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Q@ OQ=w |Owta |=yVvD xi=[= |v=UWm |x} Q_v R= xO=iDU= =@ TBU "CU= xOt; CUO x@
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|=Q@ 1920 p=U QO |O=yvW}B |oDN}Uo Q=mwR=U j}kLD u}= QO T=U= u}tyQ@
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rn = r0 � e�2 tan� (2)

rj = r0 � e	j tan� (3)

R= w ODi=|t j=iD= ��j = 	� pO=at |}x} w=R QO �Zn� |oDN}Uo jta xv}W}@
%O};|t CUO x@ 4 |x]@=Q

Zn = r0 � sin(2�):e� tan� (4)
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Li = rj � cos(�+ 	j) + 2rn � cos ��
�

Zi
tan �

�
(10)

Xsi;2 = rj+1 � cos(�+ 	j+1) + rj � cos(�+ 	j)
2 (11)

xvi = Li
2 � rj � cos(�+ 	j) (12)

�i = tan�1
�
rj+1 � sin(�+ 	j+1)� rj � sin(�+ 	j)
rj � cos(�+ 	j)� rj+1 � cos(�+ 	j+1)

�
(13)

w OwW|t OwOLt |tD} Q=or I}B Q=t x@ hQ] wO R= |oDN}Uo K]U 3 |x}L=v QO
xO=iDU= =@ '|oDN}Uo K]U =@ C=a]k OQwNQ@ \=kv C=YDNt uOQw; CUO x@ |=Q@
|Q}oQ=Qk =@ "O};|t CUO x@ Cw=iDt Q=Okt wO X=N jta Qy |=Q@ 9 |x]@=Q R=
C=a]k =@ |oDN}Uo K]U OQwNQ@ \=kv C=YDNt 3 |x]@=Q QO Q=Okt wO u}=
OQwNQ@ \=kv QO �i w �i |=}=wR Q}}eD 'x}L=v u}= Qo}O |=y|oS} w R= "OwW|t pY=L
Q}e x@ � x}L=v u}= |=Q@ hrDNt |=yQDt=Q=B "OwW |UQQ@ xv=o =OH O}=@ xm CU=
xO=iDU= =@ � OvwW|t u}}aD 13 w 11 \@=wQ T=U=Q@ ?}DQDx@ xm �i w Xsi;2 R=
x]w@ Qt Zi R= QDu}}=B C=a]k O=OaD n "OvwW|t XNWt 16 =D 14 \@=wQ R=

"CU=
Li = rj � cos(�+ 	j) + rj+2n � cos(�+ 	j+2n) (14)

Xsi;1 =

�
�
rj+2n � cos(�+ 	j+2n) + rj+2n�1 � cos(�+ 	j+2n�1)

2
�
(15)

�i = tan�1

�
�
rj+2n � sin(�+ 	j+2n) + rj+2n�1 � sin(�+ 	j+2n�1)
rj+2n � cos(�+ 	j+2n)� rj+2n�1 � cos(�+ 	j+2n�1)

�
(16)

x}L=v Q}}eD w Ov=lQDWt x}L=v xU Qy QO xm OQ=O OwHw R}v |}=yQDt=Q=B u=}t u}= QO
p@=k 20 =D 17 \@=wQ j} Q] R= =yQDt=Q=B u}= "Ovm|tv O=H}= =yv; Q=Okt QO |Dw=iD

"Ov=x@U=Lt
Vi =  � Zi � Li (17)

Wi =  � (Zi+1 � Zi) � (Li+1 + Li
2 ) (18)

Xwi = (Xvi+1 +Xvi)
2 (19)

Yi = (Zi+1 + Zi)
2 (20)

|ki= C=a]k QO xOW O=H}= |Owta VvD xi=[= |x@U=Lt "4"3
*s�=k VvD xi=[= w Q=@ QU R= |W=v |=yQ=@ Q}F-=D CLD |B Q} R QO `k=w C=a]k
R= O}=@ w CU}v swrat |B Q@ OQ=w Q=@ Q=Okt =t= "OvQ=O Q=Qk |B Q@ OQ=w Q=@ QF=Q@ xOWO=H}=
|=ywQ}v p=ta*= pLt uOQw; CUO x@ |=Q@ "OwW XNWt pO=aD CqO=at pL j} Q]
QO "CU= xOW xO=iDU= 1lUv}Uw@ VwQ R= C=a]k Q@ s�=k VvD xi=[= R= pY=L
R= Q_vhQY VvD Q=Okt 'xDi=} xaUwD |v=UWm |x} Q_v T=U=Q@ xm lUv}Uw@ VwQ
s�=k VvD |xi=[= `} RwD QO =yxOvvmKrUt QF= R= w O};|t CUO x@ l =N X=wN

|UOvy C=}YwYN w xOW s}UkD =RHt |x}L=v 3 x@ |oDN}Uo |xOwD '|UOvy
Kw]U =@ =yxa]k uOWv`]k x@ |Ov@x}L=v "CU= xOW |UQQ@ CkO x@ x}L=v Qy
u; QO OwHwt uwo =vwo |=yQDt=Q=B |=Q@ u=Um} |=y|oS} w uDW=O C}=yv QO w |RQt

