
�13
97

R}}=B
�'h

}QW
l}

v=mt
|U

Ovyt
�| :v

iC
W=O

O=}�
'14

0�1
33

"X
'2|

xQ=t
W'

34
�3

|xQ
wO

R
es

ea
rc

h
N

ot
eVy=m QO u=DQw}|rB ?rY |=yswi OQmrta

x@=DQB OQwNQ@ R= |W=v |}xR=U C=Q=UN
�OWQ= |U=vWQ� |wHWv=O� |t=Ov= u}ULOtLt O}U

�Q=}O=DU=� �O=Sv|JBwD O}tL
x=Wv=tQm |R=Q x=oWv=O 'u=Qta |UOvyt xwQo

|=Q@ |D} RwBt=m |=yxQR QO xDiQ Q=m x@ u=DQw}|rB ?rY |=yswi OQmrta xr=kt u}= QO
�� OwOLt =RH= VwQ R= xO=iDU= =@ �� |OOa CQwYx@ xQR Q@ xOQ=w |x@ Q[ Q=F; Vy=m

Ovv=ty |L=Q] syt |=yQDt=Q=B |UQQ@ 'xar=]t u}= R= hOy "CU= xDiQo Q=Qk |UQQ@ OQwt
QO "CU= xQR OQmrta Q@ x@=DQB �VvQm MQv� OQwNQ@ CaQU R}v w swi |r=oJ 'Ct=N[

=@ hrDNt swi 4 R= OvDUy swi w Rri |x}qwO Q=DN=U l} |=Q=O xm |UQQ@ OQwt |=yxQR
xO=iDU= Cw=iDt Ct=N[ 6 QO ?amt QDt Q@ sQowr}m 320 w 288 '160 '80 |=y|r=oJ

|=yCaQU =@ |}x@=DQB OQwNQ@ QF= CLD =yxQR R= l} Qy Q=DiQ u}vJty "CU= xOW
'xQR Q=DiQ Q@ |L=Q] |=yQDt=Q=B Q}F-=D |UQQ@ R= TB "CU= xDiQo Q=Qk |UQQ@ OQwt 'Cw=iDt

"CU= xOW u}}aD xOQ=w C=@ Q[ Q=yt |=Q@ swi Ct=N[ w |r=oJ |xv}y@ Q}O=kt

hosein.andami@yahoo.com
h.toopchinezhad@razi.ac.ir

'C} RwBt=m xQR 'x@=DQB OQwNQ@ 'Ct=N[ '|r=oJ 'u=DQw}|rB swi %|O}rm u=oS=w
"VvQm MQv

xtOkt "1
|=yxk}rH Ovv=t� OwW|t xO=iDU= ?P=H |x}q w |vwQ}@ |x}q pY=i OL QO R}v

[6]"�x}qOvJ |xrwro O[
Q=Hiv= G=wt= |SQv= lqyDU= w ?PH QO xQR |rN=O |x}q 'OW xQ=W= xm u=vJ
Q=DN=U x@ xHwD =@ xm OvDUy |Lr=Yt xrtH R= =yswi "OQ=O |}xOta Vkv x@ Q[ =}
[9�6]"Ov=xO=O u=Wv OwN R= |SQv= ?PH |xv}tR QO |@U=vt OQmrta u=WpNrNDt
w sm |xv} Ry x@ xHwD =@ u=DQw}|rB w u} Q}=DU=|rB |=yswi Q}_v |Qt}rB |=yswi OQ@ Q=m
[10]u=Q=mty w wOv= "CU= Q=OQwNQ@|}=yC} Rt R= |Rri |=yswi x@C@Uv 'l@U uRw
R= |W=v Q=Wixi=[= u} QDW}@ Vy=m QO pNrNDt O=wt R= xO=iDU= Q}F-=D |UQQ@ =@
|Q=Wi G=wt= x@ Q=Hiv= Gwt uOW p}O@D Cra x@ xm OvO=O u=Wv Q=Hiv= lwW Gwt
QO =y\}Lt u}= QO Q=Wi Vy=m '|Oa@xU pNrNDt |=[i =@ u; VvmQOv= QF= QO
'u=DQw}|rB swi w xU=t u}vJty "Ot=Hv=|t pw] x@ |QDW}@ u=tR COt =wy =@ xU}=kt
Vy=m OYQO 95 w 60 ?}DQDx@ =Q Q=Hiv= QF= Q@ =wy QO OwHwt Q=Wixi=[= u} QDW}@
KrUt u=DQw}|rB CNU |=yswi OQmrta |UQQ@ =@ [11]u=Q=mty w |i]Yt "OvO=O
C_=iL QO u=DQw}|rB |=yswi xm OvO=O u=Wv 'Q=Hiv= R= |W=v C=Q=UN Vy=m QO
Q=yJ |Q=Wi OQmrta R}v [12]u=Q=mty w |wy=t "OQ=O |}q=@ |}=v=wD Oy=W jQw R=
QDt Q@ sQowr}m 45 w 38 '29 '24 |=y|r=oJ =@ u=DQw}|rB |xDU@ pwrU swi ẁv
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Q=DiQ |v}@V}B |=Q@ pOt u}= QO "OwW|t xDiQo Q_v QO Q@=Q@ �� =tO w Q=Wi Q_v R=
QDt=Q=B R= '|Q=OQ@ Q=@ w |Q}tN sm =QD 'u=UWm sm =QD |x}L=v xU QO pNrNDt Kr=Yt
=D OR=U|t QO=k =Q pOt QwmPt QDt=Q=B R= xO=iDU= "CU= xOW xO=iDU= (�) pNrND
w |oDN} QwQi R= |W=v sHL Q}}eD� R= =Q �xO=t uOW xOQWi R= |W=v sHL Q}}eD�

[19]"Ovm =OH �C=QiL uOW xDU@
Cr=L |xrO=at QO |Q=Po}=H |=Q@ pNrNDt |xO=t l} |rY= |=yQDt=Q=B

%R= CU= CQ=@a u}=OwD= Q=Ri=sQv QO P � �
&pNrNDt |xO=t |x}rw= |r=oJ %�0

&�u=UWm |x}L=v QO� pNrNDt |xO=t QO CwY CaQU %Ce
xO=t Q=DiQ u; CLD xm |m}D=DU=wQO}y Q=Wi |xv}W}@� u=UWm Q=Wi |xv}W}@ %Pe

&�Ov=t|t |k=@ u=UWm |xOwOLt QO
C=QiL |t=tD u; QO xm |m}D=DU=wQO}y Q=Wi� pNrNDtQ}e Cr=L sm =QD Q=Wi %Ps

&�OwW|t xDU@ pNrNDt |xO=t
"swi Q}_v Ot=H |xO=t Cw}vwowy |=yQDt=Q=B %C; S

|=Q@ "OQm x@U=Lt j=QeDU= VwQ R= xO=iDU= =@ u=wD|t =Q swi |x}rw= |r=oJ
QO OwHwt OOaDt \@=wQ R= u=wD|t pNrNDt |xO=t QO CwY CaQU |x@U=Lt
O}=@ xQ=wty CwY CaQU \@=wQ R= xO=iDU= QO [21�19]"OQm xO=iDU= j}kLD C=}@O=
pNrNDt swi x@ \w@ Qt |=yQDt=Q=B 'x}rw= O=wt |=yQDt=Q=B |=Hx@ xm CW=O CkO
u=wD|t pt=m sm =QD Q=Wi w u=UWm Q=Wi |x@U=Lt |=Q@ "OwW |Q=Po|=H w x@U=Lt

%OQm xO=iDU= [21]u}kkLt \UwD xOW x�=Q= |x]@=Q R=

Pe = 1 + �
3(1� �)

� �HEL (1)

C=}@O= w xOvR=U CmQW |=yxO=O T=U=Q@ xm CU= swi uwU=wB ?} Q[ � u; QO xm
%OwW|t x@U=Lt 2 |x]@=Q T=U= Q@ R}v �HEL [22w9]"OwW|t XNWt j}kLD

�HEL = ( 1� �
1� 2� )� �y (2)

pt=m sm =QD Q=Wi |x@U=Lt |=Q@ "CU= swi s}rUD VvD hQat �y QDt=Q=B u; QO xm
Q=Okt w s}vm|t x@U=Lt �0 = �s |=R=x@ 3 |xrO=at R= xO=iDU= =@ =Q �HEL =OD@=
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'0 0003 u=tR QO |Oqwi |x}q QO OQwNQ@ lwW Gwt Q=WDv= |xwLv "6 pmW
"OQwNQ@ R= TB x}v=F |r}t 0 0014 w 0 001 '0 0006

O=ODt= Q@ `k=w u=DQw}|rB |x}q hrDNt \=kvQO xOW O=H}= Q=Wi Q=Owtv "7 pmW
G}=Dv Qou=Wv QBwD \w]N� Qo}Om} R= QDt|r}t 1 pY=wi x@ x@=DQB OQwNQ@ QwLt
|R=Ux}@W R= pY=L G}=Dv Qou=Wv `]kvt \w]N w [8]u}kkLt \UwD xOW x�=Q=

"�CU= Q[=L |xr=kt QO

"CU= Q=Wi u}= uOQm lryDUt w VNB QO u; |}=v=wD sOa u}vJty w x}q u}= QO
QwLt O=ODt= QO u=DQw}|rB |x}q QO pY=L Q=Wi |v=tR |xJN} Q=D 7 pmW QO
OwW|t xOy=Wt 7 w 5 |=ypmW |xU}=kt =@ "CU= xOW xO=O u=Wv x@=DQB OQwNQ@
w CU= xDW=O |Q}otWJ Vy=m u=DQw}|rB |x}q QO OQwNQ@ R= pY=L Q=Wi xm
|x}q R= QDW}@ 'x}q u}= QO xv}W}@ Q=Wi =D QiY R= Q=Wi V}=Ri= u=tR COt u}vJty

"xQR QO OQwNQ@ QwLt Q@ Q=Wi |Q}oxR=Ov= \=kv pLt "4 pmW

O=ODt= Q@ `k=w |Oqwi |xLiY hrDNt \=kvQO xOW O=H}= Q=Wi Q=Owtv "5 pmW
G}=Dv Qou=Wv QBwD \w]N� Qo}Om} R= QDt|r}t 1 pY=wi QO x@=DQB OQwNQ@ QwLt
QO |R=Ux}@W R= pY=L G}=Dv Qou=Wv `]kvt \w]Nw [8]u}kkLt \UwD xOW x�=Q=

"�CU= Q[=L |xr=kt
hrDNt |=yu=tR QO |Oqwi |x}q QO lwW Gwt Q=WDv= |xwLv 6 pmW QO
R}v w pmW u}= |xOy=Wt R= "CU= xOW xO=O u=Wv xQR =@ x@=DQB OQwNQ@ R= TB
Q_=vDt 'Ovm|t x@ QHD xQR R= x]kv Qy xm |Q=Wi |xv}W}@ xmCi=} QO u=wD|t 5 pmW
xm OwW|t xOy=Wt u}vJty "CU= x]kv u; R= lwW Gwt |xy@H Qw@a |x_Lr =@
|Oqwi |x}q QO OQwNQ@ R= |W=v lwW Gwt 'xOW O=H}= lOv= pmW Q}}eD OwHw =@
Gwt Q=WDv= |q=@ CaQU Qou=Wv u}= xm CU= xO}UQ x}q |=yDv= x@ w xOW pkDvt

"xQR pw= |x}q w x@=DQB QO xDiQ Q=m x@ Oqwi C=YNWt "2 pwOH
Steel 4140 Steel A2 Kr=Yt

|]N lwW
Cr=L |xrO=atlr=@ pwOt Hugoniot xO=t |=yQDt=Q=B

K = 159 GPa C = 4569 m=s

S = 1 49
lwm � uwUv=H lwm � uwUv=H

Ctw=kt pOts}rUD VvD |WQ@ pwOt s}rUD VvD |WQ@ pwOt
�y = 0 65 GPa G = 77 GPa �y = 1 8 GPa G = 81 8 GPa

lwm � uwUv=H Hydro (Pmin)

|oDN}Uo pOtD1 = 0 005; D2 = 3 44; �spall = 2 GPa

D3 = 2 12; D4 = 0 002;
D5 = 0 61
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"|y=ox}mD \}=QW "9 pmW

|r=oJ =@ u=DQw}|rB swi |x}q |=yDv= QO pY=L Q=Wi xv}W}@ C=Q}}eD "10 pmW
"�hrDNt |=yCaQU QO� swi

u; OQmrta Q@ swi |r=oJ Q}F-=D |UQQ@ "5
Q=Wi Vy=m QO swi |x}q |r=oJ Q}F-=D |OOa |UQQ@ Qw_vt x@ VN@ u}= QO
O=a@= |=Q=O hrDNt |=yxQR R= |}xawtHt OwOLt =RH= pOt 'x@=DQB OQwNQ@ R= |W=v
"Ov=xDiQo Q=Qk |UQQ@ OQwt hrDNt |=y|r=oJ =@ |}=yswi =t= u=Um} |UOvy
320 w288 '160 '80 Cw=iDt |=y|r=oJ |=Q=O Q_v OQwt u=DQw}|rB |=yswi
x}@aD |Oqwi ^i=Lt |xLiY l} CWB QO w xOw@ ?amt QDt Q@ sQowr}m
|Oqwi ^i=Lt |xLiY Ct=N[ |UQQ@ OQwt |=yxQR |t=tD QO "OvwW|t
Q=DiQ "CU= QDt|r}t 5 Q@=Q@ u=DQw}|rB |x}q Ct=N[ w QDt|r}t 4 76 Q@=Q@
509 '450 '400 |=yCaQU =@ |}x@=DQB OQwNQ@ QF= CLD =yxQR |m}t=v}O
|=yDv= QO xOWO=H}= Q=Wi |xv}W}@ Q}O=kt w xOW p}rLD x}v=F Q@ QDt 550 w
xOW VQ=Ro 4 pwOH QO w x@U=Lt x@=DQB OQwNQ@ QwLt Q@ `k=w u=DQw}|rB |x}q

"CU=
QDt Q@ sQowr}m 160 |r=oJ =@ swi |Q=DiQ pOt |=Q@ sRq |=yQDt=Q=B Q}O=kt
=@ =yswi x@ \w@ Qt C=aq]= w [8]xOW G=QNDU= FR-6710 |Q=HD s=v =@ '?amt
[21w19]C=ar=]t QO xOW x�=Q=\@=wQ T=U=Q@?amt QDt Q@ sQowr}m 288 w 80 |r=oJ
FR-3705 ?}DQD x@ |Q=HD s=v =@ [22]xOW PN= |vi C=aq]= |xoQ@ R= xO=iDU= =@

"CU= xOW x�=Q= 5 pwOH QO w 'x@U=Lt FR-6718 w
1 pwOH QO R}v ?amt QDt Q@ sQowr}m 320 |r=oJ =@ swi x@ \w@ Qt C=aq]=
|=yDv= QO pY=L |xv}W}@ Q=Wi C=Q}}eD |xOvyOu=Wv 10 pmW "CU= xOW x�=Q=
Cw=iDt CaQU Q=yJ =@ x@=DQB OQwNQ@ QF= CLD swi |r=oJ ?ULQ@ u=DQw}|rB |x}q

'0 0014 u=tR QO |v=DQw}|rB |x}q QO OQwNQ@ lwW Gwt Q=WDv= |xwLv "8 pmW
"OQwNQ@ R= TB x}v=F |r}t 0 01 w 0 0056 '0 0021

"|y=oW}=tR; G}=Dv w |R=UpOt G}=Dv |xU}=kt "3 pwOH
Q[=L |xr=kt |R=UpOt x=oW}=tR; 10 xQ=tW uwtR;

24 96 23 86 (mm) a |oOt;Q@ ZQa
13 21 11 63 (mm) b |rm jta
1 95 1 87 (mm) c |oDiQwQi jta |xv}W}@

|v=tR xR=@ QO Q=Wi `} RwD j} Q] R= CQ=UN Vy=m Q=mwR=U Qou=Wv xm CU= |Oqwi
OYQO 5 7 Q@=Q@ pOt wO u}@ hqDN= u}ov=}t R}v OQwt u}= QO "CU= QDxOQDUo

"CU=
hrDNt |=yu=tR QO u=DQw}|rB |x}q QO lwW Gwt p=kDv= Ov}=Qi R}v 8 pmW QO
|x}q QO Q=Wi O=} R Cw=iD x@ xHwD =@ "CU= xOW xO=O u=Wv x@=DQB OQwNQ@ R= TB
Q_v QO |v=DQw}|rB |x}q =yvD '?U=vt Q=Wi QwDv=m uDW=O |=Q@ 'swi |x}q w |Oqwi
'swi O=} R pmW Q}}eD seQ|ra xm OwW|t xOy=Wt pmW u}= QO "CU= xOW xDiQo
lqyDU= QO swi |}=v=wD Qou=Wv u}= xm CU= xOWv pkDvt u; |=yDv= x@ |v=OvJ Q=Wi
s}@=}|tQO 8 w 6 |=ypmW |xU}=kt =@ "CU= u; R= |W=v C=Q=UN Vy=m w Q=Wi
Qw@a =@ w CU= |QDW}@ RmQtD |=Q=O |Oqwi |x}q QO OQwNQ@ R= |W=v lwW Gwt xm
x@ w xOW QDW}@ u; QF= |xR=@ '|v=DQw}|rB |x}q x@ u; uO}UQ w pw= |x}q R= Gwt u}=
Vy=m Q=mwR=U Qou=Wv Qt= u}= "OwW|t VNB x}q u}= K]U QO Gwt Qo}O CQ=@a
w Q=Wi u=R}t Vy=m ?@U xm CU= QDW}@ K]U QO wQ}v `} RwD j} Q] R= CQ=UN

"OwW u; QF= |xR=@ V}=Ri=
xOW |Q}oxR=Ov= 'x@=DQB OQwNQ@ R= TB xOW O=H}= |oDiQwQi O=a@= u}vJty
=@ "CU= xOW x�=Q= 3 pwOH QO |y=oW}=tR; G}=Dv =@ x=Qty u; |xH}Dv w �3 pmW�
Q=DiQ |ak=w xQR R= QDsQv |mOv= OwOLt =RH= pOt xm OwW|t xOy=Wt G}=Dv |xU}=kt

"CU= xOQm
j}kO \}=QW p=ta= QO C}OwOLt R= |W=v u=wD|t =Q OwHwt lOv= |=yCw=iD
|=Q=O xOW V}=tR; xQR "�9 pmW� CUv=O |Oa@ wO Cr=L |R=UpOt QO |y=ox}mD
=yvD |Oa@ 2 |R=UpOt QO xm CU= |r=L QO u}= &CU= OwN |x@r 4 QO x=ox}mD 4
OwHw u}= =@ "CW=O OwHw xQR |v}}=B w |}q=@ |=yx@r QO x=ox}mD 2 p=ta= u=mt=
|UOvyt OY=kt R= |Q=}U@ |=Q@ 'Q[=L |xr=kt QO xOW s=Hv= |R=Ux}@W CkO
|UQQ@ x@ Oa@ |=yVN@ QO pOt |HvUCLY R= TB "OwW|t |@=} RQ= ?wr]t
"s} R=OQB|t u=DQw}|rB ?rY |=yswi OQmrta Q@ |L=Q] hrDNt |=yQDt=Q=B Q}F-=D

137



"""V
y=m

QOu
=DQw}

|rB
?rY

|=y
swi

OQm
rta10 pmW j}kO |UQQ@ [24]"CUv=O |r=oJ OL R= V}@ Vy=m QF= QO �s}rUD VvD

swi '?amt QDt Q@ sQowr}m 150 =D 140 OwOL |=y|r=oJ |=R=x@ xm OyO|t u=Wv
"CW=O Oy=wN =Q x@ Q[ R= |W=v Q=Wi xv}W}@ Vy=m QO |yOR=@ u} QDW}@ u=DQw}|rB

u; OQmrta Q@ swi Ct=N[ Q}F-=D |UQQ@ "6
|=RH= pOt 'xQR OQmrta Q@ swi |x}q Ct=N[ Q}F-=D |UQQ@ Qw_vt x@ VN@ u}= QO
xDiQo Q=Qk |UQQ@ OQwt swi Cw=iDt |=yCt=N[ |=Q=O hrDNt |=yxQR OwOLt
?amt QDt Q@ sQowr}m 160 |r=oJ =@ |twi |=Q=O xar=]t OQwt |=yxQR "CU=
=@ x@=DQB "OvDUy QDt|r}t 12 5 w 10 '7 5 '5 '2 5 '1 25 |=yCt=N[ QO
xOQm OQwNQ@ xQR x@ x}v=F Q@ QDt 550 w 509 '450 '400 hrDNt |=yCaQU
x@=DQB OQwNQ@ QwLt O=ODt= QO u=DQw}|rB swi |=yDv= QO xOW O=H}= Q=Wi xv}W}@ w
u=tR QO 'hrDNt |=yCt=N[ =@ swi Q=Wi QwDv=m "�6 pwOH� CU= xOW x@U=Lt
xm u=vJ "CU= xOW xO=O u=Wv 11 pmW QO 'xQR =@ x@=DQB OQwNQ@ R= TB u=Um}
|=yDv= x@ Rwvy lwW Gwt 'QDt|r}t 10w 12 5 |=yCt=N[ QO OwW|t xOy=Wt

"CU= R}J=v Q=}U@ swi |=yDv= QO Q=Wi ,=Da}@] w xO}UQv swi |x}q
|=R=x@ swi |x}q Ct=N[ ?ULQ@ QwmPt Q=Wi C=Q}}eD |vLvt 12 pmW QO
OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv x@=DQB OQwNQ@ hrDNt CaQU Q=yJ
V}=Ri= =@ "Ovvm|t |wQ}B |v=Um} OvwQ R= =yQ=Owtv 'hrDNt OQwNQ@ |=yCaQU QO
�� x@=DQB OQwNQ@ CaQU R= Q_vhQY �� Q=Wi xv}W}@ 'QDt|r}t 5 OwOL =D Ct=N[
C=Q}}eD nvy; QDq=@ |=yCt=N[ QO "OwW|t Vy=m Q=JO |OvD ,=D@Uv nvy; =@
|=yCt=N[ =@ u=DQw}|rB swi |=yDv= QO pY=L Q=Wi xv}W}@ Q}O=kt "6 pwOH

"�CU= p=mU=B=ot ?ULQ@ Q=Wi Q}O=kt� x@=DQB OQwNQ@ QwLt O=ODt= QO Cw=iDt
(m/s) x@=DQB OQwNQ@ CaQU swi Ct=N[

550 509 450 400 (mm)

5 011 4 352 4 176 3 294 1 25
2 230 2 165 2 075 1 989 2 5
1 295 1 274 1 239 1 203 5
0 932 0 913 0 883 0 850 7 5
0 698 0 685 0 651 0 623 10
0 540 0 524 0 490 0 473 12 5

w 2 5 '5 '7 5 '10 '12 5 hrDNt |=yCt=N[ =@ swi QO Q=Wi QwDv=m "11 pmW
"x@=DQB OQwNQ@ R= TB x}v=F |r}t 0 01 u=tR QO'QDt|r}t 1 25

Cw=iDt |=y|r=oJ =@ u=DQw}|rB |=yswi |=yDv= QO Q=Wi |xv}W}@ Q}O=kt "4 pwOH
"hrDNt |=yCaQU =@ x@=DQB OQwNQ@ QF= QO

|=yDv= QO Q=Wi xv}W}@ u=DQw}|rB swi |r=oJ OQwNQ@ CaQU
OQwNQ@ QwLt |wQ Q@ swi �?amt QDt Q@ sQowr}m � x@=DQB

�p=mU=B=ot� �x}v=F Q@ QDt�
1 52 80

4001 206 160
2 563 288
3 066 320
1 723 80

4501 24 160
2 603 288
3 105 320
1 94 80

5091 31 160
2 72 288
3 19 320
2 068 80

5501 285 160
2 659 288
3 182 320

"|R=UpOt QO xO=iDU= OQwt |=yswi |m}v=mt C=YNWt "5 pwOH
swi pNrNDt Cr=L |r=oJ

P � � pOt |=yQDt=Q=B�0(kg=m3)

288 160 80
837 669 44 316 9 Ce (m/s) pNrNDt |xO=t QO CwY CaQU
7 90 2 62 0 619 Pe (MPa) u=UWm Cr=L Q=Wi

112 54 112 54 108 6 Ps (MPa) pt=m sm =QD QO Q=Wi
lwW lwW lwW Ot=H R=i Cr=L |xrO=at

58 046 19 465 2 3 (MPa) |WQ@ pwOt
7 90 2 62 0 619 (MPa) s}rUD VvD

R= Q_vhQY '|r=oJ xv}W}@ Q=Wi |=y|vLvt OwW|t xOy=Wt xm u=vJ "CU=
"Ovvm|t |wQ}B |v=Um} ,=D@Uv |wor= R= 'x@=DQB OQwNQ@ CaQU

QO swi OQmrta '?amt QDt Q@ sQowr}m 160 =D 320 R= swi |r=oJ Vy=m =@
O=OaD V}=Ri= Qt= u}= Cra "O@=}|t Ow@y@ x@=DQB OQwNQ@ Q=Wi Vy=m w |SQv= ?PH
|QDW}@ |SQv= 'C=QiL O=OaDV}=Ri= =@ "CU= |r=oJVy=m =@ swi QO OwHwt C=QiL
|QDW}@ Q=Okt CU= QO=k swi j} Q] u}= R= w xOw@ sRq =yv; |xQ=w}O uDN} QwQi |=Q@
OwHw =@ ?amt QDt Q@ sQowr}m 160 R= QDsm |=y|r=oJ QO "Ovm lryDUt |SQv=
u=Wv OwN R= |Dw=iDt Q=DiQ swi '|r=oJ Vy=m |B QO C=QiL Q=Okt |tm V}=Ri=
Q}}eD u}= Cra "OwW|t ha[ Q=JO Q=Wi xv}W}@ Vy=m QO u; OQmrta w xO=O
� xD}U}DUq= pwOt� swi |m}v=mt C=YNWt uOW h}a[ u=wD|t =Q swi Q=DiQ
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"OQm Q_vhQY swi OQmrta Q@ OQwNQ@ CaQU Q}F-=D R= u=wD|t QDq=@

|Q}oxH}Dv "8
Ct=N[ w |r=oJ Ovv=ty |}=yxir-wtVkvl} QDt=Q=B |UQQ@ xr=kt u}= |rY= hOy
u=wva x@ swi x@ KrUt |Rri |=yxQR u=tOv=Q QO x@=DQB OQwNQ@ CaQU R}v w swi |x}q
j}kLD h=Oy= x@ p}v Qw_vt x@ "CU= x@=DQB OQwNQ@ |SQv= |xOvvm lryDUt |xO=t
Q=Qk |@=} RQ= w p}rLD OQwt hrDNt |=yxQR R= |}xawtHt OwOLt |=RH= |=ypOt
=@ x@=DQB OQwNQ@ QO xm CiQo xH}Dv u=wD|t 'xOW x�=Q= ?r=]t x@ xHwD =@ "OvDiQo
u=wvax@ u=DQw}|rB swi R= xO=iDU= CQwY QO 'j}kLD u}= QO |UQQ@ OQwt |=yxQR
Q@ sQo wr}m 150 =D 140 OwOL QO u=wD|t =Q swi |xv}y@ |r=oJ '?P=H |xDUy
Vy=m QO swi OQmrta xm OyO|t u=Wv j}kLD u}= G}=Dv "CiQo Q_v QO ?amt QDt
|=yxQR QO "OQ=O swi |x}q Ct=N[ =@ |]NQ}e |x]@=Q 'xQR Q@ xOQ=w Q=Wi xv}W}@
nvy; 'QDt|r}t 5 R= V}@ x@ swi Ct=N[ V}=Ri= =@ j}kLD u}= QO |UQQ@ OQwt
|=yp}rLD x@ xHwD =@ 'u}=Q@=v@ "OwW|t Ovm |UwULt Qw] x@ Q=Wi xv}W}@ Vy=m
Ct=N[ u=wD|t |O=YDk= C=_Lqt uDiQo Q_v QO =@ w j}kLD u}= QO xOW s=Hv=

"OQm ?=NDv= |UQQ@ OQwt |=yxQR QO swi |x}q |=Q@ =Q QDt|r}t 5
swi OQmrta Q@ �VvQm MQv� x@=DQB OQwNQ@ CaQU Q}F-=D 'j}kLD u}= G}=Dv T=U=Q@
|r=oJ =@ |=yswi QO C}U=UL u} QDW}@ "CU= swi |x}q Ct=N[ w |r=oJ `@=D
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