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Figure 2 Schematic diagram of
the reactions leading to polar ozone
depletion.

and

HCl + HOCl
PSC
−→ Cl2 + H2O. 7.

Molecular chlorine is rapidly photolyzed into atomic chlorine radicals in spring-
time at polar sunrise. Because concentrations of atomic oxygen are low at the
altitudes of PSCs, the catalytic cycle outlined in Reactions 2 and 3 is not efficient
at destroying ozone in this region of the stratosphere. Instead, ozone is destroyed
by chlorine radicals through the following catalytic cycle (14):

2 × (Cl + O3 → ClO + O2) 8.

ClO + ClO + M → (ClO)2 + M 9.

(ClO)2 + hν → ClO2 + Cl 10.

ClO2 + M → Cl + O2 + M 11.
−−−−−−−−−−−−−−−−−−−−−−−
net: 2O3 → 3O2.

Reactions 8–11 continue unabated until terminated by Reactions 4 and 5, thereby
reforming ClONO2 or HCl. However, PSC surfaces rapidly convert these pho-
tochemically inert forms of chlorine back into active chlorine by heterogeneous
Reactions 6 and 7. Therefore, rapid ozone loss continues, and ozone remains
depleted until the dissipation of the polar vortex. Because PSCs are situated in
the middle of the ozone layer, heterogeneous chemistry on PSCs can destroy large
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Zählrate Masse 18 [s-1]

 sphärische Wassertröpfchen (2001)
 sphärische NAT-Partikel (2001)

© X+X+9<a<V+T+B+b>j+4ML 1 <UB!H_;A`xV+;A`x© B+B�WYF+op;Y�5V�W4!�~«sWYF+`E;AB+V�;A9<B+;ACS\I;"!59<B!H_;A`y�YWYa<a<C��5@5B�|Y£�opC�B�T+`
;A9<B�n
;A9<a<DGF+;AB�9<B�V+9<;Qwx;A`EV�WYopclq�;A`E��T+b5;Aa+b5;AaeWYB+bYHk�%a sW4!YH CE9<DGF�WYT+C�V+;AB�b5;Aop;ACECE;AB+;AB�/�sWYF+a<`_W%H_;AB
T+B+V V+;A`pm>WYa<9<X+`_W%H_9<@5B{op96H�¨U9<a6q�;�V+;A`�®�a<;A9<DGF�T+B+b5;AB O�j+4MLYZ&Q«T+B+V O�j+4 [Yj!Q«X+?^~>4 O�j+4 [!|GQ«V+;A`
L WYV+9<T+CvV+;ACUn
;A9<a<DGF+;AB+Cdop96Hv;A9<B+;A`U®�;AB�WYT+9<b5�Y;A96Hv�5@5BI;^H ~�WI3/£	�hWYX+CEDGF�sW%H_?A;AB�4



� ���������
	��


 ��� ��� ��������������� ���"!#�
�

$&%('*),+.-/%0-214365,%('7+.8:9<;=+.>@?BA,C@%0+.;=+.-,+.-�$&+.DE%0-,>F'7C@G,H�+.-I'7+.-2JKG,C@),+.-L>@+.%('NMPOEOEQ�R.G,CTSU-I'7+.CWV
>@G,?BAXG,-,Y[ZE\E-<]_^,`a>_%0-,>@YE+.>736H['bZc%0+.Cd+.CFef\E80YEC@+.%0?BA,+Kgh368080\E-jibkG,YE+h),G,C@?BA,YE+lemkG,A,CF'oncp*%0+Kgh368080\E-,+
>F'B36CF'7+l'7+.-*q@+lJa+.%080>:ZE\E-<r_^jsKt*u*v4r�;=+.%w1T%0C@G,-x3jyE^c?BAIJa+.),+.-zn,ga+.%0H�+.C@>F'7+.-<{:80G,YT%0H
|E36-XGx36C
MPOEOEQ<;=+.>F'}k3~'7%0Y6'7+.-2),%0+�$&+.>@>@G,-,YE+.-�),%0+Nr:�j%0>F'7+.-,R[ibkG,>@>@%0YE+.C�'7+.C@-�k36C@+.C*t�+.C@\E>@\E80+N%0-�5=\E8�36C@+.-
>F'7C73~'7\E>@5,A�k36C@%0>@?BA,+.-&��\E80�6+.-�� ^c?BA,C@+.%0-,+.CK+l'�368�n(yzMPOEOEOj�c�d\E%0Y6'K+l'U368�n(yw�6�E�E�6;j��n,t�G,?BA�;=+.%�),+.-
RlJa+.%�ef\E80YE+.-,),+.-�{:8@kG,YE+.-/%0H�|E36-XGx36C[�6�E�E�<JKG,C@),+.-L��\E80�6+.-,>@?BA,%0?BAI'7+.-�;=+.\E;x36?BAI'7+l'oy�),+.C@+.-
?BA,+.H�%0>@?BA,+<G,-,)�\E5j'7%0>@?BA,+<rb%0YE+.-,>@?BAx3~e�'7+.-��6\E-,>@%0>F'7+.-I'�H�%('TibkG,>@>@%0YE+.-�'7+.C@-�k36C@+.-���CPk\E5jef?BA,+.-
Jh36C@+.-zn�t�G,DE+.C@),+.H�+.C@A,%0+.8('4H<36-�36G,>�),+.-�$&+.>@>@G,-,YE+.-�),+.-�+.C@>F'7+.-�%0-cV�>@%('7G�ga+.80+.Y�emkG,C4),%0+
r:�j%0>F'7+.-,R2ZE\E-�^j36805=+l'7+.C@>Pk36G,C@+l'7C@%0AI�c),C73~'FVW]:36CF'7%0�6+.80-�%0-�),+.C�5=\E8�36C@+.-�^X'7C73~'7\E>@5,A�k36C@+�� �d\E%0Y6'
+l'a368�n(yI�6�E�E�E3j�X^c?BA,C@+.%0-,+.Cd+l'a368�n(yX�6�E�I�63~��n6��H {x\E80YE+.-,),+.-�Ja+.C@),+.-�),%0+KrbC@YE+.;,-,%0>@>@+U+.%0-,+.>bJa+.%¡V
'7+.C@+.-�{:80G,YE>b36H¢OjnEp*+.R.+.HN;=+.C_�6�E�jMh),%0>@�XGj'7%0+.CF'bG,-,)£H�%('�),+.-<$&+.>@>@G,-,YE+.-�ZE\EH �E¤cnI|E36-XGx36C
�6�E�E�NZE+.C@YE80%0?BA,+.-zn

¥§¦P¨ © ªT«�«�¬/­2®£ªT­°¯N± ²�¦�³´ª*µUªT±�¶�ªT·¹¸Nº£º&¨

»½¼F¾_¼F¾ ¿�ÀzÁ,À�Â_ÃxÂaÄWÂ_ÅaÆWÇjÈ=É*À¢Ê�À�Ë4ÆFÌ*ÅaÍTÌ*Å_À�Ì
p*%0+�$&+.>@>@G,-,YE+.-�eÎ36-,),+.-�%0HÏefC6kG,A,+.-�5=\E8�36C@+.-§�Ð%0-I'7+.C��6�E�jM}ÑE�6�E�I�[%0-�+.%0-,+.CK),+.CU+.C@>F'7+.-2]�+mV
C@%0\c),+.-2>F'B3~'@'oyÒ%0-2),+.-,+.-�>@%0?BA/5=\E8�36C@+[>F'7C73~'7\E>@5,A�k36C@%0>@?BA,+N��\E80�6+.-/;,%080),+l'7+.-znzÓÒGjZE\EC�Jh36CT),%0+
1T\EA�k36C@+.-,R�),+.>hG,C@>@5,C6kG,-,YE80%0?BA,+.-§36C@�I'7%0>@?BA,+.-��d\ECF'7+m�<),G,C@?BA§+.%0-,+UYE+.C@%0-,Y6emkG,YE%0YE+UrbCFJ[k36C@HNG,-,Y
Ô $&%0-,\EC���36C@H�%0-,YXÕ�36HÖMEn~p*+.R.+.HN;=+.Cb�6�E�jMaYE+.>F'}k\ECF':Ja\EC@),+.-znEp*+.C��d\ECF'7+m��ef\EC@H['7+_>@%0?BAN-x36?BA
),%0+.>@+.HÖrbC@+.%0YE-,%0>dC736>@?BA�-,+.Gzncp*%0+U×�Gje�'7H<36>@>@+.-<%0-�>@+.%0-,+.H ��-,-,+.C@+.-���kG,A,8('7+.-<%0-,-,+.C@Ax3680;£ZE\E-
emkG,-jez�:36YE+.-<>F'B36C@�£36;zncp*%0+½��+.H�5=+.C73~'7G,C@+.-<),+.>h14368('7YE+.;,%0+l'7>.yE)x36>_>@%0?BA<G,H )x36>apT3~'7G,H
),+.C
$&+.>@>@G,-,YE+.-�ZE\E-§��>@8�36-,)�;,%0>h{:%0-,-,8�36-,)�+.C@>F'7C@+.?B�I'7+6yx+.C@C@+.%0?BAI'7+.-�YEC@\EDECPk36G,H�%0Y[$&%0-,%0H<368(Ja+.CF'7+

Ø ¤



Ø�� �������
	 ����
�� ������������	 ��� �����������! � �

t�;,;,%080),G,-,YT¤cn(M#"~��+.H�5=+.C73~'7G,CFZE+.CF'7+.%080G,-,Y*36Gjew+.%0-,+.H�p*C@G,?B�X-,%(ZE+o36GNZE\E-£�6��Ax]:3 Ô 80%0-,�X>BÕ�G,-,)
]�\6'7+.-I'7%�368j�d\ECF'7%0?.%('��[),+.>d36C@�I'7%0>@?BA,+.-£�d\ECF'7+m��;=+.% � �E�T1Ð5=\6'7+.-I'7%0+.8080+.C:��+.H�5=+.C73~'7G,C Ô C@+.?BAI'7>BÕ
36H�MP�jnxp*+.R.+.HN;=+.C��6�E�jM4G,H �E�$" �E��SU� Ô t[nwp£k\EC@-X;,C736?B�wywpT×�s�Õmn

ZE\E-�G,-I'7+.C�MPQI¤&1 ;=+.%h�6�&Ax]:3 Ô >@%0+.A,+<t�;,;zn�¤cn(M}Õmn�p*%0+£>@%0?BA�%0H�×�36Gje½),+.>NOjn:p*+.R.+.HN;=+.C@>
+.-I'�JK%0?B�6+.80-,),+�R.\E-x3680+�Ja+.>F'780%0?BA,+[^X'7CPk\EHNG,-,Y/kG,;=+.C½),%0+T>@�~36-,),%0-x3oZc%0>@?BA,+[vT+.;,%0C@YE>@�6+l'@'7+TC@+.Y6'7+
R.G,),+.H�\EC@\EYEC7365,A,%0>@?BA/%0-,),G,R.%0+.CF'7+[��+.8080+.-/36-zyÒ),%0+N>@%0?BA/;,%0>*%0-/),%0+�^X'7C73~'7\E>@5,A�k36C@+£36G,>@;,C@+.%¡V
'7+l'7+.-znÒp*%0+[36),%�36;x3~'7%0>@?BA,+4t�;,��kG,A,80G,-,Y�),+.C*36Gjef>F'7+.%0YE+.-,),+.-/×�Gje�'7H<36>@>@+.-�emkG,A,CF'7+�R.G280\E�~3680+.-
��+.H�5=+.C73~'7G,C@+.C@-,%0+.),C@%0YEG,-,YE+.-[ZE\EC:G,-,)�kG,;=+.C:),+.H >@�~36-,),%0-x3oZc%0>@?BA,+.-�vT+.;,%0C@YE>@R.G,YUZE\E-�;,%0>�R.G
MP�N1 ZE+.C@YE80%0?BA,+.-§H�%('a),+.-§>F�c-,\E5j'7%0>@?BAcV�>@�~3680%0YE+.-���+.H�5=+.C73~'7G,C@+.-�JK%0-,)x36Gje�J[k36CF'7>.n,p*%0+�×�Gje�'FV
H<36>@>@+.-�Jh36C@+.-�36GjefYEC@G,-,)�),+.CN>F'B36C@�6+.-�×�+.+lJa+.8080+.-x36�I'7%(Zc%('}k3~'N>@%0YE-,%&%x�~36-I'7+.-�rbCFJ[k36C@HNG,-,YE>WV
G,-,)�t�;,��kG,A,805=+.C@%0\c),+.-�36G,>@YE+.>@+l'7Rl'onÒSUH¹M�'(" �E�£SU-,%(ZE+.C@>7368��½%0H�+ Ô SU�UÕaJKG,C@),+[%0-&×��WpKt*shV
$&+.>@>@G,-,YE+.-�R.G,H�+.C@>F'7+.-,H<368d+.%0-,+�>@?BAIJh36?BA,+&]_^,`�kG,;=+.CNr_^jsKt*u*v4r ;=+.\E;x36?BAI'7+l'on�p*%0+.>@+
��\E80�6+2JKG,?BA,>�36-���-I'7+.-,>@%('}k3~'�G,-,)�ZE+.CF'7%0�~3680+.C�t�G,>@),+.A,-XG,-,Y�G,-,)ÐAx3~'@'7+/%0A,C@+2H<3}�j%0H<3680+
t�G,>@5,CPk36YEG,-,Y�RlJK%0>@?BA,+.-�MPO$" �E�§G,-,)��69$" 9E��SU�
%0-�+.%0-,+.C*)Nk\EA,+�ZE\E-��+'&;,%0>[�E¤cn ¤��XH kG,;=+.C
r_^jsKt*u*v4r½nIp*%0+½p*+.5=\E8�36C@%0>73~'7%0\E-�),+.>d×��WpKt*shVF^X'7C736A,80>:80%0+.D�ef+.>F'7+K]:36CF'7%0�6+.8,%0H�\E;=+.C@+.-£��+.%08
),+.C���\E80�6+[+.C@�6+.-,-,+.-zy�),%0+[>@%0?BA/;,%0>�+l'�Jh3�� � �XH +.C@>F'7C@+.?B�I'7+.-zn�pT3<\E;=+.C@Ax3680;�),%0+.>@+.C�)Nk\EA,+
),%0+½×�+.+lJa+.8080+.-x36�I'7%(Zc%('}k3~'bC736>@?BA£>@?BAIJ[k36?BA,+.CdJKG,C@),+6yEJh36C@+.-£),%0+h80\E�~3680+.-N��+.H�5=+.C73~'7G,C@H�%0-,%0H<3
Ô-, MPOI��1�ÕaemkG,C½+.%0-,+�]_^,`dVWga%080),G,Y�-,%0?BAI'UH�+.A,CK36G,>@C@+.%0?BA,+.-,)zn
p*%0+agh368080\E-,YE\E-,),+.8EJKG,C@),+K36H�Ojn6p*+.R.+.HN;=+.C�G,H¢�6�$" � � SU��ZE\E-£r_^jsKt*u*v4rLYE+.>F'B36CF'7+l'on

ga+.%�RlJa+.%:t�Gje�VhG,-,)2t�;,>F'7%0+.YE+.-�kG,;=+.C�+.%0-,+[A,\EC@%0R.\E-I'B3680+�rb-I'@ef+.C@-XG,-,Y�ZE\E-�M}�6��;,%0>�9E9E���XH




����#��� � �(�����! � � � ������� �	���	��
 ������
�
�� ØEØ

 

 

-100 0 100 200 300
20

22

24

26

28

30

180

182

184

186

188

190

192

194

196

198

20010 Dec 01, 00 UT (+12h)

T[K] D [%]

 

 
H

öh
e 

[k
m

]

Entfernung von ESRANGE [km]

1,0

1,4

1,8

2,2

2,6

3,0

3,4

3,8

4,2

4,6

5,0

t�;,;,%080),G,-,Y<¤cn � "xp*%0+*t�;,;,%080),G,-,Y£R.+.%0Y6'K),%0+*ZE+.CF'7%0�~3680+T��+.H�5=+.C73~'7G,CFZE+.CF'7+.%080G,-,Y�+.-I'78�36-,Y£),+.C
gh368080\E-I'7C73Pq@+.�I'7\EC@%0+U36H#MP�jnjp*+.R.+.HN;=+.C½�6�E�jM*G,HÏ�E�$" �E�[SU�Tyj;x36>@%0+.C@+.-,)�36Gje�),+.HÏH�+.>@\E>@�~3}V
80%0YE+.-/H�+l'7+.\EC@\E80\EYE%0>@?BA,+.-�$2$2¤PVF$&\c),+.808 Ô t[n�p£k\EC@-X;,C736?B�wy�pT×�s�Õmnzp*%0+�H�+.>@\E>@�~3680%0YE+£^c%0HNGcV
8�3~'7%0\E-2H�%('*+.%0-,+.CTt�Gji�k\E>@G,-,Y�ZE\E-�9§�XH�JKG,C@),+£%0-,%('7%�3680%0>@%0+.CF'U36H�Ojn�p*+.R.+.HN;=+.C4G,H M}� " �E�
SU��36Gje=),+.CdvTC@G,-,),8�36YE+_),+.C�YE80\E;x3680+.-Nr_`½$���{��WV�t�-x368(�c>@+6nEp*%0+agh368080\E-I'7C73Pq@+.�I'7\EC@%0+_%0>F'�H�%('
),+.C:ZE\E-�),+.Cb×�36>@+.CWVWgh36?B�X>@?o3~'@'7+.C@>@\E-,),+KYE+.H�+.>@>@+.-,+.-<p*+.5=\E8�36C@%0>73~'7%0\E-TeÎ36C@;,80%0?BA[�6\c),%0+.CF'onEpT36>
×��WpKt*shVW]bC@\�%x8akG,;=+.CKr_^jsKt*u*v4r�JKG,C@),+436H�Ojnxp*+.R.+.HN;=+.ChG,H �6�$" �E�NSU� 36GjefYE+.-,\EH�H�+.-
Ô 1�n V )�n�{xC@%0?B�6+PÕmnbp*%0+<R.G�),%0+.>@+.H ÓÒ+.%('75,G,-,�I'�;=+.\E;x36?BAI'7+l'7+.-�×�Gje�'7H<36>@>@+.-�+.-I'7>@5,C@+.?BA,+.-�%0-
+l'�Jh3�),+.-,+.-zyw),%0+T),+.CUgh368080\E-����j9�^X'7G,-,),+.-�>@5�k3~'7+.CK),G,C@?BA��XG,+.CF'7+6n

JK%0-,)x36;IJ[k36CF'7>TZE\E-�r_^jsKt*u*v4r ),G,C@?BA��XG,+.CF'7+�),+.C4gh368080\E-2+.%0-,+£]_^,` %0-,>@YE+.>736H['*Zc%0+.C@H<368�n
t�;,;,%080),G,-,Y*¤cn �½R.+.%0Y6':),%0+bZE+.CF'7%0�~3680+d��+.H�5=+.C73~'7G,CFZE+.CF'7+.%080G,-,Y�+.-I'78�36-,YU),+.C:gh368080\E-I'7C73Pq@+.�I'7\EC@%0+
36H´MP�jnÒp*+.R.+.HN;=+.C*G,H��E�$" �E��SU�TyÒ;x36>@%0+.C@+.-,)L36Gje_),+.H H�+.>@\E>@�~3680%0YE+.-�H�+l'7+.\EC@\E80\EYE%0>@?BA,+.-
$2$2¤PVF$&\c),+.808 Ô t[nEp£k\EC@-X;,C736?B�wyIpT×�s�Õmn6p*%0+aH�+.>@\E>@�~3680%0YE+½^c%0HNG,8�3~'7%0\E-�H�%(':+.%0-,+.C�t�Gji�k\E>@G,-,Y
ZE\E-�9§�XH JKG,C@),+£%0-,%('7%�3680%0>@%0+.CF'K36H�Ojnzp*+.R.+.HN;=+.CTG,H M}� " �E�§SU�¢36Gje_),+.C�vTC@G,-,),8�36YE+N),+.C
YE80\E;x3680+.-�r_`½$���{��WV�t�-x368(�c>@+6ncpT36>d)x36C@YE+.>F'7+.808('7+U×��WpKt*shVW]bC@\�%x8bkG,;=+.Car_^jsKt*u*v4r�JKG,C@),+
36H´Ojn�p*+.R.+.HN;=+.C[G,H �6�$" �E��SU�
ZE\E-�1�n V )�n�{xC@%0?B�6+�36GjefYE+.-,\EH�H�+.-zn�gh36>@%0+.C@+.-,)�36Gje½),+.C
H�%('@'780+.C@+.-2�Ð%0-,),YE+.>@?BAIJK%0-,),%0YE�6+.%('[+.-I'7>@5,C@+.?BA,+.-�),%0+�R.G�),%0+.>@+.H�ÓÒ+.%('75,G,-,�I'�;=+.\E;x36?BAI'7+l'7+.-

��������� �"!$#&%(')!*%,+�!*�-�&.�/0!$132 ��4657#&%�8 !:9;!$#<+�=�!*�?>�� ��!$@*# AB+



Ø Q �������
	 ����
�� ������������	 ��� �����������! � �

×�Gje�'7H<36>@>@+.-&),+.-,+.-zyx),%0+T),+.CKgh368080\E-����j9�^X'7G,-,),+.-&>@5�k3~'7+.CK),G,C@?BA��XG,+.CF'7+6n=p*%0+T]_^,`�JKG,C@),+
ZE\E-��cM#" 'X¤�;,%0>��E�$" �E�2SU�Ï%0-�+.%0-,+.C�)Nk\EA,+�ZE\E-��E��;,%0>�� � n 92�XH Ô +.-I'7>@5,C@%0?BAI'§¤6�E�3� � �6�21
5=\6'7+.-I'7%0+.8080+.C_��+.H�5=+.C73~'7G,CBÕ_;=+.\E;x36?BAI'7+l'onj�Ð%0+�;=+.C@+.%('7>a;=+.%=ZE\EC736-,YE+.YI36-,YE+.-,+.-�%0-cV�>@%('7G§$&+.>WV
>@G,-,YE+.-�� ^c?BA,C@+.%0-,+.CT+l'4368�n(y�MPOEOEOjyz�6�E�I�63j�w�d\E%0Y6'oyz�6�E�E�~��JKG,C@),+.-�36G,?BAL;=+.%0H#ZE\EC@80%0+.YE+.-,),+.-
{:80G,Y&+.%0-,R.+.80-,+6y�),+.Gj'780%0?BA�>F'7C@G,�I'7G,C@%0+.CF'7+�]_^,`dVF^c?BA,%0?BAI'7+.-�;=+.\E;x36?BAI'7+l'oy:),%0+�R.G,H���+.%08d>@+.A,C
G,-I'7+.C@>@?BA,%0+.),80%0?BA,+�?BA,+.H�%0>@?BA,+UG,-,)<\E5j'7%0>@?BA,+�rb%0YE+.-,>@?BAx3~e�'7+.-�36Gje�JK%0+.>@+.-znX��-<),+.-<t�;,;,%080),G,-,Y
¤cn 92G,-,)�¤cn '2>@%0-,)�),%0+§pT3~'7+.-�),+.CN+.%0-,R.+.80-,+.-�$&+.DE%0-,>F'7C@G,H�+.-I'7+�emkG,CN),+.-�YE+.>736H['7+.-�ÓÒ+.%('FV
C736G,H�),+.C[]_^,`dVWga+.YE+.YE-XG,-,Y�)x36C@YE+.>F'7+.808('oyz%0-Lt�-,Ax36-,Y�g >@%0-,)�>@%0+£H�%('*ef+.%0-,+.C@+.C4R.+.%('780%0?BA,+.C
t�Gji�k\E>@G,-,YNR.G�>@+.A,+.-znjp*+.C_��+.H�5=+.C73~'7G,C@;=+.C@+.%0?BA<+.C@>F'7C@+.?B�I'7+T>@%0?BA�J[k36A,C@+.-,)�),+.Ch$&+.>@>@G,-,YE+.-
ZE\E-§9�1 G,-I'7+.C@Ax3680;<),+.>h{xC@\E>F'75,G,-,�I'7> Ô������ ��� MPQjM
	 O41�Õb;,%0>a�41�kG,;=+.C ����
��LÔ���������� MPOI�
1�Õmncp*%0+.>d%0>F'demkG,C_),%0+�]_^,`dVWga+.\E;x36?BAI'7G,-,YE+.-§;=+.>@\E-,),+.C@>a%0-I'7+.C@+.>@>736-I'oyc)x3�)x36H�%('d),+.C_YE+.>736H�V
'7+£��+.H�5=+.C73~'7G,C@;=+.C@+.%0?BA�36;,YE+.),+.?B�I'�JK%0C@)zyz%0-L),+.H�>@\PJa\EA,8d�d�c5�M�3680>436G,?BA��d�c5��§]_^,`a>
+m�j%0>F'7%0+.C@+.-N�Òk\E-,-,+.-znEt�8080+d��-,>F'7C@G,H�+.-I'7+aefG,-,�I'7%0\E-,%0+.CF'7+.-N+.%0-IJh36-,)jefC@+.%�nE^zk36H['780%0?BA,+h$&+.DE)x3~'7+.-
R.+.%0YE+.-&+.%0-,+TA,+.CFZE\EC@C736YE+.-,),+�1T\EC@C@+.8�3~'7%0\E-�G,-,)&8�k\E>@+.-§ef+.%0-,+�^X'7C@G,�I'7G,C@+.-&%0-�),+.Ch��\E80�6+�36GjeWn

»½¼F¾_¼�� ���:Á,À�Ì��Í��[À�Ã��TÄFÆWÈ��
 "!$#&%�')(�%�*,+-%/.10�*20�3546!7*8*2%�'9*2:;%/<�#&.10�46%=#&%/.�*

p*%0+*$�36>@>@+.-,>@5=+.�I'7C@\EH�+l'7+.C@>@%0YE-x3680+*emkG,C_��36>@>@+.C½36Gje:$�36>@>@+NMPQ Ô )?>A@�B�ÕdG,-,)�^j36805=+l'7+.C@>Pk36G,C@+
36Gje=$�36>@>@+ � 9U;,RlJ4n+' � Ô )�uC@ BD ;,RlJ4n6uC@ B> Õ�>@%0-,)[%0-�t�;,;,%080),G,-,Y*¤cn 'U)x36C@YE+.>F'7+.808('on}p*%0+aÓbk36A,8¡VC73~'7+.-�Ja+.C@),+.-�kG,;=+.CFJK%0+.YE+.-,)�),G,C@?BA�),%0+4%0-�),+.-2]_^,`dVW]:36CF'7%0�6+.80-&+.-I'7Ax368('7+.-,+.-/^cG,;,>F'B36-,R.+.-
A,+.CFZE\EC@YE+.C@Gjef+.-zy�-,%0?BAI'�),G,C@?BA�3~'7H�\E>@5,A�k36C@%0>@?BA,+�v436>@+6n�t�G,DE+.CT��36>@>@+.C�G,-,)�^j36805=+l'7+.C@>Pk36G,C@+
JKG,C@),+.-�^c?BAIJa+lef+.80>Pk36G,C@+ Ô )?>m^E@�F.ÕKG,-,)L`aA,80\ECFJh36>@>@+.C@>F'7\HG Ô )*`a8�Õ½YE+.H�+.>@>@+.-zn�|6+.),\c?BA2JKG,CWV
),+.-�J[k36A,C@+.-,)�),+.>�YE+.>736H['7+.-�{:80G,YE>*�6+.%0-,+�>@%0YE-,%&%x�~36-I'7+ kt�-,),+.C@G,-,YE+.-�),+.C[Óbk36A,80C73~'7+.-�36Gje
),+.- $�36>@>@+.- 9I¤��j9EQ�emkG,C )*`a8T;,RlJ4nK36Gje�),+.- $�36>@>@+.- 'IQ�G,-,) � '�),+.C&{xC736YEH�+.-I'7+�ZE\E-
)?>l^E@�F4;=+.\E;x36?BAI'7+l'on�pT36H�%('UC@+.5�k36>@+.-I'7%0+.CF'4)x36>4p*+l'7+.�I'7%0\E-,>@80%0H�%('K),+.>TtT$2^�ZE\E-��jn ¤�5,5,;IZ
emkG,Cd^c?BAIJa+lef+.80>Pk36G,C@+K;,RlJ4nE�jn �U5,5,;IZ[emkG,Cd`aA,80\ECFJh36>@>@+.C@>F'7\HG�+.%0-,+h\E;=+.C@+½1T\E-,R.+.-I'7C73~'7%0\E-,>@YEC@+.-cV
R.+�),%0+.>@+.CU^cG,;,>F'B36-,R.+.-2%0-�),+.-�]:36CF'7%0�6+.80-zn
p*%0+�Óbk36A,80C73~'7+.- 36Gje�$�36>@>@+�MPQ�+.C@>F'7C@+.?B�6+.-
>@%0?BA#kG,;=+.CL+.%0-,+.- YEC@\EDE+.- )j�c-x36H�%0>@?BA,+.-

ga+.C@+.%0?BAznd^c\L;=+l'7C736YE+.-�),%0+<��36>@>@+.C@RIk36A,80C73~'7+.-�%0-�),+.-�\E;=+.C@>F'7+.-�]_^,`dVF^c?BA,%0?BAI'7+.-�G,H�MP� D
?.\EG,-I'7>BÑ~>.y}A,+.CFZE\EC@YE+.C@Gjef+.-�),G,C@?BA�YE+.C@%0-,YE+b1T\E-,R.+.-I'7C73~'7%0\E-,+.-4�X80+.%0-,+.CÒibkG,>@>@%0YE+.C�]_^,`dVW]:36CF'7%0�6+.8�n
��-,-,+.C@Ax3680;�),+.C*]_^,` >F'7+.%0YE+.-�),%0+T��36>@>@+.C@RIk36A,80C73~'7+.-/36Gje*kG,;=+.C�MP�HI�?.\EG,-I'7>BÑ~>.y=%0-&+.%0-,R.+.80-,+.-
^c5,%('7R.+.-IJa+.CF'7+.-/>@\EYI36C�36Gje�;,%0>KR.G�MP�HJU?.\EG,-I'7>BÑ~>.nzp*%0+4sK+o36�I'7%0\E-,>@R.+.%('�),+.CK��36>@>@+.C@H�+.>@>@G,-,Y
36GjeÒ�d+.CPk36-,),+.C@G,-,YE+.-<%0H
t�+.C@\E>@\E8(ZE\E80G,H�+.-£%0>F'd>@+.A,C_�XG,C@R6nXt�),>@\EC@5j'7%0\E-,>WV:G,-,)<p*+.>@\EC@5j'7%0\E-,>WV
+AGÒ+.�I'7+*%0H t�-x368(�c>@+.>F�c>F'7+.H&yj%0-,>@;=+.>@\E-,),+.C@+*%0-<),+.C_�d+.C@)x36H�5jef+.C@�XG,YE+.8�yX>@%0-,)<ZE+.C@-x36?BA,8�k36>@>@%0Y~V




����#��� � �(�����! � � � ������� �	���	��
 ������
�
�� Ø O

t�;,;,%080),G,-,Y2¤cn 9$" Ô uNk36?BA,>F'7+§^c+.%('7+PÕT��-cV�>@%('7G�$&+.>@>@G,-,YE+.-�%0-,-,+.C@Ax3680;L+.%0-,+.C[]_^,`
36H�Ojn�p*+mV
R.+.HN;=+.C&�6�E�jMEn Ô +�Õ )Nk\EA,+6yaeÎ36C@;,80%0?BA��6\c),%0+.CF'§H�%('�),+.C�YE+.H�+.>@>@+.-,+.- p*+.5=\E8�36C@%0>73~'7%0\E-�),+.C
×�36>@+.C@;x36?B�X>@?o3~'@'7+.C@>@\E-,),+�;=+.%:¤69I��-,H&n=p*%0+T+.%0-,R.+.80-,+.-&��\E80�6+.-,>@?BA,%0?BAI'7+.-zyÒJK%0+4>@%0+�%0H ��+m�c'
),%0>@�XGj'7%0+.CF'[Ja+.C@),+.-zyb>@%0-,)�YE+.�6+.-,-,R.+.%0?BA,-,+l'on Ô�� Õ�]�\6'7+.-I'7%0+.8080+<��+.H�5=+.C73~'7G,C[G,-,)�YE+.H�+.>@>@+mV
-,+�×�Gje�'@'7+.H�5=+.C73~'7G,C�%0H��d+.C@YE80+.%0?BA�R.G ���H� ��Ô YE+.H�+.>@>@+.-wÕ4G,-,)�t�;,>@?BA�k3~'7R.G,-,YE+.-�ZE\E- ����
��
� )�36-,>@\E-�36-,)�$�36G,+.C@>@;=+.C@YE+.C.yxMPOEQEQE3~�jG,-,) ��� ��� � `h36C@>@8�3oJ�+l'd368�n(yjMPOEOI¤}�cemkG,Cd¤�G,-,)�M}��5,5,;IZ
)�uC@ D n Ô	� Õds£kG,?B�X>F'7C@+.GjZE+.C@A�k368('7-,%0> Ô ghs�Õb;=+.%=O�'I��-,H&yc`a\E80\ECd��-,),+m� Ô `a� � ghs�
�F
���6ghs F
���mÕG,-,)Lp*+.5=\E8�36C@%0>73~'7%0\E-&;=+.%b¤69I��-,H&n Ô  &ÕKt�+.C@\E>@\E80�6\E-,R.+.-I'7C73~'7%0\E-,+.-L%0-�),+.-�vTCPk\EDE+.-,�X8�36>@>@+.-
��� �$	 �jM Ô `hu*ÕmyI�jn(M}¤cyI�jn �E¤cyI�jn 9I¤cyE�jn ¤6�jyI�jn Ø ¤cy,MEn �EQjy,MEn �E¤cyjMEn Ø ¤cyX�cn ¤6�TG,-,)<9jn ¤6���zH&nErb>_YI36;
RlJa+.%_ga+.\E;x36?BAI'7G,-,YE+.-�ZE\E-�]:36CF'7%0�6+.80-LRlJK%0>@?BA,+.-�¤�G,-,)�MP���zH�sU36),%0G,>.yz%0-/),+.C�rb%0>FJa\E80�6+
G,-,)&%0-�),+.CUuUtb�aVF^c?BA,%0?BAI'�;=+.%0H�+.C@>F'7+.-�t�;,>F'7%0+.Y,n
t�;,;,%080),G,-,YÐ¤cn '(" Ô kSU;=+.C@-�k36?BA,>F'7+�^c+.%('7+PÕ&��-cV�>@%('7G�$&+.>@>@G,-,YE+.-�%0-,-,+.C@Ax3680; +.%0-,+.C/]_^,`�36H
Ojn~p*+.R.+.HN;=+.C��6�E�jMEn Ô�� Õ�$&%('�),+.H t�+.C@\E>@\E80H<36>@>@+.-,>@5=+.�I'7C@\EH�+l'7+.C�36Gjew$�36>@>@+�MPQUYE+.H�+.>@>@+.-,+
��36>@>@+.C@RIk36A,80C73~'7+.-znwp*%0+*A,+.8080;,8�36G,+*×�%0-,+T%0>F'½)x36>�$&%('@'7+.8akG,;=+.CU�6�£]bG,-,�I'7+6nwp*%0+T36G,>K),+.-&YE+mV
H�+.>@>@+.-,+.-2��36>@>@+.CWVhG,-,)L^j36805=+l'7+.C@>Pk36G,C@+.RIk36A,80C73~'7+.-�;=+.C@+.?BA,-,+l'7+.- )?> @!" )�uC@ D VF$&\E8(ZE+.C@A�k368('FV-,%0>@>@+T>@%0-,)�C@\6'K)x36C@YE+.>F'7+.808('oy,ga+.C@+.?BA,-XG,-,YE+.-�-x36?BA&),+.H#$&\c),+.808=ZE\E-2`h36C@>@8�3oJ +l'U368�n�� MPOEOI¤}�
3680>T1TC@+.%0>@+6n Ô�� ÕT^j36805=+l'7+.C@>Pk36G,C@+.RIk36A,80C73~'7+.-�36Gjeh$�36>@>@+ � 9jnzp*%0+NA,+.8080YEC6kG,-,+�×�%0-,%0+[>F'7+.808('T)x36>
$&%('@'7+.8hkG,;=+.C��6�£]bG,-,�I'7+�)x36C.n Ô	� Õ½^j36805=+l'7+.C@>Pk36G,C@+.RIk36A,80C73~'7+.-�36Gjeb$�36>@>@+*' � n

;x36C.nx��-,-,+.C@Ax3680;&Ja+.-,%0YE+.C*ÓÒ+.A,-I'7+.80>@+.�XG,-,),+.-/%0>F'U+.%0-&t�-,>F'7%0+.Y�),+.C*Óbk36A,80C73~'7+.-&G,H H�+.A,CU3680>
)x36> )UG,-,),+.CF'@eÎ36?BA,+[H2k\EYE80%0?BAzyXeÎ36>F'U+.;=+.-,>@\<>@?BA,-,+.808��Òk\E-,-,+.-�),%0+*��+.CF'7+4JK%0+.),+.CU36;,-,+.A,H�+.-zn
p*%0+�36G,DE+.C@\c),+.-I'780%0?BA�YEGj'7+��*Gx3680%('}k3~'4),+.C���36>@>@+.C@H�+.>@>@G,-,Y/G,-,)�),%0+<rbCFeÎ36A,C@G,-,YE+.-zy�),%0+�%0-
ZE\EC736-,YE+.YI36-,YE+.-�$&+.>@>@G,-,YE+.-�YE+lJa\E-,-,+.-,+.-�JKG,C@),+.-zy_+.C@8�36G,;=+.-�+.%0-,+&G,-,YE+le@k36A,C@+�1T8�36>@>@%&%jV
R.%0+.C@G,-,Y�),+.C�]_^,`�y½\EA,-,+/),%0+L$&\E8(ZE+.C@A�k368('7-,%0>@>@+/R.GÐ�6+.-,-,+.-�"�`aAx36C736�I'7+.C@%0>F'7%0>@?BA�emkG,C§+.%0-,%¡V
YE+£ga+.C@+.%0?BA,+�),+.>�{:80G,YE>T>@%0-,)L+.%0-,R.+.80-,+<Óbk36A,80C73~'7+.-,>@5,%('7R.+.- Ô ^c5,%0�6+.>BÕmy�),%0+�G,H�+.%0-L;,%0>TRlJa+.%
vTCPk\EDE+.-,\EC@),-XG,-,YE+.-�kG,;=+.C½),+.H )U%0-I'7+.C@YEC@G,-,)�80%0+.YE+.- Ô R6n g�n,G,H Ø OI�6�E�jy,QjM � �E�[G,-,)�Q�'I9E�E�N>
SU�UÕmn�p*%0+.>@+<^c5,%0�6+.>�8�36>@>@+.-�)x36C736Gjea>@?BA,80%0+.DE+.-zy�)x36D&+.%0-,R.+.80-,+�YECPk\EDE+.C@+ Ô � , �jn ¤��=MEn ���zH�Õmy
ZE+.C@HNGj'780%0?BA�ef+.>F'7+���+.%080?BA,+.-�%0-�),+.C�]_^,`
+m�j%0>F'7%0+.CF'7+.-zy�Ja+.80?BA,+�kG,;=+.C[),%0+�36+.C@\c)j�c-x36H�%0>@?BA,+
×�%0-,>@+T%0-�)x36>KtT$2^§YE+.8�36-,Y6'7+.-zy,%0-�),+.CU1TG,YE+.8ÒZE+.C@)x36H�5je�'7+.-zywG,-,)&),+.CK)x36;=+.%z+.-I'7>F'7+.A,+.-,),+
v436>@5,G,80>a+.%0-�A,\EA,+.>K$�36>@>@+.-,>@5=+.�I'7C@\EH�+l'7+.C@>@%0YE-x368�36G,>@8�k\E>F'7+6n,ga+.%Ò),+.H vTC@\ED6'7+.%08w),+.ChYE+.H�+.>WV
>@+.-,+.-<]:36CF'7%0�6+.8xAx36-,),+.8('7+½+.>b>@%0?BA*q@+.),\c?BA£G,H¢C@+.8�3~'7%(Z[�X80+.%0-,+ Ô ��� �jn ¤��zH�Õmy~%0-�A,\EA,+.-<1T\E-cV
R.+.-I'7C73~'7%0\E-,+.-§ZE\EC@80%0+.YE+.-,),+*ibkG,>@>@%0YE+T��CPk\E5jef?BA,+.-zyx),%0+T+.%0-,+.-§ZE+.C@A�k368('7-,%0>@H2k36DE%0Y[YE80+.%0?BA,H2k36DE%0YE+
Óbk36A,80C73~'7+.-IZE+.C@8�36Gje:%0H $�36>@>@+.-,>@5=+.�I'7C@\EH�+l'7+.CKZE+.C@G,C@>736?BAI'7+.-zn



18
0

18
5

19
0

19
5

20
0

( B
)

po
t. 

Te
m

p.
Te

m
pe

ra
tu

r

T ST
S T IC

E

T N
A

T

Temperatur [K]

 
47

5

50
0

52
5

55
0

57
5

60
0

62
5

potentielle
Temperatur [K]

 

 

78
00

0
79

00
0

80
00

0
81

00
0

82
00

0
83

00
0

84
00

0
85

00
0

86
00

0
87

00
0

88
00

0

1E
-3

0,
010,
1110

( D
)

 

Konzentration [cm
-3
]

09
. D

ez
em

be
r 2

00
1,

 U
T 

[s
]

 C
N

 r>
0.

15
 r>

0.
25

 r>
0.

30
 r>

0.
50

 r>
0.

75
 r>

1.
08

 r>
1.

25
 r>

1.
75

 r>
2.

50
 r>

3.
50

0510152025
( C

)
 C

I
 B

R
94

0
 D

ep
ol

.

Color Index
Rückstreuverh. (940 nm)
Vol.-Depolarisation [%]

 

 

222426
w

en
ig

e 
gr

oß
e 

Pa
rti

ke
l

( A
)

ST
S

N
AT

ST
S

N
AT

N
AT

Ei
s

ST
S

Vol.-Depolarisation [%]

N
AT

N
AT

N
AT

N
AT

ST
S

ST
S

ST
S

 

Höhe [km]

 

1,
0

1,
5

2,
0

2,
5

3,
0

3,
5

4,
0

4,
5

5,
0

 

 



10
3

10
4

10
5

10
6

( E
)

d

c

b
a

5

4

3
2

1

 

Zählrate Masse 18 [s
-1
]

 

10
2

10
3

( F
)

d
c

b
a

5

4

3
21

 

Zählrate Masse 63 [s
-1
]

 

78
00

0
79

00
0

80
00

0
81

00
0

82
00

0
83

00
0

84
00

0
85

00
0

86
00

0
87

00
0

88
00

0

10
3

10
4

10
5

( G
)

d
b

c

a

5

4

3
2

1

 

Zählrate Masse 46 [s
-1
]

09
. D

ez
em

be
r 2

00
1,

 U
T 

[s
]

036912
 

Molverhältnis H2O:HNO3

 

 

 



QI� �������
	 ����
�� ������������	 ��� �����������! � �

rb%0-,+<+.-,YE+�1T\EC@C@+.8�3~'7%0\E-�),+.C£$�36>@>@+.-,>@5=+.�I'7C@\EH�+l'7+.C@>@%0YE-x3680+�ZE\E-���36>@>@+.CWV�G,-,)�^j36805=+mV
'7+.C@>Pk36G,C@+/%0>F'§),+.Gj'780%0?BA�R.GÐ>@+.A,+.-znU|6+.),\c?BAÐR.+.%0Y6'�)x36> )�uC@ D VF^c%0YE-x368U+.%0-�>@+.A,C�Zc%0+.8��6\EH�V5,80+m�j+.C@+.>��d+.C@Ax368('7+.-znaÓÒG,H +.%0-,+.-�>@%0-,)�),%0+2Óbk36A,80C73~'7+.-�36Gje4),+.-�$�36>@>@+.- � 9�G,-,) ' � R.G
ga+.YE%0-,-&),+.C�$&+.>@>@G,-,Y<ZE+.C@YE80+.%0?BA,>FJa+.%0>@+[-,%0+.),C@%0Y�G,-,)�>F'7+.%0YE+.-&%0H vT+.YE+.-,>73~'7R�R.G&),+.-&��36>WV
>@+.C@RIk36A,80C73~'7+.-�-XG,C<8�36-,YE>736H"36-zydJh36>�R.G,H�vTC@\ED6'7+.%08U36Gje41T\E-,),%('7%0\E-,%0+.C@G,-,YE>@5,C@\ER.+.>@>@+�%0H
tT$2^IVF^X�c>F'7+.H�R.G,C6kG,?B�XR.GjemkG,A,C@+.-�%0>F'oydG,-,)�-,%0?BAI'�),G,C@?BAÐ]_^,`a>�;=+.),%0-,Y6'<>@+.%0-��~36-,-zn½ÓÒG,H
36-,),+.C@+.-�36),>@\EC@;,%0+.CF'7+.- )�uC@ D VF$&\E80+.��kG,80+<36-�),+.- @*;=+.CFi�k36?BA,+.-�),+.>NtT$2^=y�%0-,>@;=+.>@\E-,),+.C@+%0-2),+.C*�d+.C@)x36H�5jef+.C@�XG,YE+.8 Ô >@%0+.A,+�14365,%('7+.8�',n �cn �EÕmn�^c\E;x3680)2)x36>*t�+.C@\E>@\E8(ZE\E80G,H�+.-2;,RlJ4nz),%0+
)�uC@ D VW1T\E-,R.+.-I'7C73~'7%0\E-�%0-�),+.-�t�+.C@\E>@\E80+.-�R.G,C6kG,?B�XYE+.AI'oy�-,+.A,H�+.-�),%0+�Óbk36A,80C73~'7+.-�36Gje½),+.-$�36>@>@+.- � 9½G,-,) ' � ZE+.C@RIk\EYE+.CF'�36;zyP)x3K),%0+�)�uC@ D VF$&\E80+.��kG,80+b-XG,C�8�36-,YE>736H ZE\E-�),+.-��¢k36-,),+.-),+.C4�d+.C@)x36H�5jef+.C@�XG,YE+.8_),+.>@\EC@;,%0+.C@+.-zn���C@\6'7R�),%0+.>@+.C[p*+ %xR.%('7+£%0-�),+.C )�uC@ D VF$&+.>@>@G,-,Y�Jh36C+.>�H2k\EYE80%0?BAzyj),%0+4YE+.H�+.>@>@+.-,+.-LpT3~'7+.-&R.G��6\EC@C@%0YE%0+.C@+.-zy,JK%0+4%0-�14365,%('7+.8 ',n �cn ��+.C@8�k36Gj'7+.CF'oyx>@\~V
)x36D )?>A@ ��)�uC@ D $&\E8(ZE+.C@A�k368('7-,%0>@>@+�;=+.C@+.?BA,-,+l'§Ja+.C@),+.-Ð�6\E-,-I'7+.- Ô >@%0+.A,+2t�;,;,%080),G,-,Y�¤cn '\E;=+.-wÕmn�pT36R.G�JKG,C@),+.-�%0-�),+.CNZE\EC@80%0+.YE+.-,),+.-�t�G,>FJa+.CF'7G,-,YL-XG,C�),%0+§$&+.DE)x3~'7+.-�),+.C£$�36>WV
>@+.-LMPQ Ô � � � Õ_G,-,) � 9 Ô � J D ÕdZE+.CFJa+.-,),+l'oyw)x3[),%0+.>@+T;=+.%0),+.-�$�36>@>@+.-&YE80+.%0?BA,R.+.%('7%0Y�YE+.H�+.>@>@+.-
JKG,C@),+.-zndp*%0+<R.G,C�)U+.C@80+.%('7G,-,Y2),+.C£vT+.>736H['7H�+.-,YE+�G,-,R.+.C@>@+l'7Rl'7+.C )�uC@ D Ô ',n(MPOIÕ4;=+.-�k\6'7%0Y~V'7+.-�Óbk36A,80C73~'7+.-�36Gje½$�36>@>@+ ' � JKG,C@),+.-�36G,>4),+.H�J[k36A,C@+.-,)�),+.>�YE+.>736H['7+.-�{:80G,YE>T-x36A,+.R.G
�6\E-,>F'B36-I'7+.-�Óbk36A,80C73~'7+.-IZE+.C@A�k368('7-,%0>UZE\E-�� F J*"�� J D � 'X¤���9<;=+.C@+.?BA,-,+l'�"�� F J�	��
 � 'X¤
��� J D n
{�kG,C�),+.-Lga+.YE%0-,-�),+.C4$&+.>@>@G,-,Y§%0-/]_^,`a>�J[k36A,C@+.-,)/),+.>*+.C@>F'7+.-/t�Gjef>F'7%0+.YE>UJh36CT368080+.C@),%0-,YE>
+.%0-,+£ga+.C@+.?BA,-XG,-,Y&ZE\E-�$&\E8(ZE+.C@A�k368('7-,%0>@>@+.-�36GjefYEC@G,-,)L),+.C41T\E-,),%('7%0\E-,%0+.C@G,-,YE>@5,C@\ER.+.>@>@+NZE\E-
)�uC@ D -,%0?BAI'�H2k\EYE80%0?BAznPt�8080YE+.H�+.%0-480%0+.YE+.-[YE+.YE+.-�rb-,),+a),+.>b{:80G,YE>�),%0+a36G,>:),+.-�tT$2^IVWpT3~'7+.-;=+.C@+.?BA,-,+l'7+.-�$&\E8(ZE+.C@A�k368('7-,%0>@>@+[%0H �d+.C@YE80+.%0?BA�R.G,H�$&\c),+.808�+l'�Jh36>T-,%0+.),C@%0YE+.C.�w),%0+.>��Òk\E-,-I'7+
)x36C736GjehR.G,C6kG,?B�XR.GjemkG,C@+.-�>@+.%0-zy�)x36D&),+.C[1T\EC@C@+.�I'7G,C73680YE\EC@%('7A,HNG,> Ô >@%0+.A,+<14365,%('7+.8�',n �cn �EÕ*),%0+
t��X�XG,H�HNG,80%0+.C@G,-,Y�ZE\E- )�uC@ D %0-§G,-,)&),+.C@+.-�ZE+.C@RIk\EYE+.CF'7+[p*+.>@\EC@5j'7%0\E-&36G,>K),+.Ch�d+.C@)x36H�5cVef+.C@�XG,YE+.8�-,%0?BAI'KZE\E8080>F'}k36-,),%0YN+.CFeÎ36D6'on

 "!$#&%�')(�%/.-0�:�#��5*�����%�'��C!E.&#�� <�%�3����!��93 %/.

p*%0+£t�+.C@\E>@\E8¡VFvTCPk\EDE+.-IZE+.CF'7+.%080G,-,Y�G,-,)�),%0+£t�-,Ro36A,8_),+.C[1T\E-,),+.-,>73~'7%0\E-,>@�6+.%0H�+ Ô ?.\E-,),+.-,>73}V
'7%0\E-�-XG,?.80+.%�yb`hu*Õ4JKG,C@),+.-�H�%('N\E5j'7%0>@?BA,+.-���+.%080?BA,+.-,RIk36A,80+.C@- Ô \E5j'7%0?o368a5x36CF'7%0?.80+<?.\EG,-I'7+.C@>.y
@T]_`½ÕUYE+.H�+.>@>@+.-znz��-/t�;,;,%080),G,-,Y§¤cn 9<G,-I'7+.-zyz>@%0-,)L`hu½V½G,-,)/t�+.C@\E>@\E80�6\E-,R.+.-I'7C73~'7%0\E-,+.-/%0-
R.+.A,-&ZE+.C@>@?BA,%0+.),+.-,+.-�vTCPk\EDE+.-,�X8�36>@>@+.-&)x36C@YE+.>F'7+.808('onj��+.-,-&-,%0?BAI'�36-,),+.C@>�36-,YE+.YE+.;=+.-&;=+.R.%0+mV
A,+.-�>@%0?BA�),%0+§vTCPk\EDE+.-x36-,YI36;=+.-�36GjeK),+.-�sU36),%0G,>�),+.C[��+.%080?BA,+.-zn�p*%0+-@T]_`dVWpT3~'7+.-�R.+.%0YE+.-
R.G,-�k36?BA,>F':�XGx3680%('B3~'7%(ZU+.%0-,+bA,+.CFZE\EC@C736YE+.-,),+.-[1T\EC@C@+.8�3~'7%0\E-*H�%('z),+.H t�+.C@\E>@\E80H<36>@>@+.-,>@5=+.�I'7C@\~V
H�+l'7+.C.n=��-���\E80�6+.-,>@?BA,%0?BAI'7+.-zyz%0-�),+.-,+.-/)x36>*tT$2^&�6\E-I'7%0-XG,%0+.C@80%0?BA�A,\EA,+�Óbk36A,80C73~'7+.-�R.+.%0Y6'oy
>F'7+.%0Y6'<),%0+&1T\E-,R.+.-I'7C73~'7%0\E-�ZE\E-�]:36CF'7%0�6+.80- � M �zH >F'B36C@��36-zyd��+.%080?BA,+.-�RlJK%0>@?BA,+.-��jn(M}¤




�� �$� � ��	 ��� � ��� 	(� 	���� � � ��� ������� � � �(� � � 	 � � QE9
G,-,)2�jn 9E� �zH sU36),%0G,>K+.C@C@+.%0?BA,+.-�;=+.%0-x36A,+4),%0+�1T\E-,R.+.-I'7C73~'7%0\E-�),+.C�1T\E-,),+.-,>73~'7%0\E-,>@�6+.%0H�+6n
t�-,),+.C@+.C@>@+.%('7>*;=+.\E;x36?BAI'7+l'TH<36-2+.%0-,+.-2>@%0YE-,%&%x�~36-I'7+.-�t�-,>F'7%0+.Y�),+.C*1T\E-,R.+.-I'7C73~'7%0\E-2YEC@\EDE+.C
]:36CF'7%0�6+.8 � M
	 � �zH�%0-�^c?BA,%0?BAI'7+.-zy�),%0+�),G,C@?BA�^c5,%0�6+.>N%0-�),+.-���36>@>@+.C@RIk36A,80C73~'7+.-�YE+.5,CPk36Y6'
>@%0-,)znwp*%0+TYECPk\ED6'7+.-�;=+.\E;x36?BAI'7+l'7+.-/]:36CF'7%0�6+.8�Jh36C@+.-&%0H�Ja+.>@+.-I'780%0?BA,+.-29jn ¤��,¤cn � �zH YEC@\ED,y,+.>
YI36;§-XG,ChRlJa+.%�ga+.\E;x36?BAI'7G,-,YE+.-�ZE\E-§��+.%080?BA,+.-�RlJK%0>@?BA,+.-�¤[G,-,)/MP� �zH&yc\E;,YE80+.%0?BA���+.%080?BA,+.-
� MP���zH
sU36),%0G,>b;,%0>�R.G<1T\E-,R.+.-I'7C73~'7%0\E-,+.-�ZE\E- � �7MP��� F ?.H�� D YE+.H�+.>@>@+.-£Ja+.C@),+.-<�Òk\E-,-,+.-zn
 "!$#&%�')(�%/. � !��1<�*��
!$#8#&%/.�*20�'9(�%�'

$&%('@'7+.80>[+.%0-,+.C[��+.%0DE80%0?BAI'FVWgh36?B�X>@?o3~'@'7+.C@>@\E-,),+ Ô gh1�^,Õ�;,RlJ4n:+.%0-,+.C�×�36>@+.C@;x36?B�X>@?o3~'@'7+.C@>@\E-,),+
Ô ×�t*g½^,ÕdJKG,C@),+.-�s£kG,?B�X>F'7C@+.GjZE+.C@A�k368('7-,%0>@>@+�;=+.%zO�'I�NG,-,) 'IQE�N-,HÏ;,RlJ4n � QI¤�-,H�;=+.>F'7%0H�H['on
pT3�>@%0+/%0-Ð%0A,C@+.H �XGx3680%('B3~'7%(ZE+.-��d+.C@8�36Gje�>@+.A,C�YEGj'�kG,;=+.C@+.%0-,>F'7%0H�H�+.-zya%0>F'�%0-�t�;,;,%080),G,-,Y
¤cn 9�36G,>§vTC6kG,-,),+.-�),+.C kSU;=+.C@>@%0?BAI'780%0?BA,�6+.%('�-XG,C<)x36>�s£kG,?B�X>F'7C@+.GjZE+.C@A�k368('7%0-,%0> > ;=+.%�O�'I��-,H
YE+.R.+.%0?BA,-,+l'onjp*%0+�^X'7C@G,�I'7G,Ca),+.Ch]_^,`dVF^c?BA,%0?BAI'7+.-�JK%0C@)<36G,?BA�A,%0+.C_),+.Gj'780%0?BA�36;,YE+.;,%080),+l'onXpT36>
s£kG,?B�X>F'7C@+.GjZE+.C@A�k368('7-,%0>TC@+.%0?BAI'*ZE\E-L9<;,%0>[MP�<%0-���\E80�6+.-,>@?BA,%0?BAI'7+.-LH�%('�-,%0+.),C@%0YE+.CU;,RlJ4nÒZE\E-
MP��;,%0> � �6��%0-&ga+.C@+.%0?BA,+.-�A�k\EA,+.C@+.CU]:36CF'7%0�6+.80�6\E-,R.+.-I'7C73~'7%0\E-zn
��-Lt�;,;,%080),G,-,Y&¤cn 9§>@%0-,)L36G,DE+.C@),+.H�`a\E80\EC*��-,),+m� Ô `a� � ghs�
�F
���6ghs F
���lÕUG,-,)�),%0+[�d\~V

80G,H�+.-,),+.5=\E8�36C@%0>73~'7%0\E-�;=+.%�¤69I�2-,H )x36C@YE+.>F'7+.808('on:�Ð%0+�%0-�14365,%('7+.8½9jn 9L+.C@8�k36Gj'7+.CF'oy�),+.Gj'7+.-
-,%0+.),C@%0YE+_p*+.5=\E8�36C@%0>73~'7%0\E-,>FJa+.CF'7+_36Gje,>@5,A�k36C@%0>@?BA,+6yE3680>@\KibkG,>@>@%0YE+_��+.%080?BA,+.-NA,%0-zyoJa\EYE+.YE+.-N+.%0-,+
+.C@A�k\EAI'7+�p*+.5=\E8�36C@%0>73~'7%0\E-�ZE\E-�36>@5,A�k36C@%0>@?BA,+.-zyzZE+.C@HNGj'780%0?BA2ef+.>F'7+.-���+.%080?BA,+.-LA,+.CFZE\EC@YE+.C@Gjef+.-
JK%0C@)zn�)U\EA,+2`a��V ��+.CF'7+&8�36>@>@+.-�+.;=+.-jeÎ368080>�),+.-�^c?BA,80G,D�R.Gzyd)x36D�YEC@\EDE+�G,-,)�)x36A,+.C�Jh36A,CWV
>@?BA,+.%0-,80%0?BA£ef+.>F'7+�]:36CF'7%0�6+.8xZE\EC@8�36YE+.-znXp*+.5=\E8�36C@%0>73~'7%0\E-NG,-,)�`a\E80\ECd��-,),+m��>F'7%0H�H�+.-£%0-£%0A,C@+.H
�d+.C@8�36Gjex>@+.A,C:YEGj'�kG,;=+.C@+.%0-zn}��-Nt�;,>@?BA,-,%('@'7+.-�YE+.C@%0-,YE+.C:p*+.5=\E8�36C@%0>73~'7%0\E- Ô M&�,���£Õ�;=+.\E;x36?BAI'7+l'
H<36-�`a��V ��+.CF'7+TZE\E- � � Ø y,;=+.%�+.C@A�k\EAI'7+.C�p*+.5=\E8�36C@%0>73~'7%0\E- Ô � �EÕ_��+.CF'7+4G,H�M}¤cn

¥§¦m¸ ��­	��ªT·�
/·bª���¯���
���­��2ªT·��������Ò© ª����2¯���ªT­
gh36>@%0+.C@+.-,)�36GjeÒ),+.-£%0-cV�>@%('7G�$&+.>@>@G,-,YE+.-<�~36-,-£),%0+hG,-I'7+.C@>@G,?BAI'7+*]_^,`�%0-�),C@+.%,C@+.8�3~'7%(Z[G,-I'7+.CWV
>@?BA,%0+.),80%0?BA,+[^c?BA,%0?BAI'7+.-2+.%0-,YE+l'7+.%08('hJa+.C@),+.-zn=p*%0+TYE+.H�+.>@>@+.-,+.-2pT3~'7+.-&C@+.5,CPk36>@+.-I'7%0+.C@+.-�>@\ER.GcV
>736YE+.-�$&\EH�+.-I'B36Gjef-x36A,H�+.-£),+.C_]_^,`dVF^c?BA,%0?BAI'7+.-<R.G£ZE+.C@>@?BA,%0+.),+.-,+.-�ÓÒ+.%('75,G,-,�I'7+.-znXp*%0+h5=\~V
'7+.-I'7%0+.8080+h��+.H�5=+.C73~'7G,Cd80%0+lef+.CF'b)x36;=+.%,t�-,Ax368('7>@5,G,-,�I'7+�kG,;=+.Cd),%0+½��C73Pq@+.�I'7\EC@%0+6yI)zn Azn�),%0+ )U+.CWV
�XG,-je�'KG,-,)§),+.-&{x\ECF'7YI36-,YN),+.C½G,-I'7+.C@>@?BA,%0+.),80%0?BA,+.-&×�Gje�'7H<36>@>@+.-zn,��-�),+.ChG,-I'7+.C@>F'7+.-2^c?BA,%0?BAI'
Ô ¤6�E�3�,¤ � ¤�1#;=+.%0H´+.C@>F'7+.-�t�Gje�V4G,-,)�t�;,>F'7%0+.Y,yd¤6�E�3�,¤+'I�21#;=+.%0H´RlJa+.%('7+.-wÕ[Ax36-,),+.8('7+�+.>
>@%0?BA�;=+.%h),+.-�]_^,`dVW]:36CF'7%0�6+.8NkG,;=+.CFJK%0+.YE+.-,)�G,H�'7+.C@-�k36C@+�×_k\E>@G,-,YE>F'7CPk\E5jef?BA,+.- Ô ^c�U^,Õmy�)x36CWV
%0-�+.%0-,YE+.;=+l'@'7+l'�+.%0-,+&)�kG,-,-,+L^c?BA,%0?BAI'�;=+.>F'7+.A,+.-,)�36G,>�rb%0>@�XC@%0>F'B368080+.-znb��-�),+.C<)x36C6kG,;=+.C@80%0+mV

� �?!"! %�2 +�2 � %(13!$A-5$#� @&%3AB+���!*�(' !*��=)##+* +�%�2 A�A !$A)=�2 !*�-, 5/.	02143658790;:=<8>@?('�8�*BA(C #&��2 +�! *�D(A D(A



Q�' �������
	 ����
�� ������������	 ��� �����������! � �

YE+.-,),+.-�^c?BA,%0?BAI' Ô ¤ � ¤�� � �I¤§1 ;=+.%0H¹+.C@>F'7+.-�G,-,)�¤+'I�3�,¤6OE�§;=+.%0H¹RlJa+.%('7+.-�t�Gje�VFÑ~t�;,>F'7%0+.YXÕ
%x-,),+.-�>@%0?BA�Ax36G,5j'7>Pk36?BA,80%0?BA�^j36805=+l'7+.C@>Pk36G,C@+l'7C@%0AI�c),C73~'FVW1TC@%0>F'B368080+ Ô uUtb�UÕmn kSU;=+.C�),+.C£uUtb�aV
^c?BA,%0?BAI'4>@?BAIJa+.;j'7+�),+.C4gh368080\E-&),G,C@?BAL+.%0-,+£^c?BA,%0?BAI'TZE+.C@YE80+.%0?BA,>FJa+.%0>@+£YEC@\EDE+.C*]:36CF'7%0�6+.8:H�%('
G,-,Y6J[k\EA,-,80%0?BA,+.C�?BA,+.H�%0>@?BA,+.C&ÓÒG,>736H�H�+.-,>@+l'7G,-,Y,nap*%0+.>@+2),C@+.%*]_^,`dVF^c?BA,%0?BAI'7+.-�>@%0-,)
kG,;=+.C
),+.-�ÓÒ+.%('7C736G,H¹),+.C�Zc%0+.CNp*G,C@?BA��XG,+.C@G,-,YE+.-�),+.C���\E80�6+<C@+.8�3~'7%(Z/>F'B36;,%08�n�t�8080+.C@),%0-,YE>480%0+.YE+.-
),%0+a+.%0-,R.+.80-,+.-N]_^,`dVW1T8�36>@>@+.-�-,%0?BAI'�%0H�H�+.C�%0-[C@+.%0-,+.C�{x\EC@H ZE\EC.y~>@\E-,),+.C@-��6\c+m�j%0>F'7%0+.C@+.-NR.G,H
��+.%08z%0-,-,+.C@Ax3680;�+.%0-,+.CK^c?BA,%0?BAI'on=ÓÒG,),+.H�;=+.\E;x36?BAI'7+l'KH<36-§+.%0-,+*R.+.%('780%0?BA,+��d+.CPk36-,),+.C@G,-,Y£),+.C
]_^,`�36GjefYEC@G,-,)�ZE\E-N��+.H�5=+.C73~'7G,CPk36-,),+.C@G,-,YE+.-�%0-[),+.-Nt�G,>@8�k36Gjef+.C@-[),+.C�×�+.+lJa+.8080+6y~;=+.%0>@5,%0+.80>WV
Ja+.%0>@+4)x36>h�d+.C@>@?BAIJK%0-,),+.-�),+.CKrb%0>@>@?BA,%0?BAI'oyx),%0+Tga%080),G,-,YN+.%0-,+.C½R.G,>Pk3~'7R.80%0?BA,+.-�$&\c),+T�X80+.%0-,+.C
^c�U^IV���+.%080?BA,+.-§%0-,-,+.C@Ax3680;�),+.ChuUtb�aVF^c?BA,%0?BAI'KG,-,)§)x36>at�-IJh36?BA,>@+.-�YEC@\EDE+.Ch]:36CF'7%0�6+.8Ò%0-<),+.C
^c�U^IVF^c?BA,%0?BAI'on

»½¼��½¼F¾ ����������Ã �Â��
	mÈ=É*À�Ì
�Ð%0+�36G,>�),+.-�t�;,;,%080),G,-,YE+.-�¤cn 92G,-,)�¤cn 'L+.C@>@%0?BAI'780%0?BAzy�A,+.C@C@>@?BAI'7+.-�%0H G,-I'7+.C@+.-���+.%08h),+.C
��\E80�6+[��+.H�5=+.C73~'7G,C@+.-2G,H#\c),+.CUG,-I'7+.C@Ax3680; ��� ��� D nÒuU%0+.),C@%0YE+�p*+.5=\E8�36C@%0>73~'7%0\E-,>FJa+.CF'7+4RlJK%¡V
>@?BA,+.-�M§G,-,)ÐMEn ¤ ��),+.Gj'7+.-��X8�36CN36GjeU)x36>N�d\EC@Ax36-,),+.-,>@+.%0-�ibkG,>@>@%0YE+.C�t�+.C@\E>@\E80+�A,%0-zn�p*%0+
1T\E-,R.+.-I'7C73~'7%0\E-<ZE\E-���+.%080?BA,+.-�;,%0>UM��zHÖsU36),%0G,>_Jh36Ca),+.Gj'780%0?BA<+.C@A�k\EAI'oy,]:36CF'7%0�6+.8=RlJK%0>@?BA,+.-
�jn(M}¤�G,-,)2�jn �E¤ �zH sU36),%0G,>K+.C@C@+.%0?BAI'7+.-2;=+.%0-x36A,+[`hu½VW1T\E-,R.+.-I'7C73~'7%0\E-znwp*%0+.>K>@5,%0+.YE+.8('7+4>@%0?BA
36G,?BA�%0H�s£kG,?B�X>F'7C@+.GjZE+.C@A�k368('7-,%0>�JK%0),+.C.yz)x36>4%0-L),%0+.>@+.C[^c?BA,%0?BAI'�+.;=+.-jeÎ368080>T),+.Gj'780%0?BAL+.C@A�k\EAI'
Jh36C Ô � MP�IÕmnIp*%0+K1T\E-,R.+.-I'7C73~'7%0\E-£ZE\E-���+.%080?BA,+.- � M �zH�Jh36C_R.G<ga+.YE%0-£),+.>a{:80G,YE>d36G,DE+.C@>F'
YE+.C@%0-,Y,n~��H �d+.C@8�36Gjex),+.Cd$&+.>@>@G,-,Y�+.C@A�k\EAI'7+h>@%0+a>@%0?BA�%0-N),+.C�\E;=+.C@+.- )Nk368(e�'7+_),+.Cd^c�U^IVF^c?BA,%0?BAI'
36GjehMP��� > ?.H�� D n
p*%0+4tT$2^IV ��36>@>@+.C@RIk36A,80C73~'7+.-�>F'7%0+.YE+.-2),+.Gj'780%0?BA&;,%0>�36Gjed93� � �XMP� F ?.\EG,-I'7>BÑ~>.yz$�3}�j%0H<368¡V

Ja+.CF'7+�+.C@C@+.%0?BAI'7+.-Ð� �=MP�HI�?.\EG,-I'7>BÑ~>.nat�G,?BA�),%0+2^j36805=+l'7+.C@>Pk36G,C@+.H<36>@>@+.-�R.+.%0Y6'7+.-�+.%0-,+.-�>@%¡V
YE-,%&%x�~36-I'7+.-�t�-,>F'7%0+.Y�),+.CNÓbk36A,80C73~'7+.-�36Gje*MP� > �=MP� D ?.\EG,-I'7>BÑ~>�emkG,CN$�36>@>@+ � 9�G,-,)�MP� F �=MP�HI
?.\EG,-I'7>BÑ~>�emkG,C�$�36>@>@+ ' � n_p*%0+�36G,><),+.-�Óbk36A,80C73~'7+.-�36Gje4$�36>@>@+�MPQ�G,-,) � 9L;=+.C@+.?BA,-,+l'7+.-
)?>A@ " )�uC@ D VF$&\E8(ZE+.C@A�k368('7-,%0>@>@+[C@+.%0?BA,+.-2ZE\E-�9$	 ¤ � MN;,%0>[MP� ��9�G,-,)/>F'7%0H�H�+.-�%0H#sU36AcVH�+.-�%0A,C@+.>½{x+.A,80+.C@>½H�%('a),+.H#^c�U^IVF$&\c),+.808=ZE\E-�`h36C@>@8�3oJ +l'U368�nz� MPOEO�'6�hkG,;=+.C@+.%0-znxp*%0+�-,%0+.)cV
C@%0YE+.-�$&\E8(ZE+.C@A�k368('7-,%0>@>@+§ZE\E-�9jn ¤/;,RlJ4n_9$	 Ø � M&;=+.%0H RlJa+.%('7+.-�t�Gje�VFÑ~t�;,>F'7%0+.Y�),G,C@?BA�),%0+
^c�U^IVF^c?BA,%0?BAI'T>@%0-,)�>@\PJa\EA,8��6\E-,>@%0>F'7+.-I'*H�%('*^c�U^&3680>�36G,?BA�H�%('�uUtb�Tyw),%0+�-,%0+.),C@%0YE+�p*+.5=\~V
8�36C@%0>73~'7%0\E-�),+.Gj'7+l'�q@+.),\c?BA236Gje�ibkG,>@>@%0YE+[^c�U^§A,%0-zn
��-�t�;,;,%080),G,-,YL¤cn ¤�%0>F'N)x36>£36G,>N),+.-�YE+.H�+.>@>@+.-,+.-���36>@>@+.C@RIk36A,80C73~'7+.-�;=+.C@+.?BA,-,+l'7+&t�+mV

C@\E>@\E8(ZE\E80G,H�+.-§emkG,C½ibkG,>@>@%0YE+6yw>@5,A�k36C@%0>@?BA,+N]:36CF'7%0�6+.8�)x36C@YE+.>F'7+.808('onxp*%0+.>KC@+.5�k36>@+.-I'7%0+.CF'�%0-�YEGj'7+.C
�
������� 2 AB+�13!"! %�2 !*� + #+* A�132 !���!*4 �"!*� #<+���� ?��"!*2,13!*��1�# A�� ��* ��4 !*% 13!*��� #� A�A 2 8 !�� #&� +�2 % ! *<��4 D���� #&% AB+�!*2 8&+ ?

� !*%�%0132 !���!*4 �"!*� #<+����-��4 �(A ! C . ##+* * + ? 1�# 9 # A�A !*� ��% 1#"3#+* �"! +�!*� A ##&����! % � % 13!*% A 2 !*��!*%�A




�� �$� � ��	�� � � � � 	(� 	���� � � � � ������� � ���(� � � 	���� QI¤
uNk36A,+.C@G,-,YN)x36>½vT+.>736H['B36+.C@\E>@\E8(ZE\E80G,H�+.-zyX)x3�),%0+UYE+.H�+.>@>@+.-,+.-&]:36CF'7%0�6+.8=R.G,H vTC@\ED6'7+.%08w36G,>
ibkG,>@>@%0YE+.-�^c�U^IV���CPk\E5jef?BA,+.-�;=+.>F'B36-,),+.-zn���H��d+.C@YE80+.%0?BA�)x36R.G�Ja+.C@),+.-�)x36>�36G,>N),+.- @T]_`dV
pT3~'7+.-4+.C@H�%('@'7+.8('7+.-4vT+.>736H['B36+.C@\E>@\E8(ZE\E80G,H�+.-*G,-,)�),%0+d$&\c),+.808(ZE\E80G,H�%0-x3demkG,C�^c�U^*G,-,)[uUtb�
-x36?BA§`h36C@>@8�3oJ�+l'a368�nw� MPOEOI¤}�xYE+.R.+.%0Y6'onI��-�),+.-<H�+.%0>F'7+.-�ga+.C@+.%0?BA,+.-zyc%0-£),+.-,+.-<Ax36G,5j'7>Pk36?BA,80%0?BA
^c�U^IV���CPk\E5jef?BA,+.-/ZE\EC@8�36YE+.-zy=>F'7%0H�H�+.-&),%0+[YE+.H�+.>@>@+.-,+.-/�d\E80G,H�%0-x3£%0H#sU36A,H�+.-2%0A,C@+.C�SU-cV
>@%0?BA,+.C@A,+.%(' Ô-, 9E� �£ÕaH�%('½),+.H#^c�U^IVF$&\c),+.808(ZE\E80G,H�+.-�kG,;=+.C@+.%0-zn
��H��d+.C@8�36Gje_),+.>�{:80G,YE>*;,%080),+l'7+�>@%0?BAL%0H�\E;=+.C@+.-�ga+.C@+.%0?BA�),+.C�^c�U^IVF^c?BA,%0?BAI'oy�Ja\&;=+.%0H

+.C@>F'7+.-�t�Gjef>F'7%0+.YL+.%0-,%0YE+<Ja+.-,%0YE+LM��zH ��+.%080?BA,+.-�),+l'7+.�I'7%0+.CF'�Ja\EC@),+.-�Jh36C@+.-zyd-,+.;=+.-�),+.-
ZE\EC@Ax36-,),+.-,+.-�^c�U^IV���CPk\E5jef?BA,+.-/+.%0-,+�RlJa+.%('7+�$&\c),+�YEC@\EDE+.C�]:36CF'7%0�6+.8 Ô � M
	 � �zH�Õ½36G,>.nÒga+.%
��+.H�5=+.C73~'7G,C@+.-�kG,;=+.C ��� ��� yd36;=+.C£G,-I'7+.C ����
�� yb;=+.\E;x36?BAI'7+l'7+�H<36-�+l'�Jh3�¤6�LH�%0-�>@5�k3~'7+.C
;=+.%0H�t�;,>F'7%0+.Y�+.%0-,+<1T\E-,R.+.-I'7C73~'7%0\E-,>736;,-x36A,H�+�ZE\E-���+.%080?BA,+.- � �$	 ¤ �zH�R.G,YEG,-,>F'7+.-�ZE\E-
]:36CF'7%0�6+.80- � �$	 ¤ �zH Ô QI�6�E�E��>*SU�UÕmnÒt�G,?BAL%0H ef\E80YE+.-,),+.-2RlJa+.%('7+.-Lt�Gje�VFÑ~t�;,>F'7%0+.Y�Jh36C@+.-
36-/),+.C @*;=+.C@�~36-I'7+N),+.C4^c�U^IVF^c?BA,%0?BAI'4),%0+.>@+NYEC@\EDE+.-/��+.%080?BA,+.-2ZE\EC@Ax36-,),+.-zyÒJa+.-,-,YE80+.%0?BA/%0-
+l'�Jh36>§YE+.C@%0-,YE+.C@+.C�1T\E-,R.+.-I'7C73~'7%0\E- Ô Q�'IQE�E��G,-,)�Q Ø �E�E��>§SU�UÕmnhp*%0+�1T\E-,R.+.-I'7C73~'7%0\E-�),+.C
�X80+.%0-,>F'7+.-L��+.%080?BA,+.-/Ax3~'TA,%0+.C�JK%0+.),+.CTR.G,YE+.-,\EH�H�+.-zyÒ)x3�),%0+N��+.H�5=+.C73~'7G,C436Gjed��+.CF'7+�G,H
\c),+.CUG,-I'7+.C ��� ��� YE+leÎ368080+.-�%0>F'onw��-2),+.-2tT$2^IV ��36>@>@+.C@RIk36A,80C73~'7+.-2%0>F'�),%0+�R.G,>Pk3~'7R.80%0?BA,+�$&\c),+
YEC@\EDE+.CT��+.%080?BA,+.-�3680>�Óbk36A,80C73~'7+.-,>@5,%('7R.+.- Ô ^c5,%0�6+.>BÕ§kG,;=+.C�),+.H�^c�U^IVF^c%0YE-x368b�X8�36CTR.G�%0),+.-I'7%¡V
%xR.%0+.C@+.-zn=pT36>Ut�+.C@\E>@\E8(ZE\E80G,H�+.-&G,-,)�),%0+N$&\E8(ZE+.C@A�k368('7-,%0>@>@+4Ja+.C@),+.-£q@+.),\c?BA�Ja+.%('7+.C@A,%0-&ZE\E-
),+.-2^c�U^IVW]:36CF'7%0�6+.80-&),\EH�%0-,%0+.CF'on
SUH¢),+.-£-,%0+.),C@%0YE>F'7+.-�]bG,-,�I'_;=+.%0H +.C@>F'7+.-�t�;,>F'7%0+.Y Ô QE9E�E�E��>bSU�UÕ�Jh36C�)x36>ds£kG,?B�X>F'7C@+.GcV

ZE+.C@A�k36A,8('7-,%0>4�X-x365,5 kG,;=+.C�),+.H�SU-I'7+.C@YEC@G,-,)zy�),%0+�p*+.5=\E8�36C@%0>73~'7%0\E-2-,%0+.),C@%0Y§G,-,)�),%0+�1T\E-cV
R.+.-I'7C73~'7%0\E-/ZE\E-��jn(M}¤ �zH�]:36CF'7%0�6+.80-L-XG,C*Ja+.-,%0Y�kG,;=+.C*��+.CF'7+.-zy�),%0+�;=+.%Kk36A,-,80%0?BA,+.-Lga+.\E;cV
36?BAI'7G,-,YE+.-�G,-I'7+.C@Ax3680;�),+.C4]_^,` ZE\EC Ø QjMP�E��;,RlJ4n�-x36?BA�Q Ø OE�E��>4SU�¢YE+.H�+.>@>@+.-LJKG,C@),+.-zn
p*%0+/1T\E-,R.+.-I'7C73~'7%0\E-ÐZE\E- ]:36CF'7%0�6+.80- � �$	 Ø ¤ �zH�)x36YE+.YE+.-ÐJh36C�),+.Gj'780%0?BAÐA�k\EA,+.C.y½+.;=+.-cV
>@\2��36>@>@+.CWV�G,-,)�^j36805=+l'7+.C@>Pk36G,C@+.RIk36A,80C73~'7+.-zn�p*%0+<��+.H�5=+.C73~'7G,CN>@?BAIJh36-,�I'7+&G,H ��� ��� nbpT36>
36G,>K),+.-�Óbk36A,80C73~'7+.-§;=+.>F'7%0H�H['7+4$&\E8(ZE+.C@A�k368('7-,%0>hZE\E- 'E	 ' ��M
	 �N8�k36D6'h%0- kSU;=+.C@+.%0-,>F'7%0H�HNG,-,Y
H�%('[),+.H ^c�U^IVF$&\c),+.808a),C736GjeK>@?BA,80%0+.DE+.-zy:)x36D2),+.C�gh368080\E-�36-�),+.C�SU-I'7+.C@�~36-I'7+§),+.C�]_^,`
),G,C@?BA�+.%0-,+�)�kG,-,-,+�^c�U^IVF^c?BA,%0?BAI'[>@?BAIJa+.;j'7+6n:��-�t�;,;,%080),G,-,Y�¤cn ¤�%0>F'�36G,?BA�)x36>4YE+.H�+.>@>@+.-,+
t�+.C@\E>@\E8(ZE\E80G,H�+.-�emkG,C���+.%080?BA,+.-Ð)x36C@YE+.>F'7+.808('oya),%0+/),+.- 36Gje��+'X¤�1´YE+.A,+.%0Rl'7+.- rb%0-,8�36D�+.%¡V
-,+.>�),+.C�]:36CF'7%0�6+.80RIk36A,80+.CT5x36>@>@%0+.CF'7+.-zn�p*%0+£]_^,`dVW]:36CF'7%0�6+.8bZE+.C@)x36H�5jef+.-�),\ECF'oy�>@\c)x36D�),%0+.>@+.>
t�+.C@\E>@\E8(ZE\E80G,H�+.-[)x36>b^cG,8(eÎ3~'B36+.C@\E>@\E8XC@+.5,CPk36>@+.-I'7%0+.CF'oy636Gjew),+.H >@%0?BA�]_^,`a>�),G,C@?BA£1T\E-,),+.-,>73}V
'7%0\E-�;,%080),+.-znc��H�ga+.C@+.%0?BA�G,H�QE9E�E�E�[>½SU��%0>F'h)x36> )U%0-I'7+.C@YEC@G,-,)x36+.C@\E>@\E8(ZE\E80G,H�+.-�),+.Gj'780%0?BA
-,%0+.),C@%0YE+.C[3680>�)x36>��d\E80G,H�+.-�),+.CN]_^,`dVW]:36CF'7%0�6+.8�n�$�36-�;=+o36?BAI'7+�%0H´vT+.YE+.-,>73~'7R�)x36R.G�),%0+
kSU;=+.C@+.%0-,>F'7%0H�HNG,-,YT),+.Ca$&+.>@>@G,-,YE+.-�G,-I'7+.C@Ax3680;�),+.C_]_^,` Ô � Ø QjMP�E�T;,RlJ4n � Q Ø OE�E�T>_SU�UÕmn



Q � �������
	�� ��
�� ������������	�� � �����������! ���

t�;,;,%080),G,-,Y2¤cn ¤ " Ô uNk36?BA,>F'7+§^c+.%('7+PÕ Ô +�Õ*th'7H�\E>@5,A�k36C@%0>@?BA,+<��+.H�5=+.C73~'7G,C@+.-zy�ZcYE8�n�t�;,;zn:¤cn 9jn
Ô�� Õ_vT+.>736H['B36+.C@\E>@\E8(ZE\E80G,H�+.-zyX36;,YE+.80+.%('7+l'h36G,>_),+.-§t�+.C@\E>@\E80YECPk\EDE+.-cV:G,-,)§1T\E-,R.+.-I'7C73~'7%0\E-,>WV
H�+.>@>@G,-,YE+.-�),+.C�\E5j'7%0>@?BA,+.-���+.%080?BA,+.-,RIk36A,80+.C@- Ô >@?BAIJh36C@RPÕ£G,-,)�36G,>�),+.-���36>@>@+.C@RIk36A,80C73~'7+.-
),+.>KtT$2^ Ô ;,8�36GwÕmnj��HÏ�d+.C@YE80+.%0?BA�)x36R.G�>@%0-,)§t�+.C@\E>@\E8(ZE\E80G,H�%0-x34emkG,CK^c�U^ Ô YEC6kG,-wÕ_G,-,)&uUtb�
Ô C@\6'mÕK)x36C@YE+.>F'7+.808('oywJK%0+N>@%0+[-x36?BAL),+.H�$&\c),+.808�ZE\E-�`h36C@>@8�3oJ�+l'T368�n�� MPOEOI¤}��emkG,C4¤��=MP��5,5,;IZ
)�uC@ D G,-,)2)x36>�YE+.H�+.>@>@+.-,+�)?> @UVF$&%0>@?BAXG,-,YE>FZE+.C@A�k368('7-,%0>�R.G2+.CFJh36CF'7+l'7+.-/>@%0-,)znwt�G,DE+.C@),+.H%0>F'_)x36>dYE+.H�+.>@>@+.-,+�t�+.C@\E>@\E8(ZE\E80G,H�+.-�emkG,C_]:36CF'7%0�6+.8w)x36C@YE+.>F'7+.808('oyE),%0+½),+.-�36Gje��+'X¤T1 YE+.A,+.%0RmV
'7+.-Nrb%0-,8�36DK+.%0-,+.>�),+.C:]:36CF'7%0�6+.80RIk36A,80+.C�5x36>@>@%0+.CF'7+.- Ô \EC736-,YE+PÕmn}rb>�C@+.5,CPk36>@+.-I'7%0+.CF'�)x36>��d\E80G,H�+.-
),+.>*^cG,8(eÎ3~'B36+.C@\E>@\E80>.n

»½¼��½¼�� � ÆWÇXÁ,À�ÆFÄWÈ=É*À�Ì
rb%0-,YE+.;=+l'@'7+l'�%0-�),%0+�^c�U^IVF^c?BA,%0?BAI'oy�),%0+<),+.C£gh368080\E-�;=+.%0H´+.C@>F'7+.-�t�Gjef>F'7%0+.Y2),G,C@?BA��XG,+.CF'7+6y
8�36Y<;=+.%:+l'�Jh3 Ø Q � ¤6��>TSU� +.%0-,+[)�kG,-,-,+�^c?BA,%0?BAI'T;=+.>F'7+.A,+.-,)�36G,>*rb%0>@5x36CF'7%0�6+.80-zn=��+.H�5=+.C73}V
'7G,C@+.-&+l'�Jh3<9£1¢G,-I'7+.C@Ax3680;&),+.>U{xC@\E>F'75,G,-,�I'7>UG,-,)&+.%0-�YE80+.%0?BA,R.+.%('7%0YE+.Ch>F'7+.%080+.C½t�-,>F'7%0+.Y£),+.C
��36>@>@+.C@RIk36A,80C73~'7+.-zyE),+.>ds£kG,?B�X>F'7C@+.GjZE+.C@A�k368('7-,%0>@>@+.>.yX),+.Cd1T\E-,R.+.-I'7C73~'7%0\E-NYEC@\EDE+.Cb]:36CF'7%0�6+.8�y6),+.>
`a\E80\ECb��-,),+m�<G,-,)�),+.C_p*+.5=\E8�36C@%0>73~'7%0\E-N?BAx36C736�I'7+.C@%0>@%0+.C@+.-�),%0+.>@+U+.C@>F'7+U%0-cV�>@%('7G£ga+.\E;x36?BAI'7G,-,Y
+.%0-,+.Chrb%0>@>@?BA,%0?BAI'½%0-,-,+.C@Ax3680;�+.%0-,+.Ch]_^,`�nx^c\[R.+.%0Y6'7+�>@%0?BA�),%0+�rb%0>@>@?BA,%0?BAI'K3680>h$�3}�j%0HNG,H ),+.C
p*+.5=\E8�36C@%0>73~'7%0\E-£G,H�YE+.;=+.-�ZE\E-§-,%0+.),C@%0YE+.-���+.CF'7+.-§%0-�),+.CK^c�U^IVF^c?BA,%0?BAI'½;=+.%0HÖ+.C@>F'7+.-�t�Gje�V
>F'7%0+.Y<),G,C@?BA2),%0+4��\E80�6+6n=p*%0+.>@+.CK�d+.C@8�36Gjeb>@5,%0+.YE+.8('U>@%0?BA236G,?BA2%0H `a\E80\ECK��-,),+m��JK%0),+.C.n=pT36>
s£kG,?B�X>F'7C@+.GjZE+.C@A�k368('7-,%0>&+.C@C@+.%0?BAI'oyhA,+.CFZE\EC@YE+.C@Gjef+.- ),G,C@?BAÐ),+.-�>F'B36C@�6+.- 1T\E-,R.+.-I'7C73~'7%0\E-,>736-cV
>F'7%0+.Y<ZE\E-L]:36CF'7%0�6+.80-2H�%('�sU36),%0+.- � 9$	 ¤ �zH&yw),%0+[A�k\E?BA,>F'7+.-/��+.CF'7+N),+.>*YE+.>736H['7+.-/{:80G,YE>.y
>@%0+&>@%0-,)�H�+.A,C<3680>£),\E5,5=+.8('�>@\�A,\c?BA�JK%0+�),%0+�$&+.D6Ja+.CF'7+2%0-�),+.-�),%0?BAI'7+.>F'7+.-�ga+.C@+.%0?BA,+.-
),+.C�]_^,`�nÒvT80+.%0?BA,R.+.%('7%0Y[JKG,C@),+�H�%('½),+.H tT$2^§),%0+4A�k\E?BA,>F'7+.-&��36>@>@+.C@RIk36A,80C73~'7+.- Ô M
	 '
�IMP�HJ
?.\EG,-I'7>BÑ~>BÕKJ[k36A,C@+.-,)/),+.>�YE+.>736H['7+.-/{:80G,YE>KYE+.H�+.>@>@+.-z�Ò>@%0+�80%0+.YE+.-�G,H H�+.A,C�3680>U)x36>�R.+.A,-cV
eÎ36?BA,+�kG,;=+.CN),+.-�),G,C@?BA�),%0+�G,H�YE+.;=+.-,),+�^c�U^IVF^c?BA,%0?BAI'�ZE+.C@G,C@>736?BAI'7+.-�^c%0YE-x3680+.-zn�p*%0+�),+.-
Óbk36A,80C73~'7+.-&+.-I'7>@5,C@+.?BA,+.-,),+�vTCPk\EDE+T+.%0-,+.>U>@5,A�k36C@%0>@?BA,+.-/rb%0>@5x36CF'7%0�6+.80>K80%0+.Y6'K;=+.% � , M
	 ¤ �zH&n
��H�vT+.YE+.-,>73~'7R�)x36R.G/JKG,C@),+�Ja+.),+.C[36Gjeh$�36>@>@+ � 9§-,\c?BA�36Gje½$�36>@>@+ ' � +.%0-/ZE+.C@YE80+.%0?BAX;x3}V
C@+.>£rbC@+.%0YE-,%0>N36GjefYE+.R.+.%0?BA,-,+l'onbp*%0+.>[),+.Gj'7+l'�)x36C736GjeUA,%0-zy�)x36D2>@%0?BA�),%0+§rb%0>@5x36CF'7%0�6+.8a),%0C@+.�I'
36G,>�),+.-�^c�U^IV���CPk\E5jef?BA,+.-�;,%080),+l'7+.-zy�\EA,-,+�R.G,>Pk3~'7R.80%0?BA )�uC@ D 36GjefR.G,-,+.A,H�+.-zn�t�G,?BA�;=+.%0Ht�;,>F'7%0+.Y�?o3jn=¤E¤�H�%0-§>@5�k3~'7+.C Ô QI�69E�E��>USU�UÕhJh36CK;=+.%�),+.C@>@+.80;=+.-�5=\6'7+.-I'7%0+.8080+.-���+.H�5=+.C73~'7G,C
+.%0-�t�-,>F'7%0+.Y�),+.C�p*+.5=\E8�36C@%0>73~'7%0\E-zy=),+.>[s£kG,?B�X>F'7C@+.GjZE+.C@A�k368('7-,%0>@>@+.>NG,-,)�),+.C�1T\E-,R.+.-I'7C73~'7%0\E-
ZE\E-���+.%080?BA,+.- � M �zH R.G�>@+.A,+.-zy_>@\EYI36C�+.%0-���+.%080?BA,+.-�H�%('£+.%0-,+.H sU36),%0G,>£RlJK%0>@?BA,+.-Ð¤
G,-,)/MP� �zH JKG,C@),+T;=+.\E;x36?BAI'7+l'onjt�8080+.C@),%0-,YE>_A,+.C@C@>@?BAI'7+.-&),+.Gj'780%0?BA�A�k\EA,+.C@+*��+.H�5=+.C73~'7G,C@+.-zn



18
0

18
5

19
0

19
5

20
0

po
t. 

Te
m

p.
Te

m
pe

ra
tu

r

T ST
S

T IC
E

T N
A

T

Temperatur [K]

 
47

5

50
0

52
5

55
0

57
5

60
0

62
5

( A
)

potentielle Temperatur [K]
 

 

78
00

0
79

00
0

80
00

0
81

00
0

82
00

0
83

00
0

84
00

0
85

00
0

86
00

0
87

00
0

88
00

0

1E
-3

0,
010,
1110

( B
)

 

Aerosolvolumen [µm
3
/cm

3
]

09
. D

ez
em

be
r 2

00
1,

 U
T 

[s
]

 A
M

S 
   

   
 N

AT
 (M

od
el

l)
 O

PC
   

   
 

 S
TS

 (M
od

el
l)

 O
PC

 (g
eh

ei
zt

er
 E

in
la

ß)

 

 



QEQ �������
	�� ��
�� ������������	�� � �����������! ���

p*%0+.>@+4^c?BA,%0?BAI'UR.+.%0Y6'7+*>@%0?BA§+.C@-,+.Gj'KJ[k36A,C@+.-,)�),+.>½RlJa+.%('7+.-�t�Gje�VFÑ~t�;,>F'7%0+.YE>h;=+.%z+l'�Jh3�¤+'I��1
5=\6'7+.-I'7%0+.8080+.C4��+.H�5=+.C73~'7G,CN36-�),+.C£vTC@+.-,R.+<RlJK%0>@?BA,+.-�^c�U^IVTG,-,)�uUtb�aVF^c?BA,%0?BAI'�%0-�+.%0-,+.H
t�-,>F'7%0+.Y&),+.C[p*+.5=\E8�36C@%0>73~'7%0\E-2G,-,)�),+.C[1T\E-,R.+.-I'7C73~'7%0\E-LYEC@\EDE+.C�]:36CF'7%0�6+.8�n�$&%('4),+.H¹tT$2^
JKG,C@),+.-�q@+.),\c?BA&�6+.%0-,+[rb%0>@5x36CF'7%0�6+.8zH�+.A,CK;=+.\E;x36?BAI'7+l'on

»½¼��½¼�� ��� � ��� �bÃjÁxÆ �_À�Ä
p*%0C@+.�I':\E;=+.C@Ax3680;[),+.Cb^c�U^IVF^c?BA,%0?BAI'bJh36C:),%0+ap*+.5=\E8�36C@%0>73~'7%0\E-4+.C@A�k\EAI'oy~+.;=+.-,>@\T),+.Cb`a\E80\EC���-cV
),+m�Òyc;=+.%0),+.>_��-,),%0�~3~'7\EC@+.-£emkG,Cd)x36>d�d\EC@Ax36-,),+.-,>@+.%0-<ef+.>F'7+.C_��+.%080?BA,+.-znI�d\EC@A,+.C@C@>@?BA,+.-,)�Jh36C@+.-
]:36CF'7%0�6+.8 � M
	 � �zH#H�%('*1T\E-,R.+.-I'7C73~'7%0\E-,+.-2;,%0>*�jn �jMN?.H�� D y=Ja\EYE+.YE+.-/),%0+N1T\E-,R.+.-I'7C73~'7%0\E-
ZE\E-�]:36CF'7%0�6+.80- � M �zH�R.G,C6kG,?B�[YE+.YI36-,YE+.-�%0>F'on6p*%0+a��+.H�5=+.C73~'7G,C@+.-�8�36YE+.-[%0-N),%0+.>@+.Cd^c?BA,%0?BAI'
>F'7+l'7>[G,-I'7+.C ����
�� n:^c\E;x3680)�),%0+���+.H�5=+.C73~'7G,C4G,-I'7+.C ��� ��� %x+.8�y�-x36A,H¹),%0+<1T\E-,R.+.-I'7C73~'7%0\E-
ZE\E-�]:36CF'7%0�6+.80- � �$	(M}¤ �zHÖ>@%0?BAI'7;x36CaR.Gznc�d\ECa368080+.H
J[k36A,C@+.-,)§),+.>hRlJa+.%('7+.-§t�Gje�VFÑ~t�;,>F'7%0+.YE>
%0>F'�),%0+�1T\EC@C@+.8�3~'7%0\E-�),+.C�1T\E-,R.+.-I'7C73~'7%0\E-��X80+.%0-,+.CU]:36CF'7%0�6+.8�H�%('U),+.CU��+.H�5=+.C73~'7G,CU),+.Gj'780%0?BA
R.G&>@+.A,+.- Ô ;=+.%0>@5,%0+.80>FJa+.%0>@+�Q�'#'I�E�NG,-,)�Q�' � �E��>USU�UÕmn
��H �d+.C@YE80+.%0?BA[R.GN),+.-N;,%0>@A,+.C�;=+l'7C736?BAI'7+l'7+.-�^c�U^IVF^c?BA,%0?BAI'7+.-�Jh36C�%0-[),+.-N)x36C6kG,;=+.C@80%0+.YE+.-cV

),+.-�×�Gje�'7H<36>@>@+.-�),+.C:�d+.C@8�36Gjex),+.C�H�%(':),+.H
$�36>@>@+.-,>@5=+.�I'7C@\EH�+l'7+.CdYE+.H�+.>@>@+.-,+.-�Óbk36A,80C73~'7+.-
),+.Gj'780%0?BA�36-,),+.C@>.n=p*%0+*��36>@>@+.CWVaG,-,)/^j36805=+l'7+.C@>Pk36G,C@+.RIk36A,80C73~'7+.-�Jh36C@+.-&YEC@G,-,),>Pk3~'7R.80%0?BA&-,%0+.)cV
C@%0Y,n�|6+.),\c?BA�'7C73~'7+.-�ZE\EC�368080+.H�36Gje�$�36>@>@+/MPQjy�Ja+.80?BA,+§),+.-���36>@>@+.C@YE+.Ax368('�),+.CNt�+.C@\E>@\E80+
JK%0+.),+.C@YE%0;j'oyX+.%0-,+�sK+.%0A,+KZE\E-��X8�36CdYE+l'7C@+.-,-I'7+.-&Óbk36A,80C73~'7+.-,H<3}�j%0H<3 Ô ^c5,%0�6+.>BÕ_36GjeWnX��+.%08(Ja+.%0>@+
>@?BA,-,+.808('7+.-§)x36;=+.%Ò),%0+*Óbk36A,80C73~'7+.-<ZE\E-§+.%0-,+.H�$&+.DE5,G,-,�I'KR.G,HÏ-�k36?BA,>F'7+.-�G,HÏH�+.A,Ch3680>_)x36>
AXG,-,),+.CF'@eÎ36?BA,+�36Gje�;,%0>UR.G/¤ �XMP�HIU?.\EG,-I'7>BÑ~>�A,\c?BAzy=G,-,)��6+.A,CF'7+.-/36-,>@?BA,80%0+.DE+.-,)&JK%0+.),+.C�36Gje
)x36>�G,C@>@5,C6kG,-,YE80%0?BA,+N×�+lZE+.8�R.G,C6kG,?B�wnzp*%0+.>@+.>U�d+.C@Ax368('7+.-�8�k36D6'�>@%0?BA2)x36H�%('U+.C@�X8�k36C@+.-zy=)x36D�Ja+mV
-,%0YE+6yw36;=+.CUC@+.8�3~'7%(Z�YEC@\EDE+4��+.%080?BA,+.- Ô � , �jn ¤��=MEn � �zH�Õh),G,C@?BA�),%0+[36+.C@\c)j�c-x36H�%0>@?BA,+[×�%0-,>@+
%0-�)x36>£tT$2^�YE+.8�36-,Y6'7+.-zy�%0-�),+.CN�d+.C@)x36H�5jef+.C@�XG,YE+.8h+lZ6365=\EC@%0+.CF'7+.-zy�G,-,)�),+.C£+.-I'7>@+.A,+.-,),+
v436>@5,G,80>hZE\EH $�36>@>@+.-,>@5=+.�I'7C@\EH�+l'7+.CU),+l'7+.�I'7%0+.CF'½JKG,C@),+6nwp*%0+*+.C@H�%('@'7+.8('7+.-�$&\E8(ZE+.C@A�k368('7-,%0>WV
>@+[;=+l'7C736YE+.-2��	 Q�� M
	 ¤�G,-,)/��	 ¤ � M
	 ¤�;=+.%0H +.C@>F'7+.-2t�;,>F'7%0+.Y<;,RlJ4nwRlJa+.%('7+.-2t�Gjef>F'7%0+.Y�G,-,)
'E	 O ����	 ��;,RlJ4n�'E	 O �
M
	 �2;=+.%0H´RlJa+.%('7+.-�t�;,>F'7%0+.Y,nb×�+.%0),+.CNJh36C£),%0+§ga+.>F'7%0H�HNG,-,Y/+.%0-,+.>
ZE+.C@8�k36DE80%0?BA,+.-§$&\E8(ZE+.C@A�k368('7%0-,%0>@>@+.>demkG,C_),+.-§+.C@>F'7+.-�t�Gje�'7%0+.Y�Ja+.YE+.-§),+.C )�uC@ D V�t�),>@\EC@5j'7%0\E-,>WVÑ6p*+.>@\EC@5j'7%0\E-,>@5,C@\ER.+.>@>@+4-,%0?BAI'½H2k\EYE80%0?BAznXrb%0-,+Tga+.+.%0-I'7CPk36?BAI'7%0YEG,-,Y�),+.Ca��36>@>@+.C@H�+.>@>@G,-,Y£Jh36C
)x36YE+.YE+.-/-,%0?BAI'TR.G/;=+.\E;x36?BAI'7+.-zn�rb%0-,R.+.80-,+�^c5,%0�6+.>T>@%0-,)2�X8�36C�R.G/+.C@�6+.-,-,+.-znzt�8080YE+.H�+.%0-&%0>F'
),+.C �XGx3680%('B3~'7%(ZE+£�d+.C@8�36GjeK�6\E-,>@%0>F'7+.-I'£H�%('[),+.- @T]_`dV4G,-,)�gh36?B�X>@?o3~'@'7+.CWVWpT3~'7+.-znd^c\2JK%0C@)
;=+.%0>@5,%0+.80>FJa+.%0>@+K),+.C_t�-,>F'7%0+.Y4ZE\E-<]:36CF'7%0�6+.8 � �$	(M}¤ �zH&yE>@\E;x3680)£),%0+K��+.H�5=+.C73~'7G,Cb;=+.%=Q�'#'I�E�
G,-,)�Q�' � �E�N>KSU� G,-I'7+.C ��� ��� %x+.8�y,%0-§),+.-2Óbk36A,80C73~'7+.-�36Gjeb$�36>@>@+£MPQ�),+.Gj'780%0?BA&36;,YE+.;,%080),+l'on
$&%('Kt�G,DE-x36A,H�+4),+.>U80+l'7Rl'7+.-&t�;,>F'7%0+.YE>K),+.Gj'7+.-/368080+Tga+.\E;x36?BAI'7G,-,YE+.-2)x36C736Gje:A,%0-zyx)x36D

+.>T>@%0?BA2;=+.%:),+.-�]:36CF'7%0�6+.80-2%0-2),%0+.>@+.C�\E;=+.C@+.-L]_^,`dVF^c?BA,%0?BAI'�kG,;=+.CFJK%0+.YE+.-,)/G,H�uUtb� Ax36-cV




�� �$� � ��	�� � � � � 	(� 	���� � � � � ������� � ���(� � � 	���� QEO
),+.8('7+6nwp*%0+[$&+.>@>@G,-,YE+.-2J[k36A,C@+.-,)�),+.>U80+l'7Rl'7+.-�t�;,>F'7%0+.YE>U>@%0-,)&>@\PJa\EA,8�H�%('�^c�U^�G,-,)2uUtb�
�6\E-,>@%0>F'7+.-I'onht�Gje�uUtb�#),+.Gj'7+.-Ð>@\PJa\EA,8�)x36><�d\EC@Ax36-,),+.-,>@+.%0-�ZE\E-�YEC@\EDE+.-�]:36CF'7%0�6+.80-�3680>
36G,?BA2),%0+[+.C@A�k\EAI'7+�p*+.5=\E8�36C@%0>73~'7%0\E-§G,-,)2),+.CT`a\E80\ECU��-,),+m�2A,%0-zyw>@\PJK%0+[)x36>*t�Gje�'7C@+l'7+.-2+.%0-cV
R.+.80-,+.CNÓbk36A,80C73~'7+.-,>@5,%0�6+.>�%0H���36>@>@+.C.n:{�kG,C[^c�U^L>@5,C@+.?BA,+.-�)x36>�$&\E8(ZE+.C@A�k368('7-,%0>TG,H´¤�G,-,)
),%0+NG,H�+.%0-,+.-�{w36�I'7\ECNMP��A�k\EA,+.C@+�1T\E-,R.+.-I'7C73~'7%0\E-2ZE\E-��jn(M}¤ �zH�]:36CF'7%0�6+.80-L%0H#�d+.C@YE80+.%0?BA
R.G/),+.-/+.C@>F'7+.-/),C@+.%�ga+.YE+.YE-XG,-,YE+.-LH�%('�),+.CTuUtb�aVF^c?BA,%0?BAI'onzp*%0+���+.H�5=+.C73~'7G,C@+.-/%0-2),%0+.>@+.C
^c?BA,%0?BAI'�Jh36C@+.-�;=+.%0H�80+l'7Rl'7+.-�t�;,>F'7%0+.Y&-,%0+.),C@%0YE+.CT3680>4R.GjZE\EC.y�>@%0+£8�36YE+.-LG,-I'7+.C ��� ��� n�rb%0-,+
t�-IJh36?BA,>@+.-2ZE\E-2^c�U^IVW]:36CF'7%0�6+.80-§Jh36CK)x36A,+.CKR.G&+.CFJh36CF'7+.-zn
pT36>_36G,>_),+.-"@T]_`dVF$&+.>@>@G,-,YE+.-�36;,YE+.80+.%('7+l'7+UvT+.>736H['B36+.C@\E>@\E8(ZE\E80G,H�+.- Ô t�;,;znj¤cn ¤EÕ:YE%0;j'

%0-�+l'�Jh3�),+.-��d+.C@8�36Gjeb),+.>T$&\c),+.808(ZE\E80G,H�+.-,>N� `h36C@>@8�3oJ +l'T368�n(y�MPOEOI¤}��JK%0+.),+.C.nÒpT36YE+.YE+.-2%0>F'
)x36><36G,><),+.-�tT$2^IVFÓbk36A,80C73~'7+.-�;=+.C@+.?BA,-,+l'7+2t�+.C@\E>@\E8(ZE\E80G,H�+.-�emkG,C<ga+.C@+.%0?BA,+.-�H�%('�uUtb�aV
]:36CF'7%0�6+.80-�),+.Gj'780%0?BA�R.G�-,%0+.),C@%0Y,yb-XG,C�+.%0-,R.+.80-,+2^c5,%0�6+.>�>F'7%0H�H�+.-�H�%('£),+.-)@T]_`dV ��+.CF'7+.-
kG,;=+.C@+.%0-zn,p*+.CUvTC@G,-,)§)x3~emkG,Ch%0>F'½),%0+T36Gje�;,%0>hR.G�¤6� � ),%0+T36;,-,+.A,H�+.-,),+4��C736-,>@H�%0>@>@%0\E-,>@+���V
R.%0+.-,R4),+.CK36+.C@\c)j�c-x36H�%0>@?BA,+.-�×�%0-,>@+*emkG,CK36>@5,A�k36C@%0>@?BA,+[]:36CF'7%0�6+.8 � �$	 ¤��zH�YE+.YE+.-�kG,;=+.CUOE� �
emkG,C��X80+.%0-,+.C@+6y~ibkG,>@>@%0YE+K]:36CF'7%0�6+.8�nEp*%0+½vTCPk\EDE+h),+.CbH�%(':),+.H¢tT$2^NYE+.H�+.>@>@+.-,+.-<]:36CF'7%0�6+.8,80%0+.Y6'
RlJK%0>@?BA,+.-��jn ¤�G,-,)&M��zH
sU36),%0G,>.y6YECPk\EDE+.C@+K]:36CF'7%0�6+.8xYE+.8�36-,Y6'7+.-�-,%0?BAI'_),G,C@?BA�),%0+K36+.C@\c)j�c-x3}V
H�%0>@?BA,+£×�%0-,>@+6nzrb%0-,+.-L��+.%08�),+.>Tt�+.C@\E>@\E8(ZE\E80G,H�+.-,>TH<36?BA,+.-<q@+.),\c?BALYECPk\EDE+.C@+£]:36CF'7%0�6+.8�H�%('
sU36),%0+.-�RlJK%0>@?BA,+.-�M�G,-,)&G,-,)�9jn ¤��zH 36G,>.y,JK%0+4),%0+ @T]_`dVF$&+.>@>@G,-,YE+.-2R.+.%0YE+.-zn

»½¼��½¼�� � ÃxÂ��aÀ�� ��� ��� �bÃjÁxÆ �_À�Ä,�dÌ�ËTÀ�Ã
	 �[À�Ã7� �dÌaÁ,À ËTÀ�Ã � ���
p*+.C�gh368080\E-�+.C@C@+.%0?BAI'7+[>@+.%0-,+�vT%05jef+.80A�k\EA,+T;=+.%�+.%0-,+.CU5=\6'7+.-I'7%0+.8080+.-���+.H�5=+.C73~'7G,CKZE\E- � �6��1
;,RlJ4n � MP��1�y}G,-,)N>@?BAIJa+.;j'7+½%0-[),%0+.>@+.C )Nk\EA,+_emkG,C:9E�UH�%0-�-x36?BAN),+.H +.C@>F'7+.-Nt�Gjef>F'7%0+.Y�G,-,)�M Ø
H�%0-N-x36?BA£),+.H¢RlJa+.%('7+.-�;=+.%j��+.H�5=+.C73~'7G,C@+.-£G,H¢\c),+.C*kG,;=+.C ����
�� n )U%0+.C�36-£),+.C @*;=+.C@�~36-I'7+
),+.CK]_^,`�Jh36C½)x36>Us£kG,?B�X>F'7C@+.GjZE+.C@A�k368('7-,%0>K-,%0+.),C@%0Y,y,36;=+.C½-,\c?BA�kG,;=+.C½),+.H SU-I'7+.C@YEC@G,-,)zyx),%0+
p*+.5=\E8�36C@%0>73~'7%0\E-�+.C@A�k\EAI'oy6q@+.),\c?BA�YE+.C@%0-,YE+.CU3680>K%0-&),+.-2uUtb�aVF^c?BA,%0?BAI'7+.-znÒp*+.C�`a\E80\ECK��-,),+m�Òy
),+.Ch-XG,C_emkG,Ca),+.-§RlJa+.%('7+.-&ÓÒ+.%('7C736G,HÖ%0-<),%0+.>@+.C½^c?BA,%0?BAI'K;=+.>F'7%0H�H['dJa+.C@),+.-��6\E-,-I'7+6y,YE80+.%0?BAI'
),+.H¹%0-�uUtb�aVF^c?BA,%0?BAI'7+.-zn:p*%0+£1T\E-,R.+.-I'7C73~'7%0\E-LZE\E-��jn(M}¤��zH�YEC@\EDE+.-�]:36CF'7%0�6+.80-LJh36C�H�%('
� �$	 �jM2?.H � D ZE+.C@YE80+.%0?BA,>FJa+.%0>@+/YE+.C@%0-,Y,ydJh36><emkG,C<)x36>�^cG,8(eÎ3~'B36+.C@\E>@\E8U%0-�),%0+.>@+.C )Nk\EA,+2R.G
+.CFJh36CF'7+.-�Jh36C.n:pT36YE+.YE+.-�Jh36C[),%0+<1T\E-,R.+.-I'7C73~'7%0\E-LZE\E-���+.%080?BA,+.- � M �zH¹C@+.8�3~'7%(Z/A,\c?BAzy
>@%0+T8�36Y£RlJK%0>@?BA,+.-2�jn �E�jM4G,-,)��jn �E�I¤[?.H � D n
p*%0+½YE+.C@%0-,YE+K1T\E-,R.+.-I'7C73~'7%0\E-£�X80+.%0-,+.Cd]:36CF'7%0�6+.8wR.+.%0?BA,-,+l'a>@%0?BA<36G,?BA�%0-£),+.-�tT$2^IVWpT3~'7+.-

36;�G,-,)&emkG,A,CF'KR.G&-XG,CK80+.%0?BAI'U+.C@A�k\EAI'7+.-2Óbk36A,80C73~'7+.-§emkG,Ch��36>@>@+.CUG,-,)2^j36805=+l'7+.C@>Pk36G,C@+TZE+.C@YE80%¡V
?BA,+.-&H�%('h),+.H SU-I'7+.C@YEC@G,-,)znwp*%0+TÓbk36A,80C73~'7+.-§>@%0-,)�emkG,C½+.%0-,+T1T\EH�5=\E>@%('7%0\E-,>736-x368(�c>@+bq@+.),\c?BA
R.G�-,%0+.),C@%0Y,n��¢k36A,C@+.-,)�),%0+.>@+.>£ÓÒ+.%('7C736G,H�>�H�%('[YE+.C@%0-,YE+.C[��+.%080?BA,+.-,�6\E-,R.+.-I'7C73~'7%0\E-�JKG,C@),+.-
emkG,-jejYEC@\EDE+d]:36CF'7%0�6+.8EH�%('�sU36),%0+.-*ZE\E-�+l'�Jh34M&�=MEn ¤ �zH YE+.H�+.>@>@+.- Ô ]�+o36�NM&�,¤cy.>@%0+.A,+dt�;,;zn~¤cn '



OE� �������
	�� ��
�� ������������	�� � �����������! ���

G,-,)�t�-,Ax36-,Y§`½Õmn=p*%0+.>@+�]:36CF'7%0�6+.80YECPk\EDE+4>F'7+.808('K;=+.%�),+.H A,+.C@C@>@?BA,+.-,),+.-�p*C@G,?B� � �6�£HN;x36C
),%0+�@*;=+.C@YEC@+.-,R.+�emkG,C�+.%0-,+§36G,>@C@+.%0?BA,+.-,)�YEGj'7+�{x\E�XG,>@>@%0+.C@G,-,YL),+.C�36+.C@\c)j�c-x36H�%0>@?BA,+.-�×�%0-cV
>@+�)x36C.n�p*%0+NH�%('4+.%0-,+.CT��C736-,>@H�%0>@>@%0\E-,>@+���R.%0+.-,R£ZE\E-�¤6� ��36;,YE+.>@?BA�k3~'7Rl'7+<3~'7H�\E>@5,A�k36C@%0>@?BA,+
1T\E-,R.+.-I'7C73~'7%0\E-&),+.CKYEC@\EDE+.-�]:36CF'7%0�6+.8�yx+.-I'7>@5,C@%0?BAI'*%0-�+l'�Jh3�),+.-2]:36CF'7%0�6+.80�6\E-,R.+.-I'7C73~'7%0\E-,+.-zy
),%0+[H�%('U),+.-L]:36CF'7%0�6+.80RIk36A,80+.C@-2YE+.H�+.>@>@+.-2JKG,C@),+.-znÒ��-/t�-,Ax36-,Y�` >@%0-,)2),%0+Nrb%0-,R.+.8('7+.%080?BA,+mV
-,+.C@+.%0YE-,%0>@>@+§ZE+.C@YECPk\EDE+.CF'£)x36C@YE+.>F'7+.808('onbp*%0+<ZE\E-�),%0+.>@+.-���+.%080?BA,+.-�A,+.CFZE\EC@YE+.C@Gjef+.-,+.-�A,\EA,+.-
Óbk36A,80C73~'7+.-�>@%0-,)§36Gje�),+.-&$�36>@>@+.-LMPQNG,-,) � 9[G,-,)�36Gje:$�36>@>@+ ' � ),+.Gj'780%0?BA�R.G§>@+.A,+.-zn=ÓÒG,H
;=+.>@>@+.C@+.-��d+.C@>F'}k36-,),-,%0>d>@+.%=A,%0+.Cb-,\c?BA<+.%0-,H<368,�XG,C@RU),+.Ch$&+.DERl�c�X80G,>a+.C@8�k36Gj'7+.CF'�"Xp*%0+U$�36>@>@+.-
MPQ�G,-,) � 9�JKG,C@),+.-�>@%0HNG,8('B36-�YE+.H�+.>@>@+.-zy�368('7+.C@-,%0+.C@+.-,)2)x36R.G�$�36>@>@+�' � nw�¢k36A,C@+.-,)L+.%0-,+.>
$&+.DERl�c�X80G,>�+.-I' %x+.80+.-�)x36;=+.%a+l'�Jh3 '#'���),+.C£ÓÒ+.%('�36GjeK),%0+§$�36>@>@+.-ÐMPQ�G,-,) � 9jyaMPQ �¹36Gje
$�36>@>@+ ' � Ô >@%0+.A,+h14365,%('7+.8j9jn(MEn 9IÕmn~ga+.%c),+.C:ZE\EC@80%0+.YE+.-,),+.-£$&+.>@>@G,-,YTYE+.8�36-,Y6'7+.-NRlJa+.%j),+.C:emkG,-je
YEC@\EDE+.-���+.%080?BA,+.-�J[k36A,C@+.-,)§+.%0-,+.>�MPQ}V � 9}V�t�GjefR.+.%0?BA,-XG,YE>Fef+.-,>F'7+.C@>½%0-<)x36>htT$2^ Ô ]�+o36�&M*G,-,)
]�+o36�!'XÕmyEG,-,)£>@%0-,)£)x36A,+.Cd36Gje=),%0+.>@+.-�$�36>@>@+.-�H�%('dÓbk36A,80C73~'7+.-�� MP�HId?.\EG,-I'7>BÑ~> Ô $�36>@>@+4MPQIÕ
;,RlJ4n�� ' �~MP� D ?.\EG,-I'7>BÑ~> Ô $�36>@>@+ � 9IÕ_),+.Gj'780%0?BA§R.G�>@+.A,+.-zy,Ja\EYE+.YE+.-�),%0+*?o3jn,+.%0-,+�^c+.�XG,-,),+
>@5�k3~'7+.C[36GjefYE+.R.+.%0?BA,-I'7+l'7+§$�36>@>@+ ' � -XG,C�-,\c?BA�)x36>4t�;,�X80%0-,YE+.-�),+.C[]�+o36�X>[R.+.%0Y6'on�ga+.%d),+.-
36-,),+.C@+.-�),C@+.%�rb%0-,R.+.8('7+.%080?BA,+.-,+.C@+.%0YE-,%0>@>@+.- Ô ]�+o36�&�cyw]�+o36�§9jyw]�+o36�&¤EÕa8�36Y�),%0+TG,H�YE+.�6+.A,CF'7+
^c%('7Gx3~'7%0\E-�ZE\EC
"$)U%0+.C_JKG,C@),+T36Gje�),+.-�$�36>@>@+.-LMPQ[G,-,) � 9[-XG,Ca+.%0-���+.%08=),+.>h+m�j5=\E-,+.-I'7%0+.8080+.-
t�;jeÎ368080>½YE+.H�+.>@>@+.-zy=),+.CU�6\EH�5,80+l'@'7+T�d+.C@8�36Gje�),+.>�]�+o36�X>�%0>F'U)x36YE+.YE+.-236Gjed$�36>@>@+ ' � R.G�>@+mV
A,+.-zy}Ja+.80?BA,+a�XG,C@RaR.GjZE\EC�36GjefYE+.R.+.%0?BA,-,+l':JKG,C@),+6n6p*%0+d�6\EH�5,80+l'@'7+asK+.�6\E-,>F'7C@G,�I'7%0\E-N+.%0-,+.>�-XG,C
%0H t�G,>@�X80%0-,YE+.-2YE+.H�+.>@>@+.-,+.-L]�+o36�X>*%0>F'�80+.%0),+.CK-,%0?BAI'*H2k\EYE80%0?BAzyx)x3�),%0+[]�+o36�X>T36H#t�-jeÎ36-,Y
H�%('*+.%0-,+.C*�X80+.%0-,+.-�ÓÒ+.%('7�6\E-,>F'B36-I'7+�>@+.A,CT>@?BA,-,+.808d36;jeÎ368080+.-zywG,-,)L>@\EH�%('*),%0+�SU-,YE+.-x36G,%0YE�6+.%('
+.%0-,+.>U{:%('7>½+.-I'7>@5,C@+.?BA,+.-,)/YEC@\ED�JK%0C@)zn
uU%0?BAI'7>@),+.>F'7\6'7C@\6'7RbZE+.C@G,C@>736?BA,+.-[),%0+.>@+drb%0-,R.+.8('7+.%080?BA,+.-,5=+o36�X>�),%0+�Ja+.%('B36G,>�A�k\E?BA,>F'7+.-NÓbk36A,8¡V

C73~'7+.-/36Gjed),+.-L$�36>@>@+.- ' � G,-,) � 9£J[k36A,C@+.-,)/),+.>�YE+.>736H['7+.-/{:80G,YE>.yxJh36>T36Gjeb+.%0-,+[C@+.8�3~'7%(Z
A,\EA,+ )�uC@ D VW1T\E-,R.+.-I'7C73~'7%0\E-L%0-�),+.-�]:36CF'7%0�6+.80-�>@?BA,80%0+.DE+.-�8�k36D6'onz��-�),+.-�t�;,;,%080),G,-,YE+.-�%0-t�-,Ax36-,Y�`�%0>F'�),%0+NvT80+.%0?BA,R.+.%('7%0YE�6+.%('K),+.C�rbC@+.%0YE-,%0>@>@+[36Gje_$�36>@>@+�MPQ�G,-,)/$�36>@>@+ � 9�R.G�>@+mV
A,+.-z�:A,%0+.C�JKG,C@),+§),+.C���36>@>@+.CWV4G,-,)�^j36805=+l'7+.C@>Pk36G,C@+.YE+.Ax368('N+.%0-�G,-,)�),+.>@>@+.80;=+.-���+.%080?BA,+.-,>
YE+.H�+.>@>@+.-znzp*%0+.>U+.C@H2k\EYE80%0?BAI'KR.G,H�%0-,),+.>F'*+.%0-,+�+.%0-,YE+.>@?BA,CPk36-,�I'7+�1T\EH�5=\E>@%('7%0\E-,>736-x368(�c>@+T),+.C
]:36CF'7%0�6+.8�yX\E;,YE80+.%0?BA£)x36>_G,-I'7+.C@>@?BA,%0+.),80%0?BA,+�t�;,�X80%0-,Y6ZE+.C@Ax368('7+.-£ZE\E-<��36>@>@+.C_G,-,)�)�uC@ D ),%0+mV>@+N+.C@A,+.;,80%0?BA�+.C@>@?BAIJa+.CF'on�pT36>Ut�;,�X80%0-,Y6ZE+.C@Ax368('7+.-��~36-,-2),G,C@?BA/+.%0-,+[r:�j5=\E-,+.-I'7%�368(efG,-,�I'7%0\E-
),+.CU{x\EC@H� Ô�� Õ ��� �	��
 � +m�j5
��� � � � �� ��� ��
=>w+m�j5���� � � � �� > � ��
 D +m�j5���� � � � �� D � Ô ¤cn(M}Õ
;=+.>@?BA,C@%0+.;=+.-�Ja+.C@),+.-znwp*%0+�YE+.-x36G,+Tga+.>F'7%0H�HNG,-,Y�),+.Ch+.C@>F'7+.-�ÓÒ+.%('7�6\E-,>F'B36-I'7+T%0>F'½),G,C@?BA�),%0+
R.+.%('780%0?BA,+�t�Gji�k\E>@G,-,Y&),+.C[$&+.>@>@G,-,Y280%0H�%('7%0+.CF'on=^c%0+£80%0+.Y6'*>@\PJa\EA,8bemkG,CT��36>@>@+.C�3680>436G,?BA�emkG,C
^j36805=+l'7+.C@>Pk36G,C@+2G,-I'7+.C&¤6��H�>.y_G,-,)Ð;=+.R.%0+.AI'§>@%0?BA�36Gje4)x36>§),%0C@+.�I'7+2t�G,>@8�36Gjef+.-�),+.C�v436>WV




�� �$� � ��	�� � � � � 	(� 	���� � � � � ������� � ���(� � � 	���� OjM
H�\E80+.��kG,80+T36G,>½),+.Ch�d+.C@)x36H�5jef+.C@�XG,YE+.8�R.G,H#$�36>@>@+.-,>@5=+.�I'7C@\EH�+l'7+.C.n=p*%0+�ZE+.C@HNGj'780%0?BA�),G,C@?BA
G,-I'7+.C@>@?BA,%0+.),80%0?BA,+�t�),>@\E5j'7%0\E-,>@5,8�k3~'7R.+U%0-�),+.Cd�d+.C@)x36H�5jef+.C@�XG,YE+.8wG,-,)<%0H¢Ja+.%('7+.C@+.-�$�36>@>@+.-cV
>@5=+.�I'7C@\EH�+l'7+.C@>F�c>F'7+.H´A,+.CFZE\EC@YE+.C@Gjef+.-,+.-�Ja+.%('7+.C@+.-�ÓÒ+.%('7�6\E-,>F'B36-I'7+.-�>@%0-,)�emkG,CT��36>@>@+.C[G,-,)
;=+.%0),+[^j36805=+l'7+.C@>Pk36G,C@+.H<36>@>@+.-&ZE+.C@>@?BA,%0+.),+.-/8�36-,Y,nw^c%0+480%0+.YE+.-§emkG,C�$�36>@>@+<MPQ£;=+.%��$	 � ���$	(M�>
;,RlJ4n:��	 � � �$	 ¤�>.yzemkG,C[$�36>@>@+ � 9§;=+.%d�$	 ' ���$	(M£>�;,RlJ4ndMP� ��9�>4G,-,)LemkG,C[$�36>@>@+ ' � ;=+.%
M
	 9 ���$	 9�>½;,RlJ4n�M � � � >.nwÓÒG,CUga+.>F'7%0H�HNG,-,Y�),+.C )?> @ "�)�uC@ D VF$&\E8(ZE+.C@A�k368('7-,%0>@>@+T%0-�),+.-]:36CF'7%0�6+.80-zy,JKG,C@),+.-�),+.C½ZE\E-�),+.-&Ja+.-,%0YE+.-&�X80+.%0-,+.-zy,ibkG,>@>@%0YE+.-2]:36CF'7%0�6+.80-�A,+.CFZE\EC@YE+.C@Gjef+.-,+.C
)U%0-I'7+.C@YEC@G,-,)/36;,YE+.R.\EYE+.-/G,-,)�kG,;=+.C�)x36>*t�;,�X80%0-,YE+.-�),+.CT]�+o36�X>436Gjed),+.-L$�36>@>@+.-�MPQ<G,-,)
� 9&%0-I'7+.YEC@%0+.CF'on�pT36>[$&\E8(ZE+.C@A�k368('7-,%0>�%0>F'�)x36;=+.%d>F'B36C@�/ZE\E-�),+.C[×_k36-,YE+�),+.>N��-I'7+.YEC73~'7%0\E-,>@%0-cV
'7+.CFZ6368080>a36Gje�$�36>@>@+ � 9N36;,A�k36-,YE%0Y,yIJK%0+*%0-�t�;,;,%080),G,-,Y�¤cn � +.C@>@%0?BAI'780%0?BAzn,rb%0-,+��_36C@%�3~'7%0\E-�),+.C
��36>@>@+.C@%0-I'7+.YEC73~'7%0\E-,>@R.+.%('�Ax3~'�-XG,C�YE+.C@%0-,Y6emkG,YE%0YE+4t�G,>FJK%0C@�XG,-,YE+.-znzp*+.C*vTC@G,-,)�80%0+.Y6'U%0-�),+.-
>@+.A,C_G,-I'7+.C@>@?BA,%0+.),80%0?BA,+.-<t�;,�X80%0-,YE�6\E-,>F'B36-I'7+.-�ZE\E-���36>@>@+.C_G,-,)�^j36805=+l'7+.C@>Pk36G,C@+6nj^c\4Ja+.C@),+.-
QE�3�jOE� � ),+.>:%0-[),+.-£]:36CF'7%0�6+.80-[+.-I'7Ax368('7+.-,+.-N��36>@>@+.C@>�%0-,-,+.C@Ax3680;[+.%0-,+.C�^c+.�XG,-,),+½YE+.H�+.>@>@+.-zy
q@+.),\c?BA&-XG,C½Ja+.-,%0YE+.CU3680> 'I� �Ï),+.C�^j36805=+l'7+.C@>Pk36G,C@+6n
{�kG,Ca]�+o36�&MEyX),+.>@>@+.-§t�-jeÎ36-,YN36Gje�$�36>@>@+[MPQIÑ � 9TZE\E8080>F'}k36-,),%0Y�YE+.H�+.>@>@+.-,+.-�JKG,C@),+6yc�6\E-cV

ZE+.C@YE%0+.CF'4)x36>4$&\E8(ZE+.C@A�k368('7-,%0>*-x36?BA�QE��>TYE+.YE+.-L9jn�pT36>4$&\E8(ZE+.C@A�k368('7-,%0>�),+.>4RlJa+.%('7+.-L�6\EH�V
5,80+l'@'½YE+.H�+.>@>@+.-,+.-�]�+o36�X>.yw]�+o36� ',y,80%0+.Y6'a),+.Gj'780%0?BA§-,%0+.),C@%0YE+.C.n$)U%0+.C@;=+.%z%0>F'h),%0+4$�k\EYE80%0?BA,�6+.%('
-,%0?BAI'½YI36-,R436G,>@R.G,>@?BA,80%0+.DE+.-zy,)x36D�)x36>U^c%0YE-x368Ò36GjefYEC@G,-,)§),+.CU^zk3~'@'7%0YEG,-,YN),+.>Kp*+l'7+.�I'7\ECh+.%0-cV
YE+.;,C@\c?BA,+.-�%0>F'onhrb%0-,+L^zk3~'@'7%0YEG,-,Y�),+.>�p*+l'7+.�I'7\EC@>&36GjefYEC@G,-,)�R.G�A,\EA,+.C���36>@>@+.C@RIk36A,80C73~'7+.-
�Òk\E-,-I'7+TR.G§+.%0-,+.ChSU-I'7+.C@>@?BA�k3~'7R.G,-,Y�),+.Ca��36>@>@+.C@H�+.-,YE+TG,-,)§)x36H�%('aR.G§+.%0-,+.HÏR.G§-,%0+.),C@%0YE+.-
$&\E8(ZE+.C@A�k368('7%0>*emkG,A,C@+.-zn�t�GjeK$�36>@>@+ � 9�JKG,C@),+.-�R.G�t�-jeÎ36-,Y&),+.>N]�+o36�X>[RlJa+.%a]bG,-,�I'7+<H�%('
YE80+.%0?BA�A,\EA,+.C§Óbk36A,80C73~'7+�YE+.H�+.>@>@+.-zyh36Gje�$�36>@>@+�MPQ�%0>F'<)x36YE+.YE+.-�),+.C<�6\EC@C@+.>@5=\E-,),%0+.C@+.-,),+
+.C@>F'7+<]bG,-,�I'NR.+.A,-,H<368b-,%0+.),C@%0YE+.C�3680>T),+.C�RlJa+.%('7+6n�SUH¹+.%0-�k36A,-,80%0?BA,+.>[$&\E8(ZE+.C@A�k368('7-,%0>*JK%0+
;=+.%½]�+o36��M§R.G�+.C@R.+.G,YE+.-zybH�kG,D6'7+�),+.C£+.C@>F'7+�]bG,-,�I'<36Gje*$�36>@>@+LMPQ2+l'�Jh3�9E�2H<368aA�k\EA,+.C
;=+.%h��	 Q �,MP�HJN> � ��80%0+.YE+.-zn�p*+.CNsU36),%0G,>�+.%0-,+.>N]:36CF'7%0�X80+.>[H�%('�),%0+.>@+.C���36>@>@+.C@RIk36A,80C73~'7+<8�k36YE+
),+.Gj'780%0?BA/kG,;=+.C_���zH&n6rb>d%0>F'bG,-IJh36A,C@>@?BA,+.%0-,80%0?BAzyI)x36DT+.%0-���+.%080?BA,+.-£),%0+.>@+.C_vTCPk\EDE+h),G,C@?BA�),%0+
36+.C@\c)j�c-x36H�%0>@?BA,+�×�%0-,>@+�ef\E�XG,>@>@%0+.CF'4JK%0C@)zn�ÓÒG,H��d+.C@YE80+.%0?BA�"�pT36>TR.GjZE\EC�%0-L),+.C�rb%0>@>@?BA,%0?BAI'
YE+.H�+.>@>@+.-,+L��+.%080?BA,+.-�H�%('�+.%0-,+.C���36>@>@+.C@RIk36A,80C73~'7+2ZE\E- M
	 ' ��MP� J >+� � Ax3~'�+.%0-,+.-�sU36),%0G,>
ZE\E-�+l'�Jh3�MEn ¤��zH&n�{�kG,C�),%0+�),C@+.%dJa+.%('7+.C@+.-�]�+o36�X>N�Òk\E-,-,+.-�$&\E8(ZE+.C@A�k368('7-,%0>@>@+�-,%0?BAI'N>@%0-,-cV
ZE\E808Ò36-,YE+.YE+.;=+.-�Ja+.C@),+.-zy,)x3[),+.Caef+.A,80+.-,),+.-�]�+o36�~36-jeÎ36-,Y�G,-,)§),%0+�>@+.A,ChG,-I'7+.C@>@?BA,%0+.),80%0?BA,+.-
ÓÒ+.%('7�6\E-,>F'B36-I'7+.-/emkG,CU��36>@>@+.CTG,-,)�^j36805=+l'7+.C@>Pk36G,C@+NR.G/+.%0-,+.CTSU-I'7+.C@>@?BA�k3~'7R.G,-,Y&),+.C���36>@>@+.CWV
H�+.-,YE+4;,RlJ4nxR.G�+.%0-,+.C kSU;=+.C@>@?BA�k3~'7R.G,-,Y<ZE\E- )�uC@ D emkG,A,C@+.-zy,Ja\EC736G,>U),+.Gj'780%0?BA�R.G&-,%0+.),C@%0YE+$&\E8(ZE+.C@A�k368('7-,%0>@>@+�C@+.>@G,8('7%0+.C@+.-zn�ga+.%_Ja+.%('7+.C@+.C�+.%0-,YE+.A,+.-,),+.CNt�-x368(�c>@+§),+.C�pT3~'7+.-�R.+.%0Y6'7+<+.>
>@%0?BAzyj)x36D�36G,?BA§%0-,-,+.C@Ax3680;<),+.C½uUtb�aVF^c?BA,%0?BAI'½YECPk\EDE+.C@+*]:36CF'7%0�6+.8Ò+m�j%('7>F'7%0+.CF'7+.-zyj),%0+�+.%0-Lk36A,-cV
80%0?BA,+.>_t�;,�X80%0-,Y6ZE+.C@Ax368('7+.-�R.+.%0YE+.- Ô ]�+o36��3jyI;zyX?6yX)wÕmncp*%0+U]�+o36�X>a?UG,-,)<)�JKG,C@),+.-§36Gje�368080+.-
$�36>@>@+.-�-XG,Ca-,\c?BA<%0H
t�;,�X80%0-,YE+.-�YE+.H�+.>@>@+.-zyj]:36CF'7%0�6+.8=3�G,-,)<;Tq@+.),\c?BA�36Gje�$�36>@>@+NMPQ4G,-,)



OI� �������
	�� ��
�� ������������	�� � �����������! ���

0 10 20 30 40 50 60 70 80 90

1

2

3

4

5

6

7

8

 

 

M
ol

ve
rh

äl
tn

is
 H

2O
:H

N
O

3

Integrationszeit Masse 63 [s] 

 Peak1, Integrationszeit Masse 18: 5s
 Peak1, Integrationszeit Masse 18: 10s
 Peak1, Integrationszeit Masse 18: 15s
 Peak1, Integrationszeit Masse 18: 20s
 Peak1, Integrationszeit Masse 18: 30s
 Peak1, Integrationszeit Masse 18: 40s
 Peak4, Integrationszeit Masse 18: 5s
 Peak4, Integrationszeit Masse 18: 10s
 Peak4, Integrationszeit Masse 18: 15s
 Peak4, Integrationszeit Masse 18: 20s
 Peak4, Integrationszeit Masse 18: 30s
 Peak4, Integrationszeit Masse 18: 40s
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