%R= CU= CQ=@a x}L=v xU u}= QO |Ov@ RQt |xwLv "OwW|t QHvt x}L=v

Zi < r0 � sin� 1 |x}L=v
r0 � sin� < Zi < rn � sin � 2 |x}L=v
Zi > rn � sin � 3 |x}L=v

Oy=wN s=Hv= |QDq=@ CkO =@ |R=UpOt 'OW=@ QDW}@ pOt |ki= C=a]k O=OaD xJQy
'OQ=O |QDs_vt |xUOvy '3 w 2 |L=wv x@ C@Uv 1 |x}L=v xm =Hv; R= =t= "CiQo
V}=Ri= =@ Qo}O hQ] R= "CU= xOW xDiQo Q_v QO |QDW}@ C=a]k 3 w 2 |L=wv |=Q@
hrDNt |L=wv QO "OwRi= C=a]k O=OaD Q@ O}=@ |rN=O l =m]Y= |x} w=R w |B ZQa
x@ 'xOW x�=Q= "3"3 VN@ QO xm xJv; j@=]t u=oOvQ=ov \UwD |R=UpOt |=yQDt=Q=B

"CU= xOt; CUO

hrDNt |L=wv |UOvy |=yQDt=Q=B u}}aD "3"3
xOw@ CN=wvm} |B Q} R *X=N j=ta= QO |oDN}Uo Kw]U |=}=wR Q}}eD 1 |x}L=v QO
QO ZwQit |xa]k pw] Li x}L=v u}= QO "CU}v Cw=iDt hrDNt |=yjta QO w
R= QDQwO |xrY=i QO xa]k hm Q@ OQ=w |WQ@ |=ywQ}v |xrY=i Xsi;1 'Zi jta
|xrY=i Xvi w '|B Q} R QO xa]k hm Q@ OQ=w |WQ@ |=ywQ}v |xrY=i Xsi;2 '|B

"CU= C=a]k u}@ QO |r=ta= Q=@ QU R= |W=v |r=ta= |=ywQ}v

Li = 2rn � cos �+ 2r0 � cos�� Zi
tan �

� Zi
tan�

(5)

Xsi;1 = 2rn � cos �� Zi+1 + Zi
2 tan �

(6)

Xsi;2 = 2r0 � cos�� Zi+1 + Z1
2 tan�

(7)

Xvi = Li
2 + Zi

tan�
�B (8)

xOw@ |tD} Q=or I}B Q=t CQwYx@ |oDN}Uo K]U hQ] l} QO '2 |x}L=v QO
Q=Okt u}}aD |=Q@ 'CU= xOW XNWt ,q@k Zi w r0 Q=Okt xm u}= x@ xHwD =@ w
ZwQit |xa]k =@ |oDN}Uo K]U OQwNQ@ |x]kv QO w X=N jta Qy QO 	j

XNWt xa]k |Q}oQ=Qk jta =@ Q_=vDt 	j w OwW pL 9 |xrO=at CU= |i=m
"OwW

Zi
r0

= sin(�+ 	i) � e	j �tan� (9)

|x]@=Q QO u; |Q=Po =H =@ xm O};|t CUO x@ |Q=Okt 	j |=Q@ x}L=v u}= QO
hQ] QO "O};|t CUO x@ |oDN}Uo K]U =@ xa]k OQwNQ@ |x]kv C=YDNt 3
QO Xsi;1 Q=Okt w CU= Q=QkQ@ 1 |x}L=v \}=QW Q_v OQwt |ki= |xa]k Qo}O
R}v �i Q=Okt "CU= x@U=Lt p@=k 6 |x]@=Q j} Q] R= w 'u=Um} x}L=v wO Qy
xO=O u=Wv 1 pmW QO xm CU= |ki= |xa]k =@ |oDN}Uo K]U u}@ |x} w=R
xOW XNWt 13 =D 10 \@=wQ QO 2 |x}L=v |UOvy C=YNWt "CU= xOW
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D*VwQ C=}[Qi =@ xm xOWx@U=Lt � = 0 Q=Okt =D xOWx@U=Lt VvD xi=[=
CQwYx@ QwmPt Q=Okt &OQ=O Ck@=]t 2004 p=U QO |mUiwr=J}=t \UwD xOWx�=Q=
21 |x]@=Q "CU= xOW xO=O u=Wv � =@ xm CU= |}=yv |Q@ Q=@ C}iQ_ R= |@} Q[
uRw uDiQo Q_v QO =@ xOvvmKrUt QO xOWO=H}= |WWm sw=kt |wQ}v |xOvyOu=Wv

%CU= |WWm pw] Q@ QF-wt Q=@ QU
Tr = 2F �

�
� � P1
B

+  � Lr � Lt
�

(21)

CU=|@} Q[ � wCU= xOvvmKrUtpt=a w l =Nu}@ l =m]Y=?} Q[F u; QO xm
'O};|t CUO x@ xOvvmKrUt Q@ QF-wt s�=k |=yVvD xi=[= |OOa |Q}op=QoDv= R= xm
|oO}WmuwQ}@ R= xm CU= xOWO=H}= |WWm pw] Lt w |B Q@ xOQ=w |}=yv |wQ}v P1

"CU=xOvvmKrUt pt=a pw] Lr u}vJty "Ovm|t |Q}owrHxOvvmKrUt

|O=yvW}B pwyHt �5N + 1� w xrO=at �5N + 1� uw}UqwtQi "6"3
xDN=OQB |Q@ Q=@ C}iQ_ |UQQ@ x@ |OL Cr=L QO |ki= C=a]k VwQ R= xO=iDU= =@
|x�=Q= =@ |B Q} R QOxOvvmKrUt pt=a l} OwHw =@ |Q=wv |B |Q@ Q=@ C}iQ_ w 'xOW
x@ |r=ta= |=ywQ}v C=}�RH "CU= xOW x@U=Lt 1 pwOH QO xOWx�=Q= |Ov@pwtQi
5 pmW QO |Q=wv |=y|B |Q@ Q=@ C}iQ_ u}}aD |=Q@ |ki= C=a]k VwQ QO xa]k

"CU= xOW xO=O u=Wv
hm Q@ OQ=w |WQ@ |=ywQ}v Si;2 w Si;1 %R= Ov=CQ=@a xa]k Q@ xOQ=w |=ywQ}v
|Owta |=ywQ}v Ni;2 w Ni;1 '|oDN}Uo K]U Q@ `k=w |Q=vm CtU wO QO xa]k
|WQ@ |wQ}v Hi '|oDN}Uo K]U Q@ `k=w |Q=vm CtU wO QO xa]k hm Q@ xOQ=w
|wQ}v Pi 'Q=@ QU R= |W=v xOWO=H}= |Owta |wQ}v Vi 'C=a]k u}@ QO xOWO=H}=
uRw R= pY=L |wQ}v Wi w C=a]k Q@ xOWp=ta= s�=k VvD xi=[= R= pY=L
C=a]k lDlD QO xOW|iQat |r=ta= |=ywQ}v |Q}oQovr u}vJty "CU= C=a]k

|Q@ Q=@ C}iQ_ u}}aD |=Q@ �5N + 1� uw}UqwtQi CqwyHt w CqO=at "1 pwOH
"xOW KrUt l =N Q@ `k=w |Q=wv |=y|B

O=OaD CqwyHt O=OaD CqO=at

2N C=a]k hm Q@ OQ=w s�=k |wQ}v
N

P
FY = 0

Ni; 1w Ni;2 CyH wO QO �xa]k Qy |=Q@�

2N C=a]k hm Q@ OQ=w |U=tt |wQ}v
N

P
M0 = 0

Si;1w Si;2 CyH wO QO �xa]k Qy |=Q@�

N
Q@ OQ=w s�=k |wQ}v

N

P
FX = 0

�Pi� C=a]k Kw]U �xa]k Qy |=Q@�

1 =yxOvvmKrUt QO sRq |wQ}v
N Si;1 = Ni;1: tan�

�T1�|Q=O}=B u}t=D |=Q@
- - N Si;2 = Ni;2: tan�

- - 1 |WWm |wQ}v |xrO=at
xOvvmKrUt QO

5N + 1 ẁtHt 5N + 1 ẁtHt

|ki= C=a]k |wQ Q@ jta x@ C@Uv s�=k |=yVvD xi=[= Q}}eD |xwLv "3 pmW
"Q_v OQwt pOt |=Q@

|B Q} R j=ta= QO s�=k VvD xi=[= Q}}eD |xwLv 3 pmW QO "CU= xOW Q_vhQY
"CU= xOW xO=O u=Wv

RQt w OQ=O Q=Qk |B Q} R |oDN}Uo |xLiY |wQ Q@ pmW QO OwHwt CU=Q RQt
uOQw; CUO x@ QO "CU= xDi=} xt=O= xa]k |wQ Q@ xv}tm VvD x@ uO}UQ =D AJ
TBU w xOW XNWt |RQt \=kv =OD@= 's�=k VvD xi=[= R= |W=v |=ywQ}v pLt
VvD xi=[= w xOW s}UkD u=Um} pY=wi =@ x]kv 100 x@ RQt wO u}= |xrY=i
x@ C@Uv |Q}oQovr j} Q] R= |OOa VwQ x@ w xOt; CUO x@ =yv; R= l} Qy QO s�=k
Q@ 's�=k |=yVvD xi=[= R= |W=v |r=ta= |=ywQ}v Ov};Q@ pLt '�1 pmW� g|x]kv

"CU= xOW XNWt xa]k

xOvvmKrUt QYva w l =N VvmQOv= "5"3
|@v=H |=yu=mt Q}}eD Q@=Q@ QO Ctw=kt V}=Ri= Ea=@ l =N QO =yxOvvmKrUt OwHw
V}=Ri= "OvwW|t |B *|Q@ Q=@ C}iQ_ V}=Ri= Ea=@ xH}DvQO w '|B Q} R *l =N
Q=Qk |oDN}Uo |=yxwo pN=O QOxOvvmKrUt |=yx}q xm |t=O=t |Q@ Q=@ C}iQ_
Q@ |r=ta= |wQ}v x@ xHwD =@ =yxOvvmKrUt QO xOWO=H}= |wQ}v "O@=}|t xt=O= OvQ=O
xOWO=H}= |WWm |wQ}v w |B |}=yv |Q@ Q=@ C}iQ_ =Pr w OwW|t XNWt |B
|ovwoJ wxOvvmKrUt uDiQo Q_v QO |ovwoJ "Ov=xDU@=w sy x@xOvvmKrUt QO
xOW xO=O u=Wv 4 pmW QOxOvvmKrUt pt=a Q@ OQ=w |WWm |wQ}v |x@U=Lt

"CU=

"hrDNt |=yQDt=Q=B |iQat w =yxOvvmKrUt |R=UpOt |xwLv "4 pmW
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|Q@
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pOQ

}W|
Oyt "j}kLD u}= QO Q_v OQwt T=}ktlJwm |y=oW}=tR; |=ypOt C=YNWt "2 pwOH

Test �  Zr/B Lr/B

E 35 15 7 0 4 6
D 38 16 05 0 4 6

"Cw=iDt l =N ẁv wO QO |}=yv |Q@ Q=@ C}iQ_ |UQQ@ "6 pmW

Cw=iDt C=}YwYN =@ |}xU=t l =N ẁv wO |=Q@ V}=tR; u}= xm =Hv; R= "CU=
G}=Dv |xU}=kt QO ?U=vt |aHQt u=wvax@ j}kLD u}= s=Hv= QO u=wD|t 'xOW s=Hv=

"OQm xO=iDU= u; R=
xOWs=Hv=V}=tR; wO |=Q@ xOt;CUO x@|}=yv |Q@ Q=@C}iQ_ Q=Okt 6 pmW QO
VwQ R= xOt; CUO x@ G}=Dv =@ w xOW xO=O u=Wv �2000� T=O w u}W \UwD
xDiQo Q=Qk xU}=kt OQwt |mUiwr=J}=t w nvwy \UwD xOWx�=Q= VwQ w |O=yvW}B
|rN=O l =m]Y= |x} w=R � w |}=yv |Q@ Q=@ C}iQ_ quR pmW u}= QO "CU=
=@ xm OwW|t xOy=Wt �1997� nvwy \UwD xOW x�=Q= VwQ G}=Dv QO CkO =@ "CU=
hqDN= u}= "OwW|t QDW}@ R}v G}=Dv hqDN= |rN=O l =m]Y= |x} w=R uOWQDW}@
|=Q@ �2004� |mUiwr=J}=t \UwD xOWx�=Q= VwQ =@ xOt; CUO x@ G}=Dv OQwtQO
R= xOt; CUO x@ G}=Dv CkO 6 pmW QO "CU= xOw@ O=} R 'QDq=@ l =m]Y= |=}=wR
VL=i Q=}U@ Qo}O |xOWx�=Q= |r}rLD |=yVwQ =@ xU}=kt QO '|ki= C=a]k VwQ
xOW x�=Q= G}=Dv =@ VwQ u}= ?U=vt j=@]v= R= |m =L |O=yvW}B VwQ G}=Dv "CU=

"CU= �2000� T=O w u}W \UwD
'OyO|t u=Wv l =N ẁv wO Qy |=Q@ =Q |Q@ Q=@ C}iQ_ C@Uv xm 7 pmW QO
|rN=O l =m]Y= |x} w=R � w |}=yv |Q@ Q=@ C}iQ_ C@Uv BCR Oa@|@ *?} Q[
=@ BCR u=R}t Vy=m R= |m =L |O=yvW}B VwQ R= xOt; CUO x@ G}=Dv "CU=
VwQ wO R= xOt; CUO x@ G}=Dv =t= "CU= l =N |rN=O l =m]Y= |x} w=R V}=Ri=
u=R}t V}=Ri= R= |m =L �2004� |mUiwr=J}=t w �1997� nvwy \UwD xOWx�=Q=

"CU= BCR

KrUt |=y|B |=Q@ |}xRQr |Q@ Q=@ C}iQ_ |x@U=Lt "5
|] u}kkLt R= |Q=}U@ \UwD =DU}= Cr=L QO =y|B `=wv= |Q@ Q=@ C}iQ_ u}}aD
OQwtQO |rt=m |=y|UQQ@ uwvm =D =t= 'CU= xDiQo Q=Qk V=mvm OQwt Q}N= u=}r=U

"xa]k Q@ hrDNt |=ywQ}v p=ta= |xwLv "5 pmW

xOw@ |B AJ CtU |xWwo |x]kv g |x]kv "CU= xOW s=Hv= g |x]kv pwL
|B Q} R QO xOW xDiQo Q_v QO C=a]k O=OaD N C}=yv QO w CU= VNQJ RmQt xm

"CU=
QO pO=aD |UQQ@ |va} 'xa]k Qy |=Q@ pO=aD CqO=at ?}DQDx@ 24 =D 22 \@=wQ

"CU= g |x]kv pwL Qovr |UQQ@ w s�=k CyH QO pO=aD |UQQ@ '|ki= CyHX
Fx = 0! Si;1 � cos �i +Ni;1 � sin �i + Si;2 � cos�i

�Ni;2 sin�i +Hi+1 �Hi �Kh �Wi + Tr = 0 (22)

X
FY = 0! Si;1 � sin �i �Ni;1 � cos �i � Si;2 � sin�i
�Ni;2 cos�i � Pi+1 � Pi � Vi+1 + Vi +Wi = 0 (23)X
M0 = 0! �Si;1(cos �i � Yi + sin �i �Xsi;1)

+Ni;1(cos �i �Xsi;1 � sin �i � Yi)� Si;2 � (sin�i + cos�i�
Yi)�Ni;2 � (cos�i �Xsi;2 � sin�i � Yi)� Pi+1 �Xpi+1

+Pi �Xpi �Hi+1 � Zi+1 +Hi � Zi �Wi �Xwi + Vi+1�
Xvi+1 � Vi �Xvi +Kh � Yi �Wi � Tr � Zr = 0 (24)

G}=Dv =@ |O=yvW}B |Ov@pwtQi G}=Dv |xU}=kt "4
Qo}O u}kkLt C=ar=]t

=@KrUtQ}e l =N x@ C@Uv KrUt l =N Q@ `k=w |B |}=yv |Q@ Q=@ C}iQ_ C@Uv
xOW x�=Q= 25 |x]@=Q QO C@Uv u}= "OwW|t xO=O u=Wv BCR Oa@ uwO@ C}tm

%CU=
BCR = quR

qu
(25)

|}=yv |Q@ Q=@ C}iQ_ qu w xOvvmKrUt OwHw =@ |}=yv |Q@ Q=@ C}iQ_ quR u; QO xm
1973 p=U QO xOt; CUO x@ G}=Dv T=U=Q@ xm CU=xOvvmKrUt uwO@ l =N |=Q@

[22]"CU= xDiQo Q=Qk |@=} RQ= OQwt
QO [23]T=O w u}W |y=oW}=tR; C=ar=]t R= pY=L G}=Dv R= j}kLD u}= QO
\UwD� 1997 |=yp=U QO xOWx�=Q= |r}rLD VwQ G}=Dv R= R}v w '2000 p=U
xOW xO=iDU= |O=yvW}B VwQ |@=} RQ= |=Q@ �|mUiwr=J}=t \UwD� 2004 w �nvwy
|wQ Q@ 2000 p=U QO xOWs=Hv= T=}ktlJwm |y=oW}=tR; C=ar=]t [15w14]"CU=
xOt; 2 pwOH QO =yv; C=YNWt xm CU= l =N ẁv wO =@ |y=oW}=tR; pOt wO
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"""Q@
`k=w

* |Q=
wv |

=y|
B|

Q@Q=
@C

}iQ_
u}}a

D

[29]"Qo}O |=yVwQ =@ =yv; |xU}=kt w Ncd |=Q@ |O=yvW}B Q}O=kt "8 pmW

[29]"Qo}O |=yVwQ =@ =yv; |xU}=kt w Nqd |=Q@ |O=yvW}B Q}O=kt "9 pmW

[29]"Qo}O |=yVwQ =@ =yv; |xU}=kt w Nd |=Q@ |O=yvW}B Q}O=kt "10 pmW

"CU= xOW xO=O u=Wv nvQ QB \N =@ =ypmW u}= QO Q_v

qud = C �Ncd + q �Nqd + 0 5b �  �Nd (26)

|Q@ Q=@ C}iQ_ |oO}y=m MQv 'u}kkLt |O=yvW}B |=yQDt=Q=B C=Q}}eD x@ xHwD =@
=DU}=xt}v?} Q[ O}OW Q}F-=D |xOvyOu=Wv xmCU=CN=wvm} CQwYx@ �qud�|}xRQr

"Cw=iDt l =N ẁv wO QO |}=yv |Q@ Q=@ C}iQ_ C@Uv |UQQ@ "7 pmW

C}ak=w u}= "CU= xOWv s=Hv= |}xRQr Cr=L QO =y|B |Q@ Q=@ C}iQ_ u}}aD
Q=OQwNQ@ |QDW}@ C}v}a R= KrUt l =N Q@ `k=w |=y|B OQwt QO XwYNx@

"CU=
R= |B |}xRQr |Q@ Q=@ C}iQ_ u}}aD Qw_vtx@ Q=@u}rw= |=Q@ 1963 p=U QO
VwQ QO =t= [24]OW xO=iDU= xar=]t OQwt |xR=U QO =ywQ}v p=ta*= w =DU}=xt}v VwQ

"CiQov Q=Qk Q_v Ot l =N x@ |r=ta*= |UQv}= |=ywQ}v '|O=yvW}B
|Q=wv |=y|B |Q@ Q=@ C}iQ_ u}}aD |=yQDt=Q=B u}}aD |=Q@ R}v 1990 p=U QO
s=Hv= |D=ar=]t |OL pO=aD VwQ R= xO=iDU= =@ w xOvvmKrUt pt=a uwO@ jtasm
l =N sQH Q@ |ki= |}xRQr |=y?=DW |xr}Uwx@ '=DU}=xt}v |=ywQ}v =yv; QO xm OW

[25]"OW p=ta= |B u} Q} R
x=Qty |}xLiY |oDN}Uo Q=mwR=U ZQi R= xO=iDU= =@ 1993 p=U QO
u}}aD |=yQDt=Q=B '=DU}=xt}v CQwYx@ |r=ta= |UQv}= |=ywQ}v uDiQo Q_v QO =@
w |y=oW}=tR; |=yV}=tR; R= xO=iDU= =@ =yv; [26]"OW XNWt |Q@ Q=@ C}iQ_
|}xRQr |=ywQ}v p=ta= R= pY=L CUWv Q@ O}m -=D =@ R}v w =HQ@ |=yV}=tR;
xOt; CUO x@ C=Oy=Wt |xar=]t x@ |}xv=O |=yl =N Q@ `k=w |=y|B Q@
x�=Q= =Q OwN |O=yvW}B VwQ 'CUWv u=R}t uDiQo Q_v QO =@ ,=D}=yv w OvDN=OQB

"OvOQm
|OL R}r=v;|x} Q_v R= xO=iDU= =@ w =DU}=xt}v VwQ R= xO=iDU= =@ 1999 p=U QO
u}}aD |=Q@ |WwQ 'uQ=kDtQ}e |oDN}Uo Q=mwR=U wO uDiQo Q_v QO =@ w q=@ RQt
KrUtQ}e l =N Q@ `k=w |L]U |Q=wv |=y|B |=Q@ |}xRQrCr=L QO |Q@ Q=@C}iQ_

