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ẁkw p=tDL= u=tR QPoQO w Ov=|m}v=mt |O}rwD |=yOv}=Qi R= |Q=}U@ |iQ]

|=QH= sOa '=DU=Q u}ty QO "CU= V}=Ri= x@ wQ p}rO =@ C=i=QLv= w |@=QN
u; ?Hwt x@ w |@=QN C=aiO O=OaD V}=Ri= Ea=@ xv=Q}oW}B C=Q}taD � |Q=Oyov
hWm w C=ikwD R= |Q}owrH |=Q@ u=kkLt "OwW|t O}rwD Ov}=Qi |=yxv} Ry V}=Ri=
OvwQ Q@ CQ=_v w C=Q}taD � |Q=Oyov |=yCU=}U O}rwD Ov}=Qi QO C=Q}}eD `} QU
Ov}=Qi Q@ CQ=_v s=eO= 'OwHw u}= =@ [4 w 3]"OvOQm |UQQ@ u=tRsy Qw] x@ =Q |Q=t;
Q=Qk |WwB sWJ OQwt q=@ C}i}m =@ |=yOv}=Qi |=Q@ C=Q}taD � |Q=Oyov w |Q=t;
w |Q=t; Ov}=Qi Q@ CQ=_v |R=UxJQ=Bm} |=Q@ |OQm} wQ 'xr=kt u}= QO "CU= xDiQo
|=Q@ Qo}O |wU R= "OwW|t x�=Q= q=@ C}i}m =@ |=yOv}=Qi QO C=Q}taD � |Q=Oyov
=@ C=i=QLv= Qw[L QO pQDvm |=yQ=Owtv |L=Q] '|ak=w |=}vO x@ uOW l}ORv
uDiQo Q_v QO =@ |R=Uxv}y@ 'u}vJty "OQ}o|t Q=Qk xar=]t OQwt xv=oOvJ p}rO

pw�Ut xOvU} wv �
"1399 5 8 VQ}PB '1399 4 7 x}LqY= '1398 6 17 Ci=} QO %M} Q=D

DOI:10.24200/J65.2020.53389.2021



"""=@
C=Q

}taD
�|

Q=Oy
ovw

C}i
}m|

R=Ux
JQ=B

m}"C=}@O= QwQt |xYqN "1 pwOH
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'pw= ẁv |@=QN � 'pm |=QH= Q=@ wO u}@ =yO=O} wQ O=OaD l pt=W s}tYD |=yQ}eDt

"OW Oy=wN xDN=U OwU `@=D 'C=Q}taD � |Q=Oyov C}r=ai K]U m

pQDvm OwOL "1"3
=@ =Q sDU}U u}= QO �xOW O}rwD j@]vt=v pwYLt wO� |r=wDt |=yO=O} wQ u}@ u=tR
=Q uoty uwU=wB `} RwD l} 'O=O} wQ l} ẁkw xm |}xvwo x@ s}yO|t u=Wv t QDt=Q=B
|=Q@ |}=tv Q=Owtv l} R= [27]u}W}B C=ar=]t j@=]t =DU=Q u}ty QO "Ovm|t p=@vO
|=Q@ |}=tv Q=Owtv OQ@ Q=m pOt u}= QO uwJ w OwW|t xO=iDU= pQDvm OwOL u}}aD
QO "OwW|t |iQat CQ=J t pQDvm OwOL u=wva x@ CU= O=O} wQ wO u}@ u=tR pQDvm
�LCL� u}}=B pQDvm OL 'Q=Owtvl} |Q=t; � |O=YDk= |L=Q] p=wQ x@ xHwD =@ ut[
x@ 1 |xrO=at R= xO=iDU= =@ w 3 w 2 CqO=at CQwY x@ �UCL� q=@ pQDvm OL w

"O};|t CUO
F (t) = 1� e��in:t (1)

UCL = TU = �Ln
��

2
�

�in
; 1� e��in:UCL = 1� �

2 (2)

LCL = TL = �Ln
� 2��

2
�

�in
; 1� e��in:LCL = �

2 (3)

sDU}U OwW QDtm LCL pQDvm OL R= O=O} wQ wO u}@ u=tR xm|t=ovy xr�Ut u}= QO
w CU= UCL R= QDtyt ,=D@Uv LCL pQDvm OL xH}Dv QO "OwQ|t Ct=Nw x@ wQ
l} \=@DQ= "OwW|t �TL� Q=Okt u}}aD pt=W ,=iQY CQ=J t Q=Owtv l} |L=Q]

%CU= 4 |xrO=at j@=]t R}v ��� x=@DW= Q=OWy u=R}t w �TL� u}@ l} x@
TL = �Ln (1� �)

�in
) 1� e��in:TL = � (4)

C=Q}taD � |Q=Oyov |SD=QDU= |R=UpOt "2"3
xO=iDU= |R=Ht Qta swyit R= pm |=yC}r=ai s=Hv= QF= V}=tv |=Q@ xar=]t u}= QO
=yO=O} wQ R= |YNWt O=OaD R= Oa@ pm |=yC}r=ai xr=kt u}= QO [29 w 28]"OwW|t
xNQJ pw] QO � il � : 1

�in
x@ xHwD =@ pm |=QH= `]=kt xH}Dv QO "OwW|t =QH=

O@=}|t Vy=m pm |=QH= R= Oa@ CUmW MQv '?}DQD u}O@ "CU= xOW |R} Qxt=vQ@
C=Q}taD K]U w xHQO =@ ?U=vDt u; Q}F-=D xm |}xvwo x@ w wv |q=m xR=Ov= x@ xv =t=
Qta i

l = [ il ] Cr=L QO pm C}r=ai u}t=[ il ] R= p@k u}=Q@=v@ "OwW|t XNWt
XNWt K]U l} |=Q@ "OwW|t x@U=Lt �i�1 + l

�in
'�0 = 0 Q@=Q@ |R=Ht

j@] i
l 6=

� i
l

� xm |Dr=L |=Q@ il = [ il ] Cr=L |=Q@ pwYLt |R=Ht Qta 'pm

%O};|t CUO x@ 6 w 5 x]@=Q
�i = �i�l + �(m) l

�in
;�0 = 0; 0 � m �M; i > 2 (5)

�i = �i�1 + 1
�in

�0 = 0 (6)

w pm C}r=ai u}t=[ il ] |=QH= u=tR QO pwYLt |ak=w Qta � il � 1
�in

'u; QO xm
Q@=Q@ w m R= |rwRv `@=D l} �(m) u}vJty "CU= pm K]U |xOvyOu=Wv m

"pt=m =v Ov}=Qi l} V}=tv "1 pmW

u}= QO &OvDUy |O}rwD |=ysDU}U QO j@]vt CqwYLt O}rwD V}=Ri= |=Q@ pw=ODt
Qo}O |wU R= "OwW|t xDiQo Q_v QO q=@ C}i}m =@ Ov}=Qi l} QO Q=R@= wO u}= 'Q=DWwv
p}rO =@ h=QLv= OvJ O=ONQ u=mt= '|ak=w |=}vO x@ xr�Ut uDN=U QDm}ORv Qw_vt x@
R= |m} xm CU= K[=w "OQ}o|t Q=Qk |UQQ@ OQwt CqwYLt O}rwD |xNQJ QO
|Q=t; � |O=YDk= OQm} wQ "CU= |rQDvm |=yQ=Owtv '=yOv}=Qi |Q=t; pQDvm |=yQ=R@=
|=yXN=W uDiQo Q_v QO =@ xm '|rQDvm |=yQ=Owtv |L=Q] CyH QO CU= |WwQ
uOw@ pt=m ZQi |DvU |=ypOt QO "OwW|t =yQ=Owtv u=v}t]= V}=Ri= Ea=@ |Q=t;
u}W=t |@=QN w pQDvm CLD xQ=wty Ov}=Qi xm CU=vat u=O@ u}= 'OQ=O OwHw Ov}=Qi

"OyO|tv MQ u; QO
l} "OQ=O OwHw CavY |ak=w |=y\}Lt QO CQOv x@ |}=yOv}=Qi u}vJ
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�p}rO =@ h=QLv= ẁkw u=tR� pQDvm Cr=L QO u=vJty p}rO =@ h=QLv= l} O=O} wQ

"OwW|t x@U=Lt 13 |xrO=at CQwY x@ OW=@
tin =

1X
i=1

"
i
�in

+
Z i+1

�in

i
�in

�(t):f (t) dt

#
:
Z i+1

�in

i
�in

f (t)dt (13)

xNQJ |=yxv} Ry "4"3
|=yQDt=Q=B =@ nvrQ= `} RwD R= XNWt xR=@ l} QO =yO=O} wQ O=OaD x@U=Lt |=Q@
xHwD =@ =Q =yO=O} wQ xm CQwY u}= x@ OwW|t xO=iDU=

�
� = 1

�in

�
(� = i+ 1)

'p}rO =@ h=QLv= uO=Di= j=iD= u=tR x@ xHwD =@ w xOQm XNWt u; O=ONQ p=tDL= x@
O=O} wQ u}t=i+1 R= QDtm u=tR |va}� OwW|t x@U=Lt p@k=t |=yO=O} wQ s=tD p=tDL=

"�OW=@ pQDvm Cr=L QO O=O} wQ u} QN; R= Oa@
p (i) = p (t < tin)

(i; �in)
(i� 1)!

= 1�
i�1X
n=0

e�in(�in)n

n!
(14)

15 |xrO=at j@=]t CU= pQDvm CLD Ov}=Qi xm |Dr=L QO O=O} wQ Q=_Dv= OQwt O=OaD
%O};|t CUO x@

M =
1X
i=1

i:p (i) (15)

31



"""=@
C=Q

}taD
�|

Q=Oy
ovw

C}i
}m|

R=Ux
JQ=B

m}pOt pL |=Q@ �PSO� C=QP s=LOR= |R=Uxv}y@ sD} Qwor= R= VywSB u}= QO
?U=vt OQmrta x@ u=wD|t sD} Qwor= u}= |=yC} Rt R= "CU= xOW xO=iDU= |O=yvW}B
'VwQ |oO=U 'OQi x@ QYLvt |wHDUH Q=mwR=U '|]NQ}e |=ypOt |R=Uxv}y@ QO
R= |m} sD} Qwor= u}= [32]"OQm xQ=W= |R=UxO=}B QO CrwyU w |D=@U=Lt |}=Q=m
x@ [35�33]|O=} R C=k}kLD QO ,=Q}N= xm CU= |Q=mD@==Qi |=ysD} Qwor= u} QD?w@Lt

"CU= xDiQ Q=m
C}atH Q@ |vD@t |Q=mD@==Qi sD} Qwor= l} �PSO� C=QP |atHD |R=Uxv}y@
"CU= xDi=} xaUwD =y|y=t w u=oOvQB |atH xDUO CmQL R= uDiQo s=yr= =@ xm CU=
uDi=} |=Q@ 'OvwW|t xO}t=v C=QP xm C}atH l} u}@ |Q=mty R= sD} Qwor= u}=
QO `k=w QO "Ovm|t xO=iDU= ?=wH |=[i l} QO s}tYD |=yQ}eDt xv}y@ Q}O=kt
CmQL ?=wH |=[i QO |rai |xv}y@ C=QP uOQm p=@vO =@ C=QP sD} Qwor= u}=
x@ hOy `@=D R= xO=iDU= =@ xm CU= 2|@=} RQ= Q=Okt l} |=Q=O xQP Qy "Ovvm|t
XNWt =Q u; CmQL CyH xm CU= 3CaQU Q=OQ@ l} |=Q=O w O};|t CUO

"Ovm|t
?}mQD QDW}@ |WN@ QF= x@ uO}UQ |=Q@ =Q |QU=QU w |rLt |wHDUH PSO

OvwW|t O}rwD |iO=YD CQwY x@ C=QP R= |D}atH =OD@= sD} Qwor= u}= QO "Ovm|t
?=wH u} QDy@ 'xQP |rai CyH |=v@t Q@ =Q C=QP C}akwt sD} Qwor= TBU w
RwQ x@ 'C=QP |t=tD QO xOW xOy=Wt ?=wH u} QDy@ w xQP u; xOW xOy=Wt
|xOW xOy=Wt ?=wH u} QDy@ "OR=OQB@ xv}y@ ?=wH |wHDUH x@ =D Ovm|t
|Q=Pos=v R}v i |xQP xOW xOy=Wt ?=wH u} QDy@ w gbest u=wva =@ |QU=QU

"OvwW|t
Xt
i = [m;�; l] "OW=@Np =@ Q@=Q@ C=QPC}atH xR=Ov= PSO QO xm O}vmZQi

?=wH u} QDy@ w CaQU '�s}tYD |=yQ}eDt Q=OQ@� C}akwt ?}DQD x@ pbestti w �ti '
?}DQD x@ R}v blo w bup "OvyO|t u=Wv =Q s= t Q=QmD QO i |xQP |xOW xOy=Wt
xOy=Wt ?=wH u} QDy@ gbestt w OvDUy s}tYD |=yQ}eDt u}}=B w q=@ OwOL Q=OQ@
|atH |Q}oO=} w l =QO= |=yQwDm =i c2 w c1 "CU= s= t Q=QmD =D C=QP QU=QU QO
uRw w C}=yv QO [36]"OwW|t xDiQo Q_v QO 4 Q@=Q@ ,qwtat =yv; ẁtHt xm OvDUy
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"CU= Q}PBu=mt= p}rO =@ h=QLv= OvJ ẁkw u; QO xm O} Q}o@ Q_v QO =Q |O}rwD Ov}=Qi
|wQ}B pw@}=w `} QwD R= w pkDUt =yv; R= l} Qy O=ONQ =D u=tR |iO=YD |=yQ}eDt
C=Q}taD � |Q=Oyov Q=R@= wO R= sDU}U |@=QN C=aiO O=OaD pQDvm Qw_vt x@ "Ovvm|t
Q@ xOW QmP |rQDvm CQ=J |=yQDt=Q=B u}vJty "OwW|t xO=iDU= t pQDvm Q=Owtv w
pQDvm |=yXN=W Q@ xwqa =D OwW|t u}}aD |Q=t; � |O=YDk= KQ] l} |=v@t
3 pwOH QO =yQDt=Q=B Q=Okt "OwW ^=Lr R}v sDU}U x@ xOW p}tLD |xv} Qy 'C}i}m

[30 w 23 '15]"OwW|t xO=O V}=tv
xO=iDU= =@ w MATLAB2017 Q=Ri=sQv QO xr�Ut u}= pOt |oO}J}B x@ xHwD =@
G}=Dv w CU= xOW pL �PSO� C=QP s=LOR= |R=Uxv}y@ |Q=mD@==Qi sD} Qwor= R=
|=y?=wH T=U= Q@ "CU= xOW x�=Q= 4 pwOH KQW x@ u; pL R= pY=L |xv}y@
|}=yO=O} wQ O=OaD Qo u=}=tv l� O=O} wQ 40 R= TB xm OwW|t O=yvW}B xOt; CUO x@
� |Q=Oyov C=}rta �ODi=|t j=iD= C=Q}taD � |Q=Oyov C}r=ai wO u}@ xm CU=
Q=Okt xr�Ut u}= QO pw= ẁv |=]N u}vJty w "OwW =QH= 3 K]U QO C=Q}taD
umtt OwU u} QDW}@ x@ hOy `@=D xv}y@ Q}O=kt u}= =@ =D OwW xO=O Q=Qk 0 2060

"OUQ@

C}U=UL p}rLD "2"5
QO xOW QmP Vout 'Ce 'Aout 'Ain 'Vin '�in |=yQDt=Q=B C=QF= 'VN@ u}= QO

xQP u; |=Q@ pbest Q=Okt OW=@ Q=QkQ@ Z(xi) � Z(pbesti) \QW Qo = w
gbest =@ u; Q=Okt 'xQP |x@U=Lt R= TB "�pbestti ! xti� OwW|t RwQ x@
RwQ x@ gbest Q=Okt OW=@ QDlJwm pbest xm |DQwY QO w OwW|t xU}=kt

"OwW|t

|O=yvW}B pOt pL QO PSO OQ@ Q=m "1"4
|}xDWQ Ov=wD|t xm CU= PSO |xaUwD QO |O}rm QwDm =i l} ?=wH V}=tv
pt=W xOW x�=Q= pOt |=Q@ ?=wH V}=tv "OW=@ K}LY w |k}kL O=Oa= R=
QO "CU= s}tYD Q}eDt l} x@ \w@ Qt Oa@ Qy xm CU= |Oa@xU |=yxDWQ
C=Q}taD � |Q=Oyov |=yC}r=ai s=Hv= Q=@ wO u}@ =yO=O} wQ O=OaD QwmPt pOt
|iQ] R= "OvDUy K}LY O=Oa= �m� C=Q}taD � |Q=Oyov C}r=ai K]U w �l�
|=yQ}eDt |x}rw= Q=Okt O}rwD |=Q@ "CU= |k}kL OOa ��� pw= ẁv |@=QN
OL w u}}=B OL u}@ CN=wvm} `} RwD =@ |iO=YD Q=Okt l} xDUw}B s}tYD
|=yQ}eDt |x}rw= Q=Okt O}rwD |=Q@ u}= Q@ xwqa "OwW|t O}rwD =yQ}eDt u}= |q=@
OwW|t O}rwD [0,1] xR=@ QO CN=wvm} `} RwD R= |iO=YD Q=Okt l} 'K}LY
x@U=Lt 27 w 26 \@=wQ j@] m w l |=yQ}eDt Q=Okt u; R= xO=iDU= =@ w

%OwW|t
l = min((lmin + floor((lmax � lmin + 1)�R1)); lmax) (26)

m = min((mmin + floor((mmax �mmin + 1)�R2));mmax)

(27)

"OvDUy m w l |q=@ w u}}=B OL ?}DQD x@mmax wmmin 'lmax 'lmin u; QO xm
C}a@D U(0; 1) CN=wvm} `} RwD R= xm OvDUy |iO=YD Q=Okt wO R2 wR1 u}vJty

"Ovm|t

pOt OQ@ Q=m "5
xOW x�=Q= |O=yvW}B pOt OQ@ Q=m uO=O u=Wv |=Q@ |OOa p=Ft l} 'VN@ u}= QO

%OwW|t s}UkD G =D hr= VN@ Q} R xU QO xm CU=
"OwW|t x�=Q= |O=yvW}B pOt |Q}PBOQ@ Q=m uO=O u=Wv |=Q@ |OOa p=Ft l} �hr=
x@ G}=Dv w xOW x�=Q= |[=} Q |R} Qxt=vQ@ |R=Uxv}y@ |=Q@ PSO sD} Qwor= 'TBU

"OwW|t C@F xOt; CUO
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JQ=B

m}

"u=tR OL=w QO OwU Ow@y@ Q@ =yQDt=Q=B Q}}eD QF= |m}i=Qo V}=tv "3 pmW

u} QDtm ��out� p}rO =@ C=i=QLv= uOQ@ u}@ R= |xv} Ry w OwW|t xDN=vW QDt=Q=B
"OQ=O OwU Ow@y@ Q@ =Q Q}F-=D u=R}t

|}xU}=kt |xar=]t "3"5
C=Q}taD � |Q=Oyov |=QH= "1"3"5

C=Q}taD � |Q=Oyov =QH= |Q}PB Q}F-=D u=R}tV}=tv Qw_vt x@|}xU}=kt |xar=]t u}= QO
j@=]t C=Q}taD � |Q=Oyov uDiQo Q_v QO uwO@ pOt =@ xOW x�=Q= pOt 'hOy `@=D |wQ

"OwW|t xU}=kt 5 pwOH QO xOW x�=Q= |xr�Ut 27 QO '7 pwOH
R= OwU hOy `@=D QO |O=yvW}B pOt |xr�Ut 27 |=Q@ '7 pwOH j@=]t
C=Q}}eD |xvt=O '=DU=Q u}ty QO "CU= xDW=O |QDy@ OQmrta pm |=QH= sOapOt
u}ov=}t =@ 2=6� 10�3 w 6=9� 10�6 u}@ |OOa 'xr�Ut 27 |=Q@ OwU Ow@y@
pm |=QH= Cr=L u} QDO@ QO O=Oa= x@ xHwD =@ xm CU= xOw@ OYQO 4=4� 10�3

"OQ=O |O=YDk= xiQY O=OQ=Qk u}iQ] |=Q@
xNQJ pw] QO OwU Ow@y@ Q=Okt u}= xm CU= u}= xHwD p@=k |xDmv =t=
OYQO 70 252 u}@ Ow@y@ |xvt=O xm |Qw] x@ "CU= xDW=O |Q}otWJ V}=Ri=
Qo = xH}Dv QO "CU= Ow@y@ OYQO 108 8347 u}ov=}t =@ w OYQO 141 8075 =D

"OQ=O |Q}otWJ Ow@y@ xNQJ pw] QO =t= CU= lOv= Ow@y@ u=tR OL=w QO xJ
|wQ Hout uOv=t C@=F =@ xm O}O u=wD|t 8 pwOH p}rLD w x} RHD T=U= Q@
|Wy=m OvwQl}� w l 'Q=_Dv= j@=]t '5000 =D 1000 R=HinV}=Ri= =@ w 20 Q=Okt
=Q Ow@y@ w |W}=Ri= OvwQ l} ATSin Q=Okt �Vy=m T=U= Q@ w Ovvm|t p=@vO =Q
u} QDoQR@ "Ovm|t p=@vO =Q |W}=Ri= OvwQ I hOy `@=D Q=Okt xH}Dv QO "CU= xOQm |]
760369861 |O=yvW}B pOt OwU u=R}t =@ 25 |xr�Ut x@ \w@ Qt Ow@y@ Q=Okt
xH}Dv QO w |@=QN Q=@ O=OaD V}=Ri= Ea=@ pm |=QH= sOa xm|r=L QO CU= xOw@

"O@=}|t Vy=m 314452568 =D OwU w xOW |@=QN |=yxv} Ry V}=Ri=
|Q=t; |=yXN=W uDiQo Q_v QO %|}xU}=kt |xar=]t "2"3"5

`@=D |wQ Q@ |Q=t; |=yXN=W uDiQo Q_v QO |Q}PB Q}F-=D u=R}t V}=tv Qw_vt x@
"OwW|t xU}=kt 8 pwOH j@=]t |O=YDk= pOt =@ xOW x�=Q= pOt hOy

� xH}Dv QO "OQ=O |Wy=m OvwQ Hout Ov=t|k=@ C@=F Hin xm |v=tR u}vJty
hOy `@=D Q=Okt u}=Q@=v@ w Ovm|t p=@vO =Q |QDO@ OvwQ ATSin Q=Okt w xOW QDW}@
pOt =@ T=}k QO |O=YDk= |=ypOt QO OwU `@=D Q=Okt seQ|ra OwW|t QDtm I

Ow@y@ |Q=t; |=yXN=W =t= "CU= xO=Ov MQ |UwULt Q}}eD |Q=t; � |O=YDk=
"OyO|t u=Wv =Q |QDy@

"L27 |Jwo =D \UwD xr�Ut O=H}= "5 pwOH
�in Vin Ain Aout Ce Vout xr�Ut xQ=tW

0 011 75 5 15 10 25 1
0 016 150 5 15 10 25 2
0 021 300 5 15 10 25 3
0 011 75 10 30 20 25 4
0 016 150 10 30 20 25 5
0 021 300 10 30 20 25 6
0 011 75 20 60 40 25 7
0 016 150 20 60 40 25 8
0 021 300 20 60 40 25 9
0 016 75 20 30 10 50 10
0 021 150 20 30 10 50 11
0 011 300 20 30 10 50 12
0 016 75 5 60 20 50 13
0 021 150 5 60 20 50 14
0 011 300 5 60 20 50 15
0 016 75 10 15 40 50 16
0 021 150 10 15 40 50 17
0 011 300 10 15 40 50 18
0 021 75 10 60 10 100 19
0 011 150 10 60 10 100 20
0 016 300 10 60 10 100 21
0 021 75 20 15 20 100 22
0 011 150 20 15 20 100 23
0 016 300 20 15 20 100 24
0 021 75 5 30 40 100 25
0 011 150 5 30 40 100 26
0 016 300 5 30 40 100 27

xDiQo Q_v QO K]U xU QDt=Q=B Qy |=Q@ "OwW|t |UQQ@ hOy `@=D |wQ Q@ 5 pwOH
R= xm "CU= 100 w 50 w 25 K]U xU pt=W Vout p=Ft u=wva x@ xm OwW|t
xr�Ut xvwtv Ciy w CU}@ O}rwD |=Q@ 5 pwOH =@ j@=]t L27 |Jwo =D KQ] l}
|xvwtv 27 |t=tD QO =yQDt=Q=B Q}=U Q=Okt xm CU= xHwD p@=k "OwW|t xO=iDU=

"CU= xOv=t |k=@ C@=F 3 pwOH =@ j@=]t xr�Ut
s}vm|t x@U=Lt =Q xr�Ut Qy hOy `@=D '5 pwOH |=yQDt=Q=B Q}O=kt x@ xHwD =@
x@ =Q hOy `@=D u}ov=}t 5 pwOH |=yQDt=Q=B �1'2'3� K]U Qy |=R= x@ xt=O= QO w
6 pwOH QO 0 2494 OOa 'p=Ft u=wva x@ "s}vm|t C@F 6 pwOH QO w xOQw; CUO
QDt=Q=B 2 '2 '3 '10 '11 '12 '19 '20 '21 |=yh}OQ QO hOy `@=D Q}O=kt u}ov=}t
Q=Okt u} QDtm w u} QDW}@ hqDN= TBU "CU= xDiQo Q=Qk OwN pw= K]U QO Ce
u=R}t C}=yv QO "CU= xOW x@U=Lt � Q]U QO QDt=Q=B Qy K]U xU |=Q@ hOy `@=D
?}DQD w OwW|t XNWt � Q]U |=v@t Q@ |UQQ@ OQwt |=yQDt=Q=B |Q}PB Q}F-=D

"OwW|t VQ=Ro |Ov@x@DQ Q]U QO Q_v OQwt hOy `@=D |wQ =yQDt=Q=B |Q=PoQ}F-=D
O@=} V}=Ri= �in pQDvm Cr=L QO |@=QN ẁkw MQv xm |v=tR '6 pwOH j@]

"O@=}|t V}=Ri= R}v OwU
u} QDQF-wt u=wva x@ �Ain� pQDvm Cr=L QO |@=QN ẁkw MQv 3 pmW j@=]t
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"hOy `@=D Q@ =yQDt=Q=B Q}F-=D "6 pwOH
�in Vin Ain Aout Ce Vout K]U

0 0397 0 0397 0 5149 0 4022 0 2497 0 2644 1
0 2728 0 2728 0 4329 0 4699 0 3848 0 4632 2
1 0101 0 2049 0 3749 0 4506 0 6882 0 5951 3
0 9704 0 2331 0 1399 0 0677 0 4386 0 3308 �

1 4 5 6 2 3 |Ov@x@DQ

"C=Q}taD � |Q=Oyov |=QH= sOa pOt =@ |O=yvW}B pOt |xU}=kt "7 pwOH
Ow@y@ OYQO pm |=QH= uwO@ pOt |O=yvW}B pOt

xr�Utu}rw= =D u=tR COt pm QO OwU QO OwU u}rw= =D u=tR COt pm QO OwU QO OwU u}rw= =D u=tR COt pm QO OwU QO OwU
p}rO =@ h=QLv= xNQJ u=tR OL=w p}rO =@ h=QLv= xNQJ u=tR OL=w p}rO =@ h=QLv= xNQJ u=tR OL=w

70 2519 70 252 2=5� 10�5 67668898 50751635028 74 999950 115207615 8640567438 74 999969 1
114 6864 114 6867 8� 10�6 13853174 2077972125 149 999746 29740884 4461128830 149 999866 2
141 8013 141 8017 2=2� 10�4 4192884 1257861335 299 99887 10138447 3041530395 299 999531 3
70 2519 70 2521 5=7� 10�5 67668898 50751639672 74 999887 115207615 8640563403 74 999930 4
114 6864 114 6869 2� 10�4 13853174 2077968186 149 999413 29740884 44611024672 149 999726 5
114 8013 114 8022 4=2� 10�4 4192884 1257857060 299 99785 10138447 3041526119 299 999112 6
70 2519 70 2522 1=3� 10�4 67668898 5075151601 74 999678 115207615 8640555332 74 999864 7
114 6864 114 6873 4=2� 10�4 13853174 2077959815 149 999881 29740884 4461116304 149 999445 8
114 8013 139 6566 8=6� 10�4 4192884 1257848509 299 995815 10138447 3014517569 299 99826 9
114 6864 114 6869 2=3� 10�4 13853174 1038983702 74 999678 29740884 2230561971 74 999849 10
114 8013 114 8023 4=7� 10�4 41922884 628927989 1 149 9998801 10138447 1520762548 149 999506 11
70 2519 70 252 6=9� 10��6 67668898 20300665446 299 999947 115207615 34562280409 299 999968 12
114 6864 114 6875 4=9� 10�4 13853174 1038978562 74 9993089 29740884 2230556854 74 999679 13
70 2519 114 8035 9=6� 10�4 4192884 628927487 1 149 999886 10138447 1520757287 149 999898 14
70 2519 70 252 1=8� 10�5 67668898 20300660780 299 999531 115207615 34562271267 299 999928 15
114 6864 114 6879 6=8� 10�4 13853174 1038974786 74 999864 29740884 2230553077 74 999549 16
114 8013 114 8043 1=3� 10�3 4192884 628919237 8 149 999886 10138447 1520753802 149 998632 17
70 2519 70 252 2=6� 10�5 67668898 20300656391 299 999531 115207615 34562271264 299 999896 18
114 8013 114 8039 1=1� 10�3 4192884 314460493 74 999864 10138447 760377583 74 999389 19
70 2519 70 252 1=9� 10�5 67668898 10150329769 149 999886 115207615 17281136380 149 99995 20
114 6864 114 6866 7=8� 10�4 13853174 4155946970 299 999531 29740884 8922259269 299 999805 21
114 8013 114 8041 1=1� 10�5 4192884 314460089 7 74 999864 10138447 10138447 3 74 999369 22
70 2519 70 252 1=3� 10�5 67668898 10150328930 149 999886 115207615 1728113680 149 99995 23
114 6864 114 6866 8=4� 10�5 13853174 4155946303 299 999531 29740884 8922259269 299 999779 24
114 8013 114 8075 2=6� 10�3 4192884 314452568 74 999864 10138447 760369861 74 998626 25
70 2519 70 252 5=3� 10�5 67668898 10150321676 149 999886 115207615 17281129111 149 999886 26
114 6864 114 6868 1=7� 10�4 13853174 4155938805 299 999007 29740884 8922257895 299 999531 27
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m}"|O=YDk= pOt =@ |O=yvW}B pOt |xU}=kt "8 pwOH
ATSout ATSin I m � l Hout Hin

10 27 787 40 149 999873 3 0 127 43 � � |O=YDk= pOt
10 58 1123 59 149 999851 2 0 089 47 20 1000

|Q=t; � |O=YDk= pOt

11 26 2083 33 149 999805 3 0 048 44 20 2000
15 93 3076 92 149 999733 3 0 0325 40 20 3000
18 62 4115 22 149 999661 3 0 0243 39 20 4000
19 79 5405 40 149 999588 4 0 0185 37 20 5000
9 75 598 80 149 999867 3 0 167 46 10 200
8 28 436 68 149 999856 3 0 229 48 9 200
7 46 269 54 149 999848 3 0 371 48 8 200

|}xU}=kt |xar=]t wO |O=yvW}B pOt |Q}PB Q}F-=D V}=tv |=Q@ u}vJty "OvQ=O u=tR
"OW s=Hv= Q} R hOy =@

Q@ C=Q}taD � |Q=Oyov C}r=ai |=QH= C}ty= pw= |}xU}=kt |xar=]t QO
R= pY=L G}=Dv CiQo Q=Qk |UQQ@ OQwt OwU V}=Ri= w =yxv} Ry QO |} wHxiQY
x@ u; |=QH= sOa x@ C@Uv C=Q}taD � |Q=Oyov C}r=ai |=QH= xm O=O u=Wv xU}=kt
|xar=]t R= pY=L G}=Dv "Ovm|t pY=L Ow@y@ OYQO 108 8347 u}ov=}t Qw]
seQ|ra 'pOt x@ |Q=t; C}OwOLt wO uOQm xi=[= xm O=O u=Wv swO |}xU}=kt
|tm |r}N Q=Okt x@ OwU `@=D 'ATSout w ATSin Q}O=kt Q}otWJ w O=} R Ow@y@

"CU= xDi=} Vy=m

|Q}oxH}Dv "6
� |O=YDk= |L=Q] xar=]t u}= QO 'SPM C=}@O= QO OwHwt |=y<qN uOQm QB |=Q@
=@ h=QLv= u}OvJ Qw[L QO pt=m =v O}rwD Ov}=Qi l} CLD t pQDvm Q=Owtv |Q=t;
xm C=Q}taD � |Q=Oyov C=}rta |=QH= 'u}= Q@ xwqa "CiQo Q=Qk xar=]t OQwt p}rO
QDt=Q=B VW |wQ Q@ 'xt=O= QO "OW xDiQo Q_v QO xOw@ QF-=Dt x=oDUO |@=QN MQv QO
u=Wv G}=Dv "CiQo CQwY C}U=UL p}rLD Vout w Ce 'Aout 'Ain 'Vin '�in
O}rwD xv} Ry QDt=Q=B w u} QDW}@ �in pQDvm Cr=L QO |@=QN ẁkw MQv QDt=Q=B xm O=O
OL=w QO OwU Q@ =Q QF= u} QDtm Aout pQDvm R= GQ=N Cr=L QO j@]vt=v pwYLt

=yCWwv=B
1. preventive maintenance
2. �tness value
3. velocity
4. inertia weight
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