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ˇW ZNyNVxNE 1‘ˇ6

�XiSh�YS
mN ENCBEG GgN ENrHUGr Be RAGNArRuN nflEwbfi kl wAM BCGRywU VBARGBERAf Be GgN iNbeNEG 0 fwUwab dso W482 vRGg ivReG–
SgNEN Rr AB RAGERArRy ,HaflENUwGNM rCNyGEwU ygwAfN RA GgN GgN uwERwxUN yBVCBANAGr RA wAb xwAM vRGg rVwUU wCCwENAG
uwERwGRBAr MHN BAUb GB yBAGwVRAwGRBA xb w rNyBAM yBArGwAG yBVCBANAGfi CBrrRxUb w :gwEM( EN,NyGRBA yBVCBANAG
RA GgN nflEwbr wAM GgN :ENM( gBrG fwUwab RA GgN kl.BCGRywU xwAMr– hNUwGRuN GB GgN rgBEGNrG vwuNUNAfGg xwAMfi
klm1fi GgN Uwfr Be GgN BGgNE kl wAM BCGRywU xwAMr wEN VBrGUb RA wfENNVNAG vRGg GgN CENMRyGRBAr Be ENCEByNrrRAf
Be gRfg NANEfb NVRrrRBA eEBV wA wyyENGRBA MRry– SgN kflxwAM Uwf Rrfi gBvNuNEfi ewE UwEfNE GgwA NaCNyGNMfi wUVBrG
yNEGwRAUb xNywHrN Be ENCEByNrrNM XwUVNE yBAGRAHHV NVRrrRBA eEBV GgN VBEN MRrGwAG xEBwM URAN ENfRBA fwr– SgN
klm1 xwAM Rr vNUU yBEENUwGNM vRGg GgN nflEwbr xHG Uwfr xb × 5� VBEN GgwA NaCNyGNM Re GgN klm1 ENrHUGr
eEBV ENCEByNrrRAf Be nflEwbr BA GgN wyyENGRBA MRry– tBvNuNEfi Re GgN URfgGyHEuNr wEN )UGNENM GB ENVBuN uwERwGRBAr
BA GRVNrywUNr < 4Mfi GgN Uwf wCCEBwygNr GgN NaCNyGwGRBA eEBV MRry ENCEByNrrRAf– cpcpygB wAwUbrRr rgBvr GgwG
MRENyG nflEwbr ywA xN GgN MERuNE Be VBrG Be GgN uwERwGRBAr RA GgN kl.BCGRywU xwAMr wr UBAf wr GgN ENrCBArN
eHAyGRBAr eBE GgBrN xwAMr wUU gwuN UBAf GwRUr :HC GB 0/M( RA wMMRGRBA GB w rGEBAf CNwT :eEBV MRry ENCEByNrrRAf(
wG rgBEG Uwf :� 0 M(– mN RAGNECENG GgN GwRUr wr MHN GB ENCEByNrrRAf eEBV GgN rHEEBHAMRAf fwr– oBVCwERrBA Be
nflEwb GB klm1 wAM klm1 GB lflxwAM Uwfr eBE W �sdfi RAyUHMRAf dso W482fi rgBvr GgwG wUU gwuN klm1 GB
lflxwAM Uwfr vgRyg NayNNM GgN NaCNyGwGRBAr eEBV MRry ENrCEByNrrRAf xb

×
� 1– tBvNuNE GgN nflEwb GB klm1 Uwfr

wENfi VBrGUbfi RA fENwGNE NayNrr eEBV GgN NaCNyGwGRBAr eEBV MRry ENCEByNrrRAf wAM MR3NE xNGvNNA �sd– SgN UwEfNrG
NayNrr Rr RA dso W040– �xrBECGRBA wAM rywGGNERAf Vwb xN w3NyGRAf nflEwb GB kl Uwfr–

wdK s�oyre fwUwaRNr9wyGRuN - fwUwaRNr9iNbeNEG - fwUwaRNr9RAMRuRMHwU9dso W482 - nflEwbr9fwUwaRNr - HUGEwuRfl
BUNG9fwUwaRNr
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jgN BERPRA BO GgN kl wAz BCGRywU IwERwxRURGL RA �sdfi wAz
RGF ENUwGRBAFgRC GB GgN n]EwL IwERwxRURGLfi wEN DHNFGRBAF BO
VwSBE ENUNIwAyN GB HAzNEFGwAzRAP GgN yNAGEwU FGEHyGHENF BO
�sd- eAN CBFFRxUN NKCUwAwGRBA BO kl.BCGRywU IwERwxRURGL RF
GgwG IwERwGRBAF RA GgN GgNEVwU NVRFFRBA OEBV GgN wyyENGRBA
zRFy wEN ywHFNz xL ˚HyGHwGRBAF RA GgN RAJwEz wyyENGRBA ˚BJ
“�E%NIwUB Γ kGGUNL 1‘‘”?- � FNyBAz CBFFRxRURGL RF GgwG n]EwL
NVRFFRBA OEBV GgN yNAGEwU yBEBAw BE INEL gwEz kl NVRFFRBA
OEBV GgN INEL RAANE NzPN BO GgN wyyENGRBA zRFy RUUHVRAwGNF
GgN BHGNE zRFyfi gNwGRAP RG HC wAz ywHFRAP RG GB EN]EwzRwGN
“twwEzG Γ cwEwFygR 0880?- rBE xBGg CBFFRxRURGRNFfi GgN zRFy
gwF GgN FwVN xwFRy GNVCNEwGHEN FGEHyGHENfi gBGGNE “zBVRAwG]
RAP GgN kl NVRFFRBA? ANwE GgN yNAGNE wAz yBBUNE “BCGRywU?
OHEGgNE BHG-

jgN GRVN UwP xNGJNNA GgN gRPg NANEPL NVRFFRBA wAz GgN
EN]EwzRwGNz UBJNE NANEPL kl.BCGRywU NVRFFRBA PRINF HF GgN
zRFGwAyN xNGJNNA GgNFN GJB NVRFFRBA ENPRBAF- jgNENOBENfi xL
VNwFHERAP GgN UwPF xNGJNNA GgN gRPg NANEPL NVRFFRBA wAz w
AHVxNE BO kl.BCGRywU xwAzF JN ywA VwC BHG GgN GNVCNEw]
GHEN FGEHyGHEN BO GgN zRFy- jgRF GNygARDHN RF TABJA wF /hN]
INExNEwGRBA VwCCRAP= “hc∆ XUwAzOBEz Γ cyaNN 08Ψ1? wAz
gwF xNNA HFNz GB VwC ENPRBAF GBB FVwUU GB xN ENFBUINz xL
zRENyG RVwPRAPfi NP �sd xEBwz URAN ENPRBAF “Xbhfi fNGNEFBA
1‘0W?-

jgN VBzNU BO w FVBBGgfi BCGRywUUL GgRyTfi PNBVNGERywUUL
GgRAfi N3yRNAGUL EwzRwGRAP wyyENGRBA zRFy JwF +EFG zNERINz
xL igwTHEw Γ iHALwNI “0862fi ii? wAz gwF xNNA BHE xw]
FRy zRFy VBzNU OBE BINE W‘ LNwEF- uA GgRF VBzNU GgN EN]
UNwFN BO PEwIRGwGRBAwU CBGNAGRwU NANEPL OEBV wyyENGRAP Vw]
GNERwU UNwzF GB w GNVCNEwGHEN CEB+UN “RA CgLFRywU HARGF? BO
S “h? × h�2.W“c )T?0.W- uAyRzNAG gRPg NANEPL NVRFFRBA JRUU
NAgwAyN GgN NKRFGRAP GgNEVwU NVRFFRBA “FURPgGUL wUGNERAP GgN
zRFy GNVCNEwGHEN CEB+UN?- mN GgHF NKCNyG w JwINUNAPGg “/?
zNCNAzNAG UwPfi σ fi xNGJNNA GgN RAyRzNAG gRPg NANEPLfi wAz EN]
EwzRwGNz kl.BCGRywU NVRFFRBAfi BO σ & h.H × “c1 )To?

0.2/α

JgNEN < & W.2 wAz )To RF GgN wyyENGRBA EwGN RA qzzRAPGBA
HARGF “owyTNGG NG wU- 1‘‘6?- mN wUFB NKCNyG GgN BCGRywU IwERw]
GRBAF GB xN FVBBGgNE wAz gwIN UBJNE wVCURGHzN BO IwERwxRURGL
GgwA GgN kl IwERwGRBAF wF GgNL JRUU yBVN OEBV w UwEPNE NVRF]
FRBA ENPRBA- XBGg owyTNGG NG wU- “1‘‘6? wAz iNEPNNI NG wU-
“1‘‘”? +Az UwPF yBAFRFGNAG JRGg < & W.2 xNGJNNA IwERBHF
BCGRywU xwAzF- tBJNINE ANRGgNE FGHzL RAyUHzNz n]EwL zwGw-

� AHVxNE BO BxFNEINEF gwIN FGHzRNz GgN ENUwGRBA]
FgRC xNGJNNA GgN n]EwL wAz BCGRywU JwINxwAzFfi VBFGUL
yBVxRARAP PEBHAz xwFNz BCGRywU BxFNEIwGRBAF JRGg FCwyN
xwFNz n]EwL BxFNEIwGRBAF OEBV hnjq “N-P- kGGUNL NG wU-
1‘‘2: iHPwAHVw NG wU- 1‘‘”: �E%NIwUB NG wU- 1‘‘Ψfi 1‘‘8:
XENNzG NG wU- 1‘‘8fi 1‘0‘: bREw NG wU- 1‘00: owVNEBA NG wU-
1‘01?- jgNFN BxFNEIwGRBAF gwIN wUVBFG wUU FgBJA FGEBAP
n]EwL.BCGRywU yBEENUwGRBAF BA FgBEG GRVNFywUNF “JNNTF ]
VBAGgF? JRGg GgN BCGRywU UwPPRAP GgN n]EwLF xL −0 z- tBJ]
NINEfi wUGgBHPg GgN BxFNEIwGRBAF OEBV GgN FwVCUN wF w JgBUN
FGEBAPUL FHCCBEG GgN yBAyUHFRBA GgwG GgN BCGRywU UwPF GgN n]
EwLFfi RA AB RAzRIRzHwU ywFN RF GgN HAyNEGwRAGL BA GgN UwP FVwUU
NABHPg GB xN wxFBUHGNUL FHEN GgwG GgN BCGRywU zBNF UwP-

hNyNAG VBARGBERAP ywVCwRPAF JRGg iJROG “N-P-
igwCCNN NG wU- 1‘0W: cbtwEzL NG wU- 1‘0W: qzNUFBA NG wU-
1‘04: jEBLNE NG wU- 1‘0”: rwHFAwHPg NG wU- 1‘0”:
qzNUFBA NG wU- 1‘06? gwIN PENwGUL RVCEBINz GgN VNw]
FHENVNAG BO UwPF xNGJNNA GgN n]EwLfi kl wAz BCGRywU xwAzF

wAz gwIN GgNENOBEN FRPAR+ywAGUL RVCEBINz BHE HAzNEFGwAzRAP
BO GgN BERPRA BO kl.BCGRywU IwERwxRURGL RA �sd- tBJNINE
GgNFN BxFNEIwGRBAF gwIN wUFB gRPgURPgGNz DHNFGRBAF wxBHG
GgN FGEHyGHENF BO wyyENGRBA zRFyFfi BO GgN RVCBEGwAyN BO GgN
Xbh RA CEBzHyRAP ENCEByNFFNz kl wAz BCGRywU NVRFFRBA wAz
wxBHG JgNGgNE n]EwLF OEBV GgN yNAGEwU yBEBAw BE VwLxN
gwEz kl NVRFFRBA OEBV GgN RAANE NzPN BO GgN wyyENGRBA zRFy
wEN zERIRAP GgN UBAPNE JwINUNAPGg kl.BCGRywU IwERwxRURGL-
jgN wxBIN ywVCwRPAF wUU FgBJ GgwG GgN UBAPNE JwINUNAPGg
iJROG klej xwAzF UwP xNgRAz GgN FgBEGNFG JwINUNAPGg
iJROG kl xwAz “klm1: 082 AV? RA w VwAANE JgRyg RF
RA wPENNVNAG JRGg GgN FgBEG GRVNFywUN “JNNTF.VBAGgF?
kl.BCGRywU IwERwxRURGL BO �sd xNRAP CEBzHyNz xL ENCEB]
yNFFRAP BO EwzRwGRBA BO FgBEGNE JwINUNAPGg GgwA klm1 wAz
yBVRAP OEBV w yBVCwyG ENPRBA ANwE GgN xUwyT gBUN- tBJNINEfi
cbtwEzL NG wU- “1‘0W? ABGNz GgwG RO wUU BO GgN ENCEByNFFRAP
RF xNRAP ywEERNz BHG xL w FHEEBHAzRAP wyyENGRBA zRFyfi GgwG
GgN zRFy RF NRGgNE gBGGNE GgwA BE UwEPNE GgwA JN FgBHUz
NKCNyGfi wFFHVRAP GgN ii VBzNU wAz PRINA GgN VwFF wAz
wyyENGRBA EwGN BO GgN GwEPNG �sd- �UU FHxFNDHNAG CwCNEF
“N-P- rwHFAwHPg NG wU- 1‘0”? OBHAz w FRVRUwE ENFHUG- jgNFN
BxFNEIwGRBAF JNEN yBAFRFGNAG JRGg VRyEBUNAFRAP BxFNEIwGRBAF
“N-P- cBEPwA NG wU- 1‘0‘: ZwR NG wU- 1‘0‘: cBFDHNEw NG wU-
1‘02? JgRyg gwz wUENwzL CBRAGNz BHG w FRVRUwE zRFy FRMN
zRFyENCwAyL- uG JwF wUFB yUNwE “N-P- qzNUFBA NG wU- 1‘04:
rwHFAwHPg NG wU- 1‘0”? GgwG GgN UwP RA GgN H]xwAz JwF
UBAPNE GgwA GgwG RA FHEEBHAzRAP xwAzFfi RAzRywGRAP GgwG GgN
Xbh JwF wUFB yBAGERxHGRAP GB GgN UwPF-

jgNEN gwF wzzRGRBAwUUL xNNA GgN yBAyNEA “N-P
XNETUNL NG wU- 1‘‘‘: �E%NIwUB NG wU- 1‘‘Ψ? GgwG GgN BC]
GRywU URPgGyHEINF zB ABG UBBT wF NKCNyGNz RO GgNL wERFN
OEBV ENCEByNFFRAP BO n]EwL NVRFFRBA OEBV w FVwUU yNAGEwU
yBEBAwfi N-P- BO FRMN FRVRUwE GB GgwG JgRyg JN VNwFHEN OEBV
VRyEBUNAFRAP BxFNEIwGRBAFfi R-N- −τ 0‘hr “ZwR NG wU- 1‘0‘:
cBFDHNEw NG wU- 1‘02?fi BE OEBV n]EwL UBJ.gRPg NANEPL
ENINExNEwGRBAfi RN − WhO “qVVwABHUBCBHUBF NG wU- 1‘0W:
owyTNGG NG wU- 1‘0W?- jgN BxFNEINz BCGRywU URPgGyHEINF wEN
FVBBGgNE GgwA NKCNyGNz wAz wA RAFH3yRNAG OEwyGRBA BO GgN
n]EwL NVRFFRBA gRGF GgN zRFy GB CBJNE GgN BCGRywU IwERwxRURGL-
bwEPNE yBEBAwU FRMNF wEN ENDHRENz- swEzANE Γ ZBAN “1‘0”?
CEBCBFNz wA wUGNEAwGRIN VBzNU RA JgRyg GgN n]EwL NVRFFRBA
zBNF ABG zRENyGUL RVCwyG BA GgN BHGNE zRFy xHG VwRAUL gNwGF
HC GgN INEL RAANE NzPN BO GgN zRFyfi JgRyg GgNA RA˚wGNF wAz
EN]EwzRwGNF wG gwEz kl JwINUNAPGgF BAGB GgN BHGNE zRFy-
uA GgRF VBzNU GgNEN FgBHUz xN wA wzzRGRBAwU UwP xNGJNNA
GgN n]EwL wAz klm1 NVRFFRBAfi BINE wAz wxBIN GgwG
NKCNyGNz OEBV wA NKGEwCBUwGRBA BO GgN UBAPNE JwINUNAPGg
UwPF zBJA GB GgN n]EwL JwINxwAz- jgRF wzzRGRBAwU UwP JBHUz
yBEENFCBAz GB GgN GgNEVwU GRVNFywUN OBE GgN RAyRzNAG n]EwL
gNwGRAP GB CwFF GgEBHPg GgN RAANE zRFy GB GgN EN]EwzRwGRBA
FHEOwyN- swEzANE Γ ZBAN “1‘0”? ABGN GgN NKRFGNAyN BO FHyg
w UwP JgNA GgN HA+UGNENz n]EwL wAz klm1 BxFNEIwGRBAF
BO dso 44WΨ wEN yBVCwENz- tBJNINE cbtwEzL NG wU-
“1‘0W? zB ABG FNN wAL wzzRGRBAwU UwP RA dso 44WΨ RO GgBFN
URPgGyHEINF wEN +UGNENz GB ENVBIN IwERwGRBAF BA GRVNFywUNF
UBAPNE GgwA 1‘z- uA dso W040 qzNUFBA NG wU- “1‘06? FNN w
INEL UwEPN NKyNFF UwP xNGJNNA GgN n]EwL wAz klm1 xwAzF-
kAURTN RA dso 44WΨfi GgN NKyNFF UwP RA dso W040 RF FGEBAPUL
NANEPL zNCNAzNAGfi JRGg GgN gRPgNFG NANEPL n]EwLF gwIRAP
GgN UwEPNFG UwP- dso W040 RF GgN VBFG wxFBExNz BO GgN ONJ
�sd JgBFN UwPF gwIN xNNA JNUU FGHzRNz FB OwE wAz FB GgN
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rgeF�b 09 nhS wAz kleS URPQGyHEINF BO dsY W482– SQN GBC CwANU RF GQN QwEzANFF EwGRB zN+ANz wF t]i.t[i JQNEN t RF GQN 1]ˇ‘ TNl
yBHAG EwGN wAz i RF GQN ‘–4]1 TNl yBHAG EwGN– SQN FNyBAz OEBV GBC CwANU RF GQN ‘–4]ˇ‘ TNl yBHAG EwGN OBE NwyQ IRFRG– SQN UBJNE CwANUF wEN
GQN klm1 GQEBHPQ GB l]xwAz ,HKNF RA HARGF BO VvL–
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NANEPL zNCNAzNAyN VwL xN w OHAyGRBA BO FywGGNERAP RA GgN
wxFBExRAP VNzRHV-

iB OwE GgN AHVxNE BO �sd JRGg wyyHEwGNUL VNwFHENz
UwPF RF FVwUU- mRGg iJROGfi UwPF gwIN xNNA VNwFHENz JNUU
RA dso 44WΨ “cbtwEzL NG wU- 1‘0W: qzNUFBA NG wU- 1‘04:
rwHFAwHPg NG wU- 1‘0”? wAz dso W040 “qzNUFBA NG wU- 1‘06?
wAz UNFF GgBEBHPgUL RA dso 1”06 “igwCCNN NG wU- 1‘0W? wAz
dso ”Ψ0W “jEBLNE NG wU- 1‘0”?- mRGg ncc]dNJGBA UwPF
gwIN xNNA VNwFHENz RA dso W284 xNGJNNA GgN n]EwL wAz
BAN kl “klm0? wAz BAN BCGRywU “P? xwAz “cbtwEzL NG wU-
1‘0”?- jgN �sd RA JgRyg UwPF gwIN xNNA VNwFHENz JNUU FB
OwE gwIN xNNA BO ENUwGRINUL UBJ wyyENGRBA EwGN “dso W284
)To− ‘,‘‘01fi dso W040 )To− ‘,‘10 fi dso 44WΨ )To−
‘,‘WΨ?- mN GgNENOBEN CEBCBFNz OBE iJROG VBARGBERAP BO GgN
FBVNJgwG gRPgNE wyyENGRBA EwGN dso W482 “ )To− ‘,‘Ψ0?fi
wUUBJRAP HF GB RAINFGRPwGN GgN RVCBEGwAyN BO wyyENGRBA EwGN
RA zNGNEVRARAP zRFy wAz Xbh FGEHyGHEN-

uA iNyGRBA 1 JN CENFNAG GgN iJROG BxFNEIwGRBAF wAz
URPgGyHEINF- jgN n]EwL FCNyGEHV RF ENUNIwAG GB HAzNE]
FGwAzRAP BO UwPF wAz zRFy FGEHyGHEN wFfi RA GgN VBzNU BO
swEzANE Γ ZBAN “1‘0”?fi GgN GwRU BO w UHVRABHF gwEz kl
NVRFFRBA yBVCBANAG VwL xN NKCNyGNz GB FgBJ HC RA wG UBJ
n]EwL NANEPRNF- jgHF RA iNyGRBA 2 JN zRFyHFF GgN GRVN wI]
NEwPN iJROG n]EwL FCNyGEHV wAz n]EwL FCNyGEwU IwERwxRURGL-
uA iNyGRBA W JN zRFyHFF GgN ENUwGRBAFgRCFfi wAz UwPFfi xNGJNNA
GgN n]EwL wAz GgN IwERBHF kl.BCGRywU xwAzF- uA iNyGRBA 4
JN yBVCwEN GgN UwPF wAz GgN BxFNEINz klm1 URPgGyHEIN
JRGg GgN CENzRyGRBAF OEBV ENCEByNFFRAP BO n]EwLF xL w FRVCUN
ii wyyENGRBA zRFy- uA iNyGRBA ” JN CENFNAG w VBEN FBCgRFGR]
ywGNz VwKRVHV NAGEBCL VBzNUURAP BO GgN n]EwL.kl.BCGRywU
URPgGyHEINF GB zNERIN ENCEByNFFRAP OHAyGRBAF JgRyg wEN VBEN
yBVCUNK GgwA GgwG NKCNyGNz OEBV w FRVCUN wyyENGRBA zRFy
wAz JgRyg RAzRywGN GgN RVCBEGwAyN BO ENCEByNFFRAP OEBV
GgN Xbh- jgRF GBCRy RF wzzENFFNz RA zNGwRU RA w CwCNE xL
owyTNGG NG wU- “1‘06? xwFNz BA CwEwUUNU tHxxUN iCwyN jNUN]
FyBCN “tij? BxFNEIwGRBAF BO dso W482- uA iNyGRBA 6 JN
yBVCwEN GgN CENFNAG UwP VNwFHENVNAGF BO dso W482 JRGg
GgBFN BO BGgNE �sd wAz ABGN xEBwzUL FRVRUwE “FywUNz? UwPF
xNGJNNA GgN kl wAz BCGRywU xwAzF xHG zRffiNENAyNF RA GgN n]
EwL.kl UwPF- mN zEwJ FBVN xERNO yBAyUHFRBAF ENPwEzRAP GgN
RAANE FGEHyGHEN BO �sd-

vHFG xNOBEN FHxVRFFRBA BO GgRF CwCNEfi GgN iJROG zwGw
OEBV GgRF CEBPEwVVN JNEN CHxURFgNz xL wABGgNE PEBHC
“fwU Γ dwRT 1‘06?- �UGgBHPg GgNEN wEN FBVN FRVRUwERGRNFfi
GgNRE wAwULFRF wAz yBAyUHFRBAF zRffiNE OEBV BHEF RA w AHVxNE
BO ENFCNyGFfi wF JN FgwUU ABGN xNUBJ-

1 imurS eXiDhl�Suedi

iJROG BxFNEINz dso W482 wUVBFG NINEL BExRG “8”VRA? OBE
”-W zwLF OEBV 02 GB 0Ψ vHUL 1‘0” wAz GgNENwOGNE NINEL FNy]
BAz BExRG OBE w OHEGgNE 0”-1z- qwyg BxFNEIwGRBA GBGwUUNz wC]
CEBKRVwGNUL 0 TF wUGgBHPg BxFNEIwGRBAF JNEN BOGNA FCURG RAGB
GJBfi BE FBVNGRVNF VBENfi IRFRGF- jgN imurj n]EwL BxFNEIw]
GRBAF wEN VwzN xL GgN n]EwL jNUNFyBCN “nhjfi XHEEBJF NG wU-
1‘‘4? wAz kl wAz BCGRywU BxFNEIwGRBAF wEN VwzN xL GgN kl
wAz eCGRywU jNUNFyBCN “klejfi hBVRAP NG wU- 1‘‘4?- uA GB]
GwU 08W IRFRGF FwGROLRAP FGwAzwEz PBBz GRVN yERGNERwfi FHyg wF
ENSNyGRAP zwGw JgNA GgN FBHEyN JwF UBywGNz BA TABJA xwz
CRKNUFfi “N-P- FNN gssoF9__FJhes-fFey-�wFw-fnI_w�wTbFhF_
aps.FJfthcd.I0.1-oce?fi JNEN VwzN- jgN nhj BxFNEIwGRBAF

JNEN ywEERNz BHG RA CgBGBA]yBHAGRAP “fo? VBzN wAz GgN
klej BxFNEIwGRBAF JNEN ywEERNz BHG RA RVwPN VBzN- n]EwL
URPgGyHEINF RA w IwERNGL BO NANEPL xwAzF JNEN CEBzHyNz HF]
RAP BHE BJA iBHGgwVCGBA CRCNURAN JgRyg RF xwFNz HCBA GgN
FGwAzwEz iJROG wAwULFRF GwFTF wF zNFyERxNz RA owVNEBA NG wU-
“1‘01?- mN VwzN ˚HK VNwFHENVNAGF OBE Nwyg IRFRG GgHF CEB]
IRzRAP GgN xNFG wIwRUwxUN GRVN ENFBUHGRBA- uA wzzRGRBAfi OBE
yBVCwERFBAfi w xEBwz xwAz =FAwCFgBG= n]EwL URPgGyHEIN “RN
BAN ˚HK CBRAG CNE IRFRG? JwF CEBzHyNz HFRAP GgN bNRyNFGNE
iJROG �AwULFRF FLFGNV “qIwAF NG wU- 1‘‘6?fi JgRyg JwF wUVBFG
RzNAGRywU GB BHE BJA FAwCFgBG URPgGyHEIN- n]EwL zwGw wEN yBE]
ENyGNz OBE GgN NffiNyGF BO IRPANGGRAP wAz wCNEGHEN UBFFNF wAz
zwGw JRGg UwEPN ˚HK NEEBE “β ‘,04 yBHAG F�0? wEN ENSNyGNz-

ZHERAP Nwyg n]EwL BxFNEIwGRBAfi VNwFHENVNAGF JNEN
VwzN RA wUU ” klej +UGNEFfi HFRAP GgN ‘K2‘Nz VBzN JgRyg
CEBIRzNF NKCBFHEN EwGRBFfi OBE GgN klm1fi klc1fi klm0fi
kfi Xfi wAz l xwAzFfi BO W∆2∆1∆0∆0∆0- klej URPgGyHEINF JRGg
GgN FwVN GRVN ENFBUHGRBA JNEN VwzN HFRAP GgN iBHGgwVCGBA
FLFGNV wAz wUFBfi RAzNCNAzNAGULfi HFRAP w FLFGNV zNINUBCNz
xL sNUxBEz Γ qzNUFBA “1‘06?- jgN UwGGNE FLFGNV RAyUHzNF w
zNGwRUNz yBVCwERFBA BO klej /zEBC BHG= ENPRBAFfi wF +EFG zRF]
yHFFNz RA BxFNEIwGRBAF BO dso 44WΨ “qzNUFBA NG wU- 1‘04?-
mgNA GgN GwEPNG FBHEyN RF UBywGNz RA FHyg ENPRBAF GgN klm1
yBHAG EwGN RF GLCRywUUL 0‘]04; UBJNE GgwA RA BGgNE CwEGF BO
GgN zNGNyGBE- jgN zEBC RA yBHAG EwGN RF NANEPL zNCNAzNAGfi
xNRAP PENwGNFG RA GgN klm1 xwAz wAz UNwFG RA GgN l]xwAz-
jgN ANJ zEBC]BHG xBK ENPRBAF wEN xwFNz BA RAGNAFRIN iJROG
BxFNEIwGRBAF BO GgENN �sdfi R-N- dso 44WΨ “qzNUFBA NG wU-
1‘04?fi dso W040 “qzNUFBA NG wU- 1‘06? wAz GgN CENFNAG Bx]
FNEIwGRBAF BO dso W482- exFNEIwGRBAF OwUURAP RA zEBC]BHG EN]
PRBAF JNEN ENSNyGNz- mN wUFB FNwEygNz OBE BxFNEIwGRBAF JgNEN
GgN ˚HKNF RA GgN ” klej xwAzF FgBJNz w CwEGRyHUwEUL ENz
FCNyGEwU FUBCN- iHyg BxFNEIwGRBAF wUVBFG wUJwLF ONUU JRGgRA
w zEBC]BHG ENPRBA wAz JNEN wUFB ENSNyGNz-

jgN ENFHUGwAG URPgG yHEINF wEN FgBJA RA rRP- 0- mN FNN w
yUBFN yBEENFCBAzNAyN xNGJNNA wUU klej xwAzF wAz w ENwFBA]
wxUN yBEENFCBAzNAyN xNGJNNA GgN n]EwL wAz klej xwAzF-
uA rRP- 0 JN wUFB FgBJ GgN n]EwL gwEzANFF- jgN yBEENFCBA]
zNAyNF xNGJNNA GgNFN URPgGyHEINF wEN zRFyHFFNz RA GgN OBUUBJ]
RAP FNyGRBAF-

2 n?h�o ifDYShTc �dp l�hu�XubuSo

2-/ SRVN �INEvPNM n?EvL iCNyGEHV

jgN n]EwL FCNyGEHV ywA CEBIRzN RAOBEVwGRBA JgRyg RF ENUN]
IwAG GB HAzNEFGwAzRAP GgN RAANE PNBVNGERNF BO �sd wAz FB
JN gwIN +GGNz VBzNUF JRGg aroNL GB GgN iJROG nhj GRVN
wINEwPNz FCNyGEHV zNERINz OEBV GgN BxFNEIwGRBAF FgBJA RA
rRP- 0- jgN 1]Ψ TNl FCNyGEHV RF +GGNz JNUU xL w FRVCUN CBJNE
UwJfi JRGg URAN BO FRPgG swUwyGRy yBUHVA yBUz gLzEBPNA wx]
FBExNE BO 0,Ψ8� 0‘1+ yV�1fi GBPNGgNE JRGg w xEBwz swHFFRwA
URAN wG ”-W wAz w AwEEBJ URAN wG − 6 TNl- jgN CgBGBA RAzNK
BO GgN CBJNE UwJ RF ´ & 0,”Ψ ∼ ‘,‘1- mgNA GgRF VBzNU RF
NKGNAzNz zBJA GB ‘-2 TNl w UwEPN ANPwGRIN ENFRzHwU RF FNNA
yNAGENz BA − 0 TNl JgRyg RF yBAFRFGNAG JRGg GgN CENFNAyN
BO JwEV wxFBExNEF wF zNGNyGNz xL CENIRBHF BxFNEINEF HFRAP
zwGw OEBV ncc]dNJGBA “XENAANVwA NG wU- 1‘‘6? wAz yBV]
xRANz zwGw OEBV ncc]dNJGBA wAz dHiGwE “kEFRAR NG wU-
1‘0”x?- rBUUBJRAP GgNFN FGHzRNF JN wzz GJB JwEV wxFBExNEF
JgRyg ENFHUGF RA w PBBz +G GB GgN ‘-2]Ψ TNl FCNyGEHV JRGg

cdh�i ...fi ‘‘‘-‘‘‘ ’‘‘‘‘(
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rgeF�b 19 XNFG +Gfi JRGQ ENFRzHwUFfi GB GQN GRVN wINEwPNz nhS wAz
X�S FCNyGEHV– SQN +G CwEwVNGNEF wEN PRINA RA SwxUN ˇ–

´ & 0,6W∼‘,‘0- jgRF +G RF FRVRUwE GB GgwG BO XENAANVwA NG wU
“´ & 0,649+,+1�+,+2? NKyNCG GgwGfi HAURTN GgNVfi JN zB ABG ENDHREN
wA wzzRGRBAwU =FBOG]NKyNFF= yBVCBANAG wG UBJ NANEPRNF-

dso W482 RF zNGNyGNz RA GgN iJROG X�j 6‘ VBAGg
FHEINL “XwHVPwEGANE NG wU- 1‘02?- jgN FCNyGEHV RF
zNFyERxNz wF w CBJNE UwJ JRGg ´ & 0,ΨW9+,+6

�+,+7 wAz
˚HK “0W]084 TNl? BO Ψ,Ψ ∼ ‘,‘4 � 0‘�00 NEPF yV�1

F�0 “gssoF9__FJhes-fFey-�wFw-fnI_pdFtTsF_xF6/ln�_
imurS.v0127-5:/W07?- ZHERAP GgN VBARGBERAP ENCBEGNz
gNEN GgN wINEwPN ‘-2]0‘ TNl ˚HK JwF − W,4 � 0‘�00 NEPF
yV�1 F�0- jB NKGEwCBUwGN w CBJNE UwJ GB GgN X�j NANEPL
xwAzfi wAz BxGwRA GgN BxFNEINz X�j ˚HK ENDHRENF ´ & 0,62fi
RAzRywGRAP GgwG GgN UBAP GNEV wINEwPN n]EwL UHVRABFRGL
BO dso W482 gwF ABG ygwAPNz ABGRyNwxUL- uAyUHzRAP GgN
X�j zwGw RAGB BHE FCNyGEwU +G JRGgBHG wAL ygwAPN BO
ABEVwURFwGRBAfi wAz wFFHVRAP w FRVCUN CBJNE UwJ JRGgBHG
wAL gRPg NANEPL yHG]Bffifi FGNNCNAF GgN BINEwUU +G FURPgGUL
“´ & 0,Ψ19+,+W�+,+4?- jgN BINEwUU xNFG +G RF FgBJA RA rRP- 1 wAz
GgN +G CwEwVNGNEF wEN PRINA RA jwxUN 0-

jB GgN xNFG]+G VBzNU JN wzzNzfi FNCwEwGNULfi w xENVV]
FGEwgUHAP “=MxENVFF=? wAz w oBVCGBARFwGRBA “=yBVCGG=? yBV]
CBANAG wF HFNz xL XENAANVwA NG wU- “1‘‘6? GB zNFyERxN w FBOG
NKyNFF JgRyg GgNL +Az RA GgNRE ncc]dNJGBA zwGw- uA BHE
iJROG zwGw GgN ABEVwURFwGRBAF BO xBGg yBVCBANAGF wEN yBA]
FRFGNAG JRGg MNEB wAz GgN 0W HCCNE URVRG BA GgN ‘-2]0‘ TNl
˚HKNF OBE GgNFN GJB yBVCBANAGF wEN ”�0‘�05 wAz 2,W�0‘�06

NEPF yV�1 F�0 ENFCNyGRINUL “yBVCwENz GB 1 � 0‘�0W wAz
”,W” � 0‘�0W NEPF yV�1 F�0 ENFCNyGRINUL OEBV XENAANVwA
NG wU?- mN ABGN GgwG XENAANVwA NG wU +Az IwERwGRBA RA GgN
FBOG NKyNFF xNGJNNA zRffiNENAG BxFNEIwGRBAF FB RG RF CBFFRxUN
GgwG JN BxFNEINz JRGg iJROG JgNA GgN FBOG NKyNFF JwF CwE]
GRyHUwEUL OwRAG- fwU Γ dwRT “1‘06? CENFNAG w ‘-2]6 TNl iJROG
nhj FCNyGEHV- uG RF BO VHyg UBJNE i.d GgwA GgwG CENFNAGNz
gNENfi CBFFRxUL xNRAP BAUL OEBV w FRAPUN 0 TF BxFNEIwGRBA-
jgNL wEN GgNENOBEN wxUN BAUL GB +G GB w CBJNE UwJfi JgBFN
FUBCN RF ABG JNUU yBAFGEwRANzfi wAz w xUwyT xBzL- jgNL zB ABG
RAyUHzN GgN JwEV wxFBExNEF BE GgN REBA URANF-

iuaTb 09 n]hwL iCNyGEwU rRG fwEwVNGNEF

iCNyGEwU rRGGNz
fwEwVNGNEF IwUHNF

dGβsxwxr ˙ˇ‘
11 yV�1fl ‘–‘ˇΨ8 ’O(

Mtl�0βcKgobe ˙ˇ‘
11 yV�1fl ˇ–119+,01

�+,02

UBP βl�0βcKgobe ‘–Ψ69+,00
�+,01

Ol�0βcKgobe ‘–W69+,+1
�+,+2

dtl�1βcKgobe ˙ˇ‘
11 yV�1fl 22–896,7

�01,2

UBP βl�1βcKgobe 2–4ˇ9+,+2
�+,+1

Ol�1βcKgobe ˇ ’O(

´coAuzpiu ˇ–Ψ19+,+W
�+,+4

rcoAuzpiu ˙ˇ‘
�00 NEPF F�0 yV�1fl W–629+,+4

�+,+7

qaτβcfwtrr ˙TNlfl 5–W19+,+2
�+,+W

Waτβcfwtrr ˙TNlfl ‘–1ˇ9+,+W
�+,+5

raτβcfwtrr ˙ˇ‘
�00 NEPF F�0 yV�1fl ‘–‘619+,+02

�+,+1W

gaτβcfwtrr ˙Nlfl 262952
�46

qaαβcfwtrr ˙TNlfl 6–‘59+,+6
�+,+7

Waαβcfwtrr ˙TNlfl ‘–‘4 ’O(

raαβcfwtrr ˙ˇ‘
�00 NEPF F�0 yV�1fl ‘–‘129+,+0W

�+,++7

gaαβcfwtrr ˙Nlfl Ψ59W+
�28

r+,2�1 ˙ˇ‘�00 NEPF F�0 yV�1fl ˇ–289+,+4
�+,+W

r1�0+ ˙ˇ‘�00 NEPF F�0 yV�1fl 2–W29+,+W
�+,+2

r0+�0++ ˙ˇ‘�00 NEPF F�0 yV�1fl 4–419+,+5
�+,00

ζ1.zBO 26W.2W1

XNFG +G VBzNU CwEwVNGNEF OEBV GQN FRVHUGwAN]
BHF +GGRAP BO iJROG.nhS wAz iJROG.X�S NANEPL
FCNyGEw HFRAP GQN VBzNU LnArs � sxwxr � *ca]
goLeVcagoLeVconJNEiJ[cfwtrr[cfwtrr+– dGβsxwxr RF
GQN swUwyGRy wxFBECGRBA yBUHV zNAFRGLfi Mtl�0βcKgobe fi
UBP βl�0βcKgobe wAz Ol�0βcKgobe wEN GQN yBUHVA zNAFRGLfi RBA]
RMwGRBA CwEwVNGNE wAz CwEGRwU yBINERAP OEwyGRBA ENFCNyGRINUL
zHN GB GQN +EFG JwEV wxFBExNE yBVCBANAG JQRUN GQN FwVN
CwEwVNGNEF OBE GQN FNyBAz JwEV wxFBExNE yBVCBANAG wEN
zNABGNz xL /m�1=– ´coAuzpiu RF GQN CQBGBA CBJNEUwJ RAzNK–
qaτβcfwtrrfi Waτβcfwtrr wAz gaτβcfwtrr zNABGN GQN URAN NANEPLfi
URAN JRzGQ wAz GQN NDHRIwUNAG JRzGQ BO GQN rN aτ NVRFFRBA
URAN JQRUN qaτβcfwtrrfi Waτβcfwtrr wAz gaτβcfwtrr zNABGN GQN
URAN NANEPLfi URAN JRzGQ wAz GQN NDHRIwUNAG JRzGQ BO GQN rN
aα NVRFFRBA URAN ENFCNyGRINUL– rcoAuzpiufi raτβcfwtrr wAz
raαβcfwtrrrbtsA3oi wEN GQN ,HKNF zHN GB conJNEiJ wAz
GJB cfwtrr VBzNUF ENFCNyGRINUL RA GQN NANEPL EwAPN ‘–2]ˇ‘–‘
TNl– r+,2�1,+fi r1,+�0+,+fi r0+,+�0++,+ wEN HAwxFBExNz ,HKNF
RA GQN NANEPL EwAPN ‘–2]1 TNlfi 1]ˇ‘ TNlfi wAz ˇ‘]ˇ‘‘ TNl

ENFCNyGRINUL–

2-1 n?EvL iCNyGEvU lvERvxRURGL vAM n?EvL DANEPL
pNCNAMNAyN BO bvPF

uA iJROG BxFNEIwGRBAF BO dso W040fi qzNUFBA NG wU- “1‘06?
OBHAz UwEPN zRffiNENAyNF RA GgN UwP VNwFHENz xNGJNNA zRffiNENAG
n]EwL xwAzF wAz GgN klm1 xwAz- �UGgBHPg cbtwEzL NG wU-
“1‘0W? zRz ABG +Az wAL FRPAR+ywAG zRffiNENAyNF xNGJNNA GgN
‘-4]1 TNl IF klm1 UwPF wAz GgN 1]0‘ TNl IF klm1 UwPF RA
dso 44WΨfi GgN CBFFRxRURGL NKRFGF GgwG zRffiNENAG n]EwL xwAzF
VwL yBVN OEBV zRffiNENAG UBywGRBAF wAz FB PRIN ERFN GB zRffiNE]
NAG UwPF-

mN gwIN GgNENOBEN VwzN URPgGyHEINF RA w IwERNGL BO AwE]
EBJ wAz xEBwz n]EwL NANEPL xwAzF wAz gwIN FNwEygNz OBE
UwPF xNGJNNA GgNV HFRAP w IwERNGL BO GNygARDHNF- mN ywA
+Az AB VNwFHENwxUN UwPF- rBE NKwVCUNfi HFRAP I�lpbuz
“pH NG wU- 1‘00fi 1‘02?fi JN +Az GgwG GgN ‘-4]1 TNl xwAz UwPF
GgN 1]0‘ TNl xwAz xL ∝‘,‘‘09+,++2�+,++Wz- iRVRUwEUL GgN UwP BO GgN
1]0‘ TNl xwAz xL GgN ‘-2]0 TNl xwAz RF ∝‘,‘‘19+,++W+,++4 z-

cdh�i ...fi ‘‘‘-‘‘‘ ’‘‘‘‘(
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rgeF�b 29 SQN n]EwL twEzANFF wF w OHAyGRBA BO GQN ‘–4]ˇ‘ TNl
yBHAG EwGN– SQN QwEzANFF RF zN+ANz wF ’t]i(.’t[i(fi JQNEN i&‘–4]
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rgeF�b l9 SQN ‘–2]ˇ TNl yBHAG EwGN CUBGGNz wPwRAFG GQN 1]4 TNl
yBHAG EwGN

�F wA wzzRGRBAwU VNGgBz BO FNwEygRAP OBE zRffiNENAyNF xN]
GJNNA n]EwL xwAzF JN gwIN ywUyHUwGNz GgN gwEzANFF EwGRB-
jgN gwEzANFF EwGRB RF zN+ANz wF “t]i?.“t[i?fi JgNEN gNEN
GgN gwEz “t? xwAz RF 1]0‘ TNl wAz GgN FBOG “i? xwAz RF ‘-4]
1 TNl- mN CUBG GgRF EwGRB wF w OHAyGRBA BO GRVN RA GgN GBC
CwANU BO rRP- 0- jgNEN RF URGGUN IwERwGRBA- uA rRP- 2 JN CUBG
GgN gwEzANFF EwGRB wPwRAFG xEBwz xwAz “‘-4]0‘ TNl? yBHAG
EwGN- �xBIN ‘-4 yBHAGF.F GgNEN RF w INEL FURPgG FBOGNARAP BO
GgN FCNyGEHV JRGg RAyENwFRAP yBHAG EwGN- jgRF FCNyGEwU FBOG]
NARAP RF FRVRUwE GB GgwG OBHAz RA dso W482 xL kEFRAR NG wU-
“1‘0”w? wAz OBE �sd RA PNANEwU xL iBxBUNJFTw Γ fwCwzwTRF
“1‘‘8?- �UGgBHPg GgNL HFN ‘-2]0-4 TNl wAz 0-4]0‘ TNl wF
GgNRE FBOG wAz gwEz xwAz ENFCNyGRINULfi wAz zN+AN gwEzANFF
EwGRB wF t.i EwGgNE GgwA GgN “t]i?.“t[i? HFNz gNENfi FRVRUwE
ENFHUGF wEN FgBJA xL fwU Γ dwRT “1‘06?-

mN ABGN gNEN GgwG xNUBJ ‘-4 yBHAGF F�0 “‘-4]0‘ TNl?
zwGw wEN URVRGNz FB RG RF ABG yUNwE JgNGgNE GgN FHPPNF]
GRBA BO FBOGNARAP JRGg zNyENwFRAP yBHAG EwGNfi wG GgN UBJ]
NFG yBHAG EwGNFfi RF ENwU BE ABG- � FBOGNARAP JRGg zNyENwF]
RAP yBHAG EwGN wG GgN UBJNFG yBHAG EwGNF gwF xNNA FNNA RA
dso 02”4 “oBAABUUL NG wU- 1‘0W? wAz wGGERxHGNz GB HAwx]
FBExNz “RN FGNNC FCNyGEHV? n]EwLF FywGGNENz OEBV wA wyyEN]
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rgeF�b 49 iBURz xUwyT URAN ] ZRFyENGN yEBFF yBEENUwGRBA OHAy]
GRBA xNGJNNA GQN n]EwL wAz klm1 URPQGyHEINF FQBJA RA rRP– ˇ–
SQN 5Ψ; ’zBG]zwFQfi PENNA(fi 8‘; ’zBGGNzfi xUHN( 84; ’zwFQNz
GHEDHRBFN( wAz 88; ’FBURz ENz( yBA+zNAyN UNINUF wEN wUFB FQBJA–

GRBA zRFy JRAz JgRyg wEN FGRUU IRFRxUN NINA JgNA GgN zRENyG
n]EwL NVRFFRBA RF gNwIRUL wxFBExNz-

jB zNGNEVRAN JgNGgNE GgN FURPgG FBOGNARAP JRGg RAyENwF]
RAP UHVRABFRGL ENCENFNAGF w ENwU ygwAPN RA GgN HAzNEULRAP
FCNyGEHV JN CUBGfi RA rRP- Wfi GgN ‘-2]0 TNl yBHAG EwGN wPwRAFG
GgN 1]4 TNl yBHAG EwGN- iRVRUwE ˚HK]˚HK CUBGF gwIN xNNA HFNz
NUFNJgNEN GB RAINFGRPwGN GgN ENwFBAF xNgRAz ˚HK ENUwGNz n]
EwL FCNyGEwU IwERwGRBAF “N-P- jwLUBE NG wU- 1‘‘2?- �xBIN w ‘-2]
0 TNl yBHAG EwGN BO − ‘,04 yBHAGF F�0fi GgNEN RF w FGEBAP URANwE
ENUwGRBAFgRC xNGJNNA GgN yBHAG EwGNF RA GgN GJB xwAzF JRGg
wA NKGEwCBUwGRBA GB MNEB ‘-2]0 TNl yBHAG EwGN PRIRAP w FVwUU
ENFRzHwU yBHAG EwGN RA GgN gwEzNE xwAz- jgN zwGw wEN wPwRA
RAFH3yRNAG GB zNGNEVRAN JgNGgNE GgNEN RF wAL ENwU zNIRwGRBA
OEBV GgRF ENUwGRBAFgRC wG GgN INEL UBJNFG yBHAG EwGNF-

rRIN yBVxRANz ncc]dNJGBA wAz dHiGwE BxFNEIwGRBAF
gwIN xNNA +GGNz JRGg w VHUGR]yBVCBANAG VBzNU RAyUHzRAP w
CBJNE UwJ wAz w gRPg NANEPL yHG]Bffi- rEBV GgRF VBzNUURAP
RG RF FGwGNz GgwG GgN CgBGBA RAzNK IwERNF xL − ‘,14 BINE w
OwyGBE 2 RA UHVRABFRGL “kEFRAR NG wU- 1‘0”x?- jgN dHiGwE Bx]
FNEIwGRBAF NKGNAz GB w gRPgNE NANEPL GgwA GgN iJROG nhj
BxFNEIwGRBAF xHGfi JRGgRA GgN nhj BxFNEIwGRBAFfi GgN FGEBAP
URANwE ENUwGRBAFgRC xNGJNNA GgN gwEz wAz FBOG n]EwL yBHAG
EwGNF FgBJF GgwG GgNEN RF AB ygwAPN BO FCNyGEwU FgwCN BO GgN
IwELRAP yBVCBANAG wF w OHAyGRBA BO UHVRABFRGL BINE GgN UwEPN
VwSBERGL BO GgN ˚HK EwAPN BxFNEINz- jgN JNwT FBOGNARAP BO
GgN BINEwUU FCNyGEHV JRGg RAyENwFRAP UHVRABFRGL FgBJA RA
rRP- 2 RF VBFG FRVCUL NKCUwRANz wF GgN yBVxRAwGRBA BO w
FVwUU yBAFGwAG yBVCBANAG BO gwEz FCNyGEHV GBPNGgNE JRGg
w IwELRAP FBOG FCNyGEHV yBVCBANAG- jgN gwEz yBVCBANAG
VwL xN w EN˚NyGRBA yBVCBANAG OEBV GgN zRFy BE Xbh- mN
GgNENOBEN yBAyUHzN GgwGfi HAURTN RA dso W040fi wUU BO GgN nhj
NANEPL xwAz IwERNF FRVHUGwANBHFUL wAz FBfi GB RAyENwFN i.dfi
JN gNENwOGNE HFN GgN ‘-4]0‘ TNl xwAz HAUNFF FGwGNz BGgNE]
JRFN-

cdh�i ...fi ‘‘‘-‘‘‘ ’‘‘‘‘(
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W n?h�o . Tl?efSuY�b YehhDb�Suedi

W-/ n?EvL.Tlm1 pRFyENGN YBEENUvGRBA rHAyGRBA

lRFHwU RAFCNyGRBA BO GgN n]EwL wAz klm1 URPgGyHEINF RA]
zRywGNF GgwG VBFG BO GgN n]EwL ˚HK IwERwGRBAF BA −zwL
GRVNFywUNF gwIN yBHAGNECwEGFfi GgBHPg BO UNFFNE OEwyGRBAwU
IwERwxRURGL “jwxUN 1?fi RA GgN klm1 URPgGyHEIN- �F w xwFRy
VNGgBz BO DHwAGROLRAP GgN ENUwGRBAFgRC xNGJNNA GgNFN GJB
xwAzF JN FgBJfi RA rRP 4fi GgN zRFyENGN yBEENUwGRBA OHAyGRBA
“Zorfi qzNUFBA Γ aEBURT 08ΨΨ? xNGJNNA GgNFN GJB xwAzF GB]
PNGgNE JRGg FRVHUwGRBA]xwFNz yBA+zNAyN yBAGBHEF- mN FNN
GgwG w yBEENUwGRBA NKRFGF xNGJNNA GgNFN GJB xwAzF wG PENwGNE
GgwA 88; yBA+zNAyN- jgRF zNPENN BO yBA+zNAyN xNGJNNA GgN
BxFNEINz n]EwL wAz klm1 URPgGyHEINFfi JRGgBHG wAL +UGNE]
RAP GB ENVBIN UBAP GNEV GENAzF JgRyg BOGNA zRFGBEG ZorFfi RF
gRPgNE GgwA RA wUU BGgNE CENIRBHF RAGNAFRIN iJROG �sd VBA]
RGBERAP CEBPEwVF “N-P- cbtwEzL NG wU- 1‘0W: qzNUFBA NG wU-
1‘04fi 1‘06?- jgN CNwT UwP yBEENFCBAzF GB GgN klm1 UwP]
PRAP GgN n]EwLF xL wxBHG gwUO w zwL- jgN NKwyG IwUHN BO GgN
UwP JRUU xN yBAFRzNENz RA VBEN zNGwRU UwGNE-

jgN yBA+zNAyN yBAGBHEF wEN ywUyHUwGNz RA xEBwzUL GgN
FwVN JwL wF RA BHE CENIRBHF CwCNEF BA n]EwL.BCGRywU yBEEN]
UwGRBAF “N-P- XENNzG NG wU- 1‘‘8?- n]EwL URPgGyHEINF wEN FRV]
HUwGNz JRGg GgN FwVN IwERwxRURGL CEBCNEGRNFfi NP CBJNE FCNy]
GEwU zNAFRGL “fiZ? wAz yBHAG EwGN CEBxwxRURGL zNAFRGL OHAy]
GRBAfi wF OBE GgN BxFNEINz n]EwL URPgGyHEIN- jgN d; yBA+]
zNAyN UNINUF wEN zN+ANz FHyg GgwG RO yBEENUwGRBAF wEN CNE]
OBEVNz xNGJNNA GgN BxFNEINz klm1 zwGw wAz EwAzBVUL
FRVHUwGNz n]EwL URPgGyHEINFfi BAUL “0‘‘]d?; BO GgN yBEENUw]
GRBAF JBHUz NKyNNz GgBFN UNINUF- jgN yBA+zNAyN UNINUF wEN
wCCEBCERwGN GB w FRAPUN GERwUfi RN w FNwEyg wG MNEB UwPfi wCCEBK]
RVwGNUL JgwG JN wEN FNwEygRAP OBE gNEN- rBE w FNwEyg BINE
w JRzN UwP EwAPN JgNEN GgN NKCNyGNz UwP JwF HATABJAfi GgN
yBA+zNAyN UNINUF JBHUz xN ENzHyNz xL wA wVBHAG zNCNAz]
RAP BA GgN EwGRB BO GgN UwP EwAPN xNRAP FNwEygNz GB GgN JRzGg
BO GgN NKCNyGNz yBEENUwGRBA OHAyGRBA “RN “�Xq mRMFN1n [
�Xq mRMFN1a?

0.1 JgNEN �Xq mRMFNn wAz �Xq mRMFNa
wEN GgN gwUO]JRzGgF BO GgN n]EwL wAz BCGRywU wHGByBEENUwGRBA
OHAyGRBAF- uO GgRF EwGRB JwF hfi GgNA GgN FRAPUN]GERwU yBA+zNAyN
UNINU BO “0‘‘]d?; JBHUz ENzHyN GB “0‘‘]hd?;- mN ABGN GgwG
GgN CENIRBHF URPgGyHEIN FRVHUwGRBA VNGgBz zNCNAzNz BAUL
BA GgN CwEwVNGNEF BO GgN n]EwL fiZfi HFRAP GgN VNGgBz BO
jRVVNE Γ aBNARP “0884?- jgN CENFNAG URPgGyHEIN FRVHUwGRBA
VNGgBz OBUUBJF qVVwABHUBCBHUBF NG wU- “1‘02?fi JRGg yBzN
wIwRUwxUN OEBV oBAABUUL “1‘04?fi JgRyg wUFB GwTNF wyyBHAG
BO GgN yBHAG EwGN CEBxwxRURGL zNAFRGL OHAyGRBA “fZr?- kA]
URTN GgN VNGgBz BO jRVVNE Γ aBNARP “0884? JgRyg ywA BAUL
CEBzHyN swHFFRwAUL zRFGERxHGNz URPgGyHEINFfi GgRF VNGgBz ywA
CEBzHyN URPgGyHEINF JRGg wAL fZrfi RAyUHzRAP GgN gRPgUL ABA]
URANwE URPgGyHEINF FNNA RA GgN swVVw]EwL wAz jNl xwAzF-

jgN UNINU wAz zNGwRUNz FgwCN BO GgN yBA+zNAyN yBAGBHEF
zB ygwAPNfi GgBHPg BAUL INEL FURPgGUL “FNN FRVRUwE yBAyUHFRBA
RA qzNUFBA NG wU- “1‘06??fi zNCNAzRAP BA GgN VBzNU ygBFNA OBE
GgN n]EwL fiZ- tNEN JN HFNz GgN FGwAzwEz xNAzRAP CBJNE
UwJ VBzNU BO cbtwEzL NG wU- “1‘‘W? JRGg fBRFFBA ABRFN wAz
+KNz GgN UBJ OENDHNAyL fiZ FUBCN wG ]0- jgN fiZ zNERINz
gNEN OEBV GgN iJROG nhj BxFNEIwGRBAF RF FGRUU ABG INEL JNUU
yBAFGEwRANz xHG w gRPg OENDHNAyL FUBCN BO ]0-Ψ JwF VNwFHENzfi
FRVRUwE GB GgwG “]1-1? OBHAz xL iHVVBAF “1‘‘6? OEBV hnjq
wAz ncc]dNJGBA BxFNEIwGRBAF- tBJNINE NINA DHRGN UwEPN
ygwAPNF RA fiZ VBzNU zB ABG ygwAPN GgN yBA+zNAyN yBAGBHEF

PENwGUL- uA wUVBFG wUU GNFGF GgN CNwT BO GgN Zor ENwygNz w
FRPAR+ywAyN UNINU BO xNGJNNA −84 wAz 88 CNE yNAG-

ZorF OBE GgN ENUwGRBAFgRC xNGJNNA GgN klm1 xwAz wAz
GgN BGgNE klej xwAzF wUU FgBJ w FGEBAP CNwT ANwE MNEB UwP
JRGg INEL gRPg FRPAR+ywAyN “β 88,8 CNE yNAG yBA+zNAyN? wAz
wEN ABG FgBJA gNEN- jgN Zor zBNF ABG CEBIRzN w CwEGRyHUwEUL
wyyHEwGN VNwFHENVNAG BO GgN IwUHN BO GgN UwP wAz FB GgN UwP
VNwFHENVNAGF wEN zNERINz HFRAP BGgNE VNGgBzFfi xNUBJ-

W-1 n?EvL.Tl.eCGRyvU uAGNExvAM UvPF

�UU UwPF wEN VNwFHENz ENUwGRIN GB GgN klm1 xwAz wF
GgN klm1 xwAz CEBIRzNF GgN gRPgNFG FRPAR+ywAyN zN]
GNyGRBAF BO wAL BO GgN klej xwAzF- bwPFfi JRGg NE]
EBEFfi JNEN VNwFHENz xBGg HFRAP I�lpbuz “pH NG wU- 1‘00fi
1‘02?fi wF CENIRBHFUL zNVBAFGEwGNz xL igwCCNN NG wU- “1‘0W?:
fwAyBwFG NG wU- “1‘0W?: cbtwEzL NG wU- “1‘0W?fi wAz HFRAP GgN
/rUHK hwAzBVRMwGRBA.hwAzBV iHxFNG iNUNyGRBA= “rh.hii?
VNGgBz JRGg GgN RAGNECBUwGRBA yEBFF]yBEENUwGRBA OHAyGRBAfi
“uoorfi fNGNEFBA NG wU- 088Ψ?- jgN VNzRwA UwP IwUHNF CEB]
zHyNz xL I�lpbuz wEN HFHwUUL yUBFN GB GgN IwUHN CEBzHyNz
xL GgN rh.hii VNGgBz xHGfi wF ABGNz xL rwHFAwHPg NG wU-
“1‘0”?fi GgN HAyNEGwRAGRNF wEN HFHwUUL FVwUUNE-

jgN zRffiNENAyNF RA GgN HAyNEGwRAGRNF wERFN OEBV GgN zRffiNE]
NAG VNGgBzBUBPRNF NVCUBLNz- I�lpbuz zRENyGUL yBVCwENF
VwAL CENzRyGNz BHCHGfi BE =zERINA=fi URPgGyHEINF xwFNz BA BAN
RACHG =zERIRAP= URPgGyHEIN- jgN rh.hii VNGgBz CEBzHyNF
w zRFGERxHGRBA BO uoorF zNERINz OEBV zRffiNERAP FwVCURAP
BO GgN BxFNEINz zERINA wAz zERIRAP URPgGyHEINF- I�lpbuz
HFNF w zwVCNz EwAzBV JwUT “Zhm? GB RAGNECBUwGN JgNENwF
rh.hii HFNF URANwE RAGNECBUwGRBA- jgN Zhm gwF w fiZ
FUBCN BO ]1 wG gRPg OENDHNAyRNFfi FRVRUwE GB GgwG BxFNEINz RA
GgN n]EwL xwAz “iNyGRBA W?fi wAz w FUBCN BO MNEB wG UBJ OEN]
DHNAyRNF- jgN BxFNEINz UBJ OENDHNAyL fiZ FUBCN RF ]‘-Ψfi JRGg
w fiZ xNAz GRVNFywUN BO 2z “iHVVBAF 1‘‘6?- jgHF BA GgN
GRVNFywUNF BO GgN UwPF VNwFHENz gNENfi GgN Zhm RF w ENwFBA]
wxUN zNFyERCGRBA BO GgN n]EwL IwERwxRURGL- tBJNINE GgN xNFG
VNwFHENz BCGRywU �sd fiZ FUBCNFfi wF VNwFHENz OEBV aN]
CUNE BxFNEIwGRBAF “cHFgBGMTL NG wU- 1‘00?fi URN RA GgN EwAPN
]1-” GB ]2-2- �UGgBHPg GgNFN IwUHNF wEN FGNNCNE GgwA GgN ]1 BO
w FRVCUN Zhmfi GgN BHGCHG =zERINA= URPgGyHEIN RA I�lpbuz
RF +UGNENz xL yBAIBUHGRBA JRGg w GBC gwG OHAyGRBA wAz FBfi
BA GRVNFywUNF BO RAGNENFG GB GgN UwPFfi GgN fiZ BO GgN zERINA
URPgGyHEIN FgBHUz xN FGNNCNE GgwA ]1- mgNA yBVCwERAP BAN
kl.BCGRywU xwAz wPwRAFG wABGgNEfi gBJNINEfi GgN Zhm JRUU
ABG xN w CNEONyG zNFyERCGRBA BO GgN zERIRAP URPgGyHEIN- �UFBfi
GgN GBC]gwG FVBBGgRAP OHAyGRBA HFNz xL I�lpbuz RF ABG
wA NKwyG INEFRBA BO GgN ENFCBAFN OHAyGRBAF FgBJ RA rRP- 8-
jgN HAyNEGwRAGRNF FgBJA gNEN OBE xBGg VNGgBzF wEN FGwGRFGR]
ywU wAz zB ABG RAyUHzN wAL FLFGNVwGRy HAyNEGwRAGRNF wERFRAP
OEBV GgN zNIRwGRBA BO GgN CgLFRywU ENwURGL OEBV GgN wFFHVC]
GRBAF BO GgN VNGgBzF- � OHUU zRFyHFFRBA BO GgN ENUwGRIN VNERGF
BO GgN GJB VNGgBzF RF xNLBAz GgN FyBCN BO GgRF CwCNE wAz FB
gNEN JN CENFNAG ENFHUGF OEBV xBGg VNGgBzF-

jgN rh.hii VNGgBz CEBzHyNF GJB wUGNEAwGRIN UwP VNw]
FHENVNAGFfi xwFNz NRGgNE BA GgN zRFGERxHGRBA BO GgN IwUHNF BO
GgN yNAGEBRzF BO GgN RAzRIRzHwU uoorF “HFHwUUL VNwFHENz wG
Ψ‘ CNE yNAG BO GgN CNwT IwUHN?fi BE BA GgN zRFGERxHGRBA BO GgN
CNwT UwP IwUHNF- mRGg wFLVVNGERy uoorFfi GgNFN zRFGERxHGRBA
JRUU zRffiNE wAz CEBIRzN HF JRGg zRffiNENAG RAOBEVwGRBA- mgNEN
wA uoor wERFNF OEBV GgN FHV BO w AHVxNE BO yBAGERxHGRAP
UwPFfi GgN yNAGEBRz CEBIRzNF HF JRGg wA NFGRVwGN BO GgN wI]

cdh�i ...fi ‘‘‘-‘‘‘ ’‘‘‘‘(
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rgeF�b 59 bwP CEBxwxRURGL zRFGERxHGRBAF OEBV I�lpbuz OBE ’UNOG CwANU( klm1 ENUwGRIN GB GQN n]EwLFfi ’yNAGEN( klmˇ ENUwGRIN GB klm1
wAz ’ERPQG( l]xwAz ENUwGRIN GB klm1–
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rgeF�b 69 bwPF ENUwGRIN GB klm1 zNERINz OEBV GQN yNAGEBRzF BO
GQN zRFGERxHGRBA HFRAP GQN rh.hii VNGQBz fNGNEFBA NG wU– ’ˇ88Ψ(–
SQN GQRA URAN RF w CBJNE UwJ +G JRGQ RAzNK W.2 GB GQN VBzNU UwPF
’FQBJA wF FVwUU PENNA zBGF(– tNEN GQN VBzNU UwP RF GQN GRVN OBE
QwUO BO GQN URPQG GB xN ENyNRINz–

NEwPN UwP- jgN CNwT gRPgURPgGF GgN zBVRAwAG yBAGERxHGBE GB
GgN UwPF-

uA rRP- 6 JN FgBJ GgN UwPF VNwFHENzfi OEBV GgN yNAGEBRzF
BO GgN rh.hii UwP zRFGERxHGRBAF- mN zB ABG FgBJ GgN UwPF
zNERINz OEBV GgN CNwTF BO GgN rh.hii zRFGERxHGRBAF xHG JN
PRIN GgN IwUHNF RA jwxUN 1- uA rRP-Ψ JN FgBJ GgN UwPF VNw]
FHENz HFRAP I�lpbuz JgRyg wEN VBEN URTN GgN rh.hii CNwT
GgwA yNAGEBRz UwPF- jgN UwP zRFGERxHGRBAF xNGJNNA GgN klm1
wAz FgBEG JwINUNAPGg xwAzF “n]EwLfi klc1? wEN FLVNGERywUfi
xHG GwRUF GB UBAPNE UwPF wCCNwE RA GgN x wAz I xwAzF “rRP- ”?
RAzRywGRAP w CBFFRxUN FNyBAzwEL FBHEyN BO UwPF-

hNUwGRIN GB klm1fi GgN BGgNE kl wAz BCGRywU xwAz UwPF
wEN INEL FVwUU- mRGg wUU VNwFHENVNAG VNGgBzF JN FNN GgwG
GgN H]xwAz UwP FRPAR+ywAGUL NKyNNzF wAL RAGNECBUwGRBA xN]
GJNNA GgN UwPF RA xwAzF BA NRGgNE FRzN- �F RA dso 44WΨ
“qzNUFBA NG wU- 1‘04: rwHFAwHPg NG wU- 1‘0”?fi GgRF NKyNFF UwP
RF CEBxwxUL zHN GB w yBAGERxHGRBA OEBV GgN xEBwz URAN ENPRBA
wAz RF zRFyHFFNz RA zNGwRU xL owyTNGG NG wU- “1‘06?- jgN UwP
VNwFHENz xL I�lpbuz GB GgN klm0 xwAz RF wyGHwUUL ANP]
wGRINfi GgBHPg RF wUFB yBAFRFGNAG JRGg w FVwUU CBFRGRIN IwUHN-
fBFFRxUL GgNEN RF FBVN yBAGERxHGRBA OEBV ˙ouuufl OEBV GgN
Xbh GB GgN NVRFFRBA RA klm1 xHG ABG RA klm0-

0 1000 2000 3000 4000 5000

−0
.5

0

La
gs

 re
la

tiv
e 

to
 U

VW
2 

(d
ay

s)

Wavelength (Å)

rgeF�b 79 bwPF ENUwGRIN GB klm1 zNERINz HFRAP I�lpbuz
pH NG wU– ’1‘ˇˇfi 1‘ˇ2(– SQN GQRA URAN RF w CBJNE UwJ +G JRGQ RA]
zNK W.2 GB GQN VBzNU UwPF ’FQBJA wF FVwUU PENNA zBGF(– tNEN GQN
VBzNU UwP RF GQN GRVN OBE QwUO BO GQN URPQG GB xN ENyNRINz–

fwU Γ dwRT “1‘06?fi wUGgBHPg +AzRAP UwPF JgRyg RAyENwFN
JRGg JwINUNAPGgfi zB ABG BxGwRA GgN FwVN UwP IwUHNF wF GgBFN
PRINA gNEN- jgN VwRA zRffiNENAyN xNGJNNA BHE wAwULFNF RF GgwG
fwU Γ dwRT HFN 0-4]0‘ TNl wF GgNRE ENONENAyN xwAz wPwRAFG
JgRyg GB VNwFHEN UwPF RA wUU BGgNE xwAzFfi OEBV FBOG n]EwL GB
l]xwAzfi JgNENwF JN VNwFHEN wUU BGgNE klej xwAz UwPF ENUw]
GRIN GB klm1- �F JN FNN RA rRP- 0fi wAz wF FNNA RA wUU CENIRBHF
iJROG �sdVBARGBERAP ywVCwRPAFfi GgN klm1 URPgGyHEIN gwF
GgN gRPgNFG i.d BO wAL BO GgN klej xwAzF- �UFB GgN VwRA
ygwAPN RA GgN ygwEwyGNE BO GgN IwERwxRURGL RF xNGJNNA GgN n]
EwLF wAz klm1 JgNENwF GgN BGgNE klej xwAzF wEN DHRGN
FRVRUwE RA ygwEwyGNE GB klm1- jgHF GgN CNwT yBEENUwGRBA
FGENAPGg xNGJNNA GgN n]EwLF wAz klm1 RF − ‘,” “wF FgBJA
wUFB xL fwU Γ dwRT? JgNENwF GgN CNwT yBEENUwGRBA FGENAPGg
xNGJNNA klm1 wAz GgN BGgNE klej xwAzF RF PENwGNE GgwA
‘-8- jgHF UwP VNwFHENVNAGF xNGJNNA klm1 wAz GgN BGgNE
klej xwAzF gwIN VHyg FVwUUNE NEEBEF GgwA UwP VNwFHEN]
VNAGF xNGJNNA GgN gwEz n]EwL xwAz wAz GgN klej xwAzF-
mN wUFB +Az AB NIRzNAyN OBE UwPF xNGJNNA gwEz wAz FBOG n]
EwL xwAzF wAz FB JN VNwFHEN w UwP xNGJNNA klm1 wAz GgN
xEBwz ‘-4]0‘ TNl n]EwL xwAzfi JgRyg gwF gRPgNE i.d GgwA
SHFG GgN 0-4]0‘ TNl xwAz- jgHF JN xNURNIN GgwG GgN UwPF CEN]
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iuaTb 19 rHvE wAz bwPF ’zwLF( ENUwGRIN GB klm1 OEBV IwERBHF yBEENUwGRBA VNGQBzF–

XwAz rHvE I�lpbuz rh.hii fNwT rh.hii YNAGEBRz

‘–4]ˇ‘ TNl ‘–265 ×‘,65ˇ9+,+20
�+,+2+ ×‘,Wˇ1− ‘,ˇΨ5 ×‘,551− ‘,ˇW4

klm1 ‘–ˇ14 ] ] ]

klc1 ‘–ˇˇ‘ [‘,‘2Ψ9+,+26
�+,+14 [‘,‘46− ‘,‘Ψ2 [‘,‘58− ‘,‘Ψ5

klmˇ ‘–‘81 ×‘,‘ˇ29+,+2W
�+,+22 ×‘,‘ˇ2− ‘,‘6Ψ [‘,‘8W− ‘,ˇ‘8

k ‘–‘6‘ [‘,1649+,+W1
�+,+47 [‘,ˇΨ5− ‘,1ˇW [‘,2ˇ6− ‘,ˇ16

X ‘–‘2Ψ [‘,ˇ‘5+,02W
�+,+74 [‘,ˇ‘ˇ− ‘,1‘Ψ [‘,ˇ8ˇ− ‘,ˇ64

l ‘–‘1W [‘,ˇ68+,066
�+,006 [‘,11‘− ‘,4‘1 [‘,1W6− ‘,2Ψ5

rgeF�b 89 uVCHUFN ENFCBAFN OHAyGRBAFfi ABEVwURFNz GB GQN CNwTFfi
OBE wA wyyENGRBA zRFy FHEEBHAzRAP w iyQJwEMFyQRUz xUwyT QBUN BO GQN
VwFF BO dsY W482– uG RF wFFHVNz GQwG GQN zRFy ENwyQNF GB GQN UwFG
RAANEVBFG FGwxUN yREyHUwE BExRG– SQN n]EwL FBHEyN RF wFFHVNz GB xN
w CBRAG FBHEyN UBywGNz 5 Nr wxBIN GQN wKRF BO GQN xUwyT QBUN– SQN
ENFCBAFNF RAyENwFN RA UwP GQEBHPQ GQN kleS xwAzF OEBV klm1
GB l]xwAz–

FNAGNz gNEN wEN w VBEN wyyHEwGN VNwFHENVNAG BO GgN GEHN
UwPF GgwA GgBFN CENFNAGNz xL fwU Γ dwRT-

uA rRPF 6 wAz Ψ JN CUBG VBzNU UwPF BA GgN wFFHVC]
GRBA GgwG GgN IwERwxUN kl.BCGRywU NVRFFRBA RF CEBzHyNz xL
ENCEByNFFRAP BO n]EwL NVRFFRBA BA wA wyyENGRBA zRFy wF zN]
FyERxNz xL igwTHEw Γ iHALwNI “0862?- �F CENIRBHFUL “N-P-
cbtwEzL NG wU- 1‘0W?fi JN GwTNfi wF GgN VBzNU UwPfi GgN GRVN
OBE gwUO BO GgN ENCEByNFFNz URPgG GB xN ENyNRINz- mN ENONE
GB GgRF UwP wF GgN VNzRwA UwP- jgN ENFCBAFN OHAyGRBAF OBE
GgN IwERBHF klej xwAzF OEBV JgRyg GgN UwPF wEN zNERINz
wEN FgBJA RA rRP- 8- jgNEN wEN w AHVxNE BO wFFHVCGRBAF RA
GgN zNERIwGRBA BO GgN ENFCBAFN OHAyGRBAF wAz RA GgN ENFHUGwAG
UwP NFGRVwGRBA JgRyg wEN zRFyHFFNz xNUBJ “iNyGRBA 4?- tNEN
JN FRVCUL ABGN GgwGfi RO GgN VBzNU UwPF wEN VNwFHENz ENUw]
GRIN GB GgN klm1 xwAzfi GgNA GgN BGgNE BxFNEINz kl wAz
BCGRywU UwPF wPENN ENwFBAwxUL JRGg GgN VBzNU- jgRF yBAyUH]
FRBA zRffiNEF FURPgGUL OEBV BHE yBAyUHFRBA ENPwEzRAP GgN UwPF RA
dso 44WΨ “cbtwEzL NG wU- 1‘0W? JgNENfi OBE GgN UwP BO GgN
klm1 xwAz xL GgN l]xwAzfi JN FGwGNz GgwG GgN BxFNEINz
UwPF JNEN w OwyGBE BO 1-14 UwEPNE GgwA GgN VBzNU- jgNEN RF
w FURPgG ywINwG GgwG GgN OBEGEwA yBzN JgRyg CEBzHyNz GgN
VBzNU UwPF RA cbtwEzL NG wU- “1‘0W? RF AB UBAPNE BCNEwGRBAwU
FB wA NAGRENUL ANJ CLGgBA yBzN JwF JERGGNA JgRyg RAGNPEwGNF
GgN yBAGERxHGRBAF OEBV GgN zRffiNENAG FNyGRBAF BO GgN zRFy RA
w zRffiNENAG JwL- jgN ANJ yBzN CEBzHyNF ENFCBAFN OHAyGRBAF

JgRyg wEN INEL FRVRUwE GB GgN BERPRAwU yBzN xHG GgN VNzRwA
UwP GRVN RF − 04 ∝ 1‘ CNE yNAG UBAPNE- sRINA GgN yBVCUNGN
RAzNCNAzNAyN BO GgN GJB yBzNF RG RF NAyBHEwPRAP GgwG GgNL
xBGg CEBzHyN INEL FRVRUwE ENFHUGF- tBJNINEfi JRGg GgN CENFNAG
yBzNfi JN JBHUz gwIN FwRz GgwG GgN BxFNEINz klm1]l xwAz
UwP RA dso 44WΨ PRINA RA cbtwEzL NG wU- “1‘0W? JwF − 0,8�
UBAPNE GgwA GgN VBzNU- mN yBVCwEN GgN klm1]l xwAz UwPF
xNGJNNA zRffiNENAG �sd RA iNyGRBA 6-

rBE NRGgNE yBzNfi JgNA JN NKGEwCBUwGN GgN VBzNU xwyT GB
GgN n]EwL JwINxwAzfi GgN BxFNEINz klm1 NVRFFRBA UwPF GgN
n]EwLF xL VHyg VBEN “OwyGBE − ”? GgwA NKCNyGNz OEBV GgN
VBzNU- jgHF wUGgBHPg GgN UwPF JRGgRA GgN kl wAz BCGRywU
xwAzF wEN DHRGN yBAFRFGNAG JRGg ENCEByNFFRAP BO OwE]kl NVRF]
FRBA xL wA wyyENGRBA zRFyfi wF CEBCBFNz xL swEzANE Γ ZBAN
“1‘0”?fi w FRVCUN UwVC]CBFG CBRAG n]EwL FBHEyN zRENyGUL RUUH]
VRAwGRAP BAUL w FHEEBHAzRAP wyyENGRBA zRFy ywAABG NKCUwRA
GgN yBVCUNGN FCNyGEHV BO VHUGRxwAz UwPF OEBV n]EwL GB l]
xwAz- fBFFRxUN NKCUwAwGRBAF wEN zRFyHFFNz xNUBJ “iNyGRBAF 4
wAz ”?-

W-2 Tl?BCGRyvU iCNyGEvU lvERvxRURGL

jgN URPgGyHEINF FgBJA RA rRP- 0fi wAz GgN OEwyGRBAwU IwER]
wAyNF URFGNz RA jwxUN 1fi FgBJ PENwGNE IwERwxRURGL wG FgBEGNE
klej JwINUNAPGgF- uF GgRF zRffiNENAyN w EN˚NyGRBA BO yBVCUNK
˚HK]ENUwGNz FCNyGEwU IwERwxRURGL BE FRVCUL yBAGwVRAwGRBA xL
w PwUwKL yBVCBANAG( mN ywA RAINFGRPwGN GgN BERPRA BO GgN
IwERwxRURGL HFRAP ˚HK]˚HK wAwULFRFfi FRVRUwE GB GgwG NVCUBLNz
wxBIN GB RAINFGRPwGN n]EwL FCNyGEwU IwERwxRURGL-

tNEN JN +G GgN ˚HKNF “gNEN HFRAP q/ RA VvL? wF w OHAy]
GRBA BO GRVNfi RA Nwyg klej xwAzfi RN q/“/χ F?fi wF

q/“/χ F? & �/“/? [h/“/?A“F? “0?

JgNEN �/“/? RF w yBAFGwAG yBVCBANAGfi ENCENFNAGRAP GgN VNwA
FCNyGEHVfi h/“/? RF GgN EVF FCNyGEHV wAz A“F? RF w zRVNA]
FRBAUNFF URPgGyHEIN FHyg GgwG τ A β& ‘ wAz τ A1 β& 0- uA
rRP- 0‘ JN CUBG q/“/χ F? wPwRAFG A“F? OBE Nwyg BO GgN klej
xwAzF- � yUNwE URANwE ENFCBAFN RF FNNA RA wUU ywFNFfi GBPNGgNE
JRGg zRffiNENAG yBAFGwAG BffiFNGF- jgRF URANwE ENFCBAFN FgBJFfi
wF RA GgN NwEURNE n]EwL ˚HK]˚HK wAwULFRFfi GgwG Nwyg HIBG xwAz
RF JNUU zNFyERxNz xL w yBVxRAwGRBA BO w IwERwxUN yBVCBANAG
JgBFN FCNyGEHV zBNF ABG ygwAPN JRGg UHVRABFRGLfi wAz w yBA]
FGwAG yBVCBANAG- jgN =xUHNE JgNA xERPgGNE= IwERwGRBAF GgwG
wEN wCCwENAG RA GgN EwJ URPgGyHEINF wEN GgHF CHENUL w ENFHUG
BO zRUHGRBA BO w xUHNE IwERwxUN yBVCBANAG “OEBV GgN wyyEN]
GRBA zRFy? wAz w ENzzNE yBVCBANAG “OEBV GgN gBFG PwUwKL?-
fwU Γ dwRT “1‘06? CENFNAG CUBGF BO GgN EwJ klej yBHAG
EwGNF wPwRAFG GgN 0-4]0‘ TNl yBHAG EwGNfi FgBJRAP wCCEBKR]
VwGN yBEENUwGRBAF JRGg w PBBz zNwU BO FywGGNE- jgNL zB ABG
wGGNVCG wAL FCNyGEwU VBzNUURAP-
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rgeF�b 0.9 X/’/χ F( IF– �’F(fi wF zN+ANz RA NDHwGRBA ˇfi OBE NwyQ
BO GQN kleS xwAzF–

jgN FUBCNF BO q/“/χ F? IF A“F? PRIN h/ fi GgN FCNyGEHV BO
GgN IwERwxUN yBVCBANAG- jgRF EVF FCNyGEHVfi JRGg HCCNE wAz
UBJNE URVRGF zNERINz OEBV GgN FUBCN HAyNEGwRAGRNFfi RF FgBJ RA
rRP- 00- �UFB FgBJA “VwK]VRA? RF GgN FCNyGEwU FgwCN zNERINz
OEBV GgN zRffiNENAyN xNGJNNA GgN VwKRVHV wAz VRARVHV
BxFNEINz klej ˚HKNF- �G A“F? & ∝6,2fi GgN NKGEwCBUwGNz
klm1 ˚HK RF MNEBfi JgRyg CEBIRzNF w UBJNE URVRG BA GgN yBA]
GERxHGRBA BO GgN gBFG PwUwKL- jBPNGgNE JRGg GgN ˚HKNF BO wUU
GgN BGgNE klej xwAzF NKGEwCBUwGNz GB A“F? & ∝6,2 JN ywA
zNERIN GgN FCNyGEHV BO GgRF yBAGERxHGRBAfi FgBJA xL xUHN FGwEF
“=wIP=? RA rRP- 00- uA rRP- 00 JN ywA RAzNNz FNN GgwG GgN IwER]
wxUN “zRFy? yBVCBANAG RF xUHN wAz GgN yBAFGwAG “gBFG PwUwKL?
yBVCBANAG RF ENz-

4 Yecf�huied muSt iucfbD �YYhDSued
puiY cepDb

jB CEBzHyN GgN RVCHUFN ENFCBAFN OHAyGRBAF FgBJA RA
rRP- 8 JN wFFHVNz wA wyyENGRBA zRFy wF zNFyERxNz xL
igwTHEw Γ iHALwNI “0862?fi FHEEBHAz w xUwyT gBUN JRGg GgN
VwFF wAz wyyENGRBA EwGN BO dso W482 wF URFGNz RA jwxUN 2-
mN wFFHVN wA RAyURAwGRBA BO W4−- jgN ygBRyN BO RAyURAwGRBA
zBNF ABG gwIN GBB PENwG wA NffiNyG BA GgN VNzRwA wEERIwU GRVN
BO ENCEByNFFNz URPgG xHG RG gwF w INEL UwEPN NffiNyG BA GgN GRVN
BO GgN CNwT BO GgN ENFCBAFN- rBE wA RAyURAwGRBA BO W4−fi GgN
CNwT BO GgN ENFCBAFN RF w OwyGBE BO − 2 FVwUUNE GgwA GgN
VNzRwA UwP-

mN wFFHVN w iygJwEMFygRUz xUwyT gBUN JRGg wA RAANE
zRFy EwzRHF BO ” hr- jgN NKwyG IwUHN BO GgN BHGNE zRFy Ew]
zRHFfi wFFHVRAP RG RF PENwGNE GgwA w ONJ gHAzENz hrfi zBNF
ABG VwGGNE VHyg- rBE w aNEE xUwyT gBUN JRGg GgN zRFy wPwRA
ENwygRAP GB GgN RAANEVBFG FGwxUN BExRGfi GgN VNzRwA UwP zN]
yENwFNF xL wUVBFG w OwyGBE 1- jgHFfi RO wUU BGgNE zRFy CwEwVN]
GNEF JNEN JNUU zN+ANzfi UwP VNwFHENVNAG yBHUzfi RA CERAyRCUNfi
CEBIRzN wABGgNE VNGgBz BO xUwyT gBUN FCRA VNwFHENVNAGfi BE
wG UNwFG BO RAANE zRFy EwzRHF VNwFHENVNAG- mN wFFHVN RUUH]
VRAwGRBA xL w CBRAG n]EwL FBHEyN UBywGNz ” hr wxBIN GgN

rgeF�b 009 SQN UBJNE yHEINfi UwxNUUNz =EVF=fi RF GQN EVF FCNyGEHV
BO GQN IwERwxUN HIBG yBVCBANAGfi N/’/(fi wF zN+ANz RA NDHwGRBA ˇ
wAz zNERINz OEBV GQN FUBCNF BO GQN CUBGF FQBJA RA rRP– ˇ‘– SQN HA]
yNEGwRAGRNF wEN zNERINz OEBV GQN HAyNEGwRAGRNF BA GQN FUBCNF– SQN
VRzzUN yHEINfi UwxNUUNz =VwK]VRA=fi ENCENFNAGF GQN zR3NENAyN xN]
GJNNA GQN VwKRVHV wAz VRARVHV BxFNEINz kleS ,HKNF– SQN
HCCNE yHEINfi UwxNUUNz =wIP= RF GQN UBJNE URVRG BA GQN yBAFGwAG QBFG
PwUwKL yBVCBANAG BO GQN kleS ,HKNFfi zNERINz OEBV GQN RAGNE]
yNCGF BO GQN yHEINF FQBJA RA rRP– ˇ‘ wG GQN CBRAG JQNEN GQN klm1
,HK RF MNEB–

wKRF BO GgN xUwyT gBUN- mN GwTN GgN RUUHVRAwGRAP UHVRABFRGL
OEBV GgN iJROG X�j BxFNEIwGRBAFfi NKGEwCBUwGRAP GB ‘-0]084
TNl “jwxUN 2?- jgN wUxNzB RF ABG JNUU TABJA- uG RF CEBxwxUL
gRPg ANwE GgN RAANE NzPN BO GgN zRFy JgNEN GgN FHEOwyN BO GgN
zRFy VwL xN RBARFNzfi xHG VwL xN UBJNE OHEGgNE BHG- tNEN JN
wFFHVN wA wUxNzB BO ‘-Ψ xHG wFFHVRAP wA wUxNzB BO ‘-1 BAUL
RAyENwFNF GgN VNzRwA UwP xL 8 CNE yNAG-

mN wUFB yBAFRzNE BAUL GgN IwERwxUN yBVCBANAG BO GgN
kl.BCGRywU NVRFFRBAfi CEBzHyNz xL ENCEByNFFRAP BO gRPg NA]
NEPL NVRFFRBAfi EwGgNE GgwA GgN GBGwU NVRFFRBA OEBV GgN zRFy
JgRyg JBHUz RAyUHzN NVRFFRBA CEBzHyNz xL zRFFRCwGRBA BO
PEwIRGwGRBAwU CBGNAGRwU NANEPL OEBV wyyENGRAP VwGNERwU- �F
GgN RUUHVRAwGRAP gRPg NANEPL NVRFFRBA gNwGF GgN zRFyfi GgN EN]
CEByNFFNz IwERwxUN NVRFFRBA RF wFFByRwGNz JRGg UwEPNE EwzRR
GgwA GgN FwVN JwINUNAPGg BO NVRFFRBA OEBV GgN DHRNFyNAG
zRFy-

jB zNGNEVRAN gBJ JN FgBHUz GEwAFUwGN GgN ENFCBAFN
OHAyGRBAF RAGB CENzRyGNz VBzNU UwPF JN FRVHUwGNz w klm1
URPgGyHEIN JRGg GgN BxFNEINz n]EwL URPgGyHEIN wF RACHG- kF]
RAP GgN rh.hii VNGgBz GgN VNwFHENz UwP HFRAP GgN yNA]
GEBRzF BO GgN yBEENUwGRBA OHAyGRBAF JwF ‘,020 ∼ ‘,‘1W wAz
GgN UwP HFRAP GgN CNwTF BO GgN yBEENUwGRBA OHAyGRBAF JwF
‘,‘6”∼ ‘,‘2- jgN VBzNU VNzRwA UwP OEBV GgN ENFCBAFN OHAy]
GRBAF RF ‘-‘8”fi JgRyg yBEENFCBAzF ENwFBAwxUL GB GgN VNwFHENz
UwPF- jgN wEERIwU GRVN BO GgN CNwT BO GgN ENFCBAFN OHAyGRBA RF
GLCRywUUL BAN GgREz BO GgN VNzRwA UwP wAz FB RF VHyg FgBEGNE
GgwA GgN VNwFHENz UwP- mN GgNENOBEN GwTN GgN VNzRwA UwP BO
GgN ENFCBAFN OHAyGRBAF wF BHE VBzNU UwP-
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4-/ YBVCvERFBA BO BxFNEINM vAM VBMNU Tlm1
URPgGyHEINF8 SRVNFyvUN MNCNAMNAyN BO UvPF

kFRAP BHE zRFy VBzNUfi JRGg CwEwVNGNEF PRINA wxBINfi JN ywA
FRVHUwGN GgN NKCNyGNz klm1 URPgGyHEINfi wFFHVRAP RUUHVR]
AwGRBA BO GgN zRFy xL GgN BxFNEINz n]EwL URPgGyHEIN- jgN
ENFHUGRAP VBzNU klm1 URPgGyHEIN wAz GgN BxFNEINz klm1
URPgGyHEIN wEN FgBJA RA rRP- 01- rUHKNF wEN ABG LNG RAyUHzNz
CENyRFNUL RA GgN FRVHUwGRBA yBzN wAz FB GgN VBzNU URPgGyHEIN
gwF xNNA wExRGEwERUL ABEVwURFNz GB GgN FwVN VNwA wF GgN
BxFNEINz URPgGyHEIN- � /DHRNFyNAG= UNINU BO 0 VSLfi JgRyg RF
− ‘,1VvL xNUBJ GgN UBJNFG BxFNEINz klm1 ˚HK JwF EN]
VBINz OEBV GgN klm1 URPgGyHEIN GB gRPgURPgG SHFG GgN IwER]
wxUN yBVCBANAG-

jgN BINEwUU FgwCNF BO GgN GJB URPgGyHEINF wEN FRVR]
UwEfi JRGg wUU BO GgN UwEPN IwERwGRBAF RA GgN CENzRyGNz VBzNU
URPgGyHEIN gwIRAP yBHAGNECwEGF RA GgN BxFNEINz URPgGyHEINfi
GgBHPg GgN IwERwGRBAF ENUwGRIN GB GgN VNwA UNINU wEN UwEPNE RA
GgN VBzNU URPgGyHEIN- �F gwF xNNA ABGNz xL w AHVxNE BO CEN]
IRBHF wHGgBEF “N-P- XNETUNL NG wU- 1‘‘‘: �E%NIwUB NG wU- 1‘‘Ψ?fi
GgNA OBE w UwVC CBFG n]EwL VBzNUfi RG RF ANyNFFwEL GB gwIN w
UwEPN n]EwL FBHEyN gNRPgG “− 0‘‘ hr? wAz w FRVRUwEUL UwEPN
RAANE zRFy EwzRHF RO GgN wVCURGHzN wAz zNPENN BO FVBBGgANFF
BO GgN BxFNEINz kl IwERwxRURGL wEN GB xN ENCEBzHyNzfi wFFHV]
RAP GgwG wUU BO GgN ENCEByNFFRAP RF ywEERNz BHG BA wA wyyENGRBA
zRFy- mN yBA+EV GgwGfi RO wUU BO GgN BxFNEINz klm1 IwERwxRU]
RGL RF GB xN CEBzHyNz xL ENCEByNFFRAP BO n]EwLF xL SHFG wA
wyyENGRBA zRFyfi GgNA FBVN xUHEERAP VNygwARFV FHyg wF w UwEPN
n]EwL FBHEyN gNRPgG BE FywGGNERAP GgEBHPg GgN RAANE NzPN BO
GgN wyyENGRBA zRFy “swEzANE Γ ZBAN 1‘0”? JBHUz xN ANNzNz
GB ENCEBzHyN GgN BxFNEINz klm1 wVCURGHzN BO IwERwxRURGL-

jgNEN wEN zRffiNENAyNF xNGJNNA GgN BxFNEINz wAz VBzNU
URPgGyHEINF RA GgN UBAP GNEV IwERwGRBAFfi NP JRGg GgN VBzNU
URPgGyHEIN ERFRAP RA GgN UwFG 4 zwLF BO GgN BxFNEIwGRBAF
JgNENwF GgN BxFNEINz URPgGyHEIN yBAGRAHNF GgN zNyENwFN GgwG
gwF xNNA PBRAP BA OBE GgN CENIRBHF − 04 zwLF- �UGgBHPg
GgN CNwTF wCCNwE GB URAN HC ENwFBAwxUL JNUUfi I�lpbuz
PRINF w UwP BO GgN VBzNU klm1 xL GgN BxFNEINz klm1
BO ‘,”1 ∼ ‘,‘2zfi JgRyg RF FRVRUwE GB GgN UwP BO GgN BxFNEINz
n]EwLF xL GgN BxFNEINz klm1- jgN rh.hii VNGgBz PRINF
w FRVRUwE UwP OBE GgN zRFGERxHGRBA BO GgN yNAGEBRzF BO GgN yBE]
ENUwGRBA OHAyGRBAF BO ‘,44 ∼ ‘,0‘zfi wUGgBHPg w FgBEGNE UwP
“‘,1Ψ ∼ ‘,01z? OBE GgN zRFGERxHGRBA BO GgN CNwTF BO GgN yBE]
ENUwGRBA OHAyGRBAF- jgN VNwA CNwT yBEENUwGRBA yBN3yRNAG RF
‘-6W-

uO JN ENVBIN GgN VNwA UNINU zNERINz OEBV FVBBGgRAP
JRGg w xBKywEfi GgN FRVRUwERGL xNGJNNA GgN ENVwRARAP Bx]
FNEINz wAz VBzNU URPgGyHEINF RAyENwFNFfi NP RA rRP- 02 JgNEN
w xBKywE BO JRzGg 4z gwF xNNA HFNz- � FRVRUwE ENUwGRBAFgRC
xNGJNNA GgN n]EwL wAz klm1 URPgGyHEINF JwF wUFB FNNA
RA dso 44WΨ wOGNE UBAP GRVNFywUN IwERwGRBAF gwz xNNA EN]
VBINz “rRP-4 BO cbtwEzL NG wU- “1‘0W??- jgN FRVRUwERGL xN]
GJNNA GgN BxFNEINz wAz VBzNU URPgGyHEINF RAzRywGNF w FGEBAP
ywHFwU ENUwGRBAFgRCfi wF OwE wF GgN FgBEG GRVNFywUN IwERwxRU]
RGL RF yBAyNEANzfi xNGJNNA GgN zERIRAP n]EwL URPgGyHEIN wAz
GgN BxFNEINz klm1 URPgGyHEIN- rBE GgN URPgGyHEINF FgBJA RA
rRP- 02 GgN UwP zNERINz xL I�lpbuz RF ‘,1‘∼‘,‘2z wAz GgN
rh.hii VNwA yNAGEBRz UwP RF GB ‘,02 ∼ ‘,‘4z- jgN UwPF zN]
yENwFN wF GgN xBKywE JRzGg RF ENzHyNz- mRGg zwGw BO INEL
gRPg GRVN ENFBUHGRBA wAz JRGg INEL FgBEG wHGByBEENUwGRBA
GRVNFywUNF RG VRPgG xN CBFFRxUN GB zRFGRAPHRFg FNCwEwGN CNwTF
RA yEBFFyBEENUwGRBA OHAyGRBAF- tBJNINEfi JRGg VBFG ENwU zwGwfi
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rgeF�b 019 exFNEINz klm1 URPQGyHEIN ’xUwyT( JRGQ VBzNU
klm1 URPQGyHEIN ’ENz( xwFNz BA w FRVCUN zRFy ENCEByNFFRAP– SQN
ABEVwURFwGRBA BO GQN FRVHUwGNz URPQGyHEIN RF wExRGEwEL– SQN MNEB
CBRAG RF GQN FGwEG BO GQN RAGNAFRIN VBARGBERAP CNERBz–

RAyUHzRAP GgN CENFNAG zwGwfi GgN CNwTF wEN xUHEENz GBPNGgNE
wAz FB GgN NffiNyG BO wzzRAP w UBAP GRVNFywUN UwP GB w FgBEG
GRVNFywUN UwP RF wyGHwUUL GB CEBzHyN w yBEENUwGRBA OHAyGRBA
JRGg wA RAGNEVNzRwGN UwP-

jgNFN ENFHUGF FgBJ GgwG GgNEN wEN UBAPNE GRVNFywUN IwER]
wGRBAF RA GgN BxFNEINz klm1 URPgGyHEIN JgRyg wEN ABG EN]
CEBzHyNz xL VBzNUURAP xL wA wyyENGRBA zRFy- tBJNINE GgN
FgBEG GRVNFywUN “τ 4z? IwERwGRBAF ywAfi wG UNwFG GB +EFG BEzNEfi
xN ENCEBzHyNz xL ENCEByNFFRAP BO GgN n]EwLFfi BE xL FBVN
BGgNE gRPg NANEPL NVRFFRBA JRGg FRVRUwE IwERwxRURGL CEBCNE]
GRNF GB GgN n]EwLFfi xL wA wyyENGRBA zRFy- jgNEN RF FGRUU FBVN
wzzRGRBAwU UwP BO GgN BxFNEINz klm1 BINE wAz wxBIN GgwG
NKCNyGNz OEBV ENCEByNFFRAPfi xHG RG RF FVwUUfi wAz zNyENwFNF wF
UBJNE OENDHNAyL IwERwGRBAF wEN +UGNENz BHG- mN ABGN GgwG GgN
BxFNEINz UwP BO GgN HA+UGNENz n]EwLF xL klm1 RF − ‘,””z-
jgRF UwP RF VHyg UBAPNE GgwA VRPgG xN NKCUwRANz xL wA n]
EwL FBHEyN BO FRMN − 0‘‘ hr BE w FRVRUwEUL UwEPN RAANE zRFy
EwzRHF wFfi OBE dso W482fi − 0‘‘ hr yBEENFCBAzF GB ‘-‘Wz-

uO GgN RA˚wGNz RAANE NzPN BO GgN wyyENGRBA zRFy wyGF wF
w FywGGNENE OBE GgN gwEz n]EwLFfi wzzRAP wA wzzRGRBA UwP wF
RA GgN VBzNU BO swEzANE Γ ZBAN “1‘06?fi GgN OwyG GgwG GgN
n]EwL GB klm1 UwP xNyBVNF FVwUUNE wF JN ENVBIN UBAP
GRVNFywUN IwERwGRBAF VwL RAzRywGN w FGEwGR+Nz FywGGNENE- jgHF
n]EwLF JgRyg FywGGNE OEBV GgN GBC BO GgN RA˚wGNz RAANE zRFy
VwL BAUL HAzNEPB w FVwUU AHVxNE BO FywGGNERAPF- jgNL JBHUz
GgNENOBEN ABG FHffiNE w UwEPN wzzRGRBAwU zNUwL xNLBAz GgN URPgG
GEwINU GRVN NKCNyGNz OEBV zRENyG RUUHVRAwGRBA BO GgN BHGNE
zRFy- iRVRUwEUL GgN ENCEByNFFNz FRPAwU RA GgN klej xwAzF
FgBHUz ABG xN PENwGUL xUHEENz- tBJNINE n]EwLF JgRyg GEwINU
GgEBHPg w PENwGNE CwGg UNAPGg BO FywGGNENEfi wUBAP GgN VRz
CUwAN BO GgN zRFyfi JRUU FHffiNE UBAPNE zNUwLF wAz JRUU wUFB EN]
FHUG RA w VBEN xUHEENz ENCEByNFFRAP FRPAwU- uA GgRF VBzNU GgN
GBGwU klej URPgGyHEINF FgBHUz xN w FHV BO wUU BO GgN ENCEB]
yNFFNz yBAGERxHGRBAF-

4-1 DANEPNGRyF

mN ywA VwTN w EBHPg zNGNEVRAwGRBA BO JgNGgNE GgN n]EwLF
yBHUz xN zRENyGUL CBJNERAP GgN kl.BCGRywU IwERwGRBAF xL
yBVCwERAP GgN n]EwL UHVRABFRGL gRGGRAP GgN zRFyfi OBE IwE]
RBHF FBHEyN PNBVNGERNFfi wAz GgN UHVRABFRGL RA GgN IwELRAP
“ABG GgN FGNwzL? yBVCBANAG BO GgN kl.BCGRywU ˚HKNF- jgN
X�j 6‘ VBAGg FHEINL PRINF wA wINEwPN 0W]084 TNl UHVR]

cdh�i ...fi ‘‘‘-‘‘‘ ’‘‘‘‘(
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rgeF�b 029 SQN VBzNU ’HCCNE CwANU( wAz BxFNEINz ’UBJNE CwANU(
klm1 URPQGyHEINF OEBV rRP– ˇ1 OBUUBJRAP FHxGEwyGRBA BO GQN VNwA
UNINU zNERINz OEBV FVBBGQRAP JRGQ w 4z JRzN xBKywE–
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rgeF�b 0l9 XEBwz xwAz λX ’λ( iqZ BO dsY W482fi RAyUHzRAP GQN
IwERwxUN kleS yBVCBANAGFfi +GGNz GB GQN FwVN VBzNU wF RA rRP– 1fi
GBPNGQNE JRGQ w zRFT xUwyT xBzL RA GQN kleS xwAzF–

ABFRGL BO 0,4Ψ� 0‘W2 NEPF F�0- qKGEwCBUwGRAP GB ‘-0]084 TNl
JRGg ´ & 0,64 PRINF 2 � 0‘W2 NEPF F�0 JgRyg JN GwTN wF
wA wCCEBKRVwGN NFGRVwGN BO GgN GBGwU n]EwL UHVRABFRGL- �F
GgN UBJNFG BxFNEINz n]EwL yBHAG EwGNF wEN wUVBFG MNEBfi JN
wFFHVN GgwG wUU BO GgN n]EwL NVRFFRBA yBVNF OEBV GgN yNA]
GEwU IwELRAP yBVCwyG FBHEyN wAz GgwG GgNEN RF AB FRPAR+ywAG
DHRNFyNAG yBVCBANAG-

jB NFGRVwGN GgN GBGwU IwELRAP UHVRABFRGL BINE GgN klej
xwAzF JN gwIN +GGNz VBzNUF RA aroNL GB GgN zwGw FgBJA RA
rRP- 00- jgN VBzNUF wEN ABG JNUU yBAFGEwRANz xHG GgN GBGwU
˚HKfi − 0,0” � 0‘�00 NEPF yV�1 F�0 BINE GgN EwAPN yBINENz
xL GgN klej “− 0Ψ4‘ ∝ 44‘‘,�?fi zBNF ABG IwEL xL VBEN
GgwA 0‘; xNGJNNA VBzNUF PRIRAPfi OBE w zRFGwAyN BO 24 cCyfi
w UHVRABFRGL BO − 0,6 � 0‘W1 NEPF F�0-

jB NFGRVwGN GgN FBURz wAPUN FHxGNAzNz wG GgN n]EwL
FBHEyN xL GgN kl.BCGRywU NVRGGRAP ENPRBAF BO GgN zRFyfi JN
NFGRVwGNfi OEBV rRP- 8fi GgwG GgN xHUT BO GgN kl wAz BCGRywU
NVRFFRBA zNGNyGNz xL GgN klej yBVNF OEBV xNGJNNA EwzRR
BO 0‘]2‘‘ hr “0 hr & 2ΨF?- rBE wA n]EwL CBRAG FBHEyN wG
w gNRPgGfi t fi BO ” hrfi GgRF EwAPN BO GgN zRFy FHxGNAzF 2-11
FEfi RN w yBINERAP OEwyGRBA BO ‘-146 “BE ‘-2W” OBE t & 0‘ hr?-
oBAFNEIwGRINUL GwTRAP GgN UBJNE +PHEN PRINF wA n]EwL UHVR]
ABFRGL BO 6,6� 0‘W1 NEPF F�0 RVCwyGRAP GgN klej]NVRGGRAP
CwEG BO GgN zRFyfi RN wxBHG W,4� GgN BxFNEINz klej UHVR]
ABFRGL- jgHF NINA JRGg w zRFy wUxNzB BO − Ψ‘ CNE yNAGfi GgNEN

JBHUz xN FH3yRNAG n]EwL RUUHVRAwGRBA GB CBJNE GgN BxFNEINz
kl.BCGRywU NVRFFRBA-

�F wA wUGNEAwGRIN JwL BO zNVBAFGEwGRAP GgN NANEPNGRyF
JN FgBJfi RA rRP- 0W GgN xEBwz xwAz iqZ- jgN NKwyG VBzNU
+G RA GgN klej xwAzF RF ABG RVCBEGwAG xHG JN ywA FNN GgwG
GgN GBGwU UHVRABFRGL RA GgN klej xwAzF zBNF ABG NKyNNz
GgwG RA BAN zNywzN BO GgN n]EwL FCNyGEHV-

jgNEN wENfi BO yBHEFNfi w AHVxNE BO HAyNEGwRAGRNF RA GgRF
ywUyHUwGRBAfi NP GgN wUxNzBfi GgN n]EwL FBHEyN FRMNfi GgN RUUHVR]
AwGRAP n]EwL NANEPL xwAz wAz GgN RAANE EwzRHF BO GgN NVRF]
FRBA ENPRBA “GgN BHGNE RF ENUwGRINUL HARVCBEGwAG?- mN VwL
wUFB JRFg GB yBAFRzNE GgN NVRFFRBA wG FgBEGNE JwINUNAPGgF
GgwA klm1fi xHG GgNA JN JBHUz gwIN GB wUFB zNyENwFN GgN
RAANE EwzRHF JgRyg JBHUz RAyENwFN GgN FBURz wAPUN- tNEN JN
GgNENOBEN yBAyUHzN GgwGfi wG UNwFG GB +EFG BEzNEfi GgNEN RF FHO]
+yRNAG n]EwL UHVRABFRGL GB CBJNE GgN BxFNEINz kl.BCGRywU
IwERwGRBAF-

jgN wxBIN wyyENGRBA zRFy VBzNUURAP RF DHRGN xwFRyfi xHG
FNEINF GB FgBJ GgwG wUGgBHPg ENCEByNFFRAP xL wA wyyEN]
GRBA zRFy ywA ENCEBzHyN w PBBz zNwU BO GgN FgBEG GRVNFywUN
kl IwERwxRURGLfi GgNEN wEN IwERwGRBAF BA UBAPNE GRVNFywUNFfi
JRGg UwEPNE UwPFfi JgRyg ywAABG xN NKCUwRANz xL ENCEByNFFRAP
CHENUL xL wA wyyENGRBA zRFy- jB NKCUwRA wUU BO GgN kl.BCGRywU
IwERwGRBAF xL ENCEByNFFRAP BO n]EwLFfi JN GgNENOBEN ENDHREN
VBEN GgwA SHFG wA wyyENGRBA zRFy wF GgN ENCEByNFFBE- XNUBJ
JN CEBIRzN VBEN FBCgRFGRywGNz VBzNUURAP GB zNERIN GgN EN]
CEByNFFRAP OHAyGRBAF ANNzNz GB ENCEBzHyN wUU IwERwGRBAF-

5 cDcDYte cepDbbuds er n?h�oi
phuluds StD Tl �dp efSuY�b
l�hu�Suedi

lRFHwU RAFCNyGRBA BO GgN URPgGyHEINF wAz yEBFF]yBEENUwGRBA
wAwULFRF RAzRywGNF GgwG w CgLFRywU ENUwGRBAFgRC NKRFGF xNGJNNA
GgN n]EwL IwERwGRBAF wAz GgN kl.BCGRywU IwERwGRBAF- uA BE]
zNE GB GNFG GgN ENwURGL BO GgRF ENUwGRBAFgRCfi wAz GB RAONE zN]
UwL zRFGERxHGRBAF EwGgNE GgwA SHFG VNwA UwPF OBE Nwyg BO GgN
kl.BCGRywU URPgGyHEINFfi JN gNEN +G GgN URPgGyHEINF RA zNGwRUfi
HAzNE GgN wFFHVCGRBA GgwG GgN n]EwL IwERwGRBAF wEN zERIRAP
GRVN]zNUwLNz ENFCBAFNF RA BGgNE xwAzF-

mN NVCUBLNz GgN VwKRVHV NAGEBCL +GGRAP yBzN
cqcqygB “tBEAN 088W: tBEAN NG wU- 1‘‘W? GB +G GgN iJROG
URPgGyHEIN zwGw JRGg w Ug�dtogrdy NygB VBzNU

q “F±/? & q+“/? [

� lx�a

+

7“σ ±/? “A“F∝ σ ?∝A+? Mσ , “1?

tNEN A“F? RF GgN zERIRAP “n]EwL? URPgGyHEIN- A+ RF wA wE]
xRGEwEL ENONENAyN UNINUfi FNG wG GgN VNzRwA BO GgN n]EwL
zwGw- q+“/? RF GgN yBEENFCBAzRAP ENONENAyN UNINU RA GgN NygB
URPgGyHEIN wAz 7“σ ±/? RF GgN zNUwL VwC “R-N- GgN ENFCBAFN
OHAyGRBA? OBE GgN NygB ENFCBAFN wG JwINUNAPGg /-

rRP- 04 FgBJF w cqcqygB +G GB GgN iJROG URPgGyHEIN
zwGwfi JgNEN A“F? RF wzSHFGNz GB +G GgN n]EwL “‘-4]0‘ TNl?
URPgGyHEINfi wAz GgN ENONENAyN UNINUF q+“/? wAz zNUwL zRFGER]
xHGRBAF 7“σ ±/? wEN wzSHFGNz GB +G GgN GgENN kl URPgGyHEINF
“klm1fi klc1fi klm0? wAz GgN GgENN BCGRywU URPgGyHEINF
“kfi Xfi l?-

cqcqygB wzSHFGF GgN VBzNU n]EwL URPgGyHEIN wAz GgN
NygB ENONENAyN UNINUF wAz zNUwL VwCF GB +Az w ’PBBz5 +G
GB wUU BxFNEINz URPgGyHEINFfi R-N- n]EwLfi kl wAz BCGRywUfi JRGg
w ’FRVCUN5 VBzNU- jgN ’PBBz5 +G ENDHRENVNAG RF RVCBFNz

cdh�i ...fi ‘‘‘-‘‘‘ ’‘‘‘‘(
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rgeF�b 049 cqcqyQB +G BO GQN URANwERFNz NyQB VBzNU GB iJROG URPQGyHEINF BO dsY W482– nBGGBV CwANU9 n]EwL ’‘–4]ˇ‘ TNI( URPQGyHEIN
zwGw wUBAP JRGQ GQN +GGNz VBzNU �’F(– bNOG yBUHVA9 ZNUwL zRFGERxHGRBAF 7’σ ±/( OBE GQENN kl ’klm1fi klc1fi klmˇ( wAz GQENN BCGRywU
’kfi Xfi l( xwAzCwFFNF– hRPgG yBUHVA9 iJROG URPQGyHEIN zwGw wUBAP JRGQ GQN NyQB URPQGyHEINF BxGwRANz xL yBAIBUIRAP �’F( JRGQ 7’σ ±/(–
lNEGRywU ’xUHN( URANF RAzRywGN GQN VNzRwA ’FBURz( wAz DHwEGRUNF ’zwFQNz( BO GQN zNUwL zRFGERxHGRBAF– tBERMBAGwU ’ENz( URANF RAzRywGN GQN
ENONENAyN UNINUF �+ OBE GQN n]EwL URPQGyHEIN wAz X+’/( OBE GQN NyQB URPQGyHEINF– SQN +G FQBJA RF OBE ζ1.M & ˇ,4 JRGQ m & ˇ‘ GB VwTN
�’F( ˇ‘ GRVNF VBEN ,NKRxUN GQwA 7’σ ±/(– dBGN GQN GJB]yBVCBANAG FGEHyGHEN BO GQN zNUwL VwCFfi JRGQ w CEBVCG ENFCBAFN CNwT wG σ & ‘
wAz NKGNAzNz ENFCBAFN ENwyQRAP GB σ & ˇ‘ z–

cdh�i ...fi ‘‘‘-‘‘‘ ’‘‘‘‘(
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BA GgN VBzNU xL ENDHRERAP w FCNyR+y IwUHN BO >1.d fi JgNEN
d & 0060 RF GgN AHVxNE BO zwGw IwUHNF- jgN yBVCNGRAP
ENDHRENVNAG BO w ’FRVCUN5 VBzNU RF wygRNINz xL VwKRVRFRAP
GgN NAGEBCL i BO GgN OHAyGRBAF A“F? wAz 7“σ ±/?-

mN FwVCUN A“F? wAz 7“σ ±/? BA HAROBEV PERzF RA F wAz σ fi
JRGg GgN FwVN +AN FCwyRAP 9F & ‘,‘0 z RA BEzNE GB ENFBUIN GgN
VBFG EwCRz FGEHyGHEN RA GgN n]EwL URPgGyHEIN- mN ENFGERyG GgN
zNUwL VwC GB σ RA GgN EwAPN ‘ GB 0‘ zfi JRGg σ β ‘ GB RVCBFN
ywHFwURGL “AB kl.BCGRywU ENFCBAFN CERBE GB n]EwL IwERwGRBAF?
wAz σ τ 0‘ z FRAyN GgRF RF EBHPgUL 0.2 BO GgN GRVNFCwA BO GgN
zwGw wAz GgNEN RF AB FRPAfi RA GgN FRVCUN yEBFF]yBEENUwGRBAF
wxBIN BO wAL FGEBAP yBEENUwGRBA BA GRVNFywUNF PENwGNE GgwA
− 1z-

jgN NAGEBCL BO GgN zRFyENGNUL FwVCUNz CBFRGRIN OHAyGRBAfi
C“F? & Cg wG F & Fgfi RF zN+ANz wF

i“C? & Cg ∝ pg ∝ Cg UA Cg.pg χ “2?

JgNEN OBE Nwyg Cg GgN zNOwHUG IwUHN pg RF GgN PNBVNGERy VNwA
BO RGF ANRPgxBEFfi pg & “Cg�0 Cg90?

0.1- mRGg GgRF zN+ARGRBA
GgN NAGEBCL gwF w ENPHUwERFRAP NffiNyGfi NKCENFFRAP w CENONENAyN
OBE FVBBGg CBFRGRIN OHAyGRBAFfi OwIBHERAP swHFFRwA CNwTF wAz
NKCBANAGRwU GwRUF- � CwEwVNGNE m FywUNF GgN NAGEBCL JNRPgG
BO GgN GgN NygB zNUwL VwCF ENUwGRIN GB GgwG BO GgN n]EwL
URPgGyHEINfi yBAGEBUURAP GgNRE ENUwGRIN ˚NKRxRURGL-

uA +GGRAP GgN iJROG URPgGyHEINFfi JN EwA cqcqygB EN]
CNwGNzUL GB +Az w PERz BO VBzNUF +GGRAP GgN zwGw JRGg
>1.d EwAPRAP OEBV 1 GB ‘-Ψfi wAz OBE m & 0 wAz 0‘- tNEN
GgN >1 UNINU yBAGEBUF GgN GEwzN]Bffi xNGJNNA ENFBUHGRBA wAz
ABRFN RA GgN ENFHUGRAP zNUwL VwCF- rBE gRPgNE >1 GgN VBzNU
URPgGyHEINF wEN GBB FVBBGg GB OBUUBJ FRPAR+ywAG ONwGHENF RA
GgN URPgGyHEIN zwGw- rBE UBJNE >1 GgN VBzNU +GF VBEN FHxGUN
ONwGHENF RA GgN URPgGyHEIN zwGwfi xHG GB zB FB GgN zNUwL VwCFfi
wAz GB w UNFFNE NKGNAG GgN VBzNU n]EwL URPgGyHEINfi zNINUBC
UwEPNE]wVCURGHzN +AN]FywUN FGEHyGHEN GgwG NINAGHwUULfi OBE GgN
FVwUUNFG >1fi xNyBVNF HAwyyNCGwxUN-

rRP- 04 CENFNAGF GgN cqcqygB +G OBE >1.d & 0,4 wAz
m & 0‘fi JgRyg JN SHzPN xL NLN GB wygRNIN GgN ERPgG xwUwAyNfi
PRIRAP w ’PBBz5 +G GgwG RF ABG NKyNFFRINUL ’ABRFL5- hBHPgUL
FCNwTRAP m & 0‘ wUUBJF GgN n]EwL URPgGyHEIN A“F? GB xN
0‘ GRVNF VBEN ˚NKRxUN GgwA GgN zNUwL VwCF 7“σ ±/?- jgRF
RF wCCEBCERwGN FRAyN GgN VBFG EwCRz FGEHyGHEN RA GgN n]EwL
URPgGyHEIN RF ABG NIRzNAG RA GgN NygB URPgGyHEINF-

dBGRyN GgwG GgN zNUwL VwCF FgwEN w FRVRUwE FGEHyGHENfi
JRGg w CEBVCG ENFCBAFN CNwT wG σ & ‘fi EBHPgUL 0.W BO GgN
ENFCBAFN wG σ τ 0 zfi CUHF w xEBwzNE ENFCBAFN GwRU zNyENwF]
RAP GBJwEz σ & 0‘ z- jgN NKGNAzNz ENFCBAFN RF PNANEwUUL
FGEBAPNE wG UBAPNE JwINUNAPGgF- iVwUU xHVCF wAz JRPPUNF
BA GgN NKGNAzNz ENFCBAFN zB ABG FgBJ w yUNwE GENAz JRGg
JwINUNAPGg- jgNFN VwL xN HAENURwxUN wEGNOwyGF wERFRAP OEBV
wGGNVCGF GB +G GgN NygB VBzNU GB ENFRzHwU FLFGNVwGRy NE]
EBEF RA GgN URPgGyHEIN zwGw wAz.BE GB IwERwGRBAF GgwG wEN ABG
zERINA xL GgN n]EwL IwERwGRBAF-

jgN +GGNz VBzNU wzNDHwGNUL ENCENFNAGF VBFG BO GgN ONw]
GHENF RA GgN URPgGyHEIN zwGwfi yBAFRFGNAG JRGg GgN n]EwL IwER]
wGRBAF zERIRAP URANwE ENFCBAFNF RA GgN kl wAz BCGRywU URPgG-
qIRzNAyN OBE GgN CEBVCG ENFCBAFN CNwT wG ‘ τ σ τ 0 z
wERFNF OEBV VwAL n]EwL ONwGHENF JRGg JNUU]zNGNyGNz yBHAGNE]
CwEGF RA GgN NygB URPgGyHEINF- rBE NKwVCUNfi GgN GgENN n]EwL
zRCF zHERAP 64Ψ2]Ψ4 gwIN yBEENFCBAzRAP zRCF RA GgN kl NygB
URPgGyHEINFfi wF zB GgN CNwTF wG 6488 wAz 6”‘1- jgN VBEN NK]
GNAzNz ENFCBAFN RF ANNzNz GB CEBzHyN GgN PEwzHwU zNyENwFN
RA GgN NygB URPgGyHEINF-

� ONJ VRABE zNONyGF RA GgN +G VwL wUFB xN ABGNz- jgN 0]z
n]EwL zRC wG 648‘ gwF AB yBHAGNECwEG RA GgN NygB URPgGyHEINF-
jgN 1]zwL CNwT ANwE 6W8W RA GgN NygB URPgGyHEINF RF JNUU
VBzNUUNzfi xHG GgN yBEENFCBAzRAP n]EwL ONwGHEN RF FGEBAPNE
GgwA ENDHRENzfi FB GgwG GgN VBzNU n]EwL URPgGyHEIN OwUUF xNUBJ
GgN n]EwL zwGw RA GgRF ENPRBA- uA CwEGRyHUwEfi GgN +G RAFNEGF w
AwEEBJ n]EwL zRC RA w zwGw PwC ANwE 648W-”-

jB FHVVwERFNfi BHE VwRA yBAyUHFRBA RF GgwG GgN URANwERFNz
NygB VBzNU CEBIRzNF wA wyyNCGwxUN +G GB GgN iJROG URPgGyHEIN
zwGw RA wUU JwINxwAzF- mN ENDHREN GgwG GgN zNUwL FGEHyGHEN
gwF w CEBVCG ENFCBAFN CNwT JRGg ‘ τ σ τ 0 z GB CEBzHyN
EwCRz yBEENUwGNz IwERwGRBAF BA 0]zwL GRVNFywUNF JgRUN JwFg]
RAP BHGfi OEBV GgN kl.BCGRywU URPgGyHEINFfi FHx]zwL FGEHyGHEN
FNNA RA GgN n]EwL URPgGyHEIN- mN wUFB ENDHREN wA NKGNAzNz
GwRU GB GgN zNUwL FGEHyGHENF GB CEBzHyN w PEwzHwU zNyURAN RA
GgN kl.BCGRywU NygB URPgGyHEINF- jgN EwCRz ENFCBAFN JBHUz
AwGHEwUUL xN CEBzHyNz xL ENCEByNFFRAP BA w ANwExL wyyENGRBA
zRFy JRGg GgN VBEN NKGNAzNz ENFCBAFN xNRAP CEBzHyNz RA GgN
xEBwz URAN ENPRBA PwF- jgRF UwGGNE CBFFRxRURGL RF zRFyHFFNz RA
VBEN zNGwRU RA owyTNGG NG wU- “1‘06?-

6 puiYTiiued

6-/ YBVCvERFBA BO �sd bvP iCNyGEv8
YBFVBUBPRyvU FGvAMvEM VNvFHERAP EBMF:

W-.-. ilV1 sX l7at�y Uter

mNUU VNwFHENz n]EwL.kl.BCGRywU UwPF wF VNwFHENz xL iJROG
gwIN wUENwzL xNNA CHxURFgNz OBE dso W040 “qzNUFBA NG wU-
1‘06? wAz dso 44WΨ “cbtwEzL NG wU- 1‘0W: qzNUFBA NG wU-
1‘04? wAz JNUU VNwFHENz UwPF xNGJNNA GgN n]EwL wAz klm0
OEBV ncc]dNJGBA wAz PEBHAz xwFNz P]xwAzF RA dso W284
gwIN wUFB xNNA CHxURFgNz “cbtwEzL NG wU- 1‘0”?- jgNFN
BxFNEINz UwPFfi GBPNGgNE JRGg GgN UwPF zNERINz gNEN OEBV
dso W482 wAz VBzNU CENzRyGRBAF wFFHVRAP ENCEByNFFRAP BA
wA wyyENGRBA zRFyfi HFRAP GgN VBzNU yBzN OEBV JgRyg GgN EN]
FCBAFN OHAyGRBAF PRINA wxBIN “rRP- 8?fi wEN PRINA RA jwxUN 2-
uA rRP- 0” JN CENFNAG GgN EwGRB BO GgN VNwFHENz GB VBzNU
UwPF OBE GgN UwP BO GgN klm1 xwAz xL GgN l]xwAz- eAN
VRPgG VNwFHEN GgN UwP xNGJNNA wAL GJB xwAzF OEBV w +G
GB GgN BINEwUU UwP FCNyGEHVfi JgRyg JBHUz CEBzHyN w FVwUUNE
HAyNEGwRAGL- tBJNINE FHyg +GF ywA RAIBUIN wFFHVCGRBAFfi NP
wxBHG JgRyg xwAzF GB RAyUHzNfi wAz FB gNEN JN HFN GgN FRVCUN
BxFNEINz UwP xNGJNNA GgN klm1 wAz l xwAzF- uA rRP- 06
JN CENFNAG GgN EwGRB BO GgN VNwFHENz GB VBzNU UwPF OBE GgN
UwP BO GgN n]EwLF xL GgN klm1 xwAz- jgN VBzNU UwPF wEN
xwFNz BA GgN xNFG yHEENAG VNwFHENVNAGF BO GgN xUwyT gBUN
VwFFNF wAz wyyENGRBA EwGNF- �UGgBHPg ABG CUBGGNz gNEN wF RGF
xUwyT gBUN VwFF RF ABG wF CENyRFNUL TABJAfi GgN BxFNEIwGRBAF
BO dso 1”06 “igwCCNN NG wU- 1‘0W?fi JgRyg JNEN GgN +EFG GB
CBRAG BHG GgN CBFFRxUN zRFyENCwAG UwP xNGJNNA GgN n]EwL wAz
kl.BCGRywU xwAzFfi wEN RA xEBwz wPENNVNAG JRGg rRPF- 06 wAz
0”-

mN ywA FNN GgwG GgN klm1 GB l]xwAz UwPF wEN w OwyGBE

−τ 1 BO BHE CENFNAG CENzRyGRBAF OEBV w FGwAzwEz wyyENGRBA
zRFy “igwTHEw Γ iHALwNI 0862?- jgN EwGRB OBE dso W284
RF INEL yUBFN GB HARGL- uA GgRF ywFNfi gBJNINEfi GgN n]EwL wAz
kl URPgGyHEINF JNEN OEBV ncc]dNJGBA wAz zB ABG GgNEN]
OBEN FwVCUN UBAP GRVNFywUNF wAz JN gwIN FgBJA wxBIN GgwG RO
UBAPNE GRVNFywUN IwERwGRBAF wEN RAyUHzNzfi UBAPNE UwPF wEN VNw]
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FHENz- XL +UGNERAP BHG UBAP GRVNFywUN IwERwGRBAFfi UwPF VBEN
yBAFRFGNAG JRGg zRFy ENCEByNFFRAP VwL xN BxGwRANz-

jgN zRFyENCwAyL BO −τ 1 RF xEBwzUL yBAFRFGNAG JRGg
GgN OwyGBE BO 1-14 JgRyg JN VNwFHENz RA dso 44WΨ
RA cbtwEzL NG wU- “1‘0W? wAz JRGg GgN OwyGBE − 2
JgRyg JwF DHBGNz xL FHxFNDHNAG ENINExNEwGRBA VwCCRAP
CEBPEwVVNF “N-P- qzNUFBA NG wU- 1‘04: rwHFAwHPg NG wU-
1‘0”: qzNUFBA NG wU- 1‘06?- cRyEBUNAFRAP BxFNEIwGRBAF “N-P-
cBEPwA NG wU- 1‘0‘: ZwR NG wU- 1‘0‘: cBFDHNEw NG wU- 1‘02?
GLCRywUUL DHBGN w FBVNJgwG UwEPNE zRFyENCwAyLfi − W�fi xHG
GgN VNGgBzF HFNz GB VNwFHEN GgN zRFyENCwAyL wEN DHRGN zRO]
ONENAG-

mN ABGN GgwG GgN zNzHyNz zRFy FRMN zRFyENCwAyL VwL
wCCNwE FURPgGUL zRffiNENAG OEBV BAN FNG BO BxFNEIwGRBAF GB
wABGgNE- rBE NKwVCUNfi RA dso 44WΨ GgN klm1 GB l]
xwAz UwP OEBV cbtwEzL NG wU- “1‘0W? RF 0,249+,22

�+,24z xHG OEBV
qzNUFBA NG wU- “1‘04? RF RG 0,0” ∼ ‘,42zfi wUGgBHPg GgNFN UwPF
wEN CNEONyGUL yBAFRFGNAG JRGgRA GgN NEEBEF- mN wUFB ABGN GgwG
GgN VBzNU UwPF HFNz gNEN wEN xwFNz BA GgN GRVN OBE gwUO BO
GgN ENCEByNFFNz URPgG GB wCCNwEfi wF zNERINz OEBV w AHVNERywU
yBVCHGNE VBzNU BO GgN zRFyfi EwGgNE GgwA BA wA wAwULGRywU
ywUyHUwGRBAfi JgRyg VwL gwIN zRffiNENAG wFFHVCGRBAFfi NP GgN
IwUHN BO GgN "A " CwEwVNGNE RA NDHwGRBA 8 BO rwHFAwHPg NG wU-
“1‘0”?- tBJNINEfi CNEgwCF VBFG RVCBEGwAGULfi GgN JwINUNAPGg
EwAPN BINE JgRyg GgN yBVCwERFBA xNGJNNA VBzNU wAz Bx]
FNEIwGRBA RF ywEERNz BHG ywA gwIN w xRP NffiNyG BA GgN zN]
zHyNz zRFyENCwAyL “N-P- FNN rwHFAwHPg NG wU- 1‘0”? wF GgN
BxFNEINz UwPF RA GgN zRffiNENAG JwINxwAzF zB ABG PNANEwUUL wUU
URN FVBBGgUL BA GgN FwVN yHEIN- jgN wyyBVCwALRAP CwCNE
xwFNz BA tij BxFNEIwGRBAF owyTNGG NG wU- “1‘06? RAyUHzNF
UwPF OEBV xBGg FgBEGNE wAz UBAPNE JwINUNAPGgF GgwA GgBFN
HFNz gNEN wAz GgN RAyUHFRBA BO GgBFN wzzRGRBAwU UwPF UNwzF GB
wUVBFG GJRyN wF UwEPN w zRFyENCwAyLfi wFFHVRAP GgN wAwULGRy
VBzNU CENzRyGRBAF BO rwHFAwHPg NG wU- “1‘0”?fi GgwA RO SHFG
GgN iJROG UwPF wEN HFNz-

W-.-1 n7otb sX ilV1 Uter

jgN EwGRBF BO BxFNEINz GB VBzNU UwPF OBE GgN n]EwL GB klm1
xwAzF wENfi JRGg GgN NKyNCGRBA BO dso W284fi OwE OEBV GgN
NKCNyGwGRBAF BO w FGwAzwEz wyyENGRBA zRFy wAz wUFB IwEL yBA]
FRzNEwxUL OEBV BAN �sd GB wABGgNE- uG RF ABG yUNwE JgL GgN
EwGRB OBE dso W284 RF INEL yUBFN GB HARGL- jgN UwyT BO UBAP
GRVNFywUN IwERwGRBAF RA GgN ncc]dNJGBA URPgGyHEINF gwIN
wUENwzL xNNA ABGNzfi xHG dso W284 wUFB gwF xL OwE GgN UBJ]
NFG wyyENGRBA EwGN BO wAL �sd yBAFRzNENz gNEN- uG RF GgNENOBEN
CBFFRxUN GgwG GgN RAANE NzPN BO GgN wyyENGRBA zRFy RF UNFF RA]
˚wGNz GgwA RA gRPgNE wyyENGRBA EwGN �sdfi GgNENxL CEBIRzRAP
UNFF BO w FywGGNERAP RVCNzRVNAG GB n]EwL RUUHVRAwGRBA BO GgN
BHGNE zRFy- jgN UwEPNFG EwGRB RF OBE dso W040fi JgRyg RF wUFB
GgN VBFG wxFBExNz �sd RA GgRF FVwUU FwVCUN- jgRF BxFNE]
IwGRBA RF RA wPENNVNAG JRGg GgN gLCBGgNFRF GgwG wxFBECGRBA
wAz FywGGNERAP BO GgN n]EwLF wffiNyGF GgN UwP BO GgN kl.BCGRywU
xwAzF “swEzANE Γ ZBAN 1‘0”?-

jgN wxBIN ENFHUGF RAzRywGN GgwG GgN klm1 GB l]xwAz
UwPF VRPgG xN HFNOHU wF w yBFVBUBPRywU FGwAzwEz VNwFHERAP
EBz “y-O- owyTNGG NG wU- 1‘‘6? xHG wAL UwPF ENUwGRIN GB GgN
n]EwL xwAz VHFG xN GENwGNz JRGg PENwG ywEN-

6-1 sNBVNGEL BO GgN uAANE hNPRBA8 �A NKGNAMNM
ENCEByNFFBE

jgN UwPF VNwFHENz OEBV HA+UGNENz URPgGyHEINF FgBJfi RA wUU
ywFNFfi GgwG GgN UwPF BO wUU BO GgN BGgNE kl.BCGRywU xwAzF “NK]
yNCG k]xwAz? ENUwGRIN GB klm1 wEN yUBFN GB GgN CENzRyGRBAF
OEBV GgN wyyENGRBA zRFy VBzNU BO igwTHEw Γ iHALwNI “0862?
xHG GgN UwP BO GgN n]EwLF xL GgN klm1 xwAz wEN VHyg UwEPNE
GgwA CENzRyGNz- swEzANE Γ ZBAN “1‘0”? CEBCBFN GgwG GgN n]
EwLF zB ABG zRENyGUL RUUHVRAwGN GgN BHGNE wyyENGRBA zRFy xHG
RAFGNwz gNwG HC GgN RAANE wyyENGRBA zRFy JgRyg EN]EwzRwGNF
BAGB GgN zRFy RA GgN OwE]kl- jgN wzzRGRBAwU UwP xNGJNNA GgN
n]EwL wAz klm1 xwAzF RF GgNA GgN GgNEVwU GRVNFywUN OBE
GgN n]EwLF GB gNwG GgN RAANE zRFy- jgNEN wEN w AHVxNE BO
wGGEwyGRIN wFCNyGF BO GgRF VBzNU- jgN UwEPN OwE]kl NVRFFRBA
ENPRBA gNUCF GB FVBBGg BHG GgN EwCRz IwERwGRBAF RA GgN n]EwL
xwAz JgRyg JBHUz BGgNEJRFN CENzRyG VBEN EwCRz IwERwGRBAF
RA GgN kl wAz BCGRywU xwAzF GgwA wEN BxFNEINz- uO GgN RAANE
zRFy RF INEL RA˚wGNz xL GgN n]EwL gNwGRAPfi GgNA GgN wzzR]
GRBAwU gNRPgG BO GgN NVRFFRBA ENPRBA RAyENwFNF GgN FBURz wAPUN
FHxGNAzNz xL GgN BHGNE zRFyfi GgNENxL NAFHERAP GgwG GgNEN RF
wzNDHwGN UHVRABFRGL RVCwyGRAP BA GgN BHGNE zRFy GB wyyBHAG
OBE GgN BxFNEINz kl wAz BCGRywU IwERwGRBAF- � UwEPN OwE]kl
NVRFFRBA ENPRBA VRPgG xN NKCNyGNz GB gwIN w GwRU BO NVRF]
FRBA NKGNAzRAP RAGB GgN FBOG n]EwL xwAz- � JNwT FBOG NKyNFF
gwF xNNA FNNA xL CENIRBHF BxFNEINEF “N-P- XENAANVwA NG wU-
1‘‘6? xHG JN zB ABG +Az FHyg w yBVCBANAG RA GgN CENFNAG
iJROG zwGw-

tNEN JN gwIN FgBJA gNEN GgwG JgNA GgN n]EwL wAz kl
URPgGyHEINF wEN +UGNENz GB ENVBIN UBAP GRVNFywUN IwERwGRBAFfi
GgN n]EwL GB klm1 UwP xNyBVNF yUBFN GB GgN CENzRyGRBAF BO
zRFy ENCEByNFFRAP- � FRVRUwE yBAyUHFRBA JwF ENwygNz ENPwEz]
RAP GgN UwPF RA dso 44WΨ xL cbtwEzL NG wU- “1‘0W? wAzfi OBE
dso W284 JgBFN UwPF JNEN VNwFHENz HFRAP ncc]dNJGBA
“cbtwEzL NG wU- 1‘0”? wAz GgNENOBEN UBAP GRVNFywUN IwERw]
GRBAF JNEN ABG VNwFHENzfi GgN UwP EwGRB RF INEL yUBFN GB GgN
NKCNyGwGRBAF BO zRFy ENCEByNFFRAP- jgNFN ENFHUGF FgBJ GgwG wU]
GgBHPg FgBEG GRVNFywUN kl.BCGRywU IwERwxRURGL RF yBAFRFGNAG
JRGg n]EwL ENCEByNFFRAP BA w zRFyfi GgNEN wEN UBAPNE GRVNFywUN
IwERwGRBAF RA GgN kl wAz BCGRywU JwINxwAzF GgwA ywAABG xN
wyyBHAGNz OBE xL FRVCUN ENCEByNFFRAP BO n]EwLF xL wA wy]
yENGRBA zRFy- mRGg cqcqygB wAwULFRF JN gwIN FgBJA gNEN
GgwG GgN n]EwLF ywA xN w ENwFBAwxUN zERINE BO GgN HA+UGNENz
IwERwGRBAF RA wUU xwAzF wF UBAP wF JN wUUBJ OBE w yBVCUNK EN]
FCEByNFFBE JgNENfi RA wzzRGRBA GB w yUBFN ENCEByNFFBE FHyg wF
GgN wyyENGRBA zRFyfi GgN ENCEByNFFRAP VwGNERwU NKGNAzF GB zRF]
GwAyNF BO w ONJ URPgGzwLF OEBV GgN RUUHVRAwGRAP FBHEyN- jgN
xEBwz URAN ENPRBA PwF GgHF CEBIRzNF w AwGHEwU NKCUwAwGRBA OBE
GgN NKGNAzNz ENCEByNFFRAP ENPRBA- jgRF yBAyUHFRBA RF yBAFRF]
GNAG JRGg GgN UwEPN NKyNFF UwP FNNA RA GgN k]xwAz JgRyg RF
wUVBFG yNEGwRAUL XwUVNE yBAGRAHHV NVRFFRBA ENFHUGRAP OEBV
ENCEByNFFRAP BO gRPg NANEPL NVRFFRBA RA GgN Xbh- mN RAyR]
zNAGwUUL ABGN GgwG GgN NKyNFF k]xwAz UwP RA dso W482 RF
UwEPNE GgwA RA GgN UBJNE wyyENGRBA EwGN �sd dso 44WΨ wAz
dso W040 JgNEN GgN RAANE NzPN BO GgN Xbh JRUU xN yUBFNE
GB GgN xUwyT gBUN- �UGgBHPg GgN zwGw wG CENFNAG zB ABG wU]
UBJ zNGwRUNz wAwULFRF RG VRPgG xN RAGNENFGRAP RA OHGHEN GB FNN
JgNGgNE GgN k]xwAz NKyNFF UwP zBNF IwEL JRGg wyyENGRBA EwGN-

jgN PNBVNGEL BO GgN Xbh RF ABG JNUU TABJA xHG
RG RF URTNUL GB FHxGNAz w UwEPN FBURz wAPUN wG GgN n]EwL
FBHEyN- jgHF JBEERNF yBAyNEARAP JgNGgNE FH3yRNAG n]EwL
RUUHVRAwGRBA gRGF GgN ENCEByNFFRAP GB wyyBHAG OBE GgN ENFHU]
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GwAG kl.BCGRywU NVRFFRBA wEN zRVRARFgNz- uO JN yBAFRzNE
BAUL GgN IwERwxUN CwEG BO GgN kl.BCGRywU NVRFFRBAfi GgN
FRVCUN NANEPNGRy wEPHVNAGF BHGURANz wxBIN RAzRywGN GgwGfi
wUGgBHPg GgNEN RF AB PENwG NKyNFFfi GgNEN RF CEBxwxUL NABHPg
n]EwL RUUHVRAwGRBA BO GgN wyyENGRBA zRFy GB wyyBHAG OBE GgN
BxFNEINz FgBEG GRVNFywUN IwERwxRURGL-

7 YedYbTiued

�UGgBHPg iGwETNL NG wU- “1‘06? +Az GgwG GgN VHUGR]xwAz Bx]
FNEIwGRBAF BO dso 44WΨ ywAABG xN FwGRFOwyGBERUL wyyBHAGNz
OBE FRVCUL xL ENCEByNFFRAP BO n]EwLFfi GgN iJROG kl.BCGRywU
URPgGyHEINF BO dso W482 ywA xN ENwFBAwxUL ENCEBzHyNz xL
ENCEByNFFRAP BO n]EwLFfi xHG xL w yBVCUNK ENCEByNFFBE RAyUHz]
RAP w ANwExL wyyENGRBA zRFy wAz VBEN zRFGwAG xEBwz URAN PwF
yUBHzF-

jgN BxFNEIwGRBA BO w UwEPN wzzRGRBAwU UwP xNGJNNA GgN
n]EwL wAz klm1 xwAzF RA wUU JNUU FGHzRNz �sdfi wxBIN
GgN NKCNyGwGRBA BO FRVCUN ENCEByNFFRAP OEBV w ANwExL wy]
yENGRBA zRFyfi RF wG +EFG FRPgG PBBz NIRzNAyN OBE FywGGNERAP BO
n]EwLF RA GgN RAANE wyyENGRBA zRFy- tBJNINE GgN VNwFHENz
wzzRGRBAwU UwP xNyBVNF yUBFNE GB GgN CENzRyGRBA BO zRENyG zRFy
ENCEByNFFRAP xBGg gNEN RA dso W482 wAz wUFB RA dso 44WΨ
“cbtwEzL NG wU- 1‘0W? wF BAN +UGNEF BHG UBAP GRVNFywUN IwER]
wGRBAFfi JgRyg VwL yBVN OEBV GgN xEBwz URAN ENPRBA PwF- uA
GgN ywFN BO VHUGRCUN BE NKGNAzNz ENCEByNFFBEF GgNAfi RA CNEONyG
zwGwfi JN JBHUz xN wxUN GB zNGNyG FNCwEwGN CNwTF yBEENFCBAz]
RAP GB zRffiNENAG UwPF RA GgN yEBFF yBEENUwGRBA OHAyGRBA- tBJ]
NINEfi JRGg GgN CENFNAG zwGwfi GgN NffiNyG RF GB CEBzHyN wFLV]
VNGERy yBEENUwGRBA OHAyGRBAF JgNEN GgN CNwT RF FBVN yBVxR]
AwGRBA BO GgN RAzRIRzHwU yBAGERxHGRAP UwPF- jgHF ENCEByNFFRAP
RA GgN Xbh VwL NKCUwRA wG UNwFG CwEG BO GgN wzzRGRBAwU n]
EwL.klm1 UwP-

uG RF ABG TABJA gBJ GgN klej FCNyGEHV NKGEwCBUwGNF
GB FgBEGNE JwINUNAPGgF- jgHF JN zB ABG TABJ gBJ VHyg EN]
CEByNFFNz NVRFFRBA JN ANNz GB CEBzHyN- tBJNINE GgNEN wC]
CNwEF GB xN NABHPg NANEPL RA GgN n]EwL xwAz GB wyyBHAGfi
xL zRENyG RUUHVRAwGRBAfi OBE GgN IwERwxUN CwEG BO GgN klej
NVRFFRBAfi wFFHVRAP w 5FGwAzwEz5 n]EwL FBHEyN BO FRMN 0‘hr-

jgNEN ENVwRAF FURPgG HAyNEGwRAGL ENPwEzRAP GgN wVCUR]
GHzN BO IwERwxRURGL BO GgN ENCEByNFFNz klm1 NVRFFRBA- iRV]
CUN ENCEByNFFRAP BO GgN BxFNEINz n]EwL URPgGyHEIN BAUL OEBV
wA wyyENGRBA zRFy CEBzHyNF UwEPNE wVCURGHzN klm1 IwERwxRU]
RGL GgwA RF BxFNEINz- tBJNINE cqcqygB wAwULFRF BO ENCEB]
yNFFRAP OEBV wA NKGNAzNz ENCEByNFFBE ywA ENCEBzHyN w VBzNU
klm1 URPgGyHEIN JgRyg RF wA wyyNCGwxUN +G GB GgN BxFNEINz
URPgGyHEIN- jgN BAUL ywINwG gNEN RF GgwG GgN RACHG n]EwL
URPgGyHEIN RF ABG GgN zRENyGUL BxFNEINz URPgGyHEIN xHG RF w
+G GB GgN n]EwL URPgGyHEIN- tBJNINE RG RF w ENwFBAwxUN +Gfi RN
w ENwFBAwxUN zNFyERCGRBA BO GgN HAzNEULRAP URPgGyHEINfi PRINA
GgN ABRFN RAIBUINz RA wUU BxFNEIwGRBAwU VNwFHENVNAGF-

rBE GgN FVwUU AHVxNE BO �sd VBARGBENz FB OwEfi GgN
kl.BCGRywU UwPF FywUN xEBwzUL FRVRUwEUL JRGg VwFF wAz wy]
yENGRBA EwGNfi GLCRywUUL xNRAP w OwyGBE −τ1 BO GgN NKCNyGwGRBAF
OEBV zRFy ENCEByNFFRAP “OBE GgN klm1 GB l]xwAz UwP?- jgN
n]EwL GB klm1 UwPFfi gBJNINEfi wEN wUU UwEPNE GgwA GgN NKCNy]
GwGRBAF OEBV zRFy ENCEByNFFRAPfi wAz GgN zRFyENCwAyL IwELRNF
xNGJNNA �sdfi JRGg GgN VBFG wxFBExNz �sd VBARGBENz FB
OwEfi dso W040fi FgBJRAP GgN UwEPNFG zRFyENCwAyL- jgRF ENF
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rgeF�b 059 SQN EwGRB BO BxFNEINz klm1]l xwAz UwPF yBVCwENz
GB GQN CENzRyGRBAF OEBV ENCEByNFFRAP BA w FGwAzwEz BCGRywUUL GQRyT
wyyENGRBA zRFy iQwTHEw Γ iHALwNI ’ˇ862(– SQN zwGw OEBV JQRyQ
GQRF CUBG RF CEBzHyNz wEN PRINA RA SwxUN 2–
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Lag of X−ray by W2 (days)

NGC 4395
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rgeF�b 069 SQN EwGRB BO BxFNEINz n]EwL GB klm1 xwAz UwPF
yBVCwENz GB GQN CENzRyGRBAF OEBV ENCEByNFFRAP BA w FGwAzwEz BC]
GRywUUL GQRyT wyyENGRBA zRFy iQwTHEw Γ iHALwNI ’ˇ862(– SQN zwGw
OEBV JQRyQ GQRF CUBG RF CEBzHyNz wEN PRINA RA SwxUN 2–

HUG RAzRywGNF w CEBxwxUN EBUN OBE FywGGNERAP RA CEBzHyRAP GgN
n]EwL GB kl UwPF RA wG UNwFG FBVN �sd-

�YadembDpsDcDdSi

jgRF CwCNE RF zNzRywGNz GB GgN VNVBEL BO dNRU sNgENUF-
mRGgBHG gRF RAFCRENz UNwzNEFgRC BO GgN iJROG VRFFRBA GgN
ENFNwEyg CENFNAGNz gNENfi wAz RA BGgNE FRVRUwE �sd VBA]
RGBERAP CEBPEwVVNFfi JBHUz ABG gwIN xNNA CBFFRxUN- ucyt
wyTABJUNzPNF FHCCBEG OEBV w hBLwU iByRNGL bNINEgHUVN
jEHFG hNFNwEyg rNUUBJFgRC bj0”‘‘‘” wAz OEBV ijro PEwAG
ij.c‘‘021”.0- at wyTABJUNzPNF FHCCBEG OEBV ijro
PEwAG ij.c‘‘018”.0 wAz vs wyTABJUNzPNF FHCCBEG OEBV
d�i� HAzNE wJwEzF ddn04�tW8s wAz Ψ‘diio06a‘01”-
jgRF JBET VwzN HFN BO zwGw FHCCURNz xL GgN ka iJROG iyR]
NAyN ZwGw oNAGEN wG GgN kARINEFRGL BO bNRyNFGNE-
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�sd L HXBi )Ro HgB� cBzNU cBzNU exFNEINz exFNEINz
ˇ‘5L◦ NEPF.F ; NEPF.F n]EwL ] klm1 klm1 ] l n]EwL ] klm1 klm1]l

UwP ’zwLF( UwP ’zwLF( UwP ’zwLF( UwP ’zwLF(

dsY Wˇ4ˇ 26,5− ˇˇ,4 ˇ,‘− ‘,4� ˇ‘WW 1–ˇ 1,5� ˇ‘W2 ‘–ˇ6W ‘–W14 2,4Ψ9+,25
�+,W5 ‘,859+,W6

�+,W5

dsY W284 ‘,25− ‘,ˇˇ 4,W� ˇ‘W+ ‘–ˇ1 ˇ,5� ˇ‘W+ ‘,‘‘182 ‘,‘‘6WΨ W,‘49+,4W
�0,02 � ˇ‘

�2 4,‘69+,6W
�0,18 � ˇ‘

�2

dsY W482 6,52− ‘,ˇ5 6,Ψ− 2,4� ˇ‘W2 Ψ–ˇ 2� ˇ‘W2 ‘–‘8‘ ‘–12ˇ ‘,55 − ‘,ˇ4 ‘,1W6− ‘,2Ψ
dsY 44WΨ 41,2− ˇ,8 2,1− 1,‘� ˇ‘WW W–Ψ ˇ,‘� ˇ‘WW ‘–1Ψ5 ‘–58Ψ ˇ,ˇ1 − ‘,W8 ˇ,ˇ5− ‘,42

iuaTb 29 XUwyT QBUN VwFFNFfi wyyENGRBA EwGNF wAz ENFHUGwAG wyyENGRBA zRFy VBzNU UwPF xNGJNNA GQN n]EwL wAz klm1 wAz xNGJNNA GQN
klm1 wAz l]xwAzF– rBE dsY W284 xBGQ GQN VwFF wAz GQN xBUBVNGERy UHVRABFRGL wEN OEBV fNGNEFBA NG wU– ’1‘‘4(– SQN VwFFNF OBE
dsY Wˇ4ˇfi dsY W482 wAz dsY 44WΨ wEN GwTNA OEBV XNAGM Γ awGM ’1‘ˇ4( wAz GQN xBUBVNGERy UHVRABFRGRNF HFNz RA GQN zNERIwGRBA BO
GQN wyyENGRBA EwGNF wEN GQN VNwA wAz FCENwz BO BxFNEIwGRBAF ENCBEGNz xL lwFHzNIwA Γ rwxRwA ’1‘‘8(9 lwFHzNIwA NG wU– ’1‘‘8fi 1‘ˇ‘(9
mBB Γ kEEL ’1‘‘1(– SQN RBARFRAP UHVRABFRGL RF GwTNA OEBV GQN X�S 6‘ VBAGQ FHEINLfi NKGEwCBUwGNz GB ‘–ˇ]ˇ84 TNl– tNEN JN wFFHVN wA
n]EwL FBHEyN QNRPQG BO 5NO fi wA RAyURAwGRBA BO W4−fi wA wUxNzB BO ‘–Ψ wAz wA RAANE zRFy EwzRHF BO 5NO– SQN BxFNEINz UwPF OBE dsY W482
wEN OEBV cbtwEzL NG wU– ’1‘ˇ5(fi OBE dsY Wˇ4ˇ OEBV qzNUFBA NG wU– ’1‘ˇ6(fi OBE dsY 44WΨ OEBV qzNUFBA NG wU– ’1‘ˇ4( wAz GQN ENFHUGF OBE
dsY W482 wEN OEBV GQN CENFNAG JBET– uA wUU ywFNF GQN UwPF wEN zNERINz OEBV GQN yNAGEBRz zRFGERxHGRBAF HFRAP GQN rh.hii VNGQBz wAz
AB UBAP GNEV IwERwGRBAF QwIN xNNA ENVBINz OEBV wAL URPQGyHEIN– rBE dsY W284 JQNEN GQN BxFNEINz kl xwAz JwF klmˇfi GQN UwP QwF
xNNA yBEENyGNz GB GQN klm1 xwAz wFFHVRAP w FywURAP JRGQ JwINUNAPGQ GB w CBJNE ˇ–ˇ4fi JQRyQ RF RAGNEVNzRwGN xNGJNNA GQN NKCNyGNz zRFy
IwUHN BO ˇ–222 wAz GQN IwUHN BxGwRANz xL BxFNEIwGRBA JQRyQfi EBHPQULfi RF yUBFN GB HARGL– rBE dsY Wˇ4ˇ wAz dsY 44WΨfi n]EwL UwPF JNEN
zNERINz OEBV GQN nW xwAz– rBE dsY W482 JQNEN GQNEN RF AB NIRzNAyN BO IwERwGRBA BO UwP JRGQ n]EwL NANEPLfi GQN OHUU ‘–4]ˇ‘ TNl xwAz RF
HFNzfi wF RG RF OBE dsY W284 JQNEN GQN FBHEyN RF GBB OwRAG GB VNwFHEN UwPF ENUwGRIN GB zR3NENAG NANEPL xwAzF–
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