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=@ |}=yxRQru}tR ẁkw QF= QO |t=vwU xU u}= "2006 |qwH 17 |t=vwU w 2005
1000 '225000 ?}DQDx@ w OvOw@ xDiQo pmW 7 7 w 8 7 '9 3 ?}DQDx@ |=oQR@

[6w5]"OvO=yv |=H Q@ xDWm 403 w
6u=Qmt |x}L=v 'Ovy Twv=}k= |xk]vt QO OwHwt syt Vv=QwQi |x}L=v Qo}O
u=DUm =B 'u=ta 'u=Q}= pL=wU |m}ORv QO u=Qmt Vv=QwQi |x}L=v "�1 pmW� CU=
"CU= xDi=} VQDUo |@ Qe � |kQW O=ODt= QO QDtwr}m 900 OwOL |rw] =@ Ovy w
CtUk Q} R x@ p=tW x@ wQ CmQL l} =@ u=ta |Uwv=}k= |xLiY x}L=v u}= QO
T=U=Q@ Q}N= |xDiQoCQwY C=ar=]t "Ovm|t Vv=QwQi u=Q}= |xLiY |kQW ?wvH
Vv=QwQi CaQU xm OyO|t u=Wv GPS |xm@W l} R= xOt; CUO x@ C=aq]=
OwOL pk=OL u=Qmt |xk]vt QO u=Q}= |xLiY Q} R x@ u=ta |Uwv=}k= |xLiY
|t=vwU u} QN; xm OyO|t u=Wv |N} Q=D |=yxO=O [7]"CU= p=U QO QDt|r}t 19
pk=OL xm O=Di= j=iD= 1945 p=U Q@t=wv 28 QO u=Qmt |xk]vt QO xOWC@F nQR@
|t=vwU u}= [8]"CW=Po |=H Q@ u=ta w u=Q}= 'Ovy 'u=DUm =B pL=wU QO xDWm 4000
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QO nQR@ |=yxRQru}tR ẁkw CWoR=@ |xQwO xm OyO|t u=Wv Q=t; u}= 1945 w

"CU= p=U 300 =D 100 u}@ ,=OwOL u=Qmt |xk]vt
xO=iDU= =@ u=QmtVv=QwQi |xk]vt QO nQR@ |=yxRQru}tR ẁkwCWoR=@ |xQwO
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|oOt;q=@ u=R}t w Ot; O}OB u}tR QO |}xOta w |U=U= |=yCUmW QyW wO u}=
Ovy |@ Qe pL=U QO `k=w 15C=QHwo [2]"CU= xOW VQ=Ro QDt 2 OwOL QO u}tR
G=wt= `=iDQ= |�@t@ QO "CiQo Q=Qk QDt 11 5 =D 11 `=iDQ=x@ |H=wt= |xrtL OQwt
C@F R= |D=WQ=Ro u}vJty "OvOW xDWm Qiv 15 w OW VQ=Ro [2]QDt 2 OwOL |t=vwU

sQ=yJ w pyJ |xQ=tW �h} QW 47



"""Q
=OW

y|
xv=t=

Ul
}Q=D

N=U
|x�

=Q=w
|R}

N|
t=vwU

|@=}
RQ="OyO|t MQ u; K]U |wQ QO ?}W u}}=B

ui=�U1
Z
�

��
@u1

i

@�2
+ @u2

i

@�1

�
Sin��

�
@u1

i

@�3
+ @u3

i

@�1

�
Cos�

�
dS

(2)

ui=�U
Z
�

��
@u2

i

@�2
� @u3

i

@�3

�
Sin2��

�
@u2

i

@�3
+ @u3

i

@�2

�
Cos2�

�
dS

(3)

u}}=B CtU x@ xm '� QwLt |iQat =@ "CU= pUo ?}W |x} w=R � '\@=wQ u}= QO
=Q 3 w 2 CqO=at u=wD|t '�3 pmW� OwW|t xDiQo Q_v QO C@Ft pUo ?}W

"OQm |U} wvR=@ 5 w 4 CqO=at CQwYx@ ?}DQDx@

ui=�U1
DZ
d

LZ
�L

��
@u1

i

@�2
+ @u2

i

@�1

�
Sin��

�
@u1

i

@�3
+ @u3

i

@�1

�
Cos�

�
d�1d�

(4)

ui=�U
DZ
d

LZ
�L

�
2
�
Sin� @u

2
i

@�
�Cos� @u3

i

@�

�
+
�
@u3

i

@�2
� @u2

i

@�3

��
d�1d�

(5)

