
2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD����

9,�� 180(5,&.e�,03/(0(17È&,(

6~þDV RX� WHMWR� SUiFH� MH� DM� QXPHULFNi� LPSOHPHQWiFLD� QLHNWRUêFK� PRGHORY� QD

SRþtWDþL��&LH RP�EROR�Y\WYRUL �QLHOHQ�GHPRQãWUDþQp�DOJRULWP\��DOH�DM�SUDNWLFN\�SRXåLWH Qê

VRIWZDUH��$OJRULWP\�EROL�QDSURJUDPRYDQp�Y�MD]\NX�&���Y�SURVWUHGt�0LFURVRIW�9LVXDO�&��

��V�SRXåLWtP�$FWLYH;�7HPSODWH�/LEUDU\�DNR�W]Y��&20�REMHNW\��&20��&RPSRQHQW�2EMHFW

0RGHO�� MH� QRUPD� Y\YLQXWi� ILUPRX� 0LFURVRIW� SUH� ãWDQGDUGL]RYDQ~� NRPXQLNiFLX� PHG]L

REMHNWPL�D�DSOLNiFLDPL��2EURYVNRX�YêKRGRX�MH��åH�&20�REMHNW\�V~�QH]iYLVOp�QD�SRXåLWRP

SURJUDPRYDFRP� MD]\NX�� 7R� ]QDPHQi�� åH� P{åX� E\ � QDStVDQp� Y� XERYR QRP� MD]\NX

SRGSRUXM~FRP� &20� D� SRXåLWp� Y� XERYR QRP� LQRP� MD]\NX� WLHå� SRGSRUXM~FRP� &20�

2EMHNW\��NWRUp�V~�V~þDV RX�WHMWR�SUiFH��MH�PRåQp�SRXåL �QDSUtNODG�Y�DSOLNiFLiFK�0LFURVRIW

([FHO��0LFURVRIW�:RUG��]�9LVXDO�%DVLFX��'HOSKL�D�LQêFK��7DNWLHå�ERO�Y\WYRUHQê�V~ERU�SUH

([FHO�GHPRQãWUXM~FL�SRXåLWLH�DOJRULWPRY�

&20� REMHNW\� NRPXQLNXM~� PHG]L� VHERX� SRPRFRX� LQWHUIDFRY�� NWRUp� GHILQXMH

SURJUDPiWRU�� XERYR Qê�REMHNW�P{åH�LPSOHPHQWRYD � XERYR Qê�SRþHW�U{]Q\FK�LQWHUIDFRY�

=�WRKR� Y\SOêYD� DOãLD� YêKRGD� &20�� NWRU~� MH� PRåQp� GHPRQãWURYD � QD� RNUDMRYêFK

SRGPLHQNDFK��1DSUtNODG�YêSRþHW� FHQ\�HXUySVN\FK�RSFLt� VD�SUH� MHGQRWOLYp� W\S\�GHULYiWRY

OtãL� LED� SRXåLWtP� DGHNYiWQ\FK� RNUDMRYêFK� SRGPLHQRN� �PHG]L� NWRUp�� VDPR]UHMPH�� SDWUt� DM

H[SLUDþQi� SRGPLHQND��� 9�UiPFL� VRIWZDUH� MH� QDStVDQêFK� QLHNR NR� REMHNWRY

UHSUH]HQWXM~FLFK� U{]QH� RNUDMRYp� SRGPLHQN\� �D� WêP� DM� U{]QH� GHULYiW\�� SUH� LFK� SRSLV� YL

SUtORKX�&���SULþRP�YãHWN\�LPSOHPHQWXM~�WHQ�LVWê�LQWHUIDFH��$OJRULWPXV�YêSRþWX�FHQ\�MH�WLHå

LPSOHPHQWRYDQê�DNR�REMHNW��V�LQêP�LQWHUIDFH���$N�SRWUHEXMH�KRGQRWX�RNUDMRYHM�SRGPLHQN\

Y�QHMDNRP� ERGH�� REUiWL� VD� QD� NRQNUpWQ\� REMHNW� SRGPLHQN\� SRPRFRX� WRKWR� VSRORþQpKR

LQWHUIDFH��$OJRULWPXV�YêSRþWX�MH�WDNWR�L]RORYDQê�RG�REMHNWX�RNUDMRYêFK�SRGPLHQRN��SR]Qi

OHQ� MHKR� LQWHUIDFH�� 7HGD� YODVWQH� DQL� ÄQHYLH³� V�NWRUêP� NRQNUpWQ\P� REMHNWRP� RNUDMRYêFK

SRGPLHQRN�SUDFXMH�D�DNê�W\S�GHULYiWX�SRþtWD��WR�XUþt�SURJUDPiWRU�SUL�]DYRODQt�DOJRULWPX��

SR]Qi�OHQ�WHQ�LQWHUIDFH��-HGQRWOLYp�REMHNW\�RNUDMRYêFK�SRGPLHQRN�V~�W]Y��SOXJ±LQ�REMHNW\�

-H� WLHå� PRåQp� NHG\NR YHN� Y�EXG~FQRVWL� GRStVD � QRYp� REMHNW\� UHSUH]HQWXM~FH� RNUDMRYp

SRGPLHQN\� QRYêFK� W\SRY� GHULYiWRY� D� H[LVWXM~FH� DOJRULWP\� LFK� EXG~� VFKRSQp� RNDPåLWH

Y\XåL �� 7DNWLHå� DOJRULWPXV� SUH� YêSRþHW� FLHQ� DPHULFNêFK� RSFLt� SRXåtYD� WLHWR� REMHNW\

RNUDMRYêFK�SRGPLHQRN��þR�ãHWUt�PQRåVWYR�QXWQpKR�NyGX��&20�XPRå XMH�L�GLVWULEXRYDQp

VSUDFRYDQLH�� NHG\� DSOLNiFLD� SRXåtYDM~FD�&20�REMHNW\� EHåt� QD� MHGQRP�SRþtWDþL� Y�VLHWL� D



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD����

VDPRWQp�&20�REMHNW\�QD�~SOQH� LQRP��/DLFN\�VD�Gi�SRYHGD �� åH� WHQWR� VRIWZDUH� MH�XUþLWi

VNODGDþND�±�]ORåHQtP�DOJRULWPX�V�RNUDMRYRX�SRGPLHQNRX�XUþtPH�W\S�RSFLH��NWRU~�FKFHPH

RFHQL ��1HYêKRGD�&20�MH�MHKR�Yl]ED�QD�SODWIRUPX�:LQ����DM�NH �ILUPD�'(&�Y�V~þDVQHM

GREH�SRUWXMH�&20�QD�8QL[�

9�QDVOHGXM~FLFK� NDSLWROiFK� V~� PDWHPDWLFN\� UR]REUDQp� MHGQRWOLYp� DOJRULWP\�

3URJUDPiWRUVNê�SRSLV�&20�REMHNWRY�D�LFK�]GURMRYê�WH[W�MH�Y�SUtORKH�&�

9,���� %ODFN±6FKROHVRY�PRGHO�±�LPSOLFLWQi�VFKpPD

1DSULHN� WRPX�� åH� %ODFN±6FKROHVRY� PRGHO� Pi� SUH� HXUySVNX� SXW� D� FDOO� RSFLX

H[SOLFLWQp� ULHãHQLH�� SRPRFRX� NWRUpKR� MH� PRåQp� SUHVQH� XUþL � FHQX� WêFKWR� RSFLt� �]D

SUHGSRNODGX� ]QDORVWL� GLVWULEXþQHM� IXQNFLH� QRUPiOQHKR� UR]GHOHQLD� V�GRVWDWRþQRX

SUHVQRV RX��� MH� YêKRGQp� LPSOHPHQWRYD � ULHãHQLH� %6� 3'5� QXPHULFN\�� 9êKRGD� Y\SOêYD

]�WRKR�� åH� 3'5� MH� QH]iYLVOi� RG� RNUDMRYêFK� SRGPLHQRN� D� WHGD� SODWQi� SUH� U{]QH� W\S\

GHULYiWRY��NWRUêFK�FHQX�P{åHPH�SRWRP� DKNR�]LVWL �

9R�YãHREHFQRVWL� LGH�R�SUREOpP�QiMGHQLD� ULHãHQLD�SDUFLiOQHM�GLIHUHQFLiOQHM� URYQLFH

SUH� GDQp� RNUDMRYp� SRGPLHQN\�� 7HQWR� SUREOpP� VD� ULHãL� W]Y�� GLVNUHWL]iFLRX� 3'5�� NHG\� VD

GHULYiFLH�WYRULDFH�URYQLFX�QDKUDGLD�LFK�OLQHiUQ\PL�DSUR[LPiFLDPL��$E\� WRWR�EROR�PRåQp�

MH�QXWQp�REPHG]L �QHNRQHþQp�LQWHUYDO\��QD�NWRUêFK�SRþtWDPH�ULHãHQLH��QD�GRVWDWRþQH�YH Np

NRQHþQp� D� WLHWR� SRWRP� UR]GHOL � QD� PDOp� GLHOLN\�� 7êP� GRVWDQHPH� VLH � ERGRY�� Y�NWRUêFK

VSRþtWDPH� KRGQRW\� QH]QiPHM� IXQNFLH�� 3RNLD � MH� SRWUHEQi� KRGQRWD� PHG]L� ERGPL� VLHWH�

P{åHPH�SRXåL �LQWHUSROiFLX��7iWR�PHWyGD�VD�QD]êYD�PHWyGD�NRQHþQêFK�GLIHUHQFLt�

=DYHGHQtP�]QiPHM�VXEVWLW~FLH�SUHPHQQêFK�

[(H6 = �

�

�
�
s

t
-= 7W �

( ) ( )
( )t

t

�
�

�

�� �
�

�
�

�

�

[X(H9
NN[N

²

Õ

±

ª

½

»

+----

= �

�

�

�
�
s

U
N = ���

�

�

�
�
s

'U
N

-
= ��� ( )¸¸-� �[ ��� 7�

�
�
�� st � �

=MHGQRGXãtPH�%6�35'�QD�WYDU�

�

�

[
XX

�
�

=
�
�
t



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD����

V�SDWULþQêPL� RNUDMRYêPL� SRGPLHQNDPL�� -H� YêKRGQp� QXPHULFN\� LPSOHPHQWRYD � UDGãHM

WUDQVIRUPRYDQê� SUREOpP� QHå� S{YRGQê�� SUHWRåH� YêVOHGQê� DOJRULWPXV� EXGH� MHGQRGXFKãt� D

HIHNWtYQHMãt��=�GHILQtFLH�SDUFLiOQHM�GHULYiFLH�X�SRG D�t

( ) ( )
t

ttt
t D

-D+
�

�
� �� [X[XX

�

NGH� tD � MH� PDOê� LQWHUYDO�� 7iWR� DSUR[LPiFLD� VD� QD]êYD� GRSUHGQi� D� YHGLH� N�H[SOLFLWQHM

PHWyGH�NRQHþQêFK�GLIHUHQFLt��([SOLFLWQi�PHWyGD�Pi�YãDN�XUþLWp�SUREOpP\�V�NRQYHUJHQFLRX

D� VWDELOLWRX� SUL� QHYKRGQH� ]YROHQêFK� GHOHQLDFK� LQWHUYDORY�� 1DRSDN� MHM� YêKRGRX� MH� WR�� åH

KRGQRW\�K DGDQHM�IXQNFLH�Y�GDQRP�þDVRYRP�RNDPLKX�VD�GDM~�Y\MDGUL �DNR�IXQNFLD�KRGQ{W

WHM� LVWHM� IXQNFLH� ]�SUHGFKiG]DM~FHKR� þDVRYpKR� RNDPLKX�� $N� GHULYiFLX� DSUR[LPXMHPH

YêUD]RP

( ) ( )
t

ttt
t D

D--
�

�
� �� [X[XX

�GR]DGQi� DSUR[LPiFLD��� G{MGHPH� N�LPSOLFLWQHM� PHWyGH� NRQHþQêFK� GLIHUHQFLt�� NWRUi� MH

EH]SRGPLHQHþQH�VWDELOQi��DOH�Y\åDGXMH�SUH�NDåGê�þDVRYê�ERG�ULHãHQLH�V~VWDY\� OLQHiUQ\FK

URYQtF�� 9�QDãRP� SUtSDGH� VD� XNiåH�� åH� GDQi� V~VWDYD� VD� Gi� YH PL� HIHNWtYQH� ULHãL � /8

UR]NODGRP� D� NH åH� LPSOLFLWQi� PHWyGD� QHY\åDGXMH� WR NR� þDVRYêFK� NURNRY�� NR NR

H[SOLFLWQi��Y�NRQHþQRP�G{VOHGNX�P{åH�E\ �HãWH�HIHNWtYQHMãLD�

3UHIHURYDQêP� VS{VRERP� DSUR[LPiFLH� GUXKHM� GHULYiFLH� SRG D� SULHVWRURYHM

SUHPHQQHM�MH�FHQWUiOQD�GLIHUHQFLD�

( ) ( ) ( )
( )��

� ����

[

[[X[X[[X
[
X

D
D-+-D+

�
�
� ttt

�

3RPRFRX�7D\ORURYKR� UR]YRMD� VD�Gi�XNi]D �� åH� DSUR[LPiFLD� SUYHM� GHULYiFLH�Pi�SUHVQRV

( )tDR �� DSUR[LPiFLD�GUXKHM�GHULYiFLH� ( )( )�[R D ��5R]GH PH�þDVRYê� LQWHUYDO� 7�
�
�
�� s �QD

GLHOLN\� YH NRVWL� tD � D� QHFK� LFK� SRþHW� MH�0�� .H åH� ( )¸¸-� �[ �� PXVtPH� WHQWR� LQWHUYDO

REPHG]L � QD� ( )UO [[ � � SUH� O[ � D� U[ � GRV � YH Np�� 7HQWR� LQWHUYDO� UR]GH PH� QD�1� GLHOLNRY

YH NRVWL� [D �� 7êP� GRVWiYDPH� þDVRSULHVWRURY~� VLH �� Y�ERGRFK� NWRUHM� SRWRP� Y\SRþtWDPH

SULEOLåQH�KRGQRW\�IXQNFLH� ( )t�[X ��2]QDþPH�MHGQRWOLYp�ERG\� ( )tD¢D¢= P[QXXP

Q
�� �

$SUR[LPRYDQtP� GHULYiFLt� GLIHUHQFLDPL� �SULþRP� SRXåLMHPH� GR]DGQ~� DSUR[LPiFLX�

GRVWiYDPH�

( )�
��

� �

[

XXXXX P

Q

P

Q

P

Q

P

Q

P

Q

D

+-
=

D
-

-+

-

t
�



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD����

SR�~SUDYH�

( ) �

��
� -

-+

=+-- P

Q

P

Q

P

Q

P

Q

P

Q
XXXXX a �

NGH�
( )�[D
D

=
t

a �� �

Q
X � YLHPH� XUþL � ]�SRþLDWRþQHM� SRGPLHQN\� D� P

1

P

1
XX �

-

� ]�RNUDMRYêFK

SRGPLHQRN��9�NRPSDNWQHMãRP�PDWLFRYRP�WYDUH�P{åHPH�SUREOpP�]DStVD �WDNWR�

P�PP EX0X += - �

NGH�

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

+-
-¢¢

¢¢¢
¢¢-

-+

=

aa
a

a
aa

����

��

����

L

M

M

L

0 ��

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

=

+-

-

P

1

P

P

1

X

X

X

�

�

�

M

M
PX ��

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

=

-

P

1

P

1

X

X

�

�

M
PE �

.H åH� SODWt� aa ��� >+ �� PDWLFD� 0� MH� VWULNWQH� UHJXOiUQD� �DM� VWULNWQH� GLDJRQiOQH

GRPLQDQWQi�� D� WHGD� P{åHPH� ULHãHQLH� V~VWDY\� OLQHiUQ\FK� URYQtF� Y\MDGUL � SULDPR�

( )P�P�P EY0Y += -- �� 3UDNWLFN\� MH� YêKRGQHMãLH� GDQ~� V~VWDYX� OLQHiUQ\FK� URYQtF� ULHãL

SRPRFRX�/8�UR]NODGX��0DWLFD�0�MH�WURMGLDJRQiOQD�PDWLFD�UR]PHURY� ( ) ( )���� -�- 11 �

SUHWR�QD�MHM�UHSUH]HQWiFLX�Y�SDPlWL�SRWUHEXMHPH� �� -1 �þtVHO��QDSUtNODG�DN�1� �������þtVOR

MH�W\SX�GRXEOH��þR�]QDPHQi���EDMWRY�SDPlWH��SRWUHEXMHPH�UiGRYR���N%���,QYHU]Qi�PDWLFD

YR� YãHREHFQRVWL� QLH� MH� WURMGLDJRQiOQD� D� QD� MHM� UHSUH]HQWiFLX� Y�SDPlWL� SRWUHEXMHPH

( )��� -1 � þtVHO� �WHGD�SUH�1� ������ MH� WR� UiGRYR���0%�� þR� MH�SRGVWDWQê� UR]GLHO���2NUHP

WRKR�SUH�WURMGLDJRQiOQX�PDWLFX�H[LVWXMH�YH PL�HIHNWtYQ\�VS{VRE�QiMGHQLD�/8�UR]NODGX��þR

XUêFK XMH�YêSRþHW�

0HWyGD� /8� UR]NODGX� VSRþtYD� Y�WRP�� åH� PDWLFX� 0� UR]ORåtPH� QD� V~þLQ� GYRFK

WURMXKROQtNRYêFK� PDWtF�� 6~VWDYX� OLQHiUQ\FK� URYQtF� V�WURMXKROQtNRYRX� PDWLFRX� YLHPH

Y\ULHãL �SULDP\P�GRVDGHQtP��1HFK�WHGD�PDWLFD�0�Pi�YR�YãHREHFQRVWL�WYDU�

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

¢¢
¢¢¢

¢
=

-

-

QQ

Q

DE

F

DE

FD

�

�

��

��

��

��

��

L

M

M

L

0

D� QHFK� MH� VLOQH� UHJXOiUQD�� 3RWRP� SUH� WDN~WR� PDWLFX� H[LVWXMH� MHGQR]QDþQê� /8� UR]NODG

V�PDWLFDPL�/�D�8�Y�WYDUH�



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD����

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

¢¢
¢¢¢

¢
=

-

���

�

��

�

����

�

�

Q
O

O

L

M

M

L

/ ��

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

¢¢
¢¢¢

¢¢
=

-

Q

Q

X

]

]X

���

��

�

��

�

��

L

M

M

L

8 �

-HGQRWOLYp�SUYN\�WêFKWR�PDWtF�V~�GDQp�Y] DKPL�

��
DX = �� QL

X

EF
DX

L

LL

LL
ÊÊ-=

-

-- �
�

�� ��
LL
F] = �� �� -ÊÊ= QL

X

E
O

L

L

L
�

5LHãHQLH� V~VWDY\� URYQtF� T0[ = � MH� HNYLYDOHQWQp� ULHãHQLX� V~VWDY\� T/8[ = �� $N� VL

R]QDþtPH� 8[\ = ��ULHãLPH�QiVOHGQH�GYH�V~VWDY\�OLQ��URYQtF�� T/\ = �D� \8[ = ��SULþRP�REH

PDM~�WURMXKROQtNRYp�PDWLFH�D�YLHPH�LFK�Y\ULHãL �GRVDGHQtP�

��
T\ = �� QL

X

\E
T\

L

LL

LL
ÊÊ-=

-

-- �
�

�� ��
Q

Q

Q X

\
[ = �� ��� ËË-

-
= + LQ

X

[F\
[

Q

QQQ

Q
�

,PSOLFLWQi�VFKpPD�MH�VWDELOQi�SUH� �>a �D�NRQYHUJXMH�N�SUHVQpPX�ULHãHQLX��DN� ��Dt �D

��D[ �

9,���� $PHULFNp�RSFLH�±�3625

3UREOpP� ULHãHQLD� FHQ\� DPHULFNêFK� RSFLt� ERO� LPSOHPHQWRYDQê� SUH� ]iSLV� Y�WYDUH

OLQHiUQHM� NRPSOHPHQWDULW\� SRPRFRX� SURMHNWRYDQpKR� 625� DOJRULWPX�� =DVD� QLH� MH� ULHãHQê

RULJLQiOQ\�SUREOpP��DOH�MHKR�WUDQVIRUPRYDQi�YHU]LD�V�SRXåLWtP�]KRGQHM�WUDQVIRUPiFLH��DNR

Y�SUHGFKiG]DM~FHM�NDSLWROH��0iPH�WHGD�WUDQVIRUPRYDQê�SUREOpP�]DStVDQê�Y�WYDUH�OLQHiUQHM

NRPSOHPHQWDULW\��YL �WLHå�NDSLWROX�,,,����

�� ( ) ( )( ) 7[[[[J[X
[

XX
SO �

�

�

�
�
������ sttt

t
�"-�"=-²²

Õ

±
ªª
½

»
�
�

-
�
�

�� 7[[[
[

XX
SO �

�

�

�
�
���� st

t
�"-�"Ë²²

Õ

±
ªª
½

»
�
�

-
�
�

�� ( ) ( )( ) 7[[[[J[X SO �

�
�
������ sttt �"-�"Ë- �

9LGtPH�� åH�Y�WHMWR� IRUPXOiFLL� SULDPR�QHY\VWXSXMH� YR Qi� KUDQLFD� D� W~WR� MH�PRåQp� ]LVWL � D

SRVWHULRUL�]�ULHãHQLD��3UREOpP�QDMVN{U�GLVNUHWL]XMHPH�

tt D
-

�
�
� + P

Q

P

Q
XXX �

�



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD����

( )
( )

( ) ²²
Õ

±
ªª
½

»

D

+-
-+²²

Õ

±
ªª
½

»

D

+-
�

�
�

-+

+

-

++

+

�

��

�

�

�

��

�

�

� �
�

�

[

XXX

[

XXX

[

X P

Q

P

Q

P

Q

P

Q

P

Q

P

Q qq �

SULþRP� ����q ��3UH�YR EX� �=q � GRVWiYDPH� LPSOLFLWQ~� VFKpPX�� SUH� �=q � H[SOLFLWQ~� D

SUH� ���=q � &UDQN±1LFROVRQRY~�� 3RGPLHQNX� JX Ë � DSUR[LPXMHPH� QHURYQLFRX� P

Q

P

Q
JX Ë

SUH� �ËP �� ]R� ]DþLDWRþQHM� SRGPLHQN\� D� RNUDMRYêFK� SRGPLHQRN� PiPH� NUDMQp� KRGQRW\�

3RGPLHQNH� �
�

�

Ë²²
Õ

±
ªª
½

»
�
�

-
�
�

[

XX
t

�]RGSRYHGi�QHURYQLFD�

( ) ( )( )P

Q

P

Q

P

Q

P

Q

P

Q

P

Q

P

Q

P

Q
XXXXXXXX

��

�

�

��

�

� ���
-+

+

-

++

+

+ +--+Ë+-- qaaq �

'HILQXMPH�

( )( )P

Q

P

Q

P

Q

P

Q

P

Q
XXXXE

��
��

-+

+--+= qa �

1HURYQLFD�VD�WêP�]MHGQRGXãt�QD�WYDU�

( ) P

Q

P

Q

P

Q

P

Q

P

Q
EXXXX Ë+-- +

-

++

+

+ �

�

��

�

� �aq �

SULþRP� KRGQRWX� SUDYHM� VWUDQ\� QHURYQRVWL� P

Q
E � Y�þDVH� P� �� �� YLHPH� XUþL �� 1DNRQLHF

]�SRGPLHQN\�OLQHiUQHM�NRPSOHPHQWDULW\�GRVWiYDPH�URYQLFX�

( )( )( ) �� ���

�

��

�

� =--+-- +++

-

++

+

+ P

Q

P

Q

P

Q

P

Q

P

Q

P

Q

P

Q
JXEXXXX aq

=DYH PH�YHNWRURYp�R]QDþHQLH�

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

=

+-

-

P

1

P

P

1

X

X

X

�

�

�

M

M
PX ��

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

=

+-

-

P

1

P

1

E

E

�

�

�

�

M
PE ��

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

=

+-

-

P

1

P

1

J

J

�

�

�

�

M
PJ �

NGH� P

Q
E �V~�GDQp�SUHGFKiG]DM~FLP�Y] DKRP�RNUHP�

( )( ) �

����
�� +

-+-+--+-+-

++--+= P

1

P

1

P

1

P

1

P

1

P

1
JXXJXE aqqa �

( )( ) �

����
�� +

----

++--+= P

1

P

1

P

1

P

1

P

1

P

1
JXXJXE aqqa �

'HILQXMPH�PDWLFX�&�

²
²
²
²
²
²

Õ

±

ª
ª
ª
ª
ª
ª

½

»

+-
-¢¢

¢¢¢
¢¢-

-+

=

aqaq
aq

aq
aqaq

����

��

����

L

M

M

L

&



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD����

UR]PHURY� ( ) ( )���� -�- 11 �� 3RWRP� FHOê� SUREOpP� Y�PDWLFRYRP� ]iSLVH� Y\]HUi

QDVOHGRYQH�

( ) �� Ë-+ PP E&Y �� ( ) ��� Ë- ++ PP JY �� ( ) ( ) ���� =-- +++ PP
7

PP E&YJY �

2]QDþHQLH� �ËY � ]QDPHQi�� åH� NDåGi� SRORåND� YHNWRUD� Y�MH� QH]iSRUQi�� 9ãLPQLPH� VL�� åH

URYQLFX� NRPSOHPHQWDULW\� VPH� ]DStVDOL� Y�WYDUH� VNDOiUQHKR� V~þLQX�� W�M�� V~þHW� MHGQRWOLYêFK

URYQtF�Pi�E\ �QXORYê��QLH�NDåGi��.H åH�PiPH�SRGPLHQNX�QH]iSRUQRVWL�SUH�NDåGê�þLQLWH

D�WHGD�DM�SUH�NDåGê�VþtWDQHF�Y�VNDOiUQRP�V~þLQH�� LFK�V~þHW� MH�QXORYê�SUiYH�YWHG\��NH �V~

YãHWN\�QXORYp�

1D� ULHãHQLH� SUREOpPRY� W\SX� QiMV � YHNWRU� [�� SUH� NWRUê� SODWt�� E$[ Ë �� F[ Ë �

( ) ( ) �=-- E$[F[ 7 � VD� SRXåtYD� SURMHNWRYDQê� 625� �6XFFHVVLYH� 2YHU� 5HOD[DWLRQ�

DOJRULWPXV��$N� MH�PDWLFD�$� NODGQH� GHILQLWQi�� Gi� VD� XNi]D �� åH� SUREOpP�Pi� SUiYH� MHGQR

ULHãHQLH�� NWRUp� H[LVWXMH��$OJRULWPXV� MH� LWHUDþQê��$NR� �[ � VD� ]YROt� QHMDNê� ÄRGKDG³� F[ Ë�

�SUH� F[ <� �QHPXVt�DOJRULWPXV�NRQYHUJRYD ���3RþDV�NDåGHM�LWHUiFLH�VD�Y\WYiUD�QRYê�YHNWRU

�+N[ �]�DNWXiOQHKR�YHNWRUD� N[ �Y�GYRFK�NURNRFK�SUH�NDåGp�L�

D�� VHNYHQþQH� Y\WYRUtPH� SRPRFQ~� SUHPHQQ~

²²
Õ

±
ªª
½

»
--= Ç Ç

-

= +=

++

�

� �

�� � L

M

Q

LM

N

MLM

N

MLML

LL

N

L
[$[$E

$
\ �

E�� ( ){ }N

L

N

L

N

LL

N

L
[\[F[ -+= ++ �� �PD[ w �

.RQãWDQWD� w� VD� QD]êYD� UHOD[DþQê� SDUDPHWHU� D� SUH� ( )����w � DOJRULWPXV� NRQYHUJXMH�

,WHUDþQê�SURFHV�VD�]DVWDYt��DN� e<-+ NN [[ � ��]YROHQi�SUHVQRV ���3RWRP� �+N[ �UHSUH]HQWXMH

DSUR[LPiFLX�ULHãHQLD�

9�WRPWR�NRQNUpWQRP�SUtSDGH�YLGLH ��åH�&�MH�]DVD�WURMGLDJRQiOQD��MH�NODGQH�GHILQLWQi

� DKNR� VD�Gi� RYHUL � QDSUtNODG�PHWyGRX� URKRYêFK� GHWHUPLQDQWRY��� WHGD� MHGQDN� ]DVD� NOHVi

SDPl RYi� QiURþQRV � D� ]iURYH � VD� 3625� ]MHGQRGXãt�� 3UH� NRQNUpWQX� LPSOHPHQWiFLX� YL

SUtORKX�&�


