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hij = �
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(�:�b0)�1 f(di + f)� (1� �) dj � �B0g
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Q}}eD pOt -=O@t R= ZQa B0 'xOWs}UkD |=yxrY=i hYv f 's=j |xrY=i |RmQt
R= -=O@t R= ZQa EWMA |xQ=t; p=kDv= p=tDL= hij w 2 |x]@=Q QO xDi=}sQi
|x@U=Lt |=Q@ xm CU= QmP x@ sRq "CU= s=j |xrY=i \Uw x@ s=i |xrY=i \Uw
T=U=Q@� -=O@t R= ZQa V}=B |=Q@ EWMA Q=Owtv pQDvm OwOL u}@ |xrY=i 'f
xJv=vJ "s}vm|t s}UkD 2 Q@ =Q xH}Dv w xOQm s}UkD CtUk t x@ =Q �4 |x]@=Q
t� t p=kDv= p=tDL= T} QD=t 'OvQ}o Q=QkH T} QD=t pN=O QO p=kDv= p=tDL= Q}O=kt
|=Q@ EWMA pQDvm CLD xr=@vO pw] \UwDt CQwY u}= QO "OwW|t pY=L

%OwW|t x@U=Lt 11 |x]@=Q R= -=O@t R= ZQa V}=B
ARL0I = p(I �H)�1s (11)

|Q]U Q=OQ@ l} p 'CU= 1 O=Oa= pt=W t � 1 |vwDU Q=OQ@ l} s 'u; QO xm
q = t=2 + 0 5 'CU= 1 =@ Q@=Q@ u; q |x}=QO xm CU= QiY O=Oa= pt=W 1� t
pQDvm CLD |xr=@vO pw] \UwDt ARL0I "CU= t� t |v=ty T} QD=t l} I w

"OyO|t u=Wv =Q -=O@t R= ZQa V}=B |=Q@ EWMA pQDvm Q=Owtv
Q=Owtv pQDvm R= GQ=N |xr=@vO pw] \UwDt� ARL1I \UwDt |x@U=Lt |=Q@
|x]@=Q QO =Q B0 +��0 Q=Okt xm CU= |i=m �-=O@t R= ZQa V}=B |=Q@ EWMA

"s}vm u} Ro}=H B0 |=Hx@ 10
Q=Owtv pQDvm CLD |xr=@vO pw] \UwDt� ARL0s |=yQ=}at |x@U=Lt |=Q@
pQDvm R= GQ=N |xr=@vO pw] \UwDt� ARL1s w �?}W V}=B |=Q@ EWMA

Cr=L QO ARL |=yQ=}at |x@U=Lt Ovv=ty �?}W V}=B |=Q@ EWMA Q=Owtv
's}vm|t pta -=O@t R= ZQaV}=B |=Q@ EWMA Q=Owtv pQDvmR= GQ=N w pQDvmCLD

%OwW|t xO=iDU= 12 |x]@=Q R= p=kDv= p=tDL= |x@U=Lt |=Q@ xm Cw=iD u}= =@
qij = �

�
(�:�b1)�1 f(di + f)� (1� �) dj � �B1g

�
���(�:�b1)�1 f(di � f)� (1� �) dj � �B1g

�
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OwOL "CU= EWMAI(0) = B0 w |R=UQ=wty C@=F 0 < �I � 1 u; QO xm
%CU= 4 |x]@=Q CQwYx@ xDi=}s}taD Q=Owtv u}}=B w q=@ pQDvm
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(2� �I)mn

LCLI = B0 � LI�
s

�I
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CUO x@ |YNWt pQDvm CLD ARL xm OwW|t ?=NDv= u=vJ LI > 0 u; QO xm
xO=iDU= ?}W V}=B |=Q@ EWMA Q=Owtv QO b1j 'B1 ?}W |=yOQw;Q@ R= "O};
5 |x]@=Q CQwYx@ ?}W V}=B |=Q@ EWMA |xQ=t; CQwY u}= QO "OwW|t

%OwW|t h} QaD
EWMAS (j) = �Sb1j + (1� �S) EWMAS (j � 1)

j = 1; 2; :: (5)

"CU= EWMAS(0) = B1 w |R=UQ=wty C@=F 0 < �s � 1 |x]@=Q u; QO xm
6 |x]@=Q CQwYx@ ?}W V}=B |=Q@ EWMA Q=Owtv u}}=B w q=@ pQDvm OwOL

"OwW|t x@U=Lt

UCLS = B1 + LS�

s
�S

(2� �S)nSxx

LCLS = B1 � LS�
s

�S
(2� �S)nSxx

(6)

x@ |YNWt pQDvm CLD ARL xm OwW|t ?=NDv= |}xvwox@ LS > 0 u; QO xm
"O}; CUO

[27]uwDr}ty w QOwQm OQm} wQ T=U= Q@ EWMA Q=Owtv R= [16]u=Q=mty w s}m
MSEj Q=Okt R= =yv; VwQ u}= QO "OvOQm xO=iDU= =y=]N |oOvm =QB V}=B |=Q@
�s=j |xvwtv QO xOW VR=Q@ \N |=yxOv=t|k=@ R= xO=iDU= =@ �2 |xOvvm OQw;Q@�
K]U Qy QO Q=QmD n x@ xHwD =@ xm OvOQm xO=iDU= EWMA |xQ=t; |x@U=Lt |=Q@

"OwW|t x@U=Lt 7 |x]@=Q CQwYx@ EWMAE |xQ=t; 'pkDUt Q}eDt
EWMAE (j) = maxf�E ln (MSEj)

+ (1� �E) EWMAE (j � 1) ; ln(�20)g
j = 1; 2; :::: (7)

"CU= EWMAE(0) = ln(�20) w |R=UQ=wty C@=F 0 < �E � 1 u; QO xm
ZQi 1 Q@=Q@ ��2 pQDvm CLD Q=Okt� �20 Q=Okt '=yu; \UwD |O=yvW}B VwQ QO
EWMA Q=Owtv u}}=B w q=@ pQDvm OL w EWMAE(0) = 0 u}=Q@=v@ "CU= xOW

%CU= 8 |x]@=Q CQwYx@ Q=}at h=QLv= V}=B |=Q@
UCLE = LE

p
�EV ar[ln(MSEj)]=(2� �E)LCLE = 0 (8)

R= xO=iDU= =@ xDi=} s}taD EWMAE Q=Owtv |=Q@ Var[ln(MSEj)] u; QO xm
%OwW|t x@U=Lt 9 |x]@=Q

Var[ln(MSEj)] = 2
mn� 2 + 2

(mn� 2)2 + 4
3 (mn� 2)3

� 16
15 (mn� 2)5 (9)

x@ |YNWt pQDvm CLD ARL xm OwW|t ?=NDv= |}xvwox@ LE > 0 u; QO xm
"O}; CUO
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"""E
W

M
A

-3
pQDv

mQ=
Owtv

|O
=YD

k=|
L=Q]R= GQ=N -=O@t R= ZQa xm u; \QW x@ 'Ovm Q}}eD -=O@t R= ZQa QDt=Q=B xJv=vJ

xO=iDU= =@ Q=Owtv xU Qy \UwD Ov}=Qi uOW sqa= pQDvm CLD p=tDL= 'OW=@ pQDvm
%OwW|t x@U=Lt 20 |x]@=Q R=

�overall under shift in intercept = �I (1� �s) (1� �E) (20)

%xH}Dv QO
�overall under shift in intercept =(ARL1I � 1

ARL1I
)(1� 1

ARL0S
)

(1� 1
ARL0E

) (21)

pQDvmR= GQ=N |xr=@vO pw] \UwDt 'ARL1overall = 1=(1� �) |x]@=Q R= w
CU=vat u=O@ pm � xm CU= QmP x@ sRq "OwW|t x@U=Lt EWMA-3 Q=Owtv pm
pQDvm Q=Owtv xU Qy 'CU= pQDvm R= GQ=N -=O@t R= ZQa ^=Lr R= Ov}=Qi xJQo = xm
pQDvm R= GQ=N ,=ak=w -=O@t R= ZQa xm =Hv; R= "OvyO|t u=Wv pQDvm CLD =Q Ov}=Qi
?}W xm =Hv; R= =t= "CU= � =@ Q@=Q@ u; uOQm sqa= pQDvm CLD p=tDL= 'CU=
\@DQt |=yQ=Owtv uOQm sqa= pQDvm CLD p=tDL= Ov=pQDvm CLD Q=}at h=QLv= w

"CU= (1� �E) w (1� �s) =@ Q@=Q@ ?}DQDx@
Ci}W CLD EWMA-3 pm Q=Owtv II ẁv |=]N p=tDL= x@=Wt pqODU= =@

%OvwW|t x@U=Lt 25 w 23 \@=wQ =@ ?}DQDx@ Q=}at h=QLv= w ?}W QO

�overall under shift in slope = �S (1� �I) (1� �E) (22)

�overall under shift in slope =
�
ARL1S � 1
ARL1S

��
1� 1

ARL0I

�
(1� 1

ARL0E
) (23)

�overall under shift in standard deviation = �E (1� �I) (1� �S)

(24)

�overall under shift in standard deviation =
�
ARL1E � 1
ARL1E

�
�

1� 1
ARL0S

�
� (1� 1

ARL0I
) (25)

CQwYx@ Q=}at h=QLv= w ?}W QO Ci}W CLD EWMA-3 Q=Owtv pm ARL1
%OwW|t x@U=Lt 26 |x]@=Q

ARL1overall = 1=(1� �overall) (26)

|}=DwO� u=tRty Ci}W CLD pQDvm R= GQ=N |xr=@vO pw] \UwDt |x@U=Lt |=Q@
&s}vm|t x@U=Lt =Q =yv; w xOQm xO=iDU= x@=Wt pqODU= R= R}v =yQDt=Q=B QO �|}=DxU w
|x]@=Q R= xO=iDU= =@ ARL1 QDt=Q=B xU Qy QO u=tRty Ci}W CLD p=Ft u=wvax@

%OwW|t x@U=Lt 27

ARL1overall =
�

1=
�
1� (ARL1I � 1

ARL1I
)(ARL1s � 1

ARL1s
)

(ARL1E � 1
ARL1E

)
��

(27)

u}= x@ xHwD =@ pm ARL1 OQ}o Q=Qk Ci}W CLD QDt=Q=B l} =yvD =} QDt=Q=B wO Qo = w
"OwW|t x@U=Lt w xOQm Q}}eD OQ}o Q=Qk Ci}W CLD =yQDt=Q=B R= l}s=Om xm

|=yQDt=Q=B x@=Wt =yQDt=Q=B |x}k@ "CU=B1 QDt=Q=B OQw;Q@ Q=}at h=QLv= �b1 u; QO xm
GQ=N |xr=@vO pw] \UwDt� ARL1s |x@U=Lt |=Q@ "OwW|t h} QaD 10 |x]@=Q
QO =Q B1 + ��0 Q=Okt CU= |i=m �?}W V}=B |=Q@ EWMA Q=Owtv pQDvm R=

"s}vm u} Ro}=H B1 |=Hx@ 12 |x]@=Q
|=Q@ EWMA Q=Owtv pQDvm R= GQ=N w pQDvm CLD ARL |x@U=Lt |=Q@
OQi OOa t� |w=Ut CtUk t x@ =Q pQDvm OwOL u}@ |xrY=i =OD@= '|oOvm =QB V}=B
-=O@t R= ZQa |=Q@ xOW x�=Q= VwQ Ovv=t ,=OOHt "s}vm|t s}UkD �CU= K}LY w
|xrY=i RmQt QO |oOvm =QB V}=B |=Q@ EWMA |xQ=t; uDiQo Q=Qk u=mt ?}W w
T=U=Q@ p=kDv= T} QD=t QY=va "OwW|t xDiQo Q_v QO sDU}U Cr=L u=wvax@ s=j

%OwW|t x@U=Lt 13 |x]@=Q CQwYx@ [29]CQ@ Qy w u=owO VwQ

rij = pij � pi(j�1) i; j = 1; 2; :::; t (13)

%OwW|t x@U=Lt 14 |x]@=Q R= xO=iDU= =@ pij u; QO xm
pij = �2

mn�2

f (mn�2) exp
�
(j�1)�(1��) �i� 1

2
�

(UCLE�LCLE) =�
�

W 2 g
j = 1; 2; :::; t i = 2; 3; :::; t (14)

|O=R; xHQO (mn� 2) =@ |=m `@ Qt |atHD `} RwD `@=D �2
(mn�2) 14 |x]@=Q QO

pQDvm CLD Cr=L QO xm OwW|t x@U=Lt �1=�0 CQwYx@ W "OyO|t u=Wv =Q
QDt=Q=B wO xO=U |]N uw}UQoQ QO uwJ xm CW=O xHwD O}=@ "Ow@ Oy=wN 1 =@ Q@=Q@
(mn � 2) =@ Q@=Q@ |=m `@ Qt `} RwD |O=R; xHQO OvwW|t xOR u}tND B1 w B0
%OvwW|t x@U=Lt 16 w 15 \@=wQ R= xO=iDU= =@ ?}DQDx@ pi0 w p1j u}vJty "CU=

p1j = �2
n�2f (n� 2) exp ((j � 1) (UCLE � LCLE)=�)

W 2 g
j = 1; 2; :::; t (15)

pi0 = 0 i = 2; 3; :::; t (16)

CQwYx@ |oOvm =QB V}=B |=Q@ EWMA pQDvm Q=Owtv |=Q@ ARL0 C}=yv QO
%OwW|t x@U=Lt 17 |x]@=Q

ARL0E = p(I �H)�1s (17)

|x@U=Lt |=Q@ "OwW|t h} QaD 11 |x]@=Q |=yQDt=Q=B x@=Wt u; |=yQDt=Q=B xm
ARL0 xrLQt u}= =D "s}vm W u} Ro}=H =Q (�1=�0) Q=Okt CU= |i=m ARL1E
w ?}W '-=O@t R= ZQa V}=B |=Q@ EWMA pQDvm |=yQ=Owtv lDlD ARL1 w
w ARL0 |x@U=Lt |=Q@ sRq \@=wQ xt=O= QO "CU= xOW x@U=Lt Q=}at h=QLv=

%s}vm|t x@U=Lt 18 |x]@=Q R= =Q pm ARL0 "OwW|t x�=Q= pm ARL1

ARL0 =1=[1� (1� 1=ARL0I) (1� 1=ARL0S)

(1� 1=ARL0E)] (18)

%CU= xOW x@U=Lt 19 |x]@=Q |=v@t Q@ 18 |x]@=Q xm CU= K[=w

�overall = 1� (1� �I) (1� �s) (1� �E) (19)
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"""w
|@L

tx@
w@L

t'|
Q}t=

u}U
LQ}

t= QiY CQwY u}= Q}e QO w 1 Q@=Q@ Ovm =O}B xt=O= Ov}=Qi KqY= u}L QO O}rwD Qo = %
2
&CU=

&CU= pQDvm CLD Ov}=Qi xm |v=tR xOW xDiQo |=yxvwtv O=OaD \UwDt %S
&|y=@DW= Q=OWy Qy |xv} Ry %F

&p}rO=@ h=QLv= KqY= w X}NWD |xv} Ry %R
&|Q}oxvwtv C@=F |xv} Ry %a

&xOWxDiQo |xvwtv Qy |xv} Ry %b
"0 < K < 1 w |Jwo =D ?} Q[ %K

CqwYLt O}rwD |xv} Ry w xOQm xO=iDU= |Jwo =D OQm} wQ R= |O=yvW}B pOt QO
's}vm|t KqY= pQDvm R= GQ=N w pQDvm CLD Cr=L QO =Q u=tR OL=w QO j@]vt=v
Q=Qk j1p 'C1 |=Hx@ w j0p Tvw w RvQwr hOy `@=D QO C0 |=Hx@ xm ?}DQD u}O@

%OwW|t x@U=Lt 30 |x]@=Q R= xO=iDU= =@ ?}DQDx@ J1 w J0 Q}O=kt "s}yO
J0 = K[(�20=(nm)) + (�20=(nSxx))]

J1 = [(!2(�20=(nm)) + �(�20=(nm)) + !2(�20=(n:Sxx))

+�2(�20=(n:Sxx)))] (30)

Ci}W u=R}t Qou=Wv ?}DQDx@ !; �; � w CU= Ca=U Qy QO O}rwD u=R}t p u; QO xm
|L=Q] |=Q@ |O=YDk= pOt "CU= Q=}at h=QLv= w?}W '-=O@t R= ZQa |=yQDt=Q=B QO

%CU= 31 |x]@=Q CQwYx@ EWMA-3 pQDvm Q=Owtv xU u=tRsy
Min C

s:t : 0 < �I � 1; 0 < �S � 1; 0 < �E � 1
n : integer (31)

Oa@ xm OvDUy �I w �S '�E 'LI 'LS 'LE 'n 'h Q}O=kt pOt s}taD |=yQ}eDt
|=Q@ |WwQ Oa@ VN@ QO "OwW|t x@U=Lt 31 |x]@=Q QO |]NQ}e pOt pL R=

"OwW|t x�=Q= l}DvS sD} Qwor= R= xO=iDU= =@ pOt pL

|O=YDk= |L=Q] pOt pL VwQ "5
"OwW|t xO=iDU= |O=YDk= |L=Q] pOt pL |=Q@ l}DvS sD} Qwor= R= xr=kt u}= QO
xO=iDU= |O=YDk= |L=Q] QO pOt pL |=Q@ l}DvS sD} Qwor= R= u}kkLt R= |Q=}U@

[32�30w24]"Ov=xOQm
QO xv}y@ x@ l}ORv |=ypL x=Q uDi=} |=Q@ wHwCUH |xw}W l} sD} Qwor= u}=
|=ysD} Qwor= R= ?aWvt `k=w QO l}DvS sD} Qwor= "Ovm|t x�=Q= |R=Uxv}y@ p�=Ut
CU= nQR@ w `}Uw Q=}U@ |=y=[i QO QF-wt |wHwCUH VwQ l} w CU= |rt=mD
O}=W xm OwW|t |}xv}y@ ?=wH uDi=} CtU x@ |Q}oCyH x@ QHvt C}=yv QO xm
l}DvS |=ysD} Qwor= "OW=@v u; x@ |@=}CUO x@ QO=k |oOvR u=tR COt QO OQi
O}=@ =ysD} Qwor= u}= QO "OvQ=O |t}Ok |R=Uxv}y@ |=yVwQ =@ |O=} R Q=}U@ Cw=iD
|QU l} =@ l}DvS sD} Qwor= u}=Q@=v@ "OwW p}O@D 2l}DvS |=[i x@ 1|L=Q] |=[i
=yOm ,qwY= xm CU= u; xOW Om |=yQ}eDt =@ Q=m C} Rt "Ovm|t Q=m xOW Om |=yQ}eDt
�GA�l}DvS sD} Qwor= "OvQ=OQwNQ@ xDUUo |=[i x@ xDUw}B |=[i p}O@DC}r@=k R=
p}rOx@ "CU= xOW |R} Q|B QDQ@ ẁv Q}FmD w =yu} QDy@ C=}L |xt=O= pY= T=U=Q@
=} ?wN Ovv=wD|t xOt; CUO x@ |=y?=wH l}DvS sD} Qwor= |R=U|iO=YD C}y=t
QO |tyt Q=}U@ Vkv ?U=vt |=yQDt=Q=B u}}aD u}=Q@=v@ "OvW=@ |vOWv |DL =} O@

EWMA-3 pQDvm Q=Owtv |O=YDk= |L=Q] "4
xDi=}s}taD

|R=UpOt |O=YDk= CQwYx@ xDi=}s}taD EWMA-3 pQDvm Q=Owtv xr=kt u}= QO
EWMA pQDvm Q=Owtv xU u=tRsy xm CU= u; |O=yvW}B pOt |oS} w "OwW|t
OwW|t x@U=Lt |}xvwox@ u=tRty Qw]x@ pQDvm |=yQ=Owtv |=yQDt=Q=B w OwW|t xv}y@
`@=D u=wvax@ [25]Tvw w RvQwr |xv} Ry `@=D R= pOt u}= QO "OwW xv}tm =yxv} Ry xm
%R= Ov=CQ=@a OvwW|t u}}aD pOt \UwD xm |}=yQDt=Q=B "CU= xOW xO=iDU= hOy
K]U Qy QO MU=B |=yQ}eDt O=OaD n '|r=wDt |Q}oxvwtv wO u}@ |v=tR |xrY=ih
h=QLv= w ?}W '-=O@t R= ZQa pQDvm OwOL ?}=Q[ LI ; LS ; LE 'pkDUt Q}eDt
w ?}W '-=O@t R= ZQa pQDvm |=yQ=Owtv |R=UQ=wty ?}=Q[ �I ; �S ; �E w Q=}at

"Q=}at h=QLv=
QO [25]"OwW|t h} QaD 28 |x]@=Q CQwYx@ Tvw w RvQwr |xv} Ry `@=D
|}=tv `} RwD |=Q=O CU= pQDvm CLD Ov}=Qi xm |v=tR COt 'xOW x�=Q= pOt
RwQ@ CQwY QO xm xOW ZQi u}vJty "CU= xOW ZQi 1=� u}ov=}t =@
Q}}eD Q=}at h=QLv= w ?}W '-=O@t R= ZQa QDt=Q=B xU Qy 'p}rO =@ h=QLv= l}

"Ovm|t

C =

8>><>>:
C0=�+ C1:((��) (n:m) :E

+h: (ARL1) + 
1:T1 + 
2:T2)+
S:F=ARL0 +R

9>>=>>;
=

(
(1=�) + ((1� 
1) :S:T0=ARL0)� �+

(m:n) :E + h: (ARL1) + T1 + T2

)
+

(
[(a+ b:(m:n))=h] [1=�� � + (m:n) :E+

h: (ARL1) + 
1:T1 + 
2:T2]

)
=

( 1=�+ (1� 
1) :S:T0=ARL0 � �
+ (m:n) :E + h: (ARL1) + T1 + T2

)
(28)

S = e(��h)=([1� e�h)]) (29)

%OvwW|t h} QaD u}vJ 29 w 28 |=yx]@=Q QO =yQDt=Q=B
&u=tR OL=w Qy Q=_Dv= OQwt |xv} Ry %C

pQDvm CLD Ov}=Qi xm |t=ovy u=tR OL=w QO j@]vt=v CqwYLt O}rwD |xv} Ry % C0
&CU=

R= GQ=N Ov}=Qi xm |t=ovy u=tR OL=w QO j@]vt=v CqwYLt O}rwD |xv} Ry %C1
&CU= pQDvm

ẁkw R= p@k |Q}oxvwtv u=tR u} QN; w p}rO =@ h=QLv= ẁkw u}@ Q=_Dv= OQwt u=tR %�
&p}rO =@ h=QLv=

&pQDvm Q=Owtv |wQ xQ=t; s}UQD w |Q}oxvwtv u=tR COt %E
&CU= pQDvm CLD Ov}=Qi xm |v=tR u=tRty |xr=@vO pw] \UwDt %ARL0

&CU= pQDvm R= GQ=N Ov}=Qi xm |v=tR u=tRty |xr=@vO pw] \UwDt %ARL1
&p}rO =@ h=QLv= hWm |=Q@ Q=_Dv= OQwt u=tR %T1

&Ov}=Qi KqY= |=Q@ Q=_Dv= OQwt u=tR %T2
&OwW|t Ci=} QO |y=@DW= Q=OWy l} xm |t=ovy wHwCUH u=tR \UwDt %T0
Qo = "CU= 1 Q@=Q@ Ovm =O}B xt=O= p}rO=@ h=QLv= |wHwCUH u}LQO O}rwD Qo = %
1

&CU= QiY Q@=Q@ OwW hkwDt p}rO =@ h=QLv= |wHwCUH u}LQO O}rwD
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"""E
W

M
A

-3
pQDv

mQ=
Owtv

|O
=YD

k=|
L=Q]l}DvS sD} Qwor= pL=Qt "2"5

"s}vm|t O}rwD |iO=YD CQwYx@ =Q 20 xR=Ov= =@ |}x}rw= C}atH Q=DWwv u}= QO
=@ TBU w xOQm ?=NDv= |iO=YD CQwYx@ =Q swRwtwQm 10 'x}rw= C}atH u}= R=
O}rwD OvRQi u=wvax@ =Q swRwtwQm xO |}x]kvwO w |}x]kvl} |a]=kD Qorta R= O=iDU=
VyH Qorta R= w xOQm ?=NDv= hO=YD x@ =Q |m} swRwtwQm xO u}= u}@ R= "s}vm|t
u=OvRQiTBU "s}vm |Q}owrH|rLt |xv}y@ QO sD} Qwor= uO=Di= R= =D s}vm|t xO=iDU=
'xv} Ry u} QDsm |oOvR=Q@ Q=}at R= xO=iDU= =@ w xOQm ?}mQD x}rw= C}atH =@ =Q xOWO}rwD
?=NDv= =y?=wH u} QDO@ R= =Q swRwtwQm 2 w =y?=wH u} QDy@ R= =Q swRwtwQm 18 O=OaD
hkwD \QW x@ =D s}yO|t xt=O= QOku; =Q Q=m u}= "s}yO|t p}mWD =Q O}OH pUv w
CU= QmP x@ sRq "CU= xOW xO=O Q=Qk Q=QmD O=OaD hkwD \QW xr=kt u}= QO "s}UQ@
um}r 's}UQ@ |QDy@ ?=wH x@ =yQ=QmD O=OaD V}=Ri= =@ �,=twRr xv w� CU= umtt xJQo =
Q=QmD O=OaD |=Q@ 10 OOa ?=NDv= QO xm CU= |tyt QwDm =i R}v xr�Ut pL u=tR

"CU= xOW ^=Lr

|OOa p=Ft "6
VwQ w xOW x�=Q= pOt j} Q] u}= R= =D OwW|t KQ]t |OOa p=Ft l} VN@ u}= QO
[28]|OOa p=Ft u}= QO xOW xO=iDU= |=yQDt=Q=B "OQ}o Q=Qk |@=} RQ= OQwt u; pL

%R= Ov=CQ=@a
� = 0; E = 0 5; T1 = 20; T2 = 0; T0 = 0

1 = 1; 
2 = 0; F = 500; R = 250; a = 5
b = 1; � = 0 01; p = 200
C0 = j0p xOW x�=Q= pOt QO "OwW|t x@U=Lt 29 |x]@=Q x@ xHwD =@ S Q=Okt w
"OwW|t x@U=Lt 30 \@ wQ R= xO=iDU= =@ ?}DQDx@ j1 w j0 Q}O=kt xm C1 = j1p w
'� = 1 =@ Q@=Q@?}DQDx@ Q=}at h=QLv= w?}W '-=O@t R= ZQa QOCi}W u=R}t u}vJty
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