
2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD���

,���� <LHOG±FXUYH�PRGHO\

9�WHMWR�NDSLWROH�VL�YH PL�VWUXþQH�SRStãHPH�9DVLFNRY��&5,�D�+XOO�	�:KLWH�PRGHO\�

7LHWR�PRGHO\�VL�XNiåHPH�QDMPl�Y�NRQWH[WH�K DGDQLD�GLVNRQWQHM�IXQNFLH�

,����� 7UKRYi�FHQD�UL]LND

9�NRQWH[WH� PRGHORY� SUH� GHULYiW\� ~URNRYHM� PLHU\� EROL� Xå� Y�URNX� ����� RGYRGHQp

SRGPLHQN\�� NWRUp� PXVt� VS D � FHQD� GOKRSLVX�� DE\� QHQDVWDOD� DUELWUiå� �9DVLFHN��

3UHGSRNODGDMPH�YãHREHFQê�PRGHO�YêYRMD�DNWXiOQHKR�VKRUW�UDWH�

( ) ( )
WUU

G:WUGWWUGU �� sm += �

3RPRFRX�,W{RYHM�OHP\�P{åHPH�RGYRGL �GLIHUHQFLiO�IXQNFLH�FHQ\�EH]NXSyQRYpKR�GOKRSLVX

V�GRERX�VSODWQRVWL�7�

( )

( ) ( )
W

WUUU

G:7WYGW7W

G:
U
3

GW
U
3

W
3

U
3

7WG3

��

�
�

�
�

�

�

+=

=
�
�

+³
ã

á
Ã
¬

«
�
�

+
�
�

+
�
�

=

m

ssm
�

9\WYRUPH�SRUWIyOLR�SR]RVWiYDM~FH�]�MHGQpKR�GOKRSLVX�V�GRERX�VSODWQRVWL�7��D�q�GOKRSLVRY

V�GRERX�VSODWQRVWL�7��

( ) ( ) ( )
��

�� 7W37W3W qp += �

=PHQD�FHQ\�WRKWR�SRUWIyOLD�]D�þDVRYê�~VHN�GW�MH�

( ) ( )[ ] ( ) ( )

�

��
�� ��

��

W

WUU

G:GW

G:
U

7W3

U

7W3
GW7W7WG

pp
sm

sqsqmmp

+=

=³ã
á

Ã¬
«

�
�

+
�

�
++=

$N�SRORåtPH

( )

( )
U

7W3
U

7W3

�
�

�
�

-=
�

�

�

�

q �

SRWRP� �Ù
p

s � D� YêYRM� FHQ\� SRUWIyOLD� MH� GHWHUPLQLVWLFNê�� 9\QiVREHQtP� þLWDWH D� DM

PHQRYDWH D�
U

s �GRVWiYDPH�

( )
( )

�

�

�
�
7WY
7WY

-=q �D� ( ) ( )
( ) ( )

�

�

�

�
�

�
�

� 7WG3
7WY
7WY

7WG3G -=p �

.H åH�SRUWIyOLR�MH�WHUD]�GHWHUPLQLVWLFNp��PXVt�SODWL �� ( ) ( )GWWWUG pp = ��3R�GRVDGHQt�



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD���

( ) ( )
( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( )
( ) ( ) ( ) ( )

( ) ( ) ( )WU7W3
7WY

7WY
7W37W

7WY

7WY
7W

GWWU7W3
7WY
7WY

7W37WG3
7WY
7WY

7WG3

³
ã

á
Ã
¬

«
-=-

³
ã

á
Ã
¬

«
-=-

�

�

�

��

�

�

�

�

�

�

��

�

�

�

�
�

�
��

�

�
�

�
�
�

��
�
�

�

mm

ÒSUDYDPL�QDNRQLHF�GRVWiYDPH�

( ) ( ) ( )
( )

( ) ( ) ( )
( )

�

��

�

��

�
��

�
��

7WY
7W3WU7W

7WY
7W3WU7W -

=
- mm

�

7iWR� URYQLFD� SODWt� SUH� XERYR Qp� GRE\� VSODWQRVWL�� 7R� ]QDPHQi�� åH� KRGQRWD� MHGQRWOLYêFK

]ORPNRY�QH]iYLVt�RG�GRE\�VSODWQRVWL�D�MH�IXQNFLRX�U�D�W�

( ) ( ) ( ) ( )
( )7WY

7W3WU7W
WU

�
��

�
-

=
m

l �

.HE\�VPH�DEVRO~WQ\�GULIW�D�YRODWLOLWX�Y\MDGULOL�SHUFHQWXiOQH�� P3=m �� 3YY 
= ��SRWRP�

( ) ( ) ( )
( )7WY

WU7WP
UW

�

�

�
-

=l �

7HGD�SHUFHQWXiOQ\�YêQRV�]�GOKRSLVX�VD�RG�EH]UL]LNRYHM�VKRUW�UDWH�OtãL�R�IXQNFLX�þDVX�D�VKRUW

UDWH�QiVREHQ~�YRODWLOLWRX��7iWR�IXQNFLD�VD�QD]êYD�WUKRYi�FHQD�UL]LND��PDUNHW�SULFH�RI�ULVN��

$N�MH�LQYHVWRU�ULVN±DYHUVH��W�M��MHKR�IXQNFLD�~åLWNX�MH�NRQNiYQD���l�MH�NODGQp�D�UHSUH]HQWXMH

YêQRV�QDY\ãH�RSURWL� EH]UL]LNRYpPX��7HQWR�YêQRV�QDY\ãH� ÄVSUiYQH�NRPSHQ]XMH³� UL]LNR�]

GUåDQLD�GOKRSLVX�

,����� 9DVLFHN�D�&,5�PRGHO\

$NR�Xå�EROR�QD]QDþHQp�Y�NDSLWROH�,,����VWRFKDVWLFNê�SURFHV�PRGHOXM~FL�YêYRM�VKRUW

UDWH�E\�PDO�VS D �XUþLWp�NULWpULD�GDQp�KLVWRULFNêP�YêYRMRP�VKRUW� UDWH�QD� WUKX��0HG]L� WLH

QDMG{OHåLWHMãLH�SRåLDGDYN\�SDUWLD�

�� 5R]VDK�KRGQ{W�E\�PDO�E\ �NRQ]LVWHQWQê�V�ÄSUDYGHSRGREQêPL³

KRGQRWDPL�~URNRY��âSHFLiOQH�E\�~URN�QHPDO�E\ �]iSRUQê�D�WLHå

ÄQHKRUi]QH³�Y\VRNê�

�� 8Ni]DOR�VD��åH�Y\VRNp�KRGQRW\�~URNX�EROL�QDVOHGRYDQp�SRNOHVRP

þDVWHMãLH�DNR� DOãtP�UDVWRP��SUH�H[WUpPQH�Qt]NH�~URN\�WR�EROR�QDRSDN�

ÒURN�Y\ND]XMH�W]Y��PHDQ±UHYHUWLQJ�

�� 9RODWLOLWD�~URNRY�QD�U{]QH�REGRELD�MH�U{]QD��QD�NUDWãLH�REGRELD

VSUDYLGOD�Y\ããLD�DNR�QD�GOKãLH�

�� +RGQRWD�YRODWLOLW\�SUH�VKRUW�UDWH�VD�PHQt�V�KRGQRWRX�VKRUW�UDWH��8Ni]DOR

VD��åH�SUH�YRODWLOLWX�Y�WYDUH� bsU �MH�QDMYKRGQHMãLH�EHWD�RNROR�����



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD���

6DPR]UHMPH�WLHWR�ãSHFLILNiFLH�V~�GRV �YiJQH�D�SRXåtYDM~�VD�YH PL�EHQHYROHQWQH��1DSUtNODG

MDVQi�SRåLDGDYND�QH]iSRUQRVWL�~URNRYêFK�PLHU�EROD�SRUXãHQi�YR�âYDMþLDUVNX�Y�URNX������

DM�NH �OHQ�QD�NUiWNX�GREX��äLDGHQ�]R�]QiP\FK�MHGQR�D�GYRMIDNWRURYêFK�PRGHORY�QHGRNiåH

GRGUåD � YãHWN\� SRåLDGDYN\� QDUD]�� 3UHWR� MH� SUL� NRQNUpWQHM� DSOLNiFLL� QHMDNpKR� PRGHOX

SRWUHEQp�EUD �GR�~YDK\�WLH��NWRUp�QDMYLDF�RYSO\Y XM~�GDQê�GHULYiW�

2ED� PRGHO\� ±� 9DVLFHN� D� &R[�� ,QJHUVROO�� 5RV� ±� V~� Y�SRGVWDWH� URYQDNp�� /tãLD� VD

NRQNUpWQRX�YR ERX�XUþLWêFK�SDUDPHWURY��2]QDþHQLH�EXGH�SRXåLWp�SRG D�&,5�PRGHOX�

6WRFKDVWLFNê�SURFHV�SUH�VKRUW�UDWH�Pi�Y�WRPWR�NRQWH[WH�WYDU�

( )
WUUW

G:GWG:UGWUNGU smsq b +=+-= �

DOHM�FHQD�EH]NXSyQRYpKR�GOKRSLVX�]iYLVt�RG�U��W��7�D�YR�YãHREHFQRVWL�VS D�

( ) ( )
W

G:7WUYGW7WU
3
G3

���� += m �

$SOLNRYDQtP�,W{RYHM�OHP\�GRVWDQHPH�

( ) ( ) �
�

�
���

�
�
��

�

�

�

�

�

�

W

WUUU

G:U
U
3

3
GWU

U
3

3W
3

3
UN

U
3

3

G:
U
3

3
GW

U
3

W
3

U
3

33
G3

³ã
á

Ã¬
«

�
�

+³
ã

á
Ã
¬

«
�
�

+
�
�

+-
�
�

=

=³ã
á

Ã¬
«
�
�

+³
ã

á
Ã
¬

«
�
�

+
�
�

+
�
�

=

bb ssq

ssm

3RURYQDQtP�V�SUHFKiG]DM~FLP�Y] DKRP�]LVWtPH��åH

( ) bsU
U
3

3
7WUY

�
�

=
�

�� �

=�SRGPLHQRN�DUELWUiåH�]�SUHGFKiG]DM~FHM�VHNFLH�SODWt�

( ) ( ) ( ) ( ) ( ) bslmlm U
U
3

3
WUU7WU7WUYWUU7WU

SS �
�

+=Ü+=
�

�
�����
�� �

$SOLNRYDQtP� ,W{RYHM� OHP\� QD� G3� VPH� GRVWDOL� MHGQR� Y\MDGUHQLH� SUH� GULIW�� ]�WUKRYHM� FHQ\

UL]LND�GUXKp��.H �LFK�GiPH�GR�URYQRVWL��GRVWDQHPH�3'5��NWRU~�PXVt�VS D �FHQD�GOKRSLVX�

( ) ( ) ( ) bb slsq U
U
3

WUU3U
U
3

W
3

UN
U
3

�
�

+=
�
�

+
�
�

+-
�
�

�

�
� �

�

�

�

1D�WRPWR�PLHVWH�P{åHPH�UR]OtãL �RED�PRGHO\�

�� 9DVLFNRY�PRGHO�� ( )
�

�
�� llb == WU �

�� &,5�PRGHO�� ( )
s

l
lb

�

�

��
�
�
� U

WU == �

SULþRP�l��MH�NRQãWDQWD�RGOLãQi�SUH�NDåGê�]�PRGHORY��7HGD�P{åHPH�]DStVD �3'5�ãSHFLiOQH

SUH�MHGQRWOLYp�PRGHO\�



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD���

�� 9DVLFHN�� ( )[ ] �

�

�

� �
�

sslq
U
3

W
3

UN
U
3

U3
�
�

+
�
�

+--
�
�

= �

�� &,5�� ( ) U
U
3

W
3

N
U
3

UN
U
3

U3 �

�

�

� �
�

sql
�
�

+
�
�

+
�
�

=+
�
�

+ �

DOHM�VD�EXGHPH�YHQRYD �OHQ�&,5�PRGHOX��9DVLFNRY�PRGHO�MH�NULWL]RYDQê�QDMPl�SUH�GYD

QHGRVWDWN\��XPRå XMH�]iSRUQp�~URNRYp�PLHU\�D�PRåQp�GRVLDKQXWH Qp�WYDU\�\LHOG±FXUYH�V~

GRV �OLPLWRYDQp�

.RQFRYi� SRGPLHQND� SUH� 35'� MH� ( ) ��� =77U3 � SUH� XERYR Qp� 7�� RNUDMRYp

SRGPLHQN\�V~�� ( ) ��� �7WU3 �SUH� ¸�U �D� ( )7W3 ��� �MH�NRQHþQi��3UH�WLHWR�SRGPLHQN\�Pi

PRGHO�H[SOLFLWQp�ULHãHQLH�Y�WYDUH�

( ) ( ) ( )U7W%H7W$7WU3 ���� -= �

NGH�

( ) ( )
�

�

�

��

�

�
�

f

tf

tf

ff
f

³
ã

á
Ã
¬

«

+-
=

H

H
7W$ �

( ) ( )
��

�
�

�
�

�

ff tf

tf

+-
-

=
H
H

7W% �

( ) ��

��
�slf ++= N ��

�
��

�

fl
f

++
=
N

��
��

�
s
q

f
N

= �� W7 -=t �

9ãLPQLPH� VL�� åH� SDUDPHWUH� N�� l�� D� q� VD� QHY\VN\WXM~� Y�ULHãHQt� VHSDURYDQH�� DOH� OHQ

Y�NRPELQiFLiFK�Nq�D�N���l���7HGD�SULDPR�KRGQRW\�WêFKWR�SDUDPHWURY�VD�QHGDM~�RGKDGQ~

]�SURGXNWRY�REFKRGRYDQêFK�ED�WUKX�

3R]ULPH�VD� WHUD]�QD� VSUiYDQLH� WHMWR�GLVNRQWQHM� IXQNFLH�SUH� t �YH PL�PDOp��SULþRP

Y\XåLPH�Y] DK� Ç
¸

=

=
� �

Q

Q

[

Q
[

H ��WHGD�SUH�YH PL�PDOp�[�� [H [ +� � �

( ) ( )
( ) �

��

�
�

��

���

���

���

�� =³
ã

á
Ã
¬

«
+

+
=³

ã

á
Ã
¬

«
+-+

+
�

ff

ftff
tfff

ftff
tff

7W$ �

( ) ( ) t
tf

t
ftff

tf
�

+
=

+-+
-+

�
����

�

���
��

�7W% �

7DNåH� PiPH� SUH� t� YH PL� PDOp�� ( ) ( )W7UH7WU3 --��� �� þR� ]RGSRYHGi� FHQH� GOKRSLVX� SUH

GHWHUPLQLVWLFNê� ~URN�� DOHER� WLHå� KRGQRWH� NRUXQ\� GLVNRQWRYDQHM� NUiWNRGREêP� ~URNRP� QD

NUiWN\�þDV��-H�WUHED�VSRPHQ~ ��åH�RGYRGHQLH�WUKRYHM�FHQ\�UL]LND�L�WêFKWR�PRGHORY�MH�SODWQp



2FH RYDQLH�ILQDQþQêFK�GHULYiWRY 'LSORPRYi�SUiFD

6WUDQD���

QLHOHQ�SUH�FHQ\�GOKRSLVRY��DOH�DM�SUH�FHQ\� XERYR QêFK�~URNRYêFK�GHULYiWRY��NWRUp�SRWRP

P{åX�E\ �RFHQHQp�SRPRFRX�WêFKWR�PRGHORY�

,����� +XOO�	�:KLWH�PRGHO

7HQWR�PRGHO� REVDKXMH�9DVLFNRY� DM�&,5� DNR� VYRMH� ãSHFLiOQH� SUtSDG\� D� QD]êYD� VD

WLHå� ([WHQGHG� 9DVLFHN� 0RGHO�� 9�WRPWR� PRGHOL� V~� SDUDPHWUH� ULDGLDFH� YêYRM� VKRUW� UDWH

]iYLVOp�RG�þDVX�

( ) ( ) ( )( )[ ] ( )
W

G:UWGWUWEWDWGU bsq +-+= �

ýLåH� LGH� WLHå� R� PHDQ±UHYHUWLQJ� SURFHV� �V� UHYHUVLRQ� OHYHO�
( )
( )WD
Wq
��� 1HFK� I�W�� U�� MH� KRGQRWD

QHMDNpKR� GHULYiWX� ~URNRYHM� PLHU\� Y�þDVH� W�� 7êP� LVWêP� SRVWXSRP�� DNR� SUH� &,5� PRGHO�

GRVWDQHPH�3'5��NWRU~�PXVt�VS D �FHQD�GHULYiWX�

( ) ( )[ ] ( ) �
�
�

�

�

� =-
�
�

+
�
�

-+
�
�

UI
U
I

W
U
I

UWDW
W
I

sf �

SULþRP� ( ) ( ) ( ) ( ) ( ) ( )WUUWEWDWW slqf b-+= �� 3UH� FHQ\� EH]NXSyQRYêFK� GOKRSLVRY�Pi�PRGHO

ULHãHQLH� Y�WYDUH� ( ) ( ) ( )U7W%H7W$7WU3 ���� -= �� DYãDN� $� DM� %� V~� XUþHQp� RE\þDMQêPL

GLIHUHQFLiOQ\PL� URYQLFDPL�� 3UH� WHQWR� PRGHO� H[LVWXMH� PHWyGD� QXPHULFNpKR� ULHãHQLD

SRPRFRX�VWURPRY�


