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��
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�����
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��
��
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�
����
�

5 �
�Vl

�Vl ��VlF

,?-0.

#���
� 5���
� ��� 5 V 9-90 ��� 9-0 
�����
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�3�3� =�	
5;
�	���
'������	
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��
� ���� ����>��
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��
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���
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���
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��
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�����
� �������
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0 µm 170 µm

2000 nm

8200 nm

100 µm

50 µm
0 µm 44 µm

200 nm

933 nm

50 µm

0 µm 49 µm

287 nm

1149 nm

8��- ?-24 C�
�<
��
��������
� ,A������������	! 8�<����. ��� ,9990.���( ���
8� �%���
� ,%���
���
��
. ��� 5��K��
����� ,�
����. �� 8��
�����
�� ���
�
� :�
��������
��
����� ,�-�-�-�- 5 V 9! 5 V 9-90! 5 V 9-0.
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�
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� ���������� �T ���
&
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�����
� �� � 0999 �& 
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����
�������
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���
��
�
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����� ���
����� #���
 ,��-
0999 �5�.! #��� ��� ��� @���������
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� &����	��� ����
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50 µm

8��- ?-094 C�
�<
��
 ,A������������	! 8�<����. �
#����
� ��� �E���
��
� /
��
,5 V 9! 809920.
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� %
�
���
 ��������
�� #
��
�!
��
 ���� �
�� �������� ���#
��
�- +�
 �� 8��- ?-2 ��� 5 V 9 �
�
��
�
� &
�����
�
�
��
� �
��#
��
 
�� �
�� ����
 A
��
 ,� 09 ��. ��� ���
� ����
� ,� 7 ��.- 8��
�

5��>�>	
 #���
� ����� �
������
�- +�
� ���
��� �� *
�
����� ��� (�+ �� ��
�
�!
#� ������� 3(�)���������
 �� %
���
�������
�
��
� �
������
� #���
� ����- 8��
'�����
� ���� ��
 ���
�����
�����
� @���������
�	
�����
� ��� ��� ���
�����
�����

��G(��
��
����� �� �
�
�-

%
�� O�
����� ��� :�
�����
���� ��� ���O�
������ #��� ���� �
� ��� ��� /���
�����#������� �������
�
 ����
�<�� 
���
��- +�
 ����
� ���� �
�� ��
����
��� ���
��
 �6�
����
�
�� �
��
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� ���� �6�
�
� ���O�
������ ,5 V 9-0. #��� ��
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^4` G1 Krejrrg/ P1 Eudg|/ Z1Eul{lxv/ J1 Ihfknr/ U1 Jodvv/ G1 Khqvkdoo/ M1 Mhqq|/ U1 Ohr0

qdug/ G1 Pdowd/ Vw1J1 Pÿoohu/ Y1 Wvyhwnry xqg F1 Fduwhu Mu1/ Pdwhu1 Vfl1 Iruxp

66;0675 +5333, 61

^5` K1M1 Urxqg/ Hohfwulfdo Zruog 4< +4<3:, 63<1

^6` G1M1 Odunlq/ S1J1 Qhxghfn/ M1D1 Srzhoo xqg O1J1 Pdwxv/ Lqvw1 Sk|v1 Frqi1 Vhu1 46:

+4<<7, 841

^7` K1 Pdwvxqdpl xqg W1 Nlprwr/ Pdw1 Vfl1 Hqjlqhhu1 U 53 +4<<:, 4581

^8` S1J1 Qhxghfn/ Lqvw1 Sk|v1 Frqi1 Vhu1 474 +4<<7, 41

^9` D1Z1 Eulqnpdq xqg M1 Fduohv/ Surj1 Fu|vwdo Jurzwk dqg Fkdudfw1 6: +4<<;, 49<1

^:` P1P1 Idnwru xqg L1 Jduuhww= Jurzwk ri Fu|vwdov iurp wkh Ydsrxu +Fkdspdq dqg Kdoo/

Orqgrq/ 4<:7,1

^;` H1 Ndoglv xqg P1 Slhfkrwnd= Exon Fu|vwdo Jurzwk e| Sk|vlfdo Ydsrxu Wudqvsruw/ lq=

