
)L]LþQD�JHRGH]LMD�SR�*36
+HOPXW�0RULW]

3RY]HWHN*36� WHKQRORJLMD� RPRJRþD� JHRPHWULþQR� GRORþDQMH� WRSRJUDIVNH� SRYUãLQH� =HPOMH�� 7R� ELVWYHQRVSUHPLQMD�JHRGHWVNL�UREQL�SUREOHP��QDPHVWR�SURVWHJD�UREQHJD�SUREOHPD�LPDPR�VHGDM�ILNVHQ�UREQLSUREOHP�� 3UHVHQHWOMLYR� SUL� WHP� MH�� GD� ]D� QMHJRYR� UHãHYDQMH� ODKNR� XSRUDELPR� NODVLþQH� UDþXQVNHIRUPXOH�SR�0RORGHQVNHP�LQ�GUXJLK�EUH]�YVDNUãQLK�VSUHPHPE�
$EVWUDFW*36� SHUPLWV� WKH� JHRPHWULFDO� GHWHUPLQDWLRQ� RI� WKH� WRSRJUDSKLF� HDUWK� VXUIDFH�� 7KH� JHRGHWLF±JUDYLPHWULF�ERXQGDU\�YDOXH�SUREOHP�WKXV�FKDQJHV�LWV�QDWXUH�IXQGDPHQWDOO\��IURP�D�IUHH�ERXQGDU\±YDOXH� SUREOHP� LW� EHFRPHV� D� IL[HG� ERXQGDU\±YDOXH� SUREOHP�� 7KXV� LW� LV� YHU\� VXUSULVLQJ� WKDW� WKHFODVVLFDO�VHULHV�VROXWLRQ�RI�0RORGHQVN\�DQG�RWKHUV�FDQ�EH�DSSOLHG�ZLWKRXW�FKDQJH�

$��3UDNWLþHQ�SRPHQ�IL]LþQH�JHRGH]LMH�Y�]YH]L�]�*36�RP
)L]LþQD�JHRGH]LMD�VH�XNYDUMD�]�GRORþDQMHP�=HPOMLQHJD�JUDYLWDFLMVNHJD�SROMD��3UHGYVHP

JUH�]D�GRORþLWHY�SORVNYH�JHRLGD�LQ�RGNORQRY�QDYSLþQLFH�
*36��*OREDO�3RVLWLRQLQJ�6\VWHP��MH�QDMSRPHPEQHMãD�PHWRGD�]D�GRORþLWHY�SRORåDMD�WRþN

QD�=HPOMLQL�SRYUãLQL��6�WR�PHWRGR�KLWUR�LQ�QDWDQþQR�GRORþDPR�JHRFHQWULþQH�NRRUGLQDWH��NL
VH�QDQDãDMR�QD�UHIHUHQþQL�HOLSVRLG��+RIPDQQ�:HOOHQKRI�HW�DO��������7R�NRRUGLQDWH�VR�� HOLSVRLGQD�ãLULQD f�� HOLSVRLGQD�GROåLQD� l�� HOLSVRLGQD�YLãLQD K�

+RUL]RQWDOQL� NRRUGLQDWL� f LQ� l QH SRY]URþDWD� WHåDY�� NHU� VH� QMXQD� GHILQLFLMD� XMHPD� ]
QDYDGQR�JHRGHWVNR�GHILQLFLMR�� ,]�f LQ l ODKNR� L]UDþXQDPR�UDYQLQVNH��SUDYRNRWQH� �*DXVV�
.U�JHUMHYH��NRRUGLQDWH�[� \�

9HUWLNDOQD�NRRUGLQDWD�K SD� MH�SUREOHPDWLþQD�� VDM�SUHGVWDYOMD�YLãLQR�QDG HOLSVRLGRP� NL
QLPD QHSRVUHGQH� IL]LþQH� LQWHUSUHWDFLMH� LQ�QL�NRPSDWLELOQD�]�QDYDGQLPL�RUWRPHWULþQLPL�DOL
QDGPRUVNLPL� YLãLQDPL� + �YLãLQH� QDG JHRLGRP�� 2UWRPHWULþQH� �JUãND� EHVHGD�� �SUDYLOQR
PHUMHQH��� YLãLQH� LPDMR� QDUDYHQ� SRPHQ�� NHU� JHRLG� LQ� QH� HOLSVRLG� QDVWRSD� Y� QDUDYL�� 1D
SULPHU��YLãLQH�*36�QLVR�SULPHUQH�]D�XSRUDER�Y�KLGURWHKQLNL�

2VQRYQD�HQDþED�YLãLQ
2VQRYQD�IRUPXOD�]D�WHUHVWULþQH�YLãLQH�MH��K  �+���1��DOL

+ ±�K���1� � ���
NMHU��VR�

K ���� YLãLQD�QDG�HOLSVRLGRP�DOL�HOLSVRLGQD�YLãLQD��L]�*36�D��
+ ���� YLãLQD�QDG�JHRLGRP�DOL�RUWRPHWULþQD��QDGPRUVND��YLãLQD��L]�QLYHOLPDQD��
1 ���� YLãLQD�JHRLGD�QDG�HOLSVRLGRP��JHRLGQD�YLãLQD����JOHM�VOLNR���

R�3URI�'U�WHFKQ�'U��,QJ�(�K�'U�K�F��+HOPXW�0RULW]��'�6F�K�F���78�*UD]��$YVWULMD



)RUPXOD�����MH�L]UHGQR�SUHSURVWD��YHQGDU�LPD�]HOR�SRPHPEQH�SRVOHGLFH�

6OLND�����2VQRYQH�YLãLQH

'RORþDQMH�JHRLGD
ýH SR]QDPR�RUWRPHWULþQR�YLãLQR��+ LQ�PHULPR�HOLSVRLGQR�YLãLQR��K ] *36�RP��VOHGL�

1  �K�±�+ ���
7DNR�GRELPR�RGOLþQR�PHWRGR� ]D� GRORþDQMH� JHRLGD��1D� JRUDWHP� SRGURþMX�� VH� QH�PRUH

XSRUDELWL� L]NOMXþQR� WD�PHWRGD�]DUDGL�]QDQLK� WHåDY�SUL�QLYHOLUDQMX��7RGD�QD� WD�QDþLQ� ODKNR
GRORþLPR� �1 Y QHNDWHULK� RSRUQLK� WRþNDK�� NMHU� LPDPR� QLYHOPDQ�� LQ� VLFHU� ]D� SRGSRUR� LQ
RULHQWDFLMR� DVWURJHRGHWVNLK� DOL� JUDYLPHWULþQLK� ORNDOQLK� JHRLGRY�� =D� WD� QDPHQ� MH� YHUMHWQR
QDMEROMãD�PHWRGD�

2UWRPHWULþQH�YLãLQH�L]�*36�D
'D��WR�MH�PRJRþH�LQ�MH�HQD�RG�QDMEROM�SHUVSHNWLYQLK�XSRUDE�*36�D��(QDþER�����QDSLãHPR

Y REOLNL
+  �K�±�1 ���

þH�PHULPR��K� ]�*36�RP�LQ�SR]QDPR�YLãLQR�1 JHRLGD�QDG�HOLSVRLGRP��GRELPR�QDGPRUVNR
YLãLQR� + EUH] QLYHOPDQD�� NL� MH� QDMSRþDVQHMãD� LQ� QDMEROM� GROJRþDVQD� PHUVND� PHWRGD� Y
JHRGH]LML�� ýH� åHOLPR� GRELWL� QDWDQþQRVW� �� FP� YLãLQVNH� UD]OLNH�D+� PRUDPR�PHULWL�DK LQ
SR]QDWL�D1 YVDM�]�HQDNR�QDWDQþQRVWMR��1DWDQþQH��GLIHUHQFLDOQH��*36�PHULWYH�VR�PRåQH��LQ
]D D1 SRWUHEXMHPR�WDNR�LPHQRYDQL��FP�JHRLG���9�QDþHOX�MH�WR�WXGL�PRJRþH��=GDM�SR]QDPR
Y $YVWULML�JHRLG�]�QDWDQþQRVWMR�QHNDM�FP��ýH�ERPR�LPHOL��FP�JHRLG���ER�WR�YHUMHWQR�QDMEROM
SRPHPEQD�YORJD�JHRLGD�Y�JHRGHWVNL�SUDNVL�

3UDNWLþHQ�SRPHQ�IL]LþQH�JHRGH]LMH
*36�QL�RGYLVHQ�RG�=HPOMLQHJD�JUDYLWDFLMVNHJD�SROMD��.ODVLþQH�JHRGHWVNH�PHULWYH��UD]HQ

UD]GDOMHPHURY�� LQ� WXGL� LQHUFLDOQD� JHRGH]LMD� �JHRGHWVND� YHU]LMD� GREUR� ]QDQH� LQHUFLDOQH
QDYLJDFLMH��VR�RGYLVQH�RG�WHJD�SROMD��1D�VUHþR�MH�]HOR�ODKNR�WUDQVIRUPLUDWL�ORNDOQL��QDUDYQL�
JHRLGQL� VLVWHP�� RGYLVHQ� RG� QDUDYQH� QDYSLþQLFH� �YHUWLNDOH�� LQ� KRUL]RQWDOH�� Y� HOLSVRLGQL



�*36�� VLVWHP� LQ� REUDWQR�� ,PDPR� WUL� �WUDQVIRUPDFLMVNH� SDUDPHWUH��� JHRLGQR� YLãLQR� �1 LQ
RGNORQ�QDYSLþQLFH�V�NRPSRQHQWDPD�x LQ��h

x  F ± fh  �L ± l�FRVf ���
1  K ± +

7UHWMD�HQDþED�QL�QLþ�GUXJHJD�NRW�QDãD�RVQRYQD�IRUPXOD������3UYD�LQ�GUXJD�HQDþED�L]UDåDWD�x
LQ h NRW� UD]OLNL� DVWURQRPVNR� PHUMHQLK� NROLþLQ� F �ãLULQD�� LQ� L �GROåLQD�� LQ� XVWUH]QLK
JHRGHWVNLK�NROLþLQ��GRORþHQLK�]�*36�RP�
� 7RUHM� MH� SUHKRG� RG� �QDUDYQHJD�� �F�L�+� GR� �JHRGHWVNHJD�� �f�l�K� VLVWHPD� ]HOR
HQRVWDYHQ��.RW�VPR�YLGHOL��MH�WDNãHQ�SUHKRG�SUHGYVHP�SRPHPEHQ�]D�UDþXQDQMH�YLãLQ��3RG
SRVHEQLPL�SRJRML�VR�SRPHPEQL�WXGL�RGNORQL�QDYSLþQLFH��QD�SULPHU�]D�PHUMHQMH�WXQHORY�Y
YLVRNRJRUMX��*HUDUG�/DFKDSHOOH�MH� LPHO� WDNãQH�SUREOHPH�SUL�PHUMHQMX�åHOH]QLãNHJD� WXQHOD
VNR]L�5RFN\�0RXQWDLQV�Y�.DQDGL��WD�WXQHO�LPD�GROåLQR����NP��/DFKDSHOOH�HW�DO���������
� .DNRUNROL��QL�PRJRþH�XSRUDEOMDWL�*36�Y� WXQHOLK��NHU� WDP�QH�YLGLPR�VDWHOLWRY��*36�VH
XVWDYOMD�SUHG�YUDWL�WXQHOD��9�QRWUDQMRVWL�PRUDPR�XSRUDEOMDWL�NODVLþQH�PHWRGH��Y�SULKRGQRVWL
YHUMHWQR�LQHUFLDOQR�JHRGH]LMR��9�REHK�SULPHULK�MH�SRWUHEHQ�SUHKRG�SR�HQDþEL�����

%� 7HRUHWLþQD�YSUDãDQMD�X�]YH]L�]�WHRULMR�0RORGHQVNHJD
5REQL�3UREOHP�0RORGHQVNHJD��53��

9 JHRGHWVNL� WHRULML� MH� VSORãQR� ]QDQ� SUREOHP� 0RORGHQVNHJD�� GRORþDQMH� WRSRJUDIVNH
SRYUãLQH�=HPOMH� LQ� QMHQHJD� JUDYLWDFLMVNHJD� SROMD� L]� QDVOHGQMLK� JHRGHWVNLK� SRGDWNRY�� VLOH
WHåQRVWL�LQ�JHSRWHQFLDOD�NL�VH�GRORþD�V�SRPRþMR�QLYHOPDQD��7R�MH�SUHFHM�]DSOHWHQD�WHRULMD�
YHQGDU�REVWDMDMR�GREUH�SUDNWLþQH�UHãLWYH��9�PDWHPDWLþQL�WHUPLQRORJLML�MH�WR�UREQL SUREOHP
�53���NL�JD�ODKNR�IRUPXOLUDPR�QD�VOHGHþL�QDþLQ�
� 1D� WRSRJUDIVNL� SRYUãLQL� 6 SR]QDPR� YHNWRU� WHåQRVWL� J LQ� JHRSRWHQFLDO�: �VOLND� ���
3RYUãLQD��SORVNHY��6�MH�QH]QDQD ��SURVWD����LQ�MR�PRUDPR�GRORþLWL�

6OLND�����7RSRJUDIVND�SRYUãLQD�6� YHNWRU�WHåQRVWL�J LQ�JHRSRWHQFLDO�:

2VQRYQD�HQDþED�L]UDåD�J V SRPRþMR�6 LQ :�
��� :6IJ = ���

7D� UHODFLMD� L]UDåD� ]QDQR� GHMVWYR�� GD� þH� SR]QDPR� 6 LQ : QD� SRYUãLQL� 6�� VWD� ]XQDQML
SRWHQFLDO�: LQ V�WHP�YHNWRU�WHåQRVWL�J NRW�JUDGLHQW�SRWHQFLDOD�

:J JUDG= ���



GRORþHQD�]�UHãLWYLMR�SUREOHPD�'LULFKOHWD�
1DMWHåDYQHMãL�SUREOHP�MH�UHãHYDQMH�HQDþEH�����]D�L]UDþXQ�6 ��VLPEROLþQR�

��� :J)6 = ���
7R�UHV�QL�WULYLDOQR��NHU�MH�I WHåDYHQ�QHOLQHDUHQ�RSHUDWRU��=DWR�MH�UHãHYDQMH�HQDþEH�����Y

REOLNL�����WHåDYHQ�SULPHU�QHOLQHDUQH�IXQNFLRQDOQH�DQDOL]H���WUGL� LQYHU]QL�SUREOHP���NRW�JD
MH�SRLPHQRYDO�/��+|UPDQGHU��0RULW]��������SRJ�����LQ�����
� 9�SUDNVL�WD�SUREOHP�OLQHDUL]LUDPR�LQ�JD�UHãXMHPR�]�UD]YRMHP�Y�YUVWR�0RORGHQVNHJD�LQ
GUXJLK��0RULW]��������VWU�����������

0RGHUQL�5REQL�3UREOHP��53��
7X�ODKNR�ãWHMHPR�SRYUãLQR��SORVNHY��6 ]D ]QDQR��V SRPRþMR�*36�D��LQ�þH�SR]QDPR�WXGL

WHåQRVW�J� �WR�MH�QRUPD�WHJD�YHNWRUMD���ODKNR�QHSRVUHGQR�L]UDþXQDPR�]XQDQML�JHRSRWHQFLDO
: �.RFK���������53��MH��YH]DQ���6 MH�]QDQD���PHGWHP�NR�MH�53���SURVW���6 MH�QH]QDQD��
� 7RUHM� YLGLPR�� GD� MH� PRGHUQL� UREQL� SUREOHP� 53�� �V� SRPRþMR� *36�D�� ELVWYHQR� EROM
HQRVWDYHQ�NRW�SUREOHP�0RORGHQVNHJD�53��

/LQHDUL]DFLMD
/LQHDUL]LUDQD�YHU]LMD�WHK�UREQLK�SUREOHPRY�MH�]HOR�HQRVWDYQD�

53���0RORGHQVNL�
1D RVQRYL�SORVNYH�6 LQ UHIHUHQþQHJD�HOLSVRLGD�( ODKNR�GHILQLUDPR�SRPRåQR�SORVNHY�S�

þH�]DKWHYDPR
���� 3:48 = ���

7RþND�4 LQ�QMHQD�YLãLQD�+� WDNR�LPHQRYDQD��QRUPDOQD�YLãLQD���VWD�]QDQL��þH�SR]QDPR
:� LQ þH�GHILQLUDPR�HOLSVRLGQR�QRUPDOQR�WHåQRVWQR�SROMH�]�QRUPDOQLP�SRWHQFLDOHP�8�

3RWHP�SR]QDPR�WHåQRVWQR DQRPDOLMR��DQRPDOLMR�WHåQRVWL��
���� 43JJ g-=D ���

NMHU� MH� ��4g QRUPDOQD� WHåQRVW� Y� WRþNL�4� 7HåQRVWQD� DQRPDOLMD� VH� XSRUDEOMD� ]D� L]UDþXQ
YLãLQVNH� DQRPDOLMH� �DQRPDOLMH� YLãLQ�� z� NL� SRGDMD� *(20(75,-2� WRSRJUDIVNH� SRYUãLQH
�SORVNYH��6� NHU�MH�YLãLQD�QDG�HOLSVRLGRP�K SRGDQD�

z+= +K ����
LQ ),=,.2�JUDYLWDFLMVNHJD�SROMD��NHU

gz=7 ����



LQ
78: += ����

6OLND�����7RSRJUDIVND�SRYUãLQD��WHOXURLG�LQ�HOLSVRLG

7DNR�L]UDþXQDPR�JHRSRWHQFLDO�: QH VDPR�QD�SRYUãLQL��SORVNYL��6� DPSDN�WXGL�Y
]XQDQMHP�SURVWRUX�

ýH EL�ELOD�6 QLYRMVND�SORVNHY��NRW�MH�JHRLG��EL�UHãLWHY�GRELOL�V�SRPRþMR�6WRNHVRYH
IRUPXOH�

ÏÏ
s

syDp= G��� J657 ����
NMHU�MH�6WRNHVRYD�IXQNFLMD�GHILQLUDQD�NRW

Ç¸
=

y-
+=y

�

��FRV�
����

Q
Q3Q

Q6 ����

V SRPRþMR�/HJHQGUHYLK�SROLQRPRY�3Q�FRVy�� 7D�IRUPXOD�YHOMD�]D�VIHUQR�DSURNVLPDFLMR��5 �����NP�MH�VUHGQML�UDGLM�=HPOMH�LQ�y MH�VIHUQD�UD]GDOMD�PHG�WRþNR�L]UDþXQD�]D� z LQ�WRþNR
QD NDWHUR� VH�QDQDãD�SORãþLQVNL� HOHPHQW� Gs HQRWVNH� NURJOH�s� 7HåQRVWQD� DQRPDOLMD�DJ VH
QDQDãD�QD�Gs�

9UVWR������ODKNR�VXPLUDPR�DQDOLWLþQR�V�NODVLþQLP�UH]XOWDWRP�
²Õ
±ª½

» y+yy-y-+y-y=y �VLQ�VLQOQFRV�FRV���VLQ����VLQ�
��� �6 ����

53���*36�
ýH MH� SRYUãLQD� 6 ]QDQD�� WHOXURLG� QL� SRWUHEHQ�� *HRGHWVNR� YLãLQR� K� DOL� YLãLQR� QDG

HOLSVRLGRP��ODKNR�QHSRVUHGQR�GRORþLPR�]�*36�RP�WDNR�GD��QDPHVWR� WHåQRVWQH�DQRPDOLMH
�����ODKNR�XSRUDELPR�WHåQRVWQR�PRWQMR��PRWHþR�WHåQRVW��

���� 33JJ g-=d ����
NMHU�VH�WXGL� g QDQDãD�QD�3 � VDM�MH�VHGDM�WD�WRþND�]QDQD�



7D� ]YH]D�PHG�7 LQ Jd MH� VHGDM� GDQD� ]D� SRVHEHQ� SULPHU� QLYRMVNH� SORVNYH�6 V +RWLQH�
.RFKRYR�IRUPXOR�

ÏÏ
s

sydp= G��� J.57 ����
NMHU�MH

Ç¸
=

y+
+=y

�

��FRV�
����

Q
Q3Q

Q. ����

7L�GYH� IRUPXOL� VWD�RþLWQR�Y� WHVQL�SRYH]DYL� V� ����� LQ� ������5D]OLND�PHG� ����� LQ� ����� MH
LPHQRYDOHF��Q � ��QDPHVWR�Q ± �����1DWR�PRUDPR�]DþHWL�VXPLUDWL�]��Q  ��Y�������LQ�QH�Y
������ 7R� QHSRVUHGQR� VOHGL� L]� GHILQLFLMH� WHåQRVWQH� PRWQMH� Y� SULPHUMDYL� ]� WHåQRVWQR
DQRPDOLMR��SULPHUMDM��+HLVNDQHQ�LQ�0RULW]��������HQDþEH���������LQ����������
� 6SHW�PRUHPR�VXPLUDWL�������5H]XOWDW�MH�IXQNFLMD�+RWLQH�.RFKD

²²Õ
±ªª½

»
y+-y=y ���VLQ�
��OQ���VLQ�

���. ����

(QDþEL������LQ������MH�SUYLþ�L]SHOMDO�+RWLQH��������VWU������LQ�������QMHQ�WHPHOMQL�SRPHQ
]D IL]LþQR�JHRGH]LMR�Y�SRYH]DYL�]�*36�RP�SD�MH�SUYL�RGNULO�LQ�DQDOL]LUDO�.RFK���������NL�MH
SUL]QDQMH�L]UD]LO�+RWLQX�

9UVWD�0RORGHQVNHJD
3UYR�UHãLWHY�]D�53��MH�SRGDO�0RORGHQVNL��NL�MH�UHãHYDO�LQWHJUDOVNR�HQDþER��'UXJD�UHãLWHY

MH�ELOD�GREOMHQD�QD��HOHPHQWDUHQ��QDþLQ�V�SRPRþMR�DQDOLWLþQHJD�QDGDOMHYDQMD�V�7D\ORUMHYR
YUVWR��6DP�0RORGHQVNL� MH�XSRãWHYDO� WR�PRåQRVW�åH�RNROL� OHWD�������YHQGDU� MR� MH� ]DYUJHO�
]DUDGL� WHRUHWLþQH� WHåDYQRVWL� DQDOLWLþQHJD� QDGDOMHYHQMD�� 7R� PHWRGR� MH� YQRYLþ� RGNULO
%MHUKDPPDU� OHWD�������0DULFK� LQ�� QHRGYLVQR� RG� QMHJD�0RULW]� VWD� MR� XSRUDELOD� RNROL� OHWD
���� ]D�RGNULWMH�QRYH�YUVWH�0RORGHQVNHJD�WLSD��7D�YUVWD�MH�SRSROQRPD�HNYLYDOHQWQD�UHãLWYL�
NL�MR�MH�GRELO�0RORGHQVNL�L]�LQWHJUDOVNH�HQDþEH��7R�MH�GRND]DO�3HOOLQHQ�OHWD�������3ULPHUMDM
�0RULW]��������GHO�'��

6OLND�����$QDOLWLþQR�QDGDOMHYDQMH�QD�QLYR�WRþNH



*HRPHWULþQR�VLWXDFLMR�SULND]XMH�VOLND����NL�MH�LGHQWLþQD�Y�53��LQ�53���5HV� Jd LPD�LVWR
KDUPRQLþQR�REQDãDQMH�NRW� JD � NHU�VWD�WDNR� Jd NRW� JD KDUPRQLþQL�IXQNFLML��+HLVNDQHQ�LQ
0RULW] ������HQDþEH���������LQ����������

7RUHM�QH�SULGH�GR�QREHQLK�VSUHPHPE��þH�QDGRPHVWLPR� JD ] Jd � ,]�WHJD�VOHGL��GD�ODKNR
HQRVWDYQR�XSRUDELPR�QDãH�RVQRYQH�HQDþEH�L]�NQMLJH��0RULW]��������VWU�����������

Ç ÏÏÏÏ ¸

= ss

sypg+sydpg=z
�

��
G���G��� Q

Q.J5J.5 ����

� Ç ÏÏÏÏ ¸

= ss

sÝµ́®
Å

a
a

ypg+sÝµ́®
Å

a
a

ydpg=Ýµ́®
Å
h
x

�
��

GVLQ
FRV

G
G

�
�GVLQ

FRV
G
G

�
�

Q
Q

.J.J ����

NMHU� MH� �g JOREDOQD� VUHGQMD� YUHGQRVW�� QD� SULPHU� ���� JDO�� 3RSUDYNH� ODKNR� L]UDþXQDPR
UHNXU]LYQR�

Ç
=

--= Q

U
UQU

U
Q J/]J

�

�� ����
NMHU�MH

JJ d=� ����
LQ

$KK] -= ����
=D�RSHUDWRUMH� L/ LPDPR�WXGL�UHNXU]LYQH�IRUPXOH�

[ ]����� �� I//QI/ QQ -= ����

ÏÏ
s

s-
p= G���

�
�

�

� O
II5I/ 3 ����

7H� IRUPXOH� VR� YVH�� NDU� SRWUHEXMHPR� ]D� DSURNVLPDFLMH� SROMXEQR� YLVRNHJD� UHGD�� 9VL
RSHUDWRUML��NL�VR�WDP��VR�VLVWHPDWLþQR�UHGXFLUDQL�QD�SRQRYOMHQR�XSRUDER�LQWHJUDOD������
� .RQþQR�NRQNUHWL]LUDPR�WR�PHWRGR�]D�Q  ��������

�������
�����

���

�
�

��
�

���

�
�

���

��

J/]J/]J]/J
J/]J]/J

J]/J

d---=
d--=

d-=
����

þH�VH�RPHMLPR�QD�Q  ���VOHGL�
sy³ã

áÃ¬
«

�
d�--dpg=z ÏÏ

s

G����� �
.K

JKKJ5
$ ����

NHU�MH
K
JKK]

JKKJ/KKJ $$$ �
d�--=�

d�--=d-= �������� �� ����



2SHUDWRU� �/ ODKNR�LQWHUSUHWLUDPR�NRW�YHWLNDOQL�RGYRG��+HLVNDQHQ�LQ�0RULW]�������SRJ�����
LQ �����

=D�QXPHULþQR�L]UDþXQDYDQMH�SULPHUMDM��.UDLJHU�HW�DO�������
,] z GRELPR�JHRLGQR�YLãLQR�1 �

KJ1 %
�g

D+z= ����
�+HLVNDQHQ�LQ�0RULW]�������VWU��������� �g SRPHQL�JOREDOQR�VUHGQMR�YUHGQRVW������DOL����
*DO��� %JD MH�%RXJXHUMHYD�WHåQRVWQD�DQRPDOLMD�

.RW VPR�åH�YLGHOL��1 SRWHUEXMHPR�]D VSUHPLQMDQMH�*36�YLãLQH�K Y QDGPRUVNR�YLãLQR�+�
+  K � 1 �

3RGREQH� L]UD]H�GRELPR�]D�NRPSRQHQWH�RGNORQD�QDYSLþQLFH�x LQ h� =�1� x LQ h ODKNR
VSUHPLQMDPR�JHRPHWULþQH�NRRUGLQDWH�K� f� l Y IL]LþQH�NRRUGLQDWH�+� L� F LQ REUDWQR�

/LWHUDWXUD+HLVNDQHQ�:��$���DQG�0RULW]�+����������3K\VLFDO�*HRGHV\��:�+��)UHHPDQ��6DQ�)UDQFLVFR��UHSULQWDYDLODEOH�IURP�6HFWLRQ�RI�3K\VLFDO�*HRGHV\��6WH\UHUJDVVH�����$±�����*UD]��.RFK�.��5����������'LH�JHRGlWLVFKH�5DQGZHUWDXIJDEH�EHL�EHNDQQWHU�(UGREHUIOlFKH��=HLWVFKULIW�I�U9HUPHVVXQJVZHVHQ������SS�����±����.UDLJHU� *��� .�KWUHLEHU� 1��� :DQJ� <�� 0�� �������� 7KH� FRUUHFWLRQ� WHUPV� RI� WKH� VROXWLRQ� RI0RORGHQVN\
V�SUREOHP�E\�DQDO\WLFDO�FRQWLQXDWLRQ�LQ�WKH�FHQWUDO�$OSV�RI�$XVWULD��LQ��7KH�*HRLGLQ�$XVWULD��3XEOLFDWLRQ�RI�WKH�$XVWULDQ�*HRGHWLF�&RPPLVVLRQ��,9��*UD]�/DFKDSHOOH�*���'HQQOHU�0���/HWKDE\�/���&DQQRQ�(�����������6SHFLDO�RUGHU�JHRGHWLF�RSHUDWLRQV��IRU�D&DQDGLDQ�3DFLILF�UDLOZD\�WXQQHO�LQ�WKH�&DQDGLDQ�5RFNLHV��7KH�&DQDGLDQ�6XUYH\RU���������S����������0RULW]�+����������$GYDQFHG�3K\VLFDO�*HRGHV\��:LFKPDQQ��+HLGHOEHUJ���QG�HG��������6�QNHO�+�� ��������*HRLGEHVWLPPXQJ��%HUHFKQXQJHQ� DQ� GHU� 78�*UD]�� ��� 7HLO�� LQ��'DV�*HRLG� LQgVWHUUHLFK��3XEOLFDWLRQ�RI�WKH�$XVWULDQ�*HRGHWLF�&RPPLVVLRQ��,,,��*UD]�


