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TEST PLANNING OF
SERVICEABILITY OF FLEXIBLE
PRODUCTION SYSTEMS
EQUIPMENT CONSIDERING
PLANNING AND MONITORING OF
AGRICULTURAL EQUIPMENT

The article discusses the main problems and features of
test planning of serviceability of flexible production systems
(FPS) equipment, taking into account all possible factors. The
basic dependencies of repair and verification at variable
operating modes have been monitored and possibl'e ranges of
system existence depending on internal factors and changes in
working time, environmental characteristics and factors affected
the system have been derived. As the result of the analysis,
mathematical modeling and determination of critical conditions of
existence of the system have been carried out. The basic criteria
and tolerances for the normal operation of FPS equipment have
been determined. The calculated dependencies for the further
improvement of the system and the parameters for the smooth
operation of the equipment by means of a mathematical analysis
have been found. Methods of test planning of operability of FPS
equipment have been developed, the time frame of stopping
various systems for the slightest loss of production capacity,
taking into account the duration of the diagnostic work of used
equipment has been determined.

The planning of inspections for a product that is in a
state of readiness for action, possible only after replacement, is
considered. These circumstances allow us to determine the
optimal interval between inspections by the criterion of minimum
expected costs, attributed to the average time of serviceability for
the cycle in steady state. When planning inspections of a product
that is in a state of static readiness for action, the possibility of
making erroneous decisions during the inspection is taken into
account. The products which start to act at occurrence of some
emergency conditions which moments of occurrence are casual
and have distribution W (t) are considered. It is determined that
inspections and necessary repairs allow to increase readiness, if
at the same time certain conditions concerning quantitative ratios
of the sizes influencing it are fulfilled.

Keywords: hardware failures, recurrence ratio, operating
losses, overcurrent, operational readiness.

Formulation of the problem. The rapid
development of computer science and
microprocessor technology has raised to a
fundamentally new level the solution of many
problems of managing technological and
production processes. The transition to automated
production has affected many areas of the
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economy, including engineering. The automation
of processes is based on the partial or complete
removal of a person from direct participation in the
production process. In modern conditions, only
such production can be progressive that is able to
take into account changes in customer demand
and can quickly switch to new products.
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In our country, automatic production lines
are widely used, combining complexes of
aggregate machines and automatic machines that
work automatically. The disadvantage is the
narrow focus on the manufacture of a certain type
of product. In this regard, such tools can be only
used where production is massive and
sustainable. In industrialized countries, large-
scale and mass production is only 20%, and
single, small-scale and mass production is 80%
[1, 2, 3].

In order to resolve the contradictions
caused, on the one hand, by the small-scale
production facilities, and on the other, by the large
scale of production itself, methods of group
technology were developed. The next step in the
automation of production is the development of
programmable and, therefore, reconfigurable tools,
that is, flexible equipment, to which they belong
CNC machines, machining centers, industrial
robots and other equipment.

Formulation of the purpose of research.
To consider the main problems and features of
planning of inspections of serviceability of the
equipment of FPS taking into account all possible
factors. Monitor the main dependencies of repair
and inspection under variable operating modes,
determine the possible ranges of the system
depending on internal factors, changes in working
hours, environmental characteristics and factors
affecting the system. Mathematical modeling and
determination of critical conditions of the system
existence are carried out. Determine the main
criteria. and maximum permissible deviations for
normal operation of FPS equipment. From the
conducted mathematical analysis to find the
calculated dependences for further improvement
of the system and parameters for the smooth
operation of the equipment.

Presentation of the main material
research. As a rule, test planning involves the fact
that the product being checked, or some part of it,
must be removed from the ready state for some
time. This means that more frequent tests reduce
the useful time during which the system is ready
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for action and expects only the occurrence of an
accident or alarm, and, on the other hand, less
frequent tests reduce the confidence in servicing
equipment and, consequently, its ability to perform
the resulting problems [4, 5]. In addition, test
planning can significantly increase the failure rate
of system equipment or lead to additional
malfunctions, while in passive standby or storage,
in many cases, the risk of failure is less.

Test planning based on the balance of
costs and losses due to malfunction detection.

Let the product in the ready state undergo
tests which are carried out in a negligible time
without creating the prerequisites for the
appearance of additional malfunctions.
Hardware failures will be called malfunctions,
emphasizing the fact that they are timely
eliminated, they may not lead to a failure to
perform some task [6, 7]. We believe that each
testing has a fixed cost of Ci, and the stay of the
product in a malfunctioning state for one hour is
costed in C2. Then a malfunction that occurs at any
moment between some kth and (k + 1)-th tests
causes operational losses equal to:

J’:k_i{{k + 1:]’:1_ + I:tic+1 —x)}dF(x), (1)

E

where F(x) is the distribution of time to the
first fault.

However, since a malfunction can occur
after any test, to calculate the total expected
operational loss, it is necessary to add (1) over all
possible k from 0 to «:

[ 4 + 10, + Cltys —0YFG), (2)
If the distribution F(x) is continuous and
has a moment, then there exists a sequence of

non-negative {ka} (which  represent the
moments of tests) that minimizes the total
expected losses of the form (2). This sequence
can be found for all k:

] I 149
3o U JKCy+ €yt — AF G + [ 16 + D€, + oty —0)1dFG) +] = 0 3)
or finally _ _ successively determined, but for this it is
booy — by = DEEEy) G (4) necessary to set the value ti, on the basis of which
flt) £z all the other test moments are found [8].
Where Let the distribution F{t] have an
. increasing function l{t]. Choosing as a moment
dF(t
f(f;.:) = ?It:tk' of the first test some positive number [ and

Using recurrence relation (4), the optimal
values of the test moments {ka} are
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determining with it the subsequent moments of
tests by the recurrence formula (4), we establish

that if the value T is chosen so that T4 <C €7y,
then for some positive integer values n the relation
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'ﬂ"ﬂ: lpyr —Lp = 'ﬁﬂ—lz l,—t
holds, and when t; << t%;, then for some
positive values . A, << 0.

This justifies an iterative procedure for
finding the optimal sequence of tests for a wide

class of distributions F(f). For the first
approximation, it is recommended to choose a

n—1

value L1 as the moment of the first test, which
provides a balance of the cost of one test and the
cost of losses from an undetected malfunction that
occurs before the first test:
L I-
C,=0C, [ty —x)dF(x) = C, [, Fx)dx.  (5)
Tests can be optimized in the class of
periodic checks with a constant period 7. Then the
expression for the total expected operational
losses will take the form:

C,=Cy [, — ¥)dFG) = G f)  FGddx.  (6)
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Such verification strategies are called
periodic to distinguish them from variable-interval
verification strategies called sequential.

If the form of the distribution law F () is
unknown, then the task of test planning is
formulated somewhat differently. On a finite time
interval of duration T, it is necessary to plan the
number of checks and the intervals between them
so that a minimum of the maximum possible
losses of the form (6) is achieved for any

distribution F(f). Since T is of finite value, the
class of strategies sought is constituted by
sequentially periodic strategies with period T [9,
10]. In this case, it is not difficult to imagine the
operational losses due to a malfunction arising

between the kth and (kK + 1)th checks
(k=0,12,..,n—1).

If f is the random moment of occurrence
of the malfunction, then under various conditions
of its occurrence in time, the losses will be equal
to:

k+100C,+Cyltpy —Flecmty <& < tp k=01...n—1,

7'1':1_"' C:{T_ !,r:];
Cyn,

wlf) =

Since a malfunction can occur at any time
in a given interval or may not occur at all during

ecii b, < £ =T,
ecian £ = T.

()

the time [0, T], the total expected losses M [C_3
(T)] during this time will be equal to:

ek +10C, +Coltp,y —Flecmm by <& <tk =0.1,...,n—1,

ﬂl:i+ C:{T_ I,r:]_.
Cyn,

wl(f) =

For expression (8), it is essential that the
last test is carried out up to time T.
With an unknown distribution of the

moment of occurrence of the malfunction F(f),
planning can be formulated on the basis of the
minimax criterion:

[rpir:.‘ max MIC, (...t JFE)LE=0.....  (9)

eca t, < £ =T,

(8)

ecian £ = T.

