
,YDQD�0HGR^�L�-HOHQD�3HMNRYL`

>LULQD�GLVWULEXFLMH�LQWHQ]LWHWD�VYHWORVWL
RGELMHQH�RG�QHUDYQH�PHWDOQH�SRYU^L
NDR�PHUD�QMHQH�KUDSDYRVWL

3UL�RGELMDQMX�VYHWORVWL�RG�KUDSDYH�SRYU^L�PHWDOD�GROD]L�GR�GLYHUJHQFLMH�]UDND�

3UHWSRVWDYLOH�VPR�GD�VWHSHQ�GLYHUJHQFLMH�]DYLVL�RG�KUDSDYRVWL�SRYU^L��1DSUDYLOH

VPR�VLPXODFLMX�RYH�SRMDYH�GD�UD]PRWULPR�NULWHULMXPH�KUDSDYRVWL�L�SRWYUGLPR�SR�

OD]QX�SUHWSRVWDYNX��3URJUDP�NRML�VPR�XUDGLOH�X�0$7/$%�X�GDR�MH�YL]XHOQL�SULND]

GLVWULEXFLMH�LQWHQ]LWHWD�VYHWORVWL�QDNRQ�RGELMDQMD��GRN�MH�DQDOL]D�JUDILND�L]YU^HQD�X

25,*,1�X��8RaHQD�MH�]DYLVQRVW�UDVSRQD�YLVLQD�QHUDYQLQD�L]ERaLQD�QD�SRYU^L��X]HW

]D�RVQRYQL�NULWHULMXP�KUDSDYRVWL��RG�UHODWLYQH�̂ LULQH�*DXVRYH�UDVSRGHOH�LQWHQ]LWHWD

VYHWORVWL� RGELMHQRJ� VQRSD� �DOWHUQDWLYQL� NULWHULMXP��� 'RELMHQL� UH]XOWDWL� RWYDUDMX

PRJX`QRVWL�]D�HNVSHULPHQWDOQX�SURYHUX�YDOMDQRVWL�RED�UD]PDWUDQD�QDaLQD��NDR�L

HYHQWXDOQR�RGUH_LYDQMH�PH_XVREQH�]DYLVQRVWL�RYLK��D�L�QHNLK�GUXJDaLMH�GHILQLVDQLK�

PHUOMLYLK�SDUDPHWDUD�KUDSDYRVWL�

8YRG

+UDSDYRVW�NDR�NDUDNWHULVWLND�SRYU^LQH�PRCH�VH�GHILQLVDWL�QD�YL^H

QDaLQD��AHVWR�MH��PH_XWLP��WH^NR�L]PHULWL�SDUDPHWUH�QD�PLNURVNRSVNRP

QLYRX��=JRGQR�MH�GD�VH�QHUDYQRVW�PHUL�QHNRP�RSWLaNRP�PHWRGRP�]ERJ

ODNR`H�L�SUHFL]QRVWL��0L�VPR�GR^OH�QD�LGHMX�GD�LVSLWXMHPR�VQRS�RGELMHQ�RG

SRYU^L��8NROLNR�EL�VH�SRND]DOR�GD�UH]XOWDW�QD�QHNL�QDaLQ�]DYLVL�RG�KUDSD �

YRVWL��PRJOL�ELVPR�UD]YLWL�WDNYX�RSWLaNX�PHWRGX��.RPSMXWHUVND�VLPXODFLMD

SURFHVD�MH�EU]�QDaLQ�SURYHUH�RYH�SUHWSRVWDYNH�NRML�QDP�ODNR�GDMH�UH]XOWDW

]D�ELOR�NRMX�XVYRMHQX�GHILQLFLMX�
1HUDYQD�SRYU^�PRGHOLUD�VH�SURVWRUQRP�PUHCRP�WURXJDRQLK�UDYQLK

SRYU^L�RGUH_HQRP�UDVWRMDQMLPD�aYRURYD��WHPHQD�WURXJORYD��RG�ILNWLYQH� RV�

QRYQH�UDYQL��SUL�aHPX�VX�WHPHQD�VD�LVWH�VWUDQH�WH�UDYQL��7URXJORYL�VX�GR �

YROMQR�PDOLK�GLPHQ]LMD�GD�EL�PUHCD�SUHGVWDYOMDOD�GREUX�DSURNVLPDFLMX

UHDOQH�KUDSDYH�SRYU^L��X�SULQFLSX�QLMH�QL�ELWQR�GD�VH�NRULVWH�ED^�WURXJORYL�

DOL�RQL�RODN^DYDMX�SURJUDPHUVNL�GHR�SRVOD��

,YDQD�0HGR^��������

5XPD��'��%���

XaHQLFD����UD]UHGD
0DWHPDWLaNH

JLPQD]LMH�X�%HRJUDGX

-HOHQD�3HMNRYL`

�������

%HRJUDG¬%RUaD�

%UDWVWYD¬MHGLQVWYD

�����5HG�&URVV

1RUGLF�8QLWHG�:RUOG

&ROOHJH��)OHNNH�
1RUYHJH
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'LVWULEXFLMX�LQWHQ]LWHWD�RGELMHQRJ�]UDND�VPR�SRVPDWDOH�QD�UDYQL�QRU�
PDOQRM�QD�SUDYDF�]UDND��2aHNLYDOH�VPR�GD�WR�EXGH�UD]YXaHQD�*DXVRYD
UDVSRGHOD��WM��VD�YH`RP�UHODWLYQRP�^LULQRP�RG�RQH�NRG�XSDGQRJ�VQRSD�
3URJUDP�NRML�VPR�XUDGLOH�X�0$7/$%�X�GDR�MH�YL]XHOQL�SULND]�GLVWULEXFLMH
LQWHQ]LWHWD�VYHWORVWL�QDNRQ�RGELMDQMD��GRN�MH�DQDOL]D�JUDILND�L]YU^HQD�X
25,*,1�X�

5HDOL]DFLMD�PRGHOD

3URJUDP�X�0$7/$%�X�VDVWRML�VH�RG�^HVW�GHORYD��*ODYQL�GHR��X�NRPH
VH�GHILQL^X�VYH�SURPHQOMLYH�L�NRQVWDQWH��SR]LYD�IXQNFLMX�0DWULFD��NRMD�
RSHW��X�VYRP�L]YU^DYDQMX�NRULVWL�WUL�IXQNFLMH�¬�2GELMHQL�� 7DFND1L]� L
6WDYL1L]��YLGL�SULORJ���0QRJL�GHORYL�SURJUDPD�NRULVWH�X�RSHUDFLMDPD�VD�YH�
NWRULPD�NRULVWH�L�3URL]YRG�NDR�SRPR`QX�IXQNFLMX�]D�L]UDaXQDYDQMH�YHNWRU�
VNRJ�SURL]YRGD�GYD�]DGDWD�YHNWRUD�

7DEOD��SRYU^�RG�NRMH�VH�VYHWORVW�RGELMD��SUHGVWDYOMHQD�MH�PDWULFRP�
=DGDWD�MH�UHDOQD�YHOLaLQD�WDEOH��6XVHGQD�SROMD�PDWULFH�SUHGVWDYOMDMX�WHPHQD
WURXJOD��D�EURMHYL�GRGHOMHQL�SROMLPD�PDWULFH�UDVWRMDQMD�WHPHQD�RG�RVQRYQH
UDYQL��3URMHNFLMH�WURXJORYD�QD�RVQRYQX�UDYDQ�L]JOHGDMX�NDR�QD�VOLFL���
NYDGUDWL�RGUH_HQL�VXVHGQLP�SROMLPD�PDWULFH��L��M����L����M����L��M������L���
M����SRGHOMHQL�VX�QD�GYD�WURXJOD�VD�WHPHQLPD��L��M����L����M����L����M����L
�L��M����L��M������L����M����

0DWULFD�MH�SUDYOMHQD�X�0$7/$%�X�WDNR�GD�VX�YLVLQH�WHPHQD�WURXJOR�
YD�GRGHOMHQH�QD�VOXaDMDQ�QDaLQ��DOL�MH�QMLKRYD�XNXSQD�UDVSRGHOD�*DXVRYD�
8�SURJUDPX�SRVWRML�PRJX`QRVW�GD�VH�UDVSRQ�YLVLQD�X�PDWULFL�SRGHVL�WDNR
GD�VX�YLVLQH�UHGD�YHOLaLQH�VDPLK�WURXJORYD�

 

7DEOD UDQG�0D[PDWU;�����
(A����������JODYQL�GHR�SURJUDPD�

Randn(_) �GDMH�YLVLQH�L]�QRUPDOQH�GLVWULEXFLMH�^LULQH����0QRCHQMHP�VD
ELOR�NRMLP�NRHILFLMHQWRP��X�RYRP�VOXaDMX���⁄�(����⋅����)���PHQMD�VH�^LULQD�

6OLND���

3RGHOD�PDWULFH�

)LJXUH���

0DWUL[�VXEGLYLVLRQ�
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3URPHQRP�UDVSRQD�YLVLQD�PHQMDPR�KUDSDYRVW�WDEOH��'DNOH��RYGH�UDV�

SRQ�YLVLQD�XVYDMDPR�NDR�NULWHULMXP�KUDSDYRVWL�
8SDGQL�VQRS�SUHGVWDYOMHQ�MH�YHNWRURP�aLMH�VX�NRRUGLQDWH�GDWH�X�RG�

QRVX�QD�WDEOX��SUL�aHPX�MH�[\�RVQRYQD�UDYDQ��8SDGQL�VQRS�SRJD_D�WDaNX

WDEOH�L]QDG�FHQWUD�RVQRYQH�UDYQL��6YDNRP�WURXJOX�GRGHOMXMHPR�]UDN�NRML

SRJD_D�QMHJRYR�WHCL^WH�SRG�RGUH_HQLP�XJORP�L�RGELMD�VH�SRG�WLP�LVWLP�XJ�

ORP��,QWHQ]LWHW�RGELMHQRJ�]UDND�]DYLVL�RG�LQWHQ]LWHWD�XSDGQRJ�]UDND��*DX�

VRYVNRJ�VQRSD��L�SRYU^LQH�SURMHNFLMH�WURXJOD�QD�UDYDQ�QRUPDOQX�QD�XSDGQL

]UDN��)XQNFLMD�2GELMHQL�YUD`D�NRRUGLQDWH�YHNWRUD�RGELMHQRJ�]UDND��GRN�VH

LQWHQ]LWHW�UHJXOL^H�IXQNFLMRP�0DWULFD�

intenz=Proizvod(odbV,normalaNN)*exp(-alfa*x) �

2GELMHQL�]UDN�VHaH�±]DNORQ±�X�UDYQL�QRUPDOQRM�QD�SUDYDF�NRML�EL�LPDR�QD�
NRQ�RGELMDQMD�RG�RVQRYQH�UDYQL�

=DNORQ�WDNR_H�SUHGVWDYOMDPR�NDR�PDWULFX�NRMD�MH�L]GHOMHQD�QD�NYDG�

UDWQD�SROMD��=UDN�RGELMHQ�RG�VYDNRJ�SRMHGLQDaQRJ�WUXJOD�SDGD�QD�MHGQR�RG

WLK�SROMD��7DFND1L]�RGUH_XMH�NRRUGLQDWH�WDaNH�X�NRMRM�]UDN�VHaH�]DNORQ��DOL

X�VLVWHPX�YH]DQRP�]D�]DNORQ���=ELU�LQWHQ]LWHWD�VYLK�]UDND�NRMH�SDGDMX�X

QHNR�SROMH�SUHGVWDYOMD�QMHJRYX�NXPXODWLYQX�YUHGQRVW��WH�YUHGQRVWL�RGUH_X�

MH�IXQNFLMD�6WDYL1L]�NRULVWH`L�UH]XOWDWH�IXQNFLMH�7DFND1L]���

$SURNVLPDFLMH

8�SURJUDPX�QLVPR�X]HOH�X�RE]LU�PRJX`QRVW�GD�QHNL�WURXJDR�]DNODQMD

GUXJH�WURXJORYH��NDR�L�PRJX`QRVW�GD�VH�]UDN�RGELMH�R�QHNROLNR�SRYU^L�WURX�

JORYD�SUH�QHJR�^WR�SDGQH�QD�]DNORQ��$NR�XJDR�SRG�NRMLP�]UDN�SDGD�QD

WDEOX��X�RGQRVX�QD�RVX�QRUPDOQX�QD�WDEOX��QLMH�YHOLN��RYL�HIHNWL�QH�XWLaX

]QDaDMQR�QD�GRELMHQL�UH]XOWDW�
8SDGQL�]UDFL�X�QD^HP�PRGHOX�VX�SDUDOHOQL��^WR�MH�GREUD�DSURNVLPDFLMD

UHDOQRJ�ODVHUVNRJ�VQRSD�MHU�MH�QMHJRY�XJDR�GLYHUJHQFLMH�PDOL��6QRS�VYHW�

ORVWL�RGELMHQ�RG�MHGQRJ�WURXJOD�MH�X�REOLNX�WURVWUDQH�SUL]PH��DOL�VPR�JD�PL

DSURNVLPLUDOL�]UDNRP��OLQLMRP���7R�PQRJR�RODN^DYD�UHDOL]DFLMX�PRGHOD��D

VDVYLP�MH�SULKYDWOMLYR�MHU�VX�GLPHQ]LMH�WURXJORYD�PQRJR�PDQMH�RG�YHOLaLQH

WDEOH�

7HVWLUDQMH�PRGHOD

3DUDPHWUH�NDR�^WR�VX�GLPHQ]LMH�WDEOH�L�]DNORQD��XSDGQL�XJDR�VQRSD�

UDVSRGHOD�LQWHQ]LWHWD�VQRSD�PRCHPR�GD�PHQMDPR�L�SULODJR_DYDPR��5HDODQ

SURFHV�PRGHOLUDOH�VPR�VQRSRP�VD�*DXVRYRP�UDVSRGHORP�LQWHQ]LWHWD�L�PD�

WULFRP�7DEOD��YLGL�SULORJ���1D�RYDM�QDaLQ�VPR�DQDOL]LUDOH�^HVW�VOLND�RGEL�

MHQH�VYHWORVWL�]D�UD]OLaLWH�KUDSDYRVWL��

6OLND��
�QDVSUDPQD�VWUDQD��

*UDILN�GLVWULEXFLMH
LQWHQ]LWHWD�VYHWORVWL

GXC�SUDYH�NUR]�FHQWDU
VQRSD�

���KUDSDYRVW��
UHODWLYQD�^LULQD

VQRSD������

���KUDSDYRVW��
UHODWLYQD�^LULQD
VQRSD������

���KUDSDYRVW���
UHODWLYQD�^LULQD
VQRSD�������

���KUDSDYRVW���
UHODWLYQD�^LULQD
VQRSD������

���KUDSDYRVW���
UHODWLYQD�^LULQD
VQRSD������

���KUDSDYRVW����
UHODWLYQD�^LULQD

VQRSD�������

)LJXUH��
�RSSRVLWH�SDJH��

/LJKW�LQWHQVLW\
GLVWULEXWLRQ�DORQJ�WKH

D[LV�ZLWK�WKH�EHDP�

���URXJKQHVV���
UHODWLYH�EHDP
ZLGWK������

���URXJKQHVV���

UHODWLYH�EHDP
ZLGWK������

���URXJKQHVV���
UHODWLYH�EHDP
ZLGWK������

���URXJKQHVV���
UHODWLYH�EHDP
ZLGWK������

���URXJKQHVV���
UHODWLYH�EHDP
ZLGWK������

���URXJKQHVV���
UHODWLYH�EHDP
ZLGWK�������
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5H]XOWDWL�L�GLVNXVLMD

5H]XOWDWL�DQDOL]H�RGELMHQH�VYHWORVWL�]D�UD]OLaLWH�KUDSDYRVWL�SULND]DQL�VX
QD�VOLFL����SUL�aHPX�MH�KUDSDYRVW��WM��UDVSRQ�YLVLQD�]DGDW�X�UHODWLYQLP�MHGL�
QLFDPD��YHOLaLQD�VOLNH�QD�]DNORQX�]DYLVL�RG�YHOLaLQH�WDEOH�L�UDVWRMDQMH�RG
]DNORQD�GR�WDEOH���5H]XOWDWL�VX�YL^H�QHJR�UHaLWL�¬�GD��VD�SRYH`DQMHP�KUD�
SDYRVWL�]DLVWD�UDVWH�L�VWHSHQ�GLYHUJHQFLMH�VQRSD��>WR�VH�WLaH�QHNH�NYDQWLWD�
WLYQH�NRUHODFLMH�L]PH_X�GYD�SURXaDYDQD�NULWHULMXPD�KUDSDYRVWL��PL�]D�VDGD
QH�PRCHPR�GD�XVSRVWDYLPR�WHRULMVNL�RSUDYGDQX�YH]X��=D�WR�MH�SRWUHEDQ
YHOLNL�EURM�REUD_HQLK�VOXaDMHYD�]D�^WR�YH`H�GLPHQ]LMH�PDWULFH�7DEOD��WLPH
VH�UHODWLYQD�YHOLaLQD�WURXJORYD�X�RGQRVX�QD�7DEOX�VPDQMXMH��D�±ILQR`D±�SR�
YH`DYD���L�WR�QD�QHNRP�SURJUDPVNRP�MH]LNX�QLCHJ�QLYRD��0$7/$%��NRML
VPR�L]DEUDOH�]ERJ�JUDILaNLK�PRJX`QRVWL��VXYL^H�MH�VSRU�]D�WDNDY�SRVDR�

%LOR�EL�]DQLPOMLYR�XSRUHGLWL�VLPXOLUDQL�PRGHO�L�UHDOQL�IL]LaNL�VLVWHP�
0L�VPR�XUDGLOH�PDOX�HNVSHULPHQWDOQX�SURYHUX��0HWDOQX�SRYU^�L]ODJDOH�VPR
GHMVWYX�NLVHOLQH��D�SRWRP�VQLPDOH�L�DQDOL]LUDOH�ODVHUVNH�VQRSRYH�RGELMHQH
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RG�WH�SRYU^L�X�UD]OLaLWLP�VWDGLMXPLPD�QDJULCHQRVWL��VOLND�����$OL��RSHW���SRW�
UHEQR�MH�PQRJR�YL^H�PHUHQMD�GD�EL�VH�RGUHGLOD�WUDCHQD�]DYLVQRVW��QD�RV�
QRYX�NRMH�EL�VH�PRJOD�XVSRVWDYLWL�YH]D�L]PH_X�QRYRJ�NULWHULMXPD��YUHPHQD
GHMVWYD�NLVHOLQH��L�RQRJ�RVQRYQRJ�X�QD^HP�PRGHOX�¬�UDVSRQD�L�YLVLQD��%LOR
EL�GREUR�UD]PRWULWL�L�QHNH�GUXJH�NULWHULMXPH��0L�VPR�SR^OH�RG�SUHWSRVWDYNH
GD�NLVHOLQD�SRYH`DYD�UDVSRQ�YLVLQD�QHUDYQLQD��DOL�WR�QLMH�SURYHUHQR�L�YHUR�
YDWQR�YDCL�VDPR�GR�RGUH_HQRJ�WUHQXWND�SURFHVD�QDJUL]DQMD��-HGDQ�RG�DOWHU�
QDWLYQLK�QDaLQD�MH�GD�VH�]D�PHUX�KUDSDYRVWL�XVYRML�RGQRV�SRYU^LQD�QHUDYQH
�QDJULCHQH��L�UDYQH�SRYU^L��SUH�R^WH`HQMD���3RVWRMH�QHNL�PHWRGL�]D�HNVSHUL�
PHQWDOQR�RGUH_LYDQMH�RYH�YHOLaLQH��D�]D�QD^�PRGHO�RQD�VDVYLP�ODNR�PRCH
GD�VH�L]UDaXQD��'R�VDGD�GRELMHQL�UH]XOWDWL�XND]XMX�QD�QL]�QRYLK�PRJX`QRVWL
]D�GHILQLVDQMH�KUDSDYRVWL�L�QMHQR�SRYH]LYDQMH�VD�RSLVDQLP�VYHWORVQLP�HIHN�
WRP��

/LWHUDWXUD

:\DQW��-��&��������2SWLFV�VRXUFH�ERRN�¬�6SHFNOH��0F*UDZ�+LOO�

@DODVDQ��/���3HWURYVND��0��������0$7/$%�L�GRGDWQL�PRGXOL�&RQWURO�6\V�
WHP�7RROER[�L�6,08/,1.��%HRJUDG��0LNUR�NQMLJD�

,YDQD�0HGR^�DQG�-HOHQD�3HMNRYL`

:LGWK�RI�*DXVVLDQ�'LVWULEXWLRQ�RI�/LJKW�,QWHQVLW\�5HIOHFWHG
IURP�D�5RXJK�0HWDO�6XUIDFH�DV�D�0HDVXUH�RI�5RXJKQHVV

5RXJKQHVV�DV�FKDUDFWHULVWLF�FDQ�EH�GHILQHG�LQ�PDQ\�ZD\V��+RZHYHU�
LWV�RIWHQ�KDUG�WR�GHWHUPLQH�LWV�SDUDPHWHUV�RQ�WKH�PLFURVFRSLF�VFDOH��$Q�RS�
WLFDO�PHWKRG�ZRXOG�EH�PRUH�FRQYHQLHQW�IRU�PHDVXULQJ�EHFDXVH�RI�LWV�LQ�
WHUDFWLRQ��$IWHU�UHIOHFWLRQ�OLJKW�UD\V�GLYHUJH��DQG�WKH�QRUPDO��*DXVVLDQ�
GLVWULEXWLRQ�RI�LQWHQVLW\�JURZV�ZLGHU��,I�WKH�GLYHUJHQFH�GHSHQGHG�RQ�WKH
OHYHO�RI�URXJKQHVV��ZH�FRXOG�GHYHORS�WKH�RSWLFDO�PHWKRG��$�FRPSXWHU�VL�
PXODWLRQ�RI�WKH�SURFHVV�LV�D�TXLFN�ZD\�RI�FKHFNLQJ�WKLV�DVVXPSWLRQ�IRU
DQ\�DFFHSWHG�GHILQLWLRQ�RI�URXJKQHVV�

,Q�0$7/$%�ZH�PRGHOHG�D�URXJK�VXUIDFH�DV�D��'�QHW�RI�SODQH�WUL�
DQJOHV�GHWHUPLQHG�E\�WKH�GLVWDQFHV�RI�LWV�YHUWLFHV�IURP�D�ILFWLYH�EDVLF
SODQH��WKH�YHUWLFHV�EHLQJ�RQ�WKH�VDPH�VLGH�RI�WKDW�SODQH��7ULDQJOHV�DUH
VPDOO�HQRXJK�WR�PDNH�WKH�QHW�¬�D�JRRG�DSSUR[LPDWLRQ�RI�D�UHDO�URXJK�VXU�
IDFH��QRW�QHFHVVDULO\�VKRXOG�WKH�SDUWV�RI�D�PRGHOHG�VXUIDFH�E\�WULDQJOHV�
EXW�WKLV�ZD\�WKH�SURJUDPPLQJ�LV�PXFK�IDFLOLWDWHG���7KH�QHW�LV�GHVFULEHG
E\�D�PDWUL[�ZKRVH�QXPEHUV�DUH�KHLJKWV�RI�WKH�WULDQJOHV��7KH�QXPEHUV�DUH

6OLND��

�QDVSUDPQD�VWUDQD��

6QLPFL�QRYaL`D�&&'
NDPHURP�L
RGJRYDUDMX`L�JUDILFL

UDVSRGHOH

JRUH��YUHPH�GHMVWYD
NLVHOLQH���
UHODWLYQD�^LULQD
UDVSRGHOH������

GROH��YUHPH�GHMVWYD
NLVHOLQH����K�

UHODWLYQD�^LULQD
UDVSRGHOH������

)LJXUH��

�RSVLWH�SDJH��

&&'�VKRWV�RI�FRLQV

DQG�FRUUHVSRQGLQJ

GLVWULEXWLRQ�JUDSKV

XS��GXUDWLRQ�RI�DFLG
WUHDWPHQW���

UHODWLYH�GLVWULEXWLRQ
ZLGWK������

GRZQ��GXUDWLRQ�RI
DFLG�WUHDWPHQW���K�
UHODWLYH�GLVWULEXWLRQ
ZLGWK������
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UDQGRPO\�FKRVHQ��EXW�LQ�VXFK�PDQQHU�WKDW�WKHLU�JHQHUDO�GLVWULEXWLRQ�LV
*DXVVLDQ��E\�IXQFWLRQ�UDQGQ�LQ�0$7/$%���:H�FDQ�ILW�WKHP�WR�EH�RQ�WKH
VDPH�RUGHU�RI�PDJQLWXGH�DV�WKH�WULDQJOHV��1RZ�URXJKQHVV�FDQ�EH�GHILQHG
DV�VSDQ�RI�WKH�KHLJKWV��:H�SURJUDPPHG�LQLWLDO�DQG�UHIOHFWHG�EHDPV�RI�OLJKW
DV�YHFWRUV�LQ�VSDFH��DQG�YLHZHG�WKH�LQWHQVLWLHV�RI�WKH�UHIOHFWHG�RQHV�LQ�D
SODQH�QRUPDO�WR�LW��DORQJ�WKH�OLQH�WKURXJK�LWV�FHQWHU�

6L[�JUDSKV�GRQH�LQ�25,*,1��DQDO\VLQJ�UHVXOWV�RI�RXU�VLPXODWLRQ��JDYH
XQGRXEWIXO�DQVZHU�¬�\HV��WKHUH�LV�D�FRQQHFWLRQ�EHWZHHQ�URXJKQHVV�DQG�GL�
YHUJHQFH��7KH�ODUJHU�LV�WKH�VSDQ�RI�WKH�KHLJKWV��WKH�ZLGHU�LV�WKH�FRUUH�
VSRQGLQJ�*DXVVLDQ�FXUYH��VHH�WKH�ILJXUH����UHODWLYH�ZLGWK�LV�GLYLVLRQ�RI
ZLGWKV�RI�DQ\�FXUYH�DQG�WKH�FXUYH�RI�WKH�OLJKW�UHIOHFWHG�IURP�D�OHYHOHG
VXUIDFH��ZKHQ�URXJKQHVV�LV�����+RZHYHU��IRU�GHWHUPLQLQJ�DQ\�FRUUHODWLRQ
EHWZHHQ�WKH�WZR�FULWHULD��ZH�QHHG�ODUJHU�QXPEHU�RI�DQDO\]HG�FDVHV�DQG
UHVXOWV�IRU�PDWULFHV�RI�ODUJHU�GLPHQVLRQV��ZKHQ�WKH�GLPHQVLRQV�RI�WKH�WUL�
DQJOHV�DUH�VPDOOHU�FRPSDULQJ�WR�WKH�HQWLUH�VXUIDFH���0$7/$%��ZKLFK�ZH
FKRVH�IRU�LWV�JUDSKLF�IDFLOLWLHV��LV�XQIRUWXQDWHO\�WRR�VORZ�IRU�VXFK�D�MRE��,W
ZRXOG�EH�DOVR�LQWHUHVWLQJ�WR�FRPSDUH�WKH�VLPXODWLRQ�ZLWK�D�UHDO�SK\VLFV
V\VWHP��$FWXDOO\��ZH�KDYH�GRQH�D�VPDOO�H[SHULPHQWDO�WHVW��%\�&&'�ZH
VKRW�LPDJHV�RI�ERWK�D�PHWDO�VXUIDFH�EHIRUH�DQG�DIWHU�WUHDWPHQW�ZLWK�DQ
DFLG��DQG�OLJKW�EHDPV�UHIOHFWHG�IURP�LW��7KH�H[SHULPHQW�MXVW�FRQILUPHG�RXU
LQLWLDO�DVVXPSWLRQ��)LJXUH�����2XU�ZRUN�DOVR�RSHQV�SRVVLELOLWLHV�RI�GHILQLQJ
URXJKQHVV�DQG�ILQGLQJ�RXW�WKHLU�UHODWLRQVKLS�ZLWK�WKH�OLJKW�HIIHFW��
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3ULORJ��OLVWLQJ�SURJUDPD

format long;

global MaxmatrX; MaxmatrX=100;
global MaxmatrY; MaxmatrY=MaxmatrX; % KVADRATNA TABLA
global DuzinaTableX; DuzinaTableX=0.01;
global DuzinaTableY; DuzinaTableY=0.01;

global DuzinaZaklonaX; DuzinaZaklonaX=0.01;
global DuzinaZaklonaY; DuzinaZaklonaY=0.01;

global alfa; alfa=1e6;

global K0;
global K1;
global N0;
global L;

% Unos Kordinata vektora upadnog snopa
% ------------------------------------
K0(1)=0;
K0(2)=0;
K0(3)=-1;
K0

% Unos Normala na tablu
% ---------------------
N0(1)=0;
N0(2)=0;
N0(3)=1;
N0
N0=N0./norm(N0);

% Unos Rastojanje zaklona od table
% --------------------------------
L=0.05

lambda=- Proizvod(N0,K0);
K1(1)=lambda*2*N0(1)+K0(1);
K1(2)=lambda*2*N0(2)+K0(2);
K1(3)=lambda*2*N0(3)+K0(3);

% Generisanje table
% -----------------
global Tabla;

Tabla= zeros(MaxmatrX);
% hrapava tabla se formira OVDE
Tabla=randn(MaxmatrX)/500e4;
%for i=1:MaxmatrX 
%       for j=1:MaxmatrY 
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%    Tabla(i,j)=sin(i/4)*cos(j/4)*10e-7;
%end
%end

global CentarTable;
   CentarTable(1)=DuzinaTableX/2;
   CentarTable(2)=DuzinaTableY/2;
   CentarTable(3)=0;
global intK1;
   intK1= norm(K1)
global EK1;
   EK1= K1./intK1;
global Zaklon; Zaklon=zeros(MaxmatrX);
global Xvek Yvek i j;
   Xvek(1)=-EK1(3);
   Xvek(2)=0;
   Xvek(3)=EK1(1);
   Xvek=Xvek./norm(Xvek);

   Yvek(1)=EK1(2)*Xvek(3)-EK1(3)*Xvek(2); 
   Yvek(2)=EK1(3)*Xvek(1)-EK1(1)*Xvek(3); 
   Yvek(3)=EK1(1)*Xvek(2)-EK1(2)*Xvek(1);
   Yvek=Yvek./norm(Yvek);

SHT=Matrica;

global SHT; SHT=0;

function y=matrica

     intenz=0;
     global MaxmatrX MaxmatrY
     global Tabla
     global DuzinaTableX DuzinaTableY
     global CentarTable
     global K0
     global alfa
     global SHT

     for i=1:MaxmatrX-1
         i
         for j=1:MaxmatrY-1
             for k=1:2
                 a(1)=DuzinaTableX/MaxmatrX*i;
                 a(2)=DuzinaTableY/MaxmatrY*j;
                 a(3)=Tabla(i,j);
                 if k==1
                   b(1)=DuzinaTableX/MaxmatrX*(i+1);
                   b(2)=DuzinaTableY/MaxmatrY*(j+1);
                   b(3)=Tabla(i+1,j+1);

                   c(1)=DuzinaTableX/MaxmatrX*i;
                   c(2)=DuzinaTableY/MaxmatrY*(j+1);
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                   c(3)=Tabla(i,j+1);
              else
                 b(1)=DuzinaTableX/MaxmatrX*(i+1);
                 b(2)=DuzinaTableY/MaxmatrY*j;
                 b(3)=Tabla(i+1,j);

                 c(1)=DuzinaTableX/MaxmatrX*(i+1);
                 c(2)=DuzinaTableY/MaxmatrY*(j+1);
                 c(3)=Tabla(i+1,j+1);
              end

           [odbV, normalaNN, imaO, intenz]=odbi-
jeni(a,b,c);

           if imaO
              teziste(1)=( a(1)+b(1)+c(1) )/3;
              teziste(2)=( a(2)+b(2)+c(2) )/3;
              teziste(3)=( a(3)+b(3)+c(3) )/3;

              [tacka, imaT]= TackaNaZ(odbV, teziste);
              CT(1)=-CentarTable(1)+teziste(1);
              CT(2)=-CentarTable(2)+teziste(2);
              CT(3)=-CentarTable(3)+teziste(3);

              K0norm= K0./norm(K0);

             x=CT(1)*CT(1)+CT(2)*CT(2)+CT(3)*CT(3)-
Proizvod(CT,K0norm)^2;

                intenz=Proizvod(odbV,nor-
malaNN)*exp(-alfa*x);

  if imaT 
                SHT= StaviNaZ(tacka, intenz);
                end
             end
         end
       end
     end

y=0;

function y=Proizvod(a,b)
     y=a(1)*b(1)+a(2)*b(2)+a(3)*b(3);

function [odbV, normalaNN, ima_odb, intenz]= odbi-
jeni(a,b,c)

% napravi vektore trougla, vektor normale i odbijeni
vektor

     vek1(1)=-a(1)+b(1);
     vek1(2)=-a(2)+b(2);
     vek1(3)=-a(3)+b(3);
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     vek2(1)=-a(1)+c(1);
   vek2(2)=-a(2)+c(2);
   vek2(3)=-a(3)+c(3);

   normalaNN(1)= vek1(2)*vek2(3) - vek2(2)* vek1(3);
   normalaNN(2)= -vek1(1)*vek2(3) + vek2(1)* vek1(3);
   normalaNN(3)= vek1(1)*vek2(2) - vek2(1)*vek1(2);

   intenz= norm(normalaNN);
   normala= normalaNN./intenz;

% odbijeni vektor BEZ EFEKTA POVRSINE TROUGLA
% -------------------------------------------
  

 global K0;

   lambda=-Proizvod(normala,K0);
   odbV(1)=lambda*2*normala(1)+K0(1);
   odbV(2)=lambda*2*normala(2)+K0(2);
   odbV(3)=lambda*2*normala(3)+K0(3);

   ima_odb= lambda0;

function [tacka, imaT]=TackaNaZ(odbV, teziste) 

   global EK1;
   global CentarTable;
   global L;

tacka(1)=0; tacka(2)=0; tacka(3)=0; 

   imaT= ~(Proizvod(odbV, EK1)==0);

   if imaT==1
      mi= ( Proizvod(CentarTable,EK1)+L-Proiz-

vod(teziste,EK1) )/Proizvod(odbV,EK1);

      imaT= mi0;
 

     if imaT==1
         tacka(1)= teziste(1)+mi*odbV(1);
         tacka(2)= teziste(2)+mi*odbV(2);
         tacka(3)= teziste(3)+mi*odbV(3);
      end

   end
% vrati tacku u odnosu na zaklon
% ------------------------------

tacka(1)= tacka(1)- L*EK1(1)- CentarTable(1);
tacka(2)= tacka(2)- L*EK1(2)- CentarTable(2);
tacka(3)= tacka(3)- L*EK1(3)- CentarTable(3);
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function y=StaviNaZ(tacka, intenz)

     global Zaklon
     global MaxmatrX MaxmatrY
     global DuzinaZaklonaX DuzinaZaklonaY

     zX=floor((tacka(1)+DuzinaZaklonaX/2)*MaxmatrX/
DuzinaZaklonaX)+1;

     zY=floor((tacka(2)+DuzinaZaklonaY/2)*MaxmatrY/
DuzinaZaklonaY) +1;

     if (zX0) & (zXaxmatrX) & (zY0) & (zYaxmatrY)
        Zaklon(zX,zY)=Zaklon(zX,zY)+ intenz;
     end

     y=1;
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