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Zusammenfassung

Im ersten Teil dieser Arbeit wird die frequenzabh�angige dielektrische Funktion der

Ag(100)- und Ag(110)-Ober
�achen f�ur Energien zwischen 0 eV und 8 eV berechnet.

Die Berechnung erfolgt in einem Schichtmodell in RPA; die Bandstruktur der s-, p-

und d-Elektronen wird mit einem einfachen Tight-Binding-Modell erzeugt. An den

Ober
�achen treten unterhalb der Interband-Kante neue Beitr�age zur dielektrischen

Funktion auf. Diese Beitr�age besitzen die Form der Intraband-�Uberg�ange des Volu-

mens und resultieren aus �Uberg�angen zwischen Volumenzust�anden; diese �Uberg�ange

sind im Volumen verboten. An der Ag(110)-Ober
�ache liefert ein �Ubergang zwischen

zwei Ober
�achenzust�anden einen zus�atzlichen Beitrag.

Im zweiten Teil dieser Arbeit werden die Ober
�achenzust�ande der Ag(100)-

Ober
�ache untersucht. Die Rechnungen erfolgen mit einer selbstkonsistenten Pseu-

dopotentialmethode. Nach der Berechnung der strukturellen und energetischen Ei-

genschaften einer ges�attigten �Uberstruktur aus Chlor wird der Ein
u� dieser �Uber-

struktur auf die Ober
�achenzust�ande behandelt. Zus�atzlich wird in den Rechnungen

ein homogenes elektrisches Feld ber�ucksichtigt; mit Hilfe des elektrischen Feldes l�asst

sich eine Metall-Elektrolyt-Grenz
�ache simulieren. Die erwartete Unterdr�uckung der

Ober
�achenzust�ande bei ges�attigter Adsorption wird nicht bei allen Ober
�achen-

zust�anden der Ag(100)-Ober
�ache beobachtet: ein Ober
�achenzustand spaltet drei-

fach auf. Der E�ekt der Elektrostriktion an Metallober
�achen wird diskutiert.



Abstract

Microscopic calculations of the optical properties of the metal surfaces

Ag(100) and Ag(110) as well as of the system Cl/Ag(100)

In the �rst part of this work the dielectric response of the Ag(100) and Ag(110)

surfaces is calculated as a function of frequency in the range of 0 eV to 8 eV. The

calculations are based on a layer model in RPA; the bandstructure of the s-, p- and

d-electrons is generated by a simple tight-binding model. New contributions to the

dielectric function near the surface appear below the interband threshold . These

contributions have the shape of the intraband transitions of the bulk and result

from transitions between bulk states; these transitions are forbidden in the bulk.

An additional contribution in the case of the Ag(110) surface has its origin in a

transition between surface states.

In the second part of this work the surface states of the Ag(100) are investiga-

ted. All calculations are done with a self-consistent pseudopotential method. First,

the structural and energetic properties of a saturated overlayer of chlorine are cal-

culated. Then the in
uence of this overlayer on the surface states is investigated.

Additionally, a homogeneous electric �eld is taken into account in the calculations;

a metal-electrolyte boundary can be simulated by the electric �eld. The expected

quenching of the surface states by the saturated adsorption layer is not observed

for all surface states; one surface state splits up into three states. The e�ect of

electrostriction on metal surfaces is discussed.
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with a double grating monochromator. The RAS system was
mounted in front of a strain-free quartz window17 at the
UHV chamber. The RAS signal consists of the real and the
imaginary part of the reflectance anisotropy:

Dr

r
52

r [11̄0]2r [001]

r [11̄0]1r [001]
. ~1!

Real and imaginary parts of the RAS data were checked
afterwards for consistency by using the Kramers-Kronig
relations.18

The RAS spectra were further analyzed in terms of the
surface dielectric anisotropy. For this purpose a three-phase
model was considered. It assumes a homogeneous bulk with
an isotropic dielectric function eb , an optically anisotropic
surface layer ~thickness d!l! with De5e [11̄0]2e [001] , and
the surrounding vacuum. Within this model the surface di-
electric anisotropy is related to the measured reflection
anisotropy19 by

Ded5

l

4pi
~eb21 !

Dr

r
. ~2!

The bulk dielectric function which is needed for this analysis
was obtained from data taken ex situ with a standard rotating
analyzer ellipsometer.18

Angle-resolved photoemission data were collected using a
commercial VG BLADES electron analyzer with an angular
resolution of 4°. All experiments were performed at a fixed
energy of hn532 eV which gives a high cross section for
the surface state at Ȳ .20 The angle of incidence of the pho-
tons with respect to the surface normal was fixed to 45°. The
sample was orientated with the @001# azimuth parallel to the
polarization of the incident light.

RAS spectra ~real part! of the clean Ag~110!-(131) and
the oxygen induced (431) reconstructed surface are shown
in Fig. 1. The dominant feature in both spectra is a peak with
a derivativelike line shape around 3.9 eV. Similar results
have been already obtained in previous measurements.14,15

These structures have been described by Tarriba and
Mochan21 using a phenomenological surface local field

model. A more microscopic explanation could probably in-
volve near surface bulk transitions since the derivativelike
peak structure around 3.9 eV in our spectra is close to the
onset of the bulk d band transitions at 4 eV.

The positive value of the anisotropy in the energy range
between 2.5 and 3.8 eV occurring on the oxygen-covered
surface @Ag~110!-(431)-O# probably has its origin in the
excitation of surface plasmons. The formation of Ag-O
chains22 with an increased surface roughness was deemed
responsible for the excitation of surface plasmons by light
due to a relaxation of k conservation. This is consistent with
the results of Rocca et al.,23 who indeed found an anisotropy
of the surface-plasmon dispersion on Ag~110! surfaces even
for small wave vectors parallel to the surface.

The new feature besides these well known structures is a
much smaller peak occurring at an energy of 1.7 eV. It is
assigned to a transition between an occupied surface state 0.1
eV below ~see Fig. 3! and an unoccupied surface state 1.6 eV
above the Fermi level,24 both located at the Ȳ point of the
surface Brillouin zone. As expected, this transition is absent
on the oxygen-covered surface. The anisotropy in the optical
reflection spectra of the clean Ag~110! and Cu~110! surfaces

FIG. 2. Real and imaginary part of the surface dielectric anisot-
ropy ~SDA! of the clean surface. The SDA was calculated using
RAS data measured at T5300 K.

FIG. 3. Photoemission spectra for the clean and oxygen-induced
(331) surface taken at Q516.5° off-normal emission. The spec-

trum for the clean surface shows the surface state at Ȳ .

FIG. 1. Real part of the RAS spectrum for the clean Ag~110!-
(131) and the oxygen-covered Ag~110!-(431) surface at T
5300 K.
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2. Schnitt 

 

 

SOM-C
-2,93 eV
1. Schnitt 

 

 

� � � 7 � ��� ����*+� � ��	57 " � � � " ��� ����� � � � � �-� � � ��" 7 ��� 7 � ��$�" 7 �/� " � � 7 " � � " �  �� " � "#���� ��" ��� ��� � �+��� " �
� " �#��� 6��&6 � � �  ��� �� � " � � � � ��$�� �-�
�+� .021 3 4 5�4 7 � !�� ��$ � �'	57 " � " � � ��� � �+��� � " � 7 � � ��7 ��� " 7 � " �
��� � ��7 � � " � " �-" � " 7 ��" " ��� � 7 � ��" � � � " ��� ����� � � �+� �-� � � ��" 7 ��� 7 � ��$ " 7 � � �#��-�&��" 7 � " � "/$�� � ������ " � � �����" ���-� 7 " ��" � � � ��*+� �!� ��� ��" ��� �

YEL2W =5;Ea YE@ U 9 K#;�tu; 9 U @ cYEK#;�, L2@>_�YEM2L2D2K#Z M29 W =EU ;OYED*M2; DG[J9 V I
; @ YEU ?EAB; D�M2; @H~�I
; @ ��cY#W =2;:Y#LJX 6
�HD2AB9 U U ; V I2YE@�?#I0; @ =2YEV I�M2; Z �
L2Z U YED2M2; ZG[2~:v*a tH5�I0; :0D2M2; UGZ 9 W = M2; @�Y#DEU 9 I29 D2M2; D2M2;

�
L2Z U YED2MG[2~:v*a ��
0M2; @jcL2I
; @ %H9 ; KE; D2MG[J9 V I0; @ a P�;Ea L2D2M �u=2V ?#@ a ^ � � � 
 a t>; 9 U @ cY#KE;�; DEU =�cY#V U:d C2KEV 6
eHI2I
6
]J6 hEf 6
RTZH=2YED2M2; V U�Z 9 W =GL2Al; 9 D2; D��
L2Z U Y#D2MGM2; Z�;#a t>YED2M2; Z 
0M2; @HM2L2@ W =GM29 ;Otu9 D2M2L2D2K
AB9 U�M2; A�e�M2Z ?E@ I2YEU:9 D�M2YEZ�� �2a t>YED2M�Y#D2KE; =2?EI
; D %H9 @ M
6�RT9 DGM2Y�, L�r2YEZ Z ; D2M2; @:I29 D2M2; D2M2; @
�
L2Z U YED2M�9 Z U>9 DBM2; D�tuY#D2M2V cL2W `E; D*D29 W =EU , L�:0D2M2; D
62RTI
; D2Z ?j` Y#D2DB`E; 9 D��
L2Z U YED2M�K#; X L2D2M2; D
%u; @ M2; D�

M2; @>AB9 U��
L2Z U Y#D2M*e�C#; @ KEV ; 9 W =#I2Y#@*%OcY#@ ; 6
�HA�M2; D�v*; W =2YED29 Z AjL2Z:M2; @:eHLJX Z r2Y#V U L2D2K�M2; @:~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;�I0; Z Z ; @ , LGC#; @ a

Z U ; =2; D�
 %u; @ M2; DjM29 ;u~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2;uM2; Z .� a qTL2D2`EU ; Z�Y#L2W =:X cL2@�; 9 D2;Tt>; M2; W `#L2D2K�C#?ED
; 9 D2; @:vG?ED2?#V YEK#;OL2D#U ; @ Z L2W =#U 6�� D�M2; D�tuY#D2M2V cL2W `E; D�I0; :0D2M2; D�Z 9 W =�M29 ;OC29 ; @:~�I
; @ ��cY#W =2; DJa
, L2Z U cY#D2M2;Br�d 7 �H7 f a tH7 
�r�d 7��>7Ef a 8 
�r�d 7 �H7 f a t>5�L2D2M�r�d 7 �H7 f a ��
�M29 ;j9 D�eHI2I
6�]26 m %H9 ; M2; @
9 D�M2; D�I0; @ ; 9 U Z:I0; ` YED2D#U ; D�[JW =2D29 U U ; I
; D2; D�r2Y#@ YEV V ; V , L .9 a .0 M2YE@ K#; Z U ; V V U:Z 9 D2M
6
8:Y�M29 ; Z ;
[#U @ L2`EU L2@:; 9 D2;j; 9 D2YEU ?EAB9 K#;O~�I0; @ ��cYEW =2; DJa RT9 D2=2; 9 U Z , ; V V ;OI
; Z 9 U , U 

Z r2Y#V U ; D�M29 ;j[JW =2D29 U U ; I0; a



� � ��� ��
������ �
� �� �
����� 
�� 	 ������� � �B�#� ��� � mE^

M
itt

e

4.
 L

ag
e

3.
 L

ag
e

2.
 L

ag
e

1.
 L

ag
e

C
hl

or

p(1x1)-C
-3,15 eV

 

 

 

p(1x1)-B2
-2,73 eV

 

 

 

p(1x1)-D
0,31 eV

 

 

 

p(1x1)-B1
2,32 eV

 

 

 

� � � 7 � ��� ���+*+� ����	57 " � � � " ��� ����� � � � � �-� � � ��" 7 ��� 7 � ��$�" 7 ������-���+7 " � 7 " �� �� " � "#���� ��" ��� ��� ����+��� "
� " �)� � � ��� � � �� � " � � � � ��$�� �-� �+� .� � !�� � $�� � �#��-�#� " 7 � " � "!$�� � ������ " � � � � " ��� � 7 " ��" � � � �
*+� �
� ��� ��" ��� �



mEP � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �

� � � 7 � ��� ��� *+� 
���	57 "�$<��" � � 7 " � � " �( �� " � "#���� ��" ��� ��� ����+��� " �+� .� � � � ��� .0 1 3 4 564 7 � !�� ��$ �
����-���+7 "07 � �+7 " � " � � � � � � �27 � �)� ��� " � � ��� ��� " � �� � " � � � � ��$�� �-� " ���
	57 " � 7 ��7 " � �+7 " ��" �#���-�
� �-���#����-� � � ��� " � � � ��" � ��	57 ")�/��� ��� � ��� " � � " � 7 " ��" � � 7 � ����� �!�+7 " 7 � ��" ����" 7 ����" ������-� � "
��� ��" ��$ � ��� �-� ��
�� ����" �+� ���� ��" ��� " ��� " ���+7 "
�2� 7 � � ��� � � ��+��� " ���+���
D2; DG=29 ; @>D29 W =#UHY#LJX 608�9 ;:_�Y#M2L2D2KEZ C#; @ U ; 9 V L2D2KBM2; @��
L2Z U cYED2M2;Or�d 7 �H7 f a tH7OL2D2MGr�d 7 �H7 f a t>5
; D#U Z r2@ ; W =2; D�M2; D2; D�M2; @ �
L2Z U cY#D2M2;B[2~:v�a tH7BL2D2M�[2~:v�a t>5J6
8:Y�DJL2D�Y#V V ;OeHM2Z ?#@ rJU 9 ?ED2Z a
r2V cY U , ; D�M2; @�e�K2d 7 zEzJf a ~�I
; @ ��cY#W =2;GI0; Z ; U , UGZ 9 D2M�
�:0D2M2; U*ABY#D�M29 ; Z ; �
L2Z U cYED2M2;�YEL2W = 9 D
YEV V ; DGe�M2Z ?E@ rJU 9 ?#D2Z r2V cY U , ; D
6�RTI
; DJX Y#V V ZHC#?E@ =2Y#D2M2; D�9 Z U %H9 ; M2; @�; 9 D �
L2Z U YED2M�d r�d 7 �H7 f a �>f 

M2; Z Z ; D�_�YEM2L2D2K#Z C#; @ U ; 9 V L2D2K�cL2I0; @ %H9 ; K#; D2M�e�K a P+;#auL2D2M �uV a ^ � � � 
 a �u=2YE@ Y#`EU ; @HI
; Z 9 U , U 6�[J; 9 a
D2;��T; @ U ; 9 V L2D2KycY#=2D2; V UB; 9 D2; @ c��I0; @ V YEK#; @ L2D2K�M2; @jI
; 9 M2; D�[JW =2D29 U U ; I
; D2; D�M2; Z��
L2Z U YED2M2; Z
[2~:v�a � d C2KEV 6#e�I2I
6J]J6 hEf L2D2M�%H9 @ MBM2YE=2; @TY#V Z>cY �#L29 CEY#V ; D#U*, L�M29 ; Z ; A�YED2K#; Z ; =2; D
62{HcL2@TM2; D
�
L2Z U YED2M�r�d 7 �H7 f a 8 
JM2; @uD2YE=2; , L�Y#L2Z Z W =2V 9 ; �#V 9 W =BYEL2Z �uV a ^ � � � 
 a ~�@ I29 U Y#V ; DBI0; Z U ; =#U 
JK#9 IJUu; Z
`E; 9 D2; D*M29 @ ; `EU>C#; @ KEV ; 9 W =#I2Y#@ ; D��
L2Z U YED2M*M2; @H[2~:v*a c��I0; @ Z U @ L2`EU L2@HI�, %:60M2; @>L2D#I
; M2; W `EU ; D
~�I0; @ ��cYEW =2;E60RTZuX cYEV V U � ; M2?JW =*Y#LJX 
2M2YEZ Z>M29 ; Z ; @��
L2Z U Y#D2M*; I
; DJX Y#V V Z � � � 
 a �u=2Y#@ YE`#U ; @>I0; Z 9 U , U
%H9 ;:M2; @��
L2Z U Y#D2M*t L2D2MG9 AlZ ; V I
; DGRTD2; @ KE9 ; I0; @ ; 9 W =GV 9 ; KEU 62RT9 D �
L2Z U Y#D2MGe `E?ED2D#U ;OYEL2W =
X cL2@>M29 ; Z ;:tu; M2; W `JL2D2KBD29 W =#UHK#; X L2D2M2; D�%u; @ M2; D
6
eHI2I
6E]J6 puX Y#Z Z U�M29 ;TRTD2; @ K#9 ; D:M2; @�~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;>M2; Z .� a qTL2D2`EU ; Z�9 D:eHI2=�cY#D2KE9 KEa

`E; 9 U>C#?ED*M2; D*I0; =2YED2M2; V U ; D*tu; M2; W `JL2D2KE; D*Z W =2; ABY U 9 Z W =�, L2Z YEABAB; D
6J{�cL2@uM29 ;�L2DJI0; M2; W `#U ;



� � ��� ��
������ �
� �� �
����� 
�� 	 ������� � �B�#� ��� � m#n

~�I0; @ ��cYEW =2;jZ 9 D2MGM29 ; �
L2Z U cY#D2M2;Oe L2D2M�t ; 9 D2KE; , ; 9 W =2D2; U 6 �
L2Z U YED2MGe�9 Z U�I0; 9�M2; D�L2DEU ; @ a
Z L2W =EU ; D �u=2V ?E@ I
; M2; W `#L2D2K#; Dj9 D:M2; DOtuY#D2M2V cL2W `E; DjD29 W =EU AB; =2@
C#?#@ =2YED2M2; D
6 �
L2Z U YED2MOt�
EM2; @
M29 W =EU�?EI
; @ =2Y#V I�M2; @>{0; @ AB9 ; D2; @ KE9 ;�V 9 ; KEU 
2; x29 Z U 9 ; @ UHY#L2W =*I
; 9�; 9 D2; @>=2Y#V I0; DGv*?#D2?EV Y#KE;�AB9 U
D2YE=2; , L�`E?ED2Z U Y#DEU ; @uRTD2; @ K#9 ;>9 DBM2; D�L2D#I
; Z ; U , U ; D�eHM2Z ?#@ rJU 9 ?ED2Z r2V cYEU , ; DGd [2~:v�a t>f 6J� D�M2; D
I0; Z ; U , U ; Dje�M2Z ?E@ rJU 9 ?#D2Z r2V cY U , ; DO9 Z U M29 ; Z ; @ �
L2Z U YED2MOY#DO; 9 D2; @�tu9 D2M2L2D2KHAB9 U�M2; A eHM2Z ?#@ I2Y U
I0; U ; 9 V 9 KEU:L2D2M�Z r2YEV U ; UO9 D�; 9 D2; D�I29 D2M2; D2M2; D�d [2~:v*a tH5Ef�L2D2M�Y#DEU 9 I29 D2M2; D2M2; D�d [2~:v�a tH7Ef
�
L2Z U YED2M�YELJX 
JM29 ;H9 DB; @ Z U ; @TbjcYE=2; @ L2D2KOZ |JABAB; U @ 9 Z W =BL2A�M2; DBL2@ Z r2@EcL2D2K#V 9 W =2; D��
L2Z U YED2M�t
V 9 ; K#; D
62RT9 D2;�e�Z |JABAB; U @ 9 ;�9 D�M2; @>eHLJX Z r2Y#V U L2D2Kj` Y#D2D*M2L2@ W =*M29 ;�FH|JI2@ 9 M29 Z 9 ; @ L2D2KOM2; Z��
LJa
Z U YED2M2; ZT[2~:v*a tH5HAB9 U�; 9 D2; A);Ea YE@ U 9 K#; D �
L2Z U YED2Mj; @ `#V cY#@ U�%>; @ M2; D
6 �HD2AB9 U U ; V I2YE@�?EI
; @ =2Y#V I
M2; Z>I29 D2M2; D2M2; D �
L2Z U Y#D2M2; ZuU @ 9 U U>; 9 D�D2; L2; @H~�I0; @ ��cYEW =2; D�, L2Z U Y#D2MGYELJX>d [2~:v�a �>f 62RTZ>=2YEDJa
M2; V UTZ 9 W =jL2A�; 9 D2; D �
L2Z U YED2MjM2; Z ;#a t>YED2M2; Z 
EM2; @ M2L2@ W =B; 9 D2;>tu9 D2M2L2D2K�AB9 U M2; A�eHM2Z ?#@ I2Y U
9 D*M29 ;�t>YED2M2V cL2W `E;OKE; =2?EI
; D�%H9 @ M
6
tu; 9 A c�HI
; @ K#YED2K�, LO; 9 D2; @�vG?ED2?#V YEK#; Z r2Y#V U ; U M2; @�KE; Z YEAOU ; �
L2Z U YED2MOt�9 D:M29 ; �
L2Z U cY#D2M2;

r�d 7 �H7 f a tH7jL2D2MGr�d 7��>7Ef a tH5jY#LJX 
0M29 ;OM2; D�YELJX K#; Z r2Y#V U ; D2; D��
L2Z U cY#D2M2; D�I
; 9�; 9 D2; @H=2Y#V I0; D
v*?#D2?EV Y#KE;�; D#U Z r2@ ; W =2; D � 8:9 ;BY#DEU 9 I29 D2M2; D2M2; D
�
L2Z U cYED2M2;�I
; Z 9 U , Uj; @ %uY#@ U L2D2KEZ K#; AGcY ��M29 ; a
Z ; V I
;*RTD2; @ KE9 ;��T; 9 D2;*RTD2; @ KE9 ; C#; @ Z W =29 ; I2L2D2K�M2; @BI29 D2M2; D2M2; D �
L2Z U cY#D2M2;*V cY#Z Z U�Z 9 W =�M2L2@ W =
M29 ;BF>|2I2@ 9 M29 Z 9 ; @ L2D2KGAB9 UO; 9 D2; A %>; 9 U ; @ ; D��
L2Z U Y#D2M�C#; @ Z U ; =2; D
6 RTZ:U @ 9 U U %H9 ; M2; @:; 9 D �
LJa
Z U YED2MBY#LJX 
#M2; @TZ ; 9 D2; D ��@ Z r2@ L2D2K:9 A ;Ea tuY#D2Mj=2YEU�d r�d 7 �H7 f a �>f�L2D2M�AB9 U �
L2Z U YED2M�[2~:v*a �
C#; @ K#V ; 9 W =JI2YE@�9 Z U 6ubH; L�=29 D�, L�`E?#ABA:U�M2; @��
L2Z U Y#D2M�r�d 7��>7Ef a 8 
TM2; @�; 9 D2; A �u=2V ?E@ I2Y#D2M
YED2K#; =�c?#@ U 6

