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THE SOLUTION OF KANE’S EQUATIONS IN MAGNETIC FIELD IN JANNUSSIS 

FUNCTIONS REPRESENTATION 
 

A.M. BABAYEV, O.Z. ALEKPEROV. 
Institute of Physics, Azerbaijan National Academy of Sciences. 

370143, Baku, H. Javid ave. 33. 
 

The solution of Kane’s equations in uniform magnetic field in the representation of Jannussis functions is found. The results can be used in 
calculations in different models of nanostructures with participating of Kane’s semiconductors in magnetic field. 
 

 INTRODUCTION 
 

The solution of the Kane's equations in uniform magnetic 
field for the first time w6.1(a)s given by Bowers and Yafet [1]. In 
[2] Jannussis obtained the solution of Schrodinger equation for 
the lattice electrons in uniform magnetic fields using the special 
form of functions, which he called ''schrauben'' (screw) 
functions. Later Jannussis obtained the solution of the Dirac 
equation in uniform magnetic field in the form represented 
through the screw functions. The solution of Dirac-Pauli 
equation which takes into account the anomalous magnetic 
momentum of electron in uniform magnetic field was obtained 
in [4] by generalization of the method of Jannussis. In this work 
the solutions of Kane`s equations in uniform magnetic field are 
given by the use of Jannussis screw functions. As it is known 
the Kane`s equations describe the spectra of conduction band 
electrons, light and spin-orbital splitting valence bands holes in 
A3B5 semiconductors such as InSb, InAs, GaAs and others. 

 
THE SOLUTION OF THE KANE’S EQUATION IN 

MAGNETIC FIELD BY THE USE OF JANNUSSIUS 
FUNCTIONS 

 
In eight-bands Kane’s Hamiltonian the interaction of 

conduction band with the valence band is taken into account by 
single Kane’s parameter P. The system of Kane’s equations 
including the non dispersive heavy hole band have the form [5]: 

 
                       0)( =Ψ−⋅+⋅⋅ EGPk βα

rr
                               (1) 
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Here P is the Kane’s parameter, Eg and ∆ are values of 
forbidden gap and spin-orbital interaction, respectively and 
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rrr
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The vector potential is chosen in the symmetric gauge 
 

                  ][
2
1 rHA rrr

×=                                                (8) 

 
and magnetic field intensity zeHH

rr
=  is directed along the 

z-axis. 
As it is known the solution of equation (1) in the 

cylindrical coordinates with the symmetric form of vector 
potential  A

r
 can be expressed in terms of Laguerre’s functions. 

We will show that the solution of equation (1) with the 
symmetric gauge for A

r
 in rectangular coordinate system can 

be obtained through the Jannussis screw functions. We search 
for the solution of Kane's equation (1) in the form 
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where  u1- u8-s being the periodic part of wave functions are 

defined as in [1] through the combinations of spinors (s=1/2) 
and s,p-like band functions  S , X , Y , Z . However in 
contrast to [1] we take Ψk,n in the form of Jannussis functions 
(cf.[1]) 
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Here 
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2
1k λK Hyy ⋅−= ,                                                                 (11) 

where 
hc

eH
H =λ  is the square of reciprocal magnetic length. The functions Ψk,n are normalized and obey the relations 
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Substituting the wave function (9) into equation (1) and taking into account the relations (12-13) we obtain the following 

system of equations for the wave function coefficients  Cin: 
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Relations for energy levels can be obtained in two ways. 

The first one is to demand that the determinant of matrix of 
coefficients of  1,8,1 +− nn CC  in the set of equations (14-21) 
to be zero. The second by substituting the coefficients 

1,81,3 +− − nn CC  from the equations (16-21) into the (14) and 

(15). So we would have the following set of equations for nC ,1  

and 12 +nC  
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If to demand that 0C n,1 ≠  or 01n,2C ≠+  we will have two expressions for the light carriers spectra correspondingly: 
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One pair of solutions of cubic equations (22) and (23) gives 

the dispersion relation for conduction band spin-up and spin-
down states correspondingly, but the other two pairs correspond 
to light and spin-orbital splitting hole bands with total 
momentum projection M along (M=1/2) and opposite (M=-1/2) 
to the magnetic field direction. 

To obtain the light carriers wave functions ΨE,J=1/2,M=+1/2  

and ΨE,J=1/2,M=-1/2   we must put 0C,0C 1n,2n,1 =≠ + and 

0C,0C n,11n,2 =≠+  in (9) correspondingly, expressing all 

other coefficients  n,8n,3 CC − through them. So the wave 
functions for the light carriers have been obtained in the 
following forms 
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In (26) E is the root of equation (24) or (25) for M=1/2 or 

M=-1/2, correspondingly and three roots of each of these 
equations correspond to conduction, light and spin-orbital 

splitting holes bands. The factors N1  and N2 are obtained from 
the normalization conditions of the wave functions and have the 
form 

 

,
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                                       0=+ gEE ,                                    (27) 
 
i.e. the heavy hole mass is infinite in this model. To obtain the 

heavy hole wave functions 2/3jM,2/3J,gEE ==−=Ψ  and 

2/3jM,2/3J,gEE −==−=Ψ   is necessary to put 0C n,1 =  and 

0C 1n,2 =+  in (14) and (15). Then if one takes into account 
(27) the only nonzero coefficients in the set of equations (14-
15) are C3,n-1, C4,n, C5,n+1 and C6,n+2. Taken by turns C4,n =0 and 
C5,n+1=0 we can obtain for the heavy hole wave functions the 
following expressions: 
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where the normalization factors N3 and N4 have the form 
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Conclusion 
 
The solutions for the three band Kane’s model in magnetic 

field in the representation of Jannussis function are obtained. 
These solutions can be useful for calculations of some physical 
quantities of A3B5 semiconductors and their different structures 

such as quantum wells, quantum dots and wires in magnetic 
field. As seen from the properties (12) and (13) these functions 
also facilitate the construction of coherent states for Kane‘s 
model in magnetic field. 

We thank Prof. F.M.Gashimzade for helpful discussions. 
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А.М. Бабайев, О.З. Ялякбяров 
 

КЕЙН ТЯНЛИКЛЯРИНИН МАГНИТ САЩЯСИНДЯ ЙАННУССИС ФУНКСИЙАЛАРЫ ТЯСВИРИНДЯ ЩЯЛЛИ 
 

Биржинс магнит сащясиндя Кейн тянликляринин щялли Йаннуссис функсийалары васитяси иля тапылмышдыр. Алынан нятижяляр Кейн типли 
йарымкечирижи наноструктурларын мцхтялиф параметрляринин магнит сащясиндя щесабланмасында истифадя олуна биляр. 

 

А.М. Бабаев, О.З. Алекперов 
 

РЕШЕНИЕ УРАВНЕНИЙ КЕЙНА В МАГНИТНОМ ПОЛЕ В ПРЕДСТАВЛЕНИИ ФУНКЦИИ ЯННУССИСА 
 

Получено решение уравнений Кейна в однородном магнитном поле через функции Яннуссиса. Полученные результаты могут быть 
использованы при расчетах различных параметров наноструктур на основе Кейновских полупроводников в однородном магнитном 
поле. 

 
Received: 30.09.02 
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ANTICIPATING CHAOS SYNCHRONIZATION IN TIME-DELAYED  SYSTEMS 

 
E. M. SHAHVERDIEV, R.A. NURIEV, G.N. GASIMOVA 

Institute of Physics, Azerbaijan National Academy of Sciences 
370143, Baku, H. Javid ave. 33. 

 
R.H. HASHIMOV, 

Azerbaijan Technical University, 370073 Baku, Azerbaijan 
 

Using the Ikeda model we demonstrate analytically that anticipating synchronization can be obtained in chaotic time-delayed systems 
governed by two characteristic delay times. We derive existence and stability conditions for the dual-time anticipating synchronization 
manifold.  

The theory is in full agreement with numerical simulations. 
  

PACS number(s):05.45.Xt, 05.45.Vx, 42.55.Px, 42.65.Sf 
 
1. Introduction 

 
There are different types of sychronization in interacting 

chaotic systems. Complete, generalized, phase, lag and 
anticipating synchronizations of chaotic oscillators have been 
described theoretically and observed experimentally. 
Complete synchronization implies coincidence of states of 
interacting systems, y(t)=x(t) [1,2]. A generalized 
synchronization, introduced for drive-response systems, is 
defined as the presence of some functional relation between 
the states of response and drive, i.e. y(t)=F(x(t)), [3]. Phase 
synchronization means entrainment of phases of chaotic 
oscillators, nФx-mФy=const(n and m are integers) whereas 
their amplitudes remain chaotic and uncorrelated [4]. Lag 
synchronization appears as a coincidence of shifted-in-time 
states of two systems, y(t)= xτ(t)≡xτ(t-τ) with positive τ and 
for the first time has been studied in between symmetrically 
coupled non-identical oscillators [5]. Lag synchronization in 
time-delayed systems is investigated in [6-9]. Anticipating 
synchronization [10] also appears as a coincidence of shifted-
in-time states of two coupled systems, but in this case the 
driven system anticipates the driver, y(t)=x(t+τ) or x=yτ, 
τ>0. An experimental observation of anticipating 
synchronization has been reported recently [11]. Possible 
explanation of this phenomenon is considered in [12]. The 
concept of inverse anticipating synchronization is introduced 
in [13]. 

Chaos synchronization is of fundamental importance in a 
variety of complex physical, chemical and biological systems 
[14-16]. Application of chaos synchronization has been 
advanced in secure communications, optimization of non-
linear systems' performance, modeling brain activity and 
pattern recognition [14-16]. Time-delayed systems are 
ubiquitous in nature, technology and society because of finite 
signal transmission times, switching speeds and memory 
effects [17,18]. Therefore the study of chaos synchronization 
in these systems is of considerable practical significance. 
Because of their ability to generate high-dimensional chaos, 
time-delayed systems are good candidates for secure 
communications based on chaos synchronization. 

In [10] anticipating  chaos synchronization was studied in 
the case of a single delay time. In [19] it was demonstrated 
that by augmenting the phase space of the driven system (by 
considering a chain of driven systems), one can accomplish 
anticipation times that are multiples of the coupling delay 

time.  Anticipating chaos synchronization for systems with 
two delay times: a delay in the coupled systems themselves 
and a coupling delay was investigated (it numerically) in 
[20]. 

In this paper, using the Ikeda model, we analytically 
generalize the concept of anticipating synchronization to the 
cases, when there are two delay times in the coupled systems: 
where the delay time in the coupling is different from the 
delay time in the coupled systems themselves. We derive 
existence and stability conditions for the corresponding 
anticipating synchronization manifold. We support our 
theoretical results by numerical simulations. 

 
2. Anticipating chaos synchronization in time-delayed   
    systems with two characteristic delay times 
 
For clarity of presentation we reproduce here the definition 

of anticipating chaos synchronization in [10]: 
The driver system  

                         )x(fy
dt
dx

τα &&&+−=                              (1) 

 
synchronizes with a driven system of the form 
 

                        )x(fx
dt
dy

+−= α                               (2) 

 
on the anticipating synchronization manifold  
 

                            τyx =                                                  (3) 
 
From Eqs. (1-2) it follows that  
 

)yx()x(f)x(f)yx(
dt

dy
dt
dx

ττττ

τ

αα −−=−+−−

=−
. 

 
We define the error signal by symbol ∆: ∆≡x-yτ.  Then 

∆α
∆

−≡
dt

d
. In many representative cases chaos 

synchronization can be understood from the existence of a 
global Lyapunov function of the error signals [21,22]. Thus 
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by introducing the Lyapunov function 2

2

1
L ∆=  we obtain 

that for α>0 the anticipating synchronization manifold x=yτ 
is globally attracting and asymptotically stable. 

Now we shall consider the case of anticipating chaos 
synchronization in time-delayed with two characteristic delay 
times; we confine ourselves to the demonstration of 
principles using specific example: the Ikeda model [10,20]. 

Consider the following unidirectionally coupled Ikeda 
model. 

          
1

xsinmx
dt
dx

1 τα &&&+−=  

           

        
22

xsinmysinmy
dt
dy

32 ττα &&&&&& ++−=                   (4) 

 
where α is a positive constant; m1,m2 and m3 are constants; τ1 
is the feedback delay in the coupled systems; τ2 is the 
coupling delay. 

Now we shall analytically demonstrate that 
21

yx ττ −=  

with τ1 > τ2 can be the anticipating synchronization manifold; 
find the existence and stability conditions for anticipating 
synchronization, and then compare the analytical results with 
numerical simulations. 

From Eqs. (4) it follows that under the condition 
 
                                                   321 mmm +=                               (5) 
   

the dynamics of the error 
21

yx
ττ

∆
−

−=  obeys the following 

equation: 

                         
1

sr
dt
d

τ∆∆∆
+−=                                  (6) 

 
with r = α and 

131 xcos)mm(s τ−= . It is obvious that ∆=0 

is the solution of Eq.(6). The stability condition for the trivial 
solution ∆=0 of Eq.(6) can be found by investigating the 
positively defined Krasovskii-Lyapunov fuctional  
 

∫− ++=
0

11
22 dt)tt(

2
1)t(V

τ
∆µ∆  

 
(where µ > 0 is an arbitrary positive parameter). According to 
[10,18,23] the sufficient stability condition for the trivial 
solution of Eq.(6) is: r>⏐s⏐. Then the sufficient stability 
condition for the anticipating synchronization manifold 

21
yx ττ −=  reads: 

                                    2m>α                                          (7) 
  
The condition 211 mmm +=  is the existence (necessary) 

condition for anticipating synchronization for the 
unidirectionally coupled modified Ikeda model. 

We also have numerically studied Eqs.(4). The driver 
system x in Eqs.(4) behaves chaotically for, e.g. τ1=3, α=5, 
m1=20. The other parameters' values used in numerical 
simulations are τ2=1, m2 =3,m3=17. We perform simulations 
of (4) by employing an Runge-Kutta-Fehlberg algorithm with 
automatic step size control. Figure 1 shows:(a) time series of 
the driver x(t) (solid line) and driven system y(t) (dotted line). 
After transients, the driven system's trajectory is shifted 

221 =− ττ  time units to the left, thus anticipating the 
driver. Thus numerical simulations fully support the 
analytical approach. 

 
Fig. 1. Numerical simulation of two coupled modified Ikeda equations (4):(a) time series of the driver x(t) (solid line) and driven system  
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           y(t) (dotted line). After transients, the driven system's trajectory is  shifted 2 time unit to the left, thus anticipating the driver. 
In conclusion, in this paper using the Ikeda model we have 

for the first time demonstrated analytically that anticipating 
synchronization can be obtained in chaotic time-delayed 
systems governed by two characteristic delay times. We have 
shown that the anticipation time is the difference between the 
delay time in the coupled systems and the coupling delay 
time and derived both existence and stability conditions for 
the anticipating synchronization manifold. 

Synchronization of coupled chaotic systems restricts the 
evolution of synchronized systems to the synchronization 
manifold and therefore eliminates some degrees of freedom 
of the joint system, thus leading to significant reduction of 
complexity. In this context from a fundamental point of view, 
new types of chaos synchronization, including anticipating 

synchronization can be considered as a novel ways of 
reducing unpredictability of chaotic dynamics. 

Possible practical applications of anticipating chaos 
synchronization may exploit the fact that driven system 
{anticipates} the driver. For example this phenomenon can 
be used for rapid prediction-because no computation is 
involved- by simply coupling the identical response system to 
the master system; in secure communications anticipation of 
the future states of the transmitter (master laser) at the 
receiver (slave laser) allows more time to decode the 
message; another opportunity is in the control of delay-
induced instabilities in a wide range of non-linear systems. 
Also anticipating synchronization may be of interest for the 
understanding of natural information processing systems.
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АНТИСИПАТСИОН СИНХРОНЛАШМА РЕЪИМИНИН ЭЕЖИКЯН ВЯ ДУАЛ-ЗАМАН СИСТЕМЛЯРИНДЯ 

АРАШДЫРЫЛМАСЫ 

Икеда модели арашдырылыб,  беля эежикян вя  дуал-заман системляриндя антисипатсион синхронлашма реъими тапылыб. Юйрянилян 
щалда сигналын апаран системдян (ютцрцжц) апарылан системя (гябуледижи) йайылма вахты ютцрцжцдя якс-ялагя характерик 
заманындан фярглидир. Антисипатсион синхронлашма реъиминдя гябуледижинин индики щалы ютцрцжцнцн эяляжяк щалына синхронлашыб. 
Варлыг вя стабиллик шяртляри тапылыб. Аналитик вя ядяди цсулла арашдырма нятижяляри цст-цстя дцшцр.  
  

Э.М. Шахвердиев, Р.Г. Гашимов, Р.А. Нуриев, Г.Н. Касимова 
 

АНТИСИПАЦИОННАЯ СИНХРОНИЗАЦИЯ ХАОТИЧЕСКИХ КОЛЕБАНИЙ В СИСТЕМАХ С 
ЗАПАЗДЫВАНИЕМ С ДВУМЯ ХАРАКТЕРНЫМИ ВРЕМЕНАМИ                                                          

 
На основе исследования модели Икеды найден режим антисипационной синхронизации хаотических колебаний в системах с 

запаздыванием с двумя характерными временами, когда время распространения сигнала от ведущий системы (передатчик) к 
ведомой системе (приемник) отличается от характерного времени обратной связи в передатчике. (В режиме антисипационной 
синхронизации настоящее состояние приемника синхронизируется к будущему состоянию передатчика). Получены условия 
существования и стабильности антисипационного режима синхронизации.Аналитические выводы подтверждаются численным 
моделированием. 

 
Received: 24.09.02 
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THE REFLECTION OF THE PARALLEL-POLARIZED ELECTROMAGNETIC WAVE AT 
ITS INCIDENCE ON THE TWO-LAYER DIELECTIC-METAL SYSTEM UNDER THE ANGLE 

 
E.R. KASIMOV 

Institute of Physics, Azerbaijan National Academy of Sciences 
370143, Baku, H. Javid ave. 33. 

 
 

Conditions of the full reflectionless absorption origin of the parallel-polarized electromagnetic wave at its incidence under the angle on 
the absorbing dielectric layer, applied on the metal substrate, were found. Their dependencies on the wave cover thickness, the incidence 
angle and dielectric properties of the cover material have been investigated. 

 
The problem of the cross-polarized radiation reflection, 

falling under the angle on the plane two layer dielectric-metal 
system was solved in paper [1] and conditions of full 
radiation absorption origin in such system at strictly fixed 
selective values of the radiation frequency, the layer 
thickness and dielectric properties of the cover material were 
found. Taking into consideration the interest to the 
reflectionless wave absorption origin in layered media, we 
will observe the problem of the parallel-polarized radiation 
absorption from the plane two-layer dielectric-metal system 
as the next step in this direction. 

For the given type of the incident wave polarization the 
complex expression of the coefficient ρ of the wave 
reflection from the examined plane two-layer system is equal 
to: 

              
αα
αα

ρ
cosZcosZ
сosZcosZ

вх00

вх00

+
−

=&   ;                     (1) 

 
where lZthZ вх γ=  is the input resistance of the two-layer 
system, Z0, Z are wave resistances of the vacuum and the 

cover substance, respectively, εαα 0
2sin1cos −=  ; α0 is 

the wave incidence angle on the two-layer system, α is the 
angle of the wave refraction in the cover layer and is at the 
same time the angle of the wave incidence on the dielectric-
metal interface, l is the thickness of the cover layer [2-4]. 

The wave spreading constant γ in the cover substance 
included in the expression for the input resistance Zin is equal 
to: 

                    
0

0 cos
cos

α
αγγ =   ;                                      (2) 

                                                                        

where : λπγ 2i0 = , λ is the constant of the wave spreading 
and the wave length in the vacuum, respectively. 

The reflectionless wave absorption in the examined two-
layer system may occur in the point of one of minima of the 
dependence of the modulus of the wave reflection coefficient 
ρ on the thickness of the cover layer l and if the condition 
ρ=0 is fulfilled in this point. Let us add notations 

0
2sinp α=   and p1/b −= λλ , ., where λb is the wave 

length in the free space in the direction of the wave spreading 
relatively to  the normal of the layer surface. As 

ε0ZZ =  then  taking into account  expression (1)-(2) we 
get: 

                      •
• ==

ε
ε

α
α

ε
λ
π

cosZ
cosZl2th 00

b

   ;            (3) 

 

where  εεε ′′−′=• i   ; 
p1
p'

1 −
−

=
εε   ;   

 

p1

"

2 −
=

εε  . 

        

The dielectric constant  ε′ and dielectric losses ε″ of the 
cover substance are connected with the refraction coefficient 
n and the factor of dielectric losses γ of this resistance by the 
known equations: 
 
                     ( )22' 1 yn −=ε ;      yn2" 2=ε   ;             (4) 
 
where n = λ/λg  ; y = tgδ/2;  δ = arctg ε″/ε′ ;  λg is the wave 
length in the cover material. 

For the convenience of the further examination we take 
by the analogy, that:                       

                      )y€1(n€ 22
1 −=ε   ; y€n€2 2

2 =ε   ;            (5) 
 

where  •= gb /n€ λλ   ; 2/€tgy€ δ=  ; 12arctg€ εεδ =  ; ⎯ •
gλ  

is the wave length in the cover substance at the wave 
spreading under the given angle to the limiting plane 
surfaces. 

Using these notations in equations (3), we will obtain 
after the transformations: 

                                

              ( ) ( )iYNxiyxth −=π+π 12€2     ;                (6) 
 

where   •= glx λ ;  
( ) ( )[ ]

( )2

22

y€1n€
y€y2y1p1nN

+
+−−

=  ;   

( )
( ) y€y2y1

y1y€y2Y 2

2

+−
−−

=  

 

Let us divide the equation (6) on the imaginary and real 
parts. After respective transformations we will get two 
equations, which describe conditions of the reflectionless 
wave absorption in the examined system: 

                                                     
                              0x4siny€x4Ysh =+ ππ  ;                   (7) 
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                             ( ) x2Ytgy€x2thY1N 2 ππ −=+  .       (8) 

 

From their joint solution we obtain: 
 

                          ( ) 1Y1N
N2y€x4th 22 ++

=π ;             (9) 

 

                          ( ) 1Y1N
NY2x4tg 22 −+

=π .             (10) 

 

Since the conditions of the reflectionless wave absorption 
in the system are fulfilled in minimum points of the 
dependence ρ on l and at cover thickness close to values 
multiple to ∆, we get: 

 

                                   ∆+
−

=
4

1N2
x 0 ;                        (11) 

 

where N0 is the number of the zero of the minimum 
dependence ρ on l, ∆  is in general case small, but not the 
zero value, determined from the solution of equations (10) 
and (11) 

                    ( ) 1Y1N
NY2arctg

4
1

22 −+
=

π
∆  .              (12) 

                      

Substituting the expression (11) in equations (9) and (10) 
and excluding from them the value ∆ as the intermediate 
parameter, we obtain: 

                                         

                                        ( ) ( )
( ) ( )
( ) ( )22

22

220 NYN1
NYN1ln

y€2
1

1Y1N
NY2arctg1N2

+−
++

=
−+

+−π                                     (13) 

 
The equation (13) determines the connection between 

values N and Y, and consequently, between n, y, ε′ and ε″ of 
the cover substance of the two-layer system, at which the full 
absorption of the incident radiation occurs in the system. 

Then as it follows from equations (11) and (12), the 
required thickness of the cover layer is determined from the 
expression: 

                             

                                                       
( )

( ) ⎥
⎦

⎤
⎢
⎣

⎡
−+

+
−

−
=

1Y1N
NY2arctg

4
1N2

p1n€
1l

22
00

λ
                                                (14) 

 

 
Fig.1. The dependence between the dielectric constant ε′ and             
           dielectric losses ε″ at the reflectionless absorption of the  

                 cross-polarized wave, incident under the angle α0  on the  
           two-layer dielectric metal system at N0=1,2,3. N0 is the  
           number of the zero minimum of the dependence of the  
           modulus of the wave reflection coefficient on the  
           thickness of the cover layer. 

Obtained equations were used for the determination of the 
dependence between selective values ε′,ε″, l0 of the cover 
substance, the length of the radiation wave λ and the angle of 
the wave incidence α0, at which conditions of the full 
absorption of the electromagnetic radiation in the examined 
two-layer system is fulfilled. These dependence are given at 
N0=1,2 and 3 on fig.1. At low angles of the wave incidence 
α0 and in the region of high values ε′ all curves of the family 
are placed upper of their limiting dependence for α0=0, which 
corresponds to the case of reflectionless wave absorption at 
its normal incidence. At higher values α0 curves have S-
shaped form and with growth α0 the curves bend point shifts 
to the part of larger values ε′ with the visual growth of the 
value ε″.  Then in the region of low values ε′ the part of 
family curves places below the limiting dependence for α0=0. 
The similar type of family curves ε″(ε′) exits and with N0 
growth, but with closer its position to the X axis (see fig,1b,c) 

Selective values of the cover layer thickness l0 reduce 
with α0, ε′ growth and increase with N0 rise, but numerically, 
they are always higher than the value multiple to λ  These 
deflections value from the multiplicity ∆ considerably 
increases with α0  and N growth (see fig.2). 

Selective values of the wave incidence angle and 
respective cover layer thickness, at which the wave reflection 
is absent, may be determined by equations (13)-(14) or 
graphically by means of fig.1,2; if values ε′0 and ε″0 of the 
cover substance are known for the given frequency of the 
incident radiation. As it follows from fig.1, at incidence 
angles, lesser than 60° and at any N0 dependencies  ε″(ε′), 
except the region ε′=1,5; are placed upper of the limiting 
curve, corresponding to the case of the normal wave 
incidence (α0=0). If the working point with such values ε′0 , 
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ε″0  is placed in the coordinate plane [ε′, ε″] between 2 
limiting curves with values N0=1 and N0=K, then it should be 
expected in such cover substance no smaller, than k-1 of 
strictly fixed angles of the wave incidence and respective 
cover layer thicknesses, at which the cover fully absorbs the 
wave. The greater selected thickness of the cover layer 
corresponds to the greater angle of the reflectionless wave 
incidence. At α0>60° the appearance of additional reflectionless 
angles of the wave incidence are possible, even in limits of 
one and the same values N0. 

 
 
Fig.2. The deflection value ∆ of the cover layer thickness on  
           multiple values of wave length quarter in the cover  
           substance versus its dielectric constant and the incidence  
           angle α0   at N0=1,2.  
 
For illustration fig.3 presents dependencies of the  

modulus of the microwave radiation reflection coefficient 
with the wave length 3.2 cm on the incidence angle on the 
dielectric-metal system, in which the ethyl spirit and acetone, 
having according to references at the indicated wave length 
values ε′=3.85, ε″=10.5 and ε′=20.5, ε″=3.55, are chosen as 
cover substances. As it follows from the figure, the full 
microwave radiation absorption is possible in the ethyl spirit 
layer at wave incidence angles 38.5°(N=2) and 59.2°(N=k) 
and corresponding to these angles relative thickness of the 
cover substance layer, equal to l/λ =0.41 and 0.74. For the 
cover on the base of acetone, the reflectionless incident 
radiation absorption occurs at wave incidence angles 
57.6°(N=2), 69.6° (N=3), 73.2° (N=4) and corresponding (to 
these angles) relative thickness of the cover substance layer, 
equal to l/λ=0.17,0.28 and 0.49. 

 

 
 

Fig.3. The dependence of the modulus of the cross-polarized   
           wave reflection coefficient ρ on its incidence angle α0 on  
           the two-layer electric-metal system. 

 
Conducted theoretical investigations confirm the 

possibility of the experimental phenomena observation of 
the reflectionless absorption of the electromagnetic radiation 
of the given frequency in the two-layer dielectric-metal 
system at strictly fixed of layer thicknesses for the applied 
cover materials and for incidence angles of a wave with the 
fixed polarization. 
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ДИЕЛЕКТРИК-МЕТАЛ ИКИЛАЙЛЫ СИСТЕМЯ БУЖАГ АЛТЫНДА ДЦШЯН ПАРАЛЕЛ-ПОЛЙАРИЗАСИЙАЛЫ 

ЕЛЕКТРОМАГНИТ ДАЛЬАСЫНЫН ЯКС ОЛУНМАСЫ 
 

Метал тябягяйя чякилмиш удан диелектрик лайына бужаг алтында дцшян паралел полйаризасийалы електромагнит дальасынын там якс 
олунмайан удмасынын ямяляэялмя шяртляри тапылмышдыр. Щямин шяртлярин юртцйцн галыьындан, дальанын дцшмя бужаьындан вя 
юртцйцн диелектрик хассяляриндян асылылыьы тядгиг едилмишдир. 
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Э.Р. Касимов 
 

 ОТРАЖЕНИЕ ПАРАЛЛЕЛЬНО-ПОЛЯРИЗОВАННОЙ ЭЛЕКТРОМАГНИТНОЙ  
ВОЛНЫ ПРИ ЕЕ ПАДЕНИИ ПОД УГЛОМ НА ДВУХСЛОЙНУЮ  

СИСТЕМУ ДИЭЛЕКТРИК-МЕТАЛЛ 
 

    Найдены условия возникновения полного безотражательного поглощения параллельно-поляризованного электро-
магнитного излучения при его падении под углом на слой поглощающего диэлектрика, нанесенного на металличес-
кую подложку. Исследуется их зависимость от толщины покрытия, угла падения и диэлектрических свойств материа-
ла покрытия. 
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THE INFLUENCE OF THE TEMPERATURE MODE ON THE RELAXATION PROCESS 

VELOCITY IN POLYMERS 
 

N.F. AHMEDOV, S.K. ABUTALIBOVA, T.I. ISMAILOVA, F.A. AHMEDOV 
Baku State University 

Acad. Z. Khalilov str., 23, Baku 
 

The relaxation process in polymers has been investigated at quasi-linear temperature variation. Taking into consideration the fact, that 
the relaxation time obeys the Alexandrov-Lazurkin-Gurevich formula, the rheology equation of visco-elastic body has been solved. The 
analysis of the obtained solution has show that if the polymer has high elasticity then the temperature, at which the process rate is equal to 
zero, should not be more, than half of the two characteristic temperatures sum. It has been revealed, that the process rate at some temperature 
range passes through minimum. This fact is explained by the change of the macromolecules conformational state. 

 
The main peculiarity of mechanical properties of 

polymers is a relaxation processes proceeding in them. The 
processes nature sharply depends on the temperature regime. 
The thermo- mechanical method is convenient for 
determination of specific characteristics of mechanic 
polymers properties [1]. The essence of this method consists 
of the determination of the temperature dependence of the 
deformation on the temperature at the constant interaction on 
the polymer of the external voltage. In the present paper the 
high-elastic state of the amorphous linear polymer is 
reproduced by a model of the visco-elastic Kelvin body, and 
the delay time is described by the Alexandrov-Lazurkin-
Gurevich formula [2]. 
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In thermomechanical investigation the temperature 

varies in time. Then in the previous formula τ and T will be 
τ(t) and T(t), respectively. Let the temperature varies 
according to the following dependence on time, 
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where Тс, ТТ are glassing and yielding temperatures, 
respectively and α is the scale factor. At thermomechanical 
tests the linear heating regime is usually applied. The choice 
of the indicated regime  of  the  temperature  variation  on  
time  allows  to avoid  mathematical difficulties. At not large 
times the selected dependence slightly differs from the linear 
one. 

The rheology equation of the visco-elastic body, applied 
to the Kelvin model, may be put down in the following 
simple form [2]. 
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Dividing on variables and integrating, we obtain 
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With regard (1) and (2) in (3) we receive the deformation 

dependence on the time in the following form: 
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where 
R

u
A

γσ−
= . 

Simplifying the integration result we have confined by 
first two sum terms in the range of the integral exponentional 
function and neglected logarithmic terms because of its small 
value in comparison with other terms. 

 As it is seen from the obtained expression at Т=Тс the 
exponent is equal to zero, and respectively, the deformation is 
equal to zero, but at Т=Тс+ТТ the deformation approaches to 

E

σ
. The same result is obtained for the deformation of the 

examined model by the time at the constant voltage. 
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According to the problem condition Тс corresponds to the 
polymer transition from glassy to high elastic state. At T≤ Тс 
the deformation of the examined model is equal to zero. It 
means, that neither segments nor macromolecules can change 
their mutual position (order) under the influence of the 
applied voltage. As a rule, at thermomechanical tests the 
applied voltage is smaller than that of the forced deformation. 
The deformation equality to zero at T=T0 shows, that in the 
present problem the above-mentioned condition is fulfilled, 
the heat motion and activation under the influence of the 
external voltage are not yet enough for the potential barrier 
passage, the interaction energy between kinetic units, 
including segments, exceeds that of the heat motion and the 
work, conducted by the external force, all together. 

The separate segments transition occurs at the 
temperature growth and twisted macromolecules acquire the 
opportunity to rectify under the influence of heat and external 
force. 

The typical peculiarity of polymers in the glassy state 
with hard chains is the structure porosity and the possibility 
of the free links motion. It is explained by the low fragility of 
polymers in comparison with low-molecular glasses, where 
small molecules may transfer as a one whole, and where any 
visible growth of the intermolecular distance, being higher 
than the equlibrium distance, means the start of the material 
division on component parts. 

Though the transition velocity of separate links of the 
glassy polymer may be negligibly low, it increases at the 
effect of the external voltage, making easier the internal 
potential barriers passage. Therefore the quick variations of 
the macromolecule conformation at rather great loads are 
possible. The voltage growth leads to the A coefficient 
reduction, as it is seen from the formula (4). The forced 
elasticity occurs at γσ . From that moment according to 
formulas (5) and (7) the deformation velocity and relaxation 
time in the narrow temperature range quickly grows and then 
the process velocity is set by the polymer transition in high-
elastic state. 

The obtained dependence of the deformation on the 
temperature shows, that the deformation develops non-
monotonous. Its variation velocity has the following form. 
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where f(T) is the exponent of the exponential function of the 
expression (4). 

As it is seen from the latter equation the deformation 
development velocity depends on the relationship between 
the coefficient A and the temperature. It may be both positive 
and negative, and at 
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it is equal to zero, and this condition is fulfilled for any A>0, 
i.e. γσ>U . 

The calculations show, that when the coefficient A varies 
from 4х10-4 (Тс+ТТ) up to 2х103 (Тс+ТТ) the temperature, at 

which the relaxation rate is equal to zero, varies from 0,02 
(Тс+ТТ) up to 0,5 (Тс+ТТ), and the straight line, determined 
by the expression Т=0,5(Тс+ТТ), is asymptote of the given 
dependence . 

The A coefficient value characterizes the hardness of the 
deformed polymer system. The obtained results mean, that 
whatever hard is the macromolecule, if it reveals the high-
elasticity, then the temperature, at which the 
thermomechanical curve is going out on the straight line, 
should not exceed the half of the sum of two characteristic 
temperatures. 

At high values of the coefficient A in the temperature 
interval from Тс up to Тn the deformation velocity is negative, 
i.e. the compression of the polymer block occurs. It is 
described by the fact, that the frozen structures are defrosted, 
kinetic units acquire some mobility and under the force 
effect, caused by the system hardness, are much tighter 
packed. At further temperature increase the modulus of the 
negative velocity reduces up to zero (T= Тn), and then the 
deformation grows. The wider is the temperature range of 
negative values of the deformation velocity, the higher is the 
hardness of the polymer system. The upper limit of this 
region approaches to the half of the sum of two typical 
temperatures. It should be noted, that the “collapse” velocity 
of the polymer block is very small, it is much smaller, than 
the velocity of the temperature variation is [3,4]. 

The smaller the molecule flexibility is, the larger is the 
segment sizes, the higher is Тс, the higher is the transition 
temperature of the polymer chain from one conformational 
state into another. Since the segment value is directly 
connected with the Тс value, then the latter also depends on 
the test mode. At the reduction of the temperature action 
duration, i.e. the flexibility variation might not be revealed at 
its velocity growth, so as the macromolecule deformation, 
demanding the passage of the intermolecular and 
innermolecular interaction forces, occurs within the final time 
interval. 

By comparing the obtained formula with the formula of 
the deformation relaxation at the constant temperature we 
obtain for the time delay the following expression: 
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As it is to be expected, the time delay depends on the A 

coefficient, expressing the activation energy of the process 
and temperature. It is monotonously growing function of the 
activation energy. But versus the temperature the time delay 
has high values at temperatures, close to Tc, but it sharply 
increases at the negligible growth. This reduction is not 
monotonous. Not only the variation of the time delay value 
occurs, but also that of the velocity. At the achievement of 
the temperature, determined by the formula, the velocity of 
the time delay fall passes through minimum. 
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 Taking into consideration the fact, that the activation 
energy is higher, than that of the heat motion and 
(2Тс+ТТ)<2ТТ , we get the equality of temperatures Tn and Tm 
by determined formulas (6) and (8), respectively. It follows, 
that temperatures Tn and Tm for the examined model are 
structurization temperatures or neck-formation. The 
structurization temperature (neck-formation) depends on the 
loading mode (deformation) and the velocity of the 
temperature variation. This dependence is not seen from the 
formula (8). If we take into consideration, that Тс and ТТ are 
functions of the load and temperature variation mode, then 
the dependence of the structurization temperatures on these 
modes becomes obvious [5]. 

The process velocity is determined by the coefficient α 
in the formula (2). At the fulfillment of the given formula 
linearity, i.e. at α<<1, the velocity of the temperature 
variation may be accepted.  

                                                           

TT
dt
dT α=  

The velocity of the temperature variation increases with 
the α growth, and respectively, Tm grows, the system 
hardness becomes higher. 

Such circumstance corresponds to the temperature time 
superposition in polymers. The temperature growth, 
intensifying the heat motion, accelerates the rectification and 
segment transition under the voltage effect, the temperature 
reduction, delay these processes, decelerates deformation. 
But with the growth of temperature variation velocity, the 
deformation is not in time. At the change of the latter, the 
process is delayed, and the velocity is reduced. As it was 
noted, at the linear amorphous polymers, the sample 
extension is made of 2 components, one of which is caused 
by the chain smoothing, and the second one is caused by the 
transition of segments one with respect to another. In some 
time of the mechanical and temperature fields application the 
equilibrium between these fields effect is established and 
almost stationary mode begins. 
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Н.Ф.Ящмядов, С.К. Абуталыбова, Т.И. Исмайылова, Ф.А. Ящмядов 

 
ПОЛИМЕРЛЯРДЯ РЕЛАКСАСИЙА ПРОСЕСИНИН СЦРЯТИНЯ ТЕМПЕРАТУРУН  

ДЯЙИШМЯ ТЯРЗИНИН ТЯСИРИ 
 

Ишдя температурун квазихятти дяйишмяси щалында полимерлярдя релаксасийа просеси юйрянилмишдир. Тядгигатда релаксасийа 
мцддятинин Александров – Лазуркин – Гуревич дцстуруна табе олдуьу гябул едиляряк юзлц еластик ъисмин реоложи тянлийи щялл 
олунмушдур. Щяллин тящлили эюстярир ки, полимер йцксяк еластиклийя маликдирся, просесин сцрятинин сыфра бярабяр гиймятиня уйьун эялян 
температур ики характеристик температурун ъяминин йарысындан бюйцк олмамалыдыр. Мялум олмушдур ки, релаксасийа просесинин сцряти 
мцяййян температур интервалында  минимумдан кечир. Бу факт полимерин конформасийа щалынын дяйишмяси иля изащ едилмишдир. 

 
Н.Ф. Ахмедов, С.К. Абуталыбова, Т.И. Исмаилова, Ф.А. Ахмедов 

ВЛИЯНИЕ ТЕМПЕРАТУРНОГО РЕЖИМА НА СКОРОСТЬ РЕЛАКСАЦИОННОГО ПРОЦЕССА  
В ПОЛИМЕРАХ 

 
Был изучен релаксационный процесс в полимерах при квазилинейном измерении температуры. Принимая, что время 

релаксации подчиняется формуле Александра-Лазуркина-Гуревича, было решено реологическое уравнение вязкоупругого тела. 
Анализ полученного решения показал, что если полимер обладает высокой эластичностью, то температура, при которой скорость 
процесса становится равной нулю, не должна превышать половины суммы двух характеристических температур. Было выявлено, 
что скорость процесса при некотором температурном интервале переходит через минимум. Этот факт объясняется изменением 
конформационного состояния макромолекул. 
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The digital device for reference pulses formation with the high accuracy (<0.3 %) which allows to adjust the phase of a reference signal 
of recording systems with low-frequency modulation was developed and constructed. 

 
In microwave spectra of polyatomic molecules 

displacements or enlargements of spectral lines related with 
the frequency of square-wave stark modulation are often 
observed [1]. 

In particular, this effect may be observed in spectra of 
asymmetric top type molecules with double RF-MW 
resonances, when magnitudes of its radiofrequencies are near 
or coincide with frequency of molecular modulation [2]. 

To exclude such interactions it was decided to construct 
microwave spectrometer with low frequency stark 
modulation. For this purpose the square-wave stark 
modulator (SWSM), a generator of unipolar rectangular 
impulses was constructed earlier [3].  

In this paper the description of low-frequency digital 
shaper of reference pulses (SRP) is presented (fig.1). It 
functionally replaces the available analog phase shifters, 
which use at low frequencies is limited by them phase shift 
dependence from frequency of modulating pulses, 
temperature, magnitude of supply voltage, instability of a 
zero line and other factors, in a recording part of standard 
microwave spectrometer and enables to adjust phase of a 
reference signal of the phase-sensitive detector with the high 
accuracy (not worse than 0.3 %). 

The digital circuit of SRP (fig.2) consistently divides 
frequency of the driving generator and provides a capability 
of adjustment of an angle of phase shift between pulses of 
SWSM and reference signal of phase-sensitive detector in a 
range 0-360° with the step 1°. 

The schematic circuit of SRP is presented on fig.3. The 
basis of the circuit is decimal counters - dividers D1, D2 and 
D3, as which the microchips CD4017 are used. The pulse 
former 2, on a signal of coincidence of pulse sequences of 
counters D1, D2, D3, forms reference pulses of the 
modulating generator on its output. Either fronts or falls of 
these pulses (depending on position of the «+ 180» switch) 
synchronize the pulse former 1, the similar coincidence 
circuit of which receives those pulse sequences of counters 
D1-D3, which given by  «1», «10», «100» switches positions 
and been in congruence with the given angle of shift of a 
phase. In result on the pulse former 1 output there are 
reference pulses of the phase-sensitive detector moved on a 
phase on an angle, unequivocally determined by a position of  
«1», «10», «100» and «+ 180» switches. The coincidence 
circuits of both pulse formers compose by elements of a logic 

microchip 3NO-AND D4 (CD4023). Directly forming units 
are the D-triggers of microchip D5 (CD4013). 

The angle of a phase shift is a digital function of a 
position of the appropriate switches and is independent of the 
entrance frequency of the specifying generator and other 
factors capable to influence on the analog phase shifter and, 
finally, reduce the occurrence of tool mistakes in 
measurements. 

Presented SRP steadily works in a range of output 
frequencies from 0 up to 10kHz. Thus frequency of following 
of pulses of the driving generator F=360f, where f is a 
frequency of reference (output) pulses. At a level of a supply 
voltage of the circuit + 9V the reference pulses in all range of 
operating frequencies have the following parameters: on-off 
time ratio 2, front duration 250ns, fall duration 200ns. 

Thus the increase of a frequency range is possible not 
only by usage of more high-speed microchips, but also, if 
there is no necessity for the so high accuracy of adjustment of 
a phase, by an increase of a step of quantization of a phase. 

SRP can find a use as phase rotating intermediate in any 
systems of synchronous detecting. In case of use SRP in 
structure of microwave spectrometer with molecular 
modulation it can be built in structure of the modulating 
generator or (and) of the synchronous detector as an 
electronic card, or, being supplemented by a power unit to be 
made out as the separate device.  

 
 

 
 
 
Fig.1 SRP connection block-diagram 
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Fig.2 Block-diagram of shaper of reference pulses 

 
 

 
 
 

Fig.3 Schematic diagram of shaper of reference pulses 
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АШАЬЫ ТЕЗЛИКЛИ ЮЗЦЛ ИМПУЛСЛАРЫН РЯГЯМЛИ ФОРМАЛАШДЫРЫЖЫСЫ 

 
Ашаьы тезликли гейдетмя системляринин юзцл тезлик сигналынын фазасыны йцксяк дягиглик иля (<0.3%) гоймаьа имкан верян юзцл 

тезлик импулслары формалашдырылан рягямли гурьу ишляниб щазырланмыш вя дцзялдилмишдир. 
 

Ч.О. Каджар, С.А. Мусаев, М.Р. Мензелеев 
 

НИЗКОЧАСТОТНЫЙ ЦИФРОВОЙ ФОРМИРОВАТЕЛЬ ОПОРНЫХ ИМПУЛЬСОВ 
 
Разработано и изготовлено цифровое устройство для формирования опорных импульсов, позволяющее с большой точностью 

(<0.3%) устанавливать фазу опорного сигнала регистрирующих систем с низкочастотной модуляцией. 
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ON THE COMMUTATOR CONSTRUCTION WITH THE APPLICATION OF DIODES ON 

THE BASE OF COMPOUND SEMICONDUCTORS 
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Peculiarities of the switching diode on the base of compound semiconductors are considered. The switching diode has such indices as 
memory property, two stable states, it does not consume the energy from the feed supply. These properties allow applying the switching 
diode as a switching element. The construction of the rectangular commutator with the application of the switching diode on the base of 
compound semiconductors as the switching element is described. The process of connection installation between input and output tappings of 
rectangular commutator is stated. 

 
The development of the electron technique leads to the 

wide use of quick-acting, small-sized, non-contact elements 
in various spheres. Each sphere raises to electron elements its 
specific claims. 

One of the main spheres, where electron elements are 
widely used, is the sphere of switching technique [1]. The 
sphere of the switching technology raises to electron 
elements such claims: they should have the memory property, 
two stable states and should not consume the energy in stable 
states [2]. Among electron elements, used in the switching 
technology, the switching diode on the base of compound 
semiconductors has the great interest [3, 4, 5]. 

The scheme of the switching diode on the base of the 
semiconductors Cu2Se, which is worked out by researchers of 
Institute of Physics of Azerbaijan AS, is represented on fig.1. 

 

 
 
Fig 1.   The scheme of the switching diode on the base of the  
            semiconductor Cu2Se. 
 
The scheme of the switching diode contains: tappings (1, 

2, 3) are input, the tapping (4) is output, element (5) is the 
switching diode, element (6) is the resistive resistance, 
element (7) is the rectifying diode. The switching diode 
operates on the following principle.  

The diode (5) switches in one of two stable states, 
corresponding to the open state, at the positive signal receipt 
on the input tapping (1). 

The signal, corresponding to the informational signal, is 
received on the output tapping (4) under the influence of the 
small negative signal, received on the input tapping (2). In 
the open state of the switching diode, the informational signal 
on the exit may be received infinite number of times. The 
negative signal is given on the end of information 
transmission with the sufficiently high amplitude and the 
switching diode (5) is locked. After this the switching diode 
is ready for the opening and the new information 
transmission. 

Thus, it is good to use the switching diode on the base of 
the semiconductor Cu2Se as the switching element. Let us 

observe the construction of the rectangular commutator with 
the use of switching diodes. The commutator scheme is given 
on fig.2. 

 
 
Fig.2. The commutator scheme with the application of switching  
           diodes. 
 
The commutator has the rectangular shape and contains: 

input tappings (1,2…,N), output tappings (1,2…M), 
switching diodes {1D,2D,…..MD, (M+1)D,(M+2)D,….; 
(M+M)D,….(N-M+1)D,(N-M+2)D,….NMD}; tappings for 
diodes switch in the open state (21,22,…2m,2(m+1),2(m+2),…, 
2(m+m),2(N-m+1),2 (N-M+2),….,2(NM)), tappings for diodes switch to 
the closed state (31,32,…,3M,3M+1,3M+2,…,3M+M,…,3N-M+1,…, 
3N-M+2…,3NM), rectifying diodes [D1,D2,….DM,D(M+1), 
D(M+2),..,D(M+M),D(N-M+1),D(N-M+2),…,DNM]; limiting resisti-
ve resistance [R1,R2,…,RM,R(M+1),R(M+2),…,R(N+M),R(N-M+1), 
R(N-M+2),…,RNM]. 

The commutator operates on the following principle. One 
of 1D,2D,…,MD,(M+1)D,(M+2)D,…(M+M)D,…,(N-M+ 1) 
D, (N-M+2)D,NMD switching diodes are led to the open 
state for the connection installation between one of 1,2,..M 
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entries and one of 1,…N exits. The positive signal on one of 
21,22,…2m,2(m+1),2(m+2),……,2(m+m),2(N-m+1),2(N-m+2),….,2(NM) 
tappings is given to set the respective switching diode to the 
open state. Information transmission between given entry and 
required exit is provided after the opening of the respective 
switching diode. The closed state of the respective switching 
diode is provided on the end of information transmission 
between the given entry and required exit of the negative 
signal with the sufficiently high amplitude, given on one of 
31,32,…,3M,3M+1,3M+2,…,3M+M,…,3N-M+1…,3N-M+2…,3NM 
tappings. The closed switching diode is again led to the open 
state by the positive signal for next information transmission. 

Then signals, received on the exit of the switching diode 
through rectifying diodes, do not pass to the exit. The pulses 
transmission from the given entry to the required exit only 
with such polarity, which corresponds to the polarity of 
informational signals, is provided by means of rectifying 
diodes D1,D2,…,DM,D(M+1),D(M+2),..,D(M+M),D(N-M+1),D(N-
M+2),…,DNM. 

It is necessary to note, that in the commutator switching 
diodes in two stable states (that is in open and closed states) 
do not consume the energy from the feed source. This 
peculiarity of the switching diode makes the commutator 
scheme profitable from the economical point of view. 

Let us consider the example of the connection installation 
between one of input and one output tappings. 

If, for example, it is required to connect the output (input) 
tapping (2) with the input (output) tapping (1), then the 
switching diode 2D is led to the open state. The positive 
signal is given on the tapping (22) for this purpose. The 
informational signal from the input tapping (1’) through the 
switching diode 2D and through the rectifying diode D2 
transfers to the closed state on the signal, received from the 
taping (32), on the end of the informational signal 
transmission. After this the switching diode 2D is ready for 
the opening and the next informational signal transmission.
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Щ.А. Аббасов, М.Н. Ибращимов, М.Й. Ряжябов 

 
МЦРЯККЯБ ЙАРЫМКЕЧИРИЖИ ДИОДЛАРЫН КОММУТАТОРЛАРДА ТЯТБИГИ 

 
Мягалядя мцряккяб йарымкечирижи диодлар цзяриндя коммутатор гурьуларынын йыьылмасынын мцмкцнлцйц эюстярилмишдир. Чевирижи 

диодлар ики таразлыг вязиййятдя олмагла йаддаша маликдирляр. Юзц дя бу вязиййятдя мянбядян енеръи тяляб етмирляр. Бу хцсусиййят 
щямин диодлардан йаддаш елементи кими истифадя етмяйя имкан верир. Мягалядя дцзбужаглы коммутатор тясвир едилмишдир. Ейни 
заманда коммутаторун эириш вя чыхыш сыхажлары арасында бирляшмянин йарадылма принсипи изащ едилмишдир. 

 
Г.А. Аббасов, М.Н. Ибрагимов, М.Я. Раджабов 

 
О ПОСТРОЕНИИ КОММУТАТОРА С ИСПОЛЬЗОВАНИЕМ ДИОДОВ НА ОСНОВЕ СЛОЖНЫХ 

ПОЛУПРОВОДНИКОВ 
 
Рассматриваются особенности переключающего диода на основе сложных полупроводников. Переключающий диод обладает 

такими показателями, как свойство памяти, два устойчивых состояния, непотребление энергии от источника питания и др. Эти 
свойства позволяют использовать переключающий диод в качестве коммутационного элемента. Описывается построение 
прямоугольного коммутатора с использованием переключающего диода на основе сложных полупроводников в качестве 
коммутационного элемента. 

Излагается процесс установления соединений между входными и выходными выводами прямоугольного коммутатора. 
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ELECTRIC PROPERTIES OF AgFeS2 IN THE AREA OF THE PHASE TRANSITION 
 

S.A. ALIYEV, Z.S. GASANOV, S.M. ABDULLAYEV 
Institute of Physics, Azerbaijan National Academy of Sciences. 

370143, Baku, H. Javid ave. 33. 
 

The research of temperature dependences of the Hall coefficient R(T) and the electroconductivity σ(T) of AgFeS2 in the area of the phase 
transition (PT) was carried out. Parameters of the phase transition, determining the spreading degree, were found. It was shown, that in 
AgFeS2 PT is of considerably eroded character. 

 
INTRODUCTION  
 
Solids, with a polymorphism property, have always been 

under investigation. It is caused both by practical and 
scientific interests, following from the polymorphism 
property. It is known, that physical properties, such as: band 
structure, electric, segneto-electric, heat, magnetic properties 
also change at the polymorphous transformation. 

Jump-shaped variations of physical properties of the 
substance at PT are the base for the creation of different 
transformers. 

Reliable data about the value and the rule of the 
investigated effect change in the area of PT, the temperature 
range of the transition, the impurities influence on these 
properties, the deflection from the steochiometry, electric and 
magnetic fields, ionizing radiation and other effects are 
necessary for the stable work of such devices. 

The collection of such data allows to reveal ways of the 
sensitivity increase, stabilization and phenomena control at 
PT, to investigate rules of separate phases distribution and 
gives the information for the interpretation of physical 
properties, proceeding at PT. The interest to the PT research 
has grown after the high-temperature super-conductors 
discovery. One of actual tasks of the given tendency is the 
matter of the separate phases coexistence in the transition 
region, and the determination of PT parameters, determining 
the spreading degree. Theoretical aspects of eroded phases 
transition (EPT) are considered in [1, 2]. 

Experimental data are presented in [3-7]. In paper [7] 
Ag2Te electric and heat properties in PT area are interpreted 
in framework of the EPT theory. Parameters, determining the 
spreading degree, were calculated, it was established, that in 
Ag2Te structural PT’s have the eroded nature. Electric and 
magnetic fields, impurities, the excess of Te (up to 0,75 %) 
and Ag (up to 0,25 %) have not the essential influence on the 
spreading degree. It was shown, that PT parameters, 
calculated by data of heat and electric properties of the phase 
transition are in agreement with data, obtained from 
temperature dependences of the X-rays reflections intensities 
[3,4] and may be applied for the determination of PT 
parameters of first and second rows.  

Triple compounds AgFeTe2, AgFeSe2, AgFeS2 are 
analogues to Ag2Te, Ag2Se and Ag2S. They have the 
polymorphism property and at PT electric and heat properties 
are changed by the jump. A number of works are devoted to 
the research of kinetic phenomena and the electron dispersion 
law in AgFeTe2, AgFeSe2, and AgFeS2 [8-10]. However the 
above-mentioned problems, connected with PT, are not 
discussed in them. Therefore in the present paper the task is  
to investigate the temperature dependence of the Hall 

coefficient R(T) and the electroconductivity σ(T) in AgFeS2 
in the PT area, to determine PT parameters and to reveal the 
spreading degree. 

 
EXPERIMENTAL RESULTS AND THEIR DISCUSSION 
 
It should be noted, that the experimental device, allowing 

to conduct measurements to a high precision and great time 
lag in the PT area in adiabatic and isothermal conditions, is 
needed for the successful fulfillment of the above-mentioned 
research. In paper [11] the cryostat construction, allowing to 
conduct simultaneously complex research of electric, 
galvanic and thermomagnetic, and also heat properties of the 
solid body in the wide temperature range [2-400 K] is given. 
Some changes in cryostat construction are made for such 
research realization in the PT area. Particularly, the working 
part of the cryostat (where the sample of the metal casing is 
installed) is considerably removed from its soldered part. The 
sample installation is conducted by more high-heat solder 
than the casing is. The sample and the standard are soldered 
on the additional support with the bad heat conduction 
(testalite, covered by the copper) at the realization of the 
differential thermal analysis (DTA). Hot and cold junctions 
of differential thermocouples are soldered on the face edge of 
the sample and the standard on the identical level. It allows to 
remove the background signal of the thermocouple and to 
record ∆Ty(T) without noises and it provides the high 
precision of the measurement of the released and absorbed 
heat in the PT area. 

DTA may be measured in isothermal and adiabatic 
conditions. The heat source provides the constancy of the 
heat velocity T(t) (beginning from 0,1; 0,2 … K/min.) 

Temperature dependences of the Hall coefficient R(T) and 
electroconductivity σ(T) of AgFeS2 are presented on fig.1. 

As it is seen the electroconductivity at PT by the jump 
increases more than an order. It is much more, than it is in 
AgFeTe2 and AgFeSe2. Because of the strong electron gas 
degeneration in AgFeS2, the Hall coefficient has a low value, 
therefore it is difficult to fix its change in the PT area. 

Such strong change of σ(T) at PT gives perspectives to 
create switching devices on its base. The problems of α and β 
phases coexistence are observed in theoretical papers [1,2]. 
Formulae, allowing to calculate PT parameters, determining 
the PT spreading degree in the condensed system, according 
to which the switching function L of another phase is 
introduced, are presented in them. Without going into details 
of the theory and application methods, we refer to paper [7], 
where methods of the experimental data proceeding and 
formulae, applied for this purpose, are described in details [3-
6]. The function L may be determined by the formula (3), 
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where the constant α, characterizing the PT spreading degree, 
which depends on the volume of possible phase functions, 
energy and temperature, is included. 

 
Fig. 1. Temperature dependences of Hall coefficient R(1) and  
            electroconductivity σ (2) in AgFeS2. 
 

Taking into consideration, that the switching function 
characterizes the relative phase share in their coexistence 
area, it may be introduced as a formula (4). The mass 
distribution of each phase mα and mβ  is determined by the 
experimental data of any temperature dependence in the PT 
area. 

 
Fig. 2. Temperature dependence of the phases distribution ln,  
            mα, mβ in AgFeS2. 
 

Then T0, at which both phases masses are equal 
quantitatively and constant α, are determined by the 
dependence of ln, mα, mβ on T. Such dependence for AgFeS2, 
obtained by α(T) data, is presented on fig.2. 

The point of the straight line crossing (interaction) with 
the T axis gives the value T0. The formula (5), from which it 
follows, that the straight line slope (ln, mα, mβ) gives the 
constant α value, follows from the comparison of formulae 
(3) and (4). The temperature dependence L(T) is determined 
by calculated values of T0 and by the formula (3) and is 
presented on fig.3. The temperature dependence of the 
derivative L on T-dL/dT(T), calculated by formula (6), is 
presented on this figure. The dependence dL/DT(T) expresses 
the temperature variation of the temperature velocity of the 
phase transformation α↔β. Thus, it is obtained for AgFeS2, 
T0=443 K, α=0,28, at the temperature (T=T0) dL/dT=0,07.It 
follows from these data, that in AgFeS2 and as well as in its 
analogue, the structural phase transformation has strongly 
spread nature, Identical data for AgFeTe2 and AgFeSe2 are 
equal, respectively, T0=420 K, α=0,18, dL/dT=0,022. 

 

 
Fig. 3. Temperature dependences of the switching function L(1)  
            and temperature velocity of  PT dL/DT (2) in AgFeS2. 

 
Comparing obtained data of Pt parameters we may 

conclude, that electric properties vary more sharply in 
AgFeS2 at PT and the PT spreading is somewhat lesser, than 
it is in AgFeTe2 and AgFeSe2. 
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С.А. Ялийев, З.С. Щясянов, С.М. Абдуллайев 
 

AgFeS2 КРИСТАЛЫНЫН ФАЗА КЕЧИДИ ОБЛАСТЫНДА ЕЛЕКТРИК ХАССЯЛЯРИ 
 

AgFeS2  кристалынын фаза кечиди (ФК) областында Щолл ямсалы R(T) вя електрик кечирижилийинин σ(T) температур асылылыьы тядгиг 
едилмишдир. ФК-нын йайылма дяряжясини мцяййян едян параметрляр тяйин едилмиш вя эюстярилмишдир ки, кристалында ФК йцксяк йайылма 
дяряжясиня маликдир.  
 

С.А. Алиев, З.С. Гасанов, С.М. Абдуллаев 
 

ЭЛЕКТРИЧЕСКИЕ СВОЙСТВА AgFeS2 В ОБЛАСТИ ФАЗОВОГО ПЕРЕХОДА (ФП) 
 

Проведено исследование температурной зависимости коэффициента Холла R(T) и электропроводности σ(T) AgFeS2 в области 
фазового перехода (ФП). Определены параметры ФП, определяющие степень размытия. Показано, что в AgFeS2 ФП носит сильно 
размытый характер.  
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THE CALCULATION OF ADIABATIC COMPRESSIBILITY AND HEAT CAPACITY OF 

PERFLUOROCARBONS FROM ACOUSTIC DATA 
 

A.U. MAHMUDOV, S.H. SADIKHOVA, E.Z. ALIYEV 
Baku State University 

Acad. Z. Khalilov str., 23, Baku 
 

Using experimental data on the velocity of the ultrasound wave spreading, density, isothermal compressibility and heat expansion 
coefficient we have calculated the adiabatic compressibility and the heat capacities Cp and Cv of some perfluorocarbons. The values of 
adiabatic compressibility for various perfluorocarbons are qualitatively connected with their molecular structure. Values of heat capacities 
difference Cp -Cv for investigated perfluorocarbons mainly depend on the heat expansion coefficient, since molecular interaction in them is 
weak. 
 

In our previous paper [1] the data on the bulk properties 
of some perfluorocarbons were presented. Heat expansion 
coefficient, isothermal compression and thermal coefficient 
of the pressure versus the temperature were calculated on the 
base of semiempiric state equation for perfluorocarbons. The 
investigation of these dependencies research showed, that 
above indicated coefficient depend both on the molar mass, 
and on the perfluorocarbons structure. 

In the present paper the adiabatic compressibility and heat 
capacities Cp and Cv of perfluorocarbons are calculated on the 
base of experimental data on the velocity of the ultrasound 
wave spreading and on the density. Besides practical value 
the actuality of the research of the heat physical and heat 
properties of perfluorocarbons in the wide state parameters 
range have exceptionally important scientific mean, allowing 
to extend the modern imagination of the liquid state theory. 
The velocity of the ultrasound wave spreading in investigated 
perfluorocarbons was determined by the impulse method. 
The method is based on the measurement of time interval, 
during which the ultrasound wave, obtained by the short 
rectangular electric impulse as a result of radiant 
piezoelement excitation, passes twice the fixed distance 
between strictly parallel placed radiant and receptor 
piezoelements. The rectangular pulse recurrence frequency is 
measured providing that the pulse, passing the investigated 
substance once and the pulse, twice reflected from receptive 
and radiant piezoelements coincidence. The sound velocity 
subject the condition αλ<< π is determined by the formula: 

 
v = 2Lf, 

 

where α is a coefficient of the ultrasound wave absorption, λ 
is an ultrasound wave length, L is a distance between 
piezoelements, f  is a rectangular pulse recurrence frequency. 

Measurements showed, that in investigated 
perfluorocarbons the velocity of the ultrasound wave 
spreading is approximately two times smaller, than in 
hydrocarbons. Obviously, it may be explained by the low 
intermolecular interaction, promoting the increase of the 
adiabatic compressibility and by the high density of 
perfluorocarbons due to hard fluorine atoms presence in their 
molecules. 

The values of the relative temperature coefficient of the 
sound velocity 1/v(∂v/∂T)p are approximately 1,2 times larger 
in the investigated perfluorocarbons, than they are in 
hydrocarbons. It is possibly explained by the fact, that the 
critical temperature is low for perfluorocarbons, than for 
hydrocarbons. 

Measurements of the ultrasound wave spreading velocity 
may be observed as a method of the adiabatic compressibility 

∂αβ  determination: 

=€Љβ 1/ρv2, 
where ρ is a density and v is a velocity of the ultrasound 
wave spreading. There are no other direct methods of the 

∂αβ  value measurement, and the method precision is high, as 
it is possible to measure the sound velocity and density to a 
high precision degree. The structural formulae of investigated 
perfluorocarbons are presented below: 

  1. Perfluorobutylamine                                                              2. Perfluororizononane 
                                                       

                                      
 
      Molar mass  
      M[(C4F9)3N]=671 gr/mole                                                     M (C9F20)=488 gr/mole. 
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      3. Perflfluoromethyldibutylamine                                         4. Perfluorotripropylamine 
 

    
                                                                                                   
    M [CF3(C4F9)2N]=521 gr/mole                                               M[(C3F7)3N]=521 gr/mole. 
 
    5.Perfluorodecaline                                                                 6.1.3 - perfluorodimethylcyclohexan  
 

 
 
    M (C10F18)= 462 gr/mole                                                          M(C8F16)=400 gr/mole. 
     
7.1 Perfluoroethyldecalizole    

 
 
 M(C11F21N)=545 gr/mole. 
 
8. Perfluoro-2-methyl-pentane-3 
                                                             

 
                                                                                                                                             
M(C6F12)= 300 gr/mole. 
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Fig.1 
 

 
 

Fig. 2 
 
Curves of adiabatic compressibility versus the 

temperature of investigated perfluorocarbons at the pressure  

0,1 MPa are presented on fig.1 and 2. As it is seen from 
fig.1 and 2, the adiabatic compressibility of perfluorocarbons 
increases with the temperature increase, it is explained by the 
fact, that at the heating as a result of the heat expansion, the 
liquid volume increases, the distance between molecules 
grows, the repulsion force between molecules reduces and the 
compression is facilitated. 

The adiabatic compressibility of perfluoropropylamine 
(curve 4) is lesser, than the adiabatic compressibility of 
perfluorobutylamine (curve 1), it is explained by the fact, that 
structure groups CF2, replacing the intermolecular interaction 
to inner-molecular, reduce the compressibility, and 
consequently, increase the sound velocity. These data 
confirm the known empiric rules of Partkhasaratkhi and 
Parshada [2], which indicate the qualitative connection of the 
sound velocity, and consequently, the liquid compressibility 
with details of the molecules structure. 

Data on the adiabatic compressibility of perfluorodecaline 
1.3-perfluoromethylcyclohexan and 1- 
perfluoroethidecalozine (curves 5, 6, 7) may be analogously 
explained. The high value of the adiabatic compressibility of  

1-perfluoroethidecalozine in comparison with 
perfluorodecaline is connected with the fact, that the latter 
molecules have the compact structure (the spherical 
symmetry of the atom groups location), side atom groups of 
1- perfluoroethidecalozine molecules create more space 
between molecules, and consequently its structure becomes 
more porous in comparison with the perfluorodecaline 
structure, it reflects on the value of the sound velocity, and 
soon the adiabatic compressibility. 

For perfluoroizononane and perfluoromethyldibutylamine 
(curves 2 and 4), molecules structures, which are close, 
values of the adiabatic compressibility differs negligibly. 

The adiabatic compressibility of perfluoro2-methyl-
pentane-3 (curve 8) exceeds the value of adiabatic 
compressibility of perfluoroisononane and 
perfluorodibutylamine (curves 2 and 3), it may be explained 
by the fact, that obviously, the number of CF2 groups is more 
at the latter molecule, it leads to the compressibility reduction 
according to Partkhasaratkhi and Parshada rules. By using 
data on the adiabatic compressibility and the heat expansion 
coefficient of the investigated perfluorocarbons, presented in 
papers [1, 2, 3], heat capacities Cp and Cv and their 
differences were calculated. Calculation results, carried out at 
the temperature T-293,15 K and the pressure P=0,1 MPa, are 
presented in the following table: 

 
                                                                                                              Table 

Perfluorocarbons 

жђ‹
Љс
⋅

 
1 2 3 4 5 6 7 8 

Ср 669 874 868 1166 526 855 452 805 
СV 563 750 749 1028 403 674 399 663 
Cp-Cv 106 119 119 138 123 181 53 142 

 
Perfluorocarbons names, presented in the same sequence, 

as their structural formulae, are indicated by numbers 
1,2,3,4,5,6,7,8. 

The value Cv is determined by the formula:  
                   

                      
)1/( 33

2

−
=

aguu
v

TC
ββρβ

α
                          (1) 

As the calculation error does not exceed 3%. The values 
of Cp, Cp - Cv are determined from formulae 

2
3

3 C
C

C
u

ag

u

v

p ρβ
β

β
== , whose calculation errors do not 

exceed 3%. 
The modern experimental methods of Cv determination 

are cumbersome and are give errors not lesser 5-10%. 
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Therefore, the Cv calculation, following from the sound 
velocity and other experimental data on the formula (1), is 
considered as more convenient and profitable. 

 As it is seen from the table data, the difference Cp - Cv for 
all investigated perfluorocarbons is higher, than it is for the 
universal gas constant R. It is known, that Cp- Cv heat 

capacities difference depends on the heat expansion 
coefficient and on the value of intermolecular interaction 
forces, the value of Cp - Cv heat capacities difference for 
investigated perfluorocarbons mainly depends on the heat 
expansion coefficient, since the intermolecular interaction in 
them is the weak by its nature. 
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ПЕРФТОРКАРБОНАТЛАРДА АКУСТИК МЕТОДЛА АДИАБАТИК СЫХЫЛМА ЯМСАЛЫНЫН ВЯ ИСТИЛИК 

ТУТУМЛАРЫНЫН ЩЕСАБЛАНМАСЫ 
 

Перфторкарбонатларда сыхлыьын, изотермик сыхылма ямсалынын, истидян эенишлянмя ямсалынын вя ултрасяс дальаларынын йайылма 
сцрятляринин тяжрцби гиймятляриня эюря онларын адиабатик сыхылма ямсаллары вя Cp, Cv истилик тутумлары щесабланмышдыр. 

Адиабатик сыхылма ямсалларынын мцхтялиф перфторкарбонатлар цчцн щесабланмыш гиймятляри онларын молекулйары гурулушу иля 
кейфиййят жящятдян ялагяляндирилмишдир. Истилик тутумлары арасындакы фярг Cp - Cv ясасян перфторкарбонатларын истидян эенишлянмя 
ямсалындан асылы олдуьу эюстярилмишдир, чцнки бу маддялярдя молекуллар арасы гаршылыглы тясир чох аздыр. 

 
А.У. Махмудов, С.Х. Садыхова, Э.З. Алиев 

 
ВЫЧИСЛЕНИЕ АДИАБАТНОЙ СЖИМАЕМОСТИ И ТЕПЛОЕМКОСТИ ПЕРФТОРУГЛЕРОДОВ ИЗ 

АКУСТИЧЕСКИХ ДАННЫХ 
 

Используя экспериментальные данные по скорости распространения ультразвуковых волн, плотности, изотермической 
сжимаемости и коэффициенту теплового расширения, рассчитаны адиабатная сжимаемость и теплоемкости Cp и Cv некоторых 
перфторуглеродов. Значения адиабатической сжимаемости для различных перфторуглеродов качественно связываются с их 
молекулярным строением. Значения разности теплоемкостей Cp - Cv для исследованных перфторуглеродов в основном зависят от 
коэффициента теплового расширения, поскольку межмолекулярное взаимодействие в них весьма мало. 
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SOME PECULIARITIES OF THE CHARACTERISTICS OF CHAOTIC OSCILLATIONS OF 

THE SOLAR CENTIMETER RADIO EMISSION  
 

Sh. Sh. GUSEINOV 
Shemakha Astrophysical Observatory of the Azerbaijan National Academy of Sciences 
SHAO, Yu. Mammadaliyev settlement, Pirqulu, Shamaky, 373243, Azerbaijan Republic 

 
Some peculiarities of the numerical analysis of chaotic fluctuations and their application to the analysis of the fluctuations of centimeter 

wavelengths radio emission of the Sun are considered. On the basis of Takens algorithm on the one-dimensional realization of dynamic 
system its phase portrait is constructed. Using the Grassberger-Procacci formula the correlation integral which allows determining the fractal 
dimension of the attractor and the entropy of the dynamic system is calculated. For determination of the character of the system the results of 
statistical processing of fluctuations of the solar radio emission are analyzed. From the results of fractal analysis it is shown that in the 
temporary series of fluctuations of centimeter radio emission of the Sun the low dimensional determined chaos is present. Thus, the specified 
calculations of the correlation dimension and K- entropy in the solar temporary series are possible at optimum - minimum length of the 
sample ≥700. 

 
Introduction 
 

The problem of turbulence in hydrodynamics is common 
for the plasma physics, the weather forecast, the theory of 
planets and stars, radiophysics and many other sciences. 

The new methods, which have been developed in last 
two decades, allowed to reach a notable progress in the 
consideration of laws of dissipative systems [1,5]. 

The theory of determined chaos has not been used yet in 
analyses of nonlinear processes in atmosphere of the Sun. In 
this paper we give brief description of the main points of the 
applied methods of the determined chaos and the problems of 
applications to the fluctuations of the centimeter radio 
emission of the Sun. 

 

1.The main characteristics of dynamic regimes 
 

The dynamic regime can be analyzed by the method of 
Fourier analysis. But this method does not allow to 
discriminate between the determined chaos and the “white 
noise”. Suppose that the dynamic regime is determined by the 
set of functions N,...,2,1i),t(xi =  (for example, for the Sun 
it is temporary sequence of the intensities of the radio 
emission I0(t)).  

The instant (t=t0) state of the system in the N-
dimensional phase space is defined by the point P with 
coordinates )t(x),...,t(x),t(x 0N0201 and the evolution of 
the system is expressed by the phase trajectory. If there is 
stable regime in the system the phase trajectories converge to 
some subset of the phase space. This space is called an 
attractor. In this respect an investigation of space trajectories 
allow us to get only qualitative information about the system. 

For the quantitative description of the attractor some 
parameters are used. The most informative parameters are the 
spectral power, the dimension, and the entropy. 

The dimension and entropy are very useful parameters 
when the system is in the strange attractor regime. Strange 
attractor is the mathematical picture of the determined 
chaotic oscillations. The strange attractors is the attracting 
trajectories of the determined chaotic system in the phase 
space. 

The dimension D and Kolmogorov K– entropy are 
important characteristics of the non-linear systems [3-6]. 
Fractal dimension is the quantitative characteristic of the set 

of points in the n-dimensional space, which shows the density 
of points  filling the subspace when their number becomes 
very large. 

 

2. The Takens’s lag method and the Ruelle-Takens  
     model 
 

For the complete and direct study of the motion, which 
forms the foundation of dynamic systems, it is necessary to 
construct its phase portrait. Takens [7] suggested an effective 
method for the evaluation of geometrical characteristics of 
the attractor and for restoring the trajectory in phase space by 
time lags on the basis of measurements of one variable of the 
dynamic system. 

Thus, the one-dimensional temporary series of xi(t) allow 
constructing the multi-dimensional phase space of dynamic 
system. 

 
Fig.1. 3-D phase portrait of fluctuations in solar atmosphere  
           within 10 hours. 
In fig.1 three-dimensional 10-hour phase portrait of solar 

atmosphere is shown. These temporary series consist of 
∆t=0,5 min intervals. Observations of Iκ(t) were carried out 
on 26 August, 1984 at λ=3,6 cm  at 22 m radio telescope of 
RAS FJ RAN (Pushino). The complex nature of the phase 
trajectory behaviour is seen which indicates its unstable 
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nature of time evolution of the inhomogeneous structure of 
the solar atmosphere. 

So, it is very difficult to make some kind of derivations 
on the behaviour of solar atmosphere on the basis of three-
dimensional graphs of the phase trajectory. 

To date several methods for the description of transition 
from the laminar regime of flow to the turbulent regime are 
offered. 

One of them is the model suggested by Ruelle and 
Takens (1971) [8]. This model has for the first time cast 
doubt on the Landau’s theory [9] of turbulence according to 
which for an occurrence of turbulence infinite number of 
Hopfs' bifurcations are required. 

The approach of Ruelle and Takens is as follow. The 
spectrum of power of the dynamic system will be developed 
as function of regulating parameter as follows. The spectrum 
of power will in the beginning contain one frequency (f1), 
then two frequencies (f1, f2), sometimes three, arise. With the 
arising in the spectrum of the third frequency the broadband 
noise component, which is characteristic for chaos, will 
appear.  

As an example in fig. 2 (a,b,c) series of average spectra 
of power density (averaged on 10 spectra) is shown. The data 
on fluctuations are from the observations at the radio 
telescope RT-64 of special design office of Moscow 
Energetic Institute (OKB MEI) at wavelength λ=5.2 and 
8.1cm carried out in 1983 and at RT- 22 in Pushino at λ=3.6 
cm carried out in 1984. The technique of spectral processing 
of these observational data is given in author’s work [10]. 

 
Fig.2 (a,b,c) The average spectra of power dencity of  
                     fluctuations of radio emission of the quiet Sun at  
                     various radio telescopes. 
From fig. 2 (a,b,c) it can be seen that in the fluctuations 

of the centimeter radio emission of the Sun there is broad 
spectrum of frequencies. This feature of chaos is especially 
important when the system has small dimension. 

From the above it follows, that in such cases the 
calculation of the dimension of the attractor and the entropy 
of dynamic system allows to obtain valuable information 

 

3. Determination of dimensionality and entropy from  
    the observational data 
 

Last years for the determination of the dimension of the 
attractor more effective methods have been developed. 
Grassberger and Procaccia [11, 12] have in detail studied and 
derived certain relation between the point-to-point 
dimensionality and the correlation dimensionality [13].  

In determination of the point-to-point dimensionality the 
continuous trajectory is considered as the discrete one. Then 
the distance between pairs of points are calculated as 

.xxS jiij
rr

−=  The correlation function is determined as 

20N N

1
lim)r(C
→

=  (number of pairs (i,j), for which Sij<r)

For many attractors this function depend on r at 0r →  as  
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therefore the fractional dimensionality may be determined by 
a slope of the line in the (lnC, ln r) diagram 
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It is found that if the distance between any of two points 
is less than  the given value of r, then С(r) may be calculated 
by a more effective way, i.е. 
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where  H  is the Heviside function: H(x)=1 if x>0, and (x)=0 
when x<0. 

The value of the correlation integral (3) may be 
calculated in terms of d, beginning from d=2. Calculations 
come to an end, if the estimations of the value С(r) display 
the tendency to saturation and the change of correlation 
dimensionality stops. 

In the case of pure “white noise” for any value of d the 
saturation of the correlation integral does not occur. This 
property of the correlation integral is used to distinguish the 
chaotic processes of dynamic origin from the white noise. 

The Kolmogorov entropy is very important characteristic 
of chaotic processes in a phase space of random 
dimensionality. In practice the correlation entropy К2, which 
is the low-value estimation of the К – entropy, К2≤К, is 
used. The correlation entropy and the correlation integral are 
related by equation [11] 
 

)Kdexp(r)r(C 2τν −= , 
 

which makes it possible to determine К2   with the help of the 
calculated values of С(r) from: 
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The condition К2> 0 is the sufficient condition for an 
existence of chaos. The entropy of К is the measure of chaos: 
К= 0  -  for the regular motion, ∞=K  - for the random 
systems with determined chaos. 

 

4. The analysis of factors which affect on precise  
     value of C(r) 

 

It should be noted that the adequacy of conformity of the  
correlation integral, calculated on the basis of experimental 
data, with the real one depends on many factors.The most 
important among them are the length of realization Т, i.е. the 

number of data N time delay τ, the intervals of readings ∆t, 
and the presence of noise and trend in the temporary series. 
The choice of these parameters is as in the work [14]. 

 

5. Determination of Nmin by the data on fluctuations  
    of centimeter radio emission of the Sun. 

 

It is known that the solar atmosphere at centimeter 
wavelength radio range is continuously observed only in the 
limited time intervals. Therefore, the problem of 
determination of Nmin for solar atmosphere, which is 
necessary for correct calculation of correlation integral, is 
extremely important. Measurements of fluctuations of 
centimeter radio emission of the Sun with ∆t=0,5 min are 
used to calculate the correlation integral (3). The most long-
term series which are consist of 800 – 1000 readings is used. 
Each temporary series was broken on a few consecutive 
enclosed each into other series for which the amount of data 
gradually grew. The most short of them consists of 200 
points.  

 

 
Fig.3 (a,b) The diagrams of correlation integrals of temporary series of filtered data on the fluctuations of the centimeter radio emission  
                   of the quiet Sun. 
 

In fig. 3, as an example, graphs of correlation integrals in 
which numbers of points are increased from 200 to 1000 are 
presented. In calculations d=4. At 200 and 300 on the graphs 
evident breaks which do not permit to determine the 
dimension of the attractor are seen. Although at N=400; 500; 
600 extended domains of scaling appeared. At N=700; 800; 
900 the values and slopes of curves do not actually differ, i.е. 
the saturation of correlation integrals begins.  

Thus, it is safe to say, that for the calculation of the real 
value of the correlation integrals as a minimum about 700 
measurements of the fluctuations of the centimeter radio 
emission of the Sun are required. 

 
Conclusions 
 
Results derived in this work allow to make the following 

conclusions 

1. With the aid of Takens's algorithm by one-
dimensional realization of dynamic system their 
multidimensional phase portrait may be constructed. 
2. The calculations of the Grossberger-Procaccia's correlation 
integral by using the observational data allow to determine 
the fractal dimension of the attractor and the entropy of the 
dynamic system. 
3. The spectrum of power density constructed by using long-
term observational material on the fluctuations of the 
centimeter radio emission of the Sun shows a wide band of 
frequencies, and the auto correlation function fades with 
time.  
4. In most cases fluctuations are non-stationary and their 
amplitudes, phases and periods are varied with time. 
5. The nonstationarity raises an internal chaos and increases 
the entropy of the dynamic system. Therefore, the spectrum 
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at the same time is determined and stochastic due to 
nonlinearity of the system and the parameters. 
1. The optimum minimum sample of the temporary series of 
measurements of fluctuations of the solar radio emission at 
which the value of the correlation integral become stable 
should be N≈700 points.  
2. The fractal dimensionality does not characterize a chaotic 
nature of dynamic system. In dynamic experiments it is better 
not to rely on any the only one criterion of chaos. For the 
larger reliability it is necessary to use two, three and etc. 

characteristics, for example, the Fourer spectrum, the indices 
of Lyauponov, or the fractal dimensionality. In this case it is 
save to say that the system is the chaotic or strange one. 
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ХАОТИК РЯГСЛЯРИН ХАРАКТЕРИСКАЛАРЫНЫН БЯ’ЗИ ХЦСУСИЙЙЯТЛЯРИ 

 
Бахылыр хаотик рягслярин ядяди тящлилинин бя’зи хцсусиййятляриня вя онларын сантиметрлик дальа узунлуьунда Эцняш 

радиошцаланмасы флуктуасийаларынын тящлилиня тятбигиня. Такенсин алгоритми ясасында динамик системлярин бирюлэцлц гиймятляриня 
эюря, онун фяза портрети гурулмушдур. Грассбергер – Прокаччиа дцстуру иля динамик системлярин ентропийасыны вя фрактал юлчц 
дяряжясини тя’йин етмяйя имкан вярян корелйасийа интегралы щесабланмышдыр. Системин нювцнц тя’йин етмяк цчцн бир нечя 
гюстярижидян, мясялян Фурйе спектриндян вя фрактал юлчц дяряжясиндян истифадя едилмишдир. Корелйасийа вя спектр тящлил цсулларынын – 
максимум ентропийа цсулу (МЕЦ) вя спектр-заман тящлил цсулунун (СЗТЦ) кюмяйи иля Эцняш радиошцаланмасы флуктуасийаларынын 
статистик ишлянмясинин нятижяляри тящлил олунмушдур. Беляликля, Эцняшин заман сыраларына эюря дягигляшдирилмиш корелйасийа юлчц 
дяряжяси вя К- ентропийанын щесабланмасы, сыранын минимум оптимал узунлуьу Н>700 олдугда мцмкцндцр. 

 
Ш. Ш. Гусейнов 

 
НЕКОТОРЫЕ ОСОБЕННОСТИ ХАРАКТЕРИСТИК ХАОТИЧЕСКИХ КОЛЕБАНИЙ 

 
Рассматриваются некоторые особенности численного анализа хаотических колебаний и применение их для анализа 

флуктуаций радиоизлучения Солнца в сантиметровом диапазоне волн.  На основе алгоритма Такенса по одномерной реализации 
динамической системы построен ее фазовый портрет. Рассчитан корреляционный интеграл по формуле Грассберга-Прокаччиа, 
который позволяет определить фрактальную размерность аттрактора и энтропию динамической системы. Проанализированы 
результаты статистической обработки флуктуаций радиоизлучения Солнца для определения вида системы. По результатам 
фрактального анализа показано, что во временных рядах флуктуации сантиметрового радиоизлучения Солнца присутствуют низко-
размерный детерминированный хаос. Таким образом, уточненные вычисления корреляционной размерности  и К – энтропии по 
солнечным временным рядам возможны при оптимально минимальной длине выборки ≥700. 
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THE ENERGY SPECTRUM OF CHARGE CARRIERS IN n-Ag2Te 
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It is shown, that Ag atoms create small donors levels in Ag2Te, which are placed on the distance (7⋅10-5T⋅K-1-0.002) eV from the 
conduction band bottom. It is established that the stoichiometric composition Ag2Te has the n-type conductivity beginning from the 
deficiency of Ag > 0.01at %.  

 
A number of works [1-5] were devoted to the 

establishment of the energy spectrum of charge carriers in 
Ag2Te. The authors [1] valued the width of the prohibited 
band Eg<6meV and supposed, that the slitless state takes 
place in Ag2Te at low temperature. The behavior of Hall 
coefficient R in the temperature interval 250-300 K is caused 
by the increase of the efficient density of the valence band 
state that is by the presence of the additional valence band 
with the high density of states, placed below along the energy 
axis. Conclusions made by authors  [2] suggest, that silver 
may be the two-electron donor in  A2

IBIV, which gives two 
electrons to the conduction band (Ag+→Ag3++2e-); under this 
condition the formed two-electron state is localized either 
because of the strong interaction with the lattice or because of 
the interaction with vacancies and other imperfections. 
Moreover, according to their opinion, silver compounds, 
unlike copper compounds, have always the electron type of 
conductivity even at T→0 also at the definite deficiency of 
silver in comparison with the stoichiometry. 

It has been noted in paper [5] that the excess of Te in 
Ag2Te leads to r-type in the homogeneity region; and Ag to 
the p-type conductivity. Authors [4] have valued the activation 
energy (0.04±0.01)eV and have supposed that local energy 
levels arise in the prohibited band. It is shown in work [5], 
that peculiarities in temperature dependences of electric and 
thermoelectric parameters of p-Ag2Te are connected with 
acceptor levels, placed on the distance (0.03–7⋅10-5T⋅K-1)eV 
from the conduction band bottom. 

In spite of numerous works [1-5], devoted to the 
establishment of the energy spectrum of charge carriers in n- 
Ag2Te this issue is still open. In this work the attempt has 
been made to solve given issue, taking into account 
conclusions [5]. 

 
 
Determination of some impurity state parameters 

 
The temperature and concentration dependences of 

coefficients: Hall R, electroconductivity σ and thermoemf α0   
in n-Ag2Te (fig.1) are connected with the state of donor 
impurities [2]. As it is known from [5], at the high value of 
concentration of donors Nd and at low value of Eg [6] the 
experimental determination of activation energy of the donor 
Ed for Ag2Te is very difficult. We may act in the following 
way to determine Ed. 

Authors [7] have showed that the law of electron 
dispersion in n- Ag2Te submits to the Kain model and 
interaction of electrons has non-elastic character. Then the 
thermoemf coefficient at any degree of electron gas 
degeneration with the non-standard band is determined as [8]: 
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where µ*=µ/K0T  is the reduced  chemical potential ; µ and  
In

m (µ*, β) are the level and  two-parametric Fermi integral. 
Here β=K0T/Eg is the parameter, characterizing a band non-
standard.    
 

 
 
Fig.1. Temperature dependences of the Hall coefficient R (at  
           H=12 kЭ), electroconductivity σ  and thermoemf αo  
           (solid lines are calculated). 
 

The value µ was determined from the formula (1) at the 
temperature 15 K. If values Nd and mn (mn is the effective 
mass of electrons on the Fermi level) are known, then Ed may 
be found by means of inequality: 
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According to [8]:   
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Using values Nd=1.1⋅1018cm-3, m*o=0.022mo [5] at 15 K, 
the value ~-0.1 meV (at the count from the conduction band 
bottom) has been received for Ed. If it is taken into account 
that Eg(T) [6] and Ed(T)=(7⋅10-5 T ⋅K-1-0.002) eV, then the 
value Edo equals ∼2 meV at T=0K. 

In the case of a simple monovalence donor impurity, for 
which only the spin-degeneration β=1/2 is appropriated, the 
electron concentration on donor levels with the energy Ei=-Ed is 
determined according to [9]: 

     [ ]
1

0ddd TK/)E(exp
2
11Nn

−

⎭
⎬
⎫

⎩
⎨
⎧ +−+= µ .     (3) 

There is some information in literature [10,11], that the 
telluride of silver refers to compensated semiconductors. At 
very low temperature (T→0), when the concentration may be 
neglected of conductivity electrons n and holes p in the 
valence band, the neutrality equation has the form [9]: 
      

[ ] [ ] 1**
dd

1**
aa )Eexp(1N)Eexp(21N −−

−+=−−+ µµ ,  (4) 
 

where µ*= -(Ea
*+Ed

*)/2, Ea
*=Ea/KoT, Ed

*=Ed /KoT, Na  is the 
concentration of acceptors. Taking into account values Ea [5] 
and Ed at T→0, it has been received, that Na/Nd≈0.47, that is 
the boundary type conductivity Ag2Te has been determined. 
Then the main part plays the position of µ(K/)(K/=Na/Nd is the 
degree of compensation). Calculations have been made at 

K/→0, µ=0.99E’d and at K’→1 3/13/1

''
d

)'K1(2

E

−
−=µ  [12], 

where 
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π
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of Coulomb interaction, χ is the dielectric constant, 
3/1

dN
3

4
⎟
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⎞

⎜
⎝
⎛

=
π

dr  is the average distance between  donors 

(fig. 2). The count has been made from the level of the 
isolated impurities.  
 

 
Fig.2. Positions of the Fermi level with respect to the level of  
          the isolated impurities as the function of the  
          compensation degree K1. 

Another the most important characteristic is the bond 
energy U(ro), that is the energy necessary  for an electron 
transition from a donor level to the conduction band bottom.  

Let us assume for calculation of U(ro), that electron is 
moving in the potential  field: 

                                             
                   U(r o) = -e2 / χ ro  ,                            (5) 
 

where ro is the distance  from  the  electron  till the impurity  
center. The formula (5) justifies itself if the radius of the 
impurity state is large in comparison with the lattice constant 
ao.  

Taking into account the little difference between  values  
ro and  rd the value ∼0.3 meV  has been received  for  U(ro) at  
Nd ≅1.1⋅1018cm-3. 

Using formulas (1) and (3), temperature dependences 
αo(T), R=1/nα e  and  σ=end Un (T) ( fig. 1)  have been 
calculated; Un(T)  has been taken  from (5). 

 
The discussion of received data 

 
Low values of Edo and U(ro)  show, that  atoms   Ag   in   

Ag2Te   create   small donor  levels. Even at T<<Ed /Ko ions 
Ag+ of the main lattice give electrons to the conduction band. 
The ratio Na/Nd ≈ 0.47 corresponds to the situation, when the 
deficiency of 0.01 at % Ag creates donor concentration Nd ≈ 
6,2⋅1016 cm-3 in the stoichiometric  composition;  the crystal 
has the n-type conductivity. In this case the hole 
concentration is more in several times than the electron 
concentration and therefore the material should be considered 
as holy. Then R would be negative. It is necessary to note that 
Ag2Te σ and R are determined almost completely by 
electrons [13, 14] in its own conductivity field. These and 
some other consequences follow from large ratio of electron 
and hole mobility [5]. 

The received boundary values of Na/Nd are in agreement 
with data of authors [4]. They considered, that beginning  
with  n≈1.2:1.8⋅1018 cm-3, the crystal has the n-type of 
conductivity, that is caused by redundant ( with respect to the 
stoichiometry) Ag atoms in interstice, and Nd could be  
decreased  till Nd< 4.2 ⋅1016  cm-3 at sample annealing in the 
vacuum at To<T (To is the temperature of the phase  
transition) at expense of the creation of Ag vacancies at   
simultaneous reduction  of  an Ag  content  in  interstices. 

Let us consider now the question on the position of the 
Fermi level in the impurity band at T=0K (fig. 2). As it is 
known [12], the compensation degree K1 gives the notion 
about the value µ2. In the case of Ag2Te at K1<0.47 almost all 
donors have electrons and therefore, are found in the upper 
part of the impurity band and they are slightly ionized. That 
is why µ is positive, that is the greater part of donors are 
filled by electrons and only small their part is free and has the 
positive charge. At K1≥0,47 the value µ<0  that  leads  to the 
start  of  the electron  compensation  with an excess of Te 
caused  by  the deviation  from  the stoichiometry  [11]. 

Special interest has following facts. Firstly the 
degeneracy region shifts to more high temperatures (fig.1), 
secondly the divergences takes place from p-Ag2Te [5], the 
resonant scattering of electrons on donor impurities in n- 
Ag2Te is not observed. According to the first fact, the 
degeneracy region shifts to the conduction band with the rate 



THE ENERGY SPECTRUM OF CHARGE CARRIERS IN n-Ag2Te 

 37

dEd/dT=7⋅10-5 eV⋅K-1 and enters to this band at the 
temperature ∼10 K. In this case the hybridization of donor 
and band states occurs, which is the main reason of the 
broadening (γ) of the donor band in n-Ag2Te. Then in the 
whole interval of temperatures all non-compensated donor 
impurities N=Nd -Na are ionized giving their electrons to the 
conduction band. Therefore all kinetic effects have the 
appearance characteristic for strongly doped narrow-slit 
semiconductors (fig. 1). 

For explanation of the second fact, it is necessary to 
determine the full width Гd and the broadening of the band of 
the donor level. The width Гd is determined as [16]: 

 

          ,
)2/()E(

N)( 2
dd

di
i Γε

Γ
π

ερ
+′−

=               (6) 

 
where ρi is the density of impurity states. At K1<<1 this value 
is determined as [12]. 
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πγ
ερ                 (7) 

 
Where ε=e2 /χ rd, γo=0.26 Ed

* (K1)1/2, Ni is the impurity 
concentration, creating the band, whose middle corresponds 
to the energy Ed. 

Taking into account the value ρi(ε) at Nd =1,1⋅1018 cm-3, it 
has been received from (7) and (6), that  Гd ≈0.25 meV. The 
given calculation has been made also for the width of the 
band of the acceptor level Гa in p-Ag2Te and Гd ≈ 0,003 meV 
has been received. 

The broadening of the band impurity level at the expense 
of impurity –band transitions equals [17]: 

 
                               ϒ=h/t,                                (8) 
 

where h is the Plank constant, t is the average time of a 
carrier  in the impurity state  with  respect  to the transition  in 
the band. 

Proceeding from the principle of the detailed balance and 
comparing frequencies of direct (band-impurity) and indirect 
(impurity-band) transitions, it is possible to receive the 
expression [17]. 

                              ρz/τ=ρi/t,                                             (9) 
 

where ρz is the density of band states and τ  is the average  
time of a carrier in the band state with respect to the 
transition in the impurity, where they are determined in [5]. If 
ρz, τ and ρi are known, then t≈8.1⋅10-12s follows from (9)   
and from (8) we have γ ≈1.3 meV. 

On the second fact, we can note, that the condition   
Гd*>>µ* (where Гd*=Гd/KoT) or γ /Гd≈1 [16] should be 
satisfied for realization of a resonant scattering. In the case of 
n-Ag2Te calculations show reverse, i.e µ*>>Г* and          
γ/Гd ≈5.2. 

Therefore the resonant scattering of electrons on donor 
impurities in n-Ag2Te is not observed. So we may conclude 
from above-mentioned interpretations and conclusions [5] 
that Ag atoms in Ag2Te create small donor levels and Te 
atoms create acceptor levels, placed on distances (0.002– 
7⋅10-5 T,K-1) and (0.030–7⋅10-5 T,K-1) eV from the conduction 
band bottom, accordingly, which completely control electric  
and thermoelectric properties of Ag2Te in the given model.  
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Ф.Ф. Ялийев 

 
n-Ag2Te КРИСТАЛЫНДА ЙЦКДАШЫЙЫЖЫЛАРЫН ЕНЕРЪИ СПЕКТРИ  

 
Мцяййян олунмушдур ки, Ag атомлары Ag2Te кристалында, кечирижи зонанын дибиндян (7⋅10-5T⋅K-1-0.002) eV мясафядя кичик донор 

сявиййяляри йарадырлар. Тямиз нцмунялярдян Ag>0.01 at% башлайараг бцтцн нцмуняляр юзцнц n-тип кими апарырлар. Ясас вя ашгар 
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сявиййялярин щибридляшмяси вя еляжя дя ашгар сявиййясинин онун ясас ениня олан нисбяти, йяни γ/Γd≈5.2 олдуьу цчцн, n-Ag2Te 
кристалында жырлашма областынын йухары температура сцрцшмяси вя електронларын донор ашгарларындан резонанс сяпилмяси мцшащидя 
олунмамышдыр.  

 
Ф.Ф. Алиев 

 
ЭНЕРГЕТИЧЕСКИЙ СПЕКТР НОСИТЕЛЕЙ ЗАРЯДА В n-Ag2Te 

 
Установлено, что атомы Ag в Ag2Te создают мелкие донорные уровни, расположенные от дна зоны проводимости на 

расстоянии (7⋅10-5T⋅K-1-0.002) эВ. Выявлено, что начиная с недостатка Ag>0.01at% в стехиометрическом составе теллурид серебра 
имеет n-тип проводимости. Показано, что отношениеуширения уровня за счет гибридизации примесных и зонных состояний γ к 
полной ширине полосы Γd очень большая, т.е. γ/Γd≈5.2. Благодаря последнему в n-Ag2Te область вырождения смещается к более 
высоким температурам, а также не наблюдается резонансное рассеяние электронов на донорных примесях.   
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243 5�3 687:9�;�<�=>7:? ? @,; A @(B CED/F>D,B @(G/3 � Å�Ë,Ð�Æ%Ñ 
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¶ · ¸ ¹ º » »,¼ ½/º ¼�¾À¿ Á>Â Ã,Ä Å ¿ Æ	¸ Ç/Á ¿ È Ç/º »4É�Ê�Ä Æ	º Ç ¿ Ë È » Å	¸ Ì Í ¿ Î Î/¸ Å�Ï>¿ ¼ ½�º	Á Ð Æ	Î » ¸ ¹ ¼ ¿ ¹�Ë È · Æ�Ñ�Ò Ó>¸ · Æ�¿ ¼ ¿ º Ç�» ¿ Ç ¸bÔ Í Ç/Å » ¸
Õ � ¾ Ò º Ç/Å�Ó>¸ · Æ�¿ ¼ ¿ º Ç�¹ È Ç Ç ¸ ¹ ¼ ¿ È Ç�Ö	Ï>½ È Á ¸�¹ Í · × º ¼ Í · ¸bÑ�ØbÙLÚ Ö�¹ È ¿ Ç/¹ ¿ Å ¸ Á4Ï>¿ ¼ ½	Û,Ü¶ Ñ



Ý Þ ß#à/á�à�â�ã ä ã(å�æ ç:è é æ/ê,à�ß�á�ß�âìëìß�á�ß�â	í î�ï,ð/ç:è ñ ò ð(è ñ ã/ç

ó,ô�õ�ö#÷�ø Þ�ù,ú¦û ü ýLþ ÿ�� ��� ü ÿ�� ���	��

�� ��� ��� ó���� ����� � ó �	� ��� ý�� ��!"� ü #sü #���ý ü � ô ���$� ��ý %�& � � � þ ü � þý ü � ÿ�þ ü ÿ�� ��'¦ý ÿ�þ # ü #��/ü�(*) '+
,�$�:ú�- ��.	� ô���/ 
 / � �,ý10 � � � � ô�� � � ô þ %�þ � � ý8ý ó ÿ�� þ ��23!4� � � ü65�7*8ý & ó(ó ü #�� &9&9� � ý � ó/ô�/ � :�; /bö4< � � ô�� 0=� � � � ô�� � � ô ú3-4#�� � � � � ó � ó�> �$?@� � ó,ô��1A � ýB : C ? 
ED"F�F : 'G
 D �@H :�I
!"#�� � � H : � ý�5�7EJ K L M 7�N M O�5�K M 5 <:ó ÿ ô ��� � < % A3P /�Q�RS/bö úT-4#���U ó #��1V1W ó &9&9� � > � � � þ ó,ô ��� ü � ó/ô ý&9� � ô ü #��/ü�� ü�� ý"� ô ü � � � ��&#ÿ � ü � � � � ó > � ��ú�W ó 2:ü #��1X � � ô þ .$� � ô þ %�þ � � ý���� ��ü #��Y0=� � � ô ��� � � ô . ô�ó ü ý"� ô/3Z � � %	� ô��8ó �$� ��ÿ ô � þ ÿ�� ý � � þ ÿ�� �$� ý�þ ÿ(ü ü � ô�� ��K 5�N L J 7�5�[ � ��� ü ó�> ü #���!"# ó � ��ý � #�� � �@�$� � ��ú\�] ^=] _ `=a3` b c d	e b fTg�h i d	e j$k b l=c b m*`�m*npo�qYg�` iTr�q	]ps�ü � ô�� � ô üp�$� þ ü ó ��ü ó@t ?"� ü P / I	uv Q � ý���ý � þ ü � ó,ô

w9xGy3z6{ / Ipuv ) P |"} ? Q ~ |�/Y�
ý ÿ�þ #Eü #�� ü1��ñ æ � C ? 
SÞ(ú1�T� � ü �1� ü ý"�$� � ü � þ � � þ ó & �:ó,ô � ô ü P !�ú � ú ü ú C ? Q �,ý@���=2�!"#�� � ���T
 C ? P w Q xy�z P /3Q � ô �@�1� ý4ü #��bý ü � ô ����� �@�$� � ü � þ � ��� � � � P �/ý=� <:ó �$� Q ú30=� ü�ÿ�ý=� ��� ô ü � > %�ü #��bý ÿ < ý � �,þ � ó > # ó � � � ó,ô ü � �ý � þ ü � ó/ô ý"� ô y zYP / I |�} ? Q !"� ü # y z9P / I v ) |���Q �	� �9� (�? ú4-4#�� ô ü #��1# ó � � � ó/ô ü � � þ ó & �:ó,ô � ô ü w@� ���=2
ó�> w 2:þ ó,ô ü � �,þ ü � ��!"� ü #��	�$?@� ô �6� ô %�# ó � � � ó/ô ü � �=� � ý

� C ? P w1� �*� I � Q 
�� C ? P w I � Q 
�� ��ñ æ � P C ? Q � � { C ? P w Q � �"P � Q 
 � � � P � Qp�� � ô þ ��2:ü #�� <:ó ü #��$� � ü � þ � � � ô �6# ó � � � ó,ô ü � � þ ó & �4ó/ô � ô ü ý ó�> w ��� ��ÿ ô � �(ÿ�� � %���� � ô � � < %�� x�y3z P /�Q� ô ��� ô � ô � ü � ý � &9� � ��� > ó � &9� ü � ó,ô ý � � � ý � � ��� ô�� ü #��6U ó #���V9W ó &9&9� � > � � ��þ ó,ô ��� ü � ó/ô ý �/ó � � ó/ô�� ü #��ý ÿ < ý � �/þ � � �� � P / I � Q�RE� �� � P / I � Q 
 | � � � � � ���� ó ÿ � # � %8ý � � �$.$� ô�� 2	� �,þ #�� xGy3z P /�Q ��� > ó � &�ý P / I$uv Q3< %9& ó �	� ô�� ü #��	ÿ ô ��� � � %	� ô�� U ó #��3V3W ó &9&9� � V> � � �Eþ %(þ � ��ü ó ü #�� � � � � # ó�> � ��� ô6| ) / � ô �Eý � &#ÿ � ü � ô � ó ÿ�ý � �/ÿ � � ô�� ü #�� � � ó�< � � # ó � � � ó/ô ü � � ý � þ ü � ó,ôuv < %6� � ö ?   ¡ ¢ ú£*¤ ¥*¤ ¦	¤ §�¨ ©9©�ª"« ¬ ð ç	­�æ ç4èbé ®>ð�¯ æ | � � � � � ° ? è ãY±4² ? í ¯ ³�¯ ´ æ é	é ®>ð$¯ æ�ð�è�ð#é µ�ã(ã(è ¶�´ ³�ñ µ9µ�æ ä é æ å�¯ ³*¯ ´ æ/�· � ; � ñ é�ç:ð�è ï/ä ð ´ ´ ³Lñ å�æ ç:è ñ ¸:æ å�¹�ñ è ¶ è ¶:æ�é ®>ð$¯ æ8ã º�æ »�ð$¯ è�¼ í º ã/ä µ�é � �� � P /�Q à9½�ç:å�æ ä8è ¶�ñ é�ñ å�æ ç:è ñ í¸*¯ ð�è ñ ã ç*¾bè ¶:æ�å(ñ ¿>æ ä æ ç:è ñ ð�´>ã º�è ¶:æ�ñ ç*¯ ´ ï/é ñ ã/ç ° ? · À Á Â Ã ; ° Ä ? ð$¯ è é�ð/é�è ¶:æ�é ¯ ð�´ ð ä4µ�ï�´ è ñ ®�´ ñ ¯ ð(è ñ ã/ç6Å ³Æ à Ç
£*¤ ¥*¤ È�¤ §�¨ ©9©�ª"«�¬ ð ç	­�æ ç4è4é ®>ð�¯ æ | � � � É� � t ?	ð(è4ð�é µ�ã(ã�è ¶�´ ³#æ µ�Å(æ å�å�æ å1Ê�´ ð/ç*¯ Ë,ñ ð/çY¯ ³*¯ ´ æ / · É� ; } ?ñ é�ç:ð�è ï/ä ð ´ ´ ³]ñ å�æ ç4è ñ ¸:æ å�¹�ñ è ¶ y3z P /�Q à�½>ç:å�æ ä8è ¶�ñ é�ñ å�æ ç:è ñ ¸*¯ ð(è ñ ã/ç*¾bè ¶:æ8å(ñ ¿4æ ä æ ç4è ñ ð ´bã�º	è ¶:æ1¯ ã,ê æ ä ñ ç	­t ? ÉÌ Ã*Â Á ;4Í )Ä�� ? t4Ä ?#ð�¯/è é�ã/ç y zYP /�Q ð é�è ¶:æ�é ¯ ð ´ ð/ä4µ�ï�´ è ñ ®�´ ñ ¯ ð(è ñ ã/ç6Å ³ Æ à Ç
£*¤ ¥*¤ £*¤ Î�Ï4Ð�Ïp§�§*ªpÐ�Ñ�«4¬ ¶:æ�ñ å�æ ç4è ñ ¸*¯ ð�è ñ ã çsð	Å�ã,ê æ]è ð�Ë,æ é]è ¶:æ�å(ñ ¿>æ ä æ ç:è ñ ð�´	ã º#è ¶:æ�±	æ ä ä ³�Å�ï/ç:å	´ æt ?   ; ° ?�è ã�è ¶:æ�æ »4è æ ä ç:ð ´bå(ñ ¿4æ ä æ ç4è ñ ð(è ñ ã/ç y3z P / I � Q Ò ; � �� � P / I � Q à Ç

\�] Ó�] Ô�g�k Õ�m*Ö=×�Ø�ÙÚd	b ` e c d$b `ÛÖ ` b n m*k fTb Ü$g	c b m*`�]60=� ü /�· É� ; } ? < ���6X � � ô þ .	� � ô þ %�þ � � � � %	� ô��ó �$� �3��ý & ó(ó ü # � %1� &9&9� � ý � �1U ó #��3V W ó &9&9� � > � � �8þ %�þ � � /�· � ; � ú�-4#�� ôYt ? � ýbý & ó(ó ü # ô � �$� P / I$uv Q� ô ��� ý � ó þ � � � %9& ó ��� � � � � < %Lý ó &9� ô � � � # <:ó � # ó(ó � ó > � � � ó � ô y�z P / I � Q ú�W	� &9� � ��� � %$2 ° ? � ý4& ó ��� � � � �ô � �$� P / I v Qp< %�� ô � � � # <4ó � # ó(ó � ó > � � � ó � ô � �� � P / I � Q ú£*¤ Ý�¤ ¦	¤ Þ*ß	à á â ã�ä	å æ�ç ä*ä	å ¤ 0 � ü�ÿ�ý�þ ó,ô ü � ô ÿ�� P �	� �@è@��� <4ó ÿ	éYV=�T� � ô ý ü � � ô*Qbó ÿ���U ó #��3V3W ó &9&9� � > � � �þ %(þ � ��ü ó �Eý %	& � � � þ ü � þ�� &9&9� � ý � ó,ôTê · ë� ; � 23!"#�� � � ê�R+| ) / � ý#ý ó &9� ô � � � # <4ó � # ó(ó � ó > ü #��



ì$í	î ïYðñ	ò$ó ô õ9ö ÷$õ�ø	ù�÷�ø	õ$ôYú$û9÷$ò$ôYö ü ñ	ù ô�ö4ú	ý@ò$ñ	ó ý�þ4ô ÿ �$ò	÷�ô �6ù �*ù ó ô�ö ���
� � � �
	 � � � 
 ��������������� � ��
 � 
 ����� 
 ���������� �� �"!#%$ &('*)+�� ���
 � 	+, -*� � ����-�	 .�� /�� �0	 ����� � � �01+2����"����
 � ��� 3	 � � � 
 ���4165 7�89!# $ & '*)�: ��
 � �"� ��
 ��� 
  �� 	 : 
 � �������0;(� ����� <=
 ���"� 3�� � ��� /�� �0� ���+� � � �
	 � � � 
 ���4>@?A1���� B	 ��� �B� ��� �+� ����� � /���� 
 ������ �
 C�� � � ��� 
 � � 
 ��� : � � � � �@� ����� ������� � � 
 ���BD ) 
 	+E�
 /�� �B
 �4� ��������	 ��F��3�� ���+� ��������
 � ���G��� � 
 ���
H ��� �JI�����K $ >L.*
 �*���0M9N F4OQP R%S�I+T@FB� /�� ��1���UL3
� ���� �� V*��
 � 
 ����.�� ���W�X6Y � �=���  �
 ��� � 
 � � � 
 ���
� H[Z ) ��3�	 �����+��� 
 E�������� ���=�= ���H[� � � ��
 �]\[^9, >%_ `�2+	 � �� �	���	 ����� �G� ������E��H ����� � 
 ����a�� ���9U�b ) Y � 3=� � ��cGd�?e1�. : ��
 � ��
 	(� ����E�� ��-��
� H%f aG.�� g=��
 -�-*�  : 
 � ��� ����E�� �������*����
 � ��� 3����� 
 � ����� ����	 � � � 
 ����h�i�j d0k F(l m n��o�p q�p r�s*t]u%v w�xQy z { |%}�z |%{ w~s*�����
�=p ������� ����E�� ���������� �� �9K0Z ) �� ���
 � 	+�4��� � ��� ���L
 ��� � E�� ����� �� ����-�� � �
	 � � ��� � ��� � �L������� � 3�.%� � ���*� � � W�X6Y � �����  �
 ��� � 
 � � � 
 ������H%K�Z ) ��� ���0�9-���
 �>45 �� 8�� ) _��
�~\[^9, >%_ `�20O6KG� � � �� � Z )� ��<�� 	[��	 ����� �=� ������E��9�~Oe�[� �9S �%�0�~\ ^ , >%_ �L2(���� �� � � ��� 	%
 � 	%� � ���=-���� �[�(�%��	[�0� 
 ��� ���%� �=���  �
 ��� � ���� ����E+� ����V*�*� �L��HG� ���0� ����E�� ���0������ �� ������ 
� ����
 ����E�
 ����� 3�-���� �0�%������	L� ��� W�X6Y � �=���  �
 ����� �0���Z ) �Lb=��.�
 ��� � � ��	L��H%	 -�� 
 � � 
 ��E+K � �� �   � , K0Z ) 2[O6K0Z )[¡ K�Z ) O�\ ^ , >%_ `�2 ¡ \ ^ , >%_ `�20� ����
 ��E�H � ���� ����, � � ��� 2 W�X6Y � �����  �
 ��� � 
 � � � 
 ����� H�Z ) .�� �����9��� � 
 -�� 
 � ��� 
 ������3�SG���9	 � �� �	0, � � _ � � 2[¢£G¤¥, � � _ £0� � 2 .
 � � �L� ��
 ��� 
  �� 	 : 
 � �]� ���"��	 ������� ����-�� � �~	 � � ��� � ��� �"���A\ ^ , >%_ �L2 �Q¦ �@� ������� ����	 � � � 
 ��� : � : 
 � �� ���9��
 ����� ��
 	�� ����-�� � ��	 � � ��� � ��� � : 
 � ��� ���+� ��������
 � ���G	 3=��-�� � � � 
 �+	 � � ��� � ��� ������K $ Z ) 
 �����  �� ��� �E�� ������
 ��� � E�� ����� �+§�¨����� � �L	 � � ��� � ��� �+������	 ��
 � ����� ��/�� � � ���0������ �� �+� /�� ��Z ) �

©�ª0«�¬®­¯(°+± ²%³6´=µ�³*¶�·�µ*¶0³*²Q¸L¹ºµ*°�²Q´�»�¯[·G²%´@¸(¼"°�¯(± ¼�½]²%¾ ¿L°Lµ�²GÀÁ·GÂ�·%± ²G´ «
ÃGp Ä�p ÅQw�Æ�y |%{ w=y�p ������� g���
 /���� � ��� �9Ç�È�ÉB� H[� : �
��� ��	 ��� � 	�ÇG.�ÉB���4>@��� ����	�� ��� ��ÇG, Ê�2LOAË9ÌÉ(, Ê92(OeË�H ��������3
U���� � ��	 ����	 � ��ÊÍ?A>L�(U(3�� ���+Î0�� ���� Y ��
 <��= =3=�Í� ��� ��� � ��.*Ç
ÈAÉ4
 C"� ��� � ����� �� : ��� � ���G
 ��� � E�� ����� ��-���	 
 � 
 /���H ����� � 
 ����	

Ï Ð Ñ+O f=Éf=Ç �4Ò � , >%_ Ç*2L_ÓÏ Ñ Ð9O f=Çf=É �4Ò � , >%_ É%2, � ��� � �  �� ���+Î0�� ���� Y ��
 <��� =3��J �� � 
 /���� 
 /�� 	 2L	 ��� ��� �����Ô=Õ f�É"O Ô�Õ Ï Ð Ñ%f=Ç�_ Ô�Õ f�Ç
O Ô�Õ Ï Ñ Ð[f=É
H ��������3�UL��� � �G	 ����	 � ��ÊÍ?A>L�LÖ���� : � 
 � � 	0��	 ����� � 3"Ç
OQÏ Ñ Ð�É"H ���L� : ��� g���
 /���� � ���0��� ��	 ��� � 	 �X � : 
 � � : � 
 � �(×ØOe×Í, >(2*H ����� ���(� g=��
 /���� � ��� �(� � ��	 	%� H*��� ��	 ��� � 	%���9>�
 �� ���� �  ���3�
 � 	G������
 H ���  	 � � ��� � ��� ������ B×QÙ9?Í×ÚH ���+Û �
� � Ü ÝB��� ��	 ��� � 	 . : ����	 ��-���
 � : 
 	 �9Î0�� ���� Y ��
 <��= =3=�Þ �� � 
 /���� 
 /�� 	��� ��	 ���=��� ���+ßL� � � ��
 ��� 3�.%Ï Ð Ñ Ï Ñ à OÍÏ Ð à ���� ]Ï Ð Ñ Ï Ñ Ð O®�9��� ����	 ��� /�� � 3 : ��� � � : � � � � �G����34��� ��	 ��� �H � ���®×�H ������� �GÇG_ Ï�_ á9�4×Í�ÃGp â�p ã"Æ�v ä
å9w=æ ç*è%æ �%ç*y�p ßL����	 
  �� �
� ���"H ��� � � : 
 ��EB� g���
 /���� � ��� �4� H9-���
 � 	4, a*_ ÉG2 . : ��� � �BÉJ�º×�.a@�6Ò �é , >%_ ÉG2*ê�-��=�
, a � _ É � 2�ÈÞ, a � _ É � 2�
 C@a � ë Ï Ð ì Ñ�O®a ��ë Ï Ð í Ñ
��� ����	 �+� /�� � 3 : ��� � � : � � � � �%����3Ç"�4×��[�����L� ��� � � 	 -����� �
 ��E0� g���
 /���� � ��� �(� � ��	 	 � 	%��	 ����� � 3+��� �L� � H � � � �  9��	[Ý�î�� ï(ðL� ñ ò Ý=Ü Û����� � �� ����� �  



ó�ô õ�ö�÷Lö�ø�ù ú ù=û�ü ý*þ ÿ ü���ö(õ0÷%õ+ø��Qõ0÷%õ+ø�� ���
	�ý*þ � � 	=þ � ù�ý


��������� ��������

� ���� ! "
��#$�%� �&! ��' 

� �  (*) +&, , - .%/
! ����021�3*4 576%

8�(9�:0:;�< ��=��� ���
�� �>�$ ! "��
# �� ?�@ AB# �� C@  

�%' � ?
�  (ED
 ' # ?�@F� G�

'  H$I94 576$ J
K�! G�G� (E�F! # �&# �� C� ' 

� 
�@�G�@ ?L(�K�' #M � H�N � H>O � P N �%PFQSR T U�WV�X�� H � P N Y Z [ \�Y Z ] \�^�_
` A*?L? # �E��
�� ���� ! "
��# ��� ?�@ AB# �� @  C
9(� 8��  C� K�a�� G�

'  2bI 4 576$c�I94 576 �d%e f�e g�h�i j k l9m
n o>p�q m
r2s�t�s
i m
u�e�vw� x < 4 5767
�' # �$?
8*I94 576�DL! 
E4 � O ��6 y{z�|$� b�}>~ H O 4 }>~ H�6 �>���C

8�(�  8�(���bI # ?9! # �  � � ��=��� {?�@ a�! #F� G�
�'  �F?���# �� C' ?
@ @  � G�?�8�(�! 8�"*(�! 

"�?
8�
���

' # ! ?
8�� ���� � R T U�W� 	 �>� � 4 5 O � 6$��I94 576 � vw� x < 4 576�C� �� R T U�W� 	 � � � 4 5 O � � 6$��I94 576 � vC� x < 4 5767�

@  �' 

� �  (�� G�
�'  �&?��C.���� �&��� � � .L- � ���%

"�@ 

8�"�! 

82
�8�(��7� 

8�' �
! 

8�' ��' �  �*?��C�  D
 �w�>� �F G�� 
�'  &Ia
�¡bI ! 8�# �� �  E(� ¢>8�! # ! ?�8�� /��� E?�aL# 

! 8�# �� &(� 8��  E� K�a�� G�
�'  � b� � �� c � � �� 
�8�( b� � �� c � � �� /$? �) +&, , - .L� £¤��

� �F�� ! "
��#  (�' �L' �  � �¥=��� E� ?
@ "� # � K���A*
�G�� � � � ¦ z � / � � �� §¦ z � � 4 

8�(2# �� ! @� A*?L? # ��D
 @ � ! ?�8�� 6CG�@ ? DL! (� {# �� �  *� G�
�'  �C�F! # ��# �� {D
 ' # ?
@Ca�K�8�(��  9� # @ K�' # K�@  � �&�F� ��# �� �  *a�K�8�(��  �

@  C

@ @ 
�8�"
 (E! 8&# �� C' ?�A*A9KL# 
 # ! D
 C(�! 
�"
@ 
�AE�� � �� z$¨ � ��ª© z � � �

� �§¦�«L¬�­ ¦�® ¯ ° ±²�³ ¬ z�¨ � ¦�® ¯ ° ±²³ © z � �¦³
d%e d%e ´9µ>¶¤·�i m�¸Eu q ¹ º�s�q º�¹ m�e$» ?�@%
�8
�w¢�¼L (C��

� �
�� ! "
��#�� N �{# �� �# 
�8�"
 8
#�� G�

'  �½ §X � � �¾1 3 4 576�! �! 8�' � K�(� (9! 8�# ?F½%¿ À Á IÃÂÄI a
�*� H7ÅÆ%Ç �%� H N ����=���! ��"
! D
 ��

89! 8�' � K�� ! ?
8C½ � � © z � � �� 

��
w(� 8��  �  # ���F � # @ ! ' # ! 8�"F?
K�@ �  � D
 ��a
�w# �� $� A*?L? # �{��
�� �L�� ! "
��# � /��$ $"
 #�# �� 7! (� 8�# ! ¢>' 
 # ! ?
8w½ � � È z b� � �� �=�?¤G�K�� �¥(�? �F8 # �� :' 

8�?�8�! ' 
��F! 8
#  "
@ 
�a��  :' ?
A*G��  ¼�� # @ K�' # K�@  �� @ ?
AÉ½ � � =�? b� � �� /w' ?
8�� ! (� @E
� A*?L? # ���7� 
�8�' �L! 
�8�' �L' �  &5 © §Ê z � � 
 �L! 8�"E? D
 @C
�Ë ` � Ì ' �L' �  *5 © Ê z � 
�8�(¤��
�� �$�$ ! "��
#  (¤a�����ª� N ����ÍF� ! 8�"�
�� ?L' 
���� G�� ! # # ! 8�"�½%Î ÏÐ Ñ Ò Ó b� � �� ÂÄ½�ÔBbI 4 5767Õ¥½7ÏÐ b� � �� ÂÖ1 3 4 5767ÕB1 3 4 576�� *' ?L?�@ (�! 8�
�#  *
�� A*
�� �78� ! "��La>?
@ ��?L?L(�? �{4 ×Ø O ��6C! 8 b� � �� a
�¤� A*?L? # �¤' ?
A*G��  ¼:D�

� K� (�� K�8�' # ! ?�8��Ù � Ù H�Ú2Û Ù P 0 1�394 5 O Ü 6C

��� ?
� � ? �F� ��=��� 9! A*
�"
! 8�
�@ �EG�
�@ # Ù P G�@ ?L(�K�'  �w� ?�A* {�7� 

8�' �
! 

8�' ��' �  � K�G�G>?
@ #  (:a��:Ý�Þ ] c�ßàc¥½ � 5�
�8�(���
 D�! 8�"*# �� Cá�â Ì ' ?L?
@ (�! 8�
 #  Ù P �F=��� {@  

��G�
�@ # Ù H G�@ ? DL! (� �! #��F! # �&# �� C��
�� ���$ ! "��
# ��ú � ���¾4 ��ú b ��6�ã N ��ú � � O�F�� @  {Ý�Þ ] ä å z 5�! �$# �� C@  � # @ ! ' # ! ?�8E? ��# �� C' 
�8�?
8�! ' 

��G�@ ? æ  ' # ! ?
8&½ � 5 z 5$�d%e ç�e è¤éh�p�i mL¹&u q ¹ º�s�q º�¹ m>e =��� {G�@ ?L(�K�' #C? ��# ��?&��
�� ���$ ! "��
# �F� H ��� H N � H 
�8�(���PF��� P N ��Pw! �F
' ?�A*G��  #  w�$ ! "��
#F?
8�5$/�# ��
 #F! �

� H � P R T U�W� H � P N Y Z [ Y Z ] \ _EOê ë ì í î ï ð�ñ ò ó7ô ì í�ï õ ì ò í�ö
ò ÷ ø�ï ë ÷ ù�î ì ú ø õ öLï ð î�û î ü í î û$ï ö
ý ê þ ÿ ê�� ��ê � ý � þ ÿ � � � ��� � �	�
 ý ê ÿ ê�� � 
 � ��� ý � ÿ � � � 
 � � ��� �ù%ø î ð î � ì íwõ ø î7ô�ò õ øw÷ ò ð ó�� ë ï ö�ì ö%ï íCï ð ô ì õ ð ï ð ��ó$î ï ö � ð î�÷ ð ò ó��



����� � �!�"�# $ %'& (�%*)�+*(*)�%�$ ,�-'(�"�$ & . !�+ $*&/,�01"�!�# 032/$ 4 5�"�(*$ 67+ 89+ # $*& : ;
<>=�? @/A>=*B�<>? CD? A><7=�AEB F>?1G F>=�H G ?1=*I�JLKNMPO�A><LC>Q =�<>R>G ? @�O ST? U UV<>? W9A>? <7H A*B ? X*Q O*B H =*A

YLZ[V\^]>_/Y�`�aDb aDc'd e fg ]>_TYVY*b Y c*h i j k l*i j m ln`�J
I =�Q�Y7Kpo�q'r s�t uTv�=�w9? O�G F7F>O*U InST? H X*F�B�aNC>Q =�<>R>G ? @�O'U H A>? O�Q�I =�Q x

y r aVtpz{Y |7] _ Y3`�a c
=�A7B F>?1B O�A>X*? A*B1@ C>O�G ?~}T�_*���~� o q r s�t u1� A�= B F>? Q�ST=�Q <>@ wD� r s�t�<>=*R>�>U ?~G = ��? Q @3}3�� _ � �� � ��� wV�D? G O*R>@ ?y H @/��R>O*<>Q O*B H G1H ALaVuT�/F>?~<>H �D? Q ? A�B H O*UV= InB F>H @���R>O�<>Q O B H G1G = ��? Q H A>X'@ ? A><>@�a b K7� r s�t�B = B F>?1U H A>? O*QI =�Q x ` y�� r aDb tpz{Y |���]�_/Y3`�aDaDb/�
=�A�o q r s�t g }��_��/� u�v�=�wD` y H <>? A*B H W9? @/}~r �~� �� tTS�H B FE} r }�� �/� tTO�A7x'O �L�D?1R>@ ? <LB ='C>R>U UV�>O�G �EB F>?G O*A>=�A>H G O�UD@ �>x'C>U ? G B H G3<>O*B O I Q =*x�}�� � � B = �1� �� u� O*x'? U �*w*U ? BnR>@nC>Q = ��H <>? �~� �� S�H B F1O*A~O*G B H =*A3I =*Q x���d e fg y � �3O�A><3B F>?�G =*Q Q ? @ C9=�A><>H A>X�@ ��x'C>U ? G B H G@ B Q R>G B R>Q ?~� g `>�'w>S�F>? Q ?~�EH @/B F>?1G O*A>=�A>H G O�UVO*G B H =*A : � I =*Q x =�AEB F>?~G =*B O*A>X�? A�B3�>R>A><>U ?3}3� ��� u/� AB ? Q x'@/= InB F>?1U =�G O*UV@ C>U H B B H A>X1}n¡ ¢ £ � ¤ ¥ �1� �7� � r s�tV¦�o q r s�tTH A><>R>G ? <7�*�L§1O*Q �D=*R�¨ ��© ? H A>@ B ? H A7R>A>H �I =�Q x'H ª O*B H =*ALB F>? @ ? B S/=EI =�Q x'@3O�G B~=*A�« b g r a b ¬ Y b t3O*A><�« c g r a c ¬ Y c t3O�@1�Lr « b t g ��]�_/Y b `�a9­ a bO�A>< �'®9r*a b ¬ Y b t ¬ r�a c ¬ Y c t�¯ g ]�_/Y c `�a9­ a b [�]>_/Y b `�aD­ a c �� ALB ? Q x'@�= I�B F>?~G =�x'C>U ? ¨7§ ©°� G =�=*Q <>H A>O*B ? @�=*A �~� �� w9B F>?~Q ? O�UDB O�A>X*? A*B3��? G B =*Q wVO*U =�A>X7r ±�b ¬ ² t wDO*A><O�ANH x'O�X*H A>O�Q �LB O*A>X�? A�B3��? G B =�Q'r ²�¬ ± c t�O�Q ? C>O*H Q ? <N���N��O*@1�'®9r�± b ¬ ² t ¬ r ²�¬ ± c t�¯ g ] _T± b ± c `�a c­B F>O*B/G =�H A>G H <>? @�S�H B FE³ c � C>Q =�<>R>G B/= In± b O*A><L± c S1u Q u B u�B F>?3x'? O�@ R>Q ?3a c­ uTv�=>w>�°H @TG =*x'C>O*B H �>U ?/S�H B FB F>?'G =�x'C>U ? ¨N@ B Q R>G B R>Q ? =�Aµ´� � �� O*A><�C>Q =�<>R>G ? @3B F>?'¶'·O*F>U ? Q�B Q H C>U ?~S�F>=*@ ?'¸�H ? x'O�A>A>H O*ANx'? B Q H G ¹B O��*? @ ¹N®9r aDb ¬ Y*b t ¬ r aDc ¬ Y c t>¯ g ]>_TY*b>`�aDb a ­�º ]�_/Y c9`�a9c a ­ �
»9¼ ½>¼ ¾�¼ ¿�ÀTÁ�ÂTÃTÁnÄLÅ�ÆnÇ9È~É È*Ê È ÉTË7Ç9Ì É Í/Î�È Ï Ð�Ç9Ñ È ÒNÓ�É Ì Ô9Õ Ö�Ï Ì Ô�Õ ×>Õ É È Ø1Ø ÙVÌ�Õ È �1Ú Û� Ç9Ì Ø'Ñ Ç9È~Ô9Ì>Ñ Ü*Ý Ì ÉØ Ñ Ý Ü�Õ*Ñ Ü*Ý È1Þ*Í�Ì ÔLÏ Ô>ß>Ô>Ï Ñ È1Ò�Ï àEÈ Ô>Ø Ï Þ*Ô9Ì ÉDá�âÌ*Ç>É È Ý1Ê Ì*Ý Ï È Ñ ×�ã ä

åVæ çDæ è7é>ê ë1ì í�î ï9ðDñ í�ò�ó ô9ðnõ7öL÷Vô9ø�ø�í�õ ë í�ê ò�ù*únù�ê í�û*æ �/F>?'A>O*B R>Q O*U~ü�r : t � O�G B H =�A�=*A ��� wnS�F>H G FG F>O�A>X*? @nO�G = �*O�Q H O*A�BVB Q H ��H O�U H ª O*B H =*A3= I>ýN= ��? QnO/X�H ��? A spþ ÿ�w�F>O*@VB F>?�@ B O�A><>O*Q <~U H I B H A>XT=�A3} �/� O*A><=�A �~� �� O�@TS/? U U uT�/F>H @/O*G B H =*ALC>Q ? @ ? Q ��? @�B F>?1¶'·O*F>U ? Q/@ B Q R>G B R>Q ?*w9�D? G O*R>@ ? � K üTr : tTþ���x~R>U B H C>U H ? @B F>?3G =�x'C>U ? ¨'§ © � G =�=�Q <>H A>O B ? @���� � u��/F>?���=*U R>x'?/I R>A>G B H =*A �1� �� � � � |�� wDS�F>H G FE@ ? A><>@1r s ¬
	� ¬ aDtB =�]�_Ta c w�H @7üTr : t � H A��*O*Q H O�A*B u
��O�G F�H B @~U ? ��? U�F���CD? Q @ R>Q I O�G ? �1� �� � � G =�A>@ H @ B @~=*ITS/? H X�F*B ? <���U O�A>G ��H O�AG ��G U ? @�S�F>=�@ ?/R>A><>? Q U ��H A>X���v � � G �>G U ?/F>O�@�B F>?TW>¨�? < ��=*U R>x'?�� v9u��/F>?/=�Q �>H B�@ C>O*G ?�� � �� � � d e fg �~� �� � � � ü�r : tH @/G O*U U ? <LO @ C>O�G ?1=*I������ ���� ! " �$#  %
��v � � G �>G U ? @/=*In��=*U R>x'?�� u»9¼ &9¼ ¾�¼ ¿�ÀTÁ�ÂTÃTÁnÄLÅ3ÆnÇ9È7Ø ÙVÌ*Õ È � Ú Û� � � ' Þ Í1Ç9Ì É Í Î�È Ï Ð�ÇDÑ È Ò)(�* � + Õ ×9Õ É È ØLÞ Í'Ê Þ É Ü*àEÈ � ' Ì*É Ø Þ�Ç9Ì ØLÌÔ9Ì>Ñ Ü*Ý Ì ÉVØ Ñ Ý Ü�Õ Ñ Ü*Ý È~Þ Í�Ì*ÔLÏ Ô>ß>Ô>Ï Ñ È3Ò�Ï àEÈ Ô>Ø Ï Þ Ô9Ì*ÉDá�âÌ*Ç>É È Ý1Ê Ì Ý Ï È*Ñ ×LÏ Ô9ÒDÜ�Õ È ÒLÍ Ý Þ à �1Ú Û� ã



, - .0/�1�/�2�3 4 3$5�6 798 : 6�;
/�.�1<.�2>=>.�1<.�2@? A�B
C�798 D E C$8 D 3�7
F�GIH<HKJ9L@M NPO Q R SUT�V W�X�Y�R ZIV�[$\
]�^�Q _ N�T O Q _ NP` V$V�R a�_ N�Y�O Q T bIO c�Q�O Y
N�d�Q N�O0T e�Y�` Q0fhg ij k l m n o�p qr s t ` V
N�T _ T O TV�W�uwvyx z9{ |I}�~�fhg j k l m n o p q��>� x ��}<������x ��}@T [�` cPO c�Y O0�$���$|9|I��v>�$bhZ9Q ` Y
[�T Q�O c�Q�_ N$�9N�_ O Q T _ SUY
�� V
� [�SUQ�_ N�` R Q SUQ N�O�Y
� V�N�dUuw_ T@SUQ Y�T [�R Q a�Q \�Y�` O � �
Z
�wO c�_ T�_ N�O Q d�R Y
� ���@c�QP��x , } ] W Y
` O V
R _ � Y�O _ V�NUO Y
��Q Tx z�{ |h}�O V�x � z9{ |I}�~�f<� � s � m � � p qr s t ���$V�b�O c�Q�Z9V�O c
T �$SUe�� Q ` O _ `�Y�N�a���_ Q SUY
N�N�_ Y�NwT O R [�` O [�R Q T

�U� x�|I� { z��9}�{<x
|9  { z  I}$¡�v��$�@z  9�$|9� |h�K¢£���@z����
|I� |9 
¤ �Ix | � { z � }9{<x |   { z   } ¡ v��$�@z � �$| � | �K¥ �$�@z   �$|   | �

R Q SUY
_ NUO VUZ9Q�¦@Q � �ha�Q �9N�Q a�V
N � p qr s t b9T _ N�` Q�O c�Q�` V
N�a�_ O _ V�N�T
�����$|I� |I��v������
|I  |I�@v§�

Y
N$N�_ c�_ � Y�O Q�Y
N
Y
R Z�_ O R Y�R _ N�Q T T�_ N
� _ W O _ N�d�� z ¨hO Vwz ¨�x SUQ Y�T [�R Q a
Z
�
YU` V
N�T O Y�N
O�Y
a�a�_ O _ � Q�O Q R SUT } �ª©

«<¬�­�®�¯�°�±�²y³ ´h±�µU´h¶�·9·�¸<¹�º0¶�°�»�¸K°�´h¸>±�°�»½¼£¾�¿§À
²Á±�º�­

ÂIÃ Ä�Ã Å
Æ�Ç È É9Ê>É9Ë0Ì Í<Î�Ï<Ð Ñ
Æ�Ç É9Î�É9Ò Ï<Ó<È Ì Î�Ì�ÃPÔ � � Ô�ÕhÔ�Ö ] ` V�N�T O [�` O _ V�N�T0Y
R QUV�Z � _ V
[�T � ��Q ×$[�_ � Y�R _ Y
N�O¦�� R � O �hO c�QwN�Y O [�R Y
��Y�` O _ V�N�V W@O c�QUd�R V
[�e£Ø$Ù0ÚIÛ x Ü�} bKV�W@T ��SUe�� Q ` O _ `Ua�_ ÝIQ V�SUV
R e�c�_ T SUT�V�W�Ü>�P�$V�bØ$Ù0ÚIÛ x Ü�}UY�` O TUV
N£O c�Q�T e�Y�` Q T o p q Y
N�a � p qt Z
�)c�V�� V
SUV�R e�c�_ `
Y�[$O V
SUV�R e�c�_ T SUTUe�R Q T Q R � _ N�d�O c�QÞUßY�c�� Q R0T O R [�` O [�R Q���M N£e�Y�R O _ ` [�� Y�R bKO c�Qwà�Y�SU_ � O V
N�_ Y�N)x ¦�� R � O �Ká
}�â9V ¦�T�V
N£Üãe�R V$a�[�` QwN�Y�O [�R Y�� � �O c�Q�à�Y
SU_ � O V�N�_ Y
N�x ¦�� R � O � � }@â9V ¦�T�V�N � p qt �0�@c�_ T�� Q Y
a�T�x W V�R�Q Y�` c�� Q � Q ��ä�Y�N�a � V
� [�SUQ�å }@O VUO c�Q` Y�N�V�N�_ ` Y��hc�V�SUV
SUV�R e�c�_ T SyV�WKæ<V
_ T T V�N�Y�� d
Q Z�R Y
T ç
è �Ux Ü�} é è �Ux ��p qr s t } x ê ] , }

` Y�� � Q aPë ì9í0î�ï ðIñ�ò�ó ô ñ�õ<ô ö ÷ ÷ í ø ù9ö ð9î$í ðIô í���M O�¦�Y
T@e�R Q ` _ T Q � �
a�Q T ` R _ Z9Q a�Z��
ú�_ ���9�K��[�R _ N�Y�T�W V
� � V ¦�T �û�ü ý$ü ý$ü þ�ÿ����������
	���
 6��K3�D : : 3 7�C Û � 6���4 C@4 6 Ú 4 6 : 6 7I8 C$8 D 3�7 x ê ] , } D :<D 7 � 6 ��8 D ; 6�C�795�: 6 795$:�C@: Ù 3$3$8 
4 6 C Û�� B�7���8 D 3 7 z 3 7 Ü 8 3P8 
 6 � B�7�� 8 D 3�7����w3�7 ��� �r s t�� 
 3 : 6
; C Û B
6�C�8 
 C Û � � 6 D � 
 8 6 5��@3 
 4�? Ø 3 Ù ?Ù 6 4 � 6 Û 5�� ��� Û 6 x  �{ |h} 3 � ; 3 Û B Ù 6 å C�795 Û 6�; 6 Û<ä 6 A9B
C Û :
��� x� �{ |�}Kv ,

! ä
å �$�� �" z��$|  
©



#�$&% '�(�)�*&+�, - *�./-&0&1&1&2�3 4�0�)&5�2 )6- 27*�)&598�:�;�< +�*�4 = >

?6@ A�@ B6@ C7D�E
F&G HI@�J�K6LNM L O6M L P L Q&R S R T U&Q9V�WXIY[Z�\NO6M L P L M ]&L P�U&Q6^ _7R K6L�`�U�T P P U&Qba6M S&c d�L R P�a6e�R�f6U�L P
Q6U�R�O6M L P L M ]&L/R K6LNe6P e6S&^Ic U&g�g7e�R S�R T ]&LNO6M U�f6e6c RNU hih e6Q6c R T U�Q6P j6c L M R S�T Q6^ _&k�l Q9O6S&M R T c e6^ S&M j&R K6T P�g�L S�Q6P
R K6S�R�mNK6L Q�m�Lon�e6S�Q&R T p L7S�f�_6Q6S�g�T c S�^iP _�P R L gqmNT R K
K6S�g�T ^ R U&Q6T S�Q�r
U�Q�sut&L R R T Q6tbR K6Lof�_6Q6S�g�T c S�^
P _6P R L g[mNT R KwvNS&g�T ^ R U�Q6T S&QxZ�y�U�Qwz�{ |�j�R K6L QwL S�c K~}�M P R�T Q�R L t�M S&^/V�� T k L k�S�h e6Q6c R T U�Q~P S�R T P h _�T Q6t� rI� V������&�7^ L S�f6P7R U�S�Q�T Q�}�Q6T R L�h S&g�T ^ _�U�h/T Q�]&U&^ e�R T ]&L9T Q&R L t&M S�^ PbZo�\ h U&M7R K6L�n&e6S&Q�R e6g�P _6P R L g��R K6L _�P S�R T P h _ � Z�y�� Z7�\ �/� � Zo�\ � Zo�\ �o���oh U�M�S�^ ^���� �����wa6e�R�S&M L7��� ��� � � ��� � ��� � �7� �I��� ��� �I��� ����Q6U mojaIL c S�e6P L7U h�Z \  b¡��Z7�\ k
¢I£ ¤I£ ¥9¦�§ ¨�© ªw§ «x¬x­®6¯�° ¦�©9±I¨ ® ªI§ ² ³ ® § ² «�ª�£/´ L Rosµa�L7L n�e6T O6O�L f�mNT R K
S9¶�·S�K6^ L M�P R M e6c R e6M LomNK6U�P L
¶�·S&K6^ L M7h U�M g¸c U�T Q6c T f6L P7mNT R KxR K6L9P _6g�O6^ L c R T c�h U&M g�¹�kxJ�K6L Q�R K6L9c U�g�O6S�R T a6T ^ T R _�c U&Q6f6T R T g�Q6P7U&Q
R K6L�O6M L n&e6S&Q�R T p S R T U&Q�f6S R S
O6M U ]�T f6L�º�mNT R K�R K6L�c S�Q6U&Q6T c S&^�P R M e6c R e6M L�U�h�K6U&^ U�g�U&M n&K6T cbS&g�O6^ Lb^ T Q6L
a6e6Q6f6^ L7S�Q6f
m�L7c S�Q
c U�Q6P T f6L M�R K6Lom�S ]&Loh e6Q6c R T U�Q
P O6S�c L P jiT k�L�k�R K6LoP O6S&c L P/U h�t&^ U�a6S&^iK6U�^ U&g�U�M O6K6T c
P L c R T U&Q6P »

� ��¼�½ � sw� º�¾ � ��¿
À U&M/S�Q&_�K6S&^ h�m�L T t&K�R L f�`�^ S�Q6c d�T S�Q�c _�c ^ L�� Á��&ÂÃ � Äi�NP e6O6OIU�M R L f�a&_�S�ÅNÆ � Ç c _6c ^ L�Á�È É�ÊNsµmNT R K�S
K6U&M T p U&Q�R S&^�e6Q6T R S�M _�P L c R T U�QxÁ�È Ë Ê Ã�Ì º ¾ �bS�Q6f�h U&M/S�Q&_�K6U&^ U�g�U&M O6K6T c7P L c R T U�QxÍ9�~¼ ½ � s�Î � º ¾ � �c U�Q6P T f6L M9SxP g�U�U�R K~c U�g�O6^ L Ï�]�S�^ e6L f�h e6Q6c R T U�QwÐiÑ Ò Ów�ÕÔ�Ö�� Á�� ×��
P e6c KwR K6S R Ã�Ì Í���ÐiÑ Ò ÓbØ�ÙÚT QÔ�Ö�� Á�� Ã�Ì º ¾ � � k
?6@ B6@ A�@ Û�Ü�Ý9Ý�ÞNß à�á â�ã ä�åIæ9ä ç7¼ ½ � s�� º ¾ � ��È è éê�ë Ñ Ò Ó Ê Ô Ö � Á�� ×���á ìiá â í ã î ï á ð ã�ä â�ñ/ò�ó�ô ó æ9ó�å çIò6á î õö
?6@ B6@ B6@ C7D�E
F&G HI÷9Ô�Öb� Á�� ×��bT P/S�}�a�L MoU h�R K6L�ø�ù � ù ú9ù � �6ø�� �7R S�Q6t&L Q&R7a6e6Q6f6^ L7û�ü ý Ò þÓ Ò ÿ �����{ |� U ]&L M�� { |� c U&Q6P T f6L M L f�mNT R K9R U�L/T Q&R M T Q6P T c/K6U&^ U�g�U&M O6K6T cNP R M e6c R e6M Lof6L }�Q6L f
S&a�U ]&L�k¢I£ �I£ ��«�� ® © �
	7§ ¯ ¦��b«�© § ¯ �9² � 
���� ® ¨ ° ����© ² ��¦�� ®�� £�´ L R/e6P�f6L }�Q6LoS�g�S�O

�� { | �   ÊN¼
½ � sw� º�¾ � � Ì � > Ç � �
a&_�P L Q6f6T Q6t7S7K6S&^ h�m�L T t&K�R L f�`�^ S&Q6c d&T S&Q�c _6c ^ Lb� ÂÃ � Äi��R U7× Ç ^ T Q6L S�M�h U�M g R K6S R�R S&d�L P�Ío��¼ ½ � s�� º ¾ � �R U ���

Ð Ñ Ò Ó�� Ä ��� ���
Ð Ñ Ò Ó V!� ��" � ×

l Q9R L M g�P�U h�c U&g�O6^ L Ï$#&% Ç c U�U�M f6T Q6S�R L P�U�Q'�� { |� Q6L S&M/� Á���ÂÃ � Äi��T RNP L Q6f6P�Ð)(�*�+ Ð � R UbSb^ T Q6L S&M�h U�M gU&Q9¼ ½ � sw� º ¾ � ��R K6S�R�R S�d�L P�ÍNR U
� �
Ð Ñ Ò Ó Ð)�( , - ë/. � Ä ��l R P�f6T 0IL M L Q&R T S�^�P L Q6f6P�Ð ( *�+ Ð � R U7S7h e6Q6c R T U&Q6S�^

Í�WXIY
� �
Ð Ñ Ò Ó � � Ð ( *1+ Ð � � � Ä �N�2 ^ R K6U�e6t&KNR K6T Pig�S&O/T PiQ6U R�× Ç ^ T Q6L S&M j�R K6L�f6L h L c R�T Pig�L S&P e6M L foa&_oS�c U�Q6P R S&Q�R�h S�c R U�M k�J�K6S�R�T PIR K6L�g�S&O� > Ç � ��K6S&P�S�� ù ��3 � �����5476� ø�� � �7������� ��j�T k6L k�T P�S�^ g�U&P R�K6U�^ U&g�U�M O6K6T c�k�l Q�h S�c R j6e6P T Q6tbR K6Log�L R S&O6^ L c R T c

h U&M g�S�^ T P g�j�R K6L
f6L }�Q6T R T U&Q�� > Ç � �7c S�Q~aIL�g�U�f6T }�L f�T Q�U�M f6L MbR U�t�L R�SxK6U�^ U&g�U�M O6K6T c9g�S&OxmNK6U�P Lf6T 0iL M L Q�R T S&^�m�U&e6^ f7P L P n&e6T ^ T Q6L S�M ^ _of6e6S&^&R U�R K6L�M L P R M T c R T U�Q7g�S�O7¼ ½ � s�� º ¾ � � È è éê�ë Ñ Ò Ó ÊoÔ�Öb� Á�� ×�� kÆ�U6j�R K6LNvNS&M f�_bP O6S&c L P j&mNK6T c K�S&O6O�L S�M�T Q7R K6LNÅ�L M L p T Q987J�U�L O6^ T R p�n&e6S&Q�R T p S R T U&QbO6M U�c L f6e6M L j6S�M L
: e6P R
R K6L9c S&Q6U�Q6T c S�^�O6M U : L c R T U&Q6P7U h�R K6L9e6Q6T ]&L M P S&^�K6U�^ U&g�U�M O6K6T c7R S&Q6t�L Q�Rba6e6Q6f6^ L�U&Q�R K6L9P O6S�c L9U hNK6S�^ h
m�L T t&K�R L fwc _�c ^ L P k J�K6T P�T P�R K6L
R M e6L
t&L U&g�L R M T c S�^NM L S&P U�Q~h U&MbR K6L�L Ï�T P R L Q6c L�U�hoSxc S�Q6U&Q6T c S&^&;�S�R
c U�Q6Q6L c R T U&Q�U&Q9R K6Loa6e6Q6f6^ LoU h�c U�Q�h U&M g�S�^ia6^ U�c d&PNg�L Q&R T U�Q6L f�T Q�Q � =&k <6k � k



= > ?�@/AB@�CED F D�G�H I J K H/LM@)?NA
?�CPOP?NA
?�C&Q R�SMT/I J U V T�J U D/I
WNXBY'ZP[ Z�\ Z�[ Z
]E^�Z�_

`!a b�a c$d�e dMf d�g
hMdMikj gmlon)l$p�q
rts�u)v)uEwNx y x z�{ | } ~ { � �Ns�u)��u9���/��y � |!u ?EA�?�C�� ?9��H � U T I�A
T �MF T/I��MU T/I�?E� ��H/�/F T U �$CEH D/�$H J F ��� �� � �M� � � � �k�N�E��� �o�/� � � �9>� M¡ ¢ � £/¤/¤ = �B¥!� =/  ¦�  ¤�§�¨�© �/ª �&�M� © � � «M¬ ¡)¥ © � ¥ © � ¬/�N­M®!¯/°�°M±�²M²�²M°�°/³ �
rts�uN��uk��� ��y � | uµ´ D/��¶!� H ·�U ¸ � T�J U D ItD/¹Eº&D/»�FkQ�¼�D �k�$H F ¹ H � G1� D I G�U J U D/I�K �m½ © � ¥ © � ¬/�o¾M¿MÀ Á Â&ÃÄ ¾/ÅMÆ&Ç È�É�Ê�ËMË�²MË�²MËMÌ �
rt��u!s�uB��� ��y � | u)Í T �kU � J D/I�U T IkGM��I T/�kU � KBD/I�J » H&�$D�G!S/� U�K ¶�TM� HED ¹!» T/� ¹�Î)H U ��» J H Gkº&D/»�F)Q5¼�D �kQ�$H F ¹ H � G$A
T �MF T/I��MU T/I$K S���� ��� � H KED/¹
¸�· H G�L D � S/�$HM�B½ © � ¥ © � ¬M�E¾/¿�À�Á ÂBÃ Ä ¾ Å�ÆBÇ Ï�É�ÊM²�²�Ð/²�Ð/²/Ì �

`!a `!a c$d�e dMf d�g
hMdMikj gmnBÑ�Ò f Ñ�g
Ò Ó Ñ�gmÒ dMj Ô7dMÕ f Ö5q
r�×
uBw&��Ø Ø { Ù9� |��BÚ u
Ú } { y | Û { y Ü �NCNH D �$H/J F U �ET K ����¶5J D�J U � K @'Ý «/��¬$Þß� à � á$â�ã�«/¬��N� ¬�ä � � = åMæ/çM� �
rts�uEè�{ � |�~ } { � | �&¼M����¶!� H � J U �&��H D/�$H J F ��@µé ����ã$�   § � = � = å/ç�= �
rts�uEè�{ � |�~ } { � | � ´ D I�I H � J U D/I�KND ¹
º&H F F �oT/I G Í T/I�I T ��J �/¶5HN¹ D/FB�$DML U I��9A5T ��F T I���U T I$K S��/�$T/I�QU ¹ D � G�K @ �E¨��/�/¬�ä � �N� ¬���� � ��êMë�� = åMå ¤ � § ¥�¥!�&= ¢/¢/¦�=/  å��
rts�uEè�{ � |�~ } { � | �BA5T ��F T I���U T IoK S��/�$T I�U ¹ D/� G�K&T/I G Í T �kU � J D/I�U T I$K ��K J H �kK @ �E¬�¬ � « ªB�o�/� � �)ì ê� = å�æ ¢�� § ¥�¥!�)¢�æ/æ ¦Mí�= ¤ �
rts�u$è�{ � |�~ } { � | �m¼M����¶!� H � J U �$�$T/I�U ¹ D � G�K9T/I GmJ » H U F9A5T ��F T I���U T I1K S��/�$T I�U ¹ D/� G�K @ �E¨�� � � ¬�o�/� � �)î � = åMæ�= � § ¥�¥!�)¢ £ å ¦�¢/íM>��

`!a ï!a c$d�e dMf d�g
hMdMikj gmÒ Ñ�ð
Ò d�ikÑ�g
ñmhMj g
g
dMh/Õ Ó j g
i/q
rtò�uBóBu)sN} � �Mô õM�EöEuB÷Ex } } �1ø
» H�ù!T/I���QEúoU � � K�ûBR SMT�J U D/I�K$ü�L H F9ýNU H �$T/I�I7¼!S/F ¹ T/� H K �þ½ ��� à �ÿ
© �/¬�� � � � ã�«�ä ��� «/¬�¨ ��� � ê$� = å/çMçM� § ¥�¥!�B  £ ¢/¦M>�=  
rmÚ u���u��9x |!ô/Ø z ~ x |����&u)÷Eu	��y x |�õ { � Ù${ y ��ø
» H$CEH D/�$H J F �7D ¹�
!D�S/F Q ú�T/I�U ¹ D � G�K @�� à �M© � ¬�¨�«M¬!§

�� ª «M© ¨�� = å/å ¤ � �

r��&u)w&y � �1} ~ ����u���ô/y y � ~ ���)F U I � U ¶!� H KEü&¹�?E� ��H/�/F T U ��CEH D/�$H J F ��@ �E��ão�o�/� � � ã���© � ��� � = åMæMæ/� �
rt��u��E� } � õ�� | ��
5� T�J ´ D/I�I H �/J U D I�K�?EI G1CEH D/�$H J F U ����SMT/I J U V T�J U D/I�@�� «�������¬ � �o�/� � �o½ �/á�� �
� ��� � = åMå ¤ � § ¥�¥!�)¢MíMæ ¦M¢Mç ¤ �



���������	��

��������
������������������ �����!����"#�$����%'&�&)(

*,+ + -/.�*10$-/243 56-/.7098:-/; -/<�=�>$3 + ? .7@
51A!B CED FHGJIHK�<$L$3 ? M 3,-/.70	N:OP*1Q1R7N:D -/.$I G/; 0�S1.$? >/B ; 3 ? D L/RTN:D -/.$I G/; 0	Q,*�UJV:W/X/Y:ZJUJV:W/X/U
@ A!B CED FHGJI�[	-/D < R$S\Q6],B ; ^/B + B L/R7-/.704_,<EB G/; L4`1; G/aEC R:O ],b1O�RE],B ; ^/B + B LcQ,*�UJV$dJe/X

f B\B g$-/2�? .EB1D <EB)M G/.Jh B M D aE; B!D <E-/Di-/.kj/j l�m!n1oEaE.70:+ B/R$-/CEC7B -/; ? .Ep)? .	D <EB\M -J+ M a$+ -/D ? G/.kGJIPCE<E-:3 B 3
? .kD <EBrqts _,<EB G/; L4CE-/; D ? D ? G/.kI aE.7M D ? G/. RTC$+ -JL$31-�CE<$L$3 ? M -J+H; GJ+ B)? .�qts _,<EB G/; L/REI G$M a73 ? .Ep4G/.kM G/.Es
3 B u/aEB .7M B 3�I G/;4D <EB�M + -:3 3 ? vTM -/D ? G/.�GJI�3 D ; ? .EpwD <EB G/; L63 GJ+ ? D G/.73 Fx_,<$? 3�+ B -:0E3�I G/;4B g$-/2�C$+ BcD Gw-
M + -:3 3 ? vTM -/D ? G/.4GJITy y *t3 GJ+ ? D G/.73H? .�D B ; 243PGJITD <E-/DHGJITz�m!nioEaE.70:+ B 3 ? .cj XJl7F�N/? .7M Bi{�| } }P~ e:�P-/CECE; G g$s
? 2�-/D B 3Pz�m!n,aECrD G\� 5 � R/D <$? 3�; B CE; G$0$a7M B 3 D <EB,{cs _,<EB G/; B D ? MiM + -:3 3 ? vTM -/D ? G/.�GJITy y *6A!s oE; -/.EB 3 �i<$? + B
D ; B -/D ? .Ep\b\N:b\N)-/.70r�1�w3 GJ+ ? D G/.73H2�G/; B,3 L:2�2�B D ; ? M -J+ + L\-/.70)CE; GJ>/? 0:? .Ep\-!.E-/D aE; -J+:? .$D B ; CE; B D -/D ? G/.
GJI,�1�\-:3,D <EB)M B .$D ; -J+ B g$D B .73 ? G/.	GJIr�z�m!nJF

5k� � � � �E��� � � � � � � � �/� � � �E� � �/�
@�� � � � �E���:� � � �:�$� �$� � � � � � � � � �/�



�7�\� �E�  J¡ ¢H£ ¤J� ¥ ¡T�w¦7� ¢6§�¡E� ¥ ¨E¦$� ¥ ¡T�
© ª�« ¬$­ ®rªE¯/« °4±,°4® « ²7³$´�« ¬E°	µ ¶ ·:® ® ­ ¸Tµ ·/« ­ ¯/ª6¯J¹\® ¯J¶ ­ « ¯/ª7®)­ ª6® « º ­ ªE»k« ¬E° ¯/º ´�·/ª7³�¼t½ ¾,¬E° ¯/º ´/¿

À ²Eº,® « ·/º « ­ ªE»)Á7¯J­ ª$«�­ ®,« ¬E°i­ ª$« ° º ® ° µ « ­ ¯/ª4¯J¹ « ±,¯r® ²E»/»/° ® « ­ Â/°1º ° ® ²$¶ « ® ¿�Ã ­ º ® « Ä:·:®�·/º »/²E° ³rÅ$´)Æw­ « « ° ª
Ç È É Ç ÊJÉ ·/ª7³�Ë�¯/º °i° Ì$« ° ª7® ­ Â/° ¶ ´	Å$´�Í1­ ·:µ ¯/ªE° ® µ ² ÄEÎ	¯:¯/º °!·/ª7³�Æw­ « « ° ª Ç ÏJÉ Ç Ð/É ÄEµ ° º « ·J­ ªc® ²EÅE« ¶ °!ÁE¬E·:® ° ®
­ ª�« ¬E°!¼t½ ¾,¬E° ¯/º ´)ÁE·/º « ­ « ­ ¯/ª�¹ ²Eª7µ « ­ ¯/ª4® ²E»/»/° ® «H·)µ ¯/ªEªE° µ « ­ ¯/ª�« ¯)·/ª�Ñ!Ò,»/·/²E»/°i« ¬E° ¯/º ´)¯JÂ/° º�· È ÊJÓ
Ë�·/ª$­ ¹ ¯J¶ ³4ÔwÅ7¯/²Eª7³$° ³rÅ$´�Õ�¿�¾,¬$­ ®H¹ ¯J¶ ¶ ¯J±1®�¹ º ¯/ËÖ« ¬E°1¹ ·:µ «�« ¬E·/«,Ñ!ÒiÅE²Eª7³:¶ ° ®P­ ª È ÊJÓ ·/º °!® Á7° µ ­ ¸7° ³
« ¯/Á7¯J¶ ¯/»J­ µ ·J¶ ¶ ´	Å$´r« ¬E° ­ º!×�¬E° º ªE½ Ø/­ Ë�¯/ª7® Ï ½ ¹ ¯/º Ë Ç ÙJÉ Ä$® ¯)« ¬E·/«,« ¬E°!µ ·J¶ µ ²$¶ ·/« ­ ¯/ªc¯J¹P« ¬E° ® °!¼t½ ¾,¬E° ¯/º ´
ÁE¬E·:® ° ®P·:®�® ²EË4®T¯JÂ/° º�« ¯/Á7¯J¶ ¯/»J­ µ ·J¶ ¶ ´	³:­ ® « ­ ª7µ «i¼t½ ¾,¬E° ¯/º ´ Ï ½ ¹ ¯/º ËÖµ ¯/ª$¸7»/²Eº ·/« ­ ¯/ª7®P« ·/Ú/° ®H·\ªE·/« ²Eº ·J¶
¹ ¯/º Ë9­ ª�« ° º Ë4®1¯J¹1« ¬E°r­ ª7³$° Ì�« ¬E° ¯/º ´c¯J¹ È ÊJÓ Ñ!Ò�ÅE²Eª7³:¶ ° ® ¿4¾,¬E·/«\« ¬$­ ®)Ñ!Ò)­ ª7³$° Ì�« ¬E° ¯/º ´cº ° ® ²$¶ «
·/»/º ° ° ³�ÁEº ° µ ­ ® ° ¶ ´4±,­ « ¬c·�Â/° º ´4³:­ ÛT° º ° ª$«iµ ·J¶ µ ²$¶ ·/« ­ ¯/ª�ÅE·:® ° ³�¯/ª4© © Ü�Ýc½ ¾,¬E° ¯/º ´)¶ ° ³	Í1­ ·:µ ¯/ªE° ® µ ² Ä
Î	¯:¯/º °!·/ª7³�Æw­ « « ° ªc« ¯�® ²E»/»/° ® «�·�³$° ° Á7° º1µ ¯/ªEªE° µ « ­ ¯/ª	Å7° « ±,° ° ª4« ¬E°\¼t½ ¾,¬E° ¯/º ´ Ï ½ ¹ ¯/º Ë�·/ª7³�« ¬E°
×�¬E° º ªE½ Ø/­ Ë�¯/ª7® Ï ½ ¹ ¯/º Ë�¯J¹1· È ÊJÓ Ñ!Ò�ÅE²Eª7³:¶ °/¿kØ/­ ª7µ °�« ¬E°�­ ª7³$° Ìwµ ·J¶ µ ²$¶ ·/« ­ ¯/ªt³$° Á7° ª7³E®\¯/ª$¶ ´k¯/ª
Þ Ôtß6Õ�Ä:« ¬E°1ÁE¬$´$® ­ µ ·J¶ ³$·/« ·\¶ ­ ° ®�­ ª4« ¬E°1º ° ® « º ­ µ « ­ ¯/ª4¯J¹ « ¬E° È ÊJÓ ÅE²Eª7³:¶ °i« ¯r·/ª�Ñ!ÒiÅE²Eª7³:¶ °i­ ª È/È Ó ¿

Ø:° µ ¯/ª7³:¶ ´/Ä�­ «�­ ®�µ ¯/Ë�Ë�¯/ª:¶ ´kÅ7° ¶ ­ ° Â/° ³t« ¬E·/«�« ¬E°4Ýc½ ¾,¬E° ¯/º ´�¯J¹!¶×,àráãâ9Ý�ä å åHæ Ê:ç ÅE²Eª7³:¶ ° ®
µ ¶ ·:® ® ­ ¸7° ®�Í!½ è,º ·/ªE°iµ ¯/ª$¸7»/²Eº ·/« ­ ¯/ª7®P­ ª�¾�´:Á7°1© © Üt® « º ­ ªE»\« ¬E° ¯/º ´/Ä:·:®H·/º »/²E° ³\­ ª Ç éJÉ Ç ê É ·/ª7³rÁE¬Eº ·:® ° ³
­ ª6« ° º Ë4®r¯J¹\Ý�ä å åPæ Ê:ç ­ ª Ç ëJÉ ¿6ì1¯J±,° Â/° º Ä�« ¬E°cÁE¬$´$® ­ µ ·J¶!µ ¯/ªEªE° µ « ­ ¯/ª6¯J¹)« ¬E°	»/º ¯/²EÁ�Ý�ä å åPæ Ê:ç « ¯
¼t½ ¾,¬E° ¯/º ´r­ ®i²Eª7µ ¶ ° ·/º ¿HÎ	¯/º ° ¯JÂ/° º Ä:·:®Hí7° ® ¬E° ³�¯/²E«�­ ª4·rÅ7° ·/²E« ­ ¹ ²$¶PÁE·/Á7° ºiÅ$´�Î	·J¶ ³$·:µ ° ªE·EÄ$Î	¯:¯/º °
·/ª7³	Ø:° ­ Å7° º » Ç îJÉ Ä$« ¬E°)Ü,« ­ ´/·/¬E½ ìi­ º ï ° ÅEº ²7µ ¬kØ:Á7° µ « º ·J¶�Ø:° ð/²E° ª7µ °rä Üiì\ØEØ ç µ ¯/ª7® « º ²7µ « ­ ¯/ª	¯J¹H« ¬E°)Ýc½
¾,¬E° ¯/º ° « ­ µ!µ ¶ ·:® ® ­ ¸Tµ ·/« ­ ¯/ª4¯J¹H¾�´:Á7°1© ©�ñ1ñt® ¯J¶ ­ « ¯/ª7®�­ ª$Â/¯J¶ Â/° ®�·/ªE¯/Ë�·J¶ ´rµ ·/ª7µ ° ¶ ¶ ·/« ­ ¯/ªkµ ¯/ª7³:­ « ­ ¯/ª7®H­ ª
·/ª�­ ª$« ­ Ë�·/« °\·/ª7³�Å7° ·/²E« ­ ¹ ²$¶P±,·J´/¿Pì1¯J±ò« ¬$­ ®iº ° ¶ ·/« ° ®i« ¯�« ¬E°\ÁEº ¯/Á7¯:® ·J¶T¯J¹ Ç ëJÉ ­ ®i·/»/·J­ ª	²Eª7µ ¶ ° ·/º ¿

¾,¬E° ® °!¶ ­ ªE° ®!¯J¹Hº ° ·:® ¯/ª$­ ªE»�Å7° »�« ¯�Å7°)µ ¯/ªEªE° µ « ° ³T¿1Ü1®1·r¸7º ® «i¬$­ ª$« Ä7ªE¯/« °)« ¬E·/«1Ý�ä å åPæ Ê:ç ·/ª7³
ó�Ñ!Òi·/º °1¬E¯/Ë�¯/« ¯/Á$­ µ ·J¶ ¶ ´r­ ³$° ª$« ­ µ ·J¶P²EÁ�« ¯)ôTõ ö:¿$÷JÄ ö ¾,¬$²7®H« ¬E°\µ ¶ ·:® ® ­ ¸Tµ ·/« ­ ¯/ª4¯J¹Pó�Ñ!ÒiÅE²Eª7³:¶ ° ®�¯JÂ/° º
È ø ½ Ë�·/ª$­ ¹ ¯J¶ ³E®P·/»/º ° ° ®H±,­ « ¬�« ¬E·/«�¯J¹T¶×,àrá�ÅE²Eª7³:¶ ° ® ¿HÃE²Eº « ¬E° º ÄJ²EÁ�« ¯\­ Ë�Á7¯/º « ·/ª$«Hð/²E° ® « ­ ¯/ª7®�¯J¹ µ ° ªE½
« º ·J¶P° Ì$« ° ª7® ­ ¯/ªc·/ª7³�« ¯/º ® ­ ¯/ª	±i¬$­ µ ¬	±,°\·:³E³$º ° ® ®�Å7° ¶ ¯J±\Ä7« ¬E°)µ ¶ ·:® ® ­ ¸Tµ ·/« ­ ¯/ªk¯J¹Hó�Ñ!Ò!ÅE²Eª7³:¶ ° ®i¯JÂ/° º
È ø ½ Ë�·/ª$­ ¹ ¯J¶ ³E®P­ ®�ÁEº ° µ ­ ® ° ¶ ´�« ¬E°!µ ¶ ·:® ® ­ ¸Tµ ·/« ­ ¯/ª	¯J¹ Ñ!ÒiÅE²Eª7³:¶ ° ®H¯JÂ/° º È/È ½ Ë�·/ª$­ ¹ ¯J¶ ³E®P±,­ « ¬4·rµ ¯/Ë�ÁE·/« ½
­ Å$¶ °�µ ­ º µ ¶ °�·:µ « ­ ¯/ª ¿r¾,¬$²7®i« ¬E°�µ ¶ ·:® ® ­ ¸Tµ ·/« ­ ¯/ª�¯J¹i® ¯J¶ ­ « ¯/ª7®\·/ª7³	« ¬E°rµ ·/ª7µ ° ¶ ¶ ·/« ­ ¯/ªw¯J¹�·/ªE¯/Ë�·J¶ ­ ° ®i­ ª
÷�ù úHûPü/ý þ:ÿ � ý ��� �:ý�� ÿJÿ ��� � ÿ 	
�iÿ �$úHû
� � þ$ü��ùPúHû�� � ��� ý þ�� � � � � �,ý ��� ý þ$ü/ý ü�� ý þ:ý � � � � � � � � ÿ þ�����ýHü/ý � � � � �$ý

� �:ý � ��� ÿ � � ü�� !\ý þ
� � ÿ þ"� �"� ÿ �$ÿ � ÿ � �#�$ý � ÿ ��$
� ÿ �%�&� ÿ !'�
� ý � ýiü�� � � 	
� � � ÿ þ���� ý ýiý �)( * + , �ö ��ý&� � ý!ü/ý ý �
� �-� þ$ü/ý �
� ý ü#� ÿ#.7ý � ��/�ÿ�0� � 1 �'� ÿ �%� þ
� � � ��� � 	
�7ü�� � � 	
� � � ÿ þ
�,ü�	
� � þ
�!ý � � � �-� � � � ý �,ÿ � � �
� �
�Pÿ � 2�� 	
� � ý � � � þ
�)� ÿJÿ 2
� þ
��� �&� �:ý'� ÿJÿ �3� � ÿ 	
�	ÿ �,úHû)� �&� þ546� 7 �:ý ÿ � ý � � �-� � � ý � þ"� � � 1 ý#� ÿ)� �:ý#� � � � þ
� �
�
� � � 	
� ý�ÿ ��8�9 å å : ; < � � � � � þ
�=� � ÿ !>� þ#� þ�?$þ
� � ýHþ�	
!&�$ý �Tÿ ��	:þ
� � � �
� ý=@=A � �
� � þ:ý �=( * * , ��B/ÿ ���1ü�� � � 	
� � � ÿ þ)ÿ �
�$ÿ � � � �
� ý�� ý � � � � ÿ þ
�=�$ý � �Pý ý þC� �:ý � ý&� �Pÿ'�
� � � 	
� ý ��� þ$ü)� �:ý � �%� !'�
� � � � � � ÿ þ
��� ÿ �=� 	
�$ý � � �
!'!\ý � � �)� þ$üC* * D
ü��Jþ"� !'� � � ��� ý ý'( * ; , �

È



EGF H=IKJ L�M N3O�P�Q3R R SUT O�P�Q5V�J W J M L�W X Y
Z�O
['\=J)[ IKO
] ]�[ J J
^ Z O
['\=J ] ]=O
['W IKJ)M J ] O�W X L�P�[ I"X _a`�J W \=J J P
W IKJ [ JCO
['M J b�J O
] J Q6`"N5W IKJ�S�V'cKc�Z�Y O�PaO
] ]�`�JC_KIKM O
[ J QdX PeW J M f�[&L
g�O5[ X PKh
] J�i&jC[ W M k�Y W kKM J#X P
l�l m�n H=IKO�W�O�P l�l m i&j=`KkKP�Q
] J�W X J [%W L�h�J W IKJ M�[ L'fCO�P"N&_"X J Y J [%L
g�W IKJ�EGF H=IKJ L�M N-_KkKo o ] J&[ W M L�PKh
] N
[ kK_K_�L�M W ['W IKJ�Y L�P
p J Y W kKM JCW IKO�W#O�P l�l m i&j)`KkKP�Q
] J)_"] O
N"[#O3_KI"N"[ X Y O
]�M L
] J)X PqEGF H=IKJ L�M N�Z�O�P�Q
[ IKL�k"] QC`�J'M J r�J Y W J Q)X P�X W [�g kKP�Q"O�fCJ P"W O
]�Q"J h�M J J [%L
g g M J J Q"L�f n

H�O�s�X PKh5W I"X [C[ J M X L�k�[ ] NaW I"k�['] J O
QK[-k�[-W L6Y L�P
p J Y W kKM J�W IKO�W)W IKJdY ] O
[ [ X t�Y O�W X L�PGL
g'u�uvO�P�Q
w'c
w'ca[ L
] X W L�P�[-X PqR R SUQ"J M X b�J [#g M L�fxW IKJ3Y ] O
[ [ X t�Y O�W X L�PqL
g'y%i&jC`KkKP�Q
] J [#L
b�J M l z F fCO�P"X g L
] QK[ n
H=I"X [%h�J PKJ M O
] X o J [%W IKJ�O
Y Y J _KW J Q){3F H=IKJ L�M J W X Y�Y ] O
[ [ X t�Y O�W X L�P�L
g u�uq[ L
] X W L�P�[&T O�P�Q-O
QKQK[�W L'h�M L
\�F
X PKh#J b�X Q"J P�Y J&W IKO�W={3F H=IKJ L�M N#O�W�] J O
[ W=O�_K_KM L |
X fCO�W J ] N#M J [ _�J Y W [%R R }~c
F Q"kKO
] X W N�Z"[ kKh�h�J [ W X PKh#W IKO�W
{3F H=IKJ L�M Na_"] O
N"[d[ L�fCJdM L
] J5J b�J PG`�J N�L�P�Qq\=J O�sqY L�kK_"] X PKh"^C\�I"X ] J5] J O
Q
X PKheW LePKL
b�J ]&_KM J Q
X Y F
W X L�P�[�O�`�L�kKW�W IKJ-Y L�fC_"] J W J#Y ] O
[ [ X t�Y O�W X L�P5L
g%R R S�[ L
] X W L�P�[ Z�X P�Y ] k�Q
X PKhCW IKJ'X P"W J M _KM J W O�W X L�P3L
g%W IKJ
Y L
[ fCL
] L�h
X Y O
]'� Y L�P�[ W O�P"W ���)���CL
g#T fCO
[ [ X b�J
^�R R S�O
['W IKJCY J P"W M O
]�Y IKO�M h�J-L
gd�y%i&j
Z O�P�Q6[ J b�J M O
]
Y L�P�[ W M O
X P"W [=M J ] O�W X PKhCW L�M [ X L�PCX P3EGF H=IKJ L�M N�Z �y%i&j&O�P�QCR R S n

R PCW IKJ'M J fCO
X P�Q"J M%L
g W I"X [�PKL�W J&\=J&_KM J [ J P"W�g kKM W IKJ M=fCL�W X b O�W X L�P�g L�M�W IKJ [ J'Y L�P
p J Y W kKM J [=O�P�Q
[ IKL
\6IKL
\a[ k�Y I#O�g M O�fCJ \=L�M s�M J _KM L"Q"k�Y J [�O�P�Q#J |"W J P�QK[ W IKJ%g O�f)X ] X O�M=Y ] O
[ [ X t�Y O�W X L�P)L
g�[ L
] X W L�P�[�X P
EGF H=IKJ L�M N'O�P�Q&X W [ l z
m Q"J [ Y J P�Q"O�P"W [ � n%� g�Y L�kKM [ J�Z l�l m c
�'c
�eQ"L
J [ PKL�W W L&_"] O
N'\=J ] ]K\=X W I-h�O�kKh�J
`KkKP�Q
] J [ Z
O�P�Q'X W�X [%Q
X ��Y k"] W%W L#[ J J=IKL
\aO'Q"N
PKO�f)X Y O
]K`KkKP�Q
] J�Y O�P)Y L
J |
X [ W=\=X W IC���'[ kK_�J M Y IKO�M h�J [ n
T �KL�M=g kKM W IKJ M�W IKL�kKh�I"W [=O
] L�PKh)W IKJ [ J&] X PKJ [&[ J J'J h3� l ��� � l � � n ^'V�L
\=J b�J M Z"L�`"p J Y W [�W L)\�I"X Y IdW IKJ'i&j
h�O�kKh�J%Y L�PKPKJ Y W X L�P-Y L�kK_"] J [�X P-EGF H=IKJ L�M N�O�P�Q&W IKJ=[ W M X PKh�W IKJ L�M N&h�J PKJ M X Y O
] ] N'b�X L
] O�W J�O�W�] J O
[ W�IKO
] g
L
g�W IKJ�[ kK_�J M Y IKO�M h�J [ Z�[ L'\=J�f)X h�I"W J |"_�J Y W=W L-[ J J�h�O�kKh�J�`KkKP�Q
] J=X P"g L�M fCO�W X L�P)L�P"] N#X P�[ X W kKO�W X L�P�[
\=X W I)M J Q"k�Y J Q'[ kK_�J M [ N
fCf)J W M N n R P-O�P"N'Y O
[ J�Z
W IKJ=M J [ L
] kKW X L�P#X [ kKP�Y ] J O�M Z
[ L�\=J%M J [ W M X Y W�L�kKM [ J ] b�J [
X P6W IKJ-g L
] ] L
\=X PKh3W L3[ W k�Q"N�X PKh�W IKJC[ L
] X W L�PeY ] O
[ [ X t�Y O�W X L�P�Z�] J O
b�X PKh5��kKJ [ W X L�P�['L
g�Q"N
PKO�f)X Y [�O�P�Q
c
�'c
�>W L)g kKW kKM J'\=L�M s n=� J'`�J h
X P3`"NCM J b�X J \=X PKh�W IKJ#W L�_�L
] L�h
X Y O
]=Y ] O
[ [ X t�Y O�W X L�P5L
g�i&j'`KkKP�Q
] J [
L
b�J M l�l F fCO�P"X g L
] QK[ n

���'�-���d�=���%��� �K��� ���K�� #� �K¡ ¡ � ¢����"£ � ��¤G��¥ i&j-¦)§ ¤�¨ � �
¡)� ¤ l�l m

i&j)IKO
[#J |KY J _KW X L�PKO
] ] NG[ X fC_"] JC] L
\�F Q
X fCJ P�[ X L�PKO
]=W L�_�L
] L�h�N n R Pe_KO�M W X Y k"] O�M Z�X W [)L�P"] N6PKL�PKF
W M X b�X O
]#IKL�fCL�W L�_"N5h�M L�kK_e`�J ] L
\©Q
X fCJ P�[ X L�P l ª X [C«�¬�T i&j ^d­¯® ® n H=IKJd`KO
[ X YdPKL�PKF W M X b�X O
]'i&j
`KkKP�Q
] J�X [�W I"k�[�W IKO�W=L
b�J M=O�P3° ±�\�IKL
[ J�W M O�P�[ X W X L�P�g kKP�Y W X L�P�[%L�P�W IKJ#° ¬ J ��kKO�W L�M=] X J&X Pd«�¬
T i&j
^ n

�a²
³ ´
µ ¶�· ¸
¶=¹�³ º » · ¼ ´&³ ½ ´
¼ ·�µ ¼ ´
½ · » ´�·�³ ´'· ¸
¶%¾
¿ ¶ ½ ¶ ´
µ ¶=¼ À�Á'Â Ã Ä
¿ » ´
¶ ½ Å
· ¸
³ ½�½ ¸
¼ Æ
º ¹&¾
¿ ¼ ¾"¶ ¿ º Ç&Ä"¶%µ » º º ¶ ¹
»�µ ¼ ½ È'¼ º ¼ É ³ µ » º�· ¶ ¿ È>¿ » · ¸
¶ ¿%· ¸"» ´-»�µ ¼ ½ È'¼ º ¼ É ³ µ » º�µ ¼ ´
½ · » ´�· Ê
�6Ë�¼ ¿=¶ » ¿ º ³ ¶ ¿�· ¸
¼ Æ
É ¸�· ½%¼ ´C· ¸
¶&¿ ¼ º ¶&¼ À�Ì�Í&³ ´�Î6Ã Ï ¸
¶ ¼ ¿ Ç Å�½ ¶ ¶'¶ É�Ð Ñ Ò Ó Ð Ñ Ô Ó Ð Ñ Õ Ó Ê&²
¶ ¶'» º ½ ¼�Ð Ñ Ö Ó Ð Ñ × Ó À ¼ ¿

¿ ¶ º » · ¶ ¹-µ Æ
¿ ¿ ¶ ´�·�Ø ¼ ¿ Ù

�



Ú&ÛKÜ3Ý ÞeÝ ßKÜ5à�á�â Ü ã�ä Ü3Þ
å#Þ�Ý ßKÜ æ�æ Ü ç Ü è à�ã"ÝdßKÞ�éCÞ�Ý Þ�ê"ëaä ç à
â â Ü â ì�í&î3áKÛKã�ï
ç Ü âCÞ
è�Ü æCéCà�ã"ð å Þ
ç ïKâCÞ
å
ï
ð éCÜ ã�â ð Þ�ã6ñdò�ó6ò�ô õ�à�æ Ü-Ý Þ�ê�Þ
ç Þ�ö
ð ä à
ç ç ëeä ç à
â â ð ÷�Ü ï5Ü ã"Ý ð æ Ü ç ë5á"ë3Ý ßKÜ-Ý æ à�ã�â ð Ý ð Þ�ã6å ÛKã�ä Ý ð Þ�ã�â&Þ�ã
Ý ßKÜdø�ù-Ü ú�ÛKà�Ý Þ�æ â#Þ
å'ø û
ü â'ð ãaÝ ßKÜCý�þ â ÿ�Ü ç Ü Ý Þ�ãaÞ
å�Ý ßKÜCáKà
â Ü)éCà�ã"ð å Þ
ç ï�� ��� ���=ßKÜ â Ü)à�æ ÜCéCÜ à
â ÛKæ Ü ï
á"ë3Ý ßKÜ)æ Ü â Ý æ ð ä Ý ð Þ�ãaÞ
å�Ý ßKÜ)÷�æ â Ý	��Þ�ã"Ý æ 
 à�ö
ð ã6ä ç à
â â	�
� ì���ß"ð ä ß5ð â'Ý ßKÜCÜ �"Ý Ü æ ð Þ�æ)ï"Ü æ ð è à�Ý ð è�Ü�Þ
å�Ý ßKÜ� ßKÜ æ ãKþ ��ð éCÞ�ã�â�ñ
þ å Þ�æ é�� ù Þ�ã-Ü à
ä ß-ä Þ
Þ�æ ï
ð ãKà�Ý Ü�êKà�Ý ä ß�� ��� ì
Ý Þ&Ý ßKÜ=ö
ð è�Ü ã�ø û�� í&î%áKÛKã�ï
ç Ü â Þ
è�Ü æ=ô�ô þ
éCà�ã"ð å Þ
ç ïKâ à�æ Ü=Ý ß"Û�â Ý Þ�ê�Þ
ç Þ�ö
ð ä à
ç ç ë�ä ç à
â â ð ÷�Ü ï-á"ë'Ý ßKÜ�â ê�Ü ä ð ÷�ä à�Ý ð Þ�ãCÞ
å�à#ñ
þ å Þ�æ é�� ù ì
à&æ Ü éCà�æ ÿ à�á"ç Ü
å à
ä Ý�Ý ßKà�Ý�ï"Ü ê�Ü ã�ïKâ�ä æ Û�ä ð à
ç ç ëdÞ�ã�Ý ßKÜ#â ð éCê"ç Ü�ç Þ���þ ï
ð éCÜ ã�â ð Þ�ãKà
ç�Ý Þ�ê�Þ
ç Þ�ö�ë�Þ
å í&î���=ßKÜ�áKà
â ð ä�éCÞ�ãKÞ�ê�Þ
ç Ü%ð ã�â Û�ä ß)áKÛKã�ï
ç Ü â�ð â%Ý ß"Û�â�à#ä Þ"ï
ð éCÜ ã�â ð Þ�ã��'Þ�á�
 Ü ä Ý=â ÛKêKê�Þ�æ Ý ð ãKö&ý�þ å Þ�æ é� Û���â Û�ä ß�Ý ßKà�Ý�Ý ßKÜ�ð ã"Ý Ü ö�æ à
ç Þ
å��
��Þ
è�Ü æ�à�ã3ø û&ç ð ãKÿ�ð ãKöCÝ ßKÜ#ï"Ü å Ü ä Ý=ð â�Ý ßKÜ&éCÞ�ãKÞ�ê�Þ
ç Ü&ã"ÛKé)á�Ü æ ì

�����! û"�#%$'&)(�* *�+ , "�- ô�.
��ßKÜ æ Ü/ û $ ó�� ù $ ó�021 , 3�46587%9ù 3'4�3�4�3 . �:�=ßKÜ æ Ü'ð â&à
ç â ÞCà�ä Þ"ï
ð éCÜ ã�â ð Þ�ã3ý)ð ã�â Ý à�ã"Ý Þ�ã
â Û�ä ß3Ý ßKà�Ý&Ý ßKÜ#ð ã"Ý Ü ö�æ à
ç%Þ
å;�
�#Þ
è�Ü æ&à�Ý æ à�ã�â è�Ü æ â Ü'ý�þ ê"ç à�ãKÜ#ð â'ãKÞ�ãKþ < Ü æ Þ��=�
Û�ä ßdà�áKÛKã�ï
ç Ü)ä à�ã5á�Ü
Ý æ ð è�ð à
ç ð < Ü ï3ð ã�â ð ï"Ü-à�ã�ïdÞ�ÛKÝ â ð ï"Ü#à�ã"ë�ñ
þ â êKßKÜ æ Ü&ð ã3Ý ß"ð â&ê"ç à�ãKÜ�ì
�=ð Ý ß5Ý ßKÜ#Ý æ à�ã�â ð Ý ð Þ�ã3å ÛKã�ä Ý ð Þ�ã�â�Þ�ã
Ý ß"ð â�ç ð ãKÿ�ð ãKö6ø ù ä ç à
â â ð ÷�Ü ï3á"ë # ù , í&î . �?> å2�=Ü#æ Ü â Ý æ ð ä Ý&Ý Þdä Þ�ã"÷�ö�ÛKæ à�Ý ð Þ�ã�â@��ß"ð ä ß3à�æ Ü-ä Þ�éCêKà
ä Ý ç ë
â ÛKêKê�Þ�æ Ý Ü ï#ð ã�Ý ßKÜ&Ý æ à�ã�â è�Ü æ â Ü�ê"ç à�ãKÜ�ì"Ý ßKÜ�ð ã"Ý Ü ö�æ à
ç�Þ
å
�
��Þ
è�Ü æ%Ý ßKÜ&Ý æ à�ã�â è�Ü æ â Ü�ý�þ ê"ç à�ãKÜ�ð â=Ý ß"Û�â�à�ã
ð ã"Ý Ü ö�Ü æ'ä Þ�ÛKã"Ý ð ãKö)ð ã�â Ý à�ã"Ý Þ�ã3ã"ÛKé)áKÜ æ �!�
Û�ä ßdà�ã�ð ã�â Ý à�ã"Ý Þ�ã5ä à�ã3á�Ü#êKæ Þ"ï"Û�ä Ü ï�á"ë�ä Þ�ã�â ð ï"Ü æ ð ãKöCà
éCÞ�ãKÞ�ê�Þ
ç Ü þ à�ã"Ý ð éCÞ�ãKÞ�ê�Þ
ç Ü�êKà
ð æ!��ßKÞ
â Ü � Û��
ç ð ãKÜ â�æ ÛKãCå æ Þ�é Þ�ãKÜ'Ý Þ)Ý ßKÜ'Þ�Ý ßKÜ æ AKÝ ßKÜ&ð ã"Ý Ü ö�æ à
ç Þ
å��
�
Þ
è�Ü æ&à�Ý æ à�ã�â è�Ü æ â Ü'ý�þ ê"ç à�ãKÜ-á�Ü Ý �=Ü Ü ã3Ý ßKÜ éUð â&Ý ß"Û�â&ú�ÛKà�ã"Ý ð < Ü ï�ìB�=ð Ý ß6Ý ßKÜ)ä ßKÞ
ð ä Ü-Þ
å=Þ�æ ð Ü ã"Ý à�Ý ð Þ�ã
â ê�Ü ä ð å ë�ð ãKö'��ßKÜ Ý ßKÜ æ�Ý ß"ð âCê"ç à�ãKÜdç ð ãKÿ"â�Ý ßKÜdéCÞ�ãKÞ�ê�Þ
ç ÜdÞ�æCà�ã"Ý ð éCÞ�ãKÞ�ê�Þ
ç Üdà�ã�ïeÝ ß"Û�â-÷��
ð ãKöaÝ ßKÜ
â ð ö�ãB�2> å�Ý ßKÜ � Û���Ý à�ÿ�Ü â�ï"Ü ç Ý à�þ å ÛKã�ä Ý ð Þ�ã5â ÛKêKê�Þ�æ Ý%ð ã3Ý ßKÜ'Ý æ à�ã�â è�Ü æ â Ü&ê"ç à�ãKÜ�ìKÝ ß"ð â�ð â�à/< Ü æ Þ�þ æ à
ï
ð Û�â
ð ã�â Ý à�ã"Ý Þ�ã���Þ
ð ã�ä à�æ Ü#ï"ÛKà
ç�Ý Þ)Ý ßKÜ&÷�æ â Ý2��Þ�ã"Ý æ 
 à�ö
ð ã�ä ç à
â â�Þ
å�Ý ßKÜ'áKÛKã�ï
ç Ü��

Ú&ÛKÜ&Ý Þ)Ý ßKÜ'éCà�ö
ð ä�Þ
å í&î�ì

� 9 $ �
� 4 �
� $  û 4  ûô õ # 9 +
à3æ Ü ç à�Ý ð Þ�ãeÝ ßKà�Ý=�=Þ�Û"ç ï5ãKÞ�Ý#ßKÞ
ç ïaßKà
ï)�=Ü�ä Þ�ã�â ð ï"Ü æ Ü ï3å Þ�æ-Ü �"à�éCê"ç Ü�C , D .#áKÛKã�ï
ç Ü â �)�=ß"Û�â!� 9ï"Þ
Ü â#ãKÞ�Ý#æ Ü è�Ü à
ç�à�ã"ë3ãKÜ ��Ý Þ�ê�Þ
ç Þ�ö�ë6ãKÞ�Ý#à
ç æ Ü à
ï"ëaä Þ�ã"Ý à
ð ãKÜ ï5ð ã8 û �)E�Þ��=Ü è�Ü æ ì�â ð ã�ä Ü��=Ü�ä à�ã
à
ç �=à
ë"â�êKÛ"ç ç�Ý ßKÜ)ä Þ"ï
ð éCÜ ã�â ð Þ�ã��Cï"Ü å Ü ä Ý â&Ý ÞCð ã"÷�ã"ð Ý ë�ì�� 9 ä à�ã3æ Ü êKæ Ü â Ü ã"Ý=à�ä ßKà�æ ö�Ü&ð ã6ä Þ�éCêKà
ä Ý ç ëâ ÛKêKê�Þ�æ Ý Ü ïdä Þ�ßKÞ�éCÞ
ç Þ�ö�ë��:FKÞ�æ�Ü �"à�éCê"ç Ü�ì�ä Þ�ã�â ð ï"Ü æ&à�áKÛKã�ï
ç Ü-â Û�ä ßdÝ ßKà�Ý&Ý ßKÜ#ð ã"Ý Ü ö�æ à
ç%Þ
å;� 9 Þ
è�Ü æâ Þ�éCÜ2G
þ ê"ç à�ãKÜ=ð â%ãKÞ�ãKþ < Ü æ Þ�A
Ý ß"ð â%æ Ü è�Ü à
ç â�Ý ßKÜ�êKæ Ü â Ü ã�ä Ü=Þ
å�à#ä Þ"ï
ð éCÜ ã�â ð Þ�ã�G&Þ�á�
 Ü ä Ý;��Þ
ð ã�ä à�æ Ü�ï"ÛKà
ç
Ý Þ?� 9 �2��ð ã�ä Ü	�=Ü&ä à�ãCÜ �"êKæ Ü â â�� 9 à
â%Ý ßKÜ&Ü �"Ý Ü æ ð Þ�æ�ï"Ü æ ð è à�Ý ð è�Ü#Þ
å�à�H þ å Þ�æ éI 	J
ì��=Ü&ä à�ãCæ Ü ç à�Ý Ü&Ý ß"ð â

ñ



K L�M N O�P Q�RTS�U�N P!Q�LWV�X Y�R Q�L�N:M S�Q�L�K L�M N O�P Q�R;S�U�N P!K M Z�[ \;]?Q�M!K L�^
L�K M _�`)a Q�O�Q�K LBb�c2N=Q�P N?R SdS�e�K L�O�Q�Mf S�g�Y�Q f M R _�Z h�Y�Y
S�P M N i f S�j�S�g�S�R S�O�_�k;M S=O�N Ml�m n�o�p�q!r8l�sdt!u ]v�w r8x�y�z z�{
Z S6M j�N f S�idK g�N L
Z K S�L|V6S�}�~ N f M Z?Q�P N���h�Q�L�M K � N iWQ�L
i�R S f Q�R K � N i��|�2j�N P N=K Z:Q�O�Q�K L|Q�LWQdZ Z S f K Q�M N if S�idK g�N L
Z K S�L)�6[ K L
Z M Q�L�M S�L
`6a Y�P S�Y
N P R _�b�M j�K Z@K Z	Q�L6K L�M N P Z N f M K S�L)S�� f S�idK g�N L
Z K S�L6�/K L
Z M Q�L�M S�L
Z kZ h f j)M j�Q�M:M j�N=K L�M N O�P Q�R2S��	u ] S�U�N P?Q�M P Q�L
Z U�N P Z N/� X Y�R Q�L�N=K Z:L�S�L�X � N P S��/� L
Z M Q�L�M S�L)L�h�g/}
N P!K Z��h�Q�L�M K � N i�K LWQ6g�S�P N:Z h�}�M R N/c2Q�_6j�N P N�b�Z K L f N/M j�N P N:K Z?L�S6j�S�g�S�M S�Y�_ f R QdZ Z:idK P N f M R _ f S�h�L�M K L�OM j�N Z N/K L
Z M Q�L�M S�L
Z ���!S�c2N U�N P bTZ K L f N�M j�N Z N f S�idK g�N L
Z K S�L���K L
Z M Q�L�M S�L
Z f Q�L|}
N f S�L
Z M P h f M N i)QdZM j�N?�
h��6Z M P N M f j�K L�O�}
N M c2N N L6Q f S�idK g�N L
Z K S�L�V=g�S�L�S�Y
S�R N X Q�L�M K g�S�L�S�Y
S�R N	Y�Q�K P b�Q���h�Q�L�M K � Q�M K S�Lf S�L
idK M K S�L�Q�Y�Y�R K N Z ��2j�N?P S�R N?S��TM j�N Z N f S�idK g�N L
Z K S�L)�:Q�L
i�V=S�}�~ N f M Z2K Z!g�S�P N	M P Q�L
Z Y�Q�P N L�MTc@j�N L�c2N f S�L
Z K i�N PM j�N	^
P Z M2L�S�L�X M P K U�K Q�R;�@�?����idK ��N P N L�M K Q�R�� S�P!Z h f j�}�h�L
idR N Z b

�d� r u �2���=� �BS�P Z K S�L�� � a v � v k
� O�L�S�P K L�O=M S�P Z K S�L�� S�P!M j�N	g�S�g�N L�M b�M j�K Z!idK ��N P N L�M K Q�R�N L�� S�P f N ZT� S�P@N ��Q�g�Y�R N	M j�N f S�L
idK M K S�L

�?� u � r u �@� u � �
�2j�K Z!P N �
N f M Z!M j�N?� Q f M!M j�Q�M!M j�N/u ] c@j�SdZ N?N ��M N P K S�P:i�N P K U Q�M K U�N:K Z p�q P N Q�R R _�K Z	M j�N=i�h�Q�R�S��@u � ��Tj�_�Z K f Q�R R _�b
M j�K Z2N ��h�Q�M K S�L6P N ��h�K P N Z2Q f S�idK g�N L
Z K S�L6�:S�}�~ N f M2c@P Q�Y�Y�K L�O:Q=��X f _ f R N:Z h�Y�Y
S�P M K L�O xh�L�K M Z@S��2u � �
h���M S/}
N?M j�N	N L
i�Y
S�K L�M@S�� x f S�idK g�N L
Z K S�L6V:S�}�~ N f M Z ��2j�K Z f R QdZ Z K ^ f Q�M K S�L�j�QdZ�Q�L�K g�g�N idK Q�M N�P N QdidK L�OWK L�M N P g�Z/S��=M j�N f S�L�~ N f M h�P NWidK Z f h
Z Z N iQ�}
S�U�N��?�2j�N f S�idK g�N L
Z K S�L���g�S�L�S�Y
S�R N	K Z	M j�N=����X }�P Q�L�N�b
M j�N f S�idK g�N L
Z K S�L�V/M j�N/� v X }�P Q�L�N�bc@j�K R N=M j�N f S�idK g�N L
Z K S�L���Q�L
i6�:K L
Z M Q�L�M S�L
Z2Q�P N?M j�N=�8X �2j�N S�P _����?�/Q�L
i6���?���BR h���}�P Q�L�N ZidK Z f h
Z Z N i!}�_?�!h�M Y
N P R NTQ�L
i:�dM P S�g/K L�O�N P �   � � �
¡6S�P N S�U�N P b M j�NT�@�?���	idK ��N P N L�M K Q�R�Y�P N f K Z N R _?N ��N f M ZM j�N  �  � Z h�Y
N P O�P Q�U�K M _)N ��h�Q�M K S�L'S��!g�S�M K S�L �/� u � r u �?� u � { c@j�K f jWK g�Y�R K N Z=M j�Q�M=Q�L|���c@P Q�Y�Y�K L�O:Q/��X f _ f R N:Z h�Y�Y
S�P M K L�O x h�L�K M Z@S��Tu � �
h���g/h
Z M;}
N	M j�N?N L
i�Y
S�K L�M2S�� x � v X }�P Q�L�N Z bdQ� Q�g/K R K Q�P!P N Z h�R M b�Q�L
i�N L
Z h�P N ZTM j�N	¢!K P Q f ��h�Q�L�M K � Q�M K S�L6S��;M j�N:� v Q�L
i����?�=}�P Q�L�N Z �£@N M h�P L�K L�O?}�P K N �
_:M S�a v � v k bdM j�N!M S�P Z K S�L/M N P g�Z f Q�L/}
N!Z M h
idK N i/}�_ f j�N f e�K L�O?c@j�N L/M j�N	Z K O�LS��BM j�N@�;� Q�¤�Q�L/S��BM j�N@¢!K P Q f S�Y
N P Q�M S�P f Q�L�}
N@g�Qdi�N2c2N R RBi�N ^
L�N i:� S�PTM j�N2� N P g/K S�L f S�L�M P K }�h�M K S�LM S6Q6Y�Q�M j)K L�M N O�P Q�R@i�N Z f P K }�K L�O6Q�LWS�Y
N L|¡ v X }�P Q�L�N:U�K Q�M j�N=K L f R h
Z K S�L|S��	Z S�g�N f j�K P Q�R v X � S�P g��� L�Y�Q�P M K f h�R Q�P?K �@M j�N/¡ v X }�P Q�L�N	c@P Q�Y
Z!Q f K P f R N/c2N=P N f S�U�N P!M j�N:� Q�g/K R K Q�P:S�}
Z M P h f M K S�LW¥�¦ �'§

�



¨ © ª�«­¬ ® ¯�° ±@²)³?© ³ ´ ³ © µ�³	¨ ¶�© · ¸�³ ©	¹dº ´ » ¶
´ ´ º ª�¼6ª�¨!®�® ½�· ª�© ´ º ª�¼�¶�¼�· º ¾2¿d³ » · º ª�¼)À�Á
Â�Ã
ª�¶�·:® Ä�½�· ª�© ´ º ª�¼Å ³ Å º ¾ ¾T´ Â�Æ/«�ª�© ³	´ ¸�ª�© · ¾ Æ�±Ç2·	· ¸�º ´?È
ª�º ¼�·!º ·?º ´?» ¾ ³ Â�©:· ¸�Â�·	· ¸�³�´ ª�¾ º · ª�¼|´ È
³ » · © ¶�«Éª�¨2· ¸�³/µ Â�© º ª�¶
´	È
³ © · ¶�© Ã�Â�· º µ�³/´ · © º ¼�Ê· ¸�³ ª�© º ³ ´2´ ¸�ª�¶�¾ ¹=Ã
³@© ³ È�© ª�¹�¶
» ³ ¹:Ã�Æ=» ª�«�È�Âd» · º ¨ Æ�º ¼�Ê:· ¸�³!Ã�Âd´ ³@«�Â�¼�º ¨ ª�¾ ¹�´;ª�¨�ª�¶�©!®�® ½:Ë	Ì@Ã�¶�¼
¹d¾ ³ ´ Í´ º ¼
» ³�º ·=¸�Âd´?È�© ³ » º ´ ³ ¾ ÆW© ³ È�© ª�¹�¶
» ³ ¹)· ¸�³�Î8Ï Ð2¸�³ ª�© ÆW´ ª�¾ º · ª�¼
´:¨ © ª�« Å ¸�º » ¸|· ¸�³ Æ|¹�³ ´ » ³ ¼
¹�±6Ñ;Ò�ÏÈ�¾ º » º · ¾ Æ6´ · ¶
¹�Æ�º ¼�Ê=· ¸�³	¹dº «�³ ¼
´ º ª�¼�Â�¾
© ³ ¹�¶
» · º ª�¼�ª�¨B· ¸�³	Ë	Ì@Ã�¶�¼
¹d¾ ³ Å º ¾ ¾�© ³ µ�³ Â�¾B´ ³ µ�³ © Â�¾�º ¼�· ³ © ³ ´ · º ¼�Ê¹�³ · Â�º ¾ ´ Í�º ¼
» ¾ ¶
¹dº ¼�Ê�Â�¼�º ¼�· © º ¼
´ º » Â�¾ ¾ Æ|® Ä�½�» ¾ Âd´ ´ º Ó�» Â�· º ª�¼�ª�¨;Ô Ô Ç�´ ª�¾ º · ª�¼
´!· © ³ Â�· º ¼�Ê/Õ?¿dÕ?¿�Â�¼
¹6Ö!Ö´ ª�¾ º · ª�¼
´2¾ Â�© Ê�³ ¾ Æ6´ Æd«�«�³ · © º » Â�¾ ¾ Æ�Í�· ª Å ¸�º » ¸ Å ³	¼�ª Å · ¶�© ¼B±
×BØ?Ù!ÚBÛTÜ6Ý�Ý Þàß
áBâ|ã�ä Ù=åBÜdæ
ç Ú'è ç�æ�é­ê Ë	Ì

ëTª�¼
´ º ¹�³ ©!Â�¼6Ë	Ì	Ã�¶�¼
¹d¾ ³=ì�ª�µ�³ ©!Â�¼W®�® Ï «�Â�¼�º ¨ ª�¾ ¹6í Å º · ¸)Â�» º © » ¾ ³=Âd» · º ª�¼)· ¸�Â�·!» ª�«�«/¶�· ³ ´Å º · ¸/· ¸�³T· © Â�¼
´ º · º ª�¼=¨ ¶�¼
» · º ª�¼
´ ±�îB³ ·�ïIÃ
³T· ¸�³	® Ä�½:´ È�Âd» ³Tª�¨
ª�© Ã�º · ´Bª�¨
· ¸�³@» º © » ¾ ³@Âd» · º ª�¼B±2¿d³ » · º ª�¼
´ª�¨Tì�· ¸�¶
´@¹�³ Ó
¼�³?´ ³ » · º ª�¼
´@ª�¨�Â�¼ ê Ë	Ì!Ã�¶�¼
¹d¾ ³?Ë�ðàïW±îB³ · ñ ´BÈ�Â�¶
´ ³T· ª!© ³ µ�º ³ Å · ¸�³T· ª�È
ª�¾ ª�Ê�Æ�ò2ª�¨ ê Ë	Ì�±Bó2Æ?· ¸�³@» Â�¼�ª�¼�º » Â�¾�¸�ª�«�ª�· ª�È�ÆdÏ ¾ ª Å ³ © º ¼�Ê2«�Â�ÈBÍô�õ�ö ê Ë	Ì�÷;ø�ù ù6¨ ª�©Tú�ø8û�ü ® ý�ü û�û�ü þ þ þ Í�Â�¼
¹�· © º µ�º Â�¾;ª�· ¸�³ © Å º ´ ³�±2Ð2¸�³	¾ ª Å Ï ¹dº «�³ ¼
´ º ª�¼�Â�¾B» ª�¸�ª�«�ª�¾ ª�Ê�Æº ´!´ º «/º ¾ Â�© ¾ Æ6´ º «�È�¾ ³�Í ÿ��
�
�
� ö ê Ë	Ì�÷;ø8ù ù ÿ

� � � ø8Ä�þ
¿�º ¼
» ³ ÿ � ö ê Ë	Ì ÷:ø ù ù�Í ê Ë	Ì/Âd¹�«/º · ´	Â)» ³ ¼�· © Â�¾T³ Ò�· ³ ¼
´ º ª�¼'Ê�º µ�³ ¼|Ã�Æ�Â�´ º ¼�Ê�¾ ³�È
ªd´ º · º µ�³�º ¼�· ³ Ê�³ © ±Ð2¸�º ´!» ³ ¼�· © Â�¾ ¾ Æ�³ Ò�· ³ ¼
¹�³ ¹��?Âd» Ï 	6ªdª�¹�Æ�Â�¾ Ê�³ Ã�© Â/¸�Âd´2Â�» Â�¼�ª�¼�º » Â�¾ ¾ Æ6Âd´ ´ ª�» º Â�· ³ ¹�Ê�© ª�¶�È�«�Â�¼�º ¨ ª�¾ ¹�ÍÃ
ª�· ¸Wª�¨ Å ¸�º » ¸ Å ³�´ ¸�Â�¾ ¾@¹�³ ¼�ª�· ³/Ã�Æ�
ê Ë	Ì:º ¼|Â6¸�³ º ¼�ª�¶
´	Â�Ã�¶
´ ³=ª�¨!¼�ª�· Â�· º ª�¼B±6Ð2¸�³/· ª�È
ª�¾ ª�Ê�Æ)ª�¨
ê Ë	Ì!¹dº ��³ © ´;¨ © ª�«%· ¸�Â�·2ª�¨ ê Ë	Ì2º ¼�´ ³ µ�³ © Â�¾
º «�È
ª�© · Â�¼�· Å Â�Æ�´ ±�Ô ¼�È�Â�© · º » ¶�¾ Â�© Í ô � ö 
ê Ë	Ì ÷�º ´T· © º µ�º Â�¾ Ì ÍÂ�¼
¹/º · ´2¾ ª Å Ï ¹dº «�³ ¼
´ º ª�¼�Â�¾�» ª�¸�ª�«�ª�¾ ª�Ê�Æ:º ´!» ª�¼
´ ³ 
�¶�³ ¼�· ¾ Æ�¹dº ��³ © ³ ¼�·2¨ © ª�«I· ¸�Â�·@ª�¨ ê Ë	Ì�±²)³/¼�ª Å © ³ · ¶�© ¼)· ª6ª�¶�©�® Ä�½6Â�¼
¹'®�® ½�Ã�¶�¼
¹d¾ ³ ´ ±���ª�©?³ µ�³ © Æ)´ ª�¾ º · ª�¼|ª�©=¹�³ ¨ ³ » ·?º ¼|ìI· ¸�³ © ³º ´	Â�´ ª�¾ º · ª�¼Wª�©	¹�³ ¨ ³ » ·!º ¼�Ë�±��!ª Å ³ µ�³ © Í
· ¸�³�® Ä�½�Ã�¶�¼
¹d¾ ³?¸�Âd´!Â�Ê�³ ¼�³ © Â�¾ º � Â�· º ª�¼ Å ¸�º » ¸)¹�ªd³ ´!¼�ª�·¾ º ¨ · Í�«�³ Âd´ ¶�© ³ ¹=Ã�Æ/· ¸�³	º ¼�· ³ Ê�³ ©	» ³ ¼�· © Â�¾B³ Ò�· ³ ¼
´ º ª�¼�ª�¨ 
ê Ë	Ì�±@¿�º ¼
» ³ ô���ö Ë	Ì ÷Tø�ù ù��ø ô���ö ô � ö 
ê Ë	Ì ÷ ÷ ÍÅ ¸�³ © ³ ô�� º ´?· ¸�³=È�¶�¾ ¾ Ã�Âd» ��Â�¾ ª�¼�Ê�· ¸�³�» º © » ¾ ³/Ó
Ã�© Â�· º ª�¼�È�© ª�� ³ » · º ª�¼W«�Â�ÈBÍ
· ¸�³/» ³ ¼�· © Â�¾;³ Ò�· ³ ¼
´ º ª�¼ª�¨ 
ê Ë	Ì6ª�Ã
´ · © ¶
» · ´/ÂW¾ º ¨ ·6· ª8®�® ½
±�ëTª�© © ³ ´ È
ª�¼
¹dº ¼�Ê�¾ Æ�Í!ÐTÆdÈ
³�Ô Ô Çà´ · © º ¼�Ê|· ¸�³ ª�© Æ'¸�Âd´/Â'´ º ¼�Ê�¾ ³
ò����  "!$#%�  &'& (�) & *,+ - . &%/�- + 0 1,+ + - � *2� 3�+ 1,0 4�5 67� + + - 8,9 :;0 & *�)  ! 9 9 :2& (�) & *7/�& /,<=9 ��� 6�! 9 > & 8, ! +'! *7/;) 4,&

) � 67� 9 � > :%� 3?) 4,& -  =0 ! *,� *,- 0 ! 9 9 :;! + + ��0 - ! ) & /@>  � 1,6;#;! *,- 3 � 9 /�+ A�+ & &;B C D E FÌ�G 4,&;)  - .�- ! 9 - ) :�� 3'H,I 5 JK�L <$/�& 67& *7/�+$� *,9 :�� * L 87& - *,>�+ - #%6,9 &2! *7/�+ - #%6,9 :�0 � *,*,& 0 ) & /MF G 4,- +$- +& + + & *�) - ! 9 9 :2) 4,&'+ ) ! ) & #%& *�)N) 47! ) K?L ! /�#%- ) +N!%+ - *,> 9 &'1,*,- . &  + ! 9�0 & *�)  ! 9�& (�) & *,+ - � *�� 3?O=4,- 0 4�! 9 9�� ) 4,&  +!  &'0 � + & ) + P,+ & &;B C D EM3 �  N! *2& (�) & *,+ - . &$/�- + 0 1,+ + - � *2� 3Q) 4,&') � 67� 9 � > :%� 3?0 & *�)  ! 9 9 :%& (�) & *7/�& /@! 9 > & 8, ! + F
R



S T7U V W�V X Y"U ZMV�[�\ ] ^�X _a`�V b ced U X V TMW�U Zgf�h,Y"i'Z7S j ZkS d@U ZMVl^�m�d U X n�j U S ^�TeU ^ob S ] U S TMWkU ^�pg\ q"ZMV ^�X r�s
t$^�_�u�S T�i"u�b b d%^�v�V X$i'Z7S j ZoU Z7S d�S T7U V W�V X'w nM_�x�d YMy�z7{'mMX u�TMV d YQd S _@S b u�X b roj u�TMTM^�U$m�V;b S ] U V cQs�|oV
U Z7n�d2j ^�T�w V j U nMX V�U ZMu�U2U ZMVlj V T7U X u�b"V }7U V T�d S ^�Tg~�^�]�U Z7S dk��N�$��mMnMT�c,b V�^�v�V X�� [��o_�V u,d nMX V d$U ZMV
j ^,d _�^�b ^�W�S j u�b"� j ^�T�d U u�T7U �;^�]'� _�u,d d S v�V���� � �%Y?f�h�YMu,d

f�h%�e~Q� � �7� ���
q"ZMu�U'u;b S ] U�S d"S T�c7V V c�x�^,d d S m7b V%i'ZMV T�f�h%�e[;`M}7V d"u2x�^,d d S m7b V;u,cMc,S U S v�V2j ^�T�d U u�T7U"U ^@� V X ^,��s

q"ZMVlc,S d U S T�j U�U ^�x�^�b ^�W�rk^�]%U ZMV�j V T7U X u�b b rkV }7U V T�c7V c ��N�$��S _�x7b S V d@U ZMu�U@U ZMV�d x�V j U X nM_�^�]
d U u�m7b V�YQj ^�T�d S d U V T7U't$\ mMX u�TMV d=S d�u�b U V X V c�S T�U ZMV%xMX V d V T�j V$^�]=y�z�\ mMX u�TMV d s=� TlxMu�X U S j n7b u�X Y�j ZMu�X u,j \
U V X S d U S j�j b u,d d V d%i'Z7S j Z�u�X V@U ^�X d S ^�T�i'ZMV T�U ZMV�j V T7U X u�b"V }7U V T�d S ^�ToS d;TM^�TM\ v u�T7S d Z7S TMWli"S b b�X V v�V u�b
S T�d U u�m7S b S U S V d%^�]Nv u�X S ^�n�d�mMX u�TMV%j ^�T7`�W�nMX u�U S ^�T�d"S T�U ZMV%xMX V d V T�j V%^�]'f�h;i'Z7S j Z�_�u�r2m�V2d U u�m7b V%S T
U ZMV�u�m�d V T�j V"U ZMV X V ^�] Y,^�XNv�S j V \ v�V X d uMs�|oV�u�X V'U Z7n�d?b V c@U ^2d U n�c7r;U ZMV$j ^�_�x7b V U V'U ^�x�^�b ^�W�r@^�] ��N�$��Y
S T�j b n�c,S TMWlU ^�X d S ^�T?YQi'Z7S j Zoi"S b b"xMX ^�v�S c7V2V }7x7b S j S U Y=U V d U u�m7b V@xMX V c,S j U S ^�T�d%u�m�^�nMU�U ZMV�� S TQ� d U u�m7S b S U r
^�]=mMX u�TMV$j ^�T7`�W�nMX u�U S ^�T�dNS Tl_�u,d d S v�V�� � �;� � ��� s

� S T�j V�U ZMV�ZM^�_�^�U ^�x7r�u�T�c�j ^�ZM^�_�^�b ^�W�r�W�X ^�nMx�d$^�]'�N�$�@u�W�X V V@i"S U ZkU ZM^,d V@^�]��;�2� �k�;�
b� �2������� � ��� �,��nMx�U ^7  h c,S _�V T�d S ^�T�� ¡MYQU ZMV@j b u,d d S `Qj u�U S ^�T�^�]'¢�¢�d ^�b S U ^�T�d$v�S ul�N�$�;mMnMT�c,b V d
c,S £QV X d=] X ^�_¤U ZMu�U"^�]?¥"^�n7i'¦,TMV W�UNu�T�c�§lu�U ZMu�SN� z��M^�T7b r2S T�xMZMV TM^�_�V TMu$X V b u�U V c@U ^2Z7S W�Z�� W�X V u�U V X
U ZMu�T�� ¡7�@c,S _�V T�d S ^�TMu�b�U ^�x�^�b ^�W�r�   �s¤¢'V _�u�X ¦ u�m7b r�Y'U ZMVod u�_�V¨��N�$��d U X n�j U nMX Vlu�b d ^kd V X v�V d@U ^
j b u,d d S ] r�U ZMV%© � \ © � d ^�b S U ^�T�d YMu,d'i"V$TM^�i¨c,S d j n�d d s
ª�« ¬�«�­�®M¯ ­�®�®�°�± ² ³ °�´7µN¶ · °�¸ �N�$�

� S T�j V�¹�º�� �N�$���;��� ��Y=U ZMV�xMX S _�u�X ro� [��o�N�$��c7V ] V j U%S d2j ^7c,S _�V T�d S ^�T�¡MY?S s V�s�� »;¼����%c,S \
_�V T�d S ^�TMu�b�u,dNS To��� ��sN�'T�½=¾"b S TM¦�S TMW�~�d n�j Z�c7V ] V j U d YM^�X"_�^�X V'W�V TMV X u�b b r�u�T7r�½=¾�d nMxMx�^�X U S TMW2~
nMT7S U d�^�]"¿l\ À�n7}lu,d"S ToU ZMV �,Á � �,�'|¨ÂM|Ã_�^7c7V b Y�ZMu,d��N�$�$S T�d U u�T7U ^�T�T7nM_@mMV X'V Ä�nMu�b=U ^�~Qs�¥"r
��ÅNÆ Ç È É Ê?Ç Ë7Ì ÇMÇ Ë,È ÍMÎ,Ï Æ Î7Æ Í Ì Ð È Í�Ï Ê Ñ%È Ò,È Í É Ê Ò�ÇMÇ ÆNÇ Ë,Ê?Í È Ç Ó7Ì Ç È Æ Ò'È Ò'Ô'Õ7Ö�× Ø=ÙQÚ"Û Ì Ò7Õ"Î7Ì Ï Ç È É Ó,Ð Ì Ï Ð Ü"Ý"Þ�ß,à7á

ß à á;â=ã'È Ò2ä=Ë,È É Ë2Ç Ë,Ê'É Æ Í Æ Ñ%Æ Ð Æ å È É Ì ÐMÉ Æ Ò,Í Ç Ì Ò�Ç=Æ Ò2Ç Ë,Ê�Ý"Þ�ß,à'È ÍNÕ�Ê Ç Ê Ï Ñ%È Ò,Ê Õ;æ�Ü%Ç Ë,Ê"É Ê Ò�Ç Ï Ì Ð�É Ë7Ì Ï å Ê'Æ ç
Ç Ë,Ê�èé ê ë Ì ì%Ò,Ê'íMÈ Ê'Ì Ð å Ê æ,Ï Ì'Æ çQÇ Ë,ÊNæ7Æ Ó,Ò7Õ,Ì Ï Ü$î�ï7îðÑ%Æ�Õ�Ê Ð ñQî�Ê'Ç Ë7Ì Ò,ò%íMÈ Ì Ç=ó@Ì Æ ôNç Æ Ï=Ï Ê Ñ%È Ò7Õ�È Ò,å'Ó,Í�Æ çÇ Ë,È Í=Ï Ê Ð Ì Ç È Æ Ò,Í Ë,È Î�ñ
  h�õ�ö � ��÷ ø ù�È Íoæ�Ü�Õ�Ê ú7Ò,È Ç È Æ Ò�Ç Ë,Ê�Í Î7Ì É Êkä=Ë,Æ Í ÊkË,Æ Ñ%Æ Ç Æ Î�ÜgÉ Ð Ì Í Í Ê Í�Ì Ï ÊeÌ Ð Ð@Ç Ï È û�È Ì Ð2Ê ü�É Ê Î,Ç�ç Æ Ï
ý,ë ö õ�ö � ��÷ ø ù ù$þ¤� ��ñ�ÿ Ç�È Í$Ï Ê Ì Ð È ô Ê Õ�ç Æ Ï�Ê ü,Ì Ñ%Î,Ð Ê;æ�Ü�ÐØ���� ä=Ë,È É Ë�Ì Î,Î7Ê Ì Ï Í$È Ò�Ç Ë,Ê;É Æ Ò,Í È Õ�Ê Ï Ì Ç È Æ Ò���� �Ö�Ê Ò�Æ ç	��
 æ,Ï Ì Ò,Ê$É Ð Ì Í Í È ú7É Ì Ç È Æ Ò�û�È Ì;Ò,Æ Ò�
 Ç Ï È û�È Ì ÐQÇ Ì É Ë�Ü Æ Ò�æ,Ó,Ò7Õ�Ð Ê Í"Ì Í Í Æ�É È Ì Ç Ê Õ�ä=È Ç Ë�Ç Ë,Ê$å�Ì Ó,å Ê$æ,Ó,Ò7Õ�Ð Ê Í
Æ û Ê Ï
��
����Î7Ì È Ï Í ñ
   ���Æ Ó�ä=ò�Ò,Ê å Ç�Ì Ò7Õ�ó@Ì Ç Ë7Ì È	� � �NÌ Ï å Ó,Ê$Ç Ë7Ì Ç�ÿ ÿ Ô���
 æ,Ï Ì Ò,Ê Í$Ì Ï Ê%É Ð Ì Í Í È ú7Ê Õ�æ�Ü@Ç Ë,Ê õ 
 Ú�Ë,Ê Æ Ï Ü�Æ çNÇ Ë,Ê
Ì Ð å Ê æ,Ï ÌNÆ ç7Í Ê É Ç È Æ Ò,Í?Æ ç�ÌNû Ê É Ç Æ Ï?æ,Ó,Ò7Õ�Ð Ê�Ì Í Í Æ�É È Ì Ç Ê Õ$Ç Æ'Ì
��� ö � ù=þ õ�ö � ��÷ ø ù�Î,Ï È Ò,É È Î7Ì Ð�æ,Ó,Ò7Õ�Ð Ê Û Ï Æ Ó,å Ë,Ð Ü ñ

�



� ��� �	�
 �!� "�#$� �%"��	� �% �&%'%#�(*)  �+ "�#,&� �� - � .�� "/) � 0  (21�#,� �% �#%1�- � �% - #3"�#�(,� 1�'%� �% - #$�% !,� � 4%�% -  �
"�#�($� �% �� - "�#�� � � � 1�#,5 '%#�+ � � 1�#,� ��� �% � )  !� #��	631/587�9/: ;	<>=/? @�A
�% �(� 5  + ��� �
+ �%"�- "*+ �  - � 0  ($&�B3� �% 
5 "*+ �C� �%"�� D8"��C� �% ,(� 5  + �>� � �  ) 5 D�� �% ,;	<>=34�� + � '%-  ,&%-  "�E��>(�1/��#F&� + "�'��  $� �% ,+ � - + )  �1�- &�� � �>"�-  
#%1���+ ) 1*�  (G@	A
��� �CH I/J�(� 5  + ��� ��� �% C-  (�'�+ � � 1�#K1/5�"�#FH�H JK(� 5  + ��� - "�#�� .� - �  �� 1,� �% $L	M @	A
��� �
� �
4%-  + � �  ) BK� �% CN N OQPFL�R/S &%- "�#% �"�- � � � #%T$5 - 1�!U"$� - "�#�� .� - �  >VQR/S &%- "�#% �@

W � !,� ) "�- ) B�D�"35 '%#�(�"�!� #�� "/)�N N OQ� � - � #%T3� �
"�#�H�H J,+ 1�(*� !� #�� � 1�#KX3� 1/) � � 1�#2���%1*�  � !,&� (%(*� #%T
� �Y� #�. "�- � "�#����
� � ��-  � 4� + �Y� 1C� �% �+ � - + )  �"*+ � � 1�#8@�N #$4%"�- � � + '�) "�- D*� �% >H�H J3&%'%#�(*)  	� ��� �% #$� #�. "�- � "�#��
�
� � �2-  � 4� + ��� 1,� �% C+ � - + )  3"*+ � � 1�#8DG� 1$� - "�#�� � � � 1�#K5 '%#�+ � � 1�#���1/5Y� �% ,H I/J,&%'%#�(*)  C+ 1�#�� � � ��1/5�0  - 1�S
!�1�(� ��� #�;	<>=/DG� �%"��>� � DY� �% BK� #%�%"�&�� �3"�#F<>=$� '%&%T�- 1�'%48@CN #�5 "*+ �C� �% ,� - "�#�� � � � 1�#F5 '%#�+ � � 1�#���� #
H I/J�"�-  �Z '�� �C� �% � !,&� (%(*� #%T�1/5�� �%1*�  $� #[H�H J2� #�� 1�;	<>=/D8"�#�(�� 1K� �% $5 '%#�(�"�!� #�� "/)	� � - � #%TK� � D
) � E� K� �% �VQ\/S &%- "�#% �D8]�1/� #�+ "�-  �(�'%"/)	� 12� �% K� ^�'%"�-  $1/5�� �% $_�- � �C]�1�#�� - Z "�T/� #�+ ) "*� �,: � �% K�  + 1�#�(
]�1�#�� - Z "�T/� #�+ ) "*� � ?Y1/5G� ��� �	<>=�� '%&%S &%'%#�(*)  	1/58� �% �;	<>=
&%'%#�(*)  �@�A
��� ��� �	�%1/�
 .� -�#%1���� 1$� "/B3� �%"��
� �% �-  � ��1/58� �% �;	<>=	� �	'%#�� !�4�1�- � "�#��YSG� #�4%"�- � � + '�) "�- D*� �% >(�B*#%"�!,� + ��1/5G� �% >VQ\/S &%- "�#% �#%  ($#%1��
-  � 4� + �>� �% $+ � - + )  �"*+ � � 1�#8D8� 1K� �%1*�  31/5
� �% 35 '%#�(�"�!� #�� "/)8� � - � #%TK#%  (2#%1��>-  � � - � + �>� �% !K�  ) .� �
� 1,� �% C0  - 1$!�1�(� >� '%&%T�- 1�'%4,"��
_�#�� �  $+ 1�'%4�) � #%T%@

`�a b�a�c�ced�f/g h i f�j�k	l m f�n ;	<>=
o  � p �3^�'�� + E�) Bq-  � '%- #F� 1�� �% K+ ) "*� � � _G+ "�� � 1�#r1/5�s�st� 1/) � � 1�#��3.�� "F;	<>=,&%'%#�(*)  � @2A
�% ,u,v�S

&%- "�#% 2"�- � �  �,"*�,"�#�H�H J[R/S (� 5  + �����%1*�  2 !,&� (%(*� #%TF"�#�(�_� ) (w+ 1�#�_�T�'%- "�� � 1�#["�-  2� #�. "�- � "�#��
'%#�(� -C� �% �+ � - + )  K"*+ � � 1�#8@ W � !,� ) "�- ) B�� 12� �% �xYS � � - � #%T�� �,+ "�#�&� ,-  "/) � 0  (��
� � �q"�#�<>=Kye;	<>=/@
N �C� �$+ �%"�- "*+ �  - � 0  (�&�B�� �% ,5 "*+ �3� �%"��3 "*+ �F) � #%E�� #%TrLYz��%"*�C<>=3� #�� � "�#�� 1�#q#�'%!,&% ->1�#% �@�A
�% 
u�\/S &%- "�#% �� �,"q\${eH S � 1/) � � 1�#w� - "�#�� .� - �  �� 1q� �% �+ � - + )  �D�"�#�(�� �,]�1/� #�+ "�-  �(�'%"/)�� 1�J�|3} z D
"
~ S 5 1�- !�-  ) "��  (�� 1,�%931/5	� �% $<>=3&%'%#�(*)  3&�BK� �% $+ "�#%1�#�� + "/)
(*� !� #�� � 1�#K) 1/�
 - � #%TK!�"�4K&� � �
  #
+ �%"�- "*+ �  - � � � � +>+ ) "*� �  ��1/58"$� 4%"*+  �"�#�($� � ��) 1*1�42� 4%"*+  �@�A
�% �u��/S &%- "�#% �"�- � �  ��5 - 1�!�"3#%1�#%S � - � .�� "/)
+ � - + )  ,_�&%- "�� � 1�#8D8� '�+ �2� �%"��C� �% $7�9$1/5
;	<>=C) � 5 � �3� 1K� �% $7��$1/5
<>=3.�� "2"K��1�4�5
_�&%- "�� � 1�#8DG����� )  
� �% Cu�I/S &%- "�#% �"�- � �  �
"*�
'�� '%"/)G"*�
"$!�1�!� #�� '%!�!�1�(� �"/) 1�#%T,� �% $L	M
_�&� - � @YN #K&�1�� �2+ "*�  �
� �% 
"*� � 1�+ � "��  (3��'��$"�- � �  �85 - 1�!e� �% ��C�wT�"�'%T� 	_� ) (GD*� �% �&%- "�#% �8-  4%-  �  #�� � #%T>� - � .�� "/)G<>=	_�&%- "�� � 1�#��
1/.� -�� �% $H�H S 5 1/) (G@

x8� #%"/) ) B�D�"*�
(*� � + '�� �  ($"�&�1/.� �D�u�X/S &%- "�#% �#�'%!,&� -8� �
+ 1�#%#% + �  (,� 13� �% >+  #�� - "/)� ���  #�� � 1�#K1/5
�;	<>=/@�A
��'�� D������ )  >� �% �u�X/S &%- "�#% �(�1* ��#%1��	"�4%4� "�-	� 1C�%"/.� �"$� � !�4�)  �T� 1�!� � - � +	� #��  - 4%-  � "�� � 1�#
� #w�  - !K�$1/53"�#�H�H Jq<>=�� 1/) � � 1�#8D�� ���%"*�,"r(�  4w+ 1�#%#% + � � 1�#w� 1q� �% �;	<>=�� � - '�+ � '%-  �� #eH I/J�@
A
��� ��+ 1�#%#% + � � 1�#�!�"/B,4%- 1/.�� (� >� #�� � T����
� #�� 1�� �% $+ 1�#%#% + � � 1�#2&� � �
  #�H�H J�T�- "/.�� � BK"�#�(�� �% 3<>=
� � - '�+ � '%-  *� H \/� @

~



��� ������� �*��� � ���G� ��� � ���t�	�>�
�
�%�K �  ¡ �>�3¢�£ ¤ ¥/¤ ¦q¢/§�¨ ¨ ©tª8« ¬�­�®%£ ¯�¦ � ° ¤ °3° ¤ ±,¤ « ¯�£ « ²F¯�¬%³ ¢�±�¯�³ ¤ ´/µ8¤ ³ ° £ � ¯*¶*¤ ¦%¥K¤ ¦�³ � £ ± ° ¢/§

�	�>�$§ ¢/« « ¢/· ° ¦%¯�³ ¬%£ ¯/« « ²�¸ �
�%�K° ¤ ±�¹�« � ° ³ � ­�¯�±�¹�« � ¤ ° ³ �%� ¶*¤ £ � ´ ³$¶*¤ ± � ¦ ° ¤ ¢�¦%¯/«	£ � ¶�¬�´ ³ ¤ ¢�¦q¢/§�³ �%�
´ ¢�¶*¤ ± � ¦ ° ¤ ¢�¦%º »��>�3¼�¬�­�³ ¬%® ��½ · � ¤ ´ � ¥/¤ ¾ � ° ³ �%�,¿CÀ º ¿CÀ�ÁCÂ ¤ ¦�¨ ¨ ©C¸ À ¤ ±,¤ « ¯�£ « ² ½ ¯2´ ¢�¶*¤ ± � ¦ ° ¤ ¢�¦%º
»2¼�¬�­�³ ¬%® � · � ¤ ´ � ·�£ ¯�¹ ° ³ �%�KÃ º �
�%� ¢�£ ²F´ ¤ £ ´ « � £ � ±�¯/¤ ¦ ° ¯F´ ¢�¶*¤ ± � ¦ ° ¤ ¢�¦%º »K¼�¬�­�³ ¬%® � º�³ � ¤ ° ¤ °
³ �%� ¨ ¨ ©UÄ�Ä ÁCÅ º ®%£ ¯�¦ � ¸K©�¦%¯/« ¢�¥�¢�¬ ° « ² ½ ³ �%� ´ ¢�¶*¤ ± � ¦ ° ¤ ¢�¦%º Æ,¼�¬�­�³ ¬%® � £ � ¶�¬�´ � ° ³ £ ¯�¦ ° ¾ � £ ° � « ²�³ ¢
³ �%� Ä�Ä ÁCÇ º ®%£ ¯�¦ � ¯�¦�¶ ½ ·�£ ¯�¹%¹�¤ ¦%¥2³ �%��Ã º �
�%� ¢�£ ²F´ ¤ £ ´ « ��½ ³ ¢�³ �%�,¿CÀ*¿CÀFÁCÈ º ®%£ ¯�¦ � ¸ �
�%��Á$ 
¯�¦�¶ Á3É ¯�£ ¤ ° � ¯ ° ¼�¬�­�³ ¬%® � ° ¯ ° ° ¢�´ ¤ ¯�³ � ¶2³ ¢K³ �%� ¦%¢�¦�³ £ ¤ ¾�¤ ¯/«�®%¬%¦�¶*« � ° ¢/§	³ �%�3Ê�Ë ¯�¦�¶ Ê�Â ®%£ ¯�¦ � ° ½
£ � ° ¹ � ´ ³ ¤ ¾ � « ²�¸ �
� ¬ ° · � £ � ¯/« ¤ Ì � ³ �%� § ¬�« « ° ¹ � ´ ³ £ ¬%±U¢/§
Ä�ÄQ¯�¦�¶ ¿CÀ*¿CÀ2Á�Í º Î
£ ¯�¦ � ° ¶*¤ ° ´ ¬ ° ° � ¶�®�²
Ï ¬%³ ¹ � £ « � ¯�¦�¶ À ³ £ ¢�±,¤ ¦%¥ � £CÐ  /É Ñ ¤ ¦2³ � £ ± ° ¢/§��	�>� ½ ¯ °
� ­�¹ � ´ ³ � ¶G¸

��� Ò%�
Ó�Ô/Õ�Ö�� ��� ×�� � ���t�	�>�,���%Ø$Ù �%Ø�Ú � Û � � Ü Ú �����$� � Ý*��� Ø�Ú ��ÝwÕ���� � Ú ���
ÞF��� ¯/¾ �F° � � ¦ � ¢/·ß³ �%� ´ « ¯ ° ° ¤ àG´ ¯�³ ¤ ¢�¦�¢/§3®�¢�³ �Q¿CÀ*¿CÀ ¯�¦�¶[Ä�Ä ° ¢/« ¤ ³ ¢�¦ ° ¤ ¦ � ²*¹ � ¨ ¨ ©

¯�£ ¤ ° � ° § £ ¢�±á³ �%� ´ « ¯ ° ° ¤ àG´ ¯�³ ¤ ¢�¦w¢/§>�	�>��®%¬%¦�¶*« � ° ¤ ¦   Ë/¡�½ ³ �%� ° � ¶ � £ ¤ ¾ � ¶�§ £ ¢�±á¯�§ ¬%¦�¶�¯�± � ¦�³ ¯/«
�>� ° ³ £ ¬�´ ³ ¬%£ � ¤ ¦ Ã º �
�%� ¢�£ ²�¸3â>¬ � ³ ¢K³ �%� £ � ±�¯�£ ã ¯�®�« � ³ ¢�¹�¢/« ¢�¥�²�¢/§
�	�>� ½ ³ � ¤ ° £ � ¹%£ ¢�¶�¬�´ � ° ³ �%�
´ ¢�¦/ä � ´ ³ ¬%£ � ¶FÓ�º �
�%� ¢�£ � ³ ¤ ´,´ « ¯ ° ° ¤ àG´ ¯�³ ¤ ¢�¦�§ ¢�£$Ä�Ät´ � ¯�£ ¥ � ° ¯�¦�¶2à � « ¶ ° ¸ ÞF� ·
¢�¬�« ¶F¦%¢/·�« ¤ ã � ³ ¢
´ ¢�¦%¦ � ´ ³	³ � ¤ ° ´ ¢�¦ ° ³ £ ¬�´ ³ ¤ ¢�¦�·
¤ ³ � ³ �%� ©�å À%À ¯�¹%¹%£ ¢ ­*¤ ±�¯�³ ¤ ¢�¦,³ ¢3³ �%� Ó�º �
�%� ¢�£ � ³ ¤ ´>´ « ¯ ° ° ¤ àG´ ¯�³ ¤ ¢�¦8¸
¨ ¦F³ �%� £ � ±�¯/¤ ¦�¶ � £>¢/§
³ � ¤ °3° � ´ ³ ¤ ¢�¦q· � ·
¤ « «�¬ ° � ³ �%� « ¯�¦%¥�¬%¯�¥ � ¢/§ Ã º ®%£ ¯�¦ � ° ¯�¦�¶�â>º ®%£ ¯�¦ � ° § ¢�£
° ¤ ±�¹�« ¤ ´ ¤ ³ ²F¯�¦�¶�´ « ¯�£ ¤ ³ ²�µY¤ ¦F« ¤ ¥ � ³C¢/§�³ �%� ¯�®�¢/¾ � ¶*¤ ° ´ ¬ ° ° ¤ ¢�¦ ½ ¤ ³ ° � ¢�¬�« ¶�® � ´ « � ¯�£3³ � ¯�³>³ �%�,� ¦�³ ¤ £ �
¶*¤ ° ´ ¬ ° ° ¤ ¢�¦2´ ¯�¦2® � ¹ � £ ¯ ° � ¶ � ­�¹�« ¤ ´ ¤ ³ « ²2¤ ¦2³ � £ ± ° ¢/§  �  ¡ �>�>®%¬%¦�¶*« � ¤ ¦�§ ¢�£ ±�¯�³ ¤ ¢�¦8¸

�
�%� ´ « ¯ ° ° ¤ § ²�¤ ¦%¥$¥�£ ¢�¬%¹,¢/§ ° ¢/« ¤ ³ ¢�¦ ° ¤ ¦ Ã º �
�%� ¢�£ ²C¤ ° ¯3£ � à�¦ � ± � ¦�³8¢/§8´ ¢ � ¢�±�¢/« ¢�¥�²3¢�®%³ ¯/¤ ¦ � ¶
®�²F³ ¯�ã�¤ ¦%¥F³ �%�Kæ ¬%¢�³ ¤ � ¦�³$·
¤ ³ � £ � ° ¹ � ´ ³3³ ¢�¯ ° � £ ¤ � ° ¢/§>¶*¤ ç � £ � ¦�³ ¤ ¯/« ° ³ � ¯�³$£ � ¼ � ´ ³3³ �%� § ¯*´ ³$³ � ¯�³
° ¢�± � ´ ¢�¦�à�¥�¬%£ ¯�³ ¤ ¢�¦ ° ¯�£ � ¯�¦%¢�±�¯/« ¢�¬ ° ¯�¦�¶ ° ¢ ° � ¢�¬�« ¶$¦%¢�³�® � ¤ ¦�´ « ¬�¶ � ¶ ½ · � ¤ « � ¢�³ �%� £ ° ¯�£ � £ � « ¯�³ � ¶
®�²�¶�²*¦%¯�±,¤ ´ ¯/«
¹%£ ¢�´ � ° ° � ° ¯�¦�¶ ° ¢�±,¬ ° ³C´ ¯�£ £ ²F³ �%�2° ¯�± � ´ ¢�¦ ° � £ ¾ � ¶q´ � ¯�£ ¥ � ° è ° � �,� ¥[Ð é Ñ ê ¸�ª%¢�£
� ­�¯�±�¹�« ��½ ¯�¦ ÃQÅ º ®%£ ¯�¦ � ·�£ ¯�¹%¹�¤ ¦%¥2¯2»�º ´ ²�´ « � ³ � ¯�³ ° ¬%¹%¹�¢�£ ³ °Cë ¬%¦�¤ ³ ° ¢/§>ì�í�¼�¬�­�« � ¯*¶ ° ³ ¢2¯�¦
¯�¦%¢�±�¯/« ²K³ � ¯�³ ½ ¦ � ¥/« � ´ ³ ¤ ¦%¥�³ ¢�£ ° ¤ ¢�¦ ½ ´ ¯�¦F® � ´ ¯�¦�´ � « � ¶2¤ § ë�ÃQÈ º ®%£ ¯�¦ � °�� ¦�¶�¢�¦�³ �%�,ÃQÅ ¸ �
� ¬ °
° ¢�± �3ÃQÅ º ®%£ ¯�¦ � ·�£ ¯�¹%¹�¤ ¦%¥ ° ¯�£ � ¯�¦%¢�±�¯/« ¢�¬ ° ¯�¦�¶ ° ¢�± �3ÃQÈ º ®%£ ¯�¦ � ´ ¢�¦�à�¥�¬%£ ¯�³ ¤ ¢�¦ °3è ° ¬�´ � ¯ °>ë
ÃQÈ�î ° ¯�¦�¶2³ �%� ¾ ¯*´ ¬%¬%± ê ¯�£ �3� æ ¬�¤ ¾ ¯/« � ¦�³ ½ ³ � ¤ ° § ¢/« « ¢/·
¤ ¦%¥K§ £ ¢�±ß³ �%�K �  ¡2° ¬%¹ � £ ¥�£ ¯/¾�¤ ³ ² � æ ¬%¯�³ ¤ ¢�¦
¢/§�±�¢�³ ¤ ¢�¦

¡Cï ì�íCðwì�í�ñKì�í*ò
�
�%� « � § ³ � ¯�¦�¶ ° ¤ ¶ � ¢/§Y³ � ¤ °�� æ ¬%¯�³ ¤ ¢�¦K¤ ° ³ �%� ¤ ¦�³ � £ ° � ´ ³ ¤ ¢�¦2¦�¬%±,® � £�¢/§ ÃQÈ º ®%£ ¯�¦ � ° ·
¤ ³ � ¯ ° ¹ �%� £ �
« ¤ ¦%ã�¤ ¦%¥C³ �%��ÃQÅ�½ ¯�¦�¶C³ �%� £ ¤ ¥ � ³G¤ ° £ ¢�¬%¥ � « ²>³ �%� ¤ ¦�³ � ¥�£ ¯/«�¢/§%³ �%� ì�í�¼�¬�­C¢/¾ � £8³ �%� »�º ´ ²�´ « � ·�£ ¯�¹%¹ � ¶
®�²,³ �%�3Å º ®%£ ¯�¦ � ¸8Î
¢�³ � ¢/§Y³ �%� ° � ¦�¬%±,® � £ ° ¯�£ � ± � ¯ ° ¬%£ � ¶3¤ ¦2¬%¦�¤ ³ ° ¢/§�³ �%� Æ/º § ¢�£ ±tó�¢/¤ ¦�´ ¯�£ � ¶�¬%¯/«

Æ



ô õ�ô ö%÷KøQù/ú û%ü ý�þ%÷ ÿ ��� þqô ö%÷�ý�û�ÿ ÷ þ�� ÷,õ��>øQù/ú û%ü ý�þ%÷ ÿ>÷ þ��	� þ�
�õ�þqô ö%÷�ø
��� ÿ ��ô ö�� ÿ,ÿ ����÷ ü 
�ü ý���� ô �� õ�þ�ÿ ô ü ý�� þ�ô�� ÿ
ÿ �����,ý�ü � � ÷ ��� �	û��3ü ÷ ����� ü � þ�
$ô ö%ý�ô	ô ö%÷�� õ�� � õ�� � þ�
"! �	� #G÷ ü ÷ þ�ô � ý�� $3ý�þ%þ�� ö�� � ý�ô ÷Cô ö%÷&%(') ��* + '�%('-,
%(' .�%('�/10 28õ�ü ÿ � õ�þ�3 45 ÷3÷ *���÷ � ôCô ö%ý�ô>ô ö%÷3ô õ�ü ÿ � õ�þ�ô ÷ ü �Kÿ�ý�ü ÷Cþ%õ�þ�ô ü � ��� ý��	û�÷ � ý���ÿ ÷���� õ�ü>÷ *�ý������ ÷��6%('7� ÿ>ö%ý�� � ú � þ�ô ÷ 
�ü ý����ö%÷ þ�ô ö%÷Cø
�3û%ü ý�þ%÷���ü ý���ÿ	ý78�ú � ��� � ÷&� � ô öKþ%õ�þ%ú � ý�þ�� ÿ ö�� þ�
79�':0 ù�;�3 �=< � ÿ õ���ý*ÿ=�
÷(� � � ��ÿ õ*õ�þKÿ ÷ ÷��� ô ÿ(�	� ��÷ þ�ÿ � õ�þ%ý��8ü ÷ ����� ô � õ�þ�� ÿ�þ%õ�þ�ô ü � ��� ý�� �2
ö%÷&� � ý*ÿ ÿ � >?� ý�ô � õ�þ�� õ�ü�� � <1� õ�� � õ���ÿ � ü õ��@�	� ��÷ þ�ÿ � õ�þ%ý���ü ÷ ����� ô � õ�þKõ���ô ö�� ÿ�øwú 2
ö%÷ õ�ü ��ÿ ô õ�ü ���2
ö%÷ ü ÷Ký�ü ÷Kô ö%ü ÷ ÷"�	� ÿ ô � þ�� ô�� � ý*ÿ ÿ ÷ ÿ$õ��Cü ÷ ����� ô � õ�þ�ÿ$õ��Cô ö�� ÿ�� õ�þ�ÿ ô ü ý�� þ�ô$ô õA� � <&�	ü ÷ ) ÷ � ô � þ�
�ô ö%ü ÷ ÷��õ*ÿ ÿ � û�� ÷�� õ�� ý�ô � õ�þ�ÿ�õ��>ô ö%÷�øwú 2
ö%÷ õ�ü �B� � ü � � ÷DC�� �E� þ[ô ö%÷2ý�û�õ���÷Kÿ � ÷ þ%ý�ü � õ��GF6� ü ÿ ô�� õ�þ�ÿ � ��÷ ü$ý�þ
ø
�/ú û%ü ý�þ%÷:��ü ý������ þ�
HC�� �7��ö�� � ö"� ÿ3þ%õ�ô(� þ�ô ö%÷E8�ú � ��� � ÷���ÿ õKô ö%ý�ôCô ö%÷,ý�þ%õ���ý�� �*ú � ý�þ�� ÷ � � þ�
�øQù/ú
û%ü ý�þ%÷ ÿ���õ���ü ý��HC � � �(2
ö�� ÿ�� ÷ ý	�%ÿ�ô õ�ý�þ�ý�þ%õ���ý�� ��� õ�þ��	� ô � õ�þFü ÷ ����� ü � þ�
�I>ú ÿ ô ü � þ�
:� þ�ÿ ÷ ü ô � õ�þ�ÿ�õ�þ
ýHJE8�ý*ÿ&� õ�� � õ���ÿ �"2
ö%÷�ø
�/ú û%ü ý�þ%÷E��ü ý���ÿ&C�� �,ý�þ��Fÿ õ2ô ö%÷H%(' ) ��*Fô ö%ý�ô&� ô:
�÷ þ%÷ ü ý�ô ÷ ÿCö%ý*ÿ>þ%õK�K � õ�����õ�þ%÷ þ�ô L�� ô(� ÿ>ô ö���ÿ�þ%õ�ô(MCý�� ��� ý�ú M-� ÷ � þ�ü ÷ ����� ÷ �?�&N�� �E� � ý�ü � ���8ô ö%÷:8�ú � ��� � ÷E��õ*÷ ÿ�þ%õ�ô-��ü ý��
ý�þ��2ÿ õ�ô ö%÷E%('$ÿ ������õ�ü ô ÷ �Kõ�þ�ô ö%÷78�ú � ��� � ÷7� ÿ�þ%õ�ô�ü ÷ ����� ÷ �?�(2
ö���ÿ�ô ö%÷ K ; + ý�þ%õ���ý�� ��� õ�þ��	� ô � õ�þ
ý�ü � ÿ � þ�
:� ü õ��Uô ö�� ÿ�ÿ � ô �%ý�ô � õ�þH� ÿ � ��÷ þ�ô � � ý��Yô õ,ô ö%÷ K�K + � õ�þ��	� ô � õ�þ6O+ '�%('-,
%(' .�%('�/10 28õ�ü ÿ � õ�þ�3 P
þ%õ��wý K ; + � õ�þ�ÿ ô ü ý�� þ�ô � � ô öD%('-� ��÷ þ�ô � >�÷ �H� � ô ö2ô ö%÷&8�ú � õ�ü �RQ(QG>�÷ � �%ÿ ô ü ÷ þ�
�ô ö6�S ÷ *�ô � õ�þ�ÿ � ��÷ ü�ô ö%÷(� ý*ÿ ÷ � þE��ö�� � ö,û�õ�ô ö,ô ö%÷�ø
�/ú û%ü ý�þ%÷
ý�þ��3ô ö%÷�8�ú � ��� � ÷(��ü ý��EC�� ������� ÷ � �	� þ�

ýDJE8D� � ô öTJ�ùH� þ�ÿ ÷ ü ô � õ�þ�ÿ$ý*ÿ7� õ�� � õ���ÿ �T2
ö%÷H%(' ) ��*qÿ õ��%ü � ÷ ��û��Fô ö%÷2ø
�/ú û%ü ý�þ%÷E� ÿ,ÿ ô � � �>þ%õ�ô
ü ÷ ����� ÷ �?��û��%ô	þ%õ��rô ö%÷(8�ú � ��� � ÷(� ÿ	ü ÷ ����� ÷ �$ô õ3ý:U/ú � ��� � ÷���ô ö%÷&%(' ) ��*:� ô�ÿ ������õ�ü ô ÿ��	� ��÷ þ�ÿ � õ�þ%ý�� � �
ü ÷ ����� ÷ ��ô õ$ô ö%÷7U/ú � õ�ü �WVA� 2
ö%÷>ü ÷ ÿ ��� ô � þ�
�ý�þ%õ���ý�� �E� õ�þ�ÿ ô ü ý�� þ�ô=� ÿ�ô ö���ÿ+�X %('-,GVR.�%('�/10 28õ�ü ÿ � õ�þ�3 42
ö�� ÿY� ÿ	ý-�
÷ � � ú Z*þ%õ���þ��	� #G÷ ü ÷ þ�ô � ý���� ü õ��eô ö%÷(<�[&N�N&� õ�ü	ô � � ÿ ô ÷ �E\�ú 2
ö%÷ õ�ü ��0 ù K 3 ����ö�� � öE�
ý*ÿ�ÿ ÷ ÷ þ
ô õ�û�÷�ô ö%÷�ü ÷ � ÷ � ý�þ�ôE� õ�þ�ÿ ô ü ý�� þ�ô&� þ
0 ]�3 �H� þB�%ý�ü ô � � ��� ý�ü$ô ö%÷�ô õ�ü ÿ � õ�þT� õ�ü ü ÷ � ô � õ�þB�
ý*ÿ3ÿ ÷ ÷ þqô õ�û�÷^Y_ X %('��2
ö%÷E>�þ%ý���� ý*ÿ ÷�� þ���õ�� ��÷ ÿ3ý�þrø
�/ú û%ü ý�þ%÷�þ%õ�ô7��ü ý������ þ�
DC�� ����ü ÷ ����� � þ�
�ô õFý�þB` ^ �/ú û%ü ý�þ%÷� � ô ö�J�ù/ú û%ü ý�þ%÷=� þ�ÿ ÷ ü ô � õ�þ�ÿ ��� þ,ô ö�� ÿ�� ý*ÿ ÷�ô ö%÷(8�ú � õ�ü � ) ��*7� ÿ �	� ��÷ þ�ÿ � õ�þ%ý�� � �,ü ÷ ����� ÷ �3ô õ7Va��ö�� � ÷
ô ö%÷ ) ��*E� þ2ô ö%÷&8�ú � ��� � ÷&� ÿ�þ%õ�ô
ü ÷ ����� ÷ �?����� ÷ � �	� þ�
�ô ö%÷7� õ�þ�ÿ ô ü ý�� þ�ô+ ' Va,
%(' .EV@/10 28õ�ü ÿ � õ�þ�3 4� �DbYc	d e�f�g e�e h h i�d i7j k�l�h(m m6d i�n o p q ]



r s�t-u v�w x y v�z�y zHu s�y x({ |	x t-y x�|	x }�t u�~�v	v�w � }���z���t w x u v	v��?�� v��E��y z�y z���u s�t x t u s�w t t�{ v�z�x u w |�y z�u x ��|	x6� t � ��|	x6u s�t(���&���7{ v�z��	y u y v�z�xYv�z:v�u s�t w��(�A������t x �� t7s�v�~�t:u v�|�w w y ��t7|�u-|��"� r s�t v�w t u y {:{ � |	x x y �?{ |�u y v�zAv�� ��v�u sD�&�	�&��|�z��"�(��{ s�|�w ��t ��v���� t { u xy z"� � �&���Dt7t ��~�t { u-u s�y x-{ � |	x x y �?{ |�u y v�zAu v���t7r � ����|��Yu v�u s�tE�	� ����|�� y u }H{ v�� |�w y |�z�u({ � |	x x y �?{ |�u y v�zy z1� ����� �:� z���t ~�t z���t z�u � }"v�� v���w&~�w v�~�v	x |�� �?y u&� v���� �"��t:y z�u t w t x u y z��Hu vH��t u u t w7��z���t w x u |�z��Hu s�t��� � � y � u x-v���u s�t-v�u s�t w-{ v�z�x u w |�y z�u x v�zH�(�G������t x ���v�w�t ��|���~�� t���|�z�v���|�� }�{ |�z�{ t � � |�u y v�zAv�z"|E����� ��w |�z�t-y zD� � � ��w |�~�~�y z��E|�¡�� { }�{ � t�¢�� y u s£ ��z�y u x�v��Y¤a������w t ¥���y w t x £ ��¦�� ��w |�z�t�y z�x t w u y v�z�x ��§?y � u y z���u s�y x�u v�¨1� r s�t v�w }E� t(� t |�w zHu s�|�u ���s�y � t�� t ©	z�v��Av���z�v-w t x u w y { u y v�z�xYv�z7��s�|�u�{ }�{ � t(|�z:¨
��� ��w |�z�t=��|�}(��w |�~6� y ��y u���w |�~�x?|&¡�� { }�{ � t¢�x ��{ s�u s�|�u ª�«
¬�­	®(¯(°��±�² £"³² ¦u s�t z £ ��z�y u x=v��?��v���t z�u ���
|�w v���z��:´�µ µ �E��x uY��t(|���x v�w ��t �7��}7u s�t(��w |�z�t��Yr6v&��t u=|�zEy z�u ��y u y ��t��z���t w x u |�z��	y z��:v��=u s�t&~�s�}�x y { x�|�u(� v�w ©�µ ¶���� t u-��x�~�w t u t z���u s�|�u&¢
y x(|���� { }�{ � t7u y ��t x�u s�t7u y ��t�	y w t { u y v�z6� � y u sG|A{ v�z�x u |�z�u:¤·�����T��t z�x y u }��=|�z��Bu s�t zT¸&¸¹w t ����{ t�v�zTu s�tH��� { }�{ � t��Gº t � v�w tw t ����{ y z����Yu s�y x:{ v�w w t x ~�v�z���x-u v"|"{ v�z�x u |�z�u-�����Av��(��¦�� ��w |�z�t x(y z�{ y ��t z�u:v�zAu s�t������ ��w |�z�t7y z� � �&�Y��s�y � tEy zT¨1� r s�t v�w }"u s�y x:{ v�w w t x ~�v�z���x(u vH|"x u t |	��}"y z�� t { u y v�zBv�� » µ µ y z�u v"u s�t�¨
���H¸&¸w t ����{ y z���� u s�t ¯(° � �����Tw t ����{ t x:u vA|�zGt � t { u w y {H��t � �G|�� v�z��Au s�tD{ y w { � t��(��s�y � t"u s�tD¨
��� ��w |�z�tw t ����{ t x7u vA|D~�|�w u y { � t"{ s�|�w ��t �A��z���t w:u s�y x:��t � �?�Gr s�y x7�����T��w y ��t x:u s�tH{ s�|�w ��t �A~�|�w u y { � t"u v|	{ { t � t w |�u t |�w v���z��(u s�t { y w { � t � y u s7|-{ v�z�x u |�z�u?|	{ { t � t w |�u y v�z6��u s�|�u?y x ��u v�|���x v�w ��»�µ µY|�u6|-{ v�z�x u |�z�uw |�u t��=r s�t-|�z�v���|�� }E{ v�z��	y u y v�zH� y � u t �Hu v�¨1� r s�t v�w }:y x�u s���x x y ��~�� }�¼ ²G½�¾�¿ � � u s�v�����s�� t&��vz�v�u(��z���t w x u |�z���u s�tE��t t ~D{ v�z�z�t { u y v�z"v�� u s�t:¨1� r s�t v�w }�À-Á7����z��	� t7u v���w |���y u }��?u s�y x-w t � |�u y v�z��t u � t t z ¯(° |�z��:»�µ µ�y x�~�t w s�|�~�x=|�x y ��z�y �?{ |�z�u({ � ��t��Â6Ã&Ä:Å6ÆHÇHÆ�È Æ	É�Ê�È Ë ÌDÍ?È É�Ë Î?ÏBÐ�Î6ÑBÈ�Å6ÆDÍYÒAÐ�Ó Ó=Ô Î6Õ È Ð�Î�È Ê?ÎTÄ É�Ð�Î6Õ Ë È Ë Ê?Î� v�z�x y ��t w�z�v��R|�zGÀ-ÁH����z��	� tHv���t w�|�z ��� � � v�� �GÖ ² ¨Ø×BÙ µ Ú�Û Û?Ü ��r s�tH����� ©T����z��	� tz�|�u ��w |�� � }Ew t x u w y { u x u v7u � v � ¦ � À-Á�����z��	� t x �	v�z�t(v���t w=t |	{ s�v��6u s�t-u � v7��v���z���|�w }:{ v���~�v�z�t z�u x �� u-u s�y x-~�v�y z�u-u s�t7w t |�� y Ý |�u y v�zBv��=u s�t:� |�w y v���x(v���� t { u x(y z"�(t u t w v�u y {�x u w y z���u s�t v�w }�y zDu t w ��x�v��y z�x u |�z�u v�z�x-v���u s�t�À-Á:����z��	� t7� v�� � v��(x7z�|�u ��w |�� � }"� w v��Þu s�tE��t |���u y � ��� |�w ������t z�u x�v��:� ��ß�� ����v�wt ��|���~�� t���|�zD¨
��� ��w |�z�t7x u w t u { s�y z��E��t u � t t z"u s�t7u � vE��v���z���|�w }�{ v���~�v�z�t z�u x=y x(~�w t { y x t � }Hu s�tx u w v�z���� }	� { v���~�� t �&� ��z���|���t z�u |��	�(t u t w v�u y {-x u w y z����YàHv�w t v���t w ��|�z�v���|�� }&{ v�z�x y ��t w |�u y v�z�x=��t x { t z��µ ¶Aá�â â7ã ä å æEç è	â&é�â ã ê	ç ë ì ê	äYí�ë å î ê	å å ë æ ï�ë ïAð ñ ò ó ô�õ�è	ë î èHã í	í�ö â å å â å&ã ï"ã ï�ã ä æ ÷ æ ê	å�â ø�â î ç(ì æ ö-í�ë â ä â î ç ö ë îé	ö ã ï	â å�ë ïEã(ï	æ ï�ù î æ ú&û�ã î ç�÷ â æ ú&â ç ö ü ý � ¦



þ�ÿ�� ��� ÿ�� � ���
	 þ���� 
 ��� � ��� � �
� �?ÿ���������� � � ÿ�� � ��þ���� �  �� � þ!� ���#"#��þ�� � $ ÿ�%�� þ�& � ÿ'� � � ����(�� ���#)�*
����þ��'� ���+�, -/.1032 �Yÿ�þ��4� ��ÿ�����(�� ������ÿ'� ����ÿ�þ�� ( ��� ��5 �!� ÿ�þ�%�� þ��!����þ��'� ���
+�, 6�032�
7� �����7( ����� 8�ÿ���9�� �:7;�< + ; , 6�0�2 =��>��?���� ��& ��þ��'� � � ��þ@� � ����& � ����þ4� ���3� þ�����& � �>����þ��'� �3��A�� �!� ������� ��� ( ��� �>B�8�� �9���� þ���� ��� ����� C�D�& ��þ��'� � � ��þE�� ���� & ��ÿ�� � � � �F( � ���Rÿ�%�� ÿ�A�� � ÿ�� � ��þ�ÿ��Yÿ�þ�����ÿ�� �>G ��H�I G ��J�I �	 �E� �#� ÿ'� �!� ��� � ��� ����K7� � � � ��� � &7J�
 ��� ÿ�þ��=ÿ�� � � � þ�%7( � ���L� ��������� M�)�*�����þ��'� ���
N�� & ÿ�� ��� ��ÿ��#� ������ D�)�*!J�
 ��� ( � & ��� �7��� B�þ�� �O� ��& ��� ��ÿ��(ÿ3H�
 � 9���� � �7� � þ�M�� þ�%�� ���3J�
 ��� ( � & ����ÿ'�F� þ�� � ÿ�þ�� ��þ�þ�������� ���þ�����PF��þ�� � ��� ��ÿ�9�ÿ�� ÿ�� � � ����� DOJ�
 QJ�9�ÿ�� ��� � 9�ÿ�� ÿ�� � ��ÿ3B�þ�� � �3�'� � � ÿ�þ�& ��� þ"ÿ�� � ÿ�þ�� A�� � � ���'� � � & � � ��þE�R�����(#	 N�S T U V T W �7X������ A�� � �O9���� þ��7R Y�� ��� � ��� �(ÿZ� C�DO����þ��'� �!%�� A�� þ>����� ���!� � � � � � & � � ��þ4��(F� ������� D����þ��'� ��� ��� ����� C�DO� � � & ��R < R Y���[�� þ�& �&ÿ�þ���H�
 9�� ÿ�þ���� þZ� ����� � � & ��R < R Y��� �� � �ZR Y3��� �  �� � þZ� ����  ��3��� ( � & � � ��� � þ�M�����þ�������� ������� ��� ����(
� ���!��� ( � & � � ��� ���3� C�D�����þ��'� � �F��A�� ��9���� þ�� ����� �  �� � þO� ����  ��3J�
 ��� ( � & � ����ÿ�A���� þ�� � ÿ�þ�� ��þ�þ�������� ��\������ ���!� � %�þ�B�8�� ������& ����� & ����(
��� � � þ�� ÿ�� � ��þE�� ���� � �!� ���� C�DZ����þ��'� � �7��A�� �!9���� þ�� �-þ�������� �  �� � þ4� ���3�  ��Z��� ( � & � ����ÿ�A���� þ�� � ÿ�þ�� ��þ"þ�������� ��] � � ����[�� þ�& �� ���3� C�D3����þ��'� � �F��A�� ��9���� þ�� ����� �  �� � þO� ���3��� D���� ( � & � � ÿ�� �(þ���þ�
 � � þ�%���� ÿ�� �'� ��� � ��� þ�� � ÿ�þ�� ��þ��=ÿ�� �^ � ÿ�� %�� _���?������ � þ�%���� ÿ���� C�DZ����þ��'� � �� ���� & �@& ��þ�� ÿ�� þ4� ���Z��� D>J�
 ��� ( � & � � �E���>& ��þ�� � ÿ'� � �E& ��þ�� ÿ�� þ^ � ��ÿ�� � _!� þ�� � ÿ�þ�� ��þ�� �#?���� � �&ÿ�� ��� ���!K7� � � � ��� � &�J�
 ��� ÿ�þ�� � �` � 8���& ��þ�� � ��� �Eÿa� � ��� � ÿ��O& ��þ�B�%���� ÿ�� � ��þb �� � �c� ���O�  ��a��� ( � & � ��9���� � � �Tÿ�  ÿ��a� �>� þ�B�þ�� � ���� � ÿ�A�� þ�%:ÿ3� � þ�%�� �!& ���'� ��� þ�� � ��þ�
 H7� þ�� � ÿ�þ�� ��þO� � � � � & ��� �:ÿ�� ��þ�%�� ����& �'��� �'� þ�ÿ�� �7R:ÿ�þ��3� ÿ�M�� þ�%�& ����
9�ÿ'& �7� ��9�9���� �F� þ>� ���!� � ÿ�þ�� A�� � � ��H�
 9�� ÿ�þ�����	 (# ��!9�� þ�& �Z� ����� þ�� � ÿ�þ�� ��þZ��A�� ��ÿ�9���� þ��7R < R'd��� ��& ÿ�þHþ���& � � ÿ�� �&ÿ�J�e QJ39�ÿ�� �(ÿ���R'd-ÿ�þ�������A��7� ��� �@ÿ�  ÿ���� �3� þ�B�þ�� � ����� � ÿ�A�� þ�%O��� ��� þ���þ��3f���8�� þ� ���7� þ�� � � A ÿ��
��� �  �� � þO� ��� �>�
X�� ���g� ����9���� þ�����(#A�� �  h��(
� ���3��� D�����þ��'� ����� ��� ��� � ÿ�& ����9�� � � � � �& ��þ�� � þ���������9�� ��& � � �!� � � 9�� & � � þ�%"ÿ�� �7& ��þ�� � � A�� �a& ��ÿ�� %�� �-ÿ�þ��a� �'����� � � � � � ��X�� ���/� ����9���� þ�����(A�� �  i��(�� ����� þ�����& � �a� C�DO����þ��'� �3��A�� �-ÿ�þ��O9���� þ���R < R�jZk< R'd������� �� A�� � ��� ��� þ�%'�7� �'��M>� ÿ�� ��� �������l�� ������� � %�� þ�ÿ�� � �>� ÿ�� %��:ÿ�þ���f���m���� þ�� � ÿ�þ�� ��þ4� ��� � þ�M��7� ��ÿZ� � þ�%���� ÿ�� ^ � ��ÿ�� � _3� þ�� � ÿ�þ�� ��þ"ÿ�þ��� ��� þZ�'� � ÿ�9�9�� ÿ�� � ÿ�� � ��%�� � ��� � n` �� o& ��þ�� � ��� �(ÿ�þZ)�*�����þ��'� �!��A�� �7� ������� 
 ��ÿ�þ�� ( ��� �Z0 < 	 N S p V T W�q , 	 N�=�r r�s�2 �� ���� � �!� ����R& �'��� �'� þ�ÿ�� �=ÿ�� ��þ�%7 ���� & ��� ���7��� D�� þ�� � ÿ�þ�� ��þ!� �E� 8�� � þ���� �!��ÿ'����� � þ���� ��� ( ��� ��� �!���(ÿ!t#s#� � f�� & � � ��þE�	 (# ���� � 9�� ÿ���� ���!9�� þ�& ��� þ�%�
 � � ÿ�þ�� � � � ��þZ��A�� ��� ����9���� þ��7R < C��� ���� & ��( � ���u� ���!9���� þ�����(#A�� �  o��(� ���F& ��A�� � � þ�%7� 9�ÿ'& �
� �
& ����9�� � � � � �!& ��þ�� � þ���������ÿ�þ���� � � 9�� & � �?ÿ�� ��& ��þ�� � � A ÿ�� � ��þ�� ÿ� 7� � ÿ'�� �� � ��ÿ'��� ������ ��� ( ��� �O� �'����� � � ���  ���B�þ��:ÿ�� � ÿ�þ�� � � � ��þ�� þ�� ������� ��� ( ��� ��� ��� ��� ��� þO ���� & ��ÿ ^ � ÿ�� %�� _�� þ�� � ÿ�þ�� ��þ� þ>� ����������þ���ÿ�� ������þ��'� �3� ��� � þ�M���� ��ÿ�� � þ�%���� ÿ�� ^ � ��ÿ�� � _�� þ�� � ÿ�þ�� ��þ>��� ( ��� ���'� � ÿ�9�9�� ÿ�� � þ�%�( � ���� ���O������þ���ÿ�� �"ÿ�þ��a����A�� þ�%Z� þ�� �4� ���O����� MAÿ'�:ÿ�þv��� DaJ�
 ��� ( � & � �#� � ���Tÿ�þbw>J�
 ��� ÿ�þ����a?���� ��� �9�� � & � � � � �Z� ����K7� � � � ��� � &�� ��ÿ�� ��� þ�� � ÿ�þ�� ��þ>� � ÿ�þ�� � � � ��þ4� � ���'� � �Hþ�� ÿ��7��þ���������þ���ÿ�� ��& ����9���þ�� þ�� �ÿ'�7� � ÿ'�O����� ���O��� D�)�*!����þ��'� ��� ` ��� �3� ��ÿ�� �� ���� � �3� ���7þ�������� ����(F������þ���ÿ�� ��� þ�� � ÿ�þ�� ��þ���x
y z� ��þ����7& ��þ�� � � A�� ���'x
y z4{axEz@� � �
���



|�}�~E�F�'�'�E� ��� � ���E�����F���������3���
�E�
� �'�����E�h��� �4~E�Z~��
��� ��� �F����� � � � �E� �7����� � ��� ��� ���#�� �¡�� ��� ������� � � � ���3� � ¡�¢�£ � �E� �3¤v¥ ¦���� ��§ ¨   ��©!� � § � � � � ��� ��§ ¨ª � � £   � �   � £ �   � ���  �£ « � « � ���O¬�­ ��� � � ¡�¢ � § � �   § � � � ®������ ��� ¡�£ © ¢ � § �  �¢ ��� ¯ ¢ � � �3� �4� � � �� �¡�� �� ¡ ��© £ ��� � « ��§ °   � � ���>��� £ ¨�� �a� � � ¡�  � � �����7��� � �4§ � © ¡ � � ©Z� ¡�¢ � § � ¨'°�°�� � § ¨�±#² �7� �7� � ¡ ��§ �   � ���   � £ �� �!������©�� §
� « � ��� �� �¡�� ��� ������� � � � �����#� ���   ��� �F§ � ¢ § � � � ���   � � �����
� « ��� £ ¨   � ¡ ��¥  �£ � � ��§   � « � ��� ��� �� ¡�¢ � §  �£ � � ��§   ®�§ � ¢ § � � � ���   � � �����7� �   ��� � ¢�  § � � � ¡�£   §3� �����   � �a��� � � ��� § � §   ª � � ����������§ � §   ª � � � ���'� ±¦����O³F��� § ��¥ ��� °�������¬�¥ « ��§ °/� « � ��� ��� ������� � � � ���b�   �4� ��� �a����� � �!� ´ ¡� �£ � �Z� ����¬�¥ « ��§ °µ� �@� ������ � � ¡�¢ � § ° ¡�£ � � ¢�£ � � ® « ��§�� ¯   ° ¢�£ � ª �  � 3¶E �� §   � � ��° ¡�£ � � ¢�£ � � § · ¸'®

¹�º4»h¼�½�¾ ¾�¿�À Á ½ÂÄÃ Á!Å�ÆÂiÇ È
² �!� �3����§ � �aÉ�� � ¢ � � � � �@°�� ��©4� �   ������� �@� ���O¤v¥ ¦���� ��§ ¨a¬�¥ « ��§ °   ��©4� ��� ��� ³F��� § ��¥ ��� °������« ��§ °u§ � � ¢ � � �   �   ��� £ �   � �� �¡�� �!� ¨'°�°�� � § ¨�®�� � ��� � « ��§�� ¯   ° ¢�£ � ¡ ��©�� §  �£ ���  �£#���7�� �¡�� ��� §   ��� ¥« ��§ °   � � ���3��� � � �� �¡�� � ¢�  §   °�� � � §#Ê4� ���!³��'¥ ¬�¥ « ��§ °o� §   ��� « ��§ °O�   � ÁhËÌÁ>Í � ¦E§ À Ê�Î Ç ®�� ��� ��� �  � � � ���O� ��� � «   � � �� �¡�� �7� � ª   § �   ���   ��©�§ � � ¢ � � � �  �£ £ � ���!§ � ´ ¡ � � � � �3� ¨'°�°�� � § � � � ±Ï « � � ¡ § � ��®F�����  �£ £ � ¡ ��© £ � ��� �c� ���Z�   °���� � ¢ � £ � � � �  �£ � ´ ¡ � ª  �£ � ��� �a� £   � ��� ��§ § � � ¢ ����©a� �Ð�Ñ �a� � £ � � ����� ±aÒ   � ��� § ®
� ����� ¡ ��© £ � ��� �b�   � �a� ´ ¡ � ª  �£ � ��� �4� £   � �   § ��§ � £   � � ©@��¨   � �   � � �3� ���� ¡ ��©   § ¨3� ����©'� � � ����������� � �O©��'� �F������� �   � � ��� ���7� � ¢ � £ � � ¨�Ó�� �O� ���   � � ��� �   � � ©Z�'Ô!Õ�Ò7Öv� £   � � ®� ��� �#� ��§ § � � ¢ ����©�� À § � ¡�� � £ ¨�®   �E� ����� ´ ¡�  � � �����
� « °���� � ���   § �F������¥ £ � ���   § Ç � �   � ��� « �
��¨   � � £ ¡ � � ���� ��� ��� ª   � ¡�¡ °o� ´ ¡�  � � �����#� « °���� � ���E±E×7����� ª � § ®�� � ��� ��� ����� � ¢ � £ � � � �  �£ � £   � � � Ø��   � � ����� « � ¡ ��© £ � �� � ¢ § � � � � � £ ¨�� ���!� £   � � � Ø��   � � ���>��¨�� �   § � � À   � £ �   � � ¡�¢ � �3� ��§ � � ���O� � § °O� Ç ®'� ��� § �7� ��� ��°���� ����� � �� « �   � É � § � ¡ ��©ZØ�� £ ©��!����� � �b©��'� �!�����  �Ù � � ��� ����� � ¢ � £ � � � �  �£ � £   � �   ��©4¨�� � £ ©�� ¢ § � � � � � £ ¨a� ���Ð�Ñ �4� � £ � � ���E±O² � ¢�  § � � � ¡�£   §����   � � § � � ¡ � �   �   § §   ¨Z� « � £   � � � �  �£ °���© ¡�£ � ®#� ¡ � �   ��� ����� � Ú ��� «×7� � � § ��� � ��� ��� �   ��� ����� ®�� � ¢ § � � � � � £ ¨Z� ¡ � �  3« § � � ©���°g� « � ����� � �!� « ��� ¡ ��©   § ¨�� ����©'� � � ����� ±
ÛE}�Ü����E��� �E� � ���E�����E�cÝ��F���cÞ��E�'� � � ���E�

ß �!�   ª �   § ��¡ � ©�� �   �7� ���!� � ¢ � £ � � � �  �£ � £   � � � Ø��   � � ���4� «#��� � ¡ ��© £ � ��� � ��� � ®������ � �Z�   � ¡ ¥§  �£ £ ¨4§ � ¢ § ��© ¡ � � ��� ����� � £ � � ���@� ¢ � � � § ¡ °/� « ¤v¥ ¦���� ��§ ¨�®E§ � ¢ § ��© ¡ � � ������� �4§ � © ¡ � � ©Z��� º · à�á á�â� ���>� ¢ � � � § ¡ °Ì� « ×7� � � § ��� � � ���!ã���� ®������ £ �Z§ � © ¡ � � ©@��� º · § � ¢ § ��© ¡ � � ��� ���Z� ¢ � � � § ¡ °   ��©
· ¸4ä�å�æ�ç è é ê ë ì'í ç è í î!é ï�ç ð'ñ�ò�ó ç�ô�ê í ó å è õ é å ê ð�ö ÷ è�ø�ê õ ë ì'õ õ ê ÷ ð'õ#÷ ð3é ï'ê õ#é ÷ æ'ê ë ù

� ­



ú!û ü ý þ'ÿ ÿ � ��ü þ�� � �������
	�	cþ��
����������ÿ ��ý � � ����ÿ�� �������
��� � ��� ����	 � !�þ�" # þ�$�ý ��%�& '(� ý ��� '�� " �7þ����
� þ�" ÿ
� ��$
�)���Oÿ � !*��ý �)�(����þ�!)� ü þ�ý
" ��ý ��� ��"�+�,-� �.�����
��� � ��%/� '�� " �)�(��� ÿ�þ����
� þ�"�� ��$
�3þ��(� � �0" ��ý �
� ��"�� � ÿ!ý �����21�" ��3��04�+�,�� �2� '��)5>û �6'�� ��" � � � ü�ü ý þ'ÿ ÿ � ��ü þ�� � ���2����� � �uÿ ��ý � � ����ÿ %7� ��ü ý 3
��� ��18� �aþ��
� !*�
��" � þ��(��&�þ���� � ÿ3ü � �(� " þ�ý�� 9(� � ��ÿ � ���/���6'��)" � ý � : þ���ü �*��� +�,�$�3��
�'ý � ÿ�� :�� �0� ��"-�
� " � 3�" $�þ�� � :��ÿ � " � ��1*� '�� ��" � � ÿ�&6� � '0�����(����þ�!)� ü þ�ý71�þ�3�1��-$
�'ÿ ����ÿ7ÿ 3�1�1�� ÿ � ÿ�þ���� !*�
��" � þ��(� " ��ý ��� ��"�+�,�� �0� '��ü ����ÿ � " 3�ü � � �������
� '���� 3��
��þ�!*� �(� þ�ý;�(� 1�" � � ÿ6���/� " � � �(��!<����=vû �6'�� ��" ���

�6'���!*�'ÿ �6��$(:�� ��3�ÿ ���
� �0>�3�� ÿ � � ����� ÿ�'���&�%���" � ü � ÿ � ý ��%�þ��2?�? @*1�þ�3�1���� '�� ��" �*�
� ÿ &6� � '2?�? @ÿ 3��
� " ÿ ��!*!)� � " ���*�6'(� ÿ�� ÿ-� 9(� " � !*� ý �aü ���(� 3�ÿ � ��1���A
� " '�þ���ÿ�þ���þ�� 3�" þ�ý6��ý þ'ü �*� �Zý ����#0� ��"-'(� �(� ÿ
� �*� '(� ÿ���3�B B ý ��� ÿ�� �8C�� � � " ��� � ü-+�,�D*+�,�%
& '�� " ��� '��-1�þ�3�1���$
�'ÿ ���>ü ��3���ý � ÿ � �>þ���� �(� " � ü þ�� ��$�3��
��þ�� 3�" þ�ý�þ��
�*$
� þ�3�� � � 3�ý
&�þ����7E
9(� � �
��� ��1)� '(� ÿ7ÿ � ��" �)� ��?�? @*&6��3�ý �*$
�!þ���� 9�ü � � � ��1Oþ��(: þ���ü ���

� ����� '�� "6��$(:�� ��3�ÿ���!)� ÿ ÿ � ����� ����3�"���" � ÿ � �(� þ�� � ���)� ÿ6� '���þ�$�ÿ � ��ü �����7� ��" ÿ � ���*� � " !Oÿ7� �0F G(� G�H �
�6'�þ���� '(� ÿ-� ÿ�þ��.� !*�
��" � þ��(�-��!)� ÿ ÿ � ���.� ÿ�ü ý � þ�")� " ��!Ìþ��(�01�� ��!*� � " �0& '�� " ��%7� ��")� 9�þ�!*��ý ��%#þ��
=JI�û $�" þ����7ý � � ÿ � ��ÿ � �(�-������þ��8K7L�$�3���ÿ ��!*����" $(� � ��ý ��� '�� " � ��� �6M���ý ý ��&6� ��10N O�P %(������� '(3�ÿ6� 9(�
� ü � ÿ
� '��)� ��" ÿ � ���.� � " !Oÿ�� ��� ��ü ý 3
�(�Oÿ ��!*�)Q Qaý � � ������R S�L�T7'���&6� :�� " %�þ'ÿ�� '�� " ��� ÿ����>ü þ������(� ü þ�ýFý � � �����
� '���Q Q;U���� � � ��" �(�aÿ >�3�þ�" � ÿ���� � :�� �2" þ���#
%/� �(� �(� � � ��� ��1.� '���ü ��" " � ü ��V �(� " � : þ�� � ���
W�� ÿ3ÿ ��!*� & '�þ��
�(� ý � ü þ�� ����� �-� '��Fý þ���1�3�þ�1��6���
XY� � � � �/%'þ��
��� ��� '��6��" � � �(� þ�$�ý �7ü þ'ÿ ��%������6!)� 1�'(�;� 9(�
� ü ��� '���� ��3�" � '
� C�������� Z;� " � �(� � þ�ý�� ��� þ�#���� '���� ��" ![@ L�\^]*_a`�L�b ��C���&6� :�� " %
� '��3ÿ � 1��8� �8� " ���(� ��� ] � ÿ������
��$(:�� ��3�ÿ ��� ��ü ��3�ý �8����ü ��3�" ÿ ��$
����9(� ��$(�Zü ��!*��þ�" � ÿ ����&6� � '0� '���I�û $�" þ�����þ�����!�þ�ý ��%
$�3�� &6��3�ý �ÿ � � ý ý#ý � þ�:���þ�!)$(� 1�3���3�ÿ�� '���ü ��" " � ü ��� ��" ÿ � ����� � " !Oÿ�� �8������û ��" � � �(� þ�$�ý ��ü þ'ÿ � ÿ %�& '�� " �!ÿ ��!*�7ý � � �����
� '���Q Q;U-��� � � ��" �(�Oÿ >�3�þ�" ��R S�L�!)3�ÿ �
��$�� þ�� �/�

c ���3þ�:�� �(3�������þ�����" ��þ'ü '8!)� 1�'(��$
�)� ��� �(� �(� � � �4þ>ü þ������(� ü þ�ýFý � � �-� ��"-� '���ÿ �
� ü � þ�ý�ü þ'ÿ �)���
?�? û � ��ý ��ÿ6&6� � '4ü ��!*��þ�� � $�ý �!ü � " ü ý �3þ'ü � � ����ÿ ���7ÿ�þ-�
" ÿ �61�3�� ÿ ÿ %(�(� �
���

dK/S L \Ye7f F K7S g�H h

& '�� " � e f � ÿ
� '��6��3�ý ý $�þ'ü #-���;� '��6��" ��i � ü � � ���)���
� '���K��7�
$�" þ�� � ���/�7M�" ��!^: þ�" � ��3�ÿ
���(� !j" � ý þ�� � ����ÿ
������ü þ��>þ�" 1�3���� '�þ���� '(� ÿ�" � ÿ � " � ü � ÿ�ü ��" " � ü � ý ��� �*R S�L-� � e f F k�H \ R S U ���Lü þ'ÿ �-& '�� " ��������!)� 1�'(�
� � ÿ �6� '(� ÿ6�
�'ÿ ÿ � $(� ý � � ��&6��3�ý �)$
�7þ���=JI�û $�" þ���� & " þ����(� ��1)K
l�F O�H m�K�n-F O�H�oa= � %�& '��'ÿ �7þ�����!�þ�ý �
" � >�3(� " � ÿ!þ��.=JG�û $�" þ������ ��� �
�03��
���0� '��*=JI�û $�" þ������*	 � �(3�ü � ��1����aþ��2K��-� �Zþ�p)q�û p*G(%7� '��þ�����!�þ�ý ��þ�" � ÿ � ÿ6� " ��![K7S g � �8� '���p)q�û $�" þ�����&6��" ý �(:���ý 3�!*��%(& '(� ü '�� ÿ7ü þ���ü � ý � ��$(�*� '���� ��ü � �(� �(�
� �8r0s�t u v
w7v�x y
z x {�| } v6~�x ��x �/s(� � v�� z � �(~�t ~�� � v7y x |/w
s(� �/� s�v�z x ����u v � v��-� �7s�v x | ��x y���/�
��� {��(~�u v }
t } �(t �6} s�x {�u ~ � v�t ~�v ��� t z � u;� x-� s(� ��x y
� s�v�{���t � v | } � u
z u � } } t y ��t ����� | x {��*��� Q Q7� � ��{��)� x-z x | | v z � t x ��} t ���
� x u ��t ���6� x �(x u x � ��w7v u u�� � x � v6� � ����� }7~�t } z {�} } v ~�� � x � v �7����v7��t � s���y x |/v ��� ����u v
� � � v �����;� x � v ��v | � u t � v
� x } v � � v | ��� }6�-� �7s�v x | � �
� ��� � �

? O



�*�( 7¡�¢(£ £ ¤ ¥�¦�§�¨�© ª�¨�£ «�¥�¦�¬ ­�®�¯�°/±
§�² ¨�¬ ¤ «�¥/³�¯7´�µ�¶ ­�«�¢(£ ·�£ ¤ ¸ ¬�¬ «�¨�¹ ¹
º ¦�² ¨�·(® ·�² ¨�¥�ª�º ¸ «�¢�²/·�¤ »;® ² ® ¥(¬ ¤ ¨�£
¼ ­(¤ © ­�½*® ¨�¶ ¢�² ® ¶7¬ ­�®�© «�² ² ® © ¬�¾ ¿�À�¨�¥�«�½*¨�£ Á�¢�¥
·(® ²6§�¢�¥
·�£ ®�Â�² «�Ã ® © ¬ ¤ «�¥/ 
Ä ¬ ¼ «�¢(£ ·)§
®�¤ ¥(¬ ® ² ® ¶ ¬ ¤ ¥�¦
¬ «2® Å(Â(£ ¤ © ¤ ¬ £ Á^© ­�® © ª ¼ ­�® ¥/³6¤ ¸�® Æ�® ² ³�¶ ¢
© ­a¨2¥�«�¥�º ¬ ² ¤ Æ�¤ ¨�£�Â�¢(£ £ §�¨�© ªa® Å�¤ ¶ ¬ ¶ ³�¨�¥
· ¼ ­�® ¥Y¤ ¬�·(«�® ¶
¼ ­�® ¬ ­�® ²6¤ ¬�² ® ¶ ¬ ² ¤ © ¬ ¶ ¬ «)¬ ­�®-¹ ¹;Ç º ¦�² ¨�·(® ·*È ´�É� 
Ê0®�£ ® ¨�Æ�®-¶ ¢
© ­�Ë�¢�® ¶ ¬ ¤ «�¥
¶6¬ «�¸ ¢�¬ ¢�² ® ¼ «�² ª
 

Ì/¤ ¥�¨�£ £ Á�³/¤ ¬ ¼ «�¢(£ ·�§
®�Â�¨�² ¬ ¤ © ¢(£ ¨�² £ Á8¤ ¥(¬ ® ² ® ¶ ¬ ¤ ¥�¦�¬ «�² ® Æ�¤ ¶ ¤ ¬-¬ ­�®�§
® ¨�¢�¬ ¤ ¸ ¢(£�¨�¥
·0·(® £ ¤ © ¨�¬ ®�© ¨�£ º
© ¢(£ ¨�¬ ¤ «�¥
¶�«�¸�Í�¤ ¨�© «�¥�® ¶ © ¢/³6Î�«�«�² ®)¨�¥
·.ÊY¤ ¬ ¬ ® ¥2¤ ¥^Ï Ð�Ñ ³ ¼ ­�«8¶ ­�« ¼ ® ·0¬ ­�¨�¬-¬ ­�®�© ¨�¥
© ® £ £ ¨�¬ ¤ «�¥Ò«�¸
¨�¥�«�½*¨�£ ¤ ® ¶6¤ ¥8Ä Ä Ó^¨�¥
·�ÔÒº Õ6­�® «�² Á*¨�¦�² ® ®�³�¬ ­�«�¢�¦�­�¬ ­�®�¶ ¬ ² ¢
© ¬ ¢�² ® ¶6¢�¥
·(® ² £ Á�¤ ¥�¦)¬ ­�®�© ¨�£ © ¢(£ ¨�¬ ¤ «�¥
¶
¤ ¥�¬ ­�®�¬ ¼ «)© ¨�¶ ® ¶ ¼ ® ² ®�¨�Â�Â�¨�² ® ¥(¬ £ Á)¢�¥�² ® £ ¨�¬ ® ·; 
Í�Î�ÊÖ² ® ¨�·*¬ ­(¤ ¶ ¢�¥(£ ¤ ª�® £ Á�¨�¦�² ® ® ½*® ¥(¬�¨�¶ ¶ ¬ ² «�¥�¦
® Æ�¤ ·(® ¥
© ®-¸ «�²�¬ ­�®)© «�¥�Ã ® © ¬ ¢�² ®�¬ ­�¨�¬�×�×Ò±
® £ ·�¶�¨�¥
·�© ­�¨�² ¦�® ¶�¤ ¥0Ä Ä Ó^¨�² ®�¤ ¥
·(® ® ·8© £ ¨�¶ ¶ ¤ ±
® ·�§(Á�Ø8º
Õ6­�® «�² Á� 2Ê0®�® Å(Â
® © ¬*¬ ­�¨�¬�¬ ­�®�Ä Ä Ó[© «�½*Â�¢�¬ ¨�¬ ¤ «�¥ ¼ ¤ £ £�¬ ¨�ª�®�¨0¥�¨�¬ ¢�² ¨�£6¸ «�² ½Ù¤ ¥Y¬ ® ² ½�¶-«�¸^ÚÛ�Ü
§�¢�¥
·�£ ® ¶ ³(¨�¥
·*¬ ­�¨�¬6¤ ¥�¬ ­(¤ ¶ £ ¨�¥�¦�¢�¨�¦�®�¬ ­�®�² ® £ ¨�¬ ¤ «�¥�¬ «*¨�¥�«�½*¨�£ Á)© ¨�¥
© ® £ £ ¨�¬ ¤ «�¥0¤ ¥8ÔÒº Õ6­�® «�² Á ¼ ¤ £ £
§
®�¤ ½*½*® ·�¤ ¨�¬ ®� 
Õ6­(¤ ¶ ¼ «�¢(£ ·�§
®�¤ ¥(¬ ® ² ® ¶ ¬ ¤ ¥�¦)¬ «*© ­�® © ª*·�¤ ² ® © ¬ £ Á� 

Ý*Þ ß/à/á�â)ã ä�å/æ/ç.ä(à�è é
Ê0® ¼ «�¢(£ ·8£ ¤ ª�®*¬ «8¬ ­�¨�¥�ª0Î�¤ © ­�¨�£6Ì�¨�§(¤ ¥�¦�® ² ³/¡
® ¬ ²-ê�«(ë² ¨�Æ ¨�³7Ó6£ §(¤ «�¥Yì/¨ ¼ ² ® ¥
© ®�³/í�«�­�¥.Î8© º

î ² ® ® Æ�Á�³
ê ¤ ¶ ­�¨�½ðï�¨�¬ ¤ ³6Î�¤ ª�®�ï(© ­(¢(£ ñ�³
ò�² ¤ ©�ï�­�¨�² Â
®�³7ò�Æ ¨.ï�¤ £ Æ�® ² ¶ ¬ ® ¤ ¥a¨�¥
·0ó�·(¨�Á0ô
¨�² ¨�·(¨�² ¨�Ã ¨�¥
¸ «�²*·�¤ ¶ © ¢
¶ ¶ ¤ «�¥
¶  2Ê0®�¨�² ®�Â�¨�² ¬ ¤ © ¢(£ ¨�² £ Á.¤ ¥
·(® §�¬ ® ·Y¬ «0¡
® ¬ ²)ê�«(ë² ¨�Æ ¨8¸ «�²)® ¶ ¶ ® ¥(¬ ¤ ¨�£ ¤ ¥
¶ ¤ ¦�­(¬ ¶)¨�¥
·
½*«�¬ ¤ Æ ¨�¬ ¤ «�¥8® ¨�² £ Á*«�¥/ 
í
 (ò� (Â�¨�² ¬ ¤ © ¢(£ ¨�² £ Á�¬ ­�¨�¥�ª(¶6ó�·(¨�Á)ô
¨�² ¨�·(¨�² ¨�Ã ¨�¥)¸ «�²�½*¨�¥(Á�© «�¥(Æ�® ² ¶ ¨�¬ ¤ «�¥
¶  
Ó� 
Ó� (® ¶ Â
® © ¤ ¨�£ £ Á8¬ ­�¨�¥�ª(¶6ò�Æ ¨*ï�¤ £ Æ�® ² ¶ ¬ ® ¤ ¥8¨�¥
·*í�«�­�¥�Î8© î ² ® ® Æ�Á�¸ «�² ½*¨�¥(Á)¶ ¬ ¤ ½)¢(£ ¨�¬ ¤ ¥�¦)© «�¥(Æ�® ² º
¶ ¨�¬ ¤ «�¥
¶�² ® ¦�¨�² ·�¤ ¥�¦�® ¨�² £ Á.·(² ¨�¸ ¬ ¶ ³7¨�¥
·8¡
® ¬ ²-ê�«�² ¨�Æ ¨�¸ «�²�Æ�® ² Á8® ¥�Ã «�Á�¨�§(£ ®�© «�¥(Æ�® ² ¶ ¨�¬ ¤ «�¥
¶�«�¥0¬ ­(¤ ¶
¨�¥
·)² ® £ ¨�¬ ® ·�¬ «�Â(¤ © ¶  
Ê0®�¬ ­�¨�¥�ª)Í�«�¥�Î�¨�² «�£ ¸7¨�¥
·*Ó ¥
·(² ® ¨�¶ î «�½)§
® ² «�»*¸ «�² ­�«�¶ Â(¤ ¬ ¨�£ ¤ ¬ Á�¨�¬6¡/Ó�ï�Ä
��¿�¿��(³ ¼ ­�® ² ®�½)¢
© ­*«�¸�¬ ­(¤ ¶ ¼ «�² ª ¼ ¨�¶�© «�¥
·(¢
© ¬ ® ·;  Õ6­�® ¼ «�² ª*«�¸6Ó� ;Ó�  ¼ ¨�¶�¶ ¢�Â�Â
«�² ¬ ® ·)¤ ¥0Â�¨�² ¬
§(Á)Í-õ�òa© «�¥(¬ ² ¨�© ¬ Í�ò�º Ó�ö6¿�Ð�º ÷�ø�ï(Ì
¿�¿�ù(¾ ù�¨�¥
·*§(Á)¨�¥�ú�ï(Ì î ² ¨�·(¢�¨�¬ ®�Ì�® £ £ « ¼ ¶ ­(¤ Â/ 

¾ û



ü*ý�þ ý�ÿ�ý�����ý��

� � �
	���
�� � � � ����� ������������������� �  ��� � !��"� ��#%$ &('�� !�) *�����+,� '��-� ./� 0 � � 1��2��0 � � !���� 354��76�� !�8��
9 '�*�: ��;�;/�/�=< � >�>�?�@A��) BC� 1�D '�� E�$ � '/FG>�H�I�>�� J�J��

� JG�
	��G
�� � � � ����� KL���GM � � *=) � M ��� � !���:7��8-!���N�� !�E�!GM !�NG� 0 �GM/� ./� 0 � :O� �P: � ) � ��NQ� '�� !�) *�� 3C4�R�	 9"S�S�S/T �
I�U��=< J�I�I�I�@A��) BC� 1�D '�� E�$ � '/FG>�>�� J�I�V�H��

� UG�
K=��	���K�� ��0 !���� : 0 ����6W��
X��Y5!�!�) ������+P	���
�� � � � ���O� 	�< V�@AN�����N���� '�� !�) *�������+P�P+�� ) � 1 ��� � !��
!GZO[�$ &('�� !�) *=Z ) !�8\#%$ &('�� !�) *�� 3W��) BC� 1�D '�� E�$ � '/FGI�I�I�]�I�>�I

� ^��
K=�A	��AK�� ��0 !���� : 0 ���C6W�A
X�(Y5!�!�) �5����+�	��A
�� � � � ���Q� _`+�� ) � 1 ��� � !��%!GZW[�$ &('�� !�) *,Z ) !�8
#%$ &('�� !�) *�� 3W��) BC� 1�D '�� E�$ � '/FGI�I�I�]�I�>����

� ]G�
	���
�� � � � ���7� &�!�E�!GM !�NG� 0 �GMA&�!�!GM :�a �5&�� ��$ K�� 8-� ��: � !����GM 9 '�*�: � 0 : � 3=a ��� ��4���Y5!�+/� 9 '�*�: ��_cb��
U�>-< � >�V�H�@ �

� HG�
	�� 
�� � � � ���/� KL$ d�) ����� :/����+W[�$ &('�� !�) *�� 3(4�R�	 9�e�f b�;/�GI�� >W< � >�>�V�@/��) BC� 1�D '�� E�$ � '/FG>�V�� I�� V�V��
� ? �c6W��
X��Y5!�!�) �Q����+2	���
�� � � � ���A� g�� M Z $ +����GM � � *���hC��8-!���+�$ h(��8P!���+=i�� M +�: ������+-[�$ &('�� !�) *�� 3

4�R�	 9jS�S�S/T ��I�U�J-< J�I�I�I�@A��) BC� 1�D '�� E�$ � '/FG>�>�� J�J�?G>��
� VG� 9 �(k(!���lCm���� N��-����+�nW��Y5��� '��G� �Q� KL$ d�) ����� : �Ak($ i�� M +�:-����+�� l(� : � � +%[�$ &('�� !�) *�� 3,4�R�	 9

S�S�S�o ��I�I�?P< J�I�I�I�@A��) BC� 1�D '�� E�$ � '/FGI�I�I�J�I�J�U��
� >G�
4���Y5�GM +���0 � ������6W��
X��Y5!�!�) �L����+PpW��g�� � d�� ) N��O� 6�� !�8-� � ) � 0 �GM�� ��� � ) E�) � � ��� � !��5!GZOKL$ d�) ����� :

� �5N�����N�� +-
rq�
s8-!�+�� M : � 3Q4�R�	 9%S b S/t ��IG^�H-< J�I�I��G@A��) BC� 1�D '�� E�$ � '/FGI�� I�]�I�U�V��
� � IG�u_Q� 9 ) � : : M � *j����+%6W�Lg�� N��GM �Q� v�!�!�E
6�) !���E�: � 3%wAx y z�{ |G}"~��W�P�O� ��{ � ��|�z��u� ������� �r�������/�

� wAx y z�{ |2����� ��� �=��� � � �G����z���z ��{ � ����� ���
� ��� � 9 ��R�!�) �G1 ���A� &A*�E��Wa a _uKL$ d�) ����� : ��[�$ &('�� !�) *�������+58-��� ) � �5� '�� !�) *�� 32_�+�1���&('�� !�) �/Y5��� '��

9 '�*�: ��;/�/� U�?GU2< � >�>�>�@7��) BC� 1�D '�� E�$ � '/FG>�V�� J�� U�]��
� � JG� 9 ��R�!��) �G1 �=����+-�W��n7��) ��+���) �G� �����A�2z�{ �P� �5�({ z ��{ � � �
� � UG�c���56�!�8-�  r����+\4��P4��2Y5���G� ��) � ���,� KL*�!���: �P[�$ &('�� !�) *c����+�#%$ &('�� !�) *�3u��) BC� 1�D '�� E�$

� '/FGI�������� H�>
� � ^�� 9 �GR�!��) �G1 ����� #%$ &('�� !�) *W��:7�Q'�!GM !�N�) ��E�'�� 0Ai�� M +P� '�� !�) *�� 3 9 '�*�: ��hC� 1���K T�e ��IG^�H�I�IG^P< � >�>�>�@

��) BC� 1�D '�� E�$ � '/FG>�?�� J�� U�I��
� � ]G�uY��O����d�� ��N�� )=����+ 9 �OR�!��) �G1 ���C� �A��: � 8P� )=� ./� 0 �=d�� � l(� � �"l(!�) M +�$ d�) ����� :�� ��R�� � � ) !�� � 05#%$

� '�� !�) *�� 3Wp���0 M � 9 '�*�: ��k T�f�S ��JG^�U-< J�I�I�I�@A��) BC� 1�D '�� E�$ � '/FGI�I�I�J�I�?GU��
� � HG�u_Q��_�+���82: ��Y�������d�� ��N�� ) � 9 ��R�!�) �G1 �=����+-�W��n7��) ��+���) �G� �����A�2z�{ �P� �5�({ z ��{ � � �
� �G? �uY���6���� E�� ) M �,����+%_Q�Lg�� ) !�8P� ��N�� ) ��� ��M ����d�) ����� :=� �X: � ) � ��N�� '�� !�) *�� 3�4�R�	 9\S b S�� �(I�U�]

< J�I�I��G@A��) BC� 1�D '�� E�$ � '/FGI�� IG^�� U�H��
� � VG�
K=��g��/��) � � +5����+2	��/
�� � � � ���(� _C��!�8-�GM � � :C� ��: � ) � ��N2� '�� !�) *2l(� � '�KL$ d�) ����� : � 3W��) BC� 1�D '�� E�$

� '/FG>�>�I�?�� V�>��
� � >G�u_Q��_�+���82: �(�2z�{ �W  �5�({ z ��{ � � �
� J�IG�
	���
�� � � � ����� ��� 1�� $ d�) �����C� ./� 0 � � 1��Q��0 � � !��-� �5#%$ &('�� !�) *�� 3L4���6�� !�8�� 9 '�*�: ��;�;/��� I�UP< � >�>�?�@

��) BC� 1�D '�� E�$ � '/FG>�H�� I�J�UG^��

� ]



¡ ¢�£ ¤
¥�¦C§C¨�© ª «�¬�ª ­ ®�¯W°7±�²�³ ´ ²�µ�±�µ�¶,³ · ¸�¹ º�¸G» ¼�º ½ · ¸G¶P¾ · ±�¿À³ Á�º�½ µ�²�Â�» º ¶�³ Á�º ±�· º ³ ´ ¹5Ã�±�´ ²�³2± ¾,Ä ´ º Å7¯
¥�¨�Æ�­ ¦�ÇCÆ�© È ­ ¦�É5Ê�È Ë�¦�Ì�¨�ÍG¦ ¯�Î/Ï�Ð £ Ñ�Ò�Ñ�Ó ¯�Ô�Õ�ÒGÖ Ô�Ò�£

¡ ¢�¢G¤
¥�¦/×AØ�© Ù Ú «"Ê�«�Û�ÜW¦�Ý7Ê�­ Ê�Û�Ê�­ ÊGÞ Ê�«�¯Oß à�Ö á(Ë�ª ¨�­ â5Ê�«�Û�Ì�Ö Û�Æ�ÊGÙ Ú È â�ã7Ì�È Ê�­ È Ú «�®5¨GØ�ª ­Lä ­ ¨�åæ© ç�Æ�Ê�­ ª
Ô�¯ èWÊ�­ éCÚ Ø�ã Ë�ª ê�Ö È Ë/ëGì�£�£ ¢�ì�ÒGí�¦

¡ ¢�ÔG¤
îX¦�á�ÊGâ�Ù ¨�­ ¯Oß ïQ¢GÖ ¬�­ Ê�«�ª ©OÚ «5ðjñ�ª Ù Û�© ¯ è=¥�ò�×Aójô�ô�ô/Ï/¯�ì�Ô�Ñ-Ð ¢�ì�ì�ì�ÓAÊ�­ éCÚ Ø�ã Ë�ª ê�Ö È Ë/ëGì�ì�ìGí�£ í�£�¦
¡ ¢Gí�¤
ó7¦Cò�¨�õ­ ÊGØ Ê�Ê�«�Û%×�¦�î�Ú È È ª «�¯Pß ×7Ù ª Ø�ª «�Ö ï�Ú å-ª «�© Ú ¨�«�ÊGÙPÌ�Æ�ê�ª ­ ®�­ ÊGØ�Ú È âj¨�«rÊ%É5Ê�«�Ú ä ¨GÙ Ûrö(Ú È Ë

ð(¨�Æ�«�Û�Ê�­ â�¯ èQ÷�Æ�Í Ù ¦�óAË�â�© ¦�ðrÎ/Ï�ø/¯�ÑGí2Ð £ Ñ�Ñ�Õ�ÓAÊ�­ éCÚ Ø�ã Ë�ª ê�Ö È Ë/ëGÑ�Õ�ì�Ô�£ í�¢�¦
¡ ¢�ùG¤
ó7¦�ò�¨�õ­ ÊGØ ÊPÊ�«�Û-×�¦�î�Ú È È ª «�¯7ß ò�ª È ª ­ ¨�È Ú ÍWÊ�«�Û2È â�ê�ªWúC© È ­ Ú «�®2Û�â�«�Ê�åPÚ Í ©Aä ­ ¨�åûª Ù ª Ø�ª «�Û�Ú å-ª «�Ö

© Ú ¨�«�© ¯ èW÷�Æ�Í Ù ¦�óAË�â�© ¦�ðrÎ�ü�ô�¯�ù�ì�Õ-Ð £ Ñ�Ñ�Õ�ÓAÊ�­ éCÚ Ø�ã Ë�ª ê�Ö È Ë/ëGÑ�ù�£ ì�¢�ì�Ñ�¦

£ Õ



���������	��
��	�
���	������������� �	�����������! "���!� ��#�$%���!& '
 �(����)�

*
+-,".0/�1324+056+07�8
9 :-; < = < >-< ?�@ ACB�DE< >GFC= ? ;H= :JI0KE? ACB ? < = L MCNEO�K-P ; = L ;HMC:EF	Q4MC< KE? R	MC< = L ;�S 9 O�Q	T

O)U V)U W)A XZY�[C\Z]Z\Z^C_ ^Z^Z]-[ `�IE? K-B MC:-`�9 B MC:
a b c�d e f g�hZd c�d i-e j)k l0a m n o-p e qEc�p dZr p e n

sHt"u v w x-y v
z {}| ~Z� ���-� �-� ��� � �H���Z� � �-� � | � � �!� �"| ~Z��� �Z�-� � � | � � {Z�H��� | ~�{Z� {Z� � �H���Z| � | � � �!��� � � �Z� ~Z� � |

� � ��� | �Z�Z� � �E������� | �Z�Z�}| ~Z��{Z� {Z� � �H���Z| � | � �C� | �H� ��| ~Z��� �-� � � | � �H� �-� � {Z� � � � � � � | � � {	� ��| ~Z�
�0� � {Z� � �Z���� �C�H�H� | � �!� �E| ~Z��� �Z�-� � � | � � {Z�-� | ~Z��� ~-� {Z� � ��� �E| ~Z���H� | � � � � � {C| � � �C�H�H� | � � �"| � {Z� � �
� {Z���Z� � � | � {E�

�



�����	�������
 
¡!��¢ �	�

£!¤G¥�¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥}¯C¥ §C©	¥ « ° ±J² ³ ´�¤E¬CµH¶E¥ ¥ ¦6¨ §C¦Eµ ­ ·-¥ ° ¥ ·4¸ § °}µ §C©	¥�« ­ ©	¥	­ ¦J¨ §C¦G¦G¥ ¨ « ­ §C¦º¹!­ « ¤
®C¬ ° ­ §CªEµ�»G¤-±Gµ ­ ¨ µ�µ ªG¶Z¼ ¥ ¨ « µ ½�¾)¥ ¨ ¥ ¦-«�©	§C« ­ ®C¬ « ­ §C¦�« §	µ « ªE·-±}« ¤G¥�¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥�¯C¥ §C©	¥ « ° ±	©}¬ ­ ¦-¿ ±
¨ §C©	¥ µ!¸ ° §C©À« ¤G¥�µ « ° ­ ¦G¯}« ¤G¥ § ° ±Z½�ÁZ« ° ­ ¦G¯}« ¤G¥ § ° ­ ¥ µ)¤E¬ ®Z¥�¶E¥ ¥ ¦�»E§ ­ ¦-« ­ ¦G¯�« § ¹�¬ ° ·Gµ�¬�¦G§C¦E¨ §C©	©�ªG« ­ ¦G¯
µ ¨ ¥ ¦E¬ ° ­ §�¬ ¿ ° ¥ ¬C·-±�­ ¦6« ¤G¥�ÂCÃ-Ä µ�² Å ´ ½�¾)¥ ¨ ¥ ¦-« ¿ ±4Æ!¬ ¦G¯ Ç È�­ ¿ ¿ µ	« ¤G¥ § ° ­ ¥ µ�§C¦6¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥�µ »E¬C¨ ¥ µ
¤E¬ ®Z¥�¥ ©	¥ ° ¯C¥ ·�­ ¦	« ¤G¥�¨ §C¦-« ¥ ÉG«�§ ¸�Ê6Ç « ¤G¥ § ° ±	¨ §C©	»E¬C¨ « ­ ËE¥ ·�§C¦}¬�« § ° ªEµ�­ ¦	« ¤G¥�»-° ¥ µ ¥ ¦E¨ ¥�§ ¸�¨ §C¦Eµ « ¬ ¦-«
¶E¬C¨ Ì-¯ ° §CªG¦E·
« ¤-° ¥ ¥ Ç ¸ § ° ©ÀËE¥ ¿ ·6² Í ´ Î0§ °�¬Cµ)¿ § ¹!Ç ¥ ¦G¥ ° ¯C±�¿ ­ ©�­ «H§ ¸�§C»E¥ ¦�µ « ° ­ ¦G¯Zµ�­ ¦�¬}¶E¬C¨ Ì-¯ ° §CªG¦E·�Ï�Ç
ËE¥ ¿ ·0Î0·-¥ µ ¨ ° ­ ¶-­ ¦G¯�« ¤G¥�ÐEªE¨ « ªE¬ « ­ §C¦Eµ�§ ¸�« ¤G¥HÑ)Ç ¶-° ¬ ¦G¥�¹!§ ° ¿ ·-®Z§ ¿ ªG©	¥�² ÒGÎEÓGÎ0Ô ´ ½)£!¤G¥H¹!§ ° ¿ ·-®Z§ ¿ ªG©	¥�§ ¸
¬�Ñ)Ç ¶-° ¬ ¦G¥�¹!­ « ¤�¨ §C¦Eµ « ¬ ¦-«!¶E¬C¨ Ì-¯ ° §CªG¦E·�Ï�Ç ËE¥ ¿ ·0ÎC­ µ!¬ ¦}¥ ÉE¬ ©	»-¿ ¥)§ ¸�¬�¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥�µ »E¬C¨ ¥ « ­ ©	¥ZÎ
­ ¦4¹�¤-­ ¨ ¤
¯Z¬ ªG¯C¥}¬ ¦E·�©}¬ « « ¥ °�ËE¥ ¿ ·Gµ�¿ ­ ®Z¥�² Í-Î0ÒGÎ"Ó-Î"Õ ´ ½�Ö ¦�§C« ¤G¥ °Hµ ­ ·-¥ZÎ0¸ ªG¦E·G¬ ©	¥ ¦-« ¬ ¿�µ « ° ­ ¦G¯Zµ�­ ¦
« ¤G¥
¾�×�¾6¶E¬C¨ Ì-¯ ° §CªG¦E·}Ï�Ç ËE¥ ¿ ·�¶E¥ ¨ §C©	¥�¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥Z½�£!¤-­ µ�¹�¬Cµ�µ ¤G§ ¹�¦	­ ¦	« ¤G¥)¨ §C¦-« ¥ ÉG«�§ ¸"©}¬ « ° ­ É
« ¤G¥ § ° ±4² Â ´ ½
Ø�­ ¥ ¿ ·�« ¤G¥ § ° ±�§C¦
¬H¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥�µ »E¬C¨ ¥�¤E¬Cµ�¶E¥ ¥ ¦�»-° § ®Z¥ ·	« §	¶E¥HªEµ ¥ ¸ ª-¿"­ ¦�ªG¦E·-¥ ° µ « ¬ ¦E·Z­ ¦G¯

®C¬ ° ­ §CªEµ)»G¤-±Gµ ­ ¨ ¬ ¿�»G¤G¥ ¦G§C©	¥ ¦E¬-½�Ù�§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥)ËE¥ ¿ ·}« ¤G¥ § ° ±}©	¥ ¬ ¦Eµ!« ¤E¬ «!ËE¥ ¿ ·Gµ)¬ ° ¥�« ¤G§CªG¯C¤-«)§ ¸
¬Cµ�¸ ªG¦E¨ « ­ §C¦Eµ!§ ®Z¥ °!¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥�µ »E¬C¨ ¥Z½�Ú�«�« ¤G¥�¬ ¿ ¯C¥ ¶-° ¬ ­ ¨)¿ ¥ ®Z¥ ¿ Î-« ¤G¥)ËE¥ ¿ ·Gµ!¶E¥ ¨ §C©	¥)§C»E¥ ° ¬ « § ° µ
¬C¨ « ­ ¦G¯	§C¦
¬�Û)­ ¿ ¶E¥ ° «�µ »E¬C¨ ¥H¬Cµ)¬H° ¥ »-° ¥ µ ¥ ¦-« ¬ « ­ §C¦�µ »E¬C¨ ¥H§ ¸�« ¤G¥�¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥Hµ »E¬C¨ ¥}² Ü ´ ½
Ý�° ¥ ®Z­ §CªEµ ¿ ±4¹!¥}¨ §C¦Eµ ­ ·-¥ ° ¥ ·
« ¤G¥}µ ªG»E¥ ° µ « ° ­ ¦G¯
¬C¨ « ­ §C¦º¬CµH¬}« ¹!§�·Z­ ©	¥ ¦Eµ ­ §C¦E¬ ¿�¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥

ËE¥ ¿ ·4« ¤G¥ § ° ±6² ³ Ã ´ ½	Þ�»4« §�« ¤G¥�ËG° µ «H§ ° ·-¥ °H§ ¸)« ¤G¥	¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z­ « ±
»E¬ ° ¬ ©	¥ « ¥ ° Î�¬ ¦E·�µ §C©	¥}¬C·ZÇ
·Z­ « ­ §C¦E¬ ¿�« ¥ ° ©}µ)« §}« ¤G¥�¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥	µ ªG»E¥ ° µ « ° ­ ¦G¯
¬C¨ « ­ §C¦"Î�µ §C©	¥�»G¤-±Gµ ­ ¨ ¬ ¿!ßZªE¬ ¦-« ­ « ­ ¥ µH¬ ° ¥�§C¶-Ç
« ¬ ­ ¦G¥ ·0½�ØE§ °�¥ ÉE¬ ©	»-¿ ¥ZÎZ¹!¥�§C¶G« ¬ ­ ¦G¥ ·}¦G¥ ¹Jµ ªG»E¥ ° µ ±-©	©	¥ « ° ­ ¨)¬C¨ « ­ §C¦	¸ § °)µ « ° ­ ¦G¯GÎ-¥ ÉG« ¥ ¦E·-¥ ·�¶E§CªG¦E·G¬ ° ±
µ « ¬ « ¥H§ ¸�¨ ¿ §Zµ ¥ ·
µ ªG»E¥ ° µ « ° ­ ¦G¯GÎE¦G¥ ¹3¶E§CªG¦E·G¬ ° ±�¨ §C¦E·Z­ « ­ §C¦Eµ)¸ § °�§C»E¥ ¦
µ « ° ­ ¦G¯	¹�¤-­ ¨ ¤�¿ ¥ ¬C·�« §	« ¤G¥�¯C¥ ¦-Ç
¥ ° ¬ ¿ ­ à ¬ « ­ §C¦
§ ¸�« ¤G¥�¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z­ « ±}»E¬ ° ¬ ©	¥ « ¥ °)§ ¸�« ¤G¥Hµ »E¬C¨ ¥ « ­ ©	¥Z½
Ö ¦	« ¤-­ µ�»E¬ »E¥ ° Î-¹!¥�·-§�¦G§C«�¨ §C¦Eµ ­ ·-¥ °�« ¤G¥�¬C·G·Z­ « ­ §C¦E¬ ¿�« ¥ ° ©}µ�« §H« ¤G¥�µ ªG»E¥ ° µ « ° ­ ¦G¯	¬C¨ « ­ §C¦"½�Ú�¨ ¨ § ° ·ZÇ

­ ¦G¯
« §
« ¤-­ µ Î�¦G§ ¹á¹!¥�µ « ªE·-±�µ §C©	¥}§C« ¤G¥ °	»-° §C»E¥ ° « ­ ¥ µH§ ¸�« ¤G¥�µ ªG»E¥ ° µ « ° ­ ¦G¯4¹!­ « ¤º¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥
¹!§ ° ¿ ·Gµ ¤G¥ ¥ « Î0« §�¬ ¿ ¿�§ ° ·-¥ ° µ)§ ¸!« ¤G¥H¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z­ « ±�»E¬ ° ¬ ©	¥ « ¥ ° ½)Ù�§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥�¹!§ ° ¿ ·Gµ ¤G¥ ¥ «
§ ¸)µ « ° ­ ¦G¯�¯ ­ ®Z¥ µ�¬}¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥}µ »E¬C¨ ¥ « ­ ©	¥Z½�Ö ¸�µ §C©	¥}·Z­ ° ¥ ¨ « ­ §C¦Eµ�§ ¸�« ¤G¥	µ »E¬C¨ ¥ « ­ ©	¥}¬ ° ¥}¨ §C©�Ç
»E¬C¨ « ¥ ·�§C¦}« § ° ­ Î-« ¤G¥)®C¬C¨ ªGªG©â¥ ÉG»E¥ ¨ « ¬ « ­ §C¦	®C¬ ¿ ªG¥�§ ¸�« ¤G¥�µ »E¬C¨ ¥ « ­ ©	¥)¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z­ « ±�»E¬ ° ¬ ©	¥ « ¥ °
¨ ¬ ¦6¶E¥�¦G§C¦-Ç à ¥ ° §G½6Ù�§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z¥�¹!§ ° ¿ ·Gµ ¤G¥ ¥ «}¬ ¿ µ §�¥ ¦E¬ ¶-¿ ¥ µ�ªEµ�« §4¯C¥ ¦G¥ ° ¬ ¿ ­ à ¥
« ¤G¥�Ý�§ ­ ¦E¨ ¬ °Gã¥
µ ±-©	©	¥ « ° ±Z½!£!¤E¬ «)­ µ Î0µ §C©	¥�¬C·G·Z­ « ­ §C¦E¬ ¿!« ¥ ° ©}µ�¨ ¬ ¦
¶E¥�¬C·G·-¥ ·�« §	« ¤G¥H§ ° ·Z­ ¦E¬ ° ±�Ý�§ ­ ¦E¨ ¬ °Gã¥�« ° ¬ ¦Eµ ¸ § ° Ç
©}¬ « ­ §C¦Eµ ½}£!¤G¥ ° ¥ ¸ § ° ¥ZÎ"¹!¥�§C¶G« ¬ ­ ¦6¬}¯C¥ ¦G¥ ° ¬ ¿ ­ à ¥ ·�¨ §C¦Eµ ¥ ° ®Z¥ ·
¨ ª-° ° ¥ ¦-« ½HØEª-° « ¤G¥ ° ©	§ ° ¥ZÎ0« ¤G¥	ÙHÁG×�ÙHÁ
ËE¥ ¿ ·Gµ�§ ¸)µ ªG»E¥ ° µ « ° ­ ¦G¯�©	§-·Z­ ¸ ±4¶-±
¬�¨ §C©	©	§C¦
»G¤E¬Cµ ¥Z½�È4¬ ÌZ­ ¦G¯�ªEµ ¥	§ ¸�« ¤G¥�¾)¥ ¸ µ ½ ² ³ Ã-Î�³C³ ´ Î0§C¦G¥}¨ ¬ ¦
ËE¦E·�·-¥ µ ¨ ° ­ »G« ­ §C¦Eµ�§ ¸�« ¤G¥�¦G§C¦E¨ §C©	©�ªG« ¬ « ­ ®Z­ « ±}»E¬ ° ¬ ©	¥ « ¥ °�§ ¸�« ¤G¥�¹!§ ° ¿ ·Gµ ¤G¥ ¥ « ½�ØE§ °)äHåæÃ-ÎE¬ ¿ ¿�« ¤G¥ µ ¥
° ¥ µ ª-¿ « µH° ¥ ·-ªE¨ ¥}« §4« ¤G¥�Ì-¦G§ ¹�¦6¨ ¬Cµ ¥ µH§ ¸�« ¤G¥�µ ªG»E¥ ° µ « ° ­ ¦G¯4« ¤G¥ § ° ±�¹!­ « ¤6§ ° ·Z­ ¦E¬ ° ±6¹!§ ° ¿ ·Gµ ¤G¥ ¥ « Î!¬Cµ
¥ ÉG»E¥ ¨ « ¥ ·0½

Å



ç!è-é ê�ëEì ëEí î�é ê)ï î ðZì ñ-é ò í ó4ìCê)ô ï õ õ ï ö)ê ÷Hø ñ4ê í ù ú é ïCñ4û-ü0ö!í	ê ú ýEó-þ�ú èGí�ìCù ú é ïCñ4ï ô�ú èGí�ê ýGëEí î ê ú î é ñGð
ö!é ú èJñGïCñEù ïCÿ	ÿ�ýGú ì ú é �Zí�ö!ï î õ óGê èGí í ú ÷3ø ñJê í ù ú é ïCñ��-ü�ú èGí�ñGïCñEù ïCÿ	ÿ�ýGú ì ú é �Zé ú þºï ôHú èGí
ê ëEìCù í ú é ÿ	íZü
í �Gú î ìCù ú í ó�ô î ïCÿ ú èGí}ñGïCñEù ïCÿ	ÿ�ýGú ì ú é �Zé ú þ
ï ô)ú èGí�ê ú î é ñGð
ö!ï î õ óGê èGí í ú ü"é êHê ú ýEóZé í ó0÷�ø ñ�ê í ù ú é ïCñ��Gü�ì
ðCí ñGí î ì õ"ô ï î ÿÀï ô�ú èGí���ï é ñEù ì î	�í�ê þ-ÿ	ÿ	í ú î þ�é ê)ð é �Zí ñ"÷�ø ñ�ê í ù ú é ïCñ�
-üEú èGí�í �0í ù ú ê�ï ô�ú èGí�ñGïCñEù ïCÿ	ÿ�ý�

ú ì ú é �Zé ú þ�ï ô�ú èGí�ö!ï î õ óGê èGí í ú)ïCñ�ú èGí�ÿ	í ú î é ùCü��Hì õ ��
 ��ì ÿ	ïCñEó��Eí õ ó�ì ñEó�óZé õ ì ú ïCñ4ì î í�í �Gú î ìCù ú í ó0÷
��������������� ��!#"�!%$ &�')(*�,+.- /�0#12'3'4!
54í	õ ïZï766ì ú�ú èGí�ê ýGëEí î ê ú î é ñGð�ìCù ú é ïCñJìCê�ì�ú ö!ï4óZé ÿ	í ñEê é ïCñEì õ�ñGïCñEù ïCÿ	ÿ�ýGú ì ú é �Zí��Eí õ ó�ú èGí ï î þZ÷
ø ñ
ïCú èGí î�ö!ï î óGê ü"ìCê ê ýGÿ	íHú èEì ú)ú èGí�ê ýGëEí î ê ú î é ñGð�ö!ï î õ óGê èGí í ú)é ê)ì	ú ö!ï}óZé ÿ	í ñEê é ïCñEì õ�ñGïCñEù ïCÿ	ÿ�ýGú ì ú é �Zí
ê ëEìCù íZ÷�ø ñ�ú è-é ê)ê ëEìCù í�ê ýGëEí î ê ú î é ñGð}ö!é ú è�ö!ï î õ óGê èGí í ú)ê ýGëEí î ê þ-ÿ	ÿ	í ú î þ}èEìCê�ú èGíHìCù ú é ïCñ

8:9<;>=@?�7ACBED�FHGJI K3L MJN O2P3Q�M N O P =�RTSU P�Q.V N MJN U P WYX Z ? [
ö�èGí î í4ú èGí�ê ëEìCù í ú é ÿ	íºì ñEóæú èGí4ö!ï î õ óGê èGí í ú�ÿ	í ú î é ù ê�ì î í]\ P ^ ; óZé ì ð Z = ? X ? X _ _ _ X ? [ ì ñEó�\ N ` ;óZé ì ð Z = ? X ? [ ÷�54í	õ ì ú í î}óZé ê ù ýEê ê	ì �EïCýGú	ú èGí�ê ýGëEí î ê þ-ÿ	ÿ	í ú î þ4ï ô)ú è-é ê	ìCù ú é ïCñ"÷�ç!èGí�ê ú ì î	ë-î ï-ó-ýEù úé ñ}ú è-é ê�ìCù ú é ïCñ}é ê!ó-í �EñGí ó��Eí ú ö!í í ñ	ì ñ-þ	ú ö!ï�ô ýGñEù ú é ïCñEê�ï ô�ú èGí�ö!ï î õ óGê èGí í ú�ù ïZï î óZé ñEì ú í ê K N ; Z K X a [b Z K X a [ Q%c Z K X a [ ; í �Gë L RûEd N ` MM:e N MM \ ` W b Z e7f X e�g [ c Z \ f X \ g [ hhhh i j kJl j kJm j _ Z û [
ç!èGí}ì ñ-ú é ê þ-ÿ	ÿ	í ú î é ù�ú í ñEê ï î d N ` èEìCê�ïCñ-õ þ4ïCñGí	é ñEó-í ëEí ñEó-í ñ-úHù ïCÿ	ëEïCñGí ñ-ú�é ÷ íZ÷ ü d N ` ; dJn N ` ü"ö�èGí î ín f g ;*= n g f ; ? ÷3o�í �Eñ-é ú é ïCñ Z û [ ð é �Zí ê)ú èGí�ñGïCñEù ïCÿ	ÿ�ýGú ì ú é �Zé ú þ��Eí ú ö!í í ñ�ú èGí�ö!ï î õ óGê èGí í ú�ù ïZï î óZé 
ñEì ú í ê)ìCê

K N Q�K ` = K ` Q�K N ;pR d N ` _ Z � [
ç!èGí�í qZýEì ú é ïCñEê)ï ô�ÿ	ïCú é ïCñ
ï ô�ú èGí�ö!ï î õ óGê èGí í ú��Eí õ óGê)ì î í

Z M Ir = M Im [ O P ; M�s U Pt ; M t U Ps ;�u X Z � [
ö�èGí î í M�v ; gI Z M r�w M m [ ÷�ç!èGí î í ô ï î íZü U Pt ì ñEó U Ps ì î í}ú èGí	î é ðCè-úHÿ	ï �Zé ñGð
ì ñEó�ú èGí�õ í ô úHÿ	ï �Zé ñGðù ïCÿ	ëEïCñGí ñ-ú ê}ï ô U P ÷âç!èGí ê í4í qZýEì ú é ïCñEê�ì î í
ú èGí�ê ì ÿ	í
ú èEì ú
ì ëGëEí ì î�ô ï î�ú èGí�ê ýGëEí î ê ú î é ñGð6ö!é ú èï î óZé ñEì î þ4ö!ï î õ óGê èGí í ú ÷�xEï îHú èGí�ñGí �Gú�ëGý-î ëEïZê í ê�ö!í�ñGí í ó
ú èGí	ê ï õ ýGú é ïCñEê�ï ô�ú èGí ê í�í qZýEì ú é ïCñEê ÷yxEï î
ù õ ïZê í ó�ê ú î é ñGð	ú èGí î í�é ê

O2P Z K X a [ ;�z P4{ û7B D | P a { ûJ} PJK�{ RûC~ û7BEDJ����k f
?� L B P�	� t I � �7� r t m � {��B P�	� t I � �7� r s m � W�X�Z 
 [

ö�èGí î í3} P é ê�ò í î ï)é ô"ú èGí)óZé î í ù ú é ïCñ O P é ê�ñGïCñ�
 ù ïCÿ	ëEìCù ú ü-ì ñEóHé ê�� PJ��P é ô"ú è-é ê�óZé î í ù ú é ïCñ	é ê�ù ïCÿ	ëEìCù úïCñ�ì�ù é î ù õ í�ö!é ú è�î ìCóZé ýEê ��P ÷�ø ñ}ú è-é ê�ù ìCê í�ú èGí�ÿ	ïCÿ	í ñ-ú ýGÿâï ô�ú èGíHù õ ïZê í ó�ê ú î é ñGð�é ê�qZýEì ñ-ú é ò í ó	é ÷ íZ÷ ü�



�	�]�<���� �%���.�	��� ��� � �7� � ��� �2� �T�H  ��� � �y� �	�y¡.� �T�J� �	� � �T��� �	�y¢�£7¢�� ��� ¤	¢¥��¤	¢,¦T� � ��£ §4� �	�¨ © £J� � �2� � � � �	�,� � � ªT� ¨ � � «J� © ¬ �­ £ �3£7ªT� �2� � � � �	�y¡.��� � «J�3� �	��� £ © ¤	� � £7�® �	¯ °:± ²:³ ��´ �4µ·¶7¸E¹ � �7²,µ�º » ¶7¸ ¹J¼½�¾¿�À3ÁÂ ¸E�½�Ã Ä7Å ½ Æ ¨ £J� Â °]Ç ¯ ÈJ³
É £7� ��� � � �%� ��� �%� £ © ¤	� � £7��� � � � � ÊT� �%� �	��¦T£7¤	�T� � � ¬�¨ £7�T�J� � � £7�T�.£ §:� �	��« � � � � � � £7��£ §:� �	� �7¨ � � £7� ¯ Á ³ �CË �� ��� ��« � � � � � � £7��� �	� � � � � �3� ��ÊT��� � ����¤	¢,¦T� ��£ §#¦T£7¤	�T� � � ¬ � � � ¢y� �%�.�	� � �3� � � ¢y� ¨ £7��� � � �2��� � � « � � � «J� �� � � �%£ � � � � � � � �3§ � £7¢�� �	�4�	£7� ¨ £7¢�¢,¤	� � � � «J� � ¬ £ §C� �	�4� � � � �	�,¡.£ � © �	� �	� � � �%�.�	�4¦T£7¤	�T� � � ¬y¨ £7�T�J� � � £7�¯ Ì7Í ® ��³ Í Î ��Ï ± ¯ Ð7³
� ��� ¤�Ñ ¨ � � ���,� £��J� £7ª � © © � �	��¦T£7¤	�T� � � ¬ � � � ¢y��£ §3� �	� � ¦T£ «J��« � � � � � � £7�E� ° À �¥Ï ± Ò � �	£ ¡4�,� �	�¦T£7¤	�T� � � � � �4£ §%� �	��£7ªT� ��� � � � �	��¡.£ � © �	� �	� � � �Ó £7�T� � ��� ��� © £7¦ � © ¡.£ � © �	� �	� � �3� ¤	ªT� � � ¬ ¢�¢�� � � ¬ � � � �T� § £ � ¢ � � � £7�T�Ô ® � �ÖÕ× Ø �,±Ô Ø � �ÚÙ º ÛJÜ Ì Ü ® � × Ç ¯ ÝJ³
Ë ��« � � � � � ¨ �.£ §	� �	� �7¨ � � £7� ¯ Á ³ ¤	�T��� �C� �	� � �%� � � �T� § £ � ¢ � � � £7�T� © � � �	�E� £4� �	�%¡.£ � © �	� �	� � �#� ¤	ªT� � Þ ¨ ¤�� � � ���ß Ü � Á¶ ÛJà Û Ü Ø �4á�Ì à ® � Ç ¯ âJ³
ã ¨ ¨ £ � �J� �	��� £,� �	��� äJ¤ � � � £7�T�4£ §#¢�£7� � £7�EåT� ��� �.� � ��¨ £7�T� � � «J� � ¨ ¤�� � � ���.� � �J� å Ì Ü ß Ü �pÏ �
æèç�é�ê,ë�ì4í%î ïðì)ñ2ò�ñ�ë�ò�ï�ï ó�í#ê�í%î ô2î íEõ
É £7� ¨ £7¢�¢,¤	� � � � «J� � ¬ £ §3� �	�y� � � � �	��¡.£ � © �	� �	� � �,�J� � � ¨ � © ¬]© � � �	��� £2� �	�y�	£7� ¨ £7¢�¢,¤	� � � � «J� � ¬ £ §4� �	�� ª �7¨ � � � ¢��J�#ö � ÷ � �	��¤T� ��£ §#� �	�3§ £ � ¢,¤ © �Ã Å ø ù Æ ú�û Í ü á Ã Å ý ù Æ ú�þ Í ü � Ã:ÿ� � ø ý ù û Ä þ ü Ã Å ø ù Æ ú�û Í ü Ã Å ý ù Æ ú�þ Í ü ± ¯ Á Ï ³¡.��£7¦	� � � ��� �	�3§ £ © © £ ¡.� �	�y�	£7� ¨ £7¢�¢,¤	� � � � «J� � � � ��§ £ �3� �	��� ª �7¨ � � � ¢��� ® � ¯ °:± ²:³.± ®�� ¯ °:± ²:³ � � ��� ¯ ¶7¸ ¹ ³ 	 
 � ¼½�¾¿�À ¯ � � ¸ �½ Ù2� � ¸ �½ ³ Ã Ä7Å ½ Æ � � � Â °Ù ¶7¸ ¹ ¼�4¾¿�À ¼½�¾¿�À 
 Á��Â ¯ ¸ �½ ¸ �� Ù ¸ �½ ¸ �� ³ Ã Ä7Å ù �%úJ½ ü Æ ¨ £J� � ¯ °�µ Á¶ Â�� ³ ¨ £J� Â ¯ ° Ù Á¶ ��� ³ ��±�¯ Á7Á ³

�



� � ����� ��������� �! � � " ��#$��� " �%�&� �(')" � *�+�, ��-. /�0%1 243 546737/�8)1 243 546 9 :7;�<�= >�?�@ 1 A�0%BC8&D�A�8�BC0)6E = >%1 F�? @ 6 G H I�JK%LM%NPO 1 ? 0K A 8 DQ? 8K A 0 6 R S%I T K�U V S�W X4D�1�Y? 0K A 8 DZY? 8K A 0 6 R S%I T K�U V [ W X \E F = >)] F�? @ JK%LM%N O 1 ?�0K BC8&DQ?�8K BC0%6 R S%I T K�U V S�W X E 1�Y?�0K BC8&D^Y?�8K BC0%6 R S%I T K�U V [ W X \D&= ? @ JK%LM%N J_&LM%NPOZ`acb 1�Y? 0K ? 8_ D^Y? 8K ? 0_ 6  " � 1 < acb >)6 R S%I T U _7[)K X V R I T U _ S K X W�\d3 1 ` F)6� � ����� ����e f �) � -� � � " ��#g��� " �%�&� �(')" � *�h7ij���k� " #��%�P��, ��-� " -%�  j� �(� ���k� � f , � " ���� 1 `�` 6 , ��- 1 ` F)6 , � ������%l m � � ��hjij�%"  j"  jn�� e , o� �p� �(� ���k�����%l m � � �g'�, f o��p� �(� ������, � , �g� � � � > h7ij��� � � � � � �)+�� ���k������e ���ql�qo�� , � " ')" � r�� �j� ���g ��,�e � � " �g�)+�� �  o%f � � -�� � ���s� ���q������e ���g�qo�� , � " ')" � r�� �P� ���q � � " ��#�*j� � f -� ��� � � +-%� ��� ��-� P���c� ���k� ,�e �&� ��, �P� �����%� ����, #), � " ��#� � � " ��#g" ��� ���p ��,�e � � " �g�k"  P����� ��� �P"  &e f �) � -4ht � *ue ���� " -%� �k� ���k� � f f � *j" ��#c� v���� e � , � " ����'�, f o��  P� �7� ���pe ���g�qo�� , � � �  1 `�` 6 , ��- 1 ` F)6w x�y . / 0 1 243 546737/ 8 1 243 546 9 : y x)zj;{xq3 � � �j����� �c � � " ��# 3w |Cy . /�0%1 243 546737/�8)1 243 546 9 : y |�z7;}= ~&0 8)3 � � �Pe f �) � -$ � � " ��# 3 1 ` � 6*P��� � � y |�z(;^y x%3 Yxq� �)� 0%� 3 �)� 8 � z "  &,ge f �) � -c � � " ��#c � , � ��*j" � �!� �����g���g� �%� o����%o��qn�� �  �)� 0%�, ��-c� ����*j" ��-)" ��#$�%o��qn�� �  �)� 0)�%+�, ��-~ 0 8�� <)? @ >%1 A 0 B 8 D�A 8 B 0 6;�<)? @ > O � 0 � 84� 8� 0 D}� 8 � 0C� 0� 8 \Q3 1 ` <%6� ��� � � � � � �)+ " �C ���g�&� ��� ���&-)" � � e � " ���� 7� ��� ���k ��,�e � � " �g�&, � �ke ���g��,�e � " ��� -q���g� � � "4*j" � �q� ,�-)" " � � 0)�%+,�e f �) � -d � � " ��#�*j" � �d������e ���g�qo�� , � " ')�g*j� � f -� ��� � � +C�g���g� �%� o��s�%o��qn�� �  �)� 0%�c, ��-�*j" ��-)" ��#�%o��qn�� �  �)� 0%�%+%�%� ��n��  j� ���k� v���� e � , � " ����'�, f o���� �(� ���k������e ���g�qo�� , � " ')" � r$� �(� ���� ��,�e � � " �g�kf " �)�� ����� � f , � " ��� 1 ` <%6 hk�&��� �! � � " ��#) k*j" � �!������e ���g�qo�� , � " ')�p*j� � f -� ��� � �k-%�$�����&�%� ��n��q� ���p'�,�e o�o��� v���� e � , � " ����'�, f o��p� �(� ���p ��,�e � � " �g�p������e ���g�qo�� , � " ')" � r)h
�����g� �!�P�p�!����C�������&� � �  � " ��e , ��¡��� � , �� � � � �$, � " ���� k¢ / 0 ;{£ 0 8 / 8 E�¤ 0q, ��-c¢ ¥j0 ;{£ 0 8 ¥j8�+�, � ��# f ��n�, f( r%�g�g� � � " �  7� �(� ��� o���� �  � � " ��#c� ��� � � r�*j" � �!� � -)" ��, � r!*j� � f -� ��� � � +4*P��� � � £ 0 8 "  k,$e ���� � , �%��, �%� "  r%�g�g� � � " e�� � �� � �, ��- ¤ 0�"  &,ge ���� � , �%�&')� e � � � h(ij*j�$e ���� � � ')� -ce o%� � � �%�  j, � �q,�  �%e " , � � -�� �g� ��� ��h(¦�� �&� ���p o���� � l � � " ��#�� ��� � � r�*j" � �Q������e ���g�qo�� , � " ')�$*j� � f -� ��� � � +7� ���  �$� � , �� � � � �$, � " ���� ge , �Qn��c#�� ��� � , f " m � -4h

§



¨j©�ª « ª ¬ ­ « ª)®7¯ ©�ªcª °4ª ± ¯ ²q­ ¬�¯ ©%³ ²q´�ª µ�ª « ¶ · ³ ¸ ¶ ¯ ³ ­�µu¶ · ² ­Q¶ ¹�¹�ª ¶ «$³ µ}¯ ©�ª!± º%« « ª µ%¯ ² »Q¨j©�ª�´�ª µ�ª « ¶ · ³ ¸ ª ¼¯ « ¶ µ�² ¬ ­ « ½$¶ ¯ ³ ­�µ�²k¶ « ª ¾ ¿�ÀpÁ�Â)À Ã ¿ ÃPÄQÅ ÀqÆ¾ Ç À Á�Â À Ã�È Ç Ã Ä Ç ÃPÉjÊ$Ë Ç Ã Ê�Ì Æ È Í Î Ì
Ï ©�ª « ª Ê È Ð Æ Ñ Ì ³ ²j¶q² ± ¶ · ¶ «&­ ¬C¯ ©�ª Ï ­ « · ¼�² ©�ª ª ¯ »7Ò ¯ Ï ³ · ·CÓ�ª�¼%ª ¯ ª « ½q³ µ�ª ¼p³ µc¯ ª « ½$²(­ ¬C¯ ©�ª�± ­)­ « ¼)³ µ�¶ ¯ ª ²Ð ¶ µ�¼ Ñ »Ô�¶ Õ)³ µ�´cº�² ªq­ ¬j¯ ©�ªpª Ö)º�¶ ¯ ³ ­�µ�²k­ ¬j½g­�¯ ³ ­�µ�®�¯ ©�ªp×�¶ « ³ ¶ ¯ ³ ­�µd­ ¬j¯ ©�ªg¶�± ¯ ³ ­�µ È Í Ì º�µ�¼%ª «k¯ ©�ªq¯ « ¶ µ�² Ø¬ ­ « ½$¶ ¯ ³ ­�µ�² È Í Î Ì ®%³ ² ¾)Ù4ÚjÁÜÛÝ�ÞCß�à Â À Ã�á�â)ã ÐkäjåÇjÀ Éjæ)ç È Ç Ã ÉPè ç Ê$Ë Ç Ã è ç Ê�Ì édê È Í ë Ìì�­ «p×�¶ µ%³ ² ©%³ µ�´!­ ¬P¯ ©%³ ²�×�¶ « ³ ¶ ¯ ³ ­�µ�®7­�µ�ªg¹�­)² ² ³ Ó%³ · ³ ¯ í�³ ²�¯ ©�¶ ¯ è ç Ê Ó�ª$± ­�µ�² ¯ ¶ µ%¯k³ » ª)» ®4³ µ�¼%ª ¹�ª µ�¼%ª µ%¯�­ ¬¯ ©�ªp± ­)­ « ¼)³ µ�¶ ¯ ª ² Ð ¶ µ�¼ Ñ ® è ç Ê È Ð Æ Ñ Ì Á�î ç ê È Í ï Ì¨j©%³ ²Pª Ö)º�¶ ¯ ³ ­�µ!©�¶�²P¯ ©�ªp² ­ · º�¯ ³ ­�µ Ê È Ð Æ Ñ Ì Á{î ç Ð ç Ä Ê�ð Æ È Í ñ Ì
Ï ©�ª « ª î ð ® î ò ¶ µ�¼ Ê�ð ¶ « ªp± ­�µ�² ¯ ¶ µ%¯ ² »¨j©�ªp± º%« « ª µ%¯ ²P¶�² ² ­%± ³ ¶ ¯ ª ¼�¯ ­g¯ ©�ª�¯ « ¶ µ�² ¬ ­ « ½$¶ ¯ ³ ­�µ�² È Í Î Ì ¶ « ª

ó Àç Á Íô ÞCß�à è ç ¿�ÀqÆ È Í õ Ì
ö À Ãç Á ÍÝ�ÞCß à ä)È ¿�À ÉPè ç ¿ Ã Ë ¿ Ã ÉPè ç ¿�À Ä è ç ¿ Ã É ¿�À ËQè ç ¿�À É ¿ Ã ÌÄ Û åÇjÀ Éjæ ç È Ç Ã ÉPÊ$Ë Ç Ã Ê�ÌCË Û åÇ Ã Éjæ ç È ÇjÀ ÉPÊgË ÇjÀ Ê�Ì éÄ Û È�åÇ À Éjæ ç Ç ÃPË åÇ ÃjÉjæ ç Ç À Ìjê È ô�÷ Ì¨j©�ªj± ­�µ�² ¯ ¶ µ%¯ Ê�ð ©�¶�²�µ�­Pª °4ª ± ¯ ²4­�µp¯ ©�ª(¯ « ¶ µ�² ¬ ­ « ½$¶ ¯ ³ ­�µ�² È Í Î Ì ¶ µ�¼�­�µ�¯ ©�ªj± º%« « ª µ%¯ È ô�÷ Ì »(øk± ± ­ « ¼)³ µ�´¯ ­�¯ ©�ªPª Ö)º�¶ ¯ ³ ­�µ�²7­ ¬�½g­�¯ ³ ­�µ�®%¯ ©�ª ² ª&± º%« « ª µ%¯ ²(¶ « ªk± ­�µ�² ª « ×)ª ¼k³ » ª)» ® è ç ó Àç Á ÷ ¶ µ�¼ è ç ö À Ãç Á ÷ »(Ò ¬4¯ ©�ªµ�­�µ�± ­�½g½qº�¯ ¶ ¯ ³ ×)ª Ï ­ « · ¼�² ©�ª ª ¯g± ©�¶ µ�´�ª ²�¯ ­!¯ ©�ª$­ « ¼)³ µ�¶ « í Ï ­ « · ¼�² ©�ª ª ¯ ®7¯ ©�ª$¯ « ¶ µ�² ¬ ­ « ½$¶ ¯ ³ ­�µ�² È Í Î Ì¶ µ�¼c¯ ©�ªp± º%« « ª µ%¯ È ô�÷ Ì « ª ¼%º�± ª�¯ ­q¯ ©�ª�­ « ¼)³ µ�¶ « í!± ¶�² ª)®�¶�²Pª ù�¹�ª ± ¯ ª ¼4»údû�ü�ýcþ4ý%ÿCý)ü���� � ����� � û�ÿ

ë



�
	 � ��
 � � 	 ��� � � ����
�� � ����� � ����� ��� �!� 	 � " � # � $%��
& '%( )+*�( , ' ,�-/. (�0& 1 ( )2* ( , � 1 , -/. 3 1 ,3 -/. 4 1 ,4 - 5 5 5 -/. 6 1 ,6 � 0 � 7�� �8�9 � 	 ��:;� 
<� ��� ��� � ��� 	=� ��$?> . 3 0 . 4 0 5 5 5 0 . 6A@ � 	 � � 	 ��� � 	 � 	 B%� ��� C�� � � ��� 
 D�� ��$1 (E )+1 (E�F 3HG�I�J 1 (E�F 3 I 0 �LKNMOKP: 01 (Q )+1 ( 5 � 7�7��R ��� � � 8 � � 9 � 9 ��� 9 � � � ��� � S��A� � 	 I D�� 9 � T�� 	 � � � � ���U� �A� 9 ����� � � ���N� � ��V!��$�� 	=� 9 ��� 	 � ��
 � � 	 ��� � � ����
� 7�� �AT�� ��� 
 9 � 
 WAX=� Y��!� $�� Z
� 	 � ��� � � "H��[�� 	 � � � 	�\;��
\ ) J �7�] ^ _ ` a _ b ` ) �7�] ^ � a 3 b�c J a Q b�d � 0 � 7�e��� 9 � 	 � � � 	 ��D 1 (E � � �%��� 8 	 � � � � �?��
 1A(E ) \LE 1A( 5 � 7 f��� 9 � 
<
 � �g[�" � Y�� 
<� 9 � 
 � � ����$�� 	 � ��
 � � 	 ��� � � ���%� �U� 7�� ����
�� 9 �=� � " " � 8 � �!�& 1A(L)2*�( , 6hE i Q . E \LE 1 , 0 . Q ) � 5 � 7����
j�� 	<� 9 � 
 [�� � � � "k� 9 � � � � 
 . E ) 3E�l � ��$%:nmpoq� 9 � 
�� 	 � ��
 � � 	 ��� � � ���O��� � ���g� 
& 1A(r)s*�( , � t![�u �7�] ^ � a 3 b�c J a Q b�d � v 1 , � w 0 x �)s* ( , 1 , u w J ] ^7La Q 0kx - ] ^7La 3 v 0 � 7�y��8�9 � � 9 � � " " � 8 
=��B%� ������� ��� � � ���O� �A� 9 �g
 9 � � � 
<���?� 9 � 8 � 	 " $!
 9 � � �L� ��� 	 $�� ��� � � 
 � ��$?��	 ��� � � � ���?� �� 9 � 
 [���� � � � �g��W� 9 � � V�	 	 � ��� 
���
 
 ��� � � � � $%� �g� 9 �L� 	 � ��
 � � 	 ��� � � ����
 � 7�� � D
� 	 �L� 9 � � V�	 	 � ���=� � z���� ��${ ( ,_ ) �f�|H}�~ u�� '%( G b _ ' , J ' , G b _ '%( - b _ ' , G '%( J b _ '%( G ' , �- ] 6hE i Q . E ���1 ( GA� _ \ E 1 , J �1 , GA� _ \ E 1 ( � v 0 � 7����
8�9 � � 9 � 
<� ����
 � 	 T�� $�� W ��W D b _ {�( ,_ )+� WA� 9 � 
A� 
��g� 	 �L��� �!� 	 � "H� 9 � �%� 9 � � V�	 	 � ���L� 7 � � W�=��� � � 9 � �=� 9 � [�� 	 � �g� � � 	 
L> . E @ D a Q � ��$ a 3 � �O� 9 � � 	 � ��
 � � 	 ��� � � ���N� 7����<� ��$�� �O� 9 ��� V�	 	 � ���� 7���� DH	 � ��� � �U� 	 ��� � 	 � 	 B�W�j�� 	 a Q );� a 3 DH� 9 �g��[�� 	 � � � 	�\�� 
L[�	 ��[�� 	 � � ����� "=� � b�� W�� �O� 9 � 
 � ��
 ��D�



��� � � � ��� �!��� �L� �!�=� ����� � � ���?� � ��� ��� �!�<� �
� � � ��� �H� �!�<�!����� ���g���!� � � �  �� � ¡�� �H� �!�<¢A� � £ �!� �!� � �A����� �!�� � � ��� ����� �=¤�� � �A� �H� �!�L� ��� � � ���<� ¥�¦�� ��� � ��§O¨©���!� � �L� � £ £ � � � � �g����£ ¡g� ��� �!�L��� � �  �� � �  �� ª�«A¬A��� �k� � �� �!� � � � �<¤�� ������� �=� ¤!¤�� � � �<������� ��� £H¤�� ������� � «A­�£ � �g� �!�=� � � ��� � � � ��� � � ���/� ¥�®��k� � �<§O¨©�=����£ ¡��������� � �  �� � �  �� �L� �=� �!��£ � � � �g�  �� �!�%� �g� �!��� � �������g�  �� �!�?� ���g¤����!� ��� �L� �<� �!��¢A� � £ �!� �!� � �L� � � ��� �����¯ °A±�² «
³µ´·¶%¸p¹O¸Lº »?¼¾½�¿�ÀkÁUÂ2¿�À;Ã�Ä?»ÆÅÇ �=� � ��� ��� � � � � � � �L� ��� �LÈ��!� ¢N� �!�<� �
� � � ��� ��� �!�<�!����� ���g���!� � � �  �� � ¡�� ��� �!�=� � � � �!� ¢A� � £ �!� �!� � �k���� �!�<�g� � � � ����� ��� � � ¡��g�g� � � � ��� � ��� � ��� ������� £ � � ����« Ç �=��� � � ��� �k����� �!� � ��É�� £ �!�kÊ���� �g� ��� �!�<Ê���� ����� �� � � � �!��� ���g� ��� �!�L� �!¤�� � � � � � �!�g� �!� � � � � � «A¬A�!�L� � � � � �A� ��� �!� � �<É�� £ �!��� � ��Ê��L� Ë!� � ��� � � � � � ���;� �!� � � �� � � � Ë���¤�� � � � � � � «Ì � �=� �!�LÊ���� ����� ��� � � � �!��� ����� � ��� �=� �!�L��¤�� � � � � �Í ± Î � Ï
�kÐ©Ñ ¥ ÒÓHÔ�Õ�ÖN×�Ø ÙOÚ�Û!Ü!Ý ±=Þ Û�ß�Ý Î�Þ<à á â ã ä Úæå � ¥�ç��è � È�� �!�g��� �L� �k� �!� � � £ �!� � ���/� ®�� ��� �!� � � � � � �<� � ���;� �!� � � � � �Í ± Î � ��� é �gê ë��ì Ï�Ð2��íAê � ¥�î��¢A�=� � ����� �!� � � � � � à Ü�ï á ð Ô ± Ü!ñ ëÔ Î Ü!ñ é ��ê ë��ì Ï�Ð2��í å � ò����­=� � � � ��� �!�g� ��� ��� �<� � � � � ¢A�L���  �� ó ± Îð Ð à Ü�ï á ð ó ± Î êô ± Îð Ð à Ü�ï á ð ô ± Î êõ ð Ð à Ü�ï á ð õ å � ò�� �¬A�!� � � � � � ���k� �!� � ��É�� £ �!��� � È�������£ ¡+�?¤!����� ��« è ����� É
� � � � ���2� �L� �!�%��� £ � � ���P� ��� �!��� � � �!�?� � � � �!�� ���!¤�£ � �!��� ����� � � ��� «Ì � ��� �!��� �!¤�� � � � � � �!�!� ó ± Î � ô ± Î � ��� õ � � ��� �!��ö ÷!ø=ö ÷?� � � � � �LÉ�� £ �!� «?¬A�!��� � � � � �L� �<� �!� � �É�� £ �!�<� � ��Ê�� � Ë!� � ��� � � ��� � ���;� �!�=� � £ £ � ¢A� �!�%� � � � �Ñ ¥ ÒÓ Ö × Ø Ù?Ú ° ±Ü Þ ° Îß Ú é �gê ë��ì Ï�Ð2��í å � ò�¥��Ì � ���;� ��� �<� � � � � ¢A�<� � ����� �!� � � � � �à Ü á ð ù ± Ü!ñ ú Ø ëù Î Ü!ñ ú Ø é ��ê ë��ì Ï�Ð2��í å � ò�ò��ç



û=ü ü ý þ ÿ�� ����� ý�� �	� 
�
 � � � 
�����
Lý���� � � �
�	� ������ ��� � � � ���
� � ������ ��� � � � � �
! � ��� ��� � !#" $ % &	'

( ��
 þ 
 ) ý þ 
���� ��
<ü ý þ þ 
 ü � � ý��*
ký )+� ��
�,�
 � þ � ü���� �	� � 
 -	,�,�
 � þ � ü.� 
 �*
 ý þ.� ��ÿ�ÿ�� / � � ý��0� ��� ��
1
 2�3*
 þ 
 � þ � ���
� ��
 ý þ -0� þ 
Lÿ�� 45
 þ 
 �	��) þ ý�,6� ��
 � þ<ü ý þ þ 
 ü � � ý��*
7� �8� ��
1��ý�
 ý��	� ü�
 � þ � ����� ��
 ý þ -�97:�� ��ü 
�; < 3*� þ � ,�
 � 
 þ�� 
þ 
 � / ��� ��
=þ 
 � /=3*� þ � 
�ý )7� ��
 
 
1>*
 / ÿ�
<ü � �8�*
1� �	� 
 þ 3�þ 
 � 
 ÿ8��
.3��	-�
 � ü � /+>*
 / ÿ�
 9
?A@6B�CED�F GEHJI B�CEH

( ��
1�!ý���ü ý�,�,�2�� � � � K�� � -�ý )=� ��
1
 � þ � �����Aý þ / ÿ�
 ��
 
 �7/ 
 ��ÿ�
�� ý � ��
1�!ý���ü ý�,�,�2�� � � � K�� � -�ý )=� ��
1
 3*��ü 
 <
� � ,�
�9 ( ��
0/ � � � 
 þ�ÿ	
 3*
 ��ÿ�
 ý��L3�þ ý��	� ���M�	-Oý�3*
 �/ý þ�ü / ý�
 
 ÿL
 � þ � ����9ON )1
 ý�,�
�ý )1� ��
P
 3*��ü 
 � � ,�
ÿ�� þ 
 ü � � ý��*
1� þ 
�ü ý�,�3*��ü � � >*
 ÿ�ý��E� ý þ � �*� ��
��!ý���ü ý�,�,�2�� � � � K�� � -�ý )7� ��
�
 3*��ü 
 � � ,�
 ÿ	
 3*
 ��ÿ�
<ý��P� ��

,gý�,�
 �	� 2�,6�	2�,��*
 þ 
.� ��ÿ8� ��
 ��� ��ÿ�� ���0�	2�,��*
 þ 
Aý )J� ��
 3�þ ý��	� ����ü / ý�
 
 ÿP
 � þ � ����9
Q -R��ÿ!ÿ�� ���R
 ý�,�
O��ÿ!ÿ�� � � ý��*� /0� 
 þ ,0
0� ýL� ��
MS�ý � ��ü � þ�T
O� þ � �*
 ) ý þ ,0� � � ý��*
%ý )�� ��
M�Aý þ / ÿ�
 ��
 
 �

) 
 þ ,�� ý��*
 ��� ��
�S�ý � ��ü � þ�T
1
 -	,�,�
 � þ - ý )+� ��
1
 2�3*
 þ 
 � þ � �����.��
7��
 ��
 þ � / � U 
 ÿ59 ( ��
��!ý���ü ý�,�,�2�� � � � K�� � -ý ).� ��
�
 2�3*
 þ 
 � þ � ���E�Aý þ / ÿ�
 ��
 
 � 3*
 þ ,�� � 
1� �	� 
 ��
 ��
 þ � / � U � � � ý��L� ��ÿOü ý��*
 
 V�2�
 �	� / -E� ��
���
 ��
 þ � / � U 
 ÿ
) ý þ ,;ý )7� ��
���
 
 ý�ü � � � 
 ÿ?ü ý��*
 
 þ K�
 ÿ�ü 2�þ þ 
 �	� 9
( ��
�W�:�X1W�:�>*
 / ÿ�
�ý )7� ��
�� -	3*
 N N.
 2�3*
 þ 
 � þ � ��� $ � 9 
�9 �	� ��
�,�
 � þ � ü��*� �	� � 
 -	,�,�
 � þ � ü1� 
 �*
 ý þ � ��ÿÿ�� / � � ý�� ' ü �*� ����
 ÿ%ý��	/ -P�	-P��3��*��
 
�9 ( ��
�ü �*� ����
 
<ý )7� ��
 
 
�>*
 / ÿ�
.� �E� ��
���ý�
 ý��	� ü�
 � þ � ���0� ��
 ý þ -��

� þ 
 ÿ�� 45
 þ 
 �	�.) þ ý�,Y� ��
 � þ=ü �*� ����
 
�� �P� ��
�
 2�3*
 þ 
 � þ � ���0� ��
 ý þ -�9
Z\[1]�[1^7[ CED [ H

_ ` a û�95bký�����
 
 �Jc d8e f+g e h8h8i*j k�j l m �.n � e h � j o p5�!û=ü ��ÿ	
 ,�� ü1S�þ 
 
 
 q $ ` r�r &	' 9
_ s a t 9�uL� � � 
 �+��W12�ü / 9�S7�	-�
 9*v�w�x*y $ ` r�z�{ ' s�| % 9
_ % a û�95bký�����
 
 ��}~9 ��9	�=ý�2�� / ��
 � ��ÿ%û�9*:�ü �	�.� þ U��	��� t S#�*y*�5w $ ` r�r�z ' ����% �+��
 3	< � �5� r���`�`�` {�s 9
_ & a � 9 t 9 b7��
 2����1� ��ÿ }~9 �=þ ý����+��W12�ü / 9 S7�	-�
 9 v��*w�y $ ` r�r�z ' ` z�| �	��
 3	< � �5� r�z ��%���% `�� b�9 :*9�b7�	2�� ��ÿ
SJ9 }~9=�=ý��7W12�ü / 9JS7�	-�
 9Jv��*��� $ ` r�r�r ' ` |	` ����
 3	< � �5� r�z	` s�s	` r	� W12�ü / 9JS7�	-�
 97v���x*y $ s ������' &�& � �
��
 3	< � �5� r�r � {	` r�s��=� 95:�ü �!ý�,�
 þ 2*
 ����� t S��*�*�*x $ ` r�r�r ' ��%�� �=��
 3	< � �5� r�r ��% s � |	�=� 9
û�þ ÿ�� / � �+�5��9û�þ ) � 
 � � ��ÿL}~9 }�:���
 � �	�	< �	� ���*� þ � �1��� t S��*�*�5w $ ` r�r�r ' � ` { �1��
 3	< � �5� r�z	` ��� � s�� W12�ü / 97S7�	-�
 9
v��*��x $ s ������' |�� z �J��
 3	< � �5� r�r � {	` {	`�� }~9 ��9��=ý�2�� / ��
�� ��ÿEW�9 û�9�W1
 ��þ ��
 ý K5�*��
 K59*}?ý�ÿ595S7�	-�
 9

r



���P� ��������� �������*��� �	� � �5� �	  ��¡�� ¢�£	¤*¥J¦ §~¦�¨1©�ª «*¬�­�¦ ®1¦ ­7� �+��¥7�	¯�° ¦�±�� ²5¦�³5� � � ¦�´5µ8� ��������� ¶�¶���·	�
��� �	� � �5� ������¶	  ¶���¤E¸�¦ ¹�º »�ª � � º8ª «*¬¼³J¦�½�¾*° ° ¿�º «*¬5��¥7�	¯�° ¦1±�� ²5¦ À8Á5Â6� ��������� ��¡�¡���� ¢*�8��� �	�
� �5� ������£���¶�¡	¦

Ã ¶ Ä Å�¦5½�� º Æ*� Ç »0ª «*¬8È�¦�ÉLº � � � «+��Ê�¨1È7¥#Ë*Ë*Ì*Ë+�   ������� ��·��	�5��� �	� � �5� ������£	  ¢���¦

Ã ¡ Ä §~¦ ±�¦*¸1©�¾�» Í ª�° ª «*¬OÎ�¦*¨1¾	Í Í �5Ê�¨1È7¥�Ë*´*Ì5Â5�   ����£�� ����£	�=��� �	� � �5� ���� � �  ¡�¶	¤�Ï�¦+³+ª «*¬�º �+Ð.¦5³*º Ñ Ñ º
ª «*¬8±�¦ Ê*¦*½�Ñ ª Æ*©��+Î7©�Ò�Ò�¾�«+¦�§Mª � �+¦�¥7�	¯�° ¦*Â�Ì*Á+�   ������� ¡���·	�+��� �	� � �5� ��£���¡������	¦

Ã � Ä È�¦�Ð�Ç ª�¬	¿�º «Óª «*¬ÕÔ�¦�®.° � ¯	� Í º «+��¥7�	¯�° ¦�³5� � � ¦1Ö0×�µ�´+�   ��£�¶�� ·	  ¡	¤PÔ�¦1½	Ø �	Ù.ª Ç Ñ�� Å1¾*Ø Í ¦.¥7�	¯�° ¦
Ö�µ��*Ú+�   ����£�� � ���	����� �	� � �5� ��£���¶���· ¢�¤1Î�¦=¨1© Û Ò0ª «~ª «*¬MÈ�¦+Ü7� Ç Í º «*¬	���JÊ�¨1È7¥ÓË*´+×�Â5�   ����£�� �	  �	�
��� �	� � �5� ��£	  �	 �  ¡�¦

Ã £ Ä ±�¦5½	Ø �	º ª ���*ª	�*Å1¾*Ø Í ¦	¥7�	¯�° ¦*Ö�Á*Ì*´+� �����	  � ·	�5��� �	� � �5� ������¶	  ¢�¶	¦

Ã � Ä�½*¦ §Pº «	Ù.ª Í Í ª	��§~¦ ²�ª « ±1ª�ª Ò0° ¬	©�«�¿�ª «*¬ Å�¦ ½�� º Æ*� Ç »�� Ê�¨1È7¥EÌ*Ì*Ì5Â5� ��������� �����	����� �	� � �5� ���	  ����� �	¤
§~¦�²�ª «8±1ª�ª Ò0° ¬	©�«�¿0ª «*¬0Å�¦	½�� º Æ*� Ç »���Ê�¨1È7¥LÌ*Ì*Ì*�+� ��������� ��·�¶	¤*Å�¦�½�� º Æ*� Ç »��*³J¦�½�¾*° ° ¿�º «*¬8ª «*¬
Å�¦�®+©�¾�Ò�Æ*ª�° ��Ê�¨1È7¥YÌ*Ì*Ì*Á+� ��������� � ¢�¢��1��� �	� � �5� ������¶��	  ¶	¤�Ý�¦ Ê*¦�Ï1ª «�© Ç �1Ï�¦7±1ª Þ � ° �#ª «*¬R½*¦
½�� � �	º �*¥7�	¯�° ¦�±�� ²8À8Á5Â5� ���������   ��¶�����£	�+��� �	� � �5� ������¶�� ¢�¡�¤+±�¦5Ï�©��*ª ¿	¾�Ò0ª Ç �*Ê*¦�§Mª Í ¬�ª�Ø � «*ª	�+½*¦
§Pº «	Ù.ª Í Í ª0ª «*¬PÔ�¦*½�� Ç ©�Ò�º «�»�� Ç �*Ê�¨1È7¥#Ì*Ì*Ì*Á+� ��������� ��·�¡	�+��� �	� � �5� ������¶�� ¢�£	¦

Ã   � Ä ¸�¦	ß�ª Ò0ª «	º �=à á â�ã*ä â�å�å�æ	ç è�ç é ê�ë1ì*æ í*ë î ï ç î é ã�ðMñPâ�î ò ó ï ô*ë ë ç õ	�	� ©�ª ���*� ª Ç.º «0È7¾	Ç ©�¦	¥7�	¯�° ¦�Ê�©�¾	Ç ¦
Î������ �	� � �5� ������£�������¦

Ã  �  Ä ¸�¦�Ð�Ç º � ¬�ª «+�7à ö6ç ë ã�ç è�ç é ê�ë�ç ô*ë â�î ÷0â ø ò è�î ð	ë�ó�é ï ç è�ã*ä ë.í�ô	÷ ï é ä ï õ	����� �	� � �5� ����� ¢�  ·	 �¦

  �



FШZШKA                                             2002                                                CШLD VIII  № 3 

 

THE POLARISATION OF THE SCATTERING PARTICLES ON HIGH ENERGY 
APPROXIMATION 

S.G. ABDULVAHABOVA, E.A. RASULOV 
Baku State University 

 
The differential cross-section of diffraction p9Be scattering at high energies and polarization effects are calculated in the 

framework of the multiple scattering theory. By taking explicitly into account the composite structure of nucleons exchange 
effects we eliminate some discrepancies between the theory and the data that were recently pointed out. 

 

1. Introduction 

 
The available experimental data point to the absence of the energy interval of scattering. This makes a basis for 

the hypothesis about the existence of a non-zero polarization research on the future accelerators will provide 
information about the structure of the nucleon interaction at large distances. 

Using different hypotheses about the property of the nucleon interaction at large distances a number of model 
approaches leads to the nondisappearing polarization in high -energy processes at small transfer moment.  

In this paper we regard the model results for the polarization effects of nucleon-nuclei scattering.  Early, it was 
shown [1] that in the framework of the hypothesis concerning the existence of quark bag in nuclei we managed to 
describe the behaviour of the formfactors of nuclei at large q and structure functions of nuclei. The parameters of 
quark distribution in the bag at k>>k0 (the parameter k0 may in principle be different for different bags) extracted 
from the data on formfactors and on deep inelastic scattering of nucleons on nuclei proved to be very close.  

The purpose of this paper is to show that disagreement between the high energy Glauber theory and the data 
disappears if the composite structure of nucleons is explicitly taken into account in the calculation of the differential 
cross section and polarization effects p9Be reaction according to the multiple scattering theory.  

 

2. The model formalism 

In agreement with the Glauber theory [2], which is a rather accurate one at high energy< the amplitude of the 
direct reaction of proton on a nucleus may be written as 

 

 dbШГ(b)Шexp(iqb)
2р
ikf(q) ∫= , (1) 

 [ ]∏
=

−−−=
A

1j
jj )s(bг11Г(b) . (2) 

 
Here q is the momentum transfer, k is the value of the wave vector of the scattering proton, b is the impact-

parameter vector, )r,...,r,Ш(r A21  is the ground state wave function of the nuclei, Г(b)  is the total proton – nuclei 

interaction profile function, (b)jг  is the profile function for the elementary proton-nucleon interaction, brackets 

||  mean interactions over the nucleon coordinates. 

A nucleus in the quark model is described as a system of many clusters, and each cluster consists of three quarks. 
Then a nuclear non-antisymmetrized wave function in the oscillator-cluster model can be written as [3] 

  

                                )R,...,R,R()r,r,r()r,r,r( 921272625N321NBe 91
9 χφφΨ L= ,                                       (3) 

 
where the nucleus is pictured as a bag with radius RA, located at R9 enclosing A nucleons with radius located at Ri. 
Using the relations 
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3

rrrR i31i32i3 ++
= −− ,    i=1,2,…9 (4) 

and 

                    )R/rexp()R()r( 2
h

22
h −= πφ , (5) 

 
we can write (3) in a factorised form 
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  Then scattering amplitude (1) may be written in the form 
 

    N|))(1(|MDet))(iexp(d)2/ik()q(f
3

1i

3

1j
jiMNmnMNmn ∏∏∫

= =

+−−−−= rsbqbb γδδδδπ . (7) 

 
The matrix element of the profile function between the single particle states described by the quantum numbers 

M and N.  
We consider the case where spin-flip is neglected. It is important to emphasise that the case of the nucleon-nuclei 

scattering the leading asymptotic terms of the spiral amplitudes is also determined by the contribution of the quark 
cluster with the evident replacement of  )q(f  by the pion-nucleon scattering amplitudes.  

Use of the spin-non-flip amplitude of the p9Be reaction, obtained from the formulae (7) permits us to calculate 
the correct picture of polarisation at  pL=40 GeV . Note that in work [3] it was supposed for simplicity that the form 
of the cross-even amplitudes of nucleon-nuclei scattering is equal to the cross-odd part.     

 
3. Comparison with the experimental data. 

 
         Figure 1 compares the results of the calculation based on formulae (7), with the experimental data for p9Be 

scattering [4]. The solid line corresponds to the cross section calculated eq.(7). The dashed line corresponds to the 
experimental data.  Figure 1 shows that the composite nucleon model yields better agreement, and the Glauber 
approach extended to the nucleus-nucleus scattering leads to satisfactory  

        Fig.1 The differential cross sections                                                                   Fig.2  The polarisation of the  
                  of the  p9Be reaction                                                                                            of the  p9Be reaction 
 

consistency of the calculated cross section and their t-dependence with those obtained experimentally. However, 
taking into account the exchange terms improved the agreement between theory and experiment. 

 

dσ
/d
Ω

  (
m

b/
G

eV
2 ) 
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The model prediction for the polarisation of elastic p9Be scattering, corresponding to the experimental data at  
pL=40 GeV is shown in fig.2. Note that the model predicts a large polarisation at high energies in the range of the 
diffraction peak. The analysis shows that when the preasymptotic corrections are absent, we have the zero 
polarisation. 

The authors express their gratitude to prof. S.Hajiyev for discussion of the trend of this work. 
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С.Г. Ябдцлващабова, Е.А. Рясулов 

 
СЯПИЛЯН ЗЯРРЯЪИКЛЯРИН ЙЦКСЯК ЕНЕРЖИ ЙАХЫНЛАШМАСЫНДА 

ПОЛЙАРИЗАСИЙАСЫ 
 
Йцксяк енержилярдя p9Be дифраксийа сяпилмясинин дифференсиал кясийи вя полйаризасийа 

еффектляри чохдяфяли сяпилмя нязяриййясинин чярчивясиндя щесабланмышдыр. Нуклонларын мцряккяб 
структуруну вя нуклон мцбадиляси иля баьлы еффектляри нязяря алараг, нязяриййя вя тяърцбя арасында 
олан уйьунсузлуглар арадан эютцрцлмцшдцр. 
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ПОЛЯРИЗАЦИЯ РАССЕЯННЫХ ЧАСТИЦ В ВЫСОКОЭНЕРГЕТИЧЕСКОМ ПРИБЛИЖЕНИИ 

 
Дифференциальное сечения дифракционного p9Be рассеяния  и поляризационные эффекты при высоких 

энергиях вычислены в рамках теории многократного рассеяния. При учете составной структуры нуклонов и 
эффектов с обменами нуклонов устранены расхождения между теорией и экспериментом. 
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