[27]"OW x�=Q=
|=ywQ}v uDiQo Q_v QO =@ w |B Q} R QO VvD |UQQ@ R= xO=iDU= =@ 2002 p=U QO
|oDN}Uo Q=mwR=U wO Qy R= xO=iDU= =@ w |B Q} R l =N Q@ |r=ta= |=DU}=xt}v
w hrDNt |=y?=DW |=Q@ |Q@ Q=@ C}iQ_ u}}aD |=yQDt=Q=B 'xiQ]wO w xiQ]l}

[28]"OW x�=Q= l =N Cw=iDt |rN=O l =m]Y= |=}=wR
=@ w xiQ]l} |oDN}Uo Q=mwR=U uDiQo Q_v QO =@ 2005 p=U QO xQNq=@ w
|Q=wv |=y|B QO |oDN}Uo K]U u} QD|v=QL@ |=Q@ '|OL pO=aD VwQ R= xO=iDU=
'�|oOv@UJ QF-wt QDt=Q=B� Ncd|}xRQr |Q@ Q=@ C}iQ_ |=yQDt=Q=B pk=OL '|L]U
|=Q@ [29]"OW O=yvW}B �XwYNt uRw QF-wt QDt=Q=B�Nd w �Q=@ QU QF-wt QDt=Q=B�Nqd
QwmPt |=yQDt=Q=B xm OW O=yvW}B 26 |x]@=Q |}xRQr |Q@ Q=@ C}iQ_ u=R}t uDi=}
OQwt |=yQDt=Q=B "CU= xOW xO=O u=Wv 10 w '9 '8 |=ypmW QO =yv; |xU}=kt w
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|Q@
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}W|
Oyt |=DU}=xt}v ?}=Q[ Q}F-=D u}vJty [30]"CU= xOW xO=iDU= 1920 p=U QO |O=yvW}B

|=ypOt |=Q@ |UQQ@ u}= "CU= xOW |UQQ@ |}=yv |Q@ Q=@ C}iQ_ u=R}t Q@ hrDNt
2 pwOH QO =yv; C=YNWt xm xOW s=Hv= �2000� T=O w u}W |y=oW}=tR;
xOW xO=O u=Wv 12 w 11 |=ypmW QO xOt; CUO x@ G}=Dv u}vJty "CU= xOt;

"CU=
|rN=O l =m]Y= x} w=R V}=Ri= |=R=x@ Q}}eD u}= Q=Okt |UQQ@ 12 pmW QO
C}iQ_ |oO}y=m MQv Q=Okt |rN=O l =m]Y= |x} w=R V}=Ri= =@ "CU= xOW s=Hv=

"CU= xOw@ QDW}@ |Q@ Q=@
umtt Q_v OQwt l =N wO QO |Q@ Q=@ C}iQ_ |oO}y=m MQv QO Cw=iD u}= p}rO
"OW=@xOvvmKrUt pt=a Q@ u; Q}F-=D w |rN=O l =m]Y= |x} w=R R= |W=v CU=
=v=ty |Q@ Q=@ C}iQ_ O=H}= *|rY= pt=a 'QDW}@ l =m]Y= |x} w=R =@ l =N QO
l =m]Y= |x} w=R Vy=m =@ xm |DQwYQO 'CU= l =N |rN=O l =m]Y= |x} w=R
l =N |Q@ Q=@ C}iQ_ u=R}t Q@ |QDQ}osWJ Q}F-=D w xOW pta OQ=wxOvvmKrUt |rN=O

"OQ=O
|xwLv w xOW xDN=OQB |}=yv |Q@ Q=@ C}iQ_ C@Uv |UQQ@ x@ 13 pmW QO

"CU= xDiQo Q=Qk |UQQ@ OQwt hrDNt |=DU}=xt}v ?}=Q[ Q}}eD |=R=x@ u; Q}}eD

|Q}oxH}Dv "6
|R=wt |ki= C=a]k x@ |B Q} R *|oDN}Uo xwo '|ki= C=a]k VwQ R= xO=iDU= =@
C=a]k R= l} Qy |=Q@ =yQovr w =ywQ}v pO=aD CqO=at w xOW s}UkDxOvvmKrUt
|O=yvW}B VwQ j@] w |tD} Q=or I}B Q=t CQwYx@ |oDN}Uo xwo "OW xDWwv QwmPt
pkDUt |x}L=v xU x@ |oDN}Uo xwo j}kLD u}= QO "OW ?=NDv= 1920 p=U QO
CUO x@ |k}kO C=YNWt '|UOvy pwY= R= xO=iDU= =@ x}L=v Qy |=Q@ w OW s}UkD
=@ xOWKrUt |=y|B |Q@ Q=@ C}iQ_ |x@U=Lt |=Q@ |O}OH |Ov@pwtQi ,=D}=yv "Ot;
5N + 1 w xrO=at 5N + 1 CQwYx@ |}xU=t |=yl =N Q@ `k=wxOvvmKrUt l}
w =DU}= |}=yv |Q@ Q=@ C}iQ_ CU= QO=k |O=yvW}B |Ov@pwtQi "OW x�=Q= pwyHt
=yv; |xU}=kt w |O=yvW}B VwQ R= pY=L G}=Dv |UQQ@ R= "Ovm x@U=Lt =Q =DU}=xt}v