&�� ��� '�� ' .9 1 3 4 564 7 � �O%� �.0$
RTZ %u; @ M2; D�DJL2D�M29 ;�~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2;�Y#A .9 1 3 4 564 7 a qTL2D2`#UOM2; @:W#d 5��>5Ef a [2~:v�a c�HI
; @ a
Z U @ L2`EU L2@HI0; =2YED2M2; V U 62eHD*M29 ; Z ; AlF�?JW =2Z |JABAB; U @ 9 ; r2L2D2`#U 
2Y#D�M2; AlM2; @ .9 aTL2D2M .0 a qTL2D2`EU
M2; @jL2D#I
; M2; W `EU ; D�d 7 z#z#f a ~�I0; @ ��cYEW =2;�YELJX ; 9 D2YED2M2; @ X YEV V ; D�
 %u; @ M2; DyM29 ;�M2@ ; 9>~�I
; @ ��cY#W =2; DJa
, L2Z U cY#D2M2;B[2~:v�a R 
�[2~:v�a {�L2D2M�[2~:v�a v K#; X L2D2M2; D
6�8�; @�L2D#I
; Z ; U , U ;��
L2Z U YED2M�[2~:v*a R
V 9 ; KEUj5 
 n ^G; � cL2I0; @OM2; @O{0; @ AB9 ; D2; @ KE9 ;E6�RTZj=2YED2M2; V UjZ 9 W =�L2Ag; 9 D2; D�Y#DEU 9 I29 D2M2; D2M2; D��
LJa
Z U YED2MC, %H9 Z W =2; D ; 9 D2; A � �Ja YE@ U 9 K#; D�N:@ 9 Z U Y#V V , L2Z U Y#D2M�L2D2M�; 9 D2; A � . a eHM2Z ?#@ I2Y U a ~�@ I29 U YEV 6
8�9 ;O_�YEM2L2D2K#Z M29 W =EU ; %H9 @ M�9 D�eHI2I
6�]26 7 z�%H9 ; M2; @�9 D�M2; D2, LC.9 a�.0 r2Y#@ YEV V ; V ; D�[JW =2D29 U U ; I0; a
D2; D�M2Y#@ KE; Z U ; V V U 6T8�9 ;*eHD2Y#V |JZ ;GM2; @BqT=2YEZ ; , ; 9 KEU 
 M2Y#Z ZB; ZBZ 9 W =�L2A�; 9 D2; D
�
L2Z U Y#D2MyM2; Z
.9 a qTL2D2`EU ; ZH=2YED2M2; V U 
0M2; @HM2L2@ W =GM29 ;:tu9 D2M2L2D2KBAB9 U>M2; Ale�M2Z ?E@ I2YEUH9 D*M29 ;:tuY#D2M2V cL2W `E;:M2; Z
.9 a qTL2D2`EU ; ZBKE; =2?EI
; D %H9 @ M d CJK#V 6 e�I2I
6T]J6 7 f 6T8�9 ;�I
; 9 M2; DyY#D2M2; @ ; DyI
; Z ; U , U ; D �
L2Z U cY#D2M2;
[2~:v�a {�L2D2M�[2~:v�a v V 9 ; KE; D*L2D#U ; @ =2Y#V IGM2; @�{0; @ AB9 ; D2; @ K#9 ; 6��
L2Z U Y#D2M�[2~:v�a {�AB9 UH; 9 D2; @
RTD2; @ K#9 ;TC#?#DOa 5 
 5EhH; � 9 Z U ; 9 D , %>; 9 X Y#W =j; DEU Y#@ U ; U ; @ 
�;Ea YE@ U 9 K#; @ �
L2Z U Y#D2M�
#M2; @T; 9 D2;>tu9 D2M2L2D2K
AB9 U�� � � 
 a eHM2Z ?#@ I2Y U a ~�@ I29 U YEV ; D:; 9 D2KE; =EU 6#RTZ =2YED2M2; V U Z 9 W = %H9 ; M2; @�L2A�; 9 D2; DOY#DEU 9 I29 D2M2; D2M2; D



mE] � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �
M

itt
e

4.
 L

ag
e

3.
 L

ag
e

2.
 L

ag
e

1.
 L

ag
e

C
hl

or

 

 

 

SOM-F
-2,27 eV
2. Schnitt

SOM-F
-2,27 eV
1. Schnitt 

 

 

SOM-E
2,53 eV

2. Schnitt 

 

 

SOM-E
2,53 eV

1. Schnitt 

 

 

� � � 7 � ��� ���(*+� ������	57 " � � � " ��� ����� � � �+� �-� � � ��" 7 ��� 7 � ��$ " 7 � ��� � � � " 7)� " ���+� " 7! #� " � "#���� ��" ���
� ��� ����+��� ",� " �!��� 6��&6 � � �  ��� �� � " � � � � ��$�� �-� �+� .9 1 3 4 564 7 � !�� ��$ � ���#��-� � " � " � � ��� � �+����� " � �
� " ���+7 "#� " 7 � " � ��� � ��7 � � " � " �-" � " ��� � �+� � .9 � .0 ��" � " 7 ��� ���#��-����" 7 � " � "�$�� � ������ " � � � � " ����� 7 " ��"
� � � �'*+� �!� ��� ��" ��� �



� � ��� ��
������ �
� �� �
����� 
�� 	 ������� � �B�#� ��� � m#h

�
L2Z U YED2M�M2; Z�.9 a qTL2D2`#U ; Z 6 ~�I6%>?E=2VTM29 ; Z ; @ �
L2Z U Y#D2M�9 A�tu; @ ; 9 W =�M2; Z�N:@ 9 Z U Y#V V I2YED2M2; ZHM2; Z
.9 a qTL2D2`EU ; ZuV 9 ; KEUHd C2KEV 6#e�I2I
6J]J6 7 f 
B, ; 9 K Uu; @T; 9 D2;>Z U Y#@ `E;H_�?E` Y#V 9 Z 9 ; @ L2D2K:YEDBM2; @u~�I
; @ ��cY#W =2; 6
8�9 @ ; `EUT?EI
; @ =2Y#V IOM2; Z ;#a t>YED2M2; Z I0; 9#a ^ 
 7#7u; ��I
; :0D2M2; UTZ 9 W =jM2; @ �
L2Z U Y#D2Mj[2~:v*a v�6E8:9 ; Z ; @
�
L2Z U YED2M�9 Z UjD29 W =EUjY#D�; 9 D2; @Ot>9 D2M2L2D2KGAB9 UOM2; A	�u=2V ?E@OI0; U ; 9 V 9 KEU ��; @ , ; 9 KEU�;#a �u=2Y#@ YE`#U ; @
L2D2MG9 Z U�M2; A .0 a qTL2D2`#U�, L�, L2?E@ M2D2; D
6�[J; 9 D2;:_�YEM2L2D2K#Z C#; @ U ; 9 V L2D2KB; DEU Z r2@ 9 W =#U:M2; @HM2; Z��
LJa
Z U YED2M2; ZTvsM2; @�L2DJI0; M2; W `#U ; D�~�I
; @ ��cY#W =2;u9 DOeHI2I
6E]26 ^ 
 L2D2Mj; @ I0; Z 9 U , U ; I0; DJX YEV V Z�L2D2K#; @ Y#M2;
[#|JABAB; U @ 9 ; , L2@�[JW =2D29 U U ; I0; D2;O; DEU V Y#D2K .9 a .0 6 �
L2Z U Y#D2M�[2~:v*a v 9 Z U�?��
; D2Z 9 W =EU V 9 W =�cY �#L29 a
CEYEV ; DEU
, L �
L2Z U YED2MBv�
EM2; @ Z ?EAB9 U YEL2W =jI0; 9#e�D6%>; Z ; D2=2; 9 UT; 9 D2; @�K#; Z cYEU U 9 K U ; D c�HI
; @ Z U @ L2`#U L2@
; x29 Z U 9 ; @ U 60RT@>9 Z UHD29 W =EU�YED*; 9 D2; @Htu9 D2M2L2D2KBAB9 U>M2; Ale�M2Z ?E@ I2YEUHI
; U ; 9 V 9 K U 
2Z ?ED2M2; @ D*I
; =�cY#V U
Z ; 9 D2;:L2@ Z r cL2D2K#V 9 W =2;:RTD2; @ K#9 ;:I0; 9 6
8�9 ; L2DEU ; @ =2YEV I�M2; @ {0; @ AB9 ; D2; @ KE9 ;�V 9 ; KE; D2M2; D�~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;�M2; Z .9 1 3 4 5�4 7 a

qTL2D2`EU ; Z�`
c?ED2D2; D�AB9 U2%H9 D2`E; V Y#LJX KE; V c?EZ U ; D�qT=2?EU ?J; AB9 Z Z 9 ?#D2Z AB; Z Z L2D2K#; Dld e��HqTRu[2f�C#?ED
k�?#V M2ABYED2D L2D2M tuY#@ U ; V Z � h#7 
�n ^ �:C#; @ KEV 9 W =2; DC%u; @ M2; D
6�eHI2I
6H]26 7#72, ; 9 KEUG; 9 D e��HqTRu[#a
[Jr0; `EU @ L2A�
JM2YEZTL2DEU ; @T; 9 D2; A�RTAB9 Z Z 9 ?ED2Z %H9 D2`E; VJC#?#DBn#h �T9 DBeHI2=�cY#D2KE9 K#`E; 9 U C#?#DBM2; @ �u=2V ?E@ a
I0; M2; W `JL2D2KyY#LJX KE; D2?EABAB; D %HL2@ M2;E6>8�9 ; Z ;�v*; Z Z L2D2KyV 9 ; X ; @ U�M2Y#AB9 U�M29 ;��
L2Z U Y#D2M2Z M29 W =EU ;
M2; Z .0 a qTL2D2`EU ; Z:9 A�{0Y#V V ;OM2; @:L2DJI0; M2; W `#U ; D�~�I0; @ ��cYEW =2;BI�, %:6�M2; Z .9 1 3 4 564 7 a qTL2D2`#U ; ZOI0; 9
KE; Z cY U U 9 KEU ; @Tt>; M2; W `#L2D2K260~�=2D2;Ht>; M2; W `#L2D2Kj9 Z U>; 9 D�!#" � $�[B9 DBM2; @ubOcY#=2;HM2; Z�;Ea tuY#D2M2; Z*, L
; @ `E; D2D2; D�
�M2; @HM2; A �
L2Z U YED2M�v , L2KE; ?E@ M2D2; U�%H9 @ M
60tu; @ ; 9 U ZHI
; 9�D29 ; M2@ 9 KE; D*t>; M2; W `#L2D2K#; D
C#; @ Z W =�%H9 D2M2; UTM29 ; Z ; @ !#" � $T9 A�[Jr
; `#U @ L2A*6Ev*9 U�, L2D2; =2AB; D2M2; @�t>; M2; W `#L2D2K�; @ Z W =2; 9 D2; D , %>; 9
D2; L2;H[#U @ L2`EU L2@ ; D�
#M29 ;u9 DOe�I2I
6E]J6 7E7>AB9 U � e �uL2D2M � t �>K#; `E; D2D�, ; 9 W =2D2; UuZ 9 D2M
6E8:; @>cYEL �#; @ Z U
Z W =6%>YEW =2;
!#" � $Ot 9 Z UHC#; @ AOLJU V 9 W =GYELJXT; 9 D2;:D29 W =#UHC#?#V V Z U cYED2M29 KBr0; @ X ; `#U ;j~�I0; @ ��cYEW =2; D2r2@ ; a
r2YE@ YEU 9 ?ED , L2@ cL2W `�, LJX cL2=2@ ; D�� hE5 � 6#8:Y:9 DjM2; DB�H; W =2D#L2D2K#; D�`E; 9 DOC#; @ KEV ; 9 W =#I2Y#@ ; @ �
L2Z U Y#D2M�, L
:0D2M2; D�9 Z U 
�%H9 @ MG; @HM2Y#=2; @�D29 W =EU�M29 Z `JLJU 9 ; @ U 6
8�; @>Y#L2Z KE; r2@ cYEKEU ; !#" � $:e , ; 9 KEU�; 9 D , %>; 9 M29 a
AB; D2Z 9 ?#D2YEV ; Z
�T; @ =2YEV U ; D:9 A �� a �HYEL2A�
 %>YEZ�Y#LJX2; 9 D2; DO~�I
; @ ��cY#W =2; D�, L2Z U YED2MjZ W =2V 9 ; �#; DOV cYEZ Z U 6
tu; 9EABYExJ9 ABY#V ; @
tu; M2; W `JL2D2KHV 9 ; K U�; @�I
; 9Ea 5 
 m#Pu; ��L2D2M�C#; @ Z W =29 ; IJU Z 9 W = , L2A .� 1 3 4 5�4 7 a qTL2D2`EU
=29 D�L2A z 
 7 pG; �l9 D��H9 W =#U L2D2KG{0; @ AB9 ` YED#U ; 6�� D�e��HqTRu[#a vG; Z Z L2D2K#; DyAB9 UOV 9 D2; Y#@:r0?#V YE@ 9 a
Z 9 ; @ U ; @�[#U @ Y#=2V L2D2K�, ; 9 K U�; @�, %H9 Z W =2; D�M2; DGF�?JW =2Z |JABAB; U @ 9 ; r2L2D2`#U ; D .9 1 3 4 564 7TL2D2M .� 1 3 4 5�4 7
L2D2KE; @ YEM2;O[#|JABAB; U @ 9 ;HI0; ,JcL2K#V 9 W =�M2; @>Z ; D2`J@ ; W =#U�, L2@H~�I0; @ ��cYEW =2;:V 9 ; K#; D2M2; D*[Jr29 ; K#; V ; I0; D2;
r2YE@ Y#V V ; V�, L .9 a�.0 6
8�; @#!#" � $:e %H9 @ M*AB9 UHM2; A �
L2Z U Y#D2M�[2~:v�a {y9 D��T; @ I29 D2M2L2D2KBKE; Z ; U , U 
0M2YBI
; 9 M2;:L2DJa

U ; @Tt>; @EcL2W `JZ 9 W =EU 9 K#L2D2KOM2; Zu9 Dj_�8He�C#; @ Z W =2?#I0; D2; D�;Ea tuY#D2M2; ZT9 A�K#V ; 9 W =2; DjRTD2; @ KE9 ; I0; @ ; 9 W =
V 9 ; K#; D � [J? %>?E=2V-!#" � $He�YEV ZuYEL2W = �
L2Z U YED2M*[2~:v*a {�I
; :0D2M2; D�Z 9 W = ��7�; �lcL2I0; @uM2; Astu; a
KE9 D2DOM2; Z ;#a t>YED2M2; Z 6 8:9 ; I
; ?#I2YEW =#U ; U ;T�u; @ Z W =29 ; I2L2D2K�M2; Z�!#" � $ ��e , %H9 Z W =2; DjM2; DOqTL2D2`EU ; D
.9 1 3 4 564 7�L2D2M .� 1 3 4 5�4 7�` Y#D2D�Y#D2=2YED2M�M2; @u_�8He>a tuY#D2M2Z U @ L2`EU L2@>D2YEW =#C#?EV V , ?EK#; D %u; @ M2; D � 8�; @
I0; @ ; W =2D2; U ;uRTD2; @ KE9 ; L2DEU ; @ Z W =29 ; MOC#?EDOz 
 5#h>; ��Z U 9 ABA:U�K#LJU�AB9 U�M2; A R x2r0; @ 9 AB; D#UHcL2I
; @ ; 9 D
6
RTI0; D2Z ?�%H9 @ MG9 D*M2; DG�H; W =2D#L2D2K#; D�M29 ;O; x2r0; @ 9 AB; D#U ; V V�KE; X L2D2M2; D2;j[#|2ABAB; U @ 9 ;:M2; Z�!#" � $ �



mEm � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �

� � � 7 � ��� ��� *+� ������!���� � � " � 7 � � 7 � � � � ��" $�� � �-� � " � � ��� ����� � �  �� " � "#���� ��" 7 � � � ����+� �+7 � $ " 7 �
�+� ��� " � � � � � � � " � " � $�� � ����$<7 ��$�� 7 � � 7 � ��� � 7 ��$�" � �+� �*nEh � " ��� � ��� 7 � ���'� " � .0 � !�� � $���� " �
� ��� " � " � $ � " �� #� " � "#���� ��" � � �	� � ����� " � .9 1 3 4 564 7 � !�� ��$ ��� " 7�" 7 �-" ����" � " � $ � ��� �+� � � � � � � ���� � � ��" ��� � �+� $<��� ��� ����" ������� � � � � �
I0; Z U cY U 9 KEU 6 �
L2Z U YED2M�v�9 Z UT9 A�{0Y#V V ;uM2; @TL2D#I
; M2; W `EU ; D*~�I
; @ ��cY#W =2;H9 A�eH�HqTRu[#a [Jr0; `EU @ L2A
C#?E@ =2Y#D2M2; D�d !#" � $:[2f 6
~�I6%>?E=2V�; @>9 D�M2; D*�H; W =2D#L2D2K#; DGY#L2W =*I
; 9�KE; Z cY U U 9 KEU ; @>tu; M2; W `JL2D2K
KE; X L2D2M2; D=%H9 @ M�
�9 Z Uj; @j9 AgKE; AB; Z Z ; D2; D�[Jr
; `#U @ L2A L2DEU ; @ M2@ cL2W `EU 6uvGY U @ 9 x2; V ; AB; D#U ; ��; `#U ;
`0c?#D2D2; D�Y#V Z��H@ Z Y#W =2;OY#L2Z KE; Z W =2V ?EZ Z ; D %>; @ M2; D�
�M2YBM29 ; Z ; @ �
L2Z U YED2M�I0; 9�; 9 D2; @HK#; Z cYEU U 9 K U ; D
tu; M2; W `JL2D2K�`E; 9 D2;*t>9 D2M2L2D2K�AB9 UBM2; A�eHM2Z ?#@ I2Y U�; 9 D2KE; =EU 6>v�c?#KEV 9 W =y=29 D2K#; K#; D %OcY#@ ;*; Z 

M2YEZ ZjM29 ;BqT=2? U ?J; V ; `#U @ ?ED2; D�YED�M2; @ c��I0; @ Z U @ L2`EU L2@jKE; I0; L2K U %>; @ M2; D�L2D2M�Z ?#AB9 U:X cL2@OM2; D
KE; %OcYE=2V U ; D*RTAB9 Z Z 9 ?#D2Z %H9 D2`E; V�; 9 D2;���DEU ; @ M2@ cL2W `#L2D2K�M2; @>� DEU ; D2Z 9 U cY U ; D*Y#LJX U @ 9 U U 6
8�9 ;��
L2?#@ M2D#L2D2K#; D�
TM29 ;BX cL2@jM29 ;*~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2;*AB9 UjL2D2My?#=2D2;�e�M2Z ?E@ I2YEU I0; a

M2; W `JL2D2KBY#D2=2YED2MGM2; @H_�Y#M2L2D2KEZ M29 W =#U ; DGK#; X L2D2M2; D�%HL2@ M2; D�
0Z ?#V V ; D*DJL2D*AB9 UH; 9 D2; Al; 9 DJX YEa
W =2; DG<>9 K#=EU a tu9 D2M29 D2KEa vG?JM2; V VTcL2I0; @ r2@ cLJX U %>; @ M2; D
6

��� ��� � � � ����� � � � ���%� ��� � � ��	

 

�HA�M2YEZ <>9 K#=EU a tu9 D2M29 D2KEa vG?JM2; V V#AGc?EK#V 9 W =2Z U ; 9 DJX Y#W = , Lj=2Y#V U ; D�
 %H9 @ MjM29 ;+
�; W =2Z ; V %H9 @ `#L2D2K
L2DEU ; @ M2; DjeuU ?#AB; DjY#LJX
M29 ;u; @ Z U ; DBbHY#W =#I2Y#@ DjI
; Z W =2@ cY#D2`EU 6JRTZ�%>; @ M2; DB9 DjM2; @ D2Y#W =JX ?EV K#; DJa



� � ��� ��
������ �
� �� �
����� 
�� 	 ������� � �B�#� ��� � mEp

� � � 7 � ��� ���+*+� �+6��-��� ��" �
��� 7 � � ��"!		�+� � � " � � � ����� " � ��" � � " ��� " � " �($<7 �"��" 7 � � � " � � " � $+��� " � �
� " � � 7 " �#$<7 �"��" 7 � � � " � � "
� " � " 7 � � �+�/��� " 7 ��� ��� ��� � ��� " ��� � " ��" ������-���+7 "� #� " � "#���� ��" ����� � ��" �

�� � � � ��� ��� � ��� " �&����-�&�+7 " � � � � � � ��� ��� ���� � " ����" 7�� " ���  ��� �� � " � � � � ��$�� �-�37 � � ���-�	" 7 �-" �&� " �
! � ���� � " � � ��� � � 7 � " 7 ��" � � � � � � ��� � � � " � " � � � ��	57 "!�	�+��� " ��� ��+����"�� " �#$<7 �-��" 7 � � � " � � "
" ��� � ��� 7 � ��� � " � ��� ")� " �!
<7 � � " � $-� � � � �+��� " � � �
M2; D�t>; U @ Y#W =EU L2D2K*DJL2@�M29 ;OeuU ?EAB;OM2; @:~�I0; @ ��cYEW =2;jL2D2M�M29 ;Oe�M2Z ?E@ rJU 9 ?#D2Z r2V cY U , ;OI0; @ cL2W `Ea
Z 9 W =EU 9 KEU 6�8�9 ;j�H; M2L2`EU 9 ?#D�M2; Zj[JL2I2Z U @ Y U ZOY#LJX>; 9 D2;BeuU ?EABV Y#KE;j9 Z UO`E; 9 D2;BZ W =�%u; @ %H9 ; K#; D2M2;
bOcY#=2; @ L2D2K 
HM2YyDJL2@G~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;yI0; =2YED2M2; V U�%u; @ M2; D�Z ?#V V ; D
6>8:9 ;�8:9 Z `#L2Z Z 9 ?#D
; @ X ?#V K U:9 DGM2; @�RT9 D2=2; 9 U Z , ; V V ;OM2; @:WEd 5��u5#f a [#U @ L2`#U L2@ 
�M29 ;O9 D�eHI2I
6�]26 7E5BZ W =2; ABY U 9 Z W =�M2YE@ a
KE; Z U ; V V U:9 Z U 6
8:YEZ:vG?JM2; V V L2AjX YEZ Z U , %>; 9T~�I
; @ ��cY#W =2; D2YEU ?EAB; �jL2D2M3;*L2D2M2, %>; 9TeHM2Z ?#@ rJa
U 9 ?ED2Z r2V cYEU , ; � L2D2M � 9 D�M2; @jRT9 D2=2; 9 U Z , ; V V ; � 
�; D2DyD#L2@j; 9 D�eHM2Z ?#@ rJU 9 ?ED2Z r2V YEU ,�I0; Z ; U , U
9 Z U 
�M2YED2D�V 9 ; K U:; 9 D2;jW#d 5��>5Ef a [2~:v�a c�HI
; @ Z U @ L2`#U L2@�C#?#@ ��%>; D2D�I0; 9 M2;jqTV cYEU , ;jI
; V ; K UOZ 9 D2M�

; D#U Z r2@ 9 W =EU�M29 ; Z>; 9 D2; @>tu; M2; W `JL2D2KjC#?#D*; 9 D2; @HvG?ED2?#V YEK#; �2Z 9 D2M*M2Y#KE; KE; D*I
; 9 M2;:qTV cY U , ;�L2DJa
I0; Z ; U , U 
uM2Y#D2D�=2Y#D2M2; V U�; ZBZ 9 W =�L2A�; 9 D2;GL2D#I
; M2; W `EU ;�~�I
; @ ��cY#W =2; 6>8�; @ �H@ Z r2@ L2D2K�M2; Z
N:?J?E@ M29 D2YEU ; D2Z |2Z U ; ABZ 
0M2Y#Z>9 D*eHI2I
60]26 7E5OY#D2KE; KE; I0; D*9 Z U 
0Z ?EV V
X cL2@>M29 ;HX ?#V KE; D2M2;�8:9 Z `#L2Z Z 9 a
?EDjYEDj; 9 D2; A eHM2Z ?#@ rJU 9 ?ED2Z r2V YEU , � V 9 ; K#; D
6E8�9 ;TZ |2ABAB; U @ 9 Z W =2;>FHY#AB9 V U ?ED2ABYEU @ 9 xHX cL2@�M29 ; Z ; Z
[#|JZ U ; AlV Y#LJU ; UH9 Al<>9 KE=#U a t>9 D2M29 D2K a {0?E@ ABY#V 9 Z AOL2Z �������

�
( � � / ( � � / ( � ;-/ ( � � /
666 ( � � / ( � ;-/ ( � � /
666 666 ( ;�;"/ ( ; � /
666 666 666 ( ��� /

� �����
�

d ]26 7Ef

( & & & /�Z 9 D2M�M29 ;B<>9 KE=#U a t>9 D2M29 D2K a FHY#AB9 V U ?EDJa v*YEU @ 9 x2; V ; AB; D#U ; 60{�cL2@:M29 ;�~�I0; @ ��cYEW =2; D2Y U ?#AB;
%u; @ M2; Dj9 D:M29 ; Z ; A�v*?JM2; V V � a 
 �2a0L2D2M�;#a ~�@ I29 U Y#V ; I0; @ cL2W `#Z 9 W =#U 9 K U 6E8�9 ; Z ;u~�@ I29 U Y#V ; ; D#U Z r2@ ; a
W =2; D�M2; DB9 DBM2; DB�H; W =2D#L2D2K#; D�; DEU =2Y#V U ; D2; DB�TY#V ; D�, ; V ; `EU @ ?#D2; D�M2; Z>[J9 V I0; @ Z 6#8:Y �u=2V ?E@T9 A



pEz � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �

I0; U @ YEW =#U ; U ; D*RTD2; @ KE9 ; I0; @ ; 9 W =*D#L2@OcL2I0; @uZ ; 9 D2;�^ �2a ~�@ I29 U Y#V ;>AB9 U>M2; @H~�I0; @ ��cYEW =2;�%u; W =2Z ; V a
%H9 @ `EU 
 %>; @ M2; D�9 DGM29 ; Z ; A�vG?JM2; V V�YED�M2; D�eHM2Z ?#@ I2Y U r2V cYEU , ; DGDJL2@ �Ja ~�@ I29 U YEV ;:I0; =2YED2M2; V U 6
8�9 ;:Z ?#KE; D2YED2D#U ; D � ?#D*Z 9 U ; � a <�; @ AB;'( � � />L2D2M ( � � />Z 9 D2M*M2Y#D2DG8�9 Y#KE?#D2YEV ABYEU @ 9 , ; D�M2; @
8�9 AB; D2Z 9 ?ED�M2@ ; 9TI�, %:6�( � � /�L2D2M:( ;-;-/HM2; @:8�9 AB; D2Z 9 ?ED�D2; L2D
6�RT9 D2;	
�; W =2Z ; V %H9 @ `#L2D2KGM2; @
euU ?EAB;GY#D�M2; D ~�@ U ; D � 
 � 
 �GI�, %:6�;�; @ X ?#V K U�cL2I
; @�M29 ;Gb�; I
; D2M29 Y#KE?#D2YEV ; V ; AB; DEU ;G9 D
d ]J6 7 f 6 RTZBZ ?EV VuDJL2DyL2DEU ; @ Z L2W =EU %u; @ M2; D�

%H9 ;*M29 ;*~�@ I29 U YEV ;�M2; @je�M2Z ?E@ I2YEU Y U ?#AB;�YEDyM29 ;
~�@ I29 U YEV ;OM2; @:~�I
; @ ��cY#W =2; D2YEU ?EAB;BYED2`E?#r2r0; V D�L2D2M %u; V W =2; D�RT9 DJ�0L2Z Z:M29 ;jtu; Z ; U , L2D2KGM2; @
eHM2Z ?#@ rJU 9 ?ED2Z r2V cYEU , ; � L2D2M � Y#LJX M29 ; Z ;:N:?#r2r2V L2D2KjI
; Z 9 U , U 6
8�9 ;ub�; I
; D2M29 Y#KE?#D2YEV ; V ; AB; DEU ;%( � � /�9 D�d ]26 7Ef 
EM29 ;uY#L2ZT[#|2ABAB; U @ 9 ; KE@EcL2D2M2; D�cY �#L29 CEY#V ; D#U

, L�M2; D�RTV ; AB; D#U ; D:( � ;"/HZ 9 D2M�
�`0c?#D2D2; D cL2I
; @Bd ^J6 7 mJfHL2D2Myd ^26 7 p#fHI
; @ ; W =2D2; U %>; @ M2; D�L2D2M
V YELJU ; D*9 D*M2; Al?#I0; D*I
; Z W =2@ 9 ; I0; D2; D�N:?J?E@ M29 D2YEU ; D2Z |2Z U ; A �

( � � /� � � 3 	 � ��	 � 7 � � � d :�� f 8 � � � 	 � � d �5: f 8 � � � 	 � � d :
�
f 8 � � � 3 	 � ��	 � 7 � d

�
: f � d ]26 5#f

d :�� fOZ 9 D2MyM29 ;�� %u; 9 a �
; DEU @ ; DJa � DEU ; KE@ Y#V ; �TZ W =2; ABYEU 9 Z W ==%H9 @ MyM29 ;*[#U ; V V L2D2K�M2; @B~�@ I29 U Y#V ;
, L2; 9 D2YED2M2; @�M2Y#@ KE; Z U ; V V U 6
8:9 ;jv*YEU @ 9 xJ; V ; AB; DEU ;�( � ;-/ 

M29 ;OY#L2Z:[#|2ABAB; U @ 9 ; KE@EcL2D2M2; D�cY �#L29 a
CEYEV ; DEU , L:( � � /HZ 9 D2M�
�I
; @ ; W =2D2; D�Z 9 W =�YED2Y#V ?EK�L2D2M�V YEZ Z ; D�Z 9 W =�L2D#U ; @:tu; @ cL2W `#Z 9 W =#U 9 KEL2D2K
M2; @�[#|JABAB; U @ 9 ;�I
; 9
�T; @ U YEL2Z W =2; DGM2; @H~�@ I29 U Y#V ;HC#; @ ; 9 DJX YEW =2; D �

( � ;"/  �
� 	 � � � � d : 	 f 8 ��� � 	 � � d 	: f �

 �	 
 5 W ?EZ d � 
 � 4 f d : 	 f 
�%>; D2D�d : 	 f� �d 	: f5 ( Z 9 D
d � 
 � 4 f d : 	 f 
�%>; D2D�d : 	 f� � d 	: f d ]26 ^Jf

8�9 ;�vGY U @ 9 x2; V ; AB; D#U ;5( � � / 
�M29 ;BY#L2Zj[#|2ABAB; U @ 9 ; KE@EcL2D2M2; D2%H9 ; M2; @OM2; DyRTV ; AB; DEU ; D ( � ;-/
; D#U Z r2@ ; W =2; D�

V Y#LJU ; D �

( � � /  �
� 	 � � � � d � � f 8 � � � 	 � � d � � f �

 �	 
 5 W ?#Z d � � � 4 f d � � f %u; D2D�d � � f� �d � � f
5 ( Z 9 D�d � � � 4 f d � � f %u; D2D�d � � f� � d � � f d ]26 PJf

<�YEI
6#]J6 7>K#9 IJU eHL2Z `JL2DJX U 
EX cL2@�%u; V W =2;H~�@ I29 U YEV `E?#AOI29 D2YEU 9 ?ED2; D:I
; 9J�T; @ U YEL2Z W =2; DjM2; @ qTV cYEU , ;
; 9 D*qT=2YEZ ; D2Z r2@ L2D2KBY#LJX U @ 9 U U 6J8:9 ;:~�@ 9 ; D#U 9 ; @ L2D2KjM2; @H~�@ I29 U Y#V ;HI
; , 9 ; =#UHZ 9 W =*M2YEI
; 9�YELJX M2YEZ
N:?J?E@ M29 D2YEU ; D2Z |2Z U ; Al9 D*e�I2I
60]J6 7 5J6
� A�<>9 K#=EU a tu9 D2M29 D2KEa vG?JM2; V V %u; @ M2; D DJL2DC, L2; @ Z UGM29 ;�~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2;�M2; Z .� a

I�, %:6=.0 1 3 4 5�4 7 a qTL2D2`EU ; ZuI0; =2YED2M2; V U 6J8�; @ �u; @ K#V ; 9 W =BM2; @T_�YEM2L2D2K#Z M29 W =EU ; D�L2D2MBM2; @TRTD2; @ KE9 a
; DG=2Y U�KE; , ; 9 K U 
0M2YEZ ZHM2; @��
L2Z U Y#D2M*t M2; @>L2DJI0; M2; W `#U ; D�e�K2d 7 zEzJf a ~�I
; @ ��cY#W =2;�I
; 9�e�D6%>; a
Z ; D2=2; 9 UH; 9 D2; @uW#d 5��>5Ef a [2~:v�a c�HI
; @ Z U @ L2`#U L2@>9 D�M2@ ; 9 �
L2Z U cYED2M2;:YELJX Z r2Y#V U ; U 62� D*M2; D*I0; Z ; U , a



� � ��� ��
������ �
� �� �
����� 
�� 	 ������� � �B�#� ��� � pJ7

d : 	 f ��d 	: fuI�, %:6�d � 1 f ��d 1
�
f

� 
 � � � 
 ; � � � � � 
 ��. ; � � � 
 � ; � 
 ; � . ; 
 . ; = . � � � �� � z 8 z z z a 8 z z
� 
 a z 8 a a z z 8 a
� . 8 z a 8 8 z z a 8

d � � f � d � � f>I�, %:6�d � ;Jf � d ; � f
� 
 � � � 
 ; � � � � � 
 ��. ; � � � 
 � ; � 
 ; � . ; 
 . ; = . � � � �� � a 8 z a a z 8 z a

� 
 z z 8 z z a z 8 z
��. 8 a z 8 8 z a z 8

����� " � � "�*+� ����!���� � " ��� " � 7 " ��� ����� " 7 ��" � � ����� � ��" � � " �+ �� � 7 � ��� " ��8 � " � " ��� " �	$�" 7 ��!������
� " ��� ��� � ��� � � " 7 ��"#!���� � " ��� ��� � ��� ��� � 6��' &� � 7 � ��� $-� �
� 7 ����� 7 � ��" ��������-�&�+7 "
�+7 "/% ��� " �+� ��� "
d �
�
f�� � ���Hd & & f�������� � ����" � � 7 " �+���� ��� " � ��� � �+� 7 ��� �#� 7 ���3� 7 �>z � " $ " �2��� " 7 � � �-" � � �#��-���+7 "

��" � " � � ��� � ���+7 " � " ������� " � � "57 � �'� ��� " ��� ��� " ������� � �,�+7 "! &� � 7 � ��� ��� ���� � " � � ��� � ��7 � ���<7 �
� " � � " � � " � � � � � � � ��"!� 7 " ��� ��� ;�� 7 � � " ��� �#��-�#�+7 "� &� 7 " ��� 7 " � � ����� " �� &� � 7 � ��� " � 7 � �
��� �
��� � � �+7 ����� " � � � � � " � ����� � � � �'*+� �+6-�
U ; D�eHM2Z ?#@ rJU 9 ?ED2Z r2V cYEU , ; DBD29 ABA:UT; @TYEDB; 9 D2; @Tt>9 D2M2L2D2K:AB9 UuM2; A�e�M2Z ?E@ I2YEUTU ; 9 V0L2D2MBZ r2YEV a
U ; UjYELJX 6�� D�M2; D�L2DJI0; Z ; U , U ; DyqTV cYEU , ; D�; x29 Z U 9 ; @ Uj; @OAB9 U:L2D#C#; @ cY#D2M2; @ U ; @ORTD2; @ KE9 ; %>; 9 U ; @ 6
8�9 ; Z ;*t>; ?#I2YEW =#U L2D2K�Z ?#V V>9 A <>9 K#=EU a tu9 D2M29 D2KEa vG?JM2; V VuM29 Z `JLJU 9 ; @ U�%>; @ M2; D
6ue�A .0 1 3 4 564 7 a
qTL2D2`EU�V Y#LJU ; UHM2; @>@ ; , 9 r2@ ?#`E;Ok�9 U U ; @ C#; `#U ?E@ ���  �d 6� 
 6� 
 z#f d ]26 n#f
� D�<�YEI
6�]26 5�Z 9 D2MGX cL2@�M29 ; Z ; D�FH?JW =2Z |2ABAB; U @ 9 ; r2L2D2`EUOM29 ;ORTV ; AB; D#U ;OM2; @:vGY U @ 9 , ; D:( � � /
I�, %:6 ( � ;"/ , L2Z Y#ABAB; D2K#; X Y#Z Z U 
0M29 ;�cL2I0; @Od ]J6 5Ef>I0; Z U 9 ABA:U %HL2@ M2; D
60{�cL2@HM29 ;:D2YEW =JX ?#V KE; D2M2;
8�9 Z `JL2Z Z 9 ?ED�9 Z UBM2YEI
; 9>DJL2@OC#?#Dyt>; M2; LJU L2D2K 
u?EI�M29 ; Z ;*RTV ; AB; D#U ;*D#L2V V>Z 9 D2My?JM2; @jD29 W =#U 6
8�9 ;OvGY U @ 9 x2; V ; AB; D#U ;'( � ;"/>I�, %:6 ( � � / 

M29 ;:M29 ;�
�; W =2Z ; V %H9 @ `#L2D2K*M2; @He�M2Z ?E@ I2YEU V YEK#;:AB9 U
M2; @O~�I0; @ ��cYEW =2;BI0; Z W =2@ ; 9 I
; D�
�Z 9 D2M�9 A�e�V V KE; AB; 9 D2; DGD#L2@:M2YED2D�D#L2V V 
 %>; D2D�X cL2@:M29 ;:�u; @ a
U YEL2Z W =JL2D2K*M2; @:~�@ I29 U YEV Y#D2?E@ M2DJL2D2KGd : 	 f� sd 	: f>I�, %:6 d � � f& sd � � fHKE9 V Ujd Z 9 ; =2;�d ]26 ^Jf>L2D2Md ]J6 P#f f 6
�
L2; @ Z U %H9 @ M�M2; @�RT9 DJ�0L2Z Z*; 9 D2; Z	��. a e�M2Z ?E@ I2YEU a ~�@ I29 U Y#V ZBL2DEU ; @ Z L2W =EU 6HeHL2Z�<�Y#I
6u]26 7

` YED2DGV ; 9 W =#UHYEI2K#; V ; Z ; D�%>; @ M2; D�
0M2Y#Z ZH; 9 D ��. a e�M2Z ?E@ I2YEU a ~�@ I29 U Y#V
YEAle�M2Z ?E@ rJU 9 ?#D2Z r2V Y U , �



p#5 � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �

� � � � 
 ��. ; � � � 
 � ; � 
 ; � . ; 
 . ; = . � � � �� z z z z z � z z z
� � z z � z z z z z z
� 
 z � z z z z z z z
��. z z z z z z z z z; � � � 
 � z z z z z z z z z; � 
 � z z z z z z z �; � . z z z z z z z � z; 
 . z z z z z z � z z; = � � �  z z z z z � z z z

����� " � � "(*+� 6���	57 "�$ � " ��" ��� "+� " � ����� � 7 � " �)( � ;-/�� � ���'( � � / �+� .0 1 3 4 564 7 � !�� ��$ � �)	57 "
�2� " ��� " �
�+� $ 7 " � " � �+7 "!$ � " ��" ��� " �)�+7 " ��� � ��� � �	��" � � � � 7 " � " � � 7 ������	57 " ����� � 7 �$( � � /
� " � � �-����+��$ ��� 7 � � 7 � �;7 � ��� � ��7 ���+7 ��� � � � � " � �-��� �&�+7 "+� �  &� � 7 � ��� " �
YEL2Z Z W =2V 9 ; �EV 9 W =yAB9 UBM2; D�~�@ I29 U YEV ; D � 
 L2D2M$; 
 .BY#A�~�@ U';�L2D2M�AB9 UjM2; D�~�@ I29 U YEV ; D � �
L2D2M ; � .:Y#Ag~�@ U � %u; W =2Z ; V %H9 @ `#U 
�M2Y*D#L2@:M29 ; Z ;�v*YEU @ 9 xJ; V ; AB; DEU ;jD2Y#W =�d ]J6 ^#fHL2D2M�d ]26 PJf
C#?ED�D#L2V V>C#; @ Z W =29 ; M2; D Z 9 D2M
6uRT9 D � . a ~�@ I29 U YEV>YEA�~�@ U � M2YEK#; K#; D�`E?Er2r
; V U�DJL2@BY#D�M29 ;
~�@ I29 U YEV ;�� 
 L2D2M ; 
 . Y#A ~�@ U �jL2D2M�YED�M29 ;B~�@ I29 U Y#V ;�� � L2D2M ; � . Y#A ~�@ U�;�YED�
�M
6�=
6
M29 ;*I0; 9 M2; D ��. a ~�@ I29 U YEV>YED�M2; D�~�@ U ; D � L2D2M � %u; W =2Z ; V %H9 @ `E; D�D29 W =EU�AB9 UBM2; D2Z ; V I0; D
~�I0; @ ��cYEW =2; DJa ~�@ I29 U Y#V ; D
6 eHL2ZO<�Y#I
6 ]J6 5�X ?EV KEU 
�M2Y#Z ZOM29 ;�I0; 9 M2; D ��. a ~�@ I29 U Y#V ;jYEL2W =yD29 W =EU
L2DEU ; @ ; 9 D2Y#D2M2; @�%>; W =2Z ; V %H9 @ `E; D
6�� Z U:M29 ;j~�I0; @ ��cYEW =2;jD29 W =EU:M2L2@ W =�; 9 D�eHM2Z ?#@ I2Y U:I0; M2; W `#U 

M2YED2D�`E?Er2r
; V U*; 9 D�� � a ~�I0; @ ��cYEW =2; DJa ~�@ I29 U Y#V>Y#A�~�@ U �GI�, %:6&;�9 D�M29 ; Z ; A�v*?JM2; V VHD#L2@
YEDGM2Y#Z+� 
 a ~�I
; @ ��cY#W =2; DJa ~�@ I29 U YEV�Y#A�~�@ U%;�I�, %:6 �Bd Z 9 ; =2;:<�Y#I
6
]J6 5Ef 

M
6
=
60M29 ; Z ;OI0; 9 M2; D
N:?EAjI29 D2Y U 9 ?#D2; D*C#?ED�� � auL2D2M�� 
 a ~�I0; @ ��cYEW =2; DJa ~�@ I29 U Y#V ; DGI29 V M2; D , %u; 9�L2D2Y#I2=�cYED2K#9 KE;:RT9 a
KE; D�, L2Z U cY#D2M2; , L2@ F�YEAB9 V U ?#D2ABY U @ 9 x�
 M29 ;u9 DjM2; @ RTD2; @ KE9 ;>; D#U YE@ U ; UTZ 9 D2MGd 8�9 ; Z ; V I
;ueHL2Z Z Y#KE;
KE9 V UuYEL2W =BX cL2@uM29 ;>N:?#AOI29 D2YEU 9 ?EDjC#?ED ; � . a L2D2M ; 
 . a ~�@ I29 U Y#V ; D0f 6#RT9 D�� . a e�M2Z ?E@ I2YEU a ~�@ I29 U Y#V
` YED2D � ;�D2Y#W =yeHM2Z ?#@ I2Y U r2V YEU ,�D#L2@jY#D�M2; Dy; 9 D2; Dy?JM2; @jYEDyM2; DyY#D2M2; @ ; DyRT9 KE; D�, L2Z U Y#D2M
YED2`E?#r2r0; V D
6�8�; @�; D#U Z r2@ ; W =2; D2M2;��
L2Z U YED2M�Z r2YEV U ; U:M2YED2D�YELJX 
�?E=2D2;BM2; D�YED2M2; @ ; D2, L�I
; a
; 9 DJ�0L2Z Z ; D
6 8�9 ; Z:9 Z UOK#; @ Y#M2;BM2; @OR �
; `EU 
 M2; @:X cL2@OM2; Dy~�I
; @ ��cY#W =2; D�, L2Z U YED2Myt�I0; ?EI2Y#W =Ja
U ; U�%HL2@ M2;�
�M2; @�cL2I0; @ %H9 ; K#; D2M�� � � 
 a �u=2YE@ Y#`EU ; @�I0; Z 9 U , U:L2D2M�YED�; 9 D
��. a e�M2Z ?E@ I2YEU a ~�@ I29 U Y#V
I29 D2M2; U 6J8�Y#Z <>9 K#=EU a tu9 D2M29 D2KEa vG?JM2; V VJI0; Z U cY U 9 KEUTY#V Z ?:M29 ;>YED2=2Y#D2MBM2; @T_�YEM2L2D2K#Z M29 W =EU ; DBK#; a
U @ ? ��; D2; D �
L2?#@ M2D#L2D2K#; D*X cL2@uM29 ; Z ; D��
L2Z U YED2M
608�YB; 9 D � . a eHM2Z ?#@ I2Y U a ~�@ I29 U YEV
YEL2W =GYED*M29 ;; � . a:L2D2M ; 
 . a ~�I0; @ ��cYEW =2; DJa ~�@ I29 U Y#V ;BI29 D2M2; U 
�U @ ; U ; DyM29 ; Z ;�9 D�M2; Dy_�YEM2L2D2K#Z M29 W =EU ; DyM2; @
�
L2Z U cYED2M2;:tH76- tH5:M2; LJU V 9 W =�=2; @ C#?E@:d CJK#V 62eHI2I
62]26 ]jL2D2M*eHI2I
62]26 mJf 628�9 ;�KE; @ 9 D2KE;�RTD2; @ K#9 ; a



� � ��� ��
������ �
� �� �
����� 
�� 	 ������� � �B�#� ��� � pE^

YEI2=�cY#D2KE9 K#`E; 9 U 
JM29 ;>M29 ;��
L2Z U cYED2M2;HtH5�9 DBM2; DBqTZ ; L2M2?Er
? U ; DEU 9 Y#V @ ; W =2DJL2D2KE; DBC#?#Ask�@ Y#MBM2; @
tu; M2; W `JL2D2K , ; 9 KE; D�
0` YED2D*M2L2@ W =G; 9 D2;�
�; W =2Z ; V %H9 @ `#L2D2KBAB9 U>U 9 ; X ; @ ; DGeuU ?EABV Y#KE; D�; @ `#V cY#@ U
%u; @ M2; D�

M29 ;:9 D�M29 ; Z ; A�; 9 DJX Y#W =2; D�v*?JM2; V V
D29 W =#UH; DEU =2Y#V U ; DGZ 9 D2M
6
bHL2D�%H9 @ M�M2; @u{0YEV V0; 9 D2; Z � � a e�M2Z ?E@ I2YEU a ~�@ I29 U Y#V ZTM29 Z `#LJU 9 ; @ U 6JeHL2Zu<�Y#I
6J]26 7:; D#U D29 ABA:U

ABYED�
EM2YEZ Z M29 ; Z ; Z ~�@ I29 U Y#V#D#L2@�Y#DOM29 ; � ; D29 KE; Dj~�I0; @ ��cYEW =2; DJa ~�@ I29 U Y#V ;TYED2`E?#r2r0; V DO` YED2D�
EM29 ;
D29 W =EUjAB9 UO; 9 D2; A � . a e�M2Z ?E@ I2YEU a ~�@ I29 U Y#V�%>; W =2Z ; V %H9 @ `E; D
6TeHL2Zj[#|2ABAB; U @ 9 ; KE@EcL2D2M2; D�AOL2Z Z
YEA .0 1 3 4 5�4 7 a qTL2D2`EUG; 9 D�� � a e�M2Z ?E@ I2YEU a ~�@ I29 U Y#VHAB9 U*; 9 D � 
 a eHM2Z ?#@ I2Y U a ~�@ I29 U YEV�YED M2; Aja
Z ; V I
; D�euU ?#A�; D#U YE@ U ; D
6�8�9 ;ORTDEU Y#@ U L2D2K�; 9 D2; Z:~�I0; @ ��cYEW =2; D�, L2Z U Y#D2M2; ZOM2; @�L2D#I
; M2; W `EU ; D
~�I0; @ ��cYEW =2;�

M29 ;OYEL2Z�M2; @ �
; V V ; D#C#; @ K#@ c?��#; @ L2D2K�@ ; Z L2V U 9 ; @ U 
0` Y#D2DGZ ?#AB9 UHD29 W =#U�Y#LJX KE; =2?EI
; D
%u; @ M2; D
6�b�YEW =�<�Y#I
6
]26 5 %u; W =2Z ; V %H9 @ `E; D�M29 ;#� � � 
 a e�M2Z ?E@ I2YEU a ~�@ I29 U Y#V ; , %H9 Z W =2; D�M2; D�I0; 9 a
M2; DOeHM2Z ?#@ rJU 9 ?ED2Z r2V cYEU , ; D
6 8:9 ; ; D2; @ KE; U 9 Z W =2;Te�LJX Z r2YEV U L2D2K>M2; Z�~�I
; @ ��cY#W =2; D�, L2Z U YED2M2; Z 
EM29 ;
M2L2@ W =*M29 ;�e�M2Z ?E@ I2YEU a t>9 D2M2L2D2Kj=2; @ C#?E@ K#; @ LJX ; D %H9 @ M�
0=�cYED2KEU>Y#V Z ?jM2Y C#?EDGYEI�
2?#I*D#L2@>; 9 D2; @
?JM2; @uI
; 9 M2;He�M2Z ?E@ I2YEU r2V cY U , ;HI
; Z ; U , U>Z 9 D2M
628�9 ; Z ; ZuRT@ K#; I2D29 Zu9 Z U:cY��JL29 CEYEV ; DEU*, L�M2; @Tt>; ?#IJa
YEW =#U L2D2K 
�M29 ; , LJC#?#@HX cL2@HM2; D �
L2Z U YED2M�[2~:v*a ��KE; ABYEW =#U�%HL2@ M2; 
�M2; @�; 9 D2; D�� � � 
 a t>; 9 U @ Y#K
YEAle�M2Z ?E@ I2YEUHI
; Z 9 U , U 6
�
L2V ; U , U�%H9 @ MyM2; @��
L2Z U YED2M�v I0; =2YED2M2; V U 
TM2; @BYEL2W =�I0; 9>; 9 D2; @BKE; Z cY U U 9 KEU ; D �u=2V ?E@ a

tu; M2; W `JL2D2K�C#?#@ =2YED2M2; D�9 Z U 
T?��
; D2Z 9 W =EU V 9 W =�� ; M2?JW =�`E; 9 D2;*t>9 D2M2L2D2K�AB9 UBM2; A�eHM2Z ?#@ I2Y U
; 9 D2K#; =#U 608�; @>@ ; , 9 r2@ ?E`E;jk�9 U U ; @ C#; `#U ?E@>M2; Z�.9 1 3 4 564 7 a qTL2D2`#U ; ZHV Y#LJU ; U ���  �d z�
 z 
 zJf d ]26 ]Jf
� D�M2; @j9 D�eHI2I
6u]J6 7 5�M2Y#@ KE; Z U ; V V U ; DyRT9 D2=2; 9 U Z , ; V V ;*I0; Z U ; =#U��
L2Z U Y#D2M�[2~:v�a v�YEL2Z'; � 
 a
~�@ I29 U YEV ; D�YEDyM2; D�~�@ U ; D �BL2D2M$;06 8:9 ; ZOZ 9 D2MyM29 ;�; 9 D�, 9 K#; D$;Ea ~�@ I29 U YEV ;�
�M29 ;�M29 ;�I0; ?EIJa
YEW =#U ; U ;jL2D2KE; @ YEM2;j[#|JABAB; U @ 9 ;:; @ X cL2V V ; D
608:9 ;:_�Y#M2L2D2KEZ C#; @ U ; 9 V L2D2K�9 Z U>C#?#V V Z U cYED2M29 KBY#DGM2; D
~�I0; @ ��cYEW =2; D2Y U ?#AB; DyV ?E` Y#V 9 Z 9 ; @ U 
�M
6 =
6 M29 ; Z ; @ �
L2Z U YED2My` YED2D�9 D�M2; A ; 9 DJX YEW =2; D�<>9 K#=EU a
tu9 D2M29 D2KEa vG?JM2; V VuI0; Z ?ED2M2; @ ZjK#LJUBI0; Z W =2@ 9 ; I
; D %u; @ M2; D
6ueHL2ZB<�YEI
6T]J6 7 %H9 @ M=%H9 ; M2; @jYEIJa
KE; V ; Z ; D�
uM2Y#Z ZjX cL2@�M29 ;5; � 
 a ~�@ I29 U Y#V ;�DJL2@�; 9 D2; 
�; W =2Z ; V %H9 @ `#L2D2KyAB9 U�M2; D�� � ajI�, %:6 � 
 a
eHM2Z ?#@ I2Y U a ~�@ I29 U YEV ; D�AGc?EK#V 9 W =�9 Z U 6>RT9 D��u; @ U Y#L2Z W =2; D�M29 ; Z ; @G~�@ I29 U Y#V ;*X cL2=2@ U , L ; 9 D2; A
qT=2YEZ ; D2Z r2@ L2D2K �JX cL2@TM29 ; Z ; D�{0Y#V V2Z 9 D2MBYEI
; @uM29 ;>F�YEAB9 V U ?#D2ABY U @ 9 x2; V ; AB; D#U ;%( � ;-/TL2D2M5( � � /
YEA .9 1 3 4 5�4 7 a qTL2D2`EU�D#L2V V 608�Y#@ YEL2ZuX ?#V K UHZ ? X ?#@ U 
0M2YEZ Z��
L2Z U YED2M�[2~:v�a vg9 D*M29 ; Z ; A�vG?JM2; V V
D29 W =EUjYED�M2Y#Z:eHM2Z ?#@ I2Y UjYED2`E?#r2r0; V D�` Y#D2D�
�%H9 ;BM2YEZOI0; @ ; 9 U Z:9 D�M2; D�D#L2AB; @ 9 Z W =2; D��H; W =Ja
D#L2D2K#; DGI
; ?#I2YEW =#U ; U�%HL2@ M2;E6
8�9 ; �
L2?#@ M2D#L2D2K#; D�M2; @�~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;�

M29 ; , LJC#?#@HYED2=2Y#D2MGM2; @H_�YEM2L2D2K#Z M29 W =Ja

U ; D�L2D2M�RTD2; @ K#9 ; DBK#; U @ ?��
; D %HL2@ M2; D�
J`
c?ED2D2; D�9 A�<>9 K#=EU a tu9 D2M29 D2KEa vG?JM2; V V2D2YEW =#C#?EV V , ?EK#; D
%u; @ M2; D
6T8:YEAB9 U , ; 9 KEUjZ 9 W =�
 M2YEZ ZjM2Y#Z:�u; @ =2Y#V U ; DyM2; @B~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2;*I0; 9 �u=2V ?E@ a
YEM2Z ?#@ rJU 9 ?ED�Y#LJXj[#|JABAB; U @ 9 ; ; �
; `EU ; , L2@ cL2W `�, LJX cL2=2@ ; D�9 Z U*L2D2M�D29 W =#U*; U %>YyY#LJX , LJX cY#V V 9 KE;
v*YEU @ 9 xJ; V ; AB; DEU ; �
; `EU ;E6 8�9 ;Bt>; ?#I2YEW =#U L2D2KE; DyZ ?EV V U ; D�Z ?#AB9 UOYELJX>C#; @ KEV ; 9 W =#I2Y#@ ;�[#|2Z U ; AB;



pEP � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �

AB9 UOcY#=2D2V 9 W =2; D�~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2; D�cL2I0; @ U @ YEK#I2YE@�Z ; 9 D
�
{�cL2@HM29 ; �uL�d 7 zEzJf a ~�I
; @ ��cY#W =2;

%HL2@ M2; D ,E6�t�6 ; I
; DJX Y#V V ZO~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;*9 D�M2; @ObjcYE=2;�M2; @j{0; @ AB9 ; D2; @ K#9 ;BYEA .� a
qTL2D2`EU�� hEP �2L2D2M�cL2I0; @ M2; A);Ea tuY#D2MOY#A .0 a qTL2D2`#U�� h#n �2I
; ?#I2YEW =#U ; U 6#t>; 9 �u=2V ?#@ YEM2Z ?#@ rJU 9 ?ED
I29 V M2; UHZ 9 W =*Y#L2W =GYELJX M29 ; Z ; @�~�I0; @ ��cYEW =2;O; 9 D2;:WEd 5��u5#f a [2~:v*a c��I0; @ Z U @ L2`EU L2@HY#L2Z � nEh � 6
8�9 ;�AB9 `#@ ?#Z `E?Er29 Z W =2; D��H; W =2DJL2D2KE; D , L M2; D ~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2; D M2; @*e�K2d 7 zEzJf a

~�I0; @ ��cYEW =2;OI0; 9�e�M2Z ?E@ rJU 9 ?#D�C#?ED��u=2V ?#@ , ; 9 KE; D�
0M2YEZ ZHZ ; V I2Z U�I0; 9�; 9 D2; @>=2Y#V I0; DGv*?#D2?EV Y#KE;
D29 W =EUOY#V V ;B~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2;�M2L2@ W =�M2Y#Z:eHM2Z ?#@ I2Y UOL2D#U ; @ M2@EcL2W `#U %>; @ M2; D
6-
�cY#=2@ ; D2M
�
L2Z U YED2M�v�M2L2@ W =�M2Y#Z:eHM2Z ?#@ I2Y UOD29 W =#UOI0; ; 9 DJ�0L2Z Z U %H9 @ M�
�Z r2YEV U ; U �
L2Z U YED2M�t M2@ ; 9 X YEW =
YELJX � � D�M2; D�L2DJI0; Z ; U , U ; D�eHM2Z ?#@ rJU 9 ?ED2Z r2V cYEU , ; D2%H9 @ M�; @OM2L2@ W =yM2YEZOe�M2Z ?E@ I2YEUj; I
; DJX Y#V V Z
D29 W =EU:I
; ; 9 DJ�0L2Z Z U 

?#I6%>?E=2V ; @�9 DGM2; D�I0; Z ; U , U ; D�qTV cY U , ; D�9 DG; 9 D2; D�I29 D2M2; D2M2; D�L2D2M�YED#U 9 a
I29 D2M2; D2M2; D��
L2Z U Y#D2MBY#LJX Z r2YEV U ; U 6#� D�R xJr
; @ 9 AB; DEU ; D %H9 @ MB?EX U ABYEV Z M2Y#Z �HD#U ; @ M2@EcL2W `E; D�C#?ED
�
L2Z U cYED2M2; DyI
; 9>eHM2Z ?#@ I2Y U I
; M2; W `#L2D2K�d � �JL2; D2W =29 D2K � fjYEV Zjb�YEW =�%u; 9 Z AB; U =2?JM2;�X cL2@B~�I
; @ a
��cYEW =2; D�, L2Z U cY#D2M2;GC#; @ %u; D2M2; U 6HbHY#W =�M2; D�RT@ K#; I2D29 Z Z ; D�M29 ; Z ; @���DEU ; @ Z L2W =#L2D2K�9 Z U�M29 ; Z ; Z
�T; @ X YE=2@ ; D�, L2AB9 D2M2; Z UHX cL2@>M2YEZ�[#|JZ U ; A �uV -EeHK0d 7 z#z#fuD29 W =EU�; 9 D2M2; LJU 9 KJ6
8�; @j~�I0; @ ��cYEW =2; D�, L2Z U Y#D2M�v %H9 @ M�9 D�qT=2?EU ?J; AB9 Z Z 9 ?#D2Z ; x2r0; @ 9 AB; D#U ; D�D2YEW =yM2; @jeHMJa

Z ?E@ rJU 9 ?#D:C#?#D �u=2V ?E@ D29 W =EUTAB; =2@�I
; ?#I2YEW =#U ; U 6�
 9 ;uI
; @ ; 9 U Z�, LJC#?E@T; @ %OcY#=2DEU�%HL2@ M2; 
#`0c?#D2DEU ;
; 9 D2;Bt>; L2K#L2D2KGM2; @:qT=2?EU ?J; V ; `EU @ ?#D2; D�YED�M2; @Oe�M2Z ?E@ I2YEU V YEK#;jM29 ; Z ; D�R ��; `#Uj; @ `JV cYE@ ; D
6�� D
RTV ; `#U @ ?E@ ; �0; x29 ?ED2Z AB; Z Z L2D2KE; D�U @ ; U ; D�M2YEK#; K#; D�YEL2W =�I
; 9 �u=2V ?E@ I
; M2; W `#L2D2K�~�I
; @ ��cY#W =2; DJa
, L2Z U cY#D2M2;j9 A�RTD2; @ KE9 ; I0; @ ; 9 W =�M2; Z �
L2Z U YED2M2; Z:t�Y#LJX 6
� D�M2; D %>; 9 U ; @ ; D �HD#U ; @ Z L2W =JL2D2KE; D
Z ?EV V
=2; @ Y#L2Z KE; X L2D2M2; D�%u; @ M2; D�
0?#I�; Z>Z 9 W =*M2YEI
; 9
L2AsM2; DG~�I0; @ ��cYEW =2; D�, L2Z U Y#D2M*M2; @uL2DJI0; a
M2; W `#U ; D�~�I0; @ ��cYEW =2;O=2YED2M2; V U 6

�
� � � ����"�� � �
�� ��� ��� �5� � ���&,�� � ��� �5� � ��� � 
 �
bHY#W =BM2; @T8�9 Z `JL2Z Z 9 ?EDBM2; @TN:@ 9 Z U YEV V - �TY#`#L2L2Aja k�@ ; D�, ��cY#W =2;�%>; @ M2; DBDJL2DBM29 ;H~�I
; @ ��cY#W =2; DJa
, L2Z U cY#D2M2;�M2; @jRTV ; `#U @ ?JM2; -ERTV ; `#U @ ?EV |JU a k:@ ; D�, ��cYEW =2;�L2D#U ; @ Z L2W =#U 6T8:L2@ W =�M29 ;�I
; %>; K#V 9 W =2; D
� ?#D2; D�9 A�RTV ; `EU @ ?#V |#U:I29 V M2; U�Z 9 W =�YED�M29 ; Z ; @:k�@ ; D�, ��cY#W =2;j; 9 D�; V ; `EU @ 9 Z W =2; Z�{0; V MGYEL2Z 
�M2YEZ
cL2I0; @H; 9 D2;:; x#U ; @ D2;j[Jr2Y#D2D#L2D2K�Y#DGM2; D�RTV ; `#U @ ?JM2; D�M2; @ �
; V V ;�CEYE@ 9 9 ; @ U %>; @ M2; D�` YED2D
6
8�9 ;
; @ , 9 ; V U ; D�{0; V M2Z U cY#@ `E; D V 9 ; K#; D�9 D�M2; @*k:@ c?��#; D2?#@ M2D#L2D2K�C#?ED 7 z  � � - A*6u8:YEZ�`E?#ABr2V ; x2;
[#|JZ U ; AlM2; @>8�?#r2r0; V V YEK#; 
2M2YEZ>9 Ase�D2=2YED2KBe D�cYE=2; @>I0; Z W =2@ 9 ; I
; DG9 Z U 
B%H9 @ M*9 D�M2; D*�H; W =Ja
D#L2D2K#; D�Z 9 AjL2V 9 ; @ U 

9 D2M2; A�M29 ;jD29 W =EU a Z r0; , 9 :0Z W =�YEM2Z ?#@ I29 ; @ U ; D�
�=E|2M2@ Y U 9 Z 9 ; @ U ; D�� ?ED2; D�M2; Z
RTV ; `#U @ ?EV |JU Z�M2L2@ W =j; 9 DO=2?#AB?EK#; D2; Z�; V ; `EU @ 9 Z W =2; Z {0; V MO; @ Z ; U , U
%>; @ M2; D
6ERT9 D2;utu; Z W =2@ ; 9 I2L2D2K
M2; ZH; V ; `EU @ 9 Z W =2; D*{0; V M2; Z>9 D�M2; @���� ��� a k�; ?EAB; U @ 9 ; %HL2@ M2;:I0; @ ; 9 U Z>9 D*eHI2Z W =2D29 U U:5#6 7 5OK#; K#; a
I0; D
6#8:9 ;>Z r0; , 9 :0Z W =�YEM2Z ?#@ I29 ; @ U ; DB� ?#D2; D�%u; @ M2; D�M2YEK#; K#; DB; xJr2V 9 , 9 UT9 DjM29 ;HRTV ; AB; DEU Y#@ , ; V V ;
M2; @ ��� ��� a k:; ?#AB; U @ 9 ;*YELJX K#; D2?#ABAB; D
6�
�YEZ Z ; @ AB?EV ; `�cL2V ;G`0c?#D2D2; D�9 DyM29 ; Z ; D��H; W =2D#L2D2K#; D



� � � � ��
������ �
� �� �
��� �����+� ��
%�&� � � �����+� ��
%� � ��� p#n

D29 W =EU:I0; @ cL2W `#Z 9 W =#U 9 K U�%u; @ M2; D�
�M2YBZ 9 ;OM2; D��H; W =2; D2YELJX %>YED2M�M2@ Y#Z U 9 Z W =GY#D2=2; I
; D %jcL2@ M2; D
6
8�; @�RT9 DJ�0L2Z Z:M2; @�
�Y#Z Z ; @ AB?#V ; `�cL2V ;OY#LJXuM29 ;jRTV ; `#U @ ?JM2; D2?#I0; @ ��cYEW =2;BL2D2M�M29 ;OFH|JM2@ YEU 9 Z 9 ; a
@ L2D2K�M2; @�Z r0; , 9 :0Z W =�Y#M2Z ?E@ I29 ; @ U ; D �u=2V ?E@ 9 ?#D2; DGZ 9 D2M�Z ?EAB9 U�9 DGM29 ; Z ; DG�H; W =2D#L2D2K#; D�D29 W =EU
; D#U =2YEV U ; D
6JeHL2ZuR xJr
; @ 9 AB; DEU ; DB9 Z U-� ; M2?JW =BI
; ` Y#D2DEU 
JM2Y#Z ZTM29 ;�
�; W =2Z ; V %H9 @ `#L2D2K , %H9 Z W =2; D
RTV ; `#U @ ?JM2; D2?#I0; @ ��cYEW =2;uL2D2M	
�YEZ Z ; @�K#; @ 9 D2KH9 Z U 
 M2Y:~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2;uM2L2@ W =jM2YEZ 
�YEZ a
Z ; @H9 D*M2; @H�H; K#; V�D29 W =#UHL2D#U ; @ M2@EcL2W `#U�%>; @ M2; D � hE] � 6
� A��HY#=2AB; DBM29 ; Z ; @T; 9 DJX Y#W =2; DBt>; Z W =2@ ; 9 I2L2D2KOM2; @T8:?Er2r
; V V Y#KE;*%H9 @ M , L2; @ Z U>M2; @TR ��; `#U

M2; @BRTV ; `EU @ ?#Z U @ 9 `EU 9 ?#DyM29 Z `#LJU 9 ; @ UBL2D2M�[JW =2V L2Z Z X ?EV K#; @ L2D2K#; D�K#; , ?EK#; D�
uM29 ;�X cL2@jM29 ;G[J9 AjLJa
V Y U 9 ?#D�M2; @O8:?Er2r
; V V Y#KE;B9 Dy; 9 D2; @
��� ��� a k�; ?EAB; U @ 9 ;jC#?EDyt>; M2; LJU L2D2K�Z 9 D2M
6 � A e�D2Z W =2V L2Z Z
%u; @ M2; DGM2YED2D*M29 ;�~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;:Y#D�M2; @>k:@ ; D�, ��cYEW =2;:I0; 9
D29 W =EU a Z r0; , 9 :0Z W =2; @>L2D2M
Z r0; , 9 :0Z W =2; @He�M2Z ?E@ rJU 9 ?#D*L2DEU ; @ Z L2W =EU 6

��� ��� � � 
 	3��������� ����� ����� ���

tu; 9JM2; @��H; V Y x2Y U 9 ?#D:M2; @ eHK0d 7 z#z#f a ~�I0; @ ��cYEW =2;u9 A ; V ; `EU @ 9 Z W =2; Dj{0; V M:U @ 9 U U ; 9 D2;TL2D2; @ %uY#@ U ; a
U ;�8�; =2D#L2D2KjM2; Z���� ��� �uZ ; D2`#@ ; W =EU�, L*M2; DG~�I0; @ ��cYEW =2; D*YELJX 62� D�e�I2I
62]J6 7 ^j9 Z U>M29 ; Z ;�8:; =Ja
D#L2D2K:9 DOeHI2=�cY#D2KE9 K#`E; 9 U C#?EA ; V ; `#U @ 9 Z W =2; DB{0; V MOM2Y#@ KE; Z U ; V V U  �E; 9 DOD2; KEYEU 9 C#; Z {0; V MOI0; M2; LJU ; U
; 9 D2;>e�D2=�cYELJX L2D2K:C#?EDBr0?#Z 9 U 9 C#; @T_�Y#M2L2D2K:YELJX�M2; @u~�I0; @ ��cYEW =2;E6J8�9 ;>8�; =2D#L2D2K:M2; Z���� ��� �T; @ a
Z U @ ; W `#UTZ 9 W =OK#V ; 9 W =2AGcY �E9 KjcL2I
; @ YEV V ;TeuU ?#ABV YEK#; D
6 t>; @ ; 9 U Z�I0; 9J; 9 D2; A ; V ; `EU @ 9 Z W =2; DO{0; V M:C#?ED
a 7 
 ] � 7 z  � � - A�I
; U @ cY#K U>Z 9 ;>L2D2K#; X cY#=2@H7 � M2; ZT_�YEK#; D2Y#I2Z U YED2M2; Z 628�9 ;H8�; =2D#L2D2KOV cY#Z Z UuZ 9 W =
9 DG; 9 D2; AlABY#`#@ ?#Z `E?Er29 Z W =2; D�tu9 V M�C#; @ Z U ; =2; D�
�M2YEZ�9 D*e�I2I
6
]J6 7 PBM2Y#@ KE; Z U ; V V U�9 Z U � 8:YEZ�[#|Ja
Z U ; A�_�YEM2L2D2K#Z r2V Y U U ; a ~�I
; @ ��cY#W =2;OZ U ; V V U�; 9 D2; D�qTV YEU U ; D2`E?#D2M2; D2Z YEU ?E@:M2YE@ 6
8:9 ;OKE; V YEM2; D2; D
qTV Y U U ; D*M29 ; Z ; @>N:?ED2M2; D2Z Y U ?#@ ; D , 9 ; =2; D*Z 9 W =*M2L2@ W =GM2YEZH; V ; `EU @ 9 Z W =2;:{0; V M*KE; KE; D2Z ; 9 U 9 KjY#D
6
8�Y*M29 ;j_�Y#M2L2D2KEZ r2V YEU U ; D�?E@ U Z X ; Z U:Z 9 D2M�
�%H9 @ M�Z ?EAB9 U:M2; @ ��� ���:YEL2Z ; 9 D2YED2M2; @ KE; , ?#KE; D
6 ��A
M29 ; Z ; ZO; 9 DJX Y#W =2;BABY#`#@ ?#Z `E?Er29 Z W =2;�t>9 V M2, L�C#; @ 9 : , 9 ; @ ; D�
�Z ?#V VTD#L2D�cL2I
; @ r2@EcLJX U %>; @ M2; D�
 ?EI
M29 ;>Y#LJX U @ ; U ; D2M2; D�N:@ cY X U ; , %H9 Z W =2; D*~�I
; @ ��cY#W =2;HL2D2MB_�Y#M2L2D2KEZ r2V YEU U ;>Y#L2Z @ ; 9 W =2; D�
JL2A�M2; D
��� ��� , LyM2; =2D2; D
6 {�cL2@jM29 ;Bt>; Z U 9 ABAjL2D2KGM2; ZjRTV YEZ U 9 , 9 U cY U Z AB?JM2L2V Z�C#?#Dy[J9 V I
; @ %H9 @ M�; 9 D2;
�T?#V L2AB; D2@ ; W =2D#L2D2K�M2L2@ W =2KE; X cL2=2@ U 
TI
; 9HM2; @BM29 ;*RT9 D2=2; 9 U Z , ; V V ;*Z ; D2`J@ ; W =#U , L�M2; D�d 7 zEzJf a
RTI0; D2; D�KE; M2; =2D#U:I�, %:6�K#; Z U Y#L2W =EUO9 Z U 6
8�9 ;jk�9 U U ; @ `E?ED2Z U Y#DEU ;j9 DGM2; Dyd 7 zEzJf a RTI
; D2; D %H9 @ M
M2YEI
; 9T`E?#D2Z U YED#UjK#; =2Y#V U ; D�
 %H9 ;BM29 ; ZOY#L2W =�9 D�M2; D���� ��� a �H; W =2DJL2D2KE; D�M2; @O{0Y#V V 9 Z U 6 c�HI
; @
M29 ; ce�D2M2; @ L2D2K�M2; @Bk�; Z YEAOU ; D2; @ KE9 ;*V cYEZ Z UBZ 9 W =yM2Y#D2DyM2; @jRTV YEZ U 9 , 9 U cY U Z AB?JM2L2Vu; @ AB9 U U ; V D �

8�; @ I
; @ ; W =2D2; U ;#
�; @ UTC#?#D*7 P#^Ok�q Y:Z U 9 ABAOU Z ; =2@TK#LJUTAB9 UTM2; A�; x2r0; @ 9 AB; D#U ; V V 
�; @ UTC#?ED
% 0-( 3�9�' 6�4 ' ( & ( 3���( 6 ) . 4 (�2 , 6 ( 3 & 2�; ) :�. 3 (�/ ( 5 4 :�( 3 ( ' ; )):�( & ; ) 3 �. , - 6+& ' ; )	,�. ) ( 1 2 . 2 ��( ' ,	, ( / . 6 ' 
 ( &

/ ( 5 4�� 4 .�:�( '�( ' , ( 9 	 . & ' 6 ' 
 ( , / ( 5 4
4 . &���. 6 ( , 6 ' . 5�4 ( 3 
 . 4 2 , / & 	 5 . 6 6 ( ,�& ; ) , ( 5 5�2 , 6 ( 3�4 ' (�/ ( 3 9 ' ( , ( 3 / ' (
& ' , - 6

�
:�( '�4 ( 3 ��( 3 ( ; ) , 2 , /�4 ( 3�
 . 4 2 , / & 4 ' ; ) 6 (+& . 9�9�( 5 ,�& ' ; )&4 . , ,)7�5 ( - 6 3 . , ( ,�' 9���. 6 ( , 6 ' . 5 6 . 	 ��4 ( 3


 . 4 2 , / & 	 5 . 6 6 ( ,�. ,/2 ,�4�- . 9�	�( ,�& ' ( 3 ( ,
4 . 3 6�6 ( ' 5 0�( ' & ('4 ' ( 	 . & ' 6 ' 
 ( 
 . 4 2 , / 1



pE] � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �

-3 -2 -1 0 1 2 3
-2

-1

0

1

2

3

4

5

 

 1. Lage
 2. Lage
 3. Lage
 4. Lage
 Dehnung im Kristall

          bei äquivalentem Zug

R
el

ax
at

io
n 

in
 %

Elektrisches Feld  [10
10

 V/m]

� � � 7 � ��� ��� *+� � ����	57 " � " � � ����� 7 � � " 7 �-" � �	" � ��� �-� ��" ��� [JV YEI2Z�7 � " � " $�� � 7 � � ��" � � " � ���
� �������� � � 7 � �47 � �'�+7 "�	 " � ��� ���)� " � �-� � " ����� � � �+��� " ��7 � ��� 7 � � ��� ���+� � " ��" � " ����� " ����" 7 � � � �
����� ��" ���� ����7 � � ��� " �/� " �!������ � � " ��� " ��" � " $ � � 7 � � ��" � � " � � " �#�+��� " �& #� " � "#���� ��"�" ��� � ��� 7 � ��� �

� � � 7 � ��� ���(*+� � ���-� � ��" �
��� 7 � � ��"#		�+� � � " � � � ���+� " �*[JV YEI�� 
#" � ��" � � 7 "#� �-� ��" � � " ��� � 7 � ��� � �
� " �
������ � � " ��" � ������ � ��7 � � "��+��� " �+ #� " � "#���� ��" ���



� � � � ��
������ �
� �� �
��� �����+� ��
%�&� � � �����+� ��
%� � ��� p#h

� � � 7 � ��� ��� *+� �����-��� ��" �
��� 7 � � ��"�		�+� � � " � � � ��� � " �������� � � " ��" � ������ � ��7 � � " �+� � " ��$ � " $ � � � �
� " � $ � " $�� � � � � � � 
&� " ��� "#���� ��" �
7 5E^jk�q Y*cL2I0; @ ; 9 D�
JM2; @uYEL2ZuRTV Y#Z U 9 , 9 U cYEU Z `E?ED2Z U Y#DEU ; DBY#I2KE; V ; 9 U ; U�%HL2@ M2; � h m�� 62� D�eHI2I
62]J6 7 ^
9 Z U:M29 ;GcL2I
; @:M2; D�RTV YEZ U 9 , 9 U cY U Z AB?JM2L2V�I0; @ ; W =2D2; U ;B8�; =2D#L2D2K*M2; Z�_�YEK#; D2Y#I2Z U YED2M2; Z:; 9 D2K#; a
, ; 9 W =2D2; U 
B%H9 ;�Z 9 ;H9 A��u?EV L2AB; DBI
; 9 cY �#L29 CEY#V ; D#U ; A �
L2K , L*; @ %>YE@ U ; D�9 Z U 60[J9 ;HZ U 9 ABA:UuZ ; =2@
KELJU�AB9 UHM2; @H8:; =2DJL2D2K�M2; Z:[JV YEI2ZjcL2I0; @ ; 9 D�L2D2MG@ ; W =#U X ; @ U 9 KEU�M2YEAB9 U�M2YEZHABY#`#@ ?#Z `E?Er29 Z W =2;
tu9 V M
6
8�Y#Z>�T; @ X ?E@ AB; DG; 9 D2; ZH_�; 9 U ; @ ZH9 Al; V ; `#U @ 9 Z W =2; D�{0; V M�%H9 @ MGRTV ; `EU @ ?#Z U @ 9 `EU 9 ?#D*K#; D2Y#D2DEU

� hEp � 60[J? %>; 9 U�I0; ` YED2D#U 
09 Z U>M29 ; Z>M2Y#Z>; @ Z U ;OvGYEV 
0M2YEZ ZHM2; @HR �
; `EU�M2; @>RTV ; `EU @ ?#Z U @ 9 `EU 9 ?#DBX cL2@
; 9 D�v*; U YEV V AB9 `#@ ?#Z `E?Er29 Z W =�I
; @ ; W =2D2; U %HL2@ M2;E6�� D�C#; @ K#V ; 9 W =JI2YE@ ; D�qTZ ; L2M2?#r0?EU ; D#U 9 YEV @ ; W =Ja
D#L2D2K#; D , LBv*?#V |JI
M�cYED:C#?ED �u=2YED�� hEh ��%HL2@ M2;u`E; 9 D2;TRTV ; `EU @ ?#Z U @ 9 `EU 9 ?#D:I
; ?#I2YEW =#U ; U 
E?#I6%>?E=2V
{0; V M2Z U cY#@ `E; DBI29 Z
, Lja ^ �#7 z  � � -EA�L2DEU ; @ Z L2W =EU*%HL2@ M2; D
6J8�9 ; Z 9 Z UTD29 W =EU C#; @ %HL2D2M2; @ V 9 W =�
JM2Y
M2; @:RTV YEZ U 9 , 9 U cY U Z AB?JM2L2V�C#?#D�vG?EV |2I0M�cY#D�] 
 n a ABYEV�K#@ c?��#; @:9 Z U:YEV Z�M2; @HC#?#D�[J9 V I
; @ ��I0; 9 M2; D
L2DEU ; @ Z L2W =EU ; D�{0; V M2Z U cY#@ `E; DjC#?EDBI29 Z
, LOa ^ � 7 z� � � -EA�V 9 ; KEU M29 ;>M2L2@ W =BM2YEZT; V ; `EU @ 9 Z W =2;>{0; V M
I0; M29 D2K U ;:�H; V YExJYEU 9 ?ED*D2?JW =*9 Altu; @ ; 9 W =GM2; ZHDJL2AB; @ 9 Z W =2; DG�HYEL2Z W =2; D2Z 6
8�; @*R ��; `#UGM2; @*RTV ; `EU @ ?#Z U @ 9 `EU 9 ?#D�U @ 9 U UGYED M2; @*RTV ; `EU @ ?JM2; - RTV ; `EU @ ?#V |#U a k�@ ; D�, ��cY#W =2;

D29 W =EU YELJX 
 M2Y>M29 ;TD29 W =EU a Z r0; , 9 :0Z W =OY#M2Z ?E@ I29 ; @ U ; D:� ?ED2; D:D29 W =#U�?#@ U Z X ; Z U Z 9 D2M�
 Z ?#D2M2; @ DOM2L2@ W =
9 =2@ ;>F>|2M2@ Y U = cL2V V ;>YELJX�; 9 D2; A�; D2M2V 9 W =2; DBeHI2Z U Y#D2M�, L2@u~�I0; @ ��cYEW =2;HKE; =2YEV U ; D %>; @ M2; D
6J8�9 ; Z
9 Z Uu9 DBeHI2I
62]J6 7 n:Z W =2; ABYEU 9 Z W =�M2YE@ K#; Z U ; V V U 6#8:9 ;>N:@ cY X U ; I29 V YED�,H9 DBM2; @#��� ��� a k�; ?EAB; U @ 9 ;uAB9 U
; V ; `EU @ 9 Z W =2; As{0; V M�; D#U Z r2@ 9 W =EUHM2YEAB9 UuD29 W =#U>M2; @H[J9 U L2Y U 9 ?#DBYED�M2; @uRTV ; `EU @ ?JM2; - RTV ; `EU @ ?#V |#U a
k�@ ; D�, ��cY#W =2; 6H8:9 ;�k�@ c? �E; D2?E@ M2DJL2D2KyM2; @�, L ; @ %uY#@ U ; D2M2; D��H; V YExJYEU 9 ?ED�; 9 D2; @*RTV ; `#U @ ?JM2;
V cYEZ Z U�Z 9 W =�9 DyM2; @ ��� ��� a k:; ?#AB; U @ 9 ;	� ; M2?JW =�K#@ ?EI�Y#I2Z W =�cY U , ; D
6>8�9 ;GeHK0d 7 z#z#f a ~�I0; @ ��cYEW =2;
%H9 @ M:=29 ; @ , LO; @ D2; LJUT9 A�; V ; `EU @ 9 Z W =2; DO{0; V MO@ ; V YExJ9 ; @ U � M29 ;TN:@ Y X U 
 M29 ;T9 DOM2; @+��� ��� a k:; ?#AB; U @ 9 ;



pEm � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �

YELJX�M29 ;H~�I0; @ ��cYEW =2; D2Y U ?#AB;*%H9 @ `EU 
�%H9 @ MjM2YEI
; 90YEI
; @TL2A�M29 ;>N:@ Y X Uu`E?E@ @ 9 K#9 ; @ U 
#M29 ;uM29 ;>_�Y a
M2L2D2KEZ r2V YEU U ;�cL2I0; @>M2Y#Z>; V ; `#U @ 9 Z W =2;:{0; V M*Y#LJX M29 ;:~�I
; @ ��cY#W =2;:Y#L2Z cL2IJU 60tu; 9�M2; @HN:?E@ @ ; `EU L2@
M2; @>N:@ cY X U ; C#; @ =�cY#V U D29 Z Z ;�%H9 @ M�YEV Z ?jYED2K#; D2?#ABAB; D�
2M2YEZ Z>M2; @ �
L2K 
JM2; D�M29 ;�_�YEM2L2D2K#Z r2V Y U U ;
YELJX�M29 ;uRTV ; `EU @ ?JM2; D2?EI
; @ ��cY#W =2;>Y#L2Z cL2IJU 
#Y#LJX
M29 ;>euU ?EAB`E; @ D2;>M2; @>cY#L �E; @ Z U ; DBeuU ?#ABV YEK#;uM2; @
RTV ; `#U @ ?JM2;�%H9 @ `EU 608�9 ;�Z ?BK#; X L2D2M2; D2; DG�H; V Y x2Y U 9 ?#D2; D %u; @ M2; D�9 D�<�Y#I
60]J6 ^jAB9 UHM2; DG�H; V YEa
xJYEU 9 ?ED2; DO?E=2D2;u{0; V M�C#; @ KEV 9 W =2; D
6 8:9 ;TKE; %OcYE=2V U ;u{0; V M2Z U cY#@ `E;u; D#U Z r2@ 9 W =EUTM2YEI
; 9JM2; A KE@ c? � U ; D
{0; V M�
EM2YEZ�9 DOM2; DOD2Y#W =JX ?EV K#; D2M2; D ��DEU ; @ Z L2W =#L2D2K#; DBY#D2KE; V ; KEU %H9 @ M
6#v*9 U M2; @�N:@ cYEX U ; `E?#@ @ ; `#a
U L2@�I
; %H9 @ `#UOM2YEZ:; V ; `EU @ 9 Z W =2;B{0; V M�; 9 D2;j; 9 D6%OcY#@ U Z�K#; @ 9 W =#U ; U ; ceHD2M2; @ L2D2KGM2; @:�H; V YExJYEU 9 ?ED
C#?EDyABYExJ9 ABY#VTz 
 h � Y#D�M2; D�~�I
; @ ��cY#W =2; D2YEU ?EAB; D
6 t>; @ ; 9 U ZOY#IyM2; @ , %u; 9 U ; DyeuU ?#ABV YEK#;
Z 9 D2M*M29 ; ce�D2M2; @ L2D2K#; D , L�C#; @ D2YEW =2V cY#Z Z 9 KE; D
608:; @>RT9 DJ�0L2Z ZHYELJX M29 ;O~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2; 

M29 ;B9 D�M2; D�D2Y#W =JX ?EV K#; D2M2; D�eHI2Z W =2D29 U U ; D�L2D#U ; @ Z L2W =#U %>; @ M2; D�
 9 Z UOI
; 9u; 9 D2; @O�H; V YExJYEU 9 ?ED
M29 ; Z ; @uk�@ c? �E; D2?E@ M2DJL2D2K:KE; @ 9 D2KJ6#{�cL2@TM29 ;*%u; 9 U ; @ ; D �HD#U ; @ Z L2W =JL2D2KE; D�9 A�; V ; `#U @ 9 Z W =2; DB{0; V M
%u; @ M2; D�M2YE=2; @*M29 ;�@ ; V YExJ9 ; @ U ; D�[#U @ L2`EU L2@ ; D�C#; @ %u; D2M2; U 
�%H9 ;�Z 9 ;�?E=2D2;�{0; V M I0; Z U 9 ABA:U
%HL2@ M2; D��
Z 9 ;�%>; @ M2; DG9 Al; V ; `EU @ 9 Z W =2; D*{0; V M*D29 W =EU�%u; 9 U ; @H@ ; V YExJ9 ; @ U 6

�H; V Y x2Y U 9 ?#D
?E=2D2;:{0; V M AB9 U>{0; V M

a h��#7 z  � � - A
7E6 a 5J62_�Y#KE; a 7�
 h � a 5 
 P �

5#6 a ^262_�Y#KE; z 
 n � z 
 m �

^J6 a P262_�Y#KE; z 
 5 � z 
 5 �

PJ6 a nJ62_�Y#KE; z 
 z � z 
 z �

����� " � � ")*+� ��� � � � � ������ � � ���!� " � � " � � � ��� 7 � ��" � " 7 ��" � � ��� ����� � �  �� " � "#���� ��"37 ��� " � " � " $ � � � �
� ��" � 7 � � ��" � ��" � � ��	57 " ��" �!�� � � � "���" � � � ����+� $ "�" ��� � ��� 7 � ���
� " � �+���� � � " � ��" � � �/��� �47 � � " ������ � � � � � " ��� " � � ��� " � � ��� ��� ����" ���+����" � " ���'��7 � ��� � " 7 � " � "
$�� � ������ " � � ����" � 7 � ��" ��� �

��� ��� � 
 ��� ������� � � 
 	
������� ��	 ��	��'� � ����� � � �%	 � � � ������	
� 
 � ����� ����� ���
bHY#W =2M2; A�M29 ;:N:@ cYEX U ; C#; @ =�cYEV U D29 Z Z ;:9 DGM2; @���� ��� a k�; ?EAB; U @ 9 ;HC#; @ Z U Y#D2M2; D�Z 9 D2M�
�%>; @ M2; DGM29 ;
~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2;*M2; @jL2D#I
; M2; W `EU ;*e�K2d 7 zEzJf a ~�I
; @ ��cY#W =2;BY#V Z:{0L2D2`#U 9 ?ED�M2; ZO; V ; `#U @ 9 a
Z W =2; D�{0; V M2; ZjL2DEU ; @ Z L2W =EU 6>8�9 ; ZjZ 9 AOL2V 9 ; @ UjM29 ;*RTV ; `#U @ ?JM2; -ERTV ; `#U @ ?EV |JU a k:@ ; D�, Z W =29 W =EU�I0; 9
D29 W =EU a Z r0; , 9 :0Z W =2; @TeHM2Z ?#@ rJU 9 ?ED
6#eHI2I
6#]J6 7 ] , ; 9 K UTM29 ;ut>YED2M2Z U @ L2`#U L2@ Y#DjM2; DBFH?JW =2Z |2ABAB; a
U @ 9 ; r2L2D2`#U ; DBX cL2@T{0; V M2; @TI29 Z a h � 7 z  � � -EAl6#� DBM2; DBt>YED2M2V cL2W `E; DBM2; Z .0 a�L2D2M .� a qTL2D2`EU ; Z
Z 9 D2M�M29 ;OI
; @ ; 9 U Z�I0; ` YED2D#U ; D�~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;�, L�Z ; =2; D
6�[J9 ;OC#; @ Z W =29 ; I0; D�Z 9 W =�AB9 U



� � � � ��
������ �
� �� �
��� �����+� ��
%�&� � � �����+� ��
%� � ��� pEp

0 -2 -4 -6
-5

-4

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

 

B
an

de
ne

rg
ie

 [e
V

]

Elektrisches Feld [10
10

 V/m]

0 -2 -4 -6

X

 

0 -2 -4 -6

MΓ

 

� � � 7 � ��� ����*+� ��*�����" � ����� ����+��� 7 � $�" 7 �/� " �,�#�+��� � � � ��$�� �-�#� " �!� ��� " � " � $ � " � � ��� ����� � �  #� " � �
"#���� ��" �+�+� " � � � � ��� � ����" � � 7 " ��� � $�� " ����	57 " � " � � ��� � � " � " � � � � � � " ��� 7 " � " ��� 7 �#" 7 ��" �
�	" � ��� �-� � " ��� [JV Y#I � � " ��" 7 � ���+� � 7 � $ " � � �+����7 � �'�+7 " !�� � � " $ � 7 � ��� " ���2� 7 � � ��� � � ��+��� " ��" 7 �����" � " 7 � � ��" � �



7 z#z � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �

, L2D2; =2AB; D2M2; @HD2; KEYEU 9 C#; @H{0; V M2Z U cY#@ `E;:@ ; V YEU 9 C , L*M2; DGN:@ 9 Z U YEV V I�cY#D2M2; @ D�, LG=�c?E=2; @ ; DGRTD2; @ a
KE9 ; D�

M2Y�Z 9 ;O9 DGM29 ;O8�?#r2r0; V V YEK#;:=29 D2; 9 D2@ Y#KE; DGL2D2M�DJL2@H; 9 D2; D�<�; 9 V�M2; Z�q ? U ; DEU 9 Y#V Z r2@ L2D2KEZ
M2; @O8�?#r2r0; V V YEK#;j; @ X Y#=2@ ; D�
�%OcYE=2@ ; D2M�YELJX>M29 ;BN:@ 9 Z U Y#V V , L2Z U cY#D2M2; 
�M2; @ ; D�_�Y#M2L2D2KEZ Z W =�%u; @ a
r2L2D2`EU ;O9 AsX ; V MJX @ ; 9 ; D*N:@ 9 Z U Y#V V 9 D2D2; @ ; D�V 9 ; KE; D�
2M2; @HKE; Z YEAOU ;:q�?EU ; D#U 9 YEV Z r2@ L2D2K %H9 @ `#U 608�9 ;
RTD2; @ K#9 ; D�M2; @�~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2; , ; 9 KE; D ; 9 D2;�V 9 D2; Y#@ ;�e�I2=�cYED2K#9 KE`E; 9 U*C#?#A�; V ; `#U @ 9 a
Z W =2; D�{0; V M
6 �
L2Z U YED2M�e�Z r2YEV U ; UBI
; 9>RT9 D#U @ 9 U UB9 DyM2YEZBN:@ 9 Z U YEV V I2Y#D2M�Y#LJX 
 M2Y�M29 ;G~�I
; @ a
��cYEW =2; D�, L2Z U cY#D2M2;�M2; @:I
; 9 M2; D ��� ��� a ~�I0; @ ��cYEW =2; D cL2I
; @ON:@ 9 Z U YEV V , L2Z U cYED2M2; %u; W =2Z ; V %H9 @ `E; D
6
tu; 9uRT9 DEU @ 9 U UOC#; @ V 9 ; @ UjM29 ; Z ; @ �
L2Z U YED2MyZ ; 9 D2;�_�?E` Y#V 9 Z 9 ; @ L2D2KGYEDyM2; @B~�I0; @ ��cYEW =2;E6 e�A .9 a
qTL2D2`EU %>; @ M2; D�M29 ;��
L2Z U cYED2M2;�M2; Z:�uYE`JL2L2ABKE; I29 ; U ZOI0; @ ; 9 U ZOI0; 9T`#V ; 9 D2; D�{0; V M2; @ D�9 D�M2YEZ
M2YE@EcL2I
; @ V 9 ; KE; D2M2;ON:@ 9 Z U YEV V I2Y#D2M*KE; M2@ cL2W `EU 
�M2Y�Z 9 ;OZ 9 W =GC#?EV V Z U cY#D2M29 KB9 A�tu; @ ; 9 W =�M2; Z�; V ; `Ea
U @ 9 Z W =2; D*{0; V M2; ZuI0; :0D2M2; D
60eHAsL2D#U ; @ ; D�RTD2M2;:M2; @ut>YED2M2V cL2W `E;:YEA .9 a qTL2D2`EUH; D#U Z U ; =#UHI0; 9
=2?E=2; Dy{0; V M2; @ D�YEL2Z�, %>; 9Ht�cY#D2M2; @ D�
uM29 ;�I
; 9>e�I6%>; Z ; D2=2; 9 U*M2; ZB; V ; `#U @ 9 Z W =2; D�{0; V M2; Zj9 A
N:@ 9 Z U YEV V I2Y#D2MjV 9 ; KE; D�
#; 9 DBD2; L2; @>~�I
; @ ��cY#W =2; D�, L2Z U YED2M
608�9 ;HKE; @ 9 D2K X cL2K#9 KE;HeHLJX Z r2Y#V U L2D2KO9 Z U
M2L2@ W =�M29 ;:; D2M2V 9 W =2;
��� ��� a 8�9 W `E;OI0; M29 D2K U 6
� DG<�Y#I
6
]J6 PBZ 9 D2M�M29 ;:{0; V M2YEI2=�cY#D2KE9 K#`E; 9 U ; DGM2; @
RTD2; @ K#9 ; DBM2; @u~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;�, L2Z YEABAB; D2KE; X YEZ Z U 6J8:9 ;H[#U YE@ `#a �u; @ Z W =29 ; I2L2D2KO9 Z U X cL2@
�
L2Z U YED2Mje�L2D2KE; X cYE=2@ M2?#r2r0; V U Z ?�K#@ ?���%H9 ;uX cL2@ �
L2Z U Y#D2Mjt�L2D2MjM2Y#AB9 U `E?ED2Z 9 Z U ; DEUuAB9 U M2; @
tu; ?EI2Y#W =EU L2D2K 
JM2Y#Z ZTM29 ;>_�YEM2L2D2K#Z C#; @ U ; 9 V L2D2K:M2; Z �
L2Z U Y#D2M2; ZueC%u; 9 U ; @T9 DBM2YEZT�TY#`#L2L2ABK#; a
I29 ; U>=29 D2; 9 D2@ ; 9 W =#U>YEV ZuM29 ;�M2; Z��
L2Z U Y#D2M�tH628:; @>~�I
; @ ��cY#W =2; D�, L2Z U YED2MGYEA .0 a qTL2D2`#U , ; 9 KEU
; @ %>YE@ U L2D2K#Z KE; AGcY��OM29 ;>KE; @ 9 D2KEZ U ;>{0; V M2YEI2=�cY#D2KE9 K#`E; 9 U 
EM2Y:; @TYEV Z ;#a Y#@ U 9 KE; @ �
L2Z U YED2MBZ U cYE@ `E; @
YED�M2; D ~�I
; @ ��cY#W =2; D2YEU ?EAB; D V ?E` Y#V 9 Z 9 ; @ U�9 Z U�Y#V Z�M29 ;GY#D2M2; @ ; D�� aBL2D2M��2a Y#@ U 9 KE; D�~�I
; @ a
��cYEW =2; D�, L2Z U cY#D2M2; 628:9 ;>K#@ c?��EU ;H[#U Y#@ `Ea �T; @ Z W =29 ; I2L2D2K:U @ 9 U UTX cL2@TM2; DBD2; LB=29 D�, L2KE; `E?EABAB; D2; D
�
L2Z U YED2M�YEA .9 a qTL2D2`#U*YELJX 6ubHL2@�; 9 D2;GAGcY �E9 K#; c�HI
; @ ; 9 D2Z U 9 ABAOL2D2K2, ; 9 KEU�; 9 Dy�T; @ KEV ; 9 W =
AB9 Uu; 9 D2; @>YED2M2; @ ; D*�H; W =2D#L2D2K � m#z � 
2M29 ;HY#LJX�; 9 D2; @ � Z L2@ X Y#W ;�; AOI
; M2M2; MGk�@ ; ; D�X L2D2W U 9 ?ED � a
v*; U =2?JM2;GI2Y#Z 9 ; @ U 
u9 D�M2; @�� ; M2?JW =�D#L2@�M29 ;G; @ Z U ; D�I0; 9 M2; D�euU ?EABV Y#KE;*; 9 D2; @*~�I0; @ ��cYEW =2;

e�K2d 7 zEzJf [#U YE@ `#a �u; @ Z W =29 ; I2L2D2KB9 D�7 z �  
� ; � -Jd � - A�f

.9 .� .0
�
L2Z U Y#D2M e t
; 9 KE; D2;
�H; W =2D#L2D2K a z 
 5Em a z 
 7 h a z 
 zEp a z 
 z#]
�H; W =2D#L2D2K

e�; @ ZH; UHY#V 6 � m#z �
�

a z 
 z#h a z 
 zE^ a z 
 z#P
����� " � � "/*+� ��� ��" � � � � 7 " � � ���&� " �
 #� " � "#���� ��" ��� ��� ����+��� "<7 � � � ����+��� 7 � $�" 7 � �+� � " � " $ � � 7 � � ��" �
� " � ��� 	57 "!
�� ���+7 " ��� " ���'�-� � " �����-� � ��" 7 �-" ��� 7 �-" �+� " � ��7 ��" � � 7 � � " � � �



� � � � ��
������ �
� �� �
��� �����+� ��
%�&� � � �����+� ��
%� � ��� 7 zJ7

-1,2 -1,0 -0,8 -0,6 -0,4 -0,2 0,0 0,2
0

1

2

3

4

Zustand B

Zustand A

 Experiment
 Eigene Rechnung
 Rechnung von Ho

Ü
be

rg
an

gs
en

er
gi

e 
 [e

V
]

USCE  [V]

� � � 7 � ��� ���+*+� � � � �� � " � ���+��� � " ��" � � 7 " � 7 � � � ����+��� 7 � $�" 7 � �+� � � " � �+� � " � " � � " ����� �+�2��� ���+�
	57 " " � ��" � 7 ��" ��� " � � " ��		��� " �(� �����+7 ",$�� ��" � �27 � � "�������� " � � " � � ��� ����" � ��� � � � " ����� �
� 7 ��������� � ��� �	" ��� ��� ����" ���
; x2r2V 9 , 9 UHI0; =2YED2M2; V U %>; @ M2; D
6
eHI2I
6�]26 7Eh , ; 9 K U�M29 ; c��I0; @ KEY#D2KEZ ; D2; @ K#9 ; D , %H9 Z W =2; D��u?EV L2AB; D�, L2Z U cY#D2M2; D�L2D2M M2; D

~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2; D�Y#A .� a qTL2D2`#U 
�%H9 ;�Z 9 ;y9 D RTV ; `#U @ ?E@ ; �0; x29 ?ED2Z ; xJr
; @ 9 AB; DEU ; D�9 D
eHI2=�cY#D2KE9 K#`E; 9 U�C#?#D�M2; @*[Jr2YED2DJL2D2KyK#; AB; Z Z ; DC%HL2@ M2; D � mJ7 � 6>{HcL2@�; 9 D2; D��u; @ K#V ; 9 W =�M29 ; a
Z ; @H8�YEU ; D*AB9 UHM2; D*�H; W =2D#L2D2K#; D�AOL2Z ZHM2YEZ>; V ; `#U @ 9 Z W =2;:{0; V M�M2; @���� ��� a k:; ?#AB; U @ 9 ;H9 D*M29 ;
YED2K#; V ; K U ;O[Jr2Y#D2D#L2D2K � � � ��L2ABKE; @ ; W =2D2; U�%>; @ M2; D 4 6
8�9 ; �HAB@ ; W =2D#L2D2K�; @ X ?EV KEUjcL2I0; @HM2YEZ
�T; @ =�cYEV U D29 ZuM2; @u_�YEM2L2D2KjYELJX M2; @Hv*; U YEV V ; V ; `#U @ ?JM2;�, L2@>YED2K#; V ; K U ; D*[Jr2Y#D2D#L2D2K 
2M2YEZ>M2L2@ W =
M29 �
; @ ; D�, 9 ; V V ;BN:Y#r2Y6, 9 U cY U Z AB; Z Z L2D2KE; D�Y#D�M2; @jk:@ ; D�, ��cYEW =2;*I0; Z U 9 ABA:U %u; @ M2; D�` YED2D
6 RTZ
V 9 ; K#; D�, %>; 90Z ?#V W =2;HvG; Z Z L2D2K#; DBC#?#@ 
#M29 ;HZ 9 W =B?EI
; @ =2Y#V Ij; 9 D2; @u[Jr2YED2DJL2D2K:C#?EDja z 
 ]�� Z U Y#@ `
L2DEU ; @ Z W =2; 9 M2; D
60� D*eHI2I
60]26 7EhOZ 9 D2M*M2YE=2; @>{0; =2V ; @ I2YEV `E; D�Y#D*M2; @>I
; @ ; W =2D2; U ; DGN:L2@ C#;:; 9 DJa
KE; , ; 9 W =2D2; U 
#M29 ;uM29 ; �HD#U ; @ Z W =29 ; M2;>I0; 9 M2; @TvG; Z Z L2D2K#; D %H9 ; M2; @ K#; I
; D
6#{�cL2@ M29 ;utu; @ ; W =2DJL2D2K
M2; @ c�HI
; @ K#YED2K#Z ; D2; @ KE9 ; D %HL2@ M2;uM29 ;>v*9 U U ;TM2; Z N:@ 9 Z U YEV V I2Y#D2M2; Z�D2Y#=2;uM2; @ {0; @ AB9 ; D2; @ K#9 ; Y#V Z
eHL2Z K#YED2K#Z ; D2; @ KE9 ;�K#; %OcY#=2V U 6JbH; I0; D�M2; @u; 9 K#; D2; D��H; W =2DJL2D2K %>; @ M2; D�Y#L2W =�M29 ;HRT@ K#; I2D29 Z Z ;
M2; @�qTZ ; L2M2?#r0?EU ; D#U 9 YEV @ ; W =2D#L2D2K�C#?#D�F�?�; U�Y#V 6TKE; , ; 9 K U�� mJ7 � 6u8�9 ;*RTD2; @ KE9 ; C#; @ Z W =29 ; I2L2D2K
� 0-' ( � 	�. , , 2 , / ( ,�' ,/4 ( 3�( 5 ( - 6 3 . ; ) ( 9 ' & ; ) ( , 	�( 5 5 (30 2 3 4 ( ,�/ ( / ( ,�4 ' (�� � � � � � � � � 	�
 � � 
 ��� ��� � � 
 � � 
 	 � �

/ ( 9�( & & ( ,41



7 zJ5 � ����� ����� � � �&	 ��
��
� �� �
����� ����	 � ������ �

C#?ED��
L2Z U YED2M�esZ U 9 ABA:UOKELJUOAB9 U:M2; AgR xJr
; @ 9 AB; DEUOL2D2M�M2; @:�H; W =2D#L2D2KGC#?ED�F�?*; UOYEV 6
cL2I0; @ ; 9 D
62{�cL2@��
L2Z U YED2M*t�9 Z UHM29 ; c��I0; @ ; 9 D2Z U 9 ABAjL2D2K:X cL2@H[Jr2YED2DJL2D2KE; D*`JV ; 9 D2; @uY#V ZTa z 
 ^O�
Z ; =2@OK#LJU 6�{HcL2@:=�c?E=2; @ ;�[Jr2Y#D2D#L2D2K#; D2%>; 9 W =#UjM29 ;jI
; @ ; W =2D2; U ;�N:L2@ C#;�Z ? %u?#=2V C#?#AgR x2r0; a
@ 9 AB; D#U:YEV Z:YEL2W =�C#?#D�F�? � Z:�H; W =2DJL2D2KGYEI
6�e�D2=2YED2M�M2; @:{0; =2V ; @ I2Y#V `E; D�9 Z U , L�; @ `E; D2D2; D�

M2YEZ ZOM29 ; ��D#I
; Z U 9 ABAOU =2; 9 U:I
; 9TM2; @ �HAB@ ; W =2D#L2D2KGM2; Z:; V ; `#U @ 9 Z W =2; D�{0; V M2; Z:9 D�M29 ;BYED2K#; a
V ; KEU ;�[Jr2YED2DJL2D2KyZ ; =2@�K#@ ?���9 Z U 6>8�Y�M2; @*YEI2Z ?#V LJU ;G{0; =2V ; @BI
; 9�M2; @���AB@ ; W =2DJL2D2KyD29 W =EU
I0; ` YED2D#UB9 Z U 
�9 Z UBM29 ;B� DEU ; @ r2@ ; U YEU 9 ?EDyM2; @jRT@ K#; I2D29 Z Z ;�X cL2@O=2?#=2;*[Jr2YED2DJL2D2KE; DyZ W =�%H9 ; @ 9 K26
8�9 ;���DEU ; @ Z W =29 ; M2; , %H9 Z W =2; DGM2; D*I
; 9 M2; D*qTZ ; L2M2?Er
? U ; DEU 9 Y#V AB; U =2?JM2; D*@ ; Z L2V U 9 ; @ ; D*Z 9 W =2; @ a
V 9 W =�YEL2W =*Y#L2ZuC#; @ Z W =29 ; M2; DGK#; %OcY#=2V U ; D���� ��� a 8�9 W `E; D�
2YEL2Z ��DEU ; @ Z W =29 ; M2; DGI0; 9 A�e�IJU YEZ U ; D
M2; @Otu@ 9 V V ?#L29 DJa �
?#D2;:L2D2M�Y#L2Z:M2; Dyk�@ c? �E; D�M2; @:t>YEZ ; D�
�9 D�M2; D2; D�M29 ;	
�; V V ; DJX L2D2`#U 9 ?ED2; D
M2YE@ K#; Z U ; V V U %u; @ M2; D
6

��� ��� � 
 ��� ������� � � 
 	
������� ��	 ��	�� � �%	 � � � ������	
� 
 � ����� ����� ���
bHY#W = M2; @*tu; =2YED2M2V L2D2KyM2; @�D29 W =#U a Z r
; , 9 :0Z W =2; D�eHM2Z ?#@ rJU 9 ?ED %H9 @ M�DJL2D M29 ;GZ r
; , 9 :0Z W =2;
eHM2Z ?#@ rJU 9 ?EDOYEA�t>; 9 Z r29 ; VEC#?ED �u=2V ?#@�M29 Z `JLJU 9 ; @ U

�
RTZ %>; @ M2; DOM29 ;u~�I
; @ ��cY#W =2; D�, L2Z U cYED2M2;>M2; @

WEd 5��u5#f a [2~:v*a [#U @ L2`#U L2@�YEV Z�{0L2D2`EU 9 ?#D:M2; Z�; V ; `#U @ 9 Z W =2; DO{0; V M2; Z�L2DEU ; @ Z L2W =EU 6E8�9 ; Z�Z 9 AOL2V 9 ; @ U
M29 ;>8:?Er2r
; V V Y#KE;uI
; 90KE; Z cY U U 9 KEU ; @TZ r
; , 9 :0Z W =2; @ue�M2Z ?E@ rJU 9 ?#DjL2D#U ; @uM2; @Te�D2D2YE=2AB;�
#M2Y#Z ZTZ 9 W =
9 D�e�D2YEV ?#KE9 ;�, L2@jN:@ 9 Z U YEV V - �TY#`#L2L2Aja k�@ ; D�, ��cY#W =2;jY#L2W =�YELJXHM2; @OeHK0d 7 z#z#f a RTV ; `#U @ ?JM2;BI0; 9
; 9 D2; @>K#; Z cYEU U 9 K U ; D*tu; M2; W `JL2D2KB; 9 D2;:WEd 5��u5#f a [2~:v*a c��I0; @ Z U @ L2`EU L2@HY#L2Z I29 V M2; U 6

 9 ; I
; @ ; 9 U Z�9 A�{0YEV V ; D29 W =EU a Z r0; , 9 :0Z W =2; @�eHM2Z ?#@ rJU 9 ?ED , ; 9 KE; DlM29 ; RTD2; @ KE9 ; DlM2; @

~�I0; @ ��cYEW =2; D�, L2Z U cY#D2M2;*; 9 D2;�V 9 D2; Y#@ ;Be�I2=�cYED2K#9 KE`E; 9 UOC#?#A ; V ; `#U @ 9 Z W =2; Dy{0; V M�L2D2MyZ U ; 9 K#; D
AB9 U , L2D2; =2AB; D2M2; AoD2; KEYEU 9 C#; Ao{0; V M YED
6:� D <�Y#I
6�]26 n�Z 9 D2M M29 ;�I
; @ ; W =2D2; U ; D�[#U Y#@ `Ea
�T; @ Z W =29 ; I2L2D2K#; D , L2Z Y#ABAB; D2K#; X Y#Z Z U 608:9 ;:L2D#I
; Z ; U , U ; D��
L2Z U cY#D2M2;O[2~:v*a t�7OL2D2M�[2~:v�a t
I0; Z 9 U , ; D�M29 ; Z ; V I0;j{0; V M2YEI2=�cY#D2KE9 K#`E; 9 U�%H9 ;jM2; @:L2D#I
; Z ; U , U ;��
L2Z U Y#D2M�t M2; @:L2D#I
; M2; W `EU ; D
eHK0d 7 z#z#f a ~�I0; @ ��cYEW =2;E6�8�YGM29 ;jV ?#` YEV 9 Z 9 ; @ U ; D�_�YEM2L2D2K#Z C#; @ U ; 9 V L2D2KE; D�M2; @ �
L2Z U cYED2M2;�[2~:v*a
tlL2D2M tl9 M2; DEU 9 Z W =�Z 9 D2M�
>M2; LJU ; U*M29 ; Z�M2YE@ Y#LJX:=29 D�
>M2YEZ Z*M29 ;GeHI2Z W =29 @ AjL2D2KyM2; Z*; V ; `Ea

W#d 5��>5Ef
[2~:v [#U Y#@ `Ea �T; @ Z W =29 ; I2L2D2K�9 D�7 z �  

� ; � -Jd � - A�f
.0 1 3 4 564 7 .9 1 3 4 564 7

�
L2Z U YED2M [2~:v*a t�7 [2~:v�a t [2~:v*a � [2~:v*a tH5 [2~:v�a R [2~:v�a { [2~:v*a v
a z 
 zEp a z 
 z#m a z 
 7 h a z 
 7 ] a z 
 5E^ a z 
 7 m a z 
 z#h

����� " � � " *+� ���-��� �+� $�� ��" � � � � 7 " � � ��� � " �  �� " � "#���� ��" ��� ��� ����+��� " � " � � � 6���6 � � �� ��� �� � " � �
� � � ��$�� �-� ��	57 "!
�� ���+7 " ��� " �����-� � " ����7 " � " �)���-� � � " 7 �-" ��� 7 �-" �+� " � ��7 ��" � � 7 � � " � � �



��� ��������	�

������������ 	�	���	������
��� 	�!�	���	������
����"�� # $&%

' ( ) * + ,.- /�01- 2 3.- *
) 465�- ( - ) + ,�3.- ( 7./�8�- * - ' 9 ' - /�:�3.* ;�( <�' ) ;&/.* <.2 => ' 9 -?3.7.( + ,�3 > * :�3.* ;�( 8 > '
/.) + ,&'�* ' > ( @�81- - ) /�A17.* * '�B�) ( 3�C.D ) -
E�' > ( @&F G�- ( * + ,.) - 8.7./.H?3.- (�8�- ) 3.- /�8�- * - ' 9 ' - /JI�7.* ' => /.3.-
E.K L�F 5�M�7./.3NE.K L�F O�) * 'P7./.H�- Q => ,.(P3.;&<.<�- 2 '�* ;�H�( ;&R B�) -�3.) -�3.- (P7./�8�- * - ' 9 ' - /�C1D
- (PI�7�F
* ' > /.3SE.K L�F LT9 - ) H '�3.) - * - 2 8�-U01- 2 3 > 8.,V=> /.H&) H�@&- ) '
B�) -?3.- (?=>&W 7.) X > 2 - /&' -�I�7.* ' > /.3SLT3.- (
7./�8�- 3.- + @&' - /YK
8�- ( A�=> + ,.- C�D
) - =Z 81- ( * ' ( 7.@&' 7.(�9 - ) H ' > 7.+ , > 7�Q�3.) - 01- 2 3 > 8.,V=> /.H�) H&@&- ) '�3.) - F
* - *�I�7.* ' > /.3.- * [.3.- (�* ' > ( @ > /?3.- /NK
81- ( A�=> + ,.- / > ' ;�4?- /�2 ;�@ > 2 ) * ) - ( '�) * ' [�@&- ) /.- /�3.- 7�' 2 ) + ,.- /
\ ) /�A17.* * C
D
) -�:�8.* + ,.) ( 4U7./.H�3.- *�- 2 - @&' ( ) * + ,.- / 01- 2 3.- * > / 3.- (�K
81- ( A�=> + ,.-P) * '�) /
:
8.8�C ]�C # ^ 3 > ( H�- F

* ' - 2 2 ' C \ *VB�) ( 3�3.) - =:�/.3.- ( 7./.H
3.- (�_ - * > 4 ' 2 > 3.7./.H�8�- )�:�/.2 - H&- / - ) /.- *�01- 2 3.- *�H�- 9 - ) H&' C D
) - F
* -
_ ( =;&R�-�) * 'P<.( ;�<1;�( ' ) ;&/ > 2.9 7.(PD
) X�- ( H&- /.9�3.- *�- `�' - ( /.- /�- 2 - @�' ( ) * + ,.- /N01- 2 3.- * C�ab) -�- *�Q =7.(
- ) /�LJ- ' > 2 2.- ( B > ( ' - 'PB�) ( 3�[�@ > /./�3 > *P- 2 - @&' ( ) * + ,.-�01- 2 3?/.) + ,&'�' ) - QV) /?3.- /�c ( ) * ' > 2 2.- ) /.3.( ) /�F
H&- /�d1- *�B�) ( 3J3.7.( + ,Je > 3.7./.H�* X�- ( * + ,.) - 8.7./.H&- /Y) 4f5�- ( - ) + ,J3.- (
K
8�- ( A�=> + ,.- > 8.H�- * + ,.) ( 4�' C
D > *U:�8.* + ,.) ( 4�X�;&2 7.4?- /S8�- g1/.3.- '�* ) + , > /�3.- (?7./�8�- 3.- + @&' - /h:�H1i # $�$�j F K
81- ( A�=> + ,.-N9 B�) F
* + ,.- /U3.- /UK
8�- ( A�=> + ,.- / > ' ;&4?- /�7./.3�3.- 4kG > @�7.7.4?H�- 8.) - ' C l 4k:
8.* + ,.) ( 4 X�;�2 7.4?- /�@&;&4?4�'
- *?9 7�- ) /.- ( =Z 81- ( @&;&4?<�- /.* > ' ) ;&/S3.- *?01- 2 3.- *U) /S3.- (?m�=> ,.-N3.- (�K
81- ( A�=> + ,.- / > ' ;�4?- [�3.) -
3.7.( + ,N- ) /JI�7./ > ,.4?- 3.- ( \ 2 - @&' ( ;�/.- /.2 > 3.7./.H&* 3.) + ,�' - > /N3.- /JK
8�- ( A�=> + ,.- / > ' ;&4?- / > 7.* H&- F
H&2 ) + ,.- /YB�) ( 3�C�5P- )PH&- * => ' ' ) H&' - (UOP,.2 ;&( > 3.* ;&( <�' ) ;�/�- ( * ' ( - + @�'?* ) + ,�3 > *�:
8.* + ,.) ( 4 X�;�2 7.4?- /
X�;&/Y3.- (
9 BP- ) ' - /Y:P' ;�4?2 > H�- 8.) *
) /J3 > *�G > @�7.7.4?H�- 8.) - ' C�l 4n5�- ( - ) + ,Y3.- (
8�- * - ' 9 ' - /�:�3�F
* ;&( <�' ) ;�/.* <.2 => ' 9 -�@&;�4?4 '�- *�) 4kG�- ( H&2 - ) + , 9 7.(�7./�81- 3.- + @�' - /�K
8�- ( A�=> + ,.-P9 7U* ' > ( @&- / =:�/.3.- F
( 7./.H&- /U3.- (�D
) X�- ( H&- /.9P4?) '�GP;&( 9 - ) + ,.- /&B�- + ,.* - 2 C�D
) -PH&( =;�R ' - /UD
) X�- ( H&- /.9 - /�' ( - ' - / > /U3.- /
OP,.2 ;&( > ' ;&4?- / > 7�Q C�l /?3.- /?7./�81- * - ' 9 ' - /�o�2 => ' 9 - /U- ( Q ;&2 H&'�3.) -�:�8.* + ,.) ( 4U7./.H 3 > H&- H&- /J=> ,./�F
2 ) + ,N,.;&4?;�H&- /�B�) - > /N3.- (�7./�8�- 3.- + @&' - /�K
81- ( A�=> + ,.-&C
D
) -?p�- + ,./�7./.H�- /�BP- ( 3.- /S/�7./�4?) ' \ 2 - @&' ( ;�( - A1- `�) ;�/.4?- * * 7./.H�- /�X�;�/�01( > /.@&-&[�o�) > 9 F

9 > 7./.3Sc ;&2 8hq % r [�3.) -?3.- / \ ) /�A17.* *U3.- (�* <�- 9 ) g1* + ,.- /�:�3.* ;�( <�' ) ;&/�X�;�/�OP,.2 ;&( ) ;�/.- / > 7�Q
3.) -�K
8�- ( A�=> + ,.- /.9 7.* ' => /.3.-N3.- (�:�H1i # $�$�j F K
81- ( A�=> + ,.- /�* s�* ' - 4 > ' ) * + ,S7./�' - ( * 7.+ ,�' - /�[�X�- ( F
H&2 ) + ,.- /�C�D
) -?:�3.* ;�( <�' ) ;&/YX�;�/SOP,.2 ;&( * ' - ) H 'U* ; BP;�,.2�4?) '�3.- ( > /.H&- 2 - H&' - /SE�< > /./�7./.H > 2 *
> 7.+ ,N4?) 'P9 7./.- ,.4?- /.3.- (�c ;&/.9 - /�' ( > ' ) ;�/?3.- (�OP,.2 ;�( ) ;&/.- /?) 4 \ 2 - @&' ( ;�2 s�' C.5P- )1H�- * => ' ' ) H ' - (
5P- 3.- + @�7./.HUB�) ( 3N) 4 \ `.<1- ( ) 4?- /�'�3.- (�K
81- ( A�=> + ,.- /.9 7.* ' > /.3J:bX�;�2 2 * ' => /.3.) H�7./�' - ( 3.(&=7.+ @�' C
D
) - *�- /&' * <.( ) + ,�'�3.- / \ ( B > ( ' 7./.H&- /�[ 3 > ) / Z�t G�F \ `�<�- ( ) 4?- /&' - / ) 4b:
2 2 H&- 4?- ) /.- /
- ) /.- Z /�F
' - ( 3.(&=7.+ @�7./.HU3.- (�K
8�- ( A�=> + ,.- /.9 7.* ' => /.3.- 81- )1:
3.* ;&( 8 > ' 81- 3.- + @�7./.HU8�- ;�8 > + ,�' - '�B�) ( 3�C�0�=7.(
3.- /JK
81- ( A�=> + ,.- /.9 7.* ' > /.3N5h- ( H�) 8�'�* ) + , u - 3.;�+ ,N- ) / > /.3.- ( - *�GP- ( , > 2 ' - /�v.:�8.8�C.].C # w 9 - ) H&'
3.) -J- `.<1- ( ) 4?- /�' - 2 2 - /�D > ' - /�3.- ( \ 2 - @�' ( ;&( - A1- `.) ;&/.* 4?- * * 7./.H&- /b) 4 \ /.- ( H&) - 81- ( - ) + ,h3.- *
K
81- ( A�=> + ,.- /.9 7.* ' > /.3.- *P5�C�5P- ).:�3.* ;�( <�' ) ;&/�X�;&/�OP,.2 ;&(�X�- ( * + ,�B�) /.3.- '�3.- (�l /&' - /.* ) ' => ' * x1y z {
3.- *?I�7.* ' > /.3.- *?5|7./.3S* ' > ' ' 3.- * * - /�- ( * + ,.- ) /.- /S9 BP- )�/.- 7.-J}�y z { ~ C�5�- ) 3.-J}�y z { ~�9 - ) H�- /
3.) - * - 2 81- E�< > /./�7./.H�* > 8.,V=> /.H&) H�@&- ) '�B�) - I�7.* ' > /.3N5h7./.3N2 ) - H&- /�/ > ,.- 9 7N* s.4?4?- ' ( ) * + ,N7.4
3.) - * - /SI�7.* ' > /.3�C \ `�' ( > <�;&2 ) - ( '�4 > /�3.) -?H�- 4?- * * - /.- /Sc 7.( X�- /S4?) '?_
- ( > 3.- /�[�* ;Y- ( H�) 8�'



# $ � � ����� ��	��h��������	���������U��� 	�
 ���	�V���� 
�� 	

M
itt

e

4.
 L

ag
e

3.
 L

ag
e

2.
 L

ag
e

1.
 L

ag
e

C
hl

or

c(2x2)
SOM

2. Schnitt 

 

 

c(2x2)
SOM

1. Schnitt 

 

 

Ag(100)
unbedeckt

 

 

 


�� � � 
 ����������� �������
���� y � ������� y �! 
y ~ z�"$# 
 z ������� ~ ��� % & # y � y �'
(�)
 y � y � y � � y ~Ny 
 y { # � � ~ % & y �
* y 
 � y ~ � y �(+�# �z�� {�y(, M�- ��. # $�/ 021�3 " ��45� y�+ % &��)� # # y � y � y � y � # ~ x)� y % & y �6� y � + % &��)� # # y � y � # ,

 z ���!78 , 79;:'< � y
~ � y � y ��� y � 45� ~ { � ~ ~ � = �>� y �2? � y � @ �z % & y ��A � ~ # �z �)� y ��B y � < y ��� y # < � � � y ���
C = # y$D � 
 z � y EGF
y � y � % & y �IHI��� z & "�yGD 
�� � z & "�y E � y �(J 
 y { # � = � y ����� % & # y K	L = & y * z�� � � � # y � ,
~ � # �z�#�y � # ~ x)� � % & #�y � � y � � � = M y �!N z ������� ~ �z �)� y � �������



��� ��������	�

������������ 	�	���	������
��� 	�!�	���	������
����"�� # $�%

-0,8 -0,6 -0,4 -0,2 0,0 0,2

0,5

1,0

1,5 ohne Cl
-

mit Cl
-

 B

E
d

ip
 [e

V
]

Usce [V]

&
' ' ( ) *,+�-/.�0,1 2�3�4�576 .�8 ' -9( : : 8;*�8 6<57) 8 =,> 6 ? 6 8 @�8 A�( ? -�: B�8 : : +�-�.�8 -C( BD57-E8 6 .,( 8 ' 8 6 8 ( F GH*�8 :
I ' 8 6 @�JK F G98 -�L +�: > K -�*�8 :NMO? G�-�8N: P/8 L ( Q�: F G98 &�* : ? 6 P9> ( ? -R+�-9*;' 8 ( S�G�) ? 6 K * : ? 6 P9> ( ? -91�T�U V W
8 -9> : P96 ( F G�> ' ( : K + X<8 ( -�8 K *�*,( > ( Y,8[Z[? -�: > K -9> 8<*�8 6\? P9> ( : F G98 - J] ' 8 6 . K -/. : 8 -�8 6 . ( 8 17^ K > 8 -
K +�:
_ ` a�8 -/> -E? BNB�8 -�1

b c d e[f g�c b d e/h i[j/h i[k�h c j/h i[l 8 K = : h c i/h�m�i/h n o�c h j/c pEh n h i/f7q�r�i[s #�t u h v�w�x�y�z o�n y/i/jNj/c h b h n
{ h r,k/|�d e,} y/i/o�h i�q�h n ~Ny�} h } h i�j/c hNm�����h n c ~[h i,} |,} r,n h i��Ej/|�b b���y/b } |,i/j { k9h c�x
j/b r,n ��} c r�i
h c i/h n�e/|,� k�h iC�<r�i/r,� |�o,h;�7e/� r�n[|�iHh c i/h n { c i/j/y/i/o�~[c }�j/h ~�x�j/b r�n k/| }<k�h } h c � c o }�b h c i
�9�r�i/i,} hNy/i/j;j/|,e/h n
|,y�z b �/|�� } h } wE��y/n��
i,} h n b y/d e�y/i/o\j/h b
� r,�/��h � � l 8 K = : ~�y/b b } hNh c i;n h � |,�
} c q[b } |�n � h b�h � h � } n c b d e/h b��9h � j�|�i�j/h n�� n h i/f b d e/c d e,}
f g�c b d e/h i<m�� h � } n r�j/h
y/i/j<m�� h � } n r,� ��}
|,i/o�h � h o }[g7h n j/h i���y/~�h c i/h n b h c } b[j/h iHk9h b h } f } h iC��y/b } |,i/j { �y/k�h n[j/c h<�9h n ~[c � |,i�} h<f y
e/h k�h iRy/i/j�y/~�|�i/j/h n h n b h c } bNj/h i�y/i�} h n b y/d e�} h i�r,��} c b d e/h i ���k�h n o�|,i/o;c i�j/|,b�i/|�e/h�� i��
z n |,n r,}7f y[b d e/c h k9h i���g7rNj/c h�x�k/b r�n ��} c r,i�j/h b7m�� h � } n r�� ��} b�q�h n i/|�d e/� �|,b b c o,}7g7h n j/h i � r,i/i�} h w
�
c h v7h n ~Ny�} y/i/o<j/h n m�����h n c ~[h i,} |,} r,n h i\g�c n j;c ~��9r�� o,h i/j/h i;|�i/e/|,i/j;j/h n
��h d e/i�y/i/o�h i
j/c b � y�} c h n } w
m�c i/h;��i�} h n j/n �y/d � y/i/o�j/h b<��y/b } |�i/j/h b\x�k�h c o,h b �| } } c o,} h n { h j/h d � y/i/oRg�c n jCc iHj/h i

��h d e/i�y/i/o,h i�k�h b } �|,} c o } w�� i�x�k/b d e/i/c } }���w # w u g�y/n j/h\k9h n h c } b�z �y/n[j/c h�� n c b } |�� � � v7| � y/y/~N�
�
n h i/f � �|�d e/hNo,h f h c o } ��j/|�b b
k�h c�o,h b �| } } c o,} h n { h j/h d � y/i/o<j/h n
c i;j/h i;x
j/b r,n ��} c r�i/b �/� �| } f h i
� r � |�� c b c h n } h���y/b } |,i/j { i/c d e�};y/i,} h n j/n �y/d � }�g�c n j���� i�j/h i�y/i�k9h b h } f } h i�x�j/b r�n ��} c r,i/b �
�/� �| } f h iR� c h o }[h n[~[c }Ny/i�q�h n �|�i/j/h n } h n[m�i/h n o,c h�q�r,n ��g �|�e/n h i/j�h nNc iRj/h i�k9h b h } f } h iHx�j��
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b r,n ��} c r�i/b �/� �| } f h i�|,i�h c i/h n { c i/j/y/i/o�~[c } j/h ~ �7e/� r,n k9h } h c � c o,}
c b } y/i/j�|,y�z b �/|�� } h } wE�
c h
k9h c j/h iRy/i�k�h b h } f } h i���y/b } �|�i/j/h	��
 ��� { # y/i/j���
 �<� { f h c o�h iRj/c h b h � k9h��9h � j/|�k/e �|,i/o�c o �
� h c } w�m�b�g�c n j�i�y/i �y/k�h n �/n �y�z } ��r�k[j/c h b h�k�h c j/h i���y/b } �|�i/j/h�j/h i��
r��/�9h � � l 8 K = c ~ m�� h � } n r �
n h �9h ��c r�i/b h �/�9h n c ~[h i�}�q�h n y/n b |�d e/h i �9�r�i/i/h i�w
x�k/k�w���w u $ f h c o }Nj/h i�h ����h n c ~[h i,} h � � h iR��y/b |�~[~[h i/e/|�i/o\f g�c b d e/h iRj/h n�
�|,j/y/i/o;|�y�z

j/h n�m�� h � } n r�j/h7y/i/j[j/h n�|,i/o�h � h o } h i����/|,i/i�y/i/o
z �y/n�i/c d e,} � b �9h f c �9b d e/h�x�j/b r�n ��} c r,iNy/i/j�z �y/n
b �9h f c �9b d e/h��7e/� r,n |�j/b r,n ��} c r�i�w { h c�� $ � % h vHc b }�c i�j/h n�� y/n q�h�z �y/n��7e/� r�n |,j/b r�n ��} c r,i h c i |�y/b �
o,h �/n �|,o,} h n�� i/c d � f y\h n � h i/i/h i�w�� �y/n�e �r,e/h n h����/|,i/i�y/i/o,h i<g�c n j\j/h n�
�|,j/y/i/o,� ���/|�i/i�y/i/o,�
��y/b |,~[~[h i/e/|,i/o�j/y/n d eNh c i/h7� h n |�j/h�k�h b d e/n c h k9h i�w,�
c h bEj/h y�} h }�j/|,n |�y�z/e/c i�� j/|�b b�|�k h c i/h n
���/|,i/i�y/i/o<q�r�i�� $ � % vOj/c hNo�h b �|,} } c o } h { h j/h d � y/i/o\q�r�n � c h o,} wEm�b�c b }�j/| q�r�i�|�y/b f y/o�h e/h i��
j/|,b b[y/i�} h n e/|�� k�q�r,iR� # � u v � h c iH�7e/� r,nN|�y�z
j/h n[m�� h � } n r�j/h�b ��h f c �9b d e�|�j/b r,n k/c h n } w�� ~
{ h n h c d e�f g�c b d e/h i;� # � u v y/i/j;� $ � % v � |�i/i � h c i/hNh c i/j/h y�} c o,hNx�y/b b |�o,h �y/k�h n j/h i��
n |�j
j/h n { h j/h d � y/i/oRo,h ~[|,d e�}[g7h n j/h i�w7� c h<i�y/~[h n c b d e/h iH��h d e/i�y/i/o,h iHo,h � } h i�i�y/nNz �y/n[j/c h
o,h b �| } } c o,} h { h j/h d � y/i/o/��j/c h;|,� b�h c i/h;d�� u��7u�� � ��
 �<� ��
k9h n b } n y � } y/n<|,i/o�h i/r�~[~[h i�g�c n j��
g�c h
b c h
|,y/d e<|,i<j/h n�� n c b } |�� � � v7| � y/y/~N� � n h i/f � �|,d e/h�h �/�9h n c ~[h i�} h � ��o�h z y/i/j/h i�g�c n j�w/�
h n
o,h ~[h b b h i/h�l 8 K = c ~ { h n h c d e<f g�c b d e/h i<� $ � �Ny/i/j<� $ � % v�c i�x
k/k�w/�/w # � � |�i/i<j/|,e/h n�i/c d e,}
~[c }
j/h i;��h d e/i�y/i/o�h i;q�h n o�� c d e/h i\g�h n j/h i�wE�
c h g7h c } h n h i { h } n |�d e,} y/i/o�h i � r,i/f h i�} n c h n h i
b c d e<j/|�e/h n�|,y�z�j/h i\f g�h c } h i\l 8 K = f g�c b d e/h i $ � $ v y/i/j�� $ � # vNw
m�c i/h��
~[n h d e/i�y/i/o�j/h b[h � h � } n c b d e/h iR�9h � j/h bNc i�j/c h<|,i/o�h � h o } h	���/|�i/i�y/i/o/��g�c h�j/c h b

k9h c i/c d e�} � b ��h f c �9b d e/h n;x�j/b r�n ��} c r,iC~ �r�o,� c d eHg7|�n ��k�h n h c } h };c ~ �9|,� � h;j/h n<b ��h f c �9b d e/h i
x�j/b r�n ��} c r,i���n r�k/� h ~[h,w7�
c h\c iHx�k/k�w���w u $ |�i/o,h o,h k9h i/h�
E|�j/y/i/o�k�h f c h e�}<b c d eH|,y�z�j/c h
�
h b |,~�} � |,j/y/i/o�j/h n�m�� h � } n r�j/h,��j/c h\b c d eC|,y/b<j/h i { c � j/� |�j/y/i/o,h i�f y/b |,~[~[h i/b h } f } ��j/c h
j/c h�i/c d e,} � b �9h f c �9b d e�|,j/b r�n k/c h n } h i;� r�i/h i;y/i/j;j/c h�b ��h f c �9b d e;|�j/b r,n k/c h n } h i;� r�i/h i;c i;j/h n
m�� h � } n r�j/h�c i/j/y/f c h n h i�w�

k�g7r�e/�9j/c h�b ��h f c �9b d e�|�j/b r,n k/c h n } h i�x�i/c r�i/h i�h c i/h { c i/j/y/i/o�~[c }
j/h n�

k�h n � �|�d e/h[h c i/o,h e/h i���o,h k9h i�b c hNc e/n h ���k�h n b d e�y/b b � |,j/y/i/o;i/c d e,} q�r�� � b } �|,i/j/c o<|,i�j/c h
m�� h � } n r�j/h�|�k�w�� c h�� n �r���h�j/h n 
E|�j/y/i/o��Ej/c h�j/|,b
x
i/c r,i;|,i;j/c h�m�� h � } n r�j/hN|,k/o�c k�} �9g�c n j
j/y/n d e�j/h i�b r�o,h i/i/|,i�} h i�m�� h � } n r,b r�n ��} c r,i/b q,|�� h i/f � �9| � } r�n�k�h b d e/n c h k9h i�w��
|�b
h � h � } n c b d e/h
�9h � j�c i<j/h i<��h d e/i�y/i/o�h i\k9h f c h e,}�b c d e<i�y/n�|,y�z�j/c h { c � j/� |�j/y/i/o�j/h n�i/c d e,} � b �9h f c �9b d e\|,j��
b r,n k/c h n } h iR� r,i/h i�w�� |;j/h nNm�� h � } n r�b r,n ��} c r�i/b q,|,� h i/f � �9| � } r,n z �y/n[�7e/� r,nN|,y�z ��c � k9h n�i/c d e,}
f y/n7v�h n z �y/o,y/i/oNb } h e,} � � |�i/i�j/|�b7h � h � } n c b d e/h
�9h � j�i/c d e�}�c i�j/c h�|�i/o,h � h o,} h!���/|�i/i�y/i/oNy/~N�
o,h n h d e/i/h }�g7h n j/h i�w�m�c i/h<� |,n b } h � � y/i/o�j/h n[k�h n h d e/i/h } h i ��
k9h n o,|�i/o,b h i/h n o�c h i �y/k�h n�j/h n
|,i/o�h � h o } h i"���/|,i/i�y/i/o[c b }�j/|�e/h n�i/c d e,}
~ �r,o�� c d e�w
m�c i/h[b h e/n�o�n r,k�h[x
k/b d e �| } f y/i/o\z �y/n�j/c h�m�� h � } n r,b r�n ��} c r,i/b q,|�� h i/f[� c h z h n }Nh c i/h i$#�h n }

q�r,i $ � % h %$& ' u ( w�� c h���h b } � |�j/y/i/o���j/c h�|,y�zEj/h i�b �9h f c �9b d e�|,j/b r�n k/c h n } h i[x�i/c r�i/h i[f y/n �y/d � �
k/� h c k�} �Ek9h } n �|,o,} j/|�i/i$) %�* ���,d ~�+ k9h c�o�h b �|,} } c o } h n { h j/h d � y/i/o�w�� r,n n c o�c h n } ~[|,i;j/c h�
�| �
j/y/i/o c i[x�k/k�w���w u $ y/~ j/c h b h i�#�h n } ��j/|,i/iNz |�� � h iNj/c h�� y/n q�h iNz �y/n�b �9h f c �9b d e/h�y/i/j�i/c d e,} �
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57) 8 = > 6 ? *�8<+�-9*���P K -9-/+�-/. K -C*�8 6�8 ) 8 =,> 6 ? F G98 BN( : F G98 -���8 ) ) 8 1�S�) I %� 
 � ? -�8 - K * : ? 6 ' ( 8 6 8 -
-/( F G�> 
 : P98 L ( Q�: F G/1

b �9h f c �9b d e/h;x�j/b r�n ��} c r,i�k�h c!���/|�i/i�y/i/o�h i��7k�h c�j/h i/h iHo,h b �| } } c o,} h { h j/h d � y/i/oRh n g�|,n } h }
g�c n j��7i/|,e/h f yC|,y�z h c i/|,i/j/h n w7� |�k9h c j/h\� y/n q�h iCc i�j/c h b h ~ { h n h c d eHj/c h b h � k�h���} h c o,y/i/o
|,y�z g�h c b h i�� � |�i/i;j/|�n |,y/b
o�h b d e/� r�b b h i�g7h n j/h i���j/|,b b���y/b } |�i/j { y/i/j���y/b } |�i/j$��
 �<� { �
j/c h<c i�j/h i���h d e/i�y/i/o�h iHj/c h b h � k�h<m�i/h n o,c h\y/i/j���} |,n � � v7h n b d e/c h k/y/i/o�f h c o,h i���c i�m�� h � �
} n r,n h �9h �/c r,i/b ~[h b b y/i/o,h i�c i�h } g7|Nk9h c9j/h n b h � k9h i�m�i/h n o�c h�h n b d e/h c i/h i�y/i/j�j/c h b h � k�h!���/|,i��
i�y/i/o�b |,k/e �|�i/o,c o � h c }�k�h b c } f h i�w�m�b�c b }�j/|�e/h n�~ �r�o,� c d e��,j/|,b b�h b�b c d eNk9h c�j/h ~�h �/�9h n c ~[h i�} h � �
k9h r,k/|�d e,} h } h i���y/b } |�i/j\f g�c b d e/h i $ v y/i/j�� $ � # v�y/~�j/h i;��y/b } |�i/j���
 ��� { e/|�i/j/h � } w
�
c h b h n���y/b } |�i/j�c b }Ni/c d e,}N|,i�h c i/h n { c i/j/y/i/o\~[c } j/h ~ �7e/� r�n k9h } h c � c o,} w�x
y�z o,n y/i/j�j/h n
k9h n h d e/i/h } h i;m�i/h n o�c h i<c b }�h b�b h e/n�y/i�g7|�e/n b d e/h c i/� c d e��9j/|�b b�c ~Om�����h n c ~[h i,}�j/c h k/c i/j/h i��
j/h i;k/f g wE|,i�} c k/c i/j/h i/j/h i���y/b } �|,i/j/h���
 ��� { # k/f g w���
 ��� { u k�h r�k/|,d e�} h } g7h n j/h i�w��
h n
o,h ~[h b b h i/h l 8 K = g �|,n h j/|,i/i�h c i�h ����h n c ~[h i,} h � � h n { h � h o�z �y/n7h c i/h i"

k9h n � �|,d e/h i/f y/b } |�i/j��
j/h n�} n r } f e/r�e/h n�x�j/b r�n k/| } k�h j/h d � y/i/o�i/c d e�}�y/i,} h n j/n �y/d � }
g�c n j�w
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� ~Dh n b } h i ��h c ��j/c h b h n�x�n k�h c }[g�y/n j/h;h c i/h;�<h } e/r�j/h\h i,} g�c d � h � } ��j/c h<j/c h { h n h d e/i�y/i/o
j/c h � h � } n c b d e/h n\�9y/i � } c r�i/h iCq�r�i �\h } |�� � r,k�h n � �|�d e/h i�|�y�z[j/h n { |,b c b\h c i/h b;b h ~[c h ~[�/c n c �
b d e/h i���c o,e�} � { c i/j/c i/o � �<r�j/h � � b<h n ~ �r,o�� c d e,} w
� |,k�h cNh n g�c h b�b c d e h c i c i j/h n�
�c } h n |,} y/n
k9h n h c } b ~[h e/n z |�d e\q�h n g�h i/j/h } h b v7h n z |�e/n h i�f y/n h �/| � } h i { h n h d e/i�y/i/o\j/h n �
c ��r,� ~[|,} n c ���
h � h ~[h i�} h\|,� bNc i � r�n n h � }�y/i/jRg�y/n j/h\j/y/n d e�h c iRi/h y/h b[v�h n z |,e/n h i�h n b h } f } �7j/|�b[|,y�z o�h �
h c o�i/h }N~[r�j/c �9f c h n } h i�| } r�~[|,n h i�#�h � � h i�z y/i � } c r�i/h i�k/|�b c h n } w"!
|,d e�h c i/h ~�h n z r,� o�n h c d e/h i
��h b }\j/h b[q�h n g7h i/j/h } h i#��c o,e�} � { c i/j/c i/o � �<r�j/h � � b � r�i/i,} h iCj/c h\j/c h � h � } n c b d e/h iC�9y/i � } c r,�
i/h i�j/h nNx
o�� # $,$ � � y/i/j�j/h nNx
o�� #�# $ � � 

k�h n � �|�d e/h i�k9h n h d e/i/h }[g�h n j/h i�w7x�i�j/h i�

k�h n �
� �|,d e/h i�} n h } h i ���k�h n o �|,i/o�h�f g�c b d e/h iRv7r,� y/~[h i/f y/b } �|�i/j/h i�|,y�z ��j/c h�c ~ � n c b } |�� � c i/i/h n h i
i/c d e,} ~ �r,o�� c d e<b c i/j�w���c h�� c h z h n i { h c } n �|�o,h f y\j/h i\� c h � h � } n c f c } �| } b z y/i � } c r,i/h i��/j/c h�y/i,} h n �
e/|,� k�j/h b�� i�} h n k/|�i/j�� { h o�c i/i/b�j/h b�v�r�� y/~[h i/b�� c h o�h i�y/i/jNj/y/n d e�h c i/h7�
n y/j/h � �9y/i � } c r,i�~[c }
h i/h n o,c h |,k/e �|�i/o,c o�h i���} n h y�z n h $�y/h i/f h i;k9h b d e/n c h k�h i\g7h n j/h i �9�r�i/i/h i�w�� c h b h n�m�pEh � }�g�y/n �
j/h�h n z r,� o�n h c d e�~[c }7h c i/h n7|,i/|�� ��} c b d e/h i { h } n |,d e�} y/i/oNj/h n�

k�h n � �|�d e/h�q�h n o�� c d e/h i�w/x
i�j/h n
x�o � #,# $�� � 

k9h n � �|,d e/h<f h c o�h i�j/c h<i/c h j/h n h i/h n o,h } c b d e/h i { h c } n �|�o,h<j/h nNv7r,� y/~[h i/f y/b } �|�i/j/h
h c i/h x�i/c b r,} n r,�/c h,w/m�c i�g�h c } h n h n { h c } n |,oNf y/n�x
i/c b r } n r��/c h � r,~[~�}�q�r,i\h c i/h ~ ���k�h n o�|,i/o
f g�c b d e/h i�f g7h c�

k9h n � �|,d e/h i/f y/b } �|�i/j/h i���j/h n c ~�m��/�9h n c ~[h i�}Nk9h b } �| } c o,} g�c n j�w�m�c i/h { h �
n h d e/i�y/i/o�j/h n7��h �9h ��c r�i � r,i/i�} h�i/c d e�}7b c i/i�q�r,� �9j/y/n d e/o�h z �y/e/n }7g�h n j/h i���j/|�j/c h��
c q�h n o,h i/f
j/h n
�
n y/j/h � { h c } n �|�o,h,�9j/c h h c i/h�d e/|,n | � } h n c b } c b d e/h�m�c o,h i/b d e/| z }
q�r,i��<h } |,� � h i\j/|,n b } h � � h i��
h c i/h � n |�~[h n b � � n r,i/c o,� ��n |�i/b z r,n ~[|,} c r,i[h n b d e,g�h n h i�w
�<c } h c i/h ~�h c i�z |,d e/h i\v7h n z |�e/n h i;o�h � |�i/o�j/c h { h n h d e/i�y/i/o<j/h n
j/c h � h � } n c b d e/h i;�9y/i � �

} c r,i/h iCq�r�i��<h } |,� � r�k9h n � �|,d e/h i�w
m�b;h n o,|�k9h i b c d e c i,} h n h b b |�i,} hRm�pEh � } h � j/c h�k�h cNj/h i
k/c b e/h n c o�h i { h } n |�d e,} y/i/o�h i�j/h n
r,��} c b d e/h i;m�c o�h i/b d e/|,z } h i;q�r,i��<h } |,� � r�k9h n � �|,d e/h i;i/c d e,}
k9h n �y/d � b c d e�} c o }
g�y/n j/h i�w�� �y/n�h c i/h%$�y/|,i�} c } | } c q�h�x�i/|�� ��b h�j/c h b h n�m�pEh � } h�~ �y/b b h i'& h j/r�d e
o,h i/|,y/h n h<��h d e/i�y/i/o,h iRj/y/n d e/o�h z �y/e/n }[g7h n j/h i�w�# �y/i/b d e/h i/b g�h n }�g �|,n h<j/c h { h n h d e/i�y/i/o

# $ '



# $��

h c i/h n r�n } b |,k/e �|�i/o,c o�h i�� c h � h � } n c f c } �| } b z y/i � } c r,i;|�y�z�j/h n { |,b c b h c i/h n�b h � k/b } � r�i/b c b } h i�} h i
{ |�i/j/b } n y � } y/n ~[h } e/r�j/h w
� ~ f g7h c } h i ��h c �
j/c h b h n<x
n k9h c }<h n z r,� o,} h iCj/c h;~[c � n r,b � r��/c b d e/h iC��h d e/i�y/i/o�h i�~[c }

h c i/h n ��b h y/j/r,��r } h i,} c |�� ~[h } e/r�j/h,w���y/h n b }�g�y/n j/h i�j/c h[b } n y � } y/n h � � h i�y/i/j�h i/h n o�h } c b d e/h i
m�c o,h i/b d e/| z } h i�|,y/b o�h g �|�e/� } h n;�7e/� r,n �y/k�h n b } n y � } y/n h i�|�y�zNj/h n\x�o � # $�$�� � 

k9h n � �|,d e/h�k�h �
n h d e/i/h }�y/i/j;b r g�h c }�~ �r,o�� c d e\~[c }
j/h ~�m��/�9h n c ~[h i�}
q�h n o�� c d e/h i�wE� c h�h ����h n c ~[h i,} h � ��o�h �
z y/i/j/h i/h	� �| } } c o�y/i/o<j/h n�

k9h n � �|,d e/h�k9h c�h c i/h n { h j/h d � y/i/o\q�r,i $ � % �\r,i/r�� |,o�h i � r�i/i,} h
c i<j/h i\��h d e/i�y/i/o,h i\k�h b } �|,} c o }�g7h n j/h i�w�x
i/e/|,i/j\j/h n�n h � |,��c h n } h i<x7} r�~[�9r�b c } c r,i/h i[g�y/n �
j/h7j/h ~[r,i/b } n c h n } �,j/|,b b�i�y/n�j/|�b�d�� u��7u�� � ��
 �<� �\r�j/h � ��j/h n�o,h b �| } } c o,} h i ���k�h n b } n y � } y/n�~[c }

Em�m��
� x
i/|,� �/b h i �y/k�h n h c i/b } c ~[~ } � g �|,e/n h i/jNj/|�b�d�� u��7u�� � �"
��<� �\r�j/h � ��h c i/j/h y�} c o
|�y/b o,h �
b d e/� r,b b h i<g�h n j/h i � |�i/i�w9�
|�~[c }7g�c n j<j/c h �
i,} h n b d e/h c j/y/i/o�j/h n�d�� u��7u�� � ��
k9h n b } n y � } y/n h i
c i�
Em�m��
� x
i/|,� �/b h i�b h e/n
q�h n h c i�z |,d e�} wE� c h��
i,} h n b y/d e�y/i/o�h i�j/h n�

k9h n � �|,d e/h i/f y/b } �|�i/j/h
f h c o } h i�� j/|,b b�|,y�z/h c i/h n�x�o � # $�$�� � 

k9h n � �|,d e/h�h c i/h�d�� u��7u�� � ��
 �<� ��
k9h n b } n y � } y/n�|�y/b��7e/� r�n
i/c d e,}�|,� � h	

k9h n � �|,d e/h i/f y/b } �|�i/j/h\y/i�} h n j/n �y/d � } ��� h n[k9h b h } f } h"

k�h n � �|�d e/h i/f y/b } |,i/j�j/h b
�� � ��y/i � } h b�o,h e,} � h c i/h { c i/j/y/i/o[~[c }�j/h ~Ox�j/b r�n k/| }�h c i<y/i/j<k�h b c } f }�j/c h b h � k9h m�i/h n o�c h
g�c h�|,y�z/j/h nEy/i�k9h j/h d � } h i�

k�h n � �|�d e/h w # �|,e/n h i/j h c i�

k�h n � �|�d e/h i/f y/b } |,i/jN|,~ �� � ��y/i � } h
y/i,} h n j/n �y/d � }Ng�c n j���b �/|,� } h }�j/h n�|�i/j/h n h�j/n h c z |�d e�|,y�z ��m�n�h �/c b } c h n }Nc i�j/h i�y/i�k9h b h } f } h i
x�j/b r�n ��} c r,i/b �/� �|,} f h iN~[c }�y/i,q�h n �|,i/j/h n } h n�m�i/h n o,c h��,c i�j/h iNk�h b h } f } h iNx
j/b r,n ��} c r�i/b �/� �| } f h i
c b }
h n
|,i;h c i/h n { c i/j/y/i/o[~[c }
j/h ~�x�j/b r�n k/| } k9h } h c � c o,}�y/i/j;b �/|,� } h }
j/|,e/h n
c i\h c i/h i\y/i��
k9h b h } f } h i\|,i�} c k/c i/j/h i/j/h i�y/i/j<h c i/h i<k9h b h } f } h i<k/c i/j/h i/j/h i\��y/b } |�i/j�|�y�z w/m�c i/h
h c i�z |�d e/h
��c o,e�} � { c i/j/c i/o � { h } n |,d e�} y/i/o;k�h � h o } h,��j/|,b b[j/c h b h n[m�pEh � }�|,y�z j/c h"����~[~[h } n c h�f y/n �y/d � �
f y�z �y/e/n h i<c b }�y/i/j<j/|�~[c }�|�y�zEq�h n o,� h c d e�k/|�n h�

k9h n � �|,d e/h i �y/k�h n } n |�o,h i�g�h n j/h i � |�i/i�w9m�c i
v�h n o,� h c d e�j/h n	

k9h n � �|,d e/h i/f y/b } �|�i/j/h;j/h n�� n c b } |,� � � v�| � y/y/~N� �
n h i/f � �|�d e/h<~[c }���e/r,} r�h �
~[c b b c r,i/b h ����h n c ~[h i,} h i�g7|�n�h n z r,� o�n h c d e�w
� iRj/h i��
i,} h n b y/d e�y/i/o�h iHj/h n�

k9h n � �|,d e/h iRc ~ h � h � } n c b d e/h iR�9h � j���j/|,bNj/c h��
r��/�9h � �

� |,o�h�|�i�h c i/h n
m�� h � } n r�j/h � m�� h � } n r�� ��} � �
n h i/f � �|�d e/hNb c ~�y/� c h n } ��f h c o,} h i�|,� � h�

k�h n � �|�d e/h i��
f y/b } �|�i/j/h[~[c } y/i/j�r,e/i/h[x
j/b r,n k/|,}�j/c h[h n g�|,n } h } h ��} |,n � � v7h n b d e/c h k/y/i/o�w��
c hN��h d e/i�y/i��
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� | } c r�i/h i�f y��/j/c h
h c i/h
b h e/n7z h b }�o,h k/y/i/j/h i/h����/j/n | } e �y/� � h�k�h b c } f h i�w/� c h b h�� �y/� � h�q�h n e/c i��
j/h n }�j/h i�j/c n h � } h i�� r,i�} | � }�j/h n�� r�i/h i�~[c }�j/h n�

k�h n � �|�d e/h w9�\|,i/d e/h
x
i/c r,i/h i[g�c h�f,w { w
�7� %�k9h b c } f h i�h c i/hNb d e,g�|,d eRo,h k/y/i/j/h i/h�����j/n |,} e �y/� � h �Ej/c hNc i�j/h n � r,�/��h � � |�o,h�} h c � g�h c b h
|,k/o�h b } r��,h i�g7h n j/h i � |�i/i�w�m�c iRj/c n h � } h nN� r�i,} | � }[~[c }Nj/h n�

k9h n � �|,d e/h�z �y/e/n }[f yRh c i/h n
d e/h ~[c b d e/h i { c i/j/y/i/oNf g�c b d e/h i\� r�i<y/i/j<m�� h � } n r�j/h i/r�k9h n � �|,d e/h,w9� i<j/c h b h ~ �9|�� ��b �/n c d e,}
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k9h n � �|,d e/h i/f y/b } �|�i/j/h i�w��9r,� o�� c d e
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