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j} QRD R= u; =@ xr@=kt |=Q@ xm CU= |m =N |=yOU ?} QND |rY= pt=wa R= |rN=O V}=UQi
xO=t u=wva x@ TQwv=v R= VywSB u}= QO "OwW|t xO=iDU= l =N x@ |}=}t}W O=wt uOwRi= =}
TQwv=v |w=L |=yxvwtv |Q}PBV}=UQi w OW xO=iDU= |]}Lt CU} R C=Q]N uwO@ |vwRi=
=@ RwQ 28 w 14 '7 '0 |Qw;pta u=tR w lWN l =N |vRw OYQO 1 5 '1 '0 Q}O=kt =@
|vOwRi= O=wt u}@ |}xU}=kt s=Hv= Qw_vt x@ "OW |UQQ@ Q} wYD VR=OQB VwQ R= xO=iDU=

u=Wv G}=Dv "OW xO=iDU= pNrNDt TQ lWN l =N |vRw �5 =@ |}xvwtv '|DvU w uQOt
�1 |xvwtv xm |Qw] x@ &CW=O Oy=W l =N |Q}PBV}=UQi Vy=m Q@ TQwv=v C@Ft Q}F-=D R=
|Qw;pta u=tR V}=Ri= "O=O u=Wv =Q Ctw=kt u} QDW}@ RwQ 14 |Qw;pta u=tR =@ TQwv=v
Q@ |}=RU x@ Q}F-=D u; R= Oa@ w OW |Q}PBV}=UQi Vy=m Ea=@ =yxvwtv |xty QO RwQ 14 =D
|w=L |xvwtv QO |Q}PBV}=UQi R}v uQOt w |DvU |vOwRi= O=wt u}@ xU}=kt QO "CW=Ov u;

"CW=O Vy=m TQwv=v �1 |w=L |xvwtv x@ C@Uv Q@=Q@ 10 |D}vwDv@ TQ �5

m.jaafar.ataee@gmail.com
zomorodian.sma@gmail.com "|Qw;pta 'Q} wYD VR=OQB 'TQwv=v '|rN=O V}=UQi %|O}rm u=oS=w

xtOkt "1
=yv; =@ xr@=kt |=Q@ w CN=vW =Q xR=U |Q=O}=B |xOvvmO}OyD pt=wa O}=@ Qw_vt u}ty

"O=O x�=Q= |@U=vt |=yQ=mx=Q
V}=UQi w 6|QPowQ |xO}OB wO xQ=wty '|@; w |m =N |=yxR=U V}=O}B u=tR R=
|rN=O V}=UQi uwvm =D "Ov=xOQm O=H}= =yxR=U u}= |=Q@ =Q |v=w=Qi CqmWt 7|rN=O
CUmW �30 OwOL xm |Qw] x@ "CU= xOW xDN=vW =yOU |@=QN pt=a u}twO

"CU= xOw@ |rN=O V}=UQi p}rO x@ |m =N |=yOU
|m =N |=yOU xrtH R= =yxR=U R= |Q=}U@ QO 'xv=OR} Q |=yl =N xm =Hu; R=
'C}vwDv@ 'Q}k Ovv=t pw=ODt |=y|vOwRi= Q}F-=D u=QoWywSB 'OvQ=O |}xOvvm u}}aD Vkv
'Q}N= |=yp=U QO "Ov=xOQm |UQQ@ =yl =N u}= X=wN Q@ =Q : : : w O} Qrms}Urm 'ly;
|UOvyt swra `=wv= QO w OvDUy |OQi x@ QYLvt |=y|oS} w |=Q=O xm wv=v O=wt
OwN x@ =yl =N Q=DiQ KqY= |=Q@ =Q u=QoWywSB xHwD 'Ov=xOW |O=}v@ |DqwLD Ea=@
|wQ Q@ VywSB s=Hv= Q@ xDi=}xaUwD |=yQwWm uqm |Q=Pox}=tQU "Ov=xOQm hw]at
xvq=U "CU= Q[=L QYa QO u} wv |Qw=:vi u}= |xS} w C}ty= R= |}xv=Wv 'wv=v |Qw=:vi
wv=v |Qw=:vi C=k}kLD Q@ |Q=Pox}=tQU hQY =}vO QU=QU QO QqO OQ=}r}t 5 5 OwOL

[1]"OwW|t
TQwv=v xS} w x@ wv=v O=wt R= xO=iDU= OQwt QO |OOaDt C=ar=]t 'Q}N= |=yp=U QO
R= |OQ=wt x@ xt=O= QO xm CU= xOW s=Hv= l =N |m}vmDw�S X=wN KqY= |=Q@

"OwW|t xQ=W= =yv;
CLD |}xU=t l =N C}@FD Q@ TQwv=v Q}F-=D |UQQ@ x@ �2017� u=Q=mty w Q=O}OB

|Qw] x@ "CU= u}tR |xQm QO C=}L |xt=O= w |Q}opmW pt=a u} QD|rY= ?;
|}xR=U CN=U =@ OW=@v QW@ TQDUO QO pwtat Qw] x@ ?; xm xk]vt Qy QO xm
uOv=t uwYt `k=wt |NQ@ QO |DL w |UQDUO u=mt= xOvvmOwOLt pt=a =@ ?U=vDt
h=Oy= =@ xm xOW O=} |=yxR=U R= |}xvwtv "CU= xOW O=H}= ?q}U Q}_v |D=Q]N R=
1R} Ql =N OwW|t xDN=U u=} QH C}=Oy =} |oORp}U R= |Q}owrH Q}_v |irDNt
Vy=m w |Q}owrH Qw_vt x@ xm |awvYt CU= |}xR=U 'R} Ql =N "OQ=O s=v xQwo =}
Owta CyH QO xJ w u=} QH =@ |R=wt xJ� u=} QH Q}Ut QO p}U R= |W=v C=Q]N
'2sm =QDQ}e |=yCr=L QO 'CN=U R= hOy x@ xDU@ "Ovm|t pta OU Ovv=t �u; Q@
l =N |D@ w]Q hrDNt |=yOYQO =@ 5|m}rwQO}y w 4sm =QDt ,qt=m '3sm =QDtxt}v
C_=iL x@ u=wD|t R} Ql =N CN=U h=Oy= u} QDsyt xrtH R= "OwW|t xDN=U
xQ=W= ?q}U Q@=Q@ QO |RQw=Wm |=yu}tR w X=N |}xR=U |=Q=O =} |QyW j]=vt
?q}U ẁkw s=ovy QO ?; u=} QH R=QD R} Ql =N CN=U R= TB xm =Hu; R= "OQm
Q=OQwNQ@ |}q=@ C}ty= R= xR=U |Q=O}=B w Ct=kDU= 'OwW|t `k=w |QDq=@ `=iDQ= QO
C@Uv |QDW}@ CQ=UN ?q}U s=ovy QO R} Ql =N CUmW CU= umtt =Q} R &CU=
'sOQt u=H |=Q@ |Q]N xQ=wty R} Ql =N CUmW "OQw; Q=@ x@ u; OwHw sOa x@
x@ &OwW|t ?wULt CUOu}}=B QO OwHwt |=yu=tDN=U w '|RQw=Wm |=yu}tR

pw�Ut xOvU} wv �
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RQ=l =N x@ =Q �|vRw �3 =D �0 2� TQwv=v R= |Dw=iDt |=yOYQO Qw_vt u}= |=Q@ =yv;

C}Y=N xrtH R= Tr X=wN Ow@y@ R= u=Wv =yV}=tR; G}=Dv xm OvOQm xi=[= Tr
"CU= xDW=O =yxvwtv s=tD QO TQwv=v uOwRi= QF= QO u; |DiU w Ctw=kt '|Q}tN
�2 |w=L |xvwtv x@ \w@ Qt G}=Dv u} QDy@ 'xOt; CUO x@ G}=Dv T=U= Q@ u}vJty

[10]"CU= xOw@ TQwv=v
|y=oW}=tR; xJ VwQ u}OvJ V}=UQi Q@ QF-wt pt=wa w OvwQ |UQQ@ Qw_vt x@
V}=tR; '[11]8swri V}=tR; xrtH R= "Ov=xDi=} xaUwD w O=H}= |y=oW}=tR;Q}e xJ w
V}=UQiV}=tR; '[14]11|}xQiLV}=UQiV}=tR; '[13]10u=NQJ QOvr}U '[12]9p=v=m

[16]13Q=}W V}=tR; w [15]12CH
CH V}=UQi w |}xQiL V}=UQi V}=tR; wO |xU}=kt x@ �2010� 14p=w
|UQQ@ |=Q@ |rta p}Uv=DB u} QDW}@ CH V}=UQi V}=tR; OQm u=wva w CN=OQB
V}=UQiV}=tR; xm |r=L QO "OyO|t x�=Q= =yl =N R= |}xOQDUoh}] C=}YwYN
p=w wQ u}= R= "CU= ?wr]t |rN=O V}=UQi \}=QW |=Q@ X=N Qw] x@ |}xQiL
O}m -=D QDy@ |}=Q=m w j}@]D |=Q@ V}=UQi Q=mwR=U =@ ?U=vDt V}=tR; ?=NDv= Q@
x@ |y=oW}=tR; O}OH VwQ l} =@ �2015� 15u=Q=mty w |rwNr= [17]"CU= xOQm
TQ w Cr}U 'xU=t Cw=iDt |=yOYQO =@ |}=yR} Ql =N QO |rN=O V}=UQi |UQQ@
MQv Q@ |}x_Lqt p@=k Qw] x@ 'TQ OYQO QO Q}}eD |tm xm OvOQ@ |B =yv; "OvDN=OQB

[18]"OQ=Po|t Q}F-=D V}=UQi
x@ 'OwHwt |=yVwQ C}OwOLt w |rN=O V}=UQi |xO}OB |oO}J}B x@ xHwD =@
Vy=m w pQDvm |=Q@ QF-wt |}=yQ=mx=Q |x�=Q= w OvwQ R= K}LY |mQO x@ uO}UQ Qw_vt
xm CU= |QwQ[ xv}tR u}= QO |D=k}kLD s=Hv= |rN=O V}=UQi R= |W=v C=Q=UN
|vOwRi= |xO=t Q}F-=D |UQQ@ 'Q}Ut u}= QO |t=o uDW=OQ@ Qw_vt x@ VywSB u}= QO
=@ ?U=vDt w wv |WwQ j@=]t R} Ql =N |rN=O V}=UQi |xO}OB OvwQ Q@ TQwv=v

"CU= xDiQo CQwY Q} wYD VR=OQB VwQ R= xO=iDU= =@ V}=UQi Q=mwR=U

=yVwQ w O=wt "2
TQwv=v "1"2

pwYLt TQwv=v u}= "CU= xOW xO=iDU= C}vwr} QtDvwt TQwv=v R= VywSB u}= QO
C=YNWt w 1 pwOH QO u;|m} R}i C=YNWt xmCU= Sigma-AldrichCmQW

"CU= xOW xOQw; 2 pwOH QO u; |}=}t}W

l =N "2"2
l =N w CN=wvm} |Ov@xv=O =@ xU=t R= |@}mQD VywSB u}= QO |UQQ@ OQwt l =N
|=yV}=tR; "CU= �1 x@ 4?}mQDC@Uv =@� R=Q}W x=oH=@ |xk]vt 4lr= R= |Qw@a

"C}vwr} QtDvwt TQwv=v |m} R}i C=YNWt "1 pwOH
Q=Okt QDt=Q=B

370�300 (kg=m3) XwYNt sQH
1�2 (mm) C=QP |xR=Ov=

nvQtm OQR nvQ
1�2 ��� C@ w]Q
25 (MV) |m} QDmr= C}=Oy
48 (meg=100gr) |vw} pO=@D ?} Q[

s=Ok= TQwv=v pwrLt w �?;� Oy=W Q=t}D wO =@ =yv; "OvDN=OQB O=@ R= |W=v V}=UQi
l =N Ctw=kt V}=Ri= QO TQwv=v xHwD p@=k Q}F-=D G}=Dv xm OvOQm V}=tR; s=Hv= x@

[2]"OyO|t u=Wv =Q O=@ R= |W=v V}=UQi Q@=Q@ QO Oy=W |xvwtv x@ C@Uv
|=yOU QO CWv MQv Q@ TQwv=v Q}F-=D |UQQ@ x@ �2018� u=Q=mty w |wkD
Ct=N[ xU w �1 w 0 '5� TQwv=v OYQO wO =@ VywSB u}= QO =yv; "OvDN=OQB |m =N
?}W QO �Cmvq@� Q}PB=vPwiv |x}q l} CN=U x@ s=Ok= �QDt |Dv=U 10w 5 '3�
CWv u=R}t Geo Studio�seep/w� Q=Ri=sQv R= xO=iDU= =@ TBU "OvOQm CUOq=@
|xvwtv QO CWv MQv xm O=O u=Wv G}=Dv xm OvOQm |UQQ@ =Q =yxvwtv R= l} Qy QO
QDt 8=01 � 10�6 w 8=93 � 10�6 '9=4 � 10�6 TQwv=v �0 5 |w=L
w 1=44� 10�6 '2=1� 10�6 TQwv=v �1 |w=L |xvwtv QO w x}v=F Q@ ?amt
QDt|Dv=U 10 '5 '3 |=yCt=N[ |=Q@ ?}DQD x@ x}v=F Q@ ?amtQDt 7=8� 10�7

[3]"OQ=O CWv Vy=m QO TQwv=v xHwD p@=k Q}F-=D R= u=Wv xm CU= xOw@
ẁv wO C}@FD Q@ TQwv=v Q}F-=D |UQQ@ x@ |WywSB QO �2017� u=Q=mty w |U=@a
V}=tR; R= xO=iDU= =@ =yv; "OvDN=OQB O=} R w sm |Q}tN C}Y=N =@ =Qo =w |UQ l =N
xU =@ lWN l =N |vRw OYQO 0 w 0 25 '0 5 '1 '2 |w=L |=yxvwtv pwyu}B
x@ TQwv=v uOwRi= O=O u=Wv G}=Dv xm OvOQm |UQQ@ =Q �RwQ 7 '3 '1� |Q=oOv=t u=tR
l =N QO u=R}t u}= xD@r= xm CU= xO=O Vy=m =Q |Q}PBsQwD p}Uv=DB |Q}otWJ Qw]

[4]"CU= xOw@ QDW}@ O=} R |Q}tN C}Y=N =@ |UQ
V}=UQi Q@ T}rUwv=v Q}F-=D |UQQ@ x@ |WywSB QO R}v �1397� utwt w u=}OQtR
Vy=m Q@ T}rUwv=v Q}otWJ Q}F-=D R= u=Wv G}=Dv xm OvDN=OQB =Qo =w l =N QO |rN=O
xDW=O T}rUwv=v OQmrta Q@ |Qw;pta u=tR s}kDUt Q}F-=D u}vJty w |Q}PBV}=UQi
=Qo =w l =N Q=DiQ Q@ TQwv=v Q}F-=D |UQQ@ x@ R}v �2016� xR=w; w xQm =Ua [5]"CU=
|OL =D Ov=wD|t l =N x@ TQwv=v |tm OYQO uOwRi= O=O u=Wv G}=Dv xm OvDN=OQB
Ea=@ l =N x@ u; |xR=Ov= R= V}@ uOwRi= |rw "OWN@ Ow@y@ =Q l =N QO |}=Qo =w

[6]"OwW|t |}=Qo =w p}Uv=DB V}=Ri=
QO |m}rwQO}y C}=Oy Q@ TQwv=v Q}F-=D |UQQ@ x@ �2018� u=Q=mty w Q=} R=@
TQ R= xO=iDU= =@ =yv; "OvDN=OQB sm =QDt Q=OTQ |xU=t R= xOW xDN=U |xDUy
R= ?}DQD x@ 4 x@ 1 w 9 x@ 1 |@Uv Q}O=kt =@ xvwtv wO xwmRwQ}i |xU=t w u}rw�=m
x@ 'OYQO 4 =D 1 TQwv=v R= |Dw=iDt Q}O=kt uOwRi= =@ TBU "OvDN=U xU=t w TQ
�xv}y@ OYQO� �3 =D TQwv=v uOwRi= O=O u=Wv G}=Dv xm OvDN=OQB u; Q}F-=D |UQQ@
|=Q@ pw@k p@=k |Q=Okt x@ u; uO}UQ w |m}rwQO}y C}=Oy xHwD p@=k Vy=m Ea=@

[7]"CU= xOW |m =N |=yOU |xDUy
Ow@y@ QO TQwv=v uOwRi= Q}F-=D |UQQ@ x@ |WywSB QO �1396� xO=Ru}UL w wO@
O=O u=Wv G}=Dv "OvDN=OQB xwmRwQ}i |xU=t w x}twQ= |wrR=v |UQ l =N C=}YwYN
XwYNt uRw Vy=m w xv}y@ C@ w]Q w |Q}tN XN=W V}=Ri= Ea=@ TQwv=v xm
Qy |Q}PBPwiv ?} Q[ Vy=m Ea=@ u}vJty "CU= xOW wrR=v TQ |xv}W}@ lWN
OQ=Ov=DU= OL =D l =N |Q}PBPwiv ?} Q[ 'TQ QO xm |Qw] x@ &CU= xOW l =N wO
OQ=Ov=DU= OL x@ Q=Okt u}= xU=t QO |rw 'CU= xDW=O Vy=m |UQ QDU; CN=U |=Q@

[8]"CU= xO}UQv
V}=Ri= Q@ =m}r}Uwv=v w TQwv=v Q}F-=D |UQQ@ x@ R}v �2017� u=Q=mty w u=}OQtR
|=yOYQO R}tD l =N |=Q@ xm OvDN=OQB R}tD l =N w|Div O=wt x@ xOwr; l =NCtw=kt
V}=UQi Ow@y@ Q@ |}x_Lqt p@=k Q}F-=D =m}r}Uwv=v w TQwv=v |=Q@ ?}DQD x@ 1 5 w 1
|=m}r}Uwv=v|vRw OYQO =@ xU}=kt QO|rm Qw] x@ =yv; VQ=Ro x@ =v@ "O=O u=Wv =Q l =N
[9]"CU=Q=O =Q R}tD w xOwr; l =N wO Qy |=Q@ |QDxv}y@|vRw OYQO TQwv=v 'xOW xi=[=
"OvDN=OQBTr X=wN Ow@y@ Q@ TQwv=v Q}F-=D|UQQ@ x@ �2017� u=Q=mty w =UQ@]

142



3/
1|

xQ=t
W'

36
�2

|xQ
wO'

�13
99

R}}=B
�h

}QW
u=Qt

a|
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yt "|UQQ@ OQwt l =N |m} R}i C=YNWt "3 pwOH
QDt=Q=B Q=Okt
Gs 2 7

�d max 1770kg=m3

!op �12 8
D50 0/19mm

LL non plastic

pL non plastic

"=yxvwtv |xv}y@ C@w]Q w lWN |xv}W}@ XwYNt sQH Q}O=kt "4 pwOH
lWN XwYNt sQH C@w]Q xvwtv
(kg=m3) xv}W}@ ��� xv}y@

1770 12 8 Oy=W l =N
1847 13 �1 TQ wv=v
1862 12 3 �1 5 TQ wv=v
1910 13 �5 C}vwDv@
1895 13 6 �10 C}vwDv@
1873 14 �15 C}vwDv@

"|vD@ swri R= |}=tv "3 pmW

x@ Q=O?QO |m}DUqB p]U uwQO xvwtv 'C@ w]Q |DN=wvm} O=H}= |=Q@ xm OW xOwRi=
|UQQ@ R}v |Q=oOv=t Q}F-=D TQwv=v |w=L |=yxvwtv QO "CiQo Q=Qk Ca=U 24 COt
x@ =yxvwtv 'xv}y@ |vRw C@ w]Q uOQm xi=[= R= TB Qw_vt u}= |=Q@ xm CU= xOW

"Ov=xOW xDW=O xov p]U uwQO xDiy 4 w 2 ' COt
=yxvwtv R= s=Om Qy |=Q@ xv}y@ C@ w]Q w lWN XwYNt sQH Q}O=kt 4 pwOH

"OyO|t u=Wv =Q

V}=tR; s=Hv= "4"2
|RQw=Wm |xOmWv=O ?wUQ l}rwQO}y x=oW}=tR; QO VywSB u}= |=yV}=tR;
QDt 16 5 w jta QDt 0 5 'ZQa QDt 0 5 O=a@= x@ |vD@ swri QO 'R=Q}W x=oWv=O

"OyO|t u=Wv =Q swri R= |}=tv 3 pmW "OW s=Hv= pw]
OvwQ |xOy=Wt |=Q@ |}xW}W 'p=v=m |xQ=w}O R= |DtUk QO 3 pmW j@=]t
QO w xW}W CQw=Ht QO R} Ql =N "CU= xOW x}@aD u; R= |Q=OQ@ Q} wYD w V}=UQi
xDN=U 2%1 CUOu}}=B w 1%1 CUOq=@ ?}W w QDt|Dv=U 55� 15� 15 O=a@=
pOt l} 'R} Ql =N CN=U |=Q@ R=}v OQwt l =N sQH Vy=m Qw_vt x@ "OwW|t
=@ CUOu}}=B w CUOq=@ QO Q@=Q@ ?}W w QDt|Dv=U 55� 35� 15 O=a@= =@ |Rri

"|vwr} QtDvwt TQwv=v |}=}t}W C=YNWt "2 pwOH
pwtQi ��� Q=Okt
Na2O 0 98
MgO 3 29

Al2O3 19 6
SiO2 50 95
K2O 0 86
CaO 1 97
TiO2 0 621

"|UQQ@ OQwt l =N |Ov@xv=O |vLvt "1 pmW

"|UQQ@ OQwt l =N sm =QD |vLvt "2 pmW

|r=oJ w �D4318� nQ@ QD= OwOL '�D698� OQ=Ov=DU= sm =QD '�D422� |Ov@ xv=O
xm CiQ}PB CQwY ASTM OQ=Ov=DU= j@] Q@ �D854� l =N |=yxv=O XwYNt
|QDtwQO}y V}=tR; |xH}Dv x=Qty x@� |Ov@xv=O |vLvt ?}DQD x@ 2 w 1 |=ypmW
u=Wv =Q l =N |m} R}i C=YNWt R}v 3 pwOH w sm =QD |vLvt '�xv=OR} Q VN@

"OyO|t
�SM� Q=O|q |xU=t xwQo QO OLDt |Ov@xk@] VwQ j@] Q@ EL@ OQwt l =N

"OQ}o|t Q=Qk

=yxvwtv |R=UxO=t; "3"2
|r=oJ w R} Ql =N |}=yv `=iDQ= x@ xHwD =@ V}=tR; Qy |=Q@ R=}v OQwt l =N sQH
C@ w]Q u=R}t V}=tR; hOy x@ xHwD =@ TBU "OW x@U=Lt l =N lWN |xv}W}@
l =N x@ u; R= QDW}@ =} QDtm OYQO 3 =} sm =QD V}=tR; R= xOt; CUO x@ |xv}y@ |vRw
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ẁQW R= xOW |QBU u=tR w sm =QD Q}_v |}=yQDt=Q=B u}@ |}x]@=Q OwHw |UQQ@ |=Q@
TBU w xOW |twkQ Q} wYD VR=OQB R= pY=L V}=UQi \w]N Q} w=YD 'V}=tR;

"Ov=xOW |UQQ@ MU=B K]U VwQ w |@Ya |xm@W \UwD pY=L |=yxO=O
|@Ya |xm@W 1"6"2

uOW |twkQ R= pY=L |=yxO=O R= 'V}=UQi \N |HvUjta |=Q@ VywSB u}= QO
|=Q@ "OW xO=iDU= �uwQDBUQB� |@Ya |xm@W VRwt; |=Q@ V}=UQi \w]N Q} w=YD
R= xOW |L=Q] |xm@W QO |HwQN w |OwQw Q}O=kt u}@ R}v CW=ov u} QDy@ uDi=}
sD} Q=or 'O}�wto}U Cv=Sv=D p=kDv= `@=D xU R= w uwQwv 10 =@ l} Qy 'u=yvB |x}q wO
u}ov=}t Q}O=kt xm@W u} QDy@ ?=NDv= |=Q@ "OW xO=iDU= Q=wty |xv}W}@ w O}�wto}U
u=wva x@ =]N u} QDtm |=Q=O |xm@W w OvOW xU}=kt sy =@ =yxm@W |=]N C=a@ Qt

"OW ?=NDv= xm@W u} QDxv}y@
MU=B K]U VwQ "2"6"2

CU= |[=} Q |=yVwQ R= |}xawtHt '17 RSM Q=YDN= x@ =} MU=B K]U VwQ
�xar=]t OQwt� pkDUt Q}eDt u}OvJ =@ =Q MU=B Q}eDt OvJ =} l} u}@ |x]@=Q xm
CU= �|HwQN Q}eDt� MU=B |R=Uxv}y@ 'MU=B K]U VwQ QO hOy "Ovm|t u}}aD
C@Uv VwQ u}= |=}=Rt R= "CU= �|OwQw |=yQ}eDt� pkDUt Q}eDt u}OvJ R= QF-=Dt xm
CU= MU=B w |OwQw |=yQ}eDt u}@ xOW xOR u}tND \@=wQ |x�=Q= |@Ya |xm@W x@
|=yQ}eDt� =ypt=a R= l} Qy x@ C@Uv =Q MU=B C}U=UL u=wD|t =yv; x@ xHwD =@ xm

"OQm XNWt R}v �|OwQw

G}=Dv w EL@ "3
|R=UxO=t; 'Oy=W l =N x@ xv}y@ C@ w]Q uOwRi= =@ 'sm =QD V}=tR; G}=Dv x@ xHwD =@
V}=UQi \w]N 7 pmW QO "CiQo CQwY 'OW u=}@ xJu; Ovv=t V}=tR; s=Hv= w
|Q=oOv=t uwO@ Oy=W l =N V}=tR; |xOW \@[ sr}i Q} wYD VR=OQB R= pY=L

"CU= xOW xO=O u=Wv x}v=F 20 w 10 '5 |v=tR |=yxrY=i =@
x@ 'CU= xOW |UQQ@ TQwv=v |w=L |=yxvwtv QO |Q=oOv=t Q}F-=D xm =Hu; R=
pY=LV}=UQi \w]N 8 pmW "OW |UQQ@ R}v Oy=W l =N Q@ u; Q}F-=D Qw_vt u}ty
5 pwOH "OyO|t u=Wv =Q xDiy l} |Q=oOv=t =@ Oy=W |xvwtv Q} wYD VR=OQB R=

"OyO|t u=Wv =Q Oy=W l =N |=yV}=tR; |ovwoJ w u=tR COt
&CU= xOW =yV}=tR; u=tR COt V}=Ri= Ea=@ |Q=oOv=t '5 pwOH x@ xHwD =@
|v=OvJ Cw=iD |Q=oOv=t xDiy l} R= V}@ =@ |}=yxvwtv QO u=tR V}=Ri= u}= =t=

"OQ=Ov

145



"""Q@
TQ

wv=v
|vO

wRi=
|xO

=tQ
}F- =D

|@=}
RQ=

uwO@ TQwv=v �1 |w=L xvwtv Q}wYD VR=OQB R= pY=L V}=UQi \w]N "10 pmW
"|v=tR |xrY=i w |Q=oOv=t

"|Q=oOv=t =@ TQwv=v �1 |w=L |=yxvwtv V}=UQi \w]N "11 pmW

7 pwOH QO R}v =yV}=tR; u=tR COt xt=O= QO w xOW xO=O u=Wv 13 pmW QO
"CU= xOW VQ=Ro

s}kDUt |x]@=Q '=yv; V}=tR; u=tR COt w V}=UQi \w]N Q} w=YD x@ xHwD =@
Ctw=kt w |oOv@UJ V}=Ri= =} |Q}PBV}=UQi Vy=m w C}vwDv@ OYQO V}=Ri= u}@
C}vwDv@ OYQO 10 w 5 |w=L xvwtv wO QO "CU= OwyWt V}=UQi Q@=Q@ QO l =N
x@ C}vwDv@ �15 |w=L |xvwtv QO =t= 'CU= xDUw}B ẁkw x@ V}=tR; hkwD \QW
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