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Reliability Theory

Teopua HaEKHOCTH
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Reliability théory studies

* equipment failures,

e ways to prevent failures,
* ways to increase uptime.

Tedpuna HaAEHKHOCTU N3ydaeT

* OTKa3bl 0bopya0BaHMS,

* cnocobbl NpeaoTBPaLLEeHMA OTKA308,

e Cnocobbl yBENNYEHUA BPEMEHU BE30TKA3HOW PabOoThl.




Failures can lead to
interruptions of technological process,
material losses,
environmental damage,
loss of human lives.

OTKa3bl MOryT NPUBOANTD K
nepepbiBam B TEXHO/IOMMYECKOM NpoLecce,
MaTepuanbHbIM MOTEPAM,
Bpey A1A OKpYXatoLlen cpeabl,
MOTEPAM YE/IOBEYECKUX HKNU3HEN.




Reliability Theory considers failures as random events
and time to failure as a random variable, therefore in
order to calculate reliability we need formulas from
Probability Theory.

Teopua HaAEKHOCTW PpacCMaTPMBaAET OTKA3bl Kak
CAy4YanHble cobbITMA, @ BPEMA 0 OTKA3a — Kak
CYY4aMHYIO BEIMYMHY, NO3TOMY ANA TOro, YTODb!
paccYUTaTb HAAEKHOCTb, HaM HEODXoAMMbl GOPMY b
13 TeOpun BEPOATHOCTEW.




If X is a random variable then F(x) is the probability
that X is less than or equal to x.

F(x) = Pr{X < x}

F(x) is called cumulative probability function (cdf).

Echn X aTo caydanHasa nepeméHHas, 1o F(x) - ato
BEPOATHOCTb TOrO, YTo X MEHbLUE MAM PaBHA X.
F(x) Ha3bIBaeTca dyHKUMEN pacnpeaéneHus.




If T is a random time to failure, then F(t) is the probability
that failure will occur in the time interval (0; t].

F(t) = Pr{T < t}

In reliability theory F(t) is called failure probability function.

Echn T aTo cnyyanHoe Bpema 4o oTKasa, To F(t) - a1o
BEPOATHOCTb TOr0, YTO OTKA3 NPOM3OMAET B MHTEPBae
spemenun (0; t].

B Teopumn HanéxHocTu F(t) Ha3biBaeTca QyHKUMEN
BEPOATHOCTM OTKa3a.
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f F(t) = Pr{T < t}is the probability that failure will occur
in the time interval (0; t], then

R(t) = Pr{T >t}

s the probability that failure will not occur in the time

interval (0; t]. It will occur after time t.

R(t) is called reliability function.

't is obviousthat F(t) + R(t) = 1.
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If X is a random variable with cdf F(x), then

d
Fo = L2

is called probability density function (pdf).

X

Ecnn X 31O chyvyanHas nepemeHHas ¢ PyHKL e
pacnpenenénua F(x), Toraa

d
Fo = L2

Ha3blBaeTCcAa QyHKUMEN NAOTHOCTM pacnpeneneHus.

X




If T is a random time to failure with the failure probability
function F(t), then f(t) = dzgt) is called failure probability

density function or failure rate function.

Echn T 370 cnydanHoe Bpems A0 OTKa3a C GYHKLUMEN

dF (t)

BEPOATHOCTM 0TKaza F(t), 1o f(t) = Ha3blBAETCH

GYyHKUMEN NNOTHOCTN BEPOATHOCTM OTKA30B AU QYHKLMEN
YACTOTbl OTKA30B.




Main properties of any pdf are:

 Vtf(t) =0 (foranyt, f(t) is greater than or equal to 0);
. ffooof(t)dt = 1 (the integral from negative infinity to
infinity of f(t) is equal to 1)

[naBHble cBOMCTBA Nt0OOMN PYHKLMM NAOTHOCTU
pacnpeneneHmns:
* Vtf(t) =0 (ansnoborot, f(t) 66abWe nan pasHa 0);

. f_oooof(t)dt = 1 (MHTerpan oT MMHyCc-6eCKOHEYHOCTU A0
beckoHevHoctm oT f(t) paseH 1)




F(t)+R(t) = 1

F(t) = jf(r)dr




One of the most common measure of a random variable X is
its mean or expected value which can be calculated by:

00

ElX]| = jx-f(x)dx

— 00

OOHMM M3 CaMbIX PAaCNPOCTPaHEHHbIX MOKa3aTenen
CAy4amHoM nepeméHHom X aBnseTca eé oxuagaemoe
3Ha4YE€HME, KOTOPOE MOMXKHO paccymTaTb No Gopmyne:

E[X]




For random time to failure the expected value is called mean
time to failure (MTTEF). Since time to failure can not be negative,
the formula for the MTTF is:

oo

E|X] = f x - f(x)dx

0

[1na cny4amHOro BPEMEHU 00 OTKA3a OXMUAAEeMOoe 3HaYEHME
Ha3blBaeTCA CPEAHMM BPEMEHEM A0 OTKa3a. [TOCKONbKY BPEMS
/10 OTKa3a He MOXeT ObITb oTpuuaTeNbHBbIM, GOPMYNa ANA
CpeaHero BpeéMeHM 10 OTKa3a: 0

E|X] = f x - f(x)dx

0




. English | Pycokwi | EEE
reliability HaEXHOCTb o Set

reliability theory TEOPUA HAAEKHOCTH o] Sg43EI5

failure OTKa3 B

uptime Bpemsi 6€30TKa3HoM paboTbl =S tadivl=E]
probability BEPOATHOCTb MR

random C/Iy4aNHbIN BB AL

random event C/ly4anHoe cobbiTne BB S 4

c/ly4aMHaAaA nepemeHHas X —
y P BTS2

random variable o
(cnyyanHas BennymHa)

time to failure Bpemsa [0 OTKasa ELNE]

to occur npoucxoanTb (NoABAATLCA) KE




__ Englsh | Pycowi | EEE

]Sjrr‘::f:lllvfd?rObabmty PYHKUMA pacnpeneneHuns SRR

. . . HKLMA BEPOATHOCTM N y
failure probability function j))zuachll)B P R 2R PR

HKUMA BEPOATHOCTU P o
by Bep CEZEE

reliability function o
6e30TKa3HOW paboTbl

probability density function, ¢yHKUMA NNOTHOCTH

pdf pacnpeaeneHus R L

failure rate function OYHKLMA YaCTOTbl OTKA30B F P& A 2R PR £

measure NoKasaTte/ib, Mepa pUNEE

mean time to failure cpegHee BpeMA A0 OTKasa IS SNETENE]




T T

the mean

mean value oXngaemoe 3Ha4v4eHune

expected value




