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VERIFICATION OF RELIABILITY TECHNICAL DEVICES THROUGH
RESOLVING PROBABILITY OF FAILURE AND FAILURE

Abstract. This article describes the basic concepts and definitions of reliability theory and its applications to
problems of probability theory. Probability theory makes it possible to take into account the random nature of events
and processes occurring in the system, to form the mathematical foundations of the theory of reliability. The
problems on the probability of failure-free operation of the element are considered.One of the main tasks solved in
the course of operation and maintenance of technical devices is to ensure their reliable operation. The importance of
this problem is due to the complexity of modern technical devices and high values of operating loads (temperature,
pressure, humidity, etc.). Reliability refers to the ability of technical devices to perform specified functions,
maintaining their performance within the specified limits for the required period of time or the required operating
time in certain operating conditions.Reliability as a qualitative characteristic has always been taken into account
when solving various issues of operation and maintenance.

Keywords: failure, probability, technical devices, information system, reliability.

The functional quality of technical devices, including information systems, largely depends on their
reliability.

Information system is a complex software and hardware system, which includes ergatic (man-
machine) links, technical or hardware and software. Speaking about the reliability of the information
system, it is necessary to take into account its two components: the reliability of hardware and software
reliability. If the methods of research and ensuring the reliability of the technical (hardware) component
of information systems are similar to the corresponding activities of other technical devices, the software
differs from such a methodology. Thus, the study of these structures refers to the reliability of the
information, its correctness, correctness of its interpretation. We will note that further, speaking about
technical devices, we will mean, including, and hardware components information systems (computers,
the peripheral equipment, the switching equipment, the cable equipment, etc.).

These categories do not exclude, but complement each other, because in a complex system such as
information systems it is possible to provide the necessary level of reliability only taking into account the
peculiarities of its components. The most advanced initial technical characteristics of technical devices are
necessary, but insufficient conditions of high operational qualities of these devices. Initial characteristics
of technical devices show its potential technical capabilities. Important is the ability of technical devices
to maintain these characteristics throughout their life cycle or during operation [1].

The ability to maintain its original technical quality during operation is called reliability. This ability
depends both on the properties that were incorporated in the technical devices during the design and
manufacture, and on the intensity of operation, correctness and timeliness of maintenance.

Therefore, the physical meaning of reliability is the ability to maintain these properties, to resist
aggressive operational factors.

Reliability can act as an independent operational characteristic, and serve as a component of other
operational characteristics.
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One of the main tasks solved in the course of operation and maintenance of technical devices is to
ensure their reliable operation. The importance of this problem is due to the complexity of modern
technical devices and high values of operating loads (temperature, pressure, humidity, etc.).

Reliability refers to the ability of technical devices to perform specified functions, maintaining their
performance within the specified limits for the required period of time or the required operating time in
certain operating conditions.

Reliability as a qualitative characteristic has always been taken into account when solving various
issues of operation and maintenance. Quantitative determination of reliability appeared with the
emergence of the theory of reliability. Mathematical platform of reliability theory is probability theory
and mathematical statistics.

Indeed, failures in technical devices occur at random at unexpected times. This is typical even for
many similar devices manufactured at the same plant and put into operation at the same time. Despite the
single project, the same production technology-each of them has an individual ability to maintain its
original quality. Initially it seems that there is no regularity in the appearance of cracks. However, such a
pattern exists. It manifests itself when not one but many technical devices in operation are monitored.

As the main quantitative measure of reliability of technical devices, characterizing the regularity of
occurrence of failures in time, adopted the probability of failure-free operation.

The probability of failure — free operation is the probability that during a certain time of operation of
technical devices and in specified operating conditions failure does not occur. Since the occurrence of a
failure is a random event, the time of its occurrence t0 - is also a random event. Therefore, the probability
of failure-free operation:

p(t) =p(ty =1t)

where t is the specified operating time.
The probability of failure is the probability of the opposite event:

q(t) =p(to <1t)

But the event of failure and the reliability of event — opposite the essence of the event. Therefore,
according to the probability property of opposite events, it is possible to record[2]

p() +q() =1

In practice, estimates of these probabilities are determined. Let N - be the total number of the same
type of technical devices operated during time t . During this time N (t) the technical device worked
smoothly, and n(t ) — refused. Thus:

N = N(t) + n(t)

that is, after a time t the total number of both serviceable and failed technical devices is equal to the
original. The statistical probability of failure-free operation is determined by the expression

N(t)
* t) = —=
p*(t) N
a failure rate
n(t)
* t —
q*(t) N

Find the sum of these frequencies:

N(t) N n(t) _ N(t) +n(t) _ N

N N N oL

p’ () +q(0) =
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that corresponds to the theoretical conclusions. For the transition from p*(t) and q*(t) to p(t) and q(t) need

to take the limit relations of frequencies:

PO = m 5y
n()

10 =N

As N—oo cannot be achieved under this Declaration into practice can mean the whole Park is set on

the operation of the same technical devices.
It is obvious that over time the total number of failures in technical devices increases. Consequently,

q(t) increases and, hence, p(t) decreases. The curves that determine the nature of these changes are as

follows:

prel. git)

Puc. |. Xapakrep H3MeHeHHA KpHswx i) w g(t)

In practice, it is often necessary to determine the reliability of technical devices for some time interval
from ta to tb (for example, during the period of operation of this device), provided that it has already been
in operation for some time tb. The TDB of technical devices during the time (tb-ta), provided that it has

worked smoothly for ta hours, is determined by the conditional probability[3]

(tb_m)— ta > th
2 —— = p(ta = tb)

This conditional probability is numerically equal to the probability p (g) Indeed, the probability that

an object has not failed during the time (tb-ta), provided that it has run smoothly for ta hours, consists of
the probability of failure during ta hours and the probability of failure during the hours from ta to tb.

According to the concept of conditional probability,

th - ta th p(tb)
P(Foa )= v ()=
ta ta p(ta)

But p(tb, ta) is numerically equal to the probability that the technical device will run smoothly for tb

hours:
p(tb, ta) = p(tb)

Then
(Q) _ p(th)
ta)  p(ta)
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In private, this formula will take the form of

()~

Since
N N(tb
p'(ta) = ) =

Using the probability of failure p(t), it is possible to estimate the average number of elements or
devices of information systems (for example, computer networks or its periphery) n(t), which may fail
during the time interval At at the known operating time t[4]:

n(t) = Np(t) — Np(t + At)

where N — number of serviceable elements of information systems at the beginning of its operation.
Example. Reliability function
Reliability function R (t) is a function that determines the probability of failure of the element during
the duration of't:

P(T<t)=e™

A - is the failure rate (the average number of failures per unit time.
An example of solving the problem of the probability of failure of the element:
The duration of the uptime of an element has exponential distribution

F)=1-¢"""(t> 0).

Find the probability that during the duration of t=50 h:
a) the item will be denied;

b) element will not refuse,

c)find the reliability function

Task solution

a) Since the distribution function

F (t) = 1-e-0.01 t determines the probability of failure of the element during the duration of t, then
substituting t = 50 in the distribution function, we obtain the probability of failure:

F(50) =1 - "= 0,394,

b) events "element will refuse" and "element will not refuse" are opposite, so the probability that the
element will fail P = 1-0, 394 = 0.606.

The same result can be obtained directly using the reliability function, which determines the
probability of failure of the element during the duration of t:

R (50) =" = 0,606.

c) reliability function
R (1) ="

Example 1.1.0n a test set of 1000 of the same type of electron tubes. For 3000 hours refused 80
lamps. It is required to determine the probability of failure-free operation and the probability of failure of
electronic lamps within 3000 hours.

— 50 ——
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Decision. By formulas (1.1) and (1.2) we define

No—n(t) _1000-80 _

P(3000) = 0,92
N, 1000
0(3000) = n@) _ 80 _ 0,08
N, 1000

or

0(3000) =1 P(t) =1-0,92 = 0,08

Example 1.2. The test delivered 1000 of the same type of lamps. For the first 3000 hours of work
refused 80 lamps, and for an interval of 3000 h — 4000 h refused 50 more lamps. Determine the frequency
and failure rate of electronic lamps in the interval 3000 h-4000 h[5].

