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6WDWHPHQW RI $

A-i?2 mM/2 bB;M2/-i?2 mi?Q Q7 i?Bb i?2bBb- mM/2 bi M/ i?2 C
rBHH K F2 Bi p BH #H2 7Q  mb2 rBi?BM i?2 IMBp2 ' bBiv GB# v M
K2 Mb- HHQr ++2bbiQ mb2'b BM Qi?2° TT ' Qp2/ HB# 'B2bX HH
i?2bBb rBHH ? p2iQ bB;M i?2 7QHHQrBM: bi i2K2Mi,

AM +QMbmHIBM; i?Bb i?2bBb A ;722 MQiiQ +QTv Q +HQb2HV T ~ T
rBi?Qmi i?2 r Bii2M +QMb2Mi Q7 i?2 mi?Q ¢ M/iIQK F2T QT2 r°
+FMQrH2/;2K2Mi 7Q° Mv bbBbi M+2 r?B+? A ? p2 Q#i BM2/ 7" QK

"2vQM/ i?Bb-A/Q MQi rBb? iQ TH +2 Mv "2bi"B+iBOM QM ++2bb i

RjiTmHv kKyR3

Li? M: "H M/ 12
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6RXUFHYVY '"HFODU

A/2+H 2i? ii?Bb i?2bBb Bb KvQrM rQ'F M/ ? b MQi #22M bm#KB
MQi?2 /2:°22 Q" /BTHQK i Mv mMBp2 bBivQ Qi?2 BMbiBimi:
AM7Q K iBQM /2 Bp2/ 7°QK i?2 Tm#HBb?2/ M/ mMTm#HBDb?2/ r
+FMQrH2/;2/ BM i?2 i2ti M/ HBbi Q7 "272°2M+2b Bb ;Bp2MX

RjiCmHv kyR3

Li? M: "H M/ L2

Bp



OWDWHPHQW RI WKH FRQ
RWKHUYV

A i27mHHV +FMQrH2/:2i?2 +QMi"B#miBQMb /2i BH2/ #2HQrX

1/BiQ°B H bbBbi M+2 7Q  i?2 Qp2  HH i?2bBb r b T QpB/2/ #v
Q7 C K2b *QQF IMBp2 bBivX *? Ti2 ' b k@8 22 +? # b2/ QM Tm#
K Mmb+ BTib- M/ 2/BiQ B H bbBbi M+2r b T°QpB/2/ #v HH Q7 i?

*QMi'B#miBQMb iQ +Q@ mi?Q 2/ Tm#HB+ iBQMb i? i 72 im 2 BM
7TQHHQrbX *? Ti2’b k@9 2i F2M 7' QK } 'bi mi?Q 2/ Tm#HB+ iBQ
i?72 bBKmH iBQMb r b T°QpB/2/ #v . MB2H *Q+Fb- :"2;Q v "QVH2-
hQ +QKT "2 ; BMbi Kv bBKmH iBQM "2bmHib- "2bmHib Q#i BM2/
bQHMIBQM Q7 i?2 "QHixK MM 2[m iBQM- M/ . MB2H *Q+Fb pB J
r2°2mb2/X *? Ti2> 8 BbH ";2Hv # b2/ QM }'bi mi?Q 2/ Tm#HB+ iE
+Q@ mMmi?Q b T QpB/2/ /pB+2 M/ 722/# +F QM i?2 72 im 2/ /i N
i?72 /i ;2M2° i2/ BMi? ibim/vi?26P_h_ L +Q/2 Q7 _QM H/ g?Bi2
+ H+mH i2 i° MbTQ i +Q2{+B2Mib- r?B+? r b i?2M M Hvb2/ #v K\
K2 bm 2K2Mib M/ +QMbB/2  iBQMb r2 2 +QMi B#mi2/ #v C BK2 /
/i 7Q  BQMBb iBQM 7°QMi bBKmH iBQMb BM *? Ti2 8r b T QpB/:




SEVWUDF

1K2;BM; TH bK i2+?MQHQ;B2b- bm+? b TH bK K2/B+BM2- "2t
TH bK bT2+B2b +°Qbb ; b@HB[mMB/ BMi2 7 +2b iQ +?B2p2i?2B
? p2B/2MiB}2/i? i-r?BH2 TQQ Hv mM/2 biQQ/ i T 2b2Mi-2H2+i
i?72 BMi2°7 +2Bb MBKTQ i Mi/'Bp2 Q7 TH bK +?2KBbi'vBMTH
iQ mM/2 bi M/ i?Bb 7mM/ K2Mi Hi® MbTQ i-bQ iQ 7 +BHBi i2 mM
QTiBKBb iBQM Q7 TH bK i2+?MQHQ;B2b- KQ/2HBM; 7° K2rQ'lI
bBKmH iBQMb + Qbb ; b@HB[mB/ BMi2'7 +2b ? b #22M /2p2HQT2
? b#22M #22M TTHB2/iQ MQ#H2 HB[mB/b-bm+? b ";QM M/ t2]
? p2 #22M K /2 iQr /b TTHB+ iBQMiQ #BQKQH2+mH2 bvbi2K BMp

h?Bb “2b2 “+?2 ? b 2ti2M/2/ T°2pBQmb TT ' Q +?2biQ 2H2+i QM
i b T?2 b2iQT ' QTQb2 ~mB/ KQ/2H 7Q° 2H2+i QM i°> MbTQ i BM ; b
OM 7Q0m"> KQK2Mib Q7 i?2 "QHixK MM FBM2iB+ 2[m iBQMX h?2 K
; BMbi FBM2iB+ bQHMIiBQMb Q7 2H2+i ' QM i MbTQ iiQ p HB/ i2i?
iQ/2b+'B#2 MQM@HQ+ H2H2+i'QMi° MbTQ i T?2MQK2M BM #Qi?
TT°'QT B i2 M/ ++m” i2BMTmi/ i Bb p BH #H2X hQ bb2bb i?2
bi2 /v@bi i2 +QHHBbBQM M/ +HQbm 2BMTmi/ i BM2H2+i"QM ~r
p2HQ+Biv /Bbi B#miBQM 7TmM+iBQMb- +QKTmi2/ pB KmHIiB@i2"
2[m iBQM 7Q" #2M+?K 'F + H+mH iBQMb-r2°2 bim/B2/X

h?2 /2T2M/2M+2 Q7 i?2 T°QTQb2/ KQ/2H6b BMTmii> MbTQ i / i
K2/BmK /2MbBivr b2t KBM2/ BM i?Bb "2b2 "+?2X "v 2t KBMBM; ?Qr
M/ 2M2 ;vi> Mb72  Q++m'b /m2iQ +QHHBbBQMb BM ; b M/ HB[mE
iBQM K2i?Q/r b T°QTQb2/iQ ;2M2° i2 BMTmii> MbTQ i/ i iBMi?Z
7Q° r?B+? /i Bb 2[mB 2/- #mi MQi p BH #H2- 7Q° KQ/2HBM; BM
T QTQb2/ TT QtBK iBQMr b #2M+?K "F2/ ; BMbi M HviB+ bBKT!
K2Mi H/ i K2 bm 2/ BM +'vQ;2MB+ “;QM M/ t2MQM iQ p2'B7v i?z
T QTQb2/ TT Q +?X

aBKmH iBQMb Q7 2H2+i"QM i MbTQ i #2ir22M ; b M/ HB[mB/ ;¢
T2 ' 7Q K2/ #v TTHVBM; #Qi? i?2 T QTQb2/ ~mB/ KQ/2H M/ BMTm
K2i?Q/X *QKT "BbQMb Q7 i?2 #BHBiIB2b Q7 KQ/2HBM; K2i?Q/b
HQ+ Hi> MbTQ ir2°'2bim/B2/- M/ i?2 bi "F/Bz2 2M+2b #2ir22M
i MbTQ i/ i +QKT "2/iQ bBKTHvb+ HBM; mT 2H2+i ' QM@ ; bi> MbT
TTHB+ iBQM Q7 i?Bb KQ/2HBM; 7° K2rQ ' FiQ /m H@T? b2 bBKTH
TT “imbr b /2KQMbi® i2/X

6BM HHv- TTHB+ iBQM Q7 i?2 /2p2HQT2/ KQ/2HBM; 7" K2rQ"
i MbTQ i BMi2i> ?2v/'Q7m> MX hQ /Q bQ- +QKTH2i2; bT? b2 2H2
b2+iBQM b2ir b bb2K#H2/ M/ M Hvb2/ mbBM; p BH #H2 2tT2 B
/i XJQ/B}+ iBQMb Q7 ; bT? b2b+ ii2’BM;iQ bBKmH i2/ HB[mB/ T
p BH #H2 2tT2'BK2Mi H/ i X *QKT "BbQM Q7 bi*2 K2 7Q K iBQM |
; b2Qmb M/ bBKmH i2/ HB[mB/ i2i° ?2v/"Q7m" Mr bbim/B2/iQ /2KQ
Q70?27 K2rQ' F/2p2HQT2/ BMi?Bb "2b2 “+?2iQ 2H2+i'QM i’ MbTQ"
bQ7i@+QM/2Mb2/ K ii2 X

pB



SFNQRZOHGJHP

gBi?Qmi i?2 ?22HT M/ bmTTQ i Q7 +QmMiH2bb T2QTH2 ArQmH/ MQ
i?Bb T°QD2+iX LQ /Qm#i ArBHH 7Q";2i iQ BM+HmM/2 bQK2 T2QTH
Kv TQHQ;B2b BM /p M+2X

6B bii? MFb ;Q2b iQ Kv BKK2/B i2bmT2 pBbQ'b _QM M/ . MMv-
#2HB27 Qp2  i?2v2 "bX h?BM;b r2°2Mdéi Hr vb 2 bv/m ' BM; i?2 T°
;T i27mH 7Q 7 i?2 ;mB/ M+2 M/ T iB2M+2 HQM; i?2r vX

AMIMBIi2 i? MFb ;Q iQ Kv 7 KBHv .2##B2- *QHBM- S mH- M/ EB
HQp2 M/ #2HB27 BM r? i2p2° +° xvi?BM;b A ? p2 #22M /QBM; i mM
AFMQr A6p2 M2p2 " K /2 Bi 2 bviQ mM/2 bi M/ K2-Q r? i Ab6p2 #:
i? MFvQm 7Q° Hr vb #2HB2pBM; BM K2-2p2M r?2M A /B/M6iX

J Mvi? MFbiQ Kv +QHH2 ;m2b M/ +QHH #Q iQ'bi?"Qm;?i?2p
rQ'FX h?2 2t+2HH2Mi ;"QmT Q7 bim/2Mib M/ bi z i C*l- br2HH ¢k
? p2T°QpB/2/ ;"2 i /IpB+2 Q " BMTmi/ i Qp2 i?2v2 "bX uQm’ ™ ?22HT
HHQrBM; K2 iQ ;2i bQK2r?2 2 rBi? i?BbrQ F-i? MF vQmX

h? MFb ;Q2b iQ HH Q7 Kv 7°B2M/b- QH/- M2r- HQ+ H- M/ 7 °
/Im"BM; i?2 H bi 72r v2 "bX gBi?Qmii?2 7mM iBK2b-# / DQF2b- #.
pB/2Q ; K2b- +? ib- “;mK2Mib- M/ +QmMiH2bb Qi?2  i?BM;b HB7
BM/22/X

A6/ HBF2 iQ i? MF i?2 HQM; HBbi Q7 T2QTH2 r?Q ? p2 bmTTQ" |
v2 "b- b #Qi? bim/2Mi M/ bi z K2K#2 X h?2 M K2 Q7 i?2 /2T "iK2M
"2;BK2b Q7 K M ;2K2Mi KB;?i +QK2 M/ ;Q- #mBH/BM;b rBHH "Bb2
?2°2 "2r? iK F2bi?BbTH +2 ;72 i@ i? MFvQm 7Q  BM+HmM/BM;
QTTQ imMBiviQ H2 "MX

h?Qm;? b?2 rBHH ? p2 MQr v Q7 2p2  FMQrBM;-i? MFb ;Q2biQ
# BM;BM; #QmM/H2bb 2M2 ;v M/ ? TTv K2KQ B2b 7i2 2p2Mi?2 rQ

6BM HHv- i?2 H bii? MFb ;Q2b iQ Kv /2 *1'BMX gqBi?Qmi vQm
bmTTQ i ArQmH/ #2 MQi?BM;X AMi?2/ "F2biiBK2b-vQm T QpB/2/
K2iQ b22 i?2 HB;?i ii?22M/ Q7 i?2 imMM2HX g2 }M HHv K /2 Bi
/Ip2Mim 25

$FNQRZOHGJHPHQW RI4QDQFLDO VXSSRUW
ArBb?iQ +FMQrH2/;2i?2}M M+B HbmTTQ i Q7,

Ci?2 mbi® HB M :Qp2 " MK2Mi i?"Qm;? i?2 mbi> HB M SQbi; /m i
reB+?2 bmTTQ i2/ K2i?2°'Qm;? i?2 #mHF Q7 Kv bim/B2b- M/

CC K2b *QQF IMBp2 'bBiv i?°Qm;? i?2 >._ 2M? M+2K2Mi M/ r
b+?2K2b-r?B+? 2M #H2/ K2 iQ T "iB+BT i2 BM +QM72 2M+2b
Q7 i?Bb i?2bBbX

pBB



SHVHDUFK 2XW

SHHU UHYLHZHG SXEOLFDWLRQV

h?2 "2b2 "+? mM/2i F2ZM /m BM; i?2 S?. T'Q; K-/2i BH2/ BMi?Bb/
Tm#HBDb?2/ BM i?2 7TQHHQrBM; }’bi@ mi?Q 2/ DQm M H "iB+H2b,

(R : "H M/-JC ""mM;2 -:: +B -C/21'[mBDQ- M/ _.qg?Bi2X h’
T°QT2iB2b Q7 2H2+i QM br "Kb BM i2i° ?2v/"Q7m M mM/2" i?2 B
2H2+i B+S}2H/EK+ H _2p3BR2yekdRKk UkyRjVX p BH #H2 QMHBM2 i/QB,
_2p X33XyekdRk

(kL : "H M/- .:*Q+Fb-:C "QvH2-a .mDFQ M/ _.qg?Bi2X IMB}2
KQ/2H M HvbBb M/ #2M+?K "F bim/v 7Q° 2H2+i QM i° MbTQ i B
HQ;8M bK aQm +2b a+B2M+2 M/ h2+?MQHQ;v- ke yd8yyj UkyRd\
/IQB,RyXRy33fRjeR@e8NS8f dj+e

(j)L : "H M/- :C "QVH2- .: *Q+Fb M/ _. q?Bi2X TT QtBK iBM
MQMHBM2 " /2MbBiv /2T2M/2M+2 Q7 2H2+i"QM i° MbTQ i +Q2{+1
+'Qbbi?2 ; b HB[mBEBMIR aQ@dX+2b a+B2M+2 M/ h2+?MQHQ; V-
UkyR3VX p BH #H2 QMHBM2 i /QB,RyXRy33fRjeR@e8NS8f y+

h?2 7TQHHQrBM; Tm#HB+ iBQM ? BH 2ZM dQ KRib2A4BR2M+2 N
h2+?MQHQ@ ;22 @ 2pB2r,

L : "H M/- AXaBKQMQpBE-:C "QVH2-.: *Q+Fb-a .mDFQ- _. q?l
br "K M/bi'2 K2"i° MbTQ'i + Qbbi?2; b@HB[mB/BMi2 7 +2, +Q¥
bim/vX am#KBSIRR/bilQ aQm +2b a+B2M+2 (M h22KkMQAHQ V BH kyR 3>

AM //BiBQM-i?2 +Q@ mi?Q 2/ Tm#HB+ iBQMb #2HQr r2 2 T Q/m
7TQ KT "iQ7i?Bb i?2bBb /Q+mK2Mi,

(9) _.g?Bi2-JC ""mM;2°H M/- _1 _Q#bQM- E6 L2bb-:: "+B - C
/2 1'"[mMmBDQ-a .mDFQ-w GD S2i QpB+X 1H2+i'QM br "Ki°> MbTQ
KBtim BBX 1m QT2 M S?vbB+ B3CUBW-MRKB8.RN UkyR9VX p BH #H2 (
/IQB,RYyXRR9yf2TD/f2kyR9@8yy38@d

(8) . q?Bi2-.:*Q+Fb-:C "QVH2-1UC1*HbMY¥-. EQMQp HQp- "
S?BHBTT -S aiQF2b-C /2 1'[mMBDQ-P :QMX€H2x@J ; ¢ - S J+1 +
JC"" " mM;2-:: "+B -a .mDFQ- M/wGD S2i' QpB+X LQM@2[mBHB#"
BM #BQKQH2+mH ~ ; b2Qmb M/ HB[mB/ bvbi2Kb, h?2Q v- 2tT2" E
+ ' Qbb@b2SHBEXM@BXQ M +2b a+B2M+2 M/ h2+?MQHQ;v- kd y8jyyR |
QMHBM2 i /QB,RyXRy33fRjeR@e8N8f #//d

PBBB



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

&RQIHUHQFH SUHVHQWDWLRQYV

h?2 7TQHHQrBM; +QM72°2M+2 T 2b2Mi iBQMb r2'2 K /2 /m"BM; i?2
7 K2rQ ' F7Q° ~mB/ KQ/2HHBM; Q7 +QMiBMmMQmb 2H2+i QM i
HB[mB/ BMi2 7 +2X S 2b2Mi2/ i ss AMi2™M iBQM H avkKTQbBmK
*QHHBbBQMb M/ ar "Kb USPaJPGV kyRd-J ;M2iB+ AbH M/- mbi’
h MbTQ i T QT2 iB2b Q7 2H2+i QM br "Kb BM bBKmH i2/ #BQH
BM~m2M+2 Q7 M TTHB2/ 2H2+i'B+ }2H/X S'2b2Mi2/ i: b2Qmb 1H
kyR9- oB+iQ > "#Qm - mbi®> HB X

AM //BiBQM-i?2 7QHHQrBM; TQbi2 b r2°2 T 2b2Mi2/ i +QM72"
hQr /b +QMiBMmmK KQ/2H Q7 2H2+i'QM i° MbTQ i +'Qbb
S'2b2Mi2/ ii?2 Ryi? 11@C T M CQBMi avKTQbBmK QM SH bK S'Q

PFBM r -C T M
7° K2rQ F 7Q° ~mB/ KQ/2HHBM: Q7 +QMiBMmQmb 2H2+i"QM |
HB[mB/ BMi2 7 +2X S 2b2Mi2/ i ss AMi2 M iBQM H avKTQbBmk
*QHHBbBQMb M/ ar "Kb USPaJPGV kyRd-J :M2iB+ AbH M/- mbi"
>B;?2° Q' /2  KQK2Mi KQ/2Hb Q7 2H2+i'QM i° MbTQ i BM ; b2b |
i b2Qmb 1H2+i ' QMB+b *QM72 2M+2 U:1*V kyRe- "Q+?mK- :2 K \

1H2+i"QMB+ p2 'bBQMb Q7 i?2 K Mmb+"BTib M/ +QM72°2M+2 T 2t
i?72S?.T°Q;" K "2 pBH #H2 QMHBM2 i M; "H M/ XBM7Qf 2b2 “+?

Bt



&RQWHQW

R AMi"Q/m+iBQM R
RXR a+QT2- KQiBp iBQM- M/ TTHB+ iBQMb X
RXKk GB[mB/i> MbTQ i KQ/2HBM; bim/B2b X X
RXj EBM2iB+i?2Q v M/i?2 "QHixK MM 2[m iB

RXjXR h?2 "QHixK MM 2[m iBQM X X X X
RXjXk *QHHBbDBQM i2 'K M/ b+ ii2’BM; +'Q
RXjXj 1H2+i'QM b+ ii2’BM; BM HB[mB/b X X X X
RXjX9 Hi2 M iBp2 biQ+? biB+ KQ/2HBM: K2i?Q/b
RX9 6HmMB/ KQ/2HBM; Q7 HQr@i2KT2  im 2 /Bb+? ;2
RX9XR 6B2H//2T2M/2Mi /"B7i@/BzmbBQM KQ/2H
RX9Xk 1M2 ;v /2T2M/2Mi/'B7i@/BzmbBQM KQ/2H
RX9Xj >B:;?2  Q/2 KQ/2Hb X X X X X X X X X
RX9X9 *QmMTHBM; 2H2+i QK :M2iB+ }2H/b
RX8 JQ/2HBM; T +F ;2b X X X X X X X X X
RXe "2M+?K "F K2i?Q/b X X X X X X X X X
RXeXR 1tT2 BK2Mi Hp HB/ iBQM X X X
RXeXk o HB/ iBQM ; BMbi FBM2iB+ bQHmi
RXeXj M HviB+ iBK2 Q7 ~B;?i bQHmMIBQM X X X
RXd b2 Q7 br "K 2tT2 'BK2Mib iQr /b HQr@i2KT2" |
RX3 1H2+i'QM i  MbTQ'i/ i BM #BQKQH2+mH2b X
X
X

Q
X
b

X
X X
X X
X X
B

RXN _2b2 “+?:Q Hb Q7 i?Bb bim/v X X X X X X X
RXRy ai'm+im 2 Q7 i?Bb /Q+mK2Mi X X X X X X X

k 6HmMB/ KQ/2HBM; Q7 2H2+i'QMb BM : b M/ HB[mB/ k8
KXR *?2 Ti2  AMi"Q/mM+iBOM X X X X X X X X X X X X X X X X X
KXk h?22Q v X X X X X X X X X X X X

kKXkXR B6HmMB/JQ/2HBM; X X X X
kXkXk 6Qm> JQK2Mi 1H2+i'QM 6H
kKXkXj Pi?2° 6HmMB/JQ/2Hb X X X X
kXj "2M+?K "F _2bmHib M/ .Bb+mbbBQ
kXjXR : bS? b2 *QHHBbBQM JQ/2H
kXjXk GB[mB/S? b2 JQ/B}+ iBQM X
KXjXj AMTmi.i X X X X X X X X X
KXjX9 > i6B2H/ "2M+?2K "Fb X X X X X X X X
kXjX8 aT iBQi2KTQ  H SmHb2 1pQHmMIiBQM X X
kXjXe .Bbi'B#miBQM 2z2+ib M/ BKTHB+ iBQMb
kX9 *?2 Ti2  amKK v X X X X X X X X X X X X X X

X %

M

X X X
X X X
X X X

i .2MbBiv /2T2M/2M+2 Q7 2H2+i'QM i° MbTQ i
i XR *?2 Ti2° AMi"Q/m+iBQM X X X X X X X X
Xk h?22Q°v X X X XXX X X XX XXX X X

iXkXR JQK2Mi KQ/2HBM: 7Q  2H2+i'QM i°

/
X
X




"H M/-L i? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

iXkXk AMi2 7 +B H/2MbBiv T QT2iB2b X X X X X X X X X
jXkXj aBKTH2 KQ/2H 7Q #2M+?K "FBM; +QHHBbBQMb BM
iXj TT QtBK iBM; 2H2+i'QM i MbTQ'i i bbQ+B i2/ BMi2 K2/B
iXjXR JOQK2MimK # H M+2 K2i?2Q/ X X X X X X X X X X X X

jXjXk 1M2;v# H M+2 K2i?7Q/ X X X X X X X X X X X X X X
iXjXj JQ/B}2/ KQK2MimK # H M+2 K2i?Q/ X X X X X X X X X
jXjX9 S +iB+ HBKTH2K2Mi iBQM 7Q" TH bK KQ/2HBM, X
JXjX8 TT QtBK iBM; +QHHBbBQM 7' 2[m2M+B2b + Qbb M |
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XjXk aQ/0bb?Q+Fim#2 X X X X X X X X X X X X X X X X
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kKXRK MbB2Mi K2 M 2M2 ;v 2pRHMEBR@BWI/B+ iBM; b KTH?2
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KQK2MimK # H M+2X X X X X X X X X X X X X X X X X X X
iXj * QKT "BbQM Q7 2H2+i QM /"B7i p2HQ+BiB2b=BM KQ/2H bBK
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9XR b M/ HB[mB/ “:QM 2H2+i'QM b+ ii2°BM; + ' Qbb b2+iBQMb
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2H2+i QM ~mB/ KQ/2HbX . b?2/ HBM2b /2MQi2 ; bi° MbTQ"
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OXRIRH2+i"QM /2MbBiv 2pQHMIiBQM 7Q" 9JJ M/ G6 KQ/2Hb ib?(
/IB i2- M/ HQM;2 iBK2b b i?2 2H2+i QM bi 2 K2 iBT T°'QT
; b2Qmb iQ HB[mB/ ";QMX hQT pB2r, J + Qb+QTB+ "2bmHil
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}12H/@/°Bp2M T QT ; iBQM Bb 7°QK "B;?iiQ H27iX X X X X
O9XRIez2+ibiQIQ " bi2T@7mM+iBQM BMi2°'7 +2 QM p2° ;2 2H2+i
7Q°9JJ M/ G6 KQ/2Hb ib?Q i- BMi2 ' K2/B i2- M/ HQM;2"
i?72 2H2+i"QM bi*2 K2 iBT T QT ; i2b7°QK ; b2Qmb iQ HB[mI
pB2r, J + Qb+QTB+ "2bmHibX "QiiQK pB2r, 1tT M/2/ pB2r Q
"2bmHibX AMBIB H+QM/BiBQM ;Bp2M #v ; 22M /Qii2/ ;"22M
}12H/@/°Bp2M T QT ; iBQM Bb 7°QK "B;?iiQ H27iX X X X X
IXRIZ2+ibiQWRQ " bi2T@7mM+iBQM BMi2 7 +2 QM 2H2+i QM K2
9JJ KQ/2H i b?Q i- BMi2 ' K2/B i2- M/ HQM;2 iBK2b b i?2
bi’2 K27 iBT T QT ; i2b 7 QK ; b2Qmb iQ HB[mB/ ";QMX hQT ¢
b+QTB+ "2bmHibX "QiiQK pB2r, 1tT M/2/ pB2r Q7 BMi2 7 +B H
+QM/BiBQM ;Bp2M #v ;°22M /Qii2/ ;722M HBM2X .B 2+iBQI
T'QT ; iBQM Bb 7' QK "B;?2iiQ H27iX X X X X X X X X X X X
9XR33HZ+i‘QI\/I T QT ; iBQM Q7 2H2+i"QMb BM bi'2 K2 7°QMi rBi-
"22M /Qii2/ b2 °B2b /2MQi2b i?2 BMBIiB H+QM/BiBQMX 1pQ
/2MQ|2b K DQ /Bz2 ' 2M+2b r?2M mbBM; HB[mB/ / i - +QKT
b+ HBM; ; b T?2 b2/ i X X X X X XXX XX X X XX X X XX
OXRIH2+i"QM /2MbBiv 2pQHmMIBQM 7Q " 9JJ- G6 - M/ G6 : KQ/2F
BMi2 ' K2/B i2- M/ HQM;2 iBK2b b i?2 2H2+i QM br 'K T QT
HB[mB/iQ ; b2Qmb ";QMX hQT pB2r, J + Qb+QTB+ "2bmHil
1tT M/2/ pB2r Q7 BMi2°7 +B H "2bmHibX AMBIB H+QM/BiB
/Qii2/ ;722M HBM2X .B'2+iBQM Q7 }2H/@/°Bp2M T QT ; iBQ
TBi2ZIX X X X X X X X X XX XXX XXX XXXXXX XXX
9Xkyp2 ;2 2H2+i QM p2HQ+Biv 7Q 9JJ- G6 - M/ G6 : KQ/2HDb
BMi2 ' K2/B i2- M/ HQM;2 iBK2b b i?2 2H2+i QM br "K T QT
HB[mB/iQ ; b2Qmb ";QMX hQT pB2r, J +'Qb+QTB+ "2bmHil
1tT M/2/ pB2r Q7 BMi2°7 +B H "2bmHibX AMBiIiB H +QM/BiB
/Qii2/ ;722M HBM2X .B'2+iBQM Q7 }2H/@/"Bp2M T QT ; iBQ
"B;?2iIX X X X X XXX XXX XXXXXXXXXXXXX XX

9XKRB7i p2HQ+Bivbm 7 +2 Q7 2H2+i" QMb%MMhOQM b 7mM+i

mb2/iQ BMi2 " TQH i2 BMTmi/ i 7Q  G6 KQ/2HbX X X X X X
9Xkk2/m+2/ HQM;Bim/BM H /BzmbBQWmM+Q 2-{2+BZMNiH2+i " QMb BM

QM +QKTmi2/ pB liJ’?92>(k18V7mM+|§QM\/I<@(7mb2/|Q
BMi2"TQH i2BMTmi/ i 7Q  G6 KQ/2HbX XX X X X X X X X

GBbi Q7 6B;m 2b tpB



"H M/-L i? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

9Xkj2/m+2/ BQMBb iBQM +@QH-HBDBQM Qi22H2+i QMb BM ;QI
+QKTm|2/U;9I9(kBV7mM+|£QI\M(Qo7mb2/|Q BMi2"TQH i2 BMTmi

/i 7Q° G6 KQ/2bexxxxxxxxxxxxxxxxxxx
9Xk_92/m+2/KQK2M|mK| Mb72° +Qwﬁsmmm#2nm2m2v@

i"QMb BM QM+QKJ19mkNVp7.3mM+|BQM/|@07mb2/|Q
BMi2 TQH i2 BMTmi/ i 7Q i?2 9JJ KQ/2HX X X X X X X X

S
9Xk82/m+2/ HmKT2/ 2M2"° VIA\AH)M 7T 42-Q7 2H2+i QMb BM 7; Q!

+QKTm|2/UrEB(JFBV7mM+|BQNVIQo7mb2/|Q BMi2 ' TQH i2 BMTmi

/i 7Q 1?22 9JJ KQ/2HX X X X X X X X X X X X X X X X X X

9Xke2/m+2/ BQMBb iBQM +thHBHanQ7M+72‘Q[?n2}N/I2Hvi—‘QMb BM QN
0

+QKTmMi2 UPBXjhV 7mM+iBQMIOZmb2/iQ BMi2 TQH i2 BMTmi
/i 7Q 022 9JJKQ/2HX X X X X X X X X X X X X X X X X X

8XRS'QTQb2/ ;> M/ iQi H+ Qbb b2+iBQM 7Q  2H2+i QM b+ ii2"
+QKT "2/ rBi? 2tBbiBM; :h*a / i2iUHRE DB bHRN) c
w2+2i HKy)c *?Bi B(KR)c "2IFHKk)VX X X X X X X X X X X
8XkS ' QTQb2/ 2H biB+ A*a 7Q" 2H2+i QM b+ ii2°'BM; BM h>6- +
2tBbiBM; /i 7°QK r?B+? i?2 b2ir b +QiIMBiIRIN+k3)cdU6mbb
*QHv2i HK9)c : m7HK8)c " 2iIF HKk)c . KZTi+ HKe)VX X Rjj
8XjS'QTQb2/ 2H biB+ KQK2MimK i* Mb72" +°Qbb b2+iBQM 7Q" 2H
BMh>6-+QKT "2/ rBi? 2tBbiBM; /i 7' QK r?B+?i?2b2ir b+QN
U: m7 (k8)c *QHV2 ZkONKK)2ZF KZi+ HKe)VX X X X X X X X X F
8X9S QTQb2/ pB#" iBQM HA*a 7Q  2H2+i'QM b+ ii2°'BM; BM h>6
Tm'i?22  /2i BHbX X X X X X X X X X X X X X X X X X X X X
8X8 QKT "BbQM Q7 bm#b2i Q7 i?2 "2+QKK2M/2/ A*a 7Q  2H2+
pB# iBQM HT Q+2bb2b BM h>6 (kd)-rBi? i?2 bmKK2/ KQ/2
2i HX (k3) X X X X X X X X X X X X X X X X X X X X X X X |
8Xe*QKT "BbQM Q7 i?22T QTQb2/ BQMBb iBQM + Qbb b2+iBQM
i2’BM; BM h>6 rBi? i?2 p BH #H2 i?2Q 2iB+ H+ H+mH iBQMb
a M+?22 (kN) M/ 2iKHLjy)- M/ i?2 K2 bm 2/ /i Zi"QK 6mbb
HEK )X X X X X X X X X X X X X X X X X X X X X X X X XX
8XdS'QTQb2/2H2+i QMB+ 2t+Bi iBQM A*a 7Q"° 2H2+i QM b+ ii2"|
[2i2 " KBM2/ mbBM; i?222ii HX7(jJR)X X X X X X X X X X X X X
8X3S'QTQb2/ M2mi® H/BbbQ+B iBQM A*a7Q h>6- b +QKT "2/ rB
2biBK iBQM Qi7 BIIKHIRN)X X X X X X X X X X X X X X X X X
8XNS'QTQb2/ Qi iBQM HA*a7Q  2H2+i"QM b+ ii2'BM; 7°QK h>6
rBi? i?2 2biBK iBQM QX6RNd) M/ i?2 + H+mH i2/ "2bmHi Q7 *-
2i HX(KR) X X X X X X X X X X X X X X X X X X X X X X X
8XRyM2 M 2M2 ;v M/ BQMBb iBQM " i27Q°  2H2+i"QMb BM h>6 b
i?72 " 2/m+2/ 2H2+i'B+ }2H/X X X X X X X X X X X X X X X X
8XRMRHF U/ b?2/V M/ ~mt UbQHB/V /'B7i p2HQ+BiB2b 7Q~ 2H2
TmM+iBQM Q7 i?2 "2/m+2/ 2H2+i B+ }2H/X h?2 BMb2i mb2t
2KT? bBx2 i?2 /Bz2°2M+2hX X X X X X X X X X X X X X X X
8XRK2/m+2/i° Mbp2'b2 M/ HQM;Bim/BM H~mt/BzmbBQM +Q2{
i QMb BM h>6 b 7mM+iBQM Q7 i?2 2/m+2/2H2+i'B+ }2H/X
BXRrQ@i2 K M/ KmHiIiB@i2'K TT QtBK iBQMb 7Q i?2 "2/m+2/ ~r
M/ HQM;Bim/BM H /BzmbBQM +Q2{+B2Mib 7Q  2H2+i " QMb B\
Q71?2 "2/m+2/ 2H2+i'B+ }2H/X X X X X X X X X X X X X X
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8XRHS iB+bi'm+im 27 +iQ Q7 HB[mB/ h>6 i iKQbT?2 B+ +QM/Bi
#v "Qr @M HM) +QKT "2/iQ M M HviB+bi'm+im 27 +iQ " +QK
PBU XRdPImMKBM; M B/2 H iQKB+ HB[mB/X h?2 B/2 H ; b
S(k )=1 Bb THQii2/ b 272°2M+2X X X X X X X X X X X X >
BXRBMTmii> MbTQ i/ i Q72H2+i'"QMbBMh>67Q HQ+ H@}2H/ /2
~mB/ KQ/2HbX UhQT@H27iV ."B7i p2HQ+Biv p2 bmb "2/m+2
1H2+i"QM K2 M 2M2 ;v p2 bmb "2/m+2/ }2H/X U"QIiiIQK@H27
2/m+2//BzmbBQM +Q2{+B2Mip2 bmb "2/ m+2/}2H/X U"QiiQK(
BQMBb iBQM M/ ii +?K2Mi +QHHBbBQM " i2b p2'bmb “2/m+
8XREMTmi +QHHBbBQM " i2b Q7 2H2+i QMb BM h>6 7Q" K2 M .
?B;?2 Q' /2° ~mB/ KQ/2HX . b?2/ HBM2b /2MQi2 ; bi° MbTQ i-
/[2MQi2 HB[mB/i° MBbTQ i X X X X X X X X X X X X X X X X
8XRAMTmi +HQbm 2 i2°' Kb 7Q° K2 M 2M2 ;v /2T2M/2Mi ?B;?2" Q /:
7Q° 2H2+i ' QMb BM h>6X JQK2MimK # H=Mw2i XHQbm 2 i2 K
IM2 ;v ~mt# H M+2 +HGHWVR2,iX K b?2/ HBM2b /2MQi2 : b
i* MbTQ'i- /Qii2/ HBM2b /2MQi2 HB[mB/i® MbTQ iX X X X X
8XR3 1H2+i"QM /2MbBiv T QT ; iBQM rBi?BM HB[mB/ h>6X SBM
MQi2b i?2 BMBiB H+QM/BiBQMX 1pQHmMiBQM Qp2  iBK2 /2MQ
r?2Mm mbBM; HB[mB/ / i - +QKT "2/ iQ bBKTHv b+ HBM; ; b T?
BXRAQM /2MbBiv + 2 i2/ rBi?BM HB[mB/ hng X a@thBRHBM2b /2M
pB 2H2+i"QM BKT +i BQMBb iBQMX Tb@~2nHBMBb /2MQi2
2H2+i"QM ii +?K2MiX SBMF /Qii2/ b2 B2b (PNWBiBIQMR BMBiB
1pQHmMIBQM Qp2 iBK2 /2MQi2b K DQ /Bz2°'2M+2b r?2M mb
+QKT "2/iQ bBKTHv b+ HBM; ; b T? b2/ i X X X X X X X X >
8Xk¥pQHmMIBQM Q7 i?2 2H2+i QM K2 M p2HQ+Biv 2tT2 ' B2M+2/ #\
rBi?BM HB[mB/ h>6X SBMF /Qii2/ b2'B2b /2MQi2b i?2 BME
1pQHMIBQM Qp2  iBK2 /2MQi2b K DQ  /Bz2 '2M+2b r?2M mb
+QKT "2/iQ bBKTHv b+ HBM; ; b T? b2/ i X X X X X X X X
BXKRpPQHMIBQM Q7 i?2 "2/m+2/ 2H2+i B+ }2H/ 2tT2 ' B2M+2/ #v
rBi?BM HB[mB/ h>6X SBMF /Qii2/ b2"B2b /2MQi2b i?2 BME
I1pQHMIBQM Qp2 iBK2 /2MQi2b K DQ  /Bz2 '2M+2b r?2M mb
+QKT "2/iQ bBKTHv b+ HBM; ; b T? b2/ i X X X X X X X X )

XR aT iB H/Bb+ 2iBb iBQM b+?2K2 2KTHQvV2/7Q 6*h X X X |
Xk1t KTH2b Q7 ~mt HBKBiBM; Qmi+QK2b b T2 i?2"Q'Bb@"QQ
m iBM; + b2b M/U BBHHQrb HBKBi2/ ~mtiQ #2 TTHB2/-

MQM@x2 " Q p Hm2b "2 T°'Q/m+2/ #vi?2 KBM@K tQT2" iQ X *
T°Q/m+2 + M+2HH2/ x2°"Q ~mt bi?2bB;Mb Q7 /D +2Mi ;" /
722X X X X X X XX XXX XXX XXX XXX XXX XXX
Xjo B #H2 bT iB H ;"B/ BKTH2K2Mi2/ 7Q" ivTiB+ HHB[mB/ i
i° MbTQ i bBKmH iBQM X X X X X X X X X X X X X X X X X
X9 aBKTHB}2/ b+?2K iB+ Q7 iBK2 Q7 ~B;?i 2tT2'BK2Mi X X X
X81t KTH2 mMBii2bi "2bmHib 7Q ", UiIQTV Rbi Q' /2  mTrBM/ b
Bb iBQM- U#QiiQKV 6*h bQHmMIiBQM r?2°2 9i? Q' /2" +2Mi"~ H /
HBKBi2/ #v Rbi Q' /2 mMTrBM/ b+?22K2X X X X X X X X X X )
XeLmK2'B+ H2 Q" M/ +QMb2'p iBQM +QmMi Q7 UiQTV Rb
bT iB H/Bb+ 2iBb iBQM- U#QiiQKV 6*h bQHMIBQM r?2°2 9i
/IBz2 ' 2M+2b "2 HBKBi2/ #v Rbi Q' /2 mTrBM/ b+?2K2X X X
XdaQ/6b b?Q+F im#2 bQHmMIiBQMb 7Q°, UIiQTV RbiQ /2 mTrBNM
Bb iBQM- U#QiiQKV 6*h bQHmMIiBQM r?2°2 9i? Q° /2" +2Mi" H /
HBKBi2/ #v Rbi Q /2 mMTrBM/ b+?22K2X X X X X X X X X X )

GBbi Q7 6B;m 2b tpBBB



~QWURGXFV

6FRSH PRWLYDWLRQ DQG DSSOLFD

GQri2KT2' im 2- MQM@2[mBHB# BmK TH bK b "2 ;2M2" HHv /2}M:
i2KT2 imle2b:2 Km+? ?B;?22  i? M 2[mMBHBW BmEBQMM/ M2mi~ H
bT2+B2b i2KTJy {(M)RbhwTB+ HTH bK M2mig-H 22Q0IMBPR2Q /2" Q7
104 K3 - M/ BQMBb iBQM " i2b TWiMT-BS)MHWQK2 r2HH FMQrM 2t KT
Q7 M im H M/ K M@K /2 TH bK b "2 b?QrM BM 6B;m 2 RXR-r?2
i2KT2  im 2 TH bK 2H2+i'QM i2KT2 @212 NMMQNBBiIB2b-

T. [eV]A
¢ [ ] relativistic
10° - plasmas
supernova
fusion
10° 5 reactor
tokamaks solar
center
102 T solar Scope of low-temperature
wind plasmas
10° - gas dischages arcs
; etching
interstellar flames plasmas
plasmas
102

10° 1(310 1(')15 1(320 1625 1(330 1(')35 N [m]

6B;m 2 RXR, 1H2+i QM i2KT2  im 2 p2 'bmb /2MbBiv H M/b+ T2
K M@K /2 TH bK b

6Q  /2+ /2bi?2 Mb2 Q7 HQr@i2KT2 im 2TH bK T Q+2bb2b? b H

R



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

iQ T QbT2 -T'BK "BHvi? " Qm;?i?2 TTHB+ iBQM Q7 KB+ Q2H2+i (
HQM;bB/2 Qi?2" K Mm7 +im BM; K2i?Q/b-bm+? br2i +?2KB+ H 2
K2i?Q/b- TH bK 2i+?BM; Q7 bBHB+QM- QtB/2b- M/ K2i Hbm#bi"
i?72 K Mm7 +im"BM; T°'Q+2bb Q7 +QKTHB+ i2/ KB+ Q2H2+i"QMB+ /2
70mM/ iBQM Q7 i?2i2+?MQHQ;B+ H '2pQHmMiBQMX AM //BiBQM iQ
bm+? b KB+ Q2H2+i QMB+ +B "+mBi K Mm7 +im 2- HQr@i2KT2" |
+QKKQMHvVv7QmM/BMM im2r?2MHB;?2iIMBM; 7Q Kb M/ T QT ; i2b
bQmiHBM2/ BM 6B;m 2 RXkX

6B;m 2 RXk, GB;?iMBM; T'QT ; iBQM /2KQMbi  iBM; bi 2 K2  }H }
i?2 H2 /2> 7°QMi

AM i?2b2 /Bb+? “;2b- 7TQHHQrBM; M BMBiIiB Hb22/ BQMBb iBQN
?B;?2M2 ;vbi 2 K2 'iBTUH2 /2 VT QT ; i2bi? Qm;?bT +2+ 2 iBM
TB'b ii?2 7 QMi Q7 i?2 /Bb+? ;2X AM/QBM; bQ-i?2 M2rHv +°2
T2M/27 0?2 DbT +2 #2?BM/i?2 T QT ; iBM; bi’2 K2 7°'QMi2H2+i"B+ HI
T°Q; 2bb2b- M/ 7m’i?2 > BQMBb iBQM 2p2Mib Q++m -~ TB/Hv KQ
BMiQ 2bb2MiB HHv p + Mi "2;BQMb Q7 bT +2 M/ +QMiBMmM2 T QT
i MbB2Mi }H K2Mi #  M+?2bX

.2bTBi2 K bbBp2Hv /Bz2 ' 2Mi H2M;i? b+ H2b- #Qi? HB;?iMBM; M/
HQr@i2KT2 im 2 TH bK /Bb+? ";2b "2 ;Qp2 M2/ #v i?2 b K2 mM/2°
T 2b2Mi BM/mbi'B H TTHB+ iBQMb Q7 i?2b2 /Bb+? ";2b "2 BM
;2M2° iBQM-r?2°2 ?B;? 2M2°;v 2H2+i"QMb "2 mb2/ iQ BMBIiB i:
"2 +iBQMb rBi?Qmi ? pBM; iQ 2tT2M/ ;72 i /2 HQ7 2M2 ;v i? i rf
2[mB2/iQ ?2 imTi?2 2MiB 2 fdlQXv @M; i®2j8mb2 Q7 bi'2 K2 /Bb+?
BbBMi?2;2M2° iBQM Q7bQ + HH2/6TH bK #mHH2ibd6-r?B+? 2 T°
BM K2/B+ Hi 2 iK2MibX

g?BH2 i?2 T'2pBQmbHv /Bb+mbb2/ TTHB+ iBQMb ? p2 7Q+mb2/
i?72°2 "2bQK2 TTHB+ iBQMb i? i 2KTHQV ; b@HB[mB/ BMi2 7 +B
/IBz2°'2M+2b BM HB[mB/ T? b2 i° MbTQ i +QKT "2/iQ ; b T? b2X
/2i2+iQ°b "2 QM2 bm+? TTHB+ iBQM- M/ i?2v "2 mb2/iQ /2i2+]

*2 Ti2 . RX AMi Q/m+iBQM k



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

/I12Mb2 +'vQ;2MB+ HB[mB/b-bm+? b ";QM Q  t2MQM- + mb2/ #v U
BMi2® +iBM; K bbBp2 T "iB+H2b UqgAJSbV BM i?290RX+@ 7Q  / "F
PQHMK2b Q7 MQ#H2 HB[mB/b "2 mb2/ 7Q  i?Bb Tm TQb2 iQ i F2
/2MbBiB2b bQ iQ BM+'2 b2 i?2 T'Q# #BHBiv Q7 /2bB 2/ T "iB+H
/Im HT? b2 +QM};m” iBQMb "2 Q7i2M mb2/iQ bbBbi BM 2ti~ +iB(
/2bB 2/ BQMBb iBQM 2p2MibX

.m HT? b2/2i2+iQ°'b 7mM+iBQM #v TTHVBM; M 2ti2°M H2H2+i E
iQ 2ti° +i 2H2+i'QMb 7" QK HB[mB/iQ ; b- 7i2  r?B+?i?2v "2 ++2H:
2H2+i'QM KmHiBTHB2 b U:1JbV i? i bm#D2+i 2H2+i"QMb iQ bi'QM; .
BMi?2 b+?2K iB+ BM 6B;m 2 RXjX 6 QK i?2 BMBiB Hr2 F BQMBI
pHM+?2BbT Q/m+2/i?2"Qm;?i?2 :1Jbi ;2 M/ bB;MB}+ Mi+m"
i?2°Qm;? i?2 2ti2°M H Q#b2°p iBQM 2[mBTK2Mi iQ BM/B+ i2i?2 /:
2p2MiX AM i?Bb i?2bBb-i?2 TTHB+ iBQM Q7 /m HT? b2 T "iB+H
KQiBp iQ iQbim/v2H2+i"QMi> MbTQ'i +'Qbb i?2; b@HB[mB/ BM

@ Current : GI:EM :
trace N
. . GEM

1lonization Gas
i signal phase

/\ I
h Liquid
, phase
L lonization

event
Cathode—

6B;m 2 RXj, . m HT? b2 T "iB+H2 /2i2+iQ  b+?2K iB+ /B ;°

i i?2 M2tmb Q7 ; b M/ HB[mB/ /Bb+? ;2 TTHB+ iBQMb Bb i?2 2K
TH bK K2/B+BMRXPM2 p2Mm2 Q7 TH bK K2/B+BM2 7Q+mb2b QN
bQHB/bm 7 +2b-K i2°B Hb M//2pB+2bBM Q /2  iQ bi2 " BHBb2 i?2K
7Q  K2/B+ HTm TQb2bc 7Q 2t KTH2- bi2 " BHBb iBQM Q7 bi BMH2b
7Q+mb Q7 TH bK K2/B+BM2Bbi?2 /B 2+i TTHB+ iBQM Q7 TH bK b-
rBi? i?2 BK Q7 BMBiB iBM; #BQHQ;B+ H '2bTQMb2b 7Q"  i?2" T2
rQmM/b- bFBM +QM/BiBQMb- M/ bm ;B+ HBM+BbBQMb M/ ? 2KQ "
2z2+ib "2 /BpB/2/ BMiQ H2i? HQ MQM@H2i? HX G2i? HQmi+Ql
KB+ QQ'; MBbKb Q  +2HHb- bm+? b # +i2°’B X LQM@H2i? HQmi+Q
biBKmH iBQM- +2HH T'QHB72  iBQM- Q  +2HH /2i +?K2Mi 7" QK K

qBi? 7Q+mb QM i'2 iK2Mi Q7 iBbbm2- #v bi'BFBM; # H M+2
MQM@H2i? H2z2+ib-i?2 Qp2  HH BK Q7 TH bK K2/B+BM2 i 2 il
i2KT2  im 2- K#B2Mi T'2bbm 2 TH bK b- b?QrM BM 6B;m 2 RX9-iQ
M/ i?2M biBKmH i2 iBbbm2 “2;2M2° iBQM M/ ?2 HBM; pB #2M2}-
BM/m+2/ #v 2 +iBp2 Qtv;2M Q  MBi'Q;2M bT2+B2b U_PLaV /2HBp2":

*2 Ti2 . RX AMi Q/m+iBQM j



: "H M/-L i? M 1H2+i"QM i MbTQ i KQ/2HBM; BM ; b M/ HB

# b2/ TH bK (9k-9e)X JmHIBTH2 H #Q" iQ'v M/ +HBMB+ H bim/B2
Q'/2°iQ; m;2i?2 2{+ +v- M/ BKTQ'i MiHvi?2 b 72iv- Q7 TH bK K2
rBi? T"QiQivT2 /2pB+2b bm+? b i?2 FALS2M /2p2HQT2/ #v ALS :
6B;m 2 RX9- H2 /BM; i?Bb +HBMB+ H }2H/ Q7 bim/vX

plasma jet

HF electrode (pin)

capillary {quartz)

feed gas

INP#

6B;m 2 RX9, b M2t KTH2 Q7 2tT2'BK2Mi H TH bK K2/B+BM2 T
TH bK D2ibQm +2- M/ U_B:?iVFALS2M T QiQixiT HE)2b2Mi2/ #v :

h?°Qm;? i?2 BMi2> +iBQM Q7 : b T? b2 TH bK b M/ /2Mb2 bQ7i iE
T?vbB+ HT Q+2bb2b Q++m  /m BM; TTHB+ iBQM Q7 TH bK K2/
Q7 +? ;2-K bb- M/ 2M2 ;v pB #QK# /K2Mi Q7 "2 +iBp2 M/ 2t+Bi:
T "iB+H2b- K2i bi #H2b- ;"QmM/2/ M2mi> Hb- M/ T?QiQMb ;:2M2"
T2 im 2 TH bK +QmTH2 rBi? #bQ TiBQM M/ 2KBbbBQM 7 QK i
7Q°K +QKTH2tBMi2 7 +B H 2MpB " QMK2Mi QmiHBM2/ BM 6B;m" 2 |
2H2+i B+ }2H/ BMiQ iBbbm2 ? b HbQ #22M B/2MiB}2/ b TQbbB#
KQ/2  iBM:; T iB2Mii?2 K HiQH2  M+2b- M/ HbQ i?2ivT2b Q7 "2 -
rBi?BM b?Q i /2Ti? BMiQ i?2 iBbbm2 H v2" (9d)X

Excited species /\
lons & UV radiation

electons — ——
P -~

Plasma

= e e = =" [ Proteins

Thermal Visible light

radiation

Electromagnetic

fields .
Interactions between

plasmaand surface

6B;m 2 RX8, SH bK K2/B+BM2 b+?2K iB+ /B ;" K/2KQMbi® iBM; i
T Q+2bb2bi? i+ MQ++m  i2°Qm;?Qmi iiviB+ HTH bK K2/B+BM?2

70 K2rQ'FiQ M Hvx2- mM/2 bi M/- M/ BKT Qp2 ?2Qr HQr i2KT
BMi2  +ibrBi? bQ7i +QM/2Mb2/ K ii2° Bb 2bb2MiB HiQ BKT Qp2 2{+
Q7 2K2;BM; BMi2 7 +B HTH bK i2+?MQHQ;B2b (9d) M/ Bb /I
+m "2Mi bim/vX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

ILTXLG WUDQVSRUW PRGHOLQJ VWX

AM +QKT "'BbQMiQ ; bT? b2 KQ/2HBM;-BMHB[mB/ bvbi2Kb M/ /Bb+
KQ 2 +QKTH2t T'Q+2bb2b BMpQHp2/- bm+? b bi'm+im 2 2z2+ib
2p TQ iBQM-i? i K F2 +QKT 2?2MbBp2 KQ/2HBMX WT2Q2+? /B{
? p2 #22M p "BQmb TT Q +?2biQ KQ/2HBM; 7722 2H2+i " QM i~ M
;2M2° HHv p 'vBM; BM i?2r vbim+im 2 2z2+ibbm+? b2H2+i"QM -
HQM;@ M;2 BMi2  +iBQM TQi2Mi&8)XI6QraM2}IBZYMBH B/ #v G2FMZ
M/ H i2 2ti2M/2/ #vi?2;"QmTb @R)i- ad?29B(/§389-ek)-a F B (88-8¢)
"Q ;?2b MB (ej-e9)-/2b+ B#2 TT Q +?2b iQ T 'QpB/BM; i?2 2z2+iE
i? 1i?222H2+i"QM b22b rBi?BM i?2 HB[mB/X _2+2MiJQMi2 * "HQ bim
/Ip M+2b BM KQ/2HBM; 2H2+i"QM i° MbTQ i BM iQKB+ HB[mB/b i?
+Q?2 ' 2Mi 2H2+i"QM b+ ii2°'BM; 2z2+ibX

AM //BiBQM iQ 7TmM/ K2Mi H2H2+i'QMi°> MbTQ i BM iQKB+ HE
Q7 HB[mB/ /Bb+? ;2 M/ TH bK @HB[mB/ BMi2'7 +2 TTHB+ iBQMI
bBKmH i2i° MbTQ i BM HB[mB/b-bQK2 "2+2Mi bim/B2b ? p2 mb2/
T2 KBiiBpBiv +? M;2b #2ir22M KQ/2H K i2'B H T? b2b (8y)- /2Mk
2H2+i" QM /BzmbBQM +Q2{+B2Mib (9N-8j)- Q" +QMbi Mi 2KTB B+
T i2b (8k-8j)iQ T 'QpB/2 M2r mM/2 bi M/IBM; Q7 TH bK bT2+B2b i
BMi2 7 +2bX g?BH2 T 2pBQmb T ;K iB+ bim/B2b ? p2 T°QpB/2/ bC
TH bK TTHB+ iBQMb-i?2BM+Q ' TQ  iBQM Q7 ++m” i2-7mM/ K2Mi
BMiQ 2tBbiBM; 6; bT? b2 KQ/2Hb6-BM Q /2 iQ/2b+'B#2 HB[mB/ /B
BMi2°7 +2 TTHB+ iBQMb-T 2b2Mib M QT2M [m2biBQM 7Q" "2b2

LQHWLF WKHRU\DQG WKH %ROW]PD

AMi?22 T'2pBQmb b2+iBQMb Bir b ?B;?HB;?i2/i? i HQr@i2KT2" im"
K MVM im~H M/K M@K /2T Q+2bb2b M/ TTHB+ iBQMb- M/ +Q
T?vbB+ HT?2MQK2M X b b+B2M+2 M/ BM/mbi'vb22FbiQ BKT Qp2
bm+? b TH bK K2/B+BM2 Q  /m H@T? b2 T "iB+H2/2i2+iQ b-i?2 #
T 2/B+iBQMb Q7 /Bb+? ;2 T'QT2 iB2b #2+QK2b + m+B HX hQ +
Q7 +? ;2/ T "iB+H2i° MbTQ i rBi?BM bm+? bvbi2Kb- K i?2K iB+

+QKTH2t i° MbTQ'i M/ +QHHBbBQM T?vbB+b ? p2 #22M /2p2HQ
[2b+"BTiQ Q7 +? *;2/ T "iB+H2 i MbTQ 'irBi?BM TH bK Bbi?2 T?
TmM+iBQM)- r?2B+? /2b+ B#2b i?2 2pQHmMBOQM BMiBK2B+H2b

i2°Qm;? T? b2(BPp)¥2h?2 b+B2M+2 Q7 7Q KmH iBM; M/ bQHpBM; i?2
/IBbi'B#miBQM 7mM+iBQM Bb FBM2iB+ i?2Q vX

7KH %ROW]PDQQ HTXDWLRQ
h?2 "QHixK MM 2[m iBQM (ee) Bb +QMiBMmBiv 2[m iBQM BM T? b2

@f .
@t+ prf + r =273 (), URXRYV
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

r?Z‘%ft/ZbFB#Zb i?72 HQ+ HiBK2 ' ' i2@Q7@+? M:;2 Q#i?2 /Bbi B#
/2b+ B#2b p "B iBQM Q7 i?2 /Bbi'B#miBQM 7mM+iBQM /m2 iQ T i
Q7 PQHMK2 2H2K2Mib BM TQbBiBQM bT +2 /m2iQ T 2bbm 2 ;" /E
r f i2°K/2b+ B#2bi?2p "B iBQM Q7 i?2 /Bbi'B#miBQM 7mM+iBQ
+iBM: QM i?2 T “iB+H2b- Q7i2M /m2 iQ 2H2+i"QK ;M2iB+ }2H/bX
J(E)- b22Fb iQ /2b+ B#2 i?2 +?2 M:2 BM i?2 +?2 “:2/ T "iB+H2 /Bbi B#I
HH ivT2b Q7 T iB+H2 +QHHBbBQMb rBi? HH i ;2ibrBi?BM i?2 b
h?2 +m "2Mi bi i2@Q7@i?2@ i KRRXRB FOMbQHKBMiB@i2 K
bQHMIBQMb (8-Ry-93-ed) 7QmM/pAv iR bQKTQBBM2 bT22/ M/
P2HQ+Biv M:mH * PQKBQMZM2 B+ H? "KQMB+ 2tT MbBQM

‘ XX |
f(pd) = fOCviyYl(p; URXKV

1=0 m=1

r22 ¢ ) "2 bT?2'B+ H? "KQMB+b b 7pXMATB QMKXR2iM: BeBbib
BMi?2 T'Q#H2K :2QK2i'v- 7Q" 2t KTH2 i?2°Qm;? M 2H2+i B+ }2H/ ¢
T HH2H +QM};m  iBQM- i?2M bBKTH2  2tT MbBQM 7mM+iBQMb- b
Pi-+ M #2 mb2/ BMbi2 / Q7 bT?2 B+ H? "KQMB+b (Ry)X

.2T2M/BM; QM i?2 bvbi2K mM/2  BMp2biB; iBQM-7m i?2" 2tT Mbl
A7i?2bvbi2K Bb BM ?2v/'Q/VM KB+ 2:BK2-r?22 QMHvV bK HHbT +:
i?72M Bi Bb +QKKQM iQ 2T 2b2Mi- Q  T°QD2+i-i?2 bT iB H/2T2M/2
2H2+i QM /2 XBAQ- bvbi2Kb BM MQM@?v/ ' Q/vM KB+ “2:BK2- /2
2tT MbBQM K v MQi #2 bm{+B2MiiQ "2bQHp2 +QKTH2ti> MbTQ i T?:
i?2 bT +2 /2T2M/2M+2 Kmbi #2 i°2 i2/ ii?2 b K2 H2p2H b i?2 b
7mHH 2T 2b2Mi iBQMb Q7 i?2 bT +2 /2T2M/2M+2 2 "2[mB 2/X A
[2T2M/2M+B2b- 2T 2b2Mi iBQM Q7 i?2 bT22//2T2M/2M+2 Bb ~2[n
2tBbi (Ry-93-e3-eN)X h?2 bQHmMIiBQM T Q+2bb Hr vb BKb iQ VB:
2[m iBQMbi? i + M #2 MmK2 B+ HHv bQHp2/ iQ vBIAHQIPR Xk MbBQ
q?2M /Bbi'B#miBQM 7mM+iBQM Bb FMQrM- K2 bm> #H2b M/ i N
b/ B7i p2WMQ+BiVHQM;Bim/BM H M/ i Mbp2'b2 /BzBHBQM +Q2.
T 2pBQmbHvV K2MiBQM2/- + M #2 +QKTmi2/ pB TT QT B i2 p2H
/Bbi'B#mMiBQM 7mM+iBQMX 6Q' 2t KTH2- i?2 bBKTH2bi i* MbTQ
MmK#2" /2MB;Biv f (7 p;)dp:

q?BH2 p2'v ++m’ i2-i?2 MmK2 B+ HbQHmMIiBQM Q7 i?2 "QHixK
K2MbBQM H T? b2 bT +2 Bb +QKTmi iBQM HHv /2K M/BM; M/ i?2" :
7 +iQ b i? i HBKBi i?2 TTHB+ iBQM Q7 i?Bb K2i?Q/ 7Q HQr@i2KT:
BM+HmM/BM; UBV i?2 +QK#BM2/ +QKTH2tBiv Q7 2p Hm iBM; i?2 +Q|
bi2T r?BH2 i° MbTQ iBM: i?2 bQHMIBQM BM TQbBiBQM M/ p2HQ
i*BpB H ;2QK2i'B2b i?2 MmK2 B+ HBKTH2K2Mi iBQM- BM+HmM/BM:;
/IB{+mHi (Ry-e3-dy)X b "2bmHi-i?2 mb2 Q7 FBM2iB+ K2i?Q/b 7Q"
bBKmH iBQMb ? b MQi #22M 2KTHQV2/ BM i?Bb bim/v- ?2Qr2p2° 2
7°QK i?2 FBM2iB+ bQHMIBQM Zi KRY) FR2Q7 MOBMMRDb2/iQ ;2M2° i2 B
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

['i 7Q° ~mB/ KQ/2Hb mb2/ BM i?Bb bim/vX

&ROOLVLRQ WHUPDQG VFDWWHULQJFURVV VHFWLF

HH +QHHBbBQM T ' Q+2bb2b + M #2 /2b+ B#2/ K i?2K iB+ HHv #v
(g; ) r?2°@Bb i?2 "2H iBp2 p2HQ+Biv #2ir22M irQ +QHHB/BM; T "iB
K bb "272°2M+2 7" BRiMN/ M;H2 ir?B+? i?2 BM+QKBM; T "iB+H2
7°QKi?2i ;2iBMi?2 +2Mi 2@Q7@K bb 7" K2X a+ ii2 ' BM; + Qbbb
2tT2 BK2Mi HHv- i?2 ' Qm;? b+ ii2°'BM; Q"  mMmM7QH/BM: Ir KQKTI2 BK
[mMm MimK K2+? MB+ H+ H+mH iBQMb (d9-d8)X /Bz2 2MiB H +°Q
i?72 T 'Q# #BHBivi? i M BM+QKBM; T 'iB+H2 Q7 +2°i BM 2M2 ;)\
BMi2® +iBM; rBi? i ";2i T "iB+H27Q" ;Bp2M +QHHBbBQM H T Q +:
M;H2BMiQ DbQH®B/(MecHRQA7 QM2 BMi2; i2bi?2/Bz2 2MiB H + Q!
HH bQHB/ b+ ii2°2/ M;H2 2H2K2Mib i?2M i?2 iQi H+ Qbb b2+iBQM
iQ #2
Z
@ = 2 . (9; ) b BaM

1H2+i'QM b+ ii2'BM; + ' Qbb b2+iBQMb ‘2 7mMyXBRIMbH QRALQR2 "2
+QKKQM iQ r'Bi2 /2T2M/2M+2 b 7TmM+iBQM Q7 i:?%g%Mi‘Z@Qﬂ
r?2 2= n;“eefrr?fo Bbi?2 "2/m+2/ K bb Q7 i?2 2H2+i'QM@i ";2i bvbi2K 7C
Me- M/ M2mi~> Hi “;2igK bb-
hQ 2p Hm i2 i?2 +QHHBbbBQMNUTHB;2Q00? MUBRKXRAR2 @2KB @

+H bbB+ H+QHHBbBQM BMi2;" HQ7 q M;@*? M;@I?H2M#2+F@ /2
T2 Q7 +? M;;2mQ7iQ +QMb2'p iBp2 +QHHBbBQMb- HHQrBM; 7Q " i
2M2 ;v bi i2b Q7 i?2 M2mi> H KQH2+mH i “;2ibj/mPiQ BM2H biB+

@f+ pri + r f =
etz z
dvo  d® g G %O CrEDfeCo B51) £ pidfo(o; mit)]; URXjV
i °

r?2°2 bm#+/BIQi2b [m MiBiB2b Q7 i?2 M2mi®> H# +F;"QmM/- bmT
TQbi@+QHHBbB@® Mo [/2MQBAIB2D2 bQHB/ b+ ii2?BM2HMBH2-p2HQ @
+BivBMi?2 +2Mi*2 Q7 K i #3; ¥2BbMP?2 2H2+i"QM@M2mi > H /Bz2
b+ ii2°BM; +'Qbb b2+iBQM r?B+? b2 p2b b i?2 KB+ ' Qb+QTB+ BMT
/[/IBiBQM H+QHHBbBQM QT2 iQ'b? p2#22M T QTQb2/iQ +QKTr
MQM@+QMb2'p iBp2 +QHHBbBQMb bm+? b ii +?K2Mi M/ BQMBb

gBi?BM TH bK b- p "BQmb ivT2b Q7 +QHHBbBQMb Q++m’ #2i
U2H2+i'QMb- BQMb- M2mi> HbVX FMQrH2/;2 Q7 +? ~;2/ T “iB+F
+4+4m’ i2Hv KQ/2H i?2 +QHHBbBQM /vM KB+b Q7 HQr@i2KT2  im
Q7 TH bK b BMp2biB; i2/ BM i?Bb bim/v-i?2 +QHHBbBQMb Q7 T°
+?2 :2/ T "iB+H2b rBi? i?2i “;2i M2mi> HbT2+B2bX *QHHBbBQMb #
i?22Kb2Hp2b K v Q++m - i?2°Qm;? "2+QK#BM iBQM Q  *QmHQK# b+
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

MQi2/ BM HBi2®> im'2i? i 7Q  i?2/2MbBiB2b T2 iBM2Mi iQ HQr@i:
b+ ii2°BM; T°'Q+2bb2b "2 M2;HB;B#H2 +QKT "2/iQ M2mi> Hi ";2i |l

(OHFWURQ VFDWWHULQJLQ OLTXLGYV

ITiQ i?Bb TQBMi-i?2 i 2 iK2Mi Q7 +? :2/ T "iB+H2 +QHHBbBQM
?2 b #22M mM/2" i?2 bbmKTiBQM i? i 2 +?2 BM+QKBM; T "iB+H2 BN
M2mi® Hi ;2iX q?2M ; bo/2MdBmB2HB2MiHV ?B;?- Q  B7 Mv HB[mB/
Bb +QMbB/2°2/-i?2 2z2+ib Q7 #°BM;BM; /D +2Mi M2mi> Hi “;2ib
+QMbB/2°2/X h?2 K DQ™ b+ ii2°"BM; 2z2+ibi? i "2 BMi"Q/m+2/ i
+Q?2°2Mi 2H biB+ b+ ii2°BM; M/ BMi2' +iBQM TQi2MiB H b+ 221
/2MbBiv@/2T2M/2Mi b+ ii2 'BM; 2z2+ib Kmbi #2 +QMbB/2 2/ r?2M
T "iB+H2 /2 ""Q;HB2 r;p2HWPpMA2:2 Bb i?2 SH M+F +QMBb MI2M/
2H2+i"QM KQK2MimK- Bb QM i?2 Q'/2 Q7 i?2 p2n "2 BWBRXKQH 2+
6Q  ?2 pv +? ;2/ T "iB+H2b bm+? b BQMb i?2 bBM;H2 b+ ii2 " BM; HI
#2 mb2/X PM i?2 Qi?2 2 M/-r?2M +QMbB/2 'BM; i° MbTQ i Q7 HB;?i
2H2+i°QMb- BM p2°v /2Mb2n# T BH/DBIiZ2BQM Bb TT Q +2?2/ M/ +QMb2
HB[mB/ T? b2 b+ ii2'BM; T?2MQK2M Kmbi #2 +QMbB/2 2/X

bi?2M2mi> H/2MbBivQ7 K2/BmKBM+ 2 b2b #2vQM/i? iQ7 /B]
Q7 /2Mb2 ; b Q  HB[mB/-i?2 #BM ‘v b+ ii2'BM; TT QtBK iBQM Q
BMi2  +iBM; bQH2HV rBi? QM2 i “;2i #°2 Fb /QrMX AM i?Bb ?B;? /-
M2mi' HbT2+B2b 2tT2'B2M+2 i2KTQ  H M/ bT iB H+Q "2H iBQMt
+QHH2+iBp2Hv KQ/B7v 2H biB+ 2H2+i"QM b+ ii2°'BM;- "2bmHiBM; B
hQ bbBbi BM [m MiBi iBp2HvV /2b+ B#BM; +Q?2 2Mi b+ ii2 ' BM;- i?2
/2b+ BTiBQM Kmbi #2 "2+QMbB/2°2/ b T "iB+H2r p2 BM+B/2Mi
+2Mi*2b bb?QrMBM 6B;m 2 RXe-r?2"2i?2+H bbB+ HT QT2 iB2b
rp2T QT2 iB2b Q7 r 2 MMIK®¥IZmH ~ 7 2[m2M+v-

~k = mev; URX9V

~l = ImeVvZ URX8V
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

l’kl

Atomic target

Focus atom

6B;m 2 RXe, a+?2K iB+ BMi2® +iBQM Q7 M BM+QKBM; 2H2+i Q
b+ ii2’BM; 7°QK KmHiBTH2 b+ ii2°'BM; +2Mi 2b- BMbi2 / Q7 }t2/
rp2 T +F2iX

"v MQr +QMbB/2°BM; i?2 2H2+i'QM b r p2 /Qm#H2 /Bz2 2MiB F
7Q KmH i2/iQ /2b+ B#2 2H2+i QM b+ ii2’BM; BM bi m+im 2/ K2/
UBV bBM;H2 T "iB+H2 /Bz2 2MiB H + QbbihpR+iQOCMM/MIBRRWH # 7
i?72 /vM KB+ bi'm+ing(®; 7T i@k

d

RGO woalk 1RO Skt ) URXeV

r?2' Bbi?2 mMBi p2+iQ° /2MQiBM; r p2kMmK# X° BB 2223 B-Q MA4; 2
BMr p2 p2+iQ -=M/19Bbi?2 +? M;2BM 2M2 ;v /m2iQ i?2 +Q?2 2Mi |
rBi? i?22 bi'm+im 2/ K2/BmKX

h?2 bBM;H2 T "iB+H2 /Bz2 2MiB sHBb Qb 22 +i®@ QM- BMi2" +iB
TQi2MiB H2tT2'B2M+2/ #v bBM;H2 BM+QKBM; 2H2+i QM- r?B+? K
7°QKi?2; bT? b2+ " Qbbb2+iBQM/m2iQ +QHH2+iBp2 TQi2MiB H b+"
BMi?2 M2ti b2+iBQMX h?2 /vM KB+ bi'm+im 27 +iQ  Bb /2}M2/ b
Q7 i?2bT +2@iBK2 T B ' @/Bbi'B#miBQM 7mM+iBQMX AM T  +iB+2-
2z2+ibi?2°Qm;? FMQrH2/;2 Q7 i?2 bi K biimQm: 2 ZtFiRIBM;
Sk;! ) #Qmi bK HH 2H iBp2 2MR /3nRe% P98} X-h?2 bi iB+ bi m+im 2
7 +iGK)- Bb +QKTmi2/ pB i?26Qm B2 i° Mb7Q K Q7 i?2T B" +Q
r2B+? + M #2 Q#i BM2/ M HViB+ HHv 7Q bBKTH2 BMi2' +iBQM TQi:
/IVM KB+b bBKmH iBQMb (39)- Q" K2 bm* 2/ 2tT2 'BK2Mi HHv i? Qm;"
h?2 bi iB+ bi'm+im 27 +iQ  T'QpB/2bBM7Q K iBQM QM ?Qr bT iB
+2Mi*2b "2 BM i?2/2Mb2 K2/BmKc B/2 HHBKBib Q7 bi iB+ bi 'm+]
bi i2b Q7 K ii2> "2 /2KQMbi' i2/ BM 6B;m" 2 RXdX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

Gas

SA — Liquid

21 4: 6: T&
6B;m 2 RXd, hvTB+ Hbi iB+bi'm+im 27 +iQ°b7Q ; b-HB[mB/- M
Kii2 ' -r?2°Bb i?2 +'vbi HBMi2"  iQKB+ /Bbi M+2X

PMHvV 2H biB+ +QHHBbBQMb "2+Q?2'2MiBMM im'2- M/?2M+2B
i?72 K2/BmMKX AMBM2H biB+ +QHHBbBQMb-bm+? b 2t+Bi iBQM Q' B
QM HQ+ HBb2/ bBi2/m"BM; b+ ii2°BM;-r?B+? K F2b T "iB+mH
/IBbiBM;mBb? #H2 7 QK Bib M2B;?#Qm bX b "2bmHii?2b2 b+ ii2°
M/ BMi2°72°2M+2 2z2+ib "2 MQi +QMbB/2°2/ (R8-93)X h?2 2 Bt
BM2H biB+ +QHHBbBQMb-r?B+? Bb/m2 iQ +QHH2+iBp2 2t+Bi iBQN
bi i2BMi?2 HB[mB/ + M #2 /2HQ+ HBb2/ +'Qbb b2p2° HKQH2+mH?2
2H2+i"QM 2M2 ;v HQbb bT2+i" (9R-ej-3R)X

AM //BiBQM iQ i?2 2z2+ib Q7 +Q?2 ' 2Mi b+ ii2 " BM; QM 2H2+i (
i?72 b+ 22MBM; Q7 i?2 2H2+i'QM@M2mi  H BMi2® +iBQM TQi2MiB
b+ 22MBM; 2z2+i Q++m b #2+ mb2 KQ 2 i? M QM2 M2mi  HT “iB+H:
#v i?72 +? ;2/ T "iB+H2 i Mv iBK2X Pp2°H TTBM; TQH "Bb iBQN
i?2 TQH "Bb iBQM }2H/ Q7 M2B;?#Qm 'BM; TQH “Bb #H2 M2mi  H
iQ b+ '22M i?2 HQM; @ M;2 TQH "Bb iBQM TQi2MiB H 72Hi #v M
2z2+ib M/ KQ/B}+ iBQMb ? p2 #22M "2+2MiHv bim/B2/ 7Q  bBKTH
#v 2ti2M/BM; i?72 7Q K HBbK Q7 G2FM2"  (8d) iQ +QKTmi2 M 2Mb2
i?7 i ++QmMib 7Q" i?2 +QHH2+iBp2 2z2+ib Q7 bi iB+ M/ TQH "Bb iE
QM }t2/ b+ ii2°'BM; +2Mi"2X h?Bb 2Mb2K#H2 p2° ;2 BMi2® +iBQM
iQ +QKTmi2 M TT QT 'B i2HV KQ/B}2/ bBM;H2@b+ ii23BM; /Bz2" 2
BMi"Q/m+2/BM i?2 T 2pBQmb b2+iBQMX _2+2Mi bim/B2b Q7 bBKTH
M # BMEIBIQQ/ iQ ++m’ i2Hv ++QmMi 7Q" i?2b2 HB[mB/ b+ ii2"°
+ H+mH iBQM Q7 2H2+i'QM BMi2® +iBQM + Qbb b2+iBQMb (Rk-R8
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

$OWHUQDWLYH VWRFKDVWLF PRGHOLQJPHWKRGYV

q?BH2 bQHMIBQM Q7 i?2 "QHixK MM 2[m iBQM T QpB/2b /2i2 KI
TmiBM; i?2 T? b2 bT +2 T "iB+H2 /Bbi B#miBQM 7mM+iBQM- biQ
2KTHQV2/iQ bBKmH i2 +QHHBbBQM /vM KB+b M/ i’ +Fi?2 2pQHmi
/IBbi " B#miBQM 7TmM+iBQM BM HQr@i2KT2 im 2 TH bK X aiQ+? b
HQr@i2KT2 im 2 TH bK b ;2M2° HHvBM+HmM/2 JQMi2 * "HQ UJ*V
Q ?2v#'B/S 'iIB+tH2@BM@+2HH USA*V KQ/2Hb i? i mb2 J* K2i?Q/b
+QHHBbBQM RppPMib?(EBM;? i?2 bi iBbiB+ HTQr2" Q7 ? pBM; H
i2bi T "iB+H2b- M/ mMMBM; K Mv "2T2 i2/ bBKmH iBQMb 7Q" ;
TT QtBK iBOQM iQ i?2 /Bbi'B#miBQM 7mM+iBQM- M/ ?22M+2 2Mb:
/I2b+ " B#BM; /IBb+? ;2 #2? pBQm -+ M #2 7QmM/X
h?2 ;2M2° HT 2b+"BTiBQM 7Q " i?2b2 K2i?Q/b Bb iQ #2;BM rBi

T "iB+H2b M/ i?2M KQMBiQ  i?2 MmK#2 - TQbBiBQMb- M/ p2HQ +
i?72 /IBb+? ;2 2pQHp2b Qp2°  iBK2X h?2b2 K2i?Q/b biQ+? biB+ H
bBKmH i2i?2 2z2+ib Q7 +QHHBbBQM 2p2Mib QM i?2 /Bbi'B#miBQ
2tT°2bbBQMb 7Q  i?2 2[m iBQMb Q7 KQiBQM "2 mb2/iQ bi2T@7
T "iB+H2 p2HQ+BiB2b M/ TQbBiBQMb

Zt0+t
p(to) + (t) dt; URXdV

to

Z tort

“(to) + p(t) dt; URX3V

to

p(to + 1)

(to+ 1)

r72°2 Bb bm{+B2MiHv bK HH iBK2 BM+ 2K2Mip7 ;:QKI2?2HHW "2 M
HBKBi2/ #v i?2 T Q+2bb rBi? i?2 ?B;?2bi +QHHBbBQM 7' 2[m2M+v Q
U*6GV +QM/BiBQM (33)X

AM //BiBQM iQ mbBM; i?2 2[mUBE@INKQ7 KQI/IBGMBM; T 'iB+H2
T? b2@bT +2 TQbBIiBQM-i?2 b+?2K2 rBHH // Q° "2KQp2 T "iB+H?2
bvbi2K #QmM/ "B2bX 6m i?2°KQ ' 2- QM+2 i° MbTQ i M/ +QHHBD
+QKTmi2/-i?2 b2H7@+QMbBbi2Mi 2H2+i B+ }2H/ Bb +QKTmi2/ m
i?72 M2ti i BK2@bi2T Q7 i?2 bBKmH iBQMX h?2T'Q;" K~Qr 7Q" v
TH bK /Bb+? ;2 bBKmH iBQM Bb ;Bp2M BM 6B;m 2 RX3-b?QrBM; i?
T 2pBQmbHvV /2b+ " B#2/ 7Q° ?v# B/ b+?2K2X
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Compute particle positionps —
& velocities via 5| APPY d(t)'un ary
equations of motion conamons

A

Step-forward in time

\ J
Stochastic collision handling
<€ Updat particle numbers
and velocities

Solve self-consistent
electromagneti fields

6B:m 2 RX3, *QKTmi iBQM H~Qr /B ;" K7Q  SA*@J* bh+?2

Hi?Qm;? ?v# B/ FBM2iB+ KQ/2Hb "2 'B+? BM BM7Q K iBQM Q7 i
Bi iBQMbX Ai? b #22M Q#b2'p2/i? ibT2+B2b rBi? bHQr +QHHBbBQ
M/ HQbb 2 MQi2 bBHVBKTH2K2Mi2/ BMiQ SA*@J* bBKmH iBQMb
HBKBi iBQMiQ '2+Q:MBb2 b bBKmH iBQMb Q7 TH bK @HB[mB/ bvb
HB[mB/i> MbTQ i K v Q7i2M BM+Hm/2 H ;2 /BbT "BiB2b BM iBK2
T "iB+H2 # b2/ KQ/2Hb "2 HBKBi2/ #v i?2 MmMK#2 Q7 bT2+B2b i?2
bi?2 b?22°  MmMK#2 Q7 T "iB+H2b i?2v+ M bBKmH i2 BM T? b2@b
MmMK2 B+ HbQHMIBQM Q7 i?2 "QHixK MM 2[m iBQM-i?2 M2+2bb °
BMTmi/ i “2[mB 2K2Mib BM i?Bb bim/v+ M // bB:MB}+ Mi +QKTmi
M/ bbm+? 2v# B/ SA*@J* KQ/2Hb r2°2 MQi mb2/ BM i?Bb bim/vX

J)OXLG PRGHOLQJRIORZ WHPSHUDW

h?2 Q B;BMb Q7 HQr@i2KT2 im 2 TH bK KQ/2HBM; + M #2 i +2
g /BMRN83 (NR)-#mi KQ 2 "2+2MiHv i?2i?2Q 2iB+ HFBM2iB+ 7Q
M/ "Q2m7 (Nk) + M #2 pB2r2/ b bQHB/ 7QmM/ iBQMb 7Q  KQ/2 M H
KQ/2HbX h?2 K i?2K iB+ HKQ/2Hb 7Q bBKmH iBQM Q7 TH bK |
rBi? p vBM; Q /2°b Q7 ++m +v M/ +QKTH2tBivX :2M2" HHv b i?2
BM+ 2 b2b bQ /Q2b i?2 +QKTH2tBivX h?2 # H M+2 #2ir22M ++m
BKTQ i Mir?2M Bi +QK2b iQ +?2QQbBM; KQ/2HBM; K2i?Q/X
EBM2iB+ K2i?Q/b vB2H/ FMQrH2/;2 Q7 +? ;2/ T "iB+H2 T? b
TmMmMHIiBQWM) X q?BH2i?Bb T QpB/2b p2'v ++m” i2/2b+ BTiBQM Q7 i
rBi?BM TH bK - Q br "K-i?2 +QKTmi iBQM H M/ K i?2K iB+ H (
K2i?Q/b+ M#2 [mBi2 /2K M/BM;- M/ b "2bmHii?2HQr@i2KT2 im’
? b /QTi2/ bQK2 bBKTH2 - K +'Qb+QTB+ KQ/2HBM; K2i?Q/b b
KQ/2Hb /2b+ ' B#2 i?2 bT +2@iBK2 2pQHmMIiBQM Q7 p2HQ+Biv p2 ;2
[2MbBiv- T "iB+H2 ~mt- M/ KR8YXR M2BMiI@Nk iBM; i?72 "QHixK MM 2[n
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

URXjV Qp2° HH p2HQ+BiB2b- :2M2 B+ KQK2Mi 2[m iBQM + M #2

—@(nhi)+ r (nhpi) nh( rp i = —@(nhi) ; URXNYV
@t @t +QH
r72°2= ( v) Bb bQK2 p2HQ+Biv /2T2M/2Mi i B H7mM+iBQM +?2Ql
/2bB 2/ # H M+2 2[m iBQMX
h?2 }bii2 KIRXRN+ " B#2b i?72 iBK2 ~ i2@Q7@+? M;2 Q7 i?2 2ti2
nhi X h?2 b2+QM/i2°"KBbi?2 /Bp2 ;2M+2 Q7 ~mt/2b+ B#BM; i?2 b
Qrhi X h?2i?B /i2°KBb M2z2+iBp2bQm +2fbBMIF it XiQ7M?2 [m M
++2H2" iBQtM2 B2M+2//m2iQ TTHB2/7Q +2bi? i? p2 MQ p2HQ+E
2H2+i'B+ Q ;" pBi iBQM H }2H/bV- Q p2HQ+Biv /2T2M/2M+2 i? i
7Q +2 U2X;X K ;M2iB+ }2H/bV (3y)X h?2 "B;?i ? M/ bB/2 Bb bQm’
i?72 iBK2 " i20Q7@t?/M2iQR2H2+i' QM@M2mi° H+QHHBbBQMbX
AM HQr@i2KT2 im 2 TH bK KQ/2HBM; TTHB+ iBQMb- i?2 7C
"2 Q7i2M 2KTHQvV2/1iQ ;2M2° i2 M BM}IMBIi2 ?B2° "+?2v Q7 +QmTH
2[m iBQMb,

RXp)=1 ! MmK#2  /2MbBiv# H M+2-
kX(p)= mp! KQK2ZMIimK # H M+2-
iX(p)= smv2! 2M2° ;v # H M+2- M/
IXp)= smviv! 2M2 ;v ~mt# H M+2X

M /p Mi ;2 Q7 ~mB/ KQ/2Hb b /2}M2/ Bb i? ii?2 bvbi2K Q7 2[m
? b+H2 " T?vbB+ HK2 MBM; UBX2X KQK2MimK # H M+2 2[m iE
2[m iBQM- M/ bQ QMV M/ Bib bQHmMIiBQM BKK2/B i2Hv vB2H/b Q#k
b2M2 ;v M/ /2MbBivX //IBiBQM HHv- bQHpBM; i?Bb bvbi2K Q7 2]
H2bb +QKTmi iBQM HHv 2tT2MbBp2 i? M 7mHH FBM2iB+ bQHmMIiB
Q SA*fJ* bQHmMIBQM Qp2° H ";2iBK2 T2 BQ/ (N8 Nd)X

h?2 /QrMbB/2 Q7 p2 ;BM; Qp2 p2HQ+BiB2b Bb i? i Bi 2KQpz
2pQHmMIBQM Q7 i?2 p2HQ+Biv /Bbi B#miBQMX AMbi2 /- Bi Bb +(
i?72 p2HQ+Biv /IBbi'B#miBQM 7TmM+iBQM i? i Bb b2H7@+QMbBbi2
~mB/ 2[m iBQMb-bm+? b J tr2HHB M- Q K F2 Qi?2° bbmKTiBQMN
+QHHBbOBQM i2 Kb (dy)X 6m i?2 KQ 2- #2+ mb2 Q7 i?2 b2+QM/ i2°
URXNA2 ~mt Q7 2 +?2 [m MiBivBb 7QmM/ 7 QK ?B;?2  p2HQ+Biv K
2M #H2 bQHMIBQM-i?2 bvbi2K Q7 2[m iBQMb Kmbi #2 +HQb2/ i7?
?B;?2° Q/2° KQK2MiX .2T2M/BM; QM i?2 H2p2H Q7 TT QtBK i
7Q°K2/ #v bbmKBM; M M HviB+ 7TQ°K 7Q  i?2 2H2+i'QM Q"  BQM
i2MbQ" (Ne-N3) M/ i?2°27Q°2BMi " Q/m+2b M 2H2K2Mi Q7 mM+2"i

0 "BQmb K2i?Q/b Q7 +HQbm'2 M/ +QHHBbBQM TT QtBK iBQ!I
i2KT2" im"2TH bK KQ/2HBM;X h?2b2 +HQbm 2 bbmKTiBQMb "2 Q-
KQM; i?2 +QKKmMNRER)+ (M9 T 2b2Mi FMQrH2/;2; TBMi?2 }2H/i? ii
b22Fb iQ //°72bbX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

JLHOG GHSHQGHQW GULIW GL*XVLRQ PRGHOV

q?BH2 HQr@i2KT2 im 2 TH bK /Bb+? ;2 + M #2 p2°v +QKTH!

HBM2 "~ bvbi2K i?72°'2 "2 bQK2 bBKTH2 i° MbTQ i +QM+2Tib p HB,

+? ;2/ T "iB+H2m2MbBiwK HHX h?Bb bK HH ;" /B2Mi 2;BK2 Bb Q7]
?viTQ/vM KB+ "2;BK2X

*QMbB/2 ' BM; 2H2+i QM i° MbTQ i-T " HH2HiIiQ M TTHB2/ 2H

~mB/ KQ/2H Bb i?2 2H2+i"QM +QMiBMmBiv 2[m iBQM1I7QmM/ #v 2¢
@n

@t+r =n( 1  a); URXRYV

r?2'Bbi?22H2+i QM /aWBIBi?2 2H2+i QM T [ iB+YH22mQHHBbBQM
7°2[m2M+B2b 7Q  BQMBb iBQM M/ ii +?K2Mi "2bT2+iBp2HvX _2
;2M2° HHv BM+HmM/2/ BM i?2 'BBRXKBQV /(@DdDB MR QQ@b2b Q7 i?Bb r
i?72 T°Q+2bb Q7 "2+QK#BM iBQM r b M2;H2+i2/ #2+ mb2 +QKT |
/I2MbBiB2b- +QKT "2/iQ M2mi- H iQKb- "2bmHib BM +QMbB/2" #
+QHHBbBQMb i? M 2H2+i'"QM@BQM +QHHBbBQMb (de-Ne)X

hQ +HQb2i?2 bvbi2K pB i?2T "iB+H2 ~mt-i?22H2+i QM KQK2Mir
7 2M2° 02/ #v 2p HURXBOE mpX bi iBQM “v- ?2v/"Q/vM KB+ "2;BK2 Bb
bbmK2/ bQ i? i i2KTQ™ H ;" /B2Mib "2 bbmK2/ M2;HB;B#H2 M/
[2T2M/2M+2 QMiQ i?2 /2MbBIi® yvB/XEBR2/MB+Fob H r

= Nnge "Em; URXRRYV

r?2°®r Bbi?2 2H2+i"QM U~mtV /"B7BpARDYBivtVMBzmbBQM i2MbQ -
ivTB+ HHv Bb bBKTHB}2/PB- MIN'; BipEBN 2BzmbBQM +Q2{+B2Mi
Pi?2> ?B;?22 " Q /2 i MbTQ i +Q2{+B2Mib T'QTQ iBQMIH iQ ?B;?:
bm+? b bF2rM2bb Q  Fm iQbBb-+ M #2 BMpQF2/ B7 QM2 rBb?2b i
URXBRW /2 iQ/2b+ B#2 KQ 2 +QKTHB+ i2/i° MbTQ i#2? pBQm b
/2b+ BTiBQM (NN)X
6Q° QM2@/BK2MbBQM H bvbi2K r?2 2 i> MbTQ i Bb T > HH2H
}2H/-i?2 /’B7i@/BzmbBQM 2[m iBQM Q#i BM2/ pB 6B+Fdéb H r +H{(
g?” @C‘;)Z NWi ngz =
h?2i° MbTQ i +Q2s+BMEfb- b r2HH b +QHHBbBQMM/ 22[m2M+B2
"2 MQr BMTmi T~ K2i2'biQ i?2 KQ/2HX *QHHBbBQM 7 °2[m2M +|
+QHHBbLBQM + ' Qbb b2+iBQMb M/ /2b+ B#2 i?2 MmK#2 Q7 +QHHBD
+2°i BM +QHHBbBQM H T ' Q+2bb (de)Bb ¥ IHHEBHB QM 7 2H @ M + v~ (
b2+iBQMB

(1 a): URXRKV

= nNgv; URXRjV
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

r?2 8 Bb i?2 M2mi~ H i ;2i iQKBR2MIE2BBWM+QKBM; b+ ii2"BM; T °
p2HQ+BivX
hQ Q#i BM BMTmi/ i WRKMRA 7/Q @bi i211.6b "2 +QKTmi2/7Q"

Q7 2H2+i'B+ }2H/ bi"2M;i?b TTHB2/iQ i?2 /Bb+? ;2 K2/BmK #21
bQHmMIBQMb "2 Q#i BM2/ 7" QK FBM2iB+ bQHmMIiBQMb iQ i?2 "QHixl|
bBKmH i2/i?2°Qm;? JQMi2 * "HQ + H+mH iBQMb (3d-3N-N8)X PM+2 |
P2HQ+Biv p2° ;2/ ?2v/'Q/vM KB+ i MbTQ i +Q2{+B2Mib M/ +QHI
+QKTmi2/ mbBM; i?2 bi2 /v@bi i2 /Bbi'B#¥miBQMb M/ HQQF@mMT i
Bb 7Q° K2/ 7Q BMi2°"TQH iBM; BMTmi/ i X

h #H2 RXR, GQQF@mT i #H2 7Q "  BMi2 ' TQH iBQM Q7 ~mB/ K
[E/no (h/]We (KfB)noDf (RfKXb) (20) XKX/no (Rfb) aino (RfD)

X % X SRR X

h?2 KQbi +QKKQM 7mM+iBQM H /2T2M/2M+2 Q7 +QHHBbBQM |
i MbTQ i +Q2{+B2Mib- Bb iQ bbmK2 i? i 2H2+i"QM /vM KB+bh /2
"2/m+2/ BMbi Mi M2Qmb 2H2+E/Bg~ 2d-/Nog - RMyiRFBBi22 2H2+i B+
}2H/ bi 2M;ip B i?2 M2mi- H# +F;"QmM/ /2MbBivX h?Bb TT QtB
i2 " K2/i?2HQ+ H}2H/ TT QtBK iBQMX hQ 2p HMURKRKEMTmi [m
HQQF@mT i #H2 Bb BMi2 " TQH i2/ mbBM; Eh2 BiIMbi+MITRB@IMb p |
BMbT +2X q?BH2 T ;K iB+ M/ p2'vTQTmH " BMi?2 HQr@i2KT?2
+QKKmMBiv (Nk-Ne-Ryy)-bim/B2b ? p2 b?QrMi? i MQM@2[mMBHB?
i2KTQ " H M/ bT iB HMQM@HQ+ HBiv- Bb TQQ Hv /2b+ " B#2/ #v
2ti2MbBQMb Q7 i?Bb KQ/2H ? p2 #22M mb2/X

(QHUJ\GHSHQGHQW GULIW GL*XVLRQPRGHOV

g?BH2 i?2i° MbTQ i T Q+2bb2b Q7 i?2 ?2v/"Q/vM KB+ "2;BK2 T Qp
TQBMi 7Q" /2b+ B#BM; +? “:2/ T iB+H2 i MbTQ'i BM /Bb+? ;2
i2KT2> im 2 TH bK b ;2M2° HHv "2bmHi BM MQM@2[mBHB# BmK +Q
;0 IB2Mib-T2?2 Tbh/m2iQ bi22T }2H/ ;" /IB2Mib Q"  bm 7 +2 BMi2 ™ +
p vBM; TTHB2/}2H/b-bm+? bBM  /BQ7 2[m2M+v U_6V TH bK
Q7 i?2b2 bT iIBQ@i2KTQ H ;" /B2Mib "2bmHi BM MQM@HQ+ H i
"2 bQ M K2/ #2+ mb2 +? “;2/ T "iB+H2 i° MbTQ i i ;Bp2M TQBI
?2 pBHv /2T2M/2Mi QM i?2 T QT2 iB2b Q7 /BbTH +2/ +? ~;2/ bT2+B
iBK2b- Q' i TQbBiBQMb /BbiBM+i 7°QK i?2 TQBMi Q7 BMi2 2biX
Q++m ' bBM TH bK /Bb+? ";2-+? *;2/ T "iB+H2i° MbTQ i MQ HC
BMbi Mi M2Qmb 2H2+i BEH(22H/HBF2MBRi22M2° HHvVv rQmH/ BM ?2v/ Q|
"2;BK2 (RYyR-Ryk)X AMi?2b2 "2;BK2b-Bi? b#22M /2KQMbi ™ i2/i? i
#2 #2ii2° /12b+ " B#2/ #v i?2 HQ Hhiz;K)2- Mi2IA2i?vM i?2 }2H/ bi 2M;i?-
E(z;t) (Nj-RYR)X

liBHBbBM; i?2 b K2 7mM+iBRRRIKMQTON K QZti2MbBQM Q7 i?2 HQ+
["B7i@/BzmbBQM KQ/2H Bb QM2 i? i miBHBb2b /[/"B7i@/BzmbBC(
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

/2MbBh-- BM //BiBQM iQ 2H2+i"QM MmK#2  /2MbBiv (Nj-Ryj)X h?B
K2 M 2MAi;viQ #2 Q#i BM2/ /B 2+iHv- M/ i?mb mb2/ b i?2 /2T2N
7Q° +QHHBDOBQM 7 2[m2M+B2b M/ i MbTQ i +Q2{+B2Mib BM HB:
EMoX h?Bb TT Q +2 2 b #22M /2KQMbi  i2/iQ #2 ;2M2° HHvV KQ 2 +
MQM@2[mMBHB# BmK 2H2+i"QM i° MbTQ i- +QKT "2/ iQ HQ+ H }21
Q' /2 iQ Q#i BM i?2irQ /'B7i@/BzmbBQM 2[m iBQMb 7Q" #Qi? Mn
2M2 ;v /2MbBiv- +HQbm 2 QM i?2 2M2 ;v # H M+2 2[m iBQM Kn
2t KTH2b Q7 i?Bb +HQbm 2 ‘2 /Bb+mbb2/ BM i?2 7TQHHQIrBM; b2+i

+LJKHU RUGHU PRGHOV

AMbi2 / Q7 bbmKBM; M2;HB;B#H2 i2KTQ  H;  /B2Mib Q7 2H2+i Q
2[mB 2/ iQ 7TQ K i?2 T '2pBQmb /' B7i@/BzmbBQM 2[m iBQMb-
T QTQb2 iQ bQHp2 KQ 2 /2i BH2/ b2i Q7 # H M+2 2[m iBQMbX h?B
Q71?222 Q 7Qm 2[m iBQMb 7Q " i?2 2ti2MbBp2 [B+MiBRB2tb Q7 /2M
K2 M2M2 ;v /2MbBiMY UH2bb +QKKQMHVV 2MRhiX /RM b BliQ b2nt
i?72 bvbi2K Q7 2[m iBQMb- KQbi TT Q +?2b T 2b+ B#2 7Q Kb QM i?
2H2+1I"QM ?2 i ~mtX 1H2Bi- @M FRbbnBRH2 #v 2tT M/BM; i?2 mMFMQ
hppi- BMi2 Kb Q7 i?2 p2 h@-pMTLBWHB ~@2HQpBiv-

nmeh p pi nmeh pih pit nmehooi;

nmeh p pi nmeh pih pi+ 3:

:2M2° HHv- KQ/2Hb bbmK2 M BbQi QTB+ 2H2+i QM p2HQ+Biv /BEk
reB+? vB2H/b /B ;QM H T 2bbm 2 i2MbQ r?2°2i?2 2H2K2Mib "2 T
K2 M2M2 ;v

3 gnhi—: URXR9V

AM "2 HBiv i?2 2H2+i QM p2HQ+Biv /Bbi B#miBQM 7mM+iBQM Bb
T 2bbm 2 i2MbQ " ? bT2 T2M/B+mH ~ M/ T  HH2H UiIQi?2 TTHB2/ .
reB+? vB2H/irQ T2 ' T2M/B+mH ~ M/ T > HH2H # H M+2 2[m iBQMb -
# H M+2 2[m iBQM (Rye)X h?Bb K2i?Q/ Q7 2bQHpBM; i?2 T 2bbm 2
KQ'2 ++m’” i2- Hi?Qm;? //b +QKTH2tBiviQi?2 +QKTmi iBQM H Db

HQM; rBi? i?2 T 2bbm 2 i2MbQ - i?2@2H2tQQIMM Mb2MIitQ i MM+ |
i?72 ?2B2° "+?2v Q7 2[m iBQMb ii?22M2 ;v# H M+2 bi ;2X h?2 ?2 i -~
#v 2tT M/2/i?2 2M2 ;v ~-mt BMi2 Kb Q7 p2° ;2 M/ 2H iBp2 p2HQ+

n %mvzp = nhihpi+ nmeghpi hooi+ n %mevzo ;
n %mvzp = nhihpi+hpi 3+ G

hQ i'mM+ i2 i?Bb bvbi2K Q7 2[m iBQRR K) MiBRBR® ¢¥RYQb 2 i?2
T 2bbm 2 i2MbQ" M/ 7 pQm  bBKTH2- H#2Bi T?vbB+ HHv [m2biBQ
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

~mtX P7i2M- 6Qm B2 G ri 2 iK2Mi Q7 i?2 2H2+i QM ?2 i ~mt (Ne

G rh i;

r72°'2Bb i?2°'K H+QM/m+iBpBivX //BiBQM HHv-bQK2 rQ Fb bBk
~mtg=0-BM Q /2 iQ K F2i?2 bvbi2K Q7 2[m iBQMb i2M #H2 (Nj-N

_2+2MiHv- T?vbB+ HHv ++m” i2 +HQbm 2 Mb ix Q7 i?2 2H2+
T QTQb2/ M/ #2M+?K "F2/7Q  2H biB+ M/B3)WBMbiB+ iBpRHBbhBE®&M
+QHHBbBQM KQ/2HbX g?BH2 i?Bb +HQbm 2 Mb ixr b /2KQMbi" i2/
+QHHBbBQM KQ/2Hb- TTHB+ iBQM iQ MQM@i BpB H /Bb+? ";2kb
2[mB 2b imMBM; Q7 T ~ K2i2°'b7Q 2 +? /Bb+? ;2 +QM};m  iBQM)
Q7 "2+BR " HREN-N9-Ryj) ? p2 BM/B+ i2/i? i BM HB2m Q7 TQi2MiE
"#BiT v +HQbm 2b-i?2 bi2 /v@bi i211.6 Kv #2 mb2/iQ 2p Hm
2[mB°'2 +HQbm ' 2X :Bp2Mi? ii?2°2Bb /2KQMbi" i2/p "B iBQM KQN\
TH bK KQ/2HBM; HBi2® im 2- T?vbB+ HHv # b2/-T ~ K2i2" 7722 7C
rb 7Q+mb Q7 i?Bb bim/vX

&RXSOLQJHOHFWURPDIJQHWLF 4HOGYV

MBKTQ'i MiT 'iQ7 MVHQr@i2KT2  im 2 TH bK KQ/2HBbi?2b2H?7
Q7 2H2EF BWLK ;M2BBH#2H/bX .m2 iQ i?2 +°2 iBQM Q  HQbb Q7 +?2 °;
BM TH bK /Bb+? *;2-i?2 2H2+i"QK ;M2iB+ }2H/ p "B iBQM i? Qm;
#2 b2H7@+QMbBbi2MiHV bQHp2/ #v +QmMTHBM; J tr2HH®b 2[m iB
HQr@i2KT2  im 2 TH bK b +QMbB/2 2/ BM i?Bb rQ F i?2 T 2b2M-
:2M2° HHv B;MQ 2/- "2[mB BM; i?2 BMbIL - MIQM20QnQK T2 2] @B }2H/
ro1 = -3 URXRS8V

1 = v, URXReV

r?2°2 Bb +? ;2 /2MBBiP2 /B2H2+i B+ T2 KBiiBpBiv Q7 i?2 /Bb+? ;=
V Bbi?2 2H2+i B+ TQi2MiB HX g?2M bBKmH iBM; ; b2Qmb- HB[m
+QM};m” iBQMb- M TT QT B i2/B2H2+i B+ +QMbi Mi7Q° ;Bp2M |
BbT 'iB+mH "HvBKTQ i Mir?2M +QmTHBM; 2H2+i QK ;M2iB+ }2
2bT2+B HHv BM TH bK K2/B+BM2 TTHB+ iBQMb r?2°'2 B M/ iBbb
p biHv/Bz2 2Mi (8y-RRR)X

ORGHOLQJ SDFNDJHYV

h?2°2 "2 " M;2 Q7 T 22tBbiBM; TH bK KQ/2HBM; T +F ;2bi? ii?
TH bK +QKKmMBiv ? p2 /2p2HQT2/ Q" /QTi2/X TQTmH > +QKEk
i?2 *PJaPG JmMHiBT?vbB+b bQ7ir "2 T +F ;2-r?B+? 2 b ~ M;2 Q7
i? i T°"QpB/2 bQK2 # bB+ TH bK KQ/2HBM; 7TmM+iBQM HBiv (RRk
KmHiBT?vbB+b T +F ;2b- bT2+B}+ TH bK KQ/2HBM: T +F ;2b ? p2 #
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

BM i?2 }2H/iQ 2M #H2 i?2 rB/2  TH bK '2b2 “+? +QKKmMMBiv iQ n
+Q/2b- bQK2 2t KTH2b Q7 i?Bb "2 i?2 TH bK 6P J (RRj) KQ/mH?2
QT2M6P J +QKTmi iBQM H ~mB//vM KB+b U*6.V bQ7ir 2 (RR9)-
bQ7ir "2 (RR8) /2p2HQT2/ ii?2 1BM/?Qp2M IMBp2 bBiv Q7 h2+?M

q?BH2i?2°2 "2 ~ M:;2 Q7 2t+2HH2Mi 2tBbiBM; T +F ;2bi? i T Qpl
7Q° HQr@i2KT2 im 2 TH bK b- 7Q" i?2 Tm TQb2b Q7 i?Bb "2b2
iQ /2p2HQT Q' B;BM H BKTH2K2Mi iBQMb Q7 MmK2 B+ H H;Q Bi
bQHP2 i?2 bvbi2K Q7 2H2+i"QM i° MbTQ i 2[m iBQMb mb2/ BM i?B
T'BK "BHvV BM~m2M+2/ #v i?2 iBK2 M/ H2M:i? b+ H2 p "B iBQMb
KmHiBT? b2 T'Q#H2K //°2bb2/ BM i?Bb i?2bBbX

YWHQFKPDUN PHWKRGYV

AM Q'/2 iQ p HB/ i2i?2 ++m  +v M/ TTHB+ iBQM Q7 T°QTQb2/H
KQ/2Hb i?2 2 "2 2bb2MiB HHvV i?°22 #°Q / bQm +2b Q7 p HB/ iBQM
K2Mi- M HViB+ 2tT 2bbBQMb- M/ Qi?2  KQ/2HbX 6Q  i?Bb rQ F- 7C
KmHiIBT? b2 M/ BMi2'7 +B H 2H2+i"QM i’ MbTQ'i-i?2°2 ‘2 p2'v 72
K2 bm 2K2Mibi? i + M #2 mb2/iQ p HB/ i2 KQ/2H QmiTmiX b bm+
QmiTmi M/ M HvViB+ 2tT 2bbBQMb BM +2°i BM HBKBib Kmbi #2 mhb

([SHULPHQWDO YDOLGDWLRQ

1tT2 BK2Mi H BMp2biB; iBQMb K v #2 T2 ' 7Q K2/-BM r?B+? /Bb+?
p BQmb 2MpB " QMK2Mi HQ  +QMi " QH T * K2i2'b "2 /Dmbi2/iQ &
2bTQM/b iQ r2HH /2}M2/ +? M;2bX 1tT2 BK2Mi Hbim/B2b Q7 bT2+
b2'p2 b ;QQ/ 722/# +F K2+? MBbKb 7Q  BKT QpBM; T '2/B+iBp2 KQ
#v BM7Q KBM; i?2Q°2iB+B Mb Q7 i?2 ++m’ +v- Q"  BM ++m ~ +v-
h?2 722/# +F HQQT #2ir22M 2tT2 BK2Mi M/ i?2Q v ? b #22M r2+t
HQr@i2KT2  im 2 TH bK +QKKmMBiv- 7°QK i?2 }'bi: b2bQmb 1H
U:1*V "272°2M+2 +2HH T°QTQb2/ BM i?2 RNNyb (33-Ryy)-iQi?2"
272°2M+2 bvbi2Kb i? i ? p2 #22M T ' QTQb2/ #vi?2 +QKKmMBiv 7Q
TH bK K2/B+BM2 pB i?2 *Pah@C2i (RRe)X

9DOLGDWLRQ DIJDLQVW NLQHWLF VROXWLRQV

S 2pBQmMb HQr@i2KT2 im 2 ~mB/ KQ/2H bim/B2b ? p2 /2KQMbi i
K "FBM; T'QTQb2/ ~mB/ KQ/2Hb ; BMbi bQHMiBQMb Q#i BM2/ i? (
bQHMIBQM Q7 i?2 2H2+i"QM /Bbi"B#miBQM 7mM+iBQM pB i?2 "QHi
* "HQ bBKmH iBQM Q7 i?2 /Bbi'B#miBQM 7mM+iBQM (3N-Ny)X "2
ivIB+ HHV T2 7Q K2/ #v bT2+B7vBM; r2HH /2}M2/- bBKTH2 bvbi?2
H i2X aBKTH2 #2M+?K "Fb "2 T'272 2/ #2+ mb2 i?Bb HHQrb +QK
T Q+2bb2b iQ #2 BbQH i2/- BM Q /2  iQ UBV pQB/ K#B;mBiv r?2M
'Bp2M bvbi2K- M/ UBBV HHQri ;2i2/ M HvbBb Q7 bQHmMIiBQM K2i
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

K2+? MBbKb-2X;X bim/vBM; +QHHBbBQM HHv +QMb2 p iBp2 bvb

b2'p iBQM Bb Q#i BM2/X AM i?Bb rQ F #Qi? FBM2iB+ M/ JQMi2 * °

T 2pBQmbHV #v i?2 C*li° MbTQ i KQ/2HBM; ;"QmT (Ry-93-e8)- rz

p HB/ iBQM ; BMbi ~mB/ KQ/2H bQHmMiIBQMb 7Q" bBKTH2 #2M+?K
*H bbB+ #2M+?K "F T Q#H2Kb BM+Hm/2,

Ci?27? '/@bT?2° 2 KQ/2H @ r?2°2 +QMbi Mi KQK2MimK i* Mb7
bbmK2/- Q7i2M rBi? QM2 BM2H biB+ 2t+Bi iBQM T Q+2bb //2

Ci?2J tr2HH KQ/2H @ r?2°2 +QMbi Mi +QHHBbBQM 7 2[m2M+v
+'Qbb b2+iBQMi? ip "B2b bi?2BMp2'b2@b[m 2@ QQi Q7 BM+

Ci?2Gm+ b@a H22 KQ/2H @ r?2°2 r2B;?i2/ +QK#BM iBQM Q7 |
M/ 2H2+i"QM BQMBb iBQM T ' Q+2bb Bb /2}M2/iQ bim/v MQM
2z2+ib (RRd)- M/

Ci?2S2 +mb@u2pB+F bBKTH2 HB[mB/ KQ/2H @ /2}M2/ b KQ/B
+QHHBbBQM KQ/2H iQ // 2H biB+ +Q?2 2Mi b+ ii2"BM; /2b+ B;
bi'm+im 27 +iQ" (e8-3j)X

$QDO\WLF WLPHRIS5LIJKW VROXWLRQ

6Q° HBKBi2/ M;2 Q7 T'Q#H2K /2}MBiBQMb- M HviB+ bQHmMIB
;Qp2 MBM;i® MbTQ 'i2[m iBQMbX JQbi M HviB+bQHmMIBQMb 7Q+m|
7Q i?2 MmK#2" /2MbBiv Q7 +? ;2/ bT2+B2b BM bBKTH2r2 F@;
"2;BK2 (Ne)X h2KTQ Hp B iBQM Bb bQK2iBK2b B;MQ 2/ BM 7 p
bi i2bQHmMIBQM (jj)- Hi?Qm;? iBK2@/2T2M/2Mi bQHmMIiBQMb ? p2
Hi?Qm;? HBKBi2/BM T  +iB+ HBiv- M M HviB+ bQHmMIiBQM Qz2'b

#2M+?K "Fb Q7 MmK2 B+ HbQHp2 b+ M#2 K /2X .2i BHb Q7 i?2 M
#2M+?K "F MmK2 B+ HK2i?Q/b BMi?Bb T QD2+i "27QmM/ BM i?:

8VHRIVZDUPH[SHULPHQWV WRZDUG
SODVPD PRGHOLQJ

AM //BiBQM iQ 2tT2°'BK2Mi H bim/B2b Q7 bT2+B}+ +QM};m" iBQ
br "K2tT2 ' BK2Mib "2 pBi HT "1 Q7 i?2 HQr@i2KT2 im 2 TH bK
ar "K 2tT2°'BK2Mib (dk-RkR-Rkk) "2 KmHIBTH2 b+ ii2"'BM; 2tT2"
i?72 bBM;H2 b+ ii2"'BM; #2 K 2tT2 BK2Mib- "2[mB " BM; T "iB+H2-
# HM+27Q i?22MiB°'22Mb2K#H2 Q7 2H2+i"QMb BM i?2 br "KbX
/IBbi*B#miBQM Q7 i?2 2H2+i'QMb Bb mMFMQrM M/ Kmbi #2 /2i2 KB
BM Q' /2 iQ HBMF i?2 +Qbb b2+iBQMb iQ i?2i° MbTQ i +Q2{+B2M

h?2 irQ K BM +QM};m” iBQMb Q7 br "K 2tT2"BK2Mi mb2/ 2ti2M
~B;?i UhQ6V (RKkj)- /2b+'B#2/ BM 6B;m 2 X9- M/ hQrMb2M/ TT
2tT2°'BK2Mib ivTB+ HHv K2 bm 2 i?2 iBK2 Bii F2b7Q" br "K Q7
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

H2M;i? Q7 i?2 TT > imbBM Q /2 iQ 2ti~ +i 2H2+i QM KQ#BHBiv- /B
i?72 M2i MQM@+QMb2 p iBp2 +QHHBbBQM 7°2[m2M+B2-r?BH2 SmH
K2 bm 2 i?2 ""Bp HiBK2bT2+i° Q7 i?2 br "KiQ ++2bb bHB;?iHvV |
bm+? b hQrMb2M/ ii +?K2Mi M/ BQMBb iBQM " i2bX aBKBH " iQ |
i?72 ai2 /v@ai i2 hQrMb2M/ UaahV TT ~ imb-r?2"2 +QMbi MibQn
2KBii2/ M/ K2 bm 2K2Mi Bb +QM/m+i2/ QM+2 M 2[mBHB# BmK ?

q?BH2 br "K 2tT2'BK2Mib r2°2 BMBiB HHv /2bB;M2/ iQ 2ti~ +i
"2+2Mi iBK2b i?Bb ? b +? M;2/X ar "K 2tT2 ' BK2Mib "2 MQr mb2/ i
i MbTQ i +Q2{+B2Mib /B"2+iHv b BMTmi/ i 7Q° ~mB/ KQ/2Hb- Q"
p2°'B}+ iBQMfi2biBM; Q7 b+ ii2°'BM; + Qbb b2+iBQM ++m” +v M/ +C
i?72 K2 bm™2/i° MbTQ i +Q2{+B2Mib rBi? i7Qb2 + H+mH i2/ 7' QK T
b2i (dk-Rk8-Rke)X M //BiBQM H mb2 Q7 br "K2tT2'BK2Mi K2 bm
M2tT2'BK2Mi H#2M+?K "F7Q HQr@i2KT2  im 2 TH bK KQ/2HBM
Q7 MQ bT +2@+? ;2 }2H/bX

hQ /2i2°’KBM2 i° MbTQ i +Q2{+B2Mib BM i?2 ?v/ " Q/vM KB+ HBKBI
vB2H/b +m™ "2Mib M/ i?2b2 + M #2 BMi2 T 2i2/ mbBNMJRRRKVB7i@
272 2M+2/iQ i?2 +2Mi 2@Q7@K bb Q7 i?2 br "K (de)X h?Bb /i
i MbTQ'i/ i X h?2 +Q2{+B2Mib K2 bm 2 +2Mi"2@ Q7@K bb /"B7i pZ
r2HH b i?22bT 2/ #OQmi i?2 +2Mi"2@ Q7@K bb UBX2X /BzmbBQM
i MbTQ i T QT2 iB2b-i?2"2 "2 ~mti  MbTQ i T QT2 iB2bX h?2t
7 QK 6B+FOb H r (de)- M/ i?2 "2H iBQMb?BT #2ir22M i?2 irQ-r?
p2HQ+Biv M/ /BzmbBQM- + M #2 2tT 2bb2/ b

g = qrt+t g

= g+ g

r?2°2i?22 bm#b+2BT2b2Mi ~mti” MbTQ i K2 bm 2K2M2M Qi2bm#b+
2tTHB+Bi +Q "2+iBQM i2 ' Kb-/m2iQ MQM@+QMb2 p iBp2 +QMi B:
iQi?72 KQIiBQM #Qmii?2 +2Mi"2 Q7 K bbX

ar K2tT2'BK2Mib BM HB[mB/ "2 MQi b +QKKQM b i?Qb2 7Q /B
BM+'2 b2/ 2tT2 ' BK2Mi H/B{+mHiB2b Q7 biQ"BM; M/ K2 bm BM; i’
+QKT "2/iQ ; b2b (89-ek)X h?Bb bim/v K F2b mb2 Q7 i?2 "2bmHi
"2H iBp2Hv B+? T2 BQ/BMi?2 H i2 kyi? +2Mim v r?2 2 mb2 Q7 + "\
T "iB+H2/2i2+iQ" TTHB+ iBQMbH2/ K Mv 2tT2 'BK2Mi HBbibiQ K2
Q7 2H2+i ' QMb BM /2Mb2 MQM@TQH "HB[mB/bbm+? bt2MQM- *;Q
Ai Bb MiB+BT i2/i? i 7mim 2 HB[mB/ T? b2 br "K M/ b+ ii2 ' BM;
T2 ' 7Q° K2/ BM Q'/2iQ 7 +BHBi i2 BKT ' Qp2/ mM/2 bi M/IBM; Q7 i
T 'iB+tH2 i  MbTQ i rBi?BM HB[mB/ T? b2X
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(OHFWURQ WUDQVSRUW GDWD LQ EL

g?BH2 i?72 KQ/2HBM; K2i?Q/b T 2pBQmbHvV /I Bb+mbb2/ BM i?Bb BMi
7Q+mb Q7 i?Bb bim/v- BMTmi /i /2b+ B#BM; 2H2+i"QM i° MbTQ"
Ki2°B Hb Bb M 2bb2MiB H+QKTQM2MiQ7 7 K2rQ FiQ/2b+"B#2T
A/2 HHv-BM7Q K iBQM #Qmi2H2+i"QMi> MbTQ iBM ?mK MiBbbm?2
bim/B2b- #mi i?Bb Bb MQi p BH #H2 QrBM; iQ i?2 +QKTH2t K F2@n
bBKmH i2 ?2mK M iBbbm2-bm " Q; i2#BQKQH2+mH2b ? p2 #22M B
i?72v K v #2 +QK#BM2/ rBi?r i2° BM KBtim 2 Q7 +QKTQmM/b- bmtk
RXN-i? i +QHH2+iBp2Hv Qz2  #2ii2  /2b+ BTiBQM iQ iBbbm2 i? M|
ri2-pTQm -r?B+? Bb i?2 +m "2Mi bi M/ "/ (Rk3-RkN)X

Current tissue
analogue

Some components Component
of tissue analogues

Water . Not required*

DNA —)-
AVAVAVAVAVE .

L]
/\N\N\N Lipids L e =
L]
Proteins ‘% » -
® [ J
Sugars ® —)p-

[ X
Goal for tissue
analogues

* As scatteing cross sections and transport properties of water are comparati'
well known, compared to complex bio-molecules, a simpler analogue is not

6B;m 2 RXN, amKK 'vQ7i?2mHIiBK i2;Q HQ7 iBbbm2 M HQ;m2 B

1H2+i' QM i° MbTQ i BM #BQHQ;B+ H K ii2 - biBKmH i2/ #v BQME
K2/B+BM2 i2+?MQHQ;B2b- Bb Q7 bB;MB}+ Mi BMi2 2bi b Bi ? b #2:
2H2+i"QMb i?2°K HBx2 BM ?mK M iBbbm2i?"Qm;? p B2ivQ72M2°
ri2>-bm; b M/i?2 .L # b2bX Hi?Qm;? HQr BM 2M2 ;v- bm#@ B
? p2 #22M b?QrM iQ #2 bQm +2 Q7 .L / K ;2 (Rjy)X 6Q 2t KTH?2
/IBbbQ+B iBp2 2H2+i"QM ii +?K2MiU.1 V+ MH2 /iQ bBM;H2 M/
/IB'2+iHv-Q BM/B 2+iHvi? " Qm;?i?27Q°K iBQM Q7722 /B+ Hbr?
h?2 TBQM22'BM; bim/v Q7 a M+?22 M/ +Q@rQ F2 b (Rjy-RjR) ? b L
Km+? "2b2 "+? BMiQ 2H2+i'QM +QHHBbBQM T ' Q+2bb2b rBi? bm#¢
KBQiB2b i? i +QMbiBimi2 .L M/ L X
[m MiBi iBp2 mM/2 bi M/BM; Q7 i?2i° MbTQ i Q7 HQr@2M2 ;v b
?mK M iBbbm2 Bb F2viQ mM/2 bi M/IBM; i?2 BKT +i Q7 #Qi? TH bK
TTHB+ iBQMb- M/ rBHHBM7Q K /QbBK2i'v KQ/2HbX *QMb2[m2M
7Q° 2H2+i"QM BM/m+2/ T°Q+2bb2b BM #BQKQH2+mH2b 7Q" i~ +
bim/B2bX g i2° Bb ;2M2° HHv bbmK2/ bi?2bm "Q; i27Q ?mK N

*2 Ti2 . RX AMi Q/m+iBQM kR



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

7TMHHf+QKTH2i2 b2ib Q7 + Qbb b2+iBQMb ? p2 #22M /2p2HQT2/ |
BMi2" +iBQMb BM i?2; b@T? b2 (Rk3-RkN)X _2+2MirQ F? bbm;;2
bim/B2b + M #2 / Ti2/iQ i?2 bQ7i@+QM/2Mb2/ T? b2i?2°Qm;? TT (
mbBM; T B> +Q "2H iBQMb 7mM+iBQMb (ed- Rjk)X q?BH2 i?2°2 1
i?2 bim/v Q7 2H2+i'QM BM/m+2/ T Q+2bb2b BM i?2 bm; b M/ .L

/2p2HQT2/iQ i?2 b K2 H2p2H Q7 +QKTH2i2M2bb b Bb i?2 + b2 7
+m 2MiHVMQi +QMpP2MB2Mi iQ bim/v- i2ig PW? @ #@2 MMBMpBb@B* i2/
b KQ/2H 7Q  HQr@2M2 :v 2H2+i'QM BMi2  +iBQMb rBi? k@/2Qt\v
T?QbT? i2 ;°QmThb BM i?2 .L # +F#QM2X *QMbB/2" #H2 T Q: 2b
"2+2Mi iBK2b 2bi #HBb?BM; BM/BpB/m H + Qbb b2+iBQMb 7Q" 2
h>6- i #Qi? i?2 BMi2;" H M/ /Bz2 2MiB H H2p2HbX 1tT2 BK2Mi
K2 bm 2K2Mib Q7 i?2iQi H (R3-ky)-U[m bB@V 2H biB+ (kk-k9-kd-R
2H2+i"QMB+ 2t+Bi iBQM (jR-Rj8) M/ BQMBb iBQM (kj-jy) + Qbt
2M2 ;B2bX GBF2rBb2-i?2Q 2iB+ Hi 2 iK2Mib mbBM; _@K i Bt K2i7
p B iBQM H K2i?Q/ (k8-Rjd)-i?2 +QKTH2t EQ?M p 'B iBQM H K2
2M+QmMi2 @"2i?2 TT Q +? (kKN)-i?2 BM/2T2M/2Mi iQK KQ/2H UA
AJ@b+ 22MBM; +Q "2+i2/ //BiBpBiv "mH2 Ua* _V i2 iK2Mi (R]I
+QKTH2K2Mi "vBM7Q K iBQM iQ i?2 2tT2 BK2Mi H/ i X IMiBH i?2 +
#22M MQ bim/v QM i?2 ++m  +v M/ +QKTH2i2M2bb Q7 i?2 2MiB 2

SHVHDUFK JRDOV RI WKLV VWXG\

MmMK#2 Q7 T 2b2Mii2+?MQHQ;B2b ?BM;2 QM EFMQrH2/;2 M/ mM/2°
Q7 HQr@i2KT2 im 2 TH bK bT2+B2b BM #Qi? ; b M/ HB[mB/ T?
iQ i MbTQ i BM ?2QKQ;:2M2Qmb ~mB/ T? b2b- TTHB+ iBQMb bm-
MQ#H2 HB[mB/ T "iB+H2 /2i2+iQ b "2HV QM i’ MbTQ iBM: bT2+B2b
/D +2Mi; b M/ HB[mB/ T? b2bX h?2:Q HQ7 i?Bb i?2bBb Bb iQ +QN
7° K2rQ ' F 7Q  2H2+i"QM i MbTQ i BM- M/ #2ir22M-; b M/ HB[mE
i?Bb bBKmH iBQM 7" K2rQ F iQ 2H2+i"QM i° MbTQ i BM #BQHQ:B+

KQ/2H Q7 2H2+i'QM i’ MbTQ'i +'Qbb ; b@HB[mB/ BMi2 7 +2r
Q7 i?Bb "2b2 “+? /m2iQ B/2MiB}2/ FMQrH2/;2 : Tbh BM HQr@i2KT2"
SQbbB#H2 #2M2}ib Q7 7m i?2 BM; mM/2 bi M/BM; Q7 2H2+i QM i N
BMi2'7 +2 2,

CiQ 2M #H2 imM #H2 ~mt2b Q  2M2 :B2b Q7 2H2+i"QMb iQ +¢
HB[mB/ (RjN)- M/

CiQ T QpB/2 ++m’ i2 2H2+i"QM MmK#2  /2MbBiv M/ 2M2 :v HQb
+Q2{+B2Mib 7Q°  mMb2 BM K + Qb+QTB+ i  MbTQ i KQ/2Hb (RRR

h?2 T'BK v TTHB+ iBQMi? i Bb KQiBp iBM; "2b2 “+? M/ /2p2HQ
+QMiBMmMmMK KQ/2H Q7 2H2+i"QM i° MbTQ i Bb TH bK K2/B+BM2-

+?22KBbi'vi? iQ++m b BMi?2 pB+BMBivQ7 TH bK @iBbbm2 BMi2"
QM i?2 2H2+i'QM /vM KB+b BM i?Bb "2:BQM (8k-RjN-ROy)X AM i

*2 Ti2 . RX AMi Q/m+iBQM kk



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

Q7 bm+? KQ/2HBM; 7" K2rQ F rQmH/ vB2H/ #2ii2° mM/2 bi M/BM:
BM i?Bb +QMi2ti M/ 7 +BHBi i2 7m i?2 ' BM; i?2 Qp2  HH mM/2 Dbi |
K2+? MBbKb- 2{+ +v- M/ KQbi BKTQ i MiHv b 72ivQ7 TH bK @iBb

qBi? i?2 T'BK "vKQiBp iBQM Q7 TH bK K2/B+BM2 BM KBM/- Bi B
iBbbm2 BMi2" +iBQM Bb "2H iBp2Hv +QKTHB+ i2/ T?vbB+ H bvb
BMi2 K2/B i2 bi2T iQ 7 +BHBi i2 #2M+?K "FBM; M/ TTHB+ iBQM Q
7° K2rQ"F BM i?Bb rQ F- b2+QM/ v TTHB+ iBQM Q7 MQ#H2 HB[n
KQiBp i2b i?Bb rQ ' FX h?Bb TTHB+ iBQM Bb “2H2p Mi b i *:2i7Q"
iQKB+ HB[mB/b mb2/ BM /2i2+iQ b U :QM M/ t2MQMV 2 2H iBp2
+QKT "2/iQ TQH ~ KQH2+mH >~ HB[mB/b- M/ ? p2 2 /[BHv p BH #
TTHB+ iBQM Q7 i?2 KQ/2HBM: 7" K2rQ ' FT'QTQDb2/ BM i?Bb bim/:
i72 Qp2° HH :Q H Q7 i?Bb "2b2 "+? T°QD2+i MmK#2 Q7 KBMQ" ;C
i?2v "2 HBbi2/ M/ /Bb+mbb2/ #2HQrX

JBH2biQM8 R,TQb2 M/ p HB/ i2 KQ/2H Q7 2H2+i'QM i  MbTQ i E
K2/B X

JBH2biQM&ik,/v M2mi> H /2MbBiv 2z2+ib QM 2H2+i'QM i° MbTQ"i
i?2: b@HB[mMB/ BMi2 7 +2X

JBH2biQM82,7Q K T?vbB+ HHv ;"QmM/2/ BMi2 7 +B H bBKmH iB
M/ bi2 K2° T QT ;: iBQMX

JBH2biQOMDB2K#H2 2H2+i"QM b+ ii2°BM: + Qbb b2+iBQM b2i 7Q"
KQH2+mH2b- M/ mM/2 bi M/ bi*2 K2 T°QT ; iBQM + Qbbi?2

6BWUXFWXUH RI WKLY GRFXPHQW

h?2 bim+im 2 Q7 i?Bb i?2bBb /Bbb2'i iBQM Bb +QKTQb2/ Q7 bB
AMi"Q/m+iBQM- T 2b2MiBM; i?2 7QmM/ iBQMb M/ K2i?Q/b TTHE
Qmi BM a2+iBQM RXNX h?2 K DQ 'Biv Q7 i?2 +QMi2Mi T 2b2Mi2/ B
T 2pBQmbHvV Tm#HBDb?2/ BM- Q" bm#KBii2/iQ-T22 @ 2pB2r2/ b+Bz
"2 +QHH2+i2/ BM i?Bb /Q+mK2Mi- rBi? KBMQ  KQ/B}+ iBQMb iC
+QM+HmM/BM; T bb ;2b Q7 2 +? Tm#HB+ iBQM-iQ /2KQMbi™ i2 i?2
+?B2p2K2Mi Q7 i?Bb /Q+iQ" H "2b2 "+?2 T°'QD2+iX

AM *? Ti2 k- T Ki2 @722 ?B;?2 Q /2  ~mB/ KQ/2H Bb T QT
iBOQMiQ 2H2+i QM i> MbTQ i BM #Qi? ; b M/ HB[mB/ K2/B Bb K /22
Q7 i?Bb ~mB/ KQ/2H ; BMbi ++m ™ i2JQMi2* "HQ + H+mH iBQM|
iQ p HB/ i2i?2 T QTQb2/ KQ/2H M/ ?B;?HB;?i /IBz2 2M+2b #2ir2
HQ+ H}2H/ KQ/2HbX aQK2 HBKBi iBQMb Q7 ~mB/ 2[m iBQM K2i?Q
bim/vBM; 2H2+i QM 2M2 ;v /Bbi B#miBQM 7TmM+iBQMb Q7 p vBM;

AM *? Ti2" j-i?2 /2°'Bp iBQM M/ TTHB+ iBQM Q7 M TT QtB
+QKTmmBWM2ZT2M/2Mi BMi2 7 +B H2H2+i'QMi°> MbTQ i BMTmi / i
T '2b2Mi2/X h?27QmM/ iBQM M/ +Q "2bTQM/2M+2 Q7 i?Bb /2 Bp i

*2 Ti2 . RX AMi Q/m+iBQM Kj



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

i72Q°vBb/2i BH2/X o HB/ iBQM Q7 "2bmHib 7 QK i?2T ' QTQb2/ K2i
/i 7Q° bBKTH2 iQKB+ HB[mB/b- ;QM M/ t2MQM- ?B;?HB;?i i~
TT QtBK iBQMX

AM *? Ti2  9-i?2 T 2pBQmbirQ +? Ti2 6b +QKTQM2Mib "2/ rM i
+QKTH2i2 BMi2°7 +B HbBKmH iBQMb Q7 bi'2 K2 T°'QT ; iBQM 7°Q
2ti° +iBQM 7°QK HB[mB/iQ ; bX h?2 BKTQ'i M+2 Q7 p "BQmb BMT
/IBb+mbb2/- M/ i?2 #2bi T +iB+2b 7Q" ? M/HBM; 2H2+i'QM i° MbTQ
T2+QKK2M/2/X

AM*? Ti2  8-i?2T QTQb2/KQ/2HBM; 7" K2rQ'FBb TTHB2/iQi?2
KQH2+mH2i2i" ?2v/"Q7m> M Uh>6V #v }'bi bb2K#HBM; b2H7@+QM
+ ' Qbb b2+iBQM b2i 7' QK p BH #H2i?2Q 2iB+ H M/ 2tT2 BK2Mi H/
7°QK i?2 KQbi "2+2Mi + ' Qbb b2+iBQM b2i- BM //BiBQMiQ FMQrM
7 +iQ- Bb miBHBb2/iQ T2'7Q 'K bi'2 K2° 7Q K iBQM bBKmH iBQ
K2/BmKbX +QKT "BbQM Q7 i?2 "2bmHiBM; i° MbTQ i Bb K /2X

AM*? Ti2 e- bmKK 'vQ7 "2bmHib Q7 i?Bb "2b2 "+?2 T°QD2+i Bb "~
M/ bmKK v Q7 i?2 F2v }M/BM;b Q7 i?2 T '2+2/BM; +? Ti2'b "2 ?B;?
"2+QKK2M/ iBQMb 7Q° 7mim 2 /B'2+iBQMb Q7 "2b2 "+?i? i b?QmkF

*2 Ti2 . RX AMi Q/m+iBQM k9



JOXLG PRGHOLQJRIHOHF
DQG OLTXI

h?Bb +? Ti2" +QMi BMb K i2°'B Hi? i? b#22M Tm#HBb?2/ BM i?2 7(

(k) L : "HM/-.:*Q+Fb- :C "QVvH2- a . mDFQ M/ _. q?Bi2X IME
KQ/2H M HvbBb M/ #2M+?K "F bim/v 7Q° 2H2+i QM i° MbTQ i B
HQ;8M bK aQm +2b a+B2M+2 M/ h2+?MQHQ;v- ke yd8yyj UkyRd\
/IQB,RyXRy33fRjeR@e8N8f dj+e

h?Bb +? Ti2" BM+Hm/2b JQMi2 * "HQ bBKmH iBQMb #v .: *Q+Fb r-°
T QpB/2BMTmi/ i 7Q i?2 Q B;BM HrQ F- M/ UBBV T QpB/2 #2M
QmiTmi 2bmHibX HH Qi?2 rQ F /2b+ B#2/ BM i?Bb +? Ti2 Bbi?

&KDSWHU —-QWURGXFWLRQ

JQiBp i2/ #vi?2 7TmM/ K2Mi Hi?2Q v M/ “2+2Mi 2b2 “+?2 2zQ ib Qm
BM i?Bb *? Ti2 Bi Bb bQm;?i iQ 2ti2M/ “2+2Mi FBM2iB+ 7Q Kmt
BMi"Q/m+2/ bi'm+im 27 +iQ  KQ/B}+ iBQMiQ ++QmMi7Q +Q?2
/2Mb2 K2/B X IHiBK i2Hv i?Bb *? Ti2" BKbiQ 7Q KmH i2 M/ #2M+
2H2+i"QM ~mB/ KQ/2H-i? i rBHH H i2  #2 TTHB2/iQ KQ/2HBM; 2H
TH bK @HB[mB/ BMi2 7 +2-r?2 2 HB[mB/ T Q+2bb2b- bm+? b b
i 7mM/ K2Mi H H2p2H pB 2H2+i'QM +QHHBbBQM + Qbb b2+iB
i?72 ~mB/ KQ/2H 7Q" #Qi? ; b2b M/ bBKTH2 HB[mB/b rBi? +Q?2°2
T 2b2Mi2/ BM a2+iBQM kXkX T ~ K2i2°@7°22- mMB}2/ bi2 /v bi i2
BMi"Q/m+2/- HQM; rBi? # B27 bmKK v Q7 2tBbiBM; +HQbm 2 TT
BM ~mB/ KQ/2HBM;X ai2 /v bi i2 M/i° MbB2Mi #2M+?K "FBM; Q7 i?

k8



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

; BMbi ++m” i2JQMi2* "HQ bBKmH iBQMb M/ KmHIiB@i2 'K bQHT
2[m iBQM 2T '2b2Mi2/BM a2+iBQM kXjiQ /2KQMbi® i2i?2 miBHBIiv
i?Bb #2M+?K "FBM;- +QKT "BbQMb Q7 "2bmHib 7' QK i?2 Hi2'M iB
BM a2+iBQM kXk "2 b?QrM BM Q' /2" iQ ?B;?HB;?i bB;MB}+ Mi /B
BMp 'BQmb #2M+?K "F b+2M "BQbX 6BM HHv- #'B27 /Bb+mbbl
2z2+ibi?°Qm;? i?2 2H2+i"QM 2M2 ;v /Bbi ' B#miBQM 7mM+iBQMb Bt
HBKBi iBQMb Q7 i?2 HQ+ HK2 M2M2 ;v TT QtBK iBQMX *QM+Hn
BM a2+iBQM kX9X

7TKHRU\

JOXLGORGHOLQJ

h?2 KB+ Qb+QTB+ /vM KB+b Q7 +? “;2/ T "iB+H2i> MbTQ i BM ; b2l
[2b+ ' B#2/ #v T "iB+H2@# b2/ bBKmH iBQMb Q /B 2+iHv bQHpBM;
FBM2iB+ i?2Q v (3R-R9R)

ef  of

%ff' = @ - J (f); UKXRYV
r?B+? /2b+ B#2b i?2 2pQHmMiBQM Q7 i?2 +? ;2/ T "iB+H2 2Mb2K#
f(p;t) BM TQbBIiBQM@p2HQ+B)(dy> R RK2 ROKkBI?® 2++2H2 @
iBQM p2+iQ  /m2iQ TTHB2/}2H/ U2X;X 2H2+i'B+- K ;M2iB+- ;" pB
bB/2 DKX/RMQi2b i?2 " i2 Q7f(2 M)2MZiQ +QHHBbBQMb Q7 +?2 *;2/ T
rBi? M2mi> H# +F; " QmM/ T "iB+H2b BM ; b Q bQ7i +QM/2Mb2/
+QHHBbBQM QT2 iQ"

J(E) = Jigr2tmMem+02=2in b IBMb K UkXkV

r?eB+? /2b+ B#2b HH TQbbB#H2 b+ ii2°"BM; T Q+2bb2b- bm+? b
+QHHBbBQMb- ii +?K2Mi- M/ BQMBb iBQM-i?2"Qm;? TT QT B i2 +
/IBbiBM+iBQM #2ir22M +Q?2 2Mi UBX2X 2H biB+V M/ BM+Q?2 2Mi
#2 K /2 7Q i?2 +QMbB/2" iBQM Q7 +? ;2/ T "iB+H2i° MbTQ i BM HE
bi'm+im 2/ bvbi2Kb (93)X

S "iB+tH2@BM@*2HH USA*VY Q  JQMi2 * "HQ UJ*V "2i?2 H2 /BM;
mb2/ iQ bBKmH i2 +? “;2/ T "iB+H2 /Bbi'B#miBQMb BM T? b2 bT
i2°’K (eN) Q" KQ/2" M KmHIB@i2 "' K bQHmMiBQMb (Ry-93) Q7 i?2 "Qt
H2 /IBM; K2i?Q/bi? i bQHp2 /B '2+iHv 7Q  i?2 T 'iB+H2 /Bbi'B#miB

JB+ ' Qb+QTB+ FBM2iB+ TT Q +?22b T QpB/2p2°'v ++m” i2/2b+ B~
i° MbTQ i #mi #2+QK2 K i?2K iB+ HHvV +QKTHB+ i2/ M/ +QKTmi iB
BM; 7Q° TTHB+ iBQMb +QMi BMBM; +QKTH2t ;2QK2i"B2b Q" #Q
IBK2MbBQMb- Q" K Mv +? ";2/ bT2+B2bX TTHB+ iBQMb BMpQHPpE
ivTB+ H+QMi BMi?2b2 +QKTHB+ iBQMb- M/ bQ bBKTH2 -+QKTmi

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ KB[mB/



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

TT°'Q +? BbbQm;?iX bbm+?-i?2 KQ/2HBM; TT Q +? +?Qb2M BM
KQK2Mi KQ/2H (3N-Ny-Nj-N8-Ne-Ryy-Ry8)X

6HmMB/ KQ/2Hb T'QpB/2 /2b+"BTiBQM Q7 br "KQ  TH bK i?°Qm
p "B #H2bX h?Bb ;Bp2b K +'Qb+QTB+ KQ/2H Q7 i?2/Bb+? “;2-r?B-
[m MiBiB2bBKTQ'i Mi7Q 2pQHmMIBQM Q7 i?2 bvbi2KX h?Bb TT Q -
iQ + H+mH iBQM bT22/-r?BH2 K BMi BMBM; "2 bQM #H2 ++m" +
h?2 bBKTH2bi Q7 i?2b2 p "B #H2b Bb i?2 MmK#2" /2MbBiv Q7 bT2

Z
n(;t) = f(;p;Hdp; UkXjV

r?BH2 ;2M2° H p2HQ+Biv@ p2  ;2/ [m MiBiB2b 2 /2}M2/ 7" QK i?2
z

! f(5pY) k(p)dp; UkX9V

n(;t)
r?2 2¢(p) Bb Mv p2HQ+Biv /2T 2M/2Mi: 7 h2WrQBZOMi? 2M2tT2+i iBQM
p Hm2- p2HQ+Biv fp2;p;XQp2°

:2M2° HHv i?2 KQK2Mib Q7 i1 81H 5ml\p);+igB:Q%lmb2; 4=%mv2p
T2 T2 7Q°K2/1iQ ;2i# H M+2b QM 2H2+i QM MmK#2 - T "iB+H2 ~1
2M2° ;v /2MbBiv ~mt "2bT2+iBp2HvX

h?2 ;2M2 B+ KQK2Mi 2[m iBQM K v #2 /2 ' Bp2/ #v KmHIBTHVB
2[m iBQWKIRW M "#Bi" "v- p2HQ+Biv /2T2M/2(Mp) iMB BIMA &M +BBVQ M
Qp2 p2HQ+BivbT +2 (N8-Ne)

h i (751)

gt(nhi)+ r (nhpi) n hryi = C; UkX8V
r?72°€¢ Bbi?2  i2Q7 +? M;2 Q7 i7ThPniM+BINHBbBQMb
. Z
c = a@nhipl ( p)I(F)dp: UkXeV
@t +QHH

q?2°2 i?Bb TT Q +? /2T ib 7°QK +H bbB+ H : b T? b2 ~mB/ K
+QHHBDOBQM i2 K + M #2 r'Bii2M b i?2 bmK Q7 +Q?2°2Mi M/ BM+C

C =C 4072 2M¢ BM+Q?2 2Mi UkXdV

>B;? /2MbBiB2b BM HB[mB/ HBF2 bi i2b "2[mB 2 K Mv KQ/B}+
T? b2 TB+im 2- M/ BM+Hm/BM; +Q?2 2Mi b+ ii2"BM; Bb M ii2K
b+ ii2"BM; Bb T°'QD2+i2/ 2MiB " 2Hv QMiQ i?2 KQK2MimK i® Mb72"
b2+iBQM r?BH2 BM2H biB+ +QHHBbBQMb Qz /Bz2 2Mi KQH2+mH:
i?72 bi i2Q7i?2# +F;"QmM/ K2/BmKX bbmKBM;-7Q bBKTHB+BI
/2Mb2 K2/BmK 2 HQ+ HBx2/iQ BM/BpB/m HKQH2+mH2b- BM+Q?2
#v 2p Hm iBM; 2[m iBQM UkXeV rBi? i?2 b2KB@+H bbB+ H "QHixK
>2M+2-7Q° HH BM2H biB+ T'Q+2bb2b BM ; b Q° HB[mB/ K2/B - M/

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ KB[mB/



"H M/-L i? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

; b2b-i?2 BM+Q?2 2Mi +QHHBbBQM i2°" K Bb 7QmM/ pB i?2i /BiB
x Z Z
C BM+Q22'3Mi dpf(p) o wnov [j%g;  © o0 UKX3V
i ©

r?2°2 BM{B$2DMQi2 i?2 #27Q 2 M/ 7i2°  +QHHBDbBQM bi i2b/m2 i
T°Q+2bb2b + mbBM; BMi2'M H 2MZ0);BM iIMBBABQMbH T "iB+H2X ¢
i?72°KQg22MQi2b i?2 "2H iBp2 bT22/ #2ir22M +? ;2/ T "iB+H2 M/ M
+2Mi@ -0 /2MQi2b i?2 /Bz2 ' 2MiB H bchd ii DEBMIT?RISEBD i?72 TQH °
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b+ HBM; Q7 p "B #H2b mb2/ BM i?Bb rQ FX

*DV 3KDVH &ROOLVLRQ ORGHO

bBKTH2 +QMbi Mi + Qbb b2+iBQM BM2H biB+ bi2T +QHHBbBQM
rQ’F- bT2 h #H2 kXRX h?2 KQ/2H r b +?Qb2M #2+ mb2 /2bTBi2
T Q/m+2 T?vbB+ HHv +QKTH2t "2bmHib bm+? b T2 BQ/B+ 2H2+i C
#2? pBQ (N3-Ryj-Ry8-R8j) Q#b2 p2/ BM "2 H; b2b mb2/ BM #2|
bm+? b ;QM Q  M2QMX qBi? i?2 bBKTHB+Biv Q7 BKTH2K2Mi

?v/"Q/vM KB+ i° MbTQ i #2? pBQ - i?Bb +QHHBbBQM KQ/2H T Qg
7Q° #2M+?K "FBM; i?2 T2 7Q°K M+2 Q7 ~mB/ KQ/2HbX

h #H2 kXR, *QMbi Mi + Qbb b2+iBQM AM2H biB+ ai2T *QHH

o B #H2 o Hm2
m 63°
2

BM2H| 0:137; BM2H
BM2H 220
Mo 4 Km
Me 5:486 10* Km
To OE
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ILTXLG 3KDVHORGL4FDWLRQ

hQ TT QtBK i2i° MbTQ iBM bBKTH2- MQM@TQH ~HB[MB/@HBF2
iBOMiQi?2: bT? b2 +QHHBbBQM KQ/2HBM h #H2 kXRr b T2 7Q K.
Q7 bi2 /vbii2i> MbTQ'i M/ +QHHBbBQM BMTmi pB FBM2iB+ bQHnm
iBQM Q7 i?2 "QHixK MM 2[m iBQM (Ry-3d-Ne-Ryk)X h?Bbr b /QN
bi'm+im 2 KQ/B}+ iBQM BMiQ i?2 KQK2MimK i° Mb72" + Qbb b2+iE
U2pB+F HB[mMB/ KQ/2H rBi? i?2 +Q "2+iBQM Q7 02 H2i M/ g2Bbb (e
M2mi> HKQH2+mH2b Bb bbmK2/iQ +QMbBbi Q7 M > vQ7? /bT?
+Q?2°2MiHv-rBi? /2MbBiv ;Qp2 M2/ #v T +FBM; 7 +iQ"

= _r3

UkXjeV
3 No je

r?2°2Bb i?2 7?2 /bT?22°2 h@BbDi?RMM2mi- H MmMK#2  /2MbBivX

T +FBM: 7 +i©0 @0 "2bTQM/biQ +H bbB+ /BHMi2 : b-r?BH2 i
p HM2 QU:64 +Q "2bTQM/b iQ K tBK HHvV T +F2/ bQHB/ Q7 ? / bT
bBKTH2 HB[mB/ TT QtBK iBQM BM i?Bb bi:Avr F mEBMRY )X Q" C
6m i?2° /2i BHb Q7 i?Bb HB[mB/ T? b2 KQ/B}+ iBQM BM i?2 JQM,
KmHIiB@i2 'K bQHMIBQM Q7 "QHiXxK MMéb 2[m iBQM + M #2 7QmM
C*l:"QmT (Ry-93-e8)X

-QSXW'DWD

'Bp2M i?2 +QHHBbBQM KQ/2H bT2+B}2/ BM i?2 T°2pBQmb b2+iBQN
BMTmi/ i rb;2M2 i2/ pB JQMi2* "HQ bBKmH iBQMbX "v ;2M2" |
M2+2bb "v bi2 /vbii2BMTmi/ i 7Q°  ~mB/ KQ/2Hb /2b+ ' B#2/ BM i?
;b M/ HB[mB/ M HQ;m2b-i?2b K2 ~mB/ KQ/2H 7Q KmH iBQMb +
2H2+i QM i° MbTQ ' i- ;Bp2M i?2 # bBb Q7 i?2; bT? b2 +QHHBbBC(
bBKTH2 HB[mB/ KQ/B}+ iBQMb T ' 2pBQmbHvV QmiHBM2/X

h?2 BM+HmbBQM Q7 +Q?2 2Mi b+ ii2"BM; 2z2+ib BM i?2 HB[mB/
Q7 i?2 ~mB/ KQ/2HBMTmi/ i 7 QK i?2 +H bbB+ /BHmMi2 ; b TB+im~
;b M/HB[mMB/T? b2i° MbTQ i BMTmi/ i Bb T 2b2Mi2/ BM i?2 7Ql

>v/'Q/vM KB+ h> MbTQ i *Q2{+B2Mib

h?2p "B iBQM Q7 i?2 2H2+i QMg 2/ mM/212d @#BHBQM:Bim/BM H /Bzn
+Q2{+BmRDti- #2ir22M ; b M/ HB[mB/ T? b2 i° MbTQ i Bb b?QrM BM
M/ U#V "2bT2+iBp2HvX h?2 BM+'2 b2/ KQ#BHBiv M/ /BzmbBQM i H
b+ ii2°BM; 2 +H2 "Hv MQi2/- br2HH bi?2 bvKTiQiB+ +QMp2°;2
iQ: bT? b2i  MbTQ'i i?B;?2 2M2 :B2bX
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6B;m 2 kXR, >v/"Q/vM KB+ i> MbTQ iBMTmi/ i 7Q ; b M/ HB[mB/
+QHHBbBQM KQ/2HUBWI2ZY i H2/KHRX i QM KQ#BHRBHY 2/@2-{2/B2Mic
2H2+i"QM HQM;Bim/BM H /BzmbBQM +Q2{+B2Mi

*QHHBbBQM _ i2b

h?2 "2/m+2/ +QHHBDBQM 7 2[m2M+B2b Q7 KQK2MimK- 2M2":v-
+QKTmi2/ 7°QK bi2 /v bi i2 /Bbi'B#miBQM 7mM+iBQMb "2 T 2b2Mi
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6B;m 2 kXk, 1H2+i'QM +QHHBbBQM ~ i2 BMTmi/i 7Q ; b M/ HE

+QHHBbBQM KQ/2HUBWMIZR #HBDRXRMM+2/ 2M2 ;v i’ Mb72& +QHHBb

U#Xz2+iBp2 "2/m+2/ KQK2MifmK iM/MIWZ" v ~mt i:-MbQRHHBbBQM
i2DbX

M BMb2i THQi BM 6B;m 2 kXk U V Bb BM+HmM/2/iQ /2KQMbi" i2
rBi?BM M 2M2 ;v M;2 +HQb2 iQ i?2 BM2H biB+ i? ' 2b?QH/ 2M2 ;v
};m2b HbQ BM+HmM/2 THQiIi Q7 M Hi2 "M iBp2 TT Q +?iQ +QKTm
i° Mb72° " i2 (93) Q7i2M BKTH2K2Mi2/ BM JQK2MimK h® Mb72" h?2

MeMo m

2 b
No . p HB[ (Me+ mg)” No ,
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iQ /2KQMbi® i2i?2BKTQ'i M+2 Q7 BM+HmM/BM; bT2+B}+ HHv +Q
SP2 M/ MQi bBKTHvV KmHIBTHVBM; i?2 ; b T? b2 KQK2MimK i® Mb
CiBQ T'27 +iQ' - Q7i2M mb2/ BM Jhh +QHHBbBQM TT QtBK iBQML

h?2 2z2+ib Q7 +Q?2 2Mi b+ ii2"BM; BM i?2 HB[mB/ T? b2 TT
2pB/2Mi BM 6B;m" 2 k)d% BHVKMPMIBIH2 Q/2°b Q7 K ;MBim/2 bK H
2M2 :B2bX bi?2 K2 |v|2|v|2 :vQ7 MBM+QKBM; 2H2+i"QM BM+'2 b
b+ ii2°BM; "2 2/m+2/ M/ i?2 HB[mB/ T? b2 "2bmHi +QMp2 ;2b iQ

S'2pBQmbHV i?2 KQK2MimK i Mb72° +QHHBbBQM 7 2[m2M+v ? b
i27Qi?22M2;v~mt# H M+2 2[m iBQM- QrBM; iQ i?2 T?vbB+ H I
b+ H2b 7Q  i?2 irQ p2+iQ  [m MiBiB2b (N8-Ry9-R9e)X >Qr2p2 - Bi -
i? 1i?2°2Bb /Bz2 2M+2 #2ir22M i?2 KQK2MimK i> Mb72"> 7°2[m2M
+QKTmi2/2M2 ;v ~mti> Mb72 7 2[m2M+v-2p2M BM i?Bb bBKTH2 #2
#Qi? ; b M/ HB[mB/ T? b2 K2/B X h?Bb bmTTQ ibi?2 +H BK Q7 mb
~mti> Mb72° > i2 b HbQ "2+QKK2M/2/ #v "2+F2° M/ GQz? ;2M (Ry

*HQbm' 2 h2 Kb

h?2 ?B;?22 @Q /2  KQK2Mi LM @B AR 22i2MR b #v 2 [ m U BXQRM/
UkXk9lv2/ BMOIRI2@ da. @aaKQ/2Hb- "2 THQii2/ ; BMbii?2 T~ K2i2
KQK2Mi +HQbm 2 i2 Kb- /2}M AJ kik @MU/ ki BIQGNA/B / B MIiRPR@ .
KQ/2H- BM 6B;m 2 kXjX
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6B;m 2 kXj, >B;?2 Q' /2  +HQbm 2 BMTmi7Q ; b M/ HB[mB/ K2/B
KQ/2H BM h #H2XK2MimK # H M+,2*bil2#ﬂ4\/l2‘;v ~-mt# H M+2 i2 K-
by

h?2 BMb2i THQib /2KQMbi® i2i?2°2Bb /2T "im 2 #2ir22Mi?2 TT (
BM2H biB+ +? MM2H #2;BMb iQ +QMi B#mi2 bB;MB}+ MiHv- bT2+B
" M;2b UyXR 20 @ Ry 20V +QKKQMHvV 2tT2°'B2M+2/ BM MQM@ 2[m
TH bK KQ/2HBM;X PM2 b?QmH/ MQi2 /Bz2 2M+2 #2ir22M ; b M/t
r2HH-r?B+?i?2 T ° K2i2'Bx2/ +HQbm 2 /Q2b MQi HHQr 7Q X h?Bb |
iQ T 272°'2M+2 /B ' 2+i bm#biBimiBQM Q7 bi2 /vbii2/i b 7mN
K2 M2M2 ;v- bQTTQb2/iQT " K2i2°'BxBM; Q° bbmKBM; bBKTH
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Q' /2 i2 KbX

+DW )LHOG YHQFKPDUNYV

AM Q' /2  iQ p2'B7v ; BMbi bBKBH ~ #2M+?K "Fb mb2/ BM T 2pB(
T2 im # iBQM Q7 ?2QKQ;2M2Qmb # +F; QmM/ "2/m+2/ 2H2+i B+
(Ryj-RON)X h?2? iT2 im # iBQM Bb TH +2//QrMbi’2 KQ7 M 2H?2
rBi? +QMbi Mi~mtX 6HmB/ KQ/2Hb "2 bQHp2/ BM i?2 bi2 /v bi i:
Q' /27 iQ "2bQHp2i?2 "2bTQMb2 Q7 K +'Qb+QTB+ p "B #H2b iQ i~
T2 im # iBQM mb2/ T 2pBQmbHVBM+ 2 b2bi?2 K ;MBim/2 Q7 i?2 # -
}2H/ rBi? bi2T 7mM+iBQM Qp2° /2}M2/ /Bbi M+2X h?2 ;2QK2i v (
QmiHBM2/ BM 6B;m 2 kX9X

|E
No

HIGH

Z=-00
6B;m 2 kX9, > i M/ BMp2'b2? i}2H/ #2M+?K "F T Q#H2K ;2

aim/vBM; i?2? i}2H/ #2M+?K "F HHQrb i?22z22+iQ7 BM2H biB+ +
M/ 7Q  i?2T2'7Q°'K M+2 Q7 ~mB/ KQ/2Hb iQ #2 2p Hm i2/ BM i?Bb ]
"2;BK2X "v BM+'2 bBM; i?2 "2/m+2/ 2H2+i "B+ }2H/ i?2 2H2+i Q\
rBi?BM i?2 ? ib KTH2b H “;2° TQ'iBQM Q7 i?2 BM2H biB+ + Qbb
2/m+2/ 2H2+i"B+ }2H/ Bb rBi?BM +2°i BM " M;2 # H M+2 #2ir22
M/ BM2H biB+ +QQHBM;rBM/Dr+T22M QBB QM-i T Q/m+2b Qb+BHH
bT iB Hbi'm+im 2b BM HHK + Qb+QTB+ Q#b2 p #H2b (N3-R8j)X '
~mB/ KQ/2Hb iQ i?Bb }2H/- QM2 K v bb2bb i?2 #BHBiv- Q° BM #I
++QmMmMi 7Q  bm+? bT iB Hbi'm+im 2bX

AM //BiBQM iQ i?2 ? i }2H/ #2M+?K "Fi? i BM+ 2 b2b i?2 K ;MBirn
2H2+i"B+ }2H/- QM2 K v HbQ bBKmH i2 M BMp2 b2 ? i}2H/ #2M+
K ;MBim/2 Q7 i?2 "2/m+2/ 2H2+i'B+ }2H/X h?Bb BMp2'b2 ? i }2H/ KQ
Q'/2°iQ 2t KBM2i?2 "2H t iBQM Q7 KQK2MimK M/ 2M2 ;v BM HQr
:Bp2Mi? i +HQbm 2 bbmKTIiBQMb Q7 i?2 ~mB/ 2[m iBQMb /B 2+il
Q7 i?2 7?B;?2°  Q/2  i2MbQ 'b- M/ ?2M+2 i?2 /IBzmbBp2i> MbTQ i G
2M2 ;v-BiBbpBi HiQbim/v HQr@}2H/ #2M+?K "Fi? i2KT? bBx2bi
i° MbTQ iX

"2M+?K "FBM; ; BMbii?2/Bb+mbb2/? i M/BMp2 b2? iT Q#H2KI|
#°2 /1i? Q7 T?vbB+ H+QM/BiBQMb iQ 2p Hm i2 ~mB/ KQ/2Hb T 2k
2t KTH2-i?2 BM+°2 bBM; ? i }2H/ + M #2 +QKT "2/iQ TQi2MiB HHyv
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BM}2H/@2M? M+2/iBT 2;BQMb Q7 bi'2 K2 T QT ; iBQM (N8-Ry9.
M2 " #QmM/ "B2b (Ne-Ryy)X q?BH2 +QMp2 b2Hv-i?2 "2/m+2/ K ;N
}2H/ + M #2 +QKT "2/iQ "2;BK2br?2°22H2+i'B+ }2H/ b+ 22MBM;
#2?BM/ T QT ; iBM; bi’2 K2 (N8-Ry9-R9e) Q r?2°2 M 2H2+i B+}
# +F BMiQ i?2 #mHF "2;BQM Q7 TH bK (Ne-Ryy)X

AMBiB H M/ "QmM/ v *QM/BiBQMb

bQm +2 2KBiiBM; 2H2+i"QMb i +QMbi Mi ~ i2 ii?2# +F;"QmM/ "
bi i2 K2 M2M2 ;v M/ /'B7i p2HQ+Bivr b TH +2/7 ~7°QK i?2 “2/
T2 im # iBQM-bm+? i? ii?2 2H2+i"QMb ? / "2H t2/iQ bi2 /v@bi iz
}2H/ #27Q 2 "2 +?BM; i?2 }2H/ bi2TX

AMBIB HHv i?2 /QK BMzyrOhb=DKTNVBQ iQ i?2 bQm +2 #2BM; im M
1 +?2 bvbi2K Q7 ~mB/2[m iBQMbr b2pQHp2/BMiBK2-mbBM;i?2 Mm
BM - mMiBH bi2 /vbii2bQHmMIiBQMr b 2 +?22/X

aBKTH2 #QmM/ v +QM/BiBQMb 7Q  2H2+i " QM /2MbBiv- M/ i?mb -
"2 mb2/i?2°Qm;? }t2/ .B'B+?H2i +QM/BiBQMb

n E;t =n E;t =0 UkXjdVv

72 2Bbi?2H2M;i? Q7i?2bBKmH iBQM/QK BMX hQ 7m i?2  "2/m+2
i72 +QKTmi iBQM H/QK BMr b 2ti2M/2/iQ pQB/ bB;MB}+ Mi/2MbB
}t2/ /Bbi M+2 Q7 i?2 #QmM/ “B2bX

'QQ/M2bb Q7 6Bi

AM Q' /2 iQ[m MiB7v ?2Qrr2HH 2 +? ~mB/ KQ/2H + M T Q/m+2 T?vb
i?BbrQ ' Fmb2b ;QQ/M2bb Q7 }ii #H27Q 2 +? #2M+?K "FX LQ K H|
ULJalV +QKTmi iBQMb 2 T2 7Q'K2/7Q 2 +? ~mB/ KQ/2H bQHmi
i?72 T2vbB+ HHv /2i BH2/JQMi2 * "HQ bQHmMIBQMX hP2:dal Q7 M
+QKT "2/iQ M 2t +i p Hm2 Q7?2 Bim M2}iN8 /M b

for+i f 170t °.
for+i K2 Moo '

LJal= UkXj3V

r?2° R:k BM/B+ i2b i?2 k@MQ KX AM i?2 BMi2 T 2i iBQM Q7 LJal
#QmM/bLJal 1 -r?212Jal=0 BM/B+ i2b T2L02dF}i- BM/B+ i2b

# /}i- MUJal=1 BKTHB2b i?2 TT QtBK iBQM Bb MQ #2ii2" }ii?
HBM2X

ai M/ "/ > i 6B2H/

6B:m 2b kX8 M/ kXe T 2b2Mi bi2 /v bi i2 bQHMIBQMb Q7 2 +? ~mB/
2 i}2H/ #2M+?K "FBM #Qi? : b M/ HB[mB/ T? b2X h #H2b kXk M/ kX
"QQ/M2bb Q7 }ip Hm2bX 6Q" +QKT "BbQM JQMi2 * "HQ UJ*V bQHTr
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T Q#H2K Bb BM+HmM/2/- +QKTmi2/ 7 QK K2i?Q/b T 2pBQmbHvV mb2/ ;
6Q  i?2 bi2 /vbii2+HQbm 2 K2i?Q/ /pQ+ i2/ BMi?BbrQ Fi?2 T":
i?72b K27Q 9%Q@aaM/.. @aaKQ/2Hb- bBM+2 i?2 bQHmMIiBQM Bb BN
bi i2X

h?2 ~mB/ KQ/2H "2bmHib T 2b2Mi2/ BM 6B;m 2b kX8 M/ kXe M/ L
kXk M/ kXj /2KQMbi® i2 bi' QM; ;°22K2Mi KQM; ~mB/ KQ/2Hb 7
BM #Qi? ; b M/ HB[mB/ T? b2bX LQM2 Q7 i?2 ~mB/ KQ/2Hb + M~
bi'm+im 2b7QmM/BMi?2J* bQHmMIBQM- +QMbBbi2ZMirBi? T'2pBQm
M/ x2°Q 2?2 i ~mt +HQbm 2b Qz2° bBKBH ~bQHmMiBQMb r?B+? i2M/ i
7 HHBM; 2/;2b Q7 i?2 }2H/ T2 im # iBQMXPMA?/Q.iTRaX M/-i?2
bQHMIBQMb "2 ;2M2° HHVv KQMQiQMB+-rBi? i?2 2t+2TiBQM Q7 M I
2/;2 Q71?2 ? iX

J* bBKmH iBQMb /2KQMbi®  iBM; K2 M2M2 ;v ?2 iBM; M/ +QQHE
"BbBM; M/ 7 HHBM; 2/;2b Q7 i?2? i "2 MQi 2T Q/m+2/iQi?2b K
KQ/2HbX h?Bb /2KQMbi® i2bi?2 MQM@HQ+ H 2z2+ib Q7 i?2 2H2+]
i MbTQ i T°QT2'iB2b bQK2 /Bbi M+2 r vX h?2 ~mB/ KQ/2Hb TT
"2bQHPBM; bQK2 Q7 i?Bb MOQM@HQ+ H i° MbTQ i #mi MQi iQ i?2
bBKmH iBQMb-T "iB+mH "Hv BM i?2 HB[mB/ T? b2 #2M+?K "FX

Pp2° HHi?2'2 "2 KBMQ Q#b2'p #H2 /Bz2 2M+2b KQM; i?2 ~m
HH LJal "2bmHib "2 p2°'v+QMbBbi2Mi + Qbb HHp "B #H2b- TT"
2 bQM #H2 TT QtBK iBQM BM i?2 6HBM2 Q7 #2bi }i6 b2Mb2 7
~mB/ KQ/2Hb mb2/X Ai+ M #2 +QM+HmM/2/i? i mbBM; Mv Q7 i?2 -
"2 bQM #H2 TT QtBK iBQM iQ i?2 bi2 /v@bi i22H2+i QM i° MbTQ" i
2H2+i"QM bi'm+im 2b- BM + b2b bm+? b i?Bb #2M+?K "F
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*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ WB[mB/
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= MC sreee DDA-SS = =DDA-F = =DDA-Z AMM-D

6B;m 2 kXe, GB[mB/ T? b2 ? i }2H/ T2 im ' # iBQM #2M+?K 'F b T
C.p=50-1=1 h/:5 h/:1 h/

No

h #H2 kXj, LJal 7Q  6B;m 2 kXe bQHMIBQMb 7Q 2 +? ~mB/ KQ/2H +
* "HQ “2bmHi

JQ/2H nss qgss higg

. @aa yXyk9 yXyRe yXyRS8
.. @6| yXyRj yXyRR yXyR8
.. @w| yXyR8 yXyRk yXyR3
9JJ@ .| yXykk yXyRe yXyR9

AMp2'b2 > i 6B2H/

*QKT "BbQM Q7 i?2 ~mB/ KQ/2H "2bmHib BM 6B;m 2b kXd M/ kX3
Q7 }i K2i'B+b BM h #H2 kX9 BM/B+ i2 bB;MB}+ Mi /Bz2 2M+2 #
i?Bb bim/vX Ai + M #2 b22M i?2 6Qm B2 M/ x2 Q ?2 i ~mt KQ/2Hb

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ WB[mB/



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

i?72J* bQHMIBQM- rB272@b. W2. @aaKQ/2Hb T ' QpB/2 [m HBi iBp:
+HQb2' TT QtBK iBQM iQ i?2 +im HbQHmMIBQM 7Q° MmK#2' /2MbB
MmK#2" /2MbBiv T'Q}HZ67R/.i?@WKQ/2Hb Qz2° +QKTH2i2Hv /IBz2
[mMm HBi iBp2 "2bmHi +QKT "2/ iQ i?2 J* "2bmHi #2+ mb2 Q7 i?2 Qj
pP2HQ+Biv T Q}H2bc BM Q /2 7Q i?2 T 'iB+H2 ~mtiQ 2K BM +QN
i?72 MmK#2" /2MbBiv Kmbi +QKT2Mb i2 7Q  i?2 Qp2°'b?QQi BM i?2 K2
i?722 "QM2Qmb "2bmHib BM 6B;m 2b kXd M/ kX3X

h?2 /Bb+ 2T M+v #2ir22M J* "2bmHib M/ ~mB/ KQ/2Hb BbM&éi b
HB[mB/T? b2i> MbTQ i- +QKT “2/iQi?2; bT? b2X M2z2+iQ7i?2
b+ ii2’BM; 7Q" i?2 HB[mB/ T? b2 "2bmHib BM HQM;2' KQK2Mim|
HB[mB/ T? b2 i° MbTQ i-r?B+? TT2 'biQ bbBbii?2 ~mB/ KQ/2Hb E
i?72 "2bmHibX

AM +QMi° BI3I@2 M/.. @aaKQ/2Hb T QpB/2 #2ii2° TT QtBK iBQM
K2 M p2HQ+BivH2 /IBM;iQ +HQb2 TT QtBK iBQM Q7 i?2 MmK#?2
i?72b2 KQ/2Hb ? M/H2 i?2 HQr /p2+iBQMi> MbTQ i 2;BK2 Km+? #
irQ KQ/2HbX

h?2 ;°22K2Mi BM i?2 K2 M 2M2 ;v T'Q}H2b Bb Km+? iB;?i2" i?
KQK2Mib-rBi? HH~mB/KQ/2Hb/QBM; "2 bQM #HvVv Ir2HH BM TT Qtl
PM2 b?QmH/ MQi2 931 @?2BH2 @aaKQ/2Hb ? p2 p2'v bBKBH "~ LJa:
p Hm2b-6B;m 2 kX8DbPP@KQi”2H T Q/m+2b BM+Q "2+i "2H t iBQM #
i?727 HHBM; 2/;2 Q7 i?2 BMp2'b2 ? iX h?2 6Qm B2  KQ/2H bQHmi
rBi?BM i?2 ? i "2;BQM-#mi i?2 BM ++m" +v Q7 i?2 MmK#2" /2MbE
"2bmHib /2i7 +ib 7 QK i?Bb TQbB. B®@KQBHHX 7Q " i?2

LQiB+2 #Hv- BM 6B;m 2 kX3- MQM2 Q7 i?2 ~mB/ KQ/2Hb T " QpB/2
i?2 HB[mB/ T? b2 K2 M2M2 ;v 2H t iBQM BMbB/2 i?2 BMp2 b2 ? i T
i?72 HQM;2 HB[mB/ T? b2 "2H t iBQM H2M;i? Bb #2ii2° TT QtBK i
9JJ@. KQ/2Hb r?2M +QKT "2/iQ i?2 J* K2 M 2M2 ;v-#mii?2 ii2M
2M2° ;v Bb MQi r2HH /2b+ " B#2/X h?2 QTTQbBi2 TT2 "biQ #2 i?2
. @w "2bmHib-r?B+? ii2Mm i2i?72 K2 M2M2 ;viQ HQr2 p Hm2
H2M;i? Bb +QMbB/2" #Hv /Bz2 2Mii? Mi?2 J* "2bmHiX

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ WB[mB/
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Distance from source [Z]
=== MC reer DDA-SS = =DDA-F = =DDA-Z 4MM-D

6B:m 2 kXd, : b T? b2 BMp2'b2? i}2H/ T2 im'# iBQM #2M+?K 'F b
t>,1:3o-5;= 1 h/: 01 h/:1 h/

h #H2 kX9, LJal 7Q 6B;m 2 kXd bQHMIiBQMb 7Q 2 +? ~mB/ KQ/2H -
* "HQ “2bmHi

JQ/2H nss  qgss higg

.. @aa yXyR3 yXyRR yXyRd
.. @6 yYX9NR yXRdy yXyy3
.. @w| yXked yXkNj yXyRR
9JJ@ .| yXyjy yXyR9 yXykd

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ WB[mB/



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB
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Distance from source [Z]

= MC seee DDA-SS = =DDA-F = =DDA-Z 4MM-D

6B;m 2 kX3, GB[mB/ T? b2 BMp2'b2 ? i }2H/ T2 im ' # iBQM #2M+?
r?2°2-p,=50-2=1 h/: 02 h/:1 h/

No

h #H2 kX8, LJal 7Q 6B;m 2 kX3 bQHmMIiBQMb 7Q" 2 +? ~mB/ KQ/2H -
* "HQ "2bmHi

JQ/2H nss qgss higg

. @aa yXyjd yXyde yX9Rd

. @6 yXkk3 yXRRj yXje8

.. @w| yXRje yXRKR yXjeR

9JJ@. yXyjk yXyde yX9kR

6SDWLRWHPSRUDO 3XOVH (YROXWLRQ

b bmTTH2K2Mi iQ i?2 bi2 /vbii2? i}2H/ #2M+?K "F-r?B+? T C
2[mBHB# BmK 2z2+ib M2 " i?2 }2H/ T2 im # iBQMb-i?2 i MbB2N\
hQrMb2M/ 2tT2 BK2Mi BMBiB H TmHb2r bbim/B2/iQ bim/vi?2 4

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ WB[mB/



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

~mB/ KQ/2Hb iQ "2bQHp2 iBK2@/2T2M/2Mi i° MbTQ i 2z2+ibX ai
HHQrb i?2 T2'7Q 'K M+2 Q7 i?2 ~mB/ KQ/2Hb BM b? T ;" /B2Mi- M
MQM@2[mMBHB# BmK "2;BK2 iQ #2 bb2bb2/X 6Q  # 2pBivi?Bb #2M-
T? b2i° MbTQ i QMHv- b HB[mB/ T? b2 "2bmHibr2°2 p2'v bBKBH

h?Bb bBKmH iBQM i F2b TH +2 #v "2H2 bBM; i?2 M ""Qr TmHb2 |
QmM/ “2/m+2/ }2H/- M/ bBKmH iBM; i?2 bT +2@iBK2 2pQHmiB
i F2M i TT QtBK i2Hv Ry M/ Ryy KQK2MimK i® Mb72" "2H t iBQM i
i* Mb72° "2H t iBQM iBK2bX h?2b2 b KTH2 iBK2b r2'2 +?2Qb2M iQ /2
p B iBQMb Qp2 /Bz2 2Mi T?vbB+ H "2;BK2bBM Q /2  iQ bb2bb r?
i?72 #2bi Qp2° HH "2bTQMb2X

6Q  i?Bb #2M+?K 'F +QKT 'BbQM KmHiB@i2 'K bQHmMIBQM Q7
/2i BH2/ #v "QVvHERY) ? b #22M BM+HmM/2/ b "272°2M+2 bQHmI
#2M+?K "F i?2 "2/m+2/ 2H2+i B+ }H%H:/ B bh¥tBm H? 1W,i =

1:385 10* KB ;hi=0:8337 20 "2 i?2 bi2 /vbii2 /'B7i p2HQ+Biv M/ K2 M
"2bT2+iBp2HvVvX

AMBiB H M/ "QmM/ v *QM/BiBQMb

h?2i° MbB2Mi TmHb2 #2M+?K "Fr bb2i#v M BMBIiB H +QM/BiBC
MmK#2 /2MbBiv

n 2#
1 z

@ = — P 2tT = T . UKXjNV
~Z9 2 2 ~z9

r?2°2zg=0:1- M/ }t2/ BM p2HQ+Biv bT +2 #v [/ 'B7i2/J tr2HHB M /B
3
2

m m
21T ——
2kgT 2kg T

fu(p) = fn(2) (p a)?; UkX9yV

r?2°"2P=10E M/gq =10° KB 1 X
AMBiB H+QM/BiBQMb 7Q° ~mB/ KQ/2H +QKTmi iBQM Hp "B #H
" iBM; UKXR8V @ UkXRdV Qp2  i?2 /Bbi'B#miBQM 7mM+iBQM

f (U, 500 = Af,(&f,(p); UkX9RV

R
r?2°2 Bb MQ 'K HBx iBQM +QMHBIzZMUbM)d® F2L XK 1p Hm iBQM Q7
i?2b2 ;Bp2b

n(:0) = fn(® UkX9kV

(;0) = fa(® a
1

n(:0) = fn(2 ngT+§meW2 :

(:0) = f,(® ngT+%meW2 q:

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ WB[mB/
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B 'B+?H2i #QmM/ v +QM/BiBQMb /2b+ B#2/ 7Q  i?2 bi2 /v bi iz
2KTHQV2/ 7Q  i?2i° MbB2Mi TmHb2 2pQHmMiBQMX

LmK#2  .2MbBiv 1pQHmMiBQM

h?2 MmK#2" /2MbBiv 2pQHmMiBQM /BbTH v2/ BM 6B;m 2 kXN /2KQMb
/IQKBM i2/ #v KQK2MimK "2H t iBQM MQ ~mB/ KQ/2H T 'QpB/2b M 2t
FBM2iB+ "2bmHi- +QMbBbi2Mi rBi? 2tT2+i2/ ++m” +v #QmM/b Q7
.2bTBi2 HH ~mB/ KQ/2H "2bmHib #2BM; KQ 2 /IBzmbBp2 i? M i?z
/[2KQMbi® i2 +QM+2 "MBM; p "B iBQM 7 QK i?2 ;2M2" H[m HBi iBp2:
FBM2iB+ bQHmMiBQMX
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= Kinetic =+=:- 4AMM-SS = =DDA-F = =DDA-Z 4AMM-D
6B;m 2 kXN, h> MbB2Mi 2pQHmMiBQM Q7 2H2+i"QM /2MbBiv 7 QK |
T? b2 K2/B b T2 h #H2 kXR rB>=#3+K;XQmM/

*QMbB/2 BM; i?2 BMi2 K2/B i2 "2;BK2 #2ir22M KQK2MimK M/
T Q+2bb2b BM 6B;:m 2 kXN b?Qrb #2ii2° ; 22K2Mi iQ i?2 FBM2iE

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ BWB[mB/



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

KQ/2Hb T "1 7 QKI@XQ/2HX h?Bb /2KQMbi™ i2bi?2 2z2+ib Q7 ?B;"
/IBzmbBpBiv/m2 iQ +HQbm 2 8bHIKIBQMEK BM i?2

b iBK2 +QMiBMm2b- M/ 2M2 ;v "2H t iBQM #2+QK2b i?2 /QK
p B iBQM #2ir22M ~mB/ bQHmMIiBQMb Bb b?QrM BM 6B;m 2 kXNX Ai
?2 i ~mt M/6Qm B2 +HQbm 2 bbmKTiBQMb T°Q/m+2 T Q}H2b i?
"2bmHiIX h?2v "2 #Qi? 7Q°r '/ T2 F2/- M/ BM ++m’ i2Hv T 2/B+ii?z
#2?BM/ i?2 #mHF Q7 i?2JUr@HbR@bm?2 T2 7Q Kb bHB;?iHvV #2ii2" -
i?72 "2;BQM #2?BM/ i?2 #mHF Q7 i?2 TmHb2-r?2"2Bi TT2 "b# +F
KQ/2H2/ ++m’ i2HvX 8BM2d8WL-mMA2 2K BMb bmBi #H2 6HBM2 Q
TT QtBK iBQM iQ i?2 FBM2iB+ bQHmMiBQMX

J2 M 0o2HQ+Biv 1pQHmMIiBQM

6'QK i?2 2pQHmMIiBQM Q7 K2 M p2HQ+Biv b?QrM BM 6B;m 2 kXRYy
9JJ@aaQMiBMmM2b iQ T'QpB/2 +HQb2" TT QtBK iBQM iQ i?2 FE
HH i? 22 iBK2 b+ H2bX i 2 "HviBK2b-i?2 MQM@?v/ Q/vM KB+ i
bQHmMIBQM Bb MQi "2THB+ i2/ #v Mv ~mB/ KQ/2H v2ii?2 bi2 /v bi
+HQb2bi +QKT "BbQM +QKT "2/iQ i?2 Qi?2 /Bb+mbb2/ ~mB/ KQ/2

.m ' BM;i?2i° MbBiBQM #2ir22M KQK2MimK M/ 2M2 ;v '2H t iBQM
+QKT 'BbQM 7Q "  KQbi Q7 i?2 ~mB/ KQ/2Hb-rBi? i?2 2t+2TiBQM Q7
>Qr2p2° ii?2HQM;2bi iBK2 b+ H2i?2 /Bb+"2T M+B2b #2ir22M 2 -
b22MX AM i?2 "2;BQMb +HQb2 iQ- M/ #2?BM/-i?2 Q'B;BM i?2 K2 M
#v i?72JJ@akQ/2HX q?BH2 i?72 "2K BMBM; ~mB/ KQ/2Hb T°"QpB/2 N
Q7i?2 K2 M p2HQ+Biv-T 'iB+mH "HvBM# +F /BzmbBQM "2;BQMI
TmHb2 "2H t2b BMiQ bKQQi?@; /B2Mi ?2v/"Q/vM KB+ "2;BK2- i~
bvKTiQiB+ HHv #2ii2° + Qbb HH ~mB/ KQ/2Hb- b QM2 KB;?i 2tT

J2 M 1M2 ;v 1pQHmMiBQM

J2 M 2M2 ;vp BiBQM Bb Km+? bBKTH2  iQ B/2MiB7v BM i?Bb #
i?22 T 2pBQmb K + Qb+QTB+ Q#b2 p #H2bX i b?Q i iBK2b 6B;m 2
;7 22K2MiiQi?2 [m /T iB+@HBF2b? T2 Q7 i?2 FBM29BI@QHMIBQWN
KQ/2HX h?2 x2 ' Q?2 i~mtKQ/2H mM/2 2biBK i2bi?2 K2 M 2M2";v
i?726Qm B2 +HQbm 2 TT2 'biQT2 9QI® §d®@/2H2HI2X2(b?BK i2b
i?72 K2 M2M2 ;vBMi?2 #mHF Q7 i?2 TmHb2- M/ mM/2 2biBK i2b C
i?72 TT QtBK iBQMb Q7 KQbi ~mB/ KQ/2Hb T2 ' 7Q K [m HBi iBp2HvV |

biBK2 /p M+2b BMiQ i?2 irQ }M Hb KTH2 iBK2b BM 6B;m 2 k.
KQbi ~mB/ KQ/2Hb 7 BHiQ TT QtBK i2i?2 FBM2iB+OWQ@m@maBQM r2H
KQ/2HX h?@w M/.. @6KQ/2Hb b?Qri? iQMi?2 7°'BM;2b Q7 i?2 TmHb
2M2 ;v Bb b2p2 2Hv Qp2 2biBK i2/-r?BH2 ;2M2" HHv mM/2 2biB]|
TmHb2XOWP@ KQ/2H +QMiBMm2b iQ bmz2  BM ++m” +B2b BM "2;BQ!
/IBzmbBQM 2z2+ib-#mi /Q2b "2; BMbQK2 ++m  +vBMi?2 HQM; iBK.
i?722M2°;v " 2H t i BQM BMiQ i?2 ?v/ ' Q/vM KB+ "2;BK2X

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ BB[mB/
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= Kinetic =+- 4MM-SS = =DDA-F = =DDA-Z 4MM-D

6B;m 2 kXRy, h® MbB2Mi 2pQHmMIiBQM Q7 2H2+i"QM K2 M p2HQ+Biv
bT? b2 K2/B b T2 h #H2 kXR r%%m+memM/

h?2 9JJ@aa /2KQMbi® i2b i?2 #BHBiv iQ ;2M2° HHv "2bQHp2
TT QtBK iBQM iQ i?2 FBM2iB+ bQHMIiBQM + Qbb KmHiBTH2 iBK?2
#2M+?K "FiQ i?2 bi2 /vbii2? i}2H/ #2M+?K "F "2bmHib-i?2 T°
2pPQHMIBQM "2bmHib "2 ;QQ/BM/B+ iQ Q7 i®2J&AMaBi2H/v++m”™ +v
bi i2/Bbi'B#miBQM +HQbm 2 T'QpB/2bX h?2 bi'2M;i? Q7 i?Bb K
bi2 /vbii2 HBKBiiQ T'QpB/2 T?vbB+ H/Bbi ' B#miBQM r?2M T 2/
2bT2+B HHv +H2 " BM "2;BQMb r?2°2 # +F/BzmbBQM Q7 2M2 ;v M

'LVWULEXWLRQ H*HFWV DQG LPSOLFDWLRQV IRU 5XI

AM Q' /2 iQ mM/2 bi M/i?2 "2bmHib M/ HBKBi iBQMb Q7 i?2 T 2
2M2 ;v /IBbi B#miBQM 7mM+iBQM r b bim/B2/X :Bp2M i? ii?2 K I

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ BR[mB/
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Distance from source [Z]

= Kinetic == 4MM-SS = =DDA-F = =DDA-Z 4AMM-D

6B;m 2 kXRR, h> MbB2Mi 2pQHmMiBQM Q7 2H2+i"QM K2 M 2M2 ;v 7
bT? b2 K2/B b T2 h #H2 kXR rl%lgft#:gm:/meM/

KQ/2Hb miBHBx2 i?2 HQ+ HK2 M 2M2 ;v TT QtBK iBQM BM 2p F
TQbbB#HvVv +HQbm 2- Bi Bb BKTQ i MiiQ mM/2 bi M/ i?2 "QH2 Q7
BMT Q/m+BM; 2bmHibbm+? bbT iB HHv T2 BQ/B+ bi m+im 2b
+ MMQi 2HB #Hv T Q/m+2X

AM Q /2 iQ bim/vi?22M2 ;v /Bbi B#miBQM 7mM+iBQM 2z2+ib i’
Q7 i?2 "QHiIXK MM 2[m iBQM- /IBb+mbb2/ BM i?2 T'2pBQmb b2+i
TT QtBK i2Hv }p22M2 ;v 2H t iIBQN iBKBDH2BKQ/i®-2 BMBiB H 2M2Z
/IBbi ' B#miBQM rBHH ? p2 bm{+B2MiHv "2H t2/iQ "2/m+2 b? "T MC
ii?72b KTH2 iBK2 i?2 K2 M 2H2+i'QM 2M2 ;v + M #2 THQii2/- b b?
M/ b KTH2b BM TQbBIiBQM@bT +2 + M#2 i F2M r?2 2 i?2 K2 M@ 2!
bi2 /v@dbi i2K2 M2M2 ;vp Hm2 Q7 yX3jjd 20X

h?2 iviB+ H7Q K Q7 i?2 /Bbi‘B#miBQMfZ(rUM%iiB?QMFQEK'HQMZN

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ BR[mB/
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6B;m 2 kXRk, h™ MbB2Mi K2 M 2 M2k iM5pB-MIBB-QINBM;, b KTH2 TQBM
+QBM+B/BM,#Bi8337 20

TQBMib +Q "2bTQM/BM; iQ i?2 b K2 bi2 /v@bi i2 K2 M2M2 ;vp Hnm
kKXRjX 6Q" +QKT "BbQM i?2 bi2 /v@bi i22M2 ;v /Bbi B#miBQM 7m
#v bBKmH iBM; i?2 FBM2iB+ bQHmMIiBQM 7Q° p2'vHQM; iBK2- M/i?
2M2° ;v /Bbi'B#miBQM 7TmM+iBQM- +QBM+B/BM; rBi? i?2 bi2 /Iv@bi i
THQIii2/X

6 QK i?2 2T 2b2Mi iBp2 /Bbi B#miBQM 7TmM+iBQMb Bi + M #2 b
Q7 i?72 2M2 ;v /Bbi ' B#miBQM TmM+iBQM p "B2b bB;MB}+ MiHV #2
"2;BK2b BM i?2 i° MbB2Mi 2pQHmMIiBQMX Air b 7QmM/i? i /Bbi B
H2 /BM; 2/;2 Q7 bQ + HH2/ 6> M+F@>2"ix Qb+BHH iBQM +Q "2b
/Bbi ' B#miBQM 7mM+iBQM- #mi /Q MQi bB;MB}+ MiHv BKTBM;2 T bi
i?72v "2 +? 0?2 T2 FQ7i?2 Qb+BHH iBQMX *QMp2 ' b2Hv-b KTH2b
Qb+BHH iBQM +QMi BM #B@KQ/ H/Bbi'B#miBQM /m2iQ BM2H biB
2H2+i QMb i? ir2 2 ;" /m HHv ?2 i2/ QM i?2 H2 /BM; 2/;2 2;BK2 /Qr
BMi?2 /Bbi B#miBQMX

*QKT "2/iQi?2bi2 /v@bi i2 M/ /'B7i2/J tr2HHB M /Bbi'B#miB
?2 iBM; M/ +QQHBM; /Bbi B#miBQMb 2 [mBi2 /Bz2 2MiX b
p "BiBQMBb F2v+ mb2Q7i?2/2}+B2M+B2bBMi?2HQ+ HK2 M2M
TH bK ~mB/ KQ/2HBM;X IMIiBHi?2HQ+ HK2 M2M2 ;v TT QtBK iB(
iQ+ Tim 2 /Bbi B#miBQM p "B iBQM-i?2 +QKTH2tbT iB Hbi m+im
Qb+BHH iBQMb- rBHH MQi #2 "2bQHp #H2 rBi? ~mB/ K2i?Q/X

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ BB[mB/
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6B:m 2 kXRj, *QKT "BbQM Q7 ivTIB+ H 2M2 U3 4RI+ B mii'B QY MB2VNI + i B
22 iBM; M/ +QQHBM; "2;:BK2bX ai2 /v bi i2 /Bbi'B#miBQM M/ / B7
7Q° +QKT "BbQMX

&KDSWHU 6 XPPDU\

h?Bb *? Ti2  ?2 b T '2b2Mi2/i?2 7 K2rQ F7Q° mMB}2/ TT Q +?
KQ/2HBM; BM ; b Q"  HB[mB/ K2/B X h? ' Qm;? +Q?2 2Mi b+ ii2"BM;
KQ/2H ++QKKQ/ i2b bQK2 HB[mB/ bi m+im 2 2z2+ibr?B+? ? p2 +
2H2+i QM i° MbTQ 'iX 6m i?2 KQ '2-i?2 KQ/2H ? bi?2 ~2tB#BHBiv
//IBiBQM HHB[mMB/ T Q+2bb2b-bm+? bbQHp iBQM-pB BM+HmM/BN
+ Qbb b2+iBQMb BMiQ i?2 +QKTmi iBQM Q7 bi2 /vbii2 +QHHBbBC

gBi?BM i?2 T 2b2Mi2/ ~mB/ KQ/2H 7" K2rQ F-i?Bb *? Ti2  ? b BK
2[m iBQM +HQbm 2 K2i?Q/ i? i Bb #2HB2p2/ iQ +QMbBbi2MiHV T
TT QtBK iBQMb +°Qbb rB/2 " M;2 Q7 2;BK2b BM #Qi? ; b M/ Db
*QKT "BbQM iQ ~mB/ KQ/2Hb +QKKQMHYVY mb2/ BM i?2 HQr@i2KT2
+QKKmMMBivr b T2 7Q K2/- M/ /2KQMbi® i2/ BKT Qp2K2Mib r2 2 Q#
"2;BK2bX h?Bbr b /2KQMbi™ i2/ #v b2°B2b Q7 ?B;? 2H2+i B+ }2H,
? i #2M+?K "Fb-bQHpP2/7Q° M HQ;Qmb ; b M/ HB[mB/ T? b2 2H2
bBKTHB}2/ bi2T@BM2H biB+ +QHHBbBQM KQ/2HX .2bTBi2 i?2 bB
M/ i?2 #2M+?K "Fb- i?2 "2bmHib T ' 2b2Mi2/ 2KT? bBx2 i?2 BKTC
~mB/ KQ/2HBM;- M/ i?2 #BHBiv Q7 i?2 bi2 /v bi i2 +HQbm 2 K2
TT QtBK iBQMb +°Qbb /Bz2 2Mi T?vbB+ H "2;BK2bX

hQ bmTTH2K2Mi i?2 bi2 /v bii2? i}2H/ #2M+?K "Fb-i?2 BKT +ib
i MbTQ iQ7 i° MbB2Mi MQM@?v/ Q/vM KB+- MQM@2[mBHB# B
2/m+2/ 2H2+i B+ }2H/ r2°2 HbQ T 2b2Mi2/X Air b b?QrM i? i Qp2°
i?72 TT QtBK iBQM Q7 M ++m’ i2 KmHIiB@i2 'K "QHixK MM 2[m i

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ BB[mB/



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

2biBK i2/ #v i?2 bi2 /v bi i2 +HQbm 2 bbmKTiBQMX

6BM HHv- i?Bb *? Ti2  [//"'2bb2/ M 2M2 ;v /IBbi B#miBQM 2z2
bB;MB}+ MiHvV iQ i?2 BM #BHBiv Q7 ~mB/ KQ/2Hb iQ "2T°'Q/m+2 b
bm+? b6 M+F@>2"ix Qb+BHH iBQMbX Air b b?QrMi? i Hi?Qm
bT iB HHv p2° ;2/ b2Mb2-i?2 HQ+ HK2 M 2M2 ;v TT QtBK iBQM Q
i2°Kb rBHH MQi #2 #H2iQ 2T ' Q/m+2 bi'QM;Hv p "VBM; /Bbi B#miE
+m "2Mi 7Q KX 6B2H//'Bp2M ?2 iBM; M/ BM2H biB+ +QHHBbBQM
b?QrMiQ T Q/m+2 rB/2Hv /Bz2 ' 2Mi /Bbi' B#miBQM 7TmM+iBQMb BM
r2B+? i?2 HQ+ HK2 M 2M2 ;v TT QtBK iBQM bBKTHvV + MMQi T Q/1

h?Bb *? Ti2>? bH B/i?27QmM/ iBQM7Q° TTHvVBM; i?2T 2b2Mi2
iQi?2 bim/v Q7 2H2+i'QM i MbTQ'i BM bBKmH i2/ TH bK @HB[mB/
Ai Bb ?2QT2/iQ KQiBp i27mim~ 2 //BiBQMb Q7 Qi?2° HB[mB/ 2z2+ib
b TQH > HB[mMB/ 2z2+ib M/ 2H2+i'QM bQHp iBQM T ' Q+2bb2bX //
iQ biBKmH i2 7m’i?2> bim/B2b QM BKT ' QpBM; +QHHBbBQM TT (
iQ + Tim 2 /Bbi'B#miBQM 2z2+ib- M/ MQp2H K2i?Q/b Q7 +HQbBM
+? °;2/ T "iB+H2 ~mB/ KQ/2HBM;X

AMQ /2 iQ TTHvi?2T'QTQb2/?B;?2 Q' /2 ~mB/KQ/2HBM i?Bb
i b@HB[mMB/ bvbi2Kb- Bi Bb M2+2bb "viQ +HQb2HVBMbT2+ii?2/2Tz
QM M2mi> H/2MbBivX gBi? ~mB/KQ/2H/2}M2/7Q ; b2Qmb Q HB[m
*?2 Ti2  rBHH MQr b22F iQ 2ti2M/ i?2 + T #BHBiv Q7 i?2 T°QTQb2/ K¢
bT iB HHv p “VBMnoppBm/2tM@Biv@/2T2M/2Mi BMTmi / i X

*2 Ti2 kX 6HMB/ KQ/2HBM; Q7 2H2+i QMb BM ; b M/ BB[mB/



'"HQVLW\GHSHQGHQFHR
WUDQVSRUW

h?Bb +? Ti2" +QMi BMb K i2°'B Hi? i? b#22M Tm#HBb?2/ BM i?2 7(

()L : "H M/-:C"QvH2- .: *Q+Fb M/ . q?Bi2X TT QtBK iBM; i’
2 " /2MbBiv /2T2M/2M+2 Q7 2H2+i QM i° MbTQ i +Q2{+B2Mib M/
i?72; b HB[mB/ BBIH2bK +2@m +2b a+B2M+2 M/ h2+?MQHQ;v- kd vy
p BH #H2 QMHBM2 i /QB,RyXRy33fRjeR@e8NS8f y+

h?Bb +? Ti2  BM+Hm/2b "2bmHib Q7 KmHIB@i2 'K bQHmMiIiBQMb
T QpB/2/ #v :C "QVH2 r?B+?2 r2°2 mb2/iQ T 'QpB/2BMTmi/ i 7Q i?2
Qi?2  rQ ' F/2b+ ' B#2/ BM i?Bb +? Ti2 " Bbi? iQ7i?2 mi?Q X

&KDSWHU —-QWURGXFWLRQ

h?Bb *? Ti2 b22Fb iQ #bi®  +ii?2i° MbTQ i T ' QT2 iB2b Q7 BMi2 K
+'Qbb ; b@HB[mMB/ BMi2 7 a- BM MM+ iB)QM+@BHBI i2 KQ/2HBM; #
i?72irQ /BbiBM+i T? b2bX h?Bb rQ F rBHH vB2H/ K2i?Q/ 7Q" T
i MbTQ i T'QT2'iB2b + Qbbi?2; b M/ HB[mMB/ BMi2'7 +2iQ BM
HBM2 ~ /2MbBiv /2T2M/2Mi b+ ii2°'BM; T Q+2bb2b 7°QK /BHmMi2 ;
bm++2bb7mH K2i?Q/ rBHH #2 + T #H2 Q7 T ' QpB/BM; KQK2Mi KQ/
BM *? Ti2 k- 7Q 2H2+i ' QM i  MbTQ'i i BMi2 K2/B i2 /2MbBiB2I
T "iB+H2 /2MbBiv 2ti 2K2b- HHQrBM; KQ'2 ++m’ i2 KQ/2H Q7 2H
s b@HB[mB/ BMi2 7 +2 b +QMiBMmMmMK Qp2° M2mi H/2MbBiv i

h?Bb *? Ti2 # B2~v 2pBbBibi?27Q KmH iBQM Q7 KQK2Mi KQ/2F
BM; b2b M/ HB[mB/b BM a2+iBQM jXk-2H #Q  iBM; QM i?2 KQ/B}+

8e



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

i MbTQ i BM HB[mB/bX a2+iBQM jXk HbQ /Bb+mbb2b i?2 T QT2
iQKB+ HB[mB/ BMi2 7 +2- M/ 2tTHB+BiHv ?B;?HB:?ib i?2 BMT
KQ/2HBM; 2H2+i"QM i° MbTQ'i +'Qbb M BMi2'7 +2 rBi? bT iB HH
a2+iBQM jXj T 2b2Mib i?2 /2 'Bp iBQM M/ #2M+?K "FBM; Q7 TT
bQHMIBQM iQ i?2 BMTmi/ i “2[mB 2K2Mib-r?2 2 #2M+?K "FBM; Bb
KQ/2H HB[mB/X TTHB+ iBOM Q7 i?2}M HT QTQb2/ K2i?Q/ Bb T
mbBM:; QMHV 2H2+i"QM /'B7i p2HQ+BiB2b BM i?2 /BHmMi2 ; b M/ H
i?72 ++m> +v Q7 i?2 K2i?Q/Bb K /27Q  “:QM M/ t2MQM + b2b i?
rBi? 2tT2 ' BK2Mi H M/ i?2Q 2iB+ H/ i X

7KHRU\

ORPHQW PRGHOLQJIRUHOHFWURQ WUDQVSRUW LQ

JOK2Mi KQ/2HBM; Bb +QKKQM i2+?MB[m2 mb2/iQ bBKmH i2 br
Q  HB[mB/ K2/B - pB # H M+2 2[m iBQMb Q7 p2HQ+Biv@ p2" ;2/ |
KQK2MimK- M/ 2M2 ;v (k-de-3N-N8-Ry9)X h?Bb ;Bp2b “2H il
K + ' Qb+QTB+ KQ/2H Q7 /Bb+? *;2- r?2M +QKT "2/ iQ i?2 +QK"
M/ +QKTmi iBQM H "2[mB 2K2Mib Q7 T 'iB+H2 # b2/ K2i?Q/b br
USA*V- JQMi2 * "HQ UJ*V- Q" FBM2iB+ bQHmMiIBQMb Q7 i?2 "QHi
(Ny-Nj-N8-Ne-Ryy-Ry8)X h?2 bBKTH2bip "B #H2 BM KQK2Mi KQ/2t
Q7 bT2+B2b-/2}M2/ b
Z
n(;t) = f(,p;)dp; UjXRYV

r?2°2(;p;) Bbi?2 2H2+i"QM p2HQ+Biv /Bbi'B#miBQM 7mM+iBQM U

:2M2°B+ p2HQ+Biv KQK2Mib + M #2 i?2M /2}M2/ b

1 Z
hi(;t) = n(0) f(5 P9 ( p)dp; UjXxXkV

r?2 2p) Bb Mv p2HQ+Biv /2T2M/2M:i: T h2MWHQBIZPM ? 2MAT 2+i iBQM p Hn
p2HQ+Biv p2f(2pdpR"

JMHIBTHVBM; i?72 "QHixK MM 2[m iBQM #v M "#Bi  "'v p2HQH-
TmM+iBQMM/ BMi2;" iBM; Qp2 p2HQ+Biv bT +2 (N8-Ne) ;Bp2b i?
2[m iBQM

@@{nhi)+ r (nhpi) n hryi = C; UjXjV
r?2°2Bbi?2 ++2H2 iBQM 2tT2 B2M+2/ #v 2H2+i " QMb /m2 iQ T1
}2H/b- CM/Bb i?2 " i2@ Q7 @h+H? /IM;2IQ7+QHHBbBQMbX

ITIQi?Bb TQBMi-i?2 KQK2Mi KQ/2HBM; K2i?Q/b/2b+ " B#2/? p2 #
i?72# +F;"QmM/ K2/B Q7 i?2br "KQ /Bb+? ";2X >Qr2p2°-i?2 +QHHE

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i° MbTQ BA i
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BMi " Q/mHR2j/XpW /2T2M/2Mi QM i?2 K2/BmK M/ "2[mB '2b + "27mH +
i?72 +Q?2°2Mi M/ BM+Q?2 ' 2Mi b+ ii2°'BM; K2+? MBbKb rBi?BM Bi (

C =C +0722'7M¢ BM+Q?22 2Mi UjXxov

AM T 2pBQmb bim/B2b- i?2 /2°'Bp iBQM (Ry-93) M/ BKTH2K21
[2T2M/2Mi b+ ii2°'BM; BMiQ KQK2Mi KQ/2Hb ? b #22M T 2b2Mi2/
2H biB+ +Q?2 2Mi b+ ii2°'BM; M/ 2H2+i QM BMi2  +iBQM TQi2Mi
2z2+ib "2 bB;MB}+ Mir?2M i’?21 2H2+i QM /2 ""Q;HB2 r p2H2M;i?
p2° ;2 # +F;"QmM/ T "iB+H2npT- +BIMKQ/B}+ iBQMb iQ i?72 2H2+i
+QHHBbBQM 7°2[m2M+B2b mb2/ BM KQK2Mi KQ/2HBM; "2 /2 Bp2/

Airbb?2QrMi? i2M2 ;vi>  Mb72° +QHHBbBQM "~ i2b- mb2/ BM ¥
MQi 2tTHB+BiHv KQ/B}2/ r?2M +Q?2 2Mi 2H biB+ b+ ii2 ' BM; 2z2+i
HHQrb i?2 b K2 7Q KQ7 2[m iBQM iQ #2 mb2/ BM /BHmi2 ; b M/
~mB/ # +F; QmM/ K2/B (Ry-93)X 1M2 ;vi Mb72 /m2iQ BM2H biB+
HQ+ HBx2/iQ i?2 BKK2/B i2i ";2i iQK M/ Bbi?2°27Q°2 mM z2+i2
;T QmM/ /2MbBiB2b- ?22M+2 QMHV i?2 2H biB+ b+ ii2 BM; 2p2Mib "2
7Q°'KmH iBQM Q7 bi'm+im 2 /2T2M/2Mi FBM2iB+ i?2Q vX AiBb MQi
iQ BM2H biB+ +QHHBbBQMb + M Q++m -bm+? b +QHH2+iBp2 2t-
BM+Q?2'2Mi M/ "2 MQi +QMbB/2 2/ BM i?Bb 7Q " KmH iBQMX

AM +QMi® biiQ2M2 ;vi>  Mb72 -/2MbBiv/2T2M/2Mi 2H biB+ +Q?2
2tTHB+Bi KQ/B}+ iBQMb iQ KQK2MimK i® Mb72" 7°2[m2M+B2b r?2M
Bbbm{+B2MiHv /2Mb2-bm+? bBM HB[mMB/ (k-Ry-93)X h?2 b+ ii2 I
/[2MbBiB2b Q7 i?2 # +F;"QmM/ K2/BmK + M #2 r ' Bii2M b KQ/B}+ iB
T? b2 KQK2MimK i® Mb72" + ' Qbb b2+iBQM

Z
m(v) = 2 . (v;)[1 + Qlbb BV UjX8Vv

r?2°'2 Bb i?2 BM+QKBM; 2H2+#8bQiM2bdR22i2 ' BM; M;H2 7 QK i?2 i
# +F;"QmM/ K2/BnfK) BIb i?2 ; b T? b2 /Bz2'2MiB H+ Qbb b2+iBQN\
h?2b2 bi'm+im 2 KQ/B}+ iBQMb "2 BKTH2K2Mi2/i? Qm;? [2M
K2MimK i® Mb72° +'Qbb b2+iBQM
z
m(v;ing) = 2 (v;;n ol +QlbbBaM UjXeV
0

rBidv; ;n o) #2BM; M 2z2+iBp2/Bz2'2MiB H+ Qbb b2+iBQM BM+HmM/I
pB

(viino) = ~(vi )S(kin o); ujxdv

r?2°2(v;) Bbi?2 HB[mB/ T? b2 /Bz2 '2MiB H + Qbb b2+iBQM +QMi BN\
TQH "Bb iBQB(Ra2yibb i?72 bi iB+ bim+im'R # !zaluanv‘ng\ABb
i?22r p2MmK#2 > T°'QTQ 'iBQM HiQ i?2 +? M;2 BM KQK2MimKX

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i° MbTQ BB I
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h?2 bi iB+ bi'm+im 27 +iQ " Bb MQW@WHBM2 ~72nK+2BOMQ M/
Kv#2 + H+mH i2/ 77QK KQH2+mH "~ bBKmH iBQMb- K2 bm>2/ pB 2t
/2°Bp2/ M HviB+ HHvi?2 ' Qm;? bQHMIBQMb Q7 T B @+Q "2H iBQ
g2Bbb bi'm+im 27 +iQ  (3j)X 6Q /2i BH2/ /Bb+mbbBQM QM i?2 bi iE
BKTH2K2Mi iBQM BM HB[mB/ b+ ii2 ' BM;- "2 /2 b "2 /B 2+i2/iQ T 2

TTHVBM; i?Bb 7° K2rQ F 7Q  KQ/B7VvBM; i?2 KQK2MimK i® Mb7
KQK2MimK i> Mb72> 7°2[m2M+B2b 7Q  /BHmMi2 ; b M/ HB[mB/ b+ i
KQK2Mi KQ/2Hb- "2

NoV m(Vv); UjX3v

m(V)

~m(V; No) NoV m(ViNo); UjXNV

r?2 24(v) Bb i?2 /BHmMi2 ; b KQK2MimK i° Mb7R(v;hoRk Bb2iM2v- M/

bi'm+im 2 KQ/B}2/ KQK2MimK +QHHBbBQM 7 2[m2M+wX Ai b?Qm
BMi?2 HBKBi Q7 i?2 2H12+i‘QM /2 ""Q;HB2r p2H2M;i? #2BM; KmH-
# +F;QmM/ T "iB+H2 mf*XBM; -

S'2pBQmbHv- KQK2Mi KQ/2Hb ? p2 #22M mb2/iQ bBKmH i2 2H2+i (
2Qmb K2/B (k-3N-N9-Ry9) BM #Qi? ; b M/ HB[mB/ T? b2bX _2+
KQK2Mi KQ/2H mb2/ BM i?Bb bim/v- r?2  2nd B b+ 2t/M2HER MB RHA+R NQ+7H m |
BMi?2 +QHHBbBQM i2 ' KbX AKTH2K2MiBM; i?2 bi'm+im 2 /2T2M/2
M/ i?2 ;2M2° H KQK2MIjBMPM2 H M r'Bi2 70Q0m” KQK2Mi KQ/2H 7Q°

i* MbTQ'i- i Mv M2mi' H/2MbBiv- r?2 Bb MTZHIBR/ BM}i2R/K2/BmK (|
n .
g; r =n(="Cing) Plino); UjXRyV
@ Oe ) . -
e’ ) N 1= ~bPing); UjXRRV
CL el =nS°fno); UjXRKYV
@t
@ b b % . _bp. . - :
TR ) nab) 1 nools ino); UjXRjV

r72°2b?2Q%i? M/ p "B #H2b 7Q- IM2BHH2MImBNMY 2M2 ;v /2MbBiv
~mt "2 /2}M2/ b

z
= nhpi = (7 p;) pdp; UjXR9V
z 1
n= n = f(‘;p;t)émvzdp; UjXR8V
Z
= nphi = f(‘;p;t)%mvzpdp; UjXReV

rBiRpi- = hi- MHi #2BM; i?22H2+i"QM p2° ;2p2HQ+Biv- p2° ;22M2°
2M2 ;v ~mtX AMTmi/ i Bb 2[mB 2/ pB +QHHBOLBIQM K2Mi-7Q" B(

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i° MbTQ BNi
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~bh KQK2MimK i* b2 ;vi> @B¥2M2 ;v ~mt i ~RRo7A2/ 2B;?22°
Q /2" i2MbQ‘T‘Q/m+i+HQbm‘Zﬁa-:|1ﬁb(Qi;[sBK\/IIB‘@:M%mvzppfssX
h?2 bmT2 b+ BTib aa/2MQi2i? i HHBMTmi/ i Bb +QKTmi2/ pB p:
i?2 bi2 /vbii2lo.67QmM/ pB J* (e8-3d) Q" KmHiIB@i2 K FBM2i
"QHixK MM 2[m iBQM (Ry-93-N9-Rjk)-7Q" ;Bp2M /2MbBiv- M/ BM
Q7 i?2 HQ+ H2H2+i  QMXKRQM 2rM2?:2/-/2i BHb QM i?2 KQK2Mi KQ/2
i?Bb bim/vi?2 2 /2 Bb 272 °2/iQ i?2 "222MH XKD BN 7//BiBQM iQ
Qi?2 > "2+2Mi bim/B2b M/ 2pB2rb QM i?2 iQTB+ (3N-N8-Ry9)X
qBi? KQK2Mi KQ/2H 7Q" 2H2+i"QM i MbTQ'i + Qbb ; b@HB]I!
#Qp2-Bi+ M #2 b22M i? i +QHHBbBQM H BMTmW | XIRBNRRPYZ KQ/2H
bm+2~20:ng) M/ISPPing)- "2 MQr 7mM+iBQMb Q7 K2 M 2HR24+i QM 2N
i?22 M2mi> H iQK d@g-MPBi~v?2 p "B2b BM bT +2 +°Qbb i?2 ; b@HB][r
AM Q' /2 iQ KQ/2H 2H2+i"QM i° MbTQ'i + Qbb i?2 BMi2 7 +2- H
+QHHBbOBQM " i2b Kmbi #2 FMQrM b 7mM+iBQrd G7Q@bm2i?22 M/ 2
BMi2 7 +2X h?Bb /i 2[mB 2K2Mi Bb T'Q#H2K iB+ #2+ mb2 iQ K2 b
rQmH/ #2 +QMbmKBM; i bF- M/ iQ +QKTmi2 bi2 /v bi i2 /IBbi'B#
HH /2MbBiB2b rBi? +Q?2 2Mi b+ ii2"BM; M/ TQi2MiB H b+ 22M
#2 +QKTmi iBQM HHv /2K M/BM; (Ry-R8-e8-3d)X 6Q° bQHMIB
TT QtBK iBQM iQ BMi2 ' K2/B i2 bi2 /v bi i2 2H2+i"QM i> MbTQ i T°
7°2[Mm2M+B2b Bb M22/2/- mbBM; +QKTmi2/ /BHmMi2; b M/ HB[mB/ 2ti
QMHVX

- QWHUIDFLDO GHQVLW\ SURSHUWLHYV

AM Q /2 iQ TT QtBK i2i?2i> MbTQ i T'QT2 iB2b #2ir22Mp TQ"
i?72 +QKTQbBIiBQM Q7 i?2 BMi2 7 +2 Kmbi #2 FMQrMX 6Q" i?Bb bim
2[MBHB# BmK BMi2 7 +B H /2MbBiv T'Q}H2 2tBbib #2ir22M /BHm
bQK2 iQKB+ ~mB/X 6Q  i?Bb bim/v- MQM@TQH " bvbi2Kb U *;QM-
iQ #2:BM 7Q KmH iBM; M/ #2M+?K "FBM; 2H2+i'QM i° MbTQ i K
HB[mB/ T? b2bX h?Bb Bb BM T i /m2iQ i?2 2tBbi2M+2 Q7 ;QQ/ 21
bi?2 2+2Mi /p M+2b BM HB[mB/ b+ ii2 " BM; M/i> MbTQ ii?2Q" v
HHQr2/ ++m’ i2 +QKTmi iBQM Q7 2H2+i'QM T QT2 iB2b BM MQM

aim/B2b QM i?2 2tBhi2M+2 Q7 M BMi2 7 +2 #2ir22M p TQ |
2[MBHB# BmK r2°2 KQ/2H2/ BM i?2 H i2 RNdyb mbBM; KQH2+mH ° /\
QM+2 bm{+B2Mi +QKTmiBM; TQr2  #2+ K2 p BH #H2 (R88)X aBWN
JQMi2 * "HQ UJ*V bim/B2b ? p2 #22M T2 7Q K2/ rBi? MQ#H2 HB[mB/
G2MM /@CQM2b UGCN-TRBI@NKi E HbK2 bm™ #H2b 7 QK i?2b2 bim/B.
2[mMBHB# BmK HB[mB/ M/ p TQ /2MbBiB2b-bm 7 +2 i2MbBQM-
EHQbh HR88) T2'7Q K2/ J. bBKmH iBQMb Q7 “:QM ; b@HB[mB/ I
“2bmHIBM; BM r2HH /2}M2/ BMi2 7 +2 i?B M 2Bb2Q-BbTIP2QtBK i2
iQKB+ /B K2i2  mb2/ BM i?2 GC TQi2MiB HX G i2°J. M/ J*bim/B2
HB[mBMN){bm+? b F VvTiQM M/ t2MQM- +QM} K2/ i?2 2 "HB2 bBlI
E H@h HR88)X

*2 Ti2 jX .2MDbBiv/2T2M/2M+2 Q7 2H2+i QM i MDbTQ &) i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

h?2 /2MbBiv T "Q}H2 #2ir22M HB[mB/ M/ p TQ r b TT QtBK i2
i M;2MiNdR8e) b b?QrM BM 6B;m 2 [XR-r?2 2 F2vTQBMib QM i?2 B
AR IQ AjX AMi?2 #2M+?K "FBM; M/ "2bmHib iQ 7TQHHQr-i?2 2H2+
ii?2b2 /2MbBiv TQBMib #2ir22M ; b M/ HB[mB/ rBHH #2 TT QtBK
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Position [A]
6B:m 2 jXR, ":QM p TQ @HB[mB/ 2[mBHB# BmK BMi2 7 +2 b /

/IVM KB+b bBKmHN)XQME IWWG/2MQi2 /BHmMi2 ; b M/ HB[mB/ 2ti 2k
"2bT2+iBp2HVAXRGKARIRMQi2 /2MbBiB2b i QM2@[m “i2 -2 H7@r
[m “i2°b HQM: i?2 /2MbBivi  MbBiBQM r?B+? rBHH #2 mb2/ 7Q  #
i XjX

h?2 " iBQ #2ir22M p TQ" M/ HB[mB/ /2Mbg@iP2b BMQpvB K@ # B n
#2 p "B #H2 /2T2M/BM; QM i?2 iQKB+ TQi2MiB Hb +?Qb2M BM i?
h"QF?vK+?mF M/ H2D M/ 2 (3) bim/B2/ /Bz2 2Mi +mi@Qz /Bbi N
iQ /2KQMbi® i2 HB[mB/@p TQ  /2MbBiv " iBQb Q7 Rfkyy iQ Rf8yy-
Qz /IBbi M+2:3 @Q@K®5 X AM i?2 7mim 2- iQ 2Mbm 2 b2MbB#H2
/2MbBiv > iBQ Bb 2KTHQV2/ BM i° MbTQ i bBKmH iBQMb + Qbb i?2
?2B:?HB;?i2/p "B iBQM BM M2mi  H /2MbBiv  iBQb /m2iQ +?QB+2 C
FBHH M22/iQ #2 +QMbB/2°2/X h?Bb +mi@Qz /Bbi M+2 Bb Q7i2M 2K
+QKTmi iBQM HBKTH2K2Mi iBQM Q7 i?2 2t +i GC TQi2MiB H bBKT
TQi2MiB Hi? i Bb}t2/iQ #2 x2 Q #2vQM/ i?2 bT2+B}2/ +mi@Qz /B|

6LPSOHPRGHO IRUEHQFKPDUNLQJFROOLVLRQVLQ

"27Q 2 BMp2biB: iBM; 2H2+i'QM i° MbTQ i BM "2 H iQKB+ ; b2b N
iQ #2M+2?2K "Fi?2 T2 7Q°K M+2 Q7 T QTQb2/KQ/2H : BMbi bBKTH
KQ/2HbX 6Q  i?Bb bim/vi?2 S2 +mb@u2pB+F HB[mB/ KQ/2H rBi? b

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i° MbTQ eRI



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

Q7 02°H2i M/ g2Bbb (8d-e8-3j) Bb 2KTHQvV2/ iQ KQ/B7v bBKTEF
KQ/2H iQ BM/m+2 bi'm+im 2 M/ T ' QpB/2 r2HH /2}M2/ bBKTH2 HE
BM T 2pBQmb bim/B2b (Ry-R8-93)X h?2 +QHHBbBQM UQ BMi2
? /@bT?2 2 2H biB+ KQK2MimK i’ M1b:7&32+r‘BJBbBM2H-HBL’QBI+ bi2T
7TmM+iBQM +‘ng|9,@;ﬁ@:ﬂB€3;MM/ i?7 2b?QH/ 2MKz@v 20X 1H2+i" QM
K bb M/ M2mi> H iQK K bb T EX5482/ 16° Km MMmg=4 Km
"2bT2+iBp2Hv-rBi? M2mi® H# +F; QmBIWIRKT2 im 2 Q7

"M;2 Q7T +FBM; 7=0+ 0BICON0:3;0:4r2 2 mb2/iQ bBKmH i2 BM+"2
BM;Hv /12Mb2 ~mB/b #2ir22M0/BMMi2M H-HB[MBET2XB3Q"
:Bp2M FMQrM M2mi> H iQK /2MbBivi?2 T +FBM; 7> +iBQM Bb /2}M

4 .
= §r3no; UjXRdV

r—

r?2°'2Bb i?2? / bT?2°2" /Bmb-r?B+? + M#22tTQ2ZhiB2/?2 b/

bT?2°2 +QHHBbBQM KQ/2H Q" TT QtBK i2/ #vi?2p M/2 q H /B
h?2 M HviB+ bi iB+ bim+im 27 +iQ Q7 02 H2i M/ gq2Bbb (3j) r |

M/ Bb /2}M2/ b

L 24 (1t St Sy)

Svw(k;n o) = 1 2 ; UjXR3V
r?2°2i?2i2° Kb
2
S]_ = ﬁ 12ﬁ ,
b B M(k
S; = 0 +2 +4 24W
2+Qhb
ss = 2P we 12 ok ¢+ o+ )
‘2 MQM@HBM2 " 7mM+iBQMb Q7 i?2 M2mi® H MmK#2JjKRwibBiv pB
M/ = 2. _(a+2 )2, - g (105 )2 . M/ = — X
R 160 =@ )t ) - 2

qBi? r2HH /2}M2/ T° QT2 iB2b Q7 M 2[mBHB# BmK p TQ @HB[m
HB[mB/ +QHHBbBQM BMi2  +iBQM KQ/2H-i?2 M2ti a2+iBQM BKb iC
M/ i?mb KQK2MimK i° Mb72° +QHHBbBQM 7 2[m2M+B2b- 7Q " BMi:
b M/ HB[mB/ 2ti’2K2b b /2TB+i2/ BMi?2 BMi2 7 +2 +QM};m" iBQ

$SSUR[LPDWLQJ HOHFWURQ WUDQV
LOQOWHUPHGLDWH GHQVLWLHYV

h?2 7TQHHQrBM; b2+iBQM T 2b2Mib i?2 /2 'Bp iBQM M/ bbQ+B i2/
BK iBQMb iQ BMTmi 2H2+i"QM +QHHBbBQM 7 2[m2M+B2b i BMi2
M/ HB[mB/ 2ti'2K2bX AM Q /2  iQ /2 Bp2 M2+2bb v TT QtBK iB
BMbTB  iBQM 7 QK /BHmMi2 ; b br "K T?vbB+b K2i?Q/b 7Q" TT Qtl

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i° MbTQ ek



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

BM; b KBtim 2b b r2B;?i2/ +QK#BM iBQMb Q7 2 +?2 Tm 2 +QMbiBi
h?2b2 KBtim 2 "'mH2b BMBiB HHviQQF i?2 7Q K Q7 "H M+6b H r (RS
11.6 BM i?2; b KBtim 2 i “2/m+2/}2H/ U1fLV Bbi?2b K2 bi?211.
+QMbiBim2Mi ; b2b ii?2 b K2 1fLX h?Bb ivT2 Q7 TT QtBK iBQM
b +QKKQM 1fL U*1PLV T°Q+2/m 2 (R83)X h?2 *1PL +QM+2Tir |
BKT Qp2/ (R83-R8N)iQ i?2 +QKKQM K2 M 2M2 ;v U*J1V K2i?Q/ r
i?7211.6 BMi?2; bKBtim 2 i ;Bp2M 2H2+i"QM K2 M 2M2 ;v Bb i?2 |
BMi?2 Tm 2 +QMbiBim2Mi; b2b ii?2b K2 K2 M 2M2 ;vX

h?2 rQ FiQ 7QHHQr / Tibi?2 *J1 /2 Bp iBQM T 2b2Mi2/ #v CQp
M/ +QMbB/2 b bi2 /vbii2 KQK2MimK M/ 2M2 ;v# H M+2 2[m iBQM
BMi2 K2/B i2 /2MbBiB2b iQ VB2H/ 2tT 2bbBQMb 7Q  2H2+i"QM / B
/2MbBiB2bX .'B7i p2HQ+Bivr b +?2Qb2M b i?2 #2M+?K "F p "B
QTTQb2/iQ i?2 +QHHBbBBQM 7 2[m2M+B2b M22/2/ b KQK2Mi KQ/2
#2+ mb2 2tT2 BK2Mi HHv K2 bm BM; /'B7i p2HQ+Biv Bb bi® B;?i7Q"
“i2b- HHQrBM:; TT QtBK iBQMb T°Q/m+2/ BM i?Bb bim/viQ #2 p2
/IBb+mbbBQM QM i?2b2 /BHmMi2 ; b KBtim 2 "'mH2b "2 T 2b2Mi2/ BN\

ORPHQWXP EDODQFH PHWKRG

PM2 K v} bi +QMbB/2i?2 bi2 /v bi i2 bT iB HHv p2° ;2/ KQK2Mi
Q7 2[m IBQRRY 2H2+i"QMb BM /2Mb2 ~mB/hgQ7 Bi2BM i 22MbB
BMi2 7 +B H "2;BQM #2ir22M i?2 ; b M/ HB[mB/ 2tingKRlh; rBi? M2m
"2DT2+iBp2HvX Ai Bb bbmK2/i? ii?2 KQK2MimK i° Mb72° +QHHBD
p "VBM; 7mM+iBQM Q7 2H2+i"QM K2 M 2M2 :v M/} bi Q /2" KQK:
UJhhV (dy-de-Ne) + M #2 mb2/iQ r'Bi2 2H2+i"QM i  MbTQ'i b 7m
K2 M 2M2 ;vX Ai Bb bbmK2/i?2°2Bb QM2iQ QM2 "2H iBQMb?BT #
M/ 2H2+i'QM K2 M 2M2 ;v (R83)X h?Bb vB2H/Db

e . . i .
m—eEB,qhqu),,i: Weihighi wMhig; UjXRNV

r?2 Bewvi Egdn smBb 1?22 "2/ m+2/ 2H2WiauBb J2RI2H2+i°"QM /°"B7i p2HQ
M/ BMiz  BMjn 5 uBb i?2 MMFMQrM 2H2+i"QM "2/m+2/ KQK2MimK i> M
BMi?2 ~mB/ ii?Bb BMi2 K2/B i2 /2MbBivX 6Q  2KT? bBb- QM2 b?Q
i?2 bi2 /vbii2i> MbTQ i T°'QT2iB2b "2 7mM+iBQMbh@Qz§?2 K2 M

b T2 i?2 *J1 K2i?Q/ Q7 /IBHmMi2 ; b KBtim 2 "'mH2b (R83)- QM2
i?72 BMi2 K2/B i2 KQK2MimK i BMtb# M #22T T QtBK i2/ #v r2B;?i2/
+QK#BM iBQM Q7 +QHHBbBQMb /m2iQ ; bT? b2i> MbTQ i M/ +QHI
2p Hm i2/ i +QKKQM 2H2+i'"QM K2 M 2M2";v

D E
SMihi g = xgh Qithi gt X1 b (i g UjXkyV

*2 Ti2 jX .2MDbBiv/2T2M/2M+2 Q7 2H2+i QM i MDbTQ B] i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

D E D E
r?2°2% = % mgwi2MQi2b "2/m+2/ +QHHBbBQM 7 2[m2M+B2b Q7 2

HB[mB/ 2ti*2K2b- M/ i?2 /2MpBivQHHQBQMb-2H iBQM

i = 1 Xg: UjXkRV

h?2b2 /2MbBiv 7° +iBQMb "2 /2i2°KBM2/ #v /2}MBM; i?2 BMi2"
bmK Q7 7° +iBQMb Q7 2Bi?2  /2MbBiv 2ti 2K2

Nemi= Xghg+ XNy UijkV

bm+?i? i QM2 + M}M/ M 2tT 2bbBQM 7Q  i?2 /2MbBiv 7° +iBQM

N Newmi

X =
9 N ng

UjXkjV

LQr +QMbB/2 i?2 bi2 /v bi i2 KQK2MimKI#XHRINVRH 2" (BVDOVB M i 2 2
irQ ;b M/ HB[mB/ 2ti'2K2b i F2M ii?2 b K3wW DriP2H MibB ivB H
/2MbBiv #2BM; TT QtBK i2/

e . . D .E . .
m-Eai higg = Wg higy & hig UjXk9V

r?22 Rig Bb i?2 2H2+i QM KEGMBIMI22,v2/m+2/ 2H2+i VBgt BDH/- M/
i?72 2H2+i'QM /'B7i p2HQ+Biv BM 2Bi?2" ; b Q  HB[mB/ 2ti'2K2bX
PM2+ MMQrBMpQF2i?2*J1 bbmKTiBQM (R83)bQ i? i2H2+i QM
b 7mM+iBQM Q7 +QKKQM 2H2+iBQMM M2 BM2ZMX 24 ig ~mB/ QM
BMi2 7 +B H "2;BQM-Q BM Tm 2 ; b Q" HB[mB/ 2ti 2¥2bX PM2 K
7 QK 2[m UBROWAW/ +QK#BM2 2 [thi XRMIMbj X RRVIM/ M 2tT 2bbBQM-
bBKBH "~ iQ i?2 /BHmMi2 ; b KBtim 2 "'mH2 Q7 "H M+6b H r (R8d)-
2H2+i'B+ }2H/ p "B iBQM b 7mM+iBQM Q7 K2 M 2M2 ;v

1 X Eg(") 1 + El(") 1 .
" g 1) " I " m !
WD E g Wq(") E g Wi(")

r22°2 HH bi2 /v bii2 /' B7i p2HQ+BiB2b M/ 2/m+2/}2H/b "2 BMi2""
i72 HQ+ H 2H2+i ' QM"K2 M 2M2 ;v

hQ /2i2 °KBM2 i?2 ++m > +vQ7i?2T QTQb2/ TT QtBK iBQM 7 QK
UjXkB8I¥M+?K "F + H+mH iBQMb r2°2 T2 7Q K2/ mbBM: i?2 bBKTH?2
/2}M2/ BM a2+iBQM jXkXjX IbBM: i?2 KQUKXMEN K #vH iM2 2 “Britd 2
P2HQ+BiB2b r2°2 TT QtBK i2/ 7Q  KmHiBT:HD:Z; G:FBKB W QiNBIOWM b
i?72 T°"QT2 iB2b Q7 i?202tMRKQ:4 ~mB/b- b T2 i?2 BMi2 7 +2 H vQ
6B:m 2 jXRX

TT QtBK iBQMb +QKTXKXBX QKQKT 2/ ; BMbi ++m > i2 “2brm
Q#i BM2/ 7°QK KmHIiB@i2 K bQHMIiBQMb Q7 i?2 "QHixK MM 2[m iBQ
7Q°i?2: b M/ HB[mMB/ 2ti'2K2b r2 2 BMi2 TQH i2/ b 7mM+iBQMb Q
"-mbBM; i?2 bi2 /vbii2 K2 M2M2 ;v Q7 i?2 BMi2 ' K2/B i2 /2MDbBi|

UjXk8V

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i> MbTQ efi



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

KmHIiB@i2 ' K FBM2iB+ bQHmMIiBQM (Ry)X Ai b?2QmH/ B#XMQM2/i? i
M2+2bbBi i2b FMQrH2/;2Q7i?27mM+iBQM H 2H iBQMb?BT #2ir2:
M/ K2 M 2MRgg¢D) ; r?B+? BM T +iB+2 rQmH/ MQi #2 FMQrM r?2M TT
BMi2 7 +B Hi° MbTQ i T QT2 iB2b 7Q BMTmiiQ KQK2Mi KQ/2HX
+ H+mH iBQMb i?2 bi2 /v biEie(2H QXKQMbZBT QK FBM2iB+ bQHmM
rbmb2/ i2 +? BMi2 W22BciBM i?Bbr vi?2 bbmKTIiBQM Q7 /2+QK’
BMi2 ' K2/B i2+QHHBbBQM 7' 2[m2M+v b 7mM+iBQM Q7 ; b M/ HE
i2bi2/X

_2bmHib Q7 i?2 #2M+?K "F + H+mH iBQMb 7Q  W?2XKB@K2MimK ¢
b?QrM BM 6B;m 2 jXkr?2 2 TT QtBK i2 p Hm2b Q7 /°'B7i p2HQ+Biv
HBM2 b2'B2b M/-7Q +QKT "'BbQM-bQHB/ HBM2b /2MQi2 ++m"
i2 K bQHmMIiBQM Q7 i?2 "QHixK MM 2[m iBQMX h?2 ++m’ i2 #2M+
"QHiXK MM 2[m iBQM mb2/ BM i?Bb bim/v "2 +QKTmi2/ pB i?2
70 K2rQ F /2p2HQT2/ #v i?2 C*l ;"QmTX 6Q i?2 7Q KmH iBQM M
/2i BHb Q7 i?Bb 7° K2rQ Fi?2 "2 /2  Bb 272 7°2/iQ (Ry-R8-93-Rjk

10°¢

—$=03 ||
—¢=04

102 . L] . L] . L
1072 1071 10° 10t 102
E/Ny[Td]
6B:m 2 jXk, *QKT "BbQM Q7 2H2+i"QM /'B7i p2HQ+BiB2b BM KQ
0:1;0:2;0:3X aQHB/ HBM2b, KmHiIB@i2 'K bQHMIBQM Q7 i?2 "QHixK M
HBM2b, +QKTmi2/ pB TT QtBK iBQM UjXk8V /2°'Bp2/ 7" QK KQK2NMN

+'Qbb HHT +FBM; 7" +iBQMb Bi+ M #2 b22M i? ii?2 KQK2MimK
Qp2 2biBK i2b i?2 BMi2 ' K2/B i2 /'B7i p2HQ+Biv- +QMbBbi2MiHV T°
i?72 =04 HB[mB/ 2ti’2KBiv /'B7i p2HQ+BiB2bX h?Bb Bb ii'B#mi2/
/IBiBpBiv bbmKTiBQM 7Q E¥OBIMp@F2BBIM 2[m iBQM UjXkyVX h?|
#2+ mb2 i?2 # +F; QmM/ M2mi~ By MmM\VKMZ HXMDbRIV#2 7 +iQ 2/ Qm
i?72 BMi2 K2/B i2 ~mB/6b KQK2MimK i° MbA2- #tTR2HVHBOQBR MM 2[n
b+ ii2°'BM; 2z2+ib "2 BM+Hm/2/X

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i> MbTQ e8I



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

h?2 BMi " Q/m+iBQM Q7 M@ M @HB2VIZ222BAVEBM QMbB/2 " BM; KQK?2
i Mb72° +QHHBbB QMXBNZUMR-MR2B2bi?2 bi ' m+im 2 KQ/B}2/ KQK2Mi
+'Qbb b2+iBQM Bb /2°'Bp2/ pB M 2M2 ;vBMi2;" HQp2 i?2 MQM@H
BMi?Bb + b2 i?2 02 H2i@q2BhR(kvh HviB ¥ 2 XKR3AM i?2 /IBHmi2
b+ b2-rb /B 2+iHV T QT QpiB/M @ hQK2 T'QTQ i3 GMVMHRIV iQ
"2 bQM #Hv 2tT2+i2/ r?2M M2mi® H/2MbBiB2b "2 HQrX >Qr2p2°- Q
2z2+ib "2BKTQ'i Mi-i?2 MQM@HBM2 "BivQ7i?2bi iB+bi ' m+im 2"
Mv bBKTH2 T'QTQ 'iBQM HB iy, MhiBQ@Mi#R2i?722MK2MimK # H M+2
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6B;m 2 jXj- M/ T 2b2MiiQ H2bb20:22+ R2XBM?IRR2 Bb '2~2+iBQM
i?2 TT'QtBK iBQMb bbQ+B i2/ rBi?i?2}' bi@Q /2" KQK2MimK i* N
/2p2HQTBM; i? 2UJXHMNBQRER)X h?Bb BM ++m’ +v +QmH/ #2 BKT"
?B;?2°@Q /2" KQK2MimK i® Mb72i?2Q v B7 /2bB"2/X

hQ 2tTH BM r?v M TT QtBK iBQM /2 Bp2/ 7°QK 2M2" ;v # H M-
#2ii2°i? M QM2 /2°Bp2/ 7°QK KQK2MimK # H M+2- "2+ HH i?2 KQ/
i MbTQ'i BM ; b2b "2[mB 2/ iQ bBKmH i2i° MbTQ i BM HB[mB/ K2
jXkXRX 6B biHv- BM2H biB+ +QHHBbBQMb “2bmHi BM H “;2Hv H
2H2+i°QMb M/ i?2 # +F;"QmM/ K2/BmK- M/ Bi Bb bbmK2/i? ii?

We) = Xg

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i> MbTQ edi



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

10°¢

103: _¢%0 B
F —¢$=01 ]
$=0.2 |]
—¢$=03 ||
, — =04
10 L L L M| L L L M| L L L M| L L L L
1072 107t 10° 10t 10?2

E/Ny[Td]

6B:m 2 jXj, *QKT "BbQM Q7 2H2+i'QM /°'B7i p2HQ+BiB2b BM KQ.
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KQ 2i? M2M2 ;vi®  Mb72° bi?2 M2mi> H/2MbBiv Q7 i?2 # +F;"QmM
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/12°Bp2/ 77QK KQK2MimK # H M+2 BM i?2 T'2pBQmb b2+iBQM- BM
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=0:1;0:2;0:3- r2°2 mb2/iQ TT QtBK i2 2H2+i QM /'B7i p2HQ+Biv M,
rBi? ++m” i2 + H+rmH iBQMb Q7 i?2 bi2 /v bii2/°'B7i p2HQ+Biv b |

"V QMHvV bT2+BRKvBOM;M?BIviB+ HBKBi Q7 i?2 bSyw(@;imapy2 7 +iQ°
Q7 i?2 BMi2 'K2/B i2 /2MbBiB2b i?2 +QKHBEMRDIQIB/ZHBK QRO M
2T °2b2Mi iBQM Q7 i?2 2t +i "2bmHibX b /Bb+mbb2/ 2 "HB2 - i’
T2 7Q K p2'v r2HH- r?BH2 i?2 HQr2 @/2MbBiv ~mB/ /2KQMbi i
2t +i "2bmHi /m2 iQ i?2 bbmKTIiBQMb QM i?2 ~mB/ bi ' m+im 2X 6¢
=0:2,0:3i?2 K tBKmK 2 "Q  Q#b2 p2/r b RKW-r?B+? Q++m "2/ M2 " i
QW #27Q 2i?2 "2;BQM Q7 M2; iBp2/Bz2 2MiB H+QM/m+iBpBiv UL.:
T +FBM; 7" +3BQM-K tBKmK 2°°Q" Q7 k8W r b Q#b2 p2/X h?Bb TT
rbMQi b ++m’ i2 #2+ mb2 i?2 bBKTH2 BMi2'K2/B i2 bi'm+im 2 bb
bim/v /B/Mdi ++m” i2Hv 2T 2b2Mii?2i° MbBIiBQMiQ M2 "@/BHmi2
2M+Qm” ;BM; 72 im 2 Q7 i?2 T QTQb2/ TT QtBK iBQMr b i?2 #BH]
BM/m+2/ L.* BMi?2 KQ/2H HB[mB/b-r?B+? ?2 b T 2pBQmbHvV #22
T +FBM; 7° +iBQMB:2#QBR2- mbBM; QMHV k?20MHBKEBI+Q7 i?2 bi iB+
bi'm+im 27 +iQ°- M/ /BHmi2 ; b M/ HB[mB/ 2ti 2K2 i MbTQ i/ i .

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i° MbTQ dk i
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6B;:m 2 jXe, *QKT "BbQM Q7 2H2+i"QM /"B7i p2HQ+BiB2b BM KQ
0:1;0:2;0:3X aQHB/ HBM2b @ KmHiIB@i2 'K bQHMIBQM Q7 i?2 "QHixK I
HBM2b @ +QKTmi2/ pB i?2 T® +iB+ H TT QtBK iBQM UjXjeVX

$SSUR[LPDWLQJFROOLVLRQIUHTXHQFLHV DFURVYV

AM T  +iB+2- r?2M bBKmH iBM; 2H2+i'QM i MbTQ i rBi? ?B;?2"
(k-3N-Ry9) i?2 "2[mB 2/ BMTmib 2 MQi/ ' B7i p2HQ+BiB2b Q" /B
+QmH/ #2 +QKTmi2/ pB M 1BMBV2BRO BMQBWF @Mi2 i?22° “2/m+:
+QHHBbBQM 7 2[m2M+B2bX PM+2 M TT QtBK i2 /'B7i p2HQ+B
+QKTmi2 "2/m+2/ KQK2MimK i® Mb72° 7°2[m2M+v pB

By = m UjXjdv

BM Q /2 iQ TT QtBK i2i?2 bi2 /vbii2 KQK2ZMimK +QHHBbBQM " i
/I2MbBiB2b #2ir22M ; b M/ HB[mB/ 2ti 2K2bX h?2 "2bmHib Q7 mbBN
TT QtBK iBQM UjXjdV "2 b?QrM BM 6B:m 2 jXd 7Q° KmHiBTH2 T -

Ai+ M #2 b22M i? i i?2 TT QMK IBQMWbYImMBi2 r2HH rBi?Qmi K
FMQrH2/;2 Q7 i?2 BMi2 ' K2/B i2 ~mB/6b bi'm+im 2 M/ bi2 /v bi i
iB2bX >B;?2 /2MbBi2-0B3B/M-KQMbi~ i2 i?2 #2bi ;"22K2Mi- r?BH
BM ++m” +B2b BM TT QtBK iBM=ilm+b2a 22/ @B ;i?2BB;?i2/ #v i?2
/[2pB iBQM i BMi2'K2/B i22M2 ;v M;2bX h?Bb "2bmHi /12KQMbi
IM H TT QtBK iRIQNE#H2 mb2/ BM +QMDmMM+iBQOM rBi? ?B:22" Q
KQ/2Hb (k-3N-N8-Ryj)iQ T'QpB/2 7QmM/ iBQM 7Q" bBKmH iBM; 2
. b M/HB[mB/ 2ti'2K2b b +QMiBMmmKX

*2 Ti2 jX .2MDbBiv/2T2M/2M+2 Q7 2H2+i QM i MDbTQ dj i
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6B:m 2 jXd, TT QK @/KmHiIBTH2 T +FBM; 7" +iBQMb Q7 S2 +m|
HB[mB/X aQHB/ HBM2, 2t +i pB KmHiB@i2,K FBIQ2BXK+iBQMNmMiB
pB UjXjdVX

$SSOLFDWLRQ WR QREOH JDV OLTXL

AM Q /2 iQ 7m i?2 p2 B7vi?2 bmBi #BHBiv QU|iRj2OMBp2/Q MHAIQtB
+QMbB/2° TTHB+ iBQMiQ "2 H; b2b M/ HB[mB/bX h?Bb a2+iBQ
TT QtBK iBQM K2i?Q/- rBi? FMQrM bi2 /v bi i2i° MbTQ i T QT2
M/ /2Mb2 HB[mB/- iQ 2biBK i2 bi2 /v bi i2 2H2+i'QM /"B7i p2HQ +E
Q7 BMi2 K2/B i2 /2MbBivX AM +QMi - bi iQ i?2 T 2pBQmb KQ/2H r?2
2z2+ib r2°2 +QMbB/2°2/- "2 H iQKB+ bvbi2Kb "2[mB 2 //BiBQM
BMi2  +iBQM TQi2MiB H bbQ+B i2/ rBi? p "VBM; i?2 M2mi  H/2MbB
Q7 i?2p "B iBQM #2ir22M + Qbb b2+iBQMb i; b M/ HB[mMB//2MbE
"2 b2b M/ i?2B  HB[mB/b-r?2'2i?2 HQr@2M2 ;v _ Kb m2 KB
T? b2 + Qbb b2+iBQMb Bb bmTT 2bb2/ M/ 2p2Mim HHv +QKTH2i2H
/2MbBiv BM+ 2 b2b (R8)X b "2bmHi Q7 i?2 +QKTH2t b+ ii2 'BM
HB[mB/ bi i2b- BM +QMDmMM+iBQM rBi? ++2bbB#H2 2tT2 BK2Mi H
t2MQM r2°2 +?2Qb2M 7Q" +QKT 'BbQM BM i?Bb bim/vX

1tT2 BK2Mi H/ i Q7 2nbRRBM/ Q" /'B7i p2HQ+Biv- 2H2+i B+
K2 M2M2 ;v Q7 2H2+i'QMb BM HB[mB/ ;QM M/ HB[mB/ t2MQM
7Q  2tT2 'BK2Mi Hp HB/ iBQM Q7 i?2 TUJX@NR7BH T iQtBK i BHQ M
+?2Qb2M Qp2°  Qi?2 2tBhiBM; /i b2ib (Re-Rek) #2+ mb2 M TT QtE
K2 M 2M2 ;v- b+ H2/ 7°QK K2 bm 2K2Mib Q7 iDR2 +? b Bi\2+Bimi B2/ 2 M 2
BMi?2 Q B;BM Hbim/v M/ bQ T ' QpB/2/i?2 M2+2bb v K2 M 2M2";
i72/2°Bp2/ TT QtBK iBQMbX h #H2 jXR QmiHBM2b i?2 TT QtBK i2

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i> MbTQ dBi
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bbmK2/ 7Q 2 +? iQKB+ ~mB/X

h #H2 jXR, "2M+?K "F iQKB+ ; b@HB[mB/ bvbi2Kb mb2/ 7Q"  p HI
P2HQ+Biv TT QtBK iBQM "'mH2 ; BMbi 2tT2'BK2Mi H / i

GB[mB/ @ * HHXANRIR-R2)B i2 @ Lt TK@RRHN+X (Ry-R8)
QM 38 E Rjy E jyy E
s2MQM Re8 E kjy E jyy E

b QTTQb2/iQ i?2 S2°+mb@u2pB+F KQ/2H iQKB+ HBHMB/- i2k
b M2mi® H iQK h3MpB®2b #2ir22M i?2 /2MbBiB2b mb2/ BM 2tT2
Q' /2 iQ ++QmMi7Q i?Bb-i?2 M2mi  H/2MbBiB2b i 2 +? i2KT2" |
BMi2 TQH iBM; i?2 ;QM M/ t2MQM b im" i2/ HB[MmEReymR@dHXb 7
.BHmMi2; b M2mi  H/2MbBivr b TT QtBK i2/ b #2BM; jyy iBK2b bK |
2ti°2K2 M2mi> H /2MbBiv # b2/ QM i?2 2[mBHB# BmK HB[mB/@; |
KQH2+mH ~/vM KB+b bBKmH iBQMb Q7 G2MM /@CQM2b HB[mB/I

AM +QMi’ biiQ i?2 bBKTHB}2/ +QHHBbBQM KQ/2H mb2/ BM i?2
T 2pBQmb a2+iBQM-2 +? "2 H~mB/BMh #H2 jXRr b K2 bm 2/ i,
br2HH b /2MbBiB2bX LQi2i? i KQ/B}+ iBOQM iQ IPjX|86 QtBK il
"2[mB 2/iQ ++QmMi7Q p "VBM; i2KT2 im 2b M/ /2MbBiB2bX hQ
p B iBQM i?2 /2 Bp iBQM Q7 i23XKWB/Q B2 | BIQIMWj XkeXs
bHB;?iHV KQ/B}2/iQ HHQr i?2 ke -+iQ@KT QUVH2NIiD2M i?2 ; b- HB[mB
M/ BMi2 K2/B i2 /2MbBiB2bX
bbmKBM; i?2 b K2*J1 bbmKTiBQM b T 2pBQmb T28BTs#BQMb- M/
T, Bi Bb 7QmM/ i? i * iBQb Q7 i?2 +QKKQM K2 M 2M2 ;v KBMmb i
/Q MQi + M+2H BM i?2 TT QtBK iBQM /2 Bp2/ 7°QK 2M2 ;v # H I
i2KT2  im2@KQ/B}2/ TT QtBK iBQM "mH?2

Xg e (") Wo(") + X “—EEET2E (1) Wi (")
Xg81 (") Eg() Wi(")+ XiEi() Wo(")
(") Wy() Wi(")
SB )
hQ 2Mbm'2 ++m" i2 BMTmi/ i iQi?2 TTURXBRNBOBEK2i KD/QHMIBQ
Q7 "QHixK MM&b 2[m iBQM (Ry-R8)r2 2 +QKTmi2/iQ Q#i BM i  MbT
M/ t2MQM BM #Qi? /BHmMi2 ; b M/ HB[mB/ 2ti'2K2 +QM/BiBQMbX £
M/ ?B;? /I12MbBiv HB[mB/ bi i2b- 2H2+i"QM b+ ii2"BM; + Qbb b2+i
“2+2MiBMBPB®2K2Mibi? ii F2BMiQ ++QmMi /2MbBiv /2T2M/2Mi
b+ 22MBM; 2z2+ib (Rk-R8)iQ Q#i BM BM+"2 b2/ ++m > +vX hQ /2KQ
+ H+mH i2/i° MbTQ'i/i BM: b M/ HB[mB/ 2ti'2K2b- +QKT “BbQM
"2bmHib Bb BM+HmM/2/ BM 6B;m 2b jX3 M/ jXNX : b T? b2/ B7ip2
i F2M 7 QK i?2rQ RQHEMWF r?BH2 HB[mB/ ;QM M/HB[mB/t2MQM K
"2 F2M 7 QK JiBH{IRE) M/ >m M; M/ 6 22K M (Re) "2bT2+iBp2HvX
h?2 M;H2@BMi2;" i2/bim+im 27 +iQ b 7Q  i?2 HB[mB/ 2ti 2K
~mByY- Mbkgr 12 2 TT QtBK i2/ b T2 i?2 #2M+?K 'F KQ/2H iQKB+
BM a2+iBQM jXjXjX 6Q  HB[mB/ ;QM M/ t2MQM i?Bb rQ F 2p Hr

WEHE

UjXj3vVv

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i> MbTQ dB8i
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bi'm+im 27 +iQ  2tT 2bbBQM QUjXRENWBIMMI242Bm i T ~ K2i2 b 7
QM M/ t2MQM- #2+ mb2 Bi ? b #22M b?QrM i? i /2bTBi2 i?2 +
i ?B;? /2MbBiB2b i?2 2tT 2bbBQM Q7 02 ' H2i M/ gq2Bbb Bb ;QQ/
bi'm+im 27 +iQ 7Q  MQ#H2 HB[mB/b (3-e8)X gqBi? ++m  i2/i 7Q°
M/ i2KT2 im 2 KQ/B}+ iBQM iQ i?2 TUjXQSZEKM BT FBHLZ r b

T2 '7Q K2/ iQ +QKT "2 i?2 TT QtBK iBQM Q7 i?2 bi2 /v bi i2 /"B
BMi2 K2/B i2 i2KT2  im 2f/2MbBiv 7Q " #Qi? HB[mB/ ;QM M/ H
2tT2 BK2Mi H "2bmHiR2Q HRA)2 ABR 2bmHib 2 b?QrM BM 6B;m "2
i XN X
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6B;m 2 jX3, 1H2+i"QM /°B7i p2HQ+Biv BM HB[mB/ “:QM i Rjy EX
+QKTmi2/ pB 2 XjB@MT “2/rBi? 2tT2 ' BK2Mi H 2b@&iH HRR) Xmb?+?
272°2M+2 /i 21QMR¥- Rk)- 2BHHIR])- S 2iF HR9) X

6°QK i?2 2tT2'BK2Mi HrQ F2Q7HRRP2?BMb Q7 TT QtBK i2Hv
2 +?2r2°2[mQi2/ 7Q K2 bm 2K2Mi Q7 i?2 /’B7i p2HQ+Biv M/ TTH
2 Q' bQ7 TT QtBK i2HV RYW r b [mQi2/ 7Q i?2 +QKTmi iBQM Q7
* “*vBM; i?2b22°°Q ' bi?°Qm;?i?2 TT QtBK iBQMb mb2/ BM i?Bb
2biBK i2/2°°Q # b QM 2 +?2 HBM2 b2'B2b 7Q  i?2 BMi2 K2/B i2 /"
jX3 M/ jXNX

AM 6B;m 2b jX3 M/ jXN-i?2°2 Bb ;QQ/ ; 22K2Mi #2ir22M i?2 -
+QKTmMi2UGRj3W/ 2tT2 ' BK2Mi H K2 bm 2K2Mib rBi?BM i?2 mM+2"i B
.2bTBi2 MQ FMQrH2/;2 Q7 i?2BMi2 K2/B i2bi2 /vbii2i> MbTQ i T (
BiB2b Q7 i?2 2H2+i"QM b+ ii2'BM; + ' Qbb b2+iBQM +? M;BM; #2ir2:
M/ M TT QtBK i2i'2 iK2Mi Q7 i?2 2z2+ib Q7 bi'm+im 2- #Qi? TT"
'QQ/ 2biBK iBQM Q7 i?2 /'B7i p2HQ+BivBM i?2 BMi2 K2/B i2 ~mE

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i> MbTQ déi
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6B;m 2 jXN, 1H2+i"QM /°"B7i p2HQ+Biv BM HB[mB/ t2MQM i kjy E
+QKTmi2/ pB 2XjB@MT "2/ rBi? 2tT2 ' BK2Mi H “2b@&iH HRR) Xmb?+?
272°2M+2 /i 21QMREZ-R8)->m M; M/ 6 22K M (RR)3)SX +F

h?2 HB[mB/ ";QM TT QtBK iBQM T ' QpB/2b i?2 #2bi }i Q7 i?2 i
+QMbB/2°2/-rBi? bi'QM; [m HBi iBp2 M/ 7mM+iBQM H ; 22K2Mi #
+ H+rmH i2/ /i X M2M+Qm® ;BM; 72 im 2 Q7 i?2 HB[mB/ ";QM "2b
TT QtBK iBQM iQ /2KQMbi> i2 ;> /B2Mi +? M;210% ihQ% 6@ b i "Qm
HB[mB/ t2MQM-i?2 T '2/B+iBQM Q7 L.* i HQr }2H/b Bb HbQ M 2N
TT QtBK iBQMX h?2 K ;MBim/2 M/ rBM/Qr Q7 "2/m+2/}2H/b ir?B+"’
L.*Q++m b Bb MQi 2t +iHv "2THB+ i2/- #mi i?2 #BHBiv Q7 i?2 °
T 2/B+i L.*#v 2KTHQVBM; p2'v bBKTH2 bi'm+im 2 bbmKTiBQMb b
T QTQb2/ TT QtBK iBQMX 6mim 2 BKT Qp2K2Mib BM TT QtBK
/[2MbBiv bi'm+im 2 2z2+ib pB 2tT2 BK2Mi Hbi'm+im 2 7 +iQ b- |
TQi2MiB Hb+ 22MBM; 2z2+ib- K vvB2H/ 2p2M ; 2 i2° ++m  +v BM
im MbTQ i #2? pBQ X

&KDSWHU 6 XPPDU\

h?2 rQ"FBM i?Bb *? Ti2 2 b T QT QpRjeBU/UXHB® QIMBQtBK i2

2H2+i"QM i° MbTQ'i i BMi2 ' K2/B i2/2MbBiB2b BM i?2; b@HB[mB/ E
BMi?2: b M/HB[mMB/2ti'2K2 T? b2b QMHvVX hQ 7Q KmH i2i?2 T
i?Bb *? Ti2 2ti2M/2/ r2HH FMQrM K2 M 2M2 ;v /2T2M/2Mi; b T? b2
?2B;? /2MbBiv ~mB/b r?B+? 2t?B#Bi MQM@HBM2 "~ /2MbBiv /2T2M
h?2}M H TT QtBK iBQM TTHB2b bBKTH2 M HviB+ bi'm+im 2 KQ.
MQM@HBM2 ~ /2MbBiv 2z2+ib QM 2H2+i"QM KQK2MimK i° Mb72"-

*?2 Ti2  jX .2MbBiv /2T2M/2M+2 Q7 2H2+i QM i> MbTQ dAdi
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rBi? bBKTH2 iQKB+ HB[mB/ KQ/2HbX 6QHHQrBM; M HvbBb Q7 bi-
i° Mb72° 2z2+ib- M TT QtBK iBQM /2 'Bp2/ 7 QK 2M2 ;v # H M+2 ¢{
bi'm+im 2/ K2/B r b#2M+?K "F2/ M/ /2KQMbi  i2/bmBi #H2 ++m" -
Q7 "2/m+2/}2H/bX AKT Qp2/ ++m  +v +QmH/ #2 +?B2p2/ rBi? ?B.
im Mb72 i?72Q v (de-ReR)X 6BM HHv-iQ 7TQ K T +iB+ H TT°Q
#2 mb2/ rBi?Qmi Mv FMQrH2/;2 Q7 i?2 "2/m+2/ }2H/6b /2T2M/2N
TT QtBK iBQMb /2" Bp2/ 7 QK 2M2 ;v# H M+2 M/ KQ/B}2/ KQK2|
+QK#BM2/ M/ i?2 bm#b2[m2Mi 2tT 2bbBQM r b #2M+?K "F2/X

ai2 /vbii2i> MbTQ i T QT2'iB2b Q7 bBKTH2 iQKB+ HB[mB/ KQ
['i Q7 ;QM M/ t2MQM HB[mB/br2 2 bb2K#H2/ 7Q +QKT "BbQMX
+QK#BM2/ /' B7i p2HQ+BivUXT-eQURKXiB@MBM+HmM/BM; i2KT2 im
p B iBQMBM i?2 2tT2'BK2Mi H #2M+?K “Fb-i?Bb *? Ti2 /2KQM
i?72 TT QtBK iBQM BM T 2/B+iBM; /'B7i p2HQ+BiB2b Q7 BMi2 K2/E
HB[mB/ 2ti'2K2bX Air b bm#b2[m2MiHv /2KQMbi™ i2/i? i "2/m+2/
7°2[m2M+B2b + M #2 TT QtBK i2/ rBi? bm{+B2Mi ++m  +v-iQ bz
?B;?2 Q' /2  2H2+i QM KQK2Mi KQ/2HBM;X 6Q  i?2 K DQ Biv Q7 K
; b2b M/ HB[mB/b i?2 [m HBi iBp2 ; 22K2Mi #2ir22M TT QtBK iBQ
rbbi'QM;X .2bTBi2i?22M+Qm" ;BM; T2 ' 7Q K M+2 Q7 i?2 T QTQb
+QKT "BbQM ; BMbi ";QM M/ t2MQM 2tT2 ' BK2Mi H "2bmHib /2K
BMi2" +iBQMTQi2MiB Hb Q7 "2 HHB[mB/bTQb2 +? HH2M;2 M/ 7m
Qmi QM BM+Hm/BM; HQr@2M2 ;v b+ 22MBM; 2z2+ib BMiQ i?2 TT
bi'm+im 2 7sgd@QAN- //BIiBQM- 7m i?2" 2M? M+2K2Mib QM i?2 BKTH2
M;H2@BMi2; i2/ bim+im 27 +iQ  b?QmH/ #2 bim/B2/iQ ++QmMi
KQ 2 +QKTH2t HB[mB/b-bm+? b TQH " KQH2+mH "~ HB[mB/b HBF2

gBi? i?727QmM/ iBQM Q7 M BMi2'7 +B HKQ/2HBM; 7° K2rQ F T
irQ *? Ti2 b-i?2 7TQHHQrBM; *? Ti2° BKb iQ # BM; iQ;2i?2 i?2 2D
7 "BMi?BbrQ'FX TTHB+ iBQM Q7 i?2 ?B;?2 Q'/2° ~mB/ KQ/2H
[2MbBiv@/2T2M/2Mi BMTmi /i T QTQb2/ BM i?Bb *? Ti2 - rBHH
br "K M/ bi"2 K2 T°"QT ; iBQM #2ir22M i?2 irQ 2ti ' 2K2b Q7 M
bvbi2KX

&KDSWHU $SSHQGL[ 'LOXWHJDV PL[WX

hQT QpB/2i?27QmM/ iBQM7Q" M TT QtBK iBQMQ72H2+i QM +Ql
/2MbBiB2b #2ir22M ; b M/ HB[mB/- K2i?Q/b Q7 TT QtBK iBM; /"B
; b KBtim 2br2°'2 "2pB2r2/X o BQmb mH2b ? p2 #22M mb2/ BM HBiZ
QM i?2 T'2KBb2 Q7 /2MEBIN7n iHiB@RKImMi2/ 7Q° 2 +? +QMbiBim2M
#2BM; mb2/iQ b+ H2 bi2 /v bii2/'B7i p2HQ+BiB2b Q7 2 +? +QMb
TT QtBK i2 Q7 i?2 KBtim 26b bi2 /vbii2i> MbTQ i/ i X
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%ODQF VODZ

h?2 Q B;BM Q7 KBtBM; mH2b BM ; b T? b2 +? ;2/ T "iB+H2 i M|
"H M+6b 2KTB B+ H H r (R8d)

1 X .
Wket & w E

ng No

rgZ‘WKBtBb i?72 KBtim'2 /"B%i BHIQ@2B2WMbBiv 7" +iBb@M Q7 ; b
i i x =1- MW Bbi?2/'B7i p2HQ#®BiHBM BBi p2HQ+BiB2b ‘2 2p
i +QKKQM p Hm2 Q7 2/m+2E/8HR #+?PBBH? }2W/bBM+2 #22M i2 K2/
+QKKBMy U*1PLV TT'Q +? (R83)X

"v i?2 KB/ kyi? +2Mim v 2tT2 ' BK2Mi H “2bmHib M2+2bbBi i2/ KQ/
H r-

1 X X E

= T + 5 — UjXoyV

E E
Wketns W = Mo

r22°% Bb bQK2 /2pB iBQM 7°QK i?2 Q'B;BM HH riQ BM+Hm/2 ?B
BM2H biB+ +QHHBbBQMb (R83-Re8-Ree)X JmMHIBTH2 TT ' Q +2?22
T 2b2Mi2/- 7°QK "B:Q Qmb FBM2iB+ i?2Q v “:mK2Mib iQ 2KTB" |
QM M2r 2tT2 BK2Mi H Q#b2 p iBQMbX Air b b?QrM i? i "H M+6b
TT QtBK iBM; BQM i° MbTQ i BM ; b KBtim 2b-r?2"2 b Bi 7 BH2/ bE
i° MbTQi- rBi?Qmi b2p2 2 KQ/B}+ iBQMb iQ i?2 Q'B;BM HH r (RS

h?2 #°2 F/IQrM Q7 "H M+6b H r 7Q  2H2+i'QMb + M #2 mM/2 biQ
7QHHQIBM; irQ bbmKTiBQMb,

RX? i 2H2+i'QM BKT +i + Qbb b2+iBQMb + M #2 //2/ BM bBKTH2 F
'Bp2M p HEM3 QRe8)- M/

kXi?2 bi2 /vbii21ll1.6Bbi?2b K27Q 2 +?; b- M/i?2 +QK#BM iB
;Bp2M p HEMmy QR83) X

AM :2M2  H-i?2b2 bbmKTiBQMb rBHH 7 BH QrBM; iQ i?2 ° TB/H
2M2°:v rBi? BMEM HBW;i?2 bi QM: /2T2M/2M+2 Q7 2M2 ;vi® Mb72"
+QHHBbBQMb- r?B+? K v Q++m’ ip biHv /Bz2 2Mi }2H/ " M;2b 7
7 BHBM:b Q7 i?2 *1PL K2i?Q/ H2/iQ M Hi2 M iBp2 KBtBM: "mH?
K2 M2M2 ;v U*J1V b T QTQb2/ #v *?B~BFB M (R8N)X

&RPPRQ PHDQ HQHUJ\ SURFHGXUH

h?2 *J1 "mH2 Bb BM i?2 bTB'Bi Q7 KQ/2 "M TH bK KQK2Mi KQ/2H|
i MbTQ iBb/2}M2/ b 7mM+iBQM Q7 +? " 2(eN BB+ M2 KNdMRAN 2 R:9/8
BMbi2 / Q7 i?2 "2/B/maX}er/p "B iBQMb Q7 *J1 "mH2 K v #2 /2 Bp:
i?72 bi2 /vbii2 KQK2MimK M/ 2M2 ;v# H M+2 2[m iBQMb 7Q" +? ;2.
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BM TH bK iQ vVB2H/ irQ bHB:?iHv /Bz2 2Mi 2[m iBQMb- +Q "2bTQM
(p=+1) Q 2M2 ;v # (pl=M1} 2

X E (" Wke() ?.
Exs() W ()

r?2 Bkege Eksho Q7 i?72 KBtEM=2E-/ng BM ; bWkg(Bb i?2 /"B7i p2HQ+Biv
BMi?2 KBtimW2-BW/i?2 /"B7i p2HQ+®»BiHBN2, Kb "2 2p Hm i2/ ii?2
b K2p Hm2 Q7 K2"™M 2M2 " ;v

/IQTiIBM; 2Bi?2 Q7 i?2 irQ *J1 TT QtBK iBQMb r b b?2QrM iQ ;
#Qi? BQMb M/ 2H2+i QMb BM p BQmb ; b KBtim 2bX AM +QMi" bi
+QHHBbBQMb "2 M iBp2Hv BM+HmM/2/ BM i?2 ;2M2" H i?2Q v (R
++m° +v Q7 i?2 mH2 Bb HbQ MQi 2bi B+i2/iQ irQ@i2 K 11.6
bi2 /vbii2al1l.6b "2 bbmK2/BMi?2/2"Bp iBQM (R83)X

*2 Ti2 jX .2MDbBiv/2T2M/2M+2 Q7 2H2+i QM i MDbTQ By i



1H2+i"QM br "K M/ bi 2 K2°
i i?2: b@HB[mMB/ B

h?Bb +? Ti2> +QMi BMb K i2°'B Hi? ir bbm#KBii2/ bi?2 7TQHHQrB
L : "H M/- AaBKQMQPpPBE- :C "QvH2- .: *Q+Fb-a .mDFQ M/ _.q?
br "K M/ bi2 K2 i° MbTQ i + Qbbi?2;: b@HB[mB/BMi27 +2, +QfF
bim/vX am#KBSi2/bilQ aQm +2b a+B2M+2 QM i22 kMQQHTQ: V' BH kyR 3}
h?Bb *? Ti2° BM+HmM/2b 2H2+i"QM i° MbTQ i/ i +QKTmi2/ #v :
i2°K bQHMIBQM Q7 i?2 "QHixK MM 2[m iBQMX h?Bb /i b2 p2b b B
/IBb+mbb2/ BM i?Bb *? Ti2 X

&KDSWHU - QWURGXFWLRQ

h?2 BKb Q7 i?Bb *? Ti2  '2iQ 2ti2M/i?2 T°QTQb2/ M/ #2M+?2K °
70m  KQK2Mi ~mB/ KQ/2H (k)- br2HH b/ B7i/BzmbBQM ~mB/ KQ/:
bBKmMH i2 2H2+i"QM i° MbTQ i + Qbb; b@HB[mB/BMi2 7 +2b M/ 71
7Q  #2bi T +iB+2 7mim 2 BMi2'7 +B HKQ/2HBM:X AMi2 7 +B H +QI
#v +QKT "BM; i?2 ivTI2b Q7 ~mB/ KQ/2H mb2/ #mi HbQ i? Qm;? +Qk
7Q K bbmKTiBQMb 7Q° M@ "Bl iBRIMBQW-i?22 BMi2 7 +2X AM+Hm
HB[mB/ BMi2 7 +2 2z2+ib-bm+? bp "B iBQM Q7 /2HQMHBx2/ 2H
/IB2H2+i"B+ T2"KBIMBBA2 T°QTQb2/ KQ/2HBM; 7° K2rQ F Bb HbQ

h?Bb *? Ti2 #2;BMb #v # B2~v '2pB2rBM; ~mB/ KQ/2Hb mb2/ 7
BM ; b2b M/ HB[mB/b BM a2+iBQM 9Xk r?2°2 /BbiBM+iBQMb #2ir
2H2+i'QM i MbTQ i 2 ?B;?HB;?i2/X AM a2+iBQM 9Xj +QMiBMm¢
i MbTQ i #2ir22M ; b M/ HB[mB/ K2/B Bb T'QTQb2/- rBi? KQ/B
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+2°i BM BMi2°7 +B H 2z2+ib /Bb+mbb2/X h?2 "2bmHib Q7 i?2 T°QTC
"2 /2i BH2/ BM a2+iBQM 9X8- rBi? F2v /p Mi ;2b M/ /Bb /p Mi ;
?B;?HB;?i2/X 6BM HHv- BM a2+iBQM 9Xe- F2v "2+QKK2M/ iBQMtk
i?Bb bim/v "2 K /2-rBi? 7Q+mb QM ?2Qr iQ #2bi ++QKKQ/ i2 BN
i MbTQ iBM 7mim 2 ~mB/ KQ/2HbX

J)OXLG PRGHOLQJLQJDVHVDQG OLT:

)OXLG PRGHOVIRUHOHFWURQ WUDQVSRUW

6HmMB/ KQ/2Hb ? p2 #22M mb2/iQ /2b+ B#2 TH bK T?2MQK2M bm+
ReN)- BM/mbi'B HTH bK bmb2/BM 7 # B+ iBM; KB+ Q2H2+i QMB +I
#BQ@K2/B+ H (j9-8y) TTHB+ iBQMb Q7 /Bb+? “:2bX 6HmMB/ KQ/2|
2[m iBQMb Q7 p2HQ+Biv@ p2" ;2/-bT iB HHvp '"vVBM; K + ' Qb+QTBH+
/[2MbBiv- KQK2MimK- M/ 2M2" ;v (k-de-3N-N8-Ry9) /2'Bp2/ pB p2
"QHixK MM 2[m iBQM (k-N9)X h?Bb ;Bp2b "2H iBp2Hv bi® B;?i7Q"
i? i T°QpB/2b ;QQ//2b+ BTiBQM Q7 i?2 /Bb+? “;2 /vM KB+b-rBi?Q
Qp2'?2 / Q7 +QKT 2?2MbBp2 KB+ Qb+QTB+ K2i?Q/bbm+? b T i
S 'iB+2@BM@*2HH USA*V Q JQMi2 * "HQ UJ*V (e8-RdR-Rdk)- C
"QHixK MM FBM2iB+ 2[m iBQM (Ny-Nj-N8-Ne-Ryy-Ry8)i? i/B 2+iH»
/IBbi " B#miBQM 7TmM+iBQM Ul0.6V b 7mM+iBQM QuiXT +2- p2HQ +

h?Bb bim/v b2H2+i2/i?°22 TT Q +?2biQ ~mB/ KQ/2HBM;- M/ 2
M/ bm#b2[m2Mi TT QT B i2M2bb Q7 2 +? KQ/2H iQr /b /2b+ B#B
i° MbTQ i #2ir22M ; b M/ HB[mB/ /2MbBiB2b Q7 HB[mB/ ";QMX >
b2H2+i2/ ~mB/ KQ/2Hb Bb T'2b2Mi2/- rBi? i?2 }M2" /2i BHb Q7 i?2 C
Q7 i?2 KQ/2Hb /272" "2/ iQ T ' 2pBQmb +QKT 2?2MbBp2 bim/B2b QM
(k-de-3N-Nj-N8-Ry9)X

. B7i/BzmbBQM KQ/2Hb

h?2 KQbi TQTmH ° TT'Q +?2iQ ~mB/ KQ/2HBM; Q7 2H2+i"QM i° Mb1
? bi°” /IBiBQM HHVR#22M ?2v/"Q/vM KB+ /"B7i /B zth®DBRIM 2Q MiB Mn
2H2+i1 QM /Ikgapav-f(; p;ddpX h?2 2H2+i QM ~mt Bb Q#i BM2/ #v bb
bi2 /v@bi i2 Q7 i?72 KQK2MimK # H M+2 2[m iBQM- M/ i? ii?2 }2H/
Q7 2H2+i QM 2M2 ;v Bb Km+? ;72 i2 i? Mi?2i?2 K H+QMi B#miBQ
"2bmHIBM; QM2 /BK2MbBQM H +QMiBMmBiv 2[m iBQM Bb

@ @ E E @8 E

fe T haw - +p - ZE o = = XRV

@t @z'° No * no @z e | No % ng us
(222 BMTmi/ i i2 Kb 2 i?2 /WB-7/iBzHb@B«B\v+ Q2 { MBEMIMBb @
iBQMf ii +?K2Mi +QHHBMBEQM HHRBMTmi/ i "2 bbmK2/iQ #2 7mM

Q7 i?2 HQ+ H BMbi Mi M2Qmb ‘ZELm{-mIBMZi-??BbFB}IQmIH-iBQMX
0
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AMi2 TQH iBQM Q7 bi2 /v bi i2 i MbTQ i +Q2{+B2Mib M/ +QH
T QpB/2 p HM2b 7Q  i?2b2 BMTmi T ~ K2i2 bX h?2 bi2 /v bi i2 p Hi
i?2 bi2 /vbii2 2H2+i"QM p2HQ+Biv /Bbi'B#miBQM 7mM+iBQM U1
pB JQMi2 * "HQ bBKmH iBQMb (€8-3d) Q° KmHiIB@i2 K FBM2iB+ |
2[m iBQM (Ry-93-N9-Rjk)- ;Bp2M TT QT B i2 KB+ Qb+QTB+ BM
+ Qbb b2+iBQMb 7Q i?2 i ;2i; bUb22 a2+iBQM 9XkXkVX

AM //BiBQM iQ i?2 2H2+i"QM + QN MXERI@NBI B N2 ivB O[vh iBQMb
TQbBiBpMUpB BQMBb iBQM "2 +iB@MbWpBA/ M 2?2820+ "2 +iBQMb
BQM /2MbBiB2b "2 mb2/

@é;:nelri; M/%zneai;
r?2°2BQMi° MbTQ i ? b #22M M2;H2+i2/ Qp2 i?2i° MbB2Mi iBK
i?Bb bim/v7Q BQMBb iBQM 7 QMi T QT ; iBQM (N8-Ry9)X _2+Ql
TQbBiBp2 BQMb- M/ M2; iBp2 BQMb rBi? TQbBiBp2 BQMb Bb M2;F

HQM;bB/2 i?2 +QMiBMmMBiv 2[m iBQMb 7QU 3 X@N2X IDIT2 +B2b /2
bT +2 +? ;2 2z2+ib QM i?2RHEmMBbB#232HQKTmi2/ iQ /2i2 " KBM2
b+ 22MBM; 2z2+ib/m2 iQ i?2 + 2 iBQM Q7 2H2+i"QMb M/ BQMbX }
SQBbbQM 2[m iBQM 7Q° 2H2HQ B#i TEM2iM2B2H2+i B+ }2H/

U9 XkV

g\; = %(ne+n n:); Uoaxijv
r
E = %\z/ Ugxov

r?2°@Bb i?72 2H2K2Mi ™y +M/);2-2 i?2 ~mB/6b "2H iBp2 M/ i?2 p +1
/IB2H2+i'B+ T2 KBiiBpBiB2b "2bT2+iBp2HvX

g?BH2 i?72 KQ/2H /2PbF9R@RI XN #22M i° /BIiBQM HHv mb2/iQ /2l
+? ;2/ T "iB+H2 i° MbTQ i rBi?BM ; b2b-i?2 7TmM+iBQM H 7Q K
I2KQMbi™ i2/iQ #2 TTHB+ #H2 iQ /2b+ B#2 i MbTQ irBi?BM HB[m
TT QT B i2 KQ/B}+ iBQMb iQ i?2 BMTmi /i "2 K /2 (k)X bi?2
BM+'2 b2b i?2 bBM;H2@b+ ii2"BM; bbmKTiBQM mb2/ 7Q" ; b i’
i?722z2+ib Q7 2H biB+ +Q?2 2Mi b+ ii2°'BM; M/ 2H2+i"QM BMi2"
M/ TQH "Bx iBQM #2+QK2 BKTQ i Mi (Ry-R8-93)X h?2b2 2z2+i
i?2 2H2+i‘lQM /2 ""Q;HB2r p2H2M;i? Bb +QKT * #H2 iQ i?2 p2" ;2
bT +BM;ny*-r?B+? +Q "'2bTQM/b iQ HQr@2M2 ;v 2H2+i QM b+ ii2 E
p2°v/2Mb2 HB[mB/bX

*QKT 2?2MbBp2 7Q " KmH iBQMb "2 p BH #H2 QM ?Qr iQ KQ/B
BMi2® +iBQM + Qbb b2+iBQMb Q7 MQM@TQH ~ iQKB+ i ;2ib- bm+"
7Q  +Q?2 2Mib+ ii2°'BM; (93)- M/H i2 i?2BMi2° +iBQMTQi2MiB H
(Rk-R8)X h?2b2 bi'm+im 2 KQ/B}+ iBQMb r2°2 BKTH2K2Mi2/i? Qm
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KQK2MimK i® Mb72" + Qbb b2+iBQM
A
m(v;ng) = 2 (v;;n o)1l +QbbBav uoaxsv
0

r22°2 Bb i?2 BM+QKBM; 2H2+BDbQiM2bTR24i QM b+ ii2 ' BM; M;H2
i “;2i iQK- M/n o) Bb M 2z2+iBp2 /Bz2 2MiB H + Qbb b2+iBQM BM
b+ ii2°BM; M/ BMi2 +iBQM TQi2MiB H KQ/B}+ iBQMb pB

(vii;n o) = ~(v;) S(kin o); UugXeV

r?2°2(v;) Bbi?2 HB[mB/ T? b2 /Bz2 2MiB H + Qbb b2+iBQM +QMi BN
TQH 'Bx iBQM 2z3¢km (5 KBRi8H2 bi iB+ bi‘m+imk2$£ni~g‘b
Bbi?2r p2 MmK#2  T°QTQ'iBQM HiQ i?2 +? M;2 BMBKQAK2MimK (
2H2+i"QM K bBbM2/m+2/ SH M+FO0b +QMbi MiX h?2 bi iB+ bi m+
MQM@HBM2 " AgmMMA+iBDM @1 K i2°B H- M/ K v #2 + H+mH i2/ 7°QK
bBKmH iBQMb- K2 bm* 2/ pB 2tT2°BK2Mib (R8-93-e8)- Q' /2 Bp
bQHMIBOQMb Q7 T B'@+Q "2H iBQM 7mM+iBQMb b T2  i?2 02 H2ig
bi'm+im 2 7 +iQ" (3j)X 6Q" /2i BH2/ /IBb+mbbBQM QM i?2 bi iB+ |
BKTH2K2Mi iBQM BM HB[mB/ b+ ii2°"BM;- "2 /2°b "2 /B 2+i2/iQ T 2
h?2b2 7mM/ K2Mi HHB[mB/i> MbTQ i bim/B2b /2KQMbi™ i2/ bn
+'Qbb b2+iBQMb 7Q° HB[mB/ i MbTQ i i HQr BM+QKBM; 2H2+i
i° MbTQ'iBM ; bT? b2-T 'iB+mH "HvBM 2/m+2/ KQK2MimK i~ M
7Q°r "/ b+ ii2°BM; (Rk-R8)X Air b b?QrM i? i-r?BH2 2M2 ;vi° Mb’
KQ/B}+ iBQMb Q7 i?2 + Qbb b2+iBQM /m2 iQ TQi2MiB H b+ 22MBI|
2tTHB+BiHv KQ/B}2/ #v BM+HmM/BM; +Q?2 2Mi 2H biB+ b+ ii2"BM;
i* Mb72  /m2iQ BM2H biB+ 2t+Bi iBQM +QHHBbBQMb Bb +QMbB/2
i ;21 iIQKX AM bmKK “v-i?2 7mM+iBQM H7Q K Q7 i?2# H M+2 2]r
2H2+i"QM i° MbTQ'iBbi?2b K2r?2i?2 i MbTQ'iBbBM :; b Q" HB
KQ/B}+ iBQMb iQ BM+HmM/2 HB[mB/ T? b2 T?vbB+b Kmbi #2 T2 7Q"
TT'QT B i2 + Qbb b2+iBQMb 7Q" +QKTmiBM; 2H2+i'QM i MbTQ"
b2+iBQMb "2 mb2/iQ ;2M2° i2BMTmi/ i 7Q  2Bi?2 ; b Q HB[m
["B71i/BzmbBQM KQ/2H U9XRV @ U9XkV + Mi?2M #2 TTHB2/ /B 2

>B:;?2° Q'/2° KQ/2Hb

AM //BiBQM iQ /"B7i /IBzmbBQM ~mB/ KQ/2Hb- bQ + HH2/ ?B;?2"
; BM2/ TQTmH "Biv7Q  KQ/2HBM; +? “;2/ T "iB+H2 i° MbTQ' i BM
AM i?2b2 KQ/2Hb-i?2 ?B2" "+?2v Q7 p2HQ+Biv KQK2Mib Q7 "QHi:
i'mM+ i2/ ii?2 2H2+i‘QM~mt—#miQ7i2'L\z/| 2ti2M/b iQ BM+HmM/2 7Q
7Q° 2H2+i‘Ql\me/-218/II-Ib23-|i‘i/‘-Qle{/l T "iBxiHbpimtf(;p;) pdp- 2H2+i QM
K2 M ZM&‘;V I2MB Bipi = (5 p;t)admv2dp- M/ 2H2+i'QM 2M27;v ~mt
=nehi= f(‘;p;t)%mvzpdp-r?2h2pi-hi- MiAi /2MQi2 i?2 2H2+i"QM p2° ;2
p2HQ+Biv- p2° ;22M2 ;v- M/ p2° ;22M2 ;v ~mtX 6QHHQrBM; i?2

*?2 Ti2° 9X 1H2+i QM br 'K M/ bi'2 K2 i° MbTQ i ii?239b@HB[mE



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

KQK2Mi ?B;?2° Q' /2  KQ/2H #2M+?K "F2/BM ; b M/ HB[mB/ i  MbTC
2[m iBQMb "2
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6t+@Z(n (hi)) + nm(hl)eE+nm—eE— (hi); U9XRyYV
@n _ o @n _ o
@i Me 1 “grEne i) UIXRRV

r?2°2 BMTmi/ i Bb 2[mB 2/ pB +QHHBbBQM Jii2 RDMiZQ" BQME
KQK2MimK i° Mb72M2 ;v i® Bb72M2 ;v ~mt i° MbR2 2B:?22° Q /2"
i2MbQ  T°Q/m+i +HQbm 2 FT RIBK iBQMb-

AM i?Bb KQ/2H-i?2 ?B;?22" Q. #2pPQM 2 Mibimvipp- "2 +HQb2/
#v 2p Hm iBQM Qp2  i?2 2[mBHB# BmK bi2 /v@bi i2 11.6 mb2/iQ
BMTmi  i2b- bBKBH " iQi? i Q7 i?2BMTmi/ i /2b+ B#2/ BM a2+i
Q7 +HQbm 2 r b /2KQMbi  i2/iQ T'QpB/2 T > K2i2 7 22-T?vbB+
iQ Qi?2° +HQbm 2 bbmKTiBQMb- bm+? b ?2 i ~mt bbmKTiBQML
KQK2Mib BM iBi KD QFBQmbHvV mb2/ BM HBi2  im 2 (k-N8-R9e)X

h?2 b K2 T°Q+2bb 7Q" ;2M2° iBM; HQQF@mT i #H2 Q7 bi2 /v
M2[mBHB# BmK 11.6- /2b+ B#2/ BM a2+iBQM 9XkXR- Bb mb2/ 7¢
HbQX >B;?2° Q /2  KQ/2Hb /Bz2  iQ /'B7i@/BzmbBQM KQ/2Hb #2+
2H2+iQM /VM KB+b Bb M iBp2HV BM+Hm/2/-bQ i? i T?22MQK2M bm-
MQM@HQ+ HBiv + M #2 ‘2bQHpzl%mpgo%i%‘mmmzrawvmwmﬂ;b T2
i72 /°B7i@/BzmbBQM KQ/2H- 222 i?h2HRB imQ BV K2 iM2BIN72VT QH iB
p B #H2 iQ /2i2°KBM2 BMTmi/i i2 +? TQBMi BM bT +2 /m BM: i

b/Bb+mbb2/BM a2+iBQM 9XkXR-7Q" HQ+ H}2H//2T2M/2Mi KQ
+ M HbQ #2 2[m HHv TTHB+ #H2BM : b Q" HB[mB/- bbmKBM; i?2 -
#22M K /2 iQ ;2M2° i2 ++m  i2 BMTmi/ i iQ ++QmMi 7Q  HB[mB.
/2i BHb QM i?2 ?B:?2° Q /2  KQK2Mi KQ/2H mb2/ BM i?Bb bim/vi?2
“242Mi 7Q KmH iBQM M/ #2M+?K “FBM; bim/v (k)X

7TUDQVSRUWGDWD LQJDVHRXV DQG OLTXLG DUJRQ

h?Bb a2+iBQM T 2b2Mib i?2 KB+ ' Qb+QTB+ BMTmi Q7 2H2+i'QM
2H2+i"QMb rBi? ; b2Qmb M/ HB[mB/ ;QM-BM //BiBQM iQ i?2"°
+QHHBDOBQM /i i? ib2'p2b bBMTmiiQi?2 ~mB/ KQ/2Hb T 2b2Mi
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

1H2+i"QM b+ ii2°’BM; + ' Qbb b2+iBQMb

bi?Bb bim/v BMpQHp2b #Qi? ; b M/ HB[mB/ 2ti 2K2b Q7 ";QM-
b+ ii2°’BM; + Qbb b2+iBQMb "2 "2[mB 2/ BM Q /2" iQ ;2M2" i2 BMT
pB FBM2iB+ bQHmMIiBQMb Q7 i?72 "QHixK MM 2[m iBQM Q  JQMi2 *

h?2; b2Qmb ";QM 2H2+i'QM b+ ii2°'BM; + ' Qbb b2+iBQMb Q7 >
BMTmiiQ KmHIB@i2 " KbQHmMIBQM Q7 i?2 "QHixK MM 2[m iBQM i
i?Bb bim/vX h?2 b2i +QKT ' BbBM; Q7 M 2H biB+ KQK2MimK i® Mb72
ir2Miv }p2 BM2H biB+ 2t+Bi iBQM + ' Qbb b2+iBQMb- M/ M BQME
“2i°B2p2/ 7°QK i?2 QMHBM2 / i # b2 rrrXHt+ iXM2i (eN)X

b 2+QKK2M/2/ #v "2+2Mibim/B2b Q7 2H2+i QMi> MbTQ'i M/ M2;
7°QMib BM iQKB+ HB[mB/b (Rdj-Rd9)- HB[mB/ “;QM + Qbb b2+iBQ
rQ FbQM ++m’” i2HQr@2M2 ;vHB[mB/+ Qbbb2+iBQMb-+QK#BM2/
Q71?2 ; bT? b2 >v b?B + Qbb b2+iBQMb 7Q  BM2H biB+ T"Q+2b
i?72Jh*a b+ ii2°’BM; +'Qbb b2+iBOQMA0220V¥Qh@2MQR™ HBImB/ ";QM
T°QTQb2/ #v "QvH2 2i HX (Rk) rbi F2ZM BM Q' /2" iQ BM+Hm/2 i
b+ ii2’BM; M/ iQKB+ TQi2MiB H b+'22MBM; r?B+? "2 +°'BiB+ H
b+ ii2"BM; BM /2Mb2 HB[mB/bX i ?B;?2° BM+QKBM; 2H2+i'QM 2M2"
b2+iBQM +QMp2°;2biQi?2; b+ Qbb b2+iBQM-i?2; b2Qmb ";QM JlI
QM+2 ; BM mb2/X h?2b2 irQ 2H biB+ b+ ii2"BM; + ' Qbb b2+iBQMb r
i 1020iQ 7Q°K bBM;H2 2H biB+ b+ ii2°'BM; + Qbb b2+iBQMX

b T 2+Bb2 K2 bm ' 2K2Mib-Q  + H+mH iBQMb- Q7 HB[mB/ T? b2
/Q MQi 2tBbi 7Q° iQKB+ “:QM- HB[mB/ ;QM BQMBb iBQM + Qb
#v KQ/B7vBM; i?2 ; b2Qmb ";QM BQMBb iBQM + QbRHA¥YXBQM [
h?2 HB[mB/ “;QM BQMBDb iBQMkPr DbPQKTR2MZ #v-KQ/B7VBM; i?2 i’
; b2Qmb ;QM i?°2b?2QKH1BME20viQ ++QmMi 7Q  /2Mb2 HB[mB/ 2z2+
FMQrM ; b2Qmb BQMBb iBQM + ' Qbb b2+iBQM Q7 > v b?B (Rd) r b i
i?°2b?QH/ 2M2 ;v 7Q HB[mB/X h?2 7QmM/ iBQM M/ /2 Bp iBQM C
/2i BH2/ BM (ek)- M/ i?2 F2v "2bmHi "2H2p MiiQ i?Bb T 2b2Mi bim/\
i?72 2tT 2bbBQM

lng= | b+ Ps+ Vot Ep iy U9XRKV

r?2 P, Bb i?2 BQM TQH 'Bx iBQM 2M2 ;vPQZ i2@8TRLBI®Bp2 BQM
QM (e)Bb i?72 2M27;v Q7 i?72 /2HQ+ HBx2/ 2H2+i"QM H2p2H B
#QIIQK Q7 +QM/ m+V8RQ Bt3# M/ A" i?2 HB[mB/ “;QM /2MbBiv mb2/
bim/v (Rd8)W; B i?2 +? M;2 BM 2M2 ;v Q7 p H2M+2 # M/b /m2 iQ +
, bB, F0:1 20 7Q° ";QM (ek)VX h?Bb T'Q+2bb vB2H/b i?2 BQMBDb il
Q7hgi14:4 20X

h?2 BM2H biB+ 2t+Bi iBQM + ' Qbb b2+iBQMb Q7 i?2 > v b?B/ i # I
KQ/B}2/ iQ 7Q°K b2i Q7 BM2H biB+ 2t+Bi iBQM + Qbb b2+iBQM
rb/QM2 #v 2t+Hm/BM; Mv 2t+Bi iBQM T Q+2bb rBi? i? 2b?QH/:
BQMBb iBQM i? 2b?QH/ 2M2 ;v (Rdj-Rd9)Fyp? BAR20Q WHB[mB/ °;
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"H M/-L i? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

“2bmHi-i?2 2t+Bi iBOM + Qbb b2+iBQMb +Q " "2bTQM/BM: iQ i? 2b?
R8XK 20 r2°2 2t+Hm/2/ 7°QK i?2 /i b2i- M/i?2 2K BMBM: ir2Miv i?
7Q°K2/i?2}M HBM2H biB+ 2t+Bi iBQM + Qbb b2+iBQM b2i 7Q" HB
2H2+i'QM b+ ii2 BM; + Qbb b2+iBQMb BM #Qi? ; b M/ HB[mB/ “;Ql

10 -18

10 -19 :

=

o
N}
o

Cross section [m?]
=
o
N
[y

10 -22 g
f==MTCS - Gas "
[ ==MTCS - Lig E
108 ¢ — Excitation - Gas only
-+ Excitation - Gas & Liq '
 ==lonization - Gas i
- == lonization - Liq
10-24 | Ll |
1072 10t 10° 10t

Energy [eV]

6B;m 2 9XR, : b M/HB[mB/ ";QM 2H2+i QM b+ ii2'BM; + ' Qbb b2+iB
b+ Qbbb2+iBQM /i Q7 > v b?B (Rd) pB rrrXHt+ iXM2iX GB[mB/
"Qvk2 HRk) M/ M2+2bb v KQ/B}+ iBQMb Q7 > v b?B b2i/2i BH2/

6HMB/ KQ/2H BMTmi 2H2+i"QM i° MbTQ" i / i

IbBM; i?2 2H2+i"QM b+ ii2°'BM; + ' Qbb b2+iBQMb 7Q " #Qi? ; b M/ HB
6B;m 2 9XRV 2[mBHB# BmK 2H2+i"QM i MbTQ i/ i r b+ H+mH i
7Q i?2 ~mB/ KQ/2Hb mb2/ BM i?Bb bim/vX KmHIiB@i2 " KbQHmMiBQN
2[m iBQM (Ry-Rk-de)r b mb2/iQ + H+mH i2 11.6b Qp2° =~ M;2 Q7
p Hm2b i 38 E- +QKKQM +'vQ;2MB+ i2KT2 im 2-M2 " i?2i BTH2
TTHB+ iBQMb M/ 2tT2'BK2Mi H bim/B2b (RR-R88-Rd3-RdN)X

TmM+iBQMb r2°2 i?2M mb2/iQ + H+rmH i2 i?2 bi2 /v bii2i° MbTC
BMTmiiQi?2 ~mB/ KQ/2Hb mb2/ BM i?Bb bim/vX SHQib Q7 2H2+i QNMN
/IBzmbBQM- M/ BQMBb iBQM +QHHBbBQXWIZKk\2bR7QbMB BN mMi 7
6B;m 2 9Xkc i?Qm;? MQi mb2/ b KQ/2H BMTmi- THQiIi Q7 i?2 2H2
TmM+iBQM Q7 "2/m+2/}2H/ Bb BM+HmM/2/iQ /I2KQMbi® i2 F2v /IBz:
HB[mB/i° MbTQ iX
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6B;:m 2 9Xk, AMTmii> MbTQ'i/ i Q7 2H2+i'QMb BM :QM 7Q  HQ+

~mB/ KQ/2HbX . b?2/ HBM2b /2MQi2 ; b i’ MbTQ i- /Qii2/ HBM2b /
UhQT@H27iV ."B7i p2HQ+Biv p2'bmb “2/m+2/}2H/X UhQT@ B;?iV :
"2/m+2/}2H/X U"QiiQK@H27iV GQM;Bim/BM H "2/m+2/ /BzmbBQM
}12H/X U"QiiQK@ B;?iV _2/m+2/ BQMBb iBQM +QHHBbBQM " i2 p2°

_2/m+2/ +QHHBbBQM " i2b7Q BMTmiiQi?2 ?B;?22> Q /2  ~mB/
2[MBHB# BmK bi2 /v@bi i2 11.6b7QmM/ pB KmHiIiB@i2 K bQHmMIiBC
iBQM (Ry)- "2 T 2b2Mi2/ BM 6B;m 2 9Xj/2KQMbi> iBM; i?2p 'B iB
KQK2MimK i° Mhg22M2 ;v ~mti> MBTRMKT2/ 2M2S;m HQHKIB
BQMBDb [ IB{XMAMTmi +HQbm=2hid,iKbM/ = hVv,v,i 7Q i?2 ?B:?2°
Q' /2  KQ/2H "2 b?QrM BM 6B;m 2 9X9-r?2°2i?22 2tT2+i iBQM p Hm:
bi2 /v@bi i2 11.6 (k-N9)X
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6B;m 2 9X9, AMTmi +HQbm 2i2 ' Kb7Q K2 M2M2 ;v /2T2M/2Mi ?B;"
2H2+i"QMb BM ";QMX UG27i tBbV JQK2MigKhitvi XMU 2B5RQbm ™2
tBbV 1M2 ;v~mt# H M+2 +:HIQle12mZ‘|2(i2bK?2/HBM2b/2MQi2; bi> MbT!
/Qii2/ HBM2b /2MQi2 HB[mB/i> MbTQ iX

ORGHOLQJDW WKHJDV OLTXLG LQW |

6QHHQIBM; i?2 #°B27 "2pB2r Q7 ~mB/ KQ/2HBM: K2i?Q/b M/ bb
2H2+i"QMb BM 2Bi?2  : b Q HB[mB/ T 2b2Mi2/ BM a2+iBQM 9Xk- B
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

M2+2bb "vBMi2 7 +B H2z2+ibi? i b?QmH/ #2 +QMbB/2°2/ r?2M i
i° MbTQ i #2ir22M ; b M/ HB[mB/ 2ti 2K b +QMiBMmMQmb T Q+2bb
7Qm” BKTQ'i Mip "B iBQMb +'Qbb i?2 ; b@HB[mB/ BMi2 7 +2, |
p "B iBQ-BMBBYV p "B iBQM Q7 Q7 BMTmi /i 7Q  ~mB/ KQ/2Hb
UBBBV p "B iBQM Q7 i?2 /2HQ+ HBN2/ 22HQbib QM2 BW22; W H2p2 M-/ U |
p "B iBQM Q7 i?2 "2H iBp2 /B2H2-+i+B@ b2i KBBIR pB it -+ 2 X

'"HQVLW\ SUR40OH YDULDWLRQV

AM Q /27 iQ ++m” i2Hv KQ/2H 2H2+i QM i° MbTQ i #2ir22M ; b
+QM/2Mb2/ HB[mB/-i?2 +QKTQbBIiBQM Q7 i?2 BMi2 7 +B H 2;BQM
bbmK2b i?2 2tBbi2M+2 Q7 M 2[mBHB# BmK BMi2 7 +B H/2MbBiv
M/ HB[mB/ T? b2b 7Q° iQKB+ ~mB/b- b QmiHBM2/ BM 6B;m 2 9
BMi2°7 +B HT Q}H2 BM MQM@TQH ~ iQKb-bm+? b ";QM M/ t2
p BQmb KQH2+mH "~ /vM KB+b UJ.V M/ JQMi2N*- RB@®)MJINY2hi2n/B:
bBKmH iBQMb 2KTHQvV G2MM '/@CQM2b UGCV TQi2MiB Hb b M
BMi2" +iBQM TQi2MiB Hb #2irR2R e X EQK K@ bm™ #H2b 7 QK i
bim/B2br2°2 2[mBHB# BmK HB[mB/ M/ p TQ /2MbBiB2b-bm™ 7 +2 i
i?B+FMg¥bE HX)bHR88) T2 7Q K2/J. bBKmH iBQMb Q7 ;QM; b@H
7Q K iBQM- "2bmHiIiBM; BM r2HH /2}M2/ BMi2 7 5%&?BR2FM2bb Q7
ccBb i?2 iQKB+ /B K2i2" mb2/ BM i?2 GC TQi2MiB HX G i2  J. 1
p BQmb MQ#H2NHER&WB/bEW} K2/ i?2 2 "HB2 bBKmH 2BQM "2bm
HKXR88)X

hQ BKTH2K2Mi i?2 /2MbBiv +? M;2 Qp2 i?2; b@HB[mB/ BMi2 7
i?72 2[mBHB# BmK HB[mB/ /2MbBiv Bb jyy iBK2b ; 2 i2  i? Mi?2 2[n
reB+? Bb +QMbBbi2Mi rBi? i?72 +QKTmi iBQM H M/ 2tT2 BK2Mi H "2
(3-N-R3y)X h?2 " iBQ #2ir22M HB[mB/ M/ p TON/HhzMbRBRTBR2HBM 2[m!
rbp B #H2 /2T2M/BM; QM i?2 +mi@Qz /Bbi M+2 +?2Qb2M 7Q i?72 C
J.bBKmH iBQMb (3-N-R3y)X h"QF?vK+?mF M/ H2D M/ 2 (3) bim/B.
/IBbi M+2b 7Q  GC TQi2MiB Hb M/ 7QmM/ HB[mB/@p TQ /2MbBiv ~ |
[2T2M/BM; QM i?2 +mi@Q23Bki BT 27 TQBH2 Ab?HBvV KR 3Yy)
bBKTHV +mi@Qz i?2 GC TQi2MiB H i R83BM HH i?2B" bBKmH iBC(

+QKKQMHV T°QTQb2/ 7TmM+iBQM H7Q K /2b+ B#BM; i?2 BMi2 7
?PvT2 #QHB+ i M;2Mi 7mM+iBQM (N-R3y)

no(z) = %n92[+ n?l %ngz[ 2l M?Z(ZB;E_‘&“; U9XR]V
|

r?2° @zl Mh?l “2i22; b M/ HB[mMB/ 2[mBHBR#uBinK/2MbBIiB2DQbBIBQI
Q7 i?2 BMi2 7 8 M2 bm 2 Q7 i?2 i?B+FM2bb Q7 i?2 BMi2 7 +2.
/Bbi M+2 #2ir22M NyW M/ RYyW Q7 i?2 HB[mBii#2M BRI vX} M2Bb p H
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

b (N)

dng (z
BMi— n92[ n|2[ 7dz()
Z=Z BMi

U9XRIOV

Q  Bb }ii2/ 7°QK H2 bib[m “2b K2i?Q/ (R3y)X

Liquid phase

Interfacial region

Gas phase

=
[¢]
RS

Equilibrium ng

n, 9|

Zint
Position

6B;m 2 9X8, 1[mBHB# BmK ;QM p TQ @HB[mB/ BMi2°7 +2 b /
/IvM KB+b bBKmH iBQMb (d N)X h?2 BMi2 7 +2i° MbBiBQM "2;BQN

JOXLG PRGHO LQSXW GDWD IRUFRQWLQXXP PRGHOV
SKDVHV

qBi? r2HH /2}M2/ /2MbBiv +QM};m" iBQM Q7 i?2 2[mBHB# BmK BM
HB[mB/ “:QM 2ti 2K2b- MQr +QMbB/2  i?2 2z2+ib Q7 i?Bb /2MbBiv ¢
~mB/ KQ/2H BMTmi /i X PM2 [m2biBQM iQ T ' Q#2 BM i?Bb bim/v-
Kmbi m22T2M/2Mi BMTmi/ i #2ir22M ; b M/ HB[mB/ /2MbBiv 2ti :
bm{+B2MiiQ bBKTHv mb2 Tm 2 ; b M/ HB[mB// i 2Bi?2 bB/2 Q7 |/
Zz- FBMiQ bi2T@7mM+iBQM T ' Q}H2X PM2 7 +iQ  iQ +QMbB/2" BV
i?72 2H2+i'QM@M2mi° H +QHHBbBQM HK2 M 7°22 T i?

car U9XRB8YV
No
r22% Bb bQK2 M2mi~ H# +F; QmNB/b/2WIBBR#+iMQM b+ ii2 BM; + Qbb |
6Q  ; b- HB[mB/- Q BMi2 K2/B i2 /2MbBiB2b- "~ M;2 Q7 K2 M 722"
iQ /2i2°KBM2 B7 i?2 +QHHBbBQM H b+ ii2 BM; /vM KB+b M/ Mv I
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

rBHH BKT +ii° MbTQ'i BM i?2 BMi2 7 +B Hi> MbBiBQM #2ir22M
HB[mB/ “;QM /2MEBiB@bHK32r?BH2 i?2 ; b /2MbBiv ii?2 2[mBHB:
BMi2 7 +2 mb2/ BM i?Bb bim/v Bb "Qm;?Hv jyy iBK2b bK HH2"  i? N\
K2 M7°22T i?b7Q  2H2+i'QM b+ ii2"BM; BMLHBJOWRB{ r?;EHRBM i?2
i?72 +Q "2bTQM/BM; K2 M 7722 T i? ° M;D:BMQ Kk XQaBoM + 2QilM2B b
2[mMBHB# BmK BMi2 7 +B H "2;BQM BM QM Bb QM i?2 Q' /2 Q7 M
No /12T2M/2M+2 BM ~mB/ KQ/2H i° MbTQ'i/ i BMi?Bb BMi2 7 +B H
i i?Bb TQBMi- Bi BbrQ i?r?BH2 iQ TT QT B i2HV H #2H ~mB/
a2+iBQM 9XKXR- M/ /2}M2 20§ HBHBMHXMPBMEMi / i Bb mb2/X 6B
i?72 bBKTH2bi ~mB/ KQ/2H mb2/ BM i?Bb bim/v rBHH MQi +QMbB/
MBMbi'm+iBp2 2t KTH2 iQ i?2 p HB/BivUQ  Qi?2 rBb2V Q7 bBKT
i MbTQ'i/ i iQ HB[mB//2MbBiB2bX h?Bb ~mB/ KQ/2H Bb /['B7i@/
#v 2[m iBIDANK@®M XKkWI/ miBHBx2b i?2 ; b T? b2 BMTmi/ i T 2b2Mi:
9Xk b 7mM+533)QI\/bQ7;QM Bb MQM@ ii +?BM; ; b-i?2-ii +?K2M
Bb M2;H2+i2/ 7Q  i?2 '2K BM/2 Q7 i?Bb rQ ' FX h?Bb KQ/2H Bb ?:
G6:- bBimb2b HQ+ H}2H/ TT QtBK iBQM rBi? ; b T? b2/ i QM
a2+QM/Hv- HQ+ H@}2H/ /2T2M/2MiU9R®RM XBRH B:Q Nn KBQH @H
Bx2/ rBi? T'QpBoBOM2M@Mi BMTmi/ i X h?Bb /2T2M/2M+2 Bb BN
bb2 iBMWiD2 M/, BMTmi T ~ K2i29K@WBXKZ MQr 7mM+iBQMb Q7
#Qi? i?72 BMbi Mi M2Qmb “2/m+2/ 2H2+i'B+ }2H/ M/ M2mi> H/2Mb
f r']EO Iof Eo;no X h?Bb KQ/2H rBHH ?22M+27Q i? #26 XKQQ/ZBAXiQ b i?
6BM HHv-i FBM; i?2 ?B;?2  Q /2 KQX@NTKRBBAVK2V B bii?2
7mM+iBQM H7Q K Q7 i?2BMTmi T~ K2i2'bbm+?i? i MvBMTmi T
2H2+i"QM K2 M 2M2 ;v Bb MQr HbQ 7mM+iBQM FThi2@)MN2mi > H /2
bi?Bb Bb ?B;?2 Q' /2 7Qm’ KQK2Mi KQ/2H i?Bb KQ/2H rBHH ?2]
bi?98JJ KQ/2HX AMTmi/ i "2[mB 2K2Mib ++QmMiBM; 7Q" i?2 /21
#Qi? i?2 G6 M/ 9JJKQ/2Hb "2 /Bb+mbb2/ M/ T 2b2Mi2/ BM 9Xe m
"2+2MiHV T°QTQb2/ M/ #2M+?2K “F2/ bim/v (j)X

6SDFH FKDUJH 4HOG VSDWLDOO\YDU\LQJ SHUPLW)

gBi? Mv TH bK T Q#H2K b2H7@+QMbBbi2Mi + H+mH iBQM Q7
}2HE-= E(z;t)- Kmbi #2 BM+Hm/2/ HQM;bB/2 2[m iBQMb /2b+ B#BM;
h?Bb Bb ;2M2° HHv +?B2p2/ pB bQHmMIiBQMb Q7 SQBbbQM 2[m il
2H2+i B+ TQRM@Bt)H#27Q° 2 /Bz2 2MiB iBM; iQ }M/EX2>2H2 Bii B+ } 2+
Bb M2+2bb "viQ ++QmMi 7Q i?2p B iBQMBM /B2H2+i'B+ T QT2"
/2MbBiB2bX bT iB HHv p 'vBM; 2H iBp2/@B2H2b-irBK FRIMbi Mi-
MmbBM; i?2ibM2mM +ilBOXNRV2/ iQ KQ/mHrP2 2 HB[mB/ M/ ; b2Qmb
;QM +QMbi Mib r2°2li=AZ0M M /Y = 1:0005 2bT2+iBp2Hv (R3R)X h
++QKKQ/i2i?2bT iB HHvp 'vBM; /IB2H2+i B+ +QMbi Mi BM M BN
Ki2’B HQM2 K v i?2M b2H7@+QMbBbi2MiHv bQHp2
@

@Z"r(z)"OE) = e(nggmNe); U9XReV

*?2 Ti2° 9X 1H2+i QM br 'K M/ bi'2 K2 i° MbTQ i ii?2Nkb@HB[mE
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;Bp2M E?=i @z r?2°2#QmM/ "v+QM/BiBQMb QM i?2'2BiD«=i B+ TQi2M

0 M/ (Lit)="' 17usb?2 2 TTueBb }t2/ pQHi ;2iQ T°Q/m+2i?22 /2bB 2/ T
2H2+i"B+ }2H/ BM i?2 #b2M+2 Q7 bT +2@+? ;2 +QMi B#miBQMb X

$FFRPPRGDWLQJ VSDWLDRPURNYLWKMH RQWHUIDFH

b; b/2MbBiB2b BM+'2 b2 iQ HB[mB/ p Hm2b- Bi Bb pBi HiQ Hb
i?72 2M2°;v Q7 i?72 /12HQ+ HBx2/ 2H2+i QX R2BBH BM#i2 T Q BBmBExY:
UM2QM- ?2HBmKV Q" M2; iBp2 U ;QM- t2MQMV M/ Bb H ";2Hv
b+ ii2"BM; HMQi?i?2 i ;21 iQK (ek-Rd8)X h?X/QM2M2MZ2iQ ™
iQKB+ /2MbBiv Qo- /2ZR™MMbi” i2b M TT QtBK i2 HBM2 ° "QHH@
20 BM ; b /QrMiQ TT QtBK i2Hv @yXj 20 ii?2 K tBKmK HB[mB/ /2
bim/v (ek-Rd8)X :Bp2M FMQpl) 2T MBHBR# BMK?mb M 2[mBHB#"
Vo(z)- M 2z2+iBp2 2H2+i B+ }2H/ Bb 7QY9 {@)-#WM/BzQK2EBM2iB B ?
1?72 2H2+i BE-}2@K-Tmi2/ pB U9XReV iQ vB2H/i?2 iQi H2H2+i B+ }

EiQi H= E+EVOZ U9XRdAV

I1XPHULFDO VROXWLRQ RIV\VWHP RI

LmK2 B+ HbQHmMIBQM Q7 2 +? ~mB/ KQ/2H r b T2 7Q K2/ #v +r
h® MbTQ i U6*hV +Q/2-rBi? 2tTHB+Bi 7Qm’i? Q' /2> _mM;2@Emii iB
Ip M+27Q°r "/ BMIiBRBR)P)R&Y iB H/Bb+ 2iBx iBQMr b T2 '7Q K2/ #v
KQMQiQMB+ }'bi Q' /2  mTrBM/BM; b+?2K2 (R3k)-rBi? b2+QM/ Q"
/IBz2 ' 2M+2 b+?2K2X h?2 ~mt HBKBiBM; H;Q ' Bi?K Q7 "Q 'Bb M/ "C
iQ 2M #H2 "2bQHMIBQM Q7 b? T ;" /IB2Mib 7QmM/ BM BQMBb iBQC
p vVBM; H2M;i? b+ H2b T 2b2Mi BM i?2 T Q#H2Kb-i?Bb "2b2 "+? 2
:'B/biQ HHQr bT iB Hbi2Th TT'QT'B i2iQ HB[mB/-; b- M/ BMi
bT iB H;"B/ bBx2b-iBK2 bi2T bBx2r b +?Qb2M b i?2 bK HH2bi b
*Qm’ Mi 6°B2/ 'B+?b G2rvU*6GV +QMYBIGD M B i?RXy 8iIpi U BBIHBb B
"2H t iBQM iBK2X hQ 2Mbm™ 2 i?2 ++m" +v Q7 i?Bb b+?2K2- bvbi2K
T2 7Q K2/ #v +QKT "BM; MmK2 B+ HbQHmMiBQMb ; BMbi FMQrM
2Mbm™ BM; T "iB+H2 +QMb2 p iBQMr b ;m ~ Mi22/ i 2 +? iBK2 bi2TX
7Q° #2M+?K "FBM; "2 b[m "2@r p2 /p2+iBQM-: mbbB M TmHb2 /
i?2 bQHMIBQM Q7 1mH2 6b 2[m iBQMb 7Q" aQ/6b b?Q+F@im#2 (R

AMBiB H+QM/BiBQMb 7Q  bBKmH iBQM Q7bi'2 K2°7Q K iBQM N
b M "Qr: mbbB M TmHb2 Q7 2H2+i"QMfBQM /2MbBiB2b + 2 i2/ #
2p2Mi T°'BQ  iQ i?2 bBKmH iBQM bi "iX 1H2+i'QM p2° ;2 p2HQ+Biv-
~mtr2°2 bbmK2/iQ #2 i?2 bi2 /v@bi i2 p Hm2b +Q " "2bTQM/BM;
QE/ng BM HB[mB/ ";QMX *QMiBMmMQmb #QmM/ v +QM/BiBQMb r2°
T bb ;2Q7BM7Q K iBQM QmibB/2 Q7 i?2 bQHmMIBQM /QK BM iQ pC
hQ 7m’i?2° bbBbi BMi?Bb BK-bi'2 K2 7Q°'K iBQM M/ T QT ; iBC

*?2 Ti2° 9X 1H2+i QM br 'K M/ bi'2 K2 i° MbTQ ' i ii?2Njb@HB[mE
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BMbB/2 i?2bQHmMIBQM /QK BM- rv7 QKi?2 M2+2bb "v#QmM/ B2k
Q7 #QmM/ v +QM/BiBQMbX

SHVXOWV DQG GLVFXVVLRAQ

IbBM: i?2 ~mB/ KQ/2Hb M/ BMTmi /i T 2b2Mi2/ BM a2+iBQMb 9
bBKmH iBQMb Q7 2H2+i"QM i° MbTQ i 7°QK HB[mB/ “:QM BMiQ ; b
i?Bb bim/véb 7° K2 Q7 272 °2M+2V M/ : b2Qmb *;QM iQ HB[mB/
T2 7Q K2/X Ai Bb #2HB2p2/iQ #2 KQbi BMbi'm+iBp2 iQ bi i BMp 2!
br "K i° MbTQ i BM i?2 HB[mB/ T? b2 i MbBiBQMBM; iQ : b T? |
BQMBb iBQM " i2b "2 HQr- #27Q°2 +QMbB/2 BM: + b2b r?2°2 bT +2¢
"2 BKTQ'i Mi /m2iQ BQMBb iBQM 2p2MibX hQ 2t KBM2 i?2 BKT +
2tT2°B2M+BM; : b@HB[mB/ BMi2 7 +2 i° MbBiBQM BM + vQ;2MBH
K + Qb+QTB+ H2M:;i? b+ H2b iQ 2t KBM2 i?2 Qp2> HH [m HBi iBp2
UBBV bK HH H2M;i? b+ H2b ii?2 BKK2/B i2 pB+BMBiv Q7 i?2 BM
2t KBM2 i?2 BKT +i Q7 i?2 BMi27 +2i° MbBiBQMX _2bmHib "2 T
BMi2 K2/B i2 UR8 ThV- M/ H i2 U8y TbV iBK2b iQ /2KQMbi i2 i?
i° MbTQ i Qp2  /Bz2 2Mi iBK2 b+ H2bX

6LPXODWLRQ FRQGLWLRQV

M TTHB2/ 2/m+2/ }2H/ KE/MBFBORhQBM ; b T? b2- +Q "2bTQM/BM;
0:8h/ BM i?2 HB[mB/-r b TTHB2/iQ /'Bp2 2H2+i'QMb BMiQ i?2 ; t
TT'QT' B i2bB;Mr b bbB:M2/BM 2 +? bBKmH iBQM iQ /'Bp2 2H2+
p2'b X AMi?Bb bim/vi?2 M2mi> H iQK i2KT2  ify=286 E-F2Ti +QMb
+QKKQMHV mb2/ +'vQ;2MB+ i2KT2  im'27Q  HB[mB/ “;QM 2tT2 B]
M2mi® H /2idbBitvp B2/ mbBM;i idZin?i2+iBQM BMi2 7 +B H /2MbB;|
U9IXRj¥2nFl=18 10 K3 r b Q#i BM2/7°QK i?2 HB[mB/ “;QM +Q2tBbi:
i 38 E (R3j)X h?2 2[mBHB# BHKn’kBoaMBIii22 Ry@Ny BMi2 7 +2 rB/i
evi10r ~-r2°2i F2M 7°QK i?2 2[mBHB# BmK T'QT2'iB2b 7QmM/ BN
r?2°2-=188 TKBb i?2 0 M /2  q Hb  /Bmb Q7 “;QMX IbBM; i?2 bT2+
}2H/ bi*2M;i?b- M/ i?2 /2MbBiv T Q} W27 Qp BB QM#Vi?2 BMBIiB H i
2z2+iBp2 "2/m+2/ 2H2+i'B+ }2H/ U9XRdV Bb b?QrM BM 6B;m 2 9Xe
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6B:m 2 9Xe, 2/m+2/ 2H2+i B+ }2H/ T\QHHRMi7TREMTEABDB/7 Q7 #Q
bBKmH iBQM +QM};m" iBQMb T 2b2Mi2/X LQiEP iH@: QEBiB BBMH Hm/
tBb iQ "2BM7Q +2 i?2 x2 Q +QMT@HIMEQMN DB 7i7@K i?2 BMi2 7 +2

Lim> HHv-i?2bT +2@+? ;2 }2H/ 2z2+ib rBHH 2pQHp2 Qp2 i?:
#mi #v bBKTHv +QMbB/2"BM; i?72 BMBiB HiQi H}2H/b bbBbib BM n
T 2b2Mi2/ BM a2+iBQMb 9X8Xk M/ 9X8XjX 6 QK i?2 HB[mB/ iQ ;
+H2 " i? 11?2 2z2+iBp2\Rp/ BmBQQM +ib iQ BKT2/2 2H2+i"QM i° Mb?
i?72 HB[mB/iQ i?2 ; b-r?BH2 +QMp2 b2HvVv Bi 2M? M+2b 2H2+i QN
r?e2M i?2 TTHB2/}2H/ Bb "2p2°b2/ QM i?2 "B;?2i@? M/ THQIX

(OHFWURQ WUDQVSRUW IURP OLTXLG DUJRQLQWR J

AMBIiB H +QM/BiBQMb Q7 M ""Qr : mbbB M TmHb2b r2°2 mb2/ BN\
i MbTQ'i + Qbb M BMi2°7 +2- M HQ;Qmb iQ bBM;H2 BQMBDb |
QM /2i2+4iBQM +? K#2 X 1pQHmMIBQM Q7 i?2 2H2+i QM /2MbBiy
BMBiB H TmHb2 Q7 2H2+i QMb /Bzmb2b p2'v [MmB+FHv- H2 /BM;
HB[mB/ BMiQ i?2 ; b T? b2 b 2H2+i"QMb BKTBM;2 QM i?2 BMi2 7
#Qi? KQ/2Hb T 2/B+i bBKBH ~ "2bmHib Qp2° HH iBK2b ?Qr2p2 - B
/I2KQMbi® i2b ?B;?2" " i2b Q7 2H2+i"QM 2ti° +iBQM 7 QK i?2 HB]
T '2/B+ib i H2 biirB+2 b Km+? +? ;2 #HQ+FBM; QM i?2 HB[mB/
+QKT "2/iQi?29JJ KQ/2HX 1t KBMBM; i?2 2tT M/2/ BMi2 7 +B H "2
QM2 b22bi?2 +? ;2 #mBH/@mT i M ~"Qrb+ H2-rBi?i?229JJ 2bmt
/IBbiBM+i QHH@Qz ;" /B2Mib + Qbbi?2 BMi2 7 +2X hQ BMi2 T 2i i
iQ +QMbB/2" i?2 p2° ;2 2H2+i QM p2HQ+BivX
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6B;m 2 9Xd, 1H2+i'QM /2MbBiv2pQHmMIiBQM 7Q" 9JJ M/ G6 KQ/2Hb
M/ HQM:2 iBK2b b i?2 2H2+i'QM br "K T'QT ; i2b 7°QK HB[mB/ i(
pB2r, J +'Qb+QTB+ "2bmHibX "QiiQK pB2r, 1tT M/2/ pB2r Q7 BMi2
+QM/BiBQM ;Bp2M #v ;°22M [/Qii2/ ;722M HBM2X .B '2+iBQM Q7 }.
7°QK H27iiQ "B;?iX
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6B;m 2 9X3 /2KQMbi" i2bi? i7 "7 QK i?2BMi2°7 +B H 2;BQM
p2HQ+Biv? b "2H t2/iQ M 2[mBHB# BmK p Hm2X >Qr2p2 - M2 " i?z
i? i BMBiB HHv i?2 9JJ "2bmHi T 2/B+ib H ;2 TQbBiBp2 p2HQ +Bi
/IBzmbBp2 ~mt- M/ M2p2" #2+QK2b M2; iBp2X AM +QMi" bi- ii?2
i?72 BMi2°7 +2i?2 G6 KQ/2H T 2/B+ib M2; iBp2 p2 ;2 p2HQ+Biv
}2H/ +QMi B#miBQMPMIBR H BM HB[mB/ ;QMX b iBK2 +QMiBMm2l|
Q7 i?2b2 BMBiB HHv H ;2 p2HQ+BiB2b /2+°2 b2b #mi i?2B" bB;MN
/IBbi M+2 Qp2  r?B+? i?2 #HQ+FBM; }2H/ Bb TTHB2/ Bb p2 v bK H|
2M2 ;v "2H t iBQM Bb [mBi2 HQM;-i?2 K2 M2M2 ;v /Q2b MQi ~ TB/
p "B iBQMX h?Bb Bb M2t KTH2 Q7 MQM@HQ+ H2H2+i"QM i’ MbTQ
T 2/B+i- #mi i?2 93JJ KQ/2H + MX h?2b2 K DQ /Bz2 '2M+2b BM i’
P2HQ+Biv ii?2BMi2'7 +2 "2i?2/'Bp2'b7Q  /2pB iBQMb BM 2H2+i"
BM 6B;m 2 9XdX
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p2° ;2 2H2+i"QM p2HQ+Biv7Q  9JJ M/ G6 KQ/2Hb i
M/ HQM:2 iBK2b b i?2 2H2+i'QM br "K T'QT ; i2b 7°QK HB[mB/ i(
pB2r, J +'Qb+QTB+ "2bmHibX "QiiQK pB2r, 1tT M/2/ pB2r Q7 BMi2
+QM/BiBQM ;Bp2M #v ;°22M [/Qii2/ ;722M HBM2X .B '2+iBQM Q7 }.
7°QK H27iiQ "B;?iX
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h?2 iQT ? H7 Q7 6B;m 2 9X3 HbQ /2KQMbi™ i2b b?Q i- #mi T
H2M;i? QM i?2 HB[mB/ bB/2 Q7 i?2 BMi2 7 +2 r2HH #27Q 2 i?2 BN
Bb #2HB2p2/i?Bb ;" /m H/2+ 2 b2 BM 2H2+i"QM p2° ;2 p2HQ+Bi

7m’i?2° /2KQMbi® iBQM Q7 bT iB H MQM@HQ+ HBiv #2BM; T 2/
[2T2M/2Mi KQ/2H-r?B+? i?2 G6 KQ/2H bBKTHv + MMQi T 2/B+i QrE
i?2 BMbi Mi M2Qmb 2H2+i B+ }2H/- b?QrM BM 6B;m 2 9XNX 6 QK ¢
b22 bB;MB}+ Mip "B iBR/NBQ}pR?2?QIHB72iBK2 Q7 i?Bbi> MbB2Mi b
i?Bb Bb "2bmHiIi Q7 i?2 bT +2 +? ;2 2z2+ib #2BM; bK HH +QKT °
bBM/B+ i2/ BMi?2};m 2r?2°2i?2 BbQH i2/ +QMi'B#miBQMb Q7
THQii2/X
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6B;m 2 9XNE/hQIiMH bT +2@+? “;2 UaX*XV EQMIr@#enIB QW iQ

G6 KQ/2Hb ib?Q i-BMi2°K2/B i2- M/ HQM;2 iBK2b b i?2 2H2+i (
7°QK HB[mB/iQ ; b2Qmb ";QMX hQT pB2r, J + Qb+QTB+ "2bmHibX
pB2r Q7 BMi2 7 +B H "2bmHibX

6B;m 2 9XRy /2KQMbi® i2b i?2 2H2+i QM K2 M 2M2 ;v Q7 i?2 9
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BM BMi2 T 2iBM; i?2 2bmHib Q7 i?2 T 2+2/BM; };m 2bX AiBb +H
“2H t iIBOM@W i?2 HB[mB/ bB/2 Q7 i?2 BMi2'7 +2- +QMbBbi2Mi rB
HQ+ H 2z2+ib QM 2H2+i"QM i° MbTQ i BM 6B;m 2 9X3X 6 ~ 7 QK
2M27;v "2H t2b iQ i?2 2[mBHB# BmK p HE/Aq  BM M 2\ i? ) p HHBYj & B//X
PM2 b?QmH/ MQi2 +H2 " KBMBKmK BM K2 M 2M2 ;v Bb Q#b2 p2
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bmK "mH2 mbEM;MMbHB[IRB/-i iQ VB2H/ 2/m+2/ KQK2MimK i’ Ml
+QHHBbBQM 7 2[m2M+v i BMi2MK2pgBHin2 i2M b BHBRHWKQM K2 M 2M2";
h"j -

SMRt) = xgseh) G(hUi)+ x SSEI‘ ('f]hl)') NGOE U9XKNV

r?2°2MQi iBQM Bb mb2/iQ /2MQi2 2/m+2/ +pyNHRERBOQK2 i2 b+
7Q°KmH iBQM + M #2 TTHB2/iQ TT QtBK i2i?2 BMTmi +QHHBbB
# HM+2 2[m iBQM @ i?2 2M2 ;v ~mt i’ WHmdBMQ H HBW/BHBR m B 2-

'~ [m MiBiB2b

BMRY) = xgsehi) O(hi)+ x.SSB(’ff,',i)') (i) - U9XjyV
|
hQ /2KQMbi® i2i?2 TTHB+ iBQM Q7 i?2 MQM@HBM2 * bmK "mH2|
i Mb72° +QHHBbBQM 7 2[m2M+vUBK@bVE M2 M /22 /BRB6B;m 2 9
/2KQMbi® iBM; i?2 "2/m+iBQM BM KQK2MimK i* Mb72° +QHHBbB
BM+'2 b2bX

*?2 Ti2° 9X 1H2+i QM br 'K M/ bi'2 K2 i° MbTQ ' i ii?RKédb@HB[mE
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6B:m 2 9Xk9, 2/m+2/ KQK2MimK i’ Mb72ni‘+cphnHBbqyw 2127 mi2 @ M
0

BM “;QM +QKTHEXKDBY7mM+iBQM®BYMb2/iQ BMi2 TQH i2 BMTmi /
7Q°i?22 9JJ KQ/2HX

h?2 BMTmi +QHHBbBQM T ~ K2i2  7Q  i?2 2WKBIbNV HmKNI22 2[m
2M2 ;v HQb® - riZB+? /2b+ B#2b i?2 iQi H HQbb Q7 2M2 ;v T2 b2
+QHHBbBQM T ' Q+2bb2bX b KQ/B}+ iBQMb 7Q° MQM@HBM2  H
2tTHB+Bi KQ/B}+ iBQM Q7 p2+iQ > [m MiBiv# H M+2 2[m iBQMb-
# HM+2 2[m iBQM (j-93)-i?BbrQ ' F? bBMbi2 / mb2/ bBKTH2 I
: bsY- AM Q' /2 ++MPHBMKBT2/ 2M2 ;v HQbb ~ i2biQ vVB2H/ i?2 H(
M BMi2 ' K2/B i292MbBiv-

SEBMAY) = xgS9h"i)+ xS'(h"i) : U9XjRV

h?2 TTHB+ iBQM Q7 i?Bb HmKT2/ 2M2 ;v HQbb " i2 bmK "mH2 Bb
9Xk8 r?2°2i?2bm’7 +2 THQIi b?Qrbi?2p "B iBQM rBi? M2mi~ H /2M|
2M2 7 ;vX

*?2 Ti2° 9X 1H2+i QM br 'K M/ bi'2 K2 i° MbTQ i ii?RKdb@HB[mME



"H M/-L i? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 9Xk8, _2/m+2/ HmKT2/2Mi Vom Mbt72Q7 i2H2+i QMb BM

+QKTmi2/UPBXjRV 7mM+|BQI\M(@c7mb2/ iQ BMi2 TQH i2 BMTmi/ i 7Q
9JJ KQ/2HX

b T2 i?2 HBM2 “~bmK TT QtBK iBQM Q7 ; b B/WB{{/MBL2BMTmi /
BMi2 ' K2/B i2 p "B iBQM Q7 i?2 2/m+2/ BFUBbbiBIMQtBKHBHBQM
pB

BMR) = xg 2+ x| (h"); U9XjkV

M/i?2 2bmHiBM; bm 7 +2 THQi Bb b?QrM BM 6 B;IKR4aPMieQXm th2tT 2-
b?QrM BM 6B;m 2 9Xke /2KQMbi' i2 i?2 /2+ 2 bBM; B&MBb iBQM
BM+ 2 b2b /m2 iQ i?2\p i Bidg QRIdB X

*?2 Ti2° 9X 1H2+i QM br 'K M/ bi'2 K2 i° MbTQ i ii?RKDP@HB[mME



"H M/-L i? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B:m 2 9Xke, 2/m+2/ BQMBb |BQM+Q|HHYB{BBQIVI 7 H2[+i 2QIM ki -B M

+QKTmi2/UmbBXjlbV 7mM+|BQI\M(@(7mb2/ iQ BMi2 ' TQH i2BMTmi/ i 7Q
9JJ KQ/2HX

*?2 Ti2° 9X 1H2+i QM br 'K M/ bi'2 K2 i° MbTQ i ii?RKN@HB[mME



6FDWWHULQJ WUDQVSRUMW
RIHOHFWURQ WUDQV

h?Bb +? Ti2" +QMi BMb K i2°'B Hi? i? b#22M Tm#HBb?2/ BM i?2 7(

(R)L : "H M/-JC"" mM;2-:: "+B -C/21'[mBDQ- M/ .g?Bi2X
T QT2 iB2b Q7 2H2+i QM br "Kb BM i2i° ?2v/"Q7m M mM/2  i?2 B
2H2+i B+S)2HI/K+ H _2pBR2yekdRk UKyRjVX p BH #H2 QMHBM2 i/QB,
_2p X33XyekdRk

h?Bb +? Ti2 " BM+Hm/2b "2bmHib M/};m 2b7 QK KmHIiB@i2 K bQ!
2[m iBQM T2 7Q K2/ #v _. q?Bi2 mbBM; /i bb2K#H2//m ' BM; i?Bb
mi?Q b T°QpB/2/ /pB+2 M/ 722/# +F QM i?272 im>2// i M/ M Hyv
K2 bm 2K2Mib M/ +QMbB/2  iBQMb r2 2 +QMi B#mi2/ #v C /2 | [n
mb2/ bBMTmi7Q BQMBb iBQM 7' QMi bBKmH iBQMb BM *? Ti2 8

&KDSWHU —-QWURGXFWLRQ

Zm MiBi iBp2 KQ/2HBM; Q7 2H2+i"QMi> MbTQ i BM #BQHQ:B+ HK i
Q7 i?2 #2bi p BH #H2 b2i Q7 + ' Qbb b2+iBQMb 7Q° HH +QHHBb
"Qi iBQMb- pB# > iBQMb- XXXVX b QmiHBM2/ BM *? Ti2  R-i2i 2\
B/2MiB}2/ b bmBi #H2 #BQKQH2+mH2 iQ bim/vX .22T2° FMQrH2/::
h>6 rBHH 7 +BHBi i2 KQ/2HBM: Q7 +QKTH2t +? *:2/ T "iB+H2 i Mb"
iQ #2ii2° mM/2 bi M/ 2K2 ;BM; TH bK K2/B+BM2 i2+?MQHQ;B2bX |
p BH #H2 2tT2°BK2Mi H M/ + H+mH i2/ + Qbb b2+iBQMb 7Q" bQ
/2[m i2 7Q  2H biB+ M/ BQMBb iBQM +QHHBbBQMb- r?BH2 7Q" Qi
/IBbbQ+B i2/- /IBbbQ+B iBp2 2H2+i"QM ii +?K2Mi U.1 V- M/ pB#

Rjy



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

"Qi iBQM H 2t+Bi iBQMb-/2}MBiBp2 ; 22K2Mi Bb 2HmbBp2X hQ 7
bBKmH iBQMb BM ; b2Qmb- HB[mB/- Q"  BMi2'7 +B Hh>6i?2 M2+~
M/ +QHHBbBQM /i rBHH #2 + H+mH i2/ 7°QK +QKTH2i2 + Qb
bim/vBM; M/ bb2bbBM; i?2 p BH #H2 2tT2 " BK2Mi H M/ + H+mH
IbBM; ; b T? b2 i° MbTQ i/ i - HQM; rBi? +Q "2+iBQMb iQ ++Qn
bQ7i@+QM/2Mb2/ bi'm+im 2/ K ii2 - 2H2+i'"QM i° MbTQ i Bb bBKm
7 K2rQ F /2p2HQT2/ BM i?Bb bim/vX 6 QK i?Bb KQ/2HBM;- /2KQ!
M/ T QT ; iBQM Q7 BQMBb iBQM 7°QMib BM #Qi? ; b2Qmb M/ bi'n
M/ /IBb+mbb2/X

a2+iBQM 8Xk T'2b2Mib bm p2v Q7 2tBbiBM; iQi H- BMi2;" H M/ |
BM h>6- M/ T°QTQb2 M HKQbi +QKTH2i2 b2i Q7 2H2+i"QM BKT +i
BM+Hm/BM; 2H biB+- "Qi iBQM H- pB#  iBQM H-2H2+i"QMB+- BQNM
T°Q+2bb2bBMi?22M2 ;v M;2y@jyy 20X a2+iBQM 8Xji?2M /Bb+mk
BM ii2KTibiQ K2 bm 2 br "Ki> MbTQ i +Q2{+B2Mib BM h>6- M/ T
i MbTQ i +Q2{+B2Mib mbBM; "QHixK MM 2[m iBQM i 2 iK2Mi BK2
2tT2°'BK2Mi Hbr " Kbim/B2b BM h>6X a2+iBQM 8X8 rBHH 2KTHQV i
[2p2HQT2/ BM i?Bb "2b2 "+? T'QD2+i- HQM; rBi? i?2 KQbi "2+2Mil
bi'm+im 2/ h>6 /i -1iQ KQ/2H i?2 7Q 'K iBQM M/ T QT ; iBQM Q7
6BM HHv- BM a2+iBQM 8Xe bQK2 +QM+HmMbBQMb 7°QK i?2 T 2b2M

FURVV VHFWLRQV LQ 7+)

h?Bb a2+iBQM T 2b2Mib i?2 /2p2HQTK2Mi Q7 "2+QKK2M/2/ b2i
2H2+i"QMb BM h>6X h?Bb rQ F Bb "2bi ' B+i2/iQ i?2 2M2 ;v "2;BQM
i?Bb 2M2 :v- : 22K2Mi #2ir22M i?2Q v M/ 2tT2 BK2Mi Bb bm{+B2M\
+ MBM ;2M2  H #2 mb2/ (RN-kR)X h?Bb *? Ti2  rBHH 7Q+mb QM
Q7 + ' Qbb b2+iBQMb 7Q  BKTH2K2Mi iBQM BMiQ "QHixK MM 2[m
JOQMi2@* "HQ bBKmH iBQMbV- M/ ?22M+2 Bb "2bi'B+i2/iQ /Bb+m|
b2+iBQMb UA*aV-r?BH2 i?2 /Bz2 2MiB H + Qbb b2+iBQMb 2 bm{-
BKTH2K2Mi iBQM Q7 i?2 BMi2;  i2/ 7Q Kb BM+HmM/BM; i?2 KQK2Mim
UJh*aVX

*UDQG WRWDO FURVV VHFWLRQ VHW

h?2 ;> M/ iQi H+ Qbb b2+iBQM U:h*aV 7Q  h>6 K BMHv +QMbBbib
i22 2H hjB-+ Qi iBQM-WB# iB@QM IH2+i @MEBQMB bipi B @M

M2mi> H /Bbb QB iBMIZ:° H + Qbb b2+iBQMbX h?2 :h*a ? b #22M
bim/B2/ #Qi? 2tT2 BK2Mi HHv (R3-ky) M/ +QKTmi iBQM HHv (RN-k
‘h*a # b2/ QM i?2 KQbi 2+2Mi Di2iHXRY?BHIBQm:? KQ/B}2/ #v i?2 *?B
2i HX /i iQ ++QmMi 7Q i?2 "2bQM M+2 i TT QtBK i2Hv e 20 i? i
BM i?2 T'2pBQmb 2tT2 ' BK2Mi H K2 bm 2K2Mib (R3-ky)X hQ +QN
i22 T°QTQb2/ b2i-i?2 bHQT2b 2Bi?2 bB/2 Q7 i?2 K2 bm 2/ 2bQM
"272°2M+2b (R3-ky) r2°2 +QKTmi2/ M/ 7QmM/iQ #2 bBKBH X h?~

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RJR2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

"2bQM M+2 7°QK #Qi? /i b2ibr b bm#b2[m2MiHv mb2/iQ bTHB+2 E
BMiQ i?2 *2B HBi b2iX h?2 "2bmHiBM; T°QTQb2/ :h*a 7Q  2H2+i"
Bb T'2b2Mi2/ BM 6B;m 2 8XR- r?2°2 i?2v "2 +QKT "2/ rBi? Qi?2
i72Q°2iB+ H/ i X

6B;m 2 8XR, STQTQb2/ ;" M/ iQi H + Qbb b2+iBQM 7Q  2H2+i Q
+QKT "2/ rBi? 2tBbiBM; :h*a / i2iU HR2)ZF@MbB(RN)c w2i+ +
Hiy)c *?Bi "B(KR)c "2ZFHKk)VX

(ODVWLF FURVV VHFWLRQ VHW

h?2°2 ? p2 #22M MmK#2 Q7 K2 bm 2K2Mib Q7 i?2 2H biB+ /Bz2 2N\
b2+iBQMb 7Q° p 'B2iv Q7 2M2 ;v M/ M;mH ~ " M;2b (kk-k9-k8-
#22M +QKTH2K2Mi2/ #v i?2Q 2iB+ H+ H+mH iBQMb mbBM; i?2 _
p B iBQM HK2i?Q/ (Rjd) UKQ 2 "2+2MiHvV ++QmMiBM; 7Q  i?2 F
i?72bi"QM; T2'K M2Mi 2H2+i'B+ /BTQH2 Q7 h>6 (k8)V- M/ i?2 BM
UA J@a* _V (RN-kR-kj)X JmHIBTH2 2H biB+ A2a MRRANHPQNQH22 7 QK
2i HX9) M/ : M7 HX8)- BM Q'/2  iQ +QMbi m+i i?2 T°'QTQb2/ 2H
+ Tim"BM; i?2 "2H iBp2 bi'2M;i?b Q7 i?2p BQmb TT Q +?2bX 6Q°
20- 1?22 Bb "2H iBp2Hv ;QQ/ ; 22K2Mi #2ir22M "2bmHib 7°QK i?2
bQi?2i?2Q 2iB+ H2H biB2ZIAHRN)QrKbembd/X 6Q  2M2 ;B2b H2bb i
20- ?Qr2p2°-i?2 2H biB+ A*ar b bTHB+2/ BMiQ KBtim(kROQ7 /i 7°
M/ : mZi HK8)X aT2+B}+ HHWIii?XQrRv2 mb2/ BM i?2  M;2 Ry@8
20- r?BH2 i?2 " iBQ QRIiI?HKQHW2ZI HX TQBMib i Ry 20r2°2 mb2/

iQ b+ H2 /QrM i?22i :HKI TQBMib 7Q  i?2 bm#@Ry 20 2M2 ;B2b /Q

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RJK2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6BM HHv- 7Q" 2M2 ;B2b H2bb i? M R 20 UiQ yXR 20V-i?2 b2i? b 2
2H biB+ A*a b b?QrM BM 6B;m 2 8XkX AM bmKK “v-i?2 T°QTQb2/ :
rBi? i?2 /i mb2/iQ +QMbi ' m+i Bi (RN-k9-k8) BM 6B;m 2 8XkX M 2
HbQ 2KTHQV2/ iQ 2bi #HBDb? i?2 2H biB+ KQK2MimK i> Mb72" + ¢
6B;m 2 8XjX

6B:m 28Xk, S'QTQb2/2H biB+ A*a7Q  2H2+i"QM b+ ii2°BM; BM h>¢
/i 7°QK r?B+?i?2 b2ir b +QMbai mHRN -k JrchDiH WX9)c : 27
Hik8)c " 2iF HKk)c . KT HKe)VX

9LEUDWLRQDO HIFLWDWLRQDQG LRQLVDWLRQ FUR)

1H2+i'QM BKT +i pB#" iBQM H 2t+Bi iBQM + Qbb b2+iBQMb 7Q" b-
K2 bm 2/ #v p "BQmb ;QmTb (kd-k3-Rj9)X h?Bb rQ F T'QTQb2k
i?2 B/2MiB}2/ pB#  iBQM H KQ/2b Q7 h>6 BM i?2 rQ'F 7°QK HH |
i72 M;mH > /Bbi'B#miBQM Q7 .*a Bb BbQi'QTB+ i b'QK2 BM+B
i?72M 7Q° Mv b+ ii2 BMp iIM2HRMi2;" H + Qbb b2+iBQM Bb bBKTH
A*@) =4 .*a(, o)X h?2 .*a Q7 ERFQ®&3) bm;;2bii? i-rBi? i?2 2t+2TiB
Q7 i?2B  HQr2hbi 2M2 ;v rQ'F ik 20-i?2 bbmKTiBQM Q7 BbQi QTE
7Q i?2 .*a Bb [mBi2 /2[m i2X LQM2i?2H2bb- BM M {i2KTi iQ H
Mv MBbQi"QTB+ b+ ii2’BM;-i?2°2 2 b #22M M p2  :BM: Q7 i?2
2t+Bi iIBQM 7mM+iBQMb Q7 HH M (kd)- 7Q=45 399 IBBT M/iBp2 KQ/:
180 - #27Q 2 KmHIiBTHQBRMRY i2 M BM(D +? + b2X

h?2 “2bmHib 7°QK i?2 M HvbBb 2 /BbTH v2/ BM 6B;m 2 8X9X |
8X8 THQIib i?2 pB#  iBQM H + QbBib2HXBOMX@bEXKEQ® 2K2Mib

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RJH2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B:m 2 8Xj, STQTQb2/ 2H biB+ KQK2MimK i® Mb72 + Qbb b2+iBQ
BM h>6- +QKT 2/ rBi? 2tBbiBM; /i 7°QK r?B+?i?2b2ir b +QMbi’
*QHvV2  (k9)ei" BKKk)c . KT HKe)VX

r2°2 +QM/m+i2/ i HQr2 2M2 :v "2bQHmMIiBQM M/ i?2°27Q 2 BM+
BM/BpB/m HKQ/2b K2 bm 2/ #v HH M (kd)- rBi? i?2 "2H2p Mi bmKK
6B:m 2 8X9X PM2 b22b BM 6B;m 2 8-iQ rBi?BM i?2 bi i2/ mM+2"i |
M/ i?2 K2 bm 2K2Mib Q7 B2 iPQQ?2 H2p2H Q7 :"22K2Mi #2ir22M i
‘2M2° HHvV [mBi2 ;QQ/-rBi? i?2 T°'QTQb2/ A*a #2BM: bvbi2K iB+ HH
LQM2i?2H2bb-i?2 "2bmHib 2K#Q/B2/ BM 6B:m 2 8X8 :Bp2b bQK2 +C
i?72 +m "2Mi TT'Q +? BM /2i2 ' KBMBM; i?2 h>6 pB#  iBQM H A*abX

6Q  BKTH2K2Mi iBQM BMiQ i’ MbTQ ii?2Q B2b- M/ Q JQMi2@
BKTQ i MiiQ ? p2 /Bz2 2MiB i2/ U i?2  i? M HmMKT2/V T°Q+2bb?2
2Mbm 2 i? i i?2 "2H2p Mii? 2b?QH/ 2M2 :B2b "2 BM+Hm/2/ BM i?:
h?Bb Bbi?2 K BM 2 bQM i?Bb rQ F T 272 b mbBM; i?2/i Q7 HH M
2i HX3)X

h?2°2 2 p2 #22M HBKBi2/ BMp2biB;: iBQMb Q7 2H2+i'QM BKT +i
QM2 b?QmH/ MQi2i?2i?2Q 2iB+ Hbim/B2b 7°QK JQx2DIFQ M/ a
HKy)- M/ i?2 2tT2 BK2Mi H RimHXQX 6nPiBb BMp2biB: iBQM BKTH
i?72 K2 bm 2/ BQMBb iBQM A{Kj)7 ®niBB / i QZi6HWEDMHY 2ti2M/
/QrM iQ 8y 20-i?2 T°QTQb2/ b2i? b mb2/ HBM2 " 2ti° TQH iBQM iC
p Hm2 &7 yi?2 RRXdk 20 BOQOMBb iBOM i? 2b?QH/ 7Q  h>6X h?2 T°
A*a Bb +QKT "2/ rBi? i?2 p BH #H2 i?2Q 2iB+ H + H+m2 iBRMb M/
BM 6B:m 2 8XeX

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RJB2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8X9, S'QTQb2/ pB# iBQM H A*a 7Q  2H2+i"QM b+ ii2 BN
7m i?2  /2i BHbX

(OHFWURQLF VWDWH H[FLWDWLRQ FURVV VHFWLRQ

AMp2biB: iBQMb Q7 2H2+i'QMB+@bi i2 2t+Bi iBQM Q7 h>6 ‘2 '2b
bim/B2b Q7 HIR) M/ wn#2Rj8)X h?2 1} bii? 22 v/#2 ;# M/b Q7 BM
+'Qbb b2+iBQMb 7Q‘2H2+E§Q-§@ﬁ-zz(ghséigi3)qmzﬂm‘2TQ‘i22i/#v.Q
HKGR)X + Qbb b2+iBQMb 7Q  i?2i? 22 ?B;?2 H2p2H # M/b Q7 2H?2
"2 TT "2Mi BM i?2 2M2 :v@H Q@b HMI+HQMI ..Q iQ i?2 BQMBDb il
i7°2b?QH/ Q7 h>6- "2 MQi p BH #H2- Hi?Qm;? i?2i? 2b?QH/ 2M?
"2 FMQrM (jR)X h?2 2K BMBM; i? 22 224+ 50M By W @a22A%a U
bbmK2/iQ ? p2i?2b K2 7mM+@§|95\¢hm2750‘K ‘MBim/2b r2 2 2biBK i:
#v [IBM; 2bT2+iBp2Hv RyW- KyW- M/ jyW Q7 {320 iBRmKQbbm2 Q
b2+iBYNS Ai b?2QmH/ #2 MQi2/i? ii?2b2 b+ HBM; 7 +iQ'b 2 MQi "
2biBK i2/ QM i?2 # bBb Q7 i?2 2M2 ;2@ HQ®D VT2iwi2 KBMv.Qi?2"
2M2 ;v@HQbb /i K2 bm 2/ #vi?2 6HBM/2 b ;"QmTX q?BH2 i?2v /Q
7Q°K Q7 p2 ;2b+ HBM: 7 +iQ - i?2v "2 #2HB2p2/iQ #2 ++m" i2
MM+2"i BMiB2b Q7 2tT2 ' BK2Mi H 2H2+i"QMB+@bi i2 A*a /2i2 KBV

h?2b2 + Qbb bé‘z‘LA%QMJQ(@H\Hz‘z HbQ b?B7i2/iQi?2B  "2H2p Mii?
7Q° 2 +2 Q7 i?2 2H2+i'QMB+ 2t+Bi iBOQM T Q+2bb2bX h?2 T QTC
2t+Bi iBQM A*ab "2 /BbTH v2/ BM 6B;m 2 8XdX

*2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RJB2+i"QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8X8, *QKT 'BbQM Q7 bm#b2i Q7 i?2 "2+QKK2M/2/ A*a -
pB#' iBQM H T Q+2bb2b BM h>6 (kd)- rBi? i?2 R KK (K3QX2b Q7 E

8QNQRZQ FURVV VHFWLRQV URWDWLRQV DQG QHXVW

hQ 2biBK i2i?2 mMMFMQrM "2KM Mi A*a 7Q  2H2+i'QM +QHHBbBQMb
TQb2/ +' Qbb b2+iBQMb U2H biB+- pB#" iBQM H- 2H2+i"QMB+ 2t
bm#i® +i2/7°QKi?2; M/iQi H+ Qbbb2+iBQMb2i T°QTQb2/BM 6B;
+ Qbb b2+iBQM- 7i2 bm#i> +iBQM-r b bbmK2/iQ #2 +QKTQb2/ Q
2t+Bi iBQM A*a M/ i?2 M2mi  H /BbbQ+B iBQM A*aX 1H2+i"QM ii -
2H2+i°QM ii +?K2Mi U.1 V 2 Q7 +Qm b2 Qi?2  TQbbB#H2 +? MM
iBK2 Q7 i?Bb BMp2biB; iBQM- MQ #bQHmi2 A*a 7Q .1 Q  ii +?K2I
"2 +m  2MiHv p BH #H2- M/ bQ i?2v ? p2 MQi #22M +QMbB/2 2/ B

AM Q' /2  iQ BbQH i2 i?2 +QMi"B#miBQM Q7 M2mi  H /BbbQ+B
T Q+2bb2b-Bir b bbmK2/i? i i?2 M2mi~ H /BbbQ+B iBQM + Qb
bBKBH ° ii'B#mi2b iQ i?2 2[mBp H2Mi + Qbb bRBN)QM KN KN 22" |
"2H iBp2HV HQr@2M2 ;v i? 2b?QH/ M/ #2BM; [mBi2 b? "THv T2 F2/
/QK BMX h?Bb M im> HHv 2K2';2/ 7°QK i?2 "2KM Mi + Qbb b2+iB
M2mi> H /BbbQ+B iBQM + Qbb b2+iBQM Bb /BbTH v2/ BM 6B;m" 2
Q7 8XN3 20 M/ #2BM; b? "THv T2 F2/ i "QmM/ Ry 20X h?Bb Bb
M2mi> H + Qbb b2+iBQM T2Q THRARYX# 0 BAEb+ Qbb b2+iBQM Bb #°Q /
TT QtBK i2Hv i?2 b K2 K :MBim/2 bi? iT°QTQb2/X 2Qr@x2 - i?2
2 b bQK2r? i H “;2°i?°2b?QH/ 2M2 ;v M/ 2M2 ;v  M;2X

h?2 2K BM/2' Q7 i?2 "2KM Mi +' Qbb b2+iBQM rr b bbmK2/iQ #
/m2 iQ UHMKT2/V Qi iBQM H 2t+Bi iBQMb M/ Bb b?QrM BM 6B:m"

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RJE2+i"QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B:m 2 8Xe, *QKT "BbQM Q7 i?2 T°'QTQb2/ BQMBb iBQM + Qbb b2+
BM h>6 rBi? i?2 p BH #H2 i?2Q 2iB+ H + H+mH iBQMb Q7 JQx2L
CKT+2i HX (jy)- M/ i?2 K2 bm 2/ /2i THEK ¥mbb

rbmM #H2 iQ 2ti° +i i?2 BM/BpB/m H "Qi iBQM H + ' Qbb b2+iBQN
i? 11?22 HQr2bi i? ' 2b?QH/ 7Q° "Qi iBQM H 2t+Bi iBQM Bb H2bb i?
p2° ;22t+Bi iBQMi? 2b?QH/ Q7 RXky8 K20X AMi?2T QTQb2/b2i-B
T Q+2bb2b + M#2 +? °~ +i2°'Bb2/#v bBM;H2 UHmMKT2/V "Qi iBQM H
2T °2b2Mi iBp2i?°2b?QH/ 2M2 ;v Q7 RXky8 K20X h?2 T 2b2Mi /2 Bp
rBi? i?72 +Q "2bTQM/BM; "2bm&HibH{;BN2MmMBOMB mbXt2 A J@a* _ TT Q +
M/ rBi? "2pBb2/b2i+ H+mH i2/ mbBM; i?72"Q M@/BTQH2 "Qi iBQI
2ti° +i2/ Qi iBQM H +'Qbb b2+iBQMb "2 BM ;QQ/ ;°22K2MirBi?i?
*?2B 2B HKR)- bb22M BM 6B;m 2 8XNX

fUDQVSRUW SURSHUWLHV RIHOHFW

hQ KQ/2H K + Qb+QTB+ bvbi2Kbh- QM2 M22/b +QKTH2i2 M/ ++m’ i2
Q7 i?2 F2v /IBb+ BKBM iBp2 i2bib QM i?2 ++m > +v M/ +QKTH2i2M
Bb K /2i?2°Qm:? +QKT "BbQM Q7 "2bmHib 7°QK br K 2tT2 ' BK2Mit
“2 “2H2 b2/ BMiQ /'B7iim#2 +QMi BMBM; i?2 : b M/ 2tT2 'B2M-
2H2+i BENKFQKTH2i2M2bb M/ ++m’ +v Q7 i?2 +'Qbb b2+iBQM b2
+Q "2bTQM/2M+2 Q7 i?2K2 bm 2/i° MbTQ i +Q2{+B2Mib rBi? i?Qb2
mMbBM; i? i + Qbb b2+iBQM b2iX h?2b2 i° MbTQ i +Q2{WB2Mib BM+
i* Mbp2 b2 M/ HQM;:Bim/BM H /BzmbBDQ M2bJ24+HBPRIHy- M/ i?22  i2

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RJH2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8Xd, ST QTQb2/2H2+i QMB+ 2t+Bi iBQM A*a 7Q 2H2+i Q
/212" KBM2/ mbBM; i?22ii HX7(jR) X

+Q2{+B2Mib 7Q"  M:2 Q7 TTHBRYX Nim?2Y h2H /2 MQBX i? i
M2mi> H: b /2MbBivX h?Bb a2+iBQM BKTH2K2Mib i?2 #Qp2 b2i Q7
iQ bim/vi?2K + Qb+QTB+ i  MbTQ i T'QT2 iB2b Q7 2H2+i'QM br K
br "K +QM/BiBQMb (RkR-RNy)X M HvbBb bi “ibrBi? # B27 /2b+" F
+Q2{+B2Mib "2 K2 bm 2/- M/ ?2Qr QM2 "2H i2b i?2K iQ i?2 KB+ Qk
i2°Qm:? M TT' QT B i2i MbTQ'ii?2Q vX

6ZDUP WUDQVSRUW FRH]JFLHQWYV

1tT2 ' BK2Mi H br "K BMp2biB; iBQMb Q7 i° MbTQ i #2? pBQm"
b KTHBM; +? ;2/ T "iB+H2 +m ng@M)K Q?22MPbBVBR22HIBQM #2ir22M 2t1
K2Mi M/ i?2Q v Bb ;2M2° HHv K /2i?2 Qm;? i?2 2[m iBQM Q7 +QMil

@ir ;1)

@t

r?2 % ;t)=n<v> Bbi?2 2H2+i QBrmMt ' 2M/2b2Mib i?2 T°'Q/m+iBQM °
T2  mMBi pQHMK2 T2 mMBi iBK2 "BbBM; 7 QK MQM@+QMb2 p iBy
b BQMBb i BQMX AMWMXB+ 2;BK2-i?2bT +2@iBK2 /2T2M/2M+2 Bk
TmM+iBQM Hb Q7 i?2 MmK#2  /2MbBivi? Qm;? /[/2MbBiv ;" /B2Mi

+r (r ;t)=S(r;t); UBXRYV

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RJB2+i"QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B:m 2 8X3, S'QTQb2/ M2mi> H/BbbQ+B iBOQM A*a 7Q" h>6- b +Q
2biBK iBQM Qi7 B (R N) X

~m( ;t) M/ bQm +S{21KBM 2[m iBQM UBXRV 2 2tT M/2/ b 7QHHC

(r ;)= Wen(r;t) ‘'r rm(r ;t)+ UB8XkV
S(r;t)= SO sO mr )+ 62 @ t) + o UsxXjV

r?2"Weg Bb i22nt ' B7i p2HQ +BiBMi/A2ntBzmbBQM i2MbQ X h?2b2
Q7i2M "2TQi2/ BM i?2 TmHb2/ hQrMb2M/ 2tT2 ' BK2Mi +QM};m" il
Q7 2tT MhBQME U8B8XjV BMiQ i?2 +QMiBMmBiv 2[m iBQM U8XRYV \
2[m iBQM

@n+W mn ‘:rmrn + = R |n; U8 X9V
@t
r?2° Ri=S® Bbi?2 HQbb@ i2 M/ #mHF i° MbTQ i +Q2{+B2Mib 2/
W = Wg + SO UusxsvVv
= e+ 69 UusXeV

ar K 2tT2 BK2Mib- bm+? b i?2 iBK2 Q7 ~B;?i TT Q +?- "2 ;2M2
i?2 # bBb Q7 i?2 /BzmbBQM 2[m iBQM M/ ?22M+2 i?2 #mHF +Q2{+
/1212 " KBM2/ BM i?Qb2 br "K2tT2 BK2Mib (Ne)X

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RIN2+i QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8XN, S'QTQb2/ Qi iBQM HA*a 7Q  2H2+i'QM b+ ii2 " BM;
rBi? i?2 2biBK iBQRM QX6(RoNM) M/ i?2 + H+mH i2R212BIMHKRYX*?B

%ROW]PDQQ HTXDWLRQDQG LWV VROXWLRQ

h?2 +QMM2+iBQM #2ir22M i?2 K + ' Qb+QTB+ i’ MbTQ i T'QT2'iB
i72 KB+ Qb+QTB+ T Q+2bb2b ;Qp2 M2/ #v i?2 + Qbb b2+iBQM b2i T
FBM2iB+ i?2Q°vX AKTQ i MiHv- BM br "K 2tT2 ' BK2Mib- 2H2+i B+
Qmi Q7 2[mBHB# BmK rBi? i?2 # +F;"QmM/ ; b M/ ?22M+2 i?2 /IBbi I
i?72 2H2+i'QMb Q7i2M #2+QK2b /BbiBM+iHv MQM@J tr2HHB MX A
+QMM2+iBQM Kmbi #2 K /2i?2°Qm;? bQHMIBQM Q7 "QHixK MMé&b 2]
JOQMi2@* "HQ bBKmH iBQMVX h?2 KQiBQM Q7 /BHWMKRPpBM Q7 2H
i2°Qm;? # +F;’QmM/ Q7 /2Mb2 M2mi> Hh>6 KQH2+mH2b BM i?2
2H2+i " BE }2M/#2 /2b+ " B#2/ #v i?2 HBM2 * "QHixK MM 2[m iBQM
%fﬁv rf +% gfz J (f;fo); ugXxdvVv

r?2 2(r;v;t) Bb i?72 bBM;H2@T 'iB+H2 T? b2 bT +2 /Bbi'B#miBQM
7mMM+iBQM Q7 -ToQWBMBEMM iBK2 h?2 ++2H2  iBQM QM M 2H2+i QM
m Bb /m2iQ i?2 2ti2°M H?QKQ;2MRAnmP2HDHHBHOBIHF T2 iQ"
i F2b BMiQ ++QmMi #BM v BMi2  +iBQMb #2ir22M i?2 2H2+i QM|
r?22 2 /2MQi2b i?2 h>6 KQH2+mH2 /Bbi' B#miBQM 7mM+iBQM- r?
Jtr2HHB M ii?2; b i2Kg®2 him /2i BHb Q7 i?2 +QHHBbBQM QT2
#2 7QmM/ BRM LERB® k) X

1[m iBQM U8XdV Bb M BMi2; " Q@ /Bf4{Zv2tMiB FHMZJnH 2B.RQMQ7Q "

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RRM2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

r?B+? T2 ' KBib /2i2°KBM iBQM Q7 HH [m MiBiB2b Q7 BMi2 2bi /2
i?72 2H2+i"QM br "KX AM i?2 ?v/ " Q/vM KB+ "2;BK2 BM r?B+? br °
+QM/m+i2/-i?2bT +2@iBK2 BT 20WMKI2/2IQ7? p2 i?2 7Q K

f(r;v;t)= X fOw) (1) Tn@r;t); U8X3V
j=0
(22°2iP® "2 i2MbQ b RTI?MRi /2MQ@BQH/ b+ H ~ T Q/m+i M/ i-
HQ+ H+? “;2/ T "iB+H2 /2B bBBw2NB#2
Z
ner;t)= f(r;v;t)dv: UBXNYV

am#biBimiBQM Q7 i?2 ?2v/ " Q/vM KB+ 2tT MbBQM U8X3V BMiQ 2[nm
+Q2{+B2Mib Q7 i?2 ;" /IB2Mi 2tT MbBQM- "2bmHib BM ?B2 “+?v
i?2 p2HQ+Biv /Bbi B#nfiB@MRNMRI)}iBQMb

% @@ﬂ)+\](f0);fo)=vf01) j =0;1;: USXRyV
h?Bb Bb i?2 KB+ ' Qb+QTB+ TB+im '2X aQHmMIBQM Q7 i?2 ?B2 > +?v 7
fO)v) 2M #H2b + H+mH iBQM Q7 i?2K + Qb+QTB+K2 bm™ #H2[m MiB
p2° ;2b 2X;X

Z

We = vi O (v:t)dv ; USBXRRV
L2

- vi O (v;t)dv ; UBXRKV
2

s<'>:ﬁ Jr(f O Fo)dv UBXRjV

aQHmMIiBQM Q7 i?2 ?B2" "+?v QU HERYMEB+ 2hHm 2i-B@QUII HB)iBQM Q7
BM p2HQ+BivbT +2X h?2 }'bi bi2T BM Mv M HvbBb Bb ivTB+ HH
/IBbi'B#miBQM 7mM+iBQM BM i2 Kb Q7 i?2 /B 2+iBQMb Q7 p2HQ+B
BM bT?2 B+ H? "KQMB+b (dy),

. XX
fO(v;t) = f1Ow; v o) ; USBXRIV

=0 m=1

r?2°%l0) "2 i?22 bT?22 B+ H ? "KQNMBIEI2MI?2 M, M24?@H?2

+QKKQM T +iB+2 Bb iQ b2i i?2 mT@RMK@MBIQKQTQ?R UBX2X- i?2 irQ
TT QtBK iBQMV M/ +Q@MbBAZBX2MKHvV G2:2M/ 2 TQHVMQKB H 2t
i?Bb 7Q KmH iBQM /Q2b MQi K F2 Mv bm+? "2bi'B+iBp2 bbmKT
#2bi T° +iB+2- i?1Z BEbD2hm++2bbBp2Hv BM+ 2K2Mi2/ mMiBH T 2b
+ Bi2 BQM Bb K2i- b +QMbB/2 2/ #2HQrX h?Bb Bb KmHiB@i2
2[m iBQMX *QK#BMBM82MIUBRM®BV/b iQ i?2 7TQHHQrBM; ?B2" "+

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RRHR+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

+QmTH2/ BMi2:"Q@/Bz2 2MiB,H 2[m iBQMb 7Q"

1( 19
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1tT ' 2bbBQMb 7Q  i?2 K i'Bt 2H2K2Mib Q7 i?2 bi'2 KBM; QT2 iQ"
2i HM/ L2126 HXYy-R9k)X h?2 +QHHB b B jKMAB=+2 [, 2X ; X

N ++3 L +3 1100 mom "2 HH /B ;QMMHMBMBM+2 i?2 +QHHBbBQM QT
2 HH b+ H "bX 6m’i?2" 2T 2b2Mi iBQM Q7 i?2 bT22/ /2T2M/2N\
i?72 ?B2° "+?2v Q7 +QmTH2/ QT2 iQ  2[m iBQMbX h?Bb bim/v BKTH
i2°Kb Q7 aQMBM2 TQHVMQKB Hb- M/ i?2 "2i2HBpk)ZIQR" 724 i@ ? B i
/2i BHb QM “2H iBM: i MbTQ i +Q2{+BizMkb iQ i?2 +Q2{+B2Mib

(OHFWURQ WUDQVSRUW LQ 7+)

6B;m 2b 8XRy @ 8XRk T 2b2Mi "2bmHib 7Q  br "Ki> MbTQ i T°QT2
BM+HmM/BM; i?2 K2 M2M2 ;v-/"B7i p2HQ+Biv- /BzmbBQM M/ " i2
T 2b2Mi2/ "2 BM [m bB@bi2 /vbii2 /2i2°KBM2/ #v # H M+2 #2
7°QK M TTHB2/ 2H2+M/B2M2H¥ HQbb ~ i2 pB +QHHBbBQMb #2ir22
i?2 br " K M/ T "iB+H2bX HH “2bmHib "2 T 2b2Mi2/ b 7mM+iBQM
}2HE/Ing- BM i?2 > M;2 yXyR @ Ryyyy h/ URh/18*R diQYMbR®2 4
i2KT2 im 2 Q7 i?2# +F;"QmM/; b Q7 h>6 KQH2+mH2b Bb }t2/ ikl

AM i?2 HQr }2H/E/ByBK2hIV- i?2 2H2+i'QM br "K Bb 2bb2MiB HHv E
2[MBHB# BmK rBi? # +F;"QmM/ h>6 KQH2+mH2bX b b?QrM BM 6B;n
Bb TT QtBK i2Hv 2[m HiQi?2# +F;"QmM/i2KT2  im 2 M/i?2}2H/ I
i?2 br "Kdéb #2? pBQm X AM i?Bb "2:BK2-i?2/'B7i p2HQ+Biv Ub22 ¢
HBM2 2T 2b2MiBM; M 2bb2MiB HHvV +QMbi Mi KQ#BHBivX GBF
8XRKk i?2 /IBzmbBQM Bb TT QtBK i2Hv 2[m H iQ i?2 i?2 K H p Hn
BbQi @IBDYX HH +QHHBbBQM T 'Q+2bb2b "2 2bb2MiB HHv +QM!
BMi?2 BQMBb iBQM * i2 BM 6B;m 2 8XRy- M/ ?22M+2i22 2 2 MC
#mHF M/ ~mt +Q2{+B2Mib BM i?Bb "2;BK2X

q?2M +QMbB/2 BM; ?BhPRE y)H/Wh/V-i?22 i?2 K H2[mBHB# Bn
bi i2Bb}M HHvV # QF2MX h?2 " TB/Hv 7 HHBM; + ' Qbb b2+iBQM K ;M
“*2bmHib BM °~ TB/HvBM+'2 bBM; K2 M2M2 ;v rBi? }2H/ BM i?Bb 2
6B;m 2 8XRyX h?Bb " TB/ 'Bb2 BM i?2 K2 M2M2 ;v Bbi?2M [m2M
M2mi> H/BbbQ+B iBQM + ' Qbb b2+iBQM M/ i?2 BQMBb iBQM + Qbb
M/ 8X3-r?B+? b22b TH i2 mBM; Q7 i?2 K2 M2M2 ;v #Qp2 Ryyl
h?Bb #2? pBQm > Bb HbQ "2~2+i2/ BM i?2 /BzmbBQM +Q2{+B2Mil
q?BH2 i?2 /BzmbBQM +Q2{+B2Mib ? p2 i?2°K H+QMi'B#miBQM
QM2 Q#b2 p2b i? i /IBzmbBQM #2+QK2b /BbiBM+iHv MBbQi QTBH+
i Mbp2 b2 iQ i?2 2H2+i'B+ }2H/ "2 /BbiBM+iHv /Bz2 2MiVX b i?2
/IBzmbBQM Bb "2H iBp2Hv BbQi'QTB+ BM i?Bb '2;BK2-i?Bb BM/B
Q7 MBbQi"QTB+ /BzmbBQM +QK2b 7°QK i?2 6/Bz2 2MiB H p2HQ+

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7R2H2+i QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

" TB/Hvp vBM; +QHHBbBQM 7' 2[m2M+v rBi? 2M2 ;v M/ bT iB H
2M2 ;vi? " Qm;?i?2 br KX

AM i?2 ?B;? }2H/EIR¢BR@WU/V- MQM@+QMb2 ' p iBp2 2z2+ib bbQ+
BQMBb iBQM Ub22 6B;m 2 8XRyV #2;BM iQ BKT +i QM i?2i° MbTQ"
2M27;v-i?2 BQMBb i BQM T ' Q+2bb ;2M2° i2b MQi?2 2H2+i"QM rBi?
/IBHMIiBQM Q7 i?22M2 ;v M/ "2/m+2/"  i2 Q7 BM+"2 b2rBi? "2/m
2M2 ;v Q7 i?22 br "KX AKTQ i MiHv-i?2"2 "2 2tTHB+Bi 2z2+ib QM i?.
6B;m 2 8XRR /BbTH vb #Qi? i?2 ~mt M/ #mHF /"B7i p2HQ+BiB2b.
p2HQ+Biv p2° ;2/ Qp2° HH2H2+i'QMb BM i?2 br "K-r?BH2i?2 #mHI
i?72iBK2 " i2Q7 +? M;2 Q7 i?2 +2Mi2 Q7 K bb Q7 i?2 2H2+i"QM br
T Q+2bb2b ? p2 M BKTHB+Bi 2z2+i QM i?2 p2HQ+Biv /Bbi ' B#miBQ!
~mt/ " B7i p2HQ+BivX AMT "iB+mH "~ i?2 MQM@+QMb2 p iBp2 T Q
+2Mi2 Q7 K bb Q7 i?2br "Ki2?Qm;? MQM@MmMMB7Q K+ 2 iBQM Q7 2t
KQ/B7v i?2 #mHF /'B7i p2HQ+BivX AM 6B;m 2 8XRR- QM2 K v Q#
p2HQ+Biv Bb 2M? M+2/ Qp2  i?2 ~mt +QKTQM2Mi- BM/B+ iBM; i7
T°'272°2MiB HHv +°2 i2/ ii?27 " QMi Q7 i?2br "K M/ bQ b?B7iBM,;
i?72/B°2+iBQM Q7 i?2 }2H/ 7Q +2X

G biHvi?Bb M HvbBb K F2b +QKK2Mi QM i?2 p HB/Biv Q7 i?2 irQ
7Q /2b+'B#BM; 2H2+i QM i° MbTQ i BM h>6X AM 6B;m 2 8XRj +QI
M/ KmHIB@i2 ' K TT QtBK iBQMb 7Q" i?2/BzmbBQM +Q2{+B2Mib
i72irQ@i2°K TT QtBK iBQM Bb ++m’™ i2iQ rBi?BM RW Q" #2ii2 X &
}2H/b ?2Qr2p2 - Bi Bb Q#b2 p2/i? ii?2irQ@i2 'K TT QtBK iBQM +
Km+? b k8WX h?Bb Bb BM/B+ iBp2 Q7 ?B;?Hv MBbQi"QTB+ p2H
i ?B;? }2H/-i?Bb MBDbQi"QTv Bb 2pB/2M+2/ #v i2KT2 im 2b i Mt
i?72 2H2+i B+ }2H/ /Bz2 BM; #v RyW Q KQ ' 2X M HvbBb Q7 br "K 2tT
rBHH M2+2bb "BHv 2[mB 2 KmHiIiB@i2 ' K M HvbBb Q JQMi2@* °

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RH2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8XRy, J2 M2M2 ;v M/ BQMBb iBQM " i27Q 2H2+i QMb BM
2/m+2/ 2H2+i"B+ }2H/X

6B;m 2 8XRR, "mHF U/ b?2/V M/ ~mt UbQHB/V /'B7i p2HQ+BiB2k
7mMM+iBQM Q7 i?2 "2/m+2/ 2H2+i B+ }2H/X h?2 BMb2i mb2b HBNM

/IBz2 2M+2bX

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RX992+i QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8XRk, _2/m+2/i Mbp2'b2 M/HQM;Bim/BM H~mt/BzmbBQN
BM h>6 b 7mM+iBQM Q7 i?2 "2/m+2/ 2H2+i "B+ }2H/X

6B;m 2 8XRj, hrQ@i2 K M/ KmHiB@i2 K TT QtBK iBQMb 7Q"i?2 "
M/ HQM;Bim/BM H/BzmbBQM +Q2{+B2Mib 7Q" 2H2+i QMb BM h>6
2H2+i"B+ }2H/X

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RX982+i QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6ZDUP H[SHULPHQW FRQVLGHUDWLRQV LQ 7+) XVLQJ
WHFKQLTXH

a2p2° H ii2KTibr2°'2 K /2iQ K2 bm 2 2H2+i"QM br "K +Q2{+B2Mib L
+Biv- HQM;Bim/BM H/BzmbBQM +Q2{+B2Mi M/ 2z2+iBp2 BQMBb il
i?72 TmHb2/ hQrMb2M/ i2+?MB[m2 (Re3-RNk)X ii?2iBK2 Q7 T2 7C
iIi2KTibiQ K2 bm 2 2H2+i QM p H M+?2bBM Tm 2 hh>6r2"2 mMbm
?Bi?2°1Q mMQ#b2 p2/ T?2MQK2MQMX aBM+2 i?2M- "2+2Mi 2M? M-
? p2 #22M /2p2HQT2/iQ 7 +BHBi i2 7Tm i?2° "2}M2K2Mi Q7 i?2 2H2
b2i (RNj)X

h>6p TQm r b BMD2+i2/ BMiQ i?2 2p +m i2//Bb+? ;2 +? K#2 i
i@ 105 hQ "X Air b Q#b2 ' p2/i? ii?2 K2 bm 2/ /'B7i p2HQ+BiB2b /
7Q }tRho M/ T 2bbm™2X G ;2 p B iBQMb Q7 mT iQ jyWr2 2 Q#b2"
m 2K2Mi Q7 i?2 2H2+i QW /I BB #H2HQ ¥Bi#2vQM/ +QKKQM mM+2"i
Q7 IR@kW BM i?Bb +Q2{+B2MiX h?2b2 K2 bm 2K2Mib r2°2 7QHF
P2HQ+BiB2b,BNMQ@Mr2Bl+? i?2 2H2+i QM br "K +Q2{+B2Mib "2 r2HH
"2bmHibr2°'2BM 2 "Q X h?2p +mmK p2bb2H- 2H2+i°Q/2 bvbi2K M/
r22 HH +H2 M2/ M/r b?2/iQ 2KQp2i?2H v2 Q7 h>6 /2?22 2/iQ Bi
"2i2bi2/ rBi? Tm 2 MBi ' Q;2M- i?Bb iBKW T2BAZ BM2pBimB2M QR@ kW
Q71?2 ++2Ti2/ p Hm2bX h?mb Bi #2+ K2 +H2 " i? i M 2z2+i/m2
BMi?2 /Bb+? ;2 +?2 K#2 r bi?2+ mb2 Q7 i?2 MQi2/ 7 BHmM 2X Ai l
i?BM /B2H2+i B+ Hv2 Q7 h>6 7Q Kb QM i?2 + i?Q/2 M/ MQ/2 bm~
+? ;2/-0?2°2#v T°'Q/m+BM; M //BiBQM H 2H2+i B+ }2H/ r?B+? z
M/ bQ +? M;Emp?2HmM2 + Qbb i?2 /Bb+? ;2 ; TX

b2+QM/ b2 B2b Q7 K2 bm 2K2Mib BM h>6r2'2 T2 ' 7Q K2/ 7i2
bm++2bb7mH K2 bm 2K2Mib rBi? Qi?2  ; b2b bm+#/ b X i@MPBIiBQM - :
K2 bm 2K2MWiIB®7RW h>6BNRp2° -~ M;2 Q7 TTHB2/ 2/m+2/}2H/b 8
r2°270mM/iQ #2 [mBi2 +HQbR HiZXTam2Z2h2[m2Mi K2 bm 2K2Mib
Qmi Rk ?2Qm b H i2W 2N/ 2b/Km+? ?B;?2 i? Mi?Qb2 K2 bm™ 2/ T°
. B7i p2HQ+Biv K2 bm 2K2Mib BM Tm 2 h>6 BM 7 +i T ' Q/m+2/ bm+"
r2 2 /B{+mHiiQ mM/2 bi M/X

M2r /IBb+? “;2 +?2 K#2  ? b #22M #mBHi iQ K2 bm 2 2H2+i"QM br
?B;?22  URSW@RWAHQr2 U/QPMVQ2@KY2" im 2bX TH Mr b 2bi #HBI
#v 2tT2 ' BK2Mi H K2K#2 b Q7 i?2 bim/viQi'v M/ K2 bm 2 i?2b2 +Q
i2KT2 im 2b-iQ pQB/i?27Q K iBQM Q7 /B2H2+i'B+H v2 b QMi?2
Bi Bb MiB+BT i2/i? i K2 bm 2K2Mib BM HQr +QM+2Mi% iBQMb Q7 h
-7Q BMbi M+2- rBHH #2 KQbi 72 bB#H2 M/ pQB/ +QMbi Mi +H2

ORGLAFDWLRQVIRUWUDQVSRUW LQ

aQ 7 -i?Bb*? Ti2 2?2 b#22M /2pQi2/iQ bb2K#HBM; +QKTH2i2 b2i
+ Qbb b2+iBQMb 7Q " 2H2+i'QM i’ MbTQ i BM : b2Qmb h>6-iQ 2M #
iQ #2 +QKTmi2/ b BMTmiiQ i?2 KQ/2HBM; 7° K2rQ F T 2b2Mi2/ B

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7R92+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

I9X IbBM; r? i?2 b #22M T°QTQb2/ 7Q 2H2+i'QM i° MbTQ i BM ; b2
T QTQb2b KQ/B}+ iBQMb iQi?2; bT? b2+ Qbbb2+iBQMb2i b rv
KQ/B}+ iBQMb i? iQ++m” i ?B;? HB[mB/ /2MbBiB2bX aBKBH " iQ
7Q° HB[mB/ “;QM BM *? Ti2" 9-i?Bb a2+iBQM TTHB2b KQ/B}+ iBQ
bi iB+ bim+im'27 +iQ 7Q HB[mB/ h>6 (jk)- HQr2  BQMBb iBQ
M/ "2/m+2/ MmK#2 Q7 BM2H biB+ 2t+Bi iBQM + Qbb b2+iBQMb
BQMBb iBQM 2M2 ;vX JQ/B}+ iBQM Q7 i?2 2H2+i' QM@ M2mi" H
+QMbB/2 2/ BMi?Bb bim/v- bi?2 K2i?Q/QHQ;v7Q MQM@TQH - bE
“2[mB 2b 2ti2MbBQM 7Q"  TQH ~ HB[mB/bX

IbBM; M2mi QM /Bz" +iBQM i2 2? MB¥h KI2 "IQm~" QM+ Q" "2H iBQM 7m
iBQMb Q7 HB[mB/ h>6 bi'm+im 2 i kN3 E BM K#B2Mi +QM/BiBQN
Q#i BM2/ 7°QK i?2 K2 bm* 2/ +Q "2H iBQM 7mM+iBQMb r b /B:BiB
m 2 8XR9X hQ 2KT? bBb2 i?2 7 +ii? i 2tT2 ' BK2Mi H/2i- bm+? &
H{Kk)Bb BKTQ i Mi 7Q° KQ/2HBM; +QKTH2t KQH2+mH ~HB[mB/b-
bBKTH2 i'2 iK2Mib mb2/ 7Q° iQKB+ HB[mB/b- +QKT "BbQM iQ M
Q7 S2 ' +mb@u2pB+F (3j) ? b #22M K /2X h?2 M HviB+ bi ' m+im~Z
mbBM; M 2biBK i2/ p M/2 q Hb  /BmB {RNB»6BQ7 kRBINQeM HB[mB,
/I2MbBing©7:4 107" K2 - +Q "2bTQM/BM; iQ T +FBMQ:55- NMBBM Q7
BM+Hm/2/ BM 6B;m 2 8XR9X

6B;m 2 8XR9, ai iB+bim+im 27 +iQ° Q7 HB[mB/ h>6 i iKQbT?2 B
#v "Qr @M HKk) +QKT "2/iQ M M HviB+ bim+im 2 UjXKiR3IWQKTn
bbmKBM; M B/2 H iQKB+ HB[mB/X I5?R B¥2 Bh DHOQHIBR2 ®7
272 2M+2X

*H2 "Hv i?2 bi'm+im 27 +iQ° Q7 HB[mB/ h>6 Bb MQi i HH HBF2 |
7Q0°K7Q° MB/2 H iQKB+ HB[mB/ M/ 2 {"Kb i?2 BKTQ i M+2 Q7
BMTmi/ i iQi?22H2+i ' QM KQ/2HBM: 7" K2rQ ' FT ' QTQb2/BMi?Bb b
bi'm+im 27 +iQ r b mb2/iQ KQ/B7v i?2 iQi HKQK2MimK i° Mb7

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RXHI2+i QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

2H2+i"QM b+ ii2°'BM; BM h>6 (93) BM M ii2KTiiQ+ Tim'2i?22z2+
b+ ii2°BM; i? iQ++m b rBi? HQr 2H2+i"QM 2M2°;B2b M/ ?B;? HB[n

AM i?2 T 2pBQmb *? Ti2 - KQ/B}+ iBQMr b T '2b2Mi2/ 7Q  i?2 E
2M2 ;v Q7 HB[mB/ ;QM iQ ++QmMi 7Q  +? M;2b iQ i?2 2H2+i Q
P.- M/i?2 /2HQ+ HBb2/ 2H2+iVQM2MQ+vmMHDpDdDH-;QM Bb +QM/2N
b FMQrH2/Ng QX 2H2+i°"QMb BM HB[mB/ h>6 Bb +m " 2MiHv HBKB
i72 BQMBb iBQM i?°2b?QH/ 2M2 ;vr b T2 ' 7Q K2/ #v HQr2 BM; i?2
FMQrM TQH 'Bb iBQM TQi2MiB H Q7 TT QtBK i2HvV RX3 20X h?B]|
HQr2' BQMBb iBQM TQi2MiB H Q7 dXd8 20 7°'QK i?2;: b T? b2 p Hm

b T2 i?2 KQ/B}+ iBQMb 7Q° HB[mB/ ;QM BM i?2 T'2pBQmb *
2t+Bi i BQM T ' Q+2bb2b rBi? i? 2b?QH/ 2M2 ;v ;°2 i2 i? Mi?2 M
i?°2b?QH/ r2°2 M2; i2/iQ7Q°K }M H + Qbb b2+iBQM b2iX h?Bb K
i22i72°22 ?2B;?2bi 2H2+i ' QMB+ 2t+Bi iBQM + Qbb b2+iBQMb #2BM: \
MQi2i? ii?2}M H + Qbb b2+iBQM b2i T°Q/m+2/ pB i?2b2 KQ/B}+
TT QtBK iBQM Q7 bQK2 2H2+i"QM i° MbTQ'i 2z2+ib BM HB[mB/- N\
M/ ++m’ i2 2T 2b2Mi iBQM Q7 +QKTH2i2b2i7Q  2H2+i'QM i N

AMTmii> MbTQi/i 7Q i?2 2H2+i'"QM ~mB/ KQ/2HBM; 7" K2rQ
bim/v Bb T'2b2Mi2/ BM 6B;m 2b 8XR8 @ 8XRd 7Q" ; b2Qmb M/
i° MbTQ iX AMTmi/ i p HM2b r2'2 +QKTmi2/ 7°QK bi2 /v@bi i2 /B
+ H+mH i2/ #v KmHiB@i2 'K "QHixK MM 2[m iBQM bQHmMiBQM Q7 i
BMTmi/ i i F2b BMiQ ++QmMii?2 KQbi "2+2Mi /p M+2K2Mib BM 2H
+'Qbb b2+iBQMb (RNj)X h?2b2 +'Qbb b2+iBQMb r2°2 "2}M2/i? Q!
2tT2'BK2Mib M/ + H+mH iBQMb iQ i2bii?2 ++m’ +v M/ +QKTH2ic:
b2+iBQM b2i T°'2b2Mi2/ BM i?Bb *? Ti2 X

ORGHOLQJRIHOHFWURQLRQLVDWLF
DQG VWUXFWXUHG 7+)

IbBM; i?2 BMTmi/ i T 2b2Mi2/ BM 6B;m 2b 8XR8 @ 8XRd- i?Bb a
7Q°K iBQM M/ T'QT ; iBQM BM HB[mB/ h>6X K#B2Mi +QM/BiBQ|
VB2H/ HB[mMB/ h>6n2=WBiIOO KRS i kKNjJEX M TTHB2/  2/m+2/ 2H2+i
}2H/ Q00 h/ r b mb2/X b T2 i?2 bBKmH iBQMb Q7 *? Ti2' 9- M E
mbbB M TmHb2 Q7 2H2+i"QMfTQbBiBp2 BQM T B b- 7Q K2/ #v
i?2 bBKmH iBQM bi i-r b mb2/ bi?2 BMBiB H+QM/BiBQM r?2 2B
M/ 2M2 ;v ~mt2br2°2 bT2+B}2/ bi?2bi2 /Iv@bi i2p Hm2b +Q "2bT
“2/m+2/}2H/ BM i?2 KQ/B}2/ HB[mB// i b2iX ai’2 K2 7Q K iBQM |
HB[mB/r b+QMbB/2 2/ 7Q  i?2b2 bBKmH iBQMb- b QTTQb2/iQ 7m
/IQM2 BM *?2 Ti2  9- #2+ mb2 i?2 2 Bb HBiiH2 BM7Q K iBQM p BH #F
Q7 h>6-bm+? b 2[mBHB# BmK ; b@HB[mB/ /2MbBiv > iBQb- M/ I
r2°2 Q#i BM2/ 7°QK 7Qm~ /Bz2 2Mi KQ/2Hb Q7 HB[mB/ bi*2 K2 i’ I

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RX982+i QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8XR8, AMTmii> MbTQ i/ i Q7 2H2+i'QMb BM h>6 7Q°  HQ+ |
~mB/ KQ/2HbX UhQT@H27iV ."B7i p2HQ+Biv p2 'bmb "2/m+2/ }2H/X
2M2 ;v p2 bmb "2/m+2/ }2H/X U"QiiIQK@H27iV GQM;Bim/BM H "2
p2 bmb "2/m+2/}2H/X U"QiiQK@ "B;?iV _2/m+2/ BQMBb iBQM M/ i
p2 bmb "2/m+2/ }2H/X

C9JJ?B;?2 Q /2 -2M2 ;v /2T2M/2Mi KQ/2H mbBM: TT QtBK i
h>6i° MbTQ i/ i -

CG6 /I'B7i@/BzmbBQM- }2H//2T2M/2Mi KQ/2H mbBM; TT QtBK i.
i° MbTQ i/ i -

C9JJ7?B;?2 Q'/2-2M2 ;v /2T2M/2Mi KQ/2H mbBM; ; b T? b2 2H
b+ H2/iQ HB[mB/ /2MbBiB2b- M/

CG6 /'B7i@/BzmbBQM- }2H/ /2T2M/2Mi KQ/2H mbBM; ; b T? b:
b+ H2/iQ HB[mB/ /2MbBiB2bX

_2bmHib T°2b2Mi2/ BM 6B;m 2b 8XR3 @ 8XkR /2KQMbi~ i2i?2 i |
bQK2 + b2b 2p2Mim H T QT ; iBQM- Q7 M 2H2+i'QM BQMBb iBQ
h>6 11?22 iBK2b Q7 yXk8 Th- RX8 Th- M/ jX8 TbX h?2b2 b KTH2 i
?2HT /2KQMbi  i2i?2p "B iBQMb #2ir22M "2bmHib Q7 /Bz2 2Mi KC

TTHB+ iIBQM Q7 i?2 KQ/2HBM; 77 K2rQ F- vB2H/BM; i?2 "2bmt}F
8XR3 @ 8XkR-BM/B+ i2b +H2 - bB;MB}+ Mi/Bz2 2M+2b #2ir22M i
T°QT ; iBQM mbBM; TT QtBK i2 HB[mB// i - b +QKT “2/iQ bBKT
/1 X h?2 T°'BK 'vBM~m2M+2 Q7 i?2b2/Bz2°2M+2b +QK2 pB i?2 HQI
2M27;v-r?B+? +ibiQ ++2H2  i2i?22H2+i' B+ }2H/ b+ 22MBM ;X Ai
TT QtBK i2 HB[mB/ KQ/B}+ iBQMb HHQr2/ bi 2 K2 7°'QMiiQ 7
TT QtBK i2Hv i? 22 iBK2b [mMB+F2  i? M i?2 b+ H2/ ; b/ i "2bm
+Q?2 2Mi b+ ii2°'BM; "2 Q#b2'p #H2 i1 i?2 # +F Q7 i?2 T QT ; iBM;
bK HH- b+ 22M2EmHm2RQJI2 B2M+2/X h?Bb HHQrb b KTHBM; Q7 H

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RRH2+i QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B:m 2 8XRe, AMTmi +QHHBbBQM " i2b Q7 2H2+i"QMb BM h>6 1
?2B;?2° Q'/2° ~mB/ KQ/2HX . b?2/ HBM2b /2MQi2 ; bi° MbTQ i- /Qii:
i* MbTQ iX

/i i? iBbKQ'2b2MbBiBp2 iQi?22z2+ib Q7 +Q?2 2Mi 2H biB+ b+
2H2+i"QM i MbTQ iX

h?2 T°2b2M+2 Q7 .1 "2 +iBQMb K F2b i?2 #2? pBQm Q7 2H2+i"
7mM/ K2Mi HHv /Bz2 2MiiQ i? i Q7 “;QM-r?B+2r b +QMbB/2 2/ BN
6B;m 2 8XRN /2KQMbi' i2bi?2 7Q K iBQM Q7 M2; iBp2 BQMb pB .1
i?72 +QHHBbOBQM " i27Q  2H2+i'QM ii +?K2Mi BM h>6 Bb +QMbB/2"
i ?B;? }2H/b M/ 2M2°;B2b 7QmM/ M2 " i?2 7 QMi Q7 i?2bi"2 K2"-
MmK#2'b Q7 TQbBiBp2 BQMb- +QKT "2/ iQ M2; iBp2 BQMb- T 27
T QT ; iBM; 2H2+i' QM 7" QMiX bi?2 "2/m+2/2H2+i"B+ }2H/ Bb b+
i?72 G6 KQ/2H- mbBM; KQ/B}2/ HB[mB// i - /2KQMbi  i2b bHB;?iH
/I2MbBiB2b +QKT "2/iQ i?22M2° ;v /2T2M/2Mi 93JJ KQ/2HX h?Bb "Z
Q7 MQM@HQ+ H2H2+i"QM i MbTQ i-r?B+? + M #2 '2bQHp2/ BM
KQ/2H- QrBM; iQ i72 HQM;2® "2H t iBQM iBK2 7Q" 2H2+i'QM 2M2
2H2+i' B+ }2H/ b+ 22MBM; X

6BM HHv- 6B;m 2b 8XR3 @ 8XkR BM/B+ i2 "2H iBp2Hv bK HH p
i?7293J)J M/ G6 KQ/2Hb r?2M mbBM; i?2 TT QtBK i2 HB[mB/ BMTmi .
BM a2+iBQM 8X9X :2M2° HHv-i?2 KQ/2Hb TT2 "iQ ;'22QMi?2
2H2+i'QM BQMBb iBQM 7°QMi #mi i?2M /2pB i2 bHB;?iHv bi?2 7 Ql
I1M2°;v /2T2M/2Mii° MbTQ i- mbBM; i?2 9JJ- T 2/B+ib 7 bi2" T C
HQ+ H "2/m+2/ }2H/ /2T2M/2Mi G6 KQ/2HX h?Bb Q#b2 p iBQM B
9JJ "2bmHi "2bQHpPBM; MQM@HQ+ H2H2+i'QM i MbTQ i #v mbBM; .
i? Mi?2 " TB/Hv b+'22M2/ "2/m+2/ 2H2+i'B+ }2H/-iQ BM7Q K BMT

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RBY2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B:m 2 8XRd, AMTmi +HQbm 2i2 Kb 7Q K2 M2M2 :v/2T2M/2Mi ?B;
2H2+i"QMb BM h>6X JQK2MimK # Hy M h2vs M QMR 2V 2t # H M+ 2
+HQbm 2 i2v,v,i X . b?2/ HBM2b /2MQi2 : b i° MbTQ i- /Qii2/ HB
HB[mB/i> MbTQ iX

&KDSWHU 6 XPPDU\

h?Bb *? Ti2~? b +QM/m+i2/ + BiB+ H M HvbBb Q7 2tBbiBM; 2tT2"
+ Qbb b2+iBQMb 7Q" 2H2+i QM b+ ii2°'BM; BM h>6-iQ T'QTQb2
+'Qbb b2+iBQMb BM i?22M2 ;v M;2 yXyR@jyy 20X h?Bb ? b BM+
b2i Q7 "Qi iBQM H M/ M2mi®> H/BbbQ+B iBQM + Qbb b2+iBQMb-
K2 bm 2K2Mib +m "2MiHv 2tBbiX h?Bb +QKTH2i2 b2i Q7 + Qbbb
bim/vi?2i> MbTQ iT' QT2 iB2b Q7 2H2+i'QM br "KbBM h>6-7Q" I
}12H/b 77QK yXyR @ Ryyyy h/X h?2 BKT +i Q7 i?2 "2H2p Mi + ' Qbb b2
T QT2iB2b ? b #22M /Bb+mbb2/X h?2 M HvbBb HbQ QmiHBM2/ Bk
K2 bm 2K2Mib BM h>6- mbBM; +m ™ "2Mi TmHb2/ hQrMb2M/ i2+?MB[m
7Q° //'2bbBM; i?2KX

IbBM; i?2 7Q KmH i2/ b2i Q7 2H2+i'QM@h>6 + Qbb b2+iBQMb-
}+ iIBQMb iQ TT QtBK i2 HB[mB/ i MbTQ'i- i?2 /Bz2 2M+2b #2i
TT QtBK i2 HB[mB/ h>6r2°'2 T'2b2Mi2/ M/ /Bb+mbb2/X aBKmH il
iBQM M/ T°QT ; iBQM BM HB[mB/ h>6r b i?2M T2 '7Q K2/ mbBM
+QMDMM+iBQM rBi? i?2 T'QTQb2/ KQ/2HBM:; 7° K2rQ ' F 7Q KmH
T°QD2+iX *H2 “p "B iBQMb #2ir22M mbBM; TT QtBK i2 HB[mB/ / i
T? b2 h>6/1i r2°2b?QrM- "2 {"KBM; i?2 M22/7Q" ++m  i2 BMTmi /
7Q°KmH iBQM Q7 2H2+i'"QM i° MbTQ i KQ/2HBM; K2i?Q/b BM HB[m

Ai Bb ?2QT2/i? i i?Bb bim/vb2 p2biQ KQiBp i2 7m’i?2  i?2Q 2iB-
bim/B2b Q7 b+ ii2"'BM;- br "Ki> MbTQ i- M/ BMi2'7 +2/vM KB+b Q7

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RBR+i"QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8XR3, 1H2+i'QM /2MbBiv T QT ; iBQM rBi?BM HB[mB/ h>6X ¢
i?72 BMBiB H+QM/BiBQMX 1pQHmMiBQM Qp2  iBK2 /2MQi2b K DQ" /
/i -+QKT 2/iQ bBKTHvV b+ HBM: ; b T? b2/ i X

+QKTH2t #BQKQH2+mH2b iQ 7 +BHBi i2 7m i?2  mM/2 bi M/BM; Q7
i2+?MQHQ;B2bX

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RBk2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8XRN, AQM /2MbBiv +2 i2/ rBi?BM HB[mBI/"Q¥ X% aQdB8/ HB NV
2H2+i'QM BKT +i BQMBb iBQMX . D?Q/nkHBM DIB / 2MIQ#2 QM ii +?K?2
SBMF /Qii2/ b2 'B2b /12MQi2b QM/BNBRIBXH1pQHMIBQM Qp2 iBK2 /2N
/IBz2°2M+2b r?2M mbBM; HB[mB// i - +QKT "2/iQ bBKTHv b+ HBM.

6B;m 2 8Xky, 1pQHmMIiBQM Q7 i?2 2H2+i QM K2 M p2HQ+Biv 2tT2"
rBi?BM HB[mB/ h>6X SBMF /Qii2/ b2 "B2b /2MQi2b i?2 BMBiB H +
iBK2 /12MQi2b K DQ  /Bz2'2M+2b r?2M mbBM; HB[mB// i - +QKT "2/
T? b2/ i X

*?2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RBH2+i" QM i



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B;m 2 8XkR, 1pQHMIiBQM Q7 i?2 "2/m+2/ 2H2+i B+ }2H/ 2tT2 B:
rBi?BM HB[mB/ h>6X SBMF /Qii2/ b2 'B2b /2MQi2b i?2 BMBiB H +
iBK2 /2MQi2b K DQ  /Bz2 2M+2b r?2M mbBM; HB[mB/ / i - +QKT "2/
T? b2/ i X

*2 Ti2 8X a+ ii2 BM;-i  MbTQ i- M/ bBKmH iBQM Q7RE92+i" QM i



&RQFOXVLI

6XPPDU\RIUHVXOWYV

1K2 :BM: TH bK i2+?MQHQ;B2b-bm+? b TH bK K2/B+BM2 M/ TF
"2 2HB MiQMi?2i Mb72 Q7 +? “:2/bT2+B2b 7 QK : bT? b2 TH L
M BMi2 7 +B HH v2'-iQ DbQ7i@+QM/2Mb2/ HB[mB/ T? b2- bm+? &
i MbTQ i Q7 2H2+i"QMb ? b #22M B/2MiB}2/ b + BiB+ H +QKTQM
b2H2+i ' QM@BM/m+2/ +?2KBbi'v ii?2 BMi2 7 +2Bb K DQ  bQm
"2 +iBp2 bT2+B2b i? i "2 /2HBp2 2/ iQ i?2 HB[mMB/X q?BH2 i?2 E
i° MbTQ i M2 i?2 BMi2 7 +2 7?2 b #22M B/2MiB}2/- mM/2 bi M/BM; Q°
K2+? MBbKb Q7 2H2+i"QMb i?2°Qm:? i?2: b@HB[mB/ BMi2 7 +2 ?
h?Bb “2b2 “+?2 Qz2'b }'bibi2TiQ //°2bb i?Bb #v T'QTQbBM; bBKr
KQ/2H 2H2+i"QM i° MbTQ i BM- M/ #2ir22M-; b M/ HB[mB/ /Bb+?

hQ HHQr #2M+?K "FBM; M/ BKK2/B i2 TTHB+ iBQM Q7 i?2 K2i?
bim/v- b2+QM/ v TTHB+ iBOQM Q7 /m HT? b2 b@HB[mB/ T “iB+H
b HB[mB/ /i Bb p BH #H2 7Q " 2H2+i'QM i’ MbTQ i BM bBKTH?2
QM M/ t2MQM-i?2 T°Q+2bb Q7 2H2+i QM 2ti° +iBQM 7 QK /2i2
T? b2iQ;: bT? b2 + M #2 KQ/2H2/ mbBM; i?2 /2p2HQT2/ 7" K2rQ"
/2KQMbi> iBQM Q7 i?2 TTHB+ #BHBiv Q7 i?2 T°'QTQb2/ 7 K2rQ"
7mim 2 TTHB+ iBQM iQ +QKTH2t- TQH ~ HB[mB/b- bm+? br i2 - ;
TTHB+ iBQMbX

h?2 # bBb Q7 i?2 bBKmH iBQM 7> K2rQ ' Frb MQM@HQ+ H-70Q
7Q° 2H2+i'QM i° MbTQ i BM #Qi? ; b M/ HB[mB/ /Bb+? “;2bX S'QT
T?vbB+ H +HQbm 2 TT QtBK iBQMb M/ TTHB+ iBQM Q7 /2MbB
2H2+i"QM BMTmi/ i r2°2 QmiHBM2/ M/ p HB/ i2/ ; BMbi FBM2iB+ |

R88



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

bBKTH2 HB[mB/ KQ/2HX "v bb2bbBM; i?2 bbmKTiBQMb 2KTHQ
~mB/ KQ/2H-i?2 HBKBi iBQMb Q7 /2b+ B#BM; ~ TB/Hvp vBM; 2H
TmM+iBQMb i?2°Qm;? KQK2Mi KQ/2H r2'2 HbQ ?B;?HB;?i2/X

hQ # B/;2 i?2 ; T #2ir22M BMTmi /i 7Q  ; b M/ HB[mB/ T? b2b
[2T2M/2M+2 Q7 2H2+i"QM i° MbTQ i QM i?2 #nyFr R imiv/BI2/nXi~ H /
hQ HHQr KQ/2HBM; Q7 2H2+i'QM i MbTQ'i b +QMiBMmmK +'Qb
TT QtBK iBQM "mH2r b T QTQb2/X h?2 TT QtBK iBQM K2i?Q/r b |
T2'BK2Mi H/ i - M/ /2KQMbi' i2/i?2 #BHBiviQ '2bQHp2 +QKTH2t i
T 'iB+mH "Hv BM HB[mB/ t2MQMX AKTH2K2MiBM; i?Bb TT QtBK
Q7 2H2+i'QM i° MbTQ' i/ i nBgMHMREB/B2ie22M ; b M/ HB[mB/ /2N
2ti'2K X JQ/B}+ iBOQMb Q7 ; b T? b2 + Qbb b2+iBQMb r2°2 QmiHB
7Q° 2H biB+ +Q?2 ' 2Mi b+ ii2°'BM;- TQH "Bb iBQM TQi2MiB H b+
BQMBb iBQM + Qbb b2+iBQM i? 2b?QH/X

TTHB+ iBQM Q7 i?2 T ' QTQb2/ ~mB/ KQ/2H- M/ BMTmi/ i TT
K /2iQ bBKmH i2 bi'2 K2 i MbTQ i 7°QK ; biQ HB[mB/ +'vQ;2MB-
iBQM HHv- 2ti° +iBQM Q7 2H2+i ' QMb 7' QK +QM/2Mb2/ HB[mB/ BMi(
/2KQMbi® i2 TTHB+ #BHBiviQ 2H2+i'QM i’ MbTQ'iBM/m H@T? b
h?2 2z2+ib Q7 mbBM; b+ H2/; b Q" ++m’ i2 HB[mB/ BMTmi/ i - b r:
bKQQi? Q bi2TT2/BMi2 7 +2i° MbBiBQM-r2"2bim/B2/7Q  HQ+ F
M/ K2 M2M2 ;v /2T2M/2Mi ~mB/ KQ/2HbX Air b /2KQMbi™ i2/i? i
~mB/ KQ/2HBM; K2i?Q/ r bi?2T°QTQb2/ K2 M2M2 ;v /2T2M/2Mi 7
TTHB+ iBQM Q7 i?Bb KQ/2H r b /2KQMbi® i2/iQ HHQr i?2 QTiBC
b?22  bi2T@7mMM+iBQM BMi2 7 +2 BMbi2 / Q7 KQ'2 +QKTH2ti M~

6BM HHv- mbBM; p BH #H2 2tT2'BK2Mi H M/ i?2Q 2iB+ H b+ |
2H2+i"QMb BM ; b2Qmb i2i° ?2v/"Q7m> M Uh>6V-i?2 } ' bi +QKTH2
2H2+i'QM i° MbTQ ' iBM h>6r b T°QTQb2/X IbBM; i?2 p BH #H2 b2i
h>6 + " Qbb b2+iBQMb- M/ M 2tT2'BK2Mi H bi iB+ bim+im 2 7 +
b2i Q7 KQ/B}2/ +'Qbb b2+iBQMb 7Q" 2H2+i " QM i° MbTQ i BM HB|
++QmMi 7Q° 2H biB+ +Q?2 2Mi b+ ii2’BM; M/ BQMBb iBQM TQi2l
+QM/2Mb2/ T? b2 /2MbBiB2bX 1H2+i'QM i> MbTQ i/ i 7Q  ; b M/ I
+QKTmi2/- M/ TTHB2/ bBMTmi/ i iQi?2 bBKmH iBQM 7" K2rQ"
bim/vX TTHB+ iBQM Q7 i?2 KQ/2HBM; K2i?Q/b iQ bi'2 K2 7Q K iB
HB[mB/h>6r b /2KQMbi® i2/X b "2bmHi-+H2 “/Bz2 ' 2M+2br2°2 /2]
bBKTHv b+ HBM; ; b T? b2/ i iQ HB[mB/ /2MbBiB2b M/ mbBM; 1
++QmMIiIiBM; 7Q° 2H biB+ +Q?2 '2Mi b+ ii2°'BM; M/ BQMBb iBQM i?

)XWXUH UHVHDUFK GLUHFWLRQV

6°QK i?2 T 2+2/BM; “2b2 “+? Qmi+QK2b- MQp2H 7" K2rQ F 7Q"
i MbTQ'i i; b@HB[mMB/ BMi2 7 +2b ? b #22M /2KQMbi > i2/X q?|
TQbBiBp2 QM2- i?2°2 "2 K Mv 2K BMBM:; [mM2biBQMb i? i M22/ i

*2 Ti2 eX *QM+HmMbBQM R8e



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

*2b2 "+?X aQK2 TQbbB#H2 /B 2+iBQMb i? i HQ;:B+ HHv 7QHHOQr
BM+Hm/2,

1tT M/BM; MmK2 B+ H BKTH2K2Mi iBQM iQ irQ /BK2MbBIQI® H ;2Q
TQ i bBKmH iBQMb BM irQ /BK2MbBQMb rBHH HHQr BKTQ i
++mKmH iBQM QM i?2bm’ 7 +2 Q7 ; b@HB[mB/ BMi2°7 +2 M/
bT2+B2b iQ #2 BM+Q ' TQ i2/X

aBKmH iBQM Q7 2?22 pv T iB+HBRDI iMbF@ i2Mi "2b2 “+?2 T°QD2+i-
2H2+i"QM /vM KB+b r2°2 i?2 T'BK v 7Q+mb ?Qr2p2° BQM M
rbMQi +QMbB/2°2/X AM "2 HBiv-i?2i  MbTQ'iQ7 BQM M/ 2
i MbTQ i Bb p2 v BKTQ i Mi7Q" TTHB+ iBQMb HBF2 TH bK K
Q7 i?2 #2M2}+B H +?2KBbi v Bb /2HBp2 2/ #v BMi2  +iBQMb Q7

AM+HmMbBQM Q7 7m i?2" b+ ii2ABM;/MBI@BKRMEBDbiIi?2 2H2+i QM b+ i
T°Q+2bb2b +QMbB/2 2/ BMi?Bb bim/v-7m i?2 > T°Q+2bb2b bm+?
iBOM- BOM@BQM "2+QK#BM iBQM- M/ 2H2+i'QM@2H2+i"QM
BMiQ i?2 +QHHBbBQM /i Q7 i?2 T'QTQb2/ KQ/2HX //BiBQM H
+2bb2b BM TQH “HB[mMB/b-bm+? bbQHp iBOM- b?2QmH/ #2 ++¢(
+ ' Qbb b2+iBQMb #2BM; /2p2HQT2/ BM T 2b2Mi i?2Q 2iB+ H bi

AM+Q TQ iBQM Q7 bim+im 2/ ri2 i MT@M/Ki2MiBQM2/ BM i?]
"2b2 "+? bim/v-i?2 #B;@TB+im 2 ;Q HQ7 TH bK @iBbbm2 BN\
+?B2p2 #2ii2  KQ/2H Q7 +? ;2/ T 'iB+H2i MbTQ iBM?mK M
MTQM i?2 bi M/ "/ ri2 pTQm  bbmKTiBQMX hQ +?B2p2i?B
b?QmH/ 2M/2 pQm ™  iQ TTHv i?2 /2p2HQT2/ 7 K2rQ F iQ 2H:
bi'm+im 2/ri2 - M/ KBtim 2b Q7 r i2 rBi? #BQHQ;B+ HHv "2
+?B2p2 KQ 2 2T 2b2Mi iBp2 iBbbm2 M HQ;m2X

1tT2 ' BK2Mi H bim/B2b Q7 i° MbTQ'i ii?2 ; b@QBImMBT BRIK2N |+ 2
i72Q°2iB+ Hbim/B2b-2tT2 ' BK2Mi Hbim/B2b Q7 TH bK BMi2" +i
b?QmH/ #2 7m i?2° /2p2HQT2/X .B :MQbiB+ K2 bm 2K2Mib Q
i?72 BMi2 7 +2- br2HH b /27Q K iBQM Q7 i?2 BMi2 7 +2 Bib2H
i? i +QmH/ #2ii2° BM7Q K KQ/2Hb-bm+? bi? iT QTQb2/ BM i’

*2 Ti2 eX *QM+HmMbBQM R8d



SHIHUHQFF

(RLX X : H M/-JX CX ""mM;2-:X: +B - CX /2 I'[mMBDQ- M/
h> MbTQ i T°'QT2iB2b Q7 2H2+i'QM br Kb BM i2i> 2v/"Q7m" M
Q7 M TTHB2/ 2H2SIVBB42H /@ BB2ryekdRk UKYRjV X

(KILX X : H M/-.X :X *Q+Fb- :X CX "QVH2- aX .mDFQ- M/ _X .X
~mB/ KQ/2H M HvbBb M/ #2M+?K "Fbim/v7Q 2H2+i'QM i’ Mb"
M HQSBHXbK aQm +2b a+B2M+2 Ne-hRd@WQHKY RdV X

(j)LX X : "H M/- : X CX "QVH2- . X:X*Q+Fb- M/ _X .Xq?Bi2X TT°
MQMHBM2 " /2MbBiv /2T2M/2M+2 Q7 2H2+i"QM i° MbTQ i +Q
T i2b + Qbbi?2; b HB[mMBH BMiZa@m22b a+B2M+2 -Md h2+?MQH
yk9yyk UKyR3VX

(9). X .X q?Bi2-JXCX""mM;2-LX X: HM/-_X1X_Q#bQM- EX 6>
CX/21'[mMBDQ-aX .mDFQ- M/ wX GX S2i"QpBEX 1H2+i'QM br
M/ 1 i2  KBtimhi22Xm QT2 M S?vbB+ l¢35 @kBMJKyRIV X

(8) X .Xg?Bi2- . X*Q+Fb-:X"QVH2-JX* b2v-LX: "H M/- . XEQMQp
SX aiQF2b-CX /2 1'[mBDQ-PX :QMX€H2Xx@J ; ¢ - _X SX J+1 +7?°
JXCX " " mM;2 -:X: +B -aX mDFQ- M/ wX GX S2i QpB+X 1H
#BQKQH2+mH ~; b2Qmb M/ HB[mB/ bvbi2Kb, i?72Q v- 2tT2 BK
+ ' Qbb@b2SHBIKMEBXQ M +2b a+B2M+2 Nd-h28&yMR HRYR-3V X

(eY¥X >Q2Mib+?2- hX pQM qQ2/iF2- EX@.X q2HiK MM- M/ CX " “#
/2T2M/2Mi 2z2+ib Q7 HQr@i2KT2 im 2 iKQbT?2'B+@T 2bb
2TBi?2HB H +2HH ii +?K2Mi- pB #BHBiv M/ iB;?2CQmMAiBQM 7
Q7 S?vbB+b ., TTHB®28-SykdkBebU kyRkV X

(d)X CX G22-JXJIX . : K- M/EX1X :m##BMbX h?2p TQm @HB]
H2MM /@DQM2b KQ/2H Q7 ;Q WM@HZ +fiH) M S&R/tRERHDb X
URN39VX

(3)X h"QF?2vK+?mF M/ CX H2D M/ 2X *QKTmi2 bBKmH iBQMb Q7
BMG2MM “/@CQM2b ~mB/b, aQK2 [GQmMiBQ M IQ M/? MbB 2 HS?2vbE
RRR- 38Ry URNNNVX

R83



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(N)X X *? T2H - :X a pBHH2- aX JX h?QKTbQM- M/ CX aX _Qrkt
bBKMH iBQM Q7 ; b HB[MBCHM?2K2XQ+XR&K " / vdji- MbX k-
RRjj URNddVX

(RY)X CX "QVH2- gX CX h ii2 b HH- .X :X *Q+Fb- _X SX J+1 +?° M- N\
KmHIiB@i2 K bQHMIBQM Q7 i?2 bT +2 iBK2 "QHixK MM 2[m iBQ
M/ HB[mBHbBK aQm +2b a+B2M+2 Ne-h2kW @ WRyRdV X

(RR)X :mb?+?BM- X E'm;HQp- M/ AX P#Q/QpbFBBX 1H2+i"QM /
QM M/ t2MQMX S?vbX 88LheS8-y URN3KV X

(RKJ)X CX "QVH2- X SX J+1 +?° M- .X:X *Q+Fb- M/ _X .X q?Bi2X 1H
M/i> MbTQ i BM HBMPR/CQAMK H Q7 *? 2K BRO K RSSvayRl+ b -
UKkyR8VX

(RibX aXJBHH2 -aX >Qr2- M/ gX 1X aT2 "X *? ;2 h” MbTQ i BN
-E- M/ s@XvbX _RpX¥- 3dR URNe3VX

(RIGX GX S +F- X 1X 0Qb? HH- X 0oX S?2HTb- M/ GX 1X EHBM2)
/IBzmbBQM +Q2{+B2Mib BM ; ®QIm, MQHHK)Z ; DPHRIR $j&2ybB+b-
URNNKVX

(R8)X CX "QVH2- X SX J+1 +?2° M- .X :X *Q+Fb-JX CX ""mM;2"-
aX .mDFQ- M/ _X .X q?Bi2X # BMBiBQ 2H2+i'QM b+ ii2 ' BM
i MbTQ i BM HB[rCEYni2M GIMX7 S?vbB+b ., TINHBEBBKSRvbB+b
UkyReVX

(ReaX >m M; M/ :X _X 622K MX 1H2+i'QM KQ#BHBiB2b BM ; b2Qr
t2MQM, .2MbBiv- 2H2+i B+ }2H/- M/ i2KT2 im 2RZ2+ib, Zm
CQm M H Q7 *?2KBe3H P88 BRHRNI3IVX

(RA)X > v b?BX¥HBQ;> T?2v Q7 2H2+i'QM M/ T?QiQM + Qbb b2+iB(
KQH2+mH2b Tm#HBDb?2/ BM i?2 kyi? +2Mim'v @ ;QMX LA6a@

(R33X JQS2DFQ- 1X Si bB-bF @.2M; - X .QK ~ +F - M/ *X axKViF
iQi H+ Qbb@b2+iBQM K2 bm 2K2Mib 7Q° 2H2+i"QM +QHHBI
S?vbB+ H 2p@®2ryRkdy3 UkyyeVX

(RNO)X *X 6mbb- _X *QHK2M "2b- X:Xa Mx- XJIJm¢Qx-CX*X PHH2" -
Q-JIX CX ""mM;2 - . X HK2B/ - SX GBK¥2Q@oB2B" - M/ :X :
BMi2° +iBQMb rBi? i2i QMQAW " QWXS?vbB+b, *QMT2 2M+2 a:
YRKkyRy UkyRkVX

(ky)X w2++ - *X S2° xxQHHB- M/ JXCX " " mM;2°X SQbBi"QM M/ 2H
i2i° ?2v/ Q7 QMXM H Q7 S?vbB+b ", iQKB+-JQH2+mH ~ M/ P’
j3- kydN Ukyy8VX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(kRGX *?B 'B- 1X M/2'bQM- gX hii2’b HH- CX _X J +? +2F- S
*XJ FQ+?2F Mr - CX SX amHHBp M- : X : "+Q - 6X "H M+Q- _
JXCX " " mM;2 - M/ aXCX"m+FK MX hQi H- 2H biB+- M/ BM2H
TQbBi"QM M/ 2H2+i QM +QHHBbB QW2 r& Q@ mi2N" P \Q 7Q* 7 K BMX T
S?vbBR|B- yd9jyR UkyRjVX

(KkX uX " 2F-JX "m;->X _ #mb-1X: ;BQMB- M/ "X :"Qbbr2M/i
2H biB+ M/ iQi H2H2+i"QM b+ ii2 ' BM: + Qbb [S2>nilBEIMI Q7 i2
_2pB2r3e- yjkdyk UKyRkVX

(kjd X 6mbb- XJIJm¢Qx- CX *X PHH2 -6X "H M+Q-.X HK2B/ - SX GE
Q-JIXCX "' mM;2 - M/:X: +Q X 1H2+i ' QM@b+ ii2"'BM; + Qbb
rBi? i2i° ?2v/ " Q7m" M 7 QK 8B PQBEYyyH20XBB2y8kdyN UkyyNVX

(K9JX CX *QHvV2 - 0X 0Bx+ BMQ- CX SX amHHBp M-JX CX ""mM;2" -
Hmi2 2H biB+ + Qbb@b2+iBQMb 7Q  HQr@2M2 ;v 2H2+i"QM b+
L2r CQm M H Q7N-? 9IRBY byydV X

(k8)X: m7-GX _X> ;72 p2b- XCQ-CXh MM2 -JX XE? FQQ-hXq
M/ oX J+EQVX GQr@2M2 ;v 2H2+i"QM b+ ii2 " BRMybB+iH "~ ?v/
_2pB2r38- y8kdRd UkyRkVX

(keJX . KT+- X _XJBHQb pHD2pBE- AX GBM2'i-"X SXJ '"BMFQpBE
2MiB H+ Qbb b2+iBQMb 7Q  HQr@2M2 ;v 2H biB+ 2H2+i'QM b+
BMi?2 M;mH " M;2%3¢bB3y X2mB2ryd3kdRy UkyydVX

(kdJX HH MX #bQHmi2 M:H2@/Bz2 2MiB H 2H biB+ M/ pB#"
b2+iBQMb 7Q  2H2+i'QM +QHHBbBQGPMBA?HI 7 BAVOBmMH M
iQKB+- JQH2+mH ~ M/ PTDBB+ jI8jR?V k BydV X

(k3)X X E? FQQ- .X P iQM- GX _X > *:°2 p2b- M/ LX J2v2 X 1F
pB#  iBQM H 2t+Bi iBQM Q732ibBw/ H) 728BPyRkdy8 UkyRjV X

(KNSX JQS2DFQ M/ GX a M+?22X * " Qbb b2+iBQMb 7Q " 2H2+i QM
+QKTQM2Mib Q7 .L M/BLBQM S?vbB+b M/dj? 20kdBb k'ywy 8 V X

(jyMX . KT+- 1X axvK —bF - "X JB2H2rbF - M/ JX wm#2FX AQMB
7° ;K2Mi iBQM Q7 i2i° ?2v/'Q7m M KQH2+mHQ@ VM H2®i7 QM
S?vbB+b ", iQKB+- JQH2+mH ° MD®TyB8kH e Bkl BRRH-X

(JRpX SX hX .Q-JX G2mM;-JX 6mbb-:X: "+B - 6X "H M+Q- EX _ il
""mM;2 X 1t+Bi iBQM Q7 2H2+i QMB+ bi i2bBM i2i ?2v/ Q7m"
h?2 CQmM™ M H Q7 *?2KBR{fH B29hBt+UKkYyRRV X

(jk) . X hX "Qr QM- CX GX 6BMM2v- M/ X EX aQT2 X h?2 ai'm+im
/"Q7m CNDM M H Q7 i?2 K2 B+ M *?RKB+8RRQHBRiyeV X

(jj)IX X GB2#2 'K M M/ X CX GBBMi2BM#R2bXQ7 SH bK .Bb+? ;2
Ji2°'B Hb S°'Q+2bbBM; - kM/ 1/BiBQMX qBH2V@AMi2 b+B2M+2 |
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(J9AX [/ KQpB+?- aX . X" H'm/- X "Q; 2°ib- SX CX ""m;;2K M-
OX *QHQK#Q-IX*x M2ixFB-I1X1#2 i-CX:X1/2M-SX 6 pB -.X "X
;m+?B-:X >B27iD2-JX>Q B-AX . XE ; MQpB+?-IXEQ ib? ;2M-
J bQM-aXJ xQmz'2-aXJXh? ; " /->X@_XJ2i2HK MM- X JBxI
X"XJIm T?2v-"X XLB2KB  -:XaXP2? H2BM-wX GX S2i QpB+-
Sm-aX_m7-PXaF B-aXa KmFr -aXai BFQpbF B -CX h2MM
JXIJIX hm M2 -JX *XJIXpM/2a M/2M- M/ X o /2HH2X h?2
~_Q /KT, GQri2KT2 im"2 TH bK b+B2M<€D /M 2H DV (BH® b\B%+ b
., TTHB2/ S?8pBjHgyyR UkyRdV X

(j8BX h ++Q;M M/ 6X S2HH2;"BMBX EBM2iB+b Q7 TH bK bi'2
CQm'M H Q7 S?vbB+b ., TBR+B/Z9YYRbBKYR 3V X

(jeSXEXS T/QTQmMHQb-SX 072 b-SXap M b-EX: x2HB- SX J:
X :F2HBQb- M/ 6X *HOK2MiX AMi2 T 2i iBQM Q7 i?2 ; b ~Qr
BM/m+2/ #v ;mB/2/ bi 2 K2 USTH bK #@E@HM2MWY QD VIF ?;vbBGM X,
TTHB2/ S?90dB9k8kyj UkyR9VX

(jACX@SX "Q2m7- GX GX u M;- M/ GX *X SBi+?7Q /X .vM KB+b
UTH bK #mHH2iV BM ?2HBmK D2i BM BT QmK\Q bTQ 2 B%vD B+bib
., TTHB2/ S?9kByR8kyR UkyRjVX

(j3LX ""mM2iiB-1X * HHB; 'B+?-JX * K#B ;?2B-6X* "#QM " - X *Q-
X .QH}MB- X 1°2/Bi iQ- :X 6BQ BHHQ- GX :> M/B- :X J M;
*X JQMi M "B-JX S i - X_ TTQH/B-:X GX _ b2HHB-JX QM+

*X m##B - _X a MiQ 2HHB- M/ *X oB;MQHBX q _S HB[mB/
Kii2 > bm p2vXbi'QMQKv _29B2ke8 Ukyy8VX

oy

(JNHYX "QM/ - X "mxmHmMibFQp- X :"2#2MmF- . XS pHvm+?2MFQ
uX hBF?2QMQpX hrQ@T? b2 ";QM M/ t2MQM p H M+?2 /2i2+
1H2+i"QM IJmHLBIHHB2 " bAMbi mK2Mib M/ J2i?Q/b BM S?vbB+
a2+iBQM , ++2H2 iQ b-aT2+i QK2i2 b- .2i2+iQ b88&8d bbQ+B i
kdj UkyyeVX

(9y¥JX _2;2M7mbX h?2 ;QM/ "FK ii2  2tTZ @K 2WiHUQ7 /X bB+b
*QM72 2M+2kyd BRN-UKyRYVX

(9R§X a M;BQ ;BQ- hX CQb?B- X "2"Mbi2BM-CX *QH2K M-JX 6Qt2-
QpB+- EX E xF x- EXJ p QFQ B/Bb- oX JQxBM- aX S2 ' 2p2 x.
6B bi /2KQMbi® iBQM Q7 bm#@F20 2H2+i QM "2+QBH 2M2"
QM BQMBXx iBQMMmRHR#2AMbIi " mK2Mib M/ J2i?Q/b BM S?vbB+
a2+iBQM , ++2H2 iQ b-aT2+i QK2i2 b- .2i2+iQ bdMZ bbQ+B i
eN UkyRjVX

(9KRhX 0QM gqQ2/iF2- >X X J2i2HK MM- M/ EX .X gq2HiK MMX *}
J2/B+BM2, ai i2 M/ S2 bT2+iBp2b Q7 BM 0BpQ TTHB+ iBQM
SH bK*@Mi'B#miBQMb iQ SHS®K RYBvb BRIV X
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(9jLX aiQz2Hb-uX a FBv K - M/ .X "X :  p2bX *QH/ iKQbT?2 B+ 1
bT2+B2b M/i?2B  BMi2  +iBQMb rB12% 2HMlb M/BiGMbnRM S H bK
a+B2Me2R99R Ukyy3VX

(99X : X EQM;- : X E'Q2b2M- : X JQ }HH- hX LQb2MFQ- hX a?BKBXx
CX GX wWBKK2 K MMX SH bK K2/B+BM2, M2BNMiQ@/nvt+HIQW " 2p
S?vbBRRJKYyyNVX

(98CX >2BMHBM- : X JQ }HH-JX G M/i? H2 - gX aiQHx- : X Ab# v
hX a?BKBxm- M/ aXE "2°'X SH bK @J2/BxBM, Mr2M/mM;bK
2K IiQHQCB2X CQM™ M HQ7 i?72 :2° K MaQ+B2i3* é¢32 K iQF
UKkyRyVX

(9eaX "2F2b+?mb- X a+?KB/i- EX .X q2HiK MM- M/ hX pQM qQ2/i
D2i FALS2M TQr2 7mH iQQH 7OHB@®BMH?2HHBII 9X2/B+B M 2
RN UkyReVX

(9dHX *?22M- . X sX GBm-wX*X GBm- XCXu M;->XGX*?2M-:X a? K
KQ/2H Q7 TH bK @#BQ}HK M/ TH bK @iBbbm2 BMi2  +iBQI
PQHMK2 j9 UkyR9VX Aa"L RRYNYyyR9NS8X

(93)X .X g?Bi2 M/ _X1X _Q#bQMX JmHiBi2'KbQHmMiBQM Q7 :2M2°
2iB+ 2[m iBQM 7Q  2H2+i"QM M/ TQbBi'QM i  MbTQ i BM bi m+
K ii2"$?vbB+ H _28B2ryJJRRk8 UKkyRRVX

(IN9X hB M M/ JX CX Emb?M2 X iKQbT?2 B+ T 2bbm 2 /B2H2+i"
BMi2" +iBM; rBi? HB[mB/ EQp2 N /HBDbb®2XbB+b ., TIHB2/ S?vb
Re8kyR UkyROVX

(8ybX uX " # 2p -gX hB M- M/ JXCXEmb?M2 X h?2 BMi2" +iBQN\
}H K2Mib BM /B2H2+i ' B+ # B2 /Bb+? ;2b M/ HB[mB/ +Qp2 2/
/[2HBp2 2/ iQ KQ/2H TH i2€IQMm MH+QHISBXbB+b ., TIdHB2/ S?vb
kj8kyR UKkyR9VX

(BRIXCX""'mM;;2K M-JXCXEmMb?M2 -"X _XGQ+F2-CX:X1X: /2ME
X "X 2T p2b- _X *X >X JIJX >Q7K M@* "Bb- . X J "B+- CX SX _~
X 62°"M M/2x _Bp b-CX 1X 6Qbi2 - aX *X : ""B+F-uX :Q # M2
6X AX - >X C #HQMQrbFB- 1 X EHBKQp - CX EQH#- 6 X E"+K - |
AX J "BMQp- .XJ 'BQiiB- ax J2/2/QpB+ h? ; /- . X JBM F i -
CX SrH i- wX GX S2i'QpB+- _X S~B2;2 - aX _2mi2 - . X *X a-
JX a?B” Br - "X h  #Qp€- SX X hb B-CX _X _X 02 H2i- hX pQ
gBHbQM- EX ubmB- M/ :X wp2 2p X SH bK HB[mB/ BMi2" +
"Q /K TSH bK aQm +2b a+B2M+2 NMI-h23yMIQUIKY,ReV X

(8k)X JX GB2ix M/ JIJXCXEmMb?M2° X B TH bK i2 iK2Mi Q7 HBJ!
HQM; iBK2b+ H2 €QMKBMiHVR7 S?vbB+b ., TIMHBRBISyYvbB+b
UkyReVX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(8j).X :QT H F'Bb?M M-1XE r Km - XCX GB+?i2M#2 :-JX X GB2
*p2bX aQHp i2/ 2H2+i"QMb | i?2 iIKQbT?2'B+ T 2bbm' 2 T}
BMi2 7C42'M H Q7 S?vbB+b ., TIMNHBAON 8k3\8bBKYR e V X

(894X a+?KB/iX 1H2+i'QMB+ *QM/m+iBQM S Q+2bbRbliBM .B2H
h Mb +iBQMb QM 1H2+i BA @& RNWbBN URQIN OV X

(880X a F B-aXL FKm - M/>Xh:b?B X ."B7i 02HQ+Biv Q7 3
GB[mB/ - E - MA42X" Mb +iBQMb QM 1H2+i1B@KREMbmH iB
URN38VX

(8eyX a F B-EX amF2; r -aXL FKm - M/>Xh; b?B" XJQMi2 * |
Q7 2H2+i"QM i° MbTQ'i #2? pBA1BMhHB[MBIBQ®BMXM 1H2+i
AMbmHKB@MN URN33VX

(8dEX G2FM2 X JQiBQM Q7 2H2+i MbBMH BRBBRjy;, RNXedV X

(830X JX i° x?2p M/ AX hX A Fm#QpX >Qi 2H2+i T\DMBM MQM @ T C
S?vbB+b *, aQHB/ ai ROS8RHBAHRN3IRV X

(8N9X IJX i x?2p M/ AX hX A Fm#QpX h?2 2H2+i"QM /"B7i p2HC
CQm'M H Q7 S?vbB+b ., TR EKR 887U RBI-d-V X

(eydX IX i° x?2p M/ 1X :X .KBi'B2pX >Qi 2H2+i'QMb BM iQKB+
rBi? KQH2+mH ° BEDOm BIiBR2OX S?vbB+b *, aQ HEN ®jikN2 S?vbB.
URN3eVX

(eROX i° x?2p M/ AX hBKQb?FEBMX 1H2+i'QM b+ ii2 BM; #v +m
iBH, TTHB+ iBQMiQ 2H2+i'QM T QTX77BBBBM _iZpBR+ H@[
*QM/2Mb2/ J ii2° M/ J i2°B BO-SORbBk RNNeVX

(ekyX 6X a+?KB/i M/ 1X AHH2M#2 ;2 X GQr 2M2 ;v 2H2+i"'QMb
LMFH2QWBBFd8 UkyyjVX

(ej)X 6X "Q ;?2b MB- .X A MMmxxB- M/ :X * "m:MQX 1t+2bb 2H
HB[mB/ "@E° M/ "@sZTRBLiM BbX7 S?vbB+b *QM¢BWBE/ J ii2°
URNNAVX

(e9)X 6X "Q ;?2b MBX 1H2+i'QM M/ BQM i MbRQLilBM MMb@® "2 ;
iBQMb QM .B2H2+i"B+b M/ 1HR{i BNKkH AWER N iBQM-

(e8)yX CX h ii2 b HH- .X :X *Q+Fb- :X CX "QVH2- aX CX "m+FK M-
JOMi2 * "HQ bim/v Q7 +Q?2 2Mi b+ ii2"BM; 2z2+ib Q7 HQr@ 2\
i° MbTQ i BM S2 +mb @ &pvE-8F+ HB [ 2 BERXy19jjy9 UKyR8V X

(ee X "QHIiXKGEIMMK "2b QM : b h?2Q vi®  MbH i2/ #X aMBIP2MBi¥ mb?
Q7 * HB7Q MB S 2bb-"2 F2H2v UR3dkVX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(ed)X g?Bi2-gX hii2 b HH- : X "QVH2- _X Q#bQM-aX mDFQ-wX S
JX " mM;2 -CX amHHBp M-aX "m+FK M- M/ :X: +B X GQr@:
TQbBi'QMi° MbTQ i BM ; b2b M/ bQ7i@+QM/2Mb2/ bvbi2Kb
TTHB2/ /B iBQM M3Abdd Q@K2ROV X

(e3)X g?Bi2- EX L2bb- M/ _X _Q#bQMX .2p2HQTK2Mi Q7 br "K i’
T /IBQ@7 2[m2M+v 2H2+i B+ M/ + ' Qbb2/ 2HTZHAHB2/ BIhK7 ;M2iB +
a+B2M#Nk- ke UkyykVX

(eNJX CX > ;2H ° M/ GX *X SBi+?7Q /X aQHpPBM: i?2 "QHixK MM
2H2+i"QM i° MbTQ i +Q2{+B2Mib M/ i2 +Q2{$B2bMib 7Q  ~r
aQm +2b a+B2M+2 M/R2-+PRKQIKY N8V X

(dy)X 1X _Q#bQM M/ EX 6X L2bbX 02HQ+Biv /Bbi'B#miBQM 7r
+Q2{+B2Mib Q7 2H2+i'QM br "Kb BM ; b2b, aT?2 B+ H@? "KC
"QHixK MMo6b 2RPVBRMN 2B 2ye3 URN3eVX

(dR)X CX ""mM;2° M/ aXCX"m+FK MX 1H2+i'QM KQH2+mH2 b+ ii:
1tT2 BK2Mi Hi2+?MB[m2b M/ /i 7Q /8?MpBBH KEBI@+#MH2bX
kR8 UkyykVX

(dkaX CX "m+FK M M/JX CX " mM;2 X *BiB+ H *QKT 'BbQM Q7 !
**Qbb a2+iBQMb K2 bm 2/ #v aBM;H2 *QHHBbBWQN" MBaM K h2
COmM'M H Q7 8pvBB#+UBRNNIVX

(dj) : X _mQx@o ; b-JIXuQmb}- M/ CX /2 1'[mBDQX 1H2+i QM i I
i?72 KBtim '2b Q7 >k PrBi?Lk-Pk-*Pk M//'v B>7Q"i?2 Q"
Q7 MOM@i?2 K H iKQbT?2 B+ C2bbvh 2 §H DXvbB+b ., TTH
S?vbB¥b988kyR UkyRyVX

(d93X *? KTBQMX Zm MimK@K2+? MB+ H T 2/B+iBQMb Q7 2H2+
+ Qbb b2+iBQMb Q7 .L hDXCQM2WIil X7 *? 2K BRY 3HRID B +b -
UKYRjVX

(d8)X q *"QKTiQM M/ JX JQ 'BbQMX M Hvb2b Q7 _2+2Mi 1tT
h?2Q 2iB+ H .2i2 °KBM iBQMb Q7 2 @ >k oB# iBQM H 1t+Bi
bb2bbBM; GQM;@ai M/BMmbQVHBEQM2CIKM M HI® KBj?vbB+b
URNNjVX

(de)X _Q#bQM- _X q?Bi2- M/ IJXGABMH/XK2MN/HY Q7 *? ;2/ S “iB+|
h> MbTQ iBM: b2b M/*QM/2Mb2/J ii2  UJQMQ;  T? a2 B2b BM !
* * 3 2bb UkyRdVX Aa"L Nd3R9N3djejedX

(dd)X IX *XaX g M;@*? M; M/ CXinZBQR BXM ai iBbiB+ H J2+7? MB
gBH2v- L2r uQ F URNe9VX

(d3)X 1X _Q#bQM M/ EX 6X L2bbX S?vbB+b Q7 "2 +iBM; T iB+H
Q7 BQMBxX iBOQM mTQM i° MbTRTIGMM+HBDMibX2KBNH S?vbB-
93R8 URN33VX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(dN)X JX LQH M- JX CX ""2MM M- EX 6X L2bb- M/ X "X q2//BM;)
KQ/2H 7Q° M HvbBb Q7 2H2+i"QM i° MbTQ i BN NH@Q M b
S?vbB+b ., TTHB2]yS kBeB+BRNNV X

(3yCX X "Bii2M6@M/iK2Mi Hb Q7 TH»KTTBMgB*bL2r uQ F Ukyy9\
Aa"L yj3dkyNd8RX

(3R)X *Q?2M M/ CX G2FM2 X h?2Q v Q7 >Qi 1H2+i'QMb BM : b2b-
S?vbB+ H _RBB2jy8 URNedVX

(3kEX 0 M >Qp2X *Q '2H iBQMb BM aT +2 M/ hBK2 M/"Q'M TT Qt
BM avbi2Kb Q7 AMi2" +i8®vb®B +iBi+HI#BXO-N URNB8IV X

(3jGX 02 H2i M/ CX@CX q2BbX 1[mBHB# BmKSR¥D@ *v H) 7 20T H 2
- 8- NjN URNdkVX

(390X gX b?+°Q7i M/ .X *X G M; 2i?X ai'm+im 2 Q7 #BM v HE
S?vbB+ H _RBB2e38 URNedVX

(38CX GX u M2HH-JX CX E ix-_X :Xq2Mx2H- M/ aX >X EQ2MB;X
_ /B H.Bbi B#miBQM 6mM+iBQM 7Q" GBRwbBA H QRpmB B8 éE X
kRjy URNdjVX

(3ebX " ;m2°- X "Q; 2ib- M/ _X :BD#2HbX >QHHQr + i?7Q/2 ;HQ!
JOQMi2 * "THQ@~-mB/ KQ/2H +QK#BM2/ rBi? i° MbTQ i KQ/2H
iQKbXQm'™M H Q7 TTHBWY: v bRy PjV X

(3daX .mDFQ- _X .Xg?Bi2- M/wX GX S2i"QpBEX JQMi2* "HQ bim/B
2H2+i"QM i’ MbTQ i BM i?2 bi2 /v@bi i2 EQmVHE M/ QTTX? BIKRM
., TTHB2/ S?9RB«88ky8 Ukyy3VX

(33)X SX GVK#2 ' QTQmHQb M/ .X CX 1+QMQKQmMX hrQ@.BK2Mb
_/IBQ@6°2[m2M+v SH bK aBKmH iBQMb _2H2p MiiQ i?2: b2Qn
2M+2 7 272 2R@M*BHHXQ7 2b2 "+?2 Q7 i?2L iBQM H AMbiBim
M/ h2+?MQRY@:v9dj URNNBSV X

(BN)X IJX "2+F2 - >X E ?H2i- XamM-JX "QMBix- M/ . X GQz? ;2M)
KQ/2HBM; M/ SA*fJ** bBKmH iBQMb Q7 HQr@3SH2bKm 2 ++ 7
aQm +2b a+B2M+2 M/kle2+2N QWHRQUWKy RdV X

(NyJX JX hm M2 - X .2 xbB- wX .QMF!- .X 1°2KBM- aX CX E2HH
hX Jmbb2M# Q+FX aBKmH iBQM #2M+?K ‘Fb 7Q  HQr@T 2bb
/Bb+? :2bWbB+b Q7 Sk -bKRp8yd UkyRjVX

(NRX GX g /X 1z2+i Q7 aT +2*? ;2 BM *QH/@* i SPMOX b 2RK+? ;2
RRk- R38k URN83VX

(NKEX SX "Q2m7X LmK2 B+ H KQ/2H Q¥?Vhb BHQH /[ RlB2K d3ik X
URN3dVX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(Nj)X > ;2H °~ M/ :XE Q2b2MX aT22/BM; IT6HmMB/JQ/2Hb 7Q " :
AKTHB+Bih 2 iK2ZMi Q7 i?2 1H2+i " QMCOME "M 8@ *QKE2mMKXBQM
S?vbBR®N- R UkyyyVX

(N9)X JX "2+F2° M/ .X GQz? :2MX .2°Bp iBQM Q7 JQK2Mi 1[m
h?2Q 2iB+ H .2b+ BTiBQM Q7 1H2+i ' QMb/BMLQM PN KmH2SH |
Ji?2K iBy¥p-j9j UKyRjVX

(N89X .mDFQ- X >XJ "FQbv M- _X .X q?Bi2- M/ IX 1#2 iX >B;?@C
7Q  bi'2 K2  /Bb+? “;2b, AX .2 Bp iBOM Q7 KQ@H MHIiQRbTC
S?vbB+b ., TTHB2P829HBKkyk UKyRjV X

(Ne)X 1X _Q#bQM- _X .X q?Bi2- M/ wX GX S2i'QpBEX *QHHQ[mB
~mB/ KQ/2HBM; Q7 +QHHBbBQM HHvV /QKBM i2pBRM@QZKT2"
JQ/2°M S?2vHiB+Bjyj Ukyy8VX

(NdSX LB+QH2IQTQmMHQb- _X 1X _Q#bQM- M/ _X . X q?Bi2X 6H
2H2+i"QM br "Kb BM bT +2@p 'vBM; }2H/, LQMHQ+ HBiv M/~
S?vbB+ H _2BB2ry2e9y9 UkyRkVX

(N3SX LB+QH2iQTQmMHQb M/ _X 1X _Q#bQMX S2'BQ/B+ 1H2+i Q
6HMB/ JQ/2H Q7 i?2 6gBM/QrB3?BBOQK2MQOB2RGRPRRIBY kK
Ukyy3VX

(NNSX gX aiQF2b- AX aBKQMQPpPBE- "X S?BHBTT - .X *Q+Fb- aX .1
h?B /@Q /2 i MbTQ i +Q2{+B2Mib 7Q  HQ+ HBb2/ M/ /2HQ+
i° MbTQ@4E2MiB}+ 2TRKke-UkyR3VX

(RyyOX SX "Q2m7 M/ GX *X SBi+?7Q /X hrQ@/BK2MbBQM H KQ
+QmTH2/ 7 /Bb+? ;2 M/ +QKT 'BbQMb rBi? 2tT2 " BK2Mib BM i?
*QM72 2M+2 "272 28122h B+ +HQ 24BR2rRljde URNNB8V X

(RYRX EX :"m#2°i- JX JX "2+F2°- M/ .X GQz? ;2MX q?Vv i?2 HQ+ |
TT QtBK iBQM b?QmH/ #2 mb2/ BM ?2v/ " Q/vM KB+ TH bK /2b-
i?72 HQ+ H@}2H/ TTSQUBB+BQMBE21yfledy8 UkyyNV X

(Ryk)X .mDFQ- _X .X q?Bi2- wX GX S2i"QpBE- M/ _X 1X _Q#bQMX
Q7 i?2 MQM+QMb2 p iBp2 "QHixK MM 2[m iBQM 7Q" i?2 M H
bT iB HMQM@HQ+ H2z2+ibBM +? ";2/@T 'iB+H2 br "Kb BM 2H
SH bK aQm +2b a+B2M+2 Ky-h2¢9ANRQ HRYRRV X

(RyjJX JIX "2+F2° M/ . X GQz? ;2MX 1M? M+2/ "2HB #BHBiv Q7 / B
BK iBQM 7Q 2H2+i"QMb BM ~mB/ KQ/2HbA®R /MMMPR2 K H TH
YVRKRY3 UKkyRjVX

(Ry9X >X J "FQbv M- CX h2mMBbb2M- aX .mDFQ- M/ IX 1#2iX *
~mB/ KQ/2Hb Q7 /Bz2 '2Mi Q' /2  7Q  R. bi 2SK2bB QaMBx +BQM 7
a+tB2M+2 M/ h2+MQE&yyk UKkyR8V X
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(Ry8X 1X Q#bQM- SX LB+QH2iQTQmMHQb- JX >BH/2#  M/i- M/ _X .
Bbbm2b BM ~mB/ KQ/2HBM;, .B 2+i bm#biBirhPRQM /MHB bB]
Q7 *?2KB+ H SRjUbEKRBRRk UKyRKV X

(Rye)X Q#bQM- _X g?Bi2- M/hXJ F #2X *? *:2/S "iB+H2h MbTQ'i
0 'VBM; 1H2+i'B+ 6B2H/b, 6QmM/ iBQMM M /HD?Q M S R 2B} Q
keR- d9 URNNdVX

(Ryd)X :QpBM/ M M/ JX J2vv TT MX PM2@.BK2MbBQM H JQ/2HE
b2Qmb 1H2+i ' QMB+b *QM72 2M+QQ i M2 H2QZM 2D 22HRXQ 7 i’
L iBQM H AMbiBimi2 Q7 ai M/ “/RyM/ @B RNV X-

(RYD)X .X SX S bb+?B2° M/ gX CX :Q2/?22 X irQb/BK2MbBQM H
QM "7 /Bb+@Qpm2X H Q7 TTHRID-$Q98BHONN|V X

(RyMdX EX a2M2; M/ _X SX""'BMFK MMX KmHIB@+QKTQM2Mi i
MQM@2[mBHB# BmK HQr@i2KT2  imCQHQMIH QDbISMmvd B Hbb.k
TTHB2/ S?yWBRbye UkyyeVX

(RRYX am 2M/> X _ /BQ7 2[m2M+v /Bb+? ;2 #2M+?KH BK Q/2H +Q
aQm +2b a+B2M+2 M/9h28 & N@ N M X

(RRRY .X GBM/b v- .X "X :" p2b- M/ aX *X a? MMQMX 6mHHv +QmTH
TH bK HB[mMB/BMi2'7 +2 M/ BMi2 7 €M MHB{QBSVivDB2bib,
TTHB2/ S?9bBkp8ky9 UkyReVX

(RRk) aX *PJaPG "X *QKbQH KmHiBT?vbB+b X

(RRjX02MF ii°" KM M/ XEX 02 K X TH bK 6Q K, MPT2M6P J 7 K:
+QKTmi iBQM HTH bK T?vbB+b SM/J222BRbi#X AMb- .hkXyyd
UkyReVX

(RROT2M*6.RT2M6P J @ h?2 PT2M aQm +2 *6. hQQH#Qt @ Ib2
PT2M*6. Gi/X- IMBi2/ EBM:/QKX

(RREX p M .BDF- EX S22 2M#QQK-JX CBK2M2x- .XJB? BHQp - N
h?2 TH bK KQ/2HHBM; iQQCRMBMSH @QBISQXbB+b ., TTHB2/ S
9k- RN9YyRk UkyyNVX

(RRe) CX :QH/ - CX >2H/-"X _2/2F2°-JX EQMFQrbFB- SX "2BD2" -
LX aX CX "" Bi?r Bi2- aX _2mi2 - JX JX hm M2 - hX : Mb- .X
oX a+?mHx@pQM /2" : i?2MX *QM+2Tib M/ +? ~ +i2'BbiB+b Q7
JB+ QTH bKCQZioM H Q7 S?vbB+b ., TINHBRIYYYWEYReV X

(RREX Gm+ b M/ >X hX a 2H22X +QKT 'BbQM Q7 JQMi2 * "HQ
"QHiIXK MM bQHMIBQM 7Q" 2H2+i QM ®® mK K Gli G \s Bb B b2 b,
TTHB2/ S?8bBOP-URNI8VX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(RR3IX 1X _Q#ANRMR/M+iQ v h MbTQ i h?2Q v 7Q" *? ";2/ S "iB+}
gQ H/ a+B2MiB}+ Sm# *Q AM+ UkyyeVX Aa"L N3RkdyyRRyX

(RREX /2 1'[MBDQ- XJBi° MB-:X _mQx@o *; b- M/ 1X" bm iQX GBI
M/ 2H2+i"QM br "K +Q2{+B2Mib Q7 i?2 *6 jCAQ m6 M ;HbQK7BS inv bB% b
., TTHB2/ S?98BjbkyyR UKyRRVX

(RkywWX GX S2i'QpBE- X" MFQpBE-aX .mDFQ-aXJ 'D MQpBE-JX m
J H2 -aXCX"m+FK M- _X . X qg?Bi2- M/ _X1X _Q#bQMX PM M
BMi?2 T?vbB+b Q7 TQbBQ MM bH QKbX?vbB+b, *QRNR 2M+2 a:
YyRkyRe UkKkyRyVX

(RKRWX GX S2i"QpBE-aX .mDFQ-.XJ 'BE-:XJ HQpBE- X LBFBiQpB
0X aiQD MQpBE- M/JX _/KBHQPBE@_¢2MQpPBEX J2 bm 2K2M
br "K T K2i2'b M/ i?2B> TTHB+ iBQM BM®QMH MKH IQJ/3 P BB bX
., TTHB2/ S?9kBRIN-9yyk UkyyNV X

(RKk)X GX S2i°QpB+ M/ _X gX *"QKTiQMX ar 'K 1tT2 'BK2Mi BM >
iQ 1t KBM2 0B# " iBQM H 1t+Bi iBQM Q7 >kmthi 1HB+M QR AXVM H i)
Q7 S?viB+§9d URN3dVX

(RKjOX JX i’ x?2p- AX 0X *?22 °Mvb?2p - LX "QMB7 +B- M/ X .2M
K2i?Q/7Q  /2i2°KBM iBQM Q7 +QM+2Mi° iBQM Q7 KQH2+mH " B
Alll AMi2™M iBQM H*QM72'2M+2 QM .B2H2+i'B+ GB[mB/b- k
Ukyy8VX

(RK9X "2Fbi2BM- CX .2 I'[mMBDQ- PX .m+ bb2-CX *X _Q/°Q:m2x@Gm
.2i2°KBM iBQM Q7 i MbTQ i M/ 2 +iBQM br 'K +Q2{+B2Mib
Q7 +QKTH2ti° MbB2Mi TmHb2b 7 QK i?2 TmHbQMARTrMER2M/ 2
S?vbB+b, *QM72 2M¥y2 wRKB2® UKYyRKV X

(Rk8X " MFQpPBE-CX J "H2-JX mp FQp- :XJ HQpBE- M/ wX S2
+Q2{+B2Mib 7Q TQbBi QM brLnkKbHERM MBIbQ MWRMib M/ J2i?Q/b
S?vbB+b _2b2 "+? a2+iBQM ", "2 K AMi2" +iBQMb kBe? J i2'B +
9ek Ukyy3VX

(Rke)X .X q?Bi2- EX 6X L2bb- M/ _X 1X _Q#bQMX 02HQ+Biv /Bbi E
2H2+i"QM br "Kb BM K2i? M2 BM 2H2+i ' BOnmMMKH: @ZiB2?}2Bi+b
., TTHB2/ S?ykBR®IKk URNNNVX

(Rkd)X a?B# Km> -hXh F ? b?B-aXEm#Qi - M/hX .QF2X _ iBQ Q7 /
iQ KQ#BHBiv 7Q° 2H2+i Q M®?8/M BB Hm B/KB 2@&I4Xd URNdN V X

(RKIEX 6X L2bb- X 1X _Q#bQM-JIX CX ""mM;2 - M/ _X .X gq?Bi2X h°
M/ + Qbb b2+iBQMb 7Q  2H2+i'QMb BM r i2  p TQm", *QKT °
b2ib mbBM; M BKT Qp2/ "QHixK MMh2pPmCi@® Wb BmiPQME+
S?vbBRije- yk9jR3 UkyRkV X
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(RKNOX AiBF r M/ LXJ bQMX * Qbb a2+iBQMb 7Q° 1H2+i"QM *Q
JQH2+nmHRHXM H Q7 S?vbB+ H M/ *?2KB+9H R2URYIBIVE . i -

(Rjy" X "Qm/ [z - SX *HQmMiB2 - . X >mMiBM;-JX X >m2Hb- M/ GX
7Q K iBQM Q7 .L bi°> M/ #°2 Fb #v HQr@2M2 ;va*BiQVkiy220V 21
k3d- Re83 UkyyyVX

(RiR)X "Qm/ [z - . X >mMiBM;:- SX *HQmiB2 -X AM/m+iBQM Q7 bBM
#°2 Fb BM TH bKB/ .L #v Ryy R8YyyAMiIi 2HR {B@W HXCQm M H
_ /B iBQM "B@eH ®kyN UkyyyVX

(Rjk)X .X q?Bi2- X 1X _Q#bQM- aX .mDFQ- SX LB+QH2iQTQmH{¢
/Ip M+2b BM i?2 TTHB+ iBQM Q7 "QHixK MM 2[m iBQM M/ ~m
iQ +? ;2/ T "iB+H2 i MbTQ i BM MQM @ Q[mB/HB#) B8R VIbHB biK .b
TTHB2/ S?9BBRIN-9yYyR UkyyNVX

(RjjPX : X SX >QK2K- _X hX am;Q? ~ - AXSXa M+?2b-JX hX G22-
b2+iBQMb 7Q" 2H biB+ 2H2+i QM +QHHBBBIQBWb H B iZ2piR2Y ?v/ ™
3y-yjkdy8 UKyyNVX

(Rj9IX . KT+- AX GBM2'i- X X JBHQb pHD2pBE- M/ JX wm#2FX o
Q7 i2i° ?2v/"Q7m M #v 2H2+i QM BKT +i BM?%A2RBHQH SV LB +bM ;
G2ii29®j- Rd UkyydVX

(Rj8)X Wm#2F-JX . KT+- AX GBM2'i- M/ hX L2mK MMX 1H2+i"QMB+
7m> M KQH2+mH2b bim/B2/ #v 2R 2+ QM M QH®OI B b BZXKMBEXH S 2 v
Rj8- Rj9jRd UKyRRVX

(Rje)X "Qm+?B? - CX .X :Q }MFB2H- GX :X * "QM- M/ GX a M+?22X (
+QHHBDOBQMb rBi? i2iC@m/ M) HMQ 7MS?vbB+b ", iQKB+- JQH2+
PTiB+ H S?Wb-BN®8 UkyyeVX

(Rjd X gBMbi2 / M/ oX J+EQVX GQr@2M2 ;v 2H2+i"QM b+ ii2"BM; #
"2H 12/ KQH2Z»?RAK2APpH M H Q7 *?2KBRk 8- 2d9hBkrbkyyeV X

(Rj3)X aX h*2pBb M- X 1X P'2H- M/ hX LX _2b+B;MQX 1H biB+ b+
2H2+i " QMb #v i2i° 2v\dQQW " MR 7 S?vbB+b ", iQKB+- JQH2+
PTiB+ H S?Mb-BGk88 UkyyeVX

(RjNOX B+?KQM/b- JX qBixF2- "X " "iHBM;- aX qX G22- CX gq BM
M/ _XJXaMF > MX 1H2+i'QM@i  Mb72" "2 +iBQMb ii?2 TH
CQm M H Q7 i?2 K2 B+ M *?RKjB R #88® {UKYiRR V X

(R9YyX J "BQiiB-CX S i2H-0X p'i2F- M/ SXJ ;mB 2X SH bK @HB
iKQbT?2 B+ T 2bbm 27Q M MQK i2'B Hb bvMi?8BBWK M/ bm"7
S 'Q+2bb2b M/ SRHRKA9UKYRKV X
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(R9RX a F BX Zm bB7°22 2H2+i"QM i° MbTQ i mM/2  2H2+i B+ }2
bi'm+im 2/ +QM/2MbeRQKniN BWXQ7 S?vbB+b ., TIYHB2IE ?vbB+Db
UkyydVX

(RIKX 6X L2bb M/ X 1X Q#bQMX 02HQ+Biv /Bbi'B#miBQM 7r
+Q2{+B2Mib Q7 2H2+i"QM br "Kb BM : b2bX AAX JQK2Mi 2[m i
S?vbB+ H 20382kR38 URN3eVX

(R9jJIX CXEmb?M2 X JQ/2HBM; Q7 KB+ Q/Bb+? “:2/2pBmZ2M Bv KB
Q7 TTHB2/ SR8bBOb-Ukyy9VX

(R9IX JX "2+F2° M/ .X GQz? ;2MX *QMbBbi2Mi /2b+ BTiBQM Q7 2
~mB/ KQ/2Hb 7Q° MQMi? 28 KTIB ;THtBK W% UKyRjVX

(R9®X aB;2M2;2° M/ . X GQz? ;2MX 6HmB/ KQ/2H Q7 bBM;H2 bi
6 TH bK D2i i iIKQbT?2 BHTbRbB@MX2b a+B2M+2 -M/ h2+?M
k8- j8yky UkyReVX

(R9eX >X J "FQbv M- aX .mDFQ- M/IX 1#2°iX >B;?@Q /2" ~mB/ K
IBb+? “;2b, AAX LmK2 B+ HbQHmMiBQM M/ BNpRhik; HBQM Q7
S?vbB+b ., TTHB2P&29UBKYj-UkyRjVX

(R94X K Km'i?B- . X CX 1+QMQKQm- M/ AX .X E ; MQpB+?X 1:
2H2+i'QM +QM/m+iBpBiv QM TQr2' #bQ ' TiBQM M/ TH bK /:
T 2bbm 2 BM/m+iBp2Hv +Q&H XK/ /BOm?+2R@aXxB2M+2 M/ h2+?M
Rk- Rdy UkyyjVvX

(ROBHX . X hb2M/BMX LQMHQ+ H2H2+i QM FBM XS BwhBB-M @ bb@ 2B-I? B2
8j- Rjj UkyRyVX

(ROMX aB;2M2:2° M/ _X gqBMFH2 X LQMHQ+ Hi> MbTQ'i M/ /Bbt
2H2+i"QMb BM BM?QKQ:2M 2D mb Mk HhiB®Mb QM SHKbK a+B2M
Rk89 URNNNV X

(R8YX SX"Q Bb M/ .XGX"QQFX 6HMt@+Q "2+i2/i° MbTQ iX AX a>
H:Q Bi?K i? i rQORbX H Q7 *QKTmi iBRR- H3S2 RINEI{Y X

(R8RX hX w H2b FX 6mHHv KmHiB/BK2MbBQM H ~mt@+Q " 2+i2/
~mB/®AM M H Q7 *QKTmi iBj@®M jH SIRMNBN WX

(R8k)X hX w H2b FX h?2 .2bB;M Q7 6HMt@*Q "2+i2/ h> MbTQ i U€
ai'm+im 2/ " BebXnA@* Q "2+i2/ h2/NBhI/Q#EV . X EmXKBM- _X G°?M:
M/ aX hm 2F- a+B2MiB}+ *QKTmi iBQMX- kj e8X aT'BM;2 - .Q"
Nd3@N9@yyd@9yjd@kX

(R8j)X 1X Q#bQM- "X GB- M/ _X .X q?Bi2X aT iB HHv T2'BQ/B

i*QM br "Kb M/i?2 6" M+F@>2 ix@mT M BKQMB?vbB+b ", iQK
JQH2+mH > M/ PTiB+jHS2vUBypyV X
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(R8E)X 02 H2i M/ CX@CX q2BbX 1[mBHB# BmKSR¥D@ ¥v H) 7 25pEBKRT H 2
- 8- NjN URNdKV X

(R8FX >X E HQb- CX EX S2 +mb- M/ JX QX ai'm+im 2 Q7 HB]
COmM M H Q7 ai iBbiRd-HRRR WERMNd V X

(R8&SX uB- . X SQmMHBF FQb-CX q Hi?2 - M/:Xu/B; Q;HMX JQH2+r
iBQM Q7 p TQ Bx iBQM Q7 M mHi® @i?BM HBAMBZ2 M; QBWQM W2 Q
CQmM M H Q7 >2i M/ J b®D8r kMdT DkyykV X

(R8dAX "H M+X _2+?2°+?2b bm > H2b KQ#BH BiQQ 2 MBH) MbS?MibBH &2 ;
h?0Q B[m2 2i TAHBKS URNyY3VX

(R8T)X 0X CQp MQpPBE-aX "X 0'?Qp +- M/ wX GX S2i'QpBEX TTHB
"#BiT v 2H2+i'B+ }2H/iQ ; biIaM@B2vM SBR@bER+ HkBOM™ M H .
NR Ukyy9VX

(R8NX 0X *?B~BFB MX h?2 M HQ; Q7 "H M+6b H r7Q  /"B7i p2HQ+
KBtim 2b BM r2 FHv BQMBYRBTFH QK Skt jdkyb URNNS8V X

(Rey)X . X q?Bi2- EX6X L2bb- X 1X Q#bQM- M/ "X GBX *? ";2/@
BM; b2b BM 2H2+i B+ M/ K ;M2iB+ }2H/b + Qbb2/ i "#Bi v
bQHMIBQM Q7 "QHixK BMbB2[H iBRBKEFR URNNNV X

(RERX CX "QVH2- X .X q?Bi2- X 1X _Q#bQM-aX .mDFQ- M/ wX «
TT QtBK iBQM Q7 i° MbTQ i T°QT2 iB2b BM bi'm+im 2/ K i2 B
i° Mb72 i?22reoQm M H Q7RPvpBSRR UkyRKV X

(Relo)X i x?2p- X "2 2x?MQp- . X mMBFQp- AX *?22 Mvb?2p - oX
X E T HQp X 1H2+i QM i MbTQ i +Q2{+B2M.iA B M H\B [ilB B/M 2HV (
*QM72'2M+2 QM .B2H2+i'B+ GB[mB/b- kyy8X A*.G kyy8X- R 9 |

(RejpX aAB7M2° M/ CX EHQK7 "X h?2 KQ/VM KB+ S QT2 iB2b Q7
SQBMiiQ 3yy E rBi? S 2bbm 2b @ImQM 8y @3 K?2vbB+ H M/ *?22K
272 2M+2Kkji €] URNNOVX

(Re9)X "X ai2r i M/ _X hX C +Q#b2MX h?2 KQ/vM KB+ S QT2 iB:
i72 h"BTH2 SQBMi iQ Rkyy E rBi? S 2b6@ M ® Ryy$ IEbE+ H M
*22KB+ H _272 2MR8B2 ejiN-URN3NVX

(Re@)X AX a M/H2" M/ 1X XJ bQMX EBM2iB+bh?2Q v .2pB iBQMb
AQM JQ#BHBIB2DX M H Q7 *?2KB®8 HkS @y lRMNe 3V X

(Ree)X "X JBHHQV M/ X 1X Q#bQMX h?2 KQ#BHBiv Q7 TQi bbBm
CQm'M H Q7 S?vbB+b ", iQKB+ M/ dQRIRNNBRNSIZVIXB+b -

(RedX X "BQM/B M/ GX JX *? MBMX "H M+6b H r@BQM KQ#BH
KBtim SBXbB+ H RKR289] URNeRVX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(ReP)X BE-CX CQp MQpBE-wX GX S2i"QpBE-CX /2 1'[mBDQ- C.
>2"MEM/2Xx@+pBH - M/ 1X " bm'iQX 1H2+i'QM /'B7i p2HQ+BiB:
M/ t2MQM M/ 2tT2'BK2Mi Hp2'B}+ iBQM Q7 +8?vdBiBEBGMb iQ
_2pB2rdR- y9e9y3 Ukyy8VX

(ReNX 1#2°i-6X" m-:X.2 Fb-gX >mM/b/Q 72 -*X@uXE Q-*X GB-
H2M# Q2F- aX LBD/ K- 0oX _ imb?M v - GX a+? 72 - M/ aX h Mp
BM bi2 K2  /Bb+? “;2b-rBi? M 2KT? bBb QM KQpBM: #QmM/
LQMHBMRIBMR UKyRRV X

(RAYX J2mMB2 - SX "2H2M;m2 - M/ CX SX "Q2m7X LmK2 B+ H@
.BbTH vS M2H *2HH BM L2QM @G AMND M IB7ti M THRB SR bB+b-
URNNBS8VX

(RARX .mDFQ- X .X q?Bi2-wX GX S2i"QpBE- M/ _X1X _Q#bQMX "2
Q7 MQM+QMb2 p iBp2 +? ;2/@T "iB+H2 br " Kb BM /+ 2H2+i"
+°'Qbb2/ i "#Bi° VSMEB2b K 2BR2ryBPe9yj UKyRyVX

(RAKX EX "B /b HH M/ GX 62HHQrX S 'iB+H2@BM@*2HH +? *;2/@
JOMi2 * "THQ +QHHBbBQM rBi? M2miAHL1i QK MBS A*i®@ QMK QM
SH bK a+BRM+28 URNNRVX

(RdjgX .mDFQ- AX aBKQMQpB+- :X "QvH2- X g?Bi2- . X "QbMD F
h™ MbTQ i T°'QT2iB2b Q7 2H2+i'QMb M/ i MbBiBQM Q7 M Z
bi'2 K2° BM iQKB+ HBEnBU2QMMIH2+i QMB+b *QM72 2MH-

#bi® +ib- JgeXyje UkyReVX

(RAMNX aBKQMQPpPBE- wX GX S2i'QpBE- M/ aX .mDFQX aBKmH iBQN\
M2; iBp2 TH M " bi’2 K2° 7°QMib BM HB[mB/ S;QMX MRUBHB[mB
avKTQbBmK QM TTHB+ iBQM Q7 SH bK S Q+2bb2b Ua SS ssA

(RA8X JX 1p Mb M/ :X GX 6BM/H2vX 1M2 ;v Q7 i?2 *QM/m+iBQM " VN
SQBMi 6HIPRHB4h 2b2 “+2 AMKZRM -i RQUK MR Y V X

(RdéX b 7 M/ AX hX ai2BM#2 ;2 X S?QiQ+QM/m+iBpBiv M/ 2H2-
K2i2°b BM HB[mB/ M/ BQWES #2-M QPNRR®/2r9'9e 9 URNJIV X

(RAdIX JBv DBK - hX h F ? b?B- aX EQMMQ- hX > K / - aX Em#Qi -
M/ hX .QF2X p2° ;2 2M2 ;v 2tT2M/2/ T2  BQMST\BoBB+-MHH B[m |
_2pB2rN- R9j3 URNd9VX

(Rd3X > HT2 M- CX G2FM2 - aX B+2- M/ X :QK2 X ."B7i 02HQ
1H2+i'QMb BM GB[S®PBbB+QHMXRBB2i8R URNedV X

(RINX 6Qt2- *X > :K MM- AX CQp MQpB+- X "2 "Mbi2BM- EX E
aX S2°2p2°'x2p-aX a M;BQ ;BQ- M/ SX aQ 2Mb2MX GQr@2M:
BQMBxX iBQM M/ 2+QK#BM iBQM KQ/2H 7Qm+HB[mBM bi; \\®/ 2
K2Mib M/ J2i?Q/b BM S?vbB+b 2b2 “+? a2+iBQM , ++2H2"  icC
.2i2+iQ°b M/ bbQ+B i2/ #HRBTIR2WMKkyR8V X
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(R3Y)X Ab?Bv K - hX u MQ- M/ aX 6mDBF r X JQH2+mH ~ /vM KB:
#QmM/ v +QM/BiBQM i M BMi2 7 +2 #2ir22M ;QM p TQ M/ B
S?vbB+b Q7 Reé-nkBMNMN Ukyy9V X

(R3RX GX K2v M/ _X >X *QH2X .B2H2+i B+ *QMbi Mib Q7 GB[m2}
J2i? MBRX2 CQm M H Q7 *?2KBy-HRO2VORB N9V X

(R3K)X ar MbQM M/ 1X hm F2HX PM +2Mi° H@/Bz2 Q®@m2MVMH mTrB
Q7 *QKTmi iBQM R\WRvbBKW-RNNKV X

(R3PX GBTTQH/X AbQi?2 K H *QKT 2bbB#BHBiv M/ .2MbBiv Q7 C
IT hQ S 2bbm 2b Q7 RyyY FOf2KI EXB-H- RRk URNeNV X

(R3YX #2H- IX "m+F- X GX aQ#QH2rbFB- M/ gX .QK+F2X PM
bB;M im 2b Q7 i?2 bQHp i2/ 2B2¢bXQM BKIXr *i22 KK IS RKb X
UkyRKV X

(R38X Q#bQMX :2M2" HBx2/ 1BMbi2BM _2H iBQM M/ L2; iBp2 .Bz
BM: b2m¥%i° HB M CQm M H®Q7j8WRE3BYX

(R3&EX Mx B- >X E iQ- JX >Qb?BMQ- >X h M F - uX AiBF r - GX
"mM:2 - aX CX "m+FK M- >X *?2Q- 6X "H M+Q- :X : "+B - SX G
PX AM;'H7bbQMX * Qbb b2+iBQM / i b2ib 7Q  2H2+i'QM +QH
*Pk- LkP M/ >KP22 1m QT2 M S?vbB+ I¢65Qjm WK¥RkV X

(R3dX AiBF r X *"Qbb a2+iBQMb 7Q  1H2+i'QM *QHHBDOB QMBI qBi? °
Q7 S?VbB+ H M/ *?22KB+ H jRZ2d2N tUXyyikV X

(R33X AiBF r X *"Qbb a2+iBQMb 7Q  1H2+i ' QM *QHHBRBQMbH Bi? P
Q7 S?vbB+ H M/ *?22KB+ H _jB7 2R2Wky2y NV X

(R3INX w2++ - : X SX E 'r bx- M/ _X aX""mb X hQi H@+ Qbb@b2+
7Q° 2H2+i"QM b+ ii2°'BM; #v L>j- aB>9- M/ >ka BM i?2 BMi2 K2
S?vbB+ H _2PB2rkddd URNNKV X

(RNyX *X GX:X>X hfAeHBwMbBQM M/ /'B7i Q7 2H2+i QMb BM ; b2
UQ F URNdI9VX

(RNEX EmK - >X aFmHH2 m/- M/ _X Q#bQMX EBM2iB+ h?2Q" v
ar Kb BM L2mi®> HmbiZblXB M CQm M Hjj®@ 79% MbNB3 bV X

(RNBX .mTHD MBM-CX /2 1'[mBDQ- PX BE-1X " bm’iQ- X JX Cm¢€
*pBH - aX .mDFQ- M/ wX GX S2i"QpBEX h” MbTQ i +Q2{+B21
7Q 2H2+i ' QMb BM L kP M/ L k PESHkbKBE@®@MmZBXb a+B2M+2 N
h2+?MQR®@;vwk8yy8 UkyRyVX

(RNj)X CX 1X * b2v- CX /2 I'[mMBDQ- GX LX a2 FQpB+ GQHB- .X :X *Q
CQM2b-JXCX ""mM:2 - M/ _X .X g?Bi2X a2H7@+QMbBbi2M+
b2+iBQMb mbBM; 2H2+i QM b?2 K 2R ?M B[R ZBR2KEROH S?vhB+1
RN8Ryj UkyRdVX
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: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

(RNAX "X J "iBMB- 1X _X " "i?2H- M/ "X CX a+?r "ixX J2+? MBE
7 biT°Q/m+iBQM M/ "2+QK#BM iBQM Q7 bQHp i2/ 2H2+i QM|
*QKT "BbQM Q7 KmHIBT?QiQM BQMBx iBQM M/ /2i +?K2Mi pB
bQHp2Mii® MbBIiBQM QR 12 «CBEMNAMGEN Q7 *?2KBRRKHRRvDB +b -
UkyyyVvVX

(RNBX JX a+?mHx2- .X GX q iFBMb- CX w? M;- AX :?BpB B; - M/ _}
iBK iBM; i?2b? T2 M/ bBx2 Q7 bmT> KQH2+mH °~ bb2K#HB2b #\
/IBzmbBQM Q /2 2/ bTP2 +X OB RP X RIR-2KNXjk UkyR9V X

(RNBX .X G tX q2 F bQHMIBQMb Q7 MQMHBM2 > ?2vT2 #QHB+ 2[m il
+QKTmi iBQRKMMB+ iBQMb QM Sm> 2 M/ TTdBRIN URNG OB/Xb -

(RNEX G t M/ "X q2M/ " QzX avbi2Kbh Q7 +®MKWRIMMIBOQMBMbBXQM Sm
M/ TTHB2/J i?2Rji-Bkibd URNeyV X

(RNAX :Q/mMMQpX /Bz2 2M+2 K2i?Q/7Q  i?2 + H+KH XBQM-Q7 b?Q:
aQ+X h> Rléd-H3N URNeyVX

(RNNY 6Q M#2 ;X :2M2  iBQM Q7 }MBi2 /Bz2 2M+2 7Q KmH b QM
Ji?2K iB+b Q7 *QK TBRi- iB\QWU RN 33V X

(Kyy)X@rX a?mX 1bb2MiB HHv LQM@Pb+BHH iQ v M/ q2B:?i2/ 1bb:
a+?2K2b 7Q° >VT2 #QHB+ *QMb2 p iBQM G rb PT2" i2/ #v II
_2b2 "+? bbQ+B* IBQMXQi-R d3 URNNIVX

(KyRX > i2M M/ >Xh H@1x2 X PM 7Qm’i? Q' /2" ++m  i2 BKTHB
b+?2K2 7Q° ?2VvT2 #QHB+ +QMb2 p iBOM H rEXQmAM BBQP2@ T
*QKTmi iBQM H SRvpEFBRN3RV X

(kyk3X q2bb2BBBMXBTH2b Q7 *QKTmi iBQM pHGHHMKER AN MNK;R + b
a2 B2b BM *QKTmi iBQM H J i?2K iB+bX aT 'BM;2" "2 HBM >2B/
#2 :; UKYyyRVX Aa"L Nd3@j@e9k@y8R98@ eX
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)OX[ FRUUHFWHG WUDQV'
IRU K\SHUEROLF

$ -QWURGXFWLRQ

AM Q /2  iQ bQHpP2 i?2 2H2+i'QM ~mB/ KQ/2Hb mb2/i? °Qm;?2Qmi i
MmK2 B+ H K2i?2Q/r b "2[mB 2/X q?2i?2° bQHmMiBQM Bb "2[mB 2/
2[m iBQM 7Q  2H2+i"QM /2MbBiv- Q° 7Qm  KQK2Mi KQ/2H U7Q" 2H
/2MbBiv- M/ 2M2 :v /2MbBiv ~mtV i?2 bvbi2Kb Q7 2[m iBQMb mb2/

;2M2° HBb2/ bi?2 7TQHHQrBM; i° MbTQ i 2[m iBQM
i + = a XRV
ot r 6= a; U

r?2 @=Juqug;:zun] Bb bi i2 p2+iQ° Q7 +QMb2 ' p2/ [m MiBiB2b BM b
6 Bbi?2i° MbTQ i2/ ~mt Q7 2 +? biSiBlp "BQHMH22 MK 7Q" 2 +? bi i
p "B #H2X

AM T  +iB+ H+ b2b-r?2"2 M M HViB+ bQHMIiBQM + MMQi #2 Q
'2QK2i'B2b- MQM@HBM2 " ~mt2b Q°  MQM@i'BpB HbQm +2 i2 Kb- i
U XRWbi#2 bQHp2/ MmK2 B+ HHvX hQ 2Mbm 2 i? i MmK2 B+ Hb+7?
2 HBbiB+ bQHMiIiBQMb M/ iQ pQB/ mMMBMi2MiBQM HBMi'Q/m+iB
bQHMIBQMRBIr b i?72°27Q 2 T2 iBM2MiiQ ? p2 +QKTH2i2 +QMi C
bQHMIBQMb mb2/ BM i?Bb T°QD2+iX h?2 +?QB+2 iQ /2p2HQT +m
BM7Q K2/ #v i?2 7TQHHQrBM; "2[mB 2K2Mib 7Q  i?2i> MbTQ i T
i?Bb "2b2 "+?2 T°QD2+iX

Rd8



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

*QMb2 p iBRM? ;2/T 'iB+H2/2MbBiB2b 2tTHB+BiHVBM7Q Ki?2 b2
}2H/ +QKTmi2/ pB J tr2HHO6b 2[m iBQMb- MmK2 B+ HDb+?2K2
;m ° Mi22 +QMb2'p iBQM Q7 T "iB+H2b UBM i?2 #b2M+2 Q7 MQ
T Q+2bb2bbm+? bBQMBb iBQM Q™ ii +?K2MiVX hQ2Mbm 2 i?B
MMBi@i2biBM; Kmbi #2 T2 ' 7Q K2/ QM Mv T QTQb2/ MmK2 B
T "iB+H2b "2 MQi; BM2/ Q  HQbii?"Qm;? MmK2 B+ H2 "Q X

_2bQHMIBQM Q7 b? "TAI PBRMRE2M MQi2/ BM i?2 HBi2 im 2i? ir"
mH iBM: BQMBb iBQM 7°QMi 7Q K iBQM M/ T QT ; iBQM i?2
> /B2Mib ii?2 7°QMi Q7 i?2 bi2 K2  (N8-Ry9)X AM Q /2" iQ
2 Hi> MbTQ'i- M/ MQi +QM~ i2 MmK2'B+ H/BzmbBQM 2z2+ib
MQK2M - T QTQb2/ MmK2 B+ Hb+?2K2 Kmbi #2 #H2 iQ “2b
rBi?Qmi, UBV 2t+2bbBp2 /BzmbBQM Q" bK2 "BM:; Q7 i?2 bQHm
MmK2 B+ H Qb+BHH iBQMb iQ i?2 bQHmMiBQMX

SQbBiB@EBivMiBiB2b bm+? b /2MbBiv Q 2M2 ;v 2[mB 2 TQbBiBpBi
Mv M2; iBp2 p Hm2 T 2/B+i2/ BM MmMmK2 B+ HbQHmMIiBQM Bb
Mv T QTQb2/ bQHmMIBQM b+?2K2 Kmbi 2Mbm 2 i? i-r?2M "2[mE
i?72i° MbTQ i2/ p "B #H2- ;m ~ Mi22/ TQbBiBp2 bQHmMIiBQM B«

$ JLOQOLWH GL*HUHQFH PHWKRGV

h?2 K2i?Q/ Q7 }MBi2 /IBz2'2M+2b U6.V Bb Q7i2M i?2 bBKTH2bi /Bb-
r?2Mm bQHpBM; QM2- Q" K Mv- /Bz2'2MiB H 2[m iBQMb HBF2 i?2 ;:
U XRW. Bb# b2/ QM HQ+ Hh VHQ b2 'B2b TT QtBK iBQMb #Qmi
K2i?Q/b ? p2; BM2/ TQTmH "Biv7Q i?2B" "2H iBp2 bBKTHB+Biv
BMi?2 +QKTmi iBQM H~mB//vM KB+b +QKKmMBiv H ";2HvVv /m2 i
Gt g2M/°Qz (RNe-RNd) M/ :Q/mMQp (RN3)X aBM+2 i?2M- Km+?
QM "2}MBM; i?2 ++m  +v M/ 2{+B2M+v Q7 6. i2+?MB[m2b- "2bmHiE
?2Q0riQ +QMbi ' m+i /Bb+ 2iBbBM; b+?22K2 M/ +QKTmi2 ;"B/ TQBMi r:
/2°Bp iBp2b (RNN)X

Hi?2Qm;? TQTmH ~ TT Q +?-i?2°2 "2 bQK2 /B{+mHiB2b BM
K2i?7Q/b 7Q" +2 i BM T Q#H2Kb r?2°2 /Bb+QMiBMmBiB2b 2tBbi BM
[m MiBiB2b ii?2/Bb+ 2i2 H2p2H Bb pBi H- M/ ++m” i2 2T 2b2Mi i
i #QmM/ "B2b r?2M BKTH2K2MiBM; #QmM/ v +QM/BiBQMb- Bb
iQ +QK# ii?2 /Bb /p Mi ;2b Q7 i?2 6. K2i?Q/-r?BH2 biBHH H2p2"
bBKTHB+Biv Q7 i?2 /Bb+ 2iBb iBQM b+?2K2-1i?2 K2i?Q/ Q7 ~mt@ -
rbo2KTHQv2/X

$ )OX[ &RUUHFWHG 7UDQVSRUW VFKH

6B bi/2}M2 QM2@/BK2MbBQM H /Bb+'2i27Q KQ7i?2;2M2" H i

j j
+— F,

Fio=s; U XkV

—
x
[N
N[

TT2M/Bt X 6HMt@+Q 2+i2/i MbTQ i K2i?Q/b 7Q ?R¥E& #QHB+



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

r?2°2i?2i2KTQ  H/2 Bp iBp2 ? b#22M /Bb+ 2iBb2/#v } bi Q' /2°
bT iB H/Bp2 ;2M+2 QT2 iQ ? b#22M /Bb+ 2iBb2/ mbBM; i?2 /B
~mt2F[i)—%—i F2M i BMi2 7 +2 TQBMib #2ir22M kBb +b ZiB'b6iB;,@M2T QB |
XRX

6B;m 2 XR, aT iB H/Bb+ 2iBb iBQM b+?2K2 2KTHQv2/ 7C

""Q /Hv bT2 FBM;- 6*h b+?2K2b "2 KQM; 7 KBHv Q7 MmK2 B
BKiQmb2 2?B;? Q' /2 TTTNBKiBQM@iQHMZBWQ&bB#HQ-#mi
BM "2;BQMb r?2°'2 2?B;? Q /2" TT QtBK iBQM K v BMi'Q/m+2 2°
/I Bb+QMiBMmBiB2b Q°  Qb+BHH iBQMb- HQr2 Q' /2 TT QtBK iB
//IBiBQM iQ 6*h-r2B;?i2/ 2bb2MiB HHv MQM@Qb+BHH iQ v UqlLPV
mb2/ BM bQHmMIBQM Q7 ?2vT2 #QHB+ bvbi2Kb Q7 2[m iBQMbX g?2
/2pB i2 "2BMi?2r vi?2 +QMb2 p iBp2 F‘jm%—T‘I?‘&tBZKXiBQMb—

$ )&7 DOJRULWKP

h?2 mi?Q b Q7 i?2 Q'B;BM H 6*h H;Q Bi?K (R8y) /2bB;:M2/ i?2 |
7QHHQIBM; T'QT2 iB2b,

C HBM2 “Hv bi #H2 BM HH + b2b Q7 BMi2 2bi-
KB Q  +QMb2 p iBQM T QT2 iB2b Q7 i?2 T?vbB+b-
2Mbm 2 TQbBiBpBiv r?2M M22/2/-

#2 "2 bQM #Hv ++m’ i2-

O 0O 0O 0

#2 +QKTmi iBQM HHv 2{+B2Mi- M/

C #2 BM/2T2M/2Mi Q7 bT2+B}+ T'QT2'iB2b Q7 QM2 T Q#H2K 2
h?2 H;Q Bi?K 7Q  6*h + M #2 # QF2M /QrM b 7QHHQrb,

RX *QKTmi2 i?2 HQr Q 2 -bQHmMiBQM

kX *QKTmi2 i?2 HQr Q'/2" MmFK2 Bi#FH,~mt2b

iX *QKTmi2 ?B;?22° Q /2> MmR2"BMHAHT ~mt2b
It3 I3

TT2M/Bt X 6HMt@+Q 2+i2/i MbTQ i K2i?Q/b 7Q ?RU¥A #QHB+



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

9X *QKTmi2i?2 MiB@/BzmbBp2 ~mt2b

U XjV

8XGBKBi i?2 MiB@/BzmbBp2 ~mtiQ pQB/ KTHB7vBM: 2tBbiB\
Q' /2  bQHMIBQM Q" //BM; M2r 2ti'2K pB i?2 ?B:?2  Q /2" bQl

U X9V

eX TTHvi?2 HBKBi2/ MiB@/BzmbBp2 ~mt2b iQ }M/i?2 M2r bQH

h i

™t =ur — A5, A® . +1tS .
J J X i J+% J% J

ii?72 ~mt HBKBIiIBM; bi ;2 Q7 i?2 6*h H;Q Bi?K-U2b9¥B#2/ BM 2[m il
TQBMi Bb bbB;M2/ r2B;?iiQ /B+i i2?2QrKm+? Q7 i?2?B;? M/ HQr2
+QMi'B#mi2 iQi?2}M H TT QtBK Cﬁ@MOiQ?iZPM 2ZMAXiB@2HvV i?72 HQr2
Q /2 bQHMIBQM Bb 'CjF%’ZM]: i?2BM2AB7/7mHH ?B;?2 Q /2 bQHmMIBQ
S +iB+ HHv-BM Q' /2  iQ HBKBi 'iB}+B HMmMK2 B+ H/BzmbBQM
bQHMIBQM- Q  HBKBi Qb+BHH iBQMb BMi " Q/m+2/ #v ?B;?2 Q /2"
Q7 p HmijgQ‘”z +QKTmi2/ ii?2 ~mt@HBKBIBM; bi ;2X h?2 Q' B;BM
"Q'Bb M/ "QQF Bb BKTH2K2Mi2/ BM i?BbrQ F

n h io

c - . ; " L L . L L
Aj+% = sj+%Kt O,KBI\;AJ.Jr%J,sJ.+%(uj+2 Uiyg ) X j+%,sj+%(uj ups )xj 1 U X8V

N

. +1 BA,1 O
r22°8,1= 2
1 BA, <0
h?Bb HBKBi2 r b /2bB;M2/iQ UBV pQB/BMi'Q/m+BM; Qb+BHH
BMi?2 HQr2 Q' /2  bQHmMiBQM- M/ UBBV pQB/ KTHB7VvBM:; 2ti 2K
Q' /2  bQHMIBQMX hQ /Q i?Bb- i?2 ~mt@HBKBiBM; T'Q+2bb +QK
HQr2 Q' /2  ~mt2biQ i? i Q7 i?2 T QT QHR/XHAF/ B/DmbBMR ;- mMB2Mib
"2 T2 'KBbbB#H2 ++Q /BMU iXQ8W?2MBKBiMiB@/BzmbBp2 ~mt Bb
Qi?2°rBb2i?2 ?B;?2° Q' /2  ~mtBb + M+2HH2/ M/i?2 HQr2  @Q /2" |
2t KTH2b Q7 TTHVBM; i?2 "Q'Bb@"QQF HBKBi2 "2 b?QrM BM 6B

X

TT2M/Bt X 6HMt@+Q 2+i2/i MbTQ i K2i?Q/b 7Q ?RT2 #QHB+



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

6B:m 2 Xk, 1t KTH2b Q7 ~mt HBKBiBM; Qmi+QK2b b T2 i?2 "Q Bb;
BM; + b2b M/ *UKi®NHQrb HBKBi2/ ~mtiQ #2 TTHB2/- b MOM@x
T Q/m+2/ #v i?2 KBM@K t QT2  iQ X * b2b " M/ . T Q/m+2 + M+:
i?2 bB;Mb Q7 /D +2Mi; /B2Mib /Q MQi ; 22X

$ ([SOLFLW YHUVXV LPSOLFLW GLVFUHWLVDWLRQ

"27Q°2 HQr2° M/ ?B;?2 Q' /2 ~mt TT QtBK iBQMb "2 +?2Qb2M |
+?QB+2 Q7 BKTHB+Bi Q' 2tTHB+Bi 6. TT QtBK iBQMb b?QmH/ #:
Bb /B+i i2/ #v i?2 T?vbB+b Q7 i?2 T'Q#H2Kb i ? M/X 6Q  i?2 rQ"
i22bBb- i?2 #BHBiv iQ ++m’ i2Hv "2bQHp2 b? "T@; /B2Mi- i
rb BKTQ i MiX gBi?BM i?2b2 T ' Q#H2Kb- i?2°2 2 HbQ /BbiBM:-
iBK2b+ H2b i TH v-7Q 2t KTH2 #2ir22M +QHHBbBQM H KQK2MimK
++QKKQ/ i2i?2b2 T?vbB+ H+QMbi  BMib-i?2 QTiBQM Q7 mbBM; B}
rb pQB/2/ bBir bMQi2/ BM HBi2 im 2i? i r?22M KmHiBTH2 iBK2
MQM@HBM2 " i MbTQ i T'Q#H2K- BM7Q K iBQM i Mb72  + M Q
TQbbB#HRYRKy6mM i?22 KQ 2-Bir bMQi2/i? i r?2M 2KTHQVBM:; B
b?Q+F 7°QMi "2bQHMIBQM + M #2 2t+2bbBp2Hv /BzmbBp2- M/ 2"
+QM/BiBQMb + M T QT : i2 p2'v [mMB+FHV +QKT "RBKQKYT-HKB RBX b+
AM +QM+HmMbBQM- i?2 +?QB+2 iQ 2KTHQV bBKTH2  2tTHB+Bi /Bb+"
+QMb2 p iBp2 /2+BbBQMX

TT2M/Bt X 6HMt@+Q 2+i2/i MbTQ i K2i?Q/b 7Q ?RAR #QHB+



: "H M/-Li? M 1H2+i'QM i MbTQ i KQ/2HBM; BM ; b M/ HB

$ 6SDWLDO GLVFUHWLVDWLRAQ
GQr2° Q'/2° ~mt

AM i?Bb rQ'F }'bi Q' /2 mTrBM/ b+?22K2r bmb2/iQ TT QtBK i2 HQ
ut - M/~m1F?—b;-X h?2 TT 'QtBK iBQM 7Q  HQr Q'/2° ~mt2b "2 ;Bp2M
2

1% el

Fhy = O5(1+ wj)F; +05(1 wj)Fju ét;”(ujﬂ uy); U XeV
X 1
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