41DBMBCMFBOEIJHI TFOTJUJ
PG TIJIMIJDPORVBOUVN EF)

aBKQOM a+? H

i22bBb bm#KBii2/ 7Q i?2/2:°22 Q7
.Q+iQ Q7 S?BHQDbLQT?v

IMBp2 bBiv*QHH2;2 GQM/QM
2T "iK2Mi Q7 1H2+i"QMB+ 1H2+i B+ H .
GQM/QM- jyi? C Mm v kyky



AA

A- aBKQM a+? H- +QM} K i? ii?2rQ F T 2b2Mi2/ BM i?Bb i?2bB

BM7Q K iBQM ? b #22M /2 Bp2/ 7°QK Qi?2 bQm +2b- A +QM}"
BM/B+ i2/ BM i?2 i?2bBbX

GQM/QM- jyi? C Mm "v kyky aBKQM a+? H



AAA

"CTUSBDU
F

4DBMBCMFBOEIJHI T
RVBOUVNEFW

4JNPO 4DIBBM

OTJUJIJWJU/Z
JDFT

Zm MimK +QKTmiBM; Bb T 2/B+i2/iQT QpB/2 mMT 2+2/2Mi2/ 2
Tmi iBOQM HTQr2°X [m MimK +QKTmi2® "2[mB 2b BKTH2K2Mi i
M/ +QMi"QHH2/ [m MimK bvbi2K Q7 K Mv BMi2 " +QMM2+i2/ [m#E
7" ;BH2 [m MimK bi i2bX h?2 BMi2 ' 2bi BM bTBM@# b2/ [m Mim
bi2Kb 7°QK /2KQMbi® iBQMb Q7 p2'v HQM; bTBM@+Q?2 2M+2 i
bTBM +QMi QH M/ +QKT iB#BHBiv rBi? BM/mbi B H K bb@7 #°
7 # B+ iBQM Q7 i?2 bBHB+QM TH i7Q K Qz2'b +H2 > "Qmi2 iQ
imK +QKTmi2 - ?2Qr2p2 - bQK2 Q7 i?2 T ' Q+2bb2b M/ i2+?MB[m
/2KQMbi® iQ'b "2 BM+QKT iB#H2 rBi? /2Mb2 M/ 7QmM/ ' v@ 7 1
AM T "iB+mH - bTBM@ 2 /Qmi miBHBb2b 2ti2™M H b2MbQ b i?
7QQIiT'BMi b [m#Bi/2pB+2bX

AM i?Bb i?2bBb- BKT ' Qp2/ "2 /Qmi i2+?MB[m2b 7Q" bBHB+QM
b2Mi2/ M/ "Qmi2b iQr /b BKTH2K2Mi iBQM Q7 b+ H #H2 M/ ?
Qmi +?Bi2+im 2 "2BMp2biB; i2/X 6B biHv- "2 /Qmi b2MbBiBptE
b2MbQ b Bb BKT Qp2/ mbBM; ?B;?@[m HBiv7 +iQ  "2bQM iQ"
KTHB}2 i? i "27 # B+ i2/b2T ~ i2Hv7 QK [m MimK /QibX a2+Q
i MbBbiQ @# b2/ +QMi"QH +B +mBi Bb T'2b2Mi2/ mbBM; r?B+?
[mMm MimK /Qi/2pB+2b mbBM; i?2b K2 ; i2@# b2/ b2MbQ Bb +?B
b+ H2 "2 /Qmi "+?Bi2+im 2 # b2/ QM ~ M/QK@ ++2bb M/ 7 2[m
BMi Q/m+2/X h?2 BKT +i Q7 "2 /Qmi +B +mBi 7QQIiT BMiQM "2
KBM2/- b?QrBM; "Qmi2b iQr /b BMi2:" iBQM Q7 +QMp2MiBQM }
/[2pB+2b BM [/2Mb2 "+?Bi2+im 2- M/ 7 mHIi@iQH2 Mi "+?Bi
i2/ 2t+? M;2BbBMi"Q/m+2/-+ T #H2 Q7 "2H tBM; i?2 HBKBi iBC(
+B +mBi 7QQiT'BMi T2  [m#BiX .2KQMbi® iBQMb "2 # b2/ QM 7
bBbiQ b M/ 72r@2H2+i QM [m MimK /Qib-b?QrBM; i? i BM/mbi
"Qmi2 iQr /b [m MimK +QKTmi iBQM i b+ H2 H ;2 2MQm;? iQ
i?72 KQbi +? HH2M;BM; +QKTmi iBQM H T Q#H2KbX






*NQBDU 4UBUFNFOU

G ;2b+ H2[m MimK +QKTmiBM; +QmH/ ? p2rB/2@ M;BM; BKT
2ivX "v "2pQHMIiBQMBbBM; i?2r v +QKTmi iBQMb "2 T2 7Q K2,
KQbi +? HH2M:;BM; T'Q#H2Kb +'Qbb + /2KB M/ BM/mbi'v +Qm
KQ/2HHBM; Q7 #BQ+?2KB+ H M/ T?vbB+ H T Q+2bb2b Q" i?2 T
Q7/ i BMi?2 TTHB+ iBQM Q7 'iB}+B HBMi2HHB;2M+2-iQ i?2,
Ki2°'B HbX

h?2 "2bmHib /2KQMbi™ i2/ M/ i2+?MB[m2b /2p2HQT2/ BM i?BEk
TH2K2Mi iBQM Q7 H ";2@b+ H2 [m MimK +QKTmi2  # b2/ QM I
bi2T +HQb2 iQ "2 HBiv #v /[2KQMbi® iBM; "Qmi2b iQ b+ H #H2
"+?Bi2+im 2X >Qr2p2 - 7m’i?2° /2p2HQTK2Mib- i? i KB;?i +QN
12+ /12 Q"  HQM;2 - "2 "2[mB 2/iQ #mBH/ mb27mH bBHB+QM@ #
h?2 ?B;?Hv@b2MbBiBp2 + T +Bi M+2 M/ +? ;2 b2MbQ /2KQI
+QmH/ }M/ BKK2/B i2 TTHB+ iBQM BM Qi?2  }2H/b-r?2"2 +'vQ;
b "vX JQ 2Qp2 - +?  +i2 Bb iBQM M/ KQ/2HHBM; Q7 7QmM/ "\
i +'VQ:;2MB+ i2KT2  im 2b T°QpB/2b mb27mH BM7Q K iBQM 7C
r ' /b+vQ;2MB+ +B " +mBi/2bB;M-rBi? TTHB+ iBQMb MQi QMHV
+QKTmiBM; +QKKmMBiv- #mi HbQ BM /22T bT +2 2tTHQ iBQMX
T K2i B+ KTHB}2 b- /2p2HQT2/ BM i?2 }2H/ Q7 bmT2 +QM/m-
Qmi Q7 bBHB+QM@# b2/ /2pB+2b- i?Bb i?2bBb +QmH/ //IBiBQM
/IBb+BTHBM "vriQ ' Fr?2°2CQb2T?bQM T * K2i'B+ KTHB}+ iBQN
BM; 2/B2MiX






"DLOPXMFEHFNFOUT

h?Bb rQ ' F rQmH/ MQi ? p2 #22M TQbbB#H2 rBi?Qmi i?2 ?2HT
;721 T2QTH2 M/ ArQmH/ HBF2 iQ i? MF MvQM2 r?Q ? b ++Qk
S?.DQm M2vX AM i?2 TQHHQrBM;- A ?B;?HB;?i 72r T2QTH2
T 'iB+mH

6B 'bi Q7 HH- CQ?M JQ iQM r?Q ? b #22M p2'v bmTTQ iBp:
bmT2 pBbQ X q?BH2 ? pBM; +H2 ~ "2b2 "+? ;Q Hb- A2MDQv2/ i
r’e2MrQ FBM; rBi? CQ?M M/ p Hm2 ?Bb b+B2MiB}+ BMimBiBQM
BM2M; ;BM; M/ K BMi BMBM; +QHH #Q° iBQMbX A? p2H2 M2/
/IBb+mbbBQMb rBi? ?BK #mi HbQ #v K22iBM; K Mv BMi2 2biBM;
+QM72 2M+2b- K22iBM;b Q" /BMM2 bX J Mv +iBpBiB2b QmibB
H biv2 b ;72 i2tT2 ' B2M+2-2p2Mi?Qm;?i?2; QmT bFBBM; i B
i 1?72 #2;BMMBM; M2p2  iQQF TH +2X

a2+QM/Hv- Kv BM/mbi "B HbmT2 pBbQ 62 M M/Q :QMXx H2xX@ \
*K#'B/;2 M/ 7Q° +QMIiBMMQmb bmTTQ i i?2°Qm;?2Qmi Kv r?2QH:
M 2t+2TiBQM H M/ + HK 2tT2 BK2Mi HBbi M/ ?Bb bFBHHb BM
M/ /22T mM/2 bi M/IBM; Q7 "2~2+iQK2i'v i2+?MB[m2b ? p2 K /2
* K#°B/;2 ;72 ibm++2bbX

S 2pBQmb Za. ; QmT K2K#2 b 7Q i?2B r K r2H+QK2 iQ i?2
*? ii2°'D22 M/ CQ?M J MbB - r?Q ? p2 ?2HT2/ K2 HQi BM ;2ii
2tT2 BK2Mib BM i?2 H #X a H ?m//BM Lm  r?Q Hr vb 2Mbm 2/
DQBMBM; i?2 Tm# + HHX L BiBF S MDr MB r?Q ? brQ F2/ QM
bm#D2+i iQ 2p2 ' vQM2 2Hb2 BM i?2 ;QmTX >22@CBM GBK M/
#2BM; p2 vVFMQrH2/; #H2 BM Mv QTiB+b Q KB+ 'Qr p2 "2H i2/[r
r?Q FBM/Hv H27i K2 ?Bb G*L /2bF BM 2t+? M;27Q  /2bF BM i?2
*m T 2Mi Za. K2K#2 b r?Q ? p2 K /2 HH i?2 iBK2 bT2Mi BM i?2
. pBM .QH/ M/ ?Bb 2t+2HH2Mi FMQrH2/;2 Q7 1M;HBb? #22 X SB.:
M 2t+2HH2Mi /2bFK i2 M/ r?Q HBF2b i?2 :Q /QMdb + 72 TBxx |
b?QmH/ /QX C K2br?Q Hr vb? /+ xvbiQ ' B2biQi2HH 7i2° MQ
i"BT M/r?QA?/ ;"2 1iBK2rBi?2tTHQ BM;* HB7Q MB X . pB/
mT 7Q° +? i #Qmi + B+F2i #mi A ? p2 MQ B/2 ?Qr BirQ FbX *

0AA



0AAA

r2Q 2 b #22M 2ti'2K2Hv 22HT7mH BM Mv H # "2H i2/ [m2biBQMb
biQTT2/ rQ FBM;X hQ;2i?2  r2 ? p2 #22M i?2°Qm;:? M BMi2Mb2 ¢
?2 p2 ; BM2/ HQib Q7 2tT2'B2M+2 BM ?2 pv HB7iBM; U M/ ?2Qr i
"27m #Bb?K2Mi

L2r Za. K2K#2'b M/ i?2 M2r S?. +Q?Qi- r?Q DQBM2/ MmK2'Q
#Qm;?i BM HQib Q7 p Hm #H2 FMQrH2/:2 M/ +'2 i2/ 7mM iKQ]
ivrBi? ?Bb /22T FMQrH2/;2 Q7 bBHB+QM [m MimK /Qib- Pb+ " E
r2i+ M M/r? i+ Moi#2/QM2BMi?2 G*L +H2 M@ QQK M/ aB//
r’QFMQrbLo@+2Mi"2bHBF2MQQi?2° M/? b / Ti2/ 7°QKHBpBN
iQM E2vM2bX h?2 M2r bim/2Mib- oB ;BMB *B°'B MQ-CBM;vm .m
r’QA? p2? /HQIibQ7 7TmMrBi?- MQi QMHV BM ?2HTBM; i?2K iQ
BK2Mib #mi HbQ 2tTHQ BM; #2 miB7mH av/M2v- "Hm2 JQmMi BN
Bb ;2 iiQb22i?2B  }'bi 2tT2'BK2Mi H +?B2p2K2MibX

h?2 >Bi +?B * K# ' B/;2 M/ IJB+ Q2H2+i " QMB+b ;"QmT- 7Q° p2Z
2p2Mi?2Qm;? #Qi? Q7 KvpBbBib? p2#22MBMrBMi2 iBK2X LB+F
bi vBM?Bb?Qmb2 BM >BbiQM-r?B+?r b ;2 i+? M;2iQ #mbv (
_QbbBr?2QBMi Q/m+2/K2iQ"HmM27Q b7 B/;2b M/ K F2b; 2 i T
>B;?2r?Q?b ;"2 imM/2 bi M/IBM; Q7 ;2M2" H T?vbB+b M/ r?Q
7QQi# HHX 1KK " HH M/ GBb A##2 bbQM r?Q A? / 27 2b?BM
AKiB x ?K2/- . pB/ A##2 bbQM M/ h?QK b g ;M2 r?Q ? p2 #22]
+QKT MBQMb /m BM; Kv bi vX

h?2 *QT2M? :2M :°QmT-r?22 A ? p2 bT2Mi :°2 i KQMi?X aT:
62 /BM M/ EmKKm2i? 7Q° BMpBiBM; K2 iQ i?2B" BKT 2bbBp2 N\
6 #8Q Mb HQMB M/ M bm *? ii2 D22- i?2 bBHB+QM bQH/B2 b
2MpB QMK2Mi- M/ _Q# J+L2BH M/ hQKK bQ S 2;MQH iQ 7Q" r2t
~ iX h? MFbiQ 2p2 'vQM2 2Hb2 ii?2*2Mi2 7Q  Zm MimK .2pB+2
bi vbQ 2MDQv #H2X

h?2 *2Mi*2 7Q° .Q+iQ  H h> BMBM; M/ i?2 1Sa_* 7Q T QpB/B
7mM/BM:i?2 °Qm:?2Qmi Kv S?2.X M/ 2r6Bb?2° M/. M" QrM2r?2Q ?
/B 2+iQ bX GQT Jm : Br?2Q ? b #22M :°2 i /KBMBbi  iQ> M/
bT2 FiQX JQbi BKTQ i MiHv Kv S?. +Q?Q i r?Q ? b K /2 KQpBN
"2 | 2tT2 ' B2M+2X h?2 ?2Qm b bT2Mi iQ:2i?2 QM T Q#H2Kb #mi
bFBBM; BM o M+Qmp2 M/ K Mv Qi?2 b rBHH #2 mM7Q ;2ii #H2)>

*1 @G2iB M/ BK2+ r?Q ? p2 7 # B+ i2/ 2t+2HH2Mi /2pB+2bX
+QMbQ iBmMK r?2Q ? p2 #22M ;"2 i T "iM2 b BM /2pB+2 +? * +i2 Bb
QMT r?2Q 7 # B+ i2 2t+2HH2Mi CQb2T?bQM T ° K2i'B+ KTHB}2



As

A K 2ti'2K2Hv i? MF7mH iQ Kv T "2Mib M/ 7 KBHv-r?Q ? p2 b
+QM/BiBQM HHvi? Qm;?QmiKvr?QH2bim/B2b-2p2Mr?2M A /2+
"2°M? °/ JQMBF a+? H-Cm/Bi? alt# biB2M G M;2pBM M/ 1HI
#mbv + /2KB+ rQ'H/ BM GQM/QM 7Q° r?BH2 7Q" 2t+2TiBQM H
p2'v/ F M/ [mB2i MB;?ib? b#22M i 2 iX

G biHv- Kv T 'iM2 " J 'v_ p22M/" M-r?Q A ? p2bT2Mii?2 ? TTE
Ai iQQF #Bi Q7 iBK2 / TiBM; iQ HBpBM; BM GQM/QM- #mi J
;721 M/ HQpBM; T 'ib Q7 GQM/QMX h? MFvQmbQ Km+? 7Q° H
7Q ;2M2 iBM; ;2 ii?2bBbr BiBM; iBK2i #H2X A KHQQFBM;
v2 "biQ;2i?2 X






1VCMIDBUJPOTBOE $POGFSF

1VCMJIJDBUJPOTBOE .BOVTDSJQUT

URV aXa+? H-aX" " m/-CXCXGXJQ iQM- JIJX 6X:QMx H2x
.BbT2 bBp2 _2 /Qmi Q7 *JPa aBM;H2@1B2vbBEQHMHI2K@ Vv *.
pB2r TTHWB&NM- y89yRe- UkyR3VX

UKV AX ?2K2/-CX X > B;?-aXa+? H-aX" > m/-uXw?m-*X@|
CX gX X _Q#BMbQM- X _QbbB- CX CX GX JQ'iQM- JX 6
6 /IBQ@6 2[m2M+v * T +BiBp2: iS@VbB2/d2MpBRI;6FTHB2/
RWRV- yROYyR3- UKyR3VX

UjV aX a+? H- X _QbbB-0XLX*B'B MQ@h2D2H- hX@uX u M;-
iIQM- JX 6X:QMx H2x@w H# -6 *JPa/vM KB+ M/QK ++2b
7Q° T /IBQ@7°'2[m2M+v "2 /Qmi QT [imm M ifnHK2 A2 B M Bb-Go-
kjie k9k UKyRNV X

U9V wX * B-JX X 6Q; ‘iv-aXa+? H-aXS iQK FB-aX*X "2MD k
iQM- 6 aBHB+QM am'7 +2 *Q/2  +?Bi2+im’ 2 2bBHB2Mi ; E
Zm Mimjk kRk- UKyRNV X

U8V aXa+? H-AX ?K2/-CX X>B;?2-GX>miBM-"X"2"i" M/- aX
*X@IX G22- LX ai2HK b?2MFQ- CX gX X Q#BMbQM- CX u
:Qm ;v- AXaB//B[B-JX6X :QMx H2x@w H# - CXCXGXJQ'i
2 /Qmi Q7 bBHB+QM [m MimK /Qib mbBM; CQb2T?bQM T °
S?vbB+ H 2pB2UGQRkY2V K

*2 Ti2 9 +QMi BMbrQ F T 2b2Mi2/ BM UkV M/ U8VX _2bmHib b~
#22M Tm#HBb?2/ BM URV M/ UjVvX 6BM HHv- *? Ti2 e +QMi B
M/ U9VX

SA



SAA

$POGFSFODFUBMLT

C aXa+? H-aX" " m/-CXCXGXJQ iQM- JIJX6X:QMXx H2x@ v
/IBbT2 bBp2 "2 /Qmi Q7 *JPa[m MimK /Qi pB MBMi2; i2/
+mBPORS aBHB+QM Zm MimK AM7Q Kk NBQ KI5 QMBIpRBWB iv-
|lE UkyRdVX

C aXa+? H-aX" > m/-CXCXGXJQiQM- JX6X:QMX H2x@ v
.BbT2 bBp2 2 /Qmi Q7 *JPa aBM;H2@ 1HRaiJ QM JI2KQ v *:
J22iBM3Qb M;2H2b-* HB7Q MB -la UkyR3VX

C aX a+? H- X _QbbB-aX" " m/-CXCXGXJQ iQM- JX 6X
6 *JPa/vM KB+ M/QK ++2bb "+?Bi2+im 27Q "~ /IBQ@7 2]t
[mMm MimK /2pBPBbaBHB+QM Zm MimK AM7Q WM BBQMBiWQ+2bb
*QHH2:2 GQM/QM- |E UkyR3VX

C aX a+? H- X _QbbB-aX" " " m/-CXCXGXJQ iQM- JX 6X
6 *JPa/vM KB+ M/QK ++2bb "+?Bi2+im 27Q "~ /BQ@7 2[r
[mMm MimK /2pBBHB+QM Zm MimK 1H2+i- QMB+=B\g/MMEFDb?QT
mbi® HB UKkyR3VX



SPOUFOUT

*OUSPEVDUJPO

RXR JQQ 286bHI T XX XXXXXXXXXXXXXXXXXX
RXk Zm MimK +QKTmi iBQM X X X X X X X X X X X X X X X
RXj Zm MimK +QKTmiBM: TH i7Q Kb X X X X X X X X X X X
RX9 h?2 bBHB+QM /p Mi ;2 iQr /bb+ H #H2 [m MimK +QKTn
RX8 h?Bbi?2bBb X X X X X X X X X X X X X X X X X X X X

#BDLHSPVOE
KXR Zm MimK/Qib X X X X X X X X X X X X X X X X X X X X
KXRXR *QmMHQK# #HQ+F /2 X X X X X X X X X X X X X >
kXRXk "iB}+B H iQK X X X X X X X X X X X X X X X X
kKXRXj] *QmTH2/[m MimK /Qib X X X X X X X X X X X X X
kXk aBHB+QM DbTBM [m#Bib X X X X X X X X X X X X X X X
kXkXR aBHB+QM ?QbiKi27BHXXXXXXXXXXXX
kXkXk aBM;H2@bTBM [m#Bi X X X X X X X X X X X X X
kXkXj aBM;H2i@i BTH2i [m#Bi X X X X X X X X X X X X
kXkX9 JIJmHIB@QbTBM [m#Bi X X X X X X X X X X X X X X
kXkX8 _2/Qmi K2+? MBbKb X X X X X X X X X X X X X
kXj _ /BQ@7 2[m2M+v 2~2+iQK2i'v X X X X X X X X X X X
kXjXR JQiBp iBQM X X X X X X X X X X X X X X X X X 3
kXjXk _2bQM iQ X X X X X X X X X X X X X X X X X X3
kXjXj aBM;H2@2H2+i QM i> MbBbiQ X X X X X X X X X
kKXjX9 :i2@# b2/ 2 /QmiX X X X X X X X X X X X X X X
KXj]X9XR 1H2+i QM 2t+? M;2 rBi? 2b2 pQB'b X X >
KXjX9Xk AMi2 @/Qi2t+? M;2 X X X X X X X X X X >
kXjX9Xj PTIiBKBx iBQM 7Q bTBM "2 /Qmi X X X X X
kX9 S " K2i B+ KTHB}+ iBQM X X X X X X X X X X X X X X
kX9XR KTHB}+ iBQM M/ MQBb2 X X X X X X X X X X X
kX9Xk LQBDb2 HBKBib X X X X X X X X X X X X X X X X |

sAAA



sAo *QMi2Mib

kX9Xj IHi° @HQr MQBb2 KTHB}+ iBQM X X X X X X X X
KX9XjXR S~ K2i'B+ KTHB}+ iBQM T Q+2bb X X X X
KX9XjXk CQDb2T?bQM DmM+iBQM /2pB+2b X X X X )

kX8 aBHB+QM [m#Bi bmKK v M/ #2M+?2K "Fb X X X X X X X

&YQFSINFOUBMNFUIPET

JXR 6 # B+ iBQM X X X X X X X X XX XXX XXXXXXX
JXRXR aPA M MQrB 2i° MbBbiQ b X X X X X X X X X X X

Xk J2 bm 2K2Mib2imT X X X X X X X X X X X X X X X X X )
jJXkXR .BHmMmiBQM "27°'B;2 iQ° M/rB BM; X X X X X X X
JXKXk S*"p X X X X X X X X X X X X X X X XX XXX X
JXkXj J2 bm 2K2Mi 2[mBTK2Mi X X X X X X X X X X X X
JXkX9 _2~2+iQK2i'vb2imT X X X X X X X X X X X X X X
JXkX8 *? ;2 b2MbBiBpBivK2 bm 2K2Mi X X X X X X X X

'BTUBOE TFOTJUJWFHBUF CBTFE 3' SFBEPVU
9XR _2 /Qmi}/2HBiv X X X X X X X X X X X X X X X X X
9Xk S " HHQHZIBQM@Q X X X X X X X X X X X X X X X X
9XKkXR *B +mBi M/ bBKmH iBQMb X X X X X X X X X
9XkXk a2imT M/ BKTH2K2Mi iBQM X X X X X X X X X
9XKkXj *? ;2 b2MbBiBpBiv X X X X X X X X X X X X X X
9XKkX9 0B/2Q@KQ/2 2 /Qmi X X X X X X X X X X X X X .
9Xj CQb2T?bQM S *~ K2i'B+ KTHB}2 X X X X X X X X X X X
9XjXR a2imT M/ CS imMBM; X X X X X X X X X X X X X
9XjXKC "2bQM iQ° M/ CS QT2 iBQM X X X X X X X X X X
OXjXj Z./2pB+2 X X X X X X X X X X X X X X X X X X X
9XjX9 *?2 ;2 b2MbBiBpBiv X X X X X X X X X X X X X X
9XjX8 0B/2Q@KQ/2BKT Qp2K2Mib X X X X X X X X X X
9XjXe AMiI2 @/Qi+? ;2 i MbBiBQM X X X X X X X X X X
9XjXeXR alL_BKT Qp2K2Mib X X X X X X X X X X X
9XjXeXk _2 /Qmi}/2HBiv 2biBK iBQMb X X X X X X |
9X9 AKT +i Q7 2ti2°M HK :M2iB+ }2H/b X X X X X X X X X X
9X8 *QM+HMbBBOQMX X X X X X X X X X X X X X X X X X X X

X X
X X
X >
X

4

3BOEPN BDDFTT SFBEPVU

8XR JQiBp i BQMX X X X X X X X X X X X X X X X X X X X X

8Xk *QM/BIiBQM H "2 /Qmi X X X X X X X X X X X X X X X X
8XkXR aBM;H2 2H2+i QM K2KQ v +2HH X X X X X X X X



*QMi2Mib SO

8XkXk *? ";2b2MbBiBpBiv X X X X X X X X X X X X X X
8XkXj 1H2+i QM "2i2MiBQM iBK2 X X X X X X X X X X X
8Xj a2[m2MiB H 2 /Qmi X X X X X X X X X X X X X X X X X
8XjXR 6 2[m2M+v Qp2 HT X X X X X X X X X X X X X X
8XjXk PT2 iBQM ;mB/2HBM2b X X X X X X X X X X X X
8XjXj a2[m2MiB H "2 /Qmi X X X X X X X X X X X X X X
8X9 SQr2 /BbbBT iBQM X X X X X X X X X X X X X X X X X
8X8 *QM+HMbBQM X X X X X X X X X X X X X X X X X X X X

4DBMBCMFBSDIJUFDUVSFT
eXR JQiBp i BQMX X X X X X X X X X X X X X X X X X X X >
eXk 1°°Q +Q "2+iBQM "+?Bi2+im2b X X X X X X X X X X >
eXkXR am'7 +2 +Q/2 X X X X X X X X X X X X X X X X |
eXkXk S'QTQb2/bm'7 +2 +Q/2 BKTH2K2Mi iBQMb X X X
eXkXj am'7 +2 +Q/2 "+?Bi2+im 2 # b2/ QM KmHIB@2H2+
eXkXjXR JIJmHIiB@2H2+i QM Z. b K2/B iQ X X X X >
eXkXjXk am 7 +2 +Q/2 "+?Bi2+im2 X X X X X X X
eXkXjXj .2pB+2 /2bB;Mb X X X X X X X X X X X X X
eXj AMi2;" iIBQM X X X X X X X X X X X X X X X X X X X X
eXjXR 1H2+i QMB+b BM 7mHH@bi +F T Q+2bbQ X X X
eXjXk a+ H #H2 "2 /Qmi "+?Bi2+im™2 X X X X X X X X X
eXjXkXR "+?Bi2+im2 X X X X X X X X X X X X X |
eXjXkXk h” MbBbiQ KQ/2H X X X X X X X X X X X ;
eXjXkXj *B"+mBi bBKmH iBQMb X X X X X X X X X )
eXjXkX9 6QQIiT BMi2biBK iBQMb X X X X X X X X
eX9 *QM+HmMbBQM X X X X X X X X X X X X X X X X X X X X

$PODMVTIJPOBOEPVUMPPL

dXR +?B2p2K2Mib X X X X X X X X X X X X X X X X X X X
dXRXR *JPa7QmM/'v@# b2/ [m MimK /2pB+2b X X X X X
dXRXk >B;? b2MbBiBpBiv; i2@# b2/ b2MbBM; X X X X X
dXRXj a+ H #H2 [m MimK +QKTmiBM; "+?Bi2+im 2b X X

dXk 6mim 2 2b2 "+? /B 2+iBQMb X X X X X X X X X X X X )
dXkXR *JPa/2pB+2bh X X X X X X X X X X X X X X X X >
dXkXk :i2@# b2/ 2 /Qmi X X X X X X X X X X X X X X X
dXkXj AMi2;" iBQM X X X X X X X X X X X X X X X X X

"QQFOEJDFT



SOA *QMi2Mib

" 4UVEZPG3' 4&5TJ0O04J .04 UFDIOPMPHZ

# ANBMMTIJHOBM MINJUPGEJTQFSTIWFDJSDVJU 2&%

$ &WFOQBSJUZJOUFS EPOPS EPUDIBSHFUSBOTJUJPO
% #BDL HBUFPQFSBUJPO XJUIIJHI RVBMJUZSFTPOBUPST
& 4IMIDPORVCJUTVNNBSZBOECFODINBSLT

" IPUFTPOFYQFSINFOUBMQSPDFEVSFT

( $PEF

#JCMIPHSBQIZ



SIBQUFS
*OUSPEVDUJPO

.PPSF T MBX

Pp2 i?2H bi}p2/2+ /2br2? p2mM/2;QM2 "2pQHmMiBQM BM BN
M/ 2H2+i"QMB+b /"Bp2M #v i?2 BMMQp iBQM Q7 bBM;H2 +B +n
h?2b2 /2p2HQTK2Mib ? p22M #H2/7 # B+ iBQM Q7 7 bi M/ +QK
rBi? HQr TQr2° +QMbmKTIiBQM M/ 2p2 @; QrBM; T Q+2bbBM; T
BM; M/ M HvbBM; i?2p bi KQmMib Q7 /i T Q/m+2/ #v KQ/2 N
*QMiBMmMQmbi® MbBbiQ  KBMB im Bb iBQM ? b#22M i?2 F2v /2
TOQBMir2 "2 iiQ/ vX JQ 2 M/ KQ'2i MbBbiQ'b "2 BMi2; i2/
+?BT- "2/m+BM; i?2 +Qbi T2 +?BT M/ HHQrBM; 7 # B+ iBQM Q
iQ/QrM@bBxBM; //BiBQM HHv "2/m+2b i?2 TQr2 /BbbBT i2/ #
/IVM KB+ M/ bi iB+ +QNPIizB#hIBOYMIQ7M/ /2T2M/b QM i?2 + T +@
Bi MG27 2[mME2EMBMTTHY pQHIM2H2 F ;2 +hsX2Mii?2 TQr2°
i? 1+ M#2 /BbbBT i2/ QM +?BT Bb HBKBi2/- 2/m+BM;i?2i MDbI
i?2+ T +Bi M+2 K F2b QT2 iBQM i?B;?2 7'2[m2M+v TQbbB#H
T2 ' 7Q K M+2X hQb+ H2iQi> MbBbiQ'b Q7 bBx2 Q7 ky MK M/H
+ B2 KQ#BHBiv U2X;X #v mbBM; b?Q i2 ; i2 H2M;i?V HHQr
POQHI V2bX JQ 2Qp2 - K2 W/;i2 MbBbiQ i¥v,Z2bB@BA2M "2/m+2/
MmMbBM;KRB;i2@B2H2+i " B+b M/ M QTiBKBb2/i?'22@/BK2MbBQM
+QMbBbiBM; Q7 ; i2i? ir  Tb "QmM/ bBHB+QM M MQrB 2 U
I2p2HQTK2Mib HHQr2/ QT2 iBQM i M2p2M ?B;?2 7°2[m2M+v.
bBT iBQM “2H i2/ HBKBi iBQMbX b “2bmHi Q7 i?2b2 BMMQp i
BMi2; i2/ +B +mBib ? b /Qm#H2/ 2p2 v irQ v2 'b Qp2 i?2 H bi
i*2M/ T 2/B+i2/ #v JQQ 2- i?2 +Q@7QmM/2° Q7 AMi2H- BM JQ
i° bi-bi i2@Q7@i?2@ i +QKTH2K2Mi 'v@K2i H@QtB/2@hb2KB+
? p2 "2 +?2/ /BK2MbBQMb Q7 QMHvV 72r M MQK2i 2bX AM kyRN
T°Q/m+iBQM Q7 i?2 8 MK MQ/2-r?2'2 bBM;H2 iQK #2BM; BM



k *2 Ti2° AMiQ/m+iBQM

bi"QM;Hv z2+i +B"+mBi T2 ' 7Q K M+2 (j)X 7TmM/ K2Mi H T?vb
7Q 2 #22M "2 +?22/ M/ i?2 b2KB+QM/m+iQ  BM/mbi'v? b7Q K H
JQQ 26bH rBb+QKBM;iQ M2M/ (9)X LQr / vb T Q+2bbQ'b 2T
BM; KQ 2 TQr2 7mH #v mbBM; KmHIB@+Q 2 "+?Bi2+im 2bX am
M2IirQ " FQ7bm+?2T Q+2bbQ b M/ +10F FB iBMK@DQOBIMiPT2" iBQ
T2 b2+QM/X aiBHH-bi i2@Q7@i?2@ 'ibmT2 +QKTmi2'b "2 MQ
+QKTmi iBQM HHv ?2 */ T°'Q#H2Kb r?2°'2 MQ H;Q Bi?Kb 2tBbiiQ
TQHVMQKB H iBK2- bm+? b bBKmH iBM; [m MimK +?2KBbi'v- K
bQK2 QTiBKBb iBQM i bFbX bB;MB}+ Mi BM+ 2 b2 BM +QKTmi
"2 " 2[mB2/iQ //'2bb i?2b2 T Q#H2KbX AMi2 2biBM;Hv- /272+i
HBKBiBM; bi #BHBiv M/ /QrMb+ HBM; Q7 +QMp2MiBQM H T Q+:
/ i2b 7Q° "2 HBbBM; [m MimK +QKTmi2' + T #H2 Q7 bQHpBM;
T Q#H2Kb i? i b22K BMi® +i #H2 mbBM; +QMp2MiBQM H +QKTmi

2VBOUVNDPNQVUBUJPO

qBi? i?2 B/2 BM KBM/- i? i i?2°2
rBHH #2 T?vbB+ H HBKBi BM
10) /2MbBiv Q7 i’ MbBbiQ b- “2b2 '+
k2 2/ H2 /v bi i2/ iQ BMp2biB@
| P £ i2 Hi2 M iBp2 K2i?Q/biQ +QMp:
iBOM H +QKTmi iBQM BM i?2 RN
) e KQM:bi i?2 }'bi iQ BK ;BM2 i? i
[m MimK bvbi2K +QmH/ #2 mb2/ i
T2'7Q°K +QKTmi iBQMr b _B+? °
62VMK MX >2 BMi“Q/m+2/ i?2 BJ:
1) Q7 T2 7Q KBM: [m MimK bBKmH i
#v K TTBM; [m MimK bvbi2K Q7
BMi2 2bi QMiQ +QMi"QHH #H?2
'JH Zm#BIBHHmMbi~ iBQM Q7 j [mB#Bi. bi i2 .
"HQ+? bT?2 2X AM K2 bm 2K2Mi d MK hdBBrid dilgm PMHV 721 v2
bi i22Bi?2°y Q  RBb Q#i BM2/X H i2°- i?2 7QmM/ iBQM Q7 mME

b HU;2M2  HTm TQb2V[m MimK
Tmi2" rBi? + T #BHBiB2b #2vQM/ i /BiBQM H +QKTmi iBQM r |
.2mib+? (d) b?2QrBM; i? ii?2*?m +?2@hm " BM; T"TBM+BTH2 Q7 mM|
[mMm MimK i?2Q'v "2 +QKT iB#H2X
h?2 #mBH/BM; #HQ+F Q7 [m MimK +QKTmi2 Bb bQ + HH2/ |
"2 HBb2/ mbBM; [m MimK K2+? MB+ HirQ@H2p2H bvbi2KX b




RXk Zm MimK +QKTmi iBQM i

T BM+BTH2 Q7 bmT2 TQbBiBQM- Mv KBtim 2 Q7 i?2irQ bi i2b-
M/ R- Bb HHQr2/- K FBM; [m MimK +QKTmiBM; TT2 " bBKBH
BM;X >Qr2p2 -r?2M [m#BiBb K2 bm 2/ QMHv 2Bi?2" y Q' R Bl
K2 bm 2K2Mib 2M #H2 i?2 2tTHQ  iBQM Q7 i?2 T Q# #BHBDbiB+ |
[m MimK K2 bm 2K2NPibMBj? #2BM: i?2 T Q# #BHBiv iQ K2 bm 2
R 2bT2+iBp2HvX Mv bmT2 TQbBiBQM bi i2 Q7 [m#Bi + M #2 |
"HQ+? bT?2°2UbT?2°2Q7 " /BmbRVr?22°2i?22MQ i? M/ bQmi?
HQ:B+ Hbii2by M/RX

ji= joi+ jli= +Qélj10i+ei' bBZMi URXRYV

amT2 TQbBIiBQM ;Bp2b Bb2iQ [m MimKT ~ HH2HBbK-r?B+? +
bB/2 BN [M#Bi bmT2 TQbBIiBQM bi i2 r2BBK2WhB QRIbH pBH#2 i
bT +2

X 1

ji= ijil: URXKYV

i=0
JQ 2Qp2 - [m#Bib + M #2 2Mi M;H2/ r?2 2 i?2v +i b ;" QmT- ~
TmHHvV BbQH i2/X h?2b2 2z2+ib BHHmbi™ i2b i?2 TQr2 Q7 [m
/IB{+mHiv Q7 +H bbB+ HHv bBKmH iBM; bm+? [m MimK bvbi2KbX

hQ K F2 mb2 Q7 bmT2 TQbBiBQM M/ 2Mi M;H2K2Mi rBi?BM
i BHQ 2/ H;Q Bi?Kb "2 "2[mB 2/iQ mMmMH2 b?i?2 TQi2MiB H +C
AM ; i2@# b2/ [m MimK +QKTmi iBQM M H;Q Bi?K Bb T2 7Q K
[m#Bib BM b2°'B2b Q7 ; i2b "2 HBb2/ mbBM; mMBi "vi> Mb7Q K
Q T B bQ7 [m#BibX aBKBH " iQ +QMp2MiBQM H +QKTmiBM;-
; 12b 2tBbi r?B+? Mv TQbbB#H2 QT2 iBQM QM [m MimK +QKT
iQ, 2X;Xi?2 +QMi " QHH2/@LPh ; i2 #2ir22M irQ [m#Bib +QK#BN
"Qi iIBQMb 7Q°'Kb mMBp2'b Hb2i (3)X gqBi? a?Q 6b 7 +iQ BM;
1?72 i?72Q 2iB+ H pBbBQM Q7 [m MimK +QKTmi iBQM r b # Qm;?i
iBQM BM RNNO9 #v #2+QKBM; i?°2 iiQ +QKKQM _a Tm#HB+@F
M 2tT2+i2/ 2tTQM2MiB H bT22/@mT +QKT "2/iQ +QMp2MiBQM
i?72 7 +iQ Bb iBQM T Q#H2KX G i2° QM- :"'Qp2 T 2b2Mi2/ M H
[m /" iB+ bT22/@mT r?2M b2 "+?BM; M mMbi m+im 2/ /i # b2.
pBbBQM2/ #v 62vMK M- [m MimK +QKTmi2" HHQrb bQHmMIiBQM
T Q#H2Kb BM +?2KBbi'v M/ T?vbB+b (RR R8)- bm+? b mM/2't
Ki2'B Hb r?B+? +QmH/ H2 /iQ 2{+B2Mi 72 iBHBx2 T Q/m+iBQ
M/ KQ 2 2{+B2Mi bQH ~ +2HHbX _2b2 "+? QM H;Q Bi?Kb ? b b



9 *2 Ti2° AMiQ/m+iBQM

B superconducting ion B photon WM silicon
100 1 107 1
101 -
75 10 1
10—1 .
50 - 107 1
10—3 -
25 1 1074
10—5 -
—6 |
0. 10

# qubits lifetime (s gate gate den5|ty temperature (K)
|nf|de||ty (%) freq.(GHz)  (1/um?)

'JHVSF SH i7Q KBEKT "BbOM Q7 +m "2Mi #2M+?K "Fb Q7 MmK#2' Q7
[M#Bib UHBM2 b+ H2VE {mHB[HBER{BR2BM}/2HBiv M/ 7°2@
[M2M+v- [m#Bi /2MbBiv M/ QT2  iBQMi2KT2  im 2 UHQ; "Bi?KB+ b+
72°2Mi[m MimK +QKTmiBM; TH i7Q KbX h?2 [m#Bi/2MbBiv7Q  T?QiC
iQ bb2b b T?QiQMb "2 MQi HQ+ HBDb2/X

7Q KmH i2/ bQ 7 "2 # b2/ QM bK HH MmK#2 Q7 /Bz2 2Mi +Q\
6QM B2 i° Mb7Q K Ua?Q V- KTHBim/2 KTHB}+ iBQM U: ' Qp2"
[m MimK bBKmH iBQM (8)X h?2°2 Bb QM;QBM; "2b2 “+? BM /2bB

2VBOUVNDPNQVUJOHQMBUGPSNT

. pB/ .BoBM+2MxQ (Re) ? b bmKK "Bb2/i?2 "2[mB 2K2Mib 7Q"  T-
BM; [m#Bi b 7QHHQrb, Ai M22/biQ #2 06b+ H #H2 T?vbB+ H b\
i2 " Bx2/ [m#Bibd M/ i?2 6 #BHBiviQ BMBiB HBx2 i?2 bi i2 Q71?2
+Q?2 2Mi 6Km+? HQM;2 i? Mi?2 ; i2 QT2 iBQM iBK26X //BiBC(
O6mMBp2 b Hb2i Q7 [m MimK ; i2b6 M/ &6[m#Bi bT2+B}+ K2 bn
HHQrBM; K MBTmH iBQM M/ "2 /Qmi Q7 2p2 v [m#Bi 2HB #Hv 1
BM; M/ 2M;BM22 ' BM; [m MimK bvbi2K r?B+? 7TmH}Hb i?2b2 bQ|
+'Bi2'B -Q7 r2HH BbQH i2/#mi biBHHQM@/2K M/ r2HH +QMi  C
+? HH2M;2 Q7 #mBH/BM; [m MimK +QKTmi2 X

J Mv T QTQb Hb QM BKTH2K2MiBM; [m MimK +QKTmi2 ? p2
+H2 " K ;M2iB+ 2bQM M+2 ULJ Vi2+?MB[m2b Q7 KQH2+mH " bT
BOQMbBMBQM®@i~ Th ? p2b2 p2/ bKQ/2H bvbi2Kb7Q T QQ7@ C
rBi? mTiQ d@[m#Bi LJ_ BKTH2K2Mi iBQM Q7 a?Q 6b H;Q Bi?
i?72@ i bmKK 'v Q7 i?2 KQbi T"QKBbBM; i2+?MQHQ;B2b iQr /I
Mmb27mH [m MimK +QKTmi2 Bb b?QrM BM 6B;X RXkX KQM; i?



RXj] Zm MimK +QKTmiBM; TH i7Q Kb 8

# b2/ QM bmT2 +QM/m+iBM; +B " +mBib (RN kR) M/ b2KB+QM/m-
i?72 KQbi T QKBbBM; + M/B/ i2biQ/2KQMbi i2 M /p Mi ;2Qp2
Tmi2 ' b# b2/ QM /2pB+2b rBi? +HQb2 iQ Ryy[m#Bib M/ ?B;?@1}/Z
; i2bX h?Bb MQBbv BMi2 K2/B i2@b+ H2 [m MimK ULAazZV (k8)
i2° 2biBM; 7Q°  [m MimK +?2KBbi'v TTHB+ iBQMbX g?BH2 bmT2

b?Q i HB72iBK2- 7 bi ; i2 QT2 iBQMb M/ "2 QT2 i2/ i KBH
im 2-BQM@# b2/ [m#Bib ? p2 HQM; HB72iBK2-bHQr ; i2QT2"
"QQK@i2KT2 im 2 UrBi? T2 7Q K M+2BM+ 2 b2b i+ vQ;2MB+

h2+?MQHQ;B2bi? i "2+m 2MiHvMM/2 T2 7Q KBM; #mi ? p2i
mb27mH [m MimK +QKTmi2 b #2vQM/ i?2 LAazZ 2° [ H ;2 b+
M/ bBHB+QM@# b2/ BKTH2K2Mi iBQMbX S?QiQMb "2 MQi QM|
[mMm MimK +QKKmMB+ iBQM (ke- kd) #mi HbQ [m MimK +QKTmi
BKT Qp2K2Mib BM bBM;H2 T?QiQM bQm +2b M/ /2i2+iQ b UivT
M/ "2 +?BM; i?2 M2+2bb v BMi2® +iBQM #2ir22M T?QiQMb TQb
T?2QIQM@# b2/ +QKTmi2 "X AMbBHB+QM@# b2/ BKTH2K2Mi iBC
bi i2b Q7 +QM}M2/ 2H2+i QM Q Mm+H2 ~ /QMQ bTBMb (kN jR)
HQM; +Q?2 2M+2iBK2b M/ 7 bi; i2QT2  iBQMb "2 +?B2p2/X J(
M2+2bb 'viQ 7Q K [m#Bi "2 bK HH2 i? M Ryy MK M/ [m#Bib
i+ vQ;2MB+ i2KT2 im 2b Q7R EQ ?B;?2 (jR-jk)X PMHv 72
/I2KQMbi® i2/ BM T?QiQMB+ Q" bBHB+QM@# b2/ /2pB+2 bQ 7 °
Tmim 2 T°QbT2+ibX

HH Q7 i?2b2 i2+?MQHQ;B2b ? p2 b22M bB;MB}+ Mi +QKK2 +B
bQK2rQ FBM; iQr /b 7mHH@bi +FbQHmMIBQM M/ Qi?2 brQ FI
r-2Q bQ7ir "2X h?2b2? /r "2 M/ 2bT2+B HHv bQ7ir "2/2p2HQ
imK +QKTmi2 b KQ 2 ++2bbB#H2 iQ MvQM2 M/ bBKmH iBM; |
M2p2" b 2 bv b Bi Bb MQrX 1p2M bBKTH2 H;Q Bi?Kb + M #2
MQBbv [m MimK +QKTmi2 BM i?2 +HQm/ ?Qbi2/ #v +QKT MB2b
_B;2iiB M/ AQMZX M 2t KTH2 Q7 bBKmH iBM; [m#Bi 2tT2 BK2
Q7 +Q/2 rBi?BBITi?K2rQ F Bb b?QrM BM 6B;X RXjU V- r?B+? +(
‘mM QM :QQ;H286b [m MimK +?BTX AM i?2 2tT2 BKZ0i- [m#Bi E
bi i2 7TQHHQr2/ #v [m#Bi Qi iBJpHE2rBB?2 XMRKMRYVY M/ i?2 T Q# #I
Q7 K2 bm BM;bi?2 Bb Q#i BM2/ #v "2T2 iBM; i?2 2tT2 BK2Mi R\

bT2+B}+ M;H2 r?BH2 i?2 [m#Bi Bb bm#D2+i iQ /2TQH "BbBM;
I2KQMbi™ i2b Qb+BHH iB@® MM j#2bi2i2MB?2 M Qp2 HH /2+ vBM i~
K tBKmK T Q# #BHBIj0 iQ#mBMQ /2TQH "Bb iBQM MQBb2X



e *2 Ti2° AMiQ/m+iBQM

(a) (b) Quantum volume
large
Quantum computing
1.00 7 A Quantum simulations
E 0.75 - E Quantum supremacy
Q.
© 9]
£ 050 - s smal
5 >
s =
2 0.25 1 O !
= -
[a 2
0.00 - >
T T T T T T T
0 2m 4m 6m 8m 10ml2m Number of qubits

Rotation angle 9

'JHVSFU MWBKmH iBQM Q7 [m#Bi +QMi"QH 2tT2 ' BK2Mi b?QrBM: i?2 T°
BiviQ K2 dim® 7mM+iBQM Q7 "QiQBEQBIMRI MDBHB[i?2
7° K2rQ UM HHmMbi® iBQM Q7 i?2 [m MimK pQHMK2 K2i'B+ b 7mM+il
MmK#2 Q7 [m#Bib M/ +B +mBi /2Ti? rBi? "2;BK2b Q7 bK HH M/ H *;:
BM/B+ i2/X _2T7°Q/m+2/ 7 QK (j9)X

SIFTIMIJDPOBEWBOUBHFUPXBSET TDBI
DPNQVUBUJPO

Zm MimK bi i2 +Q?2 2M+2 TH vb M BKTQ i Mi QH2 7Q" [m Min
i?72 7° ;BH2 M/ MQM@/B;Bi HM im 2 Q7 [m MimK bi i2bX *QMtL
[mMm MIimK +QKTmi iBQM /Q MQi QMHV ? p2 #Bi@~BT +? ~ +i2 X 1y
BMi?2 T? b2 + M Hi2 i?2 2bmHi Q7 i?2 +QKTmi iBQM K FBM;
+Q '2+iBQM M/ ?B;?@}/2HBiv QT2 iBQMb M 2bb2MiB HBM; 2
imK +QKTmi iBQMX h?22 "Q " i2BM [m MimK +QKTmi2 BKTH:
T K2i2° bBKTQ i Mi bi?2 MmK#2 Q7 [m#Bib iQ bb2bb ?Qr
Tmi2 + M #2X h?Bb Bb + Tim 2/ BM K2i B+ + HH2/ [m MimK pQ
TMmM+iBQM Q7 i?2 MMK#M/Q72[mBBHmBIi;BRpIZNM #v i?72 MmK#2°
Q7 QT2 iIBQMbi? i+ M#2 T2 7Q K2/ #27Q 2 M2 "Q Q++m’'b
iBpBivX h?2 [m MimK pQHmK2 Bb BHHmbi™ i2/ BM 6B;X RXjU#V r°
BMi?2 "2;BK2 Q7 [m MimK bmT 2K +v- 272 "BM; iQ /I2KQMbi il
Ip Mi ;2 Qp2° +QMp2MiBQM H +QKTmi2 b-+QmH/ M2p2" "2 +?i?
[mMm MIimK +QKTmiBM; #v BM+ 2 bBM; i?2 MmK#2 Q7 [m#Bib HQNM
iQ'VBMWMNI@®@T +2 7TQHHQrb /B ; QM HT i? #v BM+ 2 bBM; i?2 Mn
M/ i?2 +B +mBi /2Ti? ii?2 b K2 iBK2X

S'Qi2+iBM; [m#Bib 7' QK 2 "Q b +QK2b ii?2+QbiQ7 H “;2Qpz
Q7 [Mm#Bib, 2X; X QNI T2 Qb B2 @Tm#Bib "2 2tT2+i2/iQ #2 "2[mB 2
7Q°K H;Q Bi?Kb 7 mHIi@iQH2  MiHv (8)X aBHB+QM@# b2/ BKT
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+ M/B/ i2biQr /b2 HBbBM; bm+? H ";2@b+ H2 7 mHIi@iQH2 M
iIQHQM; +Q?2 2M+2iBK2b M/ 7 bi; i2bUb226B;X RXkV- HHQTrE
T2 7Q°K2/ #27Q°2 MvBM7Q 'K iBQM Bb HQbi- br2HH b- KQbiE
bK HH bBx2 M/ +QKT iB#BHBiv rBi? 2bi #HBb?2/ BM/mbi B H 7
+ 12 +QMp2MiBQM H +QKTmi2 bX JQ/2 M T Q+2bbQ b +QMi BM

KK@bBx2 +?BT M/ +QKT iB#BHBiv rBi? +QKTH2K2Mi 'v K2i H
U*JPaV T'Q+2bb2b HHQrb 7 # B+ iBQM Q7 [m#Bib i /2MbBiv
JQ ' 2Qp2 - [m#Bib +QmH/ #2 /B 2+iHVvBMi2;  i2/ rBi? +QMp2MiB(
bB;M H QmiBM;- ;2M2  iBQM M/ T Q+2bbBM;X

hrQ [m#Bi/2pB+2b M/ bBKTH2 H;Q Bi?Kb ? p2#22M /2KQMbi"
+QM# b2/ [m#Bi BKTH2K2Mi iBQMb (je)X G ;2  /2pB+2b + M #2 -
+QMi QH Bb v2iiQ #2 /12KQMbi" i2/ (jd- j3)X aBM;H2 [m#Bi ; i2b

}2HBiv (jN 9R) +QKT iB#H2 rBi? 7 mHIi@iQH2  Mi QT2  iBQM
+Q "'2+iBQM b+?2K2bX hrQ [m#Bi ; i2b biBHH M22/ iQ #2 BKT ¢
QT2 iBQM M/ }/2HBiB2b ‘2 TT'Q +?BM; NyW (je- 9k 99)X *?
B/2MiB}2/ bi?27mM/ K2Mi H+? HH2M;2iQ BKT ' Qp2; i2 }/2HBil
KmHIBTH2 b+?2K2b iQ Qp2 +QK2 +m "2Mi HBKBi iBQM ? p2 #22
biBHH #2BM; M +iBp2 2 Q7 2b2 "+?X >B;?@}/2HBiv "2 /Qm
I9N)X S'QTQb Hb 7Q b+ HBM; Q7 +m "2Mi 72r [m#Bi /2KQMbi i
? p2 2K2';2/ (8y 88) #mi K Mv +QM+2Tib "2 v2iiQ #2 i2bi2/ 2tT
BKT Qp2K2Mib QM "2 /Qmi }/2HBiv M/ bT22/ BM +QKT +i; i2@
+QKT iB#H2 rBi? H “;2 b+ H2 BMi2;" iBQM- "2 "2[mB 2/ (8e- 8d)

SIJTUIFTIT

b BMi Q/m+2/ #Qp2- ?B;?@}/2HBiv [m#Bi 2 /1Qmi +QK#BM2/ r
i2+im 2 Bb M 2bb2MiB H "2[mB'2K2Mi 7Q° H ";2@b+ H2 [m M
i?72bBb M TT Q +? iQ ?B;?@}/2HBiv M/ b+ H #H2 "2 /Qmi Q7 b
T 2b2Mi2/X h?2 /2pB+2b bim/B2/ BM i?Bb i?2bBb ? p2 #22M 7 1
7°B2M/HvVO T'Q+2bb2b i b2KB+QM/m+iQ> 7QmM/ ' B2bX : i2@# |
iQK2i'v "2 /1Qmi Bb +QKT +irv Q7 bTBM "2 /Qmi BM M MQ@/2¢
"2[mB2 Mv //BiBQM H bi m+im 2b M2ti iQ i?72 bTBM [m#BiX

2H2K2Mi "2bQM iQ b mb2/iQ T2 7Q K ; i2@# b2/ 2 /Qmi Q7 bk
+QK#BMBM; rBi? CQb2T?bQM T ~ K2i'B+ KTHB}2 UCS V BKT"
Biv7 +iQ° M/ MQBb2T2 7Q K M+2 2T '2b2Mi2/ H2 /IBM;iQ7 b
h?2b2 /2p2HQTK2Mib # BM; ; i2@# b2/ 2~2+iQK2i'vi2+?MB[m:
2 /QmiBMi?2}2H/ Q7 bmT2 +QM/m+iBM; [m#Bib-r?2'2 ?B;?2@ |
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"2bQM iQ'b7 # B+ i2/ HQM;bB/2i?2 [m#Bib "2 mb2/ M/ CS b ?
AM +QMi biiQi° MbKBbbBQM HBM2 2bQM iQ b-i?2HmKT2/2H
BM i?Bb i?2bBb + M #2 7 # B+ i2/ b2T ~ i2Hv 7' QK i?2 [m#Bib H
[2MbBivX 6m i?2 KQ 2-2{+B2Mi 2 /QmiQ7irQ/2pB+2b mbBM; N\
# b2/ +QMi QH +B +mBi Bb b?QrM-r?2"2 /2pB+2b "2 "2 / Qmi QI
i?72b K2 2bQM iQ° M/HBM2X 6BM HHv- b+ H #H2 " M/QK@ ++.
2M #HBM; "2 /Qmi Q7 /2Mb2 [m#Bi > vb- M/ 7 mHIi@iQH2  Mi[r
QM K2/B i2/ 2t+? M;2- T'QpB/BM; //IBiBQM H DbT +2 7Q 2H2+i ¢
[mM#Bib- "2 T 2b2Mi2/X

h?Bb i?2bBb Bb /BpB/2/ BMiQ +? Ti2°'b b 7QHHQrbX *? Ti2" k
T OQMM/i?22Q v- M2+2bb "v+QM+2Tib br2HH b /2b+ BTiBQMb Q7
mb2/ BM i?Bb rQ FX

AM *? Ti2  9-7 bi M/ b2MbBiBp2 ; i2@# b2/ /IBQ@7 2[m2M+yv
/IQib BM M MQrB 2 i° MbBbiQ ™ /2pB+2b 7 # B+ i2/ i*1 @G2iB Bl
M BKT Qp2/ 2bQM iQ  # b2/ QM L#L bTB" HBM/m+iQ M/ C
BMi?2 bm#@R@:>x 2;BK2X h?BbrQ F ?B;?HB;?ibi? i "2bQM
b2T " i2Hv 7°QK [m MimK /Qi /2pB+2b-+ Mb2'p2 b "Qmi2iQr °
}2HBiv "2 /Qmi #v K2 Mb Q7 +B " +mBi M/ MQBb2 BKT Qp2K2Mib
AM *? Ti2° 8- M/QK@ ++2bb ; i2@# b2/ "2 /Qmi Bb BMi"Q/m-
2 /Qmi Q7 irQ /2pB+2b mbBM; M BMi2;" i2/i° MbBbiQ +B +mBi
rQ F /2KQMbi™ i2b i? i 1?22 MmMK#2 Q7 HBM2b "2[mB 2/ 7Q "2 /(
+QmH/ #2 2/m+2/ [m /7 iB+ HHvX

AM *? Ti2 e- b+ H #H2 “+?Bi2+im 2b 7Q  bBHB+QM®@# b2/ [r
rvb iQ BMi2; i2 +QMp2MiBQM H 2H2+i QMB+b rBi? [m#Bib "2
+Q/2 "+?Bi2+im 2 # b2/ QM K2/B i2/ 2t+? M;2 "2bBHB2Mi iQ H
b+ H#H2 "2 /Qmi "+?Bi2+im 2 # b2/ QM ~ M/QK@ ++2bb M/ 7
i? i+ M#2BMi2; i2/rBi?BM /2Mb2 [m#Bi "+?Bi2+im 2Bb T 2b2
7QQIT BMi 2biBK iBQMb-i?BbrQ F T QpB/2bi?2 # bBb 7Q BKT
T/IBQ@7 2[m2M+v "2 /Qmi "+?Bi2+im27Q  /2Mb2 [m MimK /Qi
6BM HHv- BM *? Ti2  d- F2v Qmi+QK2b Q7 i?Bb i?2bBb M/ 7mi
"2 /Bb+mbb2/X

AM i?2 TT2M/B+2b- bim/vQ7 M Hi2 M iBp2 MQM@b+ H #H2
2ti2M H +? ;2 b2MbQ ' b- 7m i?2" /2i BHb QM QTiBKBbBM; ; i2¢
M HvbBb Q7 M 2p2M T "Biv BMi2 @/QMQ f/Qi +? ;2 i° MbBiBC
QT2 iIBQM QM ?B;?[m HBiv 2bQM iQ -#2M+?K "Fb Q7 bBHB+(
MQi2b QM 2tT2'BK2Mi HT ' Q+2/m 2b M/ T'Q;° KKBM; +Q/2 2T
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#2 7QmM/ BM "2pB2r "iB+H2b M/ 272 2M+2b +Bi2/i?2 Qm;?Qmi
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AMbm#@KB+ QM bBx2 +QM/m+iBp2 BbH M/b-i?2 KQ/2H Q7 MQN
HKQbi 2t+HmbBp2HV mb2/iQ /2b+ B#2 i?2 #2? pBQm Q7 2H2+i
bBKTH2 7° K2rQ F-#2 Fb/QrM (83-8N)X AM i?Bb 2;BK2-1i?2 %
Bb/QKBM i2/ #v 2H2+i ' QM@2H2+i'QM BMi2' +iBQM M/ [m MimK
iIQK@HBF2 2H2+i " QMB+ bi' m+im ' 2bX 1z2+ib HBF2 *QmHQK# #I
bi'm+im 2Q7 [m MimK/Qi M/ +QmTHBM; Q7 KmHIBTH2 [m Mim
M/ /2i BHb + M #2 7QmM/ BM _27bX (8N ek)X
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hQ #2;BM- M BbQH i2/ +QM/m+iBp2 BbH M/ BbQ-QMbiB22 2/X h-
BbH M/ Kmbi #2 M BMi2;2° MmK#2 Q7 i? DBNE H2B24P2+i QM -
T QpB/2b M 2H2+i Qbi iB+ 2M2 ;v Q7

@ _ &
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rBi€ #2BM; i?2 + T +Bi M+2 Q7 i?2 BbH M/X h?Bb BHHmMbi  i2Db i
+Qbi bbQ+B i2/rBi? //BM; 2H2+i'QMb iQ i?2 BbH M/ 2H i2/iQ
iBx iBQM M/ i?2 *QmHQK# BMi2  +iBQMX hQ Q#b2 p2 i?Bb 222
+QmMTH2/iQ bQm +2 M/ /> BM "2b¥ypQBB2+BER2PHOHI7 DK r?B+
2H2+i'QMb + M imMM2H QM M/ Qz i?2 BbH M/X //BiBQM HHuv-
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'JHVSF*QmMHQK# #HQ+F A2 2KVB+ Q7 M alh /2pB+2 +QMbBbiBM:
Q7 M BbH M/ rBi? +? ;NQ?4#mBD iB@M2H +QmTH2/iQ bQm +2 M/
/> BM "2b2 pQB b M/ + T +BiBp2 HU#BHTHB}L2Y b+22K iB+
b?QrBM: i?2 +QMiBMQmb 2H2+i"Q+?2KB+ H TQi2MiB Hb Q7 bQm +2
i?2 /Bb+'2i2 bi i2b QM i?2 BbH M(X+HpP BB QHBVM2 HrBi?
i?2 bQm +2 M/ /> BM TQi2MiB H HHQrBM; 7Q i’ MbTQ i i? Qm;? i?
U+YH2+i Qbi iB+ 2M2 ;v Q7 i?2 BbH M/ b 7WiMQBQM Q7 ; i2 pQHi
/Bz2 2Mi Q++mMUTVB@MRK# #HQ+F /2 Qbyy BtH H7 B\Q™M B @M
QV. i bK MHX / Ti2/ 7°QK (ej)X

+QmTH2/iQ ; i2 VpQ®i;HHQrb imMBM; Q7 i?72 TQi2MiB H Q7
h?Bbi? 222H2+i Q/2/2pB+2 bb?QrMBM6B;X kXRU VBbFMQrn
bBbiQ  UalhV M/ Bb Q7i2M /2b+ " B#2/ BM i?2 +QMbi Mi@BMi2"
i F2b BMiQ ++QmMii?2 *QmHQK# BMi2  +iBQM M/ T ~ K2i Bb2b
i?72 2H2+i QMNM@NK#22 BbH M/-i?2bQm +2-/" BM M/ ; i2 pQHi ;z
Bi M+2X h?2 bQm +2 M/ /" BM imMM2H # ""B2'b R4k, 2T 2b2Mi2
i? i Bbmbm HHv H ;2 i? Mi?2 "RphBhieM=+RFNhF GXmbbmK@

BM; +QMbi Mi+ T +Bi M+2b M/ M2;H2+iBM; Mv b2+QM/ Q /2" 2:
2M2 ;v Q7 i?2 alh Bb ;Bp2M #v (ek)
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h?2 2H2+i"Q+?2KB+ H TQi2MiB H Q7 i?2 BbH M/ Bb /2}M2/ b
/1 i?N?2H2+i"QM iQ i?2 bvbi2K

(N)= EaN) EoN D)= [N L2)e CV, C¥p CVI UKXjV

r?B+? b?Qrb i? i 2 +?2 pQHi ;2 "2H i2biQ b?B7ibQ7i?2 2H2+i Q
i?72 KQmMj rBi? i?2 H2p2" K

UkX9V

O|_o

6BM HHv- //BM; bBM;H2 2H2+i"QM iQ i?2 BbH M/ "2[mB 2b i?2

E, = (N+1) (N):(;ﬁ:EC: UkX8V

h?2 2ME;wb 7TmM+iB@BW Q7QrM BM 6B; X kKXRU+V 7Q /Bz2 2Mi
2H2+i'QMb QM i?2 BbH M/ -r?B+? "2bmHib BM KmHIiBTH2 2[m HtF
T #QH b + ' Qbb i b2p2° HTQBMib 2T 2b2MiBM; TQBMib Q7 2
+QM};m” iBQMbX gq?2M i?2 BbH M/ Bb imMM2H +QmTH2/iQ "2
QMIiQ Q Qz i?2 BbH M/ K. TmMN+iBQRM2Q7+v TQBMib KBMBKBxB
iQi H2M2 ;vX I Mv Qi?2 pQHi ;2i?2+? ;2 +QM};m iBQM 2K
Bb+ Tim2/BMi?2b+?2K iB+Q7i?2imMM2H +QmTH2/ BbH M/ b
b?Qrb i?2 2H2+i Q+?2KBN) T QA2BiBHHV/ M/ 1?2y, Xb@ @QB ' b
+ Mi M/ }HH2/ bi i2bBMi?2 "2b2 pQB b 7QHHQr 62°'KB@.B" +°
fe (E) H2 /IBM; iQ# Q /2MBM; Q7 i?22H2+i Q+?2KB+ HTQi2MiB +
i?72 bQm +2 M/ /" BM pQHi ;2b H2 /IBM; iQ M 2zZItgXBBM2H2+i Q
i?72BbH M/i?2°2Bb H //2° Q7 /Bb+ 2i2bi bhb?2BBH #I222H 2+@M
i " Q+?2KB+ HT@)2QM7iB?2 BbH M/ HBM2 "Hv mT M/ /QrMX h™ MbT
i?72 BbH M/ Bb QMHvV TQbbB#H2 r?2M QM2 Q7 i?2 H2p2Hb QM i?2
rBM/Qr /2i2 KBM2/ #v i?72 @ M2/b@MPpOHI ;2X AM 6B; X kKXRU#V |
H2p@\H+1) Bb HB; M2/ rBi? i?2 bQmVy=Y, M/ M/ BMMbTQ i Bb TQbbB ¢
#H2 r?BH2 i bHB;?iHv /Bz2 2Mi pQHi ;2 UrBi? /Bz2 2M+2 H *;z
Q7 bi i2bBMi?2bQm +2 M//>  BMVi MbTQ iBb#HQ+F2/X h?BEk
Bb FMQrM b *QmHQK# #HQ+F /2 U*"V Qb+BHH iBQMb r?B+? "2
bTBF2b BM +QM/m+i M+2/.bb Ba@QArM BYVEB7X KXRU/V X

q?2My,=V, Vy60-i?2rBM/Qr ir?B+?i> MbTQ iBbTQbbB#H2 # Q
'Bp2b "Bb2 iQ bQ + HH2/ *QmHQK# /B KQM/b (8N-ej) bb?QrM B
/B KQM/b i> MbTQ'i Bb #HQ+F2/ M/ i?2 Q++mT iBQM Q7 i?2 Bbl
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'JHVSF*QmHQK# /B KQM/UX2KTWH ‘v +QM};:m" iBQM Q7 *QmHQK#
#HQ+F /2UM#N?2M #Qi? bQm +2 M/ /> BM "2 HB;M2/rBi? irQ +QMb2+
miBp2 H2p2Hb QMU PR HBHIH DM/ XBQM Q7 i?2 +m  2Mi i2°Qm;? i?2 alh
[2pB+2 b 7mMW+iBIZMXQGBi?BM/ "F "2:BQMb i’ MbTQ i Bb TQbbB#H?2
r?BH2 r?Bi2 "2;BQMb BM/B+ i2/ #HQ+F /2X SQbBiBQMb Q7 U V M/ L
iQ /2i2 KBM,2 M/ . "2 BM/B+ i2/X / Ti2/ 7°QK (8N)X

h?2 //BiBQM U M/ +? ;BEMjVRM2i2w QmTHEM?22 alh /2pB+2
+ M #2 /2i2°KBM2/ 7°QK i?2 /B KQM/b b BHHmbi  i2/X

"SUJobJBM BUPN

q?2M i?2 /IBK2MbBQMb Q7 i?2 BbH M/ #2+QK2 bK HH2 i? Mi?2 6
35 MK bbQ+B i2/rBi?i?2 2H2+i"QMb BM i?2 bBHB+QM H iiB+2- N
iQ i?72 bvbi2K "Bb2b /m2 iQ [m MimK +QMIM2K2Mi (83)X h?Bb
bT2+i' mKUQ  Q #Bi Hbi i2bV/2T2M/b QM i?2 +QM}M2K2Mi ;2QK
i?2 2M2°:v bT2+i ' mK Q7 M iQK r?B+? Bbr?vbm+? bK HH BbH M
“iB}+B H iQKb Q [m MimK /QibUZ.VX 6Q 2t KTH2-BM + b2 Q7
T Q#H2K UBM}MBi2 b[m L¥r2hH/Q TBH2/BHP2 bBQM "2H iBQM Bb |
7Q  2p2'v/BK2MbBQM (83)
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'JHVSF “iB}+B H iQKXL{2KTH ‘v +QM}:m" iBQM r?2°2 i?2 2t+Bi2/
bi i2 Q7 i?2 bBM;H2@T "iB+H2 bT2+i ' mK 7 HWbHIME?BM i?2 #B b rBM
T2 BK2Mi HHv QB j,; BM2/7mM +i BIQBIMQWB HB+) MKb T Q ' i
i2Qm;? [m MimK/Qi ii?2} bi 2H2+i"QM H2pRIW,X 7mM+iBQM Q7
PM2 2t+Bi2/ hi2)2Bb BM/B+ i2/X | TBN-7e OKX(

h?2 bBM;H2@T "iB+H2 2M2 ;v Bb mbm HHv bKHH X AMM i?22 +7
/IBIiBQM iQ i?72 Q #Bi H bi i2b- 2H2+i"QMb i? i "2 +QM}M2/ BM
IM2@bi m+im 2 Q7 i?2 bBM;H2@T 'iB+H2 bT2+i mK ;Bp2M #v i
Q7 7°22/QKX bbmKBM; i? i i?2 ;Bp2M bBEEM;HWVR @D mMHBQ KR bT2+
BMi2 HBOM #2 i 2 i2/ BM/2T2M/2MiHv- #Qi? + M bBKTHvV #2 +(
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i'mK Bb Q#b2 p2/ BMi° MbTQ i K2 bm 2K2Mib Q7 [m MimK /Qib
bi i2i? i7 HHrBi?BMi?2#B brBM/QrH2 /biQBM+ 2 b2/i° MbTC(
1bT2+B HHV BM i?2 HQr 2H2+i"QME'2;BRDELB pBONMRB® bTBM
[12T2M/2Mi JHHBM; b b?QrM BM 6B;X kXjU#-+V (e9-e8)X h?2 bT
#2 bim/B2/7m i?2° BM K ;M2iQ@bT2+CHHH@BvFeRK i?2 bHQT2
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i?2 irQ Z.b BM i?2 UR-RV Q" Uy-kV +? “:2 bi i2 /m2 iQ }MBi2 im
BMi2 @/Qi imMM2HHBM; T 2b2 p2b bTBM- QMHV UR-RV bBM;H?
bBM;H2iUi'BTH2iV bi i2bX q?2M #Qi? 2H2+i"QMb "2 BM i?2 b K
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PQB/2/ + QbbBM; 7Q  i?2 i'BTH2ib Bb 7QmM/ i Km+? /Bz2 2Mi
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i BTH2ibi i2bUHQ+F2/BMiQi?2UR-RV+QM};m iBQMV/m2iQb
bBM;H2i+ Mi® MbBiBQM #2ir22M UR-RV M/ Uy-kV +? ;2 +QM}
+ M #2 Q#b2'p2/ b "2;BQM Q7 #HQ+F2/i° MbTQ'i BM #B b i B
reBH2 7Q° 1?72 QTTQRBIIZ2MBTNE QBb TQbbB#H2 (eN)X aTBM #HC(
MBKTQ i Mi "QH2 7Q" "2 HBbBM; bTBM [m#Bib M/ T QpB/2b

bi i2b pB i?2+? ;2 +QM};m iBQM b /Bb+mbb2/BM a2+iBQM k
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AMb2KB+QM/m+iBM; /2pB+2b-i?2+? “:2 M/bTBM/2;°22 Q77 2
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i72 bTBM /2:°22 Q7 7°22/QK +QmTH2b Km+? KQ 2 r2 FHvV iQ ~m-
i"B+ M/ K :M2iB+ 2MpB " QMK2Mi H2 /BM; iQ HQM:2  +Q?2 2M+:
r2 F+QmTHBM: K F2b K MBTmH iBQM M/ 2 /Qmi Q7 bBM:H2 L
L2p2 i?2H2bb- bTBM [m#Bib "2 i?2 T°272 "2/ [m#Bi BKTH2K2Mi

1H2+i"QM bTBM [m#Bib BM bBHB+QM + M #2 7Q K2/ mbBM; 2H?
Z.b- bBMi'Q/m+2/ BMi?2 T°2pBQmb b2+iBQM- Q>  mbBM: 2H2+i
/IQMQ" iQK r?B+? T'QpB/2b M im  H +QMIM2K2Mi TQi2MiB HX
iQ 2H2+i'QMb +QM}M2/ BM Z.b HbQ TTHV iQ 2H2+i'QMb #QmM
i?72 +QMIM2K2Mi 2 +?22/ mbBM; /QMQ b Bb ivTB+ HHv bi'QM;2"
Q7 M 2H2+i QMYSQMM/NMQRtT2+i2/ bT 2 / Q7 kXj3 MKV M/ i?2 M
Q7 2H2+i"QMb i? i+ M #2 //2/iQ /QMQ i+ VvQ;2MB+ i2KT2" ir
U2X:X MQ 2H2+i"QM- QM2 2H2+i'QM M/irQ 2H2+i'QMbVX JQ 2Q
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2H2+i'QM bTBM iQ i?2 Mm+H2mb bTBM Bb TQbbB#H2X
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?2Qr2p2 -bQK2 +? HH2M;2b ? /1iQ #2 Qp2 +QK2 BM Q /2 iQ BKT
bBHB+QM /2pB+2b (de)X
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i2°B HbU2X; XI+HQARTQ2/iQ: bV 2[mB 2bb+ HBM; /QrM Q7 ; i2
/IBK2MbBQMb BM Q' /2" iQ "2 +? 2H2+i'QM +QM}IM2K2Mi- r?B+?
+? HH2M:;BM;X .m2iQ /p M+2b BM HBi?Q;" T?2vi2+?MB[m2b- [n
"QmiBM2Hv 7 #' B+ i2/ BM mMBp2 ' bBiv M/ BM/mbi'B H +H2 M@
#mHF bBHB+QM Bb b2KB+QM/m+iQ rBi? BM/B 2+i# M/ ; T M
BM; iQ bBt@7QH/ /2;2M2" i2 +QM/m+iBQM # M/ KBMBKmMKX h
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Ki22B H7Q 7 # B+ iBQM Q7H ;2@b+ H2[m MimK T Q+2bbQ 'k
#2M2}i 7 QK BM/mbi'B H b+ H2 7 # B+ iBQM r?2M 7 # B+ i2/ B
T Q+2bb- #mi HbQ BMi2;  iBQM rBi? +QMp2MiBQM H 2H2+i QM
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7°QK bK HH@b+ H2 iQ 7mHH@b+ H2 [m MimK +QKTmi2 X [/,
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K2MimK Bb MQi +QMb2 'p2/X >Qr2p2°- bTBM@Q #Bi +QmTHBM
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+QmTH2b bTBM H2p2Hb iQ Q ' #Bi H H2p2Hb HB7iBM; T?2QMQM@
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7 bi M/ bm{+B2Mi B ;BBim/2B2p2/X

/[IBiBQM HHv- 2H2+i"QM bTBMb + M #2 K MBTmH i2/ mbBM; 2
/IBTQH2 bTBM "2bQM M+2 Ul.a_V (N9)i?"Qm;? K2+? MBbKb i? i
iQ 2H2+i B+ }2H/bX 1.a_Bb +?B2p2/ # b2/ QM bTBM@Q #Bi +!
K2i'B2b BM i?2 HQ+ H2MpB QMK2Mi- r?B+? + M #2 BM i?2 7Q ' k
g7 +iQ (3N- Ny)- /Bz2'2Mi HQ+ HMm+H2 " bTBM 2MpB QMK?2
K ;M2i (ee- Nd RyR)X h?2 H ii2" Bb i?72 KQbi bm++2bb7mH TT (
HQ+ H }2H/ /Bz2 2M+2b (BM=i3R KO A2 i 22M bTBMb "2bmHiBM; B
?2°2Mi Qb+BHH iBQMb mT iQ jy J>x (Ryy- RyR)X M 2t2KTH “v K
BM 6B;X kXeU+V M/ K MBTmH iBQM Bb +?B2p2/ mbBM; M Qb+
Hi2bBMiQ M2z2+iBp2 Qb+BHH iBM; K ;M2iB+}2H/BM i?2 "2bi
r?B+? Bb KQp2/ [mB+FHvi? Qm;? M MBbQi QTB+ 2MpB QMK2N\

2VCJU PQFSBUJPO BOE DIB®BDIMBS JIBUJMBMM- bTBMb "2 BM
mMbBM; bTBM@b2H2+iBp2 imMM2HHBM: (Ryk) Q" #v HQ /BM;
7QHHQr2/ #v r BiBM g7 QT,iBKI2BH i?2 bTBM "2H t2bX _2H t iBQI
2M? M+2/ #v TmHbBM; iQ bT2+B}+ '2H t iBQM ?2Qi@bTQi (je- 3
iBQM M/ +? > +i2°Bb iBQMBb T2 7Q K2/ BM TmHb2/ 2tT2 BK2M;
7Q°i?2 2t KTH2 Q7 M 2H2+i QM'LETER BIB:Q M IR/ ZBM2pB+2X "v
BMBiB HBbBM; bTBM@mT bi i2 7TQHHQr2/t#y i?R2 D tZK2Mi 7
iBQM iBKRb Q#i BM2/ 7 QK i?2 2tTQM2MiB H /2+ v Q7 i?2 bTBI
*Q?2°2Mi U_ #BV Qb+BHH iBQMb #2ir22M i?2 bTBM@mT M/ /Qr
BM M 2tT2 BK2Mir?2 2tj @7/ mKBBQM p2 /'Bp2 Bb p "B2/X h?2 BN\
[2T? bBMTiBKR2Q#i BM2/ 7 QK i?2 7 22 BM/m+iBQM /2+ v BM _
r?2°2i?2 bTBM Bb BMBiB HBb2/- #Qm;?i BMiQ bmT2 TQbBiB
2pPQHMIBQM MK Qm:?i # +F 7TQHHQr2/ #v K2 bm 2K2MiX h?2
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iBKR, Bb Q#i BM2/ BM > ?M@2+?Q b2[m2M+2- r?B+? Bb bBKBH
T2 'BK2Mi #mi BM+Hm/2b bTBM@~BT BM i?2 KB//H2 Q7 i?2 7"
“2bmHib BM "27Q+mbbBM: Q7 i?2 bTBMX JmHIBTH2 bTBM@~BTb
BKT Qp2K2Mib FMQrM b * ~"@Sm +2HH@J2B#QQK@:BHH U*SJ

.2T? bBM; M/ /2+Q?2 2WM+=2RBK2h M7’ =28 Kb 7Q° 2H2+@
i"QM bTBMb BM Z.B, (NRYy "B =560 Kb MW, =1:75 b M/
T3 =35 b 7Q  i?2 2H2+i"QM M/ Mm+H2 ~ bTBM Q7 /QMQ b (jN) E
}2P%aB ? p2 #22M /2KQMbi® i2/ +QK#BM2/ rBi? +QMi QH }/2HBIB
BM HH BKTH2K2Mi iBQMb MOSPW+MBBMmTnE®b2 QTiBKBb iBQNM
/2KQMbi® iBM; i?12 bEMKb BM bBHB+QM T QpB/2b M 2t+2HH2N\
[m#Bib M/ K2KQ B2bX

5XPRVCJUHBUBMi2 +iBQM #2ir22M 2H2+i'QM bTBMb Bb i?2 #
. i2b BM /QMQ" M/ Z./2pB+2bX h?2 +QKTH2i2irQ 2H2+i'QM bTB
7Q°K HHv /2 Bp2/ BM b2+QM/ [m MiBx2/ 7Q K BM+HmM/BM: +QMi"
2M2Hv- 122 W22K M BM-2p;MH2V /2;2M2>m¥# /@bivH2 *QmHQK#
2TmHHBOMimMM2H +HQXn THbBIK:BM:; bm{+B2Mip HH2v bTHBIiiBM:
BM;i?2 ?B;?22 2M2 :v Uy-kV i'BTH2ib i?2 > KBHIiQMB M + M #2

&L L)yttt ;j#;#i;(O;Z):pl—éjO;"# #1 ' M/ r Biiz2zM b (Ry9- Ry8)
0 1
E, 0 0 0 0
0 E.2 0 0 te
H=BO0o 0 E,2 O tc Uk XkjV
0 0 0 E, 0
0 te te o u "

h?2 BM/BpB/m H i2 ' Kb BM i?Bb > KBHIQMB M + M #2 "2+Q;MBX
BM a2+iBQM kXRXj M/ i?2 2M2 ;v /B ; K, BIM Bo\B;; X?RXWB2®& rBi
K M2M2Ey-i?2 /IBz2 2M+2 BM w22K M 2M2 ;v #2i722MM@i? /Qib
M2H +QnM'THERM22imMBM;, iM/ +? “:BM; 2M2 ;v 7Q° KQpBM; #Qi?
i QMb BMiQ i?2 b K2 /QiX IbBM; a+? B2z2 @gqQHz i° Mb7Q K
bmKBM;" tci?72 > KBHIQMB M + M 2z2+iBp2Hv UiQ } ' bi Q /2°V
i?72 r2HH FMQrM >2Bb2M#2 ; BMi2 +iBQM BM i?2 # bBb Q7 BM/
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spin-up probability
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'JHVSFaTBM [m#Bi/2pB+2 QT2  iBQM M/ +? . QMQ BR@BQMX

pB+2 +QMbBbiBM; Q7 bBM;H2 MU+ N¥/ ZM/220HB2-2i @\ @ B M
bBbiBM:; Q7 irQ i’ TT2/ 2H2¥i"QiN bZEBMERb BM+HmM/2 KB+ 'Qr p2
bi'BT@HBM2 7Q° +QMi'QH M/ alh 7Q" "2 /QmiX 1H2+i"QMb "2 HQ
Z.pB "2b2 pQE X2pB+2 bBMU#V #mirBi? +Q# Hi KB+ Q@K ;M2i
BMbi2 / Q7 bi'BT@HBM2 HHQrBMJ /XX D22t TR ¥BH 2QiMi " Q H X

7Q bTBM +? * +i2'Bb iBQMX J2 bm 2K2Mi Q7 i?2 "2H t iBQM iBK2- K
bT22/i?2°Qm;? _ #B Qb+BHH iBQMb-/2T? bBM; iBK2 BM _ Kb2v b2]
/[2+Q?2°2M+2 iBK2 BM > ?M 2+?Q 2tT2 'BK2MiX [/ Ti2/ 7 QK (je- 99-
Ryj)X
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'JHVSFhrQ [m#Bi; i2XU Q# #BHBivQU#IM2 ;v /Bz2 2M+2
#2ir2pM M@ b 7TmM+iEQNM ®F S : i2Bb T2 7Q K2/ ibK HH
E, r?2°2 bBM;H2i M/ i"BTH2i 2 i?2 2B;2Mbi i2b- r?BH2 *S> al ; i2
Q#i BM2/ i H,X@+XHHmbi  iBQM Q7 "2bQM Mi /'Bp2 #2ir22M irQ [m#E
bi i2bJ©0 MA>0X iU>0Qb+BHH iBQMb Q7 QM2 bTBM +QM/BiBQM H
i?2 Qi?2  bTBM + M #2 U/AZTQMK@KKbi i2 iQKQ: T?2v Q7 "2HH
bi i2 T°2T 2/ mbBM; irQ@[m#Bi; i2 # b2/ QM HU2Z w22K M /Bz2 2M+
*2 M:2BM /'Bp2 7 2[m2M+v Q7 [m#Bi R b [m#Bik Qb+BHH i2b #2ir22NM
Qp2  iBK2 /2KQMbi  iBM; +QM/BiBQM H “2bQM Mi /'BpBM;X [ Ti2/ 7
99- Ry8)X
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&YDIBOHF BBUB2Bbh2M#2 ; 2t+? M:EQMHvViZ2ZM /B ;QM H
i2'Kb /'Bp2 ~BT@~QT Q7i?2irQbTBMb M/bBM;H2i@i 'BTH2i bi
HHQrb 2 HBb iBQM Q7 aq S; i2X *QK#BM2/rBi? bBEM;H2 [m#B
tBRMY® (Y UQ7 [mM#BiR M/ kV *LPh+ M#2 +QMbU-m+E2/ BM }p2 bi
RV I2RA( 2)U, A RP(HU,% X h?22 2142 M;2 BMi2® +IBQM bi 2M;i?
#2 imM2/ 2H2+itBQ "MHW?REH ii2 2 bbQ 7 ~#22M T 272 "2/ BM 2t
BM +QmTH2/ Z.b M//QMQ‘b(gk-nym—FSyQIZM/iBQM@mm #22M
+?2B2p2/ rBi? }/2HBWXnTIiiR}/2HBiv Bb +? “:2 MQBb2 HBKBi2/
#2 BKT Qp2/ mbBM; bvKK2i'B+ QT2  iBQM- r22BMdti2?/ @2 Bb in
"r?B+? ? b /2KQMbi® i2/ BKT Qp2/ MQBb2 T2 ' 7Q K M+2 (9e)X

I1IBTFHBWRME, J/QKBM|i2h-M#"I 2 2B;2Mbi i2b Q71?2 bvb
i2K M/ T? b2Q72[m HK ;MBim/2#mi/Bz2 2MibB;M Bb +[mB 2
i?2 bi i2b-r?B+? HHQrb7Q" +QMi'QHH2/ T? b2 ; i2i? i Bb +?2I
/IBz2 2M+2 2{nh Hb*S> al; i2+ M#2 +QMbi m+i2/ BM bBM;H2 7
imMBM); r?B+? Bb QM2 Q7 i?2 2 bQMb r?v Bi ? b #22M i?2 T 272"
BKTH2K2Mi iBQM Q7 irQ [m#Bi: i2 BM bBHB+QM bQ 7 ° M/ ? b
QM M BMi'BMbB+ /BzE2M2nREB) BMB+ Q@K ;M2i (je)X qBi-
Hii2~ Qi iBQM+ M#2 T2 7Q K2/ rBi?BM 8y MIr MOW' 2HH bi i2
? b #22M +?B2p2/ r?B+? Bb K2 bm 2 Q7 i?2 ; i2 }/2HBivX M
iQKQ:  T?2v 7Q" 12RH bi i2 Bb b?QrM BM 6B; kXdU/V r?2 2 Mv +
#2bB/2b i?2 7Qm " +2Mi° H +QMi B#miBQMb "2 /m2iQ BKT2 72+

SFTPOBOUMBKEH " iQ i?72 ?vT2 }M2 BMi2  +iBQM #2ir22M i?2
M/ 2H2+i QM bTBM- ;BpBM; "Bb2iQ 9 H2p2H bvbi2K rBi? /BbiB
Hi2 M iBp2 2bQM MiHv /"Bp2M irQ [m#Bi; i2 7Q 2H2+i QM bT
bi'm+i2/# b2/ QM i?2 imM #H2 2t3? W ;2TBW 22 btQBIQM+2 i2+?MB|
Ula_fl.a_VX g?2BH2bBM;H2 bTBMb + M #2 /" Bp2M mM+QM/BiBQ
QM/ bTBM /m2iQ M2[m H2M2>0/Bb2BMA+2-Bp2 7' 2[m2M+B2b |
[2T2M/BM; QM i?2 b2+QM/ bTBM HHQrBM; 7Q bBM;H2 bTBM K
i?72b2+QM/ bTBM b b?QrM BM 6B;X kXdU+VX h?Bb ? b #22M /2k
Bb BHHmbi  i2/ BM 6B;X kXdU2V r?2 2 irQ /Bz2 2Mi /'Bp2 7 2[
Q#b2 p2/ Qp2 iBK2 r?BH2 [m#Bi k Bb Qb+BHH iBM; #2ir22M i?2
+QMi QHH2/ Qi iBQM rBi? ; R=J92WBB/i QBFMnK 'bQ? b #22M /2K Q M ¢
bi® i2/X 7 bi2  ; i2+QmH/ #2 T2 7Q K2/ r?2M +QK#BM2/ rBi? 1
KB+ Q@K ;M2ib (Ryy- RyN)X
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4JOHMFU USJQMFU RVCJU

AMbi2 / Q7 2M+Q/BM; [m MimKBM7Q K iBQM BM St@8W;H2 bTBM
[mM#Bi K F2b mb® ©0 bh2#bT +2 Q7 i?2 +QK#BM2/ irQ 2H2+i"QM b
b/2}M2/ BM 1[X UkXReV M/ b?QrM BM 6B; kX8U#V-r?2 21?2 b\
bTHBi Qz #v M 2ti2°M HK ;M2iB+}2H/X h?BbBb TT2 HBM; #2+

[m#Bi ; i2b pB i?2 2H2+i B+ HHv +QMi QHH2/ 2t+? M;2 BMi2"

bTBMb-r?B+? /' Bp2b irQ [m#Bi; i2b BM [m#Bi 2M+Q/2/ BM bBI
#Qp2 (Ryd- Ry3- RRy)X @ ROQm2tbTi™2 Bb T Qi2+i2/ 7 QK Qp2
K ;M2iB+ }2H/ ~m+im iBQMb r?B+? ? b H2/ iQ HQM;2  +Q?2 2M-
2 Hv: b# b2/ BKTH2K2Mi iBQMb (RRR)X "vi®  Mb7Q KBM; 1[X
i BTH2i # bBb M/ K FBM; bBKBH °~ TT QtBK"IBQMbVMBM i?2 "2;E
M2;H2+iBM; ?B;?2  2M2 ;v bi i2b-i?2 UR-RV bBM;H2i M/ i BTH
#v (Ry9)

J(") E
Hst, = ) Lo UkXk8V

>2 2(") = (U ")+q2t§+‘-11(u "2 Bb i?2 2t+? M;2 BMi2'E+#BQM M/

E,+QbBb i?2 HQ+ H w22K M 2M2";v("IBr 22BWk2 MBiM ;H2 BMi Q@
Im+2/ #v i?2 i  Mb7Q K iBQMX AM i?Bb bvbi2K-i?2 2t+? M;2 BM
T? b2 U Qi iBQME HBDW:-ir?BH2 i?2 HQ+ Hw22K M /Bz2'2M+2 /"
iBQMb #2ir22MWimy2bi i2 U HQM ;tiRRV T ' QpB/BM; 7TmHH 2H2+i B+
[M#Bi +QMi'QH b b?QrM BM 6B;:X kX3U V)XS@M[@i2Bi Bllp iM2 :2 Q7
TQbbB#BHBiv Q7 2H2+i Qbi iBS®Qm#BIBMmMR2IiQ2214 iBR2 2M+2 B
+? ;2+QM};m” iBQM #2ir22M DbBM;H2i-i? i+ M#2 7QmM/ BM U
Bb QMHvV 7QmM/ BM i?2 UR-RV +QM};m" iBQM b b?QrM BM 6B ;X
; 12 Bbb2MbBiBp2iQ +? ;2 MQBb2 M/ ? b MQib?QrM ?B;?}/2HB
iQ bTRMm#Bi® [m#Bib + M //BiBQM HHv #2 +QmTH2/ pB i?2
i2° +iBQM (RRj- RR9)X S mHB bTBM #HQ+F /2 HbQ HHQrb 7Q°
bi i2 "i>0X 6Q ?B;?@}/2HBiv bBM;H2 [m#Bi ; i2b +QMi QHH2/
E, Bb/2bB 2/ r?B+? + M #2 +?B2p2/ pB /vM KB+ HMmMm+H2 ~ bTl
Q mbBM; KB+ Q@K ;M2i (ee- Nd RyR)X h?2 bvbi2K Q7 /QMC
2H2+i"QM bTBM b b?QrM BM 6B; kX35 [M@PB/&ht2 i) 2P22HH?2
?2vT2 }M2 }2H/ ;2M2" i2/ #vi?2 Mm+H2 " bTBM H2 /BM;iQ r2HH/
72 2M+2 #2ir22M i?2 /1QMQ° M/ /Qi 2H2+i QM bTBMb (d9)- 2bT2
bTBM Bb H “;2X 6Q° T?QbBT[mMEBOK MBAI/MH iBQM i 8d J>x E
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'JHVSFaBM;H2i@i BTH2i ['H£BHX WU ¥2 2 "2T 2bBNW iBQM Q7
[mM#BWUX¥VBz2 2M+2 BM i?2 T°272 "2/ +? “;2 +QM};m” iBQM Q7 bBM;H
i BTH2i bU4®MHmMbi® iBQM Q7 /QMQ @/QiS® 2?22 QM bTBM ?v# B/
i?72/QMQ  bTBM + Mb2'p2 b K2KQ'v-i?2 ?2vT2E}M2 +QmTHBM; T Q¢
M/ + T +BiBp2 Q" 2t+? M;2 # b2/ ; i2b #2ir22M irQ +2HHb +QmH/ #2 -
_2T°Q/m+2/ 7°QK (d8- RRk)X

J2KQMbi® i2/ (d8)X .2i BH2/ K2i?Q /H® QmOFid + BIOAR GO mM/ BM
27X (RR8)X

.VMUJ TQJORVCJU

bBM:H2 [m#Bi + M HbQ #2 2M+Q/2/ BM bi i2b BMpQHpBM: KQ
bQ + HH2/ 52t+? M;2@QMHV5 [m#Bi Bb 7Q K2/ mbEM; i?2irQ@/
12;5,=12V Q7 i?°22 bBM;Hv Q++mTB2/ [m Mim& /@j# UR-R-RV (R
i q%j"i (i + i MO = qg,—--i ("4 #i X AM i?Bb # bBb- i?2
2t+? M:2 BMi2' +iBQM #2ir22M i?2 H27i M/ +2Mi° H bTBM M/ #
+2Mi° HbTBM T QpB/2b irQ tBb 7Q  7mHHV 2H2+i'B+ H mMBp2"
+QmTHBM;b mbBM; 2t+? M;2 BMi2  +iBQM M/ 2H2+i Qbi iB+ +Q
6mMHH +QMi QH Q7 bm+? M2t+? M;2@[m#Bi ? b#22M /2KQMbi"
2H2+i'B+ H+QMi QHK F2b Bi ii° +iBp2X >Qr2p2 - +QKTH2t Tmk}t
M/ i?2 7mHH >BH#2 i bT +2 bT MM2/ #v i'BTH2 [m MimK /Qi bv
H2 F :2 bi i2b QmibB/2i?2 +QKTmi iBQM H bm#bT +2X

bBKBH " ivI2 Q7 2t+? M:2 QMHV [m#Bi + M #2 7Q K2/ BM /G
mbBM; i?°22 bTBMb BM i?2 UR-KV +QM}:m" iBOQMX h?2 HQ:B+ H
#mi/m2iQi?2 bBM;H2i M/i'BTH2i +QM}:m" iBQM BM i?2 b2+QM
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'JHVSF Zm#Bi 7Q K2/ mbBM; i? 22 @FBRIKXBY Q7 bBM ;Hv Q+@
+mTB2/ i'BTH2 [m Mi#¥Me /Q2Xbi #BHBiv /B ;> K BM i?2 Uk-y-RV@
UR-R-RV@UR-YUKY M2 BQMX; K 7€ =22 bm#bT +2 |
H ;2 K ;M2iB+ }2H/X _2T°Q/m+2/ 7 QK (RR3)X

2M2 ;v /Bz2 2M+jQi #MMilPZMb "2bmHi Q7 i?Bb bBM;H2 [m#Bi TmHE
p2'v 7 bi-#mii?2irQ MiB@+ QbbBM;bJEP2]jR"i?2QMABI2b hQi2
ji UUR-kKV +QM};mjiBQMMRW+QM};m iBQMV HHQr 7Q 7mHH 2t
(RRN)X *? ;2 MQBb2 + M #2 T ' Q#H2K iB+ /m2 iQ +? ;2 # b2/ K
[mM#Bi ? b #22M /2KQMbi  i2/ (Rky- RKR) M/ *QmHQK# # b2/ irQ
bm;;2bi2/ (RRN)X

Pp2 HH-2M+Q/BM; Q7 [m#Bi mbBM; i? 22 bTBMb HHQrb 7Q
i?72 +Qbi Q7 ?B;?2 +QKTH2tBiv- KQ 2 H2 F ;2 bi i2b M/ H ;2" /Z

SFBEPVUNFDIBOJTNT

AM i?2 T 2pBQmb b2+iBQM-/Bz2 '2Mir vb Q7 7Q KBM; M/ +QMi"
B+QM [m MimK /2pB+2br2°2 /Bb+mbb2/X h?Bb b2+iBQM-7Q+mb
2 /Qmi Q7 i?2 +? ;2 M/ bTBM Q7 bBM;H2 2H2+i"QM BM [m Mi
pB+2X h?2 K ;M2iB+ KQK2Mi Q7 bTBM-r?B+?Bb T QTQ iBQM
g = Nkd9 Ry®Ch- Bb p2'vr2 FX 6Q2 iDABM2 ;v /Bz2 2M+2 #2@
ir22M bTBM mT M/ RyMZBb i }2H/ Q7 R hX *QMp2MiBQM H bTBM
i2+?MB[m2b HHQr /2i2+IBOBMT@Mbi HRX W)X IbBM; KB+ Q@ 2bQ\
b2MbBiBpBiv Q7 kQy bTBMb ? b #22M /2KQMbi™ i2/ (Rkj- Rk9)X L
Q7 bBM;H2@bTBMb BM +HQb2 T QtBKBiv (Rk8) rBi? b2MbBiBpE
Ur?B+? BM+HmM/2bi?2 }2H/;2M2" i2/ #v M2 ‘#v/bp'@MR\kQM 1?72 Q"
Rkd)X *QK#BM2/ rBi? b+ MMBM; i2+?MB[m2b K ;M2iQK2i v i bn
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bBQM+ M#2 T2 7Q K2/ mbBM; Lo@+2Mi 2b (Rk8- Rk3 Rjy)X h?2
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6 2 /Qmi-i? i+QMM2+ibiQi?2bQm +2 Q7 i?2alh/2pB+2-b?C
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/2;2M2° +v TQBMiX bK HH _6 bB;Mi H+BM? BFHBRiMZ2
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QMM / 2@+ ny' 05r?2'B Bbi?2 2t+Bi2/ bi i2X h?2 bvbi2K + M
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[mMm MimK + T +Bi M+2 ? b #22M /2b+ B#2/ i?2Q 2iB+ HHv (dy- R
}2/ rBi? aBbvT?mb 2bBbi M+2 M/ imMM2HHBM; + T +Bi M+2 BM
KQ/2H (Re9)X

6Q° 2 +? +? ;2 M/ DbTBM bi i2 Q7 .Z.i?2 [MCM#mM #2T +Bi M-
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Qp2 T?QMQM BM/m+2/ aBbvT?mb M/ imMM2HHBM; +QMi B#mi
i?72 [m MimK + T +Bi M+2 bB;M H + M #2 Q#b2 p2/ r?2M TTHvVB
K ;M2iB+B2HH ;2 i? Mi?2 bBM;H2i@i BTHZII bA2HBKBRN;V r?2 .
i?72;°QmM/ bi i27Q"

"y 2 (2gsB)?
49 gB

b b?QrM BM 6B;X kXReU/V- BHHmbi> iBM; bBKTH2 K2i?Q/ 7Q
K2Mib (Rdk)X 6BM HHv- i?2 bi i2@/2T2M/2Mi [m MimK + T +Bi
/B 2+i bBM;H2i@i"BTH2i "2 /Qmi Q7 .Z. r?2M bTBM M/ +? ;2
+QKT "2/iQ i?Z4TBp2,'X

UkX8RV

OQUJIJNJ[BUIJPOGPSTQJO SFBEPVU

AM i?2 T 2pBQmb b2+iBQM- Bir b b?QrM i? i i?2 "2bTQMb2 Q7
iQ 2H2+i"QM imMMM2HHBM: #2ir22M bBM:H2 Z. M/ "2b2 pQB -
KQbiHv + T +BiBp2 M/ QMHv ? b /BbbBT iBp2 +QMi ' B#miBQM r
+QKT ~ #H2iQ i?2/'Bp2 7 2[m2M+vX 6Q  bTBM 2 /Qmi Q7 .Z.-
"2H t iBQM " i2 U+QKT “2/iQ i?2/'Bp2 7°2[m2M+vV Bb Q7 T “iBH
bTBM BM7Q K iBQM Bb +QMb2 p2/X AM i?Bb "2:BK2 i?2 bB;M I
i72 "2bQM iQ" j2bjT@MbBR HH +? M;2b BM i?2 /2pB%2i+ T +Bi M+
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'JHVSF aB;M H QTiBKBb iBROMXBM;\Q7 i?2 K bt ABM;
+QMTHBM; +Q2{+B®Wi+iBQM Q7 pQHi ;2 TTHB2/iQ p "B #H2 + T +E
ViX U#MB;M H@iQ@MQBb2 ~ iBQ XoU+HQMHMIBQM+B®7 M+2
M/U/Mm HBiv 7 +iQ" b 7WXU28OWMBQ H2Mi "2bQM Mi +B +mBi
BM+HmM/BM; imM #HE+ MCkKi MA2Q/m+2/ 7" QK (Rd9)X

"2bQM M+2 Bb ;Bp2M #v (Rd9)

@

i j= —— C UkX8kV
| I @G /
2R > 70 C, .
UkX8jV
(Ra7% Zo)ZQBMCo :
ZQHQ_’C%: UkX89V
0

AM +QMi’ biiQ 6alhb-r?22i?2bB;M HBb K tBKBb2/ #v +?B2
BM; M/ K tBKBbBM; i?2 "2H iBp2 "2bBbiBp2 +? M;2- b22 1[X Uk:
M H //BiBQM HHv /2T2M/b QM i?2 BMi2 M H [m HBiv7 +iQ" b r:
“2H iBp2 +? M;2BM + T +Bi M+2X h?2BMi2 TH v #2ir22M KBMB
Bi M+2- +?B2pBM; T2 72+i K i+?BM; M/ K tBKBbBM; i?2 [m HB
K tBK Hb2MbBiBpBiv? b #22M /2KQMbi  i2/ BM M 2tT2 BK2M]
p B #H2 + T +BiQ b Ub22 6B;X kXRAU2V 7Q" i?2 2[mBp H2Mi +E
HHQrb 7Q  BM@bBim imMBM:MY7+i@ & KHBRMBMO{BE2M&B b
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PQHIV;2b b?QrM BM 6B;X kXRdU VX J tBKmK bB/;jM H@iQ@MQBb
Bb +?B2p2/ bHB;?iHv #2HQr T2 72+i K i+?BM; UBM/B+ i2/ #v |
BM6B; X kXRAdU#V /Im2iQ "2/m+iBCMV;,BM/IiBMH 2 B2+BM BM22 M |
[mMm HBiv MQ¢irQ@2M bHB;?iHV mM/Z @+ @nbT?K)2ZM BM 6B; X kKXRdU+-
"2bT2+iBp2HvVvX

1BSBNFUSJDBNQMJODBUJPO

hQ BM+'2 b2 i?2 bK HH bB;M H Q B;BM iBM; 7°QK i?2 [m MimK /
H2p2H Q7 QQK i2KT2 im 2 K2 bm 2K2Mi 2H2+i"QMB+b KTHB}
b2+iBQM T QpB/2b M Qp2 pB2rQMi?2 QT2 iBM; T BM+BTH2b
rBi? "2; /iQ "2 /Qmi Q7 [m MimK /2pB+2bX 6m i?2" /2i BHb BMi
THB}+ iBQM + M #2 7QmM/ BM iQTB+ H "2pB2r "'iB+H2b (Rd8 R«
Q7 bmT2 +QM/m+iBM; [m#Bib (Rd3 R3y)X

"NQMJODBUJPOBOEOPJTF

HBM2 ° KTHB}2 Bb M 2H2+i'QMB+ /2pB+2i? ii F2b M BMTm
+QTvQ7i?22bB;M HrBi? BM+'2 b2/ TQr2 X ams+P KITHEB +/2BQM #
Bb BM+ 2 b@Y #QK2b i M BM2pBi #H2 +Qbi- K2 MBM; i? i MQi Q
U M/ Bib MQBb2V TQr2' Bb BM+'2 b2/ #mi //BiBQM HHv i?2 K-
HBKBi Bb /Bb+mbb2/ 7m i?2  #2HQrVX

h?2 T'Q+2bb Q7 KTHB}+ iBQM Bb BHHmMbi  i2/ BM 6B;X kXR3
TQr2  bT2+i° ii?2 KTHB}2  BMTmi M/ QmiTmiX 6Q° M BMTmi
PEMM/ bbQ+B i2/ MPB¥27RQKTHB}2  QmiTmib bBGWAH rBi? TQr2
M/ MQBKREY P X)X h?mb-i?2 bB;M H KTHBim/2 Bb BM+ 2 b2/ i
"2/m+iBQM BM bB;M H@iQ@MQBb2 * iBQ UaL _V r?B+? BM?22 2N
iBQMX KTHB}2'b mbm HHv ? p2 HBKBi2/ QT2 iBQM # M/rB/i
Bb +?B2p2/ rBi?BM bK HHiQH2 M+2- M/ + MT Q+2bb BMTmi
TQr2  H2p2H- #2vQM/ r?B+? i?2 HBM2 ~° M:2 Q7 i?2 KTHB}2 Bk
- BM Bb Q#b2 p2/ U+QKT 2bbBQM TQBMiVX

hvTB+ HHv- MQBb2 BMi2MbBiv Bb +? ~ +i2 ' Bb2aP @m7MM+iBQ]I
i72 MQBb2 TQr2 bT2Xi) XHAMMUBMVmM+iQ b MQBb2 BbiB2/iQi?2"
iBQMb Q7 +? “:2+ 'B2'b T- RPKPEM imCQ?MbQM@Lv[mBbi Q" ¢
MQBb2 (R9y- ROR)-rBi? +QMbi Mi MQBbR(fTO KT WI7Z+i~ H /2Mb
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'JHVSF S'Q+2bb Q7 KTHB}MiBQM®B}2 i F2b M BMTmi bB;M H
rBi? bB;M HPENYM/ bbQ+B i2/ MOBHLM/QY&iTmib +QTv
rBi? BM+'2 b2/ TQr2" +? * +i2 GK2/HRIBPQM BIMiv- i?2 KTHB}2"
/lb MQBb2 ;BB WK#v

K i+?2/ HQ /V-bm+?i? i MQBb2 TQr2  Bb '2H i2/iQ MQBb2 i2K
Pv= ke T\B UkX88V

r?22Bbi?2;Bp2M# M/rB/i?X h?2 MQBDb2i2KT2 im 2Bb MQi?2
i?72 MQBb2 //2/#v M KTHB}2 iQ i?2 BN @ksbwbi2ZIBUQBb 2

M/ BHHmbi  i2b ?2Qri?2 KTHB}2 2z2+iBp2Hv BM+ 2 b2b i?2 Bl
6Q irQ bi ;2b Q7 KTHB}+ iBQM i?2 QmiTmi MQBb2 TQr2" 7Q"
MQBDb2 i2KTR,,,iM/2KTHB}2 MQBb2 T2KkBd im 2

PR™ Gy(Gika[Tovd Tukt ke Twm)B: UkX8eV

*QMb2[mMm2MiHvV- i?2 222+iBp2 bvbiTkMQ@ RbR @KT;2 KTHB}@
+ iBQM +? BM Bb :Bp2M #v (Rd3)

pg™ T T
d = Tovh Tuet oo+ 100+ -

Tuos oM. UkX8dV
MQED 3 - BG.G,:::Gy G, G.G,:::Gn

6Q  H “;2G B +? iPyi Twi/Gi-i?22 MQBb2 //2/ #vi?2 KTHB}2 +?
Bb/QKBM i2/ #v i?2 MQBDb2 i2KT2  im 2Q7i?2} bi KTHB}2 BM
+B H +vQ;2MB+ KTHB}2 b ivTIB+ HHv QT2  i2 i 9 E M/ rBi? N
72r E2HpBM M/ ; BNMGRZIQHQRGVX 1[m iBQM UkX8dV b?Qrb i-
bm+? ; BM Bb bm{+B2Mi iQ HBKBi i?2 bvbi2K MQBDb2 i2KT2" im":
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T2 7Q KBM; K2 bm 2K2Mib i "TQQK i2KT2 im'2X JQ 2Qp2 - #vr
+'vQ;2MB+ KTHB}2 Q7 HQr2° MQBb2 i2KT2" im 2 UQT2" iBM;

bi ;2 rBi?BM /BHmMiBQM “27'B;2° iQ'V-i?2 aL_ Q7 + vQ:;2MB+
i?72  BKT Qp2/X *QKK2 +B HHv p BH #H2 + vQ;2MB+ HQr MQBb:
?B;?7@2H2+i QM@ KQ#BHBivi®  MbBbiQ b U>1Jh\20EK0g? TQr2 +C
K FBM; QT2  iBQM i HQr2 i2KT2' im 2b BM72 bB#H2-r?22"2 +Q
1 KgVXamT2 +QM/m+iBM; /2pB+2b Qz2 HQr TQr2  /BbbBT iBQ
i?72 MQM@HBM2 "M im2 Q7 CQb2T?bQM DmM+iBQMb mHi~ @H
[2KQMbi™ i2/-r?B+? "2 /Bb+mbb2/BMi?2 M2ti b2+iBQMX Hi2 N
pB+2b + M#2 QT2 i2/ bHQri2KT2 im 2 KTHB}2 -?Qr2p2 i?2l
Tm'i?2° (R3R)X

[PITFMJINJUT

AM i?2 T°2pBQmb b2+iBQM- i?2 MQBb2 TQr2 bT2+i" H/2MbBiv
b?QrMiQ #2 T'QTQ iBQM HiQ i2KT2  im 2-? b #22M BMi Q/m+2
i? i i i2KT2 im'2b TT ' Q +?BM; x2 Q- i?2 MQBb2 BMi2MbBiv B
bi2 /- i HQri2KT2  im 2b [m MimK 2z2+ib "BbBM; 7°QK i?2 ~m+
i?72Q 2K (Rd8) H2 /iQ MQM@x2 Q bT2+i° H/2MbBiv Q7

~I ~I
S(')= — +Qi2—— UkX83V

2 ke T
6QReT ~ i?Bb 2tT 2bbBSIN VRBAH/?2 +H bbB+ H ?B;?@i2KT2" |

HBKBi- r?BT2 79-S(!) 3 X h?Bb /2b+ B#2b i?2 x2 ' Q@TQBMi 2
i?72 2H2+i'QK ;M2iB+ }2H/ M/ Bb M 2t KTH2 Q7 [m MimK K2+
r?B+? Bb M2p2° +QKTH2i2HV=0 V2 Y P@2"2 MQM@x2'Q ;"QmM/ b
2M2°;vX *QMb2[m2MiHv- i?2 2z2+iBp2 MQBb2 i2KT2' im 2 + M
T?2vbB+ Hi2KT2' im'2 BM i?2 HQr i2KT2" im 2 HBKBi M/ ? b [m
HBKBT.@7 - X q?2M QT2  iBM; BM i?2 bm#@R@:>x '2;BK2 i?Bb
p2°v +HQb2 U2X;X RR KE i8yy J>xViQi?2 T?vbB+ H# b2 i2KT2
"27°B;2° iQ  URY KEV-?2Qr2p2°-r?2M QT2  iBM; i 72r:>x-i?2 k
MQBb2 i2KT2" im 2 + M #2 bB;MB}+ MiHv H ;2" Uk8 KEf:>xVX
h?2b2 HBKBib QM i?2 2z2+iBp2 i2KT2  im 2 b2i #v [m MimK ~m
QMHV iQ i?2 [m#Bi Bib2H7- #mi HbQ iQ i?2 KTHB}+ iBQM T Q +
}+ iBQM + M #2 /2°Bp2/ (R3k- R3j) r?2M +QMp2'iBM; bBM;H2 +1
i?2 [m MimK K2+? MBt HZCKBM+ Q +Qb) rBi? [m /° im’ 2
QT2 IOMA i? i Q#2vi?2+ MOQMB+ H+QKKn)]iBRMBEBHBQM
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“2H iBQMb TTHv 7Q " i?2 K ;MBim/2 M/ T? b2 Q7_i?2 bB;M HX
T°Q+2bb i Mb7Q K iBQM iQ [m /° im‘zmpéi?migi@“‘ - BM Q7

U M/ bBKBHOWBL/ R /2X Ai im Mb Qmi-i? iBM Q /2" iQ 7TmH}H i?:
“2H iBQMb M //BiBQM H QT2 iQ  Bb '2[mB 2/ BM i?2i° Mb7Q"
i?72 KTHB}2' //2/ MQBb2X h?2p "B M+2 Q7 i?Bb //BiBQM H Q-
iQ/2-i?mb- M KTHB}2" //b iH2 bi? H7 T?QiQM Q7 MQBb2 r?
[mMm /> im2-r?B+?Bb HbQ 2M+Q/2/BMi?2[m MimK K2+? MB+ H

I Q —. UKX8NYV

AM+ b2 Q7i?2 KTHB}2 -i?Bb+ M#2BMi2 T°2i2/i? iBMQ /2 iC
+QTv- i?2 KTHB}2 Bb "2[mB 2/ iQ K2 bm 2 #Qi? [m /> im 2bX
iQ M mM+2'i BMiv '2H iBQM- M //BiBQM H mM+2'i BMiv UMQ!
KTHB}2/ +QTvX

AM i?Bb +QMi2ti Bi K F2b b2Mb2 iQ BMi"Q/m+2 i?2 /BbiBM+i
T 2b2 pBM; M/ T? b2@b2MbBiBp2 KTHB}2'X M KTHB}2 i? i
im 2b Q7 i?2 BMTmi bB;M HBM i?2b K2r v T 2b2 p2bi?2T? b2
6Q  bm+? M KTHB}2 i?2 [m MimK HBKB2 QM HB2p i@ RM+2 Q7
[m /> im 2 ++Q /BM; iQ 1[X UKX8NVX g?2M QMHvV QM2 [m /  in
KTHB}2 Bb T? b2@b2MbBiBp2X h?Bb + M #2 mb27mH r?2M H
M HBb2M+Q/2/ BM bBM;H2 [m /> im 2-bm+? bi?2 2QKQ/vM2
i?Bb + b2 Bi Bb TQbbB#H2 iQ "2/m+2 i?2 mM+2"i BMiv QM i?2 [n
HQri?2 HRIRBMBEM: b[m22xBM; r?B+? "2bmHib BM /2@ KTHB}+ |
[m /> im2BMQ /2 iQ 7mH}H 1[X kX8NX

6MUSB MPXOPJTFBNQMJODBUJPO
1BSBNFUSJDBNQMJODBUJPO QSPDFTT

S  K2i B+ KTHB}+ iBQM (R39) /2b+ B#2b i?2 T Q+2bb Q7 +7?B
B+ HHv p "'vBM; T " K2i2 Q7 i?2 KTHB}2 bvbi2KX 1M2 ;v 7 C
r?B+? Bb mbm HHv bi " QM; M/ 272 2/iQ b TmKT bB;M H-Bb i’
BMTmi bB;M HX h?2 KQbi +QKKQM 2t KTH2 Bb ;Bp2M #v +?BH/
2 +? ;721 ?2B;?1i #v TmKTBM; rBi? i?72B° H2;bX S ~ K2i B+ KT
FMQrM BM i?2 }2H/ Q7 MQM@HBM2 * QTiB+b (R38) #mi ? b #22N\
#27Q°2 T Km+? HQr2 7°2[m2M+v U /BQ@7 2[m2M+v M/ KB+ Qr
/Im2 iQ 2t+2HH2Mi MQBb2 T' QT2 iB2bX Ai ? b #22M b?QrM i? i
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'"JHVSF q p2 KBtBM; T Q+2MIQM@HBM2 " /2pB+2 Q  K2/BmK Bb i?2
# bBb7Q T ° K2i'B+ KTHB}+ iBQMr?B+? Bb +?B2p2/BM r p2 KBtBN\
r?22°22M2°;v 7 QK i?2 TmKT Bbi° Mb72 "2/ QMiQ i?2 bB;M H M/ B/H?2

K2i'B+ KTHB}2'b + M QT2  i2 ii?2[m MimK HBKBi Q7 //2/ MQ
2p2M #2HQr 7Q  T? b2@b2MbBiBp2 KTHB}2 b /m2iQ b[m22xBM

S?vbB+ HHv- T > K2i'B+ KTHB}+ iBQM Bb +?B2p2/ BM KBtB
r?2°2 r2 FBMTmibB;M HBb KBt2/rBi? bi'QM; TmKT bB:;M H BN\
Q  K2/BmK b BHHmbi i2/ BM 6B:X kXRNX .2T2M/BM; QM i?2 N\
i?°22@r P2MQM@HBM2 "BivV Q" 7 PmM@ M @HB8EM B MB L V

P rmk® P oe:MH B/H2 UkXeyV

Drmkt ! rmk® P os;vbd B/H2 UkXeRV

Bb +?B2p2/-r?2°22Bi?2 QM2 Q irQ TmKT T?QiQMb "2i° Mb72
B/H2 T?QiQMX h?2B/H2 Bb M //BiBQM HKQ/2r?B+? 2T 2b2N
AM i?Bb +QMi2ti Bi K F2b b2Mb2 iQ /Bb+mbb i?2 MQiBQM Q7
/12;2M2° i2 T K2i B+ KTHB}2 r?B+? Bb BHHmbi  i2/ BM 6B;X
KTHB}2 Bb /2;2M2" i2 UBM 7' 2[m2M+vV r?2M i?2 bB;M H M/ B
2 i2rBi?BM i?72B" # M {urBYg7uX% MQM@/2;2M2" i2 KTHB}2 - r?:
bB;M H M/ B/H2  "2b2T " i2/ BM7 2[m2M+v-+ M #2 "2 HBb2/ B
T°Q+2bbX h?'22@r p2 KBtBM; T°'Q/m+2b irQ "2bQM Mi KQ/2b i
/Im+2/ UbB;M H M/ B/H2 V i? i "2 iviB+ HHv b2T " i2/ BM 7 2[n
+QMb2 p i BQMX PMHvV r?2Mi?22 TmKTBb QT2 i2/ iirB+2i?2 7 2
bB;M H M/ B/H2® #2+QK2 /2;2M2" i2 M/ [2;2M2" i2 KTHB}2
7Qm @r p2 T 'Q+2bb i?2 KTHB}2 Bb Hr vb /2;2M2" i2X q?2M C(
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'JHVSF ULQMV.2;2M2" i2 T~ K2i'B+ HKHTPRBBZ2X2M+2 #2@
ir22M MQM@/2;2M2" i2 M/ /2;2M2" i2 T > K2i'B+ KTHB}2  Bb BHH
TQrb 2T 2b2Mi 2t2KTH v TmKT-bB;M H M/B/H2 7°2[m2M+B2b M/
}H2b "2 BM/B+ i2/X " +F;"QmM/ +QHQmM  BM/B+ i2bi?°22 U#2B;2V Q
#HmM2V r p2 KBtBM; T°'Q+2bbX

i DBM:H2 7°2[m2M+v- i?2 KTHB}2 Bb 2p2M /Qm#Hv /2:2M2"
TMKT KQ/2b HH +QBM+B/2X T K2i'B+ KTHB}2 + M HbQ #2
r22M bB;M H M/ B/H2 "2 i p2HHBM; i?°Qm:? i?2b K2 bT iB H
HBM2X P7i2M 7Qm @r p2 KTHB}2 mb2b bBM:H2 TQ i r?B+? -
M/ 7 2[m2M+v /2;2M2° +vX AM i?Bb + b2 //BiBQM H +QKTQM21
TMKT bB;M HBM Q' /2 iQ pQB//Bbim'# M+2 Q7 i?2bB;M H 2°
bm+? /2:2M2° i2 KTHB}2 + M #2 QT2  i2/ mbBM; irQ r2HH # H
b?QrM BMEBYX

HH T K2i'B+ KTHB}2'b + M #2 QT2  i2/ 2Bi?2 BM T? b2@1
b2MbBiBp2 KQ/2bX T K2i'B+ KTHB}2 Bb T? b2@b2MbBiBp.
K iBQM Bb /Bbi'B#mi2/ Qp2  #Qi? i?2 bB;M H M/ B/H2'X MQMGE
M2+2bb "BHvV T? b2@T 2b2 pBM; b #Qi? bB;M H M/ B/H2 "2 Db
/2;2M2° i2 KTHB}2 Bb T? b2@h2MHhBHBP2i?2MB;M H M/ B/H2"
"2 BM/BbiBM;mBb? #H2 M/ i?2 bB;M HBM7Q K iBQM Bb /Bbi B
6B;X kXky T? b2@T 2b2 pBM: QT2  iBQM Q7 /2:2M2" i2 KTHB
bB;M HU: 22M "QrV Bb QM QM2 bB/2 QNiPZB+BNM2MD}HHDUH27
+QTv Q7 i?2 KTHB}2/ bB:M H QM i?2 QTTQbBi2 bB/2 U 2/ "Qr
1,VX g?22M i?2 bB;M H Bb 2t +iHv ii?2 +2Mi'2 Q7 i?2,V2bQM Mi K
i?72 KTHB}2 Bb T? b2@b2MbBiBp2X

+PTFQITPO KVODUJPO EFWJDFT

h?2 +? ° +i2 'BbiB+ Q7 /BbbBT iBQM@H2bb i° MbTQ'i K F2 bmT.
/[ i2b7Q° +?B2pBM; T " K2i'B+ [m MimK HBKBi2/ KTHB}+ iBQNM
72+i (R3d) BM bmT2 +QM/m+iQ @BMbmH iQ @bmT2 +QM/m+i(
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DmM+iBQMYV :Bp2b "Bb2iQ MQM@HBM2 ~BM/m+i M+2

h/2e

L= T, +ab

UkXekV

r?22°2 M/ Bbi?2bmT2 +QM/m+iBM; + BiB+ H+m "2Mi M/ T? b2
i?72 DMM+iBQMX S * K2i'B+ KTHB}+ iBQM (R33- R3N) M/ b[m:
#22M Q#b2 p2/ BM bmT2 +QM/m+iBM; /2pB+2b # b2/ QM CQb2T
#mi ? p2 MQi 7QmM/ K Mv TTHB+ iBQMb mMiBH i?2 /2p2HQTK?2
+B +mBib 7Q° [m MimK +QKTmi iBQM (RN)X 2 /Qmi BM 2tT2 B
/Im+iBM; +B +mBib ? b#22M ;2 iHvBKT Qp2/ (Rde- RNk kyj) i? (
BM KTHB}2 bi #BHBiv M/ MQBb2 T2 7Q K M+2X

.2;2M2° i2T " K2i' B+ KTHB}2 b ? p2#22M 2 HBb2/ BM HmMKT?2
"2bQM iQ'b# b2/ QM DmM+iBQM T vb Q rBi? DmM+iBQMb BM i-
imK BMi2'72°2M+2 /2pB+2 UaZIA.V ;2QK2i'v (RN3- RNN)X gq?2M
QM/ TQ' i +QMM2+i2/iQ ~mt HBM2-i?'22@r p2 KBtBM; UTmKT:
7 2[m2M+vV Bb "2 HBb2/ (kyR- ky9)X M 2z2+iBp2 7Qm @r p2 KI
r22M TmKT2/i?2 Qm;?i?22bB;M HTQ iU+m "2Mi/ Bp2MV (RNd- k
KTHB}+ iBQM M2 " i?2 [m MimK HBKBi (RNd- ky8- kye) URyyW
b[m22xBM; (RNj- kyd) ? b #22M /2KQMHIQNM2IR" ANMMIi2/ #v
aZlA. (kyk) bBKBH " 7Qm @r p2 KBtBM; KTHB}2 i? i Bb TmKT:
M HTQ i? b#22M 7 # B+ i2/X PTIiBK HMQBb2 T2 '7Q K M+2 BM
Q7 /2;2M2  i2 KTHB}2 Bb +?B2p2/ r?2M mbBM; irQ TmKT iQM
KQ/2 Q #v QT2 iBM; mbBM; ~mt/ Bp2 r?B+? +QK2b ii?2 +Qb
KB+ Qr p2 TQ i (ky9- kye)X "2bB/2b bm+? /2;2M2" i2 KTHB}2 I
KTHB}2  # b2/ QM 7Qm DmM+iBQM "BM; KQ/mH iQ"> 2 HBbBWN
#22M /2KQMbi™ i2/UCQb2T?bQM T ~ K2i B+ +QMp2'i2 - CS*V (k|
2 iBQM M2 " i?2 [m MimK HBKBi Bb +?B2p2/ M/ b[m22xBM; B
? b7Qm” KB+ Qr p2 TQ'ib r?2°2 TmKT- bB;M H M/ B/H2 i p2t
b2T ~ i2/i° MbKBbbBQM HBM2bX i° p2HHBM; r p2 T °~ K2i B+ |
?B#Bib /Bbi ' B#mi2/ MQM@HBM2 "Biv M/ ? b #22M /2KQMbi" i
FBM2iB+ BM/m+i M+2 K i2°'B H(kRR) M/ mbBM; H ;2 KQmMi (
UChgS V (kyj- kRk)X *QKT "2/iQ MQM@HBM2 *~ "2bQM iQ  # b2/
+?B2p2b KTHB}+ iBQM iBM+'2 b2/ # M/rB/i? rBi? ?B;?2  /vM K
Im2iQHQbb2bBMbm+?BM+"2 bBM;Hv +QKTH2t/2pB+2i?2[m M
"2 +?2/X hvTB+ Hp Hm2b "2 kKkW M/ d8W 2{+B2M+v 7Q i?2 hq
"2bT2+iBp2HvVX .m2 iQ i?2 H “;2 # M/rB/i? M/ /Bbi ' B#mi2/ MQM
}+ iBQM Q7 UMQMV/2;2M2" i2 KTHB}+ iBQM Bb mbm HHv MQi



kX9 S K2i'B+ KTHB}+ iBQM 8]

\%
S5um

gt vy

o - 1

X ¢ X
{ 2 #
" (1

. 0/8&:

o %% Vg

'JHVSF CQb2T?bQM DmM+iBQM # b2dmKKHB}Q@DRQb2T?@
bQM DmM+iBQM # b2/ KTHB}2'b BM+HmM/BM; b+?2K iB+b- KB+ Q;
T Ki2WhXGmKT2/@2H2K2AM4 M/b2/ MQM@HBM2 * "2bQM iQ -
U+@Qb2T?bQM T ~ K2i BU/¥WZWp2 KIHB}2UMI/hgS X
AK ;2b "2T°Q/m+2/ 7 QK (RNd- kyk- kyj- kRy- kR3)X

i?72Q v 7Q ;2M2 iBQM Q7 b[m22x2/ bi i2b BM ChgS ? b #221
6BM HHv- MQi?2  ivT2 Q7 KB+ Qr p2 KTHB}2 # b2/ QM .* +m"
? b #22M /2KQMbi® i2/ (kR9- kR8)X hQ +?B2p2 KTHB}+ iBQM
"2Mi #B b2/ #Qp2 i?2 +'BiB+ H+m ™ "2Mi r?2°2 i?2 BMTmi bB;M
i?2°Qm;? i?2 aZlA. i ;Bp2M ~mt #B b TQBMiX LQBb2 T2 ' 7Q K N\
7°2[m2M+v TQr2 2/CS bBMT? b2@T 2b2 pBM; KQ/2? b#22M +
MQ b[m22xBM; + M #2 T2 ' 7Q K2/X bmKK v Q7 mHi° @HQr MQ|
# b2/ KTHB}2 b Bb ;Bp2M BM 6B ;X kXkRX

JObIiCS bQT2 i2BMi?2 72r :>x 2;BK2 +QKT iB#H2 rBi? bmT:
+mBib7Q " [m MimK +QKTmi iBQM-r?BH2 aZlA. KTHB}2 b T2 7C
:>Xx "2;BK2#mi QT2 iBQM i?B;?2 7°2[m2M+v Bb TQbbB#H2 (kR
QT2 IBM;BMi?2bm#@R@:>x 2;BK2 ? p2 #22M /2KQMbi i2/ (k
bmT2 BQ MQBb2 T°'QT2'iB2b/m2iQ T " K2i'B+ KTHB}+ iBQM
}12°b "2[mB'272r2° KB+ 'Qr p2 +QKTQM2Mib bi?2v "2QT2" i2/B
F+mT T 2MibX *QKT "2/iQ >1Jh KTHB}2'b-CS b "2 MQi bbi® B
QT2 i2 M/ 2[mB'2 //BiBQM H+B +mBi+QKTQM2MibBM //BiB
MQBb2 bB:M HbiQ QT2 i2 ii?2[m MimK HBKBi Q7 MQBb2X
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4IMIDPORVCIJUTVNNBSZBOECFODINB:

AM i?Bb b2+iBQM- M Qp2 pB2r Q7 /Bz2 2Mi bTBM [m#Bi BKTH2K
/2pB+2b BM+HmM/BM: bi i2@Q7@i?2@ i #2M+?K "Fb "2 :Bp2MX
2tT2 ' BK2Mi H "2bmHib "2 b?QrM ?22°2 M/ /2i BHb ‘2 T 2b2Mi2
TT2M/Bt1X h #H2X kXR bmKK “Bb2b /Bz2 2Mir vbiQ BKTH2K2M
BM+HmM/BM: T?vbB+ H K2+? MBbKb 7Q° +QMi"QH M/ 2 /Qmi M/

bTBM bBM;HR2rQ [m#Bi2 /Qmi+ /p Mi ;2btBb /p Mi ;2b

[Mm#Bi [M#BI ;12
.
jli B . J-E, a.h-
S, = M+BHH Y bTBRMbvbi2K
1/2 Sa" Y 2H2+i B+ HirQ@[m#Bi ; i2

K ;M2iB+ bBM;H2@[m#Bi ; i2
2 /Qmi "2b2 ' pQBT Q° M+BHUE

jlli J- E;, |+ T +BiBp3a"
S,=0 2t+2 M2 2H2+i' B+ HbBM;H2@[m#Bi ;
BMBiB HBb iBQM- "2 /Qmi
HQr@}2H/ QT2 iBQM

irQ bTIRM 2[mB "2/

< < <

jllli 2t+? M;2 T +BiBp3a”
S, =1/2 2t+? M2 Y HH2H2+i B+ H+QMi QH

Y BMBiB HBb iBQM- "2 /Qmi
+QKTH2tBiv Q7 2M+Q/BM;
H :27Q0QiT BMi
H2 F ;2 bi i2b

5BCMFaTBM [m#Bi BKTH2K2MmMiBIKQ MWbQ@7 /Bz2 2Mi [m#Bi BKTH2@
K2Mi iBQMb rBi? MmK#2> Q7 bTBMb M/ bm#@bT +2b BM/B+ i2/X S?v
MBbKb 7Q° +QMi"QH M/ "2 /Qmi U2Bi?2  bTBM /2T2M/2Mi imMM2HH
S mHB bTBM #HQ+F /2- Sa"- # b2/V 2 +QKT "2/ M/ U/BbV /p Mi ;2
?B;?HB;?i2/X

AM KQbi 2tT2 BK2Mi HbTBM [m#Bi BKTH2K2Mi iBQM 2M+Q/BN
K iBQM BM bBM2BR2I@HTBWMT 272 °2/- b HQM; +Q?22 2M+2 iBK?2
}/2HBiv +QMi'QH 2 +?B2p2/ 7Q bBM;H2 bTBMb BM bBHB+QM
M/ +QMi"QH }/2HBiB2b Q7 T?QbT?Q mb /QMQ" M/ Z. # b2/ bBM
JPa Q aBfaB:2V "2 bmKK "Bb2/X AKTH2K2Mi iBQNfmB1bBM: BbC
U'2 HBHS/ BMaB@JPaV b?Qr 2bT2+B HHvV HQM: +Q?2 2M+2 iBK?2



kX8 aBHB+QM [m#Bi bmKK v M/ #2M+?K "Fb

i iBQMb rBi? KB+ Q@K ;M2i U2 HBb2/ BM aBfaB:2v M/ K MB
b?Qr BM+°2 b2/ UQM2 Q /2 Q7 K ;MBim/2V [m#Bi +QMi QH bT2
iBQMb ?B;?@}/2HBiv bBM;H2 [m#Bi QT2  iBQM Bb ivTiB+ HHv H
?B;?2bi }/2HBivBb +?B2p2/ mbBM; TmHb2 QTiBKBb iBQMX h?2
biBHH M22/b iQ #2 BKT Qp2/iQ HHQr 7Q 7 mHIi@iQH2 Mi QT2

AM 6B;X kXkkU#V bTBM@[m#Bi "2 /Qmi mbBM; /IBz2 2Mi ivT2
"2 /Qmi K2i?Q/bBb bmKK "Bb2/X >B;?2bi "2 /Qmi}/2HBiB2b "2
bTBM #HQ+F /2X G i+?2/ S mHB bTBM #HQ+F /2 "2 /Qmi T QpB/
BMbB;M HRiQ@MQBb2 "2bmHIBM; BM BM+'2 b2/ 2 /Qmi}/2HB
6Q bTBM@/2T2M/2Mi imMM2HHBM; i?2 p BH #H2 BMi2;  iBQM
imMMM2HHBM; " i2bX

AM 6B; X kXkkU+V ; i2@# b2/ 2H2+i"QM bTBM "2 /Qmi mbBM;
T +BiBp2Hv +QmTH2/iQ .Z.bim+im'27Q K2/ mbBM; /QMQ b Q
2 /QmiBbT2 ' 7Q K2//B ' 2+iHvUBM@bBimV # b2/ QM BMi2 @/Q
/IQ2b MQi "2[mB 2 Mv //BiBQM Hb2MbQ bi m+im 2b Q" "2b2°
>B;? }/2HBiv i b?Q i BMi2; iBQM iBK2 Bb Q#i BM2/ BM aBfatE
L#hBLU2 "2bQM iQ rBi? H ;2 [MQRRBOVT Z +HiEM; i ?B;? 7 2[m2M+\
fo UHQr HQbb M/ HQr T ~ bBiB+bV-r?2"2i?2 "2 /Qmi }/2HBivr b
[IBiBQM HT ~ K2i2'biQ QTiBKBb2 "2 i?2 MYb,Qi2 +Q MK HBMM ;

b r2HH b MQBDb2 iZKURBK®BI2A4IB BM i?2b2 2tT2 ' BK2MibV- b
a2+iBQM kXjX9Xj kX9 M/ TT2M/Bt 1X
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(@) (b)

Fl9 (%) T2 (ms) T1 (ms)
100 130

104

T2* (us) tint (us)

90 5 100
F&? o0) fef (MHz) Favg (%)
== 3P (ESR) == SDT
Si-MOS (ESR)  (c) f, (GH2) PSB
5

== Si/SiGe (EDSR) == PSB-latche

5<
= 31p (NbTiN) ™ ,

Si-MOS (SMD) 100
= Si/SiGe (NbTIN/2) Favg (6)

'JHVSF amKK v Q7 [m#Bi #2MYU2AKMEBX+QMi"QH M/ +Q?2 @
2M+2 #2M+?2K 31BbUBM BbQiQTB+2HaB- KmMBIRthH i2/ mbBM;
la_V-Z.bBMaB@JPa UBMBbGiQEBK MBAVMH B}dbBM; 1a_V
M/ aBfaB:2 UBM M im' H bBHB+QM- K MBAWH/@himbBM; 1.a_VX
#2M+?K "Fb 7Q "2 /Qmi mbBM; 2ti2 M H +? ;2 b2MbQ b UalhV # b2/
[2T2M/2Mi imMM2HHBM; Ua.hV-S mHB bTBM #HQ+F /2 USa"V M/ H
U+V2 /Qmi #2M+?K "Fb Q7 +QKT +i; i2@% SR MbBWEQM 7Q°
Qz@+?BT "2bQM iQ  # b2/ QM L#hBL BM/m+iQ V-aB@JPaZ. UmbBM;
"2bQM iQ  # b2/ QM al. +QKTQM2MibV M/ aBfaB22Z. UQM@+?BT L#h
"2bQM iQ 'V /2pB+2X



$IBQUFS

&EYQFSIJNFOUBMNFUIPET

AM i?Bb +? Ti2  BKTQ' i Mi 2tT2 ' BK2Mi H K2i?Q/b M/ i2+?MB[m
+? ° +i2°'Bb iBQM Q7 bBHB+QM@# b2/ M MQ@b+ H2 /2pB+2b "2
# bB+ /2b+ " BTiBQM Q7 7 # B+ iBQM T Q+2bb2b /2p2HQT2/ i*1 (
BMi?BbrQ ' F-iQ B/i?2mM/2 bi M/BM; Q7 i?2 /2pB+2 #2? pBQm
7Q +°vQ;2MB+ /2pB+2 +? * +i2°'Bb iBQMX

'‘BCSJDBUJPO

+QKKQM F2v Q#D2+iBp2 BM 7 # B+ iBM; [m MimK /Qib Bb iQ
+QM}IM2K2Mi HQQb2HvV M HQ;Qmb iQi?2M im" H+QM}M2K2Mi
.m2 iQi?2 2/m+2/2z2+iBp2 K bb BM bBHB+QM U+QKT "2/iQ :
b?Q i~ M;2 2t+? M;2 BMi2 +iBQM #2ir22M Z.b- 7 # B+ iBQM Q
bK HH rB/i? M/ ?B;? /2MbBivBb M2+2bb "'viQ "2 HBb2 KmHIB @ z

; 12 rB/li? Q7 8yMK M/ H2bb rBi? TBi+? Q7 i?2 b K2 Q'/2 Bb "
b2+iBQM- 7 # B+ iBQM Q7 bm+? bK HH bi'm+im 2b mbBM; aPA
[122T@mHiIi~ @pBQH2i U.loV HBi?Q; T?v M/ 2bBbii BKKBM; Bhb

40* OBOPXJSFUSBOTJTUPST

BMHHV@/2TH2i2/ bBHB+QM@QM@BMbmH iQ  U6.@aPAV M MQr
Q7Z.bBM i MbBDbiQ Ur  T@ "QmM/; i2V :2QK2i'vX 6 # B+ iB
bBM;H2@2H2+i"QM /2pB+2b ? p2 #22M /2p2HQT2/ i*1 @G2iB (-
*JPa TH i7Q K mbBM; RNj MK .1o HBi?Q;  T?vX PM2 Q7 i?2 F2v
/2}M2 bi'm+im 2b bK HH2MQm:? iQ 7Q K Z.b mbBM; i?2b2 QTiB+
"2bBbi i  BKKBM;X

6 #°B+ iBQM Bb # b2/ QM aPAr 72 +QMbBbiBM; Q7 38y’K
RO8'K i?B+F #m B2/ QtB/2lUMKs\?BMF aB H v2  ii?2bm 7 +2X h?:

8d



83 *?2 Ti2 j1tT2 BK2Mi H K2i?Q/b

'JHVSFaB M MQrB 2i° MbBbiQ 7 #MBQrBBQMX ; i2 T ii2"M@
BM; BbT2 7Q K2/ mbBM; .loHBi?Q; T?v M/ 2bBbii " BKKBM; T'Q+2
K iBQM Q7 imMM2H # B2 bBb +?B2p2/ mbBM; bT +2°bX aT +2° M/t
7Q K iBQM Bb BHHmbi™ i2/X [/ Ti2/ 7°QK (kky- kkR)X

Hv2 M/ bm#bi® i2 "2/QT2/rBi? T?2QbT?2Q mb RY+IKIM+2Mi" iBC
M/ RRJ8+KI "2bT2+iBp2HvX hQ7Q'K M MQrB 2i° MbBbiQ  /2pB
2i+?22/ 7TQHHQr2/ #v ; i2/2TQbBiBQM M/ bQm +2f/° BM 7Q K iBQ
6Q 2 +? T ii2"MBM; bi2T mbBM; .lo HBi?Q; T?v- #QIiiQK MiB ¢
U" *V M/ "2bBbi Bb bTmM QMiQ i?2 aPA r 72X h?2 bK HH2bi
+ M #2 Q#i BM2/ Dmbi mbBM; .1o Bb 3y MK- ?2Qr2p2 - mbBM; "2bB
/IQrM iQ 8 MK + M #2 Q#i BM2/ b BHHmbi® i2/ BM 6B;X jXRX 7
" *V Bb i BKK2/iQ i?2 /2bB 2/ rB/i?- M MQrB 2 Bb 2i+?2/ M|
"2KQp2/X  ;i2Bb 7Q K2/ mbBM; bBKBH " .lo HBi?Q; T?v M/
T Q+2bbX h?2; i2 bi +F +QMbBbib Q7,- PRBMMKHWMWR HQ/2? B BRD F
/IB2H2+i'B+ >7aBPL 7QHHQr2/ #v 8 MK i?B+F H v2 Q7 hBL M/ 8



jXR 6 #°B+ iBQM 8N

(a) (b)

Source Drain
BOX

BOX

() (d)

'JHVSFL MQrB' 2 i° MbBbiQ™ /2pB+2BKJ;2b Q7 ™M MQrB"2
i MbBbiQ™ /2pB+2 HQMUi#®BQMm2+2M/" BMX AK ;2 +Qm’i2bv Q7
avHp BM " " m/- *1 G2iB- U+Z\BE#HHR2XBQM Q7 i?2 2H2+i'QM
T°Q# #BHBiv /Bbi'B#miBQM BM i?2 M MQrB°2 BM +°'Qbb@b2+iBQN
Y@/B 2+iBQMV 7Q° # +F®.;52 pQHMAR2/@7 = 10 0-
b?QrBM; 7Q°K iBQM Q7 DbBM;H2 Q° /Qm#H2 Z. "2bT2+iBp2HvX
7°QK (kkj)X

M 2[mBp H2Mi QtB/2 i?B+FM2bb Q7 RXj MKX hQ 7 # B+ i2 bQm
i 1’bi bBHB+QM@MBi'B/2 bT +2° Bb 7Q K2/ 7TQHHQr2/ #v bBH
JQTBM: UG..VX 6BM HHv b2+QM/bT +2° M/ b HB+B/ iBQM HH
mbBM: bi M/ */ imM:bi2M BMi2 +QMM2+ib 7QHHQr2/ #v *m +QM
M MQrB 2 WB/IM/ ; i2 H2M;i?M;BM; 7°QK Ry'K /QrM iQ Ry MK
7 #°B+ i2/ QM i?2b K2 +?BTX h> MbKBbbBQM 2H2+i'QM KB+ Ql
bBHB+QM M MQrB 2 M/ ; i2 bi +F UpB2r HQM; i?2 ; i2V M/ M E
/2pB+2 HQM: i?2bQm +2f/° BM "2 b?QrM BM 6B;X jXkU -#V “2h

g?2M QT2  iBM; i?2 M MQrB 2 i MbBbiQ i TQbBiBp2; i2 pC
BMBiB i2/ pB +? MM2Hb i? i 7Q K ii?2iQT +Q"M2'b Q7 i?2 M |
? M+2/2H2+i B+ }2H/X h?Bb +Q M2 2z2+iBbi?2# bBb7Q 7Q K
rBi? /IBbQ /2 /m2 iQbm'7 +2 "Qm;?M2bb M/ +? ;2 i Tb- bm+?
HQ+ HBb2/ Z.b i +'vQ;2MB+ i2KT2" im 2 (kkk- kkj)X .2T2M/B|
rB/i? M/ pQHi ;2 TTHB2/ iQ i?2 aB bm#bi” i2 i? i +ib b # +F
Q /Qm#H2 Z. + M #2 7Q° K2/ BM bBM;H2 M MQrB'2X i KQ 2
pQHI ;2b- ivTB+ HHv DbBM;H2 Z. Bb 7Q K2/ b b?QrM BM 6B;X



ey *?2 Ti2 j1tT2 BK2Mi H K2i?Q/b

M2; iBp2 # +F@; i2 pQHi :2b- /IQm#H2 Z.b "2 7Q K2/ b b?QrM |
/2pB+2W Q60 MK- 7Q K iBQM Q7 /Qm#H2 Z.b rBi? BM+"2 b2/ /BbQ"
+QmMTHBM; Bb Q#b2'p2/ M/ imMBM; BMiQ bBM;H2 Z. mbBM; i?
MQi TQbbB#H2X

.FBTVSFNFOU TFUVAQ

PM+2 /2pB+2 ? b #22M 7 # B+ i2/- +QMM2+iBQMb 7°QK i?2 M N
QT2 i2/ i+ vQ;2MB+ i2KT2 im 2-iQi?2+QMi QH M/ K2 bm 2k
"QQK@i2KT2 im2M22/iQ#2 K /2X AMi?Bb b2+iBQM-2bb2MiB
M/ "QQK@i2KT2 im2b2imT7Q  +QMi"QH M/ 2 /Qmi Q7 bBHBH-
T'2b2Mi2/X //BiBQM HBM7Q K iBOQM QM T Q+2/m 2b + M #2 7Q

%IJMVUIJPO SFGSJHFSBUPSBOE XJSJOH

h?2 2M2 ;v b+ H2b bbQ+B i2/ rBi? bTBM [m#Bib BM b2KB+QM/n
+QKT “2/iQ "QQK@i2KT2  im 2X *QMb2[m2MiHv- bTBM [m#Bib |
+'vQ;2MB+ i2KT2 im 2-iviB+ HHv i KBHHBE2HpBM i2KT2 im
iQ>- M/ bTBM "2 /Qmi M/ +QMi'QH Bb T2 7Q K2/ mbBM: HQr@
*27°B:2° iQ'b "2 2tT2MDbBp2 iQ QT2 i2 bm+?2 i? i T 2@b+"22MI
T2'7Q'K2/BM +'vQ:2MB+ T Q#2@bi iBQM Q" +'vQbi i mbBM; ~
+ VO@+QQH2 # b2/ QM : b +QKT 2bbBQM M/ ?2 i@2t+? M:2X h
O EMMHE2Dbp b Bb TmMmKT2/iQ 2/m+2/ T 2bbm 2r?B+? HHQrb QT:
RXe EXh?2 K BM2tT2 BK2Mi H " 2bmHib BMi?Bb i?2bBb ? p2 #2z
"27°B;2 iQ i i2KT2 im2 Q7 Ry 8y KEX JmHIBTH2 bvbi2K i/
?2 p2 #22M mb2/  M;BN\;# 1@QK b2/ E2HpBMQt E9yy U>Bi +?B * K#
/2b+ " B#2/ BM (kk9- kk8)V iQ Pt7Q° / AMbi mK2Mib h"BiQM UI*G-
LB2Hb "Q? AMbLbIBimi2 *QT2M? ;2MV M/ "HmMm27Q b G. U* K# B/;
M/ sG. UI*GV + ' vQ@7 22 bvbi2KbX
bmKK v Q7 ivTIB+ H /BHmMIiBQM "27°B;2" iQ K2 bm 2K2Mi

BM 6B;X jXj-r?22 bK HH /Bz2 2M+2b BM i?2 BKTH2K2Mi iBQM
7Q 2K2MiBQM2/ b2imTbhX AM /BHmiBQM 27 B;2 iQ i?72 2 2
2 +? rBi? M BM/BpB/m H 2tT2+i2/ +QQHBM; TQr2 - M/ rBi? i?
i72 HQr2bi bi :2i? i Bbi?2'K HHV +QMM2+i2/ i§322RBtBM: +? |
/IBHMiBQM mMBi r?B+? Bb #H2 iQ "2 +? i2KT2  im 2b #2HQr Ry
MMBii?2 ?22HBmK KBtim 2’b2T B+H2WUBIRQI® H:>@ BB/ ?2MT? b2



Xk J2 bm 2K2Mi b2imT eR

UbmT2 @~mB/V i «2860REim/2+QQHBM; Bb +?B2p2/ # b2/ QM
IBHMIiBQN>Q7HIB2?i T? b2 pB TmKTBM; r?B+? BMpQHp2b ?22 i #lI
q?BH2i?2 /2pB+2 "2bB/2 ii?2 +QH/2bi T i Q7 i?2 + vQbi i- +(
K2Mib 2H2+i"QMB+b Bb QT2 i2/ i "QQK@i2KT2  im 2 U_hV-bm
+ "27mH +QMbB/2° iBQMb BM i2°Kb Q7 MQBb2 M/ ?2 iBM; "2[m
QM rB°'BM; Q7 /BHmiBQM '27°B;2° iQ° "2 ;Bp2M BM (kk3- kkN
iviB+ Hb2imT Bb /Bb+mbb2/X 6B bi Q7 HH-}HiIi2 "' BM;-i?2 K H
rB'BM; + “"VBM; bB;M Hb 7°QK "QQK@i2KT2  im 2iQi?2/2pB+2
im "2 Bb "2[mB 2/ BM Q /2 iQ pQB/ 2t+Bi iBQM Q ?2 iBM; Q7 i
i2KT2 im"2 U#H +F #Q/v "~ /B iBQMV M/ ?B;?@7 2[m2M+v MQB
+QM/m+iBpBiv M/ i?2°K H2tT MbBQM "2 BKTQ'i MiK i2'B H T
AM /BHmiBQM "27°B;2  iQ - i?2°2 Bb /BbiBM+iBQM #2ir22M
HBM2bX GQr@7 2[m2M+v HBM2b "2 /2bB;M2/iQ + ~"v7°2[m2M+
M/ 22 HBb2/ mbBM; irBbi2/ T B'b > M;2BM HQQKK /27°Q
Q' S?"  UHQr i?2°K H+QM/m+iBpBivV-r?B+? Bb i?2°K HBb2/ N
bi ;2bX 6BHi2 ' BM; + M#2 T2 7Q K2/ mbBM}KIiRHIiRB@RpYPYy FZx*mi @
Qz- ?QK2@K /2 Q" +QKK2'+B HHv p BH #H2 7°QK Z.2pBH Ta C
+QTT2 TQr/2 (kjy))fBH5+QR@Mi@QzV i+ vQ;2MB+i2KT2 im 2

BM+HmM/2 7m i?2 }Hi2 ' BM: i ' QQK@i2KT2 imT2mHEBEMbXQKK?2"-
/JBHMiBQM "27°B:2° iQ b2imTivIiIB+ HHv +QMi BMb k9 Ne HQr@
6Bb?2  ivTI2 +QMM2+iQ " i "QQK@i2KT2  im 2 M/ KB+ Q. i+ v

+ "vBM; #B b pQHi ;2b M/ i’ MbTQ i bB;M Hb Q7 bK HH +m " 2M

>B;?7@7 2[m2M+v rB'BM; BM i?2 KB+ Qr p2 “2;BK2 mb2b b2K
i? i+ "vbB;M HbmTiQ R3 :>x UaJ +QMM2+iQ bV Q 9y :>x UF(
hQ +?B2p2 HQr ii2Mm iBQM i ?B;? 7' 2[m2M+v H ;2 2H2+i B-
bB 2/-?Qr2p2° H ;2 2H2+i'B+ H+QM/m+iBpBivmbm HHv Bb ++
+QM/m+iBpBiv r?B+? + M H2 /iQ bi QM; ?22 i 2t+? M;2 #2ir22M
/IBz2 2Mii2KT2 im 2X *QMb2[m2MiHv-/Bz2 '2Mi+ #H2 K i2°'B H
QM i?2 i2KT2 im 2 bi ;2 M/ /2T2M/BM; QM B7 HBM2 Bb mb2/ 7
bB;:M H/2HBp2' vX 6°QK jyy EiQ 9 E bi BMH2bb bi22H UaaV Q" ":
b2H2+i2/ /m2iQi?2 2/m+2/i?2 K H+QM/m+iBpBiv ii?2 +Qbi Q"
+QMi'QH bB;M HHBM2b *m Q' *mLB Bb +?2Qb2M ibi ;2b #2HQr ¢
bmT2 +QM/m+iBM; L#EUhBY Bb T 272 "2/ 7Q°  KBMBK H bB;M H H

6Q° +QMi'QH M/ 2 /IQmi Q7 bTBM [m#Bi/2pB+2 HBM2b i BHQ
+ M #2 B/2MiB}2/X 6B bi Q7 HH- 1?22 "2 HBM2b /2/B+ i2/ 7Q
T2~2+iQK2i'v "2 /QmiX 6Q° _6 "2 /QmiirQ HBM2b "2 "2[mB"2/X
}Hi2 ' 2/BpRBM2- i? i /I2HBp2 b bK HH KQ/mH iBQM bB;M H- M/
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*?2 Ti2 j1tT2 BK2Mi H K2i?Q/b

(% % !

'JHVSF 6 B/;2 rB'BMtXKTH v /BHMIiBQM “27°B;2" iQ b2imT 7Q " bBHB
[m#Bi 2tT2 ' BK2MibX aB;M Hb 2 /2HBp2'2/iQ i?2 /2pB+2 | KBHHBE
T2 im2pB HQr@7 2[m2M+v HQQK M/ ?B;?@7 2[m2M+v +Q tB H HB
62 /Qmib2imT +QMbBDbiBM; Q7 /'Bp2 M/ 2 /Qmi HBM2 M/ 2t2KTH
M/ 1a_HBM2b 7Q  [m#Bi +QMi'QH "2 b?QrMX



Xk J2 bm 2K2Mi b2imT e]

2 /QmP i KTHB}2bi?2bB;M H 2~2+i2/ #vi?2/2pB+2X "Qi? bB;
i KBHHBE2HpBM i2KT2" im 2 mbBM; +'vQ;2MB+ /B '2+iBQM H
+'vQ;2MB+ +B +mH iQ KB;?i#2 mb2/iQ BbQH i2i?2/2pB+2 7 Q
i?72 KTHB}2'X h?2 "2 /Qmi HBM2 +QMM2+ib iQ i?2 /2pB+2 pB
S* Ui? ibBibBM b KTH2 #Qt7Q b?B2H/BM; M/i?2°K HBb iBQ
bB:M HBb +QK#BM2/ rBi? HQr@7 2[m2M+vChB2HQOM MI XQMM:
6Q° +QMi'QH- 7 bi TmMHbBM; Q7 pQHi ;2b QM ; i2b rBi?BM /2b
bT +2 M/ # M/rB/i? Bb "2[mB 2/X SmHb2b mB2bR2MB-p2?R+MBB M ;
ivTB+ HHv M ii2Mm i2/ ?B;?@7 2[m2M+v HBM2 i? i Bb +QK#BWN
HBM2 QM i?2 S*" mbBM; #B bi22X h? " Qm;? bm+? TmHb2 HBWN
M/ HQr 7°2[m2M+v bB;M Hb 2 T QpB/2/i?2°'Qm;? i?2 HQr@7 2
TmHb2b ‘2 /2HBp2'2/ pB i?2 KB+ Qr p2 HBM2X hvTB+ HHv- pC
Q7 bBHB+QM # b2/ /2pB+2b QMHvV "2[mB 2b bB;M Hb mT iQ R :>
iBK2bVX h?mb- M Hi2 "M iBparHbRMRZ BDiQMQM @ ii2Mm i2/ HBN
mb2b K i2'B HrBi? BMi'BMbB+ HHVH ;2 ii2Mm iBQM i?B;?@
;> T?Bi2@*mLB + #H2b (kjR)UiQ "2/m+2?B;?2@7 2[m2M+v MQBb
i?72°K HBb iBQM UBM/B+ i2/ #v }Hi2 b M/ y /" ii2Mm iQ bV HHC(
MQBb2 QMTomHHRM2 r?B+? + M #2 mb2/ iQ /2HBp2 pQHi ;2 Qzb
MT iQR :>x U/2T2M/BM; QM i?2 }Hi2 BM; b2imTV mbBM; bBM;
i?72°2Bb QM2 //BiBQM HivT2 Q7 HBM2iQ /2HBp2  +QMi QH bB;
7Q 2H2+i QM bTBM 2bQM M+a2 HBR M 2VEXbaimFB+ MHHV ii2Mm i2/
+QMM2+ibiQ MQM@S*"r p2;mB/2 r?B+? + M #2 2ti2M/2/ 7Tm i?
/[2HBp2  bi ' QM; + K ;M2iB+ }2H/bX

1t2KTH v +? ~ +i2°'Bb iBQM K2 bm 2K2Mib Q7 KB+ Qr p2 +QK"
bTBM [m#Bi b2imT 2 b?QrM BM 6B;X jX9X J2 bm 2K2Mib Q7 i?
+'vQ;2MB+ KTHB}2'b i _h "2 b?QrM BM 6B;X jX9U V rBi? v
Q'/2° Q7 jy /" i 7 2kmM2MxR2H?2 +? ° +i2 'BbiB+ Q7 jy /" ii2Mm
HBM2 ii2Mm iBQM M/ R :>x }Hi2  UJ*@0oG6@RyyyYV i _hivTB
Bb b?QrM BM 6B; X jX9U#VX 6B;m 2 jX9U+V b?Qrb i?2i° MbKBb
+QmTH2 UE vi R83yky@3RyV M/ +B +mH iQ UZmBMbi = Z*u(
i _hr?B+? /2KQMbi® i2bi? ii?2 #2M2}ib Q7 mbBM; +B +mH iQ
BbQH iBQM +QK2b ii?2 +Qbi Q7 “2/m+2/ K2 bm 2K2Mi # M/rB/
K2 bm 2K2Mi Q7 +QKTH2i2 "2 /OBppR2BTmMmBQ@Q MiQiK mi
BM+HmM/BM; +B +mH iQ'bV i _h M/ Ry KE Bb b?QrM BM 6B ;X jX
"2/m+iBQM BM # M/rB/i? Bb Q#b2 p2/ i # b2 i2KT2 im 2 r?B+?
+? M;2 BM i?2 +B +mH iQ" T ~ K2i2'b i HQr i2KT2  im 2 r?B+?
72 QK ;M2iB+ "2bQM M+2bX
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— LNF-LNCO0.6-2A 30
351 CITLF1 _40 1
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'JHVSF JB+ Qr p2 +QKTQM2MibXi2 ' BbiB+b Q7 ivTB+ H KB+ Qr p2
+QKTQM2Mibi? Qm;?i° MbKBbbBQM K2 bm 2K2Mib i "QQK@i2KT2"
MMH2bb bi i2/ QIP2AFQKBI2XBbQM Q7 i?2 ; BM Q7 irQ KTHB}2 KQ/@
2Hb mb2/ 7Q° "2~2+iQK2i'v HZWni"2Ki2MmXQ - i° MbKBb@
bBQM HBM2 M/ }Hi2  UJ*@0G6@RyyyYV +? ~ Hiz2\MBbiB+ Q7 i?2 /'Bp
**vQ;2MB+ +QmTH2" M/ +B +mH iQ  mb2/ 7Q" "P+2+iQK2i'v K2 bm~ 2
*QKTH2i2 "2~2+iQK2i'v bBpiZBM2 BMP2mMQIEBIBM2 QmiTmi
BM+HmM/BM; +B +mH iQ bV i _h M/ Ry KEX
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1$#T

b H'2 /vBHHmMmbi i2/ BM6B;X jXj-i1?2 K BM7mM+iBQM Q7 i?2 ¢
rBi? i?72 [m MimK /2pB+2b M/ T ' QpB/2 2H2+i' B+ H+QMM2+iBQI
7°2[m2M+vbB;M H M/ K2 bm 2K2Mi HBM2bX h?2 S*"+ M ?2QH/ |/
7Q }Hi2"'BM;- +QK#BMBM; Q7 HE; M2bIQNW #8 "Ib X22B/z2M2Mi ivT2b
S*"b "2mb2/iQ T2 7Q KK2 bm '2K2Mib T '2b2Mi2/ BM i?Bb i?2b
6B;m 2 X8 b?Qrbi?2/Bz2 2MiivT2b Q7 S*"b i ++m’ i2 "2H iBg
bK HH2bi S*"- M 2t2KTH v 6* K# B/;206ivT2 S*"-Bb b?QrM BM ¢
iviB+ HHv 2QH/b mT iQ i? 22 xBI@Qr Z[RApRMV2M+WMHBM2b Ub22
7Q /2i BHbVX 6B;m 2 jX8U#V b?Qrb 0GQM/QMO ivT2 S*" r?E
?B;?@7 2[m2M+v M/ k9 HQr 7'2[m2M+v HBM2bX h?2b2 S*" "2 #
H KBM i2 Q7 mT iQ yX3 KK i?B+FM2bb 7Q° BKT Qp2/ ?B;?@7 2]
2H2+i"B+ +QMbi Mi Q7 jXj3 M/ HQbb i M;2Mi Q7 yXyykRV rBi?
+QTT2 M/ bBHp2 BKK2'bBQM }MBb? 7Q" "2HB #H2 #QM/BM >
+QMM2+i2/ pB aJS +QMM2+iQ'b M/ HQr@7 2[m2M+v HBM2b m
M2+iQ bX h?BM@}HK "2bBbiQ b U2X;X ambmKm _ _y3ReS@RYy9(
+ T +BiQ bU2X;Xo0oBb? voCy9yk RYyRCL C Q y9ykRC_y8w9ah_
+2° KB+ +Q 2 BM/m+iQ b U2X;X 1T+Qb "3k9N3"- *QBH+" 7i Rky
QM@S*" #B b i22b M/ "2bQM Mi +B " +mBibX #Hm2 G1. U""Q /+
mb2/ 7Q° + **B2° +iBp iBQM- i M QT2  iBQM pQHi ;2 Q7 9 0 |
i KBHHBE2HpBM i2KT2"  im 2-r?2M +? M;BM; i?2 pQHi ;2 QM
M MQrB 2 /2pB+2b i? i +ib b # +F@; i2X

h?286*QT2M? ;2MO6 UZ/2pBHV #Q /b?QrMBM6B;X jX8U+V 7QH
KQi?2 #Q '/ TT°Q +? (kjj) M/ ?QH/b 93 HQr 7°'2[m2M+v HBM2b
M/ Re ?B;?2@7 2[m2M+v HBM2b UKBMB@*Q t +QMM2+iQ" i i?2
KQi?2 #Q '/ BM+Hm/2b }Hi2°'BM; 7Q° HHHQr@7 2[m2M+v HBM:
7°2[m2M+vHBM2bX *QMM2+iBQMbiQi?2/ m;?i2 #Q '/ 2K /2 m
bQ@+ HH2/ 7Tmxx #miiQMbX h?2 / m;?i2 #QLC/ ?22pi)/M TQnb KmH
7Q "2 /QmiX S*'b "2 2M+HQb2/ BM Q°  KQmMi2/ QMiQ UQtv;2I
Q #HQ+Fb 7Q ;QQ/ i?2°K H+QMi +ir?2M +QMM2+i2/iQ i?2 KE
/IBHMiBQM "27°B:2"° iQ X

.FBTVSFNFOUFRVJQNFOU

aBKTH2 i MbTQ i K2 bm 2K2Mib M/ H2 F ;2 i2bib 2 T2 7Q K
kOyy bQm +2@K2i2 X GQr@i2KT2  im 2 i MbTQ i K2 bm 2K2Mi
+m 2Mi T'2@ KTHB}2 Ua_8dy- 62KiQ Q  Ai? +QV 7QHHQr2/ ¢
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(a) (c) RF resonator
Pulse Daughterboard
Readout
Motherboard
Low-frequency lines
(b) LED Pulse

ESR 48 Low-frequency

f lines (microD)
Readout

16 Pulse lines
— Pulse ..
2cm (mini-Coax, back)

'"JHVSF S*"bX U®F K# B/;26 S*" /2bB;M2/ 7Q" 2tT2 BK2Mib BM r2i
/IBHMIBQM "27°B;2" iQ  rBi?UMBIGEIRI/QM&BX" /2bB;M2/ 7Q"
2tT2 BK2Mib BM }'bi ;2M2" iBQM /v /BHHIQDMM272B4&" iQ X
#Q / /2bB;M2/ 7Q" 2tT2 'BK2Mib BM H i2bi ;2M2" iBQM /v /BHmMiBQ
iQ'b +QKT iB#H2 rBi? /2pB+2b BMpQHpPBM; K Mv ; i2b r?BH2 mbBM
+QMM2+iQ bX

/B;Bi HKmHiBK2i2 U ;BH2Mi- >SV Q" HQ+F@BM KTHB}2 Ua_3
RyyMo M/ M BMi2;" iBQM iBK2 Q7 jy Kb Q HQM;2 X : i2 pQHi ;
mbBM; p "B2iv Q7 bQm +2b /2T2M/BM; QM i?2 2tT2 BK2Mi bm-
p2'b HbQm +2-aAJ +F UaAJNkK3V-/2+ [/ +-Z. *-"AGh bQm +2
rp27Q K ;2M2° iQ°b BM .* KQ/2X aBKTH2r p27Q Kb "2 bmTTHB
6:JRyk M/ E2vbB;?i jj8kk" b2 'B2b ;2M2 iQ bX h?2 uQFQ; r :ak
+2HH2Mi +m > "2Mi bQm +2 7Q° T'QpB/BM; i?2 #B b +m "2Mi 7Q"
KTHB}2 X

>B;?@7 2[m2M+v +? ° +i2'Bb iBQM BM+HmMm/BM; "2~2+iBQM M
K2Mib "2 /QM2 mbBM; p2+iQ @M2irQ ' F@ M Hvb2 b U_Q?/2 a-
E2vbB;?i 18ydR* Q" *QTT2 JQmMi BM SH M f*Q# Hi b2 'B2bVX
U Q?/2 a+?r 'x6ao- ;BH2Mi*a V "2mb2/iQT2 ' 7Q°"KMQBb2 M
b2MbBiBpBiv K2 bm 2K2MibX

SFeFDUPNFUSZTFUVQ

h?2 + VQ:2MB+T iQ7i?2 2~2+iQK2i'vK2 bm 2K2Mib2imT +QM
/I"Bp2 HBM2i? i +QMM2+iiQ "2 /Qmi 2bQM iQ b BMi Q/m+2/ BN\
"QQK@i2KT2  im 2 KB+ Qr p2 +QKTQM2Mib 2 “2[mB 2/iQ BKT
/2i2+iBQM b+?2K2 # b2/ QM AZ /2KQ/mH iBQM b b?QrM BM 6B ;X
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% ! H(H

'JHVSF 2~2+iQK2i'v b2hMZXQQK@i2KT2 im 2 "2~2+iQK2i'v +B @
+mBi +QMbBbiBM; Q7 imM #H2 7°2[m2M+v bQm +2 UmT iQ R :>xV-
/2KQ/mH iBQM M/ +[mBbBiBQM BMbi"mK2Mi iBQM 7Q" ?2QKQ/vM?2 /:

M 6 bB;M H i}t2/ U#miimM #H2V 7 2[m2M+v Bb T ' QpB/2/ ¢
r?B+? Bb bTHBi mbBM; /B '2+iBQM H+QmTH2 X JQbi Q7 i?2 bE
Qb+BHH iQ  UGPV TQ i Q7 i?2 AZ KBt2 UTQHVT? b2 KB+ Qr p
Q7 i?72 bB;M /HWBbD 2Mi2/bBi2BM2 7i2 7Tm i?2 ii2Mm iBQM Uiv
40 /"VX h?2 6 bB;M H "2~2+i2/ #v i?2 "2bQM iQ" M/ /2HBp2 2/
HBM2- Bb 7m i?2° KTHB}2/ UivTiB+ HHv ey /"V M/ +QMM2+ib i
AZ KBt2 ' X b #Qi? i?2 bB;M HQM i?2 GP M/ _6 TQ i ? p2i?2 b |
HQr@7 2[m2M+v U.*V bB;M HU M/ bB;M HRBiIDB2®RM2?2i2/6 7 2]
ii?72BM@T? b2 UAV M/ [m /> im 2 UZV TQ ir?B+? +QMi BMb i
K ;MBim/2 M/ T? b2 BM7Q K iBQMX h?2 AZbB;M HBb 7m’ i?2"
+[mB 2/ mbBM; M Qb+BHHQb+QT2 Ug p2 mMmMM2  99sB@ - G2*°
.aPfJaPV Q /B;BiBx2 U H x "h2+? N9ek- aT2+i mK J9B@99kRV

hQi F2 "2~2+iQK2i'vK2 bm 2K2Mib7Q 7 bi/2pB+2 +? ~ +i2 Bl
"2 KT2/ mbBM; r p27Q K;2M2 iQ X h?2/B;BiBx2 fQb+BHHQI
i'B;;2 2/ mbBM; i?2 ;2M2° iQ M/ i?2 A M/ ZbB;M HBb +[mB
TQBMi BM iBK2i° MbH i2biQ bT2+B}+; i2 pQHi ;2 +QM};m  iB!

$IBSHFTFOTJUIJWJUZNFBTVSFENFOU

*? ;2 b2MbBiBpBiv Bb #2M+?K "F iQ bb2b i?2 T2 ' 7Q K M+2
*?2 ;2b2MbQ b "2 iviB+ HHv QT2 i2/ ii?2 TQBMi Q7 K tBKmK

R2iiTh,ffrrrXK "FBKB+ Qr p2X+QKf#HQ;f?Qr@iQ@i?BMF@ #Qmi@B[@KBt2"®
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bm+? b b? T 2/;2BM bi2T Q7 +QM/m+i M+2 BM [m MimK TQ
Q *QmHQK# Qb+BHH iBQMb BM bBM;H2@2H2+i QM /2pB+2 L
+? M;2 BM i?2 2H2+i"Qbi iB+ 2MpB " QMK2Mi H2 /b iQ K2 bm" #H
+QM/m+i M+2X gq?2M QT2 iBM; +? ;2 b2MbQ'b i /BQ@7 2[m
LC "2bQM iQ - i?2 +? M;2 BM +QM/m+i M+2 K MB72bib BM "2bQ\
iQ +? M;2BM "2bBbi M+2 r?2M +QMM2+i2/iQ i?2bQm +2 Q7 /zZ
"2bQM M+2 Ur?2M ; i2@# b2/-/m2iQ +? M;2BMi?2+ T +Bi M-
hrQ 2t2KTH v bBM;H2@2H2+i"QM i° MbBiBQMb BM i?2 T? b2 .
b2MbQ  "2b?QrMBM6B;X jXdU VX h?2+? ;2b2MbBiBpBivBM i~
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# b2/ +B +mBib T°'QpB/2 i?Bb 7TmM+iBQM HBiv (kk3)X "2bBbic
b?QrM BM 6B;X jXdU#V- T QpB/2b bBKTH2 7' 2[m2M+v BM/2T?2
Ip Mi ;2i? i #Qi? i?2 .* M/ * BMTmi +QMi B#mi2 iQ i?2 Qp2 HH
h?2 *BMTmiQzb2i+ M#2 mb2/7Q }M2 imMBM; Q7 i?2 Qzb2i M/
"2 ;Bp2M #w R%ZRZ MAd . = R%ZRZX +B +mBii? i BM+Hm/2b + T +
T QpB/2b 7 2[m2M+v /2T2M/2Mi bQHmMIBQM rBi? mb27mH MQBI
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#vd « = R%ZRZ MMd « = R%AR‘* M/ i?2 7°2[m2M+v "2bTQMb2 + M #2 2bi
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i?Bb i?2bBb-i?2 "2bBbiQ" # b2/ +B"+mBi ? b #22M BKTH2K2Mi2
Qzb2i M2 imMBM ;- +QK#BM2/ rBi? HQr@T bb }Hi2"BM; Q7 i?2 .
/IBpB/2 +B +mBi 7Q BM+ 2 b2/ bi #BHBivX

6B;m 2 jXdU+V b?Qrb i?72 TT2 ° M+2 Q7 bB/2@# M/b ii?2 T
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im/2 i ;Bp2M 7' 2[m2M+v Bb Q#i BM2/ #v TTHvBM; M KTHBIn
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i?72 KQ/mH iBQM KTHBIim/2 Bb + HB# i2/iQ +? ;2 2[mBp H2M
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+Q 2bTQM/biQi?2 //IBIiBQM Q7 bBM;H22H2+i " QM +? ;2 b b?(
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* KTHBim/2- 6 TQr2° M/ 7°2[m2M+v Bb T2 ' 7Q K2/ iQ Q#i BM i
K tBKmK +? ;2 b2MbBiBpBivi? i Bb+ HB# i2/iQi?2; i2 +? ;2.
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bBM;H2 MmMK#2 X 6Q 2t KTH2- K2 bmi2KBMITTBI?7Q1LK2/ QMHV
rBi?BM M BMi2; pROWQBXPQ i?2 2H T,i@Q M PB[KR4Bi /Q2b MQi
2T 2b2Mi ?B;?@}/2HBiv K2 bm 2K2Mi, 7Q° K Mv K2 bm 2K2Mi
HQbi/m BM; i?2 K2 bm 2K2MiiBK2 M/7 Hb2 "2 /BM;b 2T Q/mH-
"2 /Qmi }/2HBivX KQ/2H 7Q° "2 /Qmi }/2HBiv ? b #22M BMi Q/n
/IBb+mbb2/ ii?2 2t KTH2 Q7 + T +BiBp2 ; i2@# b2/ 2 /Qmi- r?:
2M+2 #2ir22M irQ bi i2b UBX2X bBM;H2% M/ itBTHRIBYi2b2bV
i?72 K2 bm 2K2Mi bB;M H KTHBIim/2- i? i Bb bm#X2H?RQ MQBb2
aL_ Q7 bm+? K2 bm 2K2Mi Bb /2}M2/ b i?2 " iBQ Q7 i?2 bB;M
aL = F;bM—BQ:“Ejbzh — ?’X bbmKBM; : mbbB M MQBb2- i?2 bBM:H2i M/
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KBbB/2MiB}2/ K2 bm 2K2Mib ;Bp2M i? 2b?QH/
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"2:BQM Q7 "2H t iBQM@HBKBIi2/ "2 /Qmi K FBM; ?B;?@}/2HBiv K
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de *2 Ti2 " ®@bi M/ b2MbBiBp2 ; i2@# b2/ _6@ 2

(@) (b) ()
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Ur?B+? Bb TQr2 /2T2M/2MiV BM i?2 T ~ K2i B+ 2;BK2X ™M BHH
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'JHVSF CS QT2 iBOM T'BM+RFR2K iBVQ7 i?2 CS i° Mb72"
7mMM+iBQMX aK HH KQ/mH iBQM BM i?2 CS TmKT TQr2  H2 / iQ H °;
iBQMb BM i?2 T? b2 Q7 i?2 Q2#@+P2/KbEBMBHHmMbi> iBQM Q7 i?2
CS QT2 iBQM T'BM+BTH2 BM T? b2@J R 2MREMENKQY2 BM i?2
"Qi iBM; 7° K2 Q7 i?2 TmKT bB;M H U#Hm2V- bK HH BMTmi bB;M |
2Mi 7°2[m2M+v M/ BM ;°22MV /'Bp2b +B +mH ~KQ/mH iBQM H2 /BN
bB/2# M/ T? b2 KQ/UH¥+BDMM X8+ BHHmMbi® iBQM Q7i?2CS QT2 iBQM
T BM+BTH2BM T? b2@b2MbBiBp2 KQ/2X q?2M TmKT U#Hm2V M/ bB
ii?2 b K2 7°2[m2M+v ; BM Bb QMHv +?B2p2/r?2M #Qi? 2 BM@T?
b2Mi2/ #v M BM+'2 b2/ p2+iQ  /Bz2 2M+2 #2ir22M #Qi? bB;M Hb ii?
U/MtT2 BK2Mi HHv Q#i BM2/i> Mb72  7mM+iBQM i/Bz2 2Mi TmKT 7
i i?2 #B@bi #BHBivi?2'2Bb M # mTiDmKTBMi?2T? b2X i?B;?2 "
i72i° Mb72° 7mM+iBQM #2+QK2b H2bb bi22TX / Ti2/ 7°QK (Rd3)X
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Q7 CS TmKT 7°2[m2M+v M/ TQr2 rBi?BM i?2 T > K2i'B+ “2:BK
/Qii2/ HBM2 BM 6B;X 9XRyU2VX 6BM2 imMBJ¥; ®I7 ZQi@ i?2 Tm
[M2M+y¢ Bb ivIB+ HHv M2+2bb v M/ b?QrM BM 6B;X 9XRRU -#V
i?2 : BM/Q " bK HH bB;M H30 T&rM/ 7 2[m2NM //BiBQM iQ
i22 TmMKT Bb b?QrMX h?2 /vM KB+ M:2 M/ b im> iBQM Q7 i?2 C¢
BM6B;X 9XRRU+V-r?222Db im  iBQM Bb Q#b2 pIB0/I'KKBMTmi bB
2T2M/BM; QM i?2 QT2  iBOQM TQBMirBi?BMi?2T > K2i B+ "2:BK
7°QK #B@bi #BHBivV- i?2 2 Bb i  /12@Qz #2ir22M KTHB}+ iBQ
6B;m 2 9XRRU/V b?Qrb M QT2 iBQM TQBMIsgiV>Br?227 2[m2M +
bK HH2  : BM i TT QtBK i2HV irB+2 i?2 # M/rB/i? Bb +?B2p2/X
biQQ/ r?2M +QMbB/2 ' BM:; i?2 QT2 iBQM T'BM+BTH2 Q7 bm+? C
#B@bi #BHBiv M JniBIRPLgiX h?2 i° Mb72° 7mM+iBQM Q7 i?2 C
'Bp2M #Vv i?2 bi22T +? M;2 BM "2~2+i2/ T? b2 b 7mM+iBQM Q7 1
BM 6B;X 9XRKkU VX gq?2M #B b2/ ii?2 bi22T TQBMi- +? M:2b BN
/m2iQ bK HHDB:M HH2 /iQH “:2+? M:2bBM i?2 2~2+i2/T? b
Bb /2i2 KBM2/ #vi?2: /B2Mi Q7 i?2i Mb72 7mM+iBQM r?BH?2 i
i22 /VM KB+ > M;2X 6Q° bK HHPKL /A iBIIMBMP2 Bb HBM2 "X i |
#B@bi #BHBiv- BMbi2 / Q7 bKQQi? 2/;2 BM i?2 T? b2- i?2 2 Bl
7m i?2° rv7 QKi?2#B@bi #BHBivU i ?2B;?22  TmKT 7 2[m2M+v\
Bb H2bb bi22T U M/ i HQr2 TQr2'V b Q#b2 p2/ BM HBM2@ +m|
b?QrM BM 6B;X 9XRKU/VX

h?2 KTHB}+ iBQM T ' Q+2bb + M #2 7hQ iPER" N 2T(HRA@ 32 XBdw 2MR
i?72 BMTmi bB;M HBb i /Bz2 2Mi 7 2[m2M+v i? M i?2 TmKT- i’
T? b2@T 2b2 pBM; KQ/2- M/ BM i?2 Qi iBM; 7° K2 Q7 i?2 TmKT
BMTmi bB;M H TT2 b b "Qi iBM; bB;M Hr?B+? BMi Q/m+2b |
Q7 i?2 TmKT KTHBIim/2X *QMb2[m2MiHw- 2tZ2?BE#BIKT/ Q BiAH H@ |
bB/2# M/ T? b2 KQ/mH iBQM i 7 [rB2M+M M/ B/H2  KQ/2V rBi
=1+ 'y M/ /B 2+i; BM Bb +?B2p2/ #Qi? ii?2 bB;M H M/ B/}
b b?QrM BM 6B;X 9XRkU#VX q?2M i?2 bK HH bB;M H Bb ii?2k
TmKT-b22 6B;X 9XRkU+V-; BM Bb QMHv +?B2p2/7Q° bB;M H
r72°2 bK HH bB;M HKQ/mH i2b i?2 TmKT TQr2 +Q?2 2MiHv N
KQ/mH iBQM BM i?2 QmiTmi T? b2 U bb?QrM BM 6B;X 9XRkU VV
i? 1 BbKm+? H ;2 i? M #2ir22M i?2 BMTmi bi i2b U KTHB}+ iBQ

bB;M Hi? i Bb BM [m /" im 2 rBi? i?2 TmKT-i?2 p2+iQ bmK Q°

M/ TmKT Bb +QMbi Mi Qp2  iBK2 iQ }'bi Q' /2  bm+? i? ii?2 T? |
i?72 TmKT bB;M HBb p2'vbK HHX
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h?2 +? ° +i2 BbiB+b Q7 i?2CS 2tTHQ 2/ BM i?Bb b2+iBQM /2K
K2Mib Q7 i?2 6 "2 /Qmi bB;M HrBi? ; BMQMi?2Q /2 Q7 ky /"

LC SFTPOBUPSBOE+1"PQFSBUJPO

AM i?Bb b2+iBQM i?2 CS Bb imM2/- mbBM; i?2 T Q+2/m 2b /2b
b2+iBQM- bm+? i? i ; BM Bb +?B2p2/ ii?2 7 2[m2M+v Q7 i?2
BM+Hm/BM; i?2CS b M //BiBQM B:KTHRB}I®R7 HBQ?2 BMQBb2
i2KT2 imcgW ii?2 #2;BMMBM; Q7 i?2 KTHB}+ iBQM +? BM- i?:
I2KT2 " ifmgeBb "2/ m+2/,

T>1Jh
GCS

Tmosblbvd Tes + : U9XjNV

AM i?2 #b2M+2 QTiubBBICISBKBIi2/ #v i?2 2z2+iBp2 MQABL2 i2KT2" |
Q71?2+ vQ;2MB+ ?B;? 2H2+i QM KQ#BHBivi®  MbBbiQ U>1JhV
E2HpBMX 6Q° CS Q@F20 KBEI\/I;KBMBKI"ﬁd{c,@%!B +Qigk~;—T =

165 KE Bb 2tT2+i2/X

+1"BQE SFTPOB&B;®M 2 9XRjU V b?Qrb i?2 CS "2bTQMb2 b 7
TmKT TQr2  r?2M imM2/ bm+? i? ii?2 "2;BK2 mb27mH 7Q T ~ K
+QBM+B/2bL@Bi2bT2M iQLK h2RQM iQ Bb 7Q K2/ #vi?2T * HH2H
M iBQM Q7 L#L bTBL HIBOMMm+TQ bBiB++ T +Bi M+2 M/i?2[m |
/Qi /2pBCk2 0, =380 76V- HH +QmTH2/iQ i?2 _6 HBM2 pB  +Qm
BiQC.8 37 76V b b?QrM BM 6B;X 9XNX “2bQM M+2 BM i?2 "2~
=j j2tdi ) Bb Q#b2 p2/=1/2 IDL(c++ Cr+ C/)=621:9 J>x rBi?

HQ /2/ [m HBiv Qu4i#068 78- BKT2/ M=2 L/(Ct+ C.+ C)) =
650 - "2im M HQbb Q7 j /" M/>TBOhhUQRPB7T@+QmTH2/V b b?QrM
6B;X 9XRjU#VX q?2M QT2  iBM; i +? ;2 BMbi #BHBiv BM i?2
QM iQ "2 +?22b T2 72+i K i+?BM; b T 2pBQmbHv Q#b2 ' p2/ BM
Bb QT2  i2/ BM T? b2@T 2b2 pBM; KQ/2- f?272s5?2°2 Bb M Qzt
#2ir22M i?2 CS TmKT Tc2MnMtviQ TQr2° 7°QK i?2 CS TmKT B
im Mb72 21 QW®cs+ f U7Qm @r p2 KBtBM;V pB /Qm#H2@bB/zZ
KQ/mH iBfGMXI>x Bb b2H2+i2/iQ 7 HH #2ir22Mi?2 # M/rB/i? Q7 i
flls =0:65J>x M/ i?2 C$Us =6 J>xX h?Bbftmibi?2 2/;2 Q7
i72°2 /Qmi 2bQM iQ  iQ pQB/TQr2° #Q /2MBM; /m2iQ H2 F ;2
r2BH2 K tBKBxBMsX B¥M2M imM2/ M/ TmKT2/- ; BM Q7 Rd/"Bb -
if ¢ bb?QrM BM 6B;X 9XRjU/VX h?2 /{24 BbHPBERAH VvB/MI M2Q'H ;2
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(@) ¢ (deg) (b)
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—~ —98 1
S P
E _100 . RS -
=
a_ 102 A
—104 A r
5;30 660 650 6210 6é0 61I 5 650 62IS 6;0
f (MHz) f (MHz)
(d) (c)
Gain 201
16
g : L 14 . 15 T
v 100 JPA off %
S 1 eJAOn 125 10-
~ - 10
L8 51
1071 T - T T T T T T
-130 -120 -110 615 620 625 630
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'JHVSF CS MJ/LC "2bQM iQ ' XC8 W'? b2 "2bTQMb2 b 7mM+@
iBQM TmKT TQr2° M/ 7°2[m2M+vX h?2 "2;BK2 Q7 T ~ K2i'B+ KTHB]
+QBM+B/2b rBi? i?2 "2 /Qmi 2bQM iQ r?BHRP#VY2 @Qi? ?B;?HB;?i2/X
MBim/2 M/ T? b2 Q7 i?2 "2~2+iBQM +Q2{+B2Mi b?QrBM; i?2 "2 /Qmi
Quo 7966 8VXU+VBM T 'Q}H2 Q7 i?2 CS r?2M imM2/ +HQb2 iQ i?2
2 /Qmi "2bQM iQ 7 2[m2M+v URA@ B XV MNCEB LI BRT7 M/
2biBK i2/ bvbi2K MQBb2 i2KTD ifmR+iBQM Q7 _6 BMTmi TQr2°
b?QrBM; b im> iBQM i?B;? BMTmi TQr2  URI@TK@X QKT 2bbBQM i
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BKT2/ M+2p "B iBQMb Q7i?2 2bQM iQ  +HQb2iQ "2bQM M+2 |
8y O X

/IPJTF UFNQFSHEBYMSE 9XRjU+V b?Qrb i?2 CS ; BM M/ i?2 2z2+
i2KT2 im 2 +HQDbR iGgmM+iPQGM R@/"@+QKT 2bbBQM Bb Q#b2
121 /"KX " b2/ QM KTHB}2  ; BMG2,iBR7IBDMY UM 2z2+iBp2
MQBDb2 i2KTRyokpR:Zhg ErBi? i?2CS Qz U+QMbBbi2MirBi? i?2 +
KTHB}2 bT2+B}+ iBQMbV M/ KBMBKKoMR@®BEP iIRET2™ im 2 (
# b2/ QM i?2 aL_ BKT ' Qp2K2Mi rBi? i?72 CS QM Bb Q#i BM2/X h
i2KT2> im 2 rBi? i?72 CS QM BM+'2 b2b rBi? BM+'2 bBM; TQr2°
h?2°2 "2 KmHiIBTH2 + QbR # nTiBiQ BVbBIY 1[X UIXjNVX h?2 +QMi’
Q7i?2+‘vQ;2MB%iK$HB%2<E MTcs Moy ?B+? 2 2biBK i2/

#Vv +QKT TRMEZ2M QT2 iBM; i?2 Z. /2pB+2 rv7 QK Q" i +7? °;:
#BHBy¢ M ?2 p2 +QMi ' B#miBQMb 7 QK i?7R2s\2bRQMi?Q Z+B +mBi
[2pBF2 UTpuE (1 j AT+t kTz, (RIN)-rRBRiI?2 7" +iBQM Q7 i?2 7
TQr2 /BbbBT i2/ BM i?2 /2pB+2X hmMM2HHBM; #2ir22M i?2 Z.
/B # iB+ HHv r?2M i?2 imMM2H > i2 BbH ;2 i?kE022 6 /'Bp2
'"'b2/ QM M BMA+T\ 2 dRIB KE r?2M QT2 iBM; i +? ;2 i MbBiB
Ur?2j3 /2+°2 b2b0B QBVTcs = 47"% KE MT.p= 142*%, KE Bb

2biBK REX:2H i2biQ M2H2+i'QMi2KT2 im 2 Q7 /BbbBT iBp2 2
QM Mi+B +mBi M/ CS 2{+B2M+v Q7 jeW Q7 i?2 [m18imK HBKB|
T?QiQMbV Bb +QKT iB#H2 rBi? T 2pBQmb "2bmHib 7Q° QT2  iE
TQBMi (RNd- ky8- kye)X

2% EFWJDF

h?2 BKT Qp2K2MibBMi?2aL_ Q7 ; i2@# b2/°2 /QmirBi?i?2CS
mbBM; Z.@iQ@ 2b2 pQB  +? ;2i  MbBIiBQM U. hV M/ BMi2 @
bBiBQM UA.hV BM *JPa bBHB+QM M MQrB 2 }2H/@2z2+ii" Mb
rB/i? M/ ; i2H2M;i? Q7 jy MK bBKBH " iQi?2 T 2pBQmb /2pB+2E
m 2 9XR9U Vb?Qrb b+?2K iB+HBM2@+miQ7i?2/2pB+2 HQM;
+Q M2 bQ7i?2/2pB+2 M/ ? p2 bi QM; #GBGXBV/BIBPMQ@i2

HHv- ;Bp2M i?2 /IQTBM; /2MbBiv- M p2° ;2 Q7 8 UT?QbT?Q mt
BMi?2 /2pB+2 +? MM2H (d9) M/ QM2 /QMQ Bb Q#b2 p2/ BM i?:
iQ QM2 Q7 i?2 "2b2 pQB b M/ #Qi? Z.bX h?2 /QMQ Bb B/2MiB}
bBM;H2 HBM2 i? i +QMTH2b.K@'/2 MiiBQ@M+ HQL®2b rBi? i MbBIiB(
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(@) (b) ¢norm
0.0 0.5 1.0
——
5
Drain 4 -
S 3-
O
e > 21
Source 11
0 .
0.45 0.50 0.55
Vi (V)

'JHVSF Zm MimK /Qi /2pB+2% ARK iB+ + Qbb@b2+iBQM Q7 i?2 Z.
[2pB+2 HQM;i?2; i2- M/i?22bQm " +2 M//> BM-b?QrBM; irQ Z.b BM i
+Q°"M2'b Q7 i?2 M MQrB'2 M/ /QMQ BM i?2 +? MM2HX h® MbBiBQN
K2 bm 2K2Mib "2 T2 7Q K2/URSEMIB +2lRTRMb2 Q7 i?2 /2pB+2
b 7mM+iBQM@Y b?QrBM; KmHIiBTH2 HBM2b Q' B;BM iBM; 7°'QK +Q°
Z.b M/ QM2 HBM2 +Q "2bTQM/BM; iQ i?2/QMQ X

#Qi? Z.bX h?2 A.h M/ ._hi? i "2 /Bb+mbb2/ 7m’i?2  BM i?2 M2t
?B;?HB;?i2/X

$IBSHFTFOTJUJWJUZ

hQ #2M+?K "F +? ;2 b2MbBM:; rBi? M/ rBi?Qmi i?2 CS - i?2 +?
i i72 . _h Bb Q#i BM2/- BM r?B+? Z. Bb T'BK "BHvV imMM2H +Q|
*2b2 ' pQB° b BHHmMbi  i2/ BM b+?2K iB+ HBM2@+mi Q7 i?2 /2p|
/B 2+iBQM BM 6B;X 9XROU VX q?2M QT2 iBM; ii?2 . h + T
"2bQM M+2 +Q " 2bTQMBM, B® Q#b2 p2/X

6Q° K2 bm 2K2Mib Q7 i?2 +? *:2 b2MbBiBpBiv bK HH bBMmbQ
THB2/iQ i?2iQT@; i2 Q7 i?2 /ZpB+/ i QQRI@RMMW@b[m "2 +?
2[mBp H2Mi KTHHBiM/I2?2 aL_ Q7 bB/2# M/b fTE2f BBb i
KQMBiQ 2/ Ub22 a2+iBQM jXkX8 7Q" /2i BHb Q7 i?2 K2i?Q/VX ¢
PQHI ;2 Qzb2i Bb b?QrM BM 6B;X 9XR8U V rBi? M/ rBi?2Qmi i?2
QM alL_2M? M+2K2Mi Bb Q#b2 p2/ M/ i?2 TQBMi ir?B+? i?2 K
Q#i BM2/ M/ i?2 Qp2  HH rB/i? Q7 i?2 i° MbBiBQM Bb B/2MiB+
i72°2 Bb MQ bB:MB}+ MiH2 F ;2 Q7 i?2bi'QM; TmKT bB:M H BMi
r?B+? +QmH/ H2 /iQ# Q /2MBM; Q7 i?2. hXAMi?Bb T “iB+mH °
MQBb2 +HQb2 iQ i?2 6 + B2 Bb Q#b2 p2/- b b?QrM BM 6B;X
BM bi'QM: 2/m+iBQM BM/ai2 iQHQ®RH2p i2/ MQBb2 ~QQ X h?2
~QQ /2+°2 b2b rBiTBM¥M2BBBM2/m+iBQM Q7 i?2 KQ/mH iBQM K
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(a) (b) (e)
20 — I
15 |—-JPA on # % —e—filter [ 1.0 0.8 JPA off
18 1 L 0.8 QA ——JPA on
o 10 o .. | 7
A s 16 06 &
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7 &' Loa 2
5 . =
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Y © a8, - 0.2 e %
01, JPAoff 10— JPACff 024 —
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2004 1907 ! JPA off
£ ! 20 ¢ JPAon
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T _I T T ‘ |1 = .IO_ I%
= 0.50.0 0.5 1L 5 ) I
L 125 A AV (mV) | |ii||| I N 10
||||I|II|. ! !|IIII|'I : 0’ : (3
100 - e I L ¢
T T ! 0_ T T ; !
-130 -120 -110 -150 -130 -110
PredBm) Pxe(dBm)

'"JHVSF *? “:2 b2MbBiBpB&BME MiMBM; Q7 i?2 ; i2 pQHi ;2 Qzb2iX

>B;?2biaL_+Q "2bTQM/b iQ i?2 bi22T 2 hi#EBQW2HE i (@ ._hX
MQBb2 " iBQ b 7mM+iBQM Q7 KQPmiF iBIIM"K 2Mm2M+v i

HQr@7 2[m2M+v HBM2UHSIQT Z ni#MQ i BAWMMBM ; Q7 i?2 b2H2+i2/i° M@
bBiBQM rBi? HBM2@b? T2 b?QrM BMb2iX h?2 "2;BK2 Q7 bB;MB}+ M
2MBM; Bb BM/B+ i2/ #v U/B&R/ HBMZKM+iBQM @72

TQr2" ir?B+? CS b im’  iBQM U/Qii2/V M/ bB;MB}+ Mi TQr2 # Q /2
Q++m b U/ b?2/V BIM¥MB+ ;i2b2MbBiBph-iv180/"K b

TmM+iBQM Q7 +? ;2 2[mBp H2Mi KQ/mH iBQM KTHBim/2
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f.>10F>x Q++m b /m2iQ HBM2 }Hi2"BM;X M QI3 FBRQM 7 2[m?2
Bb b2H2+i2/ iQ KBMBKBX2 i?2 2z2+i Q7 +? ;2 MQBb2 QM i?2 +?
K2Mi M/ KTHBim/2 “2/m+iBQM /m2 iQ }Hi2 b QM i?2 HBM2 Bb
Q7 i?2 KTHBim/2 Bb /2HBp2'2/iQ i?2 /2pB+2X q?2M QT2 iBM
#2HQr TQr2  # @ I/2MBIBQ /"K i?2 HQr@7 2[m2M+v MQBb2 Bb 7m’
Im+2/X 6B;m 2 9XR8U+V b?Qrb i?2 7TmHH@rB/i? ? H7 K tBKmK Q
BMb2iV b 7mM¢iRQBIKBM2 i?2 K tBKmK TQr2" #27Q°2 TQr2°
2MBM ;X |IbBM; KQ/2H @71&0&;31 Mim> HHBM2@rByi®' Q7

MMPP, = 110 /"K Bb 2ti* +i2/- P22Bbd i?2 TQr2' i r?B+? bB;MB}+ N
TQr2' #°Q /2MBM;QJ§7\/+Q@¥@‘7bX M2 iQigRTE?2 "2bQM iQ -
QMHvV bK HH BMTmi TQr2 - +QKT iB#H2 rBi? i?2 /vM KB+ ~ M;
i?2 CS - Bb "2[mB" 2/ M/ i?2 _6 /[Bbim'# M+2 ii?2 [2pB+2 ; i2 E
V'e= c255=QuoVgw +Q "2bTQM/BM;- 7Q/ 't RTHZ-QQ M BMTmi
6 TQr2" @D /"KX

L2ti- i?2 aL_ b 7mM+iB@BIQ ™/ rBi?Qmi i?2 CS - Bb b?QrM
6B;X 9XR8U/VX M BKT Qp2K2Mi Q7 mT iQ 3 /" BM aL_ Bb Qt#b:
i HQr _6 TQr2 X A "2bT2+iBp2 Q7 r?2i?X {#20382830mb2/- 7Q"
M/ 120 /"K i?2 aL_ H2p2Hb Qz b i?2 . h #2;BMb iQ #2+QK2 TQr2"
M/i?2 aL_/"QTb # mTiHv 7Q  MQt2RKK &Rip2i?22 CS QM i?2°2
Bb M //BiBQM H /2+ 2 b2 BM all2023R/DMi? 2¢Q$2b im" i2bX
h?Bb b?Qrb i? i i72 CS + M 2Bi?2" #2 mb2/ iQ BM+'2 b2 i?2 alL
+QmH/ Qi?2 rBb2 #2 +?B2p2/- M/fQ iQ T°QpB/2i?2 b K2 aL_ #
H2bb 6 TQr2 - rBi? i?2 +Q "2bTQM/BM; “2/m+iBQM BM i?2 /Bt
#2BM; K2 bm 2/- M/ Bib M2B;?#Qm bX 6BM HHv- 6B;X 9XR8U2V
b2MbBiBpBiv- + mamuKiaz'?m 10%)- b 7mM+iBQM Q7 +? ;2
2[mBp H2Mi KQ/mH iBQNP KTHBOM/ER\W- r?B+? b?Qrb i? i #2bi
b2MbBiBpBiv Bb +?B2p2/ i bK HH KQ/mH iBQMX h?2 +? “;2 b2
i?2 CS Bktﬁy/f?x +QKT ‘218Qpr?x rBi?Qmi i?2 CS - QmiT2 7Q KB
T 2pBQmb K2 bm 2K2Mib mbBM; 6@alh (R89) M/ ; i2@# b2/ T

/JEFP NPEFJIJNQSPWFNFOUT

h?2 BKT Qp2K2Mib BM b2MbBiBpBivr?2M mbBM; CS T 2b2Mi2/
+ M#2 Q#b2 p2/BM 7 bi pB/2Q@KQ/2 K2 bm 2K2MibX 6B:m 2 9X
Q#i BM2/ rBi?BM kb 2 +? i Bg2MIMBTRQiIr22 CS 2Bi?2° QM Q" Qz:
i P o= 130/"K M/ rBi? i?2 CS Qz i?2 *QmHQK# /B KQM/ +? ° +i
Bb # "2Hv pBbB#H2 b b?QrM BM 6B:X 9XReU VX h?2 bB;M H BK



9Xj CQb2T?bQM S ° K2i'B+ KTHB}2" RYR

@) JPA O A¢norm (b) JPA o Aqbnorm (c) JPA on A¢norm
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'JHVSF 6 bi K TbhX bi K Tb b BMi ' Q/m+2/ BM a20iBQM 9XkX9 i
Pes= 130/"K rBi? i?72 CS Q#F ¢= 120/"K rBi? i?2 CS

Qz MU+ g= 130/"K rBi? i?2 CS QMX GBWL2 @O0+ Kob i

[2KQMbi™ i2i?2aL_ i2 +? b2iiBM;X

BM+ 2 bBM; i?2PTQ+*2 1PQ/"K b b?QrM BM 6B;X 9XReU#VX b B
BKT Qp2K2Mi Bb +?B2pR/sr=?2M0MbBMmMI rBi? i?72 CS QM b
b?QrM BM 6B;X 9XReU+V- r?B+? +?B2p2b M2 "Hv B/2MiB+ H
i?72 HBM2 @ztmwi®b Ko #2HQr 2 +? };m 2X h?2 7 bi K Tb i /Bz2 2]
TQr2 rBi? M/ rBi?Qmii?2CS ?B;?HB;?i ; BM-i? ir?2BH2 mbBM
MBM+ 2 b2BMi?2alL_-Bi //BiBQM HHv HHQrb QT2 iBQM i}
+?B2pBM; B/2MiB+ HaL_ "2/m+BM; i?2 Qp2  HH /Bbim # M+2 Q
[mMm MimK /2pB+2X

*OUFS EPUDIBSHFUSBOTJUJPO

AM +QmTH2/ .Z.- S mHB bTBM #HQ+F /2 HHQrb 7Q /B 2+i b
mbBM; ; i2@# b2/ b2MbQ X h?Bb MQi QMHv K F2b M "+?Bi2
#mi HbQ HHQrb /B 2+i "2 /Qmi Q7 bTBMb r?B+? KB;?i ? p2 Qi?
7°QK "2 /Qmi 2b2'pQB° M/ T°'BQ b?miiHBM; Q7 i?2 2H2+i Q
#2 "2[mB 2/X JQ 2Qp2 - bi?2 bBM;H2i@i BTH2i bTHBiiBM; Bb
w22K M 2M2 ;v Bb MQ HQM;2 "2[mB 2/ iQ #2 Km+? H ;2  i? M
ur?B+? Bb "2 /Qmi }/2HBiv HBKBIBM; 7 +iQ BM 2b2 pQB ™ # bz
i HQr 2ti2°™M H K ;M2iB+ }2H/b + M #2 T2 ' 7Q K2/- r?B+? bB;MB
"2[mB 2K2Mib QM KB+ Qr p2 bQm +2b 7Q  bTBM K MBTmH iBQI



Ryk *2 Ti269i M/ b2MbBiBp2 ; i2@# b2/ 6@ 2
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'JHVSF AMi2 " @/QMQ f/Qi +? ;2 i° MApRBM@MIX 'BiV A.h #2@
irz2zM /QMQ" M/ Z. BM i?2 /2pB+2X 1z2+iBpHNH2+i QM Q++mT iBQ
N/omdf BM/B+ i2/- mT iQ M “#BI#VHQuD@IXT Q7 i?2 A.h |
/Bz2 2Mi 2ti2 " MBX}2B/M H bHQrHv /Bb TT2 b rBi? BM+ 2 bBM; }2H
BM/B+ iBM; 2p2M +?2U+RQ KBHWBX2/ T? b2 "2bTQMb2 HQM; i?2 /2@
imMBM;" 88U V rBi? M/ rBi?Qmii?2 CS 7Q irQ /Bz2 2Mi BMi2;  iBC
iBK2b Ui® +2b Qzb2i #7y R XBHBNB/ALX Q#i BM2/ 7 QK i~ +2b
bb?QrMBMU#V b 7mM+iBQM Q7 BMi2;" iBQMiBK2rBi?CS QM M/
2ti° TQH iBQM =M/ Bl BM/B+ i2/ mbBM; /Qii2/ HBM2bX

i BTH2i 2 /Qmi HH2pB i2b KmHIBTH2 /2bB;M +QMbi° BMib M/ 7
bBHB+QM@# b2/ [m MimK +QKTmiBM; "+?Bi2+im 2b (8y- 8j- Rjj

AM i?Bb b2+iBQM- bBM;H2i@i BTH2i # b2/ 2 /QmirBi? M/ rBi"
K "F2/ mbBM; /QMQ @/Qi A.hX 6B;m 2 9XRdU V b?Qrb i?2 A.h
T? b2 "2bTQMb2 b VmMMEHNVBRM?Q72 i?72 /QMQ " i° MbBIiBQM + M
B/2MiB}2/ /m2 iQ bi QM;%:. +QMVHBM2b@/2b /22T2 BM i?2 +7? |
+HQb2 iQi?2 # +F@; i2VX q?2M QT2 iBM; i?2 # +F@; i2- "2/
[mMm HBiv 7 +iQ Bb iviB+ HHv Q#b2 p2/ b bmKK "Bb2/ BM TT2M
b?Qrb "2/m+iBQM Q7 i?2 A.hbB;M HrBi? BM+ 2 bBM; K ;M2iB+
i? 1i?72A.hBb Q7 2p2M T "'Biv (Rdk)-r?2"2bBM;H2i M/i BTH2ib



9Xj CQb2T?bQM S ° K2i'B+ KTHB}2" RYj

i?72 K ;M2iB+ }2H/ Bb BM+ 2 bR i2228BQK2bH i?72 ;"QmM/ bi i2X .r
iQi?2S mMHB 2t+HmMbBQM T°'BM+BTH2 i?2 i'BTH2i 2M2 ;v Bb HB
BM; r?B+? 2bmHibBM x2 Q +? ;2 bmb+2TiB#BHBiv +QKT "2/ iC
H ;2+m pim 2 ix2 Q/2imMBM; Ub22 6B;X kX8 M/ 1[X UKkX9N
A.h b?B7ib iQr "/N.?2BBP”2BM+°2 bBM; }2H/- r?B+? BM/B+ i2b i? i
+? ;2 +QM};m” iBQM Bb 7QmM/ "i TAQRLHBIFPRAE R 2 RMVMUBKA y V

bi i2b+ QbbX AMi?Bb M HvbBb UR-RV@Uk-yV +? ;2 Q++mT
# b2/ QM i?2 7 +ii? iBiBb M2p2M T "Bivi>  MbBiBQM M/ MQ /
"2 Q#b2°p2/ i HQr2 pQHi :2X >Qr2p2°-i?2°2 +QmH/ #2 M #]
MmK#2° Q7 2H2+i'QMbX //BiBQM HHv- 7°QK i?2 b?B7iiQ H ;2
rBi? BM+'2 bBM; }2H/ M/ i?2 2tT2+i2/ HBM2@b? T2 Q7i?2bB;M
+QmMTHBOM36 20fo- I IMMM2H + QU BAM; M/ K tBKmK + T +BiBp2
b?®Bi76 Bb + H+mH i2/X 6m i?2 K2 bm 2K2Mib QM i?2 K ;M2iB-
b?QrM BM TT2M/Bt *X

4/3INQSPWFNFOUT

6B:m 2 9XRAU+V b?Qrb M 2t KTH2 Q7 i?2 T? b2 "2bTQMb2 +°(C
/[2imMBM"; btBprM BM 6B ;X 9IXR ARV FI@s 8k’'brBi?i?2CS Qz

M/ QM 7Q  +QKT 'BbQMX 6°QK bm+? i’ +2bi?2 T@r2, alL_Bb Q#i
r?22°2 Bbi?2 KTHBim/2 Q7 i?2 A.iPBJM KTWI/Bim/2 Q7 i?2 MQBbD
6B:m 2 9XRdU/V b?Qrbi?2 A.haL_ b 7mM+iBQM Q7 BMi2:; iB(
QM M/ QzX M BKT Qp2K2MiBM aL_Q7 7 +iQ Q7 dBb Q#b2'p
+QMbBbi2Mi rBi? i?2 aL_ BKT ' Qp2K2Mi Q7 3 /" Q#i BM2/ BM i?:
K2 bm 2K2MiX IbBM; M 2ti> TQH iBQM U/Qii2/ HBM2b BM 6B ;X ¢
Bb "2 +?23i% Rk'b MRY: 3yMb rBi? i?22 CS Qz M/ QM "2bT2+iB
>Qr2p2 - i?2 HBKBi2/ # M/rB/i? Q7 i?2 "2bQM iQ> T 'Q?B#Bib K
i? MM&b W/ =0:653>xVX //BiBQM HHv- KmHIiBTH2 K2 bm 2K2Mil
rBi?i?2CS QMS7RY 'b bHB;?2iHV /2pB i2 7°QK i?2 2ti° TQH iBQM-
#2 /m2 iQ MQBb2 BMi'Q/m+2/ #vi?2 CS TmKTbB:M Hr?B+? Bb
Qzb2ii?2 6 bB;M HX

Pp2  HH-K2 bm 2K2Mib Q7 i?2 A.hrBi?i?2CS QM M/ Qz b?Qr
K2Mib BM aL_ b i?2 T'2pBQmbHv M Hvb2/ . hX *QK#BM2/ rBi-
"2bQM iQ i?2 aL_ BKT Qp2K2Mib rBi? i?72 CS QM HHQr bBM;H.
2 /Qmi BM i?2 bm#@KB+ Qb2+QM/ iBK2@b+ H2X



Ry9 *?2 Ti26%i M/ b2MbBiBp2 ; i2@# b2/ 6@ 2
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'JHVSF CS X UaBKmH iBQMb Q7 i?2 bBM;H2i M/ i'BTH2i T'Q# #BHBI
i'B#miBQMb rBi? i?72 CS Qz # b2/ QM i?2 bB;M H M/ MQBb2 H2p2HL
7°QK i?2 K2 bm 2K2Mib BMTE8 ; X8XKORIFWZ ™ ;2 "2 /Qmi
BM}/2HBFv,. b 7mM+iBQ¥ QP2 ?Q0°BxQMi H/Qii2/ HBM2 BM/B+ i2b
F p:=0:997XF ,.> 0:997 Bb Q#i B Mg\~ jk’'brBi? i?72CS Qz M/
tev R'brBi? i72 CS QMX
3FBEPVUOEFMJUZFTUJNBUJPOT

IHIBK i2Hv- i?2 bBM;H2@b?Qi "2 /Qmi }/2HBiv i ;Bp2M BMi2;"

2Q0r 7 bi M/ ?2Qrr2HH ‘2 /Qmi+ M#2 T2 7Q K2/ M/ +QK#BM2b H
iQ b2MbBiBpBivQ7i?2b2MbQ" M/ +Q?2'2M+2 Q7 i?2 [m#Bi b B

" b2/ QM i?2 bB;M H M/ MQBb2 H2p2Hb- b b?QrM BM 6B;X 9X
i"BTH2i "2 /Qmi T ' Q# #BHBiv /2MbBiB2b- b22 1[X U9XRV- 7Q" K
K2Mib "2 bBKmH i2/- bbmKBM; "2H t iBQMAGBTKIB ZKjB)TXH2i rBi?
h?2 bBKmH i2/ +QK#BM2/ bBM;H2i M/ i'BTH2i T 'Q# #BHBiv /B
6B;X 9XR3U V b 7mM+iBOQMQTEMi22 CBQOzZBK2BER i HOr
i?72°2Bb H ;2 Qp2 H T #2ir22M i?2 bBM;H2i M/ i'BTH2i /Bbi B
Y i2/ #V wo'gl-irQ /BbiBM+i T2 Fb 7QQuBMI/B+iBM; ?B;? "2 /Qmi
}/2HBivX 6 QK i?2 T 'Q# #BHBiv /2MbBiB2b i?2 p2  :2 2 /Qmi BN
QM M/ Qz Bb Q#i BM2/- b22 1[X U9X8V M/ Bb b?QrtMuBB;X 9XR3
i72 QTiIBK Hi? 2b?QH/ Bh, /2 0DIR-BBWR//EX+ i2/ #v ?Q BXxQMi H /Qii
HBM2 M/ +Q "2bTQMAEBBW iQBILb2iiBM;- + M #2 "2 +?22/ i M BMi:
iBK2 Q7 itlgZ hk'b rBi? i?2 CS QYEMRY'b rBi? i?72 CS QMX h?Bb
/2KQMbi® i2bi? ii?2 CS 2M #H2b ?B;?@}/2HBiv "2 /Qmii? i Bb
i?72 +Q?2°2M+2 iBK2 Q7 2¥2BTUO RKyT B NIK BN X



9X9 AKT +i Q7 2ti2M HK ;M2iB+ }2H/b Ry8
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'JHVSF J ;M2iB+ }2H/X PbQM Mi 7 2[m2M+v Q7 i?2 L#L # b2/ 2 /@
Qmi 2bQM iQ° b 7mM+iBQM Q7 2Bp,2XUHE X TMiB2M2H/
b 7TmM+iBOOXMOVBM Q7 i?72 CS imM2/iQ k3 /" ; BM ie99 J>x
MB,=0h b 7mM+iBQM Q7 2tW2W2 HnB'12 /X mit;& B bb
TMM+iBEQNQQ2+Qp2 k3 /" ; BM ie99 J>xX

*NQBDUPGFYUFSOBMNBHOFUJD OFMET

aTBM [m#Bib BM b2KB+QM/m+iQ  /2pB+2b "2 mbm HHv QT2  i2
}2H/bX "Qi? i?2 ?B;?@[m HBiv "2 /Qmi "2bQM iQ" M/ i?2 CS
T2 +QM/m+iBM; +B +mBib bm+? i? i "2bTQMb2 iQ H ;2 2ti2
2tT2+i2/X q?BE22BOM iQ Bb +QMi BM2/ BM i?2 b KTH2 #Qt "B;°
Z./2pB+2 i? i Bb TH +2/ BM iR2Q0t2M+ 2 Q2RIMB+ K ;M2i- i?2 CS E
KQmMi2/ QM i?2 KBtBM; +? K#2  TH i2 9y +K r v 7°QK i?2 }2H/
K tBKmK Q7 8yy : Bb 2B 26iBK i

6B;m 2 9XRNU Vb?QrB,iP2 iM2if2HR2/ m+iBQM Q71?2 2 /Qmi 2hb
7°2[m2M+v/m2iQ +? M;2BMFBM2iB+ BM/m+i M+2X i} bi-mT
/IQ2b MQi +? M;2 bB;MB}+ MiHv M/ i?2M "2/m+2b #v #Qmijy J>X
aBKBH "Hv-i?2 CS '2bQM M+2 +? M;2b rBi? TTHB2/ }2H/X h°



Rye *?2 Ti26%i M/ b2MbBiBp2 ; i2@# b2/ 6@ 2

bmb+2TiB#H2 iQ 2ti2°M H }2H/b b Bib "2bQM M+2 Bb imM2/ mbB
Q7 aZIA. HQQTbX Mv }2H/T2M2i  iBM; BMiQ i?2HQQT imM2b i?
/IBiBQM HHv- Mv }2H/ MQBb2 bi"QM;Hv z2+ib i?72 CS T2 7Q Kk
i72CS Bb2M+HQb2/ BM +'vQT2 KK ;M2iB+ b?B2H/ b b?QrM E
2bQM M+2 7°2[m2M+v K202BX VYW i®bkth- b b?QrM BM 6B; X 9XR
#mi #Qp2 i?Bb }2H/ bQK2 Q7 i?2 2ti2 M H }2H/ T2M2i" i2b BMiQ
BM "2bQM M+2 7 2[m2M+100 IBXi Q7hXOQOvhiQ#pBQmb K2 bm 2 Q°
CS T2'7Q°K M+2 Bb i?2 ; BM +?B2p2B,BXM6QM 22Bb M? B CGBHB b
imM2/iQ ; BM Q7648J*xK AM 6B;X 9XRNU+V i?2; BM/ QTb [mB
BbBM+'2 b2/ M/ b2iiH2b iQr /b R8 /" iyXkhX qg?BH2i?Bb Bb b
; BM-imMBM; bBM;H2 T ~ K2i2°  QMHvg M KRIKNV 2D2i 22t BBI I 7
k3 /" M/i?Bbr b /2KQMWEB, mZll iQRjh b b?QrM BM 6B; X 9XRNU/V)
BHHmbi™ i2bi? imTiQjh-i?2T2 7Q°'K M+2 Q7i?2CS Bb MQi "2
i?72 ; BM 7i2° +? M;2BM K ;M2iB+ }2H/ +QmH/ #2 2 bBHv miQk
bBM;H2 T °~ K2i2 X >Qr2p2 - i bQK2 TQBMi- //BiBQM HimMBN
QM+2i?2 "2 /Qmi "2bQM iQ 7°2[m2M+v ? bb?B7i2/ #2vQM/i?2 #

$PODMVTJIPO

_2bmHib T 2b2Mi2/BMi?Bb +? Ti2 /2KQMbi i2i? i ?B;?@[m HI
T HH2H +B +mBi+QMi BMBM; L#LbTB HBM/m+iQ i? iBb7
i?72 Z.12pB+2 +QK#BM2/ rBi? CS HHQrb7Q 7 bi_6; i2@# b2/
}2HBivX 2 /Qmi }/2HBiv #2vQM/i?2 7 mHiiQH2 Mii? 2b?QH/r
iBK2 7 bi2 i? Mi?2 +QT2 BM2HZT PBrK2/- b "2[mB 2/ iQ BKTH2K2M
+Q "2+iBQM +Q/2b M/ 7 bi722/# +FBMbBHB+QM@# b2/[m Mim
"B+ iBQM b2T " i2Hv 7 QK i?2Z.bmTTQ ib "2 /Qmi Q7 ?B;?/2Mb
M/ BMi2;" iBQM BM KmHIiB@H v2 ' [m MimK@+H bbB+ H +?BT +
7m i?2 /Bb+mbb2/BM *? Ti2 eX

h?2 b2MbBiBpBiv Q7 i?2 K2i?Q/ Bb +m "2MiHv HBKBi2/ #v i?2 ;
BM; +QMi B#miBQM Q7 i?2 + vQ;2MB+ KTHB}2 Q7 i H2 bi ¢
MQBb2 i2KT2 im2X bbmKBM; CS ; BM Q7 kj /" Q" KQ 2-i-
Q7 i?72 +'vQ;2MB+ KTHB}2 rQmH/ #2+QK2 M2;HB;B#H2X h?2
K M+2 +QmH/ #2 7Tm i?2 BKT Qp2/ #v QT2 iBM; i?2 CS BM T?
re2'2 i?2 MQBb2 //2] #v i?2 CS + M #2 b[m22x2/ #2HQr i?2 [r
*?2 M;2b BM i?2 +B +mBi bm+? b //BiBQM H BbQH iQ b #2ir22M
2bQM iQ° b r2HH b //BiBQM H HBM2 ii2Mm iBQM M/ }Hi2 B
iQr /b +?B2pBM; H ;2 ; BM- HQr2 bvbi2K MQBb2 i2KT2"  in



9X8 *QM+HMbBQM Ryd

H2 F :2Q7i?2CS TmKTbB:M HBMiQ i?2 " 2 /Qmi 2bQM iQ X h
r?2M i?2 TmKT 7 HHbLEBI2B®IM 2D # M/rB/i?- b b?QrM BM 6B ;X

/IBiBQM HHv- i?2 K2 bm 2K2Mi bT2
JPA off ~~ JPAon i?Bb BKTH2K2Mi iBQM Bb- BM T BM+B
#vi?2# M/rB/i? Q7T@M PBM?@b @
QM iQ', BM+'2 bBM; i?2 +QmTHBM: iC
Q- T'272°2MiB HHv- KQpBM; iQ ?B;
[M2M+v Q7 i?2 "2bQM iQ" +B +mBi UBX
A R M/ Kk :>xV r?BH2 K BMIQRMBM; ?B;?
. 2 d b?QmH/ HHQr bm#@KB+"Qb2+QM/ 7 n
;});+473(?2(mV) or . 2@# b2/ bTBM "2 /QmiX \
6m i?2° /2p2HQTK2Mi +QmH/ “2/m+.

'J_:_-I K_I_SmeK;\I'/I I-LZBiA.;gg?FZ 22 ?5 V"QQITMBg/II BQ7 P22DE)XM iQ b- iQ
m : iQ i~ m i S .
Q#b2'p2/ r?2M i?2 TmKT 7‘2[#1’2)%)2@?H b§M|2, 12/ M/ b+ H #H2 "2

rBi?BM i?2 # M/rB/i? Q7 i?2 "2bkMBiQ™m 2 Ub22 *? Ti2 eV rBi?i?2T

iBHQ7 "2/m+2/ +B +mBi HQbb2b M/ T
IbBM; i p2HHBM; r p2 T~ K2i'B+ KTHB}2 UhqS - b22 a2+iBQ
+°2 b2/ # M/rB/i?-7"2[m2M+v KmHIBTH2tBM; Q7 KmHIBTH2 "2bQ
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SNR (dB)







SIBQUFS

SBOEPN BDDFTT SFBEPVU

AM i?Bb +? Ti2 -  M/QK@ ++2bb "2 /QmiQ7 Z.b BM aB M MQrB":
BM:; i2@# b2/ "2~2+iQK2i'vBb T 2b2Mi2/X hQ #2:BM- *JPa bBI
+2HH-i?2 #mBH/BM: #HQ+F Q7 > M/QK®@ ++2bb 2 /Qmi- Bb /2KQ
T2 im 2 7QHHQr2/ #v b2[m2MiB H "2 /Qmi Q7 irQ /2pB+2bX M
QM i?2 Q/2° Q7 QM2 b2+QM/ Bb Q#b2 p2/ HHQrBM; 7Q "2 /Qm
b K27 2[m2M+v- QM2 7i2° MQi?2 - #27Q°2: i2 pQHi ;227 2b?
2biBK iBQMb Q7 i?2 /vM KB+ TQr2 /BbbBT iBQM bm;:2bi i? i b
Q7 KQ 2 i? M Ry-yyy +2HHDb Bb 72 bB#H2X
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BMi?2 /BOBIMHQ zbi i2b-i?2 T? b2 +?bM;2ZmM+iBQM@7+2HH R
M/ k Bb b?QrM BM 6B;X 8XeU+V[Y T@HT+dR m22v2 Bb +HQb2
bBKBH “Biv #2ir22M i?2 QT2 iBQM pQHi ;2,HIp2HL DbBMi;? i° N
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i?72 [m MimK /2pBi+RBHHBE2HpBM i2KT2  im 2X AM b+ H2/ mT
rBi? BM+ 2 bBM; +B ' +mBi +QKTH2tBiv- 2T Q/m+B#H2 2H2+i B
+2HHb rBHH #2 2bb2MiB HX

%JTDIBSHF NPEHWN /v Q#b2 p2/ BM i?2 T '2pBQmb bBM;H2@ K2K
BK2Mi Ub22 a2+iBQM 8XkXjV- i?2 pQH/i2R2 vdMiPZ2 ZBK22r?2M
i?72 61h Bb brBi+?24Q i2X AM Q /2 iQ /2i2 ' KBM2 M TT QT B i
“27°2b? i2 M/ T QpB/2 QT2 iBQM ;mB/2HBM2biQ K tBKBb2 "2i
KQ/2H Bb /2p2HQT2/X bBKTHB}2/ 2[mBp H2Mi +B +mBi KQ/21I
+QMbB/2°2/ bb?QrMBM6B;X 8XdU QXbAiZ@MiMBWAID 72BR 61Kl +2
Rein- 1?72 ; i2H2 F ;2 ROBbMMi#?2 +2HH + T.3+MRi. MOX#BM2b

i?72 61h M/ Z. ; i2 H2 F QbyBM/i?2 T ° HH2H bmK Q7 i?2 Z. ; i2 -
T +Bi M+2M/ i?2 BMi2"+QMM2+i M/ biQC., X2 R?2 MBa+M+22 Q7

i?72 +2HH Bb bim/B2/ BM TmHb2/ 2tT2 BK2Mi #v K2 bm BM; i?z
Il 1I27Qm;?2i?22 [m MimK /2pB+2 Qp2 iBK2X KB2Q®H8oBM 6B;X 8X
Bb +QMbi Mige?BriB2+?2b 7 QR ;;RP2pYfiWiQ HQHZp\Zf&\U [

t=0X h?2 TmHb2 KTHBiIim/2 Bb b2iiQ yX8 o M/ i?2 TmHb2 Qzb2
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Vg=0680VX aBM;H2 2H2+i"QM i° MbBiBQMb

2 KA H2AYMi +B +mBi Q7 bBM;H2

K2KQ'v +2HH M/ TmHbBM; b+?2K2 7Q" +?2U#E4QM2M®QM M HvbBbX

/> BM +ml13;2M2°"Qm;? i?2 [m MimK /2pB+2 b 7mM+iBQM Q7 iBK2 7i

brBi+?BM; i?2 +QMi QH i "QubB bR =i@5i 8N, =2 Ko-

‘2 Q#b2'p2/
"2BM/B+ PX B2 BMb2iHh?Q@rboPr mM+iBQM?Q72 i?72 b K2

i MbBiBQMb "2 Q#BM2+p2/X7 i?2 pQHi ;2 QM iN2.2 Bb. ; i2
7mMM+iBQM Q7 iBK2 QM+2 i?2 +QMi"QH i° MbBbiQ  Bb brBi+?2/ Qz>

U+B +H2bV "2 Q#i BM2/ 7 QK PA2HIZ FMT QBB QWBMRb 2

}ibiQ /Qm#H2 2tTQM2MiB H 7m M YiBIQQV- D 222 H[ X Z2h8 % B\@X

bi iB+; i2 pQkgv; 8/ iBK2 +QMbb MImMM+iBQM@7 BM2/

7°QK i?2 2tTQM2MiB H /2+ v }ib)RGIQiiM/R.T2M2 H-,i2/

7°QK MMN7gwu. b?2/ HBM2b "2 ;mB/2b iQ i?2 2v2X

M/ T2 F T
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i? 11?21 MbBbiQ QMBKMBMB ;P i Q7 i?2 TmHb2X M 2t2KTH "v /
+? ;2 K2 bm‘ZIQ@CM:'FU:Q‘o Bb b?QrM BM 6B; X 8XdU#V-r1r?2"2 b2p2
2H2+i QM i MbBIiBQMWUWUBM /#B2+Q&b2ypD/pRMIiBK2 X512
i?72+m "2Mi TT2 biQb2iiH2iQ }t2/p Hm2X h?2 /Bb+? ;2 /i |
K2 bm 2K2Mi Q7 i?2 b K2 bBM;H2 2H2+i QM i MbBiBQMb Q7 i
QVsBM [m bB@bi iB+ +QM/BiBQMb b b?QrM BM i?2 BMb2i Q7 61
T2 Fb BM i?2 /2+ v Qp2 iBK2 iQ T2 Nk il?2 7wiwW KiBB«xbMQQ 7 ? 2
PQHI ;2 QM i?2 ¥X.(t) iRBb 2T Q/m+2/ b b?QrM BM 6B;X 8XdU+V 7
p Hm2\quQX7 t=0- M BMBIB H7 bi/2+ vBb Q#b2 p2/- TQbbB#HvVv
BMD2+iBQM M/ +HQ+F@722/i? Qm;? (k9j)- 7TQHHQr2/ #v bHQr .
i?72/Bb+? ;2 Q7 i?2 +2HHX }iiBM; 7mM+iBQMi? i+ Tim 2b #Qi’
M/ i?2 /IBb+? ;2

R
61h 5y L +V; p2tT t U8SXkV
: 7 bi

V.(t)= Vzem bt

Bb TTHB2/ UHBM2b BM 6B ; X8R mVMRQXRAM+PBb bBKTHB}2/
+B +mBi KQ¥gRRer Bb i?2 +B +mBi iBK2 WQMhi-Fi—-MB b

i?72 2[MBHB# BmK pQHi ;2 ii?22t11i2 QMV22,iZM/ i p; 2 1?2
KTHBim/2 M/ iBK2 +QMbi Mi Q7 i?2 BMBMV i/ T 2RI+ QX1 aBM+2
Rein- M/ i?mb QM i?2 QT2  iBQMpQMi 7@M2pREM H /2T2M/2M+2
MN7em@Mge Bb +? ° +i2°Bb2/iQ }M/ i?2 QTiBK H pQHi ;2 QT2 iB
K tBKBb2b i?2 +? ;2 "2i2MiBQM iBK2X b 2tT2+i2/ M/ b?QrM BI
BM+ 2 \bq(%l\Relh 12+ 2 bMZBYW#H2+QK2b H ;2 /'m2 iQ i?2 pQHi ;2 /By
+? > +i2 'BbiB+ Q7 i?2 +2HHXiBQMO D QQ2 b Bb Q#b2 p2/ BM i?2

b K2 M;¥®X o Hm2b Q7 i?2 RZhBMMM+2ti" +i2/ 7°QK i?2b2

K2 bm 2K2Mib # b2/ QM +2HKHs470T76BUb222h #X 8XRV- r?B+?
QM i?2 Q' /B QXY hQ bmKK “Bb2- i?2 T * K2i2'b 2ti® +i2/ 7°QK i
/IBb+? ;2 KQ/2H 7QHHQr i?2 2tT2+i2/i"2M/ M/ b?@4sW2+ 2 b2UE
bVoe Bb BM+ 2 b@450 QES550X JQ 2Q@p2 MRe1h #Qi? b?Qr

Vo /12T2MI2M+2 M/ /2+°2 b2 #v 7 +iQ Q7 jVis/ BM2bT DRiBHP2HV

6Q  i?2 BMBiB H7 bi/2+ v- iBK2 +QMbi Mi QM i?2 Q /2 Q7 QM
KTHBim/2:0® Bb Q#i BM2/- r?B+? + M #2 2tTH BM2/ #v +? “:2 B
+HQ+F@722/i?2°Qm;?X h?2°2 "2 HBKBi2// i TGBOMDBMEH #H2 /
Qb+BHH iBQMb BM i?2 /Bb+? “:2 M22/iQ #2 K i+?2/iQ Qb+BHH |
+i2 BbiB+- bm+?i? ii?2 2ti> +i2/ 7 biiBK2 +QMbi Mib?2QmH/ #2
#QmMM/X hQ 2biBK i2i?2+QMi'B#miBQM Q7 +? “;2BMD2+iBQM- i
+QMi'QH 61h +?2 MM2H-r?B+? 2b+ T2b QMiQ i?2 [m MimK /2pB +2
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i?727 +iQRQ¥+QmMib 7Q " i?2 bbmKTIiBQMi? ii?2 +? ;2 mM/2 i?
2[m HHv iQ i?2bQm +2 M/ />  BMX *HQ+F@722/i? Qm;? + M #2
+ T +Bi M+2 #2ir22M i?2 +QMi QH 6Q.hX ith 2M Qb+ @Mp2MiB QM
HHv HQM; ; i2 bT +2°b Uk8 MKV-/2bB;M2/iQ + 2 i2 i mMM2H # °
/" BM-i?22 +QMi'B#miBQM 7 QK /B 2+i Qp2 H T Bb bbmK2/ M2;F
T +Bi M+2 Bb HBF2HvVv iQ #2 i?2 /QKBM Mi T ~ bBiB+ +QMi B#miE
7°"BM;BM; + T +BWM}RiQZ 61h ; i2 + T +Bi M+2 Bb Q#b2 p2/ 7Q
iQ'b Q7 /IBK2WMbBABIOK M/=60 MK (k99)X h?mb- 7Q° i° MbBbIiQ
IBK2MbBQ@M 'K M/=30 MKC.;, Cs14/2 Bb 2biBK i2/-r?B+? 2bmHi
BM pQHi ;2 b¥YBHA Q;_Z?:THHV;G VqGG = 0:0130X *? ;2 BMD2+iBQM
+QK#BM2/ rBi? +tHQ+F@722/i? Qm;? vB2H/b W Di0B2&¢X2/ pQHIi ;2
h?2 KTHBIim/2 Q7 i?2 7 bi/2+ v Q#b2 p2/ BM i?2 2tT2 ' BK2Mi Bk
H ;2 bi?2 +QK#BM2/ 2biBK i2X h?2 KQmMi Q7 BMD2+i2/ +? °~
i Hb2iiBM; +QmH/ #2 H ;2 r?22M KQ 2i? M? H7 Q7 i?2 +? ;2
[mMm MimK /2pB+2 M/ +QmH/ HbQ /2TQMM/@ZMii P2 QI 2 +EBIM 2
PQHI ;2bX 6m’i?2° +'Qbb@i HF BM i?2 HBM2b- S*" b r2HH b i?
[IBiBQM H +QMi B#miBQM iQ i?2 7 bi/2+ vX hQ KBMBKBb2 i?2
QM i?2 M HvbBb Q7 i?2 bHQr /2+ v- i?2 TmHb2 KTHBim/2 BM i
b2Mi2/ BM 6B;X 8Xd Bb F2Ti +QMbi Mi M/ i?2 Qzb2iHEbrp B2/ iC
H2p2Hb r?BH2 F2RABRMZ2H? 2 Qp2 i? 2b?QH/X h?2 pQHi ;2 b?B7i/
BMD2+iBQM M/ +HQ+F@722/i? Qm;? «CM#MIHMER/y4Q bK HI
M/ +? ;2 BMD2+iBQM + M #2 KBiB; i2/ mbBM; bHQr 7 HH iBK
Qp2 - +? ";BM; 2z2+ib+ M#2 +QKT2Mb i2/ mbBM; LJPa M/ SJPa
T >  HH2H-r?221i?2 ;2QK2i'vQ7 #Qi? + M#2 QTiBKBb2/ bm+? i?
DmKT BMi"Q/m+2/r?2M brBi+?BM; Qz i?2 LJPa 61h Bb +QKT2Mk
PQHI ;2 +? M;2/m2iQ brBi+?BM; Q7 1?2 SJPa 61hX hvTB+ HHvV-
Q7H ;2 rB/i? Bb " 2[mB 2/ /m2iQ i?2 HQr2"  KQ#BHBivX Hi2 M
bBbiQ "  BM b2 'B2b rBi? i?2 +QMi QH 61h-rBi? TT QtBK i2Hv ? F
QT2 i2/ rBi? M QTTQbBi2 +HQ+F HHQrb 7Q° +QKT2Mb iBQM #
+? ;22X 6m i?2°'KQ '2- //BiBQM H + Qbb@i HF + M #2 “2/m+2/ #v
/I2HBp2  +QMi QH 61h bB;M Hb M/ + "27mH S*" M/ +?BT /2bB;M

(VIEFMJQFX +? > +i2 'Bb iBQM Q7 i’ MbBbiQ  i? ' 2b?QH/ H2p2
'mB/2HBM2b 7Q° QT2  iBM; i?2 b2[m2MiB H ++2bb +B +mBi rl
+?2 “:2 "2i2MiBQM "2 ;Bp2MX gq?BH2 BMBiB HHv Bi K v b22K #2
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'JHVSF 1z2+i Q7 /2b2H2+i2/ +I2[fHBY H2WMi +B +mBi mb2/iQ T2 @
7Q K bBKmH iBQM Q7 i?2 BHRE1#i @DBD2 6142 Q7 /2b2H2+i2/
+2HH Uk- BM ;> vV QM i?2 b2MbBiBpBiv iQ +? K.;2b BM i?2 ; i2 + T +
Q7 b2H2+i2/ +2HH WRMYEM b/BHjBFEIER Q7 2 /Qmi Q7 i?2
b2H2+i2/ +2HH b 7mQzbiBI@M2DBbI2M+2 Q7 b2+QM/ /2b2H2+i2/
+2HHX h?2°2 Bb M2;HB;B#H2 BKT +imT iQ ‘2bBbi M+2 Q7 RyJOX

VqGG H2p2H iQ K tBRBIR2M22/b iQ +QMbB/2  i? ii?2 "2i2MiBQM Q°
Bb /2i2°KBM2/ #v i?2 K tBKmMK iQH2™ #H2 ; i2 pRXi6@ /T Q7 i?
QTiBKBb2/ +B +mBirBi? M2;HB;B#H2 +HQ+F@722/i? " Qm;? M/ -
iBQM iBK2 Bbt;BR2GL #M(M ar) J/r r?2°@= V/V s Bb i?2 pQHi ;2
["QT " iBQr aMRs1n+ R.)/Rg1p 1?72 "2bBbi M+t2Zr) BBQX QMQIiQMB @
+ HHv BM+ 2 bBMr-7,BNMRVPQ R 2AP7r2 FHv rtBB+? K2 Mb i? i
Bb K tBKBb2/ #v QT2" i‘Bq(F}.gl;r’?iBHHZ;QZK BMBRzIBM2?72;BK2-
r?2°'2 62 /Qmi Q7 i?2/2b2H2+i2/ +2HH Bb #HQ+F2/ M/ "2 /Qm
+2HH Bb MQi /Bbim #2/XQnRi2i KBMoEBM MM +2 i? i 7TmH}Hb i?2b2 "2
K2Mib Bb 2biBK i2/ mbBM; M 2[mBp H2Mi +B +mBi Q7 i?2 irQ K
BM6B;X 8X3U VX 6 QK +B +mBi bBKmH iBQMb Ub22 TT2M/Bt :
M 2[mBp H2Mi +B "+mBi KQ/2H b b?QrM BM 6B;X 8X3U V M/ 2t
p Hm2b- i?2 BKTQ@zbQ71272bBbi M+2 Q7 i?Re¢b2 QM2 2 202V @
bBiBpBiv Q7 i?2 "2~2+iBQM +Q2{+B2Mi iQ + T j@iBGR +? M;2b B
Bb 2biBK i2/X h?2 bBKmH iBQM BM 6B; X 8R3UHFEVIOX Qrb i? i b H
i?72 2z2+i Q7 /2b2H2+i2/ +2HH QM i?2 "2 /Qmi Q7 b2H2+i2/ +:
Bb +QKT iB#H2 rBi? QT2 iBM; +HQb2HvV #2HQr i?2 7Q #B//2M .
/IBIiIBQM HHv-i?27 +iBQMQ7i?2 _6bB;M H/2HBp2 2/iQi?2]/2
ReinkBb 2biBK i2R@®10J i?2 7 +iBQM Q7 i?2 6 bB;M H/2HBp
i?72 /2b2H2+i2¢« 4+ ™HHNBBHQ i?72 HQr@T bb }HR2\né MK/ #vV
UbbmICBMG476 M/ M _67 2[m2M+v i 72r ?mM/ 2/b Q7 J>xV b
i?72 /2b2H2+i2/ +2HH Bb MQi /Bbim ™ #2/X
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'JHVSF a2[m2MiB H "2 /RmHX2 b+?22K2 7Q  b2[m2MiB H "2 /Qmi M/
T? b2 "2bTQMbRIQZXZ Bb ° KT2/ mT M/ /QMJcl? BH 2
Vock "2 Hi2 M iBM; ®@MM2Q&bi i2bX SmHb2b "2bvM+?2 QMBb2/ bm+?
i? 1Z.°2b2°pQB i’ MbBiBOMQ#i 8MZNM2ZBW ° KT2/ mT
r?BH2 b K2 bm 2/M@BW ° KT2/ /QrMX

6BM HHv- ;Bp2M pQHi J2VM-QT2i2B(BQRRIBRKBR2tT2+i2/
mbBM; i?72 T ~ K2i2 b 2ti® +i2/ 7°QK i?2 2tT2 ' BK2Mi- r?B+? Bb
1?72 +Q?2 2ME2QBHWBHB+QM@# b2/ 2H2+i QM bTBM [m#Bib (NR)
Bb BKTQ i Mi iQM@Bbi?bbmK2/iQ #2 +QMbi Mi- r?2B+? Bb TT C
r? irBHH? TT2M r?2M //"2bbBM; KmHIBTH2 [m MimK /2pB+2b rl
pPQHI ;2bX

4FRVFOUJBM SFBEPVU

AM i?2 T'2pBQmb b2+iBQMb- ;mB/2HBM2b QM QT2  iBQM T * K2
? p2 #22M /2i2 ' KBM2/ mbBM: bi iB+ M/ /vM KB+ K2 bm 2K2Mib
+2HH +B +mBiX AM i?Bb b2+iBQM b2[m2MiB Wy 20/Rmi Bb /2KQ
Bein 10° V. M/ g=1:20iQ 2M? M+2 i?2 "2i2MiB @MbiBk2 BM i?2
r?BH2 T°2b2 pBM; ;QQ/ MQBb2 K “;BMbX

h?2 TmMHbBM: b+?22K2 iQ /vM KB+ HHvV "2 / #Qi? K2KQ v +2HHb
r?B+? b?Qrb i?2 QT2  iBQM pQHi :2b M/ i?2 T? b2 "2bTQMb2 |
7Q°i?°22 b2[mM2MiB H "2 /Qmi +v+H2bX AM i?2 }'bi ? H7 Q7 i?2
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//IBiBQM HHvWi.2X TBM;

hh M/ h 2 b2iiQ i?2 /@YBI/®izbi i2b "2bT2+iBp2HvX aBKmHi M2Q
M HQ:m2 KT bB;M HBb TTHB2/ iQV22U#QKIQIM +3V@ RBM2B b
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b2Mi2/ /Im2 iQ T? b2 Qzb2i #2ir22M i
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[mM2M+v i r?B+? b2[m2MiB H "2 /Qmi + M #2 T2 7Q K2/ BM i?B
R F>xX h?Bb Bb b?QrM BM 6B;X 8XRy r?B+? b?Qrb b2[m2MiB H
BM 6B;X 8XNrBR2KT2/ mT M/ /IQWNck?BNZLx 2 Hi2"M i@

BM; #2ir@2MMM/Qzbi i2b i i?2 b K2 7°2[m2M+vX JmHIBTH2 i° +2I
K2 bm 2K2Mi 7Q  BM+ 2 bBM; 7 2[m2M+v M/ i +2b 2 Qzb2i 7
K2 bm 2K2Mild Bxxp2bB;MB}+ Mi BM+ 2 b2 BM i?2 "Bb2 iBK2 Q7
Q#b2 p2/- "2T 2b2MiBM; i?2 7 2[m2M+v HBKBi 7Q b2[m2MiB H
/Im2 iQ HQr T bb }Hi2 ' BM; Q7 i?2 HBM2b mb2/ iQ /2HBp2 i?2 +
BM; +Q tB H HBM2bV;Q MMBE22BMT2 iBQM H 7 2[m2M+v +Qm
BM+ 2 b2/ mMiBH i?2 HBKBiBM; 7 +iQ  #2+QK2b 2t+2bbBp2 /2p]|
brBi+?BM;X IbBM; i?Bb BMi2 H2 p2/ TmHbBMQK4BRIR2 7BI? br22
/IBIiBQM H bi2wTBM2QZ +? +v+H2- +? ;2 bi #BHBIiWK Tbh Q7 #C
Z 2 Q#i BM2/ b2[m2MiB HHv b b?QrM BM 6B;X 8XRRU -#V X h
BMi?2 K2 bm 2K2Mi bm;;2bi 7Q K iBQM Q7 KmHIBTH2 Z.b BM # (

IPXFSEJTTIJQBUJPO

.VM KB+ TQr2  /BbbBT iBQM Bb M BKTQ i Mi T * K2i2  iQ 2biBK
+QMiQH 61hb 7Q° U/2Vb2H2+iBQM Q7 /2pB+2b BM ~ M/QK ++
2°i2BM /BHmiBQM "27°B;2" iQ°'X h?2/vM KB+ TQr2 /BbbBT i
61h hBB = Cgiif o1 V?- r?2° 2/ = Vg VqGG-CMh Bbi?2 Qp2° HH+ T +@
Bi M+2 bm#D2+i iQ i?72 pQHMf{BBM;2 brBi+?BM; 7 2[m2M+vX
K tBKnflgrBb ;Bp2M #v i?2 "2 /Qmi # M/rB/i? Q7 i€z, B Bi2+im
2biBK i2/ mbBM; ;2QK2i B+ i+ B22BlL[MUBRRWX 6 QK i?2 2tT2 BK
BKTH2K2MiViBQMo- "2 /Qmi # M/rB/i? Q7 REehpx 4M/6

Bb Q#i BM2/X h?Bb vB2H/b TQr2 /BbbBT iBQM Q7 k8 Mgf+2Ht
Re-yyy +2HHb bBKmHi M2QmbHv i i?2 K tBKmK brBi+?BM; 7 2]
;2M2° i2/ i KBHHBE2HpBMX h?2 TQr2 /BbbBT iBQM + M #2 "2
PQHI ;2 H2p2Hb +AQ B /[IR2,T2M U2X0X oV- i?mb "2/ m+BM; i?2
MQBb2 H2p2H K ";BMb- Q mbBM; bK HH2 +QMi QH 61h /BK2M!
Bb MQi #2 72 bB#H2 i KBHHBE2HpPBM i2KT2 im 2 # b2/ QM i?
#2 ;2M2° 12/ i ?B;?2 WNEN 1P2X2X?B;?2° +QQHBM; TQr2 Bb p
?Qr2p2  i?Bb KB;?iH2 /iQ M BM+ 2 b2/ + T +Bi M+2 i? i Bb bm
brBM; X



Rjk *2 Ti2 8 M/QK@ ++2bb 2 /Qmi

$PODMVTJIPO

h?2 +QM+2TiQ7 bBM;H2@2H2+i"QM K2KQ'Vv+2HH ? b#22M BMi
b2[m2MiB H ; i2@# b2/ "2 /Qmi Q7 KmHIBTH2 [m MimK /2pB+2
>B;?@b2MbBiBpBiv "2 /Qmi +QK#BM2/ rBi? bBM;H2@2H2+i QM °
Q7 QM2 b2+QM/ ? p2 #22M /2KQMbi™ i2/X " b2/ QM i?Bb b2[m21
+2HHb mT iQ R F>x- HBKBi2/ #v i?2 HBM2b /2HBp2'BM; i?2 +Q
I12KQMbi® i2/ i+QMi"QH 61h pQHi ;2H2p2Hbi? i2M? M+2 "2i2Mi
QT2 iIBQMIBKiZ®72KQMbi® i2/ 2i2MiBQMiBK2rQmi®/ HHQr // :
+2HHb #27Q 2 i?2 pQHi ;2 QM i?2 BMBiB H MQ/2 M22/b iQ #2 "2
Q7 /IvM KB+ TQr2 /BbbBT iBQM bm;;2bi i? i Q7 mT iQ Re-yyy +
brBi+?2/ i K tBK H 2 /Qmi# M/rB/i? URjJ>xV rBi?Qmi BMi Q/m
i?72 [m MimK /2pB+2b /2KQMbi® iBM; i?2 T°'QbT2+ib Q7 -~ M/QK.
BKTH2K2MiBM; b+ H #H2 "2 /Qmi "+?Bi2+im 2X



SIBQUFS

4DBMBCMFBSDIJUFDUVSFT

J Mv+? HH2M;2b "Bb2r?2M b+ HBM;iQ H ;2 MmK#2 Q7 [m#B
[mMm#Bi 7 # B+ iBQM M/ [m#Bi "+?Bi2+im 2 Bib2H7- #mi HbQ rE
M/ 2 /Qmi bvbi2KX AM i?Bb *? Ti2 -2 "Q @+Q "2+iBQM M/ BM
2H2+i " QMB+b Bb BMi ' Q/m+2/X 6m i?2 KQ 2- bm 7 +2 +Q/2 "+
2t+? M;2 M/ "Qmi2biQr /b 7mHHvV BMi2; i2/ M/ b+ H #H2 2 |/
T 2b2Mi2/X

h?2 mi?Q° +FMQrH2/;2b +QMi'B#miBQMb 7°'QK wX * B M/ S°
70" rQ'FBM; Qmi bm 7 +2 +Q/2 QT2 iBQM M/ T2 7Q KBM; 2
HiBQMb Q7 bm'7 +2 +Q/2  +?Bi2+im'2 # b2/ QM KmHiB@?2
aX S IiQK FB M/ JX X 6Q; 'iv 7Q° bbBbi M+2 BM T ' QpB/BM;
/2i BHbX .7 JX 6X :QMx H2x@w H# 7Q T QpB/BM; H ";2@b+
b+?2K iB+X oX LX *B'B MQ@h2D2H M/ hX@uX u M; 7Q° HQr(
+? ° +i2'Bb iBQM M/ 0oX LX *B'B MQ@h2D2H 7Q i’ MbBbiQ" KQ
+B"+mBi bBKmH iBQMbX

.PUIJWBUJPO

aBHB+QM@# b2/ [m#Bi /2KQMbi> iQ'b "2 QMHvV ii?2 72r [m#Bi
+QKTH2t +B " +mBib ? p2 #22M 7 # B+ i2/ (jd) M/ i?2 bK HH 7QZ(
+QKT iB#BHBiv rBi? *JPa T Q+2bb2b +QmH/ HHQr7Q b+ HBM;
KBHHBQMb Q7 /2pB+2b QM KBHHBK2i 2 bBx2 +?BTbhX Zm Miml
Ryyyb Q7 T2 72+i UB/2 HV [m#Bib BM Q /2  iQ bQHp2 i?2 KQbi -
>Qr2p2 -iQ QT2 i2bm+?2 T°Q+2bbQ b 2ti’2K2Hv T'2+Bb2 +QMi
[MB 2/- bbK HH2 "Q T Q# #BHBiIB2b QM 2 +? [m#Bi  TB/Hv +
+QKTmi iBOQM H 2 "Q bX h?Bb K F2b i?2 BKTH2K2Mi iBQM Q7 2
BM2pBi #H2-r?2'2 "2T2iBiBQM +Q/2b "2 QM2 Q7 i?2 bBKTH2bi
7 +2 +Q/2 Qz2'b ?B;? 2°°Q  i?°2b?QH/b mT iQ RWBM M ii® +il

Rjj



Rj9 *?2 Ti2  ea+ H #H2 "+7?Bi2+im 2b

HvQmirBi? M2 "2bi@M2B;?#Qm  +QmTHBM; QMHv (Rje)X _2/m-
i QHT 2+BbBQMBM i?Bbr v+QK2b ii?2+QbiQ72M+Q/BM; HQ
T?vbB+ H[m#Bib M/ TQi2Mi® HHWER®@ R m#ABib "2 "2[mB 2/ iQ -
7Q°K MQM@i'BpB H+ H+mH iBQMbX

h?Bb H ;2 KQmMi Q7 [m#Bib # BM;b 2ti° Q' /BM 'v +? HH2M;2
+QMi"QH M/ "2 /Qmi M/ BMi2;  i2/ 2H2+i"QMB+b +QmH/ T QpB
T Q#H2KbX aQK2 Q7 i?2 +? HH2M;2b i? i7 +2 H ";2@b+ H2 [m N
#H2 i?7Qb2i? i? p2 H 2 /v#22M bQHp2/7Q +QMp2MiBQM H +Q
2H2+i"QMB+b +QmH/ HHQr 7Q" 2{+B2Mi bB;M H "QmiBM; M/ ;2
2K2Mi- HQr@H2p2H 722/# +F M/ ?B;?@H2p2H QT2 iBQMb HC
rB"BM; "2[mB 2K2Mib M/ 2/m+2 i?2 H i2M+v Q7 bQHB/@bi i2 [n
BMi2;" iBQM Q7 +QMp2MiBQM H 2H2+i"QMB+b rBi? [m MimK /2p
im 2b +QmH/ #2 T QKBbBM; bi” i2;v (k98- k9e)X >Qr2p2 -1iQ
Bi Bb pBi HiQ mM/2 bi M/ i?2 #2? pBQm Q7 BMi2; i2/ +B +mBil
im>2b (k9d) X

&SSPSDPSSFDUJPOBSDIJUFDUVSFT

AM i?Bb b2+iBQM- i?2 bm 7 +2 +Q/2 "+?Bi2+im 2 M/ T?vbB+ H
IQMQ™ M/ Z. # b2/ bTBM@[m#Bib "2BMi Q/m+2/X a+?2K2b +QK"
M/ M MQrB 2 7 #' B+ iBQM TT'Q +? 2 /Bb+mbb2/ M/ bm 7 +
# b2/ QM KmHIiB@2H2+i" QM Z. K2/B i2/ 2t+? M;2Bb T 2b2Mi2/X

4VSGBDFDPEF

h?2 bm 7 +2 +Q/2 /2b+ B#2b M 2  Q @+Q "'2+iBQM b+?2K2 i?
/I BK2MbBQM H "~ v Q7 [m#Bib rBi? M2 "2bi M2B;?#Qm BMi2 +i
bBKTH2 "2[mB 2K2Mib +QK#BM2/ rBi? H ;2 2 "Q i? 2b?QH/-
7Q BM/BpB/m H QT2 iBQMb-K F2i?2bm 7 +2 +Q/2 M ii  +iB]
BKTH2K2Mi iBQM Q7 7 mHIi@iQH2 Mi[m MimK +QKTmi2 X

AM i?22 bm 7 +2 +Q/2- [m#Bib "2 b2T " i2/ BMiQ/ i UQT2M +B
K2Mi U M+BHH - }HH2/ +B +H2bV [m#Bib b b?QrM BM 6B;X eXR
i?72 +QHH2+iBp2 bi i2 Q7 ; QmT Q7 /i [m#Bib Bb "2T2 i2/Hv +7
bi #BHBx2 bX hrQ /Bz2 2Mi ivI2NMB7 bk ARHBQ2KB/ bBKmHIi M2
QmbHv M/ 2 +?2 /i [m#Bi Bb XQMT HZZ bQ #BEHBx2 7 QK r?B+?
i?72 T "BivQ7i?2/ i [m#Bib Bb Q#i BM2/ UBM irQ /Bz2 2Mi # b2t
M+BHH [m#BibX M2; iBp2 Qmi+QK2 Q7 bi #BHBx2  U+? M;2 [
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'JHVSFam'7 +2 +Q/2XrQ@/BK2MbBQM H "~ v Q7 [m#Bib i? i BKTH2@
K2Mib HQ;B+ H [m#Bi BM bm* 7 +2 +Q/2 “+?Bi2+im 2 rBi? T?vbB
b2T " i2/ BMiQ /i UQT2M +B +H2bV M/ K2 bm 2K2Mi U}HH2/ +B +F
J2 bm 2K2Mi [m#Bib T2Z Q@ K22BIX i #BHBx2" T "Biv K2 @
bm 2K2Mib QM M2B;?2#Qm " BM; /i [m#BibX PM i?2 #QmM/ "B2b- K2
[mM#Bib QMHv BMi2" +irBi? "2/m+2/ MmMK#HA2MR7 fBQ[M#BibX
Q7 M //BiBQM HHQ;B+ H[m#Bi #v /Bb #HBM; bi #BHBx2 K2 bm":
H2 p2b /272+iX GQ;B+ HQT2 iBQMb "2 T2'7Q K2/ mbBM; +? BM
QT2 iBQMi? i +QKKmi2rBi?i?2 T "BivK2 bm 2K2Mib M/ ivTB+ HHv
7°QK QM2 #QmM/ "viQ MQi?2° Q° HQM; #@mMI/'v b BM/B+ i2/ #v
XUXU+VYB +mBi 7Q° BKTH2R2MINBIDQMBHBXx2 ' bX 2T Q/m+2/

7 QK (Rje)X

?2 TT2M2/iQ QM2 Q7 i?2 [XABIBX DRE-BTQ M/ +QK#BM iBQM!
i?72°2Q7 + M #2 /2i2+i2/ US mMHB 2 "Q bV M/ 7°QKi?2Qmi+QK2
K2 bm 2K2Mib Ui?2 bvM/ ' QK2V bT2+B}+ 2°"Q'b i? i Q++m "2/ /
+ M #2 BM72 "2/X 1°"Q°bBMi?2bm’7 +2 +Q/2/Q MQi M2+2bb |
T?vbB+ HHv mbBM; BKT2 72+i ; i2bX KQ 2 2{+B2Mi TT ' Q +? I
Qb M/ T2 7Q°K +? M;2BMiQ M2 'Q @722 272 2M+2 7" K2
"2 S MHB QT2 iBQMb i?2Kb2Hp2b-i?2 bi #BHBxXx2 K2 bm 2K2]
7 +2 +Q/2 7°QK BMi2MiBQM H [m#Bi K MBTmH iBQMbX >Qr2p2"
bi*2i+? 7°QK QM2 #QmM/ v Q7 i?2 H iiB+2 iQ i?2 QTTQbBi2 +Q
HBx2 K2 bm '2K2Mib M/Z22 MEpDQAQRBBQM QM i?2 2M+Q/2/ [m#
aBKBH ‘Hv- //BiBQM H HQ;B+ H [m#Bib + M #2 2M+Q/2/ #v + 2
i?72 " v#vim MBM; Qz bQK2 Q7 i?2 bi #BHBx2 K2 bm 2K2Mib-
U/272+ibV BM i?2 H iiB+2 b b?QrM BM 6B;X eXRU#VX JQ 20Qp:
"OmM/ BM i?2 H iiB+2 r?B+? + M #2 mb2/iQ ;2M2" i2 HQ:B+ H ir
#° B/BM;i° Mb7Q K iBQM Q" H iiB+2 bm ;2 v (k93)X



Rje *?2 Ti2  ea+ H #H2 "+7?Bi2+im 2b

h?2 F2v "2[mB 2K2Mi iQ BKTH2K2Mib bm 7 +2 +Q/2  +?Bi2+]
bBM;H2 M/ irQ@[m#Bi : i2b rBi?BM i?2 2°°Q  i?°2b?QH/ M/ M
i iBQM Q7 bi #BHBx2 K2 bm 2K2Mi +QK#BM2/ rBi? ?B;?@}/2HB
Bb T 'Biv K2 bm 2K2Mi i? i BMpQHp2b QM2 K2 bm 2K2Mi M/ 7
b?QrM BM 6B;X 6XRBHBX2'b "2 T2 '7Q K2/ #v BMBiB HBbBM; i?
[M#Bi BM i?2 ;°QmM/ bi i2 7TQHHQr2/ #v *LPh QT2  iBQMb rBi? 2
K2 bm 2K2MijBMD#DBb rBi? Qmi+QK2 Q7 2Bi?2° 4Apy2M Q" Q// T °
bi #BHBx2 b "2 T2 7Q K2/ mbBM; M B/2MiB+ H +Bi 4@nBi #mi i
# bBb #v 2K#2//BM; i?2 *LPh QT2 iBQMb rBi?BM > / K “/; i2b Q
M Hi2 "M iBp2 BKTH2K2Mi iBQM Bb iQ BVBiBiHBb®R /T2 @+BHH
7QK *w QT2  iBQMb " i?22 i? M *LPh rBi? 2 +?2 /i [m#BiX 6BM |
+Q/2 "2[mB 2b +H bbB+ HT Q+2bbQ  i? i F22Thi> +F Q7 i?2 bi
M Hvb2b i?2 "2bmHib M/ Qz2'b 7 bi 722/# +F UHQr H i2M+vVX

1SPQPTFETVSGBDFDPEFJIJNQMFEFNFOUBUJPOT

AM i?Bb b2+iBQM- bBHB+QM@# b2/ bm 7 +2 +Q/2 "+?Bi2+im 2
BM HBi2' im'2 2 BMi'Q/m+2/X AM RNN3- GQbb@.BoBM+2MxC
TT Q +?2b "2 HBbBM; b+ H#H2 "+?Bi2+im 2 7Q bTBM@# b?Z
MmMbBM; Z.b Q  /QMQ ' b-r?B+? bT "F2/i?2 }2H/ Q7 bBHB+QM@# b
"Qi? TT'Q +?2b "2 BM T'BM+BTH2 +QKT iB#H2 rBi? 2ti2MbBQM
v HHQrBM; 7Q  BKTH2K2Mi iBQM Q7 bm'7 +2 +Q/2 “+2?Bi2+

PTT %JWJOMPROG®bb@.BoBM+2MxQ “+?Bi2+im 2 2M+Q/2b [m:
bTBMb +QM}M2/ BM Z.b bm#D2+i iQ M 2ti2"M H }2H/X aBM:H2 |
pB 1aB W M/ irQ@[m#Bi; i2b "2 T2 ' 7Q K2/ pB i?2 2H2+i"QM
BMi2" +iBQM (Re- KON- k8y)X aBM:H2@[m#Bi // 2bb #BHBiv +
ai "Fb?B7iBiQ Q K :M2iB+}2H/:  /IB2MibX 6B:m 2 eXkU V b?Q
/2pB+2r?22°2Z.b "27Q K2/BM ?22i2°Qbi'm+im 2 mbBM; iQT@; i
+QK#BM2/ rBi? K ;M2iBP2HWQ  TBOQDP@/2 // 2bb #BHBiv 7Q  ;HQ
bBM;H2 [m#Bi +QMi'QHX hrQ [m#Bi +QMi"QH Bb +?B2p2/ 2H2+
i?2 "B:?i Z. T B i? i Bb# Qm:?i +HQDb2  iQ:2i?2  iQ BMBIiB i2 2t
bm#b2[m2Mip B Mib Ub22 a2+iBQM kXkV- [m#Bib +QmH/ #2 /2}
bTBM-bm+?2i? ibTBM K MBTmH iBQM +QmH/ #2 /QM2 HH@2H2-
"HQ# H }2HI/X



eXk 1°Q +Q '2+iBQM "+?Bi2+im 2b Rjd

'JHVSF aBHB+QM [m MimK +QKTmiBM; “+?BGGhim@ X uyv
.BOBM+2MxQ [m MimK /Qi # b2U#$?BIRFi@ &% iQK # b2/
T+?Bi2+imT2 #v E M2X _2T°Q/m+2/ 7 QK (jy- k8y)X

,BOFAM i?2 T°'QTQb H #v E M2 (k8R)- #Qi? i?2 Mm#*¥82 ° M/ 2H
/QMQ'b T "iB+BT i2 BM i?2 +QKTmi iBQMX bBM:H2 [m#Bi Bb 7
bTBM1/2 bi i2br?B+? "2 bTHBi BM M 2ti2"M HK ;M2iB+ }2H/ N
mbBM; LJ_i2+?MB[m2bX h?2 +QMi"QH 7' 2[m2M+v Q7 2 +? /QM
i'B+ HHv- # b2/ QM i?2 ?2vT2 }M2 BMi2® +iBQM rBi? i?2 2H2+i"Q
+QMi"QH ; i2b /B'2+iHv #Qp2 2 +? /IQMQ" b b?QrM BM 6B;X eX
i?72 bTBM BM7Q K iBQM 7°QK i?2 Mm+H2 " bTBM iQ i?2 2H2+i C
# b2/ QM i?2 2t+? M:2 BMi2 ' +iBQM #2ir22M M2B;?#Qm 'BM; /Q
T2'7Q°K2/X 1t+? M;2 Bb +QMi"QHH2/ mbBM:; "2/ ; i2b ii?2 bm"1
iBQM Q7 #Qmi ky MK Bb "2[mB 2/iQ "2 +? bm{+B2Mi 2H2+i QM |
E M26b "+?Bi2+im 2 K F2b mb2 Q7 i?2 HQM; Mm+H2 ~bTBM +Q
+QK#BM2/ rBi? BMi2° +iBQMb Q7 2ti2M/2/ " M;2 #2ir22M /QMQ"

SHM aB@JPai2+?MQHQ;vb22Kbi?2KQbiM im > Hr viQ BKTtE
i?72E M2 M/ GQbb@.BoBM+2MxQ “+?Bi2+im 2BMiQ irQ@/BK?2
bi’QM; i2+?MQHQ;B+ H 2[mB 2K2Mib "2BKTQb2/- b#Qi? "2 #
#2ir22M BM/BpB/m H Z. Q /QMQ bTBMb rBi? +?  +i2 BbiB+
<100 MK MW/ 20 MK "2bT2+iBp2HvX *? HH2M;2b "'Bb2 BM BMi2; |
Q7 K2i H ; i2b ivTB+ HHv 2[mB 2/ iQ +?B2p2 +QMi QH M/ +C
T QpB/BM; bm{+B2Mi KQmMi Q7 HQ+ H2H2+i QM 2b2 pQB'b
Q7bm+? /[/2Mb2H ";2@b+ H2/2pB+2X AM M MQrB 2 # b2/ /2pB
M/ Z. 7Q 'K iBQM Bb ivTB+ HHv +?B2p2/ mbBM; bK HH2® KQm
iQi?2M im> H+QM}IM2K2Mi ii?2 2/;2b Q7 i?2 M MQrB 2-r?B+?
7Q° "2 HBbBM; H ;2@b+ H2 "+?Bi2+im 2X ai2Tb iQr /b BKT
bBHB+QM@# b2/ "+?Bi2+im 2bBM+HmM/BM; /2bB;Mbi? ibT2+B}
BKTH2K2Mi iBQMb- M/ K2+? MBbKbi? i BKiQ "2H ti2+?MQHQ
HH /Bb+mbb2/ BMi?2 7TQHHQrBM; T ~ ;" T?bX



Rj3 *?2 Ti2  ea+ H #H2 "+7?Bi2+im 2b

-JOFBS BSGBMZ °~ ~~ vb + M b2'p2 b i2bi@#2/ 7Q° 2 Q @ +(
+2Tib b i?2v HHQr BKTH2K2Mi iBQM Q7 "2T2iBiBQM +Q/2- 1
Bb 2M+Q/2/ mbBM; KmHIiBTH2 +QTB2b Q7 T?vbB+ H [m#BiX A
TH2tBiv Q7 QT2 iBM; HQ;B+ H [m#Bi +QmH/ #2 bim/B2/ QM
b22Kb 2tT2 BK2Mi HHv +?B2p #H2 BM i?2 M2 ~ 7mim 2 b } b
#22M 7 # B+ i2/ Ub22 6B;X eXeU VV M/ imMBM; M/ QT2 iBQN
2tTHQ 2/ M/ miQK i2/ (jd- j3- k8k k8e)X hmMBM; Q7 bm+? /:
Q7 K Mv ; i2b + M #2 iBK2 +QMbmKBM; M/ + Qbb@+ T +Bi M+
; i2b K F2 Bi +QKTH2t T'Q#H2K- r?B+? Bb i +FH2/ mbBM; pB’i
Ki2/ mbBM; BK ;2 }Hi2'BM;- 72 im 2 2+Q;MBiBQM M/ K +?BM?2
6B;m 2eXjuU Vb?Qrb MBKTH2K?2
iBQM Q7 HQ;B+ H[m#Bi K /2 7°Q
Z.b BMi2M/2/7Q° TH M ~ "+?Bi2
im 2- ?2Qr2p2° aPA M MQrB 2 # b:
[2pB+2b- b b?QrM BM 6B;X eXjU
HbQ T QpB/2 M 2t+2HH2Mi # bB

HBM2 ° " vb r?2M 2ti2M/2/ iQ
KQ™'2 ; i2bX AM M MQrB'2 Z.b
bi'QM; ; i2@+QmTHBM; Bb Q#b

Ub22 *? Ti2 9V r?B+? 7 +BHBI
7 bi "2 /Qmi mbBM; ; i2@# b2/ b2

bQ bX AM Z. v +QMbBbiBM;
'JH GBM2 " vbXSWVQb2/ /2bB:WmPi }p2 Z.b- i?2°22 [m#Bi 2T 2¢
HQ;B+ H [m#Bi 2M+Q/2/ BM HBM2:riR 7 ) . ; s
T?vbB+ H [m#Bib BM TH M ° 428 i'r)’m@@xﬂ%/z?/@@' bBM:H21@i1 BT

bB;M //BiBQM HHV T ‘iB+mH "HvbmBiblM WQB B /2B Kz bm 2K2Mib +

b?QrM BAMVM/U+V?2 2 +QM}M2K2Mi AN .

Q#i BM2/ rBi? 72r2" ; i2bX _2T‘Q/m{22'v/u7¢l%Q9<MRfj- 12/X R9 Z_'b T QpB/2 |

kky)X KBMBK H/2bB;M7Q i?2N@[m#B|
+Q/2 (k8d)X .2i BHb QM i?2 BKT

K2Mi iBQM + M #2 7QmM/ BM _27X (Rjj)X

AQMJIJU HBRM im'2 Q7 i?2 +Q M2 /Qibi? i+ M #2 7Q K2/ BM M
bi'm+im 2b Ub22 a2+iBQM jXRXRV T QpB/2b bBKTH2r viQ 7Q
>Qr2p2 - r?2M mbBM; bBM;H2 ; i2 iQ 7Q K #Qi? Z.b r?B+? r°
M MQrB 2- +?B2pBM; +QMi"QH Qp2  #Qi? Z.b Bb+? HH2M;BM;X
bb?QrMBM6B; X eXjU+V M/ 6B;XeX9U V-2 +?2Z.+ M#2 +QMi’
; 12 pQHiI ;2 b/2KQMbi® i2/ BM6B; eX9U#V i? ib?Qrb "2~2+iQK
b 7TmM+iBQMMQM X AM i?Bb K2 bm 2K2Mi 72 im 2b ivTB+ H 7Q
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(a) (b) Adnorm
0.0 0.5 1.0
—
Control pulses RF readout 0%
E E S 0‘40 i
Py > S
>
0.35
silicon
V, =V
Gl G2 0.30

040 045 050
Vi1 (V)

'JHVSF aTHBi@; i2 "+?Bi2+imf"2bb@b2+iBQM H pB2r Q7 aPA
M MQrB 2 rBi? r~ T "QmM/; i2i? iBbbTHBi BMi?2 KB//H2 7Q" BM/
+QMi"QH Q7 2 +? +Q " M2° Z.X q?2M QT2 i2/ BMi?2 bBM;H2i@i BTH?2
i"QH M/ "2 /Qmi TmHb2b +QmH/ #2 /2HBp2 2/ mbBM; /Bz2 2Mi ; i2b
U#V2~2+iQK2i'v K2 bm 2K2Mi Q7 bTHBi@; i2 /2pB+2 b 7mM+iBQI
;2b TTHB2/ iQ i?2 bTHBi@; i2b b?QrBM; i MbBIiBQMb Q7 Z.b mM/2
BM+HmM/BM; BMi2 " @/Qi +QmTHBM; X

Z. "2 Q#b2'p2/ U+X7X 6B;X kX9V M/ 2 +? +Q M2  Z. +QmTH2¢t
mM/2° r?B+? Bi Bb #2BM; 7Q K2/X bBM;H2i@i BTH2i bTHBI
iBQM HHv HHQrb b2T " iBQM Q7 bB;M Hb7Q  +QMi"QH 7" QK bB
6B:X eX9U VX *QMi'QH M/ 2 /QmibB;M Hb+ M? p2/Bz2 2Mi #
Z.; i2i?2 iBbBMi2M/2/7Q  ; i2@# b2/ 2 /QmiBb +QMM2+i2/icC
ivTB+ HHv QT2 i2b i bm#@R@:>x 7°'2[m2M+B2b rBi? "2bQM |
7 QK R8J>x iQ HR2RWbXx?Z2M2M/BM; QM i?2 "2bQM iQ [m HBiv 7 +
# M/rB/i? Q7 +QMi QH TmHb2b /2HBp2 2/ pB bm+? "2 /Qmi ; i2
QM iQ # M/rB/i?X 6 bi2 TmHb2b "2 z2+i2/#vi?2 Bb2iBK2 M/
"BM;BM; X PM2r viQBM+ 2 b2i?2 p BH #H2 +QMi QH bB;M H #
QM iQ bi? iQT2  i2 i?B;?22 7°2[m2M+vr?2°'2 H ;2 °# M/rB/i?
Hi2°M iBp2Hv- BM i?2 bTHBi@; i2 "+?Bi2+im 2 b2T " i2 +QMi
iQ/2HBp2 +QMi QH bB;M Hb i Mv /2bB 2/ 7 2[m2M+vX

'‘MPBUJOHHPRUF MQrB 2 M/ 2bT2+B HHV i?2 bTHBi@; i2 “+?Bi.
BKTH2K2Mi iBQM Q7 irQ@/BK2MbBQM H “+?Bi2+im 2 +QKT iB
# b2/ QM ~Q iBM: ; i2 K2/B i2/ 2H2+i Qbi iB+ BMi2"  +iBQMX a]
~Q iBM; ; i2b ? b #22M T°QTQb2/ 7Q  bTBM [m#Bib # b2/ QM b
bTBMb UbBM;H2i@i'BTH2iV (k8N)X AM i?2 + b2 Q7 bBM:H2 b"
THBM: UaP*V Bb "2[mB 2/ bm+?i? ii?2 +QmTHBM; iQ 2H2+i B+
bBM;H2i@i ' BTH2i [M#Bi +QmTH2b iQ 2H2+i B+ }2H/b /B 2+iHVX
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'JHVSF6HQ iBM; ; i2xhr@Q®&/BK2MbBQM H "+?Bi2+im 2 Q7 bBM;H2 2H
i'QM bTBMb +QM}M2/ BM M MQrB'2b U#H +FVX AMi2  +iBQMb #2ir:
K2/B i2/ mbBM; ~Q iBM; ; i2b Ur?Bi2-/Q;@#QM2V i? i+ M#2 +iBp i2
iBp2HVX 2T ' Q/m+2/ 0#WQbbBN)K2 BKTH2K2Mi iBQM Q7 ~Q iBM;
;i2 "+?Bi2+imm2BM aPA M MQrB 2 /2bB;Mr?2°'2Z.b7Q " KBM #Qi? +
Q7i?2M MQrB'2 M/ bTBM@bTBM BMi2® +iBQMb 22 HBb2/ mbBM; /
rBi?BM M MQrB 2 M/ ~Q iBM; ; i2b7'QK QM2 M MQrB 2 iQ MQi?2" >

[mMm#Bib #mi 2H2+i B+ K MBTmH iBQM Q7 2H2+i QM bTBMb-r?B+7~
aP*-? b#22M /2KQMbi i2/ BMaPA M MQrB 2 Z.br?2 2 aP*Bb 2
"2/m+2/ bvKK2i'v (key)X ~Q iBM;; i2irQ@/BK2MbBQM H "+7?B
2H2+i QM bTBMb T QTQb2/BM (k8N)Bb b?QrMBM 6B;X eX8U VX
i'QM+ M#2 # Qm;?21i +tHQb2iQQ mM/2 bT2+B}+/Q;@#QM2b? T
2H2+i Qbi iB+ BMi2  +iBQMb #2ir22M irQ 2H2+i QM bTBMbX h?2
; i2/aPAM MQrB 2b HHQr7Q K iBQMQ7bm+? M "+?Bi2+im 2-
7TO0m Z.b2 +?2i? 1 2Q++mTB2/#v bBM;H22H2+i QM b b?QrME
M MQrB 2- BMi2 +iBQM #2ir22M Z.b +QmH/ #2 # b2/ QM /B 2+i
BM +QMi® biiQ M HH ~Q iBM; ; i2 "+?Bi2+im°2 b b?QrM BM 61
+QmH/ #2 ++mKmH i2/ mbBM; //BiBQM HIiQT M/ # +F@; i2b N
K2/B i2i?2BMi2° +iBQM 7' QK +2HHBM QM2 M MQrB'2iQ +2HF
;722M #QtVX b bBM;H2 2H2+i'QM ? b7Qm  /Bz2 2Mi Z. HQ+ iB
i2° +iBQMbiQ Mv M2B;?#Qm BM; +2HH + M #2 b2H2+iBp2Hv 2M
Q71?72 2H2+i QM #2ir22M i?2b2 TQbBIiBQMb KB;?i 2[mB 2 //BiB
iQ T'QpB/2 ~Q iBM; ; i2b rBi? ; i2 pQHi ;2b QM@/2K M/ UMQi b?(
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BMbi2 / Q7 mbBM; bBM;Hv Q++mTB2/ +2HHb- /Qm#Hv Q++mTB2
+QmMTHBM; i? i/Q2b MQi "2[mB 2 MvaP* M/ ; i2@# b2/ 2 /Qmi;
#HQ+F /2 + M #2 T2 7Q K2/X AM + b2 Q7 /1Qm#HvV@Q++mTB2/ +.
M MQrB 2 +QmH/ biBHH #2 +?B2p2/ mbBM; /B 2+i 2t+? M;2 Q +

$SPTTCBIB2/ QM i?2 bbmKTIiBQM i? ii?2°2Bb bm{+B2Mi ?QKQ;
BM/BpB/m H[m#Bib- ?B;?/2;°22 Q7 b? "2/ +QMi"QH HBM2b + |
imM "2/ m+2bi?2 +QKTH2tBivQ7 7 # B+ iBQMU[m /" iB+ 2/m+i
8k)X AM+QMi> biiQH i2bi;2M2" iBQM +QKTH2tKmHIiB@Z./2pB
; 12bT2Z. UTHMM;2° M/ # ~"B2°bV bb?QrMBM 6B;X eXeU V-

"2 HBb2b BM/BpB/m H //"2bbBM; mbBM; b? "2/ HBM2b BM +°Q
+ HHv bT2+B}+ TQBMi BM ;"B/ Bb b2H2+i2/ mbBM; +QK#BM

M BKTH2K2Mi iBQM Q7 + Qbb# ~ "+?Bi2+im 2 7Q Z.b BM bB}
b2+QM/ Z.Bb Q++mTB2/ #v M 2H2+i'QM bTBM- Bb b?QrM BM 6B
im2 mb2b i?°22@H v2 ; i2/2bB;M7Q b? "2/ THmMmM;2 UZGV-
U GV # B2 ; i2bX AM bm+? /2bB;M- Bi Bb bbmK2/i? i bBN
b? "2/;i2+ MimM2 HH Z.b BMiQ i?2 /2bB 2/ bBM;H2 2H2+i QM
imM #BHBiv Q7 i?2 i mMM2H # "B2 b+ M#2 T ' QpB/2/X h?2 } bi:
bmT2 +QM/m+iBM; K i2°’ B H M/ + ""B2b +m "2MiiQ T'QpB/2

i"QH mMbBM; ;HQ# Hla_X hrQ@[m#Bi; i2b M/ 2 /Qmi "2T2 7Q°
b2H2+i2/ 2H2+i'QMb BMiQ i?2b K2 +QHMKM M/ Qr "2bT2+iBp2|
/IBbT2 bBp2HvVv U; i2@# b2/VmbBM; S mHB bTBM #HQ+F /2 UMQ
BH >+ Qbb# ~ "+?Bi2+im 2 ? b #22M /2bB;M2/ 7Q°  /IQMQ" Mm+F
bBKBH " iQ E M26b "+?Bi2+im 2-r?B+? Bb# b2/ QM irQH v2 -
rBi? [m#Bi M/ alh H v2 BMi?2 +2Mi 2 b b?QrM BM 6B;X eXe
#QIiiQK ; i2b Hi2™M i2 #2ir22M bQm +2f/° BM UQ7 i?2 alhbvV M
7Q  i?22 /QMQ" [m#BibX *QMi QH Bb +?B2p2/ mbBM; ;HQ# H la
[m#Bib "2 b2H2+i2/ mbBM; +QK#BM iBQM Q7 mTT2" M/ HQr2"
M/irQ@[m#Bi QT2 iBQMb br2HH b 2 /Qmi#v 2H2+i"QM HQ /E
M2 “#valhX h?Bb /2bB;M HbQ bbmK2b ?B;? 2QKQ;2M2Biv #2ir:
S /QMQ M im® HHv T°QpB/2b B/2MiB+ H [m#Bib- i?2 HQ+ H 2
i BMiB2b BM /QMQ " TH +2K2Mi +QmH/ #2 bQm +2b Q7 BM?QKQ
+QmH/ T°QpB/2 bm{+B2Mi "2bQHmMIiBQM M/ +2°i BMiv7Q 7 # B
i?72 +Qbi Q7 #2BM; bQ 7 bHQr M/ K Mm HT Q+2bbX
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(a) 400 nm
P2 P3 P4 P5 P6 P7 PS8
P BN\ B\ B e/ 57/ 5o/ pe e
Bl~_ _-B10 (b)
Current
amplifier
s 2 A, s
(c)
(d)
'JHVSF* Qbb# "X UBW2 Z. HBM2 ° "~ v BHHmbi® iBM; 7 # B+ iBQM M,

+QMi " QH +QKTH2tBivr?2M 2 +? ; i2 pQHi ;2rQmH/ #2 /2HBp2 2/ BM
QM2@HBM2 UAYQ#+BX/ + Qbb# ° "+?Bi2+im 2r?2°2 bBM;H2; i2
PQHI ;2 Bb b? "2/ #2ir22M KmMHBTR2 [BXRBMXBQM H BHHmbi~ @
iBQM Q7 i?2 "+?Bi2+Umv2@BoWA #VX?Bi2+im 2 # b2/ QM /QMQ ' bX
_2T°Q/m+2/ 7°QK (jd- 8R- 8k)X
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(@) (b)

'JHVSF>Vv# B/ “+?Bi2+im 2b% B/NZ. bTBM M/ Mm+H2 " bTBM bm @
7 +2 +Q/2 “+?Bi2+im 2i? i "2H t2b /2MbBiv M/ /QMQ BKTH Mi iBQWN
mbBM; Z. # b2/ /i [m#Bib M/ b?miiHBM; Q7 i?2 Z. 2H2+i'QM bTBM Q
IQMQUXBHBT@~QT [M#Bi 7Q K2/ mbBM; Z. 2H2+i"QM M/ /QMQ" M
bTBMX 2T Q/m+2/ 7 QK (89- keR)X

YZCSJE?2M /IQMQ" bTBMb M/ 2H2+i"QM bTBMb "2 +QK#BM2/
"+?Bi2+im"2-+2°i BM+? HH2M;2b/m2iQ BM?QKQ;2M2BiB2b N
iQ/QMQ @QMHV "+?Bi2+im '2b + M #2 Qp2 +QK2X

AM M "+?Bi2+im 2 mbBM; 2H2+i QM bTBMb BM Z.b b/ i [m#]
bTBMb b K2 bm 2K2Mi [m#Bib (89)- b b?QrM BM 6B;X eXdU V-
TH +2K2Mi T°2+BbBQM "2 "2H t2/ M/ BMi2 @/QMQ" /Bbi M+2 r
HBb2/X a? "2/ **, ; i2b HHQr b?miiHBM; Q7 /i 2H2+i QM bT
K2 bm 2K2Mi bTBMb iQ BKTH2K2Mi T - HH2HBb2/ T "Biv K2 bm
*LPhb QM i?2/QMQ f/Qi bvbi2Kb # b2/ QM 1a_fLJ i°  MbBiBQMb:
Qp2 BM/BpB/m H/ i M/ K2 bm 2K2Mi[m#Bib Bb; BM2/ pB HQ+
M/ K MBTmH iBQM Bb T2 7Q K2/ mbBM; ;HQ# H 1a_X "BbKmi?
bBQM2/ BM i?Bb "+?Bi2+im 2/m2iQ bi QM; ?2vT2 }M2 BMi2  +i
alhb 7Q K2/ mbBM; 2H2+i ' Q/2b +HQb2 iQ i?2 HQ+ H# +F@; i2b
"v2M+Q/BM; bBM;H2 [m#Bi BM M 2z2+iBp2 irQ [m#Bi bvbi2K
2H2+i°QM bTBM M/ b? "BM; i?2 2H2+i"QM #2ir22M i?2 /IQMQ" |
#Qp2 bb?QrMBM 6B; X eXdU#V-i?2 "2[mB 2K2Mib QM TH +2K2
#2ir22M /IQMQ b + M #2 "2H t2/ (keR- kek)X h?Bb bQ + HH2/ ~BT
BM iR Mi#i bi i2br?2Mi?2 2H2+i " QM Bb # Qm;?i +HQb2iQi?2/
BQMBx iBQM TQBMiVX AMi?2B/H2bi i2-i?2[m MIimKBM7Q K i
bTBM M/ + M#2i° Mb72 "2/ QMiQ i?2 ~BT@~QT bi i2b mbBM; la
i?72~BT@~QT bi i2bUbBM;H2 [m#Bi; i2bV "2BM/m+2/ mbBM; "2
}12H/b Ub2+QM/@Q /2  T°'Q+2bbVX h?2 2H2+i'B+ /BTQH2 Q7 i?2
M2 “#v [(m#Bibi? i "2 MQi B/H2 M/ 2 HBb2b HQM;@  M;2UmT i
i 2bVBMi2 +iBQMb #2ir22M ~BT@~QT [m#BibX h?Bb 2H2+i B+ |
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#2 7Tm i?2° K2/B i2/ mbBM; ~Q iBM; ; i2b Q" "2bQM iQ'b b BHHmM|
bi'm+im 2b BM 6B; X eXdU#VX

+QM+2Tim HHv bBKBH "#miBMi?2BKTH2K2Mi iBQM p2'v/Bz
QM /IBTQH2@/BTQH2 BMi2™ +iBQMb #2ir22M irQ /Bz2 2Mi bT2+1
bi m+i2/-r?2°2i?2 /i M/ K2 bm 2K2Mi /QMQ'b "2 " M;2/ BM
QM b2T " i2 +?BTb r?B+? "2 #Qm;?i p2'v +HQb2 iQ 2 +? Qi?2°
+B"+mH “ KQp2K2Mi "2 HBb2b T "BivK2 bm '2K2Mib # b2/ QM i?2
iBQM (kej)X

-POH SBOHFBQQASWBMDBFBEQM iQ b?Q'i M/ BMi2 'K2/B i2 > M;2 +(
/IBb+mbb2/ #Qp2-i?2°2 "2irQ TT Q +?2b i? i+ M T QpB/2 HQ
#2ir22M bTBM [m#Bib i? i "2 +QKT iB#H2 rBi? #Qi? M MQrB 2
h?2b2 TT'Q +?2b BMpQHpP2 2Bi?2  b?miiHBM; Q7 2H2+i'QMb Qp
T?QiQM +QmTHBM; M/ "2 ivTiB+ HHv bm;;2bi2/ b HOQM;@ M;2
[2Mb2 [m#Bi KQ/mH2b ~ i?2 i? MT QpB/BM; +QmTHBM; #2ir22M
aTBM@T?QiQM +QmTHBM; 7C
(a) i?72 TT Q +? Q7 +B +mBi@[m Mi
2H2+i Q/vM KB+b U*Z1.V- r?B+
? b #22M bm++2bb7mHHV BKTH2]
BM i?2 }2H/ Q7 bmT2 +QM/m+i
[m MimK /2pB+2bX h?2 # bBb 7
bm+? bTBM@T?QiQM +QmTHBM
bi*QM; BMi2® +iBQM #2ir22M i?2 t
M/ T?QiQM BM KB+ Qr p2 + pBi
b b?QrM BM 6B;X eX3U VX +?E
BM; bm{+B2Mi +QmTHBM; 2[mB " Z
-, + 27mH imMBM; M/ +B +mBi /2
T N, #mi bTBM@T?QiQM BMi2'7 +2
#22M /2KQMbi® i2/ (ke8)X [IBC
'JH GOM:@ M;2 +QmTHBMTHBMW, dBR@M HHv- bi ' QM; T?QiQM +QmTHl
bz?'n?iipHBBM;KELQerbﬁé #Z‘E%ngx&i@gﬂ?sﬁ?b %185 pyEeee- ked) Q772
/2K M/X 2T Q/m+2/ 7 QK (k89- ked QK HQM; rBi? +? ;2 bi i2 2 /@
Qmi (ke9- ke3) Q7 Z. ? b #22M

I2KQMbi™ i2/X

1H2+i"QM b?miiHBM; HHQrbiQ # BM;/Bbi Mi2H2+i'QM bTBMb
a?miiHBM; + M #2 T2 ' 7Q K2/ #v b2°'B2b Q7 ; i2b M/ TT QT B i
b?QrMBM 6B; X eX3U#V Q mbBM; bm'7 +2 +QmbiB+r p2 Ua qV>
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agb? b #22M /2KQMbi  i2/ BM : b (keN)X M BKTH2K2Mi iBQN
[M#Bib rQmH/ "2[mB 2 TB2xQ@2H2+i'B+ K i2°B H/2TQbBi2/ QI
Tm B}2/ bBHB+QM T QpB/2b M 2t+2HH2Mi # b2@K i2'B H 7Q°
2H2+i'QM bTBM /2+Q?2 2M+2 pB BMi2  +iBQM rBi? Mm+H2 ~bT
. i2b? b#22M/2KQMbi  i2/ (k89-kdy) M//2+Q?2 2M+2/m BM; i
Bb bim/B2/ (kdR- kdk)X

Pp2' HH- bTBM@T?QiQM BMi2'7 +2 M/ b?miiHBM; HHQrb 7C
+QmH/ BKT +ii?2 bT22/ M/ }/2HBiv Q7 M "+?Bi2+im 2 (kdj) |
bim/vX

4VSGBDFDPEFBSDIJUFDUVSFCBTFE PO NVMU.

JMHIB@2H2+i"QM Z.b- Q7 bBx2 H ;2 i? MivIB+ H 72r 2H2+i
i2/ b K2/BiQ'b7Q i?22t+? M:2 BMi2> +iBQM #2ir22M irQ bTB
2t+?2 M;2 2?2 b #22M T°QTQDb2/ #2ir22M /QMQ" 2H2+i"QM bTBMb (|
[mM#Bib BM .Z.b (kd8) M/ K2/B i2/ 2t+? M;2 ?2 b #22M 2tTHQ 2/
/2pB+2b (kde kdN)X AM i?Bb b2+iBQM M 2H2+i'QM bTBM # b2/
#mMBH/BM: QM K2/B i2/ 2t+? M;2 BMi2  +iBQM Bb T 2b2Mi2/X h?
i?2 "2[mMB 2K2Mib QM i?2 BMi2 @Z. bT +BM: UmT iQ jyy MKV r?B
iBQM M/7 M@QmMiQ7: i2bi'm+im 2b M/ T QpB/2b bT +27Q  H
MQi +QMbB/2 2/ BM K Mv Q7 i?2 T '2pBQmbHv T 2b2Mi2/  +?Bi:
“+2Bi2+im 2 +QmH/ ++QKKQ/ i2 M MQ@K :M2ib 7Q" 7 bi 2H2+i

.VMUJ FMFDUSPO 2% BT NFEJBUPS

hrQ bBM:Hv Q++mTB2/Z.b BM bBHB+QM rBi? /B K2i2 Q7 8y MK
Z.b H ;2+? ";BM; 2M2 ;v Q7 Ry h>x M/ Q #Bi H M/ p HH2v 2t+
Q' /2 Q7yXR Rh>x "22tT2+i2/ (3y-NR-k3y) bb?QrMBM 6B;X
"2 BM/B+ i2/ #v /| b?2/ HBM2bVX AM #2ir22M i?2 irQ bK HH Z.|
Z. rBi? bBx2 mT iQjyMK M/ 2p2M 2H2+i ' QM Q++mT iBQM Bb
H2p2H bT +BM; QM i22=Q0/2>xQFb 2tT2+i2/ b BHHmMbi  i2/ #v i
H2p2Hb R M/ kBM 6B;X eXNU VX am+? H2p2H bT +BM; Bb biBH
iQ ivIB+ HHvV Q#b2 ' p2/ 2H2+i"QM i2KT2  im 2b Q7 Ryy KEX .m2
MmK#2 - BHHmbi® i2/ #v 7mHHv Q++mTB2/ } bi H2p2H-i?2 K2/
AM i?Bb +QM};m’ iBQM- i?2 KmHIB@2H2+i'QM Z. HHQrb 7Q" K2
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() (b)
data mediator (O ancille
® dots -5 dots dots

........................ . Mmeasure electron
- device reservoir

/7
L M R
L—— -1 ' ——R
A~ G
data mediator ancilla

'JHVSFJ2/B iQ° "+?Bi2+im@Xp@Hv/B ;> KQ7irQ bBM;H2Z.b-H27i
M/ "B;?i-rBi? M 2ti2M/2/ K2/B iQ  Z.BMi?2 +2Mi ' 2X J2/B i2/2t+? M
Bb T2'7Q K2/ pB pB'im HQ++mT iBQM Q7 H2p2H k Q7 i?2 K2/B iQ" /i
7°QK (ktU¥)sKm 7 +2 +Q/2 "+?Bi2+im 2 # b2/ QM K2/B i2/2t+? M;2 mbB
K2/B iQ /QibX . i [m#Bib "2 7Q°K2/ mbBM; bBM;H2 M/ M+BHH [m#
/IQm#H2 Z.bX h?2 K2/B iQ  /Qib T ' QpB/2bT +27Q" //BiBQM HHQ+ H
AK ;2 +Qm’i2bv Q7 S°Q7 aBKQM *X "2MD KBMX

i?72H27i M/ "B;?i bTBM rBi? M TT QtBK i2 BMi2" +iBQM bi 2M;

3= 2 L Ackek, L, UeXRV
J G

(22, "2i?2 IMMM2HHBM; " x20 HEDKRM2p2EdBb i?2 2M2 ;v
/IBz2 2M+2 #2ir22M H2p2H k M/ _-R M/ G 2bT2+iBp2Hv- b b?Q|
imMM2HHBM: > i2bi? i “2}t2/ M/ QMi?2Q /2 Q7 R :>x-i?2 2t+
bi*2M;i? + M #2 imM2/ #v # BM;BM; H2p2Hb G Md =+HQb2 iQ t
10 :>xV "2bmHiBM; BM K2/B i2/ 2t+? M;2 QM i?2 Q /2 Q7 R J>xX
Bb 2/m+2/#vKmHIBTH2Q /2 b Q7K :MBim/2r?2M H2p2Hb 2 bi’
Q/2° Q7 K ;MBimg/23@>xVX

4VSGBDFDPEFBSDIJUFDUVSF

IbBM: bm+? KmHIiB@2H2+i'QM Z. K2/B iQ'b bm' 7 +2 +Q/2 “+?E
K2Mi2/ b b?QrM BM 6B:X eXNU#VX AM i?Bb “+?Bi2+im 2-i?2 B
[M#Bib M/ K2 bm 2K2Mi U M+BHH V [m#Bib Bb K2/B i2/i?2°Qm:?7



eXk 1°Q +Q '2+iBQM "+?Bi2+im 2b R9d

i [m#Bib "2 7Q K2/ mbBM; bBM;H2 Z. r?BH2 M+BHH [m#Bitl
Z.7Q°S mMHBbTBM #HQ+F /2 "2 /Qmii? iBb/2i2+i2/ mbBM; ; |
b2MbQ X h?2 +?QB+2 Q7 .Z. M+BHH [m#Bib rBi? 7Qm" K2/B iQ
HH2HBb iBQM r?2°2 QM2 M+BHH BMi2  +ibrBi? irQ /i [m#Bi
T2 7Q K bi #BHBx2 K2 bm 2K2Mib-i?2 M+BHH [m#Bib 2T 2
r?B+? + M #2 /IQM2 #v # BM;BM; i?2 .Z. BM i?2 Uy-kV +? ;2 +QN
K2 bm 2K2Mib "2 T2 7Q K2/ mbBM; K2/B i2/ 2t+? M;2 M/ 2 Q"
/1 [m#Bib 2bmHi BM i Mb7Q K iBQM Q7 i?2 .Z. M+BHH BMiQ
#QiX MEZ bi #BHBXx2 b rBi?Qmi Mv +? M;2 Q7 # bBbUMQ > / K °/
T '2/iQ 6B;X eXRU+VV (Rjj)X 6BM HHv- ;HQ# H l1la_/Q2b MQi
2M+Q/2/ BMi?2 bBM;H2i@i BTH2i bT +2 M/ _6; i2@# b2/ "2 /Q
+QKT +i ?B;?@}/2HBiv "2 /Qmi rBi?BM KB+ Qb2+QM/b Ub22 *? -

h?2 BM+ 2 b2/ bT +BM; #2ir22M /i M/ K2 bm 2K2Mi [m#Bib-
K2/B iQ'- HHQrb 7Q° HQ+ H "2b2 pQB'b- r?2°2 QM2 "2b2 pQB
h?2b2 2b2 pQB b7 +BHBi i2BMBiB HimMBM; Q7 H ";2@b+ Hz
/IQ MQiM22/iQ #2 b?miiH2/ 7Q° HQM; /Bbi M+2iQ BMBiB HBb2
rBi? bBM;H2 2H2+i"QMX JQ 2Qp2 -i?2 2b2 ' pQB'bK F2i?2 "+°
H2 F ;22 Q bX G2 F ;2Q++m br?2M M 2H2+i QM 2M/b mT BM
KQbi HBF2HViQ ? TT2M /m 'BM; 2t+? M;2-r?2°2 [m#Bi/Qi 2H2+
KB;?i 2M/ mT Q++mTvBM; i?2 K2/B iQ "2bmHIiBM; BM M 2z2+iBj
Q7 Uy-j-RVQ UR-j-yV Q71?2 /i -K2/BiQ" M/ M+BHH bvbi2KX
i?22[m#Bi/Qib M/ H2 F ;2bmM 2H i2/iQ K2/B i2/2t+? M;2 "2 bi
#v i?2 H ;2 *QmHQK# "2TmHbBQM BM i?2 /QibX qg?2M # Qm;?
BMi2  +iBM; bi i2- Mv 2t+2bb 2H2+i QM QM i?2 K2/B iQ  "2H t:
/IQi QM +? “:2 2H t iBQM,iBXRbH*>iHPBG7HHV Q++m b rBi?BM Ry |
imMM2H +QmTHBM; Q7 R :>x (k3R) M/ i?mb i?2 H2 F ;2 2" °Q"
i?72°2Bb +? M+2i? ii?Bb "2H t iBQM T Q+2bb H2 p2bi?2 K2/B
bi i2r?B+? + M#2 +Q "2+i2/ HQ+ HHv mbBM; i?2 "2b2 pQB bX h
QM i?2 imMM2H ~ i2 #2ir22M i?2 K2/B iQ" M/ 2b2 pQB r?B+? +
K2i H; i2X H ;2imMM2H " i2/m BM; i?2 B/H2 KQ/2 Q7 i?2 K
"2b2i Q7 Mv +? ;22 "Q b-r?BH2 imMM2HHBM,; +QmH/ #2 bmT
2t+? M;2iQ pQB/ mMr Mi2/ +QmTHBM; Q7 i?2 [m#Bib iQ i?2 "2b:

h?22°"Q i? 2b?QH/ Q7 bm’ 7 +2 +Q/2 "+?Bi2+im'2+ M#2bB
i Mb7Q ' KBM; HH 2tT2'BK2Mi HMQBb2 BMiQ S mHB 2 'Q b (k3
[M#Bi 2t+2 M:2 +pW#s Q7*S> al; i2+?2 +i2 /2T2M/BM; QM H(
w22K M /Bz2'2M+2 b /IBb+mbb2/ BM a2+iBQM kXkXkX *w M22
iQ T2 7Q K bi #BHBx2 +?2+Fb mbBM; i?2 .Z. M+BHH - r?B+? +
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bBM:;H2 [m#Bi M/irQier@aWs@# b2\W- Q° Q7 irQ bBM;H2 [m#Bi
M/ bBMQH2QMi"QHH2/ T? b2 ; i2U*S> al@# b2/VX |IbBM; M 2t
KQiBp i2/ "2H iBQM #DirMMrBMn#HRi 2°° Q" mi2®:IR.7 i?2
bm 7 +2 +Q/2i? 2b?2QH/ QM i?2 K2/B i2/irQ [m#Bi QT2  iBQM + I
BbyX3eWU*S> alV Qaogy S¥d(\W3W)X //BiBQM HHy=0%2W }tBM;
i?°2b?2QH/ QM i?2 HPuE #2M ¥ DQ#i BM2/ r?B+? Bb yXk3W U*S>
Q> yXkjWVadJSV M/ mT iQ yXeeW r?2M bbmKBMx MQV i2 2°°Q" b
/2KQMbi® iBM;i?2 "2bBHB2M+2iQH2 F ;22 Q' b#vi>  Mb7Q K il
2°°Q°bX

%FWIDFEFTJHOT

1t KTH2 /2bB;Mb 7Q° BMBIiB H +? *~ +i2°'Bb iBQM M/ BKTH2K2N\
2H2+i'QM Z. K2/B iQ'b # b2/ QM TH M ~ aB@JPa- b b?QrM BM 6
+mbb2/ BM TT2M/Bt -? p2 #22M /2p2HQT2/X 6B;m 2 eXRyU V b
bBKBH " iQ +m "2Mi irQ@[m#Bi /2pB+2 bi m+im 2b (Ry9) rBi? K
7mM+iBQMX Ai +QMbBbib Q7 2ti2M/2/ +QM}M2K2Mi ; i2b T QpE
QM2 /BK2MbBQM rBi? "2b2°pQB'b i2 +? 2M/X *HQb2iQ 2 +? "2
iBTH2 ; i2biQ 7TQ°K Z.b r?B+? + M b2'p2 b/i Q K2 bm 2K2Mi
#2ir22M i?2b2 [m#Bi bi' m+im ' 2b i?2 2 "2 ; i2bi? i HHQr 7Q K i
Q7 p 'B #H2 bBx2X AM bm+? /[2pB+2- K2/B i2/ 2t+? M;2 7Q° p
+QmH/ #2 bim/B2/X 2 /Qmi +QmH/ #2 T2 7Q K2/ mbBM; irQ al
+QMM2+iBM; bQK2 Q7 i?2; i2biQ 6 /BbT2 bBp2b2MbQ bX Ai B
im MbTQ i K2 bm 2K2Mib i?2°Qm;? i?2 [m#Bi K2/B iQ ™ bi'm+im 2
iQi?2 Qi?2°'X AM M2ti bi2T- 7i2° ? pBM; B/2MiB}2/ bmBi #H:
+QM+2Ti Q7 +QMM2+iBM; bBM;H2 "2b2'pQB " iQ i?72 K2/B iQ  C
/12bB;M b b?QrM BM 6B;X eXRyU#VX am+? /[/2bB;M "2[mB 2b
UK2i HHBb iBQM bi2TV rBi?BM 7 # B+ iBQM b BM/B+ i2/ #vi?2
Hv2 K2i H;i27Q imMBM; Q7 i?2 imMM2H +QmTHBM; #2ir22
"2b2'pQB "  Bb 7 # B+ i2/X AMbm+? /2bB;M-HQ /BM; Q7 2H2+i"
i?72 K2/BiQ° M/H2 F ;22 "Q "2b2i +QmH/ #2 bim/B2/X

*OUFHSBUJPO

AM i?Bb b2+iBQM- bQK2 "2[mB 2K2Mib QM BMi2;" i2/ 2H2+i QME
Q7 H ;2@b+ H2[m MimK +QKTmi2" "2BMi"Q/m+2/ M/ bQHmMIiB



eXj AMi2; iBQM RO9N

'JHVSF J2/B iQ  Z. /2pB+2bX2bBVYM Q7 p "B #H2 bBx2 K2/B iQ"
/IQi UQ™ M;2V i? i +QmTH2b iQ irQ KmHIB@Z. bi'm+im 2b U; 22MVX
"2 BM/B+ i2/ BM #Hm2 M/ "2 /Qmi + M #2 T2 ' 7Q K2/ mbBM; alhb U
; 12@# b2/ b2WHHRDEBXM Q7 }t2/ bBx2 K2/B iQ  rBi? irQ KmHIiB@Z.
bi'm+im*2b M/ bBM;H2 "2b2'pQB " +QMM2+i2/iQi?2K2/B iQ X *QHC
; i12b 7 #°B+ i2/ BMi?2 b K2 bi2T UH v2 VX

2°'BM; "2[mB 2/ +QMi QH M/ K2 bm 2K2Mi bB;M Hb mbBM; BMiz
"2 /Bb+mbb2/X AMT "iB+mH - b+ H #H2 "2 /Qmi "+?Bi2+im 2

&MFDUSPOJDTJOBGVMM TUBDLQSPDFTTPS

'VMM TUBMBIMi Q/m+2/ BM a2+iBQM jXk-

bBM:H2 [m#Bi QT2  iBQM 2[mB 2b ;2M2" iBQM Q7
bi #H2 pQHi :2b- “#Bi' "vr p27Q KbiM/ KB @

+°Qr p2bX //BiBQM HHv- "2 /Qmi Bbi# biH—QMI

7 bi /B:BiBXx iBQM Q7 bK HHbB:M HQ B:BM iBM;:
7°QK i?2 [m#Bi i? i Bb KTHB}2/
TH2 bi ;2bX 6Q° H “:2@b+ H2 "+
QM2@[M#Bi@QM2@HBM2 TT Q
M H Bb /2HBp2°2/ iQ i?2 /2pB+2
i2KT2 im 2 pB b2T " i2 HBM2
i2KT2' im 2 2H2+i'QMB+b- Bb MOT P
JQ'2Qp2°- HQr@H i2M+v bB; My H T"Q+ahhBMe Mlyoox ig+

7 bi@722/# +F Bb pBi H iQ BKJITH2K2WHHB BQFRD [m MimK T Q+2bl
+Q " 2+iBOM b+22K2bX 6m i?2 K& 8 EF9 ¥

i2 Mv[m MimK +QKTmi2 - +QKTBH2 M/
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(@) (b)

(c)
Coupling Spacing
Direct <100 nm
Mediator < 350 nm
Floating gate <10 m
Shuttling <100 m
Resonator <10mm

'JHVSF .2Mb2 Q' KQ/mH 'XmHiB@H v2' +?BT /2bB;:M 7Q" /B 2+i BM@
i2;° iBQM Q7 +H bbB+ H+QMi'QH +B +mBib rBiP#V/2Mb2 [m#Bi "+?E
JQ/mH * TT'Q +? i? i HHQrb 7Q  BMi2;" iBQM Q7 bK HH /2Mb2 [m#!
rBi? +QMi"QH +B " +mBib M/ 2H2+i"QMB+b QM i?2 b K2 +?BT #v mbBN\
+QMTH2+AM KK v Q7 2tT2+i2/ BMi2 @[m#Bi bT +BM; 7Q " /Bz2 2Mi B
[mM#Bi +QmMTHBM; bi” i2;B2bX _2T° Q/m+2/ 7" QK (8y- 8j)X

T Q+2bbBM; “+2?Bi2+im 2 Bb "2[mB 2/i? ii° MbH i2b M/ T2'7Q
imK H:Q Bi?K QMiQ i?2 [m#Bi "+?Bi2+im 2X M BHHmbi  iBQM
7°QK ?B:?@H2p2H H:Q Bi?KiQ HQr@H2p2H bB:M H/2HBp2 v |
Q7i?2b2 bvbi2Kb +QmH/ QT2  i2 i+ VvQ:;2MB+i2KT2 im 2-T "iH
i i2KT2  im 2 #2HQr kyy KE- Q i ?B:?22  i2KT2  im 2 bi :2bX
+H bbB+ H 2H2+i'QMB+b HQM:bB/2 [m#Bib U i i?2 HQr2bi H2p2
MQi QMHV #v HBKBi2/ +QQHBM; TQr2" i +vQ:;2MB+ i2KT2  im
[M#Bi bT +BM; r?B+? /2T2M/b QM i?2 [m#Bi  +?Bi2+im 2X U.2V
M/bQK2 2H2+i'QMB+b 7Q bB:M H:2M2  iBQM M/ 2 /Qmi 2 K
BM; + M/B/ i2b iQ #2 /B 2+iHv BMi2;  i2/ rBi? i?2 [m#Bib /m2 iQ
M/ KQ/2  i2 TQr2  +QMbmKTiBQM (8y- 8j- k3N)X Pi?2 bvbi2K
BKTH2K2Mi2/ i ?B:?2  i2KT2 im 2br?2°2 H ;2  +QQHBM: TQ
+QmH/ #2 BMi2;  i2/ rBi? i?2 [m#Bib r?2M i?2b2 + M #2 QT2 {2/
i i2KT2  im 2b Q7 R 9 EX



eXj AMi2; iBQM R8R

2VCJU BSDIJUFDUVSF M2/INQUBIP2PBMi2 " @[m#Bi bT +BM; i? i

+?B2p2/ BM bBHB+QM@# b2/ [m#Bi "+?Bi2+im 2b- b bmKK "Bk
T°Q +?22b 7Q BMi2;"  iBQM Q7 [m#BibrBi? +QMp2MiBQM H 2H2+i
6B biHv- +QKTH2i2Hv /2Mb2 "+?Bi2+im 2 # b2/ QM /B 2+i [m#
7TQHHQrb M TT ' Q +?2 Q7 BMi2;" iBQM BM KmHIiB@H v2' bBHB

bm+? +?BT +QMbBbiBM; Q7 irQ@/BK2MbBQM H [m#Bi " v I
b?QrM BM 6B;X eXRRW VR Z@H¥BAbRM bBM:H2 Z.b M/ M2 “2bi M2
J@+QmTHBM; Bb T'QTQb2/X AM i MbBbiQ  # b2/ +B +mBi i?

+? ;2 biQ" ;2- bB;M Hb "2 2{+B2Mil}y MBI Bpi2 2Q iQ@2pa/ v
#Bi@HBM2bX 2 /Qmi mbBM; /BbT2 bBp2 ; i2@# b2/ b2MbQ'b
KmHIiB@H v2' "+?Bi2+im 2-7m’i?2 BMi2;" iBQM rBi? 2H2+i " Q
/IB;BiBb iBQM- +QMi"QH M/ "2 /Qmi +QmH/ #2 7 # B+ i2/ BM /[,
b ?2 iBM; Q7 i?2 KmHIB@H v2' +?BT Bb pQB/2/X J i2°'B Hb M
i?72 K H+QM/m+iBpBiv U2X; X bmT2 +QM/m+iQ bV +QmH/ bmTT
/Im2 iQ?2 i T°Q/m+2/ rBi?BM i?2 +QMi " QH +B " +mBibX b2+QM/
KQ/mH */2bB;M r?B+? K F2b mb2 Q7 HQM; @ M;2 +QmTHBM; |
7Q° BMi2"+QMM2+iBQM Q7 KmHiBTH2 bK HH #mi /2Mb2 " vb |
i2+im 2VX h?2 bT +2 #2ir22M KQ/mH2b +QmH/ HHQr 7Q BMi2,
/IB;Bi H®@iQ@ M HQ;m2 +QMp2i2°b U. *V- M HQ;m2@iQ@/B;B
p2+iQ°  KQ/mH iBQM +B +mBib (8y)X

$SZPHFOJD FMEDWEBRUMBBTRH2+i " QMB+b TH vb F2v "QH2 BM b-
+QKTmiBM;X .2i BH2/ "2[mB 2K2Mib 7Q i?2 HQr@H2p2H +QMi"
#2BM; /2p2HQT2/ (kNy)X JQ 2Qp2°- BMBiB H /2bB;Mb Q7 +'vQ;
+QKTmiBM;- BM+HmM/BM; 7QQiT'BMi M/ TQr2' +QMbmKTiBQM 2
M/} bi M/QT2 iBQM Q7 +B +mBib 19 E? b#22M/2KQMbi  i2/X
Q7 R3y’'R3y’'K M/ TQr2  +QMbmKTiBQM Q7 RNy'q T2 [m#Bi Bt
¥ 5 i2 pQHIi ;2 M/ +QMi"QH@r p27Q K ;2M2° iBQM # b2/ QM e8
MQHQ;vX am+? +B +mBi +QmH/ #2 BMi2; i2/ /B 2+iHv rBi? bl
?2Qr2p2°-7Q° H ;2 MmK#2 Q7 [m#Bib TQr2 /BbbBT iBQM #2:
. *b- .*b- +B +mBib 7Q KB+ 'Qr p2 bB;:M H M/ p2+iQ> KQ/mH iE
iQ QT2 i2 i ?B;?2 i2KT2 im ' 2b (k3N)X h®™ MbBbiQ'b M/ } bi
i2bi2/ i +°vQ;2MB+ i2KT2 im 2 /2KQMbi® iBM; QT2  iBQM /QrN\
}I2H/@T Q; KK #H2 ; i2 "~ vb UG6S: Vi? i 2+ T #H2 Q7 #2BM;
/IBz2 2Mi i bFb (k9d- kNR)X *JPa +B +mBib iQ "2 HBb2 7 bi . *
KB+ Qr p2 ;2M2" iBQM UT? b2@HQ+F HQQTV bm{+B2Mi 7Q" [n
B/2MiB}2/ rBi? TQr2  +QM&IKGT(BMKMKND)X q?22M +QK#BM2/ rBi



R 8k *?2 Ti2  ea+ H #H2 "+7?Bi2+im 2b

7°2[Mm2M+v KmHIBTH2tBM: i?2 TQr2 +QMbmK/T[R OB tkMyX 2/ m -
JQ 2Qp2 -*JPa# b2/ HQr@MQBb2 KTHB}2'b? p2 #22M /2KQMb
+QMbmKTiBQM Q7 NR Kgq (KNR)X am+? M KTHB}2 2?2 b #22M +C
iBQM H +QmTH2 - 7m i?2  b2+QM/ bi :2 KTHB}2'b- M .* M/ M
+QKTH2i2 + VQ:2MB+ "2~2+iQK2i°v "2 /Qmi bvbi2K QM bBM:H2

4DBMBCMF SFBEPVUBSDIJUFDUVSF

.BbT2 bBp2 ; i2@# b2/ "2~2+iQK2i'v Bb F2v K2i?Q/ 7Q" "2 /Qn
+?Bi2+im 2bX AM*? Ti2 8- -~ M/IQK@ ++2bb +B +mBi7Q ; i2@:
bi> i2/X AMi?Bb b2+iBQM- b+ H #H2 "+?Bi2+im 2 7Q"  ; i20@#
i? 1 +QK#BM2b " M/QK@ ++2bb M/ 7 2[m2M+v KmHIBTH2tBM; i2
mbBM; i° MbBbiQ®™ KQ/2H i?2 "2 /Qmi bB;M H@iQ@MQBb2 " iB
2biBK i2/ b 7mM+iBQM Q7 +QMi QH +B +mBi 7QQiT BMiX

"SDIJUFDUVSF

h?2 "+?Bi2+im 2 b?QrM BM

Via Ve VWL'M 6B;X eXRj Bb /2bB;M2/ 7Q
Vi oF] ;] W ‘2 /Qmi Q7 irQ /IBK2M@
JzELT@_ leL;“_ R bBQM H " v /Bbi'B#mi2/ Bl
"QrbiW M/ +QHMKXMb U
-_-_T fELofEL- fEL- M/ Bb # b2/ QM +QMp2M@
Vo =[]J_ < T iBOM H rQ /@HBM2f/ i @HI
T BhTdH b KmHIBTH2tBM; (8j)X DbT2
‘M_RQI%)_ _-r ol ol oL +B}+ [m#Bi BM MQr
......... T LT L +QHmMKMZ - + M #2
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QW = Ry’'K iQ i° MbBbiQ Q7 bK HH2  /BK2MbBQMb- KmHiBTH
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iBQMbi?2aL_ b 7WMMBLBW Q@#i BM2/X h? " Qm;?2Qmii?2 bBKmi
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(dj) "X gq2#2° 2i HX 6aTBM #HQ+F /2 M/ 2t+? M:;2 BM *QmHQ
JQm#H2 [m MimK i@iBOXMQi2+ NUOWQIyy 9j8- UKyROV U+Bi
QM TX R3VX

(d9) JIX I/ KTBHH2i 2i HX 6*? ;2 .vM KB+b M/ aTBM "HQ+F
.Qm#H2 Zm MimK .Qi B3P aBB-B HQNBBPVY-syjRyk9- UKyR8V
U+BiX QM TTX R3- ke- Nd- RRjVX



"B#HBQ,; T?v kKkj

(d8) SX > "p2v@*QHH / 2i HX 6*Q?2 2Mi +QmTHBM: #2ir22M
/QMQ" BM bB HIB ¥20"\DaXK m M B3t RBWQ MiykN- UKyRdV U+BiX QM
kdV X

(de) 6X X wr M2M#m ; 2i HX 6aBHB+QM2[mB Mim@72HQH2 QM B-
S?vbB8BjV- NeR RyRN- UkyRjV U+BiX QM TTX R3- RNVX

(dd) _XJ m> M/2i HX 6 *JPa bBH B+ 2 T@HK[mM Bl X8 Q M b
Rj8d8- UkyReV U+BiX QM TX RNVX

(d3) aX :Qbr KB 2i HX 6*QMi"QHH #H2 p HH2v bTHBIiiBM; BM L
L im 2 S?vjplBRY- 9R 98- UkyydV U+BiX QM TX RNVX

(dN) JIX :X "Q b2HHB 2i HX 6J2 bm 2K2Mi Q7 p HH2v bTHBIi
aBfaB:2[m MimKT/THBEX S?vbB-N3AGRkM-"BkjRR3- UKyRRV U+
QM TX RNVX

(3y) *X >X u M:2i HX 6aTBM@p HH2v HB72iBK2b BM bBHB+
#H2 p HH2v bTHBIIB KMQ&KK mMBM IBQMIR 3- UKyRjV U+BiX Q
TTX RN- kR- R98VX

(3R) sX JB- *X :X S0i2°7 HpB- :X "m F /- M/ CX _X S2ii X 6
0o HH2v aT2+i"Qb+QTv Q7 aBS2Zmb B#mK . Dp BERRDER 2V b
Rde3yj- UkyRdV U+BiX QM TX RNVX

(3k) :X ."2bb2H? mbX 6aTBM@P #Bi *QmTHBM; 1z2+ib BM wE
S?vbB+ H RyBRY- 83y 83e- URN88V U+BiX QM TX RNVX

(3j) 1X _b?# X 6a2KB+QM/m+iQ b rBi2Q HQRTVAIX@EQHBHYE i
k- RRYyN- URNeyV U+BiX QM TX RNVX

(39) GX S2iBi2i HX 6aTBM GB72iBK2 M/ *? ";2LQBb2BM >Qi
Zm#Bi®2XbB+ H 2pBRk®2dV2 pde3yR- UKYyR3V U+BiX QM T

(38) IJX""MbiQHQM M/ 1X1B2K2HHRS 2/KX;M2iBX% >DEHQOND M + 2
F2M-LC-la , CQ?M gBH2v aQMb- AM+X- kyyN U+BiX QM T

(3e) CXCXGXJQ'iQM 2i HX 6aQHB/@bi i2 [m MimK K2KQ v r
bTBM&iX 288 dkReV- Ry38 Ry33- Ukyy3V U+BiX QM TX kyV>

(3d) *X :2°°v M/ SXAMIBQ?M+iQ v Zm MAMKKRTBB,R2h * K@
# B/;2 IMBp2 bBiv S 2bb- kyy9 U+BiX QM TX kyVX

(33) :X SB+ 2i HX 6>vT2'}M2 ai "F2z2+i Q7 bSHHBE+/®OWMQ b
_2pB2r " @ *QM/2Mb2/ J ii2° M/ J iIRWBRMIK SRVRB-+bkyR9V
U+BiX QM TX kRV X
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(3N) _XJm M/2i HX 6 *JPa bBHB+QM 2 TG KKmMBH# XBQM b
dURV- Rj8d8- UkyReV U+BiX QM TTX kR- 8dVX

(Ny) X *BTT 2i HX 61H2+i'B+ HaTBM ."BpBM; #v :@J i"Bt J
P #Bi Zm#BPwdB+ H _2pB2RII2RIj2/ b Rjddyk- UKYyR3V U+BiX
TX KRVX

(NR) JX 02H/?Q bi 2i HX 6 M //°2bb #H2 [m MimK /Qi [m#Bi rE
+QMi"QH@ W 2IFMB2vaXM Qi2+ NUBRKQ:VN3R N38- UKyROV U+Bi
TTX kR kj- d9- Ry9- RkN- R98- Rdj- RN3- RNNVX

(Nk) :X qQH7QrB+x 2i HX 6*QM/BiBQM H +QMi'QH Q7 /QMQ"
mbBM; bi 'F B?BBEOK 2pBRRIPREVbHR8deyR- UKyROV U+Bi
TX KRV X

(Nj) X G m+?i2i HX 61H2+i B+ HHv +QMi " QHHBM; bBM;H2@ !
KB+ Qr p2 }2+BXM+2 /RWMY¥2RR8yyykk- UkyR8V U+BiX QM T

(N9) 1X _a>" M/oXa>1E X61H2+i'B+@.BTQH2aTBM _2bQM
kye U+BiX QM TX KRVX

(N8) oXLX:QHQp +?-JX"Q ? MB- M/ .X GQbbX 61H2+i ' B+@/E
QM M+2 BM [m Mi:Kb@ib X 2pB2r " @ *QM/2Mb2/ J ii2" M/
i2'B Hb S2AYUReN- UkyyeV U+BiX QM TX kRVX

(Ne) EX*XLQr +F-6X>X GXEQTT2Mb-uX oXL x "Qp- M/ GX J.
6*Q?2 2Mi +QMi"QH Q7 DBM:H2 2H2+i QMBIMBMIBL22H2 +i
UQ F- LYRBY8388V- R9jy R9jj- UkyydV U+BiX QM TX kRVX

(Nd) JX SBQ Q@G /'B "2 2i HX 61H2+i"B+ HHv /"Bp2M bBM;H
BM bH MiBM; w22IK ikh }2 8r/®BRYV- dde ddN- Ukyy3V U+Bi;
TTX kR- keVX

(N3) sX gm2i HX 6hrQ@ tBb +QMi'QH Q7 bBM:;H2i@i BTH2i |
KB+ QK ;M2Li@RRRBjjV- UKYyROV U+BiX QM TTX kR- keVX

(NN) 1XE r F KB2i HX 61H2+i'B+ H+QMi'QH Q7 HQM;@HBp:
[mMm MimK /RiXoL MMUNV- eee- UKkyR9V U+BiX QM TTX kR- ke-

(Ryy) CXuQM2/ 2i HX 6 [m MimK@/QibTBM [m#BirBi? +Q?2 2
MQBb2 M/ }/2HBiv ?B;?2LiPmM2NNM R V26 RNUKYVQ ;RYk
Rye- UKYR3V U+BiX QM TTX kR- k8- keVX

(RyR) EXh F2/ 2i HX6 7 mHIi@iQH2  Mi //°2bb #H2 bTBM [m#

[mMm MimK /Q+82M+2 /kWM3r2b2ReyyeN9- UkyReV U+BiX QM T
jy- RN3VX
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(Ryk) CX JX 1Hx2 'K M- _X > MbQM- GX >X qBHH2Kb p M "2p:
GX JX EX 0 M/2 bvT2M- M/ GX SX EQmr2M?Qp2MX 6aBM;|
M BM/BpB/m H2H2+i"QM bTBM Briv 2j[yty VN MXKV/-Qd pRX 9 8 -
UKkyy9V U+BiX QM TTX kR- kN- RN3VX

(Ryj) CX CX SH 2i HX 6 bBM:H2@ iQK 2H2+IL QWM >TBM [m1
93N d9RdV- 89R 8- UKYyRKV U+BiX QM TTX Kkj- jRVX

(Ry9) JX 02H/?Q bi2i HX 6 hrQ Zm#Bi GQ ;B 2kie BRW aBHB+Q |
9R9- UKkyR8V U+BiX QM TTX kk- k9 ke- RRN- R93- RNNVX

(Ry8) hXJ2mMB2 -0X 1X* H /Q- M/ GXJX EX 0 M/2 bvT2MX 6
T? b2 ; i2 7Q° bBM;H2@bTBM [m#B B BM fnH Mi2ipl 20 i'b 6 X
3jURKV- RkROYj- UKYyRRV U+BiX QM TTX kk- k9VX

(Rye) CX _Xa+?'B2z2° M/SX X qQHzX 6_2H iBQM #2ir22M i?2
> KBHIQMB?2MbBX H RPBRY- ONR 9Nk- URNeeV U+BiX QM T

(Ryd) CX _X S2ii 2i HX 6*Q?2°2Mi J MBTmH iBQM Q7 *QmTH
a2KB+QM/m+iQ  Zm MHBR MONBIBX99V- kR3y kR39- Ukyy8V U
QM TTX k8- ke- jyVX

(Ry3) "X JXJ mM2 2i HX 6*Q?2 2Mi bBM;H2i@i BTH2i Qb+BH|
/Qm#H2 [m MimKihQ@d® dj3RV- j99 jod- UKkyRKV U+BiX QM
ke- RA9VX

(RyN) .XJXw D +2i HXG6_2bQM MiHv /' Bp2M *L®hB2i¥D 2H2-
j8NUejd9V- 9jN 99k- UKkyR3V U+BiX QM TX k8VX

(RRy) aX 6QHZ2iiB- >X "Hm?K- .XJ ? Hm- oX IK MbFv- M/ X u
[mMm MIimMK +QMi"QH Q7 irQ@2H2+i QM bTBM [m MimK #Bib m
TQH Bx LBQM?X?vdBRIbY- Nyj Ny3- UkyyNV U+BiX QM TX K

(RRR) >X "Hm?K 2i HX 6.2T? bBM; iBK2 Q7 : b 2H2+i'QM@bT
Mm+H2 * # i? 2t+2d/@Mi; X9ybUkV- RyN RRj- UKyRRV U+Bi
TX keVX

(RRK) JX .X a?mHK M- PX 1X .B H- aX SX > "p2v- >X "Hm?K-
X u +Q#vX 6.2KQMbi  iBQM Q7 1Mi M:H2K2Mi Q7 1H2+i Q
aBM;H2i@h BT H2HBEMeRie§A3V- kyk kKy8- UKyRKkV U+BiX QM
kdV X

(RRj) CX G2pvX 6IMBp2'b H[m MimK +QKTmi iBQM rBi? bTBM:¢
#27;2t+7? N;240B+ H 2pB2MNJHRDV2 ROANyk- UkyykV U+BiX QM
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(RR9) CX J2/7Q°/ 2i HX 6Zm MimK@/Qi@# b2/S2biQBW Mi 2t+?
_2pB2r G2RIRBBV- R 9- UKyRjV U+BiX QM TTX ke- kdVX

(RR8) hX"Qix2K2i HX 6hmMBM; J2i?Q/b 7Q " a2KB+b@M/Fh+iQ " a
_2pB2r TTRHYBBNV- y89yke- UKkyR3V U+BiX QM TX kdVX

(RRe) .X SX .BoBM+2MxQ- .X " +QM- CX E2KT2- :X "m'F /- M
6IMBp2'b H [m MimK +QKTmi iBQM rBi? i?212im?2M;2 BMi2
9y3Je3RyV- jjN jok- UKkyyyV U+BiX QM TX kdVX

(RRd) X S H-1XAX _b?# - M/"XAX > HT2'BMX 6. ' Bp2M MQM
+QMTH2/ 2t+? M;2@ GM-bBEMK BiDPXRNVs R RR- UKyR9V U+B
QM TX kdVX

(RR3) CXJXhVHQ -0oXa'BMBp b - M/ CXJ2/7Q /X 61H2+i B+
2t+? M;2 [m#Bib BM i BTH2 3 mvMBm KH/ Q2 p 8 2R RS M2-" b
R 8- UkyRjV U+BiX QM TX k3VX

(RRN) hXaXEQ?-CXEX: K#H2-JX6 B2b2M-JX X1 BFbbQM-
6SMHb2@; i2/ [m MimK@/QS$ ?2vkBB/ Him 2BiBR y&k 82/ b
R 8- UKyRKV U+BiX QM TX k3VX

(Rky) wX a?B 2i HX 66 bi >v# B/ aBHB+QM .QRZHWEREX*ZIkh MimK
_2pB2r G2RiRURIV- R9y8yj- UKyRkV U+BiX QM TX k3VX

(RKR) .XEBK 2i HX 6Zm MimK +QMi'QH M/ T Q+2bbiQKQ: T2\
[m MimK /Qi ?v# BL[mM#¥BRIXIS8ydV-dy d9- UKYyROV U+BiX QM

(Rkk) X a+?r2B:2° M/ X 8Mb-B?TH2Xb Q7 SmHb2 1H2+i'QM S °
2bQMXVMPHZ Q" / IMBp2 bBiv S 2bb- kyyR U+BiX QM TX k3VX

(Rkj) aX S Q#bi 2i HX 6AM/m+iBp2@/2i2+iBQM 2H2+i'QM@bT
rBi? e8 bTBMbf >x b2MDBBREBI?y KB +RRBXiy¥-bkykey9 -
UkyRdV U+BiX QM TX k3VX

(Rk9) CXCXJQ'iQM M/ SX"2'i2iX 6aiQ ' BM;[m MimKBM7Q K il
b2MbBiBpBiwQ@ma MXH Q7 J :M2iBk3R2RROMRYN2UKYR3V U+BiX
QM TX k3VX

(Rk8) JX aX :"BMQH/b 2i HX 6L MQb+ H2 K ;M2iB+ BK :BM; Q7
mM/2  K#B2Mi +QM /iBiBRQIM&BIV- kR8 KRN- UKYRjV U+BiX
TTX k3- KNVX

(Rke) SXL2mK MM 2i HX 6aBM:H2@a?Qi 2 /Qm+BRIMaBM;H?2
jKNUSNNRV- 89k 899- UKyRyV U+BiX QM TX k3VX
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(Rkd) :X " H bm# K MB M 2i HX 6IHi° HQM; bTBM +Q?2 2M+2
2M;BM22 2/ /BLKI@M2 @Xi2 BUBW- j3j j3d- UKyyNV U+BiX QM T

(Rk3) JX aX :'BMQH/b 2i HX 6am#M MQK2i'2 "2bQHmMiBQM BM
M2iB+ "2bQM M+2 BK :BM; Q7 BMLBipB 2mL HV/Qi B +?TMBQH © Xv
NU9V- kdN k39- UKYyROV U+BiX QM TX kNVX

(RKN) :X" H bm# K MB M2i HX 6L MQb+ H2BK ;BM; K ;M2iQk
bTBMb mM/2  K#B2ML+i@QNEZBIBIEMpP\O-Xe93 e8R- Ukyy3V U+B
TX KNV X

(Rjy) CX X J x22i HX 6L MQb+ H2 K :M2iB+ b2MbBM; rBi? M
bTBM BM /B IKQM28BR dkRjV- €99 e9d- Ukyy3V U+BiX QM TX

(RjR) *X "X aBKKQMb 2i HX 6aBM;H2@2H2+i"QM [m MimK /Qi B
+? ;2 b2MbBWHBX/ S?vbB NbRGIRN2- k 9- UkyydV U+BiX QM T

(Rjk) _X> MbQM 2i HX 6aBM;H2@a?Qi 2 /QmiQ7 1H2+i QM a“
.Qi IbBM; aTBM@ .2T2M/2Mi 8EMMONBZHH 220X IGR N ¥ -b
RNe3yk- Ukyy8V U+BiX QM TX jyVX

(Rjj) *X CQM2b-JX X 6Q: “iv- X JQ 2HHQ-JX 6X :vm 2- X aX .
G //IX6GQ;B+ HZm#Bi BM GBM2 ~ "> v Q7 a2KB+QM/m+iQ
S?vbB+ H 2BpBRYSykRy83- UKyR3V U+BiX QM TTX jy- Ryk-

(Rj9) hX L F DBK 2i HX 6_Q#mbi aBM;H2@a?Qi aTBM J2 bm:
/2HBiv BM Zm MimK .?vbBwoX 2pB2RRIPR2-lyRddyR -
UkyRdV U+BiX QM TTX jk- RN3VX

(Rj8) . X EQi2F "@S iBH2i HX 6S mHB bTBM #HQ+F /2 BM *JP«
[2pB+A¥¥B+ bi imb kQWBVB Réywy83R- UkyRdV U+BiX QM T

(Rje) X :X 6QrH2-JX J B MiQMB- CX JX J "iBMBb- M/ X LX
+Q/2b, hQr /b T +iB+ HH “;2@b+ H2 [?WMiBK HORPBI2riBQ
3eUjV- yjkjk9- UKyRKV U+BiX QM TTX jk- RyN- Rj9- Rj8VX

(Rjd) *X >X u M;- gX >X GBK-6X X wr M2M#m ;- M/ X aX .xm
+ HHv +QMi QHH2/ +? ;2 b2MbBM; Q7 72r@2KM3+i QM bBl
Ip M+RWIOV- UkyRRV U+BiX QM TX jkVX

(Rj3) GX X h +v2i HX 6aBM;H2 b?Qi bTBM "2 /Qmi mbBM; +°
KQ#BHBivi> MbBbiQ  KTHB}2 i bm#@HEMHBRBN22KB2b im
G2ii2Ry¥eV- yejRyR- UkyReV U+BiX QM TX jkVX
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(RjN) IX > MF2- uX JX : HT2'BM- M/ EX X *? QX 66BMBi2@7"
BM bBM;H2@2H2+iS®PMbiBMHBI2RIHK: RENS8 Reyj- URNNOV
U+BiX QM TX jkVX

(R9y) CX "X CQ?MbQMX 6h?2°K H ;Bi iBQM Q7SPMBB BH+Biv B
_2pBPKURV- Nd RyN- URNK3V U+BiX QM TTX jj- 9eVX

(ROR) >X Lv[mBbiX 6h?2 K H :Bi iBQM Q7 1H2+37BHB%* H2 BM *
_2pBPKURV- RRy RRj- URNK3V U+BiX QM TTX jj- 9eVX

(R9k) gX a+?QiiFvX 6B#2 bTQMi M2 ai QKb+?r MFmM;2M BM p2
Bi ibH2BIMMIBIZM /2" kbW - 89R 8ed- URNR3V U+BiX QM

(R9j) X LX EQ QiFQpX 6AMi'BMbB+ MQBb2 Q73?2 2BMHH2@ 2+
_2pB2r9'NJUR8V- Ryj3R RyjNk- URNNOV U+BiX QM TX jjVX

(R99) X LX EQ'QiFQp M/ JX X S H M2MX 6*? “;2 b2MbBIiBy
[M2M+v bBM;H2@2H2+iTQ M B 2/MIHBvhi B+ b HGReN2- 9y 8 k
9y89- URNNNV U+BiX QM TX jjVX

(R98) "X ai K 'F-hX>2MMBM;-hX*H 2bQM-SX .2HbBM;- M/ X
[2T2M/2M+2 Q7 i?2 MQBb2 BM i?2 bBN;HE2 2ZHH+Q QM THB DB ¢
S?vbBeb9V- kRjk kRje- URNNNV U+BiX QM TX jjVX

(R9e) SX .mii M/ SXJIX>Q MX O6GQr@7 2[m2M+v ~m+im iBQMtI
_2pB2rb Q7 JQ/2 " Mj8¥7VbBNH 8Re- URN3RV U+BiX QM TX jj\

(R9d) _X CX a+?Q2HFQT7X 6h?2 _ /IBQ@6 2[m2M+v aBM;H2@
alhVv, 6 bi M/ IHi° b2MbBiBp2 dHR2MIPKjiRd¥ X Rkj3

Rk9k- URNN3V U+BiX QM TTX jj- j3- 39VX
(R93) .X SOB+")Xr p2 1M;BM22 BM: &Qky Vi® U +BiKQM TTX jj- |8
jdV X

(RON) hX JCHH2 - hX *?2QB- aX >2HHKCHH2 - EX 1MbbHBM- h
+B +mBi M HvbBb Q7 MBMbBimimM #H2  /BQ@7 2[m2M+
_2pB2r Q7 a+B2MiB}+3AWIN nyRPNWilb- UKYyRjV U+BiX QM TTX

(R8Y) .X CX 2BHHv-*XJXJ “+mb-JX SX > MbQM- M/ X *X :Qk
+? “:2 b2MbBM: rBi? 7 [m MimK TTHBBWRI/ SPMbB+®XG2ii2 b
NRIReV- RekRyR- UkyydV U+BiX QM TX j3VX

(R8R) *X " “i?2H 2i HX 66 bi b2MbBM; Q7 /Qm#H2@/Qi +? ;2
bi i2rBi? ~ /BQ@7 2[m2M+v b2MBEQbDBm M im3FRRiEX-
ReRjy3- UKyRyV U+BiX QM TX j3VX
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(R8k) aX CX M;mb- X CX 62 ;mbQM- X aX .xm F- M/ X :X
T /IBQ@7 2[m2M+v bBM;H2 2HZ+HBQMS ? Wb IBBIMKHBGR®N - b
RRKRyj- Ukyy3V U+BiX QM TX j3VX

(R8]) X bbBK2-:X CQ? MbbQM- :X q2M/BM- _X CX a+?Q2HF
6 IBQ@6 2[m2M+v aBM;H2@1H2+i"QM h> MbBbiQ b _2 /C
*2 *:2 a2MbBiBpBiv M/ 'S?FbBiBOMAEXB BreGRBY Hjde
jjdN- UKkyyRV U+BiX QM TX j3VX

(R89) >X "“2MMBM;- aX E 7 MQp- hX .miv- aX Em# iFBM- M/ ¢
i* b2MbBiBp2 ' /IBQ@7 2[m2M+v bBM;H2@2H2+i'QM i° MbB
CQm M H Q7 TTHRRWYRRM-BUbyyeV U+BiX QM TTX j3- 9k- 3¢

(R88) JX *X * bbB/v 2i HX 6aBM;H2 b?Qi +? *:2 /2i2+iBQM mbl
[Mm MimK TQBMi +TOIMi BRi/6X? v b B NIRGKKiV2 KkKRy9- UkyydV U+E
QM TX j3VX

(R8e) CXJ bQM2i HX 6 ?B;?2bT22/  /IBQ@7 2[m2M+v [m MimK
/2i2+iQ  7Q  iBK2 "2bQHp2/ "2 /Qmi TTHEBRVBBRMbLLQ7 bTB
GQr@/BK2MbBQM H avbi2Kb BIKUO W-QIR]jmB-Rier DIKYyRYV U+E
QM TTX j3- RRAVX

(R8d) hXJCHH2 2i HX6 MBMbBimimM #H2  /BQ@7 2[m2M +
TTHB2/ S?vbB#bdBiV2 bykRy9- UKYyRYV U+BiX QM TX jNVX

(R83) aX >2HHKCHH2  2i HX 6PTiBKBx iBQM Q7 b KTH2@ +?B
C/BQ@7 2[M2M+v "2~2+iQK2i NWIKPBRMS 2 K2 BRI N 2 b
UKkyRKV U+BiX QM TX jNVX

(R8N) LX '2b2i HX 6a2MbBiBp2 _/BQ@6 2[m2M+v J2 bm 2K?2
#v hmMBM: iQ S2°72+i AKT2/ Wb B4 +HPBRIpB8RSUTVT-HB 2/
yj9yRR- UkyReV U+BiX QM TX jNVX

(Rey) 6X S2 'bbQM-*X JX qBHbQM-JX a M/#2 ;- :X CQ? MbbQM
+2bb .BbbBT iBQM BM aBM:H2@1H2+i'QM "QtMR?2 aBbvT
G2ii2RRUjV- N8j N8d- UKyRyV U+BiX QM TTX jN- 9yVX
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(Rej) IJX:X>Qmb22i HX6_ /BQ 7 2[m2M+v K2 bm 2K2Mib Q7 i
bBM;H2i@i ' BTH2i bTBM bi i2b BMiaB 2S+[@rK KInmVKB4QiiB R/ b
3393- UKYyR8V U+BiX QM TTX jN 9j- d8- ddVX

(Re9) JX 1bi2 ' HB- _X JX PitQ - M/ JX 6X :QMx H2x@w H# X 0
H2Mi +B +mBi 7Q /Qm#H2 [m MimK /QisBpHQ2® BK|m2M -
R3RkXyeyBgR3V U+BiX QM TTX jN- 9k 99V X

(Re8) X b?QQ B 2i HX 6aBM;:H2@2H2+i'QM + T +Bi M+2 bT2-
#QtBRVbB+ ", *QM/2MbRINRI@9V- RRd Rk9- URNNjV U+BiX

(Ree) 6X S2°bbQM-*X JX qBHbQM-JX a M/#2 ;- M/ SX .2HbBM
bBM;H2 *QQT2 @T B #Qt mbBM; BibS[wMBim K + ZTp B Bi 'M+ 2
3KURjV- Rj98jj- UKYyRyV U+BiX QM TX jNVX

(Red) *X*B++ 2HHB M/ XCX 62 ;mbQMX 6AKT2/ M+2 Q7 i?2b
i * /BQ@7 2[n2M €EPHONK H Q RH WWKYyERHFDY U+BiX QM TX jNV X

(Re3) CX AX *QHH2bb 2i HX 6.BbT2 bBp2 2 /Qmi Q7 62r@1H
Qi rBi? 6 bi "7 : i2 a2¥MDv@BHX 2pB2RFALIN- ly9e3y8-
UKyRjV U+BiX QM TTX jN- RRdAVX

(ReN) X *Qii2i- *X JQ - M/ hX EQMiQbX 6J2bQb+QTB+ /KBii
[m MimK /GwbB+ H _2pPPRKV- RKkRjRR- UkyRRV U+BiX QM
9jVX

(Rdy) AX ?2K2/- X *? ii2'D22-aX " > m/- CX CX GX JQ iQM- (

JX 6X :QMxXx H2x@w H# X 6S BK v i?2 KQK2i'v Q7 bBM;H
+v+HB+ 2H2+i"QM imMM 2HB M QikK ni M BMi mBKQ/NRLOKXA+b B + b
ee- UkyR3V U+BiX QM TTX 9R- 9k- de- ddV X

(RdR) CX 02 /mBDM-JX 0BM2i- M/ aX _Q:;2X6_ /IBQ@7 2[m2M
Q7 /QMQ" iQKb BM }2H/@ 2TZ+iB 2/NVSuB/lbi B4R @ Ry 2/ -b
RykRyd- UKyROV U+BiX QM TX 9kV X

(Rdk) JIJX .Xa+? Q2 -JXCmM;-EX .XS2i2°'bbQM- M/ CX _X S2ii
*92 °:2 S "BivJ2%2viB+ H _2pBRYyARENVbRee3y9- UKkyRkV U+
QM TTX 9j- 99- RykVX

(Rdj) aXCX*?Q H2v 2i HX 6J2 bm BM; i?2 *QKTH2t /KBii M+2
Qim#2 .Qm#H2 Zm MBPKbEHOX 2pB2RYGRjiV2 hje3yk-
UkyRKV U+BiX QM TX 9jVX



"B#HBQ,; T?v kiR

(Rd9) . X CX A##2°bQM- GX X A##2 bQM- :X aKBi?bQM- CX X
JXB6X :QMX H2x@w H# X 6GQr@i2KT2 im 2 imM #H2  /BQ
7Q b2MbBiIiBp2 /IBbT2 bBp2 "2 /Qmi Q7 VI WMEX2 H=2?2ib @ MIB + /
G2ii2RIRORKV- Rkj8yR- UKyRNV U+BiX QM TTX 98- d3VX

(Rd8) X X *H2F- JX >X .2pQ 2i- aX JX :B'pBM- 6X J "[m "
a+?Q2HFQT7X 6AMi"Q/m+iBQM iQ [m MimK MQBb2- K2 bm
iBQMB8KB2rb Q7 JQ/2 MKYkWbBR®D88 Rky3- UkyRyV U+BiX QN
93V X

(Rde) _XoBD v-JX>X.2pQ 2i- M/ AXaB//B[BX 6AMpBi2/ 2pBzZ
bQM #B7m + iBQM2EKBHBQZ aXB2MiB}+3AWPRWKRRRRYR -
UkyyNV U+BiX QM TTX 9e- 8k- 3N- Ny- NkVX

(Rdd) X _Qv M/ JIX .2pQ 2iX 6AMiIi ' Q/m+iBQMiQ T ~ K2i B+ KT
imKbB;M HbrBi? CQb2T?0RM2B_2MBMHORWHBf2y
d88- UKkyReV U+BiX QM TX 9eVX

(Rd3) . X >X aHB+?i2"' X 06Zm MimK CmKTb M/ J2 bm 2K2Mi " +F
+QM/m+iBM; Zm#Bi6X S?. i?2bBbX IMBp2 bBiv Q7 "2 F2H2v
9d- Nj- N9V X

(RAN) 6X . X PX a+? +F2 iX 6 S +iB+ HZm MimK@GBKBi2/ S
"b2/ QM i?2 CQb2T?bQM _BM; JQ/mH iQ 6X S?.i?2bBbX u I
U+BiX QM TX 9eVX

(R3y) _X0oBD V" ;2 p MX6CQb2T?bQM "B7m + iBQM KTHB}2"
bBiv Q7 "2 F2H2v- kyy3 U+BiX QM TX 9eVX

(R3R) JX >X .2pQ ' 2i M/ X CX a+?Q2HFQT7X 6 KTHB7vBM; |
i?72 bBM;H2@2H2+i QMnm ayaBiONdX RyjN Ry9e- UkyyyV L
QM TX 93VX

(R3k) *XJX* p2b-CX*QK#2b-wX CB M;- M/aX$S M/2vX 6Zm Mi
T 2b2 pBM; HBM2 SKVIbHBB-} B b2¥&R2erV - yej3yk- UkyRkV U+B
QM TTX 93-8y- 33VX

(R3j) >X X>mb M/CX XJIJmHH2MX 6Zm MimK LRBMHBBEMGBM?2
_2pBRKk®8B8V- k9yd k9Rj- URNekV U+BiX QM TTX 93- 8yVX

(R39) .X SX >QrbQM M/ X "K2aKB+? X THBIRMEQM , J+:° r@
>BHH- RNdy U+BiX QM TX 9NV X

(R38) :X *2 mHHQ M/ aX .2 aBHp2bi'BX 6IHi" 7 bi QTiB+ H T
_2pB2r Q7 a+B2MiB}+dAWRY-nRK RGibUKyyjV U+BiX QM TX 9N’
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(R3e) .X"2HH M/ 6X >v/2X 60 " +iQ @/BQ/STQ+R2/BBH bKJIHB}:
i?72 AMbiBimiBQM Q7 1HRRBRYN-IRle EM20RNe9V U+BiX QM

(R3d) "X .X CQb2T?bQMX 6h?2 /Bb+Qp2'v Q7 PpBMDHYBM; brr
JQ/2 M S?0eB kW - k8R k89- URNAIOV U+BiX QM TX 8RVX

(R33) >X WBKK2 X 6S * K2i'B+ KTHB}+ iBQM Q7 KB+ Qr p2b
CQb2T?bQM imMM 2 HTDHBN 4 SEPQ MB-EMGV i 2Rbj RN8- URNedV
U+BiX QM TX 8kVX

(R3N) CXJV:BM/-LX 6X S2/2°b2M-PX >X aQ2 2Mb2M- "X .m22C
b2MX 6GQrbMQBb2 T ° K2i'B+ KTHB}+ iBQM ij8 :>x BM
imMM2H DmWMFHBQRMS XvbB®UWERVI2NR Nj- URNANV U+BiX QM

(RNy) "X um' F22i HX 6P#b2 p iBQM Q7 T > K2i'B+ KTHB}+ iBQ
BM CQb2T?bQM T ° K2iSP~bBFHB}2j8B8V- k8RN k8jj-
URN3NV U+BiX QM TX 8kVX

(RNR) _X JQpb?QpB+? 2i HX 6P#b2'p iBOQM Q7 x2 ' Q@TQBM]
CQb2T?bQM@T ~ K2i BRVIKEHB}22p82e 88 RIK¥Y-bRIORN
R9kk- URNNyYV U+BiX QM TX 8kVX

(RNK) .X >X aHB+?i2 - *X JCHH2 - _X oBD v- aX CX q2#2 - X "
6Zm MimK w2MQ 2z2+i BM i?2 bi"QM; K2 bm 2K2Mi "2;BK2 Q
2H2+i'Q/VM LKB+®O XM H Q7RIPEYBY¥BjyjR- UkyReV U+BiX
TTX 8k- 33VX

(RNj) _Xo0oBD v2i HX 6ai #BHBXBM; _ #B Qb+BHH iBQMb BM b
[m MimK 722/¢ mF@KNWYdIR3V-dd 3y- UKyRKV U+BiX QM TTX

(RN9) _Xo0oBD v-.X>XaHB+?i2°- M/ AX aB//B[BX 6P#b2 p iBQM
amT2 +QM/m+iBM; "iB3?2BbB+iBKAKB Riy@RRVbRRy8yk-
UKyRRV U+BiX QM TTX 8k- 33VX

(RN8) *X 1B+?H2'- *X G M;- CX JX 6BMF- CX :Qp2MBmb- aX 6|
6P#b2 p iBQM Q7 1Mi M;H2K2Mi #2ir22M AiBM2" Mi JB+ Qr
amT2 +QM/m+iB8?ZiB+B 0 X 2p B 2R yARK D/ b k9y8yR- UkyRkV
U+BiX QM TTX 8k- 33VX

(RNe) uX *?2M 2i HX 6JmHiBTH2t2/ /BbT2 bBp2 "2 /Qmi Q7 b

[M#BibBXHB2/ S?vbB+RY®RRBNV b R3keyR- UkyRKkV U+BiX QM
33V X
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(RNd) JX > i'B/;2- X oBD v- .X >X aHB+?i2 - CX *H "F2- M/ ¢/
bBp2 K ;M2iQK2i'vrBi? [m MimK HBKBi2/ aZIA. T~ K2i B
S?vbB+ H _2pBRjV- Rj98yR- UKkyRRV U+BiX QM TTX 8k- 8j-

(RN3) JX X * bi2HH MQb@"2Hi°" M M/ EX gqX G2?M27iX 6qgB/2t
"B+ KTHB}2 # b2/ QM bmT2 +QM/m+iBM; [m MimK BMi2" 7
"2bQM iQTOHKB2/ S?vbB+MRE2VI2YyBj8yN- UkyydV U+BiX QM T
33VX

(RNN) JX X * bi2ZHH MQb@"2Hi M- EX . XA rBM-: X *X >BHIiQM
G2?M2°iX 6 KTHB}+ iBQM M/ b[m22xBM; Q7 [m MimK MQI
CQb2T?bQM K2i K inR KB&X9BRkV- NKN NjR- Ukyy3V U+Bi
TTX 8k- 33VX

(kyy) LX "2°:2 H2i HX 6S? b2@T 2b2'pBM; KTHB}+ iBQM M2
rBi? CQb2T?bQM BMLK@/@aBJIAKNXV-e9 e3- UkyRyV U+Bi
TTX 8k- 33VX

(kyR) hX u K KQiQ 2i HX 66HMt@/ ' Bp2M CQb2TTH®IMBZI * K2i F
S?vbB+b GRjUBW y9k8RyYy- Ukyy3V U+BiX QM TX 8kVX

(kyk) *X 1B+?H2  2i HX 6P#b2'p iBQM Q7 hrQ@JQ/2 a[m22xB
6°2[m2M+v .QBRB/MBX H 2pB2RYAPRIRVb RRjeyR- UKyRRV U-
QM TTX 8k- 8j- 33VX

(kyj) *X J +FHBM 2i HX 6 M2 "@[m MIimK@HBKBi2/ CQb2T?bQ
K2i'B+ KTH®4B20j8y2 ek83V- jyd jRy- UKkyR8V U+BiX QM TT
33VX

(ky9) CXuXJmimb2i HX 6.2bB;M M/ +? > +i2°Bx iBQM Q7 Hm
2M/2/ bmT2 +QM/m+iBM; KB+ Qr p2 T ~ K2i'B+ KTHB}2 r
#B b HBMRHE2/ S?vbB +hy®R k2 bRkkeyk- UKyRjV U+BiX QM
NyV X

(ky8) SX >X "“v Mi- _X JQpb?QpB+?- M/ "X um 'F2X 6LQBb2 "B
T K2i'B+ KTHB32bB&XH _2pB2aeGRyi\2-ke9R ke99- URNNR
U+BiX QM TTX 8k- NdV X

(kye) aX"QmiBM-.XJXhQVHB- X0X02MF i K MB- X qgqX 1//BM
"H BbX 61z2+i Q7 >B;?2 " @P /2 LQMHBM2 "BiB2b QM KTHE
BM CQb2T?bQM S ~ K2i BPVKBHBY2 2pBRBUBVHR2KR -
UkyRdV U+BiX QM TTX 8k- NdVX

(kyd) GX w?QM; 2i HX 6a[m22xBM; rBi? ~mt@/ Bp2M CQb2T?
}2°00Rr CQm™M H QRE8PRbB+Bk8yRj- UKyRjV U+BiX QM TX 8
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(ky3) LX _Q+? 2i HX 6gqB/2Hv hmM #H2- LQM/2;2M2" i2 h? 22
+°Qr p2 .2pB+2PT2 iBM; M2 " i?22ZavhBmKGRBEKB26)G2ii2 b
RY®RIOV- R9ddyR- UKyRKkV U+BiX QM TX 8kVX

(kyN) "X #/Q-6X a+? +F2'i-JX > i'B/;2-*X B;2iiB- M/ JX .2pQ
KTHB}2 7Q  [m#BiT2HBMMISXvbB NoNGRéN2- Rek8ye- UkyRRV
U+BiX QM TX 8kVX

(kRy) CX@.X SBHH2i- 1X 6HM BM- 6X J HH2i- M/ "X >m /X 6
i?72 CQb2T?bQM KBt2', h?2 HMKT2TPHRBRRSI? WBB +mm BRI K2 b
Ry&kkV- kkkeyj- UKyR8V U+BiX QM TTX 8k- 8jVX

(kRR) "X >Q 1QK-SXEX . v->X:XG2.m+- M/ CXwKmB/xBM bX
MQBb2 bmT2 +QM/m+iBM; KTHB}2 rBL?imB2?SvWb BBy =~ M;
3U3V- ekj ekd- UkyRkV U+BiX QM TX 8kVX

(KRk) hX *X q?Bi2 2i HX 6h> p2HBM; r p2 T > K2i'B+ KTHB}2"
DmM+iBQMb mbBM; KBMBK H "2bQWMTHB 2T 5 D2bk8 +H?BM |3 Xb
Ry&kOoV- R 8- UKyR8V U+BiX QM TX 8kVX

(kRj) X GX:'BKbKQ M/ X"H BbX 6a[m22xBM; M/[m MimK bi i2
CQb2T?bQM i° p2HHBM; MDD R MHMB }@ Ko BXI 7 QRK/ -i B @-M
UkyRdV U+BiX QM TX 8jVX

(kR9) X E K H- X J "#H2biQM2- M/ JX .2pQ 2iX 6aB:M H@iQ(
M/ b2H7@Qb+BHH iBQM BM /Qm#H2@ T TmKT STMUIBI@bQM T
+ H 2pBE8NJR3V- R39jyR- UKyyNV U+BiX QM TX 8jVX

(kR8) JX JC+F M/ _X J+.2 KQiiX 6_ /IBQ@7 2[m2M+v KTHB}:
aZlIA.b@nT2 +QM/mM+iQ  a+B2M+2kjMNKR2+ N WRQ; UkyRyYyV
U+BiX QM TX 8jVX

(kRe) JXJC+F-CX"XEV+B - M/CX*H "F2X 6amT2 +QM/m+iBM;
/2pB+2 b M2 "@[m MimK@HBKBi2/ KITHES2/ Si?yKB+b x0 X
G2ii2dBUdV- Ned NeN- UKyyRV U+BiX QM TTX 8j- 33VX

(kRd) GX aTB2ix- EX A'rBM- JX G22- M/ CX mK2Mi /QX O0LQ!
HmKT2/ 2H2K2Mi /B 2+i+m "2MibmT2 +QM/m+iBM; [m Mim|
KTHB}2 b BM i?2 9 3 :SIXTHBI22&R vbB HbdGROI2- IR9k8yKk -
UkyRyV U+BiX QM TX 8jVX

(kR3) JX JC+F-*X g2Hx2H- M/ CX*H "F2X 6amT2 +QM/m+iBM;
/2pB+2 KTHB}2'b i ;B; ?22 7 iXTTRBRR2SIHB2BHEKEGRNY - b
jkee jke3- UkyyjV U+BiX QM TX 8jVX
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(kRN) aXaBK#B2 QrB+x-0X o02bi2 " BM2M-GX :"°M#27;-CX G2?il
> bb2HX 6 ~mt@/ Bp2M CQb2T?bQM T ~ K2i B+ KTHB}2 7
+B2b 7 # B+ i2/ rBi? bB/2@r HH T bbBp i2/ bam22T0aGnM+iBC(
+QM/m+iQ a+B2M+2 NRUWRYYMAH&EY,YyR- UKyR3V U+BiX QM

33V X

(kky) aX" > m/2i HX 6.2p2HQTK2Mi Q7 *JPa _Qmi27Q 1H2+
Ib2/ BM Zm MimK J2ih D4PQLQ 880 B2bHRy- UkyReV U+BiX QM T
83- Rj3VX

(kkR) sX C2?H-uX@JX LB[m2i- M/JXa M[m2 X 6éaBM;H2 /QMQ
imK 7mM+iBQM HBiB2b rBi? /p M+2CQIRaMi 2H DM BHQ b\BoHb
*QM/2Mb2/ Jk@2RyV- RyjyyR- UkyReV U+BiX QM TTX 8d- 83"

(kkk) "X 0QBbBM 2i HX 662r@2H2+i"QM 2/;2@bi i2 [m MimK /Q
12H/@2z2+ii° MOVB® G I®RBIOV- kyN9 KyN3- UKyROV U+BiX QN
8N- RRj- RkyVX

(kkj) .X CX A##2 bQM 2i HX 61H2+i'B+@}2H/ imMBM; Q7 i?2 |
+Q M2 /QNIPBERB2/ S?vbBRREBV2YWBjRy9I- UKyR3V U+BiX QM °
RRjVX

(kk9) JX 6X :QMxXx H2x@w H# X 6aBM:H2 /QMQ" /2i2+iBQM BM
S?.i?2bBbX IMBp2 'bBiv Q7 * K# B/;2- KyRK U+BiX QM TTX ¢

(kk8) AX ?K2/X 6_/BQ@6 ' 2[m2M+v * T +BiBp2 : i2@# b2/ a:
*JPa Zm MimK 1H2+i QMB+bdX S?. i?2bBbX IMBp2 bBiv Q7
U+BiX QM TX eyVX

(kke) X *?2 1i2 D22X 6aBHB+QM L MQ/2pB+2 Zm#Bib " b2/ QM
.QT MibéX S?.i?2bBbX IMBp2 bBiv*QHH2;2 GQM/QM- kyy8

(kkd) hX >2BMQRHHQTB+ 1H2+i " QMB+b BM aQHKBqAGIia@ MQbi"
0*>- kyyd U+BiX QM TX eRVX

(kk3) X *X CQ?MbQMX 6*? ;2 a2MbBM; M/ aTBM .vM KB+b |
.Qib6X S?.i?2bBbX > "p "/ IMBp2 'bBiv- kyy8 U+BiX QM TTX

(kkN) GX .B* "HQX 6J2bQb+QTB+ 1H2+i"QMB+b "2vQM/ .* h™ |
> "'p /IMBp2 bBiv- kyyd U+BiX QM TX eRVX

(kjy) 6X IJm2HH2  2i HX 6S'BMi2/ +B +mBi #Q '/ K2i HTQr/2" }I
i2KT2  im 2pB2r Q7 a+B2MiB}+3AMDNV -nyRAtib- UKyRjV U+B
QM TX eRVX
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(kjR) 1X JVFF M2M 2i HX 6_2/m+BM; +m "2Mi MQBb2 BM + vQ
Pp+mMmmMK@BMbmH i2pB2#HXMHaXB2MiB}+3aWRY Vin IRYM RR R -
UkyReV U+BiX QM TX ejVX

(kjk) GXCXSX.2?QHH BMX 6>B;?2@}/2HBivKB+"Qr p2 +QMi QH
BM bBHB+QM&X S?. i?2bBbX ILag- KyR9 U+BiX QM TX ejVX

(kjj) CX AX *QHH2bb M/ .X CX _2BHHVX 6JQ/mH * + vQ;2MB+
[M#Bi /2pB2pBEX Q7 a+B2MiB}+38WPR N KR2RWIdye- UKyROV U+
QM TX e8VX

(kj9) *X " "i?2H- . X CX 2BHHv-*X JIJX J "+mb-JX SX > MbQM-
6 TB/ aBM;H2@a?Qi J2 bm 2K2Mi Q7 SBRPMbB2i@h BAH2i .
pB2r G2IR¥WReV- Rey8yj- UkyyNV U+BiX QM TTX dk- RN3- k

(kj8) X g2bi 2i HX 6: i2@# b2/ bBM;H2@b?Qi "2 i@ Q7 bTBN
L MQi2+? MRIH&VY 9jd 99R- UKyRNV U+BiX QM TTX d8- Ry9-

(kje) AX ?K2/2i HX6_ /IBQ@6 2[m2M+v * T +BERybB+2@®" b2/
_2pB2r TTRYBRAN- yROYR3- UKYyR3V U+BiX QM TTX d8 dd- Ryy

(kjd) .XhXa MFX 66 bi- ++m’ i2ai i2J2 bm 2K2MiBM amT2 +Q
S?.i?2bBbXI*a Mi " "# ~ -kyR9 U+BiX QM TTX 3R- R3d R3

(Kj3) CX ai2?HBF-uX@uX GBm- *X JX ZmBMi M - *X 1B+?H2 - t
S2ii X 66 bi *? ;2 a2MbBM; Q7 * pBiv@*QmTH2/ .Qm#H?2
IbBM; CQb2T?bQM S ° K2i'82vHBHHB}22pEB20URVHB 2/
yROYR3- UKyR8V U+BiX QM TTX 3e- 33- R83VX

(KjN) 68X CX a+?2mTT 2i HX 6_ /IBQ@7 2[m2M+v "2~2+iQK2i v Q
MmHi° @HQr@MQBb2 azBp KTHBBMOR3BKXR8Well+BiX
QM TX 33VX

(k9y) CXJIX>Q MB# QQF 2i HX 66 2[m2M+v KmHiBTH2tBM; 7Q
TTHB2/ S?vbBHRY@RyY HRYjRy3- UKyR9V U+BiX QM TTX RR

(kOR) C1.1* aQHB/ ai i2 h2+?MQHQ v abb@HBT2BBMX BQM
kyy8 U+BiX QM TTX RRN- R83VX

(k9k) X _QbbB- _X w? Q- X aX .xm F- M/ JX 6X :QMx H2x@ v
2 /Qmi Q7 bBHB+QM [m MimK /Qi rBi? M ++mKmH iBQMC(
TTHB2/ S?vbB #bR®XIRY -bkRkRYR- UkyRdV U+BiX QM TX Rkj

(k9j) *X 1B+?22M#2 ;2" M/ gX :m;;2M#C?HX 6*? ;2 BMD2+iBQM
brBi+?20l61XS " Q+22/BM;b : *B ' +mBib- .2pBpRKkVMRE8bi2Kb
URNNRV U+BiX QM TX RkeVX
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(k99) uX amM-wX GBm-sX GB-CX 2M-6Xw?2M;- M/ uX a?BX
+ T +Bi M+2 KQ/2H7Q M MQb+ H2JPa6l1lhrBi? H vQmi /2T
T Q+2bb p BCiBRAMDLAEXQ7 S?vbB+b ., FHIBZ/- X28HRB/Ob
UkyR3V U+BiX QM TX RkdVX

(k98) .X CX _2BHHVX 61M;BM22 BM; i?2 [m MimK@+H bbB+ |
[M#Bibd@P Zm MimK AMRQRK -iROWRR- UkyR8V U+BiX QM TX

(k9e) CX JX >Q MB# QQF 2i HX 6* vQ;2MB+ *QMi"QH +?Bi2
Zm MimK *QKTnSBW;BX H 2pB2fURKVHBRAYRY- UKYyR8V U+E
QM TX RjOVX

(k9d) >X>QKmHH2 2i HX 6 '2+QM};m” #H2 +'vQ;2MB+ TH i7Q
i QH Q7 [m MIimKT QpBRbhb@Q@bDaXB2MiB}+3ARWN - Uk R db/
U+BiX QM TTX Rj9- R8RVX

(k93) *X >Q bK M- X :X6QrH2 -aX .2pBii- M/ _X 0X J2i2 X 6an
imK +QKTmiBM; #v H iiBR22 6@ m2MvEIXQ RSIPRbB+RKkjyRR -
UkyRkV U+BiX QM TX Rj8VX

(kO9N) .X GQbb M/.X SX .BoBM+2MxQX 6Zm MimK +QKTmi iBQNMN
S?vbB+ H _2®p@B2RV- Rky Rke- URNN3V U+BiX QM TX RjeVX

(k8y) oX *2 " H2iiB- gX X *QBb?-PX :vri- M/ . X GQbbX 6_2+B"
[Mm MIimK +QKTini®idX? Vk@tHIB;vUkyy9oV U +BjX- RYd VXX

(k8R) "X 1X E M2 2i HX 6Zm MiBx2/ +QM/m+i M+2 BM [m Mim
+QMi"QHH2/ rB/i? M/ 2H2+TTGH\B 22 185 B bE»d kGR&N2- b
i8ye j8y3- URNN3V U+BiX QM TX RjdVX

(k8k) hX X " "i-LX CQp MQpB+- *X _2B+?H- gqX q2;b+?2B/2" -
12 bvT2MX 6L MQb2+QM/@iBK2b+ H2 bTBM i° Mb72 mbBM
[mM /" mMmTH2@[m MimK @I/ QH B2p BLZ®HB HHy®@DiV2 YpIjRYR -
UkyReV U+BiX QM TX Rj3VX

(k8j) aX aX E H Mi“2 2i HX 6J +?BM2 G2 "MBM: i2+?MB[m2b
M/ mMiQ@imMBM; BM [nM MDmz&m/ Qliok A M TQT KB HBWQ MR
Ry- UkyRdV U+BiX QM TX Rj3VX

(k89) X X JBHHb-.XJXw D +-JXCX:mHH Mb-6XCXa+?2mTT-
S2ii X 6a?miiHBM: DbBM:;H2 +? ;2 +'Qbb QM2@/BK2MbE
[m MimK /QUibianX2 *QKKmMBUYKERNWB UKyR3V U+BiX QM TT
R99- R98VX
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(k88) *X CXp M .B2T2M 2i HX 6 miQK i2/ imMBM; Q7 BMi2 @/C
[m MimK /Qi "RvRONX- UKyR3V U+BiX QM TX Rj3VX

(k8e) CX.Xh2bF22i HX6 K +?BM2H2 "MBM; TT'Q +?27Q" mi
b2KB+QM/m+iQ" b TBIMW ER# B RRORIZ IRjjRyk- UKyRNV
U+BiX QM TX Rj3VX

(k8d) SX a?Q X 6SQHVMQKB H@hBK2 H:Q Bi?Kb 7Q" S'BK2 6 +
GQ: 'Bi?Kb QM Zm MimKaQKRTQ®@ &MXH QM *KKBMiBM;
R939 R8yN- URNNdV U+BiX QM TX Rj3VX

(k83) aX .X 6" M+2b+?B- GX >miBM- _XJ m"> M/- GX "Qm /2i- >)
X*Q'M X 6aPAi2+?MQHQ:v7Q [m MimK BMRQAKLIBQM T Q
AMi2 M iBOQM H 1H2+i'QM .2pB+RjXI22RBRjjXWXD-J¥kyReV U
QM TX Rj3VX

(kBN) GX h"'B7TmMQpB+ 2i HX 6GQM;@/Bbi M+2 bTBM@bTBM +
S?vbB+ H_2bhBRWVs yRRyye- UKyRkKV U+BiX QM TTX RJN- R9Yy

(key) X*Q'M 2i HXG61H2+i'B+ HHV/ ' Bp2M 2H2+i'QM bTBM 2D
p HH2v Q #Bi +QmTHBM; BM bBRAB+AnM NlimMi AM 7/Q IR Xi B Q I
QURV- e- UKYyR3V U+BiX QM TX R9yVX

(keR) :X hQbB 2i HX 6aBHB+QM [m MimK T Q+2bbQ" rBi? ~Q#r
+QMTHRMMEX*QKKmMMBWRBWQMBY- UKYRARIHVBIX QM TX

(kek) :X hQbB-6X X JQ?Bv //BM-aX h2M#2 ;- X G m+?i- M/ X
2H2+i'B+ /BTQH2 i° MbBiBQM i KB+ Qr p2 7 2[m2M+B2b 7C
bBHB+QM6- R d- UKyRdV U+BiX QM TX R9jVX

(kej) aXEX:Q 'K M2i HX 6aBM:H2i@i'BTH2i KBMmb KBtBM: M,
JOQm#H2 /IQMQTTAB®X S?vbB +OREMXIIY-bk9jRy8- UKyR3V U+B
QM TX R99VX

(ke9) sXJB-CXo0oX* /v- . XJIXwW D +-CX ai2?HBF-GX 6X 1/;2- M
+mBi[m MimK 2H2+i"Q/vM KB+b  +?Bi2+im 27Q ; i2@/2}N
bBHB+QMHBR/ S?vbBHRGDIV2WIj8yk- UKkyRdV U+BiX QM TX |

(ke8) sXJB2i HX6 +Q?22 2MibTBM T?QLQiN BM&Rd&N3VBM bBH
8NN eyj- UKyR3V U+BiX QM TTX R99- R3dVX

(kee) X aiQ+FFH mb2  2i HX 6ai QM; *QmTHBM; * pBiv Z1. r
.Qm#H2 Zm MimK .Qib 1M #H2/ #v >B;? AKS2¢viIMBH2H2bQM
_2pB2rd¢J RV- yRRyjy- UKkyRdV U+BiX QM TTX R99- R3dVX
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(ked) sX JB-CX oX * /v- . XJXw D +- SX gX .22HK M- M/ CX _X
+QmMTHBM: Q7 bBM:H2 2H2+i'QM BM bBHR+B¥Mi€2 KB+
i88UejkRV- R8e R83- UKyRdV U+BiX QM TTX R99- R3dVX

(ke3) SX a+ "HBMQ 2i HX 6 HH@JB+ Qr p2 *QMi"QH M/ .BbT2
2YM2/Zm MimK .Qi Zm#Bib BM *B +mBi Zm MimsBAH2+i Q/\
T'2T°BMi RARRXYRNYeU+BiX QM TTX R99- R3dV X

(keN) _X SX:XJ+L2BH 2i HX 6PM@/2K M/ bBM;H2@2H2+i" QM
[m MimK /QiimX2ddJdje8V- 9jN 99k- UKkyRRV U+BiX QM TX R

(kdy) hX X " “i-JX a? }2B- hX 6mDBi - *X _2B+?H- qX gq2;b+?:
o M/2 bvT2MX 6aBM;HR @ TBM MQd2x+ RMRDIVG My jjO-
UkyReV U+BiX QM TX R98VX

(kdR) >X6H2MiD2 2i HX 6*Q?2 2Mi HQM;@/Bbi M+2 /BbTH +2k
bTBMbonX 2 * QKKmMmMBAWRBWQMYIR- UkyRdV U+BiX QM TX R98\

(kdk) hX 6mDBi - hX X " “i-*X 2B+?H- qX q2:b+?2B/2 - M/ C
bvT2MX 6*Q?2 2Mi b?miiH2 Q7 2M2Bi Z@QM\E M KBAMYIQi 2K 6 B Q
jURV- kk- UKyRdV U+BiX QM TX R98VX

(kdj) "X "mQM +Q bB 2i HX 6L2irQ F  +?Bi2+im 27Q  iQTQH
Tmi2  BM b EHMBM QMOX+B2M+2 M /OnRkA?-M/® 8yQjv UKYRNV U+B
QM TX R98VX

(kd9) oX a’BMBp b - >X sm- M/ CX JX h vHQ X 6hmM #H2 aTBN
/B i2/#v JmHIB2H2+i QM ZS® WhiB+K H Q op8 R RV K3/ -b
kke3yj- UKYR8V U+BiX QM TTX R98- R9eVX

(kd8) aX J2?H->X "Hm?K- M/ .X SX .BoBM+2MxQX 6hrQ@ [m#B
i"BTH2i [m#Bib K2/B i2/ #v QM 292w B m Kl b i2iNBhRa \/'-
y989y9- UKyROV U+BiX QM TX R98VX

(kde) hX X" “i- hX 6mDBi - *X 2B+?H- qX q2;:b+?2B/2 - GX J
/2 °bvT2MX 6*Q?2 2Mi bTBM@2t+? M:2 pB im@ Mivh@ K2/B
Qi2+?M®KIRV- ke jy- UkyReV U+BiX QM TX R98VX

(kdd) sX *QQi 2i HX 6.2pB+2 “+?Bi2+im'2 7Q° *QmTHBM; aT
i2°K2/B i2Zm MimkavbBaXH _2pB2RWINHBX9y83- UKkyR3V
U+BiX QM TX R98VX

(kd3) 6X EXJ HBMQrbFB 2i HX 6aTBM Q7 KmHiB2H2+i"QM [m
+iBQM rBi? M2B:?#Q BRyRBHR Hi QBBRNVs RRy98- UkyRdV
U+BiX QM TX R98VX
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(kdN) 6XJ 'iBMb2i HXoO0L2; iBp2aTBM 1t+? M;2BM JmHiIiB2H2
S?vbB+ H _2pBRRMKk2/-bR 8- UKkyRdV U+BiX QM TX R98VX

(k3y) *X >X u M;-gX >X GBK-LX aX G B- X _QbbB- X JQ 2HHQ
6P #Bi H M/ p HH2v bi i2 bT2+i° Q7 72r@2H2+i'QM bBH
S?vbB+ H 2p8BRRV- RR8jRN- UKyRkV U+BiX QM TX R98VX

(k3R) EX g M;- *X S v2ii2- uX .Qpx?2MFQ- SX gX .22HK M- M
6*? ;2 2H t iIBQM BM DbBM;H2@2H2+i'QM aBfabh@ /Qm#H:
B+ H 2pB2r BREQVB R 8- UkyRjV U+BiX QM TX R9dVX

(k3k) wX * B M/ aX *X "2MD KBMX 6*QMbi m+iBM; aK HH2 S r
“#Bi' v 1°Q *? MMRHWOBY+ NURNiIbRRK3R- UKyRNV U+Bi
TX R9dVX

(k3j) .X :Qii2bK MX 6h?2 >2Bb2M#2"; 2T 2b2Mi iBQM Q7 Zm I
"SBp T'2T BMi-NBR N3 U+BiX QM TX R9dVX

(k39) aX "QMbQM M/ .X :Qii2bK MX 6AKT Qp2/ bBKmH iBQM Q
S?vbB+ H _2¢pB2aV- y8kjk3- Ukyy9V U+BiX QM TX R9dVX

(k38) JX _X :2HH2 M/ wX w?2QmX 61{+B2Mi 2°°Q  KQ/2Hb 7Q"
i2+im 2b M/ i?2 S mHB irB "HBMS?THB®tB K 2 BRAMRYX
YyRKjR9- UKyRjV U+BiX QM TX R9dVX

(k3e) JX :miBd '2x- GX ap2+- X0 ;Q- M/EX X" QrMX 6 TT'Q
BbiB+ 2 Qb #v *HBzQ/ +? MM2Hb MBSvibBB K2 dpB2K2M
3dUjV- yjyjyk- UKYRjV U+BiX QM TX R9dVX

(k3d) wX * B-JX X 6Q; ‘iv-aX a+? H-aX$S iQK FB-aX *X "2MD
JQiIQMX 6 aBHB+QM am'7 +2 *Q/2 “+?Bi2+im 2 2bBHB?2
1°"Q boeBp T'2T BMi RNYAXRNM B +BiX QM TX R93VX

(k33) GX :2+F- XE mi?->X"Hm?K-aXp Mg b2M- M/ aX >2BM:
i"QMB+b 6Q  a2KB+QM/m+iQs B B M Z nB:MBii RADY jog/\RINBM k
U+BiX QM TTX ROIN- R8RVX

(k3N) CX SX : X p M .BDF- 1X *? "#QM- M/ 6X a2# biB MQX 6h-
7 +2 7Q°  [m MimK T IBHZRHIQOQFEXYbQ b M/ JB+NYybvbi2Kb
RyR- UKyR3V U+BiX QM TTX R8y- R8RVX

(kNy) CX SX:Xp M .BDF 2i HX 6h?2 BKT +i Q7 +H bbB+ H +QMi
}/2HBiIVERp T' 2T 'BMi R3YjkpwRRUE+BiX QM TTX R8R- R8kVX
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(KNR) "X S i 2i HX 6*'vQ@*JPa *B +mBib M/ avbi2Kb 7Q" Zm
TTHB+ iBAUNMBOQM M H Q7 aQHBB@RR V2 4B\ 4 kBt ky R 3V
U+BiX QM TTX R8R- R8kVX

(KNKk) JXhX _?K M M/hX G2?K MMX 6 Ry #Bi+ vQ;2MB+ *JPa
kyR9 A111 8di? AMi2 M iBQM H JB/r2bi avKkTQbBmK QM *B"
UJga* aX A111- kyR9- N Rk U+BiX QM TX R8RVX

(KNj) EX _ +XFQrbFB-LX J "FmHB+- "X >2 b?2#2 :- M/ CX ** MI
>x qB/2# M/ 6 +iBQM H@L am#b KTHBM; SGG BM k3 MK *J
~JaCBiiABXLI CQm'M H Q7 aQHB3@®iVi2R By + RBRG- UKyR 8V
U+BiX QM TX R8RVX

(kN9) gX@hX GBM->X@uX >m M;- M/ hX@>X EmQX 6 Rk@#B|
a6. =dy /" i RXe:afb M/ AJ. |l eR/" i kX3 :afbgBi? .1J._w
h2+?MB[AMRBIXCQM M H Q7 aQHB/Ad4jVi2 B3 dRBIbUKkyR9V
U+BiX QM TX R8RVX

(KN8) >X X >QKMmMHH2X 6* ' vQ;2MB+ 2H2+i ' QMB+b 7Q" i?2 "2 /(
bQ boX S?.i?2bBbX hl .2H7i IMBp2 bBiv- kyRN U+BiX QM T

(kNe) EX EBK M/ :X C2QM;X 6S°QbT2+ib Q7 6mim 2 aB h2+?M
CBp2M qQBHVIGK 2 h'2M/b BM JB+XQDHIIF2QMBEL la , CQ?M
gBH2v aQMb- AM+X- kyRe-R kR U+BiX QM TTX R83- ReyV

(kNd) AMi2H@ LA2Mb2B OMX2BHDb L2r hQQHb BM Aib /p M+2/ *?B
hQQH#RERN U+BiX QM TX R83VX

(kN3) JIX "BMiXH, h2+?MQHQXVK@GRA2JHBBXITQM TX ReyVX

(KNN) .XJQ QxQp2i HX 6.2bB:M M/ *? ~ +i2 Bb iBQM Q7 hBi |
Vb Q7 EBM2iB+ AM/m+i M+2 .2i2+iQ b 7Q TRWBPR H2™ 22°
Q7 GQr h2KT2  im " BRSPy@BYb RNe kyk- UKyR3V U+BiX QM T

(jyy) X _QbbB-hX h Miim-6X 1X >m/bQM-uX amM- JX JCii°M2]|
FX 6aBHB+QM J2i H@QtB/2@b2KB+QM/m+iQ "  Zm MimK .
SMKTBM;6X UCmM2V-R RR-UKkyR8V U+BiX QM TTX RdR R«

(j)yR) aX CX M;mb- XCX 62 ;mbQM- X aX .xm F- M/ X :X *H
[mMm MimK /Qib BM BMi BIMMBE}* GBiEHB®HQMIOYBR ky88- UkyydV
U+BiX QM TX RdjVX

(jyk) . XJIXw D +-hXJX >x /[-sXJB-EXqgM;- M/ CX _X S2ii »
m- #H2 ; i2 "+?Bi2+im 2 7Q aBfaBTZHiM@2VSwKHE +bo&2ii2 b
Ry&kkV- R 8- UKkyR8V U+BiX QM TX RdA9VX
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(jyj) CX SX .2?QHH BM-CX CX SH -1X aB2r- EXuX h M- X aX .x
6L MQb+ H2 #°Q /# M/ i° MbKBbbBQM HBM2MDQ2H4?7T@M [m #
MQHRIWRV- yR8Kkyk- UKyRjV U+BiX QM TX Rd8V X

(jy9) X . X 6m+?b- oX oX .Q# QpBibFB- . X JX hQVHB- 6X CX >2
rb+? HQKX 06:B; ?2ix .vM KB+b Q7 ai QM;Hv . " Bp2M aB|
aTBM&EB2MKeRDB8NB8NV- R8ky R8kk- UKkyyNV U+BiX QM TX Rd8

(jy8) .X1X M ;MQbiQm-JXJQ'iQM-CXS T TQHVK2 ' Qm- M/ *X
0 y@88@:>x+QTH M "r p2;mB/2iQ +QTALIM1 HbiMI@ MbBI
+iBQMb QM JB+'Qr p2 h?2Q vBdWRN2+R MB [Uty3V U+BiX C
TX RddV X

(jye) aX:XJ Q-*XhX>r M;-gm _m2v@"22B- M/ *X >X *22MX 6 |
M rp2:mB/2@iQ@+QTH M "~ biARTHBMMb MBBIB QMIXB @
+°Qr p2 h?2Q'v M/ h®SPRBIMPKN- UKkyyyV U+BiX QM TX Rd

(jyd) "X X J xBMX 6JB+ Qr p2 EBM2iB+ AM/m+i M+2 .2i2+iQ b
i2+?- kyy9 U+BiX QM TX R3dVX

(jy3) X "H Bb-_X@aX>m M;- Xgq HH  z-aX JX:B'pBM- M/ _XC
Biv[m MimK 2H2+i Q/vM KB+b 7Q bmT2 +QM/m+iBM; 2H2+
+?Bi2+im 2 7Q [m MimK 8QKAB+H HB QMeBRReV- yekjky-
Ukyy9VX ¥DYVEKMRIe QM/@K iV U+BiX QM TX R3dVX

(jyN) X"H Bb 2i HX 6Zm MimKBM7Q K iBQM T Q+2bbBM; rBi?
i"Q/VM KB+bd- R kj- UkyyeV U+BiX QM TX R3dVX

(JRy) XgHH z2i HX06*Q?2 2Mi/vM KB+b Q7 ~mt[m#Bi +Qm
Qb+BHH i @RUdyy8V- R8N Rek- Ukyy9V U+BiX QM TX R3d

(JRR) X "B2M7 Bi 2i HX 6*QMi QHHBM; bTBML 22 iBQM rB
8jRUdAB8NkV-d9 dd- UkyReV U+BiX QM TX R3NVX

(jRk) EX uX h M 2i HX 6h> MbTQ i aT2+i'Qb+QTv Q7 bBM;H2 T

bBHB+QM M MQb+ HMIQ BBEEBRAURWVWXRR R8- UkyRyV U+BiX
TX RNjVX

(JRj) SXS FFB K2i HX 6aBM;H2@a?QiaBM;H2@ SrPAbt@aTBM _2
B+ H_2pB299/- y9Ryjk- UKyR3V U+BiX QM TX RNdVX

(jR9) JIX .Xa?mHK M2i HX 6amTT 2bbBM; [m#Bi/2T? bBM; mbE
MB M2biBKLIBRMERKKmMMBURBQMERBR8e- UKyROV U+BIiXQMT
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(jR8) JX X 6Q; ‘iv2i HX 6AMi2;  i2/ bBHB+QM [m#Bi TH i7Q K
/>2bb #BHBiv-2t+? M:2 +QMi"QH M/bBM:H2@ b bBM;H2
*QKKmMB+NBRW-b9jdy- UKyR3V U+BiX QM TX RN3VX
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