Kdqgerrn ri Fu|vwdo Jurzwk Eg1 5E +Hovhylhu Vflhqfh E1Y1/ Dpvwhugdp/ 4<<7,1

^<` N10Wk1 Zlonh= Nulvwdoo}ÿfkwxqj +YHE Ghxwvfkhu Yhuodj ghu Zlvvhqvfkdiwhq/ Ehuolq/

4<;;,1

^43` N1 Norvvh xqg S1 Xoohuvpd/ M1 Fu|vw1 Jurzwk 4; +4<:6, 49:1

^44` M1 Vwhidq/ Dqq1 Sk|v1 Fkhp1 4: +4;<3, 8831

^45` H1 Edxvhu xqg K1S1 Vwuxqn/ M1 Fu|vw1 Jurzwk 9< +4<;7, 8941

^46` M1 Ehu}holxv/ Dqq1 Sk|v1 4 +4;57, 49<1

^47` H1J1 Dfkhvrq/ Hqjo1 Sdwhqw 4:<44 +4;<5,1

^48` K1 Prlvvdq/ F1 U1 Dfdg1 Vfl1 Sdulv 473 +4<38, 7381

^49` H1K1S1 Zhfkw= Ihxhuihvw0Vlolflxpfduelg/ lq= Dssolhg Plqhudorj| Eg1 44 +Vsulqjhu0

Yhuodj/ 4<::,1

^4:` J1O1 Kduulv +Kuvj1,= Surshuwlhv ri Vlolfrq Fduelgh HPLV Gdwduhylhzv Vhulhv Qr1 46

+LQVSHF/ Wkh Lqvwlwxwlrq ri Hohfwulfdo Hqjlqhhuv/ Orqgrq/ XN/ 4<<8,1

^4;` N1 Fkulvwldqvhq/ V1 Fkulvwldqvhq/ K1S1 Vwuxqn xqg U1 Khoelj/ Pdwhu1 Vfl1 Iruxp 66;0

675 +5333, 4<61

^4<` W1E1 Pdvvdovnl/ Exoo1 Door| Skdvh Gldjudpv 8 +4<;7,1
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^53` K1 Noh|ndps xqg J1 Vfkxpdfkhu/ Ehu1 Exqvhqjhv1 Sk|v1 Fkhp1 <: +4<<6, :<<1

^54` K1 yrq ]hssholq/ Vfkzhl}1 Dufk1 67 +4<9;, 4<1

^55` Hohnwurvfkpho}zhun Nhpswhq JpeK1

^56` M1D1 Oho|/ Ehu1 Gw1 Nhu1 Jhv1 65 +4<88, 55<1

^57` Z1I1 Nqlsshqehuj/ Sklolsv Uhv1 Uhs1 4; +4<96, 4941

^58` G1 Oxqgtxlvw/ Dfwd fkhp1 vfdqg1 5 +4<7;, 4::1

^59` F1M1 Ndswh|qv xqg Z1I1 Nqlsshqehuj/ M1 Fu|vw1 Jurzwk : +4<:3, 531

^5:` N1 Jloohvhq xqg Z1Y1 Pÿqfk/ M1 Fu|vw1 Jurzwk 4< +4<:6, 5961

^5;` P1 V|yçmçuyl/ U1 \dnlpryd/ K1K1 Udgdpvrq/ Q1W1 Vrq/ T1 Zdkde/ L1J1 Lydqry xqg

H1 Mdq}hq/ M1 Fu|vw1 Jurzwk 4<: +4<<<, 47:1

^5<` \x1P1 Wdlury xqg Y1I1 Wvyhwnry/ M1 Fu|vw1 Jurzwk 76 +4<:;, 53<1

^63` U1P1 Srwwhu xqg M1K1 Vdwwhoh/ M1 Fu|vw1 Jurzwk 45 +4<:5, 5781

^64` \x1P1 Wdlury= Jurzwk ri Vlolfrq Fduelgh Fu|vwdov/ lq= Jurzwk ri Fu|vwdov Eg1 9E

+Frqvxowdqwv Exuhdx/ Qhz \run/ 4<9;, V1 47�4; D1

^65` J1 ]lhjohu/ S1 Odqlj/ G1 Wkhlv xqg F1 Zh|ulfk/ LHHH Wudqv1 Hohfwurq Ghy1 63 +4<;6,

5::1

^66` \x1P1 Wdlury/ Pdw1 Vfl1 Hqjlqhhu1 E 5< +4<<8, ;61

^67` \x1P1 Wdlury xqg Y1I1 Wvyhwnry/ M1 Fu|vw1 Jurzwk 85 +4<;4, 4791

^68` G1 Kripdqq/ V1\x1 Ndusry/ \x1Q1 Pdndury/ H1Q1 Prnkry/ P1J1 Udpp/ P1V1 Udpp/

D1G1 Urhqnry xqg \x1D1 Yrgdnry/ Lqvw1 Sk|v1 Frqi1 Vhu1 475 +4<<9, 5<1

^69` \x1D1 Yrgdnry/ D1G1 Urhqnry/ P1J1 Udpp/ H1Q1 Prnkry xqg \x1Q1 Pdndury/ sk|v1

vwdw1 vro1 e 535 +4<<:, 4::1

^6:` \x1H1 Hjrury/ D1R1 Jdo|xnry/ V1J1 Jxuhylfk/ \x1Q1 Pdndury/ H1Q1 Prnkry/ P1J1

Udpp/ D1G1 Urhqnry/ D1V1 Vhjdo/ \x1D1 Yrgdnry/ D1Q1 Yrure*hy xqg D1L1 ]kpdnlq/

Pdw1 Vfl1 Iruxp 597059; +4<<;, 941

^6;` V1N1 Olory/ Gldp1 Uhodw1 Pdwhu1 7 +4<<8, 46641

^6<` F1 Fkdwloorq/ Sk1 Urfderlv xqg F1 Ehuqdug/ Nh| Hqjlqhhu1 Pdwhu1 4650469 +4<<:,

4<871

^73` U1J1 Ehkuhqv xqg J1K1 Ulqhkduw/ Surf1 43wk Pdwhu 1Uhv1 V|ps1 rq Fkdudfw1 ri Kljk

Whps1 Ydsruv dqg Jdvhv +4<:;, 4581

^74` N1 Fkrxurx/ P1 Dqlnlq/ M1P1 Eoxhw/ M1P1 Ghgxooh/ U1 Pdgdu/ P1 Srqv/ H1 Eodqtxhw/

F1 Ehuqdug/ S1 Jurvvh/ F1 Idxuh/ J1 Edvvhw xqg \1 Judqjh/ Pdw1 Vfl1 Hqjlqhhu1 E

94095 +4<<<, ;51

^75` H1N1 Vdqfkh}/ Y1G1 Kh|ghpdqq/ G1Z1 Vq|ghu/ J1V1 Urkuhu xqg P1 Vnrzurqvnl/ Pdwhu1

Vfl1 Iruxp 66;0675 +5333, 881

^76` H1N1 Vdqfkh}/ W1 Nxku/ Y1G1 Kh|ghpdqq/ G1Z1 Vq|ghu/ J1V1 Urkuhu xqg P1 Vnrzurq0

vnl/ M1 Hohfwurq1 Pdwhu1 5< +5333, 67:1

09�
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^77` P1 Wxrplqhq/ U1 \dnlpryd/ D1 Yhkdqhq xqg H1 Mdq}hq/ Pdw1 Vfl1 Hqjlqhhu1 E 8:

+4<<<, 55;1

^78` U1D1 Vwhlq/ Sk|vlfd E 4;8 +4<<6, 5441

^79` W1 Pÿoohu/ G1 Vfkxo}/ V1 Nlwdqry xqg H1 Exkulj/ EULGJH/ ]hlvw/ Qhwkhuodqg +4<<;,1

^7:` Vw1J1 Pÿoohu/ M1 Iulfnh/ G1 Kripdqq/ U1 Kruq/ R1 Qlovvrq xqg E1 Uh{hu/ Pdwhu1 Vfl1

