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x@ |v=tDN=U |=yxR=U QO |SQv= hqD= |=ysDU}U R= xO=iDU= Q}N= |=yxyO QO
|=yxDUO x@ u=wD|t |rm Qw] x@ =Q =ysDU}U u}= "CU= xDi=} V}=Ri= CaQU
|=ysDU}U u=}t QO "OQm |Ov@s}UkD |@}mQD w p=aixt}v 'p=aiQ}e 'p=ai |=ysDU}U
"OQ=Ov |HQ=N |SQv= `@vt l} R= xO=iDU= x@ |R=}v p=aiQ}e Qo =Q}t 'xOW QmP
|xOta =yv; QO xm xrRrR Q@=Q@ QO sw=kt |=yxR=U |L=Q] pw=ODt |=yVwQ hqNQ@
\=kv pwtat Qw] x@� xR=U R= |Y=N \=kv uOW s}rUD =@ xrRrR |OwQw |SQv=
p=ai Q}e pQDvm |=ysDU}U QO �|WtN ?=k sDU}U QO =yuwDU w =yQ}D |}=yDv=
OvwW|t xDN=vW |}xRQr |=yQo =Q}t s=v x@ xm |Y=N C=wO= QO |SQv= u}= xOta
Q}}eD ?PH "1 %R= CU= CQ=@a |tDU}U u}vJ R= xO=iDU= |=}=Rt "OwW|t ?PH
"2 &|rY= xR=U QO CQ=UN O}OW Vy=m w =yQo =Q}t QO |a=HDQ=Q}e |=ypmW
|=RH= CQ=UN Vy=m Ea=@ OwN |x@ wv x@ xm xR=U |@v=H |=yu=mt Q}}eD Vy=m
x@ R=}v uwO@ C=wO= u}= Z} waD =} Q}taD '|UQR=@ CrwyU "3 &OwW|t |}xR=UQ}e

pw�Ut xOvU} wv �
"1398 4 11 VQ}PB '1398 4 1 x}LqY= '1398 2 23 Ci=} QO %M} Q=D

DOI:10.24200/J30.2019.53141.2534



"""|
t}rU

DQo
=Q}t

|r}
rLD

w|
y=o

W}=t
R;|

xar=]
t

"=yLVDT |Q}oQ=Qk pLt "2 pmW

"xO=iDU= OQwt lH "3 pmW

"�QDt|r}t x@ O=a@= x}rm � |y=oW}=tR; |=yxvwtv |UOvy C=YNWt "1 pwOH
h=b c h h0 b t xvwtv
4 85 0 80 80 16 5 8 DSSH1
5 45 0 90 90 16 5 8 DSSH2
6 06 0 100 100 16 5 8 DSSH3
1 28 28 21 80 16 5 8 DSDH1
1 58 28 26 90 16 5 8 DSDH2
1 88 28 31 100 16 5 8 DSDH3

� � � 100 91 25 8 DFF

=yxvwtv C=YNWt "1"2
xU pt=W w xOw@ xvwtv Ciy |rm CQwYx@ xar=]t OQwt |y=oW}=tR; |=yxvwtv
|=Q=O xvwtv xU 'h}OQ l} QO CN=wvm} |xQB Q=yJ |=Q=O xO=U Q=Oi=mW |xvwtv
u=wva x@ QB wD ,qt=m w h=mW uwO@ xvwtv l} w h}OQ wO QO CN=wvm} |xQB Q=yJ
w C@=F =yxvwtv |t=tD QO =yxQB |xty ZQa w Ct=N[ "CU= `HQt |xvwtv
x@ `=iDQ= Oa@ uwO@ C@Uv ?}DQD u}= x@ "OW xDiQo Q_v QO Q}eDt u=wvax@ =yv; `=iDQ=
?wULt j}kLD u}= G}=Dv |x�=Q= w l} QDt=Q=B |xar=]t QO |rY= Q}eDt '=yxQB ZQa
xO=O u=Wv 4 pmW QO =yxvwtv |UOvy |=yQDt=Q=B |Q=Pot=v 1 pwOH QO "OwW|t

"CU= xOW

"uwQwW Ov@ Q=yt l} QO |t}rUD Qo =Q}t OQ@ Q=m "1 pmW

|xr=kt QO &OW |iQat 2008 p=U QO =OD@= Qo =Q}t ẁv u}= "CU= xOW xO=O u=Wv
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LMguid xS} w x@ 'V}=tR; |xv=t=U K} QWD =@ =Pr CU= ?=k pN=O QO Qo =Q}t
'uwDU w Q}D p=YD= uOw@ |rYit ZQi =@ u}vJty '?rY hkU |R=Ux}@W w
Q_v QO Ov@ Q=yt |=Q=O xO=U ?=k Q=DiQ pO=at u=wD|t =Q xOW |L=Q] |xv=t=U

"CiQo

|r}rLD \@=wQ "3
Qo =Q}t s}rUD u=mtQ}}eD w wQ}v '|v=UWm |DNU x@ \w@ Qt \@=wQ VN@ u}= QO
|L=Q] |=Q@ u=wD|t \@=wQ u}= R= "CU= xOW x�=Q= C=Ot=H l}v=mt pwY= T=U=Q@

"OQm xO=iDU= xR=U R=}v =@ ?U=vDt Qo =Q}t

|v=UWm |DNU "1"3
xOW xO=O u=Wv Q=OQ}oQUwO Q}D l} =@ pO=at CQwYx@ xQB OOa l} Q=DiQ 7 pmW QO
|y=ox}mD |L=wv |DNU x@ C@Uv xQB |DNU xm |v=tR xOW xO=U Q=DiQ u}= "CU=
|yHwD p@=k u=R}t x@ w xOw@ xO=iDU= p@=k �OW=@ QDtm � OW=@ xDW=O |O=} R hqDN= u;

|y=oW}=tR; |=yxvwtv C=YNWt |xOvvmu}}aD |=yQDt=Q=B w xUOvy "4 pmW
"�QDt}r}t x@ =yxR=Ov= |x}rm �

"�QDt|r}t w uDw}v =yOL=w� xO=iDU= OQwt Oqwi Kr=Yt C=YNWt "2 pwOH
xv}W}@ VvQm |}=yv VvD s}rUD VvD xvwtv

0 4 434 250 St37

"|W}=Ri= |}xQwO |Q=PoQ=@ xJN} Q=D "5 pmW

Kr=Yt C=YNWt "2"2
xvwtv OQ=Ov=DU= VWm V}=tR; s=Hv= R= xO=iDU= OQwt |Oqwi Kr=Yt C=YNWt
C=YNWt "Ot; CUO x@ QDt}r}t 6 QO 2 7 O=a@= x@ p}]DUt `]kt =@ |QwWvt

"CU= xOW x�=Q= 2 pwOH QO QwmPt V}=tR; R= pY=L Kr=Yt

V}=tR; u=tO}J w xt=vQ@ "3"2
|Q=PoQ=@ CLD xOW xDiQo Q_vQO |xt=vQ@ |] xOW xO=O KQW |y=oW}=tR; |=yxvwtv
|Q=PoQ=@ |xJN} Q=D R= QwmPt |}xQwO Q=@ p=ta= |=Q@ "CiQo Q=Qk |}xQwO |m}D=DU=
pmW� CU= xOW xO=iDU= �5 pmW� [16] ATC�24 pmDwQB |=v@tQ@ |W}=Ri=
Qy QO %CU= CQwY u}O@ |}=Hx@=H w |Q=PoQ=@ OvwQ pmDwQB u}= T=U=Q@ "�5
pm}U Qy QO |}=Hx@=H ?}DQD x@ xm xOW xDiQo Q_v QO CWoQ@ w CiQ xU pm}U
'15 '12 5 '10 '7 5 '5 '2 5 '1 5 '1 '0 5 R= CU= CQ=@a QDt|r}t ?ULQ@
|Q=PoQ=@ "CU= xDW=O xt=O= |Q=PoQ=@ 22 5 |}=Hx@=H =D =yxvwtv |NQ@ QO w 20
?Yv C=}�RH KQW w |ak=w Q} wYD "CU= xDiQ V}B pt=m s=Oyv= |xrLQt =D =yxvwtv
xOW xO=O u=Wv 6 pmW QO V}=tR; 4u=tO}J sDU}U x@ \w@ Qt |Q}oxR=Ov= C=wO=

"CU=

109



"""|
t}rU

DQo
=Q}t

|r}
rLD

w|
y=o

W}=t
R;|

xar=]
t|=yQo =Q}t |=Q@ "CU=yQo =Q}tCN=U QO xO=iDU= OQwt Oqwi s}rUDVvDFy u; QO xm

|=yDv= wO QO s}rUD OW=@ QDoQR@ b R= |i=m |xR=Ov= x@ c xm |DQwYQO xQB h}OQ wO =@
"CU= Q@Dat u=vJty s}rUD |wQ}v |x@U=Lt |=Q@ 4 |x]@=Q R= xO=iDU= w xO=O MQ xQB
3 =} 2 |x]@=Q R= |v=UWm |DNU w 4 |x]@=Q R= s}rUD |wQ}v uOw@ u}at =@

%OQm x@U=Lt 5 |x]@=Q R= u=wD|t =Q s}rUD u=mt Q}}eD
�y = Py

k
(5)

p}]DUt `]kt pmW?} Q[ R= xm |DQwYQO Qo =Q}t |Q}tNC}iQ_ OQw;Q@ |=Q@
|x@U=Lt |=Q@ 6 |x]@=Q x@ u=wD|t 5 |x]@=Q R= OwW xO=iDU= �Z=S = 1 5�

%O}UQ wQ}v u}=

Pp = nb2tFy
2h (6)

`]kt l} |=Q@ VQ@ QO s}rUD |wQ}v '|WQ@ Q=DiQ uOW sm =L CQwY QO
%O};|t CUO x@ 7 |x]@=Q R= pmW p}]DUt

Pys = 2nbtFy
3p3 (7)

|wQ}v wO Q=Okt pk=OL Q@=Q@ Qo =Q}t s}rUD |wQ}v xOW sm =L Q=DiQ ẁv x@ xHwD =@
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QDy@ QDk}kO |xH}Dv pwYL |=Q@ =Pr &CU= xOW Q_v hQY xQB |=yDv= QO lJwm
1 |x]@=Q R= xO=iDU= s=ovy QO �OW=@ lJwm h x@ C@Uv r xm |DQwY QO� CU=

"OwW xO=iDU= h |=H x@ h� r R=
|DNU '=yxQB x}rm uOw@ CN=wvm} w xQB OOa l} |DNU uOw@ XNWt =@
h}OQ wO� h}OQ wO QO xQB 2n w h}OQ l} QO xQBn =@ |=yQo =Q}t |=Q@ |v=UWm

%OQm x@U=Lt 3 w 2 \@=wQ R= ?}DQD x@ u=wD|t =Q �uwDUn QO xQB
k = nk1 (2)

k = nk1
2 (3)

h=bC@Uv j}kLD u}= QO xar=]t OQwt |=yxvwtv |x}rm |=Q@ xm CU= QmP p@=k
\@=wQ R= xO=iDU= |=Q@ xOW QmP \QW =Pr w xOw@ 2r=c C@Uv Q@=Q@ 4 2 R= V}@

"CU= xOW u}t-=D =yxvwtv u}= |=Q@ jwi

s}rUD u=mt Q}}eD w wQ}v "2"3
w xQB Qy |=yDv= wO QO |Q}tN pYit p}mWD w |WtN Q=DiQ uOw@ ?r=e ZQi =@
Qo =Q}t s}rUD |wQ}v |x@U=Lt |=Q@ 4 |x]@=Q '7 pmW QO u=tt Q=Owtv x@ xaH=Qt =@

%CU= G=DvDU= p@=k

Pyb = nb2tFy
3h (4)
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"=yxvwtv u=mtQ}}eD � wQ}v |}xQwO Q=DiQ "9 pmW

|v=mtQ}}eD C}iQ_ u=wD|t =yxQB h}OQ O=OaD V}=Ri= =@ =Q} R &OwW |krD QDtm h=b
R= CU= xOW xDN=OQB u; x@ 5 VN@ QO xm ẁ[wt u}= x@ xHwD "O=O V}=Ri= =Q =yv;

"OwW|t ?wULt xr=kt u}= |O}rm EL=@t
C}akwt QO DSDH1 w DSSH1 |=yxvwtv xDi=} pmWQ}}eD 10 pmW QO

"CU= xOW x�=Q= =yv; |wQ}v C}iQ_ |xv}W}@
OvDUy OwN xwQo QO h=b C@Uv u} QDtm |=Q=O xvwtv wO u}= xm u}= x@ xHwD =@
OyO|t u=Wv =yxvwtv u}= pmWQ}}eD "Ov=xO=O u=Wv OwN R= =Q wQ}v C}iQ_ u} QDW}@
|UwULt pmWQ}}eD xQB R= GQ=N x}L=v w xO=Di= j=iD= xQB OwN |x}L=v QO s}rUD xm
VN@ QO \@=wQ |R=UxO=U |=Q@ xOW KQ]t C=}[Qi O} -wt ẁ[wt u}= &CU= xOQmv

"CU= |r}rLD \@=wQ
R= xOt; CUO x@ G}=Dv "CU= xOW x�=Q= =yxvwtv VwB |vLvt 11 pmW QO
|Q@ Q=@ C}iQ_ |=Q=O xQB h}OQ wO |=Q=O |=yxvwtv xm OyO|t u=Wv VwB |vLvt

xvwtv Qy u=mtQ}}eD w wQ}v C}iQ_ Qov=}@ xm QFm =OL u=mtQ}}eD w xv}W}@ |wQ}v Q}O=kt
"CU= xOW GQO CU=

20 R= V}@ u; Q}_v |wQ}v C}iQ_ xm O}k u}= =@ xv}W}@ u=mt Q}}eD Q}O=kt
x@ xHwD =@ "CU= xOt; CUO x@ OW=@ xDi=}v Vy=m xvwtv |wQ}v xv}W}@ R= OYQO
h=b Q=Okt Vy=m =@ xm OQm u=wva u=wD|t '=yxvwtv xv}W}@ |wQ}v Q}O=kt |xU}=kt

"O@=}|t V}=Ri= �|Q@ Q=@ =} |} wQ}v C}iQ_� xv}W}@ |wQ}v Q}O=kt �=yxQB `=iDQ=�
,qt=m OvwQ Qov=}@ |rm Qw] x@ xJQo = =yu=mt Q}}eD C}iQ_ Q}O=kt |xU}=kt
Qw] x@ xm DSDH |=yxvwtv |v=mt Q}}eD C}iQ_ xm O=O u=Wv =t= 'Ow@v |t_vt
xDi=} Vy=m 'OvDUy DSSH |=yxvwtv =@ xU}=kt QO |QDtm h=b C@Uv |=Q=O |rm
Q=DiQ uOW ?r=e |=vat x@ h=b C@Uv Vy=m xm CU= |Qw;O=} x@ sRq "CU=
Vy=m � ẁ[wt u}= xm CU= xHwD u=}=W "CU=yv; |WtN Q=DiQ ""Q@ =yxQB QO |WQ@
|=Q=O |=yxvwtv ha[ |=vat x@ ,=twRr O}=@v �h=b Vy=m =@ |v=mtQ}}eD C}iQ_
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"|}xQwO |Q=PoQ=@ QO |}xQwO |SQv= w QF-wt |DNU "12 pmW

"xQB h}OQ l} |=yxvwtv QF-wt |DNU "13 pmW

"xQB h}OQ wO |=yxvwtv QF-wt |DNU "14 pmW

"Qo}Om} =@ =yxvwtv |DNU |xU}=kt "15 pmW

"DSSH1 w DSDH1 |=yxvwtv pmWQ}}eD "10 pmW

"=yxvwtv VwB |vLvt "11 pmW

xOy=Wt =y|vLvt u}= |x_Lqt R= "OvDUy xQB h}OQlD |=yxvwtv x@ C@Uv |QDy@
=@ |=yxvwtv x@ C@Uv xQB h}OQ wO |=Q=O |=yxvwtv |v=mt Q}}eD C}iQ_ xm OwW|t
x}rw= C=Oy=Wt Qo}O CQ=@a x@ "CU= xDi=} Vy=m OYQO 17 OwOL xQB h}OQ l}
|v=mtQ}}eD C}iQ_ R= |OL =D |WQ@ Q=DiQ CtU x@ p}=tD xm CU= u; R= |m =L
wO |=Q=O xvwtv Cio u=wD|t xOt; CUO x@ G}=Dv x@ xHwD =@ "CU= xDU=m =yxvwtv
wO w xi}OQ l} |=yxvwtv Q}=U R= |QDy@ Q=DiQ Ov=wD|t u}at h=bl} QO xQB h}OQ

"OyO u=Wv OwN R= xi}OQ

QF-wt |DNU "2"4
'OQm x@U=Lt =Q xNQJ Qy QO Qo =Q}t |a=HDQ= |SQv= u=wD|t QF-wt |DNU R= xO=iDU= =@
xm CU= K[=w "Ov=OQoR=@ u; |x}rw= C}a[w x@ =Q Qo =Q}t xm OQ=O p}=tD |SQv= u}=
x}rw= C}a[w x@ Qo =Q}t uOv=OQoQ@ |=Q@ |SQv= u}= |Q}tN R=i x@ Qo =Q}t uOW OQ=w =@
"OwW|t u}t-=D xOW p=ta= |HQ=N |wQ}v j} Q] R= |SQv= u}= xOta w xOw@v |i=m
xOW x�=Q= xNQJ l} QO xOW hrD |}xQwO |SQv= w |a=HDQ= |SQv= 12 pmW QO

%OQm xO=iDU= (ki eff ) QF-wt |DNU |x@U=Lt |=Q@ u=wD|t 8 |x]@=Q R= "CU=

ki eff =
�jP+

i maxj+ jP�i maxj��j�+
i maxj+ j��i maxj� (8)

xO=O u=Wv w [17]h} QaD 12 pmW QO x]@=Q u}= QO xDiQ Q=m x@ |=yQDt=Q=B |t=tD
Q}}eD ?UL Q@ =yxvwtv QF-wt |DNU C=Q}}eD 15 =D 13 |=ypmW QO "CU= xOW
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"|atHD |xOW lryDUt |SQv= w xQwO Qy QO xOW lryDUt |SQv= "16 pmW

"�pO=at RwmU}w |}=Q}t� QF-wt |}=Q}t "17 pmW

`HQt |xvwtv =t= &OvyO|t u=Wv CU= QD?r=e =yv; QO |WtN Q=DiQ xm =Q xQB h}OQ
|=yxvwtv x@ C@Uv =Q |QDtm QF-wt |}=Q}t CU= |WQ@ Q=DiQ u} QDW}@ |=Q=O xm �QB wD�
=@ |=yQo =Q}t QO QF-wt |}=Q}t V}=Ri= \UwDt u=R}t "OyO|t u=Wv xQB h}OQ wO =@
0 08� OwOL QO xQB h}OQ l} =@ |=yxvwtv w `HQt |xvwtv x@ C@Uv xQB h}OQ wO
x@ 'xR=U MU=B Vy=m QO QF-wt |}=Q}t V}=Ri= "CU= �V}=Ri= Q@=Q@ 1 25 OwOL |va}
?}U; Vy=m QO w xOw@ syt Q=}U@ l}ORv |xRwL |=yxrRrR x@ MU=B QO XwYN

"Ovm|t =i}= |yHwD p@=k Vkv =yv; x@ xOQ=w CQ=UN w

=yxQB h}OQ O=OaD V}=Ri= =@ Qo =Q}t OQmrta Ow@y@ "5
Q=DiQ CtU x@ =yxvwtv QDW}@ V}=Qo =@ xm OW xQ=W= =yxvwtv |}xQwO Q=DiQ VN@ QO
VN@ QO Qo}O hQ] R= "O@=}|t Vy=m |OL =D =yv; |v=mtQ}}eD C}iQ_ '|WQ@

|xvwtv x=Qty x@ xQB h}OQ l} |=yxvwtv 13 pmW QO "CU= xOW x�=Q= =yv; u=mt
`HQt |xvwtv x=Qty x@ xQB h}OQ wO |=yxvwtv 14 pmW QO '�QB wD |xvwtv� `HQt

"CU= xOW xU}=kt Qo}Om} =@ =yxvwtv s=tD 15 pmW QO w �QB wD |xvwtv�
lJwm |=yu=mt Q}}eD QO xm OQ=O|t u=}@ 'QF-wt|DNU |=y|vLvt C=Q}}eD OvwQ
Vy=m ,=a} QU u; Q=Okt u=mt Q}}eD V}=Ri= =@ w xOw@ O=} R |rm Qw] x@ QF-wt |DNU
`=iDQ= CiQ|t Q=_Dv= xm Qw]v=ty "Ovm|t =O}B V}=Qo |D@=F Q=Okt CtU x@ w xDi=}
|m =L u}vJty =yxvwtv Q=DiQ "CU= xDW=O QF-wt |DNU u=R}t QO |O=} R Q}F-=D =yxQB
CaQU x@ =yxvwtv QF-wt |DNU hqDN= 'u=mtQ}}eD QDW}@ V}=Ri= =@ xm CU= u; R=
QF-wt |DNU Vy=m CaQU xm OyO|t u=Wv =yQ=Owtv u}= |xU}=kt "O@=}|t Vy=m
QD?r=e =yv; QO |WtN Q=DiQ xm DSSH |=yxvwtv� xQB h}OQ l} =@ |=yxvwtv QO
Q=DiQ xm DSDH |=yxvwtv� xQB h}OQ wO =@ |=yxvwtv R= CU= QD`} QU Q=}U@ �CU=
|DNU Ci=� q=@ |oOvwWsQv CaQU xm CU= K[=w "�CU= QD?r=e =yv; QO |WQ@
V}=Ri= =Q sQv |xk@] |xO}OB ẁkw p=tDL= R}v w CU}v ?wr]t =yxR=U QO �O}OW
l} =@ |=yxvwtv x@ C@Uv xQB h}OQ wO =@ |=yxvwtv QF-wt |DNU u=R}t "OyO|t
=Q Q@=Q@ 2 OwOL QO |W}=Ri= 'xvwtv �ho� pm `=iDQ= uOw@ C@=F ZQi =@ 'xQB h}OQ

"OyO|t u=Wv

pO=at RwmU}w |}=Q}t w xOW hrD |SQv= "3"4
OQwt |=yxvwtv |atHD |xOW lryDUt |SQv= w xNQJ Qy QO xOW lryDUt |SQv=
QO xOW hrD |SQv= OwW|t xOy=Wt xm u=vJ "CU= xOW x�=Q= 16 pmW QO |UQQ@
CQ=@a x@ "CU= xQB h}OQ l} =@ |=yxvwtv R= QDW}@ Q=}U@ xQB h}OQ wO =@ |=yxvwtv
O@=}|t V}=Ri= R}v xOW hrD |SQv= |WQ@ Q=DiQ uOW sm =L =@ xm Cio u=wD|t Qo}O
h=b C@Uv Vy=m =@ �DSDH =} DSSH� =yxvwtv R= xDUO Qy QO xm |wLv x@
R= =y|vLvt u}= |xOy=Wt "OwW|t ?PH Q_v OQwt xvwtv \UwD |QDW}@ |SQv=
Ov=wD|t |OL =D |WQ@ Q=DiQ CtU x@ =yxvwtv V}=Qo xm CU= u; Qov=}@ Qo}O hQ]
xm OW Oy=wN xO=O u=Wv 5 VN@ QO "OwW =yv; |v=mt Q}}eD C}iQ_ Vy=m Ea=@

"OQm u=Q@H =Q xY}kv u}= u=wD|t =yxQB h}OQ O=OaD V}=Ri= =@
Qo =Q}t Qy |=Q@ u=mtQ}}eD ?UL Q@ pO=at RwmU} w |}=Q}t u=R}t 17 pmW QO
|]NQ}e sDU}U l} Q=DiQ xm QF-wt |}=Q}t =} pO=at RwmU} w |}=Q}t "CU= xOW x�=Q=
|D@Uv Qov=}@ `k=w QO Ovm|t |R=UpO=at 'RwmU} w |}=Q}t =@ |]N sDU}U l} =@ =Q
u=mt Q}}eD QO |Dv=mU |DNU R= pY=L |a=HDQ= |SQv= x@ xOW hrD |SQv= R=
u=wD|t 12 pmW x@ xHwD =@ =Q QF-wt |}=Q}t "CU= xNQJ Qy QO �QF-wt |DNU� xv}W}@

[17]"OQm x@U=Lt 9 |x]@=Q R=
�i eff = EiD

4�Ei e
= 2Ei D
�ki eff

�j�+
i maxj+ j��i maxj�2 (9)

xDiQ Q=m@ |=yQDt=Q=B Q}=U "CU= s=i |xNQJ x@ \w@ Qt QF-wt |}=Q}t �i effu; QO xm
"CU= xOW x�=Q= w h} QaD 12 pmW QO ,q@k R}v x]@=Q u}= QO

Q}}eD V}=Ri= =@ xm OyO|t u=Wv |}=yvD x@ |vLvt Qy C=Q}}eD OvwQ |x_Lqt
CaQU x@ QF-wt |}=Q}t u=R}t =OD@= QO 'Qo =Q}t uOW |Q}tN V}=Ri= u; `@D x@ w u=mt
"O@=}|t Vy=m s}qt ?}W l} =@ xv}W}@ Q=Okt l} x@ uO}UQ R= TB w xDi=} V}=Ri=
u}at OL l} =D |WQ@ Q=DiQ uOW ?r=e xm OyO|t u=Wv sy =@ =y|vLvt |xU}=kt
xm xQB h}OQ wO =@ |=yxvwtv Qo}O CQ=@a x@ "OyO V}=Ri= =Q QF-wt |}=Q}t Ov=wD|t
l} =@ |=yxvwtv R= |QDW}@ QF-wt |}=Q}t ,=DOta CU= QD?r=e =yv; QO |WQ@ Q=DiQ
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"DSDH1 xvwtv QO |rm Vv=tm "19 pmW
"CU= 10 w 12 5 Q@=Q@ ?}DQD x@ xOW QmP |xvwtv wO |=Q@ h0=t |Qeq C@Uv
|}xQwO |Q=PoQ=@ CLD |y=oW}=tR; |xar=]t QO QwmPt |xvwtv wO xm u}= x@ xHwD =@
h=b C@Uv |=Q@ xOW x}YwD Q=Okt u} QDtm 'OvOW |rm Vv=tm Q=JO xOW p=ta=
�CU= 11 25 Q@=Q@ u; |Qeq C@Uv xm DSDH2 xvwtv x@ \w@ Qt� 1 58 Q@=Q@
h=b w h0=t |=yC@Uv u}@ Vv=tm |x]@=Q uOw@ |]N ZQi =@ "OwW|t O=yvW}B
Qo = ,qFt xm ?}DQD u}= x@ &OQm xO=iDU= ?U=vD R= u=wD|t h0=t |=yC@Uv Q}=U |=Q@
"OwW|t Q@=Q@ wO R}v h=b |=Q@ xOW x}YwD Q=Okt pk=OL OwW Q@=Q@ wO h0=t Q=Okt
|y=oW}=tR; C=ar=]t =} |OOa |=ypOt '|Q_v |=yp}rLD R= xO=iDU= p=L Qy QO

"CU= x}YwD w OQ@ Q=m p@=k R}v h=t |=yC@Uv Q}=U |=Q@ O}OH

|Q}oxH}Dv "7
pw] R= |irDNt |=yC@Uv =@ Q=Oh=mW |t}rUD Qo =Q}t xvwtv |O=OaD 'j}kLD u}= QO
Q=Qk |y=oW}=tR; |xar=]t OQwt xi}OQwO w xi}OQl} CQwYx@ '�h=b� xQB ZQa x@
R= TB w CiQo Q=Qk |m}D=DU= |}xQwO |Q=PoQ=@ CLD Q_v OQwt |=yxvwtv "CiQo

%OW pY=L Q} R G}=Dv '=yV}=tR; s=Hv= R= xOt; CUO x@ |=yxO=O VR=OQB
C@Uv Vy=m =@ xm O=O u=Wv |}xQwO |Q=PoQ=@ R= xOt; CUO x@ |x}rw= G}=Dv "1
=yQo =Q}t |} wQ}v C}iQ_ =yxQB QO |WQ@ Q=DiQ uOW sm =L w =yxQB ZQa x@ pw]

"O@=}|t Vy=m �17 OwOL =yv; |v=mt Q}}eD C}iQ_ =t= 'O@=}|t V}=Ri=
=@ |=yQo =Q}t QO QF-wt |DNU xm O=O u=Wv =yxvwtv QF-wt |DNU QDt=Q=B |xU}=kt "2
u}= Q=Okt 'Oqwi s}rUD VQDUo w u=mt Q}}eD V}=Ri= =@ 'VtN QO ?r=e Q=DiQ
x@ =yQo =Q}t Q=DiQ xJQy =t= OwW|t O}OW Vy=m w Ci= Q=JO CaQU x@ QDt=Q=B
CaQU =@ w QDt=Q; QF-wt |DNU Vy=m MQv 'Ovm =O}B V}=Qo |WQ@ Q=DiQ CtU
Ctw=kt |v=yo =v Ci= ẁkw R= |Q}owrH QO ẁ[wt u}= "ODi=|t j=iD= |QDtm
xR=U |rm OQmrta Ow@y@ u}vJty w xR=U QO |@=QN Q=mwR=U CaQU Vy=m w
QF-wt |DNU 'C=YNWt Q}=U w =yxvwtv `=iDQ= uOw@ C@=F =@ "CU= C}ty= R�=L
xOy=Wt xQB h}OQ l} =@ |=yxvwtv Q@=Q@ 2 OwOL QO xQB h}OQ wO =@ |=yxvwtv

"OW
|WQ@ Q=DiQ w |WtN Q=DiQ =@ |=yQo =Q}t u}@ xOW hrD |=y|SQv= |xU}=kt "3

"CU= |WQ@ Q=DiQ =@ |=yQo =Q}t QO QDq=@ |SQv= ?PH Qov=}@
l} =D |WQ@ Q=DiQ uOW ?r=e xm O=O u=Wv =yQo =Q}t QF-wt |}=Q}t C=Q}}eD |UQQ@ "4
|=yxvwtv x@ C@Uv QF-wt |}=Q}t |Q@=Q@ 1 25 V}=Ri= Ea=@ Ov=wD|t 'u}at OL

"OwW |WtN Q=DiQ =@
C}iQ_ Ov=wD|t =yxQB h}OQ O=OaD V}=Ri= xm OW xO=O u=Wv j}kLD u}= QO "5

|wQ}v l} |=R= x@ =yxQB h}OQ O=OaD V}=Ri= =@ Qo =Q}t u=mtQ}}eD V}=Ri= "18 pmW
"C@=F

|SQv= ?PH u=R}t xm OW XNWt R}v =yxvwtv xOW hrD |SQv= |xU}=kt x@ \w@ Qt
Q}}eD C}iQ_ =t= 'CU= QDW}@ CU= QD?r=e =yv; QO |WQ@ Q=DiQ xm |}=yxvwtv QO
|=Q=O xm |Qo =Q}t x@ |@=}DUO |=Q@ "CU= xDi=} Vy=m |OL=D =yxvwtv u}= |v=mt
QO |O=yvW}B |xO}= 'OW=@ q=@ |v=mt Q}}eD C}iQ_ p=L u}a QO w q=@ |SQv= ?PH
OL l} =D h=b C@Uv uDW=O xov u}}=B =@ hQ] l} R= xm CU= u}= Q[=L Q=DWwv
h}OQ O=OaD V}=Ri= =@ Qo}O hQ] R= w �OwW sm =L |WQ@ Q=DiQ xm u}= |=Q@� xv}y@
=yxQB h}OQ O=OaD V}=Ri= xm u}= u=}@ QO "Ci=} CUO hOy u}= x@ u=wD|t =yxQB
18 pmW j@=]t xJv=vJ 'OyO V}=Ri= =Q Qo =Q}t |v=mt Q}}eD C}iQ_ Ov=wD|t xvwoJ
�? pmW� xQB h}OQ wO =@ Qo =Q}t l} w �hr= pmW� xQB h}OQ l} =@ Qo =Q}t l}
=@ Qo =Q}t u=mt Q}}eD u}at |wQ}v l} CLD xm OwW|t x_Lqt 'OwW xDiQo Q_v QO

"Ow@ Oy=wN xi}OQ l} Qo =Q}t Q@=Q@ wO xQB h}OQ wO
xOW xO=O u=Wv Qo =Q}t wO Qy wQ}v V}=Ri= =@ OwW ZQi xJv=vJ Qo}O |wU R=
|Q}tNpYit =yxQB |xty |=yDv= wO QO xmu}=uDiQo Q_vQO =@ 'OvwW Q=mwR=U x@p}O@D
u}= =@ &Ow@ Oy=wN Q@=Q@ sy =@ Qo =Q}t wO Qy �|} wQ}vC}iQ_� xv}W}@ |wQ}v OwW p}mWD
C}iQ_ u}= x@ �QDnQR@ u=mt Q}}eD QO� QDQ}O 'QDW}@ h}OQ O=OaD =@ Qo =Q}t xm K}[wD
h}OQ O=OaD V}=Ri= xm CiQo xH}Dv u=wD|t xOW KQ]t EL@ R= "OUQ|t |} wQ}v
Q=DiQ x@ |@=}DUO |=Q@ "OwW Qo =Q}t |v=mtQ}}eD C}iQ_ V}=Ri= Ea=@ Ov=wD|t =yxQB
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3. linear variable displacement transformer (LVDT)
4. setup
5. load cell
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