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ORXLOODJH VWDWLTXH HW G\QDPLTXH
,QYXHQFHV JpRPpPWULTXHV
DX[ pFKHOOHV PROPFXODLUHYV

$FUUFUIOTFNFUFOIWJEFODFEJ ISFOUTF FUTHIPNIUSJRVFTJOUFS\
-BQSFNJOSF QBSUJFFTUEIEJIFEM IMBCPSBUJPOE VONPEOMFE JO
UFSNJOFS EQBSUJSEFMBHIPNIUSJFEFM JOUFSGBDF MBEJTUSJCV
IPVTQSPQPTPOTEBOTDFDBESFVOFJOUFSQSIUBUJPOEFMBDPOTUS)
EBOTVODPJOEFMJRVIJEF $FNPEOMFFTUFOTVJUFBQQMJRVIEBOTM
UBOUFOKFVMBDBQJMMBSJUIBVY IDIFMMFTNPMIDVMBJSFT -BUFOT.
EZOBNJRVF NPMIDVMBJSF FU VOF JOUFSQSIUBUJPO HIPNITUSJRVF EV |
MN EF QSINPVIMMBHF FTU QSIEJUF MPSTEF MB TBUVSBUJPOEV QIIOP
PVUSF SFTTPSUJS VOF EJTUSJCVUJPO EFT GPSDFT UPVU E GBJU QBS|
EFDPOUBDU EPOUMFTF FUT OF TPOUWJTJCMFT RVF MPSTRVF MF TV
FYQISINFOUBMF EF M FYJTUFODFE VOF QSFTTJPO EF -BQMBDF TVQQ
BQQPSUIF /PVTIUVEJPOTFOTVJUFM JO VFODFEFMBNPVJMMBCJMJU
E VOFQMBRVFIMBTUJRVFTPVTM F FUEFDFUUFEJTUSJCVUJPO EF GI
NPVIMMBHF EZOBNJRVF QBS FOUSBOOFNFOUE BJSFTUFYBNJOIF FU
MBEJTTJQBUJPOEBOTM IDPVMFNFOUEFM BJSMPSTRVFDFMVJ DJFT

ORWV FOpvV $BQJMMBSJUI NPVIMMBHF UIIPSJFEFMBGPODUJPOOFMMI
EF MJHOF IMBTUJDJUI USBOTJUJPOEFNPVIJMMBHFEZOBNJRVF
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$SEVWUDFW

6WDWLF DQG '"\QDPLF :HWWLQJ
*HRPHWULFDO (YyHFWV DW OROHFXODU 6FDOHV

JTUIFTIJTIIJHIMJIHIUTEJ FSFOUHFPNFUSJDF FDUTJOWPMWFE JO XFL
UPUIFEFWFMPQNFOUPGBNPEFMPGJOUFSBDUJPOTJO MIJRVJET UP E
UIF EJTUSJCVUJPO PG DBQJMMBSZ GPSDFT BUB NPMFDVMBS MFWFM
JOUFSQSFUBUJPO PG :PVOH TGPSDFCBMBODF UIBUMFBET UP UIF FR)
UIFTFDPOE QBSU UIJTNPEFMJTBQQMIJFEUP QIFOPNFOBBT MJOF UF(
UFSBDUJPOT % UIFTFBMM JOWPMWF DBQIJMMBSZ GPSDFT BU NPMFDV
CZNPMFDVMBS EZOBNJDT TINVMBUJPOT PG OBOPESPQT BOE XF QSFT
OPNFOPO FFYJTUFODF PGB QSF XFUUJOH MNJT QSFEJDUFE EVSJC
FMFDUSPXFUUJOH FNIJDSPTDPQJD DBQIJMMBSZ NPEFM BMTP TIPXT |
JOUIFWJDJOJUZPGUIFDPOUBDU MJOF XIJDIDBOCFPCTFSWFE XIFO
UIFNPEFMQSFEJDUTBOBEEJUJPOBM-BQMBDFQSFTTVSFXIFOBTPMJ
FYQFSINFOUBMMZ 8F BMTP TUVEZ UIFJO VFODF PG UIF XFUUBCJMJU
BOFMBTUJD QMBUF VOEFS UIFJO VFODFPGDBQIJMMBSZ GPSDFT 'JOB
FYBNJOFE BOE XFIJHIMJHIUUIFDSVDJBM SPMFPGEJTTJQBUJPOJO U
UIFMIJRVJE

.H\ZRUGV $BQJMMBSJUZ XFUUJOH EFOTJUZ GVODUJPOOBM UIFPSZ
EZOBNJD XFUUJOHUSBOTJUJPO
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(DEOH GHV PDWLqUHYV

3ITVNI "CTUSBDU
5BCMFEFTNBUJOSFT

*OUSPEVDUJPO
%FM IDIFMMFNJDSPTDPQJRVFEM IDIFMMFNBDSPTDPQJRVF
& FUTHIPNIUSJRVFTEMBMJHOFEFDPOUBDU
1SITFOUBUJPOEFTUSBWBVY

1SFNJOSFQBSUJF .PEIMJTBUJPOHIPNIUSJRVFEV NPVIMMBHF

'PSDFTDBQJMMBJSFT
-BUFOTIJPOEFTVSGBDF
*OUFSQSIUBUJPONJDSPTDPQJRVF
.PEOMFTNPMIDVMBJSFTEFM JOUFSGBDF
'PSNBMJTNFEFDBMDVMEFTGPSDFTDBQJMMBJSFTEM IDIFM
$BMDVMEFTGPSDFTDBQJMMBJSFTBVYJOUFSGBDFT
1PUFOUJFMTJOUFSNPMIDVMBJSFT
$PODMVTJIPO

-BMJHOFUSJQMF
-BMPJE :PVOH
71SJ DBUJPOFYQISINFOUBMFEFMBMPJEF/FVNBOO
*OUFSQSIUBUJPO NJDSPTDPQJRVF
2UVEFTEFDBT
$BMDVMEFT GPSDFTDBQJMMBJSFTBV WPJTJOBHF EF MB MJH
'PSNFEFM JOUFSGBDFBVWPJTJOBHFEFMB MJHOFEFDPOUB
*O VFODFTEFTIIUISPHIOIJUIT
$PODMVTJIPO

%FVYJONF QBSUJF *O VFODFTNBDSPTDPQJRVFTEFTIDIFMMFT

IBOPHPVUUFT
-BUFOTJPOEF MJHOF
IBOPHPVUUFTFOEZOBNJRVFNPMIDVMBJSF
IBOPHPVUUFTFO %'5 TIJNQMJ IF
*OUFSQSIUBUJPO HIPNIUSJRVF
& FUTEFTUSBUJ DBUJPO
$PODMVTJIPO



5./9212@ :.A61?2@

4VCTUSBUTIMBTUJRVFT
-FTTPMJEFTIMBTUJRVFT
$PNQSFTTJPOIMBTUP DBQJMMBJSF
'MBNCBHFIMBTUP DBQJMMBJSF
%I GPSNBUJPOTQSOTEFMBMJHOFEFDPOUBDU
%JTTIQBUJPO EBOTMFTPMJEF
$PODMVTJIPO

&OUSBOOFNFOUE BJS
5BOTJUJPOTEFNPVIMMBHF EZOBNJRVF
"WBODIFEF MBMJHOFEFDPOUBDU
%JIJTTIQBUJPO EBOTMB QIBTFWBQFVS
$PODMVTJIPO

$PODMVTJIPO

$PODMVTJIPO
3ITVNTEFTUSBWBVY
*O VFODFTHIPNIUSJRVFTBVY IDIFMMFT NPMIDVMBJSFT
IFSTQFDUJWFT

"OOFYFT

JUIPEFQSIDJTFEFNFTVSFE VOFUFOTJPOEFTVSGBDF
" JUIPEFTDPOOVFT

" .FTVSFTEM BOOFBYV

" 1SPUPDPMFFYQISIJNFOUBM

" 4PMVUJPO OVNISJRVF

# %POOIFTQIZTJDP DIJNJRVFT

$ "OBMZTFE JNBHF
$ 6UIJMIJTFS MFT CJUTEFTDBQUFVSTS$.04EFTBQQBSFIMTQIP
$ 5SBOTGPSNIFTFOPOEFMFUUFT
$ %IUFDUJPO EF NPUJGT
$ (IPNTUSJF QSPKFDUJWF

% 'PSNVMBJSF
% *OUFSBDUJPOTEJWFSTFT
% *OUFSBDUJPOT QPVS MFDPEF OVNISJRVF
% 60 QFVEFHIPNIUSJF
% 1BSBNIUSJTBUJPO QPMBJSF
% 'PODUJPOTE "JSZ
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IPTUMJINJOBJSFT

SITYVNITEFTBSUJDMFT
0SJHJOPG MJIOFUFOTIJPOGPSB-FOOBSE +POFT OBOPESPQMF
&MBTUJD EFGPSNBUJPO EVFUP UBOHFOUJBMDBQJMMBSZ GP ¢
81ZJTTVSGBDFUFOTJPOBGPSDFQBSBMMFMUP UIFJOUFSGB
&MBTUPDBQIJMMBSZJOTUBCIJMJUZPGBUIJOQMBUF CFOEJO}
"JSFOUSBJONFOUCZWJTDPVTDPOUBDU MJOFT TVCNJUUFE L
$BQIJIMMBSZ QSFTTVSFBOEDPOUBDU MJOF GPSDFPOBTP TPN\

#JCMIPHSBQIJF
*OEFY
SFNFSDJFNFOUT

3ITVNI "CTUSBDU
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QWURGXFWLRQ

IPVT ZUSPVWPOTFODPSF DFNFTFNCMF
DPOTJEISBCMF DFMVJE DUSFIDMBJSITTV
MB NBUJOSF USPQ MP QHN\CHN QDIBIRIMME IS |

OPVT NFUUFOU FOUSF MFT NBJOT VO JOEJ
HIOISBMJUIEF DFUUF MPJRVJFTU MB DMF(
HSBOE SFTTPSUEF MB OBUVSF FUMF NPCJN

+<@2=5+&.? :12-23?.;8<6@ 12-.9.;12 %o~

&ODZDMPQIEJFE :WFSEPO UPNF7** BSUJDMF w$BQ.

-TUVEFEVNPVJMMBHF D FTU E EJSFEFM IUBMFNFOUEFTMJRVJEF
E VOFIJNQPSUBODFDBQJUBMFQPVSEFOPNCSFVTFTSBJTPOT % VOF(
RVPUJEJFO -B GBIPO EPOU MFT MJRVJEFT T IUBMFOU TVS EJ ISFOUT
QITOPNOOFT EF MBWJF DPVSBOUF JM QFVU T BHJS EFT HPVUUFT EF
CBUUBOUF TVS VOF WJUSF TVS VO QBSF CSJTF BWFD VO SPCJOFU NE
TPSUJF EF WRDPVDS$B

$FUUFIUVEFDPOEJUJPOOFE BVUSFQBSUE JOOPNCSBCMFTQSPDIE
UPVKPVSTJNNBORVBCMFNFOU FODPOUBDU BWFD VO MJRVJEF -PSTF
TVSGBDFT JOUFSWJFOU FUEPOU MFDPOUSUMF FTUFTTFOUJFM M 11
M FYUSPDNF WBSJIUTEFTEPNBJOFTJOEVTUSJFMTDPODFSOIT JOEVTL
UJPO HIPMPHJRVF CEUJNFOU JOEVTUSJFDPTNIUJRVF EV WFSSF
IDPVMFNFOUT EV ESBJOBHF EFM JNCJCJUJPO EFM IWBQPSBUJPO
BVTTJQPVS MBCJPMPHJF WIHIUBMF NPOUIFEFMBTOWFEBOT MFTBS
SBTJUFT PV FODPSFMBQIZTJPMPHJF EITWFMPQQFNFOUEFTQPVNPO

&0 O E VOQPJOUEFWVFQMVTGPOEBNFOUBM FMMFDPOTUJUVF V(
EF MBNBUJOSF FUIUVEJFSDFTQITOPNOOFT FYUSBDNFNFOU WBSJIT R
QFSTQFDUJWF DFEPNBJOFBTPVMFWIEF OPNCSFVY RVFTUJPOOFNF(
QITOPNOOFEFM BTDFOTJPODBQJMMBISFMF UMERBY QW F$ 0 ERVT OFOHF ®
ENPOUFSBVY QBSPJTJOUISJFVSFTEFTUVCFTDBQJMMBJSFT FO WFS
EVUVCFFTUQFUJU 1BSMBEWIWB BPSDPEF UFOTJPO EF TVSGBDF B I
RVBMJUBUJWFNFOU NBJTQPTBJUEFOPNCSFVTFTRVFTUJPOTRVBOU
EF MJRVJEF QPTIFTVS VO TVCTUSBU JEIBM GVU FOTVJUF DPNQSJTF F
OEFDFU3I®ODMF QPVS RVF MFTPVUJMTUITPSIJRVFT UIFSNPEZOBNJRYV
ETBQMFJOFDPNQSIIFOTJPO TPJFOU EIDPVWFS UJ DRMF FCP OSVRBVERW E IX(
QSPGPOEFEFMBQIZTJRVFEFTMJRVJEFTFUEF MFVSTJOUFSGBDFT T

"VKPVSE IV)J JMTV UEFT IDBSUFSCJFOQFVEFMBTJUVBUJPO BDBE
SFODPOUSFSEFTQSPCMONFTDPNQMFYFT PVWFSUT FUUPVUEGBJU
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'H O-pFKHOOH PLFURVFRSLTXH j O-pFKHOOH PDFURVFRSLTXF

- BOHMF EFDPOUBDU RVF GBJU VO DPJO EF MIJRVJEFTVS VO TVCTUSB
TFEI OJSEM IDIFMMF NBDSPTDPQJRVF DPNNF DPOEJUJPO EF SBDDF
MJRVJEF .BJTIJMFTUEFQMVTFOQMVTRVFTUJPOEFTBEI OJUJPOEM
MFDUJPOOIQBSM IRVIMIJCSFEFTGPSDFTJOUFSNPMIDVMBJSFTFOUS
EVMJIJRVJEFFUMFTNPMIDVMFTEV  TPMJEF $FUUFTIMFDUJPO JOUFSW
MJRVJEFBV EFTTVTEVTPMJEFEM BQQSPDIFEFMBMJHOFEFDPOUBD
NPHOOFEVOFDFOUBJOFEFOBOPNOUSFTEFMBMJHOFEFDPOUBDU S|
GBJURVFDFUBOHMFE :PVOHTPJUBY OBMTIMFDNBPBOPTMOBGIRVFNFC
QBS MB UIFSNPEZOBNJRVF FTU EPOD FOTPJBTTF[TVSQSFOBOU 0S
WFST VOF WJTJPO NPMIDVMBJSF EF MB MJHOF EF DPOUBDU &O F FU

QMJIJDBUJPOT UFDIOPMPHJIJRVFT NJDSP WPJSFOBOPTPQJRVFTJINQMJI
QPJOU EF WVF EFWJFOU QSJNPSEJBM $FTBQQMJIDBUJPOT SFOEVFT C
DSP VJEJRVF EFM IMFDUSPNPVJMMBHF EFM IMBTUP DBQJMMBSJUI
EF DPOUBDU NFUUFOU FO FYFSHVFEFT QBSBNOUSFTNJDSPTDPQJRVF
NBDSPTDPQJRVFT $FTQBSBNOUSFT RV JMQVJTTFT BHJSE VOF MPC
QVSF PVEFO JNQPSUF RVFMMF0IiPG A QPN QPM VDR MBRNSGEMTROBS MFT
PCTFSWITEM IDIFMMFNBDSPTDPQJRVF .DNFTJMFVSJO VFODF RVBN
EF OPVWFBVY QITOPNOOFTQIZTJRVFTFUNPOUSFOU MFTMJNJUFTEFT
BQQMJIRVIFTEMBNPEIMJTBUJPOEFMBQIZTJRVFEFMBMJHOFEFDPO

7THQVLRQ GH OLJQH pOHFWURPRXLOODJH GplIRUPDWLRQV GX VXEVWUDW
WUDQVLWLRQV GH PRXLOODJH G\QDPLTXH

1SFOPOTRVFMRVFTFYFNQMFTRVJTFSPOUEIWFMPQQITQBS MBTVJUF
EF MBDFOUBJOFEFOBOPNOUSFTFTUEFQMVTFOQMVTDPVSBOUF %F
EJRVF NBJTBVTTJEM IUVEFEFTNBUISIJBVY QPSFVY GPOU GBDF BVY ¢
/IPUBNNFOU VO QBSBNOUSFUIFSNPEZOBNJRVF MBUFOTJPOEF MJHO
DSJSFDPOWFOBCMFNFOU MFT QITOPNOOFT 0S MBUFOTJPO EF MJHO!
DPOGVT DBSFMMFO FTUFYQISINFOUBMFNFOU QBT NFTVSBCMFBJTI
MB GPJTEFTJHOFFUE PSESFEFHSBOEFVS 00T BUUFOEF FDUJWEFN
TPJFOUWJTJCMFTRV EEFTIDIFMMFT JOGISJFVSFT BV NJDSPNOUSF
QFSNJTEFM FYQMJRVFSPVEFMBNPEIMJTFS -FTRVFTUJPOTRVJSF
EFTDSJQUJPOEFTJOUFSBDUJPOT RVJJOUFSWIJFOOFOU BV WPJTJOBF
EJ DIMFT RVFMMFFTUM JO VFODFEFMBGPSNFMPDBMFEFM JOUFS
TUSBUJ DBUJPOEFTNPMIDVMFT QSPDIFTEVTPMJEF 4POU JMT EIKE (
&OTVJUF MBQIZTJRVFEFM IMFDUSPNPVIJMMBHF SITVNFE FMMF TF
QJRVFE VOFMJHOF EFDPOUBDU -PSTRV VOFHPVUUFTVSVOTVCTUS
OPO OVM TPOBOHMFEFDPOUBDUDIBOHF 4FVMFNFOU JMBIUIPCTFS
EF DPOUBDU TBUVSF BWBOU MF NPVIJIMMBHF UPUBM FUDF QITOPNOOF
SBUJPO T BWOSF EIQFOESFE MB GPJT EV MJRVJEF VUIJMJTIFUEV TPM
NPEOMFTQSPQPTITKVTRYV JDJTFUPVSOFOUBMPSTWFSTVOFEFTDSJ
BVwWpPJTIJIOBHF EF MBMJHOF EFDPOUBDU &0 F FU MPSTRVF EFTDIBS
OPUBNNFOU BV WPPTHBORBBREIED MFT DIBNQT IMFDUSJRVFT EJWFSHF
E JOUSPEVJSFVOFDPVQVSFEFTJOUFSBDUJPOTEM IDIFMMF NPMIDV
$PNNFOUDFTQITOPNOOFTJOUFSBHJTTFOU JMTBWFD MBDBQJMMBSJ
/{PVT BVSPOTBVTTJM PDDBTJPOE BCPSEFS MFTF FUT EFT GPSDFT
TPOUEIGPSNBCMFT MBGPSDFFYFSDIFQBSMFMJRVJEFTVSMFTPMJE
VOF GPSDF QPODUVFMMF &0 F FU VOFUFMMF GPSDF NOOF EBOT MFD



& FUTHIPNIUSJRVFTEMBMJHOFEFDPOUBDU

JO OJFT *MFTUEPOD OIDFTTBJSF EF NP EiENMYTFRMIE B ENQ PLSIE MNAFONJE
QJRVF QPVS QPVWPJS SITPVESFDFQSPCMONF 0SMBEFTDSJQUJPO E|
FMMF QPVSSBJUQFSNFUUSFEF QSIEJSFMBWBMFVSEFM BOHMF EF D
VOFEFTDSJQUJPO QBSFYFNQMF EFTQIIOPNOOFTE IZTUISITJIT

&O O MPSTRVFMBMJHOFEFDPOUBDUFTUNPCIJMF JMFTUDPOOV E
DBESFEFM IZESPEZOBNJRVF DMBTTJRVF M IOFSHJFEJTTJQIFEBOT
NPEOMFTPOUUFOUITQBSMFQBTTIEFEIQBTTFSDFQBSBEPYFFOJOUS
RV VOF MPOHVFVSEFHMJTTFNFOU PVM FYJTUFODFE VO MNNPMIDV
MF QSPCMONF SFTUF TVCUJM DBS MFT EFTDSJQUJPOT NJDSPTDPQJR)
JO VFOUM VOFTVSM BVUSF "JOTJ DFQSPCMONFEFWJFOUQSIQPOE
EFNPVIMMBHFEZOBNJRVF &0F FU MPSTRVFMFTPMJEFTFUSBOTMB
QBSUJSEFMBRVFMMFM JOUFSGBDFEFMJRVJEFO FTUQMVTTUBCMF
MJHOFEFDPOUBDUSFDVMF BIUITBCPOEBNNFOUIUVEJIDFTEFSOJOSH
EF MBUSBOTJUJPO EF EINPVIMMBHF MPSTRVF MBMJHOFEFDPOUBDL
WVF UIIPSJRVFRVFE VOQPJOUEFWVFFYQISINFOUBM %BOTDFUUF U
TPVTMFMJRVIJEFMPSTRVFMFTPMJEFTFEIQMBDF &U JMBIUINPOUSI
VOFGPSUFJO VFODFTVSMFTFVIJME FOUSBOOFNFOU PSDFMMF DJO
EJTTJQBUJPO 60BVUSFQBSBNOUSFNJDSPTDPQJRVFQPVSSBJUBMP
MFMJCSFQBSDPVSTNPZFOEBOTMFHB[BVSBJU JMVOFJO VFODF

IPVTWPZPOTRVY JMEFWJFOUOIDFTTBJSFEBOTCFBVDPVQE BQQMJ
TJRVFTUSOTEJ ISFOUTEFEIDSJSFMBMJHOFEFDPOUBDUEM IDIFMM
MBDBQJMMBSJUIJOUFSBHJTTFOU JM $PNNFOUEIDSJSFMFTGPSDFT
FTU FMMFFODPSFWBMBCMFEDFTIDIFMMFT

(JHWV JpRPpWULTXHV j OD OLJQH GH FRQWDFW

,(QWHUSUpWDWLRQ PLFURVFRSLTXH GH OD FDSLOODULWp

*M O FYJTUF QBT EDFKPVSEF NPEOMF TINQMF EF EJTUSJCVUJPO EFT
PVUJMT UIIPSJRVFT BDUVFMT EF MB QIZTJRVF TUBUJTUJRVF EFT JOU
M JOUFSGBDF E BVUBOU QMVT MPSTRVF E BVUSFT QITOPNOOFT QIZT
M IMFDUSPNPVJMMBHF PV MBEFTDSJQUJPOE VOTPMJEF IMBTUPNISJ
FODPSFBVKPVSE IVICFBVDPVQ EF DNJDGW T IHF)W B VB @ JMMEFSIQUS I WB YV
UFOTJPO EF TVSGBDF FTU FMMF VOF GPSDF QBSBMMOMF E M JOUFSG!
EBOTUPVTMFTMJWSFTE FOTFJHOFNFOUE VOFNPMIDVMFEPOU JM NE
UFOEEOPVTGBJSFQFOTFSRVFMBGPSDFTVSVOFNPMIDVMFEM JOUF
NDNF GBIPO MPSTRVFM POT BQQSPDIFEFMBMJHOFEFDPOUBDU JM
RVFMFTUMFTZTUONFTVSMFRVFMMBDPOTUSVDUJPOE :PVOHT BQQN
RVBOUF &TU DF RVF MB GPSDFEFUFOTJPOEFTVSGBDFFUM TOFSHJ
QPVSVO TPMJEF -FUSBWBJME BEIITIJIPOFUMBUFOTJPOEFTVSGBDF
IDIPBVY GPSDFTDBQJMMBJSFTFYFSDIFTQBS MFT MJRVJEFTTVS MFT
TVS MF TPMJEF E MB MJHOF EF DPOUBDU FUQFVU POBQQMJRVFS MB
TPOUMPDBMJTIFTMFTGPSDFTDBQJMMBJSFTTVSVOTPMJEFJNNFSHI
BVYJOUFSGBDFT MJRVJEF TPMJEFDPVSCIFT

$FTjRVFTUJPOT TINQMFT BVY SIQPOTFT DPNQMJRVIFTXx NPOUSFOL

MB DBQJMMBSJUI FTU FODPSFUSOTDPOGVTF /PVTBVSPOTM PDDBT.
E JOUFSBDUJPOTEBOTMFTMJRVIEFTRVIQFSNFUEFTUBUVFS TVS DF
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(JHWV JpRPPWULTXHV

$F NPEOMF CBTITVS MBUIIPSJF EF MBGPODUJPOOFMMF EF MBEFOT.
HIPNTUSJRVFMFTF FUTNJDSPTDPQJRVFTEMBMJHOFEFDPOUBDU /P\
GPSDFTE PSJHJOFDBQJMMBJSFEBOTVO MJRVJEF FUEBOTVO TPMJE
E VODPJOBEPQUIFQBS VO MJRVJEFTVSVOTPMJEFEM BQQSPDIF EF
E VODPJO MFTDPODFQUT NBDSPTDPQJRVFTEF MBUFOTJPO EF TVSG
M JO VFODFEVTPMJEF RVJFTUHIOISBMFNFOU EIDSJUF QBS VOF QSF
QMVT EIl OJFIPR®F \DMVT DFUUF HIPNIUSJF OF DPNQPSUF QBT EF MP«
WFSSPOTRV JMFTUUPVUE GBJUQPTTJCMF EF EIDSJSF MFTJOUFSBELC
RVF OPVT EIWFMPQQPOT QFSNFUE FYQMJDJUFS MFTEJ ISFOUFT MPC
DPNNFOUFMMFT QFVWFOU QFSUVSCFSVODPJOEFMJRVJEF /PVTQPV
JOUFSBDUJPOT UFMMFTMFTJOUFSBDUJPOTIMFDUSPTUBUJRVFT /P!
E :PVOHE VOQPJOUEFWVFNJDSPTDPQJRVF FUHIOISBMJTFS DF SIT\

%F QMVT OPVTTFSPOTBNFOITEDPOTJEISFSMFTF FUTHIPNIUSJR®
NJDSPTDPQJRVFT "JOTJ DPNNFOUJOUFSQSIUFSMFTJOUFSBDUJPOT
E VOQPJOUEFWVFNBDSPTDPQJRVFFOVOFIOFSHJFQSPQPSUJPOOFI
%F MB NDNF GBTPO MB EJTUSJCVUJPO EFT GPSDFT DBQJMMBJSFT EB
TPMJEF RVJEIQFOE FMMF NPDNF EF MB EJTUSJCVUJPO EFT GPSDFT /P
DFNFOUT FUE TUVEJFS M JO VFODFEF MBEFTDSJQUJPO EV TPMJEF T
MJRVJEFT &OTVJUF MFTF FUTEFDPVQVSFEM IDIFMMFNJDSPTDPQJ
SBUJPO $PNNFOU MB TJOHVMBSJUITMFDUSPTUBUJRVFE VOF MB MJF
EFM JOUFSGBDF MJRVJEF $PNNFOUMBTJOHVMBSJUIEFMBEJTTJQB
UIFQBS M IDPVMFNFOU %F MBNBPNFGBIPO MFTDPVQVSFTBVYIDIFM
QBSEFTF FUTEFDPO OFNFOUEFTIDIFMMFTE JOUFSBDUJPO PV EFT I
USFJOESFDFTIDIFMMFTEFEJ ISFOUFTNBOJOSFT DPNNFOUM IQBJT
MBWJUFTTFEFMBMJHOFEFDPOUBDU -BEIGPSNBUJPOMPDBMFEV T®
TFQBTTF U JM MPSTRVF M IQBJTTFVSE VO MNE BJSFOUSBOOIEBOT
DPVST NPZFO /PVTWFSSPOTBMPSTDPNNFOUDFTDPOTJEISBUJPOT ¢
EF TBUVSBUJPOEFM BOHMFEFDPOUBDU FOIMFDUSPNPVJMMBHF MB
DBQJMMBJSFT MBEJTTJQBUJPOEBOTVOTPMJEFEIGPSNBCMF PV FOI
FOUSBOOFNFOUE BJS

3UpVHQWDWLRQ GHV WUDYDX]

ORGpPpOLVDWLRQ JpRPpPpWULTXH GX PRXLOODJH

%BODBBNIJOSERBBWUFUIOTF OPVTOPVTJOUISFTTPOTEMBUIITPSJFN
EBOTDFUUFQBSUJFRVFOPVTQSITFOUPOTVONPEOMFTJIJNQMJ TRVJC
BVY IDIFMMFT NPMIDVMBJSFT /PVT QSITFOUPOTBMPST MFT PVUJMT L
HIPNIUSJRVFNFOU MB DBQJMMBSJUI FU MF NPVJMMBHF %BOT DFUUF
UITPSJF NPMIDVMBJSFEF MBDBQJMMBSJUI

-FDIBQJSBEQFMMF MF DBESF EBOT MFRVFM OPUSF NPEOMF T JOTDS
QJMMBSJUIFUDPNNFOUJM QFSNFUVOFEFTDSJQUJPO TBUJTGBJTBOL
QMBDFE MBTVSGBDFE VOMJRVJEF /PUSFNPEOMFFTUVOFWFSTJPO
MB EFOTJUI %'5 RVJDPOTJEOSFRVFMFTQIBTFTTPOUIPNPHOOFTF
IPVT NPOUSPOTRVFDFTBQQSPYJNBUJPOTESBTUJRVFTQFSNFUUFOU
USJCVUJPOEFTGPSDFTDBQJMMBJSFTEBOTVO MJRVJEF VOFGPJT VC
BMPSTEFEIDSJSFVOFUSOTHSBOEFQBSUJFEF MBQIIOPNIOPMPHJF E



1SITFOUBUJPOEFTUSBWBVY

-FDIBQJBGBAMIRVFFOTVJUFDFNPEOMFEMBMJHOFUSJQMF % VOF(
EFTDSJQUJPO HIPNIUSJRVFEF MBMJHOFEFDPOUBDUDBS DF NPEOMF
DSPTDPQJRVFFOUFSNFTEFGPSDFTEFMBMPJE :PVOH BMPSTRVF D
HIUJRVF FTUBWBODIF "JOTJ EBOTMFDBESFEFDFNPEOMF OPVTQP
MJRVJEFEFTGPSDFTFYFSDIFTQBS MFTPMJEF /PVT QPVWPOTBMPST
NFSMFTGPSDFTFYFSDIFTQBS MFMJRVJEFTVSVOTPMJEFBV WPJTJO
-BQMBDF % BVUSFQBSU OPVT GPVSOJTTPOTBWFD QSIDJTJPO VOF Q
IFVNBOO &0 O OPVTOPVTJOUISFTTPOTEBOTDFDIBQJUSFBVY MJNJ
OPNOOFTE ITUISPHIOTJUI EMBMJHOF EFDPOUBDU RVFOPVTOFEIDS
QPVSRVPIJMBMPJE :PVOHQFVUSFTUFSWBMBCMFEBOTDFDBESF $FI
JOUFSQSIUBUJPOEV QITOPNOOFEFTBUVSBUJPOEFM BOHMFEFDPOU

,QYyXHQFHYVY PDFURVFRSLTXHY GHV pFKHOOHYVY PLFURVFRSLTXHYV

%BOT MB T EIFS@E P BBFUBRUUFUIOTF OPVTIUVEJPOTEFRVFMMFT GBIP
QFVWFOUBWPJSEFTDPOTIRVFODFTBVY iDIFMMFT NBDSPTDPQJRVFT
-FDIBQJUYPUISFTTFUPVUE BCPSEBVYHPVUUFTEFUBJMMF OBOPN
DVMBJSFTTPOU JNQPSUBOUT /PUBNNFOU VODIBOHFNFOUHIPNIUSJI
BVOFJO VFODFEJSFDUFTVSM BOHMFEFDPOUBDU DFRVJFTUQBSU]J
F FUQFVUBWPJSVOFEFTDSJQUJPOUIFSNPEZOBNJRVFTPVT MB GPSN
MF DPNQPSUFNFOUFUM PSESFEFHSBOEFVSHSEDFEEFTFYQISJFOD
HSEDF E BVUSFQBSU EVOFJOUFSQSIUBUJPO HIPNIUSJRVFEBOT MF
-FDIBQJBPITFSJUFOTVJUFMFDPNQPSUFNFOUE VOTPMJEFIMBTUJRVF
VO TPMJEF QBSGBJUFNFOU SDHIERSEYVTFS DCVBIPROOTBRNT GPSDFT DBQ
QSOT EF MB MJHOF EF DPOUBDU TVS VO TPMJEF 4J MF TPMJEF FTU NP
DPOUBDU /PVTIUVEJPOTBMPSTMFTEJ ISFOUTF FUTRVJFOEIDPVMF
UBMFNFOUMFTF FUTEFDPNQSFTTJPOEBOTMFTPMJEFQPVSWIiSJ FS
&OTVIJUF OPVTIUVEJPOTE VOQPJOUEFWVFUIIPSIRVFMFTEIGPSNBL
QBS MFT GPSDFT SITVMUBOUFTBVY MJHOFTEFDPOUBDU /PVTNPOUS
GPSDFTOPSNBMFTFUEFTGPSDFTUBOHFOUJFMMFT 1VJT OPVTIUVEJ
TPVTMBMJHOFEFDPOUBDU FUFYQMJDJUPOTM F FUE VOFEJTUSJC
QBS MFQBTTI QPVSEIDSJSFDFUUFEIGPSNBUJPO &0 O OPVTIUVEJP
UJPOEBOTMFTPMJEFMPSTRVF MBMJHOFEFDPOUBDUFTUNPCJMF &
EVCPVSSFMFUFUE BVUSFQBSU EFTGPSDFTFYFSDIFTQBS MFMJRVJ]
QPVWPJSFYQMJDJUFS MBEJTTJQBUJPO EBOT MF TPMJEF
-FDIBQJQSKETFOUF QPVS 0OJS MB USBOTJUJPO EF EINPVIMMBHF EZC
MJRVJEF IPSTEF TPO CBJO TJMF TVCTUSBU WB USPQ MFOUFNFOU B
TPSUTFD FUT JMEIQBTTFVOF WJUFTTFDSJUJRVF VO MNEF MJRVJE
EZOBNJRVF %F GBIPOJOWFSTF MPSTRV VOTPMJEFFTUQPVTTIEBOT
PUSF FOUSBOOIF EBOT MF CBJO BV EFME E VOF WJUFTTF DSJUJRVF |
/PVT [UVEJPOT FYQiISINFOUBMFNFOU M JO VFODF EF MB WJTDPTJUI E
NFUUPOTFOIWJEFODFM F FUEFMBQSITFODFE VOFQIBTFWBQFVS &
HIPNIUSJRVFNFOU FUMBEJTTJQBUJPORVJT ZQSPEVJUO FTUQMVT (
IZESPEZOBNJRVF RVJ QFSNFU EF EIDSJSF RVBMJUBUJWFNFOU DFUUF
EIQFOEBODFEFMBUSBOTJUJPOBWFD MBQSFTTJPOEFM BJS DFRVJ(
EJTTJQBUJPO MBWJTDPTJUIEZOBNJRVFEFM BJS OFEIQFOE QBTEF
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UHPLqUH SDUWLH

3

ORGPOLVDWLRQ JpRPPpWULTXH GX |






&KDSLW

JRUFHVY FDSLOODLUHYV

*MFTUQSFTRVFJINQPTTJCMF EF EIUFSNJC
M JOUFOTJUIEF MBGPSDFBUUSBDUJWF EF"
TBWPOTTFVMFNFOURYVY FMMFFTU JODPNQE
M BDUJPODBQJMMBJSF RVJO FTURV VOF N

162?7?246:<;12-.=9.02 %oe*"*

&YQPTJUJPOEVTZTUONFEVNPOEF 7PM -JWSF
$I1BQ 97** %FM BUUSBDUJPONPMIDVMBJSF
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$IBQIJUSFSDFTDBQJMMBJISFT " SFUPVS EMBUBCMFEFTNBUJOSF

-BUFOTJPOEFTVSGBDF
'PSDFTJOUFSNPMIDVMBJSFT
%1 OJUJPOUIFSNPEZOBNJRVFEFMBUFOTJPOEF TVSGBDF
%7 OJUJPO NIDBOJRVF
*OUFSGBDFTEFTTPMJEFT
*OUFSQSIUBUJPO NJDSPTDPQJRVF
-BQIBTF MJRVJEF
- JOUFSGBDF MJRVJEF WBQFVS
- JOUFSGBDF MJRVJEF TPMJEF
_PEOMFTNPMIDVMBJSFTEFM JOUFSGBDF
%J ISFOUT NPEOMFT
11IZTJRVF TUBUJTUJRVF EFT MJRVJEFT
.PEOMFTINQMJ IEF IPSJFEFMB'PODUJPOOFMMFEFMB
%FOTJIJUI %'5
7BMJEBUJPO EFTIZQPUIOTFTFOEZOBNJRVF NPMIDVMBJS
'PSNBMJTNFEFDBMDVMEFTGPSDFTDBQJMMBJISFTEM IDIFMMF |
*OUFSBDUJPOT
3IQVETIPO
1SFTTIJPOUIFSRPEZOBNJRVF
1SFTTIJPOEFEJTKPODUJPO
5FOTJPOTEF TVSGBDF
$BMDVMEFT GPSDFTDBQJMMBJSFTBVY JOUFSGBDFT
1SFTTIJPOBVY JOUFSGBDFT QMBOFT
'PSDF UBOHFOUJFMMF EF UFOTJPO EF TVSGBDF
1SFTTIJPOEF-BQMBDF
1SFTTIJPOEF-BQMBDFEM JOUFSGBDF MJRVJEF TPMJEF
1PUFOUJFMTJOUFSNPMIDVMBJSFT
'PODUJPOTEFDPSSIMBUJPO EF QBJSF

$BMDVMEFTDPOUSBJOUFTBV WPJTJOBHF EFTJOUFSGBDI
U JEBI P D

-POHVFVSTEF SIHVMBSJTBUJPO EVQPUFOUJFM
$PODMVTJIPO

/IPVT QSPQPTPOT EBOT DFUUF QSFNJOSF QBSUJF VOF SFMFDUVSF E
UFSNFT EF HIPNIUSJF /PVT DPNNFODFSPOT DFUUF SFMFDUVSF QBS N\
UITPSJF NPMIDVMBJSF EF MBDBQJMMBSJUI D FTU E EJSF M IUVEF EF
NPVIMMBHF RVJJOUFSWJFOU MPSTRVFEFVY JOUFSGBDFTEJ ISFOUT
EPOD QMVT DPNQMF YT OFG B B [BRBIEI B

- TUVEF EF MB DBQJMMBSJUI FTUUSOT BODJFOOF QVJTRV FMMF B
97*MIJODMRNMMF B SFQSITFOUI EDFUUFTQPRVF VO PVUJM JOTEJU QP\
MB OPUJPOE BUPNFIUBJUFODPSFIZQPUITUJRVF FUEFOPNCSFVY NF
QPVS M FYQM>PRV¥BWO OF QPVWBJU SIFMMFNFOU PUSF UFTUI DBS M



-BUFOTJPOEFTVSGBDF

KVTRV EM BWOOFNFOU EF MB QIZTJRVF TUBUJTUJRVF "VDPVSTEV 9
NFOUFYQMJRVIFHSEDFEEFTNPEOMFTEF QIZTJRV:F FUEUJDUNRMFEB
BQQMJIJDBCMFT DBS M IUBU MJRVJEF SFTUF FODPSF FU UPVKPVST EJ
E VOQPJOUEFWVF FYQISINFOUBM RVFE VOQPJOUEFWVFBOBMZU
JEFOUJ ITEFQVJTVOFUSFOUBJOFE BOOIFT /PVTTPVIBJUPOTEINPO
QJMMBSJUI BJOTJRVFMFNPVIMMBHF QFVWFOUTFDPNQSFOESF QMF
-BDPOTUSVDUJPOEFDFNPEOMFWBOPVTQFSNFUUSFEFVYDIPTFTFT
FMMFWBQFSNFUUSFEFSIUBCMJSVODFSUBJOOPNCSFEFNBVWBJTFT
RVFTUJPOTjQJOHFXEVUZQF QPVSRVPIJMBGPSDFEFUFOTJPOEFTVS
TZTUONFTVS MFRVFM MBDPOTUSVDUJPOE :PVOHT BQQMJRVF 2V BE
FTUMBGPSDFFYFSDIFQBSVOMJRVJEFTVSVOTPMJEF 2V FTURV VO
VOFQSFTTJPOEF-BQMBDFEMBUSBWFSTIFEFM JOUFSGBDFMJRVJEF
DBESFUIIPSIJRVFTINQMFFUGBDJMFNFOUBQQMJDBCMFQPVSDBMDV]
MBJSF $ FTUVOQPJOUJNQPSUBOUDBSEFOPNCSFVTFTBQQMJDBUJP
EFTGPSDFTDBQJMMBJSFTQPODUVFMMFT -BSIHVMBSJTBUJPO EFTQ
BUPNJRVFFTUFOF FUEFWFOVFJIJNQPSUBOUFHSEDFFOUSFBVUSFT B\
EFTEIGPSNBUJPOTIMBTUJRVFTMPDBMFTEFTTVCTUSBUTQBS MFTGP
EFM BOHMFEFDPOUBDUEZOBNJRVF

$FTEFVY QSFNJFSTDIBQJUSFTTPOUQSITFOUITEFNBOJOSFWPMPC
VOFBQQSPDIFUPUBMFNFOUBTDFOEBOUF RVIJBVSBJU SFDPOTUSVJU
NPVIMMBHF EQBSUJSE VODFSUBJO OPNCSFE BYJPNFTFUE I1ZQPUIC
SITVMUBUTEFNBOJOSFQSPHSFTTJWF FOQBSUJFIJTUPSJRVF QPVS
MBDPNQSIIFOTJPOEFMBDBQJMMBSJUIBJOTJRVFTVSMFTNPEOMFT I
QBSUJFMMFNFOU KVTUFT FURVFMTBWBOUBHFTFOUFSNFTEFNPEIM
EIDPVQF EPODEF MBNBOJOSFTVJWBOUF 5PVUE BCPSE BQSOTVOFC
MB UFOTJPO EFDOWBGBPFT M JOUFSQSIUPOT EF GBTPO RVBNWMBDBUJWF §
UJPO &OTVJUF OPVTSITVNPOTMFTNPEOMFTNPMIDVIMFBISIFTOE M PSJ
FUFYQPTPOTMFNPEOMFRVFOPVTVUJMJTFSPOTEBOTMBTVJUFEFDF
NJDSPTDFEODRVPOWFD DF NPEOMFFO NBJO OPVTQPVWPOTBMPST SFU
EF MBDBQJMMBSJUI RVFOPVT BORMURKN®OTCE BPWFSU VFE FRAN@QIVMMRFT E.
QPUFOUJFMTJOUFSNPMIDVMBJSFTRVFOPVTQPVWPOTVUJMJTFS BWI
MF NPEOMF RVJB IUTEITWFMPQQI FU EF TINQMJ FSTWPUDB®DMMT EF D
TFSPOTBWFDDFMB TV TBNNFOU BSNIDQBPYBIUSBEPSEFS MF NPVIMMBHF

/ID WHQVLRQ GH VXUIDFH

JRUFHV LOWHUPROpPFXODLUHV

- FYQISIJFODFDPNNVOFEFMBDBQJMMBSJUI PVEFMBUFOTJPO EF TV
HSINQFTVSMFTQBSPJTE VOWFSSF MBQMVJFT BDDSPDIF BMY WJUS
DBQJMMBSJUIFOFMMF NDNF QFVUUPVUFGPJTT FYQSIJNFSEBOTE B\
EM BWBOUEFTDBOBSET MFTHPVUUFTEFQMVJFPV MFTCVMMFT EF F
QSFOESFEFTGPSNFTIUPOOBOUFTMPSTRV JMTT BIHYWBIFOUTVS EFT

5PVTDFTQIIOPNOOFTTPOUEFTDPOTIRVFODFTEFDFRVFM POBQQ
TFNBOJGFTUFEMBTVSGBDFEFUPVTMFT MJRVJEFT MFDBTEFTTPM
QMVT MPJO 0O MBEIDSJUEFEFVY GBIPOT % VOFQBSU E VOQPJOUE
MPOHEFMBTVSGBDF FMMF MBNBJOUJFOUTPVTjUFOTJPOXFO QFSN
NPEZOBNJRVF FMMFSFQSITFOUFBVTTJVOFIOFSHJFEFM JOUFSGBD
WFSSBTPOIOFSHJFNJOJNJTIFTIMBTVSGBDFEFDFUUFJOUFSGBDFF
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'64B?2 2VFMRVFTFYFNQMFTEFM FYQSFTTJPO EF MBDBQJMMBSJUI FU E
KPVST %FHBVDIFEESPJUFFUEFIBVUFOCBT VOFHPVUUFE FBVSFTUFB
4 2VFSCFT EFTHPVUUFTE FBVTPOUIKFDUIFTKVTUFBQSOTM JNQBDUE
4 2VFSCFT EFTCVMMFTEFHB[T IDIBQQFOU EV DIBNQBHOF EFQVJT VO
<> VODBOBSETFEIQMBDFEMBTVSGBDFEFM FBVFUHIOOSFEFTQFUJU
M FBV TVCJU VOFBTDFOTJPO DBQJMMBJSF EBOT VO UVCFEFWFSSF FUF
EJBNOUSFEFTUVCFTFTUQFUJU QIPUPMJCSFEFESPJUT VO (FSSJTNBE
MNEFTBWPO QSFOE MBGPSNFE VOFTFMMF EFDIFWBM TVSGBDF EFDPV

QPVSRVPJMFT CVMMFT TPOU TQIISJRVFT FURVFMMFT TPOU MFT GP¢
TVSGBDFTNJOJNBMFT /PVTBMMPOTFTTBZFSEFDPNQSFOESFEBOTD
TPOUIRVIWBMFOUFTEBOTMFDBTEFTMJRVJEFT FUEJTUJODUFT EBC

-BDPNNVOBVUITDJFOUJ RVFT FTUUSOTUUU SFOEVDPNQUFRVF MI
GFTUBUJPONBDSPTDPQJRVFEFM FYJTUFODFEFTGPSDFTBUPNJRVF"
FTUSBQQFMIF EOYTMBDOME¥ESD'FYOBSUJDMFE VOFIEJYJFBOEBBWOWDIF E
WFSUFPSJHJOBMFEFM BTDFOTJPODBQJMMBISFYTEODODNPRPBBUSBO!
- BQQBSFOUF EI BODFEFDFTUVCFTDBQJMMBJSFT BVY MPJTEF M IZE
UPVUBVMPOHEVTJODMFEFTMVNJOSFT FOQBSUJFDBSDFQIITOPNOO
NBUJOSF -FTNPEOMFTNPMIDVMBJSFTRVJUFOUFOUEFM FYQMJRVFS
TJODMF BWFD -BQMB BMGPWBNNFOMBEOBIJTTBODF EF MB QIZTJRVF TU
NPEZOBNJRVF FOITUBJUE TFTCBMCVUJFNFOUT FURVFM FYJTUFODF
NPEOMFTNFUUFOUFOBWBOUVOFBUUSBDUJPOE MPOHVFEJTUBODFE
MB SIQVMTJPO RVJQPVSUBOUEPJUFNQDPDIFSMBNBUJOSFE¥T F POE
TJODMF KVTUFNFOUBWFDM BSSJWIFEFMBQIZTJRVFTUBUJTUJRVF |
IWJEFODFEBOTMFTMJRVJEFT $ FTUFOTOEBRNF RBEENY NOEP NMFJIWEHR
TUBUJTUJRVFEFTNJMJFVYJOIPNPHOOFTQFSNJSFOUE¥F DPNQSFOES

-TUVEFEFMBDBQJMMBSJUIFTUE VOFHSBOEFSJDIFTTF &MMF JNQ/|
TUBUJTUJRVF MBUIFSNPEZOBNJRVF MBNIDBOJRVF M IZESPEZOBN.
UVBUJPOT 1PVSUBOU TPO JOUFSQSIUBUJPO NJDSPTDPQJRVF FTU TF
EF MBQBSUE IUVEJBOUT WPJSF EFDIFSDIFVST /PVT BMMPOT UFOU|
EJ ISFOUTBTQFDUT NJDSPTDPQJRVFT FUNBDSPTDPQJRVFTEF MB DB
E VOQPJOUEFWVFNIJDSPTDPQJRVF FUTVSDFRVFTPOUMFTJOUFSB



-BUFOTJPOEFTVSGBDF

OPVT QFSNFUUSBEFNFUUSFMFEPJHUTVSMFTQSPQSJIUITGPOEBNF!
QPVSSPOTBMPSTEIWFMPQQFS VO GPSNBMJTNFFYUSDNFNFOU TJIJNQM
QMFNFOU MB DBQJMMBSJUI FUEF NFOFS GBDJMFNFOU EFT DBMDVMT
VUIMIJTFSPOTEBOTMBQMVQBSUEFTDIBQJUSFTTVIJWBOUT

'"PPQLWLRQ WKHUPRG\QDPLTXH GH OD WHQVLRQ GH VXUIDFH

&O UIFSNPEZOBNJRVF MBUFOTJPOEFTVSGBDFFTUEI OJF DPNNF fUE
EMBQSITFODFE VOFJOUFSGBDF FOUSFEFVY QIBTFT $FUUFET OJUJ
(JCCT>= 1SFOPOTFO F FUVO TZTUONF GF SW i FBF BAFPWRANNF 8§ B W\B IF DOPROOT
T DPNQPTIEFEFVY QIBTFT-FU( QBSFYFNQMF VO MJRVJEF FU TB WB
BV TZTUONF QSPWJFOU E BQSOT MF QSFNJFS QSJODJQF EF MB UIFSN
QBSBNOUSFT FYUF ®TA GM E YWIZG BOMN E fl MMBORWVBGB.DF ERNNBUJOSF UP
BDDSPOU MB TVSGBDF E Y ™F \D& BWHIJ P OCBUFSFOMFMBA TPDJIF EM BDDSPJT
DFTZTUONF 0OOFYQSJIJNFEPODE BQSOTMFQSFNJFSQSJODJQF MBWB

dUu=TdS pdv+ _.dA+ dn;

P& FTUM FOUSPQPFEV TETRBFNPIPQRFWFOUJFM DIJNJRVF -B WBSJBU.
T IDSJUEPOD QBSUSBOTGPSNIFEF-FHFOESF

dF = SdT pdv+ _dA+ dn:
1BSEl OJUJPO MBUFOTJPOEFTVSGBDFT IDSJUBMPST

@F
@A T;V;n .

-7 —

-BUFOTJPOEFTVSGBDF DPSSFTQPOE EPOD E MB EISJWIFEF M TOFSH.
TVSGBDF EFAM NPSFRGBNE U ANRQWSEVBWSHB RVBOUJUTEPNBIBIOSFOVT
DPOTUBOUT

8QH pQHUJLH G-H[FqV OLpH j OD VXUIDFH

$FUUF EIl OJUJPO BQQFMMF QMVTJFVST DPNNFOUBJSFT 1PVS VO TZT
IRVIMJCSF MJRVJEF HB[UZQJRVFNFOU MBEFOTJUIQBTTFDPOUJORN
MJRVJEF EDFMMF EV HB[ EBOT MB QIBTE @ 8B € S\FTRBAFUFER BIF OMTHT
QIBTFT 4VQQPTPOT RVF DF TZTUONF QPTTOEF VOF JOUFSGBDF QMBC
QBS FYFNQMFTIJM POOFTPVIBJUF QBT QSFOESF FODPNQUF MB HSBW
TIQBSBEBEFAEFVY QIBAFDSP BUSEF MBUSBOTJUJPO EFEFOTJUIRVJFY.
MB TIQBSBUJPO JOUSPEVJUF PO EI OMUrBMP YT MPRITOVEFND\FNRJTF BOTUG BB
DIBRVF QIBTF QPTTOEF EFT, ERCET JOFB BB ACRIWDPSIGEJFT 00 ET OJU BMF
RVBOUJUIT FYUFOTJIWF BV PUBRYF @BETIEG 1BS SBQQPSUE M IOFSHJ
U FUMBRVBOUJUT P UBMFFHRJR EPIDISFOF DPOUSJCVUJPOEM TOFSHJ
NBDNF QPVS MBRVBOUJUIEFNBUJOSF

U=U_+ Ug+ Us;
nN=n_+ Ng+ Ng:

-TOFSHJFMJCSF DPNNFM IOFSHJFJOUFSOF FTUVOFGPODUJPO IPN
SBNOUSFTE IUBUFYUFOTJGT 00TDSJUEPODDFRVIJFTUBQQFMI MB ¢
TZTUONF

F= pv+ _;A+ n;
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DF RVFM PO QFVU IHBMFNFOU IDSJSF QPVS DIBDVOFME FORSIBJIF W JOCS |
TVSGBDJRVF

Fs= ./A+ ng:

OO QFVUFOTVJUFDIPJTIS QMVT OFNFOU MBsGRT JWMIPI E F WM BFMVEFG\BD
EBOTDFDBT POB

-BUFOTJPOEF D¥SGEPPD DPSSFTQPOESFEM FYDOTE IOFSHJF MJCSI
VOJRVFNFOU EBOTMFDBT P4 MB QPTJUJBO EFM JOUFSGBDFFTUEI O
JOUFSGBDF EF (JCQEMBPNREBDERODFVST PPNQPTBBBTT MF DBT Pa MF
TZTUONF FTUNPOPDPNQPTBOU DFUUF QPTJUJPOSTFE TIUMR P4 MB EFC
$F SBJTPOOFNFOUB Ui QSPEPFITQABSBQQEMKQBS »PQOIPEGO EROT
M PYWSBHFUSOTDPNQMFU EFYSXWBIDBEOOMMBSERN <

0S EBOTMBQMVQBSUEFTTZTUONFT JMZBE VOFQBSUQMVTJFVST
UPUBMEFQBSUJDVMFTDPOTUBOU 0OOTFQMBDFCFBVDPVQQMVTTPVV
DIJNJRVFDPOTUBOU 00 QSIGOSFBMPSTEBOTDFDBTMBEI OJUJPO EJ
BV HSBOE Q® WFF O U,J M

@ _ S

@AT;V;i A
$FUUFEFVYJONFITHBMJUIFTU BMPSTJOETQFOEBOUF EFMBQPTJUJPO
PAaJMO FTUQBT OIDFTTBJSF EF TQ'I'DJ FSVOQPUFOUJFMDIJNJRVF D
MIRVIJEFTQFVWPMBUJIJMFT JMFTUTV TBOUEF DPOTJEISFS MF QSPCM
M IOFSHJF MJCSF

% BVUSFQBSU FO DPOTJEISBOU VOF JOUFSZG%&FQU'MIRS/B:ZEG BP
MB TQIOSF QMVUUU R VR\:Q1F J@OI{SIG/BDEFI\Q?VBBI’OEFTUFSNJOFS FO SIIDSJW
MBMPJEF-BQMBDF RVJ FYQMJDB‘LEFBIQDEFBJBI'IS‘FE)QFBEI'H:CES)FG'FFG)(DJJPO EF
TVSGBDF

7=

-7 .

P_T'
$FUUFEI OJUJPOO FTUQBTVOJWPRVFQVJTRVFTIJM PODPOTJEOSFG
ER BMPSTJIJMFYJTUF VO UFSNFTVQQMINFOUBJSRERB@R<DF URNFIIRVBU.,
EIQFOEEVDIPJYEFMBQPTJUJPOEFM JOUFSGBDF 0S DFUFSNFT BO
QPVS MBR¥PMVWRE 1 %FQMVT POQFVUNPOUSFSRY JMT BOOVMF QPYV
(JCCTQPVSM JOUFSGBDF FURVFMBUFOTJPOEFTVSGBDF¥*TUNJOJN
"JOTJ MBEI OJUJPOEFMBUFOTJPOEFTVSGBDFFOUFSNFEFUSBWB
EVDIPJYEFMBQPTJUJPOEFM JOUFSGBDF -PSTRVFM JOUFSGBDFFT
EIQFOESFEFMBQPTJUJPO OPUBNNFOUQPVSEFUSOTGBIJCMFTDPVS(
UFOEVFQBSSBQQPRGY HE MMBQBBMBES ERPPFBSCVSFTTVSVOFIDIFMMF EF N
DFRVJFOGBJUVOFRVBOUJUINBMEI OJF 5PVUFGPJT MPSTRVFM JO
FU;FTUQSPQSFNFOUEI OJF 60DIPJY OBUVSFMEFQPTJUJPOEFM JO
QFSNFUBVTTJM IRVIJWBMFODFBWFD MBEIT OJUJPONIDBOJRVFRVF O
&OTVIJUF M FYQSFTTJPOEFM IOFSHJF MJCSFTVSGBDJRVF OPVTQ
FOUFNQISBUVSFEFMBUFOTJPOEFTVSGBDF /PVT OF SFOUSFSPOT Q|
DFUUF UIOTF NBJTFMMFFTUEPOOIFQBSM IRVBUJPOEF (JCCT %VIFN

_ Ss Ns . .
d . = AdT Ad,
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P& FTUM FOUSPQJF BTTPDJIFE M JOUFSGBDF $FUUF EIQFOEBODF
EM FOUSPQJBOAFQOEKGBEBDF MPSTRVF MB UFNQISBUVSF BVHNFOUF
QVJTRVFM FOUSPQJF E BYPSIREF MUJGBFHERDMVATDFMB OPVT EIDSJL
EF MBUFOTJPOEF TVSGBDF BWFD MFT QITOPNOOFTE BETPSQUJPO E I
BETPSCIFEV GBIWMERWI QFYVRSSABIFQPTIJUJWF DPNNF OIHBUJWF

&0 O EBOTMFDBTEFTTPMJEFT MBWBSJBUJPO EF MBTVSGBDF EF
FTUEIMJDBUF DBS FMMFJNQMJRVF EF QSIDJTFS RVFMMF UZQF EF EIG
TUBEF EF OPUFS RVFDFT SBJTPOOFNFOUT OF T BQQMJRVFOU RV BVY
EIUBJM QMVPMPJIGF B MEBEP O

, QWHUSUpWDWLRQ PLFURVFRSLTXH

-FTEl OJUJFOT TPOUHIOISBMFNFOU JOUFSQSIUIFTEFMBGBIPOTVJW
EF MIRVJEF BV WPJTJOBHFE VOFJOUFSGBDF MJRVJEF WBQFVS - FO
NFOUEJ ISFOUEFTNPMIDVMFTRVJTFUSPVWFOUMPJOEFM JOUFSGBI
EFWBOUM IDIFMMFUZQJRVFTVS MBRVFMMFM FOWJSPOOFNFOUEFTI
TVCJTTFOU UZQJRVFNFOUKVTRV EVOFEJ[BJOFEFUBJMMFTNPMIDV
VIVFMMFT FMMF OFWPJUQBTM JOUFSGBDF FUEPODFTUEBOT MB |
JO OJ EF NPMIDVMFT JEFOUJRVFT $FDJFTU FO HIOISBM SFQSITFOUT |
QBS MFT NPMWDPSMPD WPJUBMPSTDMBJSFNFOU RVF QPVS MBNPMIDV
QSPYJNBUJWFNFOU MBNPJUJIEFTMJBJTPOT QBS SBQQPSU E VOF NP\
VOFBVHNFOUBUJPOEFM IOFSHIJF MICSFQSPQPSUJPOOFMMFE MB TV

'64B?2 4DIINB SFQSITFOUBOU MFT MJBJTPOT NBORVBOUFTE MBTVSGBD
TVSGBDFQPTTOEFVOEI DJUEFMJBJTPOT

/IPVT QPVWPOT FTUIJNFS M PSESF EF HSBOEFVS EF MB UFOTJPO EF
E IOFSHIJFMJCSFFTUEFM PSEEFWJIVOF(GBBEIMBIF\EFGBIBE GEZRIARVF E V
", ; ON 1I1PVSEFTIVIMFT MFTJOUFSBDUJPOTEF7BOEFS 8BBMTOP
keT' / F7 0OOUSPVWFBMRPSBT 1PVSM FBV MFTMJBJTPOTIZESPHOC
[OFSHJFTEF MJBJTPOT QPVSEPOOFSVORUEOTNO EFVIYBEBIFE BV S/ F
MFTIBVUFTIOFSHJFFEFBWIBJFOO VOFUFOTJPO EF;,TVSGBDF EFM PSE

'"PPQLWLRQ PpFDQLTXH

&ONIDBOJRVFEFT VJEFT MBUFOTJPOEFTVSGBDFO FTUQBTEI OJFF
EFGPSDFQBSVOJUIEFMPOHVFVS %BOTVO VJEFBVSFQPT VOIMINF
OPSNBMFTEFMBQBSUEV VJEFFOWJSPOOBOU EVFTEMBSIQVMTJPO
USBWFSTIQBSVOFJOUFSGBDFTIQBSBOUEFVYQIBTFT M JOUFSGBDF
EPJUDUSFQSJTFFODPNQUF MBUFOTJPOQE¥IMSEBPEGTSPNNFHEMNMSIB
VOFGPSDFUBOHFOUFEMBTVSGBDFEFM JOUFSGBDF FUOPSNBMF BV
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EM JOUFSTFDUJPOEFMBTVSGBDFEVTZTUONFFUEFMBTVSGBDFEF
MB MPOHVFVS EVDPOUPVS &0 O DPOUSBJSFNFOUE MBQSFTTJPO D
WFSTMF MJRVJEFEM FYUISJFVSEVTZTUONF

'64B?2 4DIINB SFQSITFOUBOU MB GPSDF QBS VOJUI EF MPOHVFVS EF UF
TPVT TZTUONF EF HBVDIF TVS MF TPVT TZTUONF EF ESPJUF -B GPSDF FT
DPOUPVS

BULQFLSH GHVY WUDYDX[ YLUWXHOV

-FMJFOFOUSFMBNIDBOJRVFFUMBUIFSNPEZOBNJRVFFTUGPVSOJ Q]
OPVTVODVCFEBOTMFRVFMEFVY QIBTFTMJRVJEFFUWBQFVSTPOU F
QBSBMMOMFE VOFEFTGBDFTEVDVCF .PEJ POTDFTZTUONFEF GBIPC
TBOU VOF EFT GBDFT RVJI TPVUJFOU M JONIF O®BEFVIHE F WOEBTFA BN F
MBSWFE Y OF EJTUBBDDFSGBDF EF M JOUFSGBWE T FFFQ@LCER d D BSIHSBOEJE
BVHNFOUIEF

F= _/WL:

$FUUFBVHNFOUBUJPOE IOFSHJFMJCSF EUFNQISBUVSFDPOTUBOUF
RVJT BQQMJRVFOUBV TZTUONF -BQSFTTJPO JEFOUJRVFEBOTUPVU
WPMVNFFTUOVMMF $FUSBWBJMDPSSFTQPWE EPRPOBRIEFDFEMWEHAGWP S
FUOPSNBMF BV DPOUPVSEFM JOUFSGBDFTVS MFTZTUONF -B GPSDF
.7QBSVOJUIEF MPOHVFVS

7THQVHXU GHV FRQWUDLQWHYV

-BGPSDFUBOHFOUJFMMF jTJUVIFTVSM JOUFSGBDFxO FTUIWJEFNN
QMVT QSIDJTINFOUMBUFOTJPOEFTVSGBDFE VOQPJOUEFWVF NIDB
EFTDPOUSBJOUFTBVOJWFBVEFM JOUFSGBDFEM IDIFMMFNPMIDVME
VOUFOTFVS TZ RMIEI®BEBU MB GPSDF FYiFB\DS VBB O TNFEOBJISF /B WPON F E
QSITFOUBOU VOF GBDF Eji OBFOPENG B E FIRUDEBIGIOAVMNENEJS FOUJPRR SITF
TVS'MBVSFB -PSTRVFMFT DPOUSBJOUFT TPOU VOJRVFNFOU EFTDPO
UFOTFVS FTU EJBHPOBM -FT DPOUSBJOUFT OPO EJBHPOBMFT DPSSF"
WJTRVFVTFT 4JM POOIHMJHFMFTDPOUSBJOUFTWJTRVFVTFT EBOT
EVUFOTFVS EFT DPOUSBJOUFT QFVWFOU DUSFT QSPKFUIFT TFMPO M
EJSFDUJPOTUBOHFOUJFMMFT TRV JW B MyORF TMFBISDTPZANQ B § B B WOTE] PGS
FUUBOHFOUJFMMFEVUFOTFMSVEBFFC DDPOUSBJOUFT <WPJS MB

0
pr 0 O
=@0 pr 0A
0 0 pn

%POOPOTOPVTBMPSTUPVKPVSTVODVCFEBOTMFRVFMEFVY QIBTF
DFUUF GPJT BJ E¥FSSU/BGBBEFM JOUFSGBDE EB®J] MG ER ¥ B MBE PR GB\DI-
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'64B?2 B 4DIINB SFQSITFOUBOU M Bp EYPOFEATF U S NG P DEPOWSBJIOUFT E|
TVS VO IMINFOU EF WPMVNF -F QSFNJFSFIVE GIPSPFQ@S W FUSED TYBG T
EFVYJGNFOJU MB TVSGBDF TVS MBRVFMMF FMMFBHJMFWEFQT MFDBTLE VO
EJBHPOBM C -PSTRV VOFJOUFSGBDFQMBOFCPSEFMFMJRVJEF MFUFC
EFHSITEF W EBSRMI EI OJTTFOUMFT DPOUSBJOUFTEBOTMFTEJSFDUJP
M JOUFSGBDF FU OF EIQFOEF@UORP\SINB WP E MFYOIFFSBBDE-CMF 1SP M EFT
UBOHFOUJFMMFTFUOPSNBMFTE MBUSBWFSTIFEFM JOUFSGBDF

AFTUTY TBNNFOU HSBOEFp\BMiP S PMBTEGP GBPAODBJDP\OFINER Py % F QMVT
FTUDPOTUBOUEBOTUPVUMFDVCFDBSM JOUFSGBDFFTUEM IRVJIMJ
EBOT MB TFDUJP OO/ EWBVOBIFF BMPST EF GBTPO SIWFSTJCMF JTPUIFS
DVCF EFTPSUFRVFMBTVSGBDREWRIBOUMNBSFSGBDF BVHNFOUF EF

'64B?2 60F QIBTF WBQFVS
VFTUFOTRVIJMJCSFBWFDVOFQIB
MJRYJEFOT VOF FODFJOUF EF
WPMVNFDPOTUBOU E UFN
QiISBUVBPOTUBOUF 00 EI
GPSNF MF WPMVNF FO DIBOHFBO
MB TVBGBAAFE WPMVNF
DPOTUBOU FU EPOD MF QMBGPO
WPMVNF FTU BVUPSJTI E NPOUF
-FTGPSDFTEFQSFTTJPO USBWBJ
TVS DIBRVF TVSGBDF EV WPMVN|
-FT GPSDFT EF QSFTTJPO UBOHF
UJFMMFT EpM WSBM BE\BDFO U

QBS MF EIQMB DFWN MFT

GPSDFT EF QSFTTJPO OPSNBMET
M JOURSGBIBWBJIJMMFOU TVS MB
EJ T UIBO/AF

-FUSBWBJMEFTGPSDFTEFQSFTTJPOUBOHFOUJFMMFTEM JOUFSG
Z
Wr= A pr(z)dz :
0

%F NDNF MFT GPSDFT OPSNBMFTEM JOUFSGBDF USBWBJMMFOU DBS
QMBGPOE FTU QB & A PO PRSWBBQS RiPT 0B FETRO D

AL
WN: ApN T = ApNL:
'JOBMFNFOU MFUSBWBJMUPUBMDPSSFTQPOEEM BVHNFOUBUJPOE
ZL

F=Wr+ Wy= A (bn - pr(2))dz;
0
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DFRVJOPVTEPOOFTFMPOMBEI OJUJPOUIFSNPEZOBNJRVF MBEISJV

£,
v = (v pr(2)) dz;

FOBZBOU QPVTTIMFTCPSOFTEFM JOUIHSBMFEM JO OJQVJTRVFM .
$FDJDPOTUJUVF MB EIl OJUJPO NIDBOJRVF EF MB UFOTJPO EF TVSGB
XPPE FU#V FO> FWFTU SFQSITHYSHD TWBVWEBE QFVU PUSF TVKFUUF E
DBS MBDPOUSBJOUFUBOHFOUJFMMF FTU QBSGPJT NBM ETROJF /PVT ¢
TFDUJPO

,QWHUIDFHYV GHV VROLGHYV

-FTSBIJTPOOFNFOUTRVFOPVTWFOPOTEFGBIJSFOFT BQQMIRVFOU FC
BVY JOUFSGBDFT TPMJEFTPOU IUT FY@G8IJPDMAVYI®BQGITEMTVRAQ MFXPS
FO < -BQQMJDBUJPO BVY MJRVJEFT B IUI FYQM XD B0 BRUWBHED,ME LEFP
SFWVF BQQMJRVIFBVY TPMJEFTDSJTUBMMJOT EF .aMMFS FU 4BaM F
DMBJSFRU EPOU MB EISJWBUJPO QSITFOUIFJDJFTUUJSIF

%BOTMFDBTE VOTPMJEF JMDPOWJFOUEFGBJSFVOFEJ ISFODFF
TVSGBDF -B SFMBUJPO FOUSF MFTEFVY FTUDPOEJUJPOOIFQBS M IM
SFMBUJPO FOUSF MB GPSDFBQQMJRVIF MPDBMEH P@OWBVY B B B VS UBB/MRJ
MFUFOTFVSEFTEIGPSNBUJPOT

_1 ou, @y
T2 @x @x
$ FTUVOUFOTFVSTZNIUSJRVFQBSDPOTUSVDUJPOFUJMDBSBDUISJ"
EFM IMBTUJDJUIMJOIBJSF JMFYJTUF BMPST VOF SFMBUJPO MJOIBJ¢
EIGPSNBUJPOT RVJQFVUTFSIEVISFEBOTEFTDBTTIJNQMFTE MB MPJ
M IMBTUJDJUTMJOIBJSF MZ'I'OFSHJF WBITWSRYF UPUBMF EV TPMJEF EF
X
1

FUTF SITEVJUMPSTRY JMO ZBQBTEFGPSDFTFYUFSOFTWPMVNJRVFT
M TUBU EF SIGISFODF FTUVO IUBU EIGPSNT M BQQMJDBUJPO EF GPSD
DFUSBWBJM FTU QPTJUJG *M FTUEPOD JNQPSUBOU FO HIOISBM EF T(
USBWBJM QFVU PUSFBMPST TPJU OTHBUJG TPJUQPTJUJG TFMPO RV
TPMJEFEBOTVOIUBUQMVTTUBCMFPV MFDPOUSBJSF

-FT QSPQSJIUITEFTJOUFSGBDFT EFT TPMJEFT TPOU BMPST EIDSJL
JOUFSGBDFT FUEPOD QBS MB DPOOBBETFBODFEFUSE EOWFSIN BY D®A ES$
DIEFNNFOU PO DPOTJEOSF MF DBTE VO TPMJER EPM TH B QURIEFU FS G F
'JHVSF 00 DPOTJEOSF EF QMVT RVF MF TPMJEF FTU TZNIUSJRVF EBO"
M JOUFSGBDF QBTE BYFDSJTUBMMPHSBQIJRVF QPVS  TINQMJ FS MF
JMO ZBEPODQBTE FYDOTEFDPOUSBJOUFEBOTMBEJSFDUJPO OPS!
HFOUJFMMF *M SFTUF EPOD VOF TFVMF DR NQR T BXADUG PMILI MOFB B/ B NB-FOW
El OJSMFTRVBOUJUIT EF TVS GBDFRVIGPEHNB BFT®WPORBB IJDAFSITFOU
MBHVSF

STT = tr(2)dv. 7OV ;

NN (2)dV o an (0)V
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'64B?2 %IGPSNBUJPO EBOTMFTPMJEF B -BDPQEGBBJAEFEFOMHEOUJIFM
DPOUSBJOUF EBOT MF WPMVNF - JOUIHSBMF EF DFY44HF DPORUBIBIOUF EI C
DPOUSBJOUF DSIF VOF EIGP NBEBPOTOWS NBWMFEFPRB QP JOUIJMMIT TPOU S

QMBOTDSJTUBMMJOTIRVJEJTUBOUTEBOT MF WA\MWNEFFE{IEESQIBBDFRFOU
EFTVSGBDF

/IPVTTPVIBJUPOTFOTVJUF SFMJFSM IOFSHJFIMBTUJRVFEFTVSGBI
JM T BHJU EPOD DPNNF QSIDIEFNNFOU EF QSPQPTFS EFT EIGPSNBUJF
GPSNBUJPO MBQMVT OBUVSFMMFE VOQPJOUEFWVFFYQISINFOUBM
JOEJRVI'TUS MBPO EIGPSNF VOJRVFNFOU MF TPMJEF UBOHFOUJFMMF|
A EUFNQISBUVSFDPOTUBOUF - JOURW§GBDF SFNPOUFE VOFRVBOUJ

'64B?2
%IGPSNBUJPO

EV TPMJEF E
UFNQISBUVSF

T DPOTUBOUF
FU QSFPTJPO
EBOT MB WBQFVS
DPOTUBOUF

-BWBSJBUJPOE FYDOTEVUSBWBJMEFTGPSDFTIMBTUJRVFTT IDSJU
Ws=A(sttA Penn):

st SFQSITFOUF EPOD MF USBWBJM JTPUIFSNF QBS VOJUT EF TVSGBDF
M IOFSHJF EF TVSGBDEH GRS NBPOFED ®OBE &0 F FU PO QFVU DPOTUSV.
SFMBUJPO EF (JCCT %VIFN<QPVS MFMJRVIJERPVMBNOFWERNMMGIFVESE B
EM FYQSFTTJPOEFM IOEBEBTMMBIBOEWVPUFOUJFM

S n
dsy = XSdT Xsd +(stt 49d717+ nndewn :

0O FOUJSFEPOD MB SFMBUJPO KO PYFQWB/UEHQTOFFGC HFFTESGBHEBDF |
UBOHFOUJFMMEF

@ a7

@t iTenn

= STT 47;

DFRVJTFSIIDSJUEFMBGBIPOTVIJWBOUF QMVTDPOOVFTPVT MFOPN
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@ 47

St = arvt
@1t

iT:enn

-FUSBWBJM EFEIGPSNBUJPO EF MBTVSGBDFEV TPMJEFO FTUEPOD Q
DPOTY$BOPBPVEEIGPSNBUJPR® DFOF@BB/EMF SFQSITFOUF MBWBSJBUJPO |
MJCSFBWFD MBEIGPSNBUJPOUBOHFOUJFMMF MPDBMF JM QFVU EPOI
TVSGBDFFTUUPVKPVSTQPTJUIJWF *MTTPOU EV NEDQ & IREESYVHESF THVSB O
MFTJHOF EF MB DPO4SBBOUMIFVISFGVBIEIR V F

1PVSMFTMJRVJEFT MFUFSNFEISIWIFTUOVMDBSDFUUFUSBOTGP!
OPNCSFE BUPNFTDPOTUBOUQFOEBOUMBEIGPSNBUJPO DBS MF MJR®
JMZBBVDPOUSBJSFVOOPNCSFE BUPNFRJIACSF®REI BPUUBM NV 0S B WBR T\
QPVS DSIFSVOFOPVWFMWWHAGBERSGBDFUBMPEYTSBWBJIM OIDFTTBJSF Q
FOQSJODJQFEFVYDIPTFTEJ ISFOUFT TBVG EBOT WPD8 MEF MVR RYVEH
VOJRVAWEOBOTJPOEFTVSGBDFDPNNFIUBOUE MBGPJTVOFIOFSHJF

$FT DPOTJEISBUJPOT POU QMVTJFVST JNQMJDBUJPOT RVJ WPOU J(
UIOTF % VOF QBSU MB EJTUJODUJPO FOUSF M TOFSHJF EF TVSGBDF
TPMJEFTFTUEIMIJDBUF FMMFEFWSBEPODDUSFQSJTFFODPNQUF MP
NJRVFTRVFOPVTTFSPOTBNFOITEGBJSF % BVUSFQBSU DFUUFEJTL
EBOT VO TPMJEF DSJTUBMMJO PV EBOT VO QPMZNOSF OF TPOU QBT M
NPEIMJTBCMFTBJTINFOU

, QWHUSUpWDWLRQ PLFURVFRSLTXH

/IPVT WFOPOTE IUBCMJS MFTEI OJUJPOTNIDBOJRVFTFUUIFSNPEZOB
TPOUSFMJIFTFOUSFFMMFTQBS MFQSJODJQFEFTUSBWBVY WJSUVFNMN
FUMBQIZTJRVF TUBUJTUJRVFFTUFO SFWBODIF NPJOTIWJEFOU *MF
NIDBOJTNFNPMIDVMBJSF EFHWEDBRE @ NNWWMBBV MIF EWS MBUFSGBDF FTU BL
FMMF EPJU EPOD TVCJS VOF GPSDF OPSNBMFE M JOUFSGBDF 0S OPV
DPNNFIUBOU YPDSEBEWMOMI FSGBDF $PNNFOU JOUFSQSIUFSDF QBSBEF

/ID SKDVH OLTXLGH

1PVSDPNQSFOESFM PSJHJOFEFMBDBQJMMBSJUI OPVTEFWPOTUPV
M IlUBUHB[FVY QFVWFOUDPFYJTUFS 1PVSDFMB OPVT QPVWPOTIUVE
RVJQFSNFUM FYJTUFODFE VOFUSBOTJUJPO EFQIBTF MIRVJEF HB]

ke T a

P= :
v b v2

*PIFTU MB QIS\WFF WIFPMDOV N F Q B S WIBMIBNQIBS BFFW SF $FUUFIRVBUJPOE UB
EMBMPJEFTHB[QBSGBJUT RVIQSFOEFODPNQUFM F FUEFTGPSDFT
E f[UBUEF7BO EFS 8BBMTOF T BQQMJRVF RVBOUJUBUJWFNFOU RV E M
BTTF[CJFO RVBMJUBUJWFNFOU MFDPNQPSUFNFOUEFT VJBFT OPUB
JOUSPEVJU MB STQVMTJPO FOUSF MFT NPMIDVMFT &MMF SFQSITFOUF
QBTFYQMPSFS -PSTRVF WFBW P ¥MBIQSES NPAETHW Y BUERYF MF MIJRVJIEF
EJWFSHF %BOTDFUUF MJNJUF MFTNPMIDVMFTTPOUUSOTSBQQSPDI
1PVS DFUUF QIBTF PO SFUSPVWFBMPSTRVF MBEFOTJUIOF EIQFOE Q



*OUFSQSIUBUJPONJDSPTDPQJRVF

QIBTFMIRVIJEFFTUJODPNQSFTTJCMF

1 @v _ v b Y by
T — — g - = AR .
v @P; Pv %+%‘}3

$FUF FUFTUVOFSFQSITFOUBUJPOEFMBSIQVMTJPOEFTOVBHFTE IM
EF1BVMJEFMBNIDBOJRVF RVBQUSPREWRHUBRBBOUEBFFMMF M BUUSBDUJP
MFTBUPNFT EPOUM PSJHJOFFTUEVFBVYJOUFSBDUJPOTEF7BOEFS
&MMF FTU QSPQRSDBESP OO MM IQSEWIFOUE VODPVQMBHF EEFVY QBSUJ
OFMMFBV DBSSIEFMBEFOTJUl QBSDFUUFJOUFSBDUJPO DFRVJWB
QBSUJDVMFT

- TRVBUJPO E TUBU EF 7TBQESSBBEMITYQMJIJRVFS DPNNFOU QFVWFOU
HB[FVTFEFGBJCMFEFOTJUIl FUVOFQIBTFMJRVJEFEFIBVUFEFOTJUI
JEFOUJRVFEBOTDIBDVOFEFTQIBTFT NBMHSIMBHSBOEFEJ ISFODF [
WPMVNF NPWM#DW MBI®FSHJIF FTU QSJODJQBMFNFOU E PSJHJOF DJOITLU
NPMIDVMBJISF TV TBNN/FOU R SRIOMBREBBTT PP'OKg TAYB MbBHTT MB QIBTF
MJRVJEF BV DPOUSBJSF MF WPMVHNFRN PGB \GWBUSF FKE BIMWMTQ BU JU
) P FTUDPOUSFCBMBODI QBSVA/OP GPSUPBURBBBDUIRM® NDNF UFNQI:
EFVYF FUTT BOOVMFOU MB SIQVMTJPO F BMIPBN @QWIF ) BTUIWS BVIFUINJFOJ
OIHBUJWFNFOU FUEPOOFEBOBMWPNBERBIFETHRRG EBOT MB QIBTF HB[F'
QFVWFOUBMPSTPUSFFOIRVIMIJCSFFUEPOOFSMJFVEVOFJOUFSGB
SFWFOJSTVSVOFEINPOTUSBUJPOEFWIFPWFIRVBUJPO E TUBU E MB

/| -DWWUDFWLRQ SDU OHV IRUFHV GH 9DQ GHU :DDOV

-FTGPSDFTBUUSBDUJWFTEF 7BO EFS 8BBMT RVJBHJTTFOU FOUSF EF
WBOUF 5PVUE BCPSE UPVTMFTBUPNFTQFVWFOUTPVTDFSUBJOFTD
USJRVF &OF FU TPJUM BUPNFFTUQPMBJSF BMPSTIJMQPTTOEF VO N
M FNQPDIFQBTE PUSFQPMBSJTBCMF D FTU E EJSFE BWPJS MBDBQ
UJPOEVODIBNQIMFDUSJRVF PVEEFT VDUVBUJPOTUIFSNJRVFT 1M
E VOBUPNFFTUFO NPZFOOF OVMMF QBS OFVUSBMJUI EF MB NBUJOSF
OPZBVOFM FTUQBTEDBVTFTPJUEFT VDUVBUJPOT TPJUE VODIBNQ
-FCBSZDFOUSFEFTDIBSHFTIMFDUSPOJRVFT OF DPOODJEF EPOD QB1
BUPNJRVF DF RVJDSIFVO NPNFOU EJQPMBJSF 00 DPOTJEOSF EPOD
VO NPNFOU EJG@FMBPINSFOU DSIF VO DIBNQ/IiMFE VOIREVFATEBOBMVJ DJ

o SFQSITFOUF MB QPMBSJTBCJMJUI EVWJEF RVJWB JOUFSBHJS BW
NPNFOUEJQPEMBPRFTUMB QPMBSJTBCIJMJUIEF DFUBUPNF -FDIBNQ I
WB FO SFUPVS JOUFSBHJS BWFD MF QSFNJFS BUPNF EPOU M TOFSHJF I
Wgp / E / 1r® $FUUFTOFSHJFE JOUFSBDUJPO SFQSITFOUF VOF IOF.
BWFD MB EJTUBODF JOF $B DPMIRPSUFINFPO EIiDSJUUSOT CJFO MB QM
EiDSJUBJOTJEF GBIPOUSOTHIOISBMFM BUUSBDUJPO FOUSF EFVY B
QBJSF

VOW (1) = r%:
-BDPOTCUBFQBATFOUF M BNQMJUVEFEF M BUUSBDUJPO FU QFVU BUSH
NFTVSFT OFTE JOUFSBDUJPOTFOUSFEJ ISFOUTWPMVNFTEFNBUJO
DPOTUBOUFEF)BNBLFS EVOGBDUFVSHIPNIUSIJIRVFQSOT DFRVF OF
DFDIBQJUSFPROF™MBFWFOBOUTVS MFTJOUFSBDUJPOTJOUFSNPMID)\
%F GBITPOQMVTEIUBJMMIF POQFVUEJTUJOHVFSUSPJTUZQFTE JO
TPOUQFSNBOFOUTPVJOEVIJUT TIMFTQBSUJDVMFTTPOUQPMBJSFT
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BDUJPOTFOUSFEJQUMFTQFSNBOFOUT EPOU MF NP EOMEJIRIWN E i@/
NBOFOUE BNRMFUMEPIBNQ IMFDU S JFReV/F # B EW WBBEDID JOUFSBHJS B
BVUSFTEJQUMFT QFSNBOFOUT BWE D VEF IFOVISEHIIFD B & B PHBEIDFUM PRCS J F
EFTEJQUMFT 60F EJTUSJCVUJPO BMIBUPJSF EF DFT WBQDUMiFS EB6 T \
TOFSHJF mdqocsrghw@pi/kBT/ 1/r® BV QSFNJFS PSESF WRQkOIVM MPSTRVF
DFRVIQPTTOEFCJFOMFDPNQPSUFNFOURVFOPVTBWPOTEIKE EIDS.
%FCZF FO >DPODFSOF MFT JOUFSBDUJPOT FOUSFEJQUMFT QFSNBOI
E JOUFSBDUJPO E IKYTUUF WEN @E S/BAFVBSFTUSIJCVUJPO EF DFT QBSUJDVM
E EFV¥qf E@HWgpi BWWKP= 1 (E2 P4 FTUMB QPMBSJTBCJIJMJUIEFTEJQUMF
FODPSFVOFGPJTVOFJQROF®BDBBPO®FIOSF DPODFSOFMFTJOUFSBDUJ
-POEPGCEUOFTFDPNQSFOERVFEBOTVODBESFRVBOUJRVF - JOUFSE
WPJUTPO IOFSHJF GPOEBNFOUBMF CBJTTIFQBSM JOUFSBDUJPO IMF
DSITJOTUBOUBOINFOU QBS VO-BYUSFERQFNB MO S RYBPODEF E BCTPS
BUPNFT %BOTMBQMVQBSUEFTHB[SIFMT TFMPORYV JMTTPOU QPMB
RVJEPNJOFOU PVVOFDPNCJOBJTPOEFDFMMFT DJ
$FSUBJOTHB[NPMIDVMBJSFTPV MJRVJEFTOF TPOU QBSGPJTQBTC
EFTQSJODJQBVY QSPCMONFTEFM JOUFSBDUJPOEF 7BO EFS 8BBMTF
f[UFOEV MF SBJTPOOFNFOU E EF\NY @BSWIMWNFT Q8 VMSRVTODHBNB T IMF D L
MFTEJQUMFTSITVMUFOUEFM JOUFSBDUJPOE VOHSBOE OPNCSFEF I
POQFVUT BUUFOESFEEFTJOUFSBDUJPOTEUSPJTWPJSFQMVTEF QE
BOPUBNNFOUIUIEIWFMPQQI ©BBV-JB TUFWOEFWOMB i OJUJPO EF MBDPOT
FOQSFOBOUFODPNQUF MWMEMQRWBEIQBCHEMOUIEHFEMB GSIRVFODF <

5{OH GH OD UpSXOVLRQ

'64B?2 3FQSITFOUBUJPO TDIINBUJRVF EV QPBFRQZWQF MFOOBSENPMIBY M
- JOUFSBDUJPO FTU GPSUFNFOUSTQ\PM SIS ETEPUSUFBEUBUBRBEFT NP M
- JOUFSBDUJPO BUUFJOU TPO NBYJNVN B WODF EIF G RONBFOEF VM @BESF EF
UIF MFTBUPNFT T BUUJSFOU MF QPUFOUJFM FTU OIHBUJG -B ODIF HS.
UIFSNJRVFT DFRVJEBOTVO MJRVJEFJOEVJUE BTTF[GPSUFTWBSJBUJP

$PNNFOU VO MJRVJEF QFVU JMPUSFE MBGPJTSIQVMTJG FUBUUSB
EFNNFOURVFTPJUT BUUJSFS TPJUTFSFQPVTTFS FOGPODUJPOEF WM
FTUNPOUSIF TDIINBUJRNV¥SIF®UCBBEGT MBF EF GPFQBOTRTEWMFFMB STQVMT
DPVSUF QPSUIF EVFE MB SIQVMTJPO EFT OVBHFTIMFDUSPOJRVFT B
TFOUFM BUUSBDUJPOE MPOHVF QPSUIFEFUZQF 7B 0O E WDSBBWISTF §6 B |
USPVWF EPOD TPJUEBOTVOIUBU SIQVMTJG TR URBRMIESSHWEB B IRW/W/S
TIJPOFUM BUUSBDUJPO SFQSITFOUIEBOO B RRVEW BEO BEFFBEFEFS 8B
BUPNFT TPOU EBOT VO IUBUBUUSBDUJG FUE BVUSFTTPOU EBOTVO I
FODPNQUFMFT VDUVBUJPOTUIFSNJRVFT D FTU E EJSFM IOFSHJFD
UVBUJPOTTPOU SFMEUJWPNMBEEQ QIFFODWATMB HSBOEFVS UZQJRVF EFT.
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DBT MFTZTUONFO FYQMPSFRYVY VOFGBJCMF STHIJPOEV QPUFOUJFM
EBOTVOIUBUDPNQSFTTITPJUTPVTUFOTJPO "VDPOUSBJSF VO MJRV
ke T 60F MBSHF STHJPO EV QPUFOUJFM FTUFYQMPSIFQBS MFT QBSL
'JHVSF -FDBKgP4& DPSSFTQPOE BV DBTEVHB[ PAMFT QBSUJDVMFT
TPOUEPNJOIFTQBS M IOFSHJF DJOIUJRVF

/[ -LQWHUIDFH OLTXLGH YDSHXU
6LPXODWLRQV GH G\QDPLTXH PROpFXODLUH

$POTJEISPOTNBJOUFOBOUM JOUFS'GBDEMJIBVQSHETWB Q F¥S/PAl BITUBRIC
MFT QPTJUJPOT EFT BUPNFT E MB TVSGBDF E VO MJRVJEF DBMDVMIF
MBJSF $FTTIJNVMBUJPOTDBMDVMFOUM IWPMVUJPOUFNQPSFMMFE
FYFNOQMFTFMPO EFTJOUFSBDUJPOTEF-FOOBSE +POFT <

L s 12 6

(r)=4 T T ;
PASFQSITFOUFM BNQMJUVEFEFM JOUFSBDUJPO FUFTUTPVWFOU E|
FYFNQMWMBFWBIJMMF DBSBDUISJTUJRVF ERT QB QB UF0OM B F MEEFFM FRBEBSFE
RVIJFTUQMVT QSIDJTINFOUVOFIOFSHIJFQPUFOUJFMMF FTUTPVWFO!
BUPNFTBVTFJOE VOHB[NPOPBUPNJRVFEFUZQFHB[SBSF -FUFSNFE
EHSBOEFEJTUBODF SFQSITFOUFVOFJOUFSBDUJPOBUUSBDUJWF EF
IBVU &0 SFWBODIF M FYQPTBOU EVUFSNF SIQVMTJG EPNJOBOUE
SFOESFDPNQREIBWBWABFPBUEFSIQVMTIJPORVBOUJRVF MFQSJODJQFE
M JOUFSQIOIUSBUJPO NVUVFMMFEFT OVBHFTIMFDUSPOJRVFTEF EFV
$FT TINVMBUJPOT QFSNFUUFOU EF NFTVSFS GBDJMFNFOU MFT QSF

QSPQSJIUITNBDSPTDPQJRVFT

'64B?2 - JOUFSGBDF MJRVJEF WBQFVSFO TIJNVMBUJPOTEF EZOBNJRVF
-FOOBSE ®POBVYR WFSUJDBM FTU BEJNEFFOTQB SOOI M\BAMTB BBIMMIFUJIPOT J1
OIFTEFTNPMIDVMFTE VOF TINVMBUJPO EF EZOBNJRVF NPMIDVMBJSF EF
EVQSP MEFEFOTJR ®BSERBMITIM JOUFSGBDF

OO QFVUQBS FYFNQMF GBJSFVOFNPZFOOFUFNQPSFMMF EV QSP M
FTUSFQSITFOHVEBOTMBSFNBSRVFBMPSTRVFMBUSBOTJUJPO FOUSH
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MJRVJEF QPVSVOFEFOFIUWPRHGRABENBIWBFIFFU MB QIBTFEFCBTTF EFC
VOFEFOTJUI SFGPSNBMFLOBVFEBOTVOF SIHIPOUSOT OF EF RVFMRYV

7THQVHXU GHV FRQWUDLQWHYV

(SEDFBVY TINVMBUJPOTEFEZOBNJRVFNPMIDVMBJSF OPVTQPVWPO®
DPOOBJTTBOU MFT QPTJUJPOT EFT QBSUJDVMFT FUMFVSTJOUFSBDL
RVF OPVT BWPOTPBATOURDMBROEPJU EIl OJS VOF TVSGBDEF'FMIMBBUBJISF
QPTJUJPCSEP®UBRVFMMF BHJTTFOU MFT GPSDFTEBOT MF MJRVJEF $
QSFNJFSFTUVOUFSNFDJOIUJRVF RVIQSFOEFODPNQUFMBRVBOUJU
MBTVSGBDF $FUUFDPOUSBRDUFEFVYIONSREBENEB WBYWWO UFSNF QPU|
FODPNQUFMFTJOUFSBORUWIPOUMPOHVE RPESIOFMFT $FUFSNFFTUEIM
NFOUTQIDJ FSMFTJOUFSBDUJPOTMPOHVFQPSUIFRVIJBHJTTFOU TV!
EJU DPNNFOUQBTTFSE VOFEFTDSJQUJPOEJTDSOUFEFTQBSUJDVM
$ FTUEDF TUBEFRVFOPVTEFWPOT JOUSPEVJSF VOF GBIPO BSCJUSE
BMMPVFSEVOFTVSGBDFEPOOIF QFSNF YU BOUBJIIDFR EF @ PIYS JBSW MPFOT
QSIDFEFNNFOUQBS MBEI OJUJPOBSCJUSBIJSFEFMBQSFTTJPO UBOH
EF QPOEISBUJPO EFT JOUFSBDUJPOT RVJ QPTTOEF MFT CPOOFT QSP(
QSPKFDUJPO EFTDPOUSBJOUFT NJDSPTDPQJRVFTFOEFT GPODUJPO™
TPJFOUDFMMFT SFDIFSDIIFT

1PVSDFMB OPVTEFWPOTQPOEISFSMFTQPTJUJPOTEFTQBSUJDVM
EFT GPSDFT QBS VOF GPODUJPO RVIQPIBI6 .S WD MBEINMB QZR FRVUKS
$FMB FTU FO GBJU IRVIJWBMFOU E EPOOFS VO QPJET BV QPUFOUJFM E
EFT DPOUSBJOUFT PO JOUSPEWXB) DFQQ FNG FGIPOIPWI B & EMBSHIFSM B S .
HSBJOJOH G¥®DRPIJPEF UFMMFT GPODUJPOTO FTUQBTIWJEFOU DBSJ
OF EIQFOEFOU QBTEFDFDIPJY 60FNBOJOSFHIOISBMJTIFEF GBJSFF
QBSUJDYMFRAFPPOU ME,WBDUOF¥®YSBWFSTMB SSFDABSBIEM B RPU B GPRAL
FTUMB TV>PWBOUF <

f($ 8=

Z> 77

1PVSDFUUF QPOEISBUJPO MF SITVMUBU NBDSPTDPQJRVF OF EIQFOE
DIPJTJSE BVUSFTGPODUJPOTEV NDNF UZ2QFIROVIEPO OCGOIHEB 0D NMF &
WFDUFVS EPOOIFUQPVSUPVTMFTWFDUFVSTQPTIJCMFTRVJUSBWF

z z,

1 n

($= = d& d 22 Q) (s &SI )®);

2 0 I‘12

P4&® FTUMBEFOTJUIEF QSPCBCJMJUIEF QSITFODFEFEFVY QBSUJDV \
DFUUF FYQSFTIGWPO MF WJSJFM

&RQWUDLQWHY j OD WUDYHUVpH GH O-LQWHUIDFH

%BOTOPUSFDBT QPVSEIUFSNJOFSMFTGPSDFTDBQJMMBJSFT OPVT
TFMPO VOF EJSFDUJPO OPSNBMFE M JOUFSGBDF XHWBSFIRBSBOJPO F1
DBMDVMF BMPST MFT DPOUSBJOUFTUBOHFOUJFMME FEMPRCSMBM™ B E SV
NVMFT DJUIFT QMVT IBVU $FT DPOUSBJOUFT QFVWFOU PU®F EIDPNQI
JTPUSPQF RVJFTUJEFOUJRVF EBOT MF MJRVJEF FUEBOT MB WBQFV
TVQQMINFOURVSBHIJUTFMPO MBEJSFDUJPO QBSEMMIMKSE QISIDRE S G
TVSMBVYSFC -FQSP MEFDFUUFDPOUSBJOUFBOJTPUSPQFNPOUSF R\
TVSRVFMRVFTUBJMMFTNPMIDVMBJSFT BMPSTRVFMBEFOTJUIWBSJ
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EM JOUFSGBDF - JOUIHSBMFEEOFVUEP®OKF S DOF\VGRPOFVRAV/M FOH EG F
QBS VOJUI EF MPOHVFVS E BRSFOUMJRO BWBIBPOTIJPO EF TVSGBDF $FI
UFOTJPOEFTVSGBDF SFQSITFOUFFOF FUVOFGPSDFNIDBOJRVF

'64B?2 - JOUFSGBDFMJRVJEF WBQFVSFOTJNVMBUJPOTEFEZOBNJRVF
-FOOBSE »POBYRWFSUJDBMFTUBEJEFDOBBSOWODYBFWMBRB BLAMMBIPOTJOT
EFTNPMIDVMFTE VOF TINVMBUJPO EF EZOBNJRVF NPMIIRVWUBJSF EF M JC
pr FOGPODUJPO EF MB E by FEQIMBEDW QO S B$SCGBPOFYFSDIF E USBWFST VOF -
EM JOURSGHEDAMBWPOUSBIJOUF FYFSDIF EUSBWFST VOF TVSGBDF OPSNI
TPOUMFTGPSDFTSFQSITFOUIFTQBS MFT ODIBT @R T BOIEF VOFUMB VINFIWNSF O
QPTJUJWF OPO OVMMF FUDPOTUB QY FREVU $BBMRS D M R 0l URCSLGFESDGB BMP BT F
EFVY QIBTFT EFWJFOU OIHBUMP EU IS OB E/B BIWFESIITEFEF M JOUFSGBDF
UBOHFOUJFMMF E FYBGTpk T WE IFOJFP@BIOUIHSBMF FTU MBRMIOTJPO EF T\
WBVU QPVSDFUUETJIJNVMBEOPOSFOBDUNPM: kT E $QBSNPMIDVMF

FU= ; ON POUSPVWF BMRSTH

,QWHUSUpWDWLRQ

"MPST QPVSRVPJDFUUF GPSDF FTU FMMF QBSBMMOMFE M JOUFSGBI
RVF OPVT BWPOT GBJWE MBBUEDEUOP®T MF QSPVWFS 5PMWBERBCPSE C
EIDSJUTFVMFNFOU MFT GPSDFTBUUSBDUJWFT FOUSF MFT NPMIDVMF
JOUFSBDUJPOT EBOTMFTDBMDVMTEFEZOBNJRVFNPMIDVMBJSF OP\
FUSIQVMTJPO DBSM FOTFNCMFEFTDPOUSBJOUFTFTUSITVNIQBS MF
DPNQMIUFS MBSFQSITFOUBVYSPOPIMNERMW PO EERI®D ZJODPSQPSFS MF-
UFMMFTRVF BIIDWGIRFT E MB

4VQQPTPOTRVFM JOUFSGBDF TPJUIPSJ[POUBMF MF MJRVJEF iUB
IRVIMJCSFNIDBOJRVFQBSTZNIUSJFBVUPVSEFMBQBSUJDVMF 1SOT
FTUCSJTIF 1PVS SFTUBVSFS M IRVIMJCSF NIDBOJRVF EBOT MB EJSFI
UJDVMFWFST MFIBVU EPJUTFDPNQFOTFSBWFD M BUUSBDUJPO RVJ I
QBSBMMOMFEM JOUFSGBDF MB TZNIUSJFFTU JOUBDUF JMZBEPOD
BEPODBVDVOFSBJTPO QPVS RVFMFTGPSDFTIPSJ[POUBMFT BUUSBD
MFT GPSDFTBUUSBDUJWFTTPOU QMVT GPSUFTRVFMFTGPSDFT SIQV!
EFEZOBNJRVFNPMIDVMBJSF DF RVQEPRRBWEQOFOPVOIEN EWSIHB®FSD F
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'64B 7?2 4DITNB SFQSITFOUBOU MFT GPSDFT SIQVMTJWFT ODIFT OPJS
ODIFT HSJTFT MPSTRVF MB QBSUJDVMF TF USPVWF MPJO PV QSPDIF EF
QSPDIFEFMBTVSGBDFDBSMBEFOTJUIFTUQMVT GBJCMF

5{OHV GLVWLQFWYV GH O-DWWUDFWLRQ HW GH OD UpSXOVLRQ

*M OPVT SFTUFEFYQMJRVFSQPVSRVPIJMFTGPSDFTJOUFSNPMIDVMB.
TVSGBDFBVTTJGPSUF $FUUFRVFTUJXP ®BEBNBIW BIKESEREHDBSHESHE.
M BUUSBDUJPO FUEFMBSIQVMTJPO
-JNQPSUBOU FTU EF DPOTUBUFS RVF EBOT VOF CPOOF BQQSPYJNE
JTPUSPQF BMPST RVF DFMMF EF M BUUSBDUJPO FTU GPSUFNFOU BO.
EFUSOTDPVSUF QPSUIF $FUUF SIQVMTJPO FTUFOF FUMBDPOTIRVF
EFT NPMIDVMFT FUQFVUEPOD DPUSFDPOTJEISIFDPNNF VOF GPSDF E
EIQFOEBOUFEFMB TUSVDUVSFEFM FOWJSPOOFNFOUEFTQBSUJDVM
MBNBPNFBNQMJUVEF EBOT Y P'WWHTOWFSTBE 3F%F DB JPBUNVSF MPOHVF QPSU’
MFTSFOEUSOTEIQFOEBOUFTEFMBTUSVDUVSFNPMIDVMBJSF $ FTU
MB TVSGBDF RVJHIOOSFMB GPSDFEFUFOTJPOEFTVSGBDF
1PVSTQIDJ FSDPNNFOUDFTGPSDFTT PSHBOJTFOUQSOTEFMBTVS
GPSDFTBUUSBDUJWFTFUSIQVMTIJWFTTVSEFTTPVT TZTUONFTQBSU
MOMFNFOUEM JOUFSGBEBFBDRRNEPSONMBFYFSDIFTQBS MBDPVDIFEF
TPVT MBTVSGBDF TVS MFSFTUF EV MJRVJEF <MF TPVT TZTUONF GPS!
E EJSFMBSIHIPO HSIUHVSEBIBUSETWNWBEF MBTVQFSQPTJUJPOEFTJ
DDIFTHSJTFT FUSIQVMTJWFT PDODIFTOPJSFTFOQPJOUJMMIT 1VJT
TFDPNQFOTFOU %FQMVT M BNQMJUVEFEFMBDPOUSBJOUFBUUSBD!
MFTPVT TZTUONF %POD QMVTPOT IMPJHOFEFM JOUFSGBDF QMVT
TBWBMFVSJO OJF DFMMFRV BVSBJUM BUUSBDUJPOEBOTVO FOWJS
EFM JOUFSGBDF -BDPOUSBJOUFSIQVMTIJWFQPTTOEFBMPSTFYBDUI
QPVSDPOTFSWFSM IRVIMJCSFEFTGPSDFTWFSUJDBMFT
%JWIJTPOTNBJOUFOBOU MF MJRVJEF QFHS/FTEJ DR/ONBU $¥ N FEQWENF E
MB SIQVMTJPOFTUJTPUSPQF PODPOOBOUBMPSTM BNQMJUVEFEFM
-FTZTUONFEFHBVDIFFYFSDFEPOD VOFSIQVMTJPO ODIFTOPJSFTF
ESPJUF EPOUM BNQMJUVEFBVHNFOUFBWFD MBEJTUBODFEM JOUFS
NPJOTEIQFOEBOUFEF MBEJTUBODFTPVTM JOUFSGBDFEBOTMFT RV
MBEFOTJUIDIBOHF /PVTBMMPYT WEDIUBBM@FABRPBOUEWWBDBT BYVDVOF S
RVFMBEIQFOEBODFEFM BUUSBDUJPOIPSJ[POUBMFBWFD MBIBVUFV
TVMUFEFM IRVIMJCSFEFTGPSDFTUW¥SKEGCDGRFT ML B % PIONTCBWJIO J DIl FTY
FUIHBMFEM BUUSBDUJPO EBOTMF WPMVNF -BSITVMUBOUF EFM BU
USBDUJWF FYFSDIF QBS MB HBVDIF TVS MB ESPJUF 'BHWSDBMJITIF TV
- JOUIHSBMFEFDFUUFDPOUSBJOUFBSY 'S QUBJIBEVFUNFR G HEVB VY E FEFARSSP G P
OPVTEINPOUSFSPIOTHEDWB PO
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'64B 7?2 '"PSDFTFYFSDIFTEBOTVOFTQBDFTFNJJO OJEFMJRVJEFTVS V(
HSJTFUBDIFUIF QBSMFSFTUFEV MJRVJEF SIHJIPOHSJTFOPOUBDIFUIF
MJRVJEFTPVTM JOUFSGBDF MBTIQBSBUJPOFTUQBSBMMOMFEM JOUFS
BUUSBDUJWFT ODIFTHSJTFT FUSIQVMTJWFT ODIFTOPJSFTFO QPJOL
TPVT MBTVSGBDF $FTDPOUSBJOUFTT BOOVMFOU QVIJTRVFEMFTPVT TZ1
FTUNBJOUFOBOUMB QBSUJFESPJUFEV MJRVJEF MBTIQBSBUJPO FTUQF
FTUTPVNJTEEFTDPOUSBJOUFTBUUSBDUJWFT ODIFTHSJTFT FUSIQVM
EF MBHBVDIFEVMJRVJEF 1VJTRVFMBSIQVMTJPOFTUJTPUSPQF DFMMF
EF MBEJTUBODFRVFEBOTMFDBT B FUEIDSPOUEPOD MPSTRVFM POT
M BUUSBDUJPOFTU SFMBUJWFNFOUDPOTUBOUF QSPDIFEFMBTVSGBDF
MPDBMJTIFEM JOUFSGBDF EFMBQBSUE VQGDUUITVSM BVUSF FUEPOU

/[-LQWHUIDFH OLTXLGH VROLGH
6LPXODWLRQV GH G\QDPLTXH PROpFXODLUH

$PNNF QSIDIEFNNFOU JMFTUJOTUSVDUJGE PCTFSWFSMFDPNQPSU!
GBDFMJRVJEF TPMJEFEBOTEFTTIJNVMBUJPOTEFEZOBNJRVFNPMIDV
UZQFTE BUPNFT -FTQSFNJFST MFTBUPNFTEF VJEFTPOUMJCSFT EI
JOUFSBDUJPOEF-FOOBSE +POFT. EFFQU MDBPNOEM J MFEBEPWOPEFTP M.
VOFQPTJUJPO YF FUJOUFSBHIJTTFOUBWFD MFTBUPNFTEF VJEF BWF
NBJT QPTTIEBOU VQFBAIEBEBMANTFOU PO DIPJTJU VOF TUSVDUVSF DSJ
MBHVSFB OPVT QPVWPOTPCTFSWFS MFTQPTJUJPOTJOTUBOUBOIF
4VS'MIBVSFC FTU SFQSITFOUIF MBEFOTJUI SFOPSNBPMIFOPDPRA ER Hi
EJTUBODFBVTPMJEF MF[ISPFTUBVDFOUSFEFMBQSFNJOSFDPVDIF
RVFMF VJEFTFTUSVDUVSFEM BQQSPDIFEVTPMJEF MBEF®UDJUIQSIT
EPOUM BNQMJUVEFBVHNFOUF MPSTRVFM POTRESBGCGQEROD/IMMEMF TSP MTE
VO QITOPNOOF EF TUBBEPXOBETBOPNFTEF VJEFWJFOOFOUTFQPTJUJ
DPVDIF KVTUF BY EFTTVT EFT BUPNFTEF TPMJEF -BTUSVDUVSFTF QF
TPMJEF DBSMFTJOUFSBDUJPOITrMJRWIEFEDAM BOEJRRDYFR BUPOIF T
POQFVUEPODDPOTJEISFSRVFM POFTUEBOTVO WPMVNFJO OJEF V

&ODPSFVOFGPJT OPVT QPVWPOTDBMDVMFS MFTDPOUSBJOUFT E |
DPOUSBJOUFTOPSNBMFTFUUBOHFOUJFMMFTEM JOUFSGBDF FUPOC
EF MBTVSGBDF RVJ FTUHFSSDT FOMBFUSYBWHS TIFEFM JOUFSGBDF M.
EPODBVTTJVOFDPOUSBJOUFUBOHFOUJFMMF 4BWBMFVSO FTUQBTI
QBT JOUIHSIMFT GPSDFT FOUSF MFTBUPNFTEFTPMJEF %FQMVT FM
TUSBUJ DBUJPO EBOT MF VJEF $F O FTUEPOD QSPCBCMFNFOU QBT V
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MJRVJEF FUTPMJEF MJRVJEF /PVT BVSPOTM PDDBTJPO EF SFWFOJS
DFUUF DP ODISBBAINSH BV

'64B?2 - JOUFSGBDF MJRVJEF TPMJEF FOTIJNVMBUJPOTEFEZOBNJRVF
-FOOBSE +POFT - BYFWFSUJDBM AHRJTBERISIFOOV OO @BEPTB UBR®MFO T U |
NPMIDVMFTE VOFTIJNVMBUJPOEFEZOBNJRVFNPMIDVMBJSFEV VJEF C
MBEJTUBODFEM JOUFSGBDF 00OBQFSIPJUVO QITOPNOOFEFTUSBUJ DB
VOF PSHBOJTBUJPO EBOT MFT RVFMRVFT QSFNJOSF DPVDIFT NPMIDVMB.
QSITFODFE VOFDPVDIFSIHVMJOSFE BUPNFTEBOTMFTPMJEFDSJTUBMNM
EUSBWFSTM JOUFSGBDF 00 QFVUPCTFSWFSVOGPSUF FUEFMBTUSBU

JRUFHV j O-LQWHUIDFH OLTXLGH VROLGH

$POTJEISPOT NBJOUFOBOU M'JBVYEEGBBP MDR\DIEF EPMYEFFUT TF TV
5PVUE BCPSE EF QBS MB QSITFODF EVJHWEIFE FV G FHPIUJ B EI ¥ S FBID/SB
RVIJEFFTUNBORVBOUFEVQPJOUEFWVFEV MJRVIJEF $FUUFBCTFODF
MJRVJEF MJRVJEFJEFOUJRVFEDFRVY JMTFQBTTFEMYCBEBPSGBDF MJ
MB QBSUJF HBVDIFEV MJRVJEF FYFSDFTVS MB QBSQBS ¥ORWUUEEWMOR
HVFVS MB QSPGPOEFVS &OTVJUF MFEFVYJONFF FUFTUEREM BUL
TFDPOEF FURVIJFTU SHQSFRFODUVWVONBIFNDNFSBJTPOOFNFOURVFQ
QSIJNPOTBMPSTMFTDPOUSBJOUFT TVSEJ ISFOUTTPVT TZTUONFT E\
MJRVJEFQBSBMMOMFNFOUEM JOUFSGBDF QPVSEI OJSEFVYTPVT T.
E IQBJTTFVS OJFEJSFDUFNFOU FODPOUBDU BWFD MFTPMJEF FU M
UBJOFEJTUBODFEFM JOUFSGBDHYSIHE PO $FSERFE QWBLE FBMTTVBTNUE N |
DPOUSBJOUFTBUUSBDUJWFTEFMBQBSUEVTPMJEF FUSIQVMTJWFTE
VOF GPSDFEFDPOUBDU -BNQMJUVEFEFM BUUSBDUJPOEV TPMJEF |
TPVT TZTUONFIUBOUEM IRVIMIJCSF M BNQMJUVEF EIHMBBBQVMTJIPO
QBSEFT DDIFTSFTQFDUJWFNFOUHSJTFTFUOPJSFTFO QPJOUJMMIT

%BOTVOEFVYJONFUFNQT POEJWJTFMFMJRVIJEFFOEFVYTPVT TZ"
QFSQFOEEMVMBUEB'GBUEK®PI®O GBJTBOU FODPSFVOF GPJTM IZQPU
QVMTIWFTTPOUJTPUSPQFT MBQBSUJFHBVDIFFYFSDFTVS MB QBSU.
$FTPOUMFTTFVMFTDPOUSBJOUFTIPSJ[POUBMFTRVJT FYFSDFOU T\
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'64B?2 'PSDFTJOEVJUFTQBS MBQSITFODFE VOTPMJEF SiHJPOIBDIVS
EF MJRVJEF SIHJPOHSJTFUBDIFUIF -FTGPSDFTE BUUSBDUJPO MJRVJ
HVSF FUOFTPOUEPOD QBTDPOTJEISIFTJDJ B -FTPVT TZTUONFFTU MF
EFM JOUFSGBDF MBTIQBSBUJPOFTUQBSBMMOMFEM JOUFSGBDF $F TF
UJWFTEFMBQBSUEVTPMJEF ODIFTHSJTFT FUSIQVMTJWFT ODIFTOP
EJSFDUFNFOU BV EFTTVT EF MB TVSGBDF SiHJPO HSJTF OPO UBDIFUIF

TPVT TZTUONFFTUFOITRVIJMJCSFE C -FTPVT TZTUONFFTUNBJOUFOBOU
FTUQFSQFOEJDVMBJSFEM JOUFSGBDF 4FVMFTMFTDPNQPTBOUFTIPSJ]
F FUVOF SIQVMTJPO WFSUJDBMF TVS MF MJRVJEFEM JOUFSGBDF DPNQ
MF TPMJEF O FYFSDF BVDVOF BUUSBDUJPO IPSJ[POUBMF 1VJTRVF MB Si¢
SITVMUBOUFT TVS MF TPVT TZTUONF TPOU EFT GPSDFT SIQVMTJWEFT FYFS
FTUEPOD VOF GPSDF SIQVMTJWF MPDBMJTIFEM JOUFSGBDF EF MB QBSL
47t .7 4. WPIJSMFUFYUF

BUUSBDUJPO WFSUJDBMF QBS TZNiIUSJF FURV POBEIKEUSBJUIMFT
UJWFWFSUJDBMFEVTPMJEFFTURVBOUEFMMFDPNQFOTIFQBSMB Sit
UBOHFOUJFMMFJOEVJUFQBS MB TFVMF Q S TROWFFERAT\PTM JEPFOFBINQ [ B I
O FTUQBT EFGBIPO TV.SQ8POPBWSH Ji$B MM B> UR ¥ ENDPFFQUWSI @PSDF FTU
47 .7 4. IPYVTFOEPOOPOTVOFKVTUJ DBUJPO® @MWNVT OPV % 5 MW RAVBE
TVS DFUUF EINPOTURSBU JFO EB®MMABU EPOD OPUFS EOT NBJOUFOBOU
UPVK®PMBEIMTIWF RVFMMFT RVF TPJFOU MFT JOUFSBDUJPOT DBS DF GE
MFWPJS

'JOBMFNFOU QPVSDPNCJOFSMFTEFVYF FUT OPVTEFWPOTBKPVL
EVTPMJEFE BNQMJUMENOFBUUSBDUJPO EV MJRWIEF\ET BRQMB EPDMD \
GPSDF S|%QMMEOBRMWR MJUVEFYFSDIFTVSVODUUI MJRVIJEFEFM JOUFS
DIBOHFS EF TJHOF TJM BOHMFE :PVOH RVJNFTVSF MBUFOEBODF R
OPVT SFWJFOESPOTTVS DF QPJOU BV DfB®BOIMFVIBVB OB GPTSIDF\FJ LS
QVJTRY¥F 4= sDPJ<0 D FTU E EJSIKMPSTRVF

7UDYDLO G-DGKpVLRQ

5FOUPOTEFKVTUJ FSQPVSRVPIJM JOUFSBDUJPO MJRVJEF TPMJEF O

MJRVIJEF,TRBJEE MBDPNEJOBJTLPO >
-BUFOTJPOEFTVSGBDFMJRVJEF TPMJEFSFQSITFOUFM IOFSHJF M

E VOFJOUFSGBDF MJRVJEF TPMJEF 1PVSDSIFSVOFUFMMF JOUFSGB
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'64B7?2 SFMBUJPO FOUSFMFUSBWBJME BEIITIJIPOFUMFTUFOTJPOTEFT
WPMVNFEF MJRVJEF JMGBVUDSIFSEFVYJOUFSGBMW-T=MJRVJIEF WJEF -F
C 1PVSDSIFSVOFJOUFSGBDFMJRVJEF TPMJEF JMGBVUE BCPSEDSIFS
TPMJEF WJEF DFRVIJPPRYUFVY®OEFEBEBMOBOU DFTEFVY JOUFSGBDFT PO
DSIBUJPOEFTEFVY JQUESGBDET PSBHISEDEMNTY JOUFSBDUJPOT MJRVIJEF

EF MIRVIJEFRVFOPVTEFWPOTTIQBSFSFOEFVY QPVSBSBFBEFVY JOUTF
- TOFSHJF OIDFTTBJSF QBS VOJUI EF TVSGBDF QPVS TIQBSFS MF MJR)
MJRVJEF WBQFVS FTU BQQRMIE RWBS/BWBIM E BRI IPIPOMIRVIEF MJRV.
EFNDNFQPVSMFTPMJEF FUDSIPOTEFVY JAWF/PEB BRMPICPIVEIEGDW JE F

2 7=A_;

2 477 Ayy

-PSTRVFOPVTDPNCJOPOTMFTJOUFSGBDFTTPMJEF WIJEFFUMJRVJET
SIEVIJTFOUM IOFSHIJFQBS MFUSBWBIMVES BEIPTIPCIMBIOBEFIMSRY EPP

4-= 47t 7 Ay

%PODM BNQMJUVEFEFM BEIITIPOMJRVJEF TPMJEFT IDSJU

As= 47t .7 4-;

DF RVIJ DPOTUJUVF MB SFMBUJPO EF %V QSR VIOEV DINJNW BEXOHME BP DE
M IRVIMDOSRUF SFMBUJPO T IDSJUBVTTJ

Ay = _7(1+ DP\H‘)Z

'JOBMFNFOU MFT GPSDFT DBQJMMBJSFT JOEVJUFT QBAMET JOUFSB
A1+ DPJ) FUOPO4QBT

&0 O EFQBSMB GBJCMFEFOTJUIEFMBQIBTF WBQFVS OPVT BMMP(
TBOTJOUFSBDUJPO -FHB[QBSGBJUFTUVOFUSOTCPOOFBQQSPYJNI
UVSFTVTVFMMFT FUDFMVJ DJOFDPNQSFOEBVDVOF IOFSHJFBUUSB
RVFODF EFTDIPDT EF MB SIQVMTJPO DPNNF OFO/Q RVBWR OF B\ BI/FGE
UBNNFOU BE¥MB SFWVF EF %8 PNVGOBVEIFS MFTEJ ISFODFTJOEVJUFT C
EFMBWBQFVS
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ORGqOHYVY PROpFXODLUHVY GH O-LQWHUIDFH

/IPVT WFOPOTE FYQMJRVFS RVBMJUBUJWFNFOU MF DPNQPSUFNFOU E
NBJOUFOBOUE BMMFS VO QFVQMVT MPJO FUEFKVTUJ FSMFT SBJTPC
NFUUSBE JOTJTUFSTVS MFTRVFMRVFTQSPQSJIUITGPOEBNFOUBMFT
-FTRVFTUJPOTFOTVTQFOT KVTRYVY JDJTPOU MFT TVIWBOUFT QPVSR
MB SIQVMTJPO -BDPNQPTBOUF SIQVMTIJWF FTU FMMF WSBJNFOU JTF
MJRVIJEFQSPDIFEFTJOUFSGBDFT FUDFMBB U JMVOFJO VFODFTVS
UFOBOU OPVTJOUISFTTFSBVY EJ ISFOUTNPEOMFTNPMIDVMBJSFT RV

'LYypUHQWYV PRGQqOHYV
8QH YXH VWDWLTXH GH OD PDWLQqUH

-FTQSFNJOSFTUFOUBUJWFTEFNPEIMJTBUJPOEFMBDBQJMMBSJUI SF
TVS VOF WVF TUBUJRVF EF MB NBUJOSF &0 F FU MB UIFSNPEZOBNJR
RVF RVFMRVFTEIDFOOJFT QMVT UBSE -BQ MBROWFBVIFVIQMQIFRI MEFF Q@ EAWN J |
EPJWFOU DPNQFOTFS M BUUSBDUJPO RVF MFT QBSUJDVMFT FYFSDF(
M JODPNQSFTTJCIJMJUIEV MJRVJEF $F QSRAN.JS NREG MEP TWNQM FIYFFS
DFSMFTGPSDFTBUUSBDUJWFTQPVSDSIFSEFVY JOUFSGBDFT MJRVJI
1PVS SFMJFS DF USBWBJM BV EiUBJ)M EG E 8PS D B™M DY WFSN\P B/ GIP\EN

RV FYFSDF VO FTQBDF TFNE MD BYH MBFENJRMBODFNJ JO OJ D FTU E E
DVMBS®MFBUUSBDUJPO FYFSDIFQBSVOEFNJ FTQBDFJO OJEF MJRVJE
EMBEJTEBOBMVJ DJ $FUUF JO U I"OSOBRYFPEAVTE BB UFQWW I B VIEBB O U
WBVU

zZ, H

(hy=2 2 r2 1 £ (ndr:
h

IPVT SFWJFOESPOTTVS UP%WFFETDOIH]D@LEFM‘G\/TUF BV QBTTBHF RVF |
EPVCMF EF DF QPRE@PUJEMFH [(1I94r 2dr DPSSFTQPOESBJU JDJE M TOFSH
USBDUJWFQBS NPMIDVMF RV JM GBVESBJUTPNNFS QPVBEQBYYWFS M
OF DPNQUFS RV VOFTFVMF GPJT MFT JOUF)SBEOWUR RS THFSMF W EBO Q RAMS
QBSUJFBUUSBDUJWFEFT GPSDFT *OJUJBMFNFOU -BQMBDF M BWBJL
EJTUBODF OIHBUJWF BWBOU MFT JOUITHSBMFTIUBJFOU EPOD DPVQT
EFSOFT PODPVQF QME/QBEWFJEDFUSIHBBMFEHFU\BS)@FQBT UFOJS DPN
MB QBSUJF STQVMTJWF EV QPUFOL{:\JFM NBJT EF MB MPOHVF QPSUTF EF
FTU OBMFNFOU SFMJTFEDFAILUEJO&IJTMIS@M(FCFOS]:B\M/\DWB/"\B@SJT
Z,
7= EE ) r3 (r)dr:

-BUFOTJPO EF TVSGBDF FTU EPOD SFMJIF E VO NPNFOU EV QPUFOUJF
OIHBUJG E PAMFTJHOF NPJOT %F MB NBDNF GBIPO -BQMBDF FO BWE
EJ ISFODF EF QSFTTJPOEMB USBWFSTIFE VOF JOUFSGBDF MJRVJEF
EFNJ FTQBDFNBJTTVS VOF TQ|OSF /IPVTISVFWIFDESPOTTVSDFQPJOU

6WUXFWXUH GH O-LQWHUIDFH

&0 SIBMJUI M JOUFSGBDF MJRVJEF WBQFVS FTUEJ VTP $0QRJI®DU B
QSPQPTIE IUVEJFS MF QBTTBHKZf EP OMBJEOROE MOFENRAMIRMWIEF E DFMMF
QSFNJOSF JEIF EIWFMPQQIF QMVT UBSE QBS .BYXFMM QVJT 3BZMFJH|
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CIJCMJPHSBQIJRVFDPNQMOUF TFSIGISFSE N RV\E SBNE EFSMXIDFSHR(
QBS NPMIDY@F | BY WPJTJOBHF EF M JOUFSGBB R EIFOJFBIBEBDYV ¥ Q|
EIWFMPQQFNFOU MJNJUITVS MBWBMFVS EF MBEFOTJUI

z, z

2 drr> (r) d (z+r DPJTTJO
0 0

u(z)
2
dz2’

BV QSFNJFS PSESF OPO OVM EV ETWF&PQQ®N FOWB EF @& R0 BENI®N M|
E TOFSHJFJOUFSOFQPVS VO MJRYIEFTIPONPHOIEEHE/FRF@ORF O B
RV POBJEFOUJ IDPNNFIUBOUMBEFOTJUI NP MSAOMEBIBKEUIFS BBR U
JOUFSBDUWPWEPOD QMV TQBONHRF O VMEEF RV VOF EFOTJUI NPMIDVMB
BVDPF BEFQW IRVBUJPO EF 7B0O BES %B%ll\ﬁ'@)dr /IPVT BVSPOTM PDDBT
EF SFWFOJSTVSVOFEI OJUJPOEFTDPF DJFOUTHFRMURRNBUIPOE TUB
$PNNFOPVTM BWPOT W VMBW FRVIBIPDPEF TVSGBDFFTUET OJFDPNNF |
TVSGBDJRVFEVFEMBQSITFODF EF M #OMPSEERIIF M FFQ 8§FR BFUS B EYNF
FTUDFMVJEFM IUBUIPNPHOOF OOPCUJFOUBMPST

2a (z) m

Zl 2 Zl d 2
7= . m(z)@dz—m . @ dz ;
Z Z
2 1 4 1 d 2
= — " (r)d — dz;
3, r* (r)dr . 4z Z;

DF RVJ FTWBBWBWBSZMFNFOU QPVS EFT QSP MTEF EFOTJUIRVIWBSJFO

FTURVF MBUFOTJPO EF TVSGBDF GBJU DFUUF GPJT DJBQQFM E
&0 O QPVS EIUFSNJOFSDPNQMOUFNFOU MBUFOTJPO ERA)VBEBDF JN
RVJ QFVU PUSF GBJU FO IUVEJBOU M IRVBUJPO E TUBU EV VJEF *M G
UIFSNPEZOBNJRVF

7TKHUPRG\QDPLTXH ORFDOH

-BQQPSUEFMBUIFSNPEZOBNJRVFEMB OEV9*9ONFTJODMRUB IUTEF"
EVQPUFOUJFM®BPBINOR¥MDBT EFT JOUFSGBDFT DFRV JM GBVU NJOJNJ
QSFOESF FO DPNQUF M F FUEF MBUFNQISBUVSF FUP®®I ORIU BMPS’
DIBOHFNFOU E TBEFBBHUFDMIESW BDDSPJTAFEF OIUIPR MSGB/BEBPE SBEV
DIBOHFNFOUEBOTM IO HIFBVBKBE M FMBIWR QPTBOU MFIZTUONF GF
ZL ZL @f ZL
F=A f(2)dz= A — (2)dz= A (2) (2)dz:

L L @ L
2VFMMFFTUBMPSTMBEJTUSJCVUJPOEFEFOTJUIFUEF QPUFOUJFMD
% BQSOTDFUUF IRVBUJPO PO BSB\DWP UPROWE BOESEQRNFG BIVIRRB WE]
TVSGHFNFRVBOYUAUT FUE QPUFOUDFOTUBRURWB UF O;TUPIUBNFIDISIG BIFF
-BUFOTJPOEFTVSGBDF QPTJUJWF EPJU EPODDBPUSFOVMMF QPVS NJ
NOOFEVOQSP MEFEFOTJUIDPOTUBOU QBMR@SR M FEUB/@IONBN O RFVB
FOUSF MB EFOTJUI EV MJRVJEF FUDFMMF EV HB[ BVUSFNFOU EJU M .
NPOUSFMBMINJUFEVUSBJUFNFOURVFOPVTBWPOTJNQMJDJUFENFOL
FTUEJ VTF /PVTBWPOTTVQQPTIRVFM PO QF\VD P¥@)J DEFTWE EOTISHT
RV POQFVUEI OJSVOFIDIFMMFEQBSUJSEFMBRVFMMFMFT VDUVBU
FTUQMVT QFUJUF RVF M IDIFMMF E JOUFSBDUJPO EFT NPMIDVMFT %
T PQOSFFOTPNNBOUDFTDPOUSJCVUJPOT MPDBMFT OSDFTEFVY IZC



.PEOMFTNPMIDVMBJSFTEFM JOUFSGBDF

VOFTUSVDUVSFTVS RVFMRVFTIDIFMMFT NPMIDVMBJSFTRVJFTUEF M
60F EFTTPMVUJPOTFTUE JOUSPEVJSF VOF jDPSSIMBUJPO X EF M IOF
OVMMF DFRVJNOOFSBJU TJOPO EVOFJOUFSGBDFJO OJNFOU OF F

7KpRULH GH 9DQ GHU :DDOV GH OD FDSLOODULWp XQH pQHUJLH OLEUH QRQ ORFD

7TBOEFS8BBMTBMFQSFNJFSQSPQPTIVOFUIIPSIJFUIFSNPEZOBNJRVF
EF TVSGBDF - JEIFFTUEF El OJSYNB®NIG MFHNFMEN B EMBIQSIEFODF E V
JOUFSGBDF FOMVJDPOGISBOU VOFGPSNFOPO MPDBMF <

2
@= (@ m o
P4 () FTUMB WBMFVS EF MBEFOTJUIE FYDOTE TOFSHIJFRMUEBF QPV!
UFNQISBUWSMJIDIUF DBS TVQQPTIF D P QIHMSTFUSF USIFQEH DPWE PFOTDV S M |
OVMMF QPVS MFT EFGMIAYTTE RWUWBWINSFTIOPO %FQMVT MBUFOTJPO
<WPJS M IRVWBWRBRBOF IUBOUM FYDOTE IOFSHJFMJCSFTVSGBDJRVF
Zl
7= fs(z)dz :
1
-B GPSNF QSPQPTIF QBE3RAWFEHDFMMF DJ DBS FMMF JOUFSWJFOU 1
QBT M IOFSHJF MJCSF $F NPEOMF TVQQPTF EPOD RVF M FOUSPQJF O
KVTUJ FSPOT EBOT RVFMRNX FOT QIBHG B T GRSONIN F O UDMEPFODPIMTQ BT U QB!
GPSDINFOU VUIJMFE VUIJMJTNMSOQMY EE®EBNEBGPUEFTFE VO QSP MEF
QFOUF &Q OTU SFMJITEM IRYVBUB®®HBJIMBIWBOU MBDPOTUSVDUJPO EF"-
()=p +f(:T) WPJSHW\BSF -FTJHOF OIHBBJGIEPOWBOHEVJIU QPVS EFT

E ﬁ_—\QBMPHJFTQSBUJRVFTRVFOPVTBMMPOTWPJS EOTNBJOUFOBOU &
MJCKE)dz OF DPOEVJU QMVT E VOF GPODUJPO FO FTDBMJFS EV QSP M
TVIWBOUF FO TVQ@HF UBEPWILBROWF

d? d

m@+a—0,
DFRVJQPTTOEF VOF JQ W %8B WiE)R=SF NWEBSFV i F EBOTMB QIBTF MJRVJEF
() TUBOU EPOOTQBS M IRVBUJPO E IUBU OPVT QPVWPOTBMPST JOW
QSP M *M DPSQPT((RPIPEOE NBSUJDMWE EFIOEBHIF OVMMF EBOT VO QVJ
EPVY RVIQBSUEFM IOFSHJF T FOIDIBQQFBWFD VO UFNQTjJO 0OJx
QPVS SFKPJOESF TB QPTJUJPO OBMF FO VO UFNQT MY) 8BETIIPIIO OJ
FYQSFTTJPO MBQMVT TINQMF &V QSENJIES)P BAEFEST PO SFUSPVWF MF (
EFOTJUIDMBTTJRVFFOUBOHFOUFIZQESQFAN(JRV K E MDWPBINFMPFRODBR\BD U
MFDPOTUBUFSTVSMBTIJNVMBUJPOEFEZOBNJRVFNPMIBIWSBJSFRVF
&0 O MBUFOTJPOEFTVSGBDFFRW BOUBPISBOMF Q8ENJOSF T FYQSJNI

Zl Zl d 2
7= 2 [ (2)]Jdz=m — dz;

1 1 dz
DFRVIJDPSSFTQRBETEQPVS MFQSP ME IRVIMJCSFEPOOIRVJINJOJNJT
BQQBSVEOTMPSTRVFOPVTBWPOTTVQQPTIVOFGPSNFOPOMPDBMF Q
JOUSPEVJUVOFMPOHVFVSDBSBDUISJTUJRVFEM IDIFMMFNJDSPTDP
QBS RVISFQSITFOUF VO NPNFOUE PSESFTVQISJFVSEVQPUFOUJFM

+VTRV JDJ OPVTOPVT TPNNFTQMBDITEBOTM BQQSPYJNBUJPO EF

QPTFRV EM IDIFMMF POTUSRMEBDBYR®YST MF NDNF OPNCSF EF NPM
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'64B?2 B %FOTJUIE IIQFRS)HE VJIESEF IPNPHOOFEF7BOEFS 8BBMT FO GF
MB EFOTJUTEF DF VJEFEEOQFRQIBFUVSBUJPO E IRVIMICSF FTUEPOOIF G
EF MBEPVCMF UBOHFOUF RVJEIDSJUEFVY QIBTFTEF NDNF QPUFOUJFM
v< L C()FTUM PQQPTIEFM FYDOTE IOFSHJFMJCSMP RSN TGPOENPHC
EMBEJTUBODFEMBHPVENWFUBG IQPAUFPEBFM RVIFTUQBSDPVSV QBS MF Q
KPVFSBJUMFSUMFE VOUFNQTEBOJTMFYOEERBMPEO JFJ FEVWER B IMDEWIEF T
FUFOBSSJMWBOOD EFNQTJO OJ -BUSBOTJUJPOTFQSPEVJUFOVOUFNQTD
mFUQBS MBGPSNFEVQSP M D 1SP MEFM JOUFSGR®F FO UBOHFOUF IZ
Em EPOOI E 1SP MEFM FYDOT MPDBMEF &BE M) FEM@FA8A2IF MJCSF

DIBDVOEFTEFVY NFNCSFTQBSUBHFOUEPOD MBNPJUJFEFM IOFSHJF MJ«
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%BOTMFDBTPADFUUFIDIFMMFFTUNBDSPTDPQJRVF M IZQPUIOTF F1
EP@BQSWBMJEF QPVSEFTJOUFSBDUJPOT MPOHVF QPSUIF E VOFQPS
VDUVBUJPOTBV EFME EF MBRW PP PD B FWABNBQB@SPYJIJNBUJPO FTU C
DSJUJRVF EQSPYJNJUITEVRVFMM IDIFMMFEFT VDUVBUJPOTEJWFSEH
GBVUEPODBMMFSQMVTMPJORVFDFUUFUIIPSJF FUGBJSFBQQFMEE
DFVYEFMBQIZTJRVFTUBUJTUJRVF - IUVEFEFDFTUSBOTJUJPOTTPSI
EBOT MFTEIUBJMTEFDFTUFDIOJRVFT 5PVUFGPJT JM QFVUBDUSF VU
EF MBQIZTJRVFTUBUJTUJRVF QPVSBQQSIIFOEFSVO QFVNJFVY DF RV
EM JOUFSGBDF FUKVTUJ FSMFTIZQPUIOTFTRVF OPVT TFSPOT BNF(
NPEOMFTIMBCPSITKVTRV JDJ

SK\WWLTXH VWDWLVWLTXH GHV OLTXLGHV

.BMHST MFT SJDIFT FOTFJHOFNFOUT EF MB UIIPSJF jRVBTJ UIFSNPEZ
TPNNFTUFNQPSBJSFNFOU EITJOUISFTTITEF MBSFMBUJPO FOUSF MB
MBJSFT % VOQPJOUEFWVFIJTUPSJRVF JMZBFVEFMBNDBNFGBIPO \
WVFFOUSFMFTUFOUBUJW F TYEE MEFCEM 8 WBIENDSHE B W E U 9P %M FRSVFTO <
BMMPOTFYQPTFSJDJRVFMRVFTIMINFOUTEF QIZTJRVFTUBUJTUJRVF
OPUSFNPEOMF

eQHUJLH OLEUH

%BOTM FOTFNCMF DBOP O JR\PAWNY/RB NQ I BBBIF DVMFT MHADBESHJIF M
Ei OJFQBS

F= kT M@ ;

P& FTUMB GPODUJPO EF QBSUJUJPO DBOPOJRVF RVJUSBEVJU MB O
USPWWIBSSUJDVMFT B BFF QR VBOIRIQTT EfFQY EVPWWPNFDWPOOBIJTTBOU M
UPOH® 9g;f Q) EBOT MFRVFM FMMFTIWPMVFOU 00 BBMPST

1 X
T AN

FO OPUBIDK4T 4JM )BNJMUPOJFO FTU TiQBSEGMFROWIFIQBSHJF QPR
UJFMMF DPO NY(SSQ) JBEQPSM WO QF VEMNS FEFPZy = FYQ Vy)d¥

FTUM JOUIHSBMF EEDPD HMSBUUMBAWPOHVFVS EF EF #SPHMJF %BO
UFNQiISBUVSFPSEJOBJSF DFUUF MPOHVFVS FTUUSOT QFUJUF EFWBO
M BCTFODFE {OFS3FVOPEBCOJFMMFEIUFSNJOFS M IOFSHJF MJCSF E
MINIJNFFA4& HSBIOENMM N M [OFSHJFMJCSFE VOHB[QBSGBJUT iDS.

Qn FYQ H)dgdQ ;

. 3y
Fid = NkgT MON— 1

$FUUF IOFSHJF MJCSF jJEIBMFXx QFSNFU E IDSJSFM IOFSHJF MJCSF E
TIQBSBCMF UPVKPVST

F = Fid+ Fex.
BWH*= ksT M@j—:

%F MBNBDNF GBIPO PO QFVU FYQSUYRUM HOEDHIFNB EF STBIPO UIFSN
NJRWEF+TS=F T@F@Tyn 00O SFUSPVUWEMMPIRTRVIDPSSFTQPOEEM IO
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DJo'l'UJRVFEVHB{@%\&GFB(J@V@UMZN RVJSFQSITFOUF MBNRZFOOF EV (
QPOEISIFQBS MBQSPCBCJMJUIDPO HVSBUJPOOFMMF

%BOTM FOTFNCMF HSBOE DBOPOJRVF QPVS MFRVER®QBPRIDJ F M|
QFVUEIT OJSEF MB NDNF GBI1POIMEDH EB\OE @PQUFOIREEBF QBSBIUJPO HS
UFSNJOIFQBSMBEFOTJUIEF QS P<CB &JMJ O IMEFBD JFCFR\VF PO MBAGNFS NP E 2
I[UBOU EPGOF QB

-BDPOOBJTTBODFEVMJFOFOUSFMFTGPODUJPOTUIFSNPEZOBNJR)
EF USPVWFS MFTQBSUJDVMFTEEFTQPTJUJPOTEPOOIFT D FTU E EJ
JOUISFTTBOUF NBJTO FTUEDFTUBEFUPVKPVSTQBTE VOFHSBOEF |
$F RVF OPVT TPVIBJUPOT USPVWFS FTUVO MJFO FOUSF VO QPUFOUJF
TIQBSBUJPO EFM )BNJMUPOJFO FOUSFIOFSHJF QPUFOUJFMMF FU DJ«
F FUTUIFSNPEZOBNJRVFTFOUSFVOFQBSUJFJEIBMF MJIFBVHB[QBS
MB RVBOUJ DBUJPOEFDFUFYDOT OPVTTVQQPTFSPOTEBOTMB TVJU!
FYUISJFVSF BVY TZTUONFTDPOTJEISITFURVF MFQPUFOUJFM FOUSF
W = 3 j (% §) P&)FTUVOQPUFOUJFMJOUFSNPMIDVMBJISF -FTZTUC
JRQFWLRQV GH FRUUpODWLRQ

*MT BHJUNBJOUFOBOUEFDBSBDUISJTFSMBTUSVDUVSFEV VJEF 00
UJPO D FTU E EJSFMFTQSPCBCJMJUITEFUSPVWFS MFTQBSUJDVMF
EPOOFSB EFTJOGPSNBUJPOTTVS MBTUSVDUVSF EV WM IBSIEFD V@ DOIP N

JDJEBOTM FOTFNCMFDBOPOJRVF

4
N! 1

(n) _ L
v (%) (N n)!Zy
RVJ SFQSITFOUF MB QSPQ@BEUNMDVMER E8PSFVHFRT QRO UQINOTB I F T

UJDVMFT EPOOIFT EBOT M FOTFNCMF @B@B)OB'RL\VH’P-\B\AD:RDJO(B\DH'CFHQ’DF
QPVS DBMDVMFS MFT QSPQSJIUIT UIFSNPEZOBNJRVFTE VO TZTUONF

W=vIN= F@ = 21 1/N) 00Ei OJUFOTVJUF MBGPODUJPEEMBPSSIM
NBOJOSF TVIWBOUF

FYQ W)d& M,

@s 9= P9 P(9d(s 9 :

$FUUF GPODUJPO SFQSITFOUF EPOD MB QSPCBCJMJUI QVSF OPO QPO
QBSUJDY/MFB@SPNNF MF TZTUONF FTU TVQQPTI JTPUSPQE =DFUUF GP
i$ S§ FUOPVT QPVWR@T MBE)FOWRISIPO EBOTM FOTFNCMFHSBOE DBOP
QFSNFU EF TFEICBSSBTTFS ERBUBT AP BO@EBIGDE FIOF FTU QMVT MPVSE
TPNNFNTVARVT TVQQPTEFSPOT OIBONPJOT E QBSUJS EF NBJOUFOBOU
FOTENCMF EF TPSUF RVF OPVT QP VWP OJT®NVL MBS MBDLIFKPER O B 5 &
NFTVSF MB EIWJBUJPO BV DBSBD UQBFEBMBBIPREISEE F TMBDIFUSSUWVEIOVEH U
NPMIDVMF E MB OTRUBOWDFF MB STQBSUJUJPO FTUBMPST BMIBUPJSF
DFSUBJO EF OF QBT USPVWFS EF NPMIiDV MFRETDRUSOHTEEPEIUE /PRVE B O B O
EFTJOUFSBDUJPOT POT BUUFOEEDFRVFMFDPNQPSUFNFOUEV VJE
RWH)=1 @= 2EBOTM FOTFNCMF HSBOE DBOPOJRVF %F MB NDNF GE
DPVSUF QPSUIF EBE=RPMIDVMFT

&0 SFWFOBOU UFN@PSBJSFNFOU EM FOTFNCMF DBOPOJRVF PO QF
E VO MPEPHOBE2N [ (r)g(r)r’dr= aN PaDPSSFTQPOEBV DPF DJFOU
EFS8BBMTRVFOPVTBWPOTEIKE SFODPOUSIEBOT MB(MPMB OBBUJFO C
BUUSBDUJWEF EV(Q&UFOONBM OXESBIOTI E MBEINPOTUSBUJPO EF M IR
8BBMT QPVS EFT QBSUJDVMFT EF TQ1)O SFU E VW $BTU OMFR\EFQINQWD B F F

g(r)y <>
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7KpRULH GH OD IRQFWLRQQHOOH GH OD GHQVLWp

2VFTFQBTTF U JM NBJOUFOBOU QPVS EFT VJEFT RV QS'I'TFOUFOU E |
QPVSDFUUFTUVEFEFQSFOESFFODPNQUFI\/IFTJOIPNPH'I'O'I'JU'I'TRVJQF
EF QMVTQSOTMFTF FUTEFMBEFOTJUI - JEIFEFSSJOSFWBOINSOZ SJD!
'VODUJPO %'BSETUE JOUSPEVJSFEFTHSBOEFVESH R/RAPOIPNXDIIDRINING MTF
QPVS MB EFOTJUI E TRVIMIJCSF -FTHSBOEFVSTUIFSNPEZOBNJRVFT
TPOU EPOD QSJTFT FYQMJDJUFNFOU(GPV S PEJ N FRISIM RV B BIRANGP R\DR
JOUITHSBMFT QPTTOEFOU MFH‘PGJFB(IXICDJH:DQSPQSQFI'VJUJTEJ OJSFYQMJDJUFN
EFM IOFSHJF MJCSFQPVS MFHB[QBSGBJUE BQSOT
Z
FA9 1= kgT MO3 1dS

NBJTDF O FTUQBT MF DBT EF GBIPO HiOISBMF QPVS MFT MJRVJEFT 1)
QBSUJF JEIBMF FU VOF QBSUJF E FYDOT MB EJ DVMUI UJFOU EPOD N
DPOWFOBCMF QPVS MB GPOD UJP G9[FM&VF EFW FGFFS®ID B MPITGS FNEMAFYE Q
EVQPUFGOURSM MFT NPMiIiDVMFT S5PVUFGPJT MPSTRVFSDG QRUEOUJF N
BVONPZFO TINQMF EF MFDPOOBOUSF &0 F FU PO QFVU NPOUSFS ME
DBOPOJRVF <

1 1
— =2 O(g9=2(9 (99 S 9:
55°2 (8973 (9 (9989
"MPST POQFVUVUIJMIJTFSDFUUF SFMBUJPO QPVSDPOTUSVJSFM TOF
QPUFOU)]BWFZD[O;l]VOQBSBNOUSF EFDPVQMBHF 0OOBBJOTJEJSFDUFN

_ 21 2 Z
FII=FY1+5 d ds ds(9 (Do(s9 (8 9):

*Dg) FTUMB GPODUJPO EFDPSSIMBUJPOEF QBJSFQPVS MFNBDNFTZTUC
FTUWr) D FTU E EJSFRVFDFUFSNFQSFOEFODPNQUF MFTDPSSIMBUJ
UFOUJFM

ORGQOH VLPSOLpp GH 7KpRULH GH OD )RQFWLRQQHOOH GH OD 'HQVLW

+VTRV JDJ MFTIZQPUIOTFTTPOUDMBJSFTFUUPVUEGBJUDMBTTJRYV
DJOIUJRVFFUDPO HVSBUJPOOFMMF QBTEFQPUFOUJFMFYUISJFVS
EVOFGPSNVMBUJPO BOBMZUJRVFEV QSPCMONF $ FTUEDF QPJOU E|
BNFOITEGBJSFE BVUSFGIZ3PUFQDDIP @YFRVF

7UDLWHPHQW HQ SHUWXUEDWLRQV HW $SSUR[LPDWLRQ ORFDOH GH OD GHQVLWp

1PVSVOFBQQSPYJNBUJPO QSBUJRVFEFMB %'5 JMFTUUSOTDPVSBOL
TZTUONF QVSFNFOU SIQVMTJG UFMRV VO VJEFEFTQIOSFTEVSFT 6
QBT UPUBMFNFOU IRVJWBMFOU EVO TZTUONF QVSFNFOU SiQVMTJG J
TIQBSFSVO QPUFOUJFM FOUSF VOF QBSUJF BUUBBB U JWF GBEBE0 5 I
QFSUVSKBWPSHAEVDUJPOE VOQPUFOUJFMBUUSBDUJGFOUSFMFTQB

%F QMVT PO TBJU RVF MFT GPSDFT SIQVMTJWFT TPOU EF USOT DP\
BVUPVSEFDIBRVFQBSUJDVMF &O VUJMJT B-CW BIMBYQ RS PINUINBUIFROr ER |
MB DPOUSJCVUJPO SIQVMTJIJWF QFVU DUSF FTUJNTFE @B SIFNQESBO VBT
T EFQBSUJDVMFT QVSFNFOU SIQVMTJWFT -B EFOTHU) BBIWOFSWOF MJC
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EIQFOEBODF JNQMJID@BEFPT BUUSBDUJWFT EF MPOHVF QPSUIF EF UZ
DUSFUSBJUIFTFO QFSUVSCBUJPO EFDFUIUBU EF SIGISFODF %BOTD
EIUFSNJOIFQBS M IUBUGBI®BMTEE EFCGIEBUEFMB BFNQIB®BQ¥8B BMPST
IDSJSFM IOFSHJF MJCSFEM B OBBIEF BEOUBSBIDBAWF EV QPUFOUJFM

L L L
1

Fl1= fr ($dS 5 ds (9 de(9a(® e ) alie 9):

,QWHUIDFH LQPQLPHQW pQH

1PVSTINQMJ FSFODPSFMFUSBJUFNFOU OPVTEFWPOTTQIDJ FSDPN
EIWFMPQQFNFOUFOHSBEJFOUEFMBEFOTJUl FUOPVTSFUSPVWPOT
GBJTPOTVOFIZQPUIOTFESBTUJRVF ™M &OWFBSGEHFSBST0D $6 MRIWFDLZ @
M JEIFRVFMFQSP MEFM JOUFSGBDFEPJUDUSFFOQSFNJOSFBQQSP
MFT JOHSIEJFOUT OIDFTTBJSFTEM FYJTUFODF EFgMB RTFOOE P G EFFOT V
VOF UBJMMF DBSBDUISJTUJRVF FUMFTF FUTUIFSNJRWFFUR®BU QSJ°
EFOTJUTEV MJRVIJEFEIQFOEFOUEF MB UFNQITSBIBS®A BFURFBIPYSIRBI
PVjBQQSPYJNBUJPO EF M JOUFSGBDF JO OJNFOU OFx $FUUF BQQSI
TINQMJ FDPOTJEISBCMFNFOU MFT DBMDVMT &MMF TFNCMF UPVUFG
8BBMT TVS MF GBJU RVF M JOUFSGBDF FTU EJ VTF FURVF MB UFOTJF
GBJU DFUUFBQQSPYJNBUJPO QFSNFUEFTF SBQQSPDIFSEV NPEOMF
NJDSPTDPQJRVF DBSBDUISJTUJRVF QRS WG EES MG TEROVCFUE M@ BRI O J
EFM IOFSHJF MJCSF -FTJOHSITEJFOUT QPVS VO NPEOMF EF M JOUFS(
EFM IOFSHJF MIJCSFOPO MPDBM& F%B QMA/O QB BF B DQ@FANQUIRYB D F N
SBJTPOOBCMFNFOU CJFO DFSUBJOFT USBOTJUJPOT EF NPVIJIMMBHF
QPSUIF TPOUEIDVQMITBV QPJOUD FIUDRNB BBBIAYPENBWIFD<M FYQISJF
NPEOMFTEF %'5 O0PO MPDBMFT

0O El OJUBMPST MB QPTJUJPO EFM JOUFSGBDHFDBOWIBISBEEBDF E
QFVWFOU BMPST PUSF TINQMJ IFT DBS MB EFOTJUI EBOT DIBDVOF E}
WJFOU BMPST VOF GPODUJPOOFMMF FY.QEWJ ®JB N EFFFFM BBHWBNQIENSS © E \C
QBT E IOFSHJF BUUSBDUJWF PO QFVU EPOD DPOTJEISFS RVF TB EFO"
SFTUF OBMFNFOUZ . .

1 . , , ,
FO=f() ds 5T d$ dse(s %) als )

P& SFQSITFOUF MF EPNBJOF EV MJRVJEFRr)GO QRWKIBBMEBVEPKBI®BW
UJFOUDPNQUFEFMBQSITFODFE VOTPMJEF M IOFSHJFMJCSFEV MJF
L EVMIJRVJEF FIBEWHPNVWBEFFFU FMMF T IDSJU

z . Z z
F(u s)=fr( L) d$éf de dg (e 9)
L pi pi

+ L s Ld$ SdS (e 9);

P4, SFQSITFOUF MB QBSUJFBUUSBDUJWF EV QPUFOUJFM MBBRVJEF M
'ls MBQBSUJFBUUSBDUJWFEV QPUFOUJFM MJRVJEF TPMJEF QPOEIS]I
JEFOUJRVFEV TPMJEF FU EV MJRVJEF JOUSPEVJU VO EIGBVU JEFOUJ
DPSSIMBUJPOOFUJFOUBMPSTQBTDPNQUFEFMBQSITFODFEVTPMJE
MFTF FUTEFDPO OFNFOUFUEFTUSBUJ DBUJPORVFOPVTBWPOT IWH
IPVT SFWJFOESPOT TVS DF RIPQPVYUSBMWE IFQGIW SOTVFODF EF DFU F FU T
FUTVS MBUFOTJPO EF MJHOF $ FTUOIBONPJOT EFQBS TB TIJNQMJD
QSPDIBJOTDIBQJUSFT
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9DOLGDWLRQ GHV K\SRWKqVHV HQ G\QDPLTXH PROpPFXODLUH

"WBOU E VUIMJTFS QMFJOFNFOU DF NPEOMF JMFTUJOTUSVDUJG EF |
MJTIFTQPVSPCUFOJS MBBMBPWNNMBIREPDTINVMBUJPOTEFEZOBNJRVF

8QH VWUXFWXUH GpWHUPLQpH SDU OD UpSXOVLRQ

-FUSBJUFNFOUQBSQFSUVSCBUJPOTOPVTBBNFOIEDPOTJEISFSRVF
MB TUSVDUVSF EV MJRVJEF 1PVS WiSJ FSDFUUF IZQPUIOTF OPVT EI
DFUUF TUSVDUVSF FUEPOD IUVEJFS DF B\ P ®FB@EIFWAWR NFF G B D OB \E
GBIPOTVIJWBOUF 5PVUE BCPSE DPNNFOU DBSBDUI{$SMFESINRNE INB GPHOF |
CSBODIF VOF QFSYEGQRUFPWIFM TVS VO VIEFRIPINPGAP\OF EIFEFOVTOB |
GPODUJPOEF SIQPP MBMB®BISF TVIWBOUF

z

($= (S99 (8d&

00 QFVU BVTTJ MB EIUFSNJOFS EBOT M FMQBDFA)EFY PVWSGBY URVBE&B E
TUSVDUVSFFTUBMPSTEI OJQBS <

k
S(h= “ETA(Y:

$F GBDUFVS EIUFSNJOF M JO VFODFE VO QPUFOUJFM GBJCMF TVS MI
M IDIFMMF E JPSVIRMPE HSBOEFMPOHVFVSE POEF MBSIQPOTFEV VJI
NBDSPTDPQJRVFT QBSFYFNQMF MBQSFTTJPO EPOIKEMBOPNQSFTT.
OOQFVUE BVUSFQBSUNPOUSFSRVFDFGBDUFVSFTUMJIBVYGPODUJI
DFUUF GPODUJPODPSSFTQPOEEPODBVY MPOHVFVSTE POEFEFM PS
USOTQFUJUFMPOHVFVSE POEF JOGISJFVSFEMBEJTUBODFFOUSFM
EFDPVSUF QPSUIFO BBYVDPOUSHBIKFBMWMIVOFJO VFODF FUPOB

'64B?2 'BDUFVSEFTUSVDUVSF TVS MkiDJIRMSF EFNVE DU \BDE \PITEF
DPNQBSFEFVY TINVMBUJPOTEFEZOBNJRVFNPMIDVMBJSF FOUSBJU QM
QSPDIFEVQPJOUUSJQMF MFTQPJOUTQPVSVO WJEFEFTQIOSFTEVSFT

$FGBDUFVSQFVUDUSFEIUFSNJOIQBSEFTNFTVSFTEFS&&VTJPOEF
FTUQSPQPSUJPOOFMEM JOUFOTJUIE VOGBJTDFBVEJ VTIFEBOT VO
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BJOTJEFQVJT MPOHUFNQTDPOOV WFSTMB O EFTBOOIFT RVF MI
FYQISJFODFTQBSFYFNQMF TV PK\EFRE BB K RO RMRBEEFOUIRVFEDF RV
OFSBJUVOMJIRVIEFEFTQIOSFTEVSFT EIUFSNJOIQBS'ERVSBENVMBUJF
DPNQBSFQBSFYFNQMFEFVY TINVMBUJPOT EF EZ QB N DREVFANVESW O VWIEE
EF TQIOSFTEVSFT TBOTQPUFOUJFMBUUSBDUJG M BVUSFQPVSVO
EFVY TUSVDUVSFTFTUJO NF FUDPO SNF EPOD RVFMB TUSVDUVSF E
QBS MFTDPOUSBJOUFT SIQVMTJWFT FU EP Odir RNFUMNBBGNEIDNDRURR G BF NI
E VO VJEFVOJRVFYFOU SIQVMTIG

8QH UpSXOVLRQ LVRWURSH

'64B?2 "OJTPUSPQJF ERTED FPROFSBMAORVBYRPOEFTJOUFSBDUJPOTEF MPC
JOGISRVSFOBMDVMBIUIF FDUVITVSREFDPYOUFBSEBD/RMYBVIEF WBQF
TINVMBUJPO EF EZOBNJRVF NPMIDVMBJSF -B MJHOF WFSUJDBMF FO QP
QPUFOUJFM EF -ROGRYE FRIONFESSRVF EPOD MB TIQBSBUJPO FOUSF MF STH
SITIHINFBUUSBDUJG - BOJTPUSPQJF QSPWJFOUEPOD QSJODJQBMFNFOU |

- BQQSPYIJNBUJPOEFEFOTJUIMPDBMFOPVTBBNFOIEDPOTJEISFSE
USPQFT FUEFT GPSDFTBUUSBDUJWFT EF MPOHVF QPSUIF RVJQFVW
EFTJOUFSGBDFT 4JD FTUMFDBT MFTF FUTEFUFOTJPOEF TVSGBDI
M FOWJSPOOFNFOU EFT NPMIDVMFTE M BQQSPDIFEFM JOUFSGBDF
BUUSBDUJWFEFM JOUFSBDUJPO /PVTEFWPOTEPODUFTUFSMBWBM]
OBNJRVF NPMIDVMBJSFEFM JOUFSGBDF MJRVJEF WBQFVS DFRVJO
TBODF /PVT EFWPOT EBGTVEHBEORB PROUSRYFF EV UFOTFVS EFT DPOUSB
M JOUFSGBDF /PVTEI OJTTPOT BJOTJ VO URQ TRAWISIBMTMDI/RIOTUFS/BVI FONUAFC
JOUFSBDUJPOTRVJTFQSPEVIJTFAERUTVS VOFUBIJMMFQMVT QFUJUF RV

X X X
(R)= miv; v, fr

i i8ijrjj<R
EBOTVOWPMVMFEROPOWPMFT NBTTFT FU W JiU F P TFRyT EP O Q AVFE SR D Y FVF
GPSDFFUQPTJUJPO FGWS B DBPWOWUGHBS 0 UIF\UWRTB MR ETIU SJBV 8 MBH R WIPNG T

UPVUFT MFT JOUFSBDUJPOTTPOU QSJTFTFODPNQUF "WFD DF UFOTF
EMBEJ ISFODFFOUSF MFT DP ¥Q FOTFBSMEAFIBDQH SG B DFRAVEMFAMB GBTPO TV

"R) "(R).
TT(1)+ NN(l)'

4A=0 DFMBTJHOJ FRVFMFT DPNQPTBOUFT OPSNBMF ARG WUBOHFOUJ!
DFMB QSIDJTF RVF MBDPNQPTBOUF UBOHEORNPEMMB SPOR MFBIBJIF B

i

AR )=




'"PSNBMJTNFEFDBMDVMEFTGPSDFTDBQJMMBJSFTEM IDIFMMF NJL

QSFOEMFIRQB/ISFBFQSITFOUFDABYPEBRODMIPEBOTVO QPSUJPOEFDPV
M JOUFSGBMRKOFFO QPJOUJMMISFQSITFOUFMBUSBOTJUJPOFOUSF
+POFT VUIMITK@PYS FU MF STHINF BiUY 8D U%B O MWSSTHINF STQVMT
DPOUSBJOUFT TPOU QSJO BJJBMFWNW OBMPPTUBPREBOBMF SIHINF BUU
TPOUQSJODJQBMFNFOU UBOHFOUJFMMFT -BSIQVMTJPO DPNQUF QP\
USOT QSPDIF WPJTJORHF EF /BVNBPQUHBNME BJOTJ EF KVTUJ FSM BQQS
MPDBMF QPVS MB SIQVMTJPO NBDNFTJPOQFVUT BUUFOESFEEFTEJ I
-FOOBSE +POFT

(Q UpVXPp

t -BTUSVDUVSF MPDBMFE VO VJEFFTUEIUFSNJOIF QBS MB ¢
M BUUSBDUJPO

t -BSIQVMTJPO QFVUDUSFDPOTJEISIFDPNNFJTPUSPQF NBDN
WBQFVS FUEIQFOE EPOD EF MBWBMFVS NPZFOOF EF MB EF(
NFOUEFMBUFNQISBUVSF

t 4JPODPOTJEOSFRVFM JOUFSGBDFFTUJO OJNFOU OF BM
RVJEF FUEF TFTJOUFSGBDFT TF SIEVJU BY DBMDVM E VOF .
HIPNTUSJRVFT EF UZQF

Z 1 Z Z
F(L; s)=fr( L) dsséﬁ dg$ dg (s 9
L oz
+ L s d% dg s(j® 9):
L S

t -FQPUFOUJFM#)JSFRQWIR¥OUF MBQBSUJFBUUSBDUJWFEFTJO
NPMIDVMBJSFT QPOEISIFQBS MBGPODUJPOEFDPSSIMBUJI

t -BUBJMMFDBSBDUISJTUJRVFEFM JOUFSGBDFFTUDBDIIFE
GPODUJPOEFDPSSIMBUJPO EF QBJSF

JRUPDOLVPH GH FDOFXO GHV IRUFHVY FDSLOODLUHYV j O-pFk

%BOT MF DBESF EFTIZQPUIOTFT FYQMJDJUITFT QSIDIEFNNFOU OPVT (
TINQMJ TRVIWB OPVT QFSNFUUSF EF DBMDVMFS MFT GPSDFT DBQJM
GPSDFTFYFSDIFTQBS EFT MJRVJEFT TVSEFT MJRVJEFTPV EFT TPMJE
FTUEBOTMFQSPMPOHFNFOUEFDFRV POUQSPQPTI.FSDIBOUFU ,FMM
USBUJPO UIFSNPEZOBNJRVF MPDBMF EEFPOBR MFJ B SHWNHF G6O0T POU TUT
40P FBK MBI < PVFODPSFQPVSIUVEJFSMBUFOTJPO EF MIHOF QBS
PV 8F FKITE K@ x PVFO OQPVSIUVEJFSMFTF FUTEFDPO OFNFOU EF
JOUFSGBDFTTPMJEFT QBS #BVFBWIUBMMPSTEIF®IS RYBUSF QSFTTJPC
QSFTTJPO EF EJNMBRGIFUIROO UIF%NRBZS0 QM HRIMWPBDQSFTTIJPO EF -BQMB
QSFTTJPOTWPOUBDUSFMBSHFNFOU VUJMJTIFTEBOTMFTDIBQJUSFTT
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,QWHUDFWLRQV

OOTFEPOOFEFVYQIBTFT MJRVJEFFUTPMJEF MFAYBHFQPEBOITWFRFQE
RVIQFVWFOUDUSFAGTG@IMFTOMIOIBUFT EF DFT EPNBJOFT *M QFVU ZB
EPOU MFTJOUFSBDUJPOT BUUSBDUJWFT TPOU OIHMJHIFT %BOT MF D
OPVTBWPOTWVRVFM POQFVUUSBIJUFSMFTJOUFSBDUJPOTBUUSBDL
F FUTBUUSBDUJGTFUSIQVMTJGT 0O OPUFDPNNF QSIDIEFNNFOU

" (r) FU s(r);

MFTQPUFOUJFMTE JOUFSBDUJPOBUUSBDUJGT MJRVJEF MJRVJEF FU
SIMBUJPO EF QBJSF <WsP Y&BND TR'MVBIWBP®F EF M |ZQPU|OTFE JOUFSGBDI
BMPSTFYQSIJNFSMFTQPUFOUJFMTE JOUFSBDUJPOTFOUSFMFTQIBT
Z
w($= ¢ ESuis 9;
Lz
s($= L s ESs(S 9);
ZL
st($= L s ESs(S 9):
s

L F4 TPOUSFTQFDUJWFNFOUMFTEFOTJUITEV MJRVJEFFUEV TPMJEF
NFOUEFMB GPSNFEFTWPMVMFAUSO POU E ERODORNEENBFOTTPR¥ P U
JEFOUJRVFT BMPST RVF QPVS MFT.RP U§OWBE M Z N DIBRIFNEPAVIN DNV EBRISH
QBJSF &0 O OPUPOTRVF MBDPOWFOUJRH FFQERTUBQUP ™ RITAUMB BN UW
QIBTFGEF MBQBSUE VOEPABIOEFEK

5pSXOVQRQ

&O NIDBOJRVFEFTNJMJFVY DPOUJOWYV MODQMR\RYBEREIYRES MBVEP\ED FF |
Z Z
Ls = EIS s E'pr;
S @
PSS F& TPOUMFWPMVNFFUMBTVSGBDFEVTPMJEF -FTGPSDFTBUUS
TPMJEFTPOU EPODJOUTHS'I.FTTVSLMEWR]I@‘WN$JI‘F$/S[EP\/BT\P@|BEFO\UOFWDF
EF WPMVNF D FTU E EJSFVOF QSFTTJPO -FTGPSDFT STQVMTJWFT DP
UFSNJOFOUMFTGPODUJPOTEFDPSSIMBUJPO EFQBJSFDPNNFPOM B
MFTCPSETEVWPMVNFEFT TPMJI:_erTO/o[BQ".BO-I'EMEFJBH'IVS)G;NJ%EFFTSPE)O OT
POQFVUTINQMJ FSDFUUFFYQSFTTJPO QBS
Z
s = E"(pr + 1s) ;
@
PE"FTUPSJFOUIWFSTM SYWFSMBWHEV¥ WBMWONPO QFVUFYQSJINFS MB ¢
TPMJEF FUVO MJRVJEF FOWU SFOMIRVUEN S VO EPNBJOF
Z Z

L E "pr EB su+r wl;
VA L

E"(pr+ s+ L)
@
1PVSEIUFSNJOFSMFTGPSDFTOPSNBMFTBVY CPSETEFIPAWRIRYNEF JN
FTU TVQQPTTDUSFEM TRVJMJCSFQBSUPVU $FMBTJHOJ FRVY VOWPM
EFMBQBSUEV MJRVJEFFUEVTPMJEFRVJM FOUPVSFOU $FUUFDPOE



'"PSNBMJTNFEFDBMDVMEFTGPSDFTDBQJMMBJSFTEM IDIFMMF NJL

r(p+ w+ s)=0;

D FTU E EJSFRMFMFRQRUEPUUBMSFIPNPHOOFEBOTUPB/QIPTWMIRWUJIEF
FTUEPODJNQPTIF &0F FU POBGBJUM IZQPUIOTFRVF MB SIQVMTJP
MFT BUUSBDUJPOT QBS QRS BYBERPWIPEMUFBNISHFTB® M JODPNQSFT
MJRVJEF FMMFT BEBQUF FO GPODUJPO EFTJOUFSBDUJPOT MJRVJEI
TPJUFOIRVIMIJCSFEWPMVNFDPOTUBOU

SUHVVLRQ WKHUPRGYQDPLTXH

-FYJTUFODFE VOF RVBOUJUI DPOTFSWPF#EBOT MF MPRMMIGFSNFWQEEF
HIOISBMJTFSMFDPODFQUEF @SEF MBPQIBMFSMPEZIEEFN $ROFJEISPOTM
MJRVJEFFOIRVIJMIJCSFBWFD TBWBQFVS -BDPQFVBOUBE BIQEFISINSEB §
MFT CPSET EV EPBBJOTF MFRVEBOT DF GPSNBMJTNF MB SIQVMTJPO F1
EPJUEPODBDUSFDPOUJOVBVYJOUFSG@GBPET 0OF RBEFOOMBIQIGBEF WBQBV
JOUFSBDUJPOTTPOU OIHMJHFBCMFT -BSIQVMTJPO P,T¥FEROBPTWOMRYV |
TFVMF GPSDF RVF MBWBQFVSFYFSDFTVS MF MJRVJEF -PSTRVFM JO
RWF=P,=P_L. EFTEFVYDUUITEFM JOUFSGBDF 4JEFQMVTMF MNEF MJI
D FTU E EJSFRVEN POUPSGBBMPSTEM JOUFSGBDF EVDUUIEV MJR

pr+ w+t st=Pc+ (0);

Pa PO ORWF MB WBMEVBVESFMF CPSE E VO EFNJ FTQBDF JO OJ EF MJRYV
El OJUJPOEFOT MB TPVT TFDUJPO TVIJWBOUF

IPVT QSPQPTPOTEF QBROESB EIl OJUJPO EF MB QS THRPOTUMFSNPE
MJRVJEF RVJFTUCJFO DPO®TRIBODP ENFQBE®T Z BUUFOE VOF DBSBDU'
MJRVJEF FUFMMF QFVUBDUSFJEFOUJ] IF EENB®Q MBTMIJROUA NSDEPZOBHK
FFU MB @SFAQSPOFOUF MB SIQVMTJPO RVJQFVUDPUSFUSOTHSBOEF
L. F. TPOUBUUSBDUJGT EPOD OIHBUJGT FUDPNQFOTFOUM BVHNF

3UHVVLRQ GH GLVMRQFWLRQ

-BQSFTTJPOEFEJTKPODUJPOFTUEI OJFDPNNFIUBOUMBQSFTTJPOB
h EVFEM JO VFODFEV PVEAUBBQIPMIBEFO<FTU SFMJIF B QRWFSBDUJ
(h) FOUSF VO QPJOUEF W@ KNI BPF TFNJMBOEOT EWBE®DHEY SF B >
$FUUFJOUFSBDUJPORYI@DBY QMRISEM EITUBIMT
Z, 2, Zy p
(h) = dx dy dz' X2+ y2+ 72
1 h

=2 rz 1 ? *o(r)dr:

-BQSFTTJPOEFEJTKPODUJPO QFVUBMPSTDPUSF DBMDVMIFTFMPO MB

( hy="si(h) Le (h):

*MFTU DMIBISVBWORUJ F MF DIBOHFNFOU E TOFSHJF MPSTRVF M PO SFNQ
E BVUSFTUFSNFT D FTUMBDPSSFDUJPOBVQPUFOUJFMUPUBMEM JC
EMBEJTUBODF
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7THQVLRQV GH VXUIDFH

1PVS SFMIJFSDFTQSFTTJPOTBVY DPODFQUT NBDSPTDPQJRVFT EF UF(
VUIMITFS MFT QSPQS3 I RVFOPWBBWHPY WVFD & MWD

e (hydh= 2 _4;
Z o e
Ls (h)dh = , S (h)dh = sv+ sL -7;

= 7(L+ DPY) :

0

&OVUIJMJITBOU QPVS MBEFSOJOBSFNNB N3 D VEBFMRNF B UPEV/NBORA BUJP O
MFTJOUIHSBMFT EFEQSFQSIPROUFOUMFTPQQPTALEFS{BEBOWBVY E BE
BVYIRVBUJF®@T &U QBSTZNIUSJFEFM JOUFSBDUJPOEFQBJSFFUQ\V
TPOUJEFQU3RVFTRO VUIMITBOU MRT EUO EWMARRVEFIMFT IRVBUJIJPOT
JOUIHSBMFTTF SIEVJTFOU E

7= 5 2 r3 L (r)dr;
Z
_7(1+ mez L S I'3' Ls(r)dr:
0

-BQSFNJOSFEFDFTEFVY IRVBUJPPVTB EFRE BAV\S MBRIVFEVMWE MB Ei O
' TUBJUEJ ISFOUF

'64B?2 B %I OJUJPO EF MB QSFTUM OOUFSBDUJPO FOUSF VO WPMVNF |
RVJEF E MBhEE) VOBFOMMBDF TENJ JO OJEF MJRVJEF C -BUFOTJPOEF TVSG
FOUSFVOFDPMPOOF IMINFOUBJSFEF VJEFEFIBVUFVSJO OJFSFQPTBO
E BQSOTM IRVBUJPO

&0 O POSFUSPVWFMB OPSNBMJTBUJPOVTVFMMFEFMBQSFTTJPO

Z,

( hydh= svt sLt+t ]
0
= (1 DPY);

RVIWBVUM JOWFSTFEVORPP RIVKBEE BOBNWMFEOBWEF QPVS MFRVFM JN
IRVIJWBMFOU EF SFNQMBDFS EV MJRVJEFQBSEV TPMJEF



$BMDVMEFTGPSDFTDBQJMMBJSFTBVY JOUFSGBDFT

(Q UpVXPp

t -FDBMDVMEF MBEJTUSJCVUJPO EFT DPOUSBJOUFT EBOT V(
UFSBDUJPOIWFOUVFMMFNFOUBWFD VO TPMJEFTF SIBMJTF

o 00 EIUFSNJOF MFT IOFSHJFT WP QWBI$JRANFD EMDOVWMTSBD U .
E JOUIHSBMFT WPMVNJRVFTEV QPUFOUJFM JOUFSNPMID

o0 -BSIQVMTJPO FTUEIUFSNJOIFQBS M IRVIMJCSF MPDBM
pr+ L+ sL=cste:

o -BSIQVMTJPO FTUDPOUJOVF E MB USBWFSTIFEFT JOUF¢
QIBTF WBQMBR®SFTTJPO

o OOEIUFSNJOFMFTGPSDFTQBSMFTDPOUSBJOUFTTVSGB
FUMFTDPOUSBJOUFTWPMVNJRVFTEVFTBVY BUUSBDUJF

t 60FHSBOEFQBSUJFEFTJOUFSBDUJPOH EF 8IBFIJUBV DBMDV
QBSM JOUFSBDUJPOE VO IMIMEOVEF WPFPBEMDWNIFRIMBEJOWUBOL

t $FTGPSDFTTPOUEJNFOTJPOOIFTQBS MFTUFOTJPOTEF TV
RVFOPSNBMJTBUJPOT JOUEHISBMSBPRHURSFTTIPOT

&DOFXO GHV IRUFHV FDSLOODLUHY DX[ LQWHUIDFHV

IPVT QPVWPOTNBJOUFOBOU GPVSOJSVOFTUSVDUVSFEIUBIJMMIFEFT
DFRVJOPVTEPOOFFOUIIPSIJFBDDOTBVY GPSDFT $FDJTFSBQPTTJCN
QPVSSPOTDBMDVMFS MFTJOUFSBDUJPOT /PVTGPVSOJTTPOTEBOTTL
M FYQSFTTIJPOEFTGPSDFTDBQJMMBJISFT EBOTMFDBESFEVGPSNBM
MJITEMBMJIHOFEFDPOUBDU TFFSPOUBCPSEITBVY DIBQJUSFT

BUHVVLRQ DX[ LOQWHUIDFHVY SODQHYV

$POTJEISPOT QPVS DPNNFODFS M JOUFSGBDF MJRVJEF WBQFVS /PV"
MBWBQFVSFTUOVMMF NPJTWBQIFAHBIPP EBQIMHAUAB[FTUE PSJHJC
EBOT OPUSFDBMDVM O JOUFSWJFOU RVFQPVSMFT GPSDFTBUUSBDU
USOT HSBOEF EF M JOUFSGBDF MJRVJEBF/WB B F \BSMDIRNNFS ZBHRIR \EIVT Y
MB WBQFVS MBWBYVEPIBUUF SIQVMTIJPO FTU DPOUJOVF DPNNF OPYV
EPOD EIUFSNJOFS MB QSFTTJPO UIFSNPEZOBNJRVF EV DUUIT EV MJRV
BMPSTQSIDJTFSMFTJOUFSBDUJPOTMJRVJEF MJRVJEFFUMJRVJEF 1
M JOUFSBDUJPO MJRVJEF TPMJEF D FTUTIJNQMF MFTPMJEF FTU TV
st =0 1PVS M JOUFSBDUJPO MJRVJEF MJRVJEE RQOF TUCEWSE VWFGBD
OBMFNFOU DPNNF @S ¥P.EF BQBSOU M IRVBUJPO

2VFMMF FTU BMPST MB GPSDF FYFSDIF TVS MF TPMJEF QBS MF MJR
M IRVBUJFAFQ TQIDJ FSMF TZTUONFEV TPMJEF TVS MFRVFM MFT GPSD
EIUFSNJOFS MFTDPOUSBJOUFTEM JOUFSGBDF TRAUBV RGP BWFGSE MOF
JO OJF'IJWP3IEC > 0OOEPJUBMPSTTQIDJ FSMFTQPUFOUJFMTBVY CPS|
EFDFT QPUFOUJFMT OPVT EPOOFOU MFT GPSDFT UBOHFOUJFMMFT TV
MJRVJEF TPMJEFE BQS®M NCBV8GBP® MIRVIEF TPMJEF MFT JOUFSE
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'64B?2 B 3IQVMTJPOBVY JOUFSGBDFTEBOTMFDBTE VOMJRVJEFE iQ!
QIBTFWBQFVSFUVOTVCTUSBU TPMJEF EBGTQMVJIIEBEPIG MTRIIFR/GSU B ® WIF FAUBY
P, EM JOUFSGBDF MJRVJEF WBQFVE RFSI WB&BDPS\DB DIFTO EY BIiRIUFSOU DFRVM
SIQVMTIJPOEM JOUFSGBIFMIRVJEF TEMIEENB\EVNDBWIDVMEFT GPSDFTE
MJRVJEFBHJTTBOB EVSNRFDPMPOGSET DMBJS E BORSMUINM G RYB UD P B
OF SFQSITFOUF QBTMBEJTUSJCVUJPOEFT GPSPFPOEBEDREP SBERTE EFFIRGEE
-BGPSDF UPUBRMEWBVDF DBT

.L(0) DBSPOFTUEMBTVSGBDFE VOEFNs] FTQ®PEROSOMBENDNRSBETFP

1BS DPOTFSWBUJPO EPQ BUEFROLDI MM, SIQVMTI@P= P, s (0) %F

QMVT QBS TZNJU®B 3F RO)BDBS MFT EPNBJOFTE JOUIHSBUJPO TPOU JE

DPNQPTBOUF OPSNBMFEM JOUFSGBDF FO JOUIHSBOU T TFVMFNFOU TV
z

'Ls = dSE (pr + Ls) ;
= PAE:

00 SFUSPVWFEPODCJFOMFGBJURVF MB GPSDP,JTVSBAFTNRIN B EFBISTNRAV
RVJEF 4JM POUJFOU DPNQUFEFMBHSBWJUT DFMMF DJEPJUDUSF QS
PLEI OJFQBS M IRVIMJCSF MORDBAUBPV®FSBMAST MFGBJURVFMBGPSD
FTUVOFGPSDFQBS VOJUIT FPF E‘PS)@EBDQB\BO\E@MFIEEHW*‘Z@S%UBUJRVI
hFTUMBIBVUFVS EF MBDPVDIFEFMJRVJEFEFEFOTJUI

-FDBMDVMEFTGPSDFTUBOHFOUJFMMFTO BRVFQFVE JOUISPUJDJ
DBS MFTPMJEF EPJUBQQMJIRVFS FO TP RVJE MJ R U WB VHBIMIF BE WMBFD
MPDBMF EF TPSUF RVF MPDBMFNFOU JM SFTUFE M IRVIJMJCSF FU OF T
M JOUFSGBDFEVFTBV MJRVJEF EBOTLMF})PWEHWEBWWB\GLBDBT\M

C /IPVTSFWJFOESPOTRVPJRYVY JMFOTPJUTVSM FYQSFTTJPOEFDI
QSPDIBJODIBQJUSF

AVQQPTPOT NBJOUFOBOU RV FHMEFTV M DEFFSTB B M B ER DUBIOUMSBETE V S
TV TBNNFOUHSBOEQPVSRVFMFTJOUFSBDUJPOTTPMJEF MJRVJEF TI
WPJISVSF /PVT TPVIBJUPOT UPVKPVST EIUFSNJOFS MB WBMFVS EF M
DF RVFOPVT QPVWPOT BJTINFOUGBJSFEM JOUFSGBDF MJRVJEF WB(
st= st(h) 1PVSM JOUFSBDUJPO MJRVJEF MJRVJEF POJEHPV\HFPQTSFSM
OO USPVWE BMRBSO) ie(h) - BQSFTTJPOUIFSNPEZOBNJRVFWBWU EPOD
MBDPVDIF

Po=Py+ s.(h) (h);

Py+ ( h);
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FOVUIJMJTBOUMBEI OJUJPOEF MBSFSWBERYFOEFEJBEKBBOUDMVT MF DI
UIFSNPEZOBNJRVFRVFOPVTBWPOTVUJIMJTI

'64B7?2 3IQVMTJPO BVY JOUFSGBDFT EBOT MF DBT E VO MJRVJEF E IQB.
QIBTFWBQFVSFUVOTVCTUSBU TPMJER; EBGTQMVJIBPTG FTRIQOAP/CSU B @ WIF- FAUBY
P, EM JOUFSGBDF MJRVJEF WBQFV® RS DMBEFBGWBUDBD POERUFONIG W
MB SIQVMTIJPOEM JOUFSGRDFPMIRYIBF TPMIJEF RVJWBVU

'64B?2 -BEFOTJUIE TOFSHJE BBUYBGBIDMN FE V Oh MN\EUTEDUBSFF'EFFDBN
QPT'I'F FOEFVYDPOUSJCVUJPOT MB QSFNJOSF FTUDFMMFE VOEFNJ FT
MBEFVYJONFDPOUSJCVUJPO DFMMFE VOBVUSH EOFRNU SSPNOMBIB ERODOJ NE
w = w) e (h)

%F QMVT D FTUFODPSFVOFGPJTEBOT DFM RIVDBQWNVQBEFVBIWB TVE
TPMJEFEM JOUFSGBDF MJRVJEF TPMJEF &Q F=FY_ (VS PRRYUF JOUFS
MF QPUFOUJFME MBTVSGBDFHVSPD MW E Q) TIGWSPVWF EPOD E BQ
FU p =P+ s (h) s.(0) "JOTJ FOSIBMJIJTBOU MF NPHNWFSEIMBO RVF Q
POUSPVWF MBGPSDF OPSNBMF E M FQBESGB D R)RYEBQQIMIIFETFVEVS G BE
/IPUPOT RVF OPVT BWPOT EF OPVW@®BY VYHOM X0 B @ SIFASIFEVWF FODP
GPJTJDJMFSITVMUBUDMBTTJRVF
1PVSUBOU EVOFJOUFSGBDF MJRVJEF TPMJEF POOFQFVUQBTHIC
TVSMFTPMEEFFFU JMZBQMVTJFVSTDPOUSF FYFNQMFT E VOFQBSL
DPNNFOPVTMFIWBEQ SBVBFTGBA/SDF OP SR B% FBY FSEH QBSU QPVSEFTJOUFS
TPMJEFOPO QMBOFT MB GPSDROR®NBMF O FTUQBTOPO QMVT

(Q UpVXPp

t 4IJM JOUFSGBDF MJRVJEF WBQFVS FTU QMBOF MB QSFTTJP
TPMJEF QMBO FTU

o P, TIMF MJRVJEF QPTTOEF VOFIQBJTTFVS USOTHSBOEF
DVMBJSF

o P+ ( h)MBQSFTTJPOEFEJTKPODUJPOTJM IQBJTTFVSFT
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JRUFH WDQJHQWLHOOH GH WHQVLRQ GH VXUIDFH
L QWHUIDFH OLTXLGH YDSHXU

&YBNJOPOT NBJOUFOBOU MB GPSDF RV FYFSDF VOF NPJUJI EF EFNJ F
QPVS SFUSPVWBRSHV BGPREMDWFBPO EF TVSGBDF *M OPVT GBVU®FUUF GPJ
EBOT UPVUF MBDPMPOOF EF MJRV3 PF DPR\WF XS BZIEGN NPOKP® SDF EJ
h EF MBTVSGBDF MF QPUFOUJFM MJRVJEF MJRVJEBHVIDFSBW<MB EID
=2 1.0 () FUPQBO 0OOFOUJSFEPODE BQSOTM iRVBUJPO

pr(h)=Py+ L (h) e (0) -

&OTVJUF JM GBVU EIUFSNJOFS MF QPUFOUJFM BUUSBDUJG DSIii QBS
POTPVIBJUFIUVEJFS MFT GPSDFT 0OM BWV MFT GPSDFTTFDBMDVI
TZTUONF *MT BHJUEPOD JDJ EF DB WBES/BGFESB\DAF Q P UG DE/R MN \BJ EG E ST P
EIDPNQPTJUJPO FTUHEWPHOROGF FUSPMOBISPVWF

e ()= (0) % e (h)

'64B?2 B -BEFOTJUIE TOF$HIM BIWDWS 8 DANSVEE VO MEFW BB M8EBDBBOC
WBWU=2 (L (0) w(h) C -BEFOTJUIE IOFRSHJMBUVYSBBDBFWF/O RVBSUE FT

EMBEJTEBOPBOWSBY®@ 1. (0) w(h)= w© L w(h

-BGPSDFFTUBMPSTEPOOIFRBSTAVIRN BIBJP®OSDF IPSJ[POUBMF OPV
TVS MBRVFMMFPOJOUOHSFMFTQPUFOUJFMWF EFERPODRAVE 10SGBD R Y
T IiDSJU

4

Fr (pr(h) + 1 (h)) dA;
ez

w PV+} |_|_(h) dh :
0 2

-BEJTUSJCVUJPO DPSSFTQPO'EEUSF$FFUl$H:QB©-|SFT(D|EJ®FU-B\US]MBDPO SNI
RVFOPVTBWJPOTEWPODODEPEMBYUSBDUJPO ETQFOE FOF FUNPJOT NP
EFMBEJTUBODFEM JOUFSGBDFRVF MB STQVMTJPO DFRVJEPOOFCJ
MPOHVFVS MPDBMJTIFEM JOUFSGBDF FUE BNQMJUVEF QBS VOJUI EI

Z

1 1

< hy=z -

2 4 L (h) 75
E BQSOTM IRVBRUPOT RVFOPVTOF OPVTJOUTSFTTPOTQBT BVY GPSDF
TVS M JOUFSGBDF MJRVJEF WBQFVS FUTVS M BVUSF GBDF BV GPOE E
DPOUPVSOFS MF QSPCMONF EFT GPSDFT WFSUJDBMFT FO QSPMPOHF|
OVMMF $FRVFOPVTWFOPOTEFDBMDVMFSFTUEPOD CJFO MB GPSDF



$BMDVMEFTGPSDFTDBQJMMBJSFTBVY JOUFSGBDFT

'64B7?2 $BMDVM EFT GPSDFTUBOHFOUJFMMFT EVFT BV MIJRVJEF BHJTTE
L FOHSJTDMBJS E BQSOATM:PRR\DFFIJPFODPOUBDU EWVFDE MBAQBEBTIPO TU
SFQSITPOXIFT

,QWHUIDFH OLTXLGH VROLGH

1PVS M JOUFSGBDF MJRVJEF TPMJEF PO F FDUYVFhMER VD 3G DIBSVGIB\DVF
SIQVMTJPO WBVU DPNNF QSIDIEFNNFOW®PQBR DPOTFSWBUJPO EV QPUF

pr=Pv+ () @ sc(h)y=Py, (h) (0):

-FTGPSDFTUBOHFOUJFMMFTEM JOUFSGBDF MJRVJEF TPMJEFRVJT
GPOBWVRU EF IBVUOPW® VOJRVFNFOU EVFT BV MJRVJEFFUBVY GPSDFT
POM BWV MF QPUFOUJFM MJRVJEF TPMJEF OF RPF T® KIP 8 AVHBSEBIFSIFTD
WFSUJDBMF OPSNBMFEM JOUFSGBDF MBQSPKFDUJPOEFDFHSBEJF
GPSDFTUBOHFOUJFMMFTTFTJNQMJ FOUEPOD
z
FT (pr(h)+ L (h)dA;
Qz
1

1
W Py + 5 L (h) s.(h) dh;
0

= WLPy+W .7 W(sy st .7);

E BQSOTMFTIR¥BUJPOODISFUSPVWFMFTEFVYDPOUSJCVUJPOTEM JOU
BWIJPOTNIJTFTFOMWINTIOBB EBMIBSFNJOSF QSPWJFOUEF M BCTFODF EF
FTQBDF DFRVJDSIFVOFQGPSUP BUIUESBMRPOWYFFVS -BEFVYJONF QSPW,.
TPMJEF FUQPVTTFBWFD MB GPSRFQBS YOBMFEFOMPOMB EWSDF OFUUF
QJMMBJSFQBSVOJUIEFMPOHVFVSTVSMFMJRVJEFEM JOUFSGBDF M.
SIQVMAUWMMF WBVWDF RVIJFTUDPOGPSNFEDFRVFOPVTBWJPOTRVBM
'JHVSF

,QWHUIDFH OLTXLGH OLTXLGH

00 QFVU HIOISBMJTFS DFT SITVMUBUT EM JOUFSGBDF MFRWV-JEF MJR\
TIQBSITQBSVOFJOUFSGBDFQMBOF 0OTIQBSFM FTQBDFQFSQFOEJL
JO OJT 2VFMMFFTUMBGPSDFFYFSDIFQBSVOFNPJUJIE FTQBDFTVS
QVIJTRVFM JOUFSGBDFUSBWFSTFQFSQFOEJDVMBJSFNFOU MB TVSGE
EFDBMDVM RVFOPVTBWPOTEIKE GBJUFT

5PVUE BCPSE OPVTQPVWPOTTIQBSFSMFTZTUONFFOEFVY EV NPN
JOUFSOFT *MT BHJUEPOD EFDBMDVMFS NBGFSBNPYASEYI B @ BSIQB B
-1 QPVS DPNNFODHRSSWPJB GPSDF UPUBMF QBS VOJUI EF MPQHVFVS TV
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SITVMUF EF USPJT PSJHJOFT MB ¢ P$DFSEBUWUBBDBDTB O NN R BB
E BUUSBDUJPQ EYRNSHSVEBY TZTUONF UPUBM MB GPSDF EF SIQVM

/IPVT BWPOTEIKEDBMDVMI MBQSFNJOSFB UPPBTUONSFGP $OK BRVWBEB
RVF OPVT WFOPOTEFDBMDVMFS KVTUF BV EFTTVTEM JOUFSGBDF M.
JOUFSBDUJPOT 4JM PO HIOISBMJTFDF SITVMUBU QSIDIEFQU MB GP
HIOISIFQBS MB QBTURBMMFSEHF+ .7 RWPVUBPHFOUJFMMFNFOUTVS MFT
+VTRV JDJ PO SFUSPVWF EPOD MB GPSDF UBOHFOUJFMMF SiQV1
TPMIJEF .. *MGBVY FO OBKPVUFS MB GPSDFUBOHFOUJFMMF BUU
- EM PQQPTIEV TPVOJT TZTWE&NES MF QPUFOUJFME BUUSBDUJPO FTU
QS'I'D'I'EFNd\!LFlCh)J:% L,.,(h)y -BGPSDFUPUBMFEF DFUUF DP GU&BBDWIMA F
E BNQI\%OUVEF_.+ .77 'JOBMFNFOU MBDPOUSJCVUJPOUBOHFOUJFMMF
EF-EVTZTUONF UPUBS\'AiCF\TI%’J('I\D@\ﬂ:GPSD_Fﬁ DFRVJFTUOIHBUJG E BQSOT
EF %VQSIIRVIWBMFOUF EPODD FTUFO GBJU \%@F.G—PSDF BYUSBDUJIW
DPNNFD FTU OIRPUSFVS MB

1PVS MBEFVYJONF QBSUJFEVTZTUONFEDPOTJEISFS MBTJUVBUJI
EPODRVF MB GPSDF QFSIVF F%’(U.V@F_GPSDﬂF EOUTSBNDNBIOMFMFT EFVY DP
CVUJPOT PO SFUSPVWF BV .OBNMMB BIRSDVFSBUMB SBOIRWYF MFT EFVY C
DIBDVOFEBOTMFTRVFMRVFTDPVDIFTBUPNJRVFTBVUPVSEFM JOUF
EVISFMBQSITFODFE VOFDPOUSBJOUFEFDJTBIJMMFNFOUDBSUPVUT
BQFSNJTE JEFOUJ FSTJYTPVSDFTEDFTDPOUSBJOUFTRVJDPOUSJC
EFQSFTTJPO FURVBUSFTPVSDFTBUUSBDUJWFT DSPJTIFTEFVY E EF

'64B?2 $BMDVMEFTGPSDFTUBOHFOUJFMMFTEUSBWEFSILVOF JOUFSGBI
$F TDIINB OF SFQSITFOUF QBT MBEJTUSJCVUJPO SIFMMFEFT GPSDFT NBJ
UBOHFOUJFMMFTBHJTTFOUTIQIBSIRE B0 TR SWEHPRIUFZFUONE BF TPVT T
EE, OPYIFOCBTEESPJUF 4VS MFOTPRFIOUZTROSIFF}IT TPVSDFTEFDPOUSBJOL
EF MBQBSUER, FW -BQSFNJOSFTPVSDFFUMBUSPJTJONFTPVSDF POUE

FU -BEFVYJONFTFDBMDVMFBJTINFOU -BDPOUSJCVUJPO UPUBMF T
OBMVOFGPSDliz(BU_Ui-SBDUJ_\MF-EBFDPOUSJCVUJPOTVS MF EFROFJONF TPVT
EFTTPVTT FO EIEVIY-QBB DRRIUWSBIFOUF UBOHFOUJFMMF UPUBMF TF SIEV
BUUSBDUJWF
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(Q UpVXPp

t -BGPSDFUBOHFOUJFMMF FYFSDIFQBSVODUUTE VOMJRVJI
MJRVJEF WBQFVS WBVU

t -BGPSDF UBOHFOUJWMWREEMPIDIEMBBEWORVJIEF E
M JOUFSGBDF MIRWWIEFE+TRMIDEHFRVBWWP SSFTQPOE BV USBWB
E BEIITIPO GPVWFFRWIRVJEF
&0 DPNQUBOU M BDUJPO TVQQMINFOUBJSF EFT JOUFSBDUJ
QBSM BVUSFDUUIEV MJRVJEF POUSPNWENOF GPSDFBUUS

t -BGPSDFUBOHFOUJFMMFFYFSDIFQBSMBNPJUJIHBVDIFE V
TVS MB NPJUJI ESPIJUBRMMBB/QSRIGBD FO DPNQUF E MB GPJT MF
JOUFSBDUJPOTFUMFTJOUFSBDUJPOTDSPJTIFT

BUHVVLRQ GH /DSODFH

-PSTRVF MFT JOUFSGBDFT TPOU DPVSCIFT MFTEPNBJOFTE JOUIHSB
NDNFT *MT BHJUEFEINPOUSFSRVFM IOFSHJFWPMVNJRVFE JOUFSB
FTU< >

i = (0 7

4)J> 0 M JOUFSGBDF FTUDPODBWF MF EPNBJOFE JOUIHSBUJPO EV M
EPOD QMVT HSBOE FO WBMFVS BCTPMVF -F QPUFOUJFM IUBOU DFMV,
SFUSPVWF MF TJHOF OIHBUJG EBOT M FYQSFTTJPODJ EFTTVT &0 O
UFSNFEVEIWFMPQQFNFOUHIPNIUSIRVFEFM IRVBUJPOEFM JOUFSG
QBS TZNIUSJF

'PPRQVWUDWLRQ PLFURVFRSLTXH j GHX[ GLPHQVLRQV

OOTFQMBDFEMBTVSGBDFE VODZMJOESF JOWBSJBOUITFMPO MB EJ
YFSMFTJEIFT 0OODIFSDIFEDPOOBOUSF WP)QPUBOBIEBDINSE MU EIUFS
BV QSFNJFS PSESFhQ@BS %’IX'IZR‘GLD]HDB@E(;I%) M JOUFSBDUJP®;BORISF MF QF
VOF MJHOF USBOTWFS(R&MFE%(MB)DP%S}EP@OTRMy2+22 dy "MPST
M JOUFSBDUJPO WPMVNJRVFT IDSJU FOTIQBSBOUMBDPOUSJCVUJP

Z, Zh(x)

= @+ dx dz' - (x2) :
1 0

00 GBJUFOTVJUFM BQQXIPFINBDPIPTUIRDM(QP \DPNQUF UFOVEFMB MPO
EFWBSJBUJPO EFfMryOUFSBDUJPO
Zl
' w()+ dx h(x) ' 05 (x; 0) ;
iz
1
w@+ 5  dxx® {5 0);
2
w@©@ -7

&Q F FU POBM IRVIJWBMFOU EF M QRPWBWIP QW MEPUSBBRMY F 4=

o 12 Py dr
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'64B?2 3iIQVMFIEBMDTVO MNNBDSPTDPQJRVFEFMJRVJEF EPOUM JOUF
TOEF MBDPO$ERSFWF TVS DF TDIINB -F QP UF O JFFMMBIWUESB®L N8 EOMB TV
OfHBUJG BUUSPBDUIQPR¥PUJIFM UIPS DPSECEBRPROEMYVJIE MBQSFTTJIPOEF
P, .7 -BTVSQSFTTJPOEM JOUISIJFVSEFMBHPVUUFFTUCJFOQPTJUJW

'PPRQVWUDWLRQ PDFURVFRSLTXH j GHX[ GLPHQVLRQV

4PJUVOFDPVDIF EF MARWXE FSEFIQRPIBQBSTVS VO 20T U 38 B ISHPMIE FGDF
QBS VOJUIEF MPOHVFVS T IDSJU
4

Flh;h9=  (h;h%x) dx;
pP—
(hh8x)= 7 1+h@+ 4. 4

- TOFSHJFE JOUFBSSIDMUBPOFDPOTUBOUFQSOTDPNNFMBEISIJWIFGPOTL
EM JOUFSGBDF
_ FhhT
- h()
L@ da.
@h dx @R’
h%tx)

7 (X):

YRUFH

OODPOTJEOSFVOFDPVDIFEFMJRVJEF EPOUM JOUBSGBDEB®WTFDIWBO
TVCTUSBUTPMJEFQMBO $PNNF QSIDIEFNNFOU OPVTEFWPOTEIUFSH
MF MIJIRVJEF ® M JOUFSGBBRPMIRYIEFRIWBQPWSEFOFBU TV TBNNFOU M
i = () 7 WPJBVSF 0OUSPVWFEPOD E BQSOTM IRVBUJPO

PLZPV -7 -

0OOSFDPOOBOUCJFOMBQSFTTJPOEF-BQMBDFVTVFMMF $PNNFQPVS
QMBDF SITVMUFE VOF FUHIPNIUSJRVFEV EPNBJOFEFMJRVJEFRVJB
UIFSNPEZOBNJRVFFTUCJFODFMMFRVIJBQQVIJFTVSM JOUFSGBDF QM
NFOUERWE TFDUJPO

B3UHVVLRQ GH /DSODFH j O-LQWHUIDFH OLTXLGH VROLGH

%F MBNBDNFGBIPO OPVT QPVWPOTDBMDVMFS MFTGPSDFTFYFSDIFTC
EPOD MFDBTE VOFDPVDIF EF MJIRVIJEF EPOUM JOUFSGBDF MJRVJEF
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TPMJEFQPTTOEFV@F‘DUPUEH:B/LSCFG MFTPMJEFFTUDPOWFYF FUMF MJF
EFM JOUFSGBDF MJRVJEF WBQFVS QMBO PO EIUFSNJOF DPNNF QSTD
Pp=P, ®M JOUFSGBDF MJRVJEF TPMJEF MFE[\PED/MEFFQPRJTFI@E]FFMCEFB)L
MJRVIJEF MIJRMWIBF®YBV.Y E BQSOTM IRVBEYIPMF EPNBJOFMJRVJEFFT
HSBOE gPPDU QMVT OIHBUJG %FMBNDNFGBIPO MF QPUFOUJFME BL
st = sL(0) -7%;
QBS BOBMPHJF BWFD MF QPUFOUJFM MJRVJEF MERVJIHF FIQ EFRO M B
GBDUKYS DPY)/)2 RVJIJOUFSWJFOU DFUUF GPJT DOPCFOHEIBEVYYIS EM MIBTO
STQVMTJPOEM JOUFSGBDF MJRWVWJEF TPMJEFQBS DPOTFSWBUJPO EF

DP 1
% sL(0) :

&OTVJUF QPVSEIUFSNJOFS MFTGPSDFTEM JOUFSGBDF JMOPVTGB

MJRVJEF TVS MFTPMJEF RVJO FTUQMVTIHBM BV QPUFOUJFM TPMJE
QMVT JEFOUJRVFT(NBJ)TQFBRNENIUBYBE EF NDPNF EF MFEIEVJSFUSOTTJ

1+ DPVT
—

&U PO B UPYKP¥STs(0) *M OPVT GBVU FO O TQIDJ FS MB WBMFVS EV Q
M JOUISJFVSEV TPMUEPVE VIBANSBBIODFDFPVT GBJTPOTM IZQPUIOTFR
TFTIQBSFOU D FTU E EJSFRVFM F FUEFDPVSCVSFTFSFTTFOU QSJ«
FOFTUMBNDNF RVFEBOTVO EFNJ FTQBDF JO OJEFTPMJEF 0O T BU
EBOTMFTPMJEFOFTPJUQBTQFSUVSCIiQBS MBHIPNIUSJFEFM JOUFS
M TRVBUJPO

pr=Py+ _7

ts= s+ .7

ts(h)y= s(h) QPVIS> 0;

1+ DP
ts(0)= 1s(0)+ -7%1

$FUUF IZQPUIOTFFTUQSPCBCMFNFOU VO QFV GRSWK B§ TRIBTO GBJ
fHBMFT QPVS NFOFSBV SITVMUBU TVJWBOU

*M GBVU FOTVJUF TQIDJ FSMFTPVT TZTUONFEBOTMF TPMJEF TVS \
MJRVJEF /PVTDIPJTJSENOTPWOERRSUJIPEQQVIF TVSM JOUFSGBDF MJ
DPNNFJOEJRYHVEE MBRVJQSITFOUF BV MABRUJEFUWOFNBBE BPRNF E M
UJPO QSIDIEFOUF QPVS TINQMJ FSMFTDBMDVMT HIPNIUSJRVFT OP\
EFM FTQBDF D FTU E EJSF RVF MFW PMJEID QFAMIM BE 5 NQF| Q50 G FROTETRAL
TPOUWPMPOUBJSFNFOU EJTQ SPTRUOSGIESKTYIF T- BIGHDNWN EEVEFHUF QP S L
d = dA/W 1 4VSDFUUS GPBQ3SPO M IRVBBIREPSDFTEVFT BV MJRVJEF
BVY CBSEVYWPMVNF BV Y EDM JOQUFEEBDF MIJRVIEB BPWUEF FUEF

0O TPVIBJUF DPOOBOUSFMBQSFTTJPO OFUUFFYFSDIF QBS MF MJR\
UJPO OPSNBMF E Mz JOV/SAGE BDFAS P RUIFUIHSBUJPO TVS MF DPOUPVS FT
UJPOT MBQSFNJOSFEFMBQBSUEFM JOUFSGBDF MJRVJEF TPMJEF |

TIDSJUFOQBSUJDVMJFSE BQSOTM IRVBUJPO
V4

1
FU= (v 1s(0) DRNGA+2 - Wah TIG: 1s(h):
Zl
= dA(Py+ .7DPY )+ dA Ls (h)dh;
0
= dA(Py+ .7DPJT .7 (L+ DPY):

= dA(Py 7))
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'64B?2 B 3iQVMTEIP@T VO MN NBDSPTDPQJRVF EF MJRVJEF EPOUM JO
FTUQMBOFFUM JOUFSGBDF MJRVJEAHPWIMF QPSS DG ED VB D-FSROWSFU .
NPEZOBNJREFPFTMB QSFTTJPOEF MBWBQFVSEM JOUFSGBDFMJRVJEF Wi
MJRVJEF TPMJEF FTUEIUFSNJOIF QBS MB WBMFVS EFT QPUFOUJFMT BUU
%iUBJM EVDBMDVMEFT GPSDFT EVFT BYYEWJRRNMEE B BB VBE® UMATSQSPRE@ B
OF TPOU QBT SIBMJTUFTDBS MBDPVS@VSF BDSOF GITIR\PBESBPEBICMF E
QSITFOUBUJWF EF MFVS EJTUSJCVUJP QEFN W BB OSVIFVOE B T FFM MNEFF Q-BUFIQ
BUUSBDUJG FTU ERIOOI-GBSSPSDFT EF DP OB BIFUTPY URMIEFFIVSI TFOUTFT -
GPSDF OPSNBMF UPUBMF FTUEPOOIFEM IRVBUJPO

00 OPUF RVF QPVS MBDPOUSJCVUJPO EFTDUUITEV TPVT TZTUONF M
DBS MBDPVSCVSFFTUTVQQPTIF GBJCMF 1PVS SITVNFS TJMF TPMJE
E EJSF GPUSFMPO OPT DPOWFOUJPOT BMPST MF MJRVJEF BQQVJF T
- T BKPVUF E MB Q $F TN §PTP MU B B JRACHQUMBIPFS QB FTESAFY FNQMF TJ P
TQIOSFTPMJEFEM JOUISJFVSE VOFHPVUUFTQIISIRVFEF MJRVJEF

GPJT QPTJUJWFNFOU QPVS EIUFSNJOFS MB QSFTTJPO TVS MF TPMJEF
TPMJEF WBQFVS FUTPMJEF MJR® JBOR PS\WI BOGIMFUEQMVDEBOT DFUU
DPOUSBJSFNFOU BVY DBT QSIDIEFOUT DF O RTH BBRWBQYNIFJP\OSU
M JOUFSGBDF MJRVJEF TPMJEF

(Q UpVXPp

t -BGPSDFFYFSDIFQBSVO MJRVIJEFEPOUM@DMUFSGBDFQPTT
MFMJRVJEFFTUDPOWFYFP/HS;VO TPMJEF QMBO WBVU

t -BGPSDF FYFSDIF QBS VO MJRVJEF EPOU M JOUFSGBDF FTL
M JOUFSGBDFQPTTOBRFMBDOPNGCVSFTR,LDPOWFYF WBVU

SRWHQWLHOV LQWHUPROpPFXODLUHYV

"WBOUEFQBTTFSEM I[UVEFEFTDPOUSBJOUFTEBOTIMB QIJ®SRVEF BV WF
EFWPOT FYBNJOFS MFT QPUFOUJFMT JOUFSNPMIDVMBJSFT /PUBNNFO
DPOUSBJOUFTTVS EFTHIPNIUSJFTQMVTDPNQMJRVIFT OPVTBMMPO"
GPODUJPOEFDPSSIMBUJPOEF QBJSF &0F FU KVTRV JDJMFT SBJTP(
MFT QSPQSJiUIT JPUIHSBEMBTUNQPSUBOUFT 3BQQ FMWPIFRQRSVFADRG MEBF
QBSUJFBUUSBDUJWFEFTJOUFSBDUJPOTJOUFSNPMIDVMBJSFT QPO



1PUFOUJFMTJOUFSNPMIDVMBJSFT

JRQFWLRQV GH FRUUpODWLRQ GH SDLUH

/IPVTM BWPOT WV MB GPODU LoD EFQISH T BOMEFUM FO B/ BOSOFNFOU E V.
NFTVSFMBQSPCBCJMJUIEF USPVWEFS ®P B WP SH D&/NVINF FE BVPRI-EQETRUCBIDDF S |
FUWBMPJS VO BRVBU MBEJTUBODFUZQJRVF FOUSFMFTNPMIDVMFT &
BWPJS VO NBYJNVN B\EWP $BYXPBHFPEFS MFRVFM VO MJRVJEF fUBOU DP
QSPCBCJMJUI EF USPVWFS VOF BVUSF NPMiIDVMF 4J MF NJMJFV FTU E
M IDIFMMFNPMIDVMBJSF FUEPODPOQFVUBVTTJT BUUFOESFEWPJS
MB GPODUJPOUFOEWFSTVO DFRVJOFTFSBQBTMFDBTQPVSEFTHB]
EMBGPJT VOFINPMEDWNOF B YSF FEO FYFNQMF UZQJRVF EF GPODUJPC
EF QBJSFFTU QSIifVOBIFIWGAB) QBS FYFNQMF DPUSF NFTVSIi E QBSUJS |
QSITFOUIJHWSHB

'64B7?2 '"PODUJPO EF DPSSIMBUJPO EF QBJSF E EFVY QBSUJDVMFT UZQJ
EFOTJUI C QPVSVOHB[EFGBJCMFEFOTJUI

JDEFEWHXU GH %ROW]PDQQ

/IPVTBMMPOT UPVUE BCPSE OPVT QMBDFS EBOTMFDBTE VO NJMJFV |
UJDVMFT TPOUJOEIQFOEBOUFTMFTVOFTEFTBVUSFT %BOTDFDBT
UJPOOFMMF BV GBDUFVSEF#PMU[NBOO -BGPODUJPOEFDPSSIMBUJP
BQQSPDIIFPQBS <

().
ke T

g(r)= FYQ

P&(r) SFQSITFOUFM BUUSBDUJPO FOUSF MKFRNB MIBDYRIGTUBPUE @F #P(
FUMBUFNQISBUVSF FUDFRVJQPTTOEF MBCPOOFDPOTUBOUF EF QS|
WB E [ISP MASTRWAMF EIDSJUEPOD CJFOMFT GPOD WIP\CSIFEF QBJSF SF(
$ FTUE QBSUJSEFDFUUFFYQSFTTJPOOPUBNNFOURVFM POQFVU
EBOTMFDBTQBSUJDVMJFSJDJE JOUFS3BD &IPOFB URG G BVYU\E FBENE
QBSU EINPOUSFSDFUUFIRVBUJPO E TUBU EBOT VO DBESFQMVT MBSH
UFOUJFME 'JOUPBRNMBIPRO/YT OF GFSPOT QBT JDJ 00O QBSUEMEW FYQSFT
OPUSFNPEOMFEF %'5 TINQMJ iIF RVIJEIDPNQPTFM TOFSHJF MJCSF FC
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DFMMFE VOHB[QBSGBJU FUVOF QBSUJF BUUSBDUJWF EF QFSUVSCE
OFT

Z,
F=FC + 2v  drdr?g(r) (r);
0

PAPOBTVQQPTIRVFMF MJRVIJEFFTUJOWBSJBOU DFW¥NB GBSNJTE
P& FTUMF OPNCSF EF QBSUW@DVMHETEMPRTEF 640r DF RVJ OPVT QFSNF!
E JOUSPEVJSF MF DRIF/BrJEBRQTEN WYQSFMTIJPO EFM IOFSHJF MJCSF

Z,

2 d
— pGP 3 .
F=F 3N . drr g(r)dr.

"MPST FOVUJMJTBOU MB GPSNF EF MB GP CFOWJTP ODESH D FBRPHINIBMNIFQ E@
FURVIJFTUly &MV RVIPO QFV U TS JBS ARV FkgTdg(r) 1)/dr FU JOUTHSFS
QBS QBSUJFT

Zl
F:FGP+%NkBT drr30(|j(g(f) 1
0 r 7
> 1
= F+ - NkeT [r*(o(r) Dl 3 ) drr?fg(r) 1] ;
Zl

FCP 2 Nk gT drr2[g(r) 1]:
0

® DF TUBEF PO SFUSPVWF MF GPSNBMJTNF IBCJUVFMEV EIWFMPQQFN
TIQBSFFO EFVY EPNBJIQET 1QPVSr) ksT FU QRVSgr) 1 1 00
PCUJFOUEPOD

Z,

3 1
F=F% +2 Nk gT —+ —  drr? (r
8T 3V T (r)
RVFM PONFUTPVT MB GPSNF
F=FS +B(T)NkgT;
1 2 3

BWFQT)= b FUa= 2 drr? (r) FuUb=

ke T 3

-F UFSNF EF DB(B)SFDW DP® SBNNFOU BQQFM|I TFDPOE DPF DRIFOU EV WJ
bTPOU MFT DPF DJFOUT EF M iR Y BB QRSO TER UFOVEF\S BB BMFTNPWO BV M B J
QSFTTJPOE BUUSBDUJPO JOUFSNPMiIDVMBJSF 00 SFUSPVWF OBMFN
MJCSF QBS SBQ@RI\U BYNWPWWQEPTI USOTIHSBPE EFBBLUT TBOU QBS B.
QSFTTJPO EVRAfBE@BSG PHFTU MF WPMVNF NPMIDVMBJSF

@F kBT a

P= @V, Vv b vZ

1PVS 0JS MFNPEOMFEF %'5TIJNQMJ TQFSNFUEPODEF SFUSPVWFS
IRVBUJPO OF QFSNFU QBT FO HIOISBM EF EIDSJSF DPSSFDUFNFOU MF
EJFOUTOIDFTTBJSFT -BGPODUJPOEFDPSSIMBUJPOEFQBJSFEFUZQ
RV BVY MJRVJEFT NBJTFMMFFTUVOF QSFNJOSFBQQSPYJNBUJPO FO
MB QITOPNIOPMPHJF EFT MJRVJEFT 5PVUFGPJT EBOTMB TVJUF OPVT
GPODUJPO



1PUFOUJFMTJOUFSNPMIDVMBJSFT

ORGgOH GH VSKqUHV GXUHYV

1PVSMFTMJRVJEFT JMO FYJTUFQBTEFGPODUJPOEFDPSSIMBUJPO I
OF DBQUVSFQPVSUBOUQBTMFT VDUVBUJPOTEFEFOTJUI DPOTJTUF
EVGBDUFVSEF#PMU[NBOOFUEQSPMPOHFSMFEIWFMPQQFNFOU EV W
QIBTFTQMVT EPOUAUPSIRVFNFOU VOFBQQSPYJNBUJPO USOT TIJNQN
DPOTJTUFEQSFOESFVONPEOMFEFTQIOSFTEVSFT 0O EI OJUMB GP(
GBIPO TVIJWBOUF

9gr)=1 QPVIS 4 ;
=0 QPVIE p:

-FQPUFOUJFME JOUFSBDUJPORVJIJOUFSWIFOWFDBBXSFOBOBNMDYNEMEDB
EF 7TBOEFS 8BBMT EFWJFOUEPOD

C
‘= 5 QPVS
=0 QPVIX y;

P& SFQSITFOUFM BNQMJUVEFEFM JOUFSBDUJPO FOUSF NPMIDVMFT
EF)BNBLFSQPVSVONBUIKS$BVEFEFOTJUI

H= 223

1PVS DF QPUFOUJFM PO QFVU BMPST DBMDVMFS MFT EJ ISFDUFT JOL
UJPOOPUBNNFOU MB(@SFATYSR® MIJRVJEFET OJFEM IRVBUJPO

H
i (h) = 6h3 QPVIS> y ;

=0 QPVIB< y:

'64B7?2 '"PODUJPO EF DPSSIMBUJPO EF QBJSF TINQMJ iF EV QPUFOUJFM
JOUFSNPMIDVMBJSFF FDUJG

00 QFVU FOTVJUF SFMJFS MB UFOTJPO EF T ¥ S{BHEDHF E W FSEPTREREOU
GFSNFUVSF
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2
CL H

7T 242 T 24 7%

%FMBNDPNFGBIPO POQFVUDBMDVMFSMFTJOUFSBDUJPOTFOUSFEJ I
$ FTUTFMPODFNPEOMFRVFM POQFVUJOUFSQSIUFSEFTFYQISJFOL
WPMVNFT EF TPMJEFT FUEF MJRVJEFT FUDPNQBSFRIBYP JNFRWFSNHCEF
DF NPEOMFB EPOD DPOTUJUVIMB QSFNJOSFUFOUBUJWF IMBCPSIFE
BV OIJODMF QVIJTRYV JMB QFSNJTEF SFMJFS MBUFOTJPOEWF EWSIGBDF
GBJSFVOFIUVEFFYQISINFOUBMF -FNPEOMFSFTTFNCMFGPSUFNFOL
%'5 TINQMJ IFQFSNFUE FOFYQMJDJUFS MBWBMJEJUIFUEFM IUFOE
DPOTJEOSFMFNPEOMFE )BNBLFSDPNNFjTFNJ FNQJSJRVF x

JRQFWLRQ GH FRUUpODWLRQ QXPpULTXH

IPVTTPVIBJUPOTEBOTMFTDIBQJUSFTTVJWBOUTDBMDVMFSMFTDPOL
EFTWPMVNFTEPOOITEFMJRVIJEFFUEFTPMJEFEM IRVIMJCSF *MT B
QSIDIEFOUF EF EIUFSNJOFS MFT QSFTTJPOT SIQVMTJWFT FU QPUFOL
GBVUEPODTFEPOOFSVOFGPODUJPOEFDPSSIMBUJPO EF QBJSF 5PV
FUDUSFDBQBCMF EF SIBMJTFSEFT DBMDVMT OVNISJRVFTEBOT VO U
VOFGPODUJPOTINQMF BOBMZUJRVF EPOUMFDPNQPSUFNFOUFTU S
GPODUJPO EF DPSSIMBUJPO JMFTUQMVT VUJMF EF EIDSJSF EJSFDUF
DFUUF GPODUJPO %BOTMBTVJUF EDIBRVFGPJTRVFOPVTGFSPOTEF
EFMB %'5TIJNQMJ IF OPVTVUJMJTFSPOTBMPST MFQPUFQUBEM TVJW
SFQSITFOUHMBS MB
C

()5 — :

5
2
ptr

$FQPUFOUJFMEIDSJUVO b EWFWIZEIFUBROOEFEBNBSEAWTS FOJM FTU STHVMB
SJTIEFGBIPOJTPUSPQFQBSVOFGPODUJPOEFQBJSF DFSUFTJODPO
EPOOFVOFJEIFEVDBRMSEPRPSUFNFOAIEPOD MBUBJMMFF FDUJWFTVS MB
CSFQSITFOUFM BNQMJUVEFEFM JOUFESBDILIPOMPO RNSBVEPO D B O N QB
JOUFSBDUJPOT MJRVJEF MJRVJEF PV MJRVJEF TPMJEF /PVT BWPOT L
NBUIINBUJRVF -FTSITVMUBUTNBDSPTDPQJRVFTOFEIQFOEFOU QBT |
SJTBUJPO NBJTTFVMFNRBGWPWEBBEBRNMOSNT QFSNFUBMPSTEFDBMD
UPVT WP MV N AFTUMIIBBVEIRERFO | T

'64B 7?2 1PUFOUJFME JOUFSBDUJPO SIHVMBSJTIi QBS MB GPODUJPO EF I
DBMDVMTOVNISJRVFT FUEIDSJUEM IRVBUJPO

-FEIUBJMEFTDPOU $BIPEFIWPR/GD QBTPUSFUFOV QPVS SIHPVSFV)
UJPOEFQBJSFRVFOPVTBWPOTDIPJTJF -FTSITVMUBUT QSITFOUIT D



1PUFOUJFMTJOUFSNPMIDVMBJSFT

USBUJPOEFTDPOUSBJOUFT RVFEFMFVSSIQBSUJUJPOFYBDUF 5PVU
D FTU E EJSFMFTQSPQSJIUITNBDSPTDPQJRVFT OFEIQFOEFOU QMV

&DOFXO GHV FRQWUDLQWHY DX YRLVLQDJH GHV LQWHUIDFHYV SRXU XC

% BQSOT M IRVERPWIRGVU DBMDVMFS BOBMZ (h) RQ\WPANSFID B BUG HRJTITFIMP O
DIPJTJ FOUSF VO WP EOUEBRODEFNJ FTQBDF JO OFEBNMBITEDAUFOU M
MIJRVPBMFMF SPMJEF

(h)=2 drr? 1 h (r):
h r
C 1 h h
= ——— — DPWU—
43 D u D 5 + h?

&0 GPODUJPO EAM RP®LU PEOBMYWIPINF BMPSTMFT DPOBBBJOUFT JOUIHS

Z, oL 2
2 7= L (h)dh = o
2, 4o
c
-7t sv  1s= -7/1+ DPW)= Ls (h)dh = %3
0 D

,QWHUIDFH OLTXLGH YDSHXU

00O TPVIBJUF JMMVTUSFS MFT DPOUSBJOUBGSIE)DEIUFD BV YT RHIOSET M J
EPOOIFQBSDBS M BUUSBDUJPO MPDBMF MBDPNQFOTFFYBDUFNFOU

h h/ b

— _7 R ———————————————
pr(h)y= P, + — D PU =t T (N 52

D

N

&EMMFT FTU SFQSIA¥OEAP QWIOGIBIMMIT 1PVS SFQSITFOUFS MFT DPOU.
JO OJEFMJRVJEFTVSVOBVUSF PO SFQS|T(ROEAON BUQYBBDUJIJPO DPS:

7 h h o _
AR
RVJFTUSFQSITFOUJAR¥BROMIBPINSAVEFT EFVY OPVTEPOOF MBDPOUSB.
VO RVBSUE FTQBDF EF MJRVJE Fh EOMG PODRISIGBOEF MBNENF OFPOYDA BWP
TFDUJP@&O O M JOUIHSBMFEFDFUUFTPNNFOPVTSFEPOOFCJFO MB
4J OPVTDIPIJTJTTPOT MFNPEOMFEF)BNBLFS QSITFOUIQMVTIBVU |
UJRVFNBJTRVBOUJUBUJWFENFOU MIHOSFNFOU EJ ISFOUF BWFD OPUE
EF QFOUF NBJTMFTQSPQSJIUITNBDSPTDPQJRVFTTPOU FYBDUFNFO!
EF 4OPFUKEA8 RVJ VUIMITF FYQMJDJUFNFOU DF NPEOMF %F MB NBDNF
JSBIJUEEOFDFSBJU VO NFIJMMFVS DIPJY NBJTOFNPEJ FSBJUQBT MFT C
NPEOMF -FDIPJYEFDFQPUFOUJFMFTUEPODBY OBMQVSFNFOUQSB
MFTDPOUSBJOUFT -FEIUBJMFYBDUEFTDPOUSBJOUFTRYV JM STWOMF
DPNNFVOFJMMVTUSBUJPO RVBMJUBUJWF QPTTIEBOU MFTCPOOFT QS

,QWHUIDFH OLTXLGH VROLGH

%F MBNDNF GBIPO PO QFVUJMMVTUSFS MFT QSFTTJPOT BV WPJTJOB
HVSF 00 QSFOE QBSEYBNQMRVJOPVTEIUFSNJOF MF SBQQPSU FOUS
UJGTMJRVJEF MJRVJEF FUMJRVJEF TPMJEF 00 USPV\WFBIP\NFNHA QFSOD |
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'64B?2 $POUSBJOUFTEBOT MF MJRV JEFE\DOFPIOOUFIEGOBDF P E $STWB QP F |
EPOOTQBS &0 QPJOUJMMIT POPCTFSWFM BVHNFOUBUJPO EF MB SIQVM
P, MBQSFTTJPOEBOTMBQIBTFWBQFVS RVLITBYEOFUESBEWEOMFYS POV LM
QPUFOUJFMBUUSBDUJG OIHBUJG DSiITQBSVORVBSUE FTQBDFEF MJRV.
RVJ SFTUF OTHBUJWF hFRUTTU B© OIVRISEEFTER\RY FM R VioF T- UBJIM MS B NP EED V M E
DFUUF TPNNFOPVTEPOOF MBR¥VDATB @ EHFBIVISNGBMUFEPOD SFQSITFOUF CJF
MPDBMJTIFEBOTRVFMRVFTDPVDIFTNPMIDVMBJSFTTPVT MBTVSGBDF *

SIQUMTJIJWF E NEF JTOBP®EBDF

h h o

D 1+(h/ p)?

/IPVT QPVWPOTTIQBSFSEBOTMB SIQVMTJPOM F FUEREM BCTFODF E|
4JPONFUEFDUUIM BUUSBDUJPO EVMJRVJEF EPOUM F FUFTUJEFOL
WBQFVS JM SFTUF MB SIQVMTJPO RVJ QSPWJFOU EF MB QSITFODFEV T
h h o _

D 1+(h/ p)z

p(h)= P+ ' (DPJ 1) DPW
D

pr(hy= —‘(1+ DPy) DPWU
D

FOBZBOUTPVTBHSBJU

-FT DPOUSBJOUFT UBOHFOUJFMMFT BV EFTTVT EF M JOUFSGBDF E\
EVFTE MB SIQVMTJPO DBS DPNRFDFVD WMMRPPFMIWK EFMB JO OJ O FY
EF GPSDF UBOHFOUJFMMF QBS TZNIUSJF -FT'DROYSBIOWHRAIROE BM
DFUUF DPOUSBJOUFRFTRW+ OFJIF FIHBMFSHTFOUF UPVKPVST VOF QSFTT.
RVFMRWFIPYS USPVWFSMBDPOUSBIJOUF UPUB RN FPOPEFPIIBRNVBKEGYT DB MK
DJ EFTTVT -BDPOUSWBRGENRER OB Q¥MINVEMUFUISBDUJWF TIJOPO 00 PC
EJ ISFODFRVBOUJUBUJWFE MBRVFMMFOPVTOPVTBUUFOEJPOTQBS
MBJSF QSITROVEFT&EWMB FU MFTDPOUSBJOUFTUBOHFOUJFMMFTEM J
JDJEBOTMFDBESFEVNPEOMFEF%'5TINQMJ IFOFQSITFOUFOUQBTE
UJ DBUJPO $F QITOPNOOFFTUFOGBJUQSJTFODPNQUFEFGBIPOBVU
EFTVSGB®WI DPSSFTQPOEEM JOUIHSBMFEV QSP MEFTDPOUSBJOUF

/IRQIJXHXUV GH UpJXODULVDWLRQ GX SRWHQWLHO

-BMPOHWBFWQSITFOUF VOF UBJMMF NPMIDVMBJSF TVS MBRVFMMF MB G
JDIJDPNQBSFS DRhUEBQMP\OFHY BESF EV QPUFDIPIAN EEFEUBVUSFT NPEOMF



1PUFOUJFMTJOUFSNPMIDVMBJSFT

'64B7?2 $POUSBJOUFTEBOTMF MJRVJEFEVFT B\VETW NOBF 5 G BFPPO DRN PDFE
MJRVJEF QPVS MF QPUFOUQPN EP MO I4GEM M F FU EF MB QSITFODF EV TP
SFQSITFOUI M F FU EV MJRVJEF BA@ QWS BLIIMWIS MBO RCIFSWF M BVHNF(
SIQVMTIJPOEM BQQBSPOEVEETW BUESBOUJPOEVTPMJEF -FTPMJEF O FYF
UBOHFOUJFMMF EPODM JOUIHSBMF EF DFUUF TPNNF ORVA EPOOF MB GF
DPJ) $FUUFDPOUSBJOUFFTUQPTJUJWF FUSFQSITFOUFVOFSIQVMTJPO |
MPDBMJTIFTVS RVFMRVFa BDUU BIGONVTS 6B FOR/BMBIESART-U CJFO IHBMF E

QPVWPOTOPUBNNFOUIUVEJFSMBDPOTUBOUFEF)BNBLFSRVJBIUICF
PVFODPSFDFRVFOPVT EPOOFOUEFTTINVMBUIJPOTEFEZOBNJRVF NF

9DOHXU H[SPULPHQWDOH GH OD FRQVWDQWH GH +DPDNHU

-BDPOTUBOUFHEB)BNBLESIFEM IRVBYEPPE VONPEOMFEFTQIOSFT E\
H /PVTBWPOT QVE BVUSF QBSU MB SFMJFS E MB §FOUBP® EFURSGB
BDDFTTJCMFEM FYQISIFODFHSEDFEEFTEJTQPTJUJGTEFNFTVSF EF
HSEDFEMBUIIPSJFEF-JGTIJU[ FODPOOBJTTBOUMFTQSPQSJIUITEJ
FUMFVS GSIRVFODF E BCTPSQUJPO EBOTM 67 &0TVJUF PO QFVU NF
QFSNFU EF USPVWF SSPOWAGPSIJIF JM O FTU QB ER? UPMEB NDNEFQ R VRBVEF
MJRVJEFTEJ ISFODUSPOWRVYPMFDFMVJRVIJDPSSFTQPOEFEDFNPEOMI

-FT EPOOIFT FYQISINFOUBMFT SFHSPVQIPTTPOV BFWMEBEH EY JQFT *TNSS
HVSF -FNFIMMFVS BKVTUFNFOU FOUFOBOU DPNQUF EFTJODFSUJUV
TVIWBRQMEO0;16 0;001O0N SFUFOVFE ONQBS*TSBFMBDIWJMJ *M GB.
VOIJWFSTFM EF DFUUF WBMFVS QPVS EFT TPMJEFT FUEFT MJRVJEFT U
QPVS MFT NIUBVY DBS JMT QSITFOUFOU EFTIOFSHJFTEF MJBJTPO C|
DPVSUF QPSUIFFOUSFIMFDUSPOT

&0 O TJOPVTTPVIBJUPOTDPNQBSFSMFTNPEOMFT OPVTEFWPOTI
MFTBNQMJUVEFTEFT QPUFOUJFMT FUEFTRVBOUJUITNBDSPTDPQJR
E EJSFE BQSOTMFTHFRVBWEIRODUUI FERIU EFM BVUSF

CH = CLL ;
2
Ch [ _ Cu

242 82"
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'64B?2 $POTUBOUF EHf FENBROBSUJPO EF MB UFQPYBEEFSVSGBBDPMJIEFT
FUMJRVJEFT -FTEPOOIFTDPSSFTQPOEFOUBVYEPOOIFTFYQISIJNFOUBM
UITPSJRVFT EF MBDPOTUBOUF EF )BNBLFS FO VUJMJTBOU MFT QSPQSJIiU
QBS*TSBFMBDUB/GOMEF T< FU QPVS EIUFSNJOFS-WB M®DHS/AUFMSVNEFEN D\
TPOU FTUJINIFREU TWBS -F NFIMMFVS BKVTUFNFOU ERLQPIOUT FO OPJS
0;16 0,00 ON -FT QPJOUT SPVHFT POU IUTIDBSUIT DBS JMT DPSSFTQPOEF
GPSUFT MJBJTPOT IZESPHOOFT FBV NIUIBOPM=GPSNBNMF 60 QPJOU
D FTUM ITMJVN MJRVJEF

*M TVpU EPOD E.EQ%?QESBKVTUFNFOU EFTEPOOIFTFYQISINFOUBMFT

Diexp = 3 0,161 ; ON DBSMFNPEOMFOFEIQFOEQBTEVEIUBIJMEFM J

ORGqOH FULVWDOOLQ GH O-LQWHUIDFH

*TSBFMBDIWIJMJ QSPQPTFEFQMVTVONPEOMFDSJTHY BWNEIBG KOG MBFTV ¢
NPMIDVMBIISFF NJMJFV QPTTOEF VO TUSVDUVSFDPNQBDUF EIDSJUF.
GBDF DFOUSIF PO QFVUDBNIWNNSI@BPROMTWIA O EF=MB§U§JIVB\/IF NPMIL
EFOTJUTT\ﬁS’GFB(DUJRH/GFUpFO DPVQBOU VO QMBO NPMIDVMBJSF 60F NPM
O FOBQMVT RVF SF=U2POI§F£C|&.D:OUMF OPNCSF EF MJFOT NBORVBOUT Q

TVSGBDFFTUEF EPOD POeB=\3QLE'I'2DJIUCET]']OI?IBI-UJFFOTJPO EFTVSGBDFT

IS
7= = - —5 5 .
2 222
q g . .e
00 PCUJFOU EPOD S GB/SBQRFHFOUSFU BQQSPYINTE  QBS*TSBFMBI
QSFOBOU MB WBMFVS RY®@BUSRGWEMF QRVBF RVJFTU UPVU E GBJU S

QPVSEFTBUPNFTVTVFEMT

6LPXODWLRQV GH G\QDPLTXH PROpFXODLUH

%F MB NDNF GBIPO RVF QSIDIEFNNFOU OPVT TPVIBJUPOT PCUFOJS QF
SBQQPSU FOUSF MB p BFIMME &BID\VENB ey b BEEMBFOV EBTIRBNVMBUJPOT EF EZ
NPMIDVMBJSF -FTTIJNVMBUJPOTVUJMJTFOU MFQBUFOUJFMEF -FOOE

12 6
v LJ — MD MD
i (1) =4 jj ; ;




$PODMVTJIPO

-BNDNF JOUFSBDUJPO BUUSBDUJWF BV 4k JOD=Eq/ M 2R OPEF FITAY BRIUFI@
DPNQBSFSOPUSFNPEOMFOVNISJRVFEEFTTINVMBUJPCIL EF -FOOBSE
823 .4 ?2E BQSOTM IRVBIFRWMBOPVTEPOOF

2 4 12
D _ L LL MD

MD 2 .7

60F TINVMBUJPO UZQJRVF DPNNF OPVT BWPOFRVIFDFI FRUVFSBQFH D

L = ; L+NPM = ; ON FWp = ; ON $FMB OPVT B QFSNJT EF NFT\
DPOUSBJOUF EF UFOTJPQ EF TUSOIPDIN | BFEWBEOPVT EPQRQQF BMPST
1,54 wp ;, ON 0S M BKVTUFNFOUEFTEPOOIFT %@ SINFOONUBMFT OP\

ZBEPODVOF MIHOSF EJWFSHFODF FOUSF MFT TINVMBUJPOT EF EZOB
M PSESFEFHSBOEFVS TPJUKVTUF

&RQFOXVLRQ

-BTUSVDUVSFEFTJOUFSGBDFTFTUDPOOVF FUDPNQSJTFEFQVJT RV
QIZTJRVF TUBUJTUJRVFEFT TZTUONFT JOIPNPHOOFT *DJ OPVT BWP(
RVFMRVFTQSPQSJIUITGPOEBNFOUBMFTEFTMJRVJEFT 5PVUE BCPSE
UPVU QBS MB SIQVMTJPO FOUSF MFT QBSUJDVMFT $FUUF SIQVMTJPO
FUDPOUSBJOU MF MJRVJEF E BWPJS VO WPMVNF DPOTUBOU FU OPUB
TVSGBDF BVY JOUFSGBDFT DPOTUBOU &OTVJUF M BUUSBDUJPO FOU
QFSUVSCBUJPO EFDFUIUBUEF SIGISFODF &MMF EITUFSNJOFBJOTJ ME
RVFM POJOUFSQSOUFQBS MFQITOPNOOFEFUFOTJPOEFTVSGBDF

IPVTBWPOTQV SFMJFSMBUFOTJPOEFTVSGBDFFUMBQBSUJFBUU S
UJPO EF DPSSIMBUJPO EF QBJSF HSEDF E VO NPEOMF FYUSDNFNFOU
GPODUJPOOFMMFEFEFOTJUI EBOTMFRVFM OPVTBWPOTGBJUVOF BC
OPVTTVQQPTPOTRVFM JOUFSGBDFFTUJO OJNFOU OF #JFORVFDFT
DPOUJFOU TV TBNNFOU E JOHSIEJFOUT QPVS DPNQSFOESF MB DBQJM
DBQUVSIQBS MBUBJMMF DBSBDUISJTUJRVFEFMB GPODUJPOEFDPSS

$F NPEOMF QFSNFU BMPSTE JOUFSQSIUFS MFT QITOPNOOFT EF MB
HIPNTUSJRVFT % VOFQBSU DFNPEOMFOPVTQFSNFUVOF SFMFDUVS
QSITFOUIT QBS -BQMBDF QVJT 7BOEFS 8BBMT FU)BNBLFS % BVUSF Q
TIQBSBUJPO EFTF FUT EF MB SIQVMTJPO FUEF M BUUSBDUJPO EBOT
TINQMFNFOU MFT DPOUSBJOUFT EBOT VO MJRVJEF QBS EFT BSHVNFO
EFM IRVIMIJCSF MPDBM EBOT MF MJRVJEF %F QMVT DFUUF SIQVMTJF
EPOD FOUSFEJ ISFOUTEPNBJOFTEUSBWFSTMFTJOUFSGBDFT - BUU
UJPOT QPOEISIFTQBSMBGPODUJPOEFDPSSIMBUJPO FOUSFMFTEJ
QVSFNFOU HIPNIUSJRVF &0 O QPVS SFMJFS DFTBUUSBDUJPOT BVY
NBMJTBUJPO EFT JOUFSBDUJPOTEPOOIFT QBS MFUSBWBJME BEIITJF
EITUFSNJOFS DPNQMOUFNFOU MB EJTUSJCVUJPO EFTDPOUSBJOUFT EI
E VOEPNBJOFEFTPMJEFJOEIGPSNBCMFEPOOI

$FNPEOMFHIPNIUSIJRVFGPVSOJUBJOTJEFTPVUIJMTTINQMFT QPV S
QSIDJTINFOUQPVSTQIDJ FSMFTDPOUSBJOUFTDBQJMMBJSFTEDFUL
TINQMJIDJUIEFTSFQSITFOUBUJPOTRVY JMBQQFMMF FUMFVSHSBOEF
JOIEJUKVTRV JDJ M FYJTUFODFE VOFQSFTTJPG RV-BTQ MBMBFDFBSUSLIN
TPMJEFEM JOUFSGBDFMJRVJEF TPMJEF /PVTFYBNJOFSPOTBV QSPCL
DPOUSBJOUF
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/IPUSFBQQSPDIFWB QFSNFUUSF QBS MB TVJUF EF SIJOUFSQSIUFS M
NFOU - IUVEFEFTJOUFSBDUJPOTFOUSFEFTEPNBJOFTNPJOTTUBOE!
EFEINPOUSFSMBMPJE :PVOH HSEDP BY FFG\DSBDEIERYBRS M FODIVIB PO |
USJRVFEFTEPNBJOFTE JOUFSBDUJPO QFSNFD FBQMIHF BBNRSBENFS
GBIPO M IUVEF EF MBMPDBMJTBUJPO EFT GPSDFTDBQJMMBJSFT EBC
EFTSITVMUBUTJOIEJUTE JOUFSBDUJPDMBRAUSFVO MIJRVJEFFUVO IMN

5PVUFGPJT OPVTBWPOTSFTUSFJOUOPUSFIUVEFBVYDBTE JOUFS|
NPMIDVMFT DFUUFBQQSPDIFOFTBVSBJUDPOWFOJS QPVSEFTMJRVJ
EF NPVIMMBHF % BVUSFQBSU JM SFTUF MFQSPCMONFEFM IUVEF EI
BWPOTCBTIOPTSBJTPOOFNFOUTTVS VOFIRVIWBMFODFFOUSFQPJO
RvVJO FTUQMVT KVTUF EBOT MFDBTEFT TPMJEFT %F QMVT OPVT BW
EDFUUF JOUFSGBDF FTU QBSUJDVMJOSF EDBVTFEFTF FUTEF TUSBL
GPSDFT FYFSDIFT E USBWFST DFUUF JOUFSGBDF $FUUF EPVCMF BNC
DBVTFEFMBMPJE :PVOH DPNNF P B @ BUWSFPIB/ITWEBRMF BSAEBTITEM W F M P (
MFT PVUIJMTTV TBOUT QPVSWBMJEFSDFUUF MPJ % BVUSFQBSU DFU
MJRVJEF FYQSJNIQBS MB MPJE :PVOH FUMFT GPSDFT RV FYFSDFOU
TJUVBUJPOTIPSTE IRVIJMJCSF JMGBVUFOHIOISBMVOPQISBUFVSQP
MIJRVIJEFQBS MFTGPSDFTDBQJMMBJSFT *MGBVUEPODBCTPMVNFOL
FODPNQUF QPVS GBJSF DFT CJMBOT &0 F FU TJM PODPOTJEOSF RV
USBWFSTM XQUFBSEBPOFYUM BWPOT EHNVBGUSH BWFERBEBDF QSFOE FO I
MFTGPSDFT EJOQOBB®OEBMIEOTOS TIJM POOFDPOTJEOSFRVFMFTGPSD
TPMJEF BMPSTMBGPSDFFYFSDIF QBS MF My R \sJ EB PYBIG KDAPO/T INF N8 WHPND
EINPOUSIBWFD MFUU'JH¥SFAJOU EF WVFEV TPMJEF FTU EPOD DSVDJBI
MFT SITVMUBOUFTEFTGPSDFTFYFSDIFTQBSVO MJRVJEFTVSVOTPM
OPUBNNFOU VUJMJTIQPVS NFTVSFSEFTUFOTJPOTEFTVSGBDF



&KDSLW

/ID OLJQH WULSOH

*UJTOFDFTTBSZUP QSFNJTFPOFPCTFSWB
CFOFX BOEXIJDIJTFRVBMMZDPOTJTUFOU
FYQFSIJNFOU UIBUJT UIBUGPSFBDIDPNCJ
VJE UIFSFJTBOBQQSPQSIJBUFBOHMFPG
TVSGBDFTPGUIF VJE FYQPTFEUPUIF BJ:

55<:. @ :<B:;4 %oe"e
"OFTTBZPO UIFDPIETIMOSS® VDET 4PD -POEPO
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$IBQJUSBEFMJHOFUSJQMF " SFUPVSEMBUBCMFEFTNBUJOSF

-BMPJE :PVOH
-FNPVIJMMBHF
$POTIRVFODFT
%I INPOTUSBUJPO UIFSNPEZOBNJRVF
1SPCMINBUJRVFT
71SJ DBUJPO FYQiISINFOUBMFEF MB MPJEF/FVNBOO
$BTEF/FVNBOO NPVJMMBHFTVSVO T TVCTUSBU MJRVJEF
.FTVSFE VOFUFOTJPOEFTVSGBDF MJRVJEF WBQFVS
.FTVSFE VOBOHMFEFDPOUBDU
1SP MOVNiISJRVFEFMFOUJMMFT MJRVJEFT
71SJ DBUJPOEF MBMPJEF/FVNBOO
*OUFSQSIUBUJPO NJDSPTDPQJRVF
'PSDFTTVSVODPJO EF MJRVJEF
'PSDFTEV MJRVJEF TVS MF TPMJEF
2UVEFTEFDBT
$PSQT IJNNFSHIT
.PVIMMBHF UPUBM
4JUVBUJPO EF/FVNBOO OEFVY QIBTFT MJRVJEFT
$BMDVMEFT GPSDFTDBQJMMBJSFTBVY WPJTJOBHF EF MBMJHOF E
1PUFOUJFMDSITQBS VO EJOESF
'PSDFTE VODPJO EF MJRVJEF TVS MFTPMJEF TFNJ JO O1J
'PSDFTE VOTPMJEFTFNJ JO OJTVSVODPJO EF MJRVJEF
'PSDFTE VODPJOTVSVOBVUSFDPJO
2RVIJMJCSFE VOMJRVIJEFTVSVODPJOEF TPMJEF
'PSNFEFM JOUFSGBDF BV WPJTJOBHFEFMBMJHOFEFDPOUBDU
1SJODJQFEVDBMDVM
"QQSPYJNBUJPO MPDBMF
$BMDVM OPO MPDBM
*O VFODFEFMBGPSNFFYBDUFTVS MBMPJE :PVOH
*O VFODFTEFTIIUISPHIOTJUIT
2MFDUSPNPVJMMBHF
& FUTEFTUSBUJ DBUJPO
$PODMVTJIPO




-BMPJE :PVOH

/D ORL G-<RXQJ

/H PRXLOODJH

-BMPJGPOEBNFOUBMFEV NPVIMVBBPOMB/MEFRVBVOH 4BEIDPVWFS
USOT UUU BWBOU UPVUF UFOUBUJWF TISJFVTFE FYQMJDBUJPO NJDE
M BOHMF EFRVPOGBDUMF CPSEE VOMJRVJEFEM IRVIMIEBSEMPSTRV J
$FUBOHMFFTUEPOOIQBSMFTUFOTJPOTEFTVSGBDFJOUF$WFOBOUE
TPMJEF WHQFWBRVJIEF, WVBEPWE MBGPSNVMF TVIJWBOUF

7DPY= 47 4.

/IPVTFOEPOOFSPOTQMVTJFVSTEINPOTUSBUJPOTFUJOUFSQSIUBUJP
JNQPSUBODFEBOTCFBVDPVQEFEPNBJOFT &0 F FU UPVUF TJUVBUJF
UJCMFEFDPOOBOUSFEFTF FUTEFNPVIJMMBHF %FOPNCSFVTFTBQQNM
TVSGBDF EiQUUTEF MJRVJEFT ESBJOBHF QVMWIiSJTBUJPO SFGSPJ
SIJBVYQPSFVY FUD FUDFQPVSEFTMJRVJEFTBMMBOUEFM FBVBVY I
MJRVJEFT EF SFGSPJEJTTFNFOU BVY TPMVUJPOTDIJNJRVFT TVSGI
0O TF SFOEDPNQUFBMPSTRVFMFDPOUSUMFEFTTVSGBDFTFUEFT MJ
MPQQFSDFTBQQMJDBUJPOT POQFVUSFOESFEFTTVSGBDFTIZESPQ
QBSFYFNQMF DFRVFOPVT GFBPOTEBOTMFTDIBQJUSFT

'64B?2 "OHMF EF PROWUBGRIU MVOTWMSRMIEFCTESBU TPMJEF

-BMPJE :PVOHQFSNFUEFEIDSISFMBGPSNFEFTHPVUUFTEM IRVJ]
UFOTJPOTEFTVSGBDF TPOUDPOOVFT M BOHMF EFDPOUBDU FTU DP(
MFTRVFMMFT TFVMFT MFTIOFSHJFTEF TVSGBDF TPOU QFSUJOFOUFT
BWPOTWV RVFMBGPSNFFTUEIUFSNJOIFQBS NJOJNJTBUJPO EF MB T\
TQIISIRVFT EFTQPSUJPOTEFTQIOSF FUEPOUM BOHMFEFDPOUBDU
INFSHFOUEFDFUUF MPJ

t 4PJUM POQFVUEI OJSVOBOHMFEFDPOUBDY¥U PO QBRBSHFNPV
QBSGPJTEFOPO NNPWIMMBHF QPVS

t4PJUMFTUFOTIJPOTEFTVSGBDF TPOUUFMMFTRVFMFDPTJOVT EF

04PJUPOFTUFONPVIMMBKE BBRPUBM jPMF RVFM PODBSBDUISJ
y =0 60 MIJIRVIJEF GPSNFFO OEFDPNQUFVO MNNBDSPTDPQJI
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EFDPOUBDY;GPOGBIYUKBNBIT DYSF.TVIQIBROGWSIE®OFSHIJF UPUBMF
PUSFBCBJTTIFFOJOUFSDBMBOU VO MNE 1QBJTi#+V.$ NBDSPTL
60 UFM TVCTUSBU TPMJEF DPOUJFOU EPOD UPVKPMBEWFUFM
M IRVIMJCSF TREU UFMMFT RREPDPEBOT MFDBTEV NPVIJMMBF
$FUUF TJUVBUJPO FTUTPVWFOU DFMMF EFT TVCTUSBUT EF IBV
PVNIUBMMJRVFTQPTTOEFOUEFTIOFSHJFT BFONGGS8BFSFMNN CP
BVY TPMJEFTNPMIDVMBJSFT FUMJRVJEFTNPMIDVMBJSFT RV,
EF N+N- FBVTVSEVWFSSFUSOTQSPQSFQFVUQBSFYFNQMF

04PJU |jPPTIXxJI B> 47+ .7 DFRVIO BSSIWFKBNBJTDBSPOM B W\
PORB= 47+ .7 A4. PA4,, FTUMFUSBWBJME BEIITIJIPOTPMJEF MJI
QPTJUJG QPVS EFTJOUFSBDUJPOT MPOHVF QPSUIF BUUSBDUJ
-FTDBTEFNPVIMMBHF QBSUJFM BWFD VOBOHMFEFDPOUBDU I
Y °DFTUMFDBT QBSFYFNQMFEFM FBVTVS EFT TVSGBDF
UJPOT TVQFSIZESPQIPCFT MFT QFUJUFT HPVUUFT GPSNFOU E
MJUUISBMFNFOU EFTTVT *M FTUTPVWFOU OIDFTTBJSF E BWP.
DFTTJUVBUJPOT TVQFSIZESPQIPCFT FO QMVY DHF RRAQBMB QBGT
FYFNOMFJOUSPEVJSFVO MNE BJSFOUSFMFTVCTUSBU FUMF
DJUI

&RQVPTXHQFHYV

-BMPJE :PVOHOFEIDSJUNBMIFVSFVTFNFOURVFEFTTJUVBUJPOT JEI
KBNBJT &0 F FU EFOPNCSFVYQSPCMONFTQFVWFOUJOUFSWFOJS J
JOIPNPHIOIJUITDIJNJRVFTEBOT MF MJRVJEF BWFDEFTTVSGBDUBOL
UJPOT NIUBTUBCMFT USBOTJUJPOTEF NPVIMMBHF MJHOF EF DPOUB
[lUBOUUSOTTPVWFOU MPDBMJTITEM IDIFMMFNJDSPTDPQJRVF

+\WWpUpVLV

60F EFT QSFNJOSFTDPOTIRVFODFTEFDFTJOIPNPHIOJUIT DIJNJRVF]
OPNOOFTE IZTUISITIJTQPVSM BOHMFEFDPOUBDU TJMBMJHOFEFDF
EIQFOEE PAFMMFBSFMBYI EFTPOIJTUPJSF $FMBBQMVTJFVSTDPO
UJRVF MB NFTVSFE VOBOHMF EF DPOUBDU SFMBUJWFNFOU BJTIF D
QSIDJTFS DFUUF IZTUISITJT 0O EIl OJUEPOD FOQSBUJRVF M BOHMF F
[UINFTVST FUUZQJRVFNFOUDFMBTJHOJ FRV JMGBVUTQIDJ FSTJ M
DPOUBDUTFEIQMBDFWFSTMFTSIHIJPOTEFTPMJEFTFD PVFOSFDVM
EF TPMJEF NPVIMMI PO QBSMF EPODE BOHMFE BWBODIFFUE BOHM
TQIDJ FSBEPODUPVKPVSTDFTEFVYWBMFVST % BVUSFQBSU DFMB T
EFTFOTRV FOUBOURY BOHMFEFTIMFDUJPO NJDSPTDPQJRVF JM EI
TVSGBDFEBOTVOWPJTJOBHFEFRVFMRVFTOBOPNOUSFT M iDIFMMF
EF 7TBOEFS8BBMTTPOU QSIQPOEISBOUFT EFMBMJHOFEFDPOUBDU

8QH SK\VLTXH PXOWL pFKHOOHV

&0 F FU M BOHMF EF DPOUBDU O BEF TFOT RV VOF GPJT M IDIFMMF |
DPOUBDU FTUNPCJMF E BVUSFT QITOPNOOFT QIZTJRVFT JOUFSWJFC
JOFSUJF DIBDVOBHJTTBOUE VOFIDIFMMF EPOOIF -BGPSNF MPDBMI
DFTQITOPNOOFTBJOTJRVFEFTDPOEJUJPOTBVYMINJUFTBVYIDIFMM
TIMBHSBWJUIQSFOEMFQBT M BOHMFEFDPOUBDUNBDSPTDPQJRVF
OvM DBS M JOUFSGBDFFTUQMBOF "JOTJ MBGPSNFE VOFJOUFSGBLE
TVSUPVUFTMFTIDIFMMFT DIBDVOFT BEBQUBOUEF TPSUFRVFMFTT



-BMPJE :PVOH

EF QIZTJRVF NVMUJ IDIFMMFT - BOHMF E TIRVIMJCSF E :PVOH FO TFS|
/IPVT SFWJFOESPOTTVSDFQPJOU MPSTRYV JMTBRH USEEP MIVERIW § ™MP BQA
BVDBTEFTQFUJUFTHPVUUFTEM IRVIMJCSF TV TBNNFOU QFUJUFT (
QBS FYFNQMF TPJFOU OIHMJHFBCMFT ™M BOHMF EF DPOUBDU NBDSP
UFOTJPOTEFTVSGBDFFYQMPSIFT QBS M BG VMBNCNAVER MB BN HQIAVEFQ
QFVUTVSWFOJS MPSTEVEIQMBDFNFOUE VOFMJHOFEFDPOUBDU FN\
MB UFOTJPO EF TVSGBDF MJRVJEF TPMJEF FTUQMVTCBTTF HIOISBO
DPOUBDU OIDFTTJUBOUBMPSTVOFQMVTHSBOEFGPSDFQPVSM FOE

'RPDLQHYV DFWLIV

% BVUSFTQIIOPNOOFTMJITBYVNPVIMMBHFNISJUFOUE DUSFNFOUJPC
M PO TPVIBJUF IUVEJFS FYQiISINFOUBMFNFOU M IRVIJMJCSF EFT HPVLU
EITIRVIMJCSF VOF HPVUUF FE Q QUEEESOF TACSFMIPTVOTRSEF OPO IRVJIMJ
BUURUEFMMF BUUFJHOF TB GPSNF OBMFE IRVIJMJCSF TPJU PO MB QP
QBSUJFEFM [UVEFEV NPVIMMBHF DPOTJTUF EPOD ET JOUISFTTFS E
MFVST EFM BOHMF EF DPOUBDU EIQFOEFOU EF MB WJUFTTF E MBRVF
BJOTJE T JOUISFTTFSEM BOHMFEFDPOUBDUEZOBNJRVF FUMB QIZ
IZESPEZOBNJRVF EBOT MF DPJO EF MJRVJEF E MBEJTTJQBUJPO EBO
DFT DPODFIGQTBF¥MBVUSF QBSU M (UVEF EF MBOUBQTUBG DBRMEGBDF |
BQFSNJTE IWPRVFS MBEIQFOEBODF FOUFNQISBUVSFEFTUFOTJPOT
UPVUFGPJT QBT BCPSEIF QFVUBMPSTNFOFSEEFTUSBOTJUJPOTEF |
VO fUBU EF NPVIJMMBHF UPUBM

-FTIUVEFT EF MBEZOBNJRVF EF MBMJHOF EFDPOUBDU EFM IZTUT:
EFQVJT MFTUSFOUF EFSOJOSFTBOOIFTMFTUSPJT QSJODJQBVY DIBN
E BVUSFT QPJOUTE JOUISPUFO WPHVF TPOUWFOVTTFHSF FSEM iU
VIEFTDPNQMFYFT MFUFYUVSBHFNJDSPTDPQJRVFEFTTVSGBDFT R
EFTNPUJGT M IWBQPSBUJPOEMBMJHOFEFDPOUBDU MFTJOTUBCJ
MJHOF EF DPOUBDU PVFODPSFM IMFDUSPNPVJMMBHF

'PPRQVWUDWLRQ WKHUPRG\QDPLTXH

-BMPJE :PVOHSFQPTFTVSVO GPOEFNFOUJNNVBCMF MBNJOJNJTBU.
FMMF B SFQPTI TVS EF OPNCSFVTFT EINPOTUSBUJPOT BVY TUBUVUT E
E :PVOH FTU VOF EINPOTUSBUJPO RVBMJUBUJWF FO UFSNF EF GPSDF
GPSDNWDFWEHPOB MBTPNNFO FTUQBTOVMMF JMT BHJUFO GBJU QMVT
QSPDIF EF MB SIBMJUI OPVT SFWJFOESPOTBNQMFNFOU TVS DF QPJO
NJOIJNJTFOUM IOFSHJFHMPCBMFE VOTZTUONF POQFVUEINPOUSFS
DBMPUUFTQIISIJRVFEFWPMVNFDPOTUBOU FOGBJTBOUWBSJFSTPO
WPIOBVT TFDUJPWTRYV JDJ JMO FYJTUBJUQBTEFEINPOTUSBUJPO MPI
CJFORVFM JOUFSQSIUBUIFPBFKW\FBBZF®ONNFOPVTMFWFSSPOT 0S N
DPOEJUJPOBVY MINJUFTEMBMJHOFEFDPOUBDUEV QSP MEFM JOUF
EMIDIFMMFBV NPJOTNITPTDPQJRVF *MT BHJUJDJEF EMPDFISEIFVY
EF DFUUF MPJRVJOFQPTFOU QBT USPQ E BNCJHVOUI ® MBTVJUF EI
JNQPSUBOUQPVSEIUFSNJOFSQBSMFNDNFUZQFE BSHVNFOURVFMM
QBSVOMIRVIJEFTVSVO TPMJEF

/D ORL G-<RXQJ SDU PLQLPLVDWLRQ GH O-pQHUJLH OLEUH

$FUUFQSFNJOSFEINPOTUSBUJPO FTU W1SB RE $\P@B S B UDAOFTSIO FION I B |
JOWBSJBOUQJIEMAF®TIPOOHMK) EFQBYBOYI VS VO TWET U-BBEJFOPTM WE F F (
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E TOFSHJF MJCSF QBS V@JTJT[ESMPOHVFVS TFMPO
Z, Z, Z,
F[h] = dx npvsmmi dX TFD dx TED
a 1 b
Zy
=  dx (h;h9+ const;

a

BWFD
p__
(hh9= 7 1+h®+ 4, 42

"FGBDUFWBWIFOUEFM IMINFOUEJ ISFOUJFM QFSNFUUBOUE FYQSJI
WBQFVS 1PVS NJOJNJTFSM iOFSHIJFEWPMVNF Yi PORWRSPEWIWYVO
EOSFMFT WEBSJB U JPIYA) &F

F=F[h+ h] F [n];
4
@ b

=(bb aja+ —hjg+ d ——

0O PCUJFOU EFTUFSNFTFO WPMVNF M JQUBOERWRE FRISSFTQPSEFDH

NPVWFNFOUEF MBMJHOFEFDPOUBDU *MTQSPWJFOOFOUEFM BCTF

EFMBMJHOFEFDPOUBDU QFOEBOUMBUSBOTGPSNBUJPO

®M IRVBENFETUS\RIOJNBM EPCD=NVEFWB SYBAM P Q P V Shax)) N@ I W F TRI\NFBWM

- BOOVMBUJPO EFTUFSNFTWPMVNJRVFTEFM JOUIHSBMFEPOOFM IR

F @ d@ _ |
h ~ @h dx@R

DPSSFTQPOE DPNNF QS'I'D'I'EEPNITIFI'CFLIDB‘{P)QELM:B)UJFM JOUFSNPMIDVN
TVSM JOUFSGBDF MJRVJEF WBQFVS FUJM DPSSFTQPOFE[PEQ(BBJDJEM
VOJUIEFMPOHVFVS QBSSBQQPSUE MB GPORX)JBPNRVE @5 i & MBNF/BG
EMBDUJPIM FTUDPOTUBOUEM IRVIMJCSFTVS M JOUFSGBDF FUFTL
-BHSBOHF EPODQBS MFWPMVNF Y'I'EVMJRVJ(EH?hO&E)MFTIRQBI]H?OU QBS
PO SFUSPVWFBMPSTMBQSFTTJPOEF-BQMBDF

@ d@

= 7 (X)=

Pa(x)= h%1+ h®3% FTUMBDPVSCVSFhE§F MBDRFSGBODFEFOMIRVIEFFTUBM
FUFTUEIUFSNJOIFQBS MFWPMVNFJOJUJBMEV MJRVJEF

%F NBOJOSFBOBMPHVFEM )BNJMUPOJFO EF MBNIDBOJRVF DMBTT.
VOFJOUIHSBMF QSFNJOSF

@
0
" an

RVIFTUDPOTFSWIFMFMPOGSEFMBAVSEEBPMNQPHA BSUF IPSI[POUBM!
QBS MBQBSUJFEVMJRVJIEF HBEVBIIESTIQES MMOFIEF RFWSF MB MJF
&0 F FU MBGPSDFBUUSBDUJWF IPSJ[PPYBIMFRBSS OMIEDOEF MPOHE ¥ X
VOF QPSUJPI® EB BB IJBAMEFHYS dxh(x)d/ dx -B GPSDF UPUBMF FYFSDIF TV
FOUS®T IDSJUEPOD FOJOUIHSBOU QBS QBSUJFT

Z Z

f,=  hd= h(a) (@) h(x)( x)+ " hqx) dx = G(X) ;

a a

G= h:



-BMPJE :PVOH

DFRVJWBVU EOQBEDEOFOSVDUJPO -BGPSDFUPUBMFBUUSBDUJWF F
EFDPJOFTUEPODDPOTUBOUF FUWBVU

1PVS DMPSF MF QSPCMONF OPVT ERWP@ESLI UF §R T MPOE BUN B @ F \ES]
DPOKBRU -BWBSABWFAO QBT JOEIYEORBPTFUFERBS EIWFMPQQFNFOU
PO B MB SF®BUIF©Ha RVIDPOUSBJOU MF GBJURVF MB MJHOFOEF DPOUB
E PAMFTJHOFOIHBUJG TJMB MabH® AVEBFI B ¥ O B\BS B FT WCEBIQBFESEEBDF E P J
$PNNFMBDPOUSJCVUJPOEMBWBSJBUJPOEFM IOFSHJFMJCSFQSPW
DPOUBDUEPJUT BOOVMFES JGER @ FEGOBINW f R WBURPBUP VRO U MFT DPOE.
BVY MINJUFTEV QSPCMONF

@
4+ = =
ho @R
OO WPJURVFDFTDPOEJUJPGED IDSESRWFEBBOORQMFNFOU

0 FOx=ab:

G= p—"' h =0:
w (a7 4)
® MBMJHOF EXKBRCPUWBPOhBO) FU M BQ)HMF EF DPQUBDE EW RVQ WV DEINMN
DPOEJUJPO TVS MBhWQFOBP DFRYF MINQMUBEO= DPTOO SFUSPVWF BMP ¢
CJFOMBMPJE :PVOH

7DPY (47 4)=0:

/D ORL G:-<RXQJSDU VWDWLRQQDULWpP GH O:-pQHUJLH

$FUUF EINPOTUSBUJPO FTUJNQMJDJUFEBOTVOBSUJDMF EF 4IVUUMF
TVSGBDF EFPTFRMIEFF¥XQMJIDJUIF OPUBNNFOU QBS EF (FOOFTEBOT TI
<> ®M IRVIMJCSF MPSTRVF M PO EIQMBDF VO DPJO EF MJRVJEF IPS
JEFOUJRVF -FUSBWBJM EFT GPSDFT RVJBHJTTFOU BVUPVS EF MB MJ
TUBUJPOOBJSF 1PVSVOUFMDIBOHFNFOU MFWPMVNFFTUJODIBOHIE
MB HIPNIUSJFEVDPJO FTUJODIBOHIF EPODM IOFSHJFEVFE MB MJHC
EM JOUISIFVSEV DFSDMMHNGRAFFOMFMMIFTTVSNGBBDFT EF DPOUBDU T
TFVMFTMFTIOFSHIJFTEFTVSGBDF T TPOU E QSFOE $FFROQIPAN QRE-O W VNDF
MPOHWFYSEIQMBWFBEF MF MIRWYEBSHF BMPST MB TVSGBDF TPMJEF WBQ
Wdx MB TVSGBDF TP MVdF AMUJR B JEVRSEMB D F M JW \DIFFEX W-B(DFRMGBEEIRI JP O EF
TUBUJPOOBSJUIEFM IOFSHJFT IDSJUBMPST

47 4- -7DPI=0;

DFRVJDPOTUJUVFCJFOMBMPJE :PVOH

JRUFH VXU XQ VROLGH SDU OHV WUDYDX[ YLUWXHOV

%F MBNBDNF GBITPO OPVT QPVWPOTBVTTJEIUFSNJOFS MB SITVMUBOU
TJOBHFEFMBMJHOFEFDPOUBDU $ FTUHSEDFEDFUUF GPSDF OPUBN
NFOUMFTUFOTJPOTEFTVSGBDFMJRVJEF WBQFVS FONFTVSBOU MB (
EF MJRVJEF *NBHJOPOTEF MBNBNF GBIPO RIVWRSUD DEEAW EF 0B \DO B R)
'JHVSHKI> 0OFTU WFST MBIBVU QBS FYFNQMF -BTVSGBDF MJRVJEF WI
DPSSFTQPOEBOUFBVTTJ 5PVUFGPJT MFEIQMBDFWHRDWPW GBELU CBJIT"
MF QISINOUSF EF MBQMBRVF FUBVHNFOUFS MBTVSGBDF TPMJEF W|
TVSGBDF NPVIJMMIF FTU IiDIBOHIF QBS EF MB TVSGRBRPF TYDAIF - TOFSH
$FUUFTOFSHJFFTUGPVSOJF QBS MF USBWRBW ESUM IPEN & BIWSWEB R)WIBH
MBTPVMFWFS -FUSBRYBUNMGERSOBDBBE EPEOMDE M TOFSHJF SIDVQISIF C
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'64B?2 5SBOTMBUJPOE VO DPJP EF WIRWREF EFBVOBHMIFHOF EF DPOUBDU |
M JOUFSGBDFQSPDIFEFMBMJHOFEFDPOUBDUFTUWPMPOUBJSFNFOU E!
EFMIJRVJEFFTUQPVTTIE VOBXMPRBHWNBJIJRVOEB|I TBSBMRIUI EF MPOHVFYV S
TVSGBDFTTPMJEF WBQFVSFUTPMJEF MJRVJE&TROU EBPDDSBBINFOUIFT
MJRVJEF WBQFVS FTU RV BOWUM FVQFSEINJOPMBEF BPU JOWBSJBOUF DF R
MB MPJE :PVOH

I:op:( 47 )W ;
= _.7DPJYW ;

FOVUJMJTBOU QPVS MBEFSOJODFIRBMQBEMBWIPOE PWBWUJIMITFS N
GPSDFQPVSNFTVSFSMFTUFOTJPOTEFTVSGBDFMJRVJEF WBQFVS $F
EFT GPSDFTRVJT BQQMJRVFOU E MB QMBRVF -BGPSDF WFSUJDBMF |
QMBRVF QFVUDUSFBOOVMIFTIMFCBTEFMBQMBRVFFTUBMJHOI BWI
DF RVIMFNFUEVOFQSFTTJPO IHBMFEDFMMFRVJT BQQMJRVF TVS |
GPSDF SITVMUBOUF WFSUJDBMFE PSJHJOFDBQJMMBJSFFYFSDIF QB
QMJUVEF RVF MB GPSDF FYFSDIFQBS M PQISBUFVS RVJUJSFWFST MF
DBT SFQSITFOUI DBTNPVIJMMBOU FMMFUJSFMBQMBRVFEBOTMF MJ
RVJMB SFUJFOU TJOPOFMMFOFTFSBJUQBTEM IRVIMJCSF

SUREOpPPDWLTXHYV
8Q SDVVp PRXYHPHQWp

&O EIQJU PVEDBVTF EFM JNQPSUBODFEF MBMPJE :PVOHFO UFSNF
OIFT FMMFBIUTSIHVMJOSFNFOU SFNJTFFODBVTFUPVUBVY MPOHEV 9
EBOTVOBSUJDMF EF +P V@DIFPOFIOQJJP&E VODPMMPRVF NPVWFNFOUT FC
MBTVJUFEBOTMFTBOOIFT EFOPNCSFVYBSUJDMFTUFOUFOUVOF
QBSUJSEFMBQIZTJRVFTUBUJTUJRVF XMMBRNEFRG VD EFMTRFHSIOPFRO

DIBDVO USPVWBOU EFT SITVMUBUT EJ ISFOUT BFAWBSMIRUFEF»VOK 4FV
PCUJFOOFOUEFTDPNQPSUFNFOUTDPNQBUJCMFTBWFD MBMPJE PV
QSFOBOUFODPNQUFMBQSFTTIJPOEFEJTKPODUJPO 60BSUJDMFEF S
MBDPOUSPWIABVMTFWEBSE .FSDIBOUFU ,FMMFS FO EJTDVUFOUMFTEJ
SFUSPVWFOUFVYBVTTIJMBMPJE :PVOHBVOJWFBV NJDSPTDPQJRVF |



-BMPJE :PVOH

'64B?2 5SBOTM&UJPO

E VOFQMBRVF QMPOHIFEBOT VO
CBJO -PSTEFMBUSBOTMBUJPO |
TVSGBDF NPVIJMMIF EF MB QMBRYV
FTUSFNQMBDIFQBSEFMBTVSGBL
TODIF -FUSBWBJMEFM PQISBUF\
FTU THBM E M IOFSHJF HBHOIF

QBS MF TZTUONF DF RVJ OPVT

QFSNFU E FYQSIJNFS MB GPSDF

Fop = .7DPJT QBS
VOJUI EF MPOHVFVS EF MJHOF EF
DPOUBDU

DFMVJRVFOPVTBWPOTEIWFMPQQVBY POANIDRASMABQJIYRBFGUF EV EPJH
EF MBEINPOTUSBUJPO BWFD MB QSFTTJPO EF EJTKPODUJPO EPOU MB
MJHOFEF DPONBRIDWF SFUSPVWFQBT MBMPJE :PVOH %BOTMWB EFSOJ(
BWO < NFUFOBWBOUMFTOPNCSFVY QSPCMONFTEFTEISJWBUJPO
VOFEINPOTUSBUJPOUIFSNPEZOBNJRVFMPDBMFEFDFUUF MPJ CJFO
%F (FOOFT 0OQFVUBVTTJSFUSPVWFSEFOPNCSFVYBSUJDMFTEF'JO
DFUUF MPJDFTEFSOJOSFTBOOIFT <

8QH UHSUpVHQWDWLRQ ORFDOH RX JOREDOH"

-B EINPOTUSBUJPO HIOISBMFNFOU BENJTF QSPWJFOU EF CIMBOT HMI
SFQSITFOUFVOFDPOEJUJPOBVY MINJUFTEVQSP MEFM JOUFSGBDF
MJHOFEFDPOUBDU &MMFOFEPJUEPODQBTEIQFOESFEVSFTUFEFM
EZOBNJRVFT SFQPTFOUTVS VO CIMBO HMPCBM $FMB QPTF EPOD EFT
STWIMIT OPUBNNFOU QBS (BP FU .D$BSUIZ FipP X SEEB[GE™ \BO B $B J D MFXK
XSP&HwW MPSTRVFMFTTVCTUSBUTTPOUJOIPNPHOOFT D FTU E EJSF|
EF MBQPTJUJPOTVS MFTVCTUSBU DPNNFOU FTUY RMUASNBITONIVM BOHMF
< >POUQSPQPTIRVF MBNPZFOOH EWBUWHRO/MUPOEIEFSNIGBMFBOHM
$FUUFJNBHF FTUDPIISFOUF BWFDDFMMFE VOCJMBO UIFSNPEZOBNJ
DUSF MFDBT FYQISINFOUBMFNFOU $ FTUBJOTJRVFM PO SFUSPVWHF
EDFQSPQPT *MZBBMPSTEF OPNCSFVTFT UFOUBUJWFT EF EISIJWBU
QIZTIRVFTUBUJTUXRVFMOBS FESSYDBLFONRTFRO KU EFMWSHFGBPSF 81JUF
<> EPOUBTTF[QFV OBMFNFOU SFUSPVWFOU MB MPJE :PVOH %F MB
DFMB B KVTUJ i MBUFOUBUJWF EF EISIWBUBB@RIFSNPEBDEPNIRNF MF
UJPOEFTIMFDUJPOUIFSNPEZOBNJRVFEM IDIFMMF MPDBMF B IUI OB
UIFSNPEZOBNJRVFT QSITFOUITT TADWY BEEVADTHD NEF S <

*MTFNCMFEPODRYVY JMZBJU FODPSFBVKPVSE IVIEPOD VOFQBSU.
UJPOEFMBMPJE :PVOH MBEINPOTUSBUJPOFOUFSNFTEFGPSDFT 0
SFQPTIFTVSVOF SFQSITFOUBUJPO QSITFOUFUBOUEBOTMFTNBOVF
SFDIFSDIF RVJQSPWJFOUEF M JOUFSQSIUBUJPO NIDBOJRVF EFT IR\
QSITFOUIFT QMVTIBVU FURVJB SFQSITFOUI M BSHVNFOU E :PVOH FO
UPVSEF GPSDFEFDFUIPNNFEM IQPRVF E VOFQBSUQPVSBWPJS BW
QFOEEVTVCTUSBU FUE BVUSFQBSU QPVSBWPJS QSPQPTIMB MPJ B
CBMCVUJBOUF $FUUFJOUFSQSIUBUJPO QSITFOUFEFOPNCSFVY QSPC
TVIJUF
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,(QWHUSUpWDWLRQ PpFDQLTXH GH OD ORL G-<RXQJ

-BMPJE :PVOH FTUJOUFSQSIUIF HIOISBMFNFOU FO JOWPRVBOU MFT
DBQJMMBJSFT RVJ JOUFSWJFOOFOU EBOT MF @ SPEMWMIENFWBEFQ@EWSFT U
MIJRVJEF WBQFYBSFOU SFTQFDUJWFNFOU TVS MFVSTJOUFSGBDFT /P
DPNNFM B GBJU :PVOH EBOT>TPB B\ UMDIMFPBSIITTHR B8PS EFRIMB MJHO
HVSF DIBRVFGPSDFEF UBOBB®P DEG J& BBBEEDAF E FWPIOMBISF IPSJ[PO
EFDFTGPSDFTOPVT EPOOFFO R +FUMBPMPI E :PVOH

'64B?2 *OUFSQSIUBUJPO DMBTTJRVF EF MB

MPJ E :PVOH MFT GPSDFT EF UFOTJPOT EF TVS
GBDF UJSFOU TVS DIBRVF JOUFSGBDF E MB MJHOF
EF DPOUBDU - IiRVJMJCSF IPSJ[POUBM EF DFT
GPSDFT OPVT SFEPOOF MB MPJ E :PVOH
.BJTQPVSRVPJO Z B UJMQBTE IRVIMJCSFEBOT
MB EJSFDUJPO WFSUJDBMF &U TVS RVFM TZTUONF
T BQRQMIRVFOUDFTGPSDFT -BJjMJHOFEFDPOUBDU X
FTU FMMFVOTZTUONF NBUISJFM

$FUUF JOUFSQSIUBUJPO QPTFEFVY QSPCMONFT NBKFVST 5PVUE [
GPSDFTTVS VOF MJHOF DBSDFO FTUQBTVO T TZTUONF NBUISJFM &OT
DBSIJMSFTUF VOF DPNQPIEBROWIRM E§5 0 YBBMMBAIMIHOF WFST MFIBVU FMM
EMIRVIMIJCSFUFMMF RVFMMF

3RXUTXRL OD UHSUpVHQWDWLRQ HQ WHUPH GH IRUFHVY HVW HOOH LPSRUWDQWH"

-FTSFQSITFOUBUJPOTJOWPRVIFTQBSDFUUF JOUFSQSIUBUJPO NIDB
TJPO -FTRVFTUJPOTFNCBSSBTTBOUFT QSPWPRVIFTQBSDFUUF SFQF
TiFT QBS MFT IUVEJBOUT QPVSRVPJO Z B U JMQBTE iRVIMJCSF EE
T BOQOQMJRVFOUDFTGPSDFT -BjMJHOFEFDPOUBDUXFTU FMMFVO TZ
TVSMBMJHOFBMPSTRY FMMFTPOUEI OJFTMFMPOHEFTJOUFSGBDF
QPJOU EX B\BVHP HMNFU EISBOHFBOU E BWPJS E SIBMJTFSVO CJMBO EF
SIFMJIMBF EF IBPOHRBHITFOUBUJPO OPUBNNFOU QSPQPTIFQBS %F (FOO
CJMBO RVJQSPQBVE ®WIMEMIBIOF EF DPOUBDU OF SITPVU QBT OPO QM
QPTBOUF WFSUJDBMF FUO BQQPSUFQBTE FYQMJDBUJPOUSOTDMB
TVS MBWFSUJDBMF FTU IRVIJMJCSIF QBS VOF GP 689 P EM BSTREIRN/IF VE F SU |
OF QFVWFOU QBT PUSF EIUFSNJOIFTQBS MFTBSHVNFOUTUIFSNPEZO
EBOTMBEINPOTUSBUJPO UIFSNPEZOBNJRVFQBSNJOJNJTBUJPOPV QI
M I{OFSHJF MJCSFEVTPMJEFEV SBJTPOOFNFOU EBOTM BVUSFMFTG
WBJMMFOU QBT %POD MF QSPCMONF SFTUF FOUJFS RVFMMFFTU MB «
FTU FMMF FYBDUFINJROUNMHB B BVKPVSE IVJBVDVO NPEOMF RVJ QFSN
FYQSFTTJPO

&OTVJIUF MB RVFTUJPO EFNAR GPESDWAVMBESW PP QBSBMWFTEF MB MJHOF |
FTUVOFRVFTUJPOFO UPVT QPJOUTDPOOFYFEDFMMFEFMBDPOTUS\

,QWHUSUpWDWLRQ PpFDQLTXH GH OD IRUFH VXU XQ VROLGH

-BGPSDFRVFEPJUFYFSDFSVOPQISBUFVSQPVSUJSFSVOFQMBRVF IP
EQBSUJSE VOCJMBOUIFSNPEZOBNJRVF

Fop -

— .7 DPY:
W 7 DPYT



-BMPJE :PVOH

OO QFVUJOUFSQSIUFSDFUUF GPSDFWFSUJDBMFFOUBOURY VOFGPS
EF MBMIJHOF EF DPOUBDU FU UJSBOU TFMPO M JOUFSGBDF MJRVJEF
DPOUBDUTVS MF TPMJEF R T WCJIBY BIFBIBSMEZ B IPYIFH MB GPSDF UPUBM
DPNQPTBOUFT WFSUJDBMFT EF DFT GPSDFT EF UFOTJPO EF TVSGBDF
T BOOVMFOU FUFTUEPOD CJFOWSsPQPEQUUPODFVBY EMBMPDEV MVB
OOPCUJFOUCJFOQBSDFUUFDWO7JDBYBPUOUFOWBENDNF GPSDF

'64B?2 *OUFSQSIUBUJPO EF MB GPSDF FYFSDIF
RVJEFTVSMFTPMJEF MF MJRVIJEFUJSFTFMPO
MBUFOTJPO EF TVSGBDFBVGARYD E B RAUBBMA/ST U
EPODWFSUJDBMF QBSDRERNQBS M-CRIWWBR U
MPOHVFVSEVDPOUPVS 1PVSRVPIJOFEFTTJOPO
TFVMF GPSDF BMPST RVF M JOUFSQSIUBUJPO E
FO OIDFTTJUF USPJT 1PVSRVPJTFVMF MB UFO"
MJRVJEF WBQFVS JOUFSWJFOU FMMF QPVS FYQ
MFPMJIEF

OSDFUUFJOUFSQSIUBUJPOQPTFFMMFBVTTJQMVTJFVSTQSPCMON
OF QFSNFUQBTEFEIUFSNJOFSPaABHJTTFOUFYBDUFNFOUMFT GPSDF
HVNFOUTEFTZNIUSJF POQFVUTVQQPTFSRVY FMMFTTFTJUVFOUFOF
IWFOUVFMMFNFOU BVY FOESPJUT PAMF TPMJEF FTUDPVSCI %F QMVT
TBOUFT EFT GPSDFT QVJTRVF MFT DPNQPTBOUFT QFSQFOEJDVMBJSF
QBT &0 O QPVSRVPJTFVMF MBUFOTJROBFIWIEBD M VRVEEEG TWE-QF
BMPSTRVFM PODIFSDIFEFYQSJNFS MBTGRSERURYFASD] EQBISIMG MTR Q.
JOEIQFOEBOUFEV TPMJEF 1PVSRVPJOF GFSBJU PO QBT JOUFSWFOJ:
DPOTUSVDUJPO E :PVOH &U OBMFNFOU RVFEFWJFOUDF SBJTPOO!
MFRV/PM 47 4. &OF FU EBOTDFDBT,MBGHIYLBFFTU FMMF

1PVSFYQMJIJDJUFSMBGPSDFFYFSDIFQBSMFMJRVJEFTVSMFTPMJE
E :PVOH FOBSHVNFOUBOURVF MB GPSDF FYFSDIF QBS MF MJRVJEF T
QBSMFTPMJEFTVS MF MJRVJEF RVIJIFTUMB GPSDF NBORVBOUF EBOT
TFTOPNCSFVY BSUJDMF¥ RDFFTFUFMBEMPJ E :PVOH RAWIRWBHSJFOM IRV
QBT MB GPSDF FYFSDIFT@RIBFTNM MR PIOEGBMSIMRUUF DPOGVTJPO PO O1J
UBOHFOUJFMMF EV MJIRVJEFTVS MFTPMJEF BV WPJTJOBHF EF MB MJH
TPMJEF TVS MOBW FPIPQ® FITFUEF MB GPBDEF M YFRSIDHIR IMS WV PRV EFF DBS D
TPOUQBTMFTNBDNFTTZTUONFT POOFQFVUEPODQBTBQQMJRVFS MF
EF MB SIBDUJPO -BRVFTUJPOTPVT KBDFOUF FTU EPOD CJFO MB TVJW
GPSDFEBOTMB DPORYSVNEVMBBED EVAMMB PO FO EFTTJOF USPJT QPVS PV

&0 O DFUUF GPSDF FTUVUJMJTIFUSOT MBSHFNFOU QPVS NFTVSFS
8IMIFMNZFU EF %V /PRAZE OPVT FYQMJDJUFSPOT EBOT MB TVJUF -FTU
HIOISBMFNFOUDBMJCSIFTQBSEFTNFTVSFTEFGPSDFT FUOPOEFTNF
BWSFNJFS RBQMIGFVWBJIU ZBWPJSEFTEJ ISFODFTFOUSFDFTEFVY I
EFT TPMJEFT RVJJOUFSWJFOOFOU QPVSUBOU EBOT MB MPJ E :PVOH
SFTUF U FMMFBMPSTKVTUF %BOTVONPEOMFBVUP DPITSFOU BWFD
MPJE :PVOHEFWSBJUDUSFEINPOUSIFQBS MFT GPSDFT

BUREOQPHV H[SpULPHQWDX]

-BMPJE :PVOHBUPVKPVST QPTIEF OPNCSFVY QSPCMONFT FYQISJNF
MFTUFOTJPOTEFTVSGBDF RVJEIUFSNJOFM BOHMF EF DPOUBDU DF
USOT CPOOF QPVS QPVWPJS WiISJ FSBWFD VOF QSIDJTJPO TV TBOUF
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EPJUDPUSFWISJ IF EPODJMT BHJUTPJUE BWPJSVOFHSBOEFHBNNF
TPJUVOFHSBOEFQSIDJTJPOTVSMBNFTVSFEFM BOHMFEFDPOUBDU
WiSJ FSFTUMB TVJWBOUF

y = DPT
-7

%POD TJOPVT BWPOT VOERSIDRVEFPTOYEMFT USPJT NFTVSFT EFT UFO
M JOEITUFSNJOBUJPOEFM BOHMFFTUEPOOIFQBS MPSTRVFMBQSPQ

A —
v fX ey ®
Y y o @
s
_ 1 2+DPT .
7y 1 DPT’
"3
=——-+0 § QPVS 1:
_7Y

-PSTRVF M BOHMFFTUQFUJ M IFTAUBEDFUNF \PSS I \& I8 #040 PhBRIE) G
MFUFSNFTVJWBOU EV El\&ﬂmfg@gersmommwm FYBDUFNFOU E\

MF DBMDVM FTUEPOD FODPSF TV TBNNFOU WBMJEF DFRVJFTUVO
M JODFSUJUVEFTVSMBEIUFSNJOBUJPOEFM BOHMFE :PVOHEJWFSHI
EFM PSE°SF EFSBE VOFFSSFVSEF €TVSMFTUFOTJPOTEFTVSGBDF T
EF EFM BOHMFE :PVOH %BWMYHFMPBPRVIFDPF DJFOUNJOJNVNE
DFUUF MPJFTYBUUFBEOWBFWI S$Fy FU/ .7

%F QMVT MBMPJE :PVOHFTUTPVWFOUBNFOEIFQPVS QSF&XESFEFT
FFU EFTQITOPNOOFTE BETPSQUJPOTPOUTPVWFOU QSITFOUT FU MI
TVSGBDFF FDUJWFT QSFOBOU FODPNQUFDFTF FUT EPOUMFTF FU"
<WPJS MB SFNBSRVF E DF QSP QP B BM\PSFRSVEPR M B RAPRILE] PRV OH SFTUF U
DF DBESF

1PVS 0JS JMZBFVBTTF[QFVEFWIiSJ DBUJPOTFYQISINFOUBMFT
RVF TPO VUJMJTBUJPO TPJUQMVT RVF HIOISBMJTIF 00 QFVUM FYQM
VOF TJUVBUJPO JEIBMF RV JMFTUQFV BJTI E BUUFJOESF FYQISJNFO
FYFNQMF FUE BVUSF QBSU MFT NFTVSFT JOEIQFOEBTWFTTPRFIEBFOT
WBQRYBPOU QBSUJDVMJOSFNFOU EJ DIMFT E BVUBORVIWTT RVUE @FF
EBOTMB MPJE :PVOH

9pULPpFDWLRQV H[SpULPHQWDOHY GH OD ORL G-<RXQJ GDQV OD OLWWpUDWXUH

00O QFVUDJUFSQMVTJFVSTUFOUBUJWFTJOUISFTTBOUFT -BQSFNJOC
<> QBSVOFNIUIPEFBTUVDJFVTF JMTPOUSIVTTJENFTVSFS MFT UF
TPMJEFT IMBTUJRVFT EV 1%.4 EBOT MFVS DBT OPVIIBEWJIBOESPOT -
I[JUVEJBOU MB EIGPSNBUJPO EV 1%.4 TPVT EJ ISFOUFTDIBSHFT FU EB
NIUIBOPM JMTFO EIEVJTFOU MFUSBWBJME BEIITIJPO FUEPOD MFT |
NPEOMF DPOITV QBS +PIOTPO ,FOEBMM FU 3P FSUIPHN® B S B MFP DPHEVD M
NFTVSFT JOEIQFOEBOUFT E BOHMF EF DPOUBDU FU EFT UFOTJPOT EF
'JHVSF

&OTVJUF JMZFVE BVUSFTUFOUBUJWFTIJTUPSJRVFTQPVSWISJ F
NFTVSFSMFTUFOTJPOTEFTVSGBDFBWFD MFTPMJEF "OJUB #BJMFZ
MFNJDBFOMFGBJTBOUTFDMJIWFS TPJU EBOT VOPQ4B NFWBIHERBS MBJ
GPSDF FUEF MBEJTUBODF TIQBSBOU MFTEFVY QPJOUT EF UJSBHF EF



-BMPJE :PVOH

'64B?2 "OHMFEFDPOUBDUNFTVSIFOGPODUJPOEFM BOHMFE :PVOHEP!
EFTUFOTJPOT\EF DPHGBDRY) ] $FTQPJOUTTPOUPCUFOVTQPVSEJ ISFO
FBV NIUIBOPMTVSEV1%.4 -FTBOHMFTE BWBODIF QPJOUTCMBODT FU
TFOUIT -BMJHOF OPJSF FO QPJOUJMMET&S RQ S BT[FPCDUFFHVGB DAPSEQSITHBG B F
M JOEIUFSNJOBUJPOEFM BOHMFE :PVOHFOBZBOU TVSIWSTUFOTJPOT
MFTUFOTJPOTEFTVSGBDFTPMJEF MJRVJEFFUTPMJEF WBQFVS $FTSI
IVSZFUS8IJUFTJEFT QWCMJIJIT FO <
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OIDFTTBJSFBYDMJWBHF FUEPODE MBDSIBUJPO EF TVSGBDF TPMJE
EBOT VOF QIBTF MJRVJEF $F QSPCMONF BIiUTEIDSJU QP ¥SAWBFJSF N JC
VUIMITIEFOPTKPVSTQPVSEIUFSNJOFSMFTIOFSHJFTEFGSBDUVSF
M IFYBOFTVS MFNJDB DFTEFVY MJRVJEFT NPVIMMBOU DPNQI\/IC)UFNF
OPO QPMBJSF MB SFMBU.3PO4F 0O N.BWMMEHYFWPSUBIMF EBOTMFT EIWJBU
EFM FYQISJFODF EF M PSESF EF DF RVIFTUVOF QSPVFTTF FYQIS.
MFTUFOTJPOTEFTVSGBDFEVTPMJEFRVJFTUJNQPSUBOUF DIBDVOF

+ N

&0 O 'PYFU:;JTNBOPOUSIBMJTIEFTNFTVSFTTZTUINBUJRVFTEFN
SPFUIZMOOF 5FGFQSITFTQBSFYFNQMFEBM™MT WBMBEWNV¥EB OFSRJTE B
RVFMBEJ JSFQIFFU VOF QSPQSJIUTEVTPMJEF JOEIQFOEBOUF EV MJR
NPVIMMBHFEFTDIBOOFTDBSCPOIFTEF UZQFBMDBOFT BMLZ FUIFST
E BOHMFTEFDPOUBDU TVS MEDPERTEHWRMBUIWEN RYEFEDPOTUBOU FL

+N $FO FTU EPODQBT FODPSFVOFGPJT FOTPJVOFWISJ DBUJPO I
NPNFBWFDEFTTVSGBDUBOUTFOTPMVUJPOBRVFVTFQPVSBWPJS VO]
-FTEPOOIFTTPOU SHYSFFUTFIO/E MB PO P ORISRV R\OFF GPODUJP O MJ(
EF.; EPOUMBQFAQMRWBYEFBIEPOUM BKVTUFNFOU MJOIBJSF QBTTF C
UVSFTFNCMFEPOD WISJ IF BJOTJRVFMBMPJE :PVOH NBJTMFTEPO
QSVEFOUE FO DPODBMWRSIFRN¥E JO VFODF EBOT MFT TZTUONFT FYQIS
BiIUITWISJ | DBSDFMBO FTUEI OJUJWFENFOU QBT MFDBTQPVS M FYQ'I'
QV GBJSF,V¥EBTPIM SE F DPOTUBCROBENP E) BIOWU MF MJRVJEFDPOUJORNFOU

'64B?2 *OWFSTFEVDPTJOVT EF MPEHQHME ECG DPIPUBBRMB UFOTJPO EF TV
MIJRVJEGPVSEFTTPMVUJPOTBRVFVTFTE VOTVSGBDUBOUDBUJPOJRVFT
-BQFOUFEF MBESPIUYFBPOOFN DFRVIJFTUDPIISFOUBWFD MBTBUVSBU.
NPVIMMBOUFEF@PVF®ODBPT N+N BVUSFNFOUEJU M BKVTUFNFOU QBS VOFE

QBSM PSJHJOFBVY JODFSUJUVEFT FYQI5JNFFQOUSE MFN OBOTTF E B Vs PNSFEGF |
TPOUDFVY EF#POO>QBSVTEBOT <

9pULPpFDWLRQV HQ G\QDPLTXH PROpFXODLUH

/IPVT BWPOT WV BY QSFRMFS BDBQIFISRFOU SIBMJTFS EFT TINVMBUJPC
NPMIDVMBJSFEFTJOUFSGBDFT MJRVJEF WBQFVS FUMJRVIJEF TPMJE



-BMPJE :PVOH

UZQFT EF NPMIDVMFT MJRVJEF PV TPMJEF RVJJOUFSBHJIJBWF®U TFM
EFVY BNQMJBYEFTFMPO RVFM PODPOTJEOSFMFTJOUFSBDUJPOT MJR
NPMIDVMFT EF TPMJEF QPTTOEFOU EFT QPTJUJPOT YFTTVS VO SITF
RVJEF TPOU MJCSFTE IWPMVFS FO GPODUJPO EFTJOUFSBDUJPOT BW
OPVTBWPOTQVPCTFSWFS MFT TUSVDUVSFTEFTJOUFSGBDFT EF MB
MBWBQFVSFUBWFD MFTPMJEF /PVTBWPOTQVNFTVSFSMFTDPOUSB
FUBJOTJNFTVSFS MFTUFOTJPOT EF TVSGBDF [ &Q,GRICPD/IJI@ BVENPIBIQ (
DIBOHFS MBNPVIJMMBCJMJUI &0 F FU TIMFTJOUFSBDUJPOT MJRVIJE
MF TPMJEF JM QSIGOSF JOUFSBHJS BWFD EFT NPMIDVMFT EF MJRVJE
TIMFTJOUFSBDUJPOT MJRVIJEF TPMJEFTPOU GPSUFT BMPST MF MJR
M BOHMFEFDPOUBDUE IRVIMJCSF POEPJUGBJSFVOFNFTVSFEFTU
RVFMBUFOTJPO EF TVSGyEEéD'IEJM’LBRD/BGBS/BBQEJ‘FSE FYDOTEM JOUFSGBEL

7= (pn pr)dz:
LV

%FMBNDNFGBIPO E BQBS® TIMBFOIT B8EOESF FODPNQUF MFTDPOUSBJO
MB DPOUSBJOUFE FYDOTEM JOUFSGBDFTPMJEF MJRVJEFFTUEPOO
Z

47  4-= (pn  pr)dz:
SiL

"JOTJ M BOHMFE :PVOHFTUEPOOIQBS MFSBQQPSUEFTDFTJOUIHSB

R
o (Pn pr)dz
DPYP = FEL ;
u-D LIV (pN pT)dZ

4AVS'MBVSH FTUSFQ@SIPFQBVS VOFDPVDIFIQBIJTTFEFMJRVIEF PaAPO
MBUSBWFSTIFEFTEFVYJOUFSGBDFT - JOUIHSBHUNMPREFDPEBQRPBY S
EFTTBVUTEFDFUUFJOUIHSBMFEPOOFEPODMFDPTJOVTEFM BOHMF
BWIBQJBYSF DFUUF NFTVSFFTUDPIISFOUFBWFDM BOHMFNJDSPTDPQ
MJHOF EFDPOUBDU

1PVSEJ ISFOUE/SBQRPO®SIBTVSFBMPSTEJ ISFOUT BOHIBEME :PVOH ¢
4VS DFUUF UBCMF OPVT BWPOTBVTTJ SBQQFMI VO BVUSF SITVMUBU
TINQMJ TEITWFMPQQI BV QSFNJFSDIBQJUSF MF SBQQPSUEFTBNQMJI
SFMJIEM BOHMFE :PVOHQBS M IRVBUJPOARWYJWBOUF E BQSOT MFT IR

CS|__1+ DPaFT .
CLL B 2 '
D FTU E EJSF

DPHT =25t 1.
CLL

"JOTJ TJM PO TPVIBJUF DPNQBSFS MF NPEOMF EF %'5 TINQMJ iF BVY
BMPSTPOEPJUDPNQBSFSE JOUFSBDUJPO BUUSB&UJ WEPROTUBOUF
EPJWFOU PUSF IHBVY 00 QFVU BMPST DPNQBSFS MFT BOHMFT E :PVO
SBQQFMIi TVS MB NDNF UBCMF 00 PCTFSWF BMPST EFT SITVMUBUT US
MF QITOPNOOF EF TUSBUJ DBUJPO OPO QSJT FO DPNQUF EBOT MB %5
M JOUFSBDUJPO F FDUJWF FOUSF MF MJRVJEF FU MF TPMJEF %F QM\
FO VOF NPJOT HSBOEF JOUFSBDUJPO DBS MFT BOHMFT FO EZOBNJRYV
TINQMJ iF DFUF FUBZBOU UFOEBODF E T BUUIOVFS MPSTRVF M BUU
FTUBMPSTM JO VFODFEFMBTUSBUJ DBUJPOTVSMBMPJE :PVOH -F |
MPJ
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'64B?2 B $POUSBJOUFTE FYDOTEBOTVOFDPVDIFEFMJRVJEFFOGPOD
FO TINVMBUJPOT EF EZOBNJRVF NPMIDVMBJSF - JOUFSGBDF MJRVJEF V
z=26 FUM JOUFSGBDFAMIJI®GVJIEF [PPNJB/SHOBDVOF EFTJOUFSGBDFT B U’
BVY HVSHY FU D C *OUTHSBUJPO EF MBDPOUSBJOUFE FKYDOT -F QSFN
FUMFEFVYJONF-E SBQQPSUEFTEFVY EPOOFMFDPTJOVTEFM BOHMFE
E BQSOTM IRVBWJIPO ° FOBZBOUQSJTQPVSsDRUYFETINVMBUJIPO

s/ L JR) el

; 130 1;0
; 117 1;2
; 106 1;3
; 95 1;8
; 84 1,5
; 74 1,8

5./92 7BMFVSTE BOHMFTE :PVOHQPVSEJ ISFOUFTJOUFSBDUJPOTMJR
NPMIDVMBJSF E BQSOT MB NMSIFPBFEB B MIFUGPTSNSBWBI TNF EF MB %'5 TINQMJ
M TRVBUJP®BEJ ISFODFNFUFO MVNJOSFM JO VFODFEV QITOPNOOFEF TL
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BHUVSHFWLYHYV

&O SITVNI DFTOPNCSFVTFTJOUFSSPHBUJPOTTVS MBMPJE :PVOH PC
MJU U I SBUWRSQ SIIIDBWIPRVF EF MB MPJ E :PVOHB QPTI EF OPNCSFVY QS
BVKPVSE IVJ /IPVTQPVWPOTBMPSTDPOWFSHFSWFSTMBRVFTUJPOD
RVBOUJIBBUTJTGHE) UEGCMHFTSEF-MB MPJE :PVOH 0O QFVUSFUSPVWES FO
NJDSPTDPQJRVFDPIISFOUFQBS 4JS.JDIBFM 72 # $SDPFOTUVOBIRIQH
RVFOPVTBMMPOTSFOESFRVBOUJUBUJWF QBSFWE F $ DWHE\BITEEENI B TN P
OPVTDPODFOUSFSTVSTPOJOUFSQSIUBUJPONJDSPTDPQJRVF FUTV

&OF FU OPVTM BWPOTWV MFTUFOTJPOTEFTVSGBDFTPOUHIOISE
TVSFTEFGPSDFT :PVOHEPJUEPOD PUSFWBMJEFEBOTVOFJOUFSQS!
E FYQSINFSMFTGPSDFT OPVTTPNNFTDPOGSPOUITEEFTQSPCMONF
&OF FU EBOTMFDBTEFTTPMJEFTOPVTBWPOTBVTTIWVRV JMFYJTL
TVSGBDPF<&U EM IDIFMMFBUPNJRVF M F FUEFMBQSITFODFE VOFJ
2VFMT SUMFT TVS MFT GPSDFT FU MFTIOFSHJFT QPTTOEFOU MFTF FU
DPVDIFTNPMIDVMBJSFTEM BQQSPDIFEVTPMJEF /PVTBWPOTWYVDJ
MJUBUJWF FOUSF MFT NFTVSFTEFEZOBNJRVF NPMIDVMBJSF FU MF N
$FMBB U JMVOF FUTVSMBMPJE :PVOH $FUUFRVFTUJPOWBOPVT Q
QSIJNPSEJBMFQPVSEIMJICISFSTVSMFTF FUTEFMPDBMJTBUJPO EF M
TFGBJUMBTIMFDUJPO

1PVSBQQPSUFSEFTSIQPOTFTEDFTRVFTUJPOOFNFOUT JM Z B EP(
SINFOUBMF %BOT MB MJUUISBUVSF OPVT M BWPOT WV JMZBFVQF'
QSITFOUFS EBOT MB TFDUJPO TVIWBOUF RVFMRVFT SBQJEFT SITVMU
FODPSF VO QFDQMVWB EFVYJONF BQQSPDIF FTU UIITPSJRVF $PNNF QP
OPVTBMMPOTDPNNFODFS QBS QSITFOUFS VOF JUWARBI@X BBIFJPWOSN JD
EFTSBJTPOOFNFOUTHIPNIUSJRVFTRVF MFNPEOMF TINQMJ TEF %'5 E
USB EFKVTUJ FSEBOT MBOVIJBOEDVWDIBQRUBFFSPOT FOTVJUF BNFOIT
QSPDIBJOTDIBQJUSFTEHIOISFSEFTGPSNFTE JOUFSGBDF QBS TJNV.
EBOTMBUJM® EIUBJM EFM JOUFSGBDFEM BQQSPDIFEFMB MJHOF EF
TFDUJMOJO VFODF EFT ITUITSPHIOIJUIT TVS MB MPJE :PVOH QBS EFVY
DFMVJEFM IMFDUSPNPVIJMMBHF RVJTVSWJFOU MPSTRV EM TOFSHJ
UJRVFRVJBHJUTVS VOFUPVUFBVUSFIDIFMMF FURVJNPEJ FMPDBN
EFVYJONF FYFNQMF FTUDFMVJ EF MBTUSBUJ DBUJPO FU OPVTIUVE.
E :PVOH

9pULPFDWLRQ H[SPULPHQWDOH GH OD ORL GH 1HXPDQQ

&DV GH 1HXPDQQ PRXLOODJH VXU XQ VXEVWUDW OLTXLGH

-FTJOUFSGBDFT FOUSF EFVY MJRVJEFT QPTTOEFOU CFBVDPVQ E BWI
GBDFTMJRVJEF TPMJEF &YQISINFOUBMFNFOUMFTTPMJEFTQPTFOU
TVSGBDFTTPOUEM IDIFMMFNJDSPTDPQJRVFNBMET OJFT DFRVJFTL
[UVEJFS MB TJUVBUJPO EF MB MJHOF EF DPOUBDU MPDBMFNFOU % B
TPMJEF MJRVJEF PV TPMJEF WBQFVS TPOU UFDIOJRVFT DF RVJIJTU
FYQISINFOUBMF EF MB MPJ E :PVOH -FTUFDIOJRVFT RVF OPVT BWPO
E BEIITIPO EF $IBVEIVSZFU 8IJUFTJEFT PVEFEFDMJIJWBHF EF #BJMF_
EFTVSGBDF MJRVJEF WBQFVS PV MJRVJEF MIJRVJEF TPOU SFMBUJWF
OPONJTDIJCMFT TFVMFDFUUFNFTVSFJIJOUFSWJFOU DFRYQEINOMI F
M BOHMFE IRVIMJCSFE VOFMFOUJMMF EF MJR VA BNPR YV W SIFQPEISFUTIF 3
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NFOU VO BV UB PBMIFAWIEWF TVCTUSBU MJRVJEF DBSJMFTUFOEFTTPV
HSBOEF -BTVSGBDFEVTVCTUSBUMJRVJEFO FTUQMVT QMBOF NBJT
GBDF OPUBNNFOUM T0FSHISRNUBFEBFRIVBIMKIDENFT M BOHMFEFDPOU
QMVTEPOOIQBSMBMPJE :PVOH QSIDIEFOUF NBJT QBS MBEPVCMF MF

as+ »DPA+ 4DPg=0;
TIP= 4 TIR:

«FTUMBUFOTJPO EF TV G6BNMBRUBSE WBOMBBFFOTIJPO EF TVSGBDF F(
BFUMBQIBTFWBQRVWS -FARBOMMFEOHMFT RVRA GBEWBIBRVEREETDP OU
WPJBHVSF 00O SFUSPVWFFO QBSUJDVMJFS MBMPJE QPPAEEH TJ PO FYBN.

'64B?2 5SJBOHMFEF/FVNBOO VOMIJ
RVIEBFQPTF TVS K OVMBJI RIWIBHF
FTUJDJBMJHOIF TFMPOW JOUFSGBDF FOUSF
B -BOHMFEFDPOWBBOWEFMBQIBTF

M BOHMFEFDPOBBDY EF MBQIBTF

, QWHUSUpWDWLRQ PDFURVFRSLTXH

00 JOUFSQSOUF DFUUF MPJ BEF@ B GBVB® JO/IW BABUGRSDF TVS O JNQP
TZTUONF FTU OVMMF &0 QBSUJDVMJFS PO QFVU QSFOESF VO WPMVN
TVSGBDFEFDPOUSUMF BFAUEFEWFADI @B S BBOWBBF VS FBI MPYJUFSGBL
BWPOT EINPO QS FBIGE R8P MFSFGPSDFT FYFSDIFT QBS M FYUISJFVS |
JOUFSGBDFTFUTPOUUBOHFOUJFMMFT BWY JPUFSESDE TU & KRN FF QHB\WF
EFMJHOFBVYUSPJTJOUFSGBDFT - iIRVIJMJCSFEFDFUIMINFOU QFVUE
FYFNQMF QBSBMMONFNFOU FU QF S Q FA ER DOVOVFBI$ FING O B N VB T OFA EG B/
FU -FGBJURVFMBMPJE :PVOHTFSFUSPVWFEQBSUJSEFDFUUF
M IHBMJOEFMPO MBQFSQFOEJDVMBJSFOE ¥ BRRIMIMEBQBOBYOESBBED
MB SIBDUJPO EVTPMJEF TVQQMIiINFOUBJSFEBOTDFUUFEJSFDUJPO

'64B?2 ® MB MJHOF

EF DPOUBDU M IRVIJMJCSF EFT
GPSDFT FTU JOUFSQSIUI QBS
DFUUF DPOTUSVDUJPO MFT
UFOTJPOT EF TVSGBDF UJSFOU
TVSMBMJIJHOFEFDPOUBDU
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ORXLOODJH GH O-KH[DGpFDQH VXU O-HDX

1PVSUSPVWFSEFTMJRVJEFTEFUFOTJPOTEFTVSGBDFCJFOEJ iISFOD
QPMBJSF FUE BVUSF QBSU VO MJRVJEF BQPMBJSF -FT MJRVJEFT BQ
JMT OF TF DPOUBNJOFOU QBT *MT POU EFT UFO TJPON EFFVI¥ES G BPMBE
UFMTRVFM FBV MFTBMDPPMT QSITFOUBOUEFTGPODUJPOTDIJNJR\
CJFOEJ ISFODJIFT UFMTRVFOFUS$ FUEPOU MBHIPNIUSJFO FTU QB"
CFBVDPVQ QMVT iMFWIFT QPVWBXPWBMMFBVKVFRBEEFNVMNFBY FTU DP
QBSUJDVMJFS EV GBJU EF MB QSITFODF EF OPNCSFVTFT MJBJTPOT I
DPVQMFT % BCPSE OPVTBWPOTUFTUIEFTIVIMFT TIMJDPOFT NBJT
%F QMVT MFTIVIJMFT OBUVSFMMFT TPOU USPQ QFV jQVSFTx QPVS P
-FTBMDBOFT FVY OF NPVJMMFOU QBT DPNQMOUFNFOU M FBV %F QM
WBSJFS GBDJMFNFOU FOGBJTBOUWBSJFSMBMPOHVFVSEFMFVS DIB
M IFYBEIDBOFTVS M FBV

1PVS QSIiQBSFS M BMDBOF OPVT BWFEGHEU FOIJNVBTITEF M B FUYFB\E] DIEEO.
E ICVMMJUJPO E QSFTTJPOERNOQIB® BFTRIIMBMBUJIJPO T F FDUVF TPVT V(
EF RVFMRVFT NJMMJCBST .DNFE DFUUF QSFTTJPO VO CB§OE IVIJMF [
EJTUJMMBU SIDVQIiSIBIUTFOTVJUF BGBMZITBOB R ZTERVT@SPOP®BU BP0
DPNQPTI MFTJNQVSFUITTPOUEPOD VMUSB NJORSNWBFSHTJE0JWV I i
TVQiISJFVSFE 1PDSIMINJUFSMFTF FUTEFEJ VTJPOEFTMJRVJEFTM
OPVT QSIQBSPOT MFT TPMVUJPOT EBOTEFTBNQPVMFT E EIDBOUFS /F
SFVTFNFOU FUMBJTTPOT SFQPTFSFUEJ VTFSVOFIFVSFFOWJSPO B
DIBRVF NFTVSFBJOTJRVFMFTBMDBOFT QSPWJFOOFOUEPOD EF DF NI

-FTBSHVNFOUT EIWFMPQQINPBSSFORVIBREYF® QPJOU MFT NFTVSFT
EFTVSGBDFFUE BOHMFEFDPOUBDUEPJWFOUDUSFQSIDJTFT 4JM P
BCTPMVNFOUOIDFTTBJSFE PCUFOJSEFTNFTVSFTE BOHMF FUEF UFC
JOGISJFVSFE FUE IWJUFSEFTFQMBDFSEBOTMBMJNJUFEFT BOHI

OHVXUH G- XQH WHQVLRQ GH VXUIDFH OLTXLGH YDSHXU
THEKQLTXHY XVXHOOHYV

IMVTJFVST NIUIPEFTTPOU FOWJTBHFBCMFT QPVS NFTVSFSEFTUFOT.
TUSBUIHJFT 0O QFVUE VOFQBSUGBJSFEFTNFTVSFTPQUJRVFT *MT
RVJEPJWFOU EIQFOESFEF MBUFOTJPO EF TVSGBDF 60F QSFNJOSF N
HPVUUF QFOEBOUF -BDPNQIUJUJPO FOUSF MF QPJET FUMB UFOTJPC
%F MBNBDNFNBOJOSF POQFVUBOBMZTFSEFTGPSNFTEFHPVUUFTUF
EF MBNPOUIFDBQJMMBJSF &0 O POQFVUBVTTJNFTVSFS MB SFMBU.
EFWBOUMBIBVUFVS EF MB DY WIEVUJINOUTF EF BBMPERYUUF UPVSOBC(
VOF CVMMF FTU JOTISIF EBOT VO SITFSWPJS EF MJRVJEF RVJUPVSO
E VOFDPNQIUJUJPO FOUSFM JOFSUJFFUMBUFOTJPOEFTVSGBDF F°
DPOUSBJSF BWFD MB HPVUUF QFOEBOUF PV MB IBVUFVS E VO NIOJTR
DPSSJHFSMFTF FUTEVTEVOBOHMFEFDPOUBDUBWFD MFTPMJEF R\
PQUJRVFTTPOU MJIJNJUIFTQBSMFTF FUTPQUJRVFTFUMFQPVWPJS EI

% BVUSFQBSU POQFVUSIBMJTFSEFTNFTVSFTEFGPSDFT 60F QSF
TVSFTEFQSFTTJPOEM JOUISJIFVSE VOFCVMMFEFEJBNOUSFDPOUS
MB UFOTJPO EF TVSGBDF 60F EFVYJONF NIUIPEF DPOTJTUF E QMPOH
MB GPSDF OIDFTTBJSFQPVS NBJOUFOJS MBQMBRVFFO QMBDF DPNNF
EIQFOEBODFBWFD M BOHMFEFDPOUBDU POVUJMJTFFOHIOISBM VO
NPVIJMMF UPWUBMFHNFWWF NIUIPEF FTUBQQFMIF Nl U IFPTEFF E B BRWIFQIRN\ZWF
DPOUBNJOFS MB NFTVSF TPOUMFTF FUTEF QSFTTJPO E "SDIJNOEF (
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QMBRVFBV OJWFBVEVCBJOEFTPSUFRVFDFUUFGPSDFQPTTOEF VOF
NiIUIPEF FTUTUBUJRVFDFRVJQFVUBWPJSVOJOUISPUEBOTDFSUBJO
PVQPVSEFTTVTQFOTJPOTRVJIWPMVFOUEBOT MFUFNQT

1PVS IWJUFS MFT QSPCMONFT EVT EM BOHMF EF DPOUBDU VOF BV
QMBUJOF $FUUF NIUIPEF FTUTD® DRV FF B BQIWJ TE MOFSI1BF Q BS &MWDWR UF E
FTUUSOT MBSHFNFOU VUJMJTIFEBOT MB MJUUISBUVSF -PSTRVF M P(
DBQJMMBJSFTFGPSNFTPVTM BOOFBY FUM BOHMFRVFGBJUMF MJR\
NPNFOUQPVSMFRVFMMBGPSDFFTUNBYJNBMF &0TVJUF MFQPOUDB
-BGPSDFNBYJNBMFFTUEPOD SFMJIFEMBUFOTJPOEF TVSGBDF

$FTNIUIPEFT EF GPSDFT TPOUFO HIOISBM QMVT QSiIDJTFTDBS MFT
DIJTFT %FQMVT MBNIUIPEFEM BOOFBVFTUQMVTQSIDJTFDBS MB MP
HSBOEF RV BWFD VOF QMBRVF &MMF FTUEF QMVTBQQMJDBCMF BVY I
DPOUSBJSFNFOUE MBQMBRVFRVJQPTTOEFVO QMVT HSPT WPMVNF F
O FTUQBTDBMJCSIF

'64B7?2 B 'PSDFTDBQJMMBJSFTFYFSDIFTQBS VO MJRVJEFTVSVOBOOI
OVM C 3ITVMUBOUFFO GPODUJPOEFMBEJTUBODFEFM BOOFBVBVEFT"
BJTIEEIUFSNJOI FUSFMJIEMBUFOTJPOEFTVSGBDF

$PpOLRUDWLRQ GH OD PpWKRGH GH O-DQQHDX

1PVSNFTVSFSMFTUFOTJPOTEFTVSGBDFIFYBEIDBOF BJS FBV BJSF
EFM BOOFBV -BNFTVSFFTUF FDUVIFBWFD VO UFOTJPNOUSF ,SaTT.
QPTJUJPO DPOUSUMIFF@SUDMTREIWN/NNFOWF BN O QMBUFBYV UIFSNBMJTI
SJTI DPOUSUMI FONQP BOQP®VEEF QMBUJOF EF EJBNOUSF FOWJSPO D
MPOHVFVS EF NR¥ IMMBNFNMEFOHVFVS EF MBMJHOFEFDPOUBDU TVS M

-BEIUFDUJPOEFMBQPTJUJPOEVCBJOFUEFMBGPSDFNBYJNBMF F
EIEVIJUFEVCJMBO EFTGPSDFTTVSM BOOFBVMPSTRVFM JOUFSGBDF

Fmax = Lw + Fp

P& FTU MB QSFTTJPO E "SDIJNOEF TPVT M BOOFBV RVJUJSFM BOOF
SFQSITFOUFS KVTRV E EFMBGPSDFNBYJNBMF DFRV JMFTUEPOD
NFTVS®GSIDJTINFOU *MFYJTUFQPVSDFMBEFTUBCMFTEFDPSSFDUJP
TPOUDPOOVFTTPVTMFTOPNTEFTDPSSFDUWROUIEHANBBEUBBUFGE FFOEI
< >PVFODPSF)VIFU BTBOMFTEBOTEFTQSIDJTJPOTEF BMPSTRVF
EFTNFTVSFTBWFDDFUBQOQBSWRIMPIU EFF;,M PSESF EF
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5PVUFGPJT OPVT BWPOT QV HIOISFS MFT GPSNFT EFT JOUFSGBDFT
M JOUFSGBDF FUEPOD OPVTBWPOTQVDPNQBSFSMFTDPVSCFTFYQI
FOGPODUJPOEFMBEJTUBODF DFRVIJOPVTBQFSNIJTE BWPJSVOF QN
DPSSFDUJPOT -BTFVMF NEFWSBFENVTNBYBOWVEY NBYIJNVN QFSNFU E BNIT
ENPJOT EE JODFSUJUVEF EFM PSESFEF MB SIQIUJUJWJUT TUBUJTU.
FTUEIDSJUF'E"W BOBOWFYOFPVT NFTVSPOT MFT UFOTJW/ONF EE;TVSGBDF EF
EFM IFYBEIDBOWN EE; FUFBV IFYBEIDNBRF E; &0 OMBEFOTJUI EF
M IFYBEIDBOFFTUNFTVSIFHBEDFE VO QZDOPNOUSFE

OHVXUH G-XQ DQJOH GH FRQWDFW
THFKQLTXHYVY XVXHOOHYV

%F MB NDNF NBOJOSF RVF QPVS MFT NFTVSFT EFTUFOTJPOT EF TVSG
NFTVSFTEF GPSDFT QPVS EIUFSNJOFS FYQISINFOUBMFNFOU MFT BO|
MFTNBDNFTRVF QSIDIEFNNFOUBWFD MBQMBRVFQBSFYFNQMF 60F G
JOEIQFOEBNNFOU POQFVUT FOTFSWJSQPVSNFTVSFSEFTBOHMFT

EFDPOUBDU QSPWJFOOFOUEFTNFTVSFTPQUJRVFT

1SFTRVFUPVUFTMFTNFTVSFTPQUJRVFTDJUIFTDJ EFTTVTTPOU F!
BOHMFTEFDPOUBDUMPSTRVFM POBNFTVSIJOEIQFOEBNNFOUMB UF(
VOTPMJEF &0 F FU MBGPSNFEFM JOUFSGBDF MJRVJEF QSPDIF E Vi
TVSGBDFFUM BOHMFEFDPOUBDU *MFYJTUFE BVUSFTUFDIOJRVFTE
WJTJPO EJSFDUF -B SIi FYJPOEJSFDUFE VO GBJTDFBVY MBTFS PV MFT
DUSFVUJMJTIFTQPVSEIUFSNJOFSM BOHMFEFDPOUBDU OPUBNNFO
HSBOE POQSIGOSFFOHIOISBMMBWVFEFDUUIEFMBHPVUUF 60 BKV"
VOFCPOOFEIUFSNJOBUJPOEF MBQPTJUJPOEVTVCTUSBU QFSNFUUF
E VOFHPVUUF /PVT VUIJMJTFSPOT OPUBNNFOU MBUFDIOJRVF EF MB |
DUUIEBOTMFFDIBQJUSFT

OHVXUH GX UD\RQ G-XQH OHQWLOOH

1PVSMFNPVIMMBHFE VOMJRVIJEFTVSVOBVUSFMJRVIJEF JMFYJTUF
PFVWSF *MT BHJUEFNFTVSFSMFSBZPOEFMBHPVUUFWVFEFEFTTV]
EVWPMVNFFUEFM BOHMFEFDPOUBDU EF MBHPVUUF *M GBVU EPOD
MBHPVUUF DFRVJFTUSFMBUJWFNFOUBJTIQBSEFTNFTVSFTEF QPJE
POPCUJFOUVOFNFTVSFM BOHMFEFDPOUBDU %BOTMFDBTEF MFOU
O FTUQBTGPSDINFOUBJTIFEEIUFSNJOFS OPVTTFSPOTPCMJHFS EF

-BNFTVSFEV SBZPO FTUBJTIF FMMF TF GBHY B b FUFBBNUSIE QUFFINJAUG
EFTJIJNBHFT SIDPMUIFT -BEIUFDUJPOEFM JOUFSGBDFTF GBJU BWFD
NPJOT.ERHSEDFEMBCPOOFRVBMJUITEFTJNBHFT 60FDBMJCSBUJPO U
; ; "NQUY$FUSBJUFNFOUFTUJNQPSUBOUDBSJMQFSNFUVOFNFTV
FUD FTU OBMFNFOUMVJRVJFTUMJINJUBOU -FTHPVUUFTTPOUDSIIF
UZQJRVFNFOUEF E ~“- FTUNFTVSIQBSMBNFTVSFEJ ISFOUJFMMFE
VOFCBMBODFEF QISTIBIJFIPIPVS MFDPVQMFIFYBEIDBOFTVSM FBV MF-
TVSMBYSFC
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'64B?2 B 1PVS NFTVSFS MF SBZPO EFT HPVUUFT PO GPSNF HSEDF E VC
TVSVOBQQBSFJMQIPUPHSBQIJRVF $F TZTUONFPQUJRVFDPNQSFOE VO
ST IDIJTTBOUF FU VO QMBUFBV BNPWJCMF IPSJ[POUBMFNFOU FU UIFSNP
FUTBHPVUUF PUUBOUFE BMDBOF C &YFNQMF EF QIPUPHSBQIJFE VOI
WPMVNFEF MBHPVUUFFTUE FOWJSPO ~“- FUTPOSBZPOEF NN

BURPO QXPpULTXH GH OHQWLOOHY OLTXLGHYV

*MT BHJUEFWISJ FSNBJOUFOBOUMFTSITVMUBUTFYQISIJNFOUBVY B’
CPVUT % VOFQBSU M IRVBUJPO EFTJOUFSGBDFT RVJOFQPTF QBT
EF -BQMBDF MBDPVSCVSFFTU QSPQPSUJPOOFMMF E MB EJ ISFODF |
% BVUSF QBSU MFT DPOEJUJPOT BVY MIJNJUFT THFQU ERV/FIPPQBS MI
WPVMPOT WISJ FS -FTDPOEJUJPOTEF QFOUFTEFT JOUFSGBDFT E ME
WBMFVSTEFTUFOTJPOTEFTVSGBDF /PVTSIBMJTPOTBMPSTVOFJOUI
BWFD MFTDPOEJUJPOTBVY MINJUFTEPOOIFTQBS MBMPJEF/FVNBOO

eTXDWLRQV GHV LQWHUIDFHV

$FTIRVBUJPOTTPOUFYQSJINIFTFO TZNIUSJFBYJDJSDNMBESKF /PVTE
USPJT JOUFSGBDRT= A BFR BINRMIFASF CBJO TUBUJRVA MPMIRN VEBFM F
RVJ GPSNF MB MFOUJMMF AVEKB"MP BIORV EFFEFMV I EFOTF MF #BJO E FB
EFEFOg3U{ -FTUFOTJPOTEF TVSGBDFEFTUSPJT JOUFSGBDFT BMDB(
OPUIFTSFTQFDWRWFRBOO POOPUFMBTVSQSFTTJRO i MQEEES ORNSFE |
FTUFOGBJUVOFNFTVSFEFMBUBJMMF EF MB HRRMWMBFF -FT OPUBUJPOT

-FTUSPJTJOUFSGBDFTBMDBOF BJS BMDBOF FBVFUFBV BJSTPOU
SFTQFDUJWFNFOU

Ad9zZn P
(B A)dzs + P =
B9 = #B;

|
*
>
™

PAEIOPUFMBDPVSCVSFEFM JOUFSGBDF QPTJUJWFMPSTRVFM JOUF
FURVJT FYQSIJNFEFMBGBIPOTVIWBOUFFODPPSEPOOIFTDZMJOES]

1 70 200
- :
ro1+z2 (1+z®)32

- JOUIHSBUJPOEVQSP M ETQBOE EPODE VODFSUBJOOPNCSFEFQBSB
MPOHVFVST QBS MB MPOHYEVSD BEBQIJMWMBODFPEOWEBYEG QBS TINQMJIDJU



71SJ DBUJPOFYQISIJNFOUBMFEFMBMPJEF/FVNBOO

'64B?2 -FOUJMMF PUUBOUF OPUBUJPOT

EFOPUFSMFT WBSJBQMFUBEINFESBROOSFET TBOT EJNFOTJPOT SFTUB
TPOUBMPST 2= 4 »sda= a/l 5 FUFRB=OP/P 559 -FTIRVBUJPOT
FU TFSIIDSJWFOUBMPST

1
= 11+ z0)% (daza  20) FZR(1+-ZE);
1
206 = 201+ 2%)*? (1 da)zas + 20l ZRe L+ 25);
1
7= 78 (1+ 28)°% Tz (1+ 28):

-FTDPOEJUJPOT BVY MINJUF R & RBUWEB RO B RGEIMP DT BKRPRSSFTQPO
zas (R)= zs(R) FUEFTDPOEJUJPOTTVSMFTQFOUFTEFM JOUFSGBDFE B¢
EBOTMFTWBSJBCMFTBEJNFOTJPOOIFT

23 (R) 1 22(R) 1 28:(R)
p—2- = —p_-A + —p_ZAB

1+z23(R)Z 1 1+23(R)Z 2 1+ (R)?°
D 1 = in 1 + ih 1 .
"1+ 28(R)Z 1 1+28(R)?Z 2 1+29,(R)?Z’

*MZBFODPSFEFVYDPOEJUJPOTBVY MINJUFTRVFM PORQFYUFYQSJN
RVJOPVT QFSNFUUFOUNDPNFE BWPJSVO EIWFMPQQFNFOUBTZNQUPL
z290)=0 EPOD QBS EIWFMPQQF NAPW EB 5B@)M B/3 z°f0)r>° %PODE BQSOT MF
IRVBUJPGFTU POQFVUFYQSINFSMFTEIWFMPQQFNRORMBBTZNQUPUJR

z80) = = 1(daza(0) 2zo) ;

22 (0)= = 2[(1  da)zag (0)+ zo] :

NI NI

&0 O MBEFSOJOSFDPOEJUJP@BN)=RMJINJUFTE SFTQFDUFSFTU

,QWpJUDWLRQ QXPpULTXH

/IPVT JOUIHSPOTDFTIRVBUJPOT OVNISJRVFNFOU HSEDFE VO BMHPS]J
FUFO SIBMJTBOU EFT EJDIPUPNJFTTVS MFT WBMFVSTEFT QBSBNOUS
CPOOFTDPOEJUJPOTBVY MINJUFT 1P V,SPIORAQITIFANCCIMAFYEF 8§ BISBOIDRASY
YPOT FOTVJUF ¢ WROBRISENGEISFOF MB UBJMMF EF MB HEFP\OLDUVO\QFRUQ B U
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2o EIDSJUEF HSBOEFT HPVUUFTDBS MB EJ ISFODFEF QSFTTJPO FOUSF
EUSPVWFS MFT E&0Y FXB(S)BRAIWSIST FOU UPVUFT MFT DPOEJUJPOT BV)
BWPOT EIUFSNJOI VO EIWFMPQQFNFOU BTZNQUPUJRVF B\EDFOUSF M
BWFD VOF QFO Wk PMMME QO¥HPVSCVSF EPOOIF QBS MF EIWFMPQQFU
DIFSDIF BM® SYi EMF TFVM Q8(G)BRVIUBF/U WiSJ FSE MB GPJTMFTEFVY D
MPSTRVF MFT EFVY QSPFWT TR O SPUFBME HBBSSYTS EF DF QPJOU FU EF
zYR) EPOOIF QBS VOFEFDFTEFVY iRVBUJP O (OF B P DRSEAIRYEBFIFS MF Q
EJWFSHF QBT FUUFOEF WFST[ISP MFOJWFBV EV CBJO TUBUJRVF 60
EF TVSGBDFFUEFTEFOTJUITEFM IFYBORV¥SEF M FBV FTU SFQSITFOL

9pULPpFDWLRQ GH OD ORL GH 1HXPDQQ

-BDPNQBSBJTPOFOUSFMFTSITVMUBUTFYQISIJNFOUBVY FUM JOUIHS
MBHVSFC 1PVS SFQSITFOUFSMF SITVMUBUEFM JOUIHSBUJPO OVNI
M PSESFEWS MFT NFTVSFTEFTUFOTJPOTEF T TVSGBDF FU SFQSITFOU
DPSSFTQPOEBOUQBS VOF[POFHSJTIFTVSMB HVSF /PVTPCTFSWPOT
CJFOQBSMBDPVSCFUIIPSIRVFEBOTMFTCBSSFTE FSSFVS EMBGPJ’
MFTNFTVSFTEFTUFOTJPOTEFTVSGBDF

'64B?2 B 1SP MTEFHPVUUFTDBMDVMITOVNISIRVFNFOU QPVS MFT UF(
NFOUBMFNFOUQPVSEJ iISFOUTWPMVNFT C $PNQ@BSBBDRWBAUBIMWRFT Q
DPSSFTQPOEBVY FSSFVSTFYQISINFOUBMFT FUMBUIIPSJF JOUIHSIFOV
EM FSSFVSEF MTRSEMBFTEWRBMFVSTEFTUFOTJPOTEF TVSGBDF

&0 DPODMVTJPO MB MPJEF /FVNBOO VOF FYUFOTJPO EF MB MPJE
FYQISINFOUBMFT DFRVJO BWBJU KBNBJT iUl SIBMJTI UPVU WB QPYV
DFUUFFYQISJFODFNISJUFSBJUDFQFOEBOUEFDIBOHFSE BMDBOF EI
FUE FYQMPSFSEFQMVTHSBOEFTBNQMJUVEFTEF DFUUGRWRBRYRJIT BH
IBjNBSDIFxTJCJFO



*OUFSQSIUBUJPONJDSPTDPQJRVF

,(QWHUSUpWDWLRQ PLFURVFRSLTXH

$PNNFOIPOT UPVUE BCPSE QBS OPUFS RVF MB MJHOF EF DPOUBDU FC
NBUISJFM $FUUF MJHOF NBUIITNBUJRVF SFQSITFOUF MBTIQBSBUJPO C
TPMJEF -BRVFTUJPOEFDPOOBOUSFRVFMMFTTPOUMFTGPSDFTEMB
EF DPOOBOUSF MFT GPSDFTTVS VOF QPSUJPO EF MJRVJEF PV VOF QP
TFOUFCJFOVOOPNCSFEI OJEFNPMIDVMFT VOFDPMMFDUJPO EF NBI
EEFTGPSDFT /PVTFTTBJFSPOTEPODEFET OJSQSPQSFNFOUMFTTZ
DPNNF OPVT M BOYPONJIGEGBIM BYIWSHSSPOT BJOTJ RV VOF CPOOF EI 0J
QFSNFUEF SFUSPVWFS VO IRVIMIJCSFEFTGPSDFTTBUJTGBJTBOU DP

JRUFHV VXU XQ FRLQ GH OLTXLGH

$POTJEISPOTEBOTVO QSFNJFSUFNQTMFTGPSDFTRVJT FYFSDFOUT
OBHF EFMB MJHOF EF DP QIUHB/BWF FPNWNINFVEBEG FVMBEPOR VROVIIRRIFDEP BFO H N
TVSVOTPMJEF QMBO TFNJ JO OJ 0OODPVQFMFTZTUONFE VOF DFSUI
TV TBNNFOUMPJOQPVSRV EMBMJIJNJUF MFMJRVJEFOFWPJFQMVT MI
EFUBJMMFT NPMIDVMBJSFTTFSBJUTV TBOU %FVYUZQFTE JOUFSBD
DPOUSBJOUFTEBOTDFTZTUONF MFTJOUFSBDUJPOTBWFD MFTPMJE

'64B?2 4ZTUONF TVS MFRVFM OPVT E
WPOT FYBNJOFS M IRVIMJCSF EFT G
GPSNFEFM JOUFSGBDFMJRVJEF WBQ
MB MIJHOF EF DPOUBDU O BQPVS M JOT
E JNQPSUBODF -PJOEF MB MJHOF EF I
MIJRVJEFFTUVO/DPJOE BOHMF

JRUFH DWWUDFWLYH H[HUFpH SDU OH VROLGH

$POTJEISPOT FOTVJUF MFT JOUFSBDUJPOT BWFD MF TPMJEF 00 WPJI
SJ[POUBME EV TPMJEF RVE DIBRVF NPMIDVMF EF MJRVJEF FYQIiISJNFO
WFSUJDBMF -BSITVMUBOUFEFTGPSDFTBUUSBDUJWFTEV TPMJEFFT
TPMJEF -PJO EF MBMJHOF EF DPOUBDU BV OJWFBV EFM JOUFSGBDF
DPNQFOTIFQBSMBSIQVMTJPO $FO FTURVF QSPDIFEFMBMJHOF EF [
MB SIQVMTJPO WPFOEEMVEFI@ THIGBPEF DPOUBDU PO TVQQRFTFRVPOMBIBSFT
QPVS MF SBJTPOOFNFOR, IPBI EMMWERVYUER MMBFTUF EPOD VOFDPNQ
DPNQFOTIF QBS MB SIQVMTJPO GPSUFNFOU MPDBMJTIF BV WPJTJOBF
TVJUFRVFDFUUF DPNQ#PITBOUF FTU IHBMF E

- FYJTUFODFEFDFUUFGPSDFBIUISIDFNNFOQUISPANSINP G 0 RAVFR Y B DG
GPSDF FTUOIDFTTBJSFEM IRVIMJCSF OPVT QPVWPOT QBS FYFNQMF
QPTIEFTVSVO TVCTUSBUJHPNFE B OVMBOHWPUBEMBPTTOPOVOB OB N SFOVBI
SBDDPSEF BV TPMJEF BWRD ¥PBQE VPO IVPFOTUBMSDFT RVJ T FYFSDFO
® M JOUISIJFVS EF MBHPVUUF OPVTBWPOTWV RV JMFYJTUF VOF QSF
MB TVSQSFTTBA®MJIEF QBS SIBDUJPO EPJUEPOD BQQVZES TVS MB HP)
EFM JOUFSGBDF MJRVJEF TPMJEF 4JMBHPVUUFFTUFOIRVIJMJCSF |
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BUUSBDUJWFT MF MJRVJEF DF RV JM GBJU BV OJWFBV EF MB MJHOF
EMIRVIMICSF FTYTRPRIBSIMBMFIEF MPOHVFVS EF MB MJHRUFPEOFTD P O L
RVF DF SITVMUBU TF EINPOUSF QPVS EFT HPVUUFT BYJTZNIUSJRVFT |
QBSUSBOTMBUJPOE % &YQISINFOUBMFNFOU DFUUF GPSDF B IUINJ
IMBTUJRVFTEFTPMJEFTNPVTTPVTVOFMJHOFEFDPOUBDU <

'64B?2 'PSDFTBHJTTBOUTVSVOFHPVUUFEFMJRVIEGEFBMSMFENMBIS U
DPOUBDBTZTUONF FTUFO ITRVIJIMJCSFEPOU UPVUFT MFT GPSDFT FYUISJF
EF MBQSFTTJPOEMBOMWMBIEF FYFSDF VOF SIBDUJPO TPVT MBHPVUUFEM
QFUJUFT ODIFT OPJSFTWFSTMFIBVU "VWPJTJOBHF EF MBMJHOF EF DI
TPMIJEFOFTFDPNQFOTFOUQBT -FTPMJEFEPJUFYFSDESVOFBUUSBDUJP
QBS VOJUIEF MPOHVFVSEFMBMJHOFEFDPOUBDU GPSDFHSJTFTWFST N\

'JOBMFNFOU D FTUCJFODFUUF GPSDFRY JM OPVT NBORVBJU QPV
MBHVSF$FUUF GPSDFBTPVWFOUIUIJOUFSQSIUIFDPNNFIUBOUVOF SI
O ZBWBJUQBTIRVIMJCSF MF>DPROTUBWBOU TV S MFBIPMUIBFPSIHIOF N
GPSDF OPSNBMF

&RQVWUXFWLRQ FRPSOQqWH

1PVS OBMJTFS MBDPOTUSVDUJPO EFT GPSDFTTVS VOF QPSUJPO EF I
DPSQPSFIHWSAMBT GPSDFTBVY JOUFSGBDFT MPJOEFMB MJHOF EF DI
QSFNJFS D&EQRFEFM F FUBUUSBDUJG EVTPMJEF OF QPVWBOU HIOITSF
IPSJ[POUBMFT OIDFTTBJSFTE MBDPOTUSVDUJPO E :PVOH QSPWJFOO
TZTUONF -FMPOHEFM JOUFSGBDF MJRVJEF WBQFMBIE MBWSIMB U E\
UONF DPNNF OPVT MJBWPPO EOWGEPEBF TINJMBIJSF BQQBSBOU EF MB N
TZTUONFEM JOUFSGBDF MJRVJEF TPMJEF MP'J6G ¥§MB/ MIGIDE ESFLDFP O
UBOHFOUJFMMF EVFE MB QSITFODFE VOTPMJEF QSFOBOU MB QMBD
TOEFM BNQMIUVEFIODMVBOU DFT GPSDFT POPCUJFOU OBMFNFOU
JOEJRVIFIAVSMBPSTRVF MBSFMBUJPOE :PVOHFTUSFTQFDUIF &0 G
QPVWPOTNDNFWISJ FSRVFMFNPNFOUSITVMUBOUFTUOVM $FMBOP
MBDPOTUSVDUJPOE :PVOH RVIJBWBJUEIKEIUIBWBODIFQBSB8S8FSSZF
MFTNDNFTBSHVNFOUTRVBMJUBUJGTNBJTTBOTFOEPOOFSEFEINPO

JRUFHV GX OLTXLGH VXU OH VROLGH

-BNFTVSFEF MBUFOTJPO EF TVSGBDF MJRVJEF WBQFVS FTU EJSFDU
TVSMFTPMJEF DPNNFOPVTM BWPOT WV QSIDIEFNNFOU *DJ JMT BH
BMPMFEUFOPO QBT BV MJRVJEF DPNNF OPVTWFOPOTEFMFGBJSF -BTJ
OPUBNNFOUQBSMFGBJURYV JDJMFTGPSDFTOFTPOUQBTEM IRVJIMJ



*OUFSQSIUBUJPONJDSPTDPQJRVF

'64B?2 '"PSDFTBHJTTBOU TVS VOF QPSUJPO EV MJRVJEF SIHJPO UBDIF
DPOUBDU -BMJNJUFEFDFUUFQPSUJPO MFTQPJOUJMMIT TFTJUVFTV T
RVF MB HIPNIUSJF QSPDIF EF DFUUF MJHOF O JO VFODF QBT MF SITVMUB!|
RVJBHJU OBMFNFOUTVSUPVUMFQPVSUPVSEVTZTUONF O FTUQBTSFQ
MF TZTUONF $IBRVFDPJOEVTZTUONF QFVUDUSFUSBJUITIQBSINFOU -F
MJRVJEF WBQFVS -FSFTUF EV MJRVIEFVSFYPSFOFPEFIERREBBE UVW M B

VOJUTEF MPOHVFVS -FDPJOFOCBTEESPJUFFTUEM JFOUFSIGBDF MJRVJE
SFTUFEV MJRVJEFZFYFSRF VRRBPSDBBI@VMPDODMVFVS &0 O MF MJRVIJI
M JOUFSGBDFMJRVJEF TPMJEFFTUBUUJSIQBSMFTPMJEF $FUUF GPSDF
TBVG QSPDIFEF MBMJHOF EF DPOUBDU C 4DIINBDPNQMFUEFT GPSDFT
MJRVJEF -FTZTUONFFTUEM IRVIMJCSF MB SITVMUBOUF FUMF NPNFOU

JRUFHV DJLVVDQW VXU OH VROLGH DX YRLVLQDJH GH OD OLJQH GH FRQWDFW

1SPDIF EF MBMJHOF EF DPOUBDU MF MJR V-FEFPQFITETF R \C MFTEJ \FQ ERFJTA
BUUJSI QBS MFT NPMIDVMFT EF MJRVJEF EF QBS M JOUFSBDUJPO MJF
EMJOUFSGBDF BWFD MF TPMJEF EDBVTF EF MB QSFTTJPO SIQVMTJW
DPOUBDU M BUUSBDUJPO EV MJRVJEFFTUWFSUJDBMF FU MB SIQVM
EF MBMJHOFEFDPOUBDUUPVUFGPJT MBSIQVMTJPO UFOE WFST ISP
FMMFOFT BOOVMFEPOD QBT DPNQMOUFNFOU TFVMFNFOU E VOF DFS
$PNNFOPVTBMMPOTMFEINPOUSFSEBOTRVFMRVFTQBHFT MB GPSDF
MF MJRVJEFTVS MFTPMJEFE QSPYJNJUI EF DF QB E MO B QIFEE-FMOAPCDHMADA
RVJFTUDPIISFOUBWFD M JOUFSQSIUBUJPO E VOFUFOTJPO EF TVSG
DPNQPTBOUFIPSJ[POUBMF QBSBMMOMF.EDWPI ONFIFEBLHF M3RVIEF TP
.7(1+ DPY) DFRVFOPVTBMMPOPETNPROUSIDE QBEVU DUSFDPNQSJT EF N
TVvIwBOIWHVSBEB IJMMVTUSFMFGBJURVFMBGPSDFUBOHFOUJFMMF FTL
FOUSF MFT NPMIDVMFT EF MJRVJEF FU MFTDNBUID SN RBEMEBWIFEFT % F
EINPOUSTRVFM JOUFSBDUJPOMJRVIEF TPMIERGSP T;TOEPVOFBNQMJL
*MO ZBEPODBVDVOFSBJTPOQPVS RVBMB GPSDFUBOHFOUJFMMF TP

-F FUEFDFUUF GPSDF FUBYEME@TU SJIOBMIWRSTRFUSBBSPTDPQJRVFE
UBOUFEFUFOTJPOEFTVSGBDFRVJUJSFTFMPOM JOUFSGBDFQSIEJU
DPOUBDU® 5PVUFGPJT JMFTUDMBJSTVS MFTDIINBRVFMBTPNNF EFT
MJRVJEFFTUPSJFOUIFWFSTMFEPNBCOBEEFWMIRSUBEFM BB OPO @BERVE
DIBOHFS EF TIHOFSBRDTRYBPOUSBIJSF POT BUUFOE EDFRV FMMF TF
MPSTR¥F ° - BTZNIUSJF FOUSF MB ESPJUF FUMB HBVDIF EF QBSU FU |
BTTVSFBMPST RVF MB GPSDF UB OAFIU RWN D FBOADAHEREVWUTQBHD B U B RY V
EVUZQ®E+ DPY) FTUCFBVDPVQ QMVTDPIISFOUF /PUPOTFO ORVFQPVS
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'64B?2 'PSDFTBHJTTBOUTVS MFTPMJEF [POFIBDIVSIF QBS MF MJRVJE
MJHOF EF DPOUBDU B %JTUSJCVUJPO EFT GPSDFTBHJTTBOU TVS MF TF
EV MJRVJEF MF TPMJEF FTU BUUJST WFST MF MJRVJEF ODIFT HSJTFT Q
MJHOF EF DPOUBDU MB SIQVMTJPO EBOT MF MJRVJEF BVHNFOUF ODIFT
M BUUSBDUJPO MPJO EF MBMJHOFEFDPOUBDU - BCTFODFEF MJRVJEFE
OPVTHBSBOUJU MF GBJU RVF MB GPSDF UBOHFOUJFMM¥F FFUUPVKPVSTP
C 'PSDFTSITVMUBOUFTEFDFUUF EJTUSJCVUJPO EBOIIIMFFIWPMJIEF MB G
MB GPSDF UB O.H+F O J FMM EE& F WD PYT)

TVSMIRVIER ZB QMVTE BTZNIUSJFEFTTPVSDFT D FTU E EJSFEV TF
VOFNPMIDVMF EF MJRVJEFFTUCJFOWFSUJDBMF TBOTDPNQPTBOUF

JRUFHV DJLVVDQW VXU OH VROLGH DX YRLVLQDJH G:-LQWHUIDFHV FRXUEpHYV

-FYQSFTTIJPOEFDFUUF GPSDF O FTUBQQBSFNNFOU QBT DPNQBUJCM
NPEZOBNJRVF RVFOPVTBWPOTJOUFSQSIUIQBS M FYJTUFODF E VO
DPOUBDU DPNNFOPVTM BWPOPWY &I MPNRE/BRUDP@BSBEPYF OPVTEF
UPVMFTGPSDFTFYFSDIFTQBSMFMJRVJEFTVSMFTPMJEF &0F FU MF
OPVTEJUKVTUFRVFMBOGPERBYY¥SUWUDBMWFOHVFVSEFMBMJIJHOFEF DI
NPOUSI RV JMFYJTUF VOF GPSDF DBQJMMBJSF TVQQMINFOUBJSF MPS
&U EFT TPMJEFT QBSUJFMMFNFOU JNNFSHIT EPJWFOU GPSDINFOU QT
/PVT BWPOTWWTE VB RWOQPVSEFTJOUFSGBDFTQMBOFT MBGPSDFF
EF MBQSFTTJPOUIFSNPEZOBNJRVF DPOTUBOUF ElBP/YTT MIFMURN OEF /I
RVF MB GPSDF OPSNBMF FYFSDIFQBS MF MJRVJEFTVS MFTPMJEF E M
FMMFFTUQSPQPSUJP @O HAWMEB EREB IPREMWSEFT TPMJEFTDPOWFYFT
FTUSIQVMTJWF DPNNFIHF$E $ BROQAVAUIWBS ®MMBSDF MPDBMJTIFBVY FO
TPMJEF RVJFTUOIDFTTBJSF QPVS SFTUBVSFS MBDPNQBUJCJMJUIT B!
BMMPOTMFWPJSEBOTMFTFYFNQMFTRVJTVIJWFOU

eWXGHV GH FDV

&RUSV LPPHUJpV
6DQV JUDYLWp

6OUSOTCPOFYFNQMFQPVSJIJMMVTUSFSMFTF FUTDPNCJOITEFTGPS|
EFDPOUBDUFUBVYJOUFSGBDFTDPVSCIFTFTUMFDBTBDBEINJRVF ETH
PUUFEBOTVOFOWJSPOOFNFOU P& MB H\8BW-PS TFRWFOWB/IHISB WM M VA TUS(
MF MJRVJEF GPSNF VOF EIQSFTTJPO QSPDIFEF MBMJHOF EF DPOUBD!
MJRVJEFQSPWPRVFVOFEIQSFTTJPO DPNQFOTIFQBSMBNPOUIFEVM
MB QSFTTJPOEF-BQMBDF 4BOTHSBWJUI BYVDPOUSBJSF JMOFQFVU



2UVEFTEFDBT

'64B?2 'PSDFT BHJTTBOU E M JOUFSGBDF
TPMJEF B 4BOTMJRVJEF JMO ZBBVDVOF
UJWFOJSIQVMTIJWF C -PSTRVFMF MJRVJ
SIQVMTIJPO EBOTMF MJRVJEFO FTUQBT QE
MJCSIFQBSM BUUSBDUJPORVJFTUQMVT (
EPNBJOF EF MJRVJEF RVIJBUUJSFFTU QMYV
DBTDPVSCIRVFEBOTMFDBTQMBO D -BG
QBS VOJUI EF T¥Y PGBODIFUAMBI DPVSCVSF EV
TPMJEF -BGPSDFEBOTDFDBTFTUCJFO V(¢
BOQQVIJFTVSMFTPMJEF $ FTUM BCTFODFE
QMIJRVF MF GBJURVFTFVMF MBUFOTJPO E
WBQFVSJOUFSWJFOUEBOTM FYQSFTTJPC
MFTPMJEF

DPVSCVSFEVMJRVIJEFSFTUFDPOTUBOUF M JOUFSGBDFSFTUFQMBO
$FMBTJHOJ FRVFMBQPTJUJPOWFSUJDBMFEVDZMJOESFFTUEIUFSN
GBIJSFMFTPMJEFBVY MJHOFTEFDPOUBDU FUOPO QBT QBS VOFDPOLE
TPMJEF /PVTQPVWPOTFOTVJUFEJTDVUFSEFTGPSDFTFYFSDIFTQBS
DPOUBDUFUE BVUSFQBSUTVS M JOUFSGBDF MIJRVJERVISFFMBJEF % BC
MB GPSDF BV WPJTJOBHF EF MB MIJIHOF EF DPOUBDU FTU VOF GPSDF R\
TFMPOM JOUFSGBDF &MMF QPTTOEF VOF DPNQPTBOUF TFMPO MB UB
MB OPSNBMFBV TPMJEFE MBMJHOFEFDPOUBDU $FMBDSIFVOF SITVI
RVJ BQSOT QSRKFDUZPBSWBVUWI EF QSPGPOEFVS EV MJRVJEF MF GB
M BJHVIMMF QPTTOEFQBS TZNIUSJFEFVY MJHOFTEFDPOUBDU QBS V|
TPMJEF QPTTOEF VOF DPVSCVBRDPEDFUB MFFSBABOEY DZMJOESF *M .
QSFTTJPODPOTUBOUFRVIQPVTTFMFTPMJIEFFO,URBURRNGEEP MTJO
GPSDFTQBSVOJUIEFTVSGBDF OPSNBMFTEM JOUFSGBDF OPVTEPO(

Z,

-7 @S=W Y+ b,
1

PYFYTPOUMFT WFDUFVSTVOJUBJSFTUBOHFOUTBVDZMJOESF BVY E
WBQFVS DPNNF EJHY/BIFTTV SWIBB QSPGPOEFVSEVDZMJOESF -BSITVMU
FTU OBMFNRQUTTHBEEXVOJIJUIEF QSPGPOEFVS DFRVJDPNQFOTF FYBI
DBMFEFTGPSDFTBVY MJHOFTEFDPOUBDU %F QBS MBTZNIUSJF HBVI
DPNQPTBOUFIPSJ[POUBMF MF DZMNOEHIF FTYW BRNOB E QIBIRY JIVR SIS M |
QMOUFNFOU JOEIQFOEBOUEFMBGPSNFFYBIFUOR BW $ P MB RN FMMAF RY FA
GPSNFEFM JOUFSGBDF FMMFTF SIEVJUUPVKPVUSIVBY¥ELPBRBFOUFT B
TJPO QSFOE FODPNQUF MBHSBWJUI MF QSPCMONF OF DIBOHF GPOE
EVDZMJOESFFTUEJ ISFOUF QMVT PV NPJOTIBVUF FOGPODUJPO EV ¢
DBQJMMBJSFT BVY MJHOF EF BPHOWRD K PVSEB \EYEFOIUGE B SBOTFE MIB-M JH O
HFOUJFMMFTEM JOUFSGBDFMJRVJEF WBQFVS EFGBIPODPITSFOUFE
WFSUJDBMFNFOUM BDUJPOEFMBHSBWJUI FUMFDZMJOESFFTUEM

3ODTXH

-FNDNFQSJODJQFT BOQMJRVFBVDBTE VOFQMBRVFFO NPVIJMMBHF
'JHVSF-B GPSDF UPUBMF FYFSDIF QBS MF MJRVJEF TVS MF TPMJEF SIT
EFNNFOU DPNNFD FTU SHQSFTFMOAUB FOSFMBJ UPVUE BCPSEMBDPOUS]J
EFMBMJHOFEFDPOUBDU 1BSVOJUIEFMPOHVFVS EF(MJBIPH EF DPOUE
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'64B?2 'PSDFTDBQIJMMBJSFTTVSEFTPCKFUTFOJNNFSTJPO QBSUJFMNM
MBJSFTBHJTTBOUTVSVODZMJOESFRVJ PUUFEMBTVSGBDFE VO MJRV.
M BCTFODFEFHSBWJUl -FTHSBOEFT ODIFTHSJTFTSFQSITFOUFOUMFTC
DPOUBDU -FTQFUJUFT ODIFT SFQSITFRWFD B WBSQFFTVII ME EP MBEGM B MF J
MJRVJEF TPMJEF E DBEV FEMMBED RV $EVEEM PEXOOHMF EF DPOUBDU EV MJRV
TPMYFRTPOU EFVY WFDUFVSTVOJUBJSFTUBOHFOUTBVDZMJOESFBVYE
MB QIBTFWBQFVS D 3ITVMUBOUFEFTGPSDFTDBQJMMBJSFTEIDSJUFTF
DZMJOESF $FO FTUQBT SFQSITFOUBUJGEFMBEJTUSJCVUJPO E %JTU
FONPVIJIMMBHF QBSUJFM FUTPVT[ISPHSBWJUI NBJTEPOUMBGPSNFFTU
MB GPSNF FUMB SITVMUBOUFFTUMBNBNFRV FO D F '"PSDFTT FYFSIB
EFNPVIMMBHF QBSUJFM FUTPVTHSBWJUI -FTGPSDFTHSJTFTTPOU MF"
OPJSFFTUMBSITVMUBOUFEFT GPSDFTHSBWJUBJSFT FOQSFOBOU FO DF
EM IRVIMJICSF

&OTVIJUF MB QMBRVFTVCNFSHIFQPTTOEFEFVY FOESPJUTEFUSOTG
$FUUF DPVSCVSFJOEVJU VOF QSFTTJPO EF -BQMBDF TVCJEQBS MF TF
QBS VOJUI EF MPOHVFVS EF MBMJHOF EF DPOUBDU -B SITVMUBOUF W
.7DPY FOBDDPSEBWFD MFSITVMUBU UIFSNPEZOBNJRVF

'64B7?2 '"PSDF FYFSDIF QBS MF MJRVJEF TVS VOF QMBRVF QBSUJFMMFN|
NPVIMMBHF QBSUJFM B -B GPSDF SITVMUBOUF QBS VOPJYI EF MPOHVFYV
E BQSOTMFSITVMUBUUIFSNPEZOBENDIRWVODOBRNBP SIMVBWIBE MBDPSSFTC
MBEJTUSJCVUJPOTVIJWBOUF EFTGPSDFTE MB MJHGFEFPIIPOUBDU EPOL
QBSVOJUIEF MPOHVFVSEFMBMJHOFEFDPOUBDU EJSJHIFWFSTMF MJR)
MJRVJEF TPMJEF EBOTMFT[POFTEFGPSUFDPVSCVSF EPODBVYDPJOT
BVYDPNQPTBOUFT WFSUJDBMFT QBS VO JUR ¥F MAP\OTHNFFOAB NEFF VRIMIDEFE P BT
CBJO FUWJFOOFOUDPNQFOTFS MIHOSFNFOU MFT GP$DPFT EVFT E MB MJH



2UVEFTEFDBT

ORXLOODJH WRWDO

%BOTMFDBTEVNPVIMMBHF OFUBBQNB WPMREQMVDODHOPVT M BWPOT WV
EFDPOUBDU BRWBSEFOOVM DBS MFTUSPIJTUFOTJPOTEFTVSGBDFOFT

47 4> -7

11ZTIJRVFNFOU JMO ZBEPODQBTEFMJHOFEFIODPXBUBPUWEBQPREUBBOD
VOF MJHOFEFDPOUBDUBQQBSFOUF D FTUM FOESPJUP&MF NIOJTRV
UJFMMFNFOUEDFMVJ DJ "VEFMEEFDFUUF SIHJPOEVNIOJTRVF POO
VOFDPVDIFNITPTDPQJRVFEFMJRVJEF BQQFMIF MN:EF @S UINR\FIODNB
EF MB MJH O FBEFQBRFEWBWAURVFNFOU EVFE MB HSBWJUI TVSVOF TVSGI
DPNQMOUFNFOU

'64B?2 'PSDF FYFSDIF QBS MF MJRVJEF TVS VOF QMBRVF EBOT MF DBT E
SITVMUBOUF QBS VOJUIEF MPOHVFVS EF.MBM 0K 5B ©WPWIPEDEFE QEPEIAT
MF TPMJEF ® DBVTF EF MB QSITFODFE VO MN EF QSINPVIJMMBHF EF UBJ|
FYBHISTF MFTPMJEFFTUDPNQMOUFNFOUJNNFSHI JMO ZBEPOD QBT E|
DPOUBDU NPNFQSPDIFEFMBMJHOFEFDPOUBDUBQQBSFOUF $FTPOU V(
QSFOESFFODPNQUF -BDPVSCVSFEVTPMJEFEPOOFVOFSITVMUBOUF OV
JNNFSHI $ FTUMBDPVSCVSFEV MJRVJEFRVJDSIFRVBOUEFMMF VOF QS|
BQQVJF TVS MF TPMJEF VOJRVFNFOU EBOT MB [POF EF QSINPVIMMBHF Q
EBOT MF NIOJTRVF -B GPSDF SL.7\OM$BOOUR EEB MPEOMPANRGSUEF MB MJHOF |
BQQBSFOUF

- JOUFSGBDF FOUSFMFMJRVJEFFUMBQIBTFWBQFVS QSITFOUFBM
TPMJEF MFNIOJTRVFQFVUDUSFEIDSJUQBS MBDPNQIUJUEFO FOUSF
M JOUFSGBDF FUMBQSFTTJPOIZESPTUBUJRVFEVFEMBHSBWJUI

-7 = 0Z;
P& SFFQS'I'TFOUF MB IBVUFVS BV EFTTVT EVCBJO $FMB'QESMNREB E JOU
QBsS= 4 g FUEF SIIDSJSFM IRVBUJPG EFz2M B BB TP\OBTYIHWBOUBVUF N

EF QSINPVJIJMMBHE)EF TUBBIUISMNIOI QBS MB DPNQIUJUJPO FOUSF MB Q
QSFTTJPO EF EO RPOBBFIPITFOUF M IOFSHJF QP UF OWDIFFNVNVFFOWR/OTB M F
M BWPOTETPVUF EMBUIJR®YBUJPOIRVIMICSFT IDSJUBMPST <

(h)= gz:

$PNNFMF MNEF QSINPVIMMBHF FTW Q\8B OP ODQBME N B ORQBBMB QSFTT
QFVUPUSFOIHMJHIFEBOTDF SIHIJNF 0S OPVTBWPOTWV RVFMB QSFT
EF 7BOEFS 8BBMTEFM PSESFEF

(h)'(47 4;13 -7)2:
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IPVTPCUFOPOTBMPSTM IQBJTTFVSEV MNEFQSINPVIMMBHF

1/3
7) 2 _

h(z) " ( a7 ;Z

&0 O EBOT MF WPJTJOBHF EF MB MJHOF EF DPOUBDU BQQBSFOUF Pa

FTUE PSESF$SPNNFFTU NJMMJINIOBORWEWIERY RiTP TP QIRY KR
% VOQPJOUEFWVFNJDSPTDPQJRVFUPVUFGPJT MFTPMJEFFTUFOUF
EVFTBY MJRVJEF RVIJBHJTTFOU TVS MF TPMJEF OF TPOURVF EFT GPSI
UBOHFOUJFMMFT QSPWJFOOFOUE VOFBTZNIUSJF MPDBMF EV EPNBJC
QSFTTJPOTEF-BQMBDF EBOTMF MJRVJEFFUEBOTMF T TPMJEF FU OP(
-FT GPSDFT EF QSFTTJPO EF -BQMBDF EVFT E MB DPVSCVSF EV TPN
M JOUFSGBDF MJRVJEF TPMJEF EPOOFOU VOF SITVMUBOUF OVMMF
MFT GPSDFTRVJT FYFSDFOUTVS M JOUFSGBDF MJRNOE M F MMBREBERB
DBVTFEFMBDPVSCVSFEFM JOURYGBEDFMIRVQEFTWBPG¥S -WOMBDF F
QFOTIFQBSMB QSFTTJPO IZESPTUBUJRVFEBOT MB [POFEV NIOJTRVF
[POFEV MNEFQSINPVIJMMBHF FOUSFMFTEFVYMJHOFTEFDPOUBDU I
NFOU TF SITVNFEPODE EFVY GPSDFTUBOHFOUFT BV TPMJEF BV OJW
FUBZBOU M BNXBBIJVUOEFI EF MPOHVFVS EF MJHOF EF DPOUBDU BQQB!
PSJFOUIF WFSTMF MJRVJEF FUD FTUEPOD MBGPSDF UPUBMF RVJT E
$F SITVMUBU FTUBMPST DPIISFOUBWFD MF SITVMUBU UIFSNPEZOB
RVJEF MPSTRVF MB QMBRVF FTU UJSIFIPSTEV CBJO MB TVSGBDF MJ
WBQFVS SFTUF OVMMF FUMB TVSGBDF MJRVJEF WBQFVS BVHNFOUF
OIDFTTBJSF.FQBEWODUIEF MPOHVFVS EF MBMJHOFEF DPOUBDUBQQB

6LWXDWLRQ GH 1HXPDQQ 2 GHX[ SKDVHY OLTXLGHYV

IPVTQPVWPOTBVTTJIUVEJFSMFTGPSDFTFYFSDIFTTVSVODPJOEF M.
FTURVF MB GPSDF FYFSDIF QBS MF MJRVJEF O FTUQMVT WFSUJDBMF
CSJTIF *MT BHJUBMPSTEF QSIDJTFAS MEFME RERFY FPFSDA § U B BVA-DV
ERA QSPDIFEFMBMJHORENBPOORIFY UMPINSKPVSTIUVEJFS MFT GPSDF
DFUUF QPSUJPO EF MJRVJEF %BOT MF DPA® ¥ G BBWBER/SP DPFV/ ETW NG E
MB TIUVBUJIWPOSEFMWBGPSDF FYFSDIA D\BS WFBFETQWFEF CIJFO MB GPSDF
TVSGBRWVJUJSFUBOHFOUJFMMFQATG O WFBD MOPYUHRPEIBIFFTEFTBNNFOU MPJ
EFDPOUBDUFUEBMBESIFEOPFIEF %BOT MFDPJOFOCBTEESPJUF OP
EF MBIVSF /PVT BWPOT WV RVF MB QSITFODFEV TPMJEFBJOTJRVFM B
SIQVMZJIJWFQBS VOJUI EF MPOHVFVS QBSBMM@&MEN FD U B 0T MAUF B LB E
WPJTJOBHF EF MB MJHOF EF DPOUBDU OPVT BWPOT MF NDNF QITOPNC
M JOUFSBBFRF¥MBYBEGVMTIPO EVTPMIJEFFTUDPNQFOTIFQBS M BUUSB
OFUUFEM JOUFSGBDF 1PVSTIJNQMJ FSMF SBJTPOOFNFOU OPVTOP®
EBOT MB QIBTF R/BEFQQF\WBOVEMMD FTU QBT OIDFTTBJSF ® M BQQSPDIF
SIQYMTJPO UFOEBMPSTWFST [ISP DBSFMMFEPJUDUSFOVMMF E MB |
0S M BUUSBDUJPOQBSMFTPMJEFO FTUQBTOVMMF JMSFTUFEPOD YV
IPSJ[POUBMF EV GBJUFRYFIMPEFOQMNBEF TZNIUSJFIPSJ[POUBMF /PV’
TVIJWBOBNF MFTDPNQPTBOMFYESFIMBBTMBEYFVPITIJOBHF EF MB MJHOF |
EF MPOWVFVSEVJTFOUBVWPJS MB

= #TJIR,;

=+ 41+ DPg):



$BMDVMEFTGPSDFTDBQJMMBJSFTBVWPJTIJOBHFEFMB MJHOF EFL

-TRVIMIJCSFEFDFTGPSDFTEBOTMFTEJSFDUJPO ACRSBMM@GWRPKEIT Q F
BVYIRVBUJPOTEF/FFWNBO®WF QMVT DPNNF QSIDIEFNNFOU DFUUFDPO"
NPNFOUUPUBMRVIJFTUOVM

'64B?2 B 'PSDFFYFSDIFEM IRVBMYGSFOQBRIVE A-RMNMIEFTBOUF
UBOHFOUJFMMF ANFBI DUWSIEB BB MBUSFN QP T B O WE+0 P BN B MIFFURUTRJ
GPSDFFTUUPVWPFSE VMBRWEOE®IRFVU QBT HIOISBMJTFSDFUUF GPSDF BV DE
QBSMFTPMJEFTVS MFMJRVJEFDBSDFUUF GPSDFEPJUJOUIHSFSMF GBJ!
MFDBTJDJ QR $SMFWFIBGRSEF QFVU TFEIDPNQPTFSFOV@FRBRPSDFUBOHFO
WBVUBJOTJRV VOFBVUSF GPSDF UBOHFEF CFWIRVMW EMUBGBEFIEBOSEAFOUSF
EFT GPSDFTTVS VO DAP J®DMEB MU RYGBPE®E EFMB MJHOF EF DPOUBDU MF MJR
M JOUFSGBDFBWFD MBGPSDF QBS VOJ Ul EFINDRIF ISAG BEDSMEFMAIFRQIFEE F D P O
FTUSFQPVTTIQBS MB QSFTTJPO RVJ SITVMUF EFW B BWEFBDWR B@ ENVFTP M J
ety »w+ FUFTUBUUJSIQBS MFRYR\BIEFBWFBO VQF GPRXIFGSIQVMTJIWF
BVWPJTJOBHF EF MBMJHOFEFDPOUBDU MB GPSDF FTUDFMMF EIUBJMM
FUNOOFBVY SFMBUJPOTEF /FVANNB®NOFOU UPUBM EFDFUUFDPOTUSVDUJP(
GPJTOVMFOUPVUQPJOU

&DOFXO GHV IRUFHV FDSLOODLUHY DX YRLVLQDJH GH OD C

/IPVT BMMPOT NBJOUFOBOU EINPOUSFS M FYQSFTTJPO EFT GPSDFT F
NPEOMFEF %'5 TIJNQMJ 1P N FUFF QWMBDIFEEFAVP OT FYQSIJNFS MFT GPSDI
E VOFMIJHOFEFDPOUBDUFYFSDIFTQBSMFTPMJEFTVSMFMJRVJEF B
%FQMVT OPVTEFWPOTIUFOESFDFSITVMUBUBVDBTEFEFVY MJRVIJEI
RVFMFMJIJRVIEFFTUVODPJOJOWBSJBOU EBOTVOF EJSFDUJPO EFM F

3RWHQWLHO FUpp SDU XQ GLqGUH

"WBOUEFQPVWPJSFYQSINFSMFTGPSDFTFYFSDIFTQBSFUTVSVODP.
DSITQBS VO EJOESFJO OJ /PVTBMMPOTVUJMJTFS MBSHFNFOU DF QP
FTUSFMBUJWFNFOUBJTIEEIUFSNJOFS EB—O/TSIVIEUJJLM/FBMBQ[EHDSJUFT
PZ2FTUMBEJTUBODFBVDPJOEBOTM BYM BOYOHREEVESOBEFEV EJOES
1PVSM FYQSIJNFS OPVTEFWPOTFYQMPJUFS M JOWBSJBODF QBS U¢
VOF MJHO'FPLJ(Q BYOF EJTEBOP®MMF DJ RVFOPVTBWPOTEIKECSJOWEN
Z, P
'Ph(r) = ' r2+y2 dy:
1
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'64B7?2 1PUFOP{EM DSTTQBS VO EJO€E SRE BB IETEAMBD®DFO FU EBOT
M BYFE VOFEFTEFVYBSDUFT

"MPST @PVS MF QPUFOUJFM QPJOU EJOE%F TIRY® B4R BQPVBIGMN B OO
EFEIUBJMT FUOPVTPNFUQPOS MVBSOESDWAT OPUBUJPOT RVBOED F
Z, h i
PD(z: )= ¢ BSD'EJ‘IO]O PL(r)dr :
4
00 SFUSPVWF BMPST OPUBNNPQU/RPVS(2z) 00 QFVU FOTVJUF DBMDV!
JOUIHSBMF <WPJS>M TRVBUJPO
Zl PD 1 1 Zl 2 PL Zl 2 PL
; )dz= —— —— dr= UBO dr:
. (z; )dz T30 UBOOr (r)dr 20r (r)dr
00O QFVUIUFOESF MBPEA; Q FJPR PBS QBS TZNIP$21DRPQ B TJID
PD(z: ) FUDFMMFDJQPTTOEFEPODUPVKPYXNERWRE KD B JIOMM H SHBOM F

BUPVKPVSTMFTDPOUSBRWUARTYJSJINMHIFENBMIFD MF QPUFOUJFM QPJOU
% >

Zl
r? O (r)dr = -7,
Al
2 PL _ 7t 47 4 1+ DPy
r (r)dr = .7 ;
o LS > >
D FTU E EJSF
Z1
1 1
PD . — .
dz= = =
0 L (2 )dz TJOo UBO T
! PD (7. )dz = 1 1 7t 47 4
g o TJO UBO 2

"WFDM BJEFEFDFTFYQSFTTJPOT OPVT QPVWPOTBMPSTDBMDVMEFS |

JRUFHV G-XQ FRLQ GH OLTXLGH VXU OH VROLGH VHPL LQpQL

*M GBVU TQIDJ FSVOTPVT TZTUONFEV TPMJEFTVS MFRVFM OPVT BM N\
QBS MF MJRVJEF MFT GPSDFTFYFSDIFT QBS MF TPMJEF TVS MF TPMJE
QBSBMMW I @OEBOT MB EJSFDUJPO EF MBMJHOF EFDPOUBDU EPO
M JOUFSGBDF MJRVJEF TPMJEF RVJ QMPOHF KVTRV E VOF EJTUBODF
GBDFT TPOU EF QBSU FU E BVUSF EF MB MJHOF EF DPOUKBBE TV TBNNEF
- VOFEFTTVSGBDFTMBUISBMFTTFUSPVWFEPODTPVTVOFTQBDFTFN
TPVTVOFTQBDFTFNJ JO OJEF MJRVJEF

-B GPSDF BUUSBDUJWF EYsMURYDERI N DRRNPRSEFIEFNNFOU HSED
BUUSBDUJG MROAVWFBQPSBSFMFT NPMIDVMFT EF MJRVJEF TVS MFT NP M



$BMDVMEFTGPSDFTDBQJMMBJSFTBVWPJTIJOBHFEFMB MJHOF EFL

'64B?2 4DIINBEVDBMDVMEF MBGPSDF SITVMUBOUF FYFSDIFQBS VO DP
vy TVSVOTPMJEF BV WPJTJOBHF EF MB MJH O RBFED FOOWBDBUTR BOSKA M 1RV
MFRVFMPOF FDUVFOPTCJMBOT TPVT MBMJHOF EF DPOUBDUDPNNFD FT
MBMJHOFEFDPOUBDUTPOUTV TBNNFOUMPJO EF MBMJHOFEFDPOUBDU
MJRVJEF TPMJEF MBGPSDFTFDBMDVMFBMPSTTVS MBTVSGBDF IPSJ[PC
TIQBSFS MFT DPOUSJCVUJPOT TVS EFVY QBSUJFT TPVT MB HPVUUF FU
M JO VFODF EF M(B EWIBDIWIPOGBJIJU SEFTTFOUJS 4PVT MBHPVUUF JM GBYV
QVME (P OLPVS MBDPNQPTBOUFUBOHFOUJFMME M JO VFODFEV MJRVJEF |
TPVT MFMJRVJEF 4VSM BVUSF GBDF MF MJRVJEFFTUUSPQ MPJO QPVS E
M JOUIHSBUJPOEFDFUUF GPSDF OPV T EfIGOFPVID FF D R/NOF FOTFRNOQUAFTIBEDAUHFF O
OPSNBMBQ QBS VOJUIEF MPOHVFVS EF MJHOF EF DPOUBDU

DPNQUF PO MF SBQQFMMF MB GPODUJPO EF DP/SEWB UQ B 6 FEBDEIEGFR
TPMYEFREPOU MBORSNBMF FTU
4 4

Ls = r sd pr VdS:

\ Sis
-BGPSDF WPMVNJRVF FTUVO HSBEJFOU FMMF TF SIEVJUEPOD DPNNF
EVQPUFOUJFM BVY CPSOFT 0OQSPKFUUFBMPSTMBGPSDFTFMPO MB
OPBJSFQBS VOJUIEF MPOHVFVS FU TFMPBWQESS/KUUJ.EG VWP QNGO KE L

YJRUFH WDQJHQWLHOOH

-BGPSDFUBOHFOUJFMMFFTU VOJRVFNMFBOEWBEINHFBEIFPMU ESXYJPOE
DBMDVMFEPODTVSMFTTVSGBDFTWFSUJDBMFTEFQBSUFUE BVUSF
MIJHOF EFDPOUBDU TPVT MBQIBBBE WBQIBRYJE®G BTU JO OJNFOU MPJO
SFTUFEPODTFVMFNFOU E DBMDIVWF B VMBYWBMMPWOHBEISIDPNNF VO FT
VOF EJZUEFOWBOUFSGBDF DFUUE WBNENSMBFDPPBERED QBS VOJUI EF
TVS MBQSPGPOEFVS MBGPSDFUBOHFOUJFMMF TVJWBOUF EJSJHIF YV
Z,
F|_Ts= . Ls (2)dz ;

D FTU E EJSFE BQSOTM J© EMGBINFROBISMB QSFTTJPO

Fls= -#1+ DPY):
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-BGPSDFUBOHFOUJFMMF FYFSDIFQBS MFDPJO EF MJRVJEFTVS MF TP
CJFQ1l+ DPY) FUOPO.QBAY -F GBRUFVRBI) O FTUQBTJDJVO GBDUFVS HI
NBJT SFQSITFOUF M BNQMJUVEF EFM JOUFSBDUJPO MJRNU BKF TTWPM JE |
UPVKPVSTEVNBDNFTIHOFQPVSEFTJOUFSBDUJPOTEVUZQF 7BO EFS €

JRUFH QRUPDOH

-BGPSDF OPSNBMF FTU RVBOU E FMMF ¥ GLRHAENF O O [ENF @BB/DY PMER/MIFPWE]
TIQBSFFOEFVY DFUUF DPOUSJCVUJPO DBS MB QSFTTJPO O FYJTUFR
RWy =0 1PVS Q®IDAFP¥S VUIMITPOT MFGBJURVFMFMJIRVIJEFFTUEM |
UIFSNPEZOBRIR\DFPOTUBOU $FQPUFOUJFMFTUIWBMVIEM JOUFSGBL
BMPSST0O QPRS0 WPJS QBSTFPAVFINQMIFUJP@B EPODEM JOUFSGBDF MJRYV

pr+ Lt st= w(0):
OOWPJUEPOD RVI'F)rQ]M/(SFD\EMMJF@STDJTFS MFQPUFOUJFM DSTTQBS M I

BSPUFT EMEEMBMBOWGF EF DPOUBDU $F QP UTORIJOW @ & IDIEVINNEITU N
HSEDFEMBDPOTUSVDUHPOFSFQPSUIFTVS MB

i = w() PP (x; Y):
&U P B 5. (0 0OOFO EIEVJUEPOD MB S'I'Q‘EIFI'NUBT’MEI‘@EFEFI'DJFBGDLDB:DU

pr(x)= 0P y) sL(0):

'64B?2 1PUFODSKMQBS VO EJOESRETBONMFOF EF TFT BSPEWT EMBEJTU
DPJO % BQSOTDFUUF E¥OONQPPJ2JJPO PO B

&OTVJUF JM OPVT GBVU DBMDVMFS M JOUFSBDUJPO FYFSDIF QBS |
MJRVJEF TPMJEF 4PVT MFEEMMB/MEBHE MBFEDPOBBDE M JOBRNFBDUJIPO
OPVT WFOPOTEFDBMDVMFS EMBEJ ISFODFRV JMT BHJUE JOUFSBD

ts(x>0)= s(0) re (x; v):

&OEFIPSTEV MJRVJEFEW JOWFSBIBIDIPOPMJEF WBQFVSFTUFODPSFQM
&

ls(x< 0)= P2(xj; v);

DFRVJFTU CIPO-DPEOMEDMAFY QSFTTJPO QSIDIEFOUF 'JOBMFNFOU ME
TVS MFT EFVY%3®URRBWBMMATEIUFSNJOF HSEDF BVY DPOEBBOORJTFT JO L



$BMDVMEFTGPSDFTDBQJMMBJSFTBVWPJTIJOBHFEFMB MJHOF EFL

BVY IRVBUJPRUT

ZO Zl
Fls = Ls (x < 0)dx [ Ls(x> 0)+ pr(x)]dx;
zt z.0
! PD ! PD PD
= s (X; v) o e (X Y) Ls (X y) dx;
1+ DPJ 1 1 1 1
-7 + 7 +
2 TJP UBY TJP UBY
1+ DPT 1 1 _
T TJQ UBP '’

D FTU E EJSF
FN = 7TJQ:

-FMJRVJEFUJSFEBOTMBEJSFDUJPO OFFSRENBE &/ & J1O & F MFPEOCHVEW B [E
EFDPOUBDU

(Q UpVXPp

t -BGPSDF QBS VOJUI EF MPOHVFVS EF MJHOF EF DPOUBDU F°
RVJEF E BOWUM¥O TPMJEF QPTTOEFEFVYDPNQPTBOUFT M V
M JOUFSGBDF MJRVJEF TPMJEF M BVUSF OPSNBMF

o -BDPNQPTBOUF O/PISIOBWHSHTMIF MJRVJEF
o -BDPNQPTBOUF UB.é&tHH DRIY)FMBREF-TATRUMIRV IJEF

t -BSITVMUBOUFFTUEJSJHIFWRRTMBCJTTFDUSJDFEVDPJO

JRUFHV G-XQ VROLGH VHPL LQpQL VXU XQ FRLQ GH OLTXLGH

$BMDVMPOT NBJOUFOBOU MB GPSDF FYFSDIF QBS VO TPMJEFTFNJ JO
M IRVIMIOSFMFT GPSDFTIPSJ[POUBMFTTPOU FYFSDIFT QBS MF MJRV
T BHJUEPODEFDBMDVMES MBGPSDFWFSUJDBMFFYFSDTFQBSMFTPN
NPMIDVMFTEFTPMJEFTVS MFTNPMIDVMFTEF MJRVJEF BJOTJRVF ME
*MT BHJUEPODEFDBMDVMES
Z Z
Fd = st ¥ Q@S+ (pr + sL)dS;

Siv SsiL

TVSMFTEFVYTVSGBDFTEF OPUSF WP MV N$\E E MPDQSAEVGS VMR- MIRRWIER
F8 EM JOUFSGBDF MJBRNVBF TPMJEF WPJS
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'64B7?2 4DIINBEVDBMDVMEF MBGPSDF WFSUJDBMF FYFSDIFQBS VO TV
EF MJRVJEFE BOKNNEVPRVIOBESFEF MBMIJHOFEFDPODBRVI® BFQEOT M 11
QBT SFQSITFOUBUJGEFMFVSEJTUSJCVUJPO -BGPSDFTFSIEVJUBV DBM
WBQFVS FUMJRVJEF TPMJEF 4VSM JOUFSGBDF M{(ARVEEB VBTQUBWOD MF QP
[EVTPMJEF 4VS M JOUFSGBDF MJRVJEF TPMJER.LMF QPOEDTURVFMBBUSBLC
SIQVMTJPO FTU MB NDN¥SRVFBEBPIDWBWFSUJDBMF OBMF FTU PSJFOUITF W
7TJP *MO ZBQBTEFGPSDFIPSJ[POUBMFQBS TZNIUSJFEV T TPMJEF

-FQPUFOUJFM DSTTQBS MSEy TPTMU E M BVEEV BB @@ BEBIGFB D sMIIRVJIEF TF
st(z) &U E MB EEIFUBQDRFSGBDF TPMJEF MIRY YEFIPEGF MB BMNBCER T L
EFDPOUBDUTVS M JOUFSGBDF MJRVJEF WBQFVS TJDFMVJ DJFTU C.
EJSFDUJPOWFS)U\Q@EDWPH_T—B[%JFUVJOSF DPNQPTBOUFEFMBGPSDFWFS

TIDSJUEPOD
z z,
st¥ @S= DPY . sL(2)dh;

Siv

D P
TIQ
&OTVJUF OPVTEFWPOTTQIiDJ FSMBSIQVMTJPOEM JOUF&®BDF /PVT

POBM JOUFSGBDE MJRV@EF JJPMJIBB EFVYJONF DPNQPTBOUF EF MB ¢
M FYQSFTTEP®WJFOU

1+ DPY) :

yA Z,
(pr+ sL)dS= + PP (x; y)dx ;
SsiL 0
1 1
= -7 B T —
TJIO UBY

"JOTJ MBGPSDFOPSNBMFQBS VOJUIEF MPOHVFVSEF MJHOFEFDPOU

DPJ 1 1 _
TipW* PP 735+ o

N _—
FsL= -7



$BMDVMEFTGPSDFTDBQJMMBJSFTBVWPJTIJOBHFEFMB MJHOF EFL

D FTU E EJSF
FN = 7TJ3Q:

$FUUF GPSDFWJFOUFOF FUDPNQFOTFS MBGPSDFWFSUJDBMF FYFSI
MFDPJOEFMJRVJEF GBJTBOUFOTPSUFRVFMFDPJO EF MJRVIJIEF SFT
GPSDFNBORVBOUFRVFMB SFQSITFOUBW\CSIPWEFUTJRVFEF MB MPJE
OOQFVUOPUFSEFVYDIPTFT % VOFQBSU TJPOBM IRVIMIJCSFEBO"
TVQQPTFRVFMBMPJE :PVOHFTUWISJ IF DPNNFPOWJFOUEFMFGBJS
QBSU TIJPOTVQQPTF RVFMFDPJO EF MJIRVJEFFTU CJFO VOF TJUVBU,
BMPSTPO QFVU FYQM@LEEX)J;UFNHO&JGDIBMDVIE/IHSJOUFSGBDF MIJRVJEF WBC
OVMMFO PO BEPODVOF SFMBUYJEQMBIB¥HOEE FOE SFOENIG ESH UBWDD F
EFMBMJHOFEFDPOUBDUMF MPOH EEM DO FSGBODRBS TZNFUBJIF
JEFOUJRVFTVSDIBDVOFEFTBSPDUFTEVEJOESF 0OOBEPODFODPNQB

e (x; v)= 1s(xXTJQ:

(Q UpVXPp

t -BGPSDFFYFSDIFQBSVO TPMJEFTFNJ JO,GTUOVSVODPJOE
OPSNBMFQBSTZNIUSJFEM JOUF8TGIRBDFEBNRVIEIFEFPMJEF F
MPOHVFVSEF MIHOFEFDPOUBDUWFST MFTPMJEF

JRUFHV G-XQ FRLQ VXU XQ DXWUH FRLQ

*MT BHJUNBJOUFOBOUE IUVEJFSMFDBTEFTGPSDFTFYFSDIFTQBS \
EBOTMFDBTEF/FVNBOO OOTFQMBDHESP ¥ MG WDBEISFRNIFBUBWDB MBYV
JM T BHJU JDJ EF DBMDMWE & RIBDGPLSBE HOFFOSNZE WIRVIFO W0 IOS@GHBUDH BFNMRISTF M
A FUMB V6B MFYGU F S 8 FIUVAVAOW BRFM SI FUF S @ BFRF /POYOEFWPOT DBMDV M|
GPSDF FYBISDAFTQB® BOUF

z z

'BA = Ba ( TIRV+ DPAV)dS+ (pr+ Ba) VAS:
Sa Sas

$PNNFOIPOTQBSFYQSIJNFSMBGPSDFIPSJ[POUBMF *MZBVOFQSID
QPTBOUF IPBVWPUBMBHF EF MEROJIHEB EMBDB6E8BBERVF OPVT DBMDVMP
EPJUDPNSFF@QESAM BUUSBDUJPO IPSJ[POUBMF TVS VOF TVSGBDF W/
’.‘.N|§1HJOPOT MFDREQBRFUIBVMIMEB GPSDF IPSJ[P OSABMR BBMLST M HB MW
E o as(@dz= -+ 4 "+ WFST MB QIBTF WBQFVESFITVIHRVFNMBOBBIP OJ
GPSDFIPSJ[POUBMFFTUQBS TZNIUSJFOVMMF &MMF FTUFO GBJU FYE
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'64B?2 4ADIINBEVDBMDVMEF MB GPSDF F Y5 BIGH\NBS E QRVAISDIES MJIRV JI
VO BVUSF DPJ® EFBMWHRWR EFARBM WPQSBOBHF EF MB MJHOF EF DPOUBDU %

MB GPSDFTFSIEVJUBV DBMDVM ERT R PIOASKEIG-BEFT WIBMABTQFMIS- S G B D
FUM JGBWwFECBFR 48§ MFQPUFRUZIFEAFOOI QBS M IRVBUBIMQOUFSGBDF
Sae MF QPUFUX)FAWFRTIW DPNQFOTI @B WBBSTRNNF IBPBOU EPOOIFE M IRVB

-BGPSDFUPUBMFE M IBVIRIGEIFPOLA B PFBMFMPHF TDITNB
OF SFQSITFOUFQBTMBEJTUSJCVUJPO EFT GPSDFT

T BOQQMIJRVFTVSM BVUSFTVSGBDFWFSUJDBMFMPJO EF MBMJHOF EF
EFWPOTEPODBKPV-YF g DREWMBNENSHDWSIPSI[POUBMFQPVSUSPVWFS M|
DIFBVWPJTJOBHFEFMB MJHOF EBORGWB DG EFEFDIFQBIBEED S11 QB S

EFMBMJHOFEFDPOUBDUT FYQSIJNFEF MB GBIPO TVJWBOIF E BQSO"

ga(h) = ER(M; A+ BA( A+ B )

-BGPSDF IPSJ[PIDPNBWB TS JU EPOD E BQSOT

Zl
Faa = + TJQO ga(h)ydh+( «+ 4 -y,
L TR 1 1 1 1 .
=0t ) 5T T35 UBD TIQ+ ) UBR+ ) L
~(.+ , .yTIP 1 DPF 1+DRI+ 5)

2 TIR TI@+ )

DFRVJT BOOVMECIJFCFQKWI UJ FMBDPNQFOTBUJPORVFM POBBKPV

'64B?2  %IDPNQPTJUJPO ERMAJ @UFSBONIFPQBS VO EJ OBSIFVES BOHMF
VO QPJOUE MEEDRIEOBB GBJABOUNKM ROHMEJRVI % BQSOTDFUUFDPOT
USPVWRE PP (h; A+ FP(h At B )



$BMDVMEFTGPSDFTDBQJMMBJSFTBVWPJTIJOBHFEFMB MJHOF EFL

-B GPSDF WFSUJDBMF T IDSJU RVBOU E FMMF HSEDBETMBE PNNF EF
M JOUFSGRDES OPVT QPVWPOTFYQSJINFS MB WBMEWS IRMQMUEOR JFM
BA+ aa = an(0) &U MF QRNEOWBEMY EBOMBFMJIJHOF EF DPOUBDU B EIKE
M TRVBUJPO

m(X)= an(0) AR (X A) "

OOBEPODEM JOUFBEBBREROEBBIBMIHOFEFDPOUBDU

pr(x)+ Ba(X)= Ra(X A) -
-B GPSDF WFS WQEBBWMGJUI EF MPOHVFVS EF MJHOF EF DPOUBDU T FYQ!
FU
Zl
Fea = DPA sa(h; A+ BR(h; A+ 8 ) dh
z, O
+ . A (X; A)dX;
DPY 1 1 1 1
=+ 5 +
2 TJR UBO TIQ+ 5) UBP+ )
1 1
—_—t
TJO UBO
—( + )DPAT 1+ DPy 1+ DPX+ ) 1+ DPA
- BoOTWTS TIP TIQ+ 5) TIR

® DF TUBEF JM O FTU QBT FODPSF IWJEFOU RVF OPVT BMMPOT SFUSIH
M IRVIMIJCSFEFUPVUFTMFTGPADHAPRYMTIPCJQBORVBEBOU BRWDRMIT EF E
OPSNBMF FUUBOHFOUJANMBMF EDMSJOEBF /BBEOEFIPOUYBWBOUF
“(1+ DPA) (++ 4 9+ Fga=0;
»TIR+FYA =0
D FTU E EJSF

{1+ DPD=( -+ 4 ) TJO 1+ DPy 1+ DPX+ B)

2 T TIQ+ 8)
1+ DPA _  DPT 1+ DP4 1+ DPZ+ )
TIP TIR =0+ ) TIR TIQ+ B)

0S DFT EFVY IRVBUJPOT TPOU IRVIJWBMFOUFT *MBSBVW MY D B VWIYTQSE
M TRVIMJCSF 00 B EPOD VOF EFVYJONF IRVBUJPO JOETBFEBEBIOUF RV
VOF EJSFDUJPO EPOOIF 1BS BOBMPE8IMW BWFHINAEBBITIMB® EJSFDUJP
M JOUFSGHBBF FOUSF

Fag = s(1+ DPEN+( »+ & vy,
D FTU E EJSF

TJP 1+ DPF 1+ DPX+ )
2 TJIP TIQ+ B)

&0 TMINJOBOU QBS#FYFRNOWBSF MFTIRVBUIJPPD USPVWFBMPSTBQSOT
TINQMJ DBUJPOTUSJHPOPNIUSJRVFT

A1+ DP)=( «+ & 4

nTIR= xTIE:
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&U M VOFEFTIR\WVBUJP@AVT EPOOFBMPSTM BVUSFDPOEJUJPO

. DPJ+ 4«DPF+ +4=0:

$FTEFVYDPOEJUJPOTTPOUMFTIRVBU YPYTDF/TFERNBODPOEJUJPOT P
SIFYQSJIJNFS MFT GP S D FFIUUBROSHN\NBOWRIF MOAFFSGBDF "# FUPO USPVWF O

T
I:BA

N
I:BA

s(1+ DPH);
B TJQZ

-BGPSDFUBOHFOUJFMMF TgBO OV \DP® REB BPXONFD B WQWPRSE QBS TZNTUSJF
5= ° MBGPSDFOPSNBMFT BOOVMF BVTTJ DBS MFTEFVY MJRVJEF
A=0PV ° $PNNF QSIDIEFNNFOU QPVS MF DBT EF M\BMEP SPEEN O FRV
QBT TFMPO MB UBOHFOUF EM JOUFSGBDF EV MJRVJEF RVJjUJSFx 0C
MJRVJEF TVS VOBVUSFDPJO EF MJRVJEF DPNNF WOIRNIERY®MIEBUJP O
00T BQFSTPJUE BVUSF QBSURVFM BOHMF RVF QFVU GBJSF MF MJRV
E JO VFODF &O F FEVDWRVB@®OMFEFODF QBT MF S| TB/WUSBLAAWW BDG P SO
OF QFVUQBTBQQMJRVFS UPVUFG P JTPMA\ESNWRMOPE BN NBO E P MBS B T
OPSNBMF DBS MFDBMDVMEFT GPSDFT OPSNBMFTEBOTMFDBTE VO T
OPUBNNFOUQPVSM IRVIMJCSF MPDBM EBOTMFTVCTUSBU

&0 O PO QFVU BQQMJRVFS DF DBT E VOF JOUFSGBDF MJRVJEF WB(
TB OPSNBMF DPNNF OPVT M BWPOT GBJU KVTRV JDJ QPVS DFUUF JOU
QFVUBMPST SFUSPVWFS MB GPSDF FYFSDIF QB NDONMFIVIEF B JRVH BF
TVQQMINFOUBJSF $F.Y UFBERSOFURNFWMGIFFHOM JOUFSGBDF /PUF[RVF MF
TFDUJPO JOEVJU QPVSUBOU VOF BVUSF DPNQPTBOUF TFMPO MB EJSF
FTUDPNNF QSIDIEFNNFOU DUJWF EBOT DRPBNBINFIONG IGBQBT EFD
GPSDINFOU DPNQFOTIF QBS MB TVSGBDF PQQPTIFEV TZTUONF DPOTJ
DFUUF GPSDF TVQQMIiINFOUBJSF MPSTRVF OPVTDPODMVPOTRVF MB G

(Q UpVXPp

t -BGPSDFQBSVOJUIEFMPOHVFVSEFMJHOFEFDPOUBDUFYF
E BOBMNFS VO BVUSF DPJO ER MPRYMNEFTEEBUMMAM IRVIMJICSH
QPTTOEFEFVYDPNQPTBOUFT M VOFUBOHFOUJFMMFEM JC

o -BDPNQPTBOUF QPIPIWHMEFNMEF MIRVIEF #
o -BDPNQPTBOUF UBQHR®PYANMEF MFWMJIRVJIEF #

t -BSITVMUBOUFFTUEJSJHIFWERT MBCJTTFDUSJDFEVDPJO



'PSNFEFM JOUFSGBDFBVWPJTJOBHFEFMB MIJHOFEFDPOUBDU

eTXLOLEUH G-XQ OLTXLGH VXU XQ FRLQ GH VROLGH

1PVS 0JS OPVTQPVWPOTDBMDVMFSM BOHMFE IRVIMJCSFE VO DP.

SITVMUBUT RVFOPVTWFOPOTE PCUFOJS &0 F FU TIORP¥TUOVQQPTPC

TPMJEF MFMJRVJEFEPJUUSPVWFS VQF G@ SR EP QR ¥ BWRSIF\F® TPV DE

s OOTPVIBJUFDPOOBOUSFN 86068 DY ERIRENE ™M BEHIK EPOD EF SITPVESF
QPAVSL FB=S &MMFTFTIJNQMJ FFO

UBQO2)
1+ DPI=(1+ DPD) 1+ —~——2
v =( )] UBQ2)
EPOUMBTFVMFTPMVUJPOBDDFQUBCMFFTUBMPSTEPOOIF QBS
2 E = 3
1 1
=2 BSDAOPP+ DP DPJDP TJ®O ———— DPTO:
L 5 T dDPY S) T30572) 1%
1PVS= PO SFUSPYWF\CJ¥O® QPYS PO USPVWE CJBOG SITVMUBU FTU F

RVFMRVFTPSUFVOFHIOISBMJTBUJPOEFMB MPJE :PVOHQPVSVOTPNM
%BOTDFDBT MBGPSDFFYFSDIFQBS MFMJRVJEFFTUUBOHFOUJFM

Fls= .71+ DPJ);

FUMBGPSDFOPSNBMFFTU

DPY DPT 1+ DPJ .

UBD ‘T

DFRVJSFEPOOFCJFOMFT SIFVRVBOPHT BMOPEVTTWWPVQSIDIEFNNFOU

Fls =2 -

JRUPH GH O-LQWHUIDFH DX YRLVLQDJH GH OD OLJQH GH FF

+VTRV JDJ OPVTBWPOTF FDUVIOPTDBMDVMTFO GBJTBOUM IZQPUI
EF DPOUBDU VO EJOESFQBSGBJU &O SIBMJUT M BUUSBDUJPOEV TP
EFMBMJHOFEFDPOUBDU DFRVJNPEJ FBMPSTBVTTJM JOUFSBDUJP
EFM JOUFSGBDF /PVTTPVIBJUPOTEPODJDJSITPVESFDFUUF GPSNF
M BQQSPDIFEFMBMJHOFEFDPOUBDU $FMB O PVBE QHSS\E-RNGBMNPIE N
GPSDFTQPVS MFTGPSNFTE JOUFSGBDFTF FDUJWFT FUEFDBMDVMF

BULQFLSH GX FDOFXO

1PVS SITPVESFMBGPSNFEFM JOUFSGBDF OPVTEFWPID FDUFE EHFSAV |
MB GPSNFEFM JOUFSGBDF RVJNJOJNJTEFM IOFSHJF MJCSF /PVTEF
DBMDVM EFDFUUF'I'OFSHSFMBQSTTFODFEVTPMJEF
Z Z
F=f(L) dSf(s) dS
1 z Z S Z Z
+§E dg$ dg (8 )+ Ls d$ dg is(is 9i);
L L L S
"L FUs SFQSTTFOUFOU MFT QBSUJFTBUUSBDUJWFTEFTJOUFSBDUJPC
QPOE'I'S'I'FTQBS MB GPODUJPO EFDPSSIMBUJPO EF QBJSF RVIFNQDBDI
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-B GPSNF E IRVIMJCSF QFVU EPOD PUSFPCUFOVF QBS NJOJNJTBUJ
DPOTUBOU TJPO WFVU DPOOBOUSF MB GPSNF E VOF HPVUUF QBS FYF
f[lUBU P4 MF QPUFOUJFM UIFSNPEZOBNJRVF EBOT MF MJRVJEF FTU DP(
EIUFSNJOFS MFMPOHEFMB TVSGBDPFAMILBFOMTWSKBR VABVIMFOMB $JRU I
EM JOUFSGBDF MJRVYEF WBQFVS <

st(S)+ (9= cste;

P&S DPSSFTQPOE EVOF QPTJUJPO TVS M JOUFSGBDF 00 SBQQFMMF R
TVIWBOUF
V4

w($= 2 ESuis 9;
Lz
st($= L s . ESs(S 9):

&RLQ GH OLTXLGH

%BOTDFUUFTFDUJPO OPVTOPVTJOUISFTTPOTBV EIUBJMEFM JOUF!
EPODGBJSFM IZQPUIOTFRVFMFMJRVJEFFTUJOWBSJBOUEBOTMBEJ
IWJUFS MFT QSPCMONFTEFUFOTJPO ERMINBF @ N D PO/A\VBICBPME P OAFQ
MBDPOEJUJPO RVFMFMIRVIJEF GBTTF NBDSPTDPRJIJRVBDODRADRIDE DB MK
MJHOF EF DPOUBDU M JOUFSGBDF EPJU(KF SBRD BSBEFOH EPOBEIAFSIP
IBVUFVS EF M HOGPOGRIWEOEFN UBODFE MBMJHOFEFDPOUBDU

5DSSHO GX SRWHQWLHO LQWHUPROpPFXODLUH

&0 O DPNNFOPVTM BWPOT WVTBADQSPEB¥S DBQUINSVWVEBMBPOT OPVT B
MF QPUFOUJFM JOUFSNPMIDVMBJSFTVJWBOU

c
' N= ——=:

= 72y
c SFQSITFOUFM BNQMJUVEFEFM JOUF$SBDOB NPMIDYBEFHD F QB MVDWFN
UBJMMF NPMIDVMBJSF TVS MBRVFMMF MB GPODUJPO EF DPSSIMBUJP
DPNQPSUFNFOUEFUZQFr7B® RFESGBBOI QPVHREBYNSUFOTIPOT EF TVSC
HSEDFBVY SFMBUJPOT JOUITHSBMFFBIUBJMMIFTBVY IRVBUJPOT

$SSUR[LPDWLRQ ORFDOH

60F EJ DVMUI FTU EF DB M DRAMIFESI QIFDEUE A YBVGP SN F k(M) P D BAVTE B/FOM J O
GPODUJPIO GF\DBMPNFNM QFVUDUSFTINQMJ I QPVSEFTJOUFSGBDFTQP
DPVSCVSF %BOTDFUUF I1ZQRUNDD B M\DB & PFOQ Y POPRINDM FE XM JO U F S C
EFWJFOU VOF GPODUJPOhpH MB BMB VB U B \WSRRAWESWBEVEPED BM¥SCVSF FTU O
OPVT BWPOT ETRD WVREY MBIF QPUFOUJFM DSIT QBS MFT JOUFSBDUJPO®
E VOFDPVDIF EF MJRVWBKNBE IBVUFMS /PVT BWPOT WV BVTTJ RVF MB
EFM JOUFSGBDF JOEVJU VOF D;P SIFALBUM G M B R \QIFFFHAED UDIBBCARBASC V S F
(x) POIDSJUBJOTJMBWBMFVSEV QPUFOUJFM MJRVJEF MJRVJEFE M

i = (0 LL (h(x)) 7 (x):

00 QFVUNPOUSFS RVFDFUUFBQQSPYJNBUJPO FTUNBUIINBUJRVFNFC
h/a<> DFRVJFTUBJTINFOHB WIBSJT NPROS GBDIJMFNFOUEM BQQSPDIFE



'PSNFEFM JOUFSGBDFBVWPJTJOBHFEFMB MIJHOFEFDPOUBDU

&OTVJUF MFQPUFOUJFMTPMJEF MJRVJEFFTUTJIJNQMFEEIUFSNJOFS
FTEQBDFTFNJ JO OJ JMT BHJUEPOD EF

st = sL(h(x)):
*MO ZBQBTE BQQSPYJNBUJPO QPVS DF QP UFOUT KMS JUO T\W BWB/ DPQ E
x=1 DFRVJOPVTEIUFSNJOFMBDPOTUBOUF

(hx)= -7 (x);

P{h) FTUMBQSFTTJPOEFEJTKPODUJPO=ET HOF E M (WRVBUDFPLBSCVSF
RVBOUEFMMFFTUEI OJF QBS

h%x)
(x) = 32
(1+ h9x)?)
*D)J] MBDPOUSBJOUFJOUITHSBMF T IDSJU

0 o @+ hqx)?)

DFRVJOPVTEIUFSNJOIF MBBQBEOUMFIRVBUJIPO
!
1

.7(1 D PyT) = (1 N ho(l )2)3/2

D FTU H(1IE)>SEBY FOBZBOU JNQP TH{N)E O EQVERIMIJPIOF EF DPOUBDU

/IPVT QPVWPOT NBJOUFOBOU SITPVESF DFUUF TRVBUJPO OVNISJRV
TVIWBOUF RVFOPVTBWPOTQVEIUFSNJOFS Q PVSENDFF @R IDABBOVLDI\F W R @ B
BWPOTEIKEF FDUVIBVQSFNJFSDIBQJUSFEM IRVBUJPO

h/a

_ -7 h
(h)—?(l D PY) DF>1U5 Tr(hay?

-TRVBUJPOEJ ISFOUJFMMBR BEIMFOD MIFPAHOM F\QBTS E JOUTHSFS FTU EPO

700

z

1 DP D Pz = :

( 7 DPU) 7 )

$FUUF'I'RVBUJPOQPTTOEFGPSNFMMFNFOUVOFJOU'I'HSBMFQSFNJOS

OPVTM BWRFOGVWVEMBPWM FVSFVTFNFOU DFUUFITRVBUJPOEV QSFNJF
BOBMZUJRVFENFOU

1
(1 DPYMzDPUuU=p— 1:
1+ 2@

FOBZBOUQSJTMFTDPOEJUJPOTz(OP3 0 FRXOFTE MB BBHOF\EWMDPOBBD S
GBJURVF MB QFOUF EFJFPW M\P 6 HWBGNRRXQUDFSNFU E PCUFOJS MF ET\
BTZNQUPUJRVF EiIQFOEBOUEVQPUFOUJFMDIPJTJ 1PVSBWPJSMBTP
NFOUFOVUJMJTBOU VO BMHPSJUINF EFT3¥ITNMUBWIBE B GHMESEJRVIT T\
QPWS= ° 0OOPCTFSWFRVFM JOUFSGBDFFTUMPJOEF MBMJHOFEFDP
EF MBMJHOF EF DPOUBDU E R V& MB \QFTOWBJMNE O MP MiDMVMBMBSEAR FTU F
MFTJOUFSBDUJPOT MJRVJEF TPMJEF TVQQMINFOUBJSFT
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'64B 7?2 &0 OPJS MFQSP MERM JOUPBEBUMDPB/GT M BQQSPYJIJNBUJPO I
M IRVBUJPOGBMJIHOFEFDP-OOUUBDPETESWFVOBQMBUJTTFNFOUEFM JOUFSE
EFMBMJHOFEFDPOUBDU EREM BUUSBDUJPOEV T TPMJEF - JOUFSGBDF |
VOFESPJUF E BOBRPSBOHF MFQPUFOUJFM MJRVJEF MJRVJEF RVJUFOE
MPJOEFMBMJHOFEFDPOUBDU &0CMFV MFQPUFOUJFMTPMJEF MJRVJI
-BTPNNFEFDFTEFVY QPUFOUJFMTFTUVOFDPOTUBOUWE 530 VFODFEVT

&0 QSFOBOU VO QPUFOUJFM FODPSF QMVT TINQMF UFM RV VO QPU
SFODPOUSDE MO QFVU SITPVESF BOBMZUJRVFNFOU MF QSP M EF M .
QBSBCPMJRVF QSPDIFEF MBMJHOFEF DPOUBDU UFM RV’ BEMIE B U C
FO < PV +PBOOZ F©O <

&0 O OPVTBWPOTVUJMIJTIQPVSDFEIWFMPQQFNFOU MPDBM VOF B
TiQBSIM F FUEFIBVUFVSEFM F FUEFDPVSCVSF $FUUF BQQSPYJN|
EJTKPODUJPO -BQQSPYJNBUJPOEFGBJCMFQFOUFFUEFGBJCMF DP'
EFMBMJHOFEFDPOUBDU %BOTMFDBTRVFOPVTBWRO T WWHEQTFO QB¢
MB QMVQBSU EFTDBT DFUUF BQQSPYJNBUJPO FTUGBVTTF NBJT MFT
OPVTBMMPOT MFWPJS

&DOFXO QRQ ORFDO

/IPVT QPVWPOT NBJOUFOBOU GBJSF MFDBMDVM OPO MPDBM DPNQMFU
NDNF OPVTDIFSDIPOT MBh&P BN F Wi FOWFG BBUDRY FsMAFTQ FOUPFODTULIB-OMU
TVS M JOUFSGBDF 1PVS GBJSF DF DBMDVM VOF TUSBUIHJFE DPOTJTU
EF GBIPO OPO MPDBMF UPVU BV MPOH EF M JOUFSGBDF FU QSPQPTF
QPUFOUJFMDPOWFSHFWFSTVOFDPOTUBOUF %BOTDFDBMDVM MFT
JO O0J<IRVBU3IPDFVM MFDBMDVMEV QPUFOUJFM MJRVJEF MJRVJEF FT
OPVT EFWPOTBMPSTJOUTSBO MOMRMBUIIZMNAUSIF EVQSPCMONF OPVT
MJRVJEF FO CBOEFEERBMBFNBY SO OJFT EBOT WREISPDUIPTCPOT BJOT.
EJTDSIUJXBPIRIGTIWS® PJOUT SIQBSUJT FOUSF FUVOF MPOHVEVS EFD
OPUBNNFOUQMVTEFQPJOUTEM BQQSPDIFEFMBMJHOFEFDPOUBDU |
FO(x)) FUDFUUFX; BOBBIM® ST BOBMZWPPRIG); I )EF UXQPUPRO FYQSFTTJIPO
QPVS MF QPUFOUJFM JOUFSNPMIDVMBJSF DPPJTJIFITTIE MG QIFUFFOORIQ O



'PSNFEFM JOUFSGBDFBVWPJTJOBHFEFMB MIJHOFEFDPOUBDU

TVSGBIXH FADSJU

X
i = PB(h(xi);h(x);ixi X)) xj+ 1s(h(xi)) L (0):
j=0

/IPVT SFUSBODIPOTEIMJCISIBAROUQWPRIBEPOTEROBUFTPSUFRY EM IRVJIM.
M JOUFSGBDFTPJU OVMMF

*OJUJBMFNFOU PO QBSU BXYOK VBOFEGBBMMIVRMMBRESGFVIUF MF QPUF
EFM JOUFSGBDFTVSMBEJTDSIUJTBUJPODIPJTJF $FQPUFOUJFMO F
MB GPSNFEFUFTU TMIWBOGVF BIPOAPNNPDT MF NPVWFEFNFOU TVJWBOU

hi*' = hi i

PAFTUVO QBSBNOUSFQPTJUJG &0F FU EM IRVIMJCSF MFQPUFOUJ
QPUFOUJFMFTUQPTJUJG DFMBTJHOJ FRVFM JOUFSGBDFTFSBQQSH
HSBOEFBWFDMFTPMJEF FUEPODQPVSCBJTTFSMFQPUFOUJFM -F QF
TJM JOUFSGBDF CBJTTF JM ZB NPJOT EF MJRVJEF RVJ JOUFSBHJU
TFEIQMBDF USPQ CBT MF QPUFOUJFM FTU OTHBUJG FUM JOUFSGBDI
JUISBUJWFNFOU WFSTVOFWBMFVS OVMMF FUMFT QBT BBPQBPUKIFTPC
DIPJTJTV TBNNFOUCBTQPVSRVFM JOUFSGBDFO PTDJMMF QBT OJ R\
QPVS RVF MFUFNQT EF DBMDVM TPJU SBJTPOOBCMF 4FVMFNFOU QP
MB MJHOF EF DPOUBDU O JNQPSUFRVFMMF ESPJUF EF QFOUF DPOTUE
EVQSP MTFGBJUEPOD EQBSUJSEFMBMJHOFEFDPOUBDU -FNPVWF
EFDPOUBDU TVSUPVUTJUPVUMFQSP MFTUBNFOIET BCBJTTFS HMI
DFRVJQFVUDUSFUSOTMPOH %FQMVT PQI®VBITUGSPRPVNBOMIBKP S
NPVWFNFOU TVJWBOU

hi™ =hi (i o+ ox:

&OF FU DFNPVWFNFOUQFSNFUEFOFQBTCPVHFSMBMJHOFEFDPOU|
QFOUF DPQyTPAGUB VO QBSBNOU Sk MBDWPEOMBSWMEWQPUFOUJFM E MB M
DF RVJ QFSNFU EF QSPQBHFS SBQJEFNFOU E UPVUF MB DPVSCF DF RV
QBSBNORASFAIM PSESFEF MFUFNQTEFDBMDVMQPVSRVFMFQPUFOU
QSOT FUBWFDVONJMMJFSEFQPJOUTSIQBSUJTFOUSF FU FTU EF

-FQSP MTV TBNNFOUDPOWFSHBHNBYF BSMQFO MFOW BMEWBT EFT QP UF(
MJRVJEF FU MJRVJEF TPMJEF -B DPNQBSBJTPO BWFD VO DPJO QBSG
QFSNFUEFWISJ) FSMBDPOWFSHFODFEFM BMHPSJUINF 00 SFUSPVW
M BQQSPYJNBUJPO MPDBMF JHWBFUFBVHIITSBRBFMEBYS MBIOTFSU BV
PCUFOVQBS MFDBMDVM OPO MPDBM $FUUFBQQSPYJNBUJPO FTU OB
MJHOF EF DPOUBDU PaAPOPCTFSWHY QHFaE L JEOQRYVFIBWF BB BEIFER 1S
M PSESF EF €FOUSFMFTEFVY QSP MTEM BQQSPDIFEFMB MJHOFE

,QyXHQFH GH OD IRUPH H[DFWH VXU OD ORL G-<RXQJ

1PVS DMPSF DFUUF TFDUJPO OPVT QPVWPOT SBQQFMFS JDJ VO SIiTVI
<> EPOUM JOUFSQSIUBUJPO HIPNIUSIREW® B | U&$ E®RO 6 [FQ B-D ORI K
QSP MSIFMEFM JOUFSGBDFUFM RVFOPVTWFOPOTEFMFDBMDVMFS
SIBMJTIQMVT UUU TVSEFTEJOESFT QBSGBJUT 1BSVOFQSPQSJIUT J«
E JO VFODF

&0 O MFDBMDVMEFTQSP MTQFSNFUEF SIQPOESFE VOFBVUSF RV
EFTIMFDUJPOEM IDIFMMFNJDSPTDPQJRVF 1SPDIFEFMBMJHOFEFD
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'64B?2 &0 OPJS MF QSP MERM JOUFSGBO¥ QBS® BMHPSJUINF EF DBM
MPDBM QSITFOUITEMBIBMIHOF EF DRGWB RO PBBOBF MF QPUFOUJFM MJ|
MJRVJEF RVJUFOE WFST VOF DPOTUBOUF OiHBUJWF MPJO EF MB MJHO
MJRVJEF RVJEFWJFOU OVM MPJO EF MB MJHOF EF DPOUBDU -B TPNNF EF
Ef OJEM IRVBWIPDU VOF DPOTUBOUF &0 QPJOUJMMIT PO B MB WFSTJPO
QBSGBJU EF NDPNFBOHMF MF QPUFOUJFMO FTUQBTDPOTUBOUEM BQQ!
DPNQBSFSMFQSP MBWFDDFRVJBIUIPCUFOVEBOTM BQQSPYJNBUJPO N
FOHSJTBY EFTTVTEVQSP MOPO MPDBMFOOPJS FUQPTJUJPOOIEETPSL
EF DPOUBDU BVUSFNFOUEJUEF TPSUF RVF MFTMJHOFT EF DPOUBDU BQ
EBOTM BQQSPYJNBUJPO MPDBMF MB MJHOF EF DR@YBDU NJDSPTDPQJR\

TPMJEFTVSVODPJOEFMJRVIJEFFUM JO VFODFE VODPJO EF MJRVJE
UFOEEQBSUJSEFRVFMRVFTEJTUBODFTBUPNJRVFTEVTPMJEF MPS
vy 2VFMRVFTPJUMFQSP MEPOD M FOTFNCMFEFTGPSDFTRVFOPVT

,QYyXHQFHV GHV KpWpURJpQpLWpV

IPVTWFOPOTEFWPJSRVFMBMPJE :PVOHFTUWISJ IFMPSTRVFMFTZ"
TFVMF MPOHVFVS JOUFSWJFOU EBOT MF QSPCMONF M IDIFMMF NPMI
FYJTUFVOFJOWBSJBODFE IDIFMMFRVJOPVTBQFSNJTKVTRV JDJEF
EBOURVFEFM IDIFMMF EF STHVMBSJTBUJPO EFYTQOEBEPYBBPD MPGET 0S
EF TINVMBUJPOT EF EZOBNJRVF NPMIDVMBJSF VO QITOPNOOF EF TU¢
TUSVDUVSF MPDBMFEV VJEFQSPDIFEVTPMJEF $FUUFTUSBUJ DBUJ
EJ ISFOUF EF M IDIFMMF NPMIDVMBJSF FMMF DSII VBFPINUUSBRV®IJU
/PVT TPVIBJUPOTIUVEJFS JDJ RVFMMF FTUM JO VFODF EF M BKPVU E
MJCSF FUMFVSJO VFODFTVS MBMPJE :PVOH %BROVITVDFQIBRDFS UFN
RV JM BEWJFOU MPSTRVF M PO BKPVUF EFT JOUFSBDUJPOTIMFDUSP®
M IMFDUSPNPVJMMBHF $FTJOUFSBDUJPOTBHJTTFOUTVSVOF UPVUF
NPEJ FOUMPDBMFNFOUM BOHMFE :PVOH DFRVJFTUDPOOV EFQVJT
QITOPNOOFTEFDPO OFNFOURVFOPVTBMMPOTIUVEJFS &OTVJUF OP
TUSBUJ DBUJPOFUTPOJO VFODWFTVSOMBIRWPLU\EFBEPE EBPBOD HSEDF E
FYFNQMFTDPNNFOU OPUSFNPEOMFHIPNIUSJRVF QFVUUSBJUFSDFT
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eOHFWURPRXLOODJH

(BCSJFM -JQQNBOO TPVUJFOU TBUIOTF FO- I MFU B $P EMBRDIWIS\WPERIQ.J Nb I
EJ FSMBUFOTJPO EF TVSGBDFF FDUJWFE VO MJRVJEFIMFDUSPMZU
FOBQQMJRVBOU VOF EJ iISFODF EF QPUFOUJFM FOUSF EV NFSDVSF EE
IMFDUSPMZUJRVF EFM FBV TBMiF FU MF MJRVJEF PO NPEJ F MB NP
RVJB TVJWJ M I[UVEFEFM F FUEV QPUFOUJFM iIMFDUSJRVF TVS MB G
MZUFTFODPOUBDU EJSFDU BWF D>E FPTaiM FPECU $/ABBEDAVIFDNPBKEPWISUSSI TD EF £ E
E IMFDUSPMZTFEFTMJRVEBIMIOF QP¥BIMFRSFNIOSFGPIJTVOJTPM
EFVYJONFIMFDUSPEFQPVSiWJUFSMFQBTTBHFEVDPVSBOUEBOT MF
M TJUFOEVFEFTBQQMJDBUJPOTDPODFSOIFTBQFSNJTBMPST SIiDFNNTF

-FTBQQMJDBUJPOT TPOU OPNCSFVTFT &0 F FU M VTBHFE VO QPU
WFSTJCMFFUSBQJEF 00QFVUBJOTJNBOJQVMFSEFTHP VY QBISIOEJW
FYFNQMFQPVSMFTJIJNQSIJNBOUFTEKFUE FODSF CJFORVFMBUFDIOP
PVQPVS MB MJUIPHSBQIJF TPJUQPVS MFT Bl Q\OBRRF\BUT B/ SOVTQ FOHB S JAVIYNF
DPODFWPJS EFT NJDSPQPNQFT FONJDSP VJEJRVF - BQQMJDBUJPO E
EF DPOUSUMFS MF EIQUU EFM "%/ EBOT EFT EJTQPTJUJGT EF NJDSP \
QFSNFU MF DPOUSUMF EF MB DPVSCVSF E JOUFSGBDFT MJRVJEFT PC
D FTU E EJSFEFTPQUJRVFT>EPDERDBQFORPWEBNBCVEFUVSITFS MFT P
QPVS MFT $$% $.04PVQPVS MFQBQJFSIMFDUSPOJRVF

8QH pQHUJLH GH VXUIDFH

%BOT MBQMVQBSUEFTBQQMJIJDBUJPOT JMT BHJU EF QFUJUFT HPV UL
BJOTJFOHIOISBM OIHMJHFS M JO VFODFEFMBHSBWJUIEBOTMF QSP
TVSGBDF -BDBQJMMBSJUIFTUEPODM F FUQSJODJQBM RVJEIUFSNJ
NPEJ IFQBSMBQSITFODFEFDIBSHFTIMFDUSJRVFT &0F FU EBOTVO
M IRVIMJCSFBVYJOUFSGBDFT *MO FYJTUFQBTEFHSBEJFOUEFQPU!
EIQMBDFNFOUEFTDIBSHFT -FDIBNQIMFDUSJRVFO FTUEPODOPO OV
D FTU E EJSFEBOTM BJSEJIMFDUSJRVFRVJM FOUPVSFPVEBOTMF-
TJUVBUJPO ETDISMEF ENEMBSHFT TFEJTQPTFOU TVS MBTVSGBDF EF M
MB HPVUUF FUWJFOOFOUFO SFHBSEBWFD MFTDIBSHFTRVJTPOU E \
/IPVT GPSNPOTEPOD BJOTJVO DPOEFOTBWF VoS $MFPH BT R \WBQWBG BEDF-
EVDPOEFOTBUFVS D FT§MBRIFINDU M BWWHPWILESFM B MUFSNRINAUE WWUJ EFF |
EFM JTPMBOU FOUSFMBHPV&MFOBMB BV S B & M | MIFDWUBS®PE F F U

'64B?2 %JTQPTJIJUJG

E IMFDUSPNPVJIJMMBHF DMBTTJRVF
HPVUUFEF MJIRVJEFDPOEVDUFVSFTU
vVOJTPMBOU RV FMMF NPVIMMF QBS
60F IMFDUSPEF JNQPUF MF QPUFOU
EF MB HPVUUF FU VOF DPOUSF IMFD
EJTQPTIFEV@HAEBYTWBODFEMBOU

-IOFSHJFDPOUFOVFEBOTVODPOEFOTBUFVSQMBO FTUMB TVJWBC

MB DIBSER/OF EFT BSNBUVSFT TVS M BV WSFROHU BIAD EFEP QBPE RYEB M
UPUBMFTPJUOVMMF FTU

1
dWeong = UdQ = 6QdQ ;
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QVJTRVF MBDIBSHF E VOFBSNBUVSBRETWEP O®HB YBSMICBRIDPOSFER
TIDSJUEPOD
102 1
FCOﬂd= §E= ECUZ

%BOT MF DBT RVJOPVTJOUISFTTF MFDPOEFOTBUFVS FTUMJCSF EF
HPVUUFT IUBMFPVTFDPOUSBDUF 2VFMFTUM IOFSHIFRBIURPIJIF /P
EJ IFEFMPSTRVF MB TVSISBIC~EDJB@HF RNFMMF DPOUSBJOUF EPJU U P
QPTFS -BNPEJ DBUJPOFTU FMMF E DIBSHF DPOTUBOUF PV E QPUFOL
DIBOHFNFOU TF GBJU E DAB SOPE(DME)QTUSOBYFTFWE EJSF RVF M IOFSHJF
MPSTRVF MFTDIBSHFTT I[UBMFOU DFRVJTFNCMF DPSSFDU MFTDIB
EFTBVUSFT FUMFTDIBSHFTPQQPTIFTTPOU UPVKPVSTFO WJTEWJT
FTUSFMJI EVOFTPVSDFE IOFSHJF RVJ USBWBJWMFP@P\US DB FO %BOJ
DF DBT MB TPVSDF EPUdCGRN\SS\ORS B/EENB IBSSSHAWPU BB BGMY SOJ QB S

MF DPOEFOTBUFVS WPJS MFDPVST EF*FZGNEBYBYS QRAVB M A B DJBII\

dWe| = dWeong + dWsource ;

1
éuzdc U2dcC ;

1
= ZU4cC;
2 b

FUM IOFSHJF MJCSFUPUBMFE PSJHJOFIMFDUSJRVFFTU

1
Fe= =CU?:
el 2
/IPVTQPVWPOTEPODFODPODMVSFFODPSFVOFGPJTRVFMPSTRVFMB

CBJTTF NBJTDFUUFGPJT DJEQPUFOUJFMDPOTUBOU DBTQPVS MFR)\

/RL GH /LSSPDQQ

-IOFSHJFMJCSFUPUBMFFTUMBTPNNFEFM IOFSHJFE PSJHJOFDBQJ
DBQJMMBJSFFTUE VOFDPOTUBOUFQSOT

F = .7Sv +( 4. 49SsL + const:
"JOTJ M IOFSHJFUPUBMF Im®BKPVUBOU

1
Ftot = -7Swv +( a- 49SsL ECUZ;
0ryz gq -

2e

-IOFSHJF IMFDUSPTUBUJRVF FTU EPOD VOF IOFSHJF TVSGBDJRVF RV
E PSIHJOFDBQJMMBS S FPOBUNMB EFITJUIEF DIBSHFEM JOUFSGBD
IDSIJSFBMPST

Sy o4 a7

@ 4- _ _ 0ryy.
@U ;. st(U) = eU'

-FTUFOTJPOTEFTVSGBDF TPOU EPOD NPEJ IFT QBS MB QSITFODF EF"
UFOTJPOEFTVSGBDFF FDUJWFQPVS M JOUFSGBDF TPMJEF MJRVJEF

eff _ Or,,2.
= 4. U
4 2e
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&0 PVUSF DFMB NPEJ F MBDPOEJUJPO E IRVIMJCSF E FENMBPMRWFUF <
DPOTUBOU DPNNFOPVAW BWPODBRBITQEWBPOT SFUSPVWEYRMBOHMF
DBMPUUF TQIISJRVFEF Md_IQ\B‘%[EF FODIBOHFBOU

eff
DPE 47 4- .
-7

D FTU E EJSFE BQSOT

Or

DPE DPJ+ u?:
v 2e 7

DF RVIDPOTUJUVF MB MPJ EF -JQQNBOO "JOTJ MPSTRVFM PO BQQM
DFMMF DJT IWBB/MNBBBEBMPRIPVS NJOIJNJTFS M IOFSHJF IMFDUSPTUBUJ
DPOEFOTBUFVS DPOTUJUVIEF MBTVSGBDFTPMJEF MJRVJEF EF MB HF
DPOUSF IMFDUSPEF TPVT MB HBYT\WS DFBFEE R\FOEBNDUFRSENFFT U
TBOTEJNFOTJPO FU FORNIBFE INPPWIPNPVIMMBHF &0 O OPVTQP\
PSESFTEFHSBOEFVS 1PVSNPEJ FSTFOTJCMFNEOUFN @P$SNMIUEE W B O
SFMBUJWFT TPOU EF M PSESF EF VO QPVS MB QMVQBSU EFTJTPMBOU

N/N 1PVSVOJTPMBOUEdJdVOMNINBMFFVBEPST OIDFTTBUSFE BWPJ!

7 $FUUFUFOTJPOFTUIOPSNINFOUSIEVJUFMPSTRVFM POSIEVJUM
GBCSJRVFS EFTJTPMBOUTE VOFIQBJTTFVS EF ON DFRVJSIEVJU I
E VOFNPOPDPVDIFBUPNJRVF POQFVUNDNFSIEVISFMFTUFOTJPOTE
DPOUBDUEFTHPVUUFT

6DWXUDWLRQ GH O-DQJOH GH FRQWDFW

&YQISINFOUBMFNFOU MFTFYQISJFODFTE IMFDUSPNPVIJMMBHF TPOL
UBDUBWFD MFMJRVJEFFTUQBSFYFNQMFVO MEFQMBUJOF QFV SiB|
HMZDISPM MJRVJEFT QPMBJSFT EBHNMPMEFRR VB Bl F ®@ODFEXPS/ABIFIP TR OF
QBTE JO VFOPM -DPOWJFOU QBSGBJUFNFOU QBS FYFNQMF -BDPOUS
TVCTUSBUNIUBMMJRVF $FRVJFTUDSVDJBMFTUMFDIPJYEFM JTPMB
MFS QBSGBJUFNFOU MF QITOPNOOF JM GBVU STEVIJSFM IZTUISITJT EF
DFTTBJSFE BWPJSE VOFQBSUEFTTVSGBDFTCJFOQMBOFT FUE BVL
RVF &0TVJUF JMGBVURVFM JTPMBOUTPJUTYV TBNNFOUCPOFUQPT
SVQUIJWF TV TBNNFOUHSBOEFQPVSRVFMFDMBRVBHFOFTFQSPEVJT
JOUFSWJFOOFOU /PVT QRVWPWOOPNFHISI SYSOME- DMBTTJRVF E IMFDUS|
E BQSOTMFQSPUPDPMF EIDS FW @BPUBMNFIFWDSBQQFMI EBOT MB SFWV
<> RVINPOUSFMBEIQFOEBODF EV DPTFOVGPEDN BCOHEA-MEF- D P@TUIBPED
QISJFODFBIUIF FDUVIF TVS ¥ZVHBCHJIRPT ERBBF R BMMITI VOFDPVD
EF "NE PSFTUEIQPTIF QBS IWBRPEEWBMMIRFYDRMIEFIUNFF MB DPOU ¢
OPVTEIQPTTRAD @O¥VBEBIDPVDIFNEEF 1%.4 RVIJB SIUJDVMIQFOEBOU NJ¢
-1ZTUISITJT FTUBTTF[HSBOEF TVS DF TVCTUSBU EPOD TFVM M BOH!
DPVSCF UIIPSJRVFFTU SFQSITFOUIFBVTTJQPVS DFU EFIMMBNBUFVS FL
SJBV EPOOIFQBS MFGPVSOJTTFVS /PVTPCTFSWPOTRVFMFTQPJOU
DPVSCF UIIPSIJRVYFRY EFOWJIBP-B TBUVSBUJPOEFWSBJUBQQBSBOUSF
M BOHMFEFDPOUBDUWBVUV® PSFIWME ESSBWFQOMVTUUU FUM BOHN
OVM EFM PSESRENU OPUFSFO O RV BV EFMEEFMBTBUVSBUJPO ME
FUPOQFVUPCTFSWFSM INJTTJPOEFQFUJUFT HPVUURFMFMIRVIEF
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'64B?2 &YQISJFODF DMBTTJRVF E IMFDUSPNPVJMMBHF -F MJRVJEF FT
EF /B ME NPM-FUMF TVCTUSBU FTUEV 1%.4 STUJDFMIE FQBRINFYISIWJIU
; "N -FTUSJBOHMFTTPOUMFTQPJOUTFYQISINFOUBVY FUMBUBJMMFE
TVSFEFM BOHMFEFDPOUBDU -BDPVSCFOPJSF DO PEAFGMIEVEOMBIDPV S (
OPNOOFEF TBUYSBUJPQWFSTFSU M JNBHFE VOFEFDFTHPVUUFT PaPC
EFQMBUJOFFODPOUBDUBWFD MFMJRVJEF

8QH VLQJIJXODULWp GX FRLQ

$F QITOPNOOF EF TBUVSBUJPO SIWOMF M JNQPSUBODF EF MBEFTDSJ
BV OJWFBV NJDSPTDPQJRVF &0 F FU EMB MJHOF EF DPOUBDU M JOI
EFWJFOUTJOHVMJFS USOTJOUFOTF FUJM QPVSSBJUEIQBTTFS MPD
EF MB TBUVSBUJPO EPOOIF QBS 1BQBUIBOB% BROBFRG WMEAVWWOTSBMF
OPVTM BWJPOTDSBRBS\BW GP\sNF MPDBMF EF M JOUFSGBDF QSOT EF M
M FOTFNCMFEFMBGPSNFEFMBHPVUUF -FQPUFOUJFMEFTJOUFSBD
EFM FOTFNCMFEFMBHIPNIUSJFEVDPJO $FMBEFWJFOUFODPSFQMYV
EPOUM JOUFSBDUJPO B VOF QPSUIFCFBVDPVQ QMVT HSBOXEFIRVF MF
MB EIUFSNJOBUJPO EFM BOHMF EF DPOUBDU EIQFOE EF MB EJTUSJCV
GPSNF %F QMVT E BVUSFTQITOPNOOFTE IDSBOUBHY FIUIEERPPYRVBF
MB QIZTJRVFEFDFUUF TBUVSBUJPOFTUEJ DIMFEBQQSIIFOEFS
OOQFVUUSPVWFSEBOTMBMJUUISBUVSFE BVUSFTUFOUBUJWFTEF
RV BVDVO NPEOMF OF GBTTF FODPSFM VOBOJNJUI %FT QITOPNOOFT
POUBJOTJIUIQSPQPTIT QBS 7FSI¥ JR& OFUPIGTPIVWPOU RVF EFT DIBSH
EBOTM JTPMBOU DFRV JMTBUUSJCVFOU EMB TJOHVMBSJUI EV DIBN
BQQMJRVIQFOEBOU VR BBAJNBBMIRUFTBIMRAWHBOUE FVY MBNBDNFBOOIF M\
QBS VO QITOPNOOF E JPOJTBUJPOEFM BJS BV WPJTJOBHF EF MB MJHC
DIBNQ EFWJFOUUSPQ HSBOETF QSPEVJUDFUUF GPJT DJEBOTM BJS
QBS VOFINJTTJPO TQPOUBOIF EF MVNJOSF E VOF EVSIFEF M PSESF E
EF MBHPVUUF USOT QSPDIFEF MBMJHOFEFDPOUBDU -BMPOHVFVS |
EFTINJTTJPOTDBSBDUISJTUJRVFTEFQMVTJFVSTHB[EFM BUNPTQIO!
BWFD MFT SITVMUBUT EF 4F2SBWIRFW)BRPDESI RVE MBUFOTJPO EF TBU
DBSBDUISJTUJRVFTEV EJIMFDUSJRVFVUJMJTIFUEFM IQBJTTFVS EF

*MO ZBQBTEDFKPVSFODPSFEFNPEOMFTBUJTGBJTBOU QFSNFUU
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EFM BOHMFEFDPOUBDU $FQITOPNOOFSIWOMFM JNQPSUBODFEF MB
EFNPEIMJTBUJPO POUITUTQPSUITKVTRY JDJVOJRVFNFOUTVS MFTQI

JRUPDWLRQ G-XQ pOP PLFURVFRSLTXH

IPVT QSPQPTPOTJDJVO QFUJUNPEOMFTVQQMINFOUBJSFQFSNFUUBC
HIPNTUSJRVFTEMBMJHOFEFDPOUBDU %V QPJOUEFWVFIMFDUSPTU
EVDPOEFOTBUFVS TPJUQMVT HSBOEFDBSJMZBBMPST QMVT EF DIB
M IRVBUJPOEF-JQRRNEE@OSIJWIFFODPOTJEISBOURVFMBHPVUUFFTU YV
MJRVJEF QFVUT IUFOESFFODSIBOUVO MNEFQSINPVIMMBHFE IQBJ
WVFEFM IOFSHIJFEFTVSGBDF %BOTVONPEOMFDPNQMOUFNFOU DP
E TUJSFSVO MNE IQBJTTFVS OVMMF QPVWBOU QPSUFS EFT DIBSHFT
QSBUJRVF MF MNOFQFVUQBTBWPJSE IQBJTTFV-SI OV S DR @IBMINE
BTTPDJIF FTU MJIFE MB QSFTTJPO EF EJTKPODUJPO &O F FU M IOFS
EJTUBPOWFPMJIEFT IDSJU<WPJISM IRVBUJPO

= su(h)y  w(h);

P4 SFQSITFOUFM JOUFSBDUJPO FOUSF \EOMBIENKF € BAEBAW R B DN FER M |
JO OJEFMBDIBMFEPOD VOFQSFTTJPO &U OPVTBWPOTWVRVFTPOJ
Zl
(h)ydh= (1 DPY):
0
&0 O QPVS EFT JOUFSBDUJPOTFER)TB\DI’EBG/BPKB'B].MW? ® BSBEERUBODFT

DPNQBSBCMFTBVY IDIFMMMBIWBMENBNFMBIMBEISFMB QSFTTJPO EF EJ
GPODUJPO EFDPSSIMBUJPO EF QBJSF

'64B?2 'PSNBUJPOE VO MNEFQSINPMPEWMBHRMB TG BYBBRMP O

"JOTJ MBNJOJNJTBUJPOEFM IOFSHJFMJCSFRVFOPVTBWPOTF FD
SIJIRVFT F POESFMPSTRV JMEFWJFOUQMVTBWBOUBHFVY E VOQPJO!
QJRVF -FTFVIMTFTJUVF MPSTRVF MF HBJO IOFSHITUJRWFGVAW S5 B MSBF ¢
TIDSJUBMPSTEFMBGBIPOTVIJWBOUF QBSVOJUIEFTVSGBDFEV MN

Zh

Or,,?2
U= dz:
e . ( z)dz

- JOUIHSBMF EIQFOE EVNPEOMF EFT JOUFSBDUJPOT NJDSPTDPQJRVF
DSJUJRVFQPVSVOFIQBJTTFVSJO OJF UFMMFRVFMFNPEOMFNBDSP
FTUJO OJF POSFUSPVWFJDJVOFUFOTJPDD SBUBRVMRVIRBBWESBJIU |

4JM IQBJTTFVS UJSIFFTU OJF MBUFOTJPODSJUJRVFCBJTTF DI
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EJNJOVF FUT/{DBBRH MPSARVFTUQBTJO OJ "JOTJ TIJOPVTQSFOPOT
VUIMITIQSIDIEFNNOOBVYRQPTVSBFOPOT

Or
2e

u2="ppy A1 DPW:

-B GPODPDBBOUFOE WFST XYOLMPBRUI WBNU [ISPFO [ISP %F MBNBNF GBIPC
QSFOESFMBQSFTTJPOEFEJTKPODUDPRERBEQR)BMNBRE\EIJSYIJEO UFF B
VOF GPODUJPO EFDPSSIMBUJPOEFQBJSFE VONPEOMFEFTQIOSFTE

2

Or 22 _ .
V%= 1 i 1 DPWM:

%BOTDF NPEOMF OPVTWPZPOT SIB@Q B SIBALFSFTNIFGS B $U IRMF/M FFS URY/
QPVSVO MNE IQBJTTFVSOVMMFDBS MBQSFTTJPOEFUZQF)BNBLFS |
'JOBMFNFOU MBUFOTJPODSJUJRVFT IDSJU

S
0 2ef M (1 DPY)

Oor

Pa

Z
h 1 h
f - = — 2)dz ;
41 DPY) , (2)
DFRVJSFQSITFOUFM IOFSHJFBEJNFOTJPOOIFEFMBQSITFODFE VO
TFI\HBSIFVO BCBJTTFNFOUEF MBUFOTJPODSJUJRVFQBS SBQQPSU BV
yot = -7/ DPW)/ o«

S

U?: UtOt f

1B§FYFN[QMF EBOT MF DBRE VDOP WNMEFIQBUFODRMEM OVNISIRVF MF GB

W BViul1) = 14 ; DF RVJSFQSITFOUF VO TFVJM EF TBUVSBUJPO BTT
OPVT BWROT 7 FW = 7 $FUUF EJ ISFODFEF 7FTUDPNQBUJCMF I
h ; FOQSFOBOUM BOTHBU[;0WN BFW0OBPOW MF NPEOMF EF )BNBLFS Q

MF SBQQFBIMET MBNDNF EIT OJUJPO

1PVS DPODMVSF M BKPVUE VOBVUSFUZQFE IOFSHJFEM IOFSHJI
GPSNFE VOFJOUFSGBDF $FUUF OPVWFMMFIOFSHJF JDJE PSJHJOF
FUWJFOUQFSUVSCFSM IRVIMIJCSFEFTGPSDFTBVDPJOE VOFHPVUU
DFDBTEFQSIEJSFRV VOFEITUBCJMJTBUJPOEVDPJOBWFD MBGPSNB
QFSNFUEFNJOJNJTFS M IOFSHJF /PVTEFWPOTEBOTDFNPEOMF BKP
NJDSPTDPQJRVF TJOPO DFMB NOOF EVO MNE IQBJTTFVS OVMMF *M
EJSFDUFEFM FYJTUFODFEFDF MNEFQSINPVIMMBHF NBNFBBOT MF\
UJPOOFOUM FYJTUFODFEFQBSUJDVMFTDIBSHIFTIPSTEF MBHPVUU
EPODEMBMVNIJOSFEFOPTQSIEJDUJPOTEFQPVTTFSQMVT FOBWBOL
EFMEEFMBTBUVSBUJPO

(JHWV GH VWUDWLpPFDWLRQ

/IPVT BWPOT WV QSIBBEAVWNQBOMRBY MB MPJE :PVOHFO EZOBNJRVFNPM
TFYOQOMIRVFSTFVMFNFOUBWFD MFSBQQPSUEFTJOUFSBDUJPOTFOUC



*O VFODFTEFTIIUISPHIOIJUIT

MFT NPMIDVMFTEF MJRVJEFFUMFTNPMIDVMFTEF TPMJEF 5PVUFGPJ
EF EINPOUSFS MBMPJE :PVOH BMPSTRVY JMOFDPODFSOFRVFEFTM
EFEFOTJUIEBOTMFMJRVIJEFDSIIFTQBSMBQSITFODFEVTPMJEFNPE.
TPMJEF 1PVSRVPJMFTEFVY NPEOMFT TPOU JMTDPNQBUJCMFT BWFL
MB UFOTJPOEFTVSGBDF &0 %'5 MBUFOTJPO EF TVRGBDAFTU EI OJF

DFRVJT FYQSIJNFHSEDFBVYQSFTTJPOTE JOUFSBDUJPO &0 EZ(
BVOFEI OJUJPONIDBOJRVF QBS M JOWEBBWF MF MDRQUSBBEDOWFANP
BWPOTEINPOUSIRVFDFTEFVY El OJUJPOTTPOUIRVIJWBMFOUFT -PS
M JOUFSGBDF MJRVJEF TPMJEF PV QPVS M JOBVSGFDRRPEDERF WBQ
EFVYEI OJUJPOTOFTPOUQBTIRVJWBMMHYSFM AQYSEBYRPOIBWPBT BEFTV
M PODBMDVMF MFUSBWBJM E BEIITJPO QPVS VO MJRVJEF JOIPNPHO
TPMJEF $FUUF PQISBUJPO OIDFTTJUF RVF MFTDPO HVSBUJPOT EV M.
EFOTJUITDPSSFTQPOEFQPEBMEBETOWUUBOTEFM 00O WPJU BBMRST RVF M
%'5 QSFOEFOGBJUEIKEFODPNQUFDFTF FUTEFGBIRQ® JNRRMEBOWEF R\
EF %'5 TVQQPTFEPODEF GBIPOBVUP DPITSFOUFDFTF FUTEBOT MB E|
MJRVJEF FO YBOUM JOUIHSBMFTVSM JOUFSBDUJPO MJRVJEF TPMJ
EMBNQMJUVEFEFM JOUFSBDUJPO O FTUEPOD WSBJRVF QPVS EFT M
EJ ISFODFFOUSFMFTSITVMUBUTEFEZOBNJRVFNPMIDVMBJSF FU EF ¢

'64B7?2 5SBWBJM E BEIITJPO MJRVJEF TPMJEF 1PVS QPVWPJS SiIBMJT
M IRVIMJCSBHF EFTDPO HVSBUJPOT EFT NPMIDVMFT EF MJRVJEF DPNNI
EBOTMFMJRVJEFEESPJUF '"JHVSFJOTQJSIF EF <

'JOBMFNFOU MFTF FUTEFTUSBUJ DBUJPOTPOUJODMVTJINQMJIDJU
EFTVSGBDF NBJTMFNPEOMFEF %'5MPSTRV JMFYQMJDJUF MFT QPUF
DPNQUF EF DFVY DJ -BMPJE :PVOHFTUEPODBYV OBMCJFO VOF MPJ I
NFTVSIFTFOEZOBNJRVFNPMIDVMBJSF FUWISJ IFBJOTJ -BNFTVSFE
JOIPNPHOOFT EPJUEPODBCTPMVNFOU PUSF DBMJCSIF QBS MFT DPOL
MPSTRVF MB TVSGBDF QPTTOEF VO OPNCSF E BUPNFT DPOTUBOU MP
El OJSVOFUFOTJPOEFTVSGBDFFOF FDUVBOUVOFUSBOTGPSNBUJP
DFTPJUTRVIWBMFOU TJMF MJRVJEFFTUIPNPHOOF FUFTQISFSRVF M
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&RQFOXVLRQ

-BMPJE :PVOH DPOOVFEFQVIT USBEVJUM IRVIJMJCSF NIDBOJRVI
USBUJPO UIFSNPEZOBNJRVF OF QSPUF BVDVOF BNCJHVOUI 4PO JOUF
GBJUM PCKFU EF OPNCSFVTFTJNQSIDJTJPOT &0 F FU MB MJHOF EF
QFVUEPOD QBT QBSMFSEF GPSDFTjUJSBOUXTVSDFUUF MJHOF (SED
EIWFMPQOFBYFS MBRYIBWYPOTQVIOUFSQSIUFSDPSSFDUFNFOU QBSE
MFTJOUFSBDUJPOT FOUSFEPNBJOFTHIPNIUSJRVFT FOMPDBMJTBOL
M IRVIMJCSFEM BQQSPDIFEF MBMJHOF EFDPOUBDU $FUUFBQQSPL
QPSUBOUT 5PVUE BCPSE MBGPSDFFYFSDIFQBSVOTVCTUSBU TPMJ
IHBMFEIQQBSVOJUIEFMPOHVFVSEFMJHOFEFDPOUBDU -BGPSDFFY
QBTM JOWFSTFEFDFUUF GPSDFDBSJIJMOFT BHJUQBTEFT NDNFT TZ-
M JOUFSGBDF MJRVJEF WBQFVS &MMF QSITFOUF FOF FUVOFDPNQP
MJRVJEF RVIJQPSUFRMEBERPODBEOPSNBMFEM JOUKISEBF TPWRBEGF MJF
MBUBOHFOUF $FUUF GPSDFFTUUPVKPVSTPSJFOUIFWFSTMF MJRVJI
NPMIDVMFTEFMJRVJEFTVSDIBRVFNPMIDVMFEFTPMJEF %FQMVT O
BVDBTEF/FVNBOO EBOT MFDBT PaMB MIJHOF EF DPOUBDU TF TJUVF
E VOFQIBTFWBQFVS /PVTBWPOTBMPSTWBMJEIFYQISINFOUBMFNFO
KBNBJTIUITGBJUE OPUSFDPOOBJTTBODF

$FT GPSDFT TPOU DPNQBUJCMFTBWFD MFT SITVMUBUT UIFSNPEZOI
M IOFSHJF &0 F FU QPVSSFUSPVWFSMFTGPSDFTJOUFSQSIUIFTDME
MBJSFT OPUBNNFOUMFTGPSDFTEFQSFTTJPOFYFSDIFTTVSEFTJOU
NJTFT FO TWIEFODFBVYBYOFSFBIPO HIOITSBMF MFT SBJTPOOFNFOUTI
SITVMUBUTCFBVDPVQ QMVTGBDJMFNFOUVUJMJTBCMFTFODFRVJDP
EFMBEJTUSJCVUJPOEFTGPSDFTDBQJMMBJISFT

$FUUFBQQSPDIFQFSNFUFOUIIPSIFEFEIUFSNJOFSDPNQMOUFNFO
MJHOFEFDPOUBDU MPSTRVFM PODPOOBOUMBGPODUJPOEFDPSSIN
EIQFOE E®GEAFSMB GPODUJPO EF QBJSFDIPJTJF 2VBMJUBUJWFNFOU F
BUUSBDUJPOTEF7BOEFS8BBMTQPVSEFT VIEFTTINQMFT - BOHMFE
EF MJRVJEF EIUFSNJOIQBS M IDIFMMFNJDSPTDPQJRVF QBS MFT RVF
EF 7BOEFS 8BBMT EBOT MF MJRVJEF FUBWFD MFTPMJEFT IRVIMJCSF
EIQFOEQBTEFMBGPSNFQSIDJTFEFM JOUFSGBDF 4BEIUFSNJOBUJP
TINQMF GBJURVF MF MJRVJEF GPSNFVO DPJOEM BQQSPDIFEF MB MJ
EVQSP MEFEFOTJUIEM BQQSPDIFEVTPMJEF O POUQBTE JO VFOD
UFOTJPOTEFTVSGBDF EF GBIPONIDBOJRVF DFRVJFTUBCTPMVNFOL
FUOPUBNNFOUQPVSMFTTPMJEFT BMPSTRVFMPSTRVFMFMJRVJEFF
FUNIDBOJRVFTPOUIRVIJWBMFOUFT

IPVTBWPOTQVEFMBNBDNFGBIPOEIUFSNJOFSMFTF FUTEFMBQSJT
UFMMFM IOFSHJFIMFDUSPTUBUJRVF /PVTBWPOTQVQSPQPTFSVOFE
EFM IMFDUSPNPVIJMMBHF $FTF FUTT JOUFSQSOUFOU FODPSFVOFG
E VO MNEFQSINPVIMMBHF QFSNFUEFNJOJNJTFSM IOFSHJFIMFDUS
UFOTJPOTEFTBUVSBUJPOTPCTFSWIFTEBOTMB MJUUISBUVSFTPOU E
IQBJTTFVSEFRVFMRVFTUBJMMFT NPMIDVMBJSFT FUEPOUJMFYJTUI

%BOTEFTFYFNQMFTDPODSFUTDFQFOEBOU M BOHMFE IRVJMJCSF
OBOUO JNQPSUFRVFMDBTSIBMJTUF OPVTGBJTPOTGBDFEEFTJOIP
TUSBU FUDFMBEEFTIDIFMMFTCFBVDPVQ QMVTHSBOEFTRVFM IDIF
DSIFJOIWJUBCMFNFOUEFM IZTUISITJTTVSM BOHMFEFDPOUBDU TB
/IPVT BCPSEFSPOTDFT RVFTUJPOT EBOT MFTDIBQJUSFT TVJWBOUT 5
TIJONFEIJNFOTJPORVFOPVTBWPOTEIMJCISINFOUNJTFEFDUUIEBOTI



$PODMVTJIPO

VOFJOWBSJBODFQBSUSBOTMBUJPO EF MBMJHOFEFDPOUBDU DF RV
KVTRV JDJ 0S MBMJHOFEFDPOUBDUBCJFOTPVWFOUVOFTUSVDUV
DPOUSBJOUFTHIPNIUSJRVFT VOFHPVUUFBYJTZNIUSJRVF PVE JOIP
TIJRVFT 2VFMMFFTUM JO VFODFEFDFUUFTUSVDUVSFTVSM IOFSHJ
RVF OPVT BMMPDMBIQMEBYBSF QBSU MBEJTUSJCVUJPO EFT GPSDFT
EBOTDFDIBQJUSFO FTUQBT VTVFMMF IJMZBVOFGPSDFUBOHFOUJI
EFMBMJHOFEFDPOUBDU 4JMFTPMJEFFTUEIGPSNBCMF DFMBEPJU
TZNTUSJRVFT %FMBNBNFGBIPO RVFMTTPOUMFTF FUTEFMBQSFTT.
$ FTUDFRVFOPVTOWEIFSPOT BV
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/| PYVCMJFQBTDFRV BEJUMFNIEFDJO D.
QPTPMPHJFIBT BQQFMMF &U EF MB QPTPM
RVFTUJPO EF HPVUUFT
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$IBQJUSBOPHPVUUFT " SFUPVSEMBUBCMFEFTNBUJOSF

-BUFOTJPO EF MJHOF
%i OJUJPO UIFSNPEZOBNJRVF
1STEJDUJPOT UITPSIJRVFTFUWISJ DBUJPOTFYQIiSIJNFOUB
1SPCMINBUJRVF
/BOPHPVUUFTFOEZOBNJRVFNPMIDVMBJSF
$PO HVSBUJPO OVNIiSJRVF
.FTVSFEFM BOHMFE :PVOH
1SP MEFEFOTJUIFUNFTVSFEFM BOHMFEFDPOUBDU
3ITVMUBUT UFOTJPOEF MJHOF
/BOPHPVUUFTFO %'5 TINQMJ IF
1SJODJQF
'PSNFE VOFHPVUUF
3ITVMUBUT
*OUFSQSIUBUJPO HIPNITUSJRVF
$POUSJCVUJPO TPMJEF MJRVJEF
$POUSJCVUJPO MIJRVJEF MJRVJEF
#IJMBO
& FUTEFTUSBUJ DBUJPO
$PODMVTJIPO

/D WHQVLRQ GH OLJQH

-FEITWFMPQQFNFOU EF MBNJDSP VJEJRVF MPSTEF MBEFSOJOSF EIDF
UIFSNPEZOBNJRVF JOUSPEVJU QBS (JCCT BBBOUFICPTAQ BS EFDMWMIHORW BY
WPJSEBOTMBTVJUFRVFMBUFOTJPO EF MJHOFFTUM BOBMPHVF EF N
RV FMMFKPVFVOSUMFJNQPSUBOUQPVSMFTQFUJUFTHPVUUFT E VC
UFOTJPO EF MJHOFFTU EPOD JNQPSUBOUF MPSTRVFEFT QITOPNOOFT
MB SFWVFE "NJSGB[WB¥UT BHIJSEF QITOPNOOFW EB\DPREFDD BM VP®D £
INVMTIJPOT PVFODPSFEFTNBUISIBVY QPSFVY <

'"PPQLWLRQ WKHUPRG\QDPLTXH

1BSBOBMPHJFBWFDMBUFOTJPOEFTVSGBDFRVJFTUEI OJFDPNNFIU
EVFEMBQSITFODFE VOFJOUFSGBDF TIQBSBOIB DFOYT QPBTEF MWFIS M
E TOFSHIJFMJCSFQBSVOJUIEF MPOHVFVSE VOFMJHOFEFDPOUBDU T
MIJEEFVO TZTUONF QSITFOUFEPODUSPJTUZQFTEFDPOUSJCVUJPOT
QSFTAFMFASTRVF WPAWBESM¥NEFT DPOUSJCVUJPOTTVSGBDIREFTMPSTR
JOUFS$S®BBEBFOU BTTPDJIFT BVY QBSBURUTSIPIOIIOAFOVSGBDF EFT JOUF



-BUFOTJPOEF MJHOF

MJRVJEF WBQFVS TPMJEF WBQFVS FUTPMJEF MJRVJEF EUFO OVC

EFMBMJHOFEFDPOUBDUWBSJF QPVS MBRVB N ® FNIOCUFMUS P BVERJ NIJFHC(

X
dF = PdV+  dS+ dL:

|

$POUSBJSFNFOU E MB RRAVG EFPIQBDRUBFISEGBNBNIJWF QPVSRVFEFM FYJTUFOI
JMBIUITQSPVWIRVFMFTIJHOPERMBWEB T PRUSEEMIFHSNIOI QBS EFT BS*t
< > %F QMVT EF OPNCSFVY QSPCMONFTDPODFQUVFMT EFNFVSFOU
< >

/{PUPOT RV JDJ MF DPODFQU EF MBUFOTJPO EF MJHOF O FTU QBT M
TZTUONFTEEFVY EJNFOTJPOT *MZBQVZBWPJSQBSMFQBTTIVOF DF
DVMJFS MBUFOTJPOEFTVSGBDFEEFVYEJNFOTJPOT RVIJDPODFSOF
FOUSFEFVYTZTUONFTQMBOT QBSFYFNQM¥F EFTNPOPDPVDIFT FTU

,QYyXHQFH VXU O-DQJOH GH FRQWDFW

-FTZTUONFMFQMVTTINQMF QPVS MFRVFM MBUFOTJPO EF MJHOF QF\
TVSVOTVCTUSBUTPMJEF FODPOEJUJPOT EF NPVIMMBHF QBSUJFM
DBMPUUF TQIISIJRVF DBEEHFWSMIAQBEMBEBBZBDU FUOGRBOHMF EF
MF SBZPO EFRFDPVGCVBE®6 MF SBZPO EF MB HPV U WRF ¥ R/F TR BRFIISVNIBOO B
'JHVSF-FWPMVNFEFMBHPVUUF FTU

1 1 2 DPF¥ DPT
V=§R32 3DP¥F D?’T=§R3 3 :

T3o '

MB TVSGBDFEFM JOUFSGBDF MJRVJEF WBQFVS
1 DPT
Sv =2R?1 DP=2R2?=——;
LV ( )T Tao

MBTVSGBDFEFM JOUFSGBDFTPMJEF MJRVJEF
Ss. = R?;

FUMBMPOHVFVSEFMBMJHOFEFDPOUBDU
L=2R:

-PSTRVFM PONJOJNJTFM IOFSHJF MICSF\WBE 38K PHNCITUBENB BB®HMF E
M IRVBUJFO E BVREFQBBUFSWFOEQMBBERVBUIPO EPJU 8H ER\EBIFT
&O M BCTFODFEFUFOTJPOEF MHEHDOM DRVBW FPEISFIFOG VEFOBDWE

@s . @8 @V  @w = @S @V
@R ) @R @ @ ' @ @R

QVJITdSYF= dSst FURVF QBS DPOTFSWBWRPO E@WER/HVE@W®SR® O (BD

PCUJFOUBMPSTFOVUJMJTBOUMFTEI OJUJPOTEFTWRMVNFTFUEFT

0;

DPE 2L %= DPJ;
-7
DF RVIJDPOTUJUVF MB-NBROHM PEOBPOUBDU E VOF HPVUUF EM TRVIMJ
4JM PO UJFOU DPNQUF EF MBUFOTJPO EF MJHOF PO F FDUVF MF NBN
< >

I .7
R b

DP¥ DPJ

D FTU E EJSF
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DPE DPJ+ — ;
Y-r R,

PAPOBEI OJMBMPOHVFVSEFWEFRNBOPRO E§F MHOBEOUF

- BOHMFEFDPOUBDUFTUEPODNPEJ TQBSMBQSITFODFEFMBUFOTJP
EFTHSBOEFTHPRUUF MUBE®WNF @V U QBT NPEJ | &0 SFWBODIFQPVS
UBJMMF FTUEBMPERIEM BEHMF FTUNPEJ | 4J MBRUROOIHPBUBEMREBW P ST
UBJMMFEFMBHPVUUFEJNJOVF MFDPTJOVTEFM BOHMFEJNJOVF FU
MBMPOHVFVSEFMBMJHOFEFDPOUBDUEPJUDUSFNJOJIJNJTIFMPSTRYV
MBUFOTJPOEFMJHOFFTUOIHBUJWF POT BUUFOEEDFRVFMFTQFUJI
NBYJNEBI®T DF DBT 60FUFOTJPOEF MJHOF OIHBUJWF OF NOOF QBT GF
FMMFFTUDPOUSFCBMBODIF QBSPWE BROPTUPWEVMHAUBBBOFNFOU JOUSP
TVSMBMPOHVFVSEFUFOTJPOEFMJHOFDBSOPVTBMMPOTWPISEBOT
MFT MIRVIEFT TINQMFT

$FUF FUFTUUSOT EIQFOEBOU EF MB HIPNITUSJF EF MB HPVUUF &O
USBOTMBUJPO jDZMJOESJRVFTx QPVS MFTRVFMMFT MB MJHOF EF I
SFEINPOUSFSEFMBNDNFNBOJOSFRVFQSIDIEFNNFOUFO QSFOBOU QI
V = R¥( DPTJPSy =2R Ss=2RTJCFIU=2 FUPOSFUSPVWFMBMPJE :PVOF
60 1PVSEFUFMMFTHPVUUFT MBUFOTJPOEFMJHOFO BEPODBVDVC(
DF RVFMRVF TPJU MFVR BBJMRQEB$FBIXBDEFEOS MB MPB EU:BYOHINFFREMJITHE
DPVSEVIMB MIJHOFEFDPOUBDU RVIFTUOVMMFEBOTMFDBTEFT HPVL

'64B?2 A4DIINBEFEFVYHPVUUFTQPTTIEBOU MBNBDNF MBS KWPWFFU MF ND N
R MFSBZPO EF MBHPVUUFWVFEV EFTTVT ® HBVDIF MB HPVUUF FTU JOWE
DPOUBDU DBMPUUFDZMJOESJRVF FUEESPJUF MBHPVUUFFTUBYJTZI
HPVUUFT M BOHMFEFDPOUBDUEF MBHPVUUFBYJTZNIUSJRVFFTUB FDL
DBT QPVS MBDBMPUUFDZMJOESJRVF

BUPGLFWLRQV WKpPRULTXHV HW YpULPFDWLRQV H[SPULPHQWDOHYV

-FTQSIEJDUJPOTUIIPSIJRVFTEFM BNQMJUVEFEFMBUFOTJPO EF MJH
BTTPDJIFEMBQSITFODFEFMBMJHOFEFDPOUBDU FOVUJMJTBOU MB
GPODUJPOOFMMF BF MBEFDNPEBIOMFT CBTITTVSEFTEIQMBDFENFOUT E|
BOBMZTFTQSIEJTFOUEFT WBMFNGS EFFIFFEILIPE NE FAMDIRHNOFP SUFNFO U



-BUFOTJPOEF MJHOF

EF DFUUFUFOTJPO EF MJHOF QSPDIREF M F U BEOVAQ U ORJO SEEFUNPBR/S M1VDB
EJWFSHFPVT BOOVMFFO GPODUJPOEFTEBUBIJMTEFM JOUFSBDUJPO

2VBOUJUIEFNFTVSFTFYQISINFOUBMFTPOUIUIF FDUVIFTQPVSEIU
EJSFDUF QPVS EIMUFENUVUESFS M BOCONGPPPDPPO BEFPRIBAOWME SMIOWOF EF
DPOUBDUE BQSOTIM HRVBUEBSFFO GPODUJPO EF MBUBJMMBEF MB HP
GBJUEFTIDIFMMFTEF MPOHVFVS USOT QFNWB T WIBMFENGFREW FFTTE/BBI IV E
CFBVDPVQ EFTWBMFVSTEMBGPJT QPTEUJWHT FO WIBIBIRHQFSTUAB B M
SBJTPO EF DFUUF HSBOEF WBSJBUJPO FTURVF MB EIUFSNJOBUJPO E|
EDBVTFEFM IZTUISITJT DBVTIF QBS MF¥ JBIRRPHESFIUOTFAEFPTV 6 GIRD
QSPWPRVFSVOFHSBOEF&WBFIW MPBUDPOEFENJOBUJPOTEMBTVSGBD
VODIBOHFNFOUEVTJHOFEFMBUFOTI»?PBEQWIHOMBEQRWBOBEBOMB YFOT.
HIOISBMFNFOUNFTVSIFDPOWFSHF WFSTVOF WBIWFYSOTHBUJWF FUE

JJTUPSJRVFNFOU D FTUCJFOM IUVEF EF HPVUUFTTVS EFTTVCTU!
UFOTJPO EF MJHOF -FT SIDFOUFTIUVEFTEF OBOPCVMMFTE MBTVSG
QFOEBODFEFM BOHMF EF DPOUBDU FO GPO® BbPR/WEG RMFAV I M BINMNERB 4
NFTVSFSEFTBOHMFTEFDPOUBDUBVYIDIFMMFJNQMJRVIFT EF E (
SBZPOEF MBHPVUUF TFUSBEVJUJNNIEJBUFNFOU QBS VOF JNQSIDJT.
DIMFEFT BCTUFOJSEFDFSUBJOTBSUFGBDUTFYQISIJNFOUBVY 1BSF
DPVSCVSFEFMBQPJOUF"'".QFSUVSCFHSBOEFNFOU MBNFTVSF EF MB
NFTVSFTEFUFOTJPO EF M3 HIDARNTNWSDWR Bl BIFIIT SFNBSRVI SEDBWNFOU C
< > "JOTJ EFTNIUIPEFTBMUFSOBUJWFT POU IUTEIWFMPQQIFT QBS
BVWPJTJOBHFEFMBMJHOFEFDPOUBDU QBS MBNFTVSFEFTEIWJBUJ
DPJO< > 1PVSVOFSFWVFDPNQMOUFEFTSITVMUBUTFYQ*SIJNFOUBYV

SUREOpPDWLTXH

-BEIUFSNJOBUJPOEFMBUFOTJPOEFMJHOFFTUEPOD QSPCMINBUJR®
E VOQPJOUEFWVFUIIPSJRVF /PVT QSPQPTPOTJDJE VOFQBSU EF NI
MIDVMBJSF QPVS TB EIUFSNJOBUJPO &0 F FU M BWBOUBHF EF MB EZ
QSFOESFTPJOEMBEI OJUJPOEFM JOUFSGBDFFUEMBNFTVSFEFM E
DVMBJSF OPVT QPVWPOT TUBCJIJMJTFSEFTHPVUUFTEEFVY EIJNFOTJF
DPNNF OPVTBMMPOT MF WPJS DPNNFDFRVJBIUIUFOUIFYQISIJNFOU
NPMIDVMBJSF

&OTVJUF OPVT QSPQPTPOT JDJEF EIUFSNJOFS MBUFOTJPO EF MJ}
IFRVF OPVT BWPOTOHBMRM/P&QIBPWSSPOT BMPST DPNQBSFS MFT SIT!
NPMIDVMBJSFBWFD OPUSF NPEOMF FUBOBMZTFS MFDPNQPSUFNFOL

1PVSEIUFSNJOFSDFUUFUFOTJPOEF MJHOF OPVTVUJMJTPOT MB N
M BOHMF EFDRIPUWOEDUIPO EF MB DPVSCVUAFE BRYSMI MO R ZEBRIPFOW® D U
TZTUONF UIIPSJRVF /PVTF FDUVFSPOTEPODDFUUFNFTVSFFOGPOD
QPVSIUVEJFSMBEIQFOEBODF EFWBWREBY¥FYVEMRMERUFIOARO/TM BWPO

/IPVT BMMPOTF FDUVFS DFT TINVMBUJPOTE MB GPJT QPVS EFT HPV
FUQPVSEFTHPVUUFTJOWBSJBOUFTEBOT VOF EJSFDUJPO DZMJOES
JOUFSGBDFTEFHPVUUFTEFNBDNFUBJMMFNBJTBWFD PV TBOTVOFDP

IPVTBMMPOTDPNNFODFSQBSIUVEJFSMFDPNQPSUFNFOUEFHPVUL
NJRVFNPMIDVMBJSF QPVS VO QPUFOUJFM EF -FOOBSE +POFT $FT TJ!I
EF DPNQBSBJTPO QPVS MFTRVFMMFT BVDVOF IZQPUIOTF O FTU SFRV.
MBUFOTJPO EF MIHOF QVJTRVFDFUF FUTF NBOJGFTUF QSJODJQBMF
GBJSFEFTNFTVSFTTVSEFTTZTUONFTQBSGBJUT D FTU E EJSFOF QF
EF TVSGBDF %FTIUVEFTEFDFUZQF POU EIKE INBFTRADOFIETEBBZME [
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UJRVFO BBQQBSFNNFOUKBNBJTIUIDPOEVJUF /PVTBOBMZTFSPOT F(
HIPNTUSJRVFRVFOPVTBWPOTEIWFMPQQIQMVT UUU

IDQRIRXWWHY HQ G\QDPLTXH PROpFXODLUH

&RQPIXUDWLRQ QXPpULTXH

-FTTINVMBUJPOTEFEZOBNJRVFNPMIDVMBJSF QSITFOUIFTJDJPOU T
< > -BTIJNVMBUJPO QPSUFTVSVO TZTUONF CJOBJSF EBOT MFRVFM I
UJDVMFTEF VJEF RVIJQFVWFOUTFEIQMBDFSEBOTVOFQIBTF QPVWE
EFTPMJEFEPOUMFTQPTJUJPOTTPOU YIFTTVS VOISHVEBMD\QBIRVF E
UJDVMFT VJEFTPOUCMFVFT FUMFTQBSUJDVMFTTPMIEFTTPOU CME
QPUFOUJFM EF-FOOBSE +POFTTVJWBOU

LJ _ 12 6
=4 7 T
*DJ SFQS'I'TFOUFM BNOQMJUVEFEFM BUUSBYDIEIPRVDRMFEVFOFQBO B DB
EFUZQNJEF PV TPMJEF O@H_:'I'LQLO(DUPEB(MEFT EFVY UZQFTE $(BQS$BDUJP
TFOUFMBUBJMMFDBSBDUISJTUJRVFEFTNPMIDVMFT OPVTM BWPOT |
1PVS MFDBMDVM MFQPUFOUJFM F'E)U USPOR¥bE VBFTREBQBOD MBRMB
LU FTU QSBUJRVFNFOU OVM -FdO8T Em/{ROQM FUROYIMB NBTTF EFT QE
DVMFT -FTQBSUJDVMFTEF VIJEFTPOUJOJUJBMFNFOU QPTJUJPOO'I'F'
EVTVCTUSBU FUFMMFT SFMBYFOU WFST VOF TJUVBUJPO EJIRVJIJMJCEC
HVSF %FTDPOEJUJPOTBVY MJNJUFTQ'I'SJPEJRVFTTPOU JNQPT'I'FT EE
DJFSVOFHPVUUFBYJTZNIUSJRVFFUVOFHPVUUFDZMJOESJRVF OPV
DJUI %BOTMFDBTBYJTZNIUSJRVF j €x DFTEJNFOTJPOTTPOUTV
QBSUJDVMF O JOUFSBHJU QBT BWFD FMMF NBNF %BOT MF DBT DZMJ(
USBOTWFSTFT UBOHFBUJFMR\FIBD/STF YVOFSIBRN FUF JO OJNFOU MPOHYV
EF GBIPOBSUJ DJFMMF $FUUFEJTUBODFEPJUDUSFFOF FU QMVT QF
BQQBSBOU QPVS EFTMRBHVFVSTE POEF

-BNPVIMMBCJIJMJUI TVS MFTVCTUSBUYFIU DEPS)IE\JBNQ(MCETFFQBE BB GE
HSBOE MFT QBSUJDVMFT TPOU QMVT BUUJSIFT QBS MF TPMJEF FU P(
VOFBOHMFEFDPOUBDU GBJCMF 5PVUF VOFHBNNFE BOKBMEEGF DPOL
QSBUJRVF POPCTFSWFVOF FUEFTUSBUJ DBUJPOEBOTMF MJRVJEF
MFTQBSUJDVMFT EF MIJRVJEFTF TUSVDUVSFOU FO DPVDIF EDBVTF E|
RVFM POQFVUNFTVSFS POTFSFTUSFJOU EPODEEFT BOHMFTTVQ'I'S.

*RXWWHYV F\OLQGULTXH HW VSKpULTXHYV

-BJHVSFB NPOUSF MFT SITVMUBUTEF EFVY TINVMBUJPOT EF OBOPHP
QPTTIEBOU VO REOWR/SBXPMB USBODIF FUE POBMP¥BWPDIBDWESJIR
HBVDIF FTUGPSNIFEBOTMFTZTUONF RVBT) % Pa4aM VOFEFT MBSHFYV
BSFQSITFOUIMB QISJPEJDJUIEFTDPOEJUJPOTBVY MINJUFT QBS MF~
FTU RVBOUEFMMF GPSNIFMPSTRVFMBCPOUFEFTJNVMBUJPOFTU T\
EF MBTIJNVMBUJPOFTUVOJOTUBOUBOIEFM IWPMVUJPOUFNQPSFMM
UFNQPSFMMF DPNQMOUFNFOU PO QFVU SIBMJTFS EFT NPZFOOFT UFN
EBOTM FTOBOEFFGBNPOUSF MFTDPVQFTEFTJTPDPOUPVSTEFDFUUFE
TFDUJPOUSBOTWFSTBMFEFDFTEFVYHPVUUFTEFHIPNIUSJFTEJ ISF
RVFM F FUEFUFOTJPOEF MJHOF RVJEFWSBJUNPEJ FSM BOHMF EF
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NDNFQPVSEFTHPVUUFTEFDFUUFUBJMMF 1PVS RVBOUJ FSDFUF FI
DPOUBDUE VOUFMTZTUONF

'64B7?2 B JOTUBOUBOITEF TINVMBUJPO EFEZOBNJRVF NPMIDVMBJSF E
HBVDIF FUE VOF HPVUUF TQIISJRVF | % x EESPJUF -FTTQIOSFTCMBODI
NPCIMFT RVIGPSNFOUVOTVCTUSBUTVS MFRVFM MBHPVUUFDPOTUJUV
NPVWFNFOU TF GPSNF -FT MJHOFT CMBODIFT TPOU EFT HVJEFT QPVS SF
DPOUBDU BJOTJRVFMBQISJPEJDJUIEFMBTIJNVMBUJPOEHBVDIF POBQ
RVJTPOUFOF FU SIQIUIFT $ FTUDFUUF QISJPEJDJUITRVJ QFSNFU EF D!
HBVDIF $FTHPVUUFTT%L%PDBIR(VVFE'PQB‘FS/O BOHMFEFDPOUBDUE :PVO
y 65 C $POUPVSTE JTPEFOTJUIEF MB NPZFOOF TUBUJTUJRVF EF MB E
B -BOHMFEFDPOUBDUFUMBGPSNFTPOURVBTIJNFOUJEFOUJRVFT 00
MJRVJEFTVS RVFMRVFTDPVDIFTNPMIDVMBJSFTKVTUFBV EFTTVTEV TPN

OHVXUH GH O-DQJOH G-<RXQJ

1PVSEIUFSNJOFSM BOHMFE :PVOHE VOFTIJNVMBJPOJR FTWESEJSH
GISBCMFEFGBJSFVOFNFTVSFEFTUFOTJPOTEFTVSGBDF D FTU E EJ
F FDUVFVOBVUSFUZQFEFTIJNVMBUJPO QPVS MFRVFM PO SIBMJTF VC
QMVTEFQBSUJDVMFTEBOTMBNBNFCPOUF /PVTQPVWPOTBMPSTSIB
DFMMFTRVFOPVT BWBONRFEDRY EFATIBRMUBISRKFOIHWSFWBIS QPVS
QMVTEFEIUBJMT

BURPO GH GHQVLWp HW PHVXUH GH O-DQJOH GH FRQWDFW

1PVSF FDUVFS VOF NFTVSF QSIDJTFEFM BOHMFEFDPOUBDU OPVT
VOF NPZFOOFUFNQPSFMMF FUTQBUJBMF FOVUJMJTBOU MB TZNIUSJ
IWFOUVFM NPVWFNFOU HMPCBMF EF MB HPVUUF PO YF MF DFOUSF E
MFT HPVUUFT POU BUUFJOU M IRVIMJCSF MFEQSPBMEERERQT XWHF
'JHVSFB > $FMBDPSSFTQPOESBJUE VOFNPZFOOFFOUSF FU OTQP\
EFM JOUFSGBDFE VOFHPVUUFFTUEPODEIUFSNJOIFQBS M TUVEF EF
SFOPSNBMJTIF

(f) = (" v :
v

L+
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'64B?2 $POUPVSTJTPEFOTJUT EF MBJHPASUEF SER PSIRVE BS FBT
DPOUPVST TPOU SFQSITFOUIT EfEFPOINTBECPYHERUPITBEOHF
-FTDPOUPVSTTPOUBKVTUITQBSEFTDFSDMFTOP ODFSPUBEVERGFTIQPJO|
SFOPSNBMJTIi MF MPOHFE V¥ OCBHDFF@ EBOU EF MB DPVQF PAFMMF FTU SiBM.
TPOUDPODFOUSJRVFT 4POUSBQQFMIFTTVSDFQSP MMFTEFOTJUITSFQ
BKVTUI QBS VOF UBOHFOUF IDQUFSGBDIRYFETTOEW EP@Y NMRBEBITTEVS
/IPVT QPVWPOT WiSJ FSRVFMFTJTPEFOTJUIT TVIWFOU DFUBKVTUFNFOU
M IiDIFMMFEFUPVT’MPTSDPOPEVESWY¥RVFD FTUCJFOMFDBTTBVGEM BQ
DPOUBDU P4 M BKVTUFNFOU QBS VO DFSDMF O FTUQMVTCPO 0O El OJUE
MPJO EF MBMJHOF EF DPOUBDE@BS MBDPVSCFEF EFOTJUI
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Pa FY DPSSFTQPOEFOUSFTQFDUJWFNFOUBVY WBMFVSTEFMBEFOT.
MJRVJEF FUWBQVNSOWBRFNSWF BJUSIBI WSHMBT JTPDPOUPVSTEFDFUL
PSBOHF GPVSFO SPVHFEQPVBUFO CMREV QPYBT JTPDPOUPVST TPOU EFT
EF DFSDMFTDPODFOUSJRVFTDPNNF FO UINPJHOFOU MFT BKVTUFNFO
1SPDIFTEVTVCTUSBUTPMJEF MFTDPOUPVSTTFSBQQSPDIFOUEVTPMN
OPVT M BWJP OTFDBM B&M 0 MB QFVU PCTFSWFS VO BVUSF QITOPNOOF
MJRVJEFKVTUFBV EFPT WBEFDVTOUUBBDXMMF FO GPODUJPOEF MBEJT
EFTJOUFSGISFODFTBWFDDFUF FU OPVTJHOPSFSPOTDFUUF QBSUJJ
EPODF FDUVIFTVSMBQBSUJFFYUFSOFEFM JOUFSGBDF POF FDUVF
DPOUBDU FUPOFYUSBQPMFKVTRVRBVUMCHEUISEE BPUBOSBOWFS MF ¢

5PVUFGPJT RVFMJTPDPOUPVS DIPJTJS 00 WPJUFOF FURVF MF D
TVS MBWBFMBESESM (QBJTTFVSEFM JOUFSGBDF OF QFVU QBT DUSF C
QSOTMFQSP MEFM JOUFSGBDF D FTU E EJSF MB @ B¥ DSS$THFOMB EFD
MBHVSFC $FQSP M QPVS VOF EJSFDUJPO EPOOIFMPJO EF MB MJHOF
GPODUJPOEFUZQFUBOHFOUF IZQFSCPWP\RIVFBPPHUNFOPVT M BWJIPOT

-1 s usofe "
2 w

$FUBKVTUFNFOUFTUJOEIQFOEBOUEFM FOESPJUP4JMFTUQSJT DF
QFOEBOUEFMBHIPNIBSIFESIN FXDWFBSBEBDFMF SBZPO EFMB TVWXUGBDF E
wWMB MBSHFVSEFM JOUFSGBDF FEERPAPWIRR VP F DBIMMEIFO DF QSP M Q|
ESJRVFTRVJIJWISJ FMBMPJE :PVOH FROS$RWPE K3 T B FEEGEEI DS EIFEHS D
MF GBJURVF MBMBSHFVSEFM JOUFSGBDF QFVU DUSFEIUFSNJOIFJO
M IZQPUIOTF EF M JOUFSGBDF JO OJNFOU OF VUJMJTIF EBOT MF NPE
SBJTPOOBCMF

/JPVT QPVWPOTBJOTJGBDIJMFNFOUUSBOTGPSNFSMFTJTPDPOUPVS
TFSIEVITFOU UPVT TVS MB NP N-F DPDPGCIN FEPOME FDB S'BASKIHFOUT TVS
00 PCTFSWF UPVKPVST MF GBJU RVF QSPDIFEV TPMJEF DFU BKVTUFN
$ FTUDFQSP MNPZFOOIRVFOPVTVUJMJTPOTQPVSNFTVSFSM BOHM
MB WBSJBODF EF DFUUF NPZFOOFRVJFTUVUJMJTIFQPVS EIUFSNJOF®

&0 O JM OPVT GBVUEI 0OJSBWFD QSiDJTJPO MB QPTJUJPOEF M JOlI
MJHOFEFDPOUBDU FMMF FTU QP BJP BR/CEFITFTE/F NEB/(IRSUF BFSER M 8 EEFSH
EF QBSUJDVMFT EF TPMJEF $F DIPJY FTUDSVDJBM QPVS EITUFSNJOFS
DJ BQSOT EF MBNDNF NBOJOSFRVFMFDIPJYEFMB T TVSGBDEF EF Ei O.
QPTURBIPEF GBJUOPUBNNFOURVFMBUFOTJPO EF MJHOFEF HPVUUFT
BMMPOT MF WPJS

5pVXOWDWVY WHQVLRQ GH OLJQH

-BJHVSHA NPOUSFMB SFMBUJPO FEIBFIV BD BHFMFRVEBFRGUEDRIZPOQP V!
EJ ISFOUFTUBJMMFTEFHPVUUF - BOHMFE :PVOHZFTUBVTTJSFQPS
EFTTVT OOPCTFSWFBMPSTRVF MB E|Q FIEGP®F ENPIDPEHR M MFOEWFAS BOE
FTUFOF FUMJOIBJSFQPVS MFTHPVUUFTTQIISIRVFTBMPST RVF MFT
FOR /PUPOTRVFMBOPO EIQFOEBODFEFTBOHMFTEFTHPVUUFTDZMJ
BVTTIMFDIPJYEFMBTVSGBDFEF (JCCTQPVSEI OJSM JOUFSGBDF V
QVJTRVF DFMBBVSBJUDIBOHI MF SBZPOFUM BOHMF EFDPOUBDU BQ
VOFESPJUFE BQSOTBBS6EMBQPFOUJWFEFDFUUFESPJUFOPVTJOEJR
EF MJWFOB QPTJUJWF DFRVJFTUDPIISFOUBWFD VOFUFOTJPO EF MJ}
1PVSVOBOHMF=E :PVPGBIUSPVWFBMPST MB MPOHMFVS EFUFOTJPO EF I

&OTVIJUF QPVSNPEJ FSM BOHMF E sP V.0 HF POONWETDVIES M M SBQHNPS B F
FO GPODUJPO EV SBZR® QP DEBRRYV B BSFHSEMF E PV O HyE RBOM P2OVHAWFRNABFETH
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UFOTJPO EF MJHOF SFTUF QPZBIEJQFOE®B 8 b MFA Y ESSBHQEESE FE O WIFF TV S M|
PCTFSWF RVFMB MPOHVFVSEFUFOTJPO EF MJHOF EIJNJOVF MPSTRVF
EF MJHOFFTUEPOD QMVTHSBOE MPSTRVFM BOHMFEV DPJO GPSNI QB

'64B 7?2 B DPVR 'QPVSEFTHPVUUFTDZMJOESJRVFT DFSDMFTCMBODT
EPOUM BOHMFE :PVOHNFTVSIJOEIQROEBNNFEGUBNRBPA®I QBS DPT
J K ° -FT MJHOFT FO QPJOUJMMIT TPOU EFT BKVTUFNFOUT MJOIBJS
HPVUUFTTQIISIRVFTFUFOWFSUQPVSMFTHPVUUFTDZMJOESJRVFT -BQ
SFQSITFOUF MB MPOHVFVE BRS6GD WM PROVEEEUNIBABABVYFVS EF UFOTJPO EF MJF
DBMDVMIF QPVS MFT HPVUUFT TQIISJRVFT FO GPODUJPO EF M BOHMF E :
NFTVSFEFMBQFOUFEFM BKVTUFNFOU -FQPJOU SPVHFDPSSFTQPOEBYV
°TPOUEJ DIJMFTEPCUFOJSDBSMFTF FUTEFTUSBUJ DBUJPOEFWJFOO
°SFQSITFOUFOUEFTUFNQTEFDBMDVMEISBJTPOOBCMFNFOU MPOHT

1IDQRJIJRXWWHYV HQ ')7 VLPSOLppH

/IPVT OPVT JOUISFTTPOT NBJOUFOBOU EDF RVF OPVT EPOOFSBJU MF |
EIWFMPRIBIBVWSOF GPJTEFQMVT MBTUSBUIHIJFDPOTJTUFEEIUFSNJO
EF HPVUUFTBYJTZNIUSJRVFT FU EF HPVUUFTDZMJOESJRVFT FUE IU
GPODUJPO EV SBZPO EFT HPVUUFT QPVS EIUFSNJOFS MB UFOTJPO EF
OPVT DIPJTJTTPOTE F FDUVFSVO DBMDVM OVNISJRVF OPO MPDBM D
HIPNIUSJFEBOTMFTRVFMT SITJEF MBUFOTJPO EF MJHOF

3ULQFLSH

$PNNFOIPOT QBS SBQQFMFS TVDDJOUFNFOU MF QSJODJQF EV DBMDV|
OPVT BWPOT EIWFPPDRQP ¥ MVMBIUFSNIJOFS MB GPSNFEFM JOUFSGBDF B
DPOUBDU *M T BHJU EF NJOJNJTFS M IOFSHJF MJCSF QBS SBQQPSU I
DBSBDUISJTIQBSVO QPUFOUJFM DPOTUBOUEM JOUFSGBDF $F QPUF

st(S)+ (9= cste;
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PSDPSSFTQPOEE VOFQPTJUJPOTVSM JOUFSGBDF &U PO SBQQFMM|
TVIWBOUF
z
w($= 2 ESuis 9;
Lz
st($= L s EBs(s 9):
S

1PVSMFDBMDVMOVNISJRVF OPVTEFWPOTTQIDJ FSMFQPUFOUJFI
QSFOBOUFODPNQUF MBGPODUJPO EF DPSSIMBUUPROEF QBJSF POBD

1 —_ C .
(r)_(2+r2)3'
c SFQSITFOUFM BNQMJUVEFEFM JOUFSB0B NPYFDYBE XD F OB KMVD\FNM
UBJMMF NPMIDVMBJSF TVS MBRVFMMF MB GPODUJPO EF DPSSIMBUJP
DPNQPSUFNFOUEFUZQFr7BO BRFK5 GBBUM DERPVREMYNSUFOTIJPOTEF TV S(C
HSEDFBVY SFMBUJPOTJOUIHSBMFFEHIUBJMMIFTBVY IRVBUJPOT
&OTVIJUF OPVTDIPJTIJTTPOT VOF GPSNFUFTUJOJUJBMF VOF DBMF
GPSNFMFQPUFOUJFM MFMPOHEFM JOUFSGBDF /PVTF FDUVPOT BMI
QSPDIBJO UFTU MF QPUFOUJFM TPJU QMVT jQMBU x RV BV UPVS QSID]
GPSNFE IRVIMIJCSF /PVTEFWPOTEPOD SIBMJTFSDFTDBMDVMT QPV S
USBOTMBUJPO FUJOWBSJBOUF QBS SPUBUJPO

&RQPIXUDWLRQ QXPpULTXH

%BOTM PCKFDUJG EF SIBMJTFS M IUVEF EF MB MPOHVFVS EF UFOTJP
EFDPNQBSFSBWFD MFTSITVMUBUT EF EZOBNJRVF NPMIDVMBJSF OP\
DPNQSJT FOUSEPWV¥®IDFMB OPVT EFWPOT QBSBNIUSJTFS M JOUFSGBD
EF TPSUFRVFMFT TP VBUBPOBETBOAOMIFUSBWFSTIFT %F QMVT OPVT ]
QBS SBQQPSUE MBOPSNBMF BV TVCTUSBU TPMJEF EROIFOPVT O BWP
fUBOU ET OJ DPNNF M BOHMF RVF GBJU VO QPJOU EF M JOUFSGBDF S
TPMJEF 5PVUFGPJT MFTDBMDVMTE JOUFSBDUJPOTFODPPSEPOOIF
MFS EFT JOUFSBDUJPOT FOUSF QPSUJPOTEFDUOFTFO BYJTZNIUSJR
DBMDVMPOT MFT JOUFSBDUJPOTFO DPPSEPOOIFT DBSUITJFOOFT /P
QPMBJSF BMPST RVF MFT DBMDVMT EF QPUFOUJFMT T F FDUVFOU QB
TJFOOFT $FMB QFVUJOEVJSFEF QFUJUFTFSSFVSTOVNISJRVFTEF DE
VO QPUFOUJFM DPOTUBOU RVFMMF RVF TANY T B/@ BIEB S PSEFRUGFT 0
RVJEI OJTTFOUMFT QPTJUJPOT E R @ PJINORUTUBROLBYNDWIMERFOQSIFO UFTUE
MB MJHOF EF DPOOBDIFQBVBFOUF MF SBZPO QPMBJSF EFUMD JOTUFBE B
RVF OPVT BMMPOT EIQMBDFS QPVS USPVWFS MB GPSNF E IRVIJMJCSF
QBSBNIUSFBUWIPEY, =1 TJQ QPVSDBMDVMFS MFT QPUFOUJFMT

1PVS MBDPO HVSBUJPO DZMJOESJRVF OPVTEIDPVQPOTYyMB HPVUU
DPNQSJTFX FUSFQPUREUW RMUFSGBDF DSiIi QBS MBHPVUUF FUMF TV

X
i = PExpsyi v+ B xyio ) Y+ ws(i) w0
j=0

PaAaOPVTBWPOT SEUBSBOMIUF RVF MFQPUFOUJFM E MBITRVU MFCEBREURPQ U
UJFM FOUSF VO QPJOU FUVOF CBOEFJO OJF RVFOFVIRFWFODU EU OM E
M IRVBWJPO
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1PVSMBDPO HVSBUJPOBYJTZNIUSJRVF OPVTEFWPOTDBMDVMFS |
EMBEJGWEFOMBYF EF TZNTUSJIF FUqV @RUTRY ER SBZFBOWFD VO j 1 x
DPNNFQPVSj1BMFUXx POBEIKEVUIJMJTIMF|j%xQPVSj%JOESF x $
% FOBOOFYF "MPST MFQPUFOUJFMEM JOUFSGBDFTFDBMDVMFE

X
i = PEXGXsY Y)Y+ s(n) L (0) :
i=0

$OJRULWKPH

60F GPJT MF QPUFOUJFM EIUFSNJOIEQBSUJSEFMB GPSNF OPVT EFW
GBDF EVUZQF

= (bt

ri

EFTPSUFRVFM POEIQMBDFEFMBNBUJOSFEFTSBZPOTEFIBVUQPUF
OEFDPNQUF MPSTRVFMBGPSNFTFSBQQSPDIFE VOFGPSNFEFQPU
DFUUFUSBOTGPSNBUJPO EPJUDPOTFSWFS MFWPMVNFEF MBHPVUUF

= (PR )

BMPSTMBDPOTFSWBUJPOEVWPMVNFQPVSVOFHPVUUFDZMJOESJRYV
(ri™)? (hH*  i=0;
i
DFRVJEIURSININFOU MPPIRTRWHABNNFOU QFUJU
h i
i '

iripit

i
60FBVUSFDPOEJUJPOFTUOIDFTTBJSFQPVSVOFHPVUUFBYJTZNIUS.
-BUSBOTGPSNBUJPO QSPQPTIFTFUSPVWFBDUSFHMPCBMFNFOU IR

HSBEJFOUEFM IOFSHJFMJCSF &0F FU PO QFVUMP BISIMS R ¥ F QIPI\DT- ¢
MJC S R{TTF MPSI U

@F _
Q@r
Pa i SFQSITFOUFMFEIDPVQBHRFO@QMABBRIISFNQMF QPVS VO EIDPVQBH
MBJSF NBJTPOQFVUQSFOESFBVTTJEM PSESFTVQISJFVSVOEIDPVC
MF NPVWFNFQPVT GBIJTPOT EPOD E VOF QBSU M BQORSIRYJNBOUPRWV
RVFM POEJTDSIUJTFFOQPMBJSFPVFOUSBODIFTIPSJ[POUBMFT FU
DUUIMFrGBBS PFMVJI DIJQFVUPDUSFBNFOIEEJWFSHFSE MBMJHOF EF
NFOU USPQ EF QPJETEDFT QPJOUT FU GFSBJU EJWFSHFS M BMHPSJU
M POTFEIQMBDF CJFOWFSTMFNJOJNVNTFMPO KPRPHSBERG ®MEF S UHVBRUB
NVMUIJQMIDBUFVS EF-BHSBOHF
OOQFVUFOTVJUFGBJSFRVFMRVFTSB OFNFOUTTVSM BMHPSJUINF
EFTPSUFRVFMBWBSJBODFTPJUNJOJNJTIFTFMPOVOFjEJSFDUJPO
EFTBMHPSJUINFTEF SFDIFSDIFEFNJOJNVNQMVTTPQIJTUJRVITEF U.
< >RVIJDPNCJOF MFTEFVY EFSOJOSFTEJSFDUJPOTEF NJOJNJTBUJPC
FUEPODQMVT SBQJEFWFSTMBRVFMMFTFUSPVWF MFNJOJNVN MPDB|
EFNJOJNJTBUJPOEFM IOFSHJFO IUBJUQBTMFQMVT BCMFQPVS EFT
BWPOTEPOD SFUFOV MF DSJUOSF EFNQ PV R GBS DPEPAVE WBS MBBOM®HAF
GPSNFEFQPUFOUJFMDPOTUBOU FUEPOD EFWBSJBODFOVMMF

i i i
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'64B7?2 B 'PSNFE VOFOBOPHPVUUFDBMDVMIFQBS MB%'5 TINQMJ IF -E
QPTTOEFVOBOHMF EFBDPOURBRDURS SBZPBOHMFE :PVOHFTWUNQPTIE

PO QFVUDPNQBSFSDFUUF GPSNFBWFD MBHPVUUF FO QPJOUJMMITRVJF
FUE BOHMFEFDPOUBDUIHBMEM BOHMFE :PVOH $FUUFHPVUUFFTUBQ
1PUFOUJFMTEMBTVSGBDF EF MB HPV WIOFAFSBOPE DAFI@ B UEFFOW BROVH MW FRYRP R
FOCMFV MF QPUFOUJFM TPMJEF MJRVJEF FU FQ 8RYHIFOM B NN U FHO/LS FFNMIFL
QPUFOUJFM UPUBM QPVS MBDBMPUUF TQIISIRVF EF NDPNF WPMVNF SFQS
FO B QPTTOEFVO QPUFOUJFM DPOTUBOU D FTUCJFO MB GPSNFE TRVJI
QSFTTJPO EF -BRANRB MU MBVMF QPUFOUJFM TPMJEF MJRVJEF FTU OVM E
MF QPUFOUJFM BV TPNNFU EF MB HPVUUF B MIHOSFNFOU CBJTTI QBS SBQ
DPOTUBOUM BOHMFEFDPOUBDUBQQBSFOUBCBJTTI DFRVJBGBJUBVH

JRUPH G-XQH JRXWWH

"QSOTUZQJRVFNFOUVONJIJMMIFSEFQBT POPCUJFOUBMPST MB GPSI
FTUDPOTUBOU E MB QSIDJTJPO OVNISJRVF -B GPSNF E VOF OBOPHP
'JHVSFB QPVS MBRVFMMF MFT QPUFOUJFMT MJRVJEF MJRVJEF FU MJF
TFOUITFO C 00 QFVU DPNQBSFS DFUUF GPSNF BWFD MB HPVUUF EF
M BOHMF E :PVOH DFRVJFTUSBQQFMIFO QPJOUJMMITTVS DFUUF H
UJF MF SBZPOBVTPMT FTUBHSBOEJFUM BOHMF EF DPOUBDU FTU E
NBSRVBOU DBS MB HPVUUF FTU QFUJUF FURV FMMF FTUBYJTZNIUSJ
EIWJBUJPOEM BOHMFE :PVOHFTUQMVT QFUJUF FUQPVSEFTHPVUL
UuJFMm OBMFTUVOFDPOTUBOUFOPO OVMMF FOF FU JMSFTUFM F FL
RV VOFIWFOUVFMMFJO VFODFEV QPUFOUJFM MJRVJEF TPMJEF BV TF
DPOTUBOUF EVF BV QPUFOUJFM/RIRRE EFTM MRVSBERFQ B FHDEPWS EVSF EF
MF GBDUFVS FTUQSITFOUEBOTMFDBTBYJTZNIUSJRVRV@IRVFNFO
WPJURVFMFQPUFOUJFM MJRVJEF MJRVJEFBVHNFOUFDBSJMZBNPJ
NPJOTOIHBUJG PO SBQQFMMFRVFMFQPUFOUJFMFTUBUUSBDUJG F
MVJEFWJFOUQMVTOIHBUJGDBSPOTFSBQQSPDIFEV TPMJEF
OONFTVSFFOTVJUFM BOHMFEFDPOUBDUFO SIBMJTBOUVOBKVTUF
TV TBNNFOU MPJO EF MB MJHOF EF DPOUBDU FU PO PCUJFOU BMPST |
DPOUBDUBJOTJRVFMFSBZPOBQQBSFOUEF MB HPVUUF ckPW%S VO BOH
cL <QBSMFTIRVBBUWPOP® POQFVUBMPSTIUVEJFSM JO VFODFEF MB U
DPNNF QSIDIEFNNFOU DF RVIJHATSFSB@PETAWMSWRISBWBP ST RVF QPVS MFT
NISIJIRVFT FUQPVS MFTHPVUUFT DZMJOESJRVFT POPCTFSWF UPVKP
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'64B?2 $PTJOVTEFM BOHMF EF DEPTUBBU BRBESFOUBD® TRVIMICSF FO C
M JOWFSTF EV SIBR POQPBASQEBSTFORIOPHPVUUFTBYJTZNIUSJRVFT SFDUBOHI
BOHMFT B 1PVS VO BGHMFB PNVNOWVFEEM PSIHIJOFDPSSFTQPOEE MB MPC
EFMJBEOPJFEM IRVBUEIRRFVY DPVSCFT QSITFOUFDR?MB\NEENFADIFEF®DIFDUJIP
JNQPSUBOUFQPVS MFRYS50TRQ RBRBUYVSBHBYOEFT OBOPHPVUUFT *DJFTUS
QPSUFNF@URETVOF OBOPHPVUUFBYJTZNIUSJRVW¥F QPVG ROTEGHWF E :PVC
VOFUSBOTJUJPO EF-NPYRBWISIBHBE®PQYFUJUFTHPVUUFT FUEPOU MFT QSF
JOTFSU FODPNQBSBJTPOBWFDEFTDBMPUUFTTQIISIRVFTEFNBDNFWPM

VOF MPOHVFVS EF UFOTJPO EFMUNOF GP DIDUNIAKRDES DPHEXMMTE M F T
EFVY DPVSCFT DPIDRODOBEFBUWBVEISF MPSTRVF MF SBZPO FTU JO 0OJ -
DPSSFTQPGEDXPRPPOO SFUSPVWF EPOD CJFO MB MPJE :PVOHEBOT MB N
QJRVFT &OTVJUF MFTEFVY DPVSCFT QFVWFOU DUSFUSOT CJFO BKV
M BKVTUFNFOU QPVS MFT HPVUUFT DZMJOESJRVFT QSPEVJU VOF QFC
QPTTOEFOU MB NDNF DPVSCVSF -F NPEOMF EF %'5 TFNCMF EPOD JOU
DPOE PSHEBF¥R\WI O TUBJU QBT QSTWV EBOT MB UIIPSJF UIFSNPEZOBNJR
F FUDPNNFVOFDPSSFDUJPOEVTFDPOEPSESF QSPCBCMFNFOU EIQF
NBJTJOEIQFOEBOUFEFMBHIPNIUSIFDPNNFPOM PCTFSWF 5PVUFGP
NFOURVFQPVSEFUSRI®RFBUWFB BBYUUIFSFNBSRVIFEBOTMFT TINVM!
NPMIDVMBJSF RVJOFQFSNFUUFOU QBTE PCTFSRWHS EFFd HPVIURMIT BV
M BKVTUFNFOU EF MBEFOTJUI QBS MFT DBMPUUFT TQIISJRVFT EFWJF
NFTVSI QBS MB QFOUF EF MB DPVSCF EFT OBRPHPVU DPSBFIQPNE &N
MPOHVFVSEFUFOTJPOEFMJHOF

&0 O M F FUFTUMJNJUIQBS MB TBUVSBUJPO ERNM B PG MR BFEFRAVOIH
GBJUTBUVSFSM BOHMFEFDPOUBDUBQQBSFOU FW BMPDFRETERMMYVE
TvSsMEBE 1PVSEFUFMMFTHPVUUFT M F FUEFUFOTJPO EF MJHOF FTU
VOFUSBOTJUJPO EF NPVIMMBHF

5pVXOWDWYV

/IPVT QPVWPOT NBJOUFOBOU GBJSF VOF DPNQBSBJTPO FOUSF MF NPE
EZOBNJRVF NPMIiFrONBPEFEVESMEB %'5 MB NFTVSEE B MBTMPOHFFWSH OF E
SIBMJTIFQPVSEJ iSFOUTBOHMFTE :PVOH FUTBWBSJBUJPOFO GPOI
'JHVSF/PVT SBQQFMPOT TVS DFUUF NDPNFHWBWFSF MFTT EIF O O IFEUETFEWB% ' 5
MIHOSFNFOUCSVJUIT OPURBNNDBSHY GRISENPOUSESI TVMUFEFM FYU:
EPOOIFT PONFTVSFM iDBSUEM BOHMFE :PVOHQPVSDIBRVFQPJOU



*OUFSQSIUBUJPO HIPNIUSJRVF

QPVSWPJIJSVOF FU NBJTTV TBNNFOU HSBU(REOTFJPVUE RBF MEFOBODP% &
POBWVRVFD FTUQPVSMFTQFUJUTBOHMFTRY JMZBVOFUSBOTJUJ

'64B?2 $PNQBSBJTPOEVDPNQPSUFNFOU EF M B\ REPHOCAYIP BFEFAD BIPHOVE
E :PVQWOUSFMFTSITVMUBUTEFEZOBNJRVFNPMIDVMBJSF SFDUBOHMFT
[F USJBOHMFTOPJST QPVSEFTOBOPHPVUUFTBYJTZNIUSJRVFT MFTHP
EF MJHOF OVMMF -FTDPVSCFT PSBOHF TPRUTMFADAUBMDURPRTIPSI TFOUI

1PVS MB %'5 MFT QBSBNOUSFTEFDFTGPODUJPOTTPOU YiT MBDP\V
BKVTUFNFOU NBJT VOF DPVSCF UIIPSJRVE EPO0THR QBBEWSATBQBESBBIOUSFT
NJRVFNPMIDVMBJSF MBDPVSCFPSBOHFFO QPJOUJMMITFTUPCUFOVF QI
QPJOUTFYQISIJNEOUBV)Y s =( 0;3)

-FTEFVY NPEOMFTEPOOFOUEFTSITVMUBUTMIHOSFNFOUEJ ISFOU
DIBDVOEFTDBT MBMPOHVFVSEFUFOTJPOEFMJHOFFTUQPTJUJWF D
RVFTPJUM BOHMFE :PVOH %F QMVT M PSESFEFHSBORF\BYYEBEMB UF
QBSU MB UFOTJPO EF MJHOF IFNCMPOTOBOETYMPEQM¥S OF T BDDPSEH
DPNQPSUFNFOUEF MBUFOTJPOEF MJHOF MPSTRVFM BOHMF E :PVOH
OPVT QSIEJUBQQBSFNNFOU VOF UFOTJPO EF MJHOF RVJ EJWFSHF BN
QSIEJU VOF UFOTJPO EF MIHQERVSTFBOBVMRBYIDIT BOHMFT RVF MF
TFNCMFOU EPOD EJWFSHFS 1PVS DPNQSFOESF DFUUF EJ ISFODF OP
HIPNTUSJRVF MFDBMDVMEFMBUFOTJPOEFMJHOFEBOTMBTFDUJPO

L QWHUSUpWDWLRQ JpRPpWULTXH

%BOTMFNPEOMFEF MB %'5 TINQMJ ITF MB ETQF O E BODMDWUEFUSE @ B OMHNH
NFOUEIUFSNJOIFEQBSUJSE BSHVNFOUTHIPNIUSJRVFT UFMTRVFOF
DIBQJUSFT &0 F FU QPVS EI OJSMBUFOTJPO EF MJH OFPWTF 8 WRPEZIO B
QSJTFODPNQUFMFTDPOUSJCVUIJPOTWPMVNIRVF TVSGBDJRVFFUM
FUEV  TPMJEF /PVT EFWPOTEPOD QPVWPJSIDSJSFM IOFSHJF UPUBM
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UJPOFMMFT BV WPMVNF BVYTVSGBDFTEFTJOUFSGBDFT BJOTJRV E

X
F=PV+ iS+ L:
i
*MT BHJUBMPSTE FYQMIJDJUFS MBQSFTTJPO MFTUFOTJPOTEFTVS
TINQMJ IF /PVTBWPOT E'I'KE'I'MSEUCESNF'WIR\‘]/FB(DJEFGDFUUF'I'OFSHJF
Z 1 Z Z
F=1f(.) dséﬁ dg dg (e 9)
L z z
+ L s d% d9 s(j& 9):
L S

00O WPJUEPOD RVFMBDPOUSJCVUIJPO WPMVNJRVF MB QSFTTJPO FT
EFTJOUFSBDUJPOT BMMPVDFFETM m@l@EHS]lEJM:JMLFSBDUJWF RVIJFTUSF
TVSGBDF FUEFMBUFOTJPO EF MJHOF FOQMVT EF DPOWSJERFS FMM
DPOUSJCVUJPO TVSGBDJRVFFTU OPVTM BWPOTWYVY MJIFEMBUFOTJ
BDUJPOTBUUSBDUIJWFTFMMF DPSSFTQFP\Q:EM/BDNH-CBWHD@TEW\TE%'MFU
EFM JOUFSBDUJPO FOUSFVO QPJOU FUVO EFNJ FTQBDF D FTUEPOL
FTQBDF .BJOUFOBOU QPVSETUFSNJOFSMFUFSNFEFUFOTJPOEFMJH
EFMJRVJEFJO OJEMY'|.HR\X/\]J|\5J:@:F|—EFB‘®$'|WG;TPMJEFTFNJ JO OJ 0OS M F
RVJPOUMIJFVEBOTDFDPJOEFMJIRVIJEFOFQFVU QBTTFSTTVNFSEEF-I
4IJM POOFDPNQUBJURVFDFTJOUFSBDUJPOTEFUZQFUFOTJPOEFTV.
SFVSEBOTM IWBMVBUJPOEFM IOFSHIJFMJCSF -FUFSNFEFUFOTJPO
-1OFSHIJFEVFEMBUFOTJPOEFMJHOFEPJUEPODT IDSJSFEFMB NBO.
Z Z Z Z
L=§|_ de d9 (e 9+ Ls d% d9.s(i® 9):

L, L, Lo S0
IPVTBMMPOTWPIJSEBOTMFTEFVYQSPDIBIJOFTTPVT TFDUJPOTDPNNF
BOBMZUJRVFNFOU MFUFSNFEFUFOTJPOEFMJHOF D FTU E EJSF E R\
L1 L» L RYJOUSPEVJUTJDJ FU QPVSRVPJJIMT DPSSFTQPOEFOUEEFTD
% BVUSFQBSU OPVTDPOTUBUPOTRVFMBUFOTJPOEFMJHOFBEFVY
JOUFSBDUJPOTTPMJEF MJRVJEF RVFOPRPVAWBQOQFMMFSPOTEPOD SFT(

&RQWULEXWLRQ VROLGH OLTXLGH

$PNNFOIPOTQBS MBDPOUSJCVUJPOTPMJEF MJRVJEF MBQMVTTJINQ
EMBQSITFODFEVTPMJEFO BE VOFQBSUBVDVOFDPOUSJCVUJPO WP/
EJ DBUJPOEFMBSIQVMTJPOEBOTVOWPMVNFJO OJEFMJRVJEF BVU
EBOTMFMJRVJEFOFEIQFOE QBT EMPEH®M RISBOASIGPEDFBNIRD/ MIEFT P RIVIA |
E VODPJOEFMJRVJEFBWFDVOTPMJEFTFNJ JO OJTFEIDPBNQPTFFO
HVSF% VOFQBSU OPVTBWPOTVOFDPOUSJCVUJPOTVSGBDJRVF RVJ
VIJEFBWFDM FTQBDF TFNJ JO OJEFTPMJEF NVMUJQMJIFT QBS MB T
QSPQPSUJPOOFMMFEMBTVSGBDFEFM JOUFSGBDF MJRVJEF TPMJEF
EF MJRVJEF EPOUM JOUFSGBDF BWFD MBWBQFVS  TFSBJUOPSNBMF E
USPQHSBOEF FUOFDPSSFTQPOEEPODQMVTEM JOUFSBDUJPO SFDI
DPJODPNQMINFOUBJSFEV MJRVJEFBWFD MBOPSNBMF $FUUFDPOUS
EFMBMJHOFDBSM JOUFSBDUJPOFTUE VOFQPSUIFEFM PSESFEFM
UJPOOFMMF BY OPNCSFEFNPMIDVMFT EBOT MF WPJTJOBHF EVDPJO

MJHOF EFDPOUBDU $ FTUDFUUFJOUFSBDUJPO QBSVOJUIEF MPOHVI
UFOTJPOEF MJHOFTPMJEF MJRVEIEGT-W ERNBO®EEG F MYJROHEPOD EDF
DPNQMINFOUBJSF EF MJRVSPEOFPB\W F DQFBOEFESW® MFQBDF TFNJ JO 0O1J
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'64B?2 %PNBJOFTE JOUIHSBUJPOEFM IOFSHJFMJCSFQPVSM JOUFSBD!
DUSFEIDPNQPTIFOVOFDPOUSJCVUJPO QSPQPSUJPOOFMMFEMBTVSGBL
DPOUSJCVUJPOQSPQPSUJPOOFMMFEMBMPOHVFVSEFMBMJHOFEFDPO!L
L°EBOTM IRVBBURMB STHIPO IBDIVSIFPBESNFQNSEEBDIJRVEDPSSFTQPOEE
47 4)Sis FUMFUFSNFMJOIJRVF E

0O QFVUBJTINFOUDBMDVMFS DFUUF JOUFSBDUJPODBS MFTPMJEF
MIJRVJEFEMBEMTUBOPFGBDF QPTTQHEAH ER®D IV RVUBOBRRIG NMOUITHSFS
PO EIDPVQF EPOD MF MJRVJEF FO USBODIFT IPSJ[POUBMFT DPNQSJT
EJTUBQBPEF MBOPSNBMF -BUFOTJPO EF MJHOF TPMJEF MJRVJEF T
MJHOF EF DPOUBDU

= z2)dz ;
4 . UBD sL(2)
D FTU E EJSF
_ 1+ DPY
4 ‘-7 Upo
PAPOBEIT 0J MB. DPPNNBOUF
- sL(z)dz
st(z)dz ’

FUPAPOBUPVKPVSTM IRVBUJPO
Z,
st(z)dz= 7+ 47 4= _7(1+ DPY):

4. SFQSITFOUFBJOTJMFCSBTEFMFWJFSEFMBQSFTTJPOE JOUFSBDU
EFM JOUFSBDUJPO RVJ F BURTRIOWWOENPW PG E EFREF)ID PEEBHF TR S JF VS
EMBUFOTJPO EF TVSGBDF 60 SITVMUBU TIJNJMBJSF>B NBIJQ SIND BENFBINI
PNJTEFUSBJUFSMFTJOUFSBDUJPOTMJRVJEF MJRVJEFRVJTPOU DS\
EPODRVFMBUFOTJPOEFMJHOFTPMIEF~FMJRW EFBIOBUMF RP VSHD B Ok
FOF FUDBSM IOFSHJFMJCSFIWBMVIFBWFDTFVMFNFOUMBUFOTJPO
OIDFTTJUF QBT EFDPSSFDUJPOEFUFOTJPOEFMJHOFBV WPJTJOBHF
MFUFSMPP@O FTUQBTE PSJHJOFHIPNIUSJRVF DBSJIJMQSPWJFOU EF
MJRVJEF /PVTBWPOTEIMJCISINFOUGBJUBQQBSBOUSFDFUFSNFDBS
MBUFOTJPOEF MIHOFBWFD MBUFOTJPOEFTVSGBDF MJRVJEF WBQF\
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&ERQWULEXWLRQ OLTXLGH OLTXLGH

1BTTPOT E MBDPOUSJCVUJPO MJRVJEF MJRVJEF E MB UFOTJPO EF MJ
TJUJPO RW\ESWBIBJT DFUUF GPJT DJ QPVS M JOUFSBDUJPO E VO DPJO
DPNQPTJUJPO FTU S'BE 8 SFEOM BFQBHEFWMBPO SITVMUBU FIHWQSATFOUT T\
-BDPOUSJCVUJPOWPMVNJRVFDPSSFTQPOEEM JOUFSBDUJPO FOUSF
EPOD SFM®)FOPVS MB QBSUJFBUUSBDUJWFEFM JOUFSBDUJPO FUDFL
QBS MB QSFTTJPO EF SIQVMTJPO DFRVJNOOF BV $6BMEMBQSETVLR
MPSTRVY FMMF FTUNVMUJQMJIF QBS MF WPMVNF EV DPJO DPNQUF US
-BDPOUSJCVUJPO TVSGBDJRVF FTUEVFE MBUFOTJPO EF TVSGBDF F
CVUJPO -BUFOTJPO EF TVSGBDFFTUM JOUFSBDUJPO EF DPMPOOFT
MFTTVSGBDFTDPOTJEISIFT D FTU E EJSFQBSDIBDVOFEFTEFVY TVES
BVY TVSGBDFT MJRVJEF WBQFVS FUMJRVJEF TPMJEF $F TPOU EPOD
RVJSFQPTFOUTVSEFTEFNJ FTQBDF EF MJRVJEF FUDFRVJDPNQUF C
MB TVSGBDF EF DPOUBDU &0 O BQSOT VO DPNQUBHF NIUJDVMFVY EF
M POBFOMFWIUSPQE JOUFSBDUJPOT QBS MBDPSSFDUJPO TVSGBDJ
BV OBM TF SIEVITFOUEM JOUFSBDUJPO FOUSFEFVY DPJOTPQQPTIT
E :PVOHQBS SEQPPSEEEIJSFE BEPHBFSF $FUUFJOUFSBDUJPO FOUSF E
TFUPVDIFOUEMFVS QPJOUFDPSSFTQPOECJFOEVOFIOFSHJFQSPQP:
*M OF GBVU FO O QBT PVCMJHEXS E DFQUW IRWFSE B GBPAUEPES PCUFOJS M
CJFOMBNPJUJIEFM BVUP JOUFSBDUJPQHRMSMF SITVMUBU OBMFTU E

'64B?2 %PNBJOFTE JOUIHSBUJPOEFMBUFOTJPOEFMJHOF MJRVJEF MJ
DFRV JMSFTUFEF MB EIDPNIHPTIREIBQ SOBIWI TRAVBRIEMBY JONF THBMJUT

O FTUWBMBCMFRVFTJMFTEFVY EPNBJOFTTPOUEFMBNBDNFQIBTF -BSi
NBJOFEBOTM iRVBBIPOB SiIHJPO IBDIV §J F-BRESFITIPROOEFEIH DFO U F

BJOTJDFUUF JOUFSBDUJPO QBS VOJUIEF MPOHVFVS EF MJHOFEFDPOUB

1PVSDBMDVMFSM JOUFSBDUJPO FOUSFEFVYEJOESFT OPVTQBSU
E BOHEMWB EJTEHBOBTYr, ) JOUSPEVIFUMTETMB® UJPWT EITUBJMMPOT JDJ MF
M BOHMF Eff PPOUBQIRIEFSESUFRVFM JOUFSBDUJPODIFSDIIFTPJUC
EFVY DPJOT E BOHMFAOGISIFYBFRVJI TINQMJ FMFT DBMDVMT -FDBT
DBMDVMFTFMPO MF NDNF QSJODJQF - JOUFSBRUJPO FDSS¥F EFYTVIEEK
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MB NBOJOSFTVIJWBOUF QBS VOJUIEF QSPGPOEFVSEFTEJOESFT
z  z,
Pb ()= d rdr  PP(r )+ PP(n; )
0 0 7
1

2
-1

= —_— z( z)dz :
UBO g (2)
-FEIUBJM EF DF DBMBO ® AN EFP\CEBUJFED QFVU F FDUVFS MF NBDNF DBM
DBTPa /2 NBJTDFO FTUQBT OIDFTTBJSF DBS PO EPJUUSPVWFS BV
DFUUF FYQSFTTJPO QPTTOEF VOF TZNTU S VES BR® S F NVBBSSRADFPRI\Q PO |
M FYQSFTTJPOTVJWBOUF
Z,
DD — DD + 7 ( 2)dz -
() ()* Ggo, 2(2d:
DF RVIJOPVT SFMIJF M<FYBRSBITIPEFBHCPSHAT DPO SNFRVFM FYQSFTTJP
'JOBMFNFOU' BHBOBNMHE WBOTIJPO EF MIJHOF MJRVJEF MJRVJEF SFQSITF(

VOJUTEF MPOHVFVS FOUSFEFVY EJOESFTPQQPTITEF MJRVJEFEFNDI

_} DD )
"_2 LL Y ’
D FTU E EJSF
2
= 7= 1+ I
UBY
PAPOBEI OJDPNNF QPVS MFDBTEFTJOUFSBDUJPOTTPMJEF MJRVJE
R Z
z)dz 1 1
- ulDd, z 1 (2)dz;
L (z)dz 2 .7 9

RVJ SFQSITFOUF EPOD VO CSBT EF MFWJFS EF M JOUFSBDUJPO MJRV
HVFVS FTUNPMIDVMBJSF

OOFODPODMVUBJOTJRVFMBUFOTJPO EF MJHOF FTUUPVKPVST OI
VOF DPSSFDUJPO OIHBUJWFE M IOFSHJF MIJCSFDBS M IOFSHJF MJCSI
OF DPNQUF QBT BTTF[E JOUFSBDUJPOT PVQMVUUURVFDFUUFDPSS
SBKPVUFS MFT CPOOFTJOUFSBDUJPOTE QSPYJNJUTEVDPJO HSEDF B
GBJSFBJOTJCBJTTFSM IOFSHJF MJCSF &0OTVJUF BVY QFUJUT BOHMF
DPNN/FUBY &0 F FU EBOT MB EIDPNQWSIHRIGRMP IV RMBMB DPOUSJCVUJ
EJOESFT g BOWMFOU OIHMJHFBCMF QBS SBQQPSUE M JOUFSBDUJPO E
UFSNF @Y DPNNF QPVS M IRVBUJPO

2 .

UBY
$FMB TJHOJ FRVF MPSTRVF M BOHMF E :PVOH FTU QFUJU M IOFSHJF
UFSNFTTVSGBDJRVFT FUEPJUDUSFDPSSJHIFQBSVYE6 ODNUBNUBOUF
NFOU POWPJURVFDFUFSNFEFUFOTIJPOEFMJHOFEJWFSHFDBSJMO
MB MPOHVFVSEF MBMJHOF NBJTCJFOEMBTVSGBDFEVEJOESF MPS-
EBOTM JOUFSBDUJPO EFRSJUFBMWYSHVBBBOET BOHMFT MBUFOTJPO EF M
DPSSFDUJPO O FTUQMVT OIDFTTBJSF FURVF QSIDJTENFOUMB MJHOI
DPNQPSUFNFOUEMBUSBOTJUJPOEFOPO NPVIMMBHFFTU MF TVJWRBC

_ 2 2.
LL—?LL( Y)©

LL LL
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'64B?2 %PNBJOFT E JOUIHSBUJPO EF M IOFSHJF MJCSF BUUSBDUJWF ¢
M TOFSHJF MJCSF MJRVJEF MJRVJEF UPUBMF QPTTOEF VOF DPOUSJCVU
NJRVF -TOFSHJFQFVUDUSFEIDPNQPTIFFOVOFDPOUSJCVUJPO QSPQP
M JOUFSGBDF MJRVJEF TPMJEFFUEFM JOUFSGBDF MJRVJEF WBQFVS E
MPOHVFVS EF MB MJHOF EF DPOUBDU 2F UB)SNMAWBNMYNBRVEGBBIRVR PO
SFTQPO®B& +Ss1) FUMFUFSNF.MJOAIRWBHO QPVS MFUFSNF MJOITJRVFFTU |
'JHVSF



& FUTEFTUSBUJ DBUJPO

%LODQ

'64B7?2 %PNBJOFTE JOUIHSBUJPO MJRVJEF MJRVJEF EHBVDIF FUTPM
CVFOUEMBUFOTJPO EF MJHOF

4JM POSFHSPVQF MAFIUIRVBOQJPSOPIVWF MB MPOHVFVS EFUFOTJPO EF

I
1

-7
+
- %294y 1+ DPs.
U B UBY

$FUUF FYQSFTTJPO FTU EPOD EIUFSNJOIF QBS_.MRJ.EFVYQMB POV FNIST
MJRVJEF MJRVJEF FUMJRVJEF TPMJEFLEIO E°FERI MIFO ERRBEDOF Q BESIOR
BSPUFTESPJUFTQBTTBOUQBS MBMJHOFEFDPOUBDU DFTEPNBJOFT
-FT MPOHVFVSTEFUFOTJPOTEF MJHOF MJRVJEF MJRVJEF FUTPMJEF
EVJUTE VOFUBJMMF DBSBDUISJTURRMFFFOEBY O BRPBUPPEOEGUJIFM
RVJFTUVOJRVFNFOUEIUFSNJOIFQBS MBHIPNIUSJF
%BOTMFNPEOMFOVNISIJRVFEF%'5TIJNQMJ TRVFOPVTBWPOTVUJM
EMBEDUJPOPVT QPVWPOTBJTINFOUDBMDVMFS DFT MPOHVFVST DBSB
EFVY MPOHVFVSTTPOU IHBMFTDBS MFTQPUFOUJFMT MJRVJEF MJRVJ

DFT _ DFT _ :
LS T T g

-BMPOHVFVSEFUFOTJPOEFMJHOFFO %'5 FTUEPODEPOOIFQBS

\Dm-_} L+ v 1+ DPT
2 UBY 4 UBY

$FUUFDPVSCFFTIHYVSEFDIFIFECGWMBFO USBJUQMFJO FUPOQFVUDPOTUE
MFTQPJOUTPCUFOVTQBSMFTDBMDVMTOVNISJRVFTEFMBNIUIPEF EI
TPMJEF MJRVJEFQPTTOEFVOF FUPQQPTIE MEDPO%BQOC\WMFIPBEBIREK
MB %'5 QVIJTRVFMFTCSBTEFMFWJFSTTPOUIHBVY JMTT BOOVMFOU I
&U MP$PRVFMFTEFVYF FUTT BEEJUJPOOFOU NBJTT\BOOVMFOUM V
OODPNQSFOEBJOTJRVBOUJUBUJWFNFOUM F FUEFUFOTJPO EF MJHC

(JHWV GH VWUDWLPFDWLRQ

1PVSRVPJ MF DPNQPSUFNFOU FTU JMEJ ISFOUFO EZOBNJRVF NPMID)\
SBDUISJT.WIRVIFFIOU IHBMFT FO %'5 O FTU QBT VOF DIPTF HIOISBMF &
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RVFMFNPEOMFEF %'50F QSFOEQBTFODPNQUFMFTF FUTEFTUSBUJ
TPMJEF 0S DFDJEPJUBWPJSVOFJO VFODFTVSM JOUFSBDUJPO FOU
QBSUJDVMJOSFNFOUEM BQQSPDIFEF MBMJHOF EF DPOUBDU %F QM
QFOEBOUFTEFMBGPSNFEVRPUBGWBPOFIMERPWVWUFOUIE BKVTUFS MFT EF
NPMIDVMBJSF BWFD MB D P-\FS\OFR MIMFF S BRBAFV T U F NIFHO/I$ FDUPBBBHIFTVG M |
QPJOUJMMIT *MFTUPCUFOV QPVSMFTQBSBNOUSFTTVJWBOUT

MD _—
[ — )

MD _— .
LS ~— ) .

$FMBJOEJRVFE VOFQBSURVFMFTJOUFSBDUJPOTMJRVJEF MJRVJEF
OPUSF NPEOMF EF %'5 &O FVRUJ MIF IQBEBEBNMBSAJINVMBUJPOT EF %'5 O
DPSSFTQPOESFFYBDUFHRFQB BY QBSBRNFUINSFMIDVMBJISF /PVTBWPOT\
EMBEDUJRY FOF FUTJPODIFSDIFEBWPJSMBNDBDNFJOUFSBDUJPOE MF
TVSGBDF JM &BVU QSMBOESBIJTDF DPF DJFOU OF QFSNFU QBT EF SBNF
WBMFVSEVCSBTEFMFWIEGS MIRY PETF BINIRGFHRWF DPFT *MZBEPOD
E BVUSFTF FUTEQSFOESFFODPNQUF $FMBJOEJRVFE BVUSFQBSU |
TPMJEFEMBUSBWFSTIFEFM JOUFSGBDF TFNCMF QSFTRVFT BOOVMF
HIOISBMF POOFT BUUFOEEPOD QBTEDF R¥PMBYVFOFHEHFOEPMBEBBLU
TPMJEF MJRVJEF PV MJRVJEF MJRVJEF EPJU EPNJOFS %BOT MF DBT [
TPMJEF MJRVJEFE MBMJHOF EF DPOUBDU O BQBTE JO VFODF FU MF
QMOUFNFOU FYQMJRVIi QBS MBUFOTJPO EF MJHOF MJRVJEF MJRVJEF
FMMF EJWESHRFIOBOOWMF QPVS

1PVSRVPJ MF NPEOMF EF %'5 TINQMJ IF QFSNFU JM EF SFUSPVWFS
QFSNFUQBTE FYQSJNFS TV TBNNFOU QSIDJTINFOU MBUFOTJPO EF M
OIJUITEFEFOTJUIEBOT MF MJRVJEF DSIIFTQBS MBQSITFODF EV TPM.
MJRVJEF TPMJEF 0S EBOTMB MPJE :PVOH UPVUDFDJFTU YIEF GBI
FTUEI OJQBS MF SBQQPSUEFTUFOTJPOTEFTVSGBDF &0 E. BVUSF N
QSFOE EIKEFODPNQUFDFTF FUT -FNPEOMFEF %'5JODMVFEPODEF
UFOTJPO EF TVSGBDF TPMJEF MJRVJEF FO YBOU MBDPOUSBJOUF JO
GPJTDFUUFDPOUSBJOUF YIF MBUFOTJPOEFMJHOFFTUEIUFSNJOIF
TVQQMINFOUBJSFEVOPSESFTVQISJFYBVGRSY/MBEMBFGROOBUBPOE F (
O FTUQBTQPTTJCMFTBVGEDPOOBOUSFFYBDUFNFOUMBGPODUJPO I
MJRVJEF TPMJEF

&RQFOXVLRQ

IPVTBWPOTEBOTDFDIBQJUSFIUVEJIE VOQPJOUEFWVFUIIPSIJRVF MI
BWPOTIUIBNFOTESIBMJTFSEFTTIJNVMBUJPOTEFEZOBNJRVFNPMIDYV
EFDPOUBDUEFOBOPHPVUUFTEF-FOOBSE +POFTFOGPODUJPOEF MF
VO IDBSUE MBMPJE :PVOHDSII QBS MBQSJTF FO DPNQUF EF MB UFOT
FTUVOJRVFNFOU QSITFOUMPSTRVFMBMJHOFEFDPOUBDUQPTTOEF
E PCTFSWFSRV FOF FUMFTHPVUUFTDZMJOESJRVFT OF QSITFOUFO!
BMPST RVF MFT HPVUUFT BYJTZNIUSJRVFTT BQMBUJTTFOU MPSTRVF
QSIEJU EPOD VOFUFOTJPO EF MJHOF OIHBUJWF FUE VO PSESF EF HS
TVS EFT HPVUUFT TV TBNNFOU QFUJUFT E VOF UBJMMF JOGISJFVSF
SFOEBOUQMVTNPVIMMBOUFT DBSMBMPOHVFVSEFMBMJIHOFEFDPC

= ;, ONFUY-= +N POUSPVWF VOF UFOTJPO ERNM&BOF MB



$PODMVTJIPO

UFOTJPOEFMJHOFTFNCMFEIJWFSHFSBVYQFUJUTBOHMFTE :PVOH F
DPIISFOUFBWFD EFTNFTVSFTFYQISINFOUBMFT SIDFOUFT
/IPVTBWPOTF FDUVIMBNBDNFIUVEFOVNISJRVFEBOTMFDBESFEVN
BQFSNJTEFDPO SNFSDFUF FU MBUFOTJPO EF MBHORRNTWFOIHBUJW
T BOOVMFBVY HSBOET BOHMFTE :PVOH 5PVUFGPJT MF NPEOMF EF %
NDNF DPNQPSUFNFOU FO QBSUJDVMJFS BVY QFUJUT BOHMFT 0S PO
JNQPSUBOU QPVS MFDPNQPSUFNFOU EF MBMJHOF EFUFOTJPO EBOT I
% BVUSF QBSU DF NPEOMF QFSNFU E JOUFSQSIUFS TINQMFNFOU M
EJ ISFODFTEFDPNQPSUFNFOU BWFD MFT TINVMBUJPOT EF EZOBNJR
F FUVOFDPSSFDUJPOEM IOFSHJF MJCSF 4JM IOFSHJF MJCSF E VO
WPMVNIJRVFT FUEFT DPSSFDUJPOT TVSGBDJRVFT EF UFOTJPO EF TVE
EMBMPOHVFVS EF MBMJHOF EFDPOUBDU 00 QFVUBMPSTFYQMJDJU
M FYQSFTTJPO EF M IOFSHJF DPSSFTQPOEBOUF EBOT MF DBESF EF M
BJOTJEFEFVYF FUT MFTJOUFSBDUJPOT MJRVIJEF MIJRVJEF FUMFT J
MJRVJEF MJRVJEF PO NBORVF UPVKPVST E JOUFSBDUJPOTEM BQQS
M PSJHJOFE VOFUFOTJPOEFMJHOFOIHBUJWF MBHPVUUFT BQMBU.
WPJTJOBHFEFMBMJHOFEFDPOUBDUFUNJOJNJTFSM IOFSHJF 1PVS|
FTUEJ ISFOWDBBS'QMVI® FSHIJF FTUQBSGBJUFNFOU EIDSJUF QBS MB U]
MJHOF FTU OVMMF &MMF DIBOHP EPOPMENFFTEHO B (HBUSIWF EBOT MF N:
JOUFSBDUJPOTMJRVJEF MIRWIEF GBOPNFTHEBOQEVBMHAMEBFUJIUTBOL
EPOD DPOUSBEJDUPJSFTFO TJUVBUJPOEF NPVIJIMMBHF QBSUJFM $ F
BVY QFUJUTBOHMFT QBS SBQQPSUE M JOUFSBDUJPO &OF FU MFTEI
DBSBDUISJTUJRVFRVFOPVTBWPOTBQQFRPMSE USBIUEHFFSBPWJP S FR R V.
FW.QPVS M JOUFSBDUJPO TPMJEF MJRVJEF $FUUF MPOHVFVS EIDSJI
0S EBOT MF NPEOMF EF %'5 TINQMJ IF DFT EFVY MPOHVFVST TPOU J|
FYBDUFNFOUMFNBPNFNPEOMF FUDFMBNOOFBMPSTEVOFUFOTJPOE
POUMFNDNFQPJET $FO FTUFOHIOISBMKBNBJTMFDBT FUPOT BUU
BVYQFUJUTBOHMFT 1PVSMBEZOBNJRVFNPMIDVMBJSFFUEFTJOUFS
MBUFOTJPOEFMJHOFE PSJHIJOFTPMJEF MIJRVJEFFTURVBTJ OVMMF
EPNJOF DFRVJEPOOFVOFUFOTJPOEFMJHOFUPVKPVSTOIHBUJWF
/IPUPOT RVFEBOTMFDBTEFTHPVUUFTDZMJOESJRVFT M IOFSHJF
O BBVDVOFJO VFODFTVS MBMPJE :PVOH DBS MB MPJE :PVOH SITVI
HPVUUF FO GBJTBOU WBSJFS M BOHMF EF DPOUBDU PS QPVS DFUUF I
SFTUFDPOTUBOUF %BOT MB MPJE :PVOH NPEJ IF MBUFOTJPO EF MJ|
MIHOFEFDPOUBDU FUOPOQBTEFMB MPOHVFVS UPUBMFEF MB MJHO
&0 O OPVTQFOTPOTRVFMFTF FUTEFTUSBUJ DBUJPO E JOIPNPHI
GBDF MJRVJEF TPMJEF POUVOFHSBOEFJNQPSUBODF FUWJFOOFOU
OBHFEFMBMJHOFEFDPOUBDU DFRVJSITVMUFFOVOF FUEFUFOTJP
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(Q UpVXPp
-BUFOTJPO EF M OHIOBEUJIJWF
= - D FTU E EAGHE! +N 1

I1BTEFDPNQBSBJTPORVBOUJUBUJWFFOUSFMBEZOBNJRVF
QMJ IFDBSMFTF FUTEFTUSBUJ DBUJPOTTPOUJNQPSUBOL

-BUFOTJPOEFMJHOFFTUVOF FUE JOUFSBDUJPOTHIPNIUS
DBS MFTIOFSHJFT OF QFVWFOU QBT DPUSF EIDSJUFT QBS EF
TVSGBDF EBOTVODPJO

-BUFOTJPO EF MJHOF SITVMUF EFFB®YEBDMUPRMOEB\WBD MF
QFVUPDUSFEIDSJUF QBS HIFWYS@B EFNVOFUBFAS EFT GPSDFT JO
MIDVMBJSFT MJRVQE¥ SWRVGPSPBT MIRVIJEF TPMJEF

2 v 1+ DPYT
B U B 47 UBY




&KDSLWU

6 XEVWUDWY pODVWLTXHYV

8F BSF MFEUPBTPNFXIBUWBHVFEJTUJO
XFNBZDBMMIiIBSEwEBUBBOEITP wEBUB

NBUUFS PG EFHSFF BOENVTUOPUCFQSFTT
TFSIPVTMZJUNBZIFMQUP NBLFUIFTJUVB!
il BSEwEBUBUIPTF XIJDISFTJTUUIF TPMW F(
SF FDUJPO BOECZIiTP wEBUBUIPTF XIJDI \
PGUIJT QSPDFTT CFDPNFUPPVS NJOET NF

#2?2A?.:13B@ @299 %o‘S-
OVS ,OPXMFEHFPGUIF&YUFSOBM8PSME DIBQ
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$IBQJUB¥CTUSBUTIMBTUJRVFT " SFUPVS EMBUBCMFEFTNBUJOSF

-FTTPMJEFTIMBTUJRVFT
%IGPSNBUJPOTIMBTUP DBQJMMBJSFT
1SPCMINBUJRVFT
-FTQPMZNOSFTIMBTUJRVFT
-PJTGPOEBNFOUBMFTEFM IMBTUJDJUI
1SPQSJIUITIJOUIHSBMFTEF MBQSFTTJPO EF-BQMBDF
$PNQSFTTJPOIMBTUP DBQJMMBJSF

%I IGPSNBUJPOT EVFT E MB QSFTTJPO EF -BQMBDF E M JOU
MJRVJEF

%JTQPTJUJG FYQISINFOUBM
.FTVSFEFMBEIGPSNBUJPO
3ITVMUBUT
'"MBNCBHFIMBTUP DBQJMMBJSF
2RVBUJPOEFMBQMBRVFIPSTEV CBJO
-BSIHIPOEV NIOJTRVF
#JGVSDBUJPOT
1PJOUEFWVFFYQISINFOUBM
$PODMVTJIPO
%IGPSNBUJPOT QSOTEFMBMJHOFEFDPOUBDU
3IHVMBSJTBUJPO EFT GPSDFTDBQJMMBJSFT
%JTUSJCVUIJPOEFTGPSDFTTVSVOTVCTUSBU QMBO
% IQMBDFNFOUTIMBTUJRVFTBV QSFNJFS PSESF
IFSTQFDUJWFT
%JTTIJQBUJPOEBOT MFTPMJEF
.PEIMJTBUJPOEFMBEJTTJQBUJPO
%JTQPTJUJG FYQISINFOUBM
2UVEFRVBMJUBUJWF EFT QBSBNOUSFTFYQISIJNFOUBVY
$PODMVTJIPO

/IHV VROLGHYV pODVWLTXHYV

'"PIRUPDWLRQV pODVWR FDSLOODLUHV

-BQSFNJOSERBBWUWUF UIOTFT FTUBUUFMIFEFYQMJDJUFS MBEJTUSJC
EF NFUUSF FO IWJEFODF VOF TUSVDUVSF OPO USJWJBMF EF MB EJTUS
OBNJRVFT O BWBJFOU QBT QFSNJT EF SFMFWFS &0 F FU E QSPYJNJU
TINQMJ TOPVTQFSNFUE B SNFSRVY VOMJRVIJEFFYFSDFVOFGPSDF M
TPMJEF MBRVFMMF FTUDPNQFOTIF QBSEFT GPSDFTTVSGBDJRVFTE
GBIPO OPSNBMFEM JOUFSGBDF MPSTRVF DFMMF DJFTUDPVSCIF FU



-FTTPMJEFTIMBTUJRVFT

MFTCJMBOTUIFSNPEZOBNJRVFT -PSTRVFMFTPMJEFFTUJOEIGPSNB
USJCVUJPO QVITRVFMFT GPSDFTTPOU USBOTNJTFTEBOTM FOTFENCI
FTUEIGPSNBCMF RVFEFTF FUT EPJWFOU TF NBOJGFTUFS E MB GPJT
EF GBIPOQMVTHMPCBMF QVJTRVF MBEJTUSJCVUJPO OPO USJWJBMF
EIGPSNBUJPOTEV TPMJEF

-FTQSFNJOSFTIUVEFTUIIPSJRVFTEFM JO VFODFEFM IMBTUJDJUI
E-FTUFSFO>QWJT3VTBOPW RVJO[F BOTRSWETHBSBOBIBO F® <
FUOMIJWFBETNPEOMFTUFOUFOU EF €AW BOJHM 3 B HARNDIKP B R OB ED:B V O +
EEVTVCTUSBUFOIUVEJBOU MBEIGPSNBUJPO MPDBMFEV TVCTUSBU
FOUSFMFDPTJOVTEFM BOHMFEFDPOUBDUFUM BOHMFE :PVOHFTU
EVOFEIGPSNBUJPOEFM PSEQPYS EMBTUBRWIUWFFINBMITIZNIUSIRVFT 00

-7 .
DPT DPyY ER

-FNPEOMFEF3VTBOPW QSIEJUVODPF DIJFOURVJEIQFOEEFM BOHMF
MPHBSJUINF FOUSF VOF UBJMMFRNBLSWOP B QJRWVIF NQESSPWHENEKOM RV F N
M JOUFSGBHDFME TVCTUSBU OF QPTTOEF QBT VOF UBJMMF J® OJF BMF
QFVU BMPST UFOJS MJFV EF MPOHVFVS EF DPVQVSF NBDSPTDPQJRVF
TPVT MBMJHOFEFDPOUBDU TPOU M B \EFFNVB B BIUTJJRIBERE ROI WD T CsR TIMB
MB QSPQBHBUJPO EF MB MIJHOFEWFDFPRBBYDMIBUIJPO EF HPVUUFMFUL
< >

-B QSFNJOSFNJTFFOIWJEFODFFYQISINFOUBMF EF MB GPSDF FYFS
#BJMFZ FO >R¥JB QV GBJSF BNCFSEF OFT MBNFMMFT EF NJDB EF 71
EF NFSDVSF 1BS MB TVJURB IUVEODOI M JO VFODF EF MBTPVQMFTTF EV T
DPOUBDUFUBUFOUIEFWIS) FSMFTFYQSFTTJPOTEF3VTBOPW OMJW
NPEZOBNJRVFEFDFTE¥GHSINBIFINIOISFTFYQISIFODFTEFNJTFFOITWJE
FOFMMF NDNF EWPVTE®BSHFMNMBIWHOF EF DPOUBDU TPOU DPMWRBTEEF $1BQ
QPTF VOF HPVUUF E FBV TVS EF MB QBSB OF RVIDPNNFODFE TF TPMJ
EF MBDPOTUSVDUJPO EF/FVNBORVJFTUNJTFFO IWJEFODF -FTFYQI
< >DBSMFTEIGPSNBUJPOTMPDBMFTTPOUQFUJUFTFY EPODEJ
NPOUSFOURVFMFTEIGPSNBUJPOTQSPEVJUFTTPOU MFTVSIBBCMFT TJ N\
&OF FU QPVSVOUFMTVCTUSBU MBUBJMMFDBSBDUISJTUJRVF EF ME

-7

E

&MMFFTUEPODNFTVSBCMFQBSNIPSETBPRQUF BOMFOSIGISE OVBMMMN RC
SFTDFOPPWYE BVUSFT NBSKRVEVSTEXFNNFOU MBQSFTTJPOEF -BQMBDH
VOFJOTUBCIJMJUIEFTVSGBEDNPEVMEET RNOHFODPSF QMVT GBJCMF EF

&O PVUSF EFOPNCSFVY SITVMUBUT FYQISJN FIOMMEYEMSPSDFO D BQT T
MBJSFT TVS EFT TPMJEFT IMBTUJRVFT - JOUISPU QPVS DF EPNBJOF
NFUUFOU E FYQMJRVFS VO HSBOE OPNCSF EF QITOPNOOFT DPNNF QI
GPSNFOUEFTHSBQQFT MPSPRPURPNRPOUUWVMFIMEVIMMFT QMBTUJR\
FODPOUBDUBWFD EFT MIRVIEFPY FODPSF DPNNFOU EFVY MNT QMBT
BEITSFSFO QSITFODF E WO -MIJIRAEFEERKT EIGPSNBUJPOTHMPCBMFTEFT
TVKFUBTTF[SIDFOUQVJTRVFD FTU4IBOBIBO FO RVJB QVCMJI VOF
UJPOTEF OFTNFNCSBOFTIMBTUJRVFT QSPWPRYVI¥ TIMBSFEFAN-CAWRUQ B
BWPJS FVDPOOBJTTBODF EFTFYQISJFODFTEF #BJMFZ FO %BOT
GPSNBUJPOTIMBTUP DBQJMMBJSFTBQSJTVOGPSNJEBCMFFTTPS BV
EFTTVCTUSBUTIMBTUJRVFT MFTWBSOHBRVYMPBG@OWMBI SPFMWIF NJDS
FODPSFM IUVEFEFTJOTUBCJMJUITEF SJEFTEFT MNTIMBTUJRVFTE |
#JDPFU3PNBOBOTDFDBTD FTUHIOISBMFNFOUM IUVEFEV BNCBHF I

E N:
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'64B?2 B %IGPSNBUJPOFYBHISIFEVTVCTUSB W Q®BBFHFVHIRMUGE]E BRI
VOF QMBRVFIMBTUJRY F-FONP E\VBV\DFS®O TRVOH EV TPMJEFEBOTDFDBT QFVU £
HSBOE RVFEBOT B

RVJSFQSITFOUFHIOISBMFNFOUVOFEIGPSNBUJPOCJFOQMVTWJTJCN\
IMBTUJRVF $FMBOF OIDFTTJUFEPOD QBTEEEBWPRBS EFT TVCTUSBUT B\

SBUREOpPPDWLTXHYV
'LVWULEXWLRQ GHV IRUFHVY FDSLOODLUHY GDQV OH PRGqOH GH ")7 VLPSOLppH

/IPVT QSPQPTPOTEBOTDFDIBQJUSFE IUVEJFSMFTDPOTIRVFODFT EF
MBJSFT NJTF FO TWQEFNOIFSERMBBMHPE T BY OJWFBV EF MB EIGPSNBUJP
DPOUBDU BJOTJRYV EMBEIGPSNBUJPONBDSPTDPQJRVFEFTTVCTUSE
EF DFUUF EJTUSJCVUJPO -PSTRVF MF TPMJEF FTWHOBIFGRERBBMF FU
GPSDFFYFSDIFTVSMFTPMJEFQBS VO MJRVJEFFOIRVIMJICSFTVSDF"
VO DPJO EF MJRYJBDFFHF W®BMFEWEF MWMEFGBDF EV MJRVJEF NBJT FTU E.
NIEJBOEVDPJOEFMJRVIJEF %BOTMBEJSFDUJPOOPSNBMFBV TPMJEF
DPOUBD;UBPUFU EBOT MB EJSF D U{IPPODJRD HF- BV UBNFNOBSU OPVT BWPO
'JHVSF RVF MPSTRVFDFTPMJEFJOEIGPSNBCMF QPTTOEFRMFIDUFS(
JMTVCJUVOF GPSDF QBS VOJUI£E£FENMSIGBPD W ASORVMBSFIHUFFGODPOWF Y F
TPOUDPNQBUJCMFTBWFD MFT CIMBOTUIFSNPEZOBNJRVFTVTVFEFMT |
OJMB MPJEF/FVNBO

'64B?2 %JTUSJCVUJPO EFT GPSDFTDBQJMMBJSFTBHIJTTBOUTVS EFTTP
EFMBMJHOFEFDPOUBDU C "VYJOUFSGBDFTMJRVJEF TPMJEFDPVSCIF
SITVMUB@DPFEWSIJHIF WFSTMFCBT QBSVOJUIEF MPOHVFVS EF MJHOFE



-FTTPMJEFTIMBTUJRVFT

$PNNFOPVT QPVWPOTMWMFSHWMPIDPFUSIMBITUSICVUIPO QPTFEFT QSPC
MJEFTTPOUEIGPSNBCMFT 4JM POTVQQPTFRVY VOFQMBRVFWFSUJD
BMPST MFT GPSDFT MPDBMJTIFT BV CBT EF MB QMBRVF EBOT MF MJRV
TPMJEF QPVSSBJFOUNFOFSEVO BNCBHF %F MBNBNF GBIPO VOFTC
EPJUJOUFSWFOJS 0S DFTEFVY QITOPNOOFTO POUKBNBJTIUIPCTFS

%F QMVT TIMFTPMJEFFTUFYUSDNFNFOU EIGPSNBCMF PO QPVSS
NJDSPTDPQJRVF DPNNF VO MJRVJEF $FUUFWJTJPOFTUUSOT SIQBOE
TPVTMBMJIJHOFEFDPBGBBNKMPDBMFEFM JOUFSGBDFTFSBJUEPOD S
NBO RVJUSBEVJUM IRVIMJCSFMPDBMEBOTDIBDVOFEFTEFVY QIBTI
JM OF QFVU QBT USBOTNFUUSF MB GPSDF UBOHFOUJFMMF EVF BV MJR
TFVMFNFOU VOF GPSDF OPSNBMF E MBMJHOF EFDPOUBDU /PVTDPOT
E BWPJSVONPEOMFQPVSMFTPMJEF RVIQFSNFUUFEFDPNQSFOESF
TPMJEF FUDPNNFOUM JOUFSGBDFT BEBQUFEDFT GPSDFT /PUBNNI
EIGPSNBCMF EM IDIFMMFBUPNJRVFJM QPVSSBJUTVCJSEFTEIGPSN
BVYGPSDFTDBQJMMBJSFTFURVFMMFFTUM JO VFODFTVS M IRVJIJMJ(

&RQWUDLQWH RX pQHUJLH GH VXUIDFH"

%BOTMFDBTEFMJRVIJEFT OPVTBWPOTQVFYQMJDJUFS MBEI OJUJPC
VOF IOFSHJF EN O¥ SSPBMF MJOTJRVF EF TVSGBD M I/PYJBESWP\D F QY ONTP O
E IOFSHJFEVFEMBQSITFODFE VOFJOUFSGBDF MJRVJEF FOUSF EFV®
IRVIJWBMFOUF E MBEGPSEMW RV ASEBASDEBOHFOUJFMMFNFOU EDFMMF
EFVY EI OJUJPOTTPOUEJ ISFOUFT &ODFVF UT DIPIRIPEOWWIPOR WP B B i § MB
FOUSF MBDPOUSBJOUF TVSGBDJRVF EI OJF MPSTRVF M PO EIGPSNF
M IOFSHJFTVSGBDJRVF Ei OJFMPSTRVFM POEIGPSNFVOFTVSGBDF
EBOT VO TPMJEF TPOU EJSFDUFNFOU SFMJIFT BVY DPOUSBJOUFT FU (
TVSGBDFE VOTPMJEFEPJUEPOD PUSFVUJMJTIFBWFD QSVEFODF

3RLQW GH YXH GX VROLGH

$POTJEISPOT EBOT VO QSFNJFS UFNQT QPVS MF SBJTPOOFNFOU RVF
VOF QSFTTJPO EF SIQVMTJPO RVJ T BEBQUFEM IRVIMIJCSF MPDBM F
EFS8BBMTDPNNF QSIDIEFNNFOU FUMFNPEOMFEF %'5 TINQMJ I T BQC
QSFNJFSTDIBQJUSFT /PUBNNFOU MPSTRVFM PODPOTJEOSFE MB G
GPSDFT BUUSBDUJWFT EBOT MF MJRVPEA BMPERIVEPWE B WSPIDFT INFPLOBS
T FYFSDFEUSBWFS DV ROUFBGBPIFESFOUBWFDM FYJTUFOD®%Y¥ VOFQS
QPJOUEFWVFMPDBMEBOTMFTPMJEF UPVUFTMFTGPSDFTTPOUEQS
QSPQPSUJR.OOFSIMMFEODIF TIJM POTFTJUVFEVQPJOUEFWVFEVTPMJ
I[TUBOUFYUISJFVSBVTZTUONF DPNNFOPVTM BWPOTGBJUQMVTIBVU
4FMPO MF CJMBO RVJFTU FYIDVUI RVFM POTFTJUVFEV QPJOU EF W)\
DPNNFIUBOUFYUISJFVSBVTZTUONF PVRVFM POTFTJUVFEVQPJOU I
UPUBMFNFOU EJ ISFOUFDIPPFSW® Q EFOFVFO-EF -BQMBDF QPVS NPEIM
TVSGBDJRVFTEBOTMFTPMJEFFTUEPOD MPJOE PUSFIWJEFOU
&OTVJIJUF EVQPJOUEFWVFEV TPMJEF JMGBVUFYQMJDJUFS VO IU
%BOT MBQIBTF WBQFVS VOTPMJEF EPLY TWOPSI Q06 OBSNAT UFESB DA MR
IWPMVFQBS SBQQPSUEDFUIUBU MFTNBDNFTJOUFSBDUJPOTBWFD MF
EBOT MF TPMJEF TPJU MF NFUUSF TPVT DPOUSBJOUF 4J MFTPMJEF B
OPOTE FYQMJRVFSRV JMO FYJTUFQBTEFGPSDFUBOHFOUJFMMF BV
WFSUJDBMF RVJ QFVUBHJS TVSVOF QMBRVFFTUEVFBVY QSFTTJPOT
WV UBOHFOUJFMMFBVTPMJEFBVY MJHOFTEFDPOUBDU %BOTMF MJF
QBS VOJUIEF MPOHVFVSEF MJHOFEFDPOUBDU FUEBOT MB QFBTF WBC
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RVJFTUBVTTJDPNQBUJCMFBWFD VOF GPSDF WFSW3DBMPREVF M PQIC
SITVMUBURVJQSPWJFOUEVCJIJMBOIOFSHIUJRVF

&0 O JM SFTUF M JOUFSQSIUBUJPO DPNNVOINFOU BENJTFE VOFD
-FMJRVJEFUJSFTVSMFTPMJEFTFMPO MBUBOHFOUFEM JOUFSGBDF
.7DPJ $FUUFJOUFSQSIUBUJPO OIHMJHF MFTJOUFSBDUJPOTEV TPMJ

1PVS SITVNFS OPVTQPVWPOTFYQMJDJUFSUSPJTNPEOMFTQPVS J«
VOF QMBRVFWFSUJDBMF QBSUJFMMFNFOUJNNFSHIF RVINOOFOU UP
BWFD MF CJMBO IOFSHIUJRVF FU EPOU MFHA\EFAFFT JSBUIAPCOTOTFNG-O 81T ©
SBNOOFOUBVYRVFTUJPOTEFMBEI OJUJPOEFTDPOUSBJOUFTEBOTM
EVTPMJEF &0 F FUTFMPO M VOFPV M BVUSF JOUFSQSIUBUJPO FU E

MJRVJEF QBS SBQQPSUETPOIUBUEBOTMBQIBTFWBQFVSFTU TPJL
DPNQSFTTJPO D

'64B?2 5SPJTNPEOMFTEFEJTUSJCVUJPOEFTGPSDFTDBQJMMBJISFET MPS
QBUJCMFT BWFD VOGP SPBRITYRMEBDINQMI FS MF SBJTPOOFNFOU MF T
QMBRVF OF JOWBSJBOUF EBOT MB QSPGPOEFVS - [lUBUEF CBTFFTU DF|
-BQMBDF ETFTDPJOT SITVMUF F@BE WGP SHF M B OMAWRYEBCEM-TPOUPVS EF
RVJT FYFSDF E DIBRVF CPVU EF MB QMBRVF -PSTRVF MB QMBRVF FTU JN
DPNQPSUFNFOUT B %JTUSJCVUJPO|jMJRVJEExXx -EFTPMJEFQPTTOEF MF
EFDPOUBDU MFTGPSDFTUBOHFOUJFMMFT OF TPOUQBTUSBOTNJTFT FL
EF MBQMBRVF *M FYJTUF BMPST BV,T TBMWOIFPQ A T EPROD BVFB- B Q MBDIFPOCE F -
TVQQMINGBSBBFQPSU EM [UBU EF SIGISRED K.Q Pk TRE B MFFVBAN TDAVM UBVFE F
WFSTMFCBT C %JTUSJCVUJPODMBTTJRVF *M FYJTUFEFVY GPSDFT MF
MPO MB UBOHFOUF BY MJRVJEF -FTPMJEFO FTUOJFODPNQSFTTJPO 0J
EF-BQMBDF TVQQMINFOUBJSF D %JTUSJCVUJPOj%'5x -FTGPSDFT UBC

71+ DPJ) FUJMFYJTUFVOFQSFTTIJPOEF-BQWBDEKTRYOMANRGUREFSF E BI
MFTPMJEF

4XHOV FRPSRUWHPHQWY SRXU OHV VROLGHV"

-B GBIPO EPOU VO TPMJEF SIBHJU EVOF DPOUSBJOUF FTU MJOTBJSF B
BQQFMMFM IMBTUJDJUIMJOIBJSF RVFOPVTQPVWPOTET OJSHSEDF |
FUMFUFOTFVS EFT DPOUSBJOUFT 1PVSEFTTPMJEFTDSJTUBMMJOT
EPOOIFQBS MFQPUFOUJFMF FDUJGEBOTMFRVFMTFTJUVFDIBRVF NI
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MPDBMFNFOU QBS VO QPUFPQ3SP B PBENEFA BSFAFYISFOUBOU MB EJTUBC
EFVY QSPDIFTWPJTJOT - IMBTUJDJUIQSPWJFOUEPODEF MBGPSDFE
TFEIQMBDFSIPSTEFDFNJOJNVNEFQPUFOUJFM FMMFFTUEPOD SFM.
EVNJOJNYN/ 2 0SM IOFSHJFBTTPDJI¥ ENIOBEMRBWENFVMEUTEFVY BUP N
FTUEFM PSESFEF

2

1 X
U (X)2 00— EE N 3;

DFRVIJIDPSSFTQPOEEPODEVONPEVMFE :PVOHEFM PSESFEF

E -3
1PVSMFTTPMJEFT MBMJBJTPODPWBMFOUF FTUFEEF M PSEEEFFEF QMVT
M PSESFEFM BOHTUSUN DFRVJEPOOF (1B

-BDPITTIJPOEFTNBUISJBVY TPMJEFTQFVUDUSFEVFEE BVUSFT MJE
MJRVFT EVNDPNFPSESFEFHSBOEFVS NBJTEIDSJUFTEJ ISFNNFOU "
DISBNJRVFT DSJTUBVY PVDSJTUBVYJPOJRVFT POUSPVWFEFTNPE\
MJEFTTPOUEPODEJ DIMFNFOUEIGPSNBCMFT 1PVSBMMFSWFSTEFT
DBQJMMBJSFTBJFOUVOF FUNBDSPTDPQJRVFTVS MFVSGPSNF OPVT
QPTTOEFOU VO DPNQPSUFNFOU SBEJDBMFNFOU EJ ISFOU

%BOT MB TVJUF OPVT BMMPOT BMPST IUVEJFS MF DPNQPSUFNFOU E
BDUJPOTEFT GPSDFTDBQJMMBJSFT /PNOBMWONETESOYYIBQSFAUBMI
M T WFOUVFMMF DPNQSFTTJPO EFTIMBTUPNOSFT TPVT M BDUJPO EF
BWPOTNJTFFOIWJEFODF QPVSM JO SNFS FVNMBIFHROY BNFSM/PVDT BMND
EF BNCBHFEF OFTQMBRVFTIMBTUJRVFTE VOQPJOUEFWVFUIIPSJR
MFT QSPCMINBUJRVFTEF MB EIGPSNBUJFO® MPRGWBEFOTPEA $/BON BHG FEBF
WJG EVTVKFU OPVT QSITFOUPOTUPVUE BCPSERVFMRVFTHIOISBMJL

/IHV SRO\PqQUHV pODVWLTXHV

-FTNBUISJBVY QPMZNOSFTTPOUEFTFODIFWDUSFNFOUTEFUSOT MP(
D FTUE EJSFTBOTPSHBOJTBUJPOMPDBMF DSJTUBMMJTIT D FTU E
PSHBOJTBUJPO T TZNIUSJRVF PVFODPSFSIUJDVMITD FTU E EJSFQPT
DIBOOFT EF NPMIDVMFT $FUUF TUSVDUVSF E HSBOEF IDIFMMF DPOG
NPMIDVMFT JOUFSBHJTTFOU FOUSFFMMFTBWFD EFT MJBJTPOT EF 7B
EFT NPEVMFT E :PVOHUZQJRVFNFOU EF RVFMRVFT (1BFDJQvs POBFOEID U

kKT QPVS MFT MJBJTPOT EF 7BO EFS 8BBMT OS DF O FTUQBTDF RVF
DFT NBUISJBVY QFVUBMMFS EV 1B BV (1B -FT QSPQSJIUITEF DFT NBL
QBS MFVS PSHBOJTBUJPO NJDSPTDPQJRVF MB GBIPO EPOU MFTDIBO
MF EFHST EF QPOUBHF QMVT VO QPMZNOSF FTU SIUJDVMI QMVT JMF
7BO EFS 8BBMT FOUSF MFT DIBOOFT -FT MJBJTPOT DPWBMFOUFT MF I
EDFUUFIMBTUJDJUI TBVGEUSOT GPSUFEIGPSNBUJPO MPSTRVF UP
BVY GBJCMFT EIGPSNBUJPOT M IMBTUJDJUIFTU EPOD E PSJHJOF FO
DPOUSBJOUF QPTTOEFBMPST VO DPNQPSUFNROGIY § & Gl BRI DFQLASI G
MF DPNQPSUFNFOU GSIRVFOUJFGP EV EP %D EFFTD J E BEINEV FENFFNDRJ STQ P
EIGPSNBUJPO E VO QPMZNOSF TIJNQMF STUJDVMI VO IMBYBPNOSF TI
MB SIQPOTFFO QIBTF JM DPSSFTQPOE EP G¥ETWBVBVSI RUWPIENVFNBUR Y BEV
EF QIBTF RVJQFVUDUSF SFMIJIFBVY QFSUFTEBOT MF NBUISJBV /PV"
GSIRVFODF MB NBUISJBV FTU SJHJEF MFNPEVMFEFDJTBIJMMFNFOU
USOTJOGISJFVS BV NPEVMFEFDJTBIJMMFNFOU %BOTDF SIHINF DFT
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RVIJBTTVSFOU MB SJHJEJUTEV NBUISJBY MPSTRVFM POUJSFTVSDF |
TUSVDUVSFEVNBUISJBVYVSFTUFTFOTJCMFNFOUMBNDNFTVSUPVUF DI
OPO SIUJDVMI OFQPTTIEBOUQBTDFT MGBCFBEO D PYR DQMO/TFSBIWMH B
QMVT GPSUFNFOU EF MB GSIRVFODF FGE¥ QI DPWFUFESPOFPER AS®® HR\ESV
EF GSIRVFODFTTVIJWBOUFVOFGPSUFSFNPOUIFEVNPEVMFEFDJTBJN
PO DPNNFODF ETUJSFSMFTDIBOOFT -FNBUISJBVQPTTOEFVOF QMVT
TVS MFT FODIFWDUSFNFOUT FUMFT QFSUFTBVHNFOUFT DBS MFT DI
BVHNFOUF QMVTMFTDIBOOFT TFEITFODIFWPDUSFOU $FDPNQPSUFN
VJEF .BYXFMMJFO E GB QPN F GBFR\OCFQPGUF F oGPPI TMIRHE BWIPS D RO B

D FTU E EJSFE VO VJEFEIDSJUQBS VOFIMBTUJDJUI MJOIBJSF FO
DIBOOFTDPNNFODFOUEDBDUSFDPNQMOUFNFOU IUJSIFTFUPODPNNFO
MFNPEVMFEFDJTBIJMMFNFOU TBUVSF FUMFTQFSUFTQBS GSPUUFNF

'64B?2 $PNQPSUFNFOUUZQJRVF EV BPEWY HY¥ HP B\ V E£VFNOF\ERORT
UJPO EF MBIGFIRVFIGMMF MPH MPH QPVS VO QPMZNOSF SIBJDVMIEF GBJ(

%BOT MBIFDUUP @PVT IUVEJFSPOT FYQISINFOUBMFNFOU MFDPNQP
DVMIEFUSOTGBJCMFNPEVMFE :PVOH - IUVEFFYQISINFOUBMFTFSB
EFNFTVSFS MBXQBGBWNREESFTQPOE BV NPEVMFEFDJTBIJMMFNFOU E GSIF
E VOIMBTUPNOSFFTUDPOTJEISIDPNNFIMBTUJRVF MPSTRVFM FYDJL
'lo EF MBIVSFDPNNFD FTUMFDBTFOTUBUJRVF "WBOU EFGBJSFDFUUF
E BCPSERVFMRVFTSITVMUBUTVUJMFTEV GPSNBMJTNFEFM IMBTUJL

/IRLV IRQGDPHQWDOHY GH O-pODVWLFLWp

/IPVT BWPOT ET OJT MFT UFOTFNS EET E DEPRORNSBBI)BENTI FS DPB/QJUSF
TFDUJPRPUOPVT TFDUJPROYT BWPOTEF QMVTIDSJUM IOFSHIJERGIBTUJR)
MBEFOTJUIWPMYSNBRWQYFMIFJIJDJ TFMPOMBOPUBUJPOE &JOTUFJO EF
NVFUT

%BOT MF DBESFEFM IMBTUJDJUF MTQIB0FFGIPSINNHR OEEITPWEP\QFET O
"i -FUFOTFVSEFTDPOUSBJOUFTTFEIEVJUEPOD EFMBEFOTJUIWPM
TVIWBOUF
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*MO FYJTUFRVFEFVYJOWBSJBOUT RVBESBIDBRVWFTE VOUFOTFVS EF

1
F = _ n .. "__ + n .. II" ;
o il ij i
P& FUTPOU EFTDBSBDUISJTUJRVFT EV NBUISIJBVY BQQFMITDPF DJFO
DPOUSBJOUFTEPODEEFTQSFTTJPOT OOFOEIEVJUJNNIEJBUFNFOUM

BVY EIGPSNBUJPOT
i =2G" + "y i,
PV FOIDSJUVSFUFOTPSJFMMF
=2G"+ tr (")I;

P4 MFUFOTFWS Y WBW FRIDF E VO UFOTFVS 00 DPOTUBUF BMPST RV V.
EJSFVOFEIGPSNBUJPOEFUSBDF OVMMF DRBOGVJIWEMBD MG BIPENIMFF
DJTBJMMFNFOU $ FTUDFNPEVMFRVFOPVTQPVWPOTFYQISINFOUBM
BV SITPNOUSF EFT NPEVM¥ F 6 FGP DTTBUMNOFEF®IB GBIRWFOB BVUSF
QBSU OPVT QPVWPOTSIIDSIJSFDFUUF MPJEF )PPLFQPVS GBJSFBQQRB
TVIWBOUF

1 2
i =2G "jj g"n i o+ gG "I
-FQSFNJFSUFSNFT BQQFMMF MFEIWJBUFVS FUT BGGWNMFQPVSEFT
-FEFVYJONF UFSNFSFQSTTFOUFMB DPNQPTBOKFZJ'FFF%GEB/H:Q\FPEEFV'IT\/D:POU
EFDPNQSFTTJPOJTPUSPQF

&RPSUHVVLRQ XQLD[LDOH PRGXOHV G:-<RXQJ HW GH 3RLVVRQ

$POTJEISPOT NBJOUFOBOU VOF USBDUJP®@ BDPNRISFAIINBOMNMIBY SBH
TPOUSFMJIFTEMBEIGPSNBUJPO MPOHJUVEJOBMF QBS MFDPF DJFOL

XX = yy — 7z -

-FTDPOUSBJOUFTRVJFOSITVMUFOUT IDSJWFOUQBSEI OJUJPOEVN
i = E%i

OSMFTDPOUSBJOUFTTFMPO MBEJSFDUJPO USBQJ W BSIIFOTNW FT TRV B
UJPOTFU

w =0
=2G"x + ("xx t+ "yy +"22)
=( 26 +(1 2) )'z:

OOFOEIEVJUEPODRUBQEPTNPEVMFTEF 1IPJTTPOFUE :PVOHFOGPOD
-BNI

2( +G)’
_ G +20) |
E= 2o o
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EF TPSUFRVF MB MF¥FBIPBLUKR

i = E "ij +
1+

T2 "

IPVT QPVWPOTBMPSTFYQSIJNFSMFTDPF DJFOUTEFUEN BPFGP OPQU P
EF1PJTTPOFODPSF QBS FYFNQMF SFMJFS MF NPEVMF EF DPNQSFTTJP
DPF DJFOU EH’(1=P§(%RO%POD MPSTRWROKB=E FUMPSTRIX2F DF RVJ
DPSSFTQPOEE VOFUSBOTGPSNBUJPO EF WPMVNF BPQTUBBGROPVT BN
USBEVJUCJFOM JODPNQSFTTJCJIJMJUIT -FTNBUISJBVY NIUBMMJRVFT
QSFNJAS'DBEBOT MFVS EPNBJOFIMBTUJRVF BMPSTRVFMFTIMBTUPN
NFOUJODPNRSFEHTJCMF

&0 O JMFTUTPVWFOUVUJMFE VUIJMJTFS MBSFMBUJPO JOWFSTIF |

1+
TRl g Kk

/ILPLWH LQFRPSUHVVLEOH

%BOT MBMJINJUFJODPNQSFTTJCMF POB
"||:OZ
%PODFOFfIRUE BQSOTTB EI ORWMBOMPJ E YFPISAIDSJU

2E

i= 50 P

PA4OPVTBWPOTJOUSPEVRWRMBRYSFNTIDBORN MBMOPOUSBIOUF IJTPUSPQF
SBNOUSF SITVMUF EV!I GB2Z UMRVERWFSDRWFFUFSNF EE MIJIRYBTUP® 0J DB
DPOUSBJOUF SFTUF OJF %P QDIRO PG 8 CIFOMIEF B SBPFTERVMFFOTFVS EF
RVJFTUOVMMEF

*M ZB QMVTJEVST GBTPOT EF NFTVSFS VO NPEVMF E :PVOH 60F QS
E IlUJSFNFOUEVNBUISIJBY SFMPEBMPET:EYOFDUFNFOWB BRGOI BU ORN\E
= F/SRVEFM POBQQMJRVF FOUSFMFTEFVY CPVUT BV INRUBSIBY FU TP
EFVYJONF NIUIPEF DPOTJTUF EIUVEJFS MB SIQPOTFEV NBUISJBV E VC
FTUEZOBNJRVF FUFTUUSOTGBDJMFE SIBMJTFSBWED VO SITPNOUSF
FOGSIRVFODFJOEJRVFQMVTMBSHFNFOURVFMFTUMFDPNQPSUFNFC
PUSFDPOTJEISIDPNNF QVSFNFOUIMBTUJRVF 00 GFTWEBF @GHPSATMET |
RVFOPVTBWPOTJOUSPEVJUQMVT IBVE RO B\PODE JPOEF MBGESEMFED
EVNPEVMFEFDJTBIJMEBERE®U)GUB RV E GBSF EBOT MB MJNJUF JODP!
QMVQBSUEFTIMBTUPNOSFT

E=3G=3GY! =0):

eTXLOLEUH ORFDO

$POTJEISPOTVODPSQTEIGPSNIQBSVOFEJTUSJCVUJPO EF GPSDFTF
MFT GPSDFT JOUFSOFTRVJSITVMUFOU EF MBEIGPSNBUJPO EV TPMJE
-TRVIMJCSF NIDBOJRVF DPSSFTQPOE E MBDPNQFOTBUJPO EFTDFTE
HIOISBM MFTGPSDFTRVJT BQQMJRVFOUE VODPSQTTPOUEFTGPSD
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WPMVNJRVFT &MMF QFVWFOU UPVUFGPJTTFSITVNFSEEFTTGPSDFTT
EISIWFOUEVUFOTFVSEFTDPOUSBJOUFT

G EIW=r ;
D FTU E EJSFFOOPUBUJPOUFOTPSJFMMF
fi= @ i:

@ ik SFQSITFOUFEPODVOFGPSDFJOUFSOFWPMVNJRVF FUHSEDF BV
z I
fid = ik NkdS :
\Y S
kNk SFQSITFOUF CJFOVOF GPSDF JOUFSOF\WWVN F NBIQMQJW¥ YRROPATASF 10 B B
EPJUEPOD PUSPEQMBIWRKGRIOFHF FYUISIFVSFTTVSGBDJRVFTRVJT BQ
%FMBNBPNFGBIPO PO QFVU DB MDYWHSEDY B RPNFMITENBEEGPIDFZNIUS
E PSESF
z z

Mik =  @( iXk  wXj)d (k k)d:
v v
-FQSFNJFS UFSNF FTUIDSJUTPVT MBGPSNFE VOFEJWFSHFODF JME
TVSGBDF -FEFVYJONFUFSNFUSBEVJUM TRVJMJOSA\W®DRIM EBRVAV F N
OFTVCJUQBTEFDPVQMF FUEPJUEPODT BOOVMFS OOUSPVWFEPOD
k= Kk "JOTJ MFNPNFOUT IDSJU
|

Mik = (axXk  wXi)md :
s

'JOBMFNFOU MFTIRVBUJPOTE IRVIMJCSFT IDSJWFOU MPDBMFNFC
@ i+ f>=0;

QPVS VOF EFOTJUITWPMVNJR®F EWEP SPFMBFYMIGBFYSFFOITVIJUF FYQSJI
BJOTJRVF MFTDPOEJUJPOTBVY MINJUFT EMB GPJTFO UFSNF EF GP
EIQMBDFNFOU $FDJQFSNFUBMPSTFO QSJODJQFEFSITPVESFDPNQNMN
UJPOTBOBMZUJRVFTOFTPOUIWJEFNNFOUQBTDPVSBOUFT JM GBVU
FUJM GBVURVFMFTEIGPSNBUJPOTSFTUFOU HIPNIUSJRVFNFOU MJOI
SFDPVSTEEFTTPMVUJPOTOVNISJRVFT

eODVWLFLWpPp GHV SODTXHV pQHV

60FEFTTJUVBUJPOTTZNIUSJRVFTPAEFOPNCSFVTFTTZNIUSJFTQFS!
EFTQMBRVFT $POTJEISPOTVOFMPOUY¥F QABRVIE VB E F@QBPIAFOBFV ¢
W EIDSJURHWSMBU RVFM POGBJU IDIJSTPVTM F FUEFGPSDFTFYUI!
RVFMB FYJPOFTUGBJCMF D FTU EENSBROUF MESGBZEGOWBODOPVSCVSF

OOEl OJUBMPSTMB CSFOFVUSFEFMBQMBRVFDPNNFIUBOUMBQP
EF DPNQSFTTJPO &O F'FHVBECWRVE M¥S B TIJWPIPWIMUISIFTEM JOUISJ
MB QMBRVF BMPSXRVWAMOUQ@PRNIBIFPTOMFT %BOT MB MINJUF EF GBJCN\
FYQSINFSMBEIGPSNBUJPO MPOHJUVEJOBMFEBOTMFNBUISJBV BV Q!

X
2z(X) = r- X
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'64B7?2 B 60FQMBRVF OWEOIQBUVBBYRBO EF IDIJTTFNFOUTPVTM F FUE
SJFVSF -FTDPOEJUJPOTBVY MINJUFTOFTPOUQBTSFQSITFOUIFT NBJT
Fex¥ &0 QPJOUJMMITMB CSFOFVUSFEIDSJUDPNQMOUFNFOUMB GPSNF EF
-PDBMFNFOUTVSVOFTFDUJPOEFMB QM8 BVR PONDER P'¥ H & MBFENG DPNELL
1/R

P4 FTUMBDPVSCVSFMPDBMF EPGHAZ& 0J% GRBIUIMWE NPJ BR BT RIVF
BVUSFTDPOUSBJOUFTTPOU OIHMJHFBCMFT MBDPOUSBJOUFT FYQS

2z(X) = E x:

0O QFVUBMPSTDBMDVMFS MFNPNFOUFOOEFDFTDPOUSBJOUFT BQC
ZI/2

XK"Y 22(X) RW dx ;
12

= EIW F;
PAPOBEI OJMFNPNFOUE JOFSUJFQBSVOJUIEFQSPGPOEFVSEF MB
I_lez 2y 3
172 12°
OO QFVUBVTTJEI 0JS
El®
B =EI = ﬁ;

RVIFTUM BOBMPHVF EV NPEVMF E :PVOH QPVS MFT NPNFOUT BQQFN
VOJUIEF MPOHVFVS "JOTJ MFNPNFOU IDIJTTBOUQBSVOJUIEFQSP

.0= B F:

®M IRVIMIJCSF DFNPNFOUFTUDSIIQBS MFT GPSDFT FYUISJFVSFT
TFMPEFT GPSDFTBQQMJIJRVIFT MPDBMFNFOU EMB QMBRVF - TRVBUJPO

Mext: B
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-FTGPSDFTRVJT BQQMJRVFOUEMBQMBRVFTPOUE| OJFTQBSMFTGP
60F GPEDFSDIF QBS MB QPSUJPO £ F\WXB MBBFFTE BRBOYESBIF JOGITS
NPNFOU IMINKGWBISTPEA | E MBEIGPSNBUJPO TVCJIF RF VW E MBOG\PSIDVFF
QPVS MF DPVQMF FRF\S Fi PPSOUBUS@RONDMEOU 1PV S FY FEDFSFM B BIRIVDED F N
USBODIBOUFFTUOIHBUJWF FU MF N FAFTQUQSH T YWALGEND,M: WIRMWRICEM B B J S F
-TRVBUJPOE iIRVIJMJCSFTF SIiiDSJU

d
Fe=Bg

BURSULpWpV LQWpJUDOHY GH OD SUHVVLRQ GH /DSODFH

2UVEJPOT NBJOUFOBOU QMVTFO EIUBJMM F FUEFMBQSFTTJPO EF -B
T FYQSIJNF RVFMRVF TPJU BBQUW 6 MMFOEE 6§ IWE GBBHFMB GPSDF TVJWB
TVSG@BDF

dG als ;

P&OFTU VO WFDUFVS VOJUBJSF OPSNBM E MB TVSGBDF EJSJHI WFST \
FUOPVT BOWFFWPOUFVS VOJUBJSFUBOHFOU 4VQQPTPOT QPVS TINQN
TPMJEFQPTTOEFVOFJOWBSJBODFQBSUSBOTMBUJPO OPVTQPVWPO
MPOHWMREBOT MBEJSFDUJPO JOWBSJBOUFdEY Was| sl FOW & F MYISE@WD F
EJ ISFOUJFMEF MB DPRS®%B O O iIFFDDVEBSTW J/RBUMIFVFSCCMSEEF MB NBOJOSF TV J

du
&

/PVT M BWPOT EiKE WV MB SiTVMUBOUF E VOF US @ M F TQOSEFFT B MPG T WD

QSPQSJIUIJOUTHSBMF JOUISETTBOUF

= Qls ;
w s ’
= (U+ B ;

P& FWTPOUMFTWFDUFVSTUBOHFOUTSB¥YEFVIYT QFSETMVE F WU J © UARASSGEE
RVFOPVTWFOPOT EJHOYSHH%FSN BOPILSS F QMVT HIOISBMF E USPJT EJNF(
IDSJSF

PL£ SFQSITFOUF MF CPSE FA M OVBEBDFU EJ ISFOUJBEVICEMDREQB DP\
UBOHFOU E MB TV SGB IF FUFSSYFOEIEBWEIBF §SPMPOHFNFOU EF MB 1
VOF GPSDF RVJ UJSBBUHE MBUIFEWMMFNFOU E DFMMF DJWFSTMF TPMJEF
QFSNJTE B SNFSRVFMBEJTUSJCVUJPO RVJSITVMUFEV NPEOMF EF %
UIFSNPEZOBNJRVFT 4VSVOFTVSGBDFGFSNiIFOPUBNNFOU MBQSFTT
OVMMF &0 O DFUUF SITVMUBOUF FTUCJFO JOEIQFOEBOUFEF MB GPS

/IPVT QPVWPOTEF MB NDNF GBIPO IUVEJFS MF NPNFOU SITVMUBOU E
QPIOUIDSJUQBS EI 0JUJIPO,

e}
— = o 0. ds;
w y

= du 0. ;
ZS

d(v 0.);
S

QVITRVYUEF. = OOFOEIEVJUEPOD



$5.=6A?2 E 4B/@A?.A@ &9.@A

'64B?2 %JTUSJCVUJPO EF MBQSFTTJPOEF-BQMBDFTVS VO TPMJEF JNNI
EFT NPNFOUT TPOU IRVIJWBMFOUFTEM BDUJPO EF EFVY GPSDFT RVJBHJ
EFDPOWMBIFWM® -FTIWFOUVFMMFT GPSDFTDBQJMMBJSFTEVFTEMB QSIT
TPOUQBTSFQSITFOUIFT

-0 _ AN N .

W o (M 0. + WM 0. ) :
$FMBTJHOJ FRVFDFUUFQSFTTJPO O FYFSDFMOHIAFV(EFRPVE BBET P M.
FOM, -BEJTUSJCVUIJPOEFMBQSFTTIJPOEF-BQMBDFFTUEPODC CJFOEV
EFVYGPSDFTMPDBMJTIFTBVYMJHOFTEFDPOUBDU 4JMFTPMJEFFTU
EFEIUFSNJOFSMBEJTUSJCVUJPONJDSPTDPQJRVFEV QPJOUEFWVF I
DFMB TJHOJ FRV BVDVO EFT NPEOMEMBQFCUMW F EBTMBSINJIOT /PV"-
JOUFSQSITUFS DFUUF QSPQSJIUTEF MB GBIPO TVIJWBOUF 4JM JOUFSC
-BQMBDF QPVTTF TVS DFUUF TVSGBDF EF TPSUF RVF MBDPVSCVSF T |
EF-BQMBDFTVSVOTPMJEFOF QFVUEPODNFOFSEBVDVO BNCBHF TI
JOUFSGBDFTQFVWFOUMFGBJSF -BTFVMFGBIPOEFEJTDSJIJNJOFS MF
PVM IUJSFNFOUE VOFQMBRVFJNNFSHIF

(Q UpVXPp

t %V QPJOU EF WVF EV BNCBHF MBEJTUSJCVUJPO EFT GPSDI
MFOUF EEFT GPSDFT QPODUVFMMFT BVY MJHOFT EF DPOUBI
DPOUBDU FUE BNQMJUVEF EF

t -BQSFTTJPO EF-BQMBDF NOOFE VO BNCBHFIRVIJWBMFOU E
BVY MIHOFTEFDPOUBDU

t -BQSFTTJPOEF-BQMBDFQFVUNFOFSEEFMBDPNQSFTTJPO

&RPSUHVVLRQ pODVWR FDSLOODLUH

/IPVTTPVIBJUPOTNBJOUFOBOUEBOTDFUUFTFDUJPOUFOUFSEFEJTD
EFTGPSDFTDBQJMMBJSFT EBOTIHY SRMJEW F/PYV D BWPICTMWE EFMBMJIR YV
RV FYFSDFVO MJRVJEFTVSVO TPMJEF JNNFSHIHSEDFEUSPJTNPEON



$PNQSFTTJPOIMBTUP DBQJMMBJSF

NPEOMFTOFNOOFOUEBVDVO BNCBHFEBOTMFMJRVJEF -F BNCBHF.
EFDPOUBDU TFSBIWVERPVENBVEJFSM F FUE VOFQSFTTJPOEF-BQMBI
EPODIUVEJFSMBDPNQSFTTJPOPVM IUJSFNFOUE VONBUISJBVIMBTL

'"pIRUPDWLRQV GXHV j OD SUHVVLRQ GH /DSODFH j O-LQWHUIDFH VROL
2UGUH GH JUDQGHXU

4)J VO NBUISJBV EF NEEFWVEFFEBBPIMOMBFPNQ SINT QBS MFT GPSDFT DBQJM N
QSFTTHPOFOEVFFTUEFM PSESF EF

/IPVT DPOTUBUPOT EPOD RVF QPVS QPVWPJS NFTVSFS VOF EIGPSNBU.
NBUISIJBVUSOTTPVQMF FURVFOPVTEFWPOTDIPJTJSEFT MJRVJEFT
GBDF -BUFOTJPOEFTVSGBDF EF WWFNV MFU EP MVMMFESE BPFVOH E TMBT
USOTTPEQMFITIBF4J PO QSFOEBMPSTVOIMBTUPNOSFE VOFUBJMMFE
BMPST TPJUVOFEIGPSNBUJPO EF DFRVJFTUUSOT QFUJU Fl
FYQISINFOUBM

&KRL[ GH OD JpRPpWULH

%FQMVT QPVSEFTNBUISIJBVYBVTTJTPVQMFT M IZTYIBTUOIORFQU USO
OPNOOFRVFOPVTWFSS$SPDUDRAMOVRVWIBGEVEUMNBEOFS EVO BNCBHF EV DBC
WPVMPOTM IWJUFS 60F TPMVUJPO FTUEPOD EFUSBWBJMMFS BWFD |
UPVSEV MBNFOUDPOUSBJSFNFOUEVOFQMBRVFDBSMFMJRVJEFFTL
EFSBZPORVJTFSBJOGISJFVSEMBMPOHVFVSDBQJMMBJSF 00 OF QF\
UPVSEVDZMJOESF % BVUSFQBSU JMFTUSFMBUJWFNFOUBJTI EF GB
DPOUSUMI &0 O MF DBMDVM UITPSIJRVF EF MBDPNQSFTTJPO EBOT VC(
RVFEBOTVOFQMBRVF NBJTGBJTBCMF

&RPSUHVVLRQ G-XQ F\OLQGUH SDU XQH SUHVVLRQ

-FUFOTFVSEFTEIGPSNBUJPOT TZNIUSJRVFPO WE $EROEMMF T FYQS
&O DPPSEPOOIFTDZMJOESJRVFT JMT ID¥1yYzRPO GPODUJPO EV EIQMBI
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% BVUSFQBSU M IRVIMJCSF MPDBM FO M BCTFODF EF GPSDFT FYUIS.
DPOUSBJOUFT TZNIUSQR\VEOPRMBBBREFMMFT DZMIJOESIJRVFT PO M F
TVIWBOUF TFMPO MRFVWFHUFRSTMAQIUBFOPIF EV QPJEE EVUPMUEF EF
BMJHOIBWFD MBWFSUJDBMF PSJFOUIWFSTMFIBVU

@rr+}@r +}( o )+ @I’Zzo;
@r r @ r @z
@ ,1@ ,2 ,@:_g.
@r r @ r @z
@zz+@rz+} @Z+ . =g:
@z @r r @

4J MFTPMJEFFTUJODPNQSFTTJCMF BMPSTPOBEFQMVTM IRVBUJPC
ot + 72=0:

&0 O OPVTBWPOT MB MRRIEBHFMREMFT EFVY UFOTFVST

-PSTRVFM POBVOFTZNIUSJFDZMJOESJRVF MB TJUVBUJPO TF TJI
PSUIPSBEJBMBTFTWOVMIQFOE QBFEFMFT UFOTFVSTEFTEIGPSNBUJPO
TPOUJOEIQFOEBDOWNVE®FTPOUQBTOVMT &0 O POO FYFSDFQBTEF
EM FYUISJFVSEVDZMJOESF VOJRVFNFOUEFTDPOUSBJOUFT OPSNBI
DUSF TVS MFT DUUIT EVDZMJOESFTL, RPVWTVEOTTHT BFVY CIBMFT CEFPNODP T B
EJBHPOBMFTEFTEFVYUFOTFVSTTPOUOVMMFT

$FTIRVBUJPOTTPOU MJOIBJSFT FUMFTDPOEJUJPOTBVY MINJUFT
FTUBMPST JOETQROEBWWEEGD FYQSINFSE BQSOT MEFRFVR ¥ B WIFPTODIP N
QPTBOUFTEFMBEIGPSNBUJPOTFMPQ,VOF TFVMF WBSJBCMF QBSFYF

_@u_u _ _ 1

" @r T ézz:
$FMB TJHOJ FBVTTJ E BOQROH MTIRVBBIFFM®TEBQWNEEPOD DUSF IWBN
r=REMBMINIJUF EVDZMJOESPyRA MBFIRPVAJUESBFSNBEOVBMPB GOFTTIPO .
GPODUJPOBEBSOT MBMPJE )PPLF

2E
rr=?rr
E
= 3 22 P

= Pext (2) :

'JOBMFNFOU MB MPJE )PPLFTVS MBDPOUSBJOUF MPOHJUVEJOBMF O
JOUPSBBE FYQSIJNFSBJOTJMBEIGPSNBUJPO MPOHJUVEJOBMF FO GP

2E
22~ 32z P;

2E

E
= 3 Pext(z) § 2z s

P

D FTU E EJSF

E = 22+ Pext(z) 5

$FUUF EIGPSNBUJPO QSFOE FODPNQUF EMB GPJT MF QPJET FUMFT G
CBTEVDZMJOESF FURVFOPVTBMMPOTEIUFSNJOFSDJ EFTTPVT BJ(
DZMJOESF
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'64B?2 'PSDFTBHJTTBOUTVS VG FUMFOREAPEF EROEF MOKF EBOUBODF

VO MJRVJIEF EF EF®MFJIDUUITEV DZMJOESFT FYFSDFOU MB QSFTTJPO IZ
-BQMBDF BTTPDJIFREMBMBVBECQVSFO EFVISVBIWEFSRNIJOFS MB DPOUSBJOUF W
VOFEJEUBOBFQSJIJNFMBSITVMUBOUFWFSUJDBMFEFTGPSDFTRVJT BQQ
MF QPJET MB QSFTTJPO IZESPTUBUJRVFBV CBTEVDZMJOESF FU MB SIT
BVYDPJOT FURVJTFSITVNFOUEEFTGPSDFTTFMPO MBUBOHFOUFBV TP

%LODQ GHV IRUFHYV

*MOPVTSFTUFEPODEGBJSF VO CIJMBO Ef FRP S-IFA TGRPYSUIDAFSTOTAPTOQ PSVRSQESI
UIFT TVEWMBFOO EIDPNQUF MFTGPSDFTEFQSFTTJPOIZESPTUBUJRVFE
T BKPVUFS MB QSFTTJPO EF -BQMBDF E PSJHJOF, VBBQQ BIMIBIIUFFO EBOT |
QIBTFWBQFVS RVFM POQFVUDPOTJEISFSOVMMFDBS FMMFT BQQM.
M IUBU EF SIGISEDFEMEFT EPOFIUITEV MIRY MEB FUIEN SBPWIFEF EFWMB QF
hFTUMB QSPGPOEFVS EFDVMB EJESBORRHASPHIT MB TVSGBDF MJCSF EV |
IBV4:=0 ET OJUMB TVSGBBFWMUGSFSBZ® @WEV DZMJOESF 4VS MFTDUUIT
Pext FTUBJOTJEPOOIFQBS

Pext = ng+§’
DAR FTUMBDPVSCVSFEVDZMJOESFTVSDFUUF JOUFSGBDF &OTVJUI
EJTUBPWEBT FO QPJOUJMMIT TVS MB,(M V-FA Q@PYSHT WFSNIOBMFT FY
OPO EVFT BV TPMJEF RVJBHJTTFOU TVS MB QBSUJF TPVT DFUUF MJN
UPVKPVSTMB QSFTTJPOEF-BQMBDFRVJT FYFSDFBVYDPJOT $FUUF
FOVOF SITVMUBOUF UPUBMER FORUQWRET ¥HBWE RY JABWB QSFTTJPO R\
T BQQMJRVFBV CPVU BWVREZMOGBDIFH BAMBMUUEPOD MB GPSDF JOUFSOF RV.
QBSUJFIBVUF EV DZRM3 @ EBROTWSAVTFPG/R EF EFMWBBEIVT S BBDFMJICSF RVJ E
EPJUT PQQPTFSEMBTPNNFEFTGPSDFTFYUFSOFTRVJT BQQMJRVFC

R?2 ,(2)= 2R sgh z)R2+ _ghR?:

TPJU

2
22(2)= sg(h 2) Lgh E:
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'JOBMFNFOU M IRQFBWFROE FYQSIJNFS MBEIGPSNBUORD<MWPDBMF RVJF

(s L)g .
—E (h 2 ER -

OODPOTUBUF EPOD QMVTJFVSTDIPTFT % VOF QBSU MBQSFTTJPO EF
NPJUJIM F FUEF MB QSFTTJPOEF-BQMBDFTVSMFCPVU $FUF FUFTU
VOF FUWPMVNIJRVFDPOUSBJSFNFOUBV QPJET % BVUSFQBSU M F F
SIEVJTFOUDPNNFPOT ZBUUFOEEVOF FUEF QPVTTTF E "SDIJNOEF ¢
QPTJUIWFDFRVJTJHOJ FRJ)/FTVLFEEFT@MB’D'H:WF@M'\MFPHEB\DE MPSTRVF M
$FMB DPSSFTQPOEEVOTUJSFNFOU EVDZMJOESF "VDPOUSBJSF MB E
OIHBUJWF DFRVJ TJHOJUFHRWE;MEQWMBJDFF(NEGUBQMBDF FTUQMVTHS
DF RVJ DPSSFTQPOEEVOF DPNQSFTTJPOEVDZMJOESF $FMB OF QFSN
EFDF ETQMBDFNFOU JM GBVUQPVS DFMB DPOOBOUSFM IUBU EF SIGIS

22(2) =

'pIRUPDWLRQ YLVLEOH

$FUUFEIGPSNBUJPOO BEFTFOTRY FODPNQBSBJTPOBWFDVOIUBUE
FTUDFMVJEVDZMJOESFEBOT M BOSF%®O TEDERJOD BIF PROQE-UEOF UFO
TVSGRRRMINEBOBMB QSFTTIJPO EF -BQMBDF UPVUF FUE VOF QSFTT
FYFNQMFTUEPOD ENKRBVHINEBSEFFBRMBDF 0OPCUJFOUEPODMBEIGP
Y@= 2 D
-B EIGPSNBUJPO SFMBUJWF FTU EPOD UPVKPVST OIHBUJWF EBOT MF
EFM FBVFUEFMBQSFTTJPO EF -BQMBDF TPOU EBOT MF NBDNF TFOT F
DPNQSFTTJPO SFMBUJWFRBVE BRV{UQPEEPRQYEPDIPO SFMBUJWF EVF E M
/JER 00 SBQQFMMFRVF QPV SR/ O D\NNM WADEFSUFFEFTSY B DREF T M 516 BIOUF
VONPEVMFE :PVOHE VO INEBTURNB SFPVPIVEQWMFCETFUSPVWIVOF DPNQSF"
M PSESF EF &0 QSFOBOUHNh= DN JMFTUEFUPVUF GBIPOEJ DJW
SBQQPSUTE BTQFDUT QMVT HSBOET QPVS VO DBQJMMBJSF BWFD EFT
SFMBUJWFFTUEFM B8EMEFFEP EPOD EVNDNFPSESFEFHSBOEFVS 1PV
F FUT JMGBVU EPODIBVEBMFOBFSUIERMF@SBUJRVF OPVTBMMPOT QSFO
E = L1BRY "NHE NN .BMIFVSFVTEFNFOUOPVTOFQPVWPOTQBTUSIHI
BWFDM IUIBOPMEPODMBUFOTJPO EF PMSMBEFEFUMEEMN SEBBEF N,
OPVT EPOOFVOFDPNQSFTTJPO UIIPSJRV R EFMF\EQWBD@SIKTSTRITPTQA E B 4Bl QR
EVFEMBQSFTTJPO IZESEBOBWRYFIFEGFGTBETE®E EJSFFO IBVU EV D
JNNFSHI EPODOPVTEFWSJPOTDPUSFDBQBCMFEFEJ ISFODJFS MFT I
QSIDJTF
&0 O DFUUFEIGPSNBUJPODPSSFTQPOEBVEIQMBDFNFOU SFMBUJC
ZZ
uf@)=  S@dz

FO YB;@(ODZO BV OJWFBV EVCBJO EJSJHIWEFST MFzIB N UV § FPRROVE PTTIHJJR

MBEJTUBODFWFSTMFCBTEBOTOPTOPUBUJPOT $ FTUDFUUFHSBOE
SIEVJUEPODE

| 1h i

()= = z —+ h —=7c

z () E R Lg

$FDBMDVM DPNQMFU QFSNFU EPOD E FYQMJDJUFS MFT BDUJPOT EF I

-BQMBDF /PUBNNFOU FOZ@EBITFE@]DBNZUJIFE)SEFEIV\(PJSVOI’E'I'AQlMEBfDEFNFOUU
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MBQSFTTJPOEF-BQMBDF BMPSTRVF MF ETQMBDF%JFQ[U UPBBAWER MB
EFMBQSFTTJPOIZESPTUBUJRVFFTUEPOD MIHOSFNFOUQMVTQFUJU T
HSEDFEM JOUIHSBUJPO

%BOT MFTUSPJT DBA\VESAFMNVUSTEVWBIBUT BUUFOEVT TPOU MFT TVJW
B POT BUUFOEEDFRVFMBUFOTJPOEFTVSGBDFRVJBHJU EBOT MB
4- 47= .7DPY OPVT WFSSPOT EPOD VO IUJSFNFOU E MB QMBDF EF M
EPOUM BNQMJUVEF FTU Dy S&IEHH ¥ EMGIEFDETV EDPPFSSFTQPOE BV DBV
=0 EPODMBDPNQSFTTJPOFTUVOJRVFNFOUEVFEMBQSFTTJPOIZES
= ; MFDBQJMMBJSFFTUDPNQSFTTIEBOTMFTPMJEFQBS MBQSFTT.

&DV G:-XQ F\OLQGUH GRQW VHXO OH ERXW HVW LPPHUJp

1PVS 0JS JMFTUJOUISFTTBOU EFDPNQBSFSBVTTJMFDBTE VODZM
TFVM MF CPVU FTUJNNFSHI FO BY EBEFADBJMUIBIDFNGIFATUBOU %BOT
RVF TPJU MF NPEOMF MB GPSDF WF SUDPB NEFBUPSIBMMW FE @ F MBB/OVII CRAGIHEI R
FFU MBMPDBMJTBUJPO EFT GPSDFT O B EBODBNMDEWMBVO® $OFMIIO /G|
HMPEEBBIMGPSDFTRVJT FYFSDFOUEBOTMBQBSUJFCBTTFEVDZMJOESHF
MFT GPSDFTDBQJMMBIJSFT QBT TFVMFENFOU MFT GPSDFT EF QSFTTJP
MJHOFT EF DPOUBDU EPOU PO TBJU RV.F MBTGBIDWVON B$ 8 §F IVBAVDFHY AW 3/
MIJIHOFEFDPOUBDU "JOTJ FOM BCTFODFEFQSFTTJPOIZESPTUBUJR"
Pext =0 EBOT M IRVBBIPOTIJM POGBJUFOTPSUFRVFMFCBTEVDZMJC
CBJ@F¥® BMPSTPO SFGBJUMFDBMDVMFU MBEIGPSNBUJPO SFMBUJW!|

2 .7 DPH
rel _ 7 .

Z) =+ — |
() ER

Y4
/IPUPOT MF GBDUFVS DBSJMO ZBQMVTEFQSFTTJPO EF-BQMBDF TV.
BMPST

Z2 -7DP§I':

ui'(2) = R

$FMBOPVTQFSNFUBMPSTEFWISJ FSMBNIUIPEFEFNFTVSF %FQMVT
MPSTRVFM PODPNQBSFMBEIGPSNBUJPOEBOTMF MJRVJEF FUDFUUF
TFQSPMPOHFOUQSFTRVF MBQFOUFTVCJUVOFSVQUVSFEFQFOUFE
FTURVBTJNFOUJOEJ iISFOUFRVFM POSFHBSEFEBOTM BJSPVEBOTN
RV VOFUSOTGBJCMFDPNQSFTTJPOEVFEMBQSFTTJPOIZESPTUBUJR
EFVYDPVSCFTTPOUPQQPTIFT FU EF QFOUF E¥ INBINFFORBEESW FETF EHRS\BYO E|
EMF FUEVTFDPOEPSESFEFMBQSFTTJPOIZESPTUBIHWRYF QSOT $F
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'64B?2 %JTUJODUJPO EFT EIQMBDENFOU SFMBUJGT FOUSF MFT USPJT DI
DBQJMMBJSFT FYEMSBUUSBQOYMIME JDJ 00 DPNQBSFTVSDFTDPVSCFTM
E VO DBQJMMBJSF B WNBFMHiOF EF DPOUBDU QBS SBQQPSUEM {UBU EF SF
B FTUFYQMJDJUI MF NPEOMF jMJRVJEFx MF DBQJMMBJSF FTU iUJST EE
EMBQSFTTJPO IZESPTUBUJRVF QSOT FO KBVOF FO QPJOUJMMIT RVJT E
DBT C FTUFYQMJDJUI MENPEOMF DMBTTJRVF MF DBQJMMBJSF FTU iU.
DPNQSFTTJPOVOJRVFNFOUEVFEMBQSFTTJPOIZESPTUBUJRVF %BOT M
MPSTRVF MF DBQJMMBJSF FTUJNNFSHIJM FTUQMVTDPNQSJNIRVFM F F
FTUBQQSPYJNBUJWFNFOUM PQQPTIEFMBQFOUFEFM IUJSFNFOUMPSTF
BV GBDUF\OSOHATFU E MB QSFTTJPO IZESPTUBUJRVF QSOT
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'LVSRVLWLI H[SpPULPHQWDO

"JOTJ QPVS QPVWPJS EJTUJOHVFS MFT EJ ISFOUFTEJTUSJCVUJPOT
NFOUT SFMBUJGTEF DZMJOESFTE IMBTUPNOSFT EFTDBQJMMBJSFT
RVJEF -FOJWFBV EFQSIDJTJPOEPJUBUUFJOESFVO QPVSNJMMF DF
SINFOUBMFT -FQSJODJQFEFM FYQISJFODFFTUTJIJNQMF OPVT WPV
EF NBSRVFVSTEBOTEFTDBQJMMBJSFTIMBTUJRVFT FOUSF MFT TJUV
MJRVJEF QPVS QPVWPJS NFTVSFS MBDPNQSFTTJPOIWFOUVFMMF EFTC

&KRL[ GH O-pODVWRPQqUH

-FTIMBTUPNOSFT TPOU DPVSBNNFOU VUJMJTIT EBOT EF OPNCSFVY E|
MBHFT CEUJNFOU BVUPNPCJMF NBJTBVTTJEBOT MF NIEJDBM GBC
NPV E OPUSF EJTQPTJUJPO FTUVO IMBTUPNOSF TIMJDPOF &7' QPVS
QPMZ BEEJUJPO CIJDPNQPTBOU CBTFFUDBUBMZTFVS RVJEVSDJUE
-FTIMBTUPNOSFT CIJDPNQPTBOUT TF QSITFOUFOU FO EFVY QBSUJFT
VIJEFTIMJDPOF PVQPMZTIJMPYBOF FOHIOISBMEV1%.4 QPMZEJNIU
MJOIBJSFTVS MBRVFMMF EFTHSPVQFNFOUTBMLZMFTTF YFOUTVS M

2 3
/O\ /O\
) $ / / $)
Vi Eﬁ ﬁfj“’/
) $$) ) $ %) )5

'64B?2 3FQSITFOUBUJPOEF$SBNEV1%.4 QPMZEJNIUIZMTJIMPY

-F1%.4 DPOUJFOU E$JF HBPYRFHARIRVI QFVWFOU SITUJDVMFS D FTU E
QPOUTFOUSFEJ ISFOUFTDIBOOFT MPSTEFM BKPVWO BB ITTIAMBIFPEI VO F
DBUBMZTFVS -FTQPOUTGPSNI#IPDRREVBQESNFQECSFMIFS MFTEJ I
1%.4 FOUSFFMMFTFUEPODEFEVSDJSMF VJEF OOQBSMFEFWVMDBO.
EF SIUJDVMBUJPO DBS MF TPVGSF O JOUFSWJFOU QBT EBOT DFUUF S
PV DBUBMZTFVS QBS BCVT DPOUJFOU EPOD DFT TIMBOPMT BJOTJ RV
M PO NIMBOHF FO HIOISBM FO RVBOUJUITIHBMFT DFT EFVY DPNQPT
UFNQISBUVSFBNCJBOUF FUMF VJEFEVSIJUQBS SIUJDVMBUJPO -BYV
QBTEFDIBY BHFQPVSDBUBMZTFS MB SIBDUJPO

IPVTBWPOT BB72KISTISBEBOGMYBIEIFQBS &8 @=?6A $<:=3@BMIFRRNFTIHO.
SBUVSF7VMOBOT|BEIJPDSF &7'FOGSBOIBJT -FOVNISP JOEJRVF MBE
QBSVONIMBOHF EF RVBOUJUITIHBMFTEFMBCBTFFUEVDBUBMZTFVS
MFT OPSNFT *40 FU FURVJBIUTEIWFMPQQIFEBOTMFCVUEF SIB!
EFEVSPNQBSEBCMFT $FUIMBTUPNOSFFTUEPOD MFQMVT NPV 4IPSF
TBOUT -BEVSFUIQFVU MIHOSFNFOU WBSJFSTJM PO O BKPVUF RVF
GBJCMF % BVUSFT EVSFUIT QFVWFOU DbUSF PCUFOVFT NBJT JM GBVU
MF GBJURV JMTPJUUSBOTMVDJEFFTUUSOTVUJMFDBS OPVT WPVMP
DFMVJ DJ
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ODUTXHXUV

1PVSTVIWSFMFEIQMBDFNFOU SFMBUJG MPDBMEVDBQJMMBJSFTPVT
MIJTFSEFTNBSRVFVST -FTNBSRVFVSTVUJMJTITTPOUBEDEIMMEAT EF
54 GPVSOJFT QBS .60?</2.1@ *MTTF QSITFOUFOU TPVT MB GPSNF E
USOTGBDJMFNFOUEM IMBTUPNOSF OPO FODPSF SIUJDVMI

&RQFHSWLRQ GHV FDSLOODLUHV

1PVSDSIFSM IMBTUPNOSF OPVTQSIMFWPOT N-EFCBTFEFM IMBTU
EF QPVESFEFCJMMFT FUMFUPVUFTU IPNPHIOIJTI 60FjQJODIFxFT
EBOTMFDIBNQEFTJIJNBHFTRVFOPVTSIBMJTPOTQBSMBTVJUFTPJU T\
QBT FYDFTTJWF QPVS RVF MB SITPMPHJFEFM IMBTUPNOSF OF TPJU Q|
N-EFSIUJDVMBOU FUPONIMBOHFMFUPVUGPSUFNFOU 0OBUUFOE
EFM IPNPHIOIJTBUJPO T IDIBQQFOU DFRVJFTUFOHIOISBM TV TBOU
QFVUBVTTJQBTTFS M IDIBOUJMMPO E MBDFOUSJGVHFVTF TBOT BMN\
NIMBOHF 60FQBSUJFEFDFNIMBOHFFTUQSIMFWIFQPVSDPUSFJOTISI
GPSNFSMFTDBQJMMBJSFT OPVTBTQJSPOT MF MJRVIJEF OPO FODPSF
FUMFMBJTTPOTDBUBMZTFS EBOTMFDBQJMMBJSF
-FTDBQJMMBJIJSFTTPOUEFTDBQJMMBIJSFTEF WFSSCGHNIBEFN EF SBZ
)6?2@05:.;;-./<?42?.A2 GPVSOJTQBS '6@52? 4062;A6360 -BQEUFFTU |
VOF TFSJOHVF - IMBTUPNOSF SIUJDVMF TV TBNNFOU FO NJOVUFT E
NPVMFSQMVTEFDJORDBQJMMBJSFTEMBGPJT "VCPVUEFRVFMRVFT
UJDVMIEVDBQJMMBJSFFOWFSSF 1PVSDFMB PODPVQFBWFDVOEJB
DBQJMMBJSF 00 GFOEJMMF MIHOSFNFOU DF DBQJMMBJSF BV NJMJFV
-FTEFVY QBSUJFTEV DBQJMMBJSF FO WFSSF TPOU BMPST TIQBSIFT E
M IMBTUPNOSFT IUJSFBTTF[GPSUFNFOUFUHMJTTFE VOFEFTEFVY(
JOIWJUBCMFNFOUBDDSPDITEM VOEFTEFVYCPVUT FUPOPCUJFOU B
DPNQSJTF NNFU DNBDDSPDIITEVOFQBSUJFFOWFSSF DFRVJTFSB
MBJSFTBJOTJPCUFOVTTPOUUSOTNPVT FUIPSTEFM IUIBOPMRVJNF
ETFDPMMFSFUT FOSPVMFSTVSFVY NDNFE MBNPJOESFWJCSBUJPO

5KpRORJLH

-PSTEF MBDPODFQUJPOEFTDBQJMMBJSFT VO QSIMOWFNFOU EF RVF
SITPNOUSF QPVS F FDUVFSEFTNFTVSFTEVDPF DJFOUE :PVOHEFM |
34 EF)..82 /PVTTPVIBJUPOTF FDUVFSEFTNFTVSFTFO DG TBJMMFN
F@P®EF M IMBTUPNOSF /PVT QPVWPOTBMPST VUIJMJTFS VOF HIPNIUSJ
Rp = NNEFSBZPOFUV@3OUFNTUOBFEWJTFBJOTJEFTPTDIJMMBUJPOT
D FTUE EJSFRVFMFSITPNOUSFGBJUPTDIJMMFS MFQMBUFBV UPVSOE
EF GSIRVFODFWBSJBCMF -FDIPJYEFM BNQMJUVEFEFMBDPOUSBJO!
QBSU FMMF EPJUDUSFTV TBNNFOU QFUJUF QPVS RVFM IMBTUJDJUI
TPVIBJUF NFTVSFSEFT NPEVMFTIB :BWPHSEN U FPGEBFVMEFFEIGPSNBUJPO

FTUPCUFOVFBWFDEFTDPOUSBJOUFTEFM PSESF EF E 1B %
HSBOEF QPVS RVF M BNQMJUVEF EF MB EIGPSNBUJPO PCUFOVF TPJU
SFMJIFEMBBHMWBDFNFOUEV QMBUFBV UPVSGHBERQ Ve BlPODFABOTHMPN |
SIHINF MJOIBIJSF QPVSPO T BUUFOE ENFTVEBFS EFEBOHMSHEE
PSMBSITPMVUJPOEFM BRRB IFRRWVITRTEFBNQMFNFOU TV TBOU /PVTI
QMBDES E 1B % BVUSFTUFTUT POU IUIF FDUVITE 1B FU 1B FU N
&0 O MFSITPNOUSFJIJNQPTF MB DPOUSBJOM F-BOPNQPSTERIOW F & S UBBWPIA
VO GBDUFVS H'I'I&IQWSR]aQVF
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-F SITPNOUSF NFTVSF FO GPODMJIPNEWFIMB BERSERWB B FG FEYNBR JPO B
EIQIBTBHHORUSF DPOUSBJOUF FU EIGPSNBUJPO FU FO EIEVJU MFT NPE\
GBIPOTVIJWBOUF

2 M
RE (f)
o 26 M

RE (f)

-FTFSSFVSTRVJQFVWFOU WFOJS FOUBDIFSDFTNFTVSFTTPOUMFTT
DPOUSUMIF BV NJD;SPD @SOAVSME@BIRVIF QBS MF DP ORpUeS VAIFUFE' S TV S
NDNF GBIPO MB DPOUSBJOWFHT RYN@FTTPEU EDBVTF EF MB HIPNIUSJ
EVDPMQMRPTI %FQMVT OPVTM BWPOU /S i DMBMNETVSBEFTPJU FO
QSBUJRVEEQSIDJTJPO &OTVJUF MB NFTVSFEV EIQIBTBHF SITVMUF
NBYJNVN DFTFSBJUCFBVDPVQ QMVT QSIDJT QBS EIUFDUJPO TZODIS
QBS=2f t P4t FTUM JODFSUJUVEFUFNQPSFMMFTVSDFUUFEIUFDUJ
EFM BNQMJUVEFEV TJHOBM FU EF%JODFSUJUVEF EF TBEIUFDUJPO
MMF FTUBMPST EPOOIF BV WPJTIORHF H2VO BB VRMIVOPYESEPOOF

2 . SBE ° 1P@% 1B°FTU EPOD EBOT MF CSVJUKVTRV EEFTW

1B &0 O DIBRVF QPJOUEF NFTVSF S'I"JF;VMUF EF MBNPZFOOFTVS US
DF RVJ SIEVJU M JNQSIDJTBBE FPTABDIWRFS EFP4 DPSSFTQPOE BV
DPF DJFOUEF4UVEFOU® MBI TDFTU/BPFURVS O B OBMFNFOU RVF QFV E

&O PVUSF JM SFTUFMFTFSSFVSTTZTUINBUJRVFT FUMB QMVTHSP
M FYQISINFOUBUFVS &0 F FU QPVS QSIQBSFS M IDIBOUJMMPO PO J
SITPNOUSF QVJTPOCBJTTFJNNIEJBUFNFOUMF QMBUFBW¥ W8FO/SOBOU |
TVJUF POBUUFOE MB SIUJDVMBUJPODPNQMOUF FUPOEIDPVQF MF T\
EFTPSUFRVFMBHIPNIUSJFEFM IMBTUPNO S FRIDJOBIMDMFMHAO B U6
EIDPVQFO FTUQBTUSOTQSIDJTF TJVOQFVE IMBTUPNOSFEIQBTTFE
EDPOUSBJOUFJNQPTIF $FMBIRVIJWBVU BV QSFNJFS PSESFEEI 0JS
FYFNQMF TJRI=PONSBUFMBTUPNOSF TVS EVQiISINOUSF DFRVJFTUE
F FDUJG EVQMBUFBV FTU BVRNFRRUI SFMBPIJWVFRFFSEFVS EF - FS¢
QSPQBHF E MBNTGFARSRHBEPOU EPOD TVSFTUJNITEF GFORF*FUE NPNFO!
GBDUFVS E FSSFVSQBSFYDOTFTU OBMFNFOUBTTF[EJ DIJMFE FTUJI
EFGBJSF OPVTSFUJFOESPOTVOFFSSFVSTZTUINBUJRVFQBSFYDOTE

-FTEPOOIFTEF MB SIIPMPHJF EV NBUTSHBRFGHFFPVUTSE RS WHMURET F 8 8
RVF MF DPNQPSUFNFOU EF M IMEBGPEFNGFMBUUWFNFOWBOBP@BEBOU TV
)] FUPO O BUUFJOU QBT FODPSF MF STHINF BRETIPVSMFN G U BF E DV
G°DF RVJJOEJRVFBVTTJRVFMFDPNQPSUFNFOUEFM IMBTUPNOSFFT
BWPOTBVTTJWIiIS) IMBEIQFOEBODF BWFD MFWJFJMMJTTENFOU EF M
IFVSFT

/IPVT BWPOTBKVTUIMFTEPOOIFTEVNPEVMFEFDJTBIJMMFNFOU QBS

X

GYf)= G° 1+ T :
fo

G°= DP(F);

TIO):

$FUUF MPJEIDSJUUSOTCJFOMFTEPOOIRTEYQISINFPUSBMRDOBWED KE
'JHVSF FUVOF G& RVFQPDFOBMFNFOU D FGURWR DPNW DIJBOUSFTTF QVJ
EIDSJUM IMBTUJDJUITUBUJRVFEV N8UISJBV - BBWRUWMHNAD U@PNTLER
QSPWJFOU EF UPVUFT MFT JODFSUJUVEFT BMIBUPJSFT SITENIFT QMV
MB NFTVSF - FSSFVSTZTUINBUJRVF EF FTUEPODE SBKPVUFS RVBE
NFTVSFBVY OBMMFNPEVMFE :PVOHEFOWJSPO QSOTBWFDDFUUFNI
MF NPEVMFE :PVOHNFTVSIFODJTBEMMFNFOURRTWBWMPEPEBROOI QBS
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'64B?2 .PEVMFT EF DJGFFIWBAF QFSFFN TIMBTUPNOSF VUIJMJTI FO GPODUJ
RVFODF NFTVSIUSPJTIFVSFTBQSOT MFNPVMBHF -FTIDIFMMFTTPOU M
MF EITUBJM EF NGOIRVCPINDY ENIRIF IB OTBJSF 60 BKVTUFNFOU QBS VOF MPJEF Q
FTUSIBMJTIFQPVSFYUSBQPMFS MBWBMFVSEGSIRVFODFOVMMF 00O PCT
QPSUFNFOU IBBFTUURPEDBBOU QPVS DFT GBI TET GSIRVFODFT FU RVF

E= ;. L1B

&KRL[ GX OLTXLGH

-FDIPJYEVMJRVJEFFTUEIMJDBUQPVS QMVTJFVSTSBJTPOT % VOFQ
MPSTRV JMFTUJNNFSHIEBOTMF MJRVJEF *MZBEPODEFVYDSJUOSF
GiISIJFVSFEMBEFOTJUHWEV;TPMJEF WFOWMYIF MF MJRVIJEFEPJUDUSFFO
TVS MFTPMJEF TJOPO JM SFTUFFO TVSGBDF EV MJRVJEF &0 O EF OF
< > 6OFIUVEFTVS MF 1% B NIRRODSMR¥F M [UIBOPM M BDIUPOF PV MF
MF1%.4 EBOTVO SBQQPSUFO WPMVNFEF E  4FVMTM FBV MFHMZD
MF GPOU QBT HPO FS E VOF QSIDJTJPOEFM PSESFEV QPVS DFOU /P\
%.40 E EF TPSUF RVF MB EFOTJUI MBXBEFDOG U FANVG FAENBTT EIFBOHMF
EFDPOUBDUEFDFTPMWBOUTVS BWNMBTEBNDBYGEUBVUEVSEF FO SFI
FUFO BWBODPFEPOD MBNBOJQVMBUJPO EVDBQJMMBJSFEBOT MF MJR
DPVSCFSUSOTGBDJMFNFOUFUESFTUFSEMBTVSGBDF %FMBNDNFG
R= °FU= ° /PVTIUVEJFSPOTEBOOWBBUFUFE MBVT OPVT TPNNFT SI
TVSM IUIBOPMEPOU M BOHMFREF D°FRQUB®D § FRDRUNF GCBRMBNGIPIG Q FVU MF
WPJS TVISWSE - iIUIBOPM VUJMJTIFTUEFM iUIBOPM E FOWPMVNF GP

-BGBIPOE IWJUFSMFHPO FNFOUFTUEFNBOJQVMFS SBQJEFNFOU
EBOT MF TPMWBOU BWBOU EF QSFOESF VOF JNBHF 2VPJRV JM FO TP.
fUJSFNFOUTVS MFDBQJMMBJSFIMBTUJRVF DFRVFOPVT QPVWPOT E.

-BEFOTJUIEFM IUIBOPMBIUINETVSHA MBUFNQISBUNIBEVIFFOUSF
' FU OBSMFGPVSOJTTFVS HSEDFEVO QZDOPNOUSFEDBQJMMBJ
EF MJRVJEFT JEFOUJRYVHIT =F U/ ER GXB 5B BDTQWPSSASEVMEE ¥ .PEDW
-BNBTTFWPMVNJRVFEFM FBV FTU UBCVMLHERF Y UFFRURFKDOS B/ T \EPROD |
VOF NBTTFWPMVNJRVF QPVSM iUIBOPM EF
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'64B?2 1FUJUFHPVUUFE IUIBOPMQPTIFTTVSM IMBTUPNOSF %BOTDF
QBS VOF TFSJOHVF FU QFSNFU E FrN MOFSN.50W B B QIS CETF N BBON\OM 5l U JP O

FTU SIBMJTIF FOF FDUVBOU VOF EIUFDUJPO EV DPOWPQYJTAMPO MFT NI
BKVTUFNFOU EV DPOUPVS QBS VOF DBMPUUF TQITSJRVF -FT QPTJUJPOT
VUIJMJTBOU MB ST FYJPOEV TVCTUSBU *DJPO OF QFVU QBT VUJMJTFS M |
DBMPUUF TQIISIRVFDBSMFTVCTUSBUO FTUQBTUSOTQMBOEPOD MB Si
EF MBMJHOF EF DPOUBDU FTU VUJMJTIF - JOEIUFSNJOBUJPO EFT BOHMF
DPNQUF EF MB EJ DVMUI E PCUFOJS VO BOHMF E BWBODIF PV EF SFDVMI|
DPNQBSBJTPOBTTF[QSIDJTF

L= LHN:

1BS MBTVJUF OPVTBMMPOT QSFOESFVOF JODFSUJUNVEF MBS BRQUF V
SBUVSF MPSTEFTFYQISJFODFTQFVU WBSJFSEFVOEFHST DFRVJNO!
BJOTJRVFQPVSQSFOESFFODPNQUF MBOPO QVSFUIEFM FBV FUEF N
&0 O MBUFOTJPOEFTVSGBDFEFM IUIBOPMMETU| RVFWSHF HBWPP BV
EIKENFOUJPPDUERDBVKPVEST QPWE MBWBMFVS TVIWBOUF

= © N/ N :

'LVSRVLWLI

1PVS PCTFSWFS VO DBQJMMBJSFiIMBTUJRVFEF ~“NEFEJBNOUSF OF
RVJ QFSNFUUF VO GPSU HSPTTJTTFNFOU *M T BHJU EF NFTVSFS VO E
TVSVODBQJMMBJSFEF "“NEFEJBNOUSFFUOQPTTIEBOUEFTNBSRVF
DFUF FU OPVTVUJMJTPOTVO BQQBSFJM QIPUPHSBQIJRVFBWFD VOF
OIDFTTBJSF 5PVUFGPJT JMFTUOIDFTTBJSFE BWPJSBVTTJVO HSBO
QSFTTJPOTVS MBQMVT HSBOEF UBJMMF QPTTJCMF 4VS VChDBQUFVS
DPSSFTQPOEFOF FUEVOEIQMBDFNFOU SFMBUJGEF QJYFMT FOUSF

%F QMVT OPVT BWPOT iUIT DPOGSPOUIT E EF OPNCSFVY QSPCMONF
NBJT DPNQMOUFNFOU ESPJU 0S MB NPJOESF DPVSCVSF PV BOHMF EV
T BQQBSFOUFS E VOF DPNQSBFPSSFOQROBONKRF EPNQSFTIPRSG BQQB S
JOUIHSFSDFTF FUT OPVTVUJMJTPOTEPOD EFVY BQQBSFJMT QIPUPF
MB GPSNFEV MFOUSPJTEJNFOTJPOT

&OTVIJUF OPVTEFWPOT GBJSFVOFJNBHF EUSBWFSTVOFJOUFSGB
M BVUSF $F DIBOHFNFOUEFDPO HVSBUJPO NPEJ FMB MPOHVFVS PQI
/IPVT EFWPOTEPOD CPVHFS MFTBQQBSFJMT QIPUPHSBQIJRVFT QPVS S
MFDPF DJFOUEFHSBOEJTTFNFOU FUT BQQBSFOUFSBVTTJEVOIiUJS
BCTPMVNFOU SiIiBMJTFS VOF DBMJCSBUJPO DPNQMOUF EV EJTQPTJUJ
O FTUQPTTJCMFRVFTJMBQPTJUJPOEFTBQQBSFIJMT QIPUPHSBQIJR)
TPOUEPODUPVTMFTEFVY NPOUITTVSEFT QMBUJOFTNJDSPNIUSJRVI
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&0 O MFDBQJMMBJSFFTUMVJBVTTJNPOUITVS QMBUJOF NJDSPNI
UPHSBQIJRVFT VOF GPJT SIBMJTIF OF QFSNFU QMVT EF MFT CPVHFS |
MF DIBNQ EFTBQQBSFIMT QIPUPHSBQIJRVFT % BVUSF QBSU MFT EF\
TPSUFRVFMFVSTBYFTPQUJRVFTTFDSPJTFOU %FQMVT EDBVTFEF
QBT DUSFEIRVJEJTUBODFEVDBQJMMBJSF JMT QPTTOEFOU EPOD EF
O BBY OBMQBTE JO VFODFDBSMBEIUFDUJPOEFTNBSRVFVSTTFGB
TFSUEEIUFSNJOFSMBQPTJUJPOEBOTM FTQBDFEVDBQJMMBJSF

'64B7?2 %JTQPTJUJG FYQISINFOUBM QPVS MB NFTVSF EF MB DPNQSFTT.
DPNQSFOE EFVY BQQBSFJMT QIPUPHSBQIJRVFT DSPJTIT NPOUIT TVS EF
USJRVFT -FDBQJMMBJSFFTUEBOTVOFDVWF FUTPOEIQMBDFNFOUFTU
USJRVFT -FMJRVJEFEBOTMBDVWFFTUNPOUIFUEFTDFOEV HSEDFEVO

/[PVT BWPOT VUIJMJTI EFVY BQQBSFJMT QIPUPHSBQIJRVFT EF MB NB
QPTTOEFOUEFTDBQUFVSTUSOTTFOTJCMFT $.04 E VOFUBJMMFEF M
EF ; : NN -FT PCKFDUJGT DIPJTJT TPOU EFT PCKFDUJGT EJUT jNB
E BCFSSBUJPO HIPNIUSJRVF E GBJCMF EJTUBODF EF NJTF BV QPJOU
1PVSBUUFJOESFVO GPSUHSPTTJTTFNFOU MFTEFVY PCKFDUJGT TPC
E BKPVUFS NNEMBGPDBMF DFRVJNPEJ FBVTTODMPDEYNUBISPYENE R
QBTTFEF NNE NNEFMBMFOQPWDE ¥N SFHBBNENQRNVE MEN /PVT BWF
GBJUFO TPSUF RVF M POOKFWUIVANI Q BPPOINMKRS TSBWMBHFT EF NJTF BV QPJ
TPOUUPVKPVST YFT &0 O QPVS MINJUFSMFTQSPCMONFTEFNJTFB
GFSNPOTBV NBYJNVN MFT EJBQIBERRNBETM BMMYPBEEBWE PUPHSBQIJRV
VOFPVWFSUVSFEF NN

1PVS 0JS M IDMBJSBHF O FTUQBTIWJEFOU % VOFQBSU JMEPJU
QISBHNFT FUWPVMPOTIWIJUFSEFQPVTTFSUSPQMFHBJOOVNISJRVF
E BWPJSEFTUFNQTE FYQPTJUJFID VEFPTFPEPRAEEMQAVRIVWIMNFSTEFT PV
(SEDFEMBCPOOF TFOTJCIJMJUIEFTDBQUFVST OPVT QPVWPOT UPVU
CMONFT FUOPVTFOSFHJTUSPOTMFTEPOOIFTCSVWF% BWDBRPQBGY T
OPVTOFQPVWPOTQBTGBJSFVOIDMBIJSBHFQPODUVFMDBSJMQPVSS:
PVMFDBQJMMBJSF - IDMBJSBHFFTUEPODEJ VT 60IDMBJSBHFTVS M
BQQBSFIJMTQIPUPHSBQIJRVFTFUVOFSIGSBDUJPOPV SI FYJPOQBSB
EVDBQJMMBJSFDZMJOESJRVF DF RVJFOMOWFSBJU E EF TVSGE
/IPVTIDMBJSPOTEPOD QBS SI FYJPOTVSEFTTVSGBDFTCMBODIFTTPV
MF GPOE EFTEFVYJNBHFTFTU OPJS 60F JNBHF UZQOHRSF ESFOPBQJM!
EDFEJTQPTJUJG OPVTBWPOTSIVTTJE BUUFJOEBK Y6 UF N-AVCMUFDEERAWN
EBOTMFTUSPJTEJSFDUJPOTEFM FTQBDF DPNNFOPVTBMMPOTM FY
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'64B?2 *NBHF UZQJRVF

E VO DBQJMMBJSF TPVT TPO QSPQSF
QPJET -FT NBSRVFVST TPOU
WJTJCMFT DEF TPOU MFT UEDIFT RVJ
QBSDPVSFOU MF DBQJMMBJSF *MT
QSITFOUFOU DIBDVO EFVY UEDIFT
CMBODIFT EVFT E M iDMBJSBHF QBS
MF IBVU FU QBS MF CBT DPNNF PO
QFVUMFWPJSTVSMFHSPTTJTTENFOU
00 QFVU BVTTJ SENBSRVFS EFT

F FUT PQUJRVFT EF EIGPSNBUJPOT
EFT NBSRVFVST E USBWFST MF
DBQJMMBJSF DZMJOESJRVF DFSUBJOT
TPOUBQMBUJTIPSJ[POUBMFNFOU

OHVXUH GH OD GpIRUPDWLRQ
&DOLEUDWLRQ

-BDBMJCSBUJPO DSVDIJBMF QPVS MBNFTVSFRVFOPVT TPVIBJUPOTC
5PVUE BCPSE OPVTEFWPOTBWPJS VOF NJSF QSIDJTF 1PVS QMVT EF
BWFD VOF NJSF QPTTIEBOU VOF IDIFMMF EF MB NBDNF UBJMMF RVF MFT
"N /PVT BWPOTEPOD GBJUJNQSJNFSTVS VO QMBTUJRVF USBOTQBS
BWFD VOF QISJPEJDJUI EF "N MFTCBOEFTOPJSFTT BMUFSOFOU E}I
"N $FTNJIJSFTPOUIUITIJNQSINIFTQBS-.@2?5205;<9<462@ RVJF FDU
CSJRVFSEFTNBTRVFTEFNJDSPGBCSJDBUJPOE VOFSITPMVUJPO EF
UPVT;MMNTI DF RVIJ DPSSFTQPOE E VO QJYFMEF SITPMVUJPO PQUJRVF C
NJSFT TPOU FOTVJUF YIFTTVS VOF MBNF EF NJDSPTDPQF FMMF NBN
MFT DBQJMMBJSFTIMBTUJRVFT 00 QFVU EPOD EIQMBDFS MFT NJSFT
NFOUNJDSPNIUSJRVFTRVJDPOUSUMHEGIY SIF OBQTNMBWFO MBOBIRVF
EJTQPTJUJG

'64B?2 -F EJTQPTJUJG EF
DBMJCSBUJPO FTU QMPOHI EBOT VO
CBJO E IUIBOPM -B NJSF QPTTOEF
EFT USBJUT OPJST EF "N EF
MBSHF FU FTU YIF TVS VOF MBNF
EF WFSSF HSEDF E VO BJNBOU RVF
M PO BQFSTPJU BV GPOE EF M JNBHF
FU RVJ GBJU NN EF EJBNOUSF

-B QSPGPOEFVS EF DIBNQ FTU

EF QMVTJFVST NJMMJNOUSFT EF
TPSUF RVF M PO BQFSIPJU M F FU
EF QSPGPOEFVS TVS M IDIFMMF EF
MB NJSF JDJ MPSTRV FMMF FTU QPTJ
UJPOOIF GBDF E M BQQBSFJM
QIPUPHSBQIJRVEF

%BOT VO QSFNJFS UFNQT OPVT QPTJUJPOOPOT MB NJSF GBDF E M
M BVUSF MBWPJU EPOD QBY SIBBJSBODEFQ@WPDE BIBPST MB NJSF TFMP(
M BQQBSFIMRVIMVIGBJUGBDFBWFDVOQBTEFM PSESFEF "N FUF
-PSTRVFMBNIJSFFTUQSPDIFEFM BQQBSFIMRVIJMVIGBIJUGBDF FMM
RVFMPSTRV FMMFT FOTMPJHOF /PVT QPVWPOTBJOTJDPOOBOUSF M
GBJUGBDFFO GPODUJPOEFMBQPTJUIJPOFO QJYFMTEFMBNJSFWVF
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/IPVT QSFOPOT EF QMVT TPJO EF GBJSF BQQBSBOUSF MFDUUT EF MB
DFOUSF DPNNFD FUWYSMBTES TRSUFERVF MF GBDUFVS EF HSBOEJTT
EF MBNJSFTVS MF TFDPOE TPJU EIUFSNJOTQBS MB QPTJUJPO EF DF D
FOTVJUF MBNJSFE VORVBSUEFUPVSQPVSRY FMMFGBTTF GBDF BV [
QSPDIEVSF

%FDFTEJ iISFOUFTJNBHFTOPVTEFWPOTFYUSBJSFM iIDIFMMF FU TE
NJSF 1PVSF FDUVFSDFUSBJUFNFOU OPVTOPUPOTUPVUE BCPSE VC
EPOOIF RVJEIUFSNJOF M IDIFMMF EF SIGISFODF E VOF QSPGPOEFVS
HSBOEJTTFNFOUEFMBNJSFQBSSBQQPSUEDFUUFJNBHFFOUSBWBJN
YF -BDPMPOOFEF SIGISFOD R UFAPEITDG K BHHWSMARSSIEOU MFT QJ Y F
MB EJSFDUJPO WFSUJDBMIF BFSTNIHIONEBW P EFJBMBRCUSF MB WBMFVS E
WBMFVS EV OPJS EF MB NJSFKkFUQPFTTREMBBONMGBIBPOMB DPMPOOC
TPVIBJUF NFTVSFS MFHSBOELIKI BFFIMP TTOEF VR E 6Ky MTVERBIIP ® O
DPNQSFTTF MBDPMPOOF EF SIGI 8§ PPN S B NOTE BB F-3/Q(BX(P DBV S F
TJHOBM iIUBOU EJTDSFU OPVT F FDUVPOTtOISNIDTE 8 0 BMMAQ MPHRS F
QPTTOEFVOFMPOHVFVSE POEFQMVTQFUJUF "JOTJ PONFTVSF MB D!
EFDPOWPMVUJPO TVIJWBOUF

R
bdxf (X)F s(x)

rt) = R 2
bodxf(x)2 5 dxfs(x)2

$FUUFPQISBUJPO QSPEVJU YO kKJFONTJIDMBFSTET OHBBVBWR STIPROMFQBS GBJUFN
EFNDNFTBNQMJUVEFT

TYO s)kolL)
(t skoL

*MZBEPODVONBVYtHNYNMMWSTRNEBM QPTTOEFEFTIBSNPOJRVFTTVQQ
CBJTTFMIHOSFNFOU QBS SBQQPSUE VO NBJTJMSFTUF QBSGBJUFNF
UVEF QMVT GBJCMF SFTUFVOFUSOTCPOOFBQQSPYJNBEBECEFT TJH
/IPVT PCUFOPOTBJOTJQPVS DIBRVFJIJNBHF MFDPF DJFOUEFHSBOEJT
SFODF

1PVSDIBDVOFEFDFTJIJNBHFT OPVTEFWPOTBVTTJEIUFSNJOFS MB C
1PVSDFMB OPVTVUJMJTPOT VO BMHPSJUINFEFVEIBRDASINPID E RVINF XHFOTR
EVQPJOUE JO FYJPOE VOTJHOBME VOF QSIDJTJPOTVCQJYFMMBJSF
NJOFSERVFMMFBCTDJTTFTVSMFQSFNJFSBQQBSFJMMBMJHOFB U |
TVSMFTFDPOEBQQBSFIJMEIQFOEEF MB QSPGPOIBRFBESMBRVFMMF FNM

&0 O M IDIFMMFEFM JNBHFEF SIGISFODFFTURVBOU E FMMF NFT\
TIJHOBMEF MBDPMROOFEF SIGISFODF

r(t) =

I:QL
LOxF o0+ )To(0)

b dxf o(x)2

o )=

- BVUP DPSSIMBUJPO FTWU NB WBWBMFOQPMSFYJTUF FOTVJUF EFT NBYJN
MF TIJHOBM QPTTOEB NVOF WS WEFMAFBETUFDUIJPO EV QSFNJFS NBYJNV
EBJSF TF GBJUBMPST HSEDF E VOF BQQSPYJNBUJPO QBSBCPMJRVF Q
QISJPEF NPZFOOIF EF DF TJHOBM TVS UPVUF MB IBVUFVS EF M JNBHF
'JHVSFC >

'JOBMFNFOU MFT GBDUFVSTEFHSBOEJTTFNFOUT FOGPODUJPO EF
SIGISFODFTPOUNFTVSITQPVSMFTRVBUSFTJUVBUJPOTVUJMFT MB
M BJS FUEBOT M'IUMSIFFM U4YSQMBTFOUIF MB DPVSCF EF DBMJCSBUJP
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'64B?2 B 7VFEFGBDF EHBVDIF FUEFDUUI EESPJUF EFMBNJSF %F M
EIJUFSNJOFSMBOMBBNOEFMFFMMFDPSSFTQPOE NEFWSH RYBEDQF DESE F M
MB WVF EF GBDF -FT CBOEFT OPJSFT TVS MBNJSF QPTTOEFOU VOF QiSJP
o) Eil OJFEM IRVBEBEMB DPMPOOF WFSUF EF M JNBHF EF GBDF FO B -F
= : QJYEFMT =QPRVSQFSNFU EF EIlUFSNJOFS MB MPQEF M SNBBABEF FO Q
EF SIGISFODF RVIJDPSSFTQPOEFOUEPODE "N D ® HBVDIFMBDPMPO
B E MBRVFMMF PO BQQMJRVF V@ DRPFBDEISPIUEF WP DO SIPOWIPE VOF BV US
VOF QSPGPEIEIBW®OUF JDJQMVT QSPDIFEFM BQQBSFJM RMJ MVJ GBJU GB
E $PSSIMBEIROOF EM IRVBEOPSF MFT EFVY DPMPOOFT EF D MPSTRVF |
DPNQSEWHER®IF -FNBYJINVN EF MB=GsPFODWRE F OHFTBRIMPVSUSOT CIJFO BKVTUI
DBSEJOBM FO SPVHF BW FIDFVROWIBNRBWFINVEFEIUFSNJOFS MBQPTJUJPO EF

QSiDJTJPO
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M BQQBSFIJIM QPTTIEBOU MFQMVTHSBOEHSPTTJTTFNFOU /PVTPCUF
E "NQJ¥WFQMVT POPCTFSWFRVFM IDIFMMFBQQBSFOUFEFMBNJSF
QSPGPOEFVS TPJU VOF W B $IPESUIFP\CFBWRITF BE J/NF NEBBENFORFSIENQUMKB/OTRUE W C
MBDBMJCSBUJPOQSIDJTFRVFOPVTGBJTPOT -FTFSSFVSTRVFOPVTEF
GPJTEFMBEIUFDUJPO NBJTFMMFFTU OBMFNFOUBTTF[QSIDJTF FU
TPOUEIQMBDITMPSTEFTNBOJQVMBUJPOT /PVT SBQQFMPOTFOF FU
GOSFOUDBS MFTBQQBSFJMT QIPUPHSBQIJRVFT EPJWFOU PUSF USBC
TPJUQPTTJCMF -FTQPTJUJPOTEFTBQQBSFIJMTTPOUFOSFHJTUSIFT
EFM BYFEFMBQMBUJOF QPVS RVFMFTDPOEJUJPOTE JNBHFSJF EV
MJCSBUJPO $FUIDBSUTVS MBEI OJUJPO EF MB QPTJUJPOhNDFOUSBMI
TVSM IDIFMMF DFRVJFTUEV NDNFPSESFEFHSBOHENBSIMVBVFIWOIESSF
E BOBMZTFEF MBDBMJCSBUJPO ORVTW®WE MBOPBMIEBRBD YO RIS PV O E
BVTTIRVFM VOEFTBQQBSFIMTFTUQMVTMPJOEFMBDJCMFRVFM BV
HSPTTJTTFNFOUNPJOTGPSU FUO FTUVUJMJTIRVFQPVSPCTFSWFS
MFT NBSRVFVST EPOD TB SITPMVUJPO FTUNPJOT JNQPSUBOUF "JOTJ
BMMPOT VUIJMIJTFS QPVS NFTVSFS MFT QPTJUJPOT EBOTM FTQBDF E
EFVYBQQBSFJMT EBOTM BJSFUEBOTM IUIBOPM

'64B?2 2?DIFMMFEFDBMJCSBUJPOFO GPODUJPOEFMBEJTUBODF FO QSP
HVFVS E POEF "N -F[ISPEFMBEJTUBODFFTUTVSDFHSBQIFBSCJUSB.
M FOESPJUF FDUJGPATPOUQPTJUJPOOITMFTDBQJMMBJSFT QBS MB TV.
TPOBKVTUFNFOUQBS VOFESPJUFQBSMBTVJUF TPJUEFVY QBSBNOUSF"

*PRPpWULH SURMHFWLYH

IPVSTINQMJ FSMBNIJTFFOQMBDFEFMBDBMJCSBUJPO MFTBQQBSFJ
E VOBQQBSFIJM TVSTPOBYFPQUJRVFDPOODJEFBWFDDFNBNFQPJO
DPNNFIUBOUMFDFOUSHBEEMBBUOMFHWPESFQSITFOUF MB QSPKFDU
PCKFUTVS MFTEFVY DBQUFVSTEFTBQQBSFIJMT QIPUPHSBQIJRVFT $
RVITVQQPTFRVFUPVTMFTSBZPOTPQUJRVFTQBTTFOUQBSVOQPJOU
MFDBQUFVS $FUUFBQQSPYJNBUJPOFTUTY TBOUFEBOTOPUSFDBTQ
DBQUFVST 00O ORBE BIMPEFQBOPPSEPOOIFTFO QJYRMI;ZVISPVIBDVO E
EIDSJSF MB QSPKFDUJPO OPVT BW PIOALCRY P EODER R\ BUWSNF BB BTBINBIDLDS
EF MBOBVMAOUSF PQUJRVF BF BUBKRE/E BBV C BOMWFFORYSEFB QU F
DPNNFD FTUJOEJRVITVS MB HVSF - PCKFDUJG@D;XFFO EPSBUSPBOW
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E & Vi)

'64B?2 /IPUBUJPOT QPVS MB H'|'PN'|'US\0FFCDB|HFRB'STJW\FS-N‘FFQ'PEHD\UY IDSBOT
(x1;y1) FM2;y2) -FT QBSBNOUISFTFIkPOU

% BQSOMWSF OPVTBWPOT

f]_X f1y

= F = ;
! l1+ z W1 1+ z
f22 f2y

= = = :
X2 |1 X UY2 |1 X

0S OPVT BWPOT WV RVKMBSFWMBGUXE FOWBBOIBJSF BWFD MBDBMJCS
WFOPOTEFGBJSF &A VY MMFAREFMMFODMWE DJCMF APYGIRFROERSDT C
MJOIBSJTFSMFTRVBUSFIRVBUJPOT QSIDIEFOUFT

f f
1 =1 2 x Fuy £ 1 2y,
I I l1 l1
X2 f—l 1+i z FUy f—l l+i y:
l1 l1 l1 l1

-PSTEF MBDBMJCSBUJPO OPVT BWROTFPID BMNKTVSE M $ FIBEENOIWST

QJYNRUEF QUY&MF(EWZ) QPTTOEFOUEFTEJNFOTJRPOF@SIMEFOHFFYV
MB MPOHVFVS SIFMMF FOU S FMFTIUFNDRUTSFSE € O JRIWF MT QB DS QBMF WP JS C
BWFD MFT QP TJ(XIRPTWOMNPITYBEBQUFVST /PVT BWPOT USPVWIBWFD M
DBMJCSBUJPOIEFTMMPOEHSFEBET NN DFRVJDPSSFTQPOEFOF FUE MB
DBQUFVS FUEFTNGPBEBFBRIYFMT TPJU FOWJXSPPS S MNMNQBPOETIHBMFNF
MB GPDBMF SIFMMF FUDFMB KVTUJ FM BQQSPYJNBUJPO MJOIBJSF R
DBQUFVSTFTUVOF QSPKFDUJPO QMBOF 'JOBMFNFOU QPVS NFTVSFS
E IRVBUJPOTOPO MJOIBJSFT TBOTBQQSPYJNBUJPO JDJ

faly + IoXo
Yafo+ xaxg
folg + Ioxo
Yafa+ xaxp
falo lixp
2fafo+ xaxg
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