%OwW|t pY=L Q} R G}=Dv 'u}W}B u}kkLt G}=Dv =@
V}=Ri=|}xU=t |=yl =N|}=yv |Q@ Q=@C}iQ_xOvvmKrUtl} =yvD uOQ@ Q=m@ =@ "1
G}=Dv "CU= Cw=iDt |}xU=thrDNt |=yl =N QOV}=Ri= u}= u=R}t =t= 'O@=}|t
|=y|B |Q@ Q=@C}iQ_V}=Ri= QOxOvvmKrUt Q}F-=DVy=m R=|m =L xOt;CUO x@
l =m]Y= |x} w=R V}=Ri= =@ `k=w QO "CU= sm =QDt l =N |wQ Q@ xOWE=OL=
ptLD l =N \UwD |B x@ |r=ta= Q=@ QDW}@ |}xU=t |=yl =N QO |rN=O
VkvxOvvmKrUt QDsm |rN=O l =m]Y= |x} w=R =@ |}=yl =N QO =t= "OwW|t

"CU= QDQ}osWJ |Q@ Q=@ C}iQ_ V}=Ri= QO u; Q}F-=D w OQ=O |QDxOvvmu}}aD
x@ C@Uv '|O=yvW}B *|}=yv |Q@ Q=@ C}iQ_ C@Uv w |}=yv |Q@ Q=@ C}iQ_ Q=Okt "2
Q=Okt =t= 'CU= QDW}@ �2000� T=O w u}W \UwD xOWx�=Q= |y=oW}=tR; G}=Dv
|O=yvW}B |=yVwQ R= xOt;CUO x@ Q=Okt R= QDsm |y=oW}=tR; G}=Dv R= pY=L
xm CU=vat u=O@ u}= "CU= xOw@ �2004� |mUiwr=J}=t w �1997� nv=wy
T=}ktlJwm |=yV}=tR; R= pY=L G}=Dv x@ l}ORv |H}=Dv |O=yvW}B VwQ

"CU= QD|k]vt Qo}O |=yVwQ G}=Dv x@ C@Uv xm xOQm x�=Q= Q_v OQwt
|=Q@ |Q@ Q=@ C}iQ_ u}}aD hrDNt |=yVwQ R= xOt; CUO x@ G}=Dv Q@ CkO =@ "3
|=R=x@ |B |Q@ Q=@ C}iQ_ xm Ci=} QO u=wD|t 'K}rUD pt=a uwO@ |=yl =N

"hrDNt |=DU}=xt}v?}=Q[ p=ta= =@|}=yv |Q@ Q=@C}iQ_ Q}}eD |xwLv "11 pmW

xO=iDU= =@ |rN=O l =m]Y= |x} w=R Q}}eD p@=kt QO quR Q}}eD |xwLv "12 pmW
"=DU}=xt}v VwQ R=

"hrDNt |m}D=DU= x@W ?}=Q[ p=ta= =@ BCR Q}}eD |xwLv "13 pmW

l =N Q@ `k=w |=y|B QO =t= "CU= |L]U |=y|B |}xRQr |Q@ Q=@ C}iQ_ u=R}t Q@
"CU= Cw=iDt Q=}U@ |oO}y=m u}= MQv 'KrUt

VwQ R= j}kLD u}= QO 'xOWv s=Hv= OQwt u}= QO |at=H C=k}kLD xm =Hv; R=
QO KrUt l =N Q@ `k=w |Q=wv |B |Q@ Q=@ C}iQ_ |x@U=Lt |=Q@ |ki= C=a]k
l =N xm u}= x@ xHwD =@ Q[=L OQm} wQ QO "CU= xOW xO=iDU= R}v |}xRQr \}=QW
�70 R= sDL Qw]x@ QwmPt |}xv=O l =N QO |@Uv |r=oJ w xOWxO}@ wm KrUt
uQ=kDt=v |oDN}Uo Q=mwR=U R= |}xRQr Cr=L |R=UpOt |=Q@ TB 'CU= xOW QDW}@
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