Decision. By formulas (1.3) determine the failure rate

3500 = 1A _ 50
NyAt 1000-1000

=5-107 (1/h)

Determine the average number of working items in the interval

At.

v _Nit Ny 9204870

w» : =895 (PCs)

By the formula (1.5) we find the failure rate

N, At 895-1000

Example 1.3. The test was 1000 samples of the equipment beyond repair. The number of failures was
recorded every 100 hours of operation (h). Data on failures are given in the table. 1.2. It is required to
calculate quantitative characteristics and to construct dependence of characteristics on time.

=5,6-107 (1/h)

Table 1.2 - The data on failures for example 1.3

0-100 50 1000 - 1100 15 2000 —-2100 12
100 —200 40 1100 - 1200 14 2100 —2200 13
200 —300 32 1200 - 1300 14 2200 —-2300 12
300 — 400 25 1300 — 1400 13 2300 — 2400 13
400 — 500 20 1400 — 1500 14 2400 — 2500 14
500 -600 17 1500 — 1600 13 2500 — 2600 16
600 — 700 16 1600 — 1700 13 2600 — 2700 20
700 — 800 16 1700 — 1800 13 2700 — 2800 25
800 — 900 15 1800 — 1900 14 2800 —2900 30
900 - 1000 14 1900 - 2000 12 2900 - 3000 40

Decision. The equipment belongs to the class of non-renewable products. Therefore, reliability

indicators are P(f), (), A(f), Ty,
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Calculate P(#). Based on the formula (1.1) we have

B(100) - Ng —n(100) _ 1000 -50 _ 095,
Ny 1000
B(200) = No ~n(200) _1000-90 _, o
N, 1000
B(3000) = No =n(3000) _1000-575 _ 0o
N, 1000
To calculate the characteristics Ol(t ) and ﬂ(t ) apply the formulas (1.3) and (1.5), then
G50y = 1A 0 5074 g,
NoAt  1000-100
G50y ="B0 - 40 4074 )
NoAt  1000-100
52950y ="AD 40 _ 4074 om,
NoAt  1000-100
1(50) = MAD >0 = 5.13-10"*(1/m),

N,,At 100_(1000 + 950)

n(At) 40
N, At 100_(950;910)

=9-10"%(1/h)

A1(150) = =4,3-10"* (1/n),

N At .(465+425j

The values IN)(t), a(t), Z (1), calculated for all At; are shown in the table. 1.3, and their

dependence on time on rice. 1.3 and 1.4.
Calculate the average uptime, assuming that the test were only those samples that failed.

t, 3000

The calculation is carried out using the formula (1.11), given that gz =-2 =30and
At 100
LNy 50-50+40-150+32-250 +...+30- 2850+ 40 - 2950
N, =575, have T, == = =1400(h).

N, 575

— 54 ——
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The mean value obtained before the first failure is underestimated, because the experiment was
terminated after the failure of 575 samples out of 1000, put to the test.

Table 1.3 - Calculated value ﬁ(t) , &(l‘) , /IN(t) for example 1.3

At;.h P(1) &) 107, (m) A(£)-1074, (1/h)
0-100 0,950 5 5,14
100 — 200 0,910 4 43
200 - 300 0,878 3,2 3,58
300 - 400 0,853 2,5 2,89
400 — 500 0,833 2 2,38
500 -600 0,816 1,7 2,06
600 — 700 0,800 1,6 1,98
700 — 800 0,784 1,6 2,02
800 — 900 0,769 1,5 1,93
900 — 1000 0,755 1,4 1,84
1000 - 1100 0,740 1,5 2
1100 - 1200 0,726 1,4 1,91
1200 — 1300 0,712 1,4 1,95
1300 — 1400 0,699 13 1,84
1400 — 1500 0,685 1,4 2,02
1500 — 1600 0,672 1,3 1,92
1600 — 1700 0,659 1,3 1,95
1700 — 1800 0,646 1,3 2
1800 — 1900 0,632 1,4 2,2
1900 — 2000 0,620 1,2 1,92
2000 —2100 0,608 1,2 1,95
2100 — 2200 0,595 1,3 2,17
2200 —2300 0,583 1,2 2,04
2300 — 2400 0,570 1,3 2,25
2400 — 2500 0,556 1,4 2,48
2500 — 2600 0,540 1,6 2,9
2600 — 2700 0,520 2 3,76
2700 — 2800 0,495 2.5 4.9
2800 — 2900 0,465 3 6,24
2900 - 3000 0,425 4 9
P
1
0.9
0.2
0.7
0.6 —
0.5
0.4
0.z
0.z
0.1
[}
1] SO0 1000 1500 Zooo 2500 2000

Rice. 2 - The dependence of P from t to example 1.3.
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1
0.9
0.2
o7 f
0.6
0.5
0.4
0,3

0.z p-1l—-c-=l-=--=!h.=-x!=IH'A'fF ~1’fm

0.1 L e S S

i t

o 00 1000 1500 2000 2500 2000

Rice. 3 - Dependence « and A from t to example 1.3

Example 1.4. For some time, the operation of one copy of the radar station was monitored. During the
whole observation period, 15 failures were recorded. Before the beginning of the observation, the station
worked for 258 hours, and by the end of the observation, the operating time of the station was 1233 hours.

~

You want to determine the mean time between failures 7" .
Decision. Operating time of the radar station for the observed period is equal to

t=t,—t, =1233 - 258 =975 (h)

n
By accepting zti =975 h, according to the formula (1.13) we find the mean time between
i=l

2l gy
failures: T = =1— = 2= = 65(n).
n 15

Example 1.5. The work of three copies of the same type of equipment was monitored. During the
observation period, the first copy was recorded 6 failures, the second and third — 11 and 8 failures,
respectively[6]. Operating time of the first copy made 181 h, the second — 329 h and the third 245 h. it is

Required to define operating time of the equipment on failure T.
Decision. Let's define the total operating time of three samples of the equipment:
N nj
ty = 3 3t =1814+329+245=755(h)
j=li=1
Determine the total number of failures:

N
ny = an =6+11+8 =25 (refusal).
j=1
Find the mean time to failure by the formula (1.14)
N

22t

_j=li=1 _i_ 755

_ 222 300m)
ﬁéilv nil 25 ()
=

~

ﬂ
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Example 1.6. The system consists of 5 devices, and failure of any one of them leads to failure of the
system. It is known that the first device refused 34 times during 952 hours of work, the second -24 times
during 960 hours of work, and other devices during 210 hours of work refused 4, 6 and 5 times
respectively. It is required to determine the time to failure of the system as a whole, if the exponential law
of reliability for each of the five devices[7].

Decision. To solve this problem, we use the following relations:

noo
A=D1 TH)=—.
c Z‘i i 10 ﬂfc
Determine the failure rate for each device:
1=2%_9 0357(1/h), Ay _ 2% o 025(1/h)
'Tos2 2960 ’
= 4+6+5

=—=0,07141/n).
Aas 210 (1/h)

The failure rate of the system is equal to

Ao =2 =X+ Ay + A 4 5 = 0,0357 + 0,025+ 0,0714 = 0,1321(1/h)
i=1

Mean time to system failure

= 1 1
0,1321

To_ﬂ,

c

=7,57 (h).

Example 1.7. During the observed period of operation 8 failures were recorded in the equipment.
Recovery time was t1 = 12 min, t2 = 23 min, T3 = 15 min, t4 =9 min, T5 = 17 min, T6 = 28 min, T7 =25

min, T8 = 31 min. Determine the average recovery time of the equipment 7 B-
Decision.

fB ==l — ":é = 620 = 75 (min).

Example 1.8. The instrument had an average MTBF of 65 hours and the average recovery time of
1.25 h. it is Required to determine availability[8].

Decision. By formula (1.17) we have B
T 65
T+Tz 65+1,25

K, = 0,98

Example 1.9. Let the time of the element to failure is subject to the exponential distribution law with
the parameter A = 2,5-107> 1/h.
You want to calculate the quantitative characteristics of the reliability of the element P! (t ), a(t ),

Ty, if 1=1500, 1000, 2000 h.
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Decision. Use the formulas for P(¢), a(f)and T, 0»> shown in table.1.1.

Calculate the probability of failure-free operation:
-5
P(t) — e—ﬂ'l‘ — 6—2,5'10 't.

P(500) = ¢ 25107500 _ g 9875 .
P(1000) = ¢~ 2510711000 _ g 9753 ,
P(2000) = ¢~ 251072000 _ ¢ 9577

Calculate the failure rate:

a(t) = A(t)-P(t) = 2,5-1075 . 251071

2(500) = 2,5-1075 . ¢~ 25107500 _ 5 51050 9875 = 2,469 -10~° (1/h);
a(500) = 2,5-1075 . ¢ 251071000 _ 5 5.1075.0,9753 = 2,439 -10~> (1/h);
a(500) =2,5-1075 . ¢ 251072000 _ 5 5105 .0 9512 = 2,378 10 (I/h).

Calculate the mean time to the first failure:

— 1 1
Tp=—="""">=%
A 2510

Example 1.10. In the operation of the system was n = 40 failures. Distribution of failures by groups of
elements and time spent on recovery are given in table 1.4. It is necessary to find the value of the average
recovery time of the system[30].

Decision. We determine the average recovery time of the equipment by groups of elements.
For semiconductor devices:

=40000 (h).

n; 8
t. t.
~ E l é " 600 ,
TB = = = =75 (min)
n

Likewise:

- for resistors and capacitors 76 min;

- for relays, transformers, chokes 113 min;

- EVP for 50 min.;

- for other elements 120 min.

Calculate the average recovery time of the system by the formula:

~ m
Tpe =Dty -y,
i-1

Where f,; average time of restoration of elements of the i-th group; m; the weight of failures on
groups of elements.
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Table 1.4 - The number of registered failures in groups for example 1.10

Groupofelements Number of failures per | The weight of failure in the | Recoverytime

group M; _ n; ti’ MUH
group M; =

n
SPT 8 0,2 80
59
110
91
45
43
99
73
Resistorsandcapacitors 10 0,25 61
73
91
58
44
112
82
54
91
94
Relays, transformers, | 4 0,1 102
chokes 98
124
128
EVP 14 0,35 60
64
56
36
65
44
42
33
32
23
86
75
61
23
Otherelements 4 0,1 125
133
115
107
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IMPOBEPKA TEXHUYECKHNX YCTPOUCTB HAJIEXKHOCTH
YEPE3 PEHIEHHUE BEPOSITHOCTHU HEMCITPABHOCTH U HEUCITPABHOCTH

AHHOTanus.B 3TOi cTaThe ONMMCHIBAIOTCS OCHOBHBIC INOHATHS M ONPEAEICHHUS TEOPHUH HAJeKHOCTH U €e
MPWIOXKEHUS K 3a/adyaM TEOpUH BepoATHOCTEH. Teopus BEpOSTHOCTEH MO3BOJISIET YYECTb CIIy4alHbI Xapakrep
MPOHUCXOAIINX B CHCTEME COOBITHI M TpoleccoB, CPOPMUPOBATH MATEMATHIECKHE OCHOBBI TEOPHH HAIEKHOCTH.
PaccmoTpeHs! mpoOiieMBl ¢ BEpOATHOCTEIO 0e30TKa3HOU paboTh! aneMeHTa. OIHON M3 OCHOBHBIX 3aad, PEeIIacMbIX
B IIpoliecce IKCIUTyaTallil M TEXHHYECKOTO OOCITY>KHMBAHUS TEXHHYECKHX YCTPOWCTB, SIBISICTCS OOECHEYCHHE MX
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HAJIeXKHON paboTel. BakHOCTH 3TOI mpoOIeMBbI CBsi3aHAa C CIIOKHOCTHIO COBPEMEHHBIX TEXHHYECKHUX YCTPOMCTB H
BBICOKMMH 3HAa4eHHSAMH pabounx HaArpy3ok (TemmepaTypa, naBieHue, BIaxkHocTs W T. Jl.). HamexsocTp - 3TO
CHOCOOHOCTh TEXHUYECKHUX YCTPOMCTB BBINOJIHATH ONpe/ielieHHbIe QYHKIMH, TOAJepKUBas UX paboTy B yKa3aHHbBIX
mpenenax Ha TpeOyeMbld TepHoi BpeMEHH MM TpedyemMoe BpeMs paboThl B ONPEICICHHBIX YCIOBHSIX
sKcIuTyaTaruy. HaneXHOCTh Kak KadecTBEHHAs XapaKTEpUCTHKA BCErJa YYWTHIBAJIACh NPU PEIICHUH Pa3IHIHBIX
BOTIPOCOB 3KCIDTyaTalluu B 00CITy >KUBaHUSL.

Ki1roueBbie cjioBa: 0TKa3, BEPOATHOCTh, TEXHUIECKHE YCTPOWCTBA, HH(POPMAIIMOHHAS CHCTEMA, HA/IeKHOCTb.
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TEXHUKAJIBIK KYPBIJIFBIJIAPJBIH KAYAIIKEPIIIJIIKTI
KOHE ATAJIFAH MYMKIHJIKTEPAI TUIMAIJIIKTI APKbLJIBI

AHHoTauusi. Byn Makamaga CeHIMOUTIK TCOPHSICHIHBIH HETI3rl YFBIMIAPbl MEH aHbIKTaMalapbl JKOHE
BIKTUMAJIJIBIKTAP TEOPHSICHIHBIH MocejeepiHe KOJAaHbUIybl CHIATTalFaH. bIKTHManIbIK Teopusichl Kyhenmeri
OKHUFaap MEH MPOLECTePIiH Ke3ACHCOK CHUITAThIH €CKEPil, CEHIMAUIIK TeOPHUSICHIHBIH MATEMAaTHKAIBIK HETi3IePiH
KaJIBINTACTBIPYFa MYMKIHAIK Oepeli. DIIEMEHTTIH COTCI3 JKYMBIC iCTey BIKTUMAJIIBIFBI MOCeJeci KapacThIpbLIabl.
TexHUKaNbIK KYPbUIFbUIAPABI MaiiiaaHy MEH KYTY IpOLECiHe IIeleTiH 6acTel MiHAETTepiH Oipi oapabiH
CEeHIM/II KYMBICBIH KaMTaMachl3 €Ty OOoJiblll Tabbuia/ibl. bys1 nmpo0sieMaHbIH MaHbI3IbUIBIFBl 3aMaHAYH TEXHUKAIIBIK
KYPBUIFbUIAPBIH KOHE KYMBIC JKYKTEMEIEePiHiH JKOFapbhl MOHJEPIHIH (TeMIepaTypa, KbIChIM, bUIFAIABUIBIK JKOHE
1.0.) Kypaenuiirine OainaHblcTbl.CEHIMIUTIK - TEXHHUKAJBIK KYPBUIFBLIAPABIH Oenrini Oip  (yHKuusuapab
OpbIHZAYBI, Oenrini Oip yakpIT imiHzae Oenrimi Oip JUMHUTTEpAE JKYMbIC icTeyiH Hemece Oenrimi Oip naimanany
JKarIaiaapbiHIa Tajgam eTUIeTIH )KYMbIC YaKbIThIH cakTay KaOinertiiiri. Canaibl cuIaT peTiHie CEeHIMIUTIK dpTypi
Moceesepi ey Ke3iHae opKaliaH ecKepiie/i.

Tyiiin ce3aep: O6ac TapTy, BIKTUMAIBIK, TEXHUKAIBIK KYPBUIFbUIAD, aKIAPATTHIK KYHe, CeHIMILIIK.
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