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PREFACE

Today’s modern systems have become increasingly complex to design and build, while
the demand for reliability and cost effective development continues. Thus, reliability has be-
come one of the most important attributes in these systems. Growing international competition
has increased the need for all designers, managers, practitioners, scientists and engineers to
ensure a level of reliability of their product before release at the lowest cost. This is the rea-
son why interests in reliability have been continually growing in recent years and I believe
this trend will continue during the next decade and beyond.

It is these growing interests from both industries and academia that motivate Springer to
publish the Springer Series in Reliability Engineering, for which I serve as the series editor.
This series consists of books, monographs and edited volumes in important subjects of current
theoretical research development in reliability and in areas that attempt to bridge the gap be-
tween theory and application in fields of interest to practitioners in industry, laboratories,
business and government.

I am very delighted to learn that the National Defense Industry Press from China is plan-
ning to translate selected books from the Springer Series as well as some other distinguished
monographs from other presses into Chinese. The books in the collections to be translated
cover most of the timely and important topics in reliability research areas and are of great val-
ues for both theoretical researchers and engineering practitioners.

The translations are organized and managed by Professor Rui Kang from Beihang University,
who is a world-wide leading expert in reliability related areas. With his expertise and dedication,
the quality of the translations is guaranteed. I'm sure that the translations of these outstanding
books will be a great impetus to the research and application of reliability engineering in China.

Personally, I will treat the translation collection as an attempt to exchange ideas of relia-
bility researchers in the international community with their Chinese counterparts. I really
hope that these kinds of idea interchanges will be more common and frequently in the future.
Specifically, I am really looking forward to hearing more from our Chinese colleagues. Wish
the research and application of reliability in China a bright future!

Dr. Hoang Pham, IEEE Fellow
Distinguished Professor

Rutgers University

Series Editor, Springer Series in Reliability Engineering



¥

AW A R IR A H SN B T 555 % 7 S B T B B R Z A AT SE R
R, A BBRERS LU AT REAR A9 A B R ARAIE = i AT S . TSR MEML B O AR TR
AGREENEYEZ —. WEX MK, Springer H ittt 20 41 I T ( Springer ]
FEHETERMND) . XEAFH 61 Fik & 41 (HULF) 2013 48 11 A7) R T4
K AT S8 A S AT P B (BB T BER ARUR , 8 T AT SR TR AE SCBR TR A
M, BA R A B SR

¢ Springer I SEME TR A3 ) B 3= 4 , FRAR 5 2% o [ 4 [ B ol b it vt
RH XA IR 3 LR — B3 AR AR AT SR PO S5 3 S0 % 3 B
R, HE (AT SRR 4R P R Rt R L R ) o (PTSEMELE B IR P2 R 35
) iR B R 5 T AT SR UG B R B S R N UR , B
HEMESHHEM L ERAE TR o

XEMNF BB TAE AL AR K F RSB 9T 2 . BRI
| bR 4% B AT SEME % 50, JRARAT , BRGSO 59 2 b R R 22 BORS i , BE 98 S8R 1IE
FEMR, R, XLEE T L 351 B H OR K s HfE 3h v [ B9 AT SE PR T
FIRLF TAE

MBENAME , RE B CTERELEBEREE AR LT HEFA) BIERTE
PSR P 1) [ PRz 5 o B RATA AT 30— OB AR i . BRI XA B S HAE R
KEMARE . Feili, 7B ERFHEE NS EZ TS AR L E N A
AT 25 AR AR , AT i) 7T S U ) [ PR R AT AT T A ok B P E A o DL
B E S E R

Hoang Pham

-+, IEEE &+

A PN L€
Springer A 514 T2 A5 32 4



[ZE

AR TR NEZERGENH 2k, RE TRESR . RE sl T
BENSGEER—RLMERGE TN = EEH M. Blanchard #(4Z fl Fabrycky #{
REENXA(RE TR S &mEE 7 LRNE, Bl EKFERSE T
BEMEHERE, BB TEIMERRE TR A, BESIERGE TR
P2 REA BRRENHEFSES. AB2mBER T RS TREOBEE &K
BT H A8 IR T E PR AT 53 HUA BUS A 58 58 TR 5 Bk 19 o LR, 38 3R
THEE ZAENERGUOT AT SN BB 1 PR 255 A 35 2 20 B 55 SR
R PRGN ERER, 44X EBE GBS AR ML, Al T RS
TR N2 E,

30 ARk, RGE LR L MBEE SN A EE R TR R, BB T
R R FRHA R S VG, S T 1985 4R JL s s K Kof Al S5
ARG TR —HEET NS 2% TR BAm TR, IR N
HHFREE R IARE IR T2 KRS TERA CRE, AR E %
A METRS RATRROEH R G TR AFHE AR BIR T RERSE TR R B
RAERWIR RGE TRER” WA #RHE IR TR RS TR B8
B 555, 2003 AR, A T BARP I R (5 A 4358 3 RRIEARBOM A LR ERAR (Y
HESHER  WIRBGS T R T AR BB L, HABE S muithis 3
IRE IR XA S M RG TREEEHITRIRLR, DR KEZE TEL
f2E 2] 3 ERFE T K. AEASE BRSO T EANIEEED K EN RS T
B PR LA ERERE P EE M FIER.

APHERE REFF RGEE, Hd FEENTT1~6 5,12 ~ 19 FH
BRI EFR BEATT ~ 11 JEHEF, SMBFE TEXAEX/NE ZH . ER
KRR SR TS F iR RILVEOCE RO FEBLUAE . BARINE
B B PR T EKMISE S (B T ACE BT, A 4 Fg s Z AL 7E BT 3 e, B0A
EEARFIRIE,

2



E[1}

il

ABEGRR" X —EMNBANERE TRMAG T, #iE EERER
GIL SR , RIS SRIRBIIT 4G , BI RS Z R E IREAMT 540 GRS &
S BOHRIE ERAFRE  RREERF MR GAE  FENRRETERREN
RESUE, XERGEMER Sk LRRESE RE TRESR" X —£8
ZHH,

ARG USAHRRR" N ANERR" . BRRGEREAARKBRL B ™
AR TG RS, UM B AR RS, WA B RO B9 BOR N B R GEH R
JRPEREZR T, B T ARBRF A K, ARREAREE, W KEE  E
BB il SOESARE BESRARE S SR W R E AT PR BB
B, BUA B KB R G AR E o8 X HL A RIALRE 7= i T B R B TR LA R
JBE S it A

B JLHEREKRW , iR B E E— PRI REE AR R4, HERAH
SRR e/ IME , A2 N F — B T ) A dw R R Ok, A B EER
PR A BT TR RE ISR S HR A —Fh RS B4 S Tk,
BRI TH, IMEEZHRAERGEN RGE TRE” NS A AT DL | 57 38
iz,

A HANKIRSY L 19 DFATH 8 IR, AN RGER =M TR
SRR ARG R A R RGN R G T AR AR S R AN O 508 5 5 I
AN RO RIRIA BT RO, BRI SIF BN RGO R B =
W URR RGO T RCA BRI T 3%, SR R A TR AR b XX AR R S #r 0y
T (R 5 P 5 5 DU R 2 A AR AR G AN R P R B B LA BT R, A T
SEVE M S RPN (PR AT AR 7= 1 | AT Ak B | AT 5 1 R 42 B AT R
ZHE(Fa A BN ERRE TREHE, K —FEN AN S5HR, 5
—ENATEEESER BN RMR, AFETE AEFR BMRR SEX
HRFIAR 5K 2

A FBE AT SRR S R A ECF R i AT S Rl Tl DA B
R4 R G TRME R LS ML N RS E TR A BEE 300 Z461F .
450 38 3] B Rt 200 255 SCHRAT RO o HC A s K 2 HORTR TR B4R k7
Tl F AR TS AR B 2217

X



YEE 7 HAth Prentice Hall i} it i B 5 0 A 324 T — L63 SERUS IR A1 R
X PFE S TN AEE I SRR T RET T RANSE
T3 R SR MR R G .

TN A S Hh A 45 89 A 3R S8R, (R s o 0f H R i) = 8 T AR R
AN

Benjamin S Blanchard
Wolter J Fabrycky

BSMH
S R4S Fu 4 o 300 % 48 B By PowerPoint 7 )\ Pearson # & ¥ IR 0 T # , M
4t 2 . htp://www. pearsonhighered. com, & & : bR & A X #F A .



bl A Hp i B i ) %F

(A7 30 Bl 2808 )

ZAT R AFBE K E UE BT AT UL R AR TR P REE A
TR SIUCCHRUERGE RGEE R 7= ok L, 30 A i S8 4 (F 28 8 A i W
IFAE AL 5 EE I FTR A .

FRTBAMRGE GRS —XFE A0 F o A S U ARG A
B 5 AR, A E T SEAACRAT A7 SN aR SEARTE EAMRAT A7, AT AR B B
B G 8 T F AR MRIELL” .

WM 5S4 — B — @ FEECE PN H LA RFE R S BUN A LR R 58
Wit EARRL R ERARREE S, BPAEERGHENHEL,

FATEITRBSEE F E—A 11 m K28 E RGBT FRR2E 8
kW BoaE s  E B B BT A A

BETRBPISFBORA—4H 7L B R 8 F e B A/ SR
HIBIF o A XA RIZERIFTEWEE) R, 40 & IR T 5L PR 2 J7 i G A i
BHAA R 2R, — S 2R ) R A B

BBUTEHHNE —LFERSWIR L8, Gl RS & (S0S) G T,
BER BB PRBEE ST R, R AL T T2 S SRR Tt — 2B
B, BERERL TP IRE R

BARETABWHERSGS R4 7 LR RE R AR L B E LR,
A TR gt — 2 5318 . 7F Pearson L H $EUE F .0 7] LARIS AL TE =) A 245 0
oAt AH AR I Z0m+E 54, M4k A http : //www. pearsonhighered. com,,




R R G T AR e 2
%ﬁﬁ')‘(*ﬂ?ﬂﬁi%? ............................................................... 2
%ﬁﬁ% .............................................................................. 5
jﬂ,%ﬂ]%ﬁ*}% ..................................................................... 7
ﬁ;ﬁ_‘;j&*}éﬁ .................................................................. 10
[ﬁ]%gﬁﬁj{ﬁﬁﬁ .................................................................. 12
R T voverr e e 16
/J\% ................................................................................. 18
.......................................................................................... 19
?Zfégéﬂ ........................................................................... 21
Iﬁ%ﬁ ........................................................................... 22
%%%ﬁ“ﬁ]@ilﬁ ............................................................... 26
B TRRITRR cvvvvvrrrrrerrerrns st 30
%%-&ﬂ-%;ﬁlﬁi ............................................................... 32
%gﬁg‘%%\ﬁﬁ_ﬁﬂzm ............................................................ 38
%%I&;@Hﬁ ..................................................................... 42
/J\% ................................................................................. 46
.......................................................................................... 47
$=%s Aot
zﬁﬁ*iﬁ-ﬁ- ..................................................................... 50
I‘ﬁ]@%}(ﬁ%;&iﬂ%u ............................................................ 50



g W W W W W W W w W Ww

"
W
i

=

VLY, Y BV, B, N, BV RS B S RS

O 0 N N B W N -

BB IR IS HRMY +s wsonsn sssne susons s 5559 ¢ 6650 5 665503 555553 imob nammas amn 52
AT SRIATHE AT covevererrrr e 53
BRI R vososssnssnsisatonssnnsssvanrssssrsinnssos oonses vunnns sosnns mmonss sos 54
Y i 7 A L - 67
FERPEESEL oo 71
THAEBAI AT ST - -vvevverrrrerrrr i 75
E 0, 0 T LT P 81
BRI cevrreee 82
TR I v vverrrere e 84
D LR TR PP PP PP P PP PP PP PP PP PPPP PP 85
.......................................................................................... 86
BB RRBEIPTE seoovssonsssvoses corunnovasss srnenssssersavsessmsnvasnonessansosns 38
MISEBEEEIES couvvws sunesn suurss vornes swemes ovows vagvwes supsbeusansa sunaps sy ts 89
BFE o5 T GMRIITE ooeerrererermmerreemnenii s 89
(FRGE) THAB AT S APBER +-ovvvemesrnssrosassessnnnessnnsonssssssssnsssonnanses 91
T HE --eccceemeeeermmnrimnniiiuiiiiiin e 98
TR BT FIB Bl oo ceeveereemresserrusertimiiiiiiini i s eeees 102
TR T TR GHEI AR oo 103
AU BT GG Y ooeeeeeeereersreremmmnnnneitiii et 106
BEHIERE TEM G AR -evvveveereerereeereememmmmmmineeneeiniae 109
JINERE e e 110
....................................................................................... 111
PEARIB AT SR v vrmrmnrrrrrr e 113
PEABETFESR -+ eeeeerermmmmmmmn 113
FEA AT T v ver e 115
R B R SR BHLE G - vor e 117
B T E GBI v vvveeeeeeerrerereraremmm et 119
BEHBAE (SR LG oo ooeeerereersmrisii 120
T RRABL TR v e vmeee e 123
FRGEJETRURIF ] < vvveevmmmrmm e 124
PEHEE FEUT SRR cooveerrerrrerrm e 124
B A A B <o evve e enne s e 128
JIE enenene e 129
....................................................................................... 130



E
6.1
6.2
6.3
6.4
6.5
6.6

¥1E
7.1
7.2
7.3
7.4
7.5
7.6
7.7

E8E

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9

BHIRIE TEMT GIEUE - vovevrrerememrrreneiii e 132
s WL e D LS N 5T SO - T 132
o WL B 2 3| 134
BGEIRIG G IEM TR e vvvverrrrmrrernnneeemneeinie e eerieeennn e eeans 138
R W e 710 2 140
RG0S BB R HIR A v, 142
JINGE ++s60mrtsnniinnnnarnncttnninttitetteieraerrrr et rera e s er s e b san s seaes 146
....................................................................................... 146
F =y R hEitiEs
REREIE T RERA e, 149
PR BT T ZE v e 149
D i R T RRTTTRTTPPTP 151
D 1 e PP PP 154
BT T v e e 159
ST B 7 v om0 s vwssss e arime s 60 s dassme AEwaes # SRS BERSEPS HAEASY UESERS LTSI 164
SRR S AT G TP HE 5+ nsnesusonennsnms savass ywnons sawnoss sonsins asases ssvoss 166
IV e 173
....................................................................................... 174
R TR AR e ene 179
I BE R BN omess comsn wngnss svamss vaomos s40ias axban sousnte Hvasa biksan Ko 179
7 [ PP 184
BT B A e veree e 187
LB I BRI e owewes owaws somwrs mmmws sovaas xovesvrsensmarseranasssressvmsmmares 193
LEHETUTRA v+ o oversnavese swones sovms savenmansvons sevuensusannsonenervaersnnsss 195
s AT v RO 197
BT EBGLRTF P +eeevvoreeenseseranssreuninssrminesrmnssestsnssrosussnennssne 199
BT R BB T A IRM - vvvvereererrmmessermmmmnsriiiin 204
/J\% ................................................................................. 205
....................................................................................... 206



F9E

11.
11.
11.
11.
11.
11.
11.

~N O B W -

FR2E

12.1
12.2

T SRR oo 210
E 2 g N 211
T TR BTl v veveer e 216
E I 2 1 T S 235
BEUENU AL v evereeree e 239
BB SR PR ] csvsenn nsonnnussasasssssonsiomvssnissoansonsasmmtsusmsnss 241
IV e 248
....................................................................................... 249
HEBLIDTE RSP ITIE +voossoosnsnsnvonsovanssnmusssvmsssamonssnssommnsonsos 254
HEBAZRGE cvvvvrrvrermreneni e 254
BABNBIGEAEAR BB AT v vvererrm e 257
BURECHRER] oo smunersssnrmsemsasssmrsensnsymuysess syawansaasse yrasuns 260
LIRS GHEBARBII cevenee e 268
FEFEEUAR B HEBA RGE - vovvverrerrrrnnre e 269
T BEIBEHERAIBETRY = ¢ scomms sora snmmss ssamas snuins swaimes camass soinis domiss snles 272
JINGE ceeee i 279
....................................................................................... 280
SEBIHE SIS T TE oosvomeonsaness vuncsn snnuas sowsns susves sssnes sasans sossns savnns 282
SR AGBEACHE A, <oooooseersnnctanmnnnssunssosoosessmnns sonses snnanssssnsssnanns 282
B ST FREBE] <owoon srveonssonosnnnonassassssssones saons snamepanssosssssasrsssns 285
BEF PSR -ooooeerrnnmnoorsrormnnsssesmnsosasssnsssoorsrsssrsnssarnssssrnane 287
B BEME I oovooeresonesmsencnnanmmnmmnensssssssnssstsnensesnsentsnssasasses 206
BT CPM 1 PERT (YT B --cvoeevrerrmmermmsemmmiiiiininiiin. 299
ATEREISE ---oooorreerererrrrrmmmmmsiiisin s 309
I e 313
....................................................................................... 314

BTGRP c-ovvvrerer e 320
TTEEMEGE LFIMPITR vvvvmemrrnmre et 320
AJEEPESRL -oovevrrrrrre e 321



12.3
12.4
12.5
12.6

F13E

—_
W
N O BN =

—
(9]
0 N N L B W N =

BB I A ATRIRE oo cosers snners smesns sovves ssswss ssuoss savaes ssvns 330
AL EE PRI I IE covverrerer et 339
TIERPEIRIE S soosre somnse svsans savess svnnss vosions s6eeus 2bbaics savins samnn 349
TIVBE' vensen saunes snucsn sommss sonnss sewaes 5ewan SHRESS AARS RIS SEERS SANHRE Sikois 354
....................................................................................... 355
BERREE sov vonvon summen conurn vusmen susmes ssmess SEEAR SRR HRITY SNEES SR SETH 360
HEABMERE LHIPTR cvvvrerrrrrrrerre ettt 361
HEABEPESRL oo 361
Al FPEFIRLRE S L - vovvevrer e 374
b g 1 Lo L 376
MBI T ITEE oo ceverrrmmrremnmeennmenn et 382
1 o o] N 401
SN e 407
....................................................................................... 408
SHAM(ABBETE) oo 412
FOREBE YRR e ooee wsawosmoasen comoan romsus snsas sessns sovons swomos 413
ARHHEBESEL - 424
ARG FAERF A RBEZE o 425
FOHBEEARTIIE crorsrrorssoennoasarsonsssasnss suonssnvess soonsssasnessasas 428
ABBEYIEESR ooerevaronsesnsnsronnsesnmassoncorssnsnesinsossnasnsssnsnsssnsns 433
AFIMEE G TEHT oo 434
/J\é% .............................................................................. 435
....................................................................................... 436
EERIFRRERE --ovcevovevmsemmmeronssmasisiusisesssonsssnossecnnsesassssnssase 438
S BN RE T SUFIPRIR <oooeeerrerrmemmmmmmmnnmeeseeneeseeeneninniaaaas 439
,%ﬁ,%(SOS)%t%,—FB@}Sﬁ ................................................ 443
ISR B GEARIEEITR ---vevveerremrrresestosennussiesssssistssneetennenaneses 444
JEBNFURBEPEBEL -ocvvvvevererrmmmrsrerrii 446
RGBT DB S BRI RE oo oooeerrrrenee e, 461
AR FEEHE AP AT (SA) ovveerrrmmmmmnnn i 468
(RBEPEIR TG FITTAL - oooeeeerereremmmmmmmm e 469
/]\% .............................................................................. 471
....................................................................................... 472



