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Predictive Simulations of the Impedance-Matched Multi-Axis Test
Method Using Data-Driven Modeling

Kevin J. Moreno

(ABSTRACT)

Environmental testing is essential to certify systems to withstand the harsh dynamic loads
they may experience in their service environment or during transport. For example, satel-
lites are subjected to large vibration and acoustic loads when transported into orbit and
need to be certified with tests that are representative of the anticipated loads. However, tra-
ditional certification testing specifications can consist of sequential uniaxial vibration tests,
which have been found to severely over- and under-test systems needing certification. The
recently developed Impedance-Matched Multi-Axis Test (IMMAT) has been shown in the
literature to improve upon traditional environmental testing practices through the use of
multi-input multi-output testing and impedance matching. Additionally, with the use of
numerical models, predictive simulations can be performed to determine optimal testing pa-
rameters. Developing an accurate numerical model, however, requires precise knowledge of
the system’s dynamic characteristics, such as boundary conditions or material properties.
These characteristics are not always available and would also require additional testing for
verification. Furthermore, some systems may be extremely difficult to model using numerical
methods because they contain millions of finite elements requiring impractical times scales to
simulate or because they were fabricated before mainstream use of computer aided drafting
and finite element analysis but are still in service. An alternative to numerical modeling is
data-driven modeling, which does not require knowledge of a system’s dynamic characteris-

tics. The Continuous Residue Interpolation (CRI) method has been recently developed as



a novel approach for building data-driven models of dynamical systems. CRI builds data-
driven models by fitting smooth, continuous basis functions to a subset of frequency response
function (FRF) measurements from a dynamical system. The resulting fitted basis functions
can be sampled at any geometric location to approximate the expected FRF at that location.
The research presented in this thesis explores the use of CRI-derived data-driven models in
predictive simulations for the IMMAT performed on a Euler-Bernoulli beam. The results
of the simulations reveal that CRI-derived data-driven models of a Euler-Bernoulli beam
achieve similar performance when compared to a finite element model and make similar

decisions when deciding the excitation locations in an IMMAT.



Predictive Simulations of the Impedance-Matched Multi-Axis Test
Method Using Data-Driven Modeling

Kevin J. Moreno

(GENERAL AUDIENCE ABSTRACT)

In the field of vibrations testing, environmental tests are used to ensure that critical devices or
structures can withstand harsh vibration environments. For example, satellites experience
harsh vibrations and damaging acoustics that are transferred from it’s rocket transport
vehicle. Traditional environmental tests would require that the satellite be placed on a
vibration table and sequentially vibrated in multiple orientations for a specified duration and
intensity. However, these traditional environmental tests do not always produce vibrations
that are representative of the anticipated transport or operational environment. Newly
developed methods, such as the Impedance-Matched Multi-Axis Test (IMMAT) methods
achieves representative test results by matching the mounting characteristics of the structure
during it’s transport or operational environment and vibrating the structure in multiple
directions simultaneously. An IMMAT can also be optimized by using finite element models
(FEM), which approximate the device to be tested with a discrete number of small volumes
whose physics are described by fundamental equations of motion. However, an FEM can
only be used if it’s dynamic characteristics are sufficiently similar to the structure undergoing
testing. This can only be achieved with precise knowledge of the dynamical properties of
the structure, which is not always available. An alternate approach to an FEM is to use a
data-driven model. Because data-driven models are made using data from the system it is
supposed to describe, dynamical properties of the device are pre-built in the model and is

not necessary to approximate them. Continuous Residue Interpolation (CRI) is a recently



developed data-driven modeling scheme that approximates a structure’s dynamic properties
with smooth, continuous functions updated with measurements of the input-output response
dynamics of the device. This thesis presents the performance of data-driven models generated
using CRI when used in predictive simulations of an IMMAT. The results show that CRI-
derived data-driven models perform similarly to FEMs and make similar predictions for

optimal input vibration locations.
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BMpQHpPBM; b?Q+F BMTmib- Bi Bb T°272°°2/iQ M Hvx2 i?2 "2bTQN
b?Q+F "2bTQMb2 bT2+i'mK M/ + M HbQ #2 mb2/ BMd&X HiB tBb 2M,

6QHHQrBM; i?2 +? ~ +i2 ' Bx iBQM Q7 i?2/vM KB+ 2MpB QMK2Mi Bb i
i Hi2biX h?2 2MpB QMK2Mi H i2bi MQ K HHv Q++m b BM H # b2i
/IBbim # M+2b Q  iQ i2bi i?2 "2bTQMb2 Q7 i?2 i2bi iB+H2 bm#D2+]
bm+? b mbBM; +QmbiB+ +? K#2 b 7Q J K 20v2pr2XmbiB+b HD+/ b Z
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r?2°2i?22 QMHv r v iQ i2bi  bvbi2Kéb 2bBHB2M+2 iQ 2MpB QMK2N
iQ i?72 +im H/vM KB+ 2MXBAQMKBMBt H bT2+ibiQ +QMbB/2" r?2M
2MpB QMK2Mi H i2bi "2 i?2/ K ;2 K2+? MBbKb M/ ++2Ti M+2 + B
;2 K2+? MBbKb bbBbii2bi 2M;BM22°'b BM 2Mbm BM; i? ii?2 2MpB"
Bb + T #H2 Q7 2T Q/m+BM; i?2 HQ /b i? i + M/ K ;2 i?2 i2bi “iB+}
/| K ;2 K2+? MBbK i? i Q++m" 7 QK pB#  iBQM 2MpB ' QMK2Mib Bb 7

7°QK +V+HB+ HQ /BM; "2bQM RIyX P2NIm 2 M2 [bRB2iKZ+? MBbKb ? p2
B/2MiB7B2/- ++2Ti M+2 +'Bi2°"B + M #2 2bi #HBb?2/iQ bb2bb i?2
i?72i2bi "iB+H2 /m ' BM; M/ 7i2 #2BM; bm#D2+i2/iQ i?2 /vM KB+ H(
bT2+B7BRRPBQM2(T Q+2bb Q7 bb2bbBM; i2bi 7Q° ++2Ti M+2 + M
[m HBi iBp2 M/ [m MiBi iBp2 BMbT2+iBQMb Q7 i?2 i2bi "iB+H206b I
+  +Fb Q + H+mH iBM; i?2 "2bmHi Mi bi " 2bb2b 7 QK KRWnQ 2/ /27H
7mM+iBQMb-bm+? b pQHi ;2bTBF2b Q  /"QR)XBM 2H2+i B+ H +QKT

qBi? i?2b2 +QMbB/2° iBQMb BM KBM/- b2p2° H ++2Ti2/i2+?MB+ H
Qp2  i?2 +Qm b2 Q7 i?2 H bi b2p2  H /2+ /2b iQ bi M/ “/Bx2 #2bi i
+2 iB7B+ iBQM Q7 bvbi2Kb iQ rBi?bi M/ M/ QT2 i2 BM ? "b? /vM K
i2+?MB+ Hbi M/ "/br2°2/2p2HQT2/iQ // 2bbi?2M22/b Q7 2[mBTK?2
br2HH bbT +2 TTHB+ iBQMbX >Qr2p2'-i?2b2 bi M/ /b + M #2 T
TTHB+ iBQMbX

JAG@ah.@3Ry> Bb KBHBi v bi M/ '/ i? i 2M+QKT bb2b rB/2 " M
iQ /2i2 ' KBM2 B7 TB2+2 Q7 2[nRBXKRIMiBRKMHBbP2b i?Bb #v bm#D
2[mMBTK2MiiQ /B772 2Mi 2MpB ' QMK2Mi Hb+2M "BQbbm+? b BM-:
2tTHQDbLBpP2 iKQbT?2°2b- b r2HH b pB# iBQMbX h?2 i2bi T Q+2/1
i?2 2[MBTK2Miéb +QMbi ' m+iBQM- K i2 B Hb- M/ 7Btim 2b ; BMbi i
H2p2HbX h?2b2 i2bi H2p2Hb + M p v /2T2M/BM; QM i?2 2[mBTK2M
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#OmM/ v +QM/BiBQMbX bim/v+QM/m+i2/ #v EBK 2i HX i BHQ b i
iQ/2i2°'KBM2 /2bB;M bT2+B7B+ iBQMb 7Q  i?2bi m+im 2 M/ 2H2+i"
7HB;?i p2RBXHRQ[(?2° +QKKQM KBHBi v bi M/ */ mb2/ 7Q" pB#" iBC
JAG@ah.@RRH-@RB¢? T'QpB/2b ;mB/2HBM2b iQ bb2bb i?2 T2 '7Q K
2[mBTK2Mibm#D2+i2/iQ/vM KB+ HQ /bivTiB+ HHv 2tT2'B2M+2 BM

2i HX mb2/ JAG@ah.@Red@R iQ ;mB/2 i?2 MmK2'B+ H M HvbBb
b?Q+F i2biBM; Q7 +QKT 2bbQ’ " iQ #2Rik2L @QMa@W . BHapdbyO2HI Yy 3 -
dyRy- M/ l1l*aa@l@ah@Ry@yj* 2 +QKKQMHvV mb2/i2+?MB+ Hbi M
2°'QM miB+b M/ aT +2 /KBMBbi® iBQM M/ i?2 1m QT2 M aT +2 ;=
bvbi2 RBRNYKkR M/ bi m+im 2b M/ ? p2#22M mb2/ QM rB/2p B2iv C
i2biBM: bim/B2b ° M;BM: 7°'QK +2 ' iB7vBM; "Q+F2i +QKTQM2Mib- bT
i #H2b- M/ TBTB M;kky-tki2 Kk §

RXkXk "QmM/ v *QM/BiBQMbD

I1MpB QMK2Mi Hi2biBM; Bb ?2 pBHVv BM7HmM2M+2/ #v i?2 #QmM/ v
aK HH /2pB iBQMb BM i2bi iB+H26b #QmM/ v +QM/BiBQMb + M

Bib BMi ' BMbB+ /vM KB+ T QT2 iB2b M/- mHiIBK i2Hv- Biéb "2bTQM
HQ /lbdX h?2°27Q 2- Bi Bb 2bb2MiB H i? i i?2 #QmM/ v +QM/BiBQM|
M2MpB QMK2Mi Hi2bi "2 2T 2b2Mi iBp2 Q7 i?2 2MpB QMK2Mibhb
"iB+H2X a2p2° Hi2+?MB+ Hbi M/ /b "2[mB 2 i? i + BiB+ Hbi m+in
BM/BpB/m HHv-r?2"2 bBM;H2 tBb Bb pB# i2/r?BH2i?2 Qi?2 irQ

Bb p2'v' "2Hv b22M BM ivTB+ Hi> MbTQ i Q QT2 iBM; 2MpB QMK ?
iB#H2 iQ pB# iBQM BM Mv /B 2+iBQM rBi? p "'vBM; K ;MBim/2 M/
MMB[m2 #QmM/ v +QM/BiBQMb 7Q° Mv TTHB+ iBQMX 6Q  i?Bb 2

i?72i° MbTQ iQ BM@b2 pB+2 #QmM/ v +QM/BiBQMb M/ ++m" i2H



e +Nzy 1 SYBé fiz2 « Ofié

i?72 H#X LmK2 Qmb bim/B2b ? p2 #22M +QM/m+i2/iQ ++m i2Hv K
BM KQ/2Hb- bm+? b i?2rQ F/QM2 #v a+?rBM;b? +FH 2i HX iQ KQ/
BM #QHi2/ 7H M;2b mbBM; p HB/ i2/ 7BMBi2 2H2K2M3KQ/2H2rBi? M
rQF/QM2 #v J v2b 2i HX iQ M Hvx2i?22772+i Q7 mbBM; HQr M/ ?
2Hb 7Q° bBKmH iBM; pB#  iBQM i2tkip ®@7r22HHB 2/ pl2HQZWBIM( 1?2 JC
** B:@" KTIQM 7Q K iQ b2T " i2i?2/vM KB+b Q7 i?2i2bi ‘iB+H2 7°C
T '2b2 pBM; i?2 FMQrH2/;2 Q7 i?2 +Q)XTHBBRIBDM KPHR2 K2 2 ? p2 #
b2p2° Hbim/B2biQ KQ/2H M/ M Hvx2 i?2 "Qt M/ _2KQp #H2 *QKT(
IB772 'BM; #QmM/ v +QM/BiBQMb j Mjj MR 2t ? Boi2i BROOMDb#22M bim
iQ M Hvx2i?222772+iQ7/B772 2Mi #QmM/ v +QM/BiBQMb 2tT2 BK
i?72 T2'7Q° K M+2 Q7 b2p2° H 7Btim 2b r?2M bm#D2+i2/ iQ TmHb2 b"
T iBQ #2ir22M TmHb2 /m” iBQM M/ M im> HT2 BQ/ M/ i?2 "2bmHiBNMN
KTHB7B+9RQRMGBK 2i HX 2tT2 BK2Mi HHv +? ~ +i2 Bx2/i?2b? F2
M2MpB QMK2Mi Hi2bi bQ i?2v + M #2 BM+Q TQ i2/ BM MmK2 B+
mH iB{BWO (#Q M 2i HX /2p2HQT2/i?2 AKT2/ M+2 J i+?2/ JmHIiB tI
b i2biBM; K2i?Q/QHQ;v /2bB;M2/iQ BKT Qp2i?2T2'7Q K M+2 Q7
i2bib #v mbBM; KmHIB@BMTmi KmHIiB@QmiTmi UJAJPV TT Q +?2r”°
Q7 i2bi iB+H2 bBirQmH/ MQ K HHv #2 +QM7B;m 2/ BM Bib QT2 iE
e)X L2r K2i?Q/b iQ #2ii2° mM/2 bi M/ i?2 #QmM/ v +QM/BiBQMb Q
Tm#HBb?2/ i "2;mH "~ # bBbX >Qr2p2 -T QT2 2MpB QMK2Mi H i2
"2 HBx2/ r?2M i?2 i2bi 2M;BM22°b Q bi'm+im> H/vM KB+Bbib ? p2F
“2THB+ iBOM #QmM/ v +QM/BiBQMb Q7 i?2 i2bi ‘iB+H2 M/ QTiBK
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RXkXj J2i?Q/ Q7 1t+Bi iBQM

Ai Bb 2bb2MiB Hi? ii?2 K2i?Q/ Q7 2t+Bi iBQM mb2/ BM M 2MpB QM
Q7 i?2i m2 2MpB QMK2Mi HBMTmi iQ i?2 i2bi "iB+H2X .2i2 KBMB
r2B;?b 22 pBHv QM i?2 2MpB " QMK2Mi +? * +i2'Bx iBQMX h2+?MB+
3Ry M/ L a @>."E@dyy3 2[mB 2 pB# iBQM i2bib iQ #2 + ""'B2/ Qm
7 22/QK Ua.P6VX Hi?Qm;?- bBM;H2 tBb pB# iBQMi2bib "2 MQi
i'm2 /vM KB+ 2MpB " QMK2Mi M/ "“Zdp-7i22 KBROnTIBHBX2( #2+ mb2 i?:
bi® B;?i7Q°r */iQ BKTH2K2Mi M/ T QpBjRdX2TQr2 g2 #2b-mmibR pvbi?2
22 HBbiB+ HHvbm#D2+i2/iQ pB#" iBQMb BM HH /B 2+iBQMb rBi
Q7 7°22/QK UJ.P6V pB#" iBQM i2bib "2 #2ii2  bmBi2/7Q 2T Q/m+E
BMTmiX miQKQ#BH2b- 2[mBTK2Mi QM@#Q /M p Hp2bb2Hb- ?2HE
"2 QMHV 72r Q7 +QmMiH2bb bvbi2K i? i+ M 2tT2 'B2M+2 2t+Bj iBC
?2 p2 MmMK2'Qmb + BiB+ H+QKTQM2Mib i? i M22/iQ bm pBp2/ K ;BN

a2p2 Hbim/B2b ? p2 #22M Tm#HBb?2/ bb2 iBM; i?2 ;2 i2 2772+il
Qp2 a.P6 2t+Bi iIBQMX > "K M 2i HX BMp2biB; i2/i?2 /IB772 2M+2
KmHiB tBb 2t+Bi iBQM M/ bBM;H2 tBb 2t+Bi iBQM M/ 2TQ i2/i?
bmHi2/ BM d8W BM iBK2 b pBM;b 7Q° miQKQiBp2 [m HB7B+ iBQM i
(NX m;;B2 Q 2i HX BMp2biB; i2/ KmHIiB@BMTmi KmHIiB@QmiTmi
BM7H i #H2 iQ " mb mbBM; K + ' Q@7B#2" +QKTQbBi2 T i+?2b M/ +Q]
vVB2H/2/ #2ii2° "2bmHib i? M bBM;H2@BMTmi bBM;H2@QmiTmi UaAc
2t+Bi2i?2 ;HQ# HKQ/2b QFYiR2 mi;@BiM@ 2i(HX r b HbQ #H2iQT2'7
M HvbBb QM M BM7H i #H2 iQ " mb M/ 7QmM/ i? i- Hi?Qm;? mbBM;
HB #H2 2biBK iBQM Q7 i?2 iQ ' mbo KQ/ HT QT2'iB2b- aAaP TT'Q
7Q0° MQMHBM?2 ~ 2772+ib b r2HH DRX2 JABIB QM HHv? J.P6 i2bib ?
#22M b?2QrM iQ //°2bb i?2 i2M/2M+v Q7 Qp2° M/ mM/2 i2biBM; Q7
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pB#  iBQM i2bibX . #Q "M 2i HX ? p2 T°Qp2M i?Bb BM b2p2° H Tm#H
bi'm+im 2b M/ 2THB+ iBM; i?2 2MpB- DMBIMI W2b Ri?HX r2°2 HbQ
#H2 iQ mb2 AJJ hiQ "2THB+ i2i?2 "2bTQMb2 Q7 KQ/2H 'Q+F2i bm#
MbBM; e 2H2+i Q/VM %K+ b? F2 b (

>Qr2p2 - JAJP i2biBM; + M +QK2 rBi? Bib HBKBi iBQMbX JAJP i2bil
bT2+i° H/2MbBiv K i'Bt r?B+? M22/b iQ #2 r2HH +QMAXIBQB®@/ iQ T
iBQM HHv- b2i mT iBK2 Bb ivTB+ HHv HQM;2  i? M bBM;H2 tBb pB#"
Q7 //BiBQM H 2t+Bi2 b M/ 7Btim 2bX "Qi?- a.P6 M/ J.P6- 2t+Bi iB
QrM b2i Q7 K2 Bib M/ /' r# +FbX >Qr2p2 - Bi Bb +H2 “i? iJ.P6 Bb b
iQ +°2 i2 2T 2b2Mi iBp2 2t+Bi iBQM b+2M "BQb 7Q" 2MpB QMK2Mi
HBKBi iBQMb iQ +QM/m+iBM; M J.P6 2MpB QMK2Mi H i2bi- i?2°2

QHQ:B2b i? i i?2 bi'm+im"> H /vM KB+Bbi Q  i2bi 2M;BM22" + M miB
2MpB QMK2Mi H i2biX

RXkX9 h2bi PTiBKBx iBQM

AM M 2MpB QMK2Mi Hi2bi-i?2°2 "2 MmK2 Qmbp B #H2bi? iM22/
i?72 /2bB 2/ i2bi Qmi+QK2X aQK2 Q7 i?2b2 p "B #H2b BM+Hm/2 KB
1?72 /12bB 2/ "2bTQMb2 M/ i?2 2bTQMb2 2T Q/m+2/ BM i?2 2MpB "~
TQr2' "2[mB 2K2Mib- Q' KBMBKBXxBM; i?2 KQmMi Q7 2[mBTK2Mi N
M/ "2 mbm HHv /27BM2/ mbBM; M Q#D2+iBp2 7TmM+iBQMX AM bil
mb2/ ;°22/v QTiBKBx iBOQM H;Q Bi?K iQ /2i2'KBM2 i?2 QTiBK H b?
KBMBKBx2/i?2 KTHB7B2 QmiTmi pQHi ;2- 7Q +2-9yX 4@M2HQH 2"
2i HX /2p2HQT2/ KBMBKmMK /'Bp2b TQr2" H;Q Bi?K 7Q JAJP pB#
rb #H2 iQ /2KQMbi® i2i?2 H;Q Bi?Kob 2772+iBp2M2bb i?2 " Qm:? bE
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ON8YX Pi?2  iQQHb i? i ? p2 #22M /2p2HQT2/ BM "2+2Mi v2 b iQ
2MpB QMK2Mi H i2bi BM+HmM/2 mbBM; K i'Bti’ Mb7Q K iBQMb iQ Q#
/2MbBiv K i"B+2b 7Q" JAJP p®B® MBQMBidbiKmHiB 7 2[m2M+v bBM2 b
iQ 2t+Bi2 KmHIBTH2 7 2[m2M+B2b bBKmHi8M XQxQri2p BM i ? 2B & QilBls
i? i #2bi 2[mBT bi'm+im’ H/vM KB+Bbi M/ i2bi 2M:BM22" 7Q" i2bi
h?2b2 bvbi2K KQ/2Hb ? p2 i’ /BiBQM HHv #22M /2p2HQT2/ i?2°Qm;"
TT Q +?22bX AM "2+2Miv2 'b-/m2iQ i?2 T'QHB72  iBQM Q7 / i - /2y
7Q° /VM KB+ H bvbi2Kb 7°QK K2 bm 2K2Mib ? b ; BM2/ “2M2r2/ BMi
i2biBM;X

M HviB+ H KQ/2Hb "2 ivTB+ HHv mb2/ B7 i?2 i2bi ‘iB+H2 Bb 7 B H
iBQMb rBHH MQi H2 /iQ bm#bi MiB H2 'Q  BM i?2 QTiBKBx iBQM
Jv2b 2i ®XrP2M i?2v mb2/ bvbi2K Q7 K bb2b- bT BM;b- M/ / KT2"
i"Q/VM KB+ b? F2'b M/i?2i2bi iB+H2Bib2H7 rBi? 2 /BHv p BH #}
2[m iB@M®9BS iQ bBKmH i2 i?2B  i2bibX .B GQ 2MxQ 2i HX /2p2HQ
KQ/ H M HvbBb TT'Q +?2iQ +? ° +i2°Bx2 i?2 /vM KB+ T * K2i2'b Q7
+ M mHiBK i2Hv B/ BM i?2 /2p2HQTK2Mi Q7 M HviB48¢XKQI2Hb 7Q
i72°2 2K Mv + b2b r?2°2 KQ/2Hb + M #2 iQQ +QKTH2tiQ /2p2HQT
h?2°27Q 2 M Hi2 M iBp2 Bb 7BMBi2 2H2K2Mi KQ/2HBM; X

h?2b2 7BMBi2 2H2K2Mi KQ/2Hb + M #2 /2p2HQT2/ mbBM; 7BMBIi2
K2i?7Q/ QmiHBM2B NB22 BM; dB(QiBtbMM; 2 /BHv p BH #H2 +QKTmiZ
bB:M bQ7ir "2X >Qr2p2°-61Jb M/ i?2 KQ/2Hb i?2v 2 # b2/ QM + M I
KQ/ HT ' QT2'iB2bX h?2'27Q'2 KQ/2H mT/ iBM; Bb mb2/iQ 2Mbm 2 i
"2b2Mi iBp2 Q7 i?2 i2bi "iB+1BA83@NX2PIM2R2iMT A i2/- 61Jb 2 TQr2 7
iQQHb M/ ? p2 #22M mb2/ BM rB/2 p "B2iv Q7 2MpB " QMK2Mi H i2|
im'2 7°QK KQ/2HBM; i?2 pB#' iBQMb Q7 M+B2Mi K bQM' v bi'm+in
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ey- KQ/2HBM; i?72 'K im 2 Q7 M 2H2+i Q/vM KB+ b? F2 iQ bBKmt
i2bie®- M/ KQ/2HBM:; “2bQM Mi TH i2 bm#D2+i2/iQ b?Q+F iQ mM/:
i? i 772+i "2T2 i #BHBiv Qe Xb2Qr2H22bi6LIb + M Q7i2M +QMi BM K
2H2K2Mibi? i+ MH2 /iQH2M;i?vbBKmH iBQMb Q' ‘2 +QbiHv M/ iB
i?72 +QKTmi iBQM H HBKBi iBQMb Q7 ++2bbB#H2 rQ Fbi iBQMbX 6
K2i?Q/b + M #2 miBHBx2/ bi?2v+ MH2 /iQ TT QtBK iBM: H ;2 Q"
rBi? "2/m+2/ Q /2 bvbi2Kb i? i +tHQb2HvV 2THB+ i2i?2 /2bB 2/ #27? |

2/m+2/ Q /2  KQ/2Hb + M #2 7Q KmH i2/ # b2/ QM i?2 bQHmMIiBQM «
i2°Qm;? BMi2 TQH iBQM Q76j-eX7RAM7 R MANMB QMbb(- :m;2 +BM 2i HX .
i?72 >k KQ/2H "2/m+iBQM 7" K2rQ F- r?B+? BM+Q ' TQ" i2/ #Qi? Gv T
K2i?Q/b Q7 KQ/2H &YX hiBXDM KQ/2H 2/m+iBQM i2+?MB[m2b ? p2 #
rB/2 p "B2iv Q7 /vM KB+ H bvbi2Kb /2 HBM; rBi? 22 i i° Mb72 - 7Hr
+? MB+ H bvbi2Kb- M/ bi'm+im> H/vM KB+b iQ M K2 72rX "2bb2HTE
mb2 Q7 b2p2° H KQ/2H "2/m+iBQM i2+?MB[m2b QM bi22H 7> K2 KQ
QmiTmi HQedEBQMB (2b2 “+22 b 7QmM/ MQiB+2 #H2 p "B iBQMb #2i
HH +?B2p2/ M ++2Ti #H2 H2p2H Q7 "2THB+ iBQM Q7 i?2 i'm2 bv
7B bi 9 KQ/2b rBi? i?2 7B bi T B> Q7 BMTmib M/ QmiTmibX _2/m+2/
bQHMIBQM iQ "2/m+2 +QKTmi iBQM iBK2 r?BH2 T 2b2 pBM; i?2 /vM
>Qr2p2°-Bi/Q2b MQi //°2bb i?2 HBKBi iBQM i? i MmMK2 B+ H KQ/2H
iBQMb Q7 i?2 /vM KB+ T ~ K2i2 b Q7i?2i'm2bvbi2K M/ + M 2bmHi |
i2bi bBKmMH iBQMb M/ 2tT2 BK2MibX

AM “2+2Mi /2+ /2b Bi? b #22M 7QmM/ i? i- #v mbBM; bi iBbiB+ H K2i
i2+?2MB[m2b rBi? H ;2 [m MiBiB2b Q7 K2 bm 2// i -/ i @/ 'Bp2M KQ
M/ QmiTmi "2H iBQMb?BT Q7 /vM KB+ H bvbi2K + M #2 K /2 rBi?Q
i72 BMM2  K2+? MBbKb Q7 i?2 T Q+2bb Bi/2b+ B#2bX h?2b2/ i / Bj
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iQ #2 Mb27mH BM T 2/B+iBp2 bBKmH iBQMb- bm+? b KQ/2HBM; i?
#2ir22M i2bi "iB+H2-i2bi 7Btim 2b- M/ i2bigdXBHBAV 1Q/ BpBMm
TT'Q +? 7Q° KQ/2HBM; /vM KB+ H bvbi2Kb Bb + HH2/ p2+iQ" 7BiiB|
#v "DQ M :mbi pb2M 2i HX Bb TQTmH > TT'Q +? 7Q° TT QtBK iBN
bi?2 7 2[m2M+v "2bTQMb2 7mM+iBQM Q7 /vM KB+ HBXbHi2R- 7" QK
TT QtBK i2/ " iBQM H 7mM+iBQM + M #2 /2b+ B#2/ b,

Xy

f(s) an+/+s? URXRYV

n=1

r?2°2% Mla, 2 2bB/m2b M/ TQH2b- 2bTNAIBPE2RBV-IBRAM H i2 KbX
1[m iBRX®Rb bQHp2/ b HBM2 " T Q#H2K BM irQ b2[m2MiB H bi ;2bX
iB7VBM; i?2 "QQib Q7 i?2 /2MQKBM iQ - Qi?2'rBb2 FMQrM b TQH?Z
i?72 bvbi2K TQH2bX h?2 b2+QM/ bi ;2 B/2MiB7B2b i?2 "QQib Q7 i?2
2 #Qi? 7TQmM/ mbBM; M Bi2® iBp2 H2 bi b[m "2 TT Q +?X 02+iQ"
b2p2° H bim/B2b iQ TT QtBK i2 pB# iBM; bvbi2Kb mbBM; QMHvV KZ
TmM+iBQMbX ."B2b S2mK Mb 2i HX mb2/ M [/ Ti2/ p2+iQ  7BiiBM; k
M/ a2KHV2MOb rQ FiQ +? ~ +i2 'Bx2 i?2BMTmi@QmiTmi "2H iBQMb"
#2 KbmbT2M/2/ mbBM; MVHQM QT2 M/ 2t+Bi2/ mbBM; b? F2 +Qr
BKT2/ M+2 @BX/ 6?2 "2bmHib b?Qr2/i? i i?2B° / Ti iBQM Q7 p2+iQ"
;QQ/ ;7 22K2MirBi? i?2B 2tT2 BK2Mi H "2bmHib M/ 2biBK i2/ 7 2[n
AM MQi?2 bim/v/QM2 #v JQ? KK / H# F B 2i HX-i?2 "2b2 “+22°b
2biBK i2 /IBbT2 bBQM +m p2b 7 QK MmK2 B+ HHv /2" Bp2/ 7' 2[m2M
HQM;Bim/BM HHv M/ i Mbp2 bdXv.2BBp iBRMQ7K/' BbT2 bBQM +m ¢
T 2+Bb2 FMQrH2/:2 Q7 i?2 ;2QK2i'B+ M/ K i2'B H +? ~ +i2 ' BbiB+b
Hr vb p BH #H2X >Qr2p2 -i?2 2b2 +?2 bmb2 p2+iQ 7BiiBM; iQ ;:
Q7 1?72 #2 KiQ K F2 Bi 72 bB#H2 iQ TTHv i MbB2Mi BMTmi bB;M H
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+m p2b Q7 i?2 bvbi2KX

“2+2Mi M/ MQp2H/ i @/'Bp2M KQ/2HBM; TT'Q +?Bb + HH2/*QMiB
U* AVX .BbbBKBH "iQ KQ/2H 2/m+iBQM-* ABb #H2iQ mb2 bm#b
M/ 2tT M/ i?2 bvbi2K- BM+Hm/BM; Biob T QT2 iB2b M/ +? ~ +i2 Bl
i?7 i Bb biBHH #H2 iQ T '2/B+ii?2 bvbi2K "2bTQMb2b i H ;2  b2i Q
/2KQMbi® i2/ BM DQmM M H r'Bii2M #v UumhRM #22M2 F22Wr2i 2 H#H?2 iQ
mb2 b? T2 7mM+iBQMb iQ "2THB+ i2 i?2 pB#  iBQM T QT2 iB2b Q7
i?72 /27H2+iBQM Q7 i?2 TH i2 i TQBMii? ir b MQi Q°B;BM HHv K2
MbBM; b? T2 7TmM+iBQMb iQ T 2/B+ii?2 /vM KB+ "2bTQMb2 #v J/vM
#22M BKTH2K2Mi2/ #v 1HHBOREZEBIBRHZ 2Pm2MXv( 2bTQMb2 7mM+iBC(
Q7 KQ/2 b? T2bX h?Bb M2r K2i?Q/- + HH2/ *QMiBMmMQmb _2bB/m?
i?72 2biBK iBQM Q7 7°2[m2M+v "2bTQMb2 7mM+iBQMb Q7 /vM KB+
i?2 bvbi2K #v QMHv mbBM; bT b2 b2i Q7 K2 bm 2/ TQBMibX :Bp:
K2 bm 2/ 7 2[m2M+v 2bTQMb2 7TmM+iBQMb /B 2+iHv 7 QK i?2 /vM
M/ Ki2'B H+? " +i2 ' BbiB+b "2 2K#2//2/ rBi? i?2 ;2M2 iBQM Q7 i7
"2bTQMb2 7TmM+iBQMb M/ Bb MQ HQM;2  M2+2bb ‘v iQ /2 'Bp2 i?2}
iIQQH Bb r? irBHH #2 BKTH2K2Mi2/ rBi? i?2 AJJ hiQ bim/vr?2i?2 B
"2bTQMb2 7TmM+iBQM 2+ T #H2 Q7 /2i2'KBMBM; i?2 M2+2bb ‘v 7Q
2MpB QMK2Mi Hi2biX //BiBQM HHv T  K2i B+ M HvbBb Q7 i?2 BM
rBHH #2 T2 7Q K2/ iQ bb2bb TQi2MiB H HBKBi iBQMb Q7 +QK#BMB



*? Ti2 K

AKT2/ M+2 J 1+?22/ IJmHIB@ tBb |

h?2 AKT2/ M+2@J i+?2/ JmHIB@ tBb h2bi UAJJ hV Bb pB# iBQM
T Q+2/m 2 [2p2HQT2/ #v S?BHBT . #Q M 2i HX iQ //'2bb p "BQmb
i2biBM; T° +iB+2bX AJJ h 2[mB 2bi? i /2pB+2mM/2 ;QBM;i?2i2bi
iQ Bib #QmM/ v +QM/BiBQMb b iQ T 2b2 p2 Biob /vM KB+ +? * +i2"|
QMHv #2 +?B2p2/rBi? ;QQ/ mM/2 bi M/BM; Q7 i?2 /2pB+206b BKT2
Bi i?2 H # b2iiBM;X //BiBQM HHv-i?2 AJJ h HbQ "2[mB 2b i? i i?2
i2bi #2 2t+Bi2/ BM KmHiIBTH2 /B 2+iBQMb b Bi rQmH/ MQ K HHv 2
2MpB QMK2MiX h?Bb *? Ti2 rBHH 2tTHQ 2 i?2 BKTH2K2Mi iBQM Q7
bBKmMH iBM; MAJJ hQM Ry /2;°22Q77 22/QKK bb@bT BM; bvbi2K
AJJ h bBKmH iBQMb rBHH #2 T2 7Q K2/ QM /Bb+QMiBMmQmb KQ/:
HbQ #2 T2 7Q K2/ QM +QMiBMmQmb K2/B 7QHHQrBM; i?2 b K2 T C

kKXR :2M2° H J2i?Q/QHQ ;v
hQ mb2 i?2 AJJhiQ T2 ' 7Q°K M 2MpB " QMK2Mi H i2bi- i?2 7TQHHQTE

b?QrM BM 6BXR?QMH/ #2 BKTH2K2Mi2/ M/ rBHH #2 2tTH BM2/ BM ;2
Qmii?Bb +? Ti2 X

Rj
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6B;m 2 kXR, 6HQr+? "iQ7i?2 AJJ h

~

a

oA ,0



lYIY " O fevé RS

h?2 AJJ h K2i?Q/QHQ ;v #2;BMb rBi? ;2M2 iBM; i2bibT2+B7B+ iBC
iBOM "2bTQMb2 Q7 i?2 i2bi ‘iB+H2 r?2M bm#D2+i2/iQ Bib QT2 iE
M2QmbHv- B7 i?2 i2bi "iB+H2 + M #2 2 bBHv KQ/2H2/ mbBM; 7BMB
M HviB+ H TT Q +?2b M/ ++2H2 M+2 7 2[m2M+v 2bTQMb2 7mM
2tT2 BK2Mi HHv K2 bm 2/-i?2M Dbvbi2K KQ/2H rBHH ? p2iQ #2 K /:
++2H2 M+26_6bX Pi?2 rBb2-B7 TQBMi M/i° Mb72" ++2H2 M+2 |
i?72 TT'QT' B i2BMTmi M/ QmiTmi HQ+ iBQMb-i?2M i?2 K2 bm 2/ 6
i72K i'BtQ7 ++2H2" M+26_6bX |IbBM; i?2i2bibT2+B7B+ iBQM M/ k
i?72 H2 bi b[m "2b QTiBK Hb? F2  7Q +2 + M #2 + H+mH i2/iQ /'Bp2 |
BK i2Hv "2THB+ i2i?2 bvbi2Kéb ++2H2 iBQM 2bTQMb2 7 QK i?2 C
7QHHQIrBM; b2+iBQMb Q7 i?Bb +? Ti2 rBHH 2tTH BM i?2 bi2Th BM i
/2i BHX 272 iQ S?BH . #Q°M 2i HX 7Q° 7mHHAEX+QmMi Q7 i?2 K2

kXk _2[mB 2K2Mib

S2°7Q°KBM; M AJJ h 2[mB 2b i?2 /2p2HQTK2Mi Q7 i2bi bT2+B7B-
K i+?BM; i?2 i2bi iB+H26b K2+? MB+ H BKT2/ M+2 BM H # b2iiBM
++2H2° M+26_6biQ /2i2°KBM2 i?2 M2+2bb "Vv7Q +BM; bT2+i mKb i
bT2+ib rBHH #2 2tTHQ 2/ BM 7QHHQIBM; bm#b2+iBQMb BM /2i BH X

kXkXR h2bi aT2+B7B+ iBQM

2p2HQTBM; i2bibT2+B7B+ iBQM #2:BMbrBi? M2MpB QMK2Mi+ T
Bb BMbi ' mK2Mi2/ rBi? ++2H2 QK2i2 ' biQ K2 bm 2i?2i2bi iB+H26k
Bi Bbbm#D2+i2/iQ Bib QT2 iBQM H2MpB QMK2MiX hvTB+ HHv- +4
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i2°Qm;?Qmii?2i2bi "iB+H2iQ KQMBiQ  i?2:2M2  H ++2H2 iBQM"
i? i 2 + BiB+ HiQ i?2 bm pBp #BHBiv Q7 i?2 i2bi "iB+H2 Q  HQ+ |
"2 2 ?7B;? ++2H2 iBQM H2p2Hb b?QmH/ #2 BMbi mK2Mi2/ rBi? ++:
TQBMib BM i?2 bm#b2[m2Mi AJJ hX

AM ivTB+ H 2MpB QMK2Mi H i2bib- QMHvV +QmTH2 +QMi'QH TQBM,;
i2bibX //BiBQM HHv- i?2 "2bTQMb2 ii?2 +QMi'QH HQ+ iBQM rQm
iQ ;2M2° HBxXx2 i?2 2M2 ;v BMTmii2/ BMiQ i?2 bvbi2KX >Qr2p2 - i?Bl
HBi2  im 2i? i 2Mp2HQTBM: + M H2 /iQ bB;MB7B+ Mi Q@XX M/ mM/
h?Bb + M #2 pQB/2/BM i?2 AJJ h #v mbBM; HHb2MbBM; HQ+ iBQM|
mbBM; i?2 MiB+BT i2/ ++2H2  iBQM "2bTQMb2 bi?2 bT2+i mK BM

kXkXk AKT2/ M+2 J i+?BM,;

* *27mH +QMbB/2  iBQM Kmbi#2i F2M r?2M /2bB;MBM; 7Btim 2b 7Q
‘v +QM/BiBQMb Q7 i?2 i2bi iB+H2 /m 'BM; i?2 2MpB QMK2Mi + Til
b #2bi b TQbbB#H2 r?BH2 "mMMBM; i?2 AJJ hX h?Bb bi2T BM i?2 /
+QK2rBi? p "VBM; H2p2Hb Q7 /B77B+mHivX h"mHv ++m’ i2 "2THB+
#2 BKTQbbB#H2 iQ +?B2p2X >Qr2p2 - bm77B+B2Mi /2;°22 Q7 27
T°QT2 mM/2 bi M/BM; Q7 i?2 bvbi2K mM/2 ;QBM; i2biBM;X 6Q" 2t K
KBbbBH2- "2THB+ iBM; i?2 #QmM/ v +QM/BiBQMb Q7 i?2 KBbbBH?2
Q7 7B:;?i2  D2i+ M #2 /QM2 rBi? bQK2 /2;°22 Q7 ++m  +v #v BM+}
HmKT2/ K bb "2T 2b2MiBM; i?2 rBM; rBi? i?2 KBbbBH2 BM i?2 bm#b:
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kXkXj P#i BMBM; i?2 J i'Bt Q7 ++2H2  M+2 6_6b

h?2 K i'Bt Q7 ++2H2' M+2 6_6b Bb "2[mB 2/iQ + H+mH i2/i?2 H2 t
7Q0°+2X h?2bi'm+im 2 Q7 i?2K i'Bt Q7 ++2H2 M+26_6b /2T2M/b (
QmiTmi +QM7B;m" iBQMb iQ #2 mb2/ BM i?2 AJJ hX h?2 "Qrb Q7 i?
b2MbBM: HQ+ iBQMb r?BH2 i?2 +QHmMKMb /2T2M/ QM i?2 HQ+ iBQM
++2H2 M+2 6_6b M22/biQ 7B bi #2 Q#i BM2/i? Qm;? 2tT2 BK2Mi

M+2 6 6b7 QKi?2i2bi "iB+H2X A7i?26 _6br2'2K2 bm 2/ mbBM; Kk
KQ/ Hi2bib2imT- M/i?2BMTmiHQ+ iBOQMb mb2/iQ T2 7Q Ki?2 JAJ
iQ #2 i?2 QTiBK H/'BpBM; HQ+ iBQMb 7Q"  i?2 bvbi2K-i?2M i?2 Q#i

iQ TmMi BM K i'Bt 7Q 'K iQ + H+mH i2 i?2 H2 bi b[m "2b QTiBK Hb? F
K2 bm 2/ ++2H2 M+2 6_6b r2°2 Q#i BM2/ 7°QK BMTmi HQ+ iBQMb
iQ /"Bp2 i?2 bvbi2K- Bi rQmH/ #2 mb27mH iQ +°2 i2 7BMBi2 2H2K2
p HB/ i2 BimbBM; i?2 K2 bm 2/ 6_6bX h?Bb+ M#2 #2M27B+B H #2+
#BHBiv iQ bBKmH i2 /B772 2Mi BMTmi + b2 b+2M "BQb Bi2 iBp2Hv
Q7 i?2 bvbi2K i Mv HQ+ iBQMX

kXj AKTH2K2MiBM; i?2 AJJ h pB aBKmH iBQWN

6Q  i?2 Tm TQb2b Q7 i?Bb b2+iBQM- MAJJ hrBHH #2 T2 7Q K2/ mb
+ M #2 b22M BMX&Bh M2 X bb2b "2 2[m HiQ Ry F: M/ i?2 bT'BM:b H
+QMbi Mib Q7 82N LfKX
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6B;m 2 kXk, Ry J bb bvbi2K bm#D2+i2/iQ /Bbi'B#mi2/ 2t+Bi iB

kX]XR * 2 iBM; 1?2 J i BtQ7 ++2H2 M+2 6_6Db

*2 iBM; i?2K i BtQ7 ++2H2 M+26_6b+ M#2 /QM2 mbBM; ++2H2
T2 'BK2Mi HHv Q mbBM; 7BMBi2 2H2K2Mi KQ/2HX q?2M /2+B/BM; it
++2H2° M+26_6b-BiBb bbmK2/i? ii?72BMTmi M/ QmiTmi HQ+ iBC
? p2#22M/2+B/2/ bBM+2i?2 2tT2 BK2Mi+ MMQi#2 "2 /IBHv "2T2 i2/
B+ HiQi?2bm pBp #BHBiv Q7 i?2i2bi 'iB+H2BM Bib QT2 iBQM H
i22M Bi+ M #2 bbmK2/i? ii?Qb2HQ+ iBOQMb rBHH #2i?22 QmiTmi HQ
K vMQi#2 bbi> B;?2i7Q'r /X .2T2M/BM; QM i?2 bvbi2K #2BM; i2bi2
iQ FMQr r?2°2 iQ 2t+Bi2 i?2 bvbi2K- ?2Qr K Mv BMTmi HQ+ iBQMb Bk
BKmK 2M2 ;v 2[mB 2K2Mib # b2/ QM 2M;BM22 BM; BMimBiBQM HC
KQmMib Q7 mb2 2" "Q X AMbi2 /- BirQmH/ #2 mb27mH iQ TTHv M
TH +2K2MiX PM+2 i?2 BMTmib ? p2 #22M /2+B/2/ M/ i?2 ++2H2 M
? p2#22M K2 bm 2/-i?2 K2 bm 2K2Mib+ M#2 "2 °~ M;2/ BMiQ K i E
r?2°2i?2 "Qrb M/ +QHMKMb 2T 2b2Mii?2 QmiTmib M/ BMTmib- "2l

q?2M /2+B/BM; iQ mb2 7BMBi2 2H2K2Mi KQ/2H BMbi2 / Q7 mbBM; :
K Mv TT'Q +?22b QM2 +QmH/i F2 M/ rQmH/ mHiBK i2HV/2T2M/ QM i?
[2pB+2+ MKQ/2H2/ b QM2 /BK2MbBQM Hbvbi2K-i?22MBi+ M#2 bE
>Qr2p2 - B7 i?2 /2pB+2 Bb KQ 2 +QKTH2t Q" Bb +QKT Bb2/ Q7 KmH
Bi Kv #2 #2ii2° iQ mb2 +QKTmi2  B/2//  7iBM; bQ7ir 2 rBi? 7B}
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T +F ;2X AM Mv K2i?Q/-i?2 ;Q HrQmH/ #2 iQ T Q/m+2 KQ/2H- i
iQ Q#i BM 2biBK i2b 7Q i?2 /2pB+26b M im™ H7 2[m2M+B2b M/ K(
++2H2" M+2 6 _6b + M #2 + H+mH i2/ mbBM; i RQM2im? B2 [m2M+B
bbmK2// KTBM;,-iBQBM i?2 TQHHQrBM; 2[m iBQM,

3

2
%
2
[A(!)]=[]§ 2 !ziin!n! g[]”: UkXRV
%

qBi? i?Bb 7Q KmH - i?2 #BHBiviQ TB+F M/ +?2QQb2 r?B+? ++2H2
i72 2MpB QMK2Mi H i2bi + M #2 2 bBHV /QM2X h?2 +QHmMKMb +Q "2
BMTmi b? F2'b M/ i?2 "Qrb +Q "2bTQM/iQ i?2 QmiTmi ++2H2 QK2i
7BMBi2 2H2K2Mi KQ/2H Bb QTiBKBx iBQMX a2p2° HBMTmi M/ Qnm
bBKmMH i2/ Bi2  iBp2HvV iQ T Q/m+2 i?2 #2bi "2bmHib i? i KBMBKBX?
p B #H2 +QmH/ #2i?22°°Q" bbQ+B i2/rBi?i?2 2THB+ iBQM Q7 i?:
[2pB+2 mM/2" i2bi-i?2 "2[mB 2/ 2M2 ;v M22/2/iQ T2 7Q K i?2 i2bi-
Q7 b? F2 b M22/2/X h?2b2p "B #H2b + M +? M;2 QM + b2 #v + b2 #
KQ/2H + M HHQr i?Bb QTiBKBx iBQM iQ bBKTHvV #2 T2 ' 7Q K2/X

KXjXk 1MpB QMK2Mi * Tim 2 h"B H

6Q iI?2 Ry@K bbbvbi2K-BirBHH #2 bbmK2/i? ii?2°2Bb /Bbi B#mi
BKT "iBM; 2M2 ;v QMiQ HH Q7 i?2 K bb2bX hQ + H+mH i2 i?72 ++2F
i?72 K bb2b /m2iQ i?2 bBKmH i2/ QT2 iBQM H2MpB QMK2Mi-i?2 7C

[Soc(NIn ~v =[AM)In NSt (DIn nAMIR « UkXkV
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6B;m 2 kXj, miQaT2+i H .2MbBiv Q7 aBKmH i2/ 1MpB QMK2Mi .

?72°%y Bbi?2bT2+i° H/2MbBivK i'Bt Q7 +2BE 7B QM22ib THY/N MDIB-|
K i'BtQ7i?2 TTHB2/7Q +2biQ iR BRY@KKbbBVQRK~+2H2  M+2 6_6l
HBbi?2>2"KBiB M IS BbTQDBRX HHV K2 bm 2/ mbBM; ++2H2 QK2i2"
i2bi "iB+H2 r?BH2 Bi Bb bm#D2+i2/iQ i?2 QT2  iBQM H 2MpB QMK?
2MpB QMK2Mi TTHB2/iQ i?2 Ry@K bb bvbi2K Bb +QMbi Mi 7Q +2
N2/Hz iQ 2 +? /B ;QM H 23 21CBMH2BRR2TBM; HH Q77@/B ;QM H i2 Kb
T°Q/m+2 /Bbi'B#mi2/ 2t+Bi iBQM 2MpB QMK2Mi rBi? mM+Q "2H i2/

q?2M +QK#BMBM; RXAMIBRKID2 ++2H2" iBQRE, 2ib HHMb Db 2b + M #2

Q#i BM2/X h?2 /B ;QM H2H2K2Mib Q7 i?2 K i'Bt "2 miQ bT2+i" H /2
"2bTQMb2-r?BH2i?2Q77 /B ;QM H2H2K2Mib 2+ Qbb bT2+i> H/2N
bBKmMH iBQM-i?2 ++2H2 iBQM 2bTQMb2 iK bb2bj M/ drBHH #2 r
i? irBHH M22/iQ #2 "2THB+ i2/ mbBM; /Bb+'2i2 KQmMi Q7 b? F2"

kKXjXj * H+mH iBM; i?2 AJJ h 6Q +2b

h?2 7B bi bi2T BM + H+mH iBM; i?2 7Q +2b i? i rBHH #2 BKT “i2/ Q
Qi?2°rBb2 FMQrM b i?2 AJJ h 7Q +2b- Bb kXK?2M2 B M3 pR[vh iB DIMD 7
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6B:m 2 kX9, ++2H2  iBQM a.b 7 QK K bb2bj M/d

6B:m 2 kX8, Ry J bb bvbi2K bm#D2+i2/ iQ j 7@-+2MB M2 nbi " B M:Q +
++2H2" iBQM "2bTQMb2 PQmiTmi b2MbQ b-

++2H2  iBQM "2bTQMb2b i? i M22/ iQ #2 “2THB+ i2/ M/ b2i Q7 +
+ H+mH i2 i?2 "2[mB 2/ H2 bib[m 27Q +2bX k2®b + M #2 b22M BM

ISk (Mo @ =[AMIG p[Sx()Ie p[AM)E, UkXjV

>Qr2p2 - MMHBF2 BMKIAMKI B@BM Q7 ++2H2  M+26_6b BbMQ HQM;2"
b[m "2 K i'Bt Q7 ++2H2  M+2 6_6b BKTHB2/i? ii?2°2 "2 M 2[m |
QmiTmibX h?Bb K v MQi Hr vb #2i?2 + b2- 2bT2+B HHv BM bBim iBC
++2H2 QK2i2 b TH +2/ QM i?2 /2pB+2 mM/2  i2bi r?BH2 i?2 2t+Bi
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mbBM; bK HH MmK#2 Q7 b? F2 bX 6Q  i?2b2 bBim iBQMb-i?2 K i°
MM/Qm#i2/Hv #2 “2+i M;mH "X h?2 T'2+Bb2 /BK2MbBQMb Q7 i?2 |
[2T2M/ QM i?2 MmK#2 Q7 BMTmib M/ QmiTmibX 6 QK +QKTH2i:
“2/m+2/ #V b2H2+iBM: i?2 "Qrbi? i +Q "2bTQM/iQ i?2 QmiTmib U ++
i?2M b2H2+iBM; i?2 +QHMKMb i? i +Q "2bTQM/iQ i?2 BMSimib Ub? F
Bb M TT QtBKSiB@BM2Mi? i i?2 i m27Q +2 BMTmi Bb mMEFMQrM M,
7Q°+2b "2 HBKBi2/X

h?2°2 "2b2p2  HTQBMibiQ F22T BM KBM/ rBi? + H+mH iBM; i?72 AJJ
B7i?2K i BtQ7 ++2H2 M+26_62H2K2Mibr b Q#i BM2/i? Qm;? 2tT
i?72Mi?2K i BtrBHH H 2 /v#2BMi?2 +Q 2+i+QM7B;m iBQM M/ ?
>Qr2p2 -i?BbrQmH/ bbmK2i? ii?2BMTmi M/ QmiTmiHQ+ iBQMb 7
#22M /2+B/2/ M/ rQmH/ MQi M22/ Mv QTiBKBx iBQMX MQi?2 TQB!
iQ #2 mb2/ +QKT “2/iQ i?2 MmK#2 Q7 +QMi'QH TQBMibX A7 i?2"2

"2 +QMi"QH TQBMib- i?2M i?Bb rQmH/ Qp2 @+QMbi> BM i?2 i2biX
Q7 b? F2'b b i?2°2 "2 ++2H2 QK2i2 b-i?2M i?Bb rQmH/ i?2Q 2iB+
/IBbi'B#mi2/2t+Bi iBQM 2MpB QMK2MiX u2i-i?BbrQmH/ Q7i2MH2 /i
2MQm;? b? F2'b b ++2H2 QK2i2'b b r2HH b /B77B+mHiB2b BM T
b? F2 iQ 2 +? ++2H2 'QK2i2  HQ+ iBQMX //BiBQM HHv-B7i?22"2

bvbi2K i HH +QMi'QH TQBMib Q° ++2H2 'QK2i2 b-i?2M M AJJ hr
"2[mB 2/X LQiB+2i? ii?Bb /Q2b MQii Mb72 iQ BM7BMBi2 /IBK2Mb

6Q  i?2 Ry@K bb bvbi2K- /2 TkB8i 22 BMI 6 Bi;inHQ+ iBQMb BM i?2 AJJ hr
K bb2b R- 8- M/ RyX q?BH2i?2 +QMi'QH TQBMib 7Q  i?2 AJJ h rBHF
QM K bb2b R- j- 8- d- M/ RyX h?2°27Q°2 i?2 K i'Bt Q7 ++2H2  M+:
M/ j +QHMIKMIBHH #2 +QKT Bb2/ Q7 i?2 ++2H2  iBQM "2bTQMb2 n
/2MbBiB2b i K bb2b R-j-8-d- M/Ryr?2Mi?2 bBKmH i2/ QT2 iBQM
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6B;m 2 kXe, AJJ h6Q +2 aT2+i H .2MbBiv J i Bt

TTHVBM: i?2 /Dmbi2/ K i'Bt Q7 ++2H2' M+26_6 2H2K2Mib M/ i?2
Q7 ++2H2 iBQM 2bTQMXRB2Q\1)nh MBI M2b + M #2 + H+mH i2/X h?:
+ M +QMp2MB2MiHV #2kb@2M2BMi8B /B 20M H THQib '2i?2 7Q +2 m
/2MbBiB2b- i?2 mTT2 i'B M;mH > THQib "2 i?2 +Q?2 2M+2b- M/ i?

i72 "2H iBp2 T? b2bX
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kXjX9 mMMBM; i?2 1tT2 BK2Mi rBi? i?2 AJJ h 6Q +2b

h?2 AJJ h rQmH/ M22/ iQ #2 mM rBi? KmHIiB@BMTmi KmHIiB@ Qm
+QMiQHH2 - i?2i2bi QT2 iQ  rQmH/ M22/ iQ bT2+B7v b2p2°  H T °
+2H2 QK2i2  HQ+ iBQMb-b? F2 HQ+ iBQMb-7Q +2 miQbT2+i" H/
++m’ i2 "2THB+ iBQM Q7 i?2 ++2H2  iBQM "2bTQMb2- i?2 /2pB+2
bm#D2+i2/iQ i?2 b K2 Q"  bBKBH ~ #QmM/ ‘v +QM/BiBQMb b BM i?2
/[IBIiBQM HHv- /2T2M/BM; QM i?2 M im 2 Q7 i?2 2t+Bi iBQM T Q/m+
b? F2'b rQmH/ M22/ iQ #2 bmbT2M/2/ mbBM; bQ7i bT'BM;b Q" 7Bt2
2tT2 BK2Mi ? b #22M b2i mT-i?2 H bi 2K BMBM; bi2T BbiQ mM i?2

kXjX8 *QKT "BM: i?2 ++2H2 iBQM 2bTQMb2 iQ i?2 1\

h?22+Q"/2/ ++2H2  iBQM 2bTQMb2 7 QKi?2AJI h7Q +2brQmH/ M
++2H2" iBQM "2bTQMb2 Q#i BM2/ /m "BM; i?2 2MpB ' QMK2Mi + Tim"
r2HH- i?22M i?2 2 rQmH/ #2 MQ bB;MB7B+ Mi /IB772 2M+2 #2ir22M i’
K :MBim/2 /B772 2M+2 rQmH/ BM/B+ i2 b2p2 2 Qp2  Q  mM/2 i2bi Q"

h?2 ++2H2 iBQM 2bTQMDb2 Q7 i?2 K bb2b 7i2° TTHvVBM; i?2 AJJ h
#v KQ/B7VBM; 1{MKIiBDM i?2 ++2H2 M+26_6 K i'Bt +QMi BMBM; |
BMTmib 7°QK HQ+MBQMb Q7 i?2 QmiTmib 7 QK 2p2-BMD72@ QM/BiC
TQbi@KMHIBTHB2/ #v i?2 AJJ h 7Q +2b- + Hm+H i2/ b

[Sec(MDIn n = TAMIN oIS (e AN o UkX9V

h?2 "2bmHib Q7 i?2 TTHVBM; i?2 AJJ h 7Q +2b iQ i?2 Ry@K bb bv
bBKBH 7 b?BQM KXBA2 &Bi?2 2B ;:QM H THQib 2 i?2 a. Q7 i?2 +-
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6B;m 2 kXd, ++2H2  iBQM 2bTQMb2 7°QK K bb2bj M/

"2bTQMb2- i?2 mTT2 /B :QM H THQib "2 i?2 +Q?2 2M+2- M/ i?2 H
"2H iBp2 T? b2X b b2XMBM EGB;MBIM/2 Q7 i?2 ++2H2  iBQM 2bTQ

+QMi"QHH2/ K bb2b-j M/ d- r?2M bm#D2+i2/ iQ i?2 AJJ h 7Q +2b

i*m2 ++2H2° iBQM '2bTQMb2 a.bX h?2°2
T? b2 r?B+? + M #2 1i B#mi2/ iQ

2t+Bi iBQM HQ / rBi? QMHvV

"2 bHB;?i /2pB iBQMb B
ii2KTiBM; iQ "2THB+ i2 i?2 "2bTC
/Bb+ 2i2 MmMK#2 Q7 b? F2'bX >Qr2p2°
"2bTQMb2 7°QK mMM+QMi"QHH2/ HQ+ iBQMhkXR&i 21 Ke : MIB b? 2r @ 7Bl 2 I
a. b "2bmHi Q7 i?2AJJ h7Q +2b Bb HbQ p2 v bBKBH °

iQi?22i"m2
i?2 /Bbi'B#mi2/ 2t+Bi iBQM 2MpB QMK2MiX
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6B:m 2 kX3, ++2H2 iBQM "2bTQMb2 7°QK K bb2b k M/

h?2 Qp2° HH /2pB iBQM #2ir22M i?2 ++2H2  iBQM "2bTQMb2 /m2 iQ
2MpB QMK2Mi M/ i?2 AJJ h 7Q +2b + M #2 [m MiB7B2/ QM HH K
MQ 'K HBx2/ "QQi K2 M b[m 22 °Q  U_JalV Q7 i?2irQ "XBXBQMb2b
h?2 "2bmHib Q7 i?2 Qp2° HH _Jal #2ir22M i?2 ++2H2 iBQM 2bTQM
2t+Bi iIBOM M/ i?2 AJJ h 7Q +2b + M KOo0NbRI2M B MBB2RAM2I? i 1?72 2"
+ Qbbi?2 a.b M/ *a.b BMi?2 K DQ 'BivQ7i?2K bb2b Bb 7 B 'Hv HC
KQmMiQ72 'Q + M#2b22MBMi?2 a.b M/*a.b BMK bb2b 3 M/ NX
iQ i?72bT +BM; #2ir22M i?2 +QMi"QH TQBMibX "2ir22M K bb2b R@d-
HQ+ iBQMb Bb QMHV R T i 77QK QM2 MQi?2 X h?2 7BM H +QMi Q
7°QK i?2 M2 “2bi +QMiQH HQ+ iBQMX

IS Skdiz

RMSE = T UkX8V
11 Sxxll2
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6B:m 2 kXN, JalQ7i?2 ++2H2 iBQM 2bTQMb26 QK 1MpB QMK2 N\
6Q +2b

kX9 GBKBi iIBQMb Q7 1?2 AJJ h J2i?Q/

AM T 2pBQmb b2+iBQMb- Bi ? b #22M b?2QrM i? i i?2 AKT2/ M+2 J i-
pB #H2 K2i?Q/ BM "2THB+ iBM; /Bbi'B#mi2/ 2t+Bi iBQM HQ / rBi? C
Q7 2t+Bi2 bX >Qr2p2°- BM TH MMBM; M/ T2 7Q KBM; i?Bb i2bi- i
bbmKTiBQMb i? i "2K /2iQK F2Bi TQbbB#H2iQ mb2 i?2 i2biX

PM2 Q7 i?2 bbmKTiBQMb Bb ? pBM; T 2+Bb2 FMQrH2/;2 Q7 i?2 b\
M/ K i2'B HT QT2iB2bX h?Bb Bb r?2°2 i?2 BKT2/ M+2 K i+?BM; +
FMQrH2/:2 Q7 i?2 BKT2/ M+2 Q7 i?2 bvbi2K Bb "2[mB 2/ iQ b2i mT
2°Q/vM KB+ 2t+Bi iBQM i2bi QM KBbbBH2- 22 ? / BMBiB HHv ii
i?2 +2BHBM; Q7 i?2 rBM/ imMM2H r?2°2 22 K2 bm 2/ i?2 ++2H2" i
/Bbi'B#mi2/ rBM/ HQ /X q?2M 2?2 "2+QM7B;m 2/ i?2 i2bi b2i mT iQ T
KQ/2H KBbbBH2 r b biBHH ii +?2/ iQ i?2 KBbbBH2 * BH M/ BM+Hn
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"2THB+ i2 i?2 BKT2/ M+2 Q7 i?2 bvbi2K BM i?2 rBM/ imMM2HX AM
iQ bQK2 BM /2[m +B2b BM T2 7Q KBM; i?2 AJJ hX h?Bb rQmH/ ? p2
Qp2  i2biBM; Q7 i?2 KQ/2H KBbbBH2X

AJJ h HbQH2 p2b QT2M i?2 [mMm2biBQM Q7 r?2°2iQ QTiBK HHvV TH +2
2° HHvbT2 FBM;-AJJ h/Q2bMQiM22/ M M HviB+ HQ MmK2'B+ H
A7 2M;BM22 'BM; BMimBiBQM Bb bm77B+B2Mi 2MQm;? iQ FMQr r?2°
bvbi2K- i?2M QTiBKBXx iBQM K v MQi #2 M2+2bb “vX A7 i?2 /2pB+2
b bBKTH2 bvbi2K bm+? b bvbi2K Q7 K bb2b-bT BM;b- M// KT2't
i?2M ? pBM; ;QQ/BMimBiBQM Q7 r?2°2iQ Tmi b2MbQ b M/ b? F2°
2p2 - Bi K v MQi Hr vb #2 TQbbB#H2 iQ +QM/2Mb2 bvbi2K BMiQ -
M/ rQmH/ #2 M2+2bb v iQ miBHBx2 MmK2 B+ H bvbi2K KQ/2H iQ
M/ b? F2° HQ+ iBQMbX

> pBM; 7BMBi2 2H2K2Mi KQ/2H Q7 i?2 bvbi2K +QmH/ K F2 Bi bBKT|
b? F2° HQ+ iBQMbX PM2 K v #2 #H2iQ mb2 M 2H2; Mi TT Q +?iQ .
Q7 i?2 bvbi2K "2 "2 HBXx #H2 Q° QM2 +QmH/ HbQ mb2 KQ 2 # mi2
i2°Qm:? HHHQ+ iBQMb iQ b22 r?B+? BMTmi HQ+ iBQMb T QpB/2i?
BM i?2 H2 bi KQmMi Q7 /2pB iBQM #2ir22M i?2 MiB+BT i2/ ++2H
"2THB+ i2/ ++2H2 iBQM "2bTQMb2X u2i-2p2M 7BMBi2 2H2K2Mi KQ
aQK2 bvbi2Kb K v #2 iQQ /B77B+mHi Q' BKTQbbB#H2 iQ KQ/2H mb
K2i?Q/bX 1bT2+B HHv B7 i?2 bvbi2K 2tT2 'B2M+2b bB;MB7B+ Mi
7°'B+iBQM BMi2'7 +2b- M/ MQMHBM2 "BiB2bX

M Hi2 "M iBp2 TT Q +?2iQ ? pBM; iQ ;2M2  i2 7BMBi2 2H2K2Mi KC
i?72 BMTmi M/ QmiTmi 7°2[m2M+v "2bTQMb2 7TmM+iBQMb Q7 i?2 bvt
HQ+ iBQMbX >Qr2p2'- i?Bb + M HbQ TQb2 iQ #2 +? HH2M;2X h?
b2p2  H ++2H2 QK2i2' b M/ ? p2i?2K TH +2/i?2 Qm;?2Qmi i?2 bvbi2
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#2 BKTQbbB#H2 bi?2 bvbi2K+ M #2 K bb HQ /2/- TQBMi 6_6b K v #:
M/ + MT ' Qp2iQ #2 +Qbi T'Q?B#BiBp2X h?Bb +QmH/ #2 KBiB; i2/ rB
pB# QK2i2° M/ rQmH/ T 2p2Mi K bb HQ /BM; i?2 bvbi2KX >Qr2p2° - H
"2 p2'v2tT2MbBp2 M/ b2MbBiBp2 bvbi2KbX Ai K v MQi #2 T  +iB+ |
i2bi "2 br?2°2i?22v +QmH/ #2 bmb+2TiB#H2 iQ Mv 2MpB QMK2Mi
PB#  iBQMb Q" H “:2i2KT2 im 2 +?2 M:2bX .2T2M/BM: QM i?2 bBx2 (
K2 bm 2K2Mib- M/ i?2 bi m+im 2bbm 7 +2 T ' QT B2iB2b- Bi rQmH/ ¢
BKT  +iB+ HiQ K2 bm'2 H ;2 KQmMi Q7 BMTmi M/ QmiTmi HQ+ il

h?2 7QHHQrBM: b2+iBQMb rBHH /Bb+mbb MQp2H TT ' Q +?2iQ // 2
TQb2/ #v AJJ hi?2 Qm;? i?2mb2 Q7 /i b+B2M+2 M/ MQM@KQ/2H #



*2 Ti2" ]

*QMiBMmQmb 2bB/m2 AMi2 TQ

*QMiBMmQmb "2bB/m2 BMi2 " TQH iBQMU* AV Bb KQ/2H 2tT MbBQ N\
7°2[m2M+v "2bTQMb2 7TmM+iBQM Q7 /vM KB+ H bvbi2K i Mv ;2QK:
bm#b2i Q7 K2 bm 2/ 7 '2[m2M+v "2bTQMb2 7mM+iBQMb TT QtBK i2/
+m” i2 M/ 2HB #H2 bvbi2K KQ/2Hb "2 BMp Hm #H2 7Q T 2/B+iBp2
i2biBM;X >Qr2p2'- T'2+Bb2 FMQrH2/;2 Q7 KQ/ H T * K2i2'b Q' bm?
bQm +2b 7Q " /2p2HQTBM; M ++m’  i2 bvbi2K KQ/2H mbBM; M HviB-
"2 MQi Hr vb p BH #H2X *_A T 'QpB/2b M Hi2 "M iBp2 T i?iQ KQ/z
mbBM; K2 bm 2/ /i r?B+? + M HbQ #2 mb2/ BM T 2/B+iBp2 bBKm]|
FMQrH2/;2 Q7 HHKQ/ HT > K2i2°'bX AMi?Bb +? Ti2 -i?2 ;2M2"° HK
TTHB+ iBQM QM 7°'22@7 22 #2 KrBHH #2 2tTHQ 2/X

JXR ::2M2° H J2i1?Q/QHQ;vV

* A #2:BMb rBi? i?2 mM/2 bi M/BM; i? i K i'BtQ7 7 2[m2M+v "2bT
Q7 b2+QM/ Q /2  /vM KB+ Hbvbi2K + M #2 r'Bii2M b i?2 TQH2@ 2|

X R

H(s) = :
&= s

: UjXRV

[?22°92Bb i?2 +QKTH2t 7 2[m2M+WT; "R2?2°bvbi2K TQH2b M/i?2B" +Q

iy
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+QMDm; i2b- "2bTR+BP2KVi-BMQ7 i?2 "2bB/m2b Q7 i?2 bvbi2KX AM
Q7 7°22/QK bvbi2K- i?2 “2bB/m2b Q7 i?2 bvbi2K + M #2 7m i?2" /24
MQ K HBXx2/tK-QQZL22 bvbi2K b KTH2/ i;2QKgd ®MHB+iB Q™M

b_

Ri = ti( omiD#i( emDmi UjXkV

* A bbmK2bi? ii?2 KQ/2b Q7 i?2 bvbhi2K + M #2 TT QtBK i2/ rBi?
QFbKQQi?- +QMiBMmQmb # bBb 7mM+iBQMb KmHiBTHB2/ #v bQK?2 -

S Xd N - -
()= ¢ () UjXjVv
i=1

r?2°2Bbi?2# bBb7mM+iBQMb KTH2/ T M KRD IR HQ 2 7IBEXBIR Mi r?
b+ H2b i?2# bBb 7mM+iBQMiQ 2biBK i2i?2i " m2 bvbi2Ki> Mb72  7m
i?2# bBb 7mM+iBQMb iQ #2 Q i?Q;QM H #mii?2v + MMQi #2 ?B;?Hv
jXR M mHIBK i2Hv #2 "2r Bii2M b M TT QtBK i2/i° Mb72  7TmM+iBC
"2bB/m2b- ;Bp2M #v

s A h
F(s) = . UjXxovV

- (5 (s )

r?2 % =[C1:::Gq]" M/~ M/ "2 i?2 Ki'B+2b Q7 # bBb 7mM+iBQMb b K
BMTaqni- M/ QmiggmHQ+ iBQMb- "2bT2+iBp2HVvX h?2 +QKTQM2Mib Q7
TMM+iBQMb + M #2 b22MBBM 1[m iBQM
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AM Q' /2  iQ bQHpP2 7Q  i?2 MMFMQrM +Q277B+B2Mib- M Bi2" iBp2 |
#2 mb2/ iQ KBMBKBx2 i?72 2 "Q #2ir22M i?2 K2 bm 2/ bvbi2K 7 2[m
H(s)- M/ i?2 2biBK i2/ 7°2[m2M+v "2bTQMb2 7mM+iBQM TT QtBK i:
F(s)X 6Q° HH 7mim 2 * A bBKmH iBQMb BM i?Bb i?2bBb-6Bb?2" a+Q
i?2 KBMBKBx iBQM TT'Q +? iQ bQHpP2 7Q  i?2 MmMFMQrM +Q277B+B
a+Q ' BM; Bi2H(sBQWH(s) M22/ iQ #2 p2+iQ ' Bx2/- r?B+? HHQrb 7°2[m
bi +F2/ M/ bBKTHB 7B 2F(8)QBGT p2 +HilQ BIX2 / #Vj X®Db'-BiBM;

Fi=(" s)(+ 9 UjXeV

r?2°8 =1/ s p)s p)] M/ Bbi?2 EQM2+F2 T Q/m+i QT2 iQ X gBi
Q#D2+iBp2 7TmM+iBQM + M #2 b2i mT b-

J= H FH Ao Ujxdv

A?:[-l{‘:::-}{,‘]h- i?72M i?2 # bBb 7TmM+iBQM +Q277B+B2Mib + M #2 bBK1
6Bb?2 a+Q BM; Bi2 iBQMb jMIVTB H2i/?@2 KBMND;2+iBp2 7TmM+iBQM Bb

#
@ ‘@l .
t(k+1) = t(k) _2 @ @ UJX3V

PM+2i?2 Q#D2+iBp2 7mM+iBQM ? b#22Mbm77B+B2MiHv KBMBKB X2
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"2bmHIiBM; QTiBKBx2/+Q277B+B2Mib+ M#2mb2/iQ mT/ i2i?2 # bB
jX2@ a KTHBM; i?2 mT/ i2/ # bBb 7mM+iBQMb ii?2 Q'B;BM H BMTm
HHQr 1[m jDBIMT Q/m+2 7Bii2/ 6_6b U66_6bV i? i #2bi TT QtBK i:
K2 bm 2/6_6b-r?2"2 bb KTHBM; i HHQi?2 HQ+ iBQMb MQi Q B:B
BMi2 TQH i2/ 6_6b UA6_6bVX "2+ mb2 A6_6b 2 #mBHi mbBM; / i
2KmH i2-i?2v HbQ TT QtBK i2i?2/vM KB+ +? ~ +i2 BbiB+b Q7 i?2
HQ+ iBQMX h?Bb HHQrb 7Q  i?2 +'2 iBQM Q7 T7mHH@7B2H/ / i
bvbi2K i? i + M #2 mb2/ 7Q T 2/B+iBp2 bBKmH iBQMbX h?2 7QHHC
bBKmMH i2/ M/ K2 bm 2// i Q#i BM2/7°QK M HmMKBMmMK #2 K iQ [m
i72 2biBK i2/6_6bX Hi?Qm;?i?2 HmMKBMmK #2 KrBHH #2i 2 i2/ b
Bb TQbbB#H2iQ T2'7Q ' K* _AQM /Bb+QMiBMmQmb bvbi2K #mi Bb m
B7 KQ/2b? T2b Q7 i?2 bvbi2K/Q MQi? p2 H ;2 +?2 M:2b BM bHQT2X

iXk TTHB+ iBOM Q7 * AQM 6'22@6 22 oB#"

7°22@7°22 pB#> iBM; #2 K Bb bvbi2K bBKTH2 2MQm;? iQ 2 bBHV |
Q7* AX #2 KBbi?2T 272 °2/i2bi "iB+H2 Q7 +?QB+2 #2+ mb2 Bi B
K F2b Bi TQbbB#H2 iQ K2 bm 2 6_6b Mvr?2°2 QM i?2 #Q/vX *_A rBH
Q7 bBKmH i2/6_6b 7°QK 61J Q7 i?2#2 KX h?2/i @/'Bp2M 6_6b rB
iQ /B7722Mib2i Q7 bBKmH i2/6_6b 7 QK i?261JiQ [m HB7v M/ [n
Q7 * AmbBM; bBKmH i2/6_6bX h?261J QMHV M22/b 2MQm;? 2H2K?2
/i @/"Bp2M 6_6b rBi? bBKmH i2/ 6_6b MQi ;Bp2M BM i?2 7BiiBM; T
H2M;i? Q7 i?2 #2 KX h?2°27Q 2 Bi Bb MQi M2+2bb viQ ? p2 +QMy
BKTH2K2Mi iBQM Q7 *_A mbBM; bBKmH i2/ 6_6b 7°QK 61J-*_ A rBt
b2i Q7 2tT2 BK2Mi HHV K2 bm 2/ 6_6b7 ' QK M HmMKBMmK #2 K i2b
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T2 7Q K M+2 Q7 * A mbBM; K2 bm 2/ / i X

JXkXR aBKmH i2/ "2 KJQ/2H

bBKTH2 TTHB+ iBQMQ7i?2* A+ M#2 /2KQMbi i2/rBi? 7BMBIi2 zZ
pB#' iBM; #2 KX h?2 #2 K Bb WhnBHRY 1 Db#2RIX3jy9 K2i2 bV HQM; rBi:
UyXyk89 K2i2 ' bV b[m 2T Q7BH2 M/ K /2Qmi Q7 G eyeR he8RR H
I2MbBivQ7 yXyahBk-dyyyeV M/ uQmM;0b JQ/mMHmMb Q7 Ry-yyy FbB Ue:s
7TBMBi2 2H2K2Mi KQ/2H Q7 i?2 7 22@7 22 #2 KBb7Q KmH i2/BM J I
K2i?Q/ /2b+ B#2/ BM 1M;BM22)) BrivbBB#A mMBOAMD("'2 MQmMHHB #2 K 2H
#2 K rBHH ? p2 ky 2H2K2Mib M/ kR MQ/2b r?2°2 2 +? MWQ/MR2t?B#Bil
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