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Ev\ie\kvdbc gZpehgZevgbc mge\_jkbl | «f ge 1\Zc

Ev\iel\kvdbc gZpehgZevgbc mge\_jkbl | «f _ge 1\Zc

D\ZeenedZpecgZ gZmdh\Z ijZpy gZ ij

=hjyqZ FbjhkeZ\Z Fbjhgs\gZ
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>BK?JL:P1Y

<ieb\ aZfes ggy dhfihg_gle\ gZ djbklZesqgm kljmdImjm

kihenbd 7,Q 12(7,Q 5( < *G T7TE 1L &X

+ g_hjl]ZgeqgZ o-fey

ljbjh~*gbqge gZmdb

IhrZ}lvky gZ a*h[mlly gZmdh\h]h kimi_gy dZg”"b"ZI|Z 0«1
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:GHL:P1Y

=hjyqgZ F F <ieb\ aZfes _ggy dhfihg _gle\ gZ djbklZ
\eZklb\hkle kihEnd 1B(7,0Q 5( < *G 7E 1L &X 1
D\ZeenedZpecgZ gZmdh\Z ijZpy gZ ijZ\Zo jmdhibkm

>bk _jlZpey gZ a”~h[mlly gZmdh\h]h klmi_gy dZg”b:
Ki_peZevgeklx 3G _hjl]ZgeqgZ oefey” + Fegekl jl
MdjZ€gb Ev\elkvdbc gZpehgZevgbc mge\_jkbl | «f g 1
+ Evielkvdbc gZpehgZevgbc mge\_jkbl | «f ge 1\ZgZ Njz

Afekl ZghlZp-€
<Z eb\hx kdezZ”~h\hx gZklbghx gZmdh\bo "hke

kmqgqZkgh]lh fZl _jeZehagZ\kl\Z } kbgl _a « \b\q _ggy gh\b
mgedZevgbfb \eZklb\hklyfb >hkee”" ggy oZjZdl_jm \
[Z]ZIhdhfihg_glgbo kbkl _fZo \_~ ~h ihrmdm fZl jeZe
0ZjZdl _jbklbdZfb >ey ihqZldm g_h[oe?~gh \bagZgblb m:
€ogx djbklZzeeggm kljmdimjm neabdh oe<feqge \eZklb\h
\b\qg_ggx d\Zaesih”\ecgbo kbkl_f a f_Ihx \klZgh\e_ggy jh
dhfihg _glZ m | _jgZjgbo kihemdZo “~hke*”" ggx I\ _j*bc
ekgm\Zggy IZ kljmdImjgbo hkh[eb\hkl_c

>ey “~hkee”” ggy \aZ}fh”e€ m d\Zae<ih”™\ecgbo
_e_dljh*m]h\h€ iezZ\db rbolb gbklbo f_IZes\ kbgl_ah\z
dh gh€ a kbkl_f yde “ey Jhfh] _geaZpe€ ie""Z\Zebkv \e"

ijhlylhf h~rghlh fekypy |I|j_"klZ\e_gh j_amevlZIlb ~h
dhfihg_gle\ m [Zdbo &bkQ$DO5 ( < *G TE 1L &X
5(7,Q*Q 5( < *G TE1L &X1L,@QH5( *G 7E1L,BE
5( < *G B&X,BE5S5( *G5(&X,BL5( <5(1L,BO5(
< *G BEIL, D S5( < *G B@L,BES5( *G5(110 [,Q
5( < *G 7E 0 $0O0 *D F_Ih~Zfb j_gl]l_ge\kvdh]h n.
ehdZevgh]h j _gl] _ghki_dljZevgh]h ZgZe-+a+s\ \klZgh\e g



Z f _Ih~hf j _gl] _ghkljmdIimjgh]h ZgZeesam £ djbklZeeqge
hljbfZgbo j _amevlZle\ \bagZq_gh f_"¢ jhagbgghkle g _|I
ekgm\Zggy I\ _j*bo jhagbge\ afegm iZjZf _Ilje\ e f _glZj¢
\ieb\ aZfes _ggy gZ kljmdImjm 1Z \eZklb\hkle kihemd

<klZgh\e _gh ml\hj _ggy g _i_j _j\gbo I\_j~bo jhagbge-
ae kljmdImjhx Ibim =U1L$O 1Z <kgm\Zggy hif "~ g
aZfes _ggy jeagh€ ijhly ghkle m kbkl _fZo sh djbklZe
kljmdImjgbo IbiZo =U1L$0O +RI1IL*DMI$ISM 6ULD&OI $
0J&X$0O3ULL,QG1IL*Dx1L$OM f_"Zo <kgm\Zggy I\_j~bo
f Ih~hf ihjhrdm \klZgh\e_gh djbklZeeqgm kljmdImjm k _
fhghdjbklZeZ mlhgg_gh kljmdIimjm kihemd

<i_jr_ \klZgh\e_gh <kgm\Zggy | 5(lA}dPh Q@5Kihexmd
*G+7P5(3WD,Q 5( < *G+<E(3WD,Q5( < *G+<E sh
djbklZeeamxlvky m kljmdIimjgbd, QbiZoGBJE L4 SK6Q
DjbklZeeqgm kljmdImjm ~ _\fylb a gbo "hke*”” _gh f_|h"]

M kbkl_fZo &S |Q@ 7E1IFR a”eckg_gh ihfejb neab
\eZklb\hkl_c "ey ghlbjvho IZ r_klb kdez”«\ I\_j*bo jhagq

lj_~klZ\e_gh j_amevlZlb "~hkee”” _gv neabqgbo \¢
| 1jZjgbo kihemdD,Q1L\¥ID,Q +RDLQ *GPWQ *3WD,Q
|z 78WD, Q

GZ hkgh\e hljbfZgbo j_amevlzZle\ h[]h\hj_gh hkh
dhfihg _gle\ m “hkee”" gbo kbkl fZo <klZgh\e gh skt
S e f glZz m kihemdZo a Zlhfgbf kie\\eA*ghr_ggyf
0J&X$00Zjzdl_j \az}fh”e€ ihje\gyggh a -egrbfb kbkl_
kdez”~gerbc « \ " _ydbo \biz~dZo ijba\h”blv ~h kljmd
AZfes ggy °*g”ex gZ Zexfegec gb ]Zeec \eA*[m\Z}lIvky
0ZjZdl _jgbf ge aZfes ggy gZ kbeepec ] _jfZgec gqb klb]

Dexgh\e kehj\ext % Z"heegec | _j[eCc eg”™ec Zexfege
] jfZgec klb[ec ged_ev dmijmf I\ _j~bc jhaqbg f_I
fhghdjbklZezZz djbklZeeqgZ kljmdImjZ



Kibkhd im[eedZp-cC

GZmdh\e ijZpe \ ydbo him[eedh\Zge hkgh\ge gZr
"bk_jlZpe€

*DODG]KXQ <D 9 *DOOLXP LQGLXP*BUG@ QLKW A

Rl *G1iL,Q <D 9 *DODG]KXQ 00 +RULDFKD
8 &K 5RGHzZDOG 5 3|WWJHQ 9, =DUHPED = $C
+ 3 +
=hjygZ F KbkV7V,QO*& 1L &X $O0 *D F =hjyqZz
E Aegvdh = Gbgbihjmd J K _jdea < AZj f[Z <ekgk
+ + <Dbi + K +

=hjygZ F KbklI_fPO<10,Q$0 *D 6E F =hjyqZz
Gbgbihjmd J K _jdea < AZj f[Z <ekgbd Ev\e\ m
<hi + K +

=hjyqzZ F <aZz}fh~ey dhfihg_gls\ mOkb@&l f80 <8&X,C

F =hjygZ G Jegbeh = Gbgbihjmd J <K _Adqaf[Z v Mic
of "mjg = + L < + K +

=hjygZ F >hke*” _g&yLk@ _5 < *G F =hjyc
= Gbgbihjmd 1 KZ\gmd | > _fg_gdh < AZj f[Z <e
of £ + <bi Q + K +

+RULDFKD 0 *DOOLXP R@Q@DXP5RUGHULQE LYKD
ZLWK 16G3BFW\SH VWUXFWXUH 0 +RULDFKD 9 =DUH

ORQDWVK &KHP = + 9RO + 3 +
=hjyqZ F DjbklZe+qges kljmdimjb nZ&OkbRI_£hjyGZ
= Gbgbihjmd J Ivhil] g < AZj f[Z 1jZps GLR O-

L /9, * K +

GZmdh\e ijZpe yde aZk\ergmxlv Zijh[Zpex j_amevlZ
=hjygZ F Jhagbgeklv 1g”ex m IEihelh &b <AH|j$GZ
KZ\gmd = Gbgbihjmd < AZj_f[Z Al |_a 39, Fe

[
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kKim~ _gle\ ZkiejZgle\ |Z fheh”bo \qg_gbo a oe¢fe€ [Z 0Oefe

+ K aZhqgZ mqgZklv

+RULDFKD 0 ,QWHUDFWLRQ R7, &/ 7F R RBSKR QIH.C
d[ d VI\VWHPV 0O +RULDFKD [/ =LQNR * 1\FK\S
$SEVWU ;,,, ,QW &RQI &U\WW &KHP ,QWHUPHW
kl _g~h\Z ~“hih\e"v

=hjyqZ F Jhaqgbggeklv =Zeex m kihempes *G&X,Q
= Gbgbihjmd < AZj f[Z A[ |_a 19 <k_mdjzZ€gkv
dhgn_j gp+€ fheh”bo \g_gbo IZ klm”_gle\ 3NeabdZ « o
"hky]g_ggy « i_jki_dlb\b” £+ EmpadhqgZ mdgZklv

=hjyqZ F <aZ}fh?ey dhfihg_gle\ p;kbBkl_8%$O0<2ID Q

F =hjygzZz 1 KZ\gmd = Gbgbihjmd < AZj f[Z Al
dhgn S3Ev\e\kvde o0°feqge qblZggy = "+ EN\g9”rh\Z
Ahih\eny

+RULDFKD 0 ODJQHWLF5QUSAIBWLHKY RI YWKH
FRPSRXQGYV 0 +RULDFKD * 1\FKA\SRUXN ' .DF]R
(XURS &RQI 33K\VLFV RI PDJQHWLVP kl g 3R\ D
Ahih\e/Mv

+RULDFKD 0 &U\WWDO VO UKERMSRMND BRI <UL$® |
* 1\FK\SRUXN 5 3|WWJHQ 9 =DUHPED %RRN $E
6ROLGV + &]HVWRFKRRIDgAh\Z £h@h\e"v

=hjyqzZ F >hkee" _ggy kbl O <&, Q*D F =hj)

G Jegbeh = Gbgbihjmd J 1Ivhll] g < AZj f[Z Al
dhgn_j gp*€ a g _hj]Zgeqgh€ oe¢fe€ xa’graqdZ mqgZkl WK
=hjygZ F KbkI_fZ*BGLL,Q F =hjygqzZz = Gbghb

1 Fmpv < AZj f[Z A[ 9gZmd ijZpv 9 <k_mdj gZr
\q_gbo IZ klm”_gle\ £ EmpvdaZhqgZ nKqZklv

=hjygZz F F Kbkl7,i@6 FGr 1L &X F F =hjy
=1 Gbgbihjmd J Y K_jdea J Ivhll]l_g <1 AZj f[Z
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<k _mdj gZmd dhgn 3:dlmZevge aZ”Zqe o0°fe€ ~hkee’
@blhfbj + K aZhqgZ mqZklv

=hjygZ F Kbkl_fhOoy®1L, 0O *D 6E F =hjyqZ k
= Gbgbihjmd J Ivhll]_g < AZj_f[Z Al gZmd ijZ
SEv\ie\kvde oefeqge gblZggy =+ "+ EXVe\g"h\Z 2hKh\&*v

+RULDFKD 0 4XDWHUQDU\ LAWY BW DO O1LG+ F
<E 0 +RULDFKD ) 6WHJHPDQQ 5 3|WWJHQ *
$EVWU ;,9 ,QW &RQI &U\VW &KHP ,QWHUPHRKYZ &
Ahih\eny

3HUXQ 5 ,QYHVWLJIDWLRQ RI AQYMSOP 5 F
0O +RULDFKD 5 3|WWJHQ * 1\FK\SRUXN 9 =DUHP
&U\WVW &KHP S,QWHUPHW &RPSG + /YLY +
kl _g~h\Z ~“hih\e"v

6800%$5<

+RULDFKD 0 0 ,QIOXHQFH RI FRPSRQHQW VXE
DQG SURSHBWLY DIREG WVKH < *G 7WELIL &X FRPSRX!
A4XDOLI\LQJ VFLHQWLILF ZRUN ZLWK WKH PDQXVFUL

7KHVLV IRU D 3K' GHJUHH LQ FKHPLFDO VFLHQ
FKHPLVWU\” = OLQLVWU\ Rl (GXFDWLRQ DQG 6FLHQI
8QLYHUVLW\ RI /YLY /YLY

&RQWHQW RI WKH VXPPDU\

6\QWKHVLYVY DQG VWXG\ RI QHZ FRPSRXQGV WK|
WKH LPSRUWDQW FRPSRQHQWYV RI WKH VFLHQWLIL
VFLHQFH ,QYHVWLJDWLRQ RI WKH HOHPHQWYV LQ
OHDGYVY WR WKH VHDUFK IRU PDWHULDOV ZLWK TXD
LW LV QHFHVVDU\ WR VWXG\ FRQGLWLRQV RI WKH |
SK\WVLFRFKHPLFDO SURSHUWLHV 7KH IROORZLQJ z
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GRXEOH V\WVWHPV LQ RUGHU WR GHWHUPLQH WKH \
FRPSRXQGV LQYHVWLJDWLRQ RI WKH VROLG VR
VWUXFWXUDO IHDWXUHV

'Q RUGHU WR LQYHVWLJDWH WKH LQWHUDFWLF
IRU HDFK Rl WKH V\WVWHPV ZHUH V\QWKHVL]HG E
IXUWKHU DQQHDOLQJ RI WKH LQJRWV LQ D PXIIO}
VWXGLHV RI FRPSRQHQWY LQWHUDFWLR® (Z@$KH |
5( < *G 7E 1L &X(7,Q*DQ 5( < *G TE 1L &X
5(1L,@¢H 5( *G 7B(L,BE 5( < *G TB®H&X,BE
5( *G5(&X,@L5( <5(1L,BO5( < *G BEL,QD
5( < *G BEAL,QGES5( *G5(10 (,Q5( < *G 7E 0 $
*D 7KH SKDVH FRPSRVLWLRQ RI WKH DOOR\V DQG
FKDUDFWHUL]HG E\ PHDQV RI ; UD\ SRZGHU GL!
PLFURVFRS\ ZLWK HQHUJ\ GLVSHUVLYH ; UD\ VSH
UHVXOWVY WKH OLPLWV RI WKH VROLG VROXWLRQV
IRU WKH VROLG VROXWLRQV WKH OLPLWV RI VRC(
LQIOXHQFH RI WKH FRPSRQHQWY VXEVWLWXWLRQ
FRPSRXQGY DUH GHWHUPLQHG

7KH IRUPDWLRQ RI FRQWLQXRXV VROLG VRO)
VWUXFWXUH W\SH DQG H[LVWHQFH Rl OLPLWHG \
UDQJHV LQ  V\WWHPV FU\WWWDOOL]LQJ LQ GLIIH
7L1L6L .#0D$IJ$V 1D&OOBENEBUIL,IGIL*X1IL$STEDYV
UHYHDOHG &U\WWDO VWUXFWXUHV Rl VHYHQ FRF
. UD\ SRZGHU GLIIUDFWLRQ FU\WWDO VWUXFWXUF
IURP WKH VLQJOH FU\WWDO ; UD\ GLIIUDFWLRQ GDV

JRU WKH ILUVW WLPH WKH SHILYVERFH<RI*G=T:
7P 5(3WD,Q5( < *G+SE3WD,Q5( < *G+<E FRPSRXQ
FU\WWWDOOL}D,QQ IrGRKDQG5K6Q VWUXFWXUH W\SHV
ZHUH HVWDEOLVKHG 7KH FU\WWDO VWUXFWXUH RI
VLQJOH FU\VWDO ; UD\ GLIIUDFWLRQ GDWD
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7KH SK\WLFDO SURSHUWLHV IRU IRXU DQG VL
<1L,3PDQG 7KIR MM\VWHPYV UHVSHFWLYHO\ ZHUH L

7KH UHVXOWV Rl WKH SK\VLFDO SURSHUW,ICHV F
"\1L*D,Q +RDLQ *G®PWQ *I3WD,Q DQGWIEQ DUH SUHVH

2Q WKH EDVLV Rl WKH REWDLQHG UHVXOWYV
LQWHUDFWLRQ LQ WKH V\WWHPV ZHUB HGHPFHQMW
FRPSRXQGV ZLWK D W R P WA SUHD WW R XOFQ\GX 0 H& K B ©
PRUH FRPSOH[ WKDQ LQ RWKHU V\WVWHPV DQG L
WUDQVIRUPDWLRQ $OVR ZDV GHWHUPLQHG IRXQG
RU JDOOLXP LV HDVLHU DQG PRUH FKDUDFWHULVW
DQWLPRQ\ DWRPYV

H\ZRUBMWULXP JDGROLQLXP WHUELXP LQGL>
JHUPDQLXP DQWLPRQ\ QLFNHO FRSSHU VROLG \
PHWKRG FU\WWDO VWUXFWXUH

/ILVW RI SXEOLFDWLRQV

3XEOLFDWLRQV LQ ZKLFK WKH PDLQ VFLHQW
SXEOLVKHG

*DODG]KXQ <D 9 *DOOLXP LQGLXP *RUG® ULHW 2

RI *G1R,Q <D 9 *DODG]KXQ 00 +RULDFKD
8 &K 5RGHZDOG 5 3|WWJHQ 9, =DUHPED = $¢
+ 3 +
+RULDFKD @, QIKH *GLL &X $O *D| VA\VWHP\
0 +RULDFKD / =LQNR * 1\FK\SRUXN 5 6HUNL] 9
6HU &KHP + + 9RO + 3 + >LQ 8NUDLQLD

+RULDFKD @;<QL,0 *D 6E V\VWHPV 0 +RUL
* 1\FK\SRUXN 5 6HUNL] 9 =DUHPED  9LVQ\N /Y
9RO +3 + >LQ SNUDLQLDQG@

+RULDFKD 0 7KH LQWHUDFWLRQ[ORIOWKBOFRBPS
VIVWHPV 0 +RULDFKD 1 5LQ\OR * 1\FK\SRUXN !



91)!

8NU &KHP -RXUQ = + 9RO ¢ 3 x>l

+RULDFKD 0 ,QBHVWINBWIKROGRIVI\IVWHPY 0 -
* 1\FK\SRUXN , 6DYFKXN 3 'HPFKHQNR 9 =DUH
&KHP + 9RO +3 + >LQ SNUDLQLDQ@

+RULDFKD 0 *DOOLXP R@Q@DXP5RUGHULQE LYKD
ZLWK 163pW\SH VWUXFWXUH O +RULDFKD 9 =DUH

ORQDWVK &KHP = + 9RO + 3

+RULDFKD 0 7KH FU\WWDO VWUXFWX0M\RW MWK
0 +RULDFKD * 1\FK\SRUXN 5 3|WWJHQ 9 =DUHP
&KHP 6FL = + 9RO /9, + 3 +

6FLHQWLILF ZRUNV ZKLFK WHVWLI\ WKH DSSURI

+RULDFKD 0 7KH VROXELOLWY RI<IERESR 1LQG:
0 +RULDFKD , B6DYFKXN * 1\FK\SRUXN 9 =DUHP
BWXG 3K ' <RXQJ 6FLHQWLVWY &KHP &KHP (Q
SDUWLFLSDWLRQ E\ERQ WBNH\DIRQ G B @F H

+RULDFKD 0 ,QWHUDFWLRQ RV, @/KM7FR&% R DIH (
d[d V\WWHPV 0 +RULDFKD / =LQNR * 1\FK\S
$SEVWU ;,,, ,QW &RQI &U\WW &KHP ,QWHUSRWW L
SUHVHQWDWLRQ

+RULDFKD 0 7KH VROXELOLW\ RI *DOOLXP LQ
/ =LQNR * 1\FK\SRUXN 9 =DUHPED &ROO S$EVW
&RQI <RXQJ 6FLHQWLVWYV SDUWNVRLSDWLRQ@ E\>ERU
SNUDLQLDQ@

+RULDFKD 0 7KH LQWHUDFWLRQ RIOW&H BRPS
*D VA\WWHPV 0 +RULDFKD , 6DYFKXN * 1\FK\SR
9, 6FLHQW &RQI 3/YLY &KHPLFDO 5HDGLQBRY¥WH
SUHVHQWDWBRQDLQLDQ@

+RULDFKD 0 ODJQHWLF5QUMSEAIBWLHY RI WKH
FRPSRXQGV 0 +RULDFKD * 1\FK\SRUXN ' .DF]R



(XURS &RQI 33K\VLFV Rl ODJQHWLVP " SR 8 R
SUHVHQWDWLRQ

+RULDFKD 0 &U\WWDO V@UKERMSRXD®RI <AL$®@
* 1\FK\SRUXN 5 3|WWJHQ 9 =DUHPED %RRN $E
6ROLGV + & HYWRFKRZRVWHU$SBHVHQWDWLRQ

+RULDFKD 0 ,QYHVWLIDWLRQ RO WKH ¥&XWH
0 +RULDFKD 1 5LQ\OR * 1\FK\SRUXN 5 3|WWJHC
8NU &RQI ,QRUJ &KHP + 'Q3BWWLFLSDWBRQ E\ FF
>LQ 8NUDLQLDQ®@

+RULDFKD 0 7KHD *[G1L,Q V\VWHP 0 +RI
* 1\FK\SRUXN , OXWV 9 =DUHPED &ROO S$EV
&RQI <RXQJ 6FLHQWLVWYV SDXWVRLSDWItHR® E>ERU
SNUDLQLDQ@

+RULDFKD 0 07, Qf6@H7*G1L &X V\VWHPV 00

* 3 1\FK\SRUXN 5 <D 6HUNL] 5 3|WWJHQ 9, =C
6FLHQW &RQI 3$FWXDO SUREOHPV RI FKHPLVWU\
+ 3 SDUWLFLSDWLRQ E\EQ WBWNH\DIRQ G B @F H

+RULDFKD 0 7KHO7E1$0Q *D 6E V\VWHPV F
6 +RULDFKD * 1\FK\SRUXN 5 3|WWJHQ 9 =DUH
&RQI 3/YLY &KHPLFDO 5HDGLQJV + SRVMWHUWBUHVH
>LQ 8NUDLQLDQ@

+RULDFKD 0 4XDWHUQDU\ LEY3WADJ®BW DO OXG+F
<E 0 +RULDFKD ) 6WHJHPDQQ 5 3|WWJHQ *
$EVWU ;,9 ,QW &RQI &U\WW &KHP ,QWHUPRUWD O&
SUHVHQWDWLRQ

3HUXQ 5 ,QYHVWLJDWLRQ RI AGYMSHOP 5 E
0 +RULDFKD 5 3|WWJHQ * 1\FK\SRUXN 9 =DUHF
&U\WW &KHP ,QWHUPHW &RPSG + /YLY SRVWH
SUHVHQWDWLRQ



AF1KL
I1?7J?E1D MFH<GBO IHAG:Q?GV
<KLMI
JHA>1E E1L?J:LMJGBC H=EY>

Ihljecge kbkl fb
Kbkl fb "< *G 7E 1L &X ,Q
Kbkl _fb "< *G 7E" 1L &X $O
Kbkl fb "< *G 7E ~1L &X *D
Kbkl fb "< *G 7E  ~1L &X' 6E
Kbkl fb ~*G 7E" 1L *H
Kbkl _fZ < &X 6L

DjbklZeeqgZ kijmdImjZ | _jgZjgbo kihemd
Kihemdb «a kljmdIimjhx Ibim =U1L$O
Kihemdb «a klijmdImjhx Ibim .+J
Kihemdb «a kijmdImjhx Ibim +R1L*D
Kihemdb «a kljmdImjhx Ibim 7L1L6L
Kihemdb «a kljmdImjhx Ibim 0J$J$V
Kihemdb «a kljmdIimjhx Ibim 0J&X$O
DjbklZeeqgZ kijmdImjZ kihemdb *G1L*D
Kihemdb «a kljmdImjhx Ibim <1L$0O

Neabqgge \eZklb\hklIs(&kOhBhd JAF7 1L

0 $O0 *D ,Q
<bkgh\db a e*l_jZImjgh]h h]Jey”m
JHA>1E F?LH>BD: ?DKI?JBF?GLM

Kbgl _a ajZad-e\
F _Ihr e _dljhm]h\h€ iezZ\db
F_Ih” \bkhdhqgzZklhlgh€ iez\db

L jfegqgZ h[jh[dZ kieZ\e\

Kbgl_a fhghdjbklZes\

F _Ih”"b “"hkee”" _ggy



J gl] _ghnZah\bc |IZ j_gl] _ghkljmdIimjgbc ZgZ
F_Ih~ fhghdjbklZem
FedjhkljmdImjgbc ZgZe-a
lhfejb fZ]gelgbo \eZklb\hkl_c
JhajZzomghd _e dljhggh€ kljmdImjb
JHA>1E ?DKI?JBF?GL:EVG: Q:KLBG:
Qhlbjbdhfihg glge kbkl_fb
Kbkl 5, Q$05( < *G 7TWE1L &X
Kbkl 5fly, Q*D 5( < *G T7E1L &X
KbkI5AL,@H 5( *G 7E
Kbkl Sf(BL, @ES5( < *G 7E
Kbkl_fz *G&K, Q
Kbkl_fZ <&K,Q
Kbkl Sf(AL, @O5( < *G 7E
KbkI5lAL, @D 5( < *G 7E
Kbkl_fz *GalR , Q
Kbkl 5f@&I0 [,5( < *G O/E $O *D
DjbklZesqgZ kljmdImjZ gh\bo | _IljZjgbo kihemd
Kbgl_a 1Z djbklZeeqgZ klj,dLMD)ZQ Ki(h e mxd
*G = 7P
Kbgl _a |Z djbklZesqgZ klpri3odwm j@5Kihemd
*G + <E
DjbklZesqgZ kljmdI5j2Wloi,lQegdnid < *G = <E
Neabqgge \eZklb\hkle kihemd "hkee”" gbo kbkl _f
FZ]gelge \eZklb\hkle kihemd&dkl_fb <1L,Q
Neabgge \eZklb\hkle kihemd*bkl_fb 7E1L,Q
Neabqgge \eZklb\hk(2LkDh®md < '\ +R
FZ]gelge \eZklb\hkle kibe®nd (*3GEWVQ 5 (
*G TE
JHA>1E H;=H<HJ?GGY J?AMEVL:L1<



Hkh[eb\hkle \aZ}fh"e€ dhfihg_ 5(2Qm kbkl_fZo
Hkh[eb\hkle \azZ}fh"e€ dhfihg_ SN, @ kbkl_fZo
Hkh[eb\hkle \aZ}fh"e€ dhfihg_ S0 m&bkl_fZo
Hkh[eb\hkle kljmdImjb gh\bo |_IjZjo gbo kihemd
gZe+a neabqggbo \eZklb\hkl_c
<BKGH<DB
KIBKHD <BDHJBKL:GH2 E1L?J:LMJB
>H>:LDB
>H>:LHD :
>H>:LHD ;
>H>:LHD <



1?7J?E1D MFH<GBO IHAG:Q?GV

JAF 5& je*dekgha_f _evgbc f_|Ze

0 S e f gl

7+G_e f_gl

= = ijhklhjh\Z ]1jmiZz

IKL £ ijZ\bevgZ kbkl_fZ lhghd

KI £ kbf\he lejkhgZ

KL £ kljmdImjgbc Ibi

GLF £ gbavdhl_fi_jZImjgZ fh*bnedZp-ey

Ox "h\"'bgZ o\bees j gl] _ge\kvdh]h \bijhfegx\Zggy

D EDEJ: iZjzf_ljb _e _f_glZjgh€ dhfejdb

[ \ 4 dhhj*bgZlb ZIhfe\ m gZkldZo i_jeh”e\ %jZIldb
9+ h[Y}f _e_f _glZjgh€ dhfejdb

Ut jZNemk ZIhfZ

Zl + Zlhfgbc \«*khlhd

DF + dhhj*bgZpecgbc fgh]h]jZggbd

DQ = dhhj®*bgZpecg_ gqbkeh

Gt fe Zlhfge \erNZeo

50 53 B 5Z5 *RR%t nzZdlhjb ~hklh\ejghkle mlhgqg_ggy kljn
8 qvt _d\e\Ze_qglgbc iZjZf_Ilj I_ieh\h]h afes_ggy Zlhfe\
%vnubolk _J_"gvha\lZ  _gbc iZjzZf_|j afes_ggy Zlhfe\

;, < #=djbklZeh]jZneqge* hke

KNeO>g” dkb Feee jZ

O+gZfZ]geq_geklv

$+fZ]gelgZ kijbcgyleb\eklyv

-+ fZ]g_Ihg ;hjZz



<KLMI

dimZevgeklv | _Oha\blhd kmqgzZkghlh ijhfbk
\bjh[gbpl\Z klIZ\blv 1_j ~» gZmdh\pyfb aZ\"Zggy ihrmdn
ydekgh gh\bfb nmgdpehgZevgbfb \ezZklb\hklyfb [IZ
Il j_"mfh\hx |Zdh]h ihrmdm } ~ |IZevg_ \b\g_ggy \aZ}{
f 1Zeeqgbo kbkl_fZo ith[m”~h\Z nZah\bo 7«Z]jZf \b\
kljmdImjb gl _jf 1Zeeqgbo kihemd "hkee”" ggy €0 neat
kvhlh~ge ihim gbf ~° _j _ehf |Zdbo fZl_jeZees\ } [Z]ZIhdh
kihemdb «g@edae f glZfb >ey pbo kbkl _f m gZmdh\hf
} ozjzdl_j \az}fh~e€ dhfihg_gle\ kljmdIimjge o0ZjzZdl_
mI\hjxxlvky “~hke*”" ggy €0 neabqggbo \eZklb\hkl_c
fZl _jeZeb eg”e}\e kieZ\b \bdhjbklh\mxlvky \ ydhkle | i
y™ _jghlh iZeb\Z ihlebgzqge\ jZ"ehZdlb\gh]h
gZis\ijh\e~rgbde\ fZl jeZee\ hilh_e _dljhgedb ffydbo
ithdjblv jy» a gbo \heh”exlv gZ”ijh\e~rgbfb [|Z 1
\eZklb\hklyfb

AfegZ kie\\erghr _ggy kdeZ”h\bo m | _jgZjgbo <g”"b"Z
hrgh]lh a dhfihg_gle\ \boe*gh€ kihemdb ijb\h~blv ~h afe
dhfihg _gle\ fZ} “hkblv \Z]hfbc \ieb\ gZ klijmdIimjgm kde
Z"  aZ jZomghd pvh]h fh'gZ ihkbex\ZIlb qgb 1ihk
0ZjZdl_jbklbdb fzZl _jeZee\ L _jgZjge kihemdb klI_orlQf I
1z JAFQ yd ij_~klzZz\gbdb ihljecgbo kbkllZeJAF & klZgh\
agZqgm qZklbgm \eAhfbo gZ "*Zgbc qZk | _jgZjgbo -
dijbklZeegghx kljmdImjhx 1Z "~hkees”" gbfb neabqggbfb
gZmdh\hfm Zki_dle Z \ ih*Zevrhfm « \ ijbdeZ”ghfm
aZfes _ggy -°g”ex Sgebff _glhf ,,, 9 ]ymi i_jeh*bqgh€ |
| jgZjgbo kihemdZAp I ZAWAG a f _Ihx \b\g_ggy oZjZdl_jm
dhfihg_gle\ m |Zdbo d\Zaeih”\ecgbo kbkl_fZo kljmdl
nZah\bo kdeZ~h\bo m gbo [|Z neabggbo \eZklb\hkl ¢



A\fyahd jh[hlb a gZmdh\bfb ijh]jzZzfZfb ieZgZf
>bk _jlZpecgZ jh[hlZ } qgZklbghx kbkl _fZlbggbo “h
g_hjl]Zgeqgh€ oefe€ Ev\e\kvdh]h gZpehgZevgh]h mge\_jk
ahdj_fz 1zZzdbo ~_j [x~ _lgbo |_f 3SKbgl_a <« djbkl.
gl _jf_1Zeeqgbo kihemd a nmgdpehgZevgbfb \eZklb\h
j_tkljZpe€ 8 3Gh\e egl_jf_1Zee"b yd hkgh\Z
fZl _jeZee\" <« ™ jZ\gh€ | _}kljZp-€ 8 3Kbgl_a
gh\bo gl _jf IZee”e\ ih”\ecgh]h ijbagZq_ggy’ < N

8 >bk _jlZgl \bdhgm\ZezZ _dki_jbf_glZevge "hke
*a kbgl_ahf ajZade\ ihrmdhf gh\bo kihemd < [\ _j*bo |
€o0ge*o0 djbklZeeggbo kIjmdImj [Z ihfeje\ €0g°e0 fZ]gelgbo
_dki_jbf_glZzevgbo “hkees”” gv [meZ ijh\_~ gZ m <_Kkln:
f Fxgkl_jZz Gef _gqbgZ i*" qZk gZmdh\h]h klZ m\Zgg
nhg"m '$$'

F I1Zz « aZz\"Zggy “"hke=~ThxygyZgbo “hkee~" gv } \ba
hkh[eb\hkl_c \az}fh”«€ dhfihg_8§(«\Qpd ki (7fF0; 5
< *G T7E 1L &X S_e_f gl ,,,£9 ]jmib ijb . \klZc
jhagbgghkle q _I\_jlh]h dhfihg _glZ m \boe”"gbo kihemd
I\ _j"bo jhaqgbge\ €o0gx djbklZeeqgm kljmdIimjm [Z €€
\ieb\ aZfes ggy dhfihg _gle\ gZ neabqgge \eZklb\hkle ki
ihklZ\e _gbo az\~"Zgv ihqzldh\bf _|1Zihf } kbgl_a gl _jf_|
j_gll] _ghnzZah\bc ¢ j _gl] _ghkljmdImjgbc ZgZeea >ey "
dijbklZeeqgh€ kljmdImjb kihemd g_h[oes*gbf _1Zihf }
"hkee"  gbo kihemd IZ jharbnjh\dZ €0 kljmdImjb

H[T}dl AhkeeA" \@@pfhrey dhfihg gle\ m d\ZasihA\ec
S(7 Q0 15(7 Q0

lj_ ~f | ~"hkee” gygdah\bc kdezZ” kbkl_f djbklZee*qc
kihemd « I\ _j*bo jhagbge\ neabqge \eZklb\hkle nZa



F_Ih*b ~hkee””  _ggydljh"m]h\Z iez\dzZ ajZade\ ]hfl
\eMiZe j_gll_ghnZah\bc « j _gl]_ghkljmdIimjgbc ZgZe-x«
kbgl _a fhghdjbklZee\ a \bdhjbklZggyf ki_peZevgh]h [|_1
j_gl]l_ghkljmdImjgbc ZgZe-a f ITh~Ahf fhghdjbklZc¢
j_gl] _ghki_dljZevgbc ZgZe+sa \bfejx\Zggy I _fi_jZImjgh€
kijbcgyleb\hkle gZfZ]geq_ghkle I1Z iblhfh€ | _ieh}fghkle

GZmdh\Z gh\bagzZz h”_j Zgbo |<iamprevliZihkees” gl
\azZ}fh”ex dhfihg_gle\ mb Kh®IO;f26 < *G 7EI1L &X
$O0 *P(1L,QH 5( *G 7EIL,BES5( < *G 7E *6ERX,Q
<&X,@L5(1L, D 5( < *G OE $O0 *D *GELQDL [,Q
5( < *G O/E$0O *D ijb

<klZgh\e _gh <kgm\Zggy r_klb g _i_j_j\gbo jy~e\
aZfes_ggy m kIBKI7, @BD 5 ( < *G T7E 1L &X dijbklzZe
kljmdImjm 2~\ho kihemd mlhgg _gh f_Ih*"hf $@jhrd&h -

*G&X,Q0$0 1Z hAbgZApylb <1L$0 *G1L$O <&
<1L,Q $O *G1L,Q80 7E1L, GO <&X,Q%0
*G&X,Q%$0 7TE&X,3O *G&X $0 f Ih~hf

fhghdjbklzZeZz

M kbkl_643 Q*D 5( < *G 7E 1L &X1L,gH 5¢(
*G TE \klZgh\e_gh nhjfm\Zggy hif " _gbo I\ _j*bo j
f Ih~hf ihjhrdm ~“hkee”” gh djbklZeeggm kljmdtBjm Zihe
f Ih~hf fhghdjbklZzez + kihebhd <I&X *D *G1lL*D
7E1L*D *G 1l 7E1L,QD <&X,Q*D
<1L,Q *D 7E1L,QD <&X *D ,Q >ey " _ydbo ajz
kbkl_fb 7EZIDI@h\_~_gh \bfejx\Zggy neabgqgbo \eZklb\hkl

<klZgh\e _gh h[f_~_gm jhagbggeklv eg”ex [Z \erkmlg
Z[h 6L m \boe"gbo kihemdZ@LnpELE( fZe *G 7TE
*GC&X QE <&X;6L

M kbkl_f&Z@L,D; 5( < *G WOGE $O0 *D \klzgh\e
ekgm\Zggy \hkvfb h[f_~ gbo I\ _j*"bo jhaqbge\ aZfes



kljmdImjm kihemd *®1L,Q7E1L*0Q TE1ILX® mlhqgg_gh
f_ Ih~hf ihjhrdm Z kljmdIlmjm kihem@b 7AE1L, " "hf
fhghdjbklzZeZz

M kbkl_fe *GAE \®@IZgh\e_gh \e*kmlgeklv jhagbgghk
|Zd o eg”ex m \boe*gbo kihemdZo

Reklv h[f_~ _gbo I\ _j*bo jhaqbge\ aZfes ggy *a kljmc
mi\hjx}lvky m KBKLIGZpQ 5( < *G OrE $O *D Djbklze
kljmdImjm kihemdb ,QLL$®Ihqgg_gh f_Ih~hf ihjhrdm Z Kk
ghlbjvho kihemd SOL$O *G1L$QQ 7E1L$QQ
7TE1L*D ,Q + f Ih~hf fhghdjbklZeZ

<i_jr_ \klZgh\e_gh <kgm\Zggy k_fb b (LjZmK®b Kihem
< *G 7P sh djbklZzesamxlvky m kljmdFDj@hfm _lheshf*
fhghdjbklZeZ mlhqgg_gh djbklZeeqggm kljmBImj@ Kkiher
7TE1LD ,Q 1z +R¥D. ,Q >ey Iljvho kihemd "Zgh]
<1I*D,Q "\I*ID, Q +RDLQ ijh\_~ gh “~hkee*”" _ggy n
\eZklb\hkl_c

<i_jr_ \klzgh\e_gh <kgm\Zggy \hkvfb I5(3X4QDb® ki
5( < *G <E ae kiljmdimjhx6pimh 1TAFKIb | _IljZjgbo ki
5(3WD,Q 5( < *G <E a kIjmdimjhxKad@QinmDjbklZee-sqgr
kKljmdImjm kihemdD *G@W 7TE3W ,Q *@ WD, Q
'\ 3WD ,Q 7BWD ,Q 1z @WD ,Q mlhqgg _gh
f Thrhf fhghdjbklZeZ >hke*”  _ggy neabggbo \eZklb\h
kihemd *®3%/ *33¥D,Q « I@D,Q

GZ hkgh\e h™ j"Zgbo j_amevlZle\ ijhZgZeesah\Zgh |
dhfihg _gle\ h[]h\hj_gh j_amevlZlb « ajh[e_gh maZ]Zevc

ljZdlbgg_ agZqg_ggy h”™_j Zgbo |j_akiledlleZlge | amev
jh[hlb fh gZ \bdhjbklZlb "ey ijh]lJgham\Zggy qgb ihje
dhfihg _gle\ m Kkihje*g _gbo d\zZasih™\ecgbo kbkl_fZo ¢
| IjZjgbo kihemd >hkee” ggy neabggbo \eZklb\hkl_
"halheyxlv ajhamfelb ydbfb \ezZklb\hklyfb fh mlv )



"hkee”" _gbo kbkl_f sh fh ' gZ \bdhjbklZlb yd ~ey ijh]g
ihje\gyggy neabqgbo \eZklb\hkl_c¢c ey kihemd kihje”*g __
dijbklZeh]jZnegge ~Zge* } \Z eb\bfb ey g _hj]J]Zgeqgh€ o
N _yde a gbo ~_ihgh\zZge \ D_f[jbr"kvdbc p_glj djbklZz
‘glee-y

Hkh[bklbc \g_khd a”“Nmh@dgX\Zggy |Z h[%]jmgIm\Zg
azZ\"Zgv "hkee~" _gv ijh\_~ gh jzZahf a gZmdh\bf ¢
<1 AZzZj fl[lhx A~ h[m\zZq kZfhklecgh \bdhgZezZ _dki_jb
Evie\kvdhfm gZpehgZevghfm mge\_jkbl |e f ge 1\
< klnZevkvdhfm mge\_jkbl_ I« f Fxgkl_j Gef_qqbgZz
ZgZeea h”™ _j Zgbo j_amevlZle\ hdjef aZagZq_gbo "Ze-
ijh\_~ gh jZahf a “hp < 1 AZj f[hx FZkb\b j_gl]_ge\
"Zgbo hljbfZzgh kieevgh a aZz\ eZ]| d og = | (
| X > _fq_gdhf Fe nZdmevl _IkvdZ gZmdh\h gZ\qZe
j_gll _ghkljmdImjgh]l]h ZgZeeam EGM f 1\ZgZ NjZgdZ
lgklblml gbavdbo | _fi_jZImj ¢ kljmdIimjgbo “hkee”" g
IlhevsZ EhdZevgbc j _gl] _ghki_dljZevgbc ZgZee+a ijh\_
J Y K_jdeahf GZmdh\h I _ogeqgbc |Z gZ\qZevgbc p_gl
"hkeer"” gv EGM f 1\ZgZ NjZgdZz Ihfejb neabqgbo
kieZ\e\ ijh\_~ gh jZahf ea Zki N RI_] fZgghf < _KklInZe
f Fxgkl_j Gef _qgqbgZz [Z ijhn > DZghjh\kvdbf 1
| fi_jZImj <« kljmdIimjgbo “~hkee”" gv I:G f <jhp
FhghdjbklZevge ~"Zge hljbfZgh jzZahf a ~ jhf J > =hn
X Dhmkl_k <_klnZevkvdbc mge\_jkbl_|I f Fxgkl_j Ge
djbklZeeqggh€ kljmdImjb ~ _ydbo kihemd ijh\_"~ gh jZa
=1 Gbgbihjmd 1Z ijhn J Ivhll] _ghf < _klnZevkvd
f Fxgkl_j Gef_qgqbgZz H[]h\hj _ggy j_amevlZle\
nhjfmex\Zggy \bkgh\de\ ~"bk_jlZpecgh€ jh[hlb a”eckg_ ¢
d_je\gbdhf “hp < 1 AZj f[hx IZ ijhn J 1lvhll]_ghf



ijh[Zpey j_amevlZlainevIZlb ~bk_jlZpecgh€ jh[hlb \
mkgbo 1Z kl_g~h\bo ~hih\e*yo gZ fe'gZjhrgbo 1Z m
dhgn_j gpeyo 9, Fe ' gZjh”gZ dhgn_j gpey klm~" _gle\ .
\qg _gbo a oefe€ |Z oefeqgh€ | _ogheh]*€ DDb€\
&RQIHUHQFH RQ &U\WWDO &KHPLVWU\ RI L QWHUPHW
19 <k_mdjZ€gkvdZ gZmdh\h ijZdlbggZ dhgn_j _gpey fhe
SNeabdZ + oefey I\ _j*h]h IleeZ klZg "~hkylg_ggy =< i_
9, GZmdh\Z dhgn_j gpey 3Ev\e\kvde o0cfe
f Ev\e\ 7KH (XURSHDQ &RQIHUHQFH 3I
3R]QDQ 3RODQG ;, ,QWHUQDWLRQDO
6ROLGV DQG $GYDQFHG ODWHULDOV &] VWRFKR
MdjZ€gkvdZ dhgn_j gpey a g_hjl]Zgeqgh€ oefe€ f
9 <k_mdjZz€gkvdZ gZmdh\h ijZdlbggZ dhgn_j _gpey fheh
SNeabdZ + oefey I\ _j*h]h IleeZ klZg "~hky]lg_ggy = i_
111 <k_mdjZ€gkvdZ gZmdh\Z dhgn_j_gp-y
"hkee”" _ggy 1Z i_jki_dlb\b” f @Dblhfbj
dhgn_j gpey 3Ev\e\kvde o°feqge gblZggyz “f Ev\e!
,OQWHUQDWLRQDO &RQIHUHQFH RQ &U\VWDO &KHPIL
Z lZzdh gZ gZmdh\bo k _fegZjZo dZn_"jb
a\elgbo gZmdh\bo dhgn_j gp-y
mge\_jkbl_Im
Im[eedZPZE | amevlZIZfb "bk_jlZpecgh€ jh[hlb him]Je
a gbo klzZzIl_c m fe'gZjh”rgbo \b"Zggyo sh \oh”*ylv 7
"Zgbo 6FRSXV IZ :HE RI 6FLHQFH 1Z |I_ab Ahih\enr ¢
KljmdIimjzZ 1Z h[ky] jphhklbhlZpecgZ jh[hlZ kdezZ~Z}Ivk"
mdjZ€gkvdhx 1Z Zgleeckvdhx fh\Zfb \klmim qghlbjvhc

kibkdm \bdhjbklZgbo ~ _j e * ~h~Zlds\ AZ]Zevgbc h[k)
klZgh\blv klhjegdb m Ihfm gbkes hkgh\gbc |_dkl
foklblv jbkmgde\ 1Z[ebpv 1Z ~hAZldb Kibkhd \E

gZjZoh\m} gZcf_gm\Zgyv



JHA>1E E1L?J:LMJGBC H=EY>

M pvhfm jha”eee maZ]Zevg_dge* el _jZImjge \e*hfhkl
kihemdb ihljecgbo kbkl f e f gle\ “~hkee”  _ggy G.
i _j_jeab 7eZ]jzf klZgm ihljecgbo kbkl_f djbklZeh]jzZn
kihemd sh ml\hjxxlvky m pbo kbkl _fZo

lhljecges kbkl_fb

lhljecge kbFI5yt0 ~ 5( = jerdekgha_ f _evgbric f_|Z
Gi_j_oe"gbc f 0z« £ f_gl \b\gqZeb \ijh~h\" Ijb\Zeh]h qz
el _jZImje } ~“hklZlgvh egnhjfZpe€ ~ey \bkgh\de\ IZ maZz
dhfihg _gle\ m pbo kbkl _fZo M pvhfm jha”“eee ijb\_~7
\az}fh”ex dhfihg _gle\ m gZklmigbo kbkl _fZo "< *G 7TE°
*H 6E 6L

Kbkl _fb A< *G 7E +~1L &X'  ,Q

>ey ihljecgbo kbkl_f JAF a sg”e}f 1Z ged_e f o0Zjzdl
\aZ}fh~ey dhfihg_gle\ MzIHRI fpb < . al*~gh > @
MZgZ pylv | _jgZjgbo kiRemHlQad LL, Q <1L,&1L ,Q
<1LQ kL,Qa<1LQ XL,Q <1LQ 4L Q <1LQ Kihemdz
<lL ,Q fz} ijhly 'gm h[eZklv ]hfh]_gghkle DjbklZe-
\bagZqg_gZ "ey mkeo lkxkhkim@ |Zag 2L, Q

AZ | _fi_jZImjb . m kit Fe >>@ kgmxlv ~\Zg
| jgZjgbo kihemdQ *@&UIQ *G1L,QAL,Q *G1L,Q
*G1lL Q *G1lL ,Q *6GL, Q *GlL,Q A ,Q a*G1L,Q
*G 1L ,Q 1Z a*G1L ,Q "ey h”bgZ”~pylb a ydbo \kl
dijbklZeegqgZ kljmdIimjz KiHdm@b 4@ *G1L,Q fZxlv
afeggbc kdez”"

HAbgZ” pylv | _jgZjgbo kihemd nhjfm}lvky \gZkees~hc
m kbkl fs1BE) > @ ijb .,Q7TE/MAL,Q 7E1Q 7E1L,Q



7TE1L ,Q 7E1L,Q 7TELQ AE ,Q T7H,Q T7HL ,Q
7TE 1L ,Q GZ hkgh\e kihemdb _d\e«Zlhfgh]h kdezZ"m 7E
hlfezZklv 1hfh]_gghkle kdeZ®m T7EDKkIZe+sqgZ kljmdImjzZ \t
"ey mkeo kihemd M jh[hlZo Z\lhje\ > @ } \erhfhkle ij
5(1L ,Q

M kbkl_fe <+x&X+,Q > @ ijb . \klZzgh\e_gh <k
| jgZjgbo kihemd ihklecgh]h KideZ&XWQ <&&X, @&X*% X 1Z
"\ho kihemd e<a agZqgbfb h[ezZklyfb ]JhfhQ® .gghkle

<&X. ,Q.
AZ | _fi_jZImjb . m Kkbkl_fe *Gx&X+t, > @ Z
kgm\Zggy k fb | jgZjgbo Kih&@md *GEX& XQ
*G&X ,Q *G&XQ *G&X,Q *G&X *&X,Q Kihemdkt
*G&X  ,Q *G&X,Q *G&X ,Q fZxlv h[eZkle
]hfh] _gghkle egre kihemdb * lhgdh\h]h kdeZ"m
Reklv | _jgZjgbo kihemd mlil\hjx}Ivky ijb . m kbkl_

TE&XQ T7E&XQ T7E&R 7E&X,Q 7E@X TERXQ M- a
ydbo 7TERXIZ 7TE&X ,Q fZxlv h[eZkle 1hfh]_gghkle Djt
kljmdImjZz \bagZq_gZ ”"“ey mkeo | _jgZjgbo kihemd

N *G O TE £&X+t, ijb . GZ jbk ah[jZ _ge* -a
NeZljZf klZgm 7~ey kbkl _f "< *G T7E +M1L &X&X I Kih
5(&X,Q"hkes* m\Zebkv Z\lhjZfb > @ DjbklZeh]jZneq
| jgZjgbo kihemd *"Zgbo kbkl_fb ih~Zge \ 1Z]e



Jbk lahl_jfeqge i _j jeab "-Z]j_ZIﬂi-l,(QZgﬁ@kbkl_f <
Gl Q >S[@ HHEEQ >\@ <:x&X:,Q >*@x&XE,Q > @
TEX£&X:,Q >ijl@



DjbklZeh]jZneqge 0ZjZdl_jbklbdb | _jgZjgbo kiherr

LZ[ebpy

N *G O 7TE £7M1L &X' x,Q
5 KihemdZ KL 12121 _1jb dhf-jdbl g,
D E F
<11.Q <1L.Q | 3 PEP i >
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jbk + eahl_jfeqgbc i _j jea "eZ]jZfEHIKPFAHyMbkbkI. fb 7E

Ni NisGe NizsGe N Ge

Ibk lahl _jfeqgbc i j jea "+Z]jZfllk#Zgm k@ kilibfb 7E



LZ[ebpy

DjbklZeh]jZneqge 0ZjZdl_jbklbdb | _jgZjgbo kihemd kbk

Kihemdz KL |:|ZjZf—|jb dhfejdb Eg-];
D E F
*GlL*H *GlL6L 3QPD > @
*G1lL*H 7L1ILG6IQPD > @
*G1ll*H $0% | 3 PPP + > @
*G1lL*H &H1L6L &PFP > @
*G 11H &H*®»O | , PPR + > @
*GlL*H &K X*H| $PP > @
*G1lL*H 6P1L*H &PPP > @
7E 1*IH <llbL 3QPD > @
7TELL*H 6AL6L| 3 PPF + > @
7E 1*IH &H*®O | , PPR + > @
TEL1L*H 6F1L6L &PPP > @
7ELL*H &HX*H| $PP > @
TE1L*H &H1L6L &PFPH > @
TEL1L*H 7L1LBAQPD > @
TE1L*H &H&X,PPD > @
7E 1L*H > @
7E1L*H *GlL6L| 3QPD > @
Kbkl fZ <+&X+6L
M kbkl _fe <+x&X+6L ijb alJe"gh > @ \klZgh\e_
| jgZjgbo kihemd <&BEL <<®XEBL <&X6L <&X6L<&X6L
DjbklZeeqgZ kljmdIimjZ \bagZq_gZ "ey mkeo6lkihem

lahl_jfeqgbc i_j jea ~¢Z]jZfb klZgm ah[jZ _gh gZ jbk

0Zjzdl_jbklbdb | _jgZjgbo kihemd kbkl fb <+&X+6L ih~Z



Jbk lahl

kpven

_jfegqgbc i_j_jea "eZ]jZHHR ¥6Z gm Kb k|bfb

LZ[ebpy
DjbklZeh]jZneqge 0ZjZdIl_jbklbdb | _jgZjgbo kihemd k
1ZjZf _Ijb dhfejdb f
< KihemdZ KL = et : Egol
D E F
<&X6L $O%3 PPPR + > @
<&X6L =U®WBG6LPPF + > @
<&X6L + > @
<&X6L $0% | 3 PPP + > @
<&X6L 6FLL6L | 3 PPF + > @
<&X¥L & H $"MD , PPR £ > @
<& X6 L *G&XH ,PPP > @
DijbklZeeqgZ kijmdImjZ | _jgZjgbo kihemd
Kihemdb ¢ea kljmdImjhx Ibim =U1L$O
L _jgZjge kihémd® I1B(70O5( < *G TE 1L &X
dijbklZeeamxlvky \ klIjmdImjghfm 1I1bi8 PU1lLAAf _I|b
e f glzZjgh€ dhfejdb ”"ey kihemdb <&X,Q yd ij_ "kl
klZgh\ewv F gf > @ M IZ][e gZ\_"_gh



Zlhfe\ fe Zlhfge \e~rrZee |Z dhhj*bgZpecge gbkeZ ZIh
kihemdb Z gZ jbk ah[jZ _gh €€ ijk dDFxZdBft&hsbgr
LZ[ebpy

DhhjrbgZlb ZIhfe\ m kljmdimjs kihemdb <&X,Q

Ihf KL [ \ ]
< I
& X G
& X D
, Q J
LZ[ebpy

Fe Zlhfge \e"®GZg* 1Z dhhj*bgZpecges gbkeZ ZIhfe
m kljmdIimje kihemdb <&X,Q > @

1 hf ( gf DQ 1hf ( gf DQ
< & X & X , Q
& X <
, Q Q& X
, Q & X
< <
& X , Q , Q
< <
g@ ......... O @ S IYn
L ® Cu

Cul (6..) Cu2 (62m) In (m2m)
Jbk lih_dpey djbklZesqgh€ kijmdimjb kihemsdb K &X
Zlhfe\



Kihemdb «a kljmdImjhx Ibim .+J

M Kbkl _fB@&X+*Db( <
*G&X*D TE&XD
I= ,PPDM IZ[e

*G 7TE kihemdDb <&X
dijbklZeeamxlvky \ kljmdIimjghfm |
gZ\_~ gh dhhj*bgZlb ZIhf$D kihe
Z E F gf > @ Z \ 1Z][e + fe Zlhfg
dhhj*bgZpecge gbkezZ Zlhfe\ GZ jbk + ah[jZ _gh i
kKljmdImjb pe<}€ kihemdb<gZ Ddh Zblgfm\
LZ[ebpy
DhhjrbgZlb Zlhfe\ m kljmdIimjs*RBilren@b <&X

lhf | KL [ \ ]
< H
0 K

0 *D & X

LZ[ebpy
Fe Zlhfge \er"G5Zg@% 1Z dhhj*bgZpecges qbkeZ Zlhfe\
kljmdImje kihemdb <&X@
IThf ( gf DQ IThf ( gf DQ

< 0 0 0
0 0
0 0
0 <
< <
< <
Z g S |
Lﬂ/ ................. ‘o Vo)

Jbk ljh_dpey djbklZeeggh€ kljmdtDjlg Xihesns &l e & X

DF ZIhfe\



Kihemdb «a kljmdImjhx Ibim +R1L*D

M kljmdImjghfm Ibie +RBDPDBjbkiZecamxlvky kihemdkt
5(1L*Db( < *G 7E 1Zjzf_ljb _e_f_glZjgh€ dhfejdb "e
klZgh\eyZv E F gf > @ Dhhj*bgZlb
fe'Zlhfge \errZee |Z dhhj*bgZpecges gbkezZ Zlhfe\ ijb\_~_
\eNrih\ergh 1jh_dpey djbklZeeqgh€ kijmdIimjb p#3€ IDRem
Zlhfe\ ah[jZ _gh gZ jbk

LZ[ebpy
DhhjrbgZlb Zlhfe\ m kljmdImje kihemdb <1L*D
lThf | KL [ \ ]
< Kk
1L k
xD K
LZ[ebpy

Fe Zlhfge \er"S5Zg+ 1Z dhhj*bgZpecges gbkeZ ZIhfe
m kljmdImje kihemdb <1L*D > @

lhf I gf DQ:Ihf I gf Ihf /| ®fQ

<| 1L 1L *D *D| 14
1L *D 1L
*D *D 1L
*D < <
*D < <
*D < <
1L < <
1L *D
<
<




i 0 Ga 7 A 4aN\
® Ni ,%’é) ::O_//
<57 4
Y (m.) Ni (.m.) Ga (.m.)
Jbk ljh_dpey djbklZeeqgh€ kijmdIimjb kihemedbDE1L*

Zlhfe\

Kihemdb «a kijmdImjhx Ibim 7L1L6L

M kljmdIimjghfm lbis 73QP@LbkIZecamxlvky kihemdh
5(LL*H5( < *G 7E 1Zjzf_ljb _e_f_glZjgh€ dhfsjdl

*G1lL*H klZgh\Weylv E F gf > @ Dhhj”bg
Zlhfe\ ijb\_~ ge \ IZ][e ljh_dpey djbklZeeqgh€ klIjm
iehsbgm « DF Zlhfe\ ah[jZ _gh gZ jbk Fe Zlhfyg
dhhj*bgZpecge gbkezZ Zlhfe\ kihemdb *G1L*H ijb\_"~_ gh
LZ[ebpy
DhhjrbgZlb Zlhfe\ m kljmdImje kihemdb *G1L*H
lThf | KL [ \ ]
*G K
1L k
*H "

" 5 = @
o 2 T(\}Tle D( @‘\ 2y 1
zi© ® ¢ . PN =
l X O i
* Ni (.m.) Ge (.m.)
Jbk lih_dpey djbklZesgqgh€ klijmdIimjb kihenrdbd *G:

DF Zlhfe\



LZ[ebpy
Fe Zlhfge \er"®S5Zg+ 1Z dhhjrbgZpecges gbkeZ ZIhfe
m kljmdImje kihemdb *G1L*H > @

Thf | /7 gf DQlInf [ /1 gf Thf I | &

*G[ *H 1L *H *H[ 1L
1L *H 14
*H *H 1L
*H *G *G
11 1 *G
1L *G *G
11 *G
*G *G
*G
*H

Kihemdb «a kijmdImjhx Ibim 0J$J$V

Kihemdb <1L6E *G1L6E 1Z 7EL1L6E gZe_ Zlv “h
0J$J$V = P izZjzf Ijb _e f glZjgh€ dhfejdb “ey gb

D > D@ > @ 1z gf > @ \e"ih\e*gh M |z
ijb\_~ _ge dhhj*bgZlb Zlhfe\ m klIjmdImje kihemdb <1L6E
1Z[e Dhhj*bgZpecgbfb ihee ~jZfb ~ey Zlhfe\ < [Z
Zglbijbafb a ghlbjfz ~h~Zldh\bfb ZIlhfzZfb DQ z N
DQ ljh_dpey djbklZesqgh€ kljmdIimjb kihemdbDE1L
Zlhfe\ ah[jZ g gZ jbk
LZ[ebpy
DhhjrbgzZlb Zlhfe\ m kljmdImje kihemdb <1L6E
lThf | KL [ \ ]
< E
1L k
6 E D




LZ[ebpy
Fe Zlhfge \er"®S5Zg+ 1Z dhhjrbgZpecges gbkeZ ZIhfe
m kljmdImje kihemdb <1L6E > @

lhf I gf DQ:Ihf [ gff lhf /| ®fQ
< 10 1L < 6E 1L
6B 6E <
O .............. O g
. O 3 y
yie @ g \
lo....... ....... O
X Y (43m) Ni (43m) Sb (43m)
Jbk ljh_dpey djbklZesqgh€ kljmdIimjb kihemdbDELLE

Zlhfe\
Kihemdb «a kljmdImjhx Ibim 0J&X$O

Kihem8@L, Q5( < *G BEILIGB( < *G 7BAEZ*D
5( < T7E djbklZeeamxlvky m kljmdIimjghfm& PP 0J
D E F gf £ iZjzf_1jb _e f glZjgh€ df
kihemdb <1Dihj*bgzZlb Zlhfe\ m kljmdImje skifrezntbg <1
\ernNZee a dhhj*bgZpecgbfb gbkeZfb ZIhfe\ ijb\_~ g
\eNih\ergh GZ jbk ah[jZ  _gZ ijh_dpey djbklZee-
lehsbgaxlZ dhhj*bgZpecge fgh]h]jZggbdb ZIhfe\
LZ[ebpy

DhhjrbgZIlb ZIhfe\ m kljmdImje kil@®mdb <1L,Q
lThf | KL [ \ ]
< F
1L Kk

, Q |




LZ[ebpy
Fe Zlhfge \er"S5Zg+ 1Z dhhj*bgZpecges gbkeZ ZIhfe
m kljmdIimje kihemeab@<1L,Q

lhf ¢ gf DQ lhf ¢ gf DQ
< 1L , Q| 1L
, Q 1L
, Q Q
, Q Q
< <
1L , Q
1L , Q <
, Q <
<
<

............ U .o. Y &
* ¢ O In /__: N /
C)C) C)‘D ® Ni | J?L
Z i e ® O )
‘[ N © T (4 TR :
Y Y (m2m) Ni (m3m) In (m..)
Jbk ljh_dpey djbklZeeggh€ kijmdlmZbi&hsdmgeiD E 1L

Zlhfel

DijbklZeeqgZ kljmdImjZ kihemdb *G1L*D

Kihemdz *GldfklZeeam}lvky m klijmdIimjghfm Ib

I= &PPPD E F gf > @ M I1Z[e |
gZ\_~ _gh dhhjAbgZlb Zlhfs\ fe Zlhfge \eArZes |Z dhhjAt
Z gZ jbk + ijh_dpex djbklZesqgh€ kljmdImijb ;g+3€ k

DF Zlhfe\



LZ[ebpy
DhhjrbgZIlb Zlhfe\ m kljmdImje kbhe@db *G1L*D

Tht KL [ \ ]
*G M
1L L
*D L
*D G
*D E

Fe Zlhfge \eN"GZgth
m kljmdImje kihemdb *@1L*D

LZ[ebpy

1Z dhhjr"bgZpecges qbkeZ Zlhfe

1hf « gf| DQ Ihf « gf| DQ
*G 1L *D 1L
*D *D
*D G
*D *1D
1L *D *D 1L
*D *D
*D *G
1L *D 1L
*G *D
*G
; A O Ga
3 Pt & 3

A[ ¢.°
Y

7 |

%

Ni (m2m) Gal (m2m) Ga2 (mmm) Ga3 (mmm)
ljh_dpey djbklZeeqgh€ kijmdImglZ kehemgin *G 1
DF Zlhfe)

Jbk



Kihemdb ea kljmdImjhx Ibim <1L$0O

M kljmdIimjghfm Ibie kARPOGP djbklZeeamxlvky kih
5(1L$>B( < *G 7B(1IZDS5( < *G 7E 1Zjzf _ljb _e f_
dhfejdb ey kihemdbhggs Oy E F gf
> @ Dhhj*bgZpecg_ gbkeh 7~ey ZIhfZ e<ljex klZgh\blv
ihee ~jhf } i _glZ]lhgZevgZ ijbafz a kefhfzZ ~h~Zldh\bfb
ged_ex dhhj*bgZpecgbf ihee ~jhf } IjblJhgZevgZ ijbaf
[*qgbfb ]jZgyfb DQ Z ~ey ljvho Zlhfe\ Zexfege
| ljZlhgZevge ijbafb a ghlbjfZz "h~Zldh\bfb ZIhfZfb DQ
Zlhfe\ 1Z fe ZIhfge \e~rrZee m kijmdImijbkiheghdh KZ[le$O

| Z Z gZ jbk ah[jZ  _gh ijh_dpex pe}€ kffmdIimjb
LZ[ebpy
DhhjrbgzZlb ZIhfe\ m kljmdImje Rih@mdb <1L$O
lThf | KL [ \ ]
< F
1L F
$0O |
$0 F
$0 E

Ni (m2m) All (m..) Al2 (m2m) Al3 (2/m..)
Jbk ljh _dpey djbklZeeqgh€ klijmdimgjbikihssngdb <1
DF Zlhfe\



LZ[ebpy
Fe Zlhfge \er"®S5Zg+ 1Z dhhjrbgZpecges gbkeZ ZIhfe
m kljmdImje kihemdéb @1L$0O

lThf ( gf DQ Ihf ( gf DQ
< $0 $O| 1L
$0 1L
1L $O
$0 $0
$0 5O
$0 <
1L $0
1L $0 <
$0 §01L
$0 <
< $0
*G $0
<
$0| $O
$0
<
$0

Neabqgge \eZklb\hkl6KiBenid JAF7 1L &X
$O0 *D ,Q
L jgZjge kihemdb _d\eZlhfgh]h kdeZ”"m sh dj
kljmdImjghfm Ibie =U1L$O \heh”exlv jy*hf pedZ\bo fZ]g
\eZklb\hkl_c¢c \ rbjhdhfm ~eZiZahge | _fi_jZImj > @
FZ]gelge fhf_glb Kipexn @5 ( 16 *G T7E '\ +R
\ihjy~dh\mxlvky Zglbn_jhfZ]gelglylbn>jh@Z]gelgbc | b
\ihjy"dm\Zggy ijb . kihkl_je]Z}Ivky 1Zdh™ m>ki@e tzd
7TE1L*D > @ >ey kihemdb 7E1L,Q Z\lhjb > @ \klI
i_j_oh”b hkgh\g_ \ihjy*dm\Zggy \a*"[m\Z2ZvkW ifth*Zldh



Il _j_oh”b ijb | Z . H”"gZd “hke*”” _ggy g _cljhggh€ 7
gZy\geklv ebr_ ~\ho nZah\bo i_j_oh”e\ ijb | Z . > @
NZgh€ kihemdb g_fh eb\h ijhklh hibkZlb yd n.
Zglbn_jhfZ]gelg_ hkdeevdb kihemdz fZ} kdeZ”~gm g_
PedZ\e fZ]gelhdZehjbqgge \eZklb\hkle ~_ figlkll j @ xllZ kGhleln

> @ \hgb } Ibih\bfb n_jhfzZ]g IbdzZfb a | _fi_jZImjZ
| Z . \eMih\ergh >ey KiB&MR® oZjZdl_jgbc kljmc
nZah\bc i_j o™ 1ijb .o @ °+ aZe_ gh \e™ gZijy

]*~jhklZlbggh]h Ibkdm fh™_ \ihjy*dh\m\Zlbky Zglb qgb
FZ]gelge fhf_glb kihemdb 7E1L$O vgjhhdhhmx]lygkgh ijb
Z gb'q_ pe}€ | _fi_jZImjb ]_hf_ljbggZ njmkljzZp
jhas _ie_ggy "\Z jeage I|bib Zglbn_jhfZ]gelgh]h \ihjy~
fhf _gle\ Zlhfe\ 7E > @ S_ h”bg fZ]gelgbc i _j o< Kihk
> @ AP"rg® m kbH1i®Oijb aZfes_gge $0 ZIh
eghex \er[m\Z}Ivky afegZ Zglbn_jhfZ]gelgh]lh \ihjy*dm\Z
gZ n_jhfzZ]gelg_ sh k\e~rgblv ijh m"_ g _klZ[eevgbc Zg
pe}€ kihemdb
Kihemd1L$O o0ZjzZzdl_jbam}lvky kdezZ”~ghx fZ]gelgtl
ljvhfzZ i _j oh”Zfb n_jhfzZ]gelgbf mihjy*dm\Zggyf ijb
Zglbn_jhfZ]gelgbfb ijb . .o @

<bkgh\db a el_jZImjgh]h h]l]eym

ljhZzgZeeam\Z\rb el _jZImjge ~Zge fh gZ ajh[blb ~_
ijbims_ggy sh”h \azZ}fh”«€ dhfihg_gle\ m "hbgyQ\Zgb
5( < *G TE1lL &X $O0 *D 5EL,@[ 5( < *G OE
$O0 *D5(10 [, Q5( < *G OWE$O *D

lhljecge kbkI5(Hit; \e~jeagyxlvky fe' kh[hx yd aZ o
\az}fh”~e€ dhfihg _gle\ l1zd <+« aZ deevdeklix IZ d
0ZjZdl _jbklbdzfb | _jgZjgbo kihemd GZcf _gr_ kihemd
kbkl _fZo "< *G 7E £71L &X 6E M kbkl_fZo ~"< *G



6L *H  \klZgh\le_gh mlil\hj _ggy # | jgZjgbo kihemd
|Zdh]h Ibim a ]Ze<}f ml\hjxxlvky “~h | jgZjgbo kihemd
0ZjzZdl _jbam}lvky afeggbf kdez”~hf a ijhly gbfb h[eZk
\a”h\" eahdhgp _gljZlb JAF

&ihemdb _d\eZlhfghjh7R0delZRpxxIvky \ i _j \Z gec [ce\
i _j_eeq_gbo kbkl_ f5(#HhdX*"*D 6E" DjbklZeeqge* kljmd
kihemd a eg”e}f |Z Zexfege}f gZe_ "Zlv "h ] _dkZ]hgZevg
]Zes}¥ ~"h IbHR1IL*D > @ a kbeepe}f*h JlbjiFdddélr> @
klb[e}f £ ~h Ibim 0J$J$V > @ Kihmdb*&&&XXD [Z
TE&XD } ij_"klz\gbdzfb kljmdImjgh]h Ibim .+

M kbkl fZo ~< *G 7E x1Lx~$0 ,Q *D° 1Zdh"
KI_oehf_lje}x 5(11 yde djbklZeeamxlvky m kljmdln
0J&X$O @ hdjef kihemdb kiGgiddrdjgbc |bi 1G1LE@&D
Kieevgbf “ey pbo kbkl f a Zexfege}f ¢ ]Zee}f 1Zdh" }
kljmdImjhx Ibim &1L@&O

KIjmdIimjZ \boe”"gbo kihemd fZ} kmll}\bc \ieb\
nhjfm\zZggy 1Z ijhly geklv I\ _j~"bo jhagbge\ gZ €0ge*c hkg
5(7Q5(70 } sahkljmdIimjgbfb m \e~rih\e~rgbo kbkl fZo fr
g_i_j_j\gbo jy”e\ I\ _j*bo jhaqbge\ i qZk aZfes _ggy
lahkljmdIimjgeklvs Rib,&gQB@LLSOS5(1L*D hdjef *G1lLZN"
Kijbylbf_ miI\hj_ggx I\_j*bo jhaqb&{ilm@BbbI_fZxo 7E

$O0 *D

<er"kmlgeklv | _jgZjgbo kihkfthd,ezZz"m *G T7TE &
kljmdIimjhx Ibim <14kgOn\Zggy \ h[eZkle [ebavdec ih dhg
cahkljmdIimjgbo XK(he,@d\dZam} gZ fh eb\eklv aZfes gg
Zlhfe\ $O gb *D gZ «g”ec a ml\hj _ggyf h[f_~ _gbo I\ _j~boc
kbkl_fB@10 [, @5( < *G O00E$O *D

Hdjef kljmdIimjb \bagZgZevgbfb qgbggbdZfb \aZ}
e _f _gle\ [Mm"mlv €ogy oe°feqgZ ijbjh*Z |Z jhafejgbc nzd
]Zeescj } e f _glzfb ,,, ]jmib i_jeh”"bggh€ kbkl_fb « fZxlv



ah\gergvh]h e dljhgghQ® S$SZimeepec 1Z ] jfZgec gZe " Z
]Jimib i_jeh~bqgh€ kbkl_fb « fZxlv gZ ah\gergvhfm _e dl
e _dljhg [e V& Z KkIb[ec yd _e f gl 9D ]jmib £ gZ
[evr_ \eN ZIhfZ yY"Sx It j_o0"Gf_I1Zeb 1L « &X fZxlv ih
[mMA"h\m ah\gergvh]l]h g j] _Ibggh]h je\gy a \ba®zZqz
_e_dljhges\ gZ €0 \eZklb\hkle

5(dhfihg_glb “hkee”"m\Zgbo kbkl_f =+ eljec ]Z7I
ihkerZxlv jeage fekpy \ i _jeh”bggec kbkl _fe o \eArjh\ergh
jraghx <GV ihqbgZ} [rj oe"gbo f IZe*\l G V*GIZ 7E
| GV } Ibih\bfb ij ~klzZz\gbdZfb k& dkiglz\ Hqg_\b”gh
ijhkle oefeqge e f glb £ < ¢ iZjZ *G 1Z 7E [m~mlv \e
\eZklb\hklyfb ijhl_ yd dhfihg_glb kdezZ~gbo f_I|Ze-c
ijhyleyxlv ih”~e[ge \eZklb\hkle < |Zdbo kbkl_fZo
ijhzgZeecah\Zgbo < *G 1Z 7E \bldmdBkivg\gjEea jy~"I

ih~"e[gbo o0ZjzZdl _jbklibd + jhafsej Zlhfz | fi_jZIm

dhhj*bgZpecgeloZjzZdl_jbklbdb \ jy*Zo cahkljmdIimjgbo k
ljhZgZeeam\Z\rb jhafejb ZIhfUy _e_f_glldy gf

WUp gfd. gty gtde gldL gf

U x gt gt gle gf > @ fh-_

ijbimklblb sh gZ ijhly ' geklv I\ _jA"bo jhagbge\ m ~hke
]Jheh\gh \ieb\ZIbf_ jhafejeZlhf@lz LZdh aZfes _ggy ZIhf.
jhafejm gZ ZIhf f_grh]h jhafejm [m”_ \eA[m\ZIlbky ijhkle
fh eb\h 1zZdh" fzZlbf_ \ieb\ gZ ijhly geklv < \erih\e~rgh
jhagbgm

le*kmfh\mxqb ZgZeea el _jZImjgbo ~Zgbo ih \aZ}f
ihljecgbo kbkb(fZo05( < *G 7E1L &X $0O0 *D ,Q 6L
6E fh gZ ]Jh\hjblb ijh "hfegmxqgbdG\idb\eadf«qld gZ 0ZjZ
\az}fh”e€ dhfihg_gle\ m pbo kbkl _fZo \i_jrm gq_jlm q_]
|1Z kljmdImjge o0ZjzZdl_jbklbdb 1Z _e _dljhggm [m”~h\m
aZfes ggy JAF < *G 7E g_} "m _ kmll}\bf



JHA>1E F?LH>BD: ?DKI?JBF?GLM
Kbgl _a ajZad-\
F_Ih~ e _dljh"m]h\h€ iezZ\db
<azZ}fh”ex dhfihg _gle\ “hkee”" m\Zeb gZ ihljecgbo
kieZ\Zo >ey kbgl_am ajZade\ \bdhjbklh\m\Zeb dhfiZdlg
hkgh\gh]lh dhfihg_glzZ g_ f_gr_ fZkh\h€ qzZkldb Kie
kdez"ZeZky <a \boe"gbo dhfihg_gle\ fZkhx [eey ]jZfZ
fergbf \h~"hhoheh”" m\zZgbf ih~hf < g \bljZgm\Zevghb
_e_dljhrhf \ ZIfhkn_js hgbs_gh]lh Zjlhgm hljbfm\Zeb aj
>hrzZldh\_ hgbs_ggy Zjlhgm ijh\h*behkv ihi_j ~gvhx
Jm[gZklh]h IblZgm AjZadb i_j ieZ\eyeb ih\lhjgh ~ey £
lhje\gxxgb fZkm kiezZ\+\ ea fZkhx \boe~gh€ rbolb ijh\h”b
hljbfZgbo ajZades\ <e<”0obe _ggy g_i_j \bsm\Zeh

F_Ih” \bkhdhqgZklhlgh€ iezZ\db
> yde ajZadb iekey _e_dljh*m]h\h€ iezZ\db

\bkhdhgzklhlgec i_q¢ +*WWLQJHU (OHNWURQLN )UH
aZiZx\Zeb \ IZglZeh\e dhgl_cg_jb \ ZIfhkn_je hgbs_gh]
ihfesZeb m \bkhdhqgZklhlgm KXo Ki_peZevge | fi
\bdhjbklh\m\Zebkv 7ey jeagbo ajZad-\ lekey | _jfeqg
hoheh” m\Zeb ~h defgZlgh€ | _fi_jZImjb reyohf \bfbdZgq
ier gZk kbgl_am dhgljhex\Zeb azZ “hihfh]lhx isjhf_1jZ
|ZglZeh\bf dhgl _cg_jhf g_ kihkl_je]Zeb

L_jfeqgZ h[jh[dZ kieZ\e\

HljbfZge kiezZ\b ie""Z\Zebky ]J]hfh] _geamxghfm \eniZ
d\Zjph\bo ZfimeZo \ _e dljbggec fmn_evgec i_g* KG
j_]mex\zZggyf | _fi_jZImjb “ . ijhly]hf Ne[ ijb I _fi_jZI
"hky]g _ggy h~ghje*ghkle < ihA"Zevrhfm kieZ\b aZ]Zjlh\
[ aihi_j _~gvh]h jha[b\Zggy Zfime



Kbgl_a fhghdjbklZe-e\
>ey kbgl _am fhghdjbklZees\ \bdhjbklh\m\Zeb j_ "bf ki
h[jh[db AjZadb i_\gbo kl_oshf_ljbggbo kdezZ”"s\ aZi.
dhgl _cg_jb yde \ ih*Zevrhfm \Zdmmfm\Zeb m d\Zjph\
h[jh[dZ 1ijh\h*beZkv a \bdhjbklZggyf ijh]jZzfh\Zgbo f

IDEHUWKHUP +7&7 a Z\lhfzlbggbf dhgljhe _f |I_fi
jeagh]lh kdezZz m | _fi_jZImjge j_"bfb kbgl_am \e*jeagyeb
kl _oehf Ije}x 5(70 |_jfeqgZ h[jh[dZ 1ihey]ZeZ \ gZ]j
| _fi_jZImjb . \bljbfm\Zgges ]h”bgb ijb pec |_fi_jZIr
ae r\b~rdeklx . ]Jh™ ~h | _fi_jZImjb . \bljbfm\Zgc
hoheh”™ _gge "h defgZlgh€ | _fi_jZImjb \ijh~h\" ]h”*bg
Kbgl _a | _ljZjgbo kihemd ¢a kl_ogh(ilLFKB}® \er"[m\Z\k

aZ gZklmighx ko_fhx gZ]je\Zggy ~h |_fi_jZImjb
]h~rbgb azZ pe}€ | _fi_jZImjb hoheh”" _ggy ae r\b~rdeklx

\bljbfm\Zggy ]h~*bg 1Z hoheh”” _ggy ~h defgZ
\ijh~h\" ]h”~bg

>ey kbgl_am fhghdjbklZees\ | _ljZjgbo5®BWBn IZde
5(3wWD,Q kiezZ\b \boe”gh]h kdeZ”"m ihi_j _~gvh aZi:
dhgl _cg_|jb I _j_ieZ\eyeb m \bkhdhqgZklhlgec 1i_q-
JUHLEXUJ 7\S 7,* lh\eevgh gZ]j*\Zeb €0 ~h
hoheh”"m\Zeb *h . \bljbfm\Zeb ]h*bgb ijb pec
ih\eevgh hoheh”"m\Zeb ~h . 1Z \bfbdZeb "b\e _ggy i_

F _Ih~b “hke*s"" _ggy
J gll]_ghnZah\bc IZ j _gl] _ghkljmdImjgbc ZgZe-a
>ey \b\g_ggy \az}fh”e€ dhfihg _gle\ m ~hkee""|
iIjh\h~*beb | _gl] _ge\kvdbc nZah\bc ZgZe-a lhjhrdh'
hljbfm\Zeb a \bdhjbklZggyf ~"bnjzdlhf_Ilje\ >JBG
\bijhfegx\Zggy 672( 6WDGDbiphf&x\Zggy 3$1DO\WLF
B3UR &X\bijhfegx\Zggy 1gklbIml gbavdbo |_fi_jZImj
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ahl[jZ" _ggy )XML)LOP %$6 5(%$'(5 1gklblml g_hj].
oefe€ f Fxgkl_j Gef_qqbgZz NZah\bc ZgZeea ijh\h”"b
ijhl]jzf 3RZGHU &HOO > @ LQ3/275 > @ -
"bnjzdlh]jzfzo h~r j"Zgbo m djhdh\hfm j_ "bfe achi
dhhjrbgZlb Zlhfe\ dh_nepe}glb aZih\g_ggy ijZ\bevgbo k
| _fi_jZlmjge ihijz\db [1Z jhajZoh\m\Zeb |I_hj_Ibqgge-
"hihfh]lhx ijh]jZf '%:6 > @ * )XOO3URI > @ a Ze
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FhghdjbklZeb ~ey “"hkee”” gv \e"[bjZeb sa ajZade\
| jfeqgec h[jh[pe Z[h a \e"iZe gbo kiezZ\e\ KihqgzZldm
i _j_\ejyeb f _Ih~Zfb EZm_ ij_pbaecgAbigizffeg@\Zg@R
FhghdjbklZe hje}glm\Zeb ih i_\gbo djbklZeh]jZneqgb
\bagZq_ggy _e f gle\ kbf lje€ 1Z fh eb\h€ kbg]hg-€
h[_jlZggy jhajZoh\m\Zeb i_jeh”b ]jZIdb

?dki_jbf_glZevge fZkb\b NZgbo hljbfZeb a
Z\IhfZlbqgh]h fhghdjbklZevgh]lh ~bnjzdlhf_IljZz 6BRH



\bijhfegx\Zggy ijb defgZlgec | _fi_jZIlmje DjbklZeeqgm
\bagZqzZeb f_Ih~hf 1Zl_jkhgZ Z[h ijyfbfb f_Ih~Zfb G
nmgdpe*€ 1Zl _jkhgZ ehdZeeah\m\Zeb ZIlIhfb \Z dbo _e
jhajZomgdm jhaih”em _e dljhggh€ Jmklbgb gZ hkgh\e
ehdZeeah\m\Zeb Zlhfb e _]Jrbo _e_ f _qgle\ Degp_\e dh
1ZjZf _ljb \keo ZIhfe\ mlhggx\Zeb \ eahljhighfm gb Zg-eah
f_ Ih~hf gZcf_grbo d\Z"jZle\ Djbl_je}f ~hklh\ejghkle
\erkmlgeklv "hrZldh\bo fZdkbfmfe\ gZ ijhneevgbo ahf[j
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FedjhkljmdImjgbc ZgZe-a

F _Ihr ehdZevgh]h | _gl] _ghki_dljZevgh]h ZgZe-;
\bdhjbklZgge o0ZzZjzZdl_jbklbggh]h ki _dljZz j_gl]_ge\kvdh
e _f _gle\ sh \oh”ylv "h kdeZ"m ajZadZ Reen fhghdjb
[hf[Zj"m}Ivky imqdhf _e_ dljhge\ 1ijb aeldg_gge ydh]h
ajZadzZ \bijhfegxxlvky \lhjbgge _e_dljhgb « j_gl]_
J gl]_ge\kvd_  \bijhfegx\Zggy } Kki_pbneqggbf 7"ey dt
i_jeh~"bggh€ kbkl_fb Ihfm ZgZeea hljbfZgh]lh ki_dljz
e _f glb \ ajZadm |Z €0 deevdekg_ kie\\e*ghr_ggy Kbk
leevdb \ ih}*gZgge a kdZgmxgbf _e dljhgbf fedjhkd
hdj _fbo kieZ\s\ “hkee”"m\Zeb gZ kdZgmxgbo e _ dl



J?FF:x P _glj neabggbo “hkee”” gv ijb Ev\e\kvdhf
mge\_jkbl _le «f ge 1\ZgZ NjZgdD$gb EHKIVMN(I9R hj]Zg-t
ZgZeeslbggh€ oefe€ mge\ jkbl | f Fxgkl_jZ Gef_qqbgZ

Ihfejb fZ]gelgbo \eZklb\hkl _c

>hkee” ggy fZ]gelgbo \eZklb\hkl ¢ [meb a”eckg_
kbkl fb 3306 3K\WLFDO 3URSHUW\ OHDVXUHPHQW 6
\bfejx\Zgv gZfZ]geq_ghkle dmkhd iheedjbklZeegqgh]lh
DZilhgh\m nhevlm |1Z ijbdjeieyeb *h IjbfzZzqz fZ]g_Ihf_IljZ
960 YLEUDWLRQ VDPSOH PDJQHWRPHWU Ihfejb
Ijh\h~*beb \ *eZiZahge | _fi_jZImj + .« ah\gergvhfm
dH_ >hkee”" _ggy gZfZ]geqg_ghkle \bdhgZge ijb |_fi_j.
>ey \bfejx\Zgv | _ieh}fghkle dmkhd pvh]h ~ ajZadZ ijb}~c
\erdZee[jh\Zgh€ rZc[b a \bdhjbklzZzggyf fZklbezZ $SLH]I
| fi_jZImjghfm ~eZiZahge + . aZ \«“kmlghkle ah\gerg

JhajZzomghd _e dljhggh€ kljmdImjb

>ey jhajZomgdm e _dljhggh€ kljmdIimjb ~ _ydbo
ijh]ljZfgbc iZd_| 7%i/072i$6%$ > =+ @ ydbc ~Z} fh ek
deevdekgh hpegblb nmgdpex _e dljhggh€ ehdZee<aZp-£
nmgdpe€ _e dljhggh€ ehdZeecazZp+*€ fh gZ \bagZgblb
iehsbge gb \ ijhklhje 1Z ihykg _gblb [m~h\m oe<feqgh]h a\
"ey h[gbke _ggy gbkezZ azZk_e _ghkle hj[elZevgh]h =2Zf
gl _]jh\Zgh]lh hj[elZevgh]h agZq_ggy hi_jZlhjZ o\bev
ieKHGJ aZ deevdekgbfb ~Zgbfb ydh]l]h fh gZ hpegblb
jeagbfb Ibizfb ZIhfe\ kbf_Ijbggbc gb Zkbf_Ijbggbc jha
]mklbghb
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Qhlbjbdhfihg _glge kbkl_fb
<aZzZ}fh”nex dhfihg_gle\ m ~hkee” m\Zgbo kbkl_fZo
dhgp_gljZpecghfm gl _j\Zee ijb . f_Ih*Zfb | ¢
j_gll _ghkljmdImjgh]lh |Z qgzZkldh\h ehdZevgh]h j gl]_ gt
<bagZqg_gh f_ "« jhajgbgghkdt¢ts\ m \boe*"gbo kihemdZo |
jhaqbge\ dijbklZeeggm kljmdIimjm nZa [Z mlhgg_gh
e _f glZjgbo dhfejhd

Kbkl_f8(7,Q;$05( < *G T7TE 1L &X

Al**gh h” _j"Zgbo j_amevlZIle\ ijb . Zexfege
jhagbgy}llvky m KkegbgZo < *G 7E 1L &X a ml\hj ¢
g_i_j_j\gbo jy*e\ I\ _j~bo jhagbge\ ac kijmdIimjhx Ibim =L
<1L,3O > @ m qZklbge ajZade\ feklbebkv nZab a
0Q$0%Z :&R%mM je\gh\Zae+ ca hkgh\ghx nZahx ®Qkbkl_
&D&X[h <1L$0 @ Z m kbkl $OFENIAG® » 0J&XBh
&D&X @ AjZadb kbklI #p>=<&X,Q@ feklbeb g_agzZqg-

nZa ae< kljmdIimjzZfb 190 \qbQ&X&KXKI_fb *G &K,
0J&X$O0RH% gb 08O%> @ Z KbkI_fb$PERXOQ&EX -
0J&XQ gb &D&&Xy nZab <a kIjmdIimjhxXObim h@@&&bc i_|
lizldb g_ afegx}Ivky sh i\ _j2~"m} \erkmlgeklv jhaqgbg
kihempe GZy\geklv ~hferdh\bo nZa ma]h” m}lvky ea
sh” h \az}fh”~e«€ dhfihg_gle\ m \e~ih\eA*gbo ihljecgbo kb
ijb\_~ _gh izjzf_ljb _e_f_glZjgbo dhfejhd I\_j~bo jhaqgbg
kbkl_fZo
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Hkdeevdb kihemdb _d\«Zlhfgh({RhQ koé&Z70® }
ceahkljmdIimjgbfb sh } h~ge}x a mfh\ ml\hj _ggy I\_
mli\hj_ggy g_i_j_j\gbo jy”~e\ I\_j*bo jha®bOoQe\t ol nkékkl_ 1
ijhlghah\zZgbf 1Zjzf_|j _e f_glZhghehdBfajdhrmxlivky o
ajhklzggyf dhgp_gljZpe€ Zexfegex [|H%_ gl azhXfZ}j
Af_gr_ggy i_jbhlZo\*h[j_ dhj_ex} a jhafejZfb ZIhfe\ %
[*evrh]h aZ jhafejhf eg”fex gZ f _grbc Zexfegec azZdt
gbkeh\e agZq _ggyDiGiZh/ahegm agZq_g¥ \iephZ\m kzZf_
hkh[eb\eklv kljmdImjb Ibim =U1L$O GZ jbk ah[
iZjzf_lje\ _e_f_glZjgh€ dhfejdb ey g_i_j_j\gbo jy~e\
kljmdImjhx Ibim =U1L$O J_amevlZIlb "hke<*$@Qgy
malh” " mxlvky ea "Zgbfb Z\lhje\ > @

DjbklZesqgm klIjmdIimjm kihemd <1L$O *G1lLS$C
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<&X,Q $0O *G&X,&BO TE&X,@GO mlhgg_gh f_Ih”]
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*G1L,90 T7EILSQ <&X,§0 *G&X$® 7TE&X$O
\eNih\e~rgh 1hi_j_~gvh ydeklv fhghdjbklZee\ i_j \ejyeb
+ \bijhfegx\Zggy Jharbnyjm\Zggy 1Z mlhgg_ggy kljn
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6WRH ,3'6 ,, ih fh”_ee kijmdIimjgh]h Ibim =U1L$O a
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|1=3 PPP J amevlZlb mlhqgg_ggy ijb\_~ g \ 1Z]e

1ZjZf _ljb | _ieh\h]h afes _ggy * m IZ][e J amevlZ
nhlh]jZzne€ fedjhkljmdImjb ih\_joge ~ ydbo ajZade\

ijb\_~ g \ ~h~Zldm : jbk : ; Z deevdekgbc |
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_d\eZlhfgh]h kdeZ”"m ih”e[gZ ~ey jy"m jerdekgha f evg
hjey m gZ ih”e[geklv _e _dljhggh€ [m~h\b Zlhfe\ g
cahkljmdIimjgeklv \bo*5dB @ (O dm kbkKE(TDHBOS5( <
*G TH 1L &X ml\hjxxlvky g_i_j_j\ge jy~b I\_j*bo
1 ZjZf_lje\ _e_f_glZjgbo dhfejhd ydbo ~h[j_ dhj_exbloa jh

gf < @& gf > @ 1la a[eevr_ggyf dhgp_glj
\eA[m\Z}Ivky af _gr_gglZ pe[HRfme f glZjgh€ dhfejdlr Z
g _agZqgh ajhklz} jbk LZdm afegm izZjzf _lje\ fh gZ

kljmdImjb Ibim =U1L$0O ~_ aZfes_ggy °*g”*x gZ Zex
iheh” _ggd ijhklhjh\h€ ]j3ni® Ko _fZlbggbc jhaih”ee n
"hkee”" _gbo kbkl_fZo ah[jZ _gh gZ jbkmgdm
I yNim,A) (ZNiAl
mmmmmTmmmmmTmmm - cdNian,Al (zeNiAl
T - ToNin,An @ZNiAl)

0.0 0.2 0.4 0.6 0.8 1.0
Al x

| YCu,In (MnCu,Al)

AT Y cu(n,Al (ZeNiAD

GdCu,In (MnCu,Al)
GdCu(In,Al) (ZrNiAl)
TbCu,In (MnCu,Al)
TbCu(In,Al) (ZrNiAl)
Al x
[
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GZ jeagbc o0zZjzdl_j ijhly ghkle 1Z kljmdImjm I\_j*bo
aZfes ggy °*g”ex gZ ]Zeec Z[h ]_jfZgec \ hkgh\lghfm \
\boe*gbo kihemd Hkdeevdb \hgb djbklZeeamxlvky m je
fh eb\_ ebr_ qzZkldh\_\az}fg_ aZfes ggy Zlhfe\ |Z nhj
I\_j~"bo jhaqgbge\ 1Zzjzf _ljb _e f _glzZjgh€ dhfejdb I
af_grmxlvky ae af[eevr_ggyf \fekim ]Zeex gqb ] _jfZgex |b
kljmdImjhx +R1L*D =4i1L$O m EPKkU,PAp5( < *G 7E
"ey nZa ae* kljmdImjhx Ibim 7L3U&L QM Bkl *IZ o 7E >e
nZab sh djbklZeeam}lvky m kljmdIimjghfm By&Xs@ DL$O
5( < *G TBAEZ gH 5( *G TE ozZjzZdl_j afegb iz
e f glzjgh€ dhfejdb ih~e[gbc "h kbkl_f B lZekffgb}f
e f glZjgh€ dhfejdb af_grmxIwigy agZogghkhajhklZ} J_ a
“h[j_ mal]h” " mxlvky ea agZq_ggyfb jhafeje\ ZIlhfe\ tgtex

gfUp g Wy gf > @ Hdjef nZa <«a Kklj
\boe*gbo kihemd m5Kok|@iZzZ®G $O *D 1jZdlbggh m \kec
dhgp_gljZpec *kgm} nZaz «a klIjm#Omjmthlhbgdmgd @ & Xjeh”"
ydh€ g _afegx}lvky Fh eb\h i _j \Z Zxgbc \fekl nZab
=U1lL$O \ieb\zZ} gZ i™I\_j~ _ggy ~Zgbo > @ sh”h
jhagbge\ gZ hkgh\e kihemd a k&odlm{jhkgBip&Xh j ame
"hkeen" _ggy BHEX,FD} j_ameviZIib \azZ}fh”e€ dhfihg_gl-
<&X$0OD ijb . m ydec a]e®*gh ~Zgbo Z\lhje\ > @ ml
jhagbgb aZfes_ggy*B&XS$O * ea kljmdImjhx Ibim =
<&X*DPHO [ + ea kljmdImjhx IHippfzAge j_amevIZlb
malh” " mxlvky ea j_amevlZIZfb ~hkee” _gv Kkihjt$@_ghb
&GHIL@® > @ 1z &HMHLXQ @ GZ jbk gZ\_"_gh
ko_fZlbggh]h jhaih”eem nBa7®Q *pkKa5 (o ¢ H



l YNi(Ga,In) (HoNiGa)

00 YNi(In,Ga) (ZiNiAl)

GdNi(Ga,In) (HoNiGa)
0 AT GdNi(In,Ga) (ZrNiAl)
| TbNi(Ga,In) (HoNiGa)
e e TbNi(In,Ga) (ZrNiAl)
0,0 0,2 0,4 0,6 0.8 1,0
Ga, x
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YCu,In (MnCuw,Al)

O | YCu(In,Ga) (ZrNiAl)
DDMMUIMBUIDOIOIBDODOOODYY - GdCu(Ga,n) (KHg,)
#  GdCu,In (MnCu,Al)
(l GdCu(In,Ga) (ZiNiAl)
N IMHIHIEITIIOISNY — TeCu(Ga,In) (KHg,)
@ TbCun (MnCu,Al)
TbCu(In,Ga) (ZrNiAl)
0,8 1,0
[
——— GdNi(Ge,In) (TiNiSi)
GdNi,In (MgCu,Sn)
e GdNi(In,Ge) (ZrNiAl)
TbNi(Ge,In) (TiNiSi)
TbNi,In (MgCu,Sn)
00 O ARSI TbNi(In,Ge) (ZrNiAl)
0,0 0,2 0,4 0,6 0,8 1,0
\ Ge, x
Jbk >eZ]jZfZ jhaih”?eem BHa ngF RblI_fZo

5&X,gD[ I15(1L,H \

Hkdeevdb m kbkl_fZo ml\hjxxlvky g_i_j_j\ge I\_jre
ijh\_~ gh ZgZeea fe Zlhfgbo \e""Ze c "ey kihehdd *G&X
*G&X$0 ljhklhjh\_ ah[jZ _ggy djbklZeeqgh€ KI1j
*G&X,Q%0 \a"h\" gzZijydm~Zgh gZ jbk k_]f_glZfb
aZagZq_gh qgZkldm azZih\g_ggy ZlhfzZfb $0O <4Z*""De i hfeh
Zlhfzfb f_grh]lh jhafejm|[ jbhk® gZk i_j_oh”m \e~ | _jgZjgh



*G&X,Q > @ qg_j_a I_Iljzjgm B$Dam "G & BE&X$O azZdhgh
afegxxlvky [Z]Je \erklZgv \athef_gZmyfdhky 2Z \a”
gZijyfdt ajhklZ} sh ihykgx} \e*ih\e*gh afDgrajcewri_ggh

_jehmjb aZfes _gge *g”*x gZ Zexfegec \ "Zghfm Ibie Kljn

askco
«J{ﬁ

O ad
© InAl
Cu
Z [
Jbk = dkZ]hgZgvige lkbllhlgpZevge [ijhaftih\’
gZijyfdamm kljmdIimje *G&&,Q
LZ[ebpy
<enNNZee fo ' ZIhfZfb gf f_grh]h jhafejm m kljmdImjZz
*G&X RO
Ihfb *G&X,Q >G@A@X,Q0%0 *G&X$O
T+ & X
T+ & X
;+; klhjhgZ ijbafb
;+ \bkhlZ ijbafb
$0 ,Q
Kihemdb <14D <1L,Q*D |z <1L,@D sh

dibklZeeamxlvky m kljmdIimjgbo+RdilZ0D .+IJULL$O \e7j
gZe_ Zlv ~h kljmdlmj ea IjblJhgZevgh ijbafZlbgghx dl
f grhlh jhafejm 1L AiZfess fgaye\ \er[m\Z}Ivky \ ihel
Zlhfe\'  sh nhjfmxlv Ijb]thevg- ijbafb M i_jrbo 7\
<lL *D e <1L,Q@D Zlhfp _ _gle\ Z[h €o0ge*0 KklZIk
kmfer ¢ agZoh”ylvky m h”gec \_erg- ljbafb Z j_rlZ a
Lhre yd m klijmdImj¥D<1Lf® gZ \b”~eeblb ~\Z \b”b Ijb]hg



iIjbaf gZ\dheh Zlhfe\ gZcf _griglhejhiagdpgn 1L h”ge nhjfn
\bdexqgh Zlhfzfb JAF Z e<gi_* Zlhglefb Z[h €og+0 klZIk
kmfer ¢ e« agZoh”?ylvky m \maeZo djbklZeeqgh€ % jZIldb
\bagZggbf nzZdlhjhf i qgZk nhjfm\Zggy I\ _j*bo jhac
kljmdImjhx Ibim =U1L$O

YNiln, .Ga,, (CT TiNiSi)

et

AR
b
\_. b% YNiln,,,Ga,;, (CT ZrNiAl)
® @ @ o o
Y In Al Ga Ni
Jbk Lib]JhgZevge ijbafb m kljmdImjRo kihemd <

<1L,Q *D 1Z <1L,QD
Kib[ec yd _e f gl 9 ]jmib fZ} gZ ~\Z \Ze _glgbo
ihje\gygh a eg”ne}f <enrfeggeklv \ e dljhggec [Mm~h\e ZIt
1Zdh™ m kljmdIimje \bo"HylraQ Kih®EB dfZ} \bjerZevgbc \ieb
oZjzZdl_j \az}fh”e€ m5MBKIBEZS ( < *G 7E =« *%6RX,Q
Kib[ec g_ jhagbgy}lvky m kihemdZo «a klijmdIimjhx Ibil
kbkl fZo kihkl _je]Z}Ivky g _agZqgZ jhagbggeklv eghex 7
KIb[«"BOLL6E sh djbklZeeamxlvky m klijmdImjghfm Ibis
M \kec h[eZkle dhgp_gljZpec ajZadb pbo kbkl_f
feklylv nZab sh djbklZeeamxlvky m klIjmdimjgbo IbiZc
0J&X6Q <azZ}fhney dhfihg_gle\ ih”e[gZ ~"h j_amevIZle\ 7
&H1L8E> @



M kbkl_fe <&X,QZjzZdl_j \az}fh”e€ dhfihg_gle\ ih*e[g
S(AL,BE 5( < *G TE 1Z & Xleepec g_ jhaqbgy}
kihempe <&X,Q ijhl_ ~h Zl eg™ex jhagbggyllaky
kKljmdImjhx $ Ok AjZadb kbkl_fb m \kec h[eZKkl
feklylv Ijb nZab «a kljmdImjZfb Ibi$O=IZ1EGH 0Q&X

Hkh[eb\hkls \azZ}fh~+€ dhfihg_gls\{(Inh, Bkl fZo

>ey \b\qg _ggy fh eb\hkle aZfes ggy <& eex fggl emr
kihemdZo e+a kl_ochf Ij8¥x,Q gZfb ~hkee”” gh \aZz}
dhfihg_gle\ m kbbkI(1tZ@; 5( < *G WE $0 *D 1z
*G&XQF OZjZdl_j \azZ}fh”e€ agZqgh kdeZ”gerbc ihje\c
5(7,Q0; Jhagbggeklv yd Zexfeges @l lQhZ2dndZ2g”"+x m kihe
5(1L$XlIZgh\blv ~h ZI \eNrih\e~rgh]lh _e_f_glZ < lhc
5AL,gD0 jhagbggekliv q_I\_jlh]lh dhfihg_glZ m \boe*gbo

\bsz 1z fh™_ ky]Zlb ~h ZI AfegZ iZjZf lje\ _e f_
f "Zo I\ _j~bo jhaqbge\ “h[j_ ma]h” " m}lvky ea jhafejZfb
bk G _a\zZ zZxgb gZ eahkljmdIimjgeklv \boe"

kbkl f g_ oZjzZdl_jg_ ml\hj_ggy g_i_j_j\gbo jy”~e\ I\ |
aZfes gge +g”ex gZ Zexfegec m f_ "Zo dhgp _gljZp-c

ZI ajZadb [Z]ZlhnZage ml\hjxxlvky gh\e | _1jZjge |
kdezZ” ydbo \klZgh\beb ebr_ aZ ~hihfh]hx ('; ZgZe-a
jharbnjm\zZIb g_ \"Zehkv SM1kb®&ID fA&lZgh\e_gh kljmdl
ljZgknhjfZpex nZa kljmdimjgh]h Vbn@dabJ&X &DjmdImjhx
3U1lL,Qdes ih\fyazZges fe kh[hx lIhiheh]eqgh M ajZadZo
]Zeex m kbkl_fZgD<Id ,QG1L*@ "hfegmxlv nZab a-+ kljmi
\boe*gbo kih@mtiD sh djbklZeeamxlvky m kljmdIimjgbo I
1Z 1G1LAPD ih\ergh M kbkl_{*D7Eh[e@kle \bkhdbo dhgp_
]Zeex ml\hj _ggy nZab e<a kijmdgmjkkhlOlJ§&XE&Ohky Ko f.



NeZ11ZfZ jhaih”eem nZa m kbkl _fZo ijb aZfes _gge *g”ex
jbkmgdm
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YNi(In,Ga), (PrNiln,)
YNi(In,Ga),(MgCuAl,)

GdNi(Ga,In), (NdNiGa,)
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GdNi(In,Ga),(MgCuAl,)
: TbNi(In,Ga), (PrNiln,)
¥ TbNi(In,Ga),(MgCuAl,)

0,0 0,4 0,8 1,2 1,6 2,0
Ga, x

Jbk >eZ1jZfZ jhaih”eem BRA M RBbkl_fZo

DjbklZesqge kljmdImjb kihemd yde gZe_ “Zlv "h
0J&X$Az 3ULLfQ@Qxlv jeagm f_Iljbdm 1Z ih”~e[gm [m~h)\
kihemdb GLF *GHL,QJ&XHEO gZ jhalJey™ZIlb yd mdeZ~dm
p_gljh\Zgbo i_glZz | 1jZ 1Z ljb]l]hgZevgbo ijbaf 1 _glz
Zlhfe\ eg”nex p_gljh\Zge ZIlhfZfb *G af}*gmxqgbkv Kk
mlI\hjxxlv dhehgb \a”~h\" gZbhjkyfdm Ih”*e[gZ mdeZ"dZ jea
ijbaf o0zZjzdl _jgZ + ”~ey kihemdb *GKLQ3UlL,Rhehgb
p_gljh\Zgbo i_glZl]hgZevgbo ijbaf IZde ~ yd m Zkljr
| IjZlhgZevges ¢« Ijb]JhgZevge ijbafb ml\hjxxlv fhaZ€qgm
\eN kIjmdImj kihemd *C1L, XL 3U1UAQ*G1ILKYL 0J&XS$O
djbklZeeqgZ kljmdIimjzZz kihemHbh AGUU*DBZjZdl_jbam}lv
mdeZ~rdhx ] _dkZ]hgZevgbo ijbaf p_gljh\Zgbo ZIlhfZfb
ijbaf p_gljh\Zgbo ZIhfzfb f _grh]h jhafejm >hkee"" _
[Z]Zlhdhfihg_glgbo kDbRIL*H;pQ *5(1L6L, Q 5( /ID &H
Z\lhjzfb > @ 1zZdh® \klZgh\beb afegm djbklZee-q¢
&H$D® m nZab e<a klijmdIimjhx*Hoiipb &X%ts Hge f glZz
ZIhfZfb eg”ex



M kbkl_fe *G&K ,jQaqbggeklv g_I\_jlhlh dhfihg_glZ
kihemdZo *G&XG@E&XGE kihkl_je]Zeb <ke ajzZadb } [Z]Z
"hfegZpe}x nZa kljmdIimjgbo Ibie\ 0J$J$V I1Z 1D&O

B Y £ Y 3
f =) @) Q 0 Q

Jbk MdezZ"~dZ njz]f_gle\ i_glz 1_1jZ 1Z ljblhgZevg
kihemd *GIXL Q*G1L,®D [ 1Z ] _dkzZ 1Z 1_ljZlhgZevghbc
m kljmdImje kihemdb *G1L*D

Hkh[eb\hkls \azZ}fh~+€ dhfihg_gIs{(IniD kb@| fZo

Kihemdb kl_oehf_ IljbgghllkdeZ NbjmdIimjhx Ibim <]
ekgmxlv a Zexfegel}f |1Z ]Ze}f \ Ihc qZk yd m kbkl_fZo
kdeZ"m g_ \byle _gh >ey \b\g _ggyS\iebfmghZ f«&0 gh[\n *I
eg”ec "hkee”"_gh \azZ}fh”ex dhfihg5d14d mQkDk!|_$Z0GC
7TEOQ $O *D Kih@ndd b0 $O *D qZkldh\h jhagbgyxl|
ml\hj _ggyf h[f_~ _gbo I\ _j*bo jhaqbge\ aZfes ggy Jh
kihem®ddbL$®B( *G 7E 1Z Kk1Zgb\blv Zl lhn~e y
kihemd <1U®&AL**7E1LfiDagbgeklv g_I\_jlhlh dhfihg _glZz



ZI | Z ZI \eMih\ergh Ae a[eevr_ggyf dh
mkeo kbkl fZo m je\gh\Zae ea hkgh\ghx nZahx i_j [m\Z}
$X&X I=3P P < f "Zo ekgm\Zggy I\ _j~"bo jhagbge\ ¢
dhgp_gljZpe€ sg”ex iZjZf |ljb e f _glZjgh€ dhfejdb ajh
malh” " m}lvky ea jhafejZfb ZIlhfe\ Zexfegex ]Zeex 1Z
dijbklZeeqgh€ klIljmdIimjb ~hkee*" m\Zgbo nZa ihdZaZc¢
Zexfegec Z[h ]Zeec ebr_ \ h*ghfm djbklZeh]jPneqghfm
Pbf fh gz ihykgblb ch]l]h h[f_~ gm jhagbggeklv m nZ
<1L$0O1kgm\zZggH(nZbb mi\hj_ggy h[f_"_gbo I\_j*bo jhac
majh” " m}lvky ea j_amevIZIZfb "hkel@”, Qv kOl FIRHIAL (

Hkh[eb\hkle kljmdImjb gh\bo | _ljZjgbo kihemd

Gh\s | _1jZjge kibgildD,Q 5(3WD,Q I15(3WD,Q }
ij A"klZ\gbdZfb jeagbo kljmdImjgh®, Qbi«l GB®E 4 LS K6Q
\eAih\eAgh Kisevgbf ey mkeo kihemd } |_ sh ~A_yde ijZ

kljmdImjZo aZcgyle ZIhfZfb klZlIbklbggbo kmfer c eg”ex
pe kihemdb fh 'mlv fZIlb g_agZqggm h[8ZKID, ]RQihT_gfhbkle
3W KljmdImjge "“hkee”" ggy kihemd e<a Ek(30/WDfQlj}
ihdZaZeb sh ZlIhfb klIZIbklbggh€ kmfere egfhex o ]JZeeXx
itheh™ _ggy \ke egre ilBehe _fQoggle\ aZcgyle Zlhfb ]JZeex |
kljmdImje Zlhfb eg”ex fh mlv aZcfzlb leevdb h”g_ihe
fZdkbfZevgh fh eb\bc \fekl eg”ex jS{BBAEDh P gbp-

Kihemdb(1L*D,Q 1zZ5(3WD,Q } Ibih\bfb ~\hrZjh\b
kljmdImjzZfb hkdeevdb mke Zlhfb jhalXrh\Zge¥YgZ \bkhl
:IThfb sh jhafes _ge gZ h”gec \bkhle ml\hjxxlv [_adeg_c
dijbklZeeqgh€ kljmdIimjb kibedndld t&hidbdm keldb m kljmd
gZ\_~ _gh gZ jbk Keldb gZ \jeagbol®@bkhlZah[jZ _g-
kmpeevgbfb 1Z imgdlibjgbfb eesgeyfb \erih\eAgh Keldb af
hrgh€ gZ \a”h\ " gzZijyfdm



- X @ @ o o y=1/4
La In Ni Ga y=3/4
Jbk lih_dpey kljmdImjb 1Z keldb ZIhDsQm kihem

| _glZlhgZevge ijbafb gZ\dheh ZIhfe\ ]Z"heegex |
kiecevgbfb ]jZgyfb ml\hjxxlv g _i_j _j\ge dhehgb bDar™hlg\Z ¢
i_glZlhgZevgZ ijbafz agZoh”blvky \ k_j “bge kdeZ
dhhj*bgZpecgbo ihee_ "je\ Zlhfe\ f _grh]lh jhafejm ]JZe-<x
\bagZqz}fh yd hdlZ]hgb <hgb [Zdh ™ nhjfmxIlv g _i_j_|j
gZijyfdm jbk

@®Gi@®In ®Ni @Ga 3/4 — 1/4

Jbk Dhehgb i_glZ]l]hgZevgbo ijbaf |Z hdlZ]hge\

kihemdb *®1Q



M kljmdimje 5i(B&MDJQ 1Zdh” fh gZ \b”~eeblb g_i_j_j\c
| _glZlhgZevgbo ijbaf \ k_j ~“bge ydbo agZoh”ylvky ZI¥r
Ih~re[gh "h kis@md,Q i_glZlhgZevge ijbafb agZoh”ylvk
hdlZz]l]hge\ yde 1Zdh™ nhjfmxlv g_i_j_j\ge dhehdb,QM k
dhehgb i_glZ]lhgZevgbo ijbaf I1Z hdlZ]hge\ nhjfmxlwldy \c
fh gZ ih[Zgblb gZ jbk

®@Gd eIn e Pt o Ga
Jbk Dhehgb i _glZ]l]hgZevgbo ijbaf |Z hdlZ]hge\

kihemdb *0G3QV
GZ \eMfoegm \eN NnBd7RDe@"mM kljmdImjZo( BWER,Qd mke
Zlhfb agZoh”ylvky gk \bkKlZo ljhl_ m kljmdImje ki
"\ 3WD,Q \a~h\" gZzijyfditn- _fh \b”eeblb nhjfm\Zggy ih
g_i_j_j\gbo dhehg i_glZ]hgZevgbo ijbaf 1Z hdlZ]hge\ H
kljmdImje nhjfmxlvky g _i_j _j\ge dhehgb a Ijb]l]hgZevghb
iIjbaf sh g_j]lmxIvky jbk



-------- x=0 @ e ® o

x=1/2 Dy Pt In Ga
Jbk Dhehgb hdlZ]hg+\ 1Z ijbaf jeagbo Ibis\ m
"\ 3WD, Q
HI*_  mke kihemdb 0Zjzdl_jbamxlvky h~AgZdh\hx d

je"dekgha_ f _evge f _|IZeb |1Z ZIhfb eg”ex agZoh”?ylvky \ j
ijbaf a "h~Zldh\bfb ZIhfZfb Zlhfb ]Zeex = \ p_glje | _Ij.
p_gljh\zgbfb ]jZzgyfb Z Zlhfb i_j_oe”gh]lh f_|IZem dhhj’
ZIlhfzfb sh nhjfmxlv ljb]lhgZevgm ijbafm a IljvhfzZz ~h~"
"b\ jbk LZdZ " Ijb]lhgZevgh ijbafZlbqgZz
f grhlh jhafeim o0ZjzZdl_jgZ "~ey \ _ebdh€ deevdhkle
kljmdImjgh kbeepb?e\ > @ nhknene\ > @ ]Ze*™
gZkee”hd m kljmdImjZo kihemd fh gZ \b”eeblb ih”e[ge
dhehgb i _glZ]l]hgZevgbo ijbaf [Z hdlZ]hge\ sh nhj
i _glZz]l]hgZevgbo ijbaf \a”h\" i _\gbo gZijyfde\ jbk

dhhjr*bgZpey Zlhfe\ 1Z ml\hj_ggy ih”~e[gbo njzZ]f_gle\
kljmdImje kihe®@@pQ/B @ sh djbklZeeam}lvky m kljmc
+R1L*D > @ bk M pec kljmdIimje } hdlZ]hghb
gZ\dheh i _glZ]l]hgZevgbo ijbaf 1Z gZklbgZ dhehgb i_glZ



@l @¢ln ®Pd —y=0 -———-y=12 Dy Pt In Ga

Jbk MdezZ~rdZ ih~e[gbo njzZ]f_gle\ hdlZ]lhge\ IZ ijl
kihemd3WD,Q 1Z30,Q

Mke i _j e*q_ge kihemdb gZe_ "blv ~h deZkm klIjm

ijbafZlbgghx dhhj*bgZpe}x Zlhfe\ fZeh]h jhafejm Ljb

gZ\dheh ZIlhfe\ ged_ex m kljnbdim*2Z,0Q kalféMhpgdZge kieev:

j_[1Zfb ml\hjxxIv ]jmim ea ghlbjvho ijbaf =jmib ijbaf |

jha\_jg_ge h~ge \e*ghkgh h”"gbo GZ jbk ah[jZ _g-
ijbaf m kljmdImje kihedd® *G1lL

/s
A
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© @ o o y=1/4
Gd In Ni Ga y:3/4
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Jbk Libl]hgZevge ijbafb m kijmdrmjQ kihemdb

LiblJhgZevge ijbafb ey Zlhfe\ gZcf _grh]lh jhafejm m

'\ 3WD ,Q ah[jZ _ge* gZ jbk >\e |jb]hgZevge ijbe

m kljmdIimje kihemBpQ*&EZ3Warh\" gzZzxjytidmldh\h nhjfm}lv
dhehgZ +«a Iljb]l]hgZevgbo ijbaf

Kee” aZagZqgblb sh m kljmbdBi#tZ,qQ Ki(haEWDl Q \a”h\"
gZijyfdmfh gz \b”~eeblb njzZ]f _glb «a ~\ho |ljb]l]hgZevgbo
kljmdImjZo kbH{EDND,Q nhjfmxlvky ]jmib ea qhlbjvho Ijk
ijbaf KljmdIimjm X(B8&MdQ fh gZ ij_"klZ\blb yd Je[jbrgm
mi\hj_gm dhf[egZpe}x npA3WHD-\ KL 7LILBEEBWDZQ
KL 1GB6R a]*"gh k& (8BW*B(3WD,Q 5(3WD,Q jbk
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Jbk Lib]hgZevge ijbafb m kijmdIimjZo*bi,emad 7E:
'\ 3wWwD ,Q
Kihemd(7*D,Q o0ZjZdl _jbamxlvky ml\hj_ggyf ab]
eZgpx]e\ a Zlhfe\ eg”rex vyde jerdh nhjfmxIvky m gl _j
MI\hj_ggy g_i_j_j\gbo eZgpx]s\ ,Q ,Q oZjzZd&DPgtQ*Hey ki
> @ (X,Q*H > ,Q1@ &



gZeesa neabqgbo \ezklb\hkl_c

AZe "geklv fZ]gelgh€ kijbcgyleb\hkle \er | fi_jZImj
<1L,@P\dZamx} gZ keZ[de iZjZfZ]gelge \aZ}fh"e€ ~ey n
kihemdb } iZjZfZ]g_IbdZfb 1Zmes Z fheyjgZ fZ]gelgZ
ajZade\ a jeagbf \feklhf Zexfegex g_agZqgh dhebVZ}lvky
_fh fhev >hkee”” _ggy neabqggbo \eZklb\hkl _c kieZzZ\e'
7TEL1L{XD \dZamxlv gZ agZqgh kdeZ”gerbc €0 oZjZdl_j a
fZ]gelgh]lh _e f glZ 7E JhajZoh\Zge _n_dlb\ge fZ]g-lg
Dxje <ZckZ kie\fejge a |I_hj_Ibqgbf agZbheywonfgZ Ik —
k\ergblv ijh klZ[eevgbc kimiegv hdbkg_ggy Ney ZII
kihemdb 7E1L,Q 1Z 7E1L*D \byleyxlv n_jhfZ]gelge |
\eZklb\hkle \erih\ergh aZfes _ggy Zlhfe\ eg”ex ZIlhfZfb
ljvho jeagbo ZghfZeec gZ djb\bo fZ]gelgh€ kijbcdgyleb\r

. PedZ\bf aZebrz}lvky Ihc nzZdl sh | _fi_jZI
Ijb jeaghfm \fekle ]Zeex aZebrZxlvky g_afeggbfb hkgh\
\eAm\Z}IvKy ijb . Z egre "XZxi_|j_0h’¥be§ . Ih~e[gh

kdeZ”gm ih\_"egdm fZ]gelgbo \aZ}fh”ec \klZgh\beb Z\I
jhagbgm 7EHQ,Q

Neabqge \eZklb\hkIs@Kkirie@8( < '\ +R ihdZamxlv
kihemdZ «a elje}f } iZjZfZ]g_Ibdhf IZmee Z ~\e egre kih
Zglbn_jhfZ]gelgh ijb V4 . Ney '\ ¢« +R \eNjh\eng
aZdhghf Dxje <ZckZ izZjzfzZ]gelge | _fi_jZImjb klZgh\eylv
"\1L*D,Q 1Z +ROKQ \e?rih\er*gh sh \dZam} gZ ~"hfegm
n_jhfz]gelgbo h[feggbo \aZ}fh”ec LZdh  pe kihemdhb
kbevgbf \ieb\hf djbklZeeggh]h _e dljbggh]h ihey

Hkgh\gbc Zglbn_jhfZ]gelgbc klZg o0ZjzZdl_jgtx Qey
*G3WD,Q « 3IWD,Q ?dki_jbf_glZevgh hljbfzge _n_dlIb
fhf glb azZ azZdhghf Dxje <ZckZ "e¥yD,QRihem38&FBDEBW
klZgh\e kv 1Z o *G— \e”ih\er"gh sh \dZam} gZ
h[feggm \aZ}fh"Gxe dljhge\ 1Z klZ[eevgbc klZg hdbkg _g
]Z"heegex > _sh \bs_ agZq_ggy fZ]gelgh]h fhf_glm qZk
kihemd ]Z"heegex > @ 3MDEMAdbIEG,Q \ihjy*dh\mxlvk
Zglbn_jhfzZ]gelgh ijb V4 . \eNih\e”rgh



<BKGH<DB

F _Ih~rZfb j_gl] _ge\kvdh]h nZah\h]h | Z gZkldh
j_gl] _ghki_dljZzevgh]h ZgZee<aes\ \b\g_gh \aZ}fh”ex dhf
"\ho d\Zaesih”™\ecgbo kbkl_fZo ijb . \klZgh\e _gh

kljmdImjge 0ZjZd!l_jbklbdb I\ _j*"bo jhaqbge\ aZfes _ggy m
M kbkl_B643 Q$O 5( < *G TE 1L &X \klZgh\e
nhjfm\Zggy r_klb g_i_j j\gbo I\_j~bo jhagbge\ ea kljmdl
\bagZqg_gh djbklZeeqgm kljmdIimjm | IjZjgbo kihemd
5(7,Q0; O *D *B(AL,PBE *G&XHE <&X;& gZ hkgh\e
kihemd _d\e«Zlhfgh]h kdezZ”m oZjzZdl_jbamxlvky ml\hj
I\ _j*bo jhagbge\ ca kiIjmdImjZfb Ibie\ \boe*gbo kihem
"hkee” gh djbklZeeggm kljmdImjm kihemd a gbo =
AZfes_ggy *g”ex gZ ZexfegeSlm, ks (fZx *G
7TEOQ $O *D \_~_ "~h nhjfm\Zggy I\_j*bo jhagbge*\ g_ag
ijba\h”~blv “h mlI\hj_ggy gh\bo | _ljZjgbo nZa a g_\<"hfh>
kljmdImjhx Ibim OJ&RXBOK|I_B4bL,Q@0L aZagZxlv kljmdIm
ljZgknhjfZpe€ \ j _ameviZle ydh€ ml\hjxxlvky gh\e kihe
kljmdImjhx Ibim 3U1L,Q
Jhaqgbggeklv eg”nex m5Hih&®dZ0o*G 7E 1Z <1L*
klZgh\blv ZI Z "ey kihe@idL«R 7EQ LjPagbggeklyv
eg”ex ~hje\gx} Z| | Z ZI \eAMih\ergh a n
I\_j~"bo jhagbge\ aZfes _ggy ae* kljmdImjhx Ibim <1L$O
ljhZgZesah\Zgh o0zZjzdl_j \az}fh~e€ dhfihg gle
kbkl_fZzo 1Z \klZgh\le_gh sh hkgh\gbc \ieb\ fzZxlv jt
S e f gle\ 1Z kljmdImjge 0ZjZd!l_jbklbdb \boe~gbo kiher
<i_jr_ \klZzgh\e_gh e<kgm\Zggy 1Z "hkee®" _gh djb
| 1jZjgbo kihemd gZkIimigh ¢l Lkal&X 54\ < 6P
KL *G1D,Q IXQPB(3WD,Q5( < *€E KL 166GK=3QPDZ
5(3WD,Q5( < *GE KL5K6Q I=&PF DjbklZeeqgm kljmdl
kihemd *®1L,Q 7EXD ,Q +R¥D ,Q



*G3VW ,Q 7E8WW ,Q *@WD, Q WD ,Q
7TP3WD ,Q (BWD ,Q jharbnjh\zgh f_Ih~hf fhghdjbklZz
ij_~klZz\gbdb pbo jyne\ eahkljmdImjgbo kihemd "hke<”""_ gh
Kihemd®b(1L*D,Q 5(3WD,Q 15(3WD,Q } Ibih\bfb
A\hrzZjh\bfb kljmdIimjzfb + o0ZjzZdl_jbamxlvky Ijb]lhgZe
dhhj*bgZpe}x Zlhfe\ gZcf _grh]lh jhafejm 1L L 3W L
kljmdImjZo k5hlelm, Q IZ(S3WD,Q ml\hjxxlv |1Z o0 ge_gg:
Z \ kihenbdZWD,Q o0 ge_gge ]Jjmib ijbaf |Z €0 g _i_j_j\ge
KijmdIimjb kifemd,Q [Z(3WD,Q ih\fyazge fe kh
Ilhiheh]Jeggh a mi\hj _ggyf g _i_j _j\gbo dhehg hdlZ]hge\ |Z
\a”h\" i_\gbo djbklZeh]jZneqgbo gZijyfde\ M (IBWDJIQMjZ
fh gz "h~Zldh\h \b”eeblb dhehgb |_1jZz 1Z Ijb]hgZevgbo
\bs_a]z”Zge dhehgb hdlZ]hge\ 1Z i _glZ]lhgZevgbo ijbe
5(3WD,Q fh'gZ ij_"klzZ\blb yd Je[jbrgm ml\hj_gm dhf[eq
kljmdImj kKiv@wFkD &7 7L5[BWD,IZ &7 166GK
<klZgh\e_gh sh nzZab I\_j~h]h j#ixdagbgm <1L,Q
ijhyleyxlv \erkmlgeklv aZe "ghkle fZ]gelgh€ Kij
| fi_jZImjb « } Ibih\bfb iZjzfZ]g IbdZfb I1Zmee L _fi_ |z
fZ]gelgh€ kijbcgyleb\hkle "ey ajZad¢iDkhkl_fb #E1L,Q
hibkm}lvky aZdhghf Dxje <ZckZ Z jhajZomghd _n_dlb\
"ey gbo i*”M\_j*b\ klZ[eevgbc klZg *hgZ 7E
KihemdzZ *DLQ } Ibih\bf iZzjZzfZz]g_Ibdhf IZMDe® Z
1z +R1D,Q \ihjy*dh\mxlvky Zglbn_jhfZ]gelgh ijb
\eNih\e~rgh L _fi_jZImjgZ aZe_ "geklv fZ]gelgh€ Kkijbcgyl
*G3WD, Q hibkm}lvky fhrbnedh\Zghbf aZdhghf D X
_dki_jbf_glZevgh hljbfZg_ agZq_ggy _n_dlb\gh]h, fZ]g-
w—\dZam} ijh "h*2Zldh\m h[feghm® \aZdthf'gx\ [Z kim]
hdbkg_ggy Ney *G  K3IM®OM@DblZ2GWED,Q \ihjy*dh\mxlvk
Zglbn_jhfzZ]gelgh ijb I _fi_jZImjZo G__ey | Z



KIBKHD <BDHJBKL:GH2 E1L?J:LMJB
.DO\FKDN <D O 5DUH (DUWK 7UDQVLWLRQ OHW
9 , =DUHPED 5 3IWWJIHQ O /XNDFKXN 5 "' +]|
3K\WVLFV DQG &KHPLVWU\ RI 5DUH (DUWKYV i i
AZj fl[Zz < B <azZbfh”~_ckl\b_ dhfihg_glh\ \ kbkl _fZo
"&R 1L + ,Q NZah\u_ jZ\gh\_kby djbklZeebqg_kdZz
k\hcklZ kh_~bg _gbc :\lhj_n >bk«dzZg”™ obf gZmd E
=DUHPED 9 3KDVH HTXLOLEULXP LQ WKH *Gzx1L+
0 'JHYHQNR 5 3|WWJHQ <D .DO\FKDN = 1DW
3 +
>a_\_gdh F NZah\e je\gh\Z]b \ kbkl_fe 7Ex1L+,Q ijb
X Lb\Zggmd O > fb"h\Z F EmdZgmd Y DZebqZ

K_jey oef = + <bi + K +

DZebqzZzd Y F DjbklZeeqgZ kljmdQnbZ kihkbnd&H1L3U
6P (X *G 7E '\ +R (U Y F DZebqgzd E = :dl
< F ;ZjZgyd >hi :G MJKJ K_j ; i i< i K

AZj f[Zz < 1 DjbklZe+sqgZ klijmdim}jD kihemld AAFX
< F ;ZjZgyd Y F DZebqgZd <ekg Ev\el mg Im |

i K i
DZeugqZd Y F DjbklZeebqg kdZyllkQmdimhZkl6Pggu
kh_"bg_gbc Y F DZeuqZd < B AzZj f[z : KI_f
DjbklZeeh]jZnby + + L < + K +
+OXNK\\ 9 6\QWKHVLV DQG N@QGLXE® X UH V GRX N<KL\|
9 , =DUHPED <D 0O .DO\FKDN 5 3|WWJHQ -
9RO + 3 +

AZj f[Z < 1 DjbklZeeqgZ kljmdImpzZ kihen®&d FEL,Q
&D1L,Q< 1 AZj f[Z H Y AZozZjdh Y F DZebqzd
MIKJ K_j ; i i< i K i

AZj f[Z < B DjbklZeebq _kdZy kljmdlmjZ Kh_"og 6@b
*G 7E +R (U 7P IX < B AZj f[Z < : ;jmk



Y F DZeuqzd Bal :G KKKJ G_hj]Zzg fZl_jbZeu
K +
DZeuqZd Y F DjbklZeebq_kdZy kljmdlmjZbkhQ*bg_
5&XQ 5 /D &H 3U 1G 6P *G T7TE +R (U 7P [/
< B AZzZj f[Zz < F ;ZjZgyd | X AZ\Zebc < : ;ji
H < >fuljZo Ba\ :G KKKJ G_hjlJZzg fZl_jbZeu =
K +
SXVWRYR\FKHQNR 0 &U\VWWDIOQWFRBIERWRGCH RI( WK
3U 1G 6P *G 7E DQG < 0 3IXVWRYR\FKHQNR
<D .DO\FKDN , QWHUPHWDOOLFV = +t9RO
SURYLQR $ &U\VWWDOLWWUWDCEMIUHORBI PIMEJQHWLF ¢
RI 'MLLQ $ SB3URYLQR < OXGU\N ' 3DQG\DO HW
+ 9RO + 3 (
IXNDFKXN O 1HZ YDUH HDUWK IPHWDO GEFK L*GF
7P /X £ VIQWKHVLVY DQG FU\WWWDO FKHPLVWU\
5 , =DUHPED HW DO - 6ROLG 6W &KHP £
7T\YDQFKXN <X % 5DUH HDUWHK,  QQ@EFHWHO,QLQGL
<X % 7\YDQFKXN 0 &K 5RGHZDOG <D 0 .DO\F

&KHP = + 9RO + 3 *

=DUHPED 9 , 6\QWKHVLY( RGO VIN U XFEVX'UHD QK
<E1L,Q 9 , =DUHPED , 95 0XWYV 8 &K O5RGH
5 3|WWJIHQ = $QRUJ $00J &KHP = + 9RO

'RPLQ\XN 11LFQ 5( *G 7P +*QHZ UHSUHV&RWDW
VWUXFWXUH W\SH 1 'RPLQ\XN <D 9 *DODG]KX
$EVWU :9,,WK ,QWHUQ 6HP 2Q 3K\VLFV DQG
3RODQG -XQH + 3

DZeuqzZzd Y F Kbkl _fZ <x&X+,Q Y F DZeuqZd
P\ 1 f I i i« K i



:ZdZj : F Bahl_jfbg_kdh_ k_q_gb_ ~bZz]jzZffu khklh

&Xi,Q ' F ;ZdZj Y F DZeuqZd Bal\ <mah\ P\_|
K +
DZeuqzZd Y F Kbkl_fu 7Ex&X=%, b "\x&X=%,

F ;ZdzZj) ? B =eZ”ur_\kdbc Ba\ <mah\ P\_[| 1
K +

6]\WXOD $ ODIJQHWLF SURSHUWLHV RI WKH 5&X,
DQG&X,Q5 &H *G T7E '\ FRPSRXQGYV $ 6]\W
7 -DZRUVND *Ra E $ =DU]J\FNL < 0O .DO\FKDN
&KHP OHW $OOR\V + + 9RO + 3 +
JuoZev J F Bahl_jfbg_kdh_ RKdjlgbghecjtkbkl fu blljt

gbd_evxZexfbgbc \ h[eZklb ZI blljby

H K AZj_qggxd >:G MKKJ + K_j: # + < + K
9LOODUYV 3 &HQ]XDO . +DQGERRN RI ,QRUJDQL
'‘H *UX\WHU *PE+ &R + S

S3XNDV 6 1HZ FRES&S&XQEY 7E '\ 6 3XNDV 2
5 *ODG\VKHYVNLL &KHP OHW $OOR\V = 9
JuoZev J F DjbklZeebqg_kdZy kljmdImjZl Z& 1IN0 gl

I+

J F JuoZev H K AZj ggxd Y | Yjfhexd DjbklZz
L + K +

*ODG\WKHYVNLL 5 ( 6WUXEMWOUH5SRI( PRICRFVKG
( 3DUWKH $FWD &U\WWDOORJU & + +t9RO

*ODG\WKHYVNLL 5 ( SOWUXFWXUH RN 51U ZLWK
2UGHUHG RU 3DUWWO\ 'LVRUGHUHG $UUDQJHPH
(DUWK OHWDO $WRPV 5 ( *ODG\WKHYVNLL . &
$FWD &U\WWDOORJU % = + 9RO + 3 +
6RUJLF % $ VWXG\ RI VWUXFWXUDO DQG $MXHUF
K\GURJHQ V\VWHP % 6RUJLF = %OD]JLQD $ 'U
+ 9RO + 3 +



7TVY\DVKFKHQNR $ 9 &U\VWDOOL]DWLRQ RI WKH
SUHVVXUH $ 9 7VY\DVKFKHQNR / 1 )RPLFKH
+ 9RO + 3 / x/
OLND 7 3KDVH HTXOLEULD LQ WKH A< *G £1L={
DW $O0O UDQJH DW . D UHLQYHVWLJDWLRQ
$OO0OR\V + + 9RO + 3 +
JuoZev J F Bahl_jfbg_kdh_ k_g_gb_ Ijhcghc kbk
"K \ h[ezZklb =+ ZI ]Z hebgby J F JuoZev
H B FZjuq >:G MKKJ K_j : # + < + K +
3RS , 7KH FU\WWDOOLQH VWUXFWXUHL1IR|$@®KH |
, 3RS 1 'LKRLX 0O &ROGHD & +DJDQ - /HVV
3 +
3RS 6WUXFWXUDOL BQDQ\WHWPRIWDOOLF FRPS
9 &ULVDQ 0O &ROGHD & +I1JDQ * %RURGL 3K
3 +
6RUJLF % 2Q WKH VWUXFWXUDO DQG K\GBRJIHC
VA\VWHP % 6RUJLF $ 'UDVQHU = %OD]LQD
+ 3 +
'"HOVDQWH 6 6\QWKHVLVY DQG VWUXFWXUDO FKDU
WR WKH VHUHOVp 56( UDUH HDUWK PHWDO 6 'F
+ ,SVHU * %RU]JRQH = $QRUJ $00J &KHP +
S3XNDV 6 < 1HZ WHUQDISODO&KPL£QIGNINVSE 2 OC
5 ( *ODG\WVKHYVNY9.QW$RRWU &U\WVWDO &KHP ,Q
IYLY + 3
JbozZev J F J gl] _ghkljmdIimjg_ ~hkees™" _ggy ihlje
"bkijhaectged _evzZexfegec \ h[eZklyo = Z| ]
f 1Zem J F JboZev H K AZj qgxd < F FZg”™abd

k j : = « = £ K +



%O0D]LQD = 7KH FU\WWWDO VWUXFWXUH DQG VR

7E1[$@K\GURJHQ V\VWHP = %OD]LQD % 6RU.
&RQGHQV ODWWHU + + 9RO + 3 -
.UDFKDQ 7 7KH <+&X+*$0 V\VWHP 7 .UDFK
< % .\]YPD - $OOR\V &RPSG = + 9RO j
*XPHQLXN 5 9 7KH *G+&X+$0 VI\VWHP 5 9 *XPH
<X % .X]YPD - $OOR\V &RPSG = + 9RO

7TDNHVKLWD 7 &U\WWDGIWOQRFBXXIH SDIUIE &KD |
,(OQWHUPHWDOOLF &RPSRXQGYV 7 TDNHVKLWD 6

6WDWH &KHP = + 9RO + 3 +
2HVWHUUHLFKHU + BWUXFWXUDO DQG PDJQHWLTF
DQG 5&X$0 + 2HVWHUUHLFKHU - IHVV &RPF
3 +

i \Zjkdbc : | J_gl]_ghkljmdimjgh_ bkke ~h\Zgb_ F

Il 1Ij_ \Zjkdbc X ; DmavfZz Bal\ :G KKKJ F _|Zeel
K +

7VY\DVKFKHQNR $ 9 +LJK SUHVVXUH V\QWKHVL
5 FRPSRXQGV 5&X$0 $ 9 7VY\DVKFKHQNR /|
&RPPRQ OHW + ++39RO+/

X]TPD < % 3KDVH HTXLOLEULD DQG FU\WWDC(
FRPSRXQGV FRQWDLQLQJ XS WR DW 7E < ¢
0 , 9DV\IXQ\N 5XVV OHWDOO + + 9RO +
SUHYDUVNLL $ 3 1HZ FRE SNRSAGCGWWAIUANFKRY XKH LC
VI\VWHPV $ 3 3UHYDUVNLL < % .X]TPD S XV
3 +

<Zkbe gdh E H NZah\u_ jZ\gh\_kby b djbklZee
kh_“bg_gbc \ kbkl_fZo JAF 1L *D JAF /ID 7E '\

A\lhj_n ~bk « dzZg”™ o<EvigXmd i K

=jbgv X G =Zeeb”u Kijz\ Ba" X G =jbgv J?
Fhkd\Z F_IZeemj]lby = + k



Yjfhexd Y | Bgl_jf IZeebq_kdb_ Ki _bb§iBby 56P

*G 7E '\ +R (U 7PD&EL NX | Yjfhexd X =jbgv

G KKKJ F_lZeeu = + ¢ * K +

*ULQ < ODJQHWLVP DQG VWUXFWXUDGQ*BKHPLVW
/ID &H 3U 1G 6P *G 7B DOG'UDQR. +LHEO

+ 1RHO - /IHVV &RPPRQ OHW + + 9RO 1

=jbgv X DjbklZeebqg_kdZy kljmdbmpZLkKh_ #~ibg &Hc 3L
1G 6P *G X =jbgv Y | Yjfhexd >hi :G MJKJ
¢ + & +

3pFKHY 6 5HODWLRQVKLS EHWZHHQ WKH 6\Q!
(OHFWULFDO ODJQHWLF DQG +\GURJHQ S$EVRL

&RPSRXQGV *BUWK ; $O *D RU 60Q 6 3pF
% &KHYDOLHU % 'DUULHW ) :HLOO - B6ROLYV
3 +

%O0OD]LQD = &U\WWDO VWUXFWXUH WKHUPDO HJ:
RI WKH *@BIDOOR\V = %OD]JLQD % 6RUJLF $ 'U
ODWWHU + + 9RO + 3 +

Yjfhexd Y | DjbklZeeggZ kljmp@iLmpE kighlemauU 1G
*G 7E "\ +R (U 7P <E / X < Y | Yjfhex
/| 1 =eZ”br_\kvdbc >hi :G MJKJ K_j $ = +
-RVKL " $ ODJQHWLF SURSHUWLHYV RD WoHU @DW!
HDUWKHV ''$ -RVKL & 9 7RP\ " 6 5DQD 5 1
6WDWH &RPPXQ = + 9RO + 3 +

Yjfhexd Y | DjbklZeebg_kdzZy kljmdIijD kb _~iBgJ g
16 6P *G T7TE '\ +R (U 7P < Y | Yjfhex
? B =eZ”ur_\kdbc >hde :G MKKJ K_j : = +
5RPDND 9 $ O0ODJQHWLF DQG FU\VWIQMOMR DS

51L$0O FRPSRXQGYV 9 $ 5RPDND < *ULQ
2 6 =DUHFKQ\XN 5 9 6NROR]JGUD 3K\V O0OHW
+ 3 *



*ULQ < )RUPDWLRQ FRPSRVLWLRQ ®Q6& VWQX
5 (0 +*Dx1L VI\VWHPV DWULQ < 3 <DUPRO\XN
+ 9RO + 3 +

'DV\OHFKNR / W\SHIWHUQDU\ SKDVHV LQ WKH 5%
16 6P *G 7E '\ +R (U 7P <E /X /| 2 :D
$ $ )HGRUFKXN - $OOR\V &RPSG + 9RO
=jbgv X NzZauwly*m®> *G 7E '\ +R (U 7P H[jZ
djbklZeebq _kdZy kljmdImjZz X =jbgv Y | Yjfhexd

1Z K_j obf + + + & ot

%HO\DYLQD 1 1 B5HLQYHVWLJDWLRQ RIGWKH
1 1 %HO\DYLQD 9 < ODUNLY 2 , 1DNRQHFKQEL
9RO + 3 +

O\NKDOLFKNR 2 7TKH QHZ VWDXFWXUHNKDOHF]
5 ( *ODG\WVKHYVNYLQWS$RWRWQU &U\WVWDO &KHP ¢
IYLY + 3

FboZeeqdh H <azZ}fh”rey dhfihg_gle\ m kbkl_fe
H FboZeeqdh J =eZ”br_\kvdbc <ekg Ev\e\ mg |

<bi + K *

FboZeeqdh H ; NZah\e je\gh\Z]b 1Z djbklZeeqgZ
kbkl_fZzo /D FF&XIitODI6L ijbo \lhj _n ~bk « dzZg”
gZmidE v\ ei\ i Kk

FZjde\ <Y J gl]_ghkljmdIimjg_ "hkee”" ggy kieZ\e\
JAF&XJAF*D _j jeae\ <Y FZjde\ G F ;}ey\legZ L -
>hi :G MJKJ K_j : +* + < + K

*XPHQ\XN 5 9 &U\WWDO &XWUDXPWGEU KERD *G
5 9 *XPHQ\XN < % .X]TPD ,QRUJ ODWHU ¢
FboZeeqdh H Gh\e | _jgZjge %Ze b JAF |Z &X a-* Kk
H FboZeeqdh Y H LhdZcgmd I X > _fg_gdh J
<ekg Ev\el\ mg Im K _jey oef = + <bi + K +



'UDNH % / &U\WWDO JURZWK VWUXFWXUH /RDQG
< &H 3U 6P DQG <E DOQ@® /Qx&XGOU DQG

% / 'UDNH ' 3 <RXQJ < &KDQ & &DSDQ - <
< 0 ;LRQJ $ % .DUNL 6 1DNDWVXML 3 : $G
ODWWHU + + 9RO + 3 =

FZjde\ < Y NZah\e je\ggh\X bkl fe "\£&X+*D ¢ gh\e k

kljmdImjhx Ibim %D#$Qh ihoe*gbo \ kbkl _fZo JAF

< Y FZjde\ 1 | R_\q_gdh G F ;}ey\legZ 1|1 | Dm

MJKJ K_j : + + < + K+

Kilhcdh K K NZah\e je\gh\Z]b 1Z djbklZesqges kljmdln

< + "&R 1L + "3 $V 6E 1Z kihje*g_gbo a gbfb :\

gZmd Ev\e\ =+ + K

5RPDND 9 9 3HFXOLDULWLHV RI WKHUPRHOHFYV

*Gx1lL+t6E DQG /Xz1lL+6E WHUQDU\ V\VWHPV

$ +RU\Q 3 5RJO <X 6WDGQ\N 1 OHOQ\FKHQNR
- 6ROLV 6WDWH &KHP + + 9RO + 3 +

OR]JKDULYVN\M < $ +LJK WHPSHBEWXQWEH LRRG W
DQDORJIKGFE< < $ ORJKDULYVN\M + ) )UDQJHQ

+ 9RO + 3 *

7TKRPDV ( / 6\QWKHVLV O6WUXFWXUH @ GQO0DJC
< *G (U ( / 7TKRPDV 0 OROGDYDQ ' 3 <RX(
ODWHU = + 9RO + 3 *

OHQRQ / )HUURPDJQHWLF .RQGR ODWWLFH EF
6 . ODOLN 3K\'V. 5HY % &RQGHQV ODWWHU =
SHFKDUVNLL 9 . &U\WWDO VWUXFWXUH RI WKH
HDUWK HOHPHQWYV 9 . 3HFKDUVNLL < 9 3DQ
&U\WWWDOORJU = + 9RO + 3 +

OR]JKDULYVN\M < $ 1HZAIBEPSRXQGWE( '\ +R (U
+R3IGE DQG WKHLU FU\WWDO VWUXFWXUH <
- $O0OR\YV &RPSG =+ + 9RO + 3 +



6WR\NR 6 6 &U\VWDO VWUXFWXUH DQG SK\VLFE
51L6E 5 < *G TE 6 6 BWR\NR 2 9 =KD
9 %DEL]KHWVN\\ . +LHEO - $00R\V &RPSG +
$QGUp * ODJQHWLF RUBHWIRQJIBIDBAG6EE FRPSR
E\ QHXWURQ GLIIUDFWLRQ DQG PDJQHWLF PHI
9LJQHURQ $ 20HV % 3HQF : 6LNRUD $ 6]\W
&RPSG + + 9RO + 3 o+
JHG\QD / 2 1HZ WHUQDU\ RXWEFPRWLSHHW W UWK
/| 2 YHG\QD 2 , %RGDN $ 2 )HGRUFKXN < 2
$EVWHQOW &RQI &U\WWDO &KHP ,QWHUPHW &RP
6NROR]JGUD 5 9 1HZ LQWH WG&RHEN B O GL F [F R RXWD
6P *G 7E '\ +R (U ZLWK VHPLFRQGXFWLQJ
3 6 6DODPDNKD $ / *DQJ\XN 2 , %RGDN ,QF
3 +
<DQJ ; ; ®&X5 /D &H 3U 1G 6P *G 7E '\ +}
ZLWK GHIHFAVWEDHOHWUXFWXUH . ; <DQJ <
6 < ODR - : OL = < 0DQ - 7 =KDR ODWHU
+ 3 +
.DF]PDUVND . ODJQHWLF UHVLVWLYLW\ DQG
*G1BE DQG *6GRX . .DFJPDUVND - 3LHUUH $ *X]
- 0DJQ 0DJQ ODWHU = + 9RO + 3 +
=KDR - 6\QWKHVLV BWUXFWXUH DQG %RQGLQJ
5(&X6E 5( 1G 6P 7E '\ +R - =KDR 0 6RQJ
- 0L 6 < ODR - 5DUH (DUWKV + + 9RO
%RGDN 2 , 7KH FU\VWDOO*H WYX FWXOIHH @ | FFOF
2 , %RGDN 9 $ %UXVNRY 9 . 3HFKDUVNLL (
9RO + 3 +
.RWVDQLGLYVY 3 $ 6XVFHSWLELOLW\ RI WKH UDL
51L*H 5 *G 7E '\ +R (U 7P DQG < 3 $ .RW
+ *DPDUL 6HDOH - /HVV &RPPRQ OHW % +



&KHQ - : (OHFWULFDO DQG PDJQHWLF SURS
FRPSRXQGWH 55 UDUH HDUWK LRQV - &KHQ
- 3K\WV &RQI 6HU = + 9RO + 3
*LO $ ODJQHWLF SURSEHQW®WLSBVIFRPSRXQGV $
$ 6]\WXOD = 7RPNRZLF] . 7 :RMFLHFKRZVNL ¢

ODWHU =+ + 9RO + 3 *

'XRQJ 1 3 ODJQHWLF SURSARPEBRKY RLG *G 7

1 3 'XRQJ . + - %WXVFKRZ ( %UFN - & 3 .O
- $OOR\V &RPSG + + 9RO + 3 *
.RQ\N 0 % ODJQHWLF HUR®HWWYPDHNY RRPSSRXQG
HDUWK 0O % .RQ\N / 3 5RPDND ' *LIJQRX]
< . *RUHOHQNR - $0OO0OR\V &RPSG + + 9RO
0XQ (' 3K\WWLFDO SURSHUWLHV D Q@& DIGHW RW UR
1G 6P *G /X (" 0XQ 6 / %XGIYNR + R * -
- 0DQJ ODQJ ODWHU + + 9RO + 3 +
6DODPDNKD J 7HUQDU\ UDUH HDUWK JHUPDQLX
6RORJXE 2, %RGDN +DQGERRN RQ WKH 3K\VL

14+

i 9RO i 3 i
hr"Zd H >¢Z]jZfZ nZah\bo je\gh\Z] kbkl_fb <z%&
E Qhjgh[jb\ _pv > ; j axd G =_jfZg <ekg Ev\e\
+ <bi + K +
*XSWD 6 5HYLHZ RQ PDJQHWLF B Q;GF RPMHORDIDHEG
6 *XSWD . * 6XUHVK - $O0OR\V &RPSG =

6]\WXab $ ODIJQHWLF SURSHUWLHV RI WKH 5&X,(
DQG&X,Q5 &H *G T7E '\' FRPSRXQGV $ 6]\W°
7 -DZRUVND *Ra E $ =DU]J\FNL <D .DO\FKDN a
OHW $OOR\V + + 9RO + 3 +

-DURV] - &U\WWDOORJUDSKLF HOHFWURQLF VW
*Gr$07 &R 1L DQG &X WHUQDU\ FRPSRXQGV - -



- . XV] + %|KP $ :LQLDUVNL - 0DJQ O0DJQ O
3 *

.RWVDQLGLY 3 $ &ODVVLFDO DQWLIHUURPDJQF
3% .RWVDQLGLV - . <DNLQWKRYV - 0DJQ O0DJ
3 +

7\YDQFKXN <X % ODJQHWLFEQPURSHGWIUH W RP SR X
<X % 7\YDQFKXN <D O .DO\FKDN & *RQGHN
= 7RPNRZLF] - 0DJQ 0DJQ ODWHU + 9R
*RQGHN & 1HXWURQ GLIIUDFWBR Q5V WHGLHM ORU W
$X RU 1L FRPSRXQGV a *RQGHN $ 6]\WXOD 6
- 0DJQ O0DJQ ODWHU = + 9RO + 3 (
&DQHSD ) ODJQHWRFDORULF SURSHUWLHV RI
FRPSRXQGY ) &DQHSD 0 1DSROHWDQR $ 3D
- 3K\V ' $SSO 3K\V + + 9RO + 3 +

&DQHSD ) 3K\WWLFDO SURSHUWLHV RI *G1L*D

$ 3DOHQJ]RQD - $OOR\V &RPSG + + 9RO

3UFKDO - B6WUXFWXUDO GLVFREAQQKRMIRKQ
H[SHULPHQWY DQG GHQVLW)\ IXQFWLRQDO WKHR
- 5XV] ) GH %RHU O 'LYL& + .LWD]DZD $ '|Q

3K\V 5HY % + + 9RO + 3

.DawLO - (IIHFW RI K\GURVWDWLF DQG XQLDJLLE
WUDQVLWLRQ LQ 7E1L$O - .DAWLO 0 .OLFSHU
3 -DYRUVNE - $0OO0OR\V &RPSG +# + 9RO
ODOHWWD + ODJQHWLF RUGHU ZLWK IUXVWUD\
* (KOHUV - 0DJQ O0DJQ ODWHU=+43 ++ 9RO

-DYRUVNé 3 ODJQHWLF SURSHUWLHV RI 5&X$0 L
1 & 7XDQ O 'LyLa / +DYHOD 3 6YRERGD 9 6H
0bJQ ODWHU = + * R3O *



-DYRUVNEé 3 SUHVVXUH ,QIOXHQFH RQ 0DJQ

3 -DYRUVNé - 3UFKDO O .OLFSHUD - .DawlLo
+ 9RO + 3 *

.Da&WLO - 7KH LQIOXHQFH RI VXEVWLWXWLRQ
LOQWHUPHWDOLF FRPSRXQG 7E1L$O - .DawlLo
SURFHHGLQJV RI &RQWULEXWHG 3DSHUV + +

6LQJK 1 . ODJQHWLF DQG PDIJQHWRFDORULF
FRPSRXQG 7E1L$O 1 . 6LQJK . * 6XUHVK =&
6 . ODOLN - 0DJQ 0ODJQ ODWHU + + 9RO

(KOHUV * 3KDVH WUDQVLWLRQ RI JHRPHWULFL
ILHOG * (KOHUV & 5LWWHU - 5 6VKHKWYWDWMYS$ ©
+ + 9RO + 3

.OLFSHUD 0 'HYHORSPHQW Rl PDJQHWLF RUGH!
PDJQHWRFU\WWDOOLQH DQLVRWURS\ LQ 7E7; ER
3 2UHQFK 3K\V 5HY % + + 9RO + 3

OHUOR ) B6WUXFWXUDO DQRPDO\ LQ *G1L$O
PDJQHWLF LQYHVWLIJDWLRQ ) OHUOR 6 &LUDI

+ 9RO + 3 +
Djbifyd \bg | 1 DjbklZeeqge kljmdImjb kihemd =
ZgZeh]e\ | 1 Djbifyd \bg <Y FZjde\ ? < F_evg
K_j @ =% + < + K

%ULQN 6KRHPDNHU & $ WHUWQBH\ VDA W2LWHK
& %ULQN 6KRHPDNHU '3 B6KRHPDNHU SFWD &
3 +

1RZRWQ\ + 7HUQIUH YDOHQ]YHUELQGXQJHQ L
$UVHQ $QWLPRQ :LVPXW ODJQHVLXP + 1RZRW

+ 9RO + 3
SHUOLW] + 7KH FU\WVWBD@DIJ VWURBHWRUW]RI$$OHV\
.HPL OLQHUDO *HRO + + 9RO % + 3

Wfkeb > We f glu > Wfkeb F Fbj

I+



.UDXV : 1RO]H * 3BRZGHU &HOO IRU :LQGRZV +
SRLVQHO 7 5RGULJXH] &DUYDMDO - ODWHULDC(
6HYHQWK (XURSHDQ 3RZGHU 'LITUDFWLRQ &RQIH!

(- OLWWHQPHLMHU %DUFHORQD :LQ3/275 D
'LIIUDFWLRQ 3DWWHUQV $QDO\VLV + 0D\ 5
5RGUtJXH]+&DUYDMDO - 5HFHQW 'HYHORSPHQ\
- 5RGUtJXH]*&DUYDMDO &RPPLVVLRQ RQ 3RZG
+ + 9RO + 3 +

<RXQJ 5% '%:6+ + 3URJUDP IRU 5LHWYHOG

IHXWURQ 3RZGHU 'LIITUDFWLRQ 3DWWHU@DLYD $
6DQWRY $WODQWD *$

3HW tpHN 9 &U\WWDOORJUDSKLF &RPSXWLQJ 6\
9 3HW tpHN 0 'X&HN / 3DODWLQXV = UL\

$QGHUVH@ QHDU PHWKRGV LQ EDQG WKHRU\ 2
% =+ + 9RO + 3

$QGHUVHQ@SOLFLW ILUVW SULQFLSDHS QGCLHEWHI
2 -HSVHQ 3K\V 5HY % = + 9RO + 3
$QGHUVHQ,QOXVWUDWLRQ RI WKH OLQHDU PX
UHSUHVHQWDWLRQ &RPSDFW RUE[2WD O % QIEQI® \A
3DZORZVND 2 -HSVHQ 3K\V 5HY % % +
=hjyqZz F Kbkl_fb0s110,Q $O *D 6E F =hjyqz
Gbgbihjmd J K_jdea < AZj f[Z <ekgbd Ev\e\ 1
+ <bi + K +

=hjygqZz F <aZ}fhrsy dhfihg_gls\ mOkbkl f$0O<1EDQ

F =hjygZz 1 KzZ\gmd = Gbgbihjmd < AZj f[Z Al

dhgn 3Ev\e\kvde oefeqge gblZggy = T+ Ev\e)
=hjyqgZ F Kbkl7i@®0G 1L &X $O0 *D F =hjyqZ

E Aegvdh = Gbgbihjmd J K_jdea < AZj f[Z <e

of = + <bi + K +



+RULDFKD 0 ,QWHUDFWLRQ RI7\Q$® FRP&RQHQ
d[d V\WWHPV 0 +RULDFKD / =LQNR * 1\FK
&ROO $EV ;,,, ,QW &RQI &U\WW &KHP ,QWHUPF
=hjyqZ F Kbkl_fbJEQL, 3O *D 6E F =hjyqZ K
= Gbgbihjmd J Ivhil]_g < AZj f[Z A[ gzZmd ij

SEv\e\kvde o0°efeqge gblZggy = "+ Ev\e) + K (
=hjygqZ F >hkee”" _ggy kbl _D <&&X0OQ *D F =hj)
G Jegbeh = Gbgbihjmd J Ivhll]_g < AZj f[Z A
dhgn_j gpe*€ a g_hj]Zgeqgh€ oe°fe€ + >geijh + K
=hjyqzZz F <aZ}fh”ey dhfihg_gle\ m&bkl_fZ00<&R,Q
F =hjyqZz G Jegbeh = Gbgbihjmd J «K_pdep flZ |
Mdj oef "mj = + L < + K

=hjygZ F DjbklZeeqges klijmdIimjb nZgb@®bkH_ fbh jGaszX
Gbgbihjmd J 1Ivhll]_g < AZj _f[Z ljZps GLR O
L /9, + K

=hjygqZz F F Kbkl_#AQ6%EG 7 1L & X F F =hj)
=1 Gbqgbihjmd J Y K_jdea J Ivhll]_g <1 AZj f[Z
<k _mdj gZmd dhgn :dlmZevge aZ”Zqe o0°fe€ ~"hkee
@blhfbj + K

=hjyqZ F Jhaqgbgeklv 1g”ex m kZhehdEOF <Eh$y¥qgZ
1 KZ\gmd = Gbgbihjmd < AZzZj f[Z Al |_a ©9, F
kim~ _gle\ ZkiejZgle\ 1Z fheh”bo \g_gbo a oefe€ 1Z c
Db€\ + K

=hjyqgZ F >hke*"" _gg¥lkikkxD f5 < *G F =hjyc
= Gbgbihjmd 1 Kz\gmd | > fg_gdh < AZzZj f[Z
K_jey oef = + <bi Q + K +

=hjygzZz F Kbkl_fz (*B1L,Q F =hjyqZ = Gbgb

1 Fmpv < AZj f[Z A[ gZmd ijZpv 9 <k_mdj gZz
\q _gbo IZ klm”_gle\ + Empvd + K



=DUHPED 9 7KH +LJK WHPSHUDWXYIK@RGWIH & DU
6WUXFWXUH BHODWK® 60DEV 9 =DUHPED 9 -
= $QRUJ $00J &KHP + + 9RO + 3
=DUHPED 9, ,QGLBHV 3IQ1IL® 6P DQG IHUURPI
9, =DUHPED < 0 .DO\FKDN 9 3 'XEHQVN\\ 5"
- 6ROLG 6WDWH &KHP + + 9RO + 3
6KHOGULFN * 0 6+(/; SURJUDP IRU &U\VWLC
8QLYHUVLW\ RI * WWLQJHQ *HUPDQ\

SHUXQ 5 ,LQYHVWLIDWLRQ RI *@ILWEP 5 c
0 +RULDFKD 5 3|WWJHQ * 1\FK\SRUXN 9 =D
&RQI &U\WW &KHP S OWHUPHW &RPSG £ /YLY
+RULDFKD 0 &U\WWDO VWUXRWEREBMORSI <DLS$ORL
* 1\FK\SRUXN 5 3|WWJHQ 9 =DUHPED %RRN {
6ROLGYV + &]HVWRFKRZD + 3

*DODG]KXQ <D 9 *DOOLXP ,QGLXP 2UGHUQ@J
IHWZRUN RD,G1lD 9 *DODG]KXQ 00 +RULDEFKI
8 &K 5RGHZDOG 5 3|WWJHQ 9, =DUHPED =
9RO + 3 +

+RULDFKD 0 4XDWHUQDU\ LGWWDRMHW D GO ¥l FF
<E O +RULDFKD ) 6WHJIJHPDQQ 5 3|WWJHQ
&ROO $EV :,9 ,QW &RQI &U\WW &KHP ,QWHUPH
+RULDFKD O *DOOLXP ,GBWRPQBUGHUL® XEQ3KD"
ZLWK 188bK\SH 6WUXFWXUH O +RULDFKD 9 =

5 3|IWWJIHQ ORQDWVK &KHP + + 9RO +
OpRW OH\HU 0 'H QRXYHDX[ VWDQQXUHV WHUQI
WHUUHV UDBKGLy d/pbd 75 /ID 6P 0O OpRW

* OHQWXULQL % ODODPDQ % O5RTXHV ODWHL
3

OpRW OH\HU 0 'H QRXYHDX[ VWDQQXUHV WHUQI
WHUUHV UBROUMHRX 77/ < *G 7E '\ +R 6WUXFW



SURSULHWLHYVY PpOHFWULTXSBKeHQWN FDJQpRWT XOHHM |

* OHQWXULQL % ODODPDQ - 6WHLQPHW] % 5F
9RO + 3

+RULDFKD 0 ODJQHWLF S59URBHQBWLHY RV WRH
FRPSRXQGYV 0O +RULDFKD * 1\FK\SRUXN ' .D

$EVWU (XURS &RQI 33K\VLFV RI PDJQHWLVP

OZjoZe+k : >hkee”"_ggy \azZ}fh”"e€ dhfE(&XgQeEOm ki
5( < |ID *G : OZjozZe*k F =hjygqzZz = Gbqgbih
< AZj f[Z <ekgbd Ev\el\ mg Im K _jey o°f = +

<hagyd 1 >hkee”" _ggy d\Zae[*gZjgh]h i_j jeam <&X

1 <hagyd : N_"hjgmd F N _“"bgZz <ekgbd Ev\e\
+ <bi Q + K +

AZj_fl[Zz G < KbkI_fb0o&HW1L, Q30 *D G < AZj
=1 Gbgbihjmd X < S _ieeh\ H 1 I1ZgZob” 1 J Fmp
[Z\exd Mdj oef "mj = + L < + K

AZj_f[Z G <aZzZ}fh~ey dhfihg_gle\ m&bRI_fZld &HE1L,
G Azj f[z = Gbgbihjmd X S _ieeh\ J K_jdea <
<ekgbd Eviel mg Im K_jey of = + <bi Q +

>hfegxd G >hkee”” _ggy jhagbgghkle 1Q2¢&H \ Kil
G >hfegxd H KlZkxd = Gbgbihjmd J 1Ivhll]_g <
ijZpv ;,,, GZmd dhgn 3Ev\e\kvde o0°feqge gblZggy+
K G

>hfegxd G Kbkl_fZH&@1L G >hfegxd H 1 ZgZ

= Gbgbihjmd 1 Fmpv J Ivhll]_g < AZj f[Z Al

dhgn 3Ev\e\kvde o°feqge gblZggyz T+ Ev\e) 4

|1ZgZob™ H >hkee”" _ggy \aZ}fh”e€ dhfib@llGly\Em Kkl

5( /D &H H 1ZgZob” G >hfegxd = Gbqgbihj

A[ gZmd ijZpv ;9 GZmd dhgn 3Ev\e\kvde O°feqge ¢
+ K



B3RGXVND . 0 6BWUXFWXUDO DQG WK HUPR KRIZH U
UHODWHG FRPSRXQGVY .0 3RGXVND ) - 'L6DOY
+ + 9RO + 3 +
5RJO 3 3KDVH (TXLOLEULD LQ 7HUQHU\ DQG +L.
(OHPHQWY DQG 6LOLFRQ LQ +DQGERRN RQ WKH
(GV . $ *VFKQHLGQHU -U [/ (\ULQJ (OVLYt¢
$PVWHUGDP = + 9RO + 3
. X]IPD <X 3KRVSKLGHV LQ +DQGERRN RQ WK
(DUWKV (GV . $ *VFKQHLGQHU -U [/ (\ULQJ
(OVLYHU 6FLHQFH $PVWHUGDP &KDSWHU +
3]WWJIJHQ 5 3KRVSKLGHV 6ROLG 6WDWH &KHPL
&KHPLVWU\ (G 8°%G .LQa 3|WWJHQ + * +|QOH
'LOH\ + 1HZ <RUN # + 9RO 9,, =+ 3
=DUHPED 9, 7HUQD3G,QQG(LGHM 5@&H 3U 1G
6\QWKHVLY B6WUXFWXUH DQG 3K\VLFDO 3URSH!
<0 .DO\FKDN < 9 *DODG]KXQ ' .DFJRURZVNL 5
= $QRUJ $00J &KHP = + 9RO + 3
*ULQ < &U\WWDO BWUXFWXUIH BRI &RPIERXQGAR 5
7P <E /X < *ULQ < 3 <DUPRO\\XN (, *ODG\VI
+ 9RO + 3

<RX 76 6\QWKHVLV DQG VWUXFE®KXUD®G EKHD UD F
$ &D 6U (X <E + 1HZ LQWHUPHWDOOLF FRP
HIKLELWLQJ *H *H DQG ,Q ,Q ERQGLQJ 7 6 <RX
+ + 9RO + 3

ODR - * 6U,Q*H DQG (X,Q*H 1HZ =LQWO 3KDV}
1IHWZRUN 'HULYHG PWRPXBWMKURKG6L * ODR - *RRC
,QRUJ &KHP =+ + 9RO + 3

6XEEDUDR 8 OHWDO I0OX[ FU\WWDO JURZWK W
RUGHUHG VXSHUVWUXFWXUH LQ (X,Q*H 8 6XE



& 6 <DGDY $ 6YDQH * 9DLWKHHVZDUDQ 6 & 3
+ 9RO + 3
%DLOH\ 06 7KH VIQWKHVLMDQG §RNKE WKHIUHQ

QLWULGH 06 %DLOH\ ) - 'L6DOYR - $0O0R\
3

+RIIPDQQ 5 ' )HUURPDJQHWLF 2UGHULQJ LQ
5 3|WWJHQ 7K )LFNHQVFKHU & )HVOHU . a W

+ 9RO + 3



>H>:LDB
>h~Zlhd Nhlh]jZne€ ih\_johgv fedjhreene\ ~ ydbo Kkie
deevdekgbc ¢« ydekgbc kdez"

WD=24.4mm 20.00kV x600 WD=24.5mm 20.00kV__ x600

‘WD=25.5mm 20.00kV x800

Jbk : Nhlh]jZn+€ ih\_johgv fedjhresne\ KiggQe\ kbkl
Z+ <1L,$0O F\e¢leZ nZadlx Q $O ghjgZ nZaz =
< 1L ,Q $0 [+ <1L$® k\eleZ nZaZlt,Q $0O [ce-
ieyfb + 4L ,Q $0 *G1L$@\+*G1L,Q0 ke+jZ nZazZ %
*G 1L ,Q $O0 ]+*G1L,®0 kejZ nZaZ *¥L*GQ $O0 qghjgz
nZazZ = 1& ,Q $0O 7TE1LL$Q" "+ 7TEL1L$Q Kk\eleZ nZaz +
7E 1L ,Q $0 ke+jZ nZazld 7B $0 _+ 7E11$Q Kk\eleZ
nZaZ + TE ,Q $O0 | _fgZ nZaz®d 7B $0O



WD=24.3mm 20.00kV __ x600 __ 100pm WD=23.5mm

Jbk : Nhlh]jZne€ ih\_johgv fedjhreene\ kig&®d\ kbkl
Z+ <&X XD kejZ nZaZ&X <Q $0 [ £ <&X$® kejZ nZaZzZ *
< &X ,Q $0 | fgZ nZaZ&X <Q $0O *G&XPQ \+
*G&X, QO KejZ nZaZ &XGQ $O0 [+x*G&X,R0 kejZ nZaZ =
*G &X ,Q $0 k\eleZ nZazZ&X *@ $0O TE&X$Q
Nt TE&X$Q KejZ nZaZ &X7THK) $O0 _+ TE&X$Q kejZ nZaZz
+ TE&X ,Q $0 | _fgZ nZazZ &X7E) $0O



iy

WD=25.2mm 20.00kV._~ x800 __ S0pm

Jbk : Nhlh]jZne€ ih\_johgv fedjhreene\ kigZ\\ kbkl.
Z+x <1L,"® kejZ nZaZlkt <Q *D k\eleZ nZaz =
< 1L ,Q *D [ = <1L!}®@ k\eleZ nZaZdlx,Q *D | fgZz
nZaz 14 ,Q *D *GlurQ \+ *G1L¥Q KkejZ nZaZzZ #*
*G 1L ,Q *D | fgZ nZaz #L*® *D ]+ *G1L*Q
k\eleZ nZaz 14 *® *D kejZ nZazZ BHL*® *D
TE1LXD "+ 7TEL1L*DQ k\eleZ nZazZ ®L7EQ *D | _fgZ nZaZz
+ TE 1L ,Q *D _+ 7TE1L*D k\eleh ke¢jZ nZaz #+
7TE 1L ,Q *D | fgh kejZ nZaZlL+, QED





















