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7KH FUHDWLRQ DQG UHOD[DWLRQ RI VHFRQGDU\ H[FLWRQV LQ VROLG .U ZHUH LQYHVWLJDWHG XVLQJ

HQHUJ\� DQG WLPH�UHVROYHG OXPLQHVFHQFH VSHFWURVFRS\ LQ YDFXXP XOWUDYLROHW UHJLRQ� 7KH

VSHFWUDOO\ VHOHFWHG OXPLQHVFHQFH RI WKH IUHH H[FLWRQ �)(� ZDV XVHG DV D SUREH IRU VHFRQGDU\

H[FLWRQ FUHDWLRQ� 7KLV ZDV SRVVLEOH GXH WR WKH JRRG ¶TXDOLW\¶ RI WKH VDPSOHV DQG KLJK SXULW\

.U JDV� XVHG IRU VDPSOH JURZWK� VLQFH WKH LQWHQVLW\ RI WKH IUHH H[FLWRQ HPLVVLRQ OLQH LV

H[WUHPHO\ VDPSOH VHQVLWLYH�

)RU WKH ¿UVW WLPH� WLPH�UHVROYHG H[FLWDWLRQ VSHFWUD DQG GHFD\ FXUYHV RI IUHH H[FLWRQ

HPLVVLRQ LQ VROLG .U ZHUH V\VWHPDWLFDOO\ LQYHVWLJDWHG IRU DQ H[FLWDWLRQ H[FHHGLQJ WKH EDQG

JDS HQHUJ\ �XS WR �� H9�� $OVR OXPLQHVFHQFH RI VHOI�WUDSSHG H[FLWRQV ZDV VWXGLHG LQ VROLG

.U XVLQJ WLPH�UHVROYHG PHWKRGV� $GGLWLRQDOO\� KLJK�UHVROXWLRQ UHÀHFWLRQ VSHFWUD ZHUH PHD�

VXUHG DQG D QHZ PHPEHU �Q �� RI WKH H[FLWRQ VHULHV ZDV UHYHDOHG� $ VHULHV RI VDPSOHV ZHUH

JURZQ DQG LQYHVWLJDWHG� GHPRQVWUDWLQJ D JRRG UHSURGXFLELOLW\ RI WKH PDLQ H[SHULPHQWDO UH�

VXOWV�

'HOD\HG HOHFWURQ�KROH UHFRPELQDWLRQ DQG ¶SURPSW¶ �LQ WKH PHDQLQJ RI WKH WLPH�

UHVROXWLRQ RI H[SHULPHQWDO VHW�XS� FUHDWLRQ RI VHFRQGDU\ H[FLWRQV ZHUH VHSDUDWHG XVLQJ WKH

WLPH�UHVROYHG H[SHULPHQWDO WHFKQLTXH� $ GHWDLOHG PRGHO IRU WKH G\QDPLFV RI HOHFWURQ�KROH

UHFRPELQDWLRQ LQWR WKH )( VWDWH ZDV GHYHORSHG� 7KH GHOD\HG FRPSRQHQW RI WKH IUHH H[FLWRQ

GHFD\ FXUYH ZDV UHSURGXFHG ZLWK PRGHO FDOFXODWLRQV LQFOXGLQJ WKHUPDOL]DWLRQ RI WKH FDUUL�

HUV YLD VFDWWHULQJ RQ DFRXVWLF SKRQRQV DQG WKH HIIHFW RI UHFRPELQDWLRQ FURVV�VHFWLRQ� ZKLFK

GHSHQGV RQ WKH DFWXDO FDUULHU WHPSHUDWXUHV� $ UHDVRQDEOH DJUHHPHQW EHWZHHQ H[SHULPHQW

DQG WKHRU\ ZDV IRXQG�

7LPH�UHVROYHG H[FLWDWLRQ VSHFWUD VKRZ WKDW WKH ¶SURPSW¶ FUHDWLRQ RI )( WDNHV SODFH LQ

WKH UHJLRQ DERYH WKH WKUHVKROG �D . � �
����� H9� 7KH VKDSH RI WKH GHFD\ FXUYHV FKDQJHV

VLJQL¿FDQWO\ DERYH WKLV WKUHVKROG DV ZHOO� 7KH H[SHULPHQWDO WKUHVKROG YDOXH LV QHDUO\ HTXDO

WR WKH VXP RI WKH EDQG JDS HQHUJ\ DQG WKH IUHH H[FLWRQ HQHUJ\ �. � �  .� �. � � �� ,Q RUGHU WR

H[SODLQ WKH WKUHVKROG LQ WLPH�UHVROYHG H[FLWDWLRQ VSHFWUD RI ¶SURPSW¶ SURFHVVHV WZR SRVVLELO�

LWLHV DUH GLVFXVVHG� �L� LQHODVWLF VFDWWHULQJ RI WKH HOHFWURQV LQ WKH IUDPHZRUN RI WKH PXOWLSOH�

SDUDEROLF�EUDQFK EDQG PRGHO� DQG �LL� FUHDWLRQ RI WKH HOHFWURQLF SRODURQ FRPSOH[� ¶3URPSW¶

FUHDWLRQ RI H[FLWRQV DERYH . � � LV DVFULEHG WR D VXSHUSRVLWLRQ RI ERWK SURFHVVHV� $W WKUHVKROG

LWVHOI� WKH FUHDWLRQ RI HOHFWURQLF SRODURQ FRPSOH[HV LV WKH GRPLQDQW SURFHVV� ZKLOH DW KLJKHU

H[FLWDWLRQ HQHUJLHV� HOHFWURQ�HOHFWURQ VFDWWHULQJ PD\ GRPLQDWH�



(U]HXJXQJ IUHLHU ([]LWRQHQ LQ IHVWHP .U\SWRQ� XQWHUVXFKW
PLW +LOIH GHU ]HLWDXIJHO|VWHQ /XPLQHV]HQ]VSHNWURVNRSLH

.XU]IDVVXQJ

'LH (U]HXJXQJ XQG 5HOD[DWLRQ VHNXQGlUHU ([]LWRQHQ LQ IHVWHP .U ZXUGH PLWWHOV ]HLW�

XQG HQHUJLHDXIJHO|VWHU /XPLQHV]HQ]VSHNWURVNRSLH LP YDNXXPXOWUDYLROHWWHQ 6SHNWUDOEHUHLFK

XQWHUVXFKW� =XU &KDUDNWHULVLHUXQJ GHU (U]HXJXQJ VHNXQGlUHU ([]LWRQHQ ZXUGH GLH VSHNWUDO

DXVJHZlKOWH /XPLQHV]HQ] GHV IUHLHQ ([]LWRQV �)(� KHUDQJH]RJHQ� 'LHV ZDU DXIJUXQG GHU

KRKHQ 3UREHQTXDOLWlW XQG GHU KRKHQ 5HLQKHLW GHV ]XU 3UREHQSUlSDUDWLRQ YHUZHQGHWHQ .U�

*DVHV P|JOLFK� GD GLH ,QWHQVLWlW GHU IUHLHQ ([]LWRQOLQLH VWDUN YRQ GHU 3UREHQJ�WH DEKlQJW�

=XP HUVWHQ 0DO ZXUGHQ ]HLWDXIJHO|VWH $QUHJXQJVVSHNWUHQ XQG $ENOLQJNXUYHQ GHU )(�

(PLVVLRQ LQ IHVWHP .U I�U $QUHJXQJHQ REHUKDOE GHU %DQGNDQWH �ELV �� H9� V\VWHPDWLVFK

XQWHUVXFKW� =XVlW]OLFK ZXUGH DXFK GLH /XPLQHV]HQ] YRQ ORNDOLVLHUWHQ �¶VHOI�WUDSSHG¶� ([]L�

WRQHQ LQ IHVWHP .U GXUFK ]HLWDXIJHO|VWH 6SHNWURVNRSLH EHWUDFKWHW� :HLWHUKLQ ZXUGHQ KRFK�

DXIJHO|VWH 5HÀH[LRQVVSHNWUHQ JHPHVVHQ XQG GDUDXV HLQ ZHLWHUHV (OHPHQW GHU ([]LWRQHQVH�

ULH �Q �� EHVWLPPW� 'LH 0HVVXQJHQ ZXUGHQ DQ YHUVFKLHGHQHQ 3UREHQ ZLHGHUKROW XQG ]HLJHQ

HLQH JXWH 5HSURGX]LHUEDUNHLW GHU H[SHULPHQWHOOHQ (UJHEQLVVH�

0LWWHOV GHU ]HLWDXIJHO|VWHQ 0H�WHFKQLN NDQQ ]ZLVFKHQ YHU]|JHUWHU (OHNWURQ�/RFK�

5HNRPELQDWLRQ XQG ¶SURPSWHU¶ �LP 5DKPHQ GHU H[SHULPHQWHOOHQ =HLWDXÀ|VXQJ� (U]HXJXQJ

VHNXQGlUHU ([]LWRQHQ XQWHUVFKLHGHQ ZHUGHQ� (V ZXUGH HLQ GHWDLOOLHUWHV 0RGHOO GHU '\QD�

PLN GHU (OHNWURQ�/RFK�5HNRPELQDWLRQ LQ GHQ )(�=XVWDQG DXIJHVWHOOW� 'LH YHU]|JHUWH .RP�

SRQHQWH GHU $ENOLQJNXUYHQ I�U GDV )( ZXUGH PLWWHOV 0RGHOOUHFKQXQJHQ UHSURGX]LHUW� GLH

GLH 7KHUPDOLVLHUXQJ GHU /DGXQJVWUlJHU GXUFK 6WUHXXQJ DQ DNXVWLVFKHQ 3KRQRQHQ EHLQKDOWHQ

XQG GLH $EKlQJLJNHLW GHV :LUNXQJVTXHUVFKQLWWHV GHU 5HNRPELQDWLRQ YRQ GHU /DGXQJVWUl�

JHUWHPSHUDWXU EHU�FNVLFKWLJHQ� 0RGHOOUHFKQXQJHQ XQG H[SHULPHQWHOOH 'DWHQ ZHLVHQ HLQH

JXWH hEHUHLQVWLPPXQJ DXI�

'LH ]HLWDXIJHO|VWHQ $QUHJXQJVVSHNWHQ ]HLJHQ� GD� HLQH ¶SURPSWH¶ (U]HXJXQJ GHV )(

LP %HUHLFK REHUKDOE GHU 6FKZHOOH YRQ �D . � � ����� H9 VWDWW ¿QGHW� 'LHV VSLHJHOW VLFK

HEHQIDOOV LQ GHU YHUlQGHUWHQ )RUP GHU $ENOLQJNXUYHQ REHUKDOE GHU 6FKZHOOH ZLGHU� 'HU H[�

SHULPHQWHOOH 6FKZHOOHQZHUW HQWVSULFKW QDKH]X GHU 6XPPH GHU %DQGO�FNHQHQHUJLH XQG GHU

(QHUJLH GHV )( �. � �  .� �. � � �� =XU (UNOlUXQJ GLHVHV 6FKZHOOHQZHUWHV ZHUGHQ ]ZHL 0RGHO�

OH GLVNXWLHUW� �L� LQHODVWLVFKH 6WUHXXQJ GHU (OHNWURQHQ LP 5DKPHQ GHV ¶PXOWLSOH�SDUDEROLF�

EUDQFK EDQG¶ 0RGHOOV� XQG �LL� (U]HXJXQJ GHV HOHNWURQLVFKHQ 3RODURQ�.RPSOH[HV� 'LH

¶SURPSWH¶ (U]HXJXQJ YRQ ([]LWRQHQ REHUKDOE YRQ . � � ZLUG HLQHU hEHUODJHUXQJ DXV EHL�

GHQ 3UR]HVVHQ ]XJHRUGQHW� 1DKH DQ GHU 6FKZHOOH LVW GLH (U]HXJXQJ GHV HOHNWURQLVFKHQ

3RODURQ�.RPSOH[HV GHU GRPLQDQWH 3UR]HVV� ZlKUHQG (OHNWURQ�(OHNWURQ�6WUHXXQJ EHL K|KH�

UHQ $QUHJXQJVHQHUJLHQ �EHUZLHJHQ N|QQWH�


