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hpnpyR loTlynpF ty nliFlw tyepfpynp slTp rtTpy ftFp RM l rpypflw lyo plF�,RM,iFp eMf,

xiwl eMf lFFpFFtyr Rsp paRpyR RM kstns Rsp p”pnR Me Myp Tlftlmwp My lyMRspf tF xpotlRpo

m� l Rstfo- ustF cpotlRtMy gMfxiwl tF lddwtnlmwp RM yMywtyplf xMopwF ktRs mMRs otF,

nfpRp lyo nMyRtyiMiF TlftlmwpFfi lyo dpfxtRF Rsp pTlwilRtMy Me dlRs,Fdpnt“n p”pnRF ktRs

xtytxlw lFFixdRtMyF fprlfotyr Rsp olRl,rpypflRtyr dfMnpFF- bp opxMyFRflRp Rsp iFp

Me Rsp cpotlRtMy gMfxiwl ty Ftxdwp palxdwpF lyo twwiFRflRp ks� dlflxpRftn xpRsMoF Me

lylw�FtF �tpwo otFRMfRpo fpFiwRFfi pTpy kspy dlflxpRpfF lfp vyMky dfpntFpw�- bp FRfpFF

Rsp txdMfRlynp Me otFRtyritFstyr mpRkppy Rsp ypnpFFlf� lyo FiffntpyR tyRpfdfpRlRtMyF Me

WxpotlRpo,p”pnR. lyo FsMk sMk RM pFRtxlRp Rsp RkM nMxdMypyRF ty yMywtyplf F�FRpxF

ktRs nMyRtyiMiF lyo nlRprMftnlw TlftlmwpF-

VpAJzEoF# P—pnG opnzxCzFtGtzy7 otEpnG lyo tyotEpnG p—pnGF7 FGEHnGHElw pDHlGtzy xzopwF7
CpEnpyGlrp pKCwltypo7 xzopElGtzy

: TyREMoSnRtMy

NzyFtopE l ElyozxtBpo nwtytnlw GEtlw ty Jstns ly tyGpEIpyGtzy c FszJF l Ftryt+nlyG p—pnG
zy ly zHGnzxp z 9 L DHpFGtzy GslG tyIlEtlmwA nzxpF Gz tyIpFGtrlGzEF2 xtyoF tF# SzJ lyo
JsA ozpF Gsp tyGpEIpyGtzy CEzoHnp Gsp p—pnG7 zE7 xzEp FCpnt+nlwwA7 nly Gsp p—pnG zq c zy z
mp lGGEtmHGpo Gz tGF p—pnG zy Fzxp tyGpExpotlGp IlEtlmwp p FGlyotyr mpGJppy Gsp GJz( jsp
EplFzyF Jp lEp nzynpEypo JtGs FHns DHpFGtzyF lEp mzGs FntpyGt+n lyo CElnGtnlw9 intpyGt+nlwwA7
xpotlGtzy GpwwF HF ’szJ ylGHEp JzEvF& lyo7 CElnGtnlwwA7 tG pylmwpF HF Gz CEpotnG mpslItzE
HyopE l Etns IlEtpGA zq nzyotGtzyF lyo tyGpEIpyGtzyF9 gzE pKlxCwp7 ly tyIpFGtrlGzE tyGpEpFGpo
ty CEpIpyGtyr z xlA JtFs Gz lFFpFF Gsp pKGpyG Gz Jstns z nzHwo mp CEpIpyGpo mA nslyrtyr
ly tyGpExpotlGp IlEtlmwp7 p7 FGlyotyr mpGJppy c lyo z 7 zE xzotqAtyr Fzxp tyGpExpotlGp
CEznpFF mpGJppy c lyo p 3clnVtyyzy7 =;;]7 Ns9 =‘ MHwwznv7 REppy7 1 Sl7 =;%;49

gzE Gsp ClFG qpJ opnlopF Gsp lylwAFtF zq xpotlGtzy slF mppy ozxtylGpo mA wtyplE EprEpFFtzy
ClElotrxF7 xzFG yzGlmwA Gsp zyp loIlynpo mA MlEzy lyo VpyyA 3%–][47 Jstns nly mp FGlGpo
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lF qzwwzJF# jz GpFG Gsp nzyGEtmHGtzy zq l rtIpy xpotlGzE p Gz Gsp p—pnG zq c zy z 7 +EFG
EprEpFF z zy c lyo pFGtxlGp Gsp EprEpFFtzy nzpffntpyG hz � 7 Gz mp pDHlGpo JtGs Gsp RBRlw
p1pnR9 ipnzyo7 tynwHop p ty Gsp EprEpFFtzy lyo pFGtxlGp Gsp ClEGtlw EprEpFFtzy nzpffntpyG
hz � |Y Jspy p tF ’nzyGEzwwpo qzE& 3zE ’nzyotGtzypo zy& zE ’louHFGpo qzE&49 jsp ot—pEpynp
mpGJppy Gsp GJz FwzCpF7 hz � {hz � |Y7 JzHwo Gspy xplFHEp Gsp EpoHnGtzy ty Gsp GzGlw p—pnG
oHp Gz nzyGEzwwtyr qzE p lyo FszHwo DHlyGtqA Gsp p—pnG xpotlGpo GsEzHrs p9

jsp tyGHtGtzy mpstyo GstF Fnspxp tF opxzyFGElGpo ty gtr9 %3l4 Jstns FszJF l wtyplE
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gtrHEp %# 3l4 L Ftyrwp xpotlGzE p nzyGEtmHGtyr α − δ Gz Gsp zIpElww p—pnG9 3m4 cHwGtCwp
xpotlGzEF7 plns nzyGEtmHGtyr αZ − δZ9 jsp pEEzE GpExF7 τ0W τ�W τ2 EpCEpFpyG qlnGzEF zxtGGpo
qEzx Gsp lylwAFtF9

FGEHnGHElw pDHlGtzy xzopw rzIpEytyr Gsp nlHFlw EpwlGtzyFstCF mpGJppy cW zW lyo p9 Tq Gsp
GzGlw p—pnG zq c zy z GsEzHrs mzGs ClGsJlAF tF γ W / 6 αδ7 mA louHFGtyr qzE p7 Jp FpIpE
Gsp p8xpotlGpo ClGs lyo Gsp p—pnG Jtww mp EpoHnpo Gz /9 jsp ot—pEpynp mpGJppy Gsp GJz
EprEpFFtzy FwzCpF rtIpF

γ { / W αδ 3%4

lyo Gsp CEzoHnG αδ tF JslG Jp pKCpnG Gsp X8xpotlGpo p—pnG Gz mp9
LwGpEylGtIpwA7 zyp nly IpyGHEp Gz pFGtxlGp α lyo δ tyopCpyopyGwA zq γ 9 jstF tF ozyp mA

+EFG pFGtxlGtyr Gsp EprEpFFtzy FwzCp zq p zy c Gz rpG α7 Gspy pFGtxlGtyr Gsp EprEpFFtzy FwzCp
zq z zy p nzyGEzwwtyr qzE c7 Jstns rtIpF HF δ‘ xHwGtCwAtyr Gsp GJz FwzCpF GzrpGspE rtIpF HF
Gsp xpotlGpo p—pnG αδ9 jsp Fnspxp rpypElwtBpF ylGHElwwA Gz xHwGt8ClGs xzopwF7 lF FszJy
ty gtr9 %3m4 Jstns EpCEpFpyGF ly zCCzEGHytGA Gz tyGpEIpyp zy GsEpp xpotlGtyr IlEtlmwpF7 zE
lyA FHmFpG GspEpzq9 jsp ot—pEpynp mpGJppy Gsp GzGlw p—pnG γ lyo Gsp p—pnG xplFHEpo lqGpE
louHFGtyr qzE xpotlGzE pZ rtIpF Gsp pKGpyG Gz Jstns Gsp tyotEpnG ClGs GsEzHrs pZ nzyGEtmHGpF
Gz Gsp zIpElww p—pnG7 γ 9 Lrlty7 GstF nly mp pFGtxlGpo ptGspE mA Gsp ot—pEpynp8ty8nzpffntpyGF
zE CEzoHnG8zq8nzpffntpyGF xpGszo9

jsp IlwtotGA zq GspFp GJz xpGszoF opCpyoF zq nzHEFp zy Gsp lFFHxCGtzy GslG Gsp pEEzE
GpExF7 τ0W τ�7 lyo τ27 lEp HynzEEpwlGpo qzE7 zGspEJtFp7 Fzxp zq Gsp FGEHnGHElw ClElxpGpEF /W α
lyo δ JzHwo yzG mp pFGtxlmwp mA EprEpFFtzy lylwAFtF lyo mzGs Gsp ot—pEpynp8ty8nzpffntpyGF
lyo CEzoHnG8zq8nzpffntpyGF xpGszoF JzHwo CEzoHnp mtlFpo EpFHwGF9 Ty ElyozxtBpo GEtlwF7
JspEp τ0 nly mp topyGt+po JtGs Gsp ElyozxtBlGtzy opItnp7 Jp lEp lFFHEpo GslG τ0 tF Hy8
nzEEpwlGpo JtGs τ� lyo τ2 lyo7 Fz7 Gsp EprEpFFtzylw pFGtxlGpF zq γ lyo α Jtww mp HymtlFpo9
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SzJpIpE7 ElyozxtBlGtzy ozpF yzG EpxzIp nzEEpwlGtzyF mpGJppy τ� lyo τ2 lyo7 tq FHns pKtFG7
louHFGtyr qzE p Jtww nEplGp FCHEtzHF nzEEpwlGtzy mpGJppy c lyo z Jstns Jtww mp loopo Gz γ
lyo JzHwo CEpIpyG Gsp CEzCpE pFGtxlGp zq δ zE /9 Ty zGspE JzEoF7 Gsp EprEpFFtzy nzpffntpyG
hz Y|� JzHwo yz wzyrpE pDHlw δ lyo Gsp ot—pEpynp hz � { hY�hz Y|� JzHwo yz wzyrpE pDHlw
/9 jstF qzwwzJF qEzx Gsp qlnG GslG ’nzyGEzwwtyr& zE ’louHFGtyr& qzE p ty Gsp lylwAFtF 3mA
tynwHotyr p ty Gsp EprEpFFtzy pDHlGtzy4 ozpF yzG CsAFtnlwwA otFlmwp Gsp ClGsF rztyr GsEzHrs
p‘ tG xpEpwA xlGnspF FlxCwpF JtGs pDHlw p IlwHpF7 lyo GsHF tyoHnpF FCHEtzHF nzEEpwlGtzyF
lxzyr zGspE qlnGzEF ty Gsp lylwAFtF 3Fpp fplEw7 %––]‘ Nzwp 1 SpEyl̈y7 =;;=‘ alyopEbppwp
1 alyFGppwlyoG7 =;;–490 iHns nzEEpwlGtzyF nlyyzG mp opGpnGpo mA FGlGtFGtnlw xplyF lyo7 Fz7
GspzEpGtnlw vyzJwporp xHFG mp tyIzvpo Gz topyGtqA Gsp FzHEnpF zq GspFp nzEEpwlGtzyF lyo7 tq
CzFFtmwp7 nzyGEzw qzE nzxxzy nlHFpF 3Fz nlwwpo ’nzyqzHyopEF&4 zq p lyo z 9� hpxlEvlmwA7
Gsp EprEpFFtzylw pFGtxlGpF zq Gsp ot—pEpynp8ty8nzpffntpyGF lyo Gsp CEzoHnG8zq8nzpffntpyGF Jtww
lwJlAF mp pDHlw92

jstF lCCEzlns Gz xpotlGtzy 3zqGpy lFFzntlGpo JtGs MlEzy lyo VpyyA4 slF GJz xluzE
oElJmlnvF9 eyp 3xpyGtzypo lmzIp4 tF tGF Epwtlynp zy Gsp HyGpFGpo lFFHxCGtzy zq HynzEEpwlGpo
pEEzEF7 lyo Gsp Fpnzyo tF tGF Epwtlynp zy wtyplEtGA lyo7 ty ClEGtnHwlE7 zy l CEzCpEGA zq wtyplE
FAFGpxF nlwwpo ’p—pnG nzyFGlynA& 3zE ’yz tyGpElnGtzy&4# jsp p—pnG zq zyp IlEtlmwp zy lyzGspE
tF tyopCpyopyG zy Gsp wpIpw lG Jstns Jp szwo l GstEo9 jstF CEzCpEGA ozpF yzG pKGpyo Gz
yzywtyplE FAFGpxF‘ Gsp wpIpw lG Jstns Jp nzyGEzw p JzHwo ty rpypElw xzotqA Gsp p—pnG zq c
zy z 9 gzE pKlxCwp7 tq Gsp zHGCHG z EpDHtEpF mzGs c lyo p Gz mp CEpFpyG7 Gspy szwotyr p lG
BpEz JzHwo otFlmwp Gsp p—pnG zq c zy z 7 Jstwp szwotyr p lG l strs IlwHp JzHwo pylmwp Gsp
wlGGpE9

LF l nzyFpDHpynp7 lootGtzyF lyo xHwGtCwtnlGtzyF lEp yzG Fpwq8pItopyG ty yzywtyplE FAFGpxF9
TG xlA yzG mp lCCEzCEtlGp7 qzE pKlxCwp7 Gz op+yp Gsp tyotEpnG p—pnG ty GpExF zq Gsp ’ot—pE8
pynp& ty Gsp GzGlw p—pnG7 JtGs lyo JtGszHG nzyGEzw9 YzE JzHwo tG mp lCCEzCEtlGp Gz xHwGtCwA
Gsp p—pnG zq c zy p mA GslG zq p zy z 3vppCtyr c lG Fzxp wpIpw4 - xHwGtCwtnlGtIp nzxCz8
FtGtzyF opxlyo GsptE uHFGt+nlGtzyF9 Tyoppo7 lww lGGpxCGF Gz op+yp xpotlGtzy mA rpypElwtBtyr
Gsp ot—pEpynp lyo CEzoHnG FGElGprtpF Gz yzywtyplE FAFGpx slIp EpFHwGpo ty otFGzEGpo lyo tE8
Epnzyntwlmwp EpFHwGF 3clnVtyyzy7 gltEnstwo7 1 gEtGB7 =;;fi‘ clnVtyyzy7 �znvJzzo7 MEzJy7
blyr7 1 Sz—xly7 =;;fi‘ RwAyy7 =;;–‘ fplEw7 =;%%l49

jstF ClCpE opFnEtmpF l EpnpyGwA opIpwzCpo xpGszo GslG EpxzIpF GspFp yzywtyplE mlEEtpEF
lyo lIltwF xpotlGtzy lylwAFtF Gz l wlErp FClnp zq ypJ lCCwtnlGtzyF7 pFCpntlwwA GszFp tyIzwItyr
nlGprzEtnlw olGl lyo strswA yzywtyplE CEznpFFpF9 jsp +EFG wtxtGlGtzy7 Gsp EpDHtEpxpyG zq pEEzE

0jstF nly mp Fppy ItItowA mA FpGGtyr / W β W ;7 txCwAtyr BpEz otEpnG lyo tyotEpnG p”pnGF: ApG7 tq γ� lyo γ2
lEp nzEEpwlGpo7 Gsp EprEpFFtzy nzpffntpyG FX��Y Jtww yzG pOHlw BpEz7 mHG {αnzR3γ� x γ24,RvE3γ�49

�LwGszHrs UHoo lyo VpyyA 3%–]%4 EpnzrytBpo Gsp txCzEGlynp zq nzyGEzwwtyr qzE xpotlGzE8zHGCHG nzy8
qzHyopEF7 Gsp CztyG JlF yzG xpyGtzypo ty Gsp ty,HpyGtlw ClCpE zq 3clEzy 1 VpyyA7 %–][4 lyo7 lF l EpFHwG7 tG
slF mppy tryzEpo mA xzFG EpFplEnspEF ty Gsp Fzntlw lyo CFAnszwzrtnlw FntpynpF 3UHoo 1 VpyyA7 =;%;49

2jstF qzwwzJF qEzx Gsp qlnG GslG Gsp EprEpFFtzylw txlrp zq 3%47 FX� { FX��Y W FY�FX Y�� 7 tF l Hyt8
IpEFlw topyGtGA lxzyr EprEpFFtzy nzpffntpyGF zq lyA GsEpp IlEtlmwpF7 lyo slF yzGstyr Gz oz JtGs nlHFlGtzy zE
xpotlGtzy9 TG Jtww nzyGtyHp Gz szwo EprlEowpFF zq JspGspE nzyqzHyopEF lEp CEpFpyG7 JspGspE Gsp HyopEwAtyr
xzopw tF wtyplE zE yzywtyplE7 zE JspGspE Gsp lEEzJF ty Gsp xzopw zq gtr9 %3l4 CztyG ty Gsp EtrsG otEpnGtzy9
jsp pOHlwtGA lwFz szwoF lxzyr Gsp e�i pFGtxlGpF zq GspFp ClElxpGpEF EprlEowpFF zq FlxCwp FtBp 3Slsy 1
fplEw7 =;%%49 dzGp Gsp pFFpyGtlw otFGtynGtzy mpGJppy FGEHnGHElw lyo EprEpFFtzylw ClElxpGpEF7 zqGpy nzy,lGpo
mA Fzxp JEtGpEF 3izmpw7 =;;]: hHmty7 =;%;4: Gsp qzExpE nzyIpA nlHFlw EpwlGtzyFstCF7 Gsp wlGGpEF lEp CHEpwA
FGlGtFGtnlw9 NzyotGtzyF qzE GsptE pOHlwtGA nly mp qzHyo ty 3fplEw7 =;;–7 C9 %);49
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tyopCpyopynp 3zE ’yz HyxplFHEpo nzyqzHyopEF7& lF tG tF zqGpy nlwwpo4 Jtww Epxlty tyGlnG7 lyo
FszHwo mp vpCG ty xtyo GsEzHrszHG zHE otFnHFFtzy93 eHE qznHF ty Gsp FpDHpw szJpIpE Jtww mp
zy nEzFFtyr Gsp wtyplE8Gz8yzywtyplE mlEEtpE7 HFtyr Gsp Flxp nlHFlw lFFHxCGtzyF GslG FHCCzEG
Gsp FGlyolEo wtyplE lylwAFtF zq 3MlEzy 1 VpyyA7 %–][49

b uMRlw5 otEpnR lyo tyotEpnR p1pnRF

NzyFtopE Gsp yzywtyplE IpEFtzy zq Gsp xpotlGtzy xzopw7 lF opCtnGpo ty gtr9 =9 Ty Gsp xzFG

ZxxxF xb

b
β

β β
2

β
b ZxxxF xX 3)))))))))))(

2 β
2

Y
3)))))))(

z�

gtrHEp =# L rpypEtn xzopw opCtnGtyr xpotlGtzy GsEzHrs p JtGs yz nzyqzHyopEF9

rpypElw nlFp7 Gsp nzEEpFCzyotyr FGEHnGHElw pDHlGtzyF JzHwo slIp Gsp qzEx#

a W g03τ04 X W g�3aW τ�4 � W g23aW XW τ24 3=4

JspEp c7 z 7 p lEp otFnEpGp zE nzyGtyHzHF Elyozx IlEtlmwpF7 g0W g�7 lyo g2 lEp lEmtGElEA
qHynGtzyF7 lyo τ0W τ�W τ2 EpCEpFpyG zxtGGpo qlnGzEF Jstns lEp lFFHxpo Gz mp xHGHlwwA tyopCpy8
opyG ApG lEmtGElEtwA otFGEtmHGpo9 LFtop qEzx GstF DHlwtGlGtIp tyopCpyopynp lFFHxCGtzy7 Gsp
xzopw lwFz sACzGspFtBpF Gsp otEpnGtzy zq nlHFlw ty,HpynpF7 Jstns lEp zqGpy otFnpEytmwp qEzx
GpxCzElw tyqzExlGtzy zE GspzEpGtnlw vyzJwporp9 YzGlmwA7 Gsp xzopw lwwzJF qzE Gsp pKtFGpynp
zq xtwwtzyF zq HyzmFpEIpo FHmCEznpFFpF GslG xlvp HC Gsp qHynGtzyF g0W g�W lyo g2‘ GspFp oz
yzG lwGpE DHpFGtzyF nzynpEytyr Gsp xpotlGtyr Ezwp zq p9

itynp Gsp qHynGtzyF g0W g�7 lyo g2 lEp HyvyzJy Gz tyIpFGtrlGzEF7 xpotlGtzy lylwAFtF nzx8
xpynpF mA +EFG op+ytyr GzGlw7 otEpnG lyo tyotEpnG p—pnGF ty GpExF zq GszFp qHynGtzyF lyo7
Gspy7 pKCEpFFtyr Gspx ty GpExF zq Gsp lIltwlmwp olGl7 Jstns Jp lFFHxp tF rtIpy ty Gsp qzEx
zq Elyozx FlxCwpF 3aW �W X4 oElJy qEzx Gsp uztyG CEzmlmtwtGA otFGEtmHGtzy D 3aW �W X49

b,: uMRlw p1pnR

Lxzyr Gsp GsEpp GACpF zq p—pnGF nzyFtopEpo spEp7 Gsp plFtpFG Gz op+yp lyo pFGtxlGp tF Gsp
RBRlw p1pnR7 SP9x0 Jstns xplFHEpF Gsp nslyrp ty z CEzoHnpo mA l HytG nslyrp ty c7 FlA qEzx
c W ; Gz c W %9 jsp FGlGHF zq p yppo yzG mp FCpnt+po ty GstF op+ytGtzy7 Ftynp p tF lwwzJpo
Gz GElnv Gsp nslyrpF ty c lyo7 Fz7 Jp slIp qzE Gsp GzGlw p—pnG#

SP9x03τ�W τ24 W g25%W g�3%W τ�4W τ2fl { g25;W g�3;W τ�4W τ2fl

3L nzxCwpGp FpG zq GpnsytOHpF tF yzJ lIltwlmwp qzE ypHGElwtBtyr pEEzE opCpyopyntpF7 JspypIpE CzFFtmwp7
mzGs mA nzIlEtlGp louHFGxpyG lyo GsEzHrs Gsp HFp zq tyFGEHxpyGlw IlEtlmwpF 3isCtGFpE 1 fplEw7 =;;]: fplEw7
=;;–: jtly 1 isCtGFpE7 =;%;49 jspFp GpnsytOHpF lEp otEpnGwA lCCwtnlmwp Gz Gsp lylwAFtF zq xpotlGtzyF 3fplEw7
=;;–7 C9 %=]: fplEw7 =;%%l7 isCtGFpE 1 alyopEbppwp7 =;%%47 mHG lEp mpAzyo Gsp FnzCp zq GstF ClCpE9
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JspEp τ� lyo τ2 lEp pKCpnGpo Gz IlEA qEzx tyotItoHlw Gz tyotItoHlw9 LG Gsp CzCHwlGtzy wpIpw7
Jp Jtww op+yp Gsp GzGlw p—pnG SP9x0 Gz mp Gsp pKCpnGlGtzy zq Gsp ot—pEpynp lmzIp Glvpy zIpE
τ� lyo τ27 Jstns 3lFFHxtyr tyopCpyopyG pEEzEF4 rtIpF#

SP9x0 W P3z �c W %4 { P3z �c W ;4 3“4

JspEp P3z �c W %4 tF Gsp pKCpnGpo IlwHp zq z Jspy c pDHlwF %9 jstF ot—pEpynp tF yzyp
zGspE mHG Gsp EprEpFFtzy FwzCp zq z zy c7 nzxxzywA pFGtxlGpo mA e�i7 Jstns CEzItopF ly
HymtlFpo pFGtxlGp zq Gsp GzGlw p—pnG EprlEowpFF zq Gsp qHynGtzylw qzEx zq g� lyo g2 3fplEw7
=;;–7 C9 fi=49

czEp rpypElwwA7 szJpIpE7 tq Jp lEp tyGpEpFGpo ty Gsp GzGlw p—pnG zq l GElyFtGtzy qEzx c W a
Gz c W a·7 JspEp a lyo a· lEp lyA GJz wpIpwF zq c 3FlA GJz ozFlrp wpIpwF zq l oEHr47 Jp
JEtGp#

SPixi� W P3z �c W a·4{ P3z �c W a4, 3?4

NwplEwA7 ty yzywtyplE FAFGpxF7 mzGs Gsp mlFpwtyp c W a lyo Gsp pyoCztyG c W a· xlA CwlA
l Ezwp ty l—pnGtyr Gsp nslyrp zq z 9

b,b NMyREMwwpo lyo ylRSElw otEpnR p1pnRF

jsp topl zq pFGtxlGtyr Gsp otEpnG p—pnG zq c zy z mA nzyGEzwwtyr qzE p tF lCCwtnlmwp Gz
yzywtyplE xzopwF lF Jpww Ftynp7 lFFHxtyr τ� lyo τ2 lEp tyopCpyopyG7 nzyotGtzytyr zy p
FtxHwlGpF Gsp CsAFtnlw lnGtzy zq ’+Ktyr& zE ’FpGGtyr& p lG l nzyFGlyG IlwHp7 X7 GsHF CEpIpyGtyr
c qEzx GElyFxtGGtyr tGF nslyrp lwzyr Gsp xpotlGtyr ClGs c × p × z 9 jsp EpFHwGtyr
pFGtxlyo tF nlwwpo Gsp ’nzyGEzwwpo otEpnG p—pnG& 3hzmtyF 1 REppywlyo7 %––=‘ fplEw7 =;;%4#

NZP3X4 W P3z �c W %W p W X4{ P3z �c W ;W p W X4 3@4

Jstns tF Gsp EprEpFFtzy FwzCp zq z zy c vppCtyr p nzyFGlyG lG X94

SzJpIpE7 Gsp DHpFGtzy lEtFpF# lG JslG IlwHp FszHwo Jp FpG p( LF EpxlEvpo plEwtpE7
ot—pEpyG FpGGtyrF zq p JzHwo Atpwo ot—pEpyG EpFHwGF9 gzE pKlxCwp7 lFFHxp GslG c FGlyoF qzE
l oEHr Glvpy Gz nHEp l otFplFp z 9 LF l Ftop p—pnG7 c lwFz FGtxHwlGpF Gsp FpnEpGtzy zq ly
pyBAxp p GslG slFGpyF Gsp CEznpFF GsEzHrs Jstns Gsp oEHr lnGF zy Gsp otFplFp9 Tq Jp +K
p lG l strs wpIpw7 Gsp oEHr Jtww lCCplE strswA pffnlntzHF7 Jstwp tq Jp +K p lG l wzJ wpIpw7
Gsp oEHr Jtww slIp zywA l xplrpE p—pnG9 jsp DHpFGtzy EpxltyF GspEpqzEp7 lG JslG IlwHp zq
p FszHwo Jp nzyoHnG zHE lylwAFtF tq Jp JtFs Gz pIlwHlGp Gsp otEpnG p—pnG zq Gsp oEHr zy Gsp
otFplFp7 HyxpotlGpo mA p(

4jsp rpypElw nlHFlw pKCEpFFtzy qzE NZD3X47 Jstns ozpF yzG lFFHxp pEEzE8tyopCpyopynp tF rtIpy mA.

