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��� 'OD� SRGDQHJR� QXPHUX� ]DGDQLD� �SRSU]HF]Q\� SU]HNUyM� NV]WDáWRZQLND� ]� SRGDQ\P� RGFLQNLHP� MHGQRVWNRZ\P� GR� VNDORZDQLD��
RGF]\WDü�]H� VWURQ\�LQWHUQHWRZHM� ZZZ�SSP�DJK�HGX�SO�
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QDVW SQLH�Z�JUXSLH�SU]HGPLRWX�� 6\VWHP\�&$'�&$0��
Z\EUDü�SROH� 'DQH� ]DG�� ,,,� %�7�� ]DZLHUDM FH� WDEOLFRZH� ]HVWDZLHQLH� ILJXU� UHSUH]HQWXM F\FK�
SU]HNURMH�NV]WDáWRZQLNyZ���Z\EUDü�RGSRZLHGQL��VZyM��QXPHU�L�VNRSLRZDü���� 1D�SLHUZV]H�]DM FLD�SU]\JRWRZDü�V]NLF�ILJXU\�]�SURSR]\FM MHM�Z\PLDURZDQLD ����

�=$'$1,(�1U������3URJUDP�$XWR&$'
2SUDFRZDQLH�SURMHNWX�JUDILF]QHJR� Z\W\SRZDQHJR� QDU] G]LD� GR� UHDOL]DFML� SURFHVyZ�SU]HUyENL� SODVW\F]QHM� �� FL JDGáR�

NV]WDáWRZH�GR�FL JQLHQLD�SUHF\]\MQ\FK�SURILOL�NV]WDáWRZ\FK�OXE�PDWU\FD�GR�LFK Z\FLVNDQLD�
'DQ\� MHVW� ]DU\V� SRSU]HF]QHJR� SU]HNURMX� NV]WDáWRZQLND� �Z\UyE� JRWRZ\�� ]� RGFLQNLHP� MHGQRVWNRZ\P� 3R]RVWDáH� Z\PLDU\� GREUDü�SRSU]H]�Z]JO GQ ORNDOL]DFM RELHNWyZ�JUDILF]Q\FK��]DFKRZXM F NV]WDáW�RUD]�FHFK\�FKDUDNWHU\VW\F]QH�SU]HNURMX��SURPLHQLH��ID]\��VNRV\���'R�

NRQVWUXNFML�NV]WDáWX�U\VXQNX��'�Z\NRU]\VWDü�PHWRG ZHNWRU\]DFML�RELHNWyZ�JUDILF]Q\FK����� 8WZRU]HQLH�ZáDVQHJR�U\VXQNX�SURWRW\SRZHJR��
�����=�RNQD�Ä$XWR&$'������QD�G]L ´ RWZRU]\ü�]DNáDGN Ä8WZyU]�U\VXQNL´��
�����:\EUDü�Ä8 \M�VWDQGDUGX´� ��Z\EUDü�Ä0HWU\F]QH´�MDNR�MHGQRVWNL�SRGVWDZRZH�]�XVWDZLHQLHP�VWDQGDUGRZ\FK�ZDUWR FL�]PLHQQ\FK�V\VWHPRZ\FK���
�����:�REV]DU]H�PRGHOX�RNUH OLü�JUDQLFH�REV]DUX�SUDF\�GOD�IRUPDWX�$���3ROHFHQLH��JUDQLFH�
�����:\EUDü� ]DNáDGN GOD� $UNXV]D� �� L� Z� RNQLH� GLDORJRZ\P� Ä8VWDZLHQLD� VWURQ\´� GOD� $UNXV]D� �� Z\EUDü� ]DNáDGN

Ä8U] G]HQLH�GUXNXM FH´�±�XVWDZLü�.RQILJXUDFM SORWHUD�L�Z\EUDü�RGSRZLHGQL 7DEOLF VW\OyZ�Z\GUXNX��DFDG�FWE��
�����:\EUDü� ]DNáDGN Ä8VWDZLHQLH� DUNXV]D´� ±� XVWDZLü� 5R]PLDU� SDSLHUX� �$�� �������� ±� ]ZUyFLü� XZDJ QD� REV]DU�

PR OLZHJR�Z\GUXNX��3U]\M ü QD�SRF] WNX�VNDO ���� 3U]\MPXMH�VL � ��MHGQRVWND�U\VXQNX� ���PP���
R 6SUDZG]Lü�XVWDZLHQLH�L�G]LDáDQLH��VLDWNL�L�VNRNX���SROHFHQLD��VLDWND����VNRN� �Z�REV]DU]H�SDSLHUX�L�PRGHOX����WáD� L�SURILOX�HNUDQX� �UR]PLHV]F]HQLH� LNRQ�SRPRFQLF]\FK��� IRUPDWX� L�GRNáDGQR FL�]DSLVX� OLF]E��VSRVyE�]DSLVX��

L ]ZURWX�PLHU]RQ\FK�N WyZ���SROHFHQLH��MHGQ����
������8VWDZLHQLH��:DUVWZ� 1$=:$ .2/25 52'=��/,1,,

�� �� � ��ELDá\� � ��FRQWLQXRXV��EH]�HG\FML��
� .RQVWUXNFMD� � ILROHWRZ\� ��FRQWLQXRXV�
� :\PLDU\� � ]LHORQ\� ��FRQWLQXRXV�
� 5DPNDBWDE� ��QLHELHVNL� ��FRQWLQXRXV�
� 2SLV� ��Eá NLWQ\� ��FRQWLQXRXV�
� 2VBV\PHWULL� �� yáW\� ��FHQWHU��
� 3RPRF� � yáW\� � ��FRQWLQXRXV�
� 5\VBMSJ� �� yáW\� ��FRQWLQXRXV��
� 5]XWQLH� � � yáW\� ��FRQWLQXRXV������:�REV]HU]H�SDSLHUX��Z\EyU�]DNáDGNL�$UNXV]��� QD�ZDUVWZLH�5DPNDBWDE� QDU\VRZDü�SRGZyMQ UDPN GOD�IRUPDWX�$��

�XZ]JO GQLDM F REV]DU�PR OLZHJR�Z\GUXNX� L�XWZRU]\ü�ZáDVQ WDEHON ] SURSRQRZDQ\P�RSLVHP�
����� :�REV]DU]H�SDSLHUX�XWZRU]\ü�GZLH�U]XWQLH��P�U��:LGRN�±�5]XWQLH�±���U]XWQLH�
������ �8VWDZLü���6W\O�Z\PLDURZDQLD� 6W\O��WHNVWX��GRELHUDM F Z\VRNR ü SURSRUFMRQDOQLH�GR�ZLHONR FL�RNQD�
JUDILF]QHJR���6W\O�SXQNWX�±��PHQX�UR]ZLMDOQH�)RUPDW��
������:\NRQDQH�XVWDZLHQLD�]DSLVDü�Z�]ELRU]H�U\VXQNX�SURWRW\SRZHJR�]�UR]V]HU]HQLHP�6]DEORQX�U\VXQNX�$XWR&$'���GZW� SRG�QD]Z � 5\VXQHN�SURWRW\SRZ\��VZRMH�LQLFMDá\��GZW��P�U���3OLN�±�=DSLV]�MDNR����

��� 2WZRU]\ü�1RZ\� ]ELyU� QD� ED]LH� ZáDVQHJR� U\VXQNX� SURWRW\SRZHJR�� �1RZ\� ±�$XWR&$'� ������ QD� G]L ± ]DNáDGND�
8WZyU]�U\VXQHN�±�Z\EyU�6]DEORQ�±�ZF]\WDü�]�OLVW�V]DEORQyZ�VZyM�Z]yU�U\VXQNX�SURWRW\SRZHJR�

��� :\EUDü�REV]DU�PRGHOX ± ]DNáDGND�0RGHO� ��:VWDZLü� VNRSLRZDQ\� REUD]� UDVWURZ\� �QU�MSJ� GR�SU]\JRWRZDQHJR� U\VXQNX�
SURWRW\SRZHJR��ZDUVWZD��5\VBMSJ��� �PHQX�UR]ZLMDOQH��:VWDZ���2EUD]�UDVWURZ\�� =DáR \ü�]ELyU�5\V��GZJ���

��� 6NDORZDQLH�U\VXQNX�QD�ED]LH�RGFLQND�MHGQRVWNRZHJR��PHQX�UR]ZLMDOQH��=PLDQD���6NDOD����
%D]XM F QD� Z\NRQDQ\P� V]NLFX SU]HNURMX� NV]WDáWRZQLND� ]� QDQLHVLRQ\PL� QLH]E GQ\PL�� NRQLHF]Q\PL� Z\PLDUDPL� EH]�SRGDZDQLD�LFK�ZDUWR FL��GRNRQDü�ZHNWRU\]DFML�RELHNWyZ�JUDILF]Q\FK��

��� 8SURV]F]RQD�ZHNWRU\]DFMD� RELHNWyZ� JUDILF]Q\FK� �SDWU]�$G��� QD� ED]LH� ZSURZDG]RQHJR� REUD]X� UDVWURZHJR�=DVWRVRZDü�RJyOQH�]DVDG\� ORNDOL]DFML� L�RNUH OHQLD�ZLHONR FL�GOD� Uy Q\FK�RELHNWyZ�JUDILF]Q\FK�� �2EU\VRZDQLH�SU]HNURMX�NV]WDáWRZQLND� OLQLDPL� NRQWXURZ\PL� GOD� ]PLHU]RQ\FK� L�VNRU\JRZDQ\FK� RGOHJáR FL�� SRFK\OH � SURPLHQL� áXNyZ�
NRQVWUXNF\MQ\FK�L�SURPLHQL�]DRNU JOH ���
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x $G��� 2JyOQH� ]DVDG\� ORNDOL]DFML� L� RNUH ODQLD� ZLHONR FL� GOD� RELHNWyZ� JUDILF]Q\FK� SU]\� VWRVRZDQLX� XSURV]F]RQHM�

ZHNWRU\]DFML�REUD]yZ�UDVWURZ\FK���
��� 8VWDOHQLH�ZDUWR FL�SURPLHQL�NRQVWUXNF\MQ\FK�GOD�Z\VW SXM F\FK�QD�RELHNFLH�NU]\ZL]Q��PHQX�UR]ZLMDOQH��5\VXM���àXN�

� ��SXQNW\� VSUDZG]HQLH�����OLVWD������� /RNDOL]DFMD� ZVSyáU] GQ\FK� URGNyZ� SURPLHQL� NRQVWUXNF\MQ\FK� �� �WU\E\� ORNDOL]DFML��� ZVWDZLHQLH� SXQNWyZ�� PHQX�
UR]ZLMDOQH��5\VXM���3XQNW���� 1DáR HQLH��REU\VRZDQLH��NU]\ZL]Q�áXNDPL�OXE�RNU JDPL�]�SU]\M W\PL��]DáR RQ\PL��ZDUWR FLDPL�SURPLHQL���
� SU]\M ü QDVW SXM FH� ]DáR HQLD�� ZDUWR FL� Z\PLDUyZ� QRPLQDOQ\FK� PRJ ]PLHQLDü� VL Z ]DNUHVLH� GR� r���PP�Z VWRVXQNX� GR� ZDUWR FL� Z\PLDUX� ]PLHU]RQHJR�� GRNáDGQR ü ]DáR RQHJR� Z\PLDUX� QRPLQDOQHJR� SU]\MPXMHP\�
PDNV\PDOQLH�GR�MHGQHM�F\IU\�SR�NURSFH�G]LHVL WQHM�����PP�������� 8VWDOHQLH�Z]DMHPQHJR�SRáR HQLD� URGNyZ�NU]\ZL]Q��]PLDQ\�ZDUWR FL�L�SU]\M WD�GRNáDGQR ü M�Z�������� /RNDOL]DFMD� NUDZ G]L� RUWRJRQDOQ\FK� L� XVWDOHQLH� LFK� SRáR HQLD� Z]JO GHP� SU]\M W\FK� URGNyZ� NU]\ZL]Q� �áXNyZ��

RNU JyZ���SRPLDU\���RGOHJáR ü������� 8VWDOHQLH� SRáR HQLD� SR]RVWDá\FK� NUDZ G]L� Z]DMHPQLH� UyZQROHJá\FK� SU]\� Z\NRU]\VWDQLX� ZF]H QLHMV]\FK� SRPLDUyZ�
�RGOHJáR ü����

��� :VW SQH�XVWDOHQLH�SRáR HQLD�SRFK\ORQ\FK�OLQLL�NRQVWUXNF\MQ\FK��U\VXM���OLQLD���VSUDZG]DM���OLVWD����
��� 5\VRZDQLH� SRFK\á\FK� OLQLL� NRQVWUXNF\MQ\FK� GOD� ]DGDQ\FK� VNRU\JRZDQ\FK� �GR� �R� QRPLQDOQ\FK� NDWyZ� SRFK\OHQLD��

SU]\�Z\NRU]\VWDQLX�]DSLVX�GOD�RNUH OHQLD�ZVSyáU] GQ\FK�ELHJXQRZ\FK�Z]JO GQ\FK���#/�D� ��ZVND]DQLH�SRáR HQLD�GUXJLHJR�NR FD�U\VRZDQHM�OLQLL�
��� 8VWDOHQLH�ZDUWR FL�SURPLHQL�]DRNU JOH � PHQX�UR]ZLMDOQH��5\VXM���àXN�����SXQNW\� �OLVWD����
���� :SURZDG]HQLH� SU]\M W\FK�� QRPLQDOQ\FK� SURPLHQL� ]DRNU JOH � PHQX� UR]ZLMDOQH�� PHQX� UR]ZLMDOQH� =PLDQD� �

=DRNU JOHQLH��5��ZSURZDG]HQLH�QRZHM�ZDUWR FL�SURPLHQLD� ��(���SRZWyU]HQLH�SROHFHQLD�L�ZVND]DQLH�GZyFK�NUDZ G]L���
���� =P\NDQLH�REZRGX�OLQLL�NRQVWUXNF\MQ\FK�NV]WDáWRZQLND���XFLQDQLH�OLQLL�QD�ZLHU]FKRáNDFK�EH]�]DRNU JOH �
���� 3RU] GNRZDQLH�RELHNWyZ�JUDILF]Q\FK�QD�ZDUVWZDFK���

��� 8SRU] GNRZDü�LVWQLHM FH�RELHNW\�JUDILF]QH�SRSU]H]�SU]HQLHVLHQLH�LFK�GR�RGSRZLHGQLFK�ZDUVWZ���
��� :\PLDURZDQLH�]EXGRZDQHM�ILJXU\�]JRGQLH�]�RJyOQ\PL�]DVDGDPL�Z\PLDURZDQLD��ZDUVWZD��:\PLDU\���
���� :SURZDG]DQH� Z\PLDU\� X]XSHáQLü� RGSRZLHGQLPL� WROHUDQFMDPL�� GOD� Z\PLDUyZ� OLQLRZ\FK� L� UHGQLF� r���� SURPLHQLH�]DRNU JOH � EH]�WROHUDQFML���3U]\�GX HM�LOR FL�Z\PLDUyZ��WROHUDQFMH�]DPLH FLü�Z�SRVWDFL�XZDJL�������� %D]XM F QD� X]JRGQLRQ\P�� � ]Z\PLDURZDQ\P�REU\VLH� REUD]X� UDVWURZHJR� �SU]HNUyM� NV]WDáWRZQLND�Z� VNDOL� ����� ]� GRNRQDü�

]DPLDQ\�REZRGX�ILJXU\�]�OLQLL�VHJPHQWRZ\FK�QD�SROLOLQL � SROHFHQLH��HGSOLQ� L�QD�UHJLRQ���SROHFHQLH��UHJLRQ���:\NRQDü�
SODQLPHWURZDQLH�ILJXU\�L�RNUH OLü�ZVSyáU] GQH�MHM� URGND�FL NR FL���SROHFHQLH��SROH� L��SDUDPIL]����

���� :\NRQDü� Z� REV]DU]H� PRGHOX� NRSL REU\VX� NV]WDáWRZQLND� EH]� Z\PLDUyZ� =EXGRZDü� RELHNW� EU\áRZ\�� :\NRU]\VWXM FUHJLRQ� OXE� SROLOLQL ]EXGRZDQHM� ILJXU\� �SU]HNUyM� NV]WDáWRZQLND� Z� VNDOL� ����� XWZRU]\ü� EU\á NV]WDáWRZQLND� R� Z\VRNR FL�
���PP����PHQX�UR]ZLMDOQH� 5\VXM���%U\á\���:\FL JQLM���2NUH OLü�REM WR ü EU\á\�L�MHM�PDV SU]\MPXM F MDNR�PDWHULDá�VWDO�
Z JORZ �U ����J�FP�� ��SROHFHQLH��SDUDPIL]� ��ZSURZDG]Lü�RSLV�GR�U\VXQNX�Z�REV]U]H�SDSLHUX���

���� 3U]\JRWRZDQLH�U\VXQNX�GR�Z\GUXNX�±�Z\EUDü�]DNáDGN $UNXV]���
� Z\NRU]\VWXM F REV]DU� SDSLHUX� �$UNXV]� �� L� XWZRU]RQH� Z� U\VXQNX� SURWRW\SRZ\P�� Z� ZDUVWZLH� 5]XWQLH GZLH�

U]XWQLH�� XVWDZLü� RGSRZLHGQLH� ZLGRNL� L� VNDO Z XWZRU]RQ\FK� U]XWQLDFK� �� PHQX� UR]ZLMDOQH� ±� DNW\ZQ\� REV]DU�
PRGHOX�Z�$UNXV]X��� VNDOD�Z�DNW\ZQHM�U]XWQL��OLQLD�SROHFH � = ± 6NDOD����Q�;3����QS� GOD�VNDOL�����ZSLVDü�Z�OLQLL�
SROHFH ���[S��� SU]HSURZDG]Lü� RSHUDFM XNU\ZDQLD� Z� Z\EUDQ\FK� U]XWQLDFK� ]E GQ\FK� ZDUVWZ� �Z DNW\ZQHM� U]XWQL� Z� REV]DU]H�PRGHOX� Z� $UNXV]X� ���� SR]RVWDZLDM F Z�MHGQHM� U]XWQL� ZLGRN� SáDVNLHJR� SU]HNURMX� NV]WDáWRZQLND� ]� Z\PLDUDPL��SU]\MPXM F PDNV\PDOQ � GRSXV]F]DOQ VNDO � D�Z� GUXJLHM� U]XWQL�ZLGRN� L]RPHWU\F]Q\� ]EXGRZDQHM� EU\á\�� XNU\ü�REZLHGQLH�U]XWQL��Z REV]DU]H�SDSLHUX���]Z\PLDURZDü�Z\VRNR ü XWZRU]RQHM�EU\á\�±�Z\NRU]\VWDü�/8:���� Z\NRQDü� NRQILJXUDFM NUH OHQLD� SU]\SLVXM F SU]\M W\P� NRORURP� RNUH ORQH� JUXER FL� OLQLL� �� Z\GUXN� QD� GUXNDUFH�
ODVHURZHM� ±� XDNW\ZQLü� ±� ]DNáDGND� $UNXV]� ��� 8VWDZLHQLH� VWURQ\�� Z\EUDü� Z� RNQLH� GLDORJRZ\P� ]DNáDGN �
8U] G]HQLH�GUXNXM FH� L�GRNRQDü�(G\FML� ]ELyU�DFDG�FWE��Z�]DNáDGFH�)RUPXODU]�GRNRQDü�HG\FML� V]HURNR FL� OLQLL��GOD� SRV]F]HJyOQ\FK� NRORUyZ� �SLVDNyZ��� VSUDZG]Lü� VNDO � REUyW� L� SRF] WHN�Z\GUXNX�Z\NRU]\VWXM F SRGJO G GOD�
Uy Q\FK�ZDULDQWyZ�GRGDWNRZ\FK�XVWDZLH � =DSLVDü�VZRM 1D]Z XVWDZLH VWURQ\�

=EXGRZDQ\�U\VXQHN�SáDVNL�L�EU\á ]DSLVDü�Z�MX ]DáR RQ\P�]ELRU]H��5\V��GZJ�
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����2NUH OLü�NV]WDáW�L�Z\PLDU\�ZVDGX� �6:�� SU]\MPXM F ZVSyáF]\QQLN�Z\GáX HQLD�O U#�����x Z\NRQDü� U\VXQHN� SURSRQRZDQHJR� SU]HNURMX�ZVDGX� �GREUDü� VNDO GOD� IRUPDWX�$��±�5\V��GZJ��� L� ]Z\PLDURZDü��SRGDM F WROHUDQFMH�ZJ�SRQL V]\FK�]DVDG���
� ��Z\PLDU\�OLQLRZH����r���PP�� ]DRNU JOHQLD� QDUR \�� NWyUH� Z� JRWRZ\P� SU]HNURMX� NV]WDáWRZQLND� V RVWUH� �5 ���� SU]\M ü�� GOD� Z\PLDUyZ�

OLQLRZ\FK� SRQL HM� ��PP�� �� �
������ �5 OXE� GOD� Z\PLDUyZ� OLQLRZ\FK� SRZ\ HM� ��PP�� �� �

���5 �GRW\F]\� WR�
PLQLPDOQ\FK� Z\PLDUyZ� JDEDU\WRZ\FK� NV]WDáWRZQLND� Z� MHJR� SU]HNURMX� L�� MHVW� ]ZL ]DQH� ]� �QDWXUDOQ\P�XWOHQLDQLHP�RVWU\FK�QDUR \���3R]RVWDáH�SURPLHQLH�]DFKRZDü�EH]�]PLDQ�]�Z\UREX�JRWRZHJR��

� ��SURPLHQLH�ZHZQ WU]QH��NRQVWUXNF\MQH �JyUQD�RGFK\áND������� GROQD����������
� ��SURPLHQLH�]HZQ WU]QH��NRQVWUXNF\MQH �JyUQD�RGFK\áND�������� GROQD����������

���� :\]QDF]\ü� SRPRFQLF]H� SROD� SU]HNURMyZ � XZ]JO GQLDM F RGSRZLHGQLH� ZDUWR FL� WROHUDQFML�� ]ZL NV]DM FH� OXE�]PQLHMV]DM FH�SU]HNURMH��Z�SU]\SDGNX�WROHUDQFML�Z]DMHPQLH�]DZLHUDM F\FK�VL � SU]\M ü GR�REOLF]H WH��NWyUH�QLH�SU]HNUDF]DM]DNUHVX� LQQ\FK�Z\PLDUyZ� WROHURZDQ\FK� DOH� GDM PR OLZR ü PDNV\PDOQ\FK� ]PLDQ� SU]HNURMyZ� SRSU]HF]Q\FK� NV]WDáWRZQLND��RGZURWQLH�WUDNWRZDü�WROHUDQFMH�SU]\�Z\PLDUDFK�]HZQ WU]Q\FK�L�ZHZQ WU]Q\FK�
� 6*�� �� SU]HNUyM� Z\UREX� JRWRZHJR� RSDUW\� QD� Z\PLDUDFK� QRPLQDOQ\FK� �ZJ� ZF]H QLHM� ]EXGRZDQHJR� U\VXQNX���5\V��GZJ�����
� 6*PLQ� � PLQLPDOQ\�SU]HNUyM�Z\UREX�JRWRZHJR����
� 6*PD[� ��PDNV\PDOQ\�SU]HNUyM�Z\UREX�JRWRZHJR����� ��6:�� ��SU]HNUyM�ZVDGX��Z\PLDU\�QRPLQDOQH��X]\VNDQH�SR�XZ]JO GQLHQLX��ZVSyáF]\QQLND�O U#������ �5\V��GZJ�����
� 6:PLQ� � PLQLPDOQ\�SU]HNUyM�ZVDGX���� 6:PD[� ��PDNV\PDOQ\�SU]HNUyM�ZVDGX����

3U]HNURMH�� 6*PLQ�� 6*PD[�� 6:PLQ�� 6:PD[� QDU\VRZDü� EH]� Z\PLDURZDQLD�� GRNRQDü� SODQLPHWURZDQLD� W\FK� SU]HNURMyZ� �SROHFHQLD���HGSOLQ����SROH� L�RNUH OLü���
��OQRP�U]HF]\ZLVW\���� OPLQ��L� OPD[�� ®̄
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5\VXQNL�SRV]F]HJyOQ\FK�SU]HNURMyZ����U\VXQNyZ��Z�VNDOL�����RUD]�Z\QLNL�REOLF]H UR]PLH FLü�QD��MHGQ\P�DUNXV]X�Z RGSRZLHGQLR�VIRUPDWRZDQHM�WDEOLF\��GRELHUDM F MHJR�UR]PLDU�GR�ZLHONR FL�SU]HNURMX�NV]WDáWRZQLND��=HVWDZLHQLH�SU]HNURMyZ�

]DSLVDü�Z�]ELRU]H�5\V��GZJ�
��� 3URMHNW� JUDILF]Q\� � QDU] G]LD �' ± Z\NRU]\VWXM F ]DVDG\� SURMHNWRZDQLD� FL JDGHá� NV]WDáWRZ\FK�� U\VXQHN� �6*PLQ� RUD]��SRGSURJUDP\�L�SROHFHQLD�$XWR&$'¶D� ]�RSHUDFMDPL�QD�EU\áDFK�]EXGRZDü���� ZHZQ WU]Q\�EU\áRZ\�NV]WDáW�QDU] G]LD��FL JDGáD��]�Z JOLND�VSLHNDQHJR��VWUHID�NDOLEUXM FD��VWUHID�VWR ND�]JQLDWDM FHJR�

RUD]� VWUHI\� VWR ND� VPDUXM FHJR� L� Z\M FLRZHJR�� �=DáR \ü� ]ELyU� 5\V��GZJ� Z NWyU\P�� Z� REV]DU]H� PRGHOX�XPLHV]F]RQH�]RVWDQ HOHPHQW\�NRQVWUXNF\MQH�SRQL V]\FK�HWDSyZ�EXGRZ\�QDU] G]LD���
D�� HOHPHQW\� VNáDGRZH� ZHZQ WU]QHJR� NV]WDáWX� FL JDGáD� ]� LFK� ]HVWDZLHQLHP�� �Z\VRNR FL� ZJ� GDQ\FK�NDWDORJRZ\FK��
E�� ]HVWDZLHQLH� HOHNWURG� �EXGRZD� HOHNWURG� JUDILWRZ\FK� OXE� PLHG]LDQ\FK� GR� HOHNWURLVNURZHM� REUyENL� ZNáDGNL�] Z JOLND� VSLHNDQHJR� �WU]\� HOHNWURG\�� ��VWR HN� ZHM FLRZ\� �� VWR HN� ]JQLDWDM F\�� ��VWR HN� Z\M FLRZ\�� ��F] üNDOLEUXM FD��
F�� ZNáDGND�]�Z JOLND�VSLHNDQHJR� �EXGRZD�ZNáDGNL�]�Z JOLND�VSLHNDQHJR��RSHUDFMH�ERROHRZVNLH��GOD�RNUH ORQ\FK�Z\PLDUyZ�]HZQ WU]Q\FK��WDEHOH�NDWDORJRZH�L�XSURV]F]RQH�]DOHFHQLD�Z\WU]\PDáR FLRZH��
G�� REXGRZD�ZNáDGNL� �NRQVWUXNFMD�REXGRZ\�RF]ND�FL JDGáD��GDQH�SRPRFQLF]H�]�WDEHO�NDWDORJRZ\FK��
H�� ]áR HQLH�ZNáDGNL�L�REXGRZ\� �]áR HQLH�Z�MHGQ\P�]ELRU]H�RUD]�]�Z\NRU]\VWDQLHP�RGQR QLNyZ��

3RV]F]HJyOQH�HWDS\�SURMHNWX�]DSLVDü�Z�RGG]LHOQ\FK�DUNXV]DFK��Z�5\V��GZJ��D�E�F�G�H���] Z\NRU]\VWDQLHP�QLH]E GQHM� LOR FL�
U]XWQL�3U]\M ü URG]DM�PDWHULDáX�GOD�SURMHNWRZDQHJR�QDU] G]LD�±�ZNáDGND�]�Z JOLND�VSLHNDQHJR��REXGRZD�]H�VWDOL�NRQVWUXNF\MQHM�QD�ND G\P�HWDSLH�SURMHNWRZDQLD�]DFKRZDü�SR UHGQLH�HOHPHQW\�VNáDGRZH�QDU] G]LD���

� Z\]QDF]\ü�SDUDPHWU\� IL]\F]QH� GOD�ZNáDGNL� L� REXGRZ\�FL JDGáD�SU]\�Z\NRU]\VWDQLX�SROHFH $XWR&DG¶D� �SDUDPIL]��REM WR ü�� PDVD�� SRáR HQLH� URGND� FL NR FL�� 'R� REOLF]H PDV\� SURMHNWRZDQ\FK� HOHPHQWyZ� QDU] G]LD� SU]\M üRGSRZLHGQLH�J VWR FL�PDWHULDáyZ��:\QLNL�]DSLVDü�Z�]ELRU]H�WHNVWRZ\P�L�QD�RGSRZLHGQLFK�U\VXQNDFK���
��� %D]XM F QD� RVWDWQLP� ]HVWDZLHQLX� �5\V�H� RELHNWyZ��'� �ZNáDGND� L� REXGRZD�QDU] G]LD��Z\NRQDü�Z\PDJDQH�SU]HNURMH��GRá F]\ü�RGSRZLHGQLH�U\VXQNL��6J�PLQ���GR�SU]\JRWRZDQLD�NRPSOHWQHM�GRNXPHQWDFML�WHFKQLF]QHM�±�Z\NRQDZF]HM��XWZRU]\ü�$UNXV]H� ]� QLH]E GQ LOR FL U]XWQL� �� SDWU]� SNW������ :\NRU]\VWDü� U]XW\�� SU]HNURMH�� ZLGRNL� L]RPHWU\F]QH� RUD]� QDQLH ü

WROHUDQFMH�NV]WDáWX�L��SRáR HQLD��31����0���������5\V��GZJ����



�

���:\JHQHURZDü� U\VXQHN� [[[�ZPI� ]� Z\EUDQHJR�� ]EXGRZDQHJR� U\VXQNX� [[[�GZJ� FHOHP� Zá F]HQLD� JR� GR� HG\WRUD� WHNVWX�
�0LFURVRIW�:RUG��±�XWZRU]\ü�]EyU�[[[�GRF�]�Zá F]RQ\P�U\VXQNLHP�[[[�ZPI� �PHQX�UR]ZLMDOQH� 3OLN���(NVSRUW�GDQ\FK��Z\EUDü�UR]V]HU]HQLH��ZPI����SU]\�WZRU]HQLX�[[[�ZPI�XZ]JO GQLü�ELDáH�WáR�HNUDQX����

�
8:$*$�����.D GRUD]RZR�SR�]DM FLDFK�ODERUDWRU\MQ\FK�DUFKLZL]RZDü�OXE�NRSLRZDü�VZRMH�SUDFH�L�]DELHUDü�MH�]H�VRE �
=DOLF]HQLH� 3L ü U\VXQNyZ�L�MHGHQ�]ELyU�WHNVWRZ\��[[[�GRF� ] Zá F]RQ\P�U\VXQNLHP��[[[�ZPI����±��RSLVDQD�G\VNLHWND���1D�NROHMQ\FK�]DM FLDFK�ODERUDWRU\MQ\FK�VSUDZG]DQH�E G L RFHQLDQH�SRVW S\�]�UHDOL]DFML�]DGD JUDILF]Q\FK���=DOLF]HQLH�NR FRZH�RGE\ZD�VL SU]\�NRPSXWHU]H�QD�RVWDWQLFK�]DM FLDFK��Z\NRU]\VWXM F W\ONR�ZHUVM SURJUDPX�$XWR&$'������
± Z\PDJDQD�MHVW�]QDMRPR ü ZV]\VWNLFK�QLH]E GQ\FK SROHFH L SURFHGXU�$XWR&$'¶D������
�
8ZDJD�� =ELRU\�U\VXQNRZH�QD]\ZDü�VZRLP�QD]ZLVNLHP�]�NROHMQ\P�QXPHUHP���5\V��GZJ 1D]ZLVNR��GZJ�����
3RQDGWR�=$'$1,(�1U�����:\NRU]\VWXM F MHGHQ� ]� SURJUDPyZ�� 0'7�� 6ROLG:25.6� OXE� ,19(1725� Z\NRQDü� ZVND]DQH� PRGHOH� EU\áRZH�
] XWZRU]HQLHP�GRNXPHQWDFML�WHFKQLF]QHM�L�SRZWyU]\ü�Z\NRQDQLH�]DGDQLD�1U���SU]\�Z\NRU]\VWDQLX�SDUDPHWU\]DFML�����



�

,,� 0$7(5,$à<�3202&1,&=(�
2JyOQH�� XSURV]F]RQH� ]DVDG\� SURMHNWRZDQLD� QDU] G]L� GR� SURFHVX� Z\FLVNDQLD� L�FL JQLHQLD� QD�

SU]\NáDG]LH�SURMHNWX�FL JDGáD���
'DQH� GR� SURMHNWX�� GOD� ND GHJR� VWXGHQWD� LQG\ZLGXDOQH�� V GRVW SQH� QD� VWURQLH� LQWHUQHWRZHM��ZZZ�SSP�DJK�HGX�SO�

]DNáDGND��0DWHULDá\�G\GDNW\F]QH��
7UH ü ]DGDQLD� ZVSyOQD�GOD�ZV]\VWNLFK��]DZLHUD�SRGVWDZRZ\�]HVWDZ�LQVWUXNFML��SRGDQ\�Z�NRQLHF]QHM�NROHMQR FL�SU]\�UHDOL]DFML�]DGDQLD���
3U]\NáDG\� JUDILF]QH� SRGDQH� V Z SRVWDFL� ]HVWDZyZ� SU]HNURMyZ� NV]WDáWRZQLNyZ� ]DF]HUSQL W\FK�P�LQ�� ]� � NDWDORJX�

ZáRVNLHM�ILUP\�0(7$//85*,&$�&$/9,� 6�3�$���
.ROHMQR ü F]\QQR FL�SU]\�UHDOL]DFML�]DGD SURMHNWRZ\FK��� ��� 6NRSLRZDQLH� VZRMHJR��SU]\G]LHORQHJR�� QXPHUX�SU]HNURMX�NV]WDáWRZQLND� �[[[�MSJ� ±�QD�G\VNLHWN OXE�GR�Z\EUDQHJR�VZRMHJR�NDWDORJX�±��VZRMH�NRQWR�±�)73�����

5\V�$��2EUD]�UDVWURZ\�SU]HNURMX�NV]WDáWRZQLND���� ��� 3U]\JRWRZDQLH� V]NLFX� SU]HNURMX� NV]WDáWRZQLND� ]� QDQLHVLRQ\PL� Z\PLDUDPL� X \ZDM F V\PEROL� EH]� RNUH ODQLD� LFK�ZDUWR FL��U\V�%����

5\V�%� 3U]\NáDGRZ\�V]NLF�]�Z\PLDUDPL�OLWHURZ\PL��D � L ± Z\PLDU\�OLQLRZH���
5D� 5E� 5F ± SURPLHQLH�NRQVWUXNF\MQH�]�XVWDORQ\P�SRáR HQLHP�SXQNWyZ�]DF]HSLHQLD�SURPLHQL��5G� 5H� 5I ± SURPLHQLH�ED]XM FH�QD�UHODFMDFK��ZL ]\�VW\F]QR FL��X]XSHáQLRQ\FK�Z\PLDUDPL��D�� D�� D� ± Z\PLDU\�N WRZH��UD ± UI ± SURPLHQLH�]DRNU JOH �
R ± UHODFMH��SXQNW\��VW\F]QR FL�GOD�SURPLHQL�5G� 5H� 5I� � � UHODFMH��SXQNW\��VW\F]QR FL�GOD�SRFK\á\FK�RGFLQNyZ�����

��� 3U]\JRWRZDQLH�VZRMHJR�U\VXQNX�SURWRW\SRZHJR��6=$%/21� ]�RNUH OHQLHP���D�� :DUVWZ���]�SU]\SLVDQLHP�QD]Z��NRORUyZ�L�URG]DMyZ�OLQLL����E�� 6W\OyZ��WHNVWX��Z\PLDURZDQLD��SXQNWX���F�� 5R]PLDUyZ�REV]DUX�SUDF\�Z�PRGHOX�L�UR]PLDUyZ�DUNXV]D�Z�REV]DU]H�SDSLHUX���G�� %XGRZD� UDPNL� L� WDEHONL� Z� REV]DU]H� SDSLHUX� ZUD]� ]� RSLVHP�� Z\]QDF]HQLH� QLH]E GQ\FK� U]XWQL� Z� ]DNUHVLH�UDPNL���H�� =DUFKLZL]RZDQLH�]ELRUX�MDNR�[[[�GZW���� :VWDZLHQLH�U\VXQNX�[[[�MSJ�MDNR�REUD]�UDVWURZ\�GR�]GHILQLRZDQHJR�ZF]H QLHM�REV]DUX�PRGHOX������ 6NDORZDQLH��NDOLEURZDQLH��ZVWDZLRQHJR�REUD]X�UDVWURZHJR���

http://www.ppm.agh.edu.pl/
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��� :HNWRU\]DFMD� �REU\VRZDQLH� ]DU\VyZ�� NRQWXUyZ�NV]WDáWRZQLND� SU]\�Z\NRU]\VWDQLX� RELHNWyZ�JUDILF]Q\FK� �RGFLQHN��áXN�� SXQNW�� ]� NRQWURORZDQ\P� LFK� UR]PLHV]F]HQLHP�� ]JRGQLH� ] QDQLHVLRQ\PL� Z\PLDUDPL� QD� V]NLFX�� %XGRZD� ]DU\VX�
NV]WDáWX�Z\UREX�JRWRZHJR��6JR����5\V�����3DWU]�$G���±�]DG��1U�������352-(.7��1$5= '=,$�±��]DG��1U����

��� �RG�SNW����]DG�� %XGRZD�]DU\VX�ZVDGX��6ZR� GOD�]DáR RQHJR�RGNV]WDáFHQLD���5\V�����
��� .RQVWUXNFMD� SRFKRGQ\FK� NV]WDáWyZ� GOD� Z\UREX� JRWRZHJR� �6JPLQ� 6JPD[� L ZVDGX� �6ZPLQ� 6ZPD[� SU]\�

XZ]JO GQLHQLX�]DáR RQ\FK�WROHUDQFML��2NUH OHQLH�ZDUWR FL�VNUDMQ\FK�ZVSyáF]\QQLNyZ�RGNV]WDáFH � �5\V������
��� %XGRZD�ZNáDGNL�L�REXGRZ\�FL JDGáD�QD�ED]LH��6JPLQ����U\V��&� '��(�L�WDEO�������

D�� :\]QDF]HQLH�SDUDPHWUX�D�
PLQJ6D  

E�� RNUH OHQLH�Z\PLDUyZ�K�� K�� O� RUD]�G�� G�� D� E� J �U\V�&�L�WDEOLFD������
� �K�� K�� O�� G�� G�� D� E� J�  I�D���

5\V�&��3U]HNUyM�FL JDGáD�]�FKDUDNWHU\VW\F]Q\PL�Z\PLDUDPL�ZJ�.DWDORJX�%$L/'21L7�
7DEOLFD����=HVWDZLHQLH�FKDUDNWHU\VW\F]Q\FK�Z\PLDUyZ�GOD�SU]HNURMX�QDU] G]LD�ZJ�.DWDORJX�%$L/'21L7�:<0,$5<��Z PP� . 7<

2=1$&=(1,(� =DNUHV�GOD�RWZRUX�3$5$0(75�D :.à$'.$
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���� %XGRZD� RELHNWyZ� �'� MDNR� HOHPHQWyZ� VNáDGRZ\FK�ZHZQ WU]QHJR� NV]WDáWX�ZNáDGNL� FL JDGáD�� 6XPRZDQLH� �RSHUDFMH�ERRORZVNLH�����
���� %XGRZD�ZNáDGNL�±�GREyU�]HZQ WU]QHJR��SRSU]HF]QHJR�NV]WDáWX�ZNáDGNL��5\V(� ±�Z�]DOH QR FL�RG�Z]DMHPQ\FK�

UHODFML�PDNV\PDOQ\FK�Z\PLDUyZ�OLQLRZ\FK��O L Q� Z�GZyFK�Z]DMHPQLH�SURVWRSDGá\FK�NLHUXQNDFK�GOD��6JPLQ��
D�� :NáDGND�RVLRZRV\PHWU\F]QD�Z�NV]WDáFLH�ZDOFD�GOD��O�Q�����
E�� :NáDGND�SURVWRSDGáR FLHQQD�GOD�O�Q!����
F�� 2NUH OHQLH�]HZQ WU]Q\FK�Z\PLDUyZ�ZNáDGNL�GOD�SU]HNURMyZ��6JPLQ� QLHV\PHWU\F]Q\FK��U\V�'��(�����
�

x 'OD�ZNáDGHN�Z�NV]WDáFLH�ZDOFyZ�:<=1$&=$0<�Z\PLDU��G�[� SRSU]H]�XZ]JO GQLHQLH�QDMEDUG]LHM�RGOHJáHJR�
SXQNWX� QD� SU]HNURMX� �6JPLQ� ± SU]HNUyM� Z�F] FL� NDOLEUXM FHM�� RG� URGND� FL NR FL� ILJXU\� �5�� SRZL NV]RQHM�
R ZDUWR ü���� EZ �G��D�����G�[� ���5�EZ�

5\V�'� 'REyU�Z\PLDUyZ�GOD�ZNáDGNL�RNU JáHM�L�GOD�ZNáDGNL�R�SU]HNURMX�SURVWRN WQ\P��:SURZDG]HQLH�NU\WHULXP�PLQLPDOQHM�REM WR FL�ZNáDGNL��SU]\�]DáR HQLX�SURVWHJR�MHM�NV]WDáWX�]HZQ WU]QHJR��ZDOHF�OXE�SURVWRSDGáR FLDQ�������
x 'OD�ZNáDGHN�SURVWRSDGáR FLHQQ\FK�Z\PLDU\�]HZQ WU]QH�:<=1$&=$0<��SRSU]H]�GRGDQLH�ZDUWR FL� �EZ QD�

FDá\P� REZRG]LH� GOD� SU]HNURMX� �6JPLQ� �U\V�(��� :\ELHUDP\� PDNV\PDOQH� ]HZQ WU]QH� Z\PLDU\� GOD� GZyFK� Z]DMHPQLH�
SURVWRSDGá\FK� NLHUXQNyZ�� RNUH ODM F Z\PLDU\� SURVWRN WD� R�PDNV\PDOQ\FK� Z\PLDUDFK� ]HZQ WU]Q\FK� GOD� ZNáDGNL�SURVWRSDGáR FLHQQHM����

G�[�� 



�

5\V�(� 'REyU�]HZQ WU]Q\FK�Z\PLDUyZ�ZNáDGNL�QDU] G]LRZHM��SU]\NáDG�����
���� %XGRZD�REXGRZ\�ZNáDGNL�FL JDGáD��5\V�G�����

=HZQ WU]QH�Z\PLDU\�REXGRZ\��G�\� Z\]QDF]DP\��Z�]DOH QR FL�RG�NV]WDáWX�ZNáDGNL��GRGDM F ZDUWR ü ERE��SRZL NV]DM F RGSRZLHGQLH�MHM�Z\PLDU\�Z�SU]HNURMX���� ERE �G��G�����
���� %XGRZD�]áR HQLD�ZNáDGNL�Z�REXGRZLH�SU]\�Z\NRU]\VWDQLX�RGQR QLNyZ� �5\V�H����
���� 3U]\M ü GOD�REXGRZ\��O�  O�� ID]\�ZHZQ WU]QH�GR�����R ID]\�]HZQ WU]QH�GR��±��R�

5\V�)� 3U]HNUyM�NV]WDáWRZQLND�SR�Z\PLDURZDQLX��6JR�����5\VXQNL�Z\QLNRZH�PR QD�JUXSRZDü�Z�REV]DU]H�02'(/8��EXGXM F RGSRZLHGQLH�$5.86=(�MDNR�Z\PLHQLRQH�U\VXQNL��5\V���� ������D�E�F�G�H����������
(WDS\�]DOLF]DQLD��SURMHNWX��$XWR&$'



��

��� 6]NLF�]�Z\PLDUDPL������ 5\VXQHN�SURWRW\SRZ\������ 5\VXQHN� Z\UREX� JRWRZHJR� �� ]Z\PLDURZDQ\� 6JR� ±� REVáXJD� U]XWQL� ±� VNDORZDQLH�� Z\PLDURZDQLH� �'� �Z\VRNR ü���
�5\V�����

��� 5\VXQHN�ZVDGX�]�Z\PLDUDPL�6ZR� �5\V�������� =HVWDZLHQLH� �� U\VXQNyZ�� RNUH OHQLH� VNUDMQ\FK� ZVSyáF]\QQLNyZ� RGNV]WDáFH �OQRP� U]� OPLQ� OPD[� OQRP� SU]\�
XZ]JO GQLHQLX�]DáR RQ\FK�WROHUDQFML��3ODQLPHWURZDQLH���5\V������

��� %XGRZD�RELHNWyZ��'��%XGRZD�ZNáDGNL�QDU] G]LRZHM� 3DUDPHWU\�IL]\F]QH���5\V�DEF����
��� .RQVWUXNFMD�REXGRZ\��5\V�G����
��� .RPSR]\FMD�]áR HQLD��:\NRU]\VWDQLH�RGQR QLNyZ���5\V�H�����
��� 7ZRU]HQLH�U]XWyZ�L�SU]HNURMyZ���SáDWyZ�Z\EUDQ\FK�EU\á��5\V��������� %XGRZD�]ELRUX�]�UR]V]HU]HQLHP�[[[�ZPI���
���� 7HVW�

6ROLG�:RUNV�OXE�0'7��,19(1725��
��� %XGRZD�Z\EUDQ\FK�RELHNWyZ��'�]��Z\JHQHURZDQLHP�GRNXPHQWDFML��'���

D�� 3U]\NáDG\��]��H'UDZLQJV�OXE�PRGHOH������ 3RZWyUND�]�]DGDQLD�1U���GOD�$XWR&$'¶D��:\NRU]\VWDü�±�]Z\PLDURZDQ\��U\V��'��D�� 3DUW��$VVHPEO\��'UDZLQJ����
,19(1725���� ��� %XGRZD�SURVWHJR�RELHNWX��'�]�Z\JHQHURZDQLHP�GRNXPHQWDFML��'���

D�� 3U]\NáDG�]�9ROR�9LHZ�([SUHVV���� 3RZWyUND�]�]DGDQLD�GOD�$XWR&$'¶D����
0'7�� ��� %XGRZD�SURVWHJR�RELHNWX��'�]�Z\JHQHURZDQLHP�GRNXPHQWDFML��'���

D�� 3U]\NáDG�]�9ROR�9LHZ�([SUHVV���� 3RZWyUND�]�]DGDQLD�GOD�$XWR&$'¶D����
+\SHU0,//�OXE�(GJH&$0���� ��� 2SUDFRZDQLH�SURFHVX�REUyENL�VNUDZDQLHP�GOD�Z\EUDQHJR�RELHNWX��'�]�Z\JHQHURZDQLHP�NRGX�QD�PDV]\Q\�&1&���D�� :L]XDOL]DFMD�REUyENL�VNUDZDQLHP�GOD�SURFHVX�IUH]RZDQLD����

:\PDJDQ\�]DNUHV�ZLDGRPR FL�SU]\�]DOLF]HQLX�SURMHNWX����$XWR&$'��6ROLG:RUNV���
��� =QDMRPR ü Z\ERUX�L�ZF]\WDQLD�SOLNX�U\VXQNX�SURWRW\SRZHJR�[[[�GZW�OXE�U\VXQNX�[[[�GZJ�
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