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+DRV�X�NDSDQMX�YRGH

8�RYRP�UDGX�MH�SRVPDWUDQD�SRMDYD�KDRVD�X�NDSDQMX�YRGH��WM��X�YUHPHQVNLP�LQ�
WHUYDOLPD�L]PH_X�GYH�NDSL��=D�PHUHQMH�YUHPHQVNLK�LQWHUYDOD�MH�NRUL^`HQ�ODVHU�QD
VOHGH`L�QDaLQ��NDSOMLFH�VX�SDGDOH�LVSUHG�QMHJD�L�WDNR�SUHVHFDOH�ODVHUVNL�]UDN��^WR
MH� GRYRGLOR� GR� SURPHQD� YUHGQRVWL� LQWHQ]LWHWD� ]UDaHQMD� QD� GHWHNWRUX�� 3UL
SRYH`DYDQMX�YLVLQH�YRGHQRJ�VWXED�X�SRVXGL�L]�NRMH�MH�NDSDOD�YRGD�GROD]LOR�MH�GR
VNUD`LYDQMD�SHULRGD�L]PH_X�GYH�NDSL��=DWLP�MH�GROD]LOR�GR�XGYDMDQMD�SHULRGD�
MHGQH�RG�RVQRYQLK�NDUDNWHULVWLND�KDRVD��.DSOMLFH� VX�VH� IRUPLUDOH�QD�UHODWLYQR
PDORP�NUXCQRP�SURUH]X��6 ∼ ��PP����3RWYU_HQR�MH�SRVWRMDQMH�KDRVD�X�NDSDQMX
YRGH�L�SUHOD]DN�X�KDRV�SXWHP�ELIXUNDFLMD�L�LQWHUPLWHQFLMD�

8YRG
$PHULaNL�PHWHRURORJ�L�PDWHPDWLaDU�(GYDUG�/RUHQF��(GZDUG�/RUHQ]�

QDSLVDR�MH�SUYX�VLPXODFLMX�YUHPHQVNLK�XVORYD�������JRGLQH��=DGDMX`L
SULEOLCQR�LVWH�SRaHWQH�YUHGQRVWL�SURPHQOMLYLPD�X�GYD�QDYUDWD��XVWDQRYLR�MH
GD�VH�SRVOH�GRYROMQR�GXJRJ�YUHPHQD�WH�YUHGQRVWL�]QDaDMQR�UD]OLNXMX��2YDM
HIHNDW�MH�NDVQLMH�GHILQLVDQ�NDR��RVHWOMLYD�]DYLVQRVW�RG�LQLFLMDOQLK�XVORYD��D
SRSXODUQR�QD]YDQ�HIHNDW�OHSWLUD��®MHGDQ�OHSWLU��NRML�]DPDKRP�NULOD�XVNR�
PH^D�YD]GXK�X�3HNLQJX�GDQDV��PRCH�WLPH�ELWQR�L]PHQLWL�ROXMQH�VLVWHPH
L]QDG�1MXMRUND�NUR]�PHVHF�GDQD¯��*OHLFN��������7R�MH�ELR�SRaHWDN�UD]YRMD
WHRULMH�KDRVD��2VQRYQD�NDUDNWHULVWLND�VYLK�KDRWLaQLK�VLVWHPD�MH�GD�VX�QHOL�
QHDUQL��/LQHDUQL�VLVWHPL�QH�SUHOD]H�X�KDRV��2YR�MH�MHGDQ�RG�RVQRYQLK
UD]ORJD�]D^WR�VH�WHRULMD�KDRVD�SURXaDYD�WHN�X�GUXJRM�SRORYLQL�;;�YHND�
5DaXQDUL��NRML�VX�RPRJX`LOL�QXPHULaNR�UH^DYDQMH�QHOLQHDUQLK�GLIHUHQFLMDO�
QLK�MHGQDaLQD�VD�]DGRYROMDYDMX`RP�WDaQR^`X��GR�WDGD�QLVX�SRVWRMDOL��+DRV
MH�RWNULYHQ�X�PQRJLP�SRMDYDPD��NDNR�X�IL]LFL��WDNR�L�X�HNRQRPLML��DUKLWHN�
WXUL��ELRORJLML��WHKQLFL�L�GUXJLP�VIHUDPD�OMXGVNRJ�LQWHUHVRYDQMD�

5REHUW�>R��5REHUW�6KDZ��MH�������JRGLQH��NRULVWH`L�VODYLQX�SULN�
OMXaHQX�QD�YRGRYRGQX�PUHCX��PHULR�SHULRGH�L]PH_X�VXVHGQLK�NDSOMLFD�L�]D
RGUH_HQH�YUHGQRVWL�SURWRND�SUYL�XVWDQRYLR�SRVWRMDQMH�KDRWLaQRJ�UHCLPD�X
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NRMHP�QH�SRVWRML�SUDYLOQRVW�X�ULWPX�NDSDQMD��1DLPH��NDGD�VH�aHVPD�RGYUQH
GRYROMQR�GD�YRGD�NDSOMH�L]�QMH��LVSUYD�MH�WDM�ULWDP�XMHGQDaHQ��NDSOMLFH�VH
MDYOMDMX�X�MHGQDNLP�LQWHUYDOLPD��NRML�VH�VNUD`XMX�NDNR�RGYU`HPR�VODYLQX�
WM��SRYH`DYDPR�SURWRN��8�MHGQRP�WUHQXWNX��YUHPHQVNL�LQWHUYDO�L]PH_X
GUXJH�L�SUYH�NDSOMLFH�SRVWDMH�QHMHGQDN�RQRPH�L]PH_X�WUH`H�L�GUXJH�L�SRV�
WRMH�WDaQR�GYD�SHULRGD�NRMD�VH�QDL]PHQLaQR�VPHQMXMX��̂ WR�]QDaL�GD�MH�GR^OR
GR�XGYDMDQMD�SHULRGD��$NR�VH�SURWRN�L�GDOMH�SRYH`DYD��SRVOH�RGUH_HQRJ
EURMD�XGYDMDQMD�SHULRGD�XVOHGL`H�SUHOD]DN�X�KDRV��WM��SRVWRMD`H�EHVNRQDaQR
PQRJR�YUHGQRVWL�PRJX`LK�SHULRGD��SUL�aHPX�QLNR�QH�PRCH�UH`L�NROLNL�`H
ELWL�VOHGH`L�LQWHUYDO��8�LVWR�YUHPH��]D�YUHPH�SRYH`DQMD�SURWRND�MH�PRJX`H
SULPHWLWL�RGUH_HQH�KDRWLaQH�ID]H�X�NDSDQMX�YRGH��WM��QD�QHNROLNR�WUHQXWDND
YRGD�NDSOMH�NDR�GD�VH�QDOD]L�X�KDRWLaQRP�UHCLPX��2QR�^WR�MH�SRVHEQR
]DQLPOMLYR�MH�WR�GD�VH�WL�SHULRGL�SURGXCXMX�^WR�MH�VLVWHP�EOLCL�SRWSXQRP
SUHODVNX�X�KDRV��

,VSUDYQRVW�>RRYLK�UH]XOWDWD�MH�SRWYU_HQD�YL^H�SXWD�RG�VWUDQH�GUXJLK
QDXaQLND�

8GYDMDQMH�SHULRGD�L�LQWHUPLWHQFLMH
6FHQDULR�SUHODVND�X�KDRV�XGYDMDQMHP�SHULRGD�`H�QDMODN^H�ELWL�REMD^�

QMHQ�QD�SULPHUX�®ORJLVWLaNH�NDUWH¯��3RVPDWUDMPR�SDUDEROX�RGUH_HQX�IXQN�
FLMRP�

xn + 1 = r xn(1 − xn)

SUDWH`L�GLQDPLNX�YUHGQRVWL�[�X�]DYLVQRVWL�RG�SDUDPHWUD�U��=D�YUHGQRVWL�SD�
UDPHWUD�U�L]PH_X���L���GDWD�IXQNFLMD�SUHVOLNDYD�LQWHUYDO�������QD�VDPRJ
VHEH��3UDWLPR�NXGD�RGOD]H�EURMHYL�NDGD�Q�UDVWH��=D�GRYROMQR�PDOR�U�VLVWHP
SRVOH�NUD`HJ�NROHEDQMD�GRVWLCH�MHGQX�NRQVWDQWQX�YUHGQRVW�NRMD�VH�]DWLP�SR�
QDYOMD�L]QRYD�L�L]QRYD��3RYH`DYDQMHP�U�SUHNR�SUYH�NULWLaQH�YUHGQRVWL��U� ���
YL^H�QHPD�MHGQH��QHJR�GYH�YUHGQRVWL�NRMH�VH�SRQDYOMDMX�X�SUDYLOQRP�ULWPX�
SUYR�MHGQD��SD�GUXJD��=DWLP�SRQRYR�GROD]L�GR�XGYDMDQMD�SHULRGD�L�WDGD�SR�
VWRMH�aHWLUL�SHULRGD�NRML�VH�RSHW�SRQDYOMDMX�X�LVWRP�UDVSRUHGX��%URM�SHULRGD
UDVWH��VYDNL�SXW�XYH`DQ�GYD�SXWD��GR�RGUH_HQH�WDaNH�NDGD�GR_H�GR�KDRVD�
WM��SRVWRML�EHVNRQDaQR�PQRJR�PRJX`LK�SHULRGD�NRML�VH�QH�SRMDYOMXMX�QHNLP
RGUH_HQLP�UHGRVOHGRP��=DYLVQRVW�[�RG�U�VH�SULND]XMH�QD�ELIXUNDFLRQRP�GL�
MDJUDPX��NRML�MDVQR�XND]XMH�QD�PHVWD�XGYDMDQMD�SHULRGD�

3RUHG�XGYDMDQMD�SHULRGD��SRWUHEQR�MH�REMDVQLWL�L�VFHQDULR�LQWHUPLWHQ�
FLMD��,QWHUPLWHQFLMH�VX�QDL]PHQLaQH�SHULRGLaQR�KDRWLaQH�ID]H�X�GLQDPLFL
VLVWHPD�NRMH�SRVWRMH�]D�LVWX�YUHGQRVW�SDUDPHWUD�U��8�SRaHWNX�VX�KDRWLaQL
SHULRGL�NUDWNL�L�UHWNL��D�^WR�VH�VLVWHP�YL^H�SULEOLCDYD�WDaNL�SUHOD]D�X�KDRV�
LQWHUYDOL�KDRWLaQRJ�NUHWDQMD�VLVWHPD�SRVWDMX�VYH�GXCL�L�aH^`L��GRN�QD�NUDMX
QH�RVWDMH�QL^WD�RVLP�KDRVD��%HOL`�������
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0HWRG�L�DSDUDWXUD
8�RYRP�HNVSHULPHQWX�VH�SUDWL�]DYLVQRVW�YUHPHQVNRJ�LQWHUYDOD�L]PH_X

Q�H�L�Q���H�NDSOMLFH�X�IXQNFLML�RG�UHODWLYQH�YLVLQH�YRGHQRJ�VWXED��WM��SULWLVND�
2VQRYQL�SUREOHP�SULOLNRP�L]YR_HQMD�RYRJ�HNVSHULPHQWD�VX�IOXNWXDFLMH�SUL�
WLVND�X�YRGRYRGX��EXGX`L�GD�RQ�SUHGVWDYOMD�SDUDPHWDU�NRML�NRQWUROL^HPR�
2YDM�SUREOHP�MH�SUHYD]L_HQ�NRUL^`HQMHP�VLVWHPD�VSRMHQLK�VXGRYD��6OLND��
SULND]XMH�NRUL^`HQX�DSDUDWXUX��9RGD�MH�NRQVWDQWQR�GRSX�QMDYDOD�SUYX�SR�
VXGX�GR�YUKD��7D�SRVXGD�MH�SRPHUDQD�SR�YHUWLNDOL�SRPR`X�VWDOND�VD�QRQL�
MXVRP��D�SRYH]DQD�MH�VD�GUXJRP�SRVXGRP��aD^RP��L]�NRMH�MH�YRGD�NDSDOD�
2EH�SRVXGH�VX�ELOH�GRYROMQR�YHOLNRJ�SRSUHaQRJ�SUHVHND��WH�MH�HIHNDW�NYD�
^HQMD�LYLFD�VXGD�ELR�]DQHPDUOMLY��=D�GHWHNWRYDQMH�SURODVND�NDSOMLFD�MH�NRUL�
^`HQ�+H�1H�ODVHU� VD�GHWHNWRURP��.DSL�VX��GHOXMX`L�NDR�VRaLYD��UDVLSDOH
ODVHUVNL�VQRS��^WR�EL�GHWHNWRU�UHJLVWURYDR�NDR�SURPHQX�LQWHQ]LWHWD�]UDaHQMD�

'HWHNWRU�MH�SRGH^HQ�WDNR�GD�UHJLVWUXMH�LQWHQ]LWHW�ODVHUVNRJ�]UDND�����
SXWD�X�VHNXQGL��WM��QD�YUHPHQVNL�LQWHUYDO�W� ���¬��V��=D�VYDNX�YLVLQX�YRGH�
QRJ�VWXED�VX�UD_HQD�GYD�GR�WUL�PHUHQMD�RG�SR����PLQXWD��8�3DVFDOX�VX
QDSLVDQL�SURJUDPL�]D�SUHWYDUDQMH�GRELMHQRJ�VLJQDOD�X�YUHPHQVNL�LQWHUYDO
L]PH_X�Q�H�L�Q���H�NDSOMLFH�L�]D�SUHEURMDYDQMH�LQWHUYDOD�LVWH�YUHGQRVWL�VD
RGUH_HQLP�NRUDNRP��=D�SUHEURMDYDQMH�LQWHUYDOD�MH�RGDEUDQ�NRUDN�W� ���¬�
V��.DR�UHIHUHQWQD�YLVLQD�YRGHQRJ�VWXED�X�RYRP�HNVSHULPHQWX�MH�X]HWD�YLV�
LQD�]D�NRMX�VLVWHP�LPD�MHGQX�YUHGQRVW�SHULRGD�L]PH_X�GYH�VXVHGQH�NDSL�
WM��SUH�SRMDYH�XGYDMDQMD�SHULRGD�LOL�RVWDOLK�NDUDNWHULVWLaQLK�]QDNRYD�KDRVD�
6YH�RVWDOH�YLVLQH�VX�L]UDCHQH�X�RGQRVX�QD�QMX�

3RWUHEQR�MH�LVWD`L�GD�MH�WHPD�®+DRV�X�NDSDQMX�YRGH¯�YH`�UD_HQD�X�,6
3HWQLFD�������JRGLQH��1HQLQ�L�0DUL`��������3RVWRMH�WUL�RVQRYQH�QRYLQH�X
QD^HP�HNVSHULPHQWX��]D�RGUH_LYDQMH�SHULRGD�L]PH_X�NDSOMLFD�MH�NRUL^`HQ
ODVHU��NDSOMLFH�VX�VH�IRUPLUDOH�QD�PDORP�NUXCQRP�SURUH]X�QD�GQX�SODVWLaQH
aD^H��D�SURWRN�MH�UHJXOLVDQ�SURPHQRP�YLVLQH�YRGHQRJ�VWXED��8�UDGX�L]
������JRGLQH�MH�]D�GHWHNFLMX�NDSOMLFD�NRUL^`HQ�PLNURIRQ�QD�NRML�VX�NDSOMLFH
SDGDOH��SD�MH�SURJUDP�ELR�SRGH^HQ�GD�]DQHPDUL�GUXJX�RG�GYH�NDSOMLFH�L]�
PH_X�NRMLK�MH�UD]PDN�PDQML�RG�®PUWYRJ�YUHPHQD¯��W� �������V��.RG�ODVHUD
MH�RYR�YUHPH�]DQHPDUOMLYR�PDOR��WH�VPR�ELOL�X�VWDQMX�GD�LVSLWDPR�L
KDRWLaQL�UHCLP�NDSDQMD�

6OLND���
3ULND]�DSDUDWXUH

)LJXUH���
,QVWUXPHQWDO�VHWXS
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5H]XOWDWL�L�GLVNXVLMD
'RELMHQL�UH]XOWDWL�VX�REUD_HQL��D�RYGH�VX�L]QHVHQL�VDPR�RQL�JUDILFL

NRML�QDMEROMH�RSLVXMX�SUHWKDRWLaQL�UHCLP�L�SRMDYX�KDRVD�X�NDSDQMX�YRGH��SR�
GHOMHQL�X�VOHGH`H�JUXSH�

¬ +LVWRJUDPL�SHULRGD�L]PH_X�GYH�NDSOMLFH��]D�NRMH�MH�ELOR�RaHNLYDQR
GD�QDP�XNDCX�QD�SRMDYX�XGYDMDQMD�SHULRGD�

¬ *UDILFL�]DYLVQRVWL�Q���RJ�RG�Q�RJ�SHULRGD��VD�NRMLK�MH�WUHEDR�GD�VH
XRaL�LQWHUPLWHQWQL�SUHOD]DN�X�KDRV��X]�SRWYUGX�LQIRUPDFLMH�R�XGYD�
MDQMX�SHULRGD��GRELMHQX�VD�KLVWRJUDPD�L

¬ *UDILFL�]DYLVQRVWL�L�RJ�SHULRGD�RG�L��NRML�VX�QRVLRFL�JRWRYR�LVWLK
RVRELQD�NDR�L�JUDILFL�]DYLVQRVWL�Q���RJ�RG�Q�RJ�SHULRGD�

1D�VOLFL���XRaDYD�VH�SRMDYD�XGYDMDQMD�SHULRGD��=D�UHIHUHQWQX�YLVLQX
YRGHQRJ�VWXED��KLVWRJUDP��D��MH�L]UDCHQD�VDPR�MHGQD�YUHGQRVW�SHULRGD�
GRN�]D�UHODWLYQX�YLVLQX�K� ������PP�XRaDYDPR�SRMDYX�GUXJRJ�SHULRGD��NDR
L�VPDQMHQMH�YUHGQRVWL�SUHRYOD_XMX`HJ�SHULRGD�X�RGQRVX�QD� K� �����PP
��E���9H`�QD�YLVLQL�K� ������PP���F��SLN�GUXJRJ�SHULRGD�GRVWLCH�YUHGQRVW
SUYRJ��WH�NRQVWDWXMHPR�GD�MH�GR^OR�GR�XGYDMDQMD�SHULRGD�

6OLND���
+LVWRJUDPL�SHULRGDL]PH_X�GYH�NDSL�]DYLVLQH�K� ���PP�K� ����PP�LK� ����PP

)LJXUH���
+LVWRJUDPV�RI�WKHSHULRG�EHWZHHQ�WZR
GURSV�IRU�KHLJKWVK� ���PP�K� ����PP�LK� ����PP
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.DR�^WR�MH�YH`�REMD^QMHQR��MHGQD�RG�ELWQLK�NDUDNWHULVWLND�SUHWKDRWLa�
QRJ�UHCLPD�MH�UHGRVOHG�GRELMDQMD�PHUHQLK�YUHGQRVWL�NDGD�SRVWRML�YL^H�RG
MHGQRJ�SHULRGD��WH�VX�JUDILFL�]DYLVQRVWL�Q���RJ�RG�Q�RJ�SHULRGD�QD�VOLFL��
SRND]LYDaL�GD�OL�MH�]DLVWD�GR^OR�GR�XGYDMDQMD�SHULRGD�X�RNYLUX�SUHODVND�X�KDRV
LOL�MH�UHa�R�QHaHPX�GUXJRP��.DR�^WR�VPR�NRQVWDWRYDOL��]D�YLVLQX�K� �����PP
LPDPR�MHGQX�YUHGQRVW�SHULRGD��^WR�VH�XRaDYD�L�QD�JUDILNX��D��*UDILN��E
XND]XMH�QD�SRMDYX�XGYDMDQMD�SHULRGD��MHU�QDMaH^`H�SRVOH�GXCHJ�GROD]L�NUD`L
SHULRG��L�REUQXWR��7DaNH�NRMH�QH�SULSDGDMX�QL�MHGQRM�RG�RYH�GYH�JUXSH�RE�
MD^QMDYDPR�NDR�NUDWNH�KDRWLaQH�LQWHUYDOH��WM��LQWHUPLWHQWQLP�SUHODVNRP�X
KDRV��,QWHUPLWHQFLMD�VH�MR^�EROMH�XRaDYD�QD�JUDILNX��F�SR�WRPH�^WR�YL^H�QH
SRVWRMH�MDVQR�L]UDCHQH�YUHGQRVWL�SHULRGD��6LVWHP��]D�YLVLQX�K� ������PP�
SUHOD]L�X�KDRV��^WR�VH�SULPH`XMH�QD�JUDILNX��G�

'UXJL�QDaLQ�GD�VH�SULNDCH�RVRELQD�SUHODVND�X�KDRV�MH�GDW�QD�VOLFL���
3UHGVWDYOMHQL�VX�JUDILFL�]DYLVQRVWL�L�WRJ�SHULRGD�RG�L��*UDILN��D�MH�XUD_HQ
QD�RVQRYX�SRGDWDND�GRELMHQLK�]D�YLVLQX�K� ������PP��YLVLQD�QD�NRMRM�MH
YH`�GR^OR�GR�XGYDMDQMD�SHULRGD���3ULPH`XMH�VH�GD�X�YH`LQL�VOXaDMHYD�SRVOH
NUD`HJ�VOHGL�GXCL�SHULRG��L�REUQXWR��1D�JUDILNX��E�VH�SULPH`XMH�GD�QD�YLV�
LQL�K� ������PP�GROD]L�GR�SRMDYH�KDRVD��WM��EHVNRQDaQRJ�EURMD�PRJX`LK
SHULRGD��,�QD�RYRP�JUDILNX�VH�SRMDYOMXMX�VHNYHQFH�RG�RNR�����GR�����X]D�

6OLND���
=DYLVQRVW�Q���RJ�RGQ�RJ�SHULRGD

)LJXUH����
'HSHQGDQFH�RI�Q��WKSHULRG�IURP�QWK��SHULRG
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VWRSQLK�SHULRGD�NRML�LPDMX�L]UD]LWR�PDQMX�YUHGQRVW�RG�XRELaDMHQLK��D�NRMH�
VNDOLUDQH�SR�\�RVL��SRGVH`DMX�QD�RVWDOH�VHNYHQFH�YH`LK�SLNRYD��=D�RYX�SR�
MDYX�QLVPR�PRJOL�GD�QD_HPR�REMD^QMHQMH�

=DNOMXaDN
8VWDQRYLOL�VPR�SRVWRMDQMH�KDRVD�X�NDSDQMX�YRGH��7DNR_H��X�VDJODV�

QRVWL�VD�UDGRP�1HGH�L�VDUDGQLND���������UHJLVWURYDOL�VPR�SRMDYX�LQWHU�
PLWHQWQRJ�SUHODVND�X�KDRV��7LPH�VPR�SRWYUGLOL�GD�XGYDMDQMH�SHULRGD�QLMH
MHGLQL�VFHQDULR�SUHODVND�X�KDRV�]D�RYDM�VLVWHP��

�3RVWRMH�MR^�PQRJH�PRJX`QRVWL�]D�EXGX`H�SURMHNWH�NRMH�QLVPR�PRJOL
GD�GRWDNQHPR��]ERJ�YUHPHQVNLK�LOL�UHVXUVQLK�RJUDQLaHQMD��LVSLWLYDQMH�KDRVD
X�REOLNX��RGQRVQR�YHOLaLQL�NDSOMLFH��^WR�SRGUD]XPHYD�XSRWUHEX�VRILVWLFLUD�
QLMHJ�GHWHNWRUVNRJ�VLVWHPD�UDGL�^WR�WDaQLMHJ�RGUH_LYDQMD�YUHPHQVNRJ�LQWHU�
YDOD�SRWUHEQRP�NDSOMLFL�GD�SUR_H�LVSUHG�ODVHUD��LVSLWLYDQMH�]DYLVQRVWL
SUHODVND�X�KDRV�RG�REOLND�L�YHOLaLQH�RWYRUD�QD�NRMHP�VH�IRUPLUDMX�NDSOMLFH�
NDR�L�LVSLWLYDQMH�RVRELQH�]DYLVQRVWL�SUHGVWDYOMHQH�QD�VOLFL��E�

6OLND����
3URPHQD�SHULRGD�XYUHPHQX

)LJXUH����
&KDQJH�RI�WKH�SHULRGWKURXJK�WLPH
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/LWHUDWXUD
%HOL`�0��������'HWHUPLQLVWLaNL�KDRV��%HRJUDG��,QVWLWXW�]D�WHRULMVNX�IL]LNX
*OHLFN�-��������+DRV��%HRJUDG��1DURGQD�NQMLJD
1HGD�=���%DNR�%���5HHV�(��������7KH�'ULSSLQJ�)DXFHW�5HYLVLWHG��&OXM�1DSRFD��5RPDQLD��'HSDUWPHQW�RI�3K\VLFV��%DEHV�%RO\DL�8QLYHUVLW]
1HQLQ�0���0DUL`�%��������+DRV�X�NDSDQMX�YRGH��3HWQLaNH�VYHVNH�������

6WHYDQ�5DGDQRYL`�DQG�8UR^�'HOL`
&KDRV�LQ�'ULSSLQJ�:DWHU

7KH�WRSLF�RI�WKLV�VWXG\�LV�WKH�DSSHDUDQFH�RI�FKDRV�LQ�ZDWHU�GULSSLQJ�
WKDW�LV�LQ�WLPH�LQWHUYDOV�EHWZHHQ�WZR�GURSV��,Q�RUGHU�WR�JHW�WLPH�LQWHUYDOV�
D�ODVHU�ZDV�XVHG�DV�IROORZV��GURSV�IHOO�LQ�IURQW�RI�WKH�ODVHU�UD\�WKXV�FDXVLQJ
D�FKDQJH�LQ�UDGLDWLRQ�LQWHQVLW\�RQ�WKH�GHWHFWRU��%\�UDLVLQJ�WKH�KHLJKW�RI�WKH
ZDWHU�FROXPQ�LQ�WKH�GLVK�IURP�ZLWFK�WKH�ZDWHU�ZDV�GULSSLQJ��ZKLFK�DOVR
PHDQW�LQFUHDVLQJ�WKH�SUHVVXUH�DQG�IORZ��WKH�SHULRG�EHWZHHQ�WZR�GURSV�ZDV
VKRUWHQHG��7KHQ�ELIXUFDWLRQ�DSSHDUHG��WKDW�LV�GLYLVLRQ�RI�WKH�SHULRG��ZKLFK
LV�RQH�RI�WKH�PDLQ�FKDUDFWHULVWLFV�RI�FKDRV��7KH�GURSV�ZHUH�IRUPHG�RQ�D
UHODWLYHO\�VPDOO�FLUFXODU�FXW�

,Q�WKLV�H[SHULPHQW�WKH�KHLJKW�IRU�ZKLFK�WKH�V\VWHP�KDV�RQH�YDOXH�RI
LQWHUYDO�EHWZHHQ�WZR�FRQVHFXWLYH�GURSV��WKDW�LV�EHIRUH�WKH�DSSHDUDQFH�RI
LQWHUYDO�GLYLVLRQ�RU�VRPH�RWKHU�FKDUDFWHULVWLF�VLJQ�RI�FKDRV��ZDV�WDNHQ�DV
D�UHIHUHQW�KHLJKW�RI�WKH�ZDWHU�FROXPQ��$OO�RWKHU�KHLJKWV�DUH�H[SUHVVHG�LQ
DFFRUGDQFH�ZLWK�LW�

7KUHH�KLVWRJUDPV�ZKHUH�WKH�LQWHUYDO�GLYLVLRQ�FDQ�EH�VHHQ�DUH�VKRZQ
RQ�ILJXUH����)LJXUH���UHSUHVHQWV�WKH�GHSHQGHQFH�RI�WKH�Q��WK�LQWHUYDO�RQ
WKH�QWK�LQWHUYDO��ZKLFK�FOHDUO\�VKRZV�ZKHWKHU�RU�QRW�WKHUH�LV�FKDRV��7KH
JUDSKV�LQ�)LJXUH���UHSUHVHQW�WKH�GHSHQGHQFH�RI�WKH�LWK�LQWHUYDO�RQ�L��7KH
H[LVWHQFH�RI�FKDRV�LQ�ZDWHU�GULSSLQJ�ZDV�FRQILUPHG��DV�ZHOO�DV�WKH�SURFHVV
RI�FKDQJH�LQWR�FKDRV�E\�PHDQV�RI�ELIXUFDWLRQ�DQG�LQWHUPLWWHQFH�
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