ALMA MATER STUDIORUM - UNIVERSITA DI BOLOGNA

Scuola di Scienze
Dipartimento di Fisica e Astronomia

Corso di Laurea Magistrale in Fisica

Emulation of neutrino-induced muon
tracks in a neutrino telescope using the

test-bench of the data acquisition system of
the KM3NeT.

Relatore: Presentata da:
Prof.ssa Annarita Margiotta Francesco Filippini
Correlatore:

Dr. Tommaso Chiarusi

Anno Accademico 2019/2020



Abstract

Oggi 'astronomia multimessaggero offre 'opportunita di investigare, in un modo mai
fatto prima, I'universo. In questo quadro I'astrofisica a neutrini e i conseguenti telescopi
a neutrini forniscono uno sguardo privilegiato e complementare rispetto alle altre branche
di osservazione e nel prossimo futuro permetteranno di gettare luce e di misurare, con
estrema precisione, il flusso di neutrini di origine cosmica di alta energia. Questa tesi
si sviluppa all’interno dell’esperimento KM3NeT, una rete di rivelatori in costruzione
nelle acque abisalli del Mar Mediteranno, che raggiungera le dimensioni finali di piu di
un km" di acqua instrumentata. Nello specifico la tecnologia necessaria alla costruzione
di questi detectors deve essere testata e validata in maniera molto accurata, data la
completa inaccesibilita dei siti di installazione. Per questo motivo sono nati diversi
laboratori, all’interno della collaborazione, che rappresentano un punto nodale per lo
sviluppo, il mantenimento e i test di tutti gli apparati e la strumentazione distribuita
in fondo al mare. Fra questi laboratori vi ¢ la Bologna Common Infrastructure (BCI)
test-bench, in cui e stata riprodotta l'elettronica e tutto il sistema di acquisizione dati
di un’intera stringa di KM3NeT. Questa tesi ¢ basata sul lavoro di sviluppo delle schede
OctoPAES, in grado di emulare segnali di fotoni sui fotomoltiplicatori come se fossero
stati generati dal passaggio di particelle reali, all’interno pero di un ambiente controllato
e accessibile come la BCI. Queste schede inoltre sono in grado di generare un flusso di
dati manipolabile dall’esterno, capace quindi di evidenziare potenziali malfunzionamenti

o punti critici dell’elettronica, del sistema di acquisizione dati e non solo.
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Introduction

Neutrino astronomy is the youngest branch of astroparticle physics whose aim is
to detect neutrino fluxes predicted by various acceleration and propagation models for
cosmic rays (CRs). Together with the study of gravitational waves, of CRs and with
the detection of gamma-rays, it constitutes the so called QUIIIOONI0OO000 O0COOOOOIO.
After 50 years since the proposal by Markov of exploiting deep-sea waters to detect cos-
mic neutrinos, IceCube neutrino telescope in the South Pole provided their first ever
observation. These recent discoveries allowed to verify and put severe constraints on
theoretical models and to assure the effectiveness of the experimental methodology used.
The second generation of neutrino telescopes like KM3NeT, IceCube and GVD, under
construction or development during these years, has the objective to identify, with a
precision never had before, astrophysical sources able to produce high-energy neutrinos
and to correlate their direction of flight with gamma-ray or gravitational wave counter-
part. In particular, KM3NeT neutrino telescope will reach, in its final configuration, an
instrumented volume greater than 1 km", with hundred of thousands of optical sensors,
becoming therefore the most sensitive high-energy neutrino telescope. In addition, being
placed in the Norther hemisphere, it is able to look directly at the centre of our Galaxy,
one of the most interesting and promising region where to find neutrino sources.

The thesis is organised as follows:

o the first chapter is focused on the explanation of the physical properties of neu-
trinos, of the CR spectrum and of the principal theoretical models today used to
explain and predict upper bounds on neutrino fluxes. Also the recent IceCube

observations are discussed;

e in the second chapter the detection principle used by neutrino telescopes to de-

tect these elusive particles, the physical phenomena affecting the light propagation
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and the principal constructive characteristics of the new KM3NeT detectors are

exposed;

 in the third chapter the KM3NeT data acquisition system is described with partic-
ular attention to its peculiar design and to the trigger algorithms applied to filter
the huge amount of data collected. Also, an important part is dedicated to the
Bologna Common Infrastructure test-bench and to the introductory works made

for the development of the OctoPAES boards;

e in the last chapter the principal objectives and results obtained within the work
of this thesis are exposed: the study and development of the OctoPAES boards,
the consequent evaluation of the micro Out Of Synchronisation (OOS) issue and

the test of Deep Learning frameworks, under construction and development by the

KM3NeT collaboration.
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“2KM Mi rBHH 2pQHp2 BMiQ M2mi"QM bi ° Q° BMiQ #H +F
K bbQ7i?2T ' Q;2MBiQ" - Wk@pRQWY #RHE@2 RXm+2/ BM i?2 2 “Hyv
bi :2b "2 MQr + T #H2 iQ 2b+ W2 BHBMVEMOEIi?2 ;" pBi @
iBQM H2ME ;v P°;V Bb + B2/ rv#v M2mi'BMQb- M/ QMHv i
R Bb bm#/BpB/2/ KQM; T?QiQMb M/ FBM2iB+ 2M2 ;v i° Mb7
BM; K i2'B H- "2bmHiBM; ?2Qr2p2° iQ #2 i?2 T2 72+i HQ+ iBQI
* bX JQbi Q7 i?2 M2mi BMQb "2 2KBii2/ rBi? 1?2 'K H bT2+i
2M2 ;v "QmM/ R8 J20X h?2 2M2";2iB+ # H M+2 Bb QM2 Q7 i?
‘mMK2Mib b T°QQ7 Q7 i?2 ++2H2 iBQM K2+? MBbK BM i?Bb i
+QMbB/2'BM; i?2 FBM2iB# 2MB2 y\V2 KW/ iZRWMmK#2" Q7 Q#b2"|
aL 2tTHQOBQMBSIV r2 Q#i BM M 2KBbbBQM TQr2fREM i?2 : H t
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2 :fb- +QKT ~ #H2 iQ i?2 TQr2 HQbi #vi?2: H tv Bib2H7 i? Qn
2b+ T2 Q7 *_b- "2bmHiBM; i?2°27Q 2 BM bi iBQM ‘v +QM/BiE
BM; KK @ v bi QMQKvV #v >1laa +QHH #Q iBQM (k9)- b?Qr |
HbQ KQ ' T?QHQ:B+ H +? > +i2 ' Bb iBQM Q7 i?2 T'Q/m+iBQM C
M K2/ s CRdARjXd*jN9ec

C SmHb " rBM/ MZHmBAV2 HbQ + HH2/* #@HBF2 2KM Mib- Bi B
72°b 7°QK i?2 T 2pBQmb QM2 #2+ mb2 TmHb ~Bb T 2b2Mi BM
M/ D2ib Q7 Ki2°'B HBM i?2 bm "QmM/BM; M2#mH X h?2 " /B
piBQMb bm;;2bi M Q B;BM Q7 i?2 2H2+i QK ;M2iB+ +QKTQM
/B iBQM- 2p2M B7 M ? /"QMB+ Q'B;BM- rBi? bm#b2[m2Mi N
biBHH /Bb+ */2/X h?2 M2mi'BMQ ~mt+ H+mH i2/-i? MFbiQ i?.
. KK Q#b2'p iBQMb-7Q  i?Bb ivi2 Q7 bQm " +2 ML Vi B2WQi2 +i
i2H2b+QT2c

CJB+'Q[m b?2v "2 #BM v bvbi2Kb- 2KBiiBM; D2ib Q7 "2H iBp
p2 H2/ BM i?2 " /IBQ # M/X h?2v "2bmHi KQ'T?QHQ;B+ HHv bB
7QHHQrBM;V M/ "2 :;2M2° HHv 7Q K2/ #v #H +F 2QH2 M/ #\
/QM i2bi?2 K i2'B H7Q i?2D2ibX h?2v "2 +QMbB/2°2/iQ ++
] %€oX

g?BH2 i?2 T '2pBQmb bQm +2b "2 iviB+ HHv ++2H2 iBQM bBi2b
2M2;2iB+ T i Q7 i?2 *_ bT2+i mK b22Kb iQ ? p2 M 2ti° @: H +iE
T QKBbBM; bQm +2b BM i?Bb "2;BQM Q7 i?2 bT2+i mKi?2°27Q 2

C +iBp2: H +iB+UmAH2Bi? i?Bb M K2 Bi Bb /2MQi2/ T “iB+mk
* H tv- BM r?B+? i?2 +2Mi° H +Q 2 2KBib D2ib Q7 K i2'B H- rB
[2° Q702 ST 2°:fbX h?2 } bi Q#b2°p iIBQM Q7 i?2b2 Q#D2+ib r
bi'QT?vbB+Bbi * "H a2v72'i BM RN9jX h?2 KQbi ++ 2/Bi2/ K
b22b bmT2 K bbBp2 #H +EbXQH2 K bb2bV b +2Mi° H 2M;BM2

k k
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C:

bm "QmM/BM; iQ°QB/ H ++ 2iBQM /BbFX h?2 BQMBb2/ BM@ 7
> pBi iBQM H 2M2 ;v BMiQ bi'QM; K :M2iB+ }2H/b i? i BMi2
i?72 ++°2iBQM /BbF- T°Q/m+BM; i?2 +? ° +i2 ' BbiB+ D2ibX h?:
i?Bb ivT2 Q7 Q#2%ithBb T "iB+mH ~+H bb Q&#H X BB +?HH 2/

? p2i?2B  D2i t2b HB;M2/rBi? i?2 Q#b2 ' p2 /B 2+iBQMc

KK _ v"m'bUbh_"bV, i?2v "2 ~ b®@2bwQ7? i H bi ivTB+ HHv 7°

KBHHBb2+QM/b iQ i2Mb Q7 b2+QM/bX h?2v "2 BM 7 +i +H bb
iBQM BMiQ HQM; M/ b?Q’i:_"b Ui? 2b?QH/ p Hm2 Bb k bV-

Bb + "B2/ Qmi #v T?QiQMb BM J20 ° M;2X h?2 Q'B;BM Q7 i?2
+QHH Tb2 Q7 K bbBp2bi "biQ#H +F?QH2Q -i? MFbiQ ‘2+2M
Q7 M2miQM bi b Q> K2 ;2 Q7 #H +F ?QH2b (k8)X : _"b T Q/n
M/ > /BQ 2KBbbBQM 7i2  i?2 BMBAB HHOR@DbRis@ HH2QKTQM2M
rb>2p2 H2/7Q  i?2} biiBK2 #vi?2"2TTQ@a tb i2HHBiI2 BM F
~m2M+v 7Q i?Bb ivT2 Q7 Q#D2+ib+BbT Q/m+BM; i?22°27Q°2 i?
KQbi 2M2 ;2iB+ 2p2Mib BM i?2 +QbKQb- #mi i?2°2 "2 biBHH b
M;mH > 2KBbbBQM Q7 i?2 HB;?i- #2BM; BbQi ' QTB+ Q> +QHHI
i?72 KQbi ++°2/Bi2/ KQ/2H 7Q  i?2 BMM2  K2}2¥MBH® bbmkK?2
T M/brBi? mHi° @ 2H iBpBbiB*®\pTQQ2Ri/B2bL U/B iBQM T 2bbn
h?2 ++2H2  i2/ T°"QiQMb HQb2 2M2 ;vi? Qm;?2i?2 T?QiQ@K?2l
bm "QmM/BM; K#B2Mi T?QiQMbX

RXkXeKQbT?2 B+ M2mi BMQDb

h?2 BMi2" +iBQM Q7 T°BK v * b rBi? i?2 Mm+H2B BM i?2 iKQb
T "iB+H2b rBi? i?2 7TQHHQrBM: 2 +iBQM,

iBz - = # 1" URX9yV
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rBi7 ;2M2 B+ Mm+H2mbX h?2 +? “:2/ IBIQMbb? MZ / HBV2iBK?2
z Bw xg URX9RV
AMim M i?22 KmQM /2% vh BM
w B ¥ Xe URX9kV

h?2 T'QiQM BMi2  +iBQM rBi? i?2 Mm+H2B BM i?2 iKQbT?2'2T'Q
T Q# #BHBiv- i?2 7TQHHQIBM: T Q+2bb,

iB z # 1" URX9jV
Zz Bm m URX99YV

rBi? HB72iBKZ 7@7 i?2 Q /27AFEX L2mi'BMQb T°Q/m+2/ BM i?2 |
"2 + HHERQbT?2 B+ M2wW/i KBIMIMb- M H K QbA2v-B +XK T2\ 2
T "iB+H2b ‘2 i?2 KQbi #mM/ Mi QM2 ib2 H2p2H /m2iQ i?2B" bK
"2H iBp2 HQM; HB72iBK2X h?2v "2BM7 +ii?2 QMHV +QKTQM2Mi-
BMi?2b?2Qr2°-i? i+ Mi> p2°b2b2p2° HK2i2'bQ7r i2° 2[mBp H2M
M2mi'BMQ i2H2b+QT2X AMT “iB+mH - iKQbT?2 B+ KmQMb T Q/
K2 bm 2/ BM mM/2r i2° M2mi BMQ i2H2b+QT2bX

h?2 +QKTH2i2 /2b+ BTiBQM Q7 i?2 + b+ /2 /2p2HQTK2Mi- bi i
+iBQM- Bb /QM2 i?2°Qm:? /2/B+ i2/ JQMi2* "HQ M/ MmK2 B+ H bE
H iBQMb i F2 BMiQ ++QmMi HH i?2 TQbbB#H2 /2+ vb Q" BMi2  +
T°Q/m+2/ M/ 2bmHi BMiQ ~mt-7Q i?2 6 iKQbT?2 "B+ +QKTQM2
Hr-"2H i2/iQi?2 T'BK 'v* bbT2+i ' mK #v i?2 7TQHHQrBM: "2H iB

he 0 N @e7” URX98V

h?2 iKQbT?2 B+ M2mi'BMQb r2°2 HbQ i?2 T2 72+i T'Q#2 iQ bin
K2 bm 2K2Mib Q7 i?2 T?2MQK2MQM Q7 M2mi"BMQ Qb+BHH iBQM>
Q% CxCx C Ci?2 bBQxCwx C Cr b Q#b2 p2/X
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RXj bi'QT?vbB+ H M2mi'BMQb

h?2 bim/v M/ /2i2+iBQM Q7 +QbKB+ M2mi BMQb BI@MMBK i2H\Vv
bi'QMQKvV M/ rBi?i?2/2i2+iBQMQ7* bX AMi?Bbb2+iBQM A rBHFL
7Q° bi"QT?vbB+ HM2mi'BMQ T°Q/m+iBQM- 2p2M B7 i?2 “272°2M-
i22b K22tTQb2/7Q" iKQbT?2 B+ T Q+2bb2b-r?2"2MQr ++2H2"
i22bQm +2 K ii2  Bib2H7X h?2°27Q 2 M2mi'BMQ bi'QMQKvV +QmH
IBb+Qp2'vQ7bQm +2b Q7 * _b-i? i iBHH MQr "2 QMHV K ii2° Q7 i

RXjXR2miBMQ T Q/m+iBQM K2+? MBbKb

bomKBM; i? i KQbi Q7 i?2 Q#b2 p #H2 bi"QT?vbB+ HM2mi BM(
+QHHBbBQMb-r2? p2 b22M ?2Qr M2mi'BMQb + M #2 T°Q/m+2/i?°C

i B (N z z’ z URX9eV
Ai Bb BKTQ' i MiiQ 2p Hm i2 i?2 2M2 ;v /IBbi'B#miBQM Q7 i?2 T Q
T2'BK2Mi HQ#b2 p iBQMb b?Qri? ii?2 KQbi 2M2 ;2iB+ TBQM + °
FBM2iB+2M2 ;vQ7i?2BM+B/2Mi T QiQM (kd)X h?2 TBQM /2+ v T
M/m@  vb i?"Qm;?i?2 "2 +iBQMb,
z Bm m -zBw ¥ 7TQHHQr24 Bv Xe ¥ URX9dV
h?2 FBM2K iB+b Q7i?2 2 +iBQM7Q i?2M2mi- HTBQM /2+ v Bb b
Rfk Q7 i?2 BMBiB H TBQM 2M2 ;v- r?BH2 i?2 T°Q/m+2/ T "iB+H2b
+? BM # BM; Rf9 Q7 i?2 BMBIiB H2M2 ;vX ii?2 2M/i?2°27Q 2 p
i?72 M2mi'BMQ 2M2 ;v BM 7mM+iBQM Q7 i?2 T'BK “v*_ 2M2 ;v + M

U 4 05 u,
VR el W URX93V

h?Bb "2H iBQM "2K BMb mM+? M;2/ 2p2M BMi?2 "2 +iBQMb,

mBa B z Q a B z URX9NYV
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6Q 2t KTH2 M2mi BMQr8RyyM20, @1Ry S20 +Q 2 TkQ3RId iQ

@ kyy S20-r?B+? Bb i?2 "2;BQM Dmbi "QmM/i?2 FM22 Q7 i?2*_ b
K2+? MBbKb Q7 ?B:? 2M2 ;v M2mi'BMQ T ' Q/m+iBQM /2b+ B#2/ BN
27272/ @K2+? MBBH® K2+? MBbK (k3)X h?2°2 "2bQK2/Bz2 2M
i?72irQ K2+? MBbKb,

Ci?ZmMBb T Q+2bbrBi? T 2+Bb2 T Q/m+aBQMQ M M2AXHF DB M ?

7Q 2t KTH2 i ;20 ; KK rBi’?qﬂ\}I 2MRB2pv- T QiQM Kmbi ? p2
2M2 v,
6
a, oo ® N S2o URX8yV
G G

re+?- ++Q /BM; iQ 2[XURX93V- "2bmHipkBMilRoM2mi BMQ 2

Ch?2 @K2+? MBbK Bb +? ~ +i2 'Bb2/ #v i?2 2vTQi?2bBb Q7 HB
(KN)- FMQrM b b+ HBM;X h?Bb ?vTQi?2bBb bbm 2b i? i b2+
+Q "2bTQM/ bi'B+iHViQi?2 T'BK "v/Bbi B#miBQM- r?B+? BM
Q7 i?2* bT2+i mKX

h?2Tm M/ @K2+? MBbKb 2 mbm HHVQMB® K2 +X MBB&b v

bi'QMQKVBMi?2H biv2 '"b? bTH v2/ + m+B H QH2BMi?2 KmH
M/ ? b Tmib2p2°2 +QMbi> BMib QM i?2 TQbbB#H2 ++2H2  iBQM t
i? MFb HbQ iQ i?2 H *:2° BMi2' +iBQM + ' Qbb b2+iBQM Q7 T?QiQN
2 bB2 rBi? "2bT2+i iQ@I2wbiBM@BX " Q/m+2/i?2 Qm;?i?22/2+ v Q7 i
TBQMb- T ' Q/m+2/BMi?2 BMi2' +iBQM Q7 * _b- ++Q /BM;iQ i?2 ?
HbQ b2+QM/ K2+? MBbK i? i+ MT Q/m+2; KK ~vb BM bi'QT?
+ HHZ2ITIQMB+ KX+R?BBIKKR +? MBbK BMbi2 / BMpQHp2b QMHvV 2H2
iQ T°Q/m+2 T?QiQMb BMN@2 ¢@® MV iR/Qm;? BMp2 b2 *QKTiQM M/
#°2Kbbi® 2HMM;X PMHvVv i?2 /2i2+iBQM Q7 M2mi ' BMQb Bb i?2°27Q
TQbbB#BHBiv7Q ™ T iB+mH ~bQm +2iQ #2 i?2 bBi2r?2°2* b .

ke
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RXjXk2mi'BMQ M/ : KK bi'QMQKuv

b2tTH BM2/BM i?2 T 2pBQmb b2+iBQM-i?2 T Q/m+iBQM Q7 M:
M2mi'BMQb M/: KK bBbbi'B+iHV+QMM2+i2/iQi?2 T BK “vbT2+i
iBK2 i?2 "2+2Mi bim/B2b M/ "2 bmidiiQ @46 KEM2 M#Vmi bQK2 +QMbi°
QM i?2 M2mi*BMQ ~mt 2tT2+i2/ i1l "i? +QKBM; 7°QK B/2MiB}2/ bC
62 KB ++2H2' iBQM K2+? MBbK T°Q/m+2b TQr2" Hkr /Bbi ' B#mi2
i? MFbiQ K2 bm 22 MibEMIMQKYV i?2 MQ K HBMW2BQMXR XK@V 7Q°
i?72 M2mi ' BMQ ~mt + M #2 2biBK i2/,

0261&” 7EE 7607 E URX8RYV
Uasi

>Qr2p2  i?2/Bz2 2M+2b #2ir22M M2mi'BMQb M/ T?2QiQMb Kmbi
aQK2 Q7i?22KBii2/ T?QiQMb +QmH/ #2 T Q/m+2/ #vH2TiQMB+ T (
2T 2b2MiBMi?2}}M Hbi i2n@< 6rb 4?2 K #¥bQ #2/BMi?2bQm +2
M/ /Im BM; i?2 T QT ; iBQM i?2 7TQHHQrBM; "2 +iBQM + M Q++m",

m m.B ! URX8kV

h?Bb T°Q+2bb ii2Mm i2bi?2 T?QiQM ~mt bi "iBM; 7°QK 2M2 ;B2b
bB/2 BM; i?2 BM7" "2/ # +F; " QmM/ HB;?i 2KBii2/ 7°QK bi "bX i ?
i72 +QMM2+iBQM #2ir22M M2mi'BMQb M/ ; KK @  vb Bb MQi bi" I
MmK2 B+ HbBKmH iBQMb "2 M22/2/X

RXjXL2mi BMQ ~mt

AM 6B;XRXd /Bz2 2Mi +QMi B#miBQMb- 2tTQb2/ BM T 2pBQmb |
+QMpP2MiBQM H iKQbT?2+B3MbBHh2 BMNMWHIHQMi B#miBQMb iQ i?
Qp2° HH iKQbT?2 B+ M2mi'BMQ ~mMi{QRFBKNFEM2Mi- KD @ p22 7" Q
i?72 /2+ v Q7 +? K2/ K2bQMbX 6Q RYM h2B20?22HD2 BK2Mi H TQE

kd
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6B;m 2 RXWdL2+i2/ M2mi ' BMQ ~mt 2biBK i2/ 7°QK /Bz2 2Mi +QbKB+ K
KQbT?2'B+ M2mi ' BMQ # +F; QmM/X h?2 TBNMibx~itX2K22bm 2b Q7
#H +F HBM2 Bb i?2 2tT2+i2/ iKQbT?2 B+ ~mt- BMr?B+? i?2 KQbi 2M:
HbIQQKMi2mi ' BMQb 7" QK i?2 +? "K2/ K2bQMb /2+ vX h?2?2Q " BxQMi H
MTT2 #QmM/ 7Q i?2 /Bzmb2 ~mt Q7 bi QT?vbB+ HM2mi BMQ 7 QK
KQ/2HX h?2/ b?2/ ;°22M HBM2 Bb mM mTT2  #QmM/ 7Q° M2mi BMQlt
h?2 #Hm2 HBM2 BMbi2 / "2T 2b2Mib i?2 TQbbB#BH2 +QMi'B#miBQM
i?72 QM2b Q' B;BM i2/ #v i?2 :wE 2z2+iX

"2 /Bbi'B#mi2/ ++Q /BM;iQ TQr2 H r- bBM2[kKURX98W rBi? b"
i?72 S20 "2;BQM i?2mTT2 #QmM/ 7Q M 2ti° @: H +iB+ /Bzmb2 M:
/2 Bp2/ 7°QK (jy)X h?2 ~mt Bb 2biBK i2/ i FBM; BMiQ ++QmMi Q
‘Lb M/: _"bX ++Q /BM;iQ i?Bb bbmKTiRBRQMt22 M #BKBKi2M,

<@h, 42, N 71

i on "

URXS8jV
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h?2 HH ~ pQm  mTH2 ¥EQRM/Bl i? 22 iBK2b H “;2°i? M 2[XURX8]j
b K2 2M2 ;v "2;BQM- rBi? i?2 ;"22M / b?2/ HBM2- i?2 2tT2+i2/ M.
bBM;H2 : " +QKTQM2Mi Bb "2TQ i2/R#++@ KBMHG i?@2b 2K2 ;2

BM i?2 "2H iBpBbiB+ Qmi~Qr Q7 K i2'B H- BM r?B+? 2H2+i QMb

2H2+i'QK ;M2iB+ " /B iBQMX AMi?2b K2 2:BQM HbQ T QiQMb +
rBi? i?2 b K2 K2+? MBbK- ?2B;? 2M2 ;v M2mi'BMQb i? i ++QKT M
#m biX HbQ BM i?Bb + b2 Bi Bb TQbbB#H2 iQ 2biBK i2 i?2 K tBKm

<@Gh; 0 2 N 7%

i on "

URX89V

bi'QT?vbB+ H M2mi'BMQb + M i?2°27Q 2 #2 b2H2+i2/- Qp2" i?2
2t+2bb Q7 2p2Mib 7 QK ;Bp2M /B 2+iBQMUTQBMi@HBF2 b2 "+?2
2p2Mib U/Bzmb2 b2 "+?2V- +QMbB/2}' BW; h20iilRi2 /i BM)F2QK "QT?vbB
M2mi BMQ ~mt 2t+22/i?2 iKQbT?2 B+ QM2X

RXjX8i i2 Q7 i?2 i Q7 bi"QT?vbB+ HM2mi'BMQ /2i2+

hBHH MQri?2 A+2*m#2 /2i2+iQ r bi?2 QMHV 2tT2 ' BK2Mi + T #H
B+ HM2mi BMQb BM irQ BM/2T2M/2Mi b KTH2bX h?2 } " bi QM2 r L
2p2Mib Qp2 i?2 iKQbT?2 B+ # +F; QmM/-/2i2+i2/ #2ir22M J v kyF
h?2 K2 bm 2K2Mi ? / bi iBbiB+ HbB;MB}+ M+2 H ;2 i? M e bi N
"2bT2+iiQ i?2 QMHvV@# +F;"QmM/ ?2vTQi?2bBbX h?2 M2mi'BMQ 2
"2[mB 2K2Mii? ii?2 BMi2° +iBQM p2 i2tr b +QMi BM2/ BMbB/2 i?z
1?72 /2i2+iQ°X h?Bb } ' bi b2i Q7 2pBMIKMB 2} 27i B M) >11pa2IWiX
AM 6B;XRX3i?22M2 ;v /Bbi B#miBQM M/ i?2B bBMU/2+HBM iBQ
"2bQHMIBQOM /Q2b MQi HHQr iQ ++m’ i2Hv HQ+ i2 BM i?2 bFvV i-
bB;M HbX h?2 b2+QM// i b KTH2r b biBHH M 2t+2bb Q7 /Bzmb?2
i BMQbX h?2 b2H2+iBQM T Q+2/m 2 r b+ B2/ Qmi b2H2+iBM; *
2p2Mib (jk)X AM i2Bhy WHTHCMQM M2mi'BMQ + M/B/ i2b r2°2 b2H

k N
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6B;m 2 RX3, /HZQihBi2/ 2MX72N- Bp H/B 2+iBQM BM A+2*m#2 /2i2+iC
i?72 Q#b2 ' p2/ >1al 2p2Mib- +QKT "2/ rBi? T 2/B+iBQMb U 2/ iKQbT?
#HmM2 i?2 iKQbT?2 B+ M2mi ' BMQbVX h?2 b KTH2 272" iQ e v2 b Q
7 QK (jR)YX

M2;HB;B#H2 +QMi KBM iBQM 7 QK iKQbT?2'B+ 2p2MibX HbQ 7Q
Q7 1?2 Q#b2 p iBQM "2bT2+i iQ i?72 Tm 2 # +F; QX M/?2vT2QH?2b Bt
#°2 Fi?2’Qm;? 2p2Mi 7Q°  M2mi ' BMQ bi QMQKv Q++m "2/ BM a2Ti2
[2i2+i2/ KmQM@HBF2 2p2MiyBM2m M2 m#iv BMQ- + mbBM; M H2 i
b2 "+?22b@7v +QmMi2°T "ibX h?2 62°'KB@G h b i2HHBi2 M/ i?2 J
i2H2b+QT2 "2TQ i2/ +QBM+B/2M+2 rBi? M2m@ BMQQQ B 22iBiIQ & (
+iBp2 ; H tv hsay8yeYy8e UQ#D2+i +H bbB}2/ b #H x VX L2m
1?72 "2;Bbi2 2/ +iBpBiv Q7 hsay8yeYy8er b +H bbB}2/ b bi iBbiB
H2p2H[Qjj)X

jy
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6B;m 2 RXN,2H2Nii,/BbTH v Q7 i?2 ?B;?2@2M2 ;v M2mi BMQ /2i2+i2/ #
H #Q  iBEMibHT iB H+QBM+B/2M+2 rBi? i?2M2mi'BMQ /B 2+iBQM 7Qr
Gh M/J:A*X 6B:m 2bi F2M 7 QK (jj)X

RXjX8 pBi iBQM Hr p2 BM i?2 KmHIiB@K2bb2M;2  b+2

qBi? i?2 }'bi /2i2+iBQM Q7 :" pBi iBQM H g p2 U:qV #v i?2 GB;(
a2Ti2K#2  kyR8 (j9)- M2r rBM/Qr QM i?2 IMBp2 b2 r b QT2M2/X
HQib Q7 Qi?2  :qb ? p2 #22M /2i2+i2/- #mi T Q# #Hv i?2 KQbi BK
i2+i2/ BM m;mbi kyRd #v i?2 oA_:PfGB;Q +QHH #Q iBQM (j8)X
bB:M HQ7 :q M/Bib2H2+i'QK :M2iB+ +QmMi2 T irb MMQmM-+
h?2 bi'QT?vbB+ H 2p2Mi- ii?2 Q'B;BM Q7 i?2 :q-r b i?2 +Q H2k
bi "h9y JT+ rv 7°QKi?21 'i?X 6°QK i?2 bim/v Q7 rQ@HHQr@ QK ;
BM i?2 7TQHHQrBM; / vb i?2 bB;M im 2b Q7 bvMi?2bBb2/ K i2'B H
rb " 2p2 H2/- "2bQHpBM; HQM; H biBM; Kvbi2'v QM i?2 M im 2 (
Q7 i?2 T2'BQ/B+ i #H2X HbQ i?2 M2mi'BMQ bB;M H +QmMi2 T °
Lh _l1la M/ SB2 2 m:2 P#b2 p iQ v +QHH #Q  iBQMb #mi MQ bi
2t+2bb r b 7QmM/ (je)X 7i2  i?Bb 2p2Mi- b2p2° HDQBMi M Hvb2
i?72 Lh _la +QHH #Q  iBQM- iQ;2i?2  rBi? A+2*m#2 nd Q@i?2"° +Q
2tT2 'BK2Mib- +QMbB/2 BM; }p2 2p2Mib U:qR8YNR9- :qR8Rkke- G

iR



RXjX ah_PS>uaA* GL1lIh_ALPa

M/ :qRdy3RdV- T°Q/m+BM; MQ bi iBbiB+ H 2pB/2M+2 Q7 M2mi B
KmHIB@K2bb2M;:2  Q#b2 p iBQMb +QM/m+i2/ iBHH MOQK/+QMbB/:
i?72 :g@+QBM+B/2M+2b ? p2 2THB2/iQ BKTQ i MimM Mbr2 2/ [m:
M/ BMT "iB+H2 T?vbB+bX h?2 TQbbB#BHBivBM i?2 7mim 2-rBi?
2° iIBQM M2mi'BMQ i2H2b+QT2b-Q7i?2/2i2+iBQM Q7 +QBM+B/2
rQmH/ b?BM2 mMB[m2 HB;?i QM bQm +2 T°QT2 iB2bX J BM + M
+B/2M+2 "2 : "b7 QK +Q 2@+QHH Th2 bmT2 MQp M/ #BM v +(
MQM #H +F@?QH2 Q#D2+i (j3)X 6m i?2°KQ 2i?2 TQbbB#H2 +QBN
+QMbi® BMib QM M2mi'BMQ K bb Q' /2°BM;- M/-BM i?2 KQbi QTiB
#bQHMiI2 K bbQ7i?2M2mi BMQ Bib2H7-i? MFbiQi?2 K2 bm 2K2
i?72 "Bp HIiBK2Q7:q M/ Q7i?2BM+Q?2 2MiM2mi BMQr p2 T +Fz
Q7 2zQ'ib "2 bT2Mi- MQi QMHV QM i?2 2tT2 ' BK2Mi H bBi2 i'VBM;
bB:M Hb-#mi HbQ mM/2 i?2i?22Q 2iB+ HTQBMi Q7 pB2rX a2p2° |
i?72 KQ/B}+ iBQM Q7 M2mi'BMQ Qb+BHH iBQM r?2M BMi2' +ib rBi~
"2+2Mi bim/vi'B2biQ BM72  r? i +QmH/ #2 i?2 BKT +i- QM bi"QT"
Q7 i?2BMi2 +iBQM rBi? iBK2/2T2M/2Mi ;" pBi iBQM H }2H/- b
(IN)X



*2 Ti2" k
L2mi'BMQ i2H2b+QT2b M/ EJjL

h?2 B/2 Q7 i2H2b+QT2 # b2/ QM i?2 /2i2+iBQM Q7 b2+QM/ v
M2mi BMQ BMi2  +iBQMb r b bm;;2bi2/ #v J "FQp M/ w?2H2xMVF
+2bbBiv Q7 #B; BMbi mK2Mi2/ pQHmMK2 /2i2+iQ b- /m2 iQ i?2 bK
U} "0, 0 V-r1rbbQHp2/ 2tTHQBIBM; H ;2 M/ i> MbT "2Mi K2
M im 2X h?Bb ivT2 Q7 /2i2+iQ°b "2;Bbi2 b i?2 *?2°2MFQp HB;?i-
Q7 +? “;2/ b2+QM/ v T "iB+H2b-rBi? H ;2 "7 vQ7T?QiQb2MbE
“*Bp HiBK2 Q7 i?2 *?2 2MFQp T?QiQMb M/ i?2 TQbBiBQM Q7 i?
iBQM M/ 2M2 ;v Q7 i?2 BM+QKBM; M2mi 'BMQ- b r2HH b Qi?2 T
BMi2" +iBQM-+ M #2 "2+QMbi m+i2/X

AM i?2 KB/@dyb i?2 .1J L. +QHH #Q  iBQM bi ‘i2/ TBQM22 BM;
M2mi ' BMQ i2H2b+QT2 Qzb?Q 2> r BB AbH M/ (9R)X IM7Q imM i2l
Kim'2 M/i?2i2Mi iBp2r b # M/IQM2/X h?Bb K "F2/i?2 bi "iBM; T
Qi?2 T QD2+ib, J L. ii?72aQmi? SQH2 (9k)-r?B+?r bi?2T 2+m
H ;2 /2i2+iQ A+2*m#2 (9j)c " BF H- mM/2 i?2 r i2 Q7 i?2 H Fz
2tT M/BM; iQr “/bbiFK+im 2- M K2/ :0. (99)X AM i?2 J2/Bi2° " M2 I
Lh _1a2tT2°'BK2Mi (98)-HQ+ i2/ Qzb?Q 2i?26°2M+?bQmi?2" M +
Q7 i?2 7mim 2 EJjL2hf _* M/ P_* [2i2+iQ b i? iBBIWMH mMX2Mi2HK

j]



POQHMK2X q?BH2 i?2 H biirQ "2BMi?2LQ i?2 "M 22KBbT?2 2- HQ

H tv- A+2*m#2 i2H2b+QT2Bb BM i?2 aQmi?2 M ?2KBbT?2 2X h?2
T°BM+BTH2- M/i?2 K BM /Bz2 2M+2 +QMbBbib BM i?2 T?QiQ+ i?
7Q°i?2 i ;2i2/ T?vbB+b ;Q H- r?B+? /2i2°KBM2b M2mi'BMQ 2M2"
bi'm+im 2 Q7 i?Bb b2+iBQM M/ T iHv HbQ i?2 +QMi2Mi Bb BMbT

j9



KXRX .1h1*hAPL S_AL*ASG1

kXR.2i2+iBQM T " BM+BTH2

6B;m 2 KXRL,HMbi~ iBQM Q7 i?2 TQbbB#H2 Q B;BM Q7 2p2Mib M/ # +
i2H2b+QT2X

h?2/2i2+iBQM T'BM+BTH2BM M mM/2'r i2°M2mi'BMQ i2H2b+Q
T?QiQMb- BM/m+2/ HQM; i?2 T i? Q7 i?2 b2+QM/ v T “iB+H2b ;21
Q7 M2mi'BMQb rBi? i?2 "Q+F mM/2  i?2 i2H2b+QT2 Q"  rBi? r i2 b
BM; QM i?2 ~ pQm Q7 M2mi BMQb M/ QM i?2 BMi2" +iBQM +? MM
UL*V-/Bz2 2Mi }M H bi i2b "2 TQbbB#H2X >Qr2p2 ?Bg?7@2M2";
+? *;2/ +m " 2Mi BMi2® +iBQMDH/ZM 22ZMMZ%2 B/2MiB}+ iBQM Q7 |
i "' BMQ bQm +2b-bBM+2i?2v 2 ?B;?HvT2M2i iBM; T "iB+H2b U~
Bbb2p2° HFBHQK2i'2bV M/ i?2B /B 2+iBQM + M #2 2+QMbi m+
i"QM M2mi*BMQb + M #2 B/2MiB}2/i?°Qm;? i?2 /2i2+iBQM Q7 i?2
#v i?2 +?2 :2/ H2TiQMX h?2Q 2iB+ H 2tT2+i iBQMb QM M2mi BM
M2mi'BMQ + Qbb b2+iBQMb bm:;2bii? i /2i2+iBRMM?22+2QD i'd2 Q
BM Q' /2 iQ ? p2 " i2Q7bQK2 2p2Mibfv2 X h?2b2 /2i2+iQ b Kmb
BMi2Mb2 ~mt Q7 iKQbT?2'B+ KmQMb- Q'B:BM i2/ BMi?2mTT2 T

j8



KXRX .1h1*hAPL S_AL*ASG1

i?72 /2i2+iQ X i1l "i? H2p2H-i?2 iKQbT?2 B%BKOMH mLBbH? M mi
i?72 QM2 Q7 iKQbT?2'B+ M2mi'BMQbX 6Q  i?Bb "2 bQM i?2 /2i2+
i2Q0mb M/b Q7 K2i'2b Q7 r i2° Q  B+2X 1p2M i bm+? /2Ti?b-i?2
BbbBtQ'/2°b Q7 K ;MBim/2H ;2 i? Mi? i Q7 KmQMb BM/m+2/ #v
M/ Bb #H2iQ :2M2  i2 BM i?2 i2H2b+QT2 iQT@ #/QiikgKQBBM H, |
2p2MiBM Q /2 iQ '2D2+i T 'iQ7i?Bb Qp2'r?2HKBM; # +F;"QmM/-
Q71?2 2p2Mib mTr "/ ;QBM; Bb TTHB2/ QMiQ i?2i +Fb- 7i2 i?2B
QMHV M2mi ' BMQb + M + Qbb i?2 1 i T"TQ/m+BM; +? ";2/ T "iB+H
i?Bb + b2 i?2 i2H2b+QT2 "2:Bbi2'b #QiiQK@iQT bBmN;8BM;Q/m+
2p2MiBmQMb 2 #bQ '#2/ rBi?BM T i? Q7 #Qmi 8y FK Q7 r i2" -
#H2 iQ i° p2 b2 i?2 2MiB 2 1 Rij?yAy KRVX U

1p2MT;QBM2Mib bmz2 # +F; QmM/ /m2iQ KBb 2+QMbi m+i2//C

KXRX*F2 2MFQp > /B iBQM

h?2 *?2°2MFQp " /B iBQM Bb ;2M2" i2/ #v i?2 T bb ;2 Q7 +? *;2/
/B2H2+i B+ K2/BmK rBi? "B7rB+?Bp2 BRIABiv ;"2 i2  i? Mi?2bT22/
BMi? i K2/IBmKXUh?2 +? “:2/ T "iB+H2b TQH 'Bb2i?2 KQH2+mH2b
M/ QMHV r?2M i?2 2H2+i"QMb +QK2 # +F iQ i?2B" :"QmM/ bi i2-
* /B iBQMX h?2 HB;?i Bb 2KBii2/ i m? "bHi2TBBIiB+ BM;BR; XkXKkX |
QT2MBM; M;H2 /2T2M/b QM i?2 B6 iBWHQN 2 MDD 2Fiv +i BIRZ BM/ 2t
i72 K2/BmK,

Lo T UKXRV

AM r iRl M/i?2*?2°2MFQp M;H2 7Q" "2H TBpBBIE+ TXiB+H2b
h?2 MmMK#2 Q7 2KBii2/ T?QiQMDbHTN/ T pi2 H2MM j P? B'M B2 pBH 2 M
#v i?2 6 ME@h KK 7Q KmH |,

- 7 ——=® UkXkV




KXRX .1h1*hAPL S_AL*ASG1

6B:m 2 kXxilk2 QmiHBM2/rJ\fIXHhZ’?b‘2/ TQr 2T 2b2Mib i?2 T°QT ; iBQ
/B 2+iBQM Q7 i?2 +? *;2/ T "iB+H2X h?2 #Hm2 “"Qrb b?Qri?2 T°QT ;
i?72T°Q/m+2/ HB;?iX

r?2°RBb i?2 }M2@bi m+im 2 +QMbi MiX AMi?2r p2H2M;i? ~ M;z
MK-BM r?B+? i?2r i2 Bbi MbT "2Mi- i?2 MmK#2 Q7 T?QiQMb T
Bb TT QtBK i2Hv,

—f 7E UkXjV
"|e€e

*22°2MFQp " /B iBQM ?2Qr2p2 1 Q++mi b TRMHAQ7T Q7?2 2M2 ;v i? 2b?
1.,-7Q° T "iB+H2 rBi? "BbHi,K bb K
7 0

AM T i2° i?Bb +Q "2bTQM/b iQ i? 2b?.QH(/EEMBiB+ 2NM20d;v Uh
7Q  2H2+i5QMbJddo 7Q° KmQMp, "M/ hJ20 7Q" T QiQMbX

id



kXkX EJjL1h .1h1*hP_

kKXRX®B:?i T°'QT ; iBQM

PM+2i?2HB;?IiBbT Q/m+2/-Qi?2 T?vbB+ H2z2+ib BM~m2M+2
HB;?i, #bQ TiBQM M/ b+ ii2"BM; BMr i2°X q?BH2i?2}'biQM2 z
iQMb-i?2 H ii2> BM~m2M+2b i?2 /B 2+iBQM M/ “"Bp HiBK2 Q7 T+
AMQ /2 iQ /2b+ B#2 T QT2 Hv i?2b2irQ 2z2+ib-irQ F2v T *~ K2i2
1?2 #bQ‘TiBQIth—IQMM/?i?Z b+ ii2 BMyHeXMh?2 #bQ TiBQM T ~ K@
2i2° +Q "2bTQM/b iQ i?2 iQi HT?QiQM T i? H2M;i? 7i2 r?B+7? i~
Bb "2/ m+2/2¥vPRIfiB+ HHv Tm 2 b2 r i2° b?Qrb i?2 ?B;?2bii MbT °
rp2H2M;i? Q7% SHYMMK-r?2°2 ivTIB+ Wyp " HmMRb' Q72 +?2/X q?2M
QM2 +QMbB/2 bw+Mi27?BRMM;mH "~ /Bbi'B#miBQM Q7 i?72 KQK2MimK
BM; T "iB+H2b Kmbi #2i F2M BMiQ ++QmMi- #2+ mb2 #Qi? +QMi k
2z2+iBp2 b+ ii2’BM; H2M;i?X h?2 b+ ii2’BM; ivTB+ HHv Q++m b Q
b+ ii2’ BM;6V M/ QMH ;2 T 'iB+mH i2b U&JB2 b+ ii2 ' BM;6V- "2b
i2’BM; M;H2 Qp2 i?2 /2i2+i #H2 r p2H2M;i? ~ M;2X h?2 2z2+iBy
[12}M2/] b,

Vit vy < 7 Msr> UkX8V

r?2°2 " § Bbi?2 p2 ;2b+ ii2°'BM; M;H2X AM b2 v;i288vKiB+ H p |
MANVE "~ ke8 K? p2 #22M K2 bm 2/ 7Q  T?QiQM r p2H2M:;i? Q7 9dy |

KXKEJjL2h /2i2+iQ"

EJjL2KRBb "2b2 "+? BM7  bi'm+im 2 2QmbBM; i?2 M2ti ;2M2°
b+QT2bX PM+2 +QKTH2i2/- Bi rBHH ?2Qbi M2irQ ' F Q7 *?2 2MFQp
IM H+QM};m"  iBQM- M BMbi mK2Mi2/ pQHmMK2 Q7 b2p2" H+m#B+
HQ+ i2/ ii?2 #QiiQK Q7 i?2 J2/Bi2°° M2 M a2 - M/ Bib/2bB;:Mr b

REJjL2h Bb M + QMVK 7Q " 6*m#B+ EBHQK2i2 L2mi'BMQ h2H2b+QT26

j3



kXkX EJjL1h .1h1*hP_

"B2M+2 ; i?2°2/rBi?i?2} bi;2M2° iBQM M2mi'BMQ i2H2b+QT2b- :
[2i2+iQ BM 7 +i? b /2KQMbi' i2/i?2 72 bB#BHBiv Q7 i?2 *?2 2MF
7Q° M2mi'BMQ /2i2+iBQMX EJjL2h +QKT 'Bb2b irQ /Bz2 2Mi BMbi
BMb2T " i2HQ+ iBQMb, EJR2@b?2® 2 aB+BHv +Q bib-r?Qb2:Q H
Q7 M2mi*BMQb ;2M2" i2/ 7°QK bi'QT?vbB+ H HOQz@HmH2QM2 PDjL2
6°2M+? aQmi?2"M +Q bibi? i rBHH bim/v M2mi'BMQ T QT2 iB2b 2
i*BMQb ;2M2" i2/ BMi?21 "i?6b iKQbT?2'2X "Qi?/2i2+iQ b rBHH
M/ M2mi°BMQ /2i2+iBQM T'BM+BTH2- M K2Hv j. v Q7 T?QiQl
*22°2MFQp HB;?2i T°Q/m+2/ HQM;i?2T i? Q7 "2H iBpBbiB+ T "iB+
BMi2° +iBQMbX h?2 K BM /Bz2'2M+2 Bb i?2 /2MbBiv Q7 T?2QiQb2N\
i?72 bim/v Q7 M2mi'BMQb BM i?2 72r@:20 UP_* V M/ h2o0@ S20 2N
“2bT2+iBp2HvX h?2 7 +BHBivrBHH HbQ ?Qmb2 BMbi mK2Mi iBQ|
HQM;@i2°'K M/ QM@HBM2 KQMBIiQ BM; Q7 i?2 /22T b2 2MpB QM
/2Ti? Q7 b2p2° HFBHQK2i"2b (9N)X h?2 7TQHHQrBM; b2+iBQMb r2

KXKkXRMbi HH iBQM bBi2b

h?2 J2/Bi2 > M2 Ma2 Qz2 b QTiBK H+QM/BiBQMbiQ ?Qbi M m!
b+QT2X a2p2° HbBi2br2 2 bim/B2/ M/ +? > +i2 Bb2/- M/i?2 /2Tl
i2°Qm;? /Bz2 2Mi + Bi2 B bm+? b, /Bbi M+2 7°QK i?2 +Q bi- bm{
"2/m+2i?2 iKQbT?2 B+ KmQM # +F:"QmM/-:QQ/QTiB+ HT QT2"i
Q7 #BQ@HMKBM2b+2M+2- HQr " i2b Q7 b2/BK2Mi iBQM M/ bi #H?2
i7°22 HQ+ iBQMb b2H2+i2/ "2 b?QrM BM 6B;XkXjX

EJjL2hfP_*  .2THQv2/ ii?2 EJjL2h@6  BMbi HH iBQM bBi2- #¢
b?2Q 2 hQMHQM- 6" M+2-i?22 P _* M2mi'BMQ /2i2+iQ  rBHH +?B2y

k % pi M/b7Q bi'QT iB+H2 2b2 “+? rBi? *QbKB+b BM i?2 #vbb
IP_* bi M/b7Q Pb+BHH iBQM _2b2 “+? rBi? *QbKB+b BM i?2 #vbb

JN



kXkX EJjL1h .1h1*hP_

6B:m 2 k¥jT Q7 i?2 HQ+ iBQM Q7 i?2 j bBi2b 7Q  i?2 +QMbi m+iBQM
M2mi'BMQ i2H2b+QT2 BM i?2 J2/Bi2 > M2 M a2 X EJjL2h@: Bb HQ+
SVHQbX i T 2b2Mi- Bi Bb mb2/ QMHvV 7Q  p HB/ iBQM M/ [m HB}+ iBC

"2bQHMIBQM "2[mB 2/ 7Q" "2bQHpBM; i?2 M2mi'BMQ K bb ?B2" °

M;2/ QM p2 iB+ H /2i2+iBQM mMBib rBi? ?22B;?i Q7 #Qmi ky
+QM};m> iBQM "2[mB 2/ 7Q  /2i2+iBQM Q7 M2mi'BMQDb rBi? 2M2";
.m BM; 62# m v kyky b2 + KT B;M- d@bi BM;b +QM};m"  iBQM rB
Q7 #Qmi ky K ? b #22M +?B2p2/X AM i?2 M2ti +QMbi ' m+iBQM T
P * rBHH +QKT'Bb2 #mBH/BM; #HQ+F Q7 RR8 /2i2+iBQM mMBib

EJjL2hf _* BMbi2 / Bb #2BM; BMbi HH2/ ii?2 EJjL2h@Ai bBi2-
K2i'2b Qz@b?Q 2 i?2 iQrM Q7 SQ iQT HQ /B * TQ S bb2°'Q BM aB-
mMMBib Q7 i?2 _* i2H2b+QT2 rBHH #2 M+2Q°2/ i /[2Ti? Q7 #Q

M H+QM};m  iBQM i?2 _* i2H2b+QT2 rBHH +QMbBbi Q7 irQ #mB}

9y



kXkX EJjL1h .1h1*hP_

/2i2+iBQM mMBib 2 +?- "2bmHiIiBM; BM M BMbi mK2Mi2/ pQHmMK?2

bHB;?iHv H ;2 i? M A+2*m#2 M2mi BMQ i2H2b+QT2X h?2 +QM
2M/ Q7 S? b2@R- rBHH +QMi BM k9 /2i2+iBQM mMBib- "2 +?BM;
FBHQK2i 2X

6B:m 2 k¥Fy +Qp2° :2 Q7 EJjL2h /2i2+iQ bX aQK2 FMQrM bi QT?vbE
"2 K "F2/X 6B;m 2 i F2M 7" QK (8R)X

"Qi? bBi2b "2 BM i?2 LQ i?2 M ?22KBbT?2 2" iM/HIjBQMi2-#2ir22]1
HHQrBM;iQ Q#b2 p2mT;:QBM; 2p2Mib +QKBM; 7 QK KQDbiQ7i?2 bl
bEv +Qp2° ;2- "2TQ'i2/ BM 6B;XkX9- KQbi Q7 i?2 : H +iB+ TH M2
+2Mi 2- Bb pBbB#H2X h?Bb Bb M /p Mi ;2 +QMbB/2 BM; i?2 bQm
Qm : H tv- M/ EJjL2h Bb #H2 iQ +QKTH2K2Mi i?2 }2H/ Q7 pB2r Q
HQ+ i2/ ii?2 aQmi? SQH2X

kXkXkB;Bi HPTiB+ HJQ/mH2 U.PJV

h?2 6.B;Bi H PTiB+ H JQ/mMH28 U.PJV /2p2HQT2/ #v i?2 EJjL2}
i?72 +iBp2 T i Q7i?2M2mi'BMQ i2H2b+QT2 M/ +QMbBbib Q7 i’
T 2bbm 2@ 2bBbi Mi :H bb bT?2°2- 2QmbBM; jR j@BM+? SJhb- i?

9R



kXkX EJjL1h .1h1*hP_

6B;m 2 k®8QiQ; T? Q7i?2 .B;Bi HPTiB+ HJQ/mH2 U.PJV Q7 EJjL2h
UH27iV M/ BM bb2K#Hv T? b2 U'B;?iVX h F2M 7 QK (9e)X

i"QMB+b M/ //BiBQM Hb2MbQ b- b b?QrM BM 6B;XkX8X h?2 i bl
i72 iBK2 Q7 Bp HQ7i?2 *?2 2MFQp HB;?i ;2M2" i2/ BM i?2 b2
i?72 /2i2+iQ ci?2 KQ/mMH2b HbQ K2 bm 2 i?2B" ;2QK2i'B+ HTQbB
i?72 HB;?iX h?2 SJhb ? p2 bi M/ '/ #B HF HB T?QiQ@+ i?Q/2 rBi
Q7 k3i 9y9 MK M/ kiy9dy MKX JQ 2Qp2  i?Bb KmHIiB@SJh +QM};m
bQK2 /p Mi ;2b +QKT "2/iQ KQ 2 i  /BiBQM H /2bB;Mb # b2/ QM H
b, UBV K tBKBb iBQM Q7 i?2 T?QiQ+ iQ/2 2 BM bBM:H2 bT?2"
b2MbBiBp2iQ 1 i? K ;M2iB+ }2H/- MQi "2[mB BM; K2i Hb?B2H/B N\
/2i2+iBQM "2 - BKT QpBM; i?2 /Bb+ BKBM iBQM #2ir22M bBM;H:
?BibX

h?2 SJhb 2 > M;2/ BM 8 "BM;b Q7 im#2b i RBMEIBR|M;H2b Q7
M/ R3d 2bT2+iBp2HvX AM 2 +? "BM; i?2°2 "2 e SJhb M/ bBM;
i 1?72 #QiiQK- rBi? x2MBi?, M2 2QQ@ R3IYN SIJhb "2 TH +2/ BM i?2
?22KBbT?2'2 M/ RkSJhbBMi?2mTT2 22KBbT?2°2Q7i?2.PJX1 +
#v "2~2+iQ  "BM:BM Q' /2 iQBM+'2 b2 i?2 T?QiQMFQMHRM{BQM
QM T?2QiQM BM+B/2Mi M;H2V- M/ QTiB+ H ;2H }HHb i?2 + pBiv #2
BMQ /2 iQ bbm 2QTiB+ H+QMi +iX M +iBp2# b2Bb HbQ ii +?
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6B;m 2 kKXeTHQ/2/ pB2r Q7 i?2 EJjL2h .PJXh F2M 7 QK (8k)X

+QMi'QH 7°QK b?Q°2i?2 ?B;?@pRQRYY 2 AQr2MbmMTIHAVQAH/ b2iiBM;
2 +? im#2X h?Bb #Q /2?2 b #22M KBMB im ' Bx2/BM Q /2 iQ }i BM i?
BMbB/2i?2 ;H bb bT?2°2X q?2M T?QiQM ?Bib i?2 T?QiQKmHIiBTt
TmHb2 Bb +°2 i2/X h?2 TmHb2 Bb i?2M KTHB}2/ M/i° Mb7Q K2/ |
#v i?2 iBK2@Qp2 @i? 2b?QH/ UhQhV i2+?MB[m2 Ui?2 KQmMi Q7
KQmMi Q7 +? ;2 r?B+? Bb i’ MbH i2/iQ i?2 H2M;i? Q7 i?2 b[m "2
iQ i?72 6B2H/ S Q; KK #H2 :i2 > v U6S: V- ?2Qbi2/ QM i?2 *2Mi"
U*G"V-r?2°2 Bib “"Bp HiBK2 M/ Bib TmHb2 H2M;i? Bb “2;Bbi2" :
i° Mb72° iQ b?Q 2X h?2 BMi2 M H bi'm+im 2 Q7 i?2 .PJ ? b #22N
2{+B2MiHv /BbbBT i2 i?2 22 i ;2M2" i2/ 7°QK i?2 2H2+i ' QMB+b m
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kXkX EJjL1h .1h1*hP_

HMKBMBmMK bi'm+im 2 i? i i° Mb72 b Bi iQ i?2 b2 pB i?2 ;H bbb
.PJ HbQ +QMi BMb Qi?2  b2MbQ b mb2/ 7Q  + HB# iBQM Tm TQl
TQBMiBM; /B 2+iBQM Q7 2 +? T?QiQKmMHIBTHB2 bc ++2H2 QK2i
Q7 i?72 KQ/mH2c TB2xQ@ +QmbiB+ b2MbQ  HHQrb i?2 /2i2 KB
.PJ2tTHQBIBM; bQM " i2+?MB[m2X HHi?2b2 K2 bm 2K2Mib "2 |
KQp2 mM/2  i?2 BM~m2M+2 Q7 b2 +m "2MibX AM Lh _la- i?Bb -
HQ+ i2i?2 T?QiQb2MbQ b rBi? M mM+2'i BMiv Q7 H2bb i? M Ry +

kXkXj2i2+iBQM IMBi U.IV M/ /2i2+iQ  H vQmi

6B;m 2 kX€?2K iB+ QmiHBM2 Q7 EJjL2hf _* #mBH/BM; #HQ+FX h F:

+QHH2+iBQM Q7 R3 .PJb +QMM2+i2/iQ M 2H2+i'Q@QTiB+ H
p2 iB+ Hbim+im 2 rBi? irQ QT2b Bb + HH2/ .2i2+iBQM IMBi Q"
/2i2+iBQM mMBi ? b M M+?Q - r?B+? F22Tb Bi } KHv +QMM2+i

i?7Qm;? i?2 .1 /2bB;M KBMBKBb2b /" ; M/ #v Bib2H7 Bb #mQv Mi-

BMiQ/m+2/ ii?2iQT Q7 i?2 bi'BM; iQ '2/m+2i?2 ?2Q ' BxQMi H /B|
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+ b2Q7H ";2b2 +m "2MibX p2'iB+ H2H2+i'Q@QTiB+ H+ #H2 i’
7Q°i?2 TQr2 i° MbKBbbBQM U9yy 0.*V M/ R3 QTiB+ H}#'2b7Q"
ii +?22/iQ i?2 "QT2bX h?2 TQr2° +QM/m+iQ'b M/ QTiB+ H }# 2b .
pB  T2M2i' iQ X h?2/2i2+iBQM mMBib 2 +QMM2+i2/ iQ DmM+il
#2/ M/ 2[mBTT2/ rBi? b2p2° H+QMM2+iQ b-2 +? Q7 r?B+? + M T
mMBib BM b2°'B2bX h?2 mM/2r i2° +QMM2+iBQM Q7 i?2 mMBib i
BMi2 " HBMF + #H2b "mMMBM; HQM,; i?72 b2 #2/X K BM 2H2+i Q
mM/2 r i2° /2i2+iQ iQi?2b?Q 2 bi iBQM T QpB/BM; TQr2" M/ HH
Q7BM7Q 'K iBQM 7 QK b2 iQb?2Q 2U/ iV M/pB+2p2'b U+QMi Qtl
M2irQ'F K F2b mb2 Q7 .2Mb2 q p2H2M;i? .BpBbBQM JmHIBTH2tBM
bB;M Hb Q7 K Mv /Bz2 2Mi + "B2 7 °2[m2M+B2biQ T bbi? Qm;?
"'mM K tBKmK Q7 Ryy FBHQK2i'2b iQ b?Q 2-r?2'2i?27°2[m2M+
AM i?Bbrv2 +? . PJ? bBibQrM mMB[m2 T i?X HHi?2 /i +[mBb
EJjL2h 2tT2 BK2MirBHH #2 2tTH BM2/ BM /2i BHb BM i?2 M2ti +?
i?7°22 /IBK2ZMbBQM H " v Q7 .PJb M/i?2 > v+QM};m  iBQM Bb /z
Q7 bi' BM;b-i?2B  ?2Q BxQMi HbT +BM; M/ p2 iB+ HbT +BM; #2ir.
h?2b2 T °~ K2i2'b ? p2 #22M QTiBKBb2/ mbBM; J* bBKmH iBQMb (
i?72 K tBKmK /2i2+iBQM 2{+B2M+vX 6Q° :;Bp2M iQi H MmK#2" Q"
[2i2+iBQM 2{+B2M+v ;" /m HHv BKT Qp2b 7QHHQIBM; i?2 MmK#2
bi'BM;b T2 #mBH/BM; #HQ+F M/ R3 QTiB+ H KQ/mH2b T2  bi B
2K BMb +QMbi MiX h?2 _* M/ P_* .Ib? p2R3.PJb QM2 +? bi’
bi'BM;b BM 2 +? #mBH/BM; #HQ+F- QTiBKBb2/ 7Q  i?2 /Bz2 2Mi T
BMi2 " @.PJ /Bbi M+2 Q7 je K HQM; i?2 bi ' BM; M/ i?2 /IBbi M+2 #2
Ryy K bb?QrM BM 6B;XkXd-r?BH2 BM P_* .Ibi?2 /Bbi M+2 #2ir2
NK M/i?2 2Q " BxQMi HbT +BM; Bb ky KX
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kXj1p2Mi bB;M im 2b

h?2 2p2Mi bB;M im"2b BM r i2 fB+2 *?2°2MFQp /2i2+iQ" "2 bTt
'Q B2b, i° +tF@HBF2 2p2Mibs € B;BM-aBM2Mi QK*V BMi2® +iBQM N\
/Im+BM; KmQM i? i+ MT QT ; i2bBMr i2°7Q b2p2  HFBHQK2i
Q B;BM iBM; 70Q¥ g8 M/x;M2mi° H+m "2Mi UL*V i? i ;Bp2 Bb2iQ
i?2 i T°QT ; i2 QMHV 7Q  i2Mb Q7 K2i'2bX b+?2K iB+ 2T 2b2Mi if
bB;M im 2b BM i?2 /2i2+iQ Bb /2TB+i2/ BM 6B;XkX3X

JMQM i° +F?2 FBM2K iB+b Q7 i?2 +? ;2 +m "2Mi BMi2" +iBQM Q
Bbbm+?i? ii?2°2 Bb bK HH M;H2 #2ir22M M2mi BMQ M/ KmQNM
h?2°27Q° 2i° +F@HBF22p2Mib+ M#2 "2+QMbi m+i2/rBi? M ++m"’
aBM+2 i?2 FBM2K iB+ M;H2 /2+ 2 b2brBi? 2M2 ;v-i?2 M;mH ~ "2
i +F "2+QMbi'm+iBQM i 2M2 ;v #Qp2 72r h2obX i 2M2' :B2b Q7
KQ'2-i?2 M;mH " "2bQHMFEQM BbQ#DM2MXjBMQ M/ KmQM + M #2
HKQbi +QHHBM2 X q?2M ?B;? 2M2 ;v KmQM T QT ; i2b BM K2
i?72 K DQ® 2M2 ;v HQbb2b ‘2 BQMBb iBQM Q7 i?2 K2/BmK- " /B |
M2;HB;B#H2 7 +iBQM- *?2 " 2MFQp /B iBQMX h?2iQi H2M2 ;v I
#Qp2 R h2o0 + M #2 2tT 2bb2/ b,

Y7k a 71 a0 UkXeV

r?22 8 °272°biQ BQMBIbi{B®®2 "MB iBp2 HQbbX ++Q-/BA2; iQ 2[X
M:2 Bb +QKTmi2/ b, ,
u..
T —E® UkXdV

7i2° bHQIrBM; /QrM-i?2 KmQM 2p2Mim HHvV /2F vbabiV BIMiQKm@Q M H
M2mi*BMQb M/ M 2H2+i"QM i? i+ mb2b M 1Jb?Qr2'X i2M2 :B2
i?72° /B iBp2 T'Q+2bb2b- HBF2 # 2Kbbi> ?HMM:? M/ T B T Q/m+i
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6B;m 2 kX$SbbB#H2 bB;M im 2b Q7 M2mi BMQ@BM/m+2/ 2p2Mib BM
/2i2+iQ bX "H +F / b?2/ HBM2b "2T 2b2Mi M2mi'BMQb- Q" M;2 QM2b
2f2 ;2M2° i2/ BM 2H2+i'QK ;M2iB+ U1JV b?Qr2 b- #Hm2 QM2b 2T :
? /"QMB+ b?Qr2'b M/ ;"22MI@MZRQMBX?R?2 i?B°/ /B ;" K7 QK i?2iQT
r? iBb+ HH2/ 6/Qm#H2 # M;6X h F2M 7°QK (88)

M/ bQ@+ HH2/ 6+ i bi'QT?B+06 2M2" ;v HQbb2b ‘2 pBbB#H2 b 2t
i72 KmMQM i® +FX h?Bb T2+mHB "Biv Q7 KmQM T°QT ; iBQM +QMi
bB;M im 2 Q#b2 p2/ BM M2mi BMQ i2H2b+QT2b i ";2iBM; h2o0 S2o0
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6B;m 2 KXAN/B M Q7 i?2 M:;H2 #2ir22M i?2 M2mi'BMQ M/ i?2 T°Q/m+2/
iBQMb BM 7mM+iBQM Q7 i?2 M2mi'BMQ 2M2 ;v-i F2M 7 QK (9e)

1H2+i"'QK ;M2iB+ M/ ? ["QMBHD2Qp2Mi bB;M im 2 /Im2iQ L*- M/
M/xg** BMi2' +iBQMb BMbB/2 Q" +HQb2 iQ i?2 BMbi'mK2Mi2/ pQF
UQ7i2M 272 °2/iQ b b?Qr2 " @HBF2 Q" + b+ /2 2p2MiVX h?22 T
*22°2MFQp HB;?i bQm +2 r?B+? TT2 b TQBMIi@HBF2 +QKT "2,
#2ir22M T?QiQb2MbQ b BM M2mi'BMQ i2H2b+QT2bX h?Bb +? ° +]i
iQ 2biBK i2i?2 2M2 ;v "2H2 b2/ BM M2mi'BMQ@BM/m+2/b?2Qr2"
iIQi +tF@HBF2 2p2Mib- r?BH2 i?2 /B"2+iBQM /2i2 " KBM iBQM Bb
“2bmHib BM TQQ' M;mH ' "2bQHmMiBQM (8e)X h?2 2pQHmMiBQM
Bb +? ° +i2°'Bb2/ #v i?2 /B iBOBHR2RMTi2b2Mib i?2 p2° ;2 /Bbi M+
r?B+?2i?22M2 ;vBb 2/ m+2/BMNM r 124ij@ +KVX h?2 p2 ;2HQM;Bim/E
T Q}H2 Q7 1?2 2M2 ;v /2TQbBiBQM- b r2HH b i?2 *?2 " 2MFQp HB;
T K2i2'Bb2/ b,

ATETY
Mg, UkX3V
# »
r22°2 ' Bb i?2 MmK#2 Q7 ° /B iBQW#P2M2i2BXM /2i2 KBM2/
bT2+B}+ HHV 7Q  ri2° 7°QK b2p2° H bBKmH iBQMb- M/ + M #2
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A a a M/ X h?2 K tBKmK BM i?2 HQM;Bim/BM H T Q}
i#l“ 7 M/ Bb 2[mBp H2MiiQ i?2 # B;?i2bi TQBMi BM *?2 " 2M
HQ+ ¥R K7 7 QK i?2 bi "iBM; TQBMi Q7 i?2b?2Qr2°-7Q  2M2" ;B2
h?2 H i2° H2ti2MbBQM Q7 i?22M2° ;v /2TQbBi M/ *?2 ' 2MEFQp HB;"
iQ /Bbi M+2b #2HQr i?2 JQHB "2~ /Bmb i? i BMr i2° Bb bK HH2" |
*?2°2MFQp HB;?ivB2H/ Bb T QTQ iBQM HiQi?2BMBIiB H2M2 ;v i
R, i?Bb HHQrb p2'vT 2+Bb2 + HQ'BK2i'B+ K2 bm 2K2MiX h?2 I
Q7 ?2 I’QMB+ b?Qr2 b Bb p2'v bBKBH " iQ i? i Q7 M 2H2+i QK ;M
7 +ii? iBiBb/'Bp2M #v ? /| QMB+ BMi2 +iBQMb BMbi2 / Q7 2H2+
i?72 Mm+H2 "~ BMi2 +i[BBQMKHQ M?22?HBB; ?i Bb 2KBii2/ #v +? ;2/ T "iB
2M2°;B2b #Qp2 i?2B" *?2 '2MFQp i? 2b?QH/b M/ #Qi? ? /" QMB+
b TQBMi@HBF2 #m bi Q7 HB;?i BM i?2 /2i2+iQ X >Qr2p2°- ;Bp.
? /" QMB+ b?Qr2 b T Q/m+2 H2bb *?2 " 2MFQp HB;?iX h?2 K BM "2 |
T "2/iQ 2H2+i"QMb- ? p2 ?2B;?22  2M2°;vi? 2b?QH/b 7Q  *?22 2MF(
H ;2 K bb2bX qBi? BM+'2 bBM; 2M2 ;v- 2Qr2p2°-i?2 p2° ;2 HB;?
2°h TT'Q +?2bi? i Q7 2H2+i'QK ;M2iB+ b?Qr2'bX JQ 2Qp2 2 /'C
2p2Mi@iQ@2p2Mi~m+im iBQMbBM i?2*?22 " 2MFQp HB;?ivB2H/ #2
2 ’QMB+ }M Hbii2b M/ UBBV i?2BMi2' +iBQM Q7 b?Qr2 T "iB+}
i?2B° T°QT ; iBQMX AM //BiBQM-7Q  2M2 ;B2b Q7 72r :20b i?2 BI
iB+H2 /B"'2+iBQMb "2 MQi +QHHBM2 ° M/ i?2 biTURYXMhMHBb-#2ir2
i?72 HB;?i 2KBbbBQM bB;M im 2 Bb +? ~ +i2°'Bb2/ mbm HHv #v b2j
/IBz2 2Mi BMi2MbBiv /2T2M/BM; QM i?2 BMBIiB H? /" QM ivT2b-i?2
+iBQMb BM i?2 b?2Qr2° 2pQHmiBQMX h?Bb H2 /biQ ?m;2p 'B2iv
Q7? /I"QMB+ b?Qr2'brBi? 2M2 ;B2b Q7 72r :20bX qBi? BM+'2 bBM.
2 "QMb #2+QK2KQ'2 M/KQ'2 +QHHBM2 “-bQi? ii?2BM/BpB/m |
M/ i?2 2z2+iBp2 M;mH ' HB;?i /Bbi'B#miBQM TT Q +?2bi? i Q7
h?2'27Q°2 i2H2b+QT2b i ;2iBM; h20@S20 M2mi'BMQb /Q MQ K H
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