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©/RYOLJHª NRQVWUXNVMRQHU

3n HW HWWHUXWGDQQLQJVNXUV L PDWHPDWLNN IRU XQJGRPVVNROHO UHUH GHWWH

VHPHVWHUHW WRN MHJ RSS VS¡UVPnOHW VRP PDWHPDWLNNO UHUH YHG 1RUH 1HVHW

VNXOH UHLVWH L ©7DQJHQWHQª QU� ������� RJ VRP 6YHLQ +� 7RUNLOGVHQ HQ JRG

NRPPHQWDU WLO L QU� �� -HJ YLO JMHUQH I¡OJH RSS PHG \WWHUOLJHUH NRPPHQWD�

UHU� 'HW YLVWH VHJ QHPOLJ Sn GHWWH NXUVHW DW VDPYLWWLJKHWVIXOOH O UHUH RJ

VHQVRUHU IDNWLVN KDU WDWW IDJOLJ VNDGH DY (NVDPHQVVHNUHWDULDWHWV LQNRPSH�

WDQVH DQJnHQGH KYD GHW YLO VL n NRQVWUXHUH HQ ILJXU YHG KMHOS DY SDVVHU RJ

OLQMDO �WLOVYDUHQGH IRUKROG JMHOGHU EHJUHSHW ©WLOQ UPLQJVWDOOª� PHQ GHW NDQ

MHJ WD RSS L HQ VHLQHUH DUWLNNHO��

6S¡UVPnOHW HU L KYLONHQ JUDG GHW VNDO

Y UH WLOODWW n DQDO\VHUH HQ NRQVWUXN�

VMRQVRSSJDYH IRU n JM¡UH NRQVWUXN�

VMRQHQ Vn HQNHO VRP PXOLJ� 'HW EOH

KHYGHW PHG VWRU VW\UNH IUD HQ GHO

NXUVGHOWDNHUH DW GHW LNNH VNDO Y UH

WLOODWW n UHJQH XW HQ OHQJGH Sn

JUXQQODJ DY HQ LQQVLNW HUYHUYHW

JMHQQRP VWXGLXP DY HQ SU¡YHILJXU�

IRU Vn n EUXNH GHWWH UHVXOWDWHW L NRQ�

VWUXNVMRQHQ� 'HWWH HU IXQGDPHQWDOW

JDOW� RJ YLOOH I¡UH WLO IRUEXG PRW HQ

UHNNH NODVVLVNH WHNQLNNHU IRU n NRQ�

VWUXHUH ILJXUHU YHG KMHOS DY SDVVHU RJ

OLQMDO� 1RHQ UDSSRUWHUWH RP YDQVNHU

PHG n In HOHYHQH WLO n JRGWD GHWWH UH�

JHOYHUNHW� IRU YHUNHQ GH HOOHU HOHYHQH

IDQW QRHQ IRUQXIW L GHW� 0HQ PDQ

I¡OHU VHJ MR IRUSOLNWHW WLO n WLOSDVVH

HOHYHQHV NXQQVNDSHU RJ YDQHU WLO GHW

VRP HNVDPHQ NUHYHU� 'HUIRU HU GHW

LNNH GLVVH O UHUQH VRP VNDO NULWLVH�

UHV� PHQ (NVDPHQVVHNUHWDULDWHW�

/LNHYHO Pn YL LNNH XQQODWH n SnSHNH

GHW QnU GLVVH O UHUQH IDNWLVN IRU�

PLGOHU PLVRSSIDWQLQJHU RP YLNWLJH

PDWHPDWLVNH EHJUHSHU RJ PHWRGHU�

.ULWLNNHQ VNDO LNNH UDPPH O UHUQH�

PHQ LQQKROGHW L GHUHV IDJOLJH IRU�

PLGOLQJ� 1nU GHW JMHOGHU IRUEXG PRW

XWUHJQLQJHU VRP JUXQQODJ IRU NRQ�

VWUXNVMRQHU� HU GHW QRH ULNWLJ YHG GHW�

LGHW YL LNNH WLOODWHU EUXN DY WLOQ U�

PLQJVWDOO L GHQQH VDPPHQKHQJHQ�

)RU HNVHPSHO NDQ YL LNNH YHG KMHOS

DY SDVVHU RJ OLQMDO NRQVWUXHUH HW

NYDGUDW PHG VDPPH DUHDO VRP HQ

JLWW VLUNHO �GHW NODVVLVNH SUREOHPHW

PHG VLUNHOHQV NYDGUDWXU�� 6HOY RP YL

NDQ UHJQH XW VLGHQ L NYDGUDWHW PHG

Vn VWRU Q¡\DNWLJKHW YL YLO �π HU EH�

UHJQHW PHG RYHU HQ PLOOLDUG GHVLPD�

OHU��� HU GHW XPXOLJ n NRQVWUXHUH

GHQQH NYDGUDWVLGHQ HNVDNW� 9L JRG�

WDU KHOOHU LNNH EUXN DY HQ XWUHJQHW

WLOQ UPLQJVYHUGL IRU IRU HNVHPSHO

� � -HJ WURU GHW HU DYYLVQLQJHQ DY

VOLNH EHUHJQLQJHU VRP HU EOLWW PLV�

IRUVWnWW RJ WRONHW VRP IRUEXG PRW DO�

OH EHUHJQLQJHU I¡U NRQVWUXNMRQV�

DUEHLGHW WDU WLO� 1nU GHW JMHOGHU � �

NDQ LPLGOHUWLG RSSPnOLQJ DY GHQ XW�

UHJQHGH WLOQ UPLQJVYHUGLHQ HUVWDW�
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WHV DY HQ L SULQVLSSHW HNVDNW NRQ�

VWUXNVMRQ� .ODUHU HQ n NRQVWUXHUH

� Sn HQ HJHQ ILJXU� NDQ GHQQH

OHQJGHQ YHG KMHOS DY SDVVHU WUDQV�

SRUWHUHV WLO GHQ ILJXUHQ VRP VNDO

NRQVWUXHUHV� RJ NRQVWUXNVMRQHQ VNDO

JRGNMHQQHV� (W NODVVLVN HNVHPSHO HU

NRQVWUXNVMRQHQ DY GHW J\OQH VQLWW�

HOOHU� RP HQ YLO� HQ UHJXO U IHPNDQW�

8WHQ HQ DQDO\VH RJ EHUHJQLQJ DY

HNVDNWH YHUGLHU IRU YLVVH OHQJGHU HU

GHQQH NRQVWUXNVMRQHQ XPXOLJ� 'HW

HU LNNH GHQ VODJV XPXOLJKHW VRP HU

DY LQWHUHVVH L GLVNXVMRQHQ RP KYLONH

ILJXUHU VRP NDQ NRQVWUXHUHV YHG

KMHOS DY SDVVHU RJ OLQMDO� 'HWWH HU MR

LNNH OHQJHU QRHQ GLVNXVMRQ� SUREOH�

PHW HU IXOOVWHQGLJ O¡VW DY *DXVV�

'HUVRP HQ EHUHJQLQJ DY HQ OHQJGH

JLU HW PnOWDOO VRP L SULQVLSSHW HU

HNVDNW� VNDO GHQQH NXQQH EHQ\WWHV L

NRQVWUXNVMRQHQ� -HJ JLU WR HNVHP�

SOHU�

(NVHPSHO �

.RQVWUXHU HQ WUHNDQW $%& GHU

$% = � FP� ∠ =$ ��
$ RJ ∠ =% ��

$ �

+HU HU DOOH GH RSSJLWWH WDOOHQH n RSS�
IDWWH VRP HNVDNWH� (Q QRNVn HOHPHQ�
W U JHRPHWULVN LQQVLNW JLU DW $& HU
HNVDNW � FP� c DYVHWWH � FP IUD $

ODQJV $& IRU n ILQQH & JLU HQ ODQJW
PHU SUHVLV NRQVWUXNVMRQ DY WUHNDQ�
WHQ HQQ n NRQVWUXHUH ��° YHG %� RJ
VNDO URVHV L VWHGHW IRU n IRUE\V� 3R�
HQJHW HU DOWVn DW PnOWDOOHW � KHU LNNH
HU HW XWUHJQHW WLOQ UPLQJVWDOO� PHQ
HW HNVDNW WDOO� (Q VOLN RSSJDYH HU
WHRUHWLVN� RJ YL O¡VHU GHQ YHG n EH�
WUDNWH HQ PDWHPDWLVN PRGHOO� 9L Sn�
VWnU LNNH GHUPHG DW YL NDQ SURGXVHUH
HQ SLQQH VRP HU HNVDNW � FP ODQJ�
0HQ YL SnVWnU DW YnU HNVDNWH NRQ�
VWUXNVMRQ �VRP YL HJHQWOLJ EDUH NDQ

XWI¡UH L WDQNHQH� JLU RVV GHW EHVWH
JUXQQODJHW IRU n NXQQH SURGXVHUH HQ
WUHNDQW VRP HU Vn OLN GHQ EHVNUHYQH
VRP PXOLJ� 'HW HU HVVHQVHQ L n DQ�
YHQGH WHRUL L SUDNVLV�

(NVHPSHO �

(NVDPHQ ���� QU� ���

D� .RQVWUXHU I¡UVW ∆$(' GHU

$( = � �� FP� ∠ =( ��
$ � RJ

∠ =$ ��
$ �

E� )RUNODU KYRUIRU '( = � �� FP�

F� 5HJQ XW OHQJGHQ DY $'�

∆$(' HU HQ GHO DY ∆$%' � % OLJ�

JHU Sn IRUOHQJHOVHQ DY $(� RJ

∠ =$'% ��
$ �

G� )XOOI¡U NRQVWUXNVMRQHQ DY ∆$%' �

H� )RUNODU KYRUIRU %' HU GREEHOW Vn

ODQJ VRP %(�

2SSJDYHQ KDU IOHUH SXQNWHU� PHQ MHJ
EHKDQGOHU LNNH GHP KHU� , RSSJDYHQ
HU GHW RJVn JLWW HQ SU¡YHILJXU VRP HU
QRNVn IRUPOLN PHG GHQ VRP VNDO
NRQVWUXHUHV�

, HW IDVLWKHIWH VRP HU XWJLWW �6NROH�
VHUYLFH� ��� XWJDYH ������ HU
∠ =$ ��

$ NRQVWUXHUW Sn WUDGLVMRQHOW
YLV� 6S¡UVPnOHW HU Qn RP GHWWH HU
GHQ HQHVWH O¡VQLQJHQ VRP VNDO JRG�
NMHQQHV� 'HW HU GHW LNNH� +HU InU YL
QHPOLJ GHQ EHVWH NRQVWUXNVMRQHQ DY
∆$(' YHG n EHJ\QQH L (� RSSUHLVH
QRUPDOHQ Sn $( �I¡U HQ PDUNHUHU $��
RJ Vn DYVHWWH ��� FP IUD ( WLO $ RJ '�
6HOY RP OHQJGHQ DY $( KHU HU JLWW
VRP HW WLOQ UPLQJVWDOO� JLU VHWQLQ�
JHQ VRP NRQNOXGHUHU PHG $( ('=
DW (' = � �� FP PHG VDPPH Q¡\DN�
WLJKHW VRP GHQ JLWWH OHQJGHQ DY $(�
'HUPHG HU GHW OLNH OHJLWLPW n EUXNH
(' = � �� FP L NRQVWUXNVMRQHQ VRP n
EUXNH RSSJDYHQV RSSO\VQLQJ
$( = � �� FP� $W HQ L SXQNW D� EUX�
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NHU HQ LQQVLNW VRP HQ Vn EOLU EHGW RP
n JM¡UH UHGH IRU L SXQNW E�� VSLOOHU LQ�
JHQ UROOH� 'HW JM¡U KHOOHU LQJHQ IRU�
VNMHOO DW RUGHW ©I¡UVWª HU EUXNW L SNW�
D�� 'HQQH NRQVWUXNVMRQHQ Pn VHOY�
I¡OJHOLJ JRGNMHQQHV� 3n VDPPH PnWH
Pn GHW Y UH WLOODWW n ILQQH XW RJ EUX�
NH DW ∠ =('% ��

$ � QRH VRP JLU HQ
EHGUH NRQVWUXNVMRQ DY '% HQQ VWDQ�
GDUGNRQVWUXNVMRQHQ DY ��° VRP
��° ² ��° HOOHU ��° � ��°� 2JVn KHU
EOLU HQ VHLQHUH L RSSJDYHQ EHGW RP n
IRUNODUH QRH VRP I¡OJHU IUD HQ LQQ�
VLNW HQ EUXNWH L NRQVWUXNVMRQHQ� QRH
VRP VHOYVDJW LNNH GLVNYDOLILVHUHU
NRQVWUXNVMRQHQ�

²²RR��RR²²

-HJ K¡UHU WLO GHP VRP IRUVYDUHU NRQ�
VWUXNVMRQHU PHG SDVVHU RJ OLQMDO VRP
YLNWLJ GHO DY JHRPHWULSHQVXPHW L
JUXQQVNROHQ� 'HW HU PDQJH JUXQQHU
WLO GHW� 'HWWH HU NODVVLVN PDWHPD�
WLNN� VRP KDU EnGH KLVWRULVN LQWHUHV�
VH RJ IDJOLJ VXEVWDQV� 'HW n VWXGHUH
KYLONH ILJXUHU HQ NDQ In WLO YHG n
WUDQVSRUWHUH DYVWDQGHU RJ WHJQH UHW�
WH OLQMHU JLU ¡NW URPIRUVWnHOVH� $Y�
VWDQG RJ UHWW OLQMH HU LNNH XYLNWLJH
EHJUHSHU L JHRPHWULHQ� 'H EHJUHQV�
QLQJHQH VRP OLJJHU L DW YL IRU HNVHP�
SHO LNNH VNDO DYPHUNH YLONnUOLJH

OLQMHVW\NNHU Sn OLQMDOHQ� KDU OHGHW WLO
P\H JRG PDWHPDWLNN� (Q NDQ QHYQH
DOJHEUDLVN WDOOWHRUL RJ LNNH�HXNOLGVNH
JHRPHWULHU� 6WRIIHW DSSHOOHUHU WLO DQ�
GUH VDQVHU HQQ IRU HNVHPSHO DOJHEUD�
(Q VHU� RJ HQ EUXNHU KHQGHQH� RJ GLV�
VH VDQVHRSSOHYHOVHQH OHGHU WLO JHQXL�
QH PDWHPDWLVNH UHVRQQHPHQWHU� 2J
Vn LQQHKROGHU NRQVWUXNVMRQVJHRPH�
WULHQ HW YHOO DY JRGH SUREOHPO¡VLQJV�
RSSJDYHU �VRP IRU GHW PHVWH YLOOH
Y UH XO¡VHOLJH GHUVRP HQ VNXOOH KRO�
GH VHJ WLO (NVDPHQVVHNUHWDULDWHWV
UHWQLQJVOLQMHU�� 0DQJH KDU JMHQQRP
GHWWH VWRIIHW InWW VLQH HQHVWH HVWHWLVNH
RSSOHYHOVHU L PDWHPDWLNNHQ�

7LO VOXWW HQ OLWHQ NRPPHQWDU WLO
RSSJDYH �� WLO DYJDQJVSU¡YD ����
�)LJXU L 6YHLQ +� 7RUNLOGVHQV DUWLN�
NHO L ©7DQJHQWHQª QU� ������ 'HQ
HQNOHVWH PnWHQ n NRQVWUXHUH SXQNWHW
& Sn� HU n DYVHWWH )' IUD ) ODQJV
IRUOHQJHOVHQ DY )(� (Q O UHU HOOHU
VHQVRU VRP LNNH JRGNMHQQHU VOLN
EUXN DY JHRPHWULVN LQQVLNW� HU Sn
OLQMH PHG O UHUHQ L $OH[DQGHU .LHO�
ODQGV ©*LIWª� VRP LNNH EDUH IRUODQJWH
QDYQHQH Sn E\HQH L %HOJLD� PHQ RJVn

GHQ UHNNHI¡OJHQ DY GHP VRP VWR L

ERND� /D RVV KnSH DW GHQ VNROHQ VRP

.LHOODQG EHVNULYHU� K¡UHU KLVWRULHQ

WLO�


