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-HGHQ ] SUY¬FK YHÄN¬FK rVSHFKRY HYROX³Q¬FK DOJRULWPRY EROR LFK SRX©LWLH SUH ULH§HQLH QRWRULFN\ REWLD©Q\FK

NRPELQDWRULgOQ\FK SUREOkPRY� NWRU¬FK &38 ³DV UDVWLH EX» IDNWRULgORYR DOHER H[SRQHQFLgOQH V UDVWRP GLPHQ]LH

SUREOkPX �KRYRUmPH� ©H Vr 13  �QRQSRO\QRPLDO\� REWLD©QH >[[@�� %XGHPH §WXGRYDÔ GYD W\S\

NRPELQDWRULgOQ\FK SUREOkPRY�

7\S �� )XQNFLD I MH GHILQRYDQg QDG V\PHWULFNRX JUXSRX 61 ]OR©HQRX ]R Y§HWN¬FK SHUPXWgFLm 1
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5LH§HQLH WRKWR RSWLPDOL]D³QkKR SUREOkPX MH REY\NOH YHÄPL REWLD©QH Y GpVOHGNX VNXWR³QRVWL� ©H V\PHWULFNg

JUXSD 61 REVDKXMH 1� SHUPXWgFLm� = W¬FKWR GpYRGRY Pp©H QDVWDÔ VLWXgFLD� ©H SUH YHÄNk 1 &38 ³DV ]KUXED UDVWLH

DNR 1� �

7\S �� 1HFK 5VHW ^��������U` MH PQR©LQD REVDKXMrFD SUY¬FK U FHO¬FK ³mVHO� MHM SULDP\ Vr³LQ 5VHW
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-HGQRWOLYk NRPSRQHQW\ WRKWR Y¬UD]X Vr FHOk ³mVOD ] X]DYUHWkKR LQWHUYDOX >��U@� )XQNFLD
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9 GpVOHGNX WRKR� ©H NDUGLQDOLWD PQR©LQ\ 5VHW
1 MH U1� RSWLPDOL]D³Q¬ SUREOkP Pp©H SDWULÔ PHG]L REWLD©QH V

H[SRQHQFLgOQ\P UDVWRP &38 ³DVX SUH YHÄNk 1� 3R]QDPHQDMPH� ©H SUH U � VD WHQWR RSWLPDOL]D³Q¬ SUREOkP

UHGXNXMH QD RE\³DMQ¬ ELQgUQ\ SUREOkP ������

7\S � NRPELQDWRULgOQHKR SUREOkPX EXGH LOXVWURYDQ¬ ]QgPRX rORKRX REFKRGQkKR FHVWXMrFHKR �763�

7UDYHOLQJ 6DOHVPDQ 3UREOHP� >[[@� -HKR JUDIRYR�WHRUHWLFNg IRUPXOgFLD MH QDVOHGRYQg� 1HFK * MH rSOQ¬ JUDI

REVDKXMrFL 1 YUFKRORY D 1�1����� KUgQ �VSRMRY�� .D©Gg KUDQD >L�M@ � VSgMDMrFD L�W\ V M�W\P YUFKRORP �PHVWRP� MH

RKRGQRWHQg NODGQ¬P ³mVORP G�L�M�� NWRUk VD LQWHUSUHWXMH DNR Y]GLDOHQRVÔ PHG]L GDQ¬PL YUFKROPL � PHVWDPL�

6OX©REQg FHVWD REFKRGQkKR FHVWXMrFHKR �+DPLOWoQRY F\NOXV� QDY§WmYL ND©Gk PHVWR OHQ UD]� SUL³RP VD YUDFLD GR

Y¬FKRG]LHKR PHVWD� 7gWR FHVWD MH MHGQRGXFKR XU³HQg DNR SHUPXWgFLD 1 REMHNWRY � PLHVW ������ RGSRYHGg FHVWH�

NWRUg MH ]DKgMHQg Y PHVWH S�� SRWRP SRNUD³XMH SRVWXSQH Y PHVWgFK S�� S�� ���� S1� D QD ]gYHU VD YUgWL GR
Y¬FKRG]LHKR PHVWD S�� SR]UL REU� ���� .D©GHM FHVWH MH SULUDGHQg MHM GÂ©ND
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+ODYQ¬P FLHÄRP rORK\ 763 MH QgMVÔ WDNr FHVWX � SHUPXWgFLX 3RSW � NWRUg SRVN\WXMH PLQLPgOQX GÂ©NX FHVW\
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&HVWD 3 Pp©H E\Ô ]PHQHQg QD QRYr FHVWX 3
 SRPRFRX VWRFKDVWLFNkKR RSHUgWRUD PXWgFLH 2PXW

§SHFLILNRYDQkKR SUDYGHSRGREQRVÔRX 3PXW� %XGHPH SR©DGRYDÔ� ©H DN FHVWD 3 MH SHUPXWgFLD� SRWRP DM QRYg FHVWD
3
 MH WLH© SHUPXWgFLD� D QDYLDF DN SUDYGHSRGREQRVÔ 3PXW→�� SRWRP SHUPXWgFLH 3 D 3
 Vr LGHQWLFNk
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$NR DOJRULWPLFN\ ]UHDOL]RYDÔ WLHWR GYH SRGPLHQN\" -HGQRGXFKg PHWoGD DOJRULWPL]gFLH VWRFKDVWLFNHM
WUDQVIRUPgFLH SHUPXWgFLH QD SHUPXWgFLX MH Y\MDGUHQg SRPRFRX DOJRULWPX ����

. WRPX� DE\ VD WHQWR W\S NRPELQDWRWLgOQ\FK rORK PpKRO §WXGRYDÔ JQHHWLFN¬P DOJRULWPRP� PXVmPH
]DYLHVÔ H§WH RSHUgFLX NUm©HQLD PHG]L GYRPD SHUPXWgFLDPL
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NWRUk ]DFKRYgYD LFK FKDUDNWHU SHUPXWgFLH� W�M� 3
 D 4
 Vr WDNWLH© SHUPXWgFLH� ¦WXGXMPH GYH SHUPXWgFLH 3 D 4 Q

REMHNWRY� Y\EHUPH ERG NUm©HQLD D WDN� ©H ��D�Q
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.H» Y\PHQmPH VHJPHQW\� NWRUk QDVOHGXMr ]D ERGRP NUm©HQLD� GRVWDQHPH GYD QRYk REMHNW\
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¨LDÄ� WDNWR Y\WYRUHQk REMHNW\ QHPXVLD E\W X© SHUPXWgFLH� 0p©H QDVWDÔ VLWXgFLD� ©H QHMDNk FHOk ³mVOR VD Y

REMHNWRFK �3 DOHER �4 Y\VN\WXMH GYDNUgW� = WRKWR GpYRGX MH SRWUHEQk DSOLNRYDÔ �RSUDYQ¬ SURFHV� >[[@

�QD]¬YDQ¬ ³LDVWR³Qk SULUDGHQLH � SDUWLDO PDWFKLQJ�� NWRU¬ ] REMHNWRY �3 D �4 Y\WYRUm QRUPgOQH SHUPXWgFLH

2EUg]RN ���� &\NOLFNg FHVWD �+DPLOWoQRY F\NOXV� QD rSOQRP JUDIH� NWRU¬

REVDKXMH � YUFKRORY� &HVWD MH UHSUH]HQWRYDQg SHUPXWgFLRX 3 �������������

SURFHGXUH 3HUPXWDWLRQB0XWDWLRQ�LQSXW� 3� RXWSXW 3
��

EHJLQ IRU L� � WR 1 GR ′SL� SL�
IRU L� � WR 1 GR

LI UDQGRP�3PXW WKHQ

EHJLQ M� ��UDQGRP�1��

DX[� ′SL� ′SL� ′SM� ′SM� DX[
HQG�

HQG�

$OJRULWPXV ���� 3URFHGrUD SUH UHDOL]gFLX VWRFKDVWLFNHM WUDQVIRUPgFLH SHUPXWgFLH 3 QD SHUPXWgFLX

3
� WDN DE\ SODWLOL SRGPLHQN\ ����D�E�� 3UHPHQQg UDQGRP MH QgKRGQk ³mVOR ] LQWHUYDOX >����

JHQHURYDQk V URYQRPHUQRX GLVWULErFLRX SUDYGHSRGREQRVWL� 3RGREQH� UDQGRP�1� MH QgKRGQk FHOk
³mVOR ] LQWHUYDOX >��1��@ V URYQRPHUQRX GLVWULErFLRX�
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�SR]QDPHQDMPH� ©H Y OLWHUDWrUH >[[@ MH SRSmVDQ¬FK PQRKR Up]Q\FK GUXKRY NUm©HQLD GYRFK SHUPXWgFLm D

VSpVRERY LFK RSUgY�� 'HILQXMPH ]REUD]HQLH I34 WDN� ©H NRPSRQHQW\ SHUPXWgFLH �3 � NWRUk EROL Y\PHQHQk� Vr

]REUD]HQk QD NRPSRQHQW\ SHUPXWgFLH �4 � NWRUk VD WLH© ]r³DVWQLOL Y¬PHQ\
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'UXKk ]REUD]HQLH I43 MH XU³HQk DNR LQYHU]Qk ]REUD]HQLH N I34 � I I43 34= −�
� 3RPRFRX W¬FKWR GYRFK ]REUD]HQm

EXGHPH RSUDYRYDÔ �SpYRGQk� ³DVWL Y �3 D �4 � W�M� WLH� NWRUk OH©LD SUHG ERGRP NUm©HQLD� $N NRPSRQHQWD SL �SUH

�≤L≤D� QHSDWUm GR GHILQL³QkKR RERUX ]REUD]HQLD I43 �WR ]QDPHQg WLH©� ©H SL VD Y\VN\WXMH Y
�3 SUgYH UD]� SRWRP

SL ]RVWgYD QH]PHQHQk� 9 RSD³QRP SUmSDGH� DN SL VD QDFKgG]D Y GHILQL³QRP RERUH ]REUD]HQLD I43 � SRWRP SL VD

]DPHQm ]D SUYr KRGQRWX LWHUD³QHM VFKkP\ [N�� I43�[N�� NWRUg MH PLPR GHILQL³QHM REODVWL IXQNFLH I43 �LWHUD³Qk

ULH§HQLH MH LQLFLDOL]RYDQk [� SL�� 3RGREQ¬ SRVWXS MH DSOLNRYDQ¬ DM SUH RSUDYX SpYRGQkKR VHJPHQWX Y
�4 � DY§DN

WHUD] EXGH SRX©LWk ]REUD]HQLH I34 �

3UH LOXVWUgFLX §WXGXMPH NUm©HQLH PHG]L GYRPD SHUPXWgFLDPL
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2EMHNW �3 RSUDYmPH SRPRFRX ]REUD]HQLD I43 D REMHNW �4 SRPRFRX ]REUD]HQLD I34 � 3UYk WUL LQGH[\ Y 3
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��→�� GRVWDQHPH RSUDYHQk REMHNW\� NWRUk X© Vr SHUPXWgFLH D Vr SRYD©RYDQk ]D Y¬VOHGRN Y¬PHQ\ PHG]L
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.RPELQDWRULgOQH rORK\ W\SX � EXGr LOXVWURYDQk rORKRX ]QgPRX SRG Qg]YRP SUREOkP UR]NODGX ³mVOD

�133� 1XPEHU 3DUWLWLRQLQJ 3UREOHP�� 1HFK 4 ^T��T������T1` MH PQR©LQD REVDKXMrFD 1 NODGQ¬FK UHgOQ\FK ³mVHO
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9\MDGUXMH UR]GLHO PHG]L PD[LPgOQRX D PLQLPgOQRX VXPRX ³mVHO ] SRGPQR©mQ 4 4 41� �
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$NR Qg]RUQH LQWHUSUHWRYDÔ WrWR rORKX" 3UHGVWDYPH VL� ©H PgPH KURPDGX REVDKXMrFX 1 YHFm� SUL³RP

ND©GHM YHFL MH SULUDGHQg FHQD T��T������T1� &LHÄRP MH UR]GHOLÔ WrWR NRSX YHFm QD U KURPgG WDN� DE\ LFK FHQ\ �Vr³W\

FLHQ MHGQRWOLY¬FK YHFm SDWULDFLFK GR WHM NWRUHM KURPDG\� Y\ND]RYDOL PLQLPgOQH UR]GLHO\ PHG]L VHERX� SR]UL REU�
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. ]REUD]HQLX π Pp©HPH SULUDGLÔ LQk ]REUD]HQk π
 SRPRFRX RSHUgWRUD PXWgFLH� π
 2PXW�π�
SRGREQ¬P VSpVRERP DNR SUL ELQgUQHM UHSUH]HQWgFLL� SR]UL DOJRULWPXV ���� SUL³RP SUH 3PXW→� MH Y\WYRUHQk

]REUD]HQLH π
 WRWR©Qk V SpYRGQ¬P ]REUD]HQmP π�

2SHUgFLD NUm©HPLD SUH WHQWR W\S FKURPR]oPRY MH YHÄPL MHGQRGXFKg D Pp©H VD SULDPR VWRWR©QLÔ V

SRGREQRX RSHUgFLRX SUH ELQgUQH YHNWRU\ �SR]UL NDSLWROX �����

3UmNODG ���� 9 WHMWR NDSLWROH MH SRSmVDQ SUmVWXS N ULH§HQLX NRPELQDWRULgOQ\FK rORK SRPRFRX SHUPXWgFLm D Q�WmF
SULURG]HQFK ´mVHO� NWRU VD Om§L RG §WDQGDUGQHM ELQgUQHM UHSUH]HQWgFLH ULH§HQm� 8Ng©HPH� ©H DM Y WRPWR SUmSDGH
MH ELQgUQD UHSUH]HQWgFLD VWgOH SRX©LWHÅQg�

3HUPXWgFLD 1 REMHNWRY�NRPELQDWRULgOQH rORK\ W\SX �� Pp©H E\Õ ]DGDQg DNR ELQgUQ\ YHNWRU GÃ©N\ N1�
NGH N MH WDNk FHOk ´mVOR� NWRUk ]DEH]SH´XMH� DE\ ELQgUQ\ YHNWRU GÃ©N\ N ERO VFKRSQ UHSUH]HQWRYDÕ ´mVOR 1�
7DNWR ELQgUQ\ YHNWRU MH ÅDKNR SUHWUDQVIRUPRYDWHÅQ SRVWXSRP ] NDSLWRO\ ��� QD YHNWRU 1 FHOFK ´mVHO ]
LQWHUYDOX >���N��@� 3RWRP SHUPXWgFLD 3 MH GHILQRYDQg WDN� ©H FHOR´mVHOQk NRPSRQHQW\ Vr XVSRULDGDQk GR
QHUDVWrFHM DOHER QHNOHVDMrFHM SRVWXSQRVWL� 1HFK 1 �� N �� ELQgUQ\ YHNWRU ����_���_���_���_����� MHKR
FHOR´mVHOQg YHU]LD Pg WYDU ����������� �SR]UL 7DE� ����� 1HFK SHUPXWgFLD 3 MH XU´HQg WDN� ©H SUHXVSRULDGD WrWR
1�WLFX GR UDVWrFHM SRVWXSQRVWL� SRWRP 3 ������������ 1HYKRGRX WRKWR SUmVWXSX SUH NoGRYDQLH SHUPXWgFLm MH� ©H
URYQDNg SHUPXWgFLD MH XU´HQg Up]Q\PL ELQgUQ\PL UHÕD]FDPL� ´R Pp©H VSpVRERYDÕ SRPHUQH PDOr HIHNWmYQRVÕ
HYROX´QFK DOJRULWPRY DSOLNRYDQFK QD ULH§HQLH NRPELQDWRULgOQ\FK DOJRULWPRY� 1DSm§WH SURJUDP� NWRU
ELQgUQ\ YHNWRU SUHWUDQVIRUPXMH QD SHUPXWgFLX 1 REMHNWRY� .ULWLFNP PLHVWRP SURJUDPX EXGH SURJUDP SUH
XVSRULDGDQLH 1�WLFH ´mVHO NOHVDMrFHM DOHER UDVWrFHM SRVWXSQRVWL� SUHWR SRX©LWH QHMDN HIHNWmYQ\ DOJRULWPXV SUH
XVSRULDGDQLH �QDSU� TXLFNVHDUFK��

%LQgUQD UHSUH]HQWgFLD 1�WLF FHOFK ´mVHO ] PQR©LQ\ 5 U
VHW

1 1= ��� �����: ? �NRPELQDWRULgOQH rORK\ W\SX ��

Pp©H E\Õ SULDPR UHSUH]HQWRYDQg ELQgUQ\P YHNWRURP GÃ©N\ N1� NGH N MH XU´HQk SRGPLHQNRX U≤�N��� 1HFK
ELQgUQ\ SRGUHÕD]HF GÃ©N\ N UHSUH]HQWXMH UHgOQH ´mVOR ] LQWHUYDOX >��U@� N UHgOQHPX ´mVOX [ ] WRKWR LQWHUYDOX
SULUDGmPH FHOk ´mVOR ] LQWHUYDOX >��U@ RSHUgFLRX [� NWRUg VD QD]YD �]DRNUrKOHQLH� �QDSU� ��� � D ��� ��
3UH LOXVWUgFLX XYD©XMPH 1 �� N � D U � D URYQDN ELQgUQ\ YHNWRU DNR Y SUHFKgG]DMrFRP SUmNODGH

2EUg]RN ���� &LHÄRP 133 rORK\ MH UR]GHOLÔ KURPDGX �PQR©LQX� 4 QD U NpS

4��4������4U WDN� DE\ GLIHUHQFLH PHG]L LFK FHQDPL EROL PLQLPgOQH� 3UHGVWDYPH

VL SDUWLX U ]ORGHMRY� NWRUg QDNUDGOD KURPDGX 4 YHFm� SUL³RP ND©Gg WgWR YHF Pg

XU³LWr FHQX� 3R ³DVH VL ]ORGHML FKFr QDNUDGQXWk YHFL UR]GHOLÔ WDN� DE\ ND©G¬

GRVWDO YHFL R SULEOL©QH URYQDNHM KRGQRW\� 7gWR rORKD MH WRWR©Qg V rORKRX 133�

SURFHGXUH 0DSSLQJB0XWDWLRQ�LQSXW�π� RXWSXW�π
 ��

EHJLQ IRU L� � WR 1 GR

LI UDQGRP�3PXW WKHQ

′πL � ��UDQGRP�U� HOVH ′πL � πL�

HQG�

$OJRULWPXV ���� 3VHXGRSDVFDORYVNg SURFHGrUD UHDOL]XMrFD PXWgFLX ]REUD]HQLD π QD QRYk

]REUD]HQLH π
� 3UHPHQQk UDQGRP D UDQGRP�U� Vr GHILQRYDQk SRGREQH DNR Y DOJRULWPH ����
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����_���_���_���_����� 3RPRFRX WUDQVIRUPgFLH ������ YHNWRU V UHgOQ\PL NRPSRQHQWDPL Pg WYDU ������� ������
������ ������ ������� $SOLNRYDQmP RSHUgFLH ]DRNUrKOHQLD GRVWDQHPH YHNWRU FHOFK ´mVHO ������������ 1DSm§WH
SURJUDP� NWRU ELQgUQ\ YHNWRU SUHWUDQVIRUPXMH QD 1�WLFX FHOFK ´mVHO ] LQWHUYDOX >��U@�

3UmNODG ���� 1DSm§WH SURJUDP\ SUH Y\EUDQk HYROX´Qk DOJRULWP\ SRSmVDQk Y SUHGFKgG]DMrFLFK NDSLWROgFK� NWRUk
ULH§LD rORKX REFKRGQkKR FHVWXMrFHKR �7UDYHOLQJ 6DOHVPDQ 3UREOHP�� 3RX©LMWH RED SUmVWXS\ QD NoGRYDQLH FHVW\�
WDN SULDPR SRPRFRX SHUPXWgFLH� DNR DM SRPRFRX ELQgUQHKR UHÕD]FD �SR]UL SUmNODG ����� 3RURYQDMWH HIHNWmYQRVÕ
WFKWR GYRFK Up]Q\FK SUmVWXSRY�

9HULILNgFLD YVOHGNRY SUH REFKRGQkKR FHVWXMrFHKR QLH MH MHGQRGXFKRX ]gOH©LWRVÕRX� 3UHWR VD QDYUKXMr
WDNk SUmNODG\� NGH VPH VFKRSQm SUHVQH RGKDGQrÕ GÃ©NX RSWLPgOQHM
FHVW\� ³DVWR VD §WXGXMH RUWRJRQgOQH PULH©ND ERGRY W\SX 1×1�
SUL´RP Y]GLDOHQRVÕ PHG]L MHGQRWOLYPL ERGPL VD SR´mWD SRPRFRX
+DPPLQJRYHM �/�� Y]GLDOHQRVWL� 1D REUg]NX MH ]Qg]RUQHQg PULH©ND
W\SX �×�� NWRUg REVDKXMH �� ERGRY� +DPPLQJRYD Y]GLDOHQRVÕ �'LM�
PHG]L GYRPD ERGPL V ULDGNRYPL�VWÃSFRYPL LQGH[DPL ����� D
����� MH _���_�_���_ �� 'YD VXVHGQk ERG\ OH©LDFH QD URYQDNRP
ULDGNX DOHER VWÃSFL PDMr MHGQRWNRYr Y]GLDOHQRVÕ�

3UH WHQWR §SHFLgOQ\ SUmSDG RSWLPgOQD Y]GLDOHQRVÕ MH
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7gWR IRUPXOD Pp©H E\Õ MHGQRGXFKR YHULILNRYDQg SRPRFRX
PDWHPDWLFNHM LQGXNFLH� 'YD MHGQRGXFKk LOXVWUDWmYQH SUmNODG\ Vr
]Qg]RUQHQk QD QDVOHGXMrFLFK REUg]NRFK�

2SWLPDOL]XMWH SDUDPHWUH PHWoG SUH Up]QH 1 ����������� WDN� DE\ Y\SR´mWDQg PLQLPgOQD GÃ©ND FHVW\ QD
RUWRJRQgOQHM PULH©NH ERGRY EROD URYQg WHRUHWLFNHM PLQLPgOQHM Y]GLDOHQRVWL VNRUR VR ����
SUDYGHSRGREQRVÕRX�

3UmNODG ���� 1DSm§WH SURJUDP\ SUH Y\EUDQk HYROX´Qk DOJRULWP\� NWRUk ULH§LD rORKX UR]NODGX ´mVOD �1XPEHU

3DUWLWLRQLQJ 3UREOHP�� 3RX©LMWH RED SUmVWXS\ QD NoGRYDQLH ]REUD]HQLD π� WDN SULDPR SRPRFRX 1�WLFH FHOFK
´mVHO� DNR DM SRPRFRX ELQgUQHKR UHÕD]FD �SR]UL SUmNODG ����� 3RURYQDMWH HIHNWmYQRVÕ WFKWR GYRFK Up]Q\FK
SUmVWXSRY�

3RGREQH� DNR Y SUHGFKgG]DMrFRP SUmNODGH� QDYUKQHPH MHGQRGXFK SUmNODG XPR©ÉXMrFL SULDPX
YHULILNgFLX VSUgYQRVWL �RSWLPgOQRVWL� ]mVNDQFK ULH§HQm� 1HFK rORKD MH XU´HQg SDUDPHWUDPL 1 ��� D U ��� 7R

]QDPHQg� ©H SR´HW Y§HWNFK PR©QFK ]REUD]HQm π MH ������ . WRPX� DE\ VD QgP SRGDULOR XU´LÕ RSWLPgOQH
ULH§HQLH� SUHGSRNODGDMPH� ©H 4 REVDKXMH ´mVOR � D© �� ���NUgW� 2SWLPgOQ\ UR]NODG 4 QD �� SRGPQR©mQ 4�� 4��
���� 4�� MH WDN� ©H ND©Gg ] WFKWR SRGPQR©mQ REVDKXMH ´mVOD � D© �� SUgYH ��NUgW� 3RWRP FHQD ND©GHM
SRGPQR©LQ\ MH
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SUH L ����������� SUHWR I�πRSW� �� 2SWLPDOL]XMWH SDUDPHWUH PHWoG WDN� DE\ ]mVNDQg KRGQRWD r´HORYHM IXQNFLH EROD
QXORYg VNRUR VR ���� SUDYGHSRGREQRVÕRX�

3UmNODG ���� 1DSm§WH SURJUDP SUH PHWoGX ]DNg]DQkKR KÅDGDQLD �SR]UL NDSLWROX ���� DSOLNRYDQr QD ULH§HQLH
REFKRGQkKR FHVWXMrFHKR �763�� SUL´RP FHVWD QHFK MH Y\MDGUHQg SRPRFRX SHUPXWgFLH� 7UDQVIRUPD´Qk
RSHUgWRU\ W∈6 Vr UHDOL]RYDQk DNR SHUPXWgFLH WUDQVSR]mFLm GYRFK REMHNWRY� 2SHUgWRU WLM SpVREm QD SHUPXWgFLX 3
DNR WUDQVSR]mFLD REMHNWRY L D M�
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SUH L�M� 0QR©LQD 6 SRWRP REVDKXMH 1�1����� WUDQVIRUPgFLm� ,QYHU]Qg WUDQVIRUPgFLD W LM
−� N WUDQVIRUPgFLL WLM MH

WRWR©Qg V WRXWR WUDQVIRUPgFLRX� W LM
−� WLM� 2NROLH 8�3� SULUDGHQk ULH§HQLX � SHUPXWgFLL 3 REVDKXMH 1�1�����

HOHPHQWRY
8 3 3 W3 W 60 5 ; @= ′ = ∀ ∈�

$NR WHVWRYDFm SUmNODG SRX©LWH RUWRJRQgOQX PULH©NX ERGRY � PLHVW� NGH VD Y]GLDOHQRVÕ SR´mWD SRPRFRX
+DPPLQJRYHM PHWULN\ �SR]UL SUmNODG ����� 3RNrVWH VD R RSWLPDOL]gFLX YHÅNRVWL �V� ]DNg]DQkKR ]R]QDPX 7 �WDEX
OLVWX� D PD[LPgOQHKR SR´WX LWHUgFLm WLPHPD[ SUH Up]QH KRGQRW\ 1 GLPHQ]LH RUWRJRQgOQHM PULH©N\ ERGRY�
1 ����������� WDN � DE\ VWH V ��� SUDYGHSRGREQRVÕRX GRVWDOL NRUHNWQ YVOHGRN �§SHFLILNRYDQ Y SUmNODGH �����
3RGREQk rYDK\ Y\NRQDMWH DM SUH VXERSWLPgOQH YVOHGN\� NWRUk VD Om§LD OHQ QLHNRÅNR PgOR MHGQRWLHN RG
RSWLPgOQHKR YVOHGNX� =LVWmWH� ©H PHWoGD ]DNg]DQkKR KÅDGDQLH SRVN\WXMH YHÅPL UFKOH VXERSWLPgOQH YVOHGN\�
NWRUk Vr YHÅPL EOm]NH RSWLPgOQ\P�

3UmNODG ���� 0HWoGD ]DNg]DQkKR KÅDGDQLD �D QLHOHQ WgWR PHWoGD� MH ´DVWR Y OLWHUDWrUH LOXVWURYDQg ]QgPRX
MHGQRGXFKRX NRPELQDWRULgOQRX rORKRX QgMVÕ QD §DFKRYQLFL 1×1 SRVWDYHQLH 1 GgP WDN� DE\ Y ND©GRP ULDGNX�
VWÃSFL D GLDJRQgOH EROD XPLHVWQHQg SUgYH MHGQD GgPD �W�M� QHH[LVWXMH NROm]QH SRVWDYHQLH PHG]L GgPDPL��
=OR©LWRVÕ ULH§HQLD WRKWR SUREOkPX VLOQH ]gYLVm RG ]YROHQHM UHSUH]HQWgFLH SRVWDYHQLD GgP QD §DFKRYQLFL�
-HGQRGXFKg UHSUH]HQWgFLD SRVWDYHQLD GgP MH SRPRFRX SHUPXWgFLH 3 �S�� S�� ���� S1�� 3RWRP GgP\ QD
§DFKRYQLFL Vr XPLHVWQHQk WDNWR� Y �� VWÃSFL QD S��WRP ULDGNX� Y �� VWÃSFL QD S��WRP ULDGNX� DW¼� 7gWR MHGQRGXFKg
UHSUH]HQWgFLD UR]PLHVWQHQLD GgP QD §DFKRYQLFL SRPRFRX SHUPXWgFLm Pg YKRGX Y WRP� ©H Y ND©GRP VWÃSFL D
ULDGNX §DFKRYQLFH VD QDFKgG]D SUgYH MHGQD GgPD� .D©GHM SHUPXWgFLL 1 REMHNWRY SULUDGmPH FHOk QH]gSRUQk
´mVOR FRO�3�� NWRUk RGSRYHGg SR´WX GLDJRQgOQ\FK NROm]Lm� 5LH§HQLH SUREOkPX MH SRWRP WDNg SHUPXWgFLD 3� NWRUg
Pg QXORY SR´HW NROm]Lm� FRO�3� �� )XQNFLD FRO�3� MH XU´HQg Y]ÕDKRP
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NGH δ�L�M� MH .URQHFNHURYR GHOWD� δ�L�M� �� SUH L M� δ�L�M� �� SUH L≠ M� 9SR´HW ]PHQ\ SR´WX NROm]Lm SUL SUHFKRGH
RG SHUPXWgFLH 3 N QRYHM SHUPXWgFLL 3} WLM3 Y UgPFL PHWoG\ ]DNg]DQkKR KÅDGDQLD MH XU´HQ IRUPXORX
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1XPHULFNg QgUR´QRVÕ YSR´WX WHMWR IRUPXOH MH SRGVWDWQH PHQ§LD� DNR SUHGFKgG]DMrFHM IRUPXOH� 3UHWR MH

YKRGQHM§LH SR´mWDÕ SR´HW NROm]Lm FRO�WLM3� SRPRFRX WHMWR IRUPXOH� ]D SUHGSRNODGX� ©H SR´HW NROm]Lm FRO�3� MH

]QgP\�

3URJUDP ] SUHGFKgG]DMrFHKR SUmNODGX ��� XSUDYWH WDN� DE\ ULH§LO rORKX 1 GgP� 3UH LOXVWUgFLX WRKWR

DOJRULWPX XYgG]DPH SUYk WUL LWHUD´Qk NURN\ ]DNg]DQkKR KÅDGDQLD SUL ULH§HQm rORK\ SUH 1 �� 9 QXOWRP NURNX

EROR QgKRGQH Y\JHQHURYDQk SRVWDYHQLH GgP QD §DFKRYQLFL� NWRUk Pg � NROm]LH� 1RYg SHUPXWgFLD 3 Y �� NURNX

Y]QLNOD ] SUHGFKgG]DMrFHM SHUPXWgFLH SRX©LWmP WUDQVSR]mFLH W��� SR´HW NROm]Lm VD ]Qm©LO QD �� 9 �� NURNX SRX©LWmP

WUDQVSR]mFLH W�� GRVWDQHPH QRYr SHUPXWgFLX� NWRUg X© Pg QXORY SR´HW NROm]Lm� ´L©H MH ULH§HQmP SUREOkPX�



�

3UmNODG ���� 1DSm§WH SURJUDP SUH PHWoGX ]DNg]DQkKR KÅDGDQLD ULH§LDFHKR rORKX 1 GgP QD §DFKRYQLFL 1×1�
SUL´RP SHUPXWgFLD 3 MH ELQgUQH UHSUH]HQWRYDQg �SR]UL SUmNODG ����� 3RURYQDMWH HIHNWmYQRVÕ WRKWR SURJUDPX V

SURJUDPRP ] SUHGFKgG]DMrFHKR SUmNODGX ����

3UmNODG ���� 5LH§WH rORKX REFKRGQkKR FHVWXMrFHKR SRPRFRX JHQHWLFNkKR DOJRULWPX� SUL´RP FHVWD REFKRGQkKR

FHVWXMrFHKR MH ]DGDQg SRPRFRX SHUPXWgFLH� $NR FYL´Qk SUmNODG\ ULH§WH NRQ§WUXNFLX RSWLPgOQHM FHVW\ QD

RUWRJRQgOQHM PULH©NH ERGRY V +DPPLQJRYRX Y]GLDOHQRVÕRX �SR]UL SUmNODG ����� 3RNXVWH VD QDYUKQrÕ QRYr

RSHUgFLX NUm©HQLD PHG]L GYRPD SHUPXWgFLDPL� WDN� DE\ YVOHGQk REMHNW\ � SRWRPNRYLD EROL ]QRYX

SHUPXWgFLDPL�


