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|}=yv |QHt R= |}=yCr=L QO [7]wO ẁv |ov}mD "CU= O0x0y0 lQLDt C=YDNt

%OwW|t QiY u}@ wm =S T} QD=t u=v}tQDO xm OyO|t MQ
D (x; y; ') = det (J) = 0 (3)

|Q}oCyH' w|DQ=mO |xLiY QO|}=yv |QHt u=mt |xOvyOu=Wv y w x 'u; QO xm
u=mt |x} wQ |Oa@xUV}=tv 2pmW QO "CU= xLiY x@ Owta QwLt pwLu; �u=QwO�
xU x@ 3-RPR |ov}mD |vLvt "C=U xOW xO=O u=Wv 3-RPR C=@ Q |ov}mD
'uwo|rwrPy [29w20]%OwW|t Qy=_ |}=yv |QHt hrDNt |=yu=QwO |=Q@ |rm pmW
u}= &�OwW Qy=_ sy xQ}=O pmW x@ X=N \}=QW CLD xm � uwo|[}@ w uwo|tyU

"CU= u=}=tv 2 pmW QO Kw[wx@ Qt=

|ov}mD R= |Q=a |x}L=v w |}xR=@ p}rLD "3
|[=} Q ?wJQ=yJ w |}xR=@ p}rLD "1"3

u}= QO OOaDt Cq=kt x@ xHwD =@ [23]'u}kkLt \UwD |}xR=@ p}rLD |iQat R= TB
p�=Ut R= |a}Uw |xQDUo pL QO |OvtDQOk |OOa Q=R@= x@ xRwQt= VwQ u}= 'xv}tR
pFt �� |}xR=@ p}rLD Q}osWJ C=}YwYN uOW Q=mW; =@ ,=Q}N= "CU= xOW pO@
C=@U=Lt |=y=]N x@ xHwD =@ R}v w �� Q_v OQwt |xR=@ QO xr�Ut |=yMU=B uDi=}
l}D=@ Q |xat=H QO u}kkLt R= |Q=}U@ |xkqa ?PH ?Hwt uOQmOQo '|}xv=}=Q
w s}kDUt l}D=tv}U Ovv=t |}xO}J}B p�=Ut pL QO Q=R@= u}= R= |Q}oQ=mx@ |=Q@
=@ x Q}eDt |xR=@ "CU= xOW |ov}mD R= |Q=a |Q=m |=[i w uw}U=Q@}r=m 'Twmat
QO w X = [x; x] CU= u}}=B w q=@ OL wO x@ OwOLt xm OwW|t |iQat X u=wva
w =yQ}eDt R= |[a@ xm Ovvm|t O=Otrk |}xR=@ |v=tR =Q `@=D l} "x � x � �x u;

"OW=@ |}xR=@ u; |=yQDt=Q=B
|=[i QO `@ Qt l} uOQmhYv Q@ CU= |vD@t |}xR=@ p}rLD |rm swyit
p=ta= =@ xm |rmWx@ 'CU= �|Oa@ wO R= QDq=@ |=y=[i QO `@ Qt=Qi l} =}� |Oa@ wO
O}m -=D '`k=w QO "Ovvm =O}B jwU ?=wH x@ xOWhYv |=y`@ Qt ?U=vt |[=} Q \wQW
\UwD |Q=}DN= CQwYx@ xm �� pw= `@ Qt uOQm =O}B VwQ Q@ CW=O s}y=wN |QDW}@

145



"""|
=[i

QO|
ov}m

DR=
|Q=

a|
xQ}=O

u}Q
DnQ

R@

pmW x@ C@=F u=QwO |ov}mD |=yRQt uDi=} |=Q@ 'B sD} Qwor= Omx@W "4 pmW
"|}xR=@

QO |ov}mD R= |Q=a |xQ}=O u} QDnQR@ uDi=} |=Q@ 'C sD} Qwor= Omx@W "5 pmW
"swrat |x}rw= `@ Qt l} |=Q@ 'C@=F u=QwO |Q=m|=[i

\UwD xOt; CUO x@ |=yxR=@ u=ty C sD} Qwor= |OwQw xm CU= QmP u=}=W "CU=
sD} Qwor= OvwQ "CU= xv}mD \=kv w |Q=m |=[i |=yRQt |=Q@ B w A |=ysD} Qwor=
TBU &OwW|t O=Otrk |UQQ@CLD `@ Qt u=wvax@ Bi |x}rw= `@ Qt =OD@= %CU= u}vJ
|xty =D BC2 w BC1 R= l} Qy |xrY=i x=ov; &OwW|t s}UkD `@ Qt Q} R wO x@ BC

|Q=m |=[i |=yRQt |xawtHt pt=W B �� OwW|t x@U=Lt B CUQyi |=y`@ Qt
`@ QtQ} R Qy |=Q@ p@k CtUk C=@U=Lt |xH}Dv "CU= (Sb) |ov}mD w '(Wb)

"DC2 w DC1 'CU= |}xR=@ sQi x@ pY=wi R= CU}r l}
xv}tm 'uNU Qo}O x@ 'OQ=O |QDnQR@ u}�=B OL xm |a@ QtQ} R xrLQt u}= QO
xDW=O x=ov 'OQ=O =yRQt =D |QDW}@ |xrY=i Qo}O `@ QtQ} R x@ C@Uv w OQ=O |QDnQR@
|xt=O= QO sy Qo}O `@ QtQ} R 'OwW|t xOQ@ Q=mx@ |xrLQt |=Q@ BC u=wvax@ w OwW|t
xt=O= |}=H =D uOQmhYv OvwQ u}= "OwW|t xDiQo xO}O=v w OQ=Ov |Q}F-=D sD} Qwor=
lJwm |i=m |xR=Ov=x@ BC xm |v=tR "OwW =[Q= �"� Q_v OQwt CkO xm Ovm|t =O}B
(D) ?=wH CUQyi u}�=B OL w xQ}=O RmQt u=wvax@ BC RmQt |@ wN CkO =@ 'OW=@
|x}rw= `@ Qt Qo = C sD} Qwor= QO "CU= |ov}mD R= |Q=a |xQ}=O u} QDnQR@ `=aW

"|}xR=@ sQi x@ C@=F u=QwO |Q=m |=[i uDi=} |=Q@ 'A sD} Qwor= Omx@W "3 pmW
QO Qo = w &OwW|t xi=[= (Wout) CU}r x@ w CU= |Q=m |=[i R= GQ=N ,qt=m
x@ QDnQR@ pw] R= x=ov; Ovmv jOY |NQ@ QO w Ovm jOY CqO=at=v R= |[a@
sD} Qwor= TBU "OwW|t xi=[= Wb CU}r |=yDv= x@ w OwW|t s}UkD `@ Qt wO
xOy=Wt 3 pmW QO xm u=vJ "Ovm|t Q=QmD Wb R= |Qo}O `@ Qt QO =Q pL=Qt u}=
Q=Okt R= BC |UQQ@ CLD `@ Qt pw] xm O@=}|t xt=O= |}=H =D sD} Qwor= 'OwW|t

"CU= sD} Qwor= |}=yv CkO Qou=Wv " &OW=@ QDW}@ xOWu}}aD "
p}rLD j} Q] R= C@=F u=QwO |=Q@ |ov}mD \=kv uOQw; CUO x@ "2"2"3

�B sD} Qwor=� |}xR=@
|HQ=N |L=wv '(Sin) |rN=O |L=wv uDi=} |=Q@ B sD} Qwor= QO xDiQ Q=mx@ swyit
sD} Qwor= QO xJv; x@ CU= x}@W ,qt=m =wDLt QO (Sb) |ov}mD |=yRQt w (Sout)

CU= |ov}mD u=mt |xOvyOx�=Q= 3 |xrO=at 'OQwt u}= QO "CU= xOW xO=iDU= A

xO=iDU= OQwt RQt w GQ=N 'pN=O |L=wv uDi=} |=Q@ |rY= |xrO=at u=wvax@ O}=@ w
"OQ}o Q=Qk

'Ovm|t pta A sD} Qwor= Ovv=t xm OyO|t u=Wv =Q B sD} Qwor= Om x@W 4 pmW
xrO=at l} R= 'Q=mwR=U pm |=Q@ xrO=at=v 6 uDiQo Q_vQO |=Hx@ xm Cw=iD u}= =@
R= QDnQR@ ,=t=tD (BC) |UQQ@ CLD `@ Qt Qo = "OW Oy=wN xO=iDU= �3 |xrO=at�
,=t=tD BC Qo = "OW Oy=wN xi=[= (Sin) pN=O |L=wv CU}r x@ x=ov; OW=@ QiY
BC Qo = 'C}=yv QO w "OW Oy=wN xOwRi= Sout CU}r x@ 'OW=@ QiY R= QDlJwm
CU}r |=yDv= x@ w OW Oy=wN s}UkD VN@ wO x@ QDnQR@ `r[ R= 'OwW pt=W =Q QiY
CkO xm Ovm|t =O}B xt=O= |}=H =D sy sD} Qwor= u}= 'p@k Ovv=t "OwW|t xi=[= Sb

"O}=}@ CUO x@ (") sRq
`@ Qt l} |=Q@ C@=F u=QwO |ov}mD R= |Q=a |xQ}=O u} QDnQR@ "3"2"3

�C sD} Qwor=� swrat |x}rw=
|ov}mD w |Q=m |=[i |=yRQt ?}DQDx@ xm 'B w A sD} Qwor= G}=Dv R= xO=iDU= =@
RmQt '�5 pmW QO xOW x�=Q=� C sD} Qwor= ltmx@ u=wD|t 'OvDUy |}xR=@ pmW x@
x}rw= `@ Qt s=vx@ `@ Qt l} |=Q@ =Q |ov}mD R= |Q=a |xQ}=O u} QDnQR@ `=aW w xQ}=O
`@ Qt u=ty |wQ \ki C sD} Qwor= 'OW xDio QDV}B xm u=vJ "OQm x@U=Lt (Bi)

`@ Qt u}= xm =Hv; R= w 'OyO|t s=Hv= =Q C=@U=Lt xOQm h} QaD Q@ Q=m xm |}x}rw=
Q@Dat `@ Qt u}ty QO =yvD xOt; CUO x@ ?=wH CU= xOW ?=NDv= |Q=}DN= CQwYx@

146



"""w
xrwU

=t`
r=]

|Oy
t'|

RQwr
mxv=

RQi
|O

=yOt
Lt

|Q=a |xQ}=O u} QDnQR@ w |ov}mD '|Q=m|=[i |=Q@ xOt; CUO x@ G}=Dv "7 pmW
w 'xOW O=H}= B2 w B1 |=ys=vx@ O}OH `@ Qt wO "' = �36 u=QwO QO |ov}mD R=

"CU}v |Qo}O `@ Qt O=H}= x@ R=}v B2 |=yRQt x@ C0 uOw@v l}ORv p}rOx@
QDt|UO x@ =yxR=Ov= |xty '3-RPR |UQQ@ CLD C=@ Q |Q=DN=U O=a@= "1 pwOH

"CU=
P 0iy P 0ix �max �min Biy Bix i

�3 19 �4 83 5 0 5 4 34 3 78 1
�3 19 12 04 5 0 5 �3 78 34 47 2
12 09 8 23 5 0 5 34 76 16 32 3

R= |Q=a |xQ}=O u} QDnQR@ w |ov}mD '|Q=m |=[i |=Q@ xOt; CUO x@ G}=Dv 7 pmW
wO OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O V}=tv ' = �

36 u=QwO QO |ov}mD
|=yRQt x@ C0 xm u}= p}rOx@ w CU= xOW O=H}= B2 w B1 |=ys=v x@ O}OH `@ Qt
x@ C@=F u=QwO |Q=m |=[i "CU}v |Qo}O `@ Qt O=H}= x@ R=}v 'CU}v l}ORv B2
CUO x@ �� uwo|rwrPy Cr=L u}= QO �� |ov}mD w A sD} Qwor= R= xOt; CUO
TBU "OyO|t u=Wv u=tRty CQwYx@ =Q ' = 0 u=QwO |=Q@ 'B sD} Qwor= R= xOt;
'?=NDv= B0 =} Bi |x}rw= `@ Qt '|ov}mD R= |Q=a |xQ}=O u} QDnQR@ uDi=} Qw_vtx@
u]@ QO C sD} Qwor= xm OwW|t Qw;O=} "CU= xOW xO=}B u; |wQ Q@ D sD} Qwor= w
Oy=wN =QH= D sD} Qwor= \UwD xOW O}rwD `@ Qt Qy |=Q@ w OQ=O OwHw D sD} Qwor=
xt=O= QO w OW Oy=wN =QH= 5 pmW Ovv=t C sD} Qwor= sy B0 =} Bi |=Q@ TB "OW
`@ Qt D sD} Qwor= 'OwW|t xOy=Wt 7 pmW QO xm u=vJ "OwW|t =QH= D sD} Qwor=
=Q |}xQ}=O RmQt B0 =} Bi Q@ C sD} Qwor= |R=UxO=}B =Q} R 'CU= xOQm O=H}= |O}OH
sD} Qwor= |R=UxO=}B =@ C}=yv QO "OQ=O Q=Qk B0 |=yRQt x@ l}ORv xm OyO|t xH}Dv
RmQt x]kv u}= =Pr &CU}v B1 |=yRQt x@ l}ORv xHDvt |xQ}=O RmQt B1 |wQ C

u} QDsm sy xQ}=O `=aW w CU= |ov}mD R= |Q=a w |Q=m |=[i QO xv}y@ |xQ}=O
xDWwv |=yOm R= VN@ u}= G}=Dv CU= QmP u=}=W "CU=yRQt =D x]kv u}= |xrY=i

"CU= xrY=L ?rDt Q=Ri=sQv QO ?rDv}= |xv=N@=Dm CLD xOW
' = �

36 u=QwO u; QO xm xDiQo Q=Qk Q_v Ot |}=yv |QHt R= |Dr=L 8 pmW QO
`@ Qt |=Q@ xm OwW|t xOy=Wt |oO=Ux@ "CU= |[}@ pmW x@ |ov}mD Q=Owtv w
O}OH `@ Qt xU uDN=U R= Oa@ D sD} Qwor= 'OQwt u}= QO xOW xDiQo Q_v QO Bi |x}rw=
u} QDnQR@ RmQt xm CU= C0 |x]kv pt=W B2 u; QO xm CU= xO}UQ |}=yv ?=wH x@

QO |ov}mD R= |Q=a |xQ}=O u} QDnQR@ uDi=} |=Q@ 'D sD} Qwor= Om x@W "6 pmW
"=yu=QwO s=tD |=Q@ '|Q=m|=[i

x@ Ov}=Qi xm |v=tR x=ov; 'OW=@v |rm |xv}y@ RmQt pt=W Q@ Q=m \UwD xOW ?=NDv=
'QDj}kO CQ=@ax@ "Ow@ Oy=wN l}ORv Bi |=yx@r x@ RmQt |x]kv 'OUQ@ Q_v OQwt "
u; Qou=Wv u}= w CU= " R= QDsm Bi |=yx@r x@ " u} QN; RmQt |x]kv |xrY=i
VN@ QO "CU= |Q=m |=[i QO |wQW}B x@ p}=tDt xOt; CUO x@ |x]kv xm CU=
Ov}=Qi Cr=L u}= RwQ@ =@ xm hOy u}= =@ 'OW Oy=wN xO=O VQDUo sD} Qwor= u}= |Oa@
pm |=Q@ =Q |ov}mD R= |Q=a xQ}=O `=aW w xQ}=O RmQt w O@=} xt=O= OvtWwy CQwYx@

"OW=@v x=wN OW=@ RmQt u}= pt=W Bi x=wN �� Ovm u}t[D |Q=m |=[i
|=[i s=tD |=Q@ xOW u}t[D |ov}mD R= |Q=a |xQ}=O uDi=} "4"2"3

�D sD} Qwor=� =yuQ=wO |xty |=Q@ w |Q=m
uDi=} Qw_vtx@ w [16]'|r@k |xOW s=Hv= |=yQ=m w C sD} Qwor= s}taD |=Q@ '=Hv}= QO
C=}YwYN '|Q=m |=[i s=tD |=Q@ xOW u}t[D |ov}mD R= |Q=a |xQ}=O RmQt
�6 pmW� D u=wva =@ sD} Qwor= u}= "OW Oy=wN xi=[= C sD} Qwor= x@ |O}OH
u} QDnQR@ =D Ovm O=H}= Bi uDiQo Q_v QO =@ |Qo}O |=y`@ Qt "1 %xm OQ=O =Q u}=C}r@=k
=Q xQ}=O u} QDnQR@ "2 &Ovm =O}B |Q=m |=[i s=tD |=Q@ =Q |ov}mD R= |Q=a |xQ}=O

"Ovm =O}B |}=yv |QHt |=yu=QwO |xty |=Q@
xOW p=ta= u; Q@ C sD} Qwor= xm O} Q}o@ Q_v QO |}x}rw= `@ Qt u=wvax@ =Q Bi

Bi |=yx@r x@ Bi Q@ C sD} Qwor= p=ta= R= xOt; CUO x@ |xQ}=O RmQt Qo = p=L "CU=
CUO x@ |xQ}=O RmQt pwL w Bi O=a@= u=ty =@ |O}OH `@ Qt D sD} Qwor= 'l}ORv
"OwW|t p=ta= B1 Q@ C sD} Qwor= TBU w B1 s=vx@ 'OyO|t p}mWD C R= xOt;
xOt; CUO x@ RmQt xm OR=OQB|t O}OH |=y`@ Qt uDN=U x@ |}=H =D D sD} Qwor=
"CU= " u=ty |m}ORv Q=}at "OW=@ xDW=O =Q u�t]t |xrY=i BC `@ Qt |x@r R=
x@ |@=}CUO |=Q@ w CU= C@=F u=QwO |=Q@ u=tR u}= =D xOW u=}@ |=yVwQ |t=tD
D sD} Qwor= CU= |i=m =yu=QwO |xty |=Q@ |ov}mD R= |Q=a |xQ}=O u} QDnQR@

"OwW p=ta= Q_v OQwt |=yu=QwO |xQDUo |=Q@

G}=Dv "4
VN@ u}= QO 'uwvm =D xOWu=}@ |=ysD} Qwor= x@ C@Uv QDy@ O}O uDW=O Qw_vtx@
|R=wt C=@ Q |=Q@ D w C 'B 'A |=ysD} Qwor= R= pY=L |=y?=wH |UQQ@ x@
QO "CN=OQB s}y=wN 1 pwOH QO xOW u=}@ |Q=DN=U C=YNWt =@ 3-RPR

147



"""|
=[i

QO|
ov}m

DR=
|Q=

a|
xQ}=O

u}Q
DnQ

R@T=tt =yRQt =@ T=tD \=kv QO |vLvt l} QO \=Lt |xQ}=O "1 %CU= |]=Lt
x@ C}=va =@ "CU= |w=Ut T=tD \=kv |xty =D xQ}=O u}= RmQt |xrY=i "2 &CU=
VwQ x@ |ov}mD R= |Q=a xQ}=O u} QDnQR@ uDi=} |xr�Ut 'xOW u=}@ C}Y=N wO
x@ C1 RQt |wQ \=kv |t=tD Q@ T=tt |=DU=Q "1 %R= Ow@ Oy=wN CQ=@a |UOvy
|=yT=tt Q@ Owta \N |=DU=Q QO C1 |vLvt R= x]kv Qy TBU 'O};|t CUO
=Hx@=H \=kv `=tDH= R= ?}DQD u}= x@ "OwW|t =Hx@=H v |xR=Ov=x@ xOt; CUO x@
x@ u=wD|t pL=Qt u}= Q=QmD =@ "O};|t CUO x@ C2 s=vx@ |O}OH |vLvt 'xOW
O@=}|t xt=O= |}=H =D Ov}=Qi u}= "Ci=} CUO Cn =D C4 ?}DQD u}tyx@ w C3 |vLvt
?wr]t CkO R= u; CL=Ut |DQ=@ax@ =} OwW =Qoty x]kv l} x@ Cn |vLvt xm
xOt; CUO x@ |x]kv "OwW|t xOR ?} QkD x]kv l} =@ Cr=L u}= QO xm OwW QDsm
"CU= |UQQ@ CLD |vLvt QO xOvwW \=Lt |xQ}=O u} QDnQR@ RmQt |xOvyOu=Wv
|ov}mD R= |Q=a |xQ}=O u} QDnQR@ 'x=wNrO |WwQ Qy R= xQ}=O `=aW uDi=} =@ TBU

"O};|t CUO x@
"OyO MQ X=N Cr=L wO =y|vLvt |[a@ QO CU= umtt xm CU= QmP p@=k
u}vJ QO "�5 pmW� OW=@ xDW=O OwHw pmW QO x=owro l} xm |Dr=L CUNv
uOQ@ Q=mx@ =@ "Ot=Hv=|t x}L=vQ} R wO p}mWD x@ |UOvy |}=Hx@=H VwQ |OQ=wt
|]=Lt |xQ}=O u} QDnQR@ RmQt |x]kv x@ u=wD|t x}L=vQ} R Qy QO sD} Qwor= u}=
Q}=wO s=tD u=}t QO xQ}=O u} QDnQR@ xm CU= |y}O@ "Ci=} CUO x}L=v u=ty QO
"CU= |ov}mD R= |Q=a |xQ}=O u} QDnQR@ '=yx}L=vQ} R |xty R= xOt; CUO x@
Cr=L u}= QO "CU= 23pN=O x@ wQ |oDUmW \=kv u; QO xm CU= |Dr=L swO
Cr=L u}= pL |=Q@ "O@=}|tv CUO ?wr]t ?=wH x@ |UOvy |}=Hx@=H VwQ
=} OwW xO=O Q=Qk lJwm Q=}U@ \N l} |oDUmW |x]kv |=Hx@ CU= |i=m
CU= QmP u=}=W "OR ?} QkD V=|o}=Uty QO x]kv wO =@ =Q |oDUmW |x]kv
Oy=wNv MQ u=wva I}yx@ xr=kt u}= |UQQ@ CLD |=yC=@ Q QO Cr=L u}= xm

"O=O
|xQ}=O u} QDnQR@ uDi=} |=Q@ xOt; CUO x@ G}=Dv 11 pmW w 10 pmW QO
' = 0 |=yu=QwO QO |UOvy |}=Hx@=H VwQ R= xO=kDU= =@ |ov}mD R= |Q=a
|}xR=@ p}rLD R= xOt; CUO x@ G}=Dv =@ xm 'CU= xOW xO=O u=Wv ' = �

6 w
u=Wv =Q VwQ wO Qy CkO G}=Dv u}= "OQ=O pt=m j@=]D 9 pmW w 8 pmW

"OyO|t

|xQ}=O u} QDnQR@ w |ov}mD '|Q=m|=[i |=Q@ xOt; CUO x@ G}=Dv "10 pmW
"|UOvy |}=Hx@=H VwQ ltm x@ '' = 0 u=QwO QO |ov}mD R= |Q=a

|Q=a |xQ}=O u} QDnQR@ w|ov}mD '|Q=m |=[i |=Q@ xOt;CUO x@ G}=Dv "8 pmW
p}rOx@ w CU= xOW O=H}= B1 s=vx@ O}OH `@ Qt l} "' = 0 u=QwO QO |ov}mD R=

"CU}v |Qo}O `@ Qt O=H}= x@ R=}v B1 |=yRQt x@ C0 uOw@vl}ORv

C=@ Q QO ' =
���2 ;��3 � |=Q@ |ov}mD R= |Q=a |xQ}=O u} QDnQR@ "9 pmW

"1 pwOH QO xOW x�=Q= O=a@= uDiQo Q_v QO =@ 3-RPR

|}xQDUo |=Q@ D sD} Qwor= |=QH= R= ,=D}=yv "(C0) CU= |ov}mD R= |Q=a |xQ}=O
"�9 pmW� CU= xOt; CUO x@ '' =

���2 ;��3 � '|}=yv |QHt |=yu=QwO R=
xDio |=yu=QwO |=Q@ |ov}mD R= |Q=a |xQ}=O u} QDnQR@ 'OwW|t xOy=Wt xm u=vJ

"ODi=|t j=iD= ' = ��2 QO xm CU= r = 16 86 `=aW x@ |}xQ}=O xOW

R= |Q=a |L=wv uDi=} w |UOvy |}=Hx@=H VwQ "5
|ov}mD

R= |Q=a |xQ}=O u} QDnQR@ uOQw; CUO x@ |=yVwQ R= Qo}O |m} VN@ u}= QO
s=yr= xUOvy sra R= |awvx@ xm OwW|t |iQat �|UOvy |}=Hx@=H� s=vx@ |ov}mD
|xQ}=O u} QDnQR@ uDi=} |=Q@ uwvm =D Ov=O|t xOvU} wv xm =Hv; =D "CU= xOW xDiQo
Ov=wD|t sD} Qwor= u}= u=}@ "CU= xOWv xDiQo ltm xUOvy sra R= |ov}mD R= |Q=a
CAD |=yQ=Ri=sQv j} Q] R= sy w OW=@ |}xv=}=Q |D=@U=Lt |=yQ=R@= j} Q] R= sy
xO}J}B |UOvy |}=Hx@=H C}r@=k CAD |=yQ=Ri=sQv |xty ,=@} QkD "OQ}PB CQwY
|xQ}=O |UOvy C}Y=N wO Q@ |vD@t |UOvy VwQ u}= swyit |t=tD "OvQ=O =Q

148



"""w
xrwU

=t`
r=]

|Oy
t'|

RQwr
mxv=

RQi
|O

=yOt
Lt 'C@=F u=QwO |Q=m |=[i u=wD@ ?}DQDx@ =yv; R= xO=iDU= =@ =D OW x�=Q= D w C 'B 'A

u} QDnQR@ w 'X=N `@ Qt l} |=Q@ |ov}mD R= |Q=a |xQ}=O u} QDnQR@ '|ov}mD
=Q |O=R; xHQO xU |R=wt C=@ Q l} |Q=m |=[i s=tD |=Q@ |ov}mD R= |Q=a |xQ}=O
"OW =QH= 3-RPR C=@ Q |=Q@ =ysD} Qwor= u}= '|OQwt |xar=]t u=wvax@ "OQm =O}B
R= |Q=a |xQ}=O u} QDnQR@ uDi=} |=Q@ xm CU= u}= QO sD} Qwor= u}= Qvy |rm Qw]x@
xO=O x�=Q= 24Ovt xOa=k |WwQ '|O=R; xHQO xU |=yC=@ Q |Q=m |=[i QO |ov}mD

"CU=
VwQ wO Qy R= xOt; CUO x@ G}=Dv xm OW u=}@ |UOvy |}=Hx@=H VwQ QO
w CU= Q=wDU= ,qt=m |}xR=@ p}rLD VwQ xm OyO|t u=Wv u}= w OvQo}Om} O} -wt
xwqa "OQm xO=iDU= u; R= Qo}O |=yQ=mwR=U |xv}y@ p}rLD |=Q@ u=wD|t u}vJty
OwHwt |=y|DU=m u} QDnQR@ R= |m} Q=DWwv u}= QO |O=yvW}B sD} Qwor= 'u}= Q@
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1. singularity
2. Gough-Stewart
3. workspace
4. degree-of-freedom (DOF)
5. end-e�ector
6. forward kinematic equation (FKE)
7. inverse kinematic singularity
8. screw theory
9. grassmann-cayley algebra
10. constant-orientation
11. point displacement
12. practical swarm optimization
13. constrain optimization
14. interval analysis
15. evolutionary algorithm
16. genetic algorithm
17. Intlab
18. Matlab
19. o�set approach
20. revolute
21. prismatic
22. passive
23. cuspidal point

24. systematic
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