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OYQO xm |k]=vt QO =t= "OvQ=O Qo}Om} =@ |@ wN =D@Uv Ck@=]t xOw@ q=@ =yu; QO
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e |
=yu

=tDN
=U|

=Q@C
Q=U

N`
@=DO

Qw;Q@

xOW xO=O u=Wv xQ=DU =@ xRQru}tR RmQtwQ C}akwt� |@=NDv= |=yxO=O |=Q@ �1383� OvQR �x}�wy=O |xRQru}tR QO u}ovU |=y|@=QN OYQO |oOvm =QB |xWkv "2 pmW
"�CU=

"xO}OCQ=UN j]=vt QO xOW x@U=Lt COW Q}O=kt "3 pwOH
COW xk]vt COW xk]vt
VII O=@;s=wk X x}} wy=O
VIII Q=} R xO IX O=@;=y@

X lOHy IX O=@;|ra
X QOm}D IX O=@;CrwO

VIII O=@;Rat VIII Q=vJxO
VII O=@;s}LQ VII x=otOk povD ?=@
IX VW ?=}U;QU IX u=oDNwU ?=@

VIII d=@ QU VII O=@;|U}a
VIII uOat lQyW X umDL
VII QyW u=L} Q X uw@Ot
VIII Qvy=@ lQyW X OtLt xO=Ry=W

X x}} wvo

OQw;Q@ Q_v OQwt \=kv QO u}tR V@vH ?=DW '|vRw |xrY=i Tma *|@=}uwQO
QO ?=DW xv}W}@ u}kkLt |O=yvW}B \@=wQ R= xO=iDU= =@ swO VwQ QO "CU= xOW
Q}O=kt QDj}kO OQw;Q@ Qw_vtx@ VwQ u}= QO "CU= xOW OQw;Q@ xO}OCQ=UN j]=vt
TBU w xOW K}LYD xk]vt |=Q@ h}a[D \@=wQ 'xO}O CQ=UN j]=vt QO ?=DW
Cq=kt QO hrDNt |=yVwQ x@ ?=DW OQw;Q@ G}=Dv "CU= xDiQo Q=Qk xO=iDU= OQwt
xOvU@ ?=DW OQw;Q@ G}=Dv QmP x@ \ki Q=DWwv u}= QO =t= [6]CU= xOW x�=Q= R}v |Qo}O

"OvQR |xk]vt |=yu=tDN=U |Q}PB?}U; |Ov@ xk@] "2 pwOH
|Q}PB?}U; xk@] xR=U ẁv

E D C B A

� |ovU |DWN w |ro |DWN
� |}=v@

|UQQ@ u}= QO w u}}aD xk]vt QO �� |}=v@ Kr=Yt w |DWN |=yu=tDN=U pt=W ��
QO CQ=UN OYQO '|Q}PB?}U; |xk@] u}}aD R= TB "CU= xOW xDiQo Q=m x@
ltm x@ w x@U=Lt 1 |x]@=Q R= xO=iDU= =@ �G4 + G5� u}ovU |@=QN K]U
Q}O=kt [12]"CU= xOW u}}aD hrDNt |=yxvyB |=Q@ COW 'EMS-98 ptar=QwDUO
"CU= xOW x�=Q= 3 pwOH QO xO}O?}U; hrDNt \=kv |=Q@ COW |xOWx@U=Lt

QO �PGA� u}tR V@vH ?=DW xv}W}@ u}tND "6
OvQR |xk]vt

\=kv QO ?=DW u}}aD OvtR=}v xRQru}tR R= pY=L |=y|@=QN w ?=DW |x]@=Q |UQQ@
|xRQru}tR ẁkw s=ovyx@ u}tR V@vH ?=DW C@F xm u; p=L "CU= xO}OCQ=UN
|}xRQrxt |xOwOLt QO |Q=ov?=DW x=oDU}= OvJ QO =yvD �1383� OvQR � x}�wy=O
xO=iDU= =@ 'xO}OCQ=UN \=kv QO u}tR V@vH ?=DW OQw;Q@ '=Pr "CU= xDiQo CQwY
|xQDUo QO u}tR V@vH ?=DW u}}aD Qw_vtx@ "O@=}|t CQwQ[ umtt |=yVwQ R=
|O=yvW}B |=yx]@=Q R= w '|vRw |xrY=i *Tma *|@=}uwQO VwQ R= xO}OCQ=UN
?=DW Q}O=kt R= xO=iDU= =@ pw= VwQ QO "CU= xOW xO=iDU= [14w13'6]u=kkLt \UwD
\@=wQ w umUt w u=tDN=U C=k}kLD RmQt |Q=ov?=DW |=yx=oDU}= QO xOWC@F
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xO=R

OtL
=x}t

U'
u=}t

=kt�
=k=[

QOt
Lt [6]"cm/s2 ?ULQ@ xOWK}LYD w x}rw= h}a[D \@=wQ w |vRw |xrY=i Tma VwQ R= xO=iDU= =@ xO}OCQ=UN j]=vt QO xOW OQw;Q@ ?=DW Q}O=kt "4 pwOH

xOW x@U=Lt ?=DW xOW x@U=Lt ?=DW xOW x@U=Lt ?=DW xOW x@U=Lt ?=DW xOW x@U=Lt ?=DW VwQ
xOW K}LYD |x]@=Q =@ xOW K}LYD |x]@=Q =@ |x]@=Q =@ |x]@=Q =@ Tma VwQ =@

�2003� =t}Wwmwi �2008� =}voQR@ w pBtm �2003� =t}Wwmwi �2008� =}voQR@ w pBtm |vRw xrY=i xk]vt
2075 1058 1286 913 348 x}} wy=O
461 433 331 424 311 O=@;=y@
357 343 269 353 131 O=@;|ra
189 186 170 230 324 O=@;CrwO
196 196 174 238 326 Q=vJ xO
202 208 178 247 258 povD ?=@
370 401 277 398 273 u=oDNwU?=@
199 208 176 248 208 O=@;|U}a
856 898 565 788 395 umDL
404 440 297 429 266 uw@Ot
981 793 639 706 503 OtLtxO=Ry=W
1362 912 864 799 415 x}} wvo
320 310 248 327 95 O=@;s=wk
260 254 212 283 99 Q=} R xO
461 433 331 424 409 lOHy
442 417 320 411 75 QOm}D
196 193 174 235 100 O=@;Rat
204 200 179 241 99 O=@;s}LQ
118 116 128 175 66 VW?=}U;QU
424 425 309 417 341 d=@ QU
1825 1018 1138 882 336 uOat lQyW
756 647 506 591 216 QyWu=L} Q
367 356 275 363 323 Qvy=@ lQyW

K]U QO CQ=UN `@=D 'xk]vt QO xOW OQw;Q@ ?=DW w COW w xOWu}}aD CQ=UN
x�=Q= OvQR |xk]vt R=U|UOvytQ}e |=yu=tDN=U |=Q@ �G4 +G5� u}ovU |@=QN
COW ?ULQ@ u}ovU |@=QN K]U QO CQ=UN OYQO 3 pmW QO "CU= xOW
|=ypmW QO u}vJty "CU= xOW xO=O u=Wv R=U|UOvytQ}e |=yu=tDN=U |=Q@
Tma VwQ =@ xOW OQw;Q@ ?=DW xv}W}@ ?ULQ@ ?}DQDx@ CQ=UN OYQO 5 w 4
\@=wQ �2003 =t}Wwmwi w 2008 '=}voQR@ w pBtm � h}a[D \@=wQ w |vRw |xrY=i
=@ "CU= xOW xO=O u=Wv R=U|UOvytQ}e |=yu=tDN=U |=Q@ '=yu; |xOWK}LYD
|=y?=DW|xOwOLt QO xm OwW|t x_Lqt5pmWQO xOWx�=Q=CQ=UN`@=wD QOCkO
R=U|UOvytQ}e |=yu=tDN=U OYQO 50 R= V}@ '500cm/s2 =D 400cm/s2

Tma |x]@=Q R= xO=iDU= =@ =y?=DW u; QO xm 4 pmW QO xm u; p=L &Ov=xOW?} QND

QO jwi |=yVwQ R= xO=iDU= =@ xOW|v}@V}B |=y?=DW 4 pwOH QO "OwW|t
Q}O=kt u}kkLt \UwD xDi=}s=Hv= |=y|UQQ@ "CU= xOW x�=Q= xO}OCQ=UN j]=vt

[6]"Ovm|t x�=Q= OvQR |xQDUo QO ?=DW OQw;Q@ |=Q@ |QD?U=vt

?=DW xv}W}@ w COW ?ULQ@ CQ=UN `@=D OQw;Q@ "7
u}tR V@vH

|YNWt ẁv w u}at|@=QN K]Ul} |=Q@ =Q =yu=tDN=U|@=QN u=R}t CQ=UN `@=D
OYQO x@ xHwD =@ "OyO|t u=Wv u}tR V@vH QDt=Q=B R= |a@=D u=wvax@ =yu=tDN=U R=
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=Q@C
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N`
@=DO

Qw;Q@

G}=Dv =@ �1383� OvQR - x}�wy=O xRQru}tR |=Q@ CQ=UN `@=D |xU}=kt "6 pmW
[15]�1382� s@ w [8]�1369� p}Hvt |=yxRQru}tR QO xDiQo CQwY |=y|UQQ@

"[9]�2000� =m}=H C=ar=]t w

QO xOWx�=Q= CQ=UN `@=D =@ OvQR QO ?=DW ?ULQ@ CQ=UN `@=D |xU}=kt "7 pmW
[8]"�1993� p=U

|xOwOLt QO OYQO 100 u=R}tx@ =yu=tDN=U ?} QND 'xOW x@U=Lt |vRw xrY=i
|=yu=tDN=U u}ovU ?} QND |xv=DU; u}vJty "CU= 400�500cm/s2 ?=DW
|=ypmW� 100 cm/s2 ?=DW =} �3 pmW� VII COW QO R=U|UOvytQ}e

"OwW|t OQw;Q@ �5 w 4
pY=L `@=wD =@ OvQR |xk]vt QO COW ?ULQ@ xOt; CUO x@ CQ=UN `@=D
[15]�1382� s@ '[8]�1369� p}Hvt |=yxRQru}tR QO xDiQoCQwY C=ar=]t R=
7 pmW QO "CU= xOW xU}=kt 6 pmW QO [9]�2000� =m}=H C=ar=]t w
R= xO=iDU= =@ xOW OQw;Q@ ?=DW xv}W}@ ?ULQ@ u}ovU C=Q=UN OYQO R}v
R= pY=L CQ=UN `@=D =@ OvQR |xk]vt QO �2003� =t}Wwmwi h}a[D |x]@=Q
xU}=kt [8]�1369� p}Hvt |xRQru}tR QO 1993 p=U QO xOWs=Hv= |=y|UQQ@

"CU= xOW

|Q}oxH}Dv "8
|=Q@ u}tR V@vH ?=DW |xv}W}@ w COW ?ULQ@ CQ=UN `@=D 'Q=DWwv u}= QO
R= xO=iDU= =@ OvQR |xk]vt �|}=v@ Kr=Yt w |DWN� R=U|UOvytQ}e |=yu=tDN=U
�1383� OvQR � x}�wy=O |xRQru}tR QO =yu=tDN=U |@=QN R= xOW|Qw;`tH |=yxO=O
'OvQR |xk]vt QO xar=]t u}= R= pY=L CQ=UN `@=wD x@ xHwD =@ "CU= xOW x�=Q=
�6 pmW�VII COW QO R=U|UOvytQ}e |=yu=tDN=U u}ovU ?} QND |xv=DU;

R=U|UOvytQ}e |=yu=tDN=U |=Q@ COW ?ULQ@ u}ovU CQ=UN OYQO "3 pmW
"OvQR |xk]vt QO

|xrY=i Tma VwQ R= pY=L ?=DW ?ULQ@ u}ovU CQ=UN OYQO "4 pmW
"OvQR |xk]vt QO R=U|UOvytQ}e |=yu=tDN=U |=Q@ |vRw

|xk]vt QO R=U|UOvytQ}e |=yu=tDN=U |=Q@ u}ovU CQ=UN OYQO "5 pmW
"xOWKqY= h}a[D hrDNt \@=wQ R= pY=L ?=DW ?ULQ@ OvQR
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xO=R

OtL
=x}t
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QOt
Lt |xk]vt R=U|UOvytQ}e |=yu=tDN=U x@ C@Uv |QDy@ Ctw=kt xH}DvQO w QDq=@

"CU= Q=OQwNQ@ OvQR

|v=OQOk w QmWD
OwQDJ w OvQR xORxrRrR j]=vt |R=UR=@ O=DU xS} w x@ u=tQm u=DU= umUt O=}v@ R=
CQ=UN j]=vt R= O}OR=@ u=mt= uOQw; sy=Qi u}vJty w sRq C=aq]= x�=Q= |=Q@
RmQt R= u}vJty "OwW|t QmWD w Q}OkD xv=t}tY OvQR � x}�wy=O xRQru}tR xO}O
� x}�wy=O xRQru}tR |=yCW=ov@=DW uOQw; sy=Qi |=Q@ umUt w u=tDN=U C=k}kLD

"OwW|t QmWD �1383� OvQR

CQ=UN `@=D |xU}=kt x@ xHwD =@ "OwW|t OQw;Q@ �7 pmW� 100cm/s2 ?=DW =}
u}kkLt Qo}O |=y|UQQ@ R= pY=L CQ=UN `@=D =@ OvQR |xk]vt QO ?=DW?ULQ@
u=Wv Qo}Om} =@ |@ wN |v=wNsy `@=D wO u}= [8]'�1369� p}Hvt xRQru}tR QO
|xRQru}tR QO u}ovU ?} QND OYQO xm OwW|t x_Lqt w �7 pmW� OvyO|t
"CU= �1369� p}Hvt |xRQru}tR QO xOt; CUO x@ Q}O=kt R= QDsm OvQR � x}�wy=O
OvQR |xk]vt QO �CN=U C}i}m R= |O=tv u=wvax@� =yxR=U uU xm u}= x@ Q_v
|q=@ CUO OQw;Q@ R= |W=v CU= umtt Cw=iD u}= =Pr 'CU= p=U 20 |q=@ ,=@r=e
u}= "OW=@ =yu; \UwD xOWxDiQoQ=m x@ |=yxO=O O=OaD C}OwOLt ^=Lrx@ [8]CQ=UN
?} QND |xv=DU; R= s@ QyW QO R=U|UOvytQ}e |=yu=tDN=U xm CU= |r=L QO

CWwv=B
|y=oDUOQ}e nQR@ |xrRrR l} x@ \w@ Qt C=aq]= xJv=vJ Cio O}=@ xRQrxt h} QaD QO "1

"OwW|t xO}t=v �xRQrxt� 'OW=@
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