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Probing Coherent States and Nonlinear Properties in

Multifunctional Material Systems
Rathsara Rasanjalee Herath Herath Mudiyanselage

(ABSTRACT)

The rapid progress on developing new and improved multifunctional materials, for optoelec-
tronic and spin based phenomena/devices, have increased the importance of the fundamental
understanding of their coherent states and nonlinear optical properties. This study is aimed
at characterizing, modeling, and controlling the fundamental electronic, phononic, and spin
properties of several classes of materials through nonequilibrium and nonlinear light-matter
interactions, coupled with a novel design of the material phases, interfaces, and heterostruc-
tures. This research directly addresses the Grand Challenges identified in the Basic Energy
Sciences Advisory Committee report “Directing Matter and Energy: Five Challenges for
Science and the Imagination” (Hemminger, 2007) [1], in particular, the area: “O00000 000
000000 O0DOmoooonodo 000 bOoooooooo 000 DOOoDooooo 0000 00 00000000 boobooomoo 00 Cooooo
000000 (000 000000 0o0o0iooiooD 0o 000 boooio 00 0ioooioboo 000oonobooo 0ob 00O 000 OO
0000000 00000 DO00oo0ooobo 00b bO0b 0o 00 0Oooith 000 [oootoo 00000 000 000ooooooioiooo
000000000 00 bO00I00i00000 DoO 0000 0o DDoobo oo 000000 0Do0000iooo”. The knowledge
gained from these fundamental studies can provide new information for a broad community
to provide concepts for the next generation of multifunctional materials and devices, and
resulted in several publications and conference presentations. The materials studied in this
dissertation included multiferroic BaTiO3-BiFeOgs [2], ferroelectric Pbg.spZro.48TiO3 (PZT),
InAs/AlAsSb multi-quantum-well [3], lead halide perovskite [4], n-type InAsP films [5, 6],

and nanolaminate plasmonic crystals [7].

Probing multiferroics, which are materials that can exhibit ferromagnetic, ferroelectric, and



ferroelastic orders simultaneously in a single phase, was a main focus of this study. BiFeOg3
(BFO) is the most widely investigated multiferroic due to its high Neel and Curie temper-
atures and has antiferromagnetic and ferroelectric properties [8]. An inherent drawback of
BFO is its large leakage currents. In this project, (1  X)BaTiOs-(X)BiFeOs, X = 0.725
(BTO-BFO) heterostructures were investigated [9], where the conductivity of the solid so-
lution can be reduced by adding another perovskite material, BaTiOz [2]. We aimed to
study optically induced coherent states in our BTO-BFO structures. Time resolved pump-
probe spectroscopic measurements were performed at room temperature as well as at low
temperature (100 K) up to 10 T. Coherent acoustic phonons were observed both in a film
and nanorods, resulting in coherent phonon frequencies of 27 and 33 GHz, respectively [2].
Coherent phonon spectroscopy is a sensitive tool to characterize the interfaces and can be
employed as an effective ultrasensitive quantum sensor [10]. Furthermore, in the nanorods
arrays of BTO-BFO, an additional oscillation with frequency in the range of 8.1 GHz was
observed. This frequency is close to a theoretically predicted magnon frequency which could
indicate the coexistence of coherent phonons and magnons in the nanorods arrays [2]. In an
analogy to photonics which relies on electromagnetic waves, magnonics utilizes spin waves
to carry and process information, offering several advantages such as an operation frequency
in the THz range. Recently, “0 0000000 000007 [11] was reported where coupled coherent

magnon and phonons modes were formed on a surface patterned ferromagnet.

Furthermore, BTO-BFO heterostructures were probed using transient birefringence and
magneto-optical Kerr effect spectroscopy. The results demonstrated that the magnetic field
dependence of coherent phonons, measured by these two techniques, exhibits more sensitivity
to the external magnetic fields compared to the differential reflectivity technique [2]. More-
over, nonlinear optical properties of this structure were investigated via second harmonic

generation spectroscopy, where wavelength and polarization dependence of this nonlinear



observation will be discussed in this dissertation.

As part of this study, another class of multiferroic materials, with strong ferroelectric and
piezoelectric properties, Pbo.s2Zro.4s TiO3 (PZT) was studied [12]. In this project, the nonlin-
ear optical properties of PZT nanorod arrays were investigated. Clear signatures of second
harmonic generations from 490-525 nm (2.38-2.53 €V) at room temperature, were observed.
Furthermore, time resolved differential reflectivity measurements were performed to study
dynamical properties in the range of 690-1000 nm where multiphoton processes were re-
sponsible for the photoexcitations. We compared this excitation scheme, which is sensitive
mainly to the surface states, to when the photoexcited energy (3.1 eV) was close to the
bandgap of the nanorods. Our results offer promises for employing these nanostructures
in nonlinear photonic applications. Furthermore, the established techniques during my re-
search provided new insights on optical properties of InAs/AlAsSb multi-quantum-well [3],
lead halide perovskite [4], n-type InAsP films [5, 6], and nanolaminate plasmonic crystals

[7], and the results will be briefly presented in this dissertation.
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(GENERAL AUDIENCE ABSTRACT)

My research activities have explored multifunctional materials and heterostructures with
strongly enhanced coupled electric and magnetic orders and optical properties. In partic-
ular, pursuing novel heterostructure designs such as multiferroics can provide control over
electric and magnetic ordering in mixed dimensionality. This, together with control at the
level from lattice structure to electron spin states can give rise to improved or even quali-
tatively new and robust materials properties. For example, a better understanding of the
phenomena associated with the spin degree of freedom of electrons allows for advancement
in spintronic device applications such as storage, logic, and sensors, which are associated
with quantum computers and quantum communications [13, 14, 15]. Overarching questions
and goals of my activities included: What are the microscopic origins and mechanisms of
nonlinear response in strongly coupled nanostructured materials and its relationship to elec-
tronic, spin, and lattice degrees of freedom? (2) What are the effects of dimensionality and
quantum confinement on optical properties? (3) How do we control and manipulate the
coherent states, such as coherent phonons and magnons using external and internal fields,
material composition, and morphology to achieve maximal efficiency and tunability? Ad-
dressing many of the challenges in the fast-paced technological world requires continued
developments of new materials with enhanced optical properties. The knowledge gained
from my fundamental studies can provide new information for the next generation of mul-
tifunctional materials and devices with advanced optical properties and resulted in several

publications and conference presentations.



LUHioouiby

0o 0o itUro

vi



LoUDodingdbood

First and foremost, I would like to convey my sincere gratitude to my advisor, Prof. Giti
Khodaparast. I cannot thank you enough for your continuous assistance and encouraging
involvement in every step of the way throughout the process of my doctoral studies. I could
not have asked for a better mentor and would sincerely like to thank you very much for your
support and understanding over these past six years, which has inspired me to become an

independent researcher and helped me grasp the value of critical reasoning.

My sincere thanks must also go to the members of my Ph.D. committee, Prof. Vinh Nguyen,
Prof. Sophia Economou, and Prof. Satoru Emori, for their generous advice and time to offer

me valuable comments towards improving my work.

I would also like to thank, Dr. Brenden Magill, for his assistance with various projects,
and for offering me valuable advice and encouragement. I also want to thank Dr. Michael

Meeker for teaching and training me on how to perform various experiments.

Throughout my Ph.D. program, I had the opportunity to collaborate with many other knowl-
edgeable fellow researchers. I would like to show my sincere appreciation to my collaborators
Prof. Shashank Priya, Prof. Chris Stanton, Prof. Stephen McGill, Prof. Tan Sellers, Prof.
Chris Palmstrom, and Prof. Wei Zhou for offering me their expertise and time for my sci-

entific and technical research.

I would also like to thank all my undergraduate and graduate lab mates, John Burton, Moira

vii



Miller, Kiara McMillan, Joe Spencer, Gabi Galliano, Ada Morral, and Nicholas Smith, for
assisting me with various experiments as well as for their friendship. I would like to pay
my special regards to Betty Wilkins. I whole-heartedly appreciated your great advice and

guidance given to fulfill the requirements as a graduate student at Virginia Tech.

This journey which resulted in the culmination of this dissertation required more than aca-
demic support. I would like to thank my roommates and all my friends in Blacksburg and

outside. I cannot begin to express my gratitude for their friendship and continuous support.

Last but not least and most importantly, none of this could have happened without the

pillars of strength of my life, my parents, my husband, and my brothers. This dissertation

stands as a testament to your unconditional love, support, and encouragement.

viil



GRANT INFORMATION

This work supported by the Air Force Office of Scientific Research under award numbers:
FA9550-14-1-0376, FA9550-17-1-0341, and FA9550-16-1-0358 under DURIP2016 program.
Any opinions, finding, and conclusions or recommendations expressed in this material are

those of the author(s) and do not necessarily reflect the views of the United States Air Force.