Iruxp 66;0675 +5333, 761

^7;` Z1 Eodqnh +Kuvj1,= Wkhuprsk|vlndolvfkh Vwr�juù�hq +Vsulqjhu 0Yhuodj/ 4<;<,1

^7<` M1 Gurzduw/ J1 Gh Pduld xqg P1J1 Lqjkudp/ M1 Fkhp1 Sk|v1 5< +4<8;, 43481

^83` S1 Urfderlv/ F1 Fkdwloorq xqg F1 Ehuqdug/ Kljk Whps10Kljk Suhvv1 5:25; +4<<82<9,

61

^84` R1 Ux� xqg P1 Nrqvfkdn/ ]1 i1 Hohnwurfkhp1 65 +4<59, 8481

^85` M1 Gurzduw xqg J1 GhPduld= Wkhuprg|qdplf Vwxg| ri wkh Elqdu| V|vwhp Fduerq0

Vlolfrq Xvlqj d Pdvv Vshfwurphwhu lq= Vlolfrq Fduelgh D Kljk Whpshudwxuh Vhplfrq0

gxfwru +Shujdprq Suhvv/ R{irug/ Orqgrq/ Qhz \run/ Sdulv/ 4<93,1

^86` V1 Qlvklqr/ W1 Kljdvklqr/ W1 Wdqdnd xqg M1 Vdudlh/ M1 Fu|vw1 Jurzwk 47: +4<<8, 66<1

^87` V1 Urkpihog/ P1 Kxqgkdxvhq/ O1 Oh|/ Q1 Vfkxo}h xqg J1 Shqvo/ Pdwhu1 Vfl1 Iruxp

66;0675 +5333, 8:<1

^88` G1O1 Eduuhww/ U1J1 Vhlghqvwlfnhu/ Z1 Jdlgd/ U1K1 Krsnlqv xqg Z1M1 Fkr|nh/ M1 Fu|vw1

Jurzwk 43< +4<<4, 4:1

^89` G1O1 Eduuhww/ M1S1 PfKxjk/ K1P1 Krejrrg/ U1K1 Krsnlqv/ S1J1 PfPxoolq/ U1F1 Fodunh

xqg Z1M1 Fkr|nh/ M1 Fu|vw1 Jurzwk 45; +4<<6, 68;1

^8:` Y1I1 Wvyhwnry/ G1Q1 Khqvkdoo/ P1I1 Eudg|/ U1F1 Jodvv xqg F1K1 Fduwhu Mu1/ Pdw1 Uhv1

Vrf1 V|ps1 Surf1 845 +4<<;, 78:1

^8;` \x1D1 Yrgdnry/ H1Q1 Prnkry/ P1J1 Udpp xqg D1G1 Urhqnry/ Nulvw1 xqg Whfkqln

47 +4<:<, :5<1

^8<` D1R1 Nrqvwdqwlqry= Vxeolpdwlrq Jurzwk ri VlF Surshuwlhv ri Vlolfrq Fduelgh +LQ0

VSHF/ Orqgrq/ 4<<8, V1 4:3�5361

^93` U1F1 Uhlg/ M1P1 Sudxvqlw} xqg E1H1 Srolqj= Wkh Surshuwlhv ri Oltxlgv dqg Jdvhv

+PfJudz0Kloo/ Lqf1/ Qhz \run/ 4<;:,1

^94` H1U1 Jloolodqg/ Lqgxvwu1 Hqjlqhhu1 Fkhp1 59 +4<67, 9;41

^95` H1N1 Vdqfkh}/ W1D1 Nxku/ J1V1 Urkuhu/ P1 Vnrzurqvnl/ Y1G1 Kh|ghpdqq xqg G1Z1

Vq|ghu/ LFVFUP +4<<<,1

^96` L1 Jdufrq/ D1 Urxdxow/ P1 Dqlnlq/ F1 Mdxvvdxg xqg U1 Pdgdu/ Pdw1 Vfl1 Hqjlqhhu1 E

5< +4<<8, <31

^97` P1P1 Dqlnlq/ U1 Pdgdu/ D1 Urxdxow/ L1 Jdufrq/ O1 GlFlrfflr/ M1O1 Urehuw/ M1 Fdpdvvho

xqg M1P1 Eoxhw/ Lqvw1 Sk|v1 Frqi1 Vhu1 475 +4<<9, 661

091



A$&)B8&'B�)B@)$(�"$�

^98` E1 Sholvvlhu/ F1 Prxolq/ H1 Shuqrw/ P1 Dqlnlq/ S1 Jurvvh/ F1 Idxuh/ E1 Ihuudqg/

P1 Frxfkdxg/ J1 Edvvhw xqg U1 Pdgdu/ Pdwhu1 Vfl1 Iruxp 66;0675 +5333, 7:1

^99` Y1 Khlqh/ F1 Fkhqj xqg U1M1 Qhhgv/ M1 Dp1 Fhudp1 Vrf1 :7 +4<<4, 59631

^9:` O1 Pxhkokr�/ Z1M1 Fkr|nh/ P1M1 Er}dfn xqg M1W1 \dwhv Mu1/ M1 Dsso1 Sk|v1 93 +4<;9,

5;751

^9;` N1Z1 Eu|dqw xqg P1M1 Er}dfn/ Pdwhu1 Vfl1 Iruxp 66;0675 +4<<<, 6681

^9<` S1 Pduwhqvvrq/ I1 Rzpdq xqg O1L1 Mrkdqvvrq/ sk|v1 vwdw1 vro1 e 535 +4<<:, 8341

^:3` P1 Vdvdnl/ \1 Qlvklr/ V1 Qlvklqr/ V1 Qdndvklpd xqg K1 Kdulpd/ LFVFLLL0Q +4<<:,1

^:4` \1 Lqrpdwd/ M1 Fu|vw1 Jurzwk 45 +4<:5, 8:1

^:5` J1 Zdjqhu xqg M1 Grhuvfkho/ Dphulfdq Frqihuhqfh rq Fu|vwdo Jurzwk dqg Hslwd{|044

+4<<<,1

^:6` I1 Rzpdq/ F1 Kdoolq/ S1 Pduwhqvvrq xqg H1 Mdq}hq/ M1 Fu|vw1 Jurzwk 49: +4<<9, 6<41

^:7` Y1 Udpdfkdqgudq/ P1I1 Eudg|/ D1U1 Vplwk/ U1P1 Ihhqvwud xqg G1Z1 Juhyh/ M1 Hohf0

wurq1 Pdwhu1 5: +4<<;, 63;1

^:8` M1D1 Srzhoo xqg G1M1 Odunlq/ sk|v1 vwdw1 vro1 e 535 +4<<:, 85<1

^:9` M1 Grhuvfkho/ J1 Zdjqhu xqg X1 Mxgd/ 431 Wdjxqj iÿu Ihvwnùushudqdo|wln/ Zlhq /

Dxvwuld +810:1:1 4<<<,1

^::` Z1 yrq Pÿqfk xqg L1 Sid�hqhghu/ M1 Hohfwurfkhp1 Vrf1 455 +4<:8, 9751

^:;` Y1G1 Kh|ghpdqq/ H1N1 Vdqfkh}/ J1V1 Urkuhu xqg P1 Vnrzurqvnl/ Pdwhu1 Uhv1 Vrf1

V|ps1 Surf1 7;6 +4<<;, 5<81

^:<` P1 V|yçmçuyl= Kljk Jurzwk Udwh Hslwd{| ri VlF= Jurzwk Surfhvv dqg Vwuxfwxudo Txd0

olw|/ Glvvhuwdwlrq +4<<<,/ Olqnùslqj Xqlyhuvlw|/ Vzhghq1

^;3` W1 Nlprwr/ D1 Lwrk xqg K1 Pdwvxqdpl/ Dsso1 Sk|v1 Ohww1 99 +4<<8, 69781

^;4` V1 Qlvklqr/ N1 Pdwvxprwr/ W1 \rvklgd/ \1 Fkhq xqg V1N1 Olory/ Pdw1 Vfl1 Hqjlqhhu1

E 94095 +4<<<, 4541

^;5` K1Q1 Md|dwluwkd/ P1J1 Vshqfhu/ F1 Wd|oru xqg Z1 Juhj/ M1 Fu|vw1 Jurzwk 4:7 +4<<:,

9951

^;6` G1 Vfkxo}/ J1 Zdjqhu/ M1 Grooh/ N1 Lupvfkhu/ W1 Pÿoohu/ K10M1 Urvw/ G1 Vlfkh xqg

M1 Zroozhehu/ M1 Fu|vw1 Jurzwk 4<;24<< +4<<<, 43571

^;7` Y1G1 Kh|ghpdqq= Vxeolpdwlrqv}ÿfkwxqj xqg Fkdudnwhulvlhuxqjyrq 7K0 xqg 9K0

Vlolflxpnduelg0Hlqnulvwdoohq/ Glvvhuwdwlrq +4<<9,/ Iulhgulfk0Doh{dqghu0Xqlyhuvlwçw

Huodqjhq0Qÿuqehuj1

^;8` G1M1 Odunlq/ Lqvw1 Frqi1 Sk|v1 Vhu1 475 +4<<9, 561

^;9` K1K1 Zrrgexu| xqg J1Z1 Oxgzlj/ Sk|v1 Uhy1 457 +4<94, 43;61

^;:` Z1 Jùw}/ D1 Vfkùqhu/ J1 Shqvo/ Z1 Vxwwurs/ Z1M1 Fkr|nh/ U1 Vwhlq xqg V1 Ohlehq}hghu/

M1 Dsso1 Sk|v1 :6 +4<<6, 66551

09;
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^;;` V1N1 Olory/ \x1P1 Wdlury/ Y1I1 Wvyhwnry xqg E1I1 \xglq/ M1 Fu|vw1 Jurzwk 73 +4<::,

8<1

^;<` Q1 Rkwdql/ P1 Ndwvxqr/ M1 Wdndkdvkl/ K1 \dvklur/ P1 Ndqd|d xqg V1 Vklqr|dpd/

Pdwhu1 Vfl1 Iruxp 597059; +4<<;, 7<1

^<3` U1D1 Vwhlq/ S1 Odqlj xqg V1 Ohlehq}hghu/ Pdw1 Vfl1 Hqjlqhhu1 E 44 +4<<5, 9<1

^<4` M1 Wdndkdvkl/ Q1 Rkwdql xqg P1 Ndqd|d/ Msq1 M1 Dsso1 Sk|v1 67 +4<<8, 79<71

^<5` M1 Wdndkdvkl/ P1 Ndqd|d xqg \1 Ixmlzdud/ M1 Fu|vw1 Jurzwk 468 +4<<7, 941

^<6` N1 Rqrxh/ Msq1 M1 Dsso1 Sk|v1 68 +4<<9, 55731

^<7` W1 Nlprwr/ D1 Lwrk xqg K1 Pdwvxqdpl/ Dsso1 Sk|v1 Ohww1 9: +4<<8, 56;81

^<8` J1 Dxjxvwlqh/ K1PfG1 Krejrrg/ Y1 Edodnulvkqd/ J1 Gxqqh xqg U1K1 Krsnlqv/ sk|v1

vwdw1 vro e 535 +4<<:, 46:1

^<9` U1F1 Jodvv/ G1 Khqvkdoo/ Y1I1 Wvyhwnry xqg F1K1 Fduwhu Mu1/ sk|v1 vwdw1 vro1 e 535

+4<<:, 47<1

^<:` L1 Odqjpxlu/ M1 Dp1 Vrf1 67 +4<45, ;:71

^<;` Jpholqv Kdqgexfk ghu Dqrujdqlvfkhq Fkhplh Eg1 7 +Yhuodj Fkhplh JpeK/Zhlqkhlp

xqg Ehuolq/ 4<88,1

^<<` Q1 Rkwdql/ P1 Ndwvxqr/ M1 Wdndkdvkl/ K1 \dvklur xqg P1 Ndqd|d/ M1 Dsso1 Sk|v1 ;6

+4<<;, 77;:1
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