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<b\g_ggy \aZ}fh”*«€ dhfihg_gle\ m kdeZ~gbo f_|Ze-
f I« ihrmd gh\bo fZl _jeZees\ a ydekgh gh\bfb \eZklb\hi
\klZgh\e _ggy oZjzdl_jm €0 \az}fh”e€ kljmdIimjge ~hk
neabdh oe<feqge \eZklb\hkle |j_~klZ\e_gZ jh[hlZ ijbk\
d\Zaeih”\ecgbo kbkl_f a f Ihx jhagbgghkle g _I\_jlh]h dt
_d\eZlhfgh]h kdeZ"m dhgp_gljZpecgbo I1Z kljmdImjgbo
jhagbge\ djbklZehoesfeqgbo hkh[eb\hkl ¢ gh\bo | _jgz
kihemd neabqgbo \eZklb\hkl ¢ » ydbo a gbo

>ey _dki_jbf _glZevgbo ~hkees”" gv d\Zasih”™\ecgbc
_e _dljh*m]h\h€ ieZ\db rbolb dhfiZzdlgbo f_IZe*\ kbgl_:
"ey dh 'gh€ a kbkl_f IZ ]hfh] _geah\Zgh m fmn_evgec i_
hrghlh fekypy F_Ih”*Zfb j_gl]l_ge\kvdh]h nZah\h]lh |Z
j_gll _ghki_dljZzevgh]h ZgZee+ae+\ \klZgh\e_gh nZah\bc ko
j]_gl] _ghkljmdImjgh]h ZgZeeam djbklZeegqge* kljmdIimjb
_dki_jbf_glZzevgbo ~hkee”" gv \bagZq _gh f_ "¢ jhagqg
dhfihg _glZ m \boe~*gbo kihemdZo ijhly geklv ¢ kljmdIm
IN\_j*bo jhagbge\ m d\Zacih*\ecyldle K @gkI5(fZ0 /D &H
5(7,Q*D5( /D &H 1L &%z, ggH5( /D &H

M kbkl_fZo &BQALOQ $0O *D \klZgh\e_gh nhijf
g_i_j_j\gbo I\ _j*bo jhagbge\ °ca kljmdIimjhx Ibim =U.
dijbklZeeggm klIjmdImjm gh\bo I_ljZjgbo kiheglnd }
0 $O0 *DB(IL,QH 1Z5(&X,QZFD0D 5( ID &H gZ hkgh\e Kk



_d\eZlhfgh]h kdezZz™m oZjzd!l_jbamxlvky ml\hj ggyf r_kl
jhagbge\ aZfes _ggy ca kljmdImjZfb Ibie\ \boe?*gbo kihem
>hkee” gh jhagbggeklv ] jfZgXx(3V,Ri(hemdZo&H
\klZgh\e_gh ml\hj_ggy h[f_"_gbo I\_j*bb(3maghgs® KdeZ
ijhZgZeesah\Zgh o0ZjzZdl_j afegb iZjzZf _ljs\ e f glZjgh€
Zlhfe\ m kljmdImjZo
<i_jr_ \klzgh\e_gh e<kgm\Zggy |Z "“hkee”" _gh f_Ih

djbklZeeggm kljmdIimjm | jgZjgbo Zexfege/e\ |
| jgZjgbo ] _jfZgene\ 1Z | _1jZjgh€ kiDemdphl/bL aQ ydb:
L &H1L1$0 (X3IW (XIO 1Z &D<E 1L*H } i_jrbfb

ij_~"klz\gbdzfb gh\bo kljmdImjgbo Ibis\ 1FK

ljh\_~ gh ihfejb fZ]gelgbo 1Z e _dljhljZgkihjlgbo
kihemd 6R3WD1L*H |Z /DDL,QXxklZgh\e _gh sh kihemdb
1z /D1L*® } Ibih\bfb iZjzfZ]g_IbdZfb 1Zmees ZQkihe
ihdZam} Zglbn _jhfZ]gelgm h[feggm \aZ}fh”rex fe° fZ]g
ehdZeesah\Zgbfb gZ ZlhfZo kzZfZjex <ke "hkee”  _ge kih
f 1Zeeqgbf 0ZjzZdl_jhf _e_dljhijh\e~rghkle

>ey kihemldL,$OL 3U1I$0O <E11$0 (U100 (X3W
(X, 80 /D1L*H 1Z ,@PB8W\_~ gh d\zZglh\h f_o0oZge*qg* jl
_e_dljhggh€ kljmdImijb

H[]h\hj_gh o0zZjzdl_j \az}fh~e€ dhfihg_gle\ m \b\qg_¢
hkh[eb\hkle 1Z \klZgh\e_gh sh hkgh\gbc \ieb\ gZ gvh]l
1Z e _dljhggZ kiIpmealnfigyle\ sh \azZ}fhaZfesmxlvky 1Z
o0ZjZdl _jbklbdb \boe"gbo kihemd >ey kihemd a ~hke
kljmdImjhx ijh\_~ gh Ilhiheh]eqgbc 1Z djbklZehosfeq
\klZgh\e_gh \az}fha\fyadb a \¢«~hfbfb kljmdImjgbfb IbiZ

Dexqgh\e kedXglZg p_jec }\jhiec |l _j[eCc eeg”rec Z
] jfZgec ged_ev I\ _jAbc jhaqbg f_Ih™ ihjhrdm f_|
djbklZeeqgZ kKljmdImjZ fZ]gelgZ kijbcgyleb\eklv
_e_dljhggZ kljmdImjZz



Kibkhd im[eedZp-cC

GZmdh\e ijZpe \ ydbo him[eedh\Zge hkgh\ge gZr
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=DUHPED 1 (TXLDWRPLF LQGLGHV 5(,U,Q 5¢(
VWUXFWXUH DQG HOHFWURQLF VWUXFWXUH 1 =I
5RGHZDOG 9 3DYO\XN 5 3|WWJHQ 9 =DUHPED
E <« + 3 +

AZj_f[Zz G Kbkl_fb0&H1L.O *D ijb . G < AZ
=1 Gbgbihjmd X < S _ieeh\ H 1 1ZgZob” 1 J Fmp
IZ\exd Mdj oef "mj L < + K

AZj_f[Z G <az}fh”ey dhfihg_gle\ \[(Kkbel_fsH& BEL,
G AzZj f[z = Gbgbihjmd X S _ieeh\ J K _jdea < =
<ekgbd Eviel mg Im K _jey of = + <bi Q + |

=DUHPED 1UL$ODD QHZ OD\HUHG DOXPLQLGH
6FKHSLORY * 1\FK\SRUXN 9 +ONH®&\D QHZDYD\P
DOXPLQLGH = .ULVWDOORJU # + 9RO <

AZj_f[Zz G Kbkl_fboDaL,®O *H G AZj f[Zz X ¢
= Gbgbihjmd < 1Z\exd < AZj f[Z <ekgbd Ev\e\ n
<bi Q K

GZmdh\e ijZpe yde aZk\ergmxlv Zijh[Zpex J_amevIZIle\ -

AZj f[Zz G DjbklZzesqgZ kljmdImjzZ kihemdb 1G,U,Q
< 1Z\exd Al | _a 39, Fe g dhgn kIm~ _gle\ ZkiejZgl:
oefe€ |Z o¢f | _ogheh]e€” + Da&\hqgZ m&KZklv

=DUHPED 1 6\QWKHVLV DQG FU\VWDO VWUXFW
9 +OXNK\W 9 3DYO\XN &ROO S$SEVWU ;,,, ,QW
&RPSG £ /YLY kil g3*h\Z ~“hih\e”v

AZj f[Z G DjbklZesqgZ kijmdIimjzZ Ohem@b A&H 1i[.XL
= Gbgbihjmd 1 Fmpv < 1Z\exd J 1lvhll]_g Al |
gZmd ijZdl dhgn fheh”bo \qg_gbo IZ kim”~_gle\ ©Neab
KIZg “hky]g _ggy * i_jki_dlb\b2 £ Ena@hwdjgZ mdgZklv
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AZj f[Z G DjbklZeeqgZ kljmdImjZQkihé&md\Z 6 W[&]
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osfeqge qblZggy ’ Ev\e\ kl g "K\Z+~hih\e"v

=DUHPED 1 WRBEXUHODWHG VWUXFWXUHV LQ
=DUHPED 9 +OXNK\\ 9 3DYOY)ONW &R ORKEHZROALG
RI 7UDQV (OHPHQWYV + 9KkH@OMDZ ~hik\8" v

=DUHPED 1 &U\WWDOLMWEBFRPYRXNEBGRI AD =DUH
6FKHSLORY * 1\FK\SRUXN 9 +OXNK\\ 9 3DYO\XN
3K\V &KHP 6ROLGV * &] VWRFKRADZ "hihA«3v

AZj_f[Zz G Kbkl_fb0&H1L,$0 *H G AzZj_f[Zz X €
Gbgbihjmd < [1Z\exd < AZzZj_f[Z Al |_a ;; Mdjz¢
g _hjl]Zgeqgh€ oefe€ £ >geijh aZhqgZKmqgZklv

AZj_f[Zz G Kbkl_fpho/DAL,®O0 *H G AzZj _f[z X ¢
= Gbgbihjmd 1 Fmpv < IZ\exd < AZj f[Z Al g.
dhgn 3Ev\e\kvde o°feqge qblZggy = "+ E¥%\e\g”h\Z
Ahih\eMy

=DUHPED 1 $CE1+ D QHZ GHULYDWDWQEIRIO<&R
VWUXFWXUHY 1 =DUHPED 9 +OXNK\\ 9 3DYO\XN
&KHP S QWHUPHW &RPSG + /YLY + ké HGS"W HZP E
"hih\e/My

=DUHPED 1 1HZ VWOW@I:U BXPOINXPLQLGHV 1 =
OXWV 9 +OXNK\\ 9 3DYO\XN 2 -DQND 5 3|WWJH
3K\V &KHP G6ROLGYV 8NUDLQH /TYLY kk g”"hiXQ
Ahih\eMy

6800%$5<
=DUHPED 1 9 ,QWHUPHWID Q@EIF SKDVKRWOLQ $O *D
*H V\VWHPV DQG UHODWHG WR WKHP + 4XDOLI\LC
FRS\ULJKW
/KHVLV IRU D 3K' GHJUHH LQ FKHPLFDO VFLHQF
FKHPLVWU\" =+ OLQLVWU\ RI (GXFDWLRQ DQG 6FLHC
8QLYHUVLW\ RI /YLY [/YLY



&RQWHQW RI WKH VXPPDU\

7KH VWXG\ Rl WKH LQWHUDFWLRQ RI FRPSRQH(
ILQG QHZ PDWHULDOV ZLWK TXDOLWDWLYHO\ QH:
HVWDEOLVKPHQW RI WKH QDWXUH RI WKHLU LQWH!
SK\WVLFRFKHPLFDO SURSHUWLHV 7KH SUHVHQWHG
ELQDU\ VIVWHPV IRU WKH SXUSRVH RI VROXELOLW
FRPSRXQGV FRQFHQWUDWLRQ DQG VWUXFWXUDO
FKHPLFDO IHDWXUHV RI QHZ WHUQDU\ DQG WHWUL
RI WKHP

)RU H[SHULPHQWDO VWXGLHV RI TXDVL GRXEOF
PHOWLQJ RI D FRPSDFW PHWDO FKDUJH DOO]
VIVWHPV DQG KRPRJHQL]HG LQ D PXIIOH IXUQDFH
FRPSRVLWLRQ RI DOOR\V ZHUH FKDUDFWHUL]HG E\
VFDQQLQJ HOHFWURQ PLFURVFRS\ ZLWK HQHUJ\ Gl
VWUXFWXUHV RI WKH SKDVHV ZHUH HVWDEOLVKHG
$FFRUGLQJ WR WKH UHVXOWV RI H[SHULPHQWDO
FRPSRQHQW LQ WKH VWDUWLQJ FRPSRXQGV WK
FRPSRQHQWYV RI VROLG VROXWH5R QMBIO®B (T X DIV L &GR X
5(7,Q*D 5( /D &H 1L &X ZHUH GHWHURIHBEG /MQG
& H

,Q WKH &MH1V\QWHPV$O *D WKH IRUPDWLRQ RI
VROXWLRQV ZLWK D VWUXFWXUH Rl WKH =U1L$0 W
RI  QHZ WHWUDU FRPSRXQGV ZDM GHWHILOPLOMG
5(1L,QH DQ®&X,@Q 5( /D &H V\VWHPV EDVHG
FRPSRXQGV DUH FKDUDFWHUL]JHG E\ WKH IRUPDW
VROXWLRQV ZLWK VWUXFWXUHV RI WKH W\SHV RI V

7KH VROXELOLW\ R5(IWUPDRRAXFRXQGY &H ZD
LQYHVWLIJDWHG WKH IRUPDWLRQ R4HO L © LMRPG R/ \RIO,
ZDV HVWDEOLVKHG DQG WKH QDWXUH RI FKDQJI
SDUDPHWHUV LQ VWUXFWXUHV ZDV DQDO\]HG
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JRU WKH ILUVW WLPH WKH FU\WWDO VWUXFW:;
LQGLYLGXDOV  WHUQDU\ JHUPDQLGHV *DQ G| RMXWH
RI ZKLFKLZBHHEO (X3W® (X$D &D<E 1L*H DUH WKH
UHSUHVHQWDWLYHV RI QHZ VWUXFWXUDO W\SHV R

OHDVXUHPHQWYV RI PDJQHWLF DQG HOHFWURYV
6P3VW) /D1L*H DQG *D1lZKWUH SHUIRUPHG 7KH FRP
DQG /D1tDQ ZHUH IRXQG WR EH W\SLFDO 3DXOL SDL
6P3V) VKRZV DQ DQWLIHUURPDJQHWLF H[FKDQJH |
PRPHQWY ORFDOL]JHG RQ 6P DWRPV $00 LQYHVWI
WKH PHWDOOLF QDWXUH RI HOHFWULFDO FRQGXFW

AXDQWXP PHFKDQLFDO FDOFXODWLRQV Rl WKH
IRU FRPSRXQEVL /DULISO <E11$0 (U1L$O (X3IW
(X,$0 /D1L*H DQ@6P3W

7KH QDWXUH RI WKH LQWHUDFWLRQ RI FRPSRQ
DUH GLVFXVVHG DQG LW LV HVWDEOLVKHG WKDW
DQG HOHFWURQLF VWUXBW®HFHRIWM WE G FK\W Q3R W
RI WKH LQLWLDO FRPSRXQGV 7RSRORJLFDO DQG F
IRU FRPSRXQGV ZLWK WKH LQYHVWLJDWHG FU\VW]|
VWUXFWXUDO W\SHV ZHUH HVWDEOLVKHG

H\ ZRUGDQWKDQXP FHULXP HXURSLXP \WW
JDOOLXP JHUPDQLXP QLFNHO VROLG VROXWLRQ
FU\WWWDO VWUXFWXUH PDJQHWLF VXVFHSWLELOLW

ILVW RI SXEOLFDWLRQV
3XEOLFDWLRQV LQ ZKLFK WKH PDLQ VFLHQWLILF U]
=DUHPED 1 (TXLDWRP|L®(LQOGLBWV 1G (U <E +
VWUXFWXUH DQG HOHFWURQLF VWUXFWXUH 1 =D
5RGHZDOG 9 3DYO\XN 5 3|WWJHQ 9 =DUHPED

< + 3 +



=DUHPED 1 7KB; &®H1B® *D V\VWHPV DW
* 3 1\FK\SRUXN <X 9 B6FKHSLORY 2, 3DQDNK\G
3DYO\XN 8NU &KHP -RXUQ 9RO ¢ % 3

=DUHPED 1 7KH ,QWHUDFWLRQ RI| WXH) &RMSR C
6E 6\WWHPV 1 =DUHPED * I1\FK\SRUXN <X 6FKH
3DYO\XN 9LVQ\N /YLY 8QLY 6HU &KHP =
SNUDLQLDQ@

=DUHPED11$®DD QHZ OD\HUHG DOXPLQLGH 1 =
* 1\FK\SRUXN 9 +OXNK\\ 9 3DYO\XN = .ULVWD
3

=DUHPED 1 7K{@;/D1L,®O *H 6\WWHPV 1 =D
6FKHSLORY * I1\FK\SRUXN 9 3DYO\XN 9 =DUHPEL
+ + 9RO + 3 >LQ S8NUDLQLDQ@

6FLHQWLILF ZRUNV ZKLFK WHVWLI\ WKH DSSUREDW
=DUHPED 1 &U\WWDO VWUXFWXUH RI 1G,U,Q FF
3DYO\XN &ROO $EVWU 9, ,QW &RQI 6WXG 3K

(QJLQHHULQJ + .\LY + 3 >LQ 8NUDLQLDQ@
=DUHPED 1 6\QWKHVLV DQG FU\WWDO VWUXFW X
+OXNK\ 9 3DYO\XN &ROO $EV :,,, ,QW &ROQI
6HSWHPEHU # + /YLY + 3
=DUHPED 1 &U\VWDO VWDXFWRBRXRIG&H1L,DU]
I\FK\SRUXN , OXWV 9 3DYO\XN 5 3|WWJHQ  &F

BUDFWLFDO &RQI <RXQJ 6FLHQWLVWYV = /XWVN
=DUHPED 1 &U\VWDO VWURRRSRMQE®! 6US$EDU
+OXNK\\ , OXWV 9 3DYO\XN &ROO S$EVWU ;9,
SHDGLQJV + "+ /YLY + 3 + >LQ 8NUDLQLD
=DUHPED 1 WABBXUHODWHG VWUXFWXUHV LQ
=DUHPED 9 +OXNK\\ 9 3IBQOMXKRQI7TKRIQ 6ROLG &
7UDQV (OHPHQWV ODUFK + 9LHQQD |



=DUHPED 1 &U\VWDO1MWOWPLRPAERXIQPER! /D =DUF
6FKHSLORY * 1\FK\SRUXN 9 +OXNK\\ 9 3DYO\XI
3K\WLFV DQG &KHPLVWU\ RI 6ROLGV DQG DGYDC
&] VWRFKRZD + 3

=DUHPED 1 7KH;&HIL$® *H VI\VWHPV 1 =C
6FKHSLORY * 1\FK\SRUXN 9 3DYO\XN 9 =DUHPE

,QRUJ &KHP + 'QLSUR + 3 >LQ S8NUDLQLDQG
=DUHPED 1 7K /01L,O0 *H V\VWHPV 1 =C
6FKHSLORY * 1\FK\SRUXN , O0OXWV 9 3DYO\XN 9

6FLHQW &RQI 3/YLY &KHPLFDO 5HDGLQJV =
SNUDLQLDQ®@

=DUHPED 1 $<E1+ D QHZ GHULYDWLD/G&IRS$ O< &R
VWUXFWXUHVY 1 =DUHPED 9 +OXNK\\ 9 3DYO\XN
&KHP ,QWHUPHW &RPSG + /YLY + B6HSWHPEHL

=DUHPED 1 1HZ VSOW@MIEUGOBWKPLQLGHY 1 =
OXWV 9 +OXNK\\ 9 3DYO\XN 2 -DQND 5 3|WWJH
3K\V &KHP B6ROLGV * /YLY -XQH
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KljmdImjge 1Z djbklZehoesfeqge hkh[eb\hkle djbklZee-q
Hkh[eb\hkle djbklZesqgh€ kljmdlb$j® kK«kemdb /D
Gh\e | _jgZjge Zexfege™b jh*bgb kljmdImjgédh Ibim
KlIjmdImjge \aZ}fha\fyadb « ««««««aaaaaqaaes «
Hkh[eb\hkle djbklZeeqgh€ kijmdImjb kihemdb 3U1
Hkh[eb\hkle djbklZeeqgh€ kijmdImjb gh\bo |_jgZj¢
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Hkh[eb\hkle kljmdImj | _jgZjgbo eg”"b"Me\««««w«a««.
Gh\bc I_ljZjgbc «g”"b™ DD ¢ &k «@ « « « « « « « «
DjbklZeesqge* kljmdImjb ea kljmdkmpw« kbxim %D3$O
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I1?7J?E1D MFH<GBO IHAG:Q?GYV

JAF5( £ jerdekgha _f _evgbc f_|Ze
0O tS e f gl
7+G_e f_gl
= = ijhklhjh\Z ]1jmiZz
IKL £ ijZ\bevgZ kbkl_fZ Ilhghd
KI + kbf\he lejkhgZ
KL £ kljmdImjgbc Ibi
GLF £ gbavdhl_fi_jZImjgZ fhrbnedZp-ey

+ "h\"'bgZ o\bee j_gl]_ge\kvdh]h \bijhfegx\Zggy
D E F =z izjzf_Iljb _e f _glZjgh€ dhfejdb
[ \ 4 dhhj*bgZlb ZIhfe\ m gZkldZo i_jeh”e\ % jZIldb
9+ h[Y}f _e_f _glZjgh€ dhfejdb
Ut jZ~2emk ZIhfZ
Zl + Zlhfgbc \e*khlhd
DF £+ dhhj*bgZpecgbc fgh]h]jZgghbd
DQ = dhhj*bgZpecg_ qbkeh
| £ fe ZIlhfge \eN"Zee
5 5 § 25 Z5 *RRI £ nZdlhjb “hklh\ejghkle mlhqg_ggy |
8 ;1x _d\e\Ze_glgbc iZzjzZzf_Ilj I_ieh\h]h afes_ggy Zlhfe\
%vHubolk J_"gvha\lZ gbc iZjzZf _|j afes_ggy Zlhfe\
;. < £ djbklZeh]jZnegge hke
KNO eg” dkb Feee jZ
O £+ gZfZ]geq_g-klv
$+ fZ]gelgZ kijbcgyleb\eklv

vt fZ]g_lhg ;hjZz



<KLMI

dimZevgeklv I>hlkee”” ggy \ ]Zemaes djbklZehoefe£
oefe€ fZxlv gZ f _I|le ihrmd gh\bo kihemd |Z fZ| jeZee\
\eZklb\hklyfb ~ey ijzZzdlbggh]l]h azZklhkm\Zggy AgZc”"_ g
kKI\hjx\Zlb gh\e Z[h ihdjZsm\ZIb e<kgmxqe ijbkljh€ i
| ogheh]eqge 0ZjZdl_jbklbdb

LZzdh™ g_ \ljZzqzZxlv ZdImZevghkle nmg~Zf_glZev
\klZgh\e _ggy nZah\bo je\gh\Z] |1Z djbklZeeqgh€
&bkl _fzZlbazZpey \e~hfhkl_c ijh oefeqgbc kdezZ” 1Z djbkl
fh eb\eklv ijhljgham\ZIlb neabqgge \eZklb\hkle ¢ kI\hjx\ZItL
fZl_jeZeb

L_jogZjge <gBNIQ Zexfegh$O ~_IZevgh ~hkee” m\.
ijhly]l]hf hklZzggeo ~_kylbeelv Fh gZ qgeldh \b”eeblb d:
kdeZ"3Y7Q57,Q530 BZ/$0O yde gl _gkb\gh \b\gZebkv a h]
neabqgge \eZklb\hkle

<eNg ~Z\gZ [Z]Zlh "~hkees” gv [meb ijbk\yq_ge
jhagbge\ aZfed gy, Q 157 7,Q ahdj_fZ "hkee” _ggx
\eZklb\hkl_c MI\hj_ggy I\_j~bo jhagbge\ \ieb\z} gz fz
\eZklb\hkle gl jf IZeeqgbo kihemd aZ jZomghd aZfes_
gZ _e_f glb a [eevrbf Z[h f_grbf jhafejhf ZIhfZ Z[h

deevdhkle \Ze _glgbo _e_dljhge\

&deZ” [eevrhkle egl jf 1Zeeqggbo kihemd g_ i**ihjy~dl
h[gbke _ggy _e _dljhge\ gb klmi_gy hdbkg_ggy ydbc a
kihemd I1Zdbo yd ]Zeh]_ge<*"b hdkb”b 1Z oZevdh]_g-
I _j_"[Zqblb Ibi kihemdb ydbc [m”_ klZ[eevgbc m i_\g
e _f_qgle\

< gZmdh\hfm Zki_dle Z \ ih*"Zevrhfm <« \ ijbdeZ
"hkee”” ggy aZfes ggy & exfegdhf ,,, 9 ]jmi i_jeh”bqggh#
m | _jgZjgbo kihé@dZokihje*g gbo a f_Ihx \b\gq_ggy 0ZjZ



dhfihg _gle\ gZ |Zdbo d\Zasih™\ecgbo i_j jeaZo kljmd
nZah\bo kdeZ~h\bo 1Z neabggbo \eZklb\hkl_c

A\fyahd jh[hlb a gZmdh\bfb ijh]jzfzfb ileZgZi
>bk _jlZpecgZ jh[hlZ } kdeZ”"h\hx gZklbghx “hke+s”" gv
osfe€ Ev\elkvdh]h gZpehgZevgh]h mge\_jkbl Im <f _ge-
A j[x~ _Igbo I f O+ N 3Kbgl _a ¢ djbklZehoefey gh\b
kihemd a nmgdpehgZevgbfb \eZklb\hklyfb” 1Z O+ N 3K
gh\bo egl_jf_IZee”e\ ih™\ecgh]h ijbagZq_ggy’ >bk.
_dki_jbf_glZevge “hke*s”" _ggy ih\fyaZges *ca kbgl_ahf :
kihemd « I\ _j*"bo jhagbge\ \bagZq _ggyf €ogeo djbklZe:-
_dki_jbf_glZevgbo “hkee”” _gv [meZ ijh\_~ gZ m L_og-
Fxgo_gZ Gef_qqbgZ i qZk gZmdh\h]h klZ m\Zggy \
klbi_g”*€ nhg"m '$$'

F IZ « aZz\"Zggy “"hke&="~ThxygyZgbo ~hkee~" gv } \ba
hkh[eb\hkl_c \azZ}fh”e€ dhfihg_§(\Qn® ki (7,1G0; 5(
/ID &H 1L &X S _e_f_gl ,,, Z[h ,9 ]jmib ijb . \kI.
jhagbgghkle g _I\_jlh]lh dhfihg_glZ m \boe*gbo kihemd
I\ _j"bo jhagbge\ €o0gx djbklZeeggm kljmdIimjm 1Z €€
\ieb\ aZfes ggy dhfihg _gle\ gZ neabqgge \eZklb\hkle ki
ihklZ\e _gbo az\~"Zgv ihqzldh\bf _1Zihf } kbgl_a gl _jf_|
j_gl] _ghnzZah\bc ¢ j _gl] _ghkljmdImjgbc ZgZeea >ey "
dijbklZeeggh€ kljmdImjb kihemd g _h[oe*gbf _1Zihf } k
"hkee”  gbo kihemd IZ jharbnjh\dZ €0 kljmdImjb

H[T}dl ~hkee” \@@}fhrey dhfihg_gle\ m d\Zasih”\ec.
5(7,Q0( |Zihje"g_gbo

lj_ ~f | ~"hkee”" gydah\bc kdezZ” kbkl_f djbklZesqc
kihemd neabqgge \eZklb\hkle kihemd

F_Ih~b "~hkee”" _ggydljh"m]h\Z iez\dzZz ajzZade\ ]hfl
\eMiZe j_gl]l]_ghnZah\bc « j gl]_ghkljmdimjgbc ZgZe-
kbgl _a fhghdjbklZee\ a \bdhjbklZggyf ki_peZevgh]h | _f



i _gl] _ghkljmdImjgbc ZgZeea f_Ih~hf  fhghdjbklZ

j]_gl] _ghki_dljZevgbc ZgZeesa \bfejx\Zggy | _fi_jZImjgh€
kijbcgyleb\hkle gZfZ]geq_ghkle 1Z iblhfh€ | _ieh}fghkle

GZmdh\Z gh\bagZ h”_j Zgbo F_&me&vbzje\gl] _ghnZzZah
j_gll_ghkljmdImjgh]lh « gzZkldh\h ehdZevgh]h j_gl]_ghl
\i_jr_ \b\g_gh \az}fh”rex dhfihg_gbAQmOkbkl/OZ&H 1L
&X0 $0O0 *D *H ijb

M kbkl_6Z®Q0, 5 /D &H 1L &X $O0 *D *H \klZgh)
ekgm\Zggy h[f_"~_gbo I\ _j*bo jhagbge\ aZfes _ggy *a kI

<i_jr_ \klZgh\e_gh <kgm\Zggy |Z mlhqg_gh djbklZe
kihemd &HBIOQ&HI1IL, D &HI1L,EH /ID,U,Q 3U,U,Q

&H3WH ,Q ae* kljmdIimjhx Ibim =U1L$0O azZ ~“hihfh]hx f_Ih

<klZgh\e _gh ekgm\Zggy gh\bo | _ jgZjgidbll&Ohemd
(X380 (XIDIZ <E&D 1L*H yde } i_jrbfb ij_~klZ\gbdZfb \
kljmdImjgbo Ibie\ |Z mlhgg_gh €0 djbklZeeqgm kljmdImj

<i_jr_ f_Ih~hf fhghdjbklZem ~"hkee<”" _gh djbklZe
| _jgZjgbo kihemdsOd' D&7 /DL*D 3U1%0 &7 3B0OL
(U1L$O 1Z <E180 &7 <$O R3U1L$O &7 &H3G$O0 (X
&7 0J=Q/D1L*H &7 /D3WG@LKLG6&LBOWLE, U, Q &7 7L1L6L

<i_jr_ \klZgh\e_gh e<kgm\Zggy | _1jZjghb&%D Kilh*®hnd
KL 7L1L6L<E&DL*H KL O0Q$O*H<E &IDL,Q KL 0J&X$O
/D1L,QD KL &H&R$O 1Z mlhgg_gh €o0oge djbklZeesqqg-
fhghdjbklzZez

>hkee”" gh fZ]gelge 1Z _e _dljhljZgkihjlge \eZklb\hk
6P3VWIZ /D1L*Q

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

ljZdlbgqg_ agZq_ggy h” j Zgbo Pd&kmgblZipghZevge ~»
ijh ozZjzdl_j \az}fh”r«€ dhfihg_gle\ m ~hkes”" gbo kbk



\eZklb\hkl_c¢c kihemd sh ml\hjxxlvky \ pbo kbkl _fZo jhe
\azZ}fh”rex e f _gle\ m [Z]Zlhdhfihg_glgbo kbkl_fZo |Z k
ihrmdm gh\bo i _jki_dlb\gbo fZl jeZee\ H~" j Zge j_am
ijhlJgham\zZlb \azZ}fh”rex dhfihg_gle\ \ egrbo s_ g_ \b\
mqgZklx jerdekgha f evgb& & [Zegele\ |Z eeghex J a
"hkee”" ggy djbklZeeggbo kljmdImj | _jgZjgbo 1Z | _1jZ
[mlIb \bdhjbklZge "ey " glbnedZpe€ nZa ijb ~“hkee" _
jhajh[pe gh\bo f _IZesqgbo fZI _jeZee\ qZklbgm hljbfZgl
j_amevlZle\ ~ ithgh\Zgh \ D _f[jb” kvdbc p_glj djbklZq
‘gleey

Hkh[bklbc \g_khd a*“N[mi\dgX\Zggy IZ h[%]jmgIim\Zg
azZ\"Zgv "“hkee”” gv ijh\_"~ gh jZahf a gZmdh\bf d
< < |Z\exdhf A”Mh[m\Zqg kZfhklecgh \bdhgm\z\ _dki_jb
Eviel\kvdhfm gZpehgZevghfm mge\_jkbl _|e f ge 1\ZgZ
mge\ jkbl I« f Fxgo_gZ Gef_qqbgZz Z 1Zdh™ h[jh[dm
j_amevlZle\ hdjef aZagZq_gbo "Zee \bizZ"de\ Kbgl_
kzZfhklecgh FZkb\b j_gl]_ge\kvdbo ~bnjzZzdpecgbo ~Zghb
azZ\ eZ]| dog =1 Gbgbihjmd kIl g ki | X > _fq_gdt
gZmdh\h gzZ\qZevgZ eZ[hjZlhjey j _gl] _ghkljmdImjgh]h
NjZgdZz AN jhf D <hoh\kvdbf 1gklbIlml gbavdbo | _fi_
"hkeer” gv 1:G f <jhpeZ\ IlhevsZ EhdZevgbc j_ g
ZgZeea ijh\_"* gh jZahf a az\ eZ[] JY K_jdeahf
gZ\gZevgbc p_glj gbavdhl_fi_jZImjgbo ~hkees”"  gv EG
Ihfejb neabggbo \eZklb\hkl ¢ ~ ydbo kieZ\s\ ijh\_~ gh
|Z\ehkxdhf 1Z ijhn > DZqghjh\kvdbf 1gklblml gbav
kljmdImjgbo ~hkee”~” gv 1:G f <jhpeZ\ lhevsZ Fho
hljbfZgh jZahf a ~ jhf < =emobf L _ogeqgbc mge\_j
Gef_qgqqbgZz 1Z ~hp 1 Fmp_f < _kinZevkvdbc mge\_
Gef _gqgbgZz Mlhgg _ggy djbklZeegqgh€ kljmdIimjb ~_yd
kieevgh a aZ\ eZ[ dog =1 Gbgbihjmd “hp 1 Fmp



H[]h\hj_ggy j_amevlZle\ "hkees”"  gv |IZ nhjfmex\Zggy \b|
jh[hlb a*eckg_gh jZahf a gZmdh\bf d_je\gbdhf ijhn < |

cijh[Zpey j_ameviZle\ "bkKHkbhpg€ j ameviZlb jh[hl
Ij_"klZ\e_ge gZ k_fegZjZo 1Z al\elgbo gZmdh\bo dhgr
gZpehgZevgh]h mge\ _jkbl _Im f ge 1\ZgZ NjZgdZ
fe'gZjh~"gbo 1Z mdjZ€gkvdbo gZmdh\bo dhgn_j _gp-°y
dhgn_j gp*€ KIm~_gle\ ZKkiejZgle\ |Z fheh”bo \g_gbo

| ogheh]+€ f Dbe€\ <k_mdjZ€gkvdh€ gzZmdh\h
Fheh”bo \q_gbo 1Z klm~_gle\ ©NeabdZ + osfey I\_j~h]h
i _jki_dlb\b® f Empvd :9, 1Z :9,, GzZmdh\Z dhgn
oefeqge gqblZggy =* | Z “f Ev\e\ ;e QW

RQ 3K\VLFV DQG &KHPLVWU\ RI 6ROLGV &] VWRFKF
&RQIHUHQFH RQ &U\WWDO &KHPLVWU\ RI ,QWHUPH)\
,QWHUQDWLRQDO &RQIHUHQFH RQ 6ROLG &RPSRX
MdjZ€gkvdZ dhgn_j gpey a g_hj]Zgeqgh€ o0efe€
,QWHUQDWLRQDO 6HPLQDU RQ 3K\VLFV DQG &KHPL
Im[eedZPZ | ameviIZIZfb "bk_jlZpecgh€ jh[hlb him][e

a gbo kl1Zl _c m fe'gZjh~gbo \b”"Zggyo sh \oh”ylv 2
NZgbo 6FRSXV IZ :HE RI 6FLHQFH 1Z | _ab Ahih\eM ¢

KljmdimjZ 1Z h{ky] jphdklGlIZpscgZ jh[h1Z kdeZ~Z}Ivk:
mdjZ€gkvdhx 1Z Zgleeckvdhx fh\Zfb \kimim ghlbjvhc

kibkdm \bdhjbklZgbo ~* _j e « ~h~Zlds\ AZ]Zevgbc h[ky
klZgh\blv klhjeghd m Ihfm gbkee hkgh\gbc |_dkl +
foklblv ibkmgdb |Z[ebps 1Z ~h~ZIdb Kibkhd \b

gZjZoh\m} gZcf_gm\Zggy



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

Hley” el _jZImjb
>Zgbc jha”ee |jh[hlb feklblv maZ]Zevg_ges ecl_jZIr
oZjZdl_j \aZ}fh”«€ dhfihg_gle\ m ihljecgbo kbkl _fZo _e
kzf_  eahl_jfeqge i_j jeab 7eZ]jZf klZgm ihljecgbo ki
0ZjZdl _jbklbdb | _jgZjgbo kihemd yde ml\hjxxlvky \ gbo
"hkee”" m\Zgbo gZfb kbkl _f
lhljecge kbkl _fb
Ihljecge kbkl _fb aZ mqZklx je*dha_5%(evgdd dx{Zed\

f 1Zem 7S 1&_f _gls\ ,,, ,9 ]jmi i_jsh~"bqgh€ kbkl _fb _e_
[Z]1ZIviZ ]jmiZfb ~hkes~gbde\ ijhly]hf Ijb\Zeh]h gZkm
1Zds ~"hkes”  _ggy Ijb\ZxIv « Ah | _i j < esl_jZImjgho "

h[T}f egnhjfZpe€ sh”h o0zZjzZdl_jm \az}fh”«€ \ pbo kbkl

fh'gzZ ajh[blb i_\ge \bkgh\db I1Z maZzZ]JZevg_ggy Gb qg_

el jZImjgbo " _j e ijbk\yg_gZ j_amevlzZIzZf \b\q_ggy

m ihljecgbo kbkl_fZo /D &H +1L+x",Q $O *D *H~
Kbkl_fb /D &H +1L=%,

J amevlizZlb \az}fh”r«€ dhfihg_gle\ m ihljecgbo kbkl_
maZzZ]lZevg_gh ¢ mkbkl_fZlbah\Zgh Z\IhjzZfb h]Jey”h\h€ ki
,Q \b\gZeZkv m ih\ghfm dhgp_gljZpecghfm gl _j\Zees m

Zl gZklhd /D 1Z ijb : + ZlI qZkldb /D

Ale*gh pbo j_ameviZle\ m kbkl _fe /Dx1L+x,Q ml\h
| jgZjgbo kihemd ihklecgh]h kdeZ"m >e¥Y) /DRiPemd
/D11LQ /D1 /DML /D1L,QOLQ /OLQ /DL /D1L,Q
/ID1L,Q /AL Q 1Z AL, Q \klZgh\le _gh djbklZeesggm
DjbklZesqgm kljmdImjm Xih@&hhkle&d/Dgh Z\lIhjZfb > @ -
mlhgg_gh Mh, D ;*9ZjgZ kihemdEZaldbhly} *h Zl gZklh

<aZzZ}fh”ey dhfihg_gle\ m kbkl_fe &Hz1Lz%, \b\qZz
>hkee”” ggy ijh\_~ gh m ih\ghfm dhgp_gljZpecghfm e
h{eZkle + Zl qgZklhd p_jex IZ ijb . ijb \fekle p



Zl qzZklhd \klZgh\le_gh e<kgm\Zggy | jgZjgbo Kkihi
"hkeer" gZ djbklZeeqgZ kljmdIimjz I|ZJ]e <ke Kk
ithklecghfm kdezZz”~e aZ \bgyldhf kihemdb e<a kygadifd}h

g_agZqggm hl[eZklv ]Jhfh]_gghkle \a”h\"
hfeZkle dhgp_gljZpec \e~ N h Zl qZXkLh@ k@ mXKi
ebr_ m eblhfm klzZge > @ \lhjzfb > @ ijh\_~_gh
"hkee” " ggy kiheindl® a€&&HkdeZ” mlhqdLdgh *h &H
GZ Jbk ah[jZz _gh eahl_jfeqge i_j_jeab "eZ]jzZf klI.
Z 1Z &H+1L+,iQb KdezZ”b 1Z djbklZeh]jZneqg* 0
mkeo \e"hfbo kihemd pbo kbkl _f ih~Zge \ |Z]e
LZ[ebpy
DjbklZeh]jZneqge 0ZjZdl_jbklbdb | _jgZjgbo kihemd kb

cahdhgp_gljZlb

| f

1ZjZf _ljb dhfejdb
KihemdZ KIL
D E F
/D11Q /D11Q ,EDP
/D1.Q <1LQ | 3 PEP +
¢/D1L,Q } / } }
/D1.Q /ID1IQ | 3PPQ
/D1.Q &HeIQ| 3 PPF +
¢/D1LQ } } } }
/D1.Q +R1ED | 3 PPP +
/ID1L,Q <1L$Q &PFP
/DLL, Q &HL Q| &PPP
/D1L,Q 3ULQ | &PPP
/ID11.Q 3UOR 3PPD
/ID1L,Q =U1LSOP +
/ID1L,Q $0% | 3 PPH +
/D1L,Q ORH%| 3 PEP +
/D 1L,Q 1G3GQ| &PPP
/ID1LQ 6RL Q ,P + +




AZdegq_ggy IZ[e

_ 1Zjzf _ljb dhfejdb gf
¢ KihemdZ KIL | =
D E F
&H1Q <1LQ 3 PER +
&H1Q /D11Q 3PPQ
&H1Q &He1IQ| 3 PPF +
&H1Q 0J&Q| ) P + +
&H1L,Q <1L$Q &PFP
&HLL, Q 3ULQ &PPP
&H1L,Q 3U1L,lQ &PFP
&H1L,Q =U/1L3POP +
&H1L ,Q $0% | 3 PPP +
&HLL, Q ORH%| 3 PEPR +
&H1L, Q 1G3GQ| &PPP
¢e&HLL,Q } / } } }
&HLL, Q &HL Q| &PPP

™

n Niln Ni,In,
NiyIn Ni;3lng

Jbk lahl_jfeqge i_j jeab ~eZ]jZf kIZHmzZkbkl |
&H+1L$,Qjb 1z




Kbkl fb /D &H £1L+$0O

<aZzZ}fh”ey dhfihg_gle\ m kbkl_fe /Dx1L+$0O ijb
dhgp _gljZpe€ ged_ex \b\qZezZkv \ jh[hle > @ Ih[m~h\Z
NeZljZfb klZgm \ pec h[eZkle dhgp_gljZpec \klZgh\e gh
kihempe /B1IhI\hj_ggyf I\_j*h]h jhagbgm aZfes$@gy kde.

+ |Z ekgm\Zggy gh\h€ | _jgZjgh€ kKiGemidb”"gHeZ X
kbkl_fe /Dx1L£$0O ekgmxlv | jgZjgbo kihemd Z 1zdl
jhagbg /Hlidea kljmdIimjhx Ibim &D&X

Kbkl_fZ &H+1L+$0 ~"hkee*" m\ZeZkv jeagbfb ]jmizfb
| fi_jZIlmjZo = .o @ . > @ J _amevlZlhf
eahl _jfeqge i_j jeab 7eZ]jzZf klZgm \ h[eZkle = ZI
ih~"e[gbfb ih deevdhkle | _jgZjgbo kihemd IZ €0 kdeZ"Z1
I\_j~bf jhagbghf gZ hkgh\e kideetldim Bl i x [bin> &D g% €
kbkl _fb oZzZjzdl_jgbf } jhagqbggeklv Zexfegex ohqg °* g
kihemdZo kbkl_fb &HIZL &E&MHL mI\hj_ggyf h[f_"_gbo I\
jhagbge\ aZfes _ggy
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0%UDXQ ijhly]hf Ijb\Zeh]h gZkm

F_Ih~ \bkhdhqzZklhlgh€ iez\db

> yde ajZadb \ i_jrm qgq_jlJm Ie yde feklbeb \ kdez™

e _f gl [meb kbgl_ah\zZge f_Ih~"hf eg"mdpecgh€ ieZ\db

+*WWLQJHU (OHNWURQLN 7\S 7,* Rbolm a d
\ 1ZglZeh\e gb geh[e}\e dhgl _cg_jb \ ZIfhkn_je hgbs_ gt
ihfesZeb m \bkhdhqgZklhlgm KXo Ki_peZevge | fi

gZ]j*\Zggy hoheh”” ggy \bdhjbklh\m\Zebkv ~ey jeagbo
kbgl _am kiezZ\b hoheh” " m\Zeb ~h defgZlgh€ | _fi_jZIm
I _ge L_fi_ jZImjm i~ qgZk kbgl _am dhgljhex\Zeb aZz
6HQVRU7KHUP OHWLY 0 a ihob[dhx “ . Kbgl_ah\zZg:
a dhgl _cg_jZ €0 \aZ}fh”ne€ a fZl _jeZehf dhgl_cg_jZ g_
L_jfeqgZ h[jh[dZ kieZ\e\

Kbgl_ah\zZg- kieZ\b ey "hkylg_ggy ]hfh] _ggh

J]hth] _geamxghfm \e?iZem m \Zdmmfh\Zgbo d\Zjph\bo



fmn_evgec i_q¢ KGHE a Z\IhfZlbggbf j_]Jmex\Zggyf |
ijhly]hf Ne[ ijb I _fi_jZImije . Z[h \ ijh]jZfh\Zgbo fm
IDEHUWKHUP /7 < ih~"Zevrhfm \e”riZe g+ ajZadb
\h~e [ _a ihi_j _~gvh]h jha[b\Zggy Zfime
Kbgl_a fhghdjbklZe-e\
FhghdjbklZeb ~ey kljmdImjgbo ~"hkee~" gv kbgl_am\
| _jrbc ihey]Z\ m gZklimighfm lhi_j_"~gvh \bieZ\e g
kil _oehf _Ijbggbo kdeZ”e\ aZiZx\Zeb \ 1ZglZeh\e Z[h geh
ith*"Zevrhfm \Zdmmfm\Zeb m d\Zjph\bo ZfimeZo L _jfeqg
m ijh]jZfh\Zgbo fmn_evgbo i _qgZo 1DEHUWKHUP /7
dhgljhe f | _fi_jZImjb « ihey]ZeZ m dhgljhevh\Zghfm gz
Zfimeb a dhgl_cg_jhf 1grbf f_Ih~hf kbgl_am fhghdjbkl:
rbolb dhfihg _gle\ m i_\gbo kIl _oehf _Iljbggbo Kkie\\e*ghr
|ZglZeh\e dhgl _cg_jb m \bkhdhgzZklhlgh€ i_q¢ +WWLQ
7,* a ih"Zevrbf \eniZehf ijb i_\gbo I_fi_jZImjgb
kieZ\e\ jeagh]h kdeZ"m | _fi_jZImjge j_"bfb kbgl_am \e/j
F _Ih~b “hke*s”" _ggy
J gll]_ghnZah\bc IZ j _gl] _ghkljmdImjgbc ZgZe-a
>ey \klZgh\e _ggy oZjzdl_jm \az}fh~e€ dhfihg_ gle)\
kbkl _fZo ijh\h~beb j _gl]_ge\kvdbc nZah\bc ZgZe-a
lhjhrdh\e j _gl] _ghl]jZfb hljbfm\Zeb a \bdhjbklZggyf ~“bnj
F )H D\bijhfegx\Zggy 672( 6WD®L\bBhf&gx\Zggy
L _ogeggbc mge\_jkbl_ | feklZ Fxgo_gZ Ge+f_qqbgZ IZ E\
mge\_jkbl_ | «f ge 1\ZgZ NjZgdZ MdjZ€gZz 3$1DO\W
\bijhfegx\Zggy lgklbIml gbavdbo [|_fi_jzZImj <« kljmd]
1:G f <jhpeZ\ IhevsZ >ey ijh\_"* ggy nZah\h]h ZgZe
iZd _Ib ijh]jZzf SRZGHU &HOO > @ :LQ;3RZ > @ :LQ:
lh ~bnjzdlh]jzfZzo h”~_j"Zgbo m djhdh\hfm j_"bfe act
i1ZjzZf _ljb _e f glZjgh€ dhfejdb IZ dhhj*bgZlb Zlhfe\ dh

ZIhfzfb ijZ\bevgbo kbkl _f Ihghd eahljhige | _fi_jZIm



jhajZzoh\m\Zeb | _hj Ibqgge gl _gkb\ghkle aZ “hihfh]hx iZ
> @ ¢ )XOO3URI > @ a Zelhjblfhf h[jZomgdm Jel\_
HpegdZ ~"hklh\ejghkle \b[jZgh€ fh"_ee ijh\h*beZkv aZ
jha[e ghkle

|
5, JM + ijhneevgbc nzdlhj jha[* ghkle
| RL
ol y.
5,, gl Rt L G- 4 a\Z'_gbc ijhneevgbc nZdlhj jha

5, Llm - + :j _]]l°\kvdbc nzdlhj jha[* ghKkl

A \rdZV¥it kihkl_j "m\ZgZ 1Z jhajZoh\ZgZldifipgkb\g

\enih\enz — wIZgx kihkl_j_"m\Zg- 1Z jhajZoh\Zgs -gl_

j_ne_dke\
F _Ih™ fhghdjbklZeZz

FhghdjbklZeb 7~ey kljmdlimjgbo ~hkee”" gv \e"[bjZe
ki_peZevgh€ | _jfeqgh€ h[jh[db Z[h iekey €0 \**iZem F_
gb JD< dzf_jb OR. \bijhfegx\Zggy | _kim\Zeb fhghdijl
ihrmdm ydekgbo "“ey ih"Zevrbo “hkee”" gv < ih"Zev
hje}glm\Zeb ih i_\gbo djbklZeh]jZneqgbo gZijyfdZo "ey
kKbf Ije€ |1Z \klZgh\e _ggy kbg]hg-£€ AZ j_gl]l_gh]
jhajZzoh\m\Zeb i_jeh”b dhfejdb

?dki_jbf_glZevge fZKkb\bKNQ[pdim\Zeb a \bdhjbklZ
Z\IhfZlbggbo fhghdjbklZzevgbo ~bnjzdlhf_Iljs\ 6WRH ,3
6WRH 6WDGL9DUL '"HWHFWULYV 3LODWXYV . HWHEF
OR D\bijhfegx\Zggy L _ogeqgbc mge\_jkbl_ | feklZ Fxg
Ijb defgZlgec | _fi_jZImje DjbklZeeqgm kljmdImjm kihen
1Z1_jkhgzZ Z[h ijyfbfb f_Ih~Zfb |Ih j_amevlZlZo ZgZe-a
ehdZeeah\m\Zeb Zlhfb \Z°'dbo _e f gle\ JAF lekey
_e_dljhggh€ Imklbgb gZ hkgh\e jeagbp_\h]h kbgl _am Nr
egrbo e _Jrbo _e f _gle\ Degp_\e dhhj*bgZlb 1Z iZjZf 1]



"ey \keo Zlhfe\ mlhggx\Zeb \ eahljhighfm qgb Zgeahlj
f_Ih~hf gZcf_grbo d\Z~jZIle\ Djbl_je}f ~hklh\ejghkle

\erkmlgeklv "h”rZldh\bo fZdkbfmfe\ gZ ijhneevgbo ahf|j
kbgl _a<\ NmjY} IZ ijbcgylge agZqg_ggy BZdlhje\ jha[s ghl

|
s 1 Dd D + nzdlhj jha[* ghkls

L4 -
ol ZYy., ). % . . .
Z5 @ R_F 3 + a\Z bc nZdlhj jha[e ghkle
), @6 _9 j jhal'g
-:Z)R )F V2
*RR16 o5 % +RRGQHVWRIIDEW
¢
N Y 1Z2)e £ kihkl _j_"m\Zge 1Z jhajZoh\Zge kljihdImjg

\Z]lh\bc dh_ne® Hglgbkeh j neSdke\deevdeklv jhajZomq
1 ZjZf _1je\

<ke jhajZomgdb ijh\h*"bebky a \bdhjbklZggyf iZd_Im
> @ 12 6+(/;6 6+(/;] % > @

FedjhkljmdImjgbc ZgZe-a

F _Ih~r ehdZevgh]h j _gl] _ghki_dljZevgh]lh ZgZe-e
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dhf _ jpecgh]lh h[eZ”gZggy 3K\VLFDO 3URSHUW)\ OHDVX
AXDQWXP '"HVLJQ Ihfejb ijh\h”*bebky \ | _fi_jZImjghfm
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AZ "Zgbfb agZg_gv nmgdpe€ _e _dljhggh€ ehdZe-a
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KHGJ [1Z <gl_]jh\Zgh]h hj[elZevgh]h agZqg_ggy hi_jZlIh
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fe' jeagbfb Ibizfb ZIhfe\ kbf _ljbggbc qgb Zkbf_ljb¢
_e _dljhggh€ Imklbghb
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gf sh } dhjhrlhx aZ kmfm dh\Ze glgbo jZ"emke\
F\jhiex gf <errZees fe 0Z(KKfaffbgxxIvky \ f_"Zo +



gf Z kmfZ dh\Ze glgbo jZ"emke\ Zlhfe\ klZIbklbggh€ ki
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ihrbj _gbfb k_j ™~ | _jgZjgbo Zexfege”e\l o djbklZeeamxlv
Ilbie &D&X @ qgqb ch]h \ihjy*rdh\Zghfn$Q2je@yl«jBULlLhKkIZ
"hkee”” ggy gZmdh\pe\ ]Jjmib ~ jZ H Ygdb a mge\_ jkbl_
gZ fh eb\eklv mI\hj ggy gZ”kljmdIimj > D@ ~h pbo Ibie
kbgl _am gb €0 ih*"Zevrh€ | _jfeqgh€ h[jh[dDb

DjbklZeeqgZ kljmdImjZL k& Helrb&i®

ljb "hkee”"_gge \aZ}fh”e€ dhfihg_gle\ $Okjbk!|_fe &H1
jyne kiezZ\e\ \ h[eZkls \bkhdh]h \feklm $O gZ ~bnjzdlh]
hkgh\gh€ nZab <a kljmdImjhx Ibim =U1L$0O [meh aZn-d
nZab AZ”~h\eevg_ g™ _dkm\Zggy ~Zeh fh eb\eklv \erg |
yde gZe "Zlv "h kljmdImjgh]lhjhbims &&XqgZ deevdekl
[meZ g_ ijheg”_dkh\Zghx FhghdjbklZeb yde \~Zeh
&H1L O a]Je*gh ~hkee” gv f_Ih~"hf EZm_ gZe_ "Zlv
kbglhge€ ijhl_ izjzf_ljb _e_f _glZjgh€ dhfejdb fZeb aq
ge \ kljmdIimje Ibim &DPEXdpecgZ dZjlbgZ [meZ agZqg
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] dkZ]hgZevgm kbg]hgex a mlhqg _gbfb iZjZf _|jZtb _e_

F gf DjbklZeeqgZ kljmdIimjzZ jha\fy
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Ah kljmdIimjgh]h [1$ior FE1flh " gZ de Zkb nke RMH\ZIHOY d
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p_gljh\Zgbfb [eqgbfb ]jZgyfb DQ Ney ZIlhfz ge+d
ijbafz a p_gljh\zZzgbfb [egqgbfb ]jZgyfb 1Z j _[jhf DQ
klZlbklbggh€ kmfere 1L $O <+ IjblhgZevge ijbafb a p

liZgyfb 1Z j_[jZfb DQ Z Zlhfb klZIbklbggh€ kmfer:
p_glje » nhjfh\Zgbo | _I|jZ]hgZevgbo ijbaf a p_gljh\Zgbhbt
DQ 1Z j_[jZfb DQ ljh_dpey _e_f_glZjgh€ dhf
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M 1Z[ebp- ijb\_~ gh fe Zlhfge \eArZee m klj
L &HL1L$O GZcdhjhlre \eArZee m kljmdImje0faTegfhhlAfioy 1
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[*qgbfb ]jZgyfb DQ ljh _dpey e f glZjgh€<dhZejd
dhhj*bgZpecges ihes ~jb "ey mkeo Ibie\ Zlhfe\ ah[jZ _g-

Jbk lih_dpey _e f _glZjgh€ €h3ydt$ @itgezmikthsbgm
< 1Z dhhjrbgZpecge ihee ~jb "ey mkeo Ibis\ ZII
Fe Zlhfge \eArnrZee m klijmdImBUEIB®mMY bkis\fejgbfb a

\eAnZeyfb m Kih&kPpBO « ijb\_~ ge \ IZ]e

LZ[ebpy
Fe Zlhfge \er"Zee m kljmdLn3 ¥ kith@ mdb
Ihf /| gf Ihf /| gf
3U 1L $0 1L

1L 1L

0 0

$0 $0O

$0 3U

$0 $0 1L

$0O 0

$0 0




AZdegq _ggy IZ]e

gf “Ihf I gf

3U 1L $0 1L
$0O 0

3U 1L 0
1L $0
1L 3U
0 3U
0 3U
$0O 1L
$0 $0

1L $0 $0
$0 $0
1L 3U
3U 3U
1L $0O 1L
3U $0

1L $0 $0
$0 3U
$0 3U
0 $0 1L
1L $0O
3U 3U
1L
3U

M kieZ\e kdezZz$@ i8kklyL kbgl_am ihjy® a fhghdjbklZe

ieZklbghd g _ijZ\bevgh€ nhjfb + isager_ +A glbndidh\Zg
egrh€ ] _hf_
ShAZIey, ydiblo 1Zdh®
Jy~ fhghdjbklZes\

3U1L$O
N nhjfh\Zgbo iZjZe_ e iei_

kljmdImjg_  “~hkee”" _ggy

[meh agZc”_gh

djbklZeb

ljbggh€

Ah[jh€



\bdhjbklZzggyf f_Ih"m EZm_ ij_pbace§ZijdZfgxXZg@R |z
\klZgh\e _gh €0 ijbgZe_ "geklv ~h ] dkZ]hgZevgh€
_dki_jbf_lIZevgbo KeN@MNvj Zgh gZ “bnjzdlihf_lje 672(

'(&75,6 3,/$786 ...0Wijhfegx\Zggy KljmdImjg_ ~hk
NZgh€ kihemdb i*?I\_j*beh ] _dkZ]hgZevgm kbg]hgex a ¢
e _f _glZjgh€ dhfejdb F gf DjbklZeeqgZ klIji
jha\fyazgz ijyfbfb f_Ih~Zfb gZ hkgh\e g KiNza g
\bdhjbklzZzggyf iZzd_Im ijh]jzf 6+ (/; > @ <+ mlh
BULLSO ijbz5 m jZfdZo ijhklhjh3hBP|PmDeevdekghb
|Z ydekgbc kdezZ” kihg@db"3ULL" _gh j_amevlZIZfb ('; Z

Z | 3U ZI 1L Z| $O0 J_amevl:
ijb\_~ _gh \ 1Z]e dhhjrbgzZlb 1Z izjzf _ljb | _ieh\h]h

Ale*gh j_amevlZls\ mlhgg_ggy Zlhfb ged_ex |Z
iheh™ _ggyd M N N ml\hjxxlv klZIbklbgge kmfere a i_j_
\feklhf Zexfegex :Ihfb ged _ex aZcfzZxlv Ijlb MeéBN ggy
ih\geklx :lhfb ijZza_h”~bfm |Zdh  jhas_iexxlvky g®MIZ\Z 1
N I1Z "\Z h~ghdpXZdge iheh  _ggy DjbklZeeqgZ kljmdIimjZz
kihemdb gZe_"blv ~h kljmdimjgi$@d >b@n <3UML_ [m
deZkbnedh\Eg3Uyd O



LZ[e
J ameviZlb mlhgg _ggy djbklZeegghE BUMHiOnjb kihe|

?fiejbggZ nhjfmeZz $BULL
D
1Zjzf _ljb dhfejdb gf| F
9
ljhklhjh\Z ]jmiz = 3 PPP
Kbf\he lIsjkhgZ K3
<bijhfegx\Zggy gf .. OR

L fi_jZImjZz
JhajZoh\zZgZ JmklbgZ | ] kf
Dh_nepe}gl ih]lJebgZggy | gf
)
F_ e
F_"sKNO
AZ]lZevgZ deevdeklv j |ne _dke\
G aZe 'ge* j_ne _dkb ZjiZf _ljb
J ne_dkb 1]
NZdlhj *h[jhlghkle
5 Z5 Neyes 1
5 Z5 ey \keo "Zgbo
GZc[eevre ied « yfZ gZ degp_\hfm
jeagbp_\hfm kbgl_ae Nmj9Y} H gf




DhhjrbgZlb 1Z iZjzf _ljb | _ieh\h]h afes_ggy ZIhf

LZ[ebpy

m kljmdImje kihZuhidsO

Ihf

| KL

DAI [ \ ] 8 gf

3U
3U
3U
3U

1L
1L
1L

M
N
E
D
J
M
N
N
F
M
N

$0 0 1L $0 1L
$0 0 1L $0O 1L

Ihf

8 8 8 8

3U 3U
3U 3U

1L
1L
1L




Ni5 Ni6 Ni7

Jbk lih_dpey djbkliZesqgh€ kljmdImjb; «iZemElb g2z
Zlhfe\ NeU1I$0
M 1Z[e ijb\_A_gh fe Zlhfge \eAAZee m kljn

L 3U1I$0 Kmll}\bo kdhjhg_gv m jeagbo iZjZo ZIlhfe\ g_
agZq_ggy ~h[j_ dhj_exxlv a agZq_ggyfb kmf dh\Ze_ gl
klZIbklbggbo kmfer c Kdhjhg_ggy \ iZjZo 3U 3U

aZdhghfejge \gZke+**hd jhas_ie_ggy r_klbdjzligh]h IZ h"



LZ[ebpy

Fe Zlhfge \eA""Zee m kljmdLm3d¥ kith®@ mdb

IThf /| gf IThf I gf

3U 3U 1L
1L 1L
1L 0
1L 3U
1L 3U
1L 0
0 0
0 1L
0 1L
0 1L
0 3U
0 3U
0 0
3U 0

3U 3U 0
1L 1L O
0 0
3U 0

3U 3U 3U
0 3U
1L 3U
3U 1L

1L

1L




AZdegq _ggy IZ]e

3U

Ihf gf Ihf [ of
3U 3U 1L
1L 1L
0 0
0 3U
0 0
0 3U
0 3U
1L 1L
1L
1L
1L 3U
0 3U
0 3U
3U 1L
0 1L 1L
0 0
3U 1L 3U
0 0
0 1L 0
1L 0
0 0
3U 3U
0 1L
3U




DjbklZeeqgZ kljmdIm;jZL kil & bro®
>ey hljbfZggy fhghdjbkliZes\ kih®@dbihi(yltgvh
kbgl_ah\zgbc f_IhAhf _e _dljh m]h\h€ iez\db$XKier\ k

_\Zdmch\Zgbc \ 7D dhgl_cg_j Z \ ihA*Zevrhfm \Zdmfrl
d\Zjph\m Zfimem ie~""Zeb ki_peZevgec | _jfeqgec h[jh]

IDEHUWKHUP /7 gZlje\ ~h | _fi_jZImjb . gl
\bljbfdZz ]h*"bgb azZz pe<}€ | _fi _jZImjb hoheh”  _ggy i
| _fi_jZImjb . 1Z \bljbfdZz ]hrbg ijb pec | _fi_jZImje
hoheh”~” ggy ~h defgZligh€ | _fi_jZImjb \ijh~h\" ]h~bg
"hkeer” gv f Ih hf EZm_ ij _pbaecgZ \dhfrgx\DdRgy

\eNe[jZgh jy™ fhghdjbklZees\ “h[jh€ ydhkle >h~Zlhd ; Jb
€0 ijbgZe_"geklv "h ] _dkZ]hgZevgh€ kbg]hg+*€ FZkb\ _«
KN®” _j Zgh gZ "bnjzdlhf_lje 672( ., 3\6ijAfeddXRZggy
KljmdIimjg_ ~“hkee”" _ggy gh\h€ kihemdb i*"I\_j~beh ] _
ijb iZjzf_ljZzo _e_f_glzZjghB dhfejdb F gf
DjbklZe+sqgZ kljmdImjzZ jha\fyazgZ ijyfbfb f_Ih*"Zfb gZ |
\er"bIKNG \bdhjbklZzggyf iZd_Im ijh]jzf 6+(/; >

"h kdezZ"m $0Q1lLijbz5 m jzZfdZo ijhklhjh38hBPPmib
Deevdekgbc |Z ydekgbc kdeZ"$RihiemdbjYUQlh j amevlZ
(*;: ZgZeeam ZI (U ZI 1L ZI
_dki_jbf_glm ijb\_~_gh \ [|Z]Je dhhjrbgzZlb 1Z iZ]
afes _ggy Zlhfe\ £ m [Z]e Alergh j_amevlZle\ mlh
iheh™ _ggy Zlhfe\ m kljmdImje aZih\g_ge* h”rgbf khjlhf ZI
N yd_azZih\g_g_ ZlhfzZfb klZlbklbggh€ kmfere 1L $0O a
Zexfegex DjbklZeeqgZ kljmdImjzZ ~hke+s”  _gh€ Kkihe
kljmdImjgh]h Ibd@®>x<1@ ydbc \e*ghkblvky ~h jh~*bgb kljr
&D&X> @ °+ } chlh gzZ”kljmdImjhx >hkee”" _gZ gZfb
deZkbnedh\Eg(Z ¥d$ O



J amevlZlb mlhgg_ggy djbk

LZ[ebpy
|ZeeqghE KUjI@Onjb kihe

?fiejbggZ nhjfmeZz SQJ1L
D
1Zjzf _ljb dhfejdb gf F
ljhklhjh\zZ ]1jmiz = 3 PPP
Kbf\he lejkhgZz K3
<bijhfegx\Zggy gf OR
L fi_jZImjz
JhajZoh\zZgZ JmklbgZ ] kf
Dh_nepe}gl ih]lJebgZggyH gf
)
F e
F_"sKNO
AZ]lZevgZ deevdeklv j| ne _dke\
G _aZe_ 'ge* j_ne_dkb jizjzf_ljb
J ne_dkb ]
NZdlhj *h[jhlghkle
5 Z5 Neyes 1
5 Z5 ey \keo "Zghblo
GZc[eevre ied »« yfZ gZ [degp_\hfm
jeagbp_\hfm kbgl_ae NmjY} H gf




LZ[ebpy
DhhjrbgZlb 1Z iZjzf_ljb I _ieh\h]h afes_ggy Zlhfe\ n
kihemldH{U1L$O
Ihf 1K L [ \ ] 8.4 gf
(U
(U
1L

Z 0 © O

DhhjrbgZpecgbfb ihee_"jzZfb ~ey ZIhfe\ _j[ex } ]1_dk:
p_gljh\Zgbfb [eqgbfb ]jZgyfb DQ "ey ZlhfZ ged
ijbafZz a p_gljh\zZgbfb [eqgbfb ]jZgyfb 1Z j_[jZfb DQ
Zexfegex 1Z ZIlhfe\ klZIbklbggh€ kmfere $O 1L £ ~_nh
ijbafb a p_gljh\Zgbfb [eqgbfb ]jZgyfb DQ ljh _d
dhfejdb gZ iehsbdshh dhhj*bgZpecges ihee "jb ey mkeo
ah[jZ _g* gZ jbkmgdm

:gZeea fe Zlhfgbo \e"Ze ¢ m kljindujk$®ih dahfckb

\dZam} gZ \e*kmlgeklv agZqgbo kdhjhg_gv \
dh\Ze glgbo jZ"emKke\



M Ni

Jbk ljh _dpey djbklZeeqgh€ kLnidin$i®© kjh eimiddb gm
;< 1Z DF Zlhfe\
LZ[ebpy
Fe Zlhfge \eMrZee m kljmdLm(jU IKi$@ mdb
Ihf I gf Ihf I gf
(U 1L 0 1L
0 0
(U 1L $0
1L (U
0 (U
0 $0 1L
0 0
$0O (U
$0
1L $0
0
(U
1L

(U




DjbklZesqgZ kljmdImZL kiB & m%®
>ey kbgl_am fhghdjbklZes\ k$OemdbhjxidZEDb kie.
ihi_j_~gvh kbgl_ah\Zgbc m \bkhdhqgzZklhlgec i_qe +e
gZ]lje\Zggyf rbolb gbklbo f _IZee\ azZiZygh€ \ 7D dhgl_
Zfimem \Zdmmfm\Zeb m d\Zjph\m Zfimem i**"*Zeb ki_p

m fmn_evgec i_qe 1DEHUWKHUP /7 m gZklimigl
| _fi_jZImjb . ijhly]hf ]h™ 1Z \bljbfdZ Jh”bgb aZ y
hoheh”~™ _ggy ijhly]hf ]h™ Ah I _fi_jZImjb . \bljbfdz

| fi_jZImje 1Z ih"Zevr_ hoheh”” _ggy ~h defgZlgh€ | _fi_
]h*bg F_Ih~hf EZm_ \e~e[jZgh jy® fhghdjbklZee\ ~h[jh
Jbk ; ~ 1Z \klZgh\e_gh €0 ijbgZe_"geklv *"h ] _dkZ]hg
_dki_jbf_glZzevgbo RN@GbdIy Zgh gZ ~bnjzZdlhf _lje 672(
'(&75,6 3,/$786 ...0Wijhfegx\Zggy KIjmdIimjg_ ~hk
fhghdjbklZzezZz kihemdb i*”I\_jA"beh ] dkZ]hgZevgm kb
i1Zjzf_1jzfb _e f_glZjgh€Ddhfejdb F gf
DjbklZe+sqgZ kljmdImjZ jha\fyazgZ ijyfbfb f_Ih”~"Zfb gz |
\er"bIKNG \bdhjbklZggyf iZd_Im ijh]jzf 6+(/; >
"h kdezZz"m $B1llijbz5 m jZfdZo ijhklhjh3hBP]Pmib
Deevdekgbc 1Z ydekgbc kdeZ"$Rihermldb j<EQlh j amevlZ
('; ZgZeeam Z| <E ZI 1L ZI
_dki_jbf_glm ijb\_~_gh \ [Z[e dhhjrbgzZlb 1Z iZ]
afes _ggy £+ m IZ]e Ale~rgh j_ameviZlie\ mlhgg_ggy
Zlhfe\ ged _ex |Z Zexfegex aZih\gxxlv ih\geklx 1jZ\bev¢
ijhklhjh\h€ 1BmPWPP azZ \bgyldhf iheMydgyfeklblv klZIbkltl
kmfer ged_ex |1Z Z&Oxfegex 1L $0

DjbklZesqgZ kljmdIimjZz "“hkee”" gh€ kihemdb }
ihi_j_~gvh hibkzZghx KkIm@doi$® gZe_ "blv “h kljmdImj
Ibim <$0O> @ gZ*kljmdIimjb “h>lb@n &bPKRee” gZ gZfb
fh™_ [mlb deZkbnedhxEdad Q@



J amevlZlb mlhgg_ggy djbklZz

LZ[ebpy
e*qghE KEinblnjb kiher

?fiejbggZ nhjfmeZz

$E1L

1ZjZf _ljb dhfejdb gf

lihklhjh\Z 1jmiz
Kbf\he IsjkhgZ

<bijhfegx\Zggy gf

L _ fi_jZImjZz
JhajZzoh\zZgz JmklbgZz
Dh_nepe}gl ih]JebgZggy
)
F_‘o
F_"*KNO
AZlZevgZ deevdeklv ||
G _aZe_ 'g* j_ne _dkb
J ne_dkb 1
NzZdlhj *h[jhlghkle
5 Z5 ey 1
5 Z5 "ey \keo "Zghbc
GZc[eevre ied » yfZ gZ ¢
jeagbp_\hfm kbgl_aes Nmj

3 PPP
K3
OR .

] kf

‘ne _dke\
ZjiZf _ljb

)
legp _\hfm
T} H gf




LZ[ebpy
DhhjrbgZlb 1Z izjzf Ijb | _ieh\h]h afes _ggy Zlhfe\ n
kihemldd<E1L$O

Thf IKL [ \ ] 8 gf
<E E
<E F
1L P
0 M
$O0  J

0 1L $0
Tht 8 8 8 8
<E
<E
1L
0
$0

8 8

DhhjrbgZpecgbfb ihee "jZfb ~ey Zlhfe\ ¢l j[ex } ] _dKk
p_gljh\Zgbfb [eqgbfb ]jZgyfb DQ Z "ey Zlhfe\ ge
ijbafZz a p_gljh\Zgbfb [eqgbfb ]jZgyfb 1Z j [jZfb DQ
Zexfegex 1Z Zlhfe\ KklZIbklbggh€ kmfere 1L $0O f
| ljZ]lhgZevge ijbafb a p_gljh\Zgbfb [eggbfb ]JjZgyfb LC
e f glZjgh€ dhfejdb gZ I2hailgjmbgZpecges ihee "jb "ey
Zlhfe\ ah[jZ _ge* gZ jbkmgdm



Yb
@ Ni

Owv
Al
| §
Ni Al M
Jbkmghd ljh _dpey djbklZeeqgh€ kljmdIm;d IEiDeFmd b

ZIhfe\ NeyE1L$O

:gZeca fe Zlhfgbo \e"*Ze ¢ m kiIjmdIsmgd L&kOhemd

1Z[e \dZam} gZ agZqge* €0 kdhjhg_ggy \ iZjZo ZIh
1L + $O gf ihje\gygge *h kmfb dh\Ze _glgbo jZ”en

\eMih\e”rgh P_ k\e~gblv ijh agZqgm dh\Ze glgm kdeZ"h
pbo iZjZo ZIhfe\

LZ[ebpy
Fe Zlhfge \er"Zee m kljmdLmjE KLii©®mdb
I I gf lhf [ gf
<E 1L 0 1L
0 0
<E 0 $0
0 <E
0 <E
1L $0O 1L
1L 0
$0 <E
$0




AZdegq _ggy IZ]e

Ihf I gf
1L $0O
0
<E
1L
<E

Kbgl a IZ djbklZeesqgZ kljmdIimjB@lih ¢ QX3 W

A f Ihx ihrmdm eahkljmdIimjgbo kihet® 7jb ZWeZzZ 4

f ITh~ hf \bkhdhqgzZklhlgh€ iezZ\db [meh kbgl_ah\Zgh kieZ

LZd yd iekey iezZz\db fhghdjbklZee\ "ey kljmdImjgbo ~h

[meh ijh\_~ gh €0 ki_peZevgm |_jfeggm h[jh[dm KieZ\l

7D dhgl_cg_jb 1Z \Zdmmfh\Zgh m d\Zjph\e Zfimeb Ki_p

[meZ ijh\_~ gZ m fmn_evgec i_gq* 1DEHUWKHUP /7
| fi_jZImjghfm j_"bfe £ dhgl _cg_jb [meb gZ]jele ~h

|Z \bljbfZge ijb pec |I_fi_jZImje ]h~rbgb ihlef ]h~bg

1Z \bljbfm\Z\ky ]Jh”bg ijb pec |_fi_jZImje hklZlhqgq

defgZlgh€ | _fi_jZImjb 1Ijb\Zeh ]h*bg Yd gZkee<™h
fhghdjbklZeb >h~Zlhd ; Jbk . Z [ m h[ho \bizZ”"c
kiezZ\e\ a fZl _jeZehf dhgl_cg _jZ g_ [meh \by\le_gh

F _Ihrhf EZm_ ij_pbaecgZ .dA&f\hZjhfOdRX\Zggy [meEe

ijhl_klh\Zgh 1Z \e~e[jZgh jy”~ fhghdjbklZees\ ~h[jh€ ydl
kljmdImjgbo ~hkee”” gv >ey fhghdjbklZees\ a Kim&hm
\klZgh\e _gh jhf[eqgm kbg]hgex Z fhghdjbklg2é_ azZkveZh
| IjZ]lhgZevgh€ kbg]hge«€
DjbklZesqgZ kljmdImjZ kihteOndb (X3 W

KljmdIimjg_ ~“hkee”" _ggy fhghdjbklZee«\ ighkieZjm ¢X
fhghdjbklZevghfm Z\lh*bnjzdIlhf_lje 672( 6WDGL9DUL
OR. £ \bijhfegx\Zggy gZ ydhfm hljbfZzgh fzZkb\ _dl
\eA[bIKNO?\_jAr" _gh hjlhjhf[eggm kbg]hgex |Z mlhqgg_



e f _glzjgh€ dbfejdb E F gf
DjbklZeeqgZ kljmdIimjz jha\fyazgz ijyfbfb f_IhAZfb

g aZe_ gbo \KNihv \bdhjbklZggyf iZd_Im ijh]jzf -$1%

mlhgg_gZ “h kdeZOmb@Es3W m jZfdZo ijhklihjh\h€
3PPQ Deevdekgbc 1Z ydekgbc kdezZ”$OkiiRémmdjg " (g3
j_amevlzIizZfb ('; ZgZeeam ZI (X Z| 3V
J amevizlb _dki_jbf_glm ijb\_~ gh \ 1Z[e dhhj”|
| ieh\h]h afes _ggy =+ m |Z]e Ale*gh j _ameviZle\ ml

Zlhfs\ aZcgyle ih\gekIx [_a mI\hj_ggy klZIbklbggbo kmfe

KihemdZ $©O3Wi_jrbf ij_~klZ\gbdhf gh\h]h kljmdImj
egl_jf _1Zesqgbo kihemd 1Z i_jrhx | _jgZjghx kihemdt
ihljecgec kbkl_fe (X+3W$0



LZ[ebpy
J amevlZlb mlhgg _ggy djbklZeeqggh€ ki@ dImjb kil

?fiejbggZ nhjfmeZz $O(X3W
D
1ZjzZf _ljb dhfejdb gf E
9
ljhklhjh\Z ]jmiz = 3PPQ
Kbf\he lIejkhgZ R3
<bijhfegx\Zggy gif .. OR

L fi_ jZImjZ
JhajZoh\ZgZ ImklbgZ ] kf
Dh_nepe}gl ihlJebgZggy gf
)
F_‘o
F_"KNO
AZ]ZevgZ deevdeklv jl ne_dke\
G _aZe_ 'ge* j_ne_dkb jizjzf_Ijb
J ne_ _dkb 1}
NZdlhj "h[jhlghkle
5 Z5 "eyes 1]
5 Z5 ~ey \keo "Zgblo
GZc[eevre ied « yfZ gZ |[degp_\hfm
jeagbp_\hfm kbgl_a NmjY} H gf




LZ[ebpy
DhhjrbgzZlb 1Z izjzf_Ijb | _ieh\h]h afes_ggy ZIhf
m kljmdImje kiheh@b (X3W

Ihf

A
—

[ \ ] & of

(X
(X
$0
$0
$0
$0
$0
$0
3W
3W
3W
3W

ol T T OO T T T MOUOUOTITM

Ihf

(X
(X
$0
$0
$0
$0
$0
$0
3W
3W
3W
3W




DhhjrbgZpecgbfb ihee "jZfb jbk Ney Zlhf

\ jrbggbdb a ] _dkZ]hgZevghx ijbafhx \ hkgh\e >e
ithee 7jzZfb } ~ _nhjfh\Zge Ijb]J]hgZevge ijbafb a p_glj
liZgyfb DQ Fghlh]jZggbdZfb ZIlhfe\ Zexfegex
| IjZlhgZevge ijbafb a p_gljh\Zgbfb [eqgbfb ]JjZgyfb D
$0O o0Zjzdl_jgbfb } Iljb]l]hgZevge ijbafb a p_gljh\Zgbfb ]jz
ZlhfZz $O0 + \ hkgh\e ihee 7*jZ } i _glZlhgZevgZ ijbafzZ a
gZ\ijhlb [eqgbo ]jZg_c¢c DQ

D o o ©) ®cEu
o © O Al

O® O ®© e O ®r
O o

> o e o

Pt1 Pt2 Pt3 Pt4
Jbkmghd ljh _dpey djbklZeeggh€ klj®@@Imjb Kihe
gZ iehsbgrhZ DF Zlhfe\
M IZ[ebp- ijb\_~ gh fe Zlhfge \erZee m ki§@dIm,

GZcdhjhlre \ernrZee foo ZIhfZfb (X£3W afegxxlvky \ f_~Z
A sh ih~h\" _gbfb \ ihje\gygge a kmfhx dh\Ze glgbo j.
GZcdhjhlre \eArZee m kljmdImje feo ZIhfZfb 3Wx$0O afeg
gf <« } ~ _sh dhjhlrhx Zge kmfZ dh\Ze glgbo jzZ"e
gf AgZqgbo kdhjhqg_gv fe' ZIhfzfb $0O 1Z (X \ ihj:



dh\Ze glgbo jZ"emKke\

kbevgm dh\Ze glgm \aZ}fh”ex fe

gf g_ kihkl_je]Z}Ivky Pe j_

ZIhfZfb ieZlbgb 1Z Ze

LZ[e
Fe Zlhfge \erZee m kljmdIimj&6®Rihemdb (X3W
IThf /| gf Ihf /I gf
(X $0 $0 3w
$0O 3W
3w 3w
3w $0O
3w $0O
$0 (X
$0O (X
$0 (X
$0 $0 3w
$0 3W
3w 3w
(X $0O
3w $0O
(X $0 $0O
3w (X
$0O (X
3w $0 3W
$0 3W
$0 3w
3w $0O
(X $0
$0O
(X

(X




AZdegq _ggy IZ]e

lhf I gf lhf /[ gf
3W $0 3W $0O
$0 $0O
$0 $0
$0 (X
(X $0 3W
(X 3W
3W $0 $0
$0O (X
$0O $0
$0 $0 3W
$0 3W
3W (X
(X (X
3W $0 $0 3w
$0O 3W
$0 $0O
$0 $0
$0 $0
3W
(X

DjbklZeeqgZ kljmdImjZ kitgendb (X,U
FZkb\ _dki_jbf _glZevgboN®eybkvjmdimjgbo ~hkes”

hljbfZzgh gZz
\bijhfegx\Zggy
1\ ZjZf_ljZftb _e

f

l+~A1\_jA> _gh

glZzjgh€Ddhfejdb

F

fhghdjbklZevghfm Z\lh~bnjzZdlhf_lje.
| IjZlhgZevgm

64 2 (
kbg]hgex
gf

DjbklZesqgZ kljmdIimjZ jha\fyazgz ijyfbfb f_Ih~AZfb gZ |

\eA[bI®KNCa \bdhjbklZggyf
kdeZ m §®, b Z5

izd_Im

m jzfdZo

ijh]jzf

-$19%

> @

ijhklhjh\BEQFjMib



Deevdekgbc IZ ydekgbc kdeZO ieiHendb ¢X,U amevIZIZfb
ZgZeesam Zl (X Zl 1L ya $O J_ar
ijb\_~_gh \ 1Z]e dhhjrbgzlb 1Z izZzjzf_Ijb |I_ieh\h]h

Al*~*gh j_amevlZle\ mlhgg_ggy \ke iheh  _ggy ZIlhf
ZlhfzZfb h”gh]lh khjlm Kis®mdz j¢x¥fUij_"klZ\gbdhf gh\
kljmdImjgh]h Ibim egl_jf 1Zeeqgbo kihemd IZ i_jrhx |_
\by\le _ghx m ihljecgec kbkl_fe (X, Ux$0

LZ[e
J amevlZlb mlhgg_ggy djbklZeeggh€ k$ddIimjb kil
?fiejbggZ nhjfmeZz $O(X,U
D
1Zjzf_ljb dhfejdb gf F
9
ljhklhjh\Z ]jmiz = 3 QFF
Kbf\he IejkhgZ W 3
<bijhfegx\Zggy gf .. OR

L _fi_jZImjz
JhajZoh\zZzgZ JmklbgZ ] kf
Dh_nepe}gl ihlJebgZggy gf
)
F e
F_"KNO
AZ]ZevgZ deevdeklv jl. ne_dke\
G _aZe_ 'ge* j_ne_dkb jizjzf_ljb
J ne _dkb ]
NZdlhj “h[jhlghkle
5 Z5 "eye 1
5 Z5 "ey \keo "Zgbjo
GZc[eevre ied » yfZ gZ |degp_\hfm
jeagbp_\hfm kbgl_a NmjY} H gf




LZ[e
Dhhjrbgzlb Iz iZzjzf_Ijb | _ieh\h]h afes_ggy Zlhfe\ nr
kihemdb $®,U

;lhf | KL [ \ ] 8 of

(X F

, U I

$0 J
IThf 8 8 8 8 8 8

(X

, U

$0

DhhjrbgZpecgbfb ihee 7~jzZfb ~ey ZIlhfm }\jhiex } i_glz

p_gljh\Zgbfb [egqgbfb ]jZgyfb 1Z j_[jZfb DQ Ney
A nhjfh\ZgZ ljb]l]hgZevgZ ijbafzZz a p_gljh\Zgbfb [eqgbfb
DQ "ey Zlhfm Zexfegex = ~ nhjfh\ZgZ |Ijb]hc
p_gljh\Zgbfb [eqgbfb ]jZgyfb 1Z j_[jZfb DQ ljh_d

dhfejdb gZ iehsbdh dhhj*bgZpecges ihee ~jb “ey mkeo
ah[jZ _ge* gZ jbk

—& @ ®cEu
o0®0 o0@®O @
O Al
oX BSleX X¢
o o
N NoleX JNe!
x 0@oO@o
P o
z Ir Al
Jbk + Ijh_dpey djbklZeeqgh€ kljm$Ogd ikithsrgdB (X

DF Zlhfe\

:gZeea fe Zlhfgbo \er"Ze ¢ m &Onmddpeje (X,U\dZam}
Ah[jm €0 dhj_eypex a kmfZfb dh\Ze _glgbo jZ”em
kihkl_je]Z}Ivky



LZ[e
Fe Zlhfge \er"Zee m kljmdIimj$&ihemdb (X,U

Ihf | gf ‘IThf | gf

(X U $0 U
$0 $0
$0 U
$0 $0
(X U

, U $0 $0
$0 U
$0 (X
$0 (X
(X $0
, U (X

Kbgl _a |IZ djbklZeeqgZ kljmdImjZ kihemdb _d\ez
/ID1L*H

Kiez\ kl_oehf_Iljbggh]h kdezZz”m /D1L*H [m\ kbgl_

dhfihg_gle\ f_Ih~hf _e_dljh"m]h\h€ iezZ\db \ ZIfhkn_je

'gZeea “bnjzZdlh]jzfb ajZadZ \«"iZe_gh]lh ijb . "bnjz
ISHUW 3UR \&Khfegx\Zggy \dZaZ\ gZ | _IljZ]l]hgZevgm
a mlhgg_gbfb i_jeh"Zdb dhfejdlF gf ijhl_

hrghagZggh deZkbnedm\Zlb Ibi kljmdImjBKBZgjh€]jkihz n
, DPG> @ qgb /D3W6L RG ¥m@zZih pbo j_amevliZlZo g_ !
yd fhghdjbklZees\ *ey kljmdImjgh]h “"hkee”" ggy ge* \ eb
ajZadZo g_ \by\behkv [meh ijh\_~ gh €0 kbgl_a QZKkl
1iZtZz [meh _\Zdmch\Zgh \ 7D dhgl_cg_j <« ijh\_~ _gh
hfjh[dm \ eg”mdpecgec i_q¢ +*WWLQJHU (OHNWUR
pbjdmeypecgh]h ZjlJhgm



22,()00_””.”...‘.......H.H‘..‘......H.HH.H.‘....‘
19000 |
16000 |-

13000

10000 |
7000 |-

4000 |- -
1 O 0 I A )

-.‘

A "
P s
P SR N 1

Intensity (arb. units)

1000 |-

Z;O(ﬂ 60 70 80 20 100
Jbk >pbnjzZdlh]jzfZz kieZz\m /D1L*H ~"bnjzZdlhf_1j 3$:
&X + \bijhfegx\Zggy
Dhgl _cg_j a kiezZ\hf ki_jrm gZ]jeeb ijhly]hf 0

\bljbfZeb ijb pec | _fi_jZImje o\ hoheh”beb ~h o
\bljbfZeb ijb pec |_fi_jZImje o\ agh\m hoheh”beb ijhl
|Z \e~iZebeb ijb pec | _fi_jZImje ]Jh~bgb < ih~Zevrhfm
defgzZlgh€ | _fi_jZImjb \bdexqgb\rb "b\e _ggy i_q¢ Yd gZ
ijhdjbklZeeam\Z\ky <« [meh IjbfZgh agZqgqgm deevd
g _ijZ\bevgh€ nhjfb >h~Zlhd ; Jbk 4 KeeNel |
fZl _jeZzehf dhgl_cg_jZ g_ kihkl_je]l]Zehky Z kieZ\ iske
ithi_j_~gvh kbgl_ah\Zgbc klecdbc *"h "€ gZ\dhebrgvh]t
lijb\Zeh]lh gZkm F _|Ih*hf EZm_ ij_pba=tlgifh tHix\jZgg9 R
\ene[jZgh jy™ fhghdjbklZees\ "h[jh€ ydhkle ¢« \klZgh\e_ gl
| 1jZlhgZevgh€ kbg]lhge€ FZkb\ fhghdjbklZevgbo ~*

Abnjzdlhf_ljs 672( ,3'6 ,, \biQRfegx\Zggy KljmdIr
Ahkesr _ggy kihemdb is”AI\_jAbeh 1 _1jZ]lhgZevgm dhfs
e f_glZjgh€ dhfejdb F gf DjbklZesqgZ klj
jha\fyazgz ijyfbfb f_Ih~Zfb gZ hkgh\e g Kav@a g
\bdhjbklZggyf izd Im ijh]jzf 6+(/; > @ + mlh
ID1L*H iZb m jZfdZo ijhklhjh\hB G jmibvdskgbec

ydekgbc kdezZ” kihemdb /D1L*H ie™I\_j~" _gh j_amevlZl:
ZI /D ZI 1L Z| *H J _amevlZlib _dki_jl



|Z[e dhhj*bgzlb 1Z izZjzf_Ijb | _ieh\h]h afes _ggy =
j_amevlZle\ mlhgg_ggy \ke iheh  _ggy Zlhfe\ aZih\g_
hArgh]lh khjlm

LZ[ebpy
J amevlZlb mlhgg _ggy djbklZesggh€ kljmdIimjb kil
?fiejbggZ nhjfmeZz /ID1L*H
D
1ZjZf _ljb dhfejdb gf F
9
ljhklhjh\zZ ]Jjmiz = , PG
Kbf\he lejkhgZz W,
<bijhfegx\Zggy gff .. OR

L fi_jZImjZ

JhajZoh\zZgZ ImklbgZ ] kf
Dh_nepe}gl ihlJebgZggy gf
)

F_‘o

F_"eKNO
AZ]lZevgZ deevdeklv jl ne _dke\
G aZe_ 'g* j_ne_dkb |izjzf_ljb

J ne_dkb ]
NZdlhj ~"h[jhlghkle
5 Z5 “eye 1
5 Z5 ~ey \keo "Zgblo

GZc[eevre ied « yfZ gZ |degp_\hfm
jeagbp_\hfm kbgl_a NmjY} H gf




LZ[ebpy
Dhhjrbgzlb 1Z izjzf_1jb | _ieh\h]h afes_ggy Zlhfe\ m ki

/ID1L*H

lhf KL [ \ ] 8 av 9of
/D
1L D
*H D
;lhf 8 8 8
/D
1L
*H

8 8 8

Dhhj*bgZpecgbfb ihee ~jZfb ~ey Zlhfm eZglZgm }
Zlhfe\ ged_ex 1Z ] _jfZgext I|jb]lhgZevge ijbafb a p_gl
liZgyfb DQ ljh_dpey _e_ f glZjgh€ dhfefdhbZz gZ

dhhj*bgZpecges ihes ~jb "ey mkeo Ibie\ Zlhfe\ ah[jZ _ge-

o - —0
® O e0O o O

LZ-Q o

0

Jbk ljh_dpey djbklZeeqgh€ kljmdImjb kihewrdld /D1
DF Zlhfe\
M IZ[ebp- ijb\_~ gh fe Zlhfge \eA"*"Zee m kljmdIm

Yd [Zgbfh €0 agZq_ggy } »_sh \bsbfb aZ kmfm dh\Ze g
lh[lh kdhjhg_ggy m iZjZo ZIlhfe\ } ijZdlbggh \e*"kmlg} s



\erkmlgeklv dh\Ze _glgh€ kdeZ”~h\h€ m oefeqghfm a\fy:
KljmdImje
LZ[e
Fe Zlhfge \er"rZee m kljmdImje kihemdb /D1L*
I I gf Ihf I gf
/D 1L 1L *H
* H * H
*H /D
1L /| D
/D
/D
*H 1L
1L
/D
/D

Kbgl _a IZ djbklZe+sqgZ kljmdImjZ kihem@@b kdeZ"
Ale~gh j_ameviZle\ jh[hlb 5(3@®Q lkipemxdb \ kbkl_ fZo
&H 3U [1Z 1G e« djbklZeeamxlvky \ klj@dimj@jmdZ i &
> @ Gb ' g_ ijb\_~ gh j_amevliZlb kbgl _am IZ kljmdImj
6P 3V
Kiez\ kdeZ"m3WPQ [m\ ihi_j ~gvh kbgl_ah\Zghbc
_e _dljh*m]h\h€ ieZ\db ihfes _gbc m IZglZeh\bc dhgl_c
aZiZygbc m d\Zjph\m Zfimem < ih~"Zevrhfm kieZ\ [m\
| _jfeggec h[jh[pe m \bkhdhqgzZklhlgec i_qgq¢ +*WWLQJHU
| fi_jZImjb . ijhly]hf ]h*"bg 1Z \bljbfdz o\b
| _ fi_jZIlmjb hoheh”” _ggy ijhly]l]hf 1h~ ~h |_fi_jZImjb
o\bebg ijb pec I _fi_jZImje hoheh”” ggy “h | _fi_jZImj
]h™ Th~bg |Z \bljbfdZ ijb pec | _fi_jZImje ]Jh”bgb I1Z hkl.
reyohf \bdexq_ggy ble _ggy i_gqe Yd j_amevlZl [meh
nhjfe ~ nhjfh\Zgbo iZjZze_e_ici_"*\ >h~Zlhd ; Jbk ;



dzf _jz JD< . zO0Rijhfegx\Zggy \e”e[jZgh jy™ fhghdjbkl:
ydhkle ¢ \klZgh\le _gh €0 ijbgZe_ "geklv ~h fhghdee-g
fhghdjbklZevgbo ~Zgbo h” _j Zgh gZ ~bnjzZdlhf_lLjs 672
\bijhfegx\Zggy KljmdIimjg_  “~hkee”" _ggy fhghdjbklZe
e\ _j"beh fhghdeeggm kbg]hgex a iZjZf_|jZfb De f g
E F gf f DjbklZesc
kljmdImjzZ jha\fyazgz ijyfbfb f_Ih~Zfb \ jZfdZo fh"_e-
&H3W > @ gZ hkgh\e g _aZeKN@o \bd{pdklZggyf iZ«
ijhljzf 6+(/; > @ <+ mlhgg _gZ ~“hQkdeZZs>m 6P3
Deevdekgbc 1Z ydekgbc kdezZ” kihemdb is”I\_jr"
ZgZeeam Z| 6 P Z| 3W ZI ,Q S
\boergbf kdezZz”~hf rbolb J _ameviZlb _dki_jbf_glm ijb\
dhhjrbgzlb 1Z izjzf_Ijb | _ieh\h]h afes_ggy + m IZ[e
mlhqg _ggy \ke iheh  _ggy Zlhfe\ aZih\g_ge ih\geklx ZIhf



LZ[ebpy
J amevlZlb mlhgg_ggy djbklZesqgh€ kljm@Imjb kihe
?fiejbggZ nhjfmeZz , QP 3W

1ZjZf_1jb dhfejdb gf| F

f
9
ljhklhjh\Z ]jmiz = 3 P
Kbf\he IejkhgZ P3
<bijhfegx\Zggy gf .. OR

L _fi_jZImjz
JhajZoh\zZzgZ JmklbgZ| ] kf
Dh_nepe}gl ihlJebgZggy | gf
)
F e
F_"KNO
AZ]lZevgZ deevdeklv j Ine _dke\
G _aZe_ 'ge* j_ne_dkb izjzf_ljb
J ne_dkb ]
NZdlhj “h[jhlghkle
5 Z5 Neyes 1
5 Z5 ey \keo "Zgboa
GZc[eevre ied « yfZ gZ degp_\hfm
jeagbp_\hfm kbgl_as NmjY} H gf




LZ[ebpy
DhhjrbgZlb 1Z iZzjzf_ljb | _ieh\h]h afes_ggy Zlhfe\ m Kkl
6P3WQ
lhf IKL [ \ ] 8 of
6P
6 P

I T T I T I I T I =T

Ihf 8 8 8 8

Dhhj*bgZpecgbfb ihee "jZfb ey Zlhfe\ kZfZjex } i_gl
p_gljh\zZgbfb [sqgbfb JjZzgyfb 1Z j_[jZfb DQ | Z /
+ ljb]l]hgZevge ijbafb a p_gljh\Zgbfb [eqgbfb ]jZgyfb 1Z



Ney Zlhfe\ egnex = | |jZ]hgZevge ijbafb a p_gljh\Zgbf
j_[iZfb DQ | Z Z Zlhfb klZlbklbggh€ kmfere 3W
N nhjfh\Zgh€ Ijb]l]hgZevgh€ ijbafb a p_gljh\Zgbfb [sggb
ljh _dpey e f glZjgh€ dhfejdb=dZ odhhhgBbbgZpecge ihees

mkeo Ibis\ ZIhfs\ ah[jZ  _ges gZ jbkmgdm

e0 Y o
& ..O
O
O Oe ®s
z °e Qu
A ® 20 ox

kampézhd F,te’ljh_dpl-n;/ djbklZInez-qgh€ klﬁmdlm;jia :EilDeFmdb
Zlhfe\ "ey 6PQW
M I[Z[ebp- ijb\_~_gh fe Zlhfge \errZee m klj
6P3W Q GZcdhjhlre \ernrZee feo' Z|lhfZfb 6P£3W afegx
+ gf « kihkl_je]Z}Ivky g_agZqg_ kdhjhg_ggy ~I
JZNemKke\ gf GZcdhjhlre \eArZee m kljmdIimje
afegxxlvky \ f_"Zo + gf < } g_agZqge kdhjhq_

dh\Ze _glgbo jZ"emke\ ydZ klZgh\blv gf >ey egr

kljmdimjs kdhjhq_gv g_ kihkl_je]Z}Ivky



LZ[ebpy

Fe Zlhfge \eAZee m kljmdIimje kGhemdb 6P3W

1hf | gf Ihf | gf
6P 0 , Q
0 , Q
3W 3W
3W 0
,Q 3W
,Q 6P
,Q 6P
, Q , Q 3W
, Q 3w
, Q 3W
6P , Q
6P 3W , Q
3W 6P
3W 6P
,Q 6P
, Q , Q 3W
, Q 3w
, Q 3W
, Q , Q
, Q , Q
6P 6P
3w , Q
3W 6P




AZdegq _ggy IZ]e

lhf [ gf lhf /[ gf
3W ,Q , Q0
, Q 0
, Q 3W
6P 3W
0 , Q
3w , Q
6P 6P
3W ,Q 6P
, Q 6P
, Q , Q 3W
0 3W
, Q 3W
3W , Q
6P , Q
3W ,Q 6P
,Q 6P
,Q 6P
, Q
6P
6P

Kbgl _a IZ kljmdIimjg_ ~“hke*”” ggy kihemd _d\ez
5(x,Uut5y /D 3U 1G <E > @

Ale~"gh j_amevlZle\ jh[hlb Z\lhje\ > @ kihemdb
ekgmxlv m kb¥k(+, 5@ &H 6P *G 7E '\ +R =« djbklZz
kljmdImjghfm Ibie =U3ALPO >1=®@ Gb q_ ij_"klZ\e_gh j_
kbgl _am 1Z kljmdImjgh]h ~“hkee”" _ggy kihemd _d\eZIhf
5(+,Ux5Q /D 3U 1G <E > @



KiezZz\b kdeX(?}h, (& ( /ID 3U 1G [meb kbgl_ah\Zq
\bkhdhgzZklhlgh€ iezZ\db rbolb \e«~ih\eAgbo dhfihg_gle\
kKie\\e*ghr_ggy e« aZiZygbho m 7D Zfimeb m Zlfhk
ijh\_~ gh m eg”mdpecgec i_q¢ +*WWLQJHU (OHNWU
pbjdmexxgh]h Zjlhgm \bdhjbklh\mxgb gZkImigbc |_fi
fimeb [meb gZ]jele ijhly]lhf Jh”~bgb ~h | _fi_jZImjb
pec | _fi_jZImje o\ ihlef hoheh” g+ “~h . ijhly]hf
ijb pec | _fi_jZImje gZklmige J]Jh”bgb iekey gh]h ieq [me

AjZahd kdeZ"m <E,U,Q [m\ hljbfZgbc reyohf ~h\]
rbolb m aZiZyghfm IZglZeh\hfm dhgl_cg_je \ _\Zdmch\z
fmn_evgec i_qe 1DEHUWKHUP /7 \' j_"bfe Z\Ihf
| fi_jZImjb KihgzZldm ZfimeZ [meZ ijhly]hf o ]h”*bg
\bljbfzZzgzZ ijb pec |_fi_jZIlmje ijhly]hf Jh”"bg ~Zes ih\ee

. KI1Z \eniZe _gZ ijhly]hf ]h~*bg ijb pec | _fi_
pvhlh ZfimeZ [meZ aZ]Zjlh\ZgZ \ oheh”gec \h?e Kiez
\erhdj_fb\ky \e® fZl jeZem dhgl_cg_jZ j_Zdpe<€ fe  kieZ
[meh ihfeq_gh <ke kbgl_ah\Zge ajzadb } klecdbfb ~h
kK _j_"h\bsZ ijhly]lhf Ijb\Zeh]h gZkm

M dh ghfm a kbgl _ah\Zgbo ajZade\ [meh \e/Me[]
g_ijZ\bevgh€ nhjfb ¢ ijhl_klh\Zgh f_Ih*hf EZm _. dZf_
\bijhfegx\Zggy Jy” djbklZees\ "h[jh€ ydhkle [meh \e/ e
kljmdImjgbo “~hkee”" gv FZkb\b _dki_jbf_KNmeglho
hljbfZzgh gz zZ\lhfZlbggbo fhgh djbklZevgbo ~bnjzZzdlhf_
2[IRUG '"LITUDFWLRQ ”"ey /D,U,Q 1Z 3U,U,Q 672( 6W
S3LODWXYV . GHWHFWLRQ V\VWHP 7ey 1G,U,Q 1[|Z ¢
fZkb\e\ \e~[blv ihdZaz\ ]_dkZ]hgZevgm dhfejdm 7~ey kih
<E kihemdb z ijbfelb\gm hjlhjhf[egqgm :gZeea kbkl_
malh”" " m}lvky a ijhklhjh\bfd Pmz3foPDZ ~h[j_ dhj_ex}
"hkeer" ggyfb k_j=(5h@md @ <boe~rge Zlhfge ihabpe€
ijyfbfb f _Ih~"zZfb 6+ (/;6 % > @ |1Z kljmdImjb mlhqgg_¢c
gZ[eb  _gge "ey \keo Zlhfe\ 6+(/;/ % > @



1Zzjzf_|Ijb aZih\g_ggy mlhgg_ges ey \keo Zlhfgbo ih:
[ _ a®_n_dlgeklv ijhl_ imGkheyglglymdimj a /D 33U IZ 1G
af_gr_gm _e _dljhggm ]mklbgm sh fh _ k\e~gblb ijh fl
klZlbklbggh€ kmfere ' Q ,U NegZevg_ mlhgg_ggyG aZi
klZlbklbgghx kmferx ,Q ,U i\ _j*beh p_ ijbims_ggy
kihemd } gZklmigbfb ,@ /BWUQ 12 1G,® FZib
negZevghl]h jeagbp_\h]h kbgl_am NmjY} “ey pbo kljmd
A"hAhZldh\bo fZdkbfmfel KIjmdIimjZ mlhgg_gbo kihe
kljmdImjgh]lh Ibim =U1L$O > @ <+ \hgb "hih3gxXKI® Kk
ij_~klz\gbde\ pvh]h Ibim > @

DijbklZzeeqgZ kljmdIimjZz kihemdb <E,U,Q mlhqgg_g
kljmdIimjgh]h Ibim 7L1L6L > @ <ke iheh  _ggy Zlhfe\
ih\geklx ¢ hrgbf khjlhf Zlhfe\

J amevizZlb _dki_jbf _glZevgh]h “hkee”~" _ggy pbo k
|Z[ebpe mlhqgg_ge dhhj*bgzZIlb Zlhfe\ 1Z iZjZf_ljb €0
m |Z[ebp-

Deevdekgbc 1Z vydekgbc ZgZeea fhghdjbklZees\
M\ _j~° _gh j_amevlZIZfb ('; ZgZeeam = /D
/ID,U,Q 1|Z <E , U ,Q Ney <E,U,Q -(2/ 6(C
3U , U ,Q,Qey )XJU(U$; *HQHVLYV ;0 1G

,Q ey 1Q@,U =(,66 (92 0% yde ~h[j_ dhj_e
j_amevlzZIlZfb mlhqg_ggy djbklZeeqgh€ kljmdImjb



LZ[ebpy

J amevlZlb mlhgg_ggy djbklZesqgh€ kimd3d | RQiheled UP,WZ <E,U,Q

?fiejbggZ nhjfmeZz ,Q@D,U 3U,UQ 1G,UQ <E,U,Q
D
1ZjZf _ljb dhfejdb gf F F =
9 9 9 I;
<bijhfegx\Zggy gf | _fi_jZImjz OR
JhajZoh\zZgZ JmklbgZ ]|kf
Dh_nepe}gl ihlJebgZggy gf
)
F_ e
F_"KNO
_dke\

AZ]ZevgZ deevdeklv j_ne

G _aZe_ 'ge* j_ne_dkb izjzf _Ijb

J ne _dkb ]

NZdlhj “h[jhlghkle

5 Z5 "eye 1

5 Z5 "ey \keo "Zgbo
GZc[eevre ied « yfZ gZ degp_\H

kbgl _as NmjT} H gf

1 fm jeagbp_\hfm
+

I+

I+

I+



LZ[ebpy
Dhhjrbgzlb 1Z izjzf_1ljb | _ieh\h]h afes_ggy Zlhfe\ m k

/D,U,Q 33U, 1G,UQ 1Z <E,U,Q
/D,U,Q

1hf | KL [ \ ] 8 of
/D |
0 G
, U D
, Q J
0 , U , Q
|hf 8 8 8 8
/D
0
, U
, Q
8 8
3U,UQ
1hf | K L [ \ ] 8 of
3U |
0 G
, U D
, Q J
0 ,U , Q
1hf 8 8 8 8
3U
0
, U
, Q




AZdegq _ggy IZ]e

1G,U Q
Ihf  IKL [ \ ] 8 gf

Inhf KL [ \ ] 8 gf

Dhhj*bgZpecgbfb ihee_ "jZfb Beym ZkhhemiZW,Q -a
kljmdImjhx Ibim =U1L$0O } i _glZ]l]hgZevge ijbafb a p_g
[Zah\bfb ]jZgyfb DQ Ney Zlhfe\ ejbnex 1Z KklIZIb
ljbl]hgZevge ijbafb a p_gljh\Zgbfb [eqgbfb ]jZgyfb DC
eg”fex = A~ nhjfh\Zge | _ljZ]hgZevge ijbafb a p_gljh\Zgb



DQ lih_dpey _e f glZjgh€ dhfsjd® kjheimkdbgon U
1Z dhhjrbgZpecgs ihes ~jb ~ey mkeo lbie\ ZIhfs\ ah[jZ

e O O o On
@~RE=La, Pr Nd
. . O . .Ir
o~ ® 0
» OO0 @
>
Pt1 Pt2
Jbk ljh_dpey djbklZeeqgh€ kljmd|l®@jbgKihehmsdhky D , |

|1Z DF Zlhfe\
:gZeeca fe Zlhfgbo \eA""Ze ¢ "ey kihemd e<a kljmdl
LZ[e \dZam} gZ "h\hee kbevg_ €®(xkdhjhgbaggygh\ i
N"ey egrbo dhglzZdle\ kdhjhq_ggy Zlhfgbo \eA"Ze c ijZdlb

LZ[e

Fe Zlhfge \eArZee m kIjmdbnjZRkih/dAmd3U 1G
lhf [ gf Ihf /| gf Ihf /| gf
/D 0 3U , U 1G , U

1U ’U 1U

Q , Q , Q

Q , Q , Q

/D 3U 1G

/D 3U 1G




AZdegq _ggy IZ]e

lhf /| gf lhf [ gf lhf [ gf
Q U , Q , U ,Q , U
0 0 0
Xo 0 Q
/D ,Q 1G
/D 3U 1G
3W ,Q 3U U 0
/D U 1G
O .q 3U °  Q
Q 0 e . Q
, Q , Q ,Q
/D ,Q 1G
/D 3U 1G
3U
/D 1G
3U

DhhjrbgZpecgbfb ihee ~jZfb "ey Zlhfe\ ol j[ex } i _gl:
p_gljh\Zgbfb [eqgbfb ]jZgyfb DQ Ney Zlhfe\ «jb
ijbafb a p_gljh\Zgbfb [eqgbfb j_[jZfb DQ Ney
AN nhjfh\Zge | _|jZ]lhgZevge ijbafb a p_gljh\Zgbfb [eqgbfL
ljh_dpey e f glZjgh€ dhfejdb=dZ odhhhgBbbgZpecge ihee
mkeo Ibie\ ZIhfe\ ah[jZ  _ge* gZ jbkmgdm



PR e R
AL: O‘._ Yb Ir In

Jbk lih_dpey djbklZeegqgh€ kljmdImjb kiZemE b gZ
Zlhfe\ "ey <E,U,Q

< lhc " gZk m kihempe <E,U,Q kdhjhg_ggy fe Zlhfg
\erkmlg} LZJ[e « €0 agZq_ggy kie\fejge a agZq_g
JZhemke\ e f _gle\

LZ[ebpy
Fe Zlhfge \eArZee m kljmdImje kihemdb <E,U,
I I gf lhf /[ gf
<E , U , Q , U
, U , U
, U , U
, Q , Q
, Q <E
, Q <E
, Q <E
<E <E
<E
, U , Q
, Q
, Q
<E
<E
<E




Kbgl_a 1Z kljmdImjge "hkee""_ggy kih@&pOLkBKI|_1

Kihemdb _d\e¢Zlhfgh]h kdeZ”m <E1L*H 1Z &DI1L*H \
djbklZeeamxlvky \ kijmdIimjgbh8QWFiZeo @ 1Z60Q3% QFHP
> @ \*”ih\ergh GZfb ijh\_* gh “hkee<”" _ggy ghlbjvhod
f_ lhx \klZzgh\e_ggy fh eb\hkle5ahffifigg@gyZ <E qgb &I
\boe*gbo kihemdzZo _d\¢Zlhfgh]l]h kdezZm AjZadb ~*
kbgl _ah\Zge gZ]je\Zggyf hoheheh”  ggyf \e?ih\er*gbo k
dhgl _cg jZo m fmn_evgec i_q* 1DEHUWKHUP /7 \ b
| fi_jZlmjgbc j_"bf £ gZ]je\Zggy ijhlyl]hf ]h~bg ~h
pec | _fi_jZlmje ]Jh~bgb hoheh”  ggy \j_"bfe . ]Jh”~ ~h
\enNiZe ijb pec | _fi_jZImje ijhly]hf ]hr hoheh”~” ggy *

ijhly]hf ]h*bg \e?riZe ijb pec | _fi_jZImje ]h~"bg -
defgZIlgh€ |_fi_jZImjb ijhly]hf ]h*bg <aZzZ}fh”e€ ajZa
dhgl _cg_jZ g_ kihkl_je]Zehky ijhl_ kiezZ\b a[_je]Zebkyv
]lezZm[hdke 1Zd yd gZ ih\elje hdbkex\Zebkv &D Kile®ZHZo
<E &D 1L*H 1Z <D 1L*H [meh agZc”™_gh fhghdjbklZeb
Jbk Z \ jy"® a ydbo [meh ijhl_klh\Zgh e \e~re[jZgh ~*
ih"Zevrbo kljmdIimjgbo ~"hkee”" gv FZkb\b _dkiKMKOD g
[meh hljbfzgh gz 2zZ\lh*bnjzdlhf_ |jZo 672(. ,3'6
\bijhfegx\Zggy =+ "ey djbklZees\ &DKibeZN-\Z<EED 1L*H
|1Z 2[IRUG ;&DOLEXU z&WijlOfRgx\Zggy + “ey djbklZee-\
<E &D 1L*H

lhi_j _~ge kljmdImjge “~hkee”" ggy \dZaZeb3Q@ED hijl
| IjZ]lhgZewBg@PP IZ ] dkZ]hg3deRgrkbg]lhge€ pbo djbkl:
"hal\hebeb mlhqgblb izZzjzf Ijb _e f glZjgbo dhfejhd "
DjbklZe+sqges kljmdImjb jha\fyazge ijyfbfb f_Ih*"Zfb a \t

ijh]jZt 6+ (/; > @ ¢ mlhqg_ge "RkxdelZ*H\ <E
\e"[bIKNDS &BE 1L*H \ o A KON D5 | Z
&D <E 1L*H \ e AN KM NZD

J amevizZlb _dki_jbf_glZevgbo "“hkee”” gv ijb\_" ¢
dhhj*bgzlb 1z izjzZf_Ijb |_ieh\h]h aZfes_ggy = \ IZ]



j_amevlZle\ mlhgg_ggy \ke iheh _ggy Zlhfe\ aZih\g_g-
djef iheh” _gv ae* klZIbklbgghx kmferrx <E |Z &D
Deevdekgbc 1Z ydekgbc kdezZ” kihemd i*"I\_j» gh

ZgZeeam yde } gZklmigbfb Z| <E ZI & D
*H "ey <BRD 1L*H Zl &D Zl <E Zl
ZI *H "ey <€ED1L*H |Z Zl <E Z| &D
ZI *H &ME 1L*H « \hgb ~h[j_ dhj_exxlv a kdezZ"Z

lekey kljmdImjgbo jhajZomgde\



LZ[ebpy

J amevlZlb mlhgg_ggy djbklZesqgbo k&DndlmHki&adehd I<HH 1Z &&E 1L*H

?fiejbqgZ nhjfmeZz &BE1L*H &BE 1L*H <E&D 1L*H
D E D D
l1ZjZf_ljb dhfejdb gf F F F
9 9 9
ljhklhjh\Z 1jmiz = Kbf\he I jkhG®QPDR3 3 QPP W3 3 P K3
<bijhfegx\Zggy gf | _fi|jZImjZz OR
JhajZoh\ZgZ ImklbgzZ |] kf
Dh_nepe}gl ihlJebgZggy |gf
)
F_‘o
F_"sKNO

AZ]lZevgZ deevdeklv j ne _dke\

G _aZe_ 'ge* j_ne_dkb

iZjzZf_1jb
J ne_dkb 1}
NZdlhj *h[jhlghkle
5 Z5 "eye 1
5 Z5 "~ey \keo "Zgbo
GZc[eevre ied « yfZ gZ dpsgp_\hfm

jeagbp_\hfm kbgl_a- ij"ﬂ} H gf




LZ[ebpy
DhhjrbgZlb 1Z izjzf_Ijb | _ieh\h]h afes_ggy Zlhfe\ m k
<E &D 1L*H

Ihf | KL [ \ ] & of
0 F
*H F
1L
0 <E &D
Ihf 8 8 8 8
0
*H
1L
8 8
&D <E 1L*H
Ihf IKL | \ ] & of
0 F
*H F
1L
0 &D <E
Ihf 8 8
0
*H
1L




ljh~h\" _ggy |Z][e

<E &D 1L*H

Ihf | KL [ \ ] & of

0 G
0 M
0 D
0
*H
*H
*H
*H
1L
1L
1L
1L
1L
1L

zZ Z =z Z2zZ2 =z Z2 ==z Z

0 <E 0 &D <E & D
0 <E 0 &D <E &D




AZdegq _ggy IZ]e
Ihf 8 8 8 8

*H
*H
*H
*H
1L
1L
1L
1L
1L
1L

KihemdzZz & 1L*H djbklZeeam}lvky \ kljmdImjghfm |
e« hg_\b”gh } gqZklbghx I\_jAh]lh jhagbgm aZfes_ggy °l_j|
<E1L*H > @ P_ i™\_j~"mxlvky agZqg_ggy iZjZf _lje\ _
yde \ "hkee”" gec kihempe fZxlv \bse agZq_ggy sh ~hJj

Zlhfe\l o j[ex gf 1Z dZevpex gf > @
ljh}dpey djbklZeeqgh€ kijmdimjBxiliémHd g ZEeh;sbgm
Ijb\_~ gZ 9Z |bk Dhhj*bgpecgbfb ihee_ "jiZfb ZI

kmfere } \_jrbggbdb \ hkgh\s ydbo } i _glZ]lhgZevgZ ij
[qgbfb ]jZgyfb + | [jZfb >ey Zlhfs\ ged_ex 1Z ]_jf
lib]JhgZevgh ijbafZlbqgZ dhhjrbgpsy a DQ



e © g

® O
& oe @)
)_,' ® Ni
Jbk ljh_dpey djbklZeeqgh€ kijmd&Djbl kifiHegdib <
lehsbgmI|IZ DF ZIlhfe\
'gZeca 1Z]e fe'Zlhfgbo \er"Ze &b kikeimpleZ & E\

gZ g9g_agZqg_ kdhjhqg_ggy fe Zlhfgbo \e""Ze ¢ \ ihj
dh\Ze glgbo jZNemke\ iZ] Zlhfe\
LZ[ebpy
Fe Zlhfge \er"Zee m kljmdImje&Dhebrdb <E
Ihf I gf lhf /[ gf
0 1L *H 1L
*H 1L
1L 1L
*H
1L
*H
*H
1L
0

0
0

0
0

1L *H




Kihemdz &b 1L*H djbklZeeam}lvky \ kljmdImjghfm
> @ ¢ \e*ghkblvky *“h I\ _jAh]h jhagbgm aZfes _ggy gZ
> @ G_agZqgZ deevdeklv Il _[jex m Kkihempe ie™I\_jn°
ZgZeeam |Z ijb mlhgg _gge nZdlhjZ aZ2th\gj*dggyggiKfiLpvh]t
agzZq_ggqy izZjzf_lje\ e f glZjgh€ dhfejdb ~hkee”" gh#
N sh f_gre agZq_ggy m ihje\gygges a fZl _jbgkvdhx kihem

ljh_dpey djbklZeeqgh€ kljmdImjbE klhé&hhddZ &Bhsbgm
|1Z dhhj*bgZpecge fgh]h]jZggbdb ah[jZ g gZ Jbk
klZlbklbggh€ kmfere } \_jrbggbdb yde fh'gZ hibkZzl
ijbafb a p_gljh\Zgbfb [eqgbfb ]jzZgyfb 1Z | _[jZfb
| ljZlhgZevge ijbafb a p_gljh\Zgbfb [eqgbfb ]JjZgyfb } ih
ged_ex fghlh]jZggbdzfb Zlhfe\ ] _jfZgex } \_jri®g@bdb

Qc
® o ‘o NT\ Pa
90 @ s
»z @

Jbkmghd ljh_dpey djbklZeegqgh€ kljmBlmlbHih£ md
iehsbgmI|IZ DF Zlhfe\
Fe Zlhfge \er"rZee Ney kikEMdb* R Djb\_~ gh \ IZ]e
ZgZeeca ihdZam} \e*kmlgeklv agZqgbo kdhjhq_gv \
dh\Ze _glgbo jZNemke\ iZ] ZIhfe\

LZ[ebpy
Fe Zlhfge \erZee m klijmdimj<KiAémHdib &D
IThf /I gf IThf /| gf
0 1L 1L *H
*H 1L
*H 0
*H *H 1L
0 0
0




Kihemdz <D 1L*H \e*jeagyl}lvky ih kdezZ” m \«~ ~\ho
"hkee”  gbo kihe®b 4E*H I1Z &B 1L*H \ i _jrm g_jlm ¢
Kie\\eAghr_ggyf 1L *H Djef pvh]h NZgZ KkihemdZ
oZjZdl_jbklbdZo \e*jeagy}lvky \eM "hkee”r” gh& Pk itéimdb
hg_\b~gh } ih[eqgbf ijh mdlhf | _jfi_jZImjgh€ h[jh[db
<E &D 1L*H DjbklZe+sqgZ kijmdImjZ €€ jha\fyaZgZ ijyf
ijh]zf 6+(/; > @ 1Z mlhgg_gZ \ i hgB\hdkdhme

g aZe_ "gbo \KNBhZz5 e djbklZeeam}lvky m \
kljmdImjghfm Ibie :Ihfb \_ebdh]h jhafejm <E |IZ &D m
jeagh]h kdeZ™"m 1Z aZcfZxlvky qghDbj® lihZK :ggfppo ged ex
|Z ] _jfZgex aZcfzZxlvky 1Z r_klbdjZlgbo iheh  _gv \e/it

ljh_dpey djbklZeeqgh€ klijmdIimj&xihermdgZ<BEhsbgm
;< ijb\_~ gZ gZ Jbk

lhee "jZfb ZIlhfe\ klZlIbklbggh€ kmfere } ] dkZ]hq
p_gljh\Zgbfb [eqgbfb 1Z [Zabkgbfb ]JjZzgyfb DQ
fgh]lhljZggbde\ Zlhfe\ ged_ex |Z ] _fZjgex e_"ZIv »_nhjfh
| ljZ]lhgZevge ijbafb a jeaghx deevdeklx "h~Zldh\bo Z|
liZg_c DQ



Ni6

Ni4 Ni5

Ni3

Ni2

¥ © X >

Ni1

Ge4
dpey djbklZeeqgh€ kljmE mjb*KigEmdL

Ge2 Ge3
ljh_
iehsbgm|IZ DF Zlhfe\

Ge1

Jbkmghd

\dZazZ\ gZ jy”"

|Z[e

_C

:gZeea fe Zlhfgbo \e""Ze

iZjZo Zlhfe\ ih \eAghr

Hylgbo jZ"e

vk

ggx “h kmfb €0 dh0zZe

gf

l1gre agZq

+*H gf

1L

+* H

1L

o

(V-

=

&

|

7))

o

—_—

o

o

@)

N

|

(-

—
>

N

|

(o))

[ ]
o

=
e\

o 2

x =
N
3}

o =
o N
E o
o
O O
| <
e.

N =

< =

< <
e e

-



LZ[ebpy

Fe Zlhfge \eArZee m klijmdIimje<Eihebitib &D

‘Thf I gf ‘Thf

*H *H 1L
*H 1L
*H 1L
1L 1L
1L 1L
1L
1L *H
1L 1L *H
1L *H
1L 1L
1L 1L
1L 1L
0 1L *H
. .

0 *H *H
*H 1L
*H 1L
*H
1L
1L 1L *H
1L *H
1L 1L
1L 1L
1L 1L
1L
0
*H




ljh~h\" _ggy |Z]e

*H

I /| gf I /| gf
0 *H 1L *H
1L *H
0 *H
0 *H 1L
*H 1L
1L 1L
1L 0
1L 0
0 1L *H
0 *H
1L *H
*H 1L 1L
1L 1L
1L 1L
1L
0
0 1L *H
* H * H
*H 1L *H
1L 1L
1L 1L
0 1L
0 0
0 0




AZdegq _ggy IZ]e

Ihf /| gf
*H 1L
1L
1L
1L

Kbgl _a |IZ djbklZe+sqgZ kljmdImjZ kkEhelhd® &D
KljmdIimjg_ ~hke*”” ggy Iblmevgh€ kihemdb } qZklb¢
\azZ}fh”"e€ dhfihg_gle\ m kbkl _fe &D+t<Ex1L%, LZd yod
Abnjzdlhf_Ij 672( 67%', 3+ &Xijhfegx\Zggy } fmevibn:

Jbk e kdeZ~rgbfb 7"ey gl _jij_IZp-£€ [meh
fhghdjbklZee-\
g 3000 | /( Ca,Yb)Niln, ]
o 2 Calny ]
= 3 CaNilny ]
E 2000 41n _
= °r [T LA IH.\“I‘\;\.I' I\‘I]\l‘;.\‘llr\ IIIIHII 1 _
I |1 LTI L AR 2
Il (T TRER 0 T 0 R T i mwm, 3 ]
- e [ I NI 4 .
Jomagh ol J_I_U\J ook
” L st
0 20 40 60 20(0) 80 100 120 140
Jbk >bnjzdlh]jzfZ kieZ\mL&Q

"bnjZdlhf_1j 672( 67%!, ¥ \@Xjhfegx\Zggy

QZklbgm ihi_j ~gvh \bieZ\e _gh]lh <g"mdpecghx ieZ
&D<E 1L,QfZkhx 1i1ZfZ [meh azZiZygh \ 7D m Zfimem
ki_peZevgec | _fi_jZlmjgec h[jh[pe \ \bkhdhqgZklhlgec i_q



\ ZIfhkn_je pbjdmexxqgh]h Zjlhgm gZ]je\ ~h | _fi_jZImjb
]h™ 1Z \bljbfdZz o\bebg azZ pe}€ |_fi_jZImjb hoheh” _g
| _fi_jZImjb . 1Z \bljbfdZz ]h~rbg ijb pec |_fi_jZImje
"h defgzZlgh€ |_fi_jZlmjb \bdexgb\rb "b\e_ggy i_q* Yd
fhghdjbklZeb g_ijzZz\bevgh€ nhjfb <« f_Ih~"hf EZm_ [n
fhghdjbklZes\ ~h[jh€ ydhkle « \klZgh\e _gh €0 ijbgZe._
kbgl]hge€ FZkb\ fhghdjbklZevgbo ~Zgbo h”_j Zgh gZ
,3'6 7 FEh\bijhfegx\Zggy KljmdImjg_ “hkee”" _ggy ¢
ier\_jrbeh hjlhjhf[eqgm kbglhgex a izZjzf_ljzZzfb _e f_

Z E Kk gf DjbklZeeqgZ Kklji
jha\fyazgz ijyfbfb f_Ih~Zfb gZ hkgh\e g KiNa g
\bdhjbklzggyf iZd_Im ijh]jzf 6+(/; > @ <+ mlh
kljmdImjgh]h Ibim GCJ&RA D kdezZ<iE &D,QjbZz5 m

jZzfdZo ijhklhjh\h€ &pPmPADeevdekgbc [Z ydekgbc kdeZzZ
&D <E 1L,Q@e"MI\_jA" _gh j_amevlzZIzZfb ('; ZgZesam

Zl <E ZI 1L Z| ,Q J_amevizZlb _dki_j
1Z[e dhhjrbgzlb 1Z izjzf _Ijb | _ieh\h]h afes _ggy
j_amevlZle\ mlhgg_ggy \ke iheh  _ggy Zlhfe\ aZih\g_
hrgh]lh khjlm djef iheh  _ggy ae* klZlbklbgqgh€ kmfere ZIh



LZ[ebpy
J amevlZlb mlhgg_ggy djbklZe+sqgh€ klgidIbhijQkihemn

?fiejbggZ nhjfmeZz <RDIL,Q
D
1ZjZf_1jb dhfejdb gf FE
ljhklhjh\Z ]jmiz = &PFP
Kbf\he lejkhgZ R 6
<bijhfegx\Zggy gf .. OR

L _fi_jZImjz
JhajZoh\zZgZ JmklbgZ ] kf
Dh_nepe}gl ihlJebgZggy gf

)
F e
F_"eKNO

AZ]ZevgZ deevdeklv j| ne_dke\
G _aZe_ 'ge* j_ne_dkb Jizjzf_Ijb
J ne_dkb 1}
NZdlhj "h[jhlghkle
5 Z5 "eye 1]
5 Z5 "~ey \keo "Zghjo
GZc[eevre ied « yfZ gZ|degp_\hfm
jeagbp_\hfm kbgl_as NmjY} H gf




LZ[ebpy
Dhhjrbgzlb 1Z izjzf_1jb | _ieh\h]h afes_ggy Zlhfe\ m ki
&D <E 1L,Q

Thf IKL [ \ ] 8 gf
0 F
1L F
, Q |

0 &D <E
Thf 8 8 8 8
0
1L
, Q

8 8

< kihempe &B 1L,Qdhhj*bgZpecgbfb ihee 7~jZfb "e
klZlbklbggh€ kmfere } i _glZ]lhgZevge ijbafb a p_gljh\Zg
|1z j_[jZfb DQ Ney Zlhfe\ ged_ex £ ~_nhjfh\zZge ]
p_gljh\Zgbfb [eqgbfb ]jZgyfb DQ Ney Zlhfe\ eogn
dm[hhdlZ_~jb a p_gljh\Zgbfb [eqgbfb ]jZgyfb DQ
e f glZjgh€ dhfejdb gZ=i2hakslblgjfbgZpecge ihee ~jb "ey
Zlhfe\ ah[jZ g gZ jbkmgdm

@) O]
D o O o
0©° o0°©°
o @ o @ ,
O <_T _
y Ni In
Jbkmghd ljh _dpey djbklZeeqgh€ kljm&E mljb, QiZremd
iehsbga¥lZ DF Zlhfe\
M [Z[ebpe ijb\_~ gh fe Zlhfge \errZee m Klj

&D <E 1L,QKdhjhg_ggy \**"Ze ¢ m iZjZo Zlhfs\ g_ Ki



agZg_ggy “~h[j_ ma]l]h”" m}lvky ea agZq_ggyfb kmf
_e_f_gle\

LZ[ebpy
Fe Zlhfge \eMZee m klijmdIimje<EihEIndb &D
IThf /I gf IThf /| gf
0 1L , Q 1L
1L 1L
, Q , Q
, Q , Q
, Q , Q
0 0
1L 0
1L Ne) 0
, Q
0
0

>hkee”" ggy jhagbgghkle ] jfZgx(3WiRemdZo
5( /D &H
KieZ\b “ey "hke*""_g5(3 Wilg A\ +5( /D &H [me
kbgl _ah\zZge f _Ih~hf _e _dljh*m]h\h€ iezZ\db rbolb dhf
\enNiZe g ijb . ijhly]hf fekypy Ale~gh j_amevlZl
nZah\h]h ZgZeeam "bnjzdlhf_I} 3$1DO\WLFDG& ;!
\bijhfegx\Zggy \klZgh\e _gh <kgm\Zggy h[f_"~_gbo |
aZfes _ggy gZ hkgh\e \bo®fgWqo&Xihemd @ «a kljmdIimjhx |
> @ ijb k&éxWe*H ,Q5( /D &H AfegZ iZjZf lje\ _e_
dhfejdb "hkee”""_gbo I\_j*bo jhaqbg\ ijb\_~_gz \ IZ]e



LZ[ebpy
Mlhqg _ge iZjzZf_|Ijb e f _glZjgbo dhfejhd I\_j~bo j
/ID3IW*H ,Q IZ &H3W ,Q

| |_jeh”~ dhfsjdb GfH[T}f dhfejdb
< KdeZ” kieZ\m
D F gf
/D3"H ,Q
/D3WH ,Q
/D3%H ,Q
&HIW ,Q
&H3W ,Q
&HIW ,Q
0,770 - a 6 0,770
0,765 f.____f————#—“”" 0,765
a,HM 0760 4 H—»—__________H .H_,_f*’" 0760 @, HM
0,755 T 0755
o 2] — . &;; Vo
| | . Pt | |
Jbk =jzned afegb iZjZf lj*\ _e f _glZjgh€ dhfejdb *

ID3SW*H ,Q [ 1Z &H3W,Q Z

>ey i*M\_j~» _ggy jhagbgghkle ] jfZgex(3W,KQih¢mdl
ijh\_~ gh kbgl _a fhghdjbklZees\ "ey jy"m ajZae\ reyohf
h[jh[db ihi_j_~gvh kbgl_ah\Zgbo kiezZ\s\ KieZ\b \Zdmm
\ d\Zjph\e Zfimeb [meb gZ]jele m fmn_evgec i_qe 1DEHU
ijhly]hf ]h"bg \bljbfzge- ]h*bgb hoheh”” ge ~h
]h*bg \bljbfzZge ijb D ijhly]hf ]h*bg IZ hoheh”
| fi_jZImjb aZz ]h*bg GZc[eevr ydekge djbklZeb [me
&H3WH ,Q ijhl_klh\zZge f _IhA"hf EZm_ dzf _jzZz £JD<



\bijhfegx\Zggy \klZgh\le_gZ €0 ] _dkZ]hgZevgZ kbg]hg
\eNe[jZge "ey ih"Zevrbo kljmdIimjgbo “hkes”"" gv

FZkb\ _dki_jbf_glZevgbo \*"[blv hljbfZgbo gZ Z\Ih"k
,3'6 7 ORz \bijhfegx\Zggy DjbklZeeqgm kijmdIimjm jhe

f Ih~Zfb a \bdhjbklzZzggyf iZd_Im ijh]jzf 6+(/; >

g _aZe_ gbo \KNOhvlhgqg _gh "h kdeH" mQ&iHBEBBW | Z

i1ZjZf _ljZzo dhf®jdb F gf ih fh~_ees kljmdlIn

Ibim =U1L$G® P= Deevdekgbc 1Z ydekgbc kdezZ” kihem

j_amevlZIZfb ('; ZgZeeam fhghdjbklZem Z| &H
*H Zl ,Q J_amevlzZlb _dki_jbf_glm ijb\_"~_gh \

dhhjrbgzlb 1Z iZzjzf _Ijb I _ieh\h]h afes_ggy = m IZ][e
mlhqg _ggy \ke iheh  _ggy Zlhfe\ aZih\g_ge ih\geklx ZI
djef iheh _g@®va klZlbklbgghx kmferx ZIlhfe\ ieZlbgb 1Z ]_



J amevlZlb mlhgg_ggy djbkl

LZ[ebpy
Zesqgh€ kljnmHlInQb kihe

?fiejbggZ nhjfmeZz * KB H,3WV
D
1Zjzf_ljb dhfejdb gf F
9
ljhklhjh\Z ]jmiz = 3 P
Kbf\he lejkhgZz K3
<bijhfegx\Zggy glf OR
L fi_jZImjZz
JhajZoh\ZgzZ ImklbgZ ] kf
Dh_nepe}gl ihlJebgZggy of
)
F_ e
F_"eKNO
AZ]ZevgZ deevdeklv jl. ne_dke\
G aZe_ 'g* j_ne_dkb |izjzf_ljb
J ne _dkb ]
NZdlhj "h[jhlghkle
5 Z5 "eyes 1]
5 Z5 "ey \keo "Zghlo
GZc[eevre ied « yfZ gZ |degp_\hfm
jeagbp _\hfm kbgl _as Nmj{} H gf




LZ[ebpy
DhhjrbgzZlb 1Z izjzf_Ijb | _ieh\h]h afes_ggy ZIhf
m kljmdImje kihem'db &H3W

‘Thf IKL [ \ 1 8 gf
&H |
0 G
3W D
, Q J

0 3W *H
Thf 8 8 8 8
&H
0
3W
, Q

8 8

< kihempe &H3VD dhhj*bgZpecgbfb ihee ~jZfb "ey Z|

|_glZ]lhgZevge ijbafb a p_gljh\Zgbfb [eqgbfb ]JjZgyfb 1Z
"ey Zlhfe\ ieZlbgb * Iljb]J]hgZevge-

+ ijbafb a p_gljh\Zgbf
DQ Ney Zlhfe\ klZIbklbggh€ kmfere £ Ijb]hgZevge |
[*ggbfb JjZgyfb DQ Z "ey Zlhfe\ egnhex = A nhjfh\
p_gljh\Zgbfb [egqgbfb ]jZgyfb DQ

ljh _dpey _e f ¢
iehsbgm |1Z dhhj*bgZpecge ihee "jb ~ey mkeo Ibie\ ZII
jbkmgdm



M Pt
Jbk lih_dpey djbklZesqgh€ kljmdImb, @ig&nidhsdiE
< 1Z DF Zlhfe\

M |Z[ebp- ijb\_~ gh fe Zlhfge \e~r*Zee m Kl
&H3WH ,Q GZcdhjhlrz \er"nrZev m kljmdImje fe' ZIhfZfl
gf <« } je\ghx kmfe dh\Ze _glgbo jZ"emke\ gf |

dh\Ze _glgm kdeZ”h\m m oefeqgghfm a\fyadm AgZqg_gog
[evrbfb aZ kmfb dh\Ze glgbo jZ"emKke\

LZ[ebpy
Fe Zlhfge \er"Zee m kljmdIimje kHhe@db &H3W

lhf /I gf IThf /I gf IThf I/ gf
&H O 3w , Q 0 , Q

3w &H , Q

, Q , Q 3W , Q

, Q 0 &H

&H , Q &H

&H & H & H

3w & H




Kbgl _a 1Z djbklZesqgZ kljmdImjZ kihemdb kdeZz"
/D1L, QD

Yd [meh ih\e*hfe_gh jZger_ i ijb "hkeen
dhfihg_gle\ m kbkl_f#FQDb,Q . \i_jr_ \klZgh\e_gh <kg!
gh\h€ | _|jZjgh€ nZab afeggh]h kd®Z"m KDbhld|hjg

"hkee”" ggy 1ijh\_~ gh f Ih~rhf fhghdjbklZeZ Hkdeev
ijb~r"Zlgbo “ey kljmdImjgh]h ~“hkee”” _ggy m \e"iZe gbo
[meh kiezZ\ fZkhx ] kdeZDm[mD1ie"@QZgbc Ki_pe*Z
| fi_jZlmjgec h[jh[pe AjZahd \ _\Zdmch\Zghfm 7D d
eg”mdpecgec i_q°* +*WWLJHU 7,* ZIfhkn_jZ ijhle

o\ ~h . \bljbfZeb ijb pec | _fi_jZImje o\ "Z
ihgb " m\Zeb ~h . ijhly]hf Jh™ 1Z \enNiZex\Zeb ijb g«
ghlh ieq [mMmeZ \bfdgmlZ M i_j djbklZeeah\Zghfm ajZad
deevdeklv fhghdjbklZes\ \azZ}fh?e€ kieZ\m a fZIl_ je
kihkl_j_ " _gh Z kzf kiez\ } klecdbf ~h ~e€ ZIfhkn_jgh]h
ljb\Zeh]h gZkm F_Ih~hf EZm_ ij_pba=*tlyifhtHix\iZg g9 R
\enNe[jZgh jy™ fhghdjbklZees\ "h[jh€ ydhkle « \klZgh\e gl
fhghdeeggh€ kbg]hge<€ FZkb\ fhghdjbklZevgbo ~Z

Abnjzdihf_ljs 672( ,3'6 .,, +0ORbijhfegx\Zggy  Kljmd|
Ahkeer  _ggy gh\h€ kihemdb is~I\_jAbeh fhghdeeggm Kkt
e _f_glZjgh€ dhfsjdb E F gf

f DjbklZeeqgZ kljmdImjZ jha\YfyazgZ ijyfbfb f_1
g aZe_ gbo \KN@WbdhjbklzZzggyf izd_Im ijh]jzf 6+(/;
- mlhqg_gZ ~h kdeZ*th /DBRZ5Q m jZfdZo ijhklhijt
Jimib& P 1Z gZe_ "blv ~h kljmdImjgh]h Ibim &H&R$O >
ydekgbc kdezZ” kihemidd /D2L\,Q”" gh j_amevlZIZfb ('; Z

ZI /D ZI 1L ZI , Q ZI ?
_dki_jbf_glm ijb\_~_gh \ [|Z]Je dhhjrbgzlb 1Z iZj
afes _ggy m |lZ[e Al gh j_amevlZle\ mlhgg_ggy

aZih\g_ge ih\geklx ZIhfZfb h~Aghlh khjlm dj+f iheh g

kmferx



LZ[ebpy

J amevlZlb mlhgg_ggy djbklZeeqggh€ kljmdDmj b kihe

?fiejbggZ nhjfmeZz MDLL,Q
D
E
|1Zjzf_Ijb dhfejdb gf F
f
9
ljhklhjh\Z ]jmiz = & P
Kbf\he lejkhgZz P6
<bijhfegx\Zggy glf .. OR
L _ fi_jZlmjZz
JhajZoh\ZgZ ImklbgZ4 ] kf
Dh_nepe}gl ih]JebgZggy gf
)
F_‘o
F_"KNO
AZlZevgZ deevdeklv jl ne_dke\
G _aZe 'ge j_ne_dkb jizjzf_Ijb
J ne_ _dkb 1}
NzZdlhj "h[jhlghkle
5 Z5 "eye 1
5 Z5 "ey \keo "Zgbjo
GZc[eevre ied « yfZ gZ |degp_\hfm
jeagbp_\hfm kbgl_a+s Nmj9Y} H gf




LZ[ebpy
DhhjrbgzZlb 1Z izjzf_Ijb | _ieh\h]h afes_ggy ZIhf
m kljmdIimje kihemdbD/D1L,Q

Thf  IKL [ \ ] 8 gf
/D L
1L L
0 L

0 Q *D
Tht 8 8 8 8
/D
1L
0

8 8

< kihempe /DD ,Q@hhj*bgZpecgbfb ihee "jZfb "ey ZIh
} A~ _nhjfh\ZgZ i_glZlhgZevgZ ijbafZz a p_gljh\Zgbfb [
hkgh\zZfb DQ Ney Zlhfe\ ged_ex = ~_nhjfh\zZgz |
p_gljh\Zgbfb [eqgbfb ]jZgyfb DQ Ney Zlhfe\ klZI
A nhjfh\Zgbc dm[hhdlZ” _j a p_gljh\Zgbfb [eqgbfb ]jZz
ljh_dpey e f glZjgh€ dhfejdb=dZ odhhhgBbbgZpecge ihees
mkeo Ibie\ ZIhfe\ ah[jZ  _ge* gZ jbkmgdm

Ni
Jbk lih_dpey djbklZesqgh€ kljmdImjb kgtzZe redls b @i
= 1Z DF ZIhfe\



Yd \bAgh

kdhjhg_gv m

iZjZo Zlhfs\ g_ kihkl_je]Z}

\bgyldhf /D+x1L gf ydzZz } ~_sh f_grhx kmfb dh\
/ID+x1L gf
LZ[ebpy
Fe Zlhfge \er""Zee m kljmdImje ki¥Demdb /D1L,Q
Ihf I gf Ihf I gf
/D 1L 1L0
1L 0
1L 1L
0 /D
0 /D
0 /D
0 1L
/D 1L
1L 0
/D /D
/D /D
/D /D
/D
0
Kbgl_a 1Z djbklZeeqgZ kljmdIimjzZ Ki$gn kde

$H 6U %D

KieZ\b kde&®mad ,Q

ceahkljmdIimjgbo kihemd

kbgl _ah\Zge gZ ij_A~f_|
ea klijmdimjh@ libirZg%OI$JeE ~h

6U&&XQ 1Z %D&® > @ AjZadb \bo*"§H]|BIKdOZYmeb
hljbfZge a rbolb dhfizdlgbo f _IZes\ m IZglZeh\bo dhgl_
aZiZygbo m d\Zjp_\e Zfimeb 1Z i*""Zgbo ki_peZevg-c
fmn_evgec i_qe 1DDEHUWKHUP /7 ydZ ihey]ZeZ m
ijhly]hf ]h~ \bljbfdZ ijb gec ]h~ hoheh”” _gg
dhgl_cg_je ijhly]hf ]h~ ~h \eNiZe ijb pec |_fi_jzlI



]h™ 1Z hoheh”” ggy ~h defgzZlgh€ | _fi_jZImjb ijhly]hf

[meh hljbfZgh h~ghje~rge kiezZ\b ~h[j_ i_j_djbklZeeah\
g_ijZ\bevgh€ nhjfb m dh ghfm <a gbo Kee”e\ \aZ}fh"e
dhgl _cg_jZ g9_ kihkl_je]Zehky ajZadb g_ klecde ~F
k j_~h\bsZ I|hfm \hgb [meb ihfes _ge m \Zdmmfgm r.
F_Iharhf EZm_ \ene[jZgh jy”~ fhghdjbklZees\ ~h[jh€ ydhl
ijbgZe_ "geklv “h | _ljZlhgZevgh€ kbg]lhg+*€ FZkb\b _dki
h~r _j°Zgh gZ "bnjzdlhf_Ilje 672( ,3'6biThfegh\Zggy

KljmdIimjg_ ~“hkee”" _ggy gh\bo kihemd is*I\_j*beh | _1jZ

i1 Zjzf_1jzfb _e f _glZjgh€Z dhfejdb Kk gf "ey
kljhgpe}\h&Z 1Z k gf "ey [Zj*}\h€ kihemdb LC
kljmdImjb jha\fyazZge ijyfbfb f Ih~Zfb a \bdhjbklZggy
6+ (/; > @ * mlhqg_ges “"h ,KdeZ”"e\+6|bBWN D5
1Z %D $Q \« N[ bKWN Zb ih fhr _ee kljmdIm
Ibim %D36 , PPP > @ Deevdekgbc 1Z ydekgbc kdeZ-’
M\ _j~° _gh j_amevlZIZfb ('; ZgZeeam ZI 6 U
,Q o Z| % D Z| $J Z| ,Q J _ame
ijb\_~_gh \ 1Z]e dhhjrbgzlb 1Z izZzjzf_Ijb | _ieh\h]h

Al*~*gh j_amevlZle\ mlhgg_ggy \ke iheh  _ggy ZIlhf
ZlhfZfb h~rgh]h khjlm djef ihwed agZgh\g _gh klZIbklbgghx
Zlhfe\ $J 1Z ,Q



LZ[ebpy
J amevlZlb mlhgg _ggy djbklZesqgh€ kIPml&Zlmj) kihe

%D$J,Q
?fiejbggZ nhjfmeZz ,@U$J %D3$IQ
D
1ZjZf_ljb dhfejdb g|f F F
9
ljhklhjh\Z ]jmiz = , PPP
Kbf\he lsjkhgZ W,
<bijhfegx\Zggy gf .. OR

L fi_jZImjzZ
JhajZzoh\zgz JmklbgZz ] kf

N

Dh_nepe}gl ihlJebgZggy gf
)
F_ e
F_"KNO

AZ]ZevgZ deevdeklv J ne_dke\
G _aZe_ 'ge* j_ne_dkb |izjzf_ljb
J ne_dkb ]
NZdlhj "h[jhlghkle
5 75 “eye 1
5 Z5 "~ey \keo "Zgho
GZc[eevre ied »« yfZ gZ|degp_\hfm
jeagbp_\hfm kbgl_as NmjY} H gf




LZ[ebpy
DhhjrbgZlb 1Z izjzf_ljb | _ieh\h]h afes_ggy Zlhfe\ m
6U$JQ |IZ %DJD

lhf IKL [\ ] &\ gf
6U$JQ
6U D
0 H
,Q G
0 $J , Q
1hf 8 8 8
6U
0
,Q
8 8 8
lhf IKL [\ ] 8 gf
%D$J,Q
%D D
0 H
, Q G
0 $J , Q
1hf 8 8 8
% D
0
, Q
8 8 8

Dhhj*bgZpecgbfb 1ihee ~jZfb "ey Zlhfe\ kljhgpex
] dkZ]l]hgZevge ijbafb a p_gljh\Zgbfb [eqgbfb ]jZgyfb L
klZlbklbggh€ kmfere + |jb]JhgZevge ijbafb a p_gljh\Zgh
DQ Ney Zlhfe\ egnrex + ~ nhjfh\Zge dm[hhdlZz_*
[*qgbfb ]jZgyfb DQ ljh_dpey e f glZjgh€=dihfejd

dhhj*bgZpecges ihes ~jb "ey mkeo Ibie\ Zlhfe\ ah[jZ _g-



Jbkmghd lih_dpey djbklZesqgh€ kljmdImfd ZibEmd
ZIhfs\ "ey 6Q$IZ %D$D

:gZeea fe Zlhfgbo \e"Ze ¢ 1Z]e \dZam} gZ \e"
iZjZo Zlhfe\ az \Bgwldhf + gf ydzZ } f_grhx Kk
dh\Ze glgbo jZ"emk-e\ gf sh fh™_ k\ergblb ij
oefegqgh]h a\fyadm

LZ[ebpy
Fe Zlhfge \errZee m kljmdIimje @ith2 gD GWDS$ J
Ihf [ gf “lIhf /[ gf
6U 0 %D 0
, Q , Q
0 0 0 0
, Q , Q
6U % D
, Q ,Q 0
, Q , Q
6U % D




Neabqge \eZklb\hkle "hkee”"m\Zgbo kihemd
>ey hdj_fbo ajzZade\ yde \"Zehkv hljbfZlb \ h”~ghn
ijh\_~ g+ ihfejb i_\gbo neabqgbo \eZklb\hkl ¢ >hke
\eZklb\hkl_c¢ ijh\h*bebkv \ eZ[hjZlhje€ 1lgklblmIm gb:
kljmdImjgbo “hkee”” gv I:G f <jhpeZ\ lhevsZ
Neabqgge \eZklb\hkle kihemdb /D1L*H
L fi_jZImjgZz aZe_ "geklv iblhfh]l]h _e _dljbggh]h hihj
[meZ ~"hkee”" _gZ \ rbjhdm | _fi_jZImjghfm gl _j\Zee \eoN

NeZiZahge | _fi_jZImj _e _dljhhiej ~ fhgkljm} f_1Ze
af_grmxqgbkv \«* agZq_ggy L fHf Bf thbagZq_ggy fl
ijbL D p_ agZg_ggy \¢*ih\en"Z} aZebrdh\hymslie dljh
Jbk >hkblv \bkhd_ agZq_ggy aZebrdh\h]h _e_ dlj

ijh ihjbkleklv Z[h gZy\geklv ~_n_dle\ m ajZadm

M ih\ghfm sgl_j\Zes "hkesA m\Zgbo | _fi_jZImj iblhfbc
fh gz Zijhdkbfm\Zlb aZ ~hihfh]lhx nhjfmeb :ehoZ =jx
_dkihg_gOhx

&
j . —dx+ KT?,
o (—=1)1=c)

N laZebrdh\bc iblhfbc _e_dljhhiej ~jm]bc \bjZa hit
Ibim e dljhg nhghghgklZglZz \aZ}fh?«€ e dljhgznhg

]
r i
T = py + ;1(—

Gp

| fi_jZImjz > _[Zy |j_lec \bjZa nhjfmeb hibkm} ijhy
jhakex\Zg\gyG_e _dljhge\ :ijhdkbfZpey _dki_jbf_glZevghb
\bs aljZ"Zghx nhjfmehx NZeZ gZklmige

! fHf kf fHf kf D T fHf kf D



1.2

LaNiGe

1.0+
€
0038t -
G
E
QO.B i
0.4 .
0 50 100 150 200 250 300
T (K)
Jbk AZe “geklv iblhfh]lh _e _dljbggh]h hihjm \
kihemdb ey /D1L*H
GZ jbkmgdm Ij_~"klzZz\e _gZ | _fi_jZImjgZ aZe_
kijbcgyleb\hkle /D1L*H ~ey fZ]gelgh]h ihey L Yd
fZ]gelgZ kijbcgyleb\eklv fZc ' g_ aZe_ "blv \e~ | fi_jZI
D “h D « } "h~rZlghx sh k\e~gblv ijh I_ sh ~hke

1ZjZfZ]g_Ibdhf 1Zme- HrgZd ijb hoheh”~ _ge gb q_
kijbcgyleb\eklv ihgbgzZ} r\bArdh a[eevrm\Zlbky r\b”r_
gZy\geklv m "hkee* m\Zghfm ajZadm fZ]gelgbo "hferhd

LaNiGe

002} 0187
©
O T=172K
B —e— increasing B
é —O— decreasing B
S 0.01
-
9
=

0.00 }, , . , .

0 100 200 300 400
T (K)
Jbk L fi_jZImjgZ aZe_ "geklv fZ]gelgh€ Kijbc

fZ]gelghlh ihey L



GZ \klzZ\pe ~h jbkmgdm ij_"~klZ\e _gh aZe_ "geklv
fZ]lgelghlh ihey “~hkee”” _gm \ |_fi_jZImje D Yd \
kbevgbo fZ]gelgbo iheyo eahl_jfZ gZfZ]geq_ghkle
ijyfheegecgh \en fZ]gelgh]h ihey sh \eAih\enrZ} ih\_Ne
|Zme- GZIlhfeklv m keZ[dbo fZ]gelgbo iheyo aZe_
djb\heegecghx sh \e”ih\erZ} g_\_ebdhfm \deZzZ”h\e
iZjZfZ]gelgh€ ~hferdb

GZ fZexgdm ij_~"klz\e _gh aZe_ "geklv iblhfh€
| fi_jZImjb \ egl_j\Zees \o~ . ™h D < peehfm | _fi_jz
g_ kihkl_je]Zehkv "h"gh€ ZghfZee+€ ih\fyaZgh€ ea nZa
Z[h ~jm]h]lh jh~m sh } m ih\gec \e”ih\erghkle ~h j_ a
iblhfhl]h _e _dljhhihjm « fZ]gelgh€ kijbcgyleb\hkle

80

LaNiGe

C (J/(mol K))

[y
o
L

0 50 100 150 200 250 300

T (K)
Jbk AZe "geklv iblhfh€ | _ieh}fghkle \en | fi_ jZI

. “h D
>ey \bkhdbo | _fi _jZImjZo agZq_ggy iblhfh€ | _ie
ijb[ebagh - PRO . >7Z9_ agZqgq_ggy “h[j_ ma]h”

I _j_""Zqg_gbf | _hje}x >xehg]Z Ile a]J®@8h a-ydhxOK.Q " _
deevdeklv Zlhfe\ m nhjfmevgec h”"bgbpeQ\ gZzhf5m \biZ
- PRO . + mge\_jkZevgZ ]Zah\Z klZeZ



Neabqgge \eZklb\hkle | _jgZjgh]h,€Q*b"m 6P3W
6P3VQ ~ fhgkljm} f _1Zeeqgbc 0ZjZdl_j _e dljbggh€
M peehfm “hkee*" m\Zghfm | _fi_jZImjghfm "eZiZah¢
djb\heegecgeklv | _fi_jZImjgh€ aZe_ "ghkle iblhfh]h _e_
fh™_ [mlb amfh\e _g_ jhakex\Zggyf _e dljhge\ ijh\e~rgh
alm”~"_ggyo djbklZeeqggh]h _e _dljbggh]h ihey 1Zdh"
feahgghlh jhakex\Zggy FhllZ

70 I I I I I

60

T

SmPt,In, y

O 1 1 1 1 1
0 50 100 150 200 250 300

Temperature (K)

Jbk AZe_ "geklv iblhfh]lh _e_dljbggh]lh hihjm \
kihemdb "ey ®P3W

Ilh[ebam defgZlgh€ | _fi_jZImjb iblhfbc _e_dljhhiej [
fdHf kf Z ea agb’ _ggyf |_fi_jZImjb iblhfbc hiej
ijb[ebagh fdHf Lkf \ D A hley™”m gZ i_\ge | _o0g-q
gZcgb'qzZ | _fi_jzZIlmjZz dhljZz [meZ "~hkylgmlzZ is* qZ
"hkyl]gmeZ Jeihl_Ibqgh€ U _Yiyg2emfi [ gZklZlb fZ]gelgbc
i _j_ o™ A pe}€ ijbgbgb g_ \*"Zehky hljbfZlb egnhjfz
oZjzZd!l_j hkgh\gh]h _e dljhggh]h klZgm m ~“hkee” " m\Zg-
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\klz\dZz \ejh]e”*gh q_j_a _n_dl djbklZesqgh]lh _e_dlj
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rZje\ 1L 1Z $O0 m klIjilblnjdbkD ] LZzdbf gbghf kljmd
fh'gZ hibkZlb yd ihkee"h\g_ mdezZ”~Zggy /D 1Z ] | _jhZIt

o

X

Jbk Nmgdpey ehdZecaZpe€-abilljhggy a jhajZo
_e _dljhggh€ kljmdEmijjokee~h\g_ miZdm\Zggy /D rZjb |Z
rZjb 1L 1Z $O \ _e_f _glZjgec dhfeip©O kihemdb /D



AZlZevgZ 1Z gZkldh\Z Jmklbdd$lOIZHk\ ey /D \Ze (gl
ahge \ h[eZkle gb " g_ je\gy N_jfe ~ fhgkljmxlv agZgg_ a
Zlhfe\ /D 1L 1Z $0O H~"gZd agZqgZ ]mklbgZ klzZge\ '2

\dZam} gZ f 1Ze \bc o0ZjzZdl_j a\fyadm Mke fe
dhj_exxlv ea kmfhx \e~ih\e*gbo Zlhfgbo jZAemke\ o
gl _jf _1Zeene\

30

28 ;=] tOta|
26— DOS I‘ﬂ| — INa
24— ﬁ ‘w‘ = NI
22 i A Al
|
207 \!R‘» /|
n 187 AN
QD 16 - |
© | o
d;') 144 ‘ﬂ ! 1

12—
10—

f [
f \; \ .J |
IV L,
8 Y B U
[\ \ AL
6 Jo\ | i i

4 —

JIH\
.’,’.. | "’ ) ""
[ \/ /
A AN
4

-2.0 -1.5 -1.0 -0.5 0.0 20
Energy (eV)
Jbk AZlZevgZ 1Z qZkldh\Z ImklbgZL&EZ g\ '2

?e_dljhggZ kljmdImjzZ kiheth@b 3U1L

>ey qZkldh\h g _\ihjy*dh\Zgh€ klIpg®dIimjé_d3juylgm
kljmdImjm ihjZoh\Zgh yd 7ey \ihjy~dh\&@h €H kfch~e vadeb
kljmdImjz ~\horzZjh\Zz |hfm gZ jbk ijb\_~ _gh |
e _dljhggh€ ehdZe+saZpe€ (/) ijb ] | Z ] Yd ihdZar
rZjZo 1Z cahih\_jogy ,62 pe<}€ nmgdp*€ agZqgZ gqZklbg
Kihkl _je]Z}Ivky gZ\dheh Zlhfe\ Zexfegex M rZje Zlhfe\
]mklbgZ \ agZggec feje afes gZ \eN Zlhfe\ ijZa_h”"bfr
mI\hjxxlv r_klbge _gge deevpy *a agZqghx dh\Ze _glghx
] |Zdh™ r_klbge _gge deevpy ml\hjxxlv ZIlhfb ged
N ehdZeeaZpe}x _e_dljhge\ sh ijblzZzfZggh f _|Zee-qg
f 1Zeeqgbc a\fyahd m pec kihempe k\e?rgblv ImklbgZ klZ



14 -2 -0 -8 -6 -4 -2 0
Energy (eV)

Jbk Nmgdpey ehdZeecaZpe€ e _dljhge\ (/) <&
]JmklbgZ klZge\ '26 "ey klj@®Imjb 3U1L

2 4

?e_dljhggZ kljmdImjzZ kiheth@b 3U1L

>ey g_\ihjy*dh\Zgh€ kijmdé@jbh[3jtbke ggy _e_dljh
kljmdImjb ijh\_~ gh ”"ey h[ho is~dhfejhd 1z <
jhalJey”Zebky yd \ihjy*dh\Zge kljmdImjb

lerdhfejdZ $

M rZje Zlhfe\ ijb ] _e _dljhggZ ]mklbgz bk
ijZa_h”bfm 1Z qZkldh\h ged_ex afesm}lvky "~h Zexf
iheh™ _ggy ml\hjxxlv r_klbge_gge deevpy ea agZz
\aZ}fh?e}x $0O0 $O0 Ijb ] l1Zdh™ r_klbge_gge deevpy
ged _ex gZ\dheh ZIhfZ ijZa_h”"bfm ydbc agZoh”blvky
ljh f_IZeegqgbc a\fyahd m pec kihempe k\e*qgblv Jmklbg
N _ jfe



| | P [
5 -2 ] 2 4 8 8 10
Energy (eV)

Jbk Nmgdpey ehdZeeaZp+€ _e_dljhge\ (/) eahih)
klZge\ '26 "ey kljmdIi®{b 3JMdhfejdZ :

lerdhfejdZ %

M ierdhfejpe < ijb ] \_ebdzZ h[ezklv a_e_gh]h dl
k\ergblv ijh ~ _ehdZeeaZpex _e_dljhge\ (/) st
egl_jf _1ZeerZf gZlhfeklv ijb ] kihkl_je]l]Z}Ivky agZz
_e _dljhggec ehdZeeaZp-€ ljhklej gZ\dheh ZlIhfe\ ij.
itha[Z\e_gbc _e _dljhggh€ ]Imklbgb ydZ akmgmlZ ~_sh
agZqgec feje ~h Zlhfe\ Zexfegex AgZqge h[eZkle i _j_
_e_dljhggbo klzge\ '26 k\e~rgblv ijh \eAfghkgm klZ[eeV
]mklbgZ klZge\ gZ je\ge N _jfe k\erqgblv ijh i_j \Z Zxqgm
f 1Ze*qggh]h a\fyadm



Energy (eV)
Jbk Nmgdpey ehdZeeaZp+€ _e_dljhge\ (/) eahih)
klZge\ '26 "ey klijmdI®{b 3WMdhfejdZ <

?e _dljhggZ kljmdImjzZ kihe&m@d I@QJEEL1S0
:gZe+sa fe Zlhfgbo \*"klZg ¢ "ey $KOhd@Bd<EULXO

1Z[e | Z ihdZam} sh gZcf_gre \er"klZge agZoh?”
|1Z 1L Kee™ aZagZqblb sh Zlhfb ged_ex 1Z klZlbklbggZ
gZ\dheh Zlhfe\ Zexfegex | _l|ljZ]lhgZevig®@ ijPafbjbaf® 1d } ¢

\_ jrbgzZfb IZdbf gbghf sh mil\hjxxlvky r_klbdmlges 1Z 1]
jbk Z yde aZcfZxlv Zlhfb jerdekgha f _evgh]h f_|Zem

[ ihdZaZgZ <ahih\_jogy nmgdp+€ ehdZecaZp+*€ _e_dl
ahk j " 9gZ gZ ZIhfZo Zexfegex |Z ged_ex ydeOm@ hjxxl



Jbk L ljZz]lhgZevge miZdh\Dg@DjhAfbabhBQljlogy
(/) gZ\dheh Zlhfe\ gZ [e\g-
>ey kihemd $¢W1IUZ <E1%20 jbk Z [ 1Z ]
ithdZaZgh \e*"h[jZ  _ggy nmgdpe+€ ehdZe+saZp+*€ _e=dljhge
| Z \erih\ergh ~_ \b~gh sh fZdkbfzZevgZ (/) gZ\dhe
(/) | Z e A sh f grbc gZ\dheh ged_ex (/)
MmI\hjx}Ivky \gZkeer*hd akm\m _e _dljhge\ \er Z|hfe\ jerde

Jbk (/) gZ\dheh ZIBEF.NZ [\



Ih\gZ 1Z qzZkldh\Z seevgeklv klZge\ '26 " KEZmd
<E1L$O ihdZaZgZ gZ jbkmgdm AgZqgZ seevgeklv _
je\ge N_jfe ~ey h[ho kihemd \dZam} gZ f_|Zeeqgm ih\_"
jbkhx h[ho kljmdImj } “m"_ gl _gkb\gbc iGOjficlZea ¢ ]1Ld]j
hj[elZe ¢ (USg[kIZe ¢ $O sh azZ[_ai_gm} €o ml\hj _ggy

a = lotal
Er

~—— Ni
Al

= lotal
Yb
Ni
Al

states
states

2 0 : 4 b s W 10 -4 & + 2 0 2
Energy (V) Energy (eV)

Jbk ?2e _dljhggZ 1mklbgZ k$Dg 24 12 y< EULQ |

?e _dljhggZ kljmdImjZ kih&@db (X3W
M klijmdIimje SOXBMIKkI _je]Z}Ivky ~ _sh egrbc Kkihke][
ehdZecaZp+€ m ihje\gyge *a \bs _hibkZgbfb kljmdImjZ
GZy\geklv ieZlbgb amfhlex} \ agZqgerec feje ~ ehdZ

(/) e Ihfm agZqgZ qZklbgzZ ijhklhjm dhfejdb aZz
dhevhjhf ydbc \dZam} gZ ~ _ehdZe<aZpex _e _dljhge\
ieZlbgb ea Zexfege}f ml\hjxxlv ' dZjdZk ea qZkldl

_e_dljhge\ Z hklje\pe ea ljvho ZIlhfe\ }\jhiex \gZkee+"hd
]Jmklibgb [m~mlv qZkldh\h ihablb\gh azZjy® gge dhfi_gk

dzZjdZzkm <Ze glge hj[elZees \aZ}fh”exgbo _e f gle\
\Ze glgec [ebavdec ~“h je\gy N _jfe ahge \ @l AGEqg\ZL:
N ehdZeeaZpey _e_dljhge\ Kkijbgbgx} ~hklZlgvh kbevg
f 1Zeeqgh]h a\fyadm sh ¢ \erh[jZ Z} ImklbgZ klZge\ gZ



E_F

states
g &
| |
—_—

-15 -10 -5 0
Energy (eV)

Jbk Nmgdpey ehdZeecaZp& ealdihhgpdgy/)|d2
]mklbgzZ klZge\ '26 7ey kipdIimjb (X3W

?e_dljhggZ kljmdImjz kihgedb (X,U

Ih~re[geklv m jhaih”eee nmgdpe€ e dljhggh€CGhd:
Kihkl_je]lZ}Ivky m KljmdImj«$0ihlgimMter (SX, U [eevrec fejeo \s
_e _dljhgm Jmklbgm \e” ZIhfZ }\jhiex m ihje\gygge *a ieZ
nmgdpey _e dljhggh€ ehdZe+saZp+€ gZ\dheh ZIhfZ <jb’
hrgzdh\Zz P_ kijbgbgx} mlI\hj_ggy Zgehg$@@h\ imkZhdz
dZgZeZo ydhlh jhafesmxlvky shgeah\zZgs ZjhflyZy)yiedd v
"h~rZldh\bo ehggbo \azZ}fh”ec ~h”~ZIdh\h ~h f_|Zee*qgl
af _gr_ggy |mklbgb klZge\ gZ je\ge N _jfe



states

5 10 15

-15 -10 -5 0
Energy (eV)

Jbk Nmgdpey ehdZeecaZp& ealdihhgpdgy/)|d2
]mklbgzZ klZge\ '26 "ey kI$®@dImjb (X,U

?e_dljhggZ kljmdImjZ kihemdb /D1L*H

Nmgdpey ehdZeeaZpe€ _e_dljhge\ (/) 1i1hdZaZzZgZz
ofeqgbc a\fyahd m kihempe /D1L*H FZdkbfZevg_ a:
gZ\dheh Zlhfe\ ]| jfZgexZ jWke _dljhggZ ehdZe<aZpey gZ\
ged_ex fZc _ \Meqge f_grZ Z nmgdpey _e _dljhggh€ ehd
eZglZgm fZc _ “hje\gx} gmex p_\dZamxlv gZ |_ sh ZI
itheyjbah\zZge lh”~e yd Zlhfb ] _jfZgex fZxlv g_]ZIb'
jbk [



