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SUMMARY

The subject of the thesis is modeling and simulation of electrical equipment during
the planned exploitation period aimed to develop dynamic modetliability analysis and
technical and economic assessment of preventive maintenance effects.

Very low frequency of failures for most of electrical equipment was established in the
first 10/ 20 years of exploitation as well as an increase in failure ocagrever the later
period. Therefore, prevention activities are planned annually.

The starting point of this thesis is the representative international statistics of
electrical equipment failures. All analyses were done for the power transformer at the
bourdary of the distribution network, whose reliability is very important for continuous
electricity supply. Transformer is 6éddecompos
unit was modelled with mixture of exponential awibuldb s d i s tAlsa, depenhding n .
on the damage degree, three categories of failures were established, based on time required
for their removal.

Time of performancand scope of activities as well as measueasonablapply to
each component of the power transformer wspecified in terms of actual cost of the
equipment, the implementation of activities and electricity supply using the developed model.
It has been confirmed that seemingly contradictory effects can be produced, i.e. costs of
preventive maintenance will beeduced and availability increased. In addition to
conventional measures of preventive maintenance, the influence of installing continuous
monitoring system, spare parts supply and revitalisation of the power transformer were
analysed. The analysis of thembined application of measures and activities shows that the
supply of the most expensive elements can be avoided, while some can be used in the later
period of exploitation, which enables maximum reduction innteaiance costs arifletime
extensiorof the existing equipment.

The importance of different types of simulations in the system reliability analysis has
been shown here. Most commonly employed Sequential Monte Carlo simulation, used to
simulate the occurrence of electrical equipment faillaswell as the model of the impact of
extreme weather on maintenance of the equipment installed outside are showed in the thesis.

The dynamic system model for preventive maintenance activities was developed by
usingVensim PLEsoftware toolsSytem Dynamic Biulation DS method was applied to
model general system maintenance using causal loop diagrams and flow charts. Modeling
and simulation of minimum and maximum maintenance costs of the power transformer was
performed.

The software for the proposed dynammodel analysis of activities relative to
preventive maintenance of the power transformer was developed usinglattze
programming language.



 sCIstemMC O HJdMJ tols(

gorfrom
L= O O [ ) 4 PP PP PPPPPPPPPPPPPP 1
1. U JITOHA O U1 Qi 3
1.1 1dOyo® kL HOdshisd.. j.dzi.Slstesj.dzjcec3 Isme i
1.2 uvisdyuoO st @dtsdd A disj mndzesdzsed ™ O dzO szl HC
ddzj Clstetsj dzj 6 E. ..o MG doe. B IS L. BB 4

1.3 JtteOdzdL Oyd O H.&L.Is.eml. ... Hd.Mi.cls.Qus * j

2. 11t RSO)T RUBUVO MR ILQMD. . 7
2.1 [tSH]j At O ] f.lty)no. . sH.Yy.00.05.0........ 7

2.2 lojedzjH ©OLoas O fsWike |ttt dr. . OkZAkO L O

3. Jrulrrer 10/ Ry LY DY L HBUR e 15
Kt R K TR0 2 - U PRPPPPPTR 15
3.2 sO0Ot0OCIsjtedmisd y@egzO W tz tzk nj.q.Q.gzts. g ls. .dzO dA] L
3.3 [Ht]' ' do0O' ] fsCOLOL]?0O0 kL HOdsM&E] dL
3.4 (1 OMYHJ dzf o JjdsG o tOsasHk @dztzm.fiz0.dzd.L..Q0
3411 S MY sdzj dzyd * O dzdzQ....t6.OM.M. BH.4.ZQA.....oocccee. 20
34.2Weibull-ts 9t©O M tf BH.J..0ZQ. . .eiiiiiiiiceeeeeeee e 21
34. 3 [ jh OoddO.OMf.BH.LEZA. ... 22
3.5 [BHjd& d&¢te] y.dd.a. . szl lztcO. .. ..o 22
3. 5. 1 { 4RAd20...0.J. L. 23
3.5.2 10t0dz).dzdzO...0.4.L.O .o, 23
3.6 ¢d&OdzdIsdysSd d&dIsSBH...L.Q...0.dO0dd.L.2...0.84% L H Odzts f
3.7 ulstcOls J&JO jin dErHIStgIAID.....ccooceeeeeeeeeee e 27
4. rRrR1UOfRrRYSS [lnntbhedr Pt rgsrRURM 48R
1 = T 1 31
4.2 riwdddyd® O..d...0GsHJ.Z. . RSOL.O . 31
4. 2.1 [tH]d MsQl.0O. . 4.dj.dg). zO0o............. 32

43 1 0° L &OYO ded ‘ d S g @agtead sME a5 RRQEABY s tcd® s t
431 SHjd&z CoOEBOO LO Colfl. lsBsodhtsiedolssisC
441 OL o5’ BsHj dZO ftojoj deledg S &S Isd o dzsfisd dzO

Stc OdzMW B E.ABOISASICZ v 35

5. Jrtrtrlone JlurfOfr0r sd{fIRVOARME 1 I mMrrRrRLUR
R l{rlr1ruovRrRITRM ¢ 3.15..R.J..1...1..H..U.R ....................................... 42
5 Tt R K T 7 - PP 42

5.2 18HOYd 5 bttsh CsoadkO d S o Okikea.ddk@ jdjcd,
1



 sCIstemMC O HJdMJ tols(

5.3 (jLEzdkzkOd OdOddLO IteshCseO df hlsjlkO ftoc
@O j dzj &3 dzlsd KO j dzj to € j.lsBpC.d. 5. k5. 15.0.dzf) 0. BB BOIs 15 t6 C

5.3.1 wdzky®O' t©OHJ Odzdets@.....dzO.4.0...05.Q46 sBlstesh
G - B S I TS = o 1 P 50
G R 0 o T 70 PR TEPPPRTRTRRPPRPIN a0

6.2 ¢dOirdtBfzOPd " © L O .Isgj.m.ded.uS..j....Md.Mis. Stz j
6.21) tcd € OL drjOHMflstl sztcj .k..tsB.dzd.S.k...MB2DB dzO
.3 d4dBzEZOYd O dzj f.te4.H.a.d... J.dd.a....H.56.0..65 O
631t d BzdzOyd 0 L OhIsdePMBddgl fzdz 0.4 .15.d5&K< Iz
6.32¢ d Bz zOyd * @O C v Oclsd ®dzd &3....J..dzJ.&Kj..dzls.dFBO
6.4 Monte Car.l.o.hddizdzOoyd. ..Q. . K7
6. 4.1 | jdgjtedmO® j...MdzlzyO....dad.5.....B.ta 15.....5..600
6. 4.2 uj ¢ MQntezOaron@ dBz@ O .. .0 e 61
6.4.3Monte Carlof qzigizO yrfdzlz0y © ° dzd.=....M.s.0.5.0................ 63
.5 uvlsdyo® OMBBd  J dzsOdzdzd » EMdzts9.0...dzO.64 tslzL H O«
6.5.1 s#ddBzdzOyd" OH @.tc..d&j.dzMC.d.q... . dz2j. 0. 564t
6. 5 1M’ j<j d&jbtsHj 1JO i dziz@Bd)| <. &....d509 ) Js gztezd O
6.51f SH | dztsiglOE G € Is Iz te §f tofd disfi) dals dgBDK.. Is. S H. j.....71
6.5.2 utsWisajtc LO HJdOBI.US.S...BSH.J.dZF89 OF | M

(o2}

(o2}

6531 @z0d3d u ¢ dmdiFisls jj O GH.I6Y.Q.8.0.5.0...............16
654r d OctcOd3 kL tesydsy 4 2. MdMs).BO6SHGY O

6551 d OctcOdBR IstsC O MMk j.dgP....Is.H.16.).00.05.78

6.6 [BSHjEtoO' ] d MdBzdzOyd O Istctsh Cts9 O tSHIG)Y (
Stc OdzMW B . BBOISISIE. Q. e 80

6.6.1 d ° OdLOEss Y dzjd sl is OC 50 O tSHiGY O OF O
j dzj to & Asldfldzin W 15 te.BAUS. 15160 e 80
6.62u d Bz &GOz n thliESH §@dfrzsOls Oyd * j§
jdzjtee jIsMS 56 Ists O dan WensnifOesd st .. ifCe. o83 j dzts d3
6.7 (OLoats' MmMWise j GO0 OO mEHRREZOY.Q.. k. . . 18G6h
6. 7.1 VmepGhamz®Ps dzd slsj € j L0 WCokes, =fda@ S..§7
.8 [MlsOdzj BjbsH] LO Migkdgoyd. . z..z..0eOoddL d
68. 1 ¢ dzOdzdL O HFEAB.AZO...5IS.C.OL.Qurrvveeviieiiiee, 90
68. 2 ¢ dzOdzdL O o tefyls O- FYIEAL.1s.ly.0z.H.f.4.0.. .55 OL O

(o]

S T = 0 O TN 20 - TP PP PP PPPUPPPPPPPR 92
S R O 10 - T 70 PP 92

7.2 1EHE<O .00St803 0005 0neeeeeeeeesreeeeereseesren 93

B L R YU [ 1 B U e e 95



 sCIstemMC O HJdMJ tols(

1. UVHATLréY f ¢t dnd
1.1 1dz0y0° kL HOdshsd jdjChttjdjtecjlsmCj ©ft

1 sELHOdtsIs i HMIsOo? O M smise detsMmils MdMmilsj BBO
EsHtcj' jdtsdB otej Bf dzMC sd3 fhtzgsd BOY SH sk Om Odzg Mmls
fsCOLOI]? O fskzL HOdztsls d COts h s ts
J 16 E@ B j dgls i) J MdzOIstc® kL HOdd O¢:
f sCOL OIs]” £ tsBO9? OF Iz SHtej ' J da] W wdstteyd C BH dd
LORIsj 9 0dzd .

fskzLHOdsMhisd M yj k"] dO0 shdsslkz

BOo? O, Nkt LdOyd HO MO cdjHdhlsO dzj § ¢
Cs°'d qO° & 9j<j LOSkjoj, dajftskLHoOd
B Bsyj BSOSk HiOda T, @ Odpj f SkL HC
“ydgO@esils MdMmlsj B8O Mj Bsyj o <Ok
, Misj B8O L O Ctsdzlsd dzzOdzdzad dzOHL tst6, i to
dsflsd bcd&Oodisds L ORIsj o O HisH Gds dEOH takHisdjldald
COYdsdzOdzdzO tojh j°-Q ChtebgnSY T S jOz0 tizg L
Ok b tBLdt fjH] dOo jHjdzj WOSkE

O O skl HOdGEMIsd M) fed®ki k& SsH o) ddStd
sodd OdzOdkzdL ORO fj dBscl ¢ todatsddeddsid d§jolatrdils Ols d o d

s90dzdlsOlIsdodzgy ®BjlssH] L O yjdz §skzL HOdSMIsC
ftosyjdej qdzyj® j©wO St5°d ©OH] &0 BHEY 000k i 6]

soOdelsdlsOlsdodsy BjltsHj Cstedmlsj MsOkdmlsdys.
fcsHOKOCO & MOSE ©fitej dkj,j OB it jdsislsds A jC &Hil5O
EfdzjH ©OHO  O®BG  jdzsOdzdedn Efdzse © §sH Cts5° 3

[dzj Sstesjdzj ea(ismBY dENISSI BOL dzsydisd dzO yj Isd

Yd dzdddzjls s f sH[BfMisj &3 L O
TftesdLotsH® &2 jezg §lsfed ydzj J dz
Tftej dtsin jdzj Clsfedudzj Jdaj eed  j
THdiblegd & J dzpfdsdedjudzi § dz
T fslstesh Sk jdzj Cltedydsj Jdajtecd " j

16 30 MsOlsdfmisdyusSdd fsHOYdHO ojddsds Csd
ZOf O O 0 fltesh OYyo Mk ffsmdjHdyd ColOtttss O® Ct5° C
Md misPIBO [ Mdetse dzd yd? OdzOded@ jMjf sizls o @ezb Miseg d d34 d
OCkdo dzslsd Ct°j kttjs0O Mitsejmisd HO BJd fMj HE
Bsck<k Bjtekz, hbts ‘j b ddsjtjmzddf $HESLRY®dzOr
OClsdodesisd S j Mj MitsotHj ki yr? &deefjshlyE@d o
EdzOc O 0 ©H mMbstOd JnNfstkMddsy® td disSEod yddj ds
drothdisd sfilsddidL Oydsezizd HQ kg dzdm s tedsd dedsazdfL d " Is.
OMf jCls OdOddL ] §skLHOdsMmsd ftjHMsO0s? O GHi] '
dg d M stekz yj dzj j dzj S Isted ydzj ddzj eed” § d bttsh e
ddzj Clstedydsj 4 dzj ecd” § .

vV fijtedHE jSMfdsOkOoyd j dzj Stse¢ B JF O, ESE

1 dize j psdyddds leshCso0 (ltshSsod dLECEOHS

j dzj 5] dADdsPnMdesfylsd ©SH Ssd¥ dekoyd: j) ;

3

o=
o
=
N Qg o
%sx &
523

o TS+ N+—Oo
Q% 11

No=@ T
e g g
QNN N
GEOTAT ST

<

L)

O,



 sCIstemMC O HJdMJ tols(

‘HJer]ljdzlSOlsOucf dZdr btesh (s O (lstesh Ctsod ftoj o dz
1 toj 3O sfOH OhM ey ‘o | tfizs @O fgth '[SHtG)iOE)G)CJ md gL
atGstszfrJQdds ddzLSJtsaOdzordso d dO " uih<ji "4 ¢
j dzj d3j dzOIlsl®d SSteF ey O OF | § ) dafiyldc@daCisth d Szt O tc O
k@ OF j wls

o dp
$ zO® O fiphis wf fmllaodzlm EZO@o Mg ) ¢ © d ot
1 e sMisOdzj otejHdzsMIsd dzO CtcO &2 jtedsHO J ¢
Emdzse O, Misjfjd0 ftojtsflsjti<dsd@sc Misy tfj @OO°J
1d°d dsedyds tyjSdeOlsd HO <j My HOO jdzj
" JdHOZOC s OitstelsdL so Olsd 0¢ s tcOH | z tcOL dzd y
tOL dzdydlsdds Misjfjdsd sflsjtej<j 0 d MO tOL dz
&ZzOf ©0° 0° & ( toabH jf tofipj3d diaf ifdzdsMis Hd OctcOBO s Isjt
1T hsglsy St btefd dMfstezyddzOy LBE dzj I MY sl
femMsts" d tjLjtoded dLoBte dzZOf O OO0 BdzHO Mk t
T hsglsy St j btfd dmftsttzyddzOy LBt dL dzj dzOH o
T hsjbsy ¢tk MYy LBl @dHO Lk dOf O Ok J
(LOadMmjy BH MtekzClkztc] §lstesh OyStse FoHtelzYy"
ftiosdLotsHdte ftesyjmMO d HtSBO HOAO) ;

T dizo jMlsdydsdzdf lsteshCso0O bk ksCk §jedsHO j§
%ZOB O Sk (o)L j co@ Osyfpdfghy) BOcL O § tsdals d dzlz O dzdz
fNdMmisj BO L O HO? dizMSt EftOs? OF j) .

1.2 uvkdyO® ©OLeaBs O dqdWtsted3OyYydtsdedr Isj - detsdzse d * ¢
St &3

1 Of t6j HOS dmizWidsOa dygOsy dizs dzd TR Yz jsdfyddtise d jO k( o j dzd € s
f skl HOdzetsiflg eftistctezjidy © Mdzj BBl <J &3
1 fizsy j ded § (Ssec Oy kg ©OH) b ] Oddsds o toj d3j dalz
©COUk OO d s Yaddedjs Qs Grojd * j dzdn L O bk dzOdsj da

T Hilsd SIsB90O° ] dsckz<dtsils d B dzB iy ls E3dizs @ <€ dyd)tciSt=ip) dzd
mMdMmilsj 3O OEzdA 5 dEAO dzbis tc
T dWisddO d difstslrfbiztiatyle@zd ¢ Oyd O fmj dsyJ kY slsteis
d de¥ ste BOYH[c JtehtsO® £ MisOT 0 sfBPBH. d dzd dzOMmils ©dzS
ltcod MWilse jtemMCd OdzOIsd tOLod  jJded L GnkOdzOdzd L
d d3j ¢ d o Ddaffls fiafeigiBij@E Jstets | dzj 66 J BINGE | s dgj &) o SH
Mk Bddzd Htso5? dzgs tcOL 9@ ‘ dg@EE] 1 Botists ‘tc OfiFRE t5/tc d3Q ls
sBdzj 3d 3O gz @OWgEMmisg “~J ttOL o s to Sy idHRlz tc@aiAOds
d - § dzistténOaie{@iism ¢ d Byrtranj € diswd &30
1j <990-Isdr chHisqgt@ddzyg j dgisc ling desmisd L O fip@®L o 5°
OW dsq Ssde d M dgdf{ dAlsg tsWigpUI fGraphical User Interface)7]. 1 © tOL o t5°
Wise jteO Mk ¢ ttedsted] dpdflzist] Bn'OpAIs ditiogve COagfiCed = j L d
d Bite kRO O J @ls 0 yd " £ MO Cstedmdzd S sd3 O
s jdBB ftesh dzse 9 C0O " jJ tOLeod jJdz ojdzdSd B
HORZOBIUS S oHj dse OF j d Md Bk doedudz" < fhdtdsdhdsd,
ftetsc tc OdshfCos " O Chijls @ =@ 3t Y ¢ st JRdzezB@MafLab
Modelica, Simulink, Arena, VenSitIs[8].



 sCIstemMC O HJdMJ tols(

v HdMJj tlsOyd " d < Bdlsd fttdsOLOdz tstedcddzO
Mftcse j H LRED ds@Is d z tsQ oduBHicY B O @zlsd p defsEG
sStcOdzmMiW StedZBOIsstcO®  tHitc] ' | dz tdfjtajdzfshLjQidy ~tc jOCHshyfdadats fif
Mftesets’ j° j& EHmi ﬂsqﬂzlﬂdédL stesh Csod d Nlsjlbj &
JSMfzsOloyd . 10 HJdOd3d yk tists dditsHjjdegts oIPB ) d3ifIs trHd
MW ls e j tofiy€nGinRREABES]

1.3 [tecOddLOYyqd O HEtsCIteMS ] HIMJlsOyd " J

{ O] MOMlss'  d SH MjHOK §fBEEOs? O, EC?Eyk' k<
VU Hiokdsd WusjicaBior d flstc Oy § O'BF ©] dzdzjite jds@ L dzO Yy«

zdlsj tOlkztcy dL tB&ZOMISd O0dOddL | (sBdmOoddmisd di3P.
¢ zested s Odg OL b doflzd i) 2 O ] Q @kadfa, DiHOgIEKi[27], ¢ StdMmisd
LO BdddkddL Oyd & ESEfddr bttshCseo0O0 dd &OCMddkd
Odze stedlsOdz3 ftoj HMIsO? O  cdzOL dzz tshdetso 2 @ dESH
HJWddzed mMOdzd o3 Odelstedlsd31sd3 qLatGh d<dsij e J f tsBits?d OO T
ftoeddzdj desds L OHOIdr WEdiyd O d ftstetOykzd Wkdtyd
ydwsosse Odketstedls 30 ‘J HO fMJ HBBd J f§ dzOdz sHte)y
JTdMOodzG " j dBJlssHO HJZOBdUStse HscOBJeO® O
ftclojdebdOFfzlsdo dztsmisd tSHY O OF O Mdzsy j dese fd Misj ¢
(B sdgj dzlsz) MdMmMlsj BO. vOC' j, HOI “j ftoj ¢dzjt
d fMsW¥kejttd St°d Mj CttedMmisj LO BsHjdss O j d f

L bBj<jd 5CEOs° E Ml die dfsoQ il Tig dslisch usdisE o

ZO Isjrddutdd MdMmisj d BO  &BOIs BBOISdYEd BHJ dzd
1 sC0OL Odzj Mk d&O° ydh <y Ctstedh < j dzj tcOMmY sH j dzj )
Cotedh < j@gL oSO Hd 2O yS s dBsHj dzO E yYjlsatclstsds
Btejydedr MstczC szt MO ToMmMjBddd tsMmMotclssdy dzO ¢ ¢
s dmOdzj otemls j SHte Qo OO0 d ‘dratsoaO® Htoddj dzO d
dzO d3j dzd .

V f 56 dg@odzdalzd YyS 5 dBSHj s O ] JWJjCOO jftej o
deEOLOdz dBsHj &z Chstef s d € == @ sfiffi My sBJjLBJHC(JCUW
C yd ts dzO dzdzts dmf tOo dzesMmisd s tcj d3Jj . JTIdmOdzed M
d3d dzd MisO® PH S B &J dzjz Mz ¥ d BBO] tPH PIsts 1 Bd SIS
sid3d E fsedzjHkz tIs¢ d&zO® OF O di ssBtelsw @ datsc &z [ = dfl
ftoj zOLd dqL " JHdtse E Httkets MO ] L O tsB dzs:
dzf W s 1 dsQ Is1sasO) Bods i 2O C Isyd dasdglsiff tetssB' 4 B j Bz
c[d30dz®dz dzZdots Itesh Ctsoa O d hilsjlsO Isusek @fgPtefOdzO dzfm S
Clsdodesmls 6° jHJdZOydzes Mk &EsHj dztceo Odzd MO |
sots' O d EZdYyO 0 dzO f OtOdjlstej §tskzL HOdzsT
Mststclz MO © Zlso to' j dzO o ftocsyj HEztcO L O
f dzsOlsOyd " J

1 jsts dfsfez®@j ' do O j] BflsdddOdzdzd s d3j O Y q’tgcjag
“d fsmMej<jdet JtoOCIsdydetsds tsHtcj ' doa Ok tflsdBZzOd
OC Isd 9 dats'jlsHsiznO@zM W tstc BBO Is s @ H A1O/Xx kYD tpdPip O dZJtGG'J lsfns
StcOdzW ste B3O Is 5 MAA. sazO dgdBIzE 1 @S Isd o dzsmisd € s

MdzO" j ¢ J stcsh Ctso® d hlsjlkO E fjtedsHlz jJ S dazsOlk
fslstcsh OYyo d L O MdzzyO® ¢ 0Wwaistf tslda@sMffOcizfosrdazo * &z d

= S0 g F I =
N F = OF NSNS

dz
s
s
0]
dz
t;;
s
f



 sCIstemMC O HJdMJ tols(

L § 56 EQPdBHAzORdHOd Mk Odeddledd&Pvyd J d
Cdrsoa 0 ftodd3j dzO E OdOdzdL d §tskzL HOdasMIsd j dzj € Isted
mMd BGHt]' "] dedL OF€ Isdtotsihmthfids OU4E O ¢€fgiO el ted®o HHHO:
SOHO | z QAff d ©afgiteOCarjon d dzz zOyd * J LO Ht]' deo OF
{ SEUshddd, L ZOyo ds EPL ¢y dh Y clgdg O ¢ dzj
fdzz YO ded » Hntgids' Bido' @, dzdS e s BddzIsfOEsi@ HBO dde d d3j ts, 1 tec
Mk Odestedlsdsd L O MdBzdZzOYyd " 2 d@OMISOdE O d tls¢ dzC
Monte Carlofnd d3lg dzO j . td BzdzOyd sz Mdzzyo0 "  dzd ~ MisO° O
dZOMsOdzE © ¢ 9 0OtO LO fd dzlzdzd tc O dzj GtSHddzj . 1 ted ¢
otcj i3 demMC dr dgj fSEBHO CB° § Elsdykz dzO dzOMmlsOdzOC¢
SHic] ' doa OS] dO o jtetsoOlsdzed dr otcj d@3 dzMC dnm dzj f SC &

vsOC ' |, E wOHlkz " j ftod LB HOtda Gt @ Usjdd3jd3ts Hig @z Hiy
Mlsj HJd OCttOBO: H OcteORBd BkLttsyddrs Hjils”d d
stcOykdz S ddr Istotsh ¢ &Wen€m BRUEESIBs B Q o€ cdzj @R
Cte] o Qdp CHO IitgQlalz ftcj o Jdzsdodzdm J S M dzsOsOyYts
Oz BtedizOIststc® toj OdzdL so Oded Mk HJd OOz kL tots:
CstedMmisdlsd L O HO”E OdOdzdL . ltedS OLOdZO  “
Bz dzOyd " & O { tod ddmfm EHStdAadfhdEdtsio Os yjjdgjdi®e j s ¢ ts¢
d Mftesets' J 'k ttOLddydlsdrs OSCIsdo dztsmisd BHtcY O C
v B j G Istietf M Gedetsd3 | tatc ts ¢ tc @)@INt€ @sLdp o ) e € @z P to
stcOykdz stetsh Cts9 O fto] o dzlsd oddas(Hhy GEES Isyfjolsdatddidadds t<0
j ssd3 i e’ 723t i ftedd3zj dzgdilsd dz©O Bddzts Ct5° I
OdzmW stc BOIs SHe OW f dedSigR WAL sOtcO© E O &zd C Oyd ™ d.
10 CtcO" & N jMmMistscehflf s@lsD® ° ©Of i A0l Odzd = d3j s H
CH MdAizdzOyd O ftod OdzZOdzdL d dzOMIsOdZC © C 9 Oteso O.

v ftzj HC jd@oPtke f R Pudddtej L FdlsOlsd His Ct° dn
Mz fOeoydeo@Pd gf@® @Mmis B ZOqQBH @ q@Z20@3J Isik f ded @S d -

FA+-85 088

Tee S PP H— SO

(R 1



 sCIstemMC O HJdMJ tols(

2Vt RsdY] RuBvUtTOrrRIONG v wlpuvu

21] BH | dztso OF j s i Oy BOO

1 OUd bdzd yPBPo AMB &z 5B ZOMs § Misdptslsxgfy Py " B -
MdMmisj] B0 Ekts{§ h IsBarlow FPUstEr@ sz dMjnkz t©OL 8 ddzd &BsH| dz
sflsd B3Odzdztse Istej dzzlsC © L Od3d dzj 4 dzjopzd dastod Isg ts'dd &z d
sflsdidLOoyd § "J Bdt &BOCMHdBzd ftshj ydi omf:
Istra; dzzIs ¢ O L OdzjKamyada §f Bandp itk @ OL G3OIstcOdzd Mk ° j H O
fs° jHddzOydes MO Hoej otefilsj Htojojdzlsdo datlcO tsH o)y |
CoOtt® d Ctstej CIlsdo dzs tSH ENODOO “HiS CCt Qs O jH By ffj to ts o[t
Odz0OdzdIsdysy He@Ozde IstO] dfitdsC O Mftetsots' j* O L Od3j dz
sUYyd $do0O0dz0 tOmMf sdztsy d & sMls. 1 dz0y O d@wertsmiz]l. d Mmilstc O
RMIstcOy do Ofs ‘J dZ3®/eikuliis 58 O LiafQdidis H dz@zd ftod yd Bk
sflsddiddL Oyd Bdts B ded Bz C Q] O OO dASeptafs wBOh €
Hd z2Odisd u¢ d d315H4dz BZO tfdsekz C¢teO ' jJ ®Htj' j dz
tcOL © d sNachlag 2. 1 J slsC OL do sfls 4 dzj d3j dzls O BSHj dzs 9 |
d S MY sdzj dzy dVeibutlasgy tfOMY sH J dzj O &sHjdz °j i tod
SHtc) O O yX dfrkz Is@rdd & dz0O .

RMistcO} doa O 0O ¢ 0 Mj d&OHBe j L Ngugendid@irthigo © Mk
[12). [ ded Mk t©OL 3OIstcOdzd HO O BsHjdZO Htj o j dzlsd o dats G
L O3y dz0 | tmkagyvalzQjls Oz tc @8, HHARE] yOdz BsHj dz, EHJ
ftwjj dzsdodes tsSHEEY OO j k2 WdSMmdedds otej d3j dzm < d o3 cfd
Cstedh < j@ ©66 d o ditsijlod dzls d 9 dzd - LintgfH tejt©.0 OMEAS] £ t©OH L
ZOMsOd e Oy o ©OC O ftojojdadsdodzedms OCIsdodzsMmisd MmC
fsfmdzj Hd yO ¢ o Getdaxfo (dk HAEMAS(d dIBEIG dz MO HNmkpgwadicyils j €
Mizutani[17] nlz H Odzd d3ts Nafadywias © ry i @4] §f dzO dzd tEH AP o O O &
wdS mdzd B3 o tafjded s Crfde3

t OHd ftetsyj dzaj s cOo HOdztsMIs d dzOB 09 ¢ j ud
fsmstes* j€ DOk daBd dgdadlz 30 syj C do Odedr Istetsh Cts9 O
BtsH j18z19. 1 8C0OLE ] Mmj HO fj &OBOsSCtE & j
ZOf O O 0 ftslstetsh OyoO, stcsh Ctsod d hilsjly Cf°
Bsclk L dOyO  dzs[20f3d26) ¢ QdzQd-® dz®@ ° fskzL HOdztsls § d
cOMf sdzsy dotsdz ted L J too 503, ftced yYyjdkBz "~ jJ otcj d3j BIS
iSMmitdy deyd Oczdgs s € OMY sH | detsds. sO hlsts j s
otcj Bj dze4BY swOMIs ddzsj dzt dlsj SO OE Betbds@ | tuig) HsIsek
jdzjtcecjilbmMSdn IteOdMW steBZOIsstc® &BsH j dzso OdzO  dats te BO
s5lsC &ZO® OF O € o Otsts ols@ jizldnje tasds dj cdafsh IsHJ@Y § [25] 1 G Laad ' o jdatD . i
BsHjdz LO dzZOBOoCk tojL jtcodzdr HdMsted BtE@®IOUdE Is
M tcOo degsds MISOS & BsH j dztso Odz Bjh Oo Jdesds ©OMY SH.
B H | dz\eibuss 63 tcOMY sSH | dzis d3.

[ Isd &3 fOayjde’ j dzlsd o dzd = OC Is d 18 @as Bl tc Axadtc 3 Bl © O@ |
ttOH2B], GHJ 'J HOIL &OIsj BOIsiqdzt y jimihie i dsddftesd|d6iOpd "o
ftcjojdasdodedrn OCIkdodesmisd Mj LOMdzde O dz0 f sHJ d
49 0CO Ctdiftsdzj dzlsO MMy Bsyj BGHteY 09 Olsd, L Od3d dzd
ftojojdasdodzgy OCIsdodzsMmisd. { Mdzso dzd yd~ s e o

s O
d
HJd
J l<

C

v



 sCIstemMC O HJdMJ tols(

stcsh CsodddddLBOGM §f skzL H Qdewfiolld ¢ @IS ' FO. di3gd stsH O H
ftesctcOBItcOC O d HOI ftoddite Mdzsy j detse MdMmisj BBO ¢
ftoj Hdzsy jdz Istej dgklsOC dLots' jC O ftojojdesdodedrn OCIs
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otofndseo Ot® i 0 MO Mftesets' jT jd&3 ftojojddsdoadedr O
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h(th.,) O¢t<t -t (2.1)
vdH:
h (tt,,) o¢t<t, -t (2.2)

ANEdzS yd 0 ddzsj ek B FRO f 6 EGBHE® EOosdMmd ©H ot
ftododdelsdo dzjt  OSisodte djsdeds dis§ s P@OIs diq dgd=0zd y© 600"
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oz, LOStS HO ° j:

S(ifh)=c R B R G, - )+ o R - L) (2:3)

k=1...N-1,

S\A (tN‘tN-l) = CltN-%rI\l (t‘tN-l)RI\II (t‘tN-l)dt + CsRII\II (tN - tN-l‘tN-l) + C4(1' RYI\II (tN - tN-l‘tN-l))’ (24)
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ts dzfy Is ONIzI8 dBtS Is sNewtgnts odzj IstsH  dzj dzd dzj Otcded tstflsddizdL Oy
(]
¢

sy dzOd3j dzj , 3ty jH @ jY W tisetzlp jCd®H B diisiifhliotacld t§ O iz
sz tts dBO fzds EdzOL dzdr § OtcOd3j sOtc O.

L ftetsedzj Bz d&3q dzd i3d L Oy dd3jjdz’Coe’ jd Bfiffjls dzgj "LAGD O H
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@i M ¥l ) dw . )HEBd §dgd dL  j K dOUd &O:
Wt fter i 7 )= St ) 7Tt 9aR! -ttt )+ (2.12)
3,0 R - b))
W 3ar)= S ) )5 213
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dLetsHdlsd & WdSMmdzdd3 otej dzj dzmC d d3 d dzls § tc edgfir@d dz30, d
shdeso 2 MISO® O  sMEBPBEOHEHZSEC jndd Mfste BHJ dzls d o dzsc  sSH
ftcjojdyd O CoOtetso® d ftotsHEzY O O ¥y d owsIshd@* jo J €

fsCOLOL]? 0O fskLHOdsMisd tHiY O Odzj s tej d3d .

325 O0OC s j tod gt ydzj j ¥ £ (OsZOd]Q dsHs d

v OdzOdzd L ©OBO ] h)lls 1 wlz@ dztsfipds d 3G Iz fsHjddlsd dz
dzj sBdztse ? do j .

SOHO dONBB®AgzO dzj 5B dzso, M MEBBMMMIs f KOy dL
rdoslsdd 9jC OCoadrn fMdfMlsj kO LO j HE Istj dklsC C

sH wsBdss’doadns MdMisj deGO "<jj offckifs jedg teststpls daf
dzjtLd3 Iste jtdzlz Is € |z

2O BEE OLOj? SCt°d GHEj' ) o jttco Osds<kb
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R(t)=P(T >t),Lat>Q (3.2)
¢ ot

T-otcj P ©° 0 MO dese ©OHO MmdMlsj &0

t-oto] B jEZISC O fYjS O tcOH @ NEPieos®. Hs st

[0 dLtOL ftojHMIsO? O o jtotso Olsdes<lz HO dzj <
©, 1.

ANzdzC yglb ©0OL do sfisd (dej  slzL HOdetsyls d) fztcj H Mis C
bl HS & § Sitd@kHgO SO OO i o] d3j

rd W ddduss @ dotsfylsd - j

Q(t)=P(T ¢t), Lat>Q (32

[sSOoLdoasmls “j bOCK' ] HJAOBIUSH §sCOLOL,:
“jH&OUJAEO (3.1) d (3.2):

R(t)+Q(t) =1. (33)
| EMisd dz0 tOMYy tsH j dzj o ] toctschaQjidas #fy M BRGNS
f(t):dg(tt). (34)

1 shlsts

dQ(t)=Q(t +dt)- Q(t)=Pf{t<T ¢t+dt}, (35)
dL (3.4) dO( Gt fgls@da’ O o jtetso Oldasts<lz HO <
ot j d5j dzM < 5 d3(t,cf+das j oo Odzlz

o) Fdw pamd eO° j o3 " JHdzOyddzj (3.3) 5 otejd dkz d
J:

f(t)=- d:(tt)- (3.6)

16



 sCIstemMC O HJdMJ tols(

ANz dzS )il Bty sSHEIHdIsd dL
Qlt) = tﬁf (x)dx:tﬁf (x)dx:- (3.7)

1 shss MizEyo'® dz0 (i) Ydasd) o toh SIS i 5O dzdia) @
Hiczetse ddzlsj ctcOHP sHzOL gfH BOYGded ( 3.

| O thdse k(3] 8RO O ] :
R{t)=1- ff (X)dx=ff ()dx- 7f (x)dx= ff (x)dx- (38)

Rgls jdzt dlsjls 55COLO bk ORORILd kL nOdshlsd f
/(t) _ gmo P{(t <T¢ t[;t' Dt)(T >t)}. (39)

RLcOLtetsSE desylz E 9 Hd®@®\ydidgds Og B30 o jtctso Olsdes<kz
slsC OL Olsd Ut tdDHO K Qe | SC QL OB HE Istej dzzls¢ O

[N O tjdOYyd O L O 9 jtetso Obdets<bkz ¢ AdfdBydH j dayc

e
p{AcE) = P{ABLP(B} v P{NB}:PE{A‘B?}. (3.10
vidzso dzO o jtetso Olsdes< O L " jHdOyddzsj (3.8),

_Plt<Tet+D)Gr >t} _Plt<T ¢t +Dx}
Pl <T et+x)(T>t)="1 P{ET>t)} th_ Pt R(t)t R

stsdzOydzed B dzd § ) toj dzOy dilzd dztyfif@s. Olo B fHOxcD Galz
HSEGO'AQ " ELBtse YyjcecoO My 9 jtloso Olsdzgs<® CtddzydH j dz
9 jtotso Ols dzgts < AdR LH tfcte)’ ISR jtH @ fsdd®@ © MM J

/) =10, (3.12)

) O3 detsdz dg BH20yg (3.6) HBB O M HIWJted d
ddzsjcteOyd sd3 MRt):HsBd O dLELOL L O

OO

_ (3.13)

R(t)= ek 7 (xox

O

RL ftejlsitsHddn “jHABOUJAEO Mj osyj WRstHdlsd
Qlt), f)d/(t). rset?ds ‘j YL dkOeOkd jHOE tSH §¢OL

10 fOSisdudsj ¢t ddi fifjs kit Odisjnlsajtej &3] lsteO
Cs'j M) BHE ] ' j SO BOSEGOBHAS EMELPS B O° O

mt E{T} T Af ()t =- AR (t)dt- (314

R E  jHEZOwWEEP (C30ldzdyd fsdzOLd tH 0 fhist
otejd3j dzj BO dzj cOlsdodsjy otjHdshisd. 1 Oyd  Odzdzts¢
“jJHAdOyddzj (3.14) HBsBd O fj:
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m=-tR({t) ]+ :ﬁR(t)dt = nﬁR(t)dt : (3.15)

UV “JHdZOyddzd (3.15) fteoad ydzRua Byj ' I§H6aP < dzirak
O¢Cts '] twogjdadgBIB BN PtemMlsOIsdysd, " Jjto dzagi L Oeadfmd
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fBLHOdsM MdMmisj BO tH It dkzIsC O fEhMIsOT O MmdMmisj d
5 Mo QeBBO' & st diddi fizdtc BB Z2OB P @i Ods® O MmJ
ffd BBd&ZO? OF jd3 MdMIEJOds e SHid dits ey I 5je3d fy iz © dzO
BsCOBs d <j iy dBed s afddnls f 3@ OH , ( fzg o tfcls fndzj
sBdzO9? O° O) . mihPte Q@b @M iztc Pukclts dzd Is j t OMTEREd tsL dz
(Mean Time To Failure)f © Bd=Bfjfzd Hf sHOYd t § Sd&JO)ISSE Mg M
ftojlsntsHdes dzOo jHidzed § OOy Isted .

] jese Olsdets<O® HO <j MmdMmbjdz sb¢Q) Bsdj ZMp ]
dLteOykdzOlsd &0 MmMdzj Hj <d dzOyd dz:

Plt,<T ¢t} = tﬁf (x)dx=Q(t,)- Qt)=R(t,)- R(t) (3.16)

10 wsfidtseslkz * jH@ZOWsdgs<®3 .HIO6) s | ofjdefiplea j a3 B d Is
o tej d3j dzMm ¢ tsd3(t,f,delsdi teo O dzlz

1- Pt <T ¢t} =1- R(t)+R(t,)=Qft)+R(,)- (3.17)

1 6] BO  jHdOUdd&OBO (3.10) d (3.16), o]tk
o toj d3j dzhC ts d3(t,cf,dpls JOLoRO ddirf * | | REE OP OB HE ki

p{(T ot)(r >t ) = PlL<Tetl Rb)- RE) (3.18)

P{T >t} R(t,)

Vidzso dzO 9 j eSS Olsdzs< O dzZOMIsOdzgy O SEOOBW® o j tctSg
slsCOLO o] B> 3. I 6e)R(L,PLLEs OH O

RL " JH&Ouydpdl M. 1q8)cOykzdzOIlsd o jtcso Olsdes< O (
kS ots] d3j dafn @, i5)c0 Sodzls jjtcofi@fdiils j ds Bt MY cOo Odz H S

(> >u)=ae el en)r>u)= e (319

t OL BOtcOdZO® o jtotso Olsdets< O fj ity d Is jda Qe Oty lz ¢z0 1
LOR) dzsdzoud . §3) k& (3.19):

o tZ

PT>t)(T >t )= expzag iy (x)dx2. (320

3.3 [JHE]' o] C0O0L0OI]? Az (sl Qirisd iy ¢ tsH

1 8C0L0OLJ?°d kL HOdshisd MdMmlsj BO SHEy ' &' & f
Btots' O MdMmisj B3O adinlj B3¢ teddeij U tc Jip]O OAAD ftddhejdzd ¥ dats
CdHEERCE MMt d BO. wdMmisj B3 My fsMdzOlstcOClh O f &N
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 sCIstemMC O HJdMJ tols(

viconf)eits. Mmdhmlsjdo ¢t d MmNz nbe B OdHdhis] d
Cs' ' d Mk ©OHddd dinY tc@REgsL O UPBPRm§iS @ tes  Md M
55COL Odzd bk ote] dpelStisds d dzls j oo Odzkz

1 isC 0L dosfils Mdisj Ot &HteE'SHsdy  Ishiij & @B o j ot

fd i) lsdgidstyils ¢ OL Olsd  H s Wfjsdgafo@OesEdz0® © fmj dL ¢t
f sHOOCO ¢ Ofs:

_N(tl)_ 3'21
R(tl)_N(O) ( )
10 smdseslkz JLttOLO (3. 4), sHtcj ' 2°]J MmMj 6k
dMmf tcOo dztsc @A G di3kz d dalg,j B Odzlz

_ Dn(t,) | (322
( 12) N(O)GDtlZ
Rdzlsjdel dIsjils BISCOLO E e dspQzh & gdsts aflxizls g tc & O dz
dLtcOykdzOo © My ¢COts:

_ Dnt,) 323
/B = g, 429

0¢ts M YoMdOto Hp)sd <g PGB yzdgd § 5C 0L O
fskLHOdsMIsd ftoj Ot dOo jHjdedr dL PO GIOL LY ,
otej d3j deMSC dr Dz B OdzASISC OL Odzd 7 MdMmisj BO  daj B Iz
dgdzls j tco Odzd 5 dBBOIsHtg @ jOK dbfdels jHsodOuEO C | DH Iz Yedsdzj
ddzls j ok BB O L OBteOIsd IOSBS HO Mji MOYykze O ot &
MOHEY OdZO E fSHOYdBO fsMdi3OIstcO® O S d.L BJj tFlslak 30 qzC
Bt HtsBd @ fgfiry Jjtafdd@eyd " j :

K =1+330bgn, (3.29)

GHJNn-EZSEfOdz Btes® LOBjdzjyjdedrn ®IsCOL O.
b dzls j tedzOIsd o dzO J B dus’'dy MEC O WstedZszdzO L O

K=+n. (3.25)

¢ dzOdzd L s dijlaifWENSO M) ©GHEjHdlsd d MejH® § ot
HiWwWdddmOdzes dqLtOLtsdE (3. 15) :

1 N
m N(o)ia:‘l !

Hj T-ptojBj bLd OO dMmftOodtse ©OHO j dzj Bj dzls O

ro sdq MmyddstO) Olsj > d (okzL sBdsning ffEiplydndsdls
0o jHjdd dLtOLd dz20 thdselkz (SO EBEO<QY BHAWRE
sSlsCOL Psg s zdaxy B z&F dEMCadap C s M B dZ2O00? OF jd3 MdMmls
MOy COt HO "] dtsb] Qo]  gsedBH HBZOBOBOIsHd rj L
tcOHO MmdMmisi BO. vd f sSHOWIISTH] daBisiedz € ©OisO 'h dsasO Ishfiz
tcOL BOSIEH dPsBEEPY do Odadd B BBwm B Y OL dzd.ydisty v O Uy Mus @
f° jHddz fjtedtsHJ ttcOHO dzj Bd d3B qfdp ts dzjslO0® ataff fryd
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 sCIstemMC O HJdMJ tols(

COteOSIsjtedMmisdey E LOoadMmdesMisd BGH bktseO® Ctdzdit
sBdzO9? Odz His fsMBOSLOdetse f jtcdSHO t©OHO.

34t OMY sH J dzj o | tos o d3HESEKLON ArdztOmisofizd L

lted OdzOdzdL d 5@ OdzPlEg B dPr § kL wWaDdztf fisls g ) dgdf Mis J
ftcj HMisOadlsd dr dzd Cdd3 BOIL] BOIsdySddz WkdeS yd Od
ZzO' L dzOyoO " dzd * d - Hgjd8Esd dBOd nfnj cOdpgfasz Of tets€ id d3d t
9 J oo Olsdzs< O BBWKOCO ttOLEZJydlsdr Etej' 0" 0 k f§°

Il sMiss’ § Ho O Gsffjfdzsts jdal0O :Is §f¢ff tOezidctf)fizle O tzda

stz dzz Odzdzy tOMIBsHjdz HiHMsSO? O° & Mdzlz yC
Bles® O, HSC HdMCtjlbdzy twOMftsHjdzy Gtoj HMMIsSOO? O L
otej Hdesisd Ct° d Mz YL dlsdedz d yJjadsgpsis] dzj . M
Bddzsd3dzO d 1 sdmtsdse © tOMf sHJ d&zO. 10°yjh<j ¢t
dzts tc 3OAAADY s dzd d2Webull»d2dzO ,¢ OO d t J§ di38, Fp[Oo HIGO MY Js H §
BdId MOz, J ¢ MY Wik Gy g § ZO S8 § < mJ ¢

H ZO di3d U S 5¢ [ WIS G dzDdzy  * O zdz® 6 OMY 5H j 2O M 5w d
JEMYy zZsOlsOyd " J Wehliidic®®) Y w3 wOME sted Mis d LBBG Cdoc
COWs@ 60O, ‘' jto Mj g JLBBGE BHCEo OO B otcj |

L OC sdzd tsf dfizeus®R die? o j[4ld y d dzO
{ OMfsHj dZzO o j gy @l dgs 2O d:gzlz YO dz
F(Xx)r P{X ¢, (3.27)
GHJ x-ditsclz <o toj M dzts ls
LEMisd dz0 tOMsHXdzj o jtseo Olsdets< O
f(x)* F'(x)- (329)
[ Ol BOIdYUSsXsyj $do 0O° j

Mt E(x)t °ﬁxf()dx v M= ﬁ(f() (329)

V MAzEyOXb @) j HES O cOddyO j@EdE | ClieoH € &
sH 0, M =dgtizRjd 30" i 5 Paigitg j fHtzletsdn Is d .

3411 SMY sdzj dzyd * Oczdz® ©OMY 5H j ZO

[SMYtsdsj dzeyd ' Odzdz® ©OMYIGBH O ‘) “jH&O H da
fskL HOdEMNIsd. GCRSEREE®@ 6lbj tOMT ez &P dzls dzb© p dgj H Has
ZOMsOdS O € o QMO 'Hj odpijLdadzdi te OH O S ity fipca) sk @ dzjO dztk
tcOMmY Gmjj destsy J § pad flgeg aemBsudd * 5 3

F(x)=! él-exp(- / &), x20 (3:30)
|O , X<O0

10 shdtsokz dqLtpLOSEBY. D8 Mjd (3. 3

f(x)= e/ @xd- / &), x20 (331)
|O , X<O0
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 sCIstemMC O HJdMJ tols(

10 6shdssk ftjlsitHds dOo jOjzddfL cof 6flssPa
jCmMysdy deyd - Oceczz ©OMYsHj ke j HEBBJ O

M =

\“_\

. (3.32)

CMmYf sdzj dzyd " OdzdzO® tOMY BH ] ZO tBSEk<09 O J H
BB&OSQO mMdMmlsj B0 Ek COtOCIjtedMmisdydedds MlsO° d O
9 jtso Olsdets<O HA <j fipdiplejdisHESOl ®©Jsdzlz kz¢ @ 6 j d3j dzM ¢ &
Dt,=t,-t, LO JjS¢Mmftdjdyd Odipttc @@ H Eak Oo tcj d3j dzO

PT e L)(T >t} =1- expi [ dtd=1- ex- / &, - 1) (333)
(; t -

342Weibulls 9t ©O MY 5 H j dzO

Weibulloslztc O {f IsHQ et € Islg tedf " fzOtc O A3 Istc O :

a-fOtcOd3j sOte tcOL dBJ to4 ,

b-f OcOdRBj sOtc tsB dzd € O,

n-fsLdydeded § OtOd3] IsOts.

Weibulis 9 @O MY tsa jjtdd®o Olsdzets< © d ckMmisddzO tOMmYf sH j dz
tcj dzOy g’42]:0d30

83X - ng o

1 exw X2n
F(X)= l a2 (3.34)

:'O , X<n

€p .°x-/7c“’)b—1 . a éx-n()’b@

~ @ 0 20
i(N=laca o VBT 28 % (3:35)

10 , x<0
SOEOCjedmisduded § OO sted ©OMY SH[FlL] &O i
M =a@%+28+n, (336)

#Hj ‘GEMazOyj 20 cOBO WkdSyd O Cs°0 j wHjWddd

Ax)* ur”ly*'lc'éxrl(- y)dy, x>0- (3.37)

) Oty d * Odzdzts d3  d dzls j38 te A utplr{tz®y @)t dz@ dzdz©@ 3 L O o d My dzts i
dx)=(x- 1)ddx- 1)). (3.38)
dSxftEdtetsH Odz B jgBi o ts HsflzHARO

dx)=(x- 1) (339

RL JL©E) O k8i@iHO j § Otc Rzts ®jcOtedzts d3j € O ot
BOIs j BOIsd S 5.6 das JA dfesQ BB eskTOL PL Mg L B)OLdB)((B.. 3L 1) ,
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 sCIstemMC O HJdMJ tols(

b-1

R

OO

/(x)= ;’@ (340)

¢ a =
0S s pSYddzEsj dzL dlsj s Welslsd GO M tsm | dzj x. to Gfflss]  ffjo
L d&dd HO 'dZ2Oj {fipdeiz\X@z’tafjod®) , Beotd3 ttOMY sHJ &zsd3 i d
MlsOtj j fMdmlsjpEd.d ndo tVeiblllj- 000 tcOMY s HEOE@ tts j
i SMY sdzj dzyd © O dzitd# 4©Y @& d ) @4 PdzO3 .F(§) L W 0§ apd, L @
G CoddSts JOCOEBHEE®RL HJ OctOEO Mj &syj L OC?
S8 dzd DY OL dzgs blsdyj o0 tBddS Stwdodr SSH ©oj tOf

0.9
0.8
0.7
0.6 p=1
0.5

S

0.4 B=0.5
0.3

0.2
0.1
0

0.1 02 04 06 0.8 1 1.2 14 16 18 2
X

4 dzd € Q b lsWelb@roaj s OMY SH j dzj o jotsla@k[dasid]O L O
343f j ® ddz0 ©OMY sH j &zO

1BtsG dzOMisOdzS © Mazd OC ez B 5§ ©® O L tsth - GEzO diftririsde]j
ddzd Ml Quzj BPdgsulisscz ftoj<d dL ©OHdSE E dzj 6OH
Mz yoO jodd®kBO My o jtcsoOldzs<O BBKOCO E dMfteOo
d ¢ MY sdz

4 dzW\WeEibubstadg)o Mdf HH:j dzj

°ot "’b(~)
R(t) = exel- /t)@x%g 0. (341)
(5) - -
R dzls j dzL d@BLj@B  ‘tjls:§
bo -1
I)=/+288 . (342)
hch =

35[tSHjd&z Btejydedn MbtekzClbktO

¢ W Iz daf

[ejydedds dstsH jzsds Mj GtojHmlsOe? O Hfjcd
Isj ted Fd&zOL dzd ,

J
s d iz wpgle Mj ~ JHOd d&zOLdo O
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 sCIstemMC O HJdMJ tols(

JBO Mi Yo in @®OWLO" bd3tclp 3 jsBdzf © M dzj g
ISdZJdZBJ E d@Beijnd HwoijHmMsOa? 0O COt ftoj $d
fls md MO d3ts GtsOWtsacf Btej 1O Cts°d Ek {§ts
udBMO&@d cteOW sfdmiz’ j @OW$@BMOH@MMdW@J®@
mMdzd ydesmisd MO WdLduyusStsd3 MistezC skztetsdz fmd Mis j
l1tcOo ddzs @ MOBfMistcOW O ° j “JHdetsls O9 dzts . | to
mMdMmisj BO. | tOdzi SR d] ZOISO Mz E §f OtOdzj dz
e GHEB@EEEEMGELOod] . (JHdsE ajLtd M
TdBO T § MmdMmisj B dj dMY teOo Odz
1 OcOdzj dzdz©@ 9 Jj L O (BsHiSdRlz * i ndsil fIPY OB dafs M J
dzj M tcOo dzdn Mls OF O IR 5 d3P tstezjj Hiak@R | dhf L@ s AL 53

LV 9 j<ddd Mdzkzyo jos 0O Wi dhPhisdOdgddHe wQiHEanid d
9odJL] GttOdO ddzd BH ‘datseadnms StdidBddzOyd O, ftcd
fsedzj HkE kL HOdShHISJ.

1 0 f totigfiplsded disB dzd € J " JHdtsMIs Qo dzts MJ gL otsSH ]
fcsCOLOIj?”0 ftskzL HOdsMIsd .

T
(,Tcn
3

NI O>on
FRN® QNG
©

351t jHd2O 9 jL O

0C s WikideC yd s dzOdzdzed ¢ Ol j Hipgh st f O dshn ¢ 6 O dzO,
dMfc0o Odz OC Mk &z dhMifOsdy Mo, S sy sdaj dalsj .
dL tcOBsdG

R()=OR() (343

v dL OBEMOR®B,i=12..n, " J sL dzOyj dz0 dzj slsf£.OL d 9 51
{IsCOoLdoatsMmis fdinlsy iPL MP)] k@t " J ( 3.

al)=1- R)=1- OR()=1- Ot- Q) (344
1 0 BOdzj wNisgmsMsdlL P MG 3 Bsyj ZOfdnokd &
Qlt)=a Q) (345)

Rdzlsj dzL dIsjls tssCOLO LO twjHdk ojLbk Mmj HBJ
4 dzj d3j dzO1Is O:

/()= a /(1) (3.46)

352 OtcOdzj &zdz®@ o j L O

sENIMOj dad  d M ¥k eafEsdsntfQumadeodds o j L O
dzj d3j 2O B © O flalgCm jddzj lH M tc © o jddisO difitls GOC s Mk Mo § Cts
i dmy amkdiL.q o tsfis] MHs] GO j dL oL tsd

Qt)=00Q): (347)
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 sCIstemMC O HJdMJ tols(

O dzj slIsCOLdoatsMls (kL HOdSN) :
R(t)=1- OQ(t): (348)

RLtcOL4)) (848 ( 3f4 " JHdsMIs0o dzs  f eLos®L] kL Ot
dzi cOM sdzsy JosMmis d tOMfsdsydeotsmls Mdmisj BO L O
fskLHOdsMIsd:

U :6Ui’ (349

A=1- BU,. (350)

HJ 4§

U-dzj O sdzsy do tsfils MmdMmilsj &30,

U -dzj e®@fy d b-tsfisls J dzj d3j dals O,

A-cOmMy sdzsy do sls MdMmlsj BO,

A-tcOMmf sdzsy-thesEmis dzj d3j dzls O.

{BdOs? O jd&3 Bddzts ¢t jdK sk@izg dbsdifdinds j 30
f tojHods k2 d MfdelDjodasdIsj s dzOf h@ Of @ dzltsjodacd Isfjls O “tsB o
fMdmGJ &3 4 HA&OSC:

=4 m- (3.51)

360 ZOdzdlsdyS,j HBjlssH] LO OdzOddLE kL HOdSMHISJ

10" udh<i O@BtdlsdUs] J1ddnisHlhiteEnIOfOjddEShisd ME

1. B sfre@MsswO MlsOS O,

2. d§ ssHO MEGEES s EO6]o OF

3. 4§ ssHO dsddgd BQkzd R ] iSO

[ jsBHO { totsflshipjic Of tdsd®f Oz j ftod &EsHj s OF &
Bdlsd E Ho O dsdd@OL NOOOr te jiHifE O @GO % § &d yd -«
pt6) di3j ldotO® OLCEDEf) dzd WhdeQ i3} kO OF O 5B dzOo ? OF O,
M tcOo dzsc ©OHO ( BB dz0¥ o §F K=1.036¢ B Sz djls di dffds
fj &Bsyj] fdCOLOd sds<k ot©32] NS sE Hd OCEOd

N

X Yi X, V4 X3 Y3

ltedd
Hzd80 ] &5j ZMSd Hd' OcwOd MisOF O
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 sCIstemMC O HJdMJ tols(

HIGJHS ] otjd) b0 -PUOMIMBEP) dsg¥ @I MO ¢ C
MTTF=f G )dt -L © S dalsd ez Ocdzdg € OMY 51 j dzA352)

MTTF=Ax®P -L O HdMCtejlsdzz wOMY tsH | dziz (353

x=0

1 OB des B § H dz®) d dajts B(d3 .G6 ) jlz (3.
MTTF = ﬁ di(tt)tdt =-tCR(t): + ;"-R(t)dt :h?(t)dt : (3.54)
10 iSMmitd dyd | kG toOfgfsi] ¢zz ¢ Ot

o o -/t ]?
MTTF = pR(t)dt = /'t = e—/ =
"o

0 0

1
Z. (3.55)

fidlsHO MO MmJdj Cilsdo dzf Bis ff LcdedcPHEH » BO J g di3ts
fodC OL Ols ¢ tiAc Q@ ez H OB O &0 Mmddyd 3.

4 dzd A 1 este Oyk
f gz HdRIOOL O
midd 39 tf tstf eHD® d

By ssHy MJjdzj SIsdodetse  tog

n

ded MO j| RLBBE {
MdzjfHC> dzgj 04 ? § decfr H
O g

I T ==
0oOFa

d
d
o)

N

HSGO' O

g4 dzd 3B s OYd ¢

Is s H

sHO ddd B3OfzlzdEs i) CB OdZOdzdL d ftskzL HOd
‘E feslis<kz WEkdS ydsdOdddr cwkOf sdloshl Gy M &
CteOW O C°'d ftejCdHO ojLEk dqLd&j' 2 EZdzOL dzd
sO9? 0 fteiMmMdsc S8 d dad MOHEYd HEEZEQ ( tSdzts
‘ GO0 ©Bdi (Ve Ihdssiglz <k tsacd HOQ Py €@DL d
&ZO d Btots O Yyobtesa® CtOWO ko j<Od LO 2. 10
O fteiMiCO Mk LOadMdzO ESC@HSts MOHtEY ] BOt  J
L BOY¥ MO &dded BOdzded 3 f zlsjodBO dBtsyj Cstedmisd
HJ d3j damdch'(J6 Him-B pts ™ &3d dzd 30 dzdachric S 2 Is3jteof@lz(y @) i€y il
EdBO otjHdshls Y todf GH Oc tedddiaad dtO dzd@ts dzz fiADIs 2 s fls
Mz yoO  j e d BO. & 3O tefdakin sz dzd 3O dzdzd = T Elsjo O kL j <
mMdzd34) ¢St Mj CcttOdzj B COD,EH s e Higndzz@lktcd 1 O:

Id
qme
O dzO
d 1M
s
o]

OB E &S

ts
¢
)
B
¢
r

g 0 0 1 Og
2 N
pod 100 1 (3.56)
€ 010 10
111 04
A D
| B E o
X—] X
A c E
B c D

tdzdSC O 3.4 1BdEitt cLOW O
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stcizsdzj HOYBEPI L 2 £ S ddi3 Mj Mmej dd dad dsC

SEB9 OO k<] cttOdzy COWO. ¢St ] Ctds@O L O dzj

CleOdzO fj dOdkzOLd Ek Mo dd 3Efdzd f@tzdzf@3 Mjzlsf B BO!

f sMd3OlstcOdzj ¢ tcOdzj u’tsJCcfHO z Mo d o3d dzd d3sOdzdzd |

EdzOL dztsé  d o dhtc@OL detds) 3@ Istsdzd , ljtsfndz,@lste@dz@ GO0

fteimi¢ fYwotse wWjHO. ITtwimMjyd odhjc twj#O Mmj o

ftod d3j desdz ftcQoddzO 1 zdztse j Odze tc

1+1=1

1+0=1 (3.57)

0+1=1

0+0=0

tOBdO’ jd3 CcddBd@B KOBE 5 OtcO' & tsHtcj ' j dzd d3

jCBdzsdzO St d fsCOL k" j E S dd3 MmJ d3d dzd 3O d

MBBOIstcOdzd = G te OdzO. dbCts Mk Mo ¢ tsgztizgesizj dzlg i d ezt

Mdz3OIstcOdzy GteOdzy yyddzi GTEEHIGEHE 6EOtOo tcl dsd dzdsds

JSdHO 2 Moed hi3dded B3Odzdzed G EIsjod. JoO° {fsMmisizy

s Bd Mmd Eboathnddzd mMOds oddd BBOdzdd §tj miyd.

J 6 dzj Hisd3Pdg@slotded W 2 Mj ¢ tsdztsdzif ded@dpES 9 Uy M
lesc[Wc[QIz‘lz CteOdzy ¢t jJ Mk ftejmjyd ftootsc
j6 ftejlstcOydoa O O dL s CeOEs j g di ts tekgdstdcq]

sted yoO o3qdded 3@dzdzd = Y tej Mj €O

90 CRApjZOHBHO " | tjHBHB BRIOOdqr fif it dds e j3¢

ded B3Odzded ftej fj yd Hkzetse twjHO St jJ CtoOH
fsdz@o?> 0 MO CdsdOBO L O Htkzekz, btj<kz, ...,
CteOdzORO Gtu'jj fdn wffdsmdajHk. vO0Cts fj d&O&OL,
Hiczetse tcj HO.

3.1 Oteso d ¢ sk sa@sizdfMj thHsOdkdd ¢ tdsdzodko ¢
ElsotcHddzd Htejfmjyd btej<je twjHO. R L d&zOo j HJ
dqLHa O O & ®BUd jSHtcd Mge§ j MOWkzetse tjHO dzO' | dzj

4. stes € ) CooizcsRzOs@O0Edj SBEZEROBO C° j Mmdzj+
ftcjmjyd uc;lsatslstsc toj HO. RL ftetsdO' jdzda { t5,

dmdyd St d doj MOH e @B3d dath 36 Bztizp delstc f g s WP’ gad

dmMOded fsMmiskf OC Mmi dzOfgls Ao fiPs foQ<¢ Hftsi ks j tintg
steOykzdzd 560 yjMmbsts ftej SdHO d tOded j § shist

JdMmiyd odmMss e tcJ HO 9 to dzts O dzj . S tSH

y

ted

h
d Blo]:

0 ot ©
Oﬁlﬁlﬁq—

te
g
tc
te
j dzj CIstets ] deifstizd  ©OMSCd - f SMlstes” j ¢ O MmJ z ¢ dzO o dzts of
mMiyd edhje ttjHO BH Istej<j@.

g i3 desds S dMOdese  § &Sk 200 s Gt & 3B 0 g i

HsBd O k M Mmdzjui<d bB3dded 3Odzded §tej Mj yd:

¢ B DE ACE BCD (3.58)
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public void bfs() {
/I BFS
Queue queue = new LinkedList();
queue.add(this.rootNode);
System. out.printin(this.rootNode);
visited.put(rootNode, true);
while (lqueue.isEmpty()) {
Node node = (Node) queue.remove();
Node child = null;

Cstedflsd MisekChizitlz §s5HOKOCO k SBdISE ©jHO

while ((child = getUnvisitedChildNode(node)) != null) {

visited.put(child, true);
System.out.printin(child);
queue.add(child);

}

clearNodes();// 1 tedmO° j

1 od d3ie gz@ z g & aizligy d
public void bfsRecursive(Queue queue) {
if (queue.isEmpty()) return;
Node node = (Node) queue.remove();
System.out.printin(node);
visited.put(node, tru e);
for (Node child: node.child) {
queue.add(child);
}

bfsRecursive(queue);

}

M <jddn

Yo stetse O

4 dzd CER L6o.15 t6 dBFSA deatts @@ dff t6 j IS O YJdotas tgO dsimER[@s] * j L d C L

public void dfs() {

/'l DFS ¢stedfmlsd fmJ
Stack stack = new S tack();
stack.push(this.rootNode);
visited.put(rootNode, true);
System.out.printin(rootNode);

while (Istack.isEmpty()) {

Node node = (Node) stack.peek();
Node child = getUnvisitedChildNode(node);
if (child != null) {

visited.put(child, true);

Syst em.out.printin(child);
stack.push(child);

}else {

stack.pop();

}

fls§ ¢

clearNodes();

ltcdd3j dzO toj S ztoL d o dzj

public void dfsRecursive(Stack stack) {
if (stack.empty()) return;

Node node = (Node) stack.peek();

if (visited.get(node)==null) S
visited.put(node, true);

Node child = getUnvisitedChildNode(node);
if (child != null) {

stack.push(child);

}else {

stack.pop();

dfsRecursive(stack);

COs MsekzSIsztO® fBHOBOCO

WldeS ud

ystem.out.printin(node);

" dch}QEm L 6.6 to dRFS @IE s A 103 § (6 Is 0 3ot g OfGEeR{ds * j L
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