ATTRIBUTIONS

U000000 O 000 O In this project, the authorship is shared with Brenden Magill, Han Byul
Kang, and Jade Holleman. The material structures were fabricated by Han Byul Kang,
who was under the supervision of Shashank Priya. The high magnetic field measurements
were conducted by Jade Holleman with the assistance of Steve McGill, at National High
Magnetic Field Laboratory, Tallahassee. The theoretical analysis was performed by Chris-
tohper J. Stanton at the University of Florida. The project was supervised by Professor Giti

Khodaparast.

U000000 OU In this project, the authorship is shared with Min Gyu Kang, who fabricated the
material under the supervision of Shashank Priya. The project was supervised by Professor

Giti Khodaparast.

X



(10 00000000 O0oobooioo Uo © LOoboooo joboodu booooood oo 0oo boibooob oodiboo
oooooo

1- Rathsara R. H. H. Mudiyanselage, Brenden A. Magill, John Burton, Moira Miller, Joseph
Spencer, Kiara McMillan, Giti A. Khodaparast, Han Byul Kang Min Gyu Kang, Deepam
Maurya, Shashank Priya, Jade Holleman, Steve McGill , and Christopher J. Stanton,“Coherent

Acoustic Phonons and Ultrafast Carrier Dynamics in Hetero-epitaxial BaTiOz-BiFeO3 Films

and Nanorods”, J. Mater. Chem. C, 7, 14212-14222 (2019).

2- V. Whiteside, B. Magill, M. Lumb, H. Esmaielpour, M. Meeker, R. Mudiyanselage, A.
Messager, S. Vijeyaragunathan, T. Mishima, M. Santos, I. Vurgaftman, G. A. Khodaparast,
[. Sellers, “Valence Band States in an InAs/AlAsSb Multi-quantum-well Hot Carrier Ab-
sorber”, Semicond. Sci. Technol., 34 025005 (2019).

3- C. Wu, H. Li, Y. Yan, Bo Chi, K. M. Felice, R. B. Moore, B. A. Magill, R. R. H. H.
Mudiyanselage, G. A. Khodaparast, M. Sanghadasa, and S. Priya “ Highly-Stable Organo-
Lead Halide Perovskites Synthesized through Green Self-Assembly Process,” Advanced Sci-
ence News: Solar RRL 2, 1800052 (2018), Selected for cover page.

4- M. A. Meeker, S. Kundu, D. Maurya, M-G Kang, A. Sosa, R. R. H. H. Mudiyanselage, M.
Clavel, S. Gollapudi, M. K. Hudait, S. Priya, and G. A. Khodaparast, “The Permittivity and
Refractive Index Measurements of Doped Barium Titanate (BT-BCN),” Optical Materials

73, 793 (2017).

5- Rathsara R. H. H. Mudiyanselage, John Burton, Brenden A. Magill, Kiara McMillan, Gabi
Gagliano, Ada J. Morral, Min Gyu Kang, Han-Byul Kang, Shashank Priya, Christopher
J. Stanton, Giti A. Khodaparast “Optical Properties of Pbg.527rp.48TiO3 Nanorod Arrays:

Second Harmonic Generation and Multiphoton Carrier Dynamics” Under review



6- Tao Ye, Ke Wang, Yuchen Hou, Dong Yang, Nicholas Smith, Brenden Magill, Jungjin
Yoon, Rathsara R. H. H. Mudiyanselage, Giti A. Khodaparast, Kai Wang, Priya Shashank,
“Ambient-air-stable lead-free CsSnl3 solar cells with >7.5% efficiency” Journal of American

Chemical Society, 143, 11, 4319-4328 (2021).

x1



L0opodon

0000 00 Ooobooo 0ol

0000 00 000000 oo

0 00000ODO0000 0
1.1 Ultrafast Coherent Phonon Dynamics and Nonlinear Light-Matter Interac-

tions in Multiferroic BaTiO3-BiFeO3 (BTO-BFO) Material Systems: . . . . . 3

1.1.1  Motivation . . . . . . .. 3

1.1.2  Background: . . . . ... .. 7

1.2 Nonlinear Spectroscopy in Ferroelectric PbZr; xTixOz (PZT) Material Systems 16

1.2.1  Second Harmonic Generation: . . . . . . .. ... ... .. ... ... 16

0 000000000000 Ooooomoooo 00

2.1  Ultrafast Pump-Probe Spectroscopy . . . . . . . . . ... ... ... ... 23

2.1.1 Time Resolved Differential Reflectivity Spectroscopy . . .. .. . .. 26

2.1.2  Time Resolved Optically Induced Birefringence Spectroscopy . . . . . 28

2.1.3 Time Resolved Magneto Optical Kerr Effect Spectroscopy . . . . . . 29

2.2 Non-linear Optics . . . . . . . . . . 31

2.2.1 Second Harmonic Generation Spectroscopy . . . . . . . . . .. .. .. 32

xii



0 D00boodd doooiiltd 0bobdbd 000 Dibboobot dboiiod bboodioo 1o 4oooodo

DOI000000 O00IOs0OitoO, OO0 bbo 0obboooo 0o
3.1 Introduction . . . . . . ... 35
3.2 Sample Preparation and Characterization . . . . . ... ... ... ..... 37
3.2.1 BaTiOz-BiFeO3 Films . . . . . . . . .. ... ... ... ... .... 37
3.2.2 BaTiO3-BiFeOz Nanorods . . . . . . . . . . . . .. . .. ... .... 41
3.3 Results and Discussion . . . . . . .. ... oo 43
3.3.1 Carrier Relaxation Dynamics in BaTiO3-BiFeO3 Films . . . . . . . . 44
3.3.2  Coherent Phonons in BaTiO3-BiFeO3 Film at Low Temperature . . . 49

3.3.3 Coherent Dynamics in BaTiO3-BiFeO3 Nanorods at Low Temperature 54

3.3.4 Carrier Relaxation Dynamics in BaTiO3-BiFeO3; Nanorods Using a

Degenerate Pump-Probe Scheme . . . . . .. .. ... ... ... .. 60

3.4 Conclusions . . . . . . . 61

0 0000000 00D00iomon 00 0O0boitooibor Ooooobol Uboooo bbhioooo 0d booooo

000 0000000 000000 00 O0O00s000004d, 00
4.1 Introduction . . . . . . ..o 64
4.2 Samples Characteristics . . . . . . . . . . . . 65
4.3 Results and Discussions . . . . . . . ... oo Lo 66
4.3.1 TROIB and TRMOKE Measurements of BTO-BFO Films . . . . . . 66
4.3.2 SHG in BTO-BFO Films . . . . .. ... ... ... ... ..... 72



4.4 Conclusions . . . . . . . 78

0 0000000 DO000000E0 00 D0e.s2000.4 005 LJOOODOD DO00000 DORDOO Doiooold

1000000000 000 OOiiiDooobd 0oooion 0ooodido 0o
5.1 Introduction . . . . . . . ... 81
5.2  Sample Preparation and Characterization . . . . . ... ... ... ..... 82
5.3 SHG in PZT Nanostructures . . . . . . . . . . . ... .. ... ... .... 83
5.4 SHG: Polarization Dependence . . . . . . . .. .. ... ... .. ... 88
5.5 Carrier Relaxation Dynamics in PZT Nanorods . . . .. .. ... ... ... 91
5.6 SHG and Carrier Relaxation Dynamics in PZT Films . . . . . . . .. .. .. 98
5.7 Conclusion. . . . . . . .. 99
0 O000000C00O0 0o Doooo 0oboooo 00O
6.1 TRDR Measurements of Self-Assembled CH3NH3;Pbls Perovskites . . . . . . 101

6.2 Photoluminescence Measurements of InAs/AlAsSb Multi-quantum-well Hot
Carrier Absorber . . . . . . . Lo 105

6.3 TRMOKE Measurements of InAsP Films . . . . . . . . . . . .. . . .. ... 107

6.4 SHG and Up-conversion Luminescence Measurements of Multiresonant Nanolam-

inate Plasmonic Crystals . . . . . . . .. .. ... 0 114
0 0000000 000 000000 CJoooo 0oo
a000ooooooo 0oo

Xiv



L0000Diooo 000

0000000 O 00000 0booodo 0oo
A.1 Tissapphire Oscillator . . . . . . . . . . .. . . 151
00000000 O 00000nOooooo booooo 0oo
B.1 Time Resolved Differential Reflectivity Setup . . . . .. .. ... ... ... 152
B.1.1 BBO Crystal . . . ... .. . 153

B.1.2 Detector . . . . . . . .. 154

B.2 Time Resolved OIB and MOKE Spectroscopy Setup . . . . . .. ... ... 154
B.2.1 Wave-plates . . . . . . . . . 154

B.2.2 Wallaston Prism . . . . . ... ... ... oL 156

B.3 Photoluminescence/SHG /Up-conversion Luminesence Spectroscopy Setup . . 156
B.3.1 Spectral Filters . . . . . . . . .. ... 157

B.3.2 Spectroscopy Artifacts . . . . . ... 157

XV



Lob i Oidbood

1.1

1.2

1.3

1.4

Multiferroics. The electric polarization (P), magnetization (M) and strain
() is a function of, the electric field (E), magnetic field (H) and stress ( ),
respectively. In multiferroics, multiple ferroic orders coexist in a single phase,
giving rise to coupling order parameters such as magnetoelectric coupling,

where E can control the M and vice versa [16]. . . . . ... ... ... ...

(a) Crystal structure of BiFeOgs (Perovskite structure) [17]. (b) Schematic

representation of inherent spiral spin structures in BiFeOs [18].. . . . . . ..

This schematic represents the coherent phonon generation and detection via
pump-probe technique. The pump pulse generates an acoustic pulse at the
surface that can propagate into the material at the longitudinal speed of
sound in the material (Vi s)and z is the strain layer where the absorbed
pump energy is deposited. The probe light is reflected at the surface and
other regions of the sample, leading to a detection scheme similar to the
Fabry-Perot interference.(b) The resultant oscillatory pattern observed in a
transient reflectivity curve from a propagating coherent phonon. Adopted

from data provided by Brenden Magill on GaMnAs [10]. . . . . .. .. ...

Hierarchy of functional materials, which represent the relation between ferro-

electric, pyroelectric, piezoelectric, and dielectric materials. . . . . . . . . ..

xvi



2.1

2.2

2.3

24

2.5
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700 -1050 nm and a pulse duration of 100 fs. This setup also includes a 1 T
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(a) SEM image of the layer structure of the BaTiO3-BiFeOs film investigated
in this study (sample 20). (b) The magnetization as a function of temperature
at 0.5 T, and the inset shows FE loop at room temperature demonstrating the
multiferroic nature. (¢) The XRD of sample 20 shows a single phase for the
BaTiO3-BiFeOs film. (d) Here we present, (101) Phi-scan XRD patterns of
BaTiO3-BiFeO3/LSMO epitaxial layers grown on (100) STO substrate (sam-
ple 20). The films are grown through (001) direction and the phi scan was
performed with (101) space to evaluate the epitaxial quality. Note: The labels
BTO-BFO refer to BaTiOs-BiFeOs. . . . . . . . . . ... ... ... ....

(a) Schematic of the nanorods growth on spherical LSMO seed particles. The
seeds were arranged using polymer nano-sphere coating followed by LSMO
deposition. (b) A side view SEM image of the nanorods on 100 nm Pt film.
The red region refers to the LSMO spherical seed particles. (c¢) Atomic Force
Microscopy images of BaTiO3-BiFeO3 nanorod arrays grown on Pt-coated Si
substrate displaying topography, FE, and FM domains. (d) XRD patterns
of BaTiO3-BiFeO3 nanorod arrays. Note: The labels BTO-BFO refer to
BaTiO3-BiFeOs. . . . . . . .

(a) TRDR of 80-nm thick BaTiO3-BiFeO3 (sample 17), measured at room
temperature with the pump wavelength at 400 nm and probe at 800 nm,
for different pump powers. The traces are offset for clarity and we refer to
TRDR as the change in the transient reflectivity at positive time delay respect
to the negative time delay. (b) TRDR on an LSMO (sample 1) film showing
no detectable pump-induced response. Note: The labels BTO-BFO refer to
BaTiOs-BiFeOs. . . . . . .
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tt



9Xj U V 6Q+mbBM; QM i?2 7B bi ROy Tbh Q7 i?2 h_PA" 7Q  j/IB772
2+ M b22 #Qi? i?2 KTHBMMI2QBFiI'2M;i? Q7 *Sb "2 772+i2/
#v i?2 7TB2H/6b bi*2M;i?X U#V h?2 2pQHmMiBQM Q7 *Sbo KTH
i?72 K ;M2iB+ 7B2H/X g2 2tT2+i i?2 K ;M2iB+ 7B2H/ KQ/B7B2b
Hi2  i?2 #bQ TiBQM bi'2M;i? Q7 i?2 TmKT TmHb2b "2/m+BM;
i?72 *ShbX U+V 6Q+mbBM; QM i?2 7B bi ky Tbh QM2 + M b22 i?2
"2/m+2b #v BM+'2 bBM; i?2 2ti2 M B K MXiK+X B2K¥ B8 X X X X

9X9 U V h _JPE1 i Ryy E rBi? i?2 TmKT TmHb2b i 9yy MK #2BM
TQH Bx2/X h?2 Qp2° HH 72 im 2 Q7 i?2 *S/vM KB+b BM+Hm
M/ i?2 ""Bp HiBK2 ii?2 BMi2 7 +2 2K BM2/ K BMHv bBKB|
K2 bm 2K2Mib M/ #v BM+ 2 bBM; K ;M2iB+ 7B2H/ #Qi? i?2 K
JPE1bB;M H br2HH bi?2*Sbobi 2M;i?/2+ 2 b2/X h?2i +2b
+H "BivX h?2 BMb2i +QKT "2birQ i’ +2b 7Q  irQ /B772 2Mi +B"
M/ "2 Db?B7i2/ bHB;?iHv 7Q +H "BivX b b?QrM BM i?Bb BMb2i
Mv /IB772 2M+2b r?2M i?2 TmKT +B"+mH >~ TQH "Bx iBQM r b
H27i M/ BXiX X X X X X X X X X X X X X X X X Xd¢y X X X X

9X8 a>: BM U V b KTH2 3 M/ U#V b KTH2 ky BMi2MbBiv /Bbi B?
r p2H2M;i? rBi? R8y Kqgq BM+B/2Mi TQr2 i QQK i2KT2 im 2
2tTQbm 2 iIBKZX X X X X X X X X X X X X X X X X ¥ X X X

9Xe U V a+?2K iB+ /B ;" KQ7i?2 a>: BM+B/2Mi TQH 'Bx iBQM b

i72 M Hvx2 b2MDbBiBpBiviQ TQH "Bx iBQM rBi? H b2 933
r p2H2M;i? bi?2a>:BMi?2M MQ Q/b 2 +HQb2 iQ i?Bb ~ M;.
TQH 'Bx iBQM /2T2M/2M+2 Q7 a>: BMi?2 b KTH2 3 i N3y MK m

QM i?2 2KBbbBQM T i?X U+V-U/V M Hvx2 +QM7B:m8iBQM 7

ttB



8XR *'Qbb@b2+iBQM H61alJBK ;2U V M/bm 7 +2KQ T?2QHQ ;v
“vbX q?BH2 2 +? M MQ Q/ Bb bBM;H2 + vbi H-i?2 2Mb2K#

M MQ Q/b rBi? ° M/QK Q'B2Mi iBQMbX h?2 > v?2b +HQb2@
M/Bb M2 "Hv?QKQ:;2M2Qmb BM /B K2i2 M/ ?2B;?iX U+V SQH
7B2H/ US@1V HQQT 7Q  i?2 M MQ Q/ "> vb /BbTHXBM: 72 °Q

8Xk SB2xQ 2bTQMb2 7Q +2 KB+ Qb+QTv US6JV BK ;2b Q7 Swh

UV mMmMTQH2/- U#V TQH2/ /QrM- U+V M/ TQH2/ mT bi i2bX h
#Qi? i?72 IQTQHQ;vUIQT T M2HbV M/ T? b2 bB;M Hb BM/B+ iE
/B 2+iBQMb UHQr2 T M2HbV Q7 i?2 M MQ Q/bX h?2 b KTH2k
7°QK i?2 b K2r 72 X U/V h?2 KTHBiIim/2 Q7 a>: "2bTQMb2 70Q
UaRV- TQH2/ mT UakV- M/ TQH2//QrM UajV Swh M MQ Q/

[2T2M/2M+2 Q7 i?2 b KTH2b b?Qr i?2 a>: BMi2MbBiv Bb T Q1
b[m "2 Q7 i?2 BMi2MbBiv Q7 iX2XBM+BMMi XIBGANX X3X X X X

8Xj] UV >2"2r2T 2b2Mi i?2 KTHBIim/2 Q7 i?2 a>: 7Q b KTH2 U:
rb TQH2/ M/ i?2M 7i2° Bir b XiNW?2iDKYpm 2K2Mib 2
mM/2 i?2 2t +ib K2 +QM/BiBQMbX h?2a>: KTHBIim/2 Q7 i?2 n
b KTH2 ak Bb +QKT ~ #H2 iQ aR UmMTQH2/V- BM 6B;X 8XkU/V
S6J K2 bm 2K2Mib M/ U+V i?2 T? b2 Q7 a KTH2 ak- 7i2" Bir
9y9C 7Q° #Qmi Ry KBMmi2b- +QM7B KBM; i?2 b KTH2 Bb mM1
22 02/ X X X X X X X X X X XX XXX XXX XXX XBX XX X .

8X9 U V h2biBM;i?2 M Hvx2 b2MbBiBpBiviQ TQH "Bx iBQM rBi?~
mb2/i?Bbr p2H2M;i? bi?2a>:BMi?2M MQ Q/b "2 +HQb2iQ
h?2 BM+B/2Mi TQH "Bx iBQM /2T2M/2M+2 Q7 a>: BM i?72 mMTQ
MK mbBM; M M Hvx2 -rBi? M M Hvx2 b2i iaTQH 'Bx iBQM
T i?-bBKBH " iQi?2 K2 bm 2K2MiX BMXT M2 HXUXWVXX X3X X X X .

ttBB



8X8 U @/V >2"2r2T 2b2Mii?22t KTH2b Q7 i?2 TQH "Bx iBQM /2"
M/ Ryyy MK 7Q" i?2 b KTH2b aR M/ ajX q2 Q#b2 p2 bQK2 TQl
T2M/2M+2BMi?2a>:-7Q /B772 2Mi +QM7B;:m" iBQMb Q7 i?2 |
bi i2BXX X X X X X X X X X X X X X X X X X X X X MyX X X X

8Xe UV QQKIi2KT2 im'2h_. Q7SwhM MQ'Q/bQ7i?2 mMTQH
g2 Q#b2 p2/ + B2 /vM KB+b r?2 2 #Qi? i?2 TmKTfT Q#2r p2|
imM2/ BM LA_X g2 b?QmH/ MQi2- 2t+2Ti i 3yy MK-r2 Q#b2 p:
BMi?2i MbB2Mi 27H2+iBpBiv- rBi? iRIRHM 'i;dpy BKMX 2 b2 Q7
h?2 BMb2i b?Qrb i?2 iQTQHQ;v M/ i?2 T? b2 Q7 i?2 M MQ'Q
U#V aBKBH ~ K2 bm 2K2Mib QM i?2 GaJP b22/ b?Qr Km+? bK
iQ i?2 LA_ QTiB+ H 2t+Bi iBQMb rBi? MQ b2MbBiBpBiv iQ i?2
2t+Bi iIBQM r p2H2M;i?bX h?2 BMb2i /IBbTH vb i?2 al1lJ BK ;2
b22/biQ +QKT 2 rBi? i?72 Swh M MXQ XQXbX i} KQ¥ &;MKX X X X

8Xd h?2i° MbB2Mi "27H2+iBpBiv Q7 i?2 M MQ Q/b BM irQ +QH
TMKT imM2/ i 9yy MK Bb +HQb2 iQ i?2 2tT2+i2/ # M/; T Q7 Sw
b?Qrb i?2 TMKT@T Q#2 K2 bm 2K2Mib QM i?2 GaJP b22/b m\
2tT2 BK2Mi H +®M/BIiBQMX X X X X X X X X X X X XM8X X X X

8X3 a>: 2bTQMb2 7Q Swh i?BM 7BHK bi m+im 2bX h?2b2 K2 bm
rBi? Rky b2+QM/ 2tTQbHMR X iBKZX X X X X X X X X N&K X X X

8XN _QQK i2KT2 im2h_._ Q7 Swh i?BM 7BHK bi'm+im 2X aBK
bi'm+im>2b BM i?BM 7BHK bi'm+im 2b- r2 Q#b2 p2 + B2  /\
TMKT@T Q#2 r p2H2M:i?b "2 imAdy i2¢)y MR2 irQ T?2QiQM
#bQ TiBQM r2 2 BMpQHp2/ BM i?2 T?QiQ2t+Bi iBQMX h?2 BM
T Q#2 K2 bm 2K2Mib QM i?2 GaJP bm#bi’ i2rBi? b KRRtT2 BK

ttBBB



eXR a+?2K iB+BHHmMmbi® iBQM Q7T Q+2/m 27Q 7 # B+ iBQMQ7

e Xk

eX]

i72 b2H7@ bb2K#Hv T°Q+2bb M/ h_._ bT2+i° Q7 T2 QpbFBi:
+QKTH2t iBQM #2ir22M SJJ TQHVK2 +? BM M/ k. H v2 2/ T2
i2°K2/B i2bX U#V ITQM 2p TQ  iBQM Q7 bQHp2Mi- i?2 H v2 2/
b2H7@ bb2K#H2/- H2 pBM; SJJ M+?2Q 2/ ii?2#QmM/ "vQ7T
U+Vh_. Q7 % BBAKUb KTH2 RASISH#BHK Ub KTH2 RV- M/

J S#A@SJJ 7BHK Ub KTH2 RV b 7mM+iBQM Q7 iBK2 /2H v-
"2H t iIBQMb Q7 i?2 T?QiQ@BM/m+2/ + B2 b BMi? 22 b KTH:
/Qm#H2 2tTQM2MiB H 7BM/QBXib™QrM 7Q b KTH2 k M/ Bi Bb
b?B7i2/ 7Q  +H "BivX h?2 2tTQM 20 #B2ke ¥ Hilb BO2 Mi B TH 2

R M/j M/ Km+? HBMy2Tb- 7Q b KTH2 kX q2 Q#b2 p2/ *S BM
i7°22 b KTH2b BM i?2 T M2H U+V #mi BM+2 bBM: i?2 TmKT T¢(
iQ yXe Kgq K /2 i?2 KTHBim/2 H “;2°X U/V *HQb2 mT Q7 i?2 *S
7°QK i?2 T2 QpbFBi2 7BHK Ub KTH2 RV- BM r?B+? i?2 7Bi Bb &
Bb+Q "2bTQM/BM;iQ T?QMQM 7 X[X2X XvXQ X KIMREjXxX X X

hBK2 "2bQHp2/ K2 bm 2K2Mib i38y MK TmKI®T, Q#2 2t+Bi i
rBi? Ut¥ yXyd M/tU#WXj9X AM #Qi? b KTH2b-r2 Q#b2 ' p2/ #mK
8yy ThX aQmM/ p2HQ +B i@ M fAMMY jXB] A MBXB BLC
KfbX IbBM; i?2b2 p Hm2b M/ i?2 i?B+FM2IKWWQ72AMMS H v2 U
+QM+HmM/2i?2 TmHb2b r2 2 "27H2+i2/ # +F ii?2BMi2°7 +2iQ
FBYYy TEXXX X X X X X X X X X X X X X X X X X X XR¥NX X X X

hBK2 "2bQHp2/ /B772 2MiB H "27H2+iBpBiv i N8y MK rBi?
K i M2iB+ 7TB2KHXK X X X X X X X X X X X X X X X XRKR¥ X X X

ttBp



eX9 U Va+?2K iB+ 2T 2b2Mi iBQMQ7i?222tT2 BK2Mi H+QM7B;]|
b 7mM+iBQM Q7 i?2 7B2H/X U#V h_ohPFEsd 7O TQAMDR @7 AM b
+mH " TOQH BXiBOQMEXX X X X X X X X X X X X X RRKRX X X >

eX8 h _JPE1l i/B772 2Mi K :M2iB+ 7B2H/b b?Qri?2 +H2 ~bB;M ir
#Qp2 8yy Kh 7QHHQr2/ #v 7 bi /2+ v BM R8y ThX h?2b2 K2 b
i F2M rBi? N8y MK- Rk3 Kg TmK T BQHK 1Bx KB MXX XRRK X

eXe >B:?7B2H/* r bmb2/iQK2 bm 2i?22772+iBp2K bb7Q i?2
h?2 /i rbi F2M br22TBM; i?2 7B2HY TX M/XQEMXXRR X X X X

eXd a+?2K iB+ 2T 2b2Mi iBQM Q7 i?2 SG b2imT i? ir b mb2/iQ
MT@+QMp2 bBQM HmMKBM2b+2M+2 Q7 i?2 TH bKQMB+ bi m+i
b? T2 /2T2M/2M+2 QM i?2 2KBbbBQM TQH 'Bx iBQM TQH “Bx
B'Bbr bBMi"Q/m+2/iQi?2 2KBbbBQM T i? U VX LQRR8GS Bb :

eX3 a>: M/ mT@+QMp2 bBQM HmMKBM2b+2M+2 bT2+i mK 7Q " Ry
Rk3 Kg- M/ STQH 'Bx2/ BM+B/2Mi #2 KX h?2 BMb2i b?Qrb i?2
im'2r?22°2i22iABPFM2bb 7Q  i?Bb b KTH2 Bb R8y MK Uh?'22 b
p B #H2 hBBPFM2bb Uky- ey- M/ Rjy MKV r2°2 binK BRR/eBM i?B|

"XR a+?2K iB+ /B ;" KQ7 i?2X X XbRiKT™X X X X X X XRBK X X X

"Xk a+?2K iB+ /B ;7" KQ7 i?2 h_dPEXaifnX X X X X XR8& X X X

"Xj a+?2K iB+ /B ;7 KQ7 i?2XaX: X2€nXTX X X X X X X R&eX X X X

"X9 h> MbKBbbBQM T Q7BH2Q7i?2irQ Nyyb?Q iT bb7BHi2 b U \
T QpB/2/ #Vv h?2Q HX B0 XAX XXX X X X X X X X X X XR8X X X X

ttp



"X8 P#b2 p2/ THMQ 2b+2M+2 7 QK i?2 hB,b TT?B 2 Qb+BHH iQ"
b KTH2b U V*mi T2 U#V 6 Qbi2/;H bbbm 7 +2bX >2°2i?2 Q#t
BM U#V "2 "2bmHi2/ 7°QK i?2 i° MbKBbbBQM T Q7BH2 Q7 i?2
UBB;X "X9V-r?2B+?2r b #27Q 2 i2R ¥ TR Xi M K2X2XXX RN X X X |

ttpB



GBbi Q7 h #H2b

jXR ai'm+im> H /2i BHb Q7 i?2 b KTH2b bim/B2/ BM i?Bb rQ FX
BMp2biB; iBQMb- r2 ? p2 T'Q#2/ i?2 7QHHQIrBM; bi'm+im 2b
rQ F T 2b2Mib i?2 bi'm+im 2b rBi? i?2 #2bi /vM KB+ H "2bTQN
i72 + b2 Q7i?2M MQ Q/b-i?2 GaJP H v2 "272°biQM MQ@bT
XX XXXXXXXXXXXXXXXXXXXXXXKXXXX

9XR h?2 b KTH2b bim/B2/ BM i?Bb rQ FX h?2 i?B+FM2bb2b "27:
Hv2 b M/ GaJP X X2XpX X X X X X X X X X X X X Xe& X X X

ttpBB



*?2 Ti2 R

AMIi Q/m+iBQM

h?2 2K 'F #H2 T °Q; 2bb BM i?2 7B2H/ Q7 BM7Q 'K iBQM i2+?MQHC
7Q ?B;?2 brBi+?BM; " i2b-?B;?2 + T +Biv- M/ 7 bi2 " T ' Q+2bbBM;
b2KB+QM/m+iQ " i2+?MQHQ;B2b "2 "2 +?BM; i?2B° HBKBib- i?2°2 E
TH2K2MiBM; QTiQ2H2+i RVYMBIR SKRBMI/TQMB@QTiB+ H i2+?MQHQ ;B
M2r +H bb2b Q7 K i2°'B Hb rBi? KmHIB7mM+iBQM HBivX h?2 #BHBi\
2H2+i " QMB+- pB#  iBQM H- M/ bTBM /2;°22b Q7 7 22/QKBM M MQb
2°Qbi'm+im 2b T"QKBb2b iQ #2 "2pQHMiBQM vBM i?2 7B2H/b Q7 [n
Rykkkj)X h?Bb-iQ;2i?2 rBi? +QMi"QH ii?2 H2p2H 7°QK H iiB+2 bi
bi i2b-+ M ;Bp2 Bb2iQ BKT Qp2/ Q 2p2M [m HBi iBp2Hv M2r M/ "C

gBi? i?72 /p M+2K2Mib Q7 TmHb2/ H b2 'b- mHi® 7 bi MQMHBM2 ~ QT
:"2bb2/ BMiQ M 2bb2MiB H bT2+i'Qb+QTB+ i2+?MB[m2 i? i T'QpB/
7mM/ K2Mi H T?vbB+b T?2MQK2M b r2HH b /2pB+2 bT2+ib Q7 7
BM+HmMm/2b MQi QMHvV # M/ bi m+im 2- mM/2 HvBM; bvKK2i B2b- M/
MOQM@2[mBHB# BmK T QT2 iB2bbm+? b+ "'B2 M/bTBM/vM KB +|
K ;MQMb- M/ i° MbTQ i T'QT2 iB2bX hBK2 "2bQHp2/ TmMKT@T Q#:
H2Mi iQQH iQ T'Q#2 7 bi KB+ Qb+QTB+ T Q+2bb2b M/ i?2B  i2KTQ'
bT2+i'Qb+QTv + M T ' QpB/2 BMbB;?i BMiQ 7TmM/ K2Mi H KB+ Qb+Q1
i?72 +QMTHBM; Q7 b2p2° H/2;°22b Q7 7°22/QKX hBK2 “2bQHp2/ Tmt
mbiQ mM/2 bi M/ i?2 "2H t iIBQM /vM KB+b Q7 T?QiQ2t+Bi2/ + ~"B2°



K +NZy 1 SYBé 2 « Ofié

iBQM- i?2 MQM@2[mBHB# BmK TQTmH iBQM Q7 2H2+i'QMb M/ ?Q
K2+? MBbKb bm+? b+ B2 @+ B2 -+ 'B2°@T?QMQM- M/ + B2
TmMHb2b- + "B2'b + M #2 2t+Bi2/ rBi?BM M "Qr 2M2 ;v # M/ Q7 &
:"2bb2b- i?2 + 'B2 @+ B2  BMi2  +iBQM “2bmHib BM i?2 K HBX i
PM HQM;2 iBK2 b+ H2 2H2+i ' QM@T?QMQM BMi2  +iBQMb # BM; i7
PM 2p2M HQM;2 iBK2 b+ H2- "2+QK#BM iBQM Q7 i?2 + "B2'b +°
2[MBHB&RBBK (

h?2 #BHBiviQ ;2M2  i2 M/ K MBTmH i2 i?2 iBK2 "2bQHp2/- T?2QMQ
Q7 7°22/QKBM K i2 B Hb rBi? 2ti2'M H QTiB+ H- 2H2+i B+- M/ K ;M
BM M2r 2" Q7 "2pQHmMiBQM v /p M+2b BM b+B2MX2h® TBQ#/2 pB -
+Q?2 2Mi bi i2b BM b2p2° HH2bb 2tTHQ 2/ K i2 B Hb bvbi2K- BM i?E
MB[m2b BM+HmM/BM; hBK2 2bQHp2/.B772 2MiB H _27H2+iBQM Uh_
2KTHQV2/X q?BH2h_._ M/ h_.h "2 Q7i2M mb2/iQ bim/v + B2 /vM
i72b2 i2+?MB[m2b + M HbQ #2 2KTHQV2/iQ bim/v +QP2 BMi @? QM
i72°KQ 2-r2 2KTHQV2/ hBK2 _2bQHp2/ PTiB+ HHv AM/m+2/ "B 27 B
_2bQHPp2/J ;M2iQ@PTiB+ E2 ° 1772+i Uh_JPE1V r?B+? T QpB/2/ +(
iBQM QM b2p2° HK i2 B Hb bvbi2Kb bim/B2/ 222X

MQi?2 p Hm #H2 TT Q +? BM i?Bb /Bbb2 i iBQMr bi FBM; /p Mi
:2M2° iBQM Ua>:VbT2+i ' Qb+QTvX aBM+2 i?2 /IBb+QRAXWKO7 a>: BM
i?Bb i2+?MB[m2 +QMbB/2'b b QM2 Q7 i?2 KQbi TQTmH > MQMHBNM
i? 1?2 b#22M mb2/ 7Q° K Mv TTHB+ iBQMbX h?Bb BM+HmM/2b 7mM/
bm+? b bvKK2i'B+ M/ MQM@ bvKKad2ki 3B&N jlyi jiR+km " 2B;P @ 2bQHmMIiBC
BK :B§:j9 br2HH b /2pB+2@# b2/ TTHB+ iBQMbbm+? b mHi* 7 b
(8- mHi> 7 bi TmHb2 K2 bm 2K2Mi- QTiB+ H)F QKiB+BH T2MR 2ii'BQ!
KTHB7B+HdB@MiB+ H brBi+?22b-j&Oym HMI/QE DMBYX bh@Qr /b i?2b2



SYsyma zAz +aNY| ¢ TNiénée/-é260« 2é62MnéadéNz HOIN AKzZ
K aOAY A0 «wAHOWBIQA#7TQW Kz ¢ Ozab- (e - j

/Ip M+2K2Mib- 2KTHQVBM; HQr /BK2MbBQM H K i2°B H bvbi2Kb ? p
+iBpBiB2b- BKBM;7Q KQ'2imM #BHBiv- KBMB im Bx iBQM- M/ BN\
iQ i?2 #2bi Q7 Qm > FMQrH2/;2 A K 2TQ iBM; 7Q" y2avZBh BPiIiBK2 i?22
M MQ Q/ > vbX h?Bb 2tT2'BK2Mi H bim/v + M T°QpB/2 p Hm #H2 E
i?2b2 M MQbi'm+im 2b BM MQMHBM2 * T?QiQMB+ TTHB+ iBQMbX

Hi?Qm;? Kv "2b2 "+? +iBpBiB2b +QMi ' B#mi2/iQ b2p2° H/B 2+iBQY
rBHH 2H #Q  i2irQK DQ T 'QD2+ib, RVmHi 7 bi+Q?22 2MiT?QMQM
Kii2> BMi2° +iBQMb BM Kmi®iBEFe2POB@" 6BWP- M/ kV mHi~ 7 bi/vM |
M/ b2+QM/ ? "KQMB+ ;2M2" iBQM BWBY7PR Q2w iKBi2 B# b bvbi2 KLk
h?2 BM7Q 'K iBQM T QpB/2/ BM i?Bb BMi'Q/m+iBQM +? Ti2  rBHH ?2
Qi?2  +? Ti2 bX

RXR IHi> 7 bi *Q?2 2Mi S?QMQM .vM KB+b M/
2 “GB:?2i@J ii2° AMi2° +iBQMb BM JmHK@B 7?2
"B62PU"hP@"6PV J i2'B H avbi2Kb,

RXRXR JQiBp iBQM

AKT +ib Q7 *Q?2°2Mi S?QMQMb,

h?2 mHi> 7 bi- 72KiQb2+QM/ T?QiQ2t+Bi iBQM Q7 bQHB/b + M i"B
FMQrM b +Q?22°2Mi T2QMQMbX hvTB+ HHv- i?2b2 Qb+BHH iBQMb
"2bmHIi7°QKi?2 +Q?2 2Mi 2t+Bi iBORPQT-QIOBX KW 7T2@MENME TiBQM |
MQimMMB7Q K-bm+? bBMH v2'2/bi'm+im 2bQ 7Q b?2Q i #bQ TiB



9 +Nzy 1 SYBé 2 « Oié

i'B;;2 +Q?2 2Mi +QmbiB+ T?QMQMb U* SVr?B+?2T QT ; ik bbi BN
9€9d93X Ibm HHv- +Q?2°2Mi T?QMQMb "2 mb2/iQ T ' QpB/2/2i BH2/
M/ +? ° +i2°'Bx2 bm 7 +2b M/ #m B2/ BMi2 7 +2bX >Qr2p2 - i?2 #B
mHi~ 7 bi QTiB+b Q772 b i?2 BMi B;mBM; TQbbB#BHBiv Q7 /vM KB+
'Bp2Mb KTH2rBi? mHi> b?Q i QTiB+ HTmHb2b M/ QT2Mbi?2 TQbbE
/2pB+2b-r?2°2i?2bi" BMBbK MBTmH i2/ BMiBK2iQ +QMi"QHi?2T"
/2pB+2X 1tT2 'BK2Mi Hbim/B2b Q7 +Q?2°'2Mi T?2QMQMb M/ i?2 #BH
i?72K BM bQHB/b ? p2 ; BM2/ BM+°2 b2/ BMi2 2bi /m2 iQ i?2 rB/2 p
+Q?2°2Mi T?2QMQMb M/ i?2B° BMi2® +iBQMb UT?QMQM@T?QMQM-
bim/B2b ? p2#22M +QM/m+i2/ BMb2p2°  H/B772 2Mi KNBZ8&8RHb bm+?
b2KB+QM/m+iQ  bmdk8 @ H miBH hiK (9218H 83- 2i84X h?2 #BHBiv iQ
+QMi"QH i?2 ;2M2" iBQM M/ /2i2+iBQM Q7 * Sb+ MH2 /iQ rB/2 " N
BM ?2 i KM ;2280 (M/ T?2QMQM&ENE WweBK; 6m i?72 KQ 2- i?2 T?QiQN
HBF2 #2? pBQ Q7 T?QMQMb QT2Mb mT i?2 TQbbB#BHBiIB2b iQ /2p
QTiQK2+? eMB#bge8-i° TTBM; Q7 T?2QMQMb BM ‘iB7B+B H T?QMQN
ekeg- M/ BM/B 2+i [m#Bi@T2@MIXM +QmTHBM; (

h?2 b2MbBiBpBivQ7 +Q?2'2MiT?QMQM Qb+BHH iBQMbiQi?2BMi2"
K F2b r v 7Q TQi2MiB H TTHB+ iBQMb BM ?B;? b2MbBiBpBiv [m N
[Mm MIMK@bRYWHBM; (7 QK i? i-BM "2+2Mi/Bb+Qp2°'B2b-Bir bb?Qrh
+QmMTHBM; + M #2 mb2/iQ K MBTmH i2 bTBMbX h?Bb 7 +i ? b #22M
+ vbi HHBM2 beNdydRdBbrB+? BM+HmM/2b KMXiRAT2 bQR+BMNMiHvV #22
I12KQMbi™ i2/i? i/vM KB+ Hbi" BMbBMam'7 +2 +QmbiB+ q p2 Ua ¢
rBi? bTBMb BM bBHIBXQM ¥ 2R 2- (2+2Mi Tm#HB+ iBQMb QM ?v# B/
T?2QMQM M/ KRAAPME2 BM+ 2 b2/i?2BMi2°2biBMi?2 7B2H/ 7Q" 7mN\
+Q?2'2Mi T?QMQMb BM bi"QM;HV +Q "2 RR2Mb v KGR KM MQiB+ 27>
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7B2H/@/2T2M/2Mi K ;MQM KQ/2 Bb imM2/ BMiQ "2bQM M+2 rBi? i?2
T?QMQM KQ/2b #v M 2ti2°M H K ;M2iB+ 7B2H/ M/ i?2v ? p2 Q#b2")
# B/Bx iBQM UK ;MQM T?2QMQMI[m bBT "iB+H2V ii?2 2bQM M+2 T
bi'm+im 2bi?2 +Q?2'2Mi T?2QMQM@ K ;MQM ?v# " B/Bx iBQM Bb /2KQ
Q7 agX >Qr2p2° - mHi> 7 bi QTiB+ H ;2M2° iBQM Q7 i?2 bi® BM #v 2K
i2MiB HHvV #2ii2° K2 Mb Q7 ;2M2" iBM;i?2/vM KB+ bi* BMi? i+ M #v
aq/2pB+2 M/ HHQr7Q ?B;?2  7°2[m2M+B2WRW/ 7 bi2° K MBTmH

S'Q#BM; *Q?2 2Mi ai i2zb BM IJmHiIB72  "QB+ "hP@"6P,

_2+2MiHv- Bi ? b #22M /2KQMbi  i2/i? ii?2 /vM KB+b BM KmHiB72"
i?72 2t+Bi iBQM Q7 2H2+i"QK ;MQMb r?2°2- mMHBF2 i?2 K ;M2iB+ 2t-
i?72 K ;M2iB+ 7TB2H/-i?22H2+i QK ;MQMb "2 2t+Bi2/ #vi?2 2H2+i B+
r p2X _QpBRHHEM2KQMDbi™ i2/i? 1i?2bTBMr p27 2[m2M+y U=eyy :>
+ M #2 imM2/ i "QQK i2KT2  im 2 #v Qp2° jyW- BM MQMpPQH iBH2 7
7TB2H/X h?2Q 2iB+ H+ H+mH iBQMb bm;;2bi2/i? ii?Bb2772+i+ M Q
"2H i2/iQbTBM@Q #Bi +QmTHBM; BM/m+2/ #v i?2 TTHB2/2H2+i B-
QTiB+ HbT2+i'Qb+QTv r?B+?2 + M T°QpB/2 BMbB:?ib BMiQ 7TmM/ K2
IVM KB+b M/i?2+QmTHBM; Q7 b2p2° H/2:°22b Q7 7K DMPK2KBmMHIiB"
? p2; BM2/ 2+2Mi BMi2 2bi/m2iQ i?2 bBKmHi M2Qmb +Q2tBbi2M+
12" bX "hP@"6P Bb "QQKIi2KT2 im 2 KmHiB72 "QB+rBi? 72 Q2H2-
Q'/2° M//BbTH vb :QQ/ +QmMTHBM; #2ir22M i?2 K ;M2iB+- TB2xQ2H
h?Bb 7 +i T"QpB/2b QTTQ imMBiB2b iQ BMp2biB; i2 MQi QMHVv i?2 i
T?QMQM- T?QiQMb- + “"B2'b- M/ i?2 H iiB+2- #mi HbQ ?Qr iQ i BH
bi i2bX

AM 72 QK :M2iB+ # b2/ K2KQ B2b- i?2 bT22/ Q7 QT2  iBQM Bb +Q
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#2+ mb2 i?2 bTBM /vM KB+b "2 /QKBM i2/ #v K ;M2iB+ MBbQi QTw)
/IvM KB+b BM MiB72  "QK ;M2ib U 6bV "2 /B+i i2/ #v BMi2 iQKB+ 2t
;B2b r?B+? "2 b2p2° HQ /2°b Q7 K ;MBim/2b H ;2 i? MK ;M2iB+ |
T QpB/2b i?2 TQi2MiB H 7Q  mHi> 7 bi T°Q+2bb2b BM bm#@h>x iQ
#22M /2KQMbi® i2/i?2Q 2iB+ HHvi? i bi'm+im 2 +QMbBbiBM; Q7

bTBM@Q #Bi BMi2" +iBQM Ubm+? b SiV M/ Hv2 Q7 #B@ tB H M
bLBPV + M#2 TH i7Q'K7Q° imM #H2 "QQK i2KT2'  im 2 h>x@7" 2
deddX AM ;2M2° H 6 K ;MQMb + M HbQ Q772" +?B  H/2;°22 Q7 7"z
M2r /B '2+iBQMb 7Q° T°'Q+2bbBM; BM7Q K iBQMX PM2 Q7 i?2 /p M
Bbi? i MQ +QM/m+iBQM 2H2+i'QMb 2 "2[mB'2/- bQ i? i BM7Q K il
BM BMbmH iBMdKdi@dBdHIX (6m i?2 " KQ 2- K ;MQMb "2 # b2/ QM +Qt
M KB+b Q7 K ;M2iB+ KQK2Mibc i?2°27Q 2- K ;MQM bTBM +m  2Mi +
H2M;iKKV- 2bT2+B HHv BM K ;M2iB+ K2/Bl 38 iPMRQr 27 QTHB/MM Qi2 ?2
i?7 i K tBKmK ii2Mm iBQM H2M;i? 7Q" 2H2+i " QM@K2/B i2/ Tm 2 bTB
HBKBi2/ #v i?2 2H2+i'QM K2 M 7 22 T i?-r?B+?2 + M#2 Q71?2 Q /2" (
KQ ' 2-K ;MQM bTBM +m "2Mib + M #2? p2 b +Q?2 2Mir p2b 2p2M #!1
+?B2p2r p2@# b2/ +QKTmiBM;X h?2 6 +?  +i2 Q7 "hP@"6P HbDQ
+ M/B/ i27Q " mHi~ 7 bi T°'Q+2bb2b BM i?2d@dm#@h>x iQ h>x = M;2X (

AMi?Bb T QD2+i-r2 °2TQ iQM +Q?2 2Mibi i2b Q7 #Qi? "hP@"6P 7B}

“vb M/ i?2 imM #BHBiv Q7 i?2b2 bi i2b b 7mM+iBQM Q7 K ;M2i
72+i Q7 i?2 bi'm+im> H +QKTQbBiBQM M/ i?2 /BK2MbBQM HBiv +
BM ;2M2" iBQM M/ +QMi"QHHBM; * Sbc i?mb- r2 BMp2biB; i2/ b2p2
Q7 "hP@"6P 7BHKb M/ M MQ Q/ bi'm+im 2bX h?Bb /Bbb2'i iBQM
"6PfGaJPfahP U>2'2- GaJP Bb G Mi? MmK ai ' QMiBmK J M; MBi2 M/
hBi M i2V ?22i2°Q@2TBi tB H i?7BM@7BHK bi'm+im 2b rBi? /B772 21
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"6PfSifaB M MQ Q/ > vbX >2"2-r2 ? p2+ B2/ Qmih_. -h_JPE1
a>: K2 bm 2K2Mib-iQ bim/vi?2 +Q?2 2Mi bi i2b- mHi® 7 bi/vM KB+l
T°QT2'iB2b Q7 i?2b2 H2bb 2tTHQ 2/ K i2°'B Hbi'm+im 2bX

RXRXk " +F;"QmM/,
"'B27 " +F;"QmM/ QM JmHiB72°"QB+ "hP@"6P,

62°"QB+K i2'B Hb 7 HHmM/2 i?2bm#; " QmT Q7 7mM+iBQM HK i2'B
iQ /2p2HQTBM; KQ/2°M@/ vi2+?MQHQ:B2bX h?2 KQbi r2HH@FMQr N\
Ki2'B Hb 272 "Q2H2+i'B+-72""QK :M2iB+- M/ 72 "Q2H biB+i? i
K ;M2iB+ Q" 2H biB+ Q' /2'b 2bT2+iBp2HVvX h?mb-i?2K BM +? * +i2°
MQM@x2 Q p Hm2 Q7 i?2B" "2bT2+iBp2 Q /2 T > K2i2 b- TQH 'Bx |
bi* BM #2HQr + 'BiB+ Hi2KT2  im'2X aTQMi M2Qmb bvKK2i'v #°2 F
BKTQ i MiiQ mM/2 bi M/ i?2 K +'Qb+QTB+ T'QT2'iB2b Q7 i?2B" bi’
bvKK2i'v TQBMi@Q7@pB2r- bvKK2i'v #2 FBM; BM + vbi H "2bmH
h?2 K ;M2iBx iBQM U tB H p2+iQ 'V M/ TQH "Bx iBQM UTQH " p2+ic
T'QT2 iBPH 62 QK ;M2ib 2t?B#Bi bTQMi M2Qmb K ;M2iBx iBQM-
7°QK i?2 Q #Bi H bTBM Q7 i?2 2H2+i'QMX h?2 +m "2Mi bbQ+B i2.
Q7 i?2 2H2+i"QMb #'2 F i?2 iBK2@)XpP'M H DWKR2I'? M/- bTQMi M:
TQH 'BXx iBQM Q7 72 "Q2H2+i'B+b "Bb2b 7°QK bT3iBX H@ B2\DpZ2 b B Q|
i?Bb bTQMi M2Qmb bvKK2i'v #°2 FBM; "2bmHi BM /QK BM bi m+im "2
67mM+iBQM H& K i2'B Hb Bb i?2 #BHBiviQ +? M;2 i?2B  T'QT2'iB:
7B2H/b BM +QMi BHRM2/ K MM2" (

h?2 BMp2 bBQM bvKK2i'v #°2 FBM; BM MQM@+2Mi"QbVvKK2i B+ +
bmHib BM /B 2+iBQM H p2+iQ UK :M2iBx iBQM Q> TQH "Bx iBQM
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6B;m 2 RXR, JmHiIB72 "QB+bX h?2 2H2+i'B+ TQH "Bx iBQW USV- K
Bb 7mM+iBQM Q7-i?2 2H2+i B+ 7B2H/ U1lV- K- M2bB2+BDHAH WX VA
KmHiB72 "QB+b- KmHiIiBTH2 72°"QB+ Q'/2'b +Q2tBbi BM bBM;H2 T
T K2i2’bbm+? bK ;M2IiQ2H2+i B+ +QmMTHBM;-r?2 21 RM+QMi Q

iQ M 2ti2 M H 7B2H/X 6Q 2t KTH2- BM 72 "Q2H2+i'B+ K i2 B Hb
2 +?2 /QK BM bi'm+im 2 Bb /B772 2Mi- KBMBKBxXxBM; 2H2+i Qbi iB+
KQp2K2Mi M/ brBi+?BM; b “2bTQMb2iQ M 2ti2 M H 2H2+i B+ 7B2
? pB@RK aBKBH “Hv- HH 72 QB+ Q' /2'b 7QHHQr ?vbi2 2bBb r?2M
2ti2°M H 7B2H/b U2H2+i'B+ Q" K ;M2iB+ Q  bi° BMVX +H bb Q7 K i
72 QB+ T QT2'iB2b "2KmHiB72 "QB+bX JmHiB72 "QB+Biv? b QT2
Ki2'B HbX ++Q /BM;iQ >X a+?KB/8)-/RTBMBTRQOIPBRNNDK (i2 B F
b?Qr+ b2irQ Q  KQ 2 T'BK 'v72 QB+ Q /2°'bBM bBM;H2T? b2 bBK
/ v- i?2 i2 K KmHiB72 QB+ 2?2 b #°Q /2M2/- BM+HmM/BM; MQi Dmbi 7
p B iBQMb Q7 T'QT2iB2b bm+? b 62 °Q@-62"B@ Q MiB@62 °Q
iQ/ v "2 # b2/ QM 2H2+i'B+ M/ K ;M2iB+ T'QT2 iB2b Q7 K i2 B Hb:
? p2 #Q/  M;2Q7 TTHB+ iBQMb bm+? b M2r@;2M2" iBQM Q7 ?E
biQ  ;29¢ b2MbBM; M/ +im iB§tiM@MBILHBM; K ;M2B@32AKBbi M+2 (

6m i?2 KQ 2-r?2M K ;M2iB+ M/ 2H2+i B+ Q /2'b+Q2tBbi BM bBM,;
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i?2K ;Bp2b "Bb2iQ i?2 K ;M2iQ2H2+i"B+ UJ1V +QmTHBM:X h? Qm;?
i?2 2H2+i'B+ TQH 'Bx iBQM mTQM TTHVBM; K ;M2iB+ 7B2H/ M/
QB+ K i2°'B Hb- KmHiB72 'QB+ T°'QT2'iB2b "2 HbQ bbQ+B i2/rBi?
b /Bb+mbb2/ 2 "HB2' HQ+ H /BTQH2 KQK2Mi ? b i?2 iBK2@BMp2'b
bT iB H@BMp2 bBQM bvKK2i'v-r?22'2 b-i?2 K ;M2iB+ KQK2Mi # 2 F
K2i'vX > pBM;i?2b2irQ T°'QT2iB2bBM bBM;H2@T? b2- KmHiB72""
“2bmHiIBM; BM J13)QmIGIRQpR - i?Bb + M #2 2tT 2bb2/ mbBM; i?2 (
h?2 7°222M2°;v Q7 K ;M2iQ2H2+i B+ bvbi2K rBA? MM 2HA2HB BAK ;M
7B2H/- + M #2 2tT3®Rbb2/ b (

F(E;H):%OijEiEj+%OiniHj+ § EiHy + o URXRYV
r?2°2 Bb i?2 T2 KBiiBpBiv Q7 70 Bd hT2+R2 MR #BHBiv Q7 Bb22 bT +
i?72 "2H iBp2 T2 KBijBBBi®2M2H iBp2 T2 K2 #BHBiv Q7 i?2 K2/BmK)>
i2°Kb Q7 i?2 #Qp2 2[m iBQM 2T 2b2Mi i?2 "2bTQMb2 iQ M 2ti2 M
7B2H/- "2bT2#iBp2AA2XHBM2 * K ;M2iQ2H2+i'B+ +QmTHBM; +QMbi
bmb+2TiB#BHBivi2MbQ 'V r?B+? ;Bp2b "Bb2 iQ i?2 HBM2 * +QmTHB
+QKTQM2MibX

AM 1[X URXRV-?B;?22°@Q /2 i2 Kb "2r2 F2  +QKT "2/iQ i?2 HBM?2
i2°KX h?mb- +QMbB/2 BM; i?2 bmK Q7 i?2 7B bi i? 2892 Kb iQ #2 ;"7

ﬁ 0 0 ijs URXKV

AM?2 2MiHv 72" "Q2H2+i B+ K;i2rB2HD B KRRFBM?2m  HHv Q++m  BM
T? b2 KmHiIB72 "QB+ K i2 BXbB12*Q@ahbKBW BM KmHiB72 QB+ K i
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6B;m 2 RXk, U V * vbi H biymi3m" QpdF BBB DR JiX+ L \2 ¥ H?2K iB+ 2T ¢
"2b2Mi iBQM Q7 BM?2°2Mi bTB" H BTBM bi' m+im 2b BM "B62P

2M? M+2/#vBKT QpBM;i?2 T2 KBiiBpBiv M/ T2 K2 #BHBiv UL[XRX|
+QKKQMHY mb2/ K2i?Q/iQ 2M? M+2i?2 K :M2iQ2H2+i'B+ +QmTHBM
BbiQ // ;Bp2M K i2'B H rBi? H ;2 T2 KBiiBpBiv Q" T2 K2 #BHB|
M/ 72 QK ;M2iB+b "2 F2v + M/B/ i2biQ /2p2HQT +QKTQbBi2 K i2"|
"QQK i2KT2 im 2 K :M2iQ2H2+i"B+ 2772+i BM bBM;H2@T? b2 KmHi

h?2 Q B;BM Q7 K ;M2iBbK BM K i2 B H Bb/7QQIQi2BITHbB reRVv27iBH
72 Q2H2+i'B+ K i2°B HO #BR2 RKXi9Q 2Qp2 - KQbi 72 QK :M2ib i2]
K2i HHB+ T QT2 iB2b /m2 iQ i?2B" ?B;?@/2MbBiv bi i2b-r?2 2 b- "
m2iQ i?2 +QKT2iBiBQM #2ir22M i?2b2 72 QB+ Q' /2°b- QMHv 72
M im 2X 4BBEBPV Bb QM2 Q7 i?2 KQbi 2ti2MbBp2Hv bim/B2/ "QQK i2K
KmHiB72 "QB+X "6P ? b : BM2/ Km+? ii2MiBQM /m2 iQ Bib "QQK i
M/ MiB72 "QK ;M2iB+ T'QT2 iB2b rBRRYBEN*M/BR2ZHK i2KT2" im =z
Ubh e9jE®K i QQKIi2KT2 im'2-#mHF"6P ? b “?QK#Q?2/° H/Bbi:
bi'm+im 2 rBi? i?2 _j+ + ' vbaHbVEKBiXejlB= = = 8NX@3X AM

"6Pi?2 TQH "Bx iBQM U72 "Q2H2+i"B+BivV "2bmHib 7°QKi?2 MBbQ
P H2M+2 2H2+H @WDHT eib” & 7BIQMXBAM +QMi* bi-i?2 bTBM Q7 i?2 mMT
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BMi?2 62 i BQM22WBI2+i " QMB+ +QM7B;m" iBQMV ;:Bp2b "Bb2 iQ i?2 K ;N

"6P Bb @ivT2 MiB72 "QK ;M2iB+-r?2°'2 BMi- @TH M2 M/ BMi2"°
+QMTHBM,; 2t?B#Bir2 F K ;M2iBbK i QQK i2KT2 im '2X "2HQr L2
bTBMb "2 HB;M2/ 72 "QK ;M2iB+ HHv HQM; i?2 (RRR) TH M2 M/
i?72 /D +2Mi TH M2bX "mi i?2b2 bTBMb "2 MQi 2t +iHv +QHHBM2
bTBM bm#H iiB+2b "2 + Mi2/ b "2bmHi Q7 i?23byK2h2BH?+MM22B M i 2
MiB72 QK ;M2iB+ Q /2 H2 /biQ bTB  HbTBMbi'm+im2)Bi? T2°
reB+? 2bmHib BMr2 F72 "QK ;M2iBbK pB i?72 .xv HQb?B}WbFBB @ J
.JBMi2" +iBQM Bb i?2 MiBbVvKK2i B+ 2t+? M;2 +QMi'B#miBQM iQ i~
BMi2" +iBQM-r?B+? "2bmHibBM r2 FK ;M2iBx iBQMBM M 6 i QQ
bTBM bi m+im 2+ M #2 bmTT 2bb2/-iQ "2H2 b2 i?2 BM?2 2Mi K ;MZ
2ti2°M H K ;M2iB+ 7B2H/ Q  i?2°Qm;? bT iB H +QM7BM2K2MibX Ai ?
bim/B2bi? iHQr@/BK2MbBQM Hbi m+im ' 2b? p2BKT Qp2/K ;M2iB+
J1 +QmMTHEM;6M i?2 KQ 2-i?22 HBM2 " K :M2iQ2H2+i B+ 2772+i +Qn
TTHVBM; H ;2 K ;M2iB+ RBR HAibr @7 Kp@Q (2TQ i2/i? i +?2KB+ H bm#
M/ bi BM 2M;BM22 BM; "2 2772+iBp2 K2i?Q/b iQ BKT Qp2 K ;M2i!
NRX MQi?2 /" r# +F Q7 "6PBbBibH ;2H2 F ;2+m "2Mi- bbQ+B iz
62 BQMbH U262V i?mb- BM+ 2 bBM; i?2 +QM/m+iBpB8BXB Qtv;2M p -

AM i?Bb bim/v- r2 mb2/ bQHB/@bi;@"BGRMIB@V6PH "rABP? 2 b 2MC
?2 M+2/ 72" Q2H2+i'B+ M/ 72 QK ;M2iB+ @ NIX+QXP- 2V iQ/BoP, (

MQi?2 T2 QpbFBi2 K i2'B HrBi? ?B;?2 /B2H2+i B+ +QMbi Mi- i
iB+b BM i?2 /KBtim 2 + M #2 BKT Qp2/- "2bmHiBM; BM ?B;?2  J1 +Q
/IBIBQM Q7 "hP-i?2 2bmHiBM; BM+ 2 b2BMi?2  /BmbQ7i?2 @bBi
K M2iB+ +? > +i2° pB bmTT 2bbBQM Q7 h?2 BbTBEM @ b BHEIBM Q7 i?2
bQHMIBQM-bT2+B7B+ HHVi?2 KQH2 7 +iBQM Q7 "6P-Bb MBKTQ i
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KmKK ;M2iQ2H2+i'B+ Q /2  BM"hP@"6PX h?2 bQHB/bQHMIiBQM rBi
"hP M/ UyXdk8V "6P b?Qrb i?2 K tBKmK J1 +QmTHBM; +Q277B+B2M
HbQ ?B;? TB2XxQ2H 240 B18F QT ROMBRM Ui =124 T*fLWN)X G ;2

J1 +QmTHBM; 2M #H2b QTiB+ H "2+iB7B+ iBQM BM KmHiB72 "QB+k
T QKBbBM; M2r MQMHBM?2 > J1 2772+ib BM M MQbi'm+im 2/ KmHiB"

*Q?2°2Mi S?QMQMb,

h?2 mHi> 7 bi- 72KiQb2+QM/ T?QiQ2t+Bi iBQM Q7 bQHB/b+ Mi'B;;2
iBQMbV BM iBK2 "2bQHp2/ QTiB+ HT QT2 iB2b bm+? bi?2/B772 2
FMQrM b +Q?2°2Mi T?QMQMb U*SbVX h?2b2 T?QMQMb "2 /B772 2
2KBii2/ i> M/QK-r?2Mi?2T?QiQ2t+Bi2/?Qi2H2+i"QMb M/ ?QH2b-
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