients of operational
readiness of the elements of FD (FS), the resource of
which is restored in full, incomplete or minimal. We use
for this purpose the calculated relations for the failure
flow parameter obtained in [11] for flows with FR, IR and
MR with a limited number of recoveries. Thus, for the
case of FR, the probability that the residual operating time
before the failure of the element of a certain circuit
position, FD, FS will be not less than a given value, we
find the formula

Kgl) (7.9) =P(r+y)+jP(r+y—u)a;l(u)du . (19)
0

or substituting in (19) we obtain

|1‘l'

Kgl)(r,y):P(r+y ZJ.P T+y-— u)fk( )du, (20)
k=10

where |, is a the maximum possible number of complete
AE recoveries for the considered total operating time
(r+y).

We now write the corresponding formula for the case
of the MR element. In [11] the basic relations for
processes with instantaneous MR were considered. Then,

conducting reasoning similar to the above in deriving
formula (6), we obtain

|22’

(z’+y +2jP uT+y- u)f( )(u)du, (21)

k=1g

K (r.y)=P

where P(u,7+y-u) is the probability of failure of the
minimally recoverable element FD (FS) in the interval

(uz+y-u); fk(z) is the distribution density of the

operating time of the element to the k-th MR; I, is the

maximum possible number of MR element FD (FS) for the
considered operating time.

Substituting in (21) the appropriate formulas for the
process with instant recovery, we obtain the following
relationship

l, 7 k
K2 (1) e M) i J[A(u!)] M)A Sg (),

where A(u j A(x

After performlng the transformation, we obtain the
final expression for the probability that the residual
operating time of the minimum renewable element of a
certain circuit position FD (FS) RES of the aircraft will be
not less than the specified value y .

()k

K (z,y)=e L(22)

z _p(ery) z A

We now obtain the ratio for the probability of failure
of the element, the resource of which is restored in case of
failure in an incomplete volume, for an extended period of

operation (z,7+Y). In [11] it is shown that the model of

this process is a complex recovery process. Carrying out
arguments similar to the above ((6), (14)), we obtain

|3T

KO (r,y) =R (e +9)+ 2 [P (r+y-0) {17 () au, 23)

k=19

where B,1(X) is the probability of failure of the element
during operation x after the k-th incomplete recovery;

fk(s) (u) — operating time distribution density to the k -th
IR.

These calculated ratios allow to calculate the residual
life and other indicators of the reliability of the renewable
FD (FS) for an extended period of operation for the case
when there is one circuit position that determines the
resource FD (FS).

Consider now the case where the number of circuit
positions that determine the life of the renewable FD or
FS RES aircraft, more than one. Further we will not make
distinctions between a resource element of a product and
the schematic position defining a product resource.

Let M is the set of resource elements FD (FS).
Let’s divide this set into disparate subsets Mg, s=1n,

based on the same number of maximum allowable number
of replacements | and the same characteristics of failure

(the second condition is not required). For the operation of
"splitting" the set of resource elements M, the relations
are performed

Let R, is the lower estimate of the value of the

gamma-percent resource of the elements of the subset
M. Then the lower estimate of the gamma percentage

resource FD can be found by the formula

R, :msin{Rys}. (24)
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A similar relationship can be written for the lower
estimate of the gamma percentage residual FD resource

R, (7)= mln{Rys( )}

It is assumed that the resource failure of the element
limits the reliability of any subset Mg leads to the

resource failure of the FD (FS). Then the value R, (or

(25)

R, (7)) is determined by the time during which there will

be no resource failure of the elements of the subset Mg,

the moment of which, in turn, is determined by the earliest
moment of occurrence the (ls+1)-th element failure for

all elements that make up the subset Mg

Let the subset Mg consist of M| =mg elements
that limit the reliability of the FD (FS) RES of the aircraft.
We will consider the distribution functions as a set ™s of
independent random variables {Tl,TZ,...,TmS} that

represent the development of circuit positions of a subset
Mg of elements to resource failures. Let’s find the

distribution function Gg(t) and the distribution density

gs (t) of arandom variable Ts)
Tis) = min (T3, T, T, ) (26)

which is a random run of a subset of FD (FS) elements to a
resource failure. We have:

Gq (1) = P(T(s) <t):1— P(T(s) >t) _

:'3

SR ILURTE | (IO G
gs<t>=dG;t“)=jmz;fj(t)ﬁ[l—&(t)]/[l-ﬂ(t)]-

Random value T; in relation (26) is a random
operation of the i -th circuit position

ls+1

T_Ztkw

where t; is the operating time of the element at a certain

i -th circuit position to k -th replacement.
In the case of complete restorations, random
variables t; can be considered as independent equally

distributed random variables, and the random variable
distribution function T; can be found as a convolution of

the (Ig+1
of the subset Mg have the same functions of distribution

)—th order of random variables. If all elements

Fs(t) of a random variable T;, then it follows from
expression (27)

Gs(t)= 1—(1_ Fy ()™ ) _1F ()

gs () = mg g () Fs (t)™ .

The relation for the residual resource distribution
function of the subset Mg of FD elements is obtained by

conducting similar considerations for the residual resource
distribution function FT(EI) (t) of the element at the i-th
circuit position

(28)

Fp (t+z')— Fp (z’)
1-Fp(7)
and the probability that during the residual operating time

t there will be no failures of the i-th circuit position
element

Pl (1) =1-FY 1),

Then the distribution function of the residual
resource of the subset of elements M is found by the

relation (28):

Gg, (1) =1-(Ps (1))™. (29)

We now obtain the calculated ratios for the quantities
R,s and R, (7).

From relation (28) and the definition of the gamma-
percent resource follows P(T(S) > Rys):l—GS (Rys): 1%

or
1

Fo(Rys)=7" (30)

Solving equation (30) according R, to the given

value y and various parameters m of all subsets My of

FD (FS) elements, we obtain the corresponding values of
gamma-percent resources. Next at the expression (24) we
find the lower estimate of the gamma-percent resource FD
(FS) of the aircraft RES.

The calculated ratios for the FD gamma-percentage
residual resource are obtained by conducting similar
considerations for the distribution function of the OP

Fr(zi) (t) of the i -th circuit position. From expression (29)
it follows that

1
Ps(Rys (7)) =7, (31)
or
1
Re(Rys(7)+7)=Re (7)™, (32)

where Py (t) =1-Fp(t).
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Solving equation (32) according to R, for different

subsets Mg of FD (FS) of the aircraft RES, we obtain the
corresponding values R, (7). The lower estimate of the

gamma-percentage residual resource FD can be found
from the expression (25).

We now obtain the calculated ratios for the gamma-
percentage residual resource of subsets Mg of FD

elements on the example of different functions of the
distribution of operating time to failures of its elements.

A. The operating time before the failure of the
elements of the subset M has a normal distribution with

a mathematical expectation g and standard deviation
o, and ug > 30 . Then the function of the distribution
of the operating time of these elements to the resource

failure has the form
® t— g (IS +1)
og4/ls +1 ’

z 2

e—y—dy

1
WA

Equation (30) for this distribution function is as

follows:
1
J i }/ms |

s . Solving equation (33) as for

Fo(t)=

where @(z)=

(33)

o U (IS +1)— R},S
og4fls +1

Let's mark oy =
the value R,s we obtain

Rys =5 (Is +1)=U o \[ls +1,

where U ¢ isan o - quantile of normal distribution.

Equation (32) for finding the gamma-percentage
residual resource has the form:
-7
J- (35)

s(Is +1)=Rys —7 Cm ps (Is +1)
q)[ osfls +1 J_}/ (D[ o5 fls +1
ﬂs(|s+1)-r]l

osls +1

The solution of equation (35) has the form

Rys ()= (Ig+1)—7-U 5 (T)Gs\/|s_+1.

B. The operating time before failure of the elements
of the subset My is distributed exponentially with the
parameter Ag. Consideration of such distribution for an

estimation of indicators of a residual resource represents
more theoretical interest, the results of calculations

(34)

1
Let's mark o (7)= ymsq{

(36)

received thus can be used for comparison with results of
calculations on VFI-distributions.

The function Fg(t) for subset M elements has the

form
— ls t k
AGE e EE) (37)
k=0

Substituting (37) into (30) we obtain

k 1

Is R —
z (/15 75) e—ﬂsRys :}/ms . (38)

To solve equation (38) we use the Poisson
o
distribution ©4 = Z k—e‘“ the tables we have. To do
k=d
this, multiply both parts of equation (38) by (-1) and add
1. As a result, we obtain

0 k i
Y e =1y, (39)
k—d K!
where
a =R, (40)

1

Then, for known quantities ®|s+1:1—ym5 and

Is+1 according to Poisson tables, we find the

corresponding parameter « . The desired value R, is
found from the expression (40) Rys = % .
S
Equation (32) for finding the gamma-percentage of
OR has the form

Let’s mark S (z)=y"

Next, performing transformatlons similar to the
above, we obtain the equation

Y Lew o1 (c), (42)
k=lg+1
where
o= A [Rys (r)+r} (43)
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Then for the values 1- S, (z)and I +1 according to
Poisson tables we find the parameter « . The desired

value of gamma-percentage RL is found as Rys = L

Other reliability indicators of FD (FS) of the aircraft
RES in the interval of residual operating time are found
according to the block diagram given in [12].

Conclusions

1. Mathematical models for calculation of indicators

restored product with one resource element at full
restoration of accessories are developed. The
generalization of these models for the product which is
restored by several resource elements at their full
restoration is received.

2. The calculated ratios for the indicators of the
residual resource and the residual operating time of
functional devices and functional systems with a finite
number of minimal renewals of resource elements are
obtained. A relation is obtained to determine the limit
number of minimum restorations of functional devices and
functional systems of the aircraft electronic system.

of residual resource and residual operating time of the
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MATEMATHUYHI MOJEJI VIS PO3PAXYHKY IIOKA3ZHUKIB
BIIHOBJIIOBAHUX BUPOBIB PAJJIOEJIEKTPOHHOI CUCTEMMU JIITAKA

IIpenMeToM BHBUYEHHS B CTarTi € mporecH (QyHKIIOHYBaHHS PaliOCNeKTPOHHOI CHCTEMH CYYacHOTO JITaka, ii KOMIUIEKTYIOUHX
€JIEMEHTIB, ()YHKI[IOHAIFHUX BY3JiB Ta (YHKIIOHAJBHUX CHUCTEM SIK 00’€KTa BH3HAUCHHS Ta PO3PAXyHKY ITOKa3HHUKIB 3aJIMIIKOBOTO
pecypcy. MeTolo € aHaii3 Ta BIOCKOHAJICHHS ICHYIOUOIO MaTeMaTHYHOTO alapary, 10 3aCTOCOBYETHCS UL PO3PaxXyHKY ITOKa3HUKIB
3aJIMIIKOBOTO PECYPCY BiTHOBIIOBAIBHUX KOMIUIEKTYIOUHMX BHPOOIB palioeTIeKTPOHHOI CHCTeMH JiTaka. 3aBaaHHs: Po3pobutu ta
y3araJbHUTH MaTeMaTHYHI MOJETI A PO3paxyHKY IMOKa3HHUKIB 3aJUIIKOBOTO PECYPCY BiJHOBIIOBATFHIX KOMILICKTYIOUHUX BHPOOIB
PamioeNeKTPOHHOT CUCTEMH JiTaka. AHAJI30BaHIMU MOJEIAMHU € MOJEN IS TIOKa3HHUKIB 3aIUIIKOBOTO PECYpCy BiIHOBIIOBAHOTO
00'€KTa paioeIeKTPOHHOT CHCTEMH JIiTaka, MOJIENb IOTOKY BiIMOB 3 KiHIIEBUM YHCJIOM MiHIMaJbHUX BIJHOBIICHb, MOJIENI HaIiiTHOCTI
TUIy "HaBaHTaXXEHHs — MilHICTE". OTpuUMaHi Taki pe3yJbTaTH. Po3pobiieHO MaTeMaTH4Hi MOJENi Uil PO3PaxyHKY MOKa3HHKIB
3aIMIIKOBOTO PECYpCy 1 3aJMIIKOBOTO HANpAIFOBAHHS BiHOBIIIOBAHOTO BHPOOY 3 OJHHMM PECYpCHHM €JIEMEHTOM IIPH MOBHOMY
BIZTHOBJIEHHI KOMIUICKTYIOUHX €JIEMEHTIB PaliOeleKTPOHHOI cucTeMH JiTaka. BucHoBKH. Po3poOneHo matematwuHi Mojermi Uit
PO3paxyHKy MOKa3HHKIB 3aJMIIKOBOTO pecypcy i 3ajMIIKOBOTO HANpPAIOBaHHS BiJHOBIIOBAHOTO BHPOOY 3 OJHHM pECYpCHUM
€JIEMEHTOM TIPH TIOBHOMY BiJHOBJICHHI KOMIUICKTYIOUHX elieMeHTiB. OTpHMaHO y3aradbHEHHS IMX MOJENeH Uil BUPOOY, SKUH
BiJTHOBIIIOETHCS JIEKIIBKOMa PECYPCHUMH €JIEMEHTaMU TPH iX TTOBHOMY BiJHOBIEHHI. OTPUMaHO pO3paxXyHKOBI CIiBBIIHOIICHHS IS
MMOKA3HUKIB 3aJIMIIKOBOTO PECYpCy 1 3aMIIKOBOTO HANPAIIOBaHHS (YHKI[IOHAIBHUX HPUCTPOIB i (YHKIIOHATHHUX CHUCTEM IIPH
KiHIIEBOMY YHCJi MiHIMAJIbHHUX BiJIHOBJIEHb PECYpPCHHX elieMeHTiB. OTpHMaHO CITiBBiJHOIICHHS /I BU3HAYSHHs TPAHMYHOTO YHCIIA
MiHIMaJIbHUX BiTHOBJICHb (DYHKI[IOHATEHHUX HPUCTPOIB 1 QYHKIIOHATBHUX CHCTEM Pa/liOCIeKTPOHHOI CHCTEMH JIITaKa.

KunrouoBi ciioBa: 3anIIKOBUiA pecypc; 3aIMIIKOBE HAIPALIOBAHHS; JIITAK; MaTeMaTHYHA MOJIeNb; TOKAa3HHK; paioeleKTpOHHA
CHCTeMa; TEXHIYHUH CTaH.

MATEMATHAYECKHWE MOJEJIN IJ51 PACYETA TIOKA3ATEJEN
OCTATOYHOI'O PECYPCA BOCCTAHABJIMBAEMbBIX KOMILIEKTYIOIINUX
N3AEJINU PAAUOIJIEKTPOHHOU CUCTEMBI CAMOJIETA

ITpeaMeToM M3y4eHHUs B CTAThE SBISIOTCS MPOLECCHl (DYHKIIMOHUPOBAHUS PaIHO3ICKTPOHHOM CHCTEMBI COBPEMEHHOT0 CaMoJieTa, ee
KOMIUIEKTYIOIINX DJIEMEHTOB, (YHKIMOHAJIBHBIX Y3JI0B M (YHKIMOHAIBHBIX CHCTEM KakK OOBEKTa OMpeNeNeHUs M pacdera
nokasareneit ocTaToyHoro pecypca. LlesibIo sBIseTCs aHANIU3 U COBEPIIEHCTBOBAHHUE CYILIECTBYIOLIEr0 MaTeMaTUUYECKOTO anmnapara,
NPUMEHAEMOT0 JJIsl pacyeTa MoKa3areled 0CTaTOYHOTO pecypca BOCCTAHABIMBAEMbIX KOMITIEKTYIOIUX M3JEIUH paguo3IeKTPOHHOM
cucteMsl camoreTa. 3aga4uu: Pa3pabortats u 0000mUTh MaTeMaTHIECKHe MOJENH Ul pacdera MoKasaTelled 0CTaTOYHOIo pecypca
BOCCTAHABJINBAEMBIX KOMIUIEKTYIOMNX H3AENUH PaAnO3IeKTPOHHON CHCTEMBI caMoJieTa. AHAIN3UPYEMBIMH MOAEISMH SIBISTIOTCS:
MOJIETM ISl TIOKa3aTelell OCTaTOYHOTO pecypca BOCCTAHABIMBAEMOTO OOBEKTa PaJMOAIEKTPOHHOM CHCTEMBI CaMoJIeTa, MOJEIb
MOTOKA OTKA30B C KOHEYHBIM YHCIIOM MHHUMAIBHBIX OOHOBIICHHUH, MOJETH HAJEKHOCTH THIA "Harpy3ka — nmpodHocTs". ITomyduenst
crenylomue pe3yJabTaTel. PazpaboTansl MaTeMaTHIECKHEe MOJENTH AN pacdeTa MoKa3aTesed OCTaTOYHOTO pecypca M OCTaTOYHON
HapabOTKN BOCCTaHABIMBAEMOTO H3IEIHs C OJHUM PECYPCHBIM JJIEMEHTOM IpH IOJHOM BOCCTAHOBJICHHH KOMILICKTYIOIIHX
3JIEMEHTOB DPaJIMONICKTPOHHON CHCTEMbl camoieTa. BbiBoabl. Pa3spaboTaHsl MaTeMaTHYeCKHe MOJENH JUIA pacuera INoKas3aTenel
OCTaTOYHOTO pecypca M OCTATOYHOM HapabOTKM BOCCTAHABIMBAEMOIO W3ZENUS C OJHMM PECYPCHBIM 3JIEMEHTOM IPH TOJTHOM
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BOCCTAHOBJICHHH KOMIUIEKTYIOIIUX 31eMeHToB. [lomydeHo oOobOumieHne 3Tux Mojened Iuisl HU3AeNHs, BOCCTaHABINBAEMOIO
HECKOJBKUMH PECYPCHBIMHU 3JI€eMEHTaMH MPHU UX MOJHOM BOocCTaHOBIEHMH. IlomydyeHsl pacdeTHbIE COOTHOIIECHUS IS TOKa3aTeneit
OCTaTOYHOT'O Pecypca M OCTATOUHOH HapaOOTKH (YHKIMOHATBbHBIX YCTPOWCTB M (DYHKI[HOHAIBHBIX CHCTEM NPH KOHEYHOM YHCIIE
MHHUMANBHBIX OOHOBIEHHH PECYPCHBIX 371€MEHTOB. [10TyueHbl COOTHOIIEHUS ISl ONPEASNICHNUsI IPEENbHOTO YHCIa MUHUMAIbHBIX
BOCCTAQHOBJICHUH ()YHKIMOHATIBHBIX YCTPOHCTB U (DYyHKIIHOHAIBHEIX CHCTEM PaJHOdJIEKTPOHHOM CHCTEMBI CaMoJIeTa.

KnioueBble cii0Ba: oCTaTOYHBI pecypc; ocraroyHas HapabOTKa; caMoJIeT; MaTeMaTHdecKash MOJelb; IT0Ka3aTelnb;
PafuO3NIEKTPOHHAs CUCTEMA; TEXHUUECKOE COCTOSHUE.
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