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Hoogooog

Quantum information technologies include secure quantum communications and ultra pre-
cise quantum sensing that are significantly more efficient than their classical counterparts.
To enable such technologies, we need a scalable quantum platform in which qubits are con-
trollable. Color centers provide controllable optically-active spin qubits within the coher-
ence time limit. Moreover, the nearby nuclear spins have long coherence times suitable for
quantum memories. In this thesis, I present a theoretical understanding of and control pro-
tocols for various color centers. Using group theory, I explore the wave functions and laser
pumping-induced dynamics of V; color centers in silicon carbide. I also provide dynamical
decoupling-based high-fidelity control of nuclear spins around the color center. I also present
a control technique that combines holonomic control and dynamically corrected control to
tolerate simultaneous errors from various sources. The work described here includes a the-
oretical understanding and control techniques of color center spin qubits and nuclear spin
quantum memories, as well as a new platform-independent control formalism towards robust

qubit control.



LO00io O j0idiooiod Dboooooibd Dith doiot Oooooo
1000000 OO0ood 0o bonditinttoioo 0od Dbodgot 0oooobod

Wenzheng Dong

Uooubut dogoouod gduouboaag

Quantum information technologies promise to offer efficient computations of certain algo-
rithms and secure communications beyond the reach of their classical counterparts. To
achieve such technologies, we must find a suitable quantum platform to manipulate the
quantum information units (qubits). Color centers host spin qubits that can enable such
technologies. However, it is challenging due to our incomplete understanding of their physi-
cal properties and, more importantly, the controllability and scalability of such spin qubits.
In this thesis, I present a theoretical understanding of and control protocols for various color
centers. By using group theory that describes the symmetry of color centers, I give a phe-
nomenological model of spin qubit dynamics under optical control of Vp; color centers in
silicon carbide. I also provide an improved technique for controlling nuclear spin qubits with
higher precision. Moreover, I propose a new qubit control technique that combines two meth-
ods - holonomic control and dynamical corrected control - to provide further robust qubit
control in the presence of multiple noise sources. The works in this thesis provide knowl-
edge of color center spin qubits and concrete control methods towards quantum information

technologies with color center spin qubits.
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BMi2 72 2M+2 7 QK i?2 2H2+i"QMB+ bi i2b Q7 i?2 ?2Qbi- M/ UpV #Q
BM 2M2 ;viQ pQB/i?2 K H 2t+Bi iBQMX h?Bb QT2Mb i?2 /QQ  iQ i?

R



k +Nzy 1 SY +iaid +7é § 2z byOé[ a0 Oeé[ z2é eBéAn ez (

6B:m 2 RXR, a+?2K iB+ Q7 7Qm" H2 /BM: +QHQ" +2Mi2 b, MBi Q;
p+ M+v UaBoV BM /B KQMygd/BMAKMDMQApo+,M BMUDBHB+QM + “#B/2>

7 # B+ iBM; bQHB/b@# b2/ bTBM [m#Bib-r?B+? ? p2i?2 #2bi Qp2 H

h?2°2 "2 p "BQmb ivTI2b Q7 +QHQ" +2Mi2 b- /2T2M/BM; QM i?2 /2i |
i2°'B HbX h?2 H2 /BM; 7Qm" "2 URV Lo UMBi Q;2M-@p Y KW+arBo+2Mi
UbBHB+QM@p + M+vV +I2R )2 UG W //Bp K«QM N +2MFRRR(k BM bBHB+QM @
+ “#B/2 URBRYRB- M/ UQWEQMQp +kMHBM aB*X h?2b2 7Qm" +QHQ"
"2 b?QrM BREXBLY2M i?Qm;? /B772 2Mi +QHQ +2Mi2 b ? p2 /B772
Qi?2°b- Lo +2Mi2°b "2 i?2 KQbi@bim/B2/ M/ 2M #H2 p "BQmb TTH
Tmi iBQM-[m MimK +QKKmMB+ iBQM- M/ [m MimK b2MbBM:X

h?2 ?2Qbi K i2°'B H-/B KQM/-+ M #2 +?B2p2/i? Qm;?i?2 +?2KB+ H
K2i?QRERBX h?2 +QHQ  +2Mi2 b + M #2 + 2 i2/ BM irQ /B772 2Mir v
i?72 b KTH2b +°2 i2b /272+ib BM i?2 ?Qbi K i2°'B HbX am+? B " /B iB
Q  M2mi'QM@# b2/X UkV AQM BKTH Mi iBQM QM i 7RNBK Fith20X Ab
iQ 2/ m+2 Mm+H2 “ bTBM BKTm BiB2b /m BM; 7 # B+ iBQM #2+ mb
+QmMTHBM;b iQ i?2 Lo +2Mi2 bX:16Q £ MTM*2i®@2M #2 HQr2 2/ iQ
BKT Qp2i?2 +Q?2 2M+2 Q7 +QHQ  +2Mi2 bX
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Lo aBo OaB@* OaB
*3v
avKK2ilv *ay . 3d *av
U+HQbgViQ h
QmM
Q 1 Rfk 1 jfk
aTBM
>1b UHQrdhV|( .
T, 300M bk @ Lf 05Kb U QQK)hV (
5Kb U QQKHYV (
1b U..\kR
T, RyyMb UHQr hik/b R k >80 bR
>100 b U'QQKdhV (
1KBbbBQM _
4W Kj) 50W k9 5W 7W k9§ L
02
TQmM dyJ>x UF@bBi2 okV
Q kX33:>x 50:>x RXj:>RR Y
wb6a 9J>x U?@bBji2 oRV
Lm+H2 °
13 % 13 % l3*_29aB 13*_29aB
aTBMb
PTiB+ |H )
ejdMK =dyyMKY( RRyy MK =3yy MR¥
g p2H2M;i?

h #H2 RXR, *QKT 'BbQM Q7 T'QT2'iB2b Q7 7Qm > H2 /BM; +QHQ" +
M/ bBHB+QM p + M+v UaBoV BM /& §& QWI/ KB\ QHp MM BWUDB HB + Q M
+ “#B/2X

RXk 1H2+i'QM aTBM Zm#Bib BM *QHQ" *2Mi2"

h?2 iIQKB+@HBF2 Q #Bi Hb Q7 i?2 +QHQ" +2Mi2'b "2 HQ+ HBx2/ r
K i2'B H- K FBM; i?2K b2p2° H@H2p2H [m MimK bvbi2Kb RYXR HQM: +
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6B;m 2 RXIK ;v bTHBiiBM; Q7 Lo +2Mi2° BMHBpKMTX K2i2 b "2

BM+HmM/2/ BM i?2 7B;m 2X U V 1M2 ;v H2p2Hb Q7 ;" QmM/ M/ 2t+E
1:9520X .B772°2Mi ;"QmM/ bTBM T°QD2+iBQMb b2T " i2/ #v x2 ' Q@ 7B
+ M #2 +QMi QHH2/ mbBM; Jq / BpBM;X aTBM bBM;H2ib + M #2 +
+ ' QbbBM; U/ b?2/ ""QrbVX U#V :"QmM/ bBB/NB2M/X ;v H2p2Hb ; BML
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i?72 bTBM i BTHS3ib bV i/ UQm#H2iB EFiOiZb 2 b?QrM- b r2HH b i?2]
bTHBIiiBM; mM/2" 2ti2™M H K ;M2iB+ 7B2H/X =22 7@ niLM/+2HZ2ibQ M |
i?mbr2 + M +?2QQb2irQ bTBM T QD2+iBQMb KQM; i?2i?°22;"QmM/

h?2 > KBHIQMB M Q7 :"QmM/bTBM + M #2 /2b+ " B#2/ #v

Hyv = DSZ+ g gBS; URXRV

r?2°2i?22 7B bi M/ b2+QM/i2 K 2T 2b2Mib i?2 6x2°Q 7B2H/ bTHBIiE
LQiB+2i?2 w22K M bTHBiiBM; BonV=2 +2bM / " FQQK 2 pr@#BiX Ai Bb + QKK
iQ +?2Q QD MMm,= 1UQ@,=1VX

RXkXR *QMi'QH Q7 bBM:H2 2H2+i'QM bTBM

LQrr2 ? p2i?2 bTBM [m#Bi-r?B+? Bb ;QQ/ bi "iX "mi ?2Qr iQ #mBH,
M/ K F2 Bi rQ'F\ .BoBM+2MxQkHFIQ?2/ FmBMAMBK ¢ QKTmi2  UbBKBH °
b B/ 7Q° +QKKmMB+ iBQMb M/ b2MbBM;V iQ b iBb7v,

C T?2vbB+ Hbvbi2K rBi? r2HH /27BM2/ [m#BibX

CZm#Bib + M #2 BMBiB HBx2/ M/ 2 /QmiX
CGQM:; +Q?22 2M+2 iBK2X

C 6mMBp2'b H6 b2i Q7 [m MimK ; i2b rBi? ?B;? T'2+BbBQMX

LQrr2 #°B27Hv /Bb+mbb ?2Qr +QHQ" +2Mi2  bTBM [m#Bib + M #2 BME

AMBIB HED? PB@M0i T'QD2+iBQM BM i?2 ;"QmM/ K MB7QH/ + M #2 B
QTiB+ HTmKTBM;X h?Bb Bb 7QHHQr2/ #v i?2i° MbBiBQM UBMi2 b\
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6B:m 2 RBX2+i M/ BM/B 2+i +QMi"QH Q7 Lo +2MiR VB Bl 2B iK«Q@QM X Q H
Q7 M Lo +2Mi2  bTBM [m#Bi BM /B KQM/ mbBM: Jo /"BpBM:;X U#V /
+2Mi2  bTBM [m#Bi BM /B KQM/ mbBM; QTiB+ H/'BpBM; r?2'2 M M

BM aZbMX7 QK 2t+Bi2/ bi i2biQ i?2 K2i bi #H2 bi i2b UJXaXV M/ bn
i?72 ;,°QmM/ bi i2rBi?2m,#BX AM bmKK "v-i?2 bTBM TQH "Bx iBQM + N\
b 7QHHQTrbD,

SmMKTBM., .A TOMi M2 b 2KBbbBQM
m a jromMiMzQmb 2KgRbEQ URXKYV

jgitj élj *MZSZi!j

h?2 F2viQ i?2 bTBM TQH "Bx iBQM Bb i?2 #B b2/ +QmTHBM; #2ir22]
JXaX /m'BM; BMi2 bvbi2K + " QbbBM; UAa*VX% hrBHHTHEM B IQQHnM bBR /i B

a 2 HxXA

*QMi"®@®HQ +2Mi2  [m#Bib + M #2 +QMi ' QHH2/ 2Bi?2" REIDFiHvV Q" |

TB+iQ'B H /2b+ BTiBQMX h?2 /B 2+i +QMi'QH Bb +?B2p2/i? Qm;
Q7 bTBM [m#BX 77" 2[M2®¥VAM i?Bb + b2-i?2 "2bQM Mi Jo /'BpBM; vB
Qb+BHH iBQM #2ir22M irQ H2p2HbX h?2 BM/B 2+i +QMi"QH Bb +?B
bi i2i? i Bb QTiB+ HHvV +QmTH2/ iQ i?2 [m#Bi H2p2HbX h?2M i?2 Q
i?72 @bvbiRIX(AM *? [Fi2?2 Lo bTBM [m#Bib "2 /°Bp2M #v [B 2+iJq /"
[2+QmTHBM; +QMi QHX
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2 /Qmh22 "2 /Qmi Q7 M “#Bi v [m#Bi bi i2- 2X;X- QM2 ;" QmM/ &
#2 Q#i BM2/i?2° Qm;? 7THMQ 2b82MakKz b mK2KERMi2K2Mi Bb T2 7Q K:
"2bQM Mi2t+Bi iBOQM 7' QK i?Bb T°QD2+iBQMiQ QM2 2t+Bi2/ T QD2+
T?QiQMbX

LQiB+2i? i 2p2M i?Qm;? bBM;H2 +QHQ  +2Mi2  [m#Bi Bb +QMi QHH
i?2 /2MbBiv Q7 MmK#2 b + M #2 "Qm;?Hv 2M;BRNN2 B 128 m ?BWNH ZZM4 BBV
iIQ +QmTH2 irQ [m#Bib /B 2+iHvX h?Bb Bb K BMHv #2+ mb2 + 2 iBM
TQbBiBQMb bm+?i? i i?2B° +QmTHBM; Bb bi'QM; 2MQm;? Bb p2°v /1
Bb MQib+ H #H2iQH ";2° KQmMibQ7bTBMbX AMbi2 /-i?2 KmHIB@
i?72 2Mi M;H2K2Mi br TTBM; K2i?Q/ r?B+? BIRROQ# #BHBbiB+ Ub22 a

RXkXk aBM;H2 2H2+i QM bTBM b [m MimK 2KBii2"°

PM2 /p Mi ;2Q7 mbBM;/272+i@# b2/ bTBM [m#Bib  i?2 i? M Qi?2" 1
+iBp2 T°QT2 ivX LQiB+2i?2?Qbi K i2'B Hb "2 HbQ #2BRj 2tTHQ 2
k3kNX >2°2- p2'v bF2i+?v /2b+ BTiBQM Q7 bTBM@T?QiQM BMi2 "
BHHmMbi" i2/X

A TrBHH BHHmbi" i2 rBi? ROROA2A TR DHBTX2 Bb i?2 AA bvbi2K- r?2°2 |
T QD2+iBQMb +QmTH2 iQ i?2 ;°QmM/ T QD 248 BIQONBIDB h QBAY+B bH#IR /2 «
r22°2 bi fiB8i;je'li;jeti;jeslig "2 BMpQHp2/X h?2 bTBM@T?QiQM BMi
7Q KmH i2/ b

%je"i+je#i ! %j"ij NS T URXjV

h?2 b2+QM/ ivT2 BWwhi2K- r?2 2 Dmbi QM2 2t+Bi2/ T'QD2+iBQM i? i
"QmM/ bTBM T°QD2+iBQMb i?°Qm;? /B772 2Mi T?QiQM TQH "Bx iB
7Q Lo +2Mi2°  BM /BjK@M/QiB+2 i? i K Mv "2KQi2 2Mi M:H2K2Mi :2N
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6B:m 2 RKBM T?QiQM BMi2 7 +2 rBi? +@QWQ?22AM LW 2K- M/ U#V i
bvbi2KX a2H2+iBp2 TmKTBM: M/ 2KBbbBQM BM/m+2 bTBM T?QiQ

T2 BK2j\lij9<j8) Bb # b2/ QM i?Bb ivT2-r?2'2 b2H2+iBp2 QTiB+ H 2t-

Lo oy

5 Ai !ZKBbbBlQ“ﬁ"ij 1+ j#ijoi URX9V

2

AMi?Bbr v-r?2i?2° QM2 T2 QliQW Q@ bMIKIBUBL 2Mi M:H2/iQ i?2 bTBM [r

RXj] Lm+H2 " aTBMb b Zm MimK J2KQ B2b

AM /B KQM/ Q  bBHE+QWAAaB#BL2TBMH2bb M/ /Q MQi BMi2  +irBi?
2H2+i'QM bTBMX H?2M8F@BQ?Apr2p2 - S=#Qi/ BMi2  +i rBi? i?2
+2Mi° HbTBMi? ' Qm;?i?2?vT2 ' 7BM2BMi2  +iBQMX h?2v > M/QKHV .
+QHQ +2Mi2 b rBi? i?2 M iImM WH7 &Pm M/4MW 27 8 aB X 6BXE? Qrb M

Lo bTBM +QmTH2b iQ b2pBTBM2i?2#@m;? i?2 ?vT2 7BM2 BMi2  +iB
Tm B7B+ iBQM /m BM; 7 # B+ iBQM + M 2772+iBp2Hv "2KQp2 i?2K-
2H2+i'QM bTBM [m#BiX
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AMDbDi2 / Q7 mMbBM; BbQiQTB+ Tm B7B+ iBQM-K Mv277Q'ib "2bT2M
mMbBM; i?2K b [m MimKj&PKB BRDYOR- /m2 iQ i?2B° HQM; +Q?22 2M+:
UKm+? HQM:2  i? M b2p2  Hb2+QM/bVX h?2 > KBHIQMB M Q7 i?2 L

Hnv n = SAT URXS8V

[?2°2i?22 2vT2 7BA/2i2MGBM2b i?2 +QmTHBM; bi 2M;i? #2ir22M 2H 2
bTBMbX h?2 ?2vT2 7BM2 i2MbQ  p Hm2 /2T2M/b QM i?2 /Bbi M+2 #2ir
[272+iX 6Q  i?¥QB@BAR=2 216J>x [N- M/ 7Q  i?2 6r2 FHv@+QmT
Mm+H2 > bTBMb UK2 MBM; i?2v "2 MQi i?2 M2 "2bi Q" b2+QM/ M2 °
[272+iV-i?22 +Q "2bT QMABM2 p HIOF2DHX9f 2 RX

Ai Bb BKTQ i MiiQ MQi2i? i /B772 2Mi Mm+H2 ~bTBM +QMi QH i2+"
QM /B772 2Mi 2vT2 7BM2 +QmTHBM; bi'2M;i?bX 6Q  #12 M/ QM;HVC
Qi?2 QM@ BRBIZB KQM/V-i?2 J>x bTHBiiBM; BM i?2 2vT2 7BM2 bi'm
iQ 2M #H2 6iQ /' Bp2i?2K /B 2+iHvX 6Q 2t KTH2-i?2 .2H7i ;" QmT /
"2;Bbi2° BM /B KQMYL# M2/ 1@ Mo bTHM (

PM i?2 Qi?2° 2 M/- i?2 r2 FHV@+QmTH2/ Mm+H2 * bTBMb + M MQi
bBM+2 i?22v "2 #2vQM/i?2 # M/rB/i? Q7 i?2 +QMi ' QH TmHb2X h?2 .21
[2KQMbi® i2/b2H2+iBp2irQ@[m#Bi 2;Bbi2 " QMr2 FHV@+QmTH2/ M
/2+QmMTHBM;@# bR2[dK2i?8#7 Bb /Bb+mbjXX/ BMBH2MRp2H i2+?MB[m
T°QKBbBM:; iQ "2 HBXx2 H “;2@b+ H2 [m MimK K2KQ B2b #2+ mb2 i?:
Mm+H2 * bTBM Bb HBKBi2/- v2i bm+? +QMbi’ BMi Bb MQi T Q#H:
bTBMbX
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6B:m 2 RXB2K iB+ Q7 M Lo bTBM +QmTH2b iQ b2p2BHbMB M#Hv Mm +
i2°Qm:? i?2 ?2vT2 7BM2 BMi2+HPBOWMDPBMb "2 bQm +2b Q7 Lo bTBM
F?BH2 i?2v HbQ 72 im 2 HQM: +Q?2 2M+2 iBK2 +QKT “2/iQ 2H2+]
i2MiB H[m MimK K2KQ B2bX

RX9 Zm MimK AM7Q K iBQM S ' Q+2bbBM: rBi?
i2 b

RX9XR 1Mi M;H2K2Mi :2M2"  iBOQM i?2 ' Qm;? /IQm#H2 22"

Zm MimK 2Mi M;H2K2Mi Bb M 2bb2MiB H "2bQm +2 BM [m MimK BM’
BiBb+? HH2M;BM; iQ 2Mi M;H2 /Bbi Mi[m#BibX 1bT2+B HHv- 2Mi M
i MiT 'iB2bULo +2Mi2 bV Bb M 2bb2MiB H2H2K2MiBM [m MimK +Q
[mMm MIimK +QKTmi iBQMX

h?2 KQbi +QKKQMHvV mb2/i2+?MB[m2iQ 2Mi M;H2 irQ /Bbi Mi T “iBZ
TBM;6XR&KB?Qrb M ;" T?B+ 2T 2b2Mi iBQM Q7 i?Bb i2+?MB[m2X *(
r?72°22 +?2 T B> +QMbBbib Q7 QM2 bTBM M/ QM2 2Mi M;H2/ T2QiQ N\
r2 2Mi M;H2 irQ bTBMb rBi?Qmi /B"2+iHv +QmTHBM; i?2KX hQ i? i
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6B:m 2 RK¥#mbi® iBQM Q7 2KQi2 Lo bTBMb 2Mi M;H2K2Mi :2M2" i
i M;H2K2Mi br TTBM; i2+GRB[M2X F 2t+Bi iBQMb :2M2" i2 Dmbi bB
7°QK QM2 Q7 i?2 2KBii2 bX h?2 #2 K bTHBii2 2" b2b i?2 6r?B+?@"
T?QiQM@+HB+F BM i?2 /2i2+iQ b br Ti?22Mi M;H2K2Mi #2ir22M T2
#2ir22M "2KQi2 Lo bTBMbX

K2 bm 2K2Mi QM i?2b2 irQ T?QiQMb- r?B+? br Th i?2 2Mi M:H2K2Mi

_2KQi2 2Mi M:H2K2Mi :2M2" iBQM #2ir22M /Bbi Mi +QHQ" +2Mi2 b
bT2+B H 2Mi M;H2K2Mi br TTBM;- M K2HvV /DRn#FAB @2 MH#B M B2 DH
bmKK “Bx2/ b 7QHHQrbX

RX +? +QHQ " +2Mi2 [m#BiU M/ "V Bbr2 FHv 2t+Bi2/ ibm+? HC
Dmbi QM2 T?QiQM Bb 2KBii2/ 7°QK 2Bi?2° Q" "X h?2 2KBii2/ T?
i?2 K ii2° [m#Bi ULo bTBM [m#BiV M/ Bb b2MiiQ i?2 KB//H2 TQB

kXn?2 T?QiQM :Q2bi?°Qm;:? #2 KbTHBii2 iQ2 b2i?26r?B+2T i
2Mi2 BM: irQ T 2T 2/ T?QiQM /2i2+iQ bX

j X bBM;H2@T?QiQM +HB+F BM 2Bi?2 /2i2+iQ 6?2 H/b6i?2 2Mi N
M/ "X AM Qi?2 rQ /b-i?2 2Mi M;H2K2Mi Q7 6r?B+? T i?06 U;2M
Ti?06Bb 2" b2/VBbbr TT2/iQ i?2 2Mi M;H2K2Mi Q7 M/ "X
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9% Q 2HBKBM i2i?2 TQbbB#BHBivi? iirQ T?QiQMb 2 2KBii2/ 7" Q!
HQbi Ur2 biBHH rBiM2bb i?2 bBM;H2@+HB+F i*V-r2 T2 7Q K H

iQ 6?2 H/6i?2 + b2r?2°2 QMHV QM2 T?QiQM Bb 2t+Bi2/X

RX9Xk *Hmbi2 bi i2b7Q K2 bm 2K2Mi@# b2/ [m MimK

h?2 QM2@r v Q K2 bm 2K2Mi@# b2/ [m Mindk ST TEDIB™M; UB'K*V (
Hi2 M iBp2 iQ i?2 [m MimK +B +mBi KQ/2HX h?2 J"Z* KQ/2H + M
KQ/2819¢ bQ i?2b2 irQ b+?2K2b 2 2[mBp H2Mi BM KQbi b+2M "BQb;
QT2 i2bp2'v/B772 2MiHv, ?B;?Hv 2Mi M;H2/ 2bQm +2 bi i2 Bb "2
b2'B2b Q7 bBM:H2@[m#Bi K2 bm 2K2Mib QM p 'BQmb bBi2b M/ BM ,
"2 Q +?2bi’ i2/ ++Q /BM;iQ H:;Q Bi?Kbi? imb2'br MiBiiQ T2 7Q
h?Qb2 ?B:?Hv 2Mi M:H2/ *2bQm +2 bi i2b "2 M K2/ +Hmbi2" bi i2bX
H iiB+2 ;" T?B+ T 2b2Mi iBQM, M mM/B 2+i2/; T? +QMi BMb [m#B
K2Mi b 2/:2bX JQ 2 T 2+Bb2Hv- 2 +? p2 i2t j2T Wbi2MitM/ pn#Bi BM
2/;2 2T 2b2Mib M @Ki M HBMH;B2/ QM irQ +QMM2+i2/ RX®BM2bX a2?2
2t KTH2X

h?2 K2 bm 2K2Mib 2 BKTH2K2Mi2/iQ i2H2TQ i i?2 bBM;H2@ [m#B
7Q°r /7 b?BQMX AM i?Bb r v- Dbi'BM; Q7 [m#Bib QM i?2 +Hmbi2"
[M#Bi U2 +? [m#Bii?2°2Bb HQ:B+ H[m#BiVBMi?2 +B +mBi KQ/2H
[2i2°KBM2b ?2Qr +QKTHB+ i2/ bBM;H2 ; i2 i2H2TQ i iBQM + M #2- M
MmMK#2 Q7 HQ;B+ H [m#BibX1IPMH+iB42BME2ABM; 2[mBp H2Mi iQ QN
[M#Bi BM i?2 +B +mBi KQ/2HX h?2 irQ@[m#Bi 6HQ;B+ H6 ; i2b BM i?
CZ 2/;2bi? i +QMM2+i /D +2Mii2H2TQ i iBQM rB 2bX

PMHv bBM;H2@[m#Bi K2 bm 2K2Mib "2 "2[mB 2/ BMJ"Z*- BM +QMi"
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6B;m 2 RXU?2B+ 2T 2b2Mi iBQMb Q7 +Hmbi2 bii2 M/ “2T2 i2 ;
UV a+?2K iB+ RTrQ@/BK2MbBQM H +Hmbi2" bi i2X h?2 2Q BxQMi
bBM:H2@[m#Bi; i2 i2H2TQ i iBQM /B 2+iBQM- ?22M+2 2 +? +Hmbi2
[M#BiX h> Mbp2'b2 +QMM2+iBQMb "2 irQ@[m#Bi ; i2b TTHB2/ #2ir
LQi2 i? i MQi HH i° Mbp2'b2 +QMM2+iBQMb "2 "2[mB 2/ Ui?2 “2/m
"2KQp2/i?DRM2?bm 2K2Mib r?B+? "2 MQi b?QrMVR[UEtha4¥2K iB+ Q
"2T2 02 ;" T? bi i2X
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KQ/2H-r?2"2 K Mv@[m#Bi K2 bm 2K2Mib ‘2 biBHH M2+2bb “vX h?B
J"Z*- +QMbB/2'BM; K MVv@[m#Bi K2 bm 2K2Mib "2 KQ 2 +? HH2M ;B
Qi?2°? M/-J"Z*BbKQ 2 +QKTHB+ i2/i? Mi?2+B +mBiKQ/2H-BM i?
UQp2 @2Mi M;H2/V +Hmbi2" bi i2b 2 M22/2/X LQr A BHHmbi i2 ?
mMbBM; +QHQ  +2Mi2 bX

h?2 +Hmbi2 bi i2 + M #2 :2M2" i2/ #v +QHQ  +2Mi2 b mbBM; i?2 GB M
?B+? BM+HmM/2b QTPBMHT M KTBMH2X h?2 QTiB+ HF m KT BiMBi2

i72 bTWM7UQK i?2 ;°QmM/ bi i2iQ i?2 2t+Bi2/ bi i2- H2 /BM; iQ i?2 b
Q7 T?Qi@MPUi Bb 2Mi M;H2/iQ i?2 bTBM i? i ? b "2H t2/ # +FiQ ; Qi

1 1

p—z jOIe+jl|e!P 19—é joijoi + jli jLi URXeV
r?72°2i?2T?2QiQMB+ [m#Bi+ M#22M+Q/2/-7Q 2t KTH2-BMi?2 TQH
1 (d+1) +Hmbi2 bi i2+ M#2;2M2 i2i?2 Qm;? "2BRmMEBRPMMAQK#BM
iQ HQ+ H*HB77Q /; i2 GX*X V,

I(PH)d+ GX*)i

|91—é jOi + jdi, ! (d+1) +Hmbi2" bi i2X URXd

HQM: i?Bb HBMWRH2/ +QHQ +2Mi2" [MERbTONKEM bi i2 + M :2M2" |
| d +Hmbi2" bi i@- 17iQmMM/b Q7 i?2 GBM/M2 @ _m/QHT? T QiQ+QF
bBKBH T Q+2/m 2iQ +°2 i2 bK HHK. +HMRDX3 bi i2 Bb b?QrM BM ¢

RX9X]j HH@T?QiQMB+ [m MimK "2T2 i2'b

hQ mM/2 bi M/ i?2 HH@T?QiQMBIJ-mr MbR@MBT MMN2/2(bi M/ i?22 +QN
iBQM H [m MimK923F®Xin?@ [m MimK “2T2 i2 ° Bb i?2 bQHMIiBQM iQ -
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6B;m 2 RBX3, K /2TB+ib i?2 ;2M2° iBQM Q7 irQ@/BK2MbBWYM H +Hm
S'2T "2irQ /272+i bTBMb Ub virQ LobV b[m MimK 2KBii2 ' bc bK HF
7i2° T QT2 Hv 2Mi M;HBM; i?2KX U#V Ib2 i?72 GBM/2 @_m/QHT? T
irQ T?QiQMb i? i "2 2Mi M;H2/ iQCZ2iIKX2M+ W ;HRHvYQ 2KBii2 b ; BM.
i?Bbr v-irQ 2KBii2'b "2BMi?2b K2bii2 bU V- M/i?2 M2ti " QmM/
iQ ;QX U/V .Q i?2 M2ti "QmM/ Q7 GBM/2 @ _m/QHT? TmKTBM; M/ T
;2M2° iBM; i?2 +Hmbi2 bii2 b b?QrbX U2V _2+m bBp2HvV /Q i?2 #
HQM;n +Hmbi2" bi i2X

s H2K2Mi #2ir22M /Bbi Mi MQ/2b M/ " #2+ mb2i?2 /B 2+ibr TTBM; K
Im2 iQ T?QiQMbo6 2tTQM2MiB H ii2Mm iBQM BM QTiB+ H 7B#2 bX |
mb2b K Mv "2T2 i2° MQ/2b #2ir22M M/ "-rBi? 2 +? M2B;?#Q BM;
mbBM; 2Mi M;H2K2Mi br TTBM; M/ +H bbB+ H?2 H/BM; Q7 K2 bm"
K2Mi /Bbi M+2 Bb 2ti2M/2/ mMiBH M/" "27BM HHv 2Mi M;H2/X AM
"2T2 12 - Kii2 [m#Bib b2 'p2 b [m MimK K2KQ B2b iQ biQ 2 i?2 2M
"2+m bBp2 br TTBM; T°'Q+2bbX

h?2 ?B:?Hv 2Mi M:H2/ T?QiQMB+ *2bQm +2b 7Q° HH@T?QiQMB+ [I
T2 i2° ;> T? bi i2b 9dXah92(;" T?B+ 2T 2b2Mi iBQM Q7 _:ab b? “2b i
+BTH2 rBi? i?2 +Hmbi2 bi i2X 1 +? RimM] MP222r BBA M2iB KBM2b

i?72 bBx2 Q7 i?2 _:amiT2@iQMb BM i REAMX?2hP2rQ H v2'b Q7 T?QiQM
i72 BMM2  H v22 QMHBXMBQMM2+i2/ T?2QiQMb- M/ 2 +? BMM2  T?2Qi
QM2 T?QiQM BM i?2 Qmi2  H v2 X LQi2i? ii?2 2BIQMQ@Mi M 2H 2K
T?2QiQMb- M/ 2 +?2 Q7 i?2K QMHvV 2Mi M;H2b i?2B  KQi?2 T?QiQM B
KTH2RQ®] th=4V BM GBXXnh 2t Qmi2 T?2QiQMb 7Hv iQ i?2 M2 “#v [m Mi
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6B:m 2 RBXN, K /2TB+ib i?2 :2M2  iBQM Q7 272 idJ V 1TV b\ ;2 X

[m MimK 2KBii2> UTm TH2 bTBMV M/ QM2 QTiB+ HHV@BM +iBp2
TTHY GBM/M2 @ _m/QHT? TmMKTBM; irB+2 iQ ;2M2  i2 irQ T?QiQMb
bi i2 +?2 BMX U#Y RKZHWwm 2K2Mi QM i?2 [m MimK 2KBii2  iQ /Bb2Mi
i?2 "2bici?2 Mm+H2 " bTBM Bb H27i 2QH/BEZ ; 4B i® 2V ib M BH\R; K? B +
2KBii2> M// FbTBM ; BM- M/ i?2 62KBii2 @Mm+H2 > bTBMbo "2
Q7 GBM/M2 @ m/QHT? TmMKTBM;X U/V _2+m bBp2Hv /Q bi2Th U @ +
+Hmbi2 bi i2 +? BMb ?2H/ QM i?2 Mm+H2 ~bTBMX >Qr2p2 -i?2 Mm
T?QiQMb "2 MQi bijBi+bHV2BMU2Y 6GQ+ H +QKTH2K2Mi iBQMd Bb T
i?2 2Mi M:H2/ bi i2iQ #2 T QT2 ;> T?2bi i2X U7V h?2 +QKTH2i2H\
U:V gBiZ K2 bm 2K2Mi iQ "2KQp2i?2 Mm+H2 ~bTBM-i?2 T?2QiQMb °
bi i2X
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th iQ i?72 HR27TQ i?2 B;?iV7Q 2Mi M;H2K2Mi br TTBM; mbBM; "2HH |
7TmHH 2Mi M;H2K2Mi KQM; BMM2 H vanig mM/ MIi2 Hi?;2 2 K;2H2 K2 V
#2ir22M M/ " 7BM HHvX

h?2 :a+ M#2 ;2M2" i2/ mbBM; bBM;H2 +QHQ [m#Bi +QmTH2/iQ |
[M#Bi U2X;X- MMRHZY X BSI2B R ?Qr+ b2 i?2 RRM miBEMM QW Lo
bTBaW UM/ QM2 +QMi QHH #H2 M2 VXvhMBbl H2Q HZDBMBO RXQrM BM 6B

R 2T é2n [m#Bib BM:iji-IrieaHn-r?2}-|2i=(j0i+j1i)/p§ Bb M 2B;2M# bBb
BMiR2% bBbX Sm&[M2Bi iMEHD :2M2" i2 irQ T?QiQMb +QmTH2/iC
i72 2MiB 2 7Qm @[m#Bi bi i2 Bb HBM2 " bi i2X

KXTTHA K2 bm 2K2Mi @MTEN iQ /2+QmTH2 Bi 7°QK i?2C2bi- i?2M
. i2 QM n [mM#BibX AM i?BbbTBM?2 b T?QiQMB+ +Hmbé2  bi ' BM:
bTBM ii +?22/X

jX_2T2 ii?2 #Qp2 irQ bi2TbhQZh+i jhi rBi?2M- > / K */ M/ K2 @
bm 2K2MiV D@M/b iQ ?@HTBM m@B/2MiB+ H Kb M/ 2m+? iQi H
T?2QiQMbX

INT iQ GX*X QMbiPRMW-# bBb K2 bm 2K2Mi Bb TTHB2hT@M2KQp?2
7 QK 2 T?2QiQMbX J2 bm 2K2Mib BM T iB+mH " # b2b vB2H/ i7
i?72m T?QiQMb- K FBEBMIM2  T?QiQMb 7mHHV +QMM2+i2/X h?2 m
2m T?2QiQMb MQr 7Q R[2MPX_:a

RX9X9 Zm MimK M2irQ Fb

> pBM; [m MimKTH i7Q K i? i +QMi BMb 2MQm:? [m#Bib M/ +QMi C
iQH2  BIRZB(rBHH "2[mB 2 i?2Qmb M/b Q  2p2M KBHHBQMb Q7 [m#Bil
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6B;m 2 RHRWYK iB+ Q7 [mMm MimK M2irQ Fb KQ/2H # b2/ QM Lo +2N
/IB KQMI/RBR772 2Mi HQ+ HMQ/2b U/B KQM/bV i? iBM+HmM/2 QM@bBi2
+QMM2+i2/ UrB;;Hv ;722M HBM2bV iQ 7Q KH ";2@b+ H2 [m MimK M.

Bb 2ti'2K2Hv +? HH2M;BM;X h?2°2 "2irQ “+?Bi2+im 2biQr /b i?Bl
r?B+? Bb ? /iQ b+ H2¢c UKV M2irQ F bvbi2K- r?B+? Bb BM?2 2MiH
bvbi2K- [m MimK +QKTQM2Mib "2 bT iB HHv /Bbi ' B#mi2/- M/ 2 +?
+QMM2+i2/ #v T?2QiQMb X

*QHQ® +2Mi2'b "2 TQi2MiB H M2irQ F@84- 8288m¢ B O BN /Bb @

i'B#mi2/ [m MimK +QKTmi iBQM M/ [m MimK +QKKmMB+ iBQM M2it
#2?BM/ i?Bb Bb b? QKRR @B2X%? MQ/2 BM+HmM/2b b2p2" H K ii2  [m:
T°Q+2bb M/ biQ ' 2[m MimKBM7Q K iBQMX h?2b2 K ii2" [m#Bib B/2
bTBMb b [m MimK K2KQ B2bX .Bbi Mi MQ/2b "2 QTiB+ HHv BMi2'7
+ M #Qi? 2KBi T?QiQMb M/ “2;Bbi2  [m MimK K2KQ B2bX AM i?Bb r
+QMM2+i2/ M2irQ ' Fb "2 +?2B2p2/X
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h?2°2 "2 b2p2  H 2bb2MiB Hi2+?MB[m2bi? i K F2i?2[m MimK M2ir

RAMiI2  @MQ/2b 2Mi M;H2K2Mi # b2/ QM BMX M;H2K2Mi br TTBM; (

kX i2i2H2TQ i iBQM # b2/ QM "2KQi2 2Mi M;H2K2Mi ;:2M2" iBQM
iBQ3KK

iXIMQm:;? HQ+ H K ii2° [m#BibiQ T2 ' 7Q K 2M3dM3H 2K 2RI i mb B 7 B
?2B;? [m HBivBM7Q K iBQM biQ" ;2X

9XL77B+B2Mi [m MimK 2KBii2 ' bi? i T'Q/m+2 BM/BbiBM;:mBb? #H?2
QTiB+ H 7B#2 WBWIPQAQMONMM2+i [m MimK MQ/2bX

8XZm MimKi> Mb/m+2'b T2 7Q KK ii2 @T?QiQM +QMp2 ' bBQM M/

AM +QHQ  +2Mi2 b-i?2"2 2 b2p2  H 8RN @M i2FIBM 2QIiBRQMW- r?
i?2H “;2@b+ H2 [m MimK M2irQ F Bb biBHH mM/2 /2p2HQT2/X



*? Ti2 K

. QmT h?2Q v@# b2/ aim/v Q7 *(
*2Mi2° b

kXR avKK2i'v Q7 *QHQ  *2Mi2 b

h?2 T'2b2M+2 Q7 +QHQ  +2Mi2 b # 2 Fbi?2 i  MbH iBQM H bvKK2i v
h?2 +QM7BM2/ 2H2+i"QMb BM +QHQ" +2Mi2 b U/272+ibV "2 /2b+ B
BMbi2 / Q7 i?2 H iiB+2X h?2 7Qm’ H2 /BM; ZAS@Q B2Mi2/ TH i7Q"
BM /B KQM/- UKV bBHB+QM@p + M+v UaBoV,BM BB K8 MB-+QjW +BptH
UaB*V- M/ U9V KQMQpPBMMBY USRVUjVUIV 2 HH TXDB MB #2Q M i ? 2
r?B+? r2 rBHH "2pB2rX h?2 aBo BM /B KQM/ + M #2 2T 2b2Mi2/ BM

7Dy ; QmMT-r?B+?2 r2 rBHH MQi bim/vX u2i-i?2 K2i?Q/QHQ:v BMi Q/
TTHB+ #H2 iQ Mv TQBMi ;' QmTX

kXk IJmHIB@S 'iIB+H2 g p2 6mM+iBQMb # b2/ C
K2i'v Q7 *QHQ *2Mi2 b

M2iQi?2 +QM7BM2K2Mi Q7 HQ+ H 2H2+i"QMb BM i?2 /272+ib- Q #E
MMHBF2 i?2 MQMHQ+ H # M/b Q7 i?2 H iiB+2X q?2M mbBM; TQBMi

Ky
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T "iB+H2M im2Q7/272+ib-QM2 + M mb22Bi?2° M2H2+i QM TB+im
i?22 T "iB+H2bX AM i?2 7TQHHQrBM: +QMi2ti- ArBHH biB+FiQ i?2 ?2Ql
Qi?2°rBb2 bT2+B7B2/X h?Bb Bb #2+ mb2 i?2 MmK#2" Q7 ?QH2b Bl
2H2+i"QMb BM HH i?2 + b2br2 +QMbB/2 X 6Q i?27Qm bvbi2Kb K2
2QH2b UBMbi2 / Q7 bBt 2H2+i"QMbV iQ 2T 2b2MiigBRM aB2M\2/ BM .
mb2 i?°22 2QH2b UBMbi2 / Q7 7Bp2.2B+BOXKIbYV iQ /2b+ B#2 o

6B;m 2 KXRHmbi® iBQMb@RK2i'v M/ KQH2+mH ~ QU#ABi HbKi2K
+QMbBbib Q7 7Qm’ iQKB+ Q #BbWOKRi-#X+hA2 B2 M i?°22 iQKb 7Q°
2[mBH i2° Hi'B M;H2 M/ i?2v "2 2[mBp H2Mi rBi? "2bT2+i iQ i?2 +
i?2B° iQKivT2 M//Bbi M+2X h?2mTT2 QM2 Bb /B772 2Mi BM 2Bi?:
AHHmMbi® iBQM Q7 bvKK2i'v@ Tf@62CpBM; @T20 BRIGMQMTX U+V
JOQH2+mH ~Q #Bi Hb UJPbV 7Q° 8@2H2+i,@Mbfk@?QH2b bvbi2K U

h?22 % TQBMi ;"QmT +QMi BMb bBt ;2QK2i'v@T 2b2 pBM; QT2  iBQM
QT2 iBQM-iQQ iBQMb U+HQ+FrBb2 M/ MiB@+HQ+FrBb2 /B 2+iBQ
U2 +? "27H2+iBQM TH M2 +Q "2bTQM/b iQ QM2 Q7 i?2i?2 22 #Bb2+i
i?72iQT p2i2tVX h?2v "2 gIC,QHBx2hk, bsg M/ "2 BHHmbi® i2/ BM 6B
kXRh?2 +? ° +i2 i #H2 QUE™M2 ¥ QmT Bb HBKXR/?RM2hi A2, Eg

“2T°2b2Mibi?2°22 B "2/ m+B#H2 "2TigB:N8i gBQWMI2 W2AMbVi-? M2 +H bb:
avKK2i'v@ / Ti2/ 7TmM+iBQMb mT iQ [m /> iB+ Q /2> 2 HbQ HBbi2/



k k +Nzy 1 1Y ; A yiNTA -A2Z T2b 2-AA +A&an +7é
Cawv | 2 ki | HBM2 ~ # bBb [m /" |iB+# bBb
1|/ R R R X X% + y?; 72
2 | R R @R R,
1k @R y  RERMWU XE y%2xy VUtX-vxV
h #H2 KXR, *? ~ +i2C4, HNRKRDI"v ; QmTX
_ E(E) C3(C3) | Cq(Cy) 1(T3) 2(2) | (3
0 1 '3 1 '3 0 1 °3 1 '3
=(R) (lJl i 5 (1) 1 ¥ 0 i
2 2 2 2 2 2 2 2
10 0 0 0 1 0 0
ewe (R) 01 0 0 1 0 0 0

h #H2 kXk, A_b Q7 TQMRQI#Bi H M/ bTBM /2;°22b Q7 7 22ARPK- "2bT?2
Bb ;Bp2MxBf? X

i?72 i +2 Q7 i?2 K i'Bt 2T 2b2Mi iBQM Q7 i?2 ;°QmT QT2  iBQM- Bi
7mHH /2i BHb Q7 2Qr i?2 bvbi2K i M7 DXKbH?2QK iBX2RBBXDEMi iBQ
Q7 AE Bb HBbi2/ BMOR #R2 #Qp2@K2MiB@BMNI/ *QmT QMHvV BM+Hm/
'2QK2i'B+ M im 2 Q7 i?2 /272+i- r?B+? ;Bp2b i?2 bT iB H Q #Bi Hb-
2H2+i"QMbf?QH2b- r?B+2SU(2) K2 BM B¥RH #%; /- r2 b? QmHY mbie2?2 *

;"QmTX h?2 /Qm#H2 ;" GnB7QMQBEBM K2 MBM; Bi BEAX Q"

Bib K i"Bt "2T 2b2Mi iBQDAXQMMH W ;m@@T bvK#QH + M #2 r'Bii2M b
Q7 i?2 bT iBH M/ bEBM, T dp- r?2 866Bb 7Q  i?2 A_ Q7 i?2 Q #Bi |
T "iB+H2 Q++mTB2bX 1ti2/N)/B#HIQ QAT M2+2bbBi i2b /Qm#HBM; Q
U/BK2MbBQMV-r?B+? H2 /b iQ i?2 2K2 ;2M+2 Q7 M2r A_bX _2T 2b2
/IBK2MbBROM2 :Bp2M BMX§ #H2

LQr r2 "2pB2r i?2 bvkKK2i'v QT2  iBQM M/ i22/QmHL2iQQ T #2824
QM i?2 7Q 2K2MiBQM2/ BM7Q K iBOQMXréQ @ H2A2Rb2iMe il QBIM/ 2t
M| H #2HDb i?2 +QKTQM2Mi Q" T "iMA;@7-ji22 A7 Q7TEjAL D"

2VX g2 + M i?2M /27BM2 b2i Q7 # bBjb,pi2+ @22 #MOBY g2+iQ b "2F
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|
|
|
|

1 %3 [ %3 1| 2| 3 3 1| 2| 3

1 Rl R R R R R R R R R R R
2 Rl R R OR@O@R@ RR R Rl @ R@ R@ R

1 ki @R@RyY | vy| y| k| @QR@RY | y| V¥

Ew | K| R Rl Y| V| V]| Qk@R@RY | Yy | VY
1E55 RR @R@ R B B Bl @ RR R @B @B @B

2Esp» RF @R@ R@B @B @B@ |[RR R B B B

h #H2 kXj, *? °~ +i2 GCu#BR@KKRI'v /Qm#H2 :°QmT r?2°2i?2 +H bb2b
IT U#QiiQKV i?°22 "Qrb BM/B+ i2b A_b Q7 bT iB HUbBTBMV /2;°22b C

i?72 bvKK2i'v QPR rBQ? Bib K i"Bt 2T 2b2Mi iEQNR)Y2M @it ?2hi?2
“2H iBQM i:PjD "(R); j nji X " bBb p2+jQ W2 bi #BHBx2/ #v i?2 T QD2+
QT2 iQ'b UQ TPYDRFiQIibV+Llj .kiX h?2 T°QD2+iQ  Bb 2tTHB+BiHv
i2°Kb Q7 i?2 bvKK2iv QT2 iQ'b7Q i?2;:°QmT #vi?2 2H iBQM,

[ X
" D "(R)yPg; UKkXRV

Pu" = h

R

r?2212 Mh "2 i?2 /IBK2MbBQMiQ2  MF Q7 i?2 :°QmT- "2bT2+iBp2HvX
+QMbi m+i2/ T°QD2+iQ " ;Bp2b i?2 bvKK2i'v@ / Ti2/r p2 7TmM+iBQM

g2 7B bi TTHvV i?2 T QDRADQQ@HiIXBWM i?2 KQH2+mH ~ Q #Bi Hb UJF
HBM2 * +QK#BM iBQMb Q7 iQKB+ Q #Bi Hb UG* PbVX g2 + M B:MQ"
QM bBM;H2 T "iB+H2 bBim iBQM- M/i?2 bTBM mTf/QrM ii +?22/iQ
QMHvV M22/ i?2,pbBRINHX*IbBM; i?2 7Qm° fQKB& @8I R¥ b H



k9 +Nzy 1 1Y ; A yiNTA -A2Z T2b 2-AA +A&an +7é
Q #Bi HbV b?QMKBMNMRBRIXKTH2-r2 + M ? p27Qm > JPb-2 +?2 rBi? /2

Ap: u= plT_g(a+ b+ ¢);

Ai: v=d;
1 UkXkV
Ey: eX:p—é(a b);

Ey:ey:pl—é(ZC a b:

AiBb2 bviQ +?2+Fi? ii?2v "2i?2 2B;2Mb2Bi;Q Mpr B2 QKKX2M QD2
rBi? T'QT2  A_X LQi2 i? i QM+2 i?2 +QX@®R?/ BM2i2i?BM 6B; K B+2b M/
i?72 JPb rBHH +? M;2 ++Q /BM;Hv-r?BH2 i?2 +? ~ +i2' b "2 T 2b2p
i* Mb7Q K iBQMbX h?2 7Qm" JPb "2 HQ+ HBX2/ #2ir22M i?2 +QM/r
b?QrM BMKBB:XX h?2°2 2 iQi HQ7 2B;?i Q #Bi Hb QM+2 i?2 bTBNM
BM+HmM/2/X

LQr r2 2ti2M/ iQ i?2 KmHIiB@T 'iB+H2 bBim iBQMX uLQiZzB? HBWM Lo
Hr vb 7BHH2/-bQ i?2 2 "2 (MdivghBt, @V BOQHDL?@ 2bi 7Qm" 2H2+i Q
7BHHX h?2 irQ@7?QH2b bvKK2i'v QT2 iBQM Bb

Pr(k ? Q)2 12) (a1 12)g UkXjV

PM i?2 Qi?2 ? M/-i?2 i? 22@?QH2b bvKKZ2igvrZI 2 2iB,QMQY @B i ?2hc
te,;e;v;ug ' ;#gV "2 p BH #H2- Bb

Pr(j 2QH28( & 12) (a1 1) (a1 12)9 : UKkX9V

aQHpBM; i?2 bvKK2i'v QT2 iBQMb ;Bp2b mb i?2 KmHIB@T 'iB+H2r
bvKK2i'v Q7 i?2/272+ibX
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kXkXR > KBHIiQMB M i?2Q v # b2/ QM ;"QmT i?2Q" v

h?2 > KBHIQMB M /2b+ ' B#BM; +QHQ  +2Mi2°  Kmbi Q#2v i?2 bvKK?2
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