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u=wvax@ w x}rw= |=yxv=to pY=wi OL QO xm �S7w S6 'S5� x} wv=F
w |UQQ@ |Di=} R=@ |=yxvwtv 'Ov=xOW |Q=iL |]N pQDvm |=yxv=to
Ovy=wN j} QRD u; R= TB w OvwW|t C@F x}rw= |=yxv=to j} QRD Q}F-=D
|Q=iL x} wv=F |=yxv=to RmQt QO �CH� Oy=W |xv=to 'u=}=B QO "OW
QDt 5 =D 4 =yxv=to jta "O};|t CUO x@ u; |Q}PBPwiv Q=Okt w xOW
Qw]x@ pw= |QU |W}=tR; |=yxv=to QO j} QRD R= pY=L G}=Dv "CU=

"CU= xOt; 3 pwOH QO xYqN
j} QRD TBU w |}=}t}W j} QRD R= Oa@ 'OwW|t xOy=Wt xmu=vJ
u=Swr 16 x@ |m =N Cq}mWD |Q}PBPwiv u=R}t '=yxv=to s=tD QO u=t}U
|k} QRD |=yxt=vQ@ R= hOy xm =QJ "CU}vVN@C}=[Q u=OvJ xm O}UQ
QO =Pr "CU= u=Swr 10 =D 5 Q} R x@ sDU}U |Q}PBPwiv uO}v=UQ ,qwtat
OW O=H}= |k} QRD |xt=vQ@ QO |D=Q}}eD 'swO |QU |W}=tR; |=yxv=to

"OQ}o|t Q=Qk EL@ OQwt xt=O= QO xm
swO |QU |W}=tR; |=yxv=to

u=t}U j} QRD =OD@= 'pw= |QU hqNQ@ 'swO |QU |W}=tR; |=yxv=to QO
s=Hv= |}=}t}W j} QRD TBU w �|iQYt u=t}U uRw �8� C}vwDv@ w

7 ! sHvB w |U |xQ=tW � h} QW
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""" |DtUk |Ov@?; |=Q@ |}=}t}W j} QRD R= xO=iDU=

x@ s=kQ= w Q=t; CtUk u}= QO =DU=Q u}= QO "OW p}=v Cq}mWD Q=DiQ
"�9 w 8 |=ypmW�OwW|t x�=Q= S4 |xv=to QO j} QRD R= xOt; CUO

*|W}=tR; |}=}t}W j} QRD R= xOt; CUO x@ G}=Dv OQwtQO EL@
pw= C@wv

|W}=tR; |}=}t}W j} QRD R= xOt; CUO x@ G}=Dv p}rLD w xU}=kt =@
%Ci=} QO u=wD|t xv=to |QU wO QO pw= C@ wv

OU |ovUVwH |B QO xR pQDvm x@ QO=k |}=yvDx@ |}=}t}W j} QRD "1
|Q=Ht *pt=W xm OU *|B *|U=vWu}tR x@ xHwD =@ "CU}v xNQm
xR u=} QH Q@=Q@ QO w nQR@ Pi=vt QO xDi=} p}mWD pS 'CU= R=@
COWx@ C=}rta |}=Q=m xH}Dv QO 'xO=O CUO R= =Q OwN s=wO '?;
'OwW xO=iDU= |}=}t}W j} QRD R= \ki xm |t=ovy "O@=}|t Vy=m
u=Swr 73 x@ 'Qm@Cr=L QO u=Swr 219\UwDt R= sDU}U |Q}PBPwiv
*uOv=UQ j} QRD |=yxt=vQ@ R= hOy ,qwtat xm |r=L QO "OUQ|t

"CU= u=Swr 10 =D 5 Q} R x@ sDU}U *|Q}PBPwiv
|}=}t}W O=wt j} QRD TBU w 'C}vwDv@ w u=t}U j} QRD R= |k}irD "2
OU |ovUVwH |B QO j} QRD |xt=vQ@ |L=Q] |=Q@ xv} Ro u} QDy@
xDU@ u=t}U j} QRD =@ nQR@ Pi=vt =OD@= Cr=L u}= QO "CU= xNQm
xOv=t}k=@ R} Q |Q=Ht '|}=}t}W j} QRD R= xO=iDU= =@ TBU w 'xOW
|Q}PBPwiv '|k} QRD |xt=vQ@ u}= R= xO=iDU= =@ "OW Oy=wN xDU@
QO "CU= |@ wN |yOR=@ Qov=}@ xm O}UQ u=Swr 1 2 x@ sDU}U
xO=iDU= u=t}U j} QRD R= TBU w |}=}t}W j} QRD R= =OD@= xm |Dr=L
QO xm OW |Q}oxR=Ov= u=Swr 16 |m =N Cq}mWD |Q}PBPwiv 'OW

"CU= |QDsm |}=Q=m R= |m =L p@k Cr=L =@ xU}=kt
w u=t}U j} QRD R= u=t-=wD |xO=iDU= 'xOW QmP p�=Ut Q@ xwqa "3
j} QRD C=}rta |xv} Ry xHwD p@=k Vy=m Ea=@ '|}=}t}W j} QRD
|xOta CtUk xm CWQO GQi w prN Cr=L u}= QO "OwW|t
|v=t}U|k} QRD O=wt\UwD 'OvyO|t p}mWD =Q|k} QRD O=wt OvQwN
|v=U;x@ |y=oQ=m Qy QO w QDu=RQ= |}=}t}W |=y?=ewO x@ C@Uv xm
=@ R}v xOv=t|k=@ R} Q GQi w prN w OvwW|t QB 'Ov=TQDUO QO

"OW Ovy=wN xDU@ |}=}t}W |=y?=ewO R= xO=iDU=

R= p@k S4 |xv=to QO ?; ?PH Q=Okt w V}=tR; Q=Wi Q=Owtv "8 pmW
[11]"j} QRD

u=t}U j} QRD R= Oa@ S4 |xv=to QO ?; Q=Okt wV}=tR; Q=Wi Q=Owtv "9 pmW
[11]"|}=}t}W O=wt w

"|W}=tR; |=yxv=to C}akwt "10 pmW

'|}=}t}W j} QRD |x@ QHD uOw@ O}OH x@ xHwD =@ xm Ow@ xv=to uwt=Q}B
"Ow@ xHwD ?r=H j} QRD u=Q=mQOv=CUO |=Q@

w j} QRD Q=Wi '?; ?PH Q=Okt w V}=tR; Q=Wi Q=Owtv |UQQ@
S4 QO OvQwN u=R}t

'|k} QRD O=wt OvQwN u=R}t '|k} QRD |=yxSwQB QO syt |=yQDt=Q=B R= |m}
j} QRD |=Q@ R=}v OQwt Q=Wi w u=SwrV}=tR; QO Cq}mWD Q=DiQ |ovwoJ
lQO x@ |O=} R OL =D u=wD|t s=kQ= w O=Oa= u}= x@ xHwD =@ xm CU= O=wt

"S4 |xv=to QO |W}=tR; |}=}t}W j} QRD R= pY=L G}=Dv xYqN "5 pwOH
|}=}t}W j} QRD R= Oa@ |Q}PBPwiv u=t}U j} QRD R= Oa@ |Q}PBPwiv Qm@ Cr=L QO |Q}PBPwiv xv=to

Lu Cm/s Lu Cm/s Lu Cm/s

1 2 1=5� 10�5 29 3=7� 10�4 70 9=1� 10�4 S4

sHvB w |U |xQ=tW � h} QW ! 8
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xO=RO=tDa= QwYvt O}U w |tU=kQ}t QeY=|ra 'xO=RQO}L OtLt

OQwt 950 |Qr=o pN=O QO |]N |W}=tR; |=yxv=to C}akwt "11 pmW
"|W}=tR; |}=}t}W j} QRD swO C@wv QO xO=iDU=

R= TB C4 w C2 |=yxv=to QO |Q}PBPwiv V}=tR; G}=Dv xYqN "7 pwOH
"C1 w C3 w C5 |=yxv=to QO u=t}U j} QRD

|Q}PBPwiv �QDt� jta xv=to
K (cm/s) u=Swr
6=2� 10�4 48 5 62 C2
5=8� 10�4 44 5 62 C4

R= TB CH |rQDvm |xv=to QO |Q}PBPwiv V}=tR; G}=Dv xYqN "8 pwOH
"|}=}t}W w |v=t}U j} QRD

|Q}PBPwiv �m� jta xv=to
K (cm/s) u=Swr
1=6� 10�4 6 6 61 CH

QO w C4 w C3 |=yxv=to Q@ \ki |k} QRD C=}rta |xOv=t}k=@ =D OW
xm C3 |xv=to =DU=Q u}= QO "OwW RmQtDt CH |rQDvm |xv=to C}=yv
CUmW pmWt w xOw@ ?U=vt u; j} QRD |xrLQt wO |v=tR |xrY=i
R}v C4 |xv=to "CiQo Q=Qk |}=}t}W j} QRD CLD 'CW=Ov |m}rwQO}y
|}=}t}W j} QRD CLD 'Ow@ xOWv s=Hv= u; QO |k} QRD xvwoI}y ,q@k xm
QO '|}=}t}W w |v=t}U |=yj} QRD xawtHt s=tD= R= TB "CiQo Q=Qk
pwOH QO u; G}=Dv xm CiQo CQwY u=Swr V}=tR; CH |rQDvm |xv=to

"CU= xOt; 8
|m =N Cq}mWD |Q}PBPwiv xm OwW|t xOy=Wt 8 pwOH x@ xHwD =@
xO}UQ u=Swr 6 6 x@ '|}=}t}W j} QRD TBU w u=t}U j} QRD R= TB
\ki C4 xv=to QO xm CU= xOt; CUO x@ |r=L QO xH}Dv u}= "CU=
w C3 |xv=to wO |xrY=i R}v w CU= xDiQo CQwY |}=}t}W j} QRD
j} QRD |=yxv=to pY=wi *OQ=Ov=DU= OL R= xm xOw@ QDt 1 75 Q@=Q@ C4
QDsm pY=wi =@ |}=yxv=to R= xO=iDU= CQwY QO "CU= QDW}@ |}=}t}W
,=v}k} '=yxv=to s=tD QO |}xrLQt wO j} QRD R= xO=iDU= R}v w QDt 1 R=

"Ow@ s}y=wN |QD?U=vt G}=Dv Oy=W
w j} QRD Q=Wi '?; ?PH Q=Okt w V}=tR; Q=Wi Q=Owtv |UQQ@

CH |xv=to QO OvQwN u=R}t
"OW s=Hv= u=Swr V}=tR; hrDNt `]=kt w =yxv=to QO 'swO C@ wv QO
OvQwN x@ \w@ Qt s=kQ= w Q=t; '=yxv=to O=} R jta x@ xHwD =@ u}vJty

xNQm OU QO swO C@wv |W}=tR; |}=}t}W j} QRD
�1382 OviU= QN=w= C}=er u=@; swO |xt}v�

Qy |m}ORv |=Q@ 'xNQm OU QO |W}=tR; |}=}t}W j} QRD swO C@ wv QO
|]N |xv=to 5 R= '|rY= j} QRD =@ |W}=tR; |}=}t}W j} QRD QDW}@ xJ
950 |UQDUO |Qr=o pN=O QO xm OW xO=iDU= QDt 60 OwOL jta =@

"�11 pmW� OvOw@ xOW `k=w �|rY= |}=}t}W j} QRD s=Hv= pLt�
pw= C@ wv *|W}=tR; *|}=}t}W j} QRD R= xOt; CUO x@ G}=Dv T=U=Q@
'Ow@ xOW s=Hv= jtasm |=yxv=to QO w 950 |Qr=o R= GQ=N QO xm
QO j}ta *|W}=tR; |=yxv=to QO |}=}t}W j} QRD |=QH= VwQ OQwtQO
xm|}xrLQt wO j} QRD VwQ u}=Q@=v@ "OW |Q}os}tYD 950 |Qr=o pN=O
Qw_vtx@ 'CU= |}=}t}W j} QRD TBU w C}vwDv@ w u=t}U j} QRD pt=W
xvwoQy s=Hv= R= p@k "CiQo Q=Qk xHwD OQwt =yxv=to u}= QO j} QRD
C 1 |=yxv=to QO u=Swr V}=tR; s=Hv= =@ '|}=}t}W =} |v=t}U j} QRD
Ot; CUO x@ |W}=tR; |xOwOLt |Q}PBPwiv ?} Q[ C 5 w C 3 w

"CU= xOt; 6 pwOH QO u; G}=Dv |xYqN xm
C5 w C3 w C1 |xv=to 3 QO u=Swr C=W}=tR; s=tD= R= TB
pt=W \qDN= KQ] =@ CWv=t ?w}D pN=O R= u=t}U j} QRD C=}rta
u=t}U OYQO 8 u=R}t x@ C}vwDv@ w '1 x@ 2 u=t}U x@ ?; C@Uv
QO |Q}PBPwiv C=W}=tR; s=Hv= =@ "OW s=Hv= =yxv=to u}= QO '|iQYt
|Q}PBPwiv Q@ xOW s=Hv= u=t}U j} QRD Q}F-=D u=R}t C4 w C2 |=yxv=to

"�7 pwOH� Ot; CUO x@ nvU
wO j} QRD� xOW u}}aD V}B R= |xt=vQ@ j@] |Oa@ |xrLQt QO
|=yxv=to QO O}=@ �|}=}t}W j} QRDTBU w u=t}U j} QRD =OD@= %|}xrLQt
|xrY=i x@ xHwD =@ xm OW|t s=Hv= |}=}t}W j} QRD C1 w C3 w C5
swO |xrLQt j} QRD w �u=t}U j} QRD� pw= |xrLQt j} QRD u}@ |v=tR
?=ewO |m}rwQO}y CUmW pmWt =@ C=}rta '�|}=}t}W j} QRD�
?=ewO CUmW |=Q@ R=}v OQwt Q=Wi xm |wLvx@ &OW xH=wt pw= xrLQt
R= xO=iDU= "O}UQ|t QiUtD= 60 OwOL x@ 'xOW =QH= p@k R= |v=t}U
uDiQ u}@ R= p}@k R= |O=} R CqmWt =@ 'j} QRD |=Q@ |Q=Wi u}vJ
QO |B QO|B |=yxikw O=H}= '=ynvr}W w |k} QRD |=yxrwr |oQ=B '=yQmB
QQkt xH}Dv QO "CU= x=Qty |}=QH= pt=wa |=Q@ |v=H C=tOY R}v w Q=m

w C3 w C1 |xv=to xU QO |Q}PBPwiv V}=tR; G}=Dv |xYqN "6 pwOH
"C5

|Q}PBPwiv �QDt� jta xv=to
K (cm/s) u=Swr
3=2� 10�4 26 2 63 5 C1
6=3� 10�4 50 4 62 7 C3
18=0� 10�4 139 4 63 C5
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""" |DtUk |Ov@?; |=Q@ |}=}t}W j} QRD R= xO=iDU=

|=yxv=to R= C3 |xv=to QO |}=}t}W O=wt OvQwN Q=t; R= |WN@ "9 pwOH
[11]"swO xrLQt

|}=}t}W OvQwN u=tR xtD=N Q=Wi ẁQW Q=Wi j} QRD `]kt
(Lit) (min) �Q=@� �Q=@�

7 5 35 0 2 5�3
14 5 35 0 3�3 5
21 7 35 0 3 5�4
28 6 35 0 4�4 5
21 3 35 0 4 5�5
14 3 35 0 5�5 5
24 5 35 0 6�6 5
21 5 35 0 6 5�7
7 5 35 0 7�7 5
7 5 35 0 7 5�8
14 5 35 0 8�8 5
14 5 35 0 8 5�9
42 8 35 0 9�9 5

u}vJ =@ uOQm Q=m xm CU= �QiUtD= 60 OwOL� |O=} R Q=Wi R=
"CU}v |rta OQ=wt R= |r}N QO |Q=Wi

`]kt Qy QO |}xrLQt wO j} QRD R= u=wD|t pmWt u}= `iQ |=Q@
`]kt u=ty QO '`]kt Qy QO u=t}U j} QRD R= Oa@ |va} "OQm xO=iDU=
VwQ |B QO |B Q}}eD sRrDUt VwQ u}= "OwW s=Hv= '|}=}t}W j} QRD
xv} Ry hQY OvtR=}v xm CU= 'Tmar=@ w '|}=}t}W x@ |v=t}U R= j} QRD
x@ u=wD|t sDU}U u}= ?}=at Qo}O R= "CU= |O=} R Ckw xS} wx@ w
xH}Dv QO w `]=kt |[a@ |}=}t}W j} QRD QO |Wwt=Qi |=]N p=tDL=
|rta VwQ u}= u}=Q@=v@ "OQm xQ=W= |k} QRD |xOQB QO M=QwU O=H}=
Q=Qk xO=iDU= OQwt =Q VwQ wO u=wD|t pmWt u}= pL |=Q@ "Ow@ Oy=wNv
CQ=@a |Qo}O w CU= �|J} wOv=U j} QRD� x@ swUwt pw= VwQ &O=O
j} QRD |xOQB CUOq=@ QO |}=}t}W j} QRD |xOQB l} E=OL= R= CU=
OQwt p}YiD x@ l} Qy xt=O= QO xm '950 |Qr=o QO OwHwt *|v=t}U

"CiQo Ovy=wN Q=Qk |UQQ@
CUmW CqmWt pL |=Q@ |J} wOv=U j} QRD VwQ R= xO=iDU=

pw= xrLQt *|v=t}U j} QRD
pL |=Q@ u=wD|t xm CU= |tDU}U u} QDy@ �|J} wOv=U j} QRD� VwQ
u}= "O=O Q=Qk xO=iDU= OQwt pw= xrLQt |v=t}U j} QRDCUmW CqmWt
|Q=vm |=yh}OQ QO =OD@= "CU= xv=to h}OQ xU pk=OL sRrDUt VwQ
CWQO GQi w prN j} Q] u}= R= xm 'OwW|t s=Hv= u=t}U j} QRD pta
uDU@ Qw_vtx@ TBU "OwW|t OwOUt |m =N Cq}mWD QO OwHwt
CQwY |v=}t h}OQ QO |}=}t}W j} QRD 'xOv=t|k=@ R} Q |=yM=QwU
w |v=t}U O=wt u=t-=wD j} QRD x@=Wt ,=k}kO VwQ u}= C}y=t "OQ}o|t

QO xm CU= Q=OQwN Q@ |O=} R |oOQDUo R= |}=}t}W w |v=t}U O=wt
|xv=to R}v w CH |rQDvm |xv=to x@ xm =yv; R= |O=OaD x@ \ki =Hv}=

"�9 pwOH w 13 w 12 |=ypmW�OwW|t xQ=W= Ov=\w@ Qt C 3

|}=}t}W j} QRD swO C@wv R= xOt; CUO x@ G}=Dv OQwtQO EL@
xNQm OU QO |W}=tR;

x@ |W}=tR; |}=}t}W j} QRD swO C@ wv R= xOt; CUO x@ G}=Dv p}rLD =@
%Ci=} CUO u=wD|t Q} R C=mv

'xNQm OU QO |}=}t}W j} QRD swO C@ wv R= xOt; CUO x@ G}=Dv "1
TBU w u=t}U j} QRD =OD@=� |}xrLQtwO j} QRD VwQ |}=Q=m ,=OOHt
|}=}t}W j} QRD R= C@ wv u}= QO "Ov=UQ C=@F= x@ =Q �|}=}t}W j} QRD
|xrY=i 'pLt QO xR RmQtD p}@k R= |r�=Ut x@ xHwD =@ |W}=tR;
|}xrLQtwO j} QRD s=Hv= sOa R}v w 'Qo}Om} R= =yxv=to O=} R ,=D@Uv
u=Swr 6 6 x@ |m =N Cq}mWD |Q}PBPwiv Q=Okt '=yxv=to |xty QO
"CU= |@ wN |yOR=@ Qov=}@ xOW O=} p�=Ut x@ xHwD =@ xm O}UQ

R= |QU u}= QO =yxv=to O=} R jta x@ xHwD =@ xm |Qo}O syt |xDmv "2
*|v=t}U ?=ewO CUmW CqmWt 's}OW xH=wt u; =@ 'C=W}=tR;
?=ewO C}@FD QF= QO 'OW xQ=W= xm Qw]u=ty "CU= pw= |xrLQt
xO=iDU= sRrDUt swO |xrLQt|}=}t}W j} QRD 'pw= |xrLQt *|v=t}U

R= p@k C3 |xv=to QO ?; ?PH Q=Okt w V}=tR; Q=Wi Q=Owtv "12 pmW
[11]"j} QRD

R= Oa@ CH |xv=to QO ?; ?PH Q=Okt w V}=tR; Q=Wi Q=Owtv "13 pmW
[11]"j} QRD
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xO=RO=tDa= QwYvt O}U w |tU=kQ}t QeY=|ra 'xO=RQO}L OtLt

|Q=Ht Rwvy OUQ|t Q_v x@ '|}=}t}W O=wt |q=@ *OvQwN x@ xHwD =@
Cr=L u}= QO =Pr "CU= xOv=t |k=@ |O=} R *CWQO GQi w prN =@ R=@
|v=t}U j} QRD xOQB *CUOq=@ QO |}=}t}W j} QRD xOQB l} R= xO=iDU=
^=Lr R= "CW=O Oy=wNv x}HwD |O=YDk= w |vi ^=Lr R= 'xOW =QH=
QO xOW p}mWD pS xm OwW|tv x}YwD VwQ u}= p}rO u}= x@ |vi
"OyO|t CUO R= =Q OwN s=wO |DL=Q x@ w xDi=} V}=UQi R=@ |Q=Ht

|}=}t}W j} QRD s=Hv= Qw_vtx@ |}=yv KQ] O=yvW}B
950 |Qr=o QO |rY=

G}=Dv p}rLD w xNQm OU QO |W}=tR; |}=}t}W j} QRD C@ wv wO s=Hv= =@
|rY= j} QRD |=Q@ Q} R KQ] 'xv}tR u}= QO xOt; CUO x@ C=}@ QHD w

%OwW|t O=yvW}B xNQm OU 950 |Qr=o QO |}=}t}W
|k} QRD O=wt R= 'xO=iDU= OQwt \qDN= KQ] w |k} QRD Kr=Yt w O=wt "1
p}D= w |rY= |xO=t u=wvax@ s}OU C=m}r}U pt=W '|}xirwt wO

"OwW|t xO=iDU= =RVvm =w |xO=t u=wvax@ C=DU=
w p} wLD 'x}yD |=Q@ 'xO=iDU= OQwt j} QRD w p} wLD 'x}yD sDU}U "2
AtB l} w uRNt wO R= pmWDt |tDU}U R= |}=}t}W xO=t j} QRD
w s}OU C=m}r}U w ?; pt=W =yuRNt R= |m} "OwW|t xO=iDU=

"CU= C=DU= p}D= |w=L \ki |Qo}O
swUwt l@Wt |D_=iL |=yxrwr R= 'j} QRD |=Q@ 'j} QRD C=R}yHD "3

"OwW|t xO=iDU= �CWv=t |xrwr� x@
VwQ u}= "CU=|J} wOv=U CQwYx@ =yxv=to?}DQD '=yxv=to?}DQD "4
w u=t}U j} QRD |Q=vm |=y h}OQ QO xm CU= xv=to h}OQ 3 pt=W
950 |Qr=o `]kt "OwW|t s=Hv= |}=}t}W j} QRD |v=}t h}OQ QO

"CU= xOt; 11 pmW QO |J} wOv=U j} QRD =@
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