Where M [C_e (T)] is calculated based on (8), and

the maximum is taken over all possible
distributions F (t).
The maximum possible losses are

achieved when a malfunction occurs immediately
after the next test. Indeed, for any distribution

F(t) the following inequality holds:

Fn-t r:f'i{{k +10€, + Cylt,, — x)3F(x) + J::{ﬂt.'i +C, (T — x)}dF(x) + nC, [ dF(x) =
EESAle + 100 + €l — g1 [Ft, ) — Fgd] + [nCy + CL(T — £ )[F(T) — Fig, )]

+TI-C]_ [1 - F{r:]] 5 mfx{mb_r g w;{_l’-’ Ty mﬂ_l’ }_-

where

(10)

wy y =00y + C,(T—t,):
wp =+ + Gt — ) k=0.1..n—1,
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— losses due to a malfunction immediately after the
next k-th test according to schedule x out of n
checks. It is clear that

*®
mgx(m,:,’x, ey Wy gy ey mnx) =w ,

represents the maximum possible loss.

The minimum verification strategy comes
down to choosing the number of tests n as the
largest integer satisfying the inequality:

2
and the moments of successive tests

themselves are determined according to the
expression:

T c; [ nln+3)
t,=k|—+—= —(k+1) ||q2
k n+l 26, | (n+1) ( ) |2
To prove this, we choose a positive integer
N such that

NN —1) = 2TC,/Cnln — 1) = 2TC,/Cin = N.
We denote by I, the class of all schedules
(sequences) of tests on the interval [0.T],

I

i
Using (14), from the condition of equality
of losses when applying the graph x (n), we can

obtain the expression for £;:
C;T+E54 (n+3)

V.
(15)

&y = a=10, ..

n+1

since 4;=0(k =0.1,...n). The graph
x(n) is not defined for n = N, since 4,=0. Now
suppose that w", = C;n since Cyn is the loss due
to tests in the absence of malfunctions or if a
malfunction occurs immediately before the n-th
test. Therefore, taking into account the choice of
N, we can write:

C,T+EE 43
w — oy = Oy — ————

X xinl 1 i N+1
CaT+2EL [y 430

=20+ - ——

SyiN+ 1 —CoT+Ey

N+1
2. Fixn< N.lfn=0,

possible graph in the complete absence of tests.
Let for n =0 & be such a schedule of n tests,
using which the maximum possible loss is less
than the losses caused by the schedule x(n).

I:k + 1:](._1 + E:;’:‘:;l' J'j:;l-= tii+1. —_ tﬁ'-’ nri: = U,.l_. sy L — 1_.
Con+ Cyhy, Ay=T —t, k=n,

_1x kO + Gy k=1,

68

ma mexHorsoegissx
2020

consisting of n tests, and by Iy, the union of all
classes of schedules of tests containing from 0 to
N tests (0,1,2, ..., N) . Let x(n) be a graph of n
tests belonging to the class I, (which can be more
briefly written as x(n) € I,,, such that the losses
due to a malfunction immediately after any test are
equal to:

Woxln) = Wyxln) = = @yl = @pmpen =N

Let also I* be the class of such verification
graphs x (0) ..., X (N).

To prove the validity of (11) and (12), it is
necessary to show that: 1) if the graph x eI,
under the condition n = N, then the losses due to
the adoption of this graph satisfy the inequality
w', = wery (thus, if a graph x° satisfying the
minimax strategy exists, then it belongs to the
class Iy); 2) the graph x* exists and belongs to the
class I'" and 3) equation (11) allows us to find this
graph x" in the class I”.

1. For any graph x £ I,;, you can write:

(13)

(14)

i Wiy < EEop W xin)-
Summing up expressions (14), for all
graphs x € I, we have:

ncy (n+3)

Bioo Wiy + CoT = X} _p g x(m)-
From this we conclude that the last
equality contradicts the condition:

B gy < BR_p @ i

Therefore, the graph x does not exist, and
therefore, x™ € I". But since the class I” contains a
finite number of graphs, the graph x* exists.

3. Therefore:

W yim = @ xin_y = (Can® + G+ 2(C, — €,T))/
(2n(n + 1))
pnan =N,

moreover, the sign of this difference
corresponds to the sign of the numerator of the
fraction. Therefore, w®,;; does not increase as
long as the fraction numerator is less than zero
[11, 12]. However, the numerator is an increasing
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function of n and greater than zero for n = N. This
means that the number of tests in the graph
x* = x(n) is determined from equation (11).

The test planning for a given time interval
[0.T] is generalized to the case when the test itself
may turn out to be unreliable and lead to the
gy
2

nipln+10+20

ty = kp

ng+1 np+1

-k + 1])],& =0.1,..,m
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detection of a malfunction with a finite probability
p = 0.. Then the expression (12) takes the form:

and the number of tests n can be found from the equation:

Cop*n® + C,p(2 —pln+ 20(C, —pC,T)= 0.

Test planning carried out after
replacement of the equipment.

Now we consider the test planning for a
product in a state of readiness for action, possible
only after replacement. We believe that the
product consists of one replaceable unit, the
failure time of which has an arbitrary distribution
F(t) [13,14].

Since the replacement leads to a complete
update of the product, for the steady state at
t = @ we can restrict ourselves to considering one
interval between replacements. This means the
choice of a verification strategy in the class of
periodic strategies. Denote by Tt the interval
between two consecutive substitutions (tests), and
by 7; the average replacement time. Let the cost
of one replacement is equal to {3 and the
depreciation rate is A rub\h. It is necessary to
choose an interval between replacements t° so
that the expected operating costs per cycle
{r + 72), referred to the average time of the state

of serviceability during this cycle, reach a
minimum, i.e. the ratio was minimized:
min _c3+A1.?+?3J (18)

r Jp(-Fle)dr’

where [;(1-F(£))dt is the average
working time of the product per cycle.

Let Flt) =1—exp(—itht = 0.
Differentiating the t expression minimized in (18)
and equating the derivative to zero, we obtain the

equation for calculating the optimal interval
between tests presented below:

eplirl 1 c

- T3ttt +f. (19)

The optimal value of the time interval
between tests is approximately equal to:
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(16)
(17)

l2(x +5’=;I
o j K (20)

With the exponential distribution of the
time of state of serviceability, the test has a
restoring property, that is, after checking, provided
the product is found to be working, it becomes, so
to say, “new”. This circumstance allows us, in the
same way as in the case of replacements, to
determine the optimal interval between inspections
by the criterion of the minimum of expected costs
attributed to the average time of a state per cycle
in the steady state, that is, [15].

. Al T+ L-mep (- Ak )+ 6y + (L -mep (- A1) Jes

e Bla-rit))de D
where the expected cycle time is:
M[T,] =7+ T, + (1 — mexp(—17))ra; (22)

Cn, T;, m™ - respectively, the cost of one
check, the time required to test, and the likelihood
that the product will not fail during the test. The
optimal value of the time interval between tests is:

T R

N

| [ ¢ O3y
. 0 [y H
[T+ +-.1—..:'|_‘.'3+ﬂ__,|

- (23)

It should be noted that in the last model of
tests, unlike the previous ones, the replacement is
carried out only when a malfunction is detected,
and the test itself may cause additional
malfunctions. In the process of test planning of a
product that is in a state of static readiness for
action, the possibility of making erroneous
decisions during the test is taken into account [16].
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If the reliability of the equipment of the designed
system is not well known, i.e., if, for example, it is
known that the distribution F(£} is exponential, and
the estimate of the parameter 4 is given by the a
priori distribution g{1) with known parameters,
then the initial value is t°; can be calculated by
averaging over all possible values of i the
derivative (21) over 7. Let the intensity of the
occurrence of malfunctions have an a priori
density of the form of a gamma distribution with
parameters & and t; and after making the initial
decision t*;, additional information was obtained
on the results of observations of this or similar
systems in operation [17]. This information is a set
of observed numbers of malfunctions £'y. ¢t 5., £y
Having calculated the posterior density g{i]r), we
can proceed to determine the refined value t°;
from the equation:

(z+ty+t17 T8
[ty +2)rFa—1

which is usually solved by numerical
methods. Introducing the notation
I=0 +al/lt, +t,).t, +t, = t. expression (27)
can be rewritten in a slightly different form:

(

LE3)

& E)j_[”r

) _(T+TE+A

T

1-: =1, (28)

On the basis of (28) it can be shown that
when = - the number of observed failures
becomes sufficiently large, (27) takes the form of
equation (19). Indeed, as r — o, the estimate i
tends to the true value i, t — o, the first term in
(28) tends to exp(i,t}, and the third term tends to
zero. With this approach, a number of problems
arise related to the existence and conditions of
convergence of the sequence of solutions
7°,.7°, ... for various a priori distributions g(i).
From a practical point of view, the speed of
convergence of the sequence of solutions
773, T 7 . OF, in Other words, the necessary amount
of additional tests or observations of the reliability
of the system or its possible analogue is of
interest.

Test planning based on the criterion of the
maximum of the operating readiness coefficient.

Let us consider products that begin to act
in the event of some, for example, emergency
conditions, the moments of occurrence of which
are random and have a distribution of W(t}. If we
denote by K (£} the probability that the product is in
good condition at time £, then the probability that
arising tasks catch it in good condition during the
time interval [0.T] is:

& —
—{r+a:]r—(rz+;)(r+a—l]—t,_+t:,
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Z(fy cngrda) =0, (24)
where
AT (g ) R - AlEy 4250
2 E a
guh":] = [r+q—-10! Az0 (25)
0, 1<,
ty =Xt (26)

Here C,(z,1) is the total expected cost per
cycle. Transferring the differentiation with respect
to T under the integral sign and integrating the
term-by-term expression obtained, we obtain the
following equation with respect to the verification
interval T

(27)

P(T) = [J KB dw (o). (29)

If the distribution Wt} is uniform, that is.

0 mpm t=0,
=9 impu0<t<T, (30)
1 mpu t=T,

then expression (29) can be rewritten as:

P(T) = [} K@aw (@) = [ K@de. (31)

Recall that the operational readiness
coefficient of a product is defined as:
lim = [ K (&) dt. (32)

Tests and necessary repairs can improve
availability if certain conditions are met regarding
the quantitative ratios of the quantities that it
affects. Assume that a constant intensity 4 is
observed between the tests, and additional failures
may occur during the tests. Let T; be the average
duration of one check, and T, — the average
duration of one repair, after which the product is
completely updated. Since 4 is constant in time, a
similar update occurs after verification, as a result
of which it is established that the product is
working. The test itself may also cause a
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malfunction. We assume that the system can fail
during the next test with probability =; = 0, and
with a probability of 1—p this event can be
detected only during a subsequent test. Tests
related to turning on the equipment usually result
in short-term exposure to voltages, overcurrent,
and other types of overloads. This justifies the
introduction of time-independent probabilities,
reflecting the danger of the impact of this regime
on products. The probability g reflects the
possibility of failure immediately before the test
[18].

779—&?‘
U 5 B
’ L L
r t
e™ m AR
o & %
y | b
r t
™ g A
U 7 VA A
P [ L
r r i
g™ Lm
174 A
V4 2 -
Z t

Fig. 1. Timing chart explaining various
possible faults

There are four different possibilities for a
malfunction, which are shown schematically in Fig.

1. It can be shown that at I —* ©9, the availability

indicator P (T] converges to the mathematical
expectation of one interval of the state of

ﬂ"f[U + 1"?]:_3_4 = {T-' + TE:]['JTI{I - _l':!':] + 1] + T]:,':'Tl-
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serviceability divided by the sum of the
mathematical expectations of the interval of the
state of serviceability and the downtime between
two successive intervals of the state of
serviceability. On this basis, operational readiness
can be represented as:

ML)
mluvl+mv]’

. 1 T
:}ﬂ;fg K(t)dt = (33)

where M[U] H M[V] are the indicated

mathematical expectation of the intervals of the
state of serviceability and downtime.

To describe the procedure of test
planning, a malfunction may occur with a

probability of 1 — exp(—AT) for the interval

f or may not occur with a probability o
[0,1] ith bability of
exp (—ﬂffj. Thus, the operational readiness on
the basis of (33) can be written in the form:

t-ampl-ir)  1-spl-ir)
Almlo)+ 2By~ Anelp+rd

lim 2 [ K (8)dt = (34)

It remains to calculate M[U + V. For
the first sequence of intervals in Fig. 1 the
expected cycle time between two periods of good
condition is:

MU+V],=t+T,+T, ()

and for the second, third and fourth

sequences it is represented as:

(36)

Using expressions (35) and (36), we find M7 + V]:

MIT+V] = (1 — exp(—AD)MU 4+ V], + exp({—a0)M[U +V], =

= + T + 7, (1 — plexp(—2)} + T,[1 — (1 — mJexp (—A7)]. (37)

Expression (37) allows us to represent the operational readiness of a periodically inspected
product as follows:

1-epl-Ar)

. 1 pT
%_l_t;tg;]ﬂn E(t)de =

To determine the optimal period of test

planning, (38) it is necessary to differentiate to T,
equate the derivative to zero and solve the

resulting equation to T. In some cases, the tests
may be unexpected, that is, as a result of the test,

A+ T [+my (- plep (- Ar1 14+ ATyl1 — (17, Jenp (- 27)] '

(38)

the serviceable product can be mistaken for a
faulty one and, conversely, it will not be possible to
detect a malfunction [19].

One of the types of monitoring of the
serviceability of a product is based on the
condition according to which the probability of a
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transition from the state of serviceability to
malfunctions on the time interval between tests, if

the product was functioning before, remains
constant at all intervals, i.e.:
Fltg)—Fltg_q)
————=pk=12,., @39

1-Fltg_,)

where Ly = 0;F(0)=0. vou can

also notice that F(f 1) = P. We rewrite equation
(39) in the form:

F(ty) =p+pF(ti_1). (40

Equation (40) is easy to solve for Ly.
indeed, F(t,) =1—p%=1—(1—p)F,
where 0 = 1 — P. Thus, for a given level of
probability p, the instant £, is found:

T =32 )," (=0 $@dr =

Zimy bt — [F(ty) — F(t,—1)]1 —
J, t$(@adt
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t, = F71(1—p"). (41)

For such a test planning strategy, the
number of tests required to detect a product

malfunction is K with probability:

PIN=1}=p"'p k=12, .., 42

and the average number of such tests is:

1 —
1-p  p

If a failure occurs at time T << Ly, then it

M[N] =X, kp*t = (43)

can be detected only at time L, and £ — L is
the time spent in the state of an undetected failure.
Therefore:

T, =S o (6 — 0 $0dt = Ti, b — [Ft) — Fe)] - [, e$(0at

or T, = X5, tp" tp — MF]

(44)

Given that T. = Ti{p), we have MIC.] =C,/p + C,T(p) or else M[C,.] = MIkC, + C, (¢, — £)].
Expected costs, as before, for a control procedure of this type are:

MIC] =S50 [ €0k + 1) + Gt — 2IdF GO,

and therefore, the average costs are found
taking into account the relations for T(’P) and

M[N], thatis:

MIC)=2+CT(®). o

Conclusions. The basic dependencies of
test planning and repair under variable operating
modes have been monitored and the ranges of
existence of the system depending on internal
factors and changes in  working time,
environmental characteristics and factors affecting
the system have been obtained.

Several methods of mathematical test
planning on the operability of the FPS equipment
have been analyzed and developed, taking into

72

(45)

account the impact of all possible negative factors
on the system.
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NINAHUPOBAHME NMPOBEPOK
UCNPABHOCTU OBOPYOBAHUA MBKUX
NMPOU3BOACTBEHHbLIX CUCTEM C YYETOM
MIAHUPOBAHUSA U MOHUTOPUHIA
CENbCKOXO3ANCTBEHHOIO
OBOPYOOBAHUSA

B cratbe paccmaTpuBalTCA OCHOBHbIE
npobnemsl M OCOBEHHOCTM  MIaHWPOBaHUSA
npoesepok wucnpasHoctu obopynosaHua [TIC
(rMbkmMx NpPOU3BOACTBEHHBIX CUCTEM) C Y4eToM
BCEX BO3MOXHbIX ¢aKkTopoB. MpoBeneH
MOHWUTOPWHI OCHOBHbIX 3aBUCUMOCTEN PEMOHTA U
npoBepKku npu nepeMeHHbIX pexnmax
akcnnyaTauum " BblBEEHbI BO3MOXHbIE
AnanasoHbl CyLLeCcTBOBaHMS CUCTEMBI B
3aBMCMMOCTM  OT  BHYTPEHHMX (aKTOpoOB U
M3MEHEeHNst nokasartenen pabodero BpeMEHW,
XapaKTEPUCTUK OKpyxatollen cpedbl U hakTopoB
BO30EeNCcTBuSA Ha cuctemy. B pesynbtate aHanusa
NpoBeAeHO MaTeMaTu4eckoe MOAEenupoBaHue WU

onpegerneHve KPUTHUYECKNX yCrnoBumn
CyLecTBOBaHMWS CUCTEMBbI. OnpepeneHsl
OCHOBHbIE KpPUTEPWUM W MpedernbHO A0MNyCTUMbIE
OTKITOHEHUSA ans HOpMarbHON paboTsl
obopynoBaHus Imc. 7K} npoBeAeHHOro
MaTeMaTM4yeckoro aHanvMsa HangeHbl pacyeTHble
3aBMICMMOCTM ans OanbHenLwero
COBEpPLUEHCTBOBAHNSA CUCTEMbI U NapameTpbl AN
becnepebonHom paboTbl obopyaoBaHus.
PaspaboTtaHHble MEeTOONKM nnaHMpoBaHUS
npoeepok paboTtocnocobHocTn  06opyaoBaHUSA

IMIC, onpegeneHHble BpeMEHHble paMKU Afs
OCTaHOBKM TEX UMM MHbIX CUCTEM ANs Maneunwien
noTepu NPoOM3BOACTBEHHbLIX MOLLHOCTEN C Yy4ETOM

NPOAOIMKUTENBHOCTb npoBegeHus
JONarHoCTUYECKUX paboT NCMosb3yemMoro
obopynoBaHusi.

PaccMoTpeHbl nnaHWpoBaHMEe MpPOBEPOK
ONA  U3genus, Haxodsllerocs B COCTOSAHUMU
rOTOBHOCTU K [EWCTBUIO, BO3MOXHbIX TOJbKO
nocrie 3ameHbl. YKasaHHble 0OCTOATENbCTBA

NO3BOMSAT ONpefenuTb ONTUMarbHbIA UHTEepBan
Mexgy rMpoBepkamy MO  KPUTEPUID MUHUMYMa
0XMOaembIX PacxofoB, OTHECEHHBbIX K CpedHeMy
BPEMEHM WCMPABHOTO COCTOSIHUS 3a UMK B
yCTaHOBMBLUEMCST pexume. [pyu nnaHMpoBaHWU
MPOBEPOK U3OENUsi, HaxoOWTCs B  COCTOSIHUM
cTaTuyecKkoro FOTOBHOCTU K [encTBuo,
y4uTbIBaOTCS BO3MOXHOCTM NpUHATUS
OLUMBOYHBIX PeLLEeHNiA Npu NPOBEAEHUN MPOBEPKU.

PaCCMOTpeHbI n3aennd, KoTopble  HayduMHarkT
OencTBoBaTb npn BO3HUKHOBEHUN HEKOTOPbIX
aBapVII7IHbIX yCJ'IOBl/IIZ, MOMEHTbl HacCTynneHnsa

KOTOpLIX cnyvyanHble u umeroT pacnpegenexdne W
(t). OnpepneneHo, 4TO MPOBEPKM U HEODOXoaUMbIE
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PEMOHTbI MO3BOMSAIOT MOBLICUTE FOTOBHOCTb, €CNIM  MareMaTUYHOro aHanidy 3HangeHi po3paxyHKOBi
npy 3TOM BbINOMHEHbI HEKOTOpbIE YCMOBUSA,  3anNeXHOCTi Ans noJanblioro  BAOCKOHANEHHS
KacaloLliMecs  KONMUYECTBEHHbIX  COOTHOLIEHWA cuCcTeMuM Ta napametpu pana  6esnepebinHoi

BEJIMYUH, BNUSAIOLWMNX Ha Hee. pobotn obnagHaHHsa. Po3pobneHi meTogukm

Knrodeebie cnoea: arnnapamdbie cbou, NnaHyBaHHA nepesipok npauesgaTHOCTI
KoaghpuyueHm nosmopHocmu,  yctatkyBaHHa [BC, neBHi u4acoBi pamku ans
3KCrlyamayuUuoHHble Nomepu, Ype3MepHbIli MOK,  3YMUHKA TUX YU iHLWIMX CUCTEM Ans HarWMeHLIol
3KcrlyamayuoHHasi 20moeHOoCMb. BTPaTM BUPOOHMYMX MOTY)XXHOCTEN 3 Ornagy Ha

TpMBanicTb MPOBEAEHHS  AiarHOCTUYHMX  POBIT
BMKOPUCTOBYBaHOro obnagHaHHs.

NNAHYBAHHA NEPEBIPOK CMPABHOCTI Po3rnsHyTOo nnaHyBaHHA MepeBipoK Ans
OBNNAOHAHHA THYYKUX BUPOBHUYNX BMpOOyY, WO 3HAaXOAMUTbCA B CTaHi FOTOBHOCTI A0
CUCTEM 3 YPAXYBAHHAM MINAHYBAHHA TA  gii, moxnuBux Tinbkn nicna 3amiHK. 3a3HadveHi
MOHITOPUHIY obCcTaBMHN O03BONSAIOTb BU3HAYUTU OMTUMAIbHUN
ClNbCbKOIoCrogAPCbKOIo iHTepBan M nepesipkamMu 3a KpUTEPIEM MiHIMyMy
OBJNNTAOHAHHA O4iKyBaHUX BMUTpaT, BigHECEeHUX OO0 CepeaHboro

Yyacy CnpaBHOro CTaHy 3a LMKIT B CTArnoMy PEXMMI.

Y  crarTi po3rnsgalTbcd  OCHOBHi  [lpM  nnaHyBaHHI  nepesipok  BMpobwn, WO
npobnemu Ta 0cobnMBOCTI NNaHyBaHHS MNEPEBIPOK  3HAXOOUTBLCS B CTaHi CTAaTMYHOI rOTOBHOCTI A0 Ail,
CMNpaBHOCTI YCTaTKyBaHHS BC (THy4kMX  BpaxoBYHOTbCSA MOXJTMBOCTI NPUNRHATTSA
BUPOOHMYMX  CUCTEM) 3 ypaxyBaHHAM BCiX  MOMMUIIKOBUX pill€Hb MpU MpOBEAEHHI NepeBipKu.
MOXNMBUX  pakTopiB. [lpoBeAeHO MOHITOPUHT  Po3rnsHyTo BMPOOM, SKi MOYMHATb AiSTU npu
OCHOBHUX 3areXHOCTEN PEMOHTY i NEpPEBIPKN NPU  BUHUKHEHHI AEAKMX aBapiiHUX YMOB, MOMEHTU
3MIHHUX pexumax ekcnnyartauii Ta BuBeOEeHi HaCTaHHS KX BUMaZKoBi i MatoTb po3nogin W (t).
MOXNUBI  Aiana3oHM iCHyBaHHA cuctemMu B BusHauveHo, Wwo nepeBipkn i HEOBXigHi pPeMOHTM

3aMEeXHOCTi Bid4 BHYTPILIHIX YWMHHMKIB i 3MiHW  [O03BONSAOTH MIABULLMTU TOTOBHICTb, SAKWO Npu
nokasHukiB ~ pobo4oro  4acy, XapakTepuCTMK LbOMY BMKOHaHi Jdeski yMOBM, O CTOCYHTbCS
HaBKOMUWLIHLOrO cepenoBuLla Ta PaKTopiB BNMBY  KiMbKICHNX cniBBigHOLWEHb BENNYMH, Lo
Ha cuctemy. B pesynbTati aHanidy npoBedeHO  BMMAMBAKOTb Ha Hel.

MaTteMaTuyHe MOAEMOBAHHA Ta BM3HAYEHHS Knrwo4voei cnoea: anapamui 360,

KPUTUYHUX YMOB iCHyBaHHA cucTemu. BuaHadeHo  koegbiyieHm  rnoemopHocmi, ekcrislyamauy,itHi
OCHOBHi  KpuTepii Ta rpaHW4HO OONyCTUMI  empamu, HaOMIpHUU cmpyMm, eKcrlyamauitiHa
BigXWNeHHs ans HopManbHOT poboTn  eomosHicmeb.
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