
�13
94

u=DU
tR�

'h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

�| :v
iC

W=O
O=}�

'11
5�1

07
"X

'2/
1|

xQ=t
W'

31
�1

|xQ
wO

R
es

ea
rc

h
N

ot
e|}=U=vW 'C=Q}taD w |Q=Oxov |=yXN=W |x@U=Lt

Q}N-=D =@ \@DQt |=yOL=w w |v=QL@ |=yx=oDUO
�|mQ=Wi wQOwN Oyt |O}rwD OL=w %|OQwt |xar=]t�

�Q=}Wv=O� �|tQyH |=}vj=QW= O}tLr=O@a
h} QW |DavY x=oWv=O '`}=vY |UOvyt |xOmWv=O

�OWQ= T=vWQ� � |OtL= u}UL O}U
u=QyD x=oWv=O '|DavY C} Q}Ot xOmWv=O

�T=vWQ� � QwB|U}k O}aU
O=HU |r=a VRwt; |xUU-wt

|xi}_w xm CU= u=tR=U Qy |=yOv}=Qi u} QD|D=}L R= |m} 'C=Q}taD w |Q=Oxov Ov}=Qi
\}=QW R= =yu; uOv=OQoR=@ =} ?wr]t \}=QW QO Cq;u}W=t ^iL w |Q=Oxov u; |rY=

|UQDUO u=tR uDiQ CUO R= x@ QHvt Cq;u}W=t |@=QN "CU= ?wr]t \}=QW x@ ?wr]t=v
w Cq;u}W=t OQmrta Ow@y@ xQ=wty =Pr w 'OwW|t u=tR=U |=yxv} Ry V}=Ri= w C=R}yHD

hOy =@ Q[=L j}kLD "CU= xOw@ u}YYNDt xHwD OQwt Cv Ov}=Qi Ow@y@ xH}DvQO
'�Q}taD =D u=tR u}ov=}t� '�|@=QNwO u}@ u=tR COt u}ov=}t� |=yXN=W |x@U=Lt

|DavY OL=w QO �|@=QN p=tDL=� w �u=tR ?ULQ@ |Q}PBTQDUO� '�u=v}t]= C}r@=k�
=yx=oDUO C=ikwD pra |UQQ@ x@ VywSB u}= 'u}vJty "CU= xDiQo s=Hv= wQOwN Oyt

w Q=OQ}N-=D |=y|@=QN X}NWD w syt w |v=QL@ |=yx=oDUO |}=U=vW =@ xm CU= xDN=OQB
=Q OL=w Qy Q}F-=D w xDN=OQB C=ikwD =@ \@DQt |=yOL=w |}=U=vW x@ '=yu; pra w R=Ov=xikw
xy=t 8 =@ 89 p=U pw= xy=t 4 w 88 p=U QN= xy=t 4 x@ \w@ Qt G}=Dv "Ovm|t x@U=Lt
=@ \=@DQ= QO C=ikwD u=tR |Da=U 200 Vy=m |xOvyOu=Wv xm OW xU}=kt 88 p=U pw=
xmr@ OvDU}v Q}taD R= |W=v xm CU= |D=ikwD Q@ |rY= O}m -=D "Ow@ |Q=O= w |O}rwD |=yOL=w

"OvQ=O """w |r=t Qwt= 'u=Q=mu=t}B OyaD sOa 'Cv OL=w |D} Q}Ot ha[ p}@k R= |r}qO

eshragh@sharif.edu
hosein.ahmadi@ut.ac.ir
gheysipour s@yahoo.com

u}ov=}t 'C=Q}taD w |Q=Oxov '|Q}PBTQDUO 'u=v}t]= C}r@=k %|O}rm u=oS=w
"|@=QN p=tDL= 'Q}taD =D u=tR u}ov=}t '|@=QN wO u}@ u=tR COt

xtOkt "1
pmWt u}= R= |O=} R OYQO pL x@ QO=k |@ QHD w |Q_v ^=Lrx@ Q[=L p=L QO sra
|Q=Oxov� `}Uw sra R= |mJwm VN@ =yvD OQ@ Q=m u}= xm CU= |vDio xD@r= "CU=

"CU= ��Cv� C=Q}taD w
pwY= |R=UxO=}B x@ |rta CQwYx@ w |OQ@ Q=m |y=ov =@ 'VywSB u}= QO
|OQwt |}xar=]t QO �RCM� u=v}t]= C}r@=k Q@ |vD@t Cv w u=v}t]= C}r@=k
|mQ=Wi wQOwN Oyt |O}rwD OL=w QO =yx=oDUO R= |}xvwtv =v@t u}= Q@ "s}=xDN=OQB
u}= Cq;u}W=t w =yx=oDUO u} QD|v=QL@ w u} QD?=QN u}@ R= xm xOW xDiQo Q_v QO

"CU= xOW ?=NDv= |O}rwD OL=w
'�|@=QN wO u}@ u=tR COt u}ov=}t� p}@k R= |}=yXN=W =yx=oDUO u}= |=Q@
'�u=tR ?UL Q@ |Q}PBTQDUO QO� '�u=v}t]= C}r@=k� '�Q}taD =D u=tR u}ov=}t�

"CU= xOW x@U=Lt """w �|@=QN p=tDL=�

Ow@y@ x@ p}v |=Q@ Oa=Ut |}xv}tR Q[=L p=L QO '��Cv� C=Q}taD w |Q=Oxov� sra
=Q u; CU= QDy@ xm sra u}= "CU= xOQw; sy=Qi '|Qw;OwU Ow@y@ u; `@Dx@ w |i}m
|=Q=O 'O}t=v Q[=L p=L CavY Ovts=_vQ}e Ca}[w Ow@y@ |=Q@ |OQ@ Q=m |}xw}W

"CU= |OQ@ Q=m Q=}U@ |Q_v T=U= w x}=B
OQw;Q@ uwJty |U=U= pt=wa |UQQ@ x@ sRrt 'O}rwD |R} QKQ] |=Q@ QW@ R=@ Q}O R=
"CU= xOw@ """w |v=Uv= |wQ}v '=yx=oDUO p}@k R= |}=y|OvtR=}v OQw;Q@ 'O}rwD u=R}t
EL@ 'OR=U|t Q=wty=v h=Oy= u}= jkLD Q@ =Q x=Q xm |oQR@ CqmWt R= |m} =t=
u}= "CU= xDW=O O}rwD Q@ |UwULt ,qt=m Q}F-=D xm CU=yx=oDUO |k=iD= |=y|@=QN

pw�Ut xOvU} wv �
"1393 1 30 VQ}PB '1392 11 1 x}LqY= '1392 5 27 Ci=} QO %M} Q=D



"""|
}=U=

vW '
C=Q

}taD
w|

Q=Ox
ov|

=yX
N=W

|x@
U=L

t

EL@ OQwt |DavY OL=w |iQat "1"2
OL=w u}= "CU= �|mQ=Wi wQOwN Oyt |O}rwD xwQo� EL@ OQwt |DavY OL=w
xm OQ=O �TwD wQOwN TQ=B� w �TwD wQOwN u}@t� |=ys=v x@ |O}rwD C}=U wO
Qiv 300 R= V}@ |=Q=O OL=w u}= "Ov=xOW `k=w TwD |DavY lQyW 1 R=i QO
xrtHR= "CU= p=ai wQOwN C=a]k O}rwD |xv}tR QO w CU= O=DU w hY |wQ}v
?QO |=yQ}ox@ Q[� x@ u=wD|t OwW|t O}rwD OL=w u}= QO ,=Q=YLv= xm |DqwYLt
RtQD w Iqm |xawtHt� '�w} Q RtQD w Iqm |xawtHt� '�OvtU ?QO |qwr� '�O}=QB
'�uw}t=m |qwr� '�Tw@ wD= |qwr� '�Cv=w s} Qi� �CNG l =@ ^i=Lt� '�u=U}v
xQ=W= 'OUQ|t xawtHt 130 R= V}@ x@ ,=atH xm 'u; Q}=_v w �Cv=w |qwr�

"OQm
pvUQB l} w hY pvUQB 12 =@ RmQtDtxt}v CQwYx@ C=Q}taD w |Q=Oxov OL=w
xvwo u}= x@ Cv OL=w O=Qi= `} RwD |xw}W "Ovm|t C}r=ai |O}rwD OL=w u}= QO O=DU
wQOwN TQ=B QO Qo}O |iY pvUQB 6 w wQOwN u}@t QO QkDUt pvUQB 6 xm CU=
OwN x@ \w@ Qt |O}rwD C}=U QO Qiv xU Ci}W Qy QO |Di}W CQwYx@ xm OvQkDUt

"OvQ=O Qw[L
Q=OQwNQ@ ?U=vt |y=o}=H R= |DavY OL=w u}= |v=tR=U CQ=J QO Cv OL=w
|=Q=O |O}rwD OL=w u}= "CU= xSwQB u}= |xS} w EL=@t R= |m} OwN u}= xm CU}v
w =ysDU}U� w �|v=oQR=@� '�|r=t� '�|UOvyt� '�O}rwD� p}@k R= |}=yCvw=at
�|UOvyt OL=w Cvw=at� Q_v Q} R ,=t}kDUt xv=NQ=m u}= Cv OL=w "CU= �=yVwQ
|U=U= \wQW R= |m} Cv OL=w |=yC}r=ai xw@v= x@ xHwD =@ xJQo = 'Ovm|t C}r=ai
Q_v Q} R ,=t}kDUt xm CU=yCvw=at R= |m} u=wvax@ OL=w u}= |v} Ro}=H 'Ow@y@ |=Q@
Ow@y@ QO =Q OwN Q}F-=D '|v=tR=U K]U QO pqkDU= ?Um =@ =D Ovm C}r=ai pt=aQ}Ot

"OR=U|t u=}=tv

=yXN=W |x@U=Lt "2"2
MTTF w MTTR w MTBF |=yXN=W |x@U=Lt "1"2"2

uwvm =D xm OQ=O Q=m x@ pweWt x=oDUO 126 x@ l}ORv wQOwN Oyt |O}rwD OL=w
OL=w hQ] R= =yx=oDUO OQmrta |=yXN=W OQw;Q@ |=DU=Q QO |t=Ok= xvwoI}y
CQwYx@ xO=iDU= p@=k w uwOt |Q=t; |=yxO=O w C=aq]= "CU= xOWv s=Hv= Cv
|Q=t; |=yxO=O xJQo = "Ow@ OwHwt 1388 p=U pw= x=tCWy |=Q@ ,=iQY R}v |}xv=}=Q
Cv OL=w =@ xOW s=Hv= CQwWt x@ xHwD =@ 'Ow@ OwHwt sy Q}N= p=U OvJ x@ \w@ Qt
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TQDUO QO |=yu=tR <RH 'OwW|tv s=Hv= |Q}taD u; |wQ w CU= hkwDt x=oDUO
MTTF x@ =yu=tR u; =t= CU= hkwDt x=oDUO xm u}= =@ |va} 'OwW|t ?wULt
Cra "O};|t CUO x@ Q@=Q@ |=yMTBF q=@ Cr=L wO Qy QO "OvwW|t xO=O C@Uv
p}YiD x@ xt=O= QO xm CU=yx=oDUO OQwt|@ hkwD pra p}rLD w |UQQ@ Q=m u}=

"CN=OQB s}y=wN u; x@

|Q}PBTQDUO QO w u=v}t]= C}r@=k x@U=Lt "3"2
u=tR =D sDU}U l} K}LY OQmrta p=tDL= 'u=v}t]= C}r@=k O}v=O|t xm u=vJ
\}=QW w u=tR O}=@ h} QaD x@ xHwD =@ "CU= u}at |Q=m \}=QW CLD w XNWt
xikw|@ x=oDUO |v=tR COt QO Qo = p=Ft |=Q@ "OW=@ xOW h} QaD w XNWt |Q=m
u=v}t]= C}r@=k C=@U=Lt QO O}=@v OwW|t OQ=w Q=Wi u; |wQ w CU= Q=m p=L QO
u}= Q@ "s}W=@ xDW=O R=}v Q=mQB |=yxQwO u=v}t]= C}r@=k x@ \ki xm u; Qot OQ}o Q=Qk

"OvwW ?}mQD Qo}Om} =@ x=oDUO Q=msm w Q=mQB |=yu=tR C=@U=Lt O}=@v T=U=
QDt=Q=B u}= &CU= u=tR OL=w QO |@=QN O=OaD u=ty =} |@=QN MQv '|Oa@ h} QaD
R=}vV}B |awv x@ w CU= syt Q=}U@ |@=QN `@=D w u=v}t]= C}r@=k `@=D |x@U=Lt QO
'OwW|t QmP hrDNt |=yOL=w =@ ,=@r=e QDt=Q=B u}= "CU= |Q=t; C=@U=Lt xvwoQy
u=ty x=oDUO |@=QN p=tDL= "xk}kO Q@ |@=QN w Ca=U Q@ |@=QN 'RwQ Q@ |@=QN ,qFt
j} QiD R= w O};|t ?=UL x@ u=v}t]= C}r@=k stDt xm CU= |@=QN |atHD `} RwD

"O};|t CUO x@ u=v}t]= C}r@=k R= 1 OOa
|a@=D |Q}PBTQDUO `@=D "CU= |Q}PBTQDUO `@=D x@ \w@ Qt h} QaD u} QN;
=D x=oDUO xm CU= u}= |=vatx@ u; R= xOt; CUO x@ O=Oa= w 'u=tR QDt=Q=B =@ CU=
XN=W u}= |x@U=Lt |=Q@ "CU= Q=m x@ xO=t; |r=tDL= xJ =@ xOW XNWt u=tR
u; C=@U=Lt =@ x]@=Q QO p}YiD x@ xt=O= QO xm CU= |Q}PB Q}taD QDt=Q=B x@ R=}v

"OW Oy=wN xO=O K}[wD

xr�Ut h} QaD "3
w |OOa CQwYx@ jwi |OQmrta |=yXN=W |t=tD =D s} Q=O OYk VN@ u}= QO
w �uD 65 |}x@ Q[ TQB� '�uD 250 l}rwQO}y TQB� x=oDUO xU |=Q@ Twtrt
QmP u=}=W "OwW x�=Q= |Q}PBTQDUO w u=v}t]= C}r@=k `@=D w 'x@U=Lt �CQmy RQi�
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"""|
}=U=

vW '
C=Q

}taD
w|

Q=Ox
ov|

=yX
N=W

|x@
U=L

t

0 25 =
x1Z

0
0 0335e�0 0335t = 1� e0 0335x1 ! X1 = 8 59 (6)

0 5 =
x2Z

0
0 0335e�0 0335t = 1� e0 0335x2 ! X2 = 20 74 (7)

0 75 =
x3Z

0
0 0335e�0 0335t = 1� e0 0335x3 ! X3 = 41 40 (8)

%R= CU= CQ=@a =]N C=a@ Qt ẁtHt
4X
j=1

(Ej �Oj)2

Ej
= 3 27 + 0 091 + 0 82 + 0 36 = 4 55 (9)

%s} Q=O k2 `} RwD pwOH x@ xaH=Qt =@ |iQ] R=

�2
(4�1�1);0 05 = 10 6 (10)

=y|@=QN u=tR w xOw@ CUQO =t ZQi xm s} Q}o|t xH}Dv OOa wO u}= |xU}=kt R=
"CU= � = 0 0335 QDt=Q=B =@ |}=tv `} RwD |=Q=O

4X
j=1

(Ej �Oj)2

Ej
= 4 55 � 10 6 = �22;0 05 (11)

u}ov=}t � u; QO xm OQm x@U=Lt 12 |x]@=Q R= =Q u=v}t]= C}r@=k u=wD|t u}=Q@=v@
"CU= RwQ OL=w QO x=oDUO |@=QN u=tR t w RwQ OL=w QO |@=QN MQv

R(t) = Exp(��t) = Exp(�0 0335t) (12)

xRwQ 100 xR=@ QO =Q �l}rwQO}y uD 250 TQB� x=oDUO u=v}t]= C}r@=k 4 pwOH
"OyO|t u=Wv hrDNt |=yRwQ x@ xHwD =@

XN=W 'Ovvm |wQ}B |}=tv `} RwD R= |@=QN |=yu=tR xm |t=ovy ',=D}=yv w
C@Uv �|@=QN MQv u}ov=}t� QDt=Q=B Twmat =@ �|@=QN Qy u}@ u=tR u}ov=}t�

%O};|t CUO x@ u}vJ w OQ=O s}kDUt

MTBF = 1
�

= 29 86 = 30 (13)

l} RwQ 30 Qy u}ov=}t Qw]x@ x=oDUO xm CU= swyit u}= x@ xOt; CUO x@ OOa
u}= x@ RwQ 30 |=Q@ xOt; CUO x@ u=v}t]= C}r@=k x@ xHwD =@ w OwW|t ?=QN Q=@
OwN |@=QN u}ov=}t RwQ =D �37 OQmQ=m p=tDL= |=Q=O x=oDUO u}= xm s}UQ|t xH}Dv

"CU=

|@=QN p=tDL= `@=D |x@U=Lt "3"4
QO uOW ?=QN p=tDL= w CU= x=oDUO uOQmvQ=m p=tDL= u=ty |@=QN p=tDL= `@=D
u=v}t]= C}r@=k `@=D x@ xHwD =@ =Q `@=D u}= u=wD|t xm OyO|t u=Wv =Q |v=tR xR=@ Qy
uD 250 TQB� x=oDUO |@=QN |atHD `} RwD `@=D Qou=}@ 14 |x]@=Q "OQw; CUO x@

%CU= �l}rwQO}y
F (t) = 1�R(t) = 1� Exp(��t) = 1� Exp(�0 0335t)

(14)

4 QO� RwQ ?UL Q@ uD 250 TQB |=Q@ |@=QN wO u}@ |v=tR |xrY=i "2 pwOH
"�p=U

23 73 41 11 76 21 4 63 RwQ
12 2 290 24 18 15 0 88 RwQ
5 8 18 29 1 0 30 0 RwQ
18 7 79 11 74 14 3 86 RwQ
5 2 58 28 6 8 13 23 RwQ
|@=QN |=yRwQ u}@t O=Oa= 6 1 13 7 RwQ

CU= x=oDUO

"�|}=tv `} RwD� |@=QN p=tDL= Q=Owtv "1 pmW
"xOW OQw;Q@ |=]N `@ Qt w OQw;Q@ 'C=Oy=Wt "3 pwOH

(Ej � Oj)2=Ej Ej Oj

3 2727 11 17
0 0909 11 10
0 8182 11 8
0 3636 11 9

|w=Ut |=yp=tDL= =@ VN@ Q=yJ x@ xm CU= 1 pmW CQwYx@ |@=QN p=tDL= `@=D
"OwW|t s}UkD �25

CU=vat u}O@ xOt; CUO x@ Q}O=kt "s} Qw;|t CUO x@ =Q x3 w x2 'x1 Q}O=kt
O=OaD Qo = |iQ] R= "OvW=@ �0 w 8� xR=@ u}@ QO O}=@ =yxO=O R= �25 p=Ft |=Q@ xm
"OW=@ xDW=O OwHw |@=QN 11 |OYQO 25 xR=@ Qy QO O}=@ CU=D44 =y|@=QN
OW=@ xDW=O OwHw xR=@ Qy QO `} RwD x@ xHwD =@ OwQ|t Q=_Dv= xm |@=QN O=OaD
xR=@ Qy QO C}ak=w QO xOW xOy=Wt |xO=O O=OaD w OwW|t xO=O u=Wv Ej =@
Qy |=Q@ (Ej�Oj)2

Ej
|x]@=Q x@ xHwD =@ =]N `@ Qt Q=Okt "CU= xOW xO}t=v Oj

\@=wQ x@ xHwD =@ w xOW `tH sy =@ Q}O=kt |t=tD TBU "OwW|t x@U=Lt xDUO
|=yQDt=Q=B O=OaD m &=yxDUO O=OaD k� �2

(k�m�1);� |OOa Q=Okt =@ �k2 uwtR;�
R= QDsm =]N C=a@ Qt xJv=vJ "OwW|t xU}=kt �|Q=O|vat K]U � &xOW OQw;Q@
CU= |}=tv `@=D l} |@=QN `} RwD `@=D w CUQO =t ZQi OW=@ xOW QmP Q=Okt

"�3 pwOH�
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"""w
|Ot

L=
u}U

LO
} U'

| tQ
y H

|=}
vj=Q

W=
O}tL

r=O@ a "RwQ ?ULQ@ u=v}t]= C}r@=k "4 pwOH
100 50 45 40 35 30 25 20 15 10 8 6 4 2 u=tR

t �RwQ�
0 0351 0 1874 0 2216 0 262 0 3097 0 3662 0 4329 0 5119 0 6051 0 7154 0 765 0 818 0 8746 0 9352 u=v}t]= C}r@=k

R(t) = Exp(��t)

"RwQ ?ULQ@ |@=QN p=tDL= "5 pwOH
100 50 45 40 35 30 25 20 15 10 8 6 4 2 u=tR

t �RwQ�
0 9649 0 8126 0 7784 0 738 0 6903 0 6338 0 5671 0 4881 0 3949 0 2846 0 235 0 182 0 1254 0 0648 |@=QN p=tDL=

F (t) = 1�R(t)

"Cq;u}W=t Qo}O |=yXN=W "6 pwOH
uD 250 CQmy uD 65 TQB XN=W s=v
650 799 600 MTTF

0 08 0 26 0 35 MTTR

30 42 35 MTBF

99 72 98 25 96 24 Availability

=yx=oDUO C=Q}taD QO R=Ov=Q}N-=D pra |UQQ@ "5
Q=m VwQ "1"5

QO w xOW C@F uwOt xt}v Qw]x@ p=U u=ty u=@; =D 88 p=U pw= x@ \w@ Qt |=yxO=O
CQwYx@ Qo}O |NQ@ w Ov=xOW |}xv=}=Q C@F =yu; R= |NQ@ "CU= OwHwt xv=NQ=m
xv=}=Q QO xm |}=yxO=O "Ov=xOW xQ}NP xOW C@F *j=Qw= R= |}=yxWwB pN=O w |DUO
u=tR COt w Q}taD u=tR COt '|@=QN pra '=y|@=QN O=OaD x@ \w@ Qt Ov=xOW C@F
pra x@ \w@ Qt Ov=xOW \@[ w C@F |DUO xm |}=yxO=O w CU=yx=oDUO ?=wN
p}=Uw 'sqa= M} Q=D '|@=QN Cra |wDLt |}=ysQi ?r=k QO xm CU=yx=oDUO hkwD
"Ov=xOW xQ}NP x=oDUO Q}taD QO Q}N-=D COt w Q}taD COt 'Q=mQ}taD s=v 'R=}v OQwt
CUO x@ =@ w xOt; CUO x@ |=yXN=W x@ xHwD =@ xm CU= xvwou}= Q=m VwQ
'Q}taD Ca=U w sqa= Ca=U x@ \w@ Qt |=yQ}taD u=tR u}ov=}t hqDN= uOQw;
2 pmW j@=]t |tD} Qwor= x=oDUO OvJ |=Q@ ,qFt w '?=NDv= =yhqDN= u} QD|v=QL@

"OwW|t =QH=
|Ov@C} wrw= =yMTTR hqDN= OOa|oQR@ uDiQo Q_v QO x@ xHwD =@ =yx=oDUO
O=OaD u} QDW}@ w |@=QN u} QDW}@ |=Q=O xm |y=oDUO Q=yJ =yu; u}@ R= w OvwW|t
=yx=oDUO u} QD|v=QL@ u=wvax@ Ov=xOw@ O}rwD \N |=Q@ OL R= V}@ Q}N-=D w C=ikwD

%R= Ov=CQ=@a =yx=oDUO u}= "Ov=xOW xDiQo Q_v QO xar=]t |=Q@ w ?=NDv=
(3041511) TwQ |Owta RQi �

(3041807) CO2 VwH �
(3040601) |vD 100 |}x@ Q[ TQB �

(3041603) 127 KV VwHx]kv �
"OvQ}o|t Q_v QO xat=H pm |xOvQw;Q@ |=yxvwtv u=wvax@ =Q x=oDUO 4 u}= TBU
QO w 'OW Oy=wN xO=O s}taD C=Q}taD w |Q=Oxov O}OH OvwQ |=QH= |=Q@ p}qO u}=

"OwW|t x�=Q= ?QNt p}qO u}= R= R}yQB |=yQ=mx=Q QN;

xHwD =@ �l}rwQO}y uD 250 TQB� x=oDUO |@=QN p=tDL= |xOvyOu=Wv 5 pwOH
"CU= RwQ 100 =D QiY xR=@ QO xOW u}}aD |=yu=tR x@

V}=tv w 'p@k VN@ QO �|@=QN Qy u}@ u=tR u}ov=}t� x@ xHwD =@ CU= |vDio
|@=QN u}ov=}t u=tR QO x=oDUO u}= xm O};|t CUO x@ xH}Dv u}= |@=QN p=tDL=

"OQ=O |@=QN p=tDL= �63 OwN

|Q}PBTQDUO `@=D |x@U=Lt "4"4
u}O@ 'u; R= xOt; CUO x@ O=Oa= w u=tR QDt=Q=B =@ CU= |a@=D �|Q}PBTQDUO� `@=D
|=Q@ "CU= Q=m x@ xO=t; |r=tDL= xJ =@ xOW XNWt u=tR =D x=oDUO xm =vat

"s} Q=O �|Q}PB Q}taD� QDt=Q=B x@ R=}v XN=W u}= |x@U=Lt
R= xrLQt Qy QO Q}taD u=tR COt x@ 'R}v �|Q}PB Q}taD� QDt=Q=B |x@U=Lt |=Q@
Twmat =@ �|Q}PB Q}taD� QDt=Q=B xOt; CUO x@ `} RwD x@ xHwD =@ "s}OvtR=}v |@=QN
%O};|t CUO x@ 15 x]@=Q R= w OQ=O s}kDUt |x]@=Q �Q}taD u=tR \UwDt� XN=W
� = 1

MTTR
(15)

TQB� x=oDUO |=Q@ �Q}taD u=tR \UwDt� |x@U=Lt =@ 'OwHwt C=aq]= x@ xHwD =@
%O};|t CUO x@ u}vJ �|Q}PB Q}taD� QDt=Q=B '�uD 250

MTTR = 0 08 �RwQ� ! � = 1
MTTR

= 12 44 (16)

%OwW|t x@U=Lt 17 |x]@=Q j@=]t A(t) u=ty =} |Q}PBTQDUO `@=D u}=Q@=v@
A(t) = �

�+ �
+ �
�+ �

Exp[�(�+ �)t] (17)

`@=D CtUk w xOW xDiQo Q_v QO |vqw] u=tR Q=O}=B |Q}PBTQDUO |x@U=Lt |=Q@
%CW=O s}y=wN CQwY u}= QO "OwW|t QiY Q@=Q@ Exp

A = MTBF
MTBF + MTTR

= �
�+ �

= 0 9972 (18)

'CiQo Q_v QO =Q=m,qt=m |Q}PBTQDUO QO u=wD|tv =Q xOW x@U=Lt MTTRXN=W
w xOw@v OwHwt pt=m CQwYx@ x=oDUO ?=wN |=yu=tR uwJty |D=aq]= xm =QJ
C=@U=Lt "CU= xOW xOQw; ?=UL x@ Q}taD u=tR COt u=ty hkwD u=tR COt
QO q=@ sHL p}rOx@ �C} Qm}y x=oDUO w uD 65 TQB� Qo}O x=oDUO wO x@ \w@ Qt

"CU= xOW x�=Q= 6 pwOH
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}=U=

vW '
C=Q

}taD
w|

Q=Ox
ov|

=yX
N=W

|x@
U=L

t"CO2 VwH hkwD QO pt=wa Q}F-=D u=R}t "8 pwOH
�OYQO� Q}F-=D u=R}t Q}N-=D u=tR pt=a

0 19 5 O}rwD OL=w
0 91 24 Cv OL=w
0 91 24 |UOvyt OL=w
1 81 48 |r=t OL=w
�� �� O} QN

95 27 2520 Q=mu=t}B
0 91 24 Q}taD w ?Yv

"CO2 VwH hkwD QO pt=wa |OYQO Q}F-=D u=R}t "2 Q=Owtv

Ca=U 1 %Q}taD u=tR COt ��
Ca=U 2645 %hkwD u=tR COt ��

x=oDUO uO=Ov VwH %|@=QN Cra ��
wQOwN u}@t %Q=QkDU= pLt ��

'8 pwOH QO pt=wa R= s=OmQy Q}F-=D u=R}t x@|@=}CUO |=Q@ xOW s=Hv= C=@U=Lt
"CU= xOt; 2 Q=Owtv QO R}v C=ikwD QO pt=wa Q}F-=D u=R}t Q=Owtv w

�RwQ 105� x=oDUOhkwD QO Q=mu=t}B Q}F-=D |q=@ Q=}U@ OYQOCraCU=|vDio
�l} QDmr=s=o� CmQW T=U= u}= Q@ xm xOw@ Q=mu=t}B u}W}B C=@r=]t CN=OQB sOa

"CU= xOQm h}kwD RwQ 105 COt =Q x=oDUO �Q=mu=t}B�
|vD 100 |}x@ Q[ TQB �G

�Q=OQ}N-=D |@=QN 1� x@DQt 6 %|@=QN O=OaD �
Ca=U 8 %Q}taD u=tR COt �

Ca=U 584 %hkwD u=tR COt �
x=oDUO |a}@]Q}e |=OY %|@=QN Cra �

wQOwN u}@t %Q=QkDU= pLt �
TQB pt=wa R= s=OmQy Q}F-=D u=R}t x@ |@=}CUO |=Q@ xOW s=Hv= C=@U=Lt
QO R}v C=ikwD QO pt=wa Q}F-=D u=R}t Q=Owtv w '9 pwOH QO |vD 100 |}x@ Q[

"CU= xOt; 3 Q=Owtv
�3 4 |kQ@ Q}W� w �24 u}@ w@� |=ys=vx@ |D=a]k x@ R=}v Q}taD |=Q@ x=oDUO u}=
"OW=@ O} QN w |r=t OL=w OL R= V}@ Q}N-=D Q@ |r}rO Ov=wD|t OwN u}= xm xDW=O

"|UQQ@ OQwt |=yx=oDUO hkwD QO QF-wt pt=wa |}=U=vW sD} Qwor= "2 pmW
"TwQ |Owta RQi hkwD QO pt=wa Q}F-=D u=R}t "7 pwOH
�OYQO� Q}F-=D u=R}t Q}N-=D u=tR pt=a

3 51 12 O}rwD OL=w
9 36 32 Cv OL=w
21 05 72 |UOvyt OL=w
14 04 48 |r=t OL=w
35 09 120 O} QN
14 04 48 Q=mu=t}B
2 92 10 Q}taD w ?Yv

"TwQ |Owta RQi hkwD QO pt=wa |OYQO Q}F-=D u=R}t "1 Q=Owtv
TwQ |Owta RQi �hr=
x@DQt 1 %|@=QN O=OaD �

Ca=U 10 %Q}taD u=tR COt �
Ca=U 342 %hkwD u=tR COt �
R}t CmQL sOa %|@=QN Cra �

wQOwN Oyt |R=U?r=k %Q=QkDU= pLt �
7 pwOH QO pt=wa R= s=OmQy Q}F-=D u=R}t x@ |@=}CUO |=Q@ xOW s=Hv= C=@U=Lt

"CU= xOt;
QO TwQ |Owta RQi hkwD QO pt=wa Q}F-=D u=R}t |xOW |Ov@OYQO s=QowDU}y

"CU= xOW sUQ 1 Q=Owtv ?r=k
CO2 VwH �?

�Q=OQ}N-=D |@=QN 1� x@DQt 7 %|@=QN O=OaD ��
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LO
} U'

| tQ
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|=}
vj=Q

W=
O}tL

r=O@ a

"127 KV VwH x]kv hkwD QO pt=wa |OYQO Q}F-=D u=R}t "4 Q=Owtv
"QwmPt =yx=oDUO hkwD QO pt=wa Q}F-=D u=R}t u}ov=}t "11 pwOH

�OYQO� Q}F-=D u=R}t Q}N-=D u=tR pt=a
1 01 46 O}rwD OL=w
1 85 84 Cv OL=w
8 45 384 |UOvyt OL=w
8 45 360 |r=t OL=w
7 92 384 O} QN
71 29 3240 Q=mu=t}B
1 03 47 Q}taD w ?Yv

"xOW |UQQ@ |=yx=oDUO hkwD QO QF-wt pt=wa u} QDsyt "3 pmW

=yu; `iQ |=Q@ |}=yO=yvW}B w Q=PoQ}F-=D pt=wa |}=U=vW "2"5
QO |Ov@OYQO w |v=tR ẁtHt CQwYx@ �� xOW ?=NDv= pt=wa Q}F-=D VN@ u}= QO
xO}HvU �� xOW xDiQo Q_v QO xat=H R= |}xvwtv u=wvax@ xm =yx=oDUO u}= C=ikwD

"O}vm x_Lqt =Q xOWx@U=Lt C=aq]= |t=tD O}v=wD|t 11 pwOH QO "OwW|t
=Q Q}N-=D QO pt=wa u} QDsyt xm CiQo xH}Dv u=wD|t 11 pwOH x@ xHwD =@

"�3 pmW� OQm s}UkD xDUO xU x@ 'QF=sm pt=wa hPL =@ u=wD|t
|UOvyt OL=w "1"2"5

|=Q@ u=wD|t 'OwW xO}t=v Q=PoQ}F-=D pt=wa R= |m} |UOvyt OL=w xm |DQwY QO
Cv OL=w w OQm xQ=W= |O}rwD OL=w u}= QO |v=tR=U CQ=J Z} waD Q=my=Q x@ xvwtv
"CiQo Q_v QO pt=a Q}Ot Q_v Q} R QD|OH CQwYx@ =yCvw=at R= |m} u=wvax@ =Q

"uD 100 |}x@ Q[ TQB x]kv hkwD QO pt=wa Q}F-=D u=R}t "9 pwOH
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