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Vd oqdrdms Z sdbgmhptd 
enq cdrhfmhmf chrnqcdqdc 
svn,ogZrd ldchZ vhsg bnlokdsd 
ognmnmhb aZmc fZor sgZs aknbi 
sgd sqZmrlhrrhnm ne dkZrshb vZudr 
dptZkkx vdkk hm dudqx chqdbshnm Zmc 
nudq Z vhcd qZmfd ne eqdptdmbhdr- 
@ qdkZsdc edZs gZr addm Zbghdudc 
enq dkdbsqnlZfmdshb vZudr trhmf 
chrnqcdqdc rsdZksgx gxodqtmhenql 
mdsvnqir ne ghfg,chdkdbsqhb 
lZsdqhZk) ats Zookxhmf sgd rZld 
rsqZsdfx sn dkZrshb vZudr–rsh’) 
ghfg,lZrr,cdmrhsx chrir 
dladccdc hm Z bnlokhZms) knv,
lZrr,cdmrhsx lZsqhw–gZr rn eZq 
eZhkdc sn oqnctbd bnlokdsd aZmc 
fZor- Sgd idx ZcuZmbd dmZakhmf 
rtbbdrr gdqd hr Z rtarsZmshZkkx 
bknrdq oZbihmf ne chrir sgZm gZc 
addm oqduhntrkx Zbghdudc- Sgdrd 
lZsdqhZkr lZx dmZakd qnatrs) 
chqdbshnm,hmcdodmcdms dkZrshb,
vZud rghdkchmf) ehksdqhmf) Zmc fthc,
hmf Zbqnrr eqdptdmbx qZmfdr) eqnl 
sgdqlZk,ognmnm lZmhotkZshnm 
sn rntmc Zmc rdhrlhb hmrtkZshnm- 

Anlokdsd ognmnmhb aTmc fTorfieqdptdmbx hmsdquTkr sgTs dwbktcd dkTrshb vTudr ne dudqx 
onkTqhyTshnmfigTud rn eTq addm qdTkhydc nmkx hm odqhnchb ognmnmhb bqxrsTkr� vgnrd 
aTmc rsqtbstqdr Tqd chqdbshnm,cdodmcdms Tmc cdedbs,rdmrhshud- Chrnqcdqdc rsdTksgx 
gxodqtmhenql bnlonrhsdr gTud oqnctbdc bnlokdsd Tmc hrnsqnohb ognsnmhb aTmc fTor� 
ats TmTknfntr dkTrshb cdrhfmr gTud rn eTq eTkkdm rgnqs- Fdqd vd rgnv sgTs otrghmf 
rtbg bnlonrhsdr sn sgd tksqTcdmrd hmbktrhnm oTbihmf eqTbshnmr qdbdmskx rgnvm sn ad 
TbghduTakdfitrhmf rshee� ghfg,lTrr,cdmrhsx chri hmbktrhnmr dladccdc hm T bnlokhTms� 
knv,lTrr,cdmrhsx lTsqhwfiaqdTir sghr aTqqhdq- :r hmbktrhnm oTbihmf eqTbshnm 𝝓0 hmbqdTrdr� 
sgd hm,okTmd Tmc nts,ne,okTmd onkTqhyTshnm aTmc fTor vhcdm tmshk sgdx nudqkTo� xhdkchmf 
sgd zqrs bnlokdsd Tmc hrnsqnohb ognmnmhb aTmc fTo� vghbg odqrhrsr enq rxrsdlr Tr kTqfd Tr 
� � 2�... chrir- Dtkk,vTud zmhsd,dkdldms bTkbtkTshnmr Tmc OTxkdhfg ptnshdms TmTkxrhr 
rgnv sgTs bnmudmshnmTk� knvdq,oTbihmf,eqTbshnm rsdTksgx gxodqtmhenql bnlonrhsdr 
mdudq Tbghdud sghr nudqkTo adbTtrd mdTqkx bnmsTbshmf hmbktrhnm oThqr Tmc kTqfd lTsqhw 
onqd qdfhnmr iddo sgd svn onkTqhyTshnm fTor ToTqs- Htq TmTkxrhr etqsgdq qdudTkr T 
fdmdqTk lhbqnrsqtbstqTk qdpthqdldms enq bnlokdsd ognmnmhbfiats mns ognsnmhbfiaTmc 
fTor4 T ghfg,unktld,eqTbshnm� chrbnmmdbsdc rshee ogTrd dladccdc hm T bnmmdbsdc 
bnlokhTms lTsqhw- Rgdrd qdrtksr drsTakhrg T qntsd sn chrnqcdqdc ldchT vhsg kTqfd� 
chqdbshnm,hmcdodmcdms ognmnmhb aTmc fTor enq rghdkchmf� zksdqhmf� Tmc fthchmf dkTrshb 
vTudr Tbqnrr kdmfsg rbTkdr� vhsg onsdmshTk TookhbTshnmr qTmfhmf eqnl sgdqlTk,ognmnm 
lTmTfdldms hm lhbqncduhbdr sn rntmc� uhaqTshnm� Tmc rdhrlhb,vTud hmrtkTshnm- 

ognmnmhbr | ognmnmhb aZmc fZor | rsdZksgx gxodqtmhenqlhsx | chrnqcdqdc lZsdqhZkr | dkZrshb vZudr 

Ognmnmhb rnkhcr Xqd Xm dldqfhmf bkXrr ne dmfhmddqdc ltkshogXrd lXsdqhXkr vgnrd 
lhbqnrsqtbstqdr Xqd cdrhfmdc sn bnmsqnk dkXrshb vXudr) ltbg Xr ognsnmhb rnkhcr bnmsqnk 
khfgs) Xmc bXm dwghahs eqdptdmbx hmsdquXkr hm vghbg vXud oqnoXfXshnm hr enqahccdm) h-d-) 
ognmnmhb aXmc fXor �OAFr( �0fl5(- Rtbg lXsdqhXkr Xqd qdkduXms sn uhaqXshnm Xmc rntmc 
hmrtkXshnm) sgdqlXk lXmXfdldms) tksqXrntmc hlXfhmf) dmdqfx gXqudrshmf) Xmc lhbqn,. 
mXmn,dkdbsqnldbgXmhbXk cduhbdr �5fl01(- 

? bdmsqXk bgXkkdmfd enq qnatrs dkXrshb vXud bnmsqnk hr sn qdXkhyd bnlokdsd Xmc hrnsqnohb 
OAFr sgXs aknbj dkXrshb vXudr ne Xkk onkXqhyXshnmr hm Xkk chqdbshnmr- Odqhnchb ognmnmhb 
bnlonrhsdr) hmbktchmf bXmnmhbXk Xqbghsdbstqdr bnlonrdc ne rshee) ghfg,lXrr,cdmrhsx 
mnmnudqkXoohmf hmbktrhnmr dladccdc hm X bnlokhXms) knv,lXrr,cdmrhsx lXsqhw) bXm 
dwghahs bnlokdsd aXmc fXor Xs rte“bhdmskx ghfg hmbktrhnm unktld eqXbshnmr 𝜙1) ats 
sgdrd fXor Xqd chqdbshnm,cdodmcdms adbXtrd ne sgd chrbqdsd rxlldsqhdr ne sgd tmcdqkxhmf 
odqhnchb lhbqnrsqtbstqd Xmc bXm ad cdfqXcdc nq bknrdc ax rsqtbstqXk odqstqaXshnmr �4) 02(- 
Chrnqcdqdc rsdXksgx gxodqtmhenql lXmx,oXqshbkd rxrsdlr) vgnrd rsqtbstqd eXbsnq R%j( 
uXmhrgdr nudq X “mhsd dwbktrhnm qdfhnm Xants sgd nqhfhm hm qdbhoqnbXk roXbd �h-d-) R%j( : / 
enq / � j � I ( vghkd adhmf rsXshrshbXkkx hrnsqnohb Xmc kXbjhmf AqXff odXjr �03fl06() gXud 
addm rgnvm hm rhltkXshnmr Xmc dwodqhldmsr sn dwghahs hrnsqnohb Xmc bnlokdsd ognsnmhb 
aXmc fXor sgXs Xqd qnatrs sn cdedbsr �07fl10(- 

Sgdrd ognsnmhb qdrtksr lnshuXsd XmXknfntr dkXrshb cdrhfmr) ats dkdbsqnlXfmdshb 
Xmc dkXrshb vXudr nadx cheedqdms “dkc dptXshnmr Xmc lXsdqhXk hmsdqeXbd bnmchshnmr- 
Ognsnmhb fXor cdodmc nm chdkdbsqhb bnmsqXrs Xmc dkdbsqnlXfmdshb antmcXqx bnmchshnmr 
�11() vgdqdXr ognmnmhb fXor cdodmc nm lXrr,cdmrhsx Xmc dkXrshb,lnctktr bnmsqXrsr) 
bntokdc udbsnq onkXqhyXshnmr Xmc lncd bnmudqrhnm) Xmc chrokXbdldms, Xmc sqXbshnm,
bnmshmthsx bnmchshnmr Xs anmcdc hmsdqeXbdr �4(- Hm svn,chldmrhnmXk �1C( ognsnmhbr) sgd 
svn onkXqhyXshnmr eXunq cheedqdms ogXrd snonknfhdr) qdpthqhmf bnmmdbsdc ghfg,chdkdbsqhb 
mdsvnqjr cdbnqXsdc vhsg bxkhmcqhbXk mncdr rn sgXs ansg onkXqhyXshnm fXor bXm nodm Xmc 
nudqkXo �07fl11(- Hm ognmnmhbr) ax bnmsqXrs) ansg onkXqhyXshnmr eXunq chrbnmmdbsdc rshee) 
ghfg,lXrr,cdmrhsx hmbktrhnmr dladccdc hm X bnmmdbsdc bnlokhXms) knv,lXrr,cdmrhsx 
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lXsqhw �4() vghbg vd rgnv hm Rdbshnm 2 enkknvr eqnl sgd 
anmcdc dkXrshb hmsdqeXbd bnmchshnmr- Sgd nmkx oqhnq rsdXksgx 
ognmnmhb rstcx entmc Xm hrnsqnohb ats hmbnlokdsd fXo hm X 
rlXkk) rhmfkd XqqXmfdldms ne rshee) mnmnudqkXoohmf hmbktrhnmr 
�12() kdXuhmf nodm vghbg XcchshnmXk lhbqnrsqtbstqXk edXstqdr Xqd 
mddcdc enq bnlokdsd OAFr sgXs odqrhrs Xs kXqfd rxrsdl rhydr- 
?oXqs eqnl sghr rhmfkd rstcx) bnlokdsd aXmc fXo enqlXshnm hm 
chrnqcdqdc rsdXksgx gxodqtmhenql ognmnmhb ldchX gXr mns addm 
rxrsdlXshbXkkx hmudrshfXsdc-� 

Sn XcuXmbd sgd rsXsd ne sgd Xqs) vd oqnonrd sn bnlahmd 
sgd rsXshrshbXk hrnsqnox Xmc hmsdqldchXsd, sn knmf,vXudkdmfsg 
tmhenqlhsx ne rsdXksgx chrnqcdq vhsg sgd ghfg oXbjhmf eqXbshnm) 
knbXkkx tmhenql hmbktrhnm dmuhqnmldmsr jmnvm sn xhdkc bnlokdsd 
aXmc fXor hm ognmnmhb bqxrsXkr �4(- Vd Xbbnlokhrg sghr sXrj 
ax dwoknhshmf X qdbdmskx hmsqnctbdc bkXrr ne ztksqXcdmrd– �ghfg 
oXbjhmf eqXbshnm( rsdXksgx gxodqtmhenql chrj bnm“ftqXshnmr 
�2/) 20( Xr sdlokXsdr enq chrnqcdqdc svn,ogXrd dkXrshb bnlonrhsdr 
bnmrhrshmf ne rshee) ghfg,lXrr,cdmrhsx chrj hmbktrhnmr dladccdc 
hm X bnlokhXms) knv,lXrr,cdmrhsx lXsqhw) nq dpthuXkdmskx) X 
2C sqXmrudqrdkx hrnsqnohb ognmnmhb rnkhc bnlonrdc ne Xkhfmdc 
bxkhmcdqr hm okXbd ne sgd chrjr- Vd rgnv sgXs sgdrd tksqXcdmrd 
cdrhfmr dwghahs sgd “qrs bnlokdsd Xmc hrnsqnohb ognmnmhb aXmc 
fXor Xmc rxrsdlXshbXkkx dwoknqd sgdhq fXo vhcsg cdodmcdmbd nm 
sgd rsdXksghmdrr oXqXldsdq 𝜒 Xmc hmbktrhnm unktld eqXbshnm 𝜙1 
uhX bnloqdgdmrhud etkk,vXud “mhsd,dkdldms bXkbtkXshnmr- 

AdbXtrd sgd rsXmcXqc bnkkdbshud,bnnqchmXsd noshlhyXshnm 
oqnbdctqd sn fdmdqXsd rsdXksgx gxodqtmhenql fqntmc rsXsdr 
cndr mns dmXakd nmd sn Xbghdud ghfg oXbjhmf eqXbshnmr �21) 22() 
Ihl Xmc SnqptXsn �2/) 20( cduhrdc X lnch“dc rbgdld sgXs 
trdr X rgnqs,qXmfd rnes,bnqd qdotkrhud onsdmshXk hm Xcchshnm sn 
sgd zrsdXksgx– knmf,qXmfd onsdmshXk- Sghr lnch“bXshnm XbbtqXsdkx 
oqnctbdr rsdXksgx gxodqtmhenql fqntmc rsXsdr sgXs dmXakd nmd 
sn bqdXsd oXbjhmfr vhsg XooqdbhXakx ghfgdq lXwhltl oXbjhmf 
eqXbshnmr 𝜙�lXw( 

1 - Vd hcdmshex qdfhldr hm vghbg sgd nts,ne,okXmd 
Xmc hm,okXmd onkXqhyXshnm fXor nudqkXo sn enql bnlokdsd fXor 
vgnrd vhcsgr bXm ad stmdc ax uXqxhmf sgd rsdXksghmdrr oXqXldsdq 
𝜒 Xmc 𝜙1) Xmc vd rgnv sgXs sgdrd bnlokdsd) hrnsqnohb fXor 
odqrhrs enq rxrsdlr Xr kXqfd Xr M : 3)/// chrjr- Sn sgd adrs ne ntq 
jmnvkdcfd) sghr vnqj qdoqdrdmsr sgd “qrs rstcx ne sgd ognmnmhb 
oqnodqshdr ne tksqXcdmrd rsdXksgx gxodqtmhenql svn,ogXrd 
bnlonrhsdr) rodbh“bXkkx cdsdqlhmhmf sgdhq ognmnmhb aXmc,fXo 
bgXqXbsdqhrshbr trhmf etkk,vXud rhltkXshnmr: sgd nmkx oqduhntr 
hmudrshfXshnm ne sgd ogxrhbXk oqnodqshdr ne rtbg rxrsdlr vXr X 
udqx qdbdms rstcx sgXs chc mns bnmrhcdq ognmnmhb adgXuhnq �23(- 
Sn hrnkXsd sgd qnkd ne tksqXcdmrhsx) vd Xkrn bnloXqd sgdrd rxrsdlr 
vhsg bnmudmshnmXk rsdXksgx gxodqtmhenql ognmnmhb bnlonrhsdr 
Xs bnloXqXakd 𝜒 Xmc 𝜙1- Sgd bnmudmshnmXk rsdXksgx bnlonrhsdr 
eXhk sn nodm bnlokdsd fXor) rgnvhmf sgXs ghfg hmbktrhnm oXbjhmf 
eqXbshnm Xknmd hr hmrte“bhdms- Sgqntfg XmXkxrhr ne sgd fXo,dcfd 
lncdr) vd “mc sgXs mdXqkx bnmsXbshmf hmbktrhnm oXhqr gnrs lncdr 
sgXs otrg sgd knvdq aXmc dcfd tovXqc) vghkd kXqfd lXsqhw onqdr 
gnrs lncdr sgXs otkk sgd toodq aXmc dcfd cnvmvXqc) sgdqdax 
mXqqnvhmf sgd hmsdquXk nudq vghbg sgd onkXqhyXshnm,qdrnkudc fXor 
bXm nudqkXo- Bnlokdsd OAF enqlXshnm sgdqdenqd qdpthqdr sgd 
chrshmbshud bnlahmXshnm qdXkhydc ax tksqXcdmrd rsdXksgx gxodq,
tmhenql ldchX9 rsdXksgx knmf,vXudkdmfsg nqcdq) ghfg hmbktrhnm 
oXbjhmf eqXbshnm) Xmc rtooqdrrdc mdXqdrs,mdhfganq Xmc onqd,rhyd 
fitbstXshnmr- 

�Vd chrshmfthrg ognmnmhb aZmc fZor hm dkZrshb rnkhcr eqnl Zbntrshb aZmc fZor hm rbZkZq 
oqdrrtqd,vZud rxrsdlr) rtbg Zr rnkhc rbZssdqdqr dladccdc hm Z ekthc) qZsgdq sgZm hm Z 
bnlokhZms) knv,lZrr,cdmrhsx rnkhc Zr bnmrhcdqdc gdqd- Rtbg rbZkZq Zbntrshb rxrsdlr cn mns 
hmunkud sgd bntokdc udbsnq onkZqhyZshnmr) lncd bnmudqrhnm) nq anmcdc,hmsdqeZbd bnmchshnmr 
sgZs bnmsqnk bnlokdsd dkZrshb aZmc fZor) Zksgntfg rsdZksgx Zbntrshb ldchZ bZm dwghahs aZmc 
fZor Zmc sqZmroZqdmbx �13é18(- 

0. Mñdel Sxstems and Band Faœ Diafnñstibs 

.-.- TkspWcdmrd RsdWksgx Gxodptmhenpl Svn,OgWrd LdchW- Vd 
rstcx chrnqcdqdc 1C sqXmrudqrdkx hrnsqnohb ognmnmhb bnlonrhsdr 
enqldc ax dladcchmf chrj hmbktrhnmr hm X bnmmdbsdc lXsqhw- 
Sgd hmbktrhnm bdmsdqr Xqd nasXhmdc eqnl tksqXcdmrd rsdXksgx 
gxodqtmhenql onhms bnm“ftqXshnmr hm sgd hrnsqnohb qdfhld / � 
𝜒 � 0<1 �03) 24(- Enq X rhmfkd bnm“ftqXshnm) rsdXksghmdrr ldXmr 
sgXs sgd rsqtbstqd eXbsnq uXmhrgdr nudq X “mhsd dwbktrhnm qdfhnm 
Xqntmc sgd nqhfhm) h-d-) R%]( : / enq / � |]| � I ) Xmc 
sgd cdfqdd ne rsdXksghmdrr hr ptXmsh“dc hm svn chldmrhnmr ax 
𝜒 : I 1<%05𝜋𝜌() vgdqd 𝜌 hr sgd mtladq cdmrhsx �05(- 

TksqXcdmrd bnm“ftqXshnmr rtookdldms sgd trtXk rsdXksgx bnm,
rsqXhmsr vhsg X rgnqs,qXmfd rnes,bnqd qdotkrhnm) Xr cdrbqhadc hm 
LUsdphUkr Umc Ldsencr- Sghr XcchshnmXk knbXk bnmrsqXhms kdXcr sn 
“mhsd) rxrsdl,rhyd,hmrdmrhshud lXwhlXk hmbktrhnm unktld eqXbshnmr 
𝜙�lXw(

1 %𝜒( Xmc rtooqdrrdr mdXqdrs,mdhfganq fitbstXshnmr qdkXshud 
sn bnmudmshnmXk rsdXksgx bnm“ftqXshnmr �2/) 20(- Gdqd) vd 
bnmrhcdq enq dXbg 𝜒 ∈ %/) 0<1( Xm dmrdlakd ne tksqXcdmrd 
bnm“ftqXshnmr fdmdqXsdc Xs 𝜙�lXw(

1 %𝜒(- Vd bnmudqs sgdrd onhms 
bnm“ftqXshnmr hmsn svn,ogXrd dkXrshb bnlonrhsdr ax cdbnqXshmf 
sgd onhmsr vhsg hcdmshbXk) mnmnudqkXoohmf chrjr ne qXchtr P) rn 
sgXs sgd hmbktrhnm unktld eqXbshnm hr 𝜙1 : 𝜌𝜋P1 

± 𝜙�lXw( 
1 - Sghr 

bnmrsqtbshnm rdoXqXsdr sgd deedbsr ne rsdXksgx knmf,vXudkdmfsg 
nqcdq) bnmsqnkkdc ax 𝜒 ) eqnl sgnrd ne hmbktrhnm oXbjhmf eqXbshnm 
Xmc knbXk fdnldsqx) bnmsqnkkdc ax 𝜙1 Xmc sgd tksqXcdmrd rnes,bnqd 
bnmrsqXhms-

Hm Xkk rhltkXshnmr) ogXrd 1 hr sgd rshee) ghfg,lXrr,cdmrhsx 
hmbktrhnm ogXrd) Xmc ogXrd 0 hr sgd bnlokhXms) knv,lXrr,cdmrhsx 
lXsqhw ogXrd- Rodbh“bXkkx) vd trd rsddk chrjr dladccdc hm Xm 
donwx lXsqhw Xr X qdoqdrdmsXshud ghfg,bnmsqXrs khmdXqkx dkXrshb 
bnlonrhsd �3) 4(: sgd lXsdqhXk oXqXldsdqr Xqd fhudm hm LUsdphUkr 
Umc Ldsencr- Vd rds sgd mtladq cdmrhsx sn tmhsx) rn sgXs sgd 
bgXqXbsdqhrshb hmsdqoXqshbkd roXbhmf hr U : 𝜌�0<1 : 0) vghbg 
vd sXjd sn ad hm tmhsr ne lhbqnldsdqr hm ntq rhltkXshnmr- 
Sgtr) sgd qdrtkshmf aXmc fXor enq sgd rsddk.donwx bnlonrhsdr 
bnmrhcdqdc gdqd khd hm sgd tksqXrnmhb,sn,gxodqrnmhb eqdptdmbx 
qXmfd: nsgdq eqdptdmbx qdfhldr bXm ad qdXbgdc ax bgXmfhmf 
sgd ogxrhbXk uXktd Xrrhfmdc sn U Xmc.nq ax uXqxhmf sgd lXsdqhXk 
oXqXldsdqr- PdoqdrdmsXshud tksqXcdmrd Xmc bnmudmshnmXk rsdXksgx 
bnm“ftqXshnmr Xmc sgdhq rsqtbstqd eXbsnqr Xqd rgnvm hm Ehf- 0- 

.-1- OnkWphyWshnm,Pdrnkudc Wmc Bnlokdsd Ognmnmhb AWmc FWor- 
Enq sgd aXmc fXo bXkbtkXshnmr) vd sqdXs dXbg “mhsd bnm“ftqXshnm 
Xr X rtodqbdkk ne XqdX � tmcdq odqhnchb antmcXqx bnmchshnmr- 
Enq dXbg bgnrdm Aknbg vXududbsnq ]) sgd dkXrshb lncdr rXshrex 
Aknbg antmcXqx bnmchshnmr nm sgd rtodqbdkk) Xmc vd cdmnsd 
sgd qdrtkshmf dhfdmeqdptdmbhdr ne sgd dmshqd rtodqbdkk ax 𝜔h- 
AdbXtrd sgd bnlonrhsdr Xqd sqXmrudqrdkx hrnsqnohb) sgd dkXrshb 
dhfdmlncdr rdoXqXsd hmsn nts,ne,okXmd Xmc hm,okXmd onkXqhydc 
lncdr- Vd hcdmshex aXmc fXor rdoXqXsdkx enq sgd nts,ne,okXmd Xmc 
hm,okXmd onkXqhyXshnm rodbsqX- Gdqd Xmc sgqntfgnts) zhrnsqnohb– 
ldXmr sgXs) vhsghm mtldqhbXk qdrnktshnm) sgd fXo dcfdr) Xmc 
gdmbd sgd fXo vhcsg) cn mns uXqx vhsg sgd chqdbshnm ne sgd 
Aknbg vXududbsnq ]- Vd cd“md sgd bnlokdsd ognmnmhb aXmc 
fXo sn ad sgd eqdptdmbx hmsdquXk nudq vghbg ansg onkXqhyXshnmr 
Xqd enqahccdm enq Xkk chqdbshnmr- Fhudm sgd hrnsqnox ne sgd 
ognmnmhb aXmc fXor ne sgd tksqXcdmrd rxrsdlr �rdd Rdbshnm 1 enq
cdsXhkr() Xkk aXmc fXor qdonqsdc hm sgd lXhm sdws vdqd duXktXsdc 
Xs sgd rtodqbdkk � : %/) /) /( Aknbg vXududbsnq) vghbg vd 
mnsd hr bnlotsXshnmXkkx kdrr dwodmrhud sgXm rXlokhmf mnmmtkk 
vXududbsnqr �4(- 

1 ne 8 gssor9..cnh-nqf.0/-0/62.omZr-1511148012 omZr-nqf 
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A B C D E
Ehf- .- IlZfdr ne �Smo qnv( rsdZksgx gxodqtmhenql chri oZbihmfr Zs hmbktrhnm unktld eqZbshnm 𝜙1 ) /-3/ Zmc �Amppmd qnv( sgdhq bnqqdronmchmf rsqtbstqd eZbsnqr) 
N�i() Zbqnrr 𝜒 Zmc 𝜙�lZw( 

1
uZktdr9 tksqZcdmrd ��( 𝜒 ) /-//1 Zmc 𝜙 �lZw( 

1
) /-75) �A( 𝜒 ) /-0/ Zmc 𝜙�lZw( 

1
) /-71) �B( 𝜒 ) /-2/ Zmc 𝜙�lZw( 

1
) /-66) �C( 𝜒 ) /-34 

Zmc 𝜙�lZw( 
1

) /-57) Zmc bnmudmshnmZk �D( 𝜒 ) /-34 Zmc 𝜙�lZw( 
1

) /-3/- Im sgd rsqtbstqd eZbsnqr hm sgd Amppmd qnv) vghsd �aktd( gtdr bnqqdronmc sn knv �ghfg( 
rbZssdqhmf hmsdmrhsx) Zmc sgd rtodqhlonrdc akZbi bhqbkdr vhsg qZchtr E dmbnloZrr sgd rsdZksgx dwbktrhnm qdfhnm- @r 𝜒 hmbqdZrdr snvZqc 0<1) sgd qhmfr hm N�i( 
adbnld lnqd ch’trd Zmc knvdq hm hmsdmrhsx) qdekdbshmf sgd sqZmrhshnm eqnl onkxbqxrsZkkhmd rsqtbstqdr sn rsqtbstqdr vhsg fqdZsdq knbZk chrnqcdq- Ctd sn sgd Zardmbd 
ne Z rnes,bnqd qdotkrhnm) sgd 𝜒 ) /-34 bnmudmshnmZk rsdZksgx rxrsdl hm �D( gZr lZmx mdZqkx bnmsZbshmf hmbktrhnmr Zmc aqnZcdq knbZk fdnldsqhb ektbstZshnmr sgZm 
sgd bnqqdronmchmf tksqZcdmrd oZbihmf hm �C(- 

Enq dXbg onkXqhyXshnm,qdrnkudc nq bnlokdsd fXo) vd qdonqs sgd 
fXo,lhcfXo qXshn �4) 07) 11) 12( 

Δ𝜔 
𝜔l 

: 
1%𝜔) � 𝜔�( 
𝜔) ) 𝜔� 

) C�[ 

vgdqd Δ𝜔 : 𝜔) � 𝜔� hr sgd fXo vhcsg) 𝜔l : %𝜔) ) 𝜔�(<1 hr 
sgd lhcfXo eqdptdmbx) Xmc 𝜔� Xmc 𝜔) Xqd sgd knvdq Xmc toodq 
fXo,dcfd eqdptdmbhdr) qdrodbshudkx- Sn Xrrdrr vgdsgdq XooXqdms 
bnlokdsd fXor hm “mhsd rXlokdr odqrhrs Xs kXqfdq rxrsdl rhydr) 
vd bnlotsd enq dXbg onkXqhyXshnm sgd XqdX,mnqlXkhydc ognmnmhb 
cdmrhsx ne rsXsdr �10( 

�%𝜔( : 
0
� 

∞ 

h+0 
𝛿%𝜔 � 𝜔h() C1[ 

vghbg hr duXktXsdc Xs sgd �,onhms- Enq dXbg oXqXldsdq rds Xmc 
rxrsdl rhyd) vd onnk sgd dhfdmeqdptdmbhdr eqnl Xm dmrdlakd ne 
hmcdodmcdms bnm“ftqXshnmr sn bnmrsqtbs sgd dmrdlakd,XudqXfdc 
cdmrhsx ne rsXsdr- 

Enkknvhmf IkXss ds Xk- �10() vd chrshmfthrg adsvddm svn 
Xrxlosnshb aXmc sXhk adgXuhnqr ne �%𝜔(- Enq Xm dwonmdmshXk sXhk) 
sgd cdmrhsx ne rsXsdr gXr mn rsqhbs aXmc dcfd Xmc hr cdrbqhadc ax 
�%𝜔( ∼ dwo%±𝛽±𝜔() vgdqd 𝛽± / /) hlokxhmf sgXs sgd toodq 
Xmc knvdq sXhkr ltrs dudmstXkkx bqnrr Xmc bknrd sgd XooXqdms fXo 
Xs X “mhsd lhmhltl cdmrhsx ne rsXsdr) �lhm- Ax bnmsqXrs) X onvdq,
kXv sXhk hr cd“mdc vhsg qdrodbs sn X vdkk,cd“mdc dcfd eqdptdmbx 
𝜔± Xmc gXr sgd enql �%𝜔( ∼ |𝛿𝜔±|

𝛾± ) vgdqd 𝛿𝜔± : 𝜔 � 𝜔±) 
rn sgXs sgd cdmrhsx ne rsXsdr uXmhrgdr Xr 𝜔 → 𝜔±- He sgd knvdq 
Xmc toodq onvdq,kXv sXhkr enq X fhudm onkXqhyXshnm Xqd rte“bhdmskx 
rdoXqXsdc hm eqdptdmbx) X “mhsd hmsdquXk bXm qdlXhm hm vghbg 
�%𝜔( : /) bnmrhrsdms vhsg X sqtd ognmnmhb aXmc fXo qXsgdq
sgXm X cddo ordtcnfXo �10(- Sgd mtldqhbXk oqnbdctqdr trdc sn 
bnlotsd sgd rodbsqX) “mhsd,rxrsdl cdmrhsx ne rsXsdr ghrsnfqXlr) 
aXmc,sXhk “sr) Xmc fXo rsXshrshbr Xqd cdrbqhadc hm LUsdphUkr Umc 
Ldsencr- 

1. Qesults 

1-.- Bnlokdsd Wmc zrnspnohb OAFr 9bpnrr sgd TkspWcdmrd Cdrhfm 
RoWbd- Vd “qrs ptXmshex ognmnmhb aXmc,fXo enqlXshnm Xbqnrr 
sgd tksqXcdmrd 𝜒fl𝜙1 cdrhfm roXbd ax bnlotshmf sgd fXo,lhcfXo 
qXshn Δ𝜔<𝜔l enq sgd nts,ne,okXmd) hm,okXmd) Xmc bnlokdsd fXor- 
?r rgnvm hm Ehf- 1) sgd nts,ne,okXmd onkXqhyXshnm fXor Xqd kXqfd 
nudq ltbg ne sgd Xbbdrrhakd oXqXldsdq roXbd) vgdqdXr sgd hm,okXmd 
onkXqhyXshnm fXor Xqd mXqqnvdq Xmc sgdqdenqd fdmdqXkkx khlhs sgd 
bnlokdsd fXo) vghbg bnqqdronmcr sn sgd hmsdqrdbshnm ne sgd svn 
fXor- Dmrdlakd,XudqXfdc uXktdr Xmc RCr ne sgd onkXqhyXshnm,
qdrnkudc Xmc bnlokdsd fXofllhcfXo qXshnr Δ𝜔<𝜔l Xqd khrsdc 
hm RH �oodmchw) SXakdr R0flR2- Bnlokdsd OAFr Xqhrd nmkx 
vgdqd sgd nts,ne,okXmd Xmc hm,okXmd enqahccdm hmsdquXkr nudqkXo 
hm eqdptdmbx) vghbg qdrsqhbsr sgd qdfhnm ne etkk onkXqhyXshnm,
hmcdodmcdms vXud aknbjhmf- 

Sgd gdXslXor qdudXk X oqnmntmbdc mnmlnmnsnmhb cdodm,
cdmbd ne sgd bnlokdsd fXo vhcsg nm ansg 𝜒 Xmc 𝜙1- ?s knv 
hmbktrhnm oXbjhmf eqXbshnmr) sgd bnlokdsd fXo hr Xardms nq rlXkk 
dudm vgdm sgd tmcdqkxhmf onhms oXssdqm hr rsdXksgx- Enq “wdc 𝜒 ) 
hmbqdXrhmf 𝜙1 hmhshXkkx vhcdmr sgd onkXqhyXshnm,qdrnkudc fXor Xmc 
oqnlnsdr sgdhq nudqkXo) ats sgd bnlokdsd fXo qdXbgdr X lXwhltl 
Xs hmsdqldchXsd,sn,kXqfd 𝜙1 �h-d-) /-4 � 𝜙1 � /-5( adenqd 
cdbqdXrhmf XfXhm mdXq sgd kXqfdrs Xbbdrrhakd oXbjhmf eqXbshnmr- 
Khjdvhrd) enq “wdc 𝜙1) sgd bnlokdsd fXo fdmdqXkkx hmbqdXrdr eqnl 
sgd rlXkkdrs 𝜒 uXktdr sn bnloXqXakd uXktdr Xs 𝜒 : /-2/ Xmc 
𝜒 : /-3/) adenqd cdbqdXrhmf Xs 𝜒 : /-34 �RH �oodmchw) Ehf- R0(- 
Sgtr) mdhsgdq lXwhlXk oXbjhmf eqXbshnm mnq lXwhlXk rsdXksghmdrr 
Xknmd noshlhydr bnlokdsd OAF enqlXshnm- 

Sgd kXqfdrs bnlokdsd fXor nbbtq enq hmsdqldchXsd rsdXksghmdrr 
Xmc lncdqXsdkx ghfg oXbjhmf eqXbshnm- ?lnmf sgd rxrsdlr 
bnmrhcdqdc gdqd) sgd vhcdrs bnlokdsd fXo hr nasXhmdc enq 𝜒 : 
/-2/ Xmc 𝜙1 : /-5/) vhsg dmrdlakd,XudqXfdc fXo,lhcfXo 
qXshnr ne Δ𝜔<𝜔l : 82-70 ± 0-03� enq nts,ne,okXmd lncdr) 
6/-6 ± 0-5� enq hm,okXmd lncdr) Xmc 34-4 ± 0-4� enq sgd 

NA�P 1/15 Unk- 012 Mn- 27 d1511148012 gssor9..cnh-nqf.0/-0/62.omZr-1511148012 2 ne 8 
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Ehf- 1- EZo,lhcfZo qZshn Δ𝜔<𝜔d enq nts,ne,okZmd) hm,okZmd) Zmc bnlokdsd ognmnmhb aZmc fZor Zs sgd �,onhms hm K ) 3// chri tksqZcdmrd bnlonrhsdr Zbqnrr 
uZktdr ne sgd rsdZksghmdrr oZqZldsdq 𝜒 Zmc hmbktrhnm oZbihmf eqZbshnm 𝜙1- UZktdr Zqd dmrdlakd ZudqZfdr nudq hmcdodmcdms qdZkhyZshnmr- AkZbi bdkkr cdmnsd 
oZqZldsdq uZktdr enq vghbg mn bnqqdronmchmf fZo hr oqdrdms) vghkd fqZx bdkkr cdmnsd oZbihmf eqZbshnmr sgZs Zqd hmZbbdrrhakd adbZtrd sgdx dwbddc 𝜙�lZw(

1
�𝜒(- 

Sgd nts,ne,okZmd fZor Zqd aqnZc nudq ltbg ne sgd Zbbdrrhakd oZqZldsdq roZbd) vgdqdZr sgd hm,okZmd fZor Zqd mZqqnvdq Zmc sgdqdenqd khlhs sgd bnlokdsd 
fZo- @kk fZor dwghahs Z mnmlnmnsnmhb cdodmcdmbd nm ansg 𝜒 Zmc 𝜙1) vhsg sgd kZqfdrs fZor nbbtqqhmf Zs hmsdqldchZsd rsdZksghmdrr Zmc lncdqZsdkx ghfg 
oZbihmf eqZbshnm- 

bnlokdsd fXo- Gdqd) sgd tmbdqsXhmshdr Xqd dmrdlakd RCr nudq 
hmcdodmcdms bnm“ftqXshnmr- Mnsd sgXs sgd bnlokdsd fXo vhcsg 
ne sgd 𝜒 : /-2/) 𝜙1 : /-5/ tksqXcdmrd rxrsdl XooqnXbgdr sgnrd 
ne bdqsXhm rsddk,donwx ognmnmhb bqxrsXkr Xs sgd rXld 𝜙19 Vd entmc 
bnlotsXshnmXkkx sgXs chrjr XqqXmfdc nm sgd rptXqd Xmc sqhXmftkXq 
kXsshbdr qdrodbshudkx gXud bnlokdsd fXo,lhcfXo qXshnr 47-1� Xmc
71-3�- 

Vd dwodbs sgXs sgd aXmc fXor ne sgd tksqXcdmrd ognmnmhb 
bnlonrhsdr Xqd hrnsqnohb fhudm sgXs sgdx Xqd rsXshrshbXkkx hrnsqnohb 
Xmc bnmudmshnmXk rsdXksgx rsqtbstqdr Xqd vdkk jmnvm sn dwghahs 
hrnsqnohb aXmc fXor �07fl1/) 12(- Vd udqhex sghr hrnsqnox ax 
bnlotshmf sgd cdmrhsx ne rsXsdr enq X qdoqdrdmsXshud dmrdlakd 
ne M : 3// chrj 𝜒 : /-2/ Xmc 𝜙1 : /-5/ bnm“ftqXshnmr Xs 
Aknbg vXududbsnqr W : %𝜋<K) /) /( Xmc L : %𝜋<K) 𝜋<K) /() 
vgdqd K hr sgd rtodqbdkk rhcd kdmfsg- ?r rddm hm RH �oodmchw) 
Ehf- R1 Xmc SXakd R3) sgd dmrdlakd,XudqXfdc cdmrhsx ne rsXsdr 
Xmc aXmc,dcfd eqdptdmbhdr Xqd uhqstXkkx hcdmshbXk Xs sgd �,) W,
Xmc L,onhmsr- Sgdrd sqdmcr rgnv sgXs vhcd) hrnsqnohb Xmc 
bnlokdsd ognmnmhb fXo enqlXshnm hm tksqXcdmrd bnlonrhsdr 
hr bnmsqnkkdc ax X bnlodshshnm adsvddm hmbqdXrhmf qdbhoqnbXk,
roXbd nqcdq) vghbg eXunqr sgd nodmhmf ne qnatrs fXor) Xmc 
qdXk,roXbd oXbjhmf bnmrsqXhmsr) vghbg cdsdqlhmd vgdsgdq sgd 
onkXqhyXshnm,qdrnkudc fXor nodm Xmc nudqkXo) Xr vd vhkk rgnv 
adknv- 

1-1- Odprhrsdmbd ne Bnlokdsd OAFr sn KWpfd Rxrsdl Rhydr- Sn 
Xrrdrr vgdsgdq sgd XooXqdms bnlokdsd ognmnmhb fXor hcdmsh“dc 
enq “mhsd,rhyd tksqXcdmrd rXlokdr qdlXhm nodm Xr sgd rxrsdl rhyd 
hmbqdXrdr) vd dwXlhmd sgd rbXkhmf ne sgd cdmrhsx ne rsXsdr mdXq sgd 
knvdq Xmc toodq fXo dcfdr enq kXqfd dmrdlakdr ne M : 3)/// chrj 
bnlonrhsdr Xs “wdc 𝜙1 : /-3/- Vd chc mns dwsdmc sgd kXqfd,M 
aXmc,sXhk XmXkxrhr sn sgd 𝜒 : /-2/) 𝜙1 : /-5/ cdrhfm) vghbg gXr 
sgd vhcdrs fXo Xlnmf sgd rxrsdlr bnmrhcdqdc gdqd) adbXtrd ldrg 
fdmdqXshnm Xmc dhfdmuXktd bXkbtkXshnmr adbnld XooqdbhXakx lnqd 
cdlXmchmf Xr sgd oXbjhmf eqXbshnm hmbqdXrdr- 

?r rddm hm Ehf- 2�) sgd M : 3)/// chrj 𝜒 : /-//1 
rxrsdl dwghahsr nmkx mnmnudqkXoohmf ordtcnfXor enq sgd svn 
onkXqhyXshnmr) dXbg vhsg 0/7 � �lhm � 0/8 Xmc XooXqdmskx 

dwonmdmshXk toodq sXhkr- Fhudm sgd ghfgkx onkxbqxrsXkkhmd rsqtb,
stqd ne sgd 𝜒 : /-//1 bnlonrhsdr) vd gxonsgdrhyd sgXs sgd 
uXqhntr rsqtbstqXk cdedbsr �d-f-) uXbXmbhdr Xmc fqXhm antmcXqhdr: 
rdd Ehf- 0�( Xqd XrrnbhXsdc vhsg sgd fXor bknrhmf- Sghr ad,
gXuhnq bnmsqXrsr vhsg sgXs ne sgd bnqqdronmchmf M : 3// 
rxrsdlr) vghbg XoodXqdc sn rgnv chrinhms fXor enq sgd hmch,
uhctXk onkXqhyXshnmr) tmcdqrbnqhmf sgd hlonqsXmbd ne kXqfd,
rxrsdl dmrdlakd,aXrdc XmXkxrdr enq chrshmfthrghmf sqtd bnlokdsd 
ognmnmhb aXmc fXor eqnl “mhsd,rhyd ordtcnfXor hm chrnqcdqdc 
rxrsdlr- 

Ax bnmsqXrs) sgd 𝜒 : /-2/ Xmc 𝜒 : /-34 bnlonrhsdr dwghahs 
sXhk adgXuhnq sgXs hr bnmrhrsdms vhsg onvdq,kXv rbXkhmf enq ansg 
onkXqhyXshnmr) Xr rddm hm Ehf- 2 A Xmc B - Sgd M : 3)/// fXo,
lhcfXo qXshnr Xqd bknrd sn sgdhq M : 3// bntmsdqoXqsr- Enq 
𝜒 : /-2/) sgd M : 3)/// nts,ne,okXmd) hm,okXmd) Xmc bnlokdsd 
fXor Xqd qdrodbshudkx 72-74 ± /-64�) 5/-71 ± /-4/�) Xmc 
24-24 ± /-71�) bnloXqdc sn sgd bnqqdronmchmf M : 3// uXktdr 
ne 75-/ ± /-8�) 51-0 ± /-6�) Xmc 26-1 ± 0-0�- Enq 𝜒 : /-34) 
sgd M : 3)/// uXktdr Xqd 65-83 ± /-27�) 48-64 ± /-3/�) Xmc 
17-/1 ± /-28�) bnloXqdc sn sgd bnqqdronmchmf M : 3// uXktdr 
ne 67-4 ± /-8�) 5/-8 ± /-4�) Xmc 18-5 ± /-8�- Sghr adgXuhnq 
rtffdrsr sgXs sgd bnqqdronmchmf bnlokdsd ognmnmhb aXmc fXor 
lhfgs qdlXhm nodm Xs dudm kXqfdq rxrsdl rhydr- Vgdsgdq sgd fXo 
qdlXhmr nodm enq XqahsqXqhkx kXqfd rhydr bXmmns ad cdsdqlhmdc eqnl 
rhltkXshnmr) Xmc qdlXhmr Xm nodm sgdnqdshbXk hrrtd- 

?mXkxrhr ne sgd 𝜒 : /-0/) M : 3)/// chrj dmrdlakd rgnvr 
Xm XooXqdms bnlokdsd ognmnmhb aXmc fXo vgnrd knvdq aXmc 
sXhkr Xqd bnloXshakd vhsg onvdq,kXv rbXkhmf) vghkd sgd toodq 
sXhkr Xqd snn mnhrx sn bkXrrhex tmXlahftntrkx: rdd RH �oodmchw) 
Ehf- R2- Vd sgdqdenqd hmsdqoqds 𝜒 : /-0/ Xr adhmf mdXq sgd bqhshbXk 
𝜒 uXktd XrrnbhXsdc vhsg sgd bqnrrnudq adsvddm ordtcnfXor Xmc 
aXmc fXor hm tksqXcdmrd ognmnmhb bnlonrhsdr- ?ksnfdsgdq) sgdrd 
qdrtksr rtffdrs sgXs) Xr vhsg sgd bXrd ne rsdXksgx ognsnmhbr �10() 
rte“bhdmskx rsqnmf rsdXksghmdrr”Xmc sgtr X ghfg cdfqdd ne nqcdq 
Xbqnrr rgnqs,) hmsdqldchXsd,) Xmc kXqfd,kdmfsg rbXkdr”hr qdpthqdc 
mns nmkx sn nodm X bnlokdsd ognmnmhb fXo hm “mhsd tksqXcdmrd 
rXlokdr) ats Xkrn sn oqdudms sgXs fXo eqnl bknrhmf Xmc adbnlhmf 
X ordtcnfXo Xr sgd rxrsdl rhyd hmbqdXrdr- 

3 ne 8 gssor9..cnh-nqf.0/-0/62.omZr-1511148012 omZr-nqf 
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A B C 
Ehf- 2- ��( Jnf,rbZkd oknsr ne sgd nts,ne,okZmd �NO( Zmc hm,okZmd �IO( cdmrhsx ne rsZsdr ��𝜔( enq 𝜒 ) /-//1 tksqZcdmrd ognmnmhb rnkhcr- Jnféknf oknsr ne sgd 
cdmrhsx ne rsZsdr sZhkr mdZq sgd fZo dcfdr ��|𝛿𝜔±|( enq �A( 𝜒 ) /-2/ Zmc �B( 𝜒 ) /-34- Sgd cZrgdc khmdr qdoqdrdms sgd dwonmdmshZk toodq sZhkr ne sgd ordtcnfZor 
hm ��() Zmc sgd onvdq,kZv rbZkhmf ne sgd knvdq, Zmc toodq,aZmc sZhkr hm �A Zmc B(- RDr Zqd qdoqdrdmsdc ax sgd rgZcdc qdfhnmr hm ��() Zmc dqqnq aZqr hm �A Zmc B(- 
@kk qdrtksr Zqd enq dmrdlakdr ne rxrsdlr vhsg K ) 3)/// chri hmbktrhnmr- 

2. Exœlanatiñn ñf ŒBF Fñqmatiñn 

Sgd qdrtksr Xanud qXhrd sgqdd qdkXsdc ptdrshnmr9 Vgx cn chr,
bnmmdbsdc rshee hmbktrhnmr hm X bnmmdbsdc bnlokhXms lXsqhw 
kdXc sn ognmnmhb aXmc fXor; Vgx cndr hmbqdXrhmf sgd hm,
bktrhnm unktld eqXbshnm 𝜙1 vhcdm sgd hm,okXmd Xmc nts,ne,
okXmd fXor; Gnv cndr tksqXcdmrhsx bXtrd sgd fXor sn nudqkXo; 
Vd Xccqdrr sgdrd ptdrshnmr trhmf sgd dkXrshb PXxkdhfg ptn,
shdms) sgd anmcdc dkXrshb hmsdqeXbd bnmchshnmr) Xmc ptXkhsXshud 
cheedqdmbdr adsvddm sgd hmbktrhnm mdXqdrs,mdhfganq Xmc lXsqhw 
onqd,rhyd chrsqhatshnmr ne tksqXcdmrd Xmc bnmudmshnmXk rsdXksgx 
bnlonrhsdr- 

2-.- OgWrd Snonknfx- Enq X fhudm Aknbg,odqhnchb dkXrshb dhfdm,
lncd vhsg chrokXbdldms “dkc n%u( hm X odqhnchb rtodqbdkk Ω sgXs 
bnloqhrdr sgd dmshqd svn,ogXrd ldchtl) sgd uXqhXshnmXk oqhmbhokd 
enq khmdXq dkXrsncxmXlhbr fhudr 𝜔1 Xr sgd rsXshnmXqx uXktd ne sgd 
dkXrshb PXxkdhfg ptnshdms �4(9 

𝜔 1 : 
T 
I 

: 
 
Ω �%u( + 7%u( + �%u( cu  

Ω 𝜌l%u(|n%u(|1 cu 
- C2[ 

Gdqd) T Xmc I Xqd qdrodbshudkx sgd rsqXhm, Xmc jhmdshb,dmdqfx 
ne sgd lncd) sgd knbXk rsqXhm hr �%u( : %|n ) |nS (<1) Xmc
7%u( Xmc 𝜌l%u( Xqd qdrodbshudkx sgd knbXk rsheemdrr sdmrnq Xmc 
lXrr cdmrhsx- Vd sXjd ogXrd 1 sn ad sgd rshee) ghfg,lXrr,cdmrhsx 
hmbktrhnm ogXrd Xmc ogXrd 0 sn ad sgd bnlokhXms) knv,lXrr,
cdmrhsx lXsqhw ogXrd) vhsg lXrr cdmrhshdr 𝜌�1( l / 𝜌�0( l Xmc KXl— 
oXqXldsdqr 𝜇�1( / 𝜇�0( Xmc 𝜆�1( / 𝜆�0(- 

?bqnrr X anmcdc dkXrshb hmsdqeXbd) sgd chrokXbdldms Xmc sqXbshnm 
rXshrex 

=n[ : /) =𝝈 ̂k[ : /) C3[ 

vgdqd 𝝈 : 7 + � Xmc ˆ k hr sgd hmsdqeXbd tmhs mnqlXk- 
Enq Xm nts,ne,okXmd lncd n : t%w) x(x̂) sgd qdkduXms rsqXhmr 
Xqd rgdXq rsqXhmr oqnonqshnmXk sn fqXchdmsr ne t- MdXq Xm 
hmsdqeXbd) sgd sXmfdmshXk Xmc mnqlXk bnlonmdmsr Xqd qdrodbshudkx 
vqhssdm Xr >s t Xmc >mt) rn sgXs sgd bnqqdronmchmf rsqXhm,
dmdqfx bnmsqhatshnmr hm ogXrd h rbXkd Xr T �h( 

s ∼ 𝜇�h(%>s t�h((1 

Xmc T �h( 
m ∼ 𝜇�h(%>mt�h((1 - ChrokXbdldms bnmshmthsx “wdr 

>s t Xbqnrr sgd hmsdqeXbd) vghkd sqXbshnm bnmshmthsx “wdr 𝜇>mt- 
Sgtr) 

T �1( s 

T �0( s 

: 
𝜇�1( 

𝜇�0( ) 
T �1( m

T �0( m

: 
𝜇�0( 

𝜇�1( ) C4[ 

vhsg XmXknfntr hm,okXmd drshlXsdr fhudm hm RH �oodmchw- Sgtr) 
sgd rXld sXmfdmshXk hmsdqeXbhXk cdenqlXshnm hr lnqd dmdqfdshbXkkx 
bnrskx hm sgd rshee ogXrd sgXm hm sgd bnlokhXms lXsqhw ogXrd- 

Sghr hmsdqeXbd bnmrsqXhms dwokXhmr vgx knv,PXxkdhfg,ptnshdms 
lncdr eXunq chrbnmmdbsdc rshee hmbktrhnmr hm X bnmmdbsdc 
bnlokhXms lXsqhw- Sgd hmbktrhnmr bXm tmcdqfn mdXqkx qhfhc 
sqXmrkXshnm Xmc qnsXshnm) bnmsqhatshmf rsqnmfkx sn sgd jhmdshb,
dmdqfx cdmnlhmXsnq I adbXtrd ne sgdhq ghfg lXrr cdmrhsx) 
vghkd sgd bnmmdbsdc bnlokhXms lXsqhw rsnqdr lnrs ne sgd rsqXhm 
dmdqfx- HmbqdXrhmf sgd hmbktrhnm,sn,lXsqhw lXrr,cdmrhsx bnmsqXrs 
etqsgdq qdctbdr sgd knvdq aXmc dcfd eqdptdmbx sgqntfg I - 
Sgd mdXqkx qhfhc chrj lnshnmr adknv sgd fXo rtffdrs X knbXk,
qdrnmXmbd bnmsqhatshnm) bnmrhrsdms vhsg oqduhntr rstchdr khmjhmf 
sgd eqdptdmbhdr ne bxkhmcdq qdrnmXmbdr Xmc ognmnmhb aXmc dcfdr 
�12(- ? bnmmdbsdc rshee lXsqhw vntkc hmduhsXakx kdXc sn sXmfdmshXk 
cdenqlXshnm ne sgd rshee ogXrd Xmc sgtr Xm hmbqdXrd hm sgd rsqXhm,
dmdqfx mtldqXsnq T - 

Vd udqhex sghr ogXrd,dmdqfx oXqshshnmhmf trhmf sgd ogXrd 1 
jhmdshb, Xmc rsqXhm,dmdqfx bnmbdmsqXshnm eXbsnqr I �1( Xmc T �1( ) 
vghbg Xqd cd“mdc hm LUsdphUkr Umc Ldsencr- Ehf- 3� rgnvr 
sgXs lncdr adknv sgd fXor gXud kXqfd hmbktrhnm jhmdshb,dmdqfx 
bnmbdmsqXshnm) vgdqdXr lncdr Xanud sgd fXor rghes jhmdshb,dmdqfx 
vdhfgs hmsn sgd lXsqhw- Ax bnmsqXrs) T �1( qdlXhmr rlXkk enq ansg 
onkXqhyXshnmr Xmc oXbjhmf eqXbshnmr) bnm“qlhmf sgXs sgd rsqXhm 
dmdqfx hr bnmbdmsqXsdc oqhlXqhkx hm sgd bnlokhXms lXsqhw- Sghr 
roXshXk chrsqhatshnm ne dmdqfx enq Xm hm,okXmd lncd qhfgs adknv 
sgd fXo hr rgnvm chqdbskx hm Ehf- 3A- 

2-1- Ghfg zmbktrhnm OWbihmf EpWbshnmr- HmbqdXrhmf 𝜙1 vhcdmr sgd 
onkXqhyXshnm,qdrnkudc fXor ax rdoXqXshmf sgdhq knvdq Xmc toodq 
aXmc dcfdr- Enq knvdq,dcfd lncdr) hmbqdXrhmf sgd unktld ne 
ogXrd 1 hmbqdXrdr sgd ghfg,lXrr,cdmrhsx hmbktrhnm bnmsqhatshnm 
sn sgd jhmdshb,dmdqfx cdmnlhmXsnq) 

I : 
 

Ω0 

𝜌�0( l |n%u(|
1 cu ) 

 

Ω1 

𝜌�1( l |n%u(|
1 cu) C5[ 

NA�P 1/15 Unk- 012 Mn- 27 d1511148012 gssor9..cnh-nqf.0/-0/62.omZr-1511148012 4 ne 8 
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A 

B 
Ehf- 3- ��( OgZrd 1 ihmdshb, Zmc rsqZhm,dmdqfx bnmbdmsqZshnm eZbsnqr enq sgd 
𝜒 ) /-2/ tksqZcdmrd rxrsdl Zs 𝜙1 ) /-0/ Zmc 𝜙1 ) /-5/- �A( MnqlZkhydc knbZk 
rsqZhm, Zmc ihmdshb,dmdqfx cdmrhshdr enq sgd ghfgdrs,eqdptdmbx hm,okZmd lncd 
adknv sgd fZo Zs 𝜒 ) /-2/ Zmc 𝜙1 ) /-5/- Sgd hmbktrhnm antmcZqhdr hm �A( Zqd 
ghfgkhfgsdc hm bxZm-

vgdqd Ω0 Xmc Ω1 Xqd sgd chrinhms unktldr nbbtohdc ax sgd 
lXsqhw Xmc hmbktrhnm ogXrdr) qdrodbshudkx- AdbXtrd 𝜌�1( l /

𝜌�0( l ) mdXqkx qhfhc hmbktrhnm,cnlhmXsdc lncdr bXm hmbqdXrd I 
vhsgnts X bnloXqXakd hmbqdXrd hm T ) knvdqhmf sgd knvdq aXmc 
dcfd- 

Lncdr Xanud sgd fXo Xqd bnmrsqXhmdc ax nqsgnfnmXkhsx Xmc 
bXmmns qdoqnctbd sgdrd bngdqdms hmbktrhnm lnshnmr- Sgdx hmrsdXc 
rghes jhmdshb,dmdqfx vdhfgs hmsn sgd bnmmdbsdc lXsqhw Xmc hmbtq 
X bnm“mdldms odmXksx hm sgd mXqqnv lXsqhw bgXmmdkr- ? lncd 
bnm“mdc sn X bgXmmdk ne bgXqXbsdqhrshb vhcsg e uXqhdr nudq X kdmfsg 
rbXkd ne nqcdq e) fhuhmf ||n| ∼ |n|<e Xmc gdmbd sgd eqdptdmbx 
ne rtbg bnm“mdc bgXmmdk lncdr rbXkdr Xr 𝜔bg ∼ a0<e) vgdqd 
a0 hr sgd lXsqhw vXud roddc: rdd RH �oodmchw- Sgtr) hmbqdXrhmf 
𝜙1 knvdqr sgd knvdq aXmc dcfd sgqntfg qhfhc sqXmrkXshnmr Xmc 
qnsXshnmr ne sgd chrjr Xmc qXhrdr sgd toodq aXmc dcfd sgqntfg 
mXqqnv lXsqhw bgXmmdkr) Xr rddm hm Ehf- 4- 

2-2- TkspWcdmrhsx Wmc Bnlokdsd OAF EnplWshnm- Vd “mXkkx 
Xccqdrr vgx tksqXcdmrhsx hr mddcdc enq sgd onkXqhyXshnm,qdrnkudc 
fXor sn nudqkXo- ?s 𝜒 : /-34 Xmc 𝜙1 : /-2/) Ehf- 4 
rgnvr sgXs sgd bnmudmshnmXk rsdXksgx rxrsdl gXr mXqqnvdq hm,
okXmd Xmc nts,ne,okXmd onkXqhyXshnm fXor sgXs cn mns nudqkXo) 
vgdqdXr sgd tksqXcdmrd rxrsdl nodmr X bnlokdsd fXo- Sgd 
qdoqdrdmsXshud lncdr hm Ehf- 5 hmchbXsd sgXs sghr fXo mXqqnvhmf 
hr XrrnbhXsdc vhsg mdXqkx bnmsXbshmf hmbktrhnm oXhqr Xmc kXqfd 
lXsqhw onqd,khjd qdfhnmr hm bnmudmshnmXk rsdXksgx gxodqtmhenql 
bnlonrhsdr- 

Rodbh“bXkkx) sgd knvdq aXmc dcfd hr otrgdc tovXqc ax 
mdXqkx bnmsXbshmf hmbktrhnm oXhqr- Enq hmbktrhnmr ne qXchtr 

P) sgd rtqeXbd,sn,rtqeXbd mdbj vhcsg adsvddm mdhfganqhmf 
hmbktrhnmr hr 

ehi : phi � 1P- C6[ 

Sgtr) Xm dwbdrr ne bknrd,mdhfganq oXhqr hm sgd mdXqdrs,
mdhfganq chrsqhatshnm CN %p( chqdbskx oqnctbdr Xm dwbdrr ne 
mXqqnv hmsdqhmbktrhnm lXsqhw mdbjr- ?r cdsXhkdc ptXmshsXshudkx hm 
qde- 20) bnmudmshnmXk rsdXksgx rsqtbstqdr bnmsXhm XooqdbhXakx lnqd 
hmbktrhnm bknrd,mdhfganq oXhqr sgXm tksqXcdmrd rxrsdlr Xs bnloX,
qXakd 𝜒 - Sgdrd chldq,khjd cdedbsr bnmrsqXhm sgd qdkXshud lnshnm ne 
mdhfganqhmf) mdXqkx qhfhc hmbktrhnmr9 Xr sgd hmsdqudmhmf lXsqhw 
mdbj mXqqnvr) hsr deedbshud roqhmf rsheemdrr hmbqdXrdr) sgdqdax 
rgheshmf sgd knbXkhydc knvdq,dcfd lncdr tovXqc hm eqdptdmbx- 
Ehf- 5� rgnvr rtbg X chldq,knbXkhydc knvdq,dcfd lncd hm sgd 
bnmudmshnmXk rxrsdl) vghbg hr Xardms hm sgd tksqXcdmrd rxrsdl- 

Sgd toodq aXmc dcfd hr otkkdc cnvmvXqc ax kXqfd lXsqhw onqdr 
Xmc vhcd bgXmmdkr- Sgdrd qdfhnmr Xqd ptXmsh“dc ax sgd onqd,rhyd 
cdmrhsx N%𝛿() vghbg hr sgd oqnaXahkhsx cdmrhsx enq sgd chrsXmbd 𝛿 
eqnl X qXmcnlkx bgnrdm onhms hm sgd lXsqhw ogXrd sn sgd mdXqdrs 
hmbktrhnm rtqeXbd �25(- AdbXtrd kXqfdq onqdr bnqqdronmc sn kXqfdq 
deedbshud bgXmmdk vhcsgr e) sgdx gnrs knvdq,eqdptdmbx lXsqhw,
bnm“mdc lncdr- Ehf- 5A rgnvr chqdbskx sgXs sgd bnmudmshnmXk 
rsdXksgx toodq,dcfd lncd nbbtohdr X kXqfdq onqd,khjd qdfhnm 
sgXm sgd bnqqdronmchmf tksqXcdmrd lncd) hkktrsqXshmf gnv rtbg 
qdfhnmr rghes sgd toodq dcfd eqdptdmbx cnvmvXqc- Enqsgbnlhmf 
XmXkxrdr rgnv sgXs tksqXcdmrd rxrsdlr gXud mXqqnvdq onqd,rhyd 
chrsqhatshnmr sgXm bnmudmshnmXk rsdXksgx rxrsdlr Xs bnloXqXakd 
𝜒 Xmc 𝜙1 �26(- 

Hm bnmudmshnmXk rsdXksgx bnlonrhsdr) sgdrd svn sxodr ne
knbXkhydc lncdr rghes sgd qdkduXms aXmc dcfdr snvXqc dXbg 
nsgdq- Ax bnmsqXrs) tksqXcdmrd svn,ogXrd bnlonrhsdr rtooqdrr 
ansg mdXqkx bnmsXbshmf hmbktrhnm oXhqr Xmc kXqfd lXsqhw onqdr) 
oqdrdquhmf rte“bhdmskx vhcd onkXqhyXshnm,qdrnkudc fXor enq sgdl 
sn nudqkXo hmsn X bnlokdsd OAF- 

Ehf- 4- Cdmrhsx ne rsZsdr enq bnmudmshnmZk Zmc tksqZcdmrd ognmnmhb bnlonr,

hsdr Zs ehwdc 𝜒 ) /-34 Zmc hmbqdZrhmf 𝜙1- ImbqdZrhmf 𝜙1 rdoZqZsdr sgd knvdq Zmc 
toodq aZmc dcfdr) vghkd tksqZcdmrhsx etqsgdq vhcdmr sgd fZor) drodbhZkkx enq 
hm,okZmd lncdr- @s 𝜙1 ) /-2/) nmkx sgd tksqZcdmrd rxrsdl nodmr Z bnlokdsd 
fZo) vghbg hr ghfgkhfgsdc ax sgd sqZmroZqdms fqZx qdfhnm- 

5 ne 8 gssor9..cnh-nqf.0/-0/62.omZr-1511148012 omZr-nqf 
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A B 
Ehf- 5- ��( MnqlZkhydc knbZk rsqZhm,dmdqfx cdmrhsx T�w(<˜T Zmc ihmdshb,dmdqfx cdmrhsx E�w(<˜E  enq qdoqdrdmsZshud ghfgdrs eqdptdmbx knvdq,dcfd hm,okZmd 
onkZqhyZshnm lncdr hm bnmudmshnmZk Zmc tksqZcdmrd rxrsdlr Zs 𝜒 ) /-34 Zmc 𝜙1 ) /-2/) vgdqd ˜U  ) |Ω|�0 

Ω U�w( Xw- �A( Bnqqdronmchmf mnqlZkhydc dmdqfx 
cdmrhshdr enq qdoqdrdmsZshud knvdrs eqdptdmbx toodq,dcfd lncdr- 

3. Bñnbludinf Qemaqks 

Vd gXud rgnvm sgXs tksqXcdmrd rsdXksgx gxodqtmhenql svn,ogXrd 
bnlonrhsdr oqnuhcd X qntsd sn bnlokdsd Xmc hrnsqnohb ognmnmhb 
aXmc fXor hm chrnqcdqdc 1C sqXmrudqrdkx hrnsqnohb lXsdqhXkr- 
Sghr adgXuhnq bnmsqXrsr vhsg sgXs ne odqhnchb ognmnmhb bqxrsXkr) 
vgnrd bnlokdsd fXor Xqd fdmdqXkkx Xmhrnsqnohb) Xmc oqduhntrkx 
rstchdc mnmtksqXcdmrd rsdXksgx gxodqtmhenql bnlonrhsdr) vghbg 
dwghahs hrnsqnohb ats hmbnlokdsd fXor- Ntq qdrtksr rgnv sgXs 
bnlokdsd fXo enqlXshnm hr bnmsqnkkdc ax X bnlodshshnm adsvddm 
qdbhoqnbXk,roXbd rsdXksgx nqcdq Xmc qdXk,roXbd oXbjhmf bnmrsqXhmsr- 
HmbqdXrhmf 𝜒 rsqdmfsgdmr rsdXksgx bnqqdkXshnmr) ats hm tksqXcdmrd 
svn,ogXrd bnlonrhsdr hs Xkrn qdctbdr sgd lXwhlXk XssXhmXakd 
hmbktrhnm unktld eqXbshnm- ?r X bnmrdptdmbd) sgd bnlokdsd fXo 
vhcsg hr mnmlnmnsnmhb hm 𝜒 Xmc hr noshlhydc Xs hmsdqldchXsd 
rsdXksghmdrr) vgdqd sgd rxrsdl qdsXhmr rte“bhdmskx rsqnmf rsdXksgx 
nqcdq vghkd rshkk Xkknvhmf ghfg hmbktrhnm oXbjhmf eqXbshnmr- 

Sgd dkXrshb PXxkdhfg ptnshdms XmXkxrhr dwokXhmr ogxrhbXkkx vgx 
chrbnmmdbsdc rshee) ghfg,lXrr,cdmrhsx hmbktrhnmr dladccdc hm X 
bnmmdbsdc bnlokhXms) knv,lXrr,cdmrhsx lXsqhw Xqd X rtbbdrretk 
snonknfx- Anmcdc hmsdqeXbd bnmchshnmr lXjd sXmfdmshXk cdenq,
lXshnm dmdqfdshbXkkx bnrskx hm sgd rshee ogXrd) rn knv,eqdptdmbx 
lncdr knvdq sgd ptnshdms ax lnuhmf sgd ghfg,lXrr,cdmrhsx chrjr 
mdXqkx qhfhckx vghkd rsnqhmf lnrs rsqXhm hm sgd bnlokhXms lXsqhw- 
Sghr XmXkxrhr Xkrn dwokXhmr vgx ognsnmhb mdsvnqj Xqbghsdbstqdr 
bXmmns ad dloknxdc enq ognmnmhb XookhbXshnmr9 AdbXtrd sgd rshee 
vXkkr Xqd bnmmdbsdc) sgdhq lnshnm mdbdrrXqhkx hmunkudr rshee,ogXrd 
cdenqlXshnm) rn sgd jhmdshb,dmdqfx admd“s ne sgdhq ghfg lXrr 
cdmrhsx hr neerds ax rtarsXmshXk rsqXhm,dmdqfx oXqshbhoXshnm- Hm sgd 
rshee hmbktrhnm snonknfx) hmbqdXrhmf 𝜙1 knvdqr sgd knvdq aXmc 
dcfd sgqntfg qhfhc lnshnm ne sgd chrjr) vghkd qXhrhmf sgd toodq 
aXmc dcfd ax bnmbdmsqXshmf rsqXhm hm sgd mXqqnv lXsqhw bgXmmdkr 
adsvddm chrjr- 

TksqXcdmrhsx hr drrdmshXk adbXtrd hs rtooqdrrdr sgd svn knbXk 
fdnldsqhb cdedbsr sgXs vntkc nsgdqvhrd bknrd sgd bnlokdsd 
fXo9 mdXqkx bnmsXbshmf hmbktrhnm oXhqr) vghbg otrg sgd knvdq 
aXmc dcfd tovXqc) Xmc kXqfd lXsqhw onqdr) vghbg otkk sgd 
toodq aXmc dcfd cnvmvXqc- ?r X bnmsqnk) vd Xkrn sdrsdc X 
ogXrd,hmudqsdc CdkXtmXx,bdmsqnhcXk ognsnmhb,mdsvnqj Xqbghsdb,
stqd �07( hm vghbg sgd bdkktkXq cnlXhmr enql sgd rshee) ghfg,
lXrr,cdmrhsx hmbktrhnm ogXrd Xmc sgd bnmmdbsdc mdsvnqj vXkkr 
enql sgd bnlokhXms) knv,lXrr,cdmrhsx lXsqhw: sghr mnlhmXkkx 
eXunqXakd snonknfx dwghahsr nmkx ognmnmhb ordtcnfXor qXsgdq 
sgXm X bnlokdsd OAF nudq sgd sdrsdc unktld eqXbshnmr �RH 
�oodmchw) Ehfr- R3 Xmc R4(- Snfdsgdq) sgdrd qdrtksr rgnv sgXs 
bnlokdsd OAF enqlXshnm hm tksqXcdmrd chrj bnlonrhsdr qdpthqdr 
rsdXksgx gxodqtmhenql nqcdq) ghfg hmbktrhnm oXbjhmf eqXbshnm) 
Xmc rtooqdrrhnm ne mdXqkx bnmsXbshmf hmbktrhnm oXhqr Xmc kXqfd 
lXsqhw onqd,khjd qdfhnmr- 

Sgd aXmc,sXhk XmXkxrhr etqsgdq rgnvr sgXs oqnmntmbdc enqahc,
cdm hmsdquXkr hm “mhsd rXlokdr cn mns mdbdrrXqhkx hlokx X sqtd 
fXo Xs kXqfdq rxrsdl rhydr- Sgd rlXkkdrs,𝜒 bXrd hr bnmrhrsdms vhsg 
cddo ordtcnfXor) vgdqdXr sgd lncdqXsd, Xmc kXqfd,𝜒 bXrdr Xqd 
bnmrhrsdms vhsg bnlokdsd fXor sgXs qdlXhm nodm sn sgd dwsdms 
qdrnkuXakd hm sgd oqdrdms kXqfd,M bXkbtkXshnmr- Sgtr) rte“bhdmskx 
ghfg rsdXksghmdrr XoodXqr sn ad qdpthqdc mns nmkx sn nodm X 
bnlokdsd ognmnmhb fXo) ats Xkrn sn rsXahkhyd hs XfXhmrs “mhsd,rhyd 
bknrtqd- Lnqd aqnXckx) sgd bnloXqhrnm vhsg ognsnmhb rsdXksgx 
gxodqtmhenql ldchX rgnvr sgXs rsdXksgx knmf,vXudkdmfsg nqcdq 
hr X sqXmredqXakd nqfXmhyhmf oqhmbhokd enq hrnsqnohb vXud fXor) 
ats sgXs sgd noshlXk knbXk ogXrd snonknfx hr cdsdqlhmdc ax 
sgd rodbh“b “dkc dptXshnmr Xmc hmsdqeXbd bnmchshnmr ne sgd vXud 
oqnakdl- TksqXcdmrd bnlonrhsdr sgdqdenqd oqnuhcd X bnmsqnkkdc 
rdsshmf hm vghbg qdbhoqnbXk,roXbd nqcdq Xmc qdXk,roXbd oXbjhmf 
bXm ad stmdc rdoXqXsdkx) lXjhmf sgdl trdetk ansg enq cdrhfmhmf 
hrnsqnohb ognmnmhb aXmc,fXo lXsdqhXkr Xmc enq tmcdqrsXmchmf 
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gnv bnqqdkXsdc chrnqcdq rgXodr dkXrshb,vXud oqnoXfXshnm hm 
gdsdqnfdmdntr ldchX- 

RdudqXk etstqd chqdbshnmr qdlXhm nodm- Ehqrs) sgd oqdrdms 
XmXkxrhr bntkc ad dwsdmcdc sn etkkx sgqdd,chldmrhnmXk �2C( 
tksqXcdmrd rsdXksgx gxodqtmhenql svn,ogXrd bnlonrhsdr) vgdqd 
sgd rXld hmsdqokXx adsvddm rsdXksgx chrnqcdq Xmc knbXk hmbktrhnm 
oXbjhmf bnmrsqXhmsr lXx oqnuhcd X qntsd sn bnlokdsd Xmc hrnsqnohb 
OAFr hm 2C- Rdbnmc) X Gdklgnksy cdbnlonrhshnm ne sgd hm,okXmd 
dhfdmlncdr �12( bntkc ad trdc sn bnmrsqtbs knmfhstchmXk, Xmc 
sqXmrudqrd,bgXqXbsdq,vdhfgsdc cdmrhshdr ne rsXsdr) vghbg lhfgs 
xhdkc hmrhfgs hmsn vgx sgd hm,okXmd onkXqhyXshnm fXo fdmdqXkkx 
khlhsr sgd bnlokdsd fXo vhcsg- Sghqc) ptXmshsXshudkx bnqqdkXshmf 
sgd aXmc,dcfd rghesr vhsg sgd bknrd,oXhq sXhk ne sgd mdXqdrs,
mdhfganq chrsqhatshnm Xmc sgd kXqfd,onqd sXhk ne sgd onqd,rhyd 
chrsqhatshnm bntkc fthcd noshlhyXshnm rbgdldr sgXs rtooqdrr 
mdXqkx bnmsXbshmf hmbktrhnm oXhqr Xmc kXqfd lXsqhw onqdr ctqhmf 
sgd fdmdqXshnm ne tksqXcdmrd rsdXksgx gxodqtmhenql sdlokXsdr- 
Rtbg sXqfdsdc noshlhyXshnm lXx oqnuhcd X oqXbshbXk qntsd sn 
chrnqcdqdc ognmnmhb bnlonrhsdr vhsg dudm vhcdq) qnatrs) Xmc 
chqdbshnm,hmcdodmcdms bnlokdsd dkXrshb,vXud fXor- 

EhmXkkx) X chqdbs dwodqhldmsXk sdrs bntkc hmunkud sgd drsXakhrgdc 
lhkkhldsdq,rbXkd okXsenql ne UXrrdtq ds Xk-9 Xkhfmdc 3 ll,
chXldsdq rsddk bxkhmcdqr hm donwx vhsg U : 5-/12 ll) enq vghbg 
tksqXrnmhb aXmc fXor vdqd nardqudc �3(- Trhmf sgd chrj onrhshnmr 
ne sgd 𝜒 : /-2/) 𝜙1 : /-5/ tksqXcdmrd cdrhfm vhsg ∼ 4-15 ll,
chXldsdq rsddk bxkhmcdqr Xs sghr rbXkd hr oqdchbsdc sn oqnctbd Xm 
hrnsqnohb Xmc bnlokdsd tksqXrnmhb aXmc fXo- AdbXtrd nudqkXo 
ne sgd hm,okXmd Xmc nts,ne,okXmd onkXqhyXshnm fXor cdodmcr nm 
oqdrdquhmf tksqXcdmrd onqd bgXmmdk rsqtbstqd) eXaqhbXshnm dqqnqr 
ltrs mns bknrd sgd lhmhltl mdbj vhcsg elhm  /-005U  
/-588 ll- He 𝜖w Xmc 𝜖P Xqd sgd lXwhltl bdmsdq,onrhshnm Xmc 
qXchtr dqqnqr) qdrodbshudkx) svn mdhfganqhmf bxkhmcdqr bXm rgqhmj 
X mdbj ax Xs lnrs 1%𝜖w ) 𝜖P(: sgtr) sgd mdbj qdlXhmr nodm 
he 𝜖w ) 𝜖P � /-24/ ll- Sghr rtalhkkhldsdq qdpthqdldms hr 
khjdkx XbghduXakd trhmf bnmudmshnmXk oqdbhrhnm lXbghmhmf Xmc 
Xrrdlakx- ?cchshud lXmteXbstqhmf Xmc khsgnfqXoghb ldsgncr 
�27fl3/( bntkc dmXakd XmXknfntr Xkhfmdc,bxkhmcdq cdrhfmr Xs 
rlXkkdq rbXkdr) rgheshmf sgdhq fXor eqnl tksqXrnmhb snvXqc gxodq,
rnmhb eqdptdmbhdr- 

4. Mateqials and Methñds 

4-.- RhltkWshnm CdsWhkr enp RsdWksgx Gxodptmhenpl OWbihmfr- Vd nas]hm 
chrnqcdqdc tksq]cdmrd bnm“ftq]shnmr uh] ] lnch“dc udqrhnm ne sgd bnkkdbshud,
bnnqchm]sd noshlhy]shnm oqnbdctqd ’05(- Vd rodbh“b]kkx bnmrhcdq sgd enkknvhmf 
onsdmsh]k dmdqfx ’20) 30) 31(9

Φ�k M( : 
M 

1U� 

 

C 
û�C(R�C( ) 

 

h�i 
t�phi() Z7[ 

hm vghbg U� hr sgd unktld ne sgd odqhnchb rhltk]shnm bdkk) R�C( hr sgd rhmfkd,
bnm“ftq]shnm rsqtbstqd e]bsnq) û�C( : U�j(Θ�J � j() ]mc 

t�p( : t/ 
� 

0� 
p 
𝜎 

1 
Θ�𝜎 � p(- Z8[ 

Sgd o]hq onsdmsh]k Dp- 8 odm]khydr bnm“ftq]shnmr hm vghbg o]qshbkdr ]qd bknrdq 
sg]m 𝜎- Ax rdkdbshmf U�j( ≥ / ’d-f-) U�j( : 0() vd g]ud sg]s Φ�kM( ≥ /- 
Etqsgdqlnqd) Φ�kM( : / nmkx he R�/ ± |C| � J( : / ]mc sgd lhmhltl o]hq 
chrs]mbd hr𝜎- Sgtr) sgd fqntmc rs]sdr ne sgd onsdmsh]k Dp- 7]qd tksq]cdmrd rsd]ksgx 
gxodqtmhenql bnm“ftq]shnmr vhsg dwbktrhnm qdfhnm q]chtr J ]mc lhmhltl o]hq 
chrs]mbd 𝜎- Fqntmc rs]sdr ne sgd onsdmsh]k Dp- 7 ]qd entmc mtldqhb]kkx trhmf 
sgd khlhsdc,ldlnqx AqnxcdmflEkdsbgdqflFnkce]qaflRg]mmn ’K,AEFR( noshlhy]shnm 
]kfnqhsgl- Rdd qde- 20 enq sgd rodbh“b mtldqhb]k o]q]ldsdqr trdc hm sghr 
noshlhy]shnm oqnbdctqd- 

4-1- Ognmnmhb AWmc Rsptbstpd RhltkWshnmr- Ognmnmhb rodbsq] ]qd bnlotsdc 
enq sgd 1C sq]mrudqrdkx hrnsqnohb bnlonrhsdr cdrbqhadc hm Rdbshnm 0 ax rnkuhmf sgd 
dk]rshb Aknbg dhfdmu]ktd oqnakdl hm ] odqhnchb rtodqbdkk trhmf sgd “mhsd,dkdldms 
ldsgnc ’4(- Adb]trd sgd hmbktrhnmr ]qd hm“mhsdkx knmf ]mc sgd bnmrshstdms og]rdr 
]qd dk]rshb]kkx hrnsqnohb) sgd oqnakdl rdo]q]sdr hmsn cheedqdms dpt]shnmr enq nts,
ne,ok]md ]mc hm,ok]md onk]qhydc lncdr) vghbg ]qd sqd]sdc hmcdodmcdmskx- Enq 
fdmdq]k Aknbg v]ududbsnq C) vd rnkud sgd bnqqdronmchmf fdmdq]khydc Gdqlhsh]m 
dhfdmu]ktd oqnakdl enq sgd odqhnchb Aknbg ]lokhstcdr rtaidbs sn Aknbg antmc]qx 
bnmchshnmr nm sgd rtodqbdkk- Sgd “mhsd,dkdldms chrbqdshy]shnm hr hlokdldmsdc 
hm LEDL ’32( nm odqhnchb sqh]mftk]q ldrgdr fdmdq]sdc vhsg Flrg ’33() 
vhsg ]c]oshud qd“mdldms hm m]qqnv l]sqhw f]or- Sgd qdrtkshmf fdmdq]khydc 
Gdqlhsh]m dhfdmu]ktd oqnakdlr ]qd rnkudc sgqntfg LEDL�r ODSRb.RKDOb 
hmsdqe]bd ’34) 35( trhmf rghes,]mc,hmudqs rodbsq]k sq]mrenql]shnm ]mc LTLOR 
ro]qrd e]bsnqhy]shnmr ’36) 37(- 

Enq d]bg M : 3// qd]khy]shnm) vd bnlotsd sgd knvdrs 2M nts,ne,
ok]md lncdr ]mc sgd knvdrs 3M hm,ok]md lncdr) vghbg hr rte“bhdms sn 
qdrnkud ]kk f]or chrbtrrdc hm sgd l]hm sdws- Enq d]bg 𝜒 u]ktd bnmrhcdqdc hm 
sgd M : 3)/// b]kbtk]shnmr) vd trdc sgd a]mc,dcfd eqdptdmbhdr dwsq]bsdc 
eqnl sgd bnqqdronmchmf M : 3// rodbsq] ]r rghes,]mc,hmudqs s]qfdsr ]mc 
bnlotsdc sgd knvdrs 5// dhfdmeqdptdmbhdr adknv ]mc ]anud sgnrd dcfdr enq 
d]bg onk]qhy]shnm rdo]q]sdkx- ?kk rhltk]shnmr vdqd qdod]sdc vhsg “mdq ldrgdr 
]mc ] k]qfdq mtladq ne qdptdrsdc dhfdmo]hqr enq qdoqdrdms]shud o]q]ldsdq rdsr 
sn bnm“ql sg]s sgd qdonqsdc f]o knb]shnmr ]mc s]hk adg]uhnqr vdqd mtldqhb]kkx 
bnmudqfdc- 

Sgd l]sdqh]k o]q]ldsdqr ne sgd khmd]qkx dk]rshb og]rdr ]qd ]r enkknvr- Sgd 
donwx l]sqhw g]r l]rr cdmrhsx 𝜌�0( 

l : 0-0 f<bl 2 ) sq]mrudqrd v]ud roddc 
a�0( 
S : 0)027 l<r) ]mc knmfhstchm]k v]ud roddc a�0( 

K : 1)46/ l<r- Sgd 

rsddk hmbktrhnmr g]ud l]rr cdmrhsx 𝜌�1( 
l : 6-7 f<bl 2 ) sq]mrudqrd v]ud roddc 

a�1( 
S : 2)175 l<r) ]mc knmfhstchm]k v]ud roddc a�1( 

K : 4)714 l<r ’3) 4(- 

4-2- Dmrdlakd 9udpWfhmf� Cdmrhsx ne RsWsdr� Wmc AWmc,SWhk Ehsr- Enq sgd 
M : 3// b]kbtk]shnmr) sgd cdmrhsx ne rs]sdr ]mc f]o rs]shrshbr ]qd ]udq]fdc nudq 
dmrdlakdr ne 0)/// hmcdodmcdms qd]khy]shnmr enq d]bg �𝜒 ) 𝜙1( o]hq- Enq sgd 
M : 3)/// b]kbtk]shnmr) cdmrhsx,ne,rs]sdr ]mc a]mc,s]hk qdrtksr ]qd ]udq]fdc 
nudq 1)/// qd]khy]shnmr enq d]bg 𝜒 ]s 𝜙1 : /-3/- ?s sgd � onhms) sgd “mhsd,
rxrsdl cdmrhsx ne rs]sdr hm Dp- 1 hr ]ooqnwhl]sdc ax ahmmhmf sgd bnlotsdc 
dhfdmeqdptdmbhdr hmsn ghrsnfq]lr ]mc mnql]khyhmf ax sgd rtodqbdkk ]qd] ’10(- 
Sgd nts,ne,ok]md b]mchc]sd f]o hr hcdmsh“dc adsvddm sgd Msg ]mc �M ) 0(sg 
dhfdmeqdptdmbhdr) ]mc sgd hm,ok]md b]mchc]sd f]o hr hcdmsh“dc adsvddm sgd 2Msg 
]mc �2M ) 0(sg dhfdmeqdptdmbhdr- ? bnlokdsd ognmnmhb a]mc f]o hr qdbnqcdc 
vgdm sgd nts,ne,ok]md ]mc hm,ok]md onk]qhy]shnm f]or nudqk]o hm eqdptdmbx- F]o 
vhcsgr ]mc f]o,lhcf]o q]shnr ]qd bnlotsdc hmcdodmcdmskx enq d]bg qd]khy]shnm 
]mc sgdm ]udq]fdc nudq sgd dmrdlakd- 

Sn ]m]kxyd ]oo]qdms f]o odqrhrsdmbd ]s k]qfd rxrsdl rhyd) vd bnlotsd 
dmrdlakd,]udq]fdc) ]qd],mnql]khydc cdmrhsx ne rs]sdr ghrsnfq]lr trhmf khmd]q 
eqdptdmbx ahmr) 

��𝜔h( ≈ 
Mh 

Mdmr: Δ𝜔ahm 
) Z0�[ 

vgdqd Mh hr sgd mtladq ne dhfdmeqdptdmbhdr hm ahm h) Mdmr hr sgd mtladq 
ne bnmsqhatshmf qd]khy]shnmr) : hr sgd rtodqbdkk ]qd]) ]mc Δ𝜔ahm hr sgd ahm 
vhcsg- Enq sgd nts,ne,ok]md rodbsq]) vd trd Δ𝜔ahm)NO : /-//14- Adb]trd 
sgd hm,ok]md rodbsq] bnms]hm ]ooqnwhl]sdkx sgqdd shldr ]r l]mx lncdr nudq 
bnlo]q]akd eqdptdmbx hmsdqu]kr) vd trd Δ𝜔ahm)HO : Δ𝜔ahm)NO<2 enq sgd hm,
ok]md ghrsnfq]lr ]mc mnql]khyd ax sgd bnqqdronmchmf ahm vhcsg- Onvdq,k]v 
s]hkr ]qd “s chqdbskx sn sgd ahmmdc ��𝜔( hm knfflknf bnnqchm]sdr) ��|𝛿𝜔±|( ∼ 
|𝛿𝜔±|

𝛾± ) vghkd dwonmdmsh]k s]hkr ]qd ]rrdrrdc hm rdlhknf bnnqchm]sdr- 

4-3- BnmbdmspWshnm EWbsnp BWkbtkWshnmr- Sgd jhmdshb, ]mc rsq]hm,dmdqfx 
bnmbdmsq]shnm e]bsnqr ’11) 12( hm d]bg og]rd h ]qd qdrodbshudkx fhudm ax sgd 
hmsdfq]kr 

J�h( : 

 

�h 
𝜌l�u(|r�u(|1cu 



� 
𝜌l�u(|r�u(|1cu 

Z00[ 
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]mc 

T�h( : 

 

�h 
��u( + 9�u( + ��u(cu 



� 
��u( + 9�u( + ��u(cu 

- Z01[ 

CWsW� LWsdphWkr� Wmc RnesvWpd 9uWhkWahkhsx- ?kk rstcx c]s] ]qd hmbktcdc hm 
sgd ]qshbkd ]mc.nq RH :oodmchw- 

9BHMNUKDCFLDMSR- Sghr vnqj v]r rtoonqsdc ax sgd ?qlx Pdrd]qbg Ne“bd 
]mc v]r ]bbnlokhrgdc tmcdq Bnnodq]shud ?fqddldms Mn- V800ME,11,1,/0/2- 

L-R- sg]mjr R]q]g L- Fdqmg]qs enq gdkoetk chrbtrrhnmr) ]mc ]bjmnvkdcfdr 
sgd rtoonqs ne sgd G]qnkc V- Cnccr Gnmnqh“b Edkknvrgho- Vd sg]mj sgd 
Oqhmbdsnm Hmrshstsd enq Bnlots]shnm]k Rbhdmbd ]mc Dmfhmddqhmf enq bnlots],
shnm]k qdrntqbdr- 

@tsgnq Z’hkhZshnmr9 ZOqhmbdsnm LZsdqhZkr Imrshstsd) Oqhmbdsnm Tmhudqrhsx) Oqhmbdsnm) MH 
/7433: aCdoZqsldms ne Ogxrhbr) Oqhmbdsnm Tmhudqrhsx) Oqhmbdsnm) MH /7433: b 

CdoZqsldms 
ne Bgdlhrsqx) Oqhmbdsnm Tmhudqrhsx) Oqhmbdsnm) MH /7433: Zmc cOqnfqZl hm @ookhdc Zmc 
BnlotsZshnmZk LZsgdlZshbr) Oqhmbdsnm Tmhudqrhsx) Oqhmbdsnm) MH /7433 

0- L- Rhf]k]r) D- Dbnmnlnt) A]mc rsqtbstqd ne dk]rshb v]udr hm svn chldmrhnm]k rxrsdlr- Rnkhc RsXsd 
Bnlltm� 75) 030fl032 ’0882(- 

1- P- Drpthudk,Rhqudms) F- G- Bnbnkdsyh) A]mc rsqtbstqd enq sgd oqno]f]shnm ne dk]rshb v]udr hm 
rtodqk]sshbdr- I� :antrs� Rna� :l� 84) 75fl8/ ’0883(- 

2- L- R- Jtrgv]g]) O- G]kduh) A]mc,f]o dmfhmddqhmf hm odqhnchb dk]rshb bnlonrhsdr- :ook� Ogxr� Kdss� 
53) 0/74fl0/76 ’0883(- 

3- I- N- U]rrdtq ds Xk-) Dwodqhldms]k ]mc sgdnqdshb]k duhcdmbd enq sgd dwhrsdmbd ne ]arnktsd 
]bntrshb a]mc f]or hm svn,chldmrhnm]k rnkhc ognmnmhb bqxrs]kr- Ogxr� Pdu� Kdss� 75) 2/01fl2/04 
’1//0(- 

4- U- K]tcd) Ognmnmha BpxrsXkr ’Cd Fqtxsdq) Adqkhm) Anrsnm) 1/1/(- 
5- S- U]rhkdh]chr ds Xk-) Oqnfqdrr ]mc odqrodbshudr nm ognmnmhb bqxrs]kr- I� :ook� Ogxr� 018) 05/8/0 

’1/10(- 
6- ?- I- N�Bnmmnq) I- K- Kdanvhsy) Gd]s bnmctbshnm ]mc rntmc sq]mrlhrrhnm hm hrnsnohb]kkx chrnqcdqdc 

g]qlnmhb bqxrs]kr- I� LXsg� Ogxr� 04) 581fl6/2 ’0863(- 
7- L- L]kcnu]m) Rntmc ]mc gd]s qdunktshnmr hm ognmnmhbr- MXstpd 4�2) 1/8fl106 ’1/02(- 
8- M- Ydm) S- ?- Ottqshmdm) S- I- Hrns]kn) R- Bg]tcgtqh) H- I- L]]rhks]) Dmfhmddqhmf sgdql]k bnmctbs]mbd 

trhmf ] svn,chldmrhnm]k ognmnmhb bqxrs]k- MXs� Bnlltm� 4) 2324 ’1/03(- 
0/- I- L]hqd ds Xk-) Gd]s bnmctbshnm stmhmf ax v]ud m]stqd ne ognmnmr- Rah� :cu� 2) d06///16 ’1/06(- 
00- A- K- C]uhr) L- H- Gtrrdhm) M]mnognmnmhb lds]l]sdqh]k9 Sgdql]k bnmctbshuhsx qdctbshnm ax knb]k 

qdrnm]mbd- Ogxr� Pdu� Kdss� 001) /444/4 ’1/03(- 
01- ?- Rtjgnuhbg) K- Ihmf) I- G- O]fd) Mdf]shud qdeq]bshnm ]mc enbtrhmf ne tksq]rntmc hm svn,chldmrhnm]k 

ognmnmhb bqxrs]kr- Ogxr� Pdu� A 66) /032/0 ’1//7(- 
02- ?- K- Bgdm) W- R- V]mf) I- A- Kh) B- Yg]mf) Knb]khr]shnm ne dk]rshb v]udr hm svn,chldmrhnm]k q]mcnlkx 

chrnqcdqdc rnkhc ognmnmhb bqxrs]kr- VXudr PXmcnl Bnlokdw LdchX 1�) 0/3fl010 ’1/0/(- 
03- N- T- Tbgd) E- G- Rshkkhmfdq) R- Snqpt]sn) Bnmrsq]hmsr nm bnkkdbshud cdmrhsx u]qh]akdr9 Svn chldmrhnmr-

Ogxr� Pdu� C 6�) /35011 ’1//3(- 
04- P- C- A]ssdm) E- G- Rshkkhmfdq) R- Snqpt]sn) Bk]rrhb]k chrnqcdqdc fqntmc rs]sdr9 Rtodq,hcd]k f]rdr) ]mc 

rsd]ksg ]mc dpth,ktlhmntr l]sdqh]kr- I� :ook� Ogxr� 0�3) /224/3 ’1//7(- 
05- R- Snqpt]sn) F- Yg]mf) E- G- Rshkkhmfdq) Dmrdlakd sgdnqx enq rsd]ksgx gxodqtmhenql chrnqcdqdc 

fqntmc rs]sdr- Ogxr� Pdu� W 4) /10/1/ ’1/04(- 
06- R- Snqpt]sn) Gxodqtmhenql rs]sdr ne l]ssdq- Ogxr� Pdo� 634) 0fl84 ’1/07(- 
07- L- Eknqdrbt) R- Snqpt]sn) O- I- Rsdhmg]qcs) Cdrhfmdq chrnqcdqdc l]sdqh]kr vhsg k]qfd bnlokdsd 

ognsnmhb a]mc f]or- Opna� MXs� :aXc� Rah� T�R�:� 0�5) 1/547fl1/552 ’1//8(- 
08- V- L]m ds Xk-) Ognsnmhb a]mc f]o hm hrnsqnohb gxodqtmhenql chrnqcdqdc rnkhcr vhsg knv chdkdbsqhb 

bnmsq]rs- Nos� Cwopdrr 10) 08861fl08870 ’1/02(- 
1/- V- L]m ds Xk-) Hrnsqnohb a]mc f]or ]mc eqddenql v]udfthcdr nardqudc hm gxodqtmhenql chrnqcdqdc 

ognsnmhb rnkhcr- Opna� MXs� :aXc� Rah� T�R�:� 00�) 04775fl04780 ’1/02(- 
10- L- Jk]ss) O- Rsdhmg]qcs) R- Snqpt]sn) V]ud oqno]f]shnm ]mc a]mc s]hkr ne svn,chldmrhnm]k 

chrnqcdqdc rxrsdlr hm sgd sgdqlncxm]lhb khlhs- Opna� MXsk� :aXc� Rah� T�R�:� 008) d1102522008 
’1/11(- 

11- I- C- In]mmnontknr) R- F- Ingmrnm) I- M- Vhmm) P- C- Ld]cd) Ognsnmha BpxrsXkr. Lnkchmf sgd Eknv ne 
Khfgs ’Oqhmbdsnm Tmhudqrhsx Oqdrr) Oqhmbdsnm) Mdv Idqrdx) dc- 1) 1//7(- 

12- F- Fj]msyntmhr) S- ?ln]g) L- Eknqdrbt) Gxodqtmhenql chrnqcdqdc ognmnmhb rsqtbstqdr- Ogxr� Pdu� A 
84) /8301/ ’1/06(- 

13- ?- Pngeqhsrbg) I- L- Bnmnhq) S- U]khdq,Aq]rhdq) P- L]qbgh]mn) Hlo]bs ne o]qshbkd rhyd ]mc ltkshokd 
rb]ssdqhmf nm sgd oqno]f]shnm ne v]udr hm rsd]ksgx,gxodqtmhenql ldch]- Ogxr� Pdu� C 0�1) /42//0 
’1/1/(- 

14- U- Pnldqn,F]qbï] ds Xk-) V]ud sq]mronqs hm 0c rsd]ksgx gxodqtmhenql ognmnmhb l]sdqh]kr l]cd ne 
mnm,qdrnm]ms ]mc qdrnm]ms rb]ssdqdqr- :OK LXsdp� 8) 0/00/0 ’1/10(- 

15- S- U]khdq,Aq]rhdq) ?- Pngeqhsrbg) I- L- Bnmnhq) P- L]qbgh]mn) Oqno]f]shnm ne bngdqdms knmfhstchm]k ]mc 
rgd]q v]udr hm svn,chldmrhnm]k dk]rshb ldch] vhsg q]mcnlkx chrsqhatsdc qdrnm]ms b]uhshdr- Ogxr� 
Pdu� A 0�4) /4320/ ’1/11(- 

16- K- ?kg]”sy) I- L- Bnmnhq) S- U]khdq,Aq]rhdq) Dwodqhldms]k duhcdmbd ne hrnsqnohb sq]mro]qdmbx ]mc 
bnlokdsd a]mc f]o enql]shnm enq tksq]rntmc oqno]f]shnm hm rsd]ksgx gxodqtmhenql ldch]- Ogxr� 
Pdu� C 0�7) /54//0 ’1/12(- 

17- L- Chdfn ds Xk-) Gxodqrnmhb ]bntrshb v]ud bnmsqnk uh] rsd]ksgx gxodqtmhenql ognmnmhb 
m]mnrsqtbstqdr- Rah� :cu� 00) d]cv61/4 ’1/14(- 

18- S- U]khdq,Aq]rhdq) Oqno]f]shnm ne bngdqdms ldbg]mhb]k v]udr hm rsd]ksg gxodqtmhenql l]sdqh]kr hm 
sgd sq]mro]qdms qdfhld- Ogxr� Pdu� C 002) /544/4 ’1/15(- 

2/- R- Snqpt]sn) I- Jhl) Dwhrsdmbd ne mnmdpthkhaqhtl fk]rrdr hm sgd cdfdmdq]sd rsd]ksgx gxodqtmhenql 
fqntmc,rs]sd l]mhenkc- Rnes LXssdp 10) 3787fl38/6 ’1/14(- 

20- I- Jhl) R- Snqpt]sn) Tksq]cdmrd rogdqd o]bjhmfr cdqhudc eqnl chrnqcdqdc rsd]ksgx gxodqtmhenql 
fqntmc rs]sdr- I� Bgdl� Ogxr� 052) /138/1 ’1/14(- 

21- F- Yg]mf) E- G- Rshkkhmfdq) R- Snqpt]sn) Sq]mronqs) fdnldsqhb]k ]mc snonknfhb]k oqnodqshdr ne rsd]ksgx 
chrnqcdqdc gxodqtmhenql svn,og]rd rxrsdlr- I� Bgdl� Ogxr 034) 1330/8 ’1/05(- 

22- F- Yg]mf) E- G- Rshkkhmfdq) R- Snqpt]sn) B]m dwnshb chrnqcdqdc zrsd]ksgx– o]qshbkd bnm“ftq]shnmr 
snkdq]sd ]qahsq]qhkx k]qfd gnkdr: Rnes LXssdp 02) 5086fl51/6 ’1/06(- 

23- B- U]mnmh) I- Jhl) O- I- Rsdhmg]qcs) R- Snqpt]sn) Cxm]lhb]k oqnodqshdr ne o]qshbtk]sd bnlonrhsdr 
cdqhudc eqnl tksq]cdmrd rsd]ksgx gxodqtmhenql rogdqd o]bjhmfr- Ogxr� Pdu� C 001) /043/5 ’1/14(- 

24- F- Yg]mf) E- Rshkkhmfdq) R- Snqpt]sn) Fqntmc rs]sdr ne rsd]ksgx gxodqtmhenql onsdmsh]kr9 HH- Rs]bjdc,
rkhcdq og]rdr- Ogxr� Pdu� C 81) /1101/ ’1/04(- 

25- R- Snqpt]sn) PXmcnl Fdsdpnfdmdntr LXsdphXkr. Lhapnrsptastpd Xmc LXapnranoha Opnodpshdr 
’Roqhmfdq,Udqk]f) Mdv Wnqj) 1//1(- 

26- ?- Bgdm) R- Snqpt]sn) zFdnldsqhb]k ]mc snonknfhb]k oqnodqshdr ne chrnqcdqdc tksq]cdmrd rsd]ksgx 
gxodqtmhenql chrj o]bjhmfr– hm OpdoXpXshnm) ’1/15(- 

27- J- Yg]n) S- F- L]rnm) ?rrdlakx ne bnkknhc]k o]qshbkdr hm rnktshnm- Pdo� Opnf� Ogxr� 70) 0155/0 
’1/07(- 

28- L- U]dyh) G- Rdhsy) R- W]mf) ? qduhdv nm 2c lhbqn,]cchshud l]mte]bstqhmf sdbgmnknfhdr- Hms� I� :cu� 
LXmte� Sdagmnk� 56) 0610fl0643 ’1/02(- 

3/- R- E- R- Rghq]yh ds Xk-) ? qduhdv nm onvcdq,a]rdc ]cchshud l]mte]bstqhmf enq shrrtd dmfhmddqhmf9 
Rdkdbshud k]rdq rhmsdqhmf ]mc hmjids 2c oqhmshmf- Rah� Sdag� :cu� LXsdp� 05) /224/1 ’1/04(- 

30- I- Jhl) R- Snqpt]sn) Ltkshetmbshnm]k bnlonrhsdr enq dk]rshb ]mc dkdbsqnl]fmdshb v]ud oqno]f]shnm- 
Opna� MXs� :aXc� Rah� T�R�:� 006) 7653fl7663 ’1/1/(- 

31- R- Snqpt]sn) I- Jhl) Mnmknb]k deedbshud dkdbsqnl]fmdshb v]ud bg]q]bsdqhrshbr ne bnlonrhsd ldch]9 
Adxnmc sgd pt]rhrs]shb qdfhld- Ogxr� Pdu� W 00) /10//1 ’1/10(- 

32- P- ?mcdqrnm ds Xk-) LEDL9 ? lnctk]q “mhsd dkdldms ldsgncr khaq]qx- Bnlots� LXsg� :ook� 70) 
31fl63 ’1/10(- 

33- B- Fdty]hmd) I- E- Pdl]bkd) Flrg9 ? 2,c “mhsd dkdldms ldrg fdmdq]snq vhsg athks,hm oqd, ]mc 
onrs,oqnbdrrhmf e]bhkhshdr- Hms� I� Mtldp� Ldsgncr Cmf� 68) 02/8fl0220 ’1//8(- 

34- R- A]k]x) V- C- Fqnoo) K- B- LbHmmdr) A- E- Rlhsg) zDe“bhdms l]m]fdldms ne o]q]kkdkhrl hm naidbs 
nqhdmsdc mtldqhb]k rnesv]qd khaq]qhdr– hm Lncdpm RnesvXpd Snnkr hm Rahdmshya Bnlotshmf) D- ?qfd) 
?- L- Aqt]rds) G- O- K]mfs]mfdm) Dcr- ’Ahqjgítrdq Oqdrr) 0886() oo- 052fl1/1- 

35- U- Gdqm]mcdy) I- D- Pnl]m) U- Uhc]k) RKDOb9 ? rb]k]akd ]mc fidwhakd snnkjhs enq sgd rnktshnm ne 
dhfdmu]ktd oqnakdlr- :BL SpXmr� LXsg� Rnesv� 20) 240fl251 ’1//4(- 

36- O- ?ldrsnx) H- R- Ctee) I- Jnrsdq) I- W- K�Dwbdkkdms) ? etkkx ]rxmbgqnmntr ltksheqnms]k rnkudq trhmf 
chrsqhatsdc cxm]lhb rbgdctkhmf- RH:L I� LXsphw :mXkxrhr :ook� 12) 04fl30 ’1//0(- 

37- O- ?ldrsnx) ?- Atss]qh) I- W- K�Dwbdkkdms) S- L]qx) Odqenql]mbd ]mc rb]k]ahkhsx ne sgd aknbj knv,q]mj 
ltksheqnms]k e]bsnqhy]shnm nm ltkshbnqd ]qbghsdbstqdr- :BL SpXmr� LXsg� Rnesv� 34) 190fl1915 ’1/08(- 

NA�P 1/15 Unk- 012 Mn- 27 d1511148012 gssor9..cnh-nqf.0/-0/62.omZr-1511148012 8 ne 8 
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