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, QVW\WXW 3RGVWDZRZ\FK 3UREOHPYZ 7THFKQLNL 3%1
HPDLO WNRZIROHSHQSSW

SURZDG]JHQLH

OHFKDQLND S&4\QyZ WR GJ]LDa IL]\NL RSLVXM F\ JMDZLVN
FLHF]\ L JD]yZ =DVWDQDZLDM F VL QD ]JDNUHVHP ]JDLQWHL
PRHP\ 4aDWZR [DXZD*\ii *H QLHPDO ZV]\WVWNR FR RWDF]D F
F] FLBHR L U] G]L VLHEDDIMNPLSA\QyZ -X* VWDUR*\WQL LQ
]JDXZD*\OL *H VSR UyG F]J]WHUHFK SRGVWDZRZ\FK SLHI
ZV]HFK ZLDWD SRZLHWU]JH RJLH ZRGD L JLHPLD WU]\ V
WH* Z UJHF]\ZLVWR FAMMWYXWH®aFQHP NDHMGDNWRUXB\ VWD AaHM
*H MHVW Z WHM XSURV]F]JRQHM RGSRZLHG]L QD QDV]H S\W
PHFKDQLNL Sa4\QyZ GOD JUR]XPLHQLD SUDZ U] G] F\FK QDW
F]JARZLHND MDN L MHJR *\FLRZ\PL LRQNFMDPL QLH WU]JHED X

OHFKDQLND S&4\QyZ WR WDN*H G]JLHG]LQD WHFKQLNL L
J& ZLHOH MH OL QLH ZL NV]JR 0 SURFHVYZ SUJHP\VARZ\FK
Sa\Qyz &] VWRIRQHBRYR\OL] PHFKDQLNL Sa\QyzZ ZL *H VL ]
GDQHM G]LMIGHDQ@\ @RBPMW XU OXE Z VNLP [DNUHVHP MHM ]DV
SRF]\QDM F |DUYZQR RG RSEKYXZKZXUDNDQYZ Z\EXFKyZ QD
VAR FX WUDQVSRUWX URS\ F]\ SEHGtOH/EZDGLDK PGMDOL MD
SUJHS4&\ZX NUZL SURFHVYZ ZHZQ NLB] WR PYWRYRZ F KR STHWV W
VL QD PHFKDQLFH Sa\Qyz &R ZD*QH ZV]\WWNLPL WHJR W
UJHFIWIVR FL MHGQR SRGVWDZRZH UyZQDQLH PHFKDQLNL S&
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BWRNHV{D ORJARE\ VL Z\GDZDi *H MHVW WR JQDNRPLWH X
UR]ZL ]JDQLH WHJR UyZQDQLD GOD LVWRWQHM NODV\ ¢
WXUEXOHQWQ\FK SR]JRVWDMR RADY R WRQ ISR RAGHBRPZLL]\NL
NODV\F]JQHM 1DGDO DNWXDOQD MMAKW PR QR Z D QW LSWK W}
QDJURGD Z Z\WRNR FL B RO PLORKROD UYRWyYyU\ Z\ND*F
PODVHPDW\F]Q MHGQR]QDF]QR i UR]ZL ]D WHJR Z\GDZDARE\
> @ =H Z]JO GX QD W ]DVDGQLF] WUXGQR i UR]ZYM PHEKD
ZEINyZ RGE\ZDa VL VWRVXQNRZR SRZROL L@HMPLRLZLH GRSL
PR*HP\ PyZLU R ]JQDF] F\P SRVW SLH ]DSRF] WNRZDQ\P SU
REVHUZDWRUD YSUZ|HPAAYZQYGWOD > @ 3UREOHPRP ] RSLVH
WXUEXOHQWQ\FK WRZBQJFI & 2AYNDIDQDRDNURVNRSRZHM SR
SLHUZV] F] U WH)L1® RSUDFR

,ARSRW\ QD MDNLH QDSRW\ND PHFKDQLND Sa\QyZ SRMD.
VWURQ\ VNDOL Z\PLDURZHM Z XN4DGDFK PLNUR L QDQRS!
SU]JHS4\ZX Z W\FK VNDODFK MHVW LVWRWQ\ GOD GLDJQR]R
VWHURZDQLD\PAL YADWHNPREZL DQDOL]\ FKHPLF]JQHM L ELROR
VIVWHPDPL GRVWDUF]DQWYZ @®BRYXM E\FR]\QQURVW NRPyUH
UDNRZ\FK MDN L GR JUR]XPLHQIDYBUWHEKB QX FIAE&\AK SU
FKHPLF]Q\FK Z WHM QDMEDUG]LHM VALFORSD L WMRAD QWHHA WD E L
NRPYUND ELRORJLF]QD 3UREWHMHBSRAWWH FIMRVX QNRYRRPARG |
JDa ]JL PHFKDQLNL S4\QyZ SR ZL BQPD GUXJ F] U RSUDFRZ

$OH SUDZG]LZ\ SUJHARP Z PHFKDQLFH S4\QyZ GRNRQXM
3RVW S Z UR]ZRMX WHWREIQUNLRNREFMHWRG REOLF]HQLRZ\FK
VSRZRGRZDa *H RG NLONX ODW ]JDUyZQR Z VNDOL PDNU
ZLDGNDPL WHJR FR MHV]F]H NLONDQD FLH ODW WHPX Z\GL
PDNUR ZLG]LP\ SUYE\ QXPHU\F]QHJR V@PHKIRRZAHILD UXFKHX
*DGQ\FK ]DaR*H XSUDV]F]DM F\FK Z\NRUJ\WWXM F MHG\QL|
PHFKDQLNL Sa\QyzZ U§WRDNEVEDLDFYHWBDBD WD RNUH ODQD M
'16 +'LUHFW 1XPHULFDO 6LPXODWLRQ > @ : VNDOL PLNU|
PRGHORZDQLH (PR@RRHSA\ZyZ | ]DVWRVRZDQLHP PRGHOL
RGGDM F\FK VWUXNWXU PROHNXODUQD S4a4\QX L VSU] JDOQL
PROHNXODUQ\FK ] INBPVEE]Q4PP RS4\QX 3RGREQ WUDQVIR



OHFKDQLND:tGORFHIR WDN WUXGQR SUJHZLG]LHU UXFK Sa\Q

SUJHFKRG] PHWRG\ GLDJQRVW\NL HMVBIHVVWP HNRQLREBHM NV
DE\ ZHVSU]JHU EXGRZDQH PRGHGHNNEZLRAVNPK RZZBDUY]BH L
NROHMQ\FK NURNyZ PLORZ\FK MDNLH\VV\RRNRQXML Z PHW
SRPLDUyZ Z PHFKDQLFH S&a\Qyz Z F] FL WUJHFLHM WHJR
VSRMU HM]4R IBUJHZLG]LHU NWyYUH | RG GDZQD FJHNDM F\F}
SUREOHPYZ L\IZRZ\WWDIZQ VL VL4 QDS GRZ PHFKDQLNL Sa\(
3LV] F QDV] DUW\NX4 GRNRQ\ZDOL P\ XSURV]F]JH L X’
SUHF\]\MQ\IKXRYDRUPDP\ QDG]LHM KEH&]DW B ®/GIUAR VIRFKEG
VL JQ i GR ZVND]\ZDQ\FK SU]H] QDV (UyGHa JG]JLH RPDZ
SUJHGVWDZLRQH V]JHU]JHM XVELPY QLA 05 RNWD G L4D WVeAR/ PR
]OQDOH(U Z ,QWHUQHFLH Z W\PyJUDaDM¥W GINLHIQ\PNW
QDMADWRVWMSQ\FK (UyGHa LQIRUPDFML SRQDGWR SRGD
DUWAayZ ]JDPLHV]F]JRQ\FK Z SROVNLFK SLVPDFK QDXNRZ\FK
SLVAPXYWH NWyUH F]\WDi NRQLHF]QLH WU]JHED

OHFKDQLND S4\QyZ Z VNDOL PDNURVNRSRZH M
SUJHSA\ZYZLLINHWY *\FLHP FRG]JLHQQ\P L WHFKQ

1LQLHMV]\ UR]G]LD& GRW\F]\ NODV\F]JQHM PHFKDQLNL S
E G]JLHPHFKND QZ VNDOL PDNJRYDRRSBRIHME G]LH *H Sa\Q E G]
GOD QDV R URGNLHP LGHDOQLH FL JA\PDBJ\[MDZH\QD MPQLH
NWyU\PL E G]JLHP\ VL ]DMPRZDi E G ]JQDF]JQLH ZL NV]H RG
PROHNX& S4\QX OHFKDQLNDRPA\RQYZFOPBRMOMRRZXV]D

7RUULFHOOHJR 3DVFDOD PLPR VZHM ANODV\F]JQR FL’

Z\QLNDM FHMVHW. ODW SURZDG]RQ\FKRREHM FLJIFHG]LQLH |
DNWXDOQ\ L GDOHNL RG UR]ZL ]DQLD SUREOHP SR]QDZF]\

3RZRGHP QLHXVWDQQHJR |DLQWHUHVRZDQLD PHFKDQL
ZVI\WWNLP LW WWQEX®K EHIHE Z 74 HIO RV NTCKORIDNWHU  WHJR
]JMZLVND ,OXVWUDFMFM M DSALNHNGY WDALERQRH QD ]GM FLX ZVS
DNWRUD +XPSKUH\D %RJDUWD U\V [F]HPWyW\ \E X BOQOR QDPI
MHVW JQDOH(i MHJR ]GM FLH EH] SDSLHURVD 3RND]DQD QC
G\PX MHVW BR¥PWNRZ L XSRU] GNRZDQO\ZWWP\Q URG]DM U.
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ODPLQDWQSR FKZLOL WUDFL UHJXODUQ\ FRDUADNWHU L SR
VWDQRZL EFRZSRGN D G Q MWNX WECFEMOWQHJIBRND]XMH *H

SUJHS4\Z ODPLQDUQ\ LVWQLHMM WPXNR G\BRHA] RBWRZHAD KM
WD MHVW SUDZGRAZQHGIODL]BWRGL SUJHSA4\ZyZ OR*QD SRZI
*H SU]JHSA4\Z ODPLQDUQ\ MHVW Z SUJ\URG]LH L WHFKQLFH Zz\
WXUBXOWMKIX4 L Z\QLNDM ] WHJR GOD @MDN\. ]JDUYZQR GREUH

| turbulentny wir

_ i przeptyw laminarny

B %

5\V /DPLQDUQ\ L WXUEXOHQWQ\ SUJHS&\Z VPXJL G\PX ] SDSLHL
+¥SKUH\D %RJDUWD > @

=4\P VNXWNLHP SRZV]HFKQR FL WXUEXOHQFML MHVW ID!
Z SUJHSAa\ZLH WXUEXOHQWQ\P MHVW SURBRRPMRQWOQ\ GR
Z SUJHSA\ZLW\GDPRQPLHUZV]HM MHM SRW JL OR*QD ]DWHP
XPLHOLE\ P\ EXGRZDG\ VDWDWNL L VDPRORW\ SRUXV]DM F
ODPLQDUQ\P ZyZF]DV LFK RSyU UyVa E\ ]JQDF]QLH ZROQLH
QDS GX SRWUJAEDLHM JRQLHM HQHUFREOHRPYZHPIHWHD SU
GDOV]HM F] FL DUW\NXaX

'OD Z\MD QLHQLD SR*\WNyZ ] WXUEXOHQFML PXVLP\ Z\
SROHJD ZIRAR NIRWXDEXOHQFML ,OXVWUDFM WHJR SRM FL
ORWQLF]H U\V RRFDDV B ¥ WIRR I0HW BIOINQW "~ NWyU\ Z JUXGQ
RVLDG4& QD PLHOL(QLH Z SREOL*X 1DQWXFNHW 86$ D ]
Z\FLHNA&R PLOLRQYZ OLWUyZ ROHMX\ZREBWD &FDZHIR 6WUX.



OHFKDQLND:tGORFHIR WDN WUXGQR SUJHZLG]LHU UXFK Sa\Q

UR]JSUXWHJR NDGAXED MHVW Z\UD(QLH WMUEXOHQWQD R |
NW\FK UR]JPLDU V]\ENR UR QLH Z PLDU RGGDODQLD VL RG

3RUYZQDQLH GAaXJR UFR]PNDE&PESODP\ ROHMX ZVND]XM
WXUEXOHQWIPH ZZUH®NR i OLFJRQ Z NLORPHWUDFK D MH(
]GDiU VRELH VSUDZ *H ]ZLQDNMNRADGWXVPDNWOEU]J\PLHM L
]JDZDUW\FK Z QLP ZLUyZ ] NWyU\FK QDMPQLHMV]H PDM UR
F] FL PLOEPHWGW\SDR)\ZWMHV]DM FH HQHUJL UXFKX Z FLHS
WXUEXOHQWQ\FK ZLUyZ SRNU\ZDM ZLJBMZFVYRVYWEGFL Ja\ |D
X4aDPNyZ PLOLPHWUD VNDOD SURFHVyZ G\V\SDW\ZQ\FK \
LWWWEK FHFK WXUEXOHQFML GR PHWUyYZ SU]JHS&\Z\ WHFKC
W\VL F\HWIUGRPWXUEXOHQFMD JHRIL]\F]QD

,VWRW SU]JHSA&\ZX WXUEXOHQ@WRMD RO MHEW [ W R DONLEH
SRPL G]\ $R\G]PL ZLUDPL VNDODPZLHPRVRDPREZW
FKDUDNWHUHP JMDZLVND WXUEXOHQFML :LHONRVNDORZR
SU]JHS4\Z WXUEXOHQWQ\ EDUG]R V]\ENR ]ZL NV]D VZH UR]PL
]GM FQRPS ROHMX OHF] WDN*H L QD U\V JG]JLH Z VND OD
SDSLHURVD WUJ\PDQHJR SUJH] +XPSKW/HWD%RIODWGRD JZDa
SUJHM FLX Z SUJHS4\Z WXUEXOHQW Q\

7 — Argo Merchant

¥
turbulentny wir 3
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5\V

TXUEKMNBQMHVW J]DWHP RGSRZLHG]LDOQD ]D WR *H G\P
QLHPDO QDW\FKPLDVW SR |DSDOHQLX SDSLHURVD Z SRNRM
G]L NL WXUEXOHQFML F]XMHP\ FLHSAR MX* SR FKZLOL RG Z
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SUJ\URG]LH LVWQL XD WO NRy KPR @DBU]DQLH SUJHFL WQH
Z\PDJDA&RE\ FR QDMPQLHM W\FREQLD RIJ]AERRRQD 2a@
7XUEXOHQFMD VSRZRGRZDAD UyZQLHWKBQRW ISR RLFKLNMMNDM F
GQLDFK SRNU\a REV]DU R URJPLDU]JH OZLVNNRLORPHWUY
RSRZLHG]LDOQH MHVW UyZQLH* ]D AX]JLHPLHQLH VDPRORW)
Z\EXFKX ZXONDQX Z ,VODQG®LL QDHJROEWWRXH MHGHQ ] DXW
DUW\NXaX ZUDAR&ENINRB|:4RV]HFXF SORLDMMA GZXJRG]LQQH N
SRGUy*\ WIHPROR
82]JO GQLHQLH J4AR*RQHM VWUXNWXU\ WXUEXOHQFML

Z]1JO GX QD WHQRWDNDRFM ZV]\WWWNLFK SURFHVYZ WUDQVSRI
SUJHS4\ZDFK WXUEXOHQWQ\FK VWDQRZL SRGVWDZRZH |DG
PHFKDQLND SAa\QyZLZWRV]POMDOLBHZQR FL QLH R F]\P
ZLDGF]\ QS QLHPR*QR i SUJHZLG]JHQLD ]DVL JX FKPXU\ S
LVODQG]NL ZXONDQ L Z\QLNDMNDFVMQG RPYDEFND LWR NRP X (
PHFKDQLND S&4\QyZ PD MHV]F]H ZLHOB SRW]WJREIQDQLD L
ZV]\WWNLP D QLH W\ONR PHFKDQLNRP

UR]G]LDOH ZVSRPQLDQR *H ZV]\WWNLH ]JMDZL\
PDNURVNRSRZHM PHFKDQLNL Sa\QyZ RSLVDQH V MHGQ\P |
Z , SRARZLH ;,; ZLHNX SUJHDYUBQBRX]D B $QJOLND *
* BWRNHVD ‘DUWR ]DXZDG&ZDMHRBEU\ZF\ E\OL Z UyZQHN
PLHUJH LQ*\QLHUDPL L QDXNRZFDRaARZ2ZD/OWURQQRRNHIND Hi*QLH
UyZQD G\QDPLNL 1HZWRQD ]QDQ\ &WRWDHN® UyZQDQLH 1D
'OD RSLVX UXFKXRGBRYOAWMZLEKHIWZQDQLH WR D ZabD FLZLH XN
]JDSIDH E\i PR*H ] X*\FLHP NRQZHQFML VXPDF\MQHM (LQVW
SRVWDFL

'8, W,

"W o w

U

“HVWH P\ ZLDGRPL *H ND*GH ]JDPLHV]F]JRQH Z DUW\NXO
OLF]JPWRNY@ R SR4RZ MHGQDN SU]W6DOLMPWUGKRD®QB 1
MHJR SL NQD OBMF UWD ® QH#NS PRVIW B FRL WDU *H ND*G\ NW



OHFKDQLND:tGORFHIR WDN WUXGQR SUJHZLG]LHU UXFK Sa\Q

XGRZRGQL LVWQLHQLH MHJR UR]ZL ]DQLD RWU]J\PD PLOLRQ
DOH |DFK FDP\ PORGNYW F]\WH

'RGDWNRZ WUXGQR FL Z RSLVLH UXFKX Sa\Qyz E\a E
UyZQDQH#6d RSLVDU PR*H GZD Uy*QH VWDQ\ UXFKX Sa\QXx WA\
WXUEXOHQWQ\ : UBRRGYV SURHHVRU 2ZHQV &ROOHJIH Z 0D
RSXEOLNRZDa4a SUDAGDZ®ADNWYKUDUR]VWU]\JDi W NZHVWL
]JDVWRVRZDQLX EDUG]R SRP\VWARZHJBFMWELHIR®R\ MDRHJIR ZL
JODNRPLWHM ZL NV]R FL SUJHJURF]J\WWH FR VSUDZLD *H QLI

b) przepiyw faminarny §

2 g

LI

] przeplyw turbulentny ]

5\V 6WDQRZLVNR EDGDZF]H 2 5H\QROGEDZDSWU]REEZNHWUXJIL EIL
ODPLQDUQ\PW@\RVXUEXOHQ

UXFKXOALHGR 2 5H\QROGVY ZSURZDG]L4 GR SUJHSA\ZX Z V]NC
EDUZQLND FR SR]ZROL&4R QD REVHUZDFM VSRVREX Z MDN
(NVSPIWQW 5H\QROGVD Z\ND]D& *H OWDHPGEIDLBQ P SIS a\Z Lt
]JDFKRZXMH VL Z VSRVYE SU]JHZLG\ZDOQ\ QDWRPLDVW Z U}
EDUZQLND XOHJD V]J\ENLHPX UR]JP\FLX SDWU] U\WV E QD \
]JPLDQ NLHUXQNX L ZDUWR FL ZHNWRKMIZHSBMSNR FL /R
HNVSHU\PHQQWO BVBHE\4 ZQLRV HN6 PR *By RADIQ WH OIN R

UXFK ODPLQDUQ\ QDWRPLDVW GOD RSLVX UXFKX WXU
]DSURSRQRUDBMRRPBRGQ SRVWDU UyZQDQLD
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]QDQ MDNR UyZGHQROEHAUME +6 Z NWyU\P VIPERO
R]QDF]D X UHGQLDQLH 5H\QROGVD 8 UHGQLDQLH ]JDVWRVR

BB

SRZD*QH VNXWNL 3R SUDZHM VWWRRMDDYyZQD/QLRRZD\UD *

QLHZLDGRPD L XN4DG UyZIIDW VWERA OALF ] DR HQJMEZN. D GRP\FK
ZL NV]D QL* OLF]ED UyZQDHEUDN WBN QIRUWMX4RZDQHJIR XN
UyZQD QLH GD VL UR]ZL ]Di ERQDGR®HRQIJLDD QRIRIR Uy
PHFKDQLFHPR&WQEP WXBEXDXHNQEBMQLH DYDD LM 4Ry Z Q
PHFKDQLFH S4\QyZ FD4a\ QDVW SQ\ ZLHN L FKRi Z\QDOH]LRQ
WXUEXOHQFML WR SRV]XNLZDQLD WH WUZDM QDGDO

1LHPR*QR U X]\WNDQLD UR]ZL ]D +PDUA]ZQR MIRQDQLD 1
UyZQDQLD 5$16 Z] VSUDZLA\ *H PHMKD Q@UMNXSAa\QyZ D* (
E\4D QDXN GR ZLOWIF)BO® F RGS® SRWUJHE\ SUDNW\NL
HNVSHU\PHQW 6La4 QDS GRZ PHFKDQLNL S&4\QyZ RG SRF]
ORWQLFWZR NWyUH GRPDJD&4R RZIDU ZNRDDYJZMMEWEN SUFR
EH]SLHF]QLHMV]H LLEPQMG MDIRRERWQRPR]ZL ]DQLHP E\4\ EDC
WXQHODFK DHURG\QDPLF]JQ\FK Z NWYU\FK SRPQLHMV]R(
XPLHV]F]JDQR Z VWUXPLHQLX SRZLHWU]D U\W D QD ZVS
XU] G]HQLHPJ DHORG\@ XPR*OLZLDM F\P SRPLDU VL3
DHURG\@DPKRG]LD4DM F\FK QD PRGHO

5\V. ORGHO VDPRORWX EDGDQ\ Z WXQHOX DHURG\QDPLF]Q\P D L
X*\FLHP EDBORRPW® VDPRORW 0' E > @

5R]ZyM HOHNWURQLNL RSW\NL L WHFKQRORJLL ODVHUR
EDUG]RCO\WRHEWSRREPLVUX SU GNR FL L FL QLHQLD SRZLHWU]I
DHURG\QDPEZRUQYFKSRGRELH VWZIR]|ZDHB a\ZYROHL QD WDN



OHFKDQLND:tGORFHIR WDN WUXGQR SUJHZLG]LHU UXFK Sa\Q

GRNADGQH SU]JHOLFEDQDH RRGH®RZVINDOOL SUDZG]LZHJR

VDPRORWX *H SR NLONX W\VIRZRBRKKSBB®|HQVEPRBOR W RR HO
SR* GDQ\FK FKDUDNWHU\WW\NDFK SDWU] U\W E :LDU\JF
Z\PDJDM X*\FLD WXQHOL R ROEU]J\PLFK UR]JPLDUDFK SRN
R URGND EDGDZF]HJR 1$6% Z /DQJOH\ PD UHGQLF SU]JH\
Z\QRV] RQDSG PHW)WWRPLDVW MHGHQ ] PQLHMV]\FK WXQ
/IRWQLFWZD Z :DUV]DZLH SRND]DWUWUQB WRPLEURD KRU]

Z\PLDUDFK [ PHWUD 1DS G ZHQW\ODWRUYZ WXQH{
Z\PDJD VWRVRZDQLD VLOQLNyZ R PRFDFKFIOIN]RQ\FK Z VH
DQJD*RZDQLD GJLHVL WHN VSHFMDOLVWyYZ Z\NRQXM F\FK PR

IRWQLFWBODZLB > @

RUD] DQDOL]XM F\FK RWU]J\PDQH Z DVHHOQRBADRYKWME FKDUDNV
PRGHOL L SURILOL 1LH MHVW ]DWHP ]JDVNRF]JHQLHP *H NR\
GX*\FK VDPRDORWYRLFEKVOLF]RQH V Z PLOLDUGDFK GRODUYZ
Z\WU]J\PDi ILQDQVRZR MHG\QLH WDN ZLHONLH ILUP\ MDN %}
(XBSLH 2FMHWW UyZQLH* G *HQLH GR JPQLHMV]HQLD NRV]
]JDVW SLHQLH GURJLFK EDGD PRBHORZOEK]HQDBPQLHSR®
ZDUXQNLHP *H X]\WNDQH Z\QLNL E G UyZQLH GRNADGQH L *}
NRV]WHP EH]SLHFYH XYNFAML NRZADVQR FL BMXRG\QDPLF]Q\FK \
3LHUZV]H VXNFHV\ QRZ\FK PHWRG SURMHNWRZDQLD VDPI
ODWDFK VLHGHPG]LHVL W\FK NLHG\ PRFH REOLF]HQLRZH
SUJHSURZDEJHB|HQLRZ\FK WHVWyZ SWRILEV]VORMWYLZF]\FK
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SUJHNURMX SRSU]JHF]QHJR VNU]J\Gab .V]WD&aW SURILOX ORYV
]IDJQDF]RQ\ VWU]DaN QD U\V D SURMHNWRZDQ\ MHVW WD
VNU]J\GaHP SU]JHE\ZDaR GaX*V] GWERDUIPIAR SRG QQR Q@ Z
XWUN\PXMSRZLHWU]X SRUXV]DM F\ VL VDPRORW
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&.o 012 /OEG
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LAMINAN
Noge* ) O u'®
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5\V 6NU]\GAR VDPRORWX > @ ] ]D]QDF]RQ\P NV]WD&WHP SURILO X
Z\QLNL REOINVHUPWKDWDDHURG\QDPLF]Q\FK SURILOX SUJHSUR
5 /LHEHFND > @ L QRZRF]JHVFQLQUIQER BUWHALUBGHA @®U]\GaD
> @

URNX 5REHUW + /LHEHFN DHURG\QDPLN Z ILUPLH
SRWUDIL ]DVW SLi EDGDQLD PRGHOL SURZDG]RQH Z WXQH
REOLF]JHQLRZ\R)\BWRERRBBEXWHU]H 3RND]JDQH QD U\V E Z\Q
ZVBAF]\QQLND VL&l RDWRSQ&M\RQLND WRIND]RSRVK &yZQLH
ZLDU\JRGQH MDN Z\QLNLREIM®PLRZ QVKQHGIL WLUWHPX 5REH
ILHEHFN GJ]L SURIHVRU Va\QQRZJMRi OL7 S WPy HMSRIRMH NW
NRPSXWHU]JH VNU]\GERNUMRIND DADQ BURUIXOX SRND]DQ\P QD Jyl
]JD]JQDF]JRQR PDNV\PDOQ JUXER i NWyUD\@GWDSWNIBD @\F\MQHJF
SREOL*X QRVND OHZD VWURQD SURILOX 6NU]J\G4R ODPLQD!
PQLHMV]\P RSRUHP SU]DBKK*ORKVSUZERRKELPLHI QDMZL NV] JU
SR4RZLH G&aXJR FL SURILOX FR ]D]QDF]JRQR VWU]D&N QD
NRPSXWHU]H ZDULDIQW\GRSWRZDGKLEURBR VWZRU]JHQLD QRZ
VNU]J\GHa V]\ERZFyZ NWyUH WDN MDR SRNIPWUDID U\V F
]JDPLHQLU ND*G\ PHWU Z\WRNRLRPBDR PHWUyZ ORWX S



OHFKDQLND:tGORFHIR WDN WUXGQR SUJHZLG]LHU UXFK Sa\Q

6XNFHV PHWRG NRPSXWHURZHJR PRGHORZDQLD RS&\ZX SU
L XFJRQ\FK GR UR]JZRMX PHWRG REOLF]JHQLRZ\FK L G]L Z S
NRPSRWMHE FRUD\PZIWWRSQLX ]DVW SXM EDGDQLD PRGHORZ
DHURG\QDPLF]Q\FK 3U]\N4&DG REOLF]H RSa\ZX VDPRORWX SR
NRPSXWHURZP PREMO X¥WZRU]JRQ\ MDNR VLDWND SXQNWyZ Z
UR]ZL ]\ZDQH MHVW UyZQDQUH DZLGRFEQL*MH\FWDQDNDGAaXEL
VNUJ\GHa JG]LH Z\WVW SXM QDMZL NV]H ]JPLDQ\ SU GNR FL L F
NRORUDPL ]D]QDF]RQRWS AR OV & OONFH\OHAH VDPRORWX NDG4
LWG =D4aR*RQR *H SU]JHGW\Z] IO JHBVYRPHWUSERQRZHM
SUJHFKRG] FHM SU]H] R ND GRE2OHDR R SRIZPQEIR [T HGXN 1D
U\WW D SRND]JDQR MHG\QLH Z ]4\ XPIPIRORWEHLQQODSRZLH!
S4DV]F]\]QDFK RJUDQLF]EM FEXFKVWREMDL REGQBN SDPL WD
]JODMGXM VL Z FD4HM SRND]DQHM WX SUJHEQMURHQL &DA&NRZ
QD U\W D SUJ\SDGNX Z\QRVL RG NLONX GR NLONXQDVWX |
JHQORZDQH V DXWRPDW\F]QLH SU]JH] RGSRZLHGQLH SURJUD
F]DVRFEAR RBDISORZDQLD 'R ZLDGF]RQ\ JHVSy4a SURJUDPLVWY?Z
OXE QDZHW NLONXQDVWX GQL DE\ RSUDFRZDi L SUJHWHVWR?
SUJHSURZDG]HQLD HREZADLFIH ZORBQXMH VL QD NODVWUDFK
SUDFXM F\FK SNWFHVRUYRIP]E/LGRMDN DE\ REOLF]HQLD PR*Q
SUJHSURZDG]LU Z V\WWHPLH ¥RRRURBQLXWREW MF]H ES RRR NRIQ |
GQLD URERF]HJR Z\ Q@ WL SEEHUBRMWRDHUD QR

| p T8
Al ENAA T

N Y
— ,,l_,, a 2 v.,.‘f! 1A | yy A

M4

] L}
J,J Al
TN

T,

51V .RPSXWHURZ\ PRGHO VDPRORWXZ V&yZR BHOQ\F WONLR ZVEROW L
Z\QLNL RE®EH AKX SU]\ VWRVRZDQLX FL JX ZVWHF]QHJR Z WUDNTF
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3U]\N4DG PR*OLZ\FK [DVWRVRZD NRPSXWHURZHJR PRGH
SND]DQR QD U\W E JG]LH OLQLDPL ]D]JQDF]JRQR GURJ \
VLOQLNYZ SUDFXM F\FK ] FL JLHP ZVWHF]Q\P Z WUDNFLH (
VDPRORWX SDVBKRGYNFHIRRGRO GRZDQLD SUJHNUDF]D ] UH
DE\ JPQLHMV]\ii REFL *HQLH HI/®XQBPYWH W.OQLXNABG] FL JX
ZVWHF]QHJR 3RWRFGIRM.BI® QG P [} DEIM] SROHRRRY . VWSZDV N DHPU y Z
PR*H E\i |[DV\VDQLH VSDOLQ SU]JH] VLOQLNL MDN SRND]XM
VSDOLQ\ RPLMDM ZORW\ VLOQLNyZ FR R]JQDF]D *H WHVWF
]GDBPSOQLH WHQ WUXGQ\ HJ]DPLQ

2G ODW MHNWRRDQLX ND*GHM NROHMQHM JHQHUDFML V
UROD PRGHORZDQLD NRPSXWHURZHJR NWyYUH [DVW SXMH
EDGDQLD PRGHORZH JPQLHMV]D NRV]W EDGD L VNUDFD RN
QRZHM NRQVWURNPMRVL]JLONRFBDRBQLNL Sa\QyZ ZVSyaF]HVQ
VDPRORW\ QD SUJHZLHPHQRHQDMHRBQBHBRARDYV NLORPHW
]X*\ZDM QLHZLHOH SRQDG OLWGBUBMHOORIN QALE]|R]@DRML *
QDMEDUG]LHM HNRQRPLF]Q\P SU]\MD]Q\®M]J\PURGRZLVNX
VSRVREHPPLHU]DQLD ZLDWD 2]QDF]D WR WDN*H *H ORWQ
MHV]F]JBFLHM QL* GR WHM SRU\ L SRWZOBERARIZEQGEFKH Z\V
VSHFMD®RMWEEZD VL RF]\ZLVWH S\WDQLH GODF]HJR GRSLI
SRMDZL4\ VL SLHODYWRVBZIBELD NRPSXWHURZHJR PRGHO
SURMHNWRZDQLX VDPBIOIRWYZBa\QFp @HIFKPWHPX VSURVWD i
ZD*QHPX Z\]ZDQLX ZBJSRQLHG( \ZDQWR B\PDJD NROHMQHM
Z\FLHF]NL Z KLVWRUL PHFKDQLNL Sa\QyRNDJWRWYUHM |DWU]
SRQRZQLH QD U\W D GR ZLDGF]JHQLX 5H\QROGVD L UyZQDQ

3UJ\SRPQLMP\ *H 2 5H\QROGV VM6ZRISUGZRAU *HRUKYZQD QL]
MHG\QLH UXFK ODPLQDUQ\ L GOD QDMSRZV]HFKQLHMV]}
WXUEXOHQW QHJR RD SINERORIQRZDFED]PLH NWyUHJR MHGQDN Q
UR]ZL ]Di 7U]JHED E\4R X3%2LJ GDWQE® /Z\ELWQ\
QLHPLHFNL XF]JRQ\ WZyUFD DHUR|G\YBRIWE QRWAQALA}IBMD ]
UyZQDQLD BURSR]\FMD 3UDQGWGR GLHLPZDAD |JEOH*\WF
] W\P PRJ4D E\i VWRVRZDQD MHG\QLH Z RJUDQLF]JRQHM OLF
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. -~

5\V $XWRU]J\ SRGVWDZ WHRUHW\F]Q\FK ZVSYy4FJHVQHM PHFKDQLN
2 5H\QROGYD]IB] /S3UDQGWOD BRBR B >RA4PRJIR

2VWDWQUPHQW WHRULL SU]JHS&\ZyZ WXUEXOHQWQ\FK
PDWHPDW\N QRMWMMVNRABRIRHRZ WZRWYWDW\VW\F]Q
WHRUL WXUEWQURFMIN]\FEHLVAJ®VYZ |DFKZ\FD SL NQHP
PDWHPDW\F]Q\FK VIRUPXA&4RZD RFISU]BAMI*SRZRGKAR*RQ
SUJ\WDF]D VL Z\SRZLHG( MHGQHJR | WEDWB ygDQRRBK]HVQH!
1REOD :HUQHUD +HLVHQEHUJD NWyU\ ]DS\WDQ\ R FR F
RGSR¥JLDa *H WMRUL Z]JO GQR FL L WXUEXOHQFML L W
SUJ]\SDGNX MHWVRBWQAPLWW *H VSRG]LHZDAE® VL RGSRZ
$QHJGRWD WD MHVW FK\ED MHGQDN Z\UD]JHP IUXVWUDFML
SU]H] 5H\QROGVD 3UDQGWOD L .R4PRJRURZD QLH PRJA4D E\
ER QLH LVWQLD&\ MHV]F]H]ZALRPIX WHIN BERNOMH DRH L
VNRPSOLNRZDQH UyZQDQLD

3UJH4ARP QDVW SL& ] SRF] WNLHP ODW T NLHG\ WR
]JODNRPLW\FK SRP\VayZ QD QRZH PRGHOH QVXUEKXPHQFML ]
HPHU\WRZDQ\FK G]L FKRF QDGDO EDUGHVRIUNW\ZQ\FK ]G
'R1JDQJD 5RGL L .HPR +D QM DRNIFID QRWYD\BK/ ]GM.RPB XSV HU\
] ODW 9§ XURVA\ MX* QD W\OH *H @ XW RPWR]J QLR QLK VP\FORHRO L
SUJHGVWDZLU QRZH PRGHOH OHF] WDN*HE&\ZyRRPSXWHUyYZ
WXUEXKHQW®RND]DU JGXPLHZDM FH ZyZF]DV PR*OLZR FL
NRP® HURZHJR PRGHORZDQLD SU]JHS4a\ZyZz :DUWR ]JZUyFLi X.
U\v Z\QLNL NRPSXWHURZHJR PRGHORZDQLD DHURG\QDPL
Z\NRU]\WWDQLHP PRGHOL E G F\BRPQWRA\Z]\PL 5RGULVMDPL
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+DQMDOLFD NWyYUH\ZDER@HRIH QNRMWMWRGNU\FLD 5H\QR
3UDQGWOD L .R4&PRJRURZD

ORGHORZDQLH WXUEXOHQFML SRGVXPRZXMH ]DWHP SU
PHFKDQLNL S4\QyZ OHF] QLH MHVW ZFDWHRZMHHG]LQ ]D
SRP\Va\ VNR F]\a\ MG HP ®IDWWDIEKWVAK $XWRUHP QDMQRZV]\FI
RELHFXM F\FK PRGHOL WXUEXOHQFML MHVW P&4RG\ D SUJ\C
DXWRUyZ WHJR DUW\NX4X GRNWRU )ORULDQ OHQWHU NWyl

5\V. $XWRU]J\ QDMSRZV]JHFKQLHM G]JL X*\ZDQ\FK PRGHOL WXUEXO
+DQMDOLF E L) OHQWHU F

':DUWR ]ZUyFLi# XZDJ *H ZV]\WF\ JQDNRPLFL XF]JHQL SR
ZLHORNURWOQRELZXIJHNADG\ Z WUDNFLH 6]Nya /HWQLFK OHF
RUJDQL]BDDHIHOH NFKMD QLNL 34\QyZ .RPLWHWX OHFKDQLNL 3$1

ZLHNX ;QODRWZR NWyYUH SUZISKQDRFIDIHRNSU]JHGD*\ QD
W]Z % BEDELD L UR]JZYM E\aR OLGHUHP UR]JZRMX WHFKQLN
QDMZL NV]\P VWRSQLX VW\PXORZQHR URJYZWD WBERR QAINWD F
REVHUZXMHP\ *H WDN*H L LQQH GJLHG]LQ\ SUJHP\Vax ]D
Z\W\F]JRQD SU]JH] ORWQLFWZR D GRW\F]\ WR SUJHGH Z
VDPRFKRGRZHJRU DNXYMW \SHRH] QD F]DZEMDWGQDH% 5
DOH MHVWHWPNYXHWHFKQLNL Z JQDF]Q\P VWRSQLX RSDUW\F
QDXNL : URNX QD VDORQLH Z 3DU\*X SRND]DQR QRZ\ VL
(FR BBGVWHU NWyU\ GOD SXEOLF]JQR FL E\4 GRZRGHP |H P
VI\ENLHJRZ HISRVIVPRFKR G XZDNWWHG MRV UD SDOLZD QD
NLORPHWUyZ 'OD LQ*\QLHUyZ E\& WR QDWRPLDVW GRZyG H
SURMHNWRZDQLD NWyUH ]JDVWRVRZDQR SU]J\ EXGRZLH WHJ
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SURMHNWDQWYZ SRVWDZLRQRRFXK®BQLHNYJEPOGRQDOLH V
VLOQLNLHP Z\WRNRSU *Q\P &'7, R BRE\ SU BIOREIG]LH R\
PDNV\PDOQ NP JRG] SUJ]\ UHGQLP ]X*\RPX SDOLZD
: \]ZDQLHP E\4R RSUDFRZDQLH DHURG\QDPLNL VDPRFKRGX
X]\WWNDQLH ]D&R*RQ\FK HRRGX Jy3U]\V DW B BY6S R\WRE PH
SURMHNWRZD@LDSUZ}RBURZD G]HQLD EDGD PRGHORZ\FK W\V
ZHUVML NV]WDaWX Q B3 DM]RDFZOWX FHBXRDSHW]\NADG SRND]D(
U\w D

=DVWRVRZDQLH NRPSXWHURZHJR PRGHORZDQLD SU]|
SWHEDGDU VHWNL ZHUVML PRGHOL NRPSXWHURZ\FK U\V
WHVWyYyZ Z WXQHOX GR RN GJL NL F]JHPX PR*OLZH E\
VNUYFHQLH F]DVX SURMHNWRZDXQIXD ] Q9 GRRHNW RZBRWPy ZC
WUDG\F\MQ\P 3URWRW\S 2\B6MDa (RS 6 5 QIRED G H J XED
QDWRPLDVW SU GNR i PDNV\PDOQD Z\QLRVaD NP JRG]
DHURG\QDPL¥D@W\ BJWYH] SURMHNWDOMYR E\FpDRADGDQHJR
6XNFHZHE WHFKQLNL SURMHNWRZDQLD VSUDZL& *H NRPS
SUJHS4\ZyZ VWRVRZDQH MHVW G]JL QLH W\ONR Z RSUDFRZ\Z
WDN*H Z SURMHNWRZDQLX FKARG]JHQLD VLOQLNyZ KDPXC
VDPRFKRGX

5\V ORGHO VDPRFKRGX 2SHO (FR 6SHHGVWHU EDGDQ\ Z WXQHO)>
REUBREWRX VIRBRFKVNDOL RWPREBBQREZB®R
NRPSXWHURZHJR> @

64\QQ\P SU]\N4ADGHP NRQVWUXNFML ]DSURMHNWRZDQHM
PRGHORZDQLD SU]JHSa\ZyZ MHVW SRND]DQD QD U\V F
WRZDUJ\WWZDHOLREFSIRH F§ ZUDB URMHNWRZDQD SU]JH] VAa\QQ
DUFKLWHNWD 1RUPDQD )RVWHUD L XNR FJRQD Z U :

[
b
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]JDDQJD*RZDQR NLONXG]LHVL FLRRVRERZ NWYXS]\ FHFKDQLN
WUDNFLH FIWHUROHWQLHM ZVSyaSUDF\ | MMOBRKWHNWDPL :
DHRG\QDPLF]Q\FK L W\VL FH REOLF]H ] X*\FLHP PRGHOL NR
ZHUVML EXG\QNX U\V D 'L NL WHPX DUFKLWHNFL L X
RFHQLU ZSANHRZIDRMBR JPDFKX QD EXG\QNL V VLHGQLH
]JDSURMHNWRZDU V\VWR P\ VAHQMY FO DFFIMQLEQILH G\QDPLF]QH
U\v E

5\V ORGHO NRPSXWHURZ\ EXG\QNX 6ZLVV 5H D REUD] SU]E
ZHZQ WU] EXG\QNX RWU]J\PDQ\ PHWRG PRGHORZDQLD NRPS
XNR F]RQH@RX EX G\ @

UH]XOWDFLH EX&®®HX*6ZD. MHG\QLH SR4RZ LOR FL HQF
SRWU]JHEXWHNM ZLH*RZLHF SRGREQHM ZLHONR FL G]L NL
QD]ZDQ\ SUJH] ORQG\ F]\NyZ ARJYUNLHP" MHVW JPDFKHP Q!
WDN*H SU]J]\MD]Q\P URGRZLVNX :VS@®HPUDNFR DWBPRKHVWINWY Z
FRUD] SRZV]HFKQLHMV]D L GRSURZDG]L4AD GR SRZVWDQLD
M J\NX DQJLHOVNLPDQIFKEHB QY LNQHEMB/RAQ DB IDVAH FW X UH
RUCHQULQHKBUIED J

=DVWRVRZDQLD PHFKDQLNL Sa\QyZ QRWQRFWIXQLF]DM \
SUJHP\VaX REBERFR L DUFKLWHNWXU\ 7UXGQR MHVW G]L
*\FLD Z NWyUHM RMILNRLSALQYPHFIKH ]QDMGRZDA\E\ SUDNYV
]JDVWRVRZD -HGQ\P ] ZL NV]\FK Z\]ZzZD GOD PHFKDQLN
SUJHZLG\ZDQLH SRJRGUDRWHKIWDH VRQLHW\ONR GR XG]LHODQLI
SRZLQQL P\ VL XEUDU Z GQLX MXWU]JHMV]\P 3U]JHZLG\ZDC
PR1OR i RFDOHQLD *\FLD ZLHOX OXG]JL JG\E\ E\4R WR PF
SRND]DQHJR QD U\V F\INORQX A&DWDWYPEDINNWYU\ Z U
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3RAXGQLRZ > @ ZyZF]DV PR*QD E\ XQLNQ i ZLHOX O)
PLOLDUGRZ\FK VWUDW -X* G]JL PR*OLZH MHVW ]DVWRVRZ]
SUJHS4\ZyZ GR SUJHZLG\ZDQLD SRJRG\ R F]\P SUJHNRQX]
SURJQR]\ ,QWHUG\VF\SXOR QDR@HOR ZEMICDN ODWHPDW\F]QHJ
.RPSWHURZHJR ,&0 8QLZHUV\WHWX :DUV]DZVNLHJR > @

i-- = J el g ~
5\V 3UJ\NADG\ [DVWRVRZD NRPSXWHURZHJR PRGHORZDQLD

SUJHZIDGAD UXFKX F\NORQyYZ D PRGHORZDQLD VSDODQLD J
SRZLBWUUQNXEDWRU]H @

.ROHMQ\ SUJ\N4DG SRND]DQ\ QD U\V E SRND]XMH NI
VSDODQLD VWUXJL PHWDQX Z NWyUHM NRORUDPL ]D]QDI
REOLF]JHQLD WDNLH Z\NMRERMB V)N RGMILIA RQLBPIQNYLZ P
DIRWX > @ SRMDYW@\FK QDSW\WabDGyz WR ]DVWRVRZDOQI
NRPSXWHURZHJR PRGHORZDQLD SU]JHSA&\Z®Z]\GR |DSHZQLHQ
ZDUXQNYZ *\FLD Z LQNXEDWRU]H :DUWR ]D]QDF]\i *H EDGD
Z\NRQDQH SU]JH] SUDFRZQLNyYyZ ,QVWSBNRRWXHPOYINL &LH
&] VWRFKRZVNLHM > @ QDWRPLDVW SU]JHS&\ZX Z LQNXED
,QVW\WXWX 7HFKQINHFKQHSOQBOWMMNIRHM > @ 3RND]DQH
GRZRG] *H VWR ODW Z\W RUFHKMVSUDZLIZLHBXPHFKDQLNLE
S4a\QyZ ZQRVL\GINAZG*WDN*H L Z GJLHG]LQ\ WDN Z\GDZDAaRI
RG WHFKQLNL MDN PHWORURORJLD F]\ PHG

(UD NRPSXWHUyYZ Z\ZDU4aD ZLHONL ZSa\zZ QD QDV]H *\FL
]JDMPXM FHJR VL PHFKDQLN S&a\QyZ QLH MHVW WX Z\M
QDU] G]LHP SQUMMRADIHEGA Q/IXZDN ORJDU\WPLF]Q\ ]DVW SLRQ\
SU]JH] NDONXODWRU L NR®IHWMNY [PQDB]QLEHARDMHGQDN
ZSURZDG]HQLH QDU] G]JL ZVSRPDJDQLD SUDF LQ*\QLHUVN]|
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&RPSXHLIBWHGILQHHULQJ 1RZRF]JHVQOQRDH QRKW \SURMFMM X M
SU]\ SRPRF\ QDURRRS X@MHIMEVLIQ D QDVW SQLH RSUDFRZ
WHFKQRORJL Z\WZDU]DQLD QRZ\FK NRQVWUXNFML SU]\ SRF
E&RPSXSLIBBOQRMXULQJ 2EHFQLH GR SUDNW\NL LQ*\QLHUVN
V QRZH RDU]@QH MBRRSEWHLEQDPLFV VaxXx* FH GR
NRPSXWHURZHJR PRGHORZDQLD SU]JHSA&\ZyZ > @ 1DOH*\
SURJUDP\ &)' NWYU\FK ]DVWRVREDGIIMY]SRNDAPEILPAHZ Q
PRGHOXM SUJHSa\Z\ SRSUJH] UR]ZL PEDX IRH WyX BKXQ ISH\ Q X
5H\QROGVD Z] 3URJUDP\ WH SRZVWD&a\ FR SUDZGD QI
PR*OLZH G]L NL ZLREHM]SWRWPDBIHOH SRNROH XF]JRQ\FK ]DJ
VL PHFKDQLN S&a\Qyz

3UJHS4\Z\ REVHUZRZDQH SROGIPENBRVRQRISBEP
SA\QY/NDANWPR L QDQRPHWUYyZ L MHM SUDNW\F]:
]IDVWRVRZDQLD

RVWDWQLFK ODWDFK GX*HJR ]JQDF]HQLD QDEUDA&\ ED
QDQRWHFKQRORJLDPL W]Q ] SURMHNWRZDQLHP L Z\WZDU
VNDOL PLNUR L QDQR -DNR GDWSRDWREKLQL 5 WSRIF\VH WIRW \ |
URN NLHG\ JQDNRPLW\ IL]\N L QREOLV@DP5LFKDUG )H\(
Z\N4ADG]LH A-HVW ZLHOH PKHWMN RD 3DR®D WS RGIBRRP DW WKH ¢
X]P\WARZL4 QDP ERJDFWZR QLHZL GDPQQPLURURCGDLDWDQ\PL
> @ZLDW WHQ ZLG]LDQ\ Z VNDOL PDNURDWNIR Z FXGRZQ\ \
PROHNX4 IXQNFMRQDOQH PDWHULDA\ F]\ XU] GIJHQLD : FL
NLHUXM F VL PLDU QDV]\FK NODV\F]Q\FK VNDO JEXGRZDOL
L SURJUDPREDDFE FDMIUMROXF\MQR i SRGHM FLD )H\QPDQD
QDVW SFyZ SROHJLQO ZZWRJV]RVIWROHNXODUQHM VWUXNWX
VWZRU]JHQLD PHWRG EXBKRYDQDXWRBDWNKMLH XU] G]JH ARC
DQJ ERWWRPF] F JUXS\ PROHNDGD &H/CSHH FQININR BHN 4D G\
OHFKDQL]P WHQ VWDQRZL SRGVWDZ RMENEWRQRZDQLD V\
NWyU\FK EXGRZD L NRQWUROD ZL NV]R FL AXU] G]IH ELROR.
VSU\WQH PDQLSXORZDQLH PD&\PL JUXSDPL AFHJLH&HN PR
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SRWW QDKNWHFKQLNL MDNLH VL GRNRQDA&a\ Z RVWDWQLP
Z\WWDUF]|DM RAIRED QX WBSRVYE SURJUDWPIDADL]REZDWID PR DW
PROHNX4 DOH SRGM WH W\EK NVIRMFZ BERZDLQLD Z W\P ]DN!
GRSURZDG]L4a\ GR SRZVWDQLDDQREHNMPEZOBHMNQDXNL ]Z
QDWYRLHQFH@ 5H]XOWDW\ W\FK ED®DGWRH WHEKQRORJL
Z\WZDU]DQLD QRZ\FK PDWHULD&yZ SRZVWDZDQLD QRZ\FK
ILI\F]Q\FK FKHPLF]Q\FK L ELRORJLF]Q\FK PDWHULL GOD PL
OLWUREBFMKWR FL SUYEHN NWyUH SR]ZDODM QD PDQLSXO
PROHNXODUQHMVW\NQDPBERDQLF]Q L ELRFKHPLF]Q QD !
SRMHG\QF]\FK PROHNX& 2EV]DU\ |DVWRVRZD QDQRWHFKQF
QDQBXN SRZL NV]BMP GIQLHRRD WZFRUD] WR QRZH G\VF\SOLQ
NODV\F]Q\P SRG]JLDOH ZLHG]\ WDNLH SMINND QDQRPHG
QDQRHOHNWURQLND QDQRPHWURORJLD LWALHPOH LQQ\FK
QDQR > @

ZL NV]R FL SURFHVYZ EDGDQ\FK Z W\FK VNDODFK ZD*
S4\Q\Z NWyU\FK ]DFKRG] EDGDQH UHDNFMH L JMDZLVND |
Z]JO GX Z UyG W\FK QRZ\FK G\WF\SOLQ LVWRWZQH PLHMVFH ]
NWyUHM PLNUR L QDQR ZDULDQW QDAPRP®RRZDQGWHUDW X
QDQRIOXLGRFWNM QDURGILQL ZA] VWMRREZ QD UR]JZRMHP
GUXNDUHN DWUDPHQWRZ\FK QD SRF] WNXHODDW RVLHPG]L
3UHF\]\MQH VWHURZQLH UXFKHP S&4\QX Z XU] G]JHQLDFK R
E\AR SRY® Z\]ZDQLHP L ]DDQJD*RZDA&4R Z EDGDQLD SURFI
PLNURIHO DWUDPHQWX ZLHOH GX*\FK R URGNyZ SU]JHP\VaR
RND]D4R VL *H SRIBRERRPQDPNR@WGWUXRZDi UHDNWRU\ FK
ELRORJLF]QH RSHUXM FHR®D FKLNRWIL WQIREWTK HWHNWUROQL
EXGRZDQLX XNADGYZ VFDORQ\EXGRANRUIDVWRRRSOLNRZDQ\
AVFDORQ\FK’~ V\WWHPyZ SU]JHSA4\ZRZ\FK Z\SRVD*RQ\FK
PLRDZRU\ V\VWHP\ UHJXODFML WHPSHUDWXU\ SROD HOH
HOHNWURQLF]QH L PDJQHW\F]JQH $ ZV]\WWNLH WH XU] G
SUBA\ZRZ\PLZWUDZLRQH QD S&4\WFH SUJ]\SRPLQDM FHM Pl
NRPSXWHU]JH 6W G F]DVHP\ISRMD XINGAD/G& PNNURBQJABA\ZRZ\"
GLJLWDO PLFURIOXLABGBSRZAHYGFEHN DQ HLIRW HYN RZ G X
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SYyaSUJHZRGQLNRZHJR Z HOHNWURQLFH yZ 3URMHNWRZI
SU]JHSE\EK Z\PDJD ZVSyaG]LD&4DQLD ZLHG]\ ]ZL [DQHM ] PHF
FKHPL SRNRQ\ZDOGLDRQIXISM NODV\ WUXGQR FL ]ZL ]DQ\FI
GHF\GXM F\FK R LFK IXQNFMRQBEDQLXRW\NILRANZ ®@D*NWR N
VNDOL QS SU]\ NRROWWXRZDQLX VD

%DGDQLD PLNURSU]JHS&4\ZRZH REHMPXM ]JMDZLVND Z N
RGJU\ZD HIHNW VNDOL Z\PDJDM F\ QRZ\FK PRGHOL WHRUH
PHWRG HNVSHU\PHQWDOQ\FK 3UDZGRSRGREQLH SLHUZ
PLNURSU]JHSA\ZRZ\FK E\&5EGILW OVWRZER WIVGUN MX* Z UF
X*\ZDM F SU\PLW\ZQHJR MDN QDN IGRISKLH MR EY HRDR'XDRALNU
WDMHPQLF]H UXFK\ ]DZLHV]RQ\FK Z ZRREJQHZ S\ &NFKWNZLDWR Z
]ZDQH REHFQLH UXFKDPL %URZQD ]QDOD]JAER®R NLONXQDVYV
ZVND]XM F QD LVWRWQ\ ZSa\Z PROHNXODUQHM VWUXNWXU
REMIRZDQ\FK Z VNDOL PDNUR 3R XSa\ZLH VWX ODW Z NR
PLNURSU]JH®&\X¥\L V@D ZLHFLH G\QDPLF]QLH UR]ZLMDM F \
VW\PXORZDQ SRWQ]F\®PRLPL ELRQRYLLPRREOMMPXOBKHPLL L

PHFKDQLNL : QLHPDO ND*G\P ZLDWRZ\P R URGNX QDXNR.
PHFKDQLN Sa\QyZ ]QDMG]LHP\ JUX®PLRAORFQRIOXLGYFV D |
PR*QD MX* ]QDOH(i QD SRQDG W\V VWURQ LQWHUQHWRZ

3UJ\MPXMH VL *H WHRUHW\F]Q\ RSLV JMDZLVN SU]JHSa\Zr
PR*QD RSLHUDU QD NODV\F]QHM PHFKDQLEMIM\QyZ MHG\Q

QDQRPHWWYZ *G\ UR]SDWUXMHP\ |MDZLVND Z VNDODEFK
SU]JHS4\Z\ QDGDO SRGB®PMLVAHRB®DRSEY®RZL PHFKDQLNL Sa
UR]JV]HUJRQHPX MHG\QLH R HIHNW\ HOHNWURG\QDPLF]QH F
-HGQDN QD SRJLRPLH NRPYUNRZ\P Z RGG]LD4a\ZDQLDFK ]JH V
U] GX QDQRPHWUyYZ ZNUDF]DP\ Z VNDOHJDADRW®ILV PHFK
RGG]LD4\ZD QD SRJLRPLH PROHNXODMQMWP PRRODHUR QD |
SRV]XNLZDi XSURV]F]JRQ\FK PRGHOL PHFKDQLF]Q\FK L Z ]ZlI
JMDZLVN SUJHSA4\ZRZ\FK Z PLNUR L QDQRVNDOL VWD&R VL
WHFKQLN]QWKHURBDDLFK ZF]H QLHM GOD JD]yZ URJU]JHG]RQ\F

'ILHG]LQ\ Z NWyU\FK RSHUXMH REHFQLH WHPDW\ND PLNL
ZVI\WWNEBMDRQLH V\VWHPyZ GR DQDOL]\ L VIQWH]\ ]ZL INyZ
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SLNROLWURZ\FK REM WR FLDFK 6 WR WIDANRZZIOH V\VWHP\
ODERUDWRULD GIBEDFRKISSL&@  Z ]DaAR*HQLX SR]ZDODM FH
XPLHV]F]JHQLX ZHZQ WU] VFDORQHIRHIRNADG XV WNNUKR S U]H
XU] G]JH NRQLHF]Q\FK GR Z\NRQDQLD VERMMLSRZDQHM S
ZL F PR*H WR E\iDPLMRGNYZSEMDWIRK OXE Z LQQ\ VSRVYE
QLHEWHHF]Q\FK NWyUHM DZDULD ] XZDJL QD PDaH REM WR F
]JDRHQLD GOD RWRF]JHQLD D SRZLHOHQLH PLNURV\VWHPX
PLOLRQDFKUHJ]MPBND MDN SRZLHOD VE NROPSPHQWAIFBURFHV
XPR*OLZLD ]DVSRNRMHRBEXN B\XFOR KKP R\ WU QLHZLHONLP LOF
]X*\ZDQ\FK VNADGQLNYXVWRZDODIH MWNVWFW UHDNFML WDN E
RSW\PDOQH UR]ZL |DQLH ODARZRPRMUW IV\®WHRYZ\PS. QD
EXGRZDQUHNYZIXREHFQR FL PDWHULDAayZ WNEXFERRZ\FK F]\ Q
ORWQLVNDFK ] SRZRG]JHQLHP ]DVW SXM F\FK QRV SVD ¢
]JDVRRY PLNURV\VWHPYZ MHVW ELRORJLD L PHG\F\QD 3RQL}
ELRORJLF]Q\FK ]DUYZQR QD SR]ILRPDM)POKURD @D NMHVRALNU I
SUJHSA\ZHP Sa\QBGDWARKQRNEZLEMDQH Z ELRIL]\FH L ELRFKHF
F] FL GRW\F] GLDJQRVW\NL Uy*QHJR W\SX SU]JHSa\zZyz SU
SU]JHS4\ZRZH RGJU\ZDM WXWDM SLHUZV]RSODQRZD URO
%XGRZD XNaDGyzZ PZIWKRSWYHKR&ZRD QRZH PR*OLZR F
GLDJQRVW\F]QH Z VNDODFK IL]\F]Q\FK L F]DVRZ\FK GRW\
A\NRUJ\WWW\ZDQH Z QLFK QWIMNWOHK\SRIEBGODM QD VWHUR?Z
UHDNFMDPL HQJ]\PDW\F]Q\PL GRNBZDROBFMRMNW®RRYZDN H FJ\ H
VWHQREDSU]HS4\ZHP QDQRZAayNLHQ L ELRORJLF]Q\FK abD FX
OLNURV\VWHP\ XPR*OLZLDM EDGDQLD ]MDZLVN ELRORJ
SR\ QF]\FK NRPYUHN XPR*OLZLDM F SR]QDQLH IXQNFMR
V\JQDOLHDF WBRPYUNRZHM ZDUVER GRGINUMW B IZANRQ\ZDQH V
] XG]LDAHP ISYDFRA® 3$1 Z :DUV]DZLH > @ :LHOH XNa
PLNURSU]JHSA\ZRZ\FK ]J]QDMGXMNGBIXNEMLZ LPDQR2BMARSW ZRM F
]JDVWRVRZDQLH Z SRVWDFL ODERUDWRU\NMQHJIR VSU] WX
ZLHORNRPRURZH XQNHDBDWRELBA® JHQHW\F]QHJR PLQLDW X
SRREX FXNUX DQDOL]\ NUZL Z\NU\ZDQLD EDNWHULL MDN
FKHPLF]Q\FK Z PLNURVNDOL 3RZVWDQLH PLQLDWXU
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PLNURSU]JHSA4\ZRZ\FK VWZARUILER WHRRZHQ RORJLF]QH Z [DNU
EXGRZ\ XN4DGyZ L Z\SRVD*HQL BORFIK I PH NURKHPUBINL EL
=DF]QLMP\ RPDZLDQLH PLQLDWXU\]DFML PHFKDQLNL Sa\
SURVWHJR XN4aDGX R Z\PLDUDFK PLOLPHWURZ\FK = XZD
SU GNR FL SUJHSA&\ZX ZVNXWHMZABRUXQLHIZENOHNIRI L. SUD?
U] G] FH WDNLP SUJHSA&\ZHP REDYMR QYH PDWRN/RDIW \F] Q\F K
NRPSOLNDFML UyZeDRNIBVODYHUD 3U GNR i Sa\QX VWD
SURSRUFMRQDOQD GR SUJ\4R*RQHM VLA&\ FL QLHQLD D MF
R8/Di OLQLRZ\P UyZQDQLHWRZQy* QWRNRABR ] XZDJL QD
SRZROQ\ UXFK FLHF]\ ]ZDQ\P UyZQDQLHP VPDURZDQLD 0Da
WR EUDN W)XGUEZXOMNQFHWM RRGVWDZRZD URO Z SURFHVDFK
VNDODFK PDNUR :RBHFEVBYIRZ]PFIKRD WXU\]RZDQ\VFK V\VWHF
SUJHSA4\ZRZ\FK MHVW ]GREMQRZEQHSBORWOQE\SURFHV Z\PDJ
LQWHQV\ILNDFML DE\ XPR*OLZLU YRULHIN]DMZHH\SAQQyYEZ F]\
SUJHSURZDG]JHQLH UHDNFML Z UR]V GQ\P B{PAZLH ORG\ILN)
ZSURZDG]DM F GJLHOHQLH VWUXPLHQL OXE PRGXODFMH
QDU] G]JLD SR]ZDODM FH JLQWHQV\ILNRZDi# SURFHV\ PLH
IXQNFMRQXMNMRBLNWRBNHB MDN XN4DG SRND]DQ\ QD U\V I
=4
u

&

5\'V. OLNURUHDNWRU ZLHORNRP RGRRZZLSRVDTERU\ L V\VW
NRQWUROL WHPSHUDWXU\ > @ D RUD] JHQHUDWRU PLNURI
PLNURSUJHEAZ®RDERUDWRULXP ,&K) 3%1 > @

2SLV\ZDQ\ UyZQDQLHP 6WRNHVD SRZROQ\ SUJHSa\zZ QD]\.
Z LGHDOQ\FK ZDUW®QRDBKQHNH&SPAQHM RGZUDFDOQR FL F
NLHUXQNX G]LDZN@IFD BLHUZBWQH SRAR*HQLH F] VWHF]HN
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SRMDZLD VL SLHUZV]\DSIUREOWPHBGH* QLMPR*OLZH MHVW VYV
UXFKHP Sa\QX SU]JH] RGG]LDa\ZD QGIFD WPHHIAK INQRLFWQHR O RZND (iZ |
WUDQVSRUW GOD UXFKyZ SR]JEDZLRQ\FRJEW)}EAQBIR FL GO
RJUDQLF]JHQLD PLNURRUJDQL]P\ SRWUDIL VZRERGQLH SU]J!
1D WH S\WDQLD XGDA&R VL RGSRZLHG]JLHi SR ZQLNOLZHNM
JHQEDKWIR SUJH] RELHNW\ ELRORJLF]QH 2ND]XMH VL *H V
U] VHN F]\ ZLWHN PLNURRUJDQL]PyZ XPR*OLZLDM ]4DPDQL}
VL4 L Z HIHNFLRZDPKW WCFKWMXWHF]QH SU]JHPLHV]F]DQLH V
SLHUZRWQLDNyYZ F]\ EDDN\MHEHM MHEVRW NRWDHF]QH MH OL FK

JUHDOL]RZDi MHGHQ ]| FHOyZ QDQRWHFKQRORJLL MD
VDPRQDSURZDG]DM F\FK VL NDSVX4 GRVWDUF]DM F\FK Ot
RWQL]PX

2GG]LD4\ZDQLD K\GURG\QDPLF]JQH Z PLNURVNDOL WF
SRIDZLDM F\FKBALZIHSW]4 : PLDU ]JPQLHMV]DQLD VNDOL QD
]JODF]HQLD GRGDWEREBLHMWDMKH QL W\P ZL NV]H LP PQLH
UXFKX UR]SDWUXMHP\ : SLHUZV]HM NROHMQR FL LVWRWQ
PDa\FK VNDRJDFKM |DRGJIJU\ZDi WQHBRZSRZLBUNDM FH ]
QLHJUYZQRZD*RQ\FK RGG]LDa\ZD PROHNXODUQ\FK YDQ GF
UR]G]LDa4X GZyFK R URGNyZ 1D RJya V WR SRZLHUJFKQLH
PL G]\ ID]JDPL Uy*QH VXEVWDQFMHZDWWHHM ¥NNBLHQLD
*HQHURZDWBIPHIBRZLHU]JFKQLRZ\PL VL4\ ]DQLHGE\ZDOQLH P
PRJ E\GHNRG Z SHQHWUDFML NDQDOLNyZ EUDN ]ZLO*DC
PRJ E\U UyZQLH* Z\NRWRADNMDQHSGRISH¥ZHP SRa FJHQLD XN
R FLDKQMDF SUJHPLDQ ]ZLO*mMM F\FK L=@LERAL®*HPSHUDWXU
FLHF]\ VN&4DGX FKHPLF]JQHJR NRQFHQWUDFML MRQyZ S+
XPR*OLZLDM VWHURZDQLH VLA4&DPL SRZLHU]JFKQLRZ\PL L
SU$A\ZHP Z V\WVWHPLH PLNBRNDSRYAWU]AOSGLRZH GHF\GXME
ZLHONR FL GR]JRZDQ\FK SU]JH] WDNL V\VWHP PLNURNURSHO
MHVW RJZ\WWW\ZDQD GR GDZNRZDQLD UHDJHQWyZ Z PL
'\NRUJ\WWXM F RGG]LDEPZP|@UDVVVEHYRGNQL FLHF]\ NRQVWU X
VI\VWHSRR]ZDODM FH ] GX* Z\GDMQR FIQHIMOQRSRED iX N&BIG \
NURSOD Z NURSOL MDN L ZLHORNURWQR FL WDNLFK SRa
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VNRQVWUXRZDQ\ Z SROVNLP ODERUDWRULXP XNaDG GR JH
PR*OLZR U SUHF\]\MQHIRFMW PIUREKMHPLEF]QHL F]\ NRQVWUXF
NDSVXa GNRVFWIKUGPQ\ PDWHULD& GR R@BKLS Z VIVWHPDFK A
%DGDQLD RGG|EDRIMERNBLEFILNURVNDODFK GRSURZDG]LA\
SRZLHU]FKQL HZXOHDOQ\FK° DQJ VXBBNLKW GROKR®IlYE\FW]C
GJL NL VWUXNWXU]JH SRZLHU]JFKQL VL4\ RGS\FKDQLD PROHN?
VL4l ORNDOQHJR FL QLHQLD : PLNURNDQDOH R FLDQNDFK
QLH]ZLO*DOQ ~ FLHPDPGUBHPANRMWIRNWX ]H FXDQN RSRU\
JZDAWRZQLH VSDGDM L JHQHURZDQLH SU]JHS&\ZX VWDMH
PLNURPHWURZ\FRUDUBMBRGNB\AMDWMX* GDZQR WHQ HIHNW L Z\N
WUDQVSRUFLH Sa\QyZ Z RUJDQL]PDFK 3WRG]LZIDWL WH* QLK
QLH]ZLO*DM F\RGRNU\FRWPDIL AFKRG]LiU® SEQSRZLHU]FKQL :
OL FLH ORWRVX DOH L LQQH JDWHXGNZLORDOIQR B LSRRI RVIM N )
]JDZV]H F]\WWH JG\* PLNURNURSOH WZRU] FH VL QD QLH]zZ
JELHUDM ]P|GIOHPRYNSQLH SRIRVWDZLDM F ODGyZ
=MDZLVND NRQWDNWX FLHF]\ ]JH FLDQNDPL NDQDOLNyZ UR
PDM QDGDO FKDUDNWHU JEOL*RQ\ GR W\FK NWyUH ]QDP\ Z
JPQLHMV]DQLH Z\PLDUX FKDUDNW HU W \@RZ 8 MJIRQSWHRIZIUH W MK
RGGJZD4S& GLDQND QDF]\QLD 'OD PROHNXa FLHF]\ Z VNDODF
FLDQND QDF]\QLD WR UyZQLH* JELYyU PQLHM OXE EDUG]LHM L
JUDQLF\FSB@ND Z Z\QLNX RGG]LB&DPD PARPE[BQRRQHN |H
]JMDZLVNDPL W]Z SR OL]JX K\GUDXOLF]JQHJR W]Q SU]JHSA\Z S
GOD RSLVX PDNUR KLSRWH]\ 1HZWRQD R JHURZDQLX VL SU G
QD FLDQNDFK WRQD&RZ OLDIX PLHU]JRQD MINGNRGHAK\OHQLH
SU]\ FLDQFH RG ZDWWMRGQDWHRUHWIFNUR JRVWDAD JPLHU]R
HNVSHU\PHQWYZ L Z\QRYLHRGE FLENXDG@RAHWMNYZ :DUWR i WD
VNDOH JMDZLVN GOD NWHKUXFKWZNHO VEQ LN QR BHRFO3RMD ZL 4\
GRQLHVLHQLD > @ ZVND]KM H®LQDVPRNRYRJIXSRML GOD
X4aR*HQLH PROHNXA& Z VWRYV X QAKX G5\ @ X D @ HINV $ U RPZ B G PLN &/RF JIQ
]JDQLND RSyU (IHNW WDNL SRMBSRDWRZDEOPKPR QBRI XEED K
Z JORZ\FK JG]LH PROHNX&\ ZRG\ XaR*RQYyH BSBRIWWDEM 4D FXF
VL Z]Gax* RVL QDQRUXUNL EH] ZLGRF]Q\FK VWUDW HQHUJLL
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2EHFQR U VL4 QD JUDQLF\ ID] MHVW UyZQLH* SRGVW
SR]ZDODM F\PILQND MRS SRZLHU]FKQL ] QIDHVOIEHX §ID VRVRWIRE Q L R
W]Z VDPRRUJDQLEBMUWPWHNYZL SRRQPHURZH PR*OLZH GR Z\W.
SUJH] RGG]LD&\ZDQLH SU]JHSAa\zZX |[DZLHVLQ\ F] VWHN C
SZLHU]JFKQL FLDQNL B6WUXNWXU\ WDNLH ]J]QDMGXM ]D\
ELRORJLF]Q\FK SRZDODMURZROLH VSHF\ILF]Q\FK QXNOHR\
DQP® '1$ DOH UyZQLH* GR EXGRZ\ NU\V]WD&ayZ IRWRQLF]Q
GOD QDMRIRWARU]HQLH WDNLFK VWUXNWXU Z\PDJD RSDC
PDQLSXORZDQLDREROWL REPXWL NRQWURRFRADMHD UXFKX
SU]JH] WZRUJHQLH W]R\BKaMNg@ON PHWWRSGOD NWYU\FK SR
QDQRF] VWHN E G]JLH SUHIHURZDQWKPOOG®EDHQWWRSK]Z P
NRQILIXUDF\MQ 5XFK F] VWHN Z WDNLFK\IXYMDGDFK MHVW
NLHUXQHN LFX RDUDQREHRAMRXFL SHZQHJRWUDBMHQWX QS N

3ROH HOHNWU\F]QH MHVW GUXJLP RERN RGG]LD&\ZD SF
VLa NWyDBFK W.NURPHWURZ\FK ]QDF]QLH JPLHQLDM FKD
1LH]DOH*QLH RG ]J]HZQ WU]JQHJR SROMDNOHNW WREDQHMIRFKZ ¢
RJUDQLF]DM F\FK SRMDZIDDRMDHVADGXNMNUYHORINWU\F]QH 6
]JDUYZQR MRQ\ F]\OL PROHNX&4\ R QLHGRERU]H OXE QDPLD
PDNURMRQ\ W]Q PDNURF] VWHF]NL REGDU]JRQH 4ADGXQNLHTF
JHZQ]@\BK SyO HOHNWU\F]Q\FK ZS&4\Z WDNLFK 4aDGXQNyZ (
JIQLHGE\ZDOQLH PD&a\ L RJUDQLF]D VL WR EDUG]R FLHOQN
R URGNyZ QS FLDQND L FLHF] :\PLDU WDNLHM ZDUVWZ
ZDUVWZ HOHNWURFEQH DQWOYEYH MHVW U] GX NLONX ¢
NLONXG]JLHVL FLX QDQRPHWUK®A H: ZBLNIRZ\V SRGEZy MQMQIL Z
]JDVDGQLF]\ VSRVYE PRG\ILNXMH RSLMORRAGNIBI¥DZRQLD Sa\Q!
]JDZLHV]RQ\PL Z SREQHNWDRRUR5YZ QL H*XWR@ID YD MOGDD MH QL
EUDNX SR OL]JX S4a\QX QD JUDQLF\ ] FLD4AHP VWDa\P L SU]H
FRUDNWHU :DUWR WXWDM ZVSRPQLHU R GRQLRVA\P ZNA4DG]
6PROXNIKRHJIJR NWyU\ QD SRF] WNX ;; ZLHNX SUJHGVWDZL4
]JDUYZQR GOD RZX. YW ISRNHYHWI\F]QHIR MDN L GOD UXFKyZ %!

,VWQLHQLH SRGZYMQHM ZDUVWZ\ HOHNWU\F]QHM PD LVW
PHFKDQLNL Sa\QyZ Z VNDODFK PLNUR :L NV]R i V\VWHPyZ
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ED]XMH QD GRYPRK PEWXV]DQLD WU MHHOZIR Z\
HOHNW URN RQ HW HQQ RFEAV MBRWWHR Sa\QX F]\OL ]QDQH Z VNDOL
SRPS\ L JELRUQLNL FL QLHQL D) MWDWNDQL PUIMRFR ©LXZDGD Q
PD4&H Z\PLDU\ NDQDayZ SRW JRZR URVQ FH RSRU\ SU]HS
VWRVRZDQLHFLVQLWBPRZHJR Z VNDODFK PLNURPHWURZ\FK
DO W H U Q DAW B HW HWEWH N WA R Wly@ MRV HR] 6 P BIDWX BB\Q X RA O
FLHQARARHWWZLH S$IRGPYMPEMM Z GX*\P VWRSQLX VWUDW\ Z\ZF
OHSNLP -HGQDN QDMV]HDVHP -HWNMOUKRNIOFR MNRMRA YV W HP D FK
MHVW HOHNWURIRUH]D FJ\OL Z\NRU]J\WVWDQLH PR*OLZR FL V\
PLNURF] VWHN ]JDZLHV]RQ\FK Z FLHF]\ OHWRG\ WH V SRZ
ELRORJLL L PHG\F\QLH @UIGNODLFRVWUPL$GR LGH

'DUWR SRPQLHU UyZQLH* R SROX PDJQHW\F]Q\P NWyUHJ
S4a\QDPL Z VNDOL PDNUR XPR*OLZLD VWHURZDQLH SU]F
IHUURPDJQHW\NyZ DDGPLH/ REBYIR\AZLOQH MDN L SDUDPDJQ
ZL NV]JR FL FLHF]\ L JD]yZ PDVQBI®W FRQNMURWERRMBRD QH MHVW P
PDQLSXORZDQLDFPYWWMN® PLRQDPAIRZV BU]JHS4\ZLH 3URZDG]RQH
EDGDQLD QDG Z\NRU]J\VW DRFHOR M MKWHHN®IlyZ GQQ GRVWDU|
F]\ PDWBAUVYFX HIJR \D\R A RWEROUX BRBFEKMRORJILF]Q\FK > @

3RVW S MDNL REVHUZXMHP\ Z FL JX RVWDWQLFK GZXG
ELRORJLF]Q\FK D V]F]HJYyOQLH Z ELRORJLL PROHNXODUQ
LQQ\PL VWZRU]H®LX SRNADRODWIWF\FK QD ]DXWRPDW\]RZDQLH
GLIRMW\F]Q\FK L UyZRZRQHBAW\DQFOISSUyEHN MHGQRF]H QLH
WDNLFK XNaDGyZ Z\PDJD RUWRRRKZEKBPLR]QMFK RSW\F]Q\F
MDN L SUJHS4\ZRZ\FK WDN DEIWRRB®)\PD G&\PULIHRMYED GU HD N
SLNROLWURZH GUREPP@WHUHEAX FELRBRIIOAJQHIR ]
RGSRZLHGQLFK ZDUXQNDFK L F]JDVLH SUDZLG&RZ\ SUJHELH
GWHNFML SURGXNWyYZ L XPR*OLZLU XVXQL FLH ]JE GQ\FK SUF
E\i UWRDIDQD W\VL FH UD]\ FR R]QDF]D NRIXQGR]QR i SHAC
SUJHELHJX |MEZDIMM IBRSY\PDOL]DFMD WDNLFK XN4DGyZ Z\}
RGSRZLHGQLHM PRWEAGDNIRSDBWHMWQD PRGHORZDQLX NRP:
ZHU\ILNDFML HNVSHU\PHQWDOQHM =DUYZQR MHGQR MDN L
S4\QyZ QREAD@HH 3RPLDU SDBRAPRMBEKZ LSWWHURZDQLH
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SUJHS4\ZHP Z VNDODFK PLNURPHWURZ\FK QLH MHVW &4DW
VSHFMDOLVW\F]Q\FK QDU] G]JL VL JQL FLD SR ]XSH&4QLH QR
F] VWR E G FH PRG\ILNDFM V\VWHRYZEDGDQWIXFKZF]H QL
ELRPHG\F]Q\FK MDN PLNURVNRSLD IOXRUHVFHQF\MQD PLN
RVWDWQLFK ODWDFROPNWRDBU @HW MDAMU HHIRQDQVRZ\ SUJH
IOXRUHVFHQFML )5(7 L SOD]PR@RYWRGEDBIFKLAHWIDIOLAD QD

3RGVWDZRHONR FL NWyUD RSLVXMH UXFK S&a\QX MHV
SU GNR FL 3RPLDU SU GNR FL S4\QX ZEUHRVBRFRURP QLH Mt
SUJ]\SDGNyZ RSLHUD VL QD SR UHGQLFK LQIRUPDFMDFK WI
RGELyU FLHSA&D | D\ORIPR\P HWRIWBRD FL QLHQLD Z RSA&\ZDQ\I
FIXMQLNX ]JPLDQD SU GNR FL UR]JFKRG]HQLD VL IDOL XOW
GHWHNFMD UXFKX ZWU FHQLD XORMWR@HBFR $QDHIR ZBDMHM S
PROHNXa\ .D*GD ] PHWRWGNRDL ERJDOHWIG DQEKG\ : E
PLNURSU]JHSA\ZRZ\FK QLHZ WSOLZ\ SV MRRR2ZDWBQIRE G40 DPR C
Z VNDOLPRD/RGR DQHPRPHWU LID R\E,E@DOBIE R F3,PHW U\
OHWRGD WD SR]ZDOD ]JPLHU]J\i GZLH OXE WU]\ VNADGRZH ZF}
SUJHNURMM $\R®D |SUYyZQR Z ZDUXQNDFK ODERUDWRU\MQ\FK
GX*\FK RELHNWRFRYy®IDFN\ VDP QLN PLJARZFD :\NRUJ\WWXM F
NROHMQ\FK REUD]yZ SU]JHPLHW]ERDM FAWK N URISSDMBM F\F|
ZLDWAR X]\WNXMH VL MHLR]B)XFXX LQIRUPDF

/ —
-
BOTH
expander
double pulsed
NAYAG laser
b

5\'V. 6FKHPDW VWDQRZLWNPBFHREXCREDPYIHRIR Z ODERUDWRULXP ,3
31 D L W\SRZH SROH SU GINRGLERWU]J\PDQH W P

S4\QX : VNDOL PLNUR GHWHNFMD F] VWHN ZVND(QLNRZ\FK
LQQ\AKA&AYFH RSWSH|DNFMKF]QLH Z\NOXF]D VWRVRZDQLH VV
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WHFKQLNL 3,9 DLWRYBRWBIQR F] VWNL IOXRUHVFHQF\MQH MD
JODF]QLNRZ\ :VNXWHN XZUEXGHQFHM IKJ VWHN PR*OLZH
RGILOWURZDQLH LFK ZLHFHQLD R DWIADQ ERAIBM Z VWRVX
GaxXxJR FL IDOL L LGHQW\ILNDFMD SRMBREZQIQD REVMNW PQD Z
SRVWDiU MHG\QLH UR]JP\WHJR NU *ND G\IUDNF\MQHJR 3R&aR*
SUJHN]@DF]JHQLH URGND REUD]X G\IUDNF\MQHJR D ]DPLI
NROHMOQDEFKZ RER V]XNDQH SROH SU GNREEBRHWRGD WD G
SR]ZDOD EDGDi# QLH W\ONR UXFK FLHF]\ Z VNRPSOLNRZD
SUJHSA&\ZRZ\FK DALH) UWMAR HZ E\RLRIS®RPYUHN F]\ Z VHUFX
JDURGND NXUF]DND > @ ,QIRWMMRDFIMDMPR NFDRNRUKRIGX PSHIV & C
3,9 MHVW QLH]DVW SLRQD ]DUYZQR GOD SUDZLGARZHM LQW
F] VWR VNRPSOLNRZDQ\FK VWUXNWXU DOH SUJHGH ZV]\V
EXGEZAFK PRGHOL QXPHU\F]Q\FK

5\WVXQHN SRND]XMH VFKHPDWOWQWREPMYRRXZ*\NADQHJIR Z
ODERUDWRULXP ,337 3%$1 ZLDWAR ]JLHORQHJR ODVHUD
ZHZQ WU]JQHJR WRUX RSW\F]JQHJR PLNURVNRSX JG]LH SU]JF
PLNURVNRSX GRFLHUD GHBabZXD RLYR HIVDHINR FSUPXRUHVEHQ
F] VWNRF]QLNRZH Z QLP ]DZDUWXS]HQ LW NP MMHX MS R ZIJBW 4R
FIHUZRQH)P NWyUH SRGOHJD UHWMRIXWUDIFAMLARDPHOR®GH
RGELWH RG FLDQHN NDQD&X L F] VWHN JQDF]QLNRZ\FK MH
L QLH MHVW SBMHWDBRDD QHU]\N4ADGRZ\ Z\QLN SRPLDUX X]\
SRPRF\ WHM DSDUDWXU\ SRND]JDQR QD U\V E VWU]DaNL
F] VWHN ]QDF]QLNRZ\FK ]DZLHV]RQ\FK Z S&4\QLH QDWRPL
ZDUWR 0 SU GNR HARQNRWRUS F]GNROIQ P DINVRRMELHV NL
PLQLPDOQD

PLNURSU]JHSA4\ZDFK F] VWR LVWQLHMH NRQLHF]JQR i V

F] VWHN Z SUJHNURMX NDQD&X -HGQ ] PHWRG MHVW VWHL
DE\ SRUXV]DM FHHMIQDMBNRWREZLIURPDG]L4\ VL ZVNXWHN F
KGURG\QDPLF]Q\FK Z Z\EUDQ\P REV]DU]JH (IHNW PLJUDFN\
RGG]LDa\ZD K\GURG\QDPLF]Q\FK [REWPUEZRRDQDFKSEZHUZV]\

URNX SU]JH] OHNDU]\ )DKUDHXV D E HQ@TXLNMLD NUZE B|IDN E
Z NDSLODUDFK $QDOZ®OWADIRP HHNWR]BRLHU SUJ\F]\Q VS
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RBUYZ SUJHSAa\zZX NUZL Z PD4\FK QDF]\QLDFK .UZLQNL SRU}
SUJHSA\BLXZIRM VL RG FLDQHN L FLHQND ZDUVWZD VF
]JODNRPLFLH X&4DWZLD SU]JHS&RM DRKZIELRORIDERUBNW L

PLNOJJRIHSA4\ZRZ\FK Z\NRUJ\WWXMH VL SRGREQH ]MDZLVNR
VWUXPLHQLH FLHF]\ L RGSRZLHG QMR GRUP XM FWWXYRBHZL WI
FLVQ & JRJQLVNRZDU JayzZQ\ SUJHSAa\ZDaixX ZFRUDQ\P PLH
SRND]DQR QD VFKHPDFLH ] U\V D

5\V B6FKHPDW XN&4DGX GR RJQLVNRZDQLD SU]JHS&\ZX D L ]DUHI
IOXRUHVFHRIPDUWNREDQ\FK Z SUJHSA\ZLH E

5\V 6WDQRZLVNR GR EDGDQLD SU]JHS4\ZX Z ZDUVWZLH SU]\ |
ZA\ANRUJ\WVWXMIFHIQDFO D RUD]INHEODMHVHWHD ZZSURZDG]RQHM ]D
SRPRF\]BMWX GR ZQ WU]DNDRAD&AON L FELMUR FHM Z WHM FLC
ZVNXWHN ZLHORNURWQHJR FDANRZLWHJIR ZHZQ WU]JQHJR RG

7DNLH RJQLVNRZDQLH SU]JHS&4\ZX XPR*OLZLD VHSDUDFM
DE\ |QDIW@RZW\ONR Z Z\EUDQHM DQDOL]RZDQHM S&DV]F]\(Q
SRAR*HQLH L JUXER U PRJ E\i VWHURZDQH SRSU]H] ]|DGDQL
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VWUXPLHQL VNXFLOM WWIQDSREUD]LH X]\WNDQ\P Z ODERUD
3$1 PHWRGBR U\V E WRRZDQLH SU]JHSAa4\zZX SR]ZDOD P LG
SUHF\]\MQ DQDOL] SRUXV]DM F\FK VL SU]JHG GHWHNWRU
ELRORJLF]Q\FK F\WWRPHWULD SU]H&aRZDAPH MSWH B SIERZD G|
GZyFK VNa4aDGQLNyZ F]\ WH* Z\EyU REV]DBY]BR DQDOL]\
JRIQLVNRZDQLH Z Z\EUD QHM@INRZWZK IS EY WVWZIKXN ZV ND

2EVHUZDFMD SU]JHS&a\ZX Z SREOL*X FLDQNL NDQDaX
RGG]LDA&\ZD | ®ERORFIKHPLF]Q\FK PR*H E\U J]QDF]QLH XaDW?Z
RJUDQLF]HQLH SHQHWUHDIJRVLZ 2&DEW&ID QDBAXHURZW\P FHOX
Z\NRUJ\WWXMH VL [MIDZL ERHIYDFIHWWH ORZVWDM FHM SU]\ F
ZHZQ WU]JQ\P RGELFLX ZLDWaD QD JUDQLF\ GZyFK R LU
ZVSyaFINQ QD aD P D Q LIDQ JZ LDRWAMO , QW H ¥,GD CR 5 LOHFW LR Q
VNODQHM FLDQNL NDQDAaX ZSURZDG]DP\ SU]J\ X*\FLX SU\
VNRQVWUXRZDQHJR RELHNW\ZX VNXSLRQ ZL JN ZLDWAaD ¢
DE\DBD4D RQD QD ZHZQ WU]JQH SRZLHU]JFKQLH WHM FLDQNL
N W FDANRZLWHJIR ZHZIQ WALDDIHIE \GRS B R G NyRZGWD] NaR
VINSRZLHWU]H FR SRND]DQR QD U\V : WHQ VSRVYE RWU
AXZL JLRQ ~ Z FLDQFH NDQD&X ELHJQF Z QLP MDN :
&DANRZLWHPX ZHZQ WU]JQHPX RGELFLX XNPAVAD QD JUD
WRZDUJ\V]\ [MDZLVNR SRZVWDZDQLD V]\ENR |[DQLNDM FHM I
Z PLHMVFX WHJR RGELFLD L SHQHWUXM FHM AGUXJL R UR
NLONXG]JLHVL PLXYZDKIRP WHPX PR*OLZH MHVW R ZLHV
IOXRUHVFHQF\MQ\BRK QREL HWMNWHN PHWDOL F]J\ F] VWHN [QDI
]JQODMGXM F\FK VL MHG\QLH ZHRUWKXWZLH SU]\ FLHQQHM SU]

2EVHUZDFMH SU]JHSa\ZX RGE\ZDM VL SU]H] XPLHV]F]H
PLNURVNRSX\RDGXHNWyZ FDANRZLWHJR RGELFLD ZLDWA&D
FIFH MHVW R ZLMWQ@DH)R ZWOER FL NLONXG]LHVL FLX QDQRP]
FLDQNL NDQDA&X 7DNQLIN\WHYRV RVIMRWREDQ\ P LQ GR L
SUJHS&\ZyZ L UXFKyZ %URZQD Z SREOL*X FLDQNL NDQ
QDQRF] VWNL IOXRUHWEHQI#ARI G H>L &]Z NURS
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5\'V. 1DQRF] VWNL VUHEUD R UHGQLF\ RN QP D L UXFK\ ¢
]JDUHMHVW PRABMREB RG 337 3%$1 E

OHG]HQLH FKDRW\F]Q\FK UXFKyZ QDQRF] VWHN Z FLHF]
VWZDUJZRR*®RPLDUX ZFKLNNRQREK ZaDVQR FL IL]\F]Q\FK F
WDNLFK MDN QS WVWIRABL GUIKR®MRJILZEQH F]\ ORNDOQD OF
PLQLPDOQ\FK LOR FL Sa\QX MDNL ]QDMGXMH VL QS ZHZ
ZHZQ WU] MDGBIRNRPYUNRZ

1DQRF] VWNL WR MHGQHFK RGMNXiASRQRRQ\FK ]
QDQRWHFKQROBRIZDRILH:\QWQRF] VWHN ZRNya QDV MHVW
FKRUE\ Z VSDOLQDFK VDPRFKRGRZ\FK ,FK SUDNW\F]QH Z\I
FDANRZLW QRZR FL -HGQIRN] MR WHU HYREZMQ HH ZQWRYN 4R :
RVWDVW®WBFK NLHG\ RGNU\WR LFK ELRDNW\ZQR & =D
Z\NRWW\ZDii GR SURGXNFML QRZ\FK PDWHULDA&ayz WZRL
WUDQVSRUWX OHNyZ F]\ PDQLSXODFML ZL ]DQLDPL ELD&NR
WH* LVWRW Q\ R/DWHWLDZ BLNDURSUJRI AN ZVND(QLNLHP
SR]ZDODM F\P UHMHVW URXDR FXFRWD PLIHW K1 JRA MH R URG
UyZQLH* PRG\ILNRZDU ZADVQR FL Sa\QX Z NWyU\P V ]DZL
RVWDWQLH EDGDQLD GRGDQLH GR W\SRZHM FLHF]\ QLHZL
PR*H LVWRWQLH JPLHQLU MHM PDNURVNRSRZH Z4DVQR FL
FLHSOQH WDNLHM FLHF]\ ZJUDVWD QDZHRY\RQGHADPD] G\ ZLHO
MHGQR]QDF]QHM LQWHUSUHWDFML IL]\F]IQHM WHJR [MDZLV
PRH PLHU ROHQPPLQLH SUDNW\F]QH V]F]HJYOQLH Z V\VWH
PLNURHOHNWURQLNL
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1DMZL NV]\P MHGQDN Z\]ZDQLHP VWDZLDQ\P PLNUR L QD
SU]JH] BENRIZILL ELRFKHPLNYZ MHVW JUR]XPLHQLH PHFKDQL]PX
4D FXFKyZ PROHNXAa EJLDBKNVUDDY KRWDW X SU]JH] QDQRSRU\
NRPYUNRZHM =DJDGQLHQLD WH V Z FKZLOL REHFQHM QDN
EDGDZF]\P Z ZLHFLH QDG Z\MD QLHQLHP WHM ]DJDGNL
QDXNRZF\ R F]\P SUJHNRQDU PR*H WDHNW RBZHNWDMINWXUD VW
OHFKDQLNL 34\QyZ .RPLWHWX OHFKDQLNL 3%1 > @

6SRMU]JHQLH zZA3UZD/QAMRM FH SUJHG PHFKDQL
Sa\QyZz

'SURZDG]HQLH GR SUDNW\NL LQ*\QLHUVNLHM RSURJUDPF
PRGHORZDQLD SUJHS&\ZyZ &)' QLHHVU\RMNROXEFD WIDLNTHSUDF
JODF]Q\P VWRBQHKR MUYy*QLFH PL G]\ SUDF LQ*\QLHUD L C
QLHGDZQD MHG\QLH QDXNRZF\ [DMPRZDOL VL UR]JZL ]\ZDQL
XSURV]F]JRQ\FK UR]JZL ]D L VWHRURZLDWRRUDVW\ZIROL W
UR]ZL ]DQVDREPHQLD NRQVWUXNFML 'JL LQ*\QLHU ]JDMPXM |
DHURG\QDPLNL VDPRORWX F]\ VDPRFKRG®]RQMFKRU]J\WWD ]
SUJH] VSHFMDOLVWyYZ UR]JZL ]D OHF] NRUJ\WWWDM F ] RSL
UR]JZXMH XNaDG UyZQD 5H\GRDIVBARIHIR 'RR]ZL ]DQLD WI
JAR*RQ\FK UyZQD SRWUJHEQD MHVW J]QDMRPR it WHFKQLN Q
UyZQD UY*QLF]NRZ\FK IRUPX4RZDQLD ZDUXQNyZ EU]JHJRZ\
NWyU\PL NLHG\ ]DMPRZDOL VL W\ONR PDWHPDW\F\ RUD]
Sa\Qyz 1DU] G]LD ]OHRE&YDADYWNEDM FR SUDZGD NRPS
NDWDORJL ZDUXQNyZ EUJHIJRZBRLD WHEBRRQLNOBR]ZE\EyU
QDOH*\ ]DZV]H GR X*\WNRZQLND HEWYQD RV BIRSRGREID U C

PRGHORZDQLX NRPSXWHURRG |RERFH  JFXDWMLG O DA
ZHM ELPXLHFL QD ZDWIPWED IHODWEDIHFRXMQDF]D *H (OH
VIRUPX4RZDQ\ SUREOHP SURZDG]JL GR UyZQLH Ja\FK Z\Q
RSURJUDPRZDQLD &)' XA&4DWZL&RU]HHYD R G FLLQ*M@LLHHU DR GS
FIDVREKERQ F]\QQR FL ]ZL JDQ\FK ] X]J\WNLZDQLHP UR]ZL
MHGQRF]H QLH EDUG]R ]ZL NV]\4R ]DNUHV ZLHG]\ QLHJE G
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RGSRZLHG]LDOQHJR Z\NRU]J\WVWDQLD QRZMFRZ®DR] G]L PRGH
7HQ URG]DM G]LDADOQR FL WORIEK QILFNYHW QWD & K LW M| GIRE
VWRSQIXD&DOQR FL LQ*\QLHUYVN D @S®RIDHGDHZEBBHG
HQJLQHHUW®JIVWZLHUG]HRUBWHWWDD\RZD. &/JWRM F\FK SUJHG
PHFKDQLND S®RJ@yM QDU] G]JL ZVSRPDJDQLD SUDF\ LQ*\QLF
&)' MHVW Z\]ZDQLHP GOD QDXNL D ZGUR*HQLH LFK GR SUDN
]JDWUXGQLHQLH Z\WRNR Z\NV]WDA4FRQ\FK VSHFMDOLVWyZ
NRQMNKWHR FL ZV]\WWNLFK JD& JL SU]JHP\V4X :DUXQNLHI
Z\NV]WDA&4FHQLH VSHFMDIEONWYEZPLQDDH*\*MMHGRE\FLH ZLH
QLH]JE GQHM GR RGSRZLHEB]IL®QQHIRZ\WDID @D QQDMF] FLHN
XNR FIJHQLD VWXGLYyZ ,,, VWRSQLD GRNWRUDQFNLFK JG\’
VSHFMDOL FLH ] ]DNUHVX &)' ]QDF]QLH YWHNVBEFBR SURJU]
ZLDGRPR U ZDJL SUREOHPXZEH M LDU]|VEHQHI® RUJDQL]DF
Vax* F\FK UR]JZRMRZL L SRSXODU\]DFML QDU] G]JL &$( ] NW
1$)(06 > @ SRZR&4DQ Z U ] ILQDQVRZ\P ZVSDUFLHP U]
RUD] (5&2)7%$& > @ BRZVWD ] LQLFMDW\Z\ V]JHUHJX XF]H
RUJDQL]DFML SU]JHP\VARZMAK VL NWDMEHNFMD OHFKDQLNL 3
.RPLWHWX OHFKDQLNL 3%$1 > @ RUD] 3ROVNLH &HQWUXP 3LC

.ROHM®WHXJILH Z\]ZDQLH GOD PHWKRD @RZAH SRANQAZG\
PRIEHORZDQLBYBURS®&WH R RVL JQL FLD QRZHM G]LHG]LQ
]JZDQMNHRAUL "'FXD@&VXHRULD WD SR UD] SLHUZV]\ VIRUPXAaRZE
IUDQFXVNLHJR PDWHPDW\ND +HQU@ 3WHGODNHGOD PHFKDQL
Sa\Qyz ]DF] 4D EMiFDQW HWRINX ]D VSUDZ DPHU\ND VN
PDWHPDW\ND L PHWHRURORJD (GZDW@GD( /RRURAQD U\V

D SUYEXM F SUJHZLG]LHU SRJRG ] SRPRF PRGHOX NRPSX
SB/WDZLHQLH GR NRPSXWHUD GDQ\FK UMVYBKX FSRK VL QD
SUJHFLQNXPLDVW VSRZRGRZDA4R *H Z\OLF]RQD SU]F
SURJQR]D SRJRG\ ]JPLHQLD&D VL UDG\NDOQLH 6\WWHPDW\I
GRSURZDG]L4\ /RMUHQXD ZBRQWK RGNU\iG NWyUH SRF] WNR
JUR]XPLDAH MHDBWHMD\WGNYZP OHF]RFDHKEDR HQ [RIVW D a\
VSRSXODU\]RZDQH JRVWDA\ SU]JH] Z\J4ARV]RQ\ SU]H] ( /RUH
A&]\ SUJHORW PRW\OD Z %UD]J\OLL PR*H 2\Z&4aDJlL WRUQDGR
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]QDP\ WR |MDZHVMRWMPRW®@ADLOXYMHJXWN &\ ZUD*OLZR i
SUJHSAa\Zy®D MQWE\FK QD WDN QLHZLHONLH ]DNAYyFHQLD ZDU
MDN ]JPLDQ\ Z\ZKADRIHHPDMU]\GH4a PRW\OD ']JL NL GDOV]\P
ZDOR VNLHJR W]VF] QWD RF XVMEMX HIDZAL@®D L +ROHQGUD
JORULMBQMD > @ G]JL VWRYP\GKKHSHRIHVRWYyZ PDWHPDW)\
SDWU] U\V ELF SRZVWDa Z WHQ V8RVREWHRULRSLY W
FKDRV X

5\V $XWRU]\ QRZHJR XM FLD WXUEXOHQFML RSDUWHJIR QD WH
( /RUHQ]RSD]H$ ' 5XHOOH E GR ) 7DNHQVD F > @

'OD JUR]XPLHQLD ZDJL WHJR RGNU\FLD QDOH*\ FRIQ i VL
NWyU\ VWZLHUG]L® *H UYPRTHOQRBLNM\ZDi MHG\QLH XSRU] GN
UXFK ODPLQDUQ\ QDWRPLDVW GR XEXKXVXV >QLEXSRQW QNRR
SRWUJHEQH MHVW LQQH UyZQDQLH Z] ]JODQH GJL ML
6WZLHUG]HQLH WR Z\QLNDAR ] yZF]JHVQHM ZLHG]\ R QDWXU]
*H ND*GH AGREU]JH Z\FKRZDQH  UyZQDQLH JDFKRZXMH VL
XSRU] GMREDSU]HZLG\ZDOQ\ 3U]J\MPLMP\ *H Z SRND]DQ\P
IUBHQFLH SUJHS&\ZX Z\Uy*QLP\ GZLH PDaH REM WR FL Sa\Q>
ELD4D L F]JDUQD NWyUH Z FKZLOL SRF] WNRZHM R]QDF]JRQ
]JODMGXM VL EOLVNR VUREXKHF]IDWRODRAMQ\P SR XSa\ZLH
VHNXQG\ RE\GZLH NXOH HRIDM®@ ° VI QAHFRARAL NV]HM OX
PQLHMV]HM RGOHJAR FL L WDN VDERKRRIDR]|WYIH Z UHJXOI
NURNDFK QDVW SQ\FK 8]DVDGQLHQLHP WDNMRKIMRFE]JHNLZD
MDNR ZQLRVHN ] SUDZ G\QDPLNL 1HZWRQD XZ]JO GQLDiU PX
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]JPDQLH NLHUXQNX L SU GNR FL AVSU]JHFLZLDU  E G]JLH VL

ZL NV]D LP ZL NV]JH MHVW FKZLORZH SUJ\WSGEHV]HQLH -H |
RSLV\ZD4aR ODPLQ@UQR]QPFKDSR WR |H E\AR WR UyZQDQL
Z\FKRZDQH" L ] WHJIR FKRFLD*E\ SRZRGX QLH PRJAR
QLHXSRU] GNRZDQHJR UXFKX WXUEXOWQWR HIHRG QN U\F L H
*H ZLHOH UyZQD NWYUH Z\GDZDA&\ WL]DEKRZGWRE WH Z\FKR
IQDF]HM FR SRND]XMH SU]J\NA&DG ] U\WV E JG]LH GZLH NXO|
A~ ] BDR EOLVNLFK VRELH PLHMVF SR NLONX NURNDFK ]C
VLHELH L MX* Z FKZLOL A~ Z GUXM Z SU]JHFLZQH VWURQ\

5\V OXVWUDFMD ZUDDQLZB® FPKQNY¥ZAPSRF] WNRZ\FK FKDUDNWHU\V
UHIJXODUQERMJHIR K |DFKRZDQLD UyZzQD > @

7DNLH ]JDFKRZDQLH XN&4aDGX QD]\ZD VL AFKDRW\F]Q\P’ L
SUJHSA\AEXOMQWQ\FK 3UDFH ZVSRPQLDQ\FK MX* ' 5XHOO}

Z\ND]D&a\ *H UWQDQLHZISHZQ\FK ZDUXQNDFK ]JDFKRZXN
AARW\F]QLH  FR R]QDF]D *H PR*H RQR RSLV\ZDi QLH W\O
WDN*H L WXUEXOHQWQ\ 2G6 VEHAW F&R LB\ WH\ONRQ IGHR PIH Q
PDWHPDW\NyZ L |DRWHRUMVRDDL® ERUDYYZL FAARQYEHFKDQ
SUDJQ F\FK ]QDOH(U XQLZHUVDOQH QDU] &yH RSLVX ZV]\V
5R]ZL ]JDQLH UyZ ZDRRDDAR MHGQDN JLIJDQW\F]JQ\FK NRPSXW
ZLLRVNDORBDRVUW] UR]G] SUJHS4&\ZyZ WXUEKOBQWQ\FK Z\
FDa\P URZIDIQJP REV]DU]JH SU]JHS&\ZX VLDWND Z JayZ QXPHL
URJPLHV]F]JRQD ] J VWR FL RGSRZLDGDM F QDMPQLHMV]\P
MVDFK T NRPSXWHU\ AXURVAa\" QD W\OH *H PR*OLZH VWDa
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GOD SUJHSHOBR WXHWEX PHWRGIJEH®RPHH\F]QHJR VFDAaNRZD
UyZQDQBD 3R UD] SLHUZV]\ XGD4aR VEZLWREHFOLIHRZL OR
SURIHVRURZL 8QLZHUV\WHWX 6WDQIRUGD IHD®WEKNWRURZL &
Z 1%$6$% $PHV B5HVHDUFK &HQWUH 3% @UX3WDRIMHIR ORLQ
ZVSY4aSUNFRZWZRU]J\OL Z WHQ VSRVYE QRZ PHWRG NRPSX
SUJHS4\ZX WXUHROHOWAHIBHRRPHUBEROODWLRQ > @
NWyUD SR]ZDOD PHFKDQLFH S4\QyZ ZUyFL& G&\(UyGaD MDN
MHVW WU HD/WWHP]ZRMX PHFK@DVNE] SELGlYyRLH GOD VSHFMDO
PHFKDQLNL SHIQYZWINOMLE\ VL EHJURERWQL ER FL JOH
REOLF]JHQLRZH NRPSXWHNWUWD WF]BR GFHFIE 0L SRWU]JHE '16 $
X]DVDGQLiU  ZUyiP\ GR SUIJZANGD GRS QRYRPSRIRKGU R
SUJ\JRWRZ\ZDQ\FK SUJH] ,&0 > @ NWyYUH FKRiU EDUG]R GR!
W\CRNSDGQH DE\ SUJHBHGRRFIH R NWyUHM JRG]JLQLH VSDC
GHV]F] :LHP\ *H ]JDVWRVRRFQLHSRIBERPOISHRE) SU]JHZLG]LH
GRN@DGRG]LQ NLHG\ SRWU]JHEQ\ QDP E G]LH SDUDVRO ]D:
G\WSR]\FML QDMSRW *QLHMV]\ EXGRZDGRLREMF@LH VXSHL
Z\SRVD*RQ\ Z SRQDG PLOLRQD SURFHVRUyZ FKRFLD* Q
EG]LH XUXFKRPLRQ\ GRSEBHUR R WRNWH *H E GJLH QDV VWI
]JDSADFH@X®NX ]D HQHUJL HOHNWU\F]Q ER SUJHFLH* NRP
FR JRG]LQD IORXYDWRJIRG]LQ ] NWYU\FK ND*GD NRV]WXMH
JURV]\ 2ND]XMH VL MH®QBE O *F]HQ DV ERNSAIRFGIIOW RZR G
SURJQR]\ SRIJRG\ QW]\GPX¥VLM®WEN R\ FJHNDi NLONDG]LHVL
R]QDF]D *H '16 MHVW FL JD$HEDWBG]R REOHRY Z8R*\i EDUG]I
ZLHOH SUDF\ Z XVSUDZQLHQLH WHM PHWRG\ ODP\ MX*
]IZG]L F]IDP\ WR QNBRMX*DZ UR]G] $QGUHMRZL .R4APRJRUR?Z
DPHUMNLHPX PHWHRURORJRZL -RVHSKRZL $P@JRULQVNLHF
2GNU\FLD RE\GZX XF]JRQ\FK FKRiU RGOHJ&H Z FIDVLH R NLC
VWZRUJ\U JQDF]QLH V]\EV] FKRUURQZIHWZDRNOD GPZQBHWRG
16 ]QDQ G]L MDHRBGQEPXODWLRQ > @ NWyUD MX* G]L 2z
X*\WHF]QR @i Z ZLHOX G]LHG]INZDEK ZWRERQEMNMQLOBKSKPAaD \
DHURG\QDPLF]QHJR DVRPKRFORMLY Z]DLLQWHUHVRZDQ\FK RGV\AL
QDV]HIR WO WX Z\JARV]RQHJR ALROBPWLD SR RIGYHWX. OHFKD Q'L
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3$1 > @ OHWRG\ '16 L /(6 UR]ZLMDM VL QD QDV]\FK RF]DF
GR RSLVX JMDZLVN NWyUH Z M SIX] SR @VELIWP JQDF\ZDQH V
DQJLHOV NIPH QPSRN SEFQS PHFKDQLND Sa\QyZz KD&DV PHF
S4\QyZ UHDNJEMIH FKHPLF

7UJHFLH Z\]ZDQLH GOGRB\@WHFKDRMMNILAR VL ] FKzZLO J
PHFKDQLNDOS[A%QYPMPRZDi VL SU]JHS4\ZDPL R WDN PDAa\FK
]JDF] 4\ E\i0 RQH SRUYZQMNRDFQAQHPROBNK@ Sa\Qx L ZyZF]D
IXQGDPHQWDOQH GOD PHEXMQAINQL K APRYZRUYEAQ GDOHM
VWRVRZDQH .RQLHF]JQH VWD&4R VL ZyZFFOR FRALH W\ONR
PROHNXa S4\QX OHF] WDN*H L Z]IDMHPQ\FK PL G]\ QLPL RGG
W\SKPXODFML E\a DQJLHOVNL PDWHPDW\N@ RK® y6HUQDO
RSRZLHGIJAOA URN X SUYERZD&HP JEXGRZDiU PRGHO Sa\QX
MHJR VWUXNWXU MDNR ]JELyU JXPRZ\FK SL4HN SRa&a F]R!
SUJHVINDG]D4 PL FR NLOGHEIPL®XW QD ZR]|FHNFMHH PR*HP\
Z\NRUJ\WWDiU GR WHJR FRDNXL NRPERIPHERGAODVQR FL
SA\QX\NRUJ\WWXM F\ ]QDMRPR i VL4 Z]DMNRO®HUR RGG]LD:
QD]\ZDQ\ AG\QDPLN PROHNXODUQ °~ MHVW GJL Z\NRUJ\V
QDQHRRDQULBENR SRGVWDZRZH QDU] G]JLH EDGDZF]H > @ :LHF
PROHNXAa SaNQY ]QMAHRDM F SHA4Q\ RSLV NRQILIJXUDFML L F
SUJHZLG]LHiU G\QDPLN IRRGMORZBEMHIRHBQDN SRGREQLH I
ZF]H QLHM SRZLHG]LHOL P\ RDR®HO\IFZR HIRRWRJZ\P P\@D QLD
UyZQD 1DBWRINHVD Z VNDODFK |PDNURD SHAYNDORFK
DWRPRZ\FK Z\PDJDM QLHRVL JDOQ\FK G]L PRF\ REOLF]JHQI
SUJHNUDF]D QDZHW GOD PLOLPHWURZ\FK Z\PLDUyZ V\VWt}
Z]1JO GX ZIPRJYy PHFKDQLND NZDQWRZD GOD PRGHORZDQLI
PLHG]\PROHNXODUQ\FK MDN L G\QDPLND QHZWRQRZVND VV
UXFKX PROHNX& GR URIZFAJQ\EKQLDID/GBIEH QS JUR]XPLH
ZSa\zZzX VNDOL Z DQDOL]RZDQ\AZPNQROVW\FHBMIRH 5R
SUREOHPX QS |DSURMHNWRZDQLD PLNURUHDNWRUD Z\PD
K\GURG\QDPLNL ]JH JPRG\ILNRZDQ\P ZS4\ZHP VNDOL RSLVHF
F] VWHF]NL L S4a\Q -HGQ\P ] UR]ZLLUDUXMRVWDOWRWRAZDQLH
FRDUVH JUTJUWEHBQLRQH RGG]LDA\ZDQLD SUJ\SLVXMH VL ]H\
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ZS4\Z VWRFKDVWWNABUIR URKENDZ VNDODFK QDQR X]J\VN
RGSRZLHGQLR PRG\ILNEKXF (Dy@Q®OMAEMD UWDNLHJR SUJ\EO
Z\PDJD MHGQDN GRNA&4DGQHJR SRUYZQORYND QDK ZQDHEF]HQL
MHVW ]DJDGQLHQLHP WU\ZLDOQ\P LIE\NPRMJIP\PKHERIDLN J]QDF
NODV\F]QH PHWRG\ SRPLDURZH PHFKDQLNL S&a\Qyz &L Ja\
HNV\PHOWDOQ\FK L QXPHU\F]Q\FK MDNL REVHUZXMHP\ SR]Z
MX* Z FL JX'V]OIDRIEOG]LHVL FLROHFLD SURMHNWRZDQL!
PLNURSU]JHSA\ZRZ\FK ] XZNIO G AKHPAIHP |MDZLVN Z VNDOL
PROHNXODUQ\FKOLWB QLH VL PR

$XWRU]J\ PDM QDGJLHM *H XGDAR VL SU]JHNRQDU &]\W|
S4a\QyZ ]DUYZQR Z VNDCPLNDRWRIDMDADQR WR QDXND *\ZD
FIHUSL F GR ZLDGF]HQLD ] SRQDG VWXOHWQLHM KLVWRULI
'DUWR UYZQLH* JZUYFLU XEZBDQLN WBR\DWYM E\QLND QLH W\O
FLHNDZR FL QDXNRZFyZ OHF] WDN*H D] ZSWRLEHEH SU]HG
SUJHP\V4X GOD NWYUHJR PHFKDQLND S&a\QyZ WZRU]\ QR?Z
WHFKQRORJLH

/ILWHUDWXUD

KWWS ZZ2Z FOD\PDWK RUJ PLOOHQQLXP
KWWHZLWINLSHGLD RUJ ZLNL 3UDQGWO

KWWS HQ ZLNLSHGLD RUJ ZLNL 'LUHFWBQXPHULFDOBVLI
KWWS HQ ZLNLSHGHDBRARIIRUNWL +XPSKU

0 YDQ '\NH $Q $OEXP RI )OXLG ORWLRQ 7KH 3DUDEROLF

+ 7THQQHNHV - [/ /XPOH\ $ )LUVW &RXUVH LQ 7XUEXOHQ
2 5H\QROGV 3KLO 7UDQV 5 6RF YRO

KWWS HQ ZLNLSHGLD RUJ ZLNL )LOH :LQGNDQDO MSJ
KWWS HQ ZLNLSHGLD RUJ ZLNL O'

KWWS HQ ZLNLSHGLD RUJ ZLNL )LOH ODQBH[DPLQLQJBID
&HQWHUB BIRRWBWUDQVRQLFBZLQGBWXQQHO MSJ
KWWSZ FAYWWSROVND SO LQGH[ SKGDERUDWRULXP
DHURG\QYMWPRWRZDQHM

KWWS HQ ZLNLSHGLD RUJ ZLNL $LUIRLO

/LHE HF N '"HVLIJQ RI VXEVRQLF DLUIRLOV IRU KLJK OLIW
VWU

KWW S F@X JIQWX J E DAVEHKMWIKO
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)/8(17 1HZVOHWWHU

KWWS HQ ZLNLSHGLD RUJ ZLNL .ROPRJRURY

KWWS HQ ZLNLSHGLD RUJ ZLNL 7XUEXOHQFH

KWWS HQ ZLNLSHGLD RUJ ZLNL 6ZLVVB5HB%XLOGLQJ
KWWS NHSHBILD RUJ ZLNL &\ FORQHB&DWDULQD

KWWS QHZ PHWHR SO

KWWS ZZZ LPF SF] FJHVW SO LQVW\WXW SO LQGH[ KWPO
KWWS ZZZ LWF SROVO SO QHZLWF LQGH[ SKS

KWWS HQ ZLNLSHGLD RUJ ZLNL &RPSXWDWLRQDOB)OXLG
KWWS YHBZ FRP QDQRWHF K5 LA K@ROR3KWHP\@PDQ 7KHUH V
30HQW\ Rl 5RRP DW WKH %RWWRP

KWWS HQ ZLNLSHGLD RUJ ZLNL 1DQRBVFLHQFHV
1IDQRWHFKQRORJLH UHG 5 : .HOVDQOUHG: +DPOH\ 0 *
WaxXPDEXUJ\GARZVNL 3:1

KWWS HQ ZLNLSHGLD RUJ ZLNL OLFURIOXLGLFV

KWWS HQ ZLNLSHRE@BKRSJ ZLNL /DE

6 7DY - +XJKH\ 7 .SQMHHFNL /6 5 4XDNH 0 : &RYHUW
6LQFOIMO AN%) G\QDPLFV UHYBADLR G IDJQ & D@ DER/LY QIRUPD WL
SURFHVVLQJ 1DWXUH Z GUXNX

* 0 :KLWHVLGHV 2YHUYLHZ 7KH RULJLQV DQG WKH IXWX!
1DWXUH VWU

*DUVWHFNLE&DOMRQPQ :KLWHVLGHV * 0 )JRUPDWLRQ RI E
GURSOHWRIDO@LRAIF VIVWHPVY %XOO 3RO $FDG 6FV 7H
VWU

0 ODLQDN &K 1LWLQ $ 3RGAMFD-OH %UXFH
K\GURG\QMAKIDFYFHG IORZ LQ FDUERQ QDQRWXEHV 1DWXU

3 & ORUDLV )URP PDJQHWLF IOXLGV XS WR FRPSOH[ ELF
PDJQHWLF VOWVBRY %HBRXDG 6FV 7HFK#6FV VWU
3 9HQQHPDBAQWHUZHBHD G %ORRG 9HORFLW\ OHDVXUHPHC
7HERLTXHV Z $ELRPHG /HFWXUH 1RWHV %ORRG )ORZ OR
'LDJQRVWLFV UMGLZAG.RZ2BDBE1 :DUVYWAD

KWWS Z272Z QDIHPV RUJ

KWWS SURMHFWYVY VWUHDPV\V EH HUFRIWDF
KWWS Z2ZZ NPHFK SDQ SO

KWWS IOXLG LSSW JRY SO NPS

KWWS HQ ZLNLSHGLD RUJ ZLNL &KDRVBWKHRU\
KWWS HQ ZLNLSHGLD RU& BLNL +HQULB3RLQFD
KWWS HQ ZLNLSHGLD RUJ ZLNL (GZDUGB/RUHQ]
KWWS HQ ZLNLSHGLD RUJ ZLNL % XWWHUIO\BHIIHFW
KWWS HQ ZLNLSHGLD RUJ ZLNL 'DYLGB5XHOOH
KWWS HQ ZLNLSHGLD RUJ ZLNL )ORULVB7DNHQV
KWWS HQ ZLNLSH@UORIRWJ ZLNL 3DUYL]
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KWWS
KWWS
KWWS
KWWS
KWWS
KWWS
KWWS

ZLNLSHGLD
ZLNLSHGLD
ZLNLSHGLD
ZLNLSHGLD
ZLNLSHGLD
ZLNLSHGLD
ZLNLSHGLD

RUJ ZLNL
RUJ ZLNL
RUJ ZLNL
RUJ ZLNL
RUJ ZLNL
RUJ ZLNL
RUUOFALNL

'LUHFWBQXPHULFDOBVLI
“-RVHSKB6PDJRULQVN\
/IDUJHBHGG\BVLPXODWLF
,%0B6HTXRLD
AXDQWXPBGRW

- "' B%HUQDO
OROHFXODUBG\QDP



