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\}=QW =@ |oDUW?; Ov}=Qi ẁQW QO u=} QH |wor= |UQQ@ w |R=Ux}@W Qw_vtx@ w
s}kDUt Q}Ut QO ?; jta 'QDU@ uOQm ?rY R= TB 'CmQL |xv=DU; x@ l}ORv
\UwDt CaQU C@Uv \}=QW u}= QO "OW xDiQo Q_v QO QDt|Dv=U 18 CUOq=@
"CU= xOw@ 0 98 Q@=Q@ ?}DQD x@ Twk |=OD@= QO �U=Uc� |v=QL@ CaQU x@ u=} QH
ZQa x@ x}=B Q]k C@Uv xm CU= xOW O=yvW}B "CU= 0 29 OwQi OOa u}vJty
x@ PVC |xrwr xU '=yx}=B uOQm pOt CyH =Pr &OW=@ 1%65 smCUO O}=@ p=v=m
|oDUW?; QO p=v=m |=yxQ=w}O Q}F-=D hPL |=Q@ [27]"OW xO=iDU= QDt|r}t 50 Q]k
QDW}@ p=v=m ZQa �10 R= O}=@v x}=B Q]k 'p} wrt w w}J |=yx}YwD j@] '|a[wt
QO w Twk T-=Q QO =yx}=B 'OwW|t xOy=Wt 2 pmW QO xm Qw]u=ty [33]"OW=@
x@ RmQt |xrY=i "Ov=xDiQo Q=Qk u=} QH CyH Q@ Owta CQwYx@ xHQO 90 C}akwt
C@=F Q=Okt '=yV}=tR; |=Q@ u=} QH |@O w �s=b = 2� QDt|Dv=U 15 '=yx}=B RmQt
CaQU 'u� =@ |U=tt CaQU 'Q[=L VywSB QO "OW xDiQo Q_v QO x}v=F Q@ QD}r 70
h=Oy= u} QDsyt R= "CU= xOW xO=O V}=tv uz =@ |Owta CaQU w ur =@ |a=aW
|x}=B xwQo x=Qty x@ OvD Twk QO u=} QH |wor= |UQQ@ x@ u=wD|t 'Q[=L VywSB
pt=m CN=vW '|oDUW?; |wor= |v}@V}B w p}rLD CyH x@ xm 'OQm xQ=W= |}=DxU

"CU= |QwQ[ u=} QH |wor= R=

"Twk QO =yx}=B |Q}oQ=Qk |xwLv w |Q=Pos=v "2 pmW

29



"""u
wt=Q}

Bu=
}QH

|wo
r=|

y=o
W}=t

R;|
xar=]

t

"|[Qa `]=kt QO u=} QH |wor= V}=tv "4 pmW

|=yx@=OQo 'G5 |r= hr=5 |=ypmW QO "OwW|t xOy=Wt QDU@ hm R= u=} QH jta
O5 pmW xHQO 160 `]kt u}vJty "OvDUy XNWt =yx}=B OwHw R= pY=L
|x} wv=F u=} QH w |rY= |x} wv=F u=} QH |=yx@=OQo u; QO xm CU= |a]kt u} QN;
OwN |O=a Cr=L x@ u=} QH 'Twk |=yDv= QO w Oa@ `]kt QO w OwW|t xOy=Wt swO

"CU= xOt;QO
jta |xv=}t 'QDU@ |m}ORv |xrY=i QO u=} QH \w]N R= |}xvwtv '6 pmW
'sy =@ xOW x�=Q= uqB xU |xU}=kt "OyO|t u=Wv =Q ?; K]U |m}ORv w 'u=} QH
hm l}ORv |=yx}q R= |HQ=N Twk hQ]x@ u=} QH \w]N CyH Q}}eD Qov=}@

'CU= OwyWt xm Qw]u=ty "OwW|t xOy=Wt =yx}=B Q=QkDU= pLt CUOq=@ QO u=} QH
u=wD|t u}vJ =Q u; Cra xm OQ}o|t pmW x} wv=F u=} QH Twk |}=OD@= `]=kt R=
Ea=@ w Ovm|t QF= u=} QH Q@ RmQt R= R} Qo |wQ}v 'Twk x@ u=} QH OwQw =@ xm OQm u=}@

"OwW|t |rN=O w |HQ=N pL=U u}@ ?; K]U swkQ hqDN=
QO "OwW|t O=H}= Twk CtU wO u}@ Q=Wi hqDN= 'xOW QmP |xO}OB QF= QO
K]U hqDN= R= xOW xH}Dv Q=Wi hqDN= w RmQt R= R} Qo |wQ}v u}@ VvmQOv= QF=
OwHw x@ ?; Q}Ut Q@ Owta `]=kt QO x} wv=F u=} QH 'QDU@ |WQ@ Ctw=kt w ?;
QO w u=} QH K]U |m}ORv QO "CU= XNWt 3 pmW QO OQ=wt s=tD QO xm 'O};|t
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&OwW|t 'CU= |oDUW?; |rY= pt=a xm Twk QO |vwRrL u=} QH O=H}= Ea=@
u=} QH CQOk `k=w QO "CU= xOW xDN=OQB QwmPt QDt=Q=B |UQQ@ x@ 'xt=O= QO TB
|v}@V}B Qw_vtx@ =Pr "CU=y?wUQ |[Qa p=kDv= COW |xOvyO u=Wv 'x} wv=F
|x@U=Lt x@ 'CU= u=} QH |wor= |=yV}=tR; |rY= hOy xm '|oDUW?; |wor=
u=} QH CQOk u}}aD Qw_vtx@ "CU= xOW xDN=OQB Twk pw] QO x} wv=F u=} QH Q=Okt
'Q=}at u}rw= "CU= xOW |UQQ@ xt=O= QO xm 'OQ=O OwHw |irDNt |=yQ=}at 'x} wv=F
xOW x�=Q= 2 |x]@=Q QO w OwW|t xOv=wN R}v CaQU pQm xm 'CU= xD}U}DQw Q=}at
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"CaQU CW=OQ@ |xm@W R= pwrU l} l}D=tW pmW "11 pmW

"Twk pm QO =yQ=Owtv "12 pmW

%OwW|t h} QaD 5 |x]@=Q

Sxy =

�
V 2
xy
2g

�
V 2
2g

=
�

V 2 +W 2

U 2 + V 2 +W 2

�
(5)

?=DW g w z 'y 'x |=yQwLt O=ODt= QO CaQU |=yxir-wt W w V 'U 'u; QO xm
x@U=Lt |[Qa `]=kt QO x} wv=F u=} QH CQOk '|QmW Q=}at \UwD "OvDUy x@P=H

"OwW|t xOy=Wt ?12 pmW QO xm CU= xOW
`]kt =D Twk |=OD@= R= xD}U}DQw Q=Okt xmCU= OwyWthr=12 pmW QOCkO =@
|W}=Ri= |OvwQ 'xHQO 70 `]kt =D u; R=TB "CU= xDW=O |Wy=m |OvwQ 'xHQO 20
TwkVkv x@ \w@ Qt xm 'CU= xOW xOy=Wt `]ktu}ty QO Q=Owtv |xrku}rw= w xDW=O
`} RwD u} QDW}@ 'u}W}B u=QoWywSB |=yV}=tR; x@ xHwD =@ "CU= u=} QH |wor= |wQ Q@
l}ORv =@ [6]"ODi=|t j=iD= xOwOLtu}ty QO x} wv=F u=} QH|q=@ CQOkp}rO x@CaQU
Qw[LR=|W=v|=y|oDiW;p}rO x@ xD}U}DQw|vLvt '=yx}=B Q=QkDU=|xOwOLt x@ uOW
88 `]kt QO CUOq=@ CtU x@ =yx}=B CQw=Ht QO w Ovm|t =O}B |v=Uwv pmW =yx}=B
"OwW|t xOy=Wt xD}U}DQw Q=Oktu} QDW}@ xHQO 93`]kt QO =yx}=BCUOu}}=B w xHQO
=@ |W}=Ri= OvwQ l} Twk |=OD@= u=ty R= ?12 pmW x} wv=F u=} QH CQOk Q=Owtv QO
92 `]kt =D |v=yo =v Qw]x@ u; R= TB w OwW|t xOy=Wt xHQO 83 `]kt =D sm ?}W

QO xHQO 180 Twk |rw] hrDNt `]=kt QO u=} QH |wor= V}=tv "10 pmW
"|rN=O pL=U R= p=v=m ZQa pO=at |}xrY=i
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"xHQO 91 w 90 '89 |=}=wR QO |[Qa `]=kt QO CaQU Q}O=kt Q=Owtv "14 pmW

"CU= xOW xO=O u=Wv =yx}=B R= xOvQPo `]=kt |va} '|rN=O pL=U R= p=v=m ZQa
=y|vLvt 'CU= xOW QmP `]=kt QO |U=tt CaQU Qov=}@ xm hr=13 pmW QO
xOy=Wt hqDN= |Q=Okt 'xHQO 89 |x} w=R QO \ki w Ov=j@]vt sy Q@ ,=@} QkD
|xv=}t QO� P2 |x}=B R= xOvQPo `]kt QO |U=tt CaQU xm CQwYu}O@ "OwW|t
p=v=m |xv=}t QO xm OyO|t u=Wv Qt= u}= "CU= xDW=O |QDtm Q=Okt '�p=v=m ZQa
"CU= xOw@ QDW}@ xOvwWl}ORv QF-wt u=} QH QO x}=B Q}F-=D '=y|oDiW; RmQtD p}rO x@
xOw@ Qo}O |x}=B wO R= QDtm �P1� |rN=O pL=U x@ l}ORv |x}=B QO QwmPt QF=
Q=QkDU= CUOu}}=B pLt CtU x@ CmQL =@ "CU= XNWt R}v pmW QO xm 'CU=
|=yQ=Owtv QO ,q@k xm OwW|t xOy=Wt �u�� |U=tt CaQU |ivt Q}O=kt '=yx}=B
u}= 'CU= xOW xQ=W= u; x@ 12 pmW u}vJty w |U=tt CaQU QwDv=m x@ \w@ Qt

66 w 34 '50 pO=at |rY=wi QO |rw] `]=kt QO CaQU Q}O=kt Q=Owtv "13 pmW
"|rN=O pL=U R= p=v=m ZQa OYQO

=D xv}W}@ pLt R= TB "CU= xO}UQ OwN Q=Okt |xv}W}@ x@ w xOQm =O}B V}=Ri= xHQO
`]kt u}= R= w xOQm =O}B Vy=m x} wv=F u=} QH CQOk |v=yo =v Qw]x@ 'xHQO 105 `]kt
"CU= xOw@|v=Uwv CQwYx@|vLvt '|OYQO 2 |xOwOLtl} QO Twk |=yDv= x@ =D
|oDiW; 'Twk T-=Q |m}ORv QO x} wv=F u=} QH CQOk Q=Okt |xv}W}@ OwHw p}rO
`]=kt QO xm CU=yx}=B Qw=Ht |oOWnvD |xOwOLt QO xOW p}mWD |=yx@=OQo w
\w]N CyH \ki |[Qa w |rw] `]=kt CtUk QO "OW xQ=W= u=O@ |[Qa
w ur 'u� CaQU |xir-wt xU R= l} Qy 'Q[=L VN@ QO "CU= xOW |UQQ@
pmW QO "CU= xOW |UQQ@ 14 pmW |[Qa w 13 pmW |rw] `]=kt QO uz
|OYQO 66 w 50 '34 pO=at |rY=wi x@ |rw] `]=kt QO CaQU Q}O=kt '13
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|Q}oxH}Dv "4
|L=wv u}}aD w|oDUW?; |wor=|v}@V}B Qw_vt x@ ,qwY= 'u=} QH |wor= C=k}kLD
VywSB R= xOt; CUOx@ G}=Dv u} QDsyt u=wvax@ =Q OQ=wt u}= xm OwW|t s=Hv= |v=QL@

%OQm u=}@ u=wD|t Q[=L
|x} w=R =D w CU= xDiQo pmW ,qt=m xHQO 20 R= |rY= |x} wv=F u=} QH |x@=OQo �

"OQ=O OwHw Twk |=OD@= R= xHQO 180
"OW xOy=Wt xHQO 160 =D xHQO 40 R= swO |x} wv=F u=} QH �

|Q}oQ=Qk |xOwOLt QO |va} 'xHQO 92 |x} w=R QO x} wv=F u=} QH CQOk u} QDW}@ �
"OW |Q}oxR=Ov= =yx}=B

pL=U x@ l}ORv w pw= |x}=B =@ u=} QH OQwNQ@ x@ \w@ Qt jta C=Q}}eD u} QDW}@ �
"OW |Q}oxR=Ov= u=} QH jta �9 4 OwOL xm 'CU= xOw@ |rN=O

CUOu}}=B QO xHQO 92 |x} w=R QO xOW O=H}= |=yx@=OQo u} QDsyt w u} QD|wk �
"OvQ}o|t Q@ QO =Q |[Qa `]kt �80 OwOL QO O=a@= Q_v R= xm 'CU=yx}=B

'|rN=O pL=U R= p=v=m ZQa OYQO 55 w 40 pY=wi QO xHQO 90 |x} w=R R= �
w OQwNQ@ Qo}Om} =@ swO w pw= |=yx}=B u=} QH |}=OH R= |W=v u=} QH \w]N
lQLDt |=yQDU@ QO Kr=Yt QiL Ea=@ xm Ovvm|t xrtL QDU@ CtU x@ TBU
R= |HQ=N pL=U CtU x@ =yx}=B Q]k Q@=Q@ 0 5 QO ,=k}kO \=kv u}= "OwW|t

"OvQ=O xrY=i swO w pw= |=yx}=B
pL=U CtU x@ u=} QH K]U |m}ORv QO |a=aW CaQU Twk pm QO ,=@} QkD �
"CU= x} wv=F u=} QH Qov=}@ xmCU=|rN=OpL=UCtU x@ QDU@l}ORv QO w|HQ=N
CyH QO Qo}Om} R= u=} QH \w]N |}=OH |wQ Q@ =yx}=B |Q=PoQF= |x}L=v �
CtU x@ x}=B Q]k Q@=Q@ 3 5 w CUOq=@ CtU x@ x}=B Q]k 1 4 |rw]
CtU x@ x}=B Q]k Q@=Q@ 1 4 ,=@} QkD u=} QH Q@ Owta CyH QO w CUOu}}=B
swU |x}=B |HQ=N pL=U CtU x@ x}=B Q]k Q@=Q@ 1 w x}=B u}rw= |rN=O pL=U

"CU= xOw@

xmv}= "OvwW|t xOy=Wt u=} QH l}ORv QO w xHQO 95 `]kt =D |ivt |=yCaQU
u} Q} R |=yx}q QO |U=tt CaQU 'CUOu}}=B CtU x@ =yx}=B R= uDiQo xrY=i =@
pmW Qov=}@ 'CU= |ivt Rwvy u=} QH |L]U |=yx}q QO |rw 'CU= xOW C@Ft
|L]U |=yx}q QO =yx@=OQo O=a@= uOw@ QDnQR@ w |oDU=NQ@ |=yx@=OQo |]wQNt
|rw] p}iwQB QO |a=aW |=yCaQU x@ \w@ Qt xm ?13 pmW QO CkO =@ "CU=
`]kt xU Qy QO xm =QJ "CU= XNWt ,qt=m x} wv=F u=} QH =yx}=B CUOq=@ QO 'CU=
K]U x@ l}ORv |=yx}q QO w |ivt QDU@ |m}ORv QO |a=aW CaQU Q=Okt '|rw]
XNWt QwmPt pmW QO CkO =@ "CU= |HQ=N pL=U CtU x@ w C@Ft ?;
s�=k QwLt =@ =y|vLvt u}= OQwNQ@ pLt 'xHQO 88 =D 85 C}akwt R= xm CU=
RmQt uOW =Hx@=H Qov=}@ xm CU= xOQm CmQL u=} QH K]U CtU x@ �ur = 0�
CUOu}}=B CtU x@ CmQL =@ u=} QH K]U CtU x@ x} wv=F u=} QH |rY= |x@=OQo
Q=JO |a=aW CaQU |=y|vLvt '=yx}=B Qw[L p}rO x@ xHQO 89 `]kt QO "CU=
u} QDW}@ |rN=O pL=U x@ l}ORv |x}=B |m}ORv QO |oDiW; u}= xm Ov=xOW |oDiW;
w P3 |x}=B R= xOvQPo `]kt QO |U=tt CaQU u}vJty "CU= xDW=O =Q Q=Okt
xOw@ |HQ=N pL=U CtU x@ w C@Ft '=yR=QD |x}rm QO |HQ=N pL=U l}ORv
CaQU |wQ Q@ =yx}=B Q}F-=D R}v G13 pmW QO "CU= XNWt pmW QO xm CU=
QO CaQU |xir-wt xU R= l} Qy '14 pmW QO "CU= xOW xO=O u=Wv |Owta
Qov=}@ 'hr=14 pmW "CU= xOW xO=O u=Wv xHQO 91 w 90 '89 |[Qa `]=kt
CtUk QO xm Qw]u=ty w CU= QwmPt |[Qa `]=kt QO |U=tt CaQU Q}O=kt
R= p=v=m ZQa OYQO 66 w 50 '34 pO=at pY=wi QO 'OW xQ=W= u; x@ R}v V}B
'xHQO 91 |x} w=R QO w =yx}=B R= s=OmQy CUOu}}=B QO u� CaQU '|rN=O pL=U
xOw@ |rY= u=} QH =@ CyHsy w C@Ft Twk R= |[Qa `]=kt Qo}O QO w |ivt
xOW xO=O u=Wv |@ wNx@ ZQa QO |a=aW CaQU C=Q}}eD '?14 pmW QO "CU=
|=yx@=OQo OwHw Qov=}@ 's�=k QwLt =@ Q=Owtv u}= |=y|vLvt OQwNQ@ \=kv "CU=
QO xm 'QwmPt |=yx@=OQo R= |O=OaD xvwtv u=wvax@ "CU= OQwNQ@ \=kv QO |[Qa
pmW |wQ Q@ 'OwW|t xOy=Wt R}v 5 |r= 3 |=ypmW QO |[Qa `]=kt CtUk
pmW uwJty "CU= xOW XNWt xHQO 91 |[Qa `]kt OQwt QO w ?14
xU QO Q=@ u}= �uz� |Owta CaQU x@ \w@ Qt C=Q}}eD R}v G14 pmW QO 'G13
CaQU u}= C=Q}}eD u} QDW}@ 'u; j@=]t xm OwW|t xOy=Wt QwmPt |[Qa `]kt
QwmPt |=yR=QD QO xm =QJ 'CU= xO=Di= j=iD= u=} QH |L]U |=yR=QD |xOwOLt QO
x@ u� uOW p}O@D w =yx}=B x@ OQwNQ@ =@ '|U=tt CaQU uOw@ QDW}@ p}rO x@
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