For random time to failure T [ns cayd4atHoro BpEMeHM A0

the hazard rate function is oTkasza T OYHKUMA MHTEHCUMBHOCTU
OTKA30B ONpeaenAeTcs Kak:

defined as:

h(E) = lim Prit<T <t+At|T >t} f(¢)

At—0 At B R(t)

This can be interpreted as the 9TO MOYKHO MHTEPNPETUPOBATb
failure rate under the conditional KaK 4acTOTy OTKA30B NpPU YCAOBUM,
probability that the system or YTO CUCTEMA NI KOMMOHEHT He
component has not failed before oTKkazanm oo Bpemeru t.

time t.




The hazard rate of a physical MHTEHCMBHOCTb OTKA30B
system usually exhibits a PU3NYECKON CUCTEMbBI OBBIYHO

bathtub curve: nemoHctpunpyet U-0bpasHyio
KpUBYIHo:

A h(t)




We can identify three different Mbl MOXKeM BblASANTb TPU

phases of lifetime cycle of the system.  pa3nnyHble Ga3bl KM3HEHHOTO LMK/
CUCTEMBI.

3TO COOTHOLEHME CNpPaBeaMBO KaK
ONA NOAEN, TaK N ANA TEXHNYECKMX

CUCTEM.

This relation is valid for humans as
well as for technical systems.
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The first phase, in which the hazard  [MepBasa ¢a3a, B KOTOPOW

rate decreases, is called the burn-in  MHTEeHcMBHOCTb OTKA30B yObIBAET,
phase. Ha3bIBaeTCA NEPNOAOM NPUPABOTKM.
The main causes of failures here are  OCHOBHbIMM NPUYMHAMM OTKA30B

manufacturing defects. 3eCb ABNAKOTCA NPOM3BOACTBEHHbIE
0eDEKThI.
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The second phase, in which the BTopas ¢asa, B KOTOpOW
hazard rate is nearly constant, is MHTEHCMBHOCTb OTKA30B NPaKTNYECKM

called the useful life phase. NOCTOAHHA, Ha3bIBAETCA NEPUOAOM

The system in the useful life phase HOPMa/IbHOM 3KCNJ1yaTaunu. B stou

experiences random failures. Pa3e CUCTEéMA UCMbITbIBAET C/y4anHble
OTKa3bl.

Burn-in phase Useful life phase Wear-out phase

X p 4
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The last phase, in which the hazard [Tocnénnas ¢asa, B KOTOPOW

rate increases, is called the wear-out MHTEHCMBHOCTb OTKa30B BO3pacTaeT,
phase. Ha3blBAETCA NepMoaOM U3HOCA.

The main cause of failures here are OCHOBHOM NPUYMHOM OTKA30B 3/1eCb
the wear of the components due to  aBnseTca N3HOC KOMMOHEHTOB

aging. BC/IEZICTBME CTAPEHMA.
‘ w
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The exact distribution of random
time to failure is usually unknown.

Often, certain well-known
distribution is assumed in order to
model reliability.

The distributions most commonly
used in Reliability Theory are

Exponential and Weibull distribution.

TOuHOe pacnpeaeneHmne cay4amHoro
BPEMEHM [0 OTKA3a 0ObIYHO
HEeW3BECTHO.

YacTo B LENAX MOAENNPOBAHUA
Ha4EHOCTN NoApa3ymMmeBaeTcs
HEKOTOpOE XOpOoLWO U3BECTHOE
pacnpeaenéxHue.

Hanbonee 4acto Ncnonb3yeMbIMU
pacnpeaenéHuammn 8 Teopum
HaZEXKHOCTU ABNSAIOTCS
JKCNOHeHLUManbHoe pacnpeaenéHme
M pacnpeaenéHune Bénbynna.




Exponential Distribution

Failure probability

Reliability function

Failure rate

Hazard rate

Mean time to failure

JKCMOHEHLUMANbHOE pacnpenenéHme

BepoATHOCTb OTKA3a

Fit)=1—eM

R(t) =e M

f(t) = e M

h(t) = A

BepoAaTHOCTb 6e30TKa3HOM paboThl

YacToTa OTKA30B

MNHTEHCMBHOCTb OTKA30B

CpéaHee BPEMA A0 OTKA3a




When using exponential distribution
of time to failure, we assume that the
hazard rate is constant.

Therefore, exponential distribution
should be used only for the failures in
the useful life phase.

4 h(t)

[Mpn ncndNb30BaAHUM IKCMOHEHLNMABHOTO
pacnpeaenéHma Mol Nnpeanosaraem, Yto
MHTEHCUBHOCTb OTKA30B AB/ISAETCA
NOCTOSAHHOW.

CnénoBaTenbHO, SKCMOHEHUMANbHOE
pacnpeaenéHue cnéayet ncnoab3oBaThb
TONbKO ANA OTKA30B B TEYEHUM Nepunodaa
HOPMA/IbHOWM 3KCMayaTaumu.




Weibull Distribution PacnpenenéxHune Bénbynna

Failure probability N BepoAaTHOCTb OTKa3a
F(t)=1- e_(ﬁ
Reliability function 3 BepoATHOCTb Be30TKa3HOW paboThbl
()
R(t) =e \n
Failure rate YacTtoTa 0TKa308B

B-1 8
fo =L (E) oG
n\n

Hazard rate MNHTEHCMBHOCTb OTKA30B

B
me) = n (n)

Mean time to failure CpéaHee BPEMA A0 OTKA3a

1
MTTF:n-I‘(l +E>




Depending on the value of parameter
£, Weibull distribution can be used
for modelling reliability during burn-
in and useful life phase, or during
useful life and wear-out phase.

B 3aBMCMMOCTM OT 3HAYEHMA NapameTpa
pacnpeaenéHue Bénbynna moxet ObiTb
MCNONb30BaHO A9 MOAENNPOBAHMA
HaAEXHOCTWN B Nepmnoabl NpUpPaboTKM r
HOPMANbHOM 3KCNyaTauum, nan B nepruoabl

HOPMA/IbHOM 3KCNAyaTaumm v n3HOCa.

Nh(t)

B<1




Rayleigh Distribution PacnpenenéxHune Panés

Failure probability BepoAaTHOCTb OTKa3a

tZ
F(t)=1—e 202

Reliability function BepoAaTHOCTb 6e30TKa3HOM paboThl

tZ
R(t) = e 20

Failure rate YacToTa OTKa30B

Hazard rate MNHTEHCMBHOCTb OTKA30B

Mean time to failure CpéaHee BPEMA A0 OTKA3a




A characteristic feature of the XapaKTépHOW 0COBEHHOCTBIO pacnpeseneH
Rayleigh distribution is that the Panés asnaeTca 10, YTO MHTEHCMBHOCTb
hazard rate increases linearly OTKa30B yBe/INYMBAETCA IMHENHO.

This hazf’ard rate behavior is typl'cal for TakOe noBeAeHME NHTEHCUBHOCTWN OTKA30B
mechanical and electromechanical XapaKTEPHO /18 MEXaHIYECKMX M

systems. 3N1EKTPOMEXAHNYECKMX CUCTEM.

A

h(t)




't should be noted, that CneayeT OTMETUTb, YTO
exponential distribution is a 9KCMOHeHUMaNbHOE
special case of Weibull pacrnpeneneHmne ABNAeTCA

distribution, given that JACTRBIM CTYRaEM -~
pacnpegeneHmna Bémbynna,

p=1 yumTbiBad, yto f = 1

E)ﬁ p=1 N At

—>1—ce —> 1 —e"

F(t) =1- e_(n




Another special case of Weibull
distribution is Rayleigh
distribution.

Setting f = 2, we obtain

F(t) =1-— e_(_

[Opyrmm ocobbIM caydyaem
pacnpeaenéHusa Bembynna asaserca
pacnpeaenéHue Panés.

YCTaHOBWB 3Ha4YéHne f = 2,
nosiy4aem




____ English | Pycoxwi | EEE
hazard rate function GYHKLMA MHTEHCMBHOCTM OTKA30B AN
conditional probability ~ ycnosHas BEPOATHOCTb AR
Al H 2k
U B 2%

burn-in phase npmpaboTka (nepnda npmnpaboTKu) B2 HA G P& B

bathtub curve U-obpa3Hasn Kpusas

useful life phase nepuoA HOPMANbHOM IKCTYaTaLMM {8 &t PR HA
wear-out phase nepnoa nsHoca = 307 i P B
aging cTapéHue RENIE
phase $basa (nepmon) i B

SKCMNOHEeHLMANbHOE te g A7
7 E
pacnpepenéxume

exponential distribution

Weibull distribution pacnpenenénHue Bénbynna fh o




_ Engish | Pycwwi | EEE

special case YACTHbIV CYYaii 15451
Rayleigh distribution pacnpenenénue Panés A Dt
characteristic feature XapaKTépHasa 0cOBEHHOCTb 1IE
lifetime cycle SKM3HEHHbIW LMK Hon A HA
relation COOTHOLLEHME LB

cause MPUYMHa VN

manufacturing defect NPON3BOACTBEHHDIN AehEKT il 45 iR Fe3