'OwW|t x_Lqt5w4CqO=at QO|Q}op=QoDv= OwOLR= w3pmWQO xm Qw]u=ty
QO �L � �1 � L w d � � � D O=a@= =@ |r}]DUt CQwYx@ |oDN}Uo K]U
OwN CqO=at =yp=QoDv= u}= |x@U=Lt =@ |r}tU= w =yv}Uv=t "CU= xOW xDiQo Q_v
u}= CqO=at u}= |=y|oS} w u} QDsyt R= 'OW xQ=W= xm Qw]u=ty [11]"Ov=xOQm x�=Q= =Q
=Q Twv=}k= hm pmWQ}}eD u=O}t u=wD|t |}xv=}=Q |U} wvxt=vQ@ R= xO=iDU= =@ xm CU=
uQDQi |U} wvxt=vQ@ u=@ R R= xO=iDU= =@ |}xv=}=Q pOt l} 'Qw_vt u}= |=Q@ "OQm x@U=Lt
|x}L=v C=YNWt w =yQDt=Q=B 'xt=vQ@ u}= "CU= xOW x}yD CqO=at u}= |=v@tQ@
|vDt p}=i l} R}v u; |HwQN w 'Ci=} QO |OwQw C=aq]= u=wvax@ =Q xOWxDN}Uo

"CU= QwmPt |oDN}Uo QF= QO u}tR K]U pmWQ}}eD u=O}t |w=L xm CU=
'xOW xDN}Uo |x}L=v ZQa '|oDN}Uo pw] %R= Ov=CQ=@a |OwQw |=yQDt=Q=B
xDiQoCQwY VRer Q=Okt 'VRer |x} w=R 'Vv=QwQi |x}L=v ?}W 'xRQru}tR jta
ẁQW |x]kv R}v w xOWxDN}Uo |x}L=v O=ODt= |x} w=R '|oDN}Uo K]U |wQ QO

|xt=vQ@ QO xO=iDU= OQwt |=yQDt=Q=B R}v w |Dtqa |=yO=OQ=Qk 4 pmW QO "pUo
'|oDN}Uo |=yQDt=Q=B ?=NDv= w u}}aD |ovwoJ "CU= xOW xO=O u=Wv xOW x}yD
QO u=mt Q}}eD u=O}t |x@U=Lt VwQ "OQ}o|t Q=Qk EL@ OQwt p}YiDx@ xt=O= QO
|oDN}Uo K]U |wQ QO xOWO=H}= |rm VRer =OD@= xm CU= CQwYu}O@ xt=vQ@ u}=

[11]"C=YDNt |=yQwLt w pUo |xUOvy "3 pmW

|=Q@|}xOQDUo |=yVqD xDWPo |=yxyO|] QO "CU= xRQru}tR ẁkw QF= QOTwv=}k=
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"|t=vwU ẁkw Q]N uqa= sOa =} uqa=
|=Q@ |O=yvW}B |t=vwU Q=OWy |xv=t=U Q=DN=U 'xOWx�=Q= C=L}[wD x@ xHwD =@
xm OwW|t xOy=Wt "Ow@ Oy=wN 20 pmW j@=]t u=Q}= ?wvH R}N|t=vwU pL=wU
|Q}os}tYD Q]N uqa= OQwtQO xRQru}tR |=oQR@ |=v@t Q@ =yvD xOWx�=Q= |xv=t=U
|=Q@ u=Qmt |xk]vt R= |W=v |t=vwU 'OW xQ=W= jwi QO xm Qw]u=ty =Q} R "Ovm|t
QO '20 pmW QO "OwQ|t Q=tW x@ l}ORv u=O}t |t=vwU l} 'u=Q}= |@ wvH pL=wU
|xm@W wO 'QDW}@ CkO x@ |@=}CUO Qw_vtx@ |}xRQr |=yxO=O |Qw;`tH CtUk
|xv=t=U |xaUwD |=Q@ s=o u}DUNv "CU= xOW O=yvW}B |v=yH w |rLt |}xRQr
w |HvUxRQr |=yx=oDU}= |xaUwD '20 pmW QO xOW O=yvW}B |t=vwU Q=OWy
|}xm@W |R=Ov=x=Q w ?Yv 'Qw_vt u}= |=Q@ "CU= xk]vt QO OwHwt |HvU|t=vwU
|v=Q}= VN@ QO GvU|t=vwU |xU=UL 2 'uyBOv=@ Q=ovxRQr 3 'Q=ov@=DW 3 pt=W

[16]"CU= xOW O=yvW}B u=Qmt
\w]N =D u=Qmt Vv=QwQi |x}L=v sm |xrY=i x@ xHwD =@ xm OQm xi=[= O}=@
20 =D 15 ,=OwOL u=tR COt QO |t=vwU G=wt= xm OyO|t u=Wv C=@U=Lt '|rL=U
|L=wv Qo}O CQ=@ax@ "OvyO Q=Qk xrtL OQwt =Q pL=U u} QDl}ORv Ovv=wD|t xk}kO
=Pr "OvQ=O Q=Qk l}ORv u=O}t |t=vwU Q]N ZQat QO u=Qmt |xk]vt |rL=U
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