NZD3X4 W D5d �oz3c W %x C W X4fl {D5d �oz3c W ;x C W X4fl

3Fpp fplEw7 =;;–7 C9 %=fi4 zE7 HFtyr Gsp FGEHnGHElw pOHlGtzyF zq PO9 3=47

NZD3X4 W D5r23%x Xx γ24fl {D5r23;x Xx γ24fl

L ypnpFFlEA lyo FHffntpyG nzyotGtzy qzE pFGtxlGtyr NZD3X4 ty zmFpEIlGtzylw FGHotpF 3ty Gsp CEpFpynp zq
HyzmFpEIpo nzyqzHyopEF4 nly mp opEtIpo HFtyr oz8nlwnHwHF 3fplEw7 =;;–7 CC9 ])-]]47 lyo tF rtIpy ty isCtGFpE
lyo fplEw 3=;;]4 lyo jtly lyo isCtGFpE 3=;%;49
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eyp nly EpCzEG7 zq nzHEFp7 Gsp IlwHp zq NZP3X4 qzE plns wpIpw p W X7 lyo wpG Gsp HFpE
nszzFp Gsp IlwHp GslG xlGnspF Gsp tyGpEIpyGtzy CzwtnA HyopE nzyFtopElGtzy9 Ty xlyA nlFpF7
szJpIpE7 Gsp CzwtnA tyqzExpo mA Gsp otEpnG p—pnG tF yzG zyp JspEp p tF FpG Gz l HytqzEx wpIpw
qzE lww HytGF ty Gsp CzCHwlGtzy mHG7 ElGspE7 zyp JspEp Gsp FpyFtGtItGA zq p Gzc tF FHCCEpFFpo zE
pyslynpo7 yzG p tGFpwq9 jlvtyr Gsp pyBAxp pKlxCwp lmzIp7 l CzwtnA xlvpE xlA mp tyGpEpFGpo
ty Gsp mpyp+G zq opIpwzCtyr l nsplCpE oEHr7 topyGtnlw Gz Gsp zyp FGHotpo7 mHG wlnvtyr Gsp
CzGpyGtlw Gz FGtxHwlGp pyBAxp FpnEpGtzy9 LmFpyG Gsp xpotlGtyr p—pnG zq p7 Gsp pffnlnA zq
Gsp ypJ oEHr Jtww mp opGpExtypo mA JslGpIpE wpIpw p lGGltyF ylGHElwwA ty Gsp CzCHwlGtzy7
IlEAtyr qEzx tyotItoHlw Gz tyotItoHlw7 yzG FpG HytqzExwA mA pKGpEylw nzyGEzw9

kyopE FHns FpGGtyrF7 tG tF xzEp xplytyrqHw Gz op+yp l yzGtzy zq otEpnG p—pnG nlwwpo ylR8
HElw7 GslG ozpF yzG EpDHtEp FpGGtyr p HytqzExwA zIpE Gsp CzCHwlGtzy7 mHG wpGF tG IlEA qEzx
tyotItoHlw Gz tyotItoHlw9 jstF yzGtzy7 opyzGpo YZPixi�3z 4 tF op+ypo lF Gsp pKCpnGpo nslyrp
ty z tyoHnpo mA nslyrtyr c qEzx a Gz a· Jstwp vppCtyr lww xpotlGtyr qlnGzEF nzyFGlyG lG
JslGpIpE IlwHp GspA JBHwo slIp BmRltypo HyopE c W a7 mpqzEp Gsp GElyFtGtzy qEzx a Gz a·

3hzmtyF 1 REppywlyo7 %––=‘ fplEw7 =;;%495 jstF op+ytGtzy zq otEpnG8p—pnG tyIzvpF Gsp CsElFp#
’lG JslGpIpE IlwHp GspA JzHwo slIp zmGltypo& Jstns tF nzHyGpEqlnGHlw7 lyo GsHF ntEnHxIpyGF
topzwzrtnlw CEzstmtGtzyF7 HCspwo mA Fzxp FGlGtFGtntlyF7 lrltyFG lGGEtmHGtyr xpotlGtzy Gz yzy8
xlytCHwlmwp IlEtlmwpF 3fplEw7 =;%%m49 LG Gsp Flxp Gtxp7 mpnlHFp zq tGF nzHyGpEqlnGHlw nslE8
lnGpE7 Gsp ylGHElw otEpnG p—pnG nlyyzG mp rtIpy otEpnG pxCtEtnlw GpFG‘ GspEp tF yz JlA Gz EpEHy
stFGzEA lyo xplFHEp FHmupnGF EpFCzyFp HyopE nzyotGtzyF GspA slIp yzG lnGHlwwA pKCpEtpynpo9
TG slF mppy FszJy ypIpEGspwpFF 3fplEw7 =;;%4 GslG7 qzE Gsp nzyqzHyotyr8qEpp xzopw zq gtr9 =7
Gsp ylGHElw otEpnG p—pnG nly mp pFGtxlGpo qEzx CzCHwlGtzy olGl6 lyo tF rtIpy mA#

YZPixi�3z 4 W
�

X

5P3z �c W a·W p W X4{ P3z �c W aW p W X4flD 3p W X�c W a4

zE7 HFtyr l FszEG8slyo yzGlGtzy7 Jp JEtGp#

YZPixi�3z 4 W
�

X

5P3z �a·W X4{ P3z �aW X4flD 3X�a4, 3[4

jsp tyGHtGtzy tF FtxCwp7 Gsp ylGHElw otEpnG p—pnG tF Gsp JptrsGpo lIpElrp zq Gsp nzyGEzwwpo
otEpnG p—pnG7 HFtyr Gsp CEp8GElyFtGtzy otFGEtmHGtzy D 3X�a4 lF l JptrsGtyr qHynGtzy9 PDHlGtzy
3[4 nly mp pFGtxlGpo mA l GJz8FGpC EprEpFFtzy7 lF Jtww mp FszJy ty Gsp FpDHpw9

5vFtyr Gsp FGEHnGHElw xzopw zq PO9 3=47 Gsp qzExlw op+ytGtzy zq Gsp ylGHElw otEpnG p”pnG EploF.

YZDZxZ�3d 4 W D5r23a
·x r�3ax γ�4x γ24fl {D5r23ax r�3ax γ�4x γ24fl

hzmtyF lyo REppywlyo 3%––=4 nlwwpo GstF yzGtzy zq otEpnG p”pnG 2fHEp& Jstwp fplEw nlwwpo tG 2dlGHElw7& Gz
FGEpFF Gsp ylGHElw7 HyCpEGHEmpo otFGEtmHGtzy zq IlwHpF7 C W r�3ax γ�4 lG Jstns Jp 2qEppBp& C Jstwp nslyrtyr
c qEzx c W a Gz c W a·9 gzE otFnHFFtzyF EprlEotyr CzwtnA txCwtnlGtzyF zq YZD IpEFHF NZD7 Fpp 3fplEw7
=;;%: hzmtyF7 =;;“: Uz”p pG lw9 =;;fi: Slqpxly lyo insJlEGB7 =;;–: fplEw7 =;;–7 C9 %“=: VlHqxly7 =;%;:
hzmtyF lyo htnslEoFzy7 =;%%: LwmpEG lyo dpwFzy7 =;%%49

6Ty Gsp CEpFpynp zq xplFHEpo lyo HyxplFHEpo nzyqzHyopEF7 Gsp rpypElw nzyotGtzyF HyopE Jstns YZD tF
pFGtxlmwp qEzx CzCHwlGtzy olGl lEp FzxpJslG xzEp FGEtyrpyG Gsly GszFp yppopo qzE NZD 3qzzGyzGp )49 gzE
opGltwF Fpp fplEw 3=;;%4: LIty7 isCtGFpE7 lyo fplEw 3=;;)4: fpGpEFpy7 itytFt7 lyo Ily opE �lly 3=;;[4: hzmtyF
3=;;“4: alyopEbppwp 3=;;–4: VlHqxly 3=;%;4: hzmtyF lyo htnslEoFzy 3=;%%4: isCtGFpE lyo alyopEbppwp
3=;%%49
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b,2 TyotEpnR p1pnRF

hpxlEvlmwA7 Gsp nzHyGpEqlnGHlw op+ytGtzy zq Gsp ylGHElw otEpnG p—pnG nly mp GHEypo lEzHyo
lyo CEzItop ly zCpElGtzylw op+ytGtzy qzE Gsp tyotEpnR p1pnR´l nzynpCG FsEzHopo ty xAFGpEA
lyo nzyGEzIpEFA7 mpnlHFp tG tF txCzFFtmwp7 mA nzyGEzwwtyr lyA zq Gsp IlEtlmwpF ty Gsp xzopw7 Gz
FpwpnGtIpwA otFlmwp Gsp otEpnG wtyv qEzx c Gz z Fz lF Gz wpG c ty,Hpynp z FzwpwA Itl tyotEpnG
ClGsF9 jspEpqzEp Gsp tyotEpnG p—pnG slF yz ’nzyGEzwwpo& tyGpECEpGlGtzy9

jsp tyotEpnR p1pnR7 TP7 zq Gsp GElyFtGtzy qEzx a Gz a· tF op+ypo lF Gsp pKCpnGpo nslyrp ty z
l—pnGpo mA szwotyr c nzyFGlyG7 lG c W a7 lyo nslyrtyr p 3qzE plns tyotItoHlw4 Gz JslGpIpE
IlwHp tG JzHwo slIp lGGltypo slo c mppy FpG Gz c W a·9 gzExlwwA7 GstF nzHyGpEqlnGHlw
op+ytGtzy EploF#

TPixi�3z 4 W P5g23aW g�3a
·W τ�4W τ24fl { P5g23aW g�3aW τ�4W τ24fl 3fi4

Jstns tF FtxtwlE Gz Gsp op+ytGtzy zq Gsp ylGHElw otEpnG p—pnG 3qzzGyzGp [4 FlIp qzE pKnslyrtyr
a JtGs a· ty Gsp +EFG GpEx9

LFFHxtyr lrlty Gsp nzyqzHyotyr8qEpp xzopw zq gtr9 =7 Gsp tyotEpnG p—pnG op+ypo ty 3fi4
nly mp EpoHnpo Gz ly pFGtxlmwp pKCEpFFtzy 3fplEw7 =;;%47 rtIpy mA #

TPixi�3z 4 W
�

X

P3z �aW X45D 3X�a·4{ D 3X�a4fl, 3]4

jsp tyGHtGtzy spEp tF DHtGp ot—pEpyG lyo HyIptwF l yzyClElxpGEtn IpEFtzy zq Gsp CEzoHnG8zq8
nzpffntpyGF FGElGprA9 jsp GpEx P3z �aW X4 CwlAF Gsp Ezwp zq δ ty gtr9 %3l47 qzE tG FCpnt+pF szJ
z EpFCzyoF Gz p qzE lyA +Kpo a7 lyo Gsp ot—pEpynp D 3X�a·4{ D 3X�a4 CwlAF Gsp Ezwp zq α7 qzE
tG nlCGHEpF Gsp txClnG zq Gsp GElyFtGtzy qEzx a Gz a· zy Gsp CEzmlmtwtGA zq p9 bp Fpp GslG
JslG JlF l FtxCwp CEzoHnG zCpElGtzy ty wtyplE FAFGpxF tF spEp EpCwlnpo mA l nzxCzFtGtzy
zCpElGzE GslG tyIzwIpF FHxxlGtzy zIpE lww IlwHpF zq p9

PDHlGtzy 3]4 CEzItopF l rpypElw qzExHwl qzE xpotlGtzy p—pnGF7 lCCwtnlmwp Gz lyA yzywty8
plE FAFGpx7 lyA otFGEtmHGtzy7 lyo lyA GACp zq IlEtlmwpF9 czEpzIpE7 Gsp qzExHwl tF EplotwA
pFGtxlmwp mA EprEpFFtzy9 eJtyr Gz tGF rpypElwtGA lyo HmtDHtGA7 T slIp EpqpEEpo Gz GstF pKCEpF8
Ftzy lF Gsp ’cpotlGtzy gzExHwl& 3fplEw7 =;;–7 =;%;49

YzG FHECEtFtyr7 zJpo Gz Gsp yzywtyplE ylGHEp zq Gsp xzopw7 Gsp EpwlGtzyFstC mpGJppy Gsp
GzGlw7 otEpnG lyo tyotEpnG p—pnGF tF yzy8lootGtIp9 jsp GzGlw p—pnG SP zq l GElyFtGtzy tF ty qlnG
Gsp ot1pEpynp 3yzG Gsp gHx4 mpGJppy Gsp otEpnG p—pnG lyo Gsp tyotEpnG p—pnG zq Gsp EpIpEFp
GElyFtGtzy9 gzExlwwA7

SPixi�3z 4 W YZPixi�3z 4{ TPi�xi3z 4, 3–4

JspEp TPi�xi3z 4 FGlyoF qzE Gsp tyotEpnG p—pnG zq Gsp GElyFtGtzy qEzx c W a· Gz c W a9 Ty
wtyplE FAFGpxF7 JspEp EpIpEFlw zq GElyFtGtzyF lxzHyGF Gz yprlGtyr Gsp FtryF zq GsptE p—pnGF7
Jp slIp TPixi� W αδ3a· { a4 W {TPi�xi lyo Gsp FGlyolEo lootGtIp qzExHwl CEpIltwF9 Ty
rpypElw7 szJpIpE7 lootGtItGA tF l ElEp znnHEEpynp lyo tG tF Gsp ot—pEpynp qzExHwl ty PD9 3–4
GslG rzIpEyF Gsp EpwlGtzy mpGJppy Gsp GzGlw otEpnG lyo tyotEpnG p—pnGF zq Gsp GElyFtGtzy qEzx
a Gz a·9

Ty Gsp EpFG zq Gsp ClCpE Jp Jtww oEzC Gsp wpGGpE /Y 2 qEzx Gsp lnEzyAx YZP7 JtGs Gsp
HyopEFGlyotyr GslG ZP FGlyoF qzE Gsp ylGHElw otEpnG p—pnG pFGtxlyo rtIpy mA PD9 3[47 lyo
HFp Gsp lnEzyAxF SPWZP lyo TP qzE Gsp GzGlw7 otEpnG lyo tyotEpnG p—pnGF7 EpFCpnGtIpwA9



2 HSP cPOTLHTeY rescI�L, L RTcf�P Re�IHTeY He L HSesYB fseM�Pc]

2 usp cpotlRtMy gMExSwl. L itxCwp iMwSRtMy RM l

usMEyA fEMmwpx

jstF FHmFpnGtzy opxzyFGElGpF szJ Gsp cpotlGtzy gzExHwl zq PD9 3]4 nly mp lCCwtpo ty lF8
FpFFtyr xpotlGtzy p—pnGF ty yzywtyplE xzopwF9 bp Jtww HFp Gsp FGlyolEo xpotlGtzy xzopw zq
gtr9 =7 JspEp lww pEEzE GpExF lEp lFFHxpo Gz mp xHGHlwwA tyopCpyopyG7 JtGs Gsp HyopEFGlyo8
tyr GslG louHFGxpyG qzE lCCEzCEtlGp FpGF zq nzIlEtlGpF b xlA mp ypnpFFlEA Gz lnstpIp GstF
tyopCpyopynp 3Fpp qzzGyzGp fi47 GslG p xlA EpCEpFpyG l IpnGzE zq IlEtlmwpF7 lyo GslG tyGprElwF
FszHwo EpCwlnp FHxxlGtzyF Jspy oplwtyr JtGs nzyGtyHzHF IlEtlmwpF 3Txlt7 Vppwp7 1 jtyrwpA7
=;%;49

jsp cpotlGtzy gzExHwl 3]4 EpCEpFpyGF Gsp lIpElrp tynEplFp ty Gsp zHGnzxp z GslG Gsp
GElyFtGtzy qEzx c W a Gz c W a· tF pKCpnGpo Gz CEzoHnp lmFpyG lyA otEpnG p—pnG zq c zy z 9
bspy Gsp zHGnzxp z tF mtylEA 3p9r97 EpnzIpEA7 zE stEtyr4 Gsp ElGtz 3%{TP.SP4 EpCEpFpyGF Gsp
qElnGtzy zq EpFCzyotyr tyotItoHlwF GslG tF BJpo Gz otEpnG ClGsF7 Jstwp 3%{ZP.SP4 EpCEpFpyGF
Gsp qElnGtzy BJpo Gz p8xpotlGpo ClGsF9 3L EpFCzyFp tF ’zJpo& Gz l ClGs tq tG JzHwo yzG slIp
znnHEEpo JpEp tG yzG qzE Gsp xpnslytFx EpCEpFpyGpo mA GslG ClGs94 jspFp GJz rEzHCF lEp
yzG ypnpFFlEtwA xHGHlwwA pKnwHFtIp lF nly mp Fppy ty zHE pyBAxp pKlxCwp‘ tyotItoHlwF Jsz
EpFCzyo BywA ty Gsp CEpFpynp zq mzGs Gsp pyBAxp lyo Gsp oEHr FszHwo zJp GsptE EpFCzyFp Gz
mzGs Gsp otEpnG lyo tyotEpnG ClGsF9 Ty wtyplE FAFGpxF7 JspEp Gsp GJz qElnGtzyF nzEEpFCzyo Gz
%{ αδ.γ lyo %{ /.γ 7 EpFCpnGtIpwA7 GspA loo HC Gz zyp 3Fpp PD9 3%44 lyo Gsp wlGGpE rzpF mA
Gsp ylxp ’CEzCzEGtzy xpotlGpo& 3clnVtyyzy7 =;;]7 C9 ]=49

2,: PFRtxlRtyr xpotlRtMy p1pnRF.

jsp cpotlGtzy gzExHwl 3]4 GpwwF HF GslG TP opCpyoF zywA zy Gsp nzyotGtzylw pKCpnGlGtzy zq
z 7 yzG zy tGF otFGEtmHGtzy9 TG nlwwF GspEpqzEp qzE l GJz8FGpC EprEpFFtzy Jstns7 ty CEtyntCwp7 nly
mp CpEqzExpo yzyClElxpGEtnlwwA9 Ty Gsp +EFG FGpC Jp pFGtxlGp Gsp nzyotGtzylw pKCpnGlGtzy

E3aW X4 W P3z �aW X4 3%;4

qzE pIpEA 3aW X4 npww9 Ty Gsp Fpnzyo FGpC Jp +K a lyo EprlEo E3aW X4 lF l qHynGtzy Ei3X4 zq p9
bp yzJ pFGtxlGp Gsp nzyotGtzylw pKCpnGlGtzy zq Ei3X47 nzyotGtzylw zy c W a· lyo c W a7
EpFCpnGtIpwA7 lyo Glvp Gsp ot—pEpynp

TPixi�3z 4 W PY�� 5Ei3X4�a
·fl{ PY�� 5Ei3X4�afl, 3%%4

YzyClElxpGEtn pFGtxlGtzy tF yzG lwJlAF CElnGtnlw9 bspy p nzyFtFGF zq l IpnGzE zq FpIpElw
xpotlGzEF7 Gsp otxpyFtzylwtGA zq Gsp CEzmwpx xtrsG CEzstmtG Gsp pFGtxlGtzy zq P3z �aW X4
qzE pIpEA 3aW X4 npww7 lyo Gsp yppo xlA lEtFp Gz HFp ClElxpGEtn zE Fpxt8ClElxpGEtn lCCEzK8
txlGtzyF9 bp nly Gspy nszzFp ly lCCEzCEtlGp ClElxpGEtn qzEx qzE P3z �aW X4 3p9r97 wtyplE7
wzrtG7 CEzmtG47 pFGtxlGp Gsp ClElxpGpEF FpClElGpwA 3p9r97 mA EprEpFFtzy zE xlKtxHx wtvpwtszzo
xpGszoF47 tyFpEG Gsp ClElxpGEtn lCCEzKtxlGtzy tyGz 3]4 lyo pFGtxlGp tGF GJz nzyotGtzylw
pKCpnGlGtzyF 3zIpE X4 Gz rpG Gsp xpotlGpo p—pnG 3alyopEbppwp7 =;;–49

MzGs ClElxpGEtn lyo yzyClElxpGEtn xpGszoF Jtww mp opxzyFGElGpo ty Gsp ypKG GsEpp
FHmFpnGtzyF9



2 HSP cPOTLHTeY rescI�L, L RTcf�P Re�IHTeY He L HSesYB fseM�Pc–

2,b usp wtyplE nlFp

�pG HF pKlxtyp JslG Gsp cpotlGtzy gzExHwl AtpwoF Jspy lCCwtpo Gz Gsp wtyplE IpEFtzy zq zHE
xzopw7 FszJy ty gtr9 %3l4#

a W I9 6 τ0W X W x9 6 αa6 τ�W � W n9 6 /a6 δX 6 τ2 3%=4

JtGs τ0W τ�7 lyo τ2 HynzEEpwlGpo7 BpEz8xply pEEzE GpExF lyo I9W x9W n9 Gsp EprEpFFtzy tyGpEnpCGF9
NzxCHGtyr Gsp nzyotGtzylw pKCpnGlGtzy ty 3]4 rtIpF P3z �aW X4 W n9 6 /a6 δX7 lyo AtpwoF

TPixi�3z 4 W
�

X

3n9 6 /a6 δX45D 3X�a·4{ D 3X�a4fl W δ5P3p�a·4 { P3p�a4fl 3%“4

W 3a· { a43αδ4 W 3a· { a43γ { /4 3%?4

JspEp γ tF Gsp FwzCp zq Gsp GzGlw p—pnG‘

γ W 3P3z �a·4{ P3z �a44.3a· { a4 W / 6 αδ, 3%@4

bp GsHF zmGltypo Gsp FGlyolEo pKCEpFFtzyF qzE tyotEpnG p—pnGF ty wtyplE FAFGpxF7 Jstns nly
mp pFGtxlGpo ptGspE lF l ot—pEpynp γ { / zq GJz EprEpFFtzy nzpffntpyGF zE lF l CEzoHnG αδ zq
GJz EprEpFFtzy nzpffntpyGF 3Fpp clnVtyyzy7 �znvJzzo7 pG lw97 =;;fi49 jspFp GJz FGElGprtpF
oz yzG rpypElwtBp Gz yzywtyplE FAFGpxF 3fplEw7 =;%%l4 lF Jtww mp FszJy ypKG9

2,2 �typlE xMopwF ktRs tyRpElnRtMy

jz HyopEFGlyo Gsp otffnHwGA7 lFFHxp GslG Gsp nzEEpnG xzopw mpstyo Gsp olGl nzyGltyF l
CEzoHnG GpEx aX ty Gsp pDHlGtzy qzE �#

� W n9 6 /a 6 δX 6 βaX 6 τ2W

l yzywtyplE xzopw pKCwzEpo mA xlyA EpFplEnspEF 3UHoo 1 VpyyA7 %–]%‘ Uz7 =;;]‘ VElpxpE7
VtpEyly7 PFFpK7 1 VHCqpE7 =;;]‘ clnVtyyzy7 =;;]49 gHEGspE lFFHxp GslG Jp nzEEpnGwA
lnnzHyG qzE GstF loopo GpEx lyo7 GsEzHrs otwtrpyG lylwAFtF zy l wlErp olGl FpG7 Jp zmGlty
lnnHElGp pFGtxlGpF zq lww ClElxpGpEF ty GstF xzopw9 TG tF FGtww yzG nwplE JslG nzxmtylGtzyF
zq ClElxpGpEF xplFHEp Gsp otEpnG lyo tyotEpnG p—pnGF zq c zy z 7 zE7 xzEp FCpnt+nlwwA7 szJ
Gz lFFpFF Gsp qElnGtzy zq Gsp GzGlw p—pnG GslG tF paCwltypo mA xpotlGtzy lyo Gsp qElnGtzy GslG
tF BJpo Gz xpotlGtzy97 Ty wtyplE lylwAFtF7 Gsp qzExpE qElnGtzy tF nlCGHEpo mA Gsp CEzoHnG
αδ.γ 7 Gsp wlGGpE mA Gsp ot—pEpynp 3γ {/4.γ 3PD9 %?4 lyo Gsp GJz DHlyGtGtpF nztyntop9 Ty Gsp
CEpFpynp zq tyGpElnGtzy7 szJpIpE7 plns qElnGtzy opxlyoF l FpClElGp lylwAFtF9

jz JtGypFF7 FHmFGtGHGtyr Gsp yzywtyplE pDHlGtzy ty 3?47 3[47 lyo 3]4 lyo lFFHxtyr a W ;
lyo a· W %7 AtpwoF Gsp qzwwzJtyr opnzxCzFtGtzy#

ZP9x0 W /6 x9βW TP9x0 W αδ

SP9x0 W /6 x9β 6 α3δ 6 β4 W ZP9x0 6 TP9x0 6 αβ

7cA 2pKCwlty& Jp xply 2FHffntpyG Gz FHFGlty pIpy ty Gsp lmFpynp zq otEpnG p”pnG9& cA 2zJpo Gz& Jp xply
2JzHwo yzG znnHE lmFpyG zq xpotlGtzy9& jspFp tyGpECEpGlGtzyF qzwwzJ qEzx Gsp nzHyGpEqlnGHlw op+ytGtzyF
qzExHwlGpo ty ipnGtzy =7 zq Jstns POF9 3[4 lyo 3]4 lEp opEtIpo FGlGtFGtnlw pFGtxlyoF9
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bp nzynwHop GslG Gsp CzEGtzy zq zHGCHG nslyrp qzE Jstns xpotlGtzy JzHwo mp gHffntpyR tF
TP9x0 W αδ7 Jstwp Gsp CzEGtzy qzE Jstns xpotlGtzy JzHwo mp ypnpgglEA tF SP9x0 { ZP9x0 W
αδ 6 αβ9 Ty zGspE JzEoF7 Gsp FGEpyrGs zq xpotlGtzy lF xplFHEpo mA Gsp FtBp zq Gsp tyotEpnG
p—pnG7 αδ7 tF yzG Gsp Flxp lF GslG xplFHEpo mA FHmGElnGtyr Gsp otEpnG p—pnG7 α3δ 6 β49 jsp
ot—pEpynp7 αβ7 tF nlHFpo mA Gsp tyGpElnGtzy GpEx βa� lyo tF yzG l—pnGpo mA /9 bp qHEGspE
yzGp GslG7 tq GJz CzCHwlGtzyF ot—pE zywA ty Gsp α ClElxpGpE7 GspA Jtww slIp Gsp Flxp otEpnG
p—pnG7 ZP7 mHG Jtww ot—pE ty Gsp ot—pEpynp SP { TP9 jsp qzExpE xplFHEpF Gsp CzEGtzy
paCwltypo mA Gsp otEpnG p—pnG lyo Gsp wlGGpE Gsp CzEGtzy BJpo Gz Gsp otEpnG p—pnG9 jspFp
nzynwHFtzyF lEp yzG EplotwA otFnpEytmwp qEzx Gsp FGEHnGHElw pDHlGtzyF JtGszHG Gsp rHtolynp
zq Gsp cpotlGtzy gzExHwl lyo7 tyoppo7 GspA slIp yzG mppy looEpFFpo ty CEpItzHF lylwAFpF zq
GstF tyGpElnGtzy xzopw 3UHoo 1 VpyyA7 %–]%‘ Uz7 =;;]‘ VElpxpE pG lw97 =;;]‘ clnVtyyzy7
=;;]‘ UHoo 1 VpyyA7 =;%;49

bp yzGp GslG7 oHp Gz tyGpElnGtzy7 l otEpnG p—pnG nly mp FHFGltypo pIpy Jspy Gsp ClElxpGpE
/ IlytFspF7 lyo l GzGlw p—pnG nly mp FHFGltypo pIpy Jspy mzGs Gsp otEpnG lyo tyotEpnG p—pnGF
IlytFs9 jstF twwHFGElGpF GslG pFGtxlGtyr ClElxpGpEF ty tFzwlGtzy GpwwF HF wtGGwp lmzHG Gsp p—pnG
zq xpotlGtzy lyo7 xzEp rpypElwwA7 xpotlGtzy lyo xzopElGtzy lEp tyGpEGJtypo‘ plns xpotlGzE
nly lnG lF l xzopElGzE lyo plns xzopElGzE7 tq l—pnGpo mA c7 xHFG lnG lF l xpotlGzE lF Jpww9
LwGszHrs Gsp oprEpp zq xzopElGtzy nly mp lFFpFFpo FpClElGpwA qEzx GslG zq xpotlGtzy7 tG tF
yzG ypnpFFlEA Gz mlFp Gsp lFFpFFxpyG zq zyp zy Gsp lFFHxCGtzy GslG Gsp zGspE tF lmFpyG7 lF
FHrrpFGpo mA Fzxp JEtGpEF 3MlEzy 1 VpyyA7 %–][‘ VElpxpE pG lw97 =;;]498

Tq Gsp CzwtnA pIlwHlGpo ltxF Gz CEpIpyG Gsp zHGnzxp z mA JlA zq Jplvpytyr Gsp xpotlGtyr
ClGsJlAF7 Gsp GlErpG zq lylwAFtF FszHwo mp Gsp ot—pEpynp SP { ZP7 Jstns xplFHEpF Gsp
strspFG CEpIpyGtzy CzGpyGtlw zq lyA FHns CzwtnA9 jstF xlKtxHx Jtww mp EplwtBpo Jspy Gsp
xpotlGtyr ClGs tF GzGlwwA FHCCEpFFpo7 GsHF EpoHntyr Gsp GzGlw p—pnG qEzx SP Gz ZP7 spynp
Gsp ot—pEpynp SP { ZP9 Tq7 zy Gsp zGspE slyo7 Gsp CzwtnA ltxF Gz CEpIpyG Gsp zHGnzxp
mA Jplvpytyr Gsp otEpnG ClGsJlA7 Gsp GlErpG zq lylwAFtF FszHwo FstqG Gz TP7 qzE SP { TP
xplFHEpF Gsp strspFG CEpIpyGtIp CzGpyGtlw zq GstF GACp zq CzwtnA9

2,3 usp mtylEA nlFp

jsp CzJpE zq Gsp cpotlGtzy gzExHwl FstypF ty FGHotpF tyIzwItyr nlGprzEtnlw IlEtlmwpF9 jz
twwHFGElGp7 Jp nzyFtopE Gsp nlFp JspEp lww IlEtlmwpF lEp mtylEA‘ rpypElwtBlGtzyF Gz xHwGt8
IlwHpo IlEtlmwpF lEp FGEltrsGqzEJlEo9 jsp wzJ otxpyFtzylwtGA zq Gsp mtylEA nlFp CpExtGF l
yzyClElxpGEtn FzwHGtzy lyo ly pKCwtntG opxzyFGElGtzy zq szJ xpotlGtzy nly mp pFGtxlGpo
otEpnGwA qEzx Gsp olGl9

LFFHxp GslG Gsp zmFpEIpo olGl tF rtIpy mA jlmwp %9 jsp qlnGzEF P3z �aW X4 W EixX lyo
P3p�a4 W Fi nly mp EplotwA pFGtxlGpo7 lF FszJy ty Gsp GJz EtrsG8xzFG nzwHxyF zq jlmwp %

8jsp oprEpp zq xzopElGtzy pKpEGpo mA lyA IlEtlmwp C tF xplFHEpo mA Gsp ot”pEpynp mpGJppy Gsp nzyGEzwwpo
otEpnG p”pnGF lG GJz wpIpwF zq C7 NZD3C W X04 { NZD3C W X94 3Fpp PO9 3“449 LF ty xpotlGtzy7 Jspy
nzyqzHyotyr tF CEpFpyG7 ly HymtlFpo pFGtxlGtzy zq xzopElGtzy EpOHtEpF louHFGxpyGF qzE nzIlEtlGpF GslG nly
mp topyGt+po mA rElCstnlw xpGszoF 3Fpp qzzGyzGp )49
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YHxmpE
c p z P3z �aW X4 W �zx� P3p�a4 W gzzq emFpEIlGtzyF

y0 ; ; ; ��
�06��

W �;x;
�26�3

�06��6�26�3
W g;

y� ; ; %
y2 ; % ; �3

�26�3
W �;x%y3 ; % %

y4 % ; ; �5
�46�5

W �%x;
�66�7

�46�56�66�7
W g%

y5 % ; %
y6 % % ; �7

�66�7
W �%x%y7 % % %

jlmwp %# NzxCHGtyr Gsp cpotlGtzy gzExHwl qEzx pxCtEtnlw olGl7 qzE Gsp xzopw ty gtr9 =7
JtGs cW zW p mtylEA9

lyo7 Jspy FHmFGtGHGpo ty 3?47 3[47 lyo 3]47 Atpwo

ZP W 3E0x9 { E9x943% { F94 6 3E0x0 { E9x04F9 3%[4

TP W 3F0 { F943E9x0 { E9x94 3%fi4

SP W E0x0F0 6 E0x93% { F04{ 5E9x0F9 6 E9x93%{ F94fl 3%]4

bp Fpp GslG wzrtFGtn zE CEzmtG EprEpFFtzy tF yzG ypnpFFlEA‘ FtxCwp lEtGsxpGtn zCpElGtzyF FHffnp
Gz CEzItop l rpypElw FzwHGtzy qzE lyA olGl FpG7 EprlEowpFF zq Gsp olGl8rpypElGtyr CEznpFF9

2,4 dSxpEtnlw palxCwp

jz lynszE GspFp qzExHwlF ty l nzynEpGp pKlxCwp7 wpG HF lFFHxp GslG c W % FGlyoF qzE l
oEHr GEplGxpyG7 z W % qzE EpnzIpEA7 lyo p W % qzE Gsp CEpFpynp zq l npEGlty pyBAxp ty l
ClGtpyG2F mwzzo Jstns lCCplEF Gz mp FGtxHwlGpo mA Gsp GEplGxpyG9 LFFHxp qHEGspE GslG Gsp
olGl opFnEtmpo ty jlmwpF = lyo “ JlF zmGltypo ty l ElyozxtBpo nwtytnlw GEtlw lyo GslG lww
zxtGGpo qlnGzEF 3τ� lyo τ2 ty gtr9 =4 lEp uHorpo Gz mp tyopCpyopyG9 eHE EpFplEns DHpFGtzy tF
JslG Ezwp ozpF p CwlA ty GElyFxtGGtyr Gsp lnGtzy zq c zy z 7 zE7 xzEp FCpnt+nlwwA7 Gz JslG
pKGpyG ozpF pyslynpo FpnEpGtzy zq pyBAxp lFFtFG Gsp Epxpotlw lnGtzy zq Gsp oEHr zy EpnzIpEA9

jz qHEGspE xzGtIlGp Gsp pKlxCwp7 Jp yzGp GslG Gsp DHpFGtzy lmzIp tF qlE qEzx mptyr
sACzGspGtnlw7 mHG nzxpF HC zqGpy ty Cwlyytyr lyo opntFtzy xlvtyr9 gzE pKlxCwp7 FHCCzFp
Fzxpzyp CEzCzFpF Gsp opIpwzCxpyG zq l xHns nsplCpE oEHr7 pDHlw ty lww EpFCpnGF Gz Gsp
zyp HyopE FGHoA7 FlIp qzE wlnvtyr lyA p—pnG zy pyBAxp CEzoHnGtzy9 jz opGpExtyp Gsp nzFG8
mpyp+G GElopz—F zq Gsp CEzCzFpo opIpwzCxpyG7 Jp lFv JslG EpoHnGtzy ty pffnlnA7 SP {ZP7
tF pKCpnGpo qEzx Gsp CEzCzFpo ypJ oEHr9

iHmFGtGHGtyr GstF olGl tyGz PDF9 3%[4-3%]4 AtpwoF#

ZP W 3;,?; { ;,=;43% { ;,?;4 6 3;,]; { ;,“;4;,?; W ;,“=

TP W 3;,fi@ { ;,?;43;,“; { ;,=;4 W ;,;“@

SP W ;,];− ;,fi@ 6 ;,?;− ;,=@ { 3;,“;− ;,?; 6 ;,=;− ;,%;4 W ;,?[

TP.SP W ;,;fi ZP.SP W ;,[–[ % { ZP.SP W ;,“;?
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jEplGxpyG PyBAxp CEpFpyG fpEnpyGlrp nHEpo
c p �axX W P3z �aW X4
dPi dPi �%x% W ];0
dPi Ye �%x; W ?;0
Ye dPi �;x% W “;0
Ye Ye �;x; W =;0

jlmwp =#

jEplGxpyG fpEnpyGlrp JtGs
c p CEpFpyG
Ye g; W ?;0
dPi g% W fi@0

jlmwp “#

bp nzynwHop GslG “;9?0 zq lww EpnzIpEtpF tF zJpo Gz Gsp nlClntGA zq Gsp GEplGxpyG Gz pyslynp
Gsp FpnEpGtzy zq Gsp pyBAxp709 Jstwp zywA fi0 zq EpnzIpEtpF JzHwo mp FHFGltypo mA pyBAxp
pyslynpxpyG lwzyp9 jsp pyBAxp FppxF Gz lnG xzEp lF l nlGlwAFG qzE Gsp splwtyr CEznpFF zq
c Gsly slItyr l splwtyr lnGtzy zq tGF zJy9 jsp CzwtnA txCwtnlGtzy zq FHns l FGHoA JzHwo mp
GslG p—zEGF Gz opIpwzC l nsplCpE oEHr7 topyGtnlw Gz Gsp zyp FGHotpo7 mHG wlnvtyr Gsp CzGpyGtlw
Gz FGtxHwlGp pyBAxp FpnEpGtzy JzHwo qlnp l EpoHnGtzy zq “;9?0 ty EpnzIpEA nlFpF9 czEp
opntFtIpwA7 CEzCzFlwF Gz FHmFGtGHGp Gsp oEHr JtGs zyp GslG xpEpwA xtxtnF tGF FGtxHwlyG lnGtzy
zy p mHG slF yz otEpnG p—pnG zy z lEp mzHyo qzE qltwHEp‘ Gsp oEHr pItopyGwA slF l mpyp+ntlw
p—pnG zy EpnzIpEA GslG tF tyopCpyopyG zq7 GszHrs pyslynpo mA pyBAxp FGtxHwlGtzy9

TG tF tyFGEHnGtIp lG GstF CztyG Gz Hyqzwo Gsp tyGHtGtzy mpstyo Gsp TP qzExHwl 3PDF9 3]4 zE
3%fi44 lF Ep,pnGpo ty zHE yHxpEtnlw pKlxCwp9 eHE GlFv tF Gz pIlwHlGp Gsp qElnGtzy zq EpnzIpEtpF
GslG JzHwo mp FHFGltypo FzwpwA mA Gsp oEHr pyslynpxpyG zq pyBAxp FpnEpGtzy lmFpyG lyA zGspE
p—pnG Gsp oEHr xlA slIp zy Gsp zHGnzxp9 jlmwp = EpIplwF GslG7 HyopE yz oEHr nzyotGtzy7
l FHmupnG nlEEAtyr Gsp pyBAxp slF l 3;,“; { ;,=;4 rEplGpE nslynp zq EpnzIpEtyr Gsly zyp
JtGszHG Gsp pyBAxp9 jlmwp “ FszJF GslG Gsp oEHr tynEplFpF Gsp CEzCzEGtzy zq Gsp qzExpE
FHmupnGF mA 3;,fi@{;,?;49 jspEpqzEp7 xHwGtCwAtyr Gsp tynEplFp ty pyBAxp nzHyGF 3;,fi@{;,?;4
mA Gsp tynEplFp ty nHEp ElGp 3;,“; { ;,=;4 rtIpF TP W ;,;“@7 Jstns tF lmzHG fi0 zq Gsp GzGlw
p—pnG 3SP49

3 hpwlRtMyF RM uElotRtMylw LCCEMlnspF

NzyIpyGtzylw xpGszoF oz yzG op+yp otEpnG lyo tyotEpnG p—pnGF ty yzywtyplE FpGGtyrF JspEp
Gsp HyopEwAtyr CEznpFF tF HyvyzJy7 yzE oz GspA lrEpp zy l CEtyntCwp qzE op+ytyr GszFp p—pnGF
Jspy Gsp CEznpFF tF vyzJy9 3clnVtyyzy7 =;;]7 Ns9 %%47 qzE pKlxCwp7 lylwABpF nlGprzEtnlw
olGl HFtyr wzrtFGtn lyo CEzmtG EprEpFFtzyF lyo nzyFGEHnGF p—pnG xplFHEpF HFtyr CEzoHnGF lyo
ot—pEpynpF zq Gsp ClElxpGpEF ty GszFp xzopwF9 jspFp xplFHEpF lEp yzG nzxClGtmwp JtGs
Gsp nlHFlw tyGpECEpGlGtzy zq p—pnG xplFHEpF7 pIpy Jspy Gsp ClElxpGpEF lEp CEpntFpwA vyzJy‘
TP lyo ZP xlA mp pKGEpxpwA nzxCwtnlGpo qHynGtzyF zq GszFp EprEpFFtzy nzpffntpyGF 3fplEw7
=;%%l49 gzEGHylGpwA7 GszFp nzpffntpyGF yppo yzG mp pFGtxlGpo lG lww‘ xpotlGtzy xplFHEpF
nly mp pFGtxlGpo otEpnGwA qEzx Gsp olGl 3%[-%]47 ntEnHxIpyGtyr Gsp ClElxpGEtn lylwAFtF
lwGzrpGspE9

LGGpxCGF Gz pKGpyo Gsp ot—pEpynp lyo CEzoHnG spHEtFGtnF Gz yzyClElxpGEtn lylwAFtF slIp

09jspFp CpEnpyGlrpF EpqpE Gz CzCHwlGtzy wpIpw CEzCzEGtzyF7 yzG Gz tyotItoHlwF9 TG tF OHtGp CzFFtmwp GslG xzEp
Gsly “;9(0 zq GszFp EpnzIpEpo Jtww Epxlty tww JtGszHG pyslynpo pyBAxp FpnEpGtzy7 tq l mlwlyntyr rEzHC zq
HynHEpo ClGtpyGF JzHwo lnGHlwwA nig� EpnzIpEA lF l EpFHwG zq yz pyslynpxpyG9
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pynzHyGpEpo lxmtrHtGtpF GslG Gsp cpotlGtzy gzExHwl nly yzJ EpFzwIp9
jsp CEzoHnG8zq8nzpffntpyGF spHEtFGtn loItFpF HF Gz xHwGtCwA Gsp HytG p—pnG zq c zy p

Nα W P3p�c W %4 { P3p�c W ;4 W F0 { F9

mA Gsp HytG p—pnG zq p zy z rtIpy c7

Nβ W P3z �c W aW p W %4{ P3z �c W aW p W ;4 W Eix0 { Eix9

mHG ozpF yzG FCpntqA zy JslG IlwHp Jp FszHwo nzyotGtzy c9 PDHlGtzy 3%fi4 EpFzwIpF GstF
lxmtrHtGA# Nβ FszHwo mp nzyotGtzypo zy c W ; ty zEopE qzE Gsp CEzoHnG NαNβ Gz Atpwo Gsp
nzEEpnG xpotlGtzy xplFHEp7 TP9

jsp ot—pEpynp8ty8nzpffntpyGF spHEtFGtnF tyFGEHnGF HF Gz pFGtxlGp Gsp otEpnG p—pnG nzpffntpyG

N, W P3z �c W %W p W X4{ P3z �c W ;W p W X4 W E0xX { E9xX

lyo FHmGElnG tG qEzx Gsp GzGlw p—pnG7 mHG ozpF yzG FCpntqA zy JslG IlwHp Jp FszHwo nzyotGtzy
p9 PDHlGtzy 3%[4 opGpExtypF GslG Jp FszHwo nzyotGtzy zy mzGs p W ; lyo p W % lyo Glvp
GsptE JptrsGpo lIpElrp7 HFtyr F9 W D 3p W %�c W ;4 lF Gsp JptrsGtyr qHynGtzy9

jz FHxxlEtBp7 Gsp cpotlGtzy gzExHwl otnGlGpF GslG7 ty nlwnHwlGtyr TP7 Jp FszHwo nzy8
otGtzy zy mzGs p W % lyo p W ; lyo lIpElrp Jstwp7 ty nlwnHwlGtyr ZP7 Jp FszHwo nzyotGtzy
zy zywA zyp IlwHp7 c W ;7 lyo yz lIpElrp yppo mp Glvpy9

jsp ot—pEpynp lyo CEzoHnG spHEtFGtnF lEp mzGs wprtGtxlGp7 JtGs plns Fppvtyr l ot—pEpyG pq8
qpnG xplFHEp9 jsp ot—pEpynp8ty8nzpffntpyGF spHEtFGtnF7 wplotyr Gz SP{ZP7 FppvF Gz xplFHEp
Gsp qElnGtzy zq Gsp EpFCzyFp qzE Jstns xpotlGtzy JlF ypnpgglEA9 jsp CEzoHnG8zq8nzpffntpyGF
spHEtFGtnF7 wplotyr Gz TP7 FppvF Gz pFGtxlGp Gsp qElnGtzy zq EpFCzyFp qzE Jstns xpotlGtzy
JzHwo mp gHffntpyR9 jsp qzExpE tyqzExF CzwtntpF ltxpo lG FHCCEpFFtyr xpotlGtyr ClGsJlAF‘
Gsp wlGGpE tyqzExF GszFp ltxpo lG FHCCEpFFtyr otEpnG ClGsJlAF9

Ty lootGtzy Gz CEzItotyr nlHFlwwA FzHyo pFGtxlGpF qzE xpotlGtzy p—pnGF7 Gsp cpotlGtzy
gzExHwl lwFz pylmwpF EpFplEnspEF Gz pIlwHlGp lylwAGtnlwwA Gsp p—pnGtIpypFF zq IlEtzHF ClEl8
xpGEtn FCpnt+nlGtzyF EpwlGtIp Gz lyA lFFHxpo xzopw 3fplEw7 =;%%l‘ Txlt7 Vppwp7 1 jtyrwpA7
=;%;49 jstF GACp zq lylwAGtnlw ’FpyFtGtItGA lylwAFtF& nzHwo yzG mp lCCwtpo Gz xpotlGtzy lylw8
AFtF7 zJtyr Gz Gsp lmFpynp zq ly zmupnGtIp GlErpG DHlyGtGA GslG nlCGHEpF Gsp yzGtzy zq tyotEpnG
p—pnG ty yzywtyplE FAFGpxF7 qEpp zq ClElxpGEtn lFFHxCGtzyF9 jsp cpotlGtzy gzExHwl zq PD9
3]4 pKCwtnlGpF GstF GlErpG DHlyGtGA9

jsp CzJpE zq Gsp cpotlGtzy gzExHwl JlF EpnzrytBpo mA fpGpEFpy pG lw9 3=;;[4‘ RwAyy
3=;;–4‘ alyopEbppwp lyo alyFGppwlyoG 3=;;–4‘ Slqpxly lyo insJlEGB 3=;;–4‘ czEGpyFpy7
OtopEtnsFpy7 ixtGs7 lyo LyopEFpy 3=;;–4‘ alyopEbppwp 3=;;–4‘ VlHqxly 3=;%;4‘ Txlt7
Vppwp7 lyo jtyrwpA 3=;%;49 Txlt7 Vppwp7 lyo dlxlxzGz 3=;%;4 slIp qHEGspE FszJy GslG
yzyClElxpGEtn topyGt+nlGtzy zq xpotlGtzy p—pnGF lwwzJF qzE l ,pKtmwp pFGtxlGtzy FGElGprA
lyo twwHFGElGp GstF JtGs IlEtzHF yzywtyplE xzopwF7 DHlyGtwp EprEpFFtzyF7 lyo rpypElwtBpo lo8
otGtIp xzopwF9 Txlt7 Vppwp7 jtyrwpA7 lyo dlxlxzGz 3=;%;4 opFnEtmp ly txCwpxpyGlGtzy zq
GspFp pKGpyFtzyF HFtyr l nzyIpytpyG h Clnvlrp9 iu”zwlyopE 3=;;–4 CEzItopF mzHyo zy ZP ty
nlFpF JspEp Gsp nzyqzHyopEF mpGJppy p lyo z nlyyzG mp nzyGEzwwpo9

jsp lmtwtGA zq Gsp cpotlGtzy gzExHwl Gz nlEEA HF lnEzFF Gsp wtyplE8yzywtyplE mlEEtpE
xlA FHrrpFG GslG7 FtxtwlE Gz GElotGtzylw ClGs lylwAFtF ty wtyplE FAFGpxF7 Jp nly yzJ lFFpFF
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3yzyClElxpGEtnlwwA4 Gsp xpotlGtyr p—pnG zq lyA nszFpy ClGs zE l mHyowp zq ClGsF ty l nlHFlw
otlrElx 3LwJty 1 SlHFpE7 %–fi@‘ Mzwwpy7 %–]–49 jstF GHEypo zHG yzG Gz mp Gsp nlFp9 LIty
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