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Lunar Surface Navigation Using Gravity and Star Tracker Measure-

ments

Thomas J. Taylor II

(ABSTRACT)

This thesis develops and analyzes a method that uses measured gravity and starlight vectors
to provide position and attitude estimates, given a predefined high-fidelity lunar gravity
field. The gravity field uses provided values for the surface gravity magnitude (g;p7) and the
East-West (EW) and North-South (NS) deflections of the gravity vector across the lunar
surface. These gravity measurements are location-specific and are shown to be influenced
by nearby craters and other topographic features. Gravity is more concentrated in these
regions, causing the gravity vector to deflect in their direction. The gravity field used in this
study (Lunar Gravity Model 2011 (LGM2011)) was developed specifically for surface use,
resulting in more accurate gravity measurements compared to other models calculated using
spherical harmonic expansions. Future lunar missions prompt the need for new surface nav-
igation techniques. Current position and orientation (POSE) methods employ star trackers
(ST) and accelerometers but do not incorporate the use of an external gravity field. The
Multiplicative Extended Kalman Filter (MEKF) developed in this study uses these sensors
and their data to define a state consisting of the attitude error vector, a, between the esti-
mated quaternion—found using Shuster’s Quaternion Estimator (QUEST) algorithm—and
the reference quaternion, the longitude ( ) and latitude ( ) positions, and the dynamic ac-

celerometer bias, b,. The MEKF assumes constant state propagation between time steps

a-

and a covariance update influenced solely by the Moon’s rotation. It also assumes that the



reference gravity field is perfectly accurate. However, this assumption introduces inaccura-
cies in the position estimates due to discrepancies between the true measured gravity and
the gravity predicted by the model. These biased position estimates, along with a known
accurate reference position, are then used to solve for the correlated gravity bias in the lunar
gravity field at various waypoints during a surface mission. As a test case, the reference posi-
tion is determined using two-way ranging measurements between the ground system and the
Lunar Pathfinder satellite. These measurements are processed through a combined weighted
batch-to-EKF filter to produce the reference position. A least-squares cost function is then
formulated using the MEKF outputs and reference positions to estimate biases in the gravity
field. The gravity bias algorithms presented are demonstrated to enable successful surface

navigation for a roving mission on the lunar surface.



Lunar Surface Navigation Using Gravity and Star Tracker Measure-

ments

Thomas J. Taylor II

(GENERAL AUDIENCE ABSTRACT)

This thesis develops a method to provide position and system orientation estimates using
gravity measurements and star images, given a predefined model of the Moon’s surface grav-
ity. The star tracker (ST) identifies stars in captured pixel images based on their brightness
and a known star catalog. Unlike the typical assumption that gravity vectors point directly
toward the center of the Moon, the actual surface gravity vectors are deflected slightly by
nearby topographic features, resulting in distinct measurements at different surface loca-
tions. As a result, the gravity vectors become location-specific and useful for identifying
particular surface regions. Future lunar missions require reliable techniques to determine
position on the surface. Although ST’s and accelerometers are already employed in existing
positioning algorithms, they do not incorporate an external gravity field. In this thesis, ST
and accelerometer data are used to define a state vector consisting of the orientation error
vector, the latitude and longitude positions, and the inherent accelerometer bias. While
accelerometers are generally calibrated and have known levels of uncertainty, the unknown
value of b, can significantly degrade gravity-based measurements if not properly estimated.
This bias is estimated through a series of rotations, with measurements gathered over time
to improve accuracy. The Multiplicative Extended Kalman Filter (MEKF) presented in
this study uses gravity and starlight vectors to estimate final position, orientation, and ac-
celerometer bias. Gravity vectors are filtered with respect to a known gravity field, as they

are specific to locations on the lunar surface. Starlight vectors, measured by ST, are used



to estimate the system’s orientation by relating the Moon’s inertial frame to the system’s
body frame. Accelerometer bias is estimated through a series of rotations that track how
gravity measurements from the accelerometer vary with orientation. This thesis also intro-
duces a method for identifying errors in the lunar gravity field by comparing MEKF-derived
position estimates at various surface waypoints with a highly accurate reference position.
This reference is computed using a lunar satellite, specifically the Lunar Pathfinder in this
study. The MEKF and reference positions are then used to isolate position errors arising
from inaccuracies in the gravity model. The correlated gravity bias method developed in
this study demonstrates its effectiveness in producing accurate position estimates for lunar

surface navigation.
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oy
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*?2 Ti2 R

AMIi Q/m+iBQM

aQ+B2ivéb BMi2 2bi BM /22T@bT +2 2tTHQ" iBQM +QMiBMm2b iQ :°
"2im"MBM; iQ i?2 JQQM M/ 2bi #HBb?BM; bmbi BM2/ T 2b2M+2X
QM i?2 HmM > bm'7 +2 bBM+2 i?2 TQHHQ Rd KBbbBQM BM .2+2K#
iQ “2im"M 2K BMb bi'QM:X aBM+2 i?2 7BM H TQHHQ KBbbBQMb-
aT +2 /KBMBbi  iBQM UL a V2 b 2tTHQ 2/ MmK2 ' Qmb “+?Bi2+im"
BM; + 2r2/ HmM ~ KBbbBQMb- rBi? i?2 mHiBK i2R¢D22bRp277 D " b +
H2/iQ i?2 /2p2HQTK2Mi Q7 i?2 JQQM@iQ@J b “+?Bi2+im 2- r?B+
7° K2rQ'F7Q b+B2MiB7B+ 2tTHQ  iBQM-BM7  bi'm+im 2 /2p2HQTEk
i? i bmTTQ i HOQM;@i2 K ? #Bi iBQMX h?Bb i?2bBb 7Q+mb2b QM i?
i?Bb “+?Bi2+im’2 "2im "MBM; iQ i?2 JQQM M/ ?B;?HB;:?ib i?2 M22|
M pB; iBQM i2+?MB[m2b BM/2T2M/2Mi Q7 bB;MB7B+ Mi 2ti2 M H BN

L a 6b "i2KBb T Q:  Kb22FbiQ +QHH #Q  i2rBi? #Qi? +QKK2 +B H
M2 b iQ 2bi #HBb? HQM:@i2 K T B2 mMQMITRHQQ WM Q772 b |
bB;MB7B+ Mi b+B2MiB7B+ TQi2MiB H#mi HbQ 2+QMQKB+ QTTQ in
Q7 HmM " 2+QMQKv i? i rBHH "2[mB 2 M2r BM/mbi B2b M/ bFBHH
G mM+? avbi2K UaGaV T QpB/2bi?2 H mM+? + T #BHBiv M2+2bb v
h?2 P'BQM bT +2+" 7i rBHH i’ MbTQ'i bi'QM mib iQ HmM ~ Q #Bi- 1
GmM " i2r vbT +2 bi iBQM Q #BIBMQIRCR2I@B N (T 'iM2'b bm+? b a
M/ "Hm2 P'B;BM rBHH T ' QpB/2 i?2 HmM " H M/2 b i? irBHH + “"v b
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bm'7 +2X PM+2 QM i?2bm 7 +2- bi QM mib M/ Q#QiB+ Qp2 b rBF
i2+?MB[m2b iQ QT2 i2 "QmM/i?2H M/BM; bBi2X

AM //BiBQM iQ ;Qp2 "MK2Mi@H2/ KBbbBQMb-i?2'2 2 p2 #22M +QKK
2°QbT +2 "2+2MiHv +?B2p2/ bm++2bb7mH H M/BM; M/ +QKTH2i
iBQMBb K FBM; i?2 7B bi 7mHHv bm++2bb7mH +QKK2 +B H HMmM
? p2 ii2KTi2/ H M/IBM;b #mi 2M+QmMi2 2/ +? HH2M;2b bm+? b H N
i iQm+?2/@yK ?BH2 +QKK2 ' +B H KBbbBQMb Q772" HQr2 @+Qbi H
?B;?2° "BbFbX L2p2'i?2H2bb- i?2B" ;"QrBM; BMpQHpP2K2Mi BM Hm
BM+'2 bBM; T'Bp i2 b2+iQ" +QKKBiK2MiX PM+2 +QKK2 +B H H M/:
bm++2bb7mHH M/BM;b M/ +QKTH2i2 KBbbBQM Q#D2+iBp2b-i?2v b
i?72bm"7 +2 M pB; iBQM i2+?MB[m2b T 2b2Mi2/ BM i?Bb i?2bBbX A7
++2H2 QK2i2° M/ ahiQ K2 bm™ 2 ;" pBiv M/ bi "HB;?i p2+iQ b-i?2}l
rBi? FMQrM HmM ;> pBiv 7B2H/ KQ/2H- + M #2 mb2/iQ 2biBK i2i?
iBOQM ++m’ i2Hv mbBM; i?2 J1E6X h?2 QMHv //BiBQM H “2[mB 2K2]
Kmbi #2 + T #H2 Q7 "Qi iBM; iQ HHQr 7Q i?2 2biBK iBQM Q7 ++2H

*m > 2MiHv- i?2 JQQM H +Fb :HQ# HL pB; iBQM a i2HHBi2 avbi2K U
?2B;?HvV ++m’ i2 HQ+ HBX iBOM K2i?Q/b QM i?2HmMM “bm'7 +2 mM [
/i bQm +2b "2 Hr vb ++2bbB#H2 iQ HMM " bm 7 +2 bvbi2K, ;" p
h?2b2 +QMbBbi2Mi K2 bm 2K2Mib b2 'p2 bi?27QmM/ iBQM 7Q " i?2
bim/vX q?BH2 T 2pBQmb "2b2 "+? ? b 2tTHQ 2/ i?2 mb2 Q7 i?2b2
rQ FBMi'Q/m+2b MQp2H +QKTQM2Mi, i?2BM+Q TQ iBQM Q7 FMQ
p2+iQ KQ/2HbX "v H2p2  ;BM; T'2/27BM2/ HmM ~ ;" pBiv KQ/2H-
2biBK i2b i?2 bvbi2Kob TQbBIiBQM- iiBim/2- M/ ++2H2 QK2i2 #B
BM7Q K iBQM 2M #H2b BKT ' Qp2/ 2biBK iBQM ++m’ +v i2 +? HQ+

h?Bb i?2bBb T 2b2Mib irQ K BM H;Q Bi?KB+ +QKTQM2Mib, QM2 i?



K2Mib i bBM;H2 HQ+ iBQM Qp2  iBK2- M/ MQi?2  i? i TTHB2b
i KmHIBTH2 r vTQBMib /m BM; i p2 b2 KBbbBQMX h?2 bi iBQM
J1IE6V mb2b K2 bm 2/ ;" pBiv M/ bi "HB;?i p2+iQ'biQ /2i2'KBM2 TQl
iBim/2 Bb 2T 2b2Mi2/ b [m i2  MBQM M/ +QKTmi2/ mbBéy-; a?mbi2
r?2B+? + H+mH i2b i?2 QTiBK H Qi iBQM 7°QK i?2JQQM@*2Mi2 2/ £
HQ+ H #Q/v 7  K2X h?2 TQbBiBQM M/ ++2H2 'QK2i2° #B b ‘2 i?2M
r?B+? BM+Q TQ  i2b i?2b2 p2+iQ'b M/ b2'B2b Q7 Qi iBQMb iQ 27

1tTHQ  iBQM #2vQM/ i?2 H M/BM; bBi2 Bb 2bb2MiB H 7Q" 7mim 2 H
i2°° BM Kmbi #2 bim/B2/ iQ bb2bb Bib TQi2MiB H iQ bmTTQ i Q 2?1
p2 b2 KBbbBQM H;Q Bi?K /2p2HQT2/ BM i?Bb i?2bBb 2biBK i2b #B
+QK#BMBM; KmHIBTH2 *2H2biB HL pB; iBQMU*2HL pV K2 bm 2K2N\
h?2b2 K2 bm 2K2Mib "2 i?2M +QKT "2/iQ M ++m" i2 272 2M+2 TQ
T QpB/2/ #v i?2 7Tmim 2 GmM ~ S i?7BM/2 b i2HHBi2- r?B+? rBHH 2
T QmM/@# b2/ bvbi2KbX h?2 "2bmHiIBM; /i 2T Q+2bb2/i? Qm;?
M/ 1ti2M/2/ E HK M 6BHi2  ULE6V iQ /2i2°'KBM2 i?2bi i2 TQbBIiBQM
tBb US V7" K2X "B b2b BM i?2 ;" pBiv 7B2H/ "2 i?2M +QKTmi2/ mt
7TmM+iBQM /2°Bp2/ mbBM; i?2J1E6 M/ 272°'2M+2 TQbBiBQM 2biBK
iQ BKT ' Qp2 ;' pBiv@# b2/ TQbBiBQM 2biBK i2bX 6m i?2 ' KQ 2- b
i?72 bm*7 +2-i?2 H;Q Bi?Kb + M #2 mb2/iQ i ; b KTH2b M/ ;2Q;" T
b+B2MiB7B+ M HvbBbX

h?Bb i?2bBb 7QHHQrb i?2 bi'm+im 2 b?QrM #2HQr,
C*? Ti2R? b b?QrM ?2Qri?2 BM+°2 b2/ BMi2 2bi BM HmMM "~ 2tTHQ" i

7Q° ++m i2HmMM " bm'7 +2 M pB; iBQM i2+?MB[m2b- M/ ? b /.
+Q "2H i2/ ;" pBiv#B b K2i?Q/b mb2/iQ + H+mH i2i?2 bvbi2Kob
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C*? TiZkrBHH ;Q Qp2 i?2# +F;, QmM/BM7Q K iBQM QM FMQrM Hm
M/ Qi?2" iiBim/2 M/ TQbBIiBQMBM; H;Q Bi?KbX

C*? Ti2f rBHH T QpB/2 bi2T #v bi2T QmiHBM2 Q7 i?2 i?2 H;Q Bi
i?72 TQbBiBQM- iiBim/2- ++2H2 QK2i2 #B b- M/ +Q "2H i2/ ;"

C*? Ti29rBHH ;Q Qp2  i?2 /B772 2Mi i2bi + b2b mb2/iQ M Hvx2 i?
H:Q 'Bi?Kb M/ ?Qri?2vp 'v# b2/ QM +2°i BM +QM/BiBQMbX

C*? Ti28rBHH T QpB/2 bmKK v Q7 i?2 “2bmHib- /Bb+mbb i?2 H
H;Q Bi?Kb- M/ bm;;2bi 7mim 2 rQ F # b2/ QM i?Bb bim/vX



*? Ti2 K

_2pB2r Q7 GBi2 im 2

h?Bb +? Ti2 T QpB/2b # +F;"QmM/ BM7Q K iBOQM QM i?2 K i2'B H T
+ mb2 i?2 M pB; iBQM K2i?Q/ /2p2HQT2/ BM i?Bb rQ F Bb /2T2M/2M
/i -r2#2;BM #v /Bb+mbbBM; p BH #H2 ;" pBiv KQ/2Hb M/ +QKT “E
G:JkyRR KQ/2HX L2ti- Qi?2° HmM "~ TQbBiBQMBM; Hi2 M iBp2b "2
HBKBi iBQMb M/ 2tTH BM r?2v i?2 BKT Qp2/ JL K@ HMQ +RilPIK B/M a2 +i

kXR GmM "~ :" pBiv JQ/2HD

a2p2  H /B7722Mi HmM ° ;" pBiv KQ/2Hb ? p2 #22M /2p2HQT2/ Qp
HmM = 2tTHQ iBQM BM+ 2 b2/X IM/2 bi M/IBM; i?2B" #2M27Bib M
BKTQ'i Mi BM b2H2+iBM; r?B+? Bb KQbi TTHB+ #H2 iQ i?2 KBbbB
? p2 #22M /2 Bp2/ mbBM; bT?2'B+ H? KQMB+ 7Q KmH iBQMbX 7
? KQMB+b Bb /27BM2/ 2?2 2rBi? KQ '2/2i BH2/ K i?2K iB+ KX/27BMB
h?2b2 ;" pBivKQ/2Hb BM+HmM/2 :G:J@k- GSRyyE-: :JRkyy - M/i?2
G:JkyRRX



e +Nzy 7 1Y "7&01 AAHO T 2 1

kXRXR aT?2 B+ H> "KQMB+b

aT?2 B+ H? "KQMB+b 2 +QKKQMHV mb2/iQ + H+mH i2 ;" pBiv 7B
bi?21 "i?-i?22JQQM-J "b- M/ p 'BQmb +QK2ibf bi2 " QB/bX aT?2
i?72 bbmKTiBQMi? i 2p2'vK i2'B HTQBMi Q7 i?2 #Q/v Bb +QMi BM2
+2Mi2° 2/ 11?22 #Q/vdob +2dX2 " QEFbKN bHbB(x iBQM Q7 i?2 "' BHHQMBM b
6 B ; mK 2R

6B:m 2 kXR, ""BHHQMBM bT?2°2 +QMi BMBM: HH K bb +QKTQM2M
Q7 K bbX h?Bb "2;BQM /27BM2b i?2 #QmM/ v 7Q r?2 2 bT?2 B+ H

*QMp2 ;2M+2 Bb ;m ° Mi22/ QmibB/2 Q7 i?Bb bT?2 2 #mi MQi rBi?B|
B+ H bbmKTiBQMb bbmK2 2 +?2 bT?2'B+ H H v2' Bb 2KTivX h?22
7Q° 6b?2HHbLG +QMi BMBMCG,M QMKSjji2 X2 dBMBp2/ rBi? i?Bb bbmKTiB
i?72v HQb2 ;m > Mi22/ ++m > +v #2HQr i?Bb i? ' 2b?QH/X h?2 2 "2 K|
T QtBK iBM; i?2 bT?2'B+ H? "KQMB+b rBi?BM i?Bb bT?2°2- QM2 Q
i?72Q 2K /2b+ B¥R/IBBIM; i?2 ;> pBiv BKTHB2/ #v i?2 HmM "~ iQTQ; T
E° "mTK2i?Q/ BKbiQ pQB/i?2/Bp2 ;2M+2rBi?BMi?2""BHHQmMBM |
"2bQHMIBQM /XBMR+BM (BM; bT?2°B+ H? "KQMB+ C,pBiQ@ @bmK?2
277B+B2Mib /Q MQi /2T2M/ QM i?2 TQbBIiBQM Q7 i?2 2p Hm iBQM T
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+QMbi Mib /27BMBM; i?2 ;" pBi iBQM H 7BN¥ QTa?2MiB,+iBM; #Q/
+Q277B+B2Mib M22/2/ 7Q  bT?2'B+ H ? "KQMB+ + H+mH iBQMb "2
p "'BQmb KBbbBQMb ~QmM/ i?2 #Q/v Q7 BMi2 2biX /2i BH2/ # 2 F
KQMB+ + H+mH iBQMb M/ i?2 +Q277B+B2Mib Xih22BbmM Q p,B/RB &M
KQ/2Hb /2b+ B#2/ BM i?2 7TQHHQrBM; b2+iBQMb mb2 bT?2 B+ H ? °
"QmM/ i?2 JQQMX h?2b2 KQ/2Hb rQmH/ #2 KQ 2 bmBi #H2 7Q" b
i?72 " BHHQMBM bT?2 2-#mi bBM+2 i?Bbbim/v7Q+mb2b QM QT2 iB
bm 7 +2 ;> pBiv TT QtBK iBQMb 2 KQ'2bmBi #H2/m2iQ i?2 TQi2M
/IBp2 ;2M+2 ii?22bm 7 +2X

kKXRXk :G:J@k : pBivJQ/2H

h?2 :G:J@k Bb bT?2'B+ H? 'KQMB+ KQ/2H Q7 i?2 HmM " ;" pBiv 7
dy # b2/ QM a@# M/ .QTTH2 i +EBM;/ i 7 QK i?2 *H2K2MiBM2 KBb
i +FBM; /i 7°QK GmM "~ P #Bi2'b R 8 M/ i?2 TQHHRYRS8h A2/ Re b
/i /12°Bp2/ 7 QK i?2b2 b i2HHBiI2b? /H “;2; Tb BM +Qp2 ;2 QM i?2
rBHH #2 b22M rBi? bQK2 Q7 i?2 Qi?2° HmM " ;> pBiv KQ/2HbX h?2 b
? "KQMB+ bQHMiBQMb r2 2 HBKBi2/ # b2/ QM i?2 +QKTmi2 b p BH #
BMi?2 RNeyb M/ RNdybX h?2GmM P #Bi2 br2°2i  +F2/#vi?2 .22
M/ ? /irQ KBbbBQM T? b2b, T'BK v KBbbBQM 7Q  T?QiQ;  T?B+ K
KBbbBQM rBi? bT b2  i° +FBM:X h?2 TQHHQ bT +2+° 7i bm#b i2H
i?2 K ;M2iB+ 7B2H/b- TH bK b- M/ 2M2 ;2iB+ T iB+H2b QmM/i?2.
i MbTQM/2 biQ T QpB/2?B;?@T 2+BbBQM ;" pBivkK TTBM; Q7i?2J
2HBKBM iBM;i?2 M22/7Q" //BiBQM Hi? mbiBM; /m BM; i?2 KBbbBC
Km+? bKQQi?2 i? Mi?2/i 7°QKi?2GmM " P #Bi2 b-r?B+? 2[mB"
T2/ vX h?2 *H2K2MiBM2 b i2HHBi2 HbQ + B2/ M a@# M/ i  MbT
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M/ rbi +F2/ #vi?2 .aLX

h?2 i +FBM: /i 7°QKi?2bQm +2b #Qp2r2'2 /BpB/2/ BMiQ BM/2T2
“+b-# b2/ QM bT +2+° 71 Q #Bi +? ° +i2 ' BbiB+b-7'2[m2M+v Q7 K |
i~ +FBM; /i X h?2 :G:J@k 7BM H "2bmHi Bb # b2/ QM jNk “+b- 7 Qt
H2M;i?- M/ BM+HmM/2/ dy3-389 Q#b2 p iBQMb- rBi? i?72 K DQ ' Biv Q*
7°QK i?2 *H2K2MiBM2 b i2HHBi2X h?2 7Q +2 KQ/2H BM+Hm/2/ i?B
1 "i?-i?2amM- M/ HHi?2 TH M2ib-i?2bQH "~ /B iBQMT 2bbm’ 2-
bQH "@BM/m+2/ HmM " iB/2bX JQ'2 QM i?2 /2°Bp iBQM Q7 i?2 bT?
#2 7TOMMIYXMhP2 bQHMIBQM Q7 i?2 :G:J@k ;" pBivKQ/2H ? b 7°22@
" M;BM; 2931 @58 K: Hb b b?QrM BMXKB?2"2R 0M&K BX h?2 :G:J@

k ;" pBiv KQ/2H r b MQi bm77B+B2Mi 7Q" i?Bb bim/v /m2 iQ Bib HQ1
bOQHMIBQM M/ H +F Q77 ~bB/2/ i X

6B:m 2 kXk, h?2 :G:J@k 7°22@ B ;" pBiv MQK HB2b BM K: Hb +QK
272 2M+2 " UBSFKR7h?2 MQK HB2b b?Qr ?B;?2° K ;MBim/2b BM "2
+2i2°b M/ Qi?2 iQTQ; T?B+72 im 2bX URBYM 2 2T Q/m+2/ 7" QK
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kXRXj GSRyyE :" pBiv JQ/2H

h?2 GSRyyE ;" pBiv KQ/2H Bb # b2/ QM T '2pBQmb HmM ~ KBbbBQM
i72 RNN3 RNNN GmM ~ STQbT2RIRX WTRSEXBbbBQMK i?B°/ .Bb+Qpz
KBbbBQM M/r bTH +2/BM TQH -M2 @+B +mH ~Q #Bi i M HiBi
KBbbBQM-r?B+? H bi2/ TT QtBK i2ZHv QM2 v2 "X h?Bb T QpB/2/ ;H(
2tT2°"BK2Mi- rBi? i?2 2t+2TiBQM Q7 r?2M Bi T bb2/ #2?BM/ i?2 JQ
M 2ti2M/2/ KBbbBQM i HQr2 2/ HiBim/2 Q7 jy FK- Q#i BMBM; ?E
bT2+i QK2i2- M/ K ;M2iB+ /i X h?2 GS 7  bB/2 ;" pBiv BM7Q K
HOM;@i2 K 2772+i QM i?2 bT +2+" 7i6b Q #Bi- + 2 iBM; ; T BM i?2
bm'7 +2X h?2 GSRyyF ;" pBivKQ/2HBb bQHp2/ mbBM; bT?2 B+ H ?
GSRYyyFmb2bi?2GmM P #Bi2'b- TQHHQbT +2+ 7i- M/ *H2K2MiB
A2+ I KEAMXKQM; rBi?i?2GSiQ+ H+mH i2i?2 ;" pBiv7B2H/X h?2 HmM
7°QK i?2b2 bQm +2b r2°2 T°'Q+2bb2/ mbBM; CSGdb P #Bi .2i2 " KBM
2biBK i2/ T °~ K2i2'b +QMbBbi Q7 "+@/2T2M/2Mip "B #H2b i? i ~2/
2 +? /i1 "+-bm+? bbT +2+" 7i bi i2- M/ ;HQ# Hp B #H2b i? i "2
“+b-bm+? b? "KQMB+ +Q277B+B2MibX JQ 2 QM i?2RRXpB?P2 KQ/2H
GSRyyE ;" pBivKQ/2H Bb MQi mb2/ BM i?Bb bim/v/m2iQ BibH +F Q°

kXRX9 : AG.i M/ _2bmHiBM; : :JRkyy : pBiv JQ/2F

h?2 M2ti ;" pBivKQ/2H +Qp2 2/-:_:JRkyy -Bb# b2/ QM / i Q#i BM2/
_2+Qp2°'v M/ AMi2'BQ" G #Q iQ'vU:_ AGV KBbbBQMX "27Q°2 ;QE
KQ/2H-BiBb BKTQ'i MiiQ mM/2 bi M/i?2# +F;"QmM/ Q7i?2:_ AGK
rb+QHH2+i2/X >Q77K M T ' QpB/2b M 2ti2NRIKB p2B +?ABD @ mX K B BrxB k
?22°2X h?2:_ AG KBbbBQMr b /2bB;M2/iQ T'QpB/2 + mbi@iQ@+Q
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irQi M/2K b i2HHBi2bX h?2 :_ AG /i T QpB/2b #2ii2° M2 ~ bB/2 M,
bB/2 7B/2HBiv Q7 i?2 HmM ;" pBivX h?2 7 " bB/2 BM7Q K iBQM 7C
HBKBi2//m2iQi?2K "2HvVBM; QM i?2 .aL-r?B+? 7 BHbiQi +F b i2F
i?72 JQQMX h?2 :_ AG KBbbBQM mM/2 r2Mi M TT QtBK i2 Ny / v b+
+QKTH2i2/i? 22 kdXj/ vK TTBM; +v+H2bX

h?2GmM " :" pBiv_ M;BM;avbi2KUG: aVr bi?2b+B2M+2 BMbi mK2
b i2HHBi2X h?2 G:_a mb2/ /m H@QM2@r v = M;BM; K2 bm 2K2Mi
KQIiBQM #2ir22M i?2 irQ :_ AG b i2HHBi2bX aBM+2 i?2 ;" pBiv Q7
bT +2+° 7i6b +2Mi2° Q7 K bb U*JV-i?2 +? M;2 Bb "27H2+i2/ BM i?2 C
bm 2K2MibX h?2 GBM2 Q7 aB;?i UGPaV  M;2@ i2 HQM; rBi? i?2 .:
K TTBM; +v+H2b Bb i?2M T ' Q+2bb2/iQ /2p2HQT i?2 HmM ~ ;" pBiv k
7B2H/ ? b "2bQHmMIBQM Q7 jy FK U2[mBp H2Mi iQ /2;°22 M/ Q /2" |
R)VX h?2:_:JRkyy miBHBx2bi?Bb /i iQ+ H+mH i2 /2;°22 M/ Q /2
KQMB+ ;" pBiv7B2H/ KQ/2H rBi? "RPROHMBB@M @2 G (++m’ i2 ;"
KQ/2H /Bb+mbb2/i?mb 7 ~#miBb MQi b2H2+i2/7Q mb2 BM i?Bb bim
? pBM; ?B;?2° "2bQHmMiBQM M/ #2BM; /2bB;M2/ 7Q  bm 7 +2 mb2 L

kXRX8 G:JkyRR :" pBivJQ/2H

h?2 ;" pBiv 7B2H/ KQ/2H b2H2+i2/ 7Q  i?Bb bim/v Bb i?2 G:JkyRR ;"
BVMRPX h?2 G:JkyRR KQ/2H T ' QpB/2b ;" pBiv ++2H2  iBQMb- 722
b2H2MQB/ mM/mH iBQMb- M/ p2 iB+ H /27H2+iBQMb Q7 i?2 ;" pBi
"2bQHMIBQM Q7 RX8 FKX Aib K2 bm 2K2Mib 2 # b2/ QM i?2 C
1M;BM22 'BM; 1tTHQ 2  UalG1L1V KBbbBQM6b aJ:RyyB / i b2i- r?B+
QM i?2 +QKTQbBIiBQM@X h?23QQ@BiY 7B2H/ bB;M im 2b Q7 K2/BmK
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BKT +i+ i2°b "27QmM/ mbBM; i?2?B;?@7 2[m2M+viQTQ; T?B+ B
GmM " P #Bi2 G b2 HiBK2i2 UGPG V-r?B+?2 T Q/m+2b BM7Q K iE
#°B;?iM2bb-bm 7 +2 bHQT2b-bm 7 +2 "Qm;? VM2EXbh?®/G2QYRB+ iQ
KQ/2H Bb +QKTQbBi2Q7i? 22 /B772 ' 2MiBMTmi/ i b2ibi? ii F2 Bl
Q7i?2JQQM,

RX1G1L1 /i T°'QpB/BM; HQr M/ K2/BmMK@7 2[m2M+v +QMbiBim2|

KX L2riQMB M 7Q'r /@KQ/2HBM; mb2/iQ + H+mH i2 iQTQ; T?v@

jXJQ/2H2/ MQ 'K H ;" pBiviQ ++QmMi7Q i?2; pBi iBQM H i +il
K bb M/ /2+ v Q7 ; pBivrBi? ?2B;?iX

h?2 G:JkyRR KQ/2H Bb HbQ # b2/ QM i? 22 F2v bbmKTiBQMb,

RXQ?2°2M+2 Q7 alG1L1 M/ GPG /i -
KXM+QKT2Mb i2/ ?B;2@7 2[m2M+v iQTQ: T?2v- M/

JIX*QMbi Mi K bb /2MbBivX

h?25FK b+ H2 Q7 i?2 G:JkyRR KQ/2H Bb bbmK2/iQ #2 BKKmM2 7°¢
2M2° 12/ 7°QKH b2 HiBK2i'v/ i MQi+QKTH2i2HVK i+?BM;i?2; p
7H ii2MBM; Q7 i?2JQQMBb bbmK2/iQ #2 x2 " Q bBM+2i?2 JQQM Bb
h?2bm* 7 +2 ;" pBiv ++2H2" iBQNX- b2 Q2VbBEN @QF; "'?2a:JRyyB alG1l
;- pBiv-i1?22 L2riQMB M ;" pBiv- M/ i?2 MQ K H KX@®Biv b?QrM BM 6B,
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6B;m 2 kXj, G:JKkyRR bm 7 +2 ;" pBiNB+rRIR2? 2BMRMbbEBM2Kb?QrM QM
H27i M/ i?27 " bB/2 QM i?2 "B;?iX h?2bm*7 +2 ;" pBivp Hm2b "2 ?
b?Qr bT2+B7B+ 2;BQMb r?2 2 i?2 K ;MBim/2 Bb ;"2 R3®VX U6B;m 2 "2

UVL2riQMB M ;" pBivU#V alG1lL1 ;" pBiv MQK HB2b

U+V LQ K H ;" p/BSiv BM K

6B;m 2 kX9, h?2i?°22 G:JkyRR BMTmi /i b2ib T°'QpB/2i?2 p Hm2b
/[27H2+iBQM M/ bm 7 +2 ;" pBivK ;MBim/2b + Qbbi?2HmM ~bm~ 7
KQ/2HBM; Bb mb2/ iQ + H+mH i2 i?2 iQTQ;" T?B+@BKTHB2/ ;" pBi
T 'QpB/2bi?2 HQr M/ K2/BmK@7 2[m2M+v +QMbiBim2Mi +QKTQM2M
i?72 LQK H ;" pBiv ++QmMib 7Q  i?72 JQQM6b iQi HK bb M/ ;" pBiv
i?72bm 7 +2 BM+2 b2bX U6B;mRRY 2T Q/m+2/ 7 QK (
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AiBb +H2 "7 " &kKPBrm 22" M/ Qi?2 iQTQ;  T?B+ 72 im 2b? p2bB;M
QM bm 7 +2 ;" pBivp Hm2b-rBi? ?B;?b ;2M2" HHv Q++m 'BM; ii?2+
/I27TH2+iBQMb Q7i?2 ;" pBivp2+iQ 2+ H+mH i2/ mbBM;i?2; /B2M
bQmi? M/ 2 bi@r2bi /B 2+iBQMbX h?2b2 /27H2+iBQMb 2 HbQ ?E
72 im 2b- b b22MKEBBI 6B;m 2

6B;m 2 kX8, L2 ° M/ 7 " bB/2 G:JkyRR K ;MBim/2 Q7 iQi Hp2'iB+ H
bm 7 +2- T'QpB/2/ BM "+b2+QM/b UbV- "2 b?2QrMiQ #2 ?2 pBHv BN
im 2bX U6B;m 2 2T RPmM+2/ 7 QK (

Ai Bb /B77B+mHi iQ bb2bb i?2 ++m’ +v Q7 i?2 G:JkyRR / i rBi?Qr
K2 bm 2K2MibRXR®HB/2b +QKT "BbQM #2ir22M K2 bm 2/:> pBiv +
KBbbBQMb M/ G:JkyRRG&b T 2/B+i2/ bm 7 +2 ;" pBivX

h #H2 kXR, h?2 +QKT "BbQM #2ir22M K2 bm 2/ TQHHQbm 7 +2:  pE
bm 7 +2 ;> pBiv HHQrb >B i M/ 62 i?2 biQM2iQ /27BM2 i?2 ;2M2" H
KQ/2H iQ #2 BM RyB¥X7 K: H (

JBbbBQM () () J2 bm 2/ : pBivUK: HV G:JkyRR
TQHHQ RRyXed]j kjX9odj Rek-38k Rek-3yR
TQHHQ Rk @jXyy3 @kjX9k8 Rek-ed9 Rek-dyy
TQHHQ R9 @jXe99 @RdX9dd Rek-e8j Rek-ekR
TOQHHQ RdkyXRNK jyXde8 Rek-eN8 Rek-e38

"b2/ QM hkdRBiIi + M#2 TT QtBK i2/i? ii?2G:JkyRR ;" pBivKQ/2HT"
;- pBiv K2 bm 2K2Mib ++m” i2iQ Ryb Q7 K: HX h?2 ++m" +v Q7 i?:
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bbmK2/iQ #2 ++m  i2iQ b 72r bRy "+b2+QM/b-#mi HBF2 i?2 bm
T Qp2M rBi?Qmii m2 ; QmM/ K2 bm 2K2MibX h?2 G:JkyRR ;" pBiv K
i?72 QM2b /Bb+mbb2/kBRRAKRHB-QWID2 Bi T QpB/2b ++m” i2 p Hm2b 7
bm'7 +2 ;° pBiv K ;MBim/2 M/ MQ i7@bQmi? M/ 2 bi@r2bi /27H2+i
i?72 2MiB"2 HmM ~bm 7 +2X h?2 K BM Tm TQb2 Q7 i?Bb bim/v 7Q+r
K2 bm 2/ i MVTQBMiQMi?2JQQMBbMQiT2 ' 72+iHVMQ K HiQ i?2
iQTQ;" T?B+ 72 im 2bX > pBM; /i b2ii? i +Qp2'b i?2 2MiB" 2 bm
#2? pBQ'b Bb i?2 # +F#QM2 Q7 i?2 J1IE6 H;Q BiRK IQHINCHBIMYRRBM a
['i + M#2 /QrMHQR®X i (

kXk Pi?2° GmM > SQbBiBQMBM; J2i?Q/b

hQ mM/2 bi M/i?2 #2M27Bib Q7 i?2 T QTQDb2/*2HL pJ1E6 K2i?Q/- Bi
H'2 /v@ p BH #H2 HmM > TQbBiBQMBM; K2i?Q/b M/ H;Q Bi?KbX
+QK#BM iBQMb Q7 +QKKQM M pB; iBQM i2+?MB[m2b- bm+? b Q /E
BM2'iB HM pB; iBQM bvbi2Kb UALaVX h?2b2 K2i?Q/b M/ i?2B T2 "
7QHHQIBM; b2+iBQMbX

kXkXR Pi?2 *2H2biB HL pB; iBQM U*2HL pV

h?2BM-ZmBMM- M/ 6QHI /27BM2 *2HL p K2i?Q/ QM i?2HmMM ~bm"°
M/ bi " i +FRBBMBKBH " iQi?2b2imT Q7 i?Bbbim/vX h?2B bim/v 7C
rBi?BM +° i2°’b QM i?2 HmM ~bm 7 +2 r?2°2 HBKBi2/ b2MbQ K2 bm
'Q Hb Q7 i?Bb *2HL p K2i?Q/ BM+Hm/2/,

RX2p2HQTBM: M H:Q Bi?K iQ /2i2°KBM2 HQ+ iBQM # b2/ QMHvV
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+2H2 QK2i2° K2 bm 2K2Mibc

kKX2i2°KBMBM: M pB; iBQM H2 "Q  # b2/ QM ah- ++2H2 QK2i2" -

jX6BM/BM: i?2 2°°Q  iQH2  M+2b i? i 2Mbm 2 i?2 TQbBiBQM 2biB
++m> +v Q7 rBi?BM 8y K2i2 bX

h?2 ah M/ ++2H2 'QK2i2° QmiTmib 2 bbmK2/iQ #2 [m i2 "MBQNM
P2+iQ "2bT2+iBp2HVX h?22 Q' bBMi?2B bim/v+QK27 QK MQBb2
KBb HB;MK2Mi2 "Q b #2ir22Mi?2#Q/v7  K2bQ7i?2BM/BpB/m H +C
i?72 ++2H2°QK2i2° M/ ah K2 bm 2K2Mi KQ/2Hb b 7mM+iBQMb Q7 #
"2bT2+iiQi?2HQ+ H1 bi@LQ i?@ITULLIV+QQ /BM i2bvbi2K- br2
HB;MK2Mi M/ K2 bm 2K2MibX 7i2 /27BMBM; i?2K2 bm 2K2Mi KQ/
iQ + H+rmH i2 i?2 HQ+ H HQM(BimTD b\B/i BIQIBXmh22 bBKmH i2/ K2 bn
MQBb2 7Q  i?2 ah Bb # b2/ QM Bib ++m> +v rBi?BM +2°i BM #Q 2b
0:001 BM i?2B" bim/vX h?2 bBKmH i2/ ++2H2 QK2i2 K2 bm 2K2Mi M

M/QK MmK#2® ;2M2° iQ  7QHHQrBM; MQ'K H/Bbi'B#miBQM rBi? 7
++m° +vQ7i?2 ++2H2 QK2i2'X h?2 M pB; iBQM H ++m" +v- BM+Hn
70mM/iQ #2 rBi?BMBOK2iP22BRQH/X >Qr2p2°-i?2 ++m’ +vbB;MB7B+
b KQ'2b2MbQ® MQBb2 Bb BMi"Q/m+2/X h?Bb *2HL p K2i?Q/ + MMC
MQBb2 M/ /Q2b MQi ++QmMi 7Q° TQi2MiB H #B b BM i?2 ++2H2 (
MQi mb2 M 2ti2°M H ;" pBiv 7B2H/ 272 °2M+2 iQ B/ BM TQbBiBQM
++m° +v Q7 i?2 7BM H TQbBiBQM p Hm2X Ai HbQ bbmK2b TQBM
Bib ++2H2 QK2i2 ' K2 bm 2K2Mib BMbi2 / Q7 ++QmMiBM; 7Q i?2 K
i?72 2MiB 2 #Q/vX
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kXkXk ALaf*2HL p *QK#BM2/ L pB; iBQM J2i?Q/ IbBM; 1

LBM; M/ GBm QmiHBM2 irQ@KQ/2 ALaf*2HL p M pB; iBQM K2i?Q/
bi i2Q7 "Qp2 bvbi2K- bRN§+aBM22B®B0b bim/v Bb T'BK "BHv 7Q +m
i72 *2HL p bQHMIBQM BM bi iBQM v bi i2-i?2 iB;?iHv@+QmTH2/ |
GBm Bb bmKK "Bx2/ 222X AM i?2 iB;?2iHV@+QmTH2/ KQ/2- i?2 i'm
X2 QX h?22°27Q°2- Mv K2 bm' 2/ ALa p2HQ+Biv Bb /2RBBRPXrtb p2HQ
i72 ALaf*2HL pi2bi T°Q+2/m 2 mb2/X

6B:m 2 kXe, LBM: M/ GBm6b iB;?2iHV@+QmTH2/ ALaf*2HL p :"QmN
bBKmH iQ - MAJI- M/ bi "BK :2bBKmH iBQM bvbi2KiQ T ' Q/m+2T
2T °Q/m+2/RNQK (

h?2 bi i2 p2+iQ° +QMbBbib Q7 i?2 KBb HB;MK2Mi M;H2- p2HQ+Biv 2
ALa K2 bm 2K2MibV- TQbBIiBQM 2 'Q - ;v Qb+QT2/'B7i2°°Q - M/i-
h?2 K2 bm 2K2Mi KQ/2H +QMbBbib Q7 ?Q BXQMi H p2HQ+Biv 2 °Q’
HiBim/2-r?B+? Bb 7mM+iBQM Q7 i?2 Qp2 6bTQbBIiBQM M/ i?2 bi
T Q+2bb 7Q /2i2 KBMBM; i?2 bi ~ HiBim/2 Bb /Bb+mbb2/ 7m i?2 B
K2 bm 2K2Mi KQ/2HX h?2bi i2/27BMBiBQM M/ K2 bm 2K2Mi KQ/2H
M1E6 H;Q Bi?KiQ bQHp2 7Q  i?2 bi i2 b p2HQ+Biv M/ ah K2 bm" 2
Qp2 ' pB2r QM 1E6b b r2HH b bQK2 Q7 Bibkp) XBAM B BBIK/TBD -+ nivbibiZy A @
i? 11?72 ++2H2 QK2i2 #B b p2+iQ BM+HmM/2/ BM i?2 bi i2 7Q i?Bb
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i?72 ++2H2 'QK2i2 #B b /2BRRIAIiBM22biRQM2 FMQrM ++2H2 QK2i2
+ M#2 mb2/iQ ++QmMi 7Q i?2i m2 K2 bm 2/ ++2H2 QK2i2 p Hm
MiBHBx2 HQ+ H ;" pBivK2 bm '2K2Mib Q" ++QmMi 7Q" i?2 /vM KB+ #
HmM “bm 7 +2- H2 /BM; iQ H2bb ++m > i2 TQbBiBQM K2 bm 2K2Mib

kXkXj ALaf*2HL p *QK#BM2/ L pB; iBQM J2i?Q/ IbBM; II

MALaBMBiB HBx iBQMK2i?Q/ B/2/#v +2H2biB H Q#b2 pBBQMb Bb
AMBiB HBxBM; i?2 ALa M/ *2HL p bvbi2Kb BM/2T2M/2MiHv Bb +? H
bBKTHB7B2b i?2 T'Q+2bbX h> /BiBQM H ALa BMBiB HBx iBQM K2i?¢
7BHi2 b- rBi? i?2 ALa 2°°Q  KQ/2H b i?2 bi i2 M/ i?2 p2HQ+Biv 2°
KQ/2HX h?2b2 E HK M 7BHi2 b- HBF2 i?RX®NWR7 727 B-MRr/ @#b a 2p- #BEH
h?2 K2i?2Q/ T'QpRRMB¥( M IMb+2Mi2/ E HK M 6BHi2  UIE6V iQ 7mb
BM7Q K iBQM "2+2Bp2/ 7°QK i?2 ah M/ ALaXJQ 2BM7QKRYXBQM QN

h?2 IE6 bi i2 KQ/RH BMMbBbib Q7 i?2 bVQBBEBQM- 1mH2" iiBim/2 |
M/ ;v Qb+QT2 M/ ++2H2 QK2i2 2 "Q bX h?2 K2 bm 2K2Mi KQ/2H -
i72 bi "HB:?i p2+iQ - i?2 K2 bm 2/ ++2H2 QK2i2 ;> pBiv- M/i?2 ;v
2i HX /272M/i?2B  mb2 Q7 i?2 1E6 Qp2" i  /BiBQM H 1E6/m2iQ Bit
7Q0° MQMHBM2 " bvbi2Kb M/ MQi? pBM;iQ 7BM/i?2C +Q#B MK i B
2°°Q Q7 i?2 BMBiB H TQbBiBQM rBi?BM jyy K- M/ i?2 2biBK iBQM
rBi?BM 9y6X h?2 2biBK iBQM T Q+2/m 2 /2b+ " B#2/ BM i?Bb b2+iBQ|
i?2 BMBiB HBx iBQM Q7 i?2 bvbi2K- #mi Bi Bb MQi ++m” i2 2MQm;?
bm77B+B2Mi TQbBiBQM p Hm2bX
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kXkX9 GmM " SQbBiBQMBM; IbBM; amM@" b2/ *2HL p

h?2°2 "2 KmMHIBTH2 bQm +2b Q7 BM7Q K iBQM i? i + M #2 mb2/ 7Q’
GB- M/ CBHBM /2b+ 'B#2/ TQbBiBQMBM; M/ Q' B2Mi iBQM K2i?Q/
MQK2i2 6bTBi+? M/ QHHQmMiTmib M/ K2 bm 2/ bmM /B 2+iBQM p2
K2MiBQM2/ bi "HBKJ)IX2MQid { Q7 ivIB+ H ah-i?Bb K2i?Q/ miBHB:
rBi? i?°22 T “ib, i?2 QTiB+ H H2Mb- T?QiQ2H2+i'B+ b2MbQ - M/ i?
bmHIBM; bmM /B 2+iBQM p2+iQ Bb 72/ BMiQ i?2 Zllah HK{ Bi?K /2
iIQ /2i2 KBM2 i?2 2bmHiBM; iiBim/2 [m i2 " MBQMX S2M;- GB- M/ C
/[27BM2 bBKmHi M2Qmb TQbBIiBQMBM; M/ Q B2Mi iBQM Ua*SPV K2
HBM2 "~ +2H2biB HTQbBIBQMBM; T " Q#H2K BMiQ HBM2 "[m i2 MBC
h?Bb K2 Mb i? i i?72 TQbBiBQM M/ Q'B2Mi iBQM 2 bQHp2/ iQ;2i?:
h?2 [m i2 MBQM 2bmHIBM; 7 QK i?2 K2 bm 2/ bmM /B 2+iBQM p2+i
M/ TBi+? "2i?2M mb2/iQ /2i2 " KBM2 i?2 7BM HTQbBiB@Kd M/ ?2 /E

h?2 H;Q Bi?K mb2/ BAMBBEBM7HmM2M+2/ #v irQ ivT2b Q7 2°°Q b, bvt
" M/QK2 QX avbi2K 2 °Q" "Bb2b 7 QK KBb HB;MK2Mi BM i?2 "2[mE
" M/QK 2 Q" "2bmHib 7°QK x2°Q@K2 M : mbbB M r?Bi2 MQBb2 BM i
h?2v/Q MQimb2 M 2ti2 M H ;> pBiv 272 2M+2iQ B/BM i?2B  + H+
M/ bBKmH iBQM +QM/BiBQMb "2 kRbMfibBR/HBMIQR# BHEBN (2/ 22 2)
p2> :2 M pB; iBQM 2 °Q b BM ?2 /BMM123V /MIBBEBFKQ M2 22 +iBp2HvX
h?2b2 2°°Q'b "2 22 pBHv /2T2M/2Mi QM MQBb2 BM i?2 K2 bm 2K2
K2 bm 2K2Mi KQ/2HX
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6B;m 2 kXd, h?2B/2 Ha*SP H;Q Bi?Kmb2b MBM+HBMQK2i2 M/ [n
mbBM; bmM p2+iQ b BMbi2 / Q7 bi "HB;?i p2+iQ b iQ 2biBK i2 TQb
p2+iQ°b "2 M p BH #H2bQm +2Q7BM7Q K iBQM QM i?2HmM ~bm"
/2i2 ° KBM iBQM K2i?Q/X U6B;m X)2T Q/m+2/ 7 QK (
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kXkX8 .m H@lE6@" b2/ *2HL p

sB2-u M:- M/GBT QpB/2 /m H@1E6@# b2/ 2 H@IBXR *2M2 @U _*L
HHv- HmM "M pB; iBQM K2i?Q/bmb22Bi?2" #bQHmi2 Q"  "2H iBp2"
BM; K2i?Q/b "2bmHi BM TQbBiBQM M/ 2?2 /BM: 2 Q' bi? i "2 #QmM
Qp2 iBK2X 2H iBp2 TQbBiBQMBM;- bm+? b kXROKHK&XPLGp BH#2H BM
?B;? ++m° +v Qp2 b?2Q i T2 BQ/b#miH2 /biQH ;2°2 "Q bi? i ++
#BMBM:i?2b2 #bQHmi2 M/ 2H iBp2 TQbBiBQMBM; T ' Q+2/m 2b miB
H;Q Bi?K mb2/iQ + H+mH i2i?2 b i2HHBIi2 " 2X B BKBH2 THYbBKE & [ VB
irQ K2i?Q/b iQ 2biBK i2 i?2 bi i2- #mi Bi mb2b # i+?@iQ@1E6 7BH
irQ 1LE6bX

h?2/m H@1lE6@# b2/ K2i?Q//2°'Bp2b +QMiBMmQmb@/Bb+2i2 MQM
bi i2 p2+iQ° Q7 i?2 M pBx,i-B QM MK K K2i2Xp2MQQ#b2 p iBQM
p2+i@ X h?2 bi i2 p2+iQ" +QMi BMb i?2 ?2 /BM; M/ iiBim/2 [m i2 "MB
77 K2- HQM; rBi? i?72 +QMbi Mi ;' vQb+QT2 #B bX h?2 [; )K2i2 p2-
TQbBIiBQM M/ i?2 MQ'i? M/ 2 bi bT22/ QM i?2 HmM ~ bm 7 +2X h
+2H2biB H M/ bT22/ Q#b2 p iBQMb rBi? BM+HmM/2/ K2 bm 2K2Mi MQ

h?2 /m H@1E6 H:Q Bi?K mb2b irQ 1E6b rQ"FBM; BM T ~ HH2H M/

#2ir22M i?2 bvbi2K T ° K2i2 iBK2mT/ i2 M/i?2 K2 bm 2K2Mi iBK2 n
2[m iBQM #Qmii?2 bvbi2K T ~ K2i2 p2+iQ  Bb HBM2 ~2[m iBQM-r
7Q°i?2 bi i2 p2+iQ° "2 MQMHBM2 X h?2°27Q°2-i?2 C +Q#B M rBi?
/Q2b MQiM22/iQ #2 7QmM/X sB2-u M;- M/ GB T QpB/2 i?2Q°Qm;? /.
iBQM Q7 i?2 bi i2 T'Q+2bb K2 bm 2K2Mi 2[m iBQMbX h?2v HbQ BN
+H2 "Hv/27BM2bi?2 BMBiB HBx iBQM-bi i2K2 bm 2K2MimT/ i2-T
T K2i2 iBK2mT/ i2- M/ bi i2iBK2mT/ i2 bi2TbX HmM > "Qp2 Bb
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/2°:Q 7Bp2 /IB772 2Mi KQiBQMb, bi iB+- Qi iBOQM- mMB7Q K KQiBQI
M/ bi iB+ ; BMX aBM+2 i?2 bim/v Q7 i?Bb i?2bBb T'BK "BHv /2 Hbr
BM bi iB+bi i2-i?2 7B bi M/ 7B7i? TQ iBQMb Q7 i?2 KQp2K2Mi K22
i?22 T'QTQb2/J1E6 H;Q Bi?KX h?2 Qi?2 b2;K2Mib Q7 i?2HmM " Qg
b # bBb 7Q  KQp2K2Mi #2ir22M T Qb B iBXQRIt? Bo+1? 22QmB-M %2 + VB